PF 56861 Z Process for separating off maleic anhydride from m xtures

conpri si ng %{#@g anhydride by stripping Description 5 The invention
relates to p ss for separating off maleic anhydride froma gas stream
conprising mal eic anhydride, a process fpr preparing maleic esters and a
process for preparing hydrogenati on products of naleic acid derivatives,
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- describes a process for preparing y-butyrolactone, butane-1,4-diol and tetrahydrofuran, .
in which maleic-anhydride is scrubbed fram the reactor offgases comprising maleic
anhydride which are obtainéd from the oxidation of hydrocarbons by means of a high-
boiling inert organic solvent as absorption medium and maleic anhydride is separated
25  off from the resulting absorption product mixture by stripping with a hydrogen gas
stream. The maleic anhydride which has been stripped out subsequently goes to 2
gas-phase hydrogenation for the preparation of butanediol, tetrahydrofuran and
y-butyrolactone. A disadvantage of this process is the increased formation of free
maleic acid or fumaric acid in the absorption medium circuit. To achieve a high
30 efficiency in the scrubbing out of the maleic anhydride by means of the absorption
medium, it is necessary for the absorption medium to be as cool as possible. However,
the solubility of high-boiting undesirable by-products which can be formed during the
process is also reduced by the lower temperature and deposits are formed. In the
. presence of even small amounts of water as are frequently present in the reactor
35 offgases from the oxidation of hydrocarbons and are also scrubbed out by the
absorption medium, free maleic acid is formed as by-product from maleic anhydride
and this is corrosive. In particular at high temperatures and long residence times, free
maleic acid tends to isomerize into the only very sparingly soluble fumaric acid which
" forms deposits, particularly in plant components such as heat exchangers and
40 columns, and makes shutdown of the entire plant necessary for cleaning purposes.
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20 Forthe purposes of the present invention, the absorbent phase is the liquid mixture of
absorption media. The absorbate phase is the absorbent phase laden with the absorbed
substance, in this case maleic anhydride or reaction products thereof.

The liquid absorbent or absorbate phase comprises at least one high-boiling inert

25  absorption medium for maleic anhydride. The inert high-boiling absorption medium
generally has a boiling point which is at feast 30°C, preferably at least 50°C, particularly
preferably at least 70°C, above the boiling point of maleic anhydride. Suitable absorption
media are described, for example, in WO 97/43234, Examples are high-boiling esters of
phthalic acid, terephthalic acid or maleic acid, e.g. dimethyl, diethyl or dibutyl phthalate,

30 dimethyl terephthalate or dibutyl maleate, aromatic hydrocarbons such as

' dibenzylbenzene, esters of cycloaliphatic acids, e.g. dibutyl hexahydrophthalate, also
polymethylbenzophenones, ethylene glycol ethers and polysiloxane ethers. Preferred
absorption media are esters-of aromatic or cycloaliphatic dicarboxylic acids, particularly
preferably esters of phthalic acid or terephthalic acid. The high-boiling absorption medium

35 s generally present in excess in the absorbate phase. The weight ratio of absorption
medium to maleic anhydride is generally from 1:1 to 100:1, preferably from 2:1 to 100:1,
particularly preferably from 4:1 to 100:1.

Maleic anhydride-is separated off from the absorbate phase by stripping with a hydrogen-
40  comprising gas as stripping medium. For the purposes of the present invention, the term



preferably at |least 70 C, above the boiling point of maleic anhydride.
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cubi ¢ met ergpéwdandard nB) is divided between the upper and | ower points
of introduction in a ratio of froml 1 to 1000: 1, preferably from 15 1:1
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in maleic anhydride and the hydrogen phase correspondingly becomes enriched in maleic
anhydride or reaction products thereof. Stripping is preferably carried out in countercurrent
- 25 in a column, for example a column comprising random packing, ordered packing or
bubble cap trays. Preference is given to introducing the hydrogen used as stripping
medium into the column at two points in the lower or middle section of the column and the
absorbate phase laden with maleic anhydride in the upper section of the column. The
absorbate phase depleted in maleic anhydride is obtained at the bottom of the column,
30  and the hydrogen used as stripping medium together with the maleic acid derivatives is

obtained at the top of the column. »

