Super absor bent pol yners having radi ati on activatable

surface cross-|linkers and nethod of making them Field
wobkooslessphvent i on The present invention rel at eBCT/WS2004/025278

super absor bent pol yner particles with i nproved surface

cross-linking and their use in absorbent articles.

Moreover, the invention relates to a process for

maki ng t hese superabsorbent polymer particles.
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retai ni ng anounts of aqueous fluids equival ent to many
times their own weight. Commrercial production of SAPs
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particles, such as fibers or granules. They generally
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aqueous sol ution such as physiol ogical saline. The
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Commercial production of SAPs began in Japan in 1978. The early superabsorbent was a
cross-linked starch-g-polyacrylate. Partially neutralized polyacrylic acid eventually re-
placed earlier superabsorbents in the commercial production of SAPs, and is the primary
polymer employed for SAPs today. SAPs are often applied in form of small particles,
such as fibers or granules. 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.

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 are blocked,

which drastically increases the flow resistance for liquids. This is generally referred to as



One comonly applied way to reduce gel blocking is to

make the particles stiffer, which enables the SAP
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or maintaining void spaces between the particles. A

wel | - known nmethod to increase stiffness is to

cross-link the carboxyl groups exposed on the surface

of the SAP particles. This nethod is com nonly

referred to syrface cross-Linking. The art refer .
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Motl‘e 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



takes relatively long, commonly at | east about 30 mn.
However, the nore tinme is re quired for the surface
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agent will penetrate into the SAP particles, resulting
in increased cross-linking inside the particles, which
has a negative inpact on the capacity of the SAP
particles. Therefore, it is desir able to have short

It
rocess times, for surfa cross-Linking., Further ,
afgeﬁ@ﬁg th Getsset fhien%aéﬂ%lFsecfi‘f@B’ ﬁ’@s%‘gkﬁaﬁﬂﬁ ecrogéepggf{fe%t and gel-
b18kiRY R Bddcegconom ¢ SAP particle manufacturing
process. Anot her drawback of conmon surface
cross-linking processes is, that they takes place only )
A uhaiebackaifahe eengnehiigltsurfappetost-linking pegoeesndeseabidyaboyg ig that it

r above. At these te ra, tur t :
B0 s QTR {TRTCR LT, Rtk Ny LR i x
qUBRUYIEthe ButFacal Gessainiely proaesk) tiesmareesuafabe eadsedinkmggagent will

anhydri de-formation of nei ghbored carboxyl rougg .
pepetrate anterthe SARRticlefe r?fg]tyx,gép 16163564 ’crogﬁ-xmléglgép 1de the particles,

] . , i.C i i er j ; .. o
ERERE T BB S AS AL TR g i dos
amcg g@ havegliapiargsst times dpairfage afossthiekBAPFpeh¢rinore sshoftrprocess
~addition, exposure to elevated t eratu can.l ead .
tipes ax61abp et AT PaRSTSF rin SepllerRPRYGSAP PRl fRufecturing
mﬁ@gﬁg side reactions are generally unde sirable. SAPs

nown in the art are typically partially neutralized,

e.g. W th sodi um hydroxi de. However, neutralization
Ahathett dralybadiapt forhingn fsatfasrcergsslinking ipeocseses i dhatsthey fakes place

only %{ﬁa%i rgﬂﬁ{ﬁ%ﬁ l}@ﬂﬁ@g‘%&%‘% 5 8??@%},' f'g{? E% Q% gg ?%bb% 's‘KP A tempera-
tuFRRIRSt RGP ¥uitite dpstsHREr 16h@s Heth ikl carbuy] aroaps of thalpblymer, but

to react: with a neutralized carboxyl groups, Thus, the
alsardtlesyteagfiang pare captivaiedn e vahygisierieamatpn ef) rnrebsé’zomd carboxyl

cross-linki.ng or [ ral:i ' . cq 3
o RE T S B SR 8 B S g o s
int@plfatedSurthaS AP panktes| Tiusk sigleagrritss dswalifect thetdoee, dedreasing the
do not react w th chem cal groups other than carboxyl
capeeitipef the AP parEiglesdnRgHitioBa@POWIE KO SieVpiRd FTEPERIHIE San lead to
cdl 2 d3L0E EERe & ;08 PAErRAL [th&e Qe BRYhRAeZ2RhéEANY unde-
0 a e

ee car boxyl groups typic y cones first, before
sigdbid. ace cross-1inking takes place. |Indeed, the
neutralization step is often carried out in the very

Sggg ;],(?}&{V?l glg gIle talhteargJ rtfr)pqceaﬁl%/' pati)’telafllgrr Sel}tgﬁzégf rEa(.)gr.mvgi b fum hydroxide.

However, neutralization has to be carefully balanced 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 fulfill both tasks.
Surface cross-linking agents known in the art do not react with chemical groups other

than carboxyl groups, e.g. they do not react with aliphatic 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-



and cross-linked to formthe SAP. Such a process is

named 'pre-neutralization process'. Alternatively, the
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or after polymerization ('4ost-neutralization').

Furthernore, a conbination of these alternatives is

al so possible. As the overall nunber of free carboxyl
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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.

Moreover, a further objective of the present invention is to provide a process to produce
SAP particles, which can be carried out at moderate temperatures in order to reduce unde-

sired side reactions, such as anhydride-formation and dimer cleavage.



wherein the reaction product of the radiation
activatabl e surface cross-linker is present at
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radi ati on acitvatable surfate crosslinker conprises at
| east two radiation activatable groups and which are
coval ently bound to each other or to at | east one
spacer group S. The spacer group S is selected from
t he group consi sting of an organic group with a no
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a group comprising a first group selected from the group consisting of methyl, benzyl,
aryl, preferably phenyl and substituted phenyl, and a second group selected from the
group consisting of an aryl, an alkyl of 1 to 4 carbon atoms, cyclopropyl, cyclopentyl,
cyclohexyl, a,a-dialkoxyalkyl, and o-hydroxyalkyl and wherein the first group is cova-
lently bound to the second group via an additional carbonyl group, and wherein the sec-

ond group is covalently bound to the spacer group S.

The radiation activatable surface cross-linker comprises either only one kind of radiation

activatable group or comprises two or more different radiation activatable groups. The



The present invention further relates to a nethod of

meki ng super absorbent pol ynmer par ticles which
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resin b) adding radiation acitvatable surface

cross-linkers c) exposing said water-absorbing resin

and said radi ation activatable surface cross-linkers
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Figure 1 is a top plan view of a disposable diaper, with the upper layers partially cut

away.
Figure 2 is a cross-sectional view of the disposable diaper shown in Figure 1

Detailed description of the invention

The SAPs according to the present invention comprise a homopolymer of partially neu-
tralized o,B-unsaturated carboxylic acid or a copolymer of partially neutralized o,p-
unsaturated carboxylic acid copolymerized with a monomer copolymerizable therewith.
Furthermore, the homo-polymer or copolymer comprised by the SAP comprises aliphatic
groups, wherein at least some of the aliphatic groups are at least partially exposed on the

surface of the superabsorbent polymer particles



or N, N-di et hyl am nopropyl acrylates and nethacryl at es,
and the re spective quaternary salts thereof.
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Olefinically unsaturated carboxylic acid and carboxylic acid anhydride monomers in-
clude the acrylic acids typified by acrylic acid itself, methacrylic acid, ethacrylic acid, a-
chloroacrylic acid, a-cyanoacrylic acid, B-methylacrylic acid (crotonic acid), o
phenylacrylic acid, B-acryloxypropionic acid, sorbic acid, a-chlorosorbic acid, angelic
acid, cinnamic acid, p-chlorocinnamic acid, B-sterylacrylic acid, itaconic acid, citroconic
acid, mesaconic acid, glutaconic acid, aconitic acid, maleic acid, fumaric acid, tricar-

boxyethylene and maleic acid anhydride.



styrene sulfonic acid; acrylic and nethacrylic

sul fonic acid such as sul foethyl acrylate, sulfoethyl
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met hacryl ate, 2-hydroxy-3- 8ret hacryl oxypropyl sulfonic

acid and 2-acryl am de- 2- et hyl propane sul fonic acid.

Preferred SAPs according to the present invention
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fm%r al Ids gt?&loalsqugil?%lf&ﬁf{& eefﬂ? lfoﬁlcgé?:'lcg V@I{y@ft&luene sulfonic acid and

COPOIyREr S, utralized starch-acrylic acid

stygéraf éulﬁﬁﬁﬂicymcﬁyhcsmdomemaﬁgﬂw smiﬁcbmaaeldaueh ae sylfoethyl acrylate,
ester co

suffoet Y oo U | JHBPLOPYL P gHy SIS R BEEYpien 2y dromy-
m&ﬁicﬁ‘ig{(fprf? 1300t a&lh%nﬁ Qfa%%@drﬁﬂe%@ﬂhﬁrlﬁéﬁane Ralfdni@hdiy.

pol yacrylic aci and slightly network
cross-1inked polymers of partially neutralized
Prpfﬂi*rydi@ﬂ)ﬂsmcchmg to Fﬂaer priesnt yovigaie aontaig garboxyl groups. These poly-

mg‘ﬁ Gglgghgeh 35%0156?@5&%‘?% agpfijoglztj}‘l eggllahycoﬁglgrﬁ@fﬁk Partlglly neutralized hy-

drgﬁkydﬁﬁﬂ%ﬁ%ﬁbylérﬁtrﬂ@ bfhft &i@esjﬂlemlsmm&r screlidadié gwacbp@ﬂymers par-
er solely or in the formof a m xture of

tiadllyf icatrehitedpetiphaerylictasit SRePPNObERFTESSARPRITISH é’ényq acetate-acrylic
estgﬂ %‘Pé(gg/rlil}%lﬁg &f}t% a@%r\fcﬁmtrﬁ . BE a&ﬁﬁn‘nﬁ!& lc}S]é(‘;l?hﬁEfsalshglﬁHI network

I Ng “Copo

crbigsitked qioll)ﬂ‘ﬁérs roftaayi ofl the a"megdung adopskythers) pdrt&llyFamugnhzed poly-
3,661,875, U S. Patent 4,076,663, U S

acnyl@ggnc]zmd shightly et e 5( Q{O@égikggg)ol)gﬂqs 9f §aﬁgg]tyelilﬁutrahzed poly-

acHylcStid gﬁmaﬁpﬁ'aﬁtﬂ?lfz%@ EBS’H]C%EW laciiBh&d él@éhﬂrfn@ﬁwdiﬁ Rross-linked

erern twork cross-|inked poly ners of
pdbpntrs ajflpﬁrtrmalgnneatram g@dymahacyyhocaca@ Heese pblygiers gan be used ei-

netwark cr ss lin rs of peutr
theiofojhe Op S 1110 § ?H% itFO0% ﬂﬁ%ﬁ%?ﬁ’a ik qi%at%‘%n used
asdﬁﬂtlyl%% MeRiddagy Qi@fnot Mﬁ% tcpb@ thf&ﬂ YreuPARRJICRABERS the resulting
l'y neutralized, slig network cross|inked

cqqnolwmr thak ite bacE}darnépleSeof qbgsa/pc(l:smqn mnﬁeae}swr%lﬂ@p@éwm Y.S. Patent

3oL b P Al ss s BoRnth B S i7d. 378 paht ABB8s and US.

