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Purification of acrylic acid and methacrylic acid

10

The present invention relates to a process for purifying acrylic acid and
methacrylic acid. In addition, the invention relates to a process for prepa-
ring acrylic acid or methacrylic acid using the purification process.

15 It is known that material mixtures can be separated using processes in
which phases are present or are formed. Examples which may be mentioned
are extraction or absorption in which liquid/liquid or gas/liquid phases are
present. Thus, DE-A-21 64 767 describes a process for purifying acrylic
acid in which an aqueous acrylic acid solution is extracted with an ex-

20 tractant, the extractant is separated from the extract in a distillation zone
and subsequently, in a rectification zone, a mixture of acrylic acid and
acetic acid is distilled off from the remaining part of the extract. DE-C 34
29 391 discloses a process for preparing acrylic acid in which the gas
obtained in the catalytic oxidation of propene and/or acrolein is condensed

2s in an acrylic acid receiver and the substances not condensed are collected
by absorption in water. The resulting aqueous solution of acrylic acid is
then distilled in a distillation column in the presence of an azeotrope
former, with the acrylic acid being obtained in the bottom product from the
distillation. A similar process is also described in EP-A-0 551 111.

30 In the article "Separation of binary mixtures by combining rectification
and fractionating crystallization" Russian Chemical Industry, Vol. 25, 1993,
No. 2, pages 6-13, G.A. Nosov et al. describe the separation of mixtures
by combined rectification and fractional crystallization, with the mixture to
be separated being fed to a rectification stage and the vapor leaving the

This Sheet Has Been Replaced

[T




29 391 discloses a process for preparing acrylic acid in which the gas
obtained in the catal ytic oxidation of propene and/or acrolein is condensed
25 in an acrylic acid receiver and the substances not condensed are
col |l ected by absorption in water. The resulting aqueous solution of acrylic
acid is then distilled in a distillatiof-colum in the presehcesossosan
azeotrope fornmer, with the acrylic acid being obtained in the bottom
product fromthe distillation. A simlar process is also described in
EP-A-0 551 111, 30 In the article "Separation of binary m xtures by
conbi ni ng r Se¢HAGAHER icomMm beingafedi OnatSmigalbizatiana stage: aThergy the ¥8paiischeni cal

| ndustry, Vol 5, : S S t desgri be the
‘Separation (%19 Olr%akt%)%@g&bf Nggﬁéli r@%gfe%rﬁ %‘?%tg% @Hu%d%}ﬁregcieﬁéwgﬂg tle
crystal | i zatcrysalling tfradtioe fromt uhe tothbe ligpar ahedadei MY reREndd 18 the

rectificati C:'f.r:]ctisfltcg1 1gn acQ) ur}nQ © T\{l%p%m;)aet%(\/ibr}gchtu?g "Fraktionierte Kristallisation"

. isation

s from SULZER CHEM TECH, 1991 likewise describes the combined use of

rectification and crystallization with recirculation for separating isomer

mixtures. In the article "The attractions of melt static crystallization",

Chernical Engineering, September 1995, pages 108-110, M. Hassene and G.

Drouglazet describe static melt crystallization as a purification process which

10 can be combined with distillation. In processes for preparing naphthalene,

toluene derivatives or nitrobenzene, this combined process is used for final

purification. The further article "Acrylic acid and acrylates", 91-2, February

1993, CHEM SYSTEMS, pages 22-26, describes how crude acrylic acid

prepared by two-stage oxidation is separated off by solvent extraction after

15 cooling and absorption in water. The further purified crude acrylic acid

obtained is subsequently subjected to a purification process which can be a
crystallization. This article gives no further details on this subject.

Japanese Patent 45-32417 discloses a process in which an aqueous

acrylic acid solution or methacrylic acid solution which additionally contains

20 acetic acid and propionic acid is extracted with heptane or toluene and

water is subsequently removed from the extract by distillation. In the next

stage, the remaining extract is cooled to from -20 to -80°C to induce

crystallization of acrylic acid or methacrylic acid. The crystals are separated

off and the mother liquor is returned to the extraction process. According

25 to this patent, the addition of an organic solvent or extractant is necessary

since otherwise the solution solidifies on cooling without crystals being

precipitated. JA-7032417 describes the purification of methacrylic acid by

extracting the latter with butadiene, heptene or toluene, dehydrating the

extract by distillation and subsequently crystallizing out the methacrylic acid

3 by cooling to from -20 to -80°C. The crystals are separated off by fil-
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rectification colum being fed to a crystallization stage. There, the vapor
I's cooled, formng a crystal phase and nother |iquor. After separating the
crystalline fraction fromthe nother liquor, the latter is returned to the
rectification columm. The conpany brochure "Fraktionierte Kristallisation”
5 from SULZER CHEM TECH, 1991 |i kewt $e descri bes the conbiznesewe of
rectification and crystal I I zation with recirculation for separating isoner
m xtures. In the article "The attractions of nelt static crystallization",
Chemi cal Engi neering, Septenber 1995, pages 108-110, M Hassene and G
Drougl azet deation bandstthe | Bltragg tiscrgodrclar dzatIAtVrllﬁ§35a q!nscmbersmt i imilar ocess

hapht hal ene. PUZIERE RN A S B ohic r 5o 8- cBroBRees Fenurtisding Mt cos i s
used for fingkee last-named documents, the crystallization is carried out in the presence
of an organic solvent.

s It is an object of the present invention to provide a process for purify-
ing acrylic acid and methacrylic acid in which a higher yield can be
achieved together with high purity of the acids.
| We have found that this object is achieved by combined use of a
sharply defined and a less sharply defined separation process, where the

10 phase remaining from the sharply defined separation process, which is not
enriched with acid, is at least partially recirculated to the less sharply
defined separation process.

The present invention accordingly provides a process for purifying
acrylic acid or methacrylic acid by means of separation processes in which
1s  phases are formed, which comprises
(a) subjecting a mixture comprising the acrylic acid or methacrylic
acid to a sharply defined separation process essentially in the
absence of an organic solvent, with the composition of the phase
in which the acrylic acid or methacrylic acid accumulates remai-

20 ning essentially constant when the composition of the other phases

participating in the mass transfer changes, then taking off this
phase and

(b) subjecting at least a part of the remaining phase from stage @
to a less sharply defined separation process and

25 (c) feeding one of the phases formed in stage (b) to the sharply

defined separation process in stage (a).
In one embodiment, the present invention provides a process for prepa-
ring acrylic acid or methacrylic acid which comprises the following stages:
¢)) catalytic gas-phase oxidation of propene or isobutene and/or

30 acrolein or methacrolein to acrylic acid or methacrylic acid,
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purification. The further article "Acrylic acid and acryl ates", 91-2,
February 1993, CHEM SYSTEMS, pages 22-26, describes how crude acrylic acid
prepared by two-stage oxidation is separated off by solvent extraction
after 15 cooling and absorption in water. The further purified crude
acrylic acid obtained is subsequently sﬂlbj ected to a purifi@atPO®468F ocess
whi ch can be a crystallization. This article gives no further details on
this subject. Japanese Patent 45-32417 discloses a process in which an
aqueous acrylic acid solution or thacr lic aci.d solytion whigch

addi tional |y contains ‘QGH EQEIBW%“ g‘“ﬁr 53cteR &ragw‘d gnning,theaq wit h
hept ane or toluene andycppter is subsequently renmoved fromthe extract by
distillation. In the next stage, the remamining extract is cooled to from
-20 to -80[err] GIHo i rnibmtxonyﬁttaélrbmbhqnoddctammg hdngh:bdﬂmg sobtehgeryl i c

acid. The crystgl.s are s arat of t he ther 1iquQr,is returned to
the extraction Q dcesSE ?n@e lfoaéledd solvent from stage (YB into the sol-

s vent and a crude acid by means of distillation,

(IV)  purification of the acrylic acid or methacrylic acid from the
crude acid from stage (III) according to the purification pro-
cess of the present invention, with the less sharply defined
separation process being the absorption of stage (II) and/or the

10 distillation of stage (III) and the sharply defined separation
process being a crystallization.
Preferred embodiments of the invention are defined in the subclaims.
Further and preferred features are indicated in Figures 1 to 6 and the
description.

15
In the figures:

Fig. 1 shows an example of a preferred embodiment of the process of the
present invention for purifying acrylic acid or methacrylic acid;
20 Fig. 2 shows a process flow diagram for preparing acrylic acid using a
static and a dynamic crystallization;
Fig. 3 shows a process flow diagram for preparing acrylic acid using a
dynamic crystallization;
Fig. 4 shows an experimental arrangement for preparing crude acrylic
25 acid;
Fig. 5 shows an experimental arrangement as used in Example 1;
Fig. 6 shows an experimental arrangement as used in Example 2.

The separation processes used according to the present invention are
% separation processes in which phases are formed. According to the present

This Sheet Has B

T



25 to this patent, the addition of an organic solvent or extractant is
necessary since otherwise the solution solidifies on cooling wthout
crystals being precipitated. JA-7032417 describes the purification of

met hacrylic acid by extracting the |atter with butadi ene, heptene or

tol uene, dehydrating the extract by distitlation and subseqtSPe'L’nt’qﬂ&i“é*‘G8
crystallizing out the nethacrylic acid 30 by cooling to from -20 to
-80[err]C. The crystals are separated off by fil- -3- tration and the

filtrate is recircul sgu 1 (gﬁ%lo 35 describes a simlar purificatjon
process for HtF I“T"c Y 9§fned |3EP3IAtN, PLHESYdS & PERSESS H‘t"fhéc*iﬁli‘

| ast - narmed dﬁﬁdigei'ﬁt %ﬂtuéhhﬂlec Borglie! dcid? Yr! RBthhSryRa dci® GeQithulafds LM/ G P ENCe

which these materials are predominantly present has a composition which
remains essentially constant when the composition of the remaining phases
s  participating in the mass transfer and/or coexisting phases changes. In
particular, this is a separation process in which the composition of one of
the phases formed is essentially independent of the composition of the
r:naterial fed in. The sharply defined separation process is carried out
essentially in the absence of an organic solvent, preferably in the complete
10 absence of an organic solvent. The mixture to be purified in stage (a)
preferably contains not more than 1% by weight, in particular not more
than 0.1% by weight, of organic solvent, in each case based on 100% by
weight of mixture to be purified. The sharply defined separation process
selected is here subject to no restriction. Advantageously, it is a crystalliza-
1s tion, a freezing out, an evaporation, a sublimation or a combination of
these processes including the multiple use of these processes. Most preferred

is crystallization, with this being carried out dynamically and/or statically.
Particularly preferred is dynamic crystallization or a combination of
dynamic and static crystallization. In the latter embodiment, as described in
20 EP-A-0 616 998, the residue of the dynamic crystallization is preferably fed
to the static crystallization and the crystallized material from the static
crystallization is fed to the dynamic crystallization. The way in which the
dynamic and/or static crystallization is carried out is not critical here. In the
static crystallization (eg. US 3 597 164 and FR 2 668 946), the liquid
25 phase is moved only by free convection, while in the dynamic crystallization
the liquid phase is moved by forced convection. The latter can be achieved
by forced flow in apparatuses which are completely filled by the material
flowing through them (cf. DE-A-2 606 364) or by feeding a trickling or
falling film onto a cooled wall (DE 1 769 123 and EP-A-O 218 545). The

30 dynamic and static crystallizations can each be carried out in one or more
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of an organic solvent. 5 It is an object of the present invention to
provide a process for purify- ing acrylic acid and nmethacrylic acid in

whi ch a higher yield can be achieved together with high purity of the
acids. W have found that this object is achi eved by conmbi ned use of a
sharply defined and a | ess sharply defifed separation proce8%; %ot the 10
phase remaining from the sharply defined separation process, which is not
enriched with acid, is at least partially recirculated to the | ess sharply

defined separatio ocess. The present invention accordjngly proyides a
process for YR85f ;h{ﬁ@srgg; VRTOECSSRS; ar%ﬁe%ﬁﬁme%slwaaﬂ%& qbp ASorging

LEbPCat | o DS S RAE ki S8 Shnhe 0GRl O SomaInee (9
material is separated from the residue after crystallization and this crystalli-
zed material is fed to the respective stage having the next higher degree of

s purity, while the crystallization residue is fed to the respective stage having
the next lower degree of purity. Usually, all stages which produce a cry-
stallized material which is purer than the crude acid solution fed in are
;eferred to as purification stages and all other stages are known as stripping
stages. Static crystallization is advantageously used in the stripping stages

10 when the yield of the acid is to be increased further.

According to the present invention, the less sharply defined separation
process is a separation process which does not come under the above
definition of the sharply defined separation process. In particular, it is a
separation process in which the composition of the phases formed is depen-

1s dent on the composition of the material fed in. The less sharply defined
separation processes which come into question here are subject to no parti-
cular restriction. Advantageously, this process is a distillation, rectification,
absorption, adsorption, extraction, supercritical extraction, a membrane
separation process such as a pervaporation/vapor permeation, or a combina-

20 tion of these processes. Use is advantageously made of a distillation, rectifi-
cation, absorption or extraction or a combination of these processes, in-
cluding the multiple use of these processes. If a sharply defined and a less
sharply defined separation process are viewed in terms of the work of
separation and one separation stage, then for a constant work of separation

25 a sharply defined separation process achieves a higher purity, while a less
sharply defined separation process achieves a higher yield.

A particularly advantageous combination of sharply defined and less
sharply defined separation processes is the combination of absorption,

extraction and/or distillation with crystallization.
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acid to a sharply defined separation process essentially in the absence of
an organic solvent, with the conposition of the phase in which the acrylic
acid or nethacrylic acid accumul ates remai - 20 ning essentially
constant when the conposition of the other phases participating in the nass
transfer changes, then taking off this phase and (b) subjec®#rf 0448 east a
part of the remaining phase from stage (a) to a less sharply defined
separation process and 25 (c) feeding one of the phases formed in

crbodi ront, t hoAROETER: B e RSN BB ot PIGUES 10 1; PRRGh.OF hg
ot Al vt ‘é“’igg‘é"%%%??‘%‘ﬁ?‘ydﬁ?? o0 by ek el S ROP RIS eI et oS (D)
methacrylic acid. Particularly well suited is a mixture as obtained in the
preparation of acrylic acid or methacrylic acid by oxidation of propene or
s isobutene, subsequent absorption with a high-boiling solvent and distillation
or, after the oxidation, subsequent condensation or absorption with water
and extraction. Such mixtures comprise the acid plus, as impurities, essenti-
;lly at least one of the compounds selected from the group consisting of
aldehydes, propionic acid and acetic acid. Such a mixture preferably con-
10 tains acrylic acid or methacrylic acid in an amount of 90-99% by weight
and impurities preferably in the following amounts, where all amounts are
based on 100% by weight of the mixture: aldehydes from 0.05 to 2% by
weight, propionic acid from 0.01 to 2% by weight and acetic acid from
0.05 to 2% by weight. Mixtures which are subjected to the sharply defined
1s  separation process in stage (a) contain essentially no organic solvent, prefe-
rably less than 1% by weight, in particular less than 0.1% by weight,
particularly preferably less than 0.01% by weight, of organic solvent, in
each case based on 100% by weight of mixture.
According to the process of the present invention, at least part of the
20 phase depleted in acrylic acid or methacrylic acid remaining in stage (a) is
fed to the less sharply defined separation process in stage (b). The most
suitable feed ratio for the respective application can easily be determined by
a person skilled in the art by means of customary experiments. Preference
is given to feeding in from 1 to 100% by weight, in particular from 5 to
25 50% by weight, most preferably from 10 to 20% by weight, of the remai-
ning phase.
In an advantageous embodiment of the invention, the phase enriched in
acrylic acid or methacrylic acid is separated off in stage (c) and subjected

to the sharply defined separation process in stage (a). It is possible for a
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30 acrolein or nethacrolein to acrylic acid or methacrylic

aci d, 4 with formati on of a gaseous reaction product containing the
acid, (1) absorption of the reaction product using a high-boiling
solvent, (I11) separation of the | oaded solvent from stage (l1) into
the sol- 5 vent and a crufé acid by neans of fFsP{U4%4t i on,

(v purification of the acrylic acid or nethacrylic acid from the crude
acid fromstage (I11) accordi ng to the purification pro- cess of the

present | nvenstmir&r]lg n\{\gtérri]al t% be ep?l?lﬁg(;] aw%xéﬁ compnsegI acrylic acid or methacrylic
acid, to be fed as a mixture to stage (a) and/or stage (b).