The stripping medium is, according to the invention, fed into the column at at least two
. points of introduction, preferably at two points. Introduction through the liguid phase in the
35  column or particularly preferably infroduction into the gas space above the liquid phase in
the column is preferably selected as geometrically lower point of introduction. in the case
of introduction through the liquid phase in the column, the hydrogen used as stripping
medium cools the liquid phase and in this way reduces the formation of high-boiling by-
products, i.e. by-products having a boiling point higher than that of maleic anhydride, for
40 example fumaric acid. The second point of introduction into the column for the remaining



i ntensi ve mass and heat transfer between the descending liquid absorbate
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and tetrahy rofuran can be removed from the absorption medium 5-15 times more

effechvely by means of the process of the invention than by means of hydrogen stripping

25 using only one point of introduction for the hydrogen above the bottom. The inert
absorption medium for maleic anhydride can therefore be recycled significantly more
often, if appropriate without further purification. ’

For the purposés of the invention, maleic acid derivatives are maleic anhydride, maleic
30 acid, maleic monoesters, maleic diesters, fumaric acid, fumaric monoesters and fumaric
diesters, with the esters being based on aliphatic C+-Cs-alcohols. Preference is given to
using esters and diesters of methano, ethanol, n-propanol, isopropanol, n-butanol,
isobutanol, sec-butanol, n-pentanol and isopentanol, particularly preferably of methanol,
ethanol and n-butanol. :
35
Stripping in the countercurrent mode corresponds to a preferred embadiment of the
invention. In a particularly preferred embodiment, furthier separation stages for holding
back the high-boiling inert absorption medium are present between the feed point for the
-absorbate phase and the top of the column. The depleted absorbate phase is obtained at
40 the bottom and this can be recirculated to renewed absorption. A high degree of depletion



strjpping nediumat tw points of introduction, only part of the total
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free maleic acid in the liquid phase is thus shortened and the fornmation of
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b)  separation of maleic anhydride from the resuilting liquid absorbate phase by
stripping with a hydrogen-comprising gas as stripping medium,

25 ¢ esterification of the maleic anhydride which has been separated off with an aliphatic
C-Cs-alcohal. '

As aliphatic C+-Cs-alcohol for fhe esterification, preference is given to Lgsing methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, n-pentanol and
30 isopentanol, particularly preferably methanol, ethanol and n-butanol.

The mixture obtained in the separation step b) or the mixture obtained by further
esterification according to step ¢) of the above-described process or maleic acid
derivatives isolated from this mixture by distillation can subsequently be subjected to a

35 hydrogenation.' Depending on the reaction conditions, 1,4-butanediol, tetrahydrofuran
and/or y-butyrolactone are obtained preferentially.

The esterification of maleic anhydride, maleic acid, maleic monoesters or carboxylic acids
in general is described in EP-A 0 255 399, EP-A 0 454 719, DE-A 5 543 673, DE-A 19
40 607 953 or in "Organikum®, VEB Deutscher Verlag der Wissenschaften, 15th Edition,



S preferably from 100 to 250C, particularly preferably from 130 to 250C, in
the strippin step. The pressure in the stripping step is generally from 10
nbar to 100985585breferably from 100 nbar to 60 bar, particularly
preferably from 300 nbar to 20 bar. An advantage of the process of the
invention iis the small proportion of free malefic or fumaric acid in the
overhead product. In general, the proportion of free acid in the overhead
product, 10 based on the total anmount of maleic acid derivatives, Is
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20 d) if appropriate, separation of the alcohol from the mixture comprising maleic acid
derivatives obtained in step ¢}, -

e)  hydrogenation of the maleic acid derivatives obtained.

25 The maleic anhydride obtained in the separation step b) can be hydrogenated directly.
However, it is also possible to subject the mixture obtained in the separation step b) to an
esterification with an alcoho, using the above-mentioned ahphaﬂc C,-Cs-alcohols,
preferably methanol, ethano! and n-butanol, as esterification alcohols.

30  The mixture obtained in the separation step b) or by esterification according to step c) can
be subjected directly to the hydrogenation. Preference is given to separating off the
-alcohol from the mixture according to step d) prior to the hydrogenation.

