Preparation of acrylic acid and esters "R_)ooo;g -}
. . | PO opy |
A -1 - 0.Z. 0050/46519

'

BASF Aktiengesellschaft 17 December 1996
NAE19950627 G/MK/bt/os

Preparation of acrylic acid and esters

10

The present invention relates to a process and ‘apparatus for prepa-
ring acrylic acid and esters.

15 Acrylic acid is an important basic chemical. Owing to its very
reactive double bond and the acid function, it is suitable in particular for
use as monomer for preparing polymers. Of the amount of acrylic acid
monomer produced, the major part is esterified before polymerization, for
example to form acrylate adhesives, dispersions or coatings. Only the

20 smaller part of the acrylic acid monomer produced is polymerized directly,
for example to form superabsorbents. Whereas, in general, the direct poly-
merization of acrylic acid requires high purity monomer, the acrylic acid for
conversion into acrylate before polymerization does not have to be so pure.

It is common knowledge that acrylic acid can be produced by

25 heterogeneously catalyzed gas phase oxidation of propeme with molecular
oxygen over solid catalysts at temperatures between 200 and 400°C in two -
stages via acrolein (cf. for example DE-A 19 62 431, DE-A 29 43 707,
DE-C 1 205 502, EP-A 257 565, EP-A 253 409, DE-B 22 51 364, EP-
A 117 146, GB-C 1 450 986 and EP-A 293 224). The catalysts used are

30 oxidic multicomponent catalysts based for example on oxides of the elements
molybdenum, chromium, vanadium or tellurium.

DE-C 21 36 396 discloses removing acrylic acid from the reaction
gases obtained in the catalytic oxidation of propene or acrolein by a coun-
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10 = The present invention relates to a process and apparat us
for prepa-t ring acrylic acid and esters. 15 Acrylic acid is
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and 400C in two
which reduces plant availability. According to DE-A 43 08 087, the amount
of these solids can be reduced by adding to the relatively apolar solvent
mixture of diphenyl ether and diphenyl a polar solvent, such as dimethyl
phthalate, in an amount of from 0.1 to 25% by weight.

10 _ Apart from the above-described absorption of the reaction product
comprising acrylic acid into a high boiling solvent mixture, other existing
processes involve a total condensation of acrylic acid and of the water of
reaction also formed in the course of the catalytic oxidation. The result is
an aqueous acrylic acid solution which can be further worked up by distilla-

15 tion with an azeotropic agent (cf. DE-C 34 29 391, JA 11 24 766, JA
71 18 766, JA 71 18 966-R, JA 71 18968-R, JA-72 41 885) or by an
extraction process (cf. DE-A 2 164 767, J5 81 40-039, J4 80 91 013). In
EP-A 551 111, the mixture of acrylic acid and byproducts from the cataly-
tic gas phase oxidation is contacted with water in an absorption tower and

20 the resulting aqueous solution is distilled in the presence of a solvent which
forms an azeotrope with polar low boilers such as water or acetic acid.
DE-C 23 23 328 describes the removal of acrylic acid from an aqueous
acrylic acid esterification waste liquor or an aqueous acrylic acid solution as
formed in acrylic acid production by oxidation of propene or acrolein by

25 extraction with a specific mixture of organic solvents.

Regardless of the type of the acrylic acid production processes
described above, the quality of acrylic acid obtainable thereby is generally
not sufficient to be able to polymerize saleable products therefrom. Any
further processing into polyacrylic acid is hampered in particular by the

3 catalytic gas phase oxidation byproducts of acetic acid, propionic acid and
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stages via acrolein (cf. for exanple DE-A 19 62 431, DE-A 29 43 707,
DE-.C 1 205 502, EP-A 257 565, EP-A 253 409, DE-B 22 51 364, EP- A 117
146, GB-C 1 450 986 and EP-A 293 224). The catalysts used are 30 oxidic
nul ti conponent catal ysts based for exarrpl% on oxi des of the-&f 89ABH46319

nmol ybdenum chrom um vanadi umor tellurium DE-C 21 36 396
di scl oses renoving acrylic acid fromthe reaction gases obtained in the

LAY O Ciebitescrt . KBGMH: 2 tip en aldehy ke v el resgeatuengpith
di phenyl ethera@¥i€ (aminoguanidine hydrogen carbonate) or NH,NH, (cf. for example
EP-A 270 999, PT-78 759-A, PT 81 876-A, US-37 25 208-S) and further

distillative workup steps (low boiler distillation and acrylic acid purification).

s Acrylic acid purified in this way is suitable for example for preparing

- superabsorbents. It is also known to remove acetic acid from the acrylates

after the esterification by distillation.
Even if the acrylic acid is not used as a direct starting material

for the production of polyacrylic acid, but is esterified before further

10 processing, which is true of the bulk of the world’s crude acid production,
the abovementioned cocomponents acetic acid, propionic acid and aldehydes
interfere.

Thus, in virtually all further processing options for acrylic acid the

same cocomponents, namely acetic acid, propionic acid and aldehydes,

1s interfere. A distillation of acrylic acid is problematical on account of the
high temperature stress and the associated strong tendency for the acrylic
acid to form dimers, oligomers or polymers. Nor can cocomponents with a
similar boiling point, especially propionic acid, be separated off in the
distillation of acrylic acid (boiling point of acrylic acid 141.6°C, boiling

20 point of propionic acid 140.9°C).

| | It is an object of the present invention to provide a process for
preparing acrylic acid or esters whereby the abovementioned interfering
secondary components are removed and acrylic acid of different grades can
be provided very flexibly, as required.

25 We have found that this object is achieved when crude acrylic acid
obtained by catalyﬁc gas phase oxidation of propene and/or acrolein, sub-
sequent absorption into a solvent and distillation of the acrylic acid/solvent
mixture is purified by fractional dynamic and static crystallization.

The present invention accordingly provides a process for preparing

30 acrylic acid and/or esters, comprising the steps of:
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25% by wei ght di phenyl. Furthernore, DT-A 24 49 7800 di scl oses cooling
the hot reaction gas by partly evaporating the solvent in a direct

condenser (quench apparatus) ahead of the countercurrent absorption.
The problemhere and with further procdss steps is the pPddRIVHNIds
solids in the apparatus, whi ch reduces plant availability. According
to DE-A 43 08 087, the anount of these solids can be reduced by
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15 tion véthh&a-xﬁgzaggfrg}édsl C gg‘éﬁttnc(cf DE-C 34 29 391, JA 11 24 766, JA

71 18 766, JAd}1 pafifiefionRof e EmdéSMﬂid?,acﬂAbyn:ryBIalHﬂﬁbonoando an

extraction process  (cf 2.164 767, J5 4 80 91 013). In

EP- A 551 111, (Qh@?ﬂ?ﬂ@ﬂr@ﬁ%@?@lﬁc&&%‘@ﬁﬂe HS’SdE@ s fromthe catal y-

tic gas phase oxi datfynphesedioftivefitidi! alth! Srovfabs an' SppaPaddJ0F Rbfr9ihg! B¥er and
the process of the invention. Preferred embodiments of the invention are

10 defined in the corresponding subclaims.

Step (a):
According to the invention, the catalytic gas phase reaction of

propene and/or acrolein with molecular oxygen to form acrylic acid can be

13 effected according to known processes, especially as described in the above-
cited references. The reaction is preferably carried out at from 200 to
400°C. The heterogeneous catalysts used are preferably oxidic multicompo-
nent catalysts based on oxides of molybdepum, chromium, vanadium and/or
tellurium.

20 The conversion of propene to acrylic acid is strongly exothermic.
The reaction gas, which in addition to the starting materials and products
advantageously comprises a diluting gas, for example recycle gas (see
below), atmospheric nitrogen and/or water vapor, can therefore absorb only
a small part of the heat of the reaction. Although the nature of the reactors

25 used is in principle not subject to any restriction, it is most common to use
tube bundle heat exchangers packed with the oxidation catalyst, since with
this type of equipment the predominant part of the heat produced in the
reaction can be removed to the cooled tube walls by convection and radia-

tion.
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20 the resulting aqueous solution is distilled in the presence of a

sol vent whi ch forms an azeotrope with polar |ow boilers such as water
or "acetic acid. DE- C 23 23 328 describes the renpval of acrylic acid
froman aqueous acrylic acid esteriffcation waste |iqudf 8PV4H518queous
acrylic acid solution as formed in acrylic acid production by

oxi dati on of propene or acrolein by 25 extraction wth a specific mxture
of organi c sol vents. Regar dl ess of the..type otb the acrylic

aci d production procdioweyer, Steae@ér‘i‘fggﬂs by RUre ﬁgyﬂﬁa&‘q’ Ut aa(,%“%q%é aci d
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sal eabl e products there rom Any er processing 1nto polyacrylic
acid i s hanperpogients uymonveted acrdlyint dnel/GOpropeden | water vapos, pirbor memakide, on
byproducts O c(fzj;.rcbeotni cclio?c%efi 'ni rg%?xi, %r:]ciygcenécaicgtig r;gid, propionic acid, formaldehyde,

s further aldehydes and maleic anhydride. The reaction product mixture custo-
marily comprises, in each case based on the total reaction mixture, from
0.05 to 1% by weight of propene and from 0.05 to 1% by weight of
acrolein, from 0.01 to 2% by weight of propane, from 1 to 20% by
weight of water vapor, from 0.05 to 15% by weight of carbon oxides,

0 from 10 to 90% by weight of nitrogen, from 0.05 to 5% by weight of
oxygen, from 0.05 to 2% by weight of acetic acid, from 0.01 to 2% by
weight of propionic acid, from 0.05 to 1% by weight of formaldehyde,
from 0.05 to 2% by weight of aldehydes and also from 0.01 to 0.5% by

weight of maleic anhydride.

