SUPERABSORBENTPCLYMERS COMPRI SI NGDI RECT CQVALENT BONDS
BETVWEEN POLYMER CHAI N SEGVENTSAND METHODS OF MAKI NG
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rel ates to superabsorbent pol yners conprising polymner
chain seg nments, which are directly bound to each
ot her through coval ent bonds. Moreover, the invention
relates to processes for maki ng these superabsorbent
pol ymer particles and to absorbent articles conprising
t hese superabsorbent pol ynmers. Background of the
i nventi on Superabsorbent polynmers (SAPs) are well
known in the art. They are conmnonl plied in
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%OESH)I hé]kie!rg Rwel}/trrer networ k, which is hydrophilic and
t he netmork once subnerged in

wat er or an aqueous sol ution such as physi ol ogi ca
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are often appl in form of particles, such
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earhex superabsorbents in the commercial production of SAPs, and is the primary poly-
mer employed for SAPs today. They generally consist of a partially neutralized lightly
cross-linked polymer network, which is hydrophilic and permits swelling of the network
once submerged in water or an aqueous solution such as physiological saline. The cross-
links between the polymer chains assure that the SAP does not dissolve in water. SAPs

are often applied in form of small particles, such as fibers or granules.

After absorption of an aqueous solution, swollen SAP particles become very soft and de-
form easily. Upon deformation the void spaces between the SAP particles may be
blocked, which drastically increases the flow resistance for liquids. This is generally re-
ferred to as “gel-blocking”. In gel blocking situations liquid can move through the swol-
len SAP particles only by diffusion, which is much slower than flow in the interstices be-

tween the SAP particles.



| en SAP particles only by diffusion, which is nuch

slower than flowin the interstices be tween the SAP
weanisiostes. One commonly applied way to reduce PCT/US2005/005294

gel -blocking is to make the particles stiffer, which

enabl es the SAP particles to retain their origina

shape thus creating or naint&ining voi d spaces between

the particles. A well-known nethod to increase

stiffness is to cross-1link the carboxyl groups exposed

n the surface of the SAP particles, This nmethod is .
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tho rangp ofE9259%8-ut i on contai ning the sur face
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by heating to a tenperature such_that the peroxide

plygi}gyg{oxiy%kylamde as cross-linking agent. In both applications, the surface cross-
linking reaction is carried out at temperatures from about 90°C to about 170°C for 60 to

180 minutes.

A- ;Vater-soluble peroxide radical initiator as surface cross-linking agent is known from
European Patent Application EP 0 248 437 A2. An aqueous solution containing the sur-
face cross-linking agent is applied on the surface of the polymer. The surface cross-
linking reaction is achieved by heating to a temperature such that the peroxide radical ini-

tiator is decomposed while the polymer is not decomposed.

European Patent Application EP 1 199 327 A2 discloses the use of an oxetane compound
and / or an imidazolidinone compound for use as surface cross-linking agent. The surface

cross-linking reaction is carried out under heat, wherein the temperature is preferably in
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an i m dazol i di none conpound for use as surface

cross-linking agent. The surface cross-Iinking

reaction is carried out under heat, wherein the
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relatively high tenperatures, often around 1500C or

HPeVe. At these tenperatures, not only the surface
cross-linker reacts with the carboxyl groups of the
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not only the surface cross-linker reacts with the carboxyl groups of the polymer, but also
other reactions are activated, e.g. anhydride-formation of neighboured carboxyl groups
within or between the polymer chains, and dimer cleavage of acrylic acid dimers incorpo-
rated in the SAP particles. Those side reactions also affect the core, decreasing the capac-
ity of the SAP particles. In addition, exposure to elevated temperatures can lead to colour
degradation of the SAP particles. Therefore, these side reactions are generally undesir-

able.
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core, decreasing the capac ity of the SAP particles.

In addition, exposure to elevated tenperatures can

| ead to col our degradation of* the SAP particles.

Therefore, these side reactions are generally undesir
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also randomly distributed, which sometimes results in SAP particles with regions of

rather dense surface cross-linking and regions of sparsely surface cross-linking.

It is therefore an objective of the present invention to provide SAP particles, which have a
high degree of surface cross-linking and at the same time allow for a high degree of neu-

tralization.

It is a further objective of the present invention to provide SAP particles with evenly dis-
tributed, homogenous surface cross-linking. Moreover, the surface comprising the surface

cross-linking should be as thin as possible.
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cross-linking. It is therefore an objective of the
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pol ynmer chain segnents are cross-linked to each other

The present invention refers to superabsorbent polymers comprising polymer chain seg-

ments. At least a part of the polymer chain segments are cross-linked to each other
through covalent bonds, wherein the covalent bonds are formed directly between between

polymer chain segments.

The present invention further relates to a method of cross-linking superabsorbent poly-
mers, the method comprising the steps of

a) providing a superabsorbent polymer comprising polymer chain segments, and

b) providing a mono-functional radiation activatable radical former, and

c) exposing the superabsorbent polymer and the mono-functional radiation activatable
radical former to electromagnetic irradiation, thereby forming direct covalent bonds be-

tween the polymer chain segments.
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met hod of cross-1inking superabsorbent poly ners, the

nmet hod conprising the steps of a) providing a
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description of the invention

Figure 2 shows the "H-NMR spectrum of the ether extract before photolysis, after 1 min-
ute photolysis and after 10 minutes photolysis.

Detailed description of the invention

SAPs are available in a variety of chemical forms, including substituted and unsubsti-
tuted natural and synthetic polymers, such as carboxymethyl starch, carboxymethyl cellu-
lose, and hydroxypropyl cellulose; nonionic types such as polyvinyl alcohol, and polyvi-
nyl ethers; cationic types such as polyvinyl pyridine, polyvinyl morpholinione, and N,N-
dimethylaminoethyl or N,N-diethylaminopropyl acrylates and methacrylates, and the re-
spective quaternary salts thereof. Typically, SAPs useful herein have a multiplicity of
anionic, functional groups, such as sulfonic acid, and more typically carboxyl groups.
Examples of polymers suitable for use herein include those, which are prepared from po-
lymerizable, unsaturated, acid-containing monomers. Thus, such monomers include the

olefinically unsaturated acids and anhydrides that contain at least one carbon-to-carbon
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car boxynet hyl cellu | ose, and hydroxypropyl cellul ose;
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functi onal groups: carboxyllc acid or sulfo nic acid
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fonic acids such as vinylsulfonic acid, allyl sulfonic acid, vinyl toluene sulfonic acid and

styrene sulfonic acid; acrylic and methacrylic sulfonic acid such as sulfoethyl acrylate,
sulfoethyl methacrylate, sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy-3-

methacryloxypropyl sulfonic acid and 2-acrylamide-2-methylpropane sulfonic acid.

Preferred SAPs useful for the present invention comprise carboxyl groups. These poly-
mers comprise hydrolyzed starch-acrylonitrile graft copolymers, partially neutralized hy-
drolyzed starch-acrylonitrile graft copolymers, starch-acrylic acid graft copolymers, par-
tially neutralized starch-acrylic acid graft copolymers, saponified vinyl acetate-acrylic

ester copolymers, hydrolyzed acrylonitrile or acrylamide copolymers, slightly network



acid, cinnamc acid, p-chlorocinnanm c acid,
b-sterylacrylic acid, itaconic acid, citroconic acid,
wores@msm2e aci d, gl utaconic acid, aconitic aci #CTNER®5/005294
acid, fumaric acid, tricarboxyethylene and maleic acid
anhydride. Oefinically unsaturated sul fonic acid
nmononers include aliphatic o aromatic vinyl sul fonic
aci ds such as vinylsulfonic acid, allyl sulfonic acid,
vinyl toluene sulfonic acid and styrene sul fonic acid,
acrylic and nethacryljc sulfonic acid such a )
°‘§1§?1¥1%}@9hlgﬂly%%rﬁ g of F figreenipe CH%QIW&EﬁSyP%{F@?Y neutralized poly-
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[ - 0 -acryl onit k| r af :
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PapolyBenss. slightly networkcrosslinked pol yners of
any of the foregoing copolyners, partially neutralized

I | ¢ .acid, and slightly network crosslinked
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slightly network crosslinked po%yners of partially

ofewnsaiurpted degpodxyhiet dradr gapelymeecirell  Withe Sie mpmloynge reopelsimerizable
e Uged ei ther solely or in the formof a mxture of

wo or nore different polyners, that when used as

m xtures, individually do not have to be partially
Aneuitatd¢ imalhd Whep@msetiting meanohteing e@isolsy selntidrapolymerization,

; of e I [ .erials. are disclosed
B, ST BB ARG s TR L Pl Blgin oG oty
ezt iemt inja@ 35 FGectdd 6. a Balyentizatioh 66acB8A; Tianghukbis. solution may
Pat ent 4, 734, 478. Ehe SAPs useful for the present )
CPRRAR ?-%-r%g-ruaﬁaévraﬁ yA0BRAE 26Kl BORGHER O Peraligmagy, comprise
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a copolynmer of partially neutralized a, b-unsaturated
pelamiswizylle ovithc i @ fpoisytmeitddzedbaniytih agidnmomomears. At least the o,p-
uid orla eg%gr. %}%mceac}cp s%%ﬁl\gi btel}dartially neutralized, either prior to polymerization
of the monomers, during polymerization or after polymerization. In case the o,f-
unsaturated carboxylic acid is partially neutralized prior to polymerization, the monomers
(including o,B-unsaturated carboxylic acid monomers and possible comonomers) are at
least 50 %, more preferably at least 70%, even more preferably at least 75% and even

more preferably from 75% to 95% neutralized.

The monomers in aqueous solution are polymerized by standard free radical techniques,
commonly by using a photoinitiator for activation, such as ultraviolet (UV) light. Alter-
natively, a redox initiator may be used. In this case, however, increased temperatures are

necessary.



