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of such conparatively pure propylene that the acrylic acid, in spite of the

Of particular significance in this context is the separation of propylene from its
companion propane. Owing to the physical similarity of the two compounds, this
removal in particular is capital- and ehergy-intensive. Since the predominant amount of -

30 the thus obtained crude propylene is used in large-amounts for subsequent
polymerizations (for example to prepare polypropylene), (where the high purity
described is indispensable) and experiences a high addition of value, the
aforementioned removals are customary in conjunction with refinery crackers and
steamcrackats in spité of the associated cost and inconvénience, and form the state of

35 the art in industry. The proportion of these crude propylenes flowing into the partial
oxidation to acrylic acid is of rather minor importance compared to the demand for
polypropylene, and is a secondary demand stream at raw material pnces which are still
acceptable. ‘

40  Itis characteristic of the preparation df acrylic acid'by catalytic partial oxidation in the
- gas.phase of such comparatjveiy pure propylene that the acrylic acid, in spite of the
available purity of the raw material, is not obtained as such, but rather, especially owing
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The further removal of the acrylic acid from the liquid (condensed) phases which
comprise the acryiic acid target product and are obtained in the basic éeparation

40  described is undertaken in the processes of the known prior art, depending on the
-other by-products, in particular those dependent upon the specific catalysts used for
the partial oxidation and other selected partial oxidation conditions, comprised in
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unpleasant companion to acrylic acid which would not remain unmentioned in the prior
art. This would be the case in particular because the tendency of methacrylic acid to

- 30 free-radical polymerization, owing to the positive inductive effect of the methyl group
which distinguishes it from acrylic acid, is significantly reduced in comparison tothe =~
same tendency of acrylic acid.

In other words, when acrylic acid which comprises methacrylic acid even only in traces .
35 s used fo prepare water-superabsorbent free-radically polymerized polymers, it has to

be assumed that the methacrylic acid is not sufficiently polymerized under the |

particular polymerization conditions selected and remains in the polymer formed as a

vinylically unsaturated compound, which is problematic in applications in the hygiene

sector. Presence of methacrylic acid can also adversely effect the polymer guality (for
40  example molecular weight distribution, degree of crossiinking, etc.).
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30  Aremaining disadvantage of a procedure for preparing acrylic acid which might
~ otherwise be attractive as described is that it is accompanied, depending on catalysts
used for the heterocgeneously catalyzed partlal oxidation of propylene afflicted with
corresponding Cy4 hydrocarbon contents to prepare acryhc acid, by methacrylic acid
secondary component formation owing to a partial oxidation of the C, hydrocarbons
35  (e.g. isobutene and ischutane) proceeding in parallel to the main propylene partial
' oxidation, with the disadvantages described (cf. DE-A 102 19 686, DE-A 33 13 573 and
EP-A 297 445). The same disadvantages may accrue depending on the catalyet and
reaction conditions used when acrylic acid is obtained by partial direct oxidation of
: propane comprising C,4 hydrocarbons as impurities, asis detailed, for example, in
40 EP-A 608 838, DE-A 198 35 247, and also the ddcument_s DE-A 102 45 585 and
DE-A 102 46 119. Another possible C; precursor which may be burdened with Cy4
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30  with difficulty, for example by suitable washing. In other words, a crystallizative removal
. of these two impurities from acrylic acid generally entails the use of low-efficiency and
capital-intensive multistage crystallization processes, as are recommended, for |
example, in EP-A 616 998 in the form of a multistage combination of dynamic and
static crystallization and which, in addition {o the multistage process, require at least
35 one dynamic and at least one static crystallizer. At best under particular boundary
conditions of crystallization (cf. in particular WO 03/078378 and WO 01/77056), acryiic
acid crystal forms are formed, from which acetic acid and propionic acid can be
‘ removed comparatively readily by subsequent washing with pure acrylic acid melt.

40 The greater A"S is, the more attractive a crysta[llzatlve removal of methacrylic acid
from acrylic acid is.
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30 The phrase “liquid phase P {or gas mixture or product gas mixture) comprising acrylic
-acid as a main constituent and targef product, and methacrylic acid as a secondary
component” is intended in this document merely to mean that the liquid phase P (or the
gas mixture or product gas. mixture) comprises acrylic acid and methacrylic acid in a
molar ratio V of acrylic acid to methacrylic-acid of at least 3:2. V in the process

35  according to the invention may of course also be at least 2:1, or at least 3:1, or at least
- 4:1, or at least 5:1, or at least 8:1, or at least 7:1, or at least 8:1, or at least 9:1, or at
least 10:1. The process according to the invention is also appropriate when V is at least
15:1, or at least 20:1, or at least 25:1, or at least 30:1, or at least 35:1, or at least 40:1,
_ or at least 45:1, or at least 50:1, or at least 60:1, or at least 70:1 , or at least 80:1, or at
40 least 90:1, or at least 100:1.
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weight of acrylic acid, or at least 99.7% by weight of acrylic acid, or at least 99.9% by

weight of acrylic acid, or at least 99.95% by weight of acrylic acid, or even more acrylic

acid.

35 Based on the amounts of acrylic acid comprised in the aforementioned liquid phases P,
their methacrylic acid content may, in a manner typical of the process according to the
invention, be from 0.001 to 15% by weight, or from 0.01 to 15% by weight, or from
0.02% by weight to 10% by weight, or from 0.03% by weight to 7% by weight, or from

- 0.04% by weight to 5% by weight, or from 0.05% by weight to 3% by weight, or from

40  0.07% by weight fo 2% by weight, or from 0.09% by weight to 1.5% by weight, or from

0.1 or 0.15to 1 or to 0.5% by weight.
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acid and are to be treated in accordance with the invention.
According o the above, it can be assumed that acrylic acid regularly crystallizes out at

~ least in the course of cooling of liquid phases P which comprise =65% by weight of
30 acrylic acid and are to be freated in accordance with the invention.