15
Step (®)

Step (b) comprises removing the acrylic acid and part of the
cocomponents from the reaction gas by absorption with a solvent. According
to the invention, suitable solvents include in particular all high boiling

20 solvents, preferably solvents having a boiling point above 160°C. Of parti-
cular suitability is a mixture of diphenyl ether and biphenyl, especially the
commercially available mixture of 75% by weight diphenyl ether and 25%
by weight biphenyl.

Herein the terms high boilers, medium boilers and low boilers and

2s  the corresponding adjectives high boiling, medium boiling and low boiling
designate, respectively, compounds with a higher boiling point than acrylic
acid (high boilers); compounds with approximately the same boiling point as
acrylic acid (medium boilers); and compounds with a lower boiling point
than acrylic acid (low boilers).
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- 3- al dehydes. It is known to renove al dehydes by chem cal

pretreatnment with AGHC (am noguani di ne hydrogen carbonate) or NH2NH2
(cf. for exanple EP- A 270 999, PT-78 759-A, PT 81 876-A, US-37 25
208-S) and further distillative workup steps (| ow boiQ-&r0030/46519| at i on
and acrylic acid purification). 5 Acrylic acid purified inthis way is
suitabl e for exanple for preparing super absorbents. It is also known
to renove acetic acid fromthe acrylates | after the esterification by
di stillation. Advantageouslyc th¢ thateeaglion | gas qbtained sfram stePed@)ads a
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acetic acid, propionic acid and al dehydes, interfere,
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gas of step (a) condense into the unvaporized solvent. In addition, the
partial evaporation of the solvent is a éleaning step for the solvent. In a
preferred embodiment of the invention, a bleed stream of the utivaporized
solvent, .preferably from 1 to 10% of the mass flow into the absorption

10 column, is withdrawn and subjected to a solvent cleaning step. This involves
distilling the solvent over to leave a residue comprising the high boiling
cocomponents which, if necessary further thickened, can be disposed of, for
example incinerated. This solvent distillation serves to avoid an excessively
high concentration of heavy boilers in the solvent stream.

15 The absorption takes place in a countercurrent absorption column
which is preferably equipped with valve or dual flow plates and subjected
to a downflow of (unvaporized) solvent. The gaseous reaction product and
any vaporized solvent are introduced at the base of the column and then
cooled down to absorption temperature. The cooling is advantageously

20 effected by cooling cycles; that is, hot solvent is withdrawn from the
column, cooled down in heat exchangers and reintroduced into the column
at a point above its point of withdrawal. Besides acrylic acid, these solvent
cooling cycles will condense low, high and medium boiling cocomponents
and also vaporized solvent. As soon as the reaction gas stream has been

25 cooled down to the absorption temperature, the actual absorption takes place,
absorbing the rest of the acrylic acid remaining in the reaction gas and also
part of the low boiling cocomponents.

The remaining, unabsorbed reaction gas of step (a) is further
cooled down in order that the condensable part of the low boiling cocompo-

30 nents thereof, especially water, formaldehyde and acetic acid, may be
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15 interfere. Adistillation of acrylic acid is problematical on account
of the hi gh tenperature stress and the associated strong tendency for
t he acrylic acid to formdiners, oligomers or polyners. Nor can
coconponents with a simlar boiling boint, especially$fof8#¥9acid,
be separated off in the di stillation of acryl ic acid (boiling point of
acrylic acid 141.6[err]C boiling 20 point of propionic acid 140.9[err]C).

It is an object of th resent i ven lon t.o provid rocess for
preparing acr 3??1?36“5‘&'0375 @9@%‘% h “:ﬁﬁé ﬁ%‘ﬁf‘@o?‘(é‘gien{‘@"f‘b@? ng
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be provided very flexibly, as reqU|re ave

thi s object i sistscpredominastiyn ofr niteogeny ydalrb,ora(nmties and)bumonwi'tddy smrtmgyt ic

gas phase oxi dation eneg_and/ or acrol ei ent_absorption
into a sol venf"‘z%lﬁl é‘iequ(?)@h ?FF chyglhegagc}sypqxﬂy a@F’cﬁ‘f‘gﬁFQe‘Hf" ! the IeRCYRr e s
purified by fLagld aadilbigaasc and static crystallization. The
present invention according y provides a process for preparing 30 acryllc

acid and/ or esters, Aormsplvest rstreame leaded s with: acryhc acid, high and medium
boiling cocomponents and also a small propomon of low boiling cocompo-
nents is withdrawn from the base of the column used in step (b) and, in
a preferred embodiment of the invention, subjected to a desorption. Ad-
10 vantageously, this desorption is carried out in a column, which is preferably
equipped with valve or dual flow plates but can also be equipped with
dumped or ordered packing, in the presence of a stripping gas. The strip-
ping gas used can be any inert gas or gas mixture; preference is given to
using a gas mixture of air and nitrogen or recycle gas, since the latter is
15 obtained in step (a) in the course of part of the solvent being vaporized. In
the desorption step, part of the recycled gas withdrawn ahead of step (a)
strips the loaded solvent of the bulk of the low boilers. Since major quanti-
ties of acrylic acid are stripped out as well in the course of the desorption
step, it makes economic sense not to discard this stream, hereinafter called
20 strip recycle gas, but to recirculate it, for example into the stage where the
partial vaporization of the solvent takes place, or into the absorption co-
lumn. Since the stripping gas is part of the recycle gas, it still contains
significant amounts of low boilers. The performance of the desorption
column can be enhanced by removing the low boilers from the stripping gas
25 before it is introduced into the column. Technically this is advantageously
done by cleaning up the stripping gas in a countercurrent wash column with
l:hé solvent recovered in step (c) described below.
A solvent stream loaded with acrylic acid and virtually free of low
boilers can then be withdrawn from the base of the desorption column.
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(a) catalytic gas phase oxidation of propene and/or acrolein to acrylic

acid ‘to obtain a gaseous reaction product conprising acrylic acid,
(b) sol vent absorption of the reaction product, (c) distillation of
the solvent |oaded with reaction product t®&-obtain a crude O.8. 023946519
acid and the sol vent, (d) purification of the crude acrylic acid by
crystallization and (e) optionally esterification of the crystalline
acrylic acid. The present invention also provides an
apparatus for ciepyEhg out the process of the invention. Preferred

enbodi ments of the | N\t @Eépo&),a E&ylic acid is separated from the solvent together with
the medium boiling components and the last rest of low boiling cocompo-
nents by distillation, for which in principle any distillation column can be
s used. Preference is given to using a column having sieve plates, for ex-
ample dual flow plates or cross-flow sieve plates made of metal. In the
rectifying section of the column, the acrylic acid is distilled free of the
solvent and the medium boiling cocomponents such as maleic anhydride. To
reduce the low boilers content of thé acryllc acid, it is advantageous to
10 lengthen the rectifying section of the column and to withdraw the acrylic
acid from the column as a sidestream. This acrylic acid will in what
follows be called crude acrylic acid, regardless of its purity.

At the top of the column, a stream rich in low boilers is then

withdrawn following a partial condensation. Since, however, this stream still
1s contains acrylic acid, it is advantageously not discarded, but recycled into
the absorption step (b).

At the base of the column the solvent, which is free of low
boilers and almost free of acrylic acid, is withdrawn and preferably predo-
minantly recycled into the countercurrent wash column, where the stripping

20 gas of step (b) is cleaned up, in order that the low boilers may be washed
out of the stripping gas. The almost acrylic-acid-free solvent is then fed to
the absorption column.

In a preferred embodiment of the invention, the acid water, which
may still contain acrylic acid in solution, is extractively treated with a small

25 stream of the almost acrylic-acid-free solvent. In this acid water extraction,
part of the acrylic acid is extracted into the solvent and thus recovered
froni the acid water. In return, the acid water extracts the polar medium
boiling' components from the solvent stream and hence avoids a buildup of
these components in the solvent cycle. The resulting acid water stream of

3 low and medium boilers may be concentrated, which is required in parti-
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10 defined in the correspondi ng subcl ai ns. Step (a):

According.to the invention, the catal ytic gas phase reaction of

propene and/or acrolein with nolecular oxygen to formacrylic acid can be
15 effected according to known processes,9especially as desZEi basg/46519t he
above- cited references. The reaction is preferably carried out at
from200 to 400[ err] C. The heterogeneous catal ysts used are preferably
oxi di c nmul ti conpo- nent catal ysts based on oxi des of nolybdenum
chrom um vanadulan mrmrenviromnceua?/ uproteqtiorp orequirements  exisle  Ebisy arakiednitof

Ohieh i n adar ¢ Rossibs ermelt SR HIE fouBErteikoReiee of it AR WIS
advant ageous|y conpri q8g cludl hérylioGciPebtafmed iR el éodiptises, Breachseme

bel ow), atnospheric nitrogen and/or water vapor, can therefore absorb only
a smal | part ofbasdde onethe emde rasrylicageidorpreferablio frpm t9%e o A0.8% by weight,

eactors 20, Uil . O P o9 i, U GBI R 03 °

oxi dation cat alyystpy SieigiR, it farticular from 0.5 to 1.5% by weight, of impurities,
such as, for example, acetic acid, aldehydes and maleic anhydride. This
acrylic acid may if desired be used for esterification, when purity require-
ments are not very high.

10

Step (d):
In step (d) the crude acrylic acid from step (c) is further purified

by crystallization, preferably by means of fractional crystallization by a
combination of dynamic and static crystallization. The type of dynamic or
15 static crystallization used is not subject to any special restriction.

In static crystallization (for example US 3 597 164 and FR
2 668 946) the liquid phase is moved only by free convection, whereas in
dynamic crystallization the liquid phase is moved by forced convection. The
latter can take the form of a forced flow in fully filled apparatus (cf. DE

20 26 06 364) or the application of a trickle or falling film to a cooled wall
(DT 1 769 123 and EP 218 545).

