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. 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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from =0 or 0.005 to 3% by volume of acetic acid,
from 20 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.




15 inventive renoval, i.e. on the crystallizative side.
In this case, the outlet wll consist of nother |iquor
CAM56356ng accunul ated net hacrylic acid. Wen the ,_
inventive renoval is perforned, for exanple, by neans
of a conbination of dynamc ?nd static crystallization
according to EP-A 616998, the 4ot her | i guor outlet 20
c Ofnerdilgent gasescoapdoatpeide:net hacrylic acid will. be

di sposed in.the region of the static crystallization.
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z0 or 0.05 to 30Y% BX/VQ;'N ume of steam from ?0 or 0.05
t onitig® by vol une 58S4car bon oxi des (CO and/or CO2), and
froggetp or 1-to 9GP6 by vol une of nol ecular nitrogen.
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The partial oxidaii-gn product gas m xture may in

25 pat?f?l%@ﬁl ar stem ?lb % a partial oxidation 10 as
dexepanged in the Cdd@uments DE-A 10 2004 032 129 and
t heétharggui val ent of orei gn patents, DE-A 10245585, WO
O%}&g@S?O, WO 01/0_%”7371, EP-A 117146, WO 03/0 1 1 804,
Us- 161670, DE- 313573, DE-A 10316039 and WO
0177937, st-artioﬁé) from propyl ene and/ or propane, and

30 hdsotatanehe pr opyl0ed®€ source, if

n-butenes 0
isobutene 0.001
1,3-butadiene 0.009
hydrogen 0.05
35 carbon monoxide 0.596
carbon dioxide 1.72
water 8.21
acrolein 0.09
acrylic acid - 528
40  acetic acid 0.240
propionicacid -  0.002

formic acid 0.019



appropriate, a propane dehydrogenati on and/ or
oxydehydr ogenati on (heterogeneously 15 catal yzed if
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representative exanple (i.e. just one possible exanple)
of such a product gas mxture conp03|t| on i s a product
gas m xture which . conprises (d8 secondary conponents
| egrRdidémyaed be remgy/ed satisfactorily when the process
acgord 40 t he nvention is enployed if they had
égnzgldggsﬁstltuen(fgoé the liquid phase P): % by vol.

nlﬂa@g‘eﬁ‘ hgdrides  o%Mfen 2.3 25 propane 29.20 propene
0. ﬁrﬂaﬂ1acmaimane 0 0.e2thane 0.077 n-butane 0.101 30
is%ma@ﬂ,ﬁcgc,g% moPrienes 0 isobutene 0.001

but adi ene 0. OQB hydrogen 0. 05 35 carbon nonoxi de
O %"8 carbon dio %?e 1.72 water 8.21 acrolein 0.09
acrylic acid 5.28 40 acetic acid 0.240 propionic acid
O 'QG?antégébﬂélﬁlnwbbd‘d@ndélﬁthl?Ee mG&HHion, 1Be lidud predsd Sty de treated in
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t heondavisdté bBtained direddg fhik ddTrRdidiphase P hedvahiagesmit thened

pr ggﬁ‘b%ksé}i%ﬁ of acrylic acid out of the product gas mixture (which has been cooled
beforehand if appropriate) is effected as a fractional condensation (on which is, if
appropriate, additionaily superimposed an absorption with water and/or aqueous
solution in order to reduce acrylic acid losses) as described in detail, 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.

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
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 freated crystallizatively in accordance with the invention.
Mother liquor'compr.ising accumulated methacrylic acid which is formed will, according
to the model, for example, of EP-A 820408 or WO 2004/035514, be recycled at least
partly, preferably 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.

