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Water soluble radiation activatable polymer resins
Description

The present invention relates to water soluble radiation activa-
table polymer resin formulations which are suitable to modify the
absorption properties of fibrous materials and the polymer obtai-
ned by such radiation activatable polymer resins and the method
of preparing such polymer. Fibrous materials made with radiation
activatable resin formulations according to this invention are
especially suitable for use in disposable absorbent articles.

Radiation activatable resin compositions obtained by copoly-
merization of polymerizable photoinitiators with suitable co-mo-
nomers are known and have been disclosed in EP 377 199, EP 445
641, and US 5,026,806.

Radiation activatable photoinitiators as such are known in the
art and such photoinitiator groups and their synthesis have been
disclosed in EP 377 191, US 3,214,492, US 3,429,852, US
3,622,848, US 4,304,895, DE-3534645, DE-2818763, EP-279 475, and
New Polym. Mat. 1, 63 (1987).

Radiation activatable resins as known in the art are described in
particular for being used in hotmelt (contact) adhesives and sea-
ling compounds. Other applications of photoactivatable resins are
described in US 4,748,044 for the production of non-woven webs.

The photoactivatable resins which are used for adhesive and sea-
ling applications typically exhibit a very low glass transition
temperature Ty, preferably a Tg< 0 °C, in order to be elastic
materials or highly viscous liquids and are sufficiently tacky
under ambient use conditions.

It is also well known in the art that cross-linked cellulose is
superior to un-cross-linked cellulose when used in absorbent ar-
ticles. Cross-linked cellulose for such applications is well-
known and disclosed as such in EP 427316, US 5,549,791, WO
98/27262, US 6,184,271, EP 429112, and EP 427317.

Such cellulosic fibers as described in the art exhibit good fluid
absorption properties and have found widespread commercial ap-
plications in disposable absorbent articles like diapers.
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However, the processes to cross-link cellulose fibers as descri-
bed above commonly take advantage of a chemical condensation
reaction -for example an esterification reaction- between a poly-
functional carboxylic acid and the cellulose fiber. It typically
requires elevated temperatures and long reaction (curing) time
periods to accomplish this reaction satisfactorily.

The processes comprise many different steps and long process cy-
cles and therefore are relatively expensive.

In addition the cellulose fibers become yellowish and brownish
which is unacceptable in many hygiene applications and hence re-
quires covering the cellulose material with an in-transparent
layer or use of an additional whitening agent in such cases.

The desired fiber stiffness and resiliency which allows to main-
tain an open structure in an absorbent article, and which is ac-
complished by the fiber cross-linking reaction as described
above, is often accompanied with an increased brittleness of the
fibers and discoloration.

Brittleness leads to undesired break up of the fibers in
transport to the fiber user and processing at the fiber users
plants.

Discoloration makes the disposable absorbent article to be per-
ceived as low quality and dirty by the end user.

It is therefore desirable to employ reagents for cross-linking
which allow for a fast cross-linking reaction under mild condi-
tions.

Photoactivatable, cellulose based compositions are known, which
are derived from cellulose based materials, as described in
JP-2298501, or JP-08006252 which relates to a general purpose
photosensitive resin composition, and in US 6,090,236 a process
is claimed to create coatings for a web structure by radiation
induced polymerization of monomeric or oligomeric materials.

So far, it is however not known from the state of the art that
photo-activatable polymeric reagents have been used for cross-
linking of cellulosic fibrous materials.

Hence, one object of the present invention is to provide a photo-
activatable polymeric reagent which allows to cross-link cellu-
lose fibers with much reduced chemical damage (discoloration) .
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Another object of the present invention is to provide a photo-ac-
tivatable polymeric reagent which provides the desired stiffness
but significantly reduces the cross-linking reaction time period
in order to avoid mechanical damage to the fiber.

Another object of the present invention is to provide a photo-ac-
tivatable polymeric reagent which allows for simplification of
the cellulose cross-linking processes as described above.

Yet another object of the present invention is to provide a
photo-activatable polymeric reagent which allows to obtain cross-
linked cellulose fibers which exhibit fluid uptake and drainage
properties equal or superior to the reagents used in the state of
the art processes.

It has now been surprisingly found that polymeric resins compri-
sing photo-reactive groups as e.g. described in EP 377 191 and
produced by copolymerization with suitable comonomers that render
the Ty of the resulting photo-activatable resin equal or above 5
°C are quite suitable to accomplish the objectives of the present
invention. Another characteristic of the photo-activatable resins
according to the present invention is their partial solubility in
water which is important in preferred embodiments of the present
invention.

Polymeric resins suitable as adhesives or sealants have been
disclosed in EP 377 199, EP 445 641, and US 5,026,806. Processes
to synthesize such resins are described in US 5,026,806 and EP
655 465.

These resins are obtained by copolymerizing suitable co-monomers
with polymerizable and radiation activatable photoinitiators
which have been disclosed in EP 377 191, US 3,214,492, US
3,429,852, US 3,622,848, US 4,304,895, DE 3534645, DE 2818763, EP
279 475, EP 346 734, DE 4037079 and New Polym. Mat. 1, 63 (1987)
all of which are expressly incorporated herein by reference.

Suitable comonomers are described for example in DE 38 36 370.
These and other suitable comonomers are not radiation activatable
but can form the backbone of the resin to which said photo-
reactive groups can be attached by copolymerization or other co-
valent, ionic or apolar binding reactions.

