SURFACE CROSS- LI NKED SUPERABSORBENT POLYMERPARTI CLES

AND METHODS OF MAKI NG THEM Field of the invention The
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particles with i nproved surface cross-1|inking and

their use in absorbent articles. Mreover, the

invention relates to a process for making these

super absorbent pol yner particles. Background of the

i nventi on Superabsorbent polyners (SAPs) are wel |
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feminine care products to increase the absorbent capacity of such products while reducing
their overall bulk. The SAPs generally are capable of absorbent and retaining amounts of

aqueous fluids equivalent to many times their own weight.

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

“gel-blocking”. In gel blocking situations liquid can move through the swollen SAP parti-
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It is also know that hydroxyalkylurea or hydroxyalkylamide can be used as cross-linking
agent. In both cases the surface cross-linking reaction can be carried out at temperatures

from about 90°C to about 170°C for 60 to 180 minutes.

A water-soluble peroxide radical initiator as surface cross-linking agent is also known.
An aqueous solution containing the surface cross-linking agent is applied on the surface
of the polymer. The surface cross-linking reaction is achieved by heating to a temperature
such that the peroxide radical initiator is decomposed while the polymer is not decom-

posed.

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
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only under relatively high temperatures, often around 150 °C or above. At these tempera-

tures, not only the surface cross-linker reacts with the carboxyl groups of the polymer, but
also other reactions are activated, e.g. anhydride-formation of neighbored carboxyl
groups within or between the polymer chains, and dimer cleavage of acrylic acid dimers
incorporated in the SAP particles. Those side reactions also affect the core, decreasing the
capacity of the SAP particles. In addition, exposure to elevated temperatures can lead to
color degradation of the SAP particles. Therefore, these side reactions are generally unde-

sirable.

SAPs known in the art are typically partially neutralized, e.g. with sodium 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
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It is therefore an objective of the present invention to provide SAP particles, which have a
high degree of surface cross-linking and at the same time allow for a high degree of neu-

tralization.

It is a further objective of the present invention to provide SAP particles with evenly dis-

tributed, homogenous surface cross-linking.

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

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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polymer particles which comprises the steps of

a) providing superabsorbent polymer particles comprising polymer chain segments,

b) adding a surface cross-linking composition comprising cross-linking molecules having

at least two C=C double bonds and further comprising radical former molecules,

¢) exposing the superabsorbent polymer particles and the surface cross-linking composi-

tion to electromagnetic irradiation capable of activating the radical former,

whereby the cross-linking molecules and the radical former molecules react with at least
some of the polymer chain segments comprised at surfaces of the superabsorbent polymer
particles to form covalent cross-links between the polymer chain segments, wherein the
cross-links comprise the reaction product of the cross-linking molecule and wherein the

cross-links further comprise the reaction product of the radical former molecules.

Moreover, the present invention relates to absorbent products comprising the superabsor-

bent polymer particles of the present invention.
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groups, wherein at least some of the aliphatic groups are at least partially exposed on the

surface of the superabsorbent polymer particles

SAPs are available in a variety of chemical forms, including substituted and unsubsti-
tuted natural and synthetic polymers, such as carboxymethyl starch, carboxymethyl cellu-
lose, and hydroxypropyl cellulose; nonionic types such as polyvinyl alcohol, and polyvi-
nyl ethers; cationic types such as polyvinyl pyridine, polyvinyl morpholinione, and N, N-
dimethylaminoethyl or N,N-diethylaminopropyl acrylates and methacrylates, and the re-
spective quaternary salts thereof. Typically, SAPs useful herein have a multiplicity of
anionic, functional groups, such as sulfonic acid, and more typically carboxyl groups.
Examples of polymers suitable for use herein include those, which are prepared from po-
lymerizable, unsaturated, acid-containing monomers. Thus, such monomers include the
olefinically unsaturated acids and anhydrides that contain at least one carbon-to-carbon
olefinic double bond. More specifically, these monomers can be selected from olefini-
cally unsaturated carboxylic acids and acid anhydrides, olefinically unsaturated sulfonic

acids, and mixtures thereof.
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fonic acids such as vinylsulfonic acid, allyl sulfonic acid, vinyl toluene sulfonic acid and
styrene sulfonic acid; acrylic and methacrylic sulfonic acid such as sulfoethyl acrylate,
sulfoethyl methacrylate, sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy-3-

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

Preferred SAPs according to the present invention contain carboxyl groups. These poly-
mers comprise hydrolyzed starch-acrylonitrile graft copolymers, partially neutralized hy-
drolyzed starch-acrylonitrile graft copolymers, starch-acrylic acid graft copolymers, par-
tially neutralized starch-acrylic acid graft copolymers, saponified vinyl acetate-acrylic
ester copolymers, hydrolyzed acrylonitrile or acrylamide copolymers, slightly network
crosslinked polymers of any of the foregoing copolymers, partially neutralized poly-
acrylic acid, and slightly network crosslinked polymers of partially neutralized poly-
acrylic acid, partially neutralized polymethacrylic acid, and slightly network crosslinked
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aqueous solution polymerization, which is well known in the art. An aqueous solution
comprising a,B-unsaturated carboxylic acid monomers and polymerization initiator is
subjected to a polymerization reaction. The aqueous solution may also comprise further
monomers, which are co-polymerizable with the o,B-unsaturated carboxylic acid mono-
mers. At least the o,B-unsaturated carboxylic acid has to be partially neutralized, either
prior to polymerization of the monomers, during polymerization or post polymerization.
In a preferred embodiment of the present invention, the monomers (including o,B-
unsaturated carboxylic acid monomers and possible comonomers) are at least 50 %, more
preferably at least 70%, even more preferably at least 75% and even more preferably

from 75% to 95% neutralized.
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with the fluid to be absorbed becomes rather sticky, water-soluble and exhibits a low ab-
sorption performance, particularly under load. The cross-linking agent will typically be

soluble in the aqueous solution.