The process according io the invention can therefore be applied advantageously in
particular to liquid phases P contaminated with methacrylic acid when they comprise
. from 65 to 99.5% by weight, or from 70 to 99.5% by weight, or from 80 to 99.5% by

35 weight, or from 85 to 89% by weight, or from 90 to 98% by weight, or from 93 to 87%
by weight, of acrylic acid. This is the case in particular when the methacrylic acid
contents, based on acrylic acid comprised, are simultanéously from 0.01 to 15% by
weight, or from 0.02 to 10% by weight, or from 0.03 to 7% by weight, or from 0.04 to
5% by weight, or from 0.05 to 3% by weight, or from 0.07 to 2% by weight, or from 0.09

40  to 1.5% by weight, or from 0.1 or 0.15 to 1 or to 0.5% by weight.
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The process according to the invention is of very particular significance when the liquid

_ phase P which comprises acrylic acid as a main constituent and target product, and
- 30 methacrylic acid as a secondary component, and is to be treated in accordance with
the invention is obtained from the product gas mixture of a heterogeneously catalyzed
'partia[ gas phase oxidation of at least one C; precursor of acrylic acid using at least
one indistinct separation process. This is the case especially when the mother liquor
remaining in the subsequent crystaliizative removal of the remaining methacrylic acid is
35 recycled at least partly into at least one of the indistinct separation processes.

The basic structure of such a combined use of indistinct separation processes and the
distinct separation process of crystallization is taught, for example, by
' DE-A 196 06 877, EP-A 792 867, and also EP-A 14 84 308, EP-A 14 84 309,
40 EP-A1116709andin partlcular EP-A 10 15 410.
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| ncreasi ng Jv%‘ﬁd%beééﬁs mily M\Qﬁ&eﬁ’f*i’i‘é‘&ﬁu&&h@ﬁéh%d &P{F@ b, Seat et I eams

obtained in separati on S are cordance
with the i nEnpy. o?‘r'ri?r@'WQI'Vc'Féaég%rdf"F@ W‘Fhe’l g inveRfien. r?é‘aﬁfls Pﬁﬁtﬁ h?H'“Q k&eBase of
depl etizh cioehdi ci ents AMAS < 15, such a procedure would be extrenely
inefficient. The efficiency required on the industrial scale is gained only
by, surprisingly in accordance t he invention,

it 1
been 25 fouRdienPrRldanatigpst @ﬁé“%%“ﬂ%%%qar?fﬁé H“PRW%FWP&YegA?)QPtQH "Bﬁ?ﬁﬁ“acess
~enpl oyed t optedsed! v hetesdied|in atcordance with the invention from the product gas mixture of

a heterogeneously catalyzed partial gas phase oxidation of at least one C; precursor of
30 acrylic acid will be a distillation, rectification, absorption, adsorption, extraction, |
| desorption stripping, distraction, {partial) condensation, fractional condensation, a
membrane separation process such as a pervaporation/vapor permeatlon ora
combination of such processes.

35 Particularly frequently, a distillation, rectification, absorption, extraction, partial
condensation, fractional condensation, desorption, stripping and/or distraction will be
employed. Frequently, the liquid phase P to be treated in accordance with the invention
will be obtained by empioying the aforementioned processes repeatedly.

40  Inthe simplest case, the liquid phase P to be treated in accordance with the invention
may be the absorbate and/or partial condensate and/or condensate obtained by
fractionation, of an absorptive and/or condensative removal of acrylic acid from the



phase P to BES56Ba%ted in accordance with the invention fromthe product gas
- mxture of a heterogeneously catalyzed partial gas phase oxidation of at -
| east one C3 precursor of 30 acryli c.acjd will be a distillation,
rectification, absorption, adsorption, extraction, desorption, stripping,
distracti onPl‘O(?lp@trStaB@P'ﬁut%WcFe‘ﬁ%iaﬁOQ@lﬁﬁousb’aF@ﬁa[m@dlP%é%ﬁmﬁieﬁ'daﬁm weabr ane
separ ati.on paSicRRSof hch,; pecarsperidaaan &iis O8NS in et esd, ippésfe@nca is given

combi nat | O“m‘gccér‘d%l?céjwﬁﬁﬁ%%ﬁ\?ennﬁﬁ td ﬁuB{He?H‘{;LﬁJr'b}émBrr RAlih, th@aﬁ%cﬁg igd ation,

rectificati ond %) I.on, extraction ensatl on ctli onal
‘condensat i off! ﬂ"e%%‘ §i $RN- stri ppi ng and/ or distraction will be . enployed.
. Frequentdy, the liquid phase P to be treated in accordance with the

invention wddahe o F&fté‘h%ﬁﬁerbé{c@HiBln‘éﬂbr‘i‘gf|F15!§t|1%ftgﬁ@ﬂﬁﬁrﬁdt%86‘&a@c5rpf69§eses
repeatedly. 40 In

nccor dance SDRYEHES ARUEHER BRE ey e eashes BERHE P oI parefeted
condensat e @sthaorylic eridefdwntagsbusly ineetcordante wih thmiavérdion, bls imandssidet i ve

and/ or Condéﬂﬁéﬁdd@{léﬁ%‘éfﬂho@bro@%y|l|h eﬁ’éi'bldtrferlétlmoﬁﬁ% E‘Eo'i@%%@aﬂahonprodUC]E t
as m x a er neo ze I a | on (0] a
Panst ol CrdomB wiEbE LRSS N AbEY w*?wgicﬂ!@m@%?qfé“ Ry ety |
pr ef erence ihe seq@ro bierﬁoaﬁ@’iﬁddaﬁ%@ tﬁﬁﬂ'ﬁ”'@‘tﬁ’é%%ﬁéﬁfﬂlﬂﬁﬁi’a‘{v@s fﬁb@wpml\tﬁjor bel ng

