PF 56861 1 Process for separating off maleic anhydride from m xtures

conpri si ng "Fi:%fﬁ b4 anhydride by stripping Description 5 The
I nvention relates to a proceSS for separating off maleic anhydride

froma gas stream conprising naleic anhydride, a process for

preparing maleic esters and. a process for preparing hydrogenation :
product s- of REjcessioasemhrattwi offahaivie sphydide fromopinfuresseongepmyataleig aofyidride
maf ei c anhydB}ugtﬁ ﬂ; hgm a gas stream conprising maleic 10 anhydride.
Mal ei ¢ anhydri de I's”prepared industrially by catal ytic oxidation of
hydrocarbons_such. as benzene, butenes or butane by neans of air. The-
gaseous reacPP¥WPHANKt ure obtained conprises mal ei ¢ anhydride '
together svmth, in particular, water, carbon nonoxide and 15 carbon
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y- butyrolf Q,;hg %g) 97/ 43234 describes a process for preparing
y-butyrol acton tane-1, 4-di al and tetrahydrofuran, in which

mal ei ¢, anhyclride is scrubbed fromthe reactor offgases conprisin
mal ei c.  anhidieiceahydiideris rprarebingdpsiiady by satplyiecoxisklielyefihyfroggroons such as
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resul ti n’%nabsokfd&tdé qgﬁrOdUCt m xture by strippi ng w th a hydrogen gas
stream ydri de which has been stripped out subsequently

goes to a gas-phase hydrogenation for the preparation of butanediol,
t et r ahydr of ufrenmalsid anjrydirideywhitheis bbtainablé foinsthe veantergiigasestfins theproxidatien
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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 a
gas-phase hydrogenation for the preparation of butanedicl, 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,
fhe solubihty of high-bailing undesirable by-products which can be formed durmg the
process is also reduced by the fower 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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absorbed sutegeaid&l32n this case nal ei ¢ anhydride or reaction
products thereof. The liquid absorbent or absorbate phase conprises
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parti cul ar | ysubstance, in this case maleic anhydnde or reacfion products thereaf.

The liquid abscrbent or absorbate phase comptises 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 least 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, Exarhples are high-boiling esters of
phthalic acid, terephthalic acid or maleic acid, e.g. dimethyl, diethy! or dibutyl phthalate,

30 dimethyl terephthalate or dibutyl maleate, aromatic hydrocarbons such as

) dibenzylbenzene, esters of cycloaliphatic acids, e.g. dibutyl hexahydrophihalate, also
polymethyibenzophenones, ethylene glycol ethers and polysiloxane ethers. Preferred
absorption media are esters-of aromatic or cycloaliphatic dicarboxylic acids, particulatly
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
mediumn to maleic anhydride is generally fram 1:1 to 100:1, preferably from 2:1 to 100:1,
particularly preferably from 4:1 to 100:1.

Mateic 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
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strippi pg nedH ¢onna)dor example a column comprising fandom. packing, ordered packing or
bubble cap trays. Preference is given to introducing the hydrogen used as stripping
medium into the column at fwo points in the fower or middle section of the columin 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 derivaiives is

obtained at the fop 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 tiquid phase in the
35  column or particulatly preferably infroduction into the gas space above the liquid phase in
the column is preferably selected as geometrically lower point of infroduction. In the case
of introduction through the liguid phase in thé column, the hydrogen used as sttipping -
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 hfgher than that of maleic anhydride, for
40  example fumaric acid. The second point of infroduction into the columin for the remaining



i ntensi ve mass and heat transfer between the descending liquid

absor bat e phg§$ﬁ%ﬂd the ascendi ng hydrogen phase takes place. The

i qui d absorbate phase irs griadually depleted in maleic anhydride and
t he hydrogen phase correspondi ngly becones enriched in maleic
anhydride or reaction products thereof. Stripping is preferably
carried out in countercurrent 25 in a cojum, for exanple a colum
conpri.sing random packing, ordered packing or bubble cap trays.-
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t he hydz®gensiipeiny érid ptint 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, malelc acid derivafives are maleic anhydride, maleic
30 acid, maleic monossters, malgic diesters, fumaric acid, fumaric monoesters and fumaric
diesters, with the asters being based on aliphatic C4-Cs-alcohols. Preference is given to
using esters and diesters of methanol, ethanol, n-propanol, isopropanol, n-butanol,
isobutanol, sec-butanol, n-pentancl and isopentanol, particularly preferably of methanol,
ethanol and n-butanol. : '
35 _
Stripping in the countercutrent mode corresponds to a preferred ernbodiment of the
invention. In a patticularly preferred embodiment, furthier separation stages for holding
back the high-bbiling 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