Alternatively to co-polymerizing the cross-linking agent with the monomers, it is also

possible to cross-link the polymer chains in a separate process step after polymerization.

After polymerization, cross-linking and partial neutralization, the viscous SAPs are de-
hydrated (i.e. dried) to obtain dry SAPs. The dehydration step can be performed by heat-
ing the viscous SAPs to a temperature of about 120°C for about 1 or 2 hours in a forced-
air oven or by heating the viscous SAPs overnight at a temperature of about 60°C. The
content of residual water in the dehydrated SAP after drying predominantly depends on
dyring time and temperature and can range from 0.5% by weight of dry SAP up to 50%
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crgss-linking agent. is used in_an anount |ess tha
lgr has ;ggﬁepfslrb@e 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
particle. In a surface cross-linked SAP particle the level of cross-links in the vicinity of
the surface of the SAP particle is generally higher than the level of cross-links in the inte-
rior of the SAP particle.

Commonly applied surface cross-linkers are thermally activatable surface cross-linkers.
The term “thermally activatable surface cross-linkers” refers to surface cross-linkers,
which only react upon exposure to increased temperatures, typically around 150 °C.
Thermally activatable surface cross-linkers known in the prior art are e.g. di- or polyfunc-
tional agents that are capable of building additional cross-links between the polymer
chains of the SAPs. Other thermally activatable 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-
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are thus provided in form of a network, the term “polymer chain segment” refers to the

part of the polymer chains between two neighboring, existing cross-links or to the part of

the polymer chains between sites, where the polymer chain is branched.

Cross-linking molecules

The cross-linking molecules of the present invention comprise at least two C=C double
bonds. Preferably, the cross-linking molecules comprise more than two C=C double

bonds.

Preferred cross-linking molecules of the present invention are polyfunctional allyl and

acryl compounds, such as.triallyl cyanurate, triallyl isocyanurate, trimethylpropane tricry-
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pol ymer  chain is neutralized prior to the
below. According to the present invention, it is not preferred to mix radical former mole-

cules of type a) with radical former molecules of type b).

Radical former molecules of type a) can be selected from the group consisting of dialkyl
peroxy-dicarbonates, benzilketales, di-tert-butyl peroxide, di-benzoyl peroxide, bis-
(aroyloxyl) peroxides such as bis-(4-methoxy) di-benzoyl peroxide, or bis-(4-methyl) di-
benzoyl peroxide, or bis-(4-chlor) di-benzoyl peroxide, 2,4,6-tri-methyl di-benzoyl per-
oxide, 3-benzoyl benzoic acid, 1,3-dibenzoyl propane, di-benzoyl disulphide, S-phenyl
thiobenzoates, acylphosphine oxides, benzoylphosphineoxides, aryl-aryl-sulphides, di-
benzoyl methanes, phenylazo-di-phenyl sulphone, substituted dialkyl peroxy-
dicarbonates, substituted benzilketales, substituted di—tert—butyl peroxides, substituted di-
benzoyl peroxides, substituted bis-(aroyloxyl) peroxides such as substituted bis-(4-
methoxy) di-benzoyl peroxide, or substituted bis-(4-methyl) di-benzoyl peroxide, or sub-
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Alternatively, the radical former molecules of type b) comprise 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 car-
bon atoms, cyclopropyl, cyclopentyl, cyclohexyl, o, 0-dialkoxyalkyl, and o-hydroxyalkyl
and wherein the first group is covalently bound to the second group via an additional car-

bonyl group.

Preferred radical former molecules according to the present invention have a molecular
weight of at least Mw = 25 g/mol, more preferred at least Mw = 60 g/mol, still more pre-
ferred 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 the radical can
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a) Radical former molecules undergoing photo-fragmentation upon irradiation

The radical former molecule of this type comprises a labile bond, and is hereinafter gen-
erally depicted as R,-Ry. Upon electromagnetic irradiation, preferably UV radiation, the
labile bond breaks, whereby two radicals (R, and Ry’) are formed according to Formula
1. This homolytic cleavage may result in two identical radicals, if the labile bond com-
prised by the radical former molecule (so-called precursor molecule) divides the mole-
cule into two identical parts. Alternatively, the homolytic cleavage may result in two dif-

ferent radicals.

Formula 1:

hv
R,-R, > R +R,"
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gligphenone, benzophenone, anthraqui none, xanthone,

t hi oxant hone, canphor qui none, terephthal ophenone,

benzil, fluorenpne, a-ketocoumarin as well as

acet ophenone-, /benzophenone-, an/thraqui none-,

xant hone-, thipxanthone-, canphgrqui none-,

t er epht hal opheypone-, benzil -, fl\uorenone-,

a- ket ocounari n;-der i vat Rves— Sui t abl e aget.gphenone

derivatives benzo ph&none fivative8, for exanple,

al so conpri se reaction products, such as condensation

products of acetophenone derivatives or benzophenone

derivati ves, nprising at |east\ two acetophenone or

benzophenone groups. In a preferyed enbodi nent of the

i nvention, su derivates are cjiosen to enable or

further enhantce water-solubility of the radical for

mer nol ecule. Alternatively, the radical forner

nol ecul es of type b) conprise a first group sel ected
Formgebet3he group consisting of nmethyl, benzyl, aryl,

preferably phenyl and substituted phenyl, and a second

@ oup se‘?cte fromthe group consistng of an aryl
art al kyl to 4 c — \/\/\

\ \

The carbon-centered radical within the polymer chain segment formed in the reaction of
Formula 2 can react with the radical formed in Formula 3. The reaction product of this
reaction is a polymer chain segment, which has the reaction products of the radical for-

mer molecule and the cross-linking molecule bound thereto according to Formula 4.



