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- 30 streaporfdmy24e mal ei ¢ anhydride has been separated off in the
stripping colum 16 is cooled and filtered in a cooling/filtration
~apparatus 41. A substreamis subsequently discharged via the distillation
- apparatus 42 and is distilled to sepfrate of f the high boilers. The
distillate is then fed back 35 into‘he solvent circuit. A disadvantage of
this knoveagr seelstter wranlhal dhe derumend FaYPaPPEhiRg PLAUEUREPRIENS n t he
sol vent dinr ¢bet phask tdepazet dor ot ehe & sl taneoeaspsesdime pfebégke of aci d
pronot es giges48.reaction of maleic anhydride with water to formmaleic acid
and the vyi eI d of MA is thus decreased. These drawbacks have been confirned
in lab t t.est arrl out b n ct_,of t sent
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fraction 3hewiepald & Rithgbo@d tARtheacii odueerayel g @sseatkathye of
puri f'f& 5§ \ég{]%of?%dﬁ)ﬁa{l% gh@% QL ;gggéé§t699D3§éﬁg£%@' ik Pfppuri fied

solvent is f € Ssol'ven |nvent|on makes it
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substajes. The lowboiling fraction separated off in the process of the

present i t rq c n aci d,
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oireu L g %@lh%rgﬁ.?9e§§né3{sttsh%fp5e@f&%\denﬁ?nﬁﬁé%—%@%t@@rglariﬂé‘x% MYy also
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advant ageg S'txe%rﬁ%socq 1gad§gd "Alesd, RLESeN e ga&Ls£@b4l>ef@ata Rgessure

of froma ssur o 20
mbar, par$dttBPaFPEn ptEh thE l%‘fréﬁﬂ é’fi‘?ufléc‘b‘?e?tr r‘f‘?‘? BREYES rﬁ?&l"e then
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requi T es é@fyﬂa@e Fat‘fﬂ 1B @i sk 01 PAAdrC B iréi@gﬂ@bf@% %E a%éQleﬁhFQrgg i cal
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t heoreti caepa(} %? g A&g@ %éﬁk nge sat #g%r e?%cgjflpartl%a?es dn %ecgn ]agr}%d for 45
exanpl &> %'}F%Ité?ﬁss%bY‘f‘TterClr‘FHéFm sche Trennverfahren p. 5 right- hand

colum, paragraph 2, |SBN 3-527-26727-1. The side of ftake is advant ageously
| ocat ed fk(ﬂmshdvanﬁagéunﬁ’¢mﬁsaanWQuprpcess 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.



- 4 above tdusdpiiomg preferably from1 to 4 theoretical plates above the
bottom |n one variant, the distillation can be carried out in a dividing 5
~wall.colum as described in US-A-2,471,134, in EP-A-0 122 367 or by G

- Kai bel, Chem Eng. Technol. Vol. 10,_1987, pp. 92-98. In this case, the

sol vent, for exanple the dibutyl pht'?la}l ate, is separated off as a liquid
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and easy-the deecanrésaif edabianerin whicheaxahpi-bdidihgnfrdetimnewagoaat ors or
thin fil memperaingSirdc@icadats fdfadbiced sePrasnUthdatifyti®naporators or
stirred vesaalsnroud awléhof%@{ri%@gpg& &} aNLhe SkiddiqondOl NG ar ound
the wal | . LOM, to the SSli 1 t.y..of SOLI mal ei..c.acid ar fuparic acid
bei ng | Br S SR ITHSTTTaRTSY Ot RHETEER BOLTY 4R FRo e 1rvo; he
concent r a¥301¢ntt REX@¥hdenser at the top shoul d be designed so as to be
insensitive to formation of solids. A quench circuit or 20 a shell-and-tube
heat exchemg@resbhoupivestion hakes did poekibbe arce sepatate falff hditsoply pose.
The col unpheshadhdpbat B PHuRAHN PP EtheMalch ase! slipdunagnahiéie ddilagr nal s, for
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30 procesutdayt he prevemt PRPanttwh.andaRéhhedt usenefneduLAneCHs t he

hi gh- boi | sulgstfanges i OThe Slawabenl g timctdbunyvepmatedeopfirin itde pmogessous or
liquid fosmeheapkbsent iimsleneibadidmitisel bbes AyrfiFiendt eodmsbnents of the
procesgs ofia 1@ BESGENfurldPM@NEEDE, | ShiHa8W 561 & Hdd SHaPVlafiidsnBeusly. In
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t he cobonpuribiewavaposmdibiier ikAi heratiphekbnbéafet ueviafod et 1anaot BRe

di still atyon«diecagyant ageously carried out under a reduced pressure of,
for exanple, fromO.1 to I 00 nbar, preferably from1 to 20 nbar,