According to the invention, preferably the crude acrylic acid to be
purified is introduced into the crystallizer in liquid phase and then a solid
phase which differs in composition from the liquid phase introduced is

25  frozen out at the cooled surfaces. Once a certain proportion of the acrylic
acid used has been frozen out (advantageously within the range from 50 to
80%, especially 60-70%), the remaining liquid phase is separated off. This
is advantageously done by pumping the residual phase away or allowing it
to flow away. The crystallization step can be followed by further purifica-

30 tion steps such as the so-called washing of the crystal layer (cf. DE
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phis- tWof equi pfrent the predom nant part of the heat produced in the
’r eacti on can he rehoved to the cool ed tube walls by convection and radi a-
" t.ioon. However, step (a) affords not pure acr I|c

acid, but *a gaseous m xture which in atidition to acryli cOdei%gs
subst antially include as cocom ponents unconverted acrol ein and/ or
propene, water vapor, carbon nonoxi de, carbon di oxi de, nitrogen,

oxygen, acetic aCI_:;d-/ngE;g )I or itﬁ:e %g-icglleJ g&fga%{n%,eq e. 4 partial melting-off of contami-
nated crystal areas. Advantageously, the crystallization step is followed by
a sweating step when the overall purifying effect of a step is to be im-
proved.

s Dynamic and static crystallization can each be carried out in one
or more stages. Multistage processes here are advantageously operated
according to the countercurrent flow pﬁnciple whereby, following the cry-
stallization in each stage, the crystalline product is separated from the
residue and fed to whichever is the stage with the next highest degree of

10  purity, whereas the crystallization résidue is fed to whichever stage has the
next lowest degree of purity. Customarily, all stages which produce a
crystalline product which is purer than the crude acrylic acid solution feed
are called purifying stages while all other stages are called stripping stages.

Advantageously, a plurality of stages are operated in sequence in

1s the same crystallizer by intermediately storing the individual stagewise
fractions (crystallization product and residual melt or crystallization residue)

in containers. To minimize product losses, a high crystallization yield is
sought. However, the maximum yield obtainable is limited by the position

of the eutectic points between acrylic acid and its cocomponents. If a

20 eutectic composition is reached during the crystallization, no further separa-
tion takes place between acrylic acid and the corresponding impurity/cocom-
ponent. Crystallization trials with acrylic acid of differing purity showed that
even at impurity concentrations below the eutectic composition a dynamic
crystallization will only produce poorly adherent crystal layers. It is therefo-

25 re proposed that the dynamic crystallization residual melt be further worked
up in a static crystallization, as described in EP 0 616 998. Because of the
very slow layer formation, static crystallization will produce good layer
adhesion coupled with a good purifying effect. The static stages are integra-
ted into the overall process in accordance with the above-described counter-

30 current flow principle; that is, the static crystallization product of highest
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5 further al dehydes and nal ei c anhydride. The reaction product m xture

cust o- ; marily conprises, in each case based on the total reaction

m xture, from 0.05to 1 %by weight of propene and fromO0.05 to 1 % by
wei ght of acrolein, from0.01 to 2%lby wei ght of prop#hg, 065086512 t O '
20% by wei ght of water vapor, fromO0.05 to 15 % by wei ght of carbon
oxides, 10 from 10 to 90% by weight of nitrogen, fromO0.05 to 5% by

wei ght of oxygen, from0.05 to 2% by wei ght of acetic acid, fromO0.01l

to 2% by PHEINGHS Bd 9 oBe oftage dwhere theodymnuis cxystadlizationeprpductofof
f or mal dehyde, 0. 2% by, ' . Of hydes_an | sq, from
0.01 to 0. 5% KgVest 5"’"%". ‘8 ré)‘g%#&ﬁhla(g&cﬂ‘gﬁ ‘%é."ﬁk"gﬁzﬂm mﬁaﬁ 15’}th of
Step (b) conpldowess pusiep\is Med t@&h@@mgéiﬁhﬁ@ilﬂeéﬁiﬁesﬂéﬂ stas drBeproduced by

coconponents frgmthe reaction gas by absorption with a solvent. According
to the invent P@HC IHSRIHRALONSo| vents include in particular all high boiling

20 solvents, prefer . t ' kel I.nt. gbove. 1 rr] C

O parti - s cul ar g;gl(%ﬁ%% %":{sﬁ/} t|‘ilse rlg'hm“ﬂgxi% g‘r}g&mﬁgﬁ%ﬁ%ﬁ%@t ﬁ"érmagg&ﬁy

bi phenyl , espfilledilapparatue or by aweans iof isafiliingrvaittickié dili, XTHese twd metoly

wei ght di phenyl ether_ and 25% ) ..
are particularly quick and efficient. The number of crystallization stages
required depends on the degree of purity desired and is readily determin-
able. Advantageously, a seed layer is frozen prior to the start of the

10 crystallization.

Step _(e): |

If desired, the pure acrylic acid obtained in step (d) is esterified
according to known methods.

15 The process and an apparatus are described with reference to the
drawing, which illustrates a preferred embodiment of the invention.

In the drawing
Fig. 1 shows a block diagram of the process according to the present

invention,

20 Fig. 2 shows the interconnection of the apparatus according to the present
invention.

Referring to Fig. 1, the recycle gas, which consists essentially of
nitrogen, carbon oxides and unconverted starting materials, is compressed
and fed together with propene and air into a reactor where the heterogene- -

25 ously catalyzed oxidation of propenme to acrolein takes place. The resulting
intermediate reaction gas is supplied with further air in order that the
heterogeneously catalyzed oxidation of acrolein may be carried out in the
second reactor. '

The resulting hot gaseous reaction product comprising acrylic acid

1 is cooled down ahead of the absorption step by partial evaporation of the
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byﬁi ght bi phenyl". Herein the terms high boilers, nmedium
bollers ahd | ow boilers and 25 the corresponding adjectives high boiling,
medi um boi | ing and | ow boiling designate, respectively, conpounds wth
a higher boiling point than acrylic adtd (hi gh boi | ers) 0-Z0050465d3 wit h
approximately the same boiling point as acrylic acid (nedi um boilers);
and conpounds with a | ower boiling point than acrylic acid (Il ow

boi l ers). solvent in a direct condenser K9, the high boiling cocomponents of the
reaction product condensing into the unvaporized solvent. A bleed stream

from the direct condenser K9 is subjected to a solvent distillation in which

the solvent is distilled over and the high boiling cocomponents remain

s behind. The latter can be further thickened and disposed of, for example by

incineration.

Column K10 is subjected to a downflow of (unvaporized) solvent,
while the vaporized solvent and the gaseous reaction product are introduced
into column K10 at the base thereof and then cooled down to absorption

10 temperature. The cooling is effected by cooling cycles (mot shown). Not
only the vaporized solvent but also the acrylic acid and all high and medi-
um boiling cocomponents condense into these cooling cycles. After the
entire reaction gas stream has cooled down to the absorption temperature,
the actual absorption takes place. The rest of the acrylic acid remaining in

15 the reaction gas and also part of the low boiling cocomponents are ab-
sorbed. Then the unabsorbed, remaining reaction gas is further cooled down
in order that the condensable part of the low boiling cocomponents -may be
separated from the gas stream, shown in Fig. 1 as acid water quench. In
what follows, therefore, this condensate will be referred to as acid water.

20 The remaining gas stream, the recycle gas, can then be returned in part to

~ the reaction steps of Fig. 1 as diluting gas. |

The solvent loaded with acrylic acid and cocomponents is with-
drawn from the base of column K10 and fed to the desorption column K20.
There the loaded solvent is stripped by a part of the recycle gas taken

2s  from the oxidation stages of the largest part of the low boilers. Since major
quantities of acrylic acid are stripped off as well, this stream is recircula-
ted, for example back into the direct condenser KO9.

To enhance the desorption performance of column K20, the low
boilers present in the stripping gas are removed before introduction into

% column K20. Technically this is advantageously done by cleaning up the
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Advant ageously, the hot reaction gas obtained fromstep (a) is cool ed
down ahead of the absorption by partly evaporating the solvent in a

sui tabl e apparatus, for exanple a direct condenser or quench apparatus.

Equi prrent suitable for this purpose includ®s venturi washer©,Z.005046120-

s lumms or spray condensers. The high boiling coconponents of the reaction
gas of step (a) condense into the unvaporized solvent. In addition, the

partial evaporatjon of the solvent is a cleaning step for the solvent. In a
preferred emboSfiRRINE 83S {ha@ ¢qupiereuremnt wash| elumat K9 msing tqci@vqmd/aspb«en&ed

solvent, prefe A h ss flow into the absorption 10
colum, is w t ?Jav)[\;llqef éﬁl s%% IJE[Ql %&P@h Rgg‘avent cl eani ng st ep Thi s

i nvol ves di sti | | Innhet hemsptbmmtswpversdmnt eft¥fn Aoaded Gt f&gﬂé iagigng t he
hi gh boiling coconponents which, if necessary further thickened, can

be di sposed of and yirtually” fres gfdow bailers ds éﬁl@drawmf@ms@hwbaﬂe of the deserpon
serves to ayoi Hor?'&oﬁi‘@?f@bvﬂdy fed into Iﬁ’x%ﬁnsfiﬂ{t‘fﬁ&é R30! whRAY Y a;?rgférf rs in

t he sol vent™ stream sorp a (?ace I'n

count er cur r ent blgbg Gievei platecediuedmn. The hiphiilings scﬂvaftednabﬂﬁe PediuiD ®ilitgt h

val ve or dual flow plates and subjected to a downfl qw of (unvapor| zed)
sol vent. The geSEBPeNeTEs,c{foro exmpley Mmalei anhydride;gondgpssr iinted theo|basetofar e

I ntroduced at ééiﬁnﬂaii‘?o.oku{cﬁem‘éom W Wifildrawn at the top of column K30
still comprises significant amounts of low boiling cocomponents, this low
10 Dboiler content is advantageously reduced by further lengthening the rectifying
section of column K30 and withdrawing the acrylic acid from the column
as a sidestream. This acrylic acid is known as crude acrylic acid.
The light-rich stream withdrawn at the top of distillation column

K30 still contains acrylic acid and is therefore advantageously recycled back

15 into the absorption column K10.

