PF 54496/ APPE S44RB/AR) acryl i ¢ esters of pol yal koxyl ated gl ycerol Description
5 The present invention relates to novel (neth)acrylic esters of

pol yal koxyl ated gl ycerol, a sinplified grocess for preparing these esters
gnd the use of reaction mxtures thus obtainable. Swell able

hydr ogel - f ofMethiacadid iesieonofomllyatkeixglatekdrgwera@s super absor bent pol yners or 10
SAPs, are known fromthe prior art. They are networks of flexible
hydrophilic_addition polyners, which can be both ionic and nonionic in
nature. TheleaF®liBApabl e of absorbing and bi ndi ng aqueous fluids by formnng
a hydrogel and therefore are preferentially used for manufacturing
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laminates, dispersants, liquefiers); building and construction, installation {powder

injection molding, clay-based renders, vibration-inhibiting medium, assistants in relation

to tunneling in water-rich ground, cable sheathing); water treatment, waste treatment,

30  water removal (deicers, reusable sandbags); cleaning; agriculture industry (irrigation,
retention of meltwater and dew precipitates, composting additive, protection of forests
against fungal and insect infestation, delayed release of active ingredients to plants);
fire protection (flying sparks){covering houses or house walls with SAP gel, since water
has a very high heat capacity, ignition can be prevented; spraying of SAP gel in the

35 case of fires such as for example forest fires); coextrusion agent in thermoplastic
polymers (hydrophilicization of multilayer films); production of films and thermoplastic
moldings capable of absorbing water (for example agricultural films capable of storing
rain and dew water), SAP-containing films for keeping fresh fruit and vegetables which
can be packed in moist films; the SAP stores water released by the fruit and vegetabies

40  without forming condensation droplets and partly reemits the water to the fruit and
vegetables, so that neither fouling nor wilting occurs; SAP-polystyrene coextrudates for



rain and deRFRA48BHAP SAP-containing filnms for keeping fresh fruit and

veget abl es which can be packed in noist filns; the SAP stores water

rel eased by the fruit and vegetables 40 w thout form ng condensation
droplets and partly reemits the water to“he fruit and vegetables, so that
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pores ipsthe SAP/cellul ose fiber absorbent and so prevent 30 continued
absor ption
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of the gel strength in the swollen state. Gels lacking in strength are deformable under an
applied pressure, for example pressure due to the bodyweight of the wearer of the
hygiene article, and clog the pores in the SAP/cellulose fiber absorbent and so prevent
30 continued absorption of fluid. Enhanced gel strength is generally obtained through a
higher degree of crosslinking, although this reduces retention performance of the
product. An elegant way to enhance gel strength is surface postcrosslinking. In this
process, dried superabsorbents having an average crosslink density are subjected to
an additional crosslinking step. Surface postcrosslinking increases the crosslink density
35 in the sheath of the superabsorbent particle, whereby the absorbency under load is
raised to a higher level. Whereas the absorption capacity decreases in the
superabsorbent particle sheath, the core has an improved absorption capacity
(compared to the sheath) owing to the presence of mobile polymer chains, so that
sheath construction ensures improved fluid transmission without occurrence of the gel
40  blocking effect. It is perfectly desirable for the total capacity of the superabsorbent to be



product. AnPEIX4488ARway to enhance gel strength is surface
postcrosslinking. In this process, dried superabsorbents having an average
crosslink density are subjected to an additional crosslinking step.
Surface postcrosslinking increases the crosslink density 35 in the sheath
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t he ground apdmer Badelesed pol yner particles. 20 EP 238050 di scl oses (as
possi bl e internal crosslinkers for superabsorbents) doubly or triply
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triacryl at eofi$&Rwith ldmethiloRropamenoet hoxyl ated tri net hyl ol propane triacrylate
(SR 454), triply diethoxylated trinethyl ol propane triacrylate (SR 499),

triply triethoxylated trinethylolpropane triacrylate (SR 502), triply
pent aet hoxy Battemer {Exiare PRy USAD fopexnaepie, isgly ynder the(iBhcagled Ypdenamgbt oget her

20 ol et hoximah@elprdpahaRideWifé (SR BBANDlY ndksethalyfatédSRntifiolpBpamoxy! at ed
trimethyl O_l Pr:ra%Rz?aqg (élﬁ'4§&f, ¥r%p?3} &csethoxylated trimethylolpropane triacrylate (SR 499), triply
triethoxylated trimethylolpropane triacrylate (SR 502}, triply pentaethoxylated
trimethylolpropane triacrylate (SR 9035) and altogether 20 mol ethoxylated
trimethylolpropane triacrylate (SR 415). Propoxylated trimethylolpropane triacrylates
30 are obtainable under the trade names SR 492 (three times 1 PO per TMP) and CD 501
(three times 2 PO per TMP). Commercially available glycerol derivatives include
CD 9021 highly propoxylated glycerol triacrylate and CD 9020 tripropoxyglycerol

triacrylate.

35 WO 93/21237 discloses (meth)acrylates of alkoxylated polyhydric C, — Cyq
hydrocarbons that are useful as crosslinkers. The trimethylolpropane crosslinkers used
correspond to SR 351, SR 454, SR 502, SR 9035 and SR 415. These crosslinkers
have 0, 3, 9, 15 or 20 EO units per TMP. WO 93/21237 says it is advantageous to have
3 times 2 - 7 EO units per TMP, and especially 3 times 4 - 6 EO units per TMP.



30 are obt aPhdiMd@6iMHer the trade names SR 492 (three times 1 PO per TMP)
and CD 501 (three tinmes 2 PO per TMP). Commercially avail able gl ycerol
derivatives include CD 9021 highly propo§%&51ed gl ycerol triacrylate and CD
9020 tripropoxyglycerol triacrylate. 35 93/ 21237 di scl oses
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tri et hoxyl atw¢f’§é¢%§t e in WD 98147951, Sartoner #9035 as highly
et hoxyl at ed n vyl ol propane triacrylate (HeTMPTA) in WO 01/41818 and

SR 9035 and SR-492 in WD 01/56625. The production of such higher

(et h) acryl iThe prddRicorPdf sieh Bighat @heth ReryRs bstetsf by“fﬁid-@éta?{ed éSTBiitithte ol 1 C
acid with the %]ﬁ)rrq%pogflimgl ﬁl o] §’| S lnaihg\ Pr.eg_(fnce 0 grg %5

inhibitor/i r‘n’ﬂfe 36Y s‘:‘v ¥ Q §°R quﬁ'g'nﬂr QORE" BI° PIBEEIFES' 8F a sol vent such
as benzdhe, inhikifor/iahibiter Sysiam ang itdhe presepempirbseiemwictispiventsueras brnzene,
formation otolidie ®TyEBhéEXMEE BathMpbakhdwie8gaici d and al cohol is known to be
based on an equilibriumreaction, it is customary to use one starting
material in excess 20 and/or to renove the esterification water fornmed

and/ or the €Hcgdhe fsmation eidhe epler fremumetacnia ac andialeohahistkrovmierei al
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reaction tenperature of from20 to 80C using an equi val ent excess of from
2:1 to 3:1.

Therefore, in the production of higher {meth)acrylic esters, it is customary to remove
the water of reaction and to use an excess of (meth)acrylic acid.

25

US 4 187 383 describes an esterification process of (meth)acrylic acid with organic
polyols at a reaction temperature of from 20 to 80°C using an equivalent excess of from
2:1t0 3:1.

30 The disadvantage of this process is that the low reaction temperature means that the
reaction times are up to 35 hours and that excess acid in the reaction mixture is
removed by neutralization followed by phase separation.

WO 2001/14438 (Derwent Abstract No. 2001-191644/19) and WO 2001/10920

35 (Chemical Abstracts 134:163502) describe processes for esterifying (meth)acrylic acid
with poiyalkylene glycol monoalkyl ethers in a ratio of 3:1 - 50:1 in the presence of
acids and polymerization inhibitors and, after deactivation of the acidic catalyst,
copolymerization of the residue of (meth)acrylic ester and (meth)acrylic acid at pH 1.5 -
3.5, and also the use of said residue as a cement additive.



30 The di sa®Fa%498ARf this process is that the | ow reaction tenperature
nmeans that the reaction tines are up to 35 hours and that excess acid in
the reaction mxture is renoved by neut rsal i zation foll owed by phase
separation. WD 2001/ 14438 (Derwent Abstrdct No. 2001-191644119) and WO
2001/ 10920 JDe(dS=eclvarcage wbis theaetpsocb@éleshsmmeychfs castimepioqnbatigent glycol
esterifyin i I t hers
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an object o sen invention to provide further conpounds which can
be used as free- radlcal crosslinkers for polymers and especially for

super abgQr bemg saanbubh® thas tHiPobbjést i %i@fe@&?% dstér Pofah@fdrmdiasabst ances whi ch
are useful as free-radical «crosslinkers for superabsorbents. 10 W have
found that this object is achieved by an ester F of the formula la: 0 0O
O"-~0--(AOpi 3 ( Y O (AOp2 RIL R2 whererAO is for each AO

i ndependently EO ., 15 where EOis OCH2-CHg+, PO is at each instance
i ndependently O - or O CH(CH3)-CH2 2+ p3 is 3,4or5,
%%p:’:\ /(A%_)|p1
O 0
R1
0 R2
~
(AO)pz\r(&
O

where AQ is for each AO independently EO or PO,

15
where EO is O-CH2-CH2-,
PO is at each instance independently O-CH2-CH(CH3}- or
O-CH(CH3)-CH2-

20

pl+p2+p3is3 4o0rh,

R1, R2 and R3 are independently H or CH3.

25 The EO and PO units are incorporated such that polyethers are formed and not
peroxides.

Preference is given to the above esters F wherein AO is EQ.

30 Preference is also given to the above esters F wherein at least one AQ is PO and at
least one further AO is EO.

We have found that the object is further achieved by esters F of the formula Ib:



Rl, R2 and RE %4486/ARdependently H or CH3. 25 The EO and PO units are

i ncor porated such that polyethers are formed and not peroxides. Preference
is given to the above esters F wherein AQis EO 30 Preference is also
given to the above esters F wherein at |east one AOis PO and at |east one
further AOis EO W have found that the object is further achieved by
esters F of the formga I b: PF 544961AP 6 O (EQnNn,"(PONB~0 0, (PO M\ R3

(EOn, RR Rl (PONR_, (EO)nOvvhere EOis OCH2-CH2 5 0 PO is each
i nstance i ndepen OCHZ- (CH?O 2 m +rr2+ +nl
+n2+n3i s3, 4orb5, 0 (2O , e

i ndependently H or pgH3. 15 Ise by estefs F of the fo )%n lc:

(EOnN3-,, /(EON1 0O (PONB 0 O\(PO M) 0y Z(PON2 (EO N2 vvhere p EOis
O CH2-CH2 PO is at each instance independemntly O CH2- CH( CH3) -

O CH(CH3)-CH2 m +nR+nB+nl +n2+n3i s3, 4or5, 0\ _(EO)n
(PO)m2

where EO is O-CH2-CH2-

5
PO is at each instance independently O-CH2-CH{CH3)- or
O-CH(CH3)-CH2-
ml+m2+m3+ni+n2+n3is3,4o0r5,
10

mi1+m2+m3is 1, 2, 3, or 4,

R1, R2, R3 are independently H or CH3.

15  Or else by esters F of the formula [c:

0
0
\)k (EQ)n (EO)n,
-~ I -~ \
PO

I ° ° (Pom)k(
) Ry R

(PO)M

N EO)n/ i

where EO is O-CH2-CH2-

20
PO is at each instance independently O-CH2-CH(CH3)- or
O-CH(CH3)-CH2-
mli+m2+m3+nl+n2+n3is3, 4orb,

25

mi+m2+m3is 1,2 3, 0or4,



25 R2 RL nPFM9RAR s 1,2, 3, 0r4, PF 54496/AP 7 Rl, R2, R3 are

I ndependently H or CH3. Preference anong the above esters is given to
esters F whereinmM + 2 + n8 + n1 + 5 +n3or pl +p2+p3 i s equal t 03.
Preference anong the above esters is given to ester F wherein ml + n2 + nB
+ nl + n2+n3 or pi +p2+p3 is equalto5. 10 Particul ar preference is given

to esters F wherein 3 PCRT?R? Fgg?éqmedfﬂg%ﬂfyq_l' or (YA8Y particular preference
e

is given to esters F wherein ‘at ast I's present in each of the 3
al koxy chains of glycerol. 15 Very particular preference is given to esters
F wher ei n RPrefeengsdnisdganeabalerdsterais, giveaspestens Fywhainen nRly m22+ sdo fB+ar e

each H. ?ccglrzcgi rggom %BEJE}? nlgeeap?llitg\éenti on, the esters F of the

abovenenti oned r e stated nmeani ngs can be used for
prepari ng hydrogel -form ng pol yners capable of 20 absorbing aqueous fl uids
and especi alfrgfefshce airnahe SHO@Estark & giverVié daay & viitataid nhaim2 hendobpeet s

further achigve cess .| reparing an ester F of al koxyl ated
glycerol w't Y%E?%Bﬁié%ﬁl@s%gﬂggl té:?g'rrpri sing the steps of 25 a) reacting

al koxyl ated gl ycerol with (neth)acrylic acid in the presence of at | east

one est qui f ireRidutd pRstb@nEs is diveritd esferaF wheasih 3T srelpyssent inabtabn i nhi bi t or
D and optionally also of a water-azeotroping solvent Eto forman ester F,

b) optionally renoving fromthe reaction mxture sonme or_all of the water
fornmed in ajery garticwlar Riateresiceds given ip esteyg Frwhespiniad iaast | PREPrEertiNe§ch he
reaction m g Hee3 aRdxdiRihsof §hce@nt E was used, optionally renoving this
solvent by distillation, and/or i) stripping wwth a gas which is inert

under the reaction conditions. 35 In a preferred enbodi nent the nol ar
excess d6 (rHsrnhparicylan Rrefecencetis INER ixgaters Eawbgreedt bIR2 andR3 peeidentisah 5: 1
and the optigpadiby virsn RAIRZ&sH RB_tdgaprly| i ¢ acid present in the reaction
m xture after 40 the last step substantially remains in the reaction

m xture. PF 544961AP . . _ .
According to the present invention, the esters F of the abovementioned formula having

the stated meanings can be used for preparing hydrogel-forming polymers capable of
20  absorbing aqueous fluids and especially as internal crosslinkers.

We have found that the object is further achieved by a process for preparing an ester F
of alkoxylated glycerol with (meth)acrylic acid, comprising the steps of

25 a) reacting alkoxylated glycerol with (meth)acrylic acid in the presence of at least
one esterification catalyst C and of at ieast one polymerization inhibitor D and
optionally also of a water-azeotroping solvent E to form an ester F,
b)  optionally removing from the reaction mixture some or all of the water formed in
a), during and/or after a),
30 f) optionally neutralizing the reaction mixture,
h)  when a solvent E was used, optionally removing this solvent by distillation,
and/or
i) stripping with a gas which is inert under the reaction conditions.

35 In a preferred embodiment

- the molar excess of (meth)acrylic acid to alkoxylated glycerol is at least 3.15:1
and
- the optionally neutralized (meth)acrylic acid present in the reaction mixture after
40 the last step substantially remains in the reaction mixture.



8 (Meth)acr fAFi#44R6(AP in the context of the present invention conprehends
met hacrylic acid, acrylic acid or m xtures of nethacrylic acid and acrylic
acid. Acrylic acid is preferred. 5 Wen jhe ester Fis desired in pure
form it can be purified by known separation processes. The nol ar excess
of (nmeth)acrylic acid to al koxylated glycerol is at |least 3.15:1, 10

preferabl y ahteltgasyichot ihineBbftoRToP i/ ?ééﬁtmv i orhrdentis ot Rt ed

preferably at eas at | east

embodi ment, 'éﬁ:?%}qi PEmH@irﬁs Pi’gﬁ'i‘éﬂ'yl‘ acithapg agykc #Fid-AsTYlieesiddfe  greater
t han 15: 1, nmr@‘éteedably greater than 30:1, nore preferably greater than 60:1,
15 even gore preferably greater than 150:1, especially greater than 225:1
and specificall rea er than 300:1. The esterification products thus

obt ai nabl e é’&fﬁf"%‘@e??é teq Fds desiteddn purefaem i Gardiesyrified Ry hpowe PPN ant i al | y
wi t hout fur tphesespes.ification, specifically w thout substantial 20 renoval

of the excess of (neth)acryl i c acid and of the esterifi cation catal yst C.
Unl ess ot herw se nenti oned crosslinking as used is to be understood

as meani ng Thadneia) exepes e (Meth)agvlicrad toralkayiatad ghgoemlﬁﬁ airlpast 3cY%bs1 i nki ng;
cross- | i1oki rpgeferfabgﬁtllwst B1:1, mve@ prederably @htchyt 753 sevenleste podfgradly)at ikt S

crosslinking §.|31Q ﬁgﬁeﬂ]lg%?le\ébta? 3 free-radical or cationic polynerization
er mec

mechani sms of ni Se of exanple M chael addition,
esterification or transesterificati on nmechani sns, but is preferably
ef fect ed by I apeefermed embodginleytnénethdddrgio . acklyisl UegEin-dntextesigofiol axaipte capabl e

Ol aDo0r bl NGraAUaRkT 15 ugr@fefrmggfer 0 arPSE1 R Serall) B %Fﬁw%?'o“lg at

| east their “own wel cp;
preferaflPy 2R Mo PrefRIably STGAteINeh 5G], espeeinliy @aa%v@n% d Qﬂﬁ’e%Peﬁlf'%a"Y

preferably gegmadlthan 800:4chi eving this absorption even under a pressure of
0.7 psi. Alkoxylated glycerol useful for the purposes of the present

inventionhY1ea ructure as in the formula || b or lic HH \
( AO) p3~0~" YA%_ e e@;g@; icgtiongraducts thugphlainabiesag )pgg}@gg\ps gadlcal crosslinkers in
hydrogels substantially without further purification, specifically without substantial

20 removal of the excess of (meth)acrylic acid and of the esterification catalyst C.

Uniess otherwise mentioned, crosslinking as used herein is to be understood as
meaning radical crosslinking (gel crosslinking; internal crosslinking; cross-linking
together of linear or lightly crosslinked potymer). This crosslinking can take place via

25 free-radical or cationic polymerization mechanisms or other mechanisms, for example
Michael addition, esterification or transesterification mechanisms, but is preferably
effected by free-radical polymerization.

Hydrogel-forming polymers capabie of absorbing aqueous fluids preferably are capable

30  of absorbing at least their own weight, preferably 10 times their own weight and more
preferably 20 times their own weight of distilled water and they are preferably capabie
of achieving this absorption even under a pressure of 0.7 psi.

Alkoxylated glycerol useful for the purposes of the present invention have a structure
as in the formula ita, llb or llc

Ao)pa\ /\r\ /(AO)D1

R0,

H lla,



H (EOQ n3 (PBfw#486/8P Poynp H (EOQnNn, (PO N2_,,(EOQnN.,. H (PO (EOQnN3~0 _
O(EOn, H\pOnmMHO /(PONM2 (EON2 H5 where AO EO PO nl1, n2, n3, m,
n2, nB, pl, p2 and p3 are each as defineg for the esters. The reaction of

gl ycerol with an al kyl ene oxide is well-Rnown to one skilled in the art. 10
Possi bl e ways of conducting the reaction may be found i n Houben- Wyl ,
Met hoden dery Organl s Chem e, 4th edi t| on 1979, Thienme Verlag

Stuttgart, ech\ 61/1 pr rt 1, paggs 373 to 385. An
exanpl e of a repare C(Q*rpou ds o the formEE@)m)~1's to react the

gl ycerol 15 flrst vvlth EO and then{with PO or first wwth PO and then EO or
to use PO and EO at the sane tinej This an be acconplished for exanple by
pl aci ng about 77 g of glycerol with 0.5 g of KC]—I 45%in water as an
initial charge in an autoclave and “ﬁ?Z’h Mqitial charge 20 at 80C
and reduced pressure (about 20 nbar). éppr opri ateHarmunB of propyl ene
oxide is then added at 120 to 130C and allowed to react at this t enperature
under elevated pressure. The reaction has ended when no further change in
pressure |sHobserved (Er@%reactl on mxt c(:EOs}n hen stirred for a further
30 mn at 120‘6:( & approp?r 3] (ntaof et hy ne OXI dq-|| s subsequently
added at 145 to I55€ at 25 el evate pressure over onged period and

| i kewi se allowed to react. After plurging wth |nert gas and cooling down
to 60C, the catalyst is separated ¢ff by addition of sodium pyrophosphate
and subsequent filtration. The vis ity of tQPb IyaI cohol s which can be
used according to the present |nve0%\ n'o ject to any

particul ar requirenents bar that they @Q}‘de be readi'ly puppable PF

54496/ AP_10 to about 80C, preferably they should have a viscosity bel ow
1000 nPa%, preferably below 800 nPas and nost preferably bel ow 500 nPas.
Usef ul est ewhéiecRD] BO, BOf al y2t 83,Cnt,on2,tmi& 1 p2 and pB avesddhas defieed torfthe | C
acid, aryl ggoalkyl 5 sulfonic acids or mxtures thereof. Exanples of aryl
sul foni ¢ acids are benzenesul foni c

The reaction of glycerol with an alkylene oxide is well-known to one skilled in the art.