stripping nediumat tw points of introduction, only part of the

t ot al stripp%g%mgﬁ?iun1 required is fed into the gas space above the
i qui d phase ough the I'iquid phase. At a 15 predeterm ned equal
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stripping with a hyd ogen-comprising gas as stripping medium,

25 ¢ esterification of the maleic anhydride whlch has been separated off with an aliphatic
Cy- Cs-alCOhO,

As aliphatic C4-Cs-alcohol for fhe esterification, preference is given to u_sing methanol,
ethanol, n-propanal, isopropanol, n-butanol, iscbutanol, sec-butanol, n-pentano 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 2
35 hydrogenation.' Depending on the reaction conditions, 1,4-butanediol, tetrahydrofuran
andfor 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 0454 719, DE-A 5 543 673, DE-A 19
40 607 953 or in "Organikum”, VEB Deutscher Verlag der Wissenschaften, 15th Edition,



5 preferably from 100 to 250C, particularly preferably from 130 to
250C, in the stripping step. The pressure in the stripping step is
general |y fridnP88vbar to 100 bar, preferably from 100 nbar to 60
bar, particularly -preferably from 300 nbar to 20 bar. An advantage
of the process of the invention is the small proportion of free
maleic or. fumaric acid in the overhead product. In general, the
proportion of free acid in the overhead product, 10 based on the
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The mixture, obtained.in.the.separation ste r the mxture
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e) hydragenation 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) fo an
esterification with an aicohot, using the above-mentioned aliphatic C+-Cs-alcohals,
preferably methanal, ethanol and n-butanol, as esterification alcohols:

30  The mixture obtained in the separation step b} or by esterification according-to step ¢) 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
homageneously dissolved catalysts, suspended catalysts or fixed-bed catalysts. In
general, the hydrogenation catalysts used comprise one or more of the following
glements: -



Berlin- 1977, pp. 498-502. Maleic diesters are preferably prepared by
t he process i nvention. The present invention also provides a
process for %Eéé%?\ng at. | east one conpound 5. sel ected fromthe group
consi sting of 1,4-butanediol, y-butyrolactone and tetrahydrofuran,

whi ch conprises the steps: a) contacting of a gas stream conpri sing
react or of fgases conprising nalefic: anh¥dr|de whi ch are obtai ned
fromthe preparation of maleic anhydride’'by 10 oxidation of

ng : ?c ﬁ.r bﬁ ngcdﬁi:»ém pé’rlabﬁs,xﬂﬂ bltdtuﬁbﬁ; QitREHEm, nheﬁ@n CRBRL, h%h@e%e%e Aicap Fno%eenum
at | east g30 er t a‘% Ptvﬁglggﬁ%orrg% ?Stgg ﬁ 2?&8%6[’%5 2 Ca%r'e\gnc{u}'c%sﬁngof
nal ei ¢ an hyc}P‘F’H@ Neserbed F BYRMRIS i W cﬁ‘?@é‘érgp EBRR5R 4P gEFg’j'ééj 7224 908 DE-
strippi ng meAlR 601 489, BE 8T OB 4N 8,91& SRR DITHC 219, GiP-A D 41R86TEI®S,d 15,086
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mal ei ¢ anhyd@0Dder.obt ai ned in the separation step b) can be

hydrogenated directly. . However, it is also possible to subject the
tlogevmth

m'xture bt ar a, £ n ster fic
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preferably ﬁ%ﬁ%ﬁrﬁéla” HBPEFB™ and n- but anol , as esterlflcatlon
al cohols; 30 The m xture obtained in the separation step b) or by
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fromthe m
hydrogeﬂétlon of the nalelc acid derivatives obtained can be carried

out in the Taéinverfionds hsirmbeddy thefoldvengaamplease. The hydrogenati on
can be carried out using honogeneously dissolved catal ysts,
suspended cg g é gLs or fi xed-bed catal ysts. In general, the
hydr ogenat i RO CREAI ysts used conpri se one or nore of the fol |l ow ng
el enrents: PF 56861 7 copper, palladium platinum ruthenium
r heni umz0 cobhé expaniaregEriesaibed beloelare captigdaaéiniem apparatus comprising a boftom

