
EP 0 255 399 B1 Description This invention relates to a process for the
production of dialkyl maleates. The production of dialkyl maleates by
esterification of maleic anhydride, of maleic acid or of a mixture 5
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:
CH.CO.OR 10 CH.CO.OR 15                       + [ERR] where R is an alkyl
group. These reactions can be carried out in two substantially separate
steps in 20 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
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). 25
Diethyl maleate is produced as a fine chemical on a commercial scale,
usually by a batch reaction process. In this known process maleic anhydride
or a mixture of maleic anhydride and maleic acid, in either case possibly
containing a minor amount of fumaric acid, is reacted with excess ethanol
in the presence of a homogeneous liquid phase esterification catalyst, such
as sulphuric acid or a derivative thereof. The reaction conditions are
generally selected so as to cause substantially all of the maleic anhydride
to react. 30 However, as the diesterification reaction of equation (2)
above is reversible, the reaction product does not yield solely the desired
diethyl maleate; usually the reaction yields at most about 95 mole %
diethyl maleate, the balance comprising mainly monoethyl maleate, besides
smaller amounts of monoethyl fumarate, diethyl fumarate, maleic acid and
fumaric acid. The reaction mixture also contains excess ethanol and water
produced by the esterification of the mono-esters formed as intermediates,
i.e. monoethyl 35  maleate and monoethyl fumarate. 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 40 anhydride or maleic acid. In addition, as
diethyl maleate is somewhat soluble in water, some of the desired diethyl
maleate product is lost, together with the acidic materials, in the wash
liquor. Although it would be theoretically possible to recover the
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 45 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. Similar procedures can be used for
batch production of other dialkyl maleates using other alkyl alcohols in
place of ethanol. Although it would be possible to adapt this known process
for continuous operation with relatively 50 simple modifications thereof,
the resulting process would still suffer from the drawback of significant
loss of potential product, in the form of monoalkyl maleate and of the
other organic acid materials present in the reaction product mixture.
Moreover, as the acid catalyst is destroyed in the product recovery steps,
the consumption of sulphuric acid or derivative thereof would add to the
cost of operation of a large scale continuously operating plant. 55     A
further disadvantage of the known process is the risk of contamination of
the dialkyl maleate product with sulphur-containing impurities, which may
rule out its use for some purposes, for example as a feedstock for
hydrogenation to yield butane-1,4-diol, tetrahydrofuran and/or
gamma-butyrolactone. Further teaching regarding use of dialkyl maleates
(such as, for example, diethyl maleate) for this purpose can be 2   



EP 0 255 399 B1 obtained, for example, from EP-A-0143634, from
WO-A-86/03189 or from WO-A-86/07358. As the catalysts used for such duty
are poisoned by the presence of sulphur-containing compounds in the
feedstock ester (or in the hydrogen-containing gas), stringent purification
measures may be required in order to reduce the sulphur content of the
ester to an acceptably low level. Such additional purification steps add
significantly to 5  production costs. Various proposals which avoid the use
of catalysts have been described. Thus US-A-4361710 proposes washing a
gaseous mixture containing maleic anhydride with a monohydric or polyhydric
alcohol boiling above [err] (e.g. 2-ethylhexanol or dodecan-l-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 10  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. US-A-4032458 describes a process for the production of
1,4-butanediol 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 15  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 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 20  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
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, 25
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. Moreover, because
the boiling point of the ethanol-water azeotrope is extremely close [err]
at 30  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 esterification completely and hence drive the esterification
reaction towards production of a 100% yield of 35  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 formed is removed from the column above the feed point for the
butanol. Again, this procedure can be used 40  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. There is accordingly a need to provide a process
for the production of dialkyl maleates from maleic anhydride and mixtures
thereof with maleic acid in which consumption of acid catalyst is
substantially obviated. Additionally there is a need to provide a process,
which can be operated continuously, for 45  producing a dialkyi maleate
with high process efficiency and without substantial losses of intermediate
monoalkyl maleate in the product recovery stages. Yet a further need is to
provide a process which avoids the risk of contamination of the dialkyl
maleate product with sulphur-containing compounds. The present invention
accordingly seeks to provide a process for the production of a dialkyl
maleate in which substantially complete conversion of maleic anhydride or a
mixture of maleic anhydride and maleic 50  acid to a dialkyl maleate is
achieved. It further seeks to provide a continuously operable process for
the production of dialkyl maleates from maleic anhydride and the
corresponding alkyl alcohol without consump- tion of catalyst. In addition
it seeks to provide a process in which the use of sulphuric acid and its
derivatives as homogeneous catalysts in the esterification of the monoalkyl
maleate is avoided thereby 



obviating the risk of contamination of the product dialkyl maleate. 55
According to the present invention there is provided a process for the
production of a dialkyl maleate by reaction of maleic anhydride with an
alkyl alcohol in a monoesterification zone to form the corresponding
monoalkyl maleate, followed by reaction of resulting monoalkyl maleate with
further alkyl alcohol to form the corresponding dialkyl maleate, which
includes the steps of supplying a first liquid feed comprising said 3    EP
0 255 399 B1 monoalkyl maleate to a secondary esterification zone
containing a charge of a solid esterification catalyst, supplying a second
feed stream comprising said alkyl alcohol to said secondary esterification
zone, maintaining said secondary esterification zone at an elevated
temperature sufficient to form or to maintain therein a vaporous stream
containing said alkyl alcohol, intimately contacting said first liquid feed
in said 5  secondary esterification zone in the presence of said catalyst
with said vaporous stream, recovering from said secondary esterification
zone a vaporous effluent stream containing, in addition to alkyl alcohol
vapour, also water in vapour form, said water being produced in said
secondary esterification zone by esterification of said monoalkyl maleate
with said alkyl alcohol, and recovering from said secondary esterification
zone a liquid product stream containing said dialkyl maleate. 10     The
process may include use of a single secondary esterification zone; often,
however, it will be preferred to operate using a plurality of secondary
esterification zones connected in series. In the process of the invention
the first liquid feed supplied to the secondary esterification zone (or to
the first of the secondary esterification zones, if two or more such zones
in series are used) contains monoalkyl maleate. This first liquid feed may,
under suitable circumstances, comprise the reaction product 15  from the
monoesterification zone. Thus if, for example, a substantially 1:1 maleic
anhydride:alkyl alcohol molar ratio is used in the monoesterification zone
and the reaction proceeds to completion, then the resulting substantially
pure monoalkyl maleate can be used directly as the first liquid feed to the
secondary esterification zone, or to the first of the secondary
esterification zones if more than two such zones in series are used.
Normally, however, it will be preferred to utilise excess alkyl alcohol in
the monoesterification 20  zone; in this case, if a small excess only of
alkyl alcohol is used In the monoesterification zone, then the resulting
mixture of monoalkyl maleate and alkyl alcohol can be used as the first
liquid feed to the secondary esterification zone (or to the first of such
zones if more than one is used). Preferably, however, the first liquid feed
to the secondary esterification zone (or to the first such zone) comprises
a mixture of monoalkyl maleate and dialkyl maleate. Such a mixture can be
obtained by passage of the mon- 25  oesterification product mixture,
possibly after admixture of further alkyl alcohol therewith, through a
primary esterification zone containing a charge of a solid esterification
catalyst, such as an ion exchange resin containing acidic substituents
selected from sulphonic acid groups and carboxylic acid groups. By passage
of a mixture of monoalkyl maleate and alkyl alcohol therethrough in
co-current, at least a proportion of the monoalkyl maleate is converted in
such a primary esterification zone to dialkyl maleate. In this case at
least 3o  a major part of the water of esterification present in the
primary esterification product is preferably removed therefrom, for example
by distillation, to yield an ester feedstock which can be used as the first
liquid feed to the secondary esterification zone, or to the first of a
plurality of such zones connected in series. It will be seen that water of
esterification is removed as vapour from the, or from each, secondary
esterification zone by stripping with a stream of alkyl alcohol vapour. The
second feed stream comprising 35  said alkyl alcohol can be supplied in
liquid form to the or each secondary esterification zone and vaporised
therein. Often however, it is supplied thereto in vapour form. The or each
secondary esterification zone can be operated in batch mode. For large
scale production, however, it will more usually be operated continuously;
in this case said first liquid feed is continuously supplied to the or each
secondary esterification zone and said liquid product is continuously
recovered 40  therefrom. The rate of supply of the second feed stream
comprising said alkyl alcohol as, or to form, the vaporous stream in the or
each secondary esterification zone in the process of the invention should
be such as to establish and maintain a sufficient concentration of reactant
alkyl alcohol in the liquid phase to drive the mono- to dialkyl maleate
esterification reaction towards completion and to strip a major part,
preferably 45  substantially all, of the water of esterification released
by means of this reaction in the respective secondary 



esterification zone from the liquid phase. The lower the concentration of
water in the second feed stream is, the more efficient will be the degree
of stripping of product water from the respective secondary esterification
zone and the higher will be the conversion to dialkyl maleate. If a second
feed stream comprising "dry" alkyl alcohol is used with a water content of,
for example, about I mole % or less, then it 50  is possible to operate the
process so that the liquid product stream comprises at least about 95 mole
% of dialkyl maleate, and often at least about 97 mole %, e.g. 99 mole % or
more of dialkyl maleate. On the other hand, if the water content of the
second feed stream is in the region of about 10 mole %, then the dialkyl
maleate content of the liquid product stream will be correspondingly lower,
e.g. about 80 mole % up to about 85 mole %. 55     The maleic anhydride
used in the process of the invention may be a substantially pure grade of
maleic anhydride. Alternatively it may comprise a mixture of maleic
anhydride and maleic acid, containing preferably a major molar amount of
maleic anhydride and a minor molar amount of maleic acid. Typically, if a
mixture of maleic anhydride and maleic acid is used, this contains at least
about 80 mole % of maleic 4    EP 0 255 399 B1 anhydride and not more than
about 20 mole % of maleic acid. It may further contain a minor amount,
usually from about 0.001 mole % up to about 5 mole %, of fumaric acid. The
higher the maleic acid content Is, the larger is the amount of water that
will be produced in the monoesterification zone. As a heterogeneous
esterification catalyst is used, the catalyst remains in the or each
secondary 5  esterification zone. Thus the liquid product therefrom  is
essentially free from sulphurous impurities introduced as a result of
interaction with the catalyst and can be subjected to conventional
distillation or similar techniques in order to recover the product dialkyl
maleate without having to neutralise the catalyst. In one preferred process
the second feed stream to the secondary esterification zone, if there is
only one such zone, or to the final secondary esterification zone, if more
than one such zone is used, contains 10  less than about I mole % of water.
In one form of the process the secondary esterification zone comprises a
reactor containing a charge of an immobilised ion exchange resin containing
acidic groups selected from sulphonic acid groups and carboxylic acid
groups. Such immobilised ion exchange resin may comprise, for example,
packages wrapped in wire mesh, each containing a quantity of beads of said
resin. Alternatively the resin may be 15  trapped as beads in wire baskets.
It is also envisaged that the resin may be in the form of fibres; in this
case the fibres ca be woven into appropriate form or interwoven with wire
mesh. In this form of the process the first liquid feed is conveniently
passed downward through the reactor countercurrently to an ascending
vaporous stream containing alkyl alcohol vapour. Preferably the reactor is
operated as a flooded bubble reactor. As the resin is immobilised in the
reactor of the secondary o  esterification zone, the downflowing liquid
passes downwards through regions which are progressively drier and drier
against an upflowing stream of bubbles of alkyl alcohol vapour which carry
away water of esterification as it is formed. At the bottom end of the
reactor the water concentration is lowest and is largely determined by the
water content of the second feed stream and its rate of supply. By
maintaining the water content of the second feed stream at or below about I
mole % water, extremely efficient 25  conversion to dialkyl maleate can be
achieved in the secondary esterification zone. The invention further
provides a process in which a plurality of secondary esterification zones
connected In series are used, each said secondary esterification zone
comprising a reactor, typically a stirred tank reactor, containing a charge
of an ion exchange resin containing acidic groups selected from sulphonic
acid groups and carboxylic acid groups; in such a process it will usually
be preferred to arrange 30  that the water content of the second feed
stream to the final secondary esterification zone is lower than the
corresponding water content of the respective second feed stream to any
preceding secondary es- terification zone. This may be achieved in an
arrangement in which the water content of the second feed stream supplied
to each reactor decreases progressively from one reactor to the next in the
series. One way in which this can be effected in practice is to arrange
that the second feed stream to the, or to each, 35  reactor preceding the
final reactor comprises. material of the vaporous effluent stream from the
next succeeding reactor. In this process It is preferred that the second
feed stream to the final secondary esterification zone comprises "dry"
alkyl alcohol, typically with a water content of not more than about I 