10  Possible ways of conducting the reaction may be found in Houben-Weyl, Methoden der
Organischen Chemie, 4th edition, 1979, Thieme Verlag Stuttgart, editor Heinz Kropf,
volume 6/1a, part 1, pages 373 to 385.

An example of a way to prepare compounds of the formula ll is to react the glycerol
15 first with EQ and then with PO or first with PO and then EO or to use PO and EO at the
" same time.

This an be accomplished for example by placing about 77 g of glycerol with 0.5 g of
KOH 45% in water as an initial charge in an autoclave and dewatering the initial charge

20 at 80°C and reduced pressure (about 20 mbar). The appropriate amount of propylene
oxide is then added at 120 to 130°C and allowed to react at this temperature under
elevated pressure. The reaction has ended when no further change in pressure is
observed. The reaction mixture is then stirred for a further 30 min at 120°C. The
appropriate amount of ethylene oxide is subsequently added at 145 to 155°C at

25 elevated pressure over a prolonged period and likewise allowed to react. After purging
with inert gas and cooling down to 60°C, the catalyst is separated off by addition of
sodium pyrophosphate and subsequent filtration.

The viscosity of the polyalcohols which can be used according to the present invention
30 is not subject to any particular requirements bar that they should be readily pumpable



aci d, para- P5IMBEAR f oni ¢ acid and dodecyl benzenesul fonic acid, and
exanpl es of al kyl sulfonic acids are nethanesul fonic acid, ethanesulfonic
acid and trifluoronethanesul fonic acid. oSl mlarly, strongly acidic ion
gxchangers or zeolites are wuseful as esg erification catalysts. Preference

is given totsabduliBOE, acefdrablydhéwshald kavetmvigansdy bélewf 1000 paPasyerafarably on

i nhi bitors Qemrsdohﬁpﬂéwmbsﬂﬁ&@mw@ww%yﬁﬁ:a{sﬂ exanpl e phenols such as
al kyl phenol s, for exanple, o-, m or p-cresol (nethylphenol), 2-tert-butyl-

4- et hyl phenol, 6-tert-butyl - 2 4- di met hyl phenol
2, 6-di -tertUlsefMyestaﬂfimtitbiybqialgsteIQ foQtI'teepTese:tﬁtrlvam;drI}:ﬁTelsulfur|c acid, aryl or alky!

qorert-ost VF@WO-d%ﬂﬁﬁuréﬁ%re%w%%mf e TR Acid 48 eniuHekLiRigno! |

3 5 et hyl EHGRAEEOETISUBRITS R A CRgaReRERESU oA, SRERIS '3 4- (m
et hyl enedi on&ylmuh‘nmb a(:mesaemmle)nanesmmdlcmtdwysinahwdfonuc duyiobrmﬂqw none,

pyrocatec hoknﬂﬁ@wo@néﬂﬁ&ﬁé@ﬁm@ e&ﬂﬁ\)lar sﬁ':%lngl)f@él Bt of Holites are
4, 6- di net hyl g%enol - o 4- QQD

2-tert-butyH U'r?ét‘?ﬂ}?”“ﬁﬁ%‘ﬁb?a !‘6 gleenCRils aly %UPWB%ﬁBﬁ lon

2, 6-di - tert ekeiapbedsenol , 2, 4-di-tert-butyl phenol, 4-tert- butyl phenol,
nonyl phenol [11066-49- 2] octyl phenol [ 140-66-9], 2, 6-dinethyl phenol,

0 SPrenol Bl B o RIS bR e
f rom BASF A&ichmag diiyylplﬁar@ls;i forteaamplebu-tyﬂ Mpkuyetrod)kyétbylpnato@ 2-tert-butyl-
4-tert- bUtthét Qi-tertzba?((irﬂél Q%rﬂ?ltert gtrft I-4 heno 2- tert-

2, Zeéh??¥nepnt,vf A sy g i

6- 1 sopropyl 4ft9l¢-|batyt92 B -dimethyiphdralydr 2,2 -methylenebis(6-tert-butyi-4-methylphenol),

3-(3, 5-d hyl -
5 h§/droxy| 5B'tr$)t buﬁélnol‘lsw &W&#Eﬁ%}d%ﬁ&'(é’éh%%n 3 aldidethylphérol et hy

I
1576 U e Byiroguindns ebacttecacldl 2hiraxybenzeng) Ad MRy UOYPS b ene,
1,3,5-tri s(aﬁdlmetmmmnoluﬂydnr 4t1hpbenydathd hyljdhenols 2¢grhutyle-enettgdohenol,
1,3,5-tpps E 3,4% ﬂls-tbﬁfbhtﬁibﬁe)‘nbr éﬁtﬂfﬂérﬂbb@%ﬁgﬂét)Pﬂmtépwdtgﬁbé&{dﬂ)ﬂ'—tert-
O o e TR O, oo KL 6 b bataNs)
ki s[ R- (3, 5- bisphend Abbisphend! RybispheyphByisphenold® drispheho! S, 3,3,5,5'-tetrabromo-

2,6-di-tert [ sTag -
e ety bQBﬁé@;ﬂﬂ Qs%h%%rtyﬁﬂbr&ﬁpkgv sm@f?d% BASF AG,msthyl 3 gditert:

2
from Gi ba SBE‘ZI £t V"E"&‘E‘!ét??@ﬁ%%tlee‘i t%g HRK tQC*(O}s  2-BydraxybeRzy! a‘?ﬂt‘é -4' - hydr oxy
35 phengb) preonpetboat-&-mdtieptatemoly | 2, 3,6(t6met51y+pdenale2 4,5-trimethylphenol,

butyl -4"-hyd rﬁ%mfgkﬁeﬁf&@' IQ%Q@’p%r%th iSO Iphenol g |scH)ropyl m-cresol,

3-(3',5' -di-tert-bu eny 5- pent anedi ol
bi s[( 3 , 5" - fractadepyl @t%zﬂ'-t&ﬂlw ' M&WWWBP@BW%%‘&'{ é«]" 3-tis@- Aethyh- 1, 11
;1u g dgc anedi |1 alhybroxy{S3tertButyiibhenghbutarbyy t1yd, S4imdtigly20K gt BB Jiperb putgih at e]

[ oxa | r
5 - et h phe%&g&?g@ﬁg‘%%ng ?g%etrls(g%cg %*’B%(PFT?gdrBéﬁie@%% |socyatr)1urat(-f- 40
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PF 544961AP113]5-tris(2,6-dimethyl-3-hydroxy-4-tert-butylbenzyl) isocyanurate or pentaerythritol

tetrakis[B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], 2,6-di-fert-butyl-4-dimethyl-
aminomethylphenol, 8-sec-butyl-2,4-dinitrophenol, Irganox® 565, 1141, 1192, 1222
and 1425 from Ciba Spezialititenchemie, octadecyl 3-(3',5'-di-tert-butyl-4'-hydroxy-

35 phenyl)propionate, hexadecyl 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate, octyl
3-(3',5-di-tert-butyl-4’-hydroxyphenyl)propionate, 3-thia-1,5-pentanediol bis[(3',5"-di-
tert-butyl-4’-hydroxyphenyl)propionate], 4,8-dioxa-1,11-undecanediol bis[{3’,5'-di-tert-
butyl-4'-hydroxyphenyl)propionate], 4,8-dioxa-1,11-undecanediol bis[(3'-tert-butyl-
4’-hydroxy- 5'-methylphenyl)propionate], 1,9-nonanediol bis[(3",5'-di-tert-butyl-

40  4-hydroxyphenyl)propionate], 1,7-heptanediamine bis[3-(3’,5-di-tert-butyl-



4'-hydroxypﬁ@ﬁ?ﬁ?ﬁ#ﬁbionanide], 1, 1- mret hanedi am ne bis[3-(3",5 -di-tert
butyl - 4'-hydroxyphenyl ) propi onam de],
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8 -d i-nmethyl-4'- hyd roxyphe nyl) pro nic acid hydrazide,
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2, 2-di ggt h h
( | 58 Mlgehrol ARG @80ugeLt, &%8&%@9%%@@%‘ buty?*ﬁ as

hydrqu|none or hyd rqu|none non ydr o-

qui none, 2- friRaepherel tret @qﬁpwih@@qmﬂm Apd H‘?@Ir?e?q@!hm)'ﬁe? 2-dimethyl-
trinmethyl hyqumxmofuzﬁq (Q-mh@hﬁ-yﬁmﬁixﬁﬁchﬁharahPghlnbhﬁs)’ériwr@df&ﬂnﬂbnbs none,

g getjr?/rle%r%&td&g ul n%ne tri k@%ﬁﬁlpﬂngm%ﬁ&“ Petné( E%eaq’ﬁé}?gﬁ'@c\fgtoechol
4- et hyl pyr B'é'a?'éfb ethvbwwf!fewnmﬁefq@imeﬁw&ydwmawﬁﬁ@ﬂw hydroquinone

4- but gx.&?hgﬂ@heth%wﬁbmmhmﬂ@rémw@&mwnoﬁé emethyippReasieiheédoquinone,

2- met t

te{nreamgt hgl Q%ebg‘ﬂ}ogw n u?no‘?\e 23 cﬁﬁ%ﬁ@@@%ﬂoﬂ%ﬂ&ﬁquﬂﬁﬁ%ﬁ 8!9"“’8%'”%”% d icarboxyl
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2- 1 sopr opy| 4Butayplyenol, ryt@aringne! monoberezyl étherpphienexythend?, 2-rethylhydro-

|1 sopropyl - wh@ﬁg% i teﬂ%ﬁdhy% oa)ﬂ"oﬁgtljékﬂa farlgyﬁjﬁgyoqﬂlngﬁgzé?&}‘l jone, 2, 5-d

i hyd rox$/ enzoqur none,

2, 5-di md how-cyi'okte’f?éwﬂts’&tﬁ PrSifarboxylgie, HBG’B’ ﬁ@@ﬁ;ﬂp%ﬁ%@n%éqim@m@ benzyl-
2, 5- bi sphenpbanzeuuirbné; Mmpmpy%ntﬁﬂnmmzﬁqﬁndef(y@ﬁmq)amﬂmé} napht hoqui none,
2-ani 11 no- 3 644idaRBbgH g@noﬁ@tz@am&m@%dmxwp%éﬁ%mé&doan' line,

N, N-di pheny& Spdlbe gx% u Qr?z%%umone embelin, tetrahydroxy-p-benzoquinone, 2,5-dimethoxy-

1,4-benzoquinone, 2-amino-5-methyl-p-benzoquinone, 2,5-bisphenylamino-1,4-benzo-
35 quinone, 5,8-dihydroxy-1,4-naphthoquinone, 2-anilino-1,4-naphthoquinone,
anthraquinone, N,N-dimethylindoaniline, N,N-diphenyl-p-benzoquinonediimine,
1,4-benzoquinone dioxime, coerulignone, 3,3'-di-tert-butyl-5,5"-dimethyldipheno-
quinone, p-rosolic acid (aurine), 2,6-di-tert-butyl-4-benzylidenebenzoquinone, 2,5-di-
tert-amylhydroquinone, nitroxide free radicals such as 4-hydroxy-2,2,6,6-tetra-
40  methylpiperidinyloxy free radical, 4-oxo-2,2,6,6-tetramethylpiperidinyloxy free radical,
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NN | oo PR R R B nepipming, K- Phsphp Phemc3egiamine,
Spezi al 2bat MI‘I@WQ?V' ppReRylendgdismibest NHisopraplyeNyohend di-phengienediandinedi - i so-
propy! - p- pth@%@er@m aq;heﬁylaﬁ@i%lﬁe%réawgpd\h&h(ﬁ)béwepmﬁmérﬁned' am ne,

ﬁf’, Sopr Og;f’rﬂﬁ% Ry Er S hdaecisane LHIkAEOX® 4010 from Bayer AG), N-(1,3-dimethyl-
N, N -di - secbbtyt)w -mepqummmymmm (NKshrepl-2-0 ap ht Bfpamine pimifiATienad) |

\- pheny! - wena BeREhERfthAhRS, (a}!H&ddf@n%gaaoxﬁ&&@enyram&Bayer AG)
AR ANk o U

N- phenyl t et daa\ratwema,nchaasrwrdanethlcﬁwéwqhhommhrtmmmybcmmmmes,ucﬁ@s
4- hydr oxydi plien)1pRddpRineN¥Phemy bRSIIARE, /pePhdphdlolls dkia tdh el bRsspnRE] ne,
urea sulfur compounds such as diphenyl sulfide, phenothiazine or metal salts, for example
copper chloride, copper dithiocarbamate, copper sulfate, copper salicylate, copper
35 acetate, manganese chloride, manganese dithiocarbamate, manganese sulfate,
manganese salicylate, manganese acetate, cerium chloride, cerium dithiocarbamate,
cerium sulfate, cerium salicylate, cerium acetate, nickel chloride, nickel
dithiocarbamate, nickel sulfate, nickel salicylate, nickel acetate, chromium chloride,
chromium dithiocarbamate, chromium sulfate, chromium salicylate, chromium acetate
40  or mixtures thereof. Preference is given to the phenols and quinones mentioned,



derivatives REUR4A98AR  ea or thiourea, phosphorus conpounds, such as

tri phenyl phosphi ne, triphenyl phosphite, hypophosphorous acid or triethyl
phosphite, sul fur conpounds such as dipggn sul fi de, phenot hi azi ne or
netal salts, for exanple copper chlorid copper dithiocarbamate, copper
sul fate, copediculsapraigrenceis gt\tqnnemV@Sqaloemeamdroqamgammombtmretder 2-tert-

nggﬂggg g'%wlﬁcﬁ%ﬂ@ﬁhﬁﬁ]@l ﬁé}gﬁuﬂ?l3?45d}ﬂ1étﬁ§lﬁhenm9 R&u Air{égtwibﬁenm
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di t hi ocar bamwaRcolhankeéry paticalae preférehed lsgadenctg'hﬁdrequmrcekmd racdecbcmrmne

chrom umschlQdrditothyl efHepm um di t hi ocar bamat e, chrom um sul fate, chrom um
salicylate, chromum acetate 40 or m xtures thereof. Preference is given to
t he phenol s and qui nones nmentioned, PF 54496/ AP 13 particul ar preference

i s given to Raythutsgpreferace Is;givemcmihyquummn@rmhbmletrqt éther, hgdroguihene and
but yl - 4-met %H&E oﬁ?glm QHltnlS‘nat:r’orflw@? triphE ert ? ‘ﬁ@%hd/o

2,6-di-tert- th henol pheno tri phenyl
phosphi te, @%HEB BF%ég acid, CuCl2 and guajacol, and very particul ar

pr ef er er@e |s gi ven to hydroqui none and hydroqui none 5 mononet hyl ether.

Particul ar pygf; g‘?’aﬁaﬁﬁ Sbe%r\ﬂ?é? sth&}Yerr é B%gng@m%}één%&{ﬂﬁ{nmgi Fheny

hydrqu|none eno ption
phosphite arP(E‘? grbIY Ry @%HBPBG'@%PEFOQQ% (Ie§ms@rh i zati on may be furt her

supported by the presence of an oxygen-containing gas, preferably air or a

m xture of f’?’lrﬁoﬁlﬂe %&t@&@%ll&&@aﬂreﬁréﬁce |§‘§Rf@ﬂ td (Bsé %lcﬁ%‘#e %%I%V\}nl le%Rbst

f to t ch i
e s g o s e

solvents E for the present invention are particularly sol vents whi ch are

sui tabl e foseﬂE SOVERRESof ﬁ%\‘és!en?fnvér‘ﬂﬁm Sértlﬁulaﬂﬁﬁtﬂ\'aé it iwh a?@%u(a%fé

par Ul ar e S Gh o SEiel 1 MO R 8 ures

cycl ohexane,cyclndmgltlacgm Mmmeaqeydrbearbemecr mlxtunsmthemofxyl ene. Part| cul ar
preferenge is given to cyclohexane, nethylcyclohexane and toluene. 25 The

esterificat prnf may be .cargﬂ T;{gut by conventi onal ere ration and/ or workup
processes f ol EH TRV Are, TeRExaps JpeRiane, £YPR¥888es nenti oned at
t he begi nningghyeycldhexane beszre, Whereidoadens HaBiollar peefdentd s, gieib-tA 38 43

843, DE-A 3%yg§h§éﬂe Mcw&&gng%d idilfsrR 199 29 258, EP-A 331 845, EP 554
651 or

25 The esterification may be carried out by conventional preparation and/or workup
processes for polyhydric alcohols, for example the processes mentioned at the
beginning or the processes described in DE-A 199 41 136, DE-A 38 43 843,

DE-A 38 43 854, DE-A 199 37 911, DE-A 199 29 258, EP-A 331 845, EP 554 651 or
US 4 187 383.

30

In general, the esterification may be carried out as follows:

The esterification apparatus comprises a stirred reactor, preferably a reactor with
circulatory evaporator and an added distillation unit with condenser and phase
35 separation vessel.

The reactor may be for example a reactor with jacketed heating and/or internal heating
coils. Preference is given to using a reactor having an external heat exchanger and
natural or forced circulation, ie through use of a pump, more preferably natural

40 circulation where circulation is accomplished without mechanical aids.



US 4 187 38FF ZW9BiARyeneral, the esterification nay be carried out as
follows: The esterification apparatus conprises a stirred reactor,
preferably a reactor with <circulatory eygpor at or and an added distillation
ynit with condenser and phase 35 separation vessel. The reactor may be for
exanple a reactor with jacketed heating and/or internal heating coils.

Preference iityi@b¥ @BpleRiatki tRst the Tré‘é%%r%arﬁ‘ﬁ{‘réb BE cafie@ PubinPpiufiflof dignaer

and natural or forced circulation, I ugh use o unp, nore
pref erabl y RARGH 51" XGMe[6 . (RRGEY BrtSH T oo and REelraONABE S BPR FRARF ¢ hout
mechani cal aids. PF 54496fAP 14 It will be appreciated that the reaction

can al sosbe geagKib 8flc @atbry él:fa oftdts g#é Eﬁbmﬁmftobf.é%kiiié’cf‘in tﬁé’ﬁﬁ%ﬂdfa?é dEABRs € 2
react or bat%e[ﬁl of t,\/\%, 0 r an Eref,erab y two g_r three reactors. 5
Suitabl e of IO AKaTBIENE Bist M ameleRoR A BOVesHH8. SiblipgTarhische igsiitt and
are descri ba&tknnheim, 696583 ExamBles Bf tireetatoryevdgorptoes dredhivs-sundif Beater | ag,

Bi bl i ogr aphi NSt i , 53. Exanpl es of circul ator
gr aphiggghe, e{)s,e_ﬁlrgb%fjfa% h%@?}ﬂﬁérﬁ?ersl%ﬁ? mp y

evaporators are tu exchangers, plate-type heat exchangers,
etc. 10 It wll be appreciated that the circulatory system may al so incl ude
a pl ur aliDt y Itofill be appreeitddethgicthe cirditatodi sysiehl @by also imdludel 5 plafalityaiwest | onal
design. It héﬁge% sinple distillation unit which if appropriate is

equi pped with a Splash guard or it may be a rectification colum. 15
Suitable colum internals include in principle all conmon internals, for
exanpl e trayse dissitlativatunitéslofomokemipaaladedigor It chaybedc siapld digtlatid ediewhiellift r ays

i ncl ude bub : J : I heal: and/ or
dual -f | ow tlrghgrgbﬁg&%?? gq,'ﬂr’le% erf&i%)é@lasﬁ’gud;-% ﬁﬁégﬁaﬁ’ bse %;%Cﬂ%gg'te'["@?ﬁp i ngs,
coil's, daddssdabe CB'HalndEtefr@df iNRUER Rairinciple @‘b‘?ﬁ”@l’g%'%"%'ﬁefe? RETRUE Yt es
are suffi ci structurBdepackingeasdor dumpddyackieparRrtieoed rags ticlude dubblettragsli t i onal

desi gn. Theskqgtt,lg%g% | i(yz;%tyél,cﬂ%rrﬂﬁﬁ’n frg‘fs é’riogr?)%lafiﬁcﬁ@trg)lrSY %fﬁ@krﬁér?%ﬁ%ﬁ?@eﬁ |y

used in the 25 esteri ron a) in no excess as i ndicate The
excess used PESANGATEANQSS Of HRGRCOH GBIdIes PrDraKlsi r ed. Useful esterification

catal ysts C include those recited above. 30 They are generally used in an
amount o 04 &by 4RIsaBto thaseitaPPaldirg shkibhd cation nixture,
preferagl y O. g 50/?’ r;Dre preferag'fkfla q? % erm% m)'st "preferably 2-4% by wei ght.
| f necessary, the esterification catalyst can be renoved fromthe reaction
m xt ure w t Thetchedexisdr arfid the separatiort heasgkare of traditianal desipmnger can be added
directly to the reaction
The {(meth)acrylic acid and the alkoxylated glycerol are generally used in the
25  esterification a) in a molar excess as indicated above. The excess used can be up to

about 3000:1, if desired.
Useful esterification catalysts C include those recited above.

30  They are generally used in an amount of 0.1-5% by weight, based on the esterification
mixture, preferably 0.5-5%, more preferably 1-4% and most preferably 2-4% by weight.

If necessary, the esterification catalyst can be removed from the reaction mixture with
the aid of an ion exchanger. The ion exchanger can be added directly to the reaction

35 mixture and then subsequently filtered off, or the reaction mixture can be passed
through an ion exchanger bed.