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 top, inclusive, is about 6.7 m. The column is equipped with B1-500
packing elements from Montz and has 18 theoretical plates. '
25 : . '
The absorption medium can, as a matter 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 refum 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 interna!l standard (tetraethyiene glycol
dimethyl ether [TEGDME]) and 0.5 g of n,0-bis(trimethyisilyltrifluoroacetamide
(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, 80 m length). The water content was determined by the

AD  Karl Fischer method.



and chrom um “SGeh™Rydrogenat on ¢ at Aryrate~ama=re Hyrurogerat-ons:
carried out using themare described; for exanple, in WO 97143234
EP-A O 5524EEF 5%§¢A 0 724 908, DE- A 2 501499, BE 851227, U5-

4,115, 919, P—R 147 219, EP-A 0 417 867, US 5,115,086 5 and EP—A 0.
382 050. In the gas-phase hydrogenati on, the tenperature is generally
from 150 to 250C and the pressure is from5 to 100 bar. In the

hydr ogenation in the |iquid phase, the fgenperat ure Is preferably
from 100 to 300C and the pressure is from60 to 300 bar. 10 The

al cohol bound in the maleic esters is liberated in the hydrogenation
and can be E*”ﬁ? ¥ef-ed and used again. In the process of the

I nventi on, ormation of fumaric acid is largely prevented, SO
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mat ter of C@gar&smup&}t n% %hew%vaérggnoﬁﬂ?%i,mgrq%%qoagl nCs in the upper,

m ddl e and |_ower s so t hat ack| ng

el enents ar dNef éHPSt'@@WfM@W%%WVFWQG” xiuggiavas int froduced bt
hydr ogen- coRpctapiag nsttr anppatogt 2850C inte margabepa‘cedbm\m tlae liquicophasaln thy of
points in tRhguma0 | ower region of the colum which are all |ocated
bel ow t I t r
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anhydride content was ~ 0.45% by weight. Af 136°C, the sohd—ilqurd saturation of fumaric
acid in dibuty! phthalate is ~ 0.38% by weight.

Comparative example 2
o :
Before the beginning of the trial, 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 dibutyt phihaiate as absorption medium
containing about 10% by weight of maleic anhydride and 1400 ppm of water and was fed
30 into the middle section of the column.
However, in contrast to 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 temperafure 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 th & Wiy Was anal yzea Dy gas Chromarograpr '

HP 6890 gas chromat ograph (eolum DB-1, 60 mlength). The water
content was gy ned by the 40 Karl Flscher met hod. PF 56861
Exanpl e 1: Before the beginning of the trial, the above-described
apparatus was flushed with the 5 absorptiaon nediumdibutyl

phthal ate, enptied of the residue and filled with fresh absorption
medi um (= 0% of fumaric acid). The circulgati ng stream conprised 13
kg/ h of dibutyl phthalate as absorption nmedium containing about 10%
by wei ght of Erathele@: anhydri de and 1400 ppm of water and was fed into
the mddle section of the colum. The hydrogen-conprising stripping
medi um (pure 0, % by
vol une of Hzggxé‘*‘ﬂé il YA 0R0 AR AT\ B RPN Sl 3, PR
col um, as f 'P%K}%"O aff%ﬁ‘ P3§[lﬁ§?‘?f@berﬂt%‘f’efﬁ?€” rq“b'ﬁu ipi-heated 500 i
medi um ( hg dr doubie-yalbglasxiiaskeyovides Withta wnatp@demeﬂumorsmsmdstdnm¢i brosind
about 225C:|@§gibm@29ﬂﬁnsp@qgrﬂ90ve the |iquid. phase in the colum.
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the resi dualomagdi c anhydri de content was - 0.45% by melght At