recycl ed i ngige Witedralvabamt/orona fopnwitharaveendensation. 5 In an appropriate
manner, a conbination of indistinct and distinct. separation to be enployed

as descrl bed has an outlet for at |east one stream conprising, accunul ated

met hacryl i cHAWPET AMPIHRCHYESGEI QPTIRHMAY BB ARARES §FQ A MHECR HireHds Bhthet his i s
-on t he % deinvaritivehembwalj ist. iondhe srggtaliadtiversider bcthisscase nthg entetatil] codwistlobt t ons

l'iquid of am%ﬁm%@h&ﬁdr%m?aﬁsﬁ?%%ﬂ?n%ﬂeb nRfhatPRR Ry, SUch an outlet, from which
colum the liquid phase P itself or the streamto be converted later to the

liquid phase P is withdrawn, for exanple, via side wthdrawal and/or via
top wi t hdr aWden thpinesniive rampeal irereridnned dof exeptni¢. ety meansid adiospisdignaliso or
only On t hedyfﬁadﬁc ghd &faBc ci/BtalliRdRIM doeBrdir o \EH-A 516998, IRe irldthet liyisdralutibzat i ve

Side. 10 LR o IR UL Rlichhc £083lPS. BooMIBHRGI. LT yRONBR o1 g

accunula acid enoval ormed, for
exanpl e, ycrﬁﬁtéﬂiéatt?r’ The [§BY isdbe e#sedh PadigHanvRenAe rrgcttlggnlfgugrrr?gxcapg infat i on
accor di ng tan FBisAn@ 56088 ion ecamtedsut whier tiey prouédsedcco@ihgriorty ingeinipn is
accunul at edg rﬁg @#ryl ic acid will be disposed in the region of the static
crystall ization! The latter is the case in particular when no nother |iquor
recycling into an indistinct separation is carried out when the process
accor di2fy tthe precessvantbiding foshe ewphtinnde favdBabiheotpeast adien Hdueclayuit plipsed tahe
;gggpg;gge' e fr 8 %Pé&ogur?nfémﬁttréérnmg%twﬁdr b%helersk}aﬁgaﬁ 2 drdn Bﬁwtera%ggg In
g\éscrlb procedures) s?emg I‘rom a proHBct gas%‘u%re of a par’uaﬂ oxadahon of gt i
least one C; precursor of acrylic. acid, compnses the methacrylic acid in the already

- stated contents based on the acrylic acid content of the product gas mixture, and

30 otherwise comprises:

from 1 to 30% by volume of acrylic acid,
from =0 or 0.005 to 10% by volume of propylene,
from. =0 or 0.001 to 2% by velume of acrolein,
35 . from =0 or 0.001 to 2% by volume of methacrolein,
from =0 or 0.005 to 10% by volume of molecular oxygen,
from =0 or 0.005 to 3% by volume of acetic acid,
from =0 or 0.001 to 2% by volume of propionic acid,
" from =0 or 0.001 to 2% by volume of formaldehyde,
40 from =0 or 0.001 to 2% by volume of other aldehydes, :
. and from 10 to 98% by volume or from 50 to 98% by volume of (inert) diluent gases.



descri bed pPb&E%f es) stens froma product gas mixture of a partial
. oxidation of at |east one C3 precursor of acrylic acid, conprises the
nmet hacrylic acid in the already stated ﬁ;)ntents based on the acrylic acid
content of the product gas m xture, and O otherwi se conprises: from1l to
30% by vol u'ﬁ“i,e @WeatgqﬂesmaymWPFBEOm > 0 or 0.005 to 10% by vol une of
propyl ene, - from> 0 or 0.001 to 2% by vol ume of acrolein, 35 from: > 0 or
0.001 to 2% 1{?@0 r | ume of
mol ecul ar ox%e (% §{o§@9§9®8®§5d?£satfu§§ﬂ%ﬁ t8cmé/gp% &%@%?e(?pta&éa from
> 0 or O. 00@09@1%% NPATVRS e¥1ang).opi oni ¢ acid, from> 0 or 0.001 to 2% by
vol une o ffmn’rm:(H@’r[y@l@to SO%bf/Ivolmm @ stwanf). 001 to 2% by vol une of ot her
al dehydes, @ f9 41, é@ﬁ@gﬁéggm&n\é% R adde8TEBrddor 48,0y vol urre of

0

~(inert) dilu ases uent ases may conmprise: from>_ 0
or 0.005 toar‘vfrjt}tiﬁrgy?%?i’l Liee? %&?'Hm&t%&ﬁ@w lgr it %Hydr ocarbons (especially
propane, methane and/or ethane), 5 from>_0 or 0.05 to 30% by vol ume of

Ztn gam OfronTr?e_[Qarﬁél Ridafort roa\ﬁlgfr;g%\.ﬁ rMS?ﬂfu%a?ﬂn g@{m&ﬁém%m @2%%10902)
oxi dat i Bh ?%@%Péf'b%'f%ﬁ? UGS g 2P0s e o Bl Ao "
oxi dation pajenis, Riedc10296885. WOHS/ FESGRBNOOTREX 11BP2 017 @82 129 and their
icjgll Zgl e\r;\;) W%/QNSA(flﬂaUSm S16 1870 DEQRISTEET 3, M@@%%@@gam\n@)%/@@?\l’\o EP- A

, an

01/ 96270, 8%18%%%9’ ro@éﬁ%ggp%%ﬁ %géggﬁ%eprggsﬁ%%g&}ge %t he propyl ene
source, if a%%?r@{fﬁ |aanrepare@ WB%QHW&W@?WHFO&#B%W (Beigmgeparetienat i on

( het er ogenectisiiaedlibamab@riaie)ed 4 preapfing prectibegtags. a precedi ng reaction stage.
A representative exanple (i.e. just one possible exanple) of such a product

gas m xtur osition is, a. product as m xt ur rises (all
docondary K STHERIAIo BRaTBlS bVl e FRenBr o TR Sf St PIgUsER { he
process aCCmD(tJJI'ﬂQOItﬂQ%ihm 2@ produnh gae mixtereemptogedprisest(dlbsedoadatyeen a

_consti tuentcdmpotneﬁtslWSwalv@bLMaé%rﬁaved S A cteRlly wHElh O BRReBLaB AN HRE 2. 3
25 pr Opfd"e gen%gn R grRSI ?eoof”f gh]éy had been a constituent of the liquid phase P):

, % by vol.