bon atons, cyclopropyl, cyclopentyl, cycl ohexyl,

a, a- di al koxyal kyl, and a- hydroxyal kyl and wherein the
wo pooso20gsoup i s coval ently bound to the secondPQr/osgw05/025343

via an additional carbonyl group. Preferred radica

former nol ecul es according tothe present invention

have a nol ecul ar wei ght of at |east Mv = 25 g/ nol,

nore preferred at least Mv = 60 g/nol, still nore pre

ferred at least Mv = 120 g/ nol, even nore preferred at

= 180 g/ ol and nost preferred at | east Mv =

ﬁé’%’%&/% . Radi cal forner nol ecules having a

relatively high nolecular weight often tend to form

nore stable radicals, as the charge of the radica

canbe distributed better within the radical. Wthout
i shing to be bound be theory, it is b e lieved that
i f/the radi cal re very unstable, it nore
rgacts to redonbrne to the radi cal fornmer
thernore,* rred radi cal fornmer nol equl
acordimg to the present invention wijl co
romati c groups, sjuch as arenes. This al
nore stable radica he unpaired el ectron can
i stributed throughout the aromatic grou
Particularly preferred radi cal fornmer nol egul es of
present invention are acetgphenone- or

nzophenone-derivatives./ ui t abl e acet ophgnone
erivatives or benzophenone derivatives are descri bed, //
for example, in European Patent Application EP-A-O
346 734; European Patent Application EPA- O 377 199;

Eur opean Patent Application EP-A-O 246 848; German

Patent Application DE-A-4 037 079 and Cerman Patent
TheRhiteg theandiokls Aoinditori44e radirat farmer meddvale inrfiorinnlat hean react

if) neeqidsaline Rinpo e bPacal R cBus M b g, Whieh is com-
kLR thERLEGM S3attde FRhANG 4PTRI Qedctias IR RE4PR 1ePRIla 5:

I rradi ation

Formula 5:

g A
+ R,- -
| o

To form the cross-link between two polymer chain segments, the carbon-centered radical
which is comprised in the reaction product of Formula 5 combines with another carbon
centered radical located at a polymer chain segment, which forms as described by For-

mula 2, closing the cross-link. This reaction is depicted in Formula 6.



The radical fornmer nolecule of this type conprises a

| abil e bond, and is hereinafter gen erally depicted as
WOR0RI02016J00Nn el ect romagneti c irradi ati on, prefRPCHDB3008M25343

radi ation, the | abile bond breaks, whereby two

radicals (R "and Rb') are f orlfed according to Fornul a

1. This honolytic cleavage nay result in two identica

radicals, if the labile bond comprised by the radica

former nol ecul e (so-called precursor nol ecul e) divides
F%B%ﬂ e cule into two identical parts. Alternatively,

he honol ytic cleavage may result in tw dif ferent

radicals. Formula 1: hv RRo R - + R ,bThe radicals,

whi ch have been forned, can now react with an
i phatic CGH group comprised by a polyner chain

radic gat this poly
Al ternativ

radi cal flormer nal ecul can, react W th ~C
do onpri sed Dy the cross
to forma radilcal con8isting of the reaction product

he cross- | jhki ng | ecul e and tthe initial radica
according tg Fornula 3/ Fornula 2: Formula 3: The
carbon-centered radical wthin the polyner chain
segnent formed in the reaction of Forrmula 2 can react
with the radical formed in Forrmula 3. The reaction
product of this reaction is a polynmer chain segnent,
whi ch has the reaction products of the radical for ner

HBRLE Yy bl TR TS5 BB BSERs o

fihg@bgation Lpsiedadistem ishther Retha@dn bDaN@ossABlleBethw@ch Awo polymer
Formula 1, can react with the second of the C=C doubl e
chain degments.nwheress thel ereps-Hak wompEsgsethefsaetipn; grogyeh of one cross-

linking molecule with two C=C double bonds and two radical former molecules. The net

reaction is depicted in Formula 7:

Formula 7:

H \\\/\/\ H
* * + 2 R,-R,

hv Ro + 2 R —H



prised in the reaction product of Fornula 4. This

reaction is depicted in Formula 5: Forrmula 5: To form
W0 b@eoeass- | i Nk bet ween two pol ymer chai n segnOl/FS20051625343

carbon-centered radical which _is conprised in the

reacti on product of Fornmula 5% onbi nes with anot her

carbon centered radical |ocated at a polyner chain

segnent, which forns as described by For nmula 2,

closing the cross-link. This reaction is depicted in

Formul a 6. Fornmul a 6: Hence, the net reaction when

uzingfradical former nol ecul es under goi ng

oto ment.at | r h

PR el SRUENHRlch e 88Her GERERS e, Forhl e RLABE Huicals, it i
pokssie] to rédyeleahO®esuling R, @ﬁiixl/bﬁRM-lt heletwacin @Idenctbmelgmm the initial

of one crosslinking nolecule with two C=C doubl e bonds
raghiepl fowner malecalest or mer ol ecul es. The net reaction is

depicted in Formula 7: Formula 7: + 2 R - Hn case of

Iﬁ‘ vk (ﬂegcq e& Q{eacﬁeﬁ %chﬁﬁérﬁ%ih@ Seabbihmb 'EH’@oIré’éRally take place,

ent1 cal : I's possible, to recycle th
sudﬁuitlng Ra H and/ or Rb-H nol ecules in order to
regain the initial radi cal former nolecules. In the

ve_ descri e chani, s I de reactlqns
B8RS RSN P SRR oo GRS PR o
nﬁdﬁ@cdl@qll&s@év%rftﬁé echrtRRs RRRd Yointer Ghelavag endf agdwe form radicals
radi cal former nolecule. However, the reconbined
upanleleatrothagnetie inasliztiont ¢ may agai n form radi cal s upon
eI ectromagnetic irradiation, or - Two carbon-centered
d| ca s for fer i .
oo?ad‘l %Ib c?ntggg F%fﬁ‘fa% gy eg rel{ d n%kéﬁ%{)lg g rcfrxl%ug%%ée%? according to
Fbﬁiﬁﬁlaellinalyoaﬂnﬁi@é Ve foind h&ﬁmctpcdvyttmt bohdibatveeeq rthesespolyimer chain
this side reaction alsoleadd he formation olf ab
spgrgenis.| As, thiy, sidgseastipnglso leads to the formation of a cross-link between two
polymer chain segments, this side reaction does not have any negative impact on the pre-

sent invention.