mole %. In the first step of the process of the invention maleic anhydride
is reacted with an alkyl alcohol to form 40  the corresponding monoalkyl
maleate according to the following equation: [err]
CH.CO.OH, where R is an alkyl radical containing, for example, I to 4
carbon atoms. This reaction does not require the presence of a catalyst.
Although an equimolar mixture of maleic anhydride and alkyl alcohol can be
used, it 50  is preferred to operate using an excess of alkyl alcohol. Thus
the maleic anhydride:alkyl alcohol molar ratio may vary within wide limits,
but is typically from about 1:1 to about 1:10. Usually, however, it will be
preferred to operate with such a molar ratio in the range of from about
1:1.5 to about 1:5, e.g. about 1:2. The alkyl alcohol fed to the
monoesterification zone may contain water recycled from a downstream stage
of the process. Dialkyl maleate and maleic anhydride recovered from
downstream stages of the 55  process may also be recycled to the
monoesterification zone. The alkyl alcohol used in the process may contain,
for example, from I to 4 carbon atoms. Examples of suitable alkyl alcohols
include methanol, n-propanol, iso-propanol, n-butanol, and iso-butanol.
Especially preferred for use in the process of the invention is ethanol.
EP 0 255 399 Bl The product of the process is accordingly preferably the
corresponding di- [err] alkyl maleate. Typical examples are dimethyl
maleate, di-n-propyl maleate, di-iso-propyl maleate, di-n-butyl maleate,
and di-iso-butyl maleate. The product of the especially preferred process
is diethyl maleate. The monoesterification step can be effected as a batch
process but is preferably conducted as a 5  continuous process. In the
monoesterification step the temperature is typically from about [err] to
about [err] e.g. about [err] to about [err] while the pressure is
sufficient to maintain the alkyl alcohol in the liquid phase. Typically
this is in the range of from about I bar up to about 5 bar absolute. The
monoesterification zone may comprise any convenient form of reactor, e.g. a
stirred tank reactor. The reaction mixture is generally retained in the
monoesterification zone for a predetermined time, typically 10  of the
order of from about 15 minutes to about 300 minutes or more, e.g. about 60
minutes. The residence time is selected to permit substantially complete
reaction of maleic anhydride and the alkyl alcohol under the chosen
reaction conditions to form the corresponding monoalkyl maleate. Hence the
reaction mixture from the monoesterification zone comprises monoalkyl
maleate, usually also excess alkyl alcohol, and a minor amount only of
unreacted maleic anhydride (usually about 0.5 mole % or less), besides
possibly also 15  some water, dialkyl maleate, monoalkyl fumarate, diethyl
fumarate, maleic acid, and/or fumaric acid. This monoesterification mixture
is passed forward for catalytic conversion to the corresponding dialkyl
maleate, possibly after addition of further alkyl alcohol, according to the
equation: [err] 25  where R is as defined above. This reaction is an
equilibrium reaction. Hence, in order to maximise production of dialkyl
maleate, it is necessary to remove the water formed in the esterification
reaction. In a preferred continuous process according to the invention a
first liquid feed stream containing monoalkyl maleate is passed through at
least one secondary esterification zone and is intimately contacted therein
with a stream of alkyl alcohol vapour in the presence of a solid
esterification catalyst. The first liquid 30  feed stream to the secondary
esterification zone, if there is only one such zone, or to the first
secondary esterification zone, if there are two or more such zones, may
comprise essentially only monoalkyl maleate. Alternatively it may comprise
a mixture of monoalkyl maleate and alkyl alcohol. Usually, however, it will
be preferred to utilise a mixed feed stream containing both monoalkyl
maleate and dialkyl maleate; such a mixed feed stream can be obtained by
passing a mixture of monoalkyl maleate and alkyl alcohol usually in 35
molar excess of that required to effect esterification of the monoalkyl
maleate, in co-current through a primary esterification zone which contains
a charge of a solid esterification catalyst and is maintained under
esterification conditions. Such esterification conditions will normally
include use of an elevated temperature in the Intermediate esterification
zone, as well as use of a pressure sufficient to maintain the alkyl alcohol
in the liquid phase. The resulting primary esterification product mixture
contains a mixture of mono- and 40  dialkyl maleates, typically in the mole
ratio of from about 70:30 to about 20:80, in addition to excess alkyl
alcohol and water produced in the esterification reaction and minor amounts
of by-products, such as maleic acid, fumaric acid, and mono- and dialkyl
fumarates. Preferably the residence time in the primary 



esterification zone is so selected in relation to the temperature and
pressure conditions therein that the primary esterification product mixture
is substantially an equilibrium mixture. 45     Examples of suitable solid
esterification catalysts include ion exchange resins, preferably
macroreticular ion exchange resins, containing sulphonic acid groups and/or
carboxylic acid groups. Typical reaction conditions in the primary
esterification zone include use of a temperature in the range of from about
80 C to about [err] preferably about 100 C to about 125  C and of a
pressure in the range of from about I to about 20 bar, preferably about 5
to about 15 bar. The liquid hourly space velocity through 50  the primary
esterification zone preferably ranges from about 0.25 [err] to about 5
[err] typically about 1 [err] to about 2 hr1. The primary esterification
product mixture is free from added catalyst and hence can be distilled
without disturbing significantly the reaction equilibrium under normal,
reduced or increased pressure, in order to separate alkyl alcohol and
water, which are recovered overhead, from an ester-containing mixture 56
containing both mono- and dialkyl maleates. The alkyl alcohol distillate
can, possibly after suitable treatment to remove water therefrom, be used
as a feedstock for the production of the second feed stream to the
secondary esterification zone (if there is only one such zone) or to one
(usually the final one) of the secondary esterificatlon zones (if there is
more than one such zone). This distillate can also serve as a 6    EP 0 255
399 B1 source of alkyl alcohol for use in the monoesterification zone or in
the primary esterification zone. The ester-containing mixture resulting
from distillation of the primary esterification product mixture can be used
as such as the feed stream to the secondary esterification zone of the
process of the invention or can be admixed first with alkyl alcohol, with
an inert diluent and/or with material recycled from downstream in the 5
process. The final product mixture from the secondary esterification zone,
if there is only one secondary esterification zone, or from the final
secondary esterification zone, if there is more than one such zone,
contains predominantly dialkyl maleate. The proportion of dialkyl maleate
is, as already mentioned, dependent on the water content of the second feed
stream. When a stream comprising "dry" alkyl alcohol 10 containing, for
example, less than about 1 mole % water is used as the second feed stream,
then the liquid product stream from the secondary esterification zone, if
there is only one such zone, or from the final secondary esterification
zone, if there is more than one such zone, typically contains dialkyl
maleate in an amount of at least about 97 mole % up to about 99 mole % or
more, as well as alkyl alcohol, and small amounts of water, maleic acid,
and monoalkyl maleate. In some cases traces of fumaric acid and of 15
monoalkyl fumarate can be detected. This final product mixture can be
distilled to produce a dialkyl maleate rich product which is free from
catalyst and can be used for some purposes as obtained. Alternatively, this
catalyst free product can be further purified, e.g. by subjection one or
more times to the process of copending European patent application No.
87306807.6 (Publication No. 0255401) filed simultaneously herewith. If
desired, the purification steps may include washing with aqueous alkali or,
preferably, with an 20  aqueous wash liquor which contains an alkali metal
hydroxide, carbonate, bicarbonate, or a mixture of two or more thereof
dissolved in an aqueous solution of the corresponding di-(alkali metal)
salt of maleic acid according to the teachings of copending British patent
application No. 8618893 filed 1st August 1986 (GB- A-2193207) and then with
water, followed by one or more distillation steps. The preferred alkyl
alcohol is ethanol and the preferred dialkyl maleate is diethyl maleate. 25
The cost of producing "dry" ethanol from a "wet" ethanol stream is
appreciable. Moreover, it will usually be desirable upon economic grounds
to recycle ethanol present in the vaporous effluent stream from the, or
from each, secondary esterification zone and in other available streams,
for example from a downstream hydrogenation step utilising the process of
EP-A-0143634, of WO-A-86/03189 or of WO-A- 86/07358, for production of
further diethyl maleate. Hence in some cases it may be decided that it is
30 uneconomic to produce "dry" ethanol, e.g. with a water content of no
more than about I mole %. In this case available ethanol-containing streams
may contain from about 2 mole % up to about 10 mole % or more, e.g. up to
about 15 mole % of water. Such ethanol containing streams can be utilised
as the second feed stream but in this case it will usually suffice to
utilise a single secondary esterification zone, e.g. a stirred tank
reactor, containing a charge of an ion exchange resin containing sulphonic
acid and/or 



