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Weinheim 1994, p. 315-17 and also DE-A 2943707, DE—C 1205502,

25 EP—A 117146, EP-A 293224, GB—A 1450986, DE-A 10131297 and
DE-A 10122027).

The product gas mixture resulting from a heterogeneously
catalyzed gas phase oxidation comprises, as well as the main

30 component acrylic acid, secondary components, for example, acetic
acid and propionic acid, a series of aldehydes, for example
furfurals, benzaldehyde, formaldehyde, acrolein, acetaldehyde and
propionaldehyde, and also protoanemonin and various unsaturated
or aromatic carboxylic acids and their anhydrides, for example

35 benzoic acid, maleic acid, maleic anhydride and phthalic
anhydride.

The majority of these secondary components prove disadvantageous
in the subsequent use of acrylic acid.

40
This is true in particular when the intention is to use the
acrylic acid for preparing water-absorbing resins.

As is well known, water-absorbing resins based on acrylic acid
45 are prepared predominantly by free radical polymerization of

agueous monomer solutions which substantially comprise acrylic

acid as the free radically polymerizable monomer, and at least a
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To this end, the prior art discloses numerous processes. For

30 example, a basic separation of the acrylic acid from the product
gas mixture may be carried out by taking up the acrylic acid
absorptively in a suitable absorbent (for example water or a
mixture of from 70 to 75% by weight of diphenyl ether and from 25
to 30% of diphenyl) to obtain an acrylic acid-containing

35 absorbate (cf., for example, EP-A 297445 and DE—-C 2136396).
Subsequent, predominantly distillative separating processes then
allow acrylic acid which has an increased purity to be removed
from the absorbate. Alternatively, the product gas mixture from
the gas phase oxidation may also be fractionally condensed, as

40 described, for example, by DE-A 19740253. The already
comparatively pure acrylic acid withdrawn may, after optional
intermediate crystallizing purification, be further
distillatively purified according to their need.

45 The acrylic acid having increased purity obtainable in this
manner is customarily admixed with a storage polymerization
inhibitor (for example hydroguinone monomethyl ether) which has
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and removal of the remaining, nonpolymerized monomers, to the

resulting polymer again containing residual monomeric acrylic

acid, which is undesired and toxicologically not entirely

acceptable. Frequently, the stored acrylic acid will therefore be

30 again subjected to distillative purification before its use.

It is an object of the present invention to provide an improved
process for preparing an aqueous alkali metal acrylate solution
by distillatively removing acrylic acid from an acrylic

35 acid-containing mixture and then generating an aqueous alkali
metal acrylate solution from the distillatively removed acrylic
acid and an agueous solution of a basic alkali metal salt, which
only exhibits the abovementioned disadvantages to a limited
extent, if at all.

40
We have found that this object is achieved by a process for
preparing an aqueous alkali metal acrylate solution by
distillatively removing acrylic acid from an acrylic
acid-containing mixture and generating an aqueous alkali metal

45 acrylate solution from the distillatively removed acrylic acid
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PF 53505 4 and an aqueous solution of a basic alkali netal salt, which

conpri ses 5a) 10b) 15c) feeding the acrylic acid-containing mxture to a
distillation apparatus, carrying out the renoval of the acrylic acid from
the acrylic acid-containing mxture indthe distillation apparatus above
the feed poiand andage¢als pduegencef omakec ERElAieRd] tH @qwRaus al kal i
netal acryl attc@ps_@lsggi on in such a manner that the acrylic acid renoved in
the distillation apparatus is taken up inmediately fromthe gas phase
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carbonat e and/ o*’an *§PRAPY tRLfANT YARRaRF 1Gront apPERD MigdsrechP bdnat es
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transfer with it. ThetaEnpmilogehcaebyhdtee.aci d according to the invention
may be realized in a sinple manner, for exanple, by carrying out the 40

removal abo ' A mounted .in the distillation apparatus. The
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hydr oxi de, an alkali nmetal carbonate and/or an al kali netal

hydr ogencar RpRag et ne group of the abovementioned salts, preference is given
according to the invention to the sodium salts over the potassium

25 salts. Among the group of the abovementioned salts, preference is

further given according to the invention to the hydroxides. In
other words, particular preference is given according to the
invention to an agueous sodium hydroxide solution.

30 According to the invention, the term “distillative removal”
should be understood in its widest sense and encompass both a
simple distillation, i.e. a distillation in which essentially no
condensed phase is passed in countercurrent to the rising vapor,
and also a rectification in which the condensed phase is passed

35 in countercurrent to the rising vapor and participates in
extensive mass transfer with it.

The removal of acrylic acid according to the invention may be
realized in a simple manner, for example, by carrying out the

40 removal above a chimney tray mounted in the distillation
apparatus. The chimney tray is configured in such a manner that
although gas phases can rise through the chimney, no liquid phase
can reflux through it into the distillation apparatus.

45 In the space above the chimney opening which will generally be
roofed, the agueous solution of an alkali metal hydroxide, an
alkali metal carbonate and/or an alkali metal hydrogencarbonate
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as finely divided droplets (atom zed, dispersed). Wen these are contacted
with the rising acrylic acid vapor, the 5 acrylic acid is taken up into
the finely divided aqueous droplets whi%h preferably have a very | ow
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a nozzle andzpbssi Myraedanple, agyebdsSusddkalds geEalised ! 39 g;{gmé)’r piat er
t hrough anobhesx nowzlsgs.Preci se adjustnment of the ratio of the two spray
anounts allows the degree of neutralization to be set as desired. 35
Al ternati Velr%fe éhe a%ueggs al kalii metal  salt solution to be used according
to the inyentT o RN SaPS62he RS FeLU S Thg aoWprheesRuRlY aresvoked. may
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6 {hollow or full cone nozzles) (for example from Diisen—Schlick

GmbH, DE, or from Spraying Systems Deutschland GmbH) .

According to the invention, the atomization of the aqueous alkali
metal salt solution may also be carried out by passing a

30 concentrated aqueous alkali metal salt solution through a nozzle
and passing a dilute aqueous alkali metal salt solution or water
through another nozzle. Precise adjustment of the ratio of the
two spray amounts allows the degree of neutralization to be set
as desired.

35
Alternatively, the aqueous alkali metal salt solution to be used
according to the invention may also be atomized using impingement
atomizers. In impingement atomizers, the atomization is effected
by at least one stream of agqueous alkali metal salt solution

40 impinging upon at least one second stream of agqueous alkali metal
salt solution and/or water and/or upon an impingement plate.

According to the invention, preference is given to impingement
atomizers in which the atomization is effected by at least one
45 stream of aqueous alkali metal salt solution impinging upon an
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i npi ngenent pl ate (Sfor exanpl e of steel) (inpingenent plate atom zer). The
stream of aqueous al kali netal salt solution directed toward 5 the
i npi ngenent plate nay have a flow velocity of, for exanple, from20 to 80
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accordi ng t dmphfgémsentilarel $fafvmaeods! ¥ LNV | ' pi pes
(for exanpl qtehistee!) pl\/\/m ch$are pré@gr abl yyﬁ apgr géﬁﬁ l%éb%n@kgaégd
According to the invention, the separation between the outlet orifice of
the pi pe and the inpingenment plate is advantageously 15 frequently from5
to 30 cm i ﬁhﬁaﬁ‘jfr%ad%égf PABAPYD alkadd mataltealtsispéutihoh shiapetef tdward
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t he pipe 2Q. Nor mal | t he i Iatelsflat However, the

i npi ngenent n |%%‘ée?+éy SSIIEB”E;S %%r?cng\?él Pideretal sy toebappredi at ed

t hat when tﬁéCBT“Fh‘Eﬁ pice the impRHdOTeAs a@‘t'may@puah}'l@aramededn $imple al so
possi bl e Hopipesohftentexatmplie 25f atisedyswhlidaldremprakesably Taputb@ntand @
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metal salt solution or water to impinge upon each other.

The aqueous solution of a basic alkali metal salt to be used
according to the invention has two purposes. Its cold content

30 serves the purpose of direct cooling of the gaseous acrylic acid
and of taking up the heat of neutralization. The basic aqueous
solution of the alkali metal salt per se furthermore serves to
take up the acrylic acid from the gas phase so as to form an
agueous alkali metal acrylate solution.

35 This immediate generation of an aqueous alkali metal acrylate
solution may also be referred to as guenching of acrylic acid in
an aqueous basic alkali metal salt solution (quenching liquid).
In general, the salt content of the quenching liquid will be from
10 to 60% by weight, freqguently from 30 to 50% by weight or from

40 about 30 to 40% by weight.

According to the invention, the agueous alkali metal acrylate
solution generated according to the invention will not be
completely withdrawn from the distillation apparatus. Rather, it
45 is advantageous to cool a portion (for example by means of plate
heat exchangers) to support the cooling and condensation effect
and to recycle it cooled as a further quenching liquid into the
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acryl ate acrylate solution is gquasi-in situ.

This is advantageous in that it opens up the possibility of
completely dispensing with intermediate addition of

30 polymerization inhibitor when the agueous alkali metal acrylate
solution is reused immediately. In this case, the required amount
of free radical polymerization initiator is added to the aqueous
alkali metal acrylate solution formed and the desired
superabsorber resin is generated by free radical polymerization

35 in a manner known per se. The lack of a polymerization inhibitor
allows polymerization initiation using a comparatively small
amount of free radical polymerization initiator. This reduction
in starting amounts (both for the polymerization initiator and
the polymerization inhibitor) results in a procedure which is

40 more economical overall. The possibility of completely excluding
any polymerization inhibitor in addition allows the production of
qualities of superabsorber which were previously unattainable.
The process described also allows the diacrylic acid content to
be minimized until the start of the polymerization.

45



solution is %l; ?%%Os? 25 mol % frequently at least 30 nol % and in 5 many
cases at least 33 nold, based on the nolar anount of acrylic acid
contained therein. It will be appreciated that the alkali netal salt used
fror neutralization my also be used in & nolar excess, based on the nolar
amount of acrhd iamoasat dof crjuricnedsol fielid Bt SUBKs AN AXaeSSHMd] 39Rekdl by
not exceed a;3& lé@c.gf-di'].,(,)% 1 Rkd; e 2RI Ogeg_@eﬁ_‘q:qyors]uéhe rg)l qr anmount of
acrylic aci ddeg‘i%'%t akned L he rein, IIfrom n agg I cation“pol AR e &, it is
advant ageous i-n _any . cases ifothe" phbcess TEERLF D FAE R ReACEHIAERL i on t o
set a degr e UPtAENL 1513 G026k 6P TPt adiesuentlkat leestl3tmoltaesd in
sol uti on of Maranraees cat7 (ledsityd3 101y, Walskdben appr ewilateshddtad dfhacagueous
al kal i met alao_a';clr yﬁgﬁt&iné‘chﬂHeir@mng?ﬁ@rvﬁllqdbgcgﬂﬁﬂajdlgltgg_ {,lpi@t i{h\ée_ratlkgmigoes
not necessagy, e tly . r radically initiate
pol yneri zat i egefri .:)igatgggr&ﬁéﬁgofroggl ffﬁ@éf’go‘ﬁa@iia&%’ g? ‘éﬁeﬁs nﬁnefngaiﬁfel y
storing the Aguesus AT KA FEaFLEy 8ts8f A5 1cganEd fUad8edr ding to
the inventi i BELBr eSHE aueERRES 6L Y Genepal otz akteed purvyedsesof From t he
poi nt of 14 e oPltuptesf rSechoflkecbazatl cml tpol yokr aabunn of 2rrgndcabsnd
" di a?:r ylic laicinglaﬁﬁédiaﬁﬂéme"ia.i From mtap@qabheiw%imeo@m,s i@l kal i | met al
acryl at e solgia00a e c t e vant ageousl y

B e car e i’ b e JRORLLEPA A Y, 28

i ses t
avant ageous FAGELeh cfF el AuNCHTAE, 97 nRUFER L (ayoR: B SUMASURS ARy LIS

t
strongly coérleéé%mf‘f%ﬁteaﬁ?l%}?‘a J0 frorndfieh 1% med3i ng poi nt depr essi on;
pure acryl8c acid has a solidifying point at atnospheric pressure of about
13C). This im advanbaggoureciatpariiaultae whesods aakhadivéda1Sheradste
| nhi DI LOrs Fotuaddedydierbieaaataols il k8! End®ilentibyl dlds dpesOf Utl on
generated a - V. on f.or e purpqQses of .. stqrage, w
i ncreased rgﬁ%?%g:sglg%f . E’? ggaggléeed;r%lﬁgg%ﬂﬁi%r %ESﬁ'p]b_ ,Lﬁéfhggbﬁ’oar'i?sd or
sul fur conp&ind8eTh IﬁﬁF}ﬁ‘g& the sRPaERI LY GdPROPELES PEr exanpl e,
usef ul pdYABtpFaed bt lvnisitpring sthienelqudeus | d1kafl it hesel ddadaita HELWtion
10053086. 4@ehpréted smordihg tdechesdnobnt hen meionet fyd mif@erofise for
hydr oqui nongclifie PEdt i phar $roven useful. 45 PF 53505 9 The increased
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e_te
are acconpani e BYF P& E B HESRE f"Br‘qBE?b’f%‘bérleﬁhFB‘i“c?ﬂl PASLYREF § 2 ion”

st or age. also “diacrylic acid formation”, it is noticeable that the
aqueous alkali metal acrylate solution generated according to the
invention advantageously comprises the acrylic acid monomers in
diluted form. It is further advantageous that such agueous alkali
metal acrylate solutions may be strongly cocled without any solid
30 formation (freezing point depression; pure acrylic acid has a
solidifying point at atmospheric pressure of about 13°C)y.

This is advantageous in particular when free radical storage
inhibitors are added to the aqueous alkali metal acrylate

35 solution generated according to the invention for the purposes of
storage with increased reliability (for example amines, nitro
compounds, phosphorus or sulfur compounds, hydroxylamines,
N-oxides and quinones). For example, useful polymerization
inhibitors include all of those cited in DE-A 10053086.

40
In this context, the use of the monomethyl ether of hydroquinone
in particular has proven useful.

45
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The free radical polymerization of the agueous alkali metal
acrylate solution obtainable according to the invention for
producing superabsorbers may otherwise be effected in a manner
known per se, for example as described in US—-a 4666983,

30 Ep-A 785224, US-A 4286082 and EP-A 785223.

In other words, at least 50% of the total weight of the monomers
contained in the agueous monomer composition to be free radically
polymerized will generally comprise partially or completely

35 neutralized acrylic acid. Up to 50% of the total weight of the
monomers contained therein may therefore optionally comprise
monomers copolymerizable with acrylic acid.

These copolymerizable monomers may also have more than one

40 ethylenically unsaturated double bond, and these double bonds may
also be conjugated to one another. In general, a copolymerizable
monomer contains not more than 5 ethylenically unsaturated double
bonds. The amount of these crosslinking monomers, based on the
total amount of monomers contained in the agueous monomer

45 composition, will generally not be more than 30% by weight.
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from 90 to 100 mol%. If necessary, the degree of neutralization

may be adjusted after the agueous solution according to the

-invention is generated by adding, for example, a mineral acid or

30 (advantageously polymerization-inhibited) acrylic acid.

In general, the polymerization will be carried out under
substantial or complete exclusion of oxygen. Customarily,
operation is effected under an inert gas atmosphere. The inert

35 gas is in particular nitrogen. It has proven useful to purge the
agueous monomer mixture to be polymerized before and/or during
polymerization with inert gas. However, particularly when the
aqueous monomer mixture has none of the storage polymerization
inhibitor stemming from the acrylic acid formed, the

40 polymerization may also be carried out in the presence of oxygen,
i.e. advantageously under air. The polymerization may, for
example, be carried out in the temperature range from 0°C to 150°C
or in the range from 0°C to 100°C. The polymerization may also be
carried out either at atmospheric pressure or else under elevated

45 or reduced pressure.
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The proportion of the abovementioned comonomers, based on the

total amount of monomers, may be from 0.1 to 30, or from 0.5 to
20, % by weight.

30 To optimize the properties of the superabsorbers, it may be
sensible also to use monoethylenically unsaturated comonomers
which carry no acid groups. These include, for example,
monoethylenically unsaturated nitriles such as acrylonitrile and
methacrylonitrile, the amides of the abovementioned

35 monoethylenically unsaturated carboxylic acids, for example
acrylamide and methacrylamide, N-vinylamides such as
N-vinylformamide, N-vinylacetamide, N-methylvinylacetamide,
N-vinylpyrrolidone and N-vinylcaprolactam. These also include
vinyl esters of saturated Ci~Cy4—carboxylic acids such as vinyl

40 formate, vinyl acetate and vinyl propionate, alkyl vinyl ethers
having at least two carbon atoms in the alkyl group, for example
ethyl vinyl ether or butyl vinyl ether, esters of
monoethylenically unsaturated C3;—C¢—carboxylic acids, for example
esters of monovalent C;—Cjg—alcohols and acrylic acid, methacrylic

45 acid or maleic acid, acrylic and methacrylic esters of
alkoxylated monohydric, saturated alcohols, for example of
alcohols having from 10 to 25 carbon atoms which have been



nmonomnet hacr)fI'Fi‘ CRPRrs of pol yet hyl ene gl ycol or pol ypropyl ene glycol, and
t he nunber average nol ar masses nay be, for exanple, 5 up to 2000. Further
suitabl e acid group-free nonoethyl enically unsaturated conononers include
styrene and al kyl -substituted styrenes luch as et hyI styrene or

tert-butyl stygaea d0Therda ones!son ) 34 defy i heRe"BAPRLIYLBR| o8l ¥
unsat ur at e r ahsor res erally

exceed ZO%ObX(a'QigDPQ}ElrErFl %fi g?ﬁ?%@?’daﬂgldo EEO morfcﬁacé'yﬁ% t%’g‘f al ways incl udes
t he conj uga iﬂﬁ’) £51¢55 | RERALYELBELEPNIG IYG OB 0Py RIMHRIFPTAR DY

unsat ur at ed gcldﬁﬁﬂloné@% tdiee nuinhepaz ¢ xAgeamol Ao Sea EBFOMRY Sbenhi firdr leaumpPe, 3, 4

or 5 ethyd e ¢al RY0ansat urat ed doubl e bonds in the nol ecul e which may
al so be conjugated to each other. These nononers are referred to 20 here as

crossl i nki NG,/ WHQWQ@}Q@&%”BC?E @ effg‘é'g cr oss th&Pég?g tnlgggearéﬁaiaggcli ude
€Y

N, N' - net hyl enebi sacr
pol yet hyl ené&® 38’8?]7 |Jrﬂ§tlﬁ‘98r gFH"é‘ée @8 pl Y Wﬂ%‘ﬁt%e Y XrE@epr Bush as

pol yet hyl ené& gbrsensf cquivsst-bwewrlegearemel ecul ar wei ght from 106 to 8500,
preferabldo from 400 to 2000, 25 trimethylol propane triacrylate,

trimethyl ol m@pgﬂsioﬂldmtohaseyaas_szeoup&tfwé%cgé% %n&?&éﬁ u%‘sst}x?.ln&%/ ene
g yeol 0 rechenil s s manulstesaldeel LaCy\ate el S HTVE

di met hacryl gtg u ane ’8¥

hexanedi ol CWI%‘?%‘; é%&ﬁeﬁ? a(ﬁ%ﬂﬁ%??/l’eﬁ &higi eemyaxnalseysl ycol
di acryl at e, 1@CEAGT ethe qopdupatederdsgecoyPapk, triethyl ene gl ycol

di acryl atl, triethylene glycol dinethacrylate, dipropylene glycol

di acryl at e, vdiept Dyt igkyag! &ly&thf}él%%@hey unTsraltE’f&Pé’d %‘r’noﬂl:?ﬁgi)é are
diacryl ate, 1Brb9£99é/dleé}etﬂl>¥8 oncgl{eq%t g; lﬁ e zanéy g MGtRacryl ate,

di acryl ates d t hacryl at es copal'ynefs of" t hyl ene oxi de
and propyl e%ey%‘?(riuacaﬂg’stué'?#\”é%t%l‘%‘?ﬁ Fi léoré:}scc}ﬁof‘ge STRifcadegrpeeh dray
tri met hyl ol fr8pabR, cPegatrGt ke iqasih ether pefheser yohehers areachfefreditich
has been 2§ hererés crassldankiong pericresser Efangd esi blf ar;éjydll @rodel tning

net hacryl i cmﬁbdersesirﬁﬂﬁdefNp@%ﬁhﬂl@ﬂéﬁﬁédd&ﬂ@&%@r %ﬁ@e%ﬂy?éﬁ@%‘])ﬁ)do‘i
acids with ethy}t Iﬁﬁégldﬁdu P%é%ﬁ?f%ﬁeaES 1§H%Hf@§%&%¥ﬁs NS ﬁd%e and

cycl ohexanOL‘,hﬁPat £ cgqugeﬁn% Yﬁgk‘gﬁ‘ﬁ”ﬁ% glg'iégﬁg%?ﬁ,%%% #9fn hal i des

allyl nmetha
suc% as di M8 ﬁ?/‘I‘Jo‘?raIWeﬁlgahTEﬁ?’ﬁn]\OéhFBr?él%oarﬂfeéﬁéﬁ VY dizam ¢Ranke s WA .45

chl ori de 25t érimgthydcdipipbanedizimary latievi tydnsehzéotprapame yl  pht hal at e,
pol yet hyl energhgcicmdilaiteyl etiyiere allypol yeidutyeace, B otBQlene0f1 pewber
aver age WD|a@m&@ﬁadﬁyﬂﬁﬁh,0§r$ﬁj¥3n¥p@l&@offﬁgkcrylate, propylene glycol
dimethacrylate, butanediol diacrylate, butanediol dimethacrylate,
hexanediol diacrylate, hexanediol dimethacrylate, diethylene
30 glycol diacrylate, diethylene glycol dimethacrylate, triethylene
glycol diacrylate, triethylene glycol dimethacrylate, dipropylene
glycel diacrylate, dipropylene glycol dimethacrylate,
tripropylene glycol diacrylate, tripropylene glycol
dimethacrylate, allyl methacrylate, diacrylates and
35 dimethacrylates of block copolymers of ethylene oxide and
propylene oxide, esterified polyhydric alcohols such as glycerol,
trimethylolpropane, pentaerythritol or dipentaerythritol, each of
which has been di-, tri-, tetra- or pentaesterified with acrylic
acid or methacrylic acid, esters of monoethylenically unsaturated
40 carboxylic acids with ethylenically unsaturated alcohols such as
allyl alcohol, cyclohexanol and dicyclopentyl alcohol, for
example allyl acrylate and allyl methacrylate, and also
triallylamine, dialkyldiallylammonium halides such as
dimethyldiallylammonium chloride and diethyldiallylammonium
45 chloride, tetraallylethylenediamine, divinylbenzene, diallyl
phthalate, polyethylene glycol divinyl ethers of polyethylene
glycols of number average molecular weight of from 106 to 4000,
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PF 53505 13 trsidrr5e(%5hyl ol propane diallyl ether, butanediol divinyl ether,
pentaerythritol triallyl ether, reaction products of 1 nol of ethylene
gl ycol diglycidyl ether or of poI yet hyl ene glycol diglycidyl ether with 2
rol of pentaerythritol triallyl ether @3 5 of allyl alcohol, and
di vi nyl et hyltgrieetbnl o Bupmpeales di bl gl ecttln&fronﬁmtah)/ecu@ﬂpﬁhﬁﬁqj][ @Pner0l to 5%
by we: ghL fge@quenytyrizl?tr@azwp A%y }e@a%@ion (Hro%QBPé yé?rl' %§
crosslinkin | nki 0 |
sat ur at ed o%iﬁlgﬂgafl tehtl Egg ﬁﬁ% tcelrtglﬁgl “tor gmcl n%‘.? }?Q\Yg t | east
two (for examp nBFnEﬁ r\?oﬁPéht%ﬂrébuchnﬁltéﬁ’érﬂrary
with regart %o atllllﬁ?'ralf@é'tﬁluvﬁf“}/ @Wdetthﬁl%m%@)ﬁl Sgpergbsxfrbeaeryl i ¢ aci d
or its al kaldustremat ikwaldompdeeverom idt. 0ui £b He byaprright at &bdusalt 1usef ot

crosslinker9.al $6 3R ikhtNOaPeidN1oREEdY UR3RG YLRE S seiEReURds whi ch,
in addition to their }gt hyljsenl cal | ydﬁt?lnggt ur at ed doub?I %ﬁd ha\%ggone

further an ou 1 s conplenentary toward car boxyl gr oups.
Exanpl es th@(raejo |ﬁ%ﬁﬂdé’%ﬁ’)§ﬁh %’aﬂ nEPRW%t’é?“H?dF%‘k‘%ﬂW
net hacr yIft #&5ahprared Rjalyépaytlfésatlercgmsﬁur(lqlﬁemm@r have acilgaspOtar (fer
usef ul crosekiamkée s2i rigl yder pd) yirercs ibaul ngraupstwhticpl dxd thrr@fLeﬁélﬁtlfhry
conpl ement aky thupedanalo gheupsredotavBk @St Qfardisabularosp) gﬂieh Bry

azj r|

functi onal %Qymclé&dl%% Bydrondy; RELEP < dﬁg%%yévg 1dep gggﬁgl  and

al so |socyanate ‘—iliteg K Ojsc(rg‘r ups an

of useful ers 01‘a 2‘55? SELIRET TS 150 B‘é} oI s such as

et hanol arﬁ5né‘°89‘°'t]ﬁﬂeé‘clﬁé’ﬁél¥a%’?fbt“réltﬁdaﬁ@rnwWI whigkh s atiddtbon awedi ol |

1, 4- but aneditbk ir eehiyy lemd cgl yv olns adiveahyd edmutiley bohd, thdwt ylkebertigdrycol ,
tetraet hyl efengtyemdl qroupethjdiene gompémeratGerBlard RAUHSK Ee{;fﬁups
propyl ene ghxsabm@%%%@@ﬂﬁ@ﬁd@ Ylgrgkox;’é)l}@)}’l' g&&gygﬁég %gzgggx%a% TBrs of

t th haol
E?Ryfgﬁg r&nh%acﬁﬂé%l s ene O)(zl ochsng Efﬁ K& © %u Iﬂe%{b)a&rﬁffll‘én Hh%&mi ne,
di et hyl eﬁ"gf(% ‘1"'%“

5}"&? | eFﬁ ?%lrfé’tk&rrsaﬁdl dg POLXBERS | atEFenRani ne,

pent aet hyl eﬁ‘é%k&%ﬁ%i’aﬁ’é EWW&Wlemenmmsfuandlahsb quuiupani ReanP@Eshafi ng
nunber aver agefwubl|ampiessesaadiunef idpal agrbu@0,i000ude asi@biy S Ciniam,
sorbitan fatpyxpcant Q&tl@ﬁ.aln@t sat 8hd SOrdy tl@chéﬁéﬁé’ %%'tgre§ﬂ@ra?n1 o

glolyxég: yg: dybre& ragqtcﬁgtho £ 2B6pg! y%?%mpﬁ' er¥C' %‘é’cer o %et | ene
et her, di gI cer OTYQFO “‘SH}é Jtﬂﬂalgggéf %&%@Fyﬁ@?%ﬂ‘g ipg) 9E| dyI et her
sor bi t ol gﬂr‘é 18?he‘¥ a5k Relyele isush pal ygdyritaépledéoher, propyl ene

gl ycol di gl Qlcﬁdv-!téételﬁieplaneltlpdleylpr gpytehe dqjlerbglene g Maiody! treétrgilene
pol yazi ri di peycehpaisitdaesghe®s glycol, polyethylene glycol, glycerol,
polyglycerol, propylene glycol, polypropylene glycol,

30 trimethylolpropane, pentaerythritol, polyvinyl alcohol, sorbitol,
starch, block copolymers of ethylene oxide and propylene oxide,
polyamines such as ethylenediamine, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine,
pentaethylenehexamine and polyethyleneimines and also polyamines

35 having number average molar masses each of up to 4,000,000,
esters such as sorbitan fatty acid esters, ethoxylated sorbitan
fatty acid esters, polyglycidyl ethers such as ethylene glycol
diglycidyl ether, polyethylene glycol diglycidyl ether, glycerol
glycidyl ether, glycerol polyglycidyl ether, diglycerol

40 polyglycidyl ether, polyglycercl polyglycidyl ether, sorbitol
polyglycidyl ether, pentaerythritol polyglycidyl ether, propylene
glycol diglycidyl ether and polypropylene glycol diglycidyl
ether, polyaziridine compounds such as
2,2-bishydroxymethylbutanol tris{3—(l-aziridinyl)propionate],

45 diamides of carbonic acid such as 1,6-hexamethylenediethyleneurea
and diphenylmethanebis—4,4'—

N,N'—diethyleneurea, haloepoxy compounds such as epichlorohydrin
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2, 2-Dbi shydroxyr?éjtbr?ysl butanol tris[3-(l-aziridinyl)propionatel, 45 di am des
of carbonic acid such as 1, 6-hexanet hyl enedi et hyl eneurea and
di phenyl net hanebi s-4,4" N, N -di et hyl eneurea, hal oepoxy conpounds such as
epi chl orohydrin PF 53505 14 and a- net B$l epi f| uor ohydrin, polyi socyanat es
such as 2, 4and| y+eerehy ldipisdoyaoiatdr iand pbeypemiuraese ghdisQayanaleolpldnd ene
carbonat es dstiebcpsnate 3ndi PXRARIIA- 1A éﬂﬁs?%ﬁ%a%', 'élké,;i'e'n%i Séﬁbéﬁa{%‘s‘ one,
err
1

and I big [ 4 R (8 id s, Po m.d nes and
et Lon pr e B g e nar e s

a
pi . T? , .

such as con&gﬁga?%%%aﬁro dheese EreLAPPRRE ndyeRideptiseisorsHythe s, hono-
and copol PnEFECBIORiRHANICHE et Hy |ephebAbtohydrtiror kdé aleb polyquabernary
copol yners efridésetunh asi noedéndat ipmephdaestd atfe dnaéely 14 neplrienal |y have
been quat er epZeR] &isdHy@ir in} Ondms- @ﬁ@wﬁbﬁol{ﬁéﬂylofcaké’ﬁ G imdR Rl Yhmmon i
pol ymeri zat Lfflof £4613H° nb1 el IARRe ST AT pb ok, 1 i eRabation. | n The
case of sol Ktl npol ymerization in arRF e S “1BsrhyY} 5t3YLext ruders and
kneaders. T EEg‘b} tay TP FEYpaPEIeRd bIY 2196 Beepraipdesaipgd ausing,
conti nuod® &PT bzfEMdiesemRRRRH ajorddeeess. In principle, useful initiators
I ncl ude any conpounds whi ch deconpose when heated to pol ynerization
t ﬁrrper ?t ur eUE@leElBl%eEQQéﬁﬁdr_ﬁ rekB@ops| YEIideat hobe %é%??yb?oé et t of f by
the action -£net gy i Qg, exa .radiation,_in the
presence OEE?) 01 0] rﬁt;i %go%sijj;%fet iggt ?%ﬁ‘yto% E’gkg'(") ln%a%lfgt FBPHYE e ar
action of eP8ctron beams on- tHE SoPPfef 1AINTE -agle RRIMSEFFUFRY i ¥ al so
possi bl e 152BaEREHiIa&s 3dFC URR fRASPEARE| BY 0 Fantdnuees par dagcbwipoUmesidiugh as
or gani ¢ perBXeeRss- or gani ¢ hydroperoxi des, hydrogen peroxi de, persulfates,
per borates, azo conpounds and redox initiator systens. Preference is given

to water-sofnbbe ddlipheat 95Srul N ATROYt 305 G339 de! Ln{% fﬁ"q“g’%gﬁ%?g” ous, to use

m xt ures of ;di n nerj zation initiators e mxtures of
hydr ogen,, p%(?é(g’(r% eS%atﬁ’gesglll|autmedpéroogfﬂgm%ﬁ’fzﬁté%rt?ﬂﬁeisaé?iuﬁﬁ Peridkdi sul f at e.
Exanpl es BfIfl@’eCf S ol §anPRIISTZEREESD | TR FdECabet SAtacfoRE thrrastiigs, of

met hyl et hyR1%etadea Ser ol alelon, efpr bexanp ey IVopad Dadiide, 356 thergnesence
hydr oper oxi d&, phagrtinamybtques pindkabeion et +het pblymariplavabatsy dyt - butyl

per neohexang@f fon o2l 168 ¥dn HRAMsSORUEN R ymb Ll SaP¥ Yhueous mixture is
per - 2-et hyl hexanpateyp Lert-butyl  perisononanoate, tert-butyl pernaleate,

tert-but¥g perbenzoate, di(2-ethyl hexyl)peroxydi carbonate, dicyclohexyl 40

per oxydi Car bonate, di (4-tert-butylcyclohexyl) peroxydi carbonate,
Examples of useful initiators include peroxo compounds such as

organic peroxides, organic hydroperoxides, hydrogen peroxide,
persulfates, perborates, azo compounds and redox initiator
systems. Preference is given to water-soluble initiators. In many

30 cases, it is advantageous to use mixtures of different
polymerization initiators, for example mixtures of hydrogen
peroxide and sodium peroxodisulfate or potassium peroxodisulfate.
Examples of useful organic peroxides include acetylacetone
peroxide, methyl ethyl ketone peroxide, tert-butyl hydroperoxide,

35 cumene hydroperoxide, tert-amyl perpivalate, tert-butyl
perpivalate, tert-butyl pernechexanoate, tert-butyl
perisobutyrate, tert-butyl per-2-ethylhexanocate, tert-butyl
perisononanoate, tert-butylpermaleate, tert-butyl perbenzoate,
di(2-ethylhexyl)peroxydicarbonate, dicyclohexyl

40 peroxydicarbonate, di(4-tert-butylcyclohexyl} peroxydicarbonate,
dimyristyl peroxydicarbonate, diacetyl peroxydicarbonate, allyl
peresters, cumyl peroxyneodecanoate, tert-butyl per-3,5,5-
trimethylhexanoate, acetylcyclohexylsulfonyl peroxide, dilauroyl
peroxide, dibenzoyl peroxide and tert-amyl perneodecanoate.

45 Particularly useful polymerization initiators are water-scluble
azo initiators, for example 2,2’-azo-bis(2-amidinopropane)
dihydrochloride, 2,2'-azo~-bis(N,N’-dimethylene)isobutyramidine
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di nyristyl peroxydi carbonate, diacetyl peroxydicarbonate, allyl peresters,

cunyl peroxyneodecanoate, tert-butyl per-3,5,5- trinethyi hexanoate,

acet yl cycl ohexyl sul fonyl peroxide, dilauroyl peroxide, dibenzoyl peroxide
and tert-anyl perneodecanoate. 45 Partildul arly useful polynerization
initiators a@idydabenlsmidehl @-(azrbamiyliaabol Sobftgirodiarple,

2,2' -azo- bi 9(2-agk6b NOF-QRANeNi 42 dMHN-9Chl ObF fl8ane | dihydrochloride a
ot MR A el e 1 o SaR0e FEL Rt oBT o ce
on b0 | G

2- (car banmoyl azo) | _

2,2' - azobi s[mf-ng OISEA- 20\ YHOTRER e RN Hiktr SORI B¥ERleai@ amounts

4,4' - azobi%s C4- FEgENOVAL &0 &, aprefieratiey pfobynerdZzdbi @n0i nt thyatweright pent i oned
are used i nbesstoomryheamonbisrs ftor bex@splmerivanounts 5 of from0.01 to 5,

preferably fromO0.05 to 2.0, % by weight, based on the nononers to be

pol ymeri zed. dox.initiator stens are_water-sol uhl e and.

conpri se agrgélgid%ztli %qec%’g( géﬁié%toar?s 5’5‘2‘%45 one. gfatfeﬁésﬁﬁbk?/leem?ﬁ‘gi BRBRE 158 oxo
10 corrpound§saﬁﬁ}dh%qu41§°ggﬂﬁ%?%j‘%&ﬁﬁﬁﬁeﬂ‘i‘? Fothexahpyenerddeoesi eerand d,
gl ucose, orpBRRUNGHEMIMBAI the oredalciiabi compaiensul £ot egxanpler, ogeostid t e,

t hi osul f at e achgpogliddstes, spybosa fanide amnonBin fdrdalkeli and®ilakusal te such as
an iron(l1) nyapsgdisadicdm ¢ hysoxaamet, hMJx?angwb@tsyré’glﬁfﬂ&%ns,e is given
Lo using aseaipife 152G flebly Spi e LU, aghhe,f edlie 1d caqbopent of

. the redox hnltlatorl§¥§tig1 sed on the nolar anount®Bf WoR8HEYE used in
the pol yner ¥ St PO e ¥y g Y’rg o SRPSRAIE 15 FLHBP HQIUSERE aFeRiiRicng
conponentlSoRCLACF SR UTNFEL Bt aSy $henteditr indoreopPOdEnt tof $he nedds of t he
oxi di zi ng cénpbhainr cfysten. rkaked ioni thatwsla?@Qmeyat esf akchoneed. udden ot he
pol ymeri zat ka8 pslyaeirichtiby, tfig a&hinphe PffiinORxeBer @ 17 Al @tdORpet hE
[nitiators usgdc e CpLABRE 4y dHEOLRLOL 1 Aldlator 20y I RLATELY Oft o3 2
superabsorbgg gaylghﬁpogoggrlgﬁﬁf subsequent |n{er%aﬁ Crossli nkKi & dt the
gel . In the Subsequent Cr 21 THIARG R (GRIP UL s PE kP o990t ietat i ch
have beed®pF¥pLFRPUSy Y§8Fyneri zation of at least partially neutralized
acrylic acid, optionally with conmononers, are reacted with conpounds which
have 30 at wheasthd Wwolgmetpsatitinchsaset r&OC by @hk 0@ thii e GagRoNEr ggr Oups.

This reacti gpap@yidie ehbeched Alork0Q8L4 eiimae_rc%tslﬂﬁﬁafz[l)g&:ho%}agx hore.

tenperatures of up to 220C. For subsequent interna osslinking (gel
crosslinkin t he crqsslinkers are added to the polyners obtained in
anmount s §15 ?%%rﬁ’ﬁ’.d?cttc}o?o%b%/ SHPCGRPSOBBL L) Mo RABP YCIRRIHSE foSUBSBaRENt
wei ght, baséfterrahergsslinkiofs ofotheesel THa pbeyswrsemienai nabsel iagking
descri bed afteelenmrszlllivkobgpi nedyasrs hyidicagelase Béeh rprdpiagbdrey content is
general Iy ipolfferia@8ohl &Mat least partially neutralized acrylic acid,
optionally with comonomers, are reacted with compounds which have
30 at least two groups which are reactive toward the carboxyl
groups. This reaction may be effected at room temperature or at
elevated temperatures of up to 220°C. For subsequent internal
crosslinking (gel crosslinking}, the crosslinkers are added to
the polymers obtained in amounts of from 0.5 to 20% by weight,
35 preferably from 1 to 14% by weight, based on the amount of

polymer,

The polymers obtainable as described are generally obtained as
hydrogels. Their moisture content is generally in the range from

40 20 to 80% by weight. The hydrogel obtained in this manner is then
converted in a manner known per se to a hydrogel-forming powder
and finally it is generally surface postcrosslinked.

To this end, the hydrogel resulting from the polymerization is
45 generally initially comminuted by known methods. The rough

comminution of the hydrogels is effected by means of customary

tearing and/or cutting tools, for example by the action of a
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40 20 to 80% by weight. The hydrogel obtained in this manner is then

converted in a manner known per se to a hydrogel -form ng powder and

finally it is generally surface postcrosslinked. To this end, the hydrogel
Fesulting fromthe polynerization is 4% generally initially comm nuted by
known net hodsdschaege quulp canvhauddsn oaf pbhemdwidiaegehsih sa efyfigahedcpy means
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reactor or by a cutting PRy roller conbination in the case
of belt polynerization. 5 The partially or conpletely neutralized pol yner
obt ai ned 50 Thhi parwel liys orheomplkd ted yb ek noali gedopes gesr ajbtalieedt &6 this

t enper at ur ewafols ene@NEir@etinby hendiangeoteo8e B0E ©erBO aRthpkeRaPard | Gy ar
in the ranggafnf)f)éng,pq‘q;et Qad QQIQ-H'IIB%GFFP I%SEFQE pal rggﬁchg fhe %@rm of
powder s or granul es V\/gl @Ig R osg)tol o_nallé g/ e subj ec ed’ 0 one ,"f)rorn Fe
mlling and gpgglﬁrgonb 3Qebut? 150 5dj TRT® tHEVIEREi Ehe PAYPRIS THe tisndeglent
surface posPérBeEReTkioFgIranelgecthdghi Ray ortirvael lk neave Woecsedusd mpet he
dried, prdferabbye millddganddssiewdtg poopedymeropadtist eheobbatnete in this
manner. Surfkagg. postcrosslinking is effected using conpounds which have at
| east two functional groups which can react with the functional groups,
preferably e carboxyl groups, of the polynmer with crosslinking

(post cr ossl &Hﬁe?% S.eq%nf:hﬁgrg‘?ﬁﬁ ptoﬁécﬁf}g?Jc’?/‘g'gé‘lgi ARefEieqHest éPaBI AR n t he
form of an 450¥BRESECULSHAY Hiree el eBretrnabdysuiiled aod simeegol ymer
particl ed5 Phitymepqgousisdbat olreimed donphiiseanannater st fiebl € or gani ¢
solvents. ExaBptass<afinksabuls SOipRREs us6d Udmpedndd - icONBhSe SACM A5t

Cehyt ket ong ooESteral OBEGRA ricnoEaf S AP WIHE RS AREHIDRAP rdlpalY!
pol ggl yCi dyPr%g%%ﬁgghgusﬁr%%xygh8§Bﬁ8ﬁi ® c,tli‘(? PAL YISk iy EFReFLigtking

et hyl'ene gl yEBFECliQRS/EPEFFS bt 1Ra thig0end s CHicoPERyEr o936 linkers, opreferably
pol yal kyl2@nengtye diam afkexyajieduscsnpouinds, arepapybidd itdi nis, seofgrelods
conpri sing agérpsliyaRrupatsialsk 3THasgaess RRIUCLHL P cofmplstét Ut ed
hydrocar bonga§ PIm&¢aRkCoy AN BAVELLL N ﬁ@g’oPﬁLs\é%mlnﬁﬁ%f% S0 40

pol yam doamirqg ud?m%la so_t

o .their reaction (0] ts epi
- diols and polyol s, _#:6Talec>?z1r?ﬁlses'é‘flhﬁse%Q&F%& ,et\{\’/‘anc’l &nd 1sopropanol,
or ketones such as acetone and methyl ethyl ketone.
25

Examples of useful postcrosslinkers include:

- di- or polyglycidyl compounds such as phosphonic acid
diglycidyl ether or ethylene glycol diglycidyl ether,
30 bischlorchydrin ethers of polyalkylene glycols,

- alkoxysilyl compounds,

- polyaziridines, compounds comprising aziridine units and
35 based on polyethers or substituted hydrocarbons, for example
bis—N-aziridinomethane,

- polyamines or polyamidoamines and also their reaction
products with epichlorohydrin,
40
- diols and polyols, for example ethylene glycol,
1,2-propanedicl, 1,4-butanediol, glycerol, methyl triglycol,
trimethylolethane, trimethylolpropane, polyethylene glycols
having an average molecular weight My of from 200 to 10,000,
45 di- and polyglycerol, pentaerythritol, sorbitol, the
ethoxylates of these polyols and alsc their esters with



1,2-propaneEFoPF5RS4-butanedioI, gl ycerol, nethyl triglycol,

tri met hyl ol et hane, trinethyl ol propane, pol yethylene glycols having an

aver age nol ecul ar wei ght Mv of from 200 to 10,000, 45 di- and pol yglycerol,
pentaerythritol, sorbitol, the ethoxylates of these polyols and also their
esters with PF 5388571 GRUIROXYLI 1P Iclepll i L £ALAANLE AGHMA SUCh as

et hyl ene carbong%gogétgngpﬁkenelg§r onﬁte, - carbonic aci rirvatives
such as urea, tﬁlourea, gua FaPAeSle 54 893H%dianide, 2- oxazol i di none and
its derivatives, bisoxazoline, polyoxazolines, di- and polyisocyanates, -
di - and pol y~- N- perhght asodipdanidsatfves exahpie urea, thiourea, guanidine,
met hyl enelsi ( N- dethyhod TeiilieGr yLoRd £42)i d0hodd 4Rl amisnesf ovgmdwiahyde resins,

and - compounds paaulngod i Obolpé £ AGK! SOEY YR o3y PUBSyarl Vs, SXAMP! ©

tri met hyl hexanet hyl ene diiso e blockéd wit

2,2,3,6-tetramet hyl pi peridinone-4. 15 If required, acid catalysts such as
p- t ol uenesulf onAd-aeRq PolyhyspabhY ko lacicapobnds c Rz €xampkemoni um

di hydr ogenphosphatbky benebilsd Nadethly 1 AhePhat ey bantiale)s oggi ven t o appl yi ng t he

crosslinker sol Wkl 8mik- formaddb MO red i58l, Uuth@n of the crosslinker in
conventional m xers or mxing and drying apparatus, for exanple

Patterson-Kel |y nixenﬁ% DRAI S turbul ence nm xers, Lodige mxers, Screw

m xers, plate FPYRPEIT NFVAPIet D& MPk8r BRI 1SORUGNaRE XIT OIS - 260T

sprayi ng-on of EKamRI®sHIIMekhHhexanatihyAenaydbisdcyrhahed ncked wetper at ur e
treatment step. 2Thi 3, é-stguremetbplpipeifiddétede+ a downstreamdrier and at a
tenperatuse of from80 to 230C, nore preferably from80 to 190C and nost

preferably iomd0dd égQ (catfidsQLebudy R 4Rl fd AN RTLIMLES L0 ©
hours, prefera rom 0 mndtes to mﬂs nd nore preferably from 10
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fractions. Pﬁm%@%ﬁé-the drying may al so be effected in the mxer itself,
for exanple by heating the jacket or by blowing in a preheated carrier
gas. 35 Bef preféencanueoysven ki) lapBRy dhg atiey/lc3bes SOhRKY @R 10bI8H NRP! €
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25 spraying-on of the crosslinking solution may be followed by a
temperature treatment step. This is preferably effected in a
downstream drier and at a temperature of from 80 to 230°C, more
preferably from 80 to 190°C and most preferably from 100 to 160°C,
and over a period of from 5 minutes to 6 hours, preferably from
30 10 minutes to 2 hours and more preferably from 10 minutes to 1
hour, which may remove both cleavage products and solvent
fractions. However, the drying may also be effected in the mixer
itself, for example by heating the jacket or by blowing in a
preheated carrier gas.
35
Before the agueous alkali metal acrylate sclution obtainable
according to the invention is used for polymerization purposes,
it may also be extracted using an organic solvent which has
limited water solubility or is water-immiscible. In this manner,
40 interfering impurities, for example low molecular weight
aldehydes of any kind, still contained in the agqueous alkali
metal acrylate solution may be removed.
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25 cycloaliphatic ethers having at least 4 carbon atoms such as
diethyl ether, methyl tert-butyl ether, diisopropyl ether,
di-n-butyl ether and ethyl tert-butyl ether, chlorinated
hydrocarbons such as dichloromethane, chloroethane,
dichloroethane and trichloroethane, and also mixtures of the

30 abovementioned solvents.

Preference is given to those solvents whose boiling point is less
than 150°C and in particular less than 140°C at atmospheric
pressure (1 atm). Preference is given to those solvents whose

35 solvent polarity by an Eq(30) value according to C. Reichardt et
al. (Liebigs Annalen der Chemie, 1983, p. 721-743) is in the
range from 32 to 42 kcal/mol and in particular in the range from
33 to 40 kcal/mol.

40 Particularly preferred solvents are methyl tert-butyl ether,
toluene, ethyl acetate, isobutyl acetate and methyl isobutyl
ketone.

The aqueous alkali metal acrylate solution may be extracted

45 either continuously or batchwise. The extraction may be effected
using, for example, the extraction apparatus as known from the
prior art (see, for example, Ullmanns Enzyklopddie der Techn.



The aqueous PR l?&lslosnet al acrylate solution may be extracted 45eit her
continuously or batchwi se. The extraction may be effected using,for
exanpl e, the extraction apparatus asknownfromthe priorart (see, for
exanpl e, U I manns Enzykl opadi e der Techp. PF 53505 19 Chem, 4th ed., Vol.

2P 0L collec] ouichatt oube el ocbkL L 3 ERRG oaigot, [ nd, Cre

5th ed. on oo i qui-d- 1L gui xt.racti on e éi nhei m
1997;  Vauck] | ’l['rlllrsf,éné&&rllagﬁ%lraﬁ oﬁé’ﬂ'c?\%‘?ﬁ%a’f@re@’er?%fﬁy‘%‘@ﬂechni k", 5
10th ed., Dé’ﬁ%g‘dh‘i—rl%’rlldaSXF{ﬁCMhésﬂzﬁf W HeRYStVEHeWe bilping 199%¢ ut t gar t
1994, p. 777270BjMilBesnpl’ésundopeseftibnenl alentiscextr a6t Pl dndebuigi st rred
extractors, l10ented f UgRitpURPr \RXtIaCEQE SeriRs tRYFPn XS ¢ A %§Pzi’§t rasound
extractors Ewhiedasy e 1@%“,%?‘@%—6‘1@.’62?9%37%? Fagllon hante )

e

ni xer - sett | ar.atus.. extracti on aving. stati oﬁﬁ#y i nternal s

(for exanp %t%%:nto V5 ARR% o O G EX SIS AF Sy S§NERTERAR BMBPcascade tray

col ums) an8FbY2HRASg IFEaRSTE HFLFACEaE s ok lor asauha e xtnActgrsi veratalase( f or

exanpl e sti Prefexdtlymsrangedtdangxdirskt ton mteatds ) Swhidercebudlgy and al so

centrifugal apparanisyr extibcdivh @eluass ks usedtheiotdls, %tt_%i‘ﬁ{sign(n%b’rocess
nunbe

are preferablympdesigasti{np 2o ea,;téi%%te_r%?gy ;cno %ér\%tsggggl %ﬁsécsad;eSOf

plates 1is |'east 3. .preferably . at _

cust omarii | y?%a C%%ruém‘fe’ﬁaﬁm%%r g’f?fgr%ﬂﬂésntflﬁ, PEAFREIRI9&r hay1n9 Bvdngs i s
in the rang®"f¥ g5 (6C10eXaMR1Er SEAB K IGHMMNEn Syt iwd dikk sehamat iaod of
t he extractséml aHamagueand alsiof caateifuded degraet@fs.neutralization may

optional t§ be readjusted to the value required for the particular 25
appl i cationrd &8 a2Que9Ussed Kl + Bt t tion. Fo anpl e,
22449 USs £HE! S AR SO 190 LEQEe BIGMI &

t he degree t [ on _nmay be reduce a
acrylic aci %és 0 é\%égé%l %maé%‘ﬁlrnﬁh%t lﬁ’fe tgéffﬁ‘_at%&a%aﬁuﬁlpﬁﬁl‘i’f RHAARS
hydr oxi de, =f K& iLefStal - REDGTAPLY ofit algamti 5-nEbis Myhesgeficpliresatie. 30
The or gani cC&HaaE lyeRet deare thsnl 15 ndidstofrebeeexdtyr,achisnnisher ke wor ked
up distiRPaplatsy iisnia shempiamgeafinen.s g tibi.s manner, the solvent is
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i ' ' | Ga ' ' I ¢c._acid-containin
M xt ures e Ragea oo stip B erlBhatdhBh be' Enledutctonngy
wei ght of acq%d%qgeous raffinate, the degree  of neutralization may
optionally be readjusted to the value required for the particular
25 application of the agueocus alkali metal acrylate solution, For
example, the degree of neutralization may be reduced by adding a
mineral acid or acrylic acid, or increased by adding a base such
as an alkali metal hydroxide, alkali metal carbonate or alkali
metal hydrogencarbonate.
30
The organic solvent (extract) resulting from the extraction may
be worked up distillatively in a simple manner. In this manner,

the solvent is recovered and may be recycled into the extraction.

35 The process according to the invention is applicable in
particular to acrylic acid-containing mixtures which, based on
their total weight, comprise at least 70% by weight of acrylic
acid. In other words, the process according to the invention is
applicable when the above-described acrylic acid content is at

40 least 80% by weight, or at least 90% by weight, or at least 95%
by weight, or at least 97% by weight or at least 99% by weight.

The process according to the invention is therefore applicable in
particular to the acrylic acid-containing mixtures which have

45 been treated distillatively for the purposes of removing acrylic
acid in EP-A 717029, EP-A 839790, US-A 5482597, EP-A 713854,
DE-A 19634614, US—-A 5710329, EP-A 1110940, DE-A 19853064,
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e disti . ‘ .
internals orgmlggp]f%g\gh%f §e|f¥1\(§%ﬁ"nla%s.m&%%£i nternals include structured
packings, trays (for exanple dual-flow trays), rgndonj packi ngs (for
exanpl e 25 RaRMIT ioRgEhe orornesistiheropods bkeylix exaial-sonten tnc
di still akPomizppes doubehavsnil iedt, ernal &isdian a@XaAPhLoceseohbfBrding tésed,
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particul ar {577 tfiemPlRafual stiaW 4€ppa) stemdon phekingwai(forcesapleer ei nbel ow
for prepdbi hgsqicirwlriipgaa:ich: By Brbpengosqitdeanateriiicy, ageekean are
initially sabjecitledioR 8pparatus having internals, for example a column, is
used, process polymerization inhibitor will generally also be
conducted into the distillation apparatus below the withdrawal
tray. The inhibitor may, for example, be added in acrylic acid of
30 appropriate purity.

The application of the process according to the invention is
recommended in particular for the final distillation step in the
chains cited hereinbelow for preparing acrylic acid.

35
Propene, propane and/or acrolein are initially subjected in a
manner known per se to heterogeneously catalyzed gas phase
oxidation to acrylic acid. This may be carried out, for example,
as described in the documents DE-A 19636489, W0—-0196271,

40 DE-A 10028582, DE-A 10122027,DE-A 10121592, DE-A 10119933,
DE-A 10118814, DE-A 10101695, DE—A 10063162, DE—-A 10051419,
DE-A 10033121, DE-A 10028582, DE-A 19955176, DE—A 19955168,
DE—-A 19948523 and DE-A 19948248,
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Advantageously, the absorption is carried out in countercurrent.
30 It is further advantageous when the product gas mixture of the
gas phase oxidation is cooled before the absorption. This may be
effected by direct and/or indirect cooling. Direct cooling may be
realized, for example, as described in DE-A 10063161, or in
DE-A 2449780 or in DE-A 4308087 by partial evaporation of a
35 high-boiling cooling liquid (preference is given to using the
later absorption liquid) in a direct condenser (guenching
apparatus}.

The subsequent absorption itself may be carried out, for example,
40 as described in DE-A 10115277, EP-A 1125912, DE-B 2136396,
DE-A 19838817, DE-A 4436243 and DE—A 4308087.

Crude acrylic acid may then be removed from the resulting
absorbate as described in DE-A 19838783, DE-A 19838795,

45 DE-A 19838817, DE-A 10115277 and DE-2A 19606877 by a rectificative
route.
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acrylic acid to further work-up or into a delay tank in which the
crude acrylic acid is intermediately stored before it is fed to

further work-up.

30 Useful aldehyde scavengers include all compounds which convert
the aldehydes present in the crude acrylic acid substantially
quantitatively to compounds having a higher boiling point than
acrylic acid. For this purpose, nitrogen compounds having at
least one primary aminoc group are particularly suitable (cf.

35 EP--A 648732, EP-A 717029, EP-A 713854, US-A 5,482,597,

EF—A 1110940 and DE-A 3641996). Examples include aminoguanidine
salts, hydrazine, alkyl- and arylhydrazines, carboxylic
hydrazides and aminophenols. Among these, particular preference
is given to aminoguanidine hydrogencarbonate.

40
Preference is given to adding the aldehyde scavenger in an excess
to the aldehyde contained in the crude acrylic acid, for example
in an amount of from 1.5 to 2.5 mol of aldehyde. For the reaction
with the aldehyde scavenger, a temperature of from 15 to 50°C,

45 preferably from 20 to 30°C, is sufficient. Customarily, reaction
times of from 10 minutes to 72 hours, preferably from 2 to 50
hours, are maintained. When aminoguanidine hydrogencarbonate is
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about 65 tocustomary design, for example in the form of wire mesh packings
having a large internal surface area, for example manufactured
from chromium nickel steels, aluminum, polypropylene,
polytetrafluorocethylene or the like, or in the form of a dumped

30 packing or structured packing, for example a stack of corrugated

metal sheets separated from each other and arranged parallel to
the longitudinal axis of the column and having a small height of,
for example, from 20 to 100 cm.

35 The liquid phase temperature is customarily from about 65 to
130°C, preferably from 70 to 100°C, and the column pressure from
50 to 120 mbar. The heating of the liquid phase of the column is
effected by an external or internal circulation evaporator,
preferably a Robert evaporator or a forced circulation-

40 decompression evaporator. In evaporators of the Robert type, a
heating element having vertical boiling tubes is mounted in a
cylindrical evaporator element. The crude acrylic acid is inside
the boiling tubes. The circulation within the tubes is effected
by the rising vapor bubbles. To recycle the liquid conveyed

45 upward, one or more downpipes are installed in the heating
element.
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fouling on The dieatillation is generally conducted in such a manner that the

residue makes up at least 8% by weight, for example from 8 to 30%
by weight, preferably from 10 to 25% by weight, of the treated

30 crude acrylic acid fed to the distillation column. In this
manner, & residue is obtained which can be handled and does not
have too high a viscosity. It has also been found that further
evaporation leads to more significant fouling on the heat
exchanger surfaces of the evaporator used for liquid-phase

35 heating of the column which, within a short time interval, forces
the shutdown and cleaning of the plant.

To recover acrylic acid still contained in the first residue,
this is fed to a film evaporator to obtain a further amount of

40 acrylic acid-containing vapors. A useful film evaporator is a
wiped film evaporator. In this type, the liquid to be evaporated
is distributed over a tube wall by a rotating arrangement of
wipers. Particular preference is given to evaporators of the
Sambay type. It has been found that, owing to the design, film

45 evaporators show little tendency to fouling and thus allow a more
rapid evaporation of the residue without cleaning interruption as
is possible in the primary distillation column. The first residue
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The thermal separation of the crude acrylic acid is

30 advantageously carried out using a dissociation catalyst for
oligomeric acrylic acid, in particular diacrylic acid, in
particular acids such as alkyl- or arylsulfonic acid, for example
dodecylbenzenesulfonic acid or p—toluenesulfonic acid, or bases
such as sodium hydroxide or potassium carbonate. The dissociation

35 catalyst is customarily used in an amount of from 0.5 to 10 kg
per metric ton of crude acrylic acid. The dissociation catalyst
may be added to the crude acrylic acid feed or to the feed of the
film evaporator.

40 The acrylic acid-containing vapors are treated in accordance with
the invention, i.e. immediately taken up from the gas phase into
an aqueous solution of an alkali metal hydroxide, an alkali metal
carbonate and/or an alkali metal hydrogencarbonate to form the

desired polymerizable agueous alkali metal acrylate solution.
45
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The alkali metal acrylate solutions obtainable as described above
are outstandingly suitable for immediate production of
water-absorbing resins based on polyacrylates.

30 It will be appreciated that the distillation and/or rectification
processes described will be carried out in the presence of
process inhibitors such as phenothiazine. They are customarily
present both in the feed to the columns and in the reflux (where
present).

35
For the purposes of additional polymerization inhibition,
oxygen-containing gases, for example air, will frequently be
conducted through the columns.

40 To prevent fouling, the rectifications described are in many
cases additionally carried out in the presence of organic
sulfonic acids such as dodecylbenzenesulfonic acid and/or in the
presence of surfactants, as described and recommended, for
example, by EP—A 648732, EP-A 713854, US—A 5482597, EP—A 839790,

45 DE-A 19810962 and DE-A 4335172.
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in the crude acryl d.byzge‘]‘ rec 10REdlum 1 is operated at a

bott om pressure of 5§%09%e¥r}' HRYIBE it tforfEEAbRr at ure of 86C. To stabilize
the colum, 2.5 n8 PSTR™ &Y #eight ol deszeldehyda.ough the bottom of the
columm. 38 The col unBoisprpdlyy wel gratebrrlilgdi btterhte,a its reflux (3 nB/h).

To this end, a porthen f ngllw%/gm‘; dihadeepct akgoff (1 ow boiler-containing
acrylic acid) is admi i i I of. phenot hi azi ne and added
fhece i o' % Furt gt b 443Vl e e

to the reflux. Afu 0 . of top takeoff conprising 1%
of its weight of adﬁlé Eﬂ;ﬁ'br]i’é’t KEAFAhePs ¥358Ed to stabilize the top takeoff

(1.4 nB/h) not recycled into the colum. This nmay be used for preparing
al kyl 20 The amount of aminoguanidine hydrogencarbonate {AGHC) added to

this crude acrylic acid is such that there are 2.0 mol per mole
of aldehydes contained as secondary components in the crude
acrylic acid.

25 The rectification column 1 is operated at a bottom pressure of
130 mbar and a bottom temperature of B6°C. To stabilize the
column, 2.5 m3 (STP) of air are conducted through the bottom of
the column.

30 The column is polymerization-inhibited via its reflux (3 m3/h).

To this end, a portion (200 1/h) of the top takeoff (low
boiler-containing acrylic acid) is admixed with 1% of its weight
of phenothiazine and added to the reflux. A further portion

35 (15¢ 1/h)} of top takeoff comprising 1% of its weight of added
phenothiazine is used to stabilize the top takeoff (1.4 m3/h) not
recycled into the column. This may be used for preparing alkyl
esters of acrylic acid.

40 The condensation at the top of the column is effected by direct
cooling (quenching circuit) by means of cooled {(to a temperature
of 30°C) top takeoff which has previously been removed and
inhibited. The remaining offgas stream is washed to free it of
acrylic acid by means of a downstream second quenching circuit

45 operated with water at 18°C.
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Overhead and downstream of a droplet separator, purified acryllc

acid (299.5% by weight) is taken up in a quenching circuit in 25%

by weight cooled agueous NaOH solution at a rate of 11.7 m3/h.

Heat of condensation and neutralization are removed via parallel

30 plate heat exchangers of a total area of 600 m2. The quenching

circuit temperature is maintained at from 35 to 40°C. The sodium

hydroxide solution metering is adjusted by means of a ratio

control system in such a manner that 75% of the acrylic acid is

neutralized. The liquid phase of the purifying column is

35 concentrated in a downstream falling-film evaporator (75°C,

70 mbar) to 300 1/h and the vapors are recycled into the

distillation column below the droplet separator. The remaining

residue is disposed of by combustion.

40 The aqueous sodium acrylate solution withdrawn from the quenching
circuit has a total content of acrylic acid and sodium acrylate
of 40% by weight. Stabilization of the quenching c¢ircuit with
50 ppm by weight of a monocethyl ether of hydroquinone proves to
be sufficient
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residue is di sposedb of by conbustion. 40 The aqueous sodi um acryl ate
solution withdrawn fromthe quenching circuit has a total content of
acrylic acid and sodium acrylate of 40% by weight. Stabilization of the
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m nut es an excess of 0. 9% by wei ght sodium chl oride solution (at |east
0.83 1 of 19osddremmigid dhiedéreel aneldmbgloty pal yomer bt The draidagol fmer
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0.22 Eim ISPgFuIanCEf’]t%d@oﬁ?%‘i’ﬁl%’f ge?tfra%?tié'éﬁfés THet eealatedsby aci d- base
titration. Fubpegantdos ppnpeifgged a25230 §5Fa40 345iREt&850Hhe30ineicl ai m 1.
A process forkpuepss i37g 4an/aqpeqisyakkal i nmetal acrylate 5 solution by
distillatively renmoving acrylic acid froman acrylic acid-containing

mxture andrgeagEalifng MeAGHEMS nT ALLIRER, 855VL e 52! Lo from the
150 po¥ymer powder is suspended in 187 ml of 0.9% by weight aqueous

sodium chloride solution in a beaker. The suspension is then

filtered through a 0.22 um filter and the content of extractables
determined by acid-base titration.
It is 21.8% by weight.
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renoved acryPIFi 053§cq5d and an aqueous solution of a basic alkali metal salt,
which conprises 10 a) feeding the acrylic acid-containing mxture to a
distillation apparatus, b) carrying out the renmoval of the acrylic acid
fromthe 1'5 acrylic acid-containing BOxture in the distillation apparatus
above the feed point and c) generating the agueous alkali netal acrylate
sol ution inyeskghig. manner that the acrylic acid renoved in the 20
distillation apparatus is taken up inmediately fromthe gas phase into an
aqueous sol utlon of an alkali netal hydroxide, an alkali netal carbonate
and/ or .an allkal P PRBF&HS Hyrdr BGERRET Mb rAdt @dquesus alied iumet ok aorydgtieous

al kal i metdal actsyllat:eolsd?mﬂlemﬂamuveﬂyasemeeingormglled Hyid fHoACRRS as

claimed in claiacityloe aqiicepahtagn tndali%AGEY| M€ gederiPend ré?f:%%]%eé§sc' ai med
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al kal i rret al h?&#ﬁbbﬁﬁ%ﬁa&oﬁég w‘H‘Jé-'hpéPQ‘BEH%tlon apparatus. 35 40 45

a) feeding the acrylic acid-containing mixture to a
distillation apparatus,

b) carrying out the removal of the acrylic acid from the
15 acrylic acid-containing mixture in the distillation
apparatus above the feed point and

c) generating the agueous alkali metal acrylate solution in
such a manner that the acrylic acid removed in the
20 distillation apparatus is taken up immediately from the
gas phase into an aqueous solution of an alkali metal
hydroxide, an alkali metal carbonate and/or an alkali
metal hydrogencarbonate.

25 2. The use of an aqueous alkali metal acrylate solution which
has been prepared by a process as claimed in claim 1 for
preparing a polyacrylate.

3. The process as claimed in claim 1, wherein the acrylic acid

30 removed in the distillation apparatus is taken up immediately
from the gas phase into an aqueous solution of an alkali
metal hydroxide, an alkali metal carbonate and/or an alkali

metal hydrogencarbonate in a polymerization apparatus.
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