The hydrogenation of the maleic acid derivatives obtained can be carried out in the
35 | liquid phase or in the gas phase. The hydrogenation can be carried out using
| homogeneously dissolved catalysts, suspended catalysts or fixed-bed catalysts. In
general, the hydrogenation catalysts used comprise one or more of the following
elements: -



Berlin 1977, pp. 49B-502. Maleic diesters are preferably prepared by the
process of th vention. The present invention also provides a process
for prepari ﬁ'&sﬁps{]eas‘t one compound 5 selected fromthe group consisting of
1, 4- but anedi oi., y-butyrol actone and tetrahydrofuran, which conprises the
steps: a) cont acti ng of a gas stream conprising reactor offgases conprising
mal efi ¢ anhydri de which are obtained fﬁom the preparation of maleic
anhydride by 10 oxidation of hydrocarboris with a liquid absorbent phase

compr 'n Si ng ﬁ% pEtef;ﬁlfadQnHﬁ' plahﬁl‘:?ﬁ trgthbﬂ&nbrﬁét‘nbrﬂﬂzoﬁaﬁ %d&%br%erméﬂeu ?o@%ﬁéﬁlﬁa a de
b) sepgr gt i %'?1 %{P rﬁﬁﬁ"é? na&@ggata;g? them%}o@ Elor% %der‘i{ﬁé‘%%?l si ng
gas as F"i%?)ﬂ?ﬁ}”?@iﬂf%ﬁi‘a'ﬁl? e’I"P @?;\Eﬁ e' 0ﬂé‘lsr?’if cﬁ‘tqg@ﬁ 98

mal ei-c an hyelrzlm 408, BEh8H227h U@, HIS9d 8, HRed 0oy 219 EMA & 1ZI86pHIS 5,4 15,086

g XtClS” 2' %ghéﬂd Etliﬁ 82 d50ARREO s FHaSe hyiﬁg%t hadonOfe (Emﬂé?@u@h@@ér@kanif tr@m the
hydr ogenat :TE# FQ&W%P%%@? 3%’%#@ ftolﬂ%gr ﬂb%?h?&g%éngg@ ﬁ%eqr?ﬂdel C
anhydri de oPftasPiBgl Weise?fﬁ CAR ﬂ@ﬂ?@ﬁ“&ﬁ’é TePRP Qi rect 1 y.

However, it3@Gcbeml so possible to subj ect the m xture obtained in the
separation step b) to an esterification wth an al cohol, using the

Vo MR o 0

separ ati on ®ceyeresangrusgy a@%‘?erl fication according to step c) can be
subj ected di rectly to the hydrogenation. Preference is given to separating

of f the _al ReRObobdBRBY inBinvahidr e @RARGTHIRIdR a&ﬁ@@la?uywrmmem%tg?al L
chn b0 car rieHerEayE R BEARLS g borolfiofRlolli et BrioifolEs. o

hydr ogehati on can be carried out using honpgeneously dissol ved cat al yst s,
suspended cHiedhyestion sillubiratedibptbed fallawing gxarspied.n general , the hydrogenati on
catal ysts used conprise one or nore of the following elenents: PF 56861 ,
7 copper, I Loaldi um platinum ruthenium rhenium cobalt, nmanganese,

ni ckel , nol

20 The experiments described below are carried ouf in an apparatus comprising a bottom
vessel, packed column and condenser at the top whose diameter is 58 mm (high-
pressure standard NW 58). The total height of the apparatus from the bottom vessel to the
condenser at the fop, inclusive, is about 6.7 m. The column is equipped with B1-500
packing elements from Montz and has 18 theoretical piates.

25 o '

The absorption medium can, as a mater of choice, be fed in at three different points in the
upper, middle and fower parts of the apparatus, but always so that packing elements are
present both above and below the inlet.

The hydrogen-comprising stripping medium can be fed in at a plurality of points in the

30 lower region of the column which are all located below the lowest feed point for the
absorption medium.