35  carboxylic acid groups. The diethyl maleate content of the liquid
product stream will in this case usually be significantly lower than in the
case that "dry" ethanol is used, either in a single reactor with an
immobilised ion exchange resin or in a plurality of stirred tank reactors
connected in series. Hence, under these circumstances, the diethyl maleate
content of the liquid product may be from about 75 mole %, usually at least
about 80 mole%, up to about 85 mole % or so, and typically not more than
about 90 mole %. 40     When a stream comprising "wet" ethanol is used as
the second feed stream, for example a stream containing from 2 mole % up to
about 10 mole % water, then the final product mixture may contain, for
example, from about 75 mole % up to about 90 mole %, e.g. about 80 mole %
to about 85 mole %, dialyl maleate with the balance comprising monoalkyl
maleate, water, maleic acid, fumaric acid, monoalkyl fumarate and dialkyl
fumarate. Advantageously such a liquid product stream is further purified
by the 45 process of copending European patent application No. 87306807.6
(Publication No 0255401) filed simulta- neously herewith. In a preferred
process for the production of diethyl maleate, maleic anhydride and
ethanol, preferably in molar excess, are reacted in the monoesterification
zone to yield a mixture of monoethyl maleate and ethanol. This is
preferably admixed with a further quantity of ethanol and passed to a
primary esterification 50 zone, which contains a charge of a solid
esterification catalyst, such as an ion exchange resin of the type
mentioned above. The primary esterification zone can take the form of a
trickle bed reactor or a stirred tank reactor or a resin packed column. The
resulting mixture of monoethyl maleate, diethyl maleate, ethanol and water
(and possibly also minor amounts of impurities) is then distilled in a
first distillation zone to yield an ethanol/water mixture, 55 containing
also a minor amount of diethyl maleate, as overhead product, and an
ester-containing product containing, typically, an approximately 70:30
molar mixture of diethyl maleate and monoethyl maleate plus a small amount
of "light ends"  such as ethanol and water, as a bottom product.
Distillation can be effected under a reduced pressure of, for example,
about 0.5 bar or at an elevated pressure of up to about 5 bar; 7    EP 0
255 399 B1 however, it is conveniently effected at, or just above,
atmospheric pressure, e.g. at about 1.05 bar. As it is not necessary to
remove all of the "light ends" from the bottom product, the bottom of the
first distillation zone can be kept relatively cool thus reducing the risk
of thermal decomposition at this stage. The overhead product from the first
distillation zone is, as already noted, a mixture of water and ethanol
(plus a minor 5  amount of diethyl maleate); preferably the monoethyl
maleate:ethanol molar ratio of the reactant mixture fed to the intermediate
esterification zone is so controlled that the water content of the overhead
product from this distillation step is higher than the water/ethanol
azeotrope obtained upon distillation of water/ethanol mixtures at the
pressure of distillation. This mixture can then be redistilled in a second
distillation zone, again conveniently at or just above atmospheric
pressure, to yield a "wet" ethanol overhead product which 10 is drier than
the feed to the second distillation zone but is still wetter than the
water/ethanol azeotrope obtainable upon distillation of water/ethanol
mixtures at the pressure of the second distillation zone. The "wet" ethanol
overhead product from the second distillation zone typically contains about
15 mole % of water. Part of this "wet" ethanol overhead product from the
second distillation zone can be recycled to the intermediate esterification
zone while part is returned to the second distillation zone as a reflux
stream, and 15  the remainder is passed to an ethanol dehydration unit to
produce "dry" ethanol to form the vaporous feed stream in the secondary
esterification zone, if there is only one such zone, or to the final
secondary esterification zone, if there is more than one such zone. The
bottom product from the second distillation zone is mainly water but
contains any diethyl maleate that distils from the first distillation zone.
The ethanol dehydration unit may be of any suitable design capable of
producing from a "wet" ethanol 20  stream containing up to about 20 mole %
water a sufficient stream of "dry" ethanol with a water content less than
about I mole % for use as the source of the vaporous feed stream in the
secondary esterification zone. Membrane separation techniques can be used
for the production of "dry" ethanol; alternatively molecular sieves can be
used. In one preferred form of the process a single secondary
esterification zone is used which may comprise .25 a stirred tank reactor
containing a charge of a macroreticular ion exchange resin containing
sulphonic acid groups, such as Amberlyst 16, through which ethanol vapour
is bubbled. 



In a further preferred process the secondary esterification zone comprises
a reactor containing an immobilised charge of a macroreticular ion exchange
resin containing sulphonic acid groups, such as Amberlyst 16, through which
ethanol vapour, preferably "dry" ethanol vapour, is passed in
countercurrent to 3o a liquid phase containing monoethyl maleate flowing
down through the charge of ion exchange resin; in such a process the
reactor is operated as a flooded bubble reactor. In a further preferred
process a plurality of secondary esterification zones connected in series
are used, each comprising a reactor containing as catalyst a charge of an
ion exchange resin containing sulphonic acid groups and/or carboxylic acid
groups, such as Amberlyst 16. Although such a process can involve use 35
of only two such reactors, or five or more, there are conveniently used
three or four such reactors in series. Each reactor is provided with a
suitable screen to retain its respective charge of resin beads in the
reactor. The monoethyl maleate feed stream (e.g. an approximately 70:30
molar ratio diethyl maleate:monoethyl maleate mixture) is fed through the
reactors in turn in countercurrent flow to a stream of ethanol vapour.
"Dry" ethanol is passed through the last reactor in the series, the
vaporous effluent from which is then 40 passed through the penultimate
reactor, while the vaporous effluent from the penultimate reactor is passed
through the antepenultimate reactor (and so on, if more than three reactors
are used). In this way substantially all of the water of esterification
produced in each reactor is removed in the vaporous ethanol stream. The
liquid phase encounters progressively drier ethanol vapour as it passes
from one reactor to the next. 45    In a modification of this second
preferred process the vaporous effluent stream from the final reactor is
condensed prior to introduction into the penultimate reactor, while the
vaporous effluent stream from the penultimate reactor is also condensed
prior to introduction to the ante-penultimate reactor (and so on, if more
than three reactors are used). In this form of the process the second
stream is supplied in liquid form to all the reactors, except the final
reactor, and is vaporised in the respective reactor to form the vaporous 50
stream. In yet another modification of this process the vaporous effluent
stream from the final reactor is compressed prior to introduction into the
penultimate reactor, while the vaporous effluent stream from the
penultimate reactor is also compressed prior to introduction to the
ante-penultimate reactor (and so on, if more than three reactors are used).
55     The reaction conditions in the or each secondary esterification zone
preferably include use of a temperature in the range of from about 100 to
about 125 * C and a pressure of from about I to about 3 bar. The residence
time in the or each secondary esterification zone is typically in the range
from about 2 to about 10 hours. 8    EP 0 255 399 B1 As mentioned above,
the bottom product from the second distillation zone contains diethyl
maleate in addition to water. Conveniently this mixture is allowed to
settle out in a decanter. The aqueous layer can either be discarded or, if
an aqueous neutralisation stage is used for final product purification,
this aqueous phase can be used to provide the make up water for this
aqueous neutralisation stage. The organic layer 5  can be returned to the
plant, conveniently upstream from the secondary esterification zone of the
process of the invention. In order that the invention may be clearly
understood and readily carried into effect six preferred forms of plant for
the continuous production of diethyl maleate, each using a preferred
process according to the invention, will now be described, by way of
example only, with reference to the accompanying drawings, 10  Figures I to
6 of which are each a flow diagram of a corresponding plant. It will be
appreciated by those skilled in the art that, since the drawings are
diagrammatic, some conventional items of equipment such as heat exchangers,
pumps, filters, valves, vacuum equipment, temperature sensors, pressure
controllers, and the like, have been omitted from the drawings for the sake
of simplicity. It will be readily apparent to the skilled reader that such
additional items of equipment may be 15  necessary for the successful
operation of the illustrated plants, and the provision and positioning of
such ancillary items of equipment form no part of the present invention and
will be provided in accordance with standard chemical engineering practice.
Referring to Figure I of the drawings, a continuously operable plant for
the production of diethyl maleate 



is supplied In line I with liquid maleic anhydride and in line 2 with
ethanol in a mole ratio of about 1:2. The 20  liquid maleic anhydride may
contain a minor amount of maleic acid, typically not more than about 5 mole
% of maleic acid, and a lower amount, typically less than about I mole %,
of fumaric acid. Ethanol supplied in line 2 may contain a small amount of
water, e.g. about 3.5 mole % of water. This ethanol comprises a mixture of
make up ethanol and wet ethanol recycled from an ester hydrogenation plant
(not shown) which operates according to the teachings of EP-A-0143634, of
WO-A-86/03189 or of WO-A-86/07358 and 25  produces a mixture of
butane-1,4-diol, gamma-butyrolactone and tetrahydrofuran. The two streams
are mixed in monoesterification reactor 3 by means of stirrer 4. The
reaction mixture is held in reactor 3 for a residence time of about 60
minutes, the temperature in reactor 3 being maintained at 95 C. Essentially
quantitative formation of monoethyl maleate occurs in monoesterification
reactor 3. A liquid reaction mixture is discharged from reactor 3 in line 5
which contains an approximately equimolar mixture of 30  monoethyl maleate
and ethanol, plus a small amount of water. This mixture is admixed with a
further mole of ethanol, supplied as a "wet" ethanol stream containing
about 15 mole % of water in line 6. The resulting mixture contains
monoethyl maleate, ethanol and water in a mole ratio of about I : 2 : 0.25
and is then fed into a primary esterification reactor 7 which contains a
bed of an ion exchange resin containing -SO3H groups, such as Amberlyst 16.
(The word "Amberlyst" is a 36  Registered Trade Mark). It is maintained at
[err] under pressure. The liquid hourly space velocity through tile resin
bed of primary esterification reactor 7 is approxi- mately 1.75 [err].
About 70 mole % of the monoethyl maleate is esterified to diethyl maleate
in passage through reactor 7. The liquid effluent stream in line 8
accordingly contains diethyl maleate, monoethyl maleate, water, and excess
ethanol in a molar ratio of approximately 0.7 0.3: 0.95 :1.3, and possibly
also 40  minor amounts of maleic anhydride, maleic acid, fumaric acid,
monoethyl fumarate and diethyl fumarate. This mixture is passed by way of
line 8 to a first distillation column 9 which operates at substantially
atmospheric pressure. An ethanol/water mixture, In a molar ratio of about 2
: 1.25, which contains also a minor amount of diethyl maleate, is recovered
overhead in line 10 and is fed into a second distillation column 11, also
operating at substantially atmospheric pressure. The overhead product in
line 10 is a mixture 45  that is wetter than the ethanol/water azeotrope
which could be obtained at the pressure of operation of column 9, i.e.
substantially atmospheric pressure. Column 11 effects separation of the
components of the overhead mixture from column 9 into a bottom product
containing water and any diethyl maleate, which bottom product is recovered
in line 12, and an ethanol/water overhead product, which is recovered in
line 13, that contains about 15 mole % water. Reference numeral 14
indicates a reboiler for column 11 which is fed 5o  with steam in line 15.
Part of the ethanol/water mixture in line 13 is condensed in condenser 16
against cooling water supplied in line 17; a proportion of the resulting
condensate which is collected in drum 18 is returned to column 11 by way of
lines 19 and 20, whilst the remainder is recycled to reactor 7 by way of
lines 19 and 6. The contents of drum 18 can be blanketed with nitrogen
supplied in line 21, whilst a vent line 22 is 55  provided to vent
non-condensible materials from the plant. The bottom product from column 9
in line 23 is a mixture of diethyl maleate, monoethyl maleate, and minor
amounts of "lights" (e.g. water and ethanol), in a mole ratio of
approximately 0.7 : 0.3 : 0.2. Part of this mixture is recycled to column 9
by way of line 24 and reboiler 25 whose steam heating line is indicated 9
EP 0 255 399 B1. at 26, and the remainder is passed through lines 27 and 28
to the top end of a secondary esterification reactor 29 containing a charge
of a macroreticular ion exchange resin containing [err] groups, such as
Amberlyst 16. In order to immobilise the resin within the reactor 29 it is
preferably loaded into the reactor as small packages wrapped in wire mesh,
each containing a small quantity of beads of the resin. The reactor 5  may
include a number of internal trays (not shown) each carrying a layer of the
resin, whether in the form of wrapped packages or in the form of free resin
beads. "Dry" ethanol vapour is introduced by means of line 30 into the
bottom end of reactor 29 and is maintained in the vapour phase by contact
with the downflowing hot liquid mixture from line 28. Further
esterification occurs in secondary esterification reactor 29 by reaction of
residual monoethyl maleate in the downflowing liquid mixture with ethanol.
Water produced in 10 the esterification reaction is stripped by the
upflowing ethanol vapour and the resulting "wet" ethanol vapour 