The solvent withdrawn from the base of distillation column K30,
which is free of low boilers and almost free of acrylic acid, is mostly fed
into the countercurrent wash column K19 in order, as mexitioned above, that
the low boilers may be washed out of the stripping gas stream which leads

20 into desorption column K20. The almost acrylic-acid-free solvent is then fed
to absorption column K10. A small bleed stream of the almost acrylic-acid-
free solvent from the base of distillation column K30 is used for subjecting
the acid water, which still contains acrylic acid in solution, to an extractive
treatment. In this acid water extraction, part of the acrylic acid is recovered

25 from the acid water and, in the other direction, the acid water extracts all
polar compopents from the solvent bleed stream. The resulting acid water
can be prevaporized and then incinerated.

The crude acrylic acid obtained from the sidestream of distilla_tion
column K30 is then subjected to a dynamic crystallization and a static

30 crystallization. Depending on the desired acrylic acid purity requirements, it

i il




cool ed down to absorption tenperature. The cooling is advantageously 20
effectéd-by cooling cycles; that is, hot solvent is withdraw from the
colum, cool ed down in heat exchangers and reintroduced into the col umm
at a'point above its point of withdrawat.l4Besides acrylic &:%.d0050MeHe

sol vent cooling cycles will condense | ow, high and nedi um boiling
coconponent s and al so vapori zed solvent. As soon as the reaction gas
stream has been 25 cool ed down to the absorption tenperature, the_actual
absor ption taRas gsacke sufficientsior KAFY OHE & dlynapic cRystallizationc ogly. g The

oo o, kBl W 4EAaP cur B, ) MIEBSUL Y8
(a) is furthemeans ofo®! fallingo¥itinj 'Ther Aembéhal driwalliznidansabese varies agfat he
| ow boiling coconpo- 30 nents thereof, especially water, formaldehyde and
acetic acid, fingtipa of the desired acrylic acid pun?y. Preferably, the dynamic crystalli-
REPLACEMENT SLEFL constructed as a heat exchanger. If desired, the resulting pure acrylic
acid can then be esterified with alcohols to form the desired acrylates.
The process of this invention thus offers the following advantages:
- lower yield losses through the combined use of dynamic and static
crystallization;
10 - better acid or ester quality, since the propionic acid can be separated
off by crystallization. Propionic acid would be esterified to malodorous
propanates in the acrylic ester production stage and would therefore be
unwelcome in the end products in any event; '
- no need for the addition of a chemical reagent to remove aldehydes;
1s - no need for acetate distillation on further processing the acid to esters;
- lower alcohol consumption at the esterification stage.
The examples which follow illustrate preferred embodiments of the
invention.
A Miniplant produced 426 g of acrylic acid per hour. The inter-
20 connection of the apparatus, the flow rates and the operating parameters
employed can be seen in Fig. 2. This figure illustrates the separating steps
of Fig. 1 in the form of apparatus bearing the same designations. The
oxidation of propene with air via acrolein was effected in two successive
reaction tubes 26 mm in diameter with a catalyst bed length of 2.5 m. The
25 first tube was packed with a surface-impregnated catalyst as described in EP
575 897, and the second reaction tube contained a surface-impregnated
catalyst as déscribed in EP 609 750. Columns K10, K20 and K30 were
mirror-finished or thermostatted laboratory columns 50 mm in diameter. The
direct condenser K9 was a venturi washer. Columns K10 and K20 were

3 packed with 5 mm metal coils. Distillation column K30 was packed with
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-7- ‘ separated off by condensation. Hereinafter this condensate
w |l be known as acid water. The remai ning gas stream hereinafter
call ed recycl e gas, con- sists predom nantly of nitrogen, carbon
oxi des and unconverted starting matSeri al s. Pref er abl 9.Z. tongo/46819ycl e
gas is partly recirculated into the reaction 5 stages as diluting gas.

A solvent stream | oaded with acrylic acid, high and nedi um boi l'i ng
| ow boi |l i ng coconpo-

coconponents and al so a small proportion of ocon ]
nents is vmthcﬁ‘%PlF%rﬁdPﬁgh‘a‘é{s%h‘gf) made of| matal.u Thel perforatiops (in) thersigvei n
a preferred ergindd Wepé Qbht i Nk d Lhegted to a desorption. Ad-
10 vant ageou?liy, this sgesodri%t *a %&iésf ;ﬁjg%hr i%e o@tﬂﬁr n a colum, which is
preferably equi pped with valve or dual flow plates but can al so be
equi pped with . dunmped, or, ordered packing, in the presence of a
Dypamic, erystallization i o gas used can be any inert gas or gas

stripping gas
mxture; preference irhe JiyiBithit Ocrystallization was carried out in a crystallizer as
described in DE-A 26 06 364 (BASF) using a fully filled tube. The crystal-
lizer data were as follows:
-  two-pass with one tube (internal diameter 26 mm) per pass,
- tube length 5 m,
10 -  primary-circuit pump as centrifugal pump with speed control,
-  plant volume about 11 1 on the primary side,
- freezeout rate about 45% (freezeout rate = mass of crystallized pro-
duct/mass of crude melt),
- 4 stage vessels each 100 1 in volume,
1s - plant temperature control by refrigerating unit and 4 bar steam via heat
exchanger.
The plant was controlled via a process control system, and the

program sequence for one stage was as follows:

1. Filling of primary circuit.
20 2. Emptying of primary circuit and freezing out a seed layer.
3. Raise temperature to about 2°C below melting point.
4. Fill primary circuit until crystallization occurs.
5. Crystaliize (temperature program).
6. Pump down residual melt when crystallization has ended.
2s 7. Raise temperature to melt the crystal layer.
8. Pump down molten crystallized product.
9. Start of a new stage.
The temperatures, pressures, volume flows depend on the stage to
be operated.
30
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using a gas mxture of air and nitrogen or recycle gas, since the latter is
15. obtarned in step (a) in the course of part of the solvent being
vaporized. In the desorption step, part of the recycled gas w thdrawn
ahead of step (a) strips the | oadedlésol vent of the buD.R. 8950/46819 ow
boil ers. Since major quanti - ties of acrylic acid are stripped out as
well in the course of the desorption step, it nmakes econom c sense
not to discard this stream hereinafter called 20 strip recycle gas, but
to recircul at Static layer exystallization: o t he st age where the parti al

vapori zation of the v lLace i a .1 QN -
| um. Since the stri gglkngﬁétaggﬁ%%ar@go?u@ﬁsg %gyépgbeggéghﬁkgt ﬂ%ﬁe cocfnt ai ns
si gnificant argasst withf ahointéraal @ismetdihafp80 f mmredide aolerighte sfegonpt IThe

col um can be enhanceddgy removing the low boilers fromthe stripping gas
25 before it ¢mperaRySAfcthe Frysiallizee wan ¢anfrolicdc Miai aaiarkett made jof glass.

advant ageoys! ¥rme i1l OKI° oP ¥ne' | EfNIiEEr ! Pars B B0eh! P10 RY 5091 k&rﬁb]{e%.pTPg)

countercurrent was t e°solvent“recovéred in s

descri bed bel Qbm?erature of the plaft 9@t \vontroléd adamal progfanmed théremostat.c Thei d and
virtually free of |ow boi |l ers can then he withdrawn fromthe base of
t he desor pti ofreszgoyfnfatesafter the sweating) was about 50%. The program sequence

for one stage was as follows:
1. Filling the crystallizer.
10 2. Adjusting the temperature of the apparatus with contents to about 1 K
above melting temperature.
Crystallize (temperature program).
Discharge residual melt after crystallization has ended.
Sweating (temperature program).
Melt off crystallized product.
Start of a new stage. _
The temperatures depend on the stage to be operated.

i5

N9 v rw

Example 1
20 426 g/h of crude acrylic acid were withdrawn from the sidestream

of the distillation column K30 in a quality as reported below in table 1.

Example 2
The crude acrylic acid mentioned in Example 1 was purified in

2s one of the above-described dynamic crystallization stages. A pure acrylic
acid was obtained in a purity of 99.95% by weight with a propionic acid
content of 51 weight ppm and an acetic acid content of 345 weight %
ppm. The crystallization residue of this purification stage was further wor-
ked up in three dynamic and two static crystallization stages. The purity

30 of the pure acrylic acid obtained in this way is shown in the table below.

i T
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Step (c): In step (c), acrylic acid is separated fromthe

.sol vent together with t he medi um boi l i ng conponents and the | ast rest
of I ow boiling coconpo- nents by distillation, for which in principle
any distillation colum can be 5 used. !PPreference is gi ve# 08504651y a
col um having sieve plates, for ex- anpl e dual flow plates or
cross-flow sieve plates nade of netal. In the rectifying section of
the columm, the acrylic acid is distilled free of the sol vent and the

medi um boi | i ng coconponent s, such as nal/l@ble anhydride. To

Propionic acid |Acetic acid

in ppm

As can be seen from the table, the combined use of dynamic and
smﬁdcuyﬂaﬂhaﬁonl&uk to a very pure acrylic acid. More particularly, the
propionic acid content (which would lead to malodorous propionates in

10 acrylic ester production) was reduced to a quarter of its original value,
which would not have been possible by distillation, even at prohibitive cost.
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reduée the Tow ow‘ﬁo—ll—ers*crmt ent of the acrylic acid, it is advantageous to

Ieng ng section of the colum and to withdraw the
acryl iC , ﬂ", 'ﬂﬁﬁw 'he colum as a sidestream This acrylic acid wll
' id, regardl esg. dosdres19

i n what call ed crude acryli-c acid,

purity. At the top of the colum, a streamrich in | ow
boilers is then wi thdrawn following a partial condensation. Since,
however, this streamstill 15 <contains acrylic acid, it is advantageously
not di scarded, BASFr Aktierigestlisctiaft t he absorption sted7( December 1996

At the base of the colum the solvent, which is fNRE19950627Y8G G/MEUbI/&Y S
and al nost free of acrylic acid, is withdrawn and preferably predo-
m nantly recycl ed into the countercurrent wash col unm, where the stripping

20 gas of ste cleaned up, in order that the | ow boilers may be
washed out of ?iﬁ‘g stripping gas. The al nost acrylic-acid-free solvent
Is then fed 40 t he absorption col um. In a preferred
enbodi ment of t invention, the acid water, which may still contain

acrylic acid i soﬁuprqsﬁss for prepating: aqrglic acideandier @ters, compaisingothe sepseam
of the alnmpst acryl¢c-acid-free solvent. In this acid water extraction,
part of the acrylic acid is extracted into the solvent and thus recovered

(a) catalytic gas phase oxidation of propene and/or acrolein to

acrylic acid to obtain a gaseous reaction product comprising

10 acrylic acid,
(b) - solvent absorption of the reaction product,
(©) distillation of the solvent loaded with reaction product in a
column to obtain a crude acrylic acid and the solvent,
()} purification of the crude acrylic acid by crystallization and
15 (e optionally esterification of the crystalline acrylic acid.