Preferably, the esterification catalyst is left in the reaction mixture. However, where the
catalyst is an ion exchanger, the ion exchanger is preferably removed, for example by
40 filtration.



35 m xture gr'l:os«ﬁéw%ubsequently filtered off, or the reaction m xture can
be passed through an ion exchanger bed. Preferably, the esterification
catalyst is left in the reaction m xtureqseHowever, where the catalyst is
gn ion exchanger, the ion exchanger is preferably renoved, for exanple by
40 filtration. PF 54496/ AP 15 Stabilization may be further supported by the

presence of SbiRaYEE ey DRtfakiHr RipEsed byRhE bRisaRée oftin oxQhecoitihitg®aef air
and nitrogen en-confaini.ng gas i s preferabl’y netered

élesp air). 5Th|F.oxl¥ |

into the botf{GREPEF S L™ 8T ARANT GHaget (83t d™a circul atory evapor at or
and/ or passed through and/or over the reaction mxture. The pol ynerization
i nhi bi t o (el dkyGen-Bortamingids GRpREEraNP Widkerbd ik 8 Hdkod degiorlof W8I 10 of
0.01-1 % by e h basqqpon thea‘fg&te[ﬂ@g' Catﬁ'\lﬂgF mr>1<turerL ‘8:‘{ ferabtlﬁ

0. 02- 0. 8% aROIOREIGa SPET AP Perals Agtiospessendiighan oaia" plf Jirierolan on

i nhi bitor (mixuteee) D may be used for exanple as an aqueous solution or as

a solution in a reactant or product. 15 b) The water of reaction forned in
t he course the reactian .can be distilled off during or. after the
coter it oat bR PAmer Astan EWOEStsBedreEblsps Piichled bake sl nenibBoppun

sol vent 18hi oh004r16 bpwegnt daseqpen the ¢stewlication BXtUDs gfrefierabty 0.6208% ahdr

azeotropi C negreYale@blyldlss-0BbShy @bigheaction, if desired, include the
conpounds recited above. The esterification is preferably carried out in

t he presence of a solvent. 25 The anount of solvent used is 10-200% by
wei ght, pr efléegblynei@ati@Oabibyon(mixgire) Brmoay brousedforéangité s onaqudd® t o 100%

by wei ght, RggResh 8nad §8clBkER haf @hctaht &dféaust.ated gl ycerol and
(et h) agbyl ic acid. However, an operation wthout entrainer is also

concei vdbl e, as described for exanple 30 in DE-Al 38 43 854, colum 2 |ine
18 to col umb)Zhé water obreastion formedin thadogrse et thegaadtiontche bedlistibed oftfenrance

wi th the abeyapgitht esediickiaR b, if@high cHbethid Sferifhanibe dUafenBRY KN M xture

i s not renoveﬁewva?i%g an21e0t ro q-forn{hn N sol'vent, it nay be renoved by

stripping wiPHeAn fofmg a8 %F &PEM @aﬁ'h oxygen 35 contai ning gas and

nore preferably air or lean air as described for exanple in DE-A 38 43

843. PF2b0449%efisdifents E for azeotropic removal of the water of reaction, if desired, include the
compounds recited above.

The esterification is preferably carried out in the presence of a solvent.

25  The amount of solvent used is 10-200% by weight, preferably 20-100% by weight and
more preferably from 30% to 100% by weight, based on the sum total of alkoxylated
glycerol and (meth)acrylic acid.

However, an operation without entrainer is also conceivable, as described for example
30 in DE-A1 38 43 854, column 2 line 18 to column 4 line 45, but in contradistinction to the
cited reference with the abovementioned stabilizers.

When the water in the reaction mixture is not removed via an azeotrope-forming
solvent, it may be removed by stripping with an inert gas, preferably an oxygen-

35 containing gas and more preferably air or lean air as described for example in
DE-A 38 43 843.



The reactior?ﬁméf‘%ﬁure for the esterification a) is generally in the
range from40 to 160C, preferably in the range from60 to 140C and nore
preferably in the range from 80 to 120C,.The tenperature may renain
gonstant or rise in the course of the rea tion and preferably it is raised
i n the cour dbedseadtivn teraperatushior the edterficetiorea) is pendralhah tie tapgpdoat40ie of t he
esterificatigpg rérerdly RitedhRingt iam 0@ 1453';%: IRl ,rﬁcﬁéfBPéfﬂ%Iglg% thEl*}ﬁg%e from

t enper at ur e _of, the, erification can be erm ned’ an ntr

Larv e+ he B0 1 ThE i BREBheS B AR OREER 9 iR INeuourSed heEarRed | n
DE- A 199 41 angprefamblytinie r@isedrarthapplrse af themeantiderInfthis easectrerfirate 100 63
175.4. 1@ M&Hﬁéﬂraﬁﬁé ¥ERE esferifiSAidn id 5-3R0 hzg%g@tr%wtiaé ﬁ]g%aptéﬁn fathfeeTheact | on

m xture throqu t he isti]lation unit adde n top he reactor. The

St Tat o Rerebilie of g lestephlagnson pe detormineg ant SRaBHEH BV RO nt 0 a
phase separsatvbmoapgratrmibumthﬁheataiquaujxtsrqolagslesaribad irMEaANSd 415! 3gemdr al | y
removed fror{p‘é P@r% §|yc§it:§tmnl)r’]|‘@! Lfrﬂetrg@re(%ga,gbgg,gh?qg can be fed as refl ux

into the distillation unit a passed directly into the reaction zone
and/or fed into a circulatory evaporator as described in the Gernman patent
appl i catlioon Wingiea sélivére is asesi; # care bé ABtIBRI At Bf the réhctionusistdrethroughltoe, t he

or gani ¢ phasgifARNIRIUAEG B t8ASGhé Regdyn DE-A 199 41 136 20 for

controlling the tenperature in the esterification. The esterification a)
can be carried out with no pressure, at superatnospheric or reduced
pressur e and hegligiilatenaidelectively be derootedadr, aftercopiisnsation febisto @phdde The
reaction ti b St ¥ f i in
t he rangﬁ Erg g%}r%ﬂ&g$%d%ét%u‘l;@ %goi%%@g@sgertgﬁ@%%%@d %%&%%Hf | g%rgg@}d?déﬁm to 12
hours. THe SYH&EM WRIGheQI9FNHePhangi AN Rerd PR SRAUX g BhaisuRt andided i s
not essenti passed ditestly iptetheneadtion @oné and/orfel irdo apimeatosy exapobatori ast r oduced
as a mxed ig@sérbdl it e Gentihatéht 2PPIRAANE I der filRABEPEhceOfo0WH 7874, NOT €
conponents may be omtted fromor only partly included in the initial
charge and added only after the initial charge has been heated up. The
(et h) acr yl iV¥hercusedwsiretiuxe the drganis eblasescandie wsedtasideseribedrin DEsA d88P0i36i on

and may 2035 feQipRtrbifify fhalteBaraRlre if 1Ae esifieoRg conponents: (Meth)acrylic
acid 90 - 99.9% by weight Acetic acid 0.05 - 3% by weight Propionic acid

0.01 -1 %by weight Diacrylic acid 0.01 - 5% by wei ght PF 54496/ AP 17
Wat er 0. 05- Sheieptapéicajion agaanbegatried @uowith 00 Brasbyrewad ayiperatmospheric or

reduced pressure and is preferably carried out at atmospheric pressure.

25 The reaction time is generally in the range from 2 to 20 hours, preferably in the range
from 4 to 15 hours and more preferably in the range from 7 to 12 hours.

The order in which the individual reaction components are added is not essential to the
present invention. All components can be introduced as a mixed initial charge and

30 subsequently heated, or one or more components may be omitted from or only partly
inciuded in the initial charge and added only after the initial charge has been heated

up.

The (meth)acrylic acid which can be used is not restricted in its composition and may
35 comprise for example the following components:

(Meth)acrylic acid 90 - 99.9% by weight
Acetic acid 0.05 — 3% by weight
Propionic acid 0.01 — 1% by weight

Diacrylic acid 0.01 - 5% by weight



| nhi bi t or sOPHB4486/AR by wei ght Mal ei ¢ acid or anhydride0.001 - 0.5% by

wei ght The crude (neth)acrylic acid used is generally stabilized with

200- 600 ppm of phenot hi azi ne or ot her ifbl lizers in anounts which permt

gonparabl e stabilization. Carbonylics here refers for exanple to acetone

and | ower al dehydes, Waterexanple 5 formal deb}bde 5°,adagt\nmhgmhyde

crot onal dehyde, acr ol ghfpondrckur fural , 3- furg @% al dehyde. Crude

(meth)acrylic acid he erstothe(neth acrylc gc mxture which is

obtai ned after absor%‘gbﬁﬂ Sof the reaction 883ed b Ryyeight

pr opanel pr opene/ acr ol Beleicacid 6r ardybtideane/ i 0001 erfed%blylwatghel ei n oxi dati on

in an absorbent and subsequent renoval of the absorbent, or which is

obt ai ned by ract,i densatl on of the reaction gase i s obviously

al so possi b8 fiyd 82 Fr?é’i%‘)%r'?g?'&erﬁ'y Habilizge wdtp rQQOd?P”P At fol | owi ng

purity: 15 PRer(difsatipeor gthercstatiiAeinamos YBith byrmiecahtardisie stabiiiastion50 -

1000 wei ght - 500
CBIEh &gme%ne@ere%rc%gm é@%a&g;gggfqd RRVBr ARRldad, ?or%gbﬁté

wei ght p I cS1

RN o sy o BtRID e S Bbralahdnt ppm The
pure (et h) bemaaldebyéezi d used is generally stabilized with 100-300 ppm of
hydroquinone nononet hyl ether or other storage stabilizers in anmounts which
permt ng?r abl e s)t abt cg@tl on., Pure or prepurl fied (net h?_lacryl ic acid
general ly r methacriitacd pereireferttodhekpetb)acptlic pei mistupg whigh ist obainedy, by
wei ght and aftercibsoptisnbtthaméactibh gasesesf thd p@bdediyapene/atrbin orcar bonyl i ¢ and
hi gh-bojjd i ngosmapargﬁaa@ne/%%ﬂm?olaﬁ%ﬁfaaﬁorp.haa%eabssib%hf 3PS hudifdrfighal e

esterificatl e condensate reppved . via

o esent) ot G alrarbrg- SOHAGH b QTSR BRRER oD RISaUeR et s eAPPT 8995 d
and is separated off and removed fromthe system The (nmeth)acrylic aC|d
it contains t f

S1430] AP 181 S Th S SETVent CoEa TR R Eeres Pr et on DT Sr EXaen i h
cycl ohexaneP" ¥ from 10 to

15
(Meth)acrylic acid 99.7 — 99.99% by weight
Acetic acid 50 — 1000 weight ppm
Propionic acid 10 - 500 weight ppm
Diacrylic acid 10 - 500 weight ppm
Water 50 — 1000 weight ppm
Carbonylics 1 - 500 weight ppm
Inhibitors 1 - 300 weight ppm
Maleic acid or anhydride 1 - 200 weight ppm
The pure (meth)acrylic acid used is generally stabilized with 100-300 ppm of
hydrogquinone monomethyl ether or other storage stabilizers in amounts which permit
comparable stabilization.
20

Pure or prepurified (meth)acrylic acid generally refers to (meth)acrylic acid whose
purity is at least 99.5% by weight and which is substantially free of aldehydic, other
carbonylic and high-boiling components.

25 The aqueous phase, distilled off during the esterification, of the condensate removed
via the added column (if present) may generally contain 0.1-10% by weight of
(meth)acrylic acid, and is separated off and removed from the system. The
(meth)acrylic acid it contains may preferably be extracted with an extractant, preferably



40C and a r &FiH486/AP 5-30 and preferably 1:10-20 for aqueous phase to
extractant, and returned into the esterification. 5 Grculation my be
further supported by passing an inert gag pref erably an oxygen- containing
gas, nore preferably air or a m xture of gir and nitrogen (lean air) into

t he circul atthanysplvehrusediin the estezification, for agdmple withxdycibkexaher ateroampd e at

rates of 0. kodg an@a9htfS &0I-5-30 add Bréle@Bl 17RI-So ﬂ{{%ﬁ%ﬁ@%lc%ﬁage & %?l%tc[?é{,rgﬁg’

based on the_ vol yne grl; th.. reaction nixture. urse
esterificat i“?)tH"?;j g A eSHficAict ed by nonitoring the ampunt of water
carried out and/or the decrease in the carboxylic acid concentration in the

reactor. gThey; | : 0 ) erably
At T oast Sosgycogior B8y B8 hatfer SIEHe Y, (ESANT o () G- ooty h RIGELF) U

r . . [
expect ed anBANANSS Gest BT aEIasER a1 05 A HRdHTERT A AP HEO2E8 (FBR AN Tiend of
t he reacti orircdatidneordrbeght edovieo theeneactinamifduoenforexafrptd attrhtes of Qldst,anti al |y

no_ fur ther gt bl 2 HSARd Al S RIVES 0 DR IBALEIR volMHEDf e

(meth)acrylic ac 20 carried out ‘together w't wat er of reaction,
its fracti offd4ORARYG nabl e for exanple by backtitrating an aliquot of
t he aqueous phase. The renmpval of the water of reaction can be dispensed

W th for exe}'ﬂ@'cﬁur‘é’@%’f‘tﬁe@ter(fiﬁ?ﬁdﬁ)ég%ﬁ lbb%cﬁﬁb%di@ @3@%5@ trd %&mt o{ water
stoi chionetri c excess, for exar‘rgl e of at Teast 4.5:1, 25 preterably at
| east 7.5: 1%%%.95@%?@8@#5%9 @in the gaPoMIC fcid|Genegtation the seadi@ist ant i al

portion of the anpunt of water formed will remain in the reaction mxture.
Merely that TpEh&gdibl Rafbe WAHE for xérﬁﬁi@)é@%g&ﬁ Qéfbg%?elre?é}ﬁﬁal}/%le%&ddf Gndluring
or after thereactlog \c . ﬁ]termne bét e Vol at] Ité at_the

enpl oyed®t e MREE ALIFTE0Y Y Eﬁ‘ég/%dfg gthepsetically expestedgraount of Walgr Bag P#% r enove
t he resul ti sgmedtoat bpthersebeni.on. For instance, at 30 | east 10% by wei ght of
the resulting water of reaction can remain in the reaction mxture,
preferably | east. 20% hy wei ght, nore preferabl t | east 30% by weight,
Bven: more pibFERAB! Pedpesbnsan Seseis o b ETaRIa HOSRE FeE et sy S
50% by wei urther g@tec of Adfackion is nemavedi \0d thehentragteerWherc awetbjactyie acidact i on

m Xt ur e 26an chRied RV RBEINBPRIh rneSRRALESK resQioh DtsXPiction & déct?rﬂﬁﬁzﬁﬁé%rréx%?le

addition of a _sol) eg whi ch ma%/ e the sane as any solvent use
azeotropi c PEREEEIralpg R plquob P the apreysAiESe ol vent adjusted to any desired
target ester concentration. PF 54496/ AP 19 |In a further enbodi nent, the

reaction camhBfemb@IBEGheWtsr & réattibRBLS thlsE@rﬁﬁedQ\:iWr eXirhdié Geh el
concentrati ?rrr%et%acfrﬁﬁ: a%mg?llsgd |:rL10a_ r%gﬁmsg}lch},o\en%e%ié éxc%rsse,ffgrr(g(%lrr}/plezgf_a%?ggst H%r‘le
25 preferably at least 7.5:1 and most preferably at least 15:1. In this case, a substantial
portion of the amount of water formed will remain in the reaction mixture. Merely that
fraction of water is removed from the reaction mixture during or after the reaction which
is determined by the volatility at the employed temperature and beyond that no
measures are carried out to remove the resulting water of reaction. For instance, at
30 least 10% by weight of the resulting water of reaction can remain in the reaction
mixture, preferably at least 20% by weight, more preferably at least 30% by weight,
even more preferably at least 40% by weight and most preferably at least 50% by
weight.

35 c) After the end of the esterification the reaction mixture can be conventionally cooled
to 10-30°C and if necessary by addition of a solvent which may be the same as any
solvent used for azeotropic removal of water or a different solvent adjusted to any
desired target ester concentration.



preferably PRF-B35/ARen nore preferably 30-50% and nost preferably about
40% for exanple in order to reduce the viscosity. 5 Wat is inportant is
that a substantially honobgeneous solution forns after dilution. This is
preferably acconplished only relatively é%ortly before use in the

pr o]guct iblon of a farter eybodigent, thereset@mdreb\Stbppadl WitH Q@?‘ita%‘fb JliiQiéhﬁG%Hor e, )
referably o D[ e _poref er nore than

D houre hef el & chRAatorf BOLIAIE 10156 ALER ickiratly Sodithe TEE
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from the grexagmpiens bier koredlicevesiscosgityr xture of water with one or nore
organi c golvents which are soluble in water in any proportion and a 15
m xture of water with one or nore nonohydric or polyhydric al cohols, for
exanpl e metMiaié impedag! iy that elsubstaetially homobengnuefselutin forie afterdilufiomr 3
hydr oxyl groups and preferably have from1l to 10 and especially up to 4

b t . Pref ' ' t o d dary al ¢ohols, 20
Preferred allDBHDPESARY AecHBRIsSS ankasialvely sopihetrsusedt i nipRhayPg et
1,2-pr opaneMQ)rpydr@gaﬂ for, Sapmipastaddrelthardd4 héurs befoss preferablyanat ewee than i xt ur e
may be dgcobpiogRbeféra! mBXANRlePatlY ndtihae TR 12'hd s ggfa}é,\é%eﬁﬂ{obﬁprzegérggyt al

oxi des, for example al.um ng, .silica, nmagnes|] um OXl zi.rconli u de,
bor on oxi de "Bfm%‘ﬁa? @S‘oyﬁg?eé?fﬁanpﬁn%ﬁ‘rﬂ%ﬁ?@hlﬁwpt BREHAR 340Ut belegy, by

wei ght, preferably fromO0.5%to 25% by wei ght, nore preferably 1-10% by
wei ght at f ; ; +rom 20
to 80C and Ef.ﬁ?‘é’ﬁ“@it?%’é?s%fﬁdﬁf°gﬁ?%%€p g of Bt EmiRe bERAG! ik | ©
addi ng the POfPEMeRGaBE Séb’aﬂtawﬂvc ESPLPlen Wate ARy ProPPRiEN aPgAact i on

m xt ur e 1&nd mextbseoeaf weater With dneatrinoore ononmiydricsei potyhiydric sleshmis, dor exampler e

t . BN . ? ‘
through a beghdol Brﬁlkﬁgl%‘éell. Phé élcﬂﬂo@ggﬁ%rﬁglﬂ} bkl f26m ﬁ’sg(dtrﬁ)&gg%gﬁé Bga_jef oot ed

sui t abl e nol di_ngs. decol or| zi reaction m

at any desi PF&E%S%@@V? fromkto ﬁ%aW&BgWB'aW%E’S%?a’PB'F alomSprelegnce f9\@age of
t he crude r éapirmany amdsecorelany alabhads. any prewash, neutralization, wash or
solvent renoval. The reaction m xture can further be subjected to a prewash

e) and/ a_neutraljzation f and/ or an afterwash , preferably nerely to
2 neut r 0 2 KsEReq ?f.cofﬂcr's G@‘srf‘%‘é‘aP&aEtBB”%éﬁ?F?’alP?%ﬁ“Bﬁgﬂe)&%ﬁ% Ta-pioegRRdCle)
can be i nt eaothdrigerdpamedidie sequence. PF 54496/ AP 20 (Meth)acrylic acid,
and/or catalyst C can be at |least partly recovered fromthe aqueous phase

of the vvash%ij e) and and/or neutralizatjon f) b}/ acidification and
extraction fpﬁc%§s§ A eaclion npixiyee.pmay be decoloriZzed, for example by treatment with

active carbon or metal oxides, for example alumina, silica, magnesium oxide, zirconium

25 oxide, boron oxide or mixtures thereof, in amounts for example of 0.1-50% by weight,
preferably from 0.5% to 25% by weight, more preferably 1-10% by weight at
temperatures of for example from 10 to 100°C, preferably from 20 to 80°C and more
preferably from 30 to 60°C.

30 This can be effected by adding the pulverulent or granular decolorizing agent to the
reaction mixture and subsequent filtration or by passing the reaction mixture through a
bed of the decolorizing agent in the form of any desired suitable moldings.

The decolorizing of the reaction mixture can be effected at any desired stage in the
35 workup process, for example at the stage of the crude reaction mixture or after any
prewash, neutralization, wash or solvent removal.

The reaction mixture can further be subjected to a prewash e) and/or a neutralization f)
and/or an afterwash g), preferably merely to a neutralization f). If desired, a
40  neutralization f) and a prewash e) can be interchanged in the sequence.