is fed by way of line 31 to an intermediate part of first distillation
column 9. The liquid product stream, which now contains a minor amount only
of monoester, i.e. monoethyl maleate and possibly also monoethyl fumarate,
and mainly comprises diester, i.e. diethyl maleate and possibly also
diethyl fumarate, besides traces of ethanol and water, exits reactor 29 in
line 32. 15     Typical reaction conditions In reactor 29 include use of a
temperature of about [err] and a pressure of about 2 bar. The residence
time in secondary esterification reactor 29 is at least 4 hours. "Dry"
ethanol for supply in line 30 is provided by means of a suitable ethanol
dehydration unit 33. This can utilise a membrane to separate "dry" ethanol
from the wet ethanol fed thereto in line 34; alternatively it can utilise a
molecular sieve to achieve the same end. The feed stream to dehydration
unit 33 is supplied 20  by way of line 35 and compressor 36 from the
overhead stream in line 13 from second distillation column II. Water is
recovered from ethanol dehydration unit 33 in the form of a "wet" ethanol
stream which is recycled in line 37 from dehydration unit 33 to an
intermediate part of second distillation column II. Typically the "dry"
ethanol in line 30 has a water content of less than 2 mole %, e.g. about
1.5 mole % or less. Part of the mixture of water and diethyl maleate which
is recovered as a bottom product from second 25  distillation column 11 in
line 12 is fed in line 38 to a decanter 39 in which it settles out to form
two phases. The water-rich upper layer is rejected as effluent or is
supplied in line 40 for use as make-up water to a downstream aqueous
neutralisation stage, described in more detail hereafter, if such is
included In the plant. The lower layer in decanter 39, which consists
mainly of diethyl maleate, is passed in line 41 for admixture with the
liquid stream in line 27 and subsequent treatment in reactor 29. Reference
numeral 42 30 indicates a vent line from decanter 39 connected to an
intermediate part of column II. The liquid product stream from reactor 29
in line 32 is passed to a third distillation column 43 which is operated
under vacuum (0.8 bar). Ethanol and any water present are recovered
overhead in line 44 and condensed in condenser 45 whose chilled water
supply line is indicated at 46. The resulting condensate is collected in
drum 47. Reference numeral 48 indicates a connection to a vacuum pump or
steam ejector (not 35  shown). Part of the condensate from drum 47 is
recycled to the top of column 43 in line 49 to form a reflux stream, whilst
the remainder is returned to an upper part of reactor 29 in line 50. The
bottom product from third distillation column 43 is recovered by way of
line 51 and consists essentially of diester, i.e. diethyl maleate or a
mixture of diethyl maleate with a minor amount of diethyl fumarate, and
contains a small amount only, e.g. about 2 mole % or less, of monoethyl
maleate and other 40 minor impurities including maleic acid, monoethyl
fumarate, and fumaric acid. The content of monoethyl maleate depends on the
water content in the ethanol vapour stream in line 30; the lower the water
content in this ethanol vapour stream is, the lower is the monoethyl
maleate content of the diethyl maleate product stream in line 51. Part of
the stream in line 51 is recycled to column 43 by way of line 52 and a
reboiler 53 which is fed 45 with steam in line 54. The diester stream in
line 51 can be used for some purposes without further purification.
However, it will often be preferred to purify this by removing the final
traces of monoester therefrom. This can be achieved by washing with aqueous
alkali, e.g. aqueous sodium carbonate, possibly followed by a subsequent
water wash, in neutralisation stage 55. Make up water for washing can be
supplied to neutralisation stage 55 in so line 40 whilst solid sodium
carbonate or sodium carbonate solution is supplied as necessary as
indicated at 56. A small amount of alkaline waste aqueous wash liquor
containing a minor amount of the sodium salt of monoethyl maleate is
discarded in line 57. The washed diester is then fed in line 58 to a
further distillation column 59 operated at 0.75 bar. Water is recovered
overhead in line 60 and is condensed in condenser 61 whose cooling water
supply line is 55  indicated at 62. A part of the condensate is recycled
from drum 63 to neutralisation stage 55 by way of lines 64 and 65, the
remainder being returned to column 59 as a reflux stream in line 66.
Reference numeral 67 represents a connection to a vacuum pump or steam
ejector (not shown). Part of the diester bottom product from column 59 in
line 68 is fed in line 69 to a reboiler 70 fed with 10    EP 0 255 399 B1
steam in line 71 for recycle to column 59. The remainder is fed in line 72
to a final purification column 73 in which It is redistilled at a pressure
of 0.6 bar. The overhead product in line 74 is condensed in condenser 



75 against cooling water in line 76; part of the condensate from drum 77 is
removed in line 78 as pure diester. Such diester is predominantly diethyl
maleate but contains also a minor amount of diethyl fumarate 5  resulting
either from isomerisation in the course of esterification reactions or as a
result of the fact that the maleic anhydride supplied in line I contains a
minor amount of fumaric acid. The remainder of the condensate is returned
from drum 77 to column 73 as a reflux stream in line 79. A connection to a
vacuum pump or steam ejector (not shown) is indicated at 80. A reboiler 81
fed by lines 82 and 83 is provided for column 73; this reboiler is supplied
with steam in line 84. Any build up of "heavies" is controlled by taking a
10 purge stream in line 85. An alternative method of recovering a
substantially acid free stream of diethyl maleate from the diester stream
in line 51 is described in copending European Patent Application No.
87306807.6 (Publication No. 0255401) filed simultaneously herewith. As
described above reactor 29 is operated as a single pass reactor. If
desired, part of the liquid product 15 stream from reactor 29 can be
recycled to the inlet end of reactor 29 in line 86. The plant of Figure 2
is similar to that of Figure 1 and like reference numerals have been used
in both Figures to indicate like parts. However, the single stage secondary
esterification reactor 29 of the plant of Figure 1 is replaced in the plant
of Figure 2 by a series of continuously stirred tank reactors 87, 88 and
89, each containing a charge of Amberlyst 16 ion exchange resin beads. The
stirrers for secondary es- 20 erification reactors 87, 88 and 89 are
indicated at 90, 91 and 92. Typical reaction conditions in each of reactors
87, 88 and 89 are similar to those mentioned for reactor 29 of the plant of
Figure 1. Liquid phase is led from the first of the stirred reactors 87 to
the second reactor 88 in the series by way of line 93, whilst liquid is fed
from reactor 88 to the third of the series, i.e. reactor 89, in line 94.
"Dry" ethanol vapour in line 30 is fed to the bottom of reactor 89. A
mixture of ethanol vapour and water vapour resulting from the 25
esterification occurring in reactor 89 exits the top of reactor 89 in line
95 and is fed to the bottom of reactor 88, in which it picks up further
water vapour. The resulting ethanol/water vapour mixture exits the top of
reactor 88 in line 96, is admixed with recycled ethanol vapour in line 97
from line 44 and is fed to the bottom of reactor 87 in line 98. The
vaporous effluent from reactor 87 is a wet ethanol vapour and is passed by
way of line 31 to distillation column 9. 30     The liquid feed to reactor
87 is an approximately 70 : 30 molar ratio diethyl maleate: monoethyl
maleate mixture; in line 93 the corresponding molar ratio is about 85:15,
while in line 94 it is about 92:8. The corresponding mixture in line 32 is
an approximately 99:1 molar mixture of diethyl and monoethyl maleates. The
precise values of these ratios will depend, Inter alia, upon the water
content and rate of supply of the "dry" ethanol supplied in line 30, and
upon the temperature and residence time of the liquid reaction 35  mixture
in each of reactors 87, 88 and 89. The plant of Figure 3 is generally
similar fo that of Figure 2, except that condensers 99 and 100 are provided
in lines 95 and 96 respectively and that the condensate from condenser 100
is admixed with condensate in line 50 for supply to line 98. Thus ethanol
is fed as a liquid to each of reactors 88 and 87 and is vaporised therein
by contact with the downflowing hot ester-containing liquid stream. 40
In the plant of Figure 4 the single secondary esterification reactor 29 of
Figure I is replaced by four stirred tank reactors 101, 102, 103 and 104
connected in series; each of these reactors contains a charge of Amberlyst
16. Reference numerals 105, 106, 107 and 108 indicate their respective
stirrers. "Dry" ethanol vapour is fed from ethanol dehydration unit 33 in
line 30 under the influence of compressor 109 (which replaces compressor 36
of the plant of Figure I). The compressed vapour passes on in line 110, a
part being 45 condensed and fed to monoesterification reactor 3 by way of
line III, whilst the remainder is fed by way of line 112 to a sparger
fitted at the lower end of the fourth reactor 104. The bottom product from
column 9 is fed by way of lines 23 and 27 to the top of the first reactor
101. A liquid stream is taken from the bottom of reactor 101 in line 113
and is passed to the top of reactor 102. In a similar manner line 114 feeds
liquid from the bottom of reactor 102 to the top of reactor 103, whilst
liquid is 50  taken from reactor 103 to reactor 104 in line 115. Ethanol
vapour containing water of esterification from reactor 104 entrained
therein is fed by means of line 116 and blower 117 to a sparger in the
bottom of reactor 103. In similar manner line 118 and blower 119 are used
to pass ethanol vapour and entrained water vapour to a sparger in the
bottom of reactor 102. The vapours exiting reactor 102 are fed by means of
lines 120 and blower 121 to a sparger in the bottom of reactor 55 101. Wet
ethanol vapour is recovered from the top of reactor 101 in line 122 and is
combined with the vapours in line 35 to form a combined stream which is fed
in line 34 to ethanol dehydration unit 33. 



