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SUPERABSORBENT POLYMERS COWPRI SI NG DI RECT COVALENT

BONDS BETWEEN POLYMER CHAI N SEGVENTS AND METHOD OF
wWORKNGISTHEM Fi el d of the invention The presenPCT/US2005/026236

i nvention relates to superabsorbent pol yners

conprising polymer chain seg nents, which are directly

bound to each ot her through coval ent bonds. Moreover,

the invention relates to a process for naking these

super absor bent pol yner particles and to absor bent

SEPERARSORBENT BOAY MERSCCOMBREHNG BIRE(GHGNAEENT BONDS

Cackar ound e iVi BTN it CHpESRENERTSIRNPT S

applied in absor b THUD OFEBIA KING TSEM aper s,
training pants, adult incontinence products and

fem nine care products to increase the absorbent
capacity of such products while reducing their overall
bul k. The SAPs generally are capable of absorbing and

J£ | aggynts of aqueous fluids equival ent to nmany
Flfﬁfn@stﬂ%ﬁgier EEgvvn wei ght. Commerci al production of SAPs

began in Japan in 1978. The early superabsorbent was a
Tlor prssent imicetiors tedateshtopupsrabsoybent polyPers ¢aamprising polymer chain seg-

tralized,.pol li ' tual | I d
me Viph 86 PRt Bt Sotebord B0kl BBh Bt  on
of SAPs, and is the primary poly mer enployed for SAPs

MbR@Yr, tidaweaesneradtby tCapso®bs Gir Maliag tthak [syperabsorbent polymer
neutralized Iightly cross-Iinked pol yner network,
pagh¢lenandso abhentbeit prtickes saEppisingithase sypsTabspgert ol yiaers.
net work once subnerged in water or an aqueous sol ution

is iopdl saline. The cross |inks between
B?@%%Fd TN lﬁl’é?lg o

yner chains assure that the SAP does not
di ssolve in water. SAPs are often applied in form of .
Swpeedbsorpantt padyreers (S4EH are weilldeosynon tE¢ ariuTlesy. arpfcpmmonly applied

. ahsorptjon. of an,agqueous spl.ution. swollen SAP

Bl 8B 8 e Callrecingt RblsSrgHivepss products and

feflfthine BReipBsHuchao Yiréhss BRG®Sorbedtwapdtitl o€ sebrpaiidtd whité reducing
may be bl ocked, which drastically increases the flow

theis overal hukk. fie SARgEenerallyrpfescapablg efabsarhipe prd regzipiag amounts of
| Nty OF Y | D e
B ou AP RN e Ry Bl BRI WeiBht U O00

di ffusion, which is nmuch slower than flowin the
Comirersilipreduckion of SAPs began in Japan in 1978. The early superabsorbent was a

cross-linked starch-polyacrylate. Partially neutralized polyacrylic acid eventually replaced
earlier 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-
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tween the SAP particles. One comonly applied way to

reduce gel-blocking is to make the particles stiffer,
wokiosh14snbl es the SAP particles to retain thePeT/US2005/026236

original shape thus creating or maintaining void

spaces between the particles. A well-known nethod to

increase stiffness is to cross-1ink the carboxyl

groups exposed on the surface of the SAP particl es.

This method is comnonly referred to as surface . ]
leg BoLparti¢ies ey byeffusian, ey ig n@;_cg_slq\f@rglggnf%g in the interstices be-

[ -d 4 d surfactant coated absorbent resin

t“%%‘?ﬁ‘u%c%@h%ﬂa‘%g nmet hod of their preparation. The

surface cross-1inking agent can be a pol yhydr oxyl
Onoopomonlycapphed santp sdutegadbléckmghy do oake ther paddes stiffer, which

o DR S FERBESK b B 88 S8 g o

sphSesAREWERGhO WhartRles! RAMPAI-RAE teBod1td QfcreliseapiPiBss i§ 6 cross-link
particles are preferably exposed to the el evated tem

thp erborylegrofips expros¢d as thessurfage tof she GAP| pestacleh dihismethod is com-
n nuéfes. A wat etira-sol ubll. .peroxide radical initiator as
man}y gefgrred jo a5 sup ﬂi?ﬂﬁ'gg% " is al so known. An aqueous
solution containing the surface cross-1linking agent is
Thapgt refers @, tth guavel @os-lafked Aed podfyoiat .codteé absorbat @esin particles
cross-linking reaction_js achieved by heating to a
andeapethgd of dhedrprpparptign. The S‘Hé@éﬂ?fé“‘:%ﬂ?g&&lemi GFnthe plyhydroxyl

conbodlfié ngﬁr?figg té‘ﬂ'ells? thd ﬁ}/(ﬂ‘g%ylg&ﬂsswﬁf% r&Re WQH%@«?b%xlyl groups

re rece e use o et'ahe conpound an
omathei suifde of il SR eacmigsolnsorhoartysefas csessflakeng is carried out at

cross-1inki agent h been di scl gse The surfac
B GRBIT IS PEAR e oNC BT WEPFS Db APRIILP hredipvated tem-
pethieleSitdt ok NAst PRRRAAIBN Rst haR6OmahaRLY 1 n the range of

60Q0C to 250Q0C. Alternatively, the surface

cross-linking reaction can also be achieved by a
A praderosolyble aeeridsrradicalaintiatar, aspiusiees aroissrlipkinggigent is also known.

BB 2t of PR, BEOERL A0 B84 il g he st
of WP pglgumiet. (the Surfddeasredsdirking degctionds héhieved by flentdy 4 a temperature
takes place on the surface of the SAP particles, which
suels dhat the peroxids radiedl iBHig -if degamppseth whije the pelymer g not decom-
szE‘(f particles while not substantially affecting the
core of the particles. Hence, the SAP particles becone

stiffer and gel bl ocki ng
More recently the use of an oxetane compound and / or an imidazolidinone compound for

use as surface cross-linking agent has been disclosed. The surface cross-linking reaction
can be carried out under heat, wherein the temperature is preferably in the range of 60°C
to 250°C. Alternatively, the surface cross-linking reaction can also be achieved by a

photo-irradiation treatment, preferably using ultraviolet rays.

In general, the surface cross-linking agent is applied on the surface of the SAP particles.
Therefore, the reaction preferably takes place on the surface of the SAP particles, which
results in improved cross-linking on the surface of the particles while not substantially
affecting the core of the particles. Hence, the SAP particles become stiffer and gel-

blocking is reduced.
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IS reduced. A drawback of the commercial surface

cross-linking process described above is that it takes
wa@2e00eloadssvel y 1 ong tinme, commonly at | east aboPtT/B82005/026236

m n. However, the nore tine is required for the

surface cross-linking process, the nore surface

cross-linking agent will penetrate into the SAP

particles, resulting in increased cross-1linking inside

the particles, which has a negative inpact on_the . )
A lagyetrick yof ghe chmngralsrfape cess-limkiag gregess descriped ghayeris that it

abl e ave short pro ' ar f e
R gSst iR o 06 aREED 3 1ol o L M6 Feucr, e more time i
requhifed 1@|€$ﬁef ﬁbfa]?e Wrdsk-lihRBpaebcesy thd nove salficearassdinkingSdgent will

particle manufacturing process. Another drawback  of .
Pepeip inte (b AAR RIS %«?sﬁmnﬁgn PRGEAsE Q?S?-S‘n?wgtmﬁlﬂwe particles,
e R g S RSP P, ThecBSre i s desi
abdakey hhveestsut pecessctimes £dri sucface cemsdigkingt Futthermeag, badwest| process

.groups._of th ol.yner, but al so.other reactions.are .
e b A e VAP ror Rl BT SR G anufacturing
mﬁgﬁgoxyl groups within or between the polynmer chains,

and di nmer cl eavage of acrylic acid dinmers incorpo

rated in the SAP particles. Those side reactions al so
Andtherdrawbaskod cemmpaciuefaes ¢rgss inkinspmepsses isfthat geeygake place only

rticles. .l i.1ion, d
R
ndd@hlyl bk e6rfacEhesstlinker réabie swthsthd eatberyltgrouys afitke polymer, but also

tgener ally undesir able.
0

. S .' h t
Grorcacliony apmAct arac ¢rde amhA s Aoy OfRHRYER SArboxy groups

wnﬂigro@ﬁf:&%en B Sher éh@g&hﬁldﬂﬁ@ﬁffl}%{ﬁﬁgg BENRylidadill %%rﬁ‘;}éerﬁ incorpo-

neutrali zatio as to be care anced wth
ratedén tHeoS AR parftiates. Thase sideiredetings alihaffent tifeamee, decreasing the capac-

.. cross-linking agents _.known in the art onl eact wt

f PODE SATDRTIeG 16 AN PPUBR VY BEPPrbFStogi i to colour

ddd¥ddatiBe Bt MLSAP RIS, DefefaiE] thékd §ld@ réRHblisAAre ZR¢erally undesir-
carboxyl groups. Thus, the carboxyl groups can either

athe applied for surface cross-linking or for

neutralization, but the same carboxyl group cannot be
i t. ul £il g% &} ) r -l ki .

SPEH 1, A B YRR S S v
Hewevarcal the rpooyessestkinewntinahe am ismxeplizagion upas to ®e garefiilgybalanced

do not react with alj phatj.c quugs. Iy .
with the need for surface cross-linking: The surface cross-linking agents known in the art
only react with free carboxyl groups comprised by the polymer chains but they are not
able to react with a neutralized carboxyl groups. Thus, the carboxyl groups can either be
applied for surface cross-linking or for neutralization, but the same carboxyl group cannot
be applied to fulfil both tasks. Surface cross-linking agents known in the art generally do
not react with chemical groups other than carboxyl groups, e.g. they do not react with ali-

phatic groups.

In the process of making SAP particles, neutralization of free carboxyl groups typically
comes first, before surface cross-linking takes place. Indeed, the neutralization step is of-
ten carried out in the very beginning of the process, before the monomers are polymerized

and cross-linked to form the SAP. Such a process is named- ‘pre-neutralization process’.
3
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In the process of making SAP particles, neutralization

of free carboxyl groups typically conmes first, before
wabACtssTr oss- | i nki ng takes place. | ndeed, theCT/US2005/026236

neutralization step is of ten carried out in the very

begi nni ng of the process, before the nononers are

pol yneri zed and cross-linked to formthe SAP. Such a

process is naned 'pre-neutralization

process' . Alternatively, the SAP can be neutralized in
AItdirﬂatmetj,d tie SAP pa bereeutiabizédoin the middlesf mdylylmléaﬂozlaxflaﬁﬁr polym-

pos -neutraliz Fur t her mo
entzatéoye arveena 8o o dertysot et R Bafiftnl i aiso
ﬂ piger of free carboxyl groups on the outer surface of

the SAP particles is limted by the foregoing

neutralization, it is very difficult to gobtain
Apthe vl gumbenotiren ‘@'ﬁb%‘é@g@ép%f’n therouies sudpcssf. the SRPpgrticles is
llrﬁlne(rjd ?m&%%re@o&g%u?&l@%&gﬁ 2)? \‘Rﬁ:r{'J %%‘c‘ﬁt gﬁ%)%t?irr]lo&iﬂlags with a high
depvet dfGuefacanciobs-Hulang )andilhsncrel, hutighd sﬁﬁﬁme‘sactcm reduce gel-blocking. Fur-

thamor Gt 1SRRI ohiATh S e OV DAt Sop S Barfgp crose-
hrﬁyﬁglt,] L B Rthainthy Gle %&‘E@%}l BRSupseed hbSorll f&HM RaMmbEChRSenerally

regi ons of " rather dense surface cross-|inking and
alsroegandnml}oﬁlsmianehl\yhlsm rsbmc@mgsr oesultp |1m kSAdg particlgsswith regions of

her ef or e .an ive t.he resen vent i
e
surface cross-linking and at the sane tine allow for a

It k¥ tHérefiR@Rie6bjeétiveeadS the presehdinvention to previde § APtpagticles, which have a
obj ective of the present invention to provide SAP

higladegres eksurfacn ceehiningiagd At hasaae tmMsrgente Nigh figgres of neu-
tra‘ifzgt?(?'n i nki ng. Moreover, the surface conprising the

surface cross-1inking shoul d be as thin as possi bl e.

In addition, it is an even further objective of the
It p e fiether Ob]ﬂ(EtMCI afthe premrmwvrdetlmms)rawde SAP I[Iﬂéﬁ‘l‘ﬂﬁchéb evenly dis-

erein the nts conpri.sed b
i, R agapoBeaRE PSR MIEE0 oy RE S s S SaBrs e surface
cr&‘éstl'ﬁ%ﬁ dHos1dnReR tﬁl@lras?o%'HQ@S l'inking nol ecul e being
bui | |nto t he SAPs his objective is espeC|aIIy

desi rabl e Wth respect to surface crosslinking
Inj additipnd s patsven fusthsr shicetévesey th sesseRogLentioRKB presigé SAPs and

bht t KPR AP parti-

S R P bl PR PRSP e AT O, PARCHERAP pard

cledare crosédinkkd ttdﬂ eaglr ethentvithowethe ineed far gcows-iskiag molecule being
process to _produce

bullt into the SAPp This objective is especially desirable with respect to surface cross-

linking, i.e. it is desirable to provide surface cross-linked SAP particles, which do not

comprise the reaction product of the cross-linking molecules.