In the present invention it was found that a composition compri-
sing a polymeric backbone and radiation-activatable groups, ca-
pable of forming covalent cross-linking bonds upon being impacted
by radiation energy and being permanently fixed on a fibrous ma-
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terial after irradiation, hereinafter referred to as “radiation
activatable polymeric resins”, can function very well as radia-
tion activatable cross-linkers for fibrous materials. Fibrous ma-
terial can contain only one kind of fibers or mixtures thereof,
preferable one kind of fibers. Preferable fibrous materials com-
prise fibers of cellulose, polyethylene, polypropylene, poly-
ester, polyacrylonitrile, polyamide and protein, preferable
fibers of cellulose. The invention is described for celluose, the
inventive concept can also be applied to other fibers.

The polymeric backbone in the radiation activatable polymeric re-
sins is for example obtainable from one kind or a combination of
two or more monomer molecules selected from the group of
ethylene, propylene, vinyl chloride, vinyl amine, allyl amine,
vinyl formamide, vinyl acetamide, aziridine, vinyl alcohol, vinyl
acetate, isobutylene, styrene, isoprene, acrylonitrile, acrylic
acid, methacrylic acid, ethyl acrylate, butyl acrylate, maleic
acid, maleic acid anhydride, maleic acid esters, fumaric acid,
itaconic acid, methylmethacrylate, vinyl acrylate, allylmethacry-
late, allylsulfonate, vinyl sulfonate, acrylamide, methacryl-
amide, acrylamidomethylpropansulfonate (AMPS), C;-Cs-hydroxyalkyl
methacrylates, C;-C4-hydroxyalkyl acrylates, tripropylene glycol
diacrylate, trimethylol propane ethoxylated triacrylate, epoxy
acrylates, polyethylenglycolmonoacylate, polyethylenglycoldiacry-
late, ethylenoxide, poylethyleneglycole-monoallylether, polyethy-
lenglycole-diallylether, ethoxylated trimethylolpropane-triacry-
late, propylenoxide, polyester acrylates, and urethane acrylates.
Preferred are polymeric backbones obtainable from essentially
only one kind of monomers.

Preferred monomer-units according to the present invention are:
acrylic acid, methacrylic acid, maleic acid, fumaric acid,
itaconic acid, vinylsulfonic acid, allylsulfonic acid, acrylami-
domethanpropane sulfonic acid, vinylalcohol, vinylamine, allyl-
amine, Polyethylenglycolemonoacrylate, Polyethyleneglycol-
diacrylate, Poylethyleneglycole-monoallylether, Polyethylenglyco-
le-diallylether, ethoxylated trimethylolpropane-triacrylate. Ex-
amples of other hydrophilic monomers are monomers containing
hydroxyl groups, in particular C;i-Cs~hydroxyalkyl (meth)acrylates,
and (meth)acrylamide.

More preferred is a polymeric backbone in the radiation activata-
ble polymeric resins which is obtainable from one kind or a com-
bination of two or more monomer molecules selected from the group
acrylic acid, maleic acid, maleic acid anhydride, allyl amine,
vinyl formamide, vinyl acetamide, aziridine, vinyl acetate, allyl
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sulfonate, vinyl sulfonate, acrylamidomethylpropansulfonate

(AMPS) .

Such radiation activatable polymeric resins can be produced ac-
cording to the known processes for adhesives and sealants as des-
cribed in the art.

In the present invention it was found that preferably copolymers
of these known photo-reactive groups with predominantly hydro-
philic comonomers in the polymeric backbone can function very
well as radiation activatable cross-linkers for fibrous cellulose
materials.

However, radiation activatable polymeric resins according to the
present invention exhibit a glass transition temperature Ty equal

or more than 5 °C, i.e. more than 6°C, 7°C, 8°C, 9°C, 10°C, 11°C,

12°C, 13°C, 14°C, 15°C, 16°c, 17°c, 18°c, 19°c, 20°c, 21°c, 22°,
23°C, 24°C, 25°C, 26°C, 27°C, 28°C, 29°C, 30°C, preferably at least
Ty > 30 °C, i.e. more than 31°C, 32°C, 33°C, 34°C, 35°C, 36°C,
37°C, 38°C, 39°C, 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C,
48°C, 49°C, 50°C, more preferably at least Ty > 50 °C, i.e. 51°C,
52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 6l1°C, 62°C,
63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°Cc, 71°C, 72°C, 173°C,
74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, and most preferably at
least Tg > 80 °C, i.e. more than 81°C, 82°C, 83°C, 84°C, 85°C,
86°C, 87°C, 88°C, 89°C, 90°C, 91°C, 92°C, 93°C, 94°c, 95°Cc, 96°C,
97°C, 98°C, 99°C, 100°C, 101°C, 102°C, 103°C, 104°c, 105°C, 106°C,
107°C, 108°c, 109°C, 110°C, 111°Cc, 112°Cc, 113°C, 1l14°c, 115°C,
116°C, 117°C, 118°C, 119°C, 120°C, 121°C, 122°C, 123°C, 124°cC,
125°C, 126°C, 127°C, 128°C, 129°C, 130°C, and higher temperatu-
res.

The glass transition temperature of the polymer is determined by
differential scanning calorimetry as described in ASTM 3418/82 -
“Midpoint Temperature”.

This is an important aspect of the present invention as the cel-
lulosic fibers treated with the resins according to the present
invention should exhibit a feel and appearance equal or better
than conventionally treated fibers. In particular it is not desi-
red that the fiber surfaces become tacky.

In another aspect of the present invention it is preferable to

use radiation activatable polymeric resins
partially soluble in water. This aspect is
application of the resin can preferably be

solution which can be sprayed onto the fibers,

which are at least
important as the
done as an agueous

or into which the
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fibers can be immersed. Another preferred embodiment of the pre-
sent invention is to prepare an aqueous slurry of the radiation
activatable resin in order to obtain a lower viscous material
which can be easily applied by spraying onto the fibers.