b) Radical former molecules undergoing photo-reduction upon irradiation

Radical former molecules undergoing photo-reduction upon irradiation comprise car-
bonyl groups. In preferred embodiments of the present invention, such radical former

molecules are ketones.

Upon electromagnetic irradiation, preferably upon irradiation by UV light, the radical
former molecules of this type are transferred in an “excited state” (triplet state) according
to Formula 8. Hence, they are not yet transformed into a radical, but are much more reac-

tive than before they were irradiated.

3
O hv 0O :
[ T

._)
R;—C—-Ry R,—C-R,

Formula &:



pol ynmer chain segnments, this side reaction does not

have any negative inpact on the pre sent invention. b
woa@sozl16f or mer nol ecul es under goi ng phot o- r edRCT/US2905/025343

upon irradiation Radical forner nolecul es undergoing

phot o-reducti on upon irradiation conprise carbonyl

groups. In preferred enbodi nents of the present

i nvention, such radical former nol ecul es are ketones.

Upon electronagnetic irradiation, preferably u

on .
In theagktestem theppdigel formermolepide inids exitesl slatedeasib habnaliphatic C-

f thi e t ' X ' o
ol bR ] LRS! il &0 ol £y doBPradical, hereby
feriing) @ tcapth-denrresll aditriati thispolymadibedl seghent andea heiyhradical ac-
nore reac tive than before they were irradiated.
corgingodognplda ¥ he next step, the radical former

nolecule in its excited state reacts with an aliphatic
EQE%&%QPD conprised by a polynmer chain segnent and

abstracts a hydrogen radical, thereby formng a
carbon-centered radical at this polynmer chain segnent

and a ket'yl radical ac cording to Foyrmula 9: Formula

9: The Ketyl radical cannhgw react with one of the C=C
double b q?s of thecprognginking | ecul e, whereb
the ket adi cal reacts with the crjoss-Iinki ng?"

mol ecu{ e (additidh-Gealds tion to t

C=C, doul®_e doRg) ,
t hus foym ng anot her radical accor

ing to Formula 10:
\cal within the

ical formed in
Formul a 10. The reaction product of this reaction is a
pol ynmer chain segnment, which has the reaction products
of the radical fornmer nolecul e.and the cross-Iinking

nol ecul e bound thereto according to Formula 11.Formula .
The ketyl radical can now react with one of the C=C double bonds of the cross-linking

molecule, whereby the ketyl radical reacts with the cross-linking molecule (addition reac-

tion to the C=C double bond), thus forming another radical according to Formula 10:

Formula 10:

\

The carbon-centered radical within the polymer chain segment formed in the reaction of
Formula 8 can now react with the radical formed in Formula 10. The reaction product of
this reaction is a polymer chain segment, which has the reaction products of the radical

former molecule and the cross-linking molecule bound thereto according to Formula 11.



Thereafter, the ketyl radical fornmed fromthe radica
former nolecule in Fornmula 9, can react with the
w@emomnebiof t he C=C doubl e bonds of the cross-|PCRUSIY05/025343
nol ecul e, which is conprisedzbn the reaction product
of Formula 11. This reaction”'s depicted in Fornul a
12: Fornula 12: To formthe cross-link between two
pol ymer chain segnents, the carbon-centered radica
which is conprised in the reaction product of Fornula
F%gnﬁgqunes wi t h anot her carbon centered radica
ocated at a polyner chain segnent, which forns as
descri bed by For rmula 9, closing the cross-link. This
reaction is depicted in Forrmula 13. Fornmula 13: Hence,
the net reaction when using radical fornmer nol ecul es
under goi ng photo-reducti on upon irragi atpion is the
formati on ¢gf a cross-lonk between t pﬁhyn%r chain
segnents, fvherein the ckoss-1ink conprises. the
Rule with
former nol ecul es.

ubl & bonds and two Tadic
eaction is depicted in Fo la 14t Formul a
14: In the above described\reaction chanism ‘si de
reactions y theoretical |l take place, such as\-
Conbi natigh of two ketyl r ﬂicals foymed upon N
honol yti c cl eavage of the radical for nmer nolecule, or
- Two carbon-centered radicals forned at different
pol ymer chain segnments according to Formula 2 may
conbine to forma direct coval ent bond between these
ol r .chai t.hi i i :
TRE S, RN TRl ed o' Bl iR AR E S Bormula 9, can
@30t Wi rthe bedond SEghe A€, ddublesbaidd ef tea ctosetinkiog sneletule, which is

have any negative inpacf _on th e sent i.nventjan, _
compsedi 1A ghe gD pIPdch A ERTRAI | ohiis eloP dPpiFisdn Formula 12:

nol ecul es under goi ng phot o-reduction

two C=C
The net

Formula 12:
Z »
\ /O
o I3
N s o %
. ? e \,p o2
P —
+
Rc_C,,—Rd >
il s d
\ \
(a2 ]
\0
o

To form the cross-link between two polymer chain segments, the carbon-centered radical
which is comprised in the reaction product of Formula 12 combines with another carbon
centered radical located at a polymer chain segment, which forms as described by For-

mula 9, closing the cross-link. This reaction is depicted in Formula 13.