PS04y g£rgen nore preferably from 75%to 95%
neutral i zed. Network cross- I|nk|ng renders the pol ynmer
substanti ally water-insol ubl e and art term

VOHOD B OIS TGBPSRAL JOToHSSUREs s QLI FSPHITR G105 LRed poly-
mﬂssoqé)%ﬁ%]%%%h%gﬁzrea go@ag&ﬁé 368 [ PEh M h¥Rokk cross-linked polymers of
partially neutrahzed polymethacrylic acids, their copolymers and starch derivatives
thereof. Most preferably, SAPs comprise partially neutralized, slightly network cross-
linked, polyacrylic acid (i.e. poly (sodium acrylate/acrylic acid)). Preferably, the SAPs
are at least 50%, more preferably at least 70%, even more preferably at least 75% and
even more preferably from 75% to 95% neutralized. Network cross-linking renders the
polymer substantially 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.



pol yners and typi cal network cross-|inking agents are
described in greater detail in U S Patent 4,076, 663. A
wa mosaidzes met hod for pol yneri zi ng the a, b- unsapar/asmd4/025278
carboxylic acid nononers is9 aqueous sol ution
pol yneri zation, which is well known in the art. An
aqueous sol ution conprising a,b-unsaturated carboxylic
acid nononers and polynerization initiator is
subj ected to a polynerization reaction. The aqueoqus .
A suitahle orethed) forl Blyperaing dhe sub-unsaruraieth Gﬁngéﬁ{thg HRQfpogners 18
co- pol rizable.w. - rat rAho | i
e B D TS Sl LAy Ty S ISER B BE 0 WPKNGbES soluton
coRfpriRMEY buipCurGiuehtbR SaiboxyiR #ad thédmersand malyinzeettation initiator is
either prior to polynerization of the pononers, during
supjsiteduo iazulyroerization seactipn | Nheeaduoensi SOHION may #se FRMprE further

mbodi ment . of th i i o
R OTHA gD 40T B PR S P g L P BB acid mono-
m&@%P% ik &, FANORARA Shrtdk Flidhcill a8 to fﬁ@p%gaﬂ}a hButralized, either

preferably at’ least 70% even nore preferably at | east
prids %o polyneereatioroofthp mednenskd, Yufing polyskiratic@sys post polymerization.

neutralized. The nononers in aque [ uti )
il Sty Aog Pt SSUREHR. TECHi hed niuing op

i ree r _ _ )
wFREL dor B ELaB ort RO s bRl coliPofeh) Kt st 50 %%, more
preftlbly iahildabtaT@, eeen inereusrefbratily at fiast ¢¥éeandherisavaere preferably

i ncreased tenperatures are necessary. The
frop’e Q@p"s“c‘%agﬁfaﬁﬁz%‘ﬁi nwll preferably be lightly
cross-linked to render it waterinsoluble. The desired

T APRothbRKE Aq8dduk Gblutin FRYpIMENERAedibyeslardyrd fr€e radical techniques,
co-polyneri zation of the selected water-sol uble

canunonty :rbyarséngaa phojeinitiaterdon activgtion, syek aegliraniplei(UVadight. Alter-
t WO, po r.i zabl e S i [ j

ndBE SO AR G0 DR R, OB E! SEARH Wbl are

n®bi@stive to cross-link the water-soluble polymer. The
preferred anmount of cross-linking agent is determ ned

by the desired degree of apso lon capaci dt .
Thie syatacrbserpenfgienint Wil @redfma ol gy GER il 0 rrag it water-

1n'8('r§’18gltseh?h9 %§§il§:ﬂdcr@§§flﬁﬂcgttl s JHrierﬁéy b aBtainEU RiyCk lB.poliferization

I'nking agent 1 s use n anmounts rangi ng from
oDtheBeBctd watqraotubldmonehertindpesrodBlinking agenbposeessijir atdpast two

N N e R e R
aPYBlourt PBEdiTe BY YRETRk tRE Wal@S8lublKpblgmer. 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 comonomers) 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-linking
density and exhibits reduced absorption capacity and increased strength to retain the ab-
sorbed fluid. If the cross-linking agent is used in an amount less than 0.0005 parts by
weight per 100 parts, the polymer has a too low cross-linking density and when contacted

with the fluid to be absorbed becomes rather sticky, water-soluble and exhibits a low ab-



agent per 100 parts is used, the resulting polynmer has

a too high cross-linking density and exhibits reduced
w@bmsopispdNn capacity and increased strength toPCBUSIN04/025278

the ab sorbed fluid. If thdocross-Iinking agent is

used in an anmount |ess than 0.0005 parts by wei ght per

100 parts, the polyner has a too | ow cross-1inking

density and when contacted with the fluid to be

absor bed becones rather sticky, water-sgqlubl d .
SORNHILR HIEARCSWPHHSURRY BACTIERT. P oE-LIKIAg PEiRf ap jvpically be
soggﬁiieg{r)]ltéglgﬂ.\eto hecigss-1inking agent will typically be

e aqueous solution. Alternatively to
co-pol ynerizing the cross-linking agent with the o
Altremativets fo co-pblynmrigimgpbe sidsk-dinkingcagents with rtke mppaomers, it is also

oGBS B o BB PSR B pgeinin.

and partial neutralization, the viscous SAPs are de

AhYOdp@YRErifdtion; cidkd-Bking endphdihnélrialisAfs, thehescous SAPs are de-
dehydrati on_st e% can be perfornmed by heat ing t hfe

hygiraed (is- SAed) to obigin - The dghydsiouStopan bR FionpEby heat-

. 1.0r 2 h i ' i 1 -

b B R L D 3 UL UEDIPL, DYl PO 1o g e

aifl beerc ONbE htatdf the siscual SAR ereriipht He weipyitae ef aBAR 60°C. The

GO N 196 DL PaieE o e Ao Ao SR Y BEU Ry R dcpends on
d}?Lnéqfr}{e b d&gjfg[t?rgglé}g?dlgc?/ aid @M RF frth 1.590By Wi %g %%' YAP up to

cont ent water 1n the dehydrated
50%% ther weiphi ofdiysS AP. Preferabbifthy comserghnf refiduhl ywagAHn the dehydrated

referably 0.5% - 30%, even, nor er abl 5% - % 200
SER tien dpvife & 85k 596? Aot PG SRpottgs freferably 0.3 30%
eehIAGE g)Eéfa{abw.SDA,pa}B% fdaoRbreftlaBl Qs S Bepes. The

term "particles” re fers to granules, fibers, flakes,

spheres, powders, platelets and other shapes and forms
ThaSMRs can pe treasierreskintq partisles pheumeroupshapppshepterm “paticles” re-

feﬁsg ! iﬁtélnlgfse%gﬁ]er? eﬂaikre]s,tsgﬁeg][agr oufersgéﬁa?%&%%ggq{tr}]lé?%gﬁes and forms

i ¢l'e s’z

kisvef & pdons sbitled inlie att@f BRXQ. By therpagtivddstvan be in the form of gran-

enbodi nent, the SAPs can be_in the shape of fjbers,
ules er bepdsn farieg 2 RaEide e @@ogafq fo. 1020 by, profgably dbout 100 to

i i . [ i AF
R TPl e SRl RE APPSR T g AR, vt
adiculad §XP|pasticléshan thalse embboitnems, tenBAPrigfeer bileya sey dimension
mm , The, | engt h.,of t fi,be

th 250 d 50 '
250 TS S0, o Lt i B o
prREG61D Fesk ThanPB0 728 B0 1?50 RRIThE leABMNYS thd @eré Rpréfrably about 3

mm to about 100 mm. The fibers can also be in the form of a long filament that can be

woven.

According to the present invention the dehydrated SAP particles undergo a surface cross-
linking process step. The term “surface” describes the outer-facing boundaries of the par-
ticle. 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 molecu-
lar chains present in the vicinity of the particle surface cross-linked by a compound re-

ferred to as surface cross-linker. The surface cross-linker is applied to the surface of the



woven. According to the present invention the
dehydrat ed SAP particles undergo a surface

wa@e@s®ldpki ng process step. The term "surface"PCT/US2004/025278
descri bes the outer-facinglboundaries of the par
ticle. For porous SAP particles, exposed internal
surfaces may al so"belong to the surface. The term
"surface cross-linked SAP particle"” refers to an SAP

SR R A TE R LS BSREERAL Wi o
thg 391?2%&% thESAP Irp'éﬁfélet i g§1§er§IW lfn@H& thdrOHE 1év|emfﬁ’!ross]_l|i}ﬁ(s in the inte-

' e cross-finker i's applied to the surface of
riothefithe BACIparticla a surface cross-1inked SAP particle
the | evel of cross links in the vicinity of the

surface of. the artlcle I h :
R e S e R S
TR&kdrht f‘&enﬁ&lmmivﬁtaaﬁpéurﬁde sk dip@es’ asferd ton klﬁif&eacrrass linkers,

thermal ly activatable surface cross | i nkers. T er o
whicheQmHg | TE3Ct AWPN XPABIR 1o dRgraased deBRaaTesK Hriea lb’e?réP 150 °C.

Té%{)n%g& @t?\‘f:ataeoﬁé)ﬁﬁfalcé Q%@{ Akt bR e E/)ﬁ@fgagf ;?1‘9%} di- or polyfunc-

I ncreaséd t enperatures,
tidroed) a@ent'srhbattrmb lcppabdd iof duibing =iditfomeke crosohslkd bct’mms the polymer

ST i e RV .«
p@rﬁﬁiﬁ éﬂﬁ%lsbﬁxf d@ﬁﬁtl%&%&%f}’ BRabRRA R $hiRd diL Bf‘" E&@f@drlc alcohols.

er mal activat abl e surface cross-| ers
Rbplekamxttmvesaoﬁsuchmgents larqoaik);/lhlyﬂjcarborate@o]q@algs a@d di- or polyglycidly-

er | tives t abl f f
Ve Py I e Bl U n g e Nalst des polvoles
? Bhifvlc8NBe %%WQI@H&@WHK'&EI@IIIE@E/ a@ﬂﬁkaﬁle sueface cross-linkers. The
ygl yci dl yet hers. Moreover, %/J gl yci dyl ethers,
1

Cﬂmast -belgog yis d:)@fwdo@m dsreacrmlnybﬂt‘ﬁ@ftwﬁ@s ptmn,ab |ggapa re@mprised by the

o E T o RLe R B it R n LOFIeAR e e 4805 Rsforised by

tHe%qJ}fﬂlém a4 M\ﬁﬁ‘ﬂx}ﬂ @@odpl{%ﬂhpﬁﬁbw bygh@suiﬁace orges-liaket).ys typically a
an esterl fi Catl on react |

exa
rqé@tmgebiga)awf Bl ATb nggfpuee Shici obEmegychamels @611%@63 prior to the
r |
BB eR  co B, TR R el S HARRbIC for fis surfuce
cﬁobs}hﬁlalhg @I%Cbss@ﬁﬂum&n@]ﬁehﬁﬂneE .poinya % pleemt remtralized polymer only 3
neutralized prior tot zat n tep,. I
oBifityl Orcarhoxgliherepps 4 a&%@%@&%‘lqn&sﬁ o grospipkng.
surface cross-linking process known in the art. E.g.