Such a slurry may be obtained by dissolving or dispersing said
radiation activatable polymeric resin in water under ambient
conditions, if necessary to obtain a sufficiently low viscosity
solution or dispersion the temperature of the slurry can be adju-
sted between 0 °C and 100 °C.

Hence, it is preferable that the radiation activatable polymeric
resins according to the present invention exhibit a substantial
solubility in water. Radiation activatable resins according to
the present invention exhibit a solubility of at least 1 g/kg,
i.e. at least 2 g/kg, 3 g/kg, 4 o/kg, 5 g/kg, 6 g/kg, 7 g/kg, 8
g/kg, 9 g/kg, more preferable at least 10 g/kg, , i.e. at least
11 g/kg, 12 g/kg, 13 g/kg, 14 g/kg, 15 g/kg, 16 g/kg, 17 g/kg, 18
g/kg, 19 g/kg, 20 g/kg and most preferable >20 g/kg, , i.e. at
least 21 g/kg, 22 g/kg, 23 g/kg, 24 g/kg, 25 g/kg, 26 g/kg, 27
g/kg., 28 g/kg, 29 g/kg 30 g/kg, 35 g/kg, 40 g/kg, 45 g/kg, 50
g/kg, and more g/kg in water at room temperature (20 °C).

The preferred radiation activatable polymeric resin is in addi-
tion capable to form cross-linking bonds to the fibrous material
by a thermal curing treatment preceding the irradiation step, du-
ring the irradiation step, or after the irradiation step.

Above mentioned photo-reactive groups are capable to form cova-
lent bonds by exposure to electromagnetic radiation. Suitable
electromagnetic radiation can be produced by electron beams as
well as UV-Light. Preferably, according to the present invention
UV-Light is used with a wave-length of 220 - 340 nm, most prefe-
rably with a wave-length of between 220 nm - 280 nm. The UV-Light
may be used in combination with an electron-beam, and also in
combination with IR-Light. In case of combination of UV-Irradia-
tion with other electromagnetic radiation, it is considered not
to be critical if the application of the UV~Light takes place si-
multaneously with the other electromagnetic radiation (i.e.
electron-beam or IR-Light), or if irradiation is done in a series
of different irradiation steps.

In an additional enbodiment of the invention the radiation acti-
vatable polymeric resin is additionally capable to form cross-
linking bonds to the fibrous material as described before wherein
crosslinking takes place prior to, simultaneously or after intra-
fiber crosslinking the fibrous material by a thermally reactive
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agent. This optionally used thermally reactive agent is a low mo-
lecular crosslinker as e.g. described in EP 429 112, EP 427 317
and EP 252 649 or any Fixapret (BASF products). Fixaprets are
modified Dimethyloldihydroxyethylene urea as described in
DE-A 19654739 wherein the given definitions of R! and R? are pre-
ferred. Within this invention R! and R2 may be independently of
each other any Cq1 to Cis Alcohol or polyol as described in
DE-A 19654739.

Polymer as used in the description refers if not otherwise indi-
cated to polymers obtainable from a radiation activatable polyme-
ric resin comprising a polymeric backbone and radiation-activata-
ble groups, capable of forming covalent cross-linking bonds upon
being impacted by radiation energy and being permanently fixed on
a fibrous material after irradiation. Preferably such polymers
are obtainable by the above mentioned irradiation conditions.

The polymer of the invention can be characterized as having a MDP
value equal or smaller than 18, i.e smaller than 17.8, 17.6,
17.4, 17.2, 17.0, 16.8, 16.6, 16.4, 16.2, preferably smaller than
16, i.e smaller than 15.8, 15.6, 15.4, 15.2, 15.0, 14.8, 14.6,
14.4, 14.2, 14.0, more preferably smaller than 14, i.e smaller
than 13.8, 13.6, 13.4, 13.2, 13.0, 12.8, 12.6, 12.4, 12.2, 12.0,
11.8, 11.6, 11.4, 11.2, 11.0 and even less.

The polymer of the invention can also be characterized as having
a brightness equal or larger than 76, i.e. larger than 76.2,
76.4, 76.6, 76.8, 77.0, 77.2, 77.4, 77.6, 77.8, preferably larger
than 78, i.e. larger than 78.2, 78.4, 78.6, 78.8, 79.0, 79.2,
79.4, 79.6, 79.8, more preferably larger than 80, i.e. larger
than 80.2, 80.4, 80.6, 80.8, 81.0, 81.2, 81.4, 81.6, 81.8, 82,
and even larger.

Brightness is measured as given in Procedure C.

Alternatively, the polymer of the invention can also be characte-
rized as having a CIE-brightness equal or larger than 45, i.e.
larger than 46, 47, 48, 49, 50, 51, 52, 53, 54, preferably larger
than 55, i.e. larger than 56, 57, 58, 59, 60, 61, 62, 63, 64,
more preferably larger than 65, i.e. larger than 66, 67, 68, 69,
70, 71, 72, 73, 74, 75, and even larger.

Preferably the polymer of the invention shows a combination of
the good parameters MDP and brightness.
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More preferably the polymer is obtainable from a radiation acti-
vatable polymeric resin as described in the invention.

A preferred method of preparing said polymer is wherein the ra-
diation energy for impacting on said radiation activatable poly-
meric resin is elected from the group of UV, electronic beam and
IR-Light, preferably UV light of between 220 nm and 340 nm, more
preferred is UV light with a wavelength of between 220 nm and
280 nm.

More preferred is a method , wherein the radiation activatable
polymeric resin is applied in amounts of less than 50% by weight
of fibrous material, preferably in amounts of less than 25% and
most preferably in amounts of less than 15%.