Liquid phase P which has been obtained in this way by partial or total 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
comprised which have already been indicated (and are essential to the invention),

" comprise:
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10 m xtures of the C3 acrylic acid precursor partial
oxi dation by condensing acrylic acid out of the
prpgggisggas m xture. Advantageously in accordance wth
the invention, the condensate obtained directly forns
the liquid phase P. Advant ageously, the condensation
of acrylic acid out of the prdduct gas mi xture (which
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separating colum havi ng separating internals,
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acff@f'@dri@é”"/%mtWGIQW@f?QRF@@PHdon 30 Mot her |iquor
corm'n|0$1ngsmmlgtatoedoﬁbmbac\dyl ic acid which is forned
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outrormo 0t1He3%rQ}dmghtg>amalemacthre The methacrylic acid
outlet will be | ocated bel ow the side draw of the crude

2 bl Soeotiale 88 AobaamaBo 4l 0 barasoe T Al ghoro
suﬁ%ﬂ?ﬂ?ﬁé‘ﬁ}é{@3é@§d}‘9¢ﬂh S?PFWO?'PPW%r or aqueous sol ut| on
and also, if appropriate, rectificative
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t
b B palaher ot aoty A5l o ah St AR ooy
maf@remmv@@l Mg ihHednnciplg ﬁ@!ae@ép restrighian, inskiding thel proeess
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Orm@ﬁthtng ? ge/%%¥|f¥;§d392t of acrylic acid, from 20,

generad rom 0% by weight of water, from
?0, in general fromO0.001 to 5% by wei ght of acrolein,
fr tmmﬂ?e:Dwoirds i erayrbel cafried ouDin ©04 ot morkGledes, cuatinlouslyior batchwise.

H}fbﬁ[c@la?'ltrh‘lay Ssd b@Barraddout a8 ad@BRNAl cridtaRalod Frybital§%h a
byfrgﬁto%] ry%.{allégt?otnI & chée% 'which generate acrylic acid crystals which are purer
(especially freer from methacrylic acld) 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
crystallization in each stage, the crystals are removed from the mother liquor and these
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.




from20, in general fromO0,01 to 5% by wei ght of
propionic acid, from 2?0, in general fromO0.001 to 5%
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35  All suspension crystaliizers and suspension crystallization processes detailed. in
WO 01/77056, WO 02/055469 and WO 03/078378 are useful in accordance with the
invention. In general, the acryhc acid crystal ‘suspension generated has a solids content
of from 20 to 40% by welght

~ 40 In addition, all processes specified in the aforementioned WO publications are suitable |
_ for the separation of suspenﬁs;ﬁion crystals which have formed and mother liquor which
remains (for example mech’afhi_cal separation processes such as centrifugation).



this crystallization, the crystals are frozen out in

the formof continuous, firmy adhering |ayers. The
deppseiged crystals are separated fromthe renmining
residual nelt (the nother liquor).by virtue of the
residual nelt sinply flowng off. In principle, a
distinction is drawn betweenl®static" and "dynanmic"
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crystals. The crystal volunme fraction in the crystal
bed generally attains values of > 0.5. In general, the
wapp sg8deum i s operated at values of from0.6 to 0.75.
The wash liquid 5. used is advantageously the nelt of
acrylic acid crystals purified (renoved) beforehand in
the wash col um. The washing i1 normally effected in
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process according to the invention is enployed, since
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subsequent nother liquor renoval is perfornmed in a wash
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wo Y8 SeqRgary CBTB® L cording to the invention conprises
in particular processes in which the liquid phase P to
be ApbT thé kREernéntieAsY Spliein pariedlat vieenaré wesh &lumieRlavash column
copdi: r . i of . .
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nmetheesdt.yl i c acid in"the acrylic acid crystals being
smal l er and the proportion by weight of the liquid

regjdual 35 phase (the nother |iguo of t hacrylic
Fo i StiBe aprgPetp i A M adicyiab s ink st Sl af desighed anc
. mebpristed laceording t the taakkings ¢fiVa 03/ 32rRaNd ©f YK 03/841838.
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achéld eanarnhsse dithdaws laRd renfIVar dr &RSsukpétlon crystals from remaining
35 mother liquor in a wash column using a pure crystal melt 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 be 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 cheap C; precursor raw material source which
40 causes the by-product formation of methacrylic acid).