“nitrogen : 51.54
oxygen ' 2.3

25 propane ' - 29.20
propene 0.110
methane 0
ethane ' 0.077
n-butane , 0.101

30 isobutane 0.236
n-hutenes 0
isobutene 0.001
1,3-butadiene 0.009
hydrogen 0.05

35  carbon monoxide 0.596
carbon dioxide - 172
water ' 8.21
acrolein 0.09
acrylic acid - 5.28

40  acetic acid 0.240
propionic acid - 0.002

formic acid 0.019



‘methane 0 BFI56A86 0. 077 n-butane 0.101 30 ’i sobut ane 0.236 n-butenes O

i sobutene 0.001 1, 3-butadi ene 0.009 . hydrogen 0.05 35 carbon nonoxi de 0.596
carbon dioxide 1.72 water 8.21 acroleip 0.09 acrylic acid 5.28 40 acetic
acid 0.240 propionic acid 0.002 formc acid 0.019 PF 56356 13 '

f or mal dehyd®erfalti8Bydsenzal détede 0. 005 mal ei ¢ anhydride 0.047 methacrolein
0.020 5 net Bgfq;zray:jeh géci d 00Q§b15 and = ethane 0.032. Advantageously in :
accordance Wlak rﬂﬁrd' nvent| the liquid phase P to be treated in

accor dance WA "d%ent %K Wi || be obtained from the aforenentioned
product gasmethagioleinr es of OtQ?@ C3 acrylic.acid precursor partial oxidation
by ‘condemsi p@traeryit beidaci d oot aref the product gas m xture. Advantageously
in accordang }%th t he |nveor6 n, the condensate obtained directly forns
the liquid P 588 P. Advant ageously, the condensation of acrylic acid out of
t he product gas m xture (which has been cooled beforehand if appropriate)

i s ef fect edAdsargadecaelyiimacdordamiod evithahe twvektiom, e ligjid shase P tbheatpratapini at e,
addi ti onal I y, c%vmcbwmﬁgmen@cmﬁ BbIoBild fortlcLAroRA R aRIBALE 280! Ut | on

in. order to reduc Aé{ ic acid | osses cr| det ai | or exa

in the!Qocirdries OE RFYE A6 RigFs 43/36%%% at'QﬂéJVACOI@?ﬂ%@@gchEPa% 9515411
DE- A 102358df7the BRyCLQEIPIEIre FRIVANTEYEGE0Y in deRorian o523 therineeripn Ah©20408. 20

In this Cfns@rnﬁeﬁtét%metm dtfeeﬂyfarmg% mm@ bH&@.e'FS maﬁtagémet;ﬁtae if
appropriate

P O A @S ba 0 S55T A ShT e B o S PE RO B Sy sxamnl e

1163201) f peferahen |zf|appfgpﬁ§‘@h§eejfepted@safractlonal condensatlon on WhICh is, if

15  appropriate, additionally superimposed an absorption with water and/or aqueous
solution in order to reduce acrylic acid losses) as described in dstail, for example, in
the documents EP-A 1015410, WO 2004/035514, DE-A 10243625', EP-A 1015411,
DE-A 10235847, EP-A 1159249, EP-A 1163201, EP-A 1066239 and EP-A 920408.

20  In this condensation, the product gas mixture is appropriately, if appropriate after -
preceding direct and/or indirect cooling (for example with a quenched liquid according
to EP-A 1066239, or according to EP-A 1163201), fractionally condensed in a
separating column having separating internals, ascending into itself with side draw
removal of crude acrylic acid (which preferably forms the liquid phase P to be treated in

25 “accordance with the invention; if appropriate the crude acrylic acid is also treated '
rectificatively and/or distillatively to obtain the liquid phase P).

Liquid phase P obtained condensatively (and if appropriate additionally rectificatively)
in this way can then be treated crystallizatively in accordance with the invention.
30 Mother liquor'comprising accumulated methacrylic acid which is formed will, according
' to the model, for example, of EP-A 920408 or WO 2004/035514, b'e'recyoled at least
partly, preferabiy fully, into the condensation of acrylic acid out of the product gas
mixture. The methacrylic acid outlet will be located below the side draw of the crude
acrylic acid.
- 35 _
' Liquid phase P which has been obtained in this way by partial or fotal condensation
and/or superimposed absorption with water or aqueous solution and also, if
appropriate, rectificative aftertreatment, and is to be treated in accordance with the
‘invention, may, in addition to the contents of methacrylic acid based on acrylic acid
40  comprised which have aiready been indicated (and are essential to the invention),
" comprise:



‘way can the]n

to 5%Db
0.001 t f%v%q /g fr?@tgz‘ée

separ ati ng PBI568%6 havi ng separating internals, ascending into itself wth
side draw renoval of crude acrylic acid (which preferably forns the liquid
phase P to be treated in 25 accordance Wl'%h the invention; if appropriate
the crude acrylic acid is also treated ctificatively and/or

di stillativieby 6500|0‘1:ﬁ ar B5 td29. 6 WeiphtafeacB)ic atidqui d phase P obt ai ned

condensati vgl Rdnbfal gﬁgﬁﬁpq t@&@%wq{,&@m%@{,\,l&ﬁérrectl ficatively) in this
rﬁ reate G h sgl vel accor.dance with the invention.