upon irradiation are preferred over radical forner
nmol ecul es under goi ng phot ofragnentation. It should be
woodoed20bhat i n the case of radical former nolPCTIUER05/025343
under goi ng photofragnentatlog are applied, only a part
of the radical forner nDIecuIe is conprised by the
cross-link between the polyner chain segnents, whereas
for radical forner nol ecul es undergoi ng
phot o-reduction, the conplete radical former nolecul e
FoPuiit,g3reduced form (with a carbonyl group being
reduced to a hydroxyl group) is conprised by the
cross-1link between the pol yner chain segnents. Hence,
for radical fornmer nol ecul es undergoing
phot or f reagment ati on, the reaction prodguct conprised
by the cr@s% link between polyner c alncsébnents IS
only\a parf ®f the ini tfial radical md¢ ol ecul e -

typi ne half of t initial For
radi(cal fornmer nol egul es \under goi n
t he xeacti oduct com prised by

bet ween pol yner{ chain segnents is theg conplete r

formey nol eguFe/ln its regduced form/with3 %aftb

group bei ngceduced to a fhydroxyl group). Fh€ react)i on

product of thegcross i nking nolecule -for bgth types

of radical former nolecules- is the initial

cross-1linking nol ecule, wherein those C=C doubl e

bonds, which have reacted with the radicals forned

fromthe radical forner nolecules (or have reacted

l-g#ee, ?ﬁf{ Net Yedch ltl Bef %51 Qacﬁ?zﬁ &R fdiued! dgl%'bff%dpﬂoﬁ) -reduction
e’ pol ymer chain segneénts) are converte |nto

upom g’rz&hahmmdis s fdrhﬁtmm af tai @nssslhﬂ:sbeawbératvl/q' polymer tchki@ssegments,
pl ace at the urface of the SAP

[ . .
et theicies SREBRISELING feActien B %tfﬂéﬁtcg%&ge’&mﬁ glecule with
W0 dJ@echfB'res s iaRY 806 kA TENIR hml%u[érs e?ﬁé‘ﬁet@@ac‘tllaﬁ is depicted in

surface of e SAP particles, although a few of those
Fonmﬂ84nlnks may al so be forned inside the SAP
particles This is because a snall anmount of the sur
ace 0oss- | i nking conposition may penetrate inside
ﬂ particles after the conposi tion has been
applled onfo the SAP particle surfaces\ However, these
cross-1links between

0
* \\\/\/\\ + " + 2 RD—ICIJ—R‘,
\

Ny
hv [ 2
-
= &
\ \
o9
o

In the above described reaction mechanism, side reactions may theoretically take place,

such as:



pol ynmer chain segnments inside the SAP particles are
not an objective of the present in vention but only
woreyetoakel pl ace unavoi dably to a very snmal|l dePCBES20051025343
preferred enbodi nents of the _present invention -for
both types of radical fornerzzolecules- t he
cross-linking nol ecules conprise nore than two C=C
doubl e bonds. In these enbodi nents, nore than two
pol ymer chain segnments can be cross-linked to each _
- Ebtbinatibolof owb igtyl redicadsforined uner hempbiic féesrpgbabthe radical for-
above. In these enbodi nents, the nunber of reaction
mﬁ?@ﬂfﬁf{l 8% radical former nol ecul es conprised by the
cross-link equals the nunber of C=C doubl e bonds
- TatRcehieréd @ divarSsrhéddti differend gotyier cHain begments according to
bel i eved, that in enbodi nents, erein grore than t .
Foysniargdr may SPALEEGRerE % fEed coxalent boadibetyean S%ﬂ?ggvﬂl}ef chain
f fAl.Gheng f & j : ;
sl Aoy Bide Rk Rals B0 aR oo BE b Ofbse ik between two
pelphencliedn sahtemey thivwide ireagtido dbems toohaxt dny tegeveyimpact ¢rsthe pre-
believed that the rate determ ning step of a radically
SqUHIRVCBEXH cross-1inking reaction in the absence the
cross-linking nolecule is the so-called reconbination
AREoriNE (6 R HyvEhEsh, tRAR S Brther hideBulE udd&ligbRB!photo-reduction
coval eént bond between two pol ynmer chain segnents. This
up@c drbdintion care f plefowsl avii nedicdl fewesf melessles onedesgejeg photo-
freaction I.e. the reaction rate of such conbination
REERPUEN i s proportional to the product of the
concentrations of the two comnbi ning carbon centered
It" sHbutBbe Sivesd, @fat iH0 tHeo b4t SoMeMicab Y@t mbleodles tunderizvimg photo-
carbon centered radicals need tg hit each other during
fregapntadorare apphed; iopky 2 Bret pf the radieal forgnas maglequle pomprised by the
| ol terical t t u j 1616l f
RREFDRPEHEEE chE PouRRS R RRnfs, Gikftal By Ll kb motecules
ufide@g6ing iphkion@duaioag tHeeconspleid dedicalcfonnei mgldcalet tneits reduced form
present invention, it is believed, that.the reactiagn .
(Wi pERRORHETEYRRDE FedkpatbiofdEERvE D) {SCORUEEY B e cross-link
= 14 j.cal formed according to Fornul a
bwg#ﬁ%e p())yrg%crhg Sceg@g'?tg'r mers, respectively,the
radi cal formed according to Formula 11 for type b) )
Heach, dad rafizahformer malegules endergbing photo-fragmentation, the reaction prod-

uct comprised by the cross-link between polymer chain segments is only a part of the ini-

tial radical former molecule — typically one half of the initial molecule.

For radical former molecules undergoing photo-reduction, the reaction product com-
prised by the cross-link between polymer chain segments is the complete radical former

molecule in its reduced form (with a carbonyl group being reduced to a hydroxyl group).