Most preferred is a method, wherein the radiation activatable po-
lymeric resin is applied in amounts resulting in a polymer/fi-
brous material dry weight portion of more than 0.10% by weight of
fibrous material, preferably in amounts of more than 1.0% and
most preferably in amounts of 2 - 15 %.

Examples of processes in which the novel radiation activatable
resins can be advantageously applied are given below. However,
these examples are by no means limiting to the use of radiation
activatable polymeric resins according to the present invention.

For example, an aqueous solution may be sprayed onto the fibers
by means of a fluidized-bed spraying chamber. Simultaneously IR~
Radiation may be applied to accomplish drying and simultaneously
UV-Light may be applied to accomplish cross-linking in the flui-
dized bed.

Another example of an embodiment of the present invention is to
immerse the fibers in an aqueous radiation activatable resin
solution, thereafter forming a sheet- or web-like structure from
the wetted fibers by means of a wet-lay process, and this struc-
ture may than be simultaneously dried by IR-Light and simulta-
neously cross-linked by UV-Light.

However, in certain cases the drying and the curing may take
place in two steps in series, which could be carried out in any
order. Instead or in combination with IR-Light, any conventional
drying equipment can be used in the drying step. However, in cer-
tain embodiments of the present invention little or no drying is
required.



WO 02/100912 PCT/EP02/05901

10

15

20

25

30

35

40

45

9
The cross-linking of the cellulosic fibrous material with the ra-
diation activatable polymeric resins according to the present in-
vention effectively takes place by the photo-reactive groups of
said resin forming covalent bonds. On exposure to electromagnetic
radiation, most preferably to UV-Irradiation, a covalent bond is
formed by means of a chemical grafting reaction.

In particular, the cross-linking may take place by insertion of a
light-activated carbonyl group of the photo-reactive group in the
resin into an adjacent C-H bond, forming a -C~C-0-H group. Said
C~-H bond may be part of a nearby polymer chain. Said polymer
chain may be another radiation activatable resin molecule or may
be part of another peoclymer which is in c¢lose contact with the ra-
diation activatable resin. It thus may be part of the cellulosic
fibrous material.

The photo-reactive group of said radiation activatable polymeric
resin and the preparation of said radiation activatable polymeric
resins is more closely described below.

The radiation activatable polymeric resin according to the pre-
sent invention preferably comprises from 0.0001 to 0.3 mol, pre-
ferred from 0.0003 to 0.1 mol, particularly preferably from
0.0005 to 0.05 mol, very particularly preferably from 0.001 to
0.04 mol, or from 0.002 to 0.03 mol, or from 0.002 to 0.02 mol of
the photoinitiator per 100 g of polymer.

The photo-reactive group preferably comprises an acetophenone-,
benzophenone-, anthraquinone-, benzile-, thioxanthone, and xant-
hone-derivative or particularly preferably a benzophenone deriva-
tive.

The radiation activatable polymeric resin most preferably compri-
ses an anchor group which is covalently bound to the polymeric
backbone. Preferably the anchor group is a photo-reactive group
which has been incorporated into the polymer chain by free-radi-
cal copolymerization. For this purpose the photo-reactive group
preferably comprises an acrylic or methacrylic group.

Suitable copolymerizable photo-reactive groups are derivatives of
acetophenone or benzophenone which contain at least one, prefera-
bly one, ethylenically unsaturated group. The ethylenically unsa-
turated group preferably comprises an acrylic or methacrylic
group.



WO 02/100912 PCT/EP02/05901

10

15

20

25

30

35

40

45

10
The ethylenically unsaturated group may have direct bonding to
the phenyl ring of the derivative of acetophenone or of benzo-
phenone. There is generally a spacer group (spacer) between the
phenyl ring and the ethylenically unsaturated group.

The spacer group is preferably selected from a covalent bond, an
organic bifunctional radical with a molecular weight of up to
Mw=1000, or a polymeric bifunctional radical chain with a molecu-
lar weight of up to Mw=20000.

Alternatively, the spacer group may, for example, contain up to
100 carbon atoms.

The radiation-activatable group may be represented by formula II

o

formula II:

R, Ry

in which R; denotes an organic radical selected from the group of
methyl, aryl, preferably phenyl or substituted phenyl group and R,
selected from the group of either aryl or alkyl of 1 to 4 carbon
atoms, cyclopropyl, cyclopentyl, cyclohexyl, a,0-dialkoxyalkyl or
o-hydroxyalkyl group, and is covalentely bound to the spacer
group.

Suitable acetophenone derivatives or benzophenone derivatives are
described, for example, in EP-A-346 734, EP-A-377199,
EP-A-246848, DE-A-4 037 079 and DE-A-3 844 444 and are also disc-
losed in the present application herewith by reference.

Preferred acetophenone derivatives and benzophenone derivatives
have the formula I

(o]
o<) °>—R1_ o— c/K
n I I
0
wherein

n is 0 or 1,
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Rl is an organic radical having up to 100 carbon atoms which may
be interrupted by up to 49 oxygen atoms,

R2 is a hydrogen atom or methyl and
R3 is unsubstituted or substituted phenyl or C;-Cs4-alkyl.

Rl is preferably an organic radical 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.

Rl is particularly preferably alkylene, in particular
Cyo-Cg-alkylene.

R3 is particularly preferably methyl or phenyl.

The polymer has preferably been built up from free-radical poly-
merizable compounds (comonomers).

At least 40% by weight of the polymer, particularly preferably at
least 60% by weight, very particularly preferably at least 80% by
weight, is composed of afore said suitable comonomers.

Said suitable comonomers which are non photo-reactive form the
backbone of said radiation activatable polymeric resin. Such
comonomers are selected from the groups of hydrophilic comonomers
but can at least partially also include hydrophobic comonomers.