30 Mot her | 'loF d'?)%’?efrg Ffé“ @9& % g %@bthcgc?lp % acid which is forned

wi | |, accor tibmg=0;timgemrsalfoaie .00 ¢ 16%dnpreightst WEI*W@Q‘OAOS or WD

2004/ 035§14froﬁae>m %géﬂléral fedm b®ass 5%pw wbight sr=REed akdy fully, into the -

d t t t Th
et hacryl | oradiaauerigetf ot B buiieBbPE n@RE pal ot or "the cr ude
acrylic aci Biom3s),lin gemaralfre 8. qm\i%ﬁ"eﬁwbm\é@'gbté%frﬁormﬂ% M@ in this way by

partial or frehako,cegeedtaitinD.00ane b bysweight stparsed arlbpddst (bonaldétiytiehat er or
aqueous sol ytd on and also, if appropri at e rectificative aftertreatnent,
and is to be treated in accordance wt inventjon, may, in addition to

the coni@nt o8 =0ndd AgRE"S frem 8(9%%%(%@6""8&9%‘&@%‘?'& a5tk d 40 conprised which

have already been indicated (and are essential to the invention), conprise:

PF 56356 141'-\1:1 e@ﬁslyot'he%reﬂ%n%eﬁ%aﬁ%né%f@ye N&Jl@ﬁﬁaé&fP @rpd:i ¢ acid, from.
> 0, generally from0’1 to 40% by weight of water, "from>_0, in general

fromO0.001 to 5% by wei ght. of acrolein, from>_0, in general from0.001 to
10% by wei giiemds3 tn@Bfialey whighhof ac/litagish >_0, in general from 0.01 to 5% by

wei ght of aﬁ@,wf[ctoeg%gywef BIwaids, in general fromO0.01 to 5% by wei ght of
pr opi oni ¢ a&&% 6{;}@33%%‘ @‘ég‘eﬁt’]‘%"?t‘ fromO0.001 to 5% by wei ght of

f or mal dehyd m 0.001 to 5% by wei ght of further
al dehydes (fﬁ@"lﬂ %QQﬂetﬁﬁﬁfePYWeWOﬁ@eWﬁﬁfﬂ% in general fromO0.01 to 5% by
wei ght of nixbmicct &c3H. bvagmrafagﬁmmoy t he af orenmenti oned contents of the

l'iquid phasg.o]ﬁd/\oi épr V\fer ? 85@ y weight of acrylic acid, 15 froml
fgrres

% by wei ght of acrolein, from
Hehydlerom 0.1 to 3% by wei ght of acetic
acid, f ronfr@n(])lOMdo:ﬁ% by weegiht bt fudhermidegiydes (penaidghy®) ahdom 0. 001 t 0 3% by

wei ght of f g&me]. SHelYHE by weight of ma]elc acid.

Following the specnflcatlons of WO 02/055469 and WO 031078378 it may also
. 25  comprise up fo 3% by weight of protoanemonm

The inventive crystallizative treatment of the liquid phase P, especially of a liquid phase
P obtained condensatively and/or absorptively and/or rectfificatively in the
aforementioned manner, is in principle subject to no restriction, including the process

30 for removing the mother liquor from the crystals (all processes detailed in the prior art
mentioned can be employed).

In other words, it may be carried out in one or more stages, c:onﬁ_nuously or batchwise.
In particular, it may also be carried out as a fractional crystallization. Typically, in a
35  fractional crystallization, all stages which generate acrylic acid crystals which are purer

(especially freer from methacrylic acid) than the liquid phase P supplied are known as
purification stages and all other stages stripping stages. Appropriately, multistage
processes are operated by the countercurrent principle, in which, after the '
crystaliization in sach stage, the crystals are removed from’t’he mother liguor and these

- 40 crystals of the particular stage are fed with the next highest degree of purity, while the
crystallization residue of the particular stage is fed with the next lowest degree of purity.



from O, 001 PB58%by wei ght of further al dehydes (per al dehyde) and from
. 0.01 to 3% by weight of nmaleic acid. Follow ng the specifications of WO -
02/ 055469 and. WO -03/078378, it. may al so 5 conprise up to 3% by wei ght of
pr ot oanenoni n. The inventive crystalli zallve treatment of the | i qui d phase
P, especi al Inygeafera, the (erperptuzsef theliglid ahassdP dorinethearosssk reaerdihgrio the
absor pti vel y,,afhag beReth Lisatdngel Mot Nntaricurk BEQERRAtRANER] tBRaNer, is in
principle subject to no restriction, including the process 30 for renoving
the nmother liquor fromthe crystals (all processes detailed in the prior art
menti oned cBer @mmigtios piress srcarding todbe yentan may be eedameadas dlayei n one or
mor e s:j ag)€s crySRiiatitiogs |DE-»|°IQGDGGGHD‘|§§P§£61GQQB, BREA :Bﬁ&‘fwand: EEP ey 68175 ) Iibe | |
carried out,as . 0 ‘ , tion. C ; - tlona
cryst al 1§ zalfords iR ot kR Aol g KR et coipucls iy SRERL TR
purer (esplyems The derasited comalfeB sePyRId TR e remaininhesidugurelt fhase P
suppl i ed ar smokEd\liuas by pictué bf ibatresituss ragdtestmplp doaing ait. breprirgdpdey esdistinctippi ng
stages. Ap prst’EWﬁbgi\rbé'ep ”&Laﬁé"sa\%ﬂg@%naﬂ{i?q5)%?%ﬁls?aﬁI?zaﬁ&‘?E)I%E@ggeg}’AtchﬁracfeﬁSEc
count ercurren grlnmp,e In |@;,_at§r .t He chystalllzatlonln%ac- )
stage, i1he [EaJ«e &f dynamic layppsrusaliedionahdaidPhases ¥ Busiced sanyastieR ohecr yst al s
of the part liqud phasst Rdéiscan $edfaotedbyt empektircuiagbe sf thediguidehase fruoughy
hext | owest sy an FRu Ao b?”ﬁ"@%%“’i‘%f e A e R o of