parti cul arl% preferably from2 to 15 nbar. The separatign lgeneral |y

requi res TROMTEGEEE A t%BEFSPRNhaTYSITQP FROMASEEE 120 P 50, theoreti cal
pl at es, 4coprieuengbyy femipoataneowskp ox7bapahwisar arly preferably from 12
to 27,25heoretical plates. 5 Suitabl e upstream evaporators are
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t.1.Qn de t
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preci pi ta}i‘?]cf’ricq@nglﬁfl?b%e'i Jadgict 3 HY EL8d2¢ ! e BRRR2HEGree as in the
prel i mBRaayhywdriger e opven [its thhchepreidie d8tslike canppaends e dlekRni nt o
account ioff ke chseboftdamhend shel latgedly bglpnoduddaifirget solventpodorbi lity of
sol i d nmal &&mpAe dibutyUpHthalaek( 16 dalgefiovi@cten sine eofeElaRaOrhat the
ShoUl O e g e O e b e nsttod] | e | & quench
ciroult op ndr PEESERY AE p BRlra e Profi T kBTa0h, A Chor) 10
are us@PUPTHETANY APt PHEESUES ThuEiom He *Pof? B3 n§FFAET U Yand t he
fracti on pegfsrabiliigabssamesgure of fnam 2 &@ 39Inkan- Fhendesing lad of f
cont i nuousdrwentdonéhecdiiuin, bahki pgr f fizct isodyveand d¢.yg dabwmbpl | i ng fraction
I's separ ap@chalfalef I 08N ddiRrdilayi LhRéR oA ihNené OPr Ahihgesééatdd 0mna0
consi sti ”Qtfeza%?n e%!égilz'«yfpfatp%%féf&'e Sc%f“c%ﬁl% %v%lf%x%tf%geoﬂé sddig bottom

in the,seco ment of the process o e present 1 nvention which has
j ust bé n described, A third_enbodinent is carried out batchwi se. Here, a
col umm i sTH% SEPFERpOR FIFTA LV FRILASs SEPMprBRAtddd BRI BR: PR eferably, an

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




- anchor stbég@hgglgg around the wall. The contam nated solvent is placed in
the stirred vessel. Two fractions are distilled off under reduced pressure,
. firstly a lowboiling fraction conprising naleic anhydride and nal eic acid,
- fumaric acid, phthalic 30 anhydride and sol vent, for exanple dibutyl

pht hal ate. As main fraction, the sol Vvent, for exarrpl e di but pht ht al at e,
goes overakave Haet bpttapi @refRrabEy rkxam date oh WQI@;*:FFPJ-&{ s abaySt ur e
of hi gh bohe excxtamd sol vent, for exanple dibutyl phthalate, can be taken
fromthe stirred vessel. The discontinuous fractionation 35 can be

achi eved, f qf,d %EFPLEﬁt b&’her Ayl Tgatt_ﬂﬁn l%ﬁsﬁé”@aﬁri@!d%u‘cnfﬁ E‘aa%l%gdm&

t enper agure To keep u cal u n

distill gt‘é ]c]ar?QB‘élmpaﬁ%ng%?cfn%FgoR% %éop%? g?ﬂ]b ottt & tq‘g_?n{)er mad%;t 8% st or age
and fed bREICT Kadbehe CRRRmMENIA0TERRNGlouNPR- e od]i%gnt PBf ¥42%r dBess of

t he presehitis roaseti bhei sokeanti,edopexammtiec bhei dilvitylly phthatater dst to

vari ant 3gep®etedds of Bt 9 0udaduiiat stiden Siti theds s fiftdkel ng di stillation.
The abovenentioned | ow boilers go over at the top, while the solvent, for

exanpl dg@géykaleo%psﬂééfs r% &gﬁf{hffﬁns&,@lfcr@ San%eeégggécﬁt k&n No bottom

produc [ accumu rlng

operati on: hegls eXSHRNGET & r&% rﬁfﬁPPllE?/ a]t}f""nlgl 5&?’8 PIRROE AL BXReedEd, t he

i nl et val §&ln evapesagonnd fareed-cErepintdens BPI??rfé“'s’tzlaftll@H SeaRQratare

dr ai ned abt estibhmreskvagsébe pravddet wHovley dor esampiriowsn epehaet isgrirreri n
princi pl egedsp fremnidbtie byaliaki ng of f the bottom product continually or at
intervggs. 5 The process of the present invention is preferably carried out

using a sg {4 ﬁ&%%@%%@éﬂﬁ%&b@gsgp*cp&nawgashaeisd mlgg%ﬁ%g @n,de boi | ing

poi nts of acl alic anhydrlde.
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the tar-1Tk nég/ gtl)?'rbos ion er anln y feasible

vacuum Pﬁ%‘?‘bl 34| §8RF %r e di al kyl phthal ates, for exarrpl e those 20

having from2 to 8 carbon atons in each al kyl chai n. Exanpl es which may be

ment i ok&dThug, dileetloykbphtirgd Hrectdoet iy ltaklenhaf fiteyntdinmoopyy @httiel at e,
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PRLThE i)

di hydr oph

tet)r/ahygrBBﬁtTﬂaﬁeatoéftB?‘ﬁr ohyihe &P Hﬂ?dlr‘b Fitifafar et %d&H‘FBEy?f the

t et r ahy@r pppeers stfe thei Bresant dovghydewpht hal ate and dii sobutyl

tetrahydropht hal ate. 30 However, it is also possible to use nonoal kyl

pht hal at e ACo8@sni @mboRk RéLE add )thbhﬁﬁecé'lﬁ)/ldig theoptr@sdrit &neanbosn atsLnNs in