However, according to the present invention, the hydrophilicity
of the radiation activatable polymeric resin plays a vital role
for its suitability as cellulose cross-linker. Therefore in a
most preferred embodiment of the present invention, only hydro-
philic comonomers are being used as comonomers to form the back-
bone of said radiation activatable polymeric resin.

A hydrophilic comonomer according to the present invention is a
monomer-unit which is substantially soluble in water, preferably
exhibits a solubility of >50 g/kg in water under ambient condi-
tions, most preferable is soluble in water in any mixing ratio.

Said hydrophilic comonomers may contain the following groups as
part of a monomer molecule: carboxylic acid, sulfonic acid or
phosphonic acid. Carboxylic and sulfonic acid groups are prefer-
red.
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Said hydrophilic comonomers may alsc be incorporated into the po-
lymer backbone by copolymerization with a pre-cursor molecule.
Examples of preferred precursors are Vinylformamide and Vinylace-
tate, Vinylactamide, all of which will have to be finally hydro-
lized after the polymerization in order to incorporate the cor-
responding monomer units vinylamine and vinylalcohol into the
backbone.

Typical -but not limiting- examples for such preferable monomer-
units according to the present invention are: acrylic acid, meth-
acrylic acid, maleic acid, fumaric acid, itaconic acid, vinylsul-
fonic acid, allylsulfonic acid, acrylamidomethanpropane sulfonic
acid, vinylalcohol, vinylamine, allylamine, Polyethylenglycolemo-
noacrylate, Polyethyleneglycoldiacrylate, Poylethyleneglycolemo-
noallylether, Polyethylenglycolediallylether, ethoxylated trime-
thylolpropane-triacrylate.

Examples of other hydrophilic monomers are monomers containing
hydroxyl groups, in particular C;-C4-hydroxyalkyl (meth)acrylates,
and (meth)acrylamide.

Preferred is an average molecular weight of the radiation acti-

vatable polymeric resin between 5000 and 200000, more preferably

between 10000 and 150000, particular preferably between 30000 and
150000 Daltons.

In cases where comonomers are employed that exhibit more than one
ethylenically unsaturated group, the radiation activatable poly-
meric resin obtained is already slightly cross-linked during its
synthesis and depending on the degree of cross-linking is no lon-
ger soluble but only dispersible in water or agqueous solutions.

Said hydrophilic comonomers are e.g. preferably copolymerized for
themselves, or in any mixture therefrom, with said copoly-
merizable photo-reactive groups.

Alternatively, in order to tailor make the properties of the ra-
diation activatable resin said hydrophilic comonomers can be used
in combination with said hydrophobic comonomers and said copoly-
merizable photo-reactive groups.

Said hydrophobic comonomers are selected from the group consi-
sting of C3-Cyp-alkyl (meth)acrylates, vinyl esters of carboxylic
acids containing up to 20 carbon atoms, vinyl aromatics having up
to 20 carbon atoms, ethylenically unsaturated nitriles, vinyl ha-
lides, vinyl ethers of alcohols containing from 1 to 10 carbon
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atoms, aliphatic hydrocarbons having from 2 to 8 carbon atoms and
1 or 2 double bonds, and mixtures of these monomers.

Specifically suitable as hydrophobic comonomers are alkyl
(meth)acrylates having a C;-Cip-alkyl radical, such as methyl
methacrylate, methyl acrylate, n-butyl acrylate, ethyl acrylate
and 2-ethylhexyl acrylate.

Examples of vinyl esters of carboxylic acids having from 1 to 20
carbon atoms are vinyl laurate, vinyl stearate, vinyl propionate,
vinyl versatates and vinyl acetate.

Possible vinyl aromatic compounds are vinyl toluene, o- and p-me-
thylstyrene, o-butylstyrene, 4-n-butylstyrene, 4-n-decylstyrene
and, preferably, styrene. Examples of nitriles are acrylonitrile
and methacrylonitrile.

The vinyl halides are chlorine-, fluorine- or bromine-substituted
ethylenically unsaturated compounds, preferably vinyl chloride
and vinylidene chloride.

Examples of vinyl ethers which should be mentioned are vinyl
methyl ether and vinyl isobutyl ether. Preference is given to
vinyl ethers of alcohols containing from 1 to 4 carbon atoms.

As hydrocarbons having from 2 to 8 carbon atoms and two olefinic
double bonds, mention should be made of butadiene, isoprene and
chloroprene.

Preferred hydrophobic comonomers are the Ci-Cig-alkyl acrylates
and C1-Cyip—alkyl methacrylates, in particular C;-Cg-alkyl
acrylates and C1-Cg-alkyl methacrylates, and in each case the
acrylates are particularly preferred.

Very particular preference is given to methyl acrylate, ethyl
acrylate, n-butyl acrylate, n-hexyl acrylate, octyl acrylate and
2-ethylhexyl acrylate, and also to mixtures of these monomers.

Any mixture of said hydrophilic and hydrophobic comonomers may be
used for preparation of radiation activatable polymeric resins
according to the present invention.

However, a suitable composition according to the present inven-
tion is characterized by the radiation activatable polymeric re-
sin made thereof exhibiting a glass transition temperature of Tq
equal or more than 5 °C, preferably at least Tg > 30 °C, more
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preferably at least Tg > 50 °C, and most preferably at least Ty >
80 °C.

In a most preferred embodiment of the present invention the ra-
diation activatable resins according to the present invention ex-
hibits a substantial solubility under ambient conditions in water
of not less than 1 g/kg, more preferably not less than 10 g/kg,
and most preferably >20 g/kg in water.