The ethanol recycle stream in line 50 and ester stream from decanter 39 in
line 41 are combined and    EP 0 255 399 B1, fed to the top of reactor 101
in line 123. Instead of recycling "wet" ethanol from line 19 by way of line
6 to line 5, as occurs in the plant of Figure I, a corresponding amount of
make up ethanol is supplied to line 5 from line 2 by way of line 125. In
each of the plants illustrated in Figures I to 4 it is proposed that the
neutralisation stage 55 shall 5  involve use of an aqueous alkali, followed
by a subsequent water wash; alternatively neutralisation can be achieved
using an aqueous alkaline wash liquor comprising an alkali metal (e.g.
sodium) hydroxide, carbonate, bicarbonate, or a mixture of two or more
thereof dissolved in an aqueous solution of the corresponding di-(alkali
metal) salt of maleic acid (e.g. disodium maleate), as taught by copending
British patent application No. 8618893 filed lst August 1986 (GB-A-2 193
207), followed by distillation in column 59. 10     Alternatively the
neutralisation stage 55 of each of the plants illustrated in Figures I to 4
can be replaced by a purification stage using the distillative process of
copending European Patent Application No. 87306807.6 (Publication No.
0255401) filed simultaneously herewith. Figure 5 of the drawings
illustrates a continuously operable plant for production of diethyl maleate
which is then used for the co-production of butane-1,4-diol,
gamma-butyrolactone and tetrahydrofuran. This plant 15  is supplied in line
201 with liquid maleic anhydride and in line 202 with make up ethanol. A
mixture of maleic anhydride and ethanol is supplied to a monoesterification
reactor 203 which is also supplied with a wet ethanol stream in line 204 in
an ethanol:maleic anhydride molar ratio of about 2:1. The ethanol supplied
in line 204 contains about 15 to 20 mole % of water. Reactor 203 is fitted
with a jacket 205 by means of which it can be cooled, as necessary, by
admission of cooling water thereto. The contents of mon- 20
oesterification reactor can be mixed by means of stirrer 206. The reaction
mixture is held in reactor 203 for a residence time of about 60 minutes,
the temperature in reactor 203 being maintained at about 100 C. Essentially
quantitative formation of monoethyl maleate occurs in monoesterification
reactor 203. A liquid reaction mixture is discharged from reactor 203 in
line 207 which contains an approximately equimolar mixture of monoethyl
maleate and ethanol, plus a corresponding amount of water. 25     This
mixture is passed forward in line 208 and is admixed with a further mole of
ethanol, supplied as a "wet" ethanol stream containing about 15 to 20 mole
% of water in line 209. The resulting mixture contains monoethyl maleate,
ethanol and water in a mole ratio of about 1 : 2: 0.25 and is then pumped
by means of pump 210 through heater 211, which is supplied with steam in
line 212, to a primary esterification reactor 213 which contains a bed of
an ion exchange resin containing [err] groups, such as Amberlyst 16. (The
30 word "Amberlyst" is a Registered Trade Mark). It is maintained at about
[err] under pressure. The liquid hourly space velocity through the resin
bed of primary esterification reactor 213 is approxi- mately 1.75 [err].
About 70 mole % of the monoethyl maleate is esterified to diethyl maleate
in passage through reactor 213. The liquid effluent stream in line 214
accordingly contains diethyl maleate, monoethyl maleate, water, and excess
ethanol in a molar ratio of approximately 0.7: 0.3 : 0.95 :1.3, and
possibly also 35  minor amounts of maleic anhydride, maleic acid, fumaric
acid, monoethyl fumarate and diethyl fumarate. This mixture is passed by
way of line 214 to a first distillation column 215 which operates at
substantially atmospheric pressure. An ethanol/water mixture, in a molar
ratio of about 2: 1.25, which contains also minor amounts of diethyl
maleate, of tetrahydrofuran and of diethyl ether, is recovered overhead in
line 216. The overhead product in line 216 is a mixture that is wetter than
the ethanol/water azeotrope which 40  could be obtained at the pressure of
operation of column 215, i.e. substantially atmospheric pressure. Part of
the vapours in line 216 are condensed in condenser 217 which is supplied in
line 218 with cooling water. The resulting condensate passes on to
condensate drum 219 and is recycled in line 220 by pump 221 to form a
reflux stream for column 215. The uncondensed vapours pass on in line 222
to an ethanol recovery column 223, from which a bottom product containing
water and any diethyl maleate is recovered in line 224; part of 45  this
bottom product is recycled by means of pump 225 through heater 226, whose
steam line is indicated at 227, to column 223 whilst the remainder is
passed in line 228 to cooler 229 and then to a water treatment section (not
shown). An overhead product is recovered from column 223 in line 230, that
contains about 15 to 20 mole % water. It also contains any light boiling
materials present such as diethyl ether and tetrahydrofuran. 50     The
ethanol/water mixture in line 230 is condensed in condenser 231 against
cooling water supplied in 



line 232; part of the resulting condensate which is collected in drum 233
is returned to column 223 by way of line 234 and pump 235 to form a reflux
stream for column 223. Reference numeral 302 indicates a vent line for drum
233. The rest of the condensate from drum 233 is passed in line 236 to an
ether recovery column 237 from 55  which any diethyl ether and other
"lights", e.g. tetrahydrofuran, are recovered overhead in line 238 and are
condensed in condenser 239 whose coolant supply line is indicated at 240.
Condensate is returned as a reflux stream to column 237 from condensate
drum 241 by means of line 242 and pump 243. Vapours are vented to a flare
stack in line 244 while diethyl ether is passed to storage in line 245 via
cooler 246 which is 12    EP 0 255 399 B1 supplied with chilled water in
line 247. Such diethyl ether also contains some of the tetrahydrofuran
present in the material in line 222. The bottom product from column 237 in
line 248 is a wet ethanol stream containing about 15 to 20 mole % of water.
Part is recycled to column 237 by pump 249 through reboiler 250, which is
heated with steam 5  supplied in line 251, whilst the remainder is recycled
to monoesterification reactor 203 in lines 252 and 204. The bottom product
from column 215 in line 253 is a mixture of diethyl maleate, monoethyl
maleate, and minor amounts of "lights" (e.g. water and ethanol), in a mole
ratio of approximately 0.7 : 0.3: 0.2. Part of this mixture is recycled to
column 215 by way of pump 254 and reboiler 255 whose steam heating line is
indicated at 256, and the remainder is passed through line 257 and then
through lines 258 and 259 to the 10 respective top end of a pair of
secondary esterification reactors 260, 261, each containing a charge of a
macroreticular ion exchange resin containing -SO3H groups, such as
Amberlyst 16. Each reactor 260, 261 is provided with a stirrer 262, 263 and
is fifted at its lower end with a respective vapour distributor 264, 265.
Ethanol vapour is introduced by means of lines 266, 267 and 268 through
distributors 264, 265 into the bottom ends of reactors 260, 261. 16
Further esterification occurs in secondary esterification reactors 260, 261
by reaction of residual monoethyl maleate with ethanol. Water produced in
the esterification reaction is stripped by the upflowing ethanol vapour and
the resulting "wet" ethanol vapour in lines 269 and 270 is fed by way of
line 271 through condenser 272, which is supplied with cooling water in
line 273, to drum 274 from which it is recycled by pump 275 and lines 276,
277 and 208 to primary esterification reactor 213. 20     Reference numeral
278 indicates a vent line. The liquid product stream from secondary
esterification reactors 260, 261, which now contains diethyl maleate and
monoethyl maleate in a molar ratio of about 85:15, besides minor amounts of
ethanol and water, exits reactors 260, 261 in lines 279 and 280 and is
pumped by means of pump 281 through line 282 to a flash column 283 which
will be described further below. 26     Typical reaction conditions in
reactors 260, 261 include use of a temperature of about 115 C and a
pressure of about I bar. The residence time in secondary esterification
reactors 260, 261 is about [err] hours. The ethanol vapour supplied in line
266 is a mixture of make up ethanol from line 202 and ethanol recycled in
line 284 from the product recovery section of a hydrogenation plant 285
(described further below); this ethanol mixture is vaporised In heater 300
which is supplied with steam in line 301. 30     The liquid product stream
from reactors 260, 261 in line 282 is passed to a column 283 which is
operated under vacuum (about 0.1 bar). Ethanol and any water present are
recovered overhead in line 286 and part of this overhead stream is
condensed in condenser 287 which is cooled to about [err] by tempered water
supplied in line 288. The resulting condensate is collected in drum 289.
The condensate from drum 289 is recycled to the top of column 283 by pump
290 in line 291 to form a reflux stream. The 35  uncondensed part of the
stream from line 286, which consists mainly of ethanol and water, passes on
in line 292 and Is condensed in a further condenser 293 whose chilled water
supply line is indicated at 294. The resulting condensate is collected in
drum 295 and is recycled to the secondary esterification reactors 260, 261
by means of line 296 and pump 297. Reference numeral 316 indicates a
connection to a vacuum pump (not shown). 40     The bottom product from
column 283 is recovered by way of line 298 and consists essentially of a
mixture of diethyl maleate and monoethyl maleate, besides other minor
impurities including maleic acid, diethyl fumarate, monoethyl fumarate, and
fumaric acid. 