The reaction product of the cross-linking molecule —for both types of radical former
molecules- is the initial cross-linking molecule, wherein those C=C double bonds, which
have reacted with the radicals formed from the radical former molecules (or have reacted
directly with the carbon-centered radicals formed in the polymer chain segments) are

converted into C-C single bonds.



centered radical in the polynmer chain, formng a

coval ent bond, follows a kinetic |aw of pseudo-first
w@e@en20161 €. the reaction rate is believed to PET/US1095/025343

proportional to the concen tration of the carbon

centered radical, since the &ncentration of the

second reaction part ner, i.e. the cross-I|inking

nol ecul e respectively its reaction product, is so high

that it can be regarded as constant throughout the
As ébe tréaotion Relataritiely coly pkesiplict iat she surthse of thetSAR patisles, the

known to be kinetically favored versus reactions .o .
CISETHNE BTG KPRaEe gty SERPHG PO, A pRSEn Cnvention ar
ma G E_féééhts(ﬁle&@ sutfBcd@f the BAR partiklek NAtHoagk i fé® GPBEseES0ss-links

Inthis case the interme diate carbon centered radica
miay atsoebegotperbinsisiedhe SARrmarticdes. Thiscs heease asmeH . amymg of the sur-

resul t ..t hereof, t.he aver g .
o - Bl 84 o PERESAE AP YRR, Mt compos:-
ti6% BESbdeh Rfsliediditio eSS AP paticalutficdsaMowaidrethiesd ¢rossligks between

on the rate-determning step of the overall react.ion.

PASTIE SlB SCEOABE HBEIAES SAY BBTCIeS RS T} R AbICGHFBEE4E Prgsent in-
{ [
IR e B Sm HARE iBd M BIGSEI0T5 & Bl ICERRCUIE 1 E o

as a radical scavenger that readily reacts with
Iic praf@red embediedntsadli thel sresdnt inveatide siforetiothetyped ofi ragdical former
the carbon-centered radicals is accelerated, .as jt.]j
m@.éqcp@@-egxei c‘ﬁos.ts glo?@pu]lepl SOBPHEL O ﬁ@gr}:wtoi g?]é doublebonds. In
H¥d BAYEiNRRE! BRrd Elaﬁ SwB PR ehhnCREMents tan WRVMARsEhked to each
side reaction wth oxygen can be at | east partly
othier, cloltoeimigethe relectivs, metteniset desaibyd phoveds thesesembediments, the

suppress pres ence of. oxygep during the reactli d .
S R T R e R
odiPd thb b8 ePSAGaS dbitle BOSHSIBEEBEEDE MR ckdts-15Rsig mdleeule.

AP particles of the present invention can be anal yzed

by 13CGNMR or | H NMR nethods well known in the art to
Itde believet hthat woembesimentaawhereinrmerecdhen B pelymer §haipspgments are
cul es Vi = . J
c&og%ﬁgléq% ergn% ?fhﬁ% let@% %ﬁﬁtg}é&cﬁggggg%ﬁn klg Rt Anfe %bﬂﬁ%f the re-
sulting product is significantly enhanced.

Without wanting to be bound by theory, it is believed that the rate determining step of a
radically initiated cross-linking reaction in the absence the cross-linking molecule is the
so-called recombination of two carbon centered radicals, forming a direct covalent bond
between two polymer chain segments. This recombination follows a kinetic law of a sec-
ond order reaction, i.e. the reaction rate of such combination reaction is proportional to
the product of the concentrations of the two combining carbon centered radical species.
To form a new covalent bond, the two carbon centered radicals need to hit each other
during their short lifetime, despite their distance and possible sterical obstructions due to

the rigidity of the polymer chains to be connected.

If, however, a cross-linking molecule is added according to the present invention, it is
believed, that the reaction between the cross-linking molecule or its reaction product —

i.e. the radical formed according to Formula 3 for type a) radical formers, respectively,



Above- menti oned radi ati on-activateabl e surface

cross-linking conpositions are capable of form ng
w@ewalzsl bonds by exposure to eIectronagneticPCTanmymwwm

radi ation. Electron beans as as UV-light can

produce suitable electronagnégec radi ati on.

Preferably, according to the present invention

UV-light is used with a wave-1length of 220-380 run,

sel ected on the selected radical forner nplecu

thEhradichl- fbmgem aovendingetoubethulan 1 & &1ty prab) wAical fqﬁmers o ar)ld the carbon

anel ectro d al
celnfgng$ ?p}ﬁ)g;gggang?r ?1 0 ff(hrn}lﬁ O%o?ﬁ%ﬁ&nﬁf dfogltoﬁfg a klnetH: law of
p&hﬁ&ﬁrﬁ'o@@éﬁ QmagnRhétfon AH i beéveditd b dnlyosropertibhalab thef concen-

ﬁgllcatlon of the UV-|I%ht takes pl ace
trsmm theetrben genigred radieal.olinesy h‘ieP‘&S’?’fi%)@r@tth% second reaction part-

nglrr: {,ggbeg%ﬁoga lng]hh mo(féc‘ﬁfe }eE}gJ&uPélg @S?E%ltlﬁl lg!r&ﬂﬂ is §§ hlgfl that it can

onelna

bé Fdpactedtak Qﬁnﬁﬁrﬁ pBrougitsut taglieaetior, Reasionsif pselldesfirsivridehkinetics
require a relative high_anount of

argdiiowat toche iineeally daYres Vs@aﬁéeaﬁﬂg}n%éfl %2@%@ 9&%& Xigefics, i.c. they
hawée Iﬂgﬁeffqgécuoﬁ\ég&td' Hf;pdatrh&llacrtif fiRG8active %ﬁedlésniﬁ R case the interme-

ion 1S n anounts of |ess than 25%b
dm @iﬂlboroéen&%d rmllldal al 'Ehe poieharchsiny armloanmmwmerdfatlloé s a result