2. A process as claimed in claim 1, wherein a high boiling solvent,
especially a mixture of diphenyl ether and biphenyl, is used in step
®).

20

3. A process as claimed in claim 1 or 2 with one or more of the follo-
wing features: '

- the reaction product is cooled ahead of step (b) by contacting it
with the solvent and evaporating part of the solvent,

25 -  the absorption of step (b) is carried out as countercurrent absorp-
tion in an absorption column,

- the bottom product of the absorption column is subjected to a
desorption ahead of step (c) to remove low boiling secondary
components,

30 -  the product obtained at the top of the distillation column in step
(c) is recycled into step (b),

____________ _ THIS SHEET Hasasiqj

— o Reraced REPLACED

\\\\\\\\\\\\\\\\\\\\\ I




from t‘h’é—aﬁ—@—%{—eu:l;l_a_teturn the acid water extracts the polar nedium

boi l'i ng onents fromthe solvent stream and hence avoids a buil dup of

these ’TF' J’u“"utmnfol vent cycle. The resulting acid water stream of
rs may be concentrated, which is requbd.zedosorepiarti -

REPLACENENT SHEET -9 -

cul ar where envigonnental protection requirenents exist. This makes it

possi ble to nmeet¥ even the tough requirenents of U S. hazardous waste | aw.
The crude acrylic aeid thbipadduet! obtainedept the) basengfr theedistillationacolunmsin step

(¢) is recycled into the absorption step (b),
- in step (c) crude acrylic acid is removed from the distillation

column as a sidestream.

4. Process as claimed in one of claims 1 to 3, wherein in step (d) a
fractional crystallization by a combination of dynamic and static crystal-

. lization is employed.

10 5. A process as claimed in claim 4, wherein, in step (d), the dynamic
crystallization residue is subjected to a static crystallization and the
static crystallization product is subjected to dynamic crystallization.

6. A process as claimed in claim 5, wherein the dynamic crystallization
15 is carried out with a full flow apparatus or by means of a falling film.

7. A process as claimed in any of claims 4 to 6, wherein the dynamic
and/or static crystallizations of step (d) are carried out as countercurrent

crystallizations.
20
8. Apparatus for preparing acrylic acid, comprising in the following order:
- at least one reactor for a catalytic gas phase reaction,
- ‘an absorption column,
- a distillation column,
25 - at least one dynamic crystallizer and at least one static crystallizer,
and
- at least one intermediate storage vessel.
9. Apparatus as claimed in claim 8 with one or more of the following
30 features:
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based on themdexac.qu c acid, preferably from98 to 99.8% by wei ght,

partl from98.5 to 99.5% by weight, of acrylic acid and from 0. 2
mm m n particular fromO0.5 to 1.5% by weight, of

| rrpurl ties, ’H for exanple, -acetic acid, al dehygdesomodssial ei c

anhydri de. ThIS § acryllc acid may if desired be used for

esterification, when purity require- ments are not very high. 10

In step (d) the crude acrylic acid fromstep (c) is further purified

by crystallization, pa eflmcalﬁbyddmemﬁmnﬂleopamacmmaiomlof/ﬂ)weht isitprovi- by a

conbi nati on of dynam d static cr ta I|za ion. The type of namn c or

dod’ s o8 e b

15 static crystalliz OYReD o thes © ‘Sugf%d{ A% TERRIOL IpteR i on.
In static crystallizatdi@mn(for exanple US 3 597 164 and FR 2 668 946)
the liquid phase is nmoved only by free convection, whereas in dynami c

crystallization the |ﬂ1qmbaomhaaecoimmsdnsuyacwedraseal counteestent absirption
| atter can take the foriu f aforced flowin fully filled apparatus (cf. DE
20 26 06 364) or theapptication of a trickle or falling filmto a cool ed

wal | - a desorption column is provided between the absorption column

and the distillation column,
-  the distillation column is equipped with sieve plates,
- the dynamic and/or static crystallizers are constructed as heat
10 exchangers.
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(DT 1 769 123 and EP 218 545). According to the invention,
preferably the crude acrylic acid to be purified is introduced into
the crystallizer in liquid phase and then a solid phase which differs
in'composition fromthe liquid phase introguced is 25 frozeg z0whsopdssiohe
cool ed surfaces. Once a certain proportion of the acrylic acid used
has been frozen out (advantageously within the range fromb50 to 80%
especially 60-70%, the remaining |iquid phase is separated off. This

I s advant ageouBASE Qditiengeselisohafty t he residual phase away7oDecdmtRew 1996 t
to flow away. The crystallization step can be fol | quggidd50k2 MR IsT | ca-
30 tion steps such as the so-called washing of the crystal ayer (cf. DE

Abstract

A process for preparing acrylic acid and/or esters comprises the
steps of:

(a) catalytic gas phase oxidation of propene and/or acrolein to acrylic acid
10 to obtain a gaseous reaction product comprising acrylic acid,
(b) solvent absorption of the reaction product,
(c) distillation of the solvent loaded with acrylic acid to obtain a crude
acrylic acid and the solvent,
(d) purification of the crude acrylic acid by crystalhzanon and
is (e) optionally esterification of the crystallme acrylic acid.
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1/2 0.2. 0050/46319

-10- 3'7UB“7097‘Dr the so-called sweating, i.e. a partial
nEItanMQmﬁawﬁsE&ﬂh nat ed:erystial -areas. Advant ageously, the
crystall s fol | owed by a sweating step when the overal
purlfyl step is to be i pr oved. 5

or

stalllzatlon cap each bgcarriled out in one
NUItlstage processes herp are ad antageously operated g

m@éreigg.i;iLﬂMLng,Inb cry-

is separated fr@mthe

Dynami c an
nore stages.
according to the countercurrent flow
stallization in each stage, the crygf
resi due and fed to whichever i's thegstage wt next hi ghest degffee of
10 purity, whereas the crystallizatijon resid ed to whi chever stage

has t he next | owest degree of . urity. Custigmarily, all stages which
ich is puger than the crude acrylic

produce a crystalline product
acid solution feed are calledopurlfylng while all other stages
are called stripping stages. Ad anéag ously, a pIuraJﬁty of
stages are operated in sequence in ﬁE__Lhﬂ_saTemgry ~
intermediately storing the |nd|V|dgaI st agew| s&z N
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fractions (cryStaIIization product and residual
To m nim ze product
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crys Idis 3
is | 05|t|onu
and

I ts cocomponents.
no furtheH e

crystallization,

acid and the correspondlnghlr &ity/ cocom
i ffering purity showed that

v t he eutectic conposition a dynam c o

trials with acrylic acid oﬁ qli

sought .

However ,
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N . . AY0003 -
purity - is fed to the stage where the dynam c crystallization pr t of
| owest purity is produced, and the dynam c crystallization residu 'r’f‘é’lﬁ‘“of
| owest purity is fed to the stage where the purest crystals are produced by

static crystallization. 5 Advant ageously, the dynam c
crystallization is carried out in a fullly- filled apparatus_or by
means of a falling or trickle film These two nethods ENTESHEET
particularly quick and efficient. The nunber of crydt EPLACEM jed
s readily detqrin-

requi red depends on the degree of purity desired and
abl e. Advantageously, a seed |layer is frozen prior tjo t N MAY 11987 tlhe

Preparation of acrylic acid and esters

10

The present invention relates to a process and apparatus for prepa-
ring acrylic acid and esters. |
15 Acry_lic acid is an important basic chemical. Owing to its very
reactive double bond and the acid function, it is suitable in particular for
use as monomer for preparing polymers. Of the amount of acrylic acid
monomer produced, the major part is esterified before polymerization, for
example to form aci'ylate adhesives, dispersions or coatings. Only the
20 smaller part of the acrylic acid monomer produced is polymerized directly,
for example to form superabsorbents. Whereas, in general, the direct poly-
merization of acrylic acid requires high purity monomer, the acrylic acid for
conversion into acrylate before polymerization does not have to be so pure.
It is common knowledge that acrylic acid can be produced by
25 heterogeneously catalyzed gas phase oxidation of propene with molecular
oxygen over solid catalysts at temperatures between 200 and 400°C in two
stages via acrolein (cf. for example DE-A 19 62 431, DE-A 29 43 707,
DE-C 1 205 502, EP-A 257 565, EP-A 253 409, DE-B 22 51 364, EP-
A 117 146, GB-C 1 450 986 and EP-A 293 224). The catalysts used are
30 oxidic multicomponent catalysts based for example on oxides of the elements
molybdenum, chromium, vanadium or tellurium.
DE-C 21 36 396 discloses removing acx‘ylig acid from the reaction:
gases obtained in the catalytic oxidation-of ---pi'opene;f: or acrolein by a coun-"



‘ [
10 crystallizati on. Step (e): IfRHSAGEMENTtSﬁEE ute
acrylic acid obtained in step (d) is esterified a rding to kng
met hods. 15 The process and an apparatus gr dﬁéCﬂMaq%'yvith
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s and with further process steps is the production of solids in the apparatus,
which reduces plant availability. According to DE-A 43 08 087, the amount
of these solids can be reduced by adding to the relatively apolar solvent
mixture of diphenyl ether and diphényl a polar solvent, such as dimethyl
phthalate, in an amount of from 0.1 to 25% by weight.