These two conditions which are considered to be important aspects
of the present invention are limiting the suitable monomer com-
positions according to the present invention.

Radiation activatable polymeric resins according to the present
invention can be prepared preferably by a chain-polymerization
reaction. Details of suitable methods are disclosed in DE
10008295.5, DE 19946898.2, and DE 19935624.6 which are explicitly
incorporated herein by reference.

The preparation of the radiation activatable polymeric resins ac-
cording to this invention is accomplished by chain polymerization
reaction of a monomer-mixture selected from the monomers descri-

bed above. The monomer mixture comprises at least one hydrophilic
comonomer, and at least one copolymerizable photo-reactive group.

Optionally the mixture comprises one or more of the hydrophobic
comonomers described above.

Optionally any of the known chain transfer agents described in
the literature can be added to the reaction mix.

The chain polymerization reaction can be carried out as bulk-po-
lymerization, as solution-polymerization, as emulsion-
polymerization, as suspension polymerization, or preferably as
precipitation-polymerization.

If a solvent is used, then water or a liquid hydrocarbon exhibi-
ting a boiling point between 50° and 150 °C, most preferably
between 60° and 120 °C is used.

The polymerization reaction is carried out under the typical
conditions and temperatures as described in the textbook litera-
ture which is referenced herewith in its entirety.

Any of the known initiators may be used in an amount of about
0.01 wt.% - 10 wt.%, most preferably 0.1 wt.% - 4 wt.% based on
the weight of the total monomer composition. Typical initiators
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suitable for any or all of the above polymerization methods are
azo-initiators, inorganic persulfates, hydrogenperoxide, organic
peroxides, and all known redox-initiator systems.

After polymerization in solution or as precipitation-
polymerization or as suspension-polymerization the reaction
product, namely the radiation activatable polymeric resin, may be
obtained as highly viscous liguid or as a solid powder by remo-
ving the solvent either by filtration, or by removing the solvent
through evaporation at elevated temperature or optionally under
reduced pressure.

Alternately the product may be obtained as agqueous solution.

Optionally after the formation of the radiation activatable poly-
meric resin the polymeric backbone may be further modified in a
subsequent process step by a hydrolysis reaction, for example
when vinylformamid is converted to vinylamin, or for example when
vinylacetate is converted to vinylalcohol.

Optionally after the formation of the radiation activatable poly-
meric resin the polymeric backbone may be further modified in a
subsequent process step by a reaction with ethylene oxide or a
reaction with aziridine in order to optimize the water solubility
of the resin further.

Examples and Procedures

A. Procedure for determining “Maximum Fluid Absorption Capacity”
(Uptake)

The Maximum Fluid Absorption Capacity - in the following called
Uptake - is determined with a TRI-Autoporosimeter from TRI/Prin-
ceton, P. 0. Box 625, Princeton, New Jersey 08542 USA. The pro-
gram “STG LIQUID AUTOPOROSIMETER STANDARD PROGRAM VERSION 2000.4~
is used to run the measurement according to the literature (B.
Miller, I. Tyomkin, Liquid Porosimetry, Journal of Colloid and
interface science 1994, 162, 163-170).. The Uptake is the maximum
.of the first hysteresis loop. The sample in the test chamber is
measured under load of 0.2 psi realized by an adequate weight on
the sample.

B. Procedure for determining “Medium desorption Pressure” (MDP)
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The Medium Desorption Pressure is determined as the pressure on
the x-axis at an Uptake of 50 % on the desorption branch of the
above described hysteresis loop.

C. Procedure for determining Brightness of the UV-activated fi-
brous material

Brightness is measured with an electric remission photometer
(ELREPHO-machine from Carl Zeiss Carl Zeiss UB Industrielle MefR-
technik D - 73446 Oberkochen following the “WeiRegrad-Mes-
sung”—-description in the handbook) .

Alternatevely the CIE Brightness may be determined using Elrepho

2000 from Datacolor GmbH, Mainstr. 4a, D-45768 Marl, Germany. The
CIE Brightness refers to the recommendation of Commission Inter-

national d’Elcairage (CIE).

D. Procedure for determining water solubility

A solution is made by adding a certain amount of polymer to a de-
fined amount of water with additional stirring for 2h at room
temperature until no more residue could be detected by filtration
through a paper filter of a pore size from about 32 um to about

57 um.
E. Procedure for determining glass transition temperature

The glass transition temperature was determined by means of Dif-
ferential Scanning Calorimetrie (ASTM, 3418/82 ”“Midpoint
Temperature”) .

F. Procedure for determining molecular mass distribution

The molecular mass distributions and average molecular weights
are determined by Size Exclusion Chromatography. Columns from
Toso Haas company of Typ TSK HXL are used. UV detection is per-
formed by an UV-detector at a wavelength of 208 nm. Pullulan
standards were used for calibration.

The following examples illustrate the practice of the present in-
vention but are not intended to be limiting thereof.

Example I
To demonstrate the improvement achieved by the present invention,

cellulosic fibers taken out of a diaper are tested. Therefore
crosslinked cellulosic fibers taken out of Pampers Acquisition-
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Layer are air laid to form absorbent pads with a thickness of ab-
out 8 mm, equal to a web of 250 g/m?2. The results are described in
table 1.

Example II

Polyacrylic acid can be permanently fixed on a fibrous material
by thermal crosslinking. The process to use to produce said
modified fibrous material is as follows:

1. Provide for each sample 30g of cellulosic fiber.

2. Form a slurry by adding the fibers to 1028 ml of water con-
taining 15 g of a dissolved polyacrylic acid with a molecular
weight of 100000 (Mw). Socak the fibers in the slurry for ab-
out 60 minutes. The pH value is about 2.