A suitable nethod for polynerizing nononers i s aqueous

sol ution pol ynerization, which is well known in the
wanbes/odmaqueous sol ution conpri sing nononers RAWUS2I0§/005294

erization initiator is subjected to a polynerization

reaction. The aqueous solutign may conprise e.g.

a, b-unsaturated carboxylic acid nononers, or may,

alternatively, conprise a,b-unsaturated carboxylic

aci d nmononers and addi ti onal nonomers, which are co
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byvieigint| per2 00 paity, ehedolpyhae Has)ad@o low ¢rbes-limringodensity andiwhen con-
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of absorption capacity and the
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is, the desired absorption under | oad. Typlcally, t he
Acltai)ﬁeﬁrvbliyrﬂéi dogpodgadizingsthe sesksilinkimpnigattswitia g mondniedsnit is also

0.Q005 to a b ht per 100 parts by_wei ght  of,
IORes ors T epagtigt Ehe el SrrarecpBoen es Mt Padgrizeion.
nonomers and possi bl e co-nononers) used. |If an anpount

2@ rpobympeizhon) roseligkihg @hd partial neutralization, the viscous SAPs are de-

hydrated (i.e. dried) to obtain dry SAPs. The dehydration step can be performed by heat-

ing the viscous SAPs to a temperature of about 120°C for about 1 or 2 hours in a forced-
air oven or by heating the viscous SAPs overnight at a temperature of about 60°C. The
content of residual water in the dehydrated SAP after drying predominantly depends on
dyring time and temperature and can range from 0.5% by weight of dry SAP up to 50%
by weight of dry SAP. Preferably, the content of residual water in the dehydrated SAP
after drying is 0.5% - 45% by weight of dry SAP, more preferably 0.5% - 30%, even
more preferably 0.5% - 15% and most preferably 0.5% - 5%.



cross-1linking agent per 100 parts is used, the

resulting polynmer has a too high crosslinking density
wanaas@shizbi t s reduced absorption capacity and patrsa®edos294

strength to retain the absorbed fluid. If the

cross-linking agent is used ih an anount | ess than
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and can range from 0.5% by weight of dry SAP up to 50%
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lepstypart ﬁf%‘ipf’b@e@ ﬁl%alrb%ega%y S§}583°f°ﬁsoA€ Br‘%fv’%‘?‘ oug cova-
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preferably 0.5% - 5% The SAPs can b e transferred into

articles of n rous, shapes. The term "particle
Sitect ePvalezh bt acpyioedo thq prpest YRGS 2 CoBHER iend wherein
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skllled in the art of SAPs. . the particles can be
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c§ds§ ﬁn%nflffr %&HBn%t&v&né%%%m% 91 Qsﬁflt ﬂp%‘éleljrp&)nﬁéjbetween
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the backbone of a first polymer chain and a carbon atom in the backbone of a second
polymer chain. The bonds are formed intra-particulate within the SAP polymer, more
specifically, they are formed on the surface of the SAP particles, while the core of the

SAP particles is substantially free of such direct covalent bonds.

The method of making such SAPs can be applied on polymer chains, which have not
been cross-linked to each other. Hence, the polymer chains are provided as a plurality of

polymer chains, wherein the polymer chains may at least partially be branched.



mmto about 100mm The fibers can also be in the form
of a long filanent that can be woven. The present
wonvesrseanm rel ates to SAPs conpri sing pol ynmer eQaius2005/005294
segnents, wherein at |least a part of said polymner
chain segnents are cross-linked to each other through
coval ent bonds forned direct & bet ween t he pol yner
chain segnents. A "direct coval ent bond" according to
the present invention is a covalent bond wherein
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b ir iy yrondaegrity etk G o tgeR frp SOEGR B, such
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substantlally free of such direct coval ent bonds. The

TN M R T e I Y

p@dvli@ﬁ in FRMCEF a AddRoMROIhY 18 “POBMIS cRif s Ylt”Ci@ﬁ,Lrs"@kS tlé part of the
plurality of polyner chai ns, wherein t ol ynmer

pelyaIeh §hﬁ§§/ bgtweep J3p0 %gltbpgqup%, gFisting cross- hn or to the part of the
Ty ARE Bieths Al Gk Y Glikre thdSolRENIHinGaBraRgneapP! i ed for
pggﬁﬁner g ; ns, mhyg} ﬁ%veﬁ%?BEa ynleeﬁlcross i nked
by a cross- Ilnker known in the art, conprising at
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particles to each other. Thus, the hod of
ppisesgeiiicaibaxylic acid units. According to the present invention, the term “polycar-

boxylic acid unit> refers to a unit consisting of at least two carboxylic acid monomer
units, which have been polymerized to each other and which are part of a larger polymer.
The term “carboxylic acid monomer units” refers to the reaction product of the carbox-
ylic acid monomer after the polymerization reaction and thus refers to the carboxylic acid
monomer built into the polymer. In a preferred embodiment of the present invention, the
polycarboxylic acid units consist of polyacrylic acid units or of polymethacylic acid
units. A polyacrylic acid unit consists of at least two acrylic acid monomer units, which
have been polymerized to each other. A polymethacrylic acid unit consists of at least two

methacrylic acid monomer units, which have been polymerized to each other. Alterna-



vention, when applied on SAP particles, does not |ead

to any appreciable inter-particul ate direct coval ent
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inintra-particulate direct coval ent bonds within an

SAP particle. If present, such interparticul ate direct
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a eas artia
more preferablg at least 70%, even more preferably at least 75% and even more prefera-

bly from 75% to 95% neutralized. Network cross-linking renders the polymer substan-
tially water-insoluble and, in part, determines the absorptive capacity of the hydrogel-
forming absorbent polymers. Processes for network cross linking these polymers and
typical network cross linking agents are described in greater detail in U.S. Patent
4,076,663.

In the most preferred embodiment of the present invention, the method of directly bond-
ing polymer chain segments to each other by a covalent bond is applied for surface cross-

linking SAP particles instead of or additional to conventional surface cross-linking.



neutralized, i.e. at least a part of the carboxylic
acid units are neutralized. Additional to the
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enbodi ment of the present invention, the nethod
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mono-functional.

Preferred mono-functional radical formers according to the present invention include
dialkyl peroxy-dicarbonates, benzilketales, di-tert-butyl peroxide, di-benzoyl peroxide,
bis-(aroyloxyl) peroxides such as bis-(4-methoxy) di-benzoyl peroxide, or bis-(4-methyl)
di-benzoyl peroxide, or bis-(4-chloro) di-benzoyl peroxide, 2,4,6-tri-methyl di-benzoyl
peroxide, 3-benzoyl benzoic acid, 1,3-diibenzoyl propane, trifluoromethyl phenylketone,
acetophenone, benzophenone, terephthalophenone, fluorenone, xanthone, thio-xanthone,
anthraquinone, benzil, a-ketocoumarins, camphorquinone, o -alkoxydeoxybenzoins, a, o~
dialkyloxydeoxybenzoins, o, a-dialkoxyacetophenones, o, a-hydroxyalkylphenones, O-

acyl o-oximinoketones, di-benzoyl disulphide, S-phenyl thiobenzoates, acylphosphine



di fferent nethods: One nethod applies el ectromagnetic

irradiation together with radical forner nol ecul es and
woheosgszand net hod only applies el ectromagneti 8CT/US2005/005294

irradi ati on without the need for any further
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(%g%@kﬁpﬁergﬂﬁﬁ%u@ﬁ &s Ql% A0 95 (tqr}getﬁ&ﬁ i B&z‘éﬂvﬁblrcﬁﬂﬁe or substi-

nds are broken ore, the e-béam dosa

tyterb pietidrinrethyd). - beoxpyll heroeﬂbe@mubﬁtt@tn@ bisy(4zhtbre) c}réae@zpoyl perox-
RAEHGEL 5L B0 SRAIE0. DA SR PR i,

sebsltlsltedllﬁ-«inbenzmxiqnopama,amhlbsﬂtuted trlﬁl)orcbjsﬁhﬂfpheayikcialhe Substltuted
r adi

f ft

st ShEpeis, Shtifes YFERhERuts rufEhied FleohPelindiftn Mpsituted

ﬂmagen&?en fubstitatetih aIgFﬁoﬁ@dl @ﬁﬂsuﬁma"drremt@mi{mdnss; ,NGubdiuted an-
l.atl on | va e ctivatl on .

t%%%’é‘?”&?ra@ﬁ IFLEe‘{ }lgt |Su‘??“8§$fioa%§?tf’%\‘&maémﬁy qu‘Bﬁ’é?fed cami-

@g usshes! I omsabspmktyder  ChalkBxyeEBBhz0inkWO OfsubdiRsed a,0-
icals induced in the polyner chain segnments can com

R EeTPoang r BRETHG) alowh i BOREBOPUREHe o Py 00
grgl PIRARELS; subsGRfHi OYci1%-bRRRKBRARS shbv@Rid @Dbendoyl di-

rmer’ conprising only one radiation
sal@hudv,asuaaﬂtete@ Seplienys thigheozdatpsc subsifaied goylphesphing oxides, substi-

(kB4 %eB fpthI gﬂ?’leo{(ﬁg@ Cﬁb dtétﬁ%lﬁg{rilglﬁfﬁﬁ 1@6% tsﬁbsttxlglﬁed di-benzoyl

presen YV Ion 1 nc eroxy- di carbonat es,
nisthened, kdtsttueesd phdiylizerdi-ghatylisulpberexi de, di - benzoyl
peroxi de, bis-(aroyloxyl) peroxides such as

i S { 4 y,
Ig a?)f)e(fn I g%%ﬁgé%%:)lg% tjgg %g%&orp g&c?}fegﬁ?tlzg 3Ip15 i%i_o ee tr?rzEg%}Fk én%ble or
ﬂmﬂm@mﬂdﬂqsamﬁp£AMannethyI di - benzoyl peroxi de,
3-benzoyl benzoic acid, 1, 3- diibenzoyl pr opane,

enzflgﬂ?%ﬁlgget}lp}/e?ce;t?%% %%Lelﬁﬁglgﬂﬁkm g)?ac? g? gﬁ@wng a mono-functional
rxdicul Iﬁmmer td jml}aﬂe:taa‘hahm@nents is exemplarily depicted for di-benzoyl perox-
ide as radical former and for polymer chain segments comprising polyacrylic acid units

(PAA):

1) Upon UV initiation, the di-benzoyl peroxide forms benzoyl benzoic acid radicals ac-

cording to Formula 1a.

Formula la:



ant hr aqui none, benzil, a-ketocoumarins,
canphor qui none, a- al koxydeoxybenzoi ns, a a-
wdiedskogtaxydeoxybenzoi ns, a, a-di al koxyacet opheaomss005/005294
a, a-hydroxyal kyl phenones, Gacyl a-oxi m noketones,
di - benzoyl di sul phide, S-phenyl thiobenzoates,
acyl phosphi neoxi des, benzoyﬂﬁhosphineoxides,
aryl -aryl - sul phi des, di-benzoyl nethanes,
phenyl azo- di phenyl sul phone, substituted dial kyl
R O PR SOk o Bt s s
dehictb@ BzHuRaboxi des, substituted bis- (aroyl oxyl)
per oxi des such as substituted bis-(4-nmethoxy)
di-genéoyl per oxi de, or substi tuted bis-(4-nethyl)
E oyl peroxide, or substituted bis-(4-chloro)
di - benzoyl perox ide, substituted 2,4,6-tri-methyl
di - benzoyl per oxi tJtng@23-2 W benzoic
aci d, substit ut ed - di | benZoy r . substituted
trifluoronethyl phenyl ketone, substituted
acet ophenones, substituted benzophenones, substituted
t er epht hal ophenones, substituted fl uorenones,
Adieb gitis initizt deacaon, Rtineshe Blibsting wdaetiorisiil) ge 9o mhdyothesretically take
ubstituted anthraqui nones, substituted benzils,
P&Gfstitut ed a-ket ocoumarins, substituted
canphor qui nones, substituted a-al koxydeoxybenzoi ns,
2% Thsbéntzoif] &anTaci ditadickly baxyedemisine ed Zguim formsdiltehzdylipedxide as
aha-giagrox¥ cet ophenones, substituted a, a-
drRigir rwyaéhenones, substituted O acyl
a- oxi m noket ones, substituted di-benzoyl disul phide,
Fetilgi 2t ut ed S-phenyl thiobenzoates, substituted
acyl phosphi ne oxpdes, substi tuted © 0

benzoyl pho bdes, substit 0—0
A i des, suUbBStTt ut i - benzoyl hanes,

aryl -aryl -5s
substituted phenyl azo-di - phenyl sul phone, In a
preferred enbodi nent of the invention, such
derivatization is done to either enable or further

nce er-sol ubi ld I e ' . .
ST BRERRG P The BRI o oyt R na i B A bl Fadica can resc
withribe bannaiciradied] ta faedh dal cofresprading@sthed, geverdicgt Formula 3.
segnents is exenplarily depicted for di-benzoyl perox
P%ggﬂg§,radical former and for polyner chain segnents

sing polyacrylic acid units (PAA): 1) Upon W

initiation, t@e di-benzoyl peroxide forn§ benzoyl
benzoi c @/(rladi.cahs @. @ o—@

4) Also, a recombination of two benzene radicals to form bi-phenyl as in Formula 4 is

theoretically possible.

Formula 4:

@ — O©



cording to Formula la. Formula la: hvThe benzoic acid
radi cal may theoretically de-carboxylate to form
woens@msni2g adi cal s as depicted in Fornula |b. FecmmiS2005/005294

Ib: After this initial reaction, all of the follow ng
reactions 2) to 9) may theoretically take place: 2)

The benzoyl benzoic acid radgcals can reconbine to

agai n form di - benzoyl peroxide as depicted in Fornula

2. Formula 2: 3) Alternatively to the reaction of

rmul a, 2, the. benzayl benzoic¢ acid radical can.reac
sﬁiﬁm AT fie tepagy L bEmeals Avit H%CL%% ﬁﬁ%é,%hmtﬁ ghe PaA to
@l heroic AGE MdH PRA LRI EQ! 48ebding to Fermuh 8. 3: 4) Also, a
reconbi nati on of two benzene radicals to form

bi-ﬂhgnyl as in Fornmula 4 is theoretically possible.
F a 4. 2 LA)" LAJTO5) As a further alternative,

t he benzoyl befzoic acid radical can reactfw th the

PAA to fon NzoieC acighpand a PAA-T @ CcoREh R

to For nul ¢ The benzoic acid may be jected t o an

oxi dative reaction to regenerate the radical for ner

di - benzoyl peroxide. 6) Furthernore, benzene radicals,

if formed, could also react with the PAA according to

The bearoRr Hidtmayf oy subjrered o an ardatvdi®detioadd eedenerterthelbaalical for-
6: If PAA-radi,cals according to Formula 5 and 6 have

05t dkbengeYHREOXife ol | owi ng reactions compri si ng
PAA-radi cal s may principally take place:

6) Furthermore, benzene radicals, if formed, could also react with the PAA according to

Formula 6 to form benzene and a PA A-radical.

Formula 6:

O — @

If PAA-radicals according to Formula 5 and 6 have been formed, the following reactions

comprising PAA-radicals may principally take place:

7) The PAA-radical can, in turn, react again with the benzoyl benzoic acid radical,
whereby the benzoyl benzoic acid radical is attached to the PAA polymer chain segment

as depicted in Formula 7.

Formula 7:

0
E::I)L\o. + PAA ® [::j;&\O-PAA

8) Alternatively, the PAA-radical can react with the benzene radical to attach the benzene

radical to the polymer chain as depicted in Formula 8.

@ o — @™

Formula 8:



7) The PAA-radical can, in turn, react again with the
benzoyl benzoic acid radical, whereby the benzoyl
woemsmszizaci d radical is attached to the PAA peCymse005/005294
chain segnment as depicted in Fornula 7. Fornula 7: 8)
Alternatively, the PAA-radical can react with the
benzene radical to attach the benzene radical to the
pol ymer chain as depicted in Formula 8. Forrmula 8: +
PAA PAA9) As a second alternative, two PAA-radicals
can reconbine, according to Formula 9. Formula 9: 2
PAA PAA - PAA The reaction according to Fornmula 9
results in polynmer chain segnments, which are di rectly
9 Aalsesvntl yitdraatve, v POL faddtdiesan rdntieies bsoRBng W ERuR9,
t he above reactions have actually taken place, the
ﬂﬁaqggpn samples are extracted with ether after U/
i ion, and the extracts are anal ysed via 1HNWR
and 19F-NWR (for exmsqpte 1n _casephplphhuoronet hyl
phenyl ketone is used as radical forner). Figure 1
depicts the 300 MHz 1H NMR spectra of di-benzoyl

r OXi: P). and-benzojc _aci d . In.the . .
AEGHRUAE abilnd e ARRACY frdie o kD Hah Pepms. yien ar ai
reldtlylvevatayly bpetidoiedeh othdre 1HNVR spectra of the ether

extract reveals the presence of benzoic acid,

C i ng Fi.g U . Benzaic acid. is, only faorned. in
TR b n gk e rep GRS Bl A6l Bl HefBeonoR som-
pl@aat extraceedowittd ether dfcer ROV rnitiatidn, aad tenbitrdcakae phaged fia 'H-

b benzoi c acid radicals ar ener at ed )
iy .ﬂﬁm (T [ Caspydaiuorg glipﬁg}y%@mnﬁawsed as radical
fei@We Bighfat ddpits the 306 MHLS' FRSIMIR Bp &8 &f UNbéRbliefoxid (BP) and

and 5 actually take place. Thus, PAA-radicals
b8 8B Yo For mula 5 nust i ndeed have been for nmed.
Surprisingly, the esther according to Fornmula 3 could

I eie 2BevetiabbhedetampldWhat RS ra@¥dIBfher is di-benzoyl peroxide, the 'H-

NMR spectra of the ether extract reveals the presence of benzoic acid, according to Fig-

ure 2. Benzoic acid is only formed in the reaction according to Formula 5. Moreover, the
reaction according to Formula 5 can only take place if the benzoyl benzoic acid radicals
are generated according to Formula 1a. Hence, the ether extract showed that the reactions
as depicted in Formula 1a and 5 actually take place. Thus, PAA-radicals according to For-

mula 5 must indeed have been formed.

Surprisingly, the esther according to Formula 3 could not be detected in the ether extract.
Moreover, neither the bi-phenyl as a reaction product of the reaction according to For-
mula 4, nor the reaction products of Formula 7 or Formula 8 were found in the ether ex-
tract. Thus, none of the reactions involving benzene radicals took place. Consequently, no

benzene radicals according to Formula 1b are formed.

Accordingly, as the "H-NMR spectra of Figure 2 derived from the ether extracts shows
that out of the reactions depicted in Formulae 1 to 8, only the reactions of Formula 1la,
Formula 5 and possibly Formula 2 (recombination of the radical former) actually take

place, the reaction of Formula 9 also takes place: The PAA-radicals, which are formed as



Mor eover, neither the bi-phenyl as a reaction product

of the reaction according to For nula 4, nor the
woeeistoson9 pr oduct s of Fornmula 7 or Fornul a 8 wece/uSewsdos294

in the ether ex tract. Thus, none of the reactions

i nvol vi ng benzene radicals took place. Consequently,

no benzene radicals accordihy to Fornula Ib are

formed. Accordingly, as the 1H NWR spectra of Figure 2

derived fromthe ether extracts shows that out of the

reac n picted in Formyl ae tao 8, .on

dprigie ﬂrbﬁgmsf a FEPIT aeW%Wltlgﬁwﬂafpaosé @ﬁ@lﬁ&@é.rsﬂlgals according to
FoRfud 78102 36 1RG et Rah il beatent MRTiEAdicEa ink Q6 Pefhula 8. However,
actual |y take place, the reaction of Fornula 9 al so

ag AResdisplsaee nottiablogad ma efher regctioppartnes fias Begh wueilable, the PAA-
%ﬁ&%ﬁg’c fvd fRcbi %1@@(1 Qccéfdﬁ%'t& l&%&eﬁ@@&t dcmcltté?i 1&1%@91&29?3’['@5, it

enzoi ¢ acl d radi accordi ng nor
cuny carsid \fnotmmah@lsuémlzeeﬁberr@ma@a|thaocdned.an@rqco covalent bond

bet g@[’h@fe?eﬁtﬁg%ac am%é er qlagﬁ ;§ are not stable

no o ner een avail abl e, the
PAA(adlcaIs must haye reconblned according to the
Thisatitertoppnd epimat @dmpmsenber rea¢tionrodumy of thet radigal foemer because the
[ t 6 t
rzgd?%f% glqgrdca‘rl\i 95%1&%%%/ a %18:& gﬁ%a%%lhg no?féia%?gstr t‘zuﬁ% Hcﬂ able to form
a[poosy-iink uptally Sediuton ss thizswinéé neduiirel dt.leabhiveo chidiagioh activatable

bond cannot co i se .the actlon duct of . t.he

i o rBrnbe "Bt 3RE (kSR QhrORES RS fadiiat JtRrer to polymer
cEONBdgnRas c@ﬁ@nmﬁgi payao@yhcaeﬁl (PAM ahe sgiseyen8N WV Hitidbiug the di-
not abl e %: forma cross-1li upon WV irradiation as
benzox! R F@&aﬂq“én&fea¢t@a§%kef W% adi ation activatabl e
groups. Consequently, when applying di-benzoyl

Feengxige as radical fornmer to polynmer chain segnents
conprising polyacrylic acid (PAA) and subsequently UV

initiating th& di benzoyl peroxide, the fdl !l ow ng
reaction SYd acepprarmula_1Q: B Ssot i DkRRS paa
known in art had to be at | east unctional to

be able to covalently cross-link different polyner
chai n segnents to each other: Exanples are the

actlv rface GL.0S n
v BRyR AR GO P 035 S R0 RE ORISR e BE Ao g Covatenty
celisstinls 6 ftrad @uBmer chain segments to cach other: Examples are the thermally
activated surface cross-linkers such as di- or polyhydric alcohols, or derivatives thereof,

as discussed above.

Contrary thereto, the radical formers of the present invention are mono-functional. The
radical formers are capable to form radicals upon exposure to électromagnetic irradiation.
Electron beams as well as UV-light can produce suitable electromagnetic irradiation.
Preferably, according to the present invention UV-light is used with a wavelength of 220-
380 nm, depending on the selected radical former(s). The UV-light may be used in com-
bination with an electron-beam, and also in combination with an IR-light. In case of
combination of UV-irradiation with other electromagnetic irradiation is used, it is not
critical if the application of the UV-light takes place simultaneously with the other elec-

tromagnetic irradiation (i.e. electron-beam or IR-light), or if irradiation is done in a series



Contrary thereto, the radical fornmers of the present

i nvention are nono-functional. The radical forners are
woapaissi2d o f orm radi cal s upon exposure to PCT/US2005/005294

el ectromagnetic irradiation. Electron beans as well as

UV-1ight can produce suitabl e el ectromagnetic

irradiation. Preferably, &grdl ng to the present

invention UV-light is used with a wavel ength of 220-

380 nm dependi ng on the sel ect ed radi cal for ner(s).

gag UV- L i %W d|n com atlonvvl aﬂ.h c
ool HERBAT LRt o BT O MG T 4 FISAe igh amount o
abivakibl Bhergy, BctBageh With 616¢HINMRAIS haQfbe W¥edsaidi ati on

with other electromagnetic irradiation is used, it is

ot._critical if th %&{){)Icatl nof the UV-]i ht t akes,
@F iwp Ao TR RISICTAOR P catHed QUhdR actau¥ehtioplafAmtst QVith UV
lhthpsAshiv g iaGRwet betweddl FDOK 200 2 REA 6t é)‘rgfeﬂabg'meiweeﬁ 100 W and 700

irradiation is done in a serjesof fferent

Wi sl van ingie gteépeed bepreep 489 M4 and 10ReWs lrrighation tinegy ifi preferably
b@tv&e%h Al ML, e[?l'd% Iﬁﬁo%mre Blfeféi‘@cﬁi/\()@fd/e‘éﬂ 0PN&d:9%nd 15 min, even more

activation wth el ect ron heans may necessary. The
peaferiably givesen @l warrndriethiy 2l Iyoﬁ@r@farablyel@t‘@@ﬁn Q.h see. and 2 min.

AN IR By Y 85, UM e 1BOURS o amo
dami1d§' on thA/abmmtum\,semtmxr & the eflent foimbes)weeh 140(Hs Wivingl a higher
pgﬁfar g(alelr;ﬁlil&ad anre rragggcr%ss]h%[% \[,I\g% ﬁﬁ/S&‘%?é e%eno thé‘ Ii'gclamp(s)
aftl the SAFewhioDis@o pé aﬁaﬁlatkle&plke&trMe RraflesTbeS@een samﬂalﬁl 16 d¢in.

and nost preferably between 0.1 sec. and 2 mn.

L&é@ﬁe&%?%%ﬂ%ﬁ%dia 1?)1'6,?suf LS n,B'P afs%ﬁrtgl 6:ﬁd1?aﬁ ggnners Form free
8IS, FIE]IE QiphBpesdtifel Eﬁe@fadtdﬂﬁ fbﬂﬂed?@;brlelbsb mredbisio ese dv1th polymer
anps havi ng er power gener mt _nor
Fea.sagre?né%gomﬂrﬁ% e oBeTabsatbERE BOWBITAHeR pdrce radical formed
fid¥h R RISl fer deh@s WA a\ﬁ’ﬁlyﬁﬁr tBaih @eé?@en@ rtﬂé‘%ol&ﬂn&k@ﬁm segment

pr ef erably varies between cm and

fermescr rokRsn 6haie wgnreawaéwlofﬂt I%laféwvaf& the&/rqa?tw@tm &, polymer
b st et ekt Qo @8t BC FERLAD) SMRRLOPy the polymer
cheiasegnmint. mlpmayvm, thewghetion e@mh@akmm eﬂethowatméyhc groups

?&@ﬁget%bozfqglg ﬁﬁﬂ% Xﬁgesr mel eg\gl%éh Baf%nd't %gél}cﬁéutxfaﬁfeﬁeg further al-

O reT
teregiivens that lie rpmitlysrre:xkee fplce os @gohat ﬁfnotlml grdhpozloylpeused by the

SR SRR R Bt B SR P L B0 can e
abbtraoted! Ecanglee i sqdh- foh@lotalroupsmpe bl dlidoacid, eerbpoylicneid or sul-
fonic acid esters, hydroxyl groups, amide-groups, amino groups, nitrile groups, quater-
nary ammonium salt groups, aryl groups (e.g., phenyl groups, such as those derived from
styrene monomer). When two such polymer chain segment radicals react with each other,

a direct covalent bond between the polymer chain segments is formed.

It is believed that the reaction which leads to direct covalent bonds between polymer

chain segments preferably takes place on molecules comprised by the polymer backbone.



chain segnent. Alternatively, the reaction may al so

take place on those carboxylic groups conprised by the
weoabosrmsz42ghai n segnent, which have not been PCT/US2005/005294

neutralized. A further al ternative is that the

reacti on takes place on another functional group

conpri sed by the polyner cha’n segnment if the

functional group conprises a Hydrogen radical that can

be abstracted Exanples of such functional groups are

sy fo |c acjd, carbo ic acid or sul nic acid )

feelpreeradicglopmerp agﬁ@%&’sto BfPERE IEROD ﬁm%n@kswla%yvelght of

Midakti V& 90O lgnﬁor AURLREAA ¥t [BATRRY HB0S 01 gsrti@rtrraéne dﬁ'&ﬁéhed at

phenyl groups, such as t derive

lrarsgmp“éril% a/énq%;crrrérréme Proferad pidenss Mish=pkiOyatae! aranest preferred
a%?&gfqm%v £ a4 gﬁt? Ha8R6T foﬁ’hérlé] hﬁﬁﬁé a Pl R;e'l g'nﬁ(ﬁ&tular weight of-

coval ent bon et vveen t he poly al n S grren S IS
t¢olend i, form mozge H@il¢ wadisalstdsalte ¢hiakge roe@rlctradlnalwhn bh distrdaeed better

vslﬁnrg H{eergalcﬁoﬁ@l]lc%nfhe qgcﬂgﬁ 1? S}toac I ik O}p % 1)% il uI Her cham S ément

nt's conprise
vh;hut ﬁne rqzuotuymmiuthnacakdb mabl%rtefr@r:r\eﬂl maqhodsaherfohamegnent to form

P D Rebl PG b AL 90 Bk S Gore e
rbRamtreddmbine0 tigy radital fedviel hs d@[o&ad&fgefrﬁFbﬁrdﬂ@B Ieast Mv
= 120 g/ nol, even nDre preferred at | east Mv = 180

/. mol and red at | ea = 24Q g/ nol . . .
P PedTRe R Tl Rt 0f Wresfil oot ain comprise
areth@ter@ips,ts@ch ﬁﬁl’i@he& OTHi 4150 Weds&o Sloaddtableaski€ad & thaSharge can

t he cha e of, the radical can be distributed better

bjidistytadrropehput e aropBEE 810uPhe radical is nore |ikely

to reach a polyner chain segnent within the reaction

b3 @fstlof elactaﬁﬂbe%ﬁlemﬂ)b (1® dse of edditionsl EHendiB&s B initRE cﬁ)B@hﬂkmg is
segnent to forma "polyner chain segnent radical". If

*HE°t)adi cal were very unstable, it would nore I|ker
react to reconbine to the radical former as depicted

[ﬁ)og eldcBom@Fidtit aradiatibhll el Bieornftkigh €hé BLkbagH Sellmer chain of
formers according to t he present invention wl

teeompFrRoTben bRy e érféldaehly sehveadigple Agned therebiapig gble to re-

ab©RIS p&l9m@PElﬁ1r§§e§91'e1%s tadp Rl Hydehet BRiANBE B sGAB s@ﬁerabsorbent
di stributed throughout the aromatic group. b) Use

pelyaet-rgs %@Hﬁw@ﬁny induersusisecordigal g theanelymen el élleecet p“poly-
rﬁé?'cflélﬁlts% n@?ﬁ%hcla ”rlé( ea g [v?cgéﬂc ) gal IH%thal segment radicals” re-
g f T orfred 1n

el ectro netrcrrra lation, radicals are
aptheittb sask wtiree (gvodrgimg o diea’p@tlglﬁ depicted in Formula 9 above), a direct co-

valent bond between tow polymer chain segments is introduced.

It is well established that atoms are composed of hydrogen radicals and neutrons which
are located in the nucleus, as well as negatively charged electrons, which are much lighter
and orbit the nucleus. Because they are light and only loosely attracted to the nucleus,
electrons can be separated from the atom relatively easy, accelerated using magnetic and
electric fields, and focused into a beam of energy. This resultant beam can then be
scanned by means of an electromagnet to produce a "curtain" of accelerated electrons.
The beam's strength and the amount of energy that it can deposit onto a target are deter-

mined by the difference in voltage between the cathode, where the electrons are released,



t he superabsorbent polynmer. Such highly reactive
radicals forned thereby are able to re act with
weoabosrmsz42ghai n segnents conpri sed by ot her chaPas/us005/005294

t he sane superabsorbent pol yner. The el ectron-beam
|nduces a free radical in the polymer chain, hence a
poly mer chai n segnent radtcal " is formed. If two

such "pol yner chain segnent radicals" re act with each

ot her (according to the reaction depicted in Forrmula 9

% a direct coval bond between tow po
a%ﬂﬁglﬁ Rosityehs sharesdsanofi Wgwhéé%ﬁlerws ﬂi%atﬁon%&% a’ﬁﬁf%h@dthe cur-
rednf 3¢hidH R EAiRIGs G MAHRHo Ry ﬂgﬁenbéa@dwwhﬁgammugh a given
neutrons which are located in the nucl eus, as well

arﬁ«e@art pegend; Fon gragarle.dhe iibe arpide AVCIst aeeeleraien ol encfngetP 220 ;000
@ é%és meelﬂugi dfliSal ?@c‘él%}éﬁ t&ﬁy pBos Lio&fin acagrgwal ¥p to
oosely attracted to the nucleus, ectrons can be
16,69%0%¢ eodtsf r om t he aton1re|at|vely easy, accel erated
usi ng magnetic and electric fields, and focused into a
Irpﬁf-ﬂ'leﬁf)o REROYE thd #e%erftq E&Nzlc&?&h‘ D@ n&eﬂﬁgloﬂ% used to have
scanned y means an el ectromagnet to produce a
higblyr ¢ngigetic efectaers ezt @d nedrabe p@h@l—hﬂdreg@ebnﬁds in the backbone
trengt n
oG ErE P gl bIF B TR R ekl [ BRI bonas,
rel@lsing @m@bmﬁmlo&h@oleaﬂhomheght \dbgﬁ@tlbh eraduetst andﬂ&varﬁhe SAP

| ease e pasiti d anode whi c
i SeLRraEon hBFsPER: il STRRNES SBORGE HBNE dy g tincen
pY¥Rneh cliasn %ﬁﬂeﬂ%ﬂ exvited BELALNORE coifl reddase telk&ttﬁlohrbnbllg? formlng a
bean1mh| ass through a given area %r second

Pﬁd' @ng,trﬁ rred foas ahgqoaséhlg( WEER thglaac & Aoyat of electron beam

1r9id%t)ﬁ ABSrid KOO QAPUO kdiSrred ¥k YRSdI¥R d%hﬁh' i8 %&a‘lly &efined in
accel erators can boost el ectron energles up
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commercially-available accelerators, which are equipped with a variety of material han-
dling systems, and are capable of significant throughput. A typical direct-current accel-
erator consists of the voltage generator, the electron gun, the accelerator tube, the scan
horn, and the control system. This accelerator creates a beam of electrons approximately
2.5 centimeter in diameter and energizes it to near light speed. The beam passes through a
scan horn, where a magnet scans it back and forth at ca. 200 Hz, creating a curtain of
electrons 1-2 meters wide. Target materials are passed under the scan horn using convey-
ors, carts, reel-to-reel equipment, or other specialized handling means. Worldwide, there

are approximately 700-800 electron beam accelerators in industrial use today. Accelera-
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With respect to processing economics, e-beam processing typically requires lower energy
expenditure than conventional thermo-chemical processes to produce the same net ef-

fects.

According to the present invention the dehydrated SAP particles may undergo a surface
cross-linking process step. The term “surface” describes the outer-facing boundaries of
the particle. For porous SAP particles, exposed internal surfaces may also belong to the
surface. The term “surface cross-linked SAP particle” refers to an SAP particle having its
polymer chain segments present in the vicinity of the particle surface cross-linked to each

other. It is known in the art to surface cross-link the polymer chain segments present in
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According to the present invention, surface cross-linking does not have to comprise a sur-
face cross-linker, the reaction product of which will be built into the SAP particle after
surface cross-linking. On the contrary, according to the present invention, it is possible to
surface cross-link the polymer chain segments by directly bonding the polymer chain
segments to each other through a covalent bond. The radical former, which initiates the
reaction, does not get built in the SAP particle. Optionally, the final reaction product of
the radical former can be regenerated after surface cross-linking and hence, after regen-

eration, can be used again for surface cross-linking. No additional monomers, such as



only react upon exposure to increased tenperatures,

typically around 1500 C. Thermally activated surface
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chaingef the, SABdH@@a m@rvtz@arto tb@lpgmert lwatlw He grebes olavailphde re-
aétlrg ks tS’xf the surface cross-linking process of the SAP particles is strongly in-
creased. Therefore, it is possible to achieve a far more homogenous, uniform surface
cross-linking compared to the surface cross-linking known from the art. Furthermore, it
is possible to surface cross-link the SAP to a higher degree than the SAP known from the
prior art. This enables to make the SAP particles much stiffer, thus, to more effectively

inhibit the gel-blocking effect at any given degree of neutralization.

Surface cross-linking of SAP particles mainly takes place on the surface of the SAP par-

ticles. That means that mainly polymer chain segments, which are exposed in the vicinity



the SAP particles according to the present invention
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efficient and economic overall manufacturing process.

Furthermore, as the surface cross-linking reaction proceeds quickly, the surface cross-
linking molecules applied on the surface of the SAP particles have less time to penetrate
inside the SAP particles. As a result, the surface cross-linking process is mainly restricted
to the surface of the SAP particles and avoids undesired further cross-linking reactions

inside the SAP particles.

Another advantage of the present invention refers to the neutralization step. o,B-

unsaturated carboxylic acid monomexs are often neutralized prior to the polymerization
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within the SAP particles strongly facilitate the absorption of liquid into the particles, be-
cause they reduce the osmotic pressure. Therefore, a high degree of neutralization can

largely increase the capacity of the SAP particles and the speed of liquid absorption.

The surface cross-linkers known in the art react with the carboxyl groups of the polymer.
Hence, the degree of neutralization has to be balanced with the need to surface cross-link,

because both process steps make use of the carboxyl groups.

According to the present invention, the surface cross-linking reaction using radical form-
ers and forming direct covalent bonds between polymer chain segments is not restricted

to carboxyl groups but further comprises other groups within the polymer chain segment
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most preferably at temperatures between 20°C and 40°C.

At elevated temperatures around or above 150°C commonly applied in the surface cross-
linking process known from the prior art, the SAP particles sometimes change their col-
our from white to yellowish. As according to the surface cross-linking process of the pre-
sent invention, it is possible to carry out the surface cross-linking process under moderate

temperatures, the problem of colour degradation of the SAP particles is strongly reduced.
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di m ni shing the possibility of later surface _
Asrplisther aliernagve. B 8F MPTRgadisalt fpanes cais Bp ePRlgd degethen with jgae or

nfcRé PRRRhIHO L AHRR I GRIRE! $64-1H¥ert NS 2 RuutdR@st B i€ mbodiment,
carboxyli’c acid nononers are pre%erably at | east 50 %

theo¥ AP paréieles byl yo epmprise garbarydgrovpsewharein et lsps pemenfithe egrboxyl
7 0f .
S §pS Erel a? ;V&g%quﬁggfgfpﬁg{d%nﬂﬁeﬁéﬁéﬁﬁ chetﬁ%‘t%%?Ab é&%l%d% Bein

neutra SO the car oXy group conpri se
iy thetmeally, dotiveishsunface endsselikeb xopiilenthobaind o ehieashel parterf the

are at | east, 50 %. re preferably at .| east 70%, eye
bR hisry rihio L ke S R g e HEF Eng s pOhymer
pheicleen 75% and 95% neutralized. A still further

advant age of the present invention is the reduction of
undesi red .si dereacti.ons .duri he surfac .

1 PG G o b SRRt P el o fiRfed soithos gross tinker,
bbtharV tifredigidnaind adcreat @ipeimperatuted (A@as ed0A0 afpateatssire $or the sur-
commonl y. around or above 150. At these tem peratures,
RS I SHTIPRING 8ISt ace cross-1inking reaction is

achi eved, but also a nunber of other reactions take

Thk agdical €orther &rafelablly @rsédimrpliquid sotitidnl fhotdygrefeerblyaran Gkueous
di mer cl eavage of dinmers previously fornmed by the
sgH9ti ¢ aci d nonomers. These side-reactions are highly
undesi red, because they result in SAP particles with
TIsbiAASAP paavdssiviith evlslytditritidd @eRcd Erossslidkinyk tHeGadical former

process according to, t present. i nvention es nat
hﬁ%@é&%ﬁlﬁ@ S ity é’ame@rpﬁl@rg&%ﬁ ing \tV wigfiagpy Jhere-
68, 1B Fdi@PfoPHbr idprelRMBF ApHed BNRPAA LGRS the S AP Wrticles.

el ectromagnetic Irradiation, such as UV irradiation,

t hose side-reactions are substan tiall étini ated. . .
Freecstaoyeh gre Wéd’ﬁg%%réﬁf“ N GRIOP DRt Rt fpRyde cross-linking
o€ KAPSparids. NGis EREPbdsHle HSAiRBt1Y B6Nalehkly fcRIsEBAR pdifeher chain seg-

el ectromagnetic irradiation can preferably be )
meaisovel] pefedthe SAP particles have been formed. For example, the radical former
can be applied to polymer chains formed from polymerization reaction of the respective
monomers before the polymer chains have been cross-linked to each other to form a net-
work. In this embodiment, the cross-linking with the radical former may replace the

cross-linking processes known in the art.

Alternatively, the cross-linking according to the present invention can be carried out in
addition to known cross-linking process, either prior to the known processes, simultane-

ously or afterwards.



tenperatures of |ess than 1000C, preferably at

tenperatures |l ess than 800C, nore prefera bly at
woenp@sangr es | ess than 50C, even nore preferabCy/uar005/005294

tenperatures | ess than 40C, nost preferably at

t enperatures between 200C and 400C. At el evated

t enper atures around or abové® 1500C comonly applied in

the surface crosslinking process known fromthe prior

art, the SAP particles sonetines change their col our

fron1 ite to eIIo h As acco ur f ace

I fhgssserp oﬁweﬁl@s% omle&lﬁgo L%Aetﬁ%ﬁﬁ’ﬁv%ﬁeh Bﬁve begn fogmed
iR6 paitibles @&sgq@éﬁ% Pihe HHE Y [sft%r‘ﬁfoﬁﬁéllslﬁtd $ Ak ipR@icles, the direct
process under erate tenperatures, the pro | em of

cevle crogelilachet Ve th Pel@etpiseemeRs &snqt gesiqteshppiply to the
LRI CEhd SAB Miemﬁ $cPlirdcP cadafenfscﬁrag BLtvwelY s&ginep chain seg-

usi ng radi cal for nmers, one radi cal forner can
ngalsewillelt present freushauti the ISP mam:lcﬂs persibly thiefdirseteprtvalent bonds

Nf? urt her
V%ﬁ?g&%geg3eg8%%c&%ﬁf Rﬁh g%ﬁ%r can be applied
t oget her with one or nnre thernally activated surface

Aeostvely,rtkedisect eovglent bandp betameeh polymercheiy ssgmense dillrba thstrlb-

05, 36RO AN O SEOREISE FSPLEBL LR o

dii ffeast pp]antersadolrr;prlemg colsfﬁaﬂerm rpotyher oha;ne segegnts ahlethrsfcaﬂieh the differ-

art cles acti .
Bl e <bfing Bl B P el sk O R B e B g e
appfda @ﬁfetehﬁd@@é’ehﬁ@ﬂyn@%@bl&ﬁqsah cbiis tegfoms bf dlel JATLpPOSedmay

on the z Lﬂfce of said superabsorbent polyner
nghheGressdeked Hallase a radical former is used toget her
with a thermally activated surface cross-1linker, both

Y als6 pasdivdd to @iix dlfebrénd polgasadot RRRE ﬂieﬁ@pdr&h@él®mprlslng dif-
1400C) are_necessary far the @F ace CfOSS | i nki ng
SF%@L@CT?H@“FS@?% Iy Sriepse B FBPYCHSEEY cprarise mix-

thrb 88 At q&bm@g@mﬂ@ﬂs ecogta@ﬁﬁfsaaahmr bchl@;ﬁblﬁﬁé%@ ous

sol ution. To obtain SA particles wt evenly
di stributed surface cross-l.inkjin the ra f or mer
Hogeverg alh such 3AF ipiticles ceperitiye Eﬁef? ﬁeva*fﬂbbwﬁsttﬁ’augh%? fhs SAP

pta&crag nwﬁﬂaergu\éutm&ea&b@tm g | Thekie idsRh8d, thd)SurkREicfdRb-linking
former i's preferably applied by sprayln% onto the SAP

myyrhej aghieved howmbigsting tha Sddhpasiidesee teradic efoml%sﬁ ifge present in-
VeV bY Qbidcting Yend &34 Girflel drdsQuAMAS AloBess kASWH ik HE! #0r by a

combination of both.

Absorbent articles

The SAP particles of the present invention are preferably applied in absorbent cores of
absorbent articles. As used herein, absorbent article refers to devices that absorb and con-
tain liquid, and more specifically, refers to devices that are placed against or in proximity
to the body of the wearer to absorb and contain the various exudates discharged from the
body. Absorbent articles include but are not limited to diapers, adult incontinent briefs,

diaper holders and liners, sanitary napkins and the like.



of SAP particles. It is also possible to directly

coval ently cross-link polyner chain seg nents well
woebwros2e2he SAP particl es have been forned. FOPCT/US2005/005294

exanpl e, the radical former can be applied to pol ynmer

chains formed from pol yneri zation reaction of the

respecti ve nononers bef or e 3P he pol ynmer chai ns have

been cross-linked to each other to forma net work. In

this enbodinent the cross-linking wwth the radica

f ormer ace the cross-linking processes known =~
Pr?f?f“ff{dnaé’s%lfb?nt amqlf‘ér(ﬁ S Rreseyt inygngon. ?raé‘gapﬁﬁsnﬁ%&eiéers}ndi digper
refb 1 BE aoRRANMrtit1P YEEA IR &R By B @hid BEorHent Persons about the

addition to known cross-1inking process, either prior
lowes tere@ known processes, sinultane ously or

afterwards. I n these enbodi nents the radical forner is
A%%elﬁpﬁhél@éj edpBcighy §u1ta‘Mé' £ tﬁ‘@%ﬁ:’s&ﬁ QHvefnﬁ&Hel‘} {cafiP compnse an

particles. Consequentl I's Frans f or ned
outep @wes;mqsmdmgcq leggid pqﬂ@O@ﬁ @Eﬁﬁetc%bwlé ﬁ"tlpeé?Vé@é Dackskeet and an
RELAFED EOFRI0 TP Al BRSNS 8 TSR T St
coudi mac corx;lmsalaemab@dmts niaeetiaketbat i geyordly ahapressblg, nerosnable,
nogy I,l]mtaém‘g g 1O %z{xge\re}% e% ,g%xﬁo lél.lt)ab blg (f% gsorp%?%}l{l | %ﬁl’lnéj qu1ds su\éh as
urlh@ amgemmsthlyl Holiy lelghtthntaﬁéltﬁAR) fhaIStAiPghaesicles of the present in-

Al t er na I t he direct coval ent. bon bet wee .
Vel b SRR iy B ORI & HaeaTecieR: §f W B Absorbent materials
coﬂnﬁmh@rnm@ﬁteeisﬁésublb hiipe @ tothidh @bsofinp aiticl &8 &ich F@rcomminuted

SSIb|e to mx different polyners

Woé’gﬁﬁ blﬁbl%ﬂwfé BTy AT Blai n segnents. In this
case, the differ ent polymer chains may be

Exeﬂhpﬁgr &Usmg@ﬁi sfrdd:tﬁl%@ Fdriis®hs thadbdosieht dssddblBedddrd @8 sibed in U.S.
to a different degree or polyners

Pa@ﬁfaNHSS |1-’h7 %3e7r %r{wlﬁd 'Bhrobrat Stugtie Conpining Endividualizad, Rglycar-

%ﬁ icCAQ& @T(‘)S%ﬁ‘th{%@ W&ocﬁi’t’tlp deﬁulb& 18b&9 RRSE isthud t@ 1¥n et al. on
ferent gdﬁ¥ners form ng the SAP particles

Avgpsigdi E19%g aﬁé@tr-‘ew Y lephitbad "Ehgl Bifisisgeie mbsorbent Atficles For
Incglﬁf?( elrcée %n%%eﬁr}%ﬁgeigé#g?g) %ﬁﬁpgz Ftnﬁr%?rg gg@%#ﬁe?r g X] 9*95Ir 85s. Patent
Nop 6J3§¥35é3&entiﬂodvéDssta‘allelAlsorbbntMIp &pt Lm%@:lse@murﬁesalﬁ‘gatenal"

1531&%%t ?éogcoglugllflgjlg{ 3(? ﬂg Zz, IISE al{‘g‘lrt]% 55?@3% ;&n ’(':Igbsoftﬁg?yoam
Mﬂer[eﬂsaE@' Aquesss BodykiFingls and Absorbent Articles Con1:a1n1ng Such Materials"
issued to DesMarais et al. on November 9, 1993; U.S. Patent No. 5,387,207 entitled
"Thin-Until-Wet Absorbent Foam Materials For Aqueous Body Fluids And Process For
Making Same" issued to Dyer et al. on February 7, 1995; U.S. Pat. No. 5,397,316 entitled
“Slitted Absorbent Members For Aqueous Body Fluids Formed Of Expandable Absor-
bent Materials® issued to LaVon et al. on March 14, 1995; and U. S. Patent No. 5,625,222
entitled "Absorbent Foam Materials For Aqueous Fluids Made From high In al. on July

22, 1997.

Furthermore, the SAP particles of the present invention can be appolied as absorbent mate-

rials. The SAP particles of the present invention preferably are present in amounts of at



may be achi eved by subjecting the SAP particles to the
radi cal former of the present in vention, by
weus@stdzng t hemto a surface cross-I|inking prBCess2005/005294
known in the art or by a conbination of both.
Absorbent articles The SAP particles of the present
invention are preferably apﬁﬂied i n absorbent cores of
absorbent articles. As used herein, absorbent article
refers to devices that absorb and con tain liquid, and
nor ecifically, refers to devices that are placed
I%a@faf(ﬁ(z By WFI@hO%P%Wﬁlp £hsorkent see. wety pt?ﬁ”er?wé atpfesf 68y, gypn more
pRETS@bIy a8kt GONtAH Brill BRn\hdré ?ﬂéferaﬁ%ygq&ﬁﬁg@% $§ RRIUESk the whole
fromthe body. Absorbent articles include but are not
apsaibenéePre-o di apers, adult incontinent briefs, diaper
hol ders and liners, sanitary napkins and the
MétksusPref erred absorbent articles of the present
invention are diapers. A s used herein, "diaper"
refers to an absorbent article generally worn by
Ethar F4iraCi9d i nconti nent persons about the | ower torso.
Absorbent articles especially suitable for the present
ALY §RbioRRist MR &Y FOIRES! £6 s@fe bl &I aff QUfF eRBaction. 10 ml of
including a liquid pervious topsheet, a liquid
comperoidlly iy ailabid drveet0. (bl water st eter is @ddedferiles tghdtipn prod-

ugtéf&Qg)ﬁ&oBf@fsy\ﬁl@& %/a&?lg%%&s‘&ggfeu@aﬁ]lg s(flprg% ?&Cﬁ)splﬁletthen-lélaﬁtﬂﬁlged

sor bent “cotre ma ri'se”any absorbent nmatéria
forrfaminuges gervemateperatore The sthéyl phasede rdnorvad biith,an Eppendorf pipette

non-Jjrritatin 0 arer's skin, and capabl e of
f’Bﬁ%@%F ﬂy%%gg%§¥gﬁﬁgﬁﬁﬁ ?%uids such as urine and
ot her certain body exudates. In addition to the SAP

NMRiSpedt@scdpl: t he present in vention, the absorbent
core may conprise a wde variety of liqiiid-absorbent

rials co nly used in dis bl e di,apers .an
g NG SR Reseerts Saecobaion DOVRorfren oD G T uqgmgthane
OB horl Ru@ener Bethylchedcaloridd CD,@s istided faglsblvelix@ileddiier ex-
absorbent structures for _use as the absorbent

T3ES e 5| F@mplg BRIk e YaREg 3P th MizNMB, grefiromgyer with 3558 @xford
slﬁﬁr% !c&ﬂcﬁgtiﬁ'g%ﬁ%kpgg FI;/@ES&!Y L4l Ba QN LR kMiRG clontrolled usin% g PC/NT

i viduallze carboxylic Acid CroSslinked W

Peoiysn 86 75QVHE €ompyet: san hgised: Hos sxaseple a Spp Fayrnaeleyg|probe ob-
AR eSt, B, PRIRLY D With 2 BALEIN vdiab femifetatGid dabdbifly (-150° C
o Hlag Ef%[i cf]j’ency > Absor gnt1 A’r‘t’?@?’ese F]élra o fy

to +200° C) and boron-free glass insert can be used. Respective 'H, *C, °F spectra are

acquired by standard high-resolution (solution) NMR techniques well know to the person

skilled in the art.
Photolysis:

200 mg of PAA is mixed with 20 mg of the respective radical former either in the dry
state or solved/suspended in 1.5 ml of water. Photolysis is carried out for either 10 or 60
minutes with a 450 W medium pressure Hg lamp as UV source using a pyrex filter to cut
out light below a wavelength of 300 nm. Such lamp mostly generates light at a wave-
length of 365 nm. All samples are degassed prior to photolysis by either pumping to 10~

torr or three freeze-pumping-thaw cycles.



I nconti nence Managenent"” issued to Young et al. on

Septenbex 15, 1992; U. S. Patent No. 5,342,338 entitled
wOoDspesabl e Absorbent Article For Low Vi scosi PgTose@b/005294

Material ™ issued to Roe on August 30, 1994; U. S

Patent No. 5,260,345 en-titled "Absorbent Foam

Mat eri al s For Aqueous Body Bfui ds and Absor bent

Articles Con~taining Such Materials" issued to

DesMarais et al. on Novenber 9, 1993; U.S. Patent No.

5,387,207 entitled "Thin-Until-Wt Absorbent Foam

Mat eri al s For Aqueous Body | Fluids And Process For

Maki ng Sane" issued to Dyer et al. on February 7,
AIP@RimkhtScitddah thd\DetaifedIScbcFton@ T thd In@shtioN! drd, lig ft-levant part, in-

Absor bent Menbers For Agueous, Body Fl uids For med
cEspRLfdisTedn Iy ederensgthe Rt of 28y dhewpraisygt Loa%wn%tfued as an

a@ﬁussi‘éﬁ‘ B S bribet art W28 2espBitto Me pRsefabRftiodNo. 5, 625, 222
entitled "Absorbent Foam Materials For Aqueous Fl uids

Made From high In al. _on July 22, 1997. Furthernore
While popicybar gptadagendy of fhe Efff%% SiventiRre e et ausgated ‘and de-

sl ROy RN 8O SBViBENMo tﬁaéeesmeal ifi-thd BR tPAR Rt bthdre&hames and
t he pr esent invention pre er abl y are pr esent I n

madblingtiensehn be n@é@swﬂm@mﬁlﬁm fgm thefspirih andsisepeof the invention. It
S RERLRERlcrE & coTDl 8. 1BG FREARY il al S5, R lhes BUERORR fions
tlaat ategrdthin DO $6dpy ofbiighventibn.t he vvhol e absorbent core.

Met hods Et her Extraction: After photolysis, the

reacti on products are subjected to an ether

extraction. 10 m of conmmercially available, dry (<

0. 005% water) diethyl ether is added to the reaction

prod uct after photolysis, these sanples are

magnetically stirred for 10 mn, then centrifuged for

5 mnutes at roomtenperature. The ether phase is

renoved with an Eppendorf pipette for further

anal ysis, e.g. for NMR anal ysis. NWMR Spectroscopy: For
Nucl ear Magneti c Resonance Spectroscopy, NVR, either
deuterated trichlormethane, CDC 3, or deuterated

Met hyl enenchl oride, CD2Cl 2 is used as solvent for the

et her ex




tracts. For exanple a Bruker Avance 300 MHz NMR
spectroneter with 7.05 T Oxford super conducting
worgs@s242%4 nm bore) and gradi ent shimr ng, coRCTISR@®E/005294
using a PC/NT PentiumlIll 750MHz conputer, can be
used. For exanple a 5mm four-nucl eus probe ob servabl e
for 1H, 13C, 19F and 31P witH z-gradient, variable
tenperature capability (-150 Cto +200 C) and
boron-free glass insert can be used. Respective 1H
13C, 19F spectra are acquired by standard
Whghksr@saihddson (sol ution) NMR techni ques well know to
the person skilled in the art. Photol ysis: 200 ng of

IPABupesabbrvedl polyinter 20mpBsied pdlirGer @SREREMY@s,WididiRlat least a part
forner either in the dry state or solved/sgs pended_in

1. 8f 5319 REAYR{cBRIn SesRY ay%‘erSSr laked o gaghy offgk throyeh gpvajsat bonds,

10c1kachPizBd BB sl E&ba@enfl’é&ldwameﬂin% rafr@&@meavééa Aaﬁnismymer
as UV source using a pyrex filter to cut out lig

beth®ip se2mewsl engt h of 300 nm Such | anp nostly

generates |ight at a wave |length of 365 nm Al

sanpl es are degassed prior to photolysis by either
%uﬁmen@sorberm @obymnepagecopding tor @@nf T, ezdzeeeilpsaﬂiipnb*meh glrain segments

g(%rﬁprlsr, rg)olé%?r%&%‘?ﬁta%ldc umt?dana r\}vhtepe%t SD% c?va?en S I a$ I ogd di-

cor
hefeetlﬁbélyfecfmsfa&imjhmrbokﬁ& amdhaﬁts oﬁsanf pddyryerdbaia menltS
not to be construed as an admission that it is prior
art wth respect to the present invention. Wile

P asipetdbsaberd fobahdIRREGdRE t6 RRIMAIE SRk @M@ l]bly@ﬁ]rbbﬁydﬁ acrylic
been il lustrated and de scrjbed, it woul d_be obvious

t 02%ih Bl copiPriseRPlYaqilis acid upity, palymsterrglicacid pails o hathges
and nodi fications can be made wi thout departing from
the spirit and scope of the invention. It is therefore

4. nbenserbgorbent polyarer perordies wphandeer | vaionen saifl pelyesrboxylic acid
Ch@rﬂ&%§e Q@éastgﬂ%gﬁafﬂ'y%@ﬁtka%%d that are within the scope of
S

this inventi al med |s: Superabsorbent
polyner conpri si ng polyner chaln segnents wher ei n at

e
s %f’ er %sg ggrg Qoféyrgac%cgr%L S{;ug J‘lﬁrﬁ ]%fn?s wherein said
chpﬂammamamsdgnﬁnihabksbc@m@mﬁab@mkmbonds are forned

directly between said pol yner chain segnents.
6. Superabsorbent polymer according to any of the preceding claims, wherein said su-
perabsorbent polymer is formed into a superabsorbent polymer particles and wherein

the direct covalent bonds are solely formed intraparticulate.

7. Superabsorbent polymer according to any of the preceding claims, wherein said cova-
lent bonds are induced by electromagnetic irradiation without the use of any radiation

activatable radical formers.

8. Superabsorbent polymer according to any of the preceding claims, wherein said su-
perabsorbent polymer is formed into a superabsorbent polymer particle comprising a

surface and a core and wherein said covalent bonds formed directly between said



Super absor bent pol ynmer according to claim1, wherein

sai d polynmer chain segnents conprise polycarboxylic
weachw/osmizd s and wherein said coval ent bonds ar ectasamd/ 005294

di rectly between said pol ycarboxylic acid units of

sai d polynmer chain segnments. Superabsorbent polyner

according to claim 2, wher ei¥f sai d pol ycar boxylic

acrylic acid units conprise polyacrylic acid units,

pol ynet hacrylic acid units or both. Superabsorbent

pol ymer according to ¢laim?2 or 3, wherein said ,

poPSRERFLERAN ffeémﬁ’%? drufrpmsd gp éhfafurfaé%@? syid spnegabsgrbent particles

newhérdhd saRGoreIH RARARSARIRR T RAY ¥&RIenfbEag di Ng to any

of the preceding clainms, wherein said polynmer chain

segnents are bl ock copol yner segnents. Superabsorbent

o . »

ey B o AR AR ot QR bt Dy DB AR Dnfa e tops of

suparatidiog bsuperabodrhent polymet ¢ahmisingdlywmkee clrimseaghents, and

di rect . I n 2 l.el. r

PR 2 SRR M Rl e B formen gt ng <

any) aboditigesapt apecibsugbank adlymer wiibsaid mosafudcii@mbradafion activat-

bonds are, i.nduced el ectromagnetic iryadiatio

o At o PV 6 Rl R R Bt e Eiine s covatent
f obsrRl SetwSttaldivsandieniin pednyemey accordi ng to any of

the preceding clainms, wherein said su perabsorbent
polymer is fornmed into a superabsorbent pol yner

1parhd fk@od ARREdiSE RO cldind 9! AGLINAAN AJRAHE 28RdaWRELEED former
sai d coval ent bonds forned directl bet ween

s ahagpomgigetarcyrigii of el MW a7 &5 &/ org prafereedsaf dgagicdw = 60
of ,4ak d superabsorbent particles whereas said core is
su%stantially free of said coval ent bonds. A nethod of
cross-1linking superabsorbent pol yners which conprises

h . i di r.h . . .
E:lbﬁ%e? %ngﬁlﬁcé %%%q?%}rﬁ% :tcg) \ékl% o1 errcgg ‘;é%(r%l rg?lgtlcglo Lc)flngtg.léle gadlcal

—

Q
arn Segrents, providin
nofooménmootpricmat least dnasroontiagoupsat abl e radi cal forner,
and c) exposing said superabsorbent polyner and said
nono-functional radiation activat able radical former
1R0TIRd peihodBRGPEEg € Ay @ddlaitdsan, whbeiehyd faalchl fogmel & e6lkected

Cof\égrlnethet grggpn gosnsggrtlggfe (Ellali?f pderc?xgll-a/igea;lgon%pe?,i bréngi?k%’g?ers],t gi'-tert-butyl
peroxide, di-benzoyl peroxide, bis-(aroyloxyl) peroxides such as bis-(4-methoxy) di-
benzoyl peroxide, or bis-(4-methyl) di-benzoyl peroxide, or bis-(4-chloro) di-benzoyl
peroxide, 2,4,6-tri-methyl di-benzoyl peroxide, 3-benzoyl benzoic acid, 1,3-
diibenzoyl propane, trifluoromethyl phenylketone, acetophenone, benzophenone,
terephthalophenone, fluorenone, xanthone, thio-xanthone, anthraquinone, benzil, a-
ketocoumarins, camphorquinone, a-alkoxydeoxybenzoins, a,0-
dialkyloxydeoxybenzoins, a,a-dialkoxyacetophenones, a,a-hydroxyalkyl-phenones,
O-acyl o-oximinoketones, di-benzoyl disulphide, S-phenyl thiobenzoates, acyl-
phosphine oxides, benzoylphosphineoxides, aryl-aryl-sulphides, di-benzoyl
methanes, phenylazo-di-phenyl sulphone, substituted dialkyl peroxy-dicarbonates,
substituted benzilketales, substituted di-tert-butyl peroxides, substituted di-benzoyl
peroxides, substituted bis-(aroyloxyl) peroxides such as substituted bis-(4-methoxy)



The nethod according to claim9, wherein said

radi ati on activatable radical fornmer has a nol ecul ar
woebglis2ad at | east Mv = 25 g/ nol, nore pref er PEWUSR005/005294
| east Mv = 60 g/ nol. The nethod according to claim?9

or 10, wherein said radiation activatable radica

former conprises at | east oré aronmatic groups. The

nmet hod according to any of clains 11, wherein said

radi cal former is selected fromthe group consisting

of _dial k per .o car bonat es, benzil ket al e
di dirspar] @FS?P‘ldﬁe‘%/ré}& atedis-ems byl dbé?rgszylc@romde or substituted

bi Bis (LR - bin BT SXb GRS s@déﬁﬁhte@@ bB-ﬁn—M&’tﬁS@H‘ﬂQéﬁ%yI peroxide,

dlbenzoylzgerOX|de or bis- %m dy benzoyl
pemﬁma@d bergp - enzaip peid ojubdtitutsd fbglan@msémr@mne substituted

&rfﬁofo&ﬁeﬂ{%bﬁ%yllg{ogp esﬂﬁs‘&l‘dtecfﬁre%éh&%nes rl ﬁtﬁlﬂ:ﬁlbenz ]ﬁenlones

benzol ¢ aci I'i benzo pane, uor one

p heupgtitikist @q:repht]mi«eﬂlgms; @nhspmjwnﬁtamlacm eybstituted xanthones sub-
t egtﬁ‘&h& B}?«L ggrﬁﬁ&%@% bsftltulfe%r a%ﬁlcr)aq non sn }sﬁasp fited benzils, substituted a-

I 0- xant honge, ra ui none,
k ek@munmnnsn $;1bstmm§m marqphonpmmnca @bkﬂw«ﬂ eeAyhedeaiyrt8nzoins,

2 Qg SRR RE R it o tegilispresesinglenones

O aib}x‘ﬂltuﬁd% Hydioigau@qmnones shssiEmsd Odic§UbBRIndoketones, substi-
heny| b a acyl hosphi_ne. oxi des
ﬁ ihrsomi GatR o Sobsued. ArpPo JhisRrRsesies, substituted aoyl
@e/l oﬂa&sh aB@RtituRa e MEhRLPheiphRREANEs, SHRIARR: aryl-aryl-
stltuted dlalkyl per oxy-di car bonat es, substltutegf

beﬂ%ﬁh“ﬂ@ét shlsgitutes gbeneoi c@etipnes o sebshivteg] Phrsylswe-dighenyl sul-
o \glfo%xb Lk %grl '[SZQZ%ZIQXA RELigtt %Eiﬁ}e ot 3%@'{6# %rthttag% water-solubility.

ar oyl oxy per oxi es such as s
bi s- (4- nethoxy)di benzoyl perOX|de or substituted

ll?,l ”fhe(rgl tﬂﬁ«‘lﬁ Qé/cogdlr% to,a 2%9 lelm%edt%xll wher(e){n said bSt 1[1 dlts %gmed out at

bi s-7( per oxide, subs

2, d&ﬁqmmmxmhﬂhmeEE benzoyl per oxi de, substltuted
3-benzoy| benzoi c acid, substituted 1, 3-dii benzoyl
propane, substituted trifluoromethyl phenyl ket one,

1gubiss mtub@dcoaﬁmgommap ONElsimsSUDSIB] whérei sbﬁrbl&ﬁbﬁﬂg}ﬁaé irradia-
subst | ed tereph | ophenones, substltute
f 1 Ui honhatadiatignepd poered syiamehdie and gigradiatipn pelyatable radical

t hfoPm&and Ebgﬁ?e%l 1to S1BRdhdoHE RArrANbIABHbARES.1 sec, and 30 min.
substituted benzils, substituted a- ketocoumari ns,

substituted canphoqu|nones substituted

13 K DXMEE Qé%fcgﬁé] &)Oéﬂ}%f claims 9 to 14, wherein said method comprises the

additional step of

d) regenerating the radical former afier step c) of claim 9.

16. A method of making superabsorbent polymers which comprises the steps of
a) providing a superabsorbent polymer comprising polymer chain segments, and
b) exposing said superabsorbent polymer to electromagnetic irradiation, preferably
electron-beam, thereby forming direct covalent bonds between the polymer chain

segments.



substituted a, a-di al kyl oxydeoxybenzoi ns, substituted
a, a- di al koxyacet ophenones, substituted

wa eoshgaroxyal kyl phenones, substituted O acyl PCT/US2005/005294
a- oxi m noket ones, substi tutygd di -benzoyl disul phide,

substituted S-plienyl thiobenzoates, substituted
acyl phosphi ne oxi des, substituted
benzoyl phosphi neoxi des, substituted

17aA%|§1P ¥ lﬂigllrtg%hfi: ggﬁgriglulgféts ﬁj algr 1%tﬁ@ ﬁg%lo opé’jh fc' 'a substan-
deilliyMatuid ahp@fious baciBedt Angl ainhﬂfsoﬁlaﬂtb&(@e @étv&fdéﬁtsbﬁlr topsheet and

enhance water-sqolubility. The method according to _an

oRidhagksheey vhgrein Salﬁﬁ'@é’ﬁ@bﬁmsaéil‘ée REMREES;the éla?qratéarb@a{ polymer

%C&d#“%gpgﬁﬁéﬂégggﬁﬁw /QC. The nethod according to

any o wheérei n said el ectromagnetic
irradia tion is WV irradi ati on and wherein said

poly r and s id radiation ctlvat | e radi.cal faqrner
18 A% Apspsib article BB SR BT EA DS IR sl Spofid StpeseheREdent poly-

Omérs $Ef%e nid 28rfinB to I??ocré‘?st m@t%/%e of diigs 6 R ANY of

cl al s to 14, whérein said conprises the

additional step of d) regenerating the radical former

after step c) of claim9. A nethod of naking

super absor bent pol yners whi ch conpri ses the steps of
a) providing a superabsorbent pol yner conpri sing

pol ymer chain segnments, and b) exposing said

super absorbent polyner to el ectromagnetic irradiation,

preferably el ectron-beam thereby form ng direct
coval ent bonds between the pol yner chain segnents. An
absorbent article conprising a substantially liquid
pervi ous topsheet, a substan tially liquid inperviou
backsheet and an absorbent core between said topshee
and sai d backsheet, wherein said absorbent article
conpri ses the superabsorbent polymer according to an
one of clains 1 to 8. An absorbent article conprisin
super absor bent pol yners, said superabsorbent poly ne
bei ng made according to a process of any one of cla
9 to 16.
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