10 Apart from the above-described absorption of the reaction product
comprising acrylic acid into 4 high boiling solvent mixture, other existing
processes involve a total condensation of acrylic acid and of the water of
reaction also formed in the course of the catalytic oxidation. The result is
an aqueous acrylic acid solution which can be further worked up by distilla-

15 tion with an azeotropic agent (cf. DE-C 34 29 391, JA 11 24 766, JA
71 18 766, JA 71 18 966-R, JA 71 18968-R, JA-72 41 885) or by an
extraction process (cf. DE-A 2 164 767, J5 81 40-039, J4 80 91 013). In
EP-A 551 111, the mixture of acrylic acid and byproducts from the cataly-
tic gas phase oxidation is contacted with water in an absorption tower and

20 the resulting aqueous solution is distilled in the presence of a solvent which

" forms an azeotrope with polar low boilers such as water or acetic acid.

" DE-C 23 23 328 describes the removal of acrylic acid from an aqueous
acrylic acid esterification waste liquor or an aqueous acrylic acid solution as
formed in acrylic acid production by oxidation of propene or acrolein by

25  extraction with a specific mixture of organic solvents.

Regardless of the type of the acrylic acid production processes
described above, the quality of acrylic acid obtainable thereby is ‘generally
not sufficient to be able to polymerize saleable products therefrom. Any
further processing into polyacrylic acid is hampered in particular by the

30 catalytic gas phase oxidation byproducts of acetic acid, propionic acid and
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aldehydes. It is known to remove aldehydes by chemical pretreatment with
AGHC (aminoguanidine hydrogen carbonate) or NH,NH, (cf. for example
EP-A 270 999, PT-78 759-A, PT 81 876-A, US-37 25 208-S) and further
distillative workup steps (low boiler distillation and acrylic acid purification).
Acrylic acid purified in this way is suitable for example for preparing
superabsorbents. It is also known to remove acetic acid from the acrylates
after the esterification by distillation.

Even if the acrylic acid is not used as a direct starting material
for the production of polyacrylic acid, but is esterified before further
processing, which is true of the bulk of the world’s crude acid production,
the abovementioned cocomponents acetic acid, propionic acid and aldehydes
interfere.

Thus, in virtually all further processing options for acrylic acid the
same cocomponents, namely acetic acid, propionic acid and aldehydes,
interfere. A distillation of acrylic acid is problematical on account of the
high temperature stress and the associated strong tendency for the acrylic
acid to form dimers, oligomers or polymers. Nor can cocomponents with a
similar boiling point, especially propionic acid, be separated off in the
distillation of acrylic acid (boiling point of acrylic acid 141.6°C, boiling
point of propionic acid 140.9°C). -

It is an object of the present invention to provide a process for

'.preparing acrylic acid or esters whereby the abovementioned interfering

secondary components are removed and acrylic acid of different grades can
be provided very flexibly, as required.

We have found that this object is achieved when crude acrylic acid
obfained by catalytic gas phase oxidation of propene and/or acrolein, sub-

sequent absorption into a solvent and distillation of the acrylic acid/solvent

mixture is purified by fractional dynamic and static cr_ystallization.
The present invention accordingly provides a process for preparing

acrylic acid and/or esters, comprising the steps of:

het er ogeneousl y catal yzed oxi dation of acrol ein may be RERLACEMENIUSHEET t|he
second reactor. The resulting hot gaseoup | ' ct
- conprising acrylic acid 30 is cooled down ahead of the}a i stleg b
. partial evaporation of the solvent ip p gﬁf§@$A@§Zd ngery
K9, the high boiling coconponents of the - reacti pn sj ng
I nto the unvaporized solvent. A bleed stream frpmthe direct
condenser K9 is subjected to a solvent distillation i k—#htech



the solvent is distilled over and the high boiling cgtT T T s
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actual absorption takés place rest o Ic adid remaining in 15
t he reacti on(bjasolyant absogptioar of dhe trdmtibmvprbducltl ng coconponents are ab-

sor bed. Then he.u absor he remai ni n ctiopn gas is further cool ed down
in order tha t@@ﬂ%ﬁ?éﬂ‘f é°lﬁﬁ?‘tfgﬁ4e%t é‘ﬁ SAFHRS Pradyclc e ebBisha firddaray be
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what foll ows herefore, this condensate will be referred to as acid water.

20 The renma{d)i tpgnijmlont oo the crude aceylicc lacidgbys crystailizdvion fed ret urned in part
to the {e?a% ll?[f.(ea erific c];mgrll St Lﬁe ac%ysctjalllnlxjé Iagg/lgagéid.
The present invention also provides an apparatus for carrying out
the process of the invention. Preferred embodiments of the invention are

10 defined in the corresponding subclaims.

Step (a):
According to the invention, the catalytic gas phase reaction of

propene and/or acrolein with molecular oxygen to form acrylic acid can be

15 effected accordiﬁg to known processes, especially as described in the above-

cited references. The reaction is preferably carried out at from 200 to

400°C. The heterogeneous catalysts used are preferably oxidic muiticompo-

nent catalysts based on oxides of molybdenum, chromium, vanadium and/or
tellurium.

20 The conversion of propene to acrylic acid is strongly exothermic.

The reaction gas, which in addition to the starting materials and products

"advantageously comprises a diluting gas, for example recycle gas (see

below), atmospheric nitrogen and/or water vapor, can therefore absorb only

a small part of the heat of the reaction. Although the nature of the reactors

2s used is in principle not subject to any restriction, it is most common to use

tube bundle heat exchangers packed with the oxidation catalyst, since with

this type of equipment the predominant part of the heat produced in the

reaction can be removed to the cooled tube walls by convection and radia-

tion.



The solvent |oaded with acrylic acid and coconpon ] - dr awn
fromthe base of colum K10 and fed to the desorptig?ipl:’g} Lﬁ[qﬁlé'é)E.ET :
There the | oaded solvent is stripped by a part of |thHe recycl e gas|taken 25

fromthe oxidation stages of the largest part of tlhd |9y MaYI199%. [Sijnce

maj or quantities of acrylic acid aredstripped jofiff as well, thils|stream
I's recircul a- ted, for exanple back into the di rect—Tondenser K9.
To enhance the desorption perfornmance of col umm 0, the | ow boijl ers

Gol urm K20, ' Techni cHEHFYER; 8P A IS AESLENS AUHUC DI S hoBastotehe
oRngsEg/ggr; Shixtute which in addition to acrylic acid can substantiall_ylg{clude as cocom-
ponents unconverted acrolein and/or propene, water vapor, carbon monoxide,
carbon dioxide, nitrogen, oxygen, acetic acid, propionic acid, formaldehyde,
s  further aldehydes and maleic anhydride. The reaction product mixture custo-
marily comprises, in each case based on the total reaction mixture, from
0.05 to 1% by weight of propene and from 0.05 to 1% by weight of
acrolein, from 0.01 to 2% by weight of propane, from 1 to 20% by
weight of water vapor, from 0.05 to 15% by weight of carbon oxides,
10 from 10 to 90% by weight of nitrogen, from 0.05 to 5% by weight of
oxygen, from 0.05 to 2% by weight of acetic acid, from 0.01 to 2% by
weight of propionic acid, from 0.05 to 1% by weight of formaldehyde,
from 0.05 to 2% by weight of aldehydes and also from 0.01 to 0.5% by
weight of maleic anhydride.
15
“Step (b)

Step (b) comprises removing the acrylic acid and part of the
cocomponents from the reaction gas by absorption with a solvent. According
to the invention, suitable solvents include in particular all high boiling

20 solvents, preferably solvents having a boiling point above 160°C. Of parti-

cular suitability is a mixture of diphenyl ether and biphenyl, especially the

- commercially available mixture of 75% by weight diphenyl ether and 25%
by weight biphenyl.

Herein the terms high boilers, medium boilers and low boilers and

25 the corresponding adjectives high boiling, medium boiling and low boiling
designate, respectively, compounds with a higher boiling point than acrylic
acid (high boilers); compounds with approximately the same boiling point as
acrylic acid (medium boilers); and compounds with a lower boiling point

than acrylic acid (low boilers).
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partial evaporation of the solvent is a cleaning step for the solvent. In a
preferred embodiment of the invention, a bleed stream of the unvaporized
solvent, preferably from 1 to 10% of the mass flow into the absorption
column, is withdrawn and subjected to a solvent cleaning step. This involves
distilling the solvent over to leave a residue comprising the high boiling
cocomponents which, if necessary further thickened, can be disposed of, for
example incinerated. This solvent distillation serves to avoid an excessively
high concentration of heavy boilers in the solvent stream.

The absorption takes place in a countercurrent absorption column
which is preferably equipped with valve or dual flow plates and subjected
to a downflow of (unvaporized) solvent. The gaseous reaction product and
any vaporized solvent are introduced at the base of the column and then
cooled down to absorption temperature. The cooling is advantageously
effected by cooling cycles; that is, hot solvent is withdrawn from the
column, cooled down in heat exchangers and reintroduced into the column

'.at a point above its point of withdrawal. Besides acrylic acid, these solvent

cooling cycles will condense low, high and medium boiling cocomponents
and also vaporized solvent. As soon as the reaction gas stream has been
cooled down to the absorption temperature, the actual absorption takes place,

25
absorbing the rest of the acrylic acid remaining in the reaction gas and also
part of the low boiling cocomponents.