3. Then dewater the fibers on a porous plate using a water pump
to a consistency ranging from about 25% to about 30% and let
follow an air-drying with pressure to a consistency of about
50% to about 55%.

4. Then defibrate the fibers using a "abc standmixer Mod. 260
FD-716" from abc Elektrovolz GmbH and Co, P. 0. Box 1141,
73219 Kirchheim/Teck by adding portions of about 2 g and
stirring each portion for between 5 to 10 sec.

5. Then place the defibrated fibers on porous plates and furt-
her dry by air-pressure to a consistency of about 90% to ab-
out 95%.

6. Then cure the nearly dry fibers in an air-through drying oven
for a period of about 2 to about 20 minutes in this example
10 min and at a temperature of about 180°C to about 220°C in
this example 200°C.

7. Then place the fibers on a mesh screen rinsed with 3 1 of ab-
out 60°C water followed by steps 3-5.

8. Air lay the fibers to form absorbent pads with a thickness of
about 8 mm, equal to a web of 250 g/m2. The results are des-
cribed in table 1.

Example III

Polymeric resins comprising UV-reactive groups of the present in-
vention can be permanently fixed on a fibrous material by suita-
ble activation of the UV-reactive groups and subsequent chemical
reaction. The process to use for producing said modified fibrous
material is as follows:

1. Provide for each sample 30g of cellulosic fiber.
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2. Form a slurry by adding the fibers to 1028 ml of water con-
taining 15 g of a dissolved polymef containing 90% by weight
acrylic acid and 10% by weight fotoinitiator Uvecryl P 36 and
with a molecular weight of 100000 (Mw). The formula of Uve-
cxyl P 36 is represented by:

0O

o’{’\/ 04%4/\

O

Scak the fibers in the slurry for about 60 minutes. The pH
value is about 2.

3. Then dewater the fibers on a porous plate using a water pump
to a consistency ranging from about 25% to about 30%, follo-
wed by air~-drying with pressure to a consistency of about 50%
to about 55%.

4. Then defibrate the fibers using a “abc standmixer Mod. 260
FD-716” from abc Elektrovolz GmbH and Co, P. O. Box 1141,
73219 Kirchheim/Teck by adding portions of about 2 g and
stirring each portion for between 5 to 10 sec.

5. Then place the defibrated fibers on porous plates and further
dry by air-pressure to a consistency of about 90% to about
95%.

6. Air lay the fibers to form absorbent pads with a thickness of
about 1.5 mm, equal to a web of 40 g/m2.

7. Irradiate the air-laid pads on a line with a mercury medium
pressure UV-lamp with 160W/cm. Supply an UV dose of approxi-
mately 570mJ/cm?2 for UV-C and 4120mJ/cm? for UV-A; the inten-
sity 68mW/cm? for UV-C and 441 mW/cm? for UV-A (determined by
a PP2000 Power Puck from Eltosch GmbH).

8. Again air lay the fibers to form absorbent pads with a thick-
ness of about 8 mm, equal to a web of 250 g/m2.

Example IV

Polymeric resins comprising UV-reactive groups of the present in-
vention can be used in a process in accordance with the herein-
before described procedure of Example III with the following mo-
difications:



10

15

20

25

30

35

40

45

WO 02/100912 PCT/EP02/05901

19
Air lay the fibers in step 6 to form absorbent pads with a thick-
ness of about 8 mm, equal to a web of 250 g/m? and subsequently
irradiate with this thickness with the same UV-dose as described
above in step 7.

Example V

Polymeric resins comprising UV-reactive groups of the present in-
vention can be used in a process in accordance with the herein-
before described procedure of Example III with the following mo-
difications:

Air lay the fibers in step 6 to form absorbent pads with a thick-
ness of about 3 mm, equal to a web of 80 g/m2. Irradiate the air-
laid pads according to step 7 with the modification of using UV-
A-light only. The UV-A dose supplied is approximately 12200mJ/cm?
and the intensity 45mW/cm? (determined by a PP2000 Power Puck from
Eltosch GmbH) .

Example VI

Polymeric resins comprising UV-reactive groups of the present in-
vention can be used in a process in accordance with the herein-
before described procedure of Example III with the following mo-
difications:

Additionally cure the air laid pads in step 9 in an air-through
oven over the period of 5 minutes at a temperature of 200°C.

Example VII

Polymeric resins comprising UV-reactive groups of the present in-
vention can be used in a process in accordance with the herein-
before described procedure of Example III with the following mo-
difications:

Use for the polymer in step 2 having 70% by weight acrylic acid,
20% by weight maleic acid and 10% by weight the fotoinitiator
acryloxybenzophenone and with a molecular weight of 100000 (Mw).
Form a slurry by adding the fibers to 1028 ml of water containing
25 g of said dissolved polymer. Soak the fibers in the slurry for
about 60 minutes. The pH value is about 2.
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Example VIII

Polymeric resins comprising UV-reactive groups of the present in-
vention can be used in a process in accordance with the herein-
before described procedure of Example III with the following mo-
difications:

Use in this experiment a polymer called ac Resin A 203 UV (BASF)
with a significant lower Tg < -20°C developed for applications as
for example Hot Melt Adhesive. Soak the fibers in a slurry for-
med by 15 g of the water-insoluble polymer in 1028 ml of tetra-
hydrofuran as described in step 2.

Example IX

Polymeric resins comprising UV-reactive groups of the present in-
vention are used in a process in accordance with the hereinbefore
described procedure of Example III with the following modifica-
tions:

Provide for each sample in step 1 40 g of cellulosic fiber. A
slurry is formed as in step 2 by adding the fibers to 1370 ml of
water containing 15 g of said polymer, 193,6 g Fixapret CM and
27,2 g of Magnesiumchloride hexahydrate. The agqueuos solution is
filtrated prior to addition of the fibers due to a spontaneuosly
formed precipitate.