X S ' url Ly, - : u :
the 1iquid BFPA’&@E ﬁc‘&‘lﬁ‘?‘ﬂé" Fﬁ’é‘\g %%%ggr %%E‘HPG?%@”P@‘”Fﬁegasi'ﬁ%ﬁ@l?rf’ 88 Per ween
-25C and +1aGy pyisgignt i cul ar bet ween 12C and -5C. For exanple, the process
accordimg to the invention nay be perforned as a |ayer 5 crystallization

f. DE-A 260 . EP- 6 - - 7 i
Crystani | 2ol e St prodas S ARSI brasH TR (AR ool D8 puldle of e
firmy adhePpaf@xchanpsrs antilepreriisds lavew asrrpsulbpisiow enapahales waustianAn the
renai ni ng r esicthdaly siad. tAftetved, thetdstdual mepti@mpthay ligtior} iseischargbe, mes gy  mel t
sinply fl O%Mfmated @ad%ah{gﬂe@m?ea@ St R e b9 lbde Ret s St ati c”

' R

Ll
and "d mc ayer crysta afJl on _processes r 10 feature
of dyné' c IN&lRE° @P?gq%?qr?i’é‘fcf”&ffsc?f‘b iRk 'ﬁ‘ﬁg%%g‘%ﬁg?i onvection of
the liquid phase P. This can be effected by punped circul ati on of the

[ Qul § pase By gl Lk Eel o el aeto e (e Hiktos) o
i qui . | e fi X -

oy} ntrgducﬁcﬁ%%?ﬁ?sﬁsr%??sc%g%é snr}ﬁ%(dggwgﬁ% Ao RSV Fraterihy B Peigimss° 12 | o
the static peascdss isthetdeachingoi VMO HATEP WO /052460 antl ¥ OIAMBIRES iea at ube

bundl e 25 pbadRnsiBeatyseXEzBafgers) and deposits in layers as result of slow -
tenperature reduction on the secondary side. Afterward, the residual nelt

(mother liquor) is discharged, nore highly contam nated fractions are
sweat ed of f IFgesieral i Crypipksuspenglge FOIBRrNGESPensRdt agryiceacid crystals is obtained

by cooling the liquid phase P, the acrylic acid crystals having a lower methacrylic acid
content and the remaining residual melt {(mother liquor) a higher methacrylic acid

30  content (relatively, based on iﬁhe particular total amount) than the 'quuid phase P to be
purified. The acrylic acid chtaIs may grow directly in suspension and/or be deposited
as a layer on a cooled wall frbm_ which they are subsequentiy scratched off and '
resuspended in the r_e_sidual melt (rhother liquor). '

35  All suspension crystaliizers and suspension crystallization processes detailed in
WO 01/77056, WO 021055469, and WO 03/078378 are useful in accordance with the
invention. In general, the ac_rﬂ/ific acid crystal suspension generated has a solids content
of from 20 to 40% by weight. - | '

40 In éddition, all processes specified in the aforementioned WO publications are suitable |
~ for the separation of suspension crystals which have formed and mother liguor which
remains (for example mechahicai separation processes such as centrifugation).



- recycling o

20 increasePam@3bthe pure product is subsequently nelted off (cf. WO

. 01/77056). According to the invention, the process according to the
invention, in the case of all ‘liquid phgses P described in this docunent,
will, however, preferably be performed according to the teaching of WO

01/ 77056, Wered@e0&5isaivearid avwdrddi@rgiinBe inventior® sspefséing iromwash column.

cr yslt al | i zathighs prefer@@pafwsh cdlueirwittdorsdRABEOOBf B8 MRpbSisdhchiS Reijded
acrylic aci S | . b ¥5 i :

2ervli o aci dYERber R Skl Al ARG K GELhLBMed Sord gy iRt Blek o1,
remai ni ng r Bsgengsal: the wasp seliREyis ppeatad) atyalpg REFOH SIS U [heash st ont ent
(rel ati vl yusdibis @dvaniagdrasiyand mattlofncylid adid anystarst purtiibafretioeed) piodhphdise P
to be purif L CoacH ; i i - nsi on
and or be aljS peSoBEIY ThE WS KBl eI ERENY ThE prtSEe
Subsequent | JCCRETIA (A BieNisthus INRRLTRRATRE AOCPERSSHYAFh FRITRTISEDE her

| i quor). 35folblvinguspeassistepscrystal i zers and suspension crystallization
processes detailed in WO 01/ 77056, WD 02/ 055469, and WO 03/078378 are useful
in accofdance with the. invention., In general. the acrylic acid crystal
suspenstbn BenerbeiiPRian & €N gl il eER g prasets 56"V G0 by wel ght. 40
I n addi tionb) al separateseidhe spwis f¢ie arveialy ram dfeoieaaining owber Wigsutssidtat i ons
are suitable fefeit mi@ﬁggﬁruawmepf suspensi on crystal s which have forned

and not her [jqu . r ' eparation
processes s%).lch %Q%@rﬁ%ﬁﬁiuga |ggoﬁfr(é%E%g%&ﬁ%%épgggﬁi%%dz is givenin -
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' ~ more true when the wash liquid used is the melt of acrylic acid crystals which have

already been purified in the wash column.