the al kyl 16R&j ke R53PREESoR eccfm_agﬁsw % { bahat&st nQgkhyh rpht hal ate,
r

monopr Opy' éﬁﬁﬁ ethgo@é’% Sﬂﬁ{eﬁﬂﬂ; Al %ﬁafg?f@%‘é%k aht gl gt e,

nonoi sobu lgﬁ nonone oa&et g

di hydr &3 ﬁa'f A REPBRY O 22 8% ?%%ﬁ"& | Passed to
di hydrophPhé%%ﬁJeU%ﬁBbE?yfFeRﬁWGre t‘H?eﬁ dow-babhbhe asidic

di hydr ophthastaisientsnoketréylas et daliyerepts Haloat the nbinost lepint inuous

t et r ahydr epbédaletits, tRBNOST VMY, 40rt ekamdnedaphthal shithala@eqi $6pEaKwy
tetrahydr QEE%{IéléIeebo@QQHbﬁ Wnd %B% xdrﬁme%bakstfm fpreesobutyl

t etrahy, rther suita .are, _for.ex |l e
i et hoACLBRS bR Ye SV EPRFTY i a1 1s8h are S i aBeSaiy,

nonoal ky! C§E’E)’§i‘? (e HPEEE c? i FidErﬁ%ﬁHrr?g °Ffroﬁ?lize’f"i‘3“3t16"c£FB’Bn 45 & ons.
A represeddatihar s@referaplyfirosl Jehes2 gniascppbbicirrd® 96£2eBRTLY whi ch
i s hereby fespressd W15 nbar portat egdphyat bbrerqggmesally tequires 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.



- To achi evgpseiesegpd ul purification of the solvent, it is generally
sufficient for a substreamof the circulating sol vent to be discharged. In
~general, this substream conprises fromabout 0.2 to 1% by wei ght,
- preferably fromO.3 to 0. 7% by wei gh% of 5 the total anmount of solvent.
The term"essentially" used here in the context of the fraction consisting
"essent | aJuirabde ppet¥eay eyapPoEHtChfeane £ARlingrdnEeRELTHIR @si sts of
sol vent wasyh-tioasleaerhqnir iekibangerss ¥Orsebampie ifalllérg eftlm The purity of
t he sol vesifapdtiacbrBasr batim ghilinféwibdratbbss Peneerireivatyatidn shoul d be such

that no a@@g&gs%?heaef&vwa%w@oﬁ ACIsdl 6 E@NE i8N Sot AR wak@Ge i n the

sol vent _pr I n.the absor toncircuit d erali Si erw se
t here |§ c"arl sagePu#%%% QB rl\ﬂ;ldfggfeggllﬁép%% ﬁé ‘9&[1 Apgﬁﬂg&gol vent
e £ b PRAGiRStabheh R RIS TR LRk, EO P - Sieq B FoobbE ISARRNEHT<5;

hi gher, prefiay bleyprelinaryo?vapsr ateirghthlipaphenaneaepydepefadsghbbgvat | east
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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 maximum level of
liquid phase is exceeded, the inlet valve is closed and the
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Possible solvents are dialkyl phthalates, for example those

20 having from 2 to 8 carbon atoms in each alkyl chain. Examples
which may be mentioned are dimethyl phthalate, diethyl phthalate,
dipropyl phthalate, diisopropyl phthalate, dibutyl phthalate,
diisobutyl phthalate, 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, monoisopropyl tetrahydrophthalate, monobutyl
tetrahydrophthalate and monoisobutyl tetrahydrophthalate. Further
suitable solvents are, for example, dimethylbenzophenone,
dichlorophenyl oxide, hexahydrophthalates and
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.
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least 99% by weight.

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. About

35 4 kg/h of runback were returned to the top of the column. The
product obtained at the top was composed of 6.3% by weight of MAa,
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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190°C. The distillate was collected in a vessel and had the

following composition: MA and maleic acid: 13% by weight; fumaric
15 acid: 19% by weight; phthalic anhydride: 10% by weight; dibutyl
phthalate: 68% by weight. The reflux ratio was subsequently
changed to 2 and 86 kg of dibutyl phthalate having a purity of
99.6% were taken off at 190°C. 4 kg of dibutyl phthalate
containing about 10% by weight of high boilers remained in the
20 stirred vessel. The recovery of dibutyl phthalate was 86%.
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2.

A process as claimed in claim 1, wherein the distillation is
carried out at a pressure of from 0.1 to 100 mbar, in
particular from 1 to 20 mbar.

A process as claimed in claim 1 or 2, wherein the low-boiling
fraction is taken off continuously at the top of a
distillation column, the high-boiling fraction is taken off
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.

A process as claimed in claim 1 or 2, wherein the low-boiling
fraction and the fraction consisting essentially 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 consisting
essentially of purified solvent is separated off at the
bottom.

A process as claimed in claim 1 or 2 which is carried out
batchwise or semicontinuously.

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.

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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