Th@ Pﬁsgrg%/ﬁ\%%ﬁ&? fglat&eﬂétrﬁ@ihiléﬁgctﬁﬁﬂal%?sﬁrf@w d&o?s Biler thelOAP parti-
boxylic groups are available for coval ent surface

cbs obgmed r¥ommguch irradiation activated surface cross-linking, methods of preparing

such irradiation activated surface cross-linked SAP particles and their use in disposable

absorbent articles.

Such radiation activatable surface cross-linkers comprise at least two radiation activat-
able groups, capable of forming covalent cross-linking bonds upon being impacted by
irradiation energy. Radiation activatable compounds as such and their synthesis are know
in the art , e.g. from European Patent Application EP-A-0 377 191; U.S. Patent
3,214,492; U.S. Patent 3,429,852; U.S. Patent 3,622,848; U.S. Patent 4,304,895; German
Patent Application DE-A-3534645 and European Patent Application EP-A-279 475.



The present invention relates to radiation activatable
surface cross-linkers, the SAP parti cles obtained

wo e@siosazedh i rradi ati on activated surface crossPeT/nkiongy25278
met hods of preparing such ilgradi ati on activated
surface cross-linked SAP particles and their use in
di sposabl e absorbent articles. Such radiation
activatabl e surface cross-linkers conprise at |east

t radi ation activat abl.e ar , j
i e R Vol P bR BN o BPRE Sl By R bo used
ad urfgé SlokNNnieNe EEMpridiatiatabise fv@eidiatioh ablieataegaups R, adich are
such and their synthesis are knowin the art , e.

2. 9.
covalsmilEbowipsktoreark pthier ot feasitang spacer group $7 Fhe tagiatigngctivatable

4 L P : . -
TS el p Lot valh e Gl b IAC uogy Being Bhfiltted by ima
diAfipnh etaiy. Wioldbve; Bib 3ddidiTorcantivitalle pediaceRadwrinker can function very
plication EP-A-279 475, 1ln the present invention it
W@ﬁ@’f e sarfageagrossalinking BES%E tPW’&leg 5P &R0 HATHST ey and per-
: .surface cross-linkers conprising at | east
mtté\%blﬁégg? tllgsuh activatable groups R, which are
coval ently bound to each other or to at |east one '
Fepade shpvoupp8ferdentmdinagnt ofithgcadioiomidtivaigblsupsiaes eross-linker
CaF‘ﬁbl e of for rpn‘ge I%ov.al ent cross-|inking bonds upon
A0OFHRE 1o Ipa RIS NS HPY di ati on energy. Moreover, the
radi ation activatable surface cross-1inker can
Fbumgiron very well for tﬁ;ujace cross-1inking of
SAP particles to provilRlelsuperiprRcapacity and per
neability properties. Formula | shows a preferred

enbodi nent of the radi ati on acti vatabl e surface
cross-linker according to the present invention:

Fgﬁﬁblﬁyh? shos faﬁ?ﬁ;ﬁxef ?gégéijré%i bhnbsdiRat 8n A eldifoRf Sstfva@ble surface

odiment o e Iation activatable surface

coxsoiiskdriofikerpredent ingergroesent i nvention: Formula Il R
wherein n is an integer of equal or greater than 2. In
FForlguLIae Il, and I S denotes a spacer group and R
geNGt e radi ati on activatrabl e gr gups

S

|

R

wherein n is an integer of equal or greater than 2.

In Formulae II, and I S denotes a spacer group and R denote radiation activatable groups

which are able to form organic radicals.

According to the present invention, the radiation activatable surface cross-linker may
comprise only one kind of radiation activatable group R. Alternatively the radiation acti-
vatable surface cross-linker may comprise two or more different radiation activatable

groups R.

Furthermore, according to the present invention, the radiation activatable surface cross-

linker may comprise only one kind of spacer group S. Alternatively the radiation activat-



which are able to formorganic radicals. According to
the present invention, the radiation activatable

WG saus9ITr oss- 1 i nker nmay conprise only one ki pdr/vg2004/025278
radi ation activatable group3R Alternatively the
radi ation acti vatable surface cross-Iinker may
conprise two or nore different radiation activatable
groups R Furthernore, according to the present

als 58 e Rk EnHESe GNP P BRE: TREF TP OB ot

alRrnaive @ﬁlﬂé&ﬂrﬁéﬁ{ ¥hd 138iafigd h&fda&ﬁle%?fa&@éﬁ@ Bnl&H dbea®t comprise a
cross-| may conprise two or nore different spacer
spgeaups S. I n another alternative enbodi nent, the
radi ation activatabl e surface cross-Iinker does not
pacer . -Radi ati on activatabl e groups R The
Rac %?Q%chﬁgtﬁ EWPER e groups R are coval ently bound to
each other or to the spacer group S and can be

TEE QR dotiPamile ereips Up a0 akhily ooid acedohpdtherooretp the spacer
benzophenone, anthraqui none, xanthone, thioxanth

e,
g@mﬁr@dcﬂanmwélecﬁérfmfh%ﬂfem EPRHRAING A fP?tOPhqnf}B?agﬁa%f&’henone
r@ﬁ)ﬁgﬁlﬁﬁ u%ﬁljcﬁ?)ne agifhinofls & Rﬂi‘ﬁgﬂﬁ@e’cerephthalophenone benzil,

enone-, raq U|ndne- xant

ﬂﬁcﬁbﬁ?@h@n bctlwﬁﬁ:ounﬁﬁﬂpmwalll af Gm?.ephehﬁ’[eepbﬁﬂzaphmbmo mgthraquinone-,
benzil -, fluorenone-, and a-ketocoumari n-derivat]j vg]il
orenone-,

xaathqnamtbloa@éh@mnmowwap tereRhBRlopeRoBErh PR

l}ﬁfr%iﬁﬁ%@{?gumgrﬁfg ﬁeri\?( (n\’(‘gﬁ;] ggﬁ@é@ Ig%en%ég%%&e(%errﬁgﬁ%s% benzophenone de-

rl%%ﬁf‘éﬁ) Fﬂfiﬁéi&ﬁﬁ)léj Qdo\RhipYies reattidiepadidig Racteadinidumativieroducts of
(g5r|5|n | east two acet o _phenone or benzophenone
ac@t

prone eéWéﬁ‘a%'l 9, bqnﬁepheaamead%wtla%% iCPEIPEBING &jrleshdWR aceto-
S benzophenone, an thraqui none,
phen%?%gﬁbe%gﬁﬁhggglgéqn@ﬁﬁ Sé, canphor qui none,
t er epht hal ophenone, benzil, fluo renone,
Prefdeatilo i madihtioraaeivaiablevgroupseR stch & ddetophencaio) kergpphenone, an-

further enhance_ watersol ubil] Parti cul ar.l )
hﬁ%oélfré}npe?épnﬁ aﬁhil%ﬁn‘réelgq AR q%uléxplaqj F‘ggreéhtg?lgzhenone benzil, fluo-

re%SS(% o8 ﬁ{%g)% ﬁ“lgaﬁﬁ RENRORAERA n@d EfitheY araBRS or @ﬁﬁli‘er”@ﬁkﬁnce water-
efred radration activatable groups R are
SM@&HBPSO'Uble derivates of actetophenone and

benzophenone Sui t abl e acet ophenone derivatives or

enzophengne derj vatives e des
Partlculaﬁy pre(%erredd rad{atlon actl%ata%{e groupscfz alt%ea%btopgenone- or benzophenone-

derivatives.

Even more preferred radiation activatable groups R are the water-soluble derivates of ac-

tetophenone and benzophenone.

Suitable acetophenone derivatives or benzophenone derivatives are described, for exam-
ple, in European Patent Application EP-A-0 346 734; European Patent Applicétion EP-
A-0 377 199; European Patent Application EP-A-0 246 848; German Patent Application
DE-A-4 037 079 and German Patent Application DE-A-3 844 444,

Preferred acetophenone derivatives and benzophenone derivatives have the general For-

mula I11:



pl e, in European Patent Application EP-A-O 346 734,
Eur opean Patent Application EPA- O 377 199; European
w@aios01638ppl i cati on EP- A-O 246 848; GCernman Pat BOI/US2004/025278
Application DE-A-4 037 0791&and Cerman Pat ent
Application DE-A-3 844 444. Preferred acet ophenone
derivatives and benzophenone derivatives have the
general For mula Ill:Formula Il JL JL ORNOIf o
wherein nis or 1, and Ris substituted or
unsubstituted phenyl or C -C4-al kyl or an
et hyl eni cal |l y unsaturated group, preferably conprising
Fésm@agny!l i ¢ or nmethacrylic group, and is an organic
group having from1l 100 carbon atons, which may be
interrupted by up toJA! oxyge@ atpns, and is a
hydr ogen at om or ﬁ%thyl LS ef erably an ¢rganic
group havi ng between 4 and @0 car , >whi ch may
be interrupted by between 1 and 29 oxygeg atoms, in
parti cul ar havi ng between 10 and 40 carbon atons which
may be interrupted by between 4 and oxygen atons. Ris
wherein cul arly preferably nethyl or phenyl. R2 is
particularly preferably al kylene, in particular
C2~ Cs- al kyl ene. The preferred acet ophenone derivatives
n&%%OB%ﬁT‘phenone derivatives according to For nula Il

can he .covalently bound to.a s er. group S to forma
Ry duiulriBecies vRrsPsttivied ehent 2e & idr otk g siygnically uisaturated
gfRB GERLHIY cEpRhRar 3rylic or methacrylic group, and

R, is an organic group having from 1 to 100 carbon atoms, which may be interrupted by

up to 49 oxygen atoms, and
R3 is a hydrogen atom or methyl.

R; is preferably an organic group having between 4 and 60 carbon atoms, which may be
interrupted by between 1 and 29 oxygen atoms, in particular having between 10 and 40

carbon atoms which may be interrupted by between 4 and 19 oxygen atoms.

R; is particularly preferably methyl or phenyl.
R; is particularly preferably alkylene, in particular C,-Cg-alkylene.

The preferred acetophenone derivatives and benzophenone derivatives according to For-
mula III can be covalently bound to a spacer group S to form a radiation activatable sur-

face cross-linker as depicted in Formula IV:
Formula IV
O O
0]

RJK@ ~ LRroﬁofRi : JI:OFO*RJEOJ 04 @) .