5 For a prePFA4488/AF wash e) or g), the reaction nmixture is treated in-a
wash apparatus wth a wash liquor, for exanple water or a 5-30% by wei ght,
preferably 5-20% and nore preferably 5-15% by wei ght sodi um chl ori de,

pot assi um chl oride, ammoni um chloride, diumsulfate or ammonium sul fate
solution, preferably water or sodium 10 chloride solution. The ratio of

reaction m h, k4 l i - 0 o]
1T pref el iy fpepe R and B Blial S CERES Hact BaliTeRRRE forf e adugpud
the range fPBageIcfdhewashesie)@nd g) and/pnaeutraliration Thay agidficatign @pd extsgrtipe
carried out witha spenpamsd tensed.stirred container or in other conventional
appar at uges for exanple in a colum or a m xer-settler apparatus. In terns

of proceSs engi neering, any wash or neutralization in the process according
to 20 the pPeagmr of A Pl /) e, the reagtion auixtyia is trepted ik amaAShEPBaFatus

extraction giH awashi lRUoN FAREHPR: vidler GRPFBEY i?rﬁtp refafaBp bRoRh ase
a

described in U | mann s | opedi a_of dystri al . str 6th ed, 1999
El oot ront o RAyeREIS80R, 2o{tal By BN Sodtm i deldbsiey Fbde. Yorkinkets. For
exanpl e, t hehlohids, sedintnsulfetef arramyhenjue-sutiate salution, refgesdly wateesregodiviny

si ngl e- spagerori@xtdi@sdn. ons, and al so for these in cocurrent or
countercurrent 25 node and preferably in countercurrent node. Preference is
given to using sieve tray colums, arrangedly or randomy packed colums,
stirred vesJbe satorof meaation suxtuiede wash diquaerus genasally ialtheorapge Feah to1dems, or

col ums  havhRgeraiyd tHeGahde RéMal®?2 t390 Bhdrhewansiembly i th Ringe &Bhy1:03ed
whenever neta ?s{a ts and preferably copper or ‘copper salts are
I

(conconi t antd used as inhibitors. An afterwash g) may be preferable to
renove flbaces of base or salt traces fromthe 35 reaction mxture

neut ral i zedTha wakh oBfe\tfiz&ton QK tHedalicdt @ 'fbrfe)(am[aféﬁn heBfrEd eontainkt g Whi ch
may have be r ewash ontain s

e ed and which may still c mal | anmount s, of
Catal'yst anGMERGSNETHO Brralipes br BRAmp e SR T Rtier e PR R,
neutralized with a 5-25% preferably 5-20% and nore 40 preferably 5-15% by
wei ght aque@ierhi bibroBdssEngheBARE -anl WasB oA ARt RalRhtioR! ih thEEdrBkesdrackbranA86/ AP
21 al kgbl nﬁ}feart h . et al. oXi des h%cgr@m des, carbo&%{grs Kol bi car bonat es,
preferabty d‘ffgﬁ)edg Y68 'q}h?aﬁ&?fr?ﬁﬂ' 0 dﬂslTPiC(?H‘,’erﬁ'aﬂ AN AN, Wdr oxi de
sol ution, seuicessesEndapperayses, iodrample thdsengseribedan Bwanms Encyaldredia o,
cal ci um hydiQk@al CRahktrP 6th ed, 1999 Electronic Release, Chapter: Liquid — Liquid

Extraction — Apparatus. For example, the choice may be for single- or multi-staged,

preferably single-staged, extractions, and also for these in cocurrent or countercurrent

25 mode and preferably in countercurrent mode.

Preference is given to using sieve tray columns, arrangedly or randomly packed
columns, stirred vessels or mixer-settler apparatuses and also pulsed columns or
columns having rotating internals.

30
The prewash e) is preferably used whenever metal salts and preferably copper or
copper salts are {concomitantly) used as inhibitors.

An afterwash g) may be preferable to remove traces of base or salt traces from the
35  reaction mixture neutralized in f).

By way of neutralization f), the reaction mixture which may have been prewashed and
which may still contain small amounts of catalyst and the main amount of excess
{meth)acrylic acid can be neutralized with a 5-25%, preferably 5-20% and more

40 preferably 5-15% by weight aqueous solution of a base, for example alkali metal or



lime, amonP& 34496/Abmoni a water or potassium carbonate, to which solution
5-15% 5 by wei ght of sodiumchloride, potassiumchloride, anmoni um chloride
or ammoni um sulfate may have been added,,if desired, more preferably wth
aqueous sodi um hydroxide sol ution or aq131eous sodi um hydr oxi de- sodi um

chl ori de sobklksirenearffihvoedegxides, hpdrorides, cattionatels mn bicartjpnefesy grefeyablyn t he range
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reacti on m xt

Preferably, pa'gfg‘eé’ ?t{?g {)éﬁ%%liﬁ?f%f é’nﬁ)rﬁ/er& rom the reaction mxture after
washi ng and/or neutralization, but if desired this may also be done prior
tOtL he \Nasl‘rhtelbaa@tstdd@buz:asuc@rawaothatihbgempéretdr@ﬁtﬂhe@apé?awsm@sln&tr@sém xteﬂ |
Wi an anmoupt o r i omet hy
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200- 500 1&nd hﬁﬁr@f nﬁﬂ@*'@ﬂbﬂ!ﬂ is preferablygemoned by £eaing énfev%ﬁ@'s)'éﬁ‘tthﬁ @id the target

ester (resi{Highal ﬁ@ﬁn@c@tsldrlv@tjw@tému . of the main anount of solvent is
effected for exanple 1n a 35 stirred tank with jacketed heating and/ or

internal heating coils under reduced pressure, for exanple at 20-700 nbar,
preferably 3besap oftseactignmidbiedomestralizitg liausois psperathain the FNgeGoBn 0.1t wi | |

be appr eci atied ptdigrablyli® théi rahgé frédhi 10m2 e M0 S Mereqsreferadly mNeslrdngedrom
fallings BI I (Td)% f@f[hl n-filmevaporator. For th;s, the reaction mxture is

recircu ate rably two or PF 54496/ AP 22 nore tinmes, through the
apparatus under reduced pressure, for exanple at 20- 700 rrbar, preferably

30-500 nbar vatregaidao Biecastardtly, thd aBsfe stiramenztppll: 80C. An inert gas,
preferably an oxygen-containing gas, nore preferably air or a mxture of 5

air and nitrogen (lean air) may preferably be introduced into the
distill ati o) raagaléent is present in the reaction mixture, it may be substantially removed

25 by distillation. Preferably, any solvent present is removed from the reaction mixture
_ after washing and/or neutralization, but if desired this may also be done prior to the
wash or neutralization.

For this, the reaction mixture is admixed with an amount of storage stabilizer,

30 preferably hydroquinone monomethy! ether, such that, after removal of the soivent,
100-500, preferably 200-500 and more preferably 200-400 ppm thereof are present in
the target ester (residue).

The distillative removal of the main amount of solvent is effected for example in a

35 stirred tank with jacketed heating and/or internal heating coils under reduced pressure,
for example at 20-700 mbar, preferably 30-500 mbar and more preferably 50-150 mbar
and 40-80°C.

It will be appreciated that the distillation can also be accomplished in a falling-film or
40 thin-film evaporator. For this, the reaction mixture is recirculated, preferably two or



for exanpl e RF. 344P6/Af ef erably 0.2-0.8 and nore preferably 0.3-0.7 nB/n8h,
based on the volunme of the reaction mixture. The residual solvent content
of the residue is generally bel ow 5% by wgi ght, preferably 10 0.5-5% and
more preferably 1-3% by weight after the®flistillation. The renoved sol vent
I s condensednaadimesetheoughltye appsatds uhfierredesetigryssufe, $6rl examiplesdt20ppi Ng
operation i ' X | bl hN =hi font e
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anounts of solvent, is heated to 50- 90C and preferably 80-90C and the
remai ni ng aroLingrs gad, pseferabiytarcgxyges-comathing g3, maréprbfeaéﬂlfo‘aigaﬁairrnTt_areSdﬂ tabl e
apparatug. TF i 2Q). in
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trays, dunpediupacdfithereaictict misdirgr ed packi ng, preferably dunped packing.
Useful colum internals include in principle all conmmon 25 internals, for

exanpl e trays, arranged packing and/or random packing. Preferred trays
i ncl ude bubbihe resigyal sokerhaententigithe vegidug is ganerallyialewrabinbyt weight, aredgrebly

dual -f1 qy t e88% andthéb ﬂ?éf%f&llyfﬁQWQ%ITUlOl@iQhﬂh’#@HH%st%@orihose of rings,
a

coils, saddles, Raschig, Intos or rings, barrel or Intal ox saddl es,

Top-Pak, etc or braids. 30 Another possibility here is a falling-film
t hi n-fil m orTheirp@oyed salvamk soroadensediand pexfaraplyorensed.uwa, Rotafil m or Sanbay
evaporat or, which may be splash-guarded with a dem ster for exanple.

Usef ul gases; i nc ich are tnert under the stripping conditions,
oref or bty ﬁfﬁcséiégﬁﬁ%iﬁ%%wag BhEaET hisnl B Barief T e oB fAeY ea o
ai r and1hi t cotherdigtilation.air) or water vapor, especially such gases which
have been preheated to 50-100C. The stripping gas rate is for exanple in

st pr ot er 01 17 4% Rlber ZRE A G 8p e drial AP scly B = hestece 51 e
of the react¥0dnand piaferablyB0-80fomidibe 2gnainingemasste of solveet areremoveswitle
sub{c ected t%fsi@;itéblbfghaﬁd QBuilabIeaé;ip%'Péttjfs".t'%ﬁé%ﬁ%drh@n?&fﬁﬁ&éput dhd?é?é%étﬁum can
pref er ahly er. . in ral ization and any effected sol vent renoval,
in ord?b t%gtapspe\é@ﬁ%upgélggfuc{eﬁgﬁcgs of salts and any decol ori zi ng agent nay
be renmoved. 5 In a conceivabl e enbodi nent, the esterification a) of

al koxyl at ed ExhirpRIsdf udefiNappafRidihaeiby tbiamas ioflchrivehfithaPies@NwRicR todthin east
C and of at | east ati.on i nhibitor

D s carri cdoBITPRA RAR, oL R el o e paRla BP stURRlred BabRy,
preferably dumped packing. Useful column internals include in principle ali common
25 internals, for exampie trays, arranged packing and/or random packing. Preferred trays
include bubble trays, sieve trays, valve trays, Thormann trays and/or dual-flow trays,
while preferred dumped packings are those of rings, coils, saddles, Raschig, Intos or

Pall rings, barrel or Intalox saddles, Top-Pak, etc or braids.

30 Another possibility here is a falling-film, thin-film or wipe-film evaporator, for exampte a
Luwa, Rotafilm or Sambay evaporator, which may be splash-guarded with a demister
for example.

Useful gases include gases which are inert under the stripping conditions, preferably
35 oxygen-containing gases, more preferably air or mixtures of air and nitrogen (lean air)
or water vapor, especially such gases which have been preheated to 50-100°C.

The stripping gas rate is for example in the range from 5 to 20, more preferably in the
range from 10 to 20 and most preferably in the range from 10 to 15 m3m?h, based on
40  the volume of the reaction mixture.



i ndi cat ed aBbBd494{APhout a sol vent capable of forming an azeotrope with
water. 10 In a preferred enbodi nent the excess (neth)acrylic acid is
preferably substantially not renoved, ig only that fraction of
(meth)acrylic acid is renoved fromthe reaction mxture that is determ ned
by the volatility at the enpl oyed tenperature, and beyond that no neasures

are carried t i ' £ istillative,
15 rectifi cg?ig{:/%%sgg{’(?{régéésﬁ?rv%ﬁF%E%%df%ra?@&agi%ﬂ)% aﬁggféglra%{ {h\%e l%Pr_ exanpl e
passi ng t hr BR§RSS Reaferahly itet wasiing/Beutiaizdisgrand any eXerias gelvent remayalrin

chem cal st efnier $iacpreaipitated vabgs oisaitobnd bRy eésdsneifg ayedtingdy bk rémewexi des are
carried put. The extent to which the (neth)acrylic acid in the reaction

m xture Is renoved fromit is 20 preferably not nore than 75% by wei ght,

nore pref er KA gonsstvahisrambadime obe ipytericaiinn a) el @koxyiated gyesrelrdl y not nore
than 25% by(mehgitylic asigesihel drysemet offat Ieadt bAB estbhifiediivn \vaiagRt Cane ofBskast

preferably - . 500, i sed_gn the th ylic acid in
Phe react] of P dPneutdipR iy DIE Lk oBAR R ndR: (XtSes LR 15 oF 5
preferred eiffisatedeabove sviget dyoleent cepalient foaning €6 azpatropsrvith waler-f r act i on of
wat er ofg25 reaction and (neth)acrylic acid is renoved fromthe reaction

1 xt th i ] th Latility at. th 1 t .
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preferabdy restiigatve gxtjactivedwasieng tor sgampleba ¢ (fFxamplegrassing thratigher wash
e) O_rblg) iéa@rvgfearoahign cﬁﬂhrbh@tﬁﬁon@bl_@édgeﬁs)fahbfof@ﬁér@iﬂal%‘tt)é?i% dubhtfél@@c%%ngi_nﬁ o
sensi e. A . .ne | XL uUure can supsequen e llute
in step C),gﬁtﬁe\éﬁlﬁéﬁ/hg;aég %p‘ ‘ia'é&ﬂ%%@?é;?%ﬂ?@%%nverted Wi '?hi n 6yhours and

nore preferably within 3 hours to the hydrogel. It may preferably be
neut r al i zedTh&eesttovhich thé (bl )avndie facifin theereattRPmitiure is)re@dded Fromst is

conpr 1 sy SERrERBOholeWET TS B by MR SISl B OB AR ot Ton
processes d¥8ight. s¥en moee aistarably paleheredbany 2% byaveighirgspecially not more than
10% by weight and most preferably not more than 5% by weight, based on the
{meth)acrylic acid in the reaction mixture after the reaction has ended. In a particularly
preferred embodiment, stage b) can be omitted, so that only the fraction of water of
25 reaction and (meth)acrylic acid is removed from the reaction mixture that is determined
by the volatility at the employed temperature. This can preferably be prevented by
substantially complete condensation.

Furthermore, the esterification catalyst C used is likewise substantially left in the
30  reaction mixture.

The DIN EN 3682 acid number of the reaction mixture thus obtainable is preferably at
least 25 mg of KOH/g of reaction mixture, more preferably in the range from 25 to 80
and most preferably in the range from 25 to 50 mg of KOH/g.

35
Any pre- or afterwash e) or g) is preferably omitted; merely a filtration step j) can be
sensible.



diluent G THfeSHM8ARition of matter of the present invention may further
conprise 15 - esterification catalyst Cin protonated or unprotonated form
- polynerization inhibitor D and al so - ??y solvent Eif used in the
esterification. 20 The conposition of na may have been neutralized and
have a pH asTheireedioabuoiviere cardeubséqueniihén dilited costpps), tin whicbfcascmittser has been

neutralized,, réf'éri%ﬂé}nvértéﬁ)\ﬁlftﬁlﬁ@ rf&fgr amf)féfggf)efﬁ)}’*vﬁlﬁn S%ﬁrﬁgﬁ ﬁfcﬁo%t

converted |th0 t heir éfear-so al 1 ne
or anmmoni um'SARY Brefetaply é’tef“%"z@er'l‘b6§ecpi fon of matter conprises ester Fin a
fraction fromO0.1 %to 40% by weight, nore preferably from0.5%to 30 20%

even nore pred 0/ tﬁ%}gm ally from2%to 5% and
speci fi cg)l I y.l(Fl ?%%ledf/ﬁe(rﬁ%fl@ ﬁ’)taﬂddﬂ{%r nononer M at 0.5-99. 9% by wei ght,

nore preferably 0.5-50% by weight, even nore preferably 1-25% especially
2-15% and s e gresent inyeftionfudfértproidésy comeasitivh, of Afatter esrhgrisirfg cat i on
catalyst C at 0-10% by weight, nore preferably 0. 02-5% even m)re
preferably 0.05-2.5% by weight and especially 0.1-1% by weig

pol yrer i zat i-on i 2iHast P59 eﬂea'f obtaimaplgyby.enegHthe eedicatier enoaeasys@e@@bm%
even noge pref estbky 0.02-0.75% especially 0.05-0.5% and specifically

0. 075-0. 25%_ 6/ AP 25 solvent E at 0-10% by wei ght, nore
preferably 0- SfV (ﬁ%ﬂ&e&rghfgcééﬁcﬁ nore preferably 0.05-1.5% by wei ght and

especially 0. 1- Cﬂ"H%‘tb@? wei ght, with the proviso that the sumtotal is
al ways 100% by wei ght, and also any diluent G ad 100% by weight. 5 The

reacti on X @R R0NB BARLa N id SRR RIS RAP i, SARRRY T onS, O

matter accor resent inv ion can usé -"as a radi cal
crosslidRer of water- absorbl ng hydrogels, 10 - as a starting material for
produci ng pel ynegstetifisgionssatalgst G inasotansteabt umgotdaitediferim, f or produci ng

pol yacryl at es (eﬁ%ﬁﬁérizlg}f&“ f?lﬂfﬁ'itér)ﬁ)ana afld @ paint raw material or

- any solvent E if used in the esterification.

20  The composition of matter may have been neutralized and have a pH as cited above
under f),

When the composition of matter has been neutralized, at least a portion of the
(meth)acrylic acid has been converted into their water-soluble alkali metal, alkaline
25  earth metal or ammonium salts.

A preferred composition of matter comprises

- ester F in a fraction from 0.1% to 40% by weight, more preferably from 0.5% to
30 20%, even more preferably from 1% to 10%, especially from 2% to 5% and
specifically from 2% to 4% by weight,

- monomer M at 0.5-99.9% by weight, more preferably 0.5-50% by weight, even
more preferably 1-25%, especially 2-15% and specifically from 3% to 5% by
weight,

3% - esterification catalyst C at 0-10% by weight, more preferably 0.02-5%, even
more preferably 0.05-2.5% by weight and especially 0.1-1% by weight,

- polymerization inhibitor D at 0-5% by weight, more preferably 0.01-1.0%, even
more preferably 0.02-0.75%, especially 0.05-0.5% and specifically 0.075-0.25%
by weight,



- as a cenmeRf ¥486ARe. 15 Conpositions of matter according to the present
invention which are particularly useful as radical crosslinkers of

wat er - absor bi ng hydrogel s have a sol ubi I'% y in distilled water at 25C of
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30% by weight apbeepRALDEh!sy, Biivebﬁ?énd@é’décé@/‘ﬂtim%tgmlelg@towfﬂ')t
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omtted, frem blangdjluenmiad bP0% byovaighHted, the reaction m xture froma), can
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conmpounds N Whl ch bear. no acid 0 but 25 are co oI rrerl zabée with the
vy ophi T c TREAGARIPS MHriea cElanabifohy e 256K REtpswAnd cpriastoss Bb@Ater of | ot

| east one r adtarding itmiHe présent ivantibnaganifiodalsey at | east one grafting base L
to prepare water-absorbing hydrogels. It nay be preferable to conduct 30 1)
to postcrosslink the reaction mxture of k). Useful hydrophilic nmononmers M

for preparing k)aStW@g@aMr@ﬁ|'9k§\HéW%13€5W§°H‘Hd]c¥ﬁfqul§ hydrogel s i ncl ude for
exanpl e1@ci ds cagabitarting neadetial fop produlcytyolyraer idspersiunsh as acrylic acid,

met hacrylic_aci ' ni c acid,

mal ei ¢ aci d, 35%S qeétgﬁ'ﬁéﬁdt% gﬂe%r%o?]ﬁgpsp u )@@ﬁlfa\éééa Ix@:‘dt ﬂ?’ P%%gsphoni c acid,
mal ei ¢ aci d; nalaélﬂzpa“&trfFWd??tﬁ'éa Of umaric acid, itaconic acid, citraconic

aci d, nesaconi c sac ¢emeHtatiditesni c acid, aconitic acid, allylsulfonic acid,
sul foet hyl acryl ate, sulfoethyl net hacryl ate, sulfopropyl acrylate,

sul f opropyl nethacryl ate, 2-hydroxy- 3- acrg oyl oxypr o Isulfonl Cld

2- hydr oly- 35981R08HIPH$ BWBWGCB?NI"QJP fhepreseptinyen WV'F%%W cHSHf“'

styrenesul f @Blr@d|ca¢@rcsshrd<,er529fanatgrl-abmrmhg Bydrogeihydveps sqpabiity i distilied wabérd,

2-acrylam i %92%’6‘&*.@( |ﬁsE'ir9a9P5"P bg AB6reRarALnot IS RAP 0% Q«bé?grﬂ'}ﬂor'él SO
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t heir am des ydro est am no- esters
and anm des. PEIEBEV Rk SssI aemnprweﬁe%anm bt Bher

Fur t her nor e weight and ebpeaially Noviesy thani50&sbyawedigal. so di al | yl di net hyl ammoni um
chloridegy Preferred hydrophilic nmononers are conpounds of the formula V 5

ahecsnony 8 S0b ARl o Relaer Y elSon dnore Groap e ne
formul a VI practiced, for example the reaction mixture from f) or, when f} is omitted, from b) or,
when b) is omitted, the reaction mixture from a), can optionally be admixed with
additional monoethylenically unsaturated compounds N which bear no acid groups but
25  are copolymerizable with the hydrophilic monomers M and can then be polymerized in
the presence of at least one radical initiator K and optionally at least one grafting base
L to prepare water-absorbing hydrogels.

It may be preferable to conduct
30 1) to postcrosslink the reaction mixture of k).