30 In other words, the process according to the invention comprises in particular

' processes in which the liquid phase P to be purified is converted under the action of
cold conditions to a crystal suspension consisting of acrylic acid crystals and liquid
residual phase (residual melt), the proportion by weight of methacrylic acid in the
acrylic acid crystals being smaller and the proportion by weight of the liquid residual

35 phase (the mother liquor) of methacrylic acid being greater than the proportion by |
weight of methacrylic acid in the liquid phase P, a portion of the remaining mother
liquor is removed mechanically if appropriate from the crystal suspension, and the
acrylic acid crystals are freed in a wash column of remaining mother liguor, with the
proviso that '

40
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_All of the aforementioned is true in particular when the wash column is designed and

‘ operated according to the teachings of WO 03/041832 and of WO 03/041833,

30 | | .

- The proCess according to the invention thus permits, with the sequence of partial

oxidation of at least one C; precursor, fractional acrylic acid condensation from the
prbduct gas mixture of the partial oxidation, suspension crystallization of the acrytic
acid condensate withdrawn and removal of the suspension crystals from remaining

35  mother liquor in a wash column using a pure crystal meit as the wash liquid, the
preparation of acrylic acid suitable for superabsorbents in a highly efficient manner and
using only one crystallization stage (such acrylic acid can of course also he used for all
other uses addressed in WO 02/055469 and WO 03/078378, even when the starting
material for the partial oxidation is a che'ap Cs; precursor raw material source which

40  causes the by-product formation of methacrylic acid). '



as a second&Fyp6866ponent. Al of the aforenentioned applies in particular
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430 g of a methacrylic acid were charged with a temperature of 25°C into a stirred
, glass vessel (internal volume 1 1) with jacket cooling. The stirring was effected by
30 means of a close-clearance helical stirrer. o |

The methacrylic acid comprised:

69.1% by weight of methacrylic acid,
35 18.2% by weight of water,

3.6% by weight of acelic acid and .

0.5% by weight of acrylic acid.

It was obtained by heterogeneously catalyzed gas phase partial oxidation of
40 - methacrolein and subseduent fractional condensation of the product gas mixture.
' Addition of iess than 200 ppm by weight of hydroquinone (based on the sum of acrylic
acid and methacrylic acid) inhibited the methacrylic acid to polymerization. '



20 phase P-PF®6ga@ticular in all liquid phases P detailed explicitly in this
. docunent). The sane applies to propional dehyde and all C5 and C6 subsequent
partial oxidation products. Exanples anfb conparative exanple 25
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secondsi®and washi ng the crystal s 10 simultaneously with a nethacrylic acid

(met hacryli { T 8% by wergty, acrylic acid content < 0.1% by
wei ght, teﬁ%d&ﬁw’? hﬁln \%\mh nethacrylic acid = 25C) in a weight ratio
of 1:1. An 's of the remef‘ﬁﬁng crystals and of the mother [|iquor- '

centri f ugedAecdtic doef or ehand dag8e the fol | pwing depl etion coefficients A for
‘the differgnts ndary—ToTt ents—conptised in the methacrylic acid:
Secondary rﬁﬁgﬁ%@# \I\Afer'g;p 7 Acetit acid 33.3 Acrylic acid 9.09

~In contrast to water and acetic acid, acrylic acid is lncorporated into the deposited
methacryltc acid crysta[s :

20 Examples

In each case appi‘ox. 1800 g of various acryiic acids were charged info a stirred metal
tank (internal volume 2 1, close-clearance helical stirrer). They were polymerization-
. inhibited by addition of from 100 to 200 ppm by weight of monomethy! ether of
25  hydroquinone (MEHQ) and < 100 ppm by weight of phenothiazine (based on acrylic
acid comprised). '

At a cooling rate of 1 K/h, the temperature of the cooling liquid within the jacket was
lowered until the resulting erysta[ suspension {(acrylic acid crystals suspended in

30 residual melt) had a solids content of in each case approx. 18% by weight. A portion of
the crystal suspension was then withdrawn and centrifuged at 2000 rpm on a
laboratory centrifuge as in the comparative example for 180 seconds, and the
remaining mother liquor was thus virtually fully centrifuged off. Analysis of the
remaining crystals and of the mother fiquor which had been centrifuged off gave the

35  depletion coefficients listed below for the different contaminated acrylic acids (Ilqwd
phases P to be treated in accordance with the invention) for the secondary components _
comprised therein. The acrylic acids were obtained starting from acrylic acid stemming
from a heterogeneously catalyzed gas phase partial oxidation of propylene having a .



- deposited nethacrylic acid crystals.
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having a P orCA fraction by addition of glacial met hacrylic
acid ther et%%%f%\g%%rtl ng acr ylic acid conprised the follow ng contents:

95. 201 % by weight of acrylic acid, 5 0.042% by wei ght of nethacrylic acid,
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depl etion coefficients determined for the secondary

secondary A (sample 1) | A {(sample 2} | A (sample 3) | A (starting acid)

component. _ o

methacrylic acid |31.3 455 30.3 . no longer detectable
| | in the crystals

benzaldehyde 31.3 45.4 31.2 31.2

propionic acid 3.9 4.1 3.85 3.86

furan-2-aldehyde |31.3 476 30.3 31.25

acetic acid 58 6.4 5.59 585

l
|

Remarkably, the ratios are reversed from the case of the comparative example. While
25 . acetic acid and propionic acid are incorporated here, this is the case neither for
methacrylic acid nor the two aldehydes.

US Provisional Patent Application Nos. 60/668,089, filed on Apfil 5, 2005, and
60/656,877, filed on March 1, 2005, are incorporated into the present application by

30 literature reference, With regard to the abovementioned teachings, numerous
alterations and deviations from the present invention are possible. It can therefore be
assumed that the invention, within the scope of the appended claims, can be
performed in a different way from that specifically described herein.