The remaining, unabsorbed reaction gas of step (@) is further
cooled down in order that the condensable part of the low boiling cocompo-

30 nents thereof, especially water, formaldehyde and acetic acid, may be
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“?ﬁﬁgyaggg} redki r & gecyeleqgdsuls partlycrpgirpelatedt i mto ithe reaction

stages as diluting gas.
A solvent stream loaded with acrylic acid, high and medium

boiling cocomponents and also a small proportion of low boiling cocompo-
nents is withdrawn from the base of the column used in step (b) and, in
a preferred embodiment of the invention, subjected to a desorption. Ad-
vantageously, this desorption is carried out in a column, which is preferably
equipped with valve or dual flow plates but can also be equipped with
dumped or ordered packing, in the presence of a stripping gas. The strip-
ping gas used can be any inert gas or gas mixture; preference is given to
using a gas mixture of air and nitrogen or recycle gas, since the latter is
obtained in step (a) in the course of part of the solvent being vaporized. In
the desorption step, part of the recycled gas withdrawn ahead of step (a)
strips the loaded solvent of the bulk of the low boilers. Since major quanti-
ties of acrylic acid are stripped out as well in the course of the desorption
step, it makes economic sense not to discard this stream, hereinafter called
strip recycle gas, but to recirculate it, for example into the stage where the
partial vaporization of the solvent takes place, or into the absorption co-

‘jumn. Since the stripping gas is part of the recycle gas, it still contains

significant amounts of low boilers. The performance of the desorption
column can be enhanced by removing the low boilers from the stripping gas
before it is introduced into the column. Technically this is advantageously
done by cleaning up the stripping gas in a countercurrent wash column with
the solvent recovered in step (c) described below.

A solvent stream loaded with acrylic acid and v1rtually free of low
boilers can then be withdrawn from the base of the desorption column.

t hat

~ the low boilers may be washed out of the stripping| g8EPLACEMENT BHEET | eads
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The process o{' this invention thus offers the followi
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P negts gy distillation, for wh(x;z:h in principle any distillation column can be .

s used. Preference is given to using a column having sieve plates, for ex-
a'niple dual flow plates or cross-flow sieve plates made of metal. In the
rectifying section of the column, the acrylic acid is distilled free of the
solvent and the medium boiling cocomponents, such as maleic anhydride. To
reduce the low boilers content of the acrylic acid, it is advantageous to

10 lengthen the rectifying section of the column and to withdraw the acrylic
acid from the column as a sidestream. This acrylic acid will in what
follows be called crude acrylic acid, regardless of its purity.

At the top of the column, a stream rich in low boilers is then

withdrawn following a partial condensation. Since, however, this stream still

1s contains acrylic acid, it is' advantageously not discarded, but recycled into
the absorption step (b).

| At the base of the column the solvent, which is free of low

boilers and almost free of acrylic acid, is withdrawn and preferably predo-

minantly recycled into the countercurrent wash column, where the stripping

20 gas of step (b) is cleaned up, in order that the low boilers may be washed
out of the stripping gas. The almost acrylic-acid-free solvent is then fed to

'.the absorption column.
In a preferred embodiment of the invention, the acid water, which
may still contain acrylic acid in solution, is extractively treated with a small
2s  stream of the almost acrylic-acid-free solvent. In this acid water extraction,
part of the acrylic acid is extracted into the solvent and thus recovered
from the acid water. In return, the acid water extracts the polar medium
boiling components from the solvent stream and hence avoids a buildup of
these components in the solvent cycle. The resulting acid water stream of

3% low and medium boilers may be concentrated, which is required in parti-
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10
Step (d):
In step (d) the crude acrylic acid from step (c) is further purified
by crystailization, preferably by means of fractional crystallization by a
combination of dynamic and static crystallization. The type of dynamic or
1s  static crystallization used is mot subject to any special restriction.
In static crystallization (for example US 3 597 164 and FR
2 668 946) the liquid phase is moved only by free convecﬁon, whereas in
dynamic crystallization the liquid phase is moved by forced convection. The
latter can take the form of a forced flow in fully filled apparatus (cf. DE
20 26 06 364) or the application of a trickle or falling film to a cooled wall
(DT 1 769 123 and EP 218 545).
| According to the invention, preferably the crude acrylic acid to be
purified is introduced into the crystallizer in liquid phase and then a solid
phase which differs in composition from the liquid phase introduced is
25 frbzen out at the cooled surfaces. Once a certain proportion of the acrylic
acid used has been frozen out (advantageously within the range from 50 to
80%, especially 60-70%), the remaining liquid phase is separated off. This
is advantageously done by pumping the residual phase away 6r allowing it
to flow away. The crystallization step can be followed by further purifica-
3% tion steps such as the so-called washing of the crystal layer (cf. DE
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3 708 709) or the so-called sweating, i.e. a partial meiting-off of contami-
nated crystal areas. Advantageously, the crystallization step is followed by
a sweating step when the overall purifying effect of a step is to be im-
proved.

Dynamic and static crystallization can each be carried out in one
or more stageé. Multistage processes here are advantageously operated
according to the countercurrent flow principle whereby, following the cry-
stallization in each stage, the crystalline product is separated from the
residue and fed to whichever is the stage with the next highest degree of
purity, whereas the crystallization residue is fed to whichever stage has the
next lowest degree of purity. Customarily, all stages which produce a
crystalline product which is purer than the crude acrylic acid solution feed
are called purifying stages while all other stages are called stripping stages.

Advantageously, a plurality of stages are operated in sequence in
the same crystallizer by intermediately storing the individual stagewise
fractions (crystallization product and residual melt or crystallization residue)
in containers. To minimize product losses, a high crystallization yield is
sought. However, the maximum yield obtainable is limited by the position
of the eutectic points between acrylic acid and its cocomponents. If a
eutectic composition is reached during the crystallization, no further separa-
tion takes place between acrylic acid and the corresponding impurity/cocom-

"ponent. Crystallization trials with acrylic acid of differing purity showed that

even at impurity concentrations below the eutectic composition a dynamic
crystallization will only produce poorly adherent crystal layers. It is therefo-
re proposed that the dynamic crystallization residual melt be further worked
up in a static crystallization, as described in EP 0 616 998. Because of the
very slow layer formation, static crystallization will produce good layer
adhesion coupled with a good purifying effect. The static stages are integra-
ted into the overall process in accordance with the above-described counter-
current flow principle; that is, the static crystallization product of highest
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Advantageously, the dynamic crystallization is carried out in a fully
filled apparatus or by means of a falling or trickle film. These two methods
are particularly quick and efficient. The number of crystallization stages
required depends on the degree of purity desired and is readily determin-
able. Advantageously, a seed layer is frozen prior to the start of the

crystallization.

Step (e):

If desired, the pure acrylic acid obtained in step (d) is esterified
according to known methods.

The process and an apparatus are described with reference to the
drawing, which illustrates a preferred embodiment of the invention.

In the drawing
Fig. 1 shows a block diagram of the process according to the ptesexit

invention, | _
Fig. 2 shows the interconnection of the apparatus according to the present

invention.,

Referring to Fig. 1, the recycle gas, which consists essentially of
nitrogen, carbon oxides and unconverted starting materials, is compressed
and fed together with propepe and air into a reactor where the heterogene-

ously catalyzed oxidation of propeme to acrolein takes place. The resulting

intermediate reaction gas is supplied with further air in order that the.

heterogeneously catalyzed oxidation of acrolein may be carried out in the

second reactor.
The resulting hot gaseous reaction product comprising acrylic acid

is cooled down ahead of the absorption step by partial evaporation of the
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solvent in a direct condenser K9, the high boiling cocomponents of the
reaction product condensing into the unvaporized solvent. A bleed stream
from the direct condenser K9 is subjected to a solvent distillation in which
the solvent is diétilled over and the high boiling cocomponents remain

s behind. The latter can be further thickened and disposed of, for example by
incineration.

Column K10 is subjected to a downflow of (unvaporized) solvent,
while the vaporized solvent and the gaseous reaction product are introduced
into column K10 at the base thereof and then cooled down to absorption

10 temperature. The cooling is effected by cooling cycles (not shown). Not
only the vaporized solvent but also the acrylic acid and all high and medi-
um boiling cocomponents condense into these cooling cycles. After the
entire reaction gas stream bas cooled down to the absorption temperature,
the actual absorption takes place. The rest of the acrylic acid remaining in

1s the reaction gas and also part of the low boiling cocomponents are ab-
sorbed. Then the unabsorbed, remaining reaction gas is further cooled down
in order that the condensable part of .the low boiling cocomponents may be
separated from the gas stream, shown in Fig. 1 as acid water quench. In
. what follows, therefore, this condensate will be referred to as acid water.
20 The remaining gas stream, the recycle gas, can then be returned in part to
* the reaction steps of Fig. 1 as diluting gas.

The solvent loaded with acrylic acid and cocomponents is with-
drawn from the base of column K10 and fed to the desorption column K20.
There the loaded solvent is stripped by a part of the recycle gas taken

2s from the oxidation stages of the largest part of the low boilers. Since major
quantities of acrylic acid are stripped off as well, this stream is recircula-
ted, for example back into the direct condenser K9. -

To enhance the desorption performance of column K20, the low

_ boilers present in the stripping gas are removed before introduction into

3 column K20. Technically this is advantageously done by cleaning up the
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and virtually free of low bonlers is withdrawn from the base of the desorp-
s tion column K20 and fed into the distillation column K30, which is prefera-
bly a sieve plate column. The high boiling solvent and the medium boiling
cocomponents, for example maleic anhydride, condense into.the base of
column K30. Since the acrylic acid withdrawn at the top of column K30
still comprises significant amounts of low boiling cocomponents, this low
10 boiler content is advantageously reduced by further lengthening the rectifying
section of column K30 and withdrawing the acrylic acid from the column
as a sidestream. This acrylic acid is known as crude acrylic acid.