The temperature-controlled condenser at the top makes it possible to condense
substreams and refurn them to the column as runback.
The acid content was determined by means of the silylation method. For this purpose, a

35  0.05 g sample was admixed with 0.05 g of an internal standard (tetraethylene glycol
dimethyl ether [TEGDME]) and 0.5 g of n,o-bis(trimethylsilyl)trifiuoroacetamide
(BSTFA) and the solution was heated at 80°C for 25 minutes. The sample which had
been treated in this way was analyzed by gas chromatography using an HP 6890 gas
chromatograph {column DB-1, 60 m length). The water content was determined by the

40  Karl Fischer method.



and Chr o UMm- SHCH T TP e e .
out using themare descrl bed for exanple, in WO 97/ 43234 EP- A 0 552463;°
EPA 0 724 9@% 6&5 A 2 501499, BE 851 227, US 4, 115,919, EP-A 0 147 219,
CEP-A 0 417 867%%{s 5,1 .15,086 5 and EP-A 0 382 050. In the gas-phase

hydr ogenati on, the tenperature is generally from 150 to 250C and the
pressure is from5 to 100 bar. In the hydrogenation in the liquid phase,
the tenperature is preferably from 100 go 300C and the pressure is from 60
to 300 bar. 10 The al cohol bound in the nmalefic esters is |liberated in the
hydrogenatlon and can be recovered and used again. In the process of the
i nventi on, dj% jmation of fumaric acid is largely prevented, so that

probl ens cause y deposits in the absorption nmediumcircuit are largely
avoi ded. 15 The invention is illustrated by the foll ow ng exanpl es.

Exanpl es 20Bdfore tesxbrainninsraf $redealcthe pevetsiesined pRpataiis W@ﬁﬂ‘éﬁﬂf‘dl“’ﬂﬁﬁﬁ appar at us
conpri sigg ﬂ)sb@itlbrﬁ)medmmscﬁ&lty! pmalbmdempﬂedmﬂt?mmeb;mmwm&tﬁ'&she top whose
di ameter is bégm%ﬁﬁkgh "(=REE dard NW58). The total height of the
appar at us £ e.bo

ttom vesse clusive, is
about 6.7 minerprEuladIg MEaMCORN tﬁ‘g&] %H‘%@pﬂgﬁﬁ g%gb ‘Ob%d'd £rom Mont z
and has 18 tamtainiea 2wt 1956 Sy weigh W@Fﬁ'yéﬁ’%ﬁf@ﬂ"' apm \‘:'étﬁra'?fsw% ﬁﬁtter of
choi ce, be ﬁ@dhé midalle debticreot thef dokmen The hydnegeniconiptising stppring medigdi(eurand t ower

parts ofq dg&% K PR Bl voIme bERBMNa8 f@rie  present
bot h above ﬁoﬁv{@%géﬂlgas%%%%oﬁrﬁn&ﬁhﬂ 3%8 4 rl;n5| nggst ri ppll ng nmedi um can

be fed in afoUREHF4IFY ?tP&eole o‘?%‘jgﬁ\ i on .of the,colum
whi ch are aThe laigensubstreasn efihe ﬁ@PH"B@\E‘@‘U'ﬂ‘é@ﬂ“ 8}1“&35 infrRdieed dton

medi um TheziW@ﬁﬂhemawmGM"@dnto@nm@asspac%aboWléletllwpd nm@@snﬂf«' possible to
condense s&%ﬁgﬁ eans and return themto the colum as runback. The acid

content was erm ned b ns IS pur
trodited a purpose,
a 35 0195 Bhesﬂﬂ%‘%sﬂ%a‘ée%‘aﬁf‘ %8‘”%"?#9'%"’@ (éurg?&(%gé@mg% Pgst anpar
(tetraet hyl bhstagiigd o*/h andiabouA :
n, o-bis(tri Rﬁdﬁbdr@tude)df)iWCMascustmwedm te boqmﬁmy trwncmdueaogdnf thei on was
heated at 80 milePSuiRedh Hbih thd MRidSsHERS Brodkides inR@dantageous cooling action.

After 72 hours, a stable end value of 0,22% by weight of fumaric acid in the bottom

20 product was achieved. The water value was ~ 130 ppm, and the residual maleic
anhydride content was ~ 0.45% by weight. At 136°C, the solid-liquid saturation of fumaric

acid in dibuty} phthalate is ~ 0.38% by weight.