0.20 to 30% by weight, frequently up to 20% by wei ght,
often up to 10% by weight, of water, and b) the wash

|| ptiggspged is the nelt of acrylic acid crystals

purified in the wash 5 columm. In particular, the

process according to the invention conprises the
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25 n a wash columm using a pure crystal nelt as the wash
|'i Qomghardtibe exgmpgar ati on of acrylic acid suitable for
superabsorbents in a highly efficient manner and using
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30MRinRIaha bf 4 Bbsd-BigarBidd fichtal efffgiat i on is a cheap C3
precursor raw material source which 40 causes the

by-_lproduct formati on of methacrylic acid). PF 56356 18
O Topmetfiacrvip poif corpRidsedst eps detailed in this docunent
are carried out with

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

3.6% by weight of acetic acid and

0.5% by weight of acrylic acid.

it was obtained by heterogeneously catalyzed gas phase partial oxidation of

40 methacrolein and subsequent fractional condensation of the product-gas mixture.
Addition of less than 200 ppm by weight of hydroquinone (based on the sum of acrylic
acid and methacrylic acid) inhibited the methacrylic acid to polymerization.



pol yneri zation inhibition. The procedure may be as
described in the prior art listed. An excellent

POBF 56386 anong the entirety of the available acrylic
acid process stabilizers is assunmed by '
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cl ose-cl earance helical stirrer. The nethacrylic acid
coaprised: 69.1 % by weight of nethacrylic acid, 35
20 18%%‘% wei ght of water, 3.6% by wei ght of acetic acid
and 0.5% by weight of acrylic acid. It was obtained by
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At a cooling rate of 1 K/h, the temperature of the cooling liquid within the jacket was
lowered until the resulting crystal 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 liquor which had been centrifuged off gave the

35 depletion coefficients listed below for the different contaminated acrylic acids (liquid
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 havinga .
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US Provisional Patent Application Nos. 60/668,089, filed on April 5, 2005, and
60/656,877, filed on March 1, 2005, are incorporated into the present application by
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.



PF 56356 20 small C4 fraction by addition of glacial
nmet hacrylic acid thereto. The starting acrylic acid
conprised the followi ng contents: 95.201% by wei ght of
acrylic acid, 5 0.042% by wei ght of nethacrylic acid,
0. 604% by wei ght of benzal dehyde, 0.062% by wei ght of
propionic acid, 0.687% by #&ight of furan-2-al dehyde,
0. 663% by wei ght of acetic acid, 10 0.004% by wei ght of
furan- 3- adehyde 0. 002% by wei ght of allyl acrylete,
igled igei ght of acrolein and 2.20% by wei ght of
vvater 15 This acrylic acid was adm xed once with
0. 2% by wei ght of nethacrylic acid (sanple 1), once
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rggﬂalsami a PEStRBCRduLTr thdt TR MbtrackyiRBi® 2) A (sanple
) A (starting acid) conponent nethacrylic acid 31.3

45.5 30.3 no |longer detectable in the crystals

2 Bty s SR ARG oo

Ieagtesfy% b@qy@igﬁt&a&ywb 4ci®9 5. 85 Renmarkably, the ratios
are reversed fromthe case of the conparative exanpl e.

Wiile 25 . acetic acid and propionic acid are
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nmet hacr Y11 ¢ acl the twd ald rovi'si onal
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‘Ogg 656,877, filed on March 1, 2005, are
BPE@F aé’@/ﬁcr?c%dthe present application by 30
literature reference. Wth regard to the abovenenti oned
t eachi ngs, nunerous alterations and deviations fromthe
4pr estine pravess accordmgetombaisi hiwherein theliquideheiserk comprises

f@%;@j,ﬁg%} g?o;?%glgbgﬂl?m L on écyj\n thin the scope of the

5. The process according to claim 1, wherein the liquid phase P, based on

the acrylic acid therein, comprises from 0.2 to 30% by weight of water.

6. The process according to claim 1, wherein the liquid phase P stems from
the product gas mixture of a heterogeneously catalyzed gas phase partial

oxidation of at least one C3 precursor compound of acrylic acid.

7. The process according to claim 6, wherein the at least one C3 precursor

compound is propane.

8. The process according to claim 6, wherein the at least one C; precursor

compound is propylene.



performed in a different way fromthat specifically
descri bed herein. 21 Wuat is clained is: 1. A process
for renoving nethacrylic acid fromacrylic acid in a
l'iquid phase P conprising acrylic acid and nethacrylic
acid wth an acrylic acid content of at |east 50% by
wei ght and a nolar ratio V @8 acrylic acid to

nmet hacrylic acid ranging from3:2 to 100 000: 1, which
conprises: subjecting liquid phase P to crystallization
thereby formng acrylic acid crystals and a nDther
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The process according to claim1, wherein the liquid
phase P, based on the anpunt of acrylic acid conprised
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he process according to claim1,
vvherei n the Iiquid phase P stens from the product gas
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omdﬂtmmf@t |l@s1b popﬁwremrswh@orppwmf aarylir atichgnd ds obtained

wh ne recursor compound is
thg%@ﬁ@ g?l 53 g%%agg's%{ﬁer&%?%g to claim®é,
wherein the at Ieast one C3 precursor conpound is

£rop | ene acconpani ed by propane as an inert gas
1% onsthe presess agerdimgdo staipekls wheeein dhe gt ltegst:m@ﬁ ipdistinct
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wherein the liquid phase P stens from the product gas
m xture of a heterogeneously catal yzed gas phase
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co und of acrylic, acid and, i tai_ned er b
ST Aan raibacHl SRS Bl it o Aeet the 3t lepaLone
mefsgﬁgfsreﬁg%}gndﬁragegso claim1l, wherein the at |east one

14.  The process according to claim 13, wherein said mother 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 C3 precursor compound of acrylic acid.

15.  The process according to claim 1, wherein the crystallization of acrylic
acid which accomplishes the removal of acrylic acid is done by suspension

crystallization.



separation process conprises at |east one separation
process which is an absorption process, a partia
condensati on process, a fractional condensation
process, a rectification process, a stripping process
or a desorption process. 13. The process according to
claim1l, wherein said nothes |iquor conprising

accurmul ated nethacrylic acid is recycled into at | east
one of the at |east one indistinct separation process.
14. The process according to claim 13, wherein said
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MBur sor conpound of acrylic acid. 15. The process

accordi ng to claim11, wherein the crystallization of
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St8%ording to claim 1, which conprises the fol |l ow ng
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from 65 to 99.5% by weight of acrylic acid,

from 2 0 to 40% by weight of water,

from 2 0 to 5% by weight of acrolein,

from 2 0 to 10% by weight of methacrolein,

from 2 0 to 5% by weight of acetic acid,

from 2 0 to 5% by weight of propionic acid,

from 2 0 to 5% by weight of formaldehyde,

from 2 0 to 5% by weight of other aldehydes (per aldehyde), and

from 2 0 to 5% by weight of maleic acid.



from? 0 to 5% by wei ght of other al dehydes (per

al dehyde), and from? O to 5% by wei ght of maleic

acid. 24 21. The process according to claim 20,

wherein liquid phase P is conprised of: from93 to 98%

by wei ght of acrylic acid, from1l to 5% by weight of

water, from0.001 to 3% by pgight of acrolein, from

0.001 to 3% by weight of nethacrolein, fromO0.1 to 3%

by wei ght of acetic acid, from0.01 to 3% by wei ght of
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claim1, wherein ar ratio Vranges from2:1 to
70, dagn 0.003to 3 dypreightsaf ameaeindi ng to claim 1, wherein

o) ek B AR LAER ahahbin, 0% L, 24, T
r anggsm 0F PO by WeigRPoaetis acid,
from 0.01 to 3% by weight of propionic acid,
from 0.001 to 3% by weight of formaldehyde,
from 0.001 to 3% by weight of further aldehydes (per aldehydes) and
from 0.01 to 3% by weight of maleic acid.

22. The process according to claim 1, wherein molar ratio V ranges from 2:1
to 70,000:1.

23. The process according to claim 1, wherein molar ratio V ranges from 3:1
to 50,000:1.

24. The process according to claim 1, wherein molar ratio V ranges from 4:1
to 30,000:1.