20 conponenPE 568&pri sed in the different sanples and in the starting acid

. were as follows: secondary A (sanple 1) A (sanple 2) A (sanple 3) A
(starting acid) conponent nethacrylic S%Jd 31.3 45.5 30.3 no | onger
detectable in the crystals benzal dehy 31.3 45.4 31.2 31.2 propionic acid
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renoval by-crystallization, the acrylic acid accunul ati ng in the crystals
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b ooess accor ai 5 PRER bRt loldart 5 A RN YR Rl A w )
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nmethacryfic acid of at least 3:2. 3. The process according to claim1 or 2

herein V ip thglLApLa phaas Pl s amc: rt%aqrﬂagmgwghiu.d WadhpThe process
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clains 1 to 3, wherein the liquid phase. P 20 conprises at |east 65% by
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wher ei n 6 he i qlcjzlorgrprpses 5[ ledst ggieby weight of acrylic acid.

ase P

6. The process according to any of claims 1 to 5, wherein the riquid phase P, based
on the amount of acrylic acid comprised therein, comprises from 0.01 to 15% by
weight of methacrylic acid. '

25 _ - . ,
7. The process according to any of claims 1 to 6, wherein the liquid phase P
comprises from 85 to 89.5% by weight of acrylic acid.
8. The process aecording to arry of claims 1 to 7, wherein the liquid phase P, based |
30 on acrylic acid comprised therein, comprises from 0.2 to 30% by weight of water.
9.  The process according to any of claims 1 to 8, wherein the liquid phase P stems
from.the product gas mixture of a heterogeneously catalyzed gas phase partial
oxidation of at least one Cs precursor compound of acrylic acid.
- 35 ,
10. The process according to claim 9, wherein the at least one C; precursor
compound is propane.
11. The process according to claim 9, wherern the at least one C; precursor
40 - compound is propylene

12. The process according to claim 9, wherein the at least one C; precursor
~ compound is propylene accompanied by propane as an inert gas constituent.



on the anouRF 5685@&crylic acid conprised therein, conprises fromO0.01l to 15%
. by weight of nethacrylic acid. 25 7. The process according to any of clains
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gas mxture of a parti al ‘ cfro nati on, aj r ox rogenat 1 on of

pr opane%Q/\hi ch pPE’%E’&Q&h?rﬁ@O'Béré’”g@%geh“ég%”%'&a'ﬁ' ?58&?%%?'1 19995%4. The process
according to any of clains 1 to 13, wherein the liquid phase P stens from
the product 1gasTid ¥lodess SlcopliMtPlodlRoene Quslah GatalcsieshLRsisiasepRatiéd al
oxi dation of 'at _| east one.@ﬁg[ecyrsor cor{Bound of acrtﬁl ic acid and has . -
been. 10 obt ai nBPCEREFARRER G5 I5AG 41° T9R3EAO0 REPSCRY AT AR FrVR SRFUY P B
‘process. 15. Thabgnrplians sadiscenndengption, feacipngl candegsetien, neqtifieatpn, steasingone

i ndi stifet separsd tegbrpfsrocess conprises at | east one separation process
fromthe group conprising absorption, partial condensation, fractional
condensation, rectification, stripping 15 and desorption. 16. The process
accor di ng t &-cl BiePreaess acesTdingierdim HigtrHEr WheigiioT oS RIYCS PAGPTISBE unul at ed
nmet hacryl i ¢ aci dedwsnulatey cletishdrylicacit is regsled drie abkatthmeadf theadéazinee

i ndi stinct sepa[r@;siﬁga Sgggl%ga%ro%gssl_?. The process according to claim 16,
wherein d‘mt her [1quor conprising accunulated nethacrylic acid is recycled
into a 4tacti onal condensation of the product gas m xture of the

het er ogeneotli&| yTheapmtysseabcgedingivataimpls; whateiromiothet liquor comprising

: : - accumulated methacrylic acid is recycled into a fractional condensation of the

product gas mixture of the heterogeneously catalyzed gas phase partial oxidation

of the at least one C; precursor compound of acrylic acid.

25 | |
18. The process according to any of claims 1 to 17, wherein the crystaliizative
removal is undertaken by means of a suspension crystallization.
19. The process according to claim 18, wherein the separation of suspension crystals
30 and remaining mother fiquor is undertaken by means of a wash column.

20. The process according to claim 19, \_Nherein the wash liquid used is the melt of
acrylic acid crystals removed beforehand in the wash column.

35 21. The process according to any of claims 1 to 20, which comprises the f_olloWing :
process steps: '

crystallizétion of acrylic acid out of the liquid phase P;

a)

b)- separation of the acrylic acid crystals from the remaining mother liquo.r;
40 c) at least partial melting of the removed acrylic acid crystals and

d)

at least partial recycling of the molten acrylic acid crystals to step b) and/or
to step a). R



of the at | BES#03dhe C3 precursor compound of acrylic acid. 25 18. The

. process according to any of clainms 1 to 17, wherein the crystallizative
-renoval is undertaken by neans of a suspgpsion crystallization. 19. The
process according to claim18, wherein ttie separation of suspension crystals
30 and remai ning nother liquor is undertaken by neans of a wash colum. 20.
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process steps: a) crystalllzatlon of acrylic acid out of the liquid phase P;
b) separation of the acrylic acid crystals fromthe remaini ng nother |iquor;

40 c) at least partial nelting of the renoved acrylic acid crystals and d)
at |east partial recycling of the nolten acrylic acid crystals to step b)
and/or to step a). PF 56356 23 - 22. The process according to any of clains
1 to 21, which is followed by a process in which acrylic aC|d crystals are
nmelted and free- radlcally polynerlzed to pol ymers.