Furthermore, it is an objective of the present invention to provide a process to produce

SAPs and SAP particles with the above-mentioned advantages.

It is a still further objective of the present invention to provide a process to produce SAP
particles, wherein the process step of surface cross-linking can be carried out quickly to

increase the efficiency of the process.
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SAPs and SAP particles with the above-nenti oned

advantages. It is a still further objective of the
wEe@s®mMsst nventi on to provide a process to proPOTESHAF026236

particles, wherein the process step of surface

cross-linking can be carried out quickly to increase

the efficiency of the process. Moreover, a further

obj ective of the present invention is to provide a

process to produce SAP particles, which can be carried
Mougovert a ﬁwm@bﬁctlmféthammsé@t lphelﬁkoaéf tq proyislg fcRrocess to produce

At%derﬁc S b Ear S ac%hjl t a gééralge é?at%h%\ﬁﬁg?c%r to reduce unde-

eraruyes’ “Euthds an tron an
sirell R agsctiof) mmauedofy dldfk@tddﬂtﬁﬁiptﬂaﬁﬁes‘[ lsechpaseadrytiride- formatlon and

invention refers to superabsorbent polynmers conprising
diper ¢JaBiagehai n seg nents. At least a part of the
. polymer chain segnents are cross-linked to each other
S QPIbr @R\RY&ffonPONds, wherein the coval ent bonds are

or nmed dlrectly bet ween between pol yner chain segnents

by a radical reaction wth a radical forner nolecules,

Thermemd inyahtigrovefiess tmmweahsgr@ememwnwcem@smsmlymer chain seg-

[ I Th t f
bl BEIGR Enlt S PG UL RRGhE R SreIbLer 1y o
thﬁﬂF’@ cbwent bbadss vbpgirDthe cﬁ?alﬂft@ﬁhdﬂ zli’tg fernsadplireathy betbhenn between
mer conpri sing pol ymer chai and

pOéyrw cpingeEmants Jy MBS RUTEHRHIOB YiTea T2 {aRb toring El&l%%’&ﬁ riff radical
fogﬁe &%&ﬁesb&'l&%abqp 0 8{’19 bi-P{dRA - radi cal s upon

romagnetit I(rradiation, and c) exposing the

Tl%gtf) g{:e?} 12_13/{3% errlltGrFf%Est HRE: @ drplétggd of 8§saitml&1?g g{ﬁﬁrabs%rbent polymers

romag Irra

wﬁ@nﬁbmﬁnﬂkﬁﬁﬁﬁqﬁQﬂalent bonds between the pol yner
chain seg nents. Detail ed descri ptl on of the i nventl
2) grpgding @ supeiRhsaheat PHlYBeN SAMRIESEO I WRE AIRH) SeBBFRE; and

b) &Q&lg%? MicH k?&lrrﬁetr R uRRIthE RRHOS st %léﬁteg b nﬁ%ﬁﬂ: to form
ynt

ic polyners, such’as carboxynethyl starc
biaadibalx yp®t élydtromedgnetid wsdjatianchndy dr oxypr opyl cel | ul ose;

ST S RS B AT o R W e
netiRl i 4 iiadn, TREBEP fdrMi Girec By NerNtioBY Bathvae fReidther chain seg-

ments.
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 carboxymethy! 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.

The SAPs useful for the present invention preferably comprise a homopolymer of par-

tially neutralized o,B-unsaturated carboxylic acid or a copolymer of partially neutralized
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or N, N-di et hyl am nopropyl acrylates and nethacryl at es,
and the respective quaternary salts thereof. The SAPs
waos@boli4snr t he present invention preferably cPOPUSE®5/026236
honopol ymer of par tially neutralized a, b-unsaturated
carboxylic acid or a copolyner of partially
neutral i zeda, b-unsaturated carboxylic acid
copol yrmeri zed with a nononer copol yneri zabl e
therewith. A suitable nethod for polynerizing nononers
o, pamsuecds csiboxylicoracizbloppelymetzédonyitwid chonamexe cppolymerizable
known in the art. An aqueous solution conprising
thereWBher s and pol ynerization initiator is subjected to
a polynerization reaction. The aqueous sol ution may
A CRITRBIE SBefBod - foR polRGHinY adddnas ROXyldoas adlulion polymerization,
nononers, or may, alternatively, conprise
whiclh iuwskhkoewan éal theaarh oy PUEOHE FYUHRIN eATRRIES IR Aronomers and polym-
addi tional  non , ' . ' i :
er PO B0 e B DPEISR 0 BV Rz &8, BEKEC The 380y lufon may
cohlifis@eld: alprombtinateearbatylioxyld Momshéts, Drandydaldanatively, comprise
partially neutralized, either prior to polymerization
o, Bfunsdteratasin carboxylicdanid mgonmwheysrani zaeﬂtditmaﬁmoapmérs, which are co-

I ' jop. | ;
RS ST G e Ry A e o
ungﬁltg_a'ir&f Aot tﬂg gciﬁ@ﬁ%ﬂﬁﬁ e IBH I NGl M ®ither prior to polymerization

unsat ur carboxylic acid nononers and possibl e
ofctheomonemsts, augngtpdywasizalion %r afierep@yeberaiohy Iatcase the a,fB-
| east 70% even nmore preferably at. least 75% and even
nsginEieg G abF geitroprp el R bhdRise FapolyEarizaing. e Honomers
. | Lut | I s
EOGEG - aBHER LU HF nRB e HITKISBE, nonomers) are at
lez?dﬂ U(\S})t)o)lﬁn'rrir(])'reap&ferﬁlﬂy a@ tdakstv 2% pevensmote meferdtly avleastet5% and even
ight, Alter natjvely, a redox initiator may be
mﬁ@é’d‘?feﬁgl% froa 7é3‘s@55%ﬂ%‘§éh?eq- ncreased tenperatures
are necessary. The polyner chains will preferably be

The BBhdHerS P 8§udobi K811 6P areqiMRhert A28 By WRdrdhid§&d t4dlcal techniques,
The desired cross-linked structure may be obtained b

contreordy bﬂoisgm plzcaoiints}atcaffw reivetipm cuel aswakiayiodes () dight. Alter-
nononer na . -l i nki i
o E RS SRS dPAL 8 SR PARSRhOGhRl s

netBRafs 0ss-1inking agent is present in an anount
effective to cross-1link the water-sol uble polyner. The
preferred anount  of ) )
The polymer chains will preferably be lightly cross-linked to render them water-
insoluble. The desired cross-linked structure may be obtained by the co-polymerization
of the selected water-soluble monomer and a cross-linking agent possessing at least two
polymerizable double bonds in the molecular unit. The cross-linking agent is present in
an amount effective to cross-link the water-soluble polymer. The preferred amount of
cross-linking agent is determined by the desired degree of absorption capacity and the
desired strength to retain the absorbed fluid, that is, the desired absorption under load.
Typically, the cross-linking agent is used in amounts ranging from 0.0005 to 5 parts by
weight per 100 parts by weight of monomers (including o.,B-unsaturated carboxylic acid

monomers and possible co-monomers) used. If an amount over 5 parts by weight of

cross-linking agent per 100 parts is used, the resulting polymer has a too high cross-
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cross-linking agent is determ ned by the desired
degree of absorption capacity and the desired strength
wo o006ei@sn t he absorbed fluid, that is, the deBCT/®E82005/026236

absorption under |oad. Typically, the cross-Iinking

agent is used in anmbunts ranging from0.0005 to 5

parts by wei ght per 100 parts by wei ght of nononers

(i ncluding a, b-unsaturated carboxylic acid nnnoners

and possi bl e co-nononers) used. If an appunt over

lmfbmgt npigy ord epibiest redvasd SbpOrRKPThepPagiEn and BrCropas! i&%ﬁ"g@ to retain
S
o B R PR P AP 85 R DAls gn 00 s
by]g\aaglgﬂ ;texflao q)artmcthepslgdmeshaem giohlot\mrostlmkmg Hensith s0d lvé@n con-
ul |f the cross-|i g age s . used in
tagted il TonDto0Rs FAPHRSU Ly R RIhep S k0w e LIs i exnibits
| 1l typi-
RSV B O SRl 10 HensS A st o
callpbbeolubleiic ke, aquedusrsoiibubl e and exhibits a | ow
absor pti on performance, particularly under |oad. The
o%ivﬁ kl ngf)lé/ %Pltﬁng tll %(?ég glpﬁ?ll la)éggt_ wﬁﬁltﬁglrn?oznofnhel‘gqeft is also

possiBR S0 k:to@&lhﬁﬂ RGN ma dhhmt hea ﬁ‘@amp@cesﬂstelpsiftaf p@iymerlzatlon
possible to cross-link the polymer chains in a

separate process step after mer zatlo Af t er
Afigg) Mp@rzzgqtlpgncro%srlgggng and p?fg ]Iay th}ogb the viscous SAPs are de-

_h@?a‘f §}' ' aﬁ\é Q8 .ob%agaed& SPRUen ﬁﬁ\ﬁ%’d?z{t%r 4! &B%G&r&m@d by heat-

tal n on step can
inQ étref mcmasi SbgPs he atempuyamfaeoﬁﬂbsctol,%)°6ﬁélsahwt & or 2 hours in a forced—

ture of about 1 f or out 1 or houtr.s, i n A,
it e V*ﬁgﬁlﬁ@ﬁ?%@ve{*ﬁ% Wit actgipeidngte OF Sodu ébec. The
coRieRF Bf 8Ridudt wakel BIMPRIRhVrEte S DO HHAE. prddignif@ittyeddpends on

of residual water in the dehydrated SAP after dr

dypingdiond mdwtempew@pe rtd cam ra@gc ifiog © |5%ebfaﬁt§=18héﬁﬁéf}’a¥'ﬁ? aip to 50%

and. can.r.an 5% r
oSBT g R0Se! BT bSOl S B 4B iRl sap
affee Grghalis vater 4|5% b etk ot rda Sm%rafﬁrﬁbradrwb 5% i $0%, even

0.5%- 45%Db ght of dr%/ SAP, nore preferably 0.5%
moreggoferred 847 mlM@ﬁéﬂ‘@ﬁ?@ﬁ ered 5% 18% and nost

preferred 0.5% - 5% The SAPs can be transferred into

Tl%iﬁﬁ’ﬂ:ﬁrsbé)fra Wd(’iﬂg)eﬁﬂﬁﬁsof iferb6! fapBarithkGéas “pdiicles” re-

rs to granu akes, spheres, powders,
fersl @t ghamiles, ditdrptilakes, shixpes pamderso plateléts and otth.er p‘éam ragd forms

e S S e BBy Rl
ulsd 8 b&ds 2RANg 4 Dattt1d 998 ofMibold! BSf &y a0y b PedferhB 4bout 100 to
1000 pm. In another embodiment, the SAPs can be in the shape of fibers, i.e. elongated,
acicular SAP particles. In those embodiments, the SAP fibers have a minor dimension
(i.e. diameter of the fiber) of less than about 1mm, usually less than about 500 pm, and
preferably less than 250 pm.down to 50 pm. The length of the fibers is preferably about 3
mm to about 100 mm. The fibers can also be in the form of a long filament that can be

wOovern.
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1000 mm In anot her enbodi ment, the SAPs can be in the
shape of fibers, i.e. elongated, acicular SAP

W@a0biotdses. |1 n those enbodi ments, the SAP fi bePGT/hiae5/626236
m nor dinmension (i.e. dianeter of the fiber) of |ess
than about I mm wusually |ess than about 500 nm and
preferably |l ess than 250 nm down to 50 nm The | ength
of the fibers is preferably about 3 nmto about 100
mm The fibers can also be in the formof a | on

Thei prasephinventien diento WOPeOMRESEE eelwer.q%@n%qg nts, wherein at

' le%ﬁl atalqsoft 1dl§5§ ayzr[l&gém{n' s%bglgnt}g%‘é’ 5?35:1 ﬁﬁ]@dqo%ﬁmﬂ%ﬁthrough cova-

_ art sal d yner chain segnents
lexﬁrbands“ ﬁ>$1$1edi diréaly Heo;vmcthe palipmer d:ltanrowgmeotsv al ent bonds
formed directly between the polyner chain segnments. A

A e e e a0 e EGRand WPehly BaR Bay pana wheren
polrferRQUn 40 e tPERR rotmloyllwva AcHRVk BBAd bmhdnd/\drltél‘medlate
o Internedi ate atons, such as atons conprised by a

atomy ssich ianlatangs pwrhpriset by quqswnkmgtm@lﬁwle KAB e Contrary, known
cresgﬁmitngl %gégncglglbgﬁféeg%ﬁﬁl 350 al Xpé%{lltq @bxncﬁerﬁlb%assbetween

e Ween ese

th¥de §oBrRert dh@ink SRBérbANhP Fadtiat pmﬂuctthﬁ" tioe cmss-llmlﬁkg ng)lecule is built
mol ecule is built in between the Xner chai ns.
in{bAReIChG PSLITRaKIGhARS - Dbty KBAKN dEPshUPKIngghationn da no! feslt in a

dudec{ go%le%?%@l#(ﬁﬂ&t iRARGn Akt E&VafeRt 'o&?d E(E‘Hﬁrlﬁﬁ’é’ ﬁJeF%@z‘ictltéﬁ Boduct of

e reaction product e cross-1linking
thHB]ioes‘rUhlang Bhﬂecﬁhﬂer dht direstabealentibond is forimed betwebe b \wedon atom in
car hon at e backhone, of flrst

(0§ RaCKPoBR b drf Tt BT EHE BALRHBATT0% BobbTaCang fa seoond
po(f)ﬂﬁérnma}_rh el“lﬁroﬁ‘&}ﬁs e f(grg{eqeigtrh-ﬁﬁﬁ@uﬁ% Mtﬁh‘l' e ESAW ] gﬁ‘ner more

e SAP pol yne nore specifically, ey are forne
spetiicaly, ftlmyearoffotriml Snmheparface bEthe SMhP Ipérttclﬁé while thyt core of the

AR Garelre “oohtan vl Ble-Rhanbisg! Bhdt sape can' be

appl i ed on pol yner chains, which have not been

Tl @stolli TkBskih® seacBABS R by abpliddeot @olyniee qha)llny,nwhlch have not
chains are provided as a plurality of_ polynmer c

begh erasshinkerbloarly atber ¥aiallprcentily Patymes ggf{lnbgr,etgr%\flggﬂ g5 plurality
tg)r w}ﬁg}%ﬂa A R Bt R Ymet Jh%ln'g‘?ﬁdq 1D gfrs)&' begsbhkar

fmer chai ns, Wwhic ave alrea been Cro |nked
a Cross- Ilnker known in the art conprising a
Altaastnvdlw;nh@meylmr ¢analtst #ppliod BbrepBpmes chains, Wélﬁbhemmleeady been

crg%hlltmkeg b%/ a cross-ﬁmﬁerqgno(v:v%nmbt%e aPtp cbr%grlgl 9l %F?eastcgv% Bglymerlzable
double bonds in the molecule unit. E.g. the method can be applied polymer chains com-
prised by SAP particles, e.g. for surface cross-linking. However, the direct covalent
bonds between polymer chain segments according to the present invention are not in-
tended to bond different SAP particles to each other. Thus, the method of the present in-
vention, when applied on SAP particles, does not lead to any appreciable inter-particulate
direct covalent bonds between different SAP particles but only results in intra-particulate
direct covalent bonds within an SAP particle. If present, such interparticulate direct cova-
lent bonds would hence require additional inter-particulate cross-linking materials, such

as cross-linking molecules.
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prised by SAP particles, e.g. for surface

cross-linking. However, the direct coval ent bonds
whedtsoenspol yner chain segnents accordi ng to tPeT/US2005/026236

present invention are not in tended to bond different

SAP particles to each other. Thus, the nethod of the

present invention, when applied on SAP particles, does

not lead to any appreciable inter-particul ate direct

coval ent bonds between different SAP particles. but
Foorpplicatiens, wherein thetpokymeirchiias hawesligpdye beencaosstliked and are thus

bands. wi t hi n_an_ SAP parti ¢l f I S
Y S e N L I
polyAfldt ERiddEktvean @lvo indighbopagd, i exstiag ecrevsdirgks | drnfoi thg part of the

materials, such as cross-|inking nDIE%uIe gtor
podysperichamns betaveenpisseVhere e PRIV PREThaiHsi ﬁ%“ca e al ready

been cross-linked and are thus provided in formof a

r: t " i " o

VLD S Sy SR SRAERC Gl st
theraitg HeoerossAlinkimk pcessopf thopesdnt imkenten, tthe tema ‘pahimesfchain seg-

t he, pol yner chai ns between, sites,. where the pol ymer
m%‘ﬁ%\i‘ﬁ?qrétoﬁ‘r%ﬂ%ﬁ%ta .‘“M@P}yr’i‘eﬁ cﬁﬂ@' pol yner cﬁai %s have

not been pre-cross-linked at all prior to subjecting

IntNBrBfdrRedt fifb&diRest bff i pieseRt aRedBor0fthd PelyRfee @A segment com-
invention, the term"polyner chain seg nments" refers

prises Rolyerrporetie dcibiniisd @@porgmgytﬁéhe OFeas _meﬁltlgn,pqhgftgm eplycar-
oGRSy 9 0 BEGRODINE: P05, BOUTRE £1Phbnoer
ure cwhidh havd lsech pelymieezedto ¢ach etter and whivh dare pant of a larger polymer.
RO SENEREOU NG .
yl%faa\égd @Sﬁ&n&%ﬁéﬁ{@%ﬂ&aﬁﬁ&a%&%ﬁ% hiré B E BaBBklic acid

arger po e term "carboxylic acid nonomer
momirhe builefree thetpwlyrher. freapteforedpmozhdéimensfof itheepresgniv nvention, the
lic acj.d nononer after .th olynmerization reacti . .
palyaranilic PSP 6SHE oL PRERIIF el Pt Sk it Bl eytic acid
urifdt 8 JoRCRMUIRT unil Bordisky & £ NéRORITRAiMBAE ntfnokfRe units, which
present” i nvention, the polycarboxylic acid units

haye bs¢rspolpmerizsidita sagh otheradi pplymethacrylic eid yait gersifinelatileast two
id unit.s. A polyaeryl] ' i ' f
oG R B S IaL oL AR Abner, o
tived), W ica sy li® agidaiioiagralsoAc@sisy wEtdoadicyddid namiochermiits and
consists of at least two nethacrylic acid nomner
methpgydic agidi rmenarRFe Ulite Whirk) hpve FMPPH%FE& her .
Alterna tively, the carboxylic acid unit nmay al so

ALGRRGihS o Me Bkt ifivéftiod, RIMRGfMPIiE Gci@Néhits are at least partially

neutralized, i.e. at least a part of the carboxylic acid units are neutralized.

Additional to the polycarboxylic acid units, the polymer chain éegments may further
comprise other units, such as polystyrene units. According to the present invention, the
term “polystyrene unit” refers to a unit consisting of at least two styrene monomer units,
which have been polymerized to each other and which are part of a larger polymer. The
term “styrene monomer units” refers to the reaction product of the styrene monomer after
the polymerization reaction and thus refers to the styrene monomer built into the poly-

mer,
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nmet hacylic acid nononers units, which have been

copol yneri zed. According to the present invention, the
woodogoaasboxyl ic acid units are at | east parti aPCPUS2005/026236

neutralized, i.e. at |least a part of the carboxylic

acid units are neutralized. Additional to the

pol ycarboxylic acid units, the polynmer chain segnents

may further conprise other units, such as pol ystyrene

units. According to the present invention, the term |
THepmilywery claie segrent qoafpsismgt o2 apAycarbeohisiastd Haitoin gembination

Wilﬂle)gé‘f‘?{e&’w Str%{lgn ggs anl;s) ﬁg){ s%cja]te\?%r}iééﬂis g?fgﬂgg ?? l%ggn‘;ﬂock polymer

chh'sggmemol ymer. The term "styrene nononer units"
refers to the reaction product of the styrene nononer

after the polynerization reactiqQn and thus refers to
o Ao S S s g i s of par

uaglg: %’prﬁg%llit Sa#cglly%ég%@ BlidS ARl in@Qvoﬁk LroRRAREIRSNPRYEsi &F partially

Ination wth other polyner units,
nesttalived popohstbacyylémacidmitiiesr ¢apolyafess amdistarshaloriyatives dladreof. Most

I I ai n segnent”. St. f. d f .
o B RSP FEe s Bl S S PR PRl st
acf (iRl (doriune Wk Fydltd/A@G1 P QEMPC PYfE@BC itkls SAPk ia@htat Yeast 50%,

network “crossl i nkéd pol yners of partially neutralized
mews| prefietablcatylbast 76%; duen mpvsipreferbbi gtrteass 7andansk eyer more prefera-

deri vatjves,dhereof.. referabl v. '
ol 3t Enetibrantas SRk e RBrkine 2R sE B fer substan-
tidl9! Waef-ilsblebRCArd, (n pert, feddrihifesotle ubsaptivd edpatiay of lthechydrogel-

acid)). Preferably, the SAPs are at | east 50‘%% nor e
fopniagesbapibgntapolymsts: Pressssea fon npiogk srase dink#ig, thege palygiers and
ty 4P ﬁ@t@oﬁ}’??oﬁﬁrﬂ(iﬁé%f @ﬁt?bir%’ .JeE&[BeZS%’ g&agﬁo/&etail in U.S. Patent

eutralized. t wor gross- i nki ng renders the polyner

4818663an tially water-insoluble and, in part,

determ nes the absorptive capacity of the

hyd | f ' :
I B ESRAPTE GRS TR EhEG YT PR e el directly bond-
ing BbMk elf_cﬁiii%%e?di&ﬂi({or&cﬁgmﬁi By at6valas 6bhdRhpbledifor3udice cross-
etail in U S Patent 4,076,663. In the nost preferred

linkig> YA Frpartictsss insteadmi os additipnal enganyentiangbsurface srpsyinking.

directly bond ing polyner chain segnents to each ot her
ad ;i i . l4i: nk i
B A PR ) o S SfR8. 6 S8 AR wor
eledtron@apaetts wmdiation biy abstraction of hydrogen radicals. “Bi-radical” according to
the present invention means that two radicals are induced within the same radical former

molecule in close proximity to each other.

Such a bi-radical, in turn, is able to abstract two hydrogen radicals from nearby polymer
chain segments and, therefore, can create two radicals in the polymer chain segments. As
one bi-radical can induce two radicals in the polymer chain segments comprised by the
SAP, these two radicals will be formed in close proximity to each other, e.g. in two dif-
ferent polymer chain segments, which are in close proximity to each other. Two of those
radicals induced in the polymer chain segments can combine to form a direct covalent

bond between polymer chain segments.

10
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It has been found that radical former nol ecul es, which
are able to form bi-radicals upon el ectromagnetic
w0 2vadi4@s3 on by abstraction of hydrogen radi cab®I/US2005/026236
"Bi-radical" according to the present invention neans
that two radicals are induced within the sane radica
former nolecule in close proximty to each other. Such
a bi-radical, in turn, is able to abstract two
hydrogen radi cal s from nearby pol ynmer chain segnents
Asathd, twohedishlsrieduasdrin ¢he pelymeshriadicgmbrs jare faigegolpgiyprise” in
chain.se nts. 0 i -radjcal,.can |
oG B STk 655 O LGP LM Bl gty s
witthachAfthertih @feeakyd) Joattasathsrevd, lih rdkcal ogaoiohd Witk hame-functional
proximty to each other, e.g. in two dif ferent .
ragigalyfaEnercnaliepules G &e oty %%e i @ﬂinrpn@ve@@alaw@sw g gpdical for-
mérq}qglggﬂe,qﬁ@ g‘irngle-l;\é@lcag iﬁcjﬁ‘aé@id’ lﬁg!pg nyer 'CPQHcé@grnéﬁs bREmore likely
pol yrmer ’chai n°segnents can conbine to forma direct
no€ &y &k en tcldse rpdoxtimti tyete ranpthley naeticat haduted eig menpalyisr then segment.
two radicals induced ip the polyner. chain se nts are
Hegp b lepmieurebind Frop et POk ry e BOTERCEIhasotiys wil
ach3By Rhack AGihCAkn ofef td Fdrel 4 BRAT bhabnl Y, did fo BELEBI dnbrt life-
reatt wth each other is increased. Contrary thereto,
timqofmdicelal reacti ons wi th nono-functional
radi cal -fornmer nol ecul es, which are only able to form
one. radi.cal ,w thin.the radical .forner,: i
TigTtee oS Bieoth &N ubofal S i BT MIRE U oy by segments
ar@{iRIuded & tlokebioxihity tdedrh dthers bO8es Pepoaises thy [tkelihood that these
anot her radi cal induced in the polyner chain segnment. .
ragieple evill actyadly |regdt inj & dirgetigexgleniporil giwegy i pglymer chain seg-
méﬂguced in the polynmer chain segnments will actually
feact wwth each other to forma direct coval ent bond,

due to the very short life tinme of radicals.
Mdhefiefcdors] ratichls fanimgh inyolcteddsy athlesgin tonbt obhdreadieai @al lse induced

induced in the polynmer chain segnents are ipduced in .
Wi 58Tt oY BAEH Sy T ST T e b HEGE i ention.
HOW&RE oA fnRasnd RRSE@ 1 f@ies HotecMds ImACEu@el ¥Yn &b td the radi-

a direct coval ent bond between two pol yner chain seg
catrortrer nivherolds pfdhe preadnt nactingan. aedes! feohercmplesules according to

wherein only qne radi.cal c¢an be induced thi ach
bt aroruba oo Fr B Ren SDEE Rl S ERE, protccute
wititut fieesarhl forvmeninbRouledaxsByigling BN 6vd thagtid@naddicals. According

radi cal former nol ecules may be used in addition to
totthe pregeht invention, both radicals induced in the radical former molecule are cova-

lently bound to each other, hence, forming a bi-radical.

Preferred radical former molecules according to the present preferably have a molecular

weight of up to 5000. More preferably, they also have at least one hetero atom.

Such preferred radical former molecules according to the present invention are cyclic

peroxides of phthalic acid and their derivates (Figure 1),

R, Figure 1

o—0O
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cal former nol ecules of the present invention. In
radi cal former nol ecul es according to the present

wo ennent48en two radi cals can be i nduced wi t hi n BEDHS2005/026236

radi cal fornmer nol ecule, without the radical fornmer
nol ecul e di ssociating into two individual radicals.
According to the present invention, both radicals

i nduced in the radical former nolecule are covalently
bound to each other, hence, formng a bi-radical.
Preferred radical former nolecules according to the
present preferably have a nol ecul ar wei ght of up to

Otﬁoolgrefe%@?acﬁga% rﬁr?ep rngc%lectulik‘?s £3h esy?rca Y V%Btl&?ﬁ%t nfgeromdes of

erre rad or ner

su@tgiondidngd tieeit dweivatiesdhRigura®ent i on are cycl i c

peroxi des of phthalic acid and their derivates (Figure
1), Figure 1O her preferred radical former nol ecul es
of the present invention are g¢yclic peroxides of
succinic acid and their derivgtives (Figure 2), Figure
2 And still other preferr cal fornmer nol ecul es
of the present invention are¢ en-diynes according to
Figure 3, which are capabl elof f®@rm ng a benzoic 1,4
di radi cal upon irradia tR n ( rgman Cycli zation
reaction): Figure 3 R, nd R4 can be hydrogen
atons or can be sel ected fronf{he group conprising of
substituted or un-substituted phenyls, G -C4-alkyl
groups, ethylenically un-saturated groups, such

Figure 2

At il ethecakieyred madiedl dpanedngeougsofghe pesetiliyvention are en-diynes

scRAS ARG OB 44 50100 oL AR BORe apee b Ro Rl Sradie

nanB@&ﬁ%&K%QhQMKHﬂEB&Kﬂ? oxygen atons. Any Conblnatlon

such , R2, R3 and R4 substituents is possible.
Ri, R2, R3 and R4 can be identical or nay be different
fromeach other. It should be noted, that while the Figure3
radi cal former nolecules according to Formula 1 and 2
have only one radiation l e group (the 0-0
group), which is able to forlm radical s upon
el ectromagnetic irradiati on/,A\these nolecules are
neverthel ess able to forfebiradrcal s

Ry, Ry, R3 and Ry can be hydrogen atoms or can be selected from the group comprising of
substituted or un-substituted phenyls, C;-Cs-alkyl groups, ethylenically un-saturated
groups, such ethylenically un-saturated groups preferably comprising an acrylic or
methacrylic group, an organic group having from 1 to 100 carbon atoms, which may be
interrupted by up to 49 oxygen atoms. Any combination of such Ry, Rz, R3 and R4 sub-
stituents is possible. Ry, Ry, R3 and R4 can be identical or may be different from each

other.

It should be noted, that while the radical former molecules according to Formula 1 and 2
have only one radiation activatable group (the O-O group), which is able to form radicals
upon electromagnetic irradiation, these molecules are nevertheless able to form bi-

radicals as depicted in Figures 4 and 5.

12
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as depicted in Figures 4 and 5.Figure 4 Figure 5
Hence, while alnost all nono-functional radica
WO eoeeI48szonpri sing only one radi ati on acti vatedil/852005/026236
group are able to formonly one radical within the
radi cal fornmer nol ecule, the radical former nol ecul es
according to Fornula 1 and 2 have been consciously and
specifically selected according to their ability to
forma bi-radical. The radical former nolecul es
according to Fornmula 3 conprise two radiation
acitvatable groups in close proximty to each other.
Upon el ectromagnetic irradiation, one hydrogen radicahgmﬁ4
is abstracted fromeach of the radication activatable
groups, thus fornmng a biradi®al. dn a preferred
enbodi nent of the present inventidh derivatization is
done to either enabl e orRAfurtk enhance
wat er-solubility. Cross-lin
as di- or pol yhydric al cohg
have to be thernmal |y acti; [ are built into the
SAPs. Contrary thereto, the radic A former nol ecul e
nol ecul es of the present inveRiion create direct
coval ent bonds between pol yner chain segnents and do _.
not need to be incorpo rated into the SAP inorder to Figures
provi de surface cross-linking.ln the follow ng, the
reactions taking place to formg direct coval ent bond
when appl yi ng radi cal for nB ] es of the present
“invention to polyner chain segnents, is set out
schematically for polymer c ments conpri sing
pol yacrylic acid units (PAR: Upon WV initiation,
two hydrogen atons are abstracted fromthe radica
former nol ecule, thereby the radical fornmer nolecule
fornms a bi-radical. The bi-radical can react with the
Hdpad, winthe nlmimst ahh endrio-fuadiopal radizat faotess ¢ompprivydy aggrone radiation

radicals fromthe PAA to formiyt PAA- r adi cal s
ackRn R o e bl gy oy 05y BheBL p bt L theahh oRmerpRlecule,
th€ PRI &R BN M eLRRErdi toBorRiuld 2Ain8a& haveObee X BARYSUsly and

| eaving the radical forner in its reduced state. 2)

spaapocPiXsetesttid cat @ dingrio deimsibddy toforarahigadicalect coval ent
bond between the pol yner chain segnents. To determ ne,

ThVé‘}Ll&iQalotfoH%&em&%?M@s L EBREALRSF ARG RESHR Y WA G tion acitvatable
pl'ace, the reaction sam

groups in close proximity to each other. Upon electromagnetic irradiation, one hydrogen

radical is abstracted from each of the radication activatable groups, thus forming a bi-

radical.

In a preferred embodiment of the present invention derivatization is done to either enable

or further enhance water-solubility.

Cross-linkers known in the art, such as di- or polyhydric alcohols, or derivatives thereof,

have to be thermally activated and are built into the SAPs.

Contrary thereto, the radical former molecule molecules of the present invention create
direct covalent bonds between polymer chain segments and do not need to be incorpo-

rated into the SAP in-order to provide surface cross-linking.

13
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ples may be extracted with ether after UV initiation,

and the extracts can be anal ysed via 1H NVR and/ or
wa3@eMMRs2 Wt h NVR spectroscopy, the radical fBPCTVES2005/026236

nol ecul es can be detected in their initial stage

bef ore havi ng undergone a radi cal reaction. Mreover,

the reaction products of the radical fornmer nolecul es

can be detected resulting fromthe radical reaction

| eadi ng to direct coval ent bonds between pol yner chain .
Ingleyfeblawingaitherricactions takim pagertp dpiar 2 dirgptioqealgpfrkondjyhengpplying

| sO. possi bl e 't 1.fec . e;
ro DR R By ot b b OB B B AT A B et o
schahdiRdBy @r pdtyhdrehainaeghedd/Bdmprétng pelgapyliovelid ukitso(RAA):

in the art. However, to detect these direct coval ent

bonds, it Is necessary, that enough direct .cova. |.ent
1) BN Disiateb WP AW HEECR AROBISER AbSasled i ffecadical former mole-

cuft 1RedHy e Fdial et ?1%16%91%%1&%&%(1@ MR Di-rAYER 8 react with

as a srde-reaction of the present invention, a part of
the BA A, aieretly the bireadicab hlstragts dwo rherdragies cadieals frewr the ParAdo form

into,th AR .particles vial cpval en QR b e
wpdiAarards r Bspato T Soifer onbls ¥ chdlfs cova
leBOBGALLS the Bl-radiesiefos ieﬁiﬁn?l@ a@lvir@nge rddiwl fotnkaBREts reduced state.

cross-linking may take place upon el ectromagnetic

irradi ation by reaction of the activated
2)phie BAAcEdiqaliccagr umbing tor REmradirech covalentdiond hetwigsnghe polymer

It dj acent aliphatic CH bond conprised by a
Ch\é%]ls{%ﬁ@rgmghai n segnent of the SAP. Instead of with an

ali phatic CH bond, the radical forner nolecul e nay

Talstermieacvhivh of the fbome réaonans lgveaptugldy takemplrog,ythe reaction sam-

p! S;Iglgf %)(3 ggt?%)orﬁf%ci\gglé gﬁuﬂt' gtﬁerg?\léglpnﬁgtg?nljghg ttfé:egﬁgrggt% 'c?r'g‘ﬁﬁgrrlalysed via
'HIRMNEE Uh&5r MY NIVER CON RMH Ypde@Ustdpy Otht kedidAll fohaéd @olecules can

groups and/ or _c_arboxylggroups conprised by the polyner
becdes¢ateds mgtheintinitief stagrebefnre hrving endesgonas rafical gariiey). Moreover,

_theg g%agﬁélq gﬁoléi{%gtglo?‘%h arra%icgpl'o?mgro g]?)ﬁatrcﬁie?icéxg Iﬁg 'g?t%{;t%crl rrréesjrﬁﬁing from the

reactive group era
rafiehlaesdt®dnTeadimetoaditdcy dvatkntiberds dleteden @ishanetechain segments within

irradiation, thus formng a radjcal., This reactio
the SRE pAraeles. Ajurthermase it bicﬁ?%?anoswglerﬁﬁ detgst @elﬂrlrécwagnp?gnds be-

twbh eﬁ?@@gﬂ 8351{1 %E@ﬁgﬁé Qith BRIVERIESInal RIS Qﬁ@@iﬁneﬁbi@nﬁ NMR

cova a radical now reacts wth a
speetchscapy well koewn imthandt her pol ymer chain segnment, an
i ndi rect coval ent bond between the pol yner chain

H%&%\&ggttpsdeltesct ghoersgﬁgéctvc\fholvglgntco%n sr,|i§ %Snetcgs%arry?%% Er?({]ugh direct cova-
lent bonds have been formed in order to exceed the detection limit of the spectroscopy

methods.

However, as a side-reaction of the present invention, a part of the radical former mole-
cules may also be incorporated into the SAP particles vial covalent bonds between the
radical former molecules and the polymer chain segments. In these side reactions, the
surface cross-linking may take place upon electromagnetic irradiation by reaction of the
activated photo-reactive group of the radical former molecule with an adjacent aliphatic
C-H bond comprised by a polymer chain segment of the SAP. Instead of with an ali-

phatic C-H bond, the radical former molecule may also react with a functional group (e.g.
14
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of the radical former nolecule. According to the
present invention, the reaction prod uct of the
wo adooadsst or mer nol ecul e refers to the form of P€ES2005/026236
radi cal former nolecule after it has undergone a
radi cal reaction. However, the present invention
refers to direct covalent bonds to cross-1link
di fferent polyner chain segnents to each other
Reactions, which result in the |ncorporat|on f the )
cartmwb@noupbwrmrlsr@élbédm palymst ehain éeg%%s p ?ﬁRS“itr‘éf t§if fgaction a
paEt %e er% lof&rmg—rhﬁloqe%gfe §+ B4 T&V a1t el%ﬂnﬁstoatHF aliphatic groups
F Srmn upon exp dsure to el ectro
andRg Bﬁ‘bbﬁyll girdSLqﬁlcahﬂpﬂ@ed 5l the tpblgflmeb ehais sgsnemtd Of the SAP partlcles
UV-1ight can produce suitable electro magnetic

A§I ﬁ{(;gg{h%%ll ogveqpﬁ[ngkg{llggla s@g CCO% n&,ﬁ@lg%l@ﬁ@? ;?gesﬁe I?i photo-reactive
ﬁ%p?oisﬁg %km;al q‘é‘ﬂﬁé?%(‘ﬂ@ct@@ nfa?%e%‘éh?&&@ gpdrﬁéih&ﬁimzfg‘ﬁéﬁ@ frradiation,

ecul e The UV-1ight fay be used in conbination
thus fohmmg sefadicek Ghistrezntion amay takespla¢anftes thsi tadichlofermgnmolgenle has

ht. |n case Lnation of UV-| [
g b B ehagRor T et Qs ol 1P ch,p raical
noWPteabts ifithCAtadichl inbgcednAlahGded sUlyraér dhath ddymehghh 1rtcﬁﬂeeﬁcovalent
pl ace sinulta neously with the other el ectromagnetic

bqndmgtw@mt]@mpqumgr c}@pré@qgfr@ﬁtsk;@ Ermsd, which cgmpyisesghe reaction prod-
uct bE ﬁ% rgélczﬁrfo er%%l&ij_ll@ A@ccg it e g'ﬁ&ft %F\f‘emlf)n, the reaction prod-

I rra ron s for ecul e
udief greuhdisal fmhhe:rhndsleque teferd to eleafoina of Ithegladmabfonherniolecule after
activation ene , activation with el ectron beans nay

it pgs qi’é‘é’@é’%?_\?a éea@\‘/‘”? rradi ation can preferably be
carrled out in a conventional manner with UV | anps

(We? Oha MReWal iRRhMEE o] W &RGt 2otalént BYnEs 6 &k ARk Ydifferent

tween 200 Wand 700 W and even nore preferred
pdbjanevaélalmgrrwfam@ e@mothr Reactignmmhigh tepwtein the incorporation of the
ween 0
rofe 8 Gram o etttie oe st Ao P M el v e
preferably between 0.1 sec. and 5 min and nost

ThHY RRABRRIrnebaiovezaRrs Arelcapable (ﬁfrfdmﬁngirmlceﬂbnpmr expmistig to electro-
avai |l abl e nercury pressure UV-1a

magnsiic drediatiore Hlegiondegmnds vl %ﬁéb%@rfﬁpsnsu @ﬁé&tt?@ﬁwelecm'
mgéne%@?rrgcg%eoﬁlagre{gée}?a | E;Idgg}d%%%ecﬁe P%@c?ratl 1&%%% AP i8used with
a onodendth ok 22380 hm, demndmgentthe velected l?ehdal/lfm( nm)lecahﬂS) The
UXthl e y\gg]elc %]eglnlg C&)%ﬂbgﬁ?ﬂtﬁ)glos Iarll rc]:lfecgog rbgzgrrelr gnbd Y1sd 1 ‘cSiibination
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 simulta-
neously with the other electromagnetic irradiation (i.e. electron-beam or IR-light), or if
irradiation is done in a series of different irradiation steps. For radical former molecule

molecules, which require a relative high amount of activation energy, activation with

electron beams may be necessary.

The UV irradiation can preferably be carried out in a conventional manner with UV

lamps having a power between 50 W and 2 kW, more preferably between 200 W and 700

W, and even more preferred between 400 W and 600 W. Irradiation time is preferably
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Upon el ectromagnetic irradiation, such as W
irradi ation, the radical former nol ecul e nol ecul es
wo oornfasere radi cals. The highly reactive free pearusmbh3026236
fornmed thereby are able to react with polynmer chain
segnents conprised by the superabsorbent pol yner. Wen
a free radical fornmed fromthe radical former nolecule
reacts with a polyner chain seg nment, the pol yner
chain segnment fornms a "pol yner chain segnent radical’
betwedns0.beké. emd B0t hix., me@cnrpérabm betivgen Ad ss61 felS BB fwen more

t ak I |
PrEY Lt o6 Ot oot man R O BT b B 0,919 ba 2 min.
Céhifef AR dv@ﬂaHI@Yne@éLﬁer ﬁfe@&ﬁ‘e pj\amnpsrcah lbe siced: hbekyice of the lamp
groups coggrlsed by t

e polyner chai n segne
detpands erothe igbsaiptieiusiesirpme thévadical fremenmoE E%P qul%mps having
f
a ggg%r péoc o%&?ﬁ%é‘ d)p Ei&ﬁ@%bﬁ gfaecreﬁ _[EHRH S The d&b%kh %@ﬁveen the UV-

mer chai n segnent if
lafnp(s) tah@ried S 4P outficke Gnopirel Gess-lankky grajereblyrauics bbtvstehatS cm and 15
can be abstracted. Exanples of such functional groups
CMAre sul fonic acid, carboxylic acid or sulfonic acid
. esters, hydroxyl groups, am de-groups, anm no groups,

gbﬁ Elel:t?orgég?fé%’lrrg&iﬁ{ti(ﬁ{ RBEY aR YD iiratiiatfoRl, thedf4Aias forddey Imolecule
roups (e.g., phenyl groups, such as t hose derived

mbleoutes foymefnes nadicalsethe highlarrreaohie Sige radieals fesmed thergy are able to

ad I ca l.s react. with g
re&cgqgll%é oLygish & FMiR sv\élgﬁntts co};n rl?é%f: gfpﬁragg&'rbréxﬁcﬁolyrger. When a
fréraiRAl fdrined Srdie Ithe viRiital T(ﬁinet |ﬁxﬁ)1d§(ﬁﬂmte|a®t§ Wh 8 ipolyeadtchain seg-
to direct coval ent bonds between pol ynmer chai

mg@gtb@moévrmréh@m@sgve%f%%s Bl I%R%m%rrﬁ %&m@%&ragsﬁbr ftdgpelieved
thY Tetapt?cirro\?/kt“ Nhai Psreg;n@ﬁtr fafes %\géec@xll ah QliPBitic. group (C-H
nolecul e no ecule

accord resent invention
glb&p/)eccanpl?deédiyl the pudyrgért clmin ad:grﬂlwasAltmtweﬂi)Q th¢ medction may also
nore pre erred at |.east Mw = / ol till .
1 eFack pBdhase doesoy iabrouny somgrinch B Byeio Fibfrecpbpemeny which
hzﬁ/% Ao?@ée}'n rali QOA%HP& a?t@tqlam?es{s tl%ft eheeh&fbnathkdsgAsde Minother

Radi cal forner nol ecul es having a
fumeth(mail gmup dmngimsnd) by ¢hd polymer efrain e¢gn¢qmt tlethd Twertiopplngroup com-

re stable r h J
o SSRGS B IR o B b B AP IP R Ty 2oups o
sUlRRicCAid,| SarbaXyiic! dckE by stilforieacid @tdﬂ@wd&rxyd: hp@dups, amide-groups,
segnent Within the reaction solution and are able to

amigQE oISt mtrtln @rqms yHHaIeTRAR pmnwgtrm slt gr@upe @Ryl groups (e.g., phenyl
grOHB% e r r e I C aﬁg%?e g{)ﬁg{ a?mﬁec u a)iz cor F]vgo tS%Ch %oelymer chain

se@h&ﬁﬁﬁtlidam\tem ath eath bther, 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.

Preferred radical former molecule molecules according to the present invention have a
molecular weight of at least Mw = 50 g/mol, more preferred at least Mw = 100 g/mol,
still more preferred at least Mw = 120 g/mol, even more preferred at least Mw = 180
g/mol and most preferred at least Mw = 240 g/mol. Radical former molecules having a

relatively high molecular weight often tend to form more stable radicals, as the charge of
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conprise aromati c groups, such as arenes. This also

| eads to nore stable radicals as the charge can be
wal2@bnidsst ed t hr oughout the aromatic group. ACBOT/UB2095/026236

to the present invention the dehydrated SAP particles

may undergo a surface cross-1linking process step. The

term"surface" describes the outer-facing boundaries

of the particle. For porous SAP particles, exposed

internal surfaces may al so %ﬂlon to the_ sur

thq e\dmal eanrtieadigtribyted Betfqr kv tgpadigyl; Hencsy thegad Fal 5 rswgrnhkely to
<RI RGP HAa VRGO E RS aRTREAICRs Bkt
poﬂ}ane?raxhhmcstagﬁént tb forhrsa ‘kptﬂymen ohahiwgment radicallir f ace
cross-link the polynmer chain segnents present in the
cle SY

Fbanvreregried radiny dpen g Bllee R B BE et invention wil

coﬁ{g‘?ﬁé ardrﬁﬁﬂ%rgr&%psamh' Bhrémes Tids a146 @8 t@imdrbetable radicals as the
ticle. I'ma surface cross-linked SAP particle the
chhl&g@:@lan bé distromised thraughoui thaaropati gioup. of the surface of

the SAP particle is gener ally higher than the | evel

T

erna

crésstlinkagaproeess tdpaThe eeras Ssulrfank edacrlﬂ'd'sethe (euter-fadm@ hamﬂdprles of
acti vat abl e surface crqss-1link refe to su F

the pagigle; Fpkporeus Wdﬁ“&ﬁ?sy CYROSE “}}5‘6‘?\ Ve ey 1a elong to the

ukiiﬁ&{ q‘ﬁ?? SIREEAL: {selﬁikehﬁ%lfﬁirhé’le’afe‘?&g% P SRE particle having its

ermal Iy activatable surface cross-|linkers known in
pcﬂymermhlamrsegmbntapeesentgn thebi vicioity pbthgfpartcld swface g@gsﬁhgked to each

LT TR e i -

thé k}ﬁ:lhﬂ@»l df}th@ﬁﬁﬁlmtsaﬁh& B4t Lﬁaﬁqsfenied RK &Y Surfab€ bredelinker. The
e.g., di- ri c al coho or derivatives
surﬂagfr eoss- ln@;l@p gﬂﬁp@ 193 tof the mqu]@;edqf .thedparm-}p ylnyxcﬁurféce cross-linked SAP

pagt (iﬁ% E-H:lalpveg R? E eot%gfan(saltn' HE Vi ?Jltyg(#ctﬁe F\ﬂﬁ{}g D 152'#] géﬁln%l%%s gener-

al IVOHi Sieey @an tﬁ@l@vyl)(ﬁﬂcymdixﬁks @i the Iirﬂerld'raif d&{ﬁlf)@ pmmmo unds,
pol yal dehydes, pol yol es and pol yam nes are al so wel |

known thermal |y activatable surface cross-link
Cenpealy] anpkipd gust %Ceb%r%sg @ﬁrsaarr é%ﬁ‘ma@rﬁ apayafabls Sy ﬁaée crostinkers.
THe! %ﬁl' QRE B OARS G ORI 88 cRssLiRReOhHRR! to §iBface cross-linkers,
exanpl e, an ésterification reaction between a carboxyl :

Wbrlcb umly cearpnipse cexipgsurb go potigased) temdraalrb@ dypixglly growg 150°C.
rlsed th surfa CrpSs-

%lfur‘tg/@pg}/ éfe B ﬁ;rf)ss eﬁs krtog\ablg 6 \éoroaﬁzasre %% glﬁ or iéolyfunc-
tlcﬂﬁl YiP&Its GhRiale SHHBRNLE bhﬂdlﬂ? WddRlohZleekokd-Bifikst Bettvbén the polymer
ol yneri zati on step, common only few carboxyl groups
chains od\tke BABS$.Otherr thermally actlvatable surface cross-linkers”include, e.g., di- or
polyhydric alcohols, or derivatives thereof, capable of forming di- or polyhydric alcohols.
Representatives of such agents are alkylene carbonates, ketales, and di- or polyglycidly-
ethers. Moreover, (poly)glycidyl ethers, haloepoxy compounds, polyaldehydes, polyoles
and polyamines are also well known thermally activatable surface cross-linkers. The
cross-linking is based on a reaction between the functional groups comprised by the
polymer, for example, an esterification reaction between a carboxyl group (comprised by

the polymer) and a hydroxyl group (comprised by the surface cross-linker). As typically a

relatively big part of the carboxyl groups of the polymer chain segments is neutralized
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this surface cross-1|inking process known in the art.

E.g. in a 70% percent neutralized polyner only 3 out
wobRo0k014882 boxyl i ¢ groups are avail abl e for covRCENBE2005/026236

surface crosslinking. According to the present

i nvention, surface cross-linking does not have to

conprise 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
prioh o ﬁreexs@mmemmentsmpn commonly exlx few|c@rhogyLgioraE are available for
thi%gsgls ace crt N 1rr111( P%%E kﬁ&@ﬁ B ?l?eg?l? %% li}}’adfo“’/? H’(%nt neutralized

aln segnents each

.pol;hﬁé}U@ﬂy@ GtDtV@ﬂ E@ltcalibonyllc gtoaps ack G@dﬂabkﬂrfmercom:lbmcmrﬁpe Cross-

which initiates the reaction, does not get built in
linkig. sap particle. Optionally, the final reaction
product of the radical former nolecul e can be

A&:?&ﬁﬂé?foaﬁl@ re’bilt@hiveRHbA, %ﬁﬁaé‘er Q8= lhrkirg duzs ABChAERE Bomprise a sur-
ter regeneration, can be used aﬁal bfor surface

fa@er oess-linkek; thg reaiom geiducopfaivhiehrvo uik ieth the SAP parthle after

rboxylig.acids. or styrenes,. are
RO RS R oS LRI B AT b s posivie
suffa&s Srokd-Nkk 'ﬁlga pbly@RP cRahtdeginests byf ditdeely rimaidmgl the grolgemer chain
nol ecul es are used for surface_ cross-|inking of SAP

Seg@ﬁmtﬁ ¢¢ each athes topgle & cevalent dand pdidadisdtiqeast pelegHewhich ini-
tlagesat'h? rg‘a%ggﬁ:’]&otses A3t g&ebLﬁH i B eS%E japt?clerS tRﬁ’lEifl%' o g ggnal reaction

orme ntra-pdarticul ate y are
proé@foiof theatidipalribintdrandiecuds carFoy ﬁeger(e,rated aftdresurfach cabs-linking and
former nol ecul es are used, for rface cross-lj.nki oJ ..
henpg afier rpeqeRtions RN P&dase%@g%r rSU%?eeerQFSeEnlfiﬁ% S‘g additional

m?r%n?éé‘?,‘%u %@ cABExyHRRCRR I IsB/r&ites) béfe d Gf th@ radical former mole-

I'ze ed spraying charrber. Sinultaneously
culdRis iusedafdir arifase cmy—llbklngmdlsﬂé’cpmla&c conpl i sh drying
and sinmultaneously UV-l1ight may be applied to

135 B B SRR 28 b0 RSkl hefaliyr SRISHSces, e
d1fb|c9§@valdlht byidsSEe@P&enl polEaEN Efain ngéhts(mluﬂhd sbffacbalsﬂ the $AP parti-
out in any order. Instead or in conbination with

clesrre foymed ety pastieiatet Thsvaare Botyinisgdestiailpmme MtereRgitige bonds.

used in the drying step. However, in certain em

FhEAE B BfeSra calt 1%?11191" HoRBhled M \‘}ﬁ(‘:ﬂ P& éu'rfat:é @ro@é’ 1ifGing roY ISA®P parti-

I's require . in cases, ere onl anount s

cles, tlmmaﬂmabfocmensmolecuﬂlee ey ableespaqyptﬂ OB ttlc §§«5’I pﬂ@tﬂclﬁmby means of a
snal | . appunts of, sol utj.on.Prior

ﬂw@s@-bﬁﬁkﬁawghﬁ@“ﬁ’& SipREpRE R B“Lcééar“é’Bx‘?FY deppligd to ac-

conRh | &§hgPind Benultaneously UV-light may be applied to accomplish cross-
linking in the fluidized-bed.

However, in certain cases drying and cross-linking may take place in two steps in series,
which could be carried out in any order. Instead or in combination with IR-light, any
conventional drying equipment can be used in the drying step. However, in certain em-

bodiments of the present invention little or no drying is required, e.g. in cases, where

‘only small amounts of surface cross-linkers are applied dissolved in small amounts of

solution.
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'prg)g:a%t;g‘gﬁ Vaq%f)lgs b Ma%] gfé%:&le ?gll‘?{cleg

pol ynmer chain segnments exposed on the surface of the

SAP particle. Advantageously, the cross-Iinking
w@r@cesssnf the present invention is not restrPCT/@s2008026236

t he carboxyl groups but al so conprises nunerous other

functional groups and aliphatic groups within the

pol yner chains of the SAP. Hence, according to the

present invention the nunber of available re action

sites for the surface cross-1I.inkin rocess of the SA
Priosatt syrfage srossshinlgnghgs been cptreled to gﬂE?’@’ﬁ‘&r&é?“HStcoP?ﬂsef by the

pogglr?%i Rh s%grggx‘ftp :eﬁic}%ﬁgoﬁ e PHE HARDGAPALSticle M ddhilgeously, the

ace cr conpared to the surface
cressAskirlg priseasg ok thevpredenoimvedtmnais ot festricted tontireecarpaxyil groups but

possible to surface cross-Jink th to a higher
o GEGTUESTT R SAS RO FONRS HE PPt RPye? TG the polymer
ch8inal e $0p MBdRe ! ReoraMg Bahd tn%lsﬁﬁ ineahos tHeffugiber bhikilable re-
to nore effectively inhibit the gel -blocking effect at

actioy sijesv 61 the guefaceobroselinking ipregespef tisuSAEcparticles is strongly in-

crosssl i nki ng of  SAl rtieles [ :
e GhE ST R AR LRLES TR Al AAERABIEE B surce
créBLMIhgPEInyFiRed ©YhE BusR@needsslinkity kivvail frosxihe sed Funhermore, it
the vicinity of the surface of the SAP par

ooy
is pawiNgty wriaroeresy-linkihePAdt hskigher degrer ilpny fiaé %Al%sknown from the
-diiefK] tﬂﬁse, Q) i€ lefrectively

r
not subst ant y affecting t I nner

inkibitehogel bhek iR {feat dtianl gtven idegiee of hdrgraticatainent bonds

formed directly between said polyner chain segnents

are formed mainly on the surface of, said,
Sl PR REBR! SAFLTE A THEhCEEeCng b space of the SAP par.
ticP4DTh AN daAb khat a8y BblyaRE ShaiR Yen@ihks, RAidhSare ERoskin the vicinity

irradiation for the surface cross-|inking can ]
of gheesurfaablof theeS AR paitigtes.ounderge acrosmliving pregessisadiag to SAP par-

with UV, | s_havin [ DE . .
it el R B e BB B Yp h ey agrecing
th@ et c6RbBE BB@padiledMHENLe, 6RO cOValdnt bafdsaforned direetly between

is preferably between 0.1 sec. and 30 mn., {mr-
sajsk p9lymabrhainsegipens arerfosmed mpdply o thefurfacren Hif superabsorbent
pagtﬁcg‘%s':‘?a F%//S Sggtﬁigﬁg%&iﬁggz ﬁ%gﬁg%mrcn% Cgrmef cially

avai |l abl e nercury pressure UV-lanps can be used. The

TheHoV deradiatisrhfer Hrersurfdepeansislining ten mbfsmbht bosrrggbentriumeonven-
.of  the radj fornmer .nol ecul es. used.. La Vi ng a
LB LY YdHBP P o BRBH S Ry e 2 kP, Bk feferably
bebk@2:200 Whin @00 Theandicstote Preferrabetvwin YWb Ivaand 600 Wndrradia-
‘the SAP which is to be cross-1|inked preferablg
tion time is preferably between 0.1 sec. and 30 min., more preferably between 0.1 sec.
and 15 min, even more preferably between 0.1 sec. and 5 min and most preferably be-
tween 0.1 sec. and 2 min. Commercially available mercury pressure UV-lamps can be
used. The choice of the lamp depends on the absorption spectrum of the radical former
molecules used. Lamps having a higher power generally permit more rapid cross-linking.

The distance between the UV-lamp(s) and the SAP which is to be cross-linked preferably

varies between 5 cm and 15 cm.

Compared to the surface cross-linking known from the prior art, the surface cross-linking

according to the present invention is much quicker. Prior art surface cross-linking reac-
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varies between 5 cmand 15 cm Conpared to the surface
cross-linking known fromthe prior art, the surface
wa@e@s®1485nki ng according to the present inventPONUSR05/026236
much qui cker. Prior art surface cross-Iinking
reactions carried out under increased tenperatures
comonly take up to 45 mnutes. This tinme consum ng
process step renders the manufacturing process of SAP
particles | ess economc than desirable. On the : .
tione eerriedyqut under: insEegsed SRIDRERIPD 6REoalc BKEURGo 4y mimntes. This

. pre sent. invent.li e ' 3 '

i el lnd BIGRY SopAsRomE Tt Bita iy Ykl UF GXE YaRes tess

ecBidie Than @satible] Oneiudombany; thegerpssdirkssy pleuess aecarding to the pre-
as the surface cross-|Iinki nqﬂr ea Eli on proceed

sepfUNKRItPN qap dearrfed it VPRSI kiaﬂ% ffice s 3‘3% tp dgmpgh more

f el ve less tinme to

effgélﬁrgfa lrdgteg&for@lgggatﬁﬂe @K%%Euyrn ipg(l)cceegsfﬁ?l As a result, the
surface cross-linking process is mainly restricted to

Furtherrsoref ac theofurfabe c®AR lipking i redcsion arecesd iquisklyn dess syrage cross-

.furthe ross- |l i.nki react i-Qnsq A PSi P ..

it PElealeS Rpich Bt BohTRE oL e AR B AR Oy e g enerae

in§i8d BleS APpirficlenend 4 kilz akd Qirfadé Cfss-Hnlbing prevadsuis atadly restricted
carboxylic acid nononers are often neutralized

rior :

totthe suracp cifythe SPapardeles rchayqidsunssireds furthgt Fmﬁy.ﬁnkmg reactions
: i.ch are useful to neutralize the acid
méﬁ%ﬁ%slg)\gép%rﬁgegmnoner s, are typically those, which

w Il sufficiently neutralize the acid groups w thout
Ah@kérngdanthgt r ofreied pleseritf wention rdferspl yine mewtatlization step. o,f-

process. Such conpounds in clude alkali, netal .
ungiyradsd @Pééqucwaﬁ) MRROTRFTS A5¢ pBFMbBYraliEd BiiekhionR pobmerization

st{%@ggﬁam&ﬁ’zatti(?‘g. g%?f)ﬁrﬂ.’is, WARH O LsdtRLior AlukdRid 88 Rfd groups of

NONOEer s um or potassi um hydr oxi de or '
the andronadrs . ard hgpioaliyt thwke, zwhigh ceitipadfidenty peettaizaithy acid groups

S e PSS B P AL OMRBH anBod 2 uch compouns n
clhd¥ QAL WeiA!HyAaiiRY) alkA}P nietdl @atbohated BEd BREARKNEs. FrofRbly, the
conprised by the a, b-unsaturated carboxylic acid

materiginesed far aewitalizeszost ofpthe teriomers isugadiim g otassium hydroxide or

tl - af t th I i,zat;i -
RGP S B PO RO BB R B S com-
pris{ D MeYd, Burndstuthted cdrbekyhiel ¢ iemoAsBerdt(pleemsitralifdtion). aAd ¥ result,
neutralized. In case sodi um hydroxi de is used,

“theearboayli gratpsocomprsad by the ogdbunsatnrated garhoryliopdid monomers are at

legsi(g ?’?gﬁ‘%hg Elg%&gl%gﬂq%él{%&yﬁg earttLeV Scl)lym%rq%{t%%%te%g Eyslo %eecarboxyl
groups comprised by the o,B-unsaturated carboxylic acid of the polymer are at least par-
tially neutralized. In case sodium hydroxide is used, neutralization results in sodium acry-
late, which dissociates in water into negatively charged acrylate monomers and‘positively

charged sodium ions.

If the final SAP particles are in the swollen state, after they absorb aqueous solution, the
sodium ions are freely movable within the SAP particles. In absorbent articles, such as

diapers or training pants, the SAP particles typically absorb urine. Compared to distilled

‘water, urine comprises a relatively high amount of salt, which at least partly is present in
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charged sodiumions. If the final SAP particles are in

the swollen state, after they absorb aqueous sol ution,
wo b@edosszum i ons are freely novabl e within t heP&ABS2005/026236

particles. In absorbent articles, such as diapers or

training pants, the SAP particles typically absorb

urine. Conpared to distilled "water, urine conprises a

relatively high amount of salt, which at |east partly

Is present indissociated form The dissociated salts _ = .
dissosipted Serah. Fhetdissocinted salipsampiissd by thowring mpkeahsgrtioppf liquid
.t Al tticle difiL¢ , | 01N :
inp e 5B AR PR RIS s Pk o b Sooh i fralREq Somoric
présoie @bisddhBy dhes fmeiofttae disabdisted Bhks. fTieefrygelponatabl sodium ions

L s P3Pl e i .
caR@ thkfh&firce 2 fﬁ?%iﬂ@tgé : Ysub€ dttefe fhiRE 2 AFAP HE GreP LE BIEWERization can

er et or e, ee of neutralization can largely
larigalyrirassse tthecapapiaicoft the SA PtpagicBARND die spekd of laquid absorption.
speed of liquid absorption. The surface cross-Ilinkers

kno inthe art react with th r.bo

R A i

H&Rk AR 86krié bindulalineiod hhtoSiy Hadted With Shd hdtl,to batae2eoss-link,
both process steps make use of the carboxyl groups.

bepase bathrmyogess staps Brleswstof tha@maxghgroupe surf ace
cross-linking reaction using radical for ner nol ecul es

A%ﬁg(}i{n]g g%h%g;g?ése%? e PR iR LurBRR glsosp-?i'h r}eQﬁQonlr[E[ngsradical for-

S not restricted to car OoXyl grou

‘méruholbeuléaid fonmipgideest civhlent wmdsipstween holynieh ehano kggmeants is not

chain segpent such as_aliphatic groups. Therefore, it :
re$t§ct56§%?aab®>{l PN R R S itkin e polymer chain
t hd Ql%ﬂat'éi Ik | Rt fode, &t 15BsiE BOndifdlize the monomers to
Seg‘g’gﬁsi iCvalhty of 1I agtg&erp surface crlgngsl i nki ng. Accordi ng
a taogar egmeesigimut isignéfirtantdy diminasheregy ﬁ@xmss@ﬁ@mgf later surface cross-
lfﬁﬁggrised by the a, b- unsaturated carboxylic acid
! nmers are preferably at |least 50 % nore preferably
at least 70% even nore preferably at |east 75% and .
A&GEANFOloC tHR ?f'e%ﬁﬁb iwehgéneme ¢aboandedahs nemipriabd 28d.the o,B-
Hence, al so the carboxyl groups conprised by the
unagtioragess carbeatie hcshmoosmets are preferablyt at deash F§ rrer mareeprgferably at

I 50 % nor fer o t 0 0
e 25 PO B8/ 1A o B0 I BB R 75% and
9396 @RIz e, ASYheUiborY I gBths ddnFiriskd b id APrunsaturated car-
advant age of the present invention is the reduction of

baxpe stidedf the delymee eiectideast b g mere pyelierabbeat least 70%, even more

prg{egeﬁ)i')f lﬁtiégg(sit DS P dever fno%urgr];%?a%l}‘; Bé%a%ér{ %@%iaﬂg 9§‘%Ot¥gﬁtralized.

A still further advantage of the present invention is the reduction of undesired side-
reactions during the surface cross-linking process. Surface cross-linking known from the
prior art requires increased temperatures, commonly around or above 150°C. At these
temperatures, not only the surface cross-linking reaction is achieved, but also a number of
other reactions take place, e.g. anhydrate-formation within the polymer or dimer cleavage
of dimers previously formed by the acrylic acid monomers. These side-reactions are

highly undesired, because they result in SAP particles with decreases capacity.
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prior art requires increased tenperatures, comonly
around or above 150C. At these tenperatures, not only
WO b@edumstace cross-1inking reaction i s achi eveBCT/D81005/026236
al so a nunber of other reactions take place, e.g.
anhydrate-formation within the polynmer or diner
cl eavage of diners previously fornmed by the acrylic
acid nononers. These side-reactions are highly
undesired, because they result in SAP particles with
Asdbe pwfme srasapiabingypraesss rsosling @dbe presey invieplipmgoes not necessar-

.. process according to.the pre I tJ )
1B 3 05 i e S Y S P88 s s
in@ ElebtPdhagidti® iradidtion Seshads €UV eiTpdihtidn ke Yilelnegrtions are substan-
.eleqtnonggnetic,irradiation,,such as, W irradiaté&p, :
tiafly sbigningterh-Aeearding i ther Rresstib VARt 4he Jurdicefirpigelgteing reaction
usﬁ%cr%igz}l.r}g&rﬁ& rﬁ&@cﬂ%seﬁl%néledt{&\ﬁﬁ?ﬁ%&nirraﬁgﬁoﬁ ehd g%?erabl be accom-
cross-Tinking reaction using radical ftorner [ ecul es
plisihedl & egipeamaegnef lass itianabl0A€] preferally pat eéreperbluyesbless than 80°C,
accom plished at tenperatures of |ess than 1000C
P GTOIO, Bl TREFRSBP A cs AL S, CHER TSP GG ot temperatures
leRRIEARE! o8 prE RIS AlthS&ratuRSDetvitan 208CangueIT. NOr €
preferably at tenperatures |ess than 400C, nost
preferably at tenperatures between 200C and 400C. At
Atedlevatadgdmpenpeessaravidsoragboun dSC easonenly 3pplisdinrthe Aprface cross-
. lied in the surface. craosslidki : : ; -
25 s Rab O LRSS Pl AP BRI SR e i co
ouk i@ whitd toopdllofignashict@ding ty el savthsdcrodssliddeg pdicesy of the pre-

t he surface cross-Iinking tBr ocess of t,h%e(, pre sent
sentipetionnit i pospiblefaSairy PRt the SEcePressHInKing REpgess wpder moderate
rds B { 184 K'sEdngll Peduced.
refpdificy B BRI GIBL AR Bl f SATIRGLE, Hfidnaly diuce
strongly reduced. According to the present invention,
Aaosadihgy ethe fpresanti ina¢ntions oner typo bemdicekformear meleseles caebe selected

or,? é@r@%i}vg#yg?%\?/? %Tee@ﬁ%gg{ g/g?sregft rgidi];:;lgfé?rg%rrltgéﬁ%g@[ssg Iltg% F]o from bi-
radieald b ﬂ)@gbpli@g. a further alternative, one or nore

types of radical fornmer nol ecules can be applied

together thermally activatable surface cross-linkerii )
Aga durther aligtnagivel @ie. or| moterfyReseofgdicalyiosmer modecajes can be applied

toR&@hdr t%E&?alf}g%/c?'v%@b%gsiﬁg%g@ ‘Froé?—[ipﬁ?fé’,l e. %r g?@ﬁéa‘ggtﬁ)ﬁ.einnth%t embodi-

€ast sone roups ar
mea/ thea§ AW peiples édvero tdraprisetarboxyl f@ops ehetelreatSamst some of the

particles and erein the thermal acti vat ed rface ..
caghayyb STOUAR &FC #1s!eRH PATtiaHY IyP eSSt o8 4% ofer pidace of s ST gparticles
ang dréh QR%(WCH% BHRSivaled sGARle Radstlifke! ¥ RYRRAGH bOihd (&t least a

|
urface of saild ‘superabsor bent '
part of the carboxyl groups at least partially exposed on the surface of said superabsor-

bent polymer particles.

In case radical former molecules are used together with thermally activatable surface

cross-linkers, both UV irradiation and increased temperatures (above 140°C) are neces-

sary for the surface cross-linking process.

The radical former molecules are preferably used in a liquid solution, more preferably in

an aqueous solution.
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pol ynmer particles. In case radical former nolecul es

are used together with thermally activatabl e surface
w@e@ssidssnkers, both UV irradiation and i ncr eaBe€mUS2005/026236

tenperatures (above 1400C) are neces sary for the

surface cross-linking process. The radical forner

nol ecul es are preferably used in a liquid solution,

nore preferably in an aqueous sol ution. To obtain SAP

particles with evenly distrjbuted surface

Tocobgais SAPnRarhgleS P &V&@IMYC(hﬁitrlP‘éﬁP‘ﬂré‘ﬂrf%ﬁ?ICé%%’rllﬂ!%‘“}?a\t/}ée liaéwa’eformef
but
oSS RGP, A SSEILELE IR of s s

tiol DTG bl tiRy fadphefcﬁmabhmleamak arecbrbferabiy applied b;mpmwm@onto the
SAP artlcles However, though preferred, the present

SA \¢lpon is not restricted to surface cross-Iinki ng
of SAP particles. It is also possible to directly

L{%K peéfRSSd, | thd BreRGh YTRAti GBI ot B RIoSsu¥¥atd cross-linking
fore t e "SAP particles have been forned. For

ofesm&hpareples He i aldo pas;sllﬂo:tmérreqﬂﬂ eovaleatly censsbiak aopimesehain seg-

s REL PSSR T SRR A2 BRI TR o

md1B8MBesDRB M eCAppHEd kd PHIGshet @haﬁﬁﬁfbr@é@ font polfyﬁfefl’lzﬁlon reactlon of the
network. In'this enbodi nent, the cross-Iinki

n
respeetiveanipeeners befase theopalpnpeehaisyhave peeit ér%hénlged fo'€ach other to
fOI%{i gél%tvll Irrclki t%lsp{ o“?ﬁﬁ%gﬁt l‘i.l'%%W%s N RKIREwRE the radical ﬁ)émer molecules

e Cross ng according to
m$ RprR6E themthlirmmgQﬁach&s&abwn édthewtt. i n addition to
known cross-1inking process ei ther prior to t he known
processes, sinmul.tane ously or afterwards.

Aeae e ks R U HABE ASTOTTE 1o P RUL IOENGPE chb e carried out in
adﬁﬁf&h' t6 qtnEan %ﬁ?s% llnmgcﬂol%%y &itA8LPridrOORE khéW R processes, simultane-

particles. Consequently, If the polyner is t ransf or ned
ouslytay aB&fvapds.ti cl es, the direct coval ent cross-1links
bet ween the polyner chain segnents is not restricted

Ingﬁ lé:%bgg gsnﬁn%rrf%?a] 82% fo er%ol?éﬁ?égﬁé tn'oF lﬁgﬁiedqws&];gewhich have

vveen

bedh fbrnied lafoepﬁﬂéleé m@mg@euﬂy,tlh aueamyma:r isi tcdneﬁ).rmpd)mtb AP parti-
the direct coval ent _bonds w || tributed
clese ﬁ@g@ﬁfébﬁ@laiﬁni ﬁm@ﬁgﬁ]@qﬁetwﬁ@ t@gpofyér}etrl gfngssegments is not restricted

m@lnfye('b i éq\é&cg of A& AP éfrﬁ{:lef Rt hg %re%@ﬁegﬁgdﬁ‘ﬁ@ Between polymer

aln segment
cham segments will be present throughout the SAP partlcles possibly the direct covalent

bonds will distributed homogeneously throughout the SAP particles.

Alternatively, the direct covalent bonds between polymer chain segments will be distrib-
uted in-homogeneously throughout the SAP particle: For example, it is possible to mix
different polymers comprising different polymer chain segments. In this case, the differ-
ent polymer chains may be cross-linked (directly or indirectly by a process known in the
art) to a different degree or polymers chains in certain regions of the SAP particles may

not be cross-linked at all.

It is also possible to mix different polymers for forming the SAP particles comprising dif-
ferent polymer chain segments. In this case, the different polymers may comprise mix-

tures of different homopolymers, copolymers and/or block polymers.
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uted i n-honogeneously throughout the SAP particle: For

exanple, it is possible to mx different polyners
wa@ewpnisssng di fferent pol ymer chain segments. PET/URL085/026236

case, the differ ent polyner chains may be

cross-linked (directly or indirectly by a process

known in the art) to a different degree or polyners

chains in certain regions of the SAP particles may not

be cross-linked at_all. It |sg?lso p

tg m

Heiygvesralhsuchot ARrpagicles comsyiing flirask cey g @%ﬁlé%ug)flout the SAP
paft &Y fn?% qglggﬂé) sfu?fra%]kr OLNERE. ﬁlhﬁl'@uﬁfag[?@ he sutficd E‘x’o§s linking

case, erent YmMers-nmay conmprisé mx tures of
mali bé eclﬁmedhmﬂgéojmgnhe S(ésrﬁ’ppﬂrglde‘?r B) th dadicalofoopkr molecule of the

mers, Ho all' artlc es co r|3|n

pr%epéwe@wape ShbiE e D ag*HE?P B TR A, BICPES Wﬁdp the art
(n%qu%ggnﬁﬂkgeggoggoss linking. In this |nstance t he

surface cross-1inking may be achieved by subjecting

the SAP particles to the radical former nolecule of

i nvention, by subjecting themto a surface

cross-linking process known in the art or by a

CO
Thp?agfml) %@hlc?%f&]; tﬁ? %%%gg@ﬁ?&l{tﬁggke f)etnférgir)lgsaﬁphgd %E‘P sorbent cores of
abagbbmntesltidles. atssxsédbhmm(; absesbenf artibeoefeento devices thas abs&sb and con-

used herein, abso rticle.refers to devices that
i 2B, &1k APCHF Cﬁﬁ r&fﬁf%ﬂto NipehBiebate plager aganphpor in broximity

to'tfd ﬁ&ﬁrl $fQné Wé%nl‘;e?ﬁhﬁ 3tb éH o%a"ﬁ?ﬁfé Vagighd&tudates 'd'[bcharged from the

pr oxi y of the wearer to absorb
bcxdgnt\hscrrbmwlrmacs e hide but ateeot dlrmt,ddatlogb@beﬁs‘, Gt hecd@@dﬂ;nt briefs,
rtlc es.include bu 4 i not limted to

aliER
d‘?f?eé gydsrs l!l’InFrSr FOYAD; HBRDS B BEdKeqi aper hol ders and

liners, sanitary napkins and the Ilke Preferred

Préfeset Qﬁﬁirbéﬂt tatt@l@SofQhe plesenpiB@afidn ate\dedpetsOA sarsed herein, “diaper”
di apers. As used herein, "dia er" refers to. an

re&iﬁ%@r@eﬁrhsoﬁ’ﬁﬂ‘i @Tlélegﬁéﬁ‘#f?]éy wp i) WS ARt} WgPRtingAEpersons about the
lolwgf&)?ﬁ“ nent persons about the |ower torso. Absorbent
I'cl'és especial-ly suitable for the present invention
typically conprise an outer covering including a
Abdoghend aptéries esmcivabp?bb'&dﬂe far Hieqpieskent npesnyioo ugpically comprise an

backsheet.a bsor bent cor IL di spose

OWGiRaeE HENE b EB00 2R R TSaEeh s REvEBS Shpishget and an
ab36¥bEntTRYe SQIPAIlySEsFRYd BRNREDRB toptht& rahé'thet heksHe®t. The absorbent
- general ly conpressi bl e, conformable,

core may comprise any absorbent material that is generally compressible, conformable,
non-irritating to the wearer's skin, and capable of absorbing and retaining liquids such as
urine and other certain body exudates. In addition to the SAP particles of the present in-
vention, the absorbent core may comprise a wide variety of liquid-absorbent materials

commonly used in disposable diapers and other absorbent articles such as comminuted

wood pulp, which is generally referred to as air felt.

Exemplary absorbent structures for use as the absorbent assemblies are described in U.S.
Patent No. 5,137,537 entitled "Absorbent Structure Containing Individualized, Polycar-
boxylic Acid Crosslinked Wood Pulp Cellulose Fibers" which issued to Herron et al. on
August 11, 1992; U.S. Patent 5,147,345 entitled "High Efficiency Absorbent Articles For

Incontinence Management" issued to Young et al. on September 15, 1992; U.S. Patent
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non-irritating to the wearer's skin, and capabl e of

absorbing and retaining |liquids such as urine and
wobrleni4asszt ai n body exudates. In addition to tpPer/BAt005/026236

particles of the present in vention, the absorbent

core may conprise a wide variety of |iquid-absorbent

materials commonly used in di sposabl e diapers and

ot her absorbent articles such as comm nuted wood pul p,

which is generally referred to as air felt. Exenplar .
Nabsu2iiahtentitleditDispesbleckbsasnbArtideFemlse Bapgosity Fecal Material

. assenplies are d [Nl in_ P <5

oGR FRehE GG ToM Y Bt o it Gt Foam
MhteHAlY iFdH alguéas, B&Y Flaatshad yAisorbdai ArtdlesCoitainang S\ohdMaterials”
~Pulp CeII&Iqse Fi bers" which issued éo Herron et 3I. .
issynd ApdiesMarals et @boon Nogempgrr dnt9%5; 1hy, Basniofo; £138d207 entitled
v H G0 | G - i i

T EUEA] F BB R BARL At FhENTSO B At D F
M4I902 Satde'SissiRatte Mo et 4, GMPcBE8y En1 993, &US. "It HosBEM 6316 entitled
SIS R MeEir e Brrof vt 1635 Pk Foske LRl Tgihaaote Absor

25 i &AL PRSP REVhrchqam ddst gnd 81.S Fa@int No. 5,625,222
be hﬁ@%éﬁ%%géﬂduﬂmﬁﬁzﬂggsorrt():ent Articles Cont _ani X

ni n
enStied " Matoebéng [Foumi MatgddlstFor Bapivbusal lyidstMade From hkghe[ﬁ‘(?ir on July

9 93; U. S. Patent No. 5,387,207 entitled
22, % n-Until-Wet Absorbent Foam Materials For Aqueous

Body Fl uids And Process For Mking Sane" issued to
ME¥eds et al. on February 7, 1995; U. S. Pat. No.

5,397,316 entitled "Slitted Absorbent Menbers For

Aquequs Body Fl uids Formed O Expandabl e Absor bent
Photalesis:al s issued to LaVon et al. on March 14, 1995;

and U. S. Patent No. 5,625,222 entitled "Absorbent Foam

. i5 Hi ' 5 8a1 Féi@ker niblédule Ether in the

R A e e L v A
dryissataionsiolfedGuspendéd inhb S mi s eatdrvBhatelybie a3 cardedrent for either 10 or

l.ecule.eit jn the dry state ar so S
o Ry ik AL RE oot PRt 2 el DUGH T REPA Féinp mostly
gebialRigh? a0i wAlelehftHloFS6%int) Al 4afpI¥Y ardlogasspd @sidtitephotolysis
Hg lanp as WV source. Such |anp nostly generates |ight
byaithgr prroping teyl & toirr gabregfieesq-pumpingithaw sydesegassed
prior to photolysis by either punping to 10 5 torr or
three freeze-punpi ng-thaw cycl es.

All documents cited in the Detailed Description of the Invention, are, in relevant part, in-
corporated herein by reference; the citation of any document is not to be construed as an

admission that it is prior art with respect to the present invention.

While particular embodiments of the present invention have been illustrated and de-
scribed, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It
is therefore intended to cover in the appended claims all such changes and modifications

that are within the scope of this invention.
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Al'l docunents cited in the Detail ed Description of the
I nvention, are, in relevant part, incorporated herein

whorefsssence; the citation of any docunent i SPEIUS2005/026236

be construed as an admission that it is prior art with
respect to the present invention. While particular
enbodi nents of the present invention have been
illustrated and de scribed, it would be obvious to
those skilled in the art that various other changes
andlaipw f i cations can be made wit hout departing from
the spirit and scope of the invention. ist

f
i ntle rabgprioeay BRIYMAT COMPTISIE SREEST Ehalp ﬁ%g"éﬂ"fs ¥ grﬁm at least a
changgs, mgxdgﬁfyn{ér CRdih Qé%ﬁneﬁtg 3te F68- liM(éd""loréa&m&h&Qﬂ@Gg}Déova-
dainms:

this 1 nventi Super absor bent %
conpr lest hogdss shayaaterized i thatsﬁé'ﬁrﬁém@“ bapesrags formed ﬂ‘é“égi’ bgfween

t -
? gr eaS%L gcﬁ%rgerp&:%r oug 1lﬁ§”b§‘ a%&@ﬁ%zﬁ:m@ﬁ vith! Ofadichl fOKREH mole

coval ent bonds, characterized in
t hat @ddscsatioradicafornisomelecidesbeingrabisdo dormdtradicabet ween
sai d polyner chain segnents by a radical reaction with
a radical former nole cules, said radical forner
o l2e cStipesbivebenypaljpher dcoorfling e plainy ddvhes¢in said radical former mole-
Super a rbent [ to claim1, wherein
sai d c[ug &a? TOI@CU]WWW}]%P‘EH% 56ﬁoaive a nol ecul ar wei ght
of up to 5000. 3. Superabsorbent polyner according to
wherei n_sai di,¢
h ag e ns?peraé)ggrperg Polyer gccgrdd f’ra% claér?l 1 Exioﬁ r(%erém 288 ll‘!lcf?csdl former
Supermfisaildstate addagtname hatewatan pegy maeatsy of clains 1 to
3, wherein said radical forner nol ecul es are sel ected
fromthe group consisting of: a. cyclic peroxides of
phih éﬂdpEraBﬁ)iKénﬁﬁ@iymhedcbordﬁngiw ahesf claing Ibto 3;ywedierein said radical
per oxj des of SECCIHIC qf% gpd t heir .deriwvatives; and
c. erfopmeymolesules gusselected trom e group GoRsiziig ok n R and R
: ar e hydecggrn eaixmesommt}aneaﬁehmmeld dérivaresidnd gr oup

consi sting qof subs ed or bst,itu ed nyl s,
G-C4-b |%W 'Cg‘F’fﬂ}ﬁé’ ﬁ??‘&ﬁ?‘aa’(“f if}e‘uﬂeré" #n %’e d

gr oups, ¢.SesRiyak Qv ©8the Yortitas at ur at ed gr oups
preferably conprising an acrylic or methacrylic group,
an organi c group

wherein R; and R,, are hydrogen atoms or are selected from the group
consisting of substituted or un-substituted phenyls, C;-C4-alkyl groups,
ethylenically un-saturated groups, such ethylenically un-saturated groups
preferably comprising an acrylic or methacrylic group, an organic group
having from 1 to 100 carbon atoms, which may be interrupted by up to 49

oxygen atoms; and

d. any combination thereof.
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having from1 to 100 carbon atons, which may be
interrupted by up to 49 oxygen atons; and d. any

wa@ eovbion®tt on t her eof . 5. Super absor bent pol ymerPCT/US2005/026236

according to claim4, wherein said radical former nole
cules are derivatized to either enable or further
enhance water-solubility. 6. Super absor bent pol yner

according to any of the precedi . Hole-
cuper ShmorbaherpBIEFeP R AELT it B St SRl Ry et ot

poI Y Males Qﬁércfer&zlt%d Rnsthaleasit or fuhieer eilaect wasovsalubrtity.
bonds are solely fornmed intra-particulate. 7.

Super absor bent pol ymer according to any of the

pr eg S &ab%l,.%&,ﬂjyo up‘?%@do%ﬁ%toda@lbmﬂfeabmﬂing rciailps)lvmveqin said

erabso

ent p
C onpr issjerspsarbgupblyosr intoraed #i2 éHQFQE%’Pg]% rPoLyéner particles and

coval ent bond E 4k YolB9 fériee mtadatticntatey mer
chai n “P&§HER ?é“‘%?éd@%?ﬁuédh on s%lg surface of said

super ab ‘sor bent partlcles whereas said core is

substant | q% %exf}]tgpeo gn?er a§<%4r&{n%%Vﬁly%tth@&e&ﬂmg&lalﬁs elidneinl said

of &r GYBEIEYSH uper absor bent “pol ymers whi ch

CONPr isgRFabstibers tpopmentis foaed rmadmgabéoréms@r’%% PRisle com-

pol yner. conpri.si ng, pal % @rﬁn@dd b
provi #F'#Hige A atfi aé’ﬁlag? r%’éggéroﬁggbﬁgg%gg% P cal o

f or merw B3 G ambehiig saphais ae flemad Ion sw&émfgﬂesof&wrfuperab-

el ectronma netJ r adi at | IRXRSE Bd Slalént bonds.
super #BEY l?éﬁ’t“iéﬁm Srsaé\cre"'sl trag%all@al former

nol ecul es to el ectromagnetic irradiation, thereby

form ng dllr e*f‘if c?%\s/ ?ll*i*ﬁgé ﬁg‘%ﬁ%g @%&%fg&e%wﬂmﬁ%ﬁﬁﬁﬁges the steps

chafn & ng to claim7,
wher eigg sai d radi cal former nol ecul es have a nol ecul ar

wei ght of at | east ehtigd ts, and
| east Wo“dl‘w %‘P?fﬁ\’sorbfﬁt po+)ﬁner Cort“ﬁ”%ﬁggcdg%ﬁgl ngl tgéger?ys o
of cl g v?dlﬁ%‘\i}dﬁal R eddlbcahs dalé raslicet fommenTeelpeulgsibeing able

r adi at| on is r adi gtl on. d1§t 5 d accordi ng
to anytodpmchizpdigalspnog © Ctr%aegpgﬁ“hl od is

carri eéj eQH&smg said superabsorbent polymer and said radlcal former molecules to

electromagnetic irradiation, thereby forming direct covalent bonds between said

polymer chain segments.

9. The method according to claim 7, wherein said radical former molecules have a

molecular weight of at least Mw = 50 g/mol, more preferred at least Mw = 100

g/mol.

10. The method according to any of claims 7 and 8, wherein said electromagnetic ir-

radiation is UV irradiation.

11. The method according to any of claims 7 to 9, wherein said method is carried out

at a temperature below 80°C.

27



at a tenperature bel ow 8C0C. 12. The nethod accordi ng
to any of clains 7 to 10, wherein said polyner and

W@ 2000/014862 at i on acti vat abl e radi cal former nol BCIUER05/026236
are exposed to el ectromagnetic ir radiation for
between 0.1 sec. and 30 mn. 13. The nethod accordi ng
to any of clains 7 to 11, wherein said nethod
conprises the additional step of d) regenerating the
radi cal fornmer nol ecule after step c) of claim7. 14.
An BbThe hethiod acdordihg tocanypeficddimg 70  0bsbeaein isaid| pplynieg and said
pervi ous .t opshee a,.s stantially liguid |npervi .
bac ko rdation At el R e Bl we PSS T PeSnaoe i~
and s aidéhtibads bb@etn 0.0ed. end3tkmind absorbent article
conprises the superabsorbent polynmer according to any
one of claims 1 to 6. 15. An absorbent article
CONY. IThé HGthod RedopdIBOTMtof RIS 1S 1 1, Sdiefbin said method comprises

super absar bent pol%(mars bei ng made according to a
pr ocedhs additignal spet of claims 7 to 12.

d) regenerating the radical former molecule after step c) of claim 7.

10 14. An absorbent article comprising a substantially liquid pervious topsheet, a sub-
stantially liquid impervious backsheet and an absorbent core between said top-
sheet and said backsheet, wherein said absorbent article comprises the superab-

sorbent polymer according to any one of claims 1 to 6.

15 15. An absorbent article comprising superabsorbent polymers, said superabsorbent

polymers being made according to a process of any one of claims 7 to 12.
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