Comparative example 2:

25
Before the beginning of the frial, the above-described apparatus was flushed, emptied of

the residue and filled with fresh absorption medium (= 0% by weight of fumaric acid).
The circulating stream comprised 13 kg/h of dibutyl phthalate as absorption medium
containing about 10% by weight of maleic anhydride and 1400 ppm of water and was fed
30 into the middie section of the column.
However, in confrast fo example 1, the hydrogen-comprising stripping medium (hydrogen
mixture comprising > 95% by volume of Hz) was fed in countercurrent into the lower part
of the column at only one point:
The entire stripping medium stream of 28.5 standard m%h and about 225°C was
35 introduced into the gas space above the liquid phase in the column.
A temperature of 148°C was established at the bottom. After 72 hours, a stable end value
of 0.28% by weight of fumaric acid in the bottom product was achieved.
At 148°C, the solid-liquid saturation of fumaric acid in dibutyl phthalate is ~ 0.48% by
weight. :
40




been treated in this way was anal yzed by gas chromat ography using an HP 6890
gas® chromatograph-(colum DB-1, 60 mlength). The water content was )
det erm ned [BF %4881 40 Karl Fischer method. PF 56861 8 Exanple 1: Before the
begi nning of the trial, the above-described apparatus was flushed with the

5 absorption nedi umdi butyl phthalate, enptied of the residue and filled
with fresh absorption medium (= 0% of fumaric acid). The circul ating stream
conprised 13 kg/h of dibutyl phthal ate & absorpti-on medi um containing
about 10@6b§ayei§ t of nmleic anhydride and 1400 ppm of water and was fed
into the m FfPEPEettion of the col um. The hydrogen-conprising stripping
medi um (pure 10 hydrogen or hydrogen gas m xture conprising > 95% by vol une
of H2) was fredxhitinecne effedtsofiresidénceing dndeerhpareturepatithe bbttdren tel urm,  as

fol Tows: TheohBliGess Bt SGaBatth diérinibrid pleldribadi i Afuithicaarsaan M Xt ur e)
was |ntrgduce at A s%aga?rd &? and a out(%@5C2|$t§ }g%?gsﬁ agﬁ e above
the 1iquPd SRUNE-WaH olags Maskirpyided Wik &RUPELRATPY 41U GB9STREK & i ppi ng
medi um ( pur @lasg ihirg@@mmd.9hdoduced at 1.5 standard nB/h and about 30C
directly i nBe, bhweightofinfhlgihade in the absorptidnunetiumdibatypphithalateavené pthdéCinwas

est abl | shed yl adddGnl Rl Bwad! iy ifter kdtuk SRYGArhBs Bbrel didlyz8dTBl defhod UDSL T eam

t hrough the | ase produces an advantageous cooling action. After 72
hours, a st ABCdMENASval ue of 0.22% by weight of fumaric acid in the bottom
20 proddét wasanclsadybelseerta figrreds bofémﬁereaiagnce tirgoindpgrdiquichehash én thesi dual

mal ei ¢ . anhygiuindengas tanserd@re have 2Afignfibantinfluginie ok thé 361Gunttdiéursariciatid i qui d
saturation ef fymric acid in dibutyl phthalate is - 0.38% by weight.
Conparative exanple 2: 25 Before the beginning of the trial, the
above-descri bed apparatus was flushed, enptied of the residue and filled
with fresh absorption nedium (= 0% by weight of fumaric acid). The
circulating streamconprised 13 kg/h of dibutyl phthal ate as absorption
medi um cont ai ni ng about 10% by wei ght of mal ei c anhydri de and 1400 ppm of
water and was fed 30 into the m ddle section of the col um.




However, i rPicdffblast to exanple 1, the hydrogen-conprising stripping nedium
(hydrogen m xture conprising > 95% by volune of H2) was fed in
countercurrent Into the lower part of t#e columm at only one point: The
entire stri p| ng medi um stream of 28.5 standard nB8/h and about 225C was 35
i nt r oduced G/#MS t he gas space above the liquid phase in the colum. A
tenperature of 148C was established at the bottom After 72 hours, a stable

end val ue qf Q &%gfeé%)foN@pQMmQBﬁ Fri4NEE AthyBfdedm tié@ s&4rh %Pgé?l?%ﬁ%lle‘@ﬁf yI

achi eved. At 148% the $¢ . d-1Tquid saturation o umari c ac
pht hal ate Is - ¥f§ ght. 40 PF 56861 9 Exanple 3: To exam ne the
ef f ect s Sof reS|dence t| me and tenperature at the bottomon the formation

of fumaric acidy b sestiRaf risingerhalelednhiy@rieds brdughBiftdédntde dited S00 m
5 doubl e-wal | gl as§ Jz aﬁé(orgé 5‘5;? c%kﬂ‘dﬁ%gﬂg%t%Ré@%r%ﬂ%n%ﬂ%?gggo@ F

(standard ground ass
acid in the absorp ”Fr*ﬂ]lm iAleia ApY 'F’eﬁ'ﬁtjhal ate were placed in the flask,

the m xture was boi l ed under reflux and sanples were anal yzed at defined

time inpervals.p) 10m‘é’fe:&§ﬂ1ﬁn@é"§ .«yepaeaté@smrbm the S84iRing: uqmatéﬁsmﬁter;ﬂ%sgence
tlrremthellqwd Its tenperature have
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Clainms 1. A procesYMhor separating off maleic anhydride froma gas stream
conprising mal efic anhydride, in which 5 a) the gas stream conprising

| hyd
i S g e ORI B ik e ALl
anhydri'de and plate apa

2. The process according to claim 1, wherein part of the stripping medium is fed in
through the liquid phase in the column or into the gas space above the liquid phase.

20 3. The process according to either claim 1 or 2, wherein stripping with a hydrogen-
comprising gas is carried out at from 100 to 250°C and a pressure of from
10 mbar to 100 bar.

4.  The process according to any of claims 1 to 3, wherein reactor offgases compris-
25 ing maleic anhydride which are obtained from the preparation of maleic anhy-
dride by oxidation of hydrocarbons are used as gas stream.

5.  The process according to claim 4 further comprising the step of esterification of the
maleic anhydride which has been separated off with an aliphatic C+-Cs-alcohol.
30
6. The process according to claim 5 for preparing diesters of maleic acid.

7.  The process according to any of claims 4 to 6 for preparing at least one com-
pound selected from the group consisting of 1,4-butanediol, y-butyrolactone and
35 tetrahydrofuran, which comprises the additional steps

c) if appropriate, esterification of the maleic anhydride with an aliphatic C4-Cs-
alcohol,

40 d) if appropriate, separation of the alcohol from the resulting mixture comprising
derivatives of maleic acid,



10 b) mal eiRF 9888Adri de is separated off fromthe resulting Iiquid absorbate
phase by stripping with a hydrogen-conprising gas as stripping nediumin a
col- um, wherein the stripping nediumis fed in at two points on the
colum which are at 15 |least one theoretical plate apart. 2. The process
according to claim1, wherein part of tH8 stripping nediumis fed in
through the liquid phase in the colum or into the gas space above the
liquid phase. 90 8ydregenalippetibe malkiore Aeivetivesiqbtaliece| aim | or 2, wherein
stripping with a hydrogen conprising gas is carried out at from 100 to 250C
and a pressure of from 10 nbar to 100 bar. 4. The process according to any
of clains 1 to 3, wherein reactor offgases conpris- 25 ing mal eic anhydride
whi ch are obtained fromthe preparation of mal eic anhy- dride by oxidation
of hydrocarbons are used as gas stream 5. The process according to claim4
further conprising the step of esterification of the maleic anhydride

whi ch has been separated off with an aliphatic G -C5-al cohol. 30 6. The
process according to claim5 for preparing diesters of maleic acid. 7. The
process according to any of clainms 4 to 6 for preparing at |east one com
pound selected fromthe group consisting of 1,4-butanediol, y-butyrol actone
and 35 tetrahydrofuran, which conprises the additional steps c) if
appropriate, esterification of the maleic anhydride with an aliphatic G C5-
al cohol, 40 d) if appropriate, separation of the alcohol fromthe resulting
m xture conprising derivatives of maleic acid, PF 56861 11 e)

hydr ogenation of the naleic acid derivatives obtained.