e der o eopeter gL oGRS A s ot
sﬂ?a% cMsSflﬁﬁélbinﬁ 1’[5'1(11%??%51‘1‘3'} £1vhFBI8 B {1284 dnlth&B4te-dB@rmining step of

ratio o e cross-linking nolecule to the radical
tearvorall madtieoul e is preferably in the range of 0.2 to
5, even nore preferred between 0.33 and 3 and nostly
rred in the.ran i ] '
Agé'lpﬂ oL FaNSpAyense glgreo?,ecge gv?r]altl go:gcg§s\é\fssts (fr§ ?ﬁlﬂls{ Avhd2ds the presence

of O8R4 Idub 88 tHEE e RBCS BT mgdrf%@oishlmléﬂmn@’ehlls:Mys a radical-
means of a fl uidized-bed s

s@vnngqr&ln@@@ﬁﬂlly reqRes wpth@p&oﬁ{g%%@g—:gl qgélca]'gplf thejdgsired reaction of the
AFERTBYRY YRS, AeRd bl AEBURLEe W rld GIRE offRie isent inven-

Cross

tibh, U\k/fﬂhdiﬁ Sralfifly tdﬂ/mmﬂ byi theqrgy the Itmwameé 81dd rgectign awidh oxygen can
Cross- linking may take place in two stgfs i n ser{
bRl st c BaTR AR H oty therfleqFRFary RIBFCSS PYFaREEYCGHPPYFSS pres-

HYH &@Ig&? Quiths bhe' Bald o n@Weed 98 be exerted as rigorously, which may

facilitate processing and decrease capital cost.

The SAP particles of the present invention can be analyzed by 13C-NMR or 1H-NMR
methods well known in the art to detect the reaction product of the cross-linking mole-

cules having at least two C=C double bonds and of the radical former molecules.
Process:

Above-mentioned radiation-activateable surface cross-linking compositions are capable
of forming covalent bonds by exposure to electromagnetic radiation. Electron beams as
well as UV-light can produce suitable electromagnetic radiation. Preferably, according to
the present invention UV-light is used with a wave-length of 220-380 nm, selected on the

selected radical former molecule(s). The UV-light may be used in combination with an
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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 con-
ventional drying equipment can be used in the drying step. However, in certain embodi-
ments of the present invention little or no drying is required, e.g. in cases, where only a
small amount of the surface cross-linking composition is applied dissolved in small

amounts of solution.

In particular, the radiation activatable radical former molecules may upon activation by
irradiation react with aliphatic C-H bond comprised by a nearby polymer chain segment,
abstracting a hydrogen radical and leaving a carbon centered radical. Theoretically, the
radiation activatable radical former molecules may upon radiation also react with car-

boxyl groups comprised by the polymer chain segments. However, it is much more likely
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portion) of the SAP particles. Hence, the percentage of the reaction product of the radia-
tion activatable radical former molecules and the cross-linking molecules on the surface
of the SAP particles will preferably be higher than the percentage of said reaction product

inside the SAP particles.

The UV irradiation for the surface cross-linking can preferably be carried out in a conven-
tional 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. Irradia-
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.
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without having a detrimental effect on the polymerization process. Such compounds in-
clude alkali metal hydroxides, alkali metal carbonates and bicarbonates. Preferably, the
material used for neutralization of the monomers is sodium or potassium hydroxide or
carbonate. The neutralizing compound is preferably added to an aqueous solution com-
prising the o,B-unsaturated carboxylic acid monomers (pre-neutralization). As a resul,
the carboxyl groups comprised by the o,B-unsaturated carboxylic acid monomers are at
least partially neutralized. Consequently, -after the polymerization step- also the carboxyl
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 acylate monomers and positively

charged sodium ions.
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possibility of later surface cross-linking.

According to the present invention, the carboxyl groups comprised by the a,p-
unsaturated carboxylic acid monomers are preferably at least 50 %, more preferably at
least 70%, even more preferably at least 75% and even more preferably between 75% and
95% neutralized. Hence, also the carboxyl groups comprised by the o.,B-unsaturated car-
boxylic acid of the polymer are at least 50 %, more preferably at least 70%, even more

preferably at least 75% and even more preferably between 75% and 95% neutralized.

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°. At these tem-
peratures, not only the surface cross-linking reaction is achieved, but also a number of

other reactions take place, e.g. anhydride-formation within the polymer or dimer cleavage
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only one type of cross-linking molecules, or may, alternatively, comprise two or more

chemically different cross-linking molecules. Likewise, the surface cross-linking compo-
sition may comprise only one type of radiation activatable radical former molecule, or
may, alternatively, comprise two or more chemically different radiation activatable radi-

cal former molecules.

As a further alternative, surface cross-linking composition of the present invention can be
applied together with one or more thermally activatable surface cross-linkers, e.g. 1,4-
butandiol. In this embodiment, the SAP particles further have to comprise carboxyl
groups wherein at least some of the carboxyl groups are at least partially exposed on the
outer surface of the SAP particles and wherein the thermally activated surface cross-
linker is covalently bound to at least a part of the carboxyl groups at least partially ex-
posed on the surface of said SAP particles.
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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.

Preferred absorbent articles of the present invention are diapers. As used herein, “diaper”
refers to an absorbent article generally worn by infants and incontinent persons about the

lower torso.

"Disposable" is used herein to describe articles that are generally not intended to be laun-

dered or otherwise restored or reused i.e., they are intended to be discarded after a single
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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
run generally parallel to the longitudinal axis 100 of the diaper 20 and the end edges 46

run generally parallel to the transverse axis 110 of the diaper 20.

The diaper may also include other features as are known in the art including front and rear
ear panels, waist cap features, elastics and the like to provide better fit, containment and

aesthetic characteristics.
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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.