The ester stream in line 298 is pumped by a pump 299 to a purification
plant 304 which operates according to the teachings of copending European
Patent Application No. 87306807.6 (Publication No. 45  0255401) filed
simultaneously herewith. This purification plant 304 may further include a
distillation section for separation of diethyl maleate from diethyl
fumarate. A recycle stream containing a mixture of diethyl maleate and
monoethyl maleate is returned from purification plant 304 by way of lines
305 and 306. A purge stream is taken in line 307. A condensate containing
maleic anhydride is recycled to mon- oesterification reactor 203 in line
303. A mixture consisting mainly of ethanol and water is recycled to so
column 283 in line 308. Acid free diethyl maleate, possibly containing a
minor amount of diethyl fumarate, is recovered from purification plant 304
in line 309 and is passed to a vapour phase hydrogenation plant 285 which
Is arranged to operate according to the process described in EP-A-0143634,
in WO-A-86/03189 or in WO-A- 86/07358. Plant 205 is supplied with hydrogen
in line 310. Such a plant includes a product recovery section, 55 for
example one designed to operate according to the teachings of copending
European Patent Application No. 87306806.8 (Publication No. 0255400) filed
simultaneously herewith. There are recovered from hydrogenation plant 285 a
stream of tetrahydrofuran in line 311, a stream of gamma-butyrolactone in
line 312, and a stream of butane-1,4-diol in line 313. Minor amounts of
n-butanol 13    EP 0 255 399 B1 and of "heavies" are recovered in lines 314
and 315 respectively. In the plant of Figure 6 maleic anhydride is supplied
in line 401 to monoesterification reactor 402, to which is also supplied a
stream containing ethanol in line 403. Reactor 402 is also fed by way of
line 401 with a recycle stream from line 404 that contains recovered maleic
anhydride and diethyl maleate. 5  Monoesterification reactor 402 is
provided with a stirrer 405, with a cooling coil 406 (which doubles as a
steam heating coil at start up of the plant), and with a vent line 407.
Maleic anhydride reacts with ethanol in reactor 402 to produce monoethyl
maleate in the absence of a catalyst. The liquid reaction mixture from
reactor 402 is discharged in line 408 and pumped by pump 409 to steam
heater 410. Upstream from heater 410 it is admixed with two streams
comprising further ethanol supplied in lines 411 and 412. The mixed 10
stream flows on in line 413 to a primary esterification reactor 414 which
contains a fixed bed of an acidic ion exchange resin, such as Amberlyst 16.
Reaction between monoethyl maleate and ethanol to form diethyl maleate
takes place in reactor 414. An intermediate esterification product mixture
is recovered from primary esterification reactor 414 in line 415 and is
heated by means of steam heater 416 before entering a flash distillation
column 417. A vaporous 15 stream  containing mainly ethanol and water, but
also a minor amount of diethyl ether (besides tetrahydrofuran and a trace
of diethyl maleate, both of which  are present in a recycle stream to
monoesterification reactor 402 as described further below), is recovered
overhead in line 418 which leads to an ethanol recovery column 419. This is
also supplied with water in line 420 which has been used in condensers in
the plant and which Includes water containing streams recovered from
elsewhere in the plant. 20  The overhead product from column 419 in line
421 is condensed by means of condenser 422 and contains mainly ethanol with
lesser amounts of water, diethyl ether and tetrahydrofuran. The resulting
condensate collects in drum 423; part is returned to column 418 in line 424
by pump 425 to form a reflux stream, whilst the remainder is passed in line
426 to an ether recovery column 427. A part of the bottom product from
column 419 in line 428 is recycled by pump 429 to column 419 through column
reboiler 430 and line 431. 26  This bottom product in line 428 is mainly
water but contains some ethanol and diethyl maleate. The remainder of the
bottom product in line 428 is taken in line 432, cooled in cooler 433 and
passed on to a water treatment plant (not shown). From the ether recovery
column 427 is recovered overhead in line 434 a vaporous stream comprising
diethyl ether, together with minor amounts of ethanol, water and
tetrahydrofuran. This is condensed by 3o  means of condenser 435. The
resulting condensate collects in drum 436; part is recycled as a reflux
stream to column 427 in line 437 by pump 438, while the remainder is passed
in line 439 to cooler 440 and thence to storage. Reference numerals 441 and
442 represent vent lines for condensate drums 423 and 436 respectively. The
bottom product from ether recovery column 427 in line 443 is mainly
ethanol, but contains a minor 



35  amount of water and small amounts of tetrahydrofuran and diethyl ether.
Part is returned through reboiler 444 In line 445 to column 427 by means of
pump 446, whilst the remainder is recycled in line 447 for admixture with
further ethyl alcohol in line 448 to form the stream in line 403. The
bottom product from flash distillation column 417 is taken in line 449 to a
secondary esterification reactor 450. This is provided with a stirrer 451
and a sparger 452 which is connected to a line 453 through 40  which
ethanol vapour is supplied to reactor 450. Further reaction of monoethyl
maleate and ethanol occurs in reactor 450, resulting in formation of
additional diethyl maleate. A stream containing recycled ethanol is
returned to reactor 450 in line 454. Water of esterification is stripped by
the upflowing ethanol vapour which exits reactor 450 in line 455. This
vapour is condensed in condenser 456 and collects in drum 457 from which it
is recycled to primary 45  esterification reactor 402 in line 412 by pump
458. Reference numeral 459 represents a vent line for drum 457. A liquid
product mixture containing mainly diethyl maleate but also a lesser amount
of monoethyl maleate, together with some ethanol and water and traces of
diethyl ether and tetrahydrofuran, is recovered in line 460. This is pumped
by pump 461 through a pressure reduction valve 462 to a flash distillation
50  column 463 which is operated under vacuum. The overhead stream in line
464 is recycled to secondary esterification reactor 450 by way of line 454
and contains ethanol and water besides some diethyl maleate and a trace of
monoethyl maleate. The bottom product from column 463 is pumped in line 465
to a diethyl maleate purification plant 466 by pump 467. Plant 466 operates
according to the teachings of copending European patent application No. 55
87306807.6 (Publication No. 0255401) filed simultaneously herewith. It
preferably includes a distillation column for separation of diethyl maleate
from diethyl fumarate. Acid free diethyl maleate is recovered In line 468
and is passed to a vapour phase hydrogenation plant 469. This is arranged
to operate according to the process described in EP-A-0143634, in
WO-A-86/03189 or in WO-A86/07358 and is supplied with 14    EP 0 255 399 B1
hydrogen in line 470. It includes a product recovery section, for example
one designed to operate according to the process of copending European
patent application No. 87306806.8 (publication No 0255400) filed
simultaneously herewith. There are recovered from plant 469 a stream of
tetrahydrofuran in line 471, a stream of gamma-butyrolactone in line 472,
and a stream of butane-1,4-diol in line 473. Minor amounts of 5  "heavies"
are recovered in line 474. Instead of providing for recovery of n-butanol
by-product within the product recovery section of the hydrogenation plant
469, as in the plant of Figure 5, a column 475 is fed with a mixture of
"lights" recovered from plant 469, including ethanol and n-butanol, in line
476 and with make up ethanol in line 477. The mixed stream in line 478
yields upon distillation a vaporous stream in line 479 part of which flows
on in 10  line 480 through heater 481 and line 453 to the secondary
esterification reactor 450. The rest of the vaporous stream in line 479
passes to a condenser 482. The resulting condensate in line 483 collects In
drum 484, part being returned as a reflux stream to column 475 in line 485
by means of pump 486, and the remainder flowing in line 448 to join line
447. Reference numeral 487 indicates a vent line for drum 484. A stream of
n-butanol, produced as a by-product in hydrogenation plant 469, is
recovered from the bottom of 15 column 475 in line 488. Part of this stream
is returned to column 475 in line 489 through reboiler 490. The remainder
is passed to storage in line 491. From diethyl maleate purification plant
466 there is recovered in line 492 a stream containing a mixture of
ethanol, diethyl maleate, water, and maleic anhydride, besides traces of
tetrahydrofuran, diethyl ether, maleic acid, and fumaric acid. This is
admixed with the material in line 464 to form the stream In line 454. 20
Also recovered from diethyl maleate purification plant 466 is a stream
containing maleic anhydride and diethyl maleate, besides traces of ethanol
and water; this is recycled to monoesterification reactor 402 in line 404.
Another stream recovered from plant 466 in line 493 contains a mixture of
monoethyl maleate and diethyl maleate and minor amounts of "heavies". Part
is purged in line 494, whilst the remainder is recycled to primary
esterification reactor 414 in line 495. 25     The composition of some of
the more important streams in the plant of Figure 6 and some typical
operating conditions are set out in the Table. (In the Table "THF" means
tetrahydrofuran and "DEE" means 



diethyl ether; in addition the items "Monoethyl maleate" and "Diethyl
maleate" include minor amounts of monoethyl fumarate and of diethyl
fumarate respectively). 30 35 40 45 50 55 15    EP 0 255 399 B1 [err] [err]
[err] 20 6 30 50    EP 0 255 399 B1 ethanol. n-butanol also forms an
azeotrope with water but this separates into two layers upon cooling.
Hence, in the case of the plants of Figures I to 4, decantation can be used
to form a "dry" n-butanol stream In line 30 for production of di-n-butyl
maleate. 5 Claims 1. A process for the production of a dialkyl maleate by
reaction of maleic anhydride with an alkyl alcohol in a monoesterification
zone to form the corresponding monoalkyl maleate, followed by reaction of
10     resulting monoalkyl maleate with further alkyl alcohol to form the
corresponding dialkyl maleate, which includes the steps of supplying a
first liquid feed comprising said monoalkyl maleate to a secondary
esterification zone containing a charge of a solid esterification catalyst,
supplying a second feed stream comprising said alkyl alcohol to said
secondary esterification zone, maintaining said secondary esterification
zone at an elevated temperature sufficient to form or maintain therein a
vaporous stream 15     containing said alkyl alcohol, intimately contacting
said first liquid feed in said secondary esterification zone in the
presence of said catalyst with said vaporous stream, recovering from said
secondary esterification zone a vaporous effluent stream containing in
addition to alkyl alcohol vapour, also water in vapour form, said water
being produced In said secondary esterification zone by esterification of
said monoalkyl maleate with said alkyl alcohol, and recovering from said
secondary esterification zone a 20     liquid product containing said
dialkyl maleate. 2. A process according to claim 1, in which said second
feed stream is supplied to said secondary esterification zone in vapour
form. 25  3  A process according to claim I or claim 2, in which said
secondary esterffication zone comprises a reactor containing a charge of an
immobilised ion exchange resin containing acidic groups selected from
sulphonic acid groups and carboxylic acid groups, for example, packages
wrapped in wire mesh, each containing a quantity of beads of said resin. 3o
4. A process according to any one of claims I to 3, in which said vaporous
stream is caused to pass through said secondary esterification zone in
countercurrent to said first liquid. 5. A process according to claim 3 or
claim 4, in which the water content of said second feed stream Is less than
about I mole %. 35 6. A process according to claim I or claim 2, in which
said secondary esterification zone comprises a 



stirred tank reactor containing a charge of an ion exchange resin
containing acidic groups selected from sulphonic acid groups and carboxylic
acid groups. 40  7. A process according to claim 6, in which the water
content of said second feed stream is less than about 15 mole %. 8. A
process according to claim I or claim 2, in which a plurality of said
secondary esterification zones connected in series are used, each said
secondary esterification zone comprising a reactor, for 45     example a
stirred tank reactor, containing a charge of an ion exchange resin
containing acidic groups selected from sulphonic acid groups and carboxylic
acid groups. 9. A process according to claim 8, in which the water content
of the second feed stream supplied to the final one of said secondary
esterification zones is lower than the corresponding water content of the
50     respective second feed stream supplied to any preceding one of said
plurality of secondary es- terification zones and is preferably less than
about I mole %. 10. A process according to claim 8 or claim 9, in which the
water content of the respective second feed stream supplied to each of said
plurality of secondary esterification zone decreases progressively from 55
one zone to the next in the series. 11. A process according to any one of
claims 8 to 10, in which the second feed stream to the, or to each, said
secondary esterification zone preceding said final secondary esterification
zone comprises material 17    EP 0 255 399 B1 ethanol. n-butanol also forms
an azeotrope with water but this separates into two layers upon cooling.
Hence, in the case of the plants of Figures I to 4, decantation can be used
to form a "dry" n-butanol stream in line 30 for production of di-n-butyl
maleate. 5 Claims 1. A process for the production of a dialkyl maleate by
reaction of maleic anhydride with an alkyl alcohol in a monoesterification
zone to form the corresponding monoalkyl maleate, followed by reaction of
10     resulting monoalkyl maleate with further alkyl alcohol to form the
corresponding dialkyl maleate, which includes the steps of supplying a
first liquid feed comprising said monoalkyl maleate to a secondary
esterification zone containing a charge of a solid esterification catalyst,
supplying a second feed stream comprising said alkyl alcohol to said
secondary esterification zone, maintaining said secondary esterification
zone at an elevated temperature sufficient to form or maintain therein a
vaporous stream 15     containing said alkyl alcohol, intimately contacting
said first liquid feed in said secondary esterification zone in the
presence of said catalyst with said vaporous stream, recovering from said
secondary esterification zone a vaporous effluent stream containing in
addition to alkyl alcohol vapour, also water in vapour form, said water
being produced in said secondary esterification zone by esterification of
said monoalkyl maleate with said alkyl alcohol, and recovering from said
secondary esterification zone a 20     liquid product containing said
dialkyl maleate. 2. A process according to claim 1, in which said second
feed stream is supplied to said. secondary esterification zone in vapour
form. 25  3. A process according to claim I or claim 2, in which said
secondary esterification zone comprises a reactor containing a charge of an
immobilised ion exchange resin containing acidic groups selected from
sulphonic acid groups and carboxylic acid groups, for example, packages
wrapped in wire mesh, each containing a quantity of beads of said resin. 30
4. A process according to any one of claims I to 3, in which said vaporous
stream is caused to pass through said secondary esterification zone in
countercurrent to said first liquid. 5. A process according to claim 3 or
claim 4, in which the water content of said second feed stream is less than
about I mole %. 35 6. A process according to claim I or claim 2, in which
said secondary esterification zone comprises a stirred tank reactor
containing a charge of an ion exchange resin containing acidic groups
selected from sulphonic acid groups and carboxylic acid groups. 



40  7. A process according to claim 6, in which the water content of said
second feed stream is less than about 15 mole %. 8. A process according to
claim I or claim 2, in which a plurality of said secondary esterification
zones connected in series are used, each said secondary esterification zone
comprising a reactor, for 45     example a stirred tank reactor, containing
a charge of an ion exchange resin containing acidic groups selected from
sulphonic acid groups and carboxylic acid groups. 9. A process according to
claim 8, in which the water content of the second feed stream supplied to
the final one of said secondary esterification zones is lower than the
corresponding water content of the 50     respective second feed stream
supplied to any preceding one of said plurality of secondary es-
terification zones and is preferably less than about I mole %. 10. A
process according to claim 8 or claim 9, in which the water content of the
respective second feed stream supplied to each of said plurality of
secondary esterification zone decreases progressively from 55     one zone
to the next in the series. 11. A process according to any one of claims 8
to 10, in which the second feed stream to the, or to each, said secondary
esterification zone preceding said final secondary esterification zone
comprises material 17    of the vaporous product stream from the next
succeeding secondary esterification zone. 12. A process according to any
one of claims I to 11, in which the first liquid feed contains, in addition
to monoalkyl maleate, also at least a minor amount of dialkyl maleate, for
example from about 60 mole % 5      to about 80 mole % dialkyl maleate. 13
A process according to any one of claims I to 12, in which the alkyl
alcohol is ethanol, the monoalkyl maleate is monoethyl maleate, and the
dialkyl maleate is diethyl maleate. lo  14. A process according to claim
13, in which monoethyl maleate produced in the monoesterification zone is
reacted with ethanol in a primary esterification zone containing a charge
of a solid esterification catalyst, and in which the resulting intermediate
esterification product mixture is distilled in a first distillation step to
separate a mixture containing ethanol and water from a mixture containing
mono- and di-ethyl maleates, which mixture is used as the first liquid feed
to said secondary esterification zone, if 15     there is only one
secondary esterification zone, or to the first one of said secondary
esterification zones, if there is more than one said esterification zone.
15. A process according to claim 14, in which the monoethyl maleate:ethanol
molar ratio of the reaction mixture supplied to said primary esterification
zone is selected so that the ethanol/water mixture 20   obtained in the
first distillation step is richer in water than the azeotropic mixture
which would be produced at the distillation pressure of the first
distillation step. 16. A process according to claim 15, in which the
ethanol/water mixture from the first distillation step is re- distilled in
a second distillation step to yield overhead a mixture of ethanol and water
which is drier than 25     the ethanol/water mixture supplied to the second
distillation step and as bottom product a mixture of water and a minor
amount of diethyl maleate. 17. A process according to claim 16, in which a
part of the overhead product from the second distillation step is subjected
to dehydration (using, for example, a membrane or molecular sieve) to
provide a 30     dried ethanol stream for use as the second feed stream to
said secondary esterification zone, if there is only one secondary
esterification zone, or to the final one of said plurality of secondary
esterification zones, if there is more than one said secondary
esterification zone, and in which a water enriched fraction produced as
by-product in the dehydration step is preferably recycled to the second
distillation step. 36 18. A process according to claim 17, in which another
part of the overhead product from the second distillation step is recycled
to said primary esterification stage to provide make up ethanol therefor.
19. A process according to claim 14, in which the secondary esterification
zone comprises a stirred tank 40     reactor containing a charge of ion
exchange resin containing sulphonic acid groups and in which the water
content of the second feed stream is less than about 15 mole %. 20. A
process according to claim 14, in which vaporous effluent from the
secondary esterification zone is condensed and recycled to the primary
esterification zone. 



45 Revendlcations 1. Proc~dd pour produire du dialkyl mal6ate par une
reaction d'anhydride maleique avec un alcool d'alkyle dans une zone de
monoesterification pour former le monoalkyl mal6ate correspondent, suivie
so     d'une reaction du monoalkyl mal6ate correspondant avec un autre
alcool d'alkyle pour former le dialkyl mal6ate correspondant, qui comprend
les etapes consistant a introduire un premier liquide d'alimenta- tion
comprenant ledit monoalkyl maldate dans une seconde zone d'esterification
contenant une charge d'un catalyseur d'est6rification solide, a introduire
un second courant d'alimentation comprenant ledit alcool dans ladite zone
d'est6rification secondaire, a maintenir ladite zone d'esterification
secondaire a 56     une temperature suffisamment 6levde pour former ou pour
y maintenir un courant de vapeur contenant ledit alcool, a realiser dens
ladite zone secondaire d'esterification, un contact intime entre ledit
premier liquide d'alimentation et ledit courant de vapeur, en pr6sence
dudit catalyseur dans ladite zone secondaire d'est6rification, a recuperer,
dans ladite zone secondaire d'esterificallon, un courant de 18    L sortie
en phase de vapeur contenant, en plus de vapeurs d'alcool d'alkyle, de
l'eau l I'etat de vapeur, ladite eau etant produite, dans ladite zone
secondaire d'esterification, par esterification dudit monoalkyl maleate
avec ledit alcool d'alkyle, et a recuperer dans ladite zone secondaire
d'esterification, un courant de liquide ainsi produit contenant ledit
dialkyl maliate. 5 2. Proc6de selon la revendication 1, caract6ris6 en ce
qu'on foumit ledit second courant d'alimentation a ladite zone
d'esterification sous la forme de vapeur. 3. Proced6 selon la revendication
1 ou 2, caract&rise en ce que ladite zone d'esteriflcation secondaire 10
comprend un reacteur contenant une charge d'une r6sine echangeuse d'ions
immobilisee contenant des groupes acides choisis parmi les groupes
sulfoniques et les groupes carboxyliques, par exemple, sous forme de
paquets enveloppes dans une toile metallique, dont chacun contient une
certaine quantit6 de perles ou de billes de ladite resine. 15  4. Procede
selon l'une quelconque des revendications 1 a 3, caracteris6 en ce que
ledit courant de vapeur est oblige de traverser ladite zone
d'esterification secondaire a contrecourant dudit premier liquide. 5.
Proced6 selon la revendication 3 ou 4, caract6ris4 en ce que la teneur en
eau dudit second courant 20     d'alimentation est inferieure a environ 1
mole %. 6. Procede selon la revendication 1 ou 2, caracterise en ce que la
zone d'esterification secondaire comprend un r6acteur equipe d'une cuve &
agitateur contenant une charge d'une resine echangeuse d'ions contenant des
groupes acides selectionn6s parmi les groupes des acides sulfoniques et des
25     acides carboxyliques. 7. Procedd  selon la revendication 6,
caracterise en ce que la teneur en eau du second courant d'alimentation est
inferieure a environ 15 moles %. 3o  a  Procede selon la revendication 1 ou
2, caracteris6 en ce que l'on utilise plusieurs desdites zones
d'esterification montees en serie, chacune desdites zones d'est~rification
secondaires comprenant un reacteur, par exemple, un reacteur avec une cuve
a agitateur, contenant une charge d'une resine -changeuse d'ions contenant
des groupes acides, notamment des groupes d'acide sulfonique et des groupes
d'acide carboxylique. 35 9. Procede selon la revendication 8, caract~ris6
en ce que la teneur en eau du second courant d'alimentation fourni a la
derniere desdites zones d'est6rification secondaires est inferieure & celle
du second courant d'alimentation foumi respectivement & l'une quelconque
desdites zones d'esterification secondaires pr6c6dentes et est, de
preference, inferieure & environ 1 mole %. 40 10. Proced6 selon la
revendication 8 ou 9, caracterise en ce que la teneur en eau du second
courant d'alimentation foumi respectivement A chacune desdites zones
d'est6rifications secondaires decroit progressivement d'une zone A la
suivante de la serie. 