The light-rich stream withdrawn at the top of distillation column

K30 still contains acrylic acid and is therefore advantageously recycled back
1s into the absorption column K10. | .

The solvent withdrawn from the base of distillation column K30,
which is free of low boilers and almost free of acrylic acid, is mostly fed
into the countercurrent wash column K19 in order, as mentioned above, that
the low boilers may be washed out of the stripping gas stream which leads

20 into desorption column K20. The almost acrylic-acid-free solvent is then fed
to absorption column K10. A small bleed stream of the almost acrylic-acid-
"fme solvent from the base of distillation column K30 is used for subjecting
the acid water, which still contains acrylic acid in solution, to an extractive
treatment. In this acid water extraction, part of the acrylic acid is recovered
25 from the acid water and, in the other direction, the acid water extracts all
polar components from the solvent bleed stream. The resuiting acid water

can be prevaporized and then incinerated.

The crude acrylic acid obtained from the sidestream of distillation
column K30 is then subjected to a dynamic crystallization and a static

30 crystallization. Depending on the desired acrylic acid purity requirements, it
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means of a falling film. The number of crystallization stages varies as a

function of the desired acrylic acid purity. Preferably, the dynamic crystalli-

zer is constructed as a heat exchanger. If desired, the resulting pure acrylic
acid can then be esterified with alcohols to form the desired acrylates.
The process of this invention thus offers the following advantages:

- lower yield losses through the combined use of dynamic and static
crystallization;

- better acid or ester quality, since the propionic acid can be separated
off by crystallization. Propionic acid would be esterified to malodorous
propanates in the acrylic ester production stage and would therefore be
unwelcome in the end products in any event;

- no need for the addition of a chemical reagent to remove aldehydes;

- no need for acetate distillation on further processing the acid to esters;

-  lower alcohol consumption at the esterification stage.

The examples which fbllow illustrate preferred embodiments of the
invention.

A Miniplant produced 426 g of acrylic acid per hour. The inter-
connection of the apparatus, the flow rates and the operating parameters
employed can be seen in Fig. 2. This figure illustrates the separating steps

'.of Fig. 1 in the form of apparatus bearing the same designations. The

oxidation of propene with air via acrolein was effected in two successive
reaction tubes 26 mm in diameter with a catalyst bed length of 2.5 m. The
first tube was packed with a surface-impregnated catalyst as described in EP
575 897, and the second reaction tube contained a surface-impregnated
catalyst as described in EP 609 750. Columns K10, K20 and K30 were
mirror-finished or thermostatted laboratory columns 50 mm in ‘diameter. The
direct condenser K9 was a venturi washer. Columns K10 and K20 were
packed with 5 mm metal coils. Distillation column K30 was packed with
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plates were such that layers of froth could form.

Dynamic crystallization

The dynamic crystallization was carried out in a crystallizer as

described in DE-A 26 06 364 (BASF) using a fully filled tube. The crystal-

lizer data were as follows:

two-pass with one tube (internal diameter 26 mm) per pass,

tube length 5 m,

primary-circuit pump as centrifugal pump with speed control,

plant volume about 11 1 on the primary side,

freezeout rate about 45% (freezeout rate = mass of crystallized pro-
duct/mass of crude melt),

4 stage vessels each 100 I in volume,

plant temperature control by refrigerating unit and 4 bar steam via heat

exchanger.
The plant was controlled via a process control system, and the

program sequence for one stage was as follows:

1. Filling of primary circuit.
2. Emptying of primary circuit and freezing out a seed layer.
3. Raise temperature to about 2°C below melting point.
"4. Fill primary circuit until crystallization occurs.
5. Crystallize (temperature program).
6. Pump down residual melt when crystallization has ended.
7. Raise temperature to melt the crystal layer.
8. Pump down molten crystailized product.
9. Start of a new stage.
The temperatures, pressures, volume flows depend on the stage to
be operated.
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Static layer crystallization

The plant used for this purpose was a tube crystallizer made of
glass with an internal diameter of 80 mm and a length of 1 m. The
temperature of the crystallizer was controlled via a jacket made of glass.
The fill level of the crystallizer ranged from 2.0 to 5.0 1 (variable). The
temperature of the plant was controlled via a programmed thermostat. The
freezeout rate (after the sweating) was about 50%. The program sequence
for one stage was as follows:
1. Filling the crystallizer.
2. Adjusting the temperature of the apparatus with contents to about 1 K
above melting temperature.
Crystallize (temperature program).
Discharge residual melt after crystallization has ended.
Sweating (temperature program).
Melt off crystallized product.
Start of a new stage. _

The temperatures depend on the stage to be operéted.

NSV row

Example 1 _
426 g/h of crude acrylic acid were withdrawn from the sidestream

Example 2
The crude acrylic acid mentioned in Example 1 was purified in

one of the above-described dynamic crystallization stages. A pure acrylic
acid was obtained in a purity of 99.95% by weight with a propionic acid
content of 51 weight ppm and an acetic acid content of 345 weight %
ppm. The crystallization residue of this purification stage was further wor-
ked up in three dynamic and two static crystallization stages. The purity
of the pure acrylic acid obtained in this way is shown in the table below.

Vv




W claim 1. A process for preparing acrylic acid and/or esters,
conprising the st eps of : (a)
oxi dation of propene and/or acrolein to

obtain a gaseous reaction product conprising 10 o

aci d, (b) sol vent absorptildn of the eactoq q@cht

(c) distillation of the solvent | oaded with reaction product ih &
colum to obtain a crude acrylic acid and the sol vént= )
purification of the crude acrylic acid by crystalllzatlon and 15 (e)
optional |y esterification of the cryst'ﬁ‘!’”ne acryl I d 77 A

Acrylxc acid in Propionic acld
% by welght in ppm

As can be seen from the table, the combined use of dynamic and
static crystallization leads to a very pure acrylic acid. More particularly, the

propionic acid content (which would lead to malodorous propionates in
10 acrylic ester production) was reduced to a quarter of its original value,
which would not have been possible by distillation, even at prohibitive cost.
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We claim:

1. A process for preparing acrylic acid and/or esters, comprising the steps

of:
(a) catalytic gas phase oxidation of propene and/or acrolein to
acrylic acid to obtain a gaseous reaction product comprising
10 acrylic acid,
(b) solvent absorption of the reaction product,
(© distillation of the solvent loaded with reaction product in a

column to obtain a crude acrylic acid and the solvent,
(d) purification of the crude acrylic acid by crystallization and
15 © optionally esterification of the crystalline acrylic acid.

2. A process as claimed in claim 1, wherein a high boiling solvent,
especially a mixture of diphenyl ether and biphenyl, is used in step

(b).

20
. 3. A process as claimed in claim 1 or 2 with one or more of the follo-
wing features:

-  the reaction product is cooled ahead of step (b) by contacting it
with the solvent and evaporating part of the solvent,

25 -  the absorption of step (b) is carried out as countercurrent absorp-
tion in an absorption column, '

- the bottom product of the absorption column is .subjected to a
desorption ahead of step (c) to remove low boiling secondary
components,

30 - the product obtained at the top of the distillation column in step
(c) is recycled into step (b),
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the product obtained at the base of the distillation column in step

(©) is recycled into the absorption step (b),
in step (c) crude acrylic acid is removed from the distillation

column as a sidestream.

Process as claimed in one of claims 1 to 3, wherein in step (d) a
fractional crystallization by a combination of dynamic and static crystal-

lization is employed.

A process as claimed in claim. 4, ‘wherein, in step (d), the dynamic
crystallization residue is subjected to a static crystallization and the

‘static crystallization product is subjected to dynamic crystallization.

A process as claimed in claim 5, wherein the dynamic crystallization
is carried out with a full flow apparatus or by means of a falling film.

A process as claimed in any of claims 4 to 6, wherein the dynamic
and/or static crystallizations of step (d) are carried out as countercurrent

crystallizations.

Apparatus for preparing acrylic acid, comprising in the following order:

at least one reactor for a catalytic gas phase reaction,

an absorption column,

a distillation column,

at least one dynamic crystallizer and at least one static crystallizer,
and _

at least one intermediate storage vessel.

Apparatus as claimed in claim 8 with one or more of the following

features:

ed.



10 5—'-A—pr—dcess as—etatnmed in claim4, wherein, in step (d), the dynamc

tion reS|due I s subjected to a statlc crystallization and t he
statl product i s subjected to dyna '
, @ d in claimb5, wherein the dyna c@ﬁ%@éﬁ@f §ET In 15
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and/or static crystallizations of step (d) are carrijed out as

count ercurrent crystallizations. 20 Apparatus—t

preparing acryl.ic acid, conprising in the follow ng der:

| east one reactor for a catalytic gas phase reaction, - an

absorption col um, - a. distillation colum, 25 - at | east

one dynam c cryst al lai directacohdenset cfas tthe rpartiai agviaporatips tafl solvent, is provi-

ded between the catalytic gas phase reactor and the absorption
column, _

-  the absorption column is constructed as a countercurrent absorption

5 column,

- a desorption column is provided between the absorption column
and the distillation column,

-  the distillation column is equipped with sieve plates,

- the dynamic and/or static crystailizers ‘are constructed as heat

10 exchangers.



and - at least one internedi ate storage vessel.
Apparatus as clainmed in claim 8 with one or nore of thef fRag
f eat.ures: - 20-
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Preparation of acrylic acid and esters

Abstract

A process for preparing acrylic acid and/or esters comprises the
steps of:

(a) catalytic gas phase oxidation of propene and/or acrolein to acrylic acid
10 to obtain a gaseous reaction product comprising acrylic acid,
(b) solvent absorption of the reaction product,
(c) distillation of the solvent loaded with acrylic acid to obtain a crude
acrylic acid and the solvent,
(d) purification of the crude acrylic acid by crystallization and
15 (e optibnally esterification of the crystalline acrylic acid.

Figures 1 and 2
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