136C, the solid-liquid saturation of fumaric acid in dibutyl
phthalate is - 0.38% by wei ght. Conparative exanple 2: 25 Before the
begi nning of the trial, the above-descri bed apparatus was fl ushed,
enptied of the residue and filled with fresh absorption nmedium (= 0%
by wei ght of fumaric acid). The circulating stream conprised 13

kg/ h. of dibutyl phthal ate as absorption nmedium containing about 10%
by wei ght of mal eic anhydride and 1400 ppm of water and was fed 30
into the mddle section of the colum. However, in contrast to
exanple 1, the hydrogen-conprising stripping nedium (hydrogen



m xture compFE sdgsg > 95% by volune of H2) was fed in countercurrent
into the lower part of the colum at only one point: The entire
strippi ng medi um stream of 28.5 standard4gB8/h and about 225C was 35

i ntroduced into the gas space above the |liquid phase in the colum. A
t enper at ur eCtdim$48C 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 148C, the solid-liquid saturation of fumaric
acid in dibutyl Ap‘ﬁ??%?ﬁé?féePeraf'“%Ofﬁﬁ%%ﬂnw'%fom 2 gappizeary g@oprsing maleic
Exanpl e 3: To erahididetinevhishf ects of residence time and tenperature

at the bpttomon the formation of fumaric acid, batch experinents

were carried out,i I t d500n1 bl e-

provi ded with ata%untgr% a% Sk e?@f Rille r'é@ﬁd%ﬂg'g?ngfﬁgﬁd%%ugb?tgﬂﬁfonbcg% a
joint 29 nm A=0. oélmabwﬁwmﬁ%mmmsmﬁaat ast aae Highrpoiling inert absorption
absor ption nmedi um dnbdiuyl fophiated atiedvies engpl aced in the flask, the

m xture was boiled under reflux and sanples were anal yzed at defi ned
time infervals. 10 As can clear]y be see nfl gure 1, bath

st dent® tie Ph tRgeld Vo s SePRalackal B i sHltaY #%d@eﬁﬁ%@tstpaa@
have a signficant il stliepicgwih athydrepeptoempoibing gam e ctrippind médiumein a cBIF
56861 10 Cains l.yMnprocess for separating off maleic anhydride
froma gas stream conprising nmaleic anhydride, in which 5 a) the gas
stream conpri si n% mal ei ¢ anhydride is brought into contact with a

li qui d absor bentNBIRE BSHIRATSMAGIUBY s fechigtat e Peinigreroe cpligin whieh are at
absor ptifon nedieast érox theatetical platdpdait.de and 10 b) mal ei c anhydride is
separated off fromthe resulting |iquid absorbate phase

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 aicohol from the resulting mixture comprising
derivatives of maleic acid,



by stri ppi ng’fWb%861a hydr ogen-conprising gas as stripping nediumin a
col- um, wherein the stripping nediumis fed in at two points on the
colum which are at 15 |l east one theoretical plate apart. 2. The

process according to claiml, wherein part of the stripping nediumis
fed in through the liquid phase in the ddlum or into the gas space

above the liquid hﬁ %ﬁp The process according to either claim
1 or 2, wherein®tr }S%P%{‘ ?ﬁftﬁeﬁiﬁﬁ'%ﬁ‘éﬂdﬁ”@ﬁﬁﬁssqm@ ®hs 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

of fgases conpris- 25 ing nmal ei c anhydride which are obtained fromthe
preparation of maleic 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 which-
has been separated off with an aliphatic Cl-C5-al cohol. 30 6. The
process according to claim5 for preparing diesters of nmaleic acid.

7. The process according to any of clains 4 to 6 for preparing at

| east one com pound selected fromthe group consisting of

1, 4- but anedi ol , y-butyrol actone and 35 tetrahydrofuran, which
conprises the additional steps c) if appropriate, esterification of
the mal ei c anhydride with an aliphatic G C5- alcohol, 40 d) if
appropriate, separation of the alcohol fromthe resulting m xture
conprising derivatives of maleic acid, PF 56861 11 e) hydrogenation
of the maleic acid derivatives obtai ned.