Formula IVO ROTf - - oAlternatively, according to

the present invention the radiation activatable groups
wovawessvhe form according to Fornula V. For nuPer/VSio#025278

wherein is selected fromth& group consisting of

met hyl, benzyl, aryl, preferably phenyl and

substituted phenyl and R5 is selected fromthe group

consisting of an aryl, an alkyl of 1 to 4 carbon

atons, cyclopropyl, cyclopentyl, cyclohexyl, a,

-di al koxyal kyl , and a- hydroxyal ky and wherein is

covalently bound to the spacer group S or to an ot her
AltefHagitélpnaceeidingoaRt pre@ém Uiy dRtiod Wi 1@fliatibe astaditdld Sdups R have

activatabl e groups R according to Fornula V can be
thedomn aerording 1uda ¥: spacer group Sto forma

radi ati on activatable surface cross-|inker as depicted
FbinfiRk/mul a VI: Fornula VI R R R The spacer group S The

spacer group S is selected fromthe group consisting

of an organic group and a fQolyneric group. If the

spacer group S is an organilc group, the organic group

has a no | ecul ar wei ght Rf uRsto Mwv = 10000,

preferably up to 1000. Alternatively, the spacer group

S, for exanple, conprises up to 100 carbon atons. |f

the spacer group Sis a poly neric group, the
wiheleyi TRy, i i§ sgleoten fiah the EBOIBC tdraistingi Fhhettipl, tlend, aryl, preferably

1000000, prefera bly from 5000 to 600000, nore .
phany] andpbstituiesrhendodts isededed Eae thegtqup poasiptngeian aryl, an
algiffg% y tfgﬁ)g&}rsgn? ’c(())mts,o ‘94202‘21’38&%{% fcléﬂ(%gﬂ%agcﬁ)%le%lp gcco(ce-rdialkoxyalkyl,

I'vat ace er rr’ses

aftd QU dRoxyalk§ sHRaGIRTciHTRUB cSvdlntEOoNAMaNb liNe Hdadsiotp ISh& to an-

radi ation acCtivatable groups R "If the spacer group S
other rdjmtioy metivatably gropp Rt hen such pol ymer has preferably
been buil d

Two of the radiation activatable groups R according to Formula V can be covalently
bound to a spacer group S to form a radiation activatable surface cross-linker as depicted

in Formula VI:

Formula VI

B B

The spacer group S

The spacer group S is selected from the group consisting of an organic group and a
polymeric group. If the spacer group S is an organic group, the organic group has a mo-
lecular weight of up to Mw = 10000, preferably up to 1000. Alternatively, the spacer
group S, for example, comprises up to 100 carbon atoms. If the spacer group S is a poly-
meric group, the polymeric group has a molecular weight up to Mw = 1000000, prefera-
bly from 5000 to 600000, more preferably from 10000 to 500000 and particularly pref-

erably from 30000 to 250000. If the radiation activatable surface cross-linker comprises a



up fromfree-radi cal polynerizable conmpounds (=

conononers). At |east 40% by wei ght of the pol yner,
w@arosiooasbar |y preferable at | east 60% by wei ghPCT/US2094/025278

particularly prefer able ati6l east 80% by weight, is

conposed of the conobnonmers. Wthout wishing to be

bound by theory, it is believed, that the choice of

nmononers as well as length and nol ecul ar wei ght of the

SRS SRR, Safe LS Tne (b e, L2058, 8 DOt o

rapart and (b) the rigidity of the polyneric spacer S,

V\,hl ch in turn inpact on the glass transition

tenperature T of such polyneric spacer S. In

Ifghe sacergtoupdd iarp@hs{m@? ¢ grivep, phenssieh pohwrathas nretfweblpfd‘-leyn build

ric.s er. S.has.a.,glass transiti e (%)

ng_ ﬁr&#) W%g%ﬁ)oéweltlalgge ?051?35)}1883( qi cgn%ﬁ]e;’n%gsg A?feg%tgloj by weight
obthietgolyendt! pakisulally pruFbrabiedit das060% Myl weihi verysparfiadarly prefer-

cross-1inker upon swelling of the superabsorbent
o pi/leest 80Yabyaveiekt Brooaposstfdhereqmonomerhe present

i nvention, the cononomers nmay conprise the follow ng

I

W@ﬂﬁ%ﬂﬁ?ﬁ%ﬁlgpﬁdﬁe B unﬁ oﬁ?%%ﬁg bgfriwﬁg dtrhg% Oéfﬁékdrecoofirgbl%mers as
wahds ssmgﬂmndanalemdargwagmsofah@pqdym&ac smaier 3 ylpieominey(p) thedistance

TR P Y ——
ofhe lﬁnéi‘fé' sgace'ingt %?dh)ﬁh'tﬁrnaﬁipg@t diBth€ bfas@fhbitid bfature Ty of

acl itaconic acid, vinylsulffonic acid, allylsulfonic
suhi pi)lyramq/‘smmtd&nhtmaw@quaﬁmb@um@rdmfdhamﬁtﬁent invention the poly-

bp %é%hf/ggﬁéal%a)&@ﬂ%h%ge alel e%ﬁére Or'1&s than ambient temperature (Tg <

ZM YRt i@ heile/ 6RlaREIAGIYA @hdation activatable surface cross-linker upon
polyethyleneglycolennnoalIyether

swellipe phijk shpagibsedicatipadymgl. et her, et hoxyl at ed

tr| nmet hyl ol propane-tri acryl ate, ethyl ene, propyl ene,

I I :
{ehd! S dfrefor ke bREen RAhY, BBZonphiEERSay comprise the

fcﬂlbWh@gﬂ)upﬂab @t ofai Idoﬁmhgtdﬁa]baﬂe r‘mirmy@ha(}lbizﬂ eslferis acid, phos-

met hyl et hacryl ate, vinyl l.ate, allylneth | at e,
p%@mw@@. Pr Byfipeyl é@rhwlmnfiéﬂiﬁ%/ ¢ agidl SYAURRA referred.

nmet hacryl am de, acryl am donet hyI pr opanesul f onat e
T@Bﬁ) guglotcl:ﬂmhﬂg reX¥dlel Yor svBh Bf’b%rh’ﬂ)l@tr&)nomer-umts according to the

roxyal kyl “acrylate, tri pro(%l ene gl ycol

prhsartnwcmtlen ater: japmylin kil rrmlmpaﬂne agt maﬂmata@d, fumaric acid, itaconic

a%ﬁ,lo%g}g/]éwgt C;(Iaal@ox%\g[slicjéogxll a%iceli,cffc%lg%ﬁ @rr]n%gfaé hogﬁ%e sulfonic acid, vi-
nelcvhell @fylmsiae, Alykathing! peigétiyiehdSycolnibtloa&ylaes, Spo@fethylenegly-

car boxill i ¢ acids cont aj ni ng up to 20 carbon ato
colegigprylate, polyethyleneglycolemonoallyether, polyethyleneglycoledlallylether eth-

oxylated trimethylolpropane-triacrylate, ethylene, propylene, vinyl chloride, aziridine,

isobutylene, styrene, isoprene, acylonitrile, ethyl acrylate, butyl acrylate, maleic acid an-
hydrate, maleic acid esters, methylmethacrylate, vinyl acrylate, allylmethacrylate, allyl-
sulfonate, vinyl sulfonate, acrylamide, methacrylamide, acrylamidomethylpropanesul-
fonate (AMPS), C;-Cs-hydroxyalkyl methacrylate, C;-C4-hydroxyalkyl acrylate, tripro-
pylene glycol diacrylate, trimethylol propane ethoxylated triacrylate, epoxy acrylates,
ethylene oxide, propylene oxide, polyester acrylates, urethane acrylates, C;-Cao-alkyl



aromatics having up to 20 carbon atons, ethylenically

unsaturated nitriles, vinyl halides, vinyl ethers of
w@b@slondzss containing from1l to 10 carbon at onsPCT/US2004/025278

al i phati c hydrocarbons havilhg from 2 to 8 carbon atons

and 1 or two doubl e bonds, and m xtures of these

nmononers. Exanples of vinyl esters of carboxylic acids

having from1 to 20 carbon atons are vinyl |aurate,

vinyl stearate, vinyl propionate, vinyl versatates and .
mgthaGiylagese vinyb .estpréscgiy Brhoxylih §eids FHEPINEID b carhen gfogs, vinyl

i , - h . r ol

ot RS 10 20 B SaPafe MhSLYEAN Bl KN AR halides,

viayl ethas . of el sesontdining trdn éstoallecabery honist nliplatiariydrocarbons

met hacrylonitrile. Vinyl lides are chlortine-, .
haviRED HTOR2 16rS SHGAR TGS, B%‘P Ton G é‘«eﬁw gﬁp@wrlgl mixtures of these
mBHéfﬁ%ﬂé.r ated conpounds, preferably vinyl chloride and

vi nylidene chloride. Exanples of vinyl ethers, are

vinyl methyl ether and vinyl isobutyl ether. _
Ermefles efcieyl estags ofearbexyic agids baviag sroof 1 40 20 leaiben atoms are vinyl

containing fromil.to 4 carbon atons. hvdr r bons
i 30 P Pl pb DR RN e i ibRRiAL
doubl e bonds, nmen tion should be made of butadi ene,

PO SNBl A0faGdY 06BpaNRs afb&iGOMRNRAES &- Y Phnsdhfstyrene, o-
cogtc;:nyrren zed with a precursor nol ecul e of the
busglstymenee dsn-bEykstptes don-dpeydstutene @ngr prsthraldy s styreae. Examples of

vinyl f I, i nyl 4 Vi nyl 1 de,
IO A DB R L Ol yzod af ter the

pol ynmerzation in order to incor porate the
Vaoi rasgesn ghie nehlsrxieo T torite tod , bryminglsabstiteted nadhylenically unsaturated

vi nyl al cohol . Proce Above- rent i on radi ation
ccaewwéwmféra@b?‘f%ﬂéﬁqr@gén& ngﬂ@efﬁgﬂ pabl e of
form ng coval ent bonds by exposure to el ectronmagnetic

EkdhAdl 8F V291 efRkRC Bllreoxrinﬁerﬁé'fﬁylae?héﬁeinld Aty WOt etk@NPreference is

produce suitable el ectromaghetic i1rradiation.
giPer feviapl etheraotdcaiolgcdntaining fionel wehcarbevatamison
UV-light is used with a wave-1length of 220-380 nm
t.he.se

d ndi 0 cted.radj ation activat.a
AP FRee OBl RS B8 Sma Bl SR SREy B Qolle pgnas, men-
11610 SHJuld6e e Y8 Buladiéhels6piend Ande@btopanel al so in
conmbination with an IR-light. In case of conbination

of UV-irradiation with other electromagnetic
The eempramesh mayialyosbeeapobmpgrized Withra piggursor molecule of the comono-

mers. Examples of preferred precursors are vinylformamid, vinylacetate, vinylacetamide,
all of which will have to be finally hydrolyzed after the polymerzation in order to incor-

porate the corresponding monomer units, vinylamine and vinylalcohol.
Process

Above-mentioned radiation activatable surface cross-linkers are capable of forming cova-
lent bonds by exposure to electromagnetic irradiation. Electron beams as well as UV-
light can produce suitable electromagnetic irradiation. Preferably, according to the pre-
sent invention UV-light is used with a wave-length of 220-380 nm, depending on the se-
lected radiation activatable surface cross-linker(s). The UV-light may be used in combi-

nation with an electron-beam, and also in combination with an IR-light. In case of com-



application of the UV-l1ight takes place sinultaneously

with the other electromagnetic irradiation (i.e.
web@sians beamor [R-1ight), or if irradiati onPCHFUSINE025278

in a series of different insadiation steps. For

radi ati on acitvatable surface cross-1linkers, which

require a relative high anobunt of activation energy,

activation with el ectron beans nay be necessary. In

the present inventign the radiation activatabl.e e
biggiqrhelc Uy risedifioR kUt 9 erailmogaﬁgpﬁtl%mm@no$1 peigeritical if the

applfior03k ?ﬁé VeLEH: (Rfes SR P@MbitEleBuslP e iRDb el Blectromagnetic
nounts of |ess than 25% nore preferably in anmounts

irpilidties €i.¢. lekactrotYeare ve IR HAighd, riéireadidsion is dongimumsesieppf different