Prior to air-laying the fibers in step 6 the nearly dry fibers
are cured in an air-through drying oven for a period of about 25
minutes at a temperature of about 90°C and another 3 min. at a
temperature of about 150°C.

Example X

Polymeric resins comprising UV-reactive groups of the present in-
vention are used in a process in accordance with the hereinbefore
described procedure of Example III with the following modifica-
tions:

Provide for each sample in step 1 40 g of cellulosic fiber. After
step 7 a slurry is formed as in step 2 by adding 12 g of the
treated fiber obtained after step 7 to 389 ml of water containing
55,0 g Fixapret CM and 7,7 g of Magnesiumchloride hexahydrate.
Steps 1 to 5 are repeated with this slurry. Prior to air-laying
the fibers again the nearly dry fibers are cured in an air-
through drying oven for a period of about 25 minutes at a
temperature of about 90°C and another 3 min. at a temperature of
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about 150°C. The fibers are air-laid to form absorbent pads with a

thickness of about 6 mm equal to a web of 200 g/m2.

Example XI

Polymeric resins comprising UV-reactive groups of as preferred in
formula I of the present invention can be used in a process in
accordance with the hereinbefore described procedure of Example
III-VII to obtain basically the same good results as described in

10 table 1.
Table 1
Example | Brightness |Uptake [g/g] |MDP [cm of water] |Brightness CIE
15| I 75 12.7 19.9 43.2
II 74 14.8 21.6 41.5
IIT 80 12.5 13.9 69.4
v 79 12.3 15.0 64.8
\ 80 12.2 14.5 68.9
20 VI 77 15.8 16.0 55.1
VII 79 12.2 15.1 63.7
VIII 79 0.8 -* 65.4
IX 78 17,7 12,0
25 X 79 20,2 12,2

30

35

40

45

*The MDP could not be determined due to the low uptake.
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claims

Radiation activatable polymeric resin comprising a polymeric
backbone and radiation-activatable groups, capable of for-
ming covalent cross-linking bonds upon being impacted by ra-
diation energy and being permanently fixed on a fibrous mate-
rial after irradiation, wherein said radiation activatable
polymeric resin has a Tg of 5 °C or more, preferably of 30 °C
or more, more preferably a Tg of 50 °C or more, and most pre-
ferably a Tg of 80 °C or more.

Radiation activatable polymeric resin as claimed in claim 1,
wherein the radiation-activatable groups are covalently bound
to the polymeric backbone.

Radiation activatable polymeric resin as claimed in one of
the claims 1 or 2, wherein the radiation activatable polyme-
ric resin exhibits a water solubility of at least 1 g/l, more
preferably of at least 10 g/l, most preferably of at least

20 g/1.

Radiation activatable polymeric resin as claimed in one of
the claims 1 to 3, wherein the polymeric resin is additio-
nally capable to form cross-linking bonds to the fibrous ma-
terial by a thermal curing treatment preceding the irradia-
tion step, during the irradiation step, or after the irradia-
tion step.

Radiation activatable polymeric resin as claimed in one of
the claims 1 to 3 wherein the polymeric resin is additionally
capable to form crosslinking bonds to the fibrous material as
claimed in 4 wherein crosslinking takes place prior to, si-
mul taneously or after intrafiber crosslinking the fibrous ma-
terial by a thermally reactive agent.

Radiation activatable polymeric resin as claimed in claim 4
or 5, wherein said used thermally reactive agent is a low mo-
lecular crosslinker, preferably a modified Dimethyloldihydro-
xyethyleneurea.

Radiation activatable polymeric resin as claimed in one of
the claims 1 to 6, wherein said radiation-activatable group
is bound to an optional spacer which is bound to an anchor
group and the said radiation-activatable group is selected
from the group consisting of benzophenones, anthraquinones,
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benziles, thioxanthones, xanthones, most preferably from the
group of benzophenones.

Radiation activatable polymeric resin as claimed in one of
the claims 1 to 7, wherein said radiation-activatable group
is represented by formula II

o

formula II:

R, Ry

in which R; denotes an organic radical selected from the group
of methyl, aryl, preferably phenyl or substituted phenyl
group and R, selected from the group of either aryl or alkyl
of 1 to 4 carbon atoms, cyclopropyl, cyclopentyl, cyclohexyl,
o,a-dialkoxyalkyl or o-hydroxyalkyl group, and is covalentely
bound to the spacer group said spacer group is bound to an
anchor group and is selected from a covalent bond, an organic
bifunctional radical with a molecular weight of up to
Mw=1000, or a polymeric bifunctional radical chain with a mo-
lecular weight of up to Mw=20000, said anchor group is cova-
lently bound to the polymeric backbone. '

Radiation activatable polymeric resin as claimed in one of
the claims 1 to 8, wherein said polymeric backbone is obtai-
nable from one kind or a combination of two or more monomer
molecules selected from the group of ethylene, propylene,
vinyl chloride, vinyl amine, allyl amine, vinyl formamide,
vinyl acetamide, aziridine, vinyl alcohol, vinyl acetate,
isobutylene, styrene, isoprene, acrylonitrile, acrylic acid,
methacrylic acid, ethyl acrylate, butyl acrylate, maleic
acid, maleic acid anhydride, maleic acid esters, fumaric
acid, itaconic acid, methylmethacrylate, vinyl acrylate, al-
lylmethacrylate, allylsulfonate, vinyl sulfonate, acrylamide,
methacrylamide, acrylamidomethylpropansