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25 increase in the concentration of maleic acid and fumaric acid is
observed with increasing number of recirculations. Furthermore,
the formation of further acidic constituents, e.g. monoalkyl
phthalates and phthalic anhydride, is also observed. In addition,
tar-like high boilers are also formed. WO 96/29323 describes the
30 removal of the tar-like components and high béilers by extraction
] with water. In the tests reported, a degree of removal of a
" maximum of 50% is achieved, with the formation of emulsions being
observed, especially at the very high degrees of removal,
resulting in problems in phase separation.
35
' EP-A-897 905 describes the extraction of acidic compounds by
means of aqueouos alkaline solutions in the preparation of Ma.
According to this method, a gaseous reaction mixture comprising
maleic anhydride is brought into contact with an organic solvent,
40 at least part of the maleic anhydride is separated off from the
organic solvent, part of the organic solvent remaining after the
maleic anhydride has been separated off is scrubbed with an
aqueous alkali solution, for example sodium hydroxide or ammonia
solution, and the scrubbed organic solvent and the remaining
45 organic solvent are returned to the absorption of the maleic
anhydride from the gaseous reaction mixture. Compared to
extraction using pure water, extraction with alkali is said to
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drawbacks have been confirned in |aboratory tests carried. out by us.
US-A-4,118,403 describes a process for purifying an organic

25 solvent for the absorption of maleic anhydride from a gaseous
mixture, in which the maleic anhydride is separated from the
solvent, a substream is taken from the solvent stream, this
substream if distilled and is returned to the scolvent circuit. As
can be seen from the figure in the document, the entire solvent

30 stream after the maleic anhydride has been separated off in the
stripping column 16 is cooled and filtered in a '
cooling/filtration apparatus 41. A substream is subsequently
discharged via the distillation apparatus 42 and is distilled to
separate off the high boilers. The distillate is then fed back

35 into the solvent circuit.

A disadvantage of this known process is that maleic acid and
fumaric acid accumulate in the solvent circuit and the acid
content thus increases. The presence of acid promotes the

40 reaction of maleic anhydride with water to form maleic acid and
the yield of MA is thus decreased. These drawbacks have been
confirmed in laboratory tests carried out by us.

It is an object of the present invention to avoid the
45 disadvantages known from the prior art and in particular to avoid
accumulation of acidic components in the solvent stream.
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pressure of, oﬁ(,gg{ZChq:qug mbar. When using a conventional colum, the
purified solvent, e i butyl phthalate, is generally taken off in the

stripping section. The streamtaken off at the side offtake will therefore
be gaseousThgoprocess of the present invention can be carried out

continuously, semicontinuously or batchwise.
25 ,
In a first, continuous embodiment of the process of the present
invention, a substream of the contaminated solvent is fed to a
distillation column. Here, the low-boiling acidic components
maleic anhydride, maleic acid, fumaric acid and phthalic
30 anhydride go over at the top, the tar-like components are taken
; off at the bottom and the largely by-product-free solvent, for
example dibutyl phthalate, is obhtained via the side offtake. The
distillation is advantageously carried out under reduced
pressure, preferably at a pressure of from 0.1 to 100 mbar, more
35 preferably at a pressure of from 1 to 20 mbar, particularly
preferably at a pressure of from 2 to 15 mbar. When using a
conventional column, the purified solvent, e.g. dibutyl
phthalate, is generally taken off in the stripping section. The
stream taken off at the side offtake will therefore be gaseous.

40
The separation generally requires from about 1 to 60, in
particular from about 10 to 50, theoretical plates, preferably
from 15 to 40, particularly preferably from 15 to 30, theoretical
plates. A definition of theoretical plates may be found, for

45 example, in Klaus Sattler, Thermische Trennverfahren, p. 5,
right-hand column, paragraph 2, ISBN 3-527-26727-1. The side
offtake is advantageously located from 1 to 5 theoretical plates.
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25 Thus, the low-boiling fraction is taken off continuously at the
top of a distillation column, the high-boiling fraction is taken
cff continuously from the bottom of the column and the purified
solvent is taken off continuously in gaseous or liquid form via
the side offtake of the column in this first embodiment of the

30 process of the present invention.

. A second embodiment of the process of the present invention is
likewise carried out continuously. In contrast to the first
embodiment, the tar-like high boilers are here separated off in

35 an upstream evaporator. The distillate is subsequently passed to
a distillation to separate off the low-boiling acidic
constituents. Here, as a difference from the first continuous
embodiment, the solvent, for example dibutyl phthalate, is taken
off at the bottom of the column. The evaporation in the

40 preliminary evaporator and the distillation are advantageously
carried out under a reduced pressure cof, for example, from 0.1 to
100.. mbar, - preferably from 1 to 20 mbar, particularly preferably
from 2 to 15 mbar. The separation generally requires from about-
1 to 60, in particular from about 10 to 50, theoretical plates,

45 preferably from about 9 to 37, particularly preferably from 12 to
27, theoretical plates.



off at the bottom of the colum. The evaporation in the 40 prelirn'nary
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of high boilers and solvent, for exanple dibutyl phthalate, can be taken
fromthe saithiad vambséimeﬂ'theisdicmmmédi noioi dafcchetiseonalemd) a column is

25 superposed on a stirred vessel provided with, preferably, an
anchor stirrer going around the wall. The contaminated solvent is
placed in the stirred vessel. Two fractions are distilled off
under reduced pressure, firstly a low-boiling fraction comprising
maleic anhydride and maleic acid, fumaric acid, phthalic

30 anhydride and solvent, for example dibutyl phthalate. As main
fraction, the solvent, for example dibutyl phthtalate, goes over
at the top. After this concentration by distillation, a mixture
of high boilers and solvent, for example dibutyl phthalate, can
be taken from the stirred vessel. The discontinuous fractionation

35 can be achieved, for example, by reducing the pressure and/or
increasing the temperature. To keep the throughput through the
column uniform, the distillate can be taken off at one point,
subjected to intermediate storage and fed back into the column.

40 The fourth embodiment of the process of the present invention is
carried out semicontinuously. In contrast to variant 3, feed is
introduced into-the stirred vessel during distillation... The
abovementioned low boilers go over at the top, while the solvent,
for example dibutyl phthtalate, is taken off via the side

45 offtake. No bottom product is taken off during the distillation
and accumulates during operation. As soon as a maxXximum level of
liquid phase is exceeded, the inlet valve is closed and the
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di i sopr epyhavbndli 16 2Pk hel @dserordiaRbhy| i4li duedy apiiyhaéRs £n. dxaspRbutbY!

di hydr opht Gk 24 Graylhaehbyt 1 dd Apelnonbing) ﬂ:;l"%haq.'a%ﬁby&ie?hél phthalate,

et anydr ofAPHAPEE EeeBuEey LR OEYD RYTALAE o gAPEY L g ate,

tetrahydroﬁﬁ%?@@%ﬁﬁi phghalate, dimethyl dihydrophthalate, diethyl
‘ dihydrophthalate, dipropyl dihydrophthalate, diisopropyl
25 dihydrophthalate, dibutyl dihydrophthalate, diisobutyl
dihydrophthalate, dimethyl tetrahydrophthalate, diethyl
tetrahydrophthalate, dipropyl tetrahydrophthalate, diisopropyl
tetrahydrophthalate, dibutyl tetrahydrophthalate and diisobutyl
tetrahydrophthalate.
30
However, it is also possible to use monoalkyl phthalate
'~ compounds, preferably those having from 2 to 8 carbon atoms in
the alkyl chain. Examples are monomethyl phthalate, monoethyl
phthalate, monopropyl phthalate, monoisopropyl phthalate,
35 monobutyl phthalate, monoisobutyl phthalate, monomethyl
" dihydrophthalate, monoethyl dihydrophthalate, monopropyl
dihydrophthalate, monoisopropyl dihydrophthalate, monobutyl
dihydrophthalate, monoisobutyl dihydrophthalate, monomethyl
tetrahydrophthalate, monoethyl tetrahydrophthalate, monopropyl
40 tetrahydrophthalate, monoisoprole tetrahydrophthalate, monobutyl
tetrahydrophthalate and monoisobutyl tetrahydrophthalate. Further
suitable solvents are, for example, dimethylbenzophenone,
dichlorophenyl oxide, hexahydrophthalates and R
monoalkyl-substituted succinic acids having from 12 to 16 carbon
45 atoms. A representative selection of solvents is described in
WO 96/29323, which is hereby expressly incorporated by reference.



However, it is also possible to use nonoal kyl phthal ate conpounds,
preferably those having from2 to 8 carbon atonms in the al kyl chain.
Exanpl es are nononet hyl phthal ate, nonoethyl phthal ate, nonopropyl 18 GCT 7005
pht hal at e, nonoi sopropyl phthal ate, 35 nonobutyl phthal ate, nDn0|sobutJ]
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particul ar¥§i*#Peferably at |east 99% by weight. 20 Wen rmnoal kyl or
di al kyl phthal ates are used, the purity is preferably at |east 97% by
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The invention is illustrated by the following examples.
25
Example 1

10.0 kg/h of a stream composed of 0.5% by weight of MA, 1.0% by
weight of maleic acid, 1.0% by weight of fumaric acid, 0.4% by

30 weight of tar-like high boilers, 1.0% by weight of phthalic
anhydride and 96.1% by weight of dibutyl phthalate were fed into
a column having 20 theoretical plates at theoretical plate no. 10
{counted from the top of the column). At a pressure of 10 mbar at
the top, a stream of 0.8 kg/h was taken off at the top. BAbout

35 4 kg/h of runback were returned tc the top of the column. The
product obtained at the top was composed of 6.3% by weight of MA,
56% by weight of dibutyl phthalate and 12.5% by weight each of
maleic acid and fumaric acid, together with phthalic anhydride
(PA). At the bottom, 0.1 kg/h of a mixture consisting of 73% by

40 weight of dibutyl phthalate and 27% by weight of high boilers was
taken off at 228°C. At the side offtake, which was located at the
seventeenth (counted from the top) theoretical plate, 9.1 kg/h of
dibutyl phthalate having a purity of 99.8% were obtained. The
recovery of dibutyl phthalate was 95%.

45
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9 we claim 1. A process for purifying an organic solvent for the absorption
5 of maleic anhydride froma gaseous m xture, where the mal ei c anhydri de |%
separated fromthe 'solvent, a substream is taken fromthe sol vent 8 DERA
and this substreamis distilled and returned to the solvent circuit,
-wherein a lowboiling fraction and a Righ-boiling fraction are separated
off from 10 the fraction consisting essentially of purified solvent and the
fraction consisting essentially of purified solvent is fed back into the

sol vent stWeegdai®: A process as clainmed in claim1l, wherein the distillation
Is 15 carried out at a pressure of fromO0O.1 to 100 nbar, in particular from

1to 20 nblar z@ réceag%is ﬁ&@gﬂ&'d} 'nat:%l@émﬁ fo‘ﬁh%s' Qbé tion

| ow- boi | on IS t g cont ous

o sc 1ot ion G BRASTE RSB FF P o 19 AECE By L YRR ORE CRE T IRISus! y
from the bottGRYArife %%Iftﬁﬁi‘réﬁédt Beo (e sedvenbt veriiubissreakeds grgken
conti nuously ifragasbeusobrent girrg¢ahoamd this shbstrekmn dfsf dakeidled hndcol um.

25 4. A processtagnebatdechd BoAvah® ¢ivkuid, wherein 4 hew-ewibehgi ng

fraction and thednagt éﬁ@ya?q{l?hshbﬁlﬂhx?&Sﬂl}tc'tﬁbhyaf’% ddaiced ogi"%x.f‘dﬁ are

di Stl||?§i of f contJ nuous n

| ow- boi fTng fr if6RCFEC %e‘b%{’rsd‘tsé"&ngf?s Ib‘?ﬁalﬁﬁegalgﬁ ’aﬁ‘g S\?ﬁlgef’ﬁeaqc% and

the fraction COWsifSRFREOBIFRNTEHIENG| eFVTEInddyT PEdPYBIfAat sedveepatat ed of f
at the bottonfed baskpintessheasodvantestrearcl aim 1 or 2 which is carried out
bat chwi se or sem continuously. 35 40 6. A process as clainmed in any of

clai m3 | 19 5,a Wiey, c%'sE LQ 1&1&@“19 SPh ¥ %%Qeﬁﬁstﬂe %ét‘ﬂiﬁaﬂ%ﬁ'tlé’m' ch,
at pher| S IF sure,  ls atre east 3 3 rTrei L'l ng point of
thelow oi Ii i ¥rEc P8R 272 R rscess cc]a d

Yg%y ot C|8Im§ | to 4
and 6, wherei PaXtHEUdREL £TPmL] &r‘? Y E‘Bi’?r ed out u5| ng a dividing wall
colum. 45

3. A process as claimed in claim 1 or 2, wherein the low-boiling
fraction is taken off continucusly at the top of a
20 distillation column, the high-boiling fraction is taken off
continuously from the bottom of the column and the purified
solvent is taken off continuocusly in gaseous or liquid form
via the side offtake of the column. ‘

25 4. A process as claimed in claim 1 or 2, wherein the low-boiling
fraction and the fraction consisting eszsentially of purified
solvent are distilled off continuously from the high-boiling
fraction, and the low-boiling fraction is separated off from
the distillate via the top and the fraction ctonsisting

30 essentially of purified solvent is separated off at the
bottom. '

5. A process as claimed in claim 1 or 2 which is carried out
batchwise or semicontinuously.
35
6. A process as claimed in any of claims 1 to 5, wherein the
organic solvent used has a boiling point which, at
atmospheric pressure, is at least 30° Kelvin above the
boiling point of the low-boiling fraction.
40
7. A process as claimed in any of claims 1 to 4 and 6, wherein
the distillation is carried out using a dividing wall column.
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