Useful hydrophilic monomers M for preparing k) these highly swellable hydrophilic
hydrogels include for example acids capable of addition polymerization, such as acrylic
acid, methacrylic acid, ethacrylic acid, a-chloroacrylic acid, crotonic acid, maleic acid,
35 maleic anhydride, vinylsulfonic acid, vinylphosphonic acid, maleic acid, maleic
anhydride, fumaric acid, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid,
aconitic acid, allylsulfonic acid, sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropyl
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-acryloyloxypropylsulfonic acid,
2-hydroxy-3-methacryloyloxypropylsulfonic acid, allylphosphonic acid, styrenesulfonic
40  acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-acrylamido-2-methylpropane-



O HC CH3 XPRAMEO/AR 1o 15 R5 i s hydrogen, nethyl, ethyl or a carboxyl

group, R6 is hydrogen, am no or hydroxy-(C, -C4)-alkyl and R7 is a sul fonyl

group, a phosphonyl group or a carboxyl oup. 20 Exanpl es of

(C -C4)-al kanol s are net hanol, ethanol, ii-propanol and n-butanol.

Parti cul ar | yhpspifosicrasit arydialep Hiciriamidem bydnosyaiky: estersyaridcanaiod-dorammonio-
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can be sensihle to, ,use addition noet hyl eni cal |y, saturated conpounds

N ahi oh do. ARG edneRRoRoLRE e Rt Erates Buf She iR Mitmonka

mononer s beahlorige. dtretérmgd dygrophitic oloncmepoam demipoehdsdd theformxanpl e t he

am des agd nitriles of nonoethylenically unsaturated carboxylic acid, for

exanpl e acr J am de, nethacrylam de and N-vinyl fornmam de, N-vinyl acetan de,

N- et hyl vin 30 REtan de, acrylonitrile and nethacrylonitrile. Exanples

of further sWNtalf e conmpounds are vinyl esters of saturated - to

CA- carboxylic/aci\ds such as vinyl formate, vinyl acetate or vinyl

propi onate, HI kyl “wknyl ethers having at |east 2 carbon atons in the alkyl

group, for exanple ethyl vinyl ether or butyl vinyl ether, esters of

nonoet hyl enically wunsaturated C3- to C6-carboxylic acids, for exanple

esters of hydric Cl- to Cl8 35 al cohols and acrylic acid, nmethacrylic

acid or maleic acid, nmonoesters of maleic acid, PF 5449r6/ AP 27 for

exanpl e net hyl hydrogen nal eate, N-vinyllactans such as N-vinyl pyrrolidone

or N- vilAyl &ipr o¢ hydragen, avatipyl ocetpld net hacrylic esters of al koxyl ated

nmonohydri c t ur,at al , ISy i ? 10 to
sat ur@ledorel £alhegré a%ﬁgﬂlva?\%rﬁﬁr?%%qm gf?(ﬁ) BRYN 1S s{erifed

ri
25 carbon at ons i ch have been . react to” 200 nol of ethylene
oxi de and/or pr %F&@V&(Pﬂ%"gt@? f?FH]”@’ glf 5 al cohol, and al so nmonoacryiic

esters and nononet hacrylic esters of polyethylene glycol or polypropyl ene

| ycol, the s (Me) of the polyal kyl ene gl ycols bein up to
aly %%dﬁ?ﬁ (Me) poly y aly g p

2000, for exa hgk suitable nononers are styrene and

al kyl -substit)rme tehes such as ethyistyrene or tert-butylstyrene. 10
These nononers w& houft acid groups may al so be used in mxture with other
nononers, for exanple ® xtures of vinyl acetate and 2-hydroxyethyl acrylate
in any qgroportion. These nononers w thout acid groups are added to the
reacti on m xgure amounts within threbog(ﬁnge fromO to 50% by wei ght,

in
preferably less '} hm{ommhwtﬁﬂpr aca group,
R® is hydrogen, amino or hydroxy-(C;-C,)-alky! and

R’ s a sulfonyl group, a phosphonyl group or a carboxyl group.
20  Examples of (C-C,)-alkanols are methanol, ethanol, n-propanol and n-butanol.

Particularly preferred hydrophilic monomers are acrylic acid and methacrylic acid,
especially acrylic acid.

25 To optimize properties, it can be sensible to use additional monoethylenically
unsaturated compounds N which do not bear an acid group but are copolymerizable
with the monomers bearing acid groups. Such compounds include for example the
amides and nitriles of monoethylenically unsaturated carboxylic acid, for example
acrylamide, methacrylamide and N-vinylformamide, N-vinylacetamide, N-methylvinyl-

30 acetamide, acrylonitrile and methacrylonitrile. Examples of further suitable compounds
are vinyl esters of saturated C;- to C,-carboxylic acids such as vinyl formate, vinyl
acetate or vinyl propionate, alkyl vinyl ethers having at least 2 carbon atoms in the alkyl
group, for exampie ethyl! vinyl ether or butyl vinyl ether, esters of monoethylenically
unsaturated C;- to Cg-carboxylic acids, for example esters of monohydric Cy- to Cqg-

35 alcohols and acrylic acid, methacrylic acid or maleic acid, monoesters of maleic acid,
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whi ch subst ant | o not react art’in mer of with
the’ "post or BT AELT NSy Batriste PO UG OLES SR RdERa bRTSSART SRR ot

react chem ealduptswithin thelrangst faorh iOrig 50 yymeeiglaty prefdrabiy hess st 20% g Meigher to
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before but &r&@sduring the drying operation. Preference is given to
sprayi ngga soI ution of the crosslinker in reaction mxers or m xing and

m xers, Stocks PARUFE the APl lbe Rl pRethenEE A5 Lin)@ar s o SRRIEI B use
f1 uidi zed bgad guperabsorgnts has been extensively described before and therefore is well
known, see for example “Modern Superabsorbent Polymer Technology”, F.L. Buchholz
and A.T. Graham, Wiley-VCH, 1998 or Markus Frank “Superabsorbents” in Ullmann's
25 Handbuch der technischen Chemie, Volume 35, 2003.

Preference is given to such hydrogels which are obtained by crosslinking addition
polymerization or copolymerization of acid-functional monoethylenically unsaturated
monomers M or salts thereof.

30
The polymers obtainable are notable for an improved saponification index (VSI).

In the postcrosslinking process, the starting polymer is treated with a postcrosslinker
and preferably during or after the treatment postcrosslinked and dried by raising the

35 temperature, the crosslinker preferably being included in an inert solvent. Inert solvents
are solvents which substantially do not react either with the starting polymer or with the
postcrosslinker. Preference is given to such solvents which do not react chemically with
the starting polymer or with the postcrosslinker to an extent of more than 90%,
preferably more than 95%, more preferably more than 99% and especially more than

40  99.5%.
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nononer s IVl bglowf30 rowo) pol yners of 40 one or nore hydrophilic nononers M on
a suitable grafting base L, crosslinked PF 544961AP s 29 cellulose or
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780, DE-A-40 X 17 846 07 289, "DE-A-35 33 337,

DE- A- 35 03 al ppesyli EE’ 44 548, DE-A-42 19 607, DE-A-40 21 847, DE-A-38 31
261, DE-A-35 11 086, DE-A-31 18 172, DE- A-30 28 043, DE-A-44 18 881,
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25 especnally 0.5-10% by weight based on the mass of the starting polymer is used.

Preference is given to such processes wherein the radical crossiinker is used in a dose

of 0.01-5.0% by weight, preferably 0.02-3.0% by weight, more preferably 0.03-2.5% by

weight, especially 0.05-1.0% and specifically from 0.1% to 0.75% by weight based on
30 the starting polymer.

The present invention also provides polymers prepared by one of the processes
mentioned above and for their use in hygiene articles, packaging materials and
nonwovens and also for the use of an abovementioned composition of matter for

35 producing crosslinked or thermally crosslinkable polymers, especially in paints and
varnishes.

The highly swellable hydrophilic hydrogels to be used (starting polymers) are in
particular polymers of (co)polymerized hydrophilic monomers M, graft (co)polymers of
40 one or more hydrophilic monomers M on a suitable grafting base L, crosslinked
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according to caI
crossl i nker sPOIVﬁ"QWl?ﬂé@éld@S ﬂi’@rﬁ'%h!%‘é‘th”&lwswsl n conbination with other
crosslinkers, for exanple internal or surface crosslinkers, for exanple the

fol | ow ng: nlﬁgﬁ
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25 suitable water-soluble polymer matrices are alginates, polyvinyl alcohol and

polysaccharides such as starch for example. A graft copolymerization for the purposes
of the present invention utilizes a polyfunctional ethylenically unsaturated radical
crosslinker.

30 The water-absorbing polymer can be an organic/inorganic hybrid polymer formed from
a polymeric acrylic acid or polyacrylate on the one hand and a silicate, aluminate or
aluminosilicate on the other. More particularly, the polymeric acrylic acid or polyacrylate
used may be obtained by free-radical polymerization using a polyfunctional
ethylenically unsaturated radical crosslinker and formed using a water-soluble silicate

35 or soluble aluminate or mixture thereof.

Preferred hydrogels are in particular polyacrylates, polymethacrylates and also the

US-4 931 497, US-5 011 892 and US-5 041 496 graft polymers. Very particularly

preferred hydrogels are the kneader polymers described in WO 01/38402 and the
40 polyacrylate-based organic/inorganic hybrid hydrogels described in DE 198 545 75.
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The water-absorbing polymer is preferably a polymeric acrylic acid or a polyacrylate.

This water-absorbing polymer can be prepared by a process known from the literature.
30  Preference is given to polymers which contain crosslinking comonomers (0.001-

10 mol%), but very particular preference is given to polymers which were obtained by

free-radical polymerization and where a polyfunctional ethylenically unsaturated radical

crosslinker was used.

35 The highly swellable hydrophilic hydrogels are preparable by addition polymerization
processes known per se. Preference is given to the addition polymerization in aqueous
solution conducted as a gel polymerization. It involves, as stated above, dilute,
preferably aqueous and more preferably 15-50% by weight aqueous, solutions of one
or more hydrophilic monomers and optionally of a suitable grafting base L being

40 polymerized in the presence of a free-radical initiator by utilizing the Trommsdorff-
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or the correspondmg alkali metal carbonates, but more preferably sodium hydroxide,
25 sodium carbonate and sodium bicarbonate.

or can

Neutralization is typically achieved by mixing the neutralizing agent as an aqueous
solution or else preferably as a solid into the gel. For this, the gel is mechanically
comminuted, for example by means of a meat grinder, and the neutralizing agent is

30 sprayed on, scattered on or poured on and then carefully mixed in. The gel mass
obtained can then be repeatedly passed through the meat grinder for homogenization.
The neutralized gel mass is then dried with a belt or can dryer until the residual
moisture content is preferably below 10% by weight and especially below 5% by
weight.

35
The addition polymerization as such can also be carried out by any other process
described in the literature. More particularly, the neutralization of the acrylic acid can
also be carried out prior to the polymerization, as described above in step f). The
polymerization can then be carried out in a conventional belt reactor or a kneading

40 reactor continuously or else batchwise. When the polymerization is carried out in a belt
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t he preg 35 invention can be nmeasured by the nethods indicated in the
descri pti on Useful eatess | indhidercompioupdsgrodescobedapwe; al |y 9, 10, 11, 12, 13,
14 or higher, nore preferably 15, especially 16, 17, 18, 19, or hlgher

even nore pr f%@g}é%ﬁ?@ﬁﬁﬁﬁe h?dSrBS& f&H r¥g E&ymg% accgr%ingzté’thezéresgrﬁ 27, 28,
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invention can be measured by the methods indicated in the description and is

25 preferably above 15, especially 16, 18, 20, 22, 24, or higher, more preferably 25,
especially 26, 27, 28, 29, even more preferably 30, 31, 32, 33, 34, 35, 36, 37 or higher.

The AUL 0.7 psi value [g/g] of the hydrogel-forming polymers according to the present
invention can be measured by the methods indicated in the description part and is

30 preferably above 8, especially 9, 10, 11, 12, 13, 14 or higher, more preferably 15,
especially 16, 17, 18, 19, or higher, even more preferably above 20, especially 21, 22,
23, 24, 25, 26, 27, 28, or higher.

The AUL 0.5 psi value [g/g] of the hydrogel-forming polymers according to the present

35 invention can be measured by the methods indicated in the description part and is
preferably above 8, especially 9, 10, 11, 12, 13, 14 or higher, more preferably 15,
especially 16, 17, 18, 19, or higher, even more preferably above 20, especially 21, 22,
23, 24, 25, 26, 27, 28, or higher.
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i nvention, 0% by wei ght ~of hydr ophilic f| ber material nore preferably
30- 100% by wei ght of the hydrogel -form ng polyner according to the present
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30 the |E5$es€‘|’{?“tiorﬁ‘vent|on 0-60% by wei ght of hydrophilic fiber material yet
even nore preferably 50-100% by wei ght of the hydrogel -form ng pol ymer
accor di ng t%é FesBh@ifGtioh [:)é?étg% B8 @s%lﬁfl‘f‘@'a%ﬁ&erﬂ%ntﬂﬁg& ﬁ%}bé ¢ Tiber

mat eri al ? pre era y wei ght gel -form ng
pol yrer acc 'Ei‘ir}‘i’goof'f 8 iEhys ICIeHGARRISHN, 0- 40% by wei ght of hydrophilic
fiber material 35 especially preferably 70-100% by wei ght of the

hydr ogeb fo n éégﬁr g to the present invention, 0-30% by
wei ght o gll&ll% %é’rgah%gﬁl al extrenely preferably 80-100% by wei ght
of the hydr ‘6‘1“14’1"?169'?5'8@9@? SB8%ording to the present invention, 0-20%
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25  preferably 20-100% by weight of the hydrogel-forming polymer according to the
present invention, 0-80% by weight of hydrophilic fiber material
more preferably 30-100% by weight of the hydrogel-forming polymer according to the
present invention, 0-70% by weight of hydrophilic fiber material
even more preferably 40-100% by weight of the hydrogel-forming polymer according to
30 the present invention, 0-60% by weight of hydrophilic fiber material
yet even more preferably 50-100% by weight of the hydrogel-forming polymer
according to the present invention, 0-50% by weight of hydrophilic fiber material
particularly preferably 60-100% by weight of the hydrogel-forming polymer according
to the present invention, 0-40% by weight of hydrophilic fiber material
35 especially preferably 70-100% by weight of the hydrogel-forming polymer according to
the present invention, 0-30% by weight of hydrophilic fiber material
extremely preferably 80-100% by weight of the hydrogel-forming polymer according to
the present invention, 0-20% by weight of hydrophilic fiber material
most preferably 90-100% by weight of the hydrogel-forming polymer according to the
40  present invention, 0-10% by weight of hydrophilic fiber material
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Hygiene artictes for the purposes of the present invention include not only incontinence
pads and incontinence briefs for adults but aiso diapers for infants.

35 The liquid-pervious topsheet (P) is the layer which is in direct contact with the skin of
the wearer. Its material comprises customary synthetic or manufactured fibers or films
of polyesters, polyolefins, rayon or natural fibers such as cotton. In the case of non-
woven materials the fibers are generally joined together by binders such as
polyacrylates. Preferred materials are polyesters, rayon and biends thereof,
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Tampons are described in the following references: WO 98/48753, WO 98/41179,
WO 97/09022, WO 98/46182, WO 98/46181, WO 2001/043679, WO 2001/04 3680,
WO 2000/061052, EP 1108408, WO 2001/033962, DE 200020662, WO 2001/001910,
WO 2001/001908, WO 2001/001909, WO 2001/001906, WO 2001/001905,
30 WO 2001/24729. Incontinence articles are described in the following references:
Disposable Absorbent Article for Incontinent Individuals: EP 311344 description pages
3-9; Disposable Absorbent Article: EP 850623; Absorbent Article: WO 95/26207;
Absorbent Article: EP 894502; Dry Laid Fibrous Structure: EP 850 616; WO 98/22063;
WO 97/49365; EP 903134; EP 887060, EP 887059; EP 8870568; EP 887057,
35 EP 887056; EP 931530; WO 99/25284; WO 98/48753. Feminine care and incontinence
articles are described in the following references: Catamenial Device: WO 93/22998
description pages 26-33; Absorbent Members for Body Fluids: WO 85/26209
description pages 36-869; Disposable Absorbent Article: WO 98/20916 description
pages 13-24; Improved Composite Absorbent Structures: EP 306262 description



WD 97/ 49365, PFEM496(AR34; EP 887060; EP 887059; EP 887058; EP 887057; 35 EP
887056; EP 931530; WO 99/ 25284; WD 98148753. Femi nine care and incontinence
articles are described in the foll ow ng é ferences: Catanenial Device: WO
93/ 22998 description pages 26-33; Absorbent Menbers for Body Fluids: WO
95/ 26209 desages pt1db BopayéstaSAbidheDiisits MO OIATOTB bEhese Aeferances aMOhe
98/ 20916 de F N : Lie Absorbent Structures:
EP 306262 dZ@%ﬁ?‘%tb?@ﬁrﬁﬁggezrﬁeéé?’i%xpé%{%ggﬁ&g-Eélgg;iEi lh'dy Wast e Absor bent
Article: WD 99145973. These references and the references therein are
her eby expr &helhydiogebiopoing tetyrtees ecovrdifitn® thy gresgel infention mage ol yisefusas
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absorbent  componenttin hygiénegartcles audh ad dispessidBmasngioraga@ltsry napkipens or
sanitary napkins. Incorporation and fixation of the highly swellable
hydrogel s according to the present 10 invention In addition to the
above- descr i'FOEPUALN ndiation B the Righbayalladle hydrogpls seerraing te BigRiesanton of
t he pregent invevigsi i on i ncl udes constructions which include highly
swel | abl e hydrogels or to which they are fixed. Any construction is
suitable that is 15 capabl e of accommopdating hi ghly swell abl e hydrogel s and
of being i nigfalientotht aoevsedesaaaest oy swelapia hdiodas. thamberbentor such
conposi t i onsonpositisreaiyie prapent iavehtide frctudee donstructkerisaivhich imchude hightyer at ure. A
CONSt ruct i o Ltk ﬁ?&r@bélé Bgtotmcmfhgp laYe USRI hﬁ?h&sﬁﬁ%‘&qggﬁité}cﬂ’é}thgﬁs for
exanple a fiber matrix consisting of a cellulose fiber mxture (air-laid
web, wet!dl aic@PakieB) agremenRaatag Pghlysiwefiahle hydrage!s ere pt beibauntegsaied die Hifonded
web) or el sabsbdrptor lager AZfiultiplieityl oloduch ebinpbsisensfis beesdyamowsamtiuescribeldiiber s.
Possi bl e fi ; i r i i i e
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air-laid we rocess Ls described for, ex |, N 178. r nor e,
open- cel | ed IPEXARPIE- fibes Mafis consjSting ofi8 SAlessiloe s\wturer(fi'@-lﬂ@{vewqtiﬁ e

hydr ogel s. 2¥&bAbt syntfatic\pelymer ibers (aelibost mebt spanbaorededorett) lve else b b fiberdf
fusing t [[WYe [IRVA MR A% : id Bl deBdifed i
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System i s dGUERELNEC foIguEal e fikAeeP BiPgesds CRFOTPAGAO AP 26 et sed.
30 In this MMOHS/ 2418 Astthermera fopeheelleddobmy or thedike may tecusedtte mstadr vi ous.
The second | swélBYle®HyHRRfisPe water pervious or water inpervious. The

| ayer material ‘'used nmay "be” tissues or other fabric, closed or open-celled

foanms, perforated filns, elastonmers or fabrics conposed of fiber material.
When t h@babddtebeatively,auob siconstruation sas be thef reault of fusing two individual layers to

form one or better a multiplicity of chambers which contain the highly swellable
hydrogels. Such a chamber system is described in detail in EP 0 615 736 A1 page 7
lines 26 et seq.

30 inthis case, at least one of the two layers should be water pervious. The second layer
may either be water pervious or water impervious. The layer materiail used may be
tissues or other fabric, closed or open-celled foams, perforated films, elastomers or
fabrics composed of fiber material. When the absorbent composition consists of a
construction of layers, the layer material should have a pore structure whose pore

35 dimensions are small enough to retain the highly swellable hydrogel particles. The
ahove examples of the construction of the absorbent composition also include
laminates composed of at least two layers between which the highly swellable
hydrogels are installed and fixed.
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exanple a 15 polymer filmon which the highly swell abl e hydrogel part i cles

are fixed. ﬁ'marmzsrmwmsohﬁeneéérﬁséﬁ%nrrﬁéy Sthpris@rh 38 rSateal el edrgsle @N bot h

Shove’ cliat PaRTeM dr Picf i 6y SR6 B SoldcR BartFied Sleher T drktiRan

swel | abl e  DOefigdiedbaRlonlyAn enafie Rt #l3een bah sisies Thenbase-matedslisanwei ght ,
preferably witet pORAcRY ordiatEhimpérvibes.pr ef erably 30-100% by wei ght, even nore
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n the

Fiber materials of the absorbent composition

The structure of the present absorbent composition according to the invention may be

30 based on various fiber materials, which are used as a fiber network or matrices. The
present invention includes not only fibers of natural origin {modified or unmodified) but
also synthetic fibers.

A detailed overview of examples of fibers which can be used in the present invention is
35 given in WO 95/26 209 page 28 line 9 to page 36 line 8. The cited passage is thus part
of this invention.

Examples of cellulose fibers include cellulose fibers which are customarily used in
absorption products, such as fluff pulp and cellulose of the cotton type. The materials
40  (soft- or hardwoods), production processes such as chemical pulp, semichemical pulp,



35 given i nPh3486/A 209 page 28 line 9 to page 36 line 8. The cited
passage is thus part of this invention. Exanples of cellul ose fibers

i nclude cel lul ose fibers which are custog%ri |y used in absorption
products, such as fluff pulp and cellulo of the cotton type. The
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et hyl cel l ul ose and cel |l ul ose acetate are used. 5 Suitable synthetic fibers
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acet ate/ poly ropél ene. ol ein%beqe/ Bo‘gge ter, Rci pr o‘ﬁé enel p Iyester,
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pol yol ef i n thhsfesterPRlyEsier, PolyhirRy t’?onﬁsf‘ﬁ\ylohb‘edofy_uFHtﬁﬁ_mWé?d?tpofyb@Pefnﬁ-fibers

Preference is further given ta.ther . adhesi ve biconmponent “f bers
conposed of 2B P‘i’j&?%ﬁpﬂﬂg‘f ﬁtf‘?{a'opcr SEé@'Wé%lg'HeT g’p@lﬁﬁ%f'“sfﬁ)ﬁg’p B?'—Vg?ta"eg'beﬁ)a't‘? pe on
account of theribicosmppaehtdiners]iPrefarsnoe i fughertgiventty tepbalbyadesiveui d
absor pti on. hEbpsNEH: iBérs CofripBEP o RINIIRGA Y @resRESh BlpkYardSRft-bylside
conbi na [lt)on R therqnﬁpb\%st o fg@ers.. l%ﬁ‘i hq. clcéﬂrs.e ﬂf- t he hﬁat
treat meft, DRE ALY 1 excqligntdmenaiana stability iollowing IHiAOsQrPBeN t he fi ber
material present and so constitute bond sites and renewed stiffening 25
el errent f] ?nTﬁ@QJmtﬁ\ékic el bkl Yard b:t%;]@mix hééﬁ"[{n%rﬁbﬂ%ﬁﬂﬁ’%tﬁ%érﬁ\oﬂb?ﬁ St )
nmeans at ther is an i ease .in r nt .pore dinensions after e
heat treat nﬁtﬁ r?'ﬁgéh% SR g‘ﬁé‘ég?‘% tpﬁﬁt@erﬁaﬁ'gi‘%ﬁa{ "B%@gel BrsaMeRnd Mte Hifous
addi ti on of Makkratthe tharimatenad eresediandry cdnetitufedyamdisitenand renkwed stiffarirent
Itﬁye(rj_, npt g:elemem.sqsrséabnh@ﬁcﬂﬂ@ﬂ%ﬁﬂﬁfaeaﬁb.? ?ﬂh@fméﬂ@!iiaﬂlﬁé@?ﬁéé?\s tftﬁatlaeéré In
e directi a | resu | si.m | ar C I NUOUS
i ncrease i n%%ﬁ 'E%%Q%o'fngﬁé Pgegém pﬂg%ﬁll%e&sggf' afeitip Bpd! tE@H"B@*PB?%& 1%6m a
mul ti pl i ci t yhistmakies itrpegsiblet by:confiphgureadsitioni of thenmoplastionfitiers dgringdheit of | ess
than 190C, pnebesrRéthie hBsdrbent 18680 tb®Muously increase the fraction of thermoplastic
fibers in the direction of the topsheet, which results in a similarly continuous increase in
30 the pore sizes. Thermoplastic fibers can be formed from a multiplicity of thermoplastic
polymers which have a melting point of less than 190°C, preferably in the range from
75°C to 175°C. These temperatures are too low for damage to the cellulose fibers to be
likely.

35 Lengths and diameters of the above-described synthetic fibers are not particularly
restricted, and generally any fiber from 1 to 200 mm in length and from 0.1 to
100 denier (gram per 9000 meters) in diameter may preferably be used. Preferred
thermoplastic fibers are from 3 to 50 mm in length, particularly preferred thermoplastic
fibers are from 6 to 12 mm in length. The preferred diameter for the thermoplastic fiber
40  isin the range from 1.4 to 10 decitex, and the range from 1.7 to 3.3 decitex {gram per



75C to 175CPF14486/APenperatures are too | ow for damage to the cellul ose
fibers to be likely. 35 Lengths and di aneters of the above-descri bed
synthetic fibers are not particularly rﬁ)tri cted, and generally any fiber
from1l to 200 mmin length and fromoO0.1 100 denl er (gram per 9000
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of greater fdmed2ddine spfeadimgds abskrveal. spreadi ng i s observed. Preference is
gi ven to using hydrophilic fi ber materi aI Particul ar preference is given
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and rost hyBFESRIRNFS B Q'Y?W‘Hé'SWQéHVSWPEUF B‘?Iﬁﬁ?‘ﬁ@a't'ﬁ%!“w Yrarglecsnse isgyen to
hydr ogell§. Lsing fibemaatefialothich in gvepkigbgdmphilit ay ehesbduy\sidegardi hbstihgdtophilic

pydraphi [1 Ci heSedibrts Mﬁo;aﬁgrrng 16é 3G sheidhillbgdl i e hangsliSind Rbag N9
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i nventi on inmuhgiokg fliidito theeshydloget; elhletd ibsaultimditely sbsombddf i ed cel | ul ose fi bers,
rayon, polyester fibers, for exanple polyethylene terephthal ate

(DACRON(L)) cﬂ B%gro ¥Ion HYDROFI L(r)). Suitable hydrophilic
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exanpl e t helru:meatfmxtarmnie d:d1lelosm)ﬁbers1mod|f:ed)ee.‘llﬂloebtﬂaensedybm Qqoly25tepGbgre) ef i ns
e. ol ye r Q@R’q} e
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~ polyurethanes, etc.) with surfactants or silica. However, for cost reasons and ease of
availability, cellulosic fibers are preferred.

The highly swellable hydrogel particles are embedded into the fiber material described.

30  This can be done in various ways, for example by using the hydrogel material and the
fibers together to create an absorbent layer in the form of a matrix, or by incorporating
highly swellable hydrogels into fiber mixture layers, where they are ultimately fixed,
whether by means of adhesive or lamination of the layers.

35 The fluid-acquiring and -distributing fiber matrix may comprise synthetic fiber or
cellulosic fiber or a mixture of synthetic fiber and cellulosic fiber, in which case the
mixing ratio may vary from (100 to 0) synthetic fiber: (0 to 100) cellulosic fiber. The
cellulosic fibers used may additionally have been chemically stiffened to increase the
dimensional stability of the hygiene article.

40



fi bers togetPkch4496/AR eate an absorbent layer in the formof a matrix, or by
‘incorporating highly swellable hydrogels into fiber m xture |ayers, where
they are ultimtely fixed, whether by neans of adhesive or |am nation of
the | ayers. 35 The fluid-acquiring and -#@stributing fiber matrix may

';:_ogpr i SedSY'ThE%Féﬁ_icfai %l%n@n@ of Eﬁlk}l%ﬁcﬁfﬁieﬁs fnla Eé pRIvidedTh Etfﬂéré‘nt Rhys yfidet } c

i ber and cell ul.osic,.fiher,  in. whi se mxing, ratio nmay vary from
(100 1 o0y * Sl e g suiegints B graRg stbibie FoatnBR i fe'fRe Miafh ot o

fi bers used Sualy additives iociade for eaareplb eelyarivEsemetidrphgdrinf doatiegh (Kgmienet 85%e t he
di mensi onal Lyd oy é?élﬁf ' @%AE- .~ The

chem cal stif enffldrhést’gr}c' ?:VéIH}iﬁtgas{’iqz:@ | r%{?bﬁé@’ylgﬁ’@%éfgﬁ%ﬁé% |rs1rclﬂ%9 f"érent ways.
A first SwalP® ‘395%\@3% oipsithe Baregt BB1 MG eryninercia) pepdurctfepms Amespd coat i ngs

t oI the L i berqyaﬁémrdi%&.astaﬁu@rh, eyl irﬁél:%’rﬁmeif@%alm% a@ﬁomﬂg%h? |

pol yam de- epi orohydrin i ngs ynene , rcol es, Inc.

W | m ngt on, pB@FMBS ,'nep?)?aﬁﬁg%‘yl am de coatings (described in 5

US- A- 3,556,932 or as the Parez(r) 631 NC comerci al product from Anerican

Cyanani d Co Gelgb&B¥iBed méylaiso BE LREmiBSH iffERe AR MiniSAFEAdiBR. Fitthstance,
pol yet hyl enei m.ne coat

. Cel I'ul fib | so, .be. ch [y .

StiTtendd byulaeFoRInkeERibsERce Ay pRHIRE o efophorsalping IeRTEER wilin

subst ances tie/fitiee. Juitable crossinkes stubstances|are kipig! sukistangep Lerrfontrobslnkinge
(i1 ARBERST pIBRDES el IR Lo
e monoaaYe 268 Tuneonalty Sod 6 Rl rdrRalyCamaeY I i, Poay

C2- C9- pol ycaubsjarydeisdrmthiisser@paoé1fo'rexamplbshﬂargushsfdeogiyokﬂlsglmlicesciar e f or
exanpl e 1g| utfé»ﬁﬁmgaréisnd StreR. ?rng;l,é’ﬁfﬁé{dn%e@%agt wiltvaf 104410 F&kgl_e‘qrﬁu”& citric

at [east s _Wthi

acid. These supstances act w.t 2 hydro rou . n_any
e cel | uT odEMRYATY PrrceldpsRetn AiBeupeih Bia Aeaert FeILlosE KR S WP Y SRRy one
cellul ose f ichaﬂos_eﬁlmr.gTﬁmd)SSﬁkkirpg;pmsess_tiﬁers'ng of tbaifihersoto whieh greblers, to

Whi ch gr eat eimedbidRanstaiiglis Mgt ias¥% reSull SRR tr8tnfsnt an a8 toPhei NI S

treatment. I n addition to their, hydrophilic character, .these fibers

exhi bi t uni PMF'HP@'B%’P?{Q?‘FB:'TéESSff'bEPi‘?"P@ﬁi‘ﬂﬁ‘{j"%&‘”@ ”%‘I%éﬂféﬂ%!”gﬁﬂds physi cal
propert Y0na letssticity. mbissjhbsiealmpeayajhakes Iiteposafplpltob eetgindhe capilianestavoture evenler
simul t a“eou%lnﬁék‘”ﬁirgﬁﬁaﬁ@ohé‘c&r{ntﬁét%ﬁﬂﬂxifé’rﬁ%cﬁ\%ﬁbé’sﬁvé‘ B8 3n8 WlpfeQemr €vent

premature col |l apse. emcally crosslinked cellulose fibers are known and
described i P'YRPYE PIIRE 25 US 3,224,926, US 3,440, 135, US 3,932,209, US
4,035,147, US 4,822,453, US 4,888,093, US 4,898,642 and US 5, 137,537. The

chem cal cr @%}-ﬂ.éﬁﬂ% Hasismatcauu@égiﬂe?@é@&nbﬁntahe bbbl RIS bk 11g8hi ch i's
Wt mRt ey 1 5d 5554 8%, Us 5045 LS 83003 85 4,035,147, Us 4,822,453,
US 4,888,093, US 4,898,642 and US 5,137,537. The chemical crosslinking imparts
stiffening to the fiber material, which is ultimately reflected in improved dimensional
stability for the hygiene article as a whole. The individual layers are joined together by
methods known to one skilled in the art, for example intermelting by heat treatment,

30 addition of hot-melt adhesives, latex binders, etc.
Methods of making the absorbent composition

The absorbent composition is composed of constructions which contain highly
35 swellable hydrogels and the highly swellable hydrogels which are present in said
constructions or fixed thereto.

Examples of processes to obtain an absorbent composition comprising for example a
base material to which highly sweliable hydrogels are fixed on one or both sides are
40  known and included by the invention but not limited thereto.



stability f&F 54486M\Pyi ene article as a whole. The individual |ayers are

j oi ned together by methods known to one skilled in the art, for exanple
intermelting by heat treatnent, 30 addition of hot-nelt adhesives | at ex
binders, etc. Methods of making the absof'gent conposition The absor bent
conposition is conposed of constructions which contain highly 35 swellable
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(a) and (c) pescessrisxed paridulathy) resticted amr&nymuetomayy apriagates khown mmi\e(sk)lled
process wherewnchk dnthelfegdr € M xed separately into (a). O these

exanpl es, processes (1) and (5) are preferred. The apparatus used in this
process is not particularly restricted and any customary apparatus known to
one ski Nbed Thimbsdreeatrdompanitibe obtaeed il thisTway cdrsaptiveally osgbjestdd tora fdst ai ned
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synthetic fiber, its amount and the hyg| ene article production rate.

General | y t Hﬁe%%%h%ﬁtt%fhefabgfélﬁ% L SEALEBRN Spe bsynifoct ABGE L AABLA. 5

second to 3 m nutes rom 1 seco e absor bent
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The absorbent composition is generally provided for example with a liquid-pervious
topsheet and a liquid-impervious backsheet. Furthermore, leg cuffs and adhesive tabs
are attached to finalize the hygiene article. The materials and types of pervious
topsheet and impervious backsheet and of the leg cuffs and adhesive tabs are known

30 to one skilled in the art and are not particulariy restricted. Examples thereof may be

found in WO 95/26 209.

The present invention is advantageous in that the esters F, which are useful as
crosslinkers, do not have to be purified after they have been formed and particularly in

35 that the {(meth)acrylic acid, preferably acrylic acid, does not have to be removed, since
it is generally a monomer for forming the hydrogels.

Experimental part

40 Parts per million and percentages are by weight, unless otherwise stated.



are attacheBFt54486/AR i ze the hygiene article. The materials and types of
‘pervious topsheet and inpervious backsheet and of the leg cuffs and
adhesive tabs are known 30 to one ski Ileéj in the art and are not
f;arti cularly restricted. Exanples thereo 2maly be found in WD 95/26 209.
he present invention is advantageous in that the esters F, which are
useful as r o) frer they have been
formed and pé‘?? ?%:rhﬁgﬁh?ch fgﬁ’%{;s {%Q%Y?e%thgg n%cte%JéfctLe%?ecS%at’ﬁ ISPeferabI y
acrylic acid, does not have to be renobved, since it is generally a nonomner
for form nggkmpﬂ@ydrogel s. Experinmental part 40 Parts per mllion and
percentages are by weight, unless otherw se stated. PF 54496/ AP 5 42 The
exanpl e ich follows illustrates the process of the present invention.
Exanpl es Pr Gthsticlignoforuds asigatessieratieefobascAP-gmstlinkesss SAP- crossl i nkers
SAP-crosslinkers are pr epar ed in the exanples by esterifying al koxyl ated
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50" cont ai FTGHEAN Aagun SRALRRE: e OUHR IS 2000 G VSErFTC STRIPKEI ¢ he
vacuum di st SAPgiroductioh. t he entrainer. Simlarly, the crude ester still
contains free acrylic acid which is titrated together with the catal yst

(acid n er). 25 Parts are B wei.ght, unl ess otherV\As stated. Production
O st oD AcaMHETRIOR A XSRS BY iRt l noh Pt B el rc e BRWED P
54496/ AP 43removed in the esterification also contains acrylic acid and acrylic acid is also removed
during the vacuum distillation of the entrainer. Similarly, the crude ester still contains
free acrylic acid which is titrated together with the catalyst {acid number).
25 Parts are by weight, unless otherwise stated.

Production of ester

Acid numbers were determined in accordance with DIN EN 3682,



Exanpl e 1 PPEH486IAFh of al koxyl ated gl ycerol a) dycerol - 3 EO5 77 g of
‘gl ycerol are placed with 0.5 g of KOH 45%in water as an initial charge in
an autoclave and together dewatered at ggc and reduced pressure (about 20
mbar). 110 g of ethylene oxide are then®added at 145 to 155C and al | owed

to react at Bxainple 1 Praparaliotiotakogesteeyfeabrd pressure. The reaction has
ended when no further change in pressure is observed. The reaction mxture
is then stirred for a further 30 mn at 10 about 150C. After purging with
inert gas aﬁdeB@QMMQ Efdwn to 60C, the catalyst is separated off by

addi ti on of sodi um pyrophosphate and subsequent filtration. b) dycerol - 5

EO 15 77 45%.] .1 .
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reaction ha
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aut ocl ave and toget her dewatered at 80C and reduced pressure (about 20
nbar). 146y gifceR) OBH@Ne oxide are then added at 120 to 130C and al | owed
to react at thls t enperature under el evated pressure. The reaction has
ended when no further change in pressure is observed. The reaction m xture
i s then18ti 77 edoffalwcerpl A plaead \Bith ¥big ftKGH)43%0Cwates ag apfinitialichargedn exi de ar e

subsequent | séufmﬁd afl taqbﬁwér@gwafe%@ateqo @ anBréd RBE PFesAFe ( QQ%M"E@%baﬁ b evat eg
pressure an owe O reac r | LN as an
cool i ng domﬂaﬁg %V\% e[nﬁeoxbdgtag?%etnq egé'bﬁélit% 1d9% ‘{33“33”% rBﬂC odi um
pyr ophosphatt@nafaratus@be@w@vateﬁl Aressaire. dihe rextigh has godedovhen o faher chapge

(bl ock poI ym?br)esgﬂreﬁb @éseﬁ}e\dc‘fr‘ﬁ@l'ea@t“@\ Phare N‘th Bt|@ec5foﬂa¢unﬂégdo4159(%t n water
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as an ipyti r t

reduced re%éa?tggpg(go%?erfﬁrgr%w mgﬁ 963 aBF 08& Og’ﬁvé'qfﬂ;%ﬁoé tg? @%H@Hsadded at
145 to 155059n@rakﬁdlqiwctdﬂlqnéé§odlam nymwoamlat@ﬁp@smaeﬂ@emu@horel evat ed
pressure. The reaction has ended when no further change P F 544961AP 44 in

mnoat abodt ChEBR 1D o2 B RIR RGN e ar o subsequent Iy added at 120
to 130C over a
25 77 g of glycerol are placed with 0.5 g of KOH 45% in water as an initial charge in an
autoclave and together dewatered at 80°C and reduced pressure (about 20 mbar).
146 g of propylene oxide are then added at 120 to 130°C and allowed to react at this
temperature under elevated pressure. The reaction has ended when no further change
in pressure is observed. The reaction mixture is then stirred for a further 30 min at
30 120°C. 74 g of ethylene oxide are subsequently added at 145 to 155°C over a
prolonged period under eievated pressure and likewise allowed to react. After purging
with inert gas and cooling down to 60°C, the catalyst is separated off by addition of
sodium pyrophosphate and subsequent filtration.

35 d) Glycerol - 2 EO - 3 PO (block polymer)

77 g of glycerol are placed with 0.5 g of KOH 45% in water as an initial charge in an
autoclave and together dewatered at 80°C and reduced pressure (about 20 mbar). 74 g
of ethylene oxide are then added at 145 to 155°C and allowed to react at this

40 temperature under elevated pressure. The reaction has ended when no further change



prol onged pBFi54496/Afer el evated pressure and |ikewi se allowed to react.
"After purging with inert gas and cooling down to 60C, the catalyst is
separated off by addition of 5 sodium py&ﬂophosphate and subsequent
filtration. e) @ycerol - 2 EO- 3 PO (ifiterpolyner) 77 g of glycerol are
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After purging with inert gas and cooling down to 60C, the catalyst is

separated gf &y @yrop.dgiEt)_og\pgf(,,ﬁngymegyrophosphate and subsequent
filtration. Corrparatlve exanpl e 20 TMP - 3 EO 77 g of trimethylol propane

are placed with 0.5 g of KCH 45%|n water as an initial charge in an
aut ocl ave aifd gtabglycerst argepiated vath b 90 EQIHE% duwetet ap ap initial ehqrgbduan 20

pg:(r:% Zg@agaﬁbc@%gxh@flgggékgewﬁt(eﬁedté;%gv@tﬂgg%o?ggiﬂésgﬁ%@&ﬁtQg?rlut?drj mggd to
ended when ﬁ{)%ﬁ??ﬁhgfg 68%& g&f@g% nejoxld 8%%&?&?‘1‘:1?‘%5{?@ 1:%@nem xture
is then sti an@merternparawetlm@owtmammto atoub bBIC. ThO @achen mixtyangaliogveditoh
inert gas a%c@@ﬁ&ér@&va@%ré@u@ﬁhew&tleﬁha& ¥ﬁc§ed @herﬁ@d)ﬁshﬁéreéhaﬂ .rby
addi ti on of sodi um hat e..and .subse t? af L.on. arative
ol o by PeSE T BNARE TRE a0 s s e b b s 9B ot
KOH 45985 n Wa@°€r Alter purgingiwithanerggasand epoling dewin (66, theecataiybt na)@@tar@ed

dewat er ed apff8)Gdanen beshaass pPoph @sghate(msecﬁ@nmﬁaﬂon 379 g of ethylene
oxide are then added at 145 to 155C and allowed to react at this

tenperature under elevated pressure. The reaction has ended when no further
change in pCesmraélvesxamsI@ra)ed The reaction mxture is then stirred for a
further 30 m n at about 150C. After purging with inert gas and cooling
down to E@ talyst is 40 separated off by addition of sodium
pyrophog hat an:?j ubsequent filtration. PF 54496/ AP 45 Exanple 2
Preparation of acrylic ester a) 5 183 parts of approximtely 3-tuply

et hoxyl at ed 7glgydt &irRéth{iaprdpahe QrepBES] Witd 5igSof KOH 45% in water as an initial
charge in an autoclave and together dewatered at 80°C and reduced pressure (about
20 mbar). 76 g of ethylene oxide are then added at 145 to 155°C and allowed to react
25 at this temperature under elevated pressure. The reaction has ended when no further
change in pressure is observed. The reaction mixture is then stirred for a further 30 min
at about 150°C. After purging with inert gas and cooling down to 60°C, the catalyst is
separated off by addition of sodium pyrophosphate and subsequent filtration.

30 Comparative example b)
TMP-15 EO

77 g of trimethylolpropane are placed with 0.5 g of KOH 45% in water as an initial
35 charge in an autoclave and together dewatered at 80°C and reduced pressure (about
20 mbar). 379 g of ethylene oxide are then added at 145 to 155°C and allowed to react
at this temperature under elevated pressure. The reaction has ended when no further
change in pressure is observed. The reaction mixture is then stirred for a further 30 min
at about 150°C. After purging with inert gas and cooling down to 60°C, the catalyst is
40 separated off by addition of sodium pyrophosphate and subsequent filtration.



esterified RF©GA4¥BPparts of acrylic acid and 5 parts of sulfuric acid in
345 parts of nethyl cycl ohexane. The assistants used were 3 parts of

hydr oqui none nononethyl ether, 1 part of_triphenyl phosphite and 1 part of
hypophosphorous acid. 44 parts of 10 wat were renoved before the

entrai ner was renoved by vacuumdistillation. The product was purified

t hr ough K30 i r ac] ; is determ ned. The viscosity is
adj ust ed byg)é%hé}%?o%re%ﬁgﬁg%r 'Q%E{eécrw ic acid. The viscosity of the

al nost colorless product (iodine color nunmber 0-1) is about 330 nPas. 15
b) 255 partg) of approximately 5-tuply ethoxylated glycerol (as per exanple
1b) is gsterified wth 216 parts of acrylic acid and 5 parts of sulfuric
acid in 345 parts of nethylcycl ohexane. The assistants used were 3 parts
of hydr oqui heheartsorfGpetarimately 3etuplyethoxylgtad: glyeeret (ap rengianiiodahst e and 1

part of hypenBefRRathoREs Ffsbf aéﬁg@&]{fié I%n@fs_paw%ﬁgumeaciaerﬁmwsarltheéfore_ the
acuum. al, st |

trai db t ._Jh duct fied
b oo BSIBRSRE YA R b e DB NG HRlo R L
adj ust ed byethediltranrof dipheeylphosghiiefandch yart of hypbphospherous ecidst4 gartsfoft he
o) 20 parteF Rerd IGRbIEE bLloRFIe Lrlrane! wEl RS oy el oRkatBe T i e
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acid and 5 jsadiustesfbysadditioniof 96 pads pha@@ic3xwil. ghe viscodity ok theydmpst colslease. The

assi stants ﬁ%@gct%ﬂme?cdb%hﬁbef0-'1)’@%@)691'GB@lr’rﬁPasHD”OWEt hyl ether, 1 part of
tri phenyl phosphite and 1 part of hypophosphorous acid. 44 parts of water

were renoved before the entrainer was renoved by vacuum distillation. The
product Twasbpurified through K300 filter. The acid nunber is deternined.
The viscosity is adjusted by addition of 96 parts of acrylic acid. 35

o e B ol Dol Sl A TR RS PR A Ko e
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water were removed before the entrainer was removed by vacuum distillation. The

product was purified through K300 filter. The acid number is determined. The viscosity

is adjusted by addition of 96 parts of acrylic acid. The viscosity of the aimost colorless

product (iodine color number 0-1) is about 320 mPas.

25
~ c-€)

290 parts of approximately 2-tuply ethoxylated 3-tuply propoxylated glycerol (as per
example 1c-e)} is esterified with 216 parts of acrylic acid and 5 parts of sulfuric acid in
30 345 parts of methylcyclohexane. The assistants used were 3 parts of hydroquinone
monomethyl ether, 1 part of triphenyl phosphite and 1 part of hypophosphorous acid.
44 parts of water were removed before the entrainer was removed by vacuum
distillation. The product was purified through K300 filter. The acid number is
determined. The viscosity is adjusted by addition of 96 parts of acrylic acid.
35
Making of hydrogels

To determine the quality of surface crosslinking, the dried hydrogel can be investigated
using the following test methods.
40



t eabag 60 x PEDH4486IAP si ze which is subsequently sealed. The teabag is
‘placed for 30 minutes in an excess of 0.9% by wei ght sodi um chl ori de
solution (at least 0.83 | of sodiumchloride solution/1 g of polyner
powder). The teabag is then centrifuged #&r 10 3 minutes at 250 g. The
anount of | et rdethadglet er mi ned by wei ghi ng back the centrifuged teabag. b)
Absor bency Under Load (AUL) (0.7 psi) 15 The neasuring cell for determ ning
AUL 0.7 psi is a Plexiglas cylinder 60 mmin internal dianmeter and 50 nm
in height. AMheQeOEW%Gg?Qta@WQRﬁCM CRaMerside is a stainless steel sieve
bottom having a nesh size of 36 m The neasuring cell further includes a
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cyl i nder recorded as \Wa.
The wei ght |C§”If‘ﬂ’@ﬁd;§?a§@8d on the pI astic plate in the Pl exi gl as cyl i nder.
A ceramic filter plate 120 mmin dianeter and O in porosity is then placed

in the m ddIS’?go/ b8orbEh&y UK &Ogg)pmgprp(br} liarreter and 30 mmin height and

sufficient yvvm ht I'um chl‘ori esolutlon I's introduced for the
surface of the liquid to be |l evel with the filter plate surface w thout the
surface 16f (The ndhshiing eell fpt déterntieing dULEN.T esf.is A Plexigias ¢ylihder60pamen irféraim i n

di anet er ang, ?n&@réﬁd?f'bnﬂﬂfuﬁ he @M@&&ugéﬁaéew @Qwsraéeg §sm|e°sg%teﬂer &

Scholl) is su sequent ace eram c exi gl as
cyl i nder coSteyp IQPII@I“II‘)@MI“EQ"e’Fe?Ib?'%ﬁ Wéﬁdépymmﬁésucnﬁéﬁe“ praeedckifehHapl asti c
pl ate and welaght pate haingod diahetdriof selmrpapea vaight éich dahedeepldced ibthei nut es.
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AL e <ol ik oelolbin By Sl A8 Uy 190 EARSHAR el O, T
at a | ower pheBlerigas cylndprend diskiibatadrvet %I%IY\LHBU@elséalfd@%%ﬁﬁ?Iﬁwem mlarly
to the descrbbﬁbmonhé Plastic plate is then carefully placed in the Plexiglas cylinder, the entire
25 unitis weighed and the weight is recorded as W,. The weight is then placed on the
plastic plate in the Plexiglas cylinder. A ceramic filter plate 120 mm in diameter and 0 in
porosity is then placed in the middle of a Petri dish 200 mm in diameter and 30 mm in
height and sufficient 0.9% by weight sodium chloride solution is introduced for the
surface of the liquid to be level with the filter plate surface without the surface of the
30 filter plate being wetted. A round filter paper 80 mm in diameter and < 20 pm in pore
size (S&S 589 Schwarzband from Schleicher & Schill) is subsequently piaced on the
ceramic plate. The Plexiglas cylinder containing hydrogel-forming polymer is then
placed with plastic plate and weight on top of the filter paper and left there for
60 minutes. At the end of this period, the complete unit is removed from the filter paper
35 and the Petri dish and subsequently the weight is removed from the Plexiglas cylinder.
The Plexiglas cylinder containing swolien hydrogel is weighed together with the plastic
plate and the weight recorded as W,

AUL was calculated by the following equation:
40



EP-Al 811 6RF 24496AR 13 line 1 to line 19. d) Method for determning
residual levels of crosslinkers in hydrogels 10 To determi ne the | evel of
resi dual, unconverted crosslinker, this residual crosslinker is initially
extracted fromthe dried hydrogel by a d&ﬁbl e extraction. To this end,

0.400 g of dry AULdD.Bgei [gayhe MAQ-VY,] 0ofWOWRPO by wei ght sodi um chl ori de
solution are weighed into a sealable and centrifugable anpoule. 8 m of

di chl or onet e.are. added. the anmpoule i eal ed and is then shaken for 60
mn. The ang%tﬂ'l %‘gipéil?ﬁ%eraé"g?etdé'? S|"ﬂ§%§?ﬂs§'toali\?ai%”edé’ﬁ?ﬁsf‘f%ged at 1500 rpmfor 5
mn, so that the organic phase is cleanly separated from the aqueous

phase. 56 . td) Thé 16trexrabipbles@algk jcodtemninedsirybditol thé descripgsoind anpoul e,

about 5 - 6 gp.a0f31Y 886 atlhsdY £F Mt RARR @xtract are added, the weight of the
extract is measured accurately to 20 0.001 g. The dichl oronet hane is then

evaporated off at 50-55C and the residue after cooling is taken up with 2
n of net hakdMeikadder deteEminieg rexidys lavelsinj crasslinkersdn hydrensls This is
fol | oned by shaking for 10 min before filtration through a PTFE 0.45 pm
1(‘: Ih |r£) renra i Jgﬁ?ipmh n@iﬁ@ﬂh@ |&&?@fr@§i@ubl§u&%ﬂ@éé@éoe&pe tow&g@%ﬁs r@gid%élalf%i%é%uw%f
agai nst a dil@lﬁqtﬁgﬁtrgé%i gg%otﬁé?ﬂ%gﬁ%ﬁ&éE’P’Ss"g%”f’f‘?k?éﬁ&faé@é‘d. °$H%?Eﬁ?°é$@%afaphy
col unn used Grshydroga! BAS 4B 9f 920 Ripiweight spdivm chionide sahtion arejwaighedin@ & he
precol um usedlable andzentidugable amseileBBEnIgichidoethade GrenaddedSthprampotiiee 30
rmb:c ! IeI phases sl arsd iftl?&{ %kaﬁrdgmqhmwmeeém m«% Iértﬁeregﬁ@r i&hfe@iaﬁélg COUL ; 22'55
as fo ; - .
35 Fow s fh{ﬁm‘*@aﬁlﬁéﬁ%'@?"§$¥€i®%gtﬂzé FitRal S enaidad ot
vol ume is 28"§ a9H8PHF PIRS& nal ysis tine is 14 min for the sanples. Detection
is by mass spectronetry, for exanple in the range 800 - 1300 mz (full
scan, 5 postil vEhonddiRylems§lytirerns weighéd meSa AB%Ind(aAigBusd BB6HG 18 RS SUHE
chem cal | ORjchitroBiha 55@&9#6%96%%@%P{he%%b&‘séﬁntebgmed LBGERR ! 3Ty
P Lz'd 0.501 g.tThe dic oron’netthane is then evaporated off at 50-55°C and the residue after
cooling is taken up with 2 m!l of methanol-water mixture (50 parts by volume of each).
This is followed by shaking for 10 min before filtration through a PTFE 0.45 um filter.

The sample thus obtained is separated by means of liquid phase chromatography and
25 analyzed by mass spectrometry. Quantification is against a dilution series of the same
crosslinker used.

The chromatography column used is a Zorbax Eclipse XDB C-8 (150 x 4.6 mm ~ 5 um)
and the precolumn used is a Zorbax Eclipse XDB C-8 (12.5 x 4.6 mm —5 um). The

30 mobile phase used is a 75/25 methanol/water mixture.

The gradient course is as follows:

Time (min) % Methanol % Water
0 75 25

3 75 25

4 98

8 o8

9 75 25

14 75 25

35 Flowis 1 ml/fmin at 1600 psi pressure.



APCI vapor i PErS4496#A8 at ure to 450C, source current to 5.0 uA and gas flow
to 80 mM/mn. 10 The individual settings have to be done separately for
each crosslinker. To this end, a suitable calibrating solution of the
crosslinker is used to determ ne the chaf@cteristic peaks which are | ater
rel evant fomhewaédtiahivelemeli®@onmi n peak is generally chosen. The residual

crossli nker L, 1S ,the | cul ated as foll ows: 15 CONCProbe =
Aer obe X CGII@F%%%’(V%%/“ c‘Fﬁ‘*@m&Fﬁ@%aampF% want ed residual crosslinker
concentration in dry hydrogel in ng/kg 20 CONCstd : is wanted residual

crossl i nker Destem s/ i rass dpechambiey 3br dkampR HthOFangB 800 kB00%H/2 0GR ssaPeak
area of gxtr c{. l'e of dri f:l hycj:; qel F.d.: i s peak area of calibrating
sol uti on ZSP@E. !\{ej: . e'nﬁtl”frﬂ?'?téﬁ Ze5& o(ﬂ: apesn W?@%&g‘ﬁm?al('%?%ﬁﬂ' X
MExt r ad) 30 PR ipBizalitingHtor eptimizetidro theneadiknetemperatureriasetito1 80 Rtebe i s

wei ght of d Jral 4 | ' +
m)nget hyl en%:%yg%?&ggtg%att?rgété 4:52 C\?\EPB@% Cgﬁ Eﬁtﬁgﬁf%@gh@(}tﬁ ﬁggngawéioter act A

calibration MY be carried out (involving a plurality of points in the
range 0 50 ppmfor exanple) to ensure that the determ nation is carried

out in e ki ik BN GG ifi j [ mdex VSl The
conmm nu?gd Frg?ﬁ?jﬁsv@%éﬁaprﬁgﬁh{vg u?f’é?tg éég‘g?;%??@& f@%r‘%}r’#ﬂﬁvﬁggd @%r%&pgnet hod
1: 5 The congﬁ’i’l'ﬁ‘é?ﬁ'bb?é'ﬂg Selubiongf the sinsglinkenisused todetaiming Higeshagagteristic

Si eve- bot t opeakstwiists areridter tdieantior edhlaatioBOTheimary pgakigatbrallyasssgre for 24

h. This formof drying is very gentle on the product and therefore

represents H_he best stag_d rd for conparison. 10 The dried hydrogel is then
ground and tH%fgﬁlfg-@éCﬁOP PIEPNEENERIGN IS 1160 cCAicelateasdpliowss | sol ated. Wor kup
met hod 25

CONChrobe = Aprobe X CONCgy X VF / Agig
CONCeohe : is wanted residual crosslinker concentration in dry hydrogel in mg/kg
20 CONCgy: is wanted residual crosslinker concentration in calibrating solution in mg/kg
Abrope | is peak area of extract sample of dried hydrogel
Agg : is peak area of calibrating solution
25
VF is the dilution factor:
VF = Mocw X Msoy / (Mprove X Mextract)
30  Mpcuw is weight of dichloromethane for extraction
Mprrobe 1S weight of dry hydrogel
Msow i weight of methanol-water mixture + monoethylene glycol
35

Me.ract 1S Weight of dichloromethane extract

A calibration has to be carried out (involving a plurality of points in the range 0 —
50 ppm for example) to ensure that the determination is carried out in the linear range.
40



15 The commPR$¥4¥06/4&1 is initially heat-treated at 90C is a sealed plastic
bag for 24 h. It is then spread out evenly in a thin |ayer on

si eve-bottomed trays and dried at 80C un&e}r reduced pressure for 24 h.
Jhis drying sinulates the drying conditi®hs which occur in typical

manuf act ur i apSapomificatienddahi’/8h customarily limt the drying perfornmnce and

Lhe thr oughphl GRAIIE O id AEn FEHF BalliH WS aAGLARed Lherew th. 20 The

dri ed hydrog 'S groun the si eve on o - 600 mcroneters is
i sol ated. The hydrogel s obtai ned according to the two workup nmethods are
char act er i z@briup Abthdetier m nati on of teabag capacity (CRC) and al so of the
extractables content after 16 h and with regard to the | evel of unreacted,
resi dual “crosslinker. In addition, the noisture content is determ ned and
i f found tolbecepeinutedgels eenhrarread ol ina thimlaver easieve-bottameditraysandwhen
goe/t eL m ni _ngthrfteh@gigd RE S0P lindes redﬁ)t@dli prsbire f@l{ﬂﬁl mmm“#rérrfe oﬁ%’@{r@ﬂé ngteﬂm,e about
o by weig val ues, are then ysed to determ ne the

saponi fi cat P%H‘el 9{8%@&(3 @ﬁelﬂ%fﬁ%[rﬁgresgp%zgq P?_ﬁsé{énﬁﬂrdtqﬂrecowa,ns%,i ch conputes
as follows: VSI = 0.5 x (CRC2 - CRC,) + 0.5 x (extractables2 -

extract gl esig docd MfRosdl sthien BidvAd iaRd iseSeREFSLtibA 8F $80 € 600 hiidtemBRidRd 1 and

wor kup et hod gd as the case may be. Thus, the saponification index

i ncreases V\)ﬁglﬁ‘éteabag capacity increases as a result of plant drying and
when the fraction of extractables increases in the process. The two

contri buti opgridiemethee2; equal wei ght. 40 PF 544961AP 50 It is generally
advant ageous to use crosslinkers whose saponification index is very small.
The ideal crosslinker has a VSI of zero. The use of such crosslinkers makes

it posiy bl Ehe sommvubecses! inaitiplt estireated a901Gis apseslrd plestisrhagter 24ne Itis
: ﬁ_chn! calt |hYth%ﬁ hﬂpﬁéaﬂb:lueevé@Xinrﬂlerki(é?QMtsiév@%tt_efneﬂg@‘ys bid dﬁ%baatr%a@%dé@r
isis a achi eye [ Q.5 e \

pol yneri zat feg.‘dggd &%g&ﬁg r@e‘?"ﬁﬂg?‘%r%@g? '? ?ne@atg? F}ehaéljy'gggg'ﬁ?{(;%ﬁcvfmgh AEEE "ot
change any f#bical Ponaeting plpatsiand piichcaustoseartf lingit therdgyingrergrmange and
Prepar at i onthefth@upepsalbseslsent thisieddedd QuaiyTasbosiates tiasrewith. exanpl e 2a and
ot her i%ernal crosslinkers 10 Exanple a

The dried hydrogel is ground and the sieve fraction of 300 — 600 micrometers is

isolated.

The hydrogels obtained according to the two workup methods are characterized by

25 determination of teabag capacity (CRC) and also of the extractables content after 16 h
and with regard to the level of unreacted, residual crosslinker. In addition, the moisture
content is determined and if found to be above 1% by weight it is arithmetically allowed
for when determining these properties. Typically, the moisture content will be about 5%
by weight.

30
The measured values are then used to determine the saponification index (VSI) of the
crosslinker in the gel, which computes as follows:

VS| = 0.5 x (CRC; — CRC,) + 0.5 x (extractables; — extractables,)

35
The subscripted indices here indicate workup method 1 and workup method 2, as the
case may be. Thus, the saponification index increases when teabag capacity increases
as a result of plant drying and when the fraction of extractables increases in the
process. The two contributions are given equal weight.

40



305 g of acPhI5449€(APd and 3204 g of a 37.3% by wei ght sodium acryl ate
“solution are dissolved in 1465 g of distilled water in an acid-resistant
plastics tub. 12.2 g of glycerol 15 3EO f{riacrylate are added as a
crosslinker and also 0.61 g of V-50 (2, Q azobi s- ani di nopr opane

di hydr ochl ottisiggnesally a3vaRageas ts ask vidspkets Wiaise sapoﬁlﬂiaitlbﬁltr@éﬁ is \}Qﬂvﬁi

ini tiators apgy %\é%@@gﬁo%ﬁer REFSSPQLAES 1h (RRPLLLOGoGhniDE cogbeh vater.

The batch is "thor gas is
bubbl ed t hr BRF§H QWé"ﬁﬁaeqth@§eﬁptrﬂar@e\ﬁéﬁ@ple@|dﬂqrewihﬁt@qﬁ@loaubacmﬁvabebout 30

[)nn IR or dgmaklhatm @ith@R NosIRY qlslity. e \reskoriter tﬁfh@tﬂwf A %%fﬁédsmmgén may
e achi eye n ] xi de
di ssol v:éé |?1(t'r9 veﬁ%{lﬁg\ﬁﬂfe?dlﬂhgfza 'gﬁ %J\&Zﬁ%c%t 6%%8@'?5% q%g p(ﬁﬁg)(gusc Tved in 5
g of water @pas rRigbangerdy m@férbﬁ&yﬁtw fatthﬁt eureg efrdryiog. t he reacti on shoul d
be 11 -13C. The reaction solution is 25 about 6 cm deep The reaction

starts afte d.to, proc er a bat|c

condi 1 ons. SEATYRS restaioh O kT Rbb s R AP et B S oot

| onger thanOL’@@rlﬂi&ﬁ"%@fQ%@ﬁﬁeFﬁe gel is wor ked up. To work up the gel, the gel
bl ock igginitially broken into pieces and then comm nuted 30 thr ough a
meat gri ndeg ae'ﬂ& ped with a 6 nm breaker plate. The conm nuted gel is then
further treat rm two different ways: Wrkup nmethod 1: 35 The conm nut ed
gel is evenly spread out in a thin |ayer on sieve-bottoned trays and then

dried at 80@m@6eacwlmﬁwmxmaea $08%2Y WeighttiogiuhPadryiafe bivtioR@rd s very

tl
Qonpar i son. SN 460 B AR URALREF o SRR REIS Ik BERRR M ST S B hveetlor 300
- 600 ni%roREPdnacrylate %eaﬂw %ﬁ%GmSF’F'kg'Zla!%alNDO@i Ik oD (htagedis2: The
commi nut ed geldindpropant idiflydsochieeitie X areicd. 65lg af séfien ipersalfstedsatititb@sthe bag for

24 h. 1t is; i - trays
and dried altmt%g%g '%gé gtagg@usﬁyﬁggr\rése%%uoﬁg am ghi f‘?ﬁe %Eb@%&i ﬁgg é@%gat es
the drying FRHQNYcﬁtfgemr@H"Gdﬁ'ﬂPteﬁn t ypi cal rranuf acturing plants and
which customarily limt the drying perfornmance and the throughput because

of the pedupg éi} r‘rﬂgééé& dashs BQ%&E ﬁ-g%@?ﬁﬁ&%%h?s fmeco%ﬁe%omgﬁ f?ﬂﬁé tdb?fﬁgr ound

and t he siev
fol | owi ng faRquheP miR iheydesthal exvger piay &8 rgmﬁwch?mq/ahemeae?ﬁsauedetrlbvaen 1

may be achieved for the crosslinker. Finally, 0.244 g of hydrogen peroxide dissolved in
5 g of water and also 0.244 g of ascorbic acid dissolved in 5 g of water are added. The
temperature at the start of the reaction should be 11 — 13°C. The reaction solution is

25 about 6 cm deep. The reaction starts after a few minutes and is allowed to proceed
under adiabatic conditions and the thermally insulated tub is allowed to stand for not
longer than 30 min before the gel is worked up.

To work up the gel, the gel block is initially broken into pieces and then comminuted
30 through a meat grinder equipped with a 6 mm breaker plate.

The comminuted gel is then further treated in two different ways:

Workup method 1:
35
The comminuted gel is evenly spread out in a thin layer on sieve-bottomed trays and
then dried at 80°C under reduced pressure for 24 h. This form of drying is very gentle
on the product and therefore represents the best standard for comparison.
The dried hydrogel is then ground and the sieve fraction of 300 — 600 micrometers is
40 isolated.



Ex. No. Cr osBFiS4486/APypeAnount used based on Anpunt used acrylic acid
“mononerin g adycerol - 3 EOtriacrylatel % by weightl2.2 g bdycerol - 5
EO triacrylatel % by weightl12.2 g cAycerol - 3 PO- 2 EOtriacrylate 1% by
Meightl12.2 g block polynmer d@ycerol - to- 3 POtri acrylate 1% by

wei ght 12. 2 gvdekigekepodyrer ed ycerol - 3 PO - 2 EOtriacrylate 1 % by

wei ght12. 2 g interpol yrrer fTMP - 3 EO triacrylatel % by weightl12.2 g gTMP -
15 EO triacrylatel % ght12. 2 15 The operties achi eved for these
hydr ogel s aiée §mq19%aehlwntt@khv heat- Eﬁtetdaaitgﬁ%e s seaiRctpiBRticrkagtfo?pBdt isnker
Ex. CRC 1CRCtrvS r@i@ﬂcﬁﬁeﬂtﬁﬂ%nldmﬁﬂd ohadwveshotehedteyk ane dAed 8 g3 Cwinder

SIGTIFIN T SO NN ——— i ockg

GI y- 2EO 3P0typTaBmangfaguing phaatsﬁng v(hitroeusionperilsliraid Bye/deyisg perfgrmemge 2
e31. 23. 9741 tHekRrAghPut beta AT Me fellEbBREANE: £H40d8Rd (hbrbith. 2130236. 9

The dried hydrogel is ground and the sieve fraction of 300 — 600 micrometers is
10 isolated.

The following further examples are prepared similarly to example a:

Tab. 1
Ex. No. | Crosslinker type Amount used based on | Amount used
acrylic acid monomer ing

a Glycerol - 3 EQ triacrylate 1% by weight 1229
Glycerol - 5 EO triacrylate 1% by weight 12.2¢

c Glycerol - 3 PO - 2 EO triacrylate | 1% by weight 12.2g
block polymer

d Glycerol - 2 EO - 3 PO triacrylate | 1% by weight 12.2¢
block polymer

e Glycerol - 3 PO - 2 EO triacrylate | 1% by weight 12.2g
interpolymer

f TMP - 3 EO triacrylate 1% by weight 12.2g

g TMP - 15 EO triacrylate 1% by weight 122¢

15
The properties achieved for these hydrogels are summarized in tab. 2:

Ex. CRC 1 Extract- Cro-ssllnker CRC 2 Extract- Cro.sslmker VS|
ables 16 h 1 |residue 1 ables 16h 2 |residue 2
l9/g]  |[wt %] [Ppm] faigl  |Iwt %] {pmj]
a |Gly-3EQ 309 3.7 6 413 13.6 <5 10.2
b |Giy-5EQ 306 3.3 8 425 13.6 <5 1.4
Gly-3PO-2EO
c | Y 315 |52 10 397  |135 <5 8.3
{block)
Gly-2E0-3PO308 |49 8 380 [127 <5 75
{block)




gTVP- 15ECROPF 24486/AB. 112. 62011. 6 Postcrosslinking: The dry normal base

"pol yner powder is sprayed honogeneously (while stirring) with a 5 solution
of 0.06% by wei ght of ethylene glycol dig]ycidyl ether (from Nagase,
Japan), 3.43% by weight of water and 1.47% by wei ght of 1, 2-propanedi ol,
each per cent ag@ly-3perag ed pol ymer used.| The noi st powder 1s then heat
treated in |& (Mféﬁds.g)cat:Sﬂ'Zt lggc for 60 min. %% s |[{h®n 10<Ci eved phee
nore at 850rMmenoneker Sz —of ger—that—agagl-orerates—rpy—be+epaved—rERd
properties waf ?ﬂn'iggggncf §§'§<< rEkpd pol Virer argnﬁpt dizliz' ned E’%O?S449 3 We
claim 1. A8 eSYRASEO of[29he 128 mula 1201 0 0 ([ABYp fM®., R3Z0")--' O RB|R
53 (AOP 25 10 0 where AOis for each AO i ndependently EO or PO where EO
is O CHz- asteioSLlingin@l  €ach instance independently O CH2- CH(CH3)- or

O CH( CH3) ?@%Stig%ﬂgg#p& s3,4or5, Rl, R2 and R3 are independently H or
CH3. 2. An ester F as per claiml1l, wherein AOis EO 20 3. An ester F as

per clai m 1Thewigrmairmaktiase gaimed pewade) is sprale@nRomagere@asiy (Wi stiiid) keth 2A0 i s
EO. 4. A egliffonfor®loduh By Walgftbrethiler® glycol diglycidyl ether (from Nagase, Japan),

3.43% by weight of water and 1.47% by weight of 1,2-propanediol, each percentage

being based on polymer used.

The moist powder is then heat treated in a drying cabinet 150°C for 60 min. it is then
10  sieved once more at 850 micrometers in order that agglomerates may be removed.
The properties of this postcrosslinked polymer are determined.



O (EO n3 (PEOSAIEAR' (PO M\ R3 (EONn, R2 Rl1 25 0 ~(POn2_,,(EOQnNn 0 where
"EOis O CH2-CH2 PF 54496/ AP 54 5 10 PO is at each instance independently

O CH2-CH(CH3)- or OCH(CH3)-CH2 m +mR2+nB8+nl +n2+n3is3,4o0r5, mM+nm2+nB is
JA, 2, 3, or 4, Rl, R2, R3 are independemtly H or CH3. 5. An ester F of the
formula I c W8 dds@®)-n3-- /(EOQnl 0 (PONM OTO (POmM R2 R1 O |1Z (PO
(EON2 0 EOis O CH2-CH2- 15wherePO is at each instance independently

O CH2-CH(CH3) - or O CH(CH3)-CH2- 20m +nR+nB+nl +n2+n3 is 3,4o0r5, m +n2+nB
is 1,2, 3, orh 25fnestpol ofithedpaulsependent|y H or CH3. 6.An ester F as per
any of clains 1 to 5 whereinm + M + B8 + nl + n2 + n3 or pl + p2 + p3
is equal to 3 or 5. 60

WA i

(AO)P,~_ /(AO)p/LH/

R3 O/\r\ o !
0 R2
\(Ao)pz %

5 0
where AQ is for each AO independently EO or PO,

where EQ is O-CH2-CH2-,

10
PO is at each instance independently O-CH2-CH(CH3)- or
O-CH(CH3)-CH2-
pl1+p2+p3is3, 4or5,
15
R1, R2 and R3 are independently H or CH3.
2. An ester F as per claim 1, wherein AQ is EQ.
20 3. An ester F as per claim 1, wherein at least one AQ is PO and at least one
further AQ is EO.
4, An ester F of the formula Ib
0O
(PO} i
m PO)m
€Oy N0 o~ PO " Eom )H/
R3 !
i R2 R1
~ (EO)n
(PO)M,~
25 O

where EO is O-CH2-CH2-



7. An ester PF$94B®APany of clains 1, or 3 to 6, wherein 3 POs are present
in total. PF 544961AP 55 8. An ester F as per any of clains 1, or 3 to 7,
wherein at | east one POis present in each of the 3 al koxy chains of
glycerol. 9. A process for preparing an ter F as per any of clains 1 to 8
of al koxylated 5 glycerol of the formula Ila, Ilb or Ilc H(AOp3 / AOp,H

0~(AC))p2HI—h(EC))n" "

(PO N2 ., (EQNn2,,, H H\( L @E@Jﬁ&dﬁ’&pg%‘%\kﬁC?'%]a?%r’nc”m Z( PO) 2\
\(EO n2 H where AO EQ H2n3, m1l, n2, nB, p 1, p2 and p3 are
each as defined in any of clalms 1to 8, 15 with (rreth)acryllc aci d,
conprisigg the steps of L I ted | ycerol with

(et h) ac“Fr’]yI ic acid in thrﬁPp?)é%eﬁiée:L ?q'rfjl( §§ esgesterl fication catal yst
C and of at |east one polynerization inhibitor D and optionally also of a
wat er - azeot r opi ng sol venh1 Emd+eg i1ap, 3. esl4er F, b) optionally renoving
fromthe reaction m xture sone or all of the water formed in a), during
and/or after a), f) optionally neutralizing the reaction mxture, PF
544961AP 56 h) when a $l. \%EBBrweggwntlbb&or@ﬁly removing this sol vent
by distyplation, and/or i) stripping wth a gas which is inert under the
reaction conditions.

5. An ester F of the formula Ic
O
_(EO)n,_ _(EO)n, 0
(PO)M; 0 \
R3
R2 R1
0\ _APO)m,
(EO)n,
O
15
where EQ is O-CH2-CH2-

PO is at each instance independently O-CH2-CH(CH3)- or

0O-CH(CH3)-CH2-
20

ml+m2+m3+nli+n2+ndis 3 4or5,

ml+m2+m3is 1,2 3 ord,
25 R1, R2, R3 are independently H or CH3.

6. An ester F as per any of claims 1 t0 5, whereinm1 + m2 +m3+n1+n2+n3 or
p1+p2+p3isequalto 3 orb.

30

7. An ester F as per any of claims 1, or 3 to 6, wherein 3 POs are present in total.



5 10. A prod¥s54496/A ai ned in claim 9, wherein the nolar excess of
"(meth)acrylic acid to al koxyl ated glycerol is at least 3.15:1 and the
optionally neutralized (nmeth)acrylic acing present in the reaction m xture
J0 after the |ast step substantially re Pns in the reaction mxture. 11. A
process as . ai nmeh ésterdt ahper afy of blaims 1 Qordtd 7] Ghemsreatdéast bhe POMetRIszer vl i ¢
acid is not nore fromthe reaction mxture

obtai ned after tk'lﬁegﬁséqi(%géfk%gﬁ% c‘l%g% m xture contains ester F. 15
12. A process as clained in any of clalms 9 to 11, wherein the reaction

m xture obtsainged\ pbtess fohprepariig &t eqer W\bo's;&’sér Agdf 2lairhs @36 Bbf Ekok\ﬁtﬂec{ﬂ D NdEN
3682 aci nunber, g. 20 13. A process as C ai ne

in any o?’ cl ai m; Ero@%fﬂh@ﬁnﬁllém chrr”gactl on mxture obtained after the
| ast step, which contains ester F, has a (meth)acrylic acid content of at

| east 0.5% by weilght. 14. A process as cl ai rred in any of clainms 9 to 13,

wherei n the nol ar 25 (nmeth)ac idto al koxyl ated gl ycerol
inreaction a) is 2? pg% w(latpess for preparing a crosslinked

hydr ogel , conprising the stem pol ymeri zing an ester F as per any of
claims 1 to 8 wth (neth)acrylic acid, 30 with optionally additional
nonoet hyl eni cal | y unsat ur at ed C(gﬁ'ﬂ xﬂﬁs N and optionally also at |east one
further copol yneri zabl e hydrophili d in the presence of at | east
one free-radical initiator K and optional Ilgi of fik, |east one grafting base
L, 1) optionally postcrosslinking the reaction m’xture obtai ned fromk),

35 m drying the reaction m xture obtained fromk) or and n) optionally
grinding and/or diteving th FemeLd on i Xture ob@)rgﬁd from k) ) or m.
16. A process for bf(Ema)n ng a cro\ab L ri.si steps a) to
i) as per 40 any of clains 9 to 14 and|additionally P sz 1AP 57 k)

pol yneri zing the reaction m xture fromane of stages a) to i) if perforned,
with optionally additional nonoethylenidally unsaturated conpounds N and
optionally also at |east one further cophlynerizabl E roph| lic nmonomer M
5 in the presence of at |east one free-radiEeél mzn/l at orz\lﬁ_iand optionally

of at |east one grafting base L, b,
10
EO)n (EO)n
\ /( I
(PO)mM; 0 \(PO)m/
0\ PRGN
(EO)n; H

fle,

where AO, EQ, PO, n1, n2, n3, m1, m2, m3, p1, p2 and p3 are each as defined
in any of claims 1 to 8,
15 with {meth)acrylic acid, comprising the steps of

a) reacting alkoxylated glycerol with (meth)acrylic acid in the presence of at
least one esterification catalyst C and of at least one polymerization
inhibitor D and optionally also of a water-azeotroping solvent E to form an

20 ester F,

b} optionally removing from the reaction mixture some or all of the water
formed in a), during and/or after a},

f)  optionally neutralizing the reaction mixture,



1) opti onal P 54888/APoss| i nki ng the reaction nixture obtained fromk), 'm
dryi ng the reaction mxture obtained fromk) or 1), and n) optionally
grinding and/or sieving the reaction m X dire obtained fromk), 1) or 10
M. 17. Polymer obtainable according to process as per either of clains
15 and 16. 18. Gnjoswhemhedivayidt egelused iptiomalipgeradvihe thist saveat by disolfsioh| ¢
mononmer Min 15 copg,h(yg’,eri zed formcrosslinked with an ester F as per any

of clains 1 to 8, 20 19. Crossli.nked drogel containing at |east one
hydr ophi | i-c rmno'?rerStIUPP'Hg “@Bﬁ(ﬂ%?ﬁﬂ??'k'édﬂq’% egF’l?s@P?‘Wé‘&” PPS-a reaction

m xture which contains ester F and is obtainable according to a process of

clains 95t0443. E%roéé%@aﬂ:laﬁn&ﬂh% ga‘s”hg%rll any of clains 17 to 19 in

hygi ene artlcl es, packaging materials an n nonwovens. 21. A conposition

of matter conprising - fromO0.1 %to 40% by wei ght of at |east one ester F

as per any of clai mhelmolaoe&eemdf ((-nmrh)hic@ﬁn’a{dldim@lmmatéﬁ Jycer89s Qtebst wei ght

of at |east one hydP Aédc m)norrer 0 - 10% by weight of at |east one
yst

esterification cata - 5% wei ght of at | east one

pol yneri zati on inhi B]etqﬂtlowllyé}qeatrahzeg me‘fé%"ﬂ&? apis RyRserd in hedeachigRmixturay t h
the provdoso that thafteuhe tast step ssbsddiniais rehfdiig inthevagtion md&urg2. A
conposition of matter as per claim 21, further conprising - a diluent G ad
100% by wei g 23. Crosslinked hy drog* obt ai nable froma con?om tion of
matter as pet clAPFRoess 8 clagpedipgitherntciaipa Piapd BE. whergky the (meth)acyiic
optional |l y post cacs &l ncnmangthdne'fsr’/eawveght removed Gomithaireetion misturdr yi ng t he

react i on I xtur eqaling) BRé e I LieY, Wigh FARIG) mide cBaRR'ds@RRL Y, 97 ndi ng
or

and/ or ?%ew ng t reaction mxtu tal ned direct roml) or . 5
24. Use'of a reaction m xture obtai nable according to any of clains 9 to 13
or of a cofhposiAiposress asalaineed iasang lohtiaing 9 to t1, avherdd therred&ion mixture

obtained after the last step, which contains ester F, has a DIN EN 3682 acid
number of at least 25 mg of KOH/g.

20 13. A process as claimed in any of claims 9 to 12, wherein the reaction mixture
obtained after the last step, which contains ester F, has a (meth)acrylic acid
content of at least 0.5% by weight.

14. A process as claimed in any of claims 9 to 13, wherein the molar ratio of
25 (meth)acrylic acid to alkoxylated glycerol in reaction a) is at least 15:1.

15. A process for preparing a crosslinked hydrogel, comprising the steps of

k) polymerizing an ester F as per any of claims 1 to 8, with (meth)acrylic acid,
30 with optionally additional monoethylenically unsaturated compounds N and
optionally also at least one further copolymerizable hydrophilic monomer M
in the presence of at least one free-radical initiator K and optionally of at
least one grafting base L,
) optionally postcrosslinking the reaction mixture obtained from k),

35 m) drying the reaction mixture obtained from k) or I}, and
n) optionally grinding and/or sieving the reaction mixture obtained from k), I) or
m).

16. A process for preparing a crosslinked hydrogel, comprising steps a) to i) as per
40 any of claims 9 to 14 and additionally



- as a freePF&4A88IAPCr ossl i nker of water-absorbing hydrogels, 10 - as a
"starting material for preparing polynmer dispersions, as a starting materi al
-for preparing polyacrylates, - as a paig} raw material, or as a cenent
Additive. 15 25. Crosslinked hydrogel having a saponification index of |ess
than 10, preferably Iless than 8, and especially less than 5. 26.

Crosslinked hydr geholﬁeﬁﬁﬁ%me%tfﬁlrﬁlk{r@ﬂ'gmgl%s:;it%g% %)21% ﬂgﬁ{élﬂgm%d

saponi fication i
preferably 20 |ess wﬁ%ﬁp%onaé{had@%@émnp‘;t ylemigal atgiratoq conpRugisiNRRd
hydr ogel as per anyoptfonallyales aflléastlie flther 23polviheftabRohyiteotinilig riononesimMiual

crossi'i nker cont ent; Q%Ei nb6 3 HA PO BL R i 0and ABnBRRT, | e

preferab y Iess than ester any’of clainms 1
to 8 for preparing ¢ ratipg RE$R)L: pol ymers capabl e of absorbi ng aqueous
fl uids. I}  optionally postcrosslinking the reaction mixture obtained from k),

m) drying the reaction mixture obtained from k) or 1), and
n) optionally grinding and/or sieving the reaction mixture obtained from k), ) or
10 m).

17. Polymer obtainable according to a process as per either of claims 15 and 16.

18.  Crosslinked hydrogel containing at least one hydrophilic monomer M in
15 copolymerized form crosslinked with an ester F as per any of claims 1 to 8.

19.  Crosslinked hydrogel containing at least one hydrophilic monomer M in
copolymerized form crosslinked with a reaction mixture which contains ester F
and is obtainable according to a process of claims 9 to 13.

20
20. Use of a polymer as per any of claims 17 to 19 in hygiene articles, packaging
materials and in nonwovens.
21. A composition of matter comprising
25

- from 0.1% to 40% by weight of at least one ester F as per any of claims 1
to 8 and {meth)acrylic acid,
- 0.5 - 99.9% by weight of at least one hydrophilic monomer M,
- 0 - 10% by weight of at least one esterification catalyst C,
30 - 0 - 5% by weight of at least one polymerization inhibitor D, and
- 0 — 10% by weight of a solvent E,
with the proviso that the sum total is always 100% by weight.

22. A composition of matter as per claim 21, further comprising
35
- adiluent G ad 100% by weight.

23.  Crosslinked hydrogel obtainabie from a composition of matter as per claim 21 or
22 and additionally
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24.

25.

26.

27.

28.

58
[) optionally postcrosslinking the reaction mixture obtained,
m) drying the reaction mixture obtained directly or from 1), and
n) optionally grinding and/or sieving the reaction mixture obtained directly or
from 1) or m).

Use of a reaction mixture obtainable according to any of claims 9to 13 or of a
composition of matter as claimed in claim 21 or 22

- as a free-radical crosslinker of water-absorbing hydrogels,
- as a starting material for preparing polymer dispersions,

- as a starting material for preparing polyacrylates,

- as a paint raw material, or

- as a cement additive.

Crosslinked hydrogel having a saponification index of less than 10, preferabty
tess than 8, and especially less than 5.

Crosslinked hydrogel as per any of claims 17, 18, 19 or 23 having a
saponification index of less than 11, preferably iess than 10, more preferably
less than 8, and especially less than 5.

Crosslinked hydrogel as per any of claims 17, 18, 19, 23, 25 or 26 having a
residual crosslinker content of less than 10 ppm, preferably less than 8 ppm,
more preferably less than 5 ppm.

Use of an ester F as per any of claims 1 to 8 for preparing hydrogel-forming
polymers capable of absorbing aqueous fluids.