45 11. Proced6 selon l'une quelconque des revendications 8 A 10,
caracterise en ce que le second courant d'alimentation de la ou de chaque
zone d'esterification secondaire pr6cedant la derniere comprend de la
matiere du courant de produit vaporeux de la zone d'esterification
secondaire successive suivante. 12. Proced6 selon l'une quelconque des
revendications 1 a 11, caracteris6 en ce que le premier courant 50
liquide d'alimentation contient aussi, en plus de monoalkyl mal6ate, au
moins une petite quantite de dialkyl mal6ate, par exemple, environ 60 moles
% et environ 80 moles % de dialkyl mal6ate. 13. Procede selon l'une
quelconque des revendications 1 & 12, caract6rise en ce que l'alkyl alcool
est l'6thanol, le monoalkyl mal6ate est du mono6thyl maleate, et le dialkyl
maleate est le diethyl maleate. 55 14. Procede selon la revendication 13,
caracterise en ce qu'on fait reagir le monoethyl maleate produit dans la
zone de monoesterification avec l4thanol d'une zone d'esterification
primaire contenant une charge d'un catalyseur d'esterification solide, et
en ce qu'on distille le melange d'est~rification 19    EP O 255 399 B1
111111111111111111111111111111 intermediaire resultant en une premibre
6tape de distillation afin de separer un melange contenant de l'Nthanol et
de 1'eau d'un melange contenant des mono- et des diethyl mal6ates, melange
quo l'on utilise comme premier courant d'alimentation liquide de ladite
zone d'est~rification secondaire, s'il n'y en a qu'une, ou de la premiere
zone d'esterification secondaire s'il y en a plusieurs. s 15. Procdd6 selon
la revendication 14, caract6ris4 en ce quo le rapport molaire monoethyl
maleate/lthanol du melange de reaction fourni a la zone d'esterification
primaire est choisi de fagon quo le m6lange ethanol/eau obtenu dans la
premiere etape de distillation est plus riche en eau quo le melange
azeotropique qui aurait ete produit a la pression de distillation dans la
premiere etape de distillation. 10 16. Proc6d6 solon la revendication 15,
caractdris6 en ce qu'on redistille le melange d'ethanol et d'eau de la
premiere dtape de distillation dans une seconde dtape de distillation pour
obtenir en tete un melange de methanol et d'eau qul est plus sec quo le
m~lange d'ethanol et d'eau fourni a la seconde etape de distillation, et
comme produit de queue ou de base un m6lange d'eau et d'une petite quantite
de 16     diethyl mal6ate. 17. Proc6de solon la revendication 16,
caracterise en co qu'on soumot une partle du produit de tote de la seconde
6tape de distillation a une deshydratation (en utilisant, par exemple, une
membrane ou un tamis moleculaire) pour produire un courant d'ethanol sech6
aux fins d'utilisation comme second \--'2'0   courant d'alimentation de la
zone d'esterlfication secondaire, s'il n'y en a qu'une, ou de la dernibre
zone s'll y a plusieurs zones d'estdrification secondaires, et en ce qu'on
recycle, de preference, vers la seconde etape de distillation, la fraction
enrichie d'eau obtonue, en tant quo sous-produit, au cours de la seconde
etape de d6shydratation, vers la seconde etape de distillation. 25  18.
Procedd solon la revendication 17, caracterise en ce qu'on recycle une
autre partie du produit de tote de la seconde dtape de distillation vers
i'6tape d'esterification primaire afin de produire de l'ethanol d'appoint
pour celle-ci. 19. Procedd solon la revendication 14, caracterise en co quo
la zone d'estdrification secondaire comprend 30     un reacteur 6quip6
d'une cuve a agitateur contenant une charge d'une rdsine echangeuse dions
contenant des groupes d'acide sulfonique et ou la teneur en eau du second
courant d'alimentatlon est inf6rieure a environ 15 moles %. 20. Procede
solon la revendication 14, caracterise en ce qu'on condense l'offluent en
phase de vapeur issu 36     de la seconde zone d'esterification at on le
recycle vers la zone d'esterification primaire. PatentansprUche 1.
Verfahren zur Herstellung eines Dialkylmaleats durch Umsetzung von
Maleinsiureanhydrid mit einem 40     Alkylalkohol in einer
Monoesterbildungszone unter Bildung des entsprechenden Monoalkylmaleats und
folgende Umsetzung des entstandenen Monoalkylmaleats mit weiterem
Alkylalkohol unter Bildung des entsprechenden Dialkylmaleats, mit den
Stufen der ZufUhrung einer ersten flUssigen Beschickung mit dem gonannten
Monoalkylmaleat zu einer sekundiren Veresterungszone, die eine Beschickung
eines festen Veresterungskatalysators enthilt, ZufUhrung eines den
genannten Alkylalkohol aufweisenden 



46     zweiten Beschickungsstroms zu der sekundgren Veresterungszone,
Halten der sekundaren Vereste- rungszone auf einer erh6hten Temperatur, die
zur Bildung oder Aufrechterhaltung eines den Alkylalko- hol enthaltenden
dampfformigen Stroms ausreicht, innigen Kontaktierung der orsten flOssigen
Beschik- kung in der sekundiren Veresterungszone in Gegenwart des
Katalysators mit dem gonannten Dampf- strom, Gewinnung eines dampff6rmigen
Abstroms aus der sekundaren Veresterungszone, der neben 60     dem
Alkylalkoholdampf auch Wasser in Dampfform enthdlt, das in der sekundaren
Veresterungszone durch Veresterung des genannten Monoalkylmaleats mit dem
Alkylalkohol gebildet wurde, und Gewin- nung eines das gonannte
Dialkylmaleat enthaltenden, flUssigen Produktes aus der sekundaren Vereste-
rungszone. 65  2. Verfahren nach Anspruch 1, bei dem der zweite
Beschickungsstrom dampfformig der sekundaren Veresterungszone zugef(hrt
wird. 3. Verfahren nach Anspruch 1 oder Anspruch 2, bel dem die genannte
sekundire Veresterungszone einen 20    Reaktor umfalt, der eine Ladung
eines fixierten lonenaustauscherharzes mit einem Gehalt an sauren Gruppen
enthait, die unter Sulfonsauregruppen und Carbonsguregruppen ausgewdhIt
sind, z.B. in Drahtmaschengewebe eingehtllte Packungen, von denen jede eine
Menge Kagelchen des genannten Harzes enthalt. 4. Verfahren nach einem der
Ansprlche 1 bis 3, bei dem man den genannten dampff6rmigen Strom im
Gegenstrom zu der genannten ersten FlUssigkeit durch die sekundare
Veresterungszone str6men la0t. 5. Verfahren nach Anspruch 3 oder Anspruch
4, bei dem der Wassergehalt des genannten zweiten 10     Beschickungsstroms
kelener als 1 Mol-% ist. 6. Verfahren nach Anspruch 1 oder Anspruch 2, be!
dem  die sekundare Veresterungszone einen gerUhrten Tankreaktor aufweist,
der eine Beschickung eines lonenaustauscherharzes mit sauren Grup- pen
enthalt, die unter Sulfonsiuregruppen und Carbonsiuregruppen ausgewAhit
sind. t5 7. Verfahren nach Anspruch 6, bei dem der Wassergehalt des
genannten zweiten Beschickungsstroms kleiner als etwa 15 Mol-% ist. 8.
Verfahren nach Anspruch 1 oder Anspruch 2, bei dem man mehrere, in Serie
geschaltete, sekundare 20     Veresterungszonen benutzt, von denen jede
einen Reaktor, z.B. einen gerlhrten Tankreaktor mit einer Beschickung eines
lonenaustauscherharzes mit sauren Gruppen aufweist, die unter
Sulfonsauregruppen und Carbonsauregruppen ausgewdhit sind. 9. Verfahren
nach Anspruch 8, bei dem der Wassergehalt des der letzten der sekundiren
Veresterungs- 25     zonen zugeftlhrten, zweiten Beschickungsstroms
geringer ist als der entsprechende Wassergehalt des betreffenden,
irgendeiner vorhergehenden der mehreren sekundiren Veresterungszonen
zugefUhrten, zweiten Beschickungsstroms und vorzugsweise kHeiner als etwa 1
MoI-% ist. 10. Verfahren nach Anspruch 8 oder Anspruch 9, bei dem der
Wassergehalt des betreffenden, jeder der 30     mehreren sekundaren
Veresterungszonen zugefilhrten zweiten Beschickungsstroms von einer Zone zu
der nichsten in der Serie fortlaufend abnimmt. 11. Verfahren nach einem der
AnsprUche 8 bis 10, bei dem der zweite Beschickungsstrom zu der oder jeder
sekundaren Veresterungszone vor der genannten letzten sekundaren
Veresterungszone Material 35     des dampff6rmigen Produktstroms aus der
nachstfolgenden sekundaren Veresterungszone aufweist. 12. Verfahren nach
einem der AnsprUche 1 bis 11, bei dem die erste flUssige Beschickung neben
dem Monoalkylmaleat auch wenigstens eine geringere Menge Dialkylmaleat,
z.B. etwa 60 MoI-% bis etwa 80 Mol-% Dialkylmaleat enthalt. 40 13 Verfahren
nach einem der AnsprUche 1 bis 12, bei dem der Alkylalkohol Athanol ist,
das Monoalkylma- leat Monoathylmaleat ist und das Dialkylmaleat
Diathylmaleat ist. 14. Verfahren nach Anspruch 13, bei dem das in der
Monoesterbildungszone erzeugte Monoathylmaleat in 46     einer primiren,
eine Beschickung eines festen Veresterungskatalysators enthaltenden
Veresterungszo- ne mit Athanol umgesetzt wird und bei dem das gebildete
Veresterungszwischenproduktgemisch in einer ersten Destillationsstufe
destilliert wird, um ein Athanol und Wasser enthaltendes Gemisch von einem
Mono- und Diathylmaleat enthaltenden Gemisch abzutrennen, das als die erste
flUssige Beschik- 



kung ftr die genannte sekundare Veresterungszone, wenn es nur eine
sekundare Veresterungszone 50     gibt, oder fUr die erste der genannten
sekundiren Veresterungszonen, wenn es mehr als eine soicher
Veresterungszonen gibt, eingesetzt wird. 15. Verfahren nach Anspruch 14,
bei dem das Molverhaltnis von Monoathylmaleat: Athanol des der genannten
primaren Veresterungszone zugefUhrten Reaktionsgemisches so ausgewdhit
wird, daB das 55     in der ersten Destillationsstufe erhaltene
AthanoiNasser-Gemisch wasserreicher als das azeotrope Gemisch ist, das
unter dem Destillationsdruck der ersten Destillationsstufe gebildet wUrde.
16. Verfahren nach Anspruch 15, bei dem das AthanolNVasser-Gemisch aus der
ersten Destillationsstufe in 21    EP 0 255 399 B1
0111111111111111111111111111111111 * c   L    M   S * einer zweiten
Destillationsstufe erneut destilliert wird, wobel sich Ober Kopf ein
Gemisch aus Athanol und Wasser, das trockener als des der zweiten
Destillationsstufe zugeftlhrte Athanol/Wasser-Gemisch ist, und als
Bodenprodukt ein Gemisch aus Wasser und einer gerihgeren Menge Dlthylmaleat
ergeben. 6 17. Verfahren nach Anspruch 16, be! dem ein Tell des
Kopfprodukts aus der zweiten Detsillationsstufe der Entw~sserung
(beispielsweise unter Benutzung einer Membran oder eines Molekularsiebes)
unterwor- fen wird, um einen getrockneten Athanolstrom zum Einsatz als
zweiten Beschickungsstrom fUr die genannte sekundare Veresterungszone, wenn
es nur eine sekunddre Veresterungszone gibt, oder fUr 10     die letzte der
genannten mehreren sekunddren Veresterungszonen, wenn es mehr als eine
sekundare Veresterungszone gibt, zu liefern und bei dem eine als
Nebenprodukt in der Entwlsserungsstufe gebildete, an Wasser angereicherte
Fraktion vorzugsweise zur zweiten Destillationsstufe zurUckgefUhrt wird. is
1a Verfahren nach Anspruch 17, bei dern ein anderer Tell des Kopfproduktes
aus der zweiten Destillations- stufe zu der genannten primrren
Veresterungsstufe zurUckgefUhrt wird, um das Beschickungsmethanol fUr diese
Stufe zu liefern. 19. Verfahren nach Anspruch 14, bei dern die sekundire
Veresterungszone einen gerUhrten Tankreaktor 1;6-io    aufweist, der sine
Beschickung aus Sulfonsauregruppen enthaltendern lonenaustauscherharz
enthilt, und be! dem der Wassergehalt des zweiten Beschikkungsstroms
kleiner als etwa 15 Mol-% ist. 20. Verfahren nach Anspruch 14, bei dern der
dampff6rmige Abstrom aus der sekundiren Veresterungszo- ne kondensiert und
zur primrren Veresterungszone zurUckgefUhrt wird. 25 30 35 40 45 50 65 22