In one preferred embodiment the upper acquisition layer comprises a nonwoven fabric
whereas the lower acquisition layer preferably comprises a mixture of chemically stiff-
ened, twisted and curled fibers, high surface area fibers and thermoplastic binding fibers.
In another preferred embodiment both acquisition layers are provided from a non-woven
material, which is preferably hydrophilic. The acquisition layer preferably is in direct

contact with the storage layer.



waxes, oils and the Iike. Furthernore, the SAP
particles of the present invention can be applied as
wab®enant mate rials. The SAP particles of theCPUSMes025343
invention preferably are praﬁfnt in ampunts of at
| east 50% by wei ght of the ol e absorbent core, nore
preferably at |est 60% even nore preferably at | east
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acqui sition |ayers are provided froma non-woven

material, which is preferably hydrophilic. The

acquisition layer preferably is in direct contact with

the storage layer.In a preferred enbodi nent the core

wrap material conprises a top layer and a bottom
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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.



The storage |ayer the present invention typically
conprises SAP particles mxed with fi brous materi al s.

w@edvei2emat eri al s as suitable for the absorbent PCDUS200%25343

al so be conprised. Al docunents cited in the Detailed
Descrlptlon of the Invention, 4are in relevant part,

in corporated herein by reference the citation of any
docunent is not to be construed as an adm ssion that

it is prior art with respect to the present invention.
qg\gjnl,se particul ar enmbodi mrents of the present invention

ave been illustrated and de scribed, it would be

obvious to those skilled in the art that various other

c hkn@eperabsbriand pbiyomt pamisles aompuasing gelywier hinait segments,
departing fromthe spirit and scope of the invention.
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| east, two C=C doubl onds furth conprise the
r eac U8R ucaPFraa ﬁ‘%rmrrorl Fulﬁﬁl ecul es. 2.

Super absor bent pol yner particles according to claiml,

wher @'uﬁer%@é(ﬂbélﬂ%b%erfp@fudI@racE!@ﬂdﬁngﬂoe&alﬁ{ e Wﬁ@i’eﬁﬁéald radical for-

former nol ecul es of hot o-reducti on typ
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t he precedi ng clains,
3. Superabsorbent polymer particles according to any of the preceding claims,

wherein said superabsorbent polymer particles comprise the reaction products of

at least two chemically different cross-linking molecules.

4. Superabsorbent polymer particles according to any of the preceding claims,
wherein said superabsorbent polymer particles comprise the reaction products and

of at least two chemically different radical former molecules.

5. A method of surface cross-linking superabsorbent polymer particles which com-

prises the steps of

a) providing superabsorbent polymer particles comprising polymer chain seg-

ments,

b) adding a surface cross-linking composition comprising cross-linking molecules
having at least two C=C double bonds and further comprising radical former

molecules,



wherei n sai d superabsorbent polyner particles conprise

the reaction products of at least two chemcally
waledoboe@Ent cross-1inking nol ecul es. 4. Super abBOT/DSI005/025343

pol ymer particles according to any of the preceding

cl ai ms, wherein said superabé%rbent pol ymer particles

conprise the reaction products and of at |east two

chemcally different radical fornmer nolecules. 5. A

met hod of surface cross-1inking superabsorbent pol yner

part cybgssingi il aupergbsorbes pohgmert parscles am) said swifadengross-linking
super absor.bent pol yne ticl. I Si .pal .
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conpggition conprising cross-Ilinking nolecul es having
at least two C=C doubl e bonds and further conprising

radi g\g‘bgefb? rsgritarcrggg_lﬁgﬂllg‘%ﬁol%%ulgﬁxégg%gn adfehOformer molecules react with

super or bent polymer” parti sald surface
cr osat ldastkiomge 0D sgIdFiolyimer dhairebegmientnegmptsed at surfaces of the su-
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mer , PRIBIGE { ghlns pagisTesita iLcotaleat frosElbectyfp said polymer
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said radical former nolecules. 6. The nethod according

to chadiation, wherein said el ectromagnetic irradiation

is W radiation. 7. The nmethod according to claim5 or

6, 7.\Mﬁ1<[-> %&h&cﬁée@oﬁﬁgﬁ Foaélai‘;x% "%, TRLRGHLES rAfi&! former molecules are

radical former molecules of the photo-reduction type.

8. The method according to any of claims 5 to 7, wherein said cross-linking compo-

sition comprises at least two chemically different cross-linking molecules.

9. The method according to any of claims 5 to 8, wherein said cross-linking compo-

sition comprises at least two chemically different radical former molecules.

10. The method according to any of claims 5 to 9, wherein said method is carried out

at temperatures of less than 100 °C.

11. The method according to any of claims 5 to 10, wherein said surface cross-linking
composition further comprises a solvent and wherein said method further com-
prises the step of drying said superabsorbent polymer particles, said drying being

carried out after step c) of claim 5.

12. 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 4.



radi cal former nol ecul es of the photo-reduction type.

8. The nethod according to any of clains 5 to 7,
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| east two chemcally differen%6cross-linking

nol ecul es. 9. The nethod according to any of clains 5

to 8, wherein said cross-linking conpo sition

conprises at least two chemcally different radica

former nol ecul es, 10. The nethod according to any of
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sur f &de 1dr oss-1i nki ng conposition further conprises a
sol vent and wherein said nmethod further comprises the
step of drying said superabsorbent polyner particles,
said drying being carried out after step c¢c) of claim
5. 12. An absorbent article conprising a substantially
liquid pervious topsheet, a sub stantially liquid

i npervi ous backsheet and an absorbent core between
sai d topsheet and said backsheet, wherein said
absorbent article conprises superabsorbent polymner
particles according to any one of clains 1 to 4.13. An
absorbent article conprising superabsorbent pol yner
particles, said superabsorbent polyner particles being
made according to a process of any one of clains 5 to
11.