The present invention makes it possible, by appropriate selection of the

amounts of the phase fed from stage (a) to stage (b), to correspondingly
s increase the yield of the acid while the purity of this material remains
essentially constant.

Fig. 1 shows an example of a preferred embodiment of the process of
the present invention, in which starting material to be purified is fed in
upstream of the less sharply defined separation process. The thickness of the

10 arrows indicates the amounts of desired product (acrylic acid or methacrylic
acid) and the undesired cocomponents (NK). The other references are: less
sharply defined separation (UT), sharply defined separation (ST), product
(P), product discharge (PA), cocomponent discharge (NKA).

In a preferred embodiment, the invention provides a process for prepa-

15 ring acrylic acid or methacrylic acid which comprises the stages (I) to (IV)
as defined above. The individual stages are described below for acrylic acid.
They apply in a similar manner to methacrylic acid, unless otherwise

indicated.

20 Stage (I):

Stage (I) comprises the catalytic gas-phase reaction of propene and/or
acrolein with molecular oxygen to give acrylic acid. In the case of metha-
crylic acid, a gas-phase reaction of isobutene and/or methacrolein with
molecular oxygen occurs in a similar way. The gas-phase reaction can be

25 carried out by known methods, in particular as described in the abovemen-
tioned documents. The reaction is advantageously carried out at from 200
to 400°C. As heterogeneous catalysts, preference is given to using oxidic
multicomponent catalysts based on the oxides of molybdenum, chromium,

vanadium and/or tellurium.
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,Separation process being the absorption of stage (I1) and/or the 10
distillation of stage (I11) and the sharply defined separation process
being a crystallization. Preferred enbodi ments of the invention are defined
in the subclainms. Further and preferred features are indicated in Figures 1
to 6 and the description. 15 In the figfres: Fig. 1 shows @& @04l e of a
preferred enbodi nent of the process of the present invention for purifying
acrylic acid or nethacrylic acid; 20 Fig. 2 shows a process flow

di agram for prq%arin acrylic acid usi ng a statjc and a dynam c

crystal | i zati on:IN§; Factipn ok \progene b9 (F1ue Acfylin, agida és éFFP“gléire’Eﬁ%H}*‘F ‘ng
acrylic aci d’ﬂrbs'r&%ti@n gas, which advantageously contains a diluent gas, eg. circula-

tion gas (see below), atmospheric nitrogen and/or water vapor in addition
to the starting materials and products, can therefore take up only a small
s part of the heat of reaction. Therefore, the reactors used are usually shell--
and-tube heat exchangers which are charged with the oxidation catalyst and
remove the major part of the heat liberated during the reaction by convec-
:tion and radiation to the cooled tube walls.
However, stage (I) does not give pure acrylic acid, but a gaseous
10 mixture which can comprise acrylic acid and, as cocomponents, essentially
unreacted acrolein and/or propene, water vapor, carbon monoxide, carbon
dioxide, nitrogen, oxygen, acetic acid, propionic acid, formaldehyde, further
aldehydes and maleic anhydride. In particular, the reaction product mixture
typically comprises, in each case given in % by weight based on the total
15 reaction mixture, from 0.05 to 1% of propene and from 0.05 to 1% of
acrolein, from 0.01 to 2% of propane, from 1 to 20% of water vapor,
from 0.05 to 15% of carbon oxides, from 10 to 90% of nitrogen, from
0.05 to 5% of oxygen, from 0.05 to 2% of acetic acid, from 0.01 to 2%
of propionic acid, from 0.05 to 1% of formaldehyde, from 0.05 to 2% of
20 aldehydes and from 0.01 to 0.5% of maleic anhydride.
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dynam c crystallization; Fig. 4 shows an experinental arrangenent for
preparing crude acrylic 25 acid; Fig. 5 shows an experi nenta
arrangenment as used in Exanple 1; Fig. 6 shows an experi nenta
arrangenment as used in Exanple 2. The separation processes used accordi ng
to the present invention are 30 separaldi on processes in whPghopheses are
formed. According to the present -5- invention, the sharply defined
separation process is a process in which the phase in which the acrylic

acid or neth cré/l Iﬁ acid accunul ates and/or in

In stage (II), the acrylic acid and part of the cocomponents are separa-
ted from the reaction gas by absorption with a high-boiling solvent. Suitable

s solvents for this purpose are all high-boiling solvents, in particular solvents
having a boiling point above 160°C. Particularly suitable is a mixture of
diphenyl ether and biphenyl, for example the commercially available mixture
<;f 75% by weight of diphenyl ether and 25% by weight of biphenyl.

For the purposes of the present invention, the terms high boiler,

10 intermediate boiler and low boiler and the corresponding adjectival terms
designate compounds which have a boiling point higher than that of acrylic
acid (high boilers) or compounds which have about the same boiling point
as acrylic acid (intermediate boilers) or compounds which have a boiling
point lower than that of acrylic acid (low boilers).

15 Advantageously, the hot reaction gas obtained from stage (I) is cooled
by partial evaporation of the solvent in a suitable apparatus, eg. a direct
condenser or quenching apparatus, prior to absorption. Suitable apparatuses
for this purpose are, in particular, venturi scrubbers, bubble columns or
spray condensers. In this cooling step, the high-boiling cocomponents of the

20 reaction gas from stage (I) condense into the unvaporized solvent. In ad-
dition, the partial evaporation of the solvent is a purification step for the
solvent. In a preferred embodiment of the invention, a substream of the
unvaporized solvent, preferably from 1 to 10% of the mass flow fed to the
absorption column, is taken off and subjected to solvent purification. In this

25 solvent purification, the solvent is distilled over and the high-boiling cocom-
ponents remain as a residue and can, if necessary after further concen-
tration, be disposed of, eg. incinerated. This solvent distillation serves to
avoid too high a concentration of high boilers in the solvent stream.

Absorption is carried out in a countercurrent absorption column which

30 is preferably equipped with valve or dual-flow trays and bas (unvaporized)
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whi ch these materials are predom nantly present has a conposition which
remai ns essentially constant when the conposition of the remaining phases 5
participating in the mass transfer and/or coexisting phases changes. In
particular, this is a separation process in which the conposition of one of
the phases forned is essentially indepéibént of the conposi LiZofY#%E he
material fed in. The sharply defined separation process is carried out
essentially in the absence of an organic solvent, preferably in the

conpl ete 10 | C Y < Jhe.mixture to purif.ied in
stage (a) pr%‘ﬁ‘zeﬁ’gﬁﬁ§°%ﬁ?§}‘ﬁ@g§§? Trr@?ega?%og'ﬁ rfa@(‘)%p B prd ?ﬁy paPPicul ar
not nore t haredOsdl¥ertyarecingbducedfinor gianéoturin| fy@fitbeldw apdCdie CsabSequem@s on

100% by wei ght of m xture to be purified. The sharply defined separation

process sel etqalkd ita abserption Jrmperafuse.n Gopking ris advemageausiineangedatityhy it is a
crystal |12a-phing b Olbolifg" Eféifts%e * Heare" sAVARI AR 1dn® HhE ' BhmAN O 2
s cooled in heat exchangers and fed to the column again at a point above the
offtake point. In these solvent cooling circuits, not only the acrylic acid but
also high- and intermediate-boiling cocomponents and vaporized solvent
éondcnse. As soon as the reaction gas stream has been cooled to the
absorption temperature, the actual absorption takes place. Here, the residual
10 acrylic acid remaining in the reaction gas is absorbed together with part of
the low-boiling cocomponents.

The remaining reaction gas from stage (I) which is not absorbed is
cooled further in order to separate off the condensable part of the low-
boiling cocomponents, in particular water, formaldehyde and acetic acid, by

15 condensation. This condensate is hereinafter referred to as acid water. The
remaining gas stream, hereinafter referred to as circulation gas, consists
predominantly of nitrogen, carbon oxides and unreacted starting materials.
Part of this is preferably recirculated to the reaction stages as diluent gas.

A solvent stream loaded with acrylic acid, high- and intermediate-

20 boiling cocomponents as well as a small amount of low-boiling cocompo-
pents is taken from the bottom of the column used in stage (II) and, in a
preferred embodiment of the invention, subjected to desorption. This is
advantageously carried out in a column, which can preferably be fitted with
valve or dual-flow trays or else with loose packing or arranged packing

25  elements, in the presence of a stripping gas. The stripping gas used can be
any inert gas or gas mixture, preferably a gas mixture of air and nitrogen
since this is obtained in stage (I) when evaporating part of the solvent. In
the desorption, the major part of the low boilers is stripped from the
loaded solvent using part of the circulation gas which is taken off before

%0 stage (I). Since relatively large amounts of acrylic acid are also stripped
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these processes including the nultiple use of these processes. Mst
preferred is crystallization, with this being carried out dynamcally
and/or statically. Particularly preferred is dynamc crystallization or a
conbi nati on of dynam c and static crystallization. In the latter

enbodi ment, as described in 20 EP-A-0'%16 998, the resi du@Zofs¥4®8 dynami c
crystallization is preferably fed to the static crystallization and the

crystallized material fromthe static crystallization is fed to the dynam c
r static crystallization

crystallizatign.,The way {n which the dynam c.and

is carried offti®is, t{eagf,i b?‘&@ﬁhﬂef%{éfff’& Pnds §frﬁ'tr‘]|?£°80§t§@?’é‘gl Bat ot eg. US
3 597 164 ang:ohbmic ©6B0846dot di Id0 Wi a&By irdci ogdy ree
convection, whi I&é&f ﬁ_t ﬁe dyorﬁq%%r%dsyg?glala?‘zné%eon tﬁgmﬁﬁgﬁlehd g%atsogx?és noved
by forced costagecin ovhichTte partialeevaparation efctheesplenbys fanrieddout] awtd the

appar at uses ich. are,.conpletely fil.led by the materjal .fl owi ng through
t hem (cf. DEa\-,g,«-}\g Q’@BGC%%%?' gfncﬁy%Fesé’aPHBg aglafrlﬁcﬁarﬁ 4 B¢ circufation gas, it

s itself still contains appreciable amounts of low boilers. The performance of
the column used for desorption can be improved if the low boilers are
removed from the stripping gas prior to introduction into the column.
Advantageously, this is carried out by purifying the stripping gas in a
countercurrent scrubbing column using solvent worked up in the stage (III)

10 described below.

A solvent stream loaded with acrylic acid and almost free of low
boilers can then be taken from the bottom of the column used for desorp-

tion.

1s  Stage (III):

In process stage (III), the acrylic acid together with the intermediate-
boiling components and the remaining residue of low-boiling cocomponents
is separated from the solvent. This separation is carried out by means of
distillation, with any distillation column being able to be used in principle.

20 Advantageously, a column fitted with sieve trays, eg. dual-flow trays or
crossflow sieve trays of metal, is used for this purpose. In the enrichment
section of the column, the acrylic acid is distilled free of the solvent and
the intermediate-boiling cocomponents such as maleic anhydride. To reduce
the proportion of low boilers in the acrylic acid, the enrichment section of

2s the column is advantageously lengthened and the acrylic acid is taken off
from the column as a side stream. This acrylic acid is referred to as crude
acrylic acid.

At the top of the column, after a partial condensation, a stream rich
in low boilers is taken off. However, since this stream still contains acrylic
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falling filmonto a cooled wall (DE 1 769 123 and EP-A-0 218 545). The 30
dynam c and static crystallizations can each be carried out in one or nore
-6 stages. Miltistage processes are here advantageously carried out
according to the countercurrent principle, in which, in each stage, the
crystallized material is separated frondhe residue after cogstsskdozati on
and this crystalli- zed material is fed to the respective stage having the
next hi gher degree of 5 purity, while the crystallization residue is fed

to the respective stage having the next |ower degree of purity. Usually,
al | stages #¢ibhitps gdyariageously- najt disearded butaresuinad tahibehalisgrpsionestagenan t he

crude acid s(?f)ytion fed in are

At the bottom of the column, the solvent which is free of low boilers
and virtually free of acrylic acid is taken off and preferably mostly fed to
s the countercurrent scrubbing column in which the stripping gas from stage
(II) is purified, in order to scrub the low boilers from the stripping gas.
Subsequently, the virtually acrylic acid-free solvent is fed to the absorption
c;olumn.
In a preferred embodiment of the invention, the acid water, which can
10 still contain dissolved acrylic acid, is extracted with a small substream of
the virtually 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 the other direction, the acid water extracts the polar inter-
mediate-boiling components from the solvent stream and thus avoids an
15 accumulation of these components in the solvent circuit. The resuiting
stream comprising low and intermediate boilers can be further concentrated,
which can be necessary, in particular, if environment protection regulations
apply.
The crude acrylic acid obtained in stage (III) comprises, in each case
20 based on the crude acrylic acid, preferably from 98 to 99.8% by weight,
in particular from 98.5 to 99.5% by weight, of acrylic acid and from 0.2
to 2% by weight, in particular from 0.5 to 1.5% by weight, of impurities
such as acetic acid, aldehydes and maleic anhydride. This acrylic acid may,
if the purity requirements are not very high, be used for esterification.
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referred to as purification stages and all other stages are known as
stripping stages. Static crystallization is advantageously used in the
stripping stages 10 when the yield of the acid is to be increased
further. According to the present invention, the | ess sharply defined
separation process is a separation prockss which does not c@Fetosnd@s t he
above definition of the sharply defined separation process. In particular,
it is a separation process in which the conposition of the phases fornmed is
depen- 15 dent o he conposition of the material fed in. The | ess sharply
defined sep tage yrocesses whi ch conme into question here are subject to
no parti- cular restriction. Advantageously, this process is a )
distillation, rectification, absorption, adsorption, extraction,
supercritical eTheactylicnacid iseeparated frempathatdrode pcrylie sid wbhaimd from

pervaporation/va erneatign, or,a confhjna- 20 tion of these processes.
Use is advarﬁlaoﬁjeﬁgéll{))’ meaes B?raé(n%mlé:t ¢rvstatizaton O & fembination of dynamic

s and static crystallization, with the resulting mother liquor (residue phase) not
being discarded but being recirculated at least partiaily to the absorption
stage (II) or distillation stage (III). Most preferred is recirculation to the
ébsorption, since this makes possible a better separation of the cocomponents
by low boiler scrubbing and low boiler stripping.

10 In stage (IV), the crude acrylic acid to be purified is introduced in
liquid form into the crystallization apparatus and subsequently a solid phase
which has a different composition from the liquid phase introduced is frozen
out on the cooled surfaces. After a certain proportion of the acrylic acid
fed in has been frozen out (advantageously 50-80%, in particular 60-70%),

15 the remaining liquid residue phase is separated off. This is advantageously
carried out by simply allowing the residue phase to flow away or pumping
it away. The crystallization step can also be followed by further purification
steps such as washing of the crystal layer (cf. DE 3 708 709) or sweating,
ie. partial melting of contaminated crystal regions. The crystallization step

20 is advantageously followed by a sweating step if the overall purifying action
of a stage is to be improved.

If desired, the pure acrylic acid obtained in stage (IV) can be esterified
by known methods.
Figures 2 and 3 show a process flow diagram for preparing acrylic

25 acid.

According to Fig. 2, the circulation gas which consists essentially of
nitrogen, carbon oxides and unreacted starting materials is compressed and
then fed together with propene and air to a reactor in which the heteroge-

neously catalyzed oxidation of propene to acrolein takes place. The resulting
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cation, absorption or extraction or a conbination of these processes, in-
cluding the nultiple use of these processes. If a sharply defined and a

| ess sharply defined separation process are viewed in terns of the work of
separation and one separation stage, then for a constant work of separation
25 a sharply defined separation procesd-achieves a hi gher SFufF¥® while a
| ess sharply defined separation process achieves a higher yield. A

particul arly advant ageous conbi nati on of sharply defined and | ess sharply

et e P RS ! B i G 8 ear Ll "
the heterogeneously catalyzed oxidation of acrolein in the second reactor.
The resulting hot, gaseous reaction product which contains acrylic acid
is cooled by partial evaporation of the solvent in a direct condenser C9

s  prior to absorption. In this condenser, the high-boiling cocomponents of the
reaction product condense into the unvaporized solvent. A substream from
the direct condenser C9 is subjected to solvent distillation, with the solvent
l;eing distilled over and the high-boiling cocomponents being left behind.
The latter can be further concentrated and disposed of, eg. incinerated.

10 The column C10, which is preferably a packed column, has (unvapori-
zed) solvent introduced from above while the vaporized solvent and the
gaseous reaction product are introduced into the column C10 from below
and are subsequently cooled to the absorption temperature. Cooling is
carried out by means of cooling circuits (not shown). In these cooling

ts circuits, the vaporized solvent, the acrylic acid as well as all high- and
intermediate-boiling cocomponents condense. After the entire reaction gas
stream has been cooled to the absorption temperature, the actual absorption
takes place. Here, the residual acrylic acid remaining in the reaction gas as
well as part of the low-boiling cocomponents are absorbed. Subsequently,

20 the remaining unabsorbed reaction gas is cooled further in order to separate
the condensable part of the low-boiling cocomponents from the gas stream,
shown in Fig. | as acid water quench. This condensate is referred to as
acid water. Part of the remaining gas stream, the circulation gas, can then
be recirculated as diluent gas to the reaction stages, as shown in Fig. 1.

25 At the bottom of the column C10, the solvent loaded with acrylic acid
and cocomponents is taken off and fed to the desorption column C20. In
the latter, the major part of the low boilers are stripped from the loaded
solvent by means of part of the circulation gas which is taken from before
the oxidation stages. Since this also strips out relatively large amounts of
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According to the present invention, the mxture to be purified or the
starting material can be any material m xture containing acrylic acid or

met hacrylic acid. Particularly well suited is a m xture as obtained in the
preparation of acrylic acid or nethacrylic acid by oxidation of propene or
5 isobutene, subsequent absorption wit!f a hi gh-boiling sol &rfO04¢es
distillation or, after the oxidation, subsequent condensation or absorption

with water and extraction. Such m xtures conprise the acid plus, as
t he. selected fromthe

impurities, essenti-. ally at |leasf one o c und
group consi sBFRCHICY h‘éﬁ\;ﬁﬁﬁ@,‘ Wor ied‘ﬁmé’ieacrleﬁ“‘:&ﬂ%ggé%ttﬁ‘é direrty coRgensery
m xture prefegr@bly con- 10 tains acrylic acid or nmethacrylic acid in an
anount of 90-99% by weight and inpurities preferably in the foll ow ng
anount s, where ald impoovet sheadesdrptien] perfon0@kebyf whe giolumh CR@, nhextlowe:
al dehydes frg}mlo. 05 to 2%6‘&%/ wei gnht, Joropi onic.acid fromO0.01 to 2% by
wei ght and ad8ilfis Preseqt [n stripping gas are removed prior to its introduction into

s the column C20. This is advantageously carried out by purifying the strip-

ping gas in a countercurrent scrubbing column C19 using worked-up solvent
from the column C30 described in more detail below.
: In the next process step, a solvent stream which is loaded with acrylic
acid and is almost free of low boilers is taken off from the bottom of the
10 desorption column C20 and fed to the distillation column C30, which is
preferably a sieve tray column. The high-boiling solvent and the intermedia-
te-boiling cocomponents, eg. maleic anhydride, condense into the bottom of
the column C30. Since the acrylic acid taken off at the top of the column
C30 still contains appreciable amounts of low-boiling cocomponents, this
1s  proportion of low boilers is advantageously reduced by further lengthening
the enrichment section of the column C30 and taking the acrylic acid from
the column as a side stream. This acrylic acid is referred to as crude
acrylic acid.

The stream rich in low boilers taken off at the top of the distillation

20 column C30 is, since it still contains acrylic acid, advantageously recircula-
ted to the absorption column C10.

The major part of the low boiler-free and virtually acrylic acid-free
solvent taken off from the bottom of the distillation column C30 is fed to
the countercurrent scrubbing column C19 in order to, as already mentioned

25 above, scrub the low boilers from the stripping gas stream which goes to
the desorption column C20. Subsequently, the virtually acrylic acid-free
solvent is fed to the absorption column C10. A small substream of the
virtually acrylic acid-free solvent from the bottom of the distillation column
C30 is used to extract the acid water which still contains dissolved acrylic

3 acid. In this acid water extraction, part of the acrylic acid is recovered
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0.05 to 2% by weight. M xtures which are subjected to the sharply defined
15 separation process in stage (a) contain essentially no organic sol vent,

prefe- rably less than 1% by weight, in particular |ess
wei ght, particularly preferably |ess tt] n 0.01% by wei ght,
sol vent, in each case based on 100% by WEI ght of m xture.

than 0.1% by
of or ani c

A%%d’f’a % to the

process of the present invention, at |east part of the 20 phase depleted
in acrylic acid or nmethacrylic acid renaini ng in stage (a) is fed to the

o5 Shar bl iR the Sid® RAE ARG Y 6 fed BirBhACHePhciq Vel BR300 ©

feed ratio e respective application can easi|

m by a

person ski | Ipethri conipomentst from theassivert substteanmr The deqd iwaer fornfédehaeence is

given to feeding in from1 to 100% by weight, in particul

50% by wei gl %Efc -¢yapprated pRd subssquentlyt @Cm%te%y wei ght,

ar from5 to 25
of the remi -

ni ng phase.

5

10

15

20

30

The crude acrylic acid obtained from the side offtake of the distillation
column C30 is subsequently subjected to a dynamic and static crystallization.
All of the mother liquor from the static crystallization is then returned to
the absorption stage.

7 If desired, the pure acrylic acid obtained is then esterified with alcohols
to give the desired acrylates.

Fig. 3 differs from Fig. 2 in that only a dynamic crystallization is
provided in place of the dynamic and static crystallizations.

The process of the present invention thus offers the advantage that the
total yield of the desired material and thus the total economics of the
process is increased by recirculation. Furthermore, it offers the possibility
of improving the economics even further by omitting a static crystallization.

The invention is illustrated by the following examples which represent
preferred embodiments of the invention.

In a miniplant, 426 g/h of crude acrylic acid (RA) were produced. The
way in which the equipment items were connected, the amounts required
and the operating parameters used are shown in Fig. 4. This figure shows
the same columns and equipment items as in Figures 2 and 3, with the
same numbers being used for corresponding items (additional: solvent
distillation: LD; distillation residue: D; acid water: S; acid water extraction:
SE; waste gas: AB). The oxidation of propene (P) with air (L) via acrolein
(A) was carried out in two reaction tubes connected in series and having a
diameter of 26 mm and a catalyst bed length of 2.5 m. The first tube
(propene oxidation: PO) was charged with a coated catalyst as described in
EP 575 897 and the second reaction tube (acrolein oxidation: AO) contained
a coated catalyst as described in EP 609 750. The columns C10, C20 and
C30 were mirrored and thermostated laboratory columns having a diameter
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I n an advant ageous enbodi nent of the invention, the phase enriched in
acrylic acid or nethacrylic acid is separated off in stage (c) and

subj ected to the sharply defined separation process in stage (a). It is
possi ble for a starting material to be purified, which conprises acrylic
acid or nethacrylic acid, to be fed as-#8nri xture to stage (®)z saselés@ st age
(b). The present invention nmakes it possible, by appropriate selection of

t he amounts of the phase fed fromstage (a) to-stage (b), to
correspondi ngly, i ncrease the yield of the acid while the purity of this

material rengf r§9 e he Airegt copdansert COrmgs a1 vemuisscawbber.a e ecalumas
preferred enpegi fiRNcoR wWelf RERRCIh®S mm metal helices. The distillation co-

lumn C30 was provided with sieve trays (dual-flow trays) made of metal.
The holes in the sieve trays were configured such that effervescent layers
5 could be formed.
DYNAMIC CRYSTALLIZATION
~ The dynamic crystallization was carried out in a crystallizer as is
&escribed in DE-A-26 06 364 (BASF), with the tube used being completely
filled by the material flowing through it. The data for the crystallizer were

10 as follows:

- two passes with one tube (internal diameter 26 mm) per pass
- tube length 5 m
- variable speed centrifugal pump as primary circuit pump
1s - primary-side volume of unit about 11 |
- degree of freezing out about 45% (degree of freezing out = mass of
crystallized material/mass of raw melt)
- 4 stage containers each baving a volume of 100 1
- temperature control of the unit by means of a refrigeration unit and 4
20 bar steam via heat exchangers.
The unit was controlled by means of a process control system, with

the program sequence for one stage being as follows:

2s 1. filling of the primary circuit
2. emptying of the primary circuit and freezing-on of a nucleating layer
3. increase of temperature to about 2°C below the melting point
4. filling of the primary circuit for crystallization
5. crystallization (temperature program)
30 6. pumping out of residual melt after completion of the crystallization
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the present invention, in which starting material to be purified is fed in
upstream of the | ess sharply defined separation process. The thickness of
the 10 arrows indicates the anounts of desired product (acrylic acid or
met hacrylic acid) and the undesired coconponents (NK). The ot her references
are: |less sharply defined separation (UB; sharply defined 9€p®i%f¥%Hn (ST),
product (P), product discharge (PA), coconponent discharge (NKA). In a
preferred enbodinent the invention provides a process for prepa- 15 ring
acrylic aci mathacr li¢c acid whjch conprises e stages (1) to (1V) as
defined abové ﬂféeﬂsf% \}}"dff Pegqyf eg’ o SEWF'BEBEYGE:I ow for acrylic acid.

They apply i@ apididg2bulTBiONeR drpiTREGPRiariag aci d, unless ot herwi se
i ndi cated. 20 gt agleg?l) St agedr?sl) conpr i sres the catal ytic gas-phase

reaction of $ropemmeacsinent of a new stage.
The temperatures, pressures and volume flows are dependent on the

respective stage being carried out.
STATIC LAYER CRYSTALLIZATION
The unit used for this purpose comprised a tube crystallizer of glass
having an internal diameter of 80 mm and a length of 1 m. The temperatu-
10 re of the crystallizer was controlled via a glass jacket. The fill volume of
the crystallizer was from 2.0 to 5.0 1 (variable). The unit was heated/cooled
via a thermostat, with the temperature being controlled by means of a
programmed controller. The degree of freezing out (after sweating) was
about 50%. The program sequence for a stage was as follows:
15
filling of the crystallizer
2. adjusting the temperature of the apparatus with contents (to about 1 K

above the melting point)

3. crystallization (temperature program)
20 4. draining the residual melt after completion of crystallization
5. sweating (temperature program)
6. melting of crystallized material
7. commencement of a new stage
The temperatures are dependent on the respective stage being carried
25 out.

The numerical values given in Examples 1 to 3 were obtained from the
actual measurement results from a plurality of experiments.
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acrolein with nol ecul ar oxygen to give acrylic acid. In the case of netha-
crylic acid, a gas-phase reaction of isobutene and/or nethacrolein with

nol ecul ar oxygen occurs in a simlar way. The gas-phase reaction can be 25
carried out by known nethods, in particular as described in the abovenen-
tioned docunents. The reaction is advanageously carried oub.zatesdsem 200 to
400[ err] C. As heterogeneous catal ysts, preference is given to using oxidic
mul ti conponent catal ysts based on the oxides of nolybdenum chrom um
vanadi um and/or tellurium -9- _The reaction of Np)ropene to give acrylic

acid is strongly exotherni c. EXAMPLE 1 (COMPARISO
The process flow diagram of this example is shown in Fig. S, with the
reference numbers corresponding to those of Figures 2 to 4 (additional:
dynamic crystallization: DK static crystallization: SK; mother liquor: ML;

s pure acrylic acid: RAS; crude acid preparation: RSH; pure acid crystalliza-
tion: RSK).

. 426 g/h of crude acrylic acid having a purity of 99.7% by weight
were taken off from the side offtake of the distillation column C30.
Two further streams were taken off from the crude acid work-up: 109

10 g/h of acid water containing 3.2% by weight of acrylic acid and 1 g/h of
distillation residue containing 2.5% by weight of acrylic acid. These two
streams serve to remove the cocomponents from the system and are therefo-
re discarded. Since these two streams contain acrylic acid, the yield of the
crude acid work-up is not 100%, but only 99.2%.

15 The crude acrylic acid from the column C30 was subsequently purified
in one of the above-described crystallization stages. This gave a pure acrylic
acid having a purity of 99.95% by weight. The crystallization residue of
these purification stages was worked up in 3 dypamic and 2 static crystalli-
zation stages. The crystallization residue was concentrated to 4 g/h in these

20 5 stripping stages and taken from the unit as mother liquor having an
acrylic acid content of 76.9% by weight and discarded.

Owing to the loss of acrylic acid via the discarded mother liquor, the
yield of the crystallization is only 99.2%.

The total yield is thus 98.4%.

25
EXAMPLE 2

This example was carried out using a method similar to Example 1,
except that the crystallization residue was worked up only in 3 dynamic
crystallization stages and the mother liquor from the crystallization was not

30 discarded but was all recirculated to the column C10 (absorption). The
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The reaction gas, which advantageously contains a diluent gas, eg. circul a-
tion gas (see below, atnospheric nitrogen and/or water vapor in addition
to the starting materials and products, can therefore take up only a small
5 part of the heat of reaction. Therefqre, the reactors used are usually
shel | -- and-tube heat exchangers which” &l é charged with the G&i%¥Yt4%n

catal yst and renove the major part of the heat |iberated during the
reaction by convec- tion and radiation to the cool ed tube walls. However,

t ) d t Qi | but a. 10 t whi
can conpt i secaung| o U, A18Gdhs °- dnorin O S, LSRR I*%fr:ﬁvca%éaﬁérgd e
acr ol el n andéerrespoaiageto WR! of APRlresCar 0TS NGAGLA, Aidatoll diddle.

ni t rogen, acetic acid, Spropl oni ¢ acid, fornaldehyde,
al dehydes anﬁ%&l%ﬂ@?%tﬁ%@i TS n particular, the reaction product nixture

typical Iy compriggedc bihAEN s56%5n Fndelab "yl BY ABiolt pased; 4 ke, total

s purity of 99.7% by weight were obtained from the side offtake of the
column C30.

The crude acid work-up gave, as in Example 1, 109 g/h of acid water,
\;vhich in this case contained 2.9% by weight of acrylic acid, and 1 g/h of
distillation residue. The yield of the crude acid work-up was 99.3%.

10 The crude acrylic acid from the column C30 was purified as in Ex-
ample 1. This gave a pure acrylic acid having a purity of 99.90% by
weight. The crystallization residue of this purification stage was concentrated
to 156 g/h in the 3 dynamic stripping stages. All of this mother liquor
having an acrylic acid content of 98.9% by weight was recirculated to the

15 column CI10.

Owing to the recirculation of the mother liquor, no loss occurs in the

crystallization. The total yield is thus 99.5%.

EXAMPLE 3
20 Example 3 was carried out using a method similar to Example 1,
except that 50% of the mother liquor from the crystallization was recircula-
ted to the column C10.
428 g/h instead of 426 g/h of crude acrylic acid having a purity of
99.7% by weight were obtained from the side offtake of the distillation
2s  column C30.
109 g/h of acid water containing 2.9% by weight of acrylic acid and
1 g/h of distillation residue containing 2.8% by weight of acrylic acid were
taken off from the crude acid work-up. The yield of the crude acid

work-up was thus 99.3%.
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15 reaction mxture, from 0.05to 1 % of propene and from0.05 to 1 %

of acrolein, fromO0.01 to 2% of propane, from1l to 20% of water vapor, from
0.05 to 15% of carbon oxides, from10 to 90% of nitrogen, fromO0.05 to 5%
of oxygen, fromO0.05 to 2% of acetic acid, fromO0.01 to 2% of propionic
acid, fromO0.05 to 1% of formal dehyde,- 2 em 0. 05 to 2% of 20.z. @kukedoy des and

from0.01 to 0.5% of naleic anhydride. Stage (Il): In stage (Il1), the
acrylic acid and part of the coconponents are separa- ted fromthe reaction

gas by absorptign with a high-boiling solvent. Suitable 5 sol vents for
this purpose ardhg| ¢rude g |acih fsemy dhe dlistillation reolmn a€3@ ohads nafer

purification (as in Example 1), a purity of 99.95% by weight. The crystalli-
zation residue was concentrated to 4 g/h of mother liquor having an acrylic
acid content of 76.1% by weight in the three dynamic and two static
s  stripping stages. Half of this was recirculated to the column C10 and the
other half was discarded.
The total yield was thus 90.0%.
The results of Examples 1 to 3 are summarized in the table below. In
all examples, the content of propionic acid and acetic acid in the pure

10 acrylic acid was below 500 ppm.

TABLE
Example 1 (comparison): Without recirculation of the mother liquor
Amount Acrylic acid

15 Crude acid work-up

Crude acrylic acid 426 g/h 99.7% by weight

Loss of acid water 109 g/h 3.2% by weight

Loss of distillation

residue 1 g/h 2.5% by weight
20

Yield for crude acid work-up 99.2%

Crystallization

Pure acrylic acid 422 g/h 99.95% by weight
25 Loss of mother liquor 4 g/h 76.9% by weight

Yield for crystallization 99.2%

Total yield 98.4%
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having a boiling point above 160[err]C. Particularly suitable is a mxture
of di phenyl ether and bi phenyl, for exanple the comercially avail able

m xture of 75% by wei ght of di phenyl ether and 25% by wei ght of bi phenyl.
For the purposes of the present invention, the terns high boiler, 10
intermedi ate boiler and | ow boiler and2ihe correspondi ng a@jZetBV4¥%E terns
desi gnat e conpounds whi ch have a boiling point higher than that of acrylic
acid (high boilers) or conpounds which have about the sane boiling point as
acrylic acid (internediate boilers) or conpounds which have a boiling point
| oner than tEzample 2crylic acid Resirewderianepfall the mother Uiguesint ageousl'y, the

hot reaction gas obtai ned from st I & .L.8:.C ed by partial evaporation
of the solvent in a suitable appﬁ?q{é,%géamagg{lrect condenser or quenching

appar atus, piirffe tfidRedtkPip on. Sui tabl e apparatuses for this purpose are,
in particular, venturi scrubbers, bubble colums or

Crude acrylic acid 579 g/h 99.7 % by weight
s Loss of acid water 109 g/h 2.9% by weight
Loss of distillation
residue 1 g/h 2.8% by weight
Yield for crude acid work-up 99.3%
10
Crystallization
Pure acrylic acid 425 g/h 98.9% by weight

Recirculated mother liquor 156 g/h
s Yield for crystallization 73.5%

Total yield 99.5%
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spray condensers. In this cooling step, the high-boiling coconponents of
the 20 reaction gas from stage (1) condense into the unvaporized sol vent.
In ad- dition, the partial evaporation of the solvent is a purification
step for the solvent. In a preferred enbodi nent of the invention, a
substream of the unvaporized sol vent, ﬁﬁeferably from 1 t@Z1gww«¢m t he
mass flow fed to the absorption colunn is taken off and subjected to
solvent purification. In this 25 sol vent purification, the solvent is

distilled over an he Jhi bai onents remain as a residue and
can, if necegéaa’?‘? %t ePa‘ft%Ptrﬁ"éFc%%Be?f H&u&ﬁ lighorgj sposed of, eg.

i nci nerat ed. Af{Hunt SREMABLaci Stillation serves to avoid too high a '
concentration of high“boilers in the solvent stream Absorption is carried

out in a couﬁfmdeulci&bmorkmmr ption colum which 30 is preferably equipped
with val ve O&rud’é acry lgvgcgdf ays and hq&s(u&vaporl 2633 7% by weight

s Loss of acid water 109 g/h 2.9% by weight
Loss of distillation
residue 1 g/h 2.8% by weight
Field for crude acid work-up 99.3%

10
Crystallization

Pure acrylic acid
Mother liquor from static crystallization
Recirculated mother liquor

15 423 g/h

4 g/h

2 gh

99.95% by weight
20

76.1% by weight

76.1% by weight

Yield for crystallization 99.2%
25 Total yield 99.0%
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REPLACEMENT SHEET sol vent introduced at the top. The gaseous reaction
‘product and any vapori- zed solvent are introduced into the colum from

bel ow and are subsequently cooled to absorption tenperature. Cooling is
advant ageously carried out by neans of cooling circuits, ie. heated sol vent
is taken fromthe colum, 5 cooled in-B&at exchangers and fa®i 0¢s¢/466d8e
columm again at a point above the offtake point. In these solvent cooling
circuits, not only the acrylic acid but also high- and internedi ate-boiling
coconponent s _and_ vapori zed sol vent condense. As soon as_the reaction gas
stream has b&ASE Aditiengaselischalt absor pti on tenperature, tFebramyu8l 188%or ption
t akes place. Here, the residual 10 acrylic aci dNAZROSOTAISCn IBEF/weact i on

gas is absorbed together with part of
R RO

5 We claim:

1. A process for purifying acrylic acid or methacrylic acid by means of

_separation processes in which phases are formed, which comprises

10 (a) subjecting a mixture comprising the acrylic acid or methacrylic acid to
a sharply defined separation process essentially in the absence of an
organic solvent, with the composition of the phase in which the acrylic
acid or methabrylic acid accumulates remaining essentially constant
when the composition of the other phases participating in the mass

15 transfer changes, then taking off this phase and

(b) subjecting at least a part of the remaining phase from stage (a) to a

less sharply defined separation process and

20 (c) feeding one of the phases formed in stage (b) to the sharply defined

separation process in stage (a).

2. A process as claimed in claim 1, having one ore more of the follo-
wing features:
25 - in stage (c), the phase enriched in acrylic acid or methacrylic acid
from stage (b) is fed to the sharply defined separation process;
- in stage (b), 1-100% by weight of the remaining phase from stage (a)
is subjected to the less sharply defined separation process;
- in stage (b), all of the remaining phase from stage (a) is fed to the

30 less sharply defined separation process;
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the | owboiling coconponents. The remaining reaction gas Jlmu
which is not absorbed is cooled further in order to sgparlr ﬂummm,)”f"l
condensabl e part of the |l ow boiling coconponents, in partTleI ar waAt e, «
f ormal dehyde and acetic acid, by 15 condensation. This condensate is
hereinafter referred to as acid water.-7he renai ni ng gas st 10Fafgs0/46608
hereinafter referred to as circulation gas, consists predomnantly of
nitrogen, carbon oxides and unreacted starting materials. Part of this is
preferably recirculated to the reaction stages as djluent gas. A solvent
stream | oaded wilBhStags §®) @ sHardng malerial ieqbe Rusified gisafed- 2@ migurs e

coconponents as Ish?ﬁq)& qjteﬁﬁgd ls?ﬁ?ﬁfb'ﬁt egsow- boi Il i ng coconpo- nents is

taken fromthe botto ~the col'umm Us I'n"stage (Il1) and, in a preferred
enbodi nent of tha dtapee(t) anstasinpj maeaal foobel pueifipd ii9Med Idithe i&s sharply

advant ageously carried out .in a columm, which can preferably be fitted with
defined separation process;
s - the sharply defined separation process is a crystallization, a freezing out
or a sublimation,
- the less sharply defined separation process is a distillation, rectification,

absorption or extraction.

10 3. A process as claimed in claims 1 or 2, wherein the mixture comprises
acrylic acid and, as impurities, essentially at least one of the compounds
selected from the group consisting of aldehydes, propionic acid and acetic

acid.

15 4. A process as claimed in claim 2 or 3, wherein the sharply defined

separation process is a dynamic and/or static crystallization.

5. A process as claimed in claim 4, wherein the sharply defined separa-
tion process is a combined dynamic and static crystallization, with the
20 residue of the dynamic crystallization being fed to the static crystallization
and the crystallized material from the static crystallization being fed to the

dynamic crystallization.

6. A process as claimed in claim 4 or 5, wherein the dynamic crystalli-
25 zation is carried out by means of an apparatus which is completely filled

by the material flowing through or a falling film crystallizer.

7. A process as claimed in any of claims 4 to 6, wherein the dynamic

and/or static crystallization is carried out as a countercurrent crystallization.
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valve or dual-flowtrays or else with | oose packing or

el enments, in the presence of a stripping gas. The stri pamﬂlﬂﬂglmmmmhe
any inert gas or gas mxture, preferably a gas m xture of* aifr and* nitrdgen
since this is obtained in stage (1) when evaporating part of the solvent.
In the desorption, the major part of th& low boilers is striogpeddsiodm t he
| oaded sol vent using part of the circulation gas which is taken off before
30 stage (1). Since relatively large amobunts of acrylic acid are al so
stripped - 12 out, this stream hereinafter referred to as circul ated
stripping ga8; iA Precsss 4ol RERRENE agdissacidor methacaylifeacidutwhiely Pressfeous| y

recircul at edcoxﬁgnsetsothE NRilowing stages:

(I)  catalytic gas-phase oxidation of propene or isobutene and/or acro-
s lein or methacrolein to acrylic acid or methacrylic acid, with

formation of a gaseous reaction product containing the acid,
' an absorption of the reaction product using a high-boiling solvent,

10 (I separation of the loaded solvent from stage (II) into the solvent

and a crude acid by means of distillation,

(IV)  purification of the acrylic acid or methacrylic acid from the crude

acid from stage (III) according to any of the processes defined in

15 claims 1 to 7, with the less sharply defined separation process
being the absorption of stage (II) and/or the distillation of stage

(OI) and the sharply defined separation process being a crystalliza-

tion.

20 9. A process as claimed in claim 8, wherein, in stage (II), the high-

boiling solvent used is a mixture of diphenyl ether and biphenyl.

10. A process as claimed in claim 8 or 9, wherein, in stage (III), crude

acid is taken off by means of a side offtake from the column used for the

25 distillation.
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stage in which the partial evaporation of the solvent is carried out or to
t he absorption colum. Since the stripping gas is part of the circulation
gas, it 5 itself still contains appreciable anbunts of |ow boilers. The
performance of the colum used for desorption can be inproved if the | ow
boilers are renoved fromthe stripping-g8s- prior to introducéz.omnsoidssbso t he
col um. Advantageously, this is carried out by purifying the stripping gas
in a countercurrent scrubbing colum using solvent worked up in the stage
(I'11) 10 described bel ow. A solvent stream|oaded with acrylic acid and
al most free dBASHwAlgisngesellsehafi t hen be taken from the bdebmarn6,t97col um
used for desorp- tion. 15 Stage (I11): In procedNAE19856799SG )IB/SHesacrylic
acid together with the internediate-

5 Abstract

Acrylic acid or methacrylic acid is purified by
{a) subjecting a mixture comprising the acrylic acid or methacrylic acid to
a sharply defined separation process essentially in the absence of an
10 organic solvent, with the composition of the phase in which the acrylic
acid or methacrylic acid accumulates remaining essentially constant
when the composition of the other phases participating in the mass
transfer changes, then taking off this phase and
(b) subjecting at least a part of the remaining phase from stage(a) to a less
15 sharply defined separation process and
(c) feeding one of the phases formed in stage (b) to the sharply defined
separation process in stage (a).
In addition, the invention provides a process for preparing acrylic acid
or methacrylic acid which includes the abovementioned purification

20 process.
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Dboiling conponents and the remaini ny’¢desidue of | ow boiling cac D ts is
sepashtictibngpaaliiscisaditvent . This separation is carried ouf-b Oﬂé%g §$
distillation, with any distillation colum being able to W’ﬁ e n
principle. 20 Advantageously, a colum fitted with sieve trays, eg.

dual -flow trays or crossflow sieve trays of netal, is used for this
purpose. In the enrichnent section of the colum, the acrylic acid is
distilled free of the solvent and the internediate-boiling coconponents
such as mal ei ¢ anhydride. To reduce the proportion of |low boilers in the
acrylic acid, the enrichnment section_of 25 the colum is advantageously.

| engt hened and the acrylic acid is taken of f TromThe dol uim as si de
stream This acrylic acid is refer to as crude acryflic ac X, the top

of the_¢ol uim, 0. oilers
is takenp off. '
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acid, it is advantageously not disgﬁgded but returned to the absorption

stage (Il). At the bottom of the colum, the solvent whic
' gree of acrylic acid is taken off a
t he countercurrent scrubbing colum in

o Ho? fRgterkes

stripping gas from stage (I1)

boilers fromthe strippgng gas.

acid-free sol vent
enbodi nent of the
di ssol ved acrylic

Fig. 2
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SubsequeR&lry, the vigytually acrylic
is fefd to theg absorfti 68 ¢olum. Ih a preferred
. . . -t . yof . .
I nvention, t waf 8r l—whi-e Gan 10 still contain
acid, |is extr ithsalsmal | substream of
«a <
. -l
L. ] Q
- p-]
u [+
3 & : I
u M < .
L] ] I R
9 a e
= ‘ “3 s
- - [
E 3 ——] TN fr—— 'z"
H k] Y
¢ [T <
3 A <3
o e L
o :T
4 2
) g
[
37 4
an b—ey 23
’: P
- 31 -
g': n -
e | 5 o
g ¢ : 2
3 2 B
~t L] 3 :
b a n
[} emsnn
] o nu-u‘t.-
o . S 3w
an 9 D mMOgRew
3 '“"'i-?c'&-‘cg
'y e & e e ) T2 39886383
: g 14 7 |4 g |4 85:3233:@
: I ol = I N-f 488348e3v3
14 - K., - o: ‘0. 2
< 5: % s @~ llllllol
. I3 v o]
173 &y % E EEERELL I
4 5 |y 3 I3 3 |8
e M -
e % a1
- P_ L rl3
1 g 57 4 = <14
2 [ e a
ug ] [ © -t
o - £ h
e 32
i ] [
-]
i3 ] 3
. g
O , o
7 E a "‘g a ‘5
[ o o~ »
¥ A 1 -l & s
4 0 'l Lt -
3 ] MM <
[] [ ‘&
%2 o &
i I
(3] 0
¥ —
g -
] -] g
8 ' i LR
s o sy
g8 ™ 53 L
. [T h:
s g e ~3 43
N 2 1 =
5 & 2 <
M
Be

This Sheet Has Been Repl:

LT

llldced



the virtually acrylic acid-free s
part of the acrylic agid is extracted into the sol vent and
the acid wate
medi at e- boi | i ng conponents fromthe sol vent stream and thus

of these conponent s in the solvent circuit. The

f r o BASH dkibeng
pol ar inter-

avoi ds an 15 accunul ati on
resulting stream conprising | oy
concentrated, which canf be necé

protection regul ations

(1) conprises,

t he ot her

preferably from 98 to [99. 8%

by wei ght,

of acrylic

0.5 to 1.5% by weight,
mal ei ¢ anhydride. Thig

Fig. 3

ent.

directi on,

In this acid wate
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+f the purity requirenents are not very high, be used for esterification.

25 - 14- Stage V): The acryli&"eacid IS separated fromt G
é’c‘lsf;l‘f"&%ﬁ’?}ggﬁ?#etd fromstage (I11) by nmeans of dynaﬁ%é},‘gé%‘)%é\%?zation
or a conbi nation of dynamic 5 and static crystallizat ) v?n? t he

resul ting nother |iquor (residue phase) not being discarded but being
recircul ated at |least partially to the absorption stage (Il) or
distillation stage (I111). Mst preferred is recirculation to the
absorption, since this nakes possible a better separation of the

cocorrponenté_
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by | ow boil er scruumpmwrlmglym ler s

the crude acryli flfled is
crystallization
di fferent conposi
cool ed surfaces.
been frozen out

remaining liquid
carried out by S|Tply al l owi ng the residue phase
away. The crystallji zati on step can al so be fol |l owed bL
steps such as waslfing of the crystal layer (cf. 3 08

ie. partial nel |rg of taI regi gng. [The- [ [
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i ned i |

“1f desired, the pure
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the het aaﬁ;?q@:“ -yzed_axidation of acrolein in the second reactor.
The f &3WDek a §s r§§£tlcbn product which contains acrylic acid is*
cool extrbya, tla % P)g)l‘%tpidgﬂd 5% {he solvent in a direct condenser C9 5
priar g o é ?t tq Iﬁﬂgedc?ﬁ\d pnser, the high-boiling coconponents of
t he Ir gA@khk, {) \iofvdpa@el dnt b t he.ynvapori zed sol vent. A substream
fromthe dl rect B’Eﬂ?&e stor pedi & subj ected to sol venp—distil]|ation, with the
sol vent being distilled over and the high-boiling coREPACEWM T @ | ef t
behiladPAH, f?&ﬂ(}mpp@n_“b;@‘;f‘ﬂﬂt her} concentrated and [di ;
i nci nerated. 10 Fhre—€6kwm IC10, which is preferaeéé a packed |c¢l um,
has (unvapori- zed) solvent introduced from above ifl A‘t?alﬁ‘ﬂrl

t he gaseous reaction product are introdu ILnto the cpl unm C10

sol vent and

from bel ow and are subsequently cooled to the absofption tenperattre
Cooling is carried out by nmeans of cooling circuits ot

cool i ng s

10

15

20

25

30

Shawun) I n

Purification of acrylic acid and methacrylic acid

The present invention relates to a process for purifying acrylic acid and
methacrylic acid. In addition, the invention relates to a process for prepa-
ring acrylic acid or methacrylic acid using the purification process.

It is known that material mixtures can be separated using processes in
which phases are present or are formed. Examples which may be mentioned
are extraction or absorption in which liquid/liquid or gas/liquid phases are
present. Thus, DE-A-21 64 767 describes a process for purifying acrylic
acid in which an aqueous acrylic acid solution is extracted with an ex-
tractant, the extractant is separated from the extract in a distillation zone
and subsequently, in a rectification zone, a mixture of acrylic acid and
acetic acid is distilled off from the remaining part of the extract. DE-C 34
29 391 discloses a process for preparing acrylic acid in which the gas

obtained in the catalytic oxidation of propene and/or acrolein is condensed

in an acrylic acid receiver and the substances not condensed are collected

by absorption in water. The resulting aqueous solution of acrylic acid is
then distilled in a distillation column in the presence of an azeotrope
former, with the acrylic acid being obtained in the bottom product from the
distillation. A similar process is also described in EP-A-0 551 111.

In the article "Separation of binary mixtures by combining rectification
and fractionating crystallization" Russian Chemical Industry, Vol. 25, 1993,
No. 2, pages 6-13, G.A. Nosov et al. describe the separation of mixtures
by combined rectification and fractional crystallization, with the mixture to
be separated being fed to a rectification stage and the vapor leaving the

hese



15 circuits, the vaporized solvent, the acrylic acid 2 ldco1nj gh-
?ngmEﬁi %gt jon

and internedi ate-boiling coconponents condense. After
gas stream has been cooled to the absorption tenperatjurle, the actual
absorption takes place. Here, the residual acrylic adid r20eMAY ngea nit he
reaction gas as well as part of the | owoiling cocorfpdnents are absorbed.
Subsequently, 20 the renmi ning unabsorbed reaction das TS cooled rturther
in order to separate the condensabl e part of the | owlboiling coconponemts
fromthe gas stream shown in Fig. 1 as acid water quench. This condensate
is referred festifisatias eolumpebeingded tofa chstaliizatipnistgegdess.r dgnyaponds
circul ation C hen. b Ci I d I | yent s to the reaction
st ages, as sg(gdaﬁd’i n&ﬁhgg ?L&&%ﬁ p'h%é ibgt Wgﬁﬁgtllt' rbf‘gﬁ'f“fe SERATERGE ®, the
sol vent | oadegstailine &atydd drami theantbtlierC GigRaN ks lauer t@kestu@kl andnéed to

the desorption colum C20. In the latter, the major part of the |low boilers
are stri ppedrqcp1g¢ﬁtpne cplygedThe company brochure "Fraktionierte Kristallisation"

s from SULZER CHEM TECH, 1991 likewise describes the combined use of

rectification and crystallization with recirculation for separating isomer

mixtures. In the article "The attractions of melt static crystallization”,

Chemical Engineering, September 1995, pages 108-110, M. Hassene and G.

Drouglazet describe static melt crystallization as a purification process which

10 can be combined with distillation. In processes for preparing naphthalene,

toluene derivatives or nitrobenzene, this combined process is used for final

purification. The further article "Acrylic acid and acrylates”, 91-2, February

1993, CHEM SYSTEMS, pages 22-26, describes how crude acrylic acid

prepared by two-stage oxidation is separated off by solvent extraction after

15 cooling and absorption in water. The further purified crude acrylic acid

obtained is subsequently subjected to a purification process which can be a
crystallization. This article gives no further details on this subject.

Japanese Patent 45-32417 discloses a process in which an aqueous

acrylic acid solution or methacrylic acid solution which additionally contains

20 acetic acid and propionic acid is extracted with heptane or toluene and

_water is subsequently removed from the extract by distillation. In the next

stage, the remaining extract is cooled to from -20 to -80°C to induce

crystallization of acrylic acid or methacrylic acid. The crystals are separated

off and the mother liquor is returned to the extraction process. According

25 to this patent, the addition of an organic solvent or extractant is necessary

since otherwise the solution solidifies on cooling without crystals being

precipitated. JA-7032417 describes the purification of methacrylic acid by

extracting the latter with butadiene, heptene or toluene, dehydrating the

extract by distillation and subsequently crystallizing out the methacrylic acid

3% by cooling to from -20 to -80°C. The crystals are separated off by fil-



sol vent by neans of part of the circulation gas which is taken from before
the oxidation stages. Since this also strips out relatively |arge anounts

of REPLACEMENT SHEET acrylic acid, this streamis, for exanple,
recirculated to the direct condenser C9. To inprove the desorption

performance of the colum C20, the | ow3boilers present in the stripping gas
are renoved prior to its introduction into s

advant ageously carried out by purifying the strip- ping gas in a

countercurrent scrubbing colum C19 using worked-up solvent fromthe col um

C30 descri b&atiann apdr dhejefiltiate pis| sgeirculated. JA-7110535 describes a similar

10

15

20

purification process for acrylic acid. In all the processes described in the
three last-named documents, the crystallization is carried out in the presence
of an organic solvent.

It is an object of the present invention to provide a process for purify-
ing acrylic acid and methacrylic acid in which a higher yield can be
achieved together with high purity of the acids.

We have found that this object is achieved by combined use of a
sharply defined and a less sharply defined separation process, where the
phase remaining from the sharply defined separation process, which is not
enriched with acid, is at least partially recirculated to the less sharply
defined separation process.

The present invention accordingly provides a process for purifying
acrylic acid or methacrylic acid by means of separation processes in which
phases are formed, which comprises

(a) subjecting a mixture comprising the acrylic acid or methacrylic

acid to a sharply defined separation process essentially in the
absence of an organic solvent, with the composition of the phase
in which the acrylic acid or methacrylic acid accumulates remai-
ning essentially constant when the composition of the other phases
participating in the mass transfer changes, then taking off this
phase and

(b) subjecting at least a part of the remaining phase from stage ()

to a less sharply defined separation process and

(c) feeding one of the phases formed in stage (b) to the sharply

defined separation process in stage (a).

In one embodiment, the present invention provides a process for prepa-

ring acrylic acid or methacrylic acid which comprises the following stages:
@ catalytic gas-phase oxidation of propene or isobutene and/or

acrolein or methacrolein to acrylic acid or methacrylic acid,

the colum C20. This is

REPLACEMENT SHEET

20 MAY 1997




In the next process step, a solvent stream which is [Ogoedwtiractyhc
acid and is alnpst free of |ow boilers is taken off r@%ﬁgﬁgwﬁﬁEﬁﬂﬁ%Bf t he
10 desorption colum C20 and fed to the distillatiop golum C30, WHidgh is
preferably a sieve tray colum. The high-boiling solent 2qnMae9e7
I nternmedi a- te-boiling coconponents, eg4 -nmal ei ¢ anhydrj de, condense jinto
the bottom of the colum C30. Since the acrylic acid takemoff—at—tHe |t op
of the colum C30 still contains appreciable amounts! of | ow boiling
coconponents, this 15 proportion of |ow boilers is advantageousTy reduced
by further |engtheningvithefoERaiGhAEnd gasequsoreagtion produst ueantiBimgakhg t aki ng
the acrylic acid froma colum as a side stream This acrylic acid is
referred to as crude acrylic acid. The streamrich in |ow boilers taken off
at the top of thgldi stabkdrptio®of2he reakiofTprédidt iuSingSh Mgh-bbilingisolvea@nt ai ns

acrylic acid, advantageously recircul a-
{1 separation of the loaded solvent from stage (II) into the sol-

5 vent and a crude acid by means of distillation,

(IV)  purification of the acrylic acid or methacrylic acid from the
crude acid from stage (III) according to the purification pro-
cess of the present invention, with the less sharply defined
separation process being the absorption of stage (II) and/or the

10 distillation of stage (III) and the sharply defined separation
process being a crystallization.
Preferred embodiments of the invention are defined in the subclaims.

Further and preferred features are indicated in Figures 1 to 6 and the
description.

15
In the figures:

Fig. 1 shows an example of a preferred embodiment of the process of the
present invention for purifying acrylic acid or methacrylic acid;
20 Fig. 2 shows a process flow diagram for preparing acrylic acid using a
B static and a dynamic crystallization;
Fig. 3 shows a process flow diagram for preparing acrylic acid using a
dynamic crystallization;
Fig. 4 shows an experimental arrangement for preparing crude acrylic
25 acid;
Fig. 5 shows an experimental arrangement as used in Example 1;
Fig. 6 shows an experimental arrangement as used in Example 2.

The separation processes used according to the present invention are

3% separation processes in which phases are formed. According to the present



ted to the absorption colum C10. The major part of
virtually acrylic acid-free solvent taken off fromt eREﬂINCQMENT gH[QT

distillation colum C30 is fed to the countercurrent |s¢rabbirg—eotun
in order to,
the stripping gas stream which goes to3t-he desorpti
Subsequently, the virtually acrylic acid-free solven

absorption colum C10. A small
solvent fromthe botfomof the distillation colum

as already nentioned 25 above, scrub the Iow bmé@f
is fed to the

substream of the virtyally acryllc aci d}

e lLow. boiler-free and

hC
the acid wati8yeniione the shagplyc Jafingdn senaratiog) pgesicisyriprogms @cwbichl Het hi s
aci d water exttaqhi Gfich PRk ac¥iid BEAEE Yhdhactfiid sk LESTHET and/or in

10

15

20

which these materials are predominantly present has a composition which
remains essentially constant when the composition of the remaining phases
participating in the mass transfer and/or coexisting phases changes. In
particular, this is a separation process in which the composition of one of
the phases formed is essentially independent of the composition of the
material fed in. The sharply defined separation process is carried out
essentially in the absence of an organic solvent, preferably in the complete
absence of an organic solvent. The mixture to be purified in stage (a)
preferably contains not more than 1% by weight, in particular not more
than 0.1% by weight, of organic solvent, in each case based on 100% by
weight of mixture to be purified. The sharply defined separation process
selected is here subject to no restriction. Advantageously, it is a crystalliza-
tion, a freezing out, an evaporation, a sublimation or a combination of
these processes including the multiple use of these processes. Most preferred
is crystallization, with this being carried out dynamically and/or statically.
Particularly preferred is dynamic crystallization or a combination of
dynamic and static crystallization. In the latter embodiment, as described in
EP-A-0 616 998, the residue of the dynamic crystallization is preferably fed

to the static crystallization and the crystallized material from the static

crystallization is fed to the dynamic crystallization. The way in which the
dynamic and/or static crystallization is carried out is not critical here. In the
static crystallization (eg. US 3 597 164 and FR 2 668 946), the liquid
phase is moved only by free convection, while in the dynamic crystallization
the liquid phase is moved by forced convection. The latter can be achieved
by forced flow in apparatuses which are completely filled by the material
flowing through them (cf. DE-A-2 606 364) or by feeding a trickling or
falling film onto a cooled wall (DE 1 769 123 and EP-A-0 218 545). The

dynamic and static crystallizations can each be carried out in one or more



-17- fromthe acid water, while in the other direction the acid water

extracts all

pol ar conponents fromthe sol vent substream The acid water

formed here can be pre-evaporated and subsequently incinerated. The crude
acrylic acid obtained fromthe side offtake of the distillation 5 columm
C30 i s subsequently subjected to a dynmafri-c and static crystallization. A
of the nother liquor fromthe static crystallization is then returned to
t he absorption stage. If desired, the pure acrylic acid obtained is t hen

esterified with aI cohols to give the desired acryl ates, 3
differs frorffages.gMutistage; Iﬁéﬁceﬁﬁﬁﬁ yare BsRafd van@pgaishy ICFIZ&Q SHt |a§°‘?596‘8| ded in

pl ace of the, da,ga&mege&@grghgﬂgreys{naumaﬁt ;:ﬁarkt%cttx Iielfgeﬁ”ﬂfée%Pys&fudeﬁe
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advant age
material is separated from the residue after crystallization and this crystalli-

zed material is fed to the respective stage having the next higher degree of
purity, while the crystallization residue is fed to the respective stage having
the next lower degree of purity. Usually, all stages which produce a cry-
stallized material which is purer than the crude acid solution fed in are
referred to as purification stages and all other stages are known as stripping
stages. Static crystallization is advantageously used in the stripping stages
when the yield of the acid is to be increased further.

According to the present invention, the less sharply defined separation
process is a separation process which does not come under the above
definition of the sharply defined separation process. In particular, it is a
separation process in which the composition of the phases formed is depen-
dent on the composition of the material fed in. The less sharply defined
separation processes which come into question here are subject to no parti-
cular restriction. Advantageously, this process is a distillation, rectification,
absorption, adsorption, extraction, supercritical extraction, a membrane
separation process such as a pervaporation/vapor permeation, or a combina-

tion of these processes. Use is advantageously made of a distillation, rectifi-

_cation, absorption or extraction or a combination of these processes, in-

cluding the multiple use of these processes. If a sharply defined and a less
sharply defined separation process are viewed in terms of the work of
separation and one separation stage, then for a conmstant work of separation
a sharply defined separation process achieves a higher purity, while a less
sharply defined separation process achieves a higher yield.

A particularly advantageous combination of sharply defined and less
sharply defined separation processes is the combination of absorption,

extraction and/or distillation with crystallization.

REPLACEMENT SHEET

20 MAY 1997




total yield of the desired material and thus the total econom cs of the
process is increased by recirculation. Furthernore, it offers the
possibility 15 of inproving the econonm cs even further by omtting a
static crystallization. The invention is illustrated by the foll ow ng
exanpl es whi ch represent preferred enbodiments of the invention. In a

m ni pl ant,

426 g/ h of crude acrylic acid (RA) were produced. The way in

whi ch the equi pnent itens mere connected t he amounts required 20 and the

operati ng

par a shown in 4. .This figure t.he sane

t
col ums and equf‘p erﬁwgfie r%e é’éesFﬂt #}VﬁﬂP E‘e Fxre \fo ¢ é‘ﬁg‘gr’% HSmber s
being used fpinif d[ls}génmnc&laﬁgbétﬁys mAGHIt hﬁm}e c%ﬁ!a‘i’rﬁ{i‘é zﬂsryﬁd Idc?a'&n StLg,

distillation res

gas: AB).

D acid water: S; acid water extractlon: wa
Theetbacirglit iaoid. oPamicalpelpe wel) suifed hisaar m@xr)xra/laa cluniokdii m ﬂB (A

was carried out ipnt re ctiag (t)ubes accor‘lnectgd I n ries tand havi ng a
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by ox1 ation of propene or

r meth IC aci

preparation of acrylic aci
isobutene, subsequent absorption with a high-boiling solvent and distillation
or, after the oxidation, subsequent condensation or absorption with water
and extraction. Such mixtures comprise the acid plus, as impurities, essenti-
ally at least one of the compounds selected from the group consisting of
aldehydes, propionic acid and acetic acid. Such a mixture preferably con-
tains acrylic acid or methacrylic acid in an amount of 90-99% by weight
and impurities preferably in the following amounts, where all amounts are
based on 100% by weight of the mixture: aldehydes from 0.05 to 2% by
weight, propionic acid from 0.01 to 2% by weight and acetic acid from
0.05 to 2% by weight. Mixtures which are subjected to the sharply defined
separation process in stage (a) contain essentially no organic solvent, prefe-
rably less than 1% by weight, in particular less than 0.1% by weight,
particularly preferably less than 0.01% by weight, of organic solvent, in
each case based on 100% by weight of mixture.

According to the process of the present invention, at least part of the
phase depleted in acrylic acid or methacrylic acid remaining in stage (a) is
fed to the less sharply defined separation process in stage (b). The most
| suitable feed ratio for the respective application can easily be determined by
a person skilled in the art by means of customary experiments. Preference
is given to feeding in from 1 to 100% by weight, in particular from 5 to
50% by weight, most preferably from 10 to 20% by weight, of the remai-
ning phase.

In an advantageous embodiment of the invention, the phase enriched in
acrylic acid or methacrylic acid is separated off in stage (c) and subjected

to the sharply defined separation process in stage (a). It is possible for a
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dianeter of 26 mmand a catal yst bed length of 2.5 m The first tube
PO was charged with a coated catal yst as described in
AO contai ned

750. The colums C10, C20 and 30

(propene oxi dati on:
EP 575 897 and the second reaction tube (acrolein oxidation:

a coated catal yst as described in EP 60

C30 were mirrored and thernostated | abofatory col ums having a di aneter

18 of 50 mMm The direct condenser C9 was a venturi scrubber. The col ums

C10 and C20 were packed with 5 mmnetal helices. The di sti IIation co-
The
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holes in the S|e
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rays wer
acid, to be fed as a mixture to stage (a) and/or stage (b).

The present invention makes it possible, by appropriate selection of the
amounts of the phase fed from stage (a) to stage (b), to correspondingly
increase the yield of the acid while the purity of this material remains
essentially constant.

Fig. 1 shows an example of a preferred embodiment of the process of
the present invention, in which starting material to be purified is fed in
upstream of the less sharply defined separation process. The thickness of the
arrows indicates the amounts of desired product (acrylic acid or methacrylic
acid) and the undesired cocomponents (NK). The other references are: less
sharply defined separation (UT), sharply defined separation (ST), product
(P), product discharge (PA), cocomponent discharge (NKA).

In a preferred embodiment, the invention provides a process for prepa-
ring acrylic acid or methacrylic acid which comprises the stages (I) to (IV)
as defined above. The individual stages are described below for acrylic acid.

They apply in a similar manner to methacrylic acid, unless otherwise

indicated.

Stage (I):
Stage (I) comprises the catalytic gas-phase reaction of propenme and/or

acrolein with molecular oxygen to give acrylic acid. In the case of metha-
crylic acid, a gas-phase reaction of isobutene and/or methacrolein with
molecular oxygen occurs in a similar way. The gas-phase reaction can be
carried out by known methods, in particular as described in the abovemen-
tioned documents. The reaction is advantageously carried out at from 200
to 400°C. As heterogencous catalysts, preference is given to using oxidic

multicomponent catalysts based on the oxides of molybdenum, chromium,

vanadium and/or tellurium.

| um
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5 could be formed. DYNAM C CRYSTALLI ZATI ON The dynamic crystallization was

carried out

in a crystallizer as is described in DE-A-26 06 364 (BASF),

with the tube used being conpletely filled by the nmaterial flow ng through
it. The data for the crystallizer were 10 as follows: - two passes with
one tube (internal dianmeter 26 nm) per-fass - tube length 5 m -

vari abl e speed centrifugal punp as primary circuit punp 15 -

pri mary-side volunme of unit about 11 1 -

degree of freezing out about 45%

(degree of free g f crystall eriall s of raw nelt) -
4 stage cont ai né‘rhg reeggﬁo avi ﬁlSOpgm\/g? ubE® o"?c madt is 'strongly exothermic.
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The reaction gas, which advantageously contains a diluent gas, eg. circula-
tion gas (see below), atmospheric nitrogen and/or water vapor in addition
to the starting materials and products, can therefore take up only a small
part of the heat of reaction. Therefore, the reactors used are usually shell--
and-tube heat exchangers which are charged with the oxidation catalyst and
remove the major part of the heat liberated during the reaction by convec-
tion and radiation to the cooled tube walls.

However, stage (I) does not give pure acrylic acid, but a gaseous
mixture which can comprise acrylic acid and, as cocomponents, essentially
unreacted acrolein and/or propene, water vapor, carbon monoxide, carbon
dioxide, nitrogen, oxygen, acetic acid, propionic acid, formaldehyde, further
aldehydes and maleic anhydride. In particular, the reaction product mixture
typically comprises, in each case given in % by weight based on the total
reaction mixture, from 0.05 to 1% of propene and from 0.05 to 1% of
acrolein, from 0.01 to 2% of propane, from 1 to 20% of water vapor,
from 0.05 to 15% of carbon oxides, from 10 to 90% of nitrogen, from
0.05 to 5% of oxygen, from 0.05 to 2% of acetic acid, from 0.0l to 2%
of propionic acid, from 0.05 to 1% of formaldehyde, from 0.05 to 2% of
aldehydes and from 0.01 to 0.5% of maleic anhydride.
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- tenperature control of the unit by neans of a refrigeration unit and 4
bar steam via heat exchangers. The unit was controlled by means of

20

a process control system wth the program sequence for [0 e—belhg-a
follows: 25 1. filling of the primary circuit 2. enptyi {TpS K gRar
circuit and freezing-on of a nucleati n'glq ayer 3. increasg¢ of tenp e
to about 2[err]C below the nelting point 4. filling of §h g@gp‘g\y.,éwrc i
for crystallization 5. crystallization (tenperature progran 3 6.

punpi ng out S%gé qﬁi)plual melt after conpletion of the crys ' |

In stage (II), the acrylic acid and part of the cocomponents are separa-
ted from the reaction gas by absorption with a high-boiling solvent. Suitable

s solvents for this purpose are all high-boiling solvents, in particular solvents
having a boiling point above 160°C. Particularly suitable is a mixture of
dipheny! ether and biphenyl, for example the commercially available mixture
of 75% by weight of diphenyl ether and 25% by weight of biphenyl.

For the purposes of the present invention, the terms high boiler,

1o intermediate boiler and low boiler and the corresponding adjectival terms
designate compounds which have a boiling point higher than that of acrylic
acid (high boilers) or compounds which have about the same boiling point
as acrylic acid (intermediate boilers) or compounds which have a boiling
point lower than that of acrylic acid (low boilers).

15 Advantageously, the hot reaction gas obtained from stage (I) is cooled
by partial evaporation of the solvent in a suitable apparatus, eg. a direct
condenser or quenching apparatus, prior to absorption. Suitable apparatuses
for this purpose are, in particular, venturi scrubbers, bubble columns or
spray condensers. In this cooling step, the high-boiling cocomponents of the

20 reaction gas from stage (I) condense into the unvaporized solvent. In ad-
dition, the partial evaporation of the solvent is a purification step for the

| solvent. In a preferred embodiment of the invention, a substream of the
unvaporized solvent, preferably from 1 to 10% of the mass flow fed to the
absorption column, is taken off and subjected to solvent purification. In this

25 solvent purification, the solvent is distilled over and the high-boiling cocom-
ponents remain as a residue and can, if necessary after further concen-
tration, be disposed of, eg. incinerated. This solvent distillation serves to
avoid too high a concentration of high boilers in the solvent stream.

Absorption is carried out in a countercurrent absorption column which

30 is preferably equipped with valve or dual-flow trays and has (unvaporized)



19 - 7. increasing the tenperature to nelt the crystamEbEM MERT S iing
out nolten crystallized material 9. comrencenent of |a
tenperatures, pressures and volune flows are dependent lon the 5 respéctive
stage being carried out. STATIC LAYER CRYSTALLI ZATI ON Tlhe2 OnMAY U981 f{or
this purpose conprised a tube crystalriye? of glass RaJing an internal
dianeter of 80 mMmmand a length of 1 m The tenperatu-f 10 re of tThe
crystallizer was controlled via a glass jacket. The fliLll volume of thel
cool ed
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zed solvent are introduced into the column from below and are subsequently
cooled to absorption temperature. Cooling is advantageously carried out by
means of cooling circuits, ie. heated solvent is taken from the column,
cooled in heat exchangers and fed to the column again at a point above the
offtake point. In these solvent cooling circuits, not only the acrylic acid but
also high- and intermediate-boiling cocomponents and vaporized solvent
condense. As soon as the reaction gas stream has been cooled to the
absorption temperature, the actual absorption takes place. Here, the residual
acrylic acid remaining in the reaction gas is absorbed together with part of
the low-boiling cocomponents.

The remaining reaction gas from stage (I) which is not absorbed is
cooled further in order to separate off the condensable part of the low-
boiling cocomponents, in particular water, formaldehyde and acetic acid, by
condensation. This condensate is hereinafter referred to as acid water. The
remaining gas stream, hereinafter referred to as circulation gas, consists
predominantly of nitrogen, carbon oxides and unreacted starting materials.
Part of this is preferably recirculated to the reaction stages as diluent gas.

A solvent stream loaded with acrylic acid, high- and intermediate-
boiling cocomponents as well as a small amount of low-boiling cocompo-
nents is taken from the bottom of the column used in stage (II) and, in a

| preferred embodiment of the invention, subjected to desorption. This is

advantageously carried out in a column, which can preferably be fitted with
valve or dual-flow trays or else with loose packing or arranged packing
elements, in the presence of a stripping gas. The stripping gas used can be
any inert gas or gas mixture, preferably a gas mixture of air and nitrogen
since this is obtained in stage (I) when evaporating part of the solvent. In
the desorption, the major part of the low boilers is stripped from the
loaded solvent using part of the circulation gas which is taken off before
stage (I). Since relatively large amounts of acrylic acid are also stripped

a



programed controller.

about 50%

The degree of freezing out (after sweating) was
The program sequence for a stage was as follows: 15 1. filling

of the crystallizer 2. adjusting the tenperature of the apparatus with
contents (to about 1 K above the nelti n% point) 3. crystallization
2h

(tenperature program 20 4. draining

e residual nelt after conpletion

of crystallization 5. sweating (tenperature program) 6. nelting of
crystallized material 7. commencenent of a new stage The tenperatures are

carried 25

dependent on_the .respectiyve .stage hein oyt .
P outt, this s%}%am, hereinafter rel?erredg to as circulated sterlpping gas, is, for

10

15

20

economic reasons, not discarded but advantageously recirculated, eg. to the
stage in which the partial evaporation of the solvent is carried out or to the
absorption column. Since the stripping gas is part of the circulation gas, it
itself still contains appreciable amounts of low boilers. The performance of
the column used for desorption can be improved if the low boilers are
removed from the stripping gas prior to introduction into the column.
Advantageously, this is carried out by purifying the stripping gas in a
countercurrent scrubbing column using solvent worked up in the stage (III)
described below.

A solvent stream loaded with acrylic acid and almost free of low

boilers can then be taken from the bottom of the column used for desorp-

tion.

Stage (III):

In process stage (III), the acrylic acid together with the intermediate-
boiling components and the remaining residue of low-boiling cocomponents
is separated from the solvent. This separation is carried out by means of
distillation, with any distillation column being able to be used in principle.
Advantageously, a column fitted with sieve trays, eg. dual-flow trays or

crossflow sieve trays of metal, is used for this purpose. In the enrichment

section of the column, the acrylic acid is distilled free of the solvent and

the intermediate-boiling cocomponents such as maleic anhydride. To reduce
the proportion of low boilers in the acrylic acid, the enrichment section of
the column is advantageously lengthened and the acrylic acid is taken off
from the column as a side stream. This acrylic acid is referred to as crude
acrylic acid.

At the top of the column, after a partial condensation, a stream rich

in low boilers is taken off. However, since this stream still contains acrylic
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The nuneri cal

measur enent

val ues given in Exanples 1 to 3 were obtained fromthe actual
results froma plurality of experinments. 30 20 EXAMPLE 1

(COVPARI SON) The process flow diagram of this exanple is shown in Fig. 5,
with the reference nunbers corresponding to those of Figures 2 to 4

(addi tional :

dynamic crystallization: -DK -static crystallization: SK;

nother liquor: M.,; 5 pure acrylic acid: RAS; crude acid preparation:
pure acid crystalliza- tion: RSK).
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acid, it is advantageously not discarded but returned to the absorption stage
).

At the bottom of the column, the solvent which is free of low boilers
and virtually free of acrylic acid is taken off and preferably mostly fed to
the countercurrent scrubbing column in which the stripping gas from stage
(II) is purified, in order to scrub the low boilers from the stripping gas.
Subsequently, the virtually acrylic acid-free solvent is fed to the absorption
column.

In a preferred embodiment of the invention, the acid water, which can
still contain dissolved acrylic acid, is extracted with a small substream of
the virtually 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 the other direction, the acid water extracts the polar inter-
mediate-boiling components from the solvent stream and thus avoids an
accurnulation of these components in the solvent circuit. The resulting
stream comprising low and intermediate boilers can be further concentrated,
which can be necessary, in particular, if environment protection regulations
apply.

The crude acrylic acid obtained in stage (III) comprises, in each case
based on the crude acrylic acid, preferably from 98 to 99.8% by weight,
in particular from 98.5 to 99.5% by weight, of acrylic acid and from 0.2

to 2% by weight, in particular from 0.5 to 1.5% by weight, of impurities

such as acetic acid, aldehydes and maleic anhydride. This acrylic acid may,

if the purity requirements are not very high, be used for esterification.

RSH,
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426 g/ h of crude acrylic acid having a purity of 99.7 % by wei ght were
taken off fromthe side offtake of the distillation caolum_C30. _Two_

streans were taken off fromthe crude acid work-up: ]OQEQLQ\CEMENTOSHEQW

wat er containing 3.2% by weight of acre,/’lic aci d and |1 gr-h—of—ai-st-+4

resi due containing 2.5% by wei ght of ac
to renbve the coconponents fromthe systemand are t}
Since these two streans contain acrylic acid, the yie

wor k-up is
t he col um

crystallization stages.

ylic acid. Th gi efi)&omlgd?gg:

of the crude

%. but only 99.2% 15 The crud
ége\%gg‘/?subsequently purified in one of tF

e acrylic acid fr

This gave a pure acrylic acid having a purity of

99. 95% by weight. The crystallization residue of these purification stages
was wor ked up i Bhes aeryhigrdcid i separaecatfram dhq/snaiel acryhcataczdnobmagdsfrorﬁhe

crystallizat b%e (Iﬁf bgur%emsotc Syn%?n% rc%&zﬂhza%on gr a corr]ngmaenson of dynamic

5
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and static crystallization, with the resulting mother liquor (residue phase) not
being discarded but being recirculated at least partially to the absorption
stage (II) or distillation stage (III). Most preferred is recirculation to the
absorption, since this makes possible a better separation of the cocomponents
by low boiler scrubbing and low boiler stripping.

In stage (IV), the crude acrylic acid to be purified is introduced in
liquid form into the crystallization apparatus and subsequently a solid phase
which has a different composition from the liquid phase introduced is frozen
out on the cooled surfaces. After a certain proportion of the acrylic acid
fed in has been frozen out (advantageously 50-80%, in particular 60-70%),
the remaining liquid residue phase is separated off. This is advantageously
carried out by simply allowing the residue phase to flow away or pumping
it away. The crystallization step can also be followed by further purification
steps such as washing of the crystal layer (cf. DE 3 708 709) or sweating,
ie. partial melting of contaminated crystal regions. The crystallization step
is advantageously followed by a sweating step if the overall purifying action
of a stage is to be improved.

If desired, the pure acrylic acid obtained in stage (IV) can be esterified

by known methods.
Figures 2 and 3 show a process flow diagram for preparing acrylic

acid.

According to Fig. 2, the circulation gas which consists essentially of
nitrogen, carbon oxides and unreacted starting materials is compressed and
then fed together with propene and air to a reactor in which the heteroge-

neously catalyzed oxidation of propene to acrolein takes place. The resulting



20 5 stripping stages and taken from the unit as nother |iquor having an
acrylic acid content of 76.9% by wei ght and di scarded. Onng to the |oss of

acrylic acid via the discarded nother liquor, the yield of the
crystallization is only 99.2% The total_ yield is thus 98.4% 25 EXAMPLE 2
This exanple was carried out using a nethod simlar to Exanple 1, except
that the crystallization residue was worked up only in 3 dynam c
crystallization stages and the nother liquor fromthe crystallization was

not 30 di sqaeARckiRe rei@iforhas i€ Gufrbbid Wil Rtk %i®  'WHler P bR SEP ' o)
the heterogeneously catalyzed oxidation of acrolein in the second reactor.

The resulting hot, gaseous reaction product which contains acrylic acid
is cooled by partial evaporation of the solvent in a direct condenser C9

s prior to absorption. In this condenser, the high-boiling cocomponents of the
reaction product condense into the unvaporized solvent. A substream from
the direct condenser C9 is subjected to solvent distillation, with the solvent
being distilled over and the high-boiling cocomponents being left behind.
The latter can be further concentrated and disposed of, eg. incinerated.

10 The column C10, which is preferably a packed column, has (unvapori-
zed) solvent introduced from above while the vaporized solvent and the
gaseous reaction product are introduced into the column C10 from below
and are subsequently cooled to the absorption temperature. Cooling is
carried out by means of cooling circuits (not shown). In these cooling

15 circuits, the vaporized solvent, the acrylic acid as well as all high- and
intermediate-boiling cocomponents condense. After the entire reaction gas
stream has been cooled to the absorption temperature, the actual absorption
takes place. Here, the residual acrylic acid remaining in the reaction gas as
well as part of the low-boiling cocomponents are absorbed. Subsequently,

20 the remaining unabsorbed reaction gas is cooled further in order to separate
the condensable part of the low-boiling cocomponents from the gas stream,
.'shown in Fig. 1 as acid water quench. This condensate is referred to as
acid water. Part of the remaining gas stream, the circulation gas, can then
be recirculated as diluent gas to the reaction stages, as shown in Fig. 1.

25 At the bottom of the column C10, the solvent loaded with acrylic acid
and cocomponents is taken off and fed to the desorption column C20. In
the latter, the major part of the low boilers are stripped from the loaded
solvent by means of part of the circulation gas which is taken from before

the oxidation stages. Since this also strips out relatively large amounts of
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-21 course of the process is shown in Fig. 6, wth {hgpiafen gHeymiers
corresponding to those of Figures 2 to 5 (additional: —eat+-efstiage:

ng stage: ATS). In this exanple, 579 g/h [not 426 %/82) of{ crude
f

RES; stripp

acrylic acid
si de of ftake
1, 109 g/h o
acrylic acid
aci d work-up
was purified

nurifi ocotl
AT T 1T T U CI U

having a 5 purity of 99.7% by wei ght|wer 8 bMAi

of the colum C30. The crud®-acid work}up gave, as in |Fxjanple

f acid water, which in this case contai ped 2. 9% by wei ght| of

and 1 g/h of distillation residue. The.yi.el.g
e crude acryljc aci

purity of 99¢80% by
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To improve the desorption performance of the column C20, the low
boilers present in the stripping gas are removed prior to its introduction into
the column C20. This is advantageously carried out by purifying the strip-
ping gas in a countercurrent scrubbing column C19 using worked-up solvent
from the column C30 described in more detail below.

In the next process step, a solvent stream which is loaded with acrylic
acid and is almost free of low boilers is taken off from the bottom of the
desorption column C20 and fed to the distillation column C30, which is
preferably a sieve tray column. The high-boiling solvent and the intermedia-
te-boiling cocomponents, eg. maleic anhydride, condense into the bottom of
the column C30. Since the acrylic acid taken off at the top of the column
C30 still contains appreciable amounts of low-boiling cocomponents, this
proportion of low boilers is advantageously reduced by further lengthening
the enrichment section of the column C30 and taking the acrylic acid from
the column as a side stream. This acrylic acid is referred to as crude
acrylic acid.

The stream rich in low boilers taken off at the top of the distillation

column C30 is, since it still contains acrylic acid, advantageously recircula-

ted to the absorption column C10.

The major part of the low boiler-free and virtually acrylic acid-free
solvent taken off from the bottom of the distillation column C30 is fed to
the countercurrent scrubbing column C19 in order to, as already mentioned
above, scrub the low boilers from the stripping gas stream which goes to
the desorption column C20. Subsequently, the virtually acrylic acid-free
solvent is fed to the absorption column C10. A small substream of the
virtually acrylic acid-free solvent from the bottom of the distillation column
C30 is used to extract the acid water which still contains dissolved acrylic

acid. In this acid water extraction, part of the acrylic acid is recovered

romthe columm C30

af3ftc 281 hisrlream, is. JAF A0, Rcinthlafeatfa thel BRI AohaSat o



wei ght. The crystallization residue of this purif| CREFLADEME D SHRES
concentrated to 156 g/h in the 3 dynam c stri ppinp “-t—&ges—--

not her |iquor having an acrylic acid content of 9B. W‘éﬁi’
EC
P
[

his

Bzf t e not her

recirculated to the 15 col umm C10. Owi to the r
ot al V|eld i g tihus

liquor, no loss occurs in the crystallization. Th |
99. 5% EXAMPLE 3 20 Exanple 3 was carried out using a nethod gimlar
to Exanple 1, except that 50% of the nother |iquor—+ermthe—erystablization
was recircul tgd kR WARCURA nSt.e crude
acrylic aci cfﬁ%av[?né a purlr'ty o?nggalg?tﬁgﬁdgé&ﬁb %r%q%q{aglﬁzngc}%p’orgnﬂt he side
of ft ake of tpbtardisipdnentsi from2the smi/dmm*suﬁﬁfbam The acid water formed here

can be pre-evaporated and subsequently incinerated.
The crude acrylic acid obtained from the side offtake of the distillation
s column C30 is subsequently subjected to a dynamic and static crystallization.
All of the mother liquor from the static crystallization is then returned to
the absorption stage.

If desired, the pure acrylic acid obtained is then esterified with alcohols
to give the desired acrylates.

10 Fig. 3 differs from Fig. 2 in that only a dynamic crystallization is
provided in place of the dypamic and static crystallizations.

The process of the present invention thus offers the advantage that the
total yield of the desired material and thus the total economics of the
process is increased by recirculation. Furthermore, it offers the possibility

s of improving the economics even further by omitting a static crystallization.

The invention is illustrated by the following examples which represent
preferred embodiments of the invention.

In a miniplant, 426 g/h of crude acrylic acid (RA) were produced. The
way in which the equipment items were connected, the amounts required

20 and the operating parameters used are shown in Fig. 4. This figure shows
the same columns and equipment items as in Figures 2 and 3, with the
same numbers being used for corresponding items (additional: solvent
distillation: LD; distillation residue: D; acid water: S; acid water extraction:
SE; waste gas: AB). The oxidation of propene (P) with air (L) via acrolein
25 (A) was carried out in two reaction tubes connected in series and having a
diameter of 26 mm and a catalyst bed length of 2.5 m. The first tube
(propene oxidation: PO) was charged with a coated catalyst as described in
EP 575 897 and the second reaction tube (acrolein oxidation: AO) contained
a coated catalyst as described in EP 609 750. The columns C10, C20 and

30 C30 were mirrored and thermostated laboratory columns having a diameter



109 g/ h of acid water containing 2.9% by weight of ac |
of distillation residue containing 2.8% by wei ght of amEPLAEEM&NTdSHErTe,

taken off fromthe crude acid work-up. The yield of thluuue acid Work up
t

was thus 99. 3% - 22 - The crude acrylic acid fro he ﬁa V?ég
colum C30 had, after purification (as 8r Exanple 1), a 9 9.1 95% by
wei ght. The crystalli- zation residue was concentrate 0 4. glh-of—mot Her

| i quor having an acryli c acid content of 76.1% by weight in the three
dynam ¢ and stati Stri S Hal f of thj-s curat ed
t)c/) t he col ur‘htqm%léman glrect cd%ﬁensgr (Eéa g%vas a venturi scrubber. The 'cgiixlmrns

Cl10 and C20 were packed with 5 mm metal helices. The distillation co-

lumn C30 was provided with sieve trays (dual-flow trays) made of metal.
The holes in the sieve trays were configured such that effervescent layers
s could be formed.
DYNAMIC CRYSTALLIZATION
The dynamic crystallization was carried out in a crystallizer as is
described in DE-A-26 06 364 (BASF), with the tube used being completely
filled by the material flowing through it. The data for the crystallizer were

10 as follows:

- two passes with one tube (internal diameter 26 mm) per pass
- tube length 5 m
- variable speed centrifugal pump as primary circuit pump
1s -  primary-side volume of unit about 11 1
- degree of freezing out about 45% (degree of freezing out = mass of
crystallized material/mass of raw melt)
- 4 stage containers each having a volume of 100 |
- temperature control of the unit by means of a refrigeration unit and 4
20 bar steam via heat exchangers.
The unit was controlled by means of a process control system, with

the program sequence for one stage being as follows:

25 1. filling of the primary circuit
2. emptying of the primary circuit and freezing-on of a nucleating layer
3. increase of temperature to about 2°C below the melting point
4. filling of the primary circuit for crystallization
5. crystallization (temperature program)
30 6. pumping out of residual melt after completion of the crystallization



other half was discarded. The total yield was thus 90.0% The results of
Exanples 1 to 3 are summarized in the table below. In all exanples, the
content of propionic acid and acetic acid in the pure 10 acrylic acid was

bel ow 500 ppm TABLE Exanmple 1 (corrpar_ils)o_n): Wthout recircul ation of the
not her |iquor Ampunt Acrylic acid 15 Crude acid work-up Crude acrylic acid

426 g/ h 99. 7% by weight Loss of acid water 109 g/h
3.2% by weight Loss of distillation residue 1 g/h

2.5 % by weimghtincreasing the temperature to melt the crystal layer
8. pumping out molten crystallized material
9. commencement of a new stage.

The temperatures, pressures and volume flows are dependent on the

respective stage being carried out.
STATIC LAYER CRYSTALLIZATION
The unit used for this purpose comprised a tube crystallizer of glass
having an internal diameter of 80 mm and a length of 1 m. The temperatu-
10 re of the crystallizer was controlled via a glass jacket. The fill volume of
the crystallizer was from 2.0 to 5.0 | (variable). The unit was heated/cooled
via a thermostat, with the temperature being controlled by means of a
programmed controller. The degree of freezing out (after sweating) was
about 50%. The program sequence for a stage was as follows:
15
filling of the crystallizer
2. adjusting the temperature of the apparatus with contents (to about 1 K

above the melting point)

3. crystallization (temperature program)
20 4. draining the residual melt after completion of crystallization
5. sweating (temperature program)
6. melting of crystallized material
7. commencement of a new stage
The temperatures are dependent on the respective stage being carried
25 out.

The numerical values given in Examples 1 to 3 were obtained from the

actual measurement resuits from a plurality of experiments.
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20 Yield for crude acid work-up 99.2% Crystallizati rcoaci d
422 g/ h . 99.95% by weight 25 Loss of nother | FACEMENT SHE®G)
76.9% by weight Yield for crystallization 99.2% Totdl [yield 98. 4% 30

23 Exanple 2: Recircul ation of all the ngtHerzbi gaeree7
.20 -

EXAMPLE 1 (COMPARISON)

The process flow diagram of this example is shown in Fig. 5, with the
reference numbers corresponding to those of Figures 2 to 4 (additional:
dynamic crystallization: DK; static crystallization: SK; mother liquor: ML;

s pure acrylic acid: RAS; crude acid preparation: RSH; pure acid crystalliza-
tion: RSK).

426 g/h of crude acrylic acid having a purity of 99.7% by weight
were taken off from the side offtake of the distillation column C30.

Two further streams were taken off from the crude acid work-up: 109

10 g/h of acid water containing 3.2% by weight of acrylic acid and 1 g/h of
distillation residue containing 2.5% by weight of acrylic acid. These two
streams serve to remove the cocomponents from the system and are therefo-
re discarded. Since these two streams contain acrylic acid, the yield of the
crude acid work-up is not 100%, but only 99.2%.

15 The crude acrylic acid from the column C30 was subsequently purified
in one of the above-described crystallization stages. This gave a pure acrylic
acid having a purity of 99.95% by weight. The crystallization residue of
these purification stages was worked up in 3 dynamic and 2 static crystalli-
zation stages. The crystallization residue was concentrated to 4 g/h in these

20 5 stripping stages and taken from the unit as mother liquor having an

~acrylic acid content of 76.9% by weight and discarded.

Owing to the loss of acrylic acid via the discarded mother liquor, the
yield of the crystallization is only 99.2%.

The total yield is thus 98.4%.

EXAMPLE 2
This example was carried out using a method similar to Example I,
except that the crystallization residue was worked up only in 3 dynamic
crystallization stages and the mother liquor from the crystallization was not
%0 discarded but was all recirculated to the column C10 (absorption). The



Amount Acrylic acid Crude acid work-up Crude acrylic acid
99.7 % by weight 5 Loss of acid water 109 g/h
wei ght Loss of distillation residue

by weight Yield for crude acid wgrk-up

2. 8%

2.
1 g/h

579 g/h
9% by

99.3% 10 Crystallization

Pure acrylic acid 425 g/ h ° - 98.9% by wei ght Recircul at ed
not her | i quor 156 g/h 15 Yield for crystallization 73.5% Total yield
99. 5%

10

20

course of the process is shown in Fig. 6, with the reference numbers
corresponding to those of Figures 2 to 5 (additional: purification stage:
RES; stripping stage: ATS).

In this example, 579 g/h (not 426 g/h) of crude acrylic acid having a
purity of 99.7% by weight were obtained from the side offtake of the
column C30.

The crude acid work-up gave, as in Example 1, 109 g/h of acid water,
which in this case contained 2.9% by weight of acrylic acid, and 1 g/h of
distillation residue. The yield of the crude acid work-up was 99.3%.

The crude acrylic acid from the column C30 was purified as in Ex-
ample 1. This gave a pure acrylic acid baving a purity of 99.90% by
weight. The crystallization residue of this purification stage was concentrated
to 156 g/h in the 3 dynamic stripping stages. All of this mother liquor
having an acrylic acid content of 98.9% by weight was recirculated to the
column C10.

Owing to the recirculation of the mother liquor, no loss occurs in the

crystallization. The total yield is thus 99.5%.

EXAMPLE 3
Example 3 was carried out using a method similar to Example 1,

except that 50% of the mother liquor from the crystallization was recircula-

ted to the column C10.

428 g/h instead of 426 g/h of crude acrylic acid having a purity of
99.7% by weight were obtained from the side offtake of the distillation
column C30.

109 g/h of acid water containing 2.9% by weight of acrylic acid and
1 g/h of distillation residue containing 2.8% by weight of acrylic acid were
taken off from the crude acid work-up. The yield of the crude acid

work-up was thus 99.3%.

[ ———— .
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- 24 - Exanple 3: Partial recirculation of the mother |iquor Anmount
Acrylic acid Crude acid work-up Crude acrylic acid 428 g/ h
99.7% by weight 5 Loss of acid water
wei ght Loss of distillation residue

2.8% by weight Field for crude acid w@2k-up

10

15

109 g/h 2.9% by
1 g/h

99. 3% 10

The crude acrylic acid from the distillation column C30 had, after

purification (as in Example 1), a purity of 99.95% by weight. The crystalli-
zation residue was concentrated to 4 g/h of mother liquor having an acrylic
acid content of 76.1% by weight in the three dynamic and two static
stripping stages. Half of this was recirculated to the column C10 and the

other half was discarded.
The total yield was thus 90.0%.

The results of Examples 1 to 3 are summarized in the table below. In

all examples, the content of propionic acid and acetic acid in the pure

acrylic acid was below 500 ppm.

TABLE

Example 1 (comparison): Without recirculation of the mother liquor

Amount Acrylic acid

Crude acid work-up

Crude acrylic acid 426 g/h
Loss of acid water 109 g/h
Loss of distillation
residue 1 g/h

~ Yield for crude acid work-up 99.2%
Crystallization
Pure acrylic acid 422 g/
Loss of mother liquor 4 g/h
Yield for crystallization 99.2%
Total yield 98.4%

99.7% by weight
3.2% by weight

2.5% by weight

99.95% by weight
76.9% by weight

20 MAY 1997
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Crystallization Pure acrylic acid Mdther liquor fromstatic crystallization
Recircul ated nother liquor 15 423 g/h 4 g/h 2 g/h 99.95% by wei ght 20
76. 1% by weight 76.1% by weight Yield for crystallization 99. 2% 25

Total yield 99. 0%
-23 .

Example 2: Recirculation of all the mother liquor
Amount Acrylic acid

Crude acid work-up

Crude acrylic acid 579 g/h 99.7 % by weight
s Loss of acid water 109 g/h 2.9% by weight
Loss of distillation
residue 1 g/h 2.8% by weight
Yield for crude acid work-up 99.3%
10
Crystallization
Pure acrylic acid 425 g/h 98.9% by weight

Recirculated mother liquor 156 g/h

15 Yield for crystallization 73.5%

Total yield 99.5%
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5 We claim 1. A process for purifying
acrylic acid or nethacrylic acid by neans of separation processes in which
phases are forned, which conprises 10 (a) subjecting a m xture conprising
the acrylic acid or nethacrylic acid to a sharply defined separation
process essentially in the absence of -&h -organic solvent, with the
conposition of the phase in which the acrylic acid or nethacrylic acid

accurrul ates renmi ni ng essentially constant when the conposition of the
t hen

ot her phase articipgling in the nmas transfer changes,
t aki ng of f mpiﬂngse%éﬁ‘beq(@f‘r%‘{lﬁj‘%f’?rﬁﬁe Jothera §guer part of the remaining
phase from gs{Rgge ( AbnfiR &id

Crude acid work-up

Crude acrylic acid 428 g/h 99.7% by weight
s Loss of acid water 109 g/h 2.9% by weight
Loss of distillation
residue 1 g/h 2.8% by weight
Field for crude acid work-up 99.3%
10
Crystallization

Pure acrylic acid
Mother liquor from static crystallization
Recirculated mother liquor

1s 423 g/h

4 g/h
2 g/h
99.95% by weight
20
.76.1% by weight

76.1% by weight REPLACEMENT SHIFT !
w7 |

Yield for crystallization 99.2% 20 MAY 9 | ;

25 Total yield 99.0% J




| ess sharply defined separation process and 20 (c) feeding one of the

- phases forned in stage (b) to the sharply defined separation process in
stage (a). 2. A process as claimed in claim1, having one ore nore of the
follo- wng features: 25 - in stage (c), the phase enriched in acrylic
acid or nethacrylic acid fromstage (b)25i-s fed to th

separation process; - In stage (b), 1-100% by vvel ‘Eﬂgﬂ““& malmnm ng
phase fromstage (a) is subjected to the |ess sharply hed* séparatlon

process; - in stage (b), all of the remaining phase from stage (a) is
fed to the 30 | ess sharply defined separation process;
5 We claim:

1. A process for purifying acrylic acid or methacrylic acid by means of

separation processes in which phases are formed, which comprises

10 (a) subjecting a mixture comprising the acrylic acid or methacrylic acid to
a sharply defined separation process essentially in the absence of an
organic soivent, with the composition of the phase in which the acrylic
acid or methécrylic acid accumulates remaining essentially constant
when the composition of the other phases participating in the mass

15 transfer changes, then taking off this phase and

(b) subjecting at least a part of the remaining phase from stage (a) to a
less sharply defined separation process and

20 (c) feeding one of the phases formed in stage (b) to the sharply defined

separation process in stage (a).

2. A process as claimed in claim 1, having one ore more of the follo-
wing features:
25 - in stage (c), the phase enriched in acrylic acid or methacrylic acid
from stage (b) is fed to the sharply defined separation process;
- in stage (b), 1-100% by weight of the remaining phase from stage (a)
is subjected to the less sharply defined separation process;
- in stage (b), all of the remaining phase from stage (a) is fed to the

30 less sharply defined separation process;

!
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- in stage (a), a starting material to be purified is fed as a mxture to

the sharply defined separation process; - In stage (b), a starting
material to be purified is fed to the |ess sharnpl ' i on
process; - t he sharply defined separation pr oce¥Ei\m"‘mﬁﬁmﬂm“zation, a
freezing out or a sublimtion; - t he ¥ess shar pl etk Separati on

process is a distillation, rectification, absorption or extraction. 10 3. A
process as claimed in clainms 1 or 2, wherein the m xture conprises acrylic

acid and, as inpurities essen_tialléégt | east qne of the conmpounds sel ected
fromthe group obriAgEt {ahgaotagingematesial 1o beoputified 4vifed Ad2 WETVEE Ii d.

the sharply defined separation process;
- in stage (b), a starting material to be purified is fed to the less sharply
defined separation process;

s -  the sharply defined separation process is a crystallization, a freezing out

or a sublimation;
- the less sharply defined separation process is a distillation, rectification,

absorption or extraction.

10 3. A process as claimed in claims 1 or 2, wherein the mixture comprises
acrylic acid and, as impurities, essentially at least one of the compounds
selected from the group consisting of aldehydes, propionic acid and acetic

acid.

15 4. A process as claimed in claim 2 or 3, wherein the sharply defined

separation process is a dynamic and/or static crystallization.

5. A process as claimed in claim 4, wherein the sharply defined separa-
tion process is a combined dynamic and static crystallization, with the
20 residue of the dynamic crystallization being fed to the static crystallization
and the crystallized material from the static crystallization being fed to the

B dynamic crystallization.

6. A process as claimed in claim 4 or 5, wherein the dynamic crystalli-
25  zation is carried out by means of an apparatus which is completely filled

by the material flowing through or a falling film crystallizer.

7. A process as claimed in any of claims 4 to 6, wherein the dynamic

and/or static crystallization is carried out as a countercurrent crystallization.

30
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15 4. A process as clainmed in claim2 or 3, wherein the sharply defined
Sseparation process is a dynamc and/or static crystallization. 5. A process
as clainmed in claim4, wherein the sharply defined ess S
a conbined dynam c and static crystallization, wt mml “I"%i m of the
dynam c crystallization being fed to thez7s{at|c Ccrys 't zat mons a
crystallized material fromthe static crystallization being fed to the
dynami c crystallization. 6. A process as clainmed in claim4 or 5, wherein

the dynamc crystalli- 25 zation is carrjed out by means of an apparatus
whi ch i's conpl.-et & proeess| g Rygparing 2aaykie iaeid o1 owrhagrylinrasidyhwbichapmogdssi ng

filmcrystall clainmed in any of clains 4 to 6, wherein
t he dynanmi c aér‘?@epwc &?f@i §§tsé"‘}a%%fzation is carried out as a
countercurrent crystallization.

$9) catalytic gas-phase oxidation of propene or isobutene and/or acro-
5 lein or methacrolein to acrylic acid or methacrylic acid, with

formation of a gaseous reaction product containing the acid,
an absorption of the reaction product using a high-boiling solvent,

10 () separation of the loaded solvent from stage (II) into the solvent

and a crude acid by means of distillation,

(AV)  purification of the acrylic acid or methacrylic acid from the crude

acid from stage (III) according to any of the processes defined in

15 claims 1 to 7, with the less sharply defined separation process
being the absorption of stage (II) and/or the distillation of stage

() and the sharply defined separation process being a crystalliza-

tion.

20 9. A process as claimed in claim 8, wherein, in stage (II), the high-
| boiling solvent used is a mixture of diphenyl ether and biphenyl.

10. A process as claimed in claim 8 or 9, wherein, in stage (III), crude
acid is taken off by means of a side offtake from the column used for the

2s  distillation.
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-27- 8. A process for preparing acrylic acid or nethacrylic acid, which

process conprises the follow ng stages: (1) catal yti c gas-phase

oxi dation of propene or isobutene and/or acro- 5 lein or

met hacrolein to acrylic acid or nethacrylic acid, with formation of a
gaseous reaction product containing the agid, (1) absorption of the
reaction product using a high-boiling solvent, 10 (I11) separati on of

t he | oaded solvent from stage (Il1) into the solvent and a crude acid by
means of distillation, (1V) purification of the acrylic acid or
met hacrylic acid from the crude

Purification of acrylic acid and methacrylic acid

5 Abstract

Acrylic acid or methacrylic acid is purified by
(a) subjecting a mixture comprising the acrylic acid or methacrylic acid to
a sharply defined separation process essentially in the absence of an
10 organic solvent, with the composition of the phase in which the acrylic
acid or methacrylic acid accumulates remaining essentially constant
when the composition of the other phases participating in the mass
transfer changes, then taking off this phase and
(b) subjecting at least a part of the remaining phase from stage(a) to a less
15 sharply defined separation process and
(c) feeding one of the phases formed in stage (b) to the sharply defined
separation process in stage (a).
In addition, the invention provides a process for preparing acrylic acid

or methacrylic acid which includes the abovementioned purification

20 process.

Figure 2
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acid fromstage (lI11) according to any of the processes defined in 15
clains 1 to 7, with the |less sharply defined separation process being the
absorption of stage (I1) and/or the distillation of stage (l111) and the
sharply defined separation process being a crystalliza- tion. 20 9. A
process as clainmed in claim8, wherein, in stage (lI1), the high- boiling
solvent used is a mxture of diphenyll ether and biphenyl. 10. A process as
clainmed in claim 8 or 9, wherein, in stage (lI11), crude acid is taken off
by neans of a side offtake fromthe columm used for the 25 distillation.
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