.l ess. than 5% an st .pr rab LN ampunts f.r.om % .
GTBOR SRS SOV PG APV Rny O RN i ¥ relacve
high @&Ruhi GHkeRfivARn éa@rgsvgam@@bmﬁp eleBRorShRnRANAY bEharssshiy.
neans of a fluidized-bed spraying chanber.
Si mul taneously IR-irradiation may be applied to oo
Irg gheso pERISERhing eYiang then erdéation| Mﬂéf@ﬁ@l surfyge | Gregeclinksy ipapplied in
. . Li oki . .
B 555035 508 Bl S bR M bl o o s
28%069rd prekaritdy imymbadke opleas thah 1l Stéyeven apse prefarahly és amounts of

whi.ch could be carrjed out in_any der. lInstead or in
lespivan Azt @W%tﬂ’FPf?fﬁt’]lyi 1§ Afounfy ?O%Qr?%tﬁtﬁo/bn al drying
equi pnent can be used in the drying step. However, in

TRE LR gacﬁmﬁﬁ%ctﬁ@ﬁf)ﬁ_ SRl G oL BRQP Inay BeedprdyRa ontd theSAP parti-
or no drying is required, e.g. in caSes, 'where only
clssrhly Imeams wif asflwflizedrbéd saying Shamberk Straultangoushyp [R-éradiation may

di ssol.ved in ] .amounts of sol {,On., . The .surf
b PP RsRPIn it SpppuendRaly i ERen S Refrkiftp accom-
pBd dr¥@tiafkigy MUné AGRI20D88- | | nker according to the
present invention effectively takes place at the

thot oreactive groups of the radiation activatable _ )
oWieT e B eargiscasehiiing g cressdinkBRansntake plge In byp steps in series,
o ¢ _ L e _ _
oBEBRBH Qo RS, Sl SR00l A MRSk g, any con
véntiomeldyingf equipgnein em balisedriafiid duyirmgestiey. iHuweven in certain embodi-
particular, the surf %ce cross-1l.inking pmay take Jol ace
mepisrpdhe ProseRegrertioa Iits gHna GRS By TTWHEY Of 1Breaptse Where only

A HALEE MRiRsd BRCH &I El%ue@)glﬁgd iRSolveY &l sisll hA®Snts of solu-

cross-linker wth an adj] acent I phat1 ¢ CH bond,

tibmrmng a -G COH group in case the photo-reactive
gr oup

The surface cross-linking of the SAP particles with the radiation activatable surface
cross-linker according to the present invention effectively takes place at the photo-
reactive groups of the radiation activatable surface cross-linker, forming covalent bonds.
On exposure to electromagnetic irradiation, most preferably UV-irradiation, a covalent

bond is formed by means of the chemical grafting reaction.

In particular, the surface cross-linking may take place upon electromagnetic irradiation
by reaction of the activated photo-reactive group of the novel surface cross-linker with an
adjacent aliphatic C-H bond, forming a —C-C-O-H group in case the photo-reactive group

of the surface cross-linker is a carboxyl group. The aliphatic C-H bond may be part of a



of the surface cross-linker is a carboxyl group. The
aliphatic CH bond nay be part of anearby pol yner
W@ b@s0163%hi s pol ynmer chain may be anot her radi BET/082004/025278

activatabl e surface cross-liPnker nol ecule, a part of

the same cross-linker nolecule or may be part of the

SAP particles exposed to the surface of such SAP
particles. Therefore, at |least a part of the surface
cross-| i nker nol ecul es fo&g1rad|cals

nqagpy; RRlEmeqF - His peRiEer SRR M oRfp Y rga&l%%%%%twéagle surface
crg§s°1%9er ﬁmlesm? IEY)f H‘E%aﬁ@ |c¥d§§-‘imﬁél‘4n&l@ﬁﬂe 8f Rapbé 9a1*7k1 BF fhe SAP

to react he aliphatic groups conprised
parhdesp@tppﬂﬂito thesstafapeeﬁd;uch(SfAR}tachlmaact ion at | east a
part of the surface cross Iinker nol ecul es are

oval en boun t he ha i r C r by,
%fa beolay :]%Ft %Hgg r?i%%) sutrﬁge -E}%ﬁe{rgn&?&ﬁes R Ijaaf%gls Which are
atit teFdast WiEkDe funbtidnal glosPs ROS Taiokyl fatip) densised d9ehe polymer
cross-1linker nolecules are covalently bound to at

anjdethsy age Pae ablofio refet edr wukyhe girhape gbrupe KEMpEFsphiy the polymer.
gha ﬂﬁt &f tPfsr}gacﬁg‘E P gar % }{)a;‘:r? of thd %utga‘d; y‘ﬁ&% -15KRP ﬁm\h{dgﬂi%ﬁ are cova-

ose car groups
leﬁﬂya batmd ®othe anphdticagrbwpseoomﬁsdd oy thidpolgmef elwinodf theSAP parti-

clgh. AT HeIsn gl 5160 BSUNE o e Binse igfermatecuSs Sre cova-
leﬂflfﬁgﬁﬁ Jco”éﬁ?&s't AhaltSor e cirﬁﬁ{e}ﬂ '#‘Eézgg dfqhd P@lyﬁéf BRAH of the SAP

ut a onprises t rous afiphatic
ng‘fldﬂfﬁ) él‘hm sutface ¢rhss-jirddey il neiivdy be bofind teethS#Rearldeayt groups, which

orp L s Bpe] ) VESuHRe e SAPERIT loxvemgpmyered to
plR6OLE SRk ctr@s% I%%gp%et éx%bseﬁnklﬁ%]ﬁfdc@ﬁ%ﬂ’thb DeéseASRFention is not

Ther ef or e, posSsi ble to achieve a far nore
reiipivtegen (blmsc;armw gronps butfadioecopipoises the nklinn@ue eliphatie greups within

the, surface CLQsss|. i ng kno e
g B ERBRTSAL TR, AP OB bitho iyonlihepmber of
avhilableNehctiiRotiRe fohake tsmaosﬂﬁogeammn% foedBetdef fiid SrAPapamcles is

This enables to nake the SAP particles much stiffer,

strangly, increapask dhedefarecit iwvmsylblerm. ashieve pdargapresioyaggengys, uniform

sqr%acg %}osgtlmﬁlgg %ﬁ@ax%ﬁ% % ﬁ&{aﬁg 8110555‘11{115?% “‘ﬁ&“{‘ #ghg%ea% Further-

0SSl i'ncrease tne capacl
midad, it i |pe§s1blé\$o tuitace rdsadiak ciredSAP ko m h@heli Gegagenthiue theBAP known

the surface of the SAP particles, ea t ake
frean the pripr aié T on cnablesde ke ey AT Il?ér“S ffﬁ&ﬁtﬁt@@&ﬁwﬁh@m@ of-
e'gﬁ%lg 1nﬁ1§1";11’ AN &' EETH%E htca HH@gI‘%@ df H@utfatl‘l%ﬁdno Mdreover, it
are expose e vicinity of

isquosdibledo ﬂfcréah@thSAE’qutytof die&P partieleggo a cr oss I i nk| ng
process, |leading to SAP particles with a high de

As the surface cross-linker is applied on the surface of the SAP particles, the reaction
takes mainly place on the surface of the SAP particles. That means, that mainly aliphatic
groups and/or functional groups, which are exposed in the vicinity of the surface of the
SAP particles, undergo a cross-linking process, leading to SAP particles with a high de-
gree of cross-linking on their surface while not substantially affecting the inner core (=
interior portion) of the SAP particles. Hence, the percentage of the reaction product of the

radiation activatable surface cross-linker on the surface of said superabsorbent polymer



gree of cross-linking on their surface while not

substantially affecting the inner core (= interior
w@eoosioossys of t he SAP particles. Hence, the perBenuUsme4/025278

of the reaction product of 20he radi ati on activatable

surface cross-linker on the surface of said

super absor bent pol ynerparticles will preferably be

hi gher than the percentage of the reaction product of

the ra_diation activatable surface cross-Ilinker insid
partideswikbpregb ey bathighsr Mrth‘fo ngcplgpgsgfo t%ﬁ deagpron procﬂlct OF the ra-

F i.-at.i t - -l i .
T B S o R I R E L AR RS B mer partcles.
with UV | anps having a power between 50 Wand 2 kW
TheoU¥ ipeéibBomfol yhetrat fasecro@oiinkigert profraply meardedoutippgonven-

.preferred . en 400.Wand 600 W Irradig,tign timne

P en Y VR P R SRR A bl Bttty

b ESEIRPIYanRS0VER M- cled Bfore RBfbriFH Betvié2A00W end 600 W. Irradia-
preferably between 0.1 sec. and 5 mn and nost

tiqr tirhe ksaiybigrably between @1 secs erd 3@ mun.2meraprefcsbhe betivgen .1 sec.

vai | abl e mercur sure - ]
ond o el gren e SRR el 1 AERRLE B AR B oy be-
twen DNeset afida@t N CoginereibllpiNailabld mickagy prassire [U Vtaiifssgan be
used. Lanps having a higher power generally perm¢t . )
useds Bherchwicg of thedampidgrendg on fhreabgpptian é@CHBm/@ghe fadiation activat-
. . g o ‘
oty o B Pt St Gl B0 AR Rt Rl Bt pore
rapltt drogelinkiiggs The diskinogbdtwewmthie iVl drhye(s)pariddhe AP, whibleis to be
surface cross-|inki according to the present
crpgizkined prefpebly ariey betweer © omanglogm: surf ace
cross-linking reac tions carried out under increased

CBﬁﬁ@%H% HeQarff BRI E MR frdm e PidtH S the shibfade EroBPlinking

consum ng process step renders the nanufacturing
aqeoniies © he pBABnipiartitonds nvsh sjuédken divioe artrranfage siosgbinleng reac-

.On the contrary, the cross-1|inking process accorndi .
G eGP WERY TRRT (O RAN D PR PTG §EnS nifures. This
tifhe] ki hro@RE Siep SeARAG e RelsFaétoridg HrsvBssTOf SAP particles less

efficient and econom c overal |l manufacturing process

eqonomithan des,iraﬁb- Onche gorfteser the eoss[IIHRE REPCPBASLPIGHS to the pre-
[ oceeds i . f i i
B BFREHP A 5t B4 LR B P BTRLBEH Eucn o

efficieRt 411 RenehicaiveralinaatadnntgSAbeagarticles. As a
result, the surface cross-linking process is mainly

restricted to the surface of the SAP rticles and
Forflaransraaadly padace Lﬁr?%sgwitr}gogeéctmnnw‘i% 35 G e Surface cross-
lihR5E A18 s PR the!sGFace 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. The o,B-
unsaturated carboxylic acid monomers are often neutralized prior to the polymerization
step (pre-neutralization). Compounds, which are useful to neutralize the acid groups of
the monomers, are typically those, which will sufficiently neutralize the acid groups

without having a detrimental effect on the polymerization process. Such compounds in-



Anot her advantage of the present invention refers to
the neutralization step. The a, b- unsaturated

w@20060x63b3 c aci d nonomers are often neutral i zeRCPUSIING/025278
to the polynerization step2{pre-neutralization).
Compounds, which are useful to neutralize the acid
groups of the nononers, are typically those, which
will sufficiently neutral ize the acid groups without

CIB‘?W E%Ea}n o idge@%al ,ecf'téfiﬂg%égoh ewg@px Lo Zoalllalces nPre]‘.‘erably, the
nR¥aP R n@hﬂfﬁizlau&@bﬁkhecﬁbmﬂ@& e$ s@ﬁﬁnmrqﬁﬁmﬂm ﬁyzdromde or

Preferably, the material used for neutralization of
carhena® ﬁﬂwmeytralszmgu Qommlmd iporefereblynaddpd toh dguenus solution com-

pé%{]g Wsﬁﬁ’ﬁ%fﬁ‘g %}hc? 8&2%3@5%9?%%5%10% As a result,

a}eda BRIy the B AndHARAIE Arboxylic acid
C e %WAsea o o i et e o

leastmartiadlgchebiyalided. Cdmsaqumtlw-aftadhc aolymemkammem also the carboxyl

nononer s  ar | e st artl al eutral | zed.

SRS eﬂn@meﬂjw the gy atﬁ%rc hr?%ﬂqlfaﬁci“gﬂtl &¢ eplymar s #trjgast par-

a r

g R B0 g?ﬂ%e@%fﬁﬁy’%% “Sef*eﬂ%%*#%%?tﬁ BAFE in gydigm acry

lateg Mhl@ﬂ dizeediatdsrin gase istodiegaivelidclaxgadeacymtamenomers and posmvely
neut i zation results in sodiumacryl ate, which

CRATE Fiﬁ'tné%on?n wat er into negatively charged acyl ate
nmononers and positively charged sodiumions. If the

Ifftha FnaSARP R £8 iRER dwblleh @tatd)Qkbehe§ taBE@bedhdiR0us solution,
t hey absorbed aqueous sol ution, the sodiumions are

thersedivgn oy abe Geed) mwabkh@tmmqa&ﬁl’up@rt@ées Imabkseghenbaticles, such

Dbl R ar Ry plite hERET i Bl R g Paphred o ais

tifléd Wedr, Waing lcomipfiseten LNRElYIE, @ @nblﬁitfﬁ’lsaflﬂwmﬂi g leas i Ll is pre-
of salt, which at |east partly is pre sent in

st s digsosiaird ﬁoannTherWésqmaé@oS@h&@@aprsS@ﬂtby toHng Heke aRporption of
li 1518 1ﬁ'{o € Sﬁ’k}g rgg]?;? ?ﬁﬁ&(lt tah%% H%ﬁlﬂgﬁﬁgg %? %&bed against an

articles nor
osihGiur freskuagedussd bﬁtheasmbﬂ the dissscinteé salau Tae fleylytihevable sodium
ions_ of the dissociated salts. The freely

] .
iogs ayithin themARWarHelss strengiyniacilifgte fhe absorgtion, ﬁgP “3’;?13 info the particles,
bécﬁﬁéel f:f‘?éadut:@ ﬁlea&ﬁﬁ)rtlﬁtép;rl lellér b 2i 8P dEM6e of neutralization can

partic because t uce e osndt1 C pressure.

latgedy efcorass the chpaghty o gre@Mbpamelai; azl the apfzedrofdlamdl asgrptign.
I Nncrease the capaci ty of the SAP particles and the
ace ss-|

e U sorpt rs
gl R e M e e
HRRdeY fRI deghRNF feuttdlRa i@ iR 0 BE bABkdedalitiZAE nedd foamrface &8ss-link,
bal anced with the need to surface cross-|ink,

because both process steps make use of the carboxyl groups.

According to the present invention, the surface cross-linker comprises radiation activat-
able groups and —once activated e.g. by UV irradiation- it is able to react not only with
the carboxyl groups but also with the aliphatic groups comprised by the polymer. There-
fore, it is possible to neutralize the monomers to a larger degree without significantly di-

minishing the possibility of later surface cross-linking.



because both process steps nake use of the carboxyl
groups. According to the present invention, the
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groups and -once activated2e.g. by UV irradiation- it
is able to react not only with the carboxyl groups but
also with the aliphatic groups conprised by the
polymer. There fore, it is possible to neutralize the
nononers to a | arger degree w thout significantlg di
Agenrflingi Hy theyDrpwsEiiBYaEey, dre [catbexyls gFquRs ecomprised by the o,p-
cross-kinki ng; [ 0 ty.l [
ofaf8sd FREPRIILRI R Baeh S Mo BRBRER G 80K, Bl bAfrably at
18 €700 ¥l éiC matd stefepdddyTiirisasal $%né be¢radbye mefelablysbet&Oed5% and
nore preferably at | east 70% even nore preferably at
95% areniralsazd aHencsy alpo thsrearhewet gnoupy ompRrisRE b the oppsabiated car-
neytralijzed. nce, oCa '
gt R S5 AR e B SRy B oY BF EATRPA A more

pRf&alill at RAG75%arld eved b r@preie@itah bytwakn I76%sind 0% neneatized.
nore preferably at |east 75% and even nore preferably
bet ween 75% and 95% neutrali.zed.. A.still furthe

| . .
Actahss 2NaRthE B GRSRESDR JEYRRHOR if 404 FRAMFUSH, Bf PBfesized side-
réﬁl%'ﬂ%ﬁﬁ%%@ﬁfrﬁ%@ CtREFnL %29&6@? Susttiée @6&-linking known from the

H
Cross nRi ng process. Surface cross-I|inking known
pfioomt telqeirgs inoreased ttempayaiuresscanmuo g sedindemaboe 1H08sAt these tem-

conmonl y_ ar.oupnd or. above .150. At these fem peratures
PRIy SHE (B FHESE ‘oL SR IS S AL P Pt o0 S humber of
ofhEHeaViRhs thiplaleSO g.%nﬁ?‘&%fo%at%tb@fthih&ﬁ@ﬁél?ﬁér bkifier cleavage

place, e.g. anhydrrde-tormation within the polymer or
ofiidimaers gireciouse fofmed; bieihe pereli ooidl lylon@flﬁ‘édTg?Bet fide-reactions are

A R e e O A A

decreases capacity. As the surface cross-1linking

ARRIRCHERcacRRs-Uhkigg btvckdiacprrdimgnd thepreseht dwentimsioeohot necessar-
_necessar ihg need 1 ncreased_ tenperatures but can al so
il mepchncreagedbigmpsratyreiai £pw alseis<rriag Q¥ afjgodsrgte temperatures us-

i‘ﬁfgget{@ﬁ%g% ir?atdlﬁd'tfoﬁgélﬁhiag %Vﬁglg&elgg%}, Wbk ﬁcﬁdﬂge&ioﬂg are consid-

-reactlons’ are consi y reduce
ebborediced. Aocdriiag po deegmesehnvesattioanthe tshifaceunrdéssdiking reaction can

cross- i nking reaction can preferab conpl i shed
PERLcTp e acamRLSIEA 9t dSPeTHAfFS 1R gess %?%ﬁ@?%ﬁ@%ab?y at tempera-
trEITREE thah WOST, lifsie p}éfé@.b%odt GempBRardredsahAbby °@t even more pref-
tenperatures lI'ess than 50 C, even nore pref erably at
etablypetr tatpersirtsekess thand 048, @postrpsafenablet asrteibpgratres between 20 °C

o R0 0 SR P P A0 ot 51 SRR hRRg ot
pedturéd ao@8100 °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 color
from white to yellowish. As according to the surface cross-linking process of the present
invention, it is possible to carry out the surface cross-linking process under moderate

temperatures, the problem of color degradation of the SAP particles is strongly reduced.



peratures above 100 C. At el evated tenperatures around
or above 150 C commonly applied in the surface
wa@e@s®idspki ng process known fromthe prior artPCT/Os2086625278
particles sonmetines change28heir color fromwhite to
yel l ow sh. As according to the surface cross-Iinking
process of the present invention, it is possible to
carry out the surface cross-1inking process under
noder at e tenperatures, the problem of col or
Ageagiing 4o itmprsrent rvenjign, paesuEpesscrpss-linkep G he selected or, alterna-
O A Prla o B AR, PN POy, 8T Being radiation ac
tivdtatde yyrfdcaoross-linkers. di fferent surface cross-1linkers,
can be applied, all being radiation activatable
surface cross-linkers. As further. alternatijve, aope
A3 N aLEPRLES OBF 85O FeBes gy HgkTa g Risfption acliVatable sur-
£R36 chosa i3 eEs) Th bEAGBL&T RESthet WHE NS or Giddte MgerANY ia€vatable sur-
together with one or nore thermally activatable sur

faca crose-tiokers, 4. pkled-butandigl. In this pwbeditnest, the BAP pagficles further have

nbodi the SAP partici t i
IR RBE S E G sthACo R BRGH AFTeRE ste BERE PSRy ofATRE betest par-
tiglP&Rs@ 6n 8le dik@surfaadé of thal SAP pxpioke And wlichen ol termally acti-

surface of the SAP particles and wherein the thermal |y
vated purfase sepssinkercis ceyalerly bawed to pileas pnaghef the sarbayyligsoups at

I .

Gl B o0 by e PR L e o i
super absorbent polyner particles. In case a radiation

Iracdst wahdiblien suivhable sorfasserbssAlieer issused eapetimy atithe theimally acti-

a thermally acti . vatahl urface cross-linker, both W
VAP R rotmiksi ol 47 o A &Pi_sm%f_ﬁﬁ% glempgayres (above
180°€) BRORIEARY HPhelshBa&WrbRAMKE G 8cdsé.NKi Ng process.

The“radi ati on acti vatabl e surface cross-Ilinker is

ﬁreferably.used in a liquid solution, nore preferably

The rasintinguetvatalde unfice wrosydinker ia prefeably piged inca Egquigdispltion, more
_e?fen@%di stri but eogutso%rface cross-1linking, the surface

PIEBELY ThREPIHFRYS YO HE" di stri buted evenl y on the SAP
particle prior to or during U irradiation. Therefore,

Th obtHn ShRCarticles sAthievkely disriputed surddek \eraspfinkan, khe surface cross-

_Isrgeréayi ng onto _the SAP parti cles. ,%sor bent arti cb%s. -
livkes TBAE b Aisirinigsl Senbiel (e SAThpirtiFe deF dhonping UV irradiation.
TRERFSE ARL ¥unRR! dr&d 1ne ARSRERERLy AFplib8 'b§Sprahng onto the SAP parti-

cles.

Absorbent articles

The SAP particles of the present invention are preferably applied in absorbent articles. As
used herein, absorbent article refers to devices that absorb and contain 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.



used herein, absorbent article refers to devices that
absorb and contain |iquid, and nore specifically,
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proximty to the body of thkeé wearer to absorb and

contain the various exudates discharged fromthe body.
Absorbent articles include but are not limted to

di apers, adult incontinent briefs, diaper hol ders and
liners, sanitary napkins and the |ike, Preferred

Prtirgrdbserbapt ariitles ol PRECBLNPN FR GARS D hirsgd herein, “diaper”
rHLARE Eﬁ abOebenf Gfic &bﬁllylwrﬁﬂsriﬁfaﬁﬁfaﬁ??néoﬁtiﬁéht persons about the
absorbent article generally wofn by infants and
ldwez dorso.nent per sons about the | ower torso.
"Di sposabl e" is used herein to describe articles that

war e erally.not |ntended f.g b aun dered or.
BlRpiRes hockeBinl ISPl BEREAFERR o betaun-
déed BE oesriaé eatbred befeusedsiieGh®, atsanteidbd tobefdycakliell aftbpa single
be recycl ed, conposted or otherw se disposed of in an
ugenand; preferahlyatte Ye cenypledi enrepastadnerr othervdser dispospd of iy g gnviron-
Vi f ' r 20 as a preferred enbodi nent of an
ngggg?%gﬁﬁmgyggﬁpgééccording to the present ‘i nvention.
The diaper is shown in its flat out, uncontracted
Fituad & i{ & plan, view tof autiapel 28tk @ prefdred dmboditreatdff @njbsorbent article
Port.ions of the struct UEE“E ar g cut away to_nore clear

I
ac0Eing Frethgrimesent fovention, kRt diagergs shown & Up 87t 24, umﬂp@tracyted state
GROT AR Rastid ﬁldql:&i)&fntt%&i&nz.aﬁorﬁ&%t SIS sBRuNBRI £6 cliSaway to more

facing the viewer. The chassis 22 of the diaper 20 in
cleardy skovt tleomnderly g sstriubimreaned the licegher 30. Theepattiopef thR0diaper 20 that

The chassi s .22 conpri ses oyt er. vering incl.ud d.n
capio R 15U b SEEE: 5 antl 07 onU1e ared 20 1 Fille 1 com-
pti SRR IAHSh I D IE@Ape£ ©0. TIECHAEAS 2 8ordprid¥8 ¥in UL covering includ-
i nclude nost, or all of the absorbent core 28 encased

ingert liguad peivéous dpisshess 24 2ad/and lighisl inmeks puschackeieetidfe The chassis 22

chassi s r ef er ahl urt her i ncl ude | I
iag e Bla BIoGh B T of bt WAk P A SRt A RPR e Wbstioot 24
ah@®feWabksbdet 260 Thé st DD preferadlydfutther waludés Siéapatiets 3 leg cuffs

ically conprise elastic nenbers e end

s . n ti f
32 K‘g’fhoﬁl%?é mqmebesn?d prglip vi@ishEeatpe 3¢ Bt leggnids 35 g%(i @%rl’segst feature
S8 rHBoaREGe Fls TRERRBEON SxERARNS LR iy contpued s e

frdft wiileregivheIonetthatdappol(. iThe oppoditecendipapion issonfigured as the rear

configured as the craotch region, 37, which _extends
wa&ﬁg?&l%?%a? e Greh2Bn e e HinicapRrbipl 4 tesfiger s configured as

¥ QB%h rg Bn %W?%'fb\%é@é Eé%iﬁﬁin%ﬁ?%e%eﬁitﬁ@ 8t 4d¥erear waist re-

i aper whi ch, en t aper 1s
gions. The crotch region 37 is that portion of the diaper 20 which, when the diaper is

worn, is generally positioned between the wearer’s legs.

The waist regions 36 and 38 may include a fastening system comprising fastening mem-
bers 40 preferably attached to the rear waist region 38 and a landing zone 42 attached to

the front waist region 36.

The diaper 20 has a longitudinal axis 100 and a transverse axis 110. The periphery of the
diaper 20 is defined by the outer edges of the diaper 20 in which the longitudinal edges 44



worn, is generally positioned between the wearer's

| egs. The wai st regions 36 and may include a fastening
W@ ymsena3ednpri si ng fastening nmem bers 40 pr ef ePebUg2004/025278

attached to the rear waist 28egion 38 and a | andi ng

zone 42 attached to the front wai st region 36. The

di aper 20 has a longitudinal axis 100 and a transverse

axis 10. The periphery of the diaper 20 is defined by

rlﬁlgga}%?{l@.r eq‘ﬂ%iZ@%Le ltaggla%'lr@i ﬁBPfrflﬁ?&h élglg%fﬂf@dﬂhg end edges 46
rll,lrpgéﬂ éﬁlgﬂa?z{lleﬁf&' the @r%%v@lfse taﬂ? 1@1) 3PAk dtpepng the end

ran genera paral | to thé transverse axi s
110 of the diaper 20. The di aper may al so include
Tbe Wéwper way alse snchgleatler ifeatums asare frsown in the eftid¢inding fiont and rear

and r ar e nel s, LSt ure cS

oot RriyaBh b B g anfl e HESI EFRine FeRE i RofRiment and
aegsdthehh@ctelaiact eri stics. The absorbent core 28 may
conprise any absorbent material that is generally

ressi ble, conformable, non-irritating to the
T\héa orbant SRS MAYLUREBRBY 3RSoRisEbmBteral faﬁfdls vgé@eaalﬁy ¢oppressi-

kléh fg HE RoRSrridt r%go %%Q%rskﬁle Bﬁ@b@ggﬁ%f aﬁ%ﬁfgﬁ%?ﬁd retain-

ént core nprisé a wde var
nig' lagiidb aﬂoh as et andedtiesri caﬂanmodyrexudﬁteﬂsmb al:rsoﬂbleﬁtpmmabﬂ; may

a .pers.and ot her. ab nt arti.cles such as_.. .. )
ce@m*? wids “aeisty % dﬂqalds %%P@ﬁnﬁ rgatgriafe PWHE@SPQ i digpqsgble dia-
p@l% a8l Btﬂe? hﬁsorlfe}'lﬁﬁﬂﬁkf‘é s&fh RPRmigetbd 3BbE palps %%ﬂ& generally re-

materials 1 nclude creped cellu | ose maddlng
foteshin ap eir fetb Fsamiples lofi dthngsmtab]‘ecabmrb@n ematcrmls include creped cellu-

sti ffened |f|e or _cro lin I 1 ul asi i bers:..

e 2R, el By SEeap g e Qepte ¥ Al modifid or
cﬁﬁmhk&ﬁéaluf&@%er@ g bi%@hdﬁ]lg%ﬂﬁzswra@?&ﬁ HR0E 188hhtes) dbsor-
materials, or any other known absorbent material or

bewsrfbimaabebens spengesabsdrbent Pakkina steriadm or @@r @thmnlgnown absorbent

n'fg%a glg cd Qtﬁngzi{tlof@*gl g' mggeggf ngﬁ?n 5%8{%?{{) gq%g lmlagl lf% o1 com%nse minor
aRGLRS (typRallyvisetan 00§ oBAch-1ikgid labkebent ﬁfa‘td&ﬁﬂs’!@nﬁcﬂm astaldBesives,
SAP partlcles of the present invention can be applied

vwazeppdprmbiie ikt e rials. The SAP particles of the
present invention preferably are present in anmounts of

Fﬁﬁhérﬁﬁ?é er a%??a%ﬁ!# Ryt t&f J«]:‘ﬁt Wk tRnAHR BE L gltrlea ;a%gct)rbent mate-

nor e even nore pre
rllahsa?he ‘S%Pﬂ) pm‘dclsst of the @rmnmwmtmnqueﬁeedbﬂ}y aztpreseat in 8064nts of at
bg %i %ht of ?% v\/nh
least 50% by weight of the whole absorbent core, more preferably at lest 60%, even more
preferably at least 75% and still even more preferably at least 90% by weight of the whole

absorbent core.

Figure 2 shows a cross-sectional view of Figure 1 taken in the transverse axis 110. In
Figure 2 illustrates a preferred embodiment of the different zones comprised by the ab-
sorbent cores. In Figure 2, the fluid acquisition zone 50 comprises an upper acquisition
layer 52 and a lower acquisition layer 54, while the fluid storage zone underneath the
fluid acquisition zone comprises a storage layer 60, which is wrapped by an upper core

wrap layer 56 and a lower core wrap layer 58.



absorbent core. Figure 2 shows a cross-sectional view

of Figure 1 taken in the transverse axis 10. In Figure
wWQ2005loushs at es a preferred enbodi nent of the dpE¢T/esm1/025278

zones conprised by the ab 26rbent cores. In Figure 2,

the fluid acquisition zone 50 conprises an upper

acquisition layer 52 and a | ower acquisition |ayer 54,

while the fluid storage zone underneath the fluid

(S el 6P GRPE P S ihFE furt Eehates £ Mosdven ebri
vﬂféf@s %@R)We’#)é@ﬁm&ﬁoh Nayen @rdfétﬁﬁl?rdoﬁq)rﬁsﬁ@g%lmé of Eﬁemlcally stiff-
g‘ﬁger acqui sition layer conpriSes a nonwoven fabric

twistediand quggd iﬁbal@qmgh |Stmfm¢ ar%f@berp pd themhoplastic blndlng fibers.

J stiff ened
18 AR R e b0yt nORE R 8l frp BP0 hon-woven
nideaiaipphét is (pr&ﬂemﬂlyﬂgydrbﬂﬁhs Thea@iditi@ layeebestergbly is in direct
enbodi ment both ach|S|t|on | ayers are provided froma
CHYACLVGYERe Horagei 1aYer. which is preferably hydrophilic.
The acquisition layer preferably is in direct contact
TVt fefehied %hﬁfoﬁﬁﬁeﬂt @H@Eorelwﬁr At&HATdo ﬁ'g)rﬁ&bﬁ’ 6 %ﬁ‘(?a bottom
core wap materi al conprlse atop er an
layay evhichvidyets llnay be seated tdgetlse a]oeg theigeddesy e.gl b)jngd}tdgmer The top

adhesj Ia er and the
HFS0EH (05 H95emip Gy Fubhe Piosied fieghe RV YRACEISHEH TpHEP laver and
tHeOfbtioay Riyemidy b @réedddomdbhawsor 'i‘i?dfe Q@pa‘?&t@‘éh&%doif m3&ials or they
two or nbre sepafate sheets of materials or they may
5y byl alterppdivelyeprpvided dioded unitam sheetndft matyriglh Sech efumtary sheet of

sheet of nater

PR R e SHab Rt b BB, o ol or

The storage |ayer the present invention typically
Thestrigedsy<sAkt pridit ¢hveation xeitalll tcbmiplisddr SAB pAmBicRSs indilkked with fi-
Q her ai;” als as suitable for the absorbent core may
brqus giagat herauaienighngs suiiakle foritheiabsgrbent enyp araxipdsorhseemprised.
pol ymer partlcles conprising a water-absorbing resin

and the re action product of a radiation activatable
surface cross-linker wherein the reaction product of

the radi ation activatable surface cross-linker is

present at surfaces of the superabsorbent pol ynmer
particles, characterized in that said radiation

aci tvatabl e surface cross-1linker conprises at |east

two radi ation activatable groups and said at |east two

radi ati on activatabl e groups R being covalently bound

to




each other or to at | east one spacer group S, wherein

the spacer group S is a spacer group selected fromthe
w@e@apiaensi sting of an organic group with a nptEBUS1084/025278

wei ght of up to Mav=I OCO00, amd a poly neric group with

a nol ecul ar wei ght of up to Ma=1000000, and wherein

said radi ation activatable groups and are the sane or

different and are selected fromthe groups consisting

of : a) acetophenone, benzophenone, anthraqui none,

x aWwhhois elaithéd 3xant hone, canphor qui none,

t er epht hal ophenone benzil, fluorenone, a-ketocoumarin

an ceto f enone- benzoPhenone:, anthraqgi Qne-,

of 2

xaht RYRErab b pelynes ﬁéﬁ{c.eégﬁmgﬁlagian\gﬁgr_- sorbing resin and the re-
ter eB@t‘idgﬁé}g@ﬁ@ %@'&?rﬁditaﬁ@t{‘ éétlv\'%abfel HOf B0 BI85 linB?yvherein the reaction

a- ket oc rinderivatives, erel n acet ophenone

der i yaaduvesf the thdintiop hetnatbldanfacatciosedinkérsiv presept atsaurfaces of
react.i on products, such as.condensation .product f . .
oot s aRBrB et o) R i Ch B AROriD o e iptin acitvat-
CONPEbRI feFadd ctRAThKdVnBFREL BNRAGNY 00FadREBE ARACAMIE groups R,
groups, and b) a group conprising a first group

sel eenéBofsaishattleast yotadiation sickvatande sfoupe Rriyeling énsialeptly bound to

aryl r r henyl _.and hs¢ituted phenyl, and a
secor‘?al goﬁ%eﬁrﬁ?gégﬁle%sig%emagg}g?ﬁ@ roup consisting of an
aryl, an alkyl of 1 to 4 carbon atomns, cycl opropyl,

cycl epervity the ycdr@heuys is 8 spacei gldupsyRbied Ifionlk group consisting
a- hydr oxyal kyl and wherein said first group is

covaPEAR [O5EAHLERUP 3V1Eh A dneleeddaweigbiugl W & 5/&%%00, and a poly-

ti on?AeﬂE@; dth Qh%%&ula?%éég%rﬁfgé{bmlﬁﬁmdaﬁ oup is

coval entI'y bound to the sp roup S or to’another
radi ation activatable group.2. Superabsorbent polynmer
par t inhkerin seid cadditiog actvathlade grabps RheneéiRa asathd same or different and

super absor t | ymer part.icl es conprise honopol yners

of pﬁ?etsle]%f’{ég?Wélﬁﬁﬂeﬁr?‘?é&oﬁsfﬁmg&?sat urated carboxylic

acid or copolyners of partially neutralized _

a, b- Wnaadtoptehest, GRnbeptishbre, %ﬁt}ﬁacﬁ&mby RBfthéRd thokhntBone, cam-

mononer copol ynerizable therewith, said honopol yners

or shherqeinpes. yersplthelophanpss rhgnail.i fhieseriose.gx-ketosoumarin and aceto-

wher gj I sﬁg OEe.Of ' l.i phat | roups. are, at

I eas? h%é’?{;'i’ aﬁ y g?(pos%'d %ﬁtﬁ%aﬁgﬁgiﬁ% a}ééerl%%(gleé’aﬁ@loxan%hone" cam-
phorquinone-, terephthalophenone-, benzil-, fluorenone-, and a-ketocoumarin-
derivatives, wherein acetophenone derivatives or benzophenone derivatives also
comprise reaction products, such as condensation products of acetophenone de-
rivatives or benzophenone derivatives, comprising at least two acetophenone or

benzophenone groups, and

b) a group comprising a first group selected from the group consisting of methyl,
benzyl, aryl, preferably phenyl and substituted phenyl, and a second group se-
lected from the group consisting of an aryl, an alkyl of 1 to 4 carbon atoms,
cyclopropyl, cyclopehtyl, cyclohexyl, a,a-dialkoxyalkyl, and a-hydroxyalkyl and
wherein said first group is covalently bound to said second group via an addi-
tional carbonyl group, and wherein the second group is covalently bound to the

spacer group S or to another radiation activatable group.



super absor bent pol yner particles and wherein said

reacti on product of the radia tion acitvatable surface
wa@e@s®idvphker is covalently bound to at | east BCPHF1000625278

the aliphatic groups at |ea8t partially exposed on the

surface of said superabsorbent polynmer particles. 3.

Super absor bent pol yner particles according to claiml

or 2, wherein said superab sorbent polyner particles

conprj se 100 parts by wejght of said water absarbing

r esi PURAGOTaERg PH%’H’%@%’&? o 2oRrdipgi g ey | 1, sdpegern said"superabsor-

r adi c r 3

Supe{r%%to g %e ne tgl?ﬁ%rsg F§1‘ﬁg1f1$e ﬁf)ﬁloi}glg%ﬂg% I%?] d)a?hallé/ neu‘uf'ahzed a,p

t he }%%ﬁi@teﬂ@aﬁﬂo&ylﬁ@am&\bﬁé@owms df parﬂ@lﬂ;aﬁa@ﬂaﬁﬁéﬂ o,B-unsaturated
particles conprlse said reaction product on said sur
f ace cambgxylic ad |Cﬂp@ym9mzq§owﬂh @rinetiomnaeyi eppelypreriapile thrspwith, said

part 'hg%n%g?lyﬁ‘%g (?11 1& Bg%o%?rlﬁe grﬁ)%g gfah%ﬁ%t é]%ﬁ&,lv{?fﬂarem at least

produc atron ac

Cr osseike m;kﬁemd@rmphaiodgrsupsf @c at hstSRrtthliSUpoaIdsar 1the rshrface of said
polymer particles is higher than the percentage
sai d SHRsARRSPEshPJUmer PatHclenand Mihersiny ?31% &actien Pfﬁd“ﬁfa%the radia-

SuDe&l@H%@ft@ﬁEﬁl @Qllﬁ(&ecfro%"’ﬁrﬂgef & ceosvale‘lf_'iF %%Hﬁ(ﬁ @(papl(-fggtné part of the

pol yner partlc es according to an rece

cl ai mEphaticegreups zttaielasmmmlallﬁcekpmdaiml the g;mfamasoﬂ-?sead euperabsorbent
acetoB onone dge rivates according to the foll ow ng

For miPY ¥ PR ESphenone derivates according to the
following For mula: - - ifwherein s Cor 1, and Ris

S UbS SubsthBbrbint PoISHRE bartible§ Seddfify to Qhim Cr Al WidreinQhid superab-

an ethylenically Un saturated group, preferabl y
conpiPeRgpaymepaticles eomprischH¥Y partscb)gwmybt ofi paid jveatemabsorbing

%?2%3& al"f‘cgieggh%ah %er{rj]lg? g&o\%n?g tocf (58! 1381&3518 gﬁt?\é?ag;i% surface cross-

and Fﬁfﬁkhs a hydrogen atom or rret hyl . 6. Superabsor bent
pol ymer particles according to any of the preceding

c| Zﬁl r§§1perabsorbent polymer particles according to any of the preceding claims,
wherein said superabsorbent particles comprise said reaction product on said sur-
face and in an interior portion of said superabsorbent particles, wherein the per-
centage of said reaction product of the radiation activatable surface cross-linker on
said surface of said superabsorbent polymer particles is higher than the percentage
of said reaction product in the interior portion of said superabsorbent polymer par-

ticles.

5. Superabsorbent polymer particles according to any of the preceding claims,
wherein radiation activatable groups R are acetophonone derivates according to
the following Formula or benzophenone derivates according to the following For-

mula;



wherei n sai d superabsorbent polyner particles conprise

at least two different re action products of radiation
wa@easwaizabl e surface cross-linkers. 7. A met hoRCD1S2004/025278

maki ng super absorbent polyner particles which

conprises the steps f a) providing a water-absorbing

resin b) adding radiation acitvatable surface

cross-linkers c) exposing said water-absorbing resin

and §@%g.radiation acti vatabl e surface cross-linkers

to el f?%nagnetic irradi ati on, wherein said radiation

acitvatabl e surface cross-linker is a radiation

aci t vat abkre, gig f ace cross-linker as clained in claim.

8. A nethod according to claim7, wherein said

superghs enheiRited oF YiRIbsPRfed fHefPl GATRC)-Afkyl IFRROHTBRiSally un-

of partially neutralized ,b-unsaturated carboxylic

aci d seturageshapyprarefemblypeompirisingyanrasiptlicairinzditherylic group, and

, b-unsaturated carboxylic acid copolynerized with a

nmonokerns aoghyineadizA hbeing fieneivid H0 meboh dammpdiyiomag be inter-

or sai ol rs conprising aliphatic groups,

wher &‘lﬂﬂfﬁﬁ%&iﬁ%@&na OBy al i phatic groups are at
| east partially exposed on the surface of said
supeRapsdRrEREHPPAEMEYL i cl es and wherein said
radi ati on activatable surface cross-linker reacts to

fo ' .10k € t,.of ' . . .
ol pap TS e Pty Dafelcs MREURH; land of HE mryecding clims
sur f aderapi sadisupsaipertzot polyert pptitlgsmeomprse atdeast tOo d&ferent re-
nmet hod. accor di ng tg. chl ains 7 &r 8, wherein said

el ecEFHHYALYSIEOf PHRHPLATIATPE SU02G (ot iketh. 10, A

nmet hod according to claim9, wherein said

e erx AB§eH Rf MthkifsSiupeaBSorE@it dolyRetr PaktichR} vAliEh ¥8hBRLR the steps
surface cross-linkers are exposed to UV irradi-ation
for Pfom 0.0001 seconds to 30 minutes. 11. A nethod

according to any of clainms 7 to 10, wherein step c) of

sai d ] I - tenperatures of |ess
thanag%{?l‘)@.angl%.}vg%F %%%gggeg?%r ding to any of clains 7
to 11, wherein said nethod further com

b) adding radiation acitvatable surface cross-linkers

c) exposing said water-absorbing resin and said radiation activatable surface

cross-linkers to electromagnetic irradiation,

wherein said radiation acitvatable surface cross-linker is a radiation acitvatable

surface cross-linker as claimed in claim 1.

8. A method according to claim 7, wherein said superabsorbent polymer particles
comprise homopolymers of partially neutralized o,B-unsaturated carboxylic acid
or copolymers of partially neutralized o,f-unsaturated carboxylic acid copolymer-
ized with a monomer copolymerizable therewith, said homopolymers or said co-
polymers comprising aliphatic groups, wherein at least some of said aliphatic
groups are at least partially exposed on the surface of said superabsorbent polymer

particles and wherein said radiation activatable surface cross-linker reacts to form



prises the step of drying said superabsorbent polyner
particles, said drying being carried out after step c)

w@boosloaizps 7. 13. A nmethod according to any of BCHURRO#025278

to 12, wherein at |least twdodifferent radia tion
activatabl e surface cross-linkers are added. 14. An
absorbent article conprising a substantially liquid
pervi ous topsheet, a sub stantially liquid inpervious

backsheet .and.,an.absqrbent core between said t sheet.

and SaTaen IRReR BB R Ty e B A e o Ryl Btiatly ox-
CONP hbSRiSonStHP @L&ﬂﬁ% orf bea buﬂé@db)é%ént%ﬂﬂyﬁﬂlﬁ R cor d I'ng

to any one of claims 1 to 6. 15. An absorbent article

conpr.i si ng superabsorbent polynmer partjicles, said = = =
superaBreddRerRrdpg) t9 waimp Jrqri & |véergin sig aheetremagrasicdimagdiation is
to aypraeessioafl any one of clainms 7 to 13.

10. A method according to claim 9, wherein said water-absorbing resin and said radia-
tion activatable surface cross-linkers are exposed to UV irradiation for from

0.0001 seconds to 30 minutes.

11. A method according to any of claims 7 to 10, wherein step ¢) of said method is

carried out at temperatures of less than 100 °C.

12. A method according to any of claims 7 to 11, wherein said method further com-
prises the step of drying said superabsorbent polymer particles, said drying being

carried out after step c) of claim 7.

13. A method according to any of claims 7 to 12, wherein at least two different radia-

tion activatable surface cross-linkers are added.

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 superabsorbent

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

15. An absorbent article comprising superabsorbent polymer particles, said superab-
sorbent polymer particles being made according to a process of any one of claims
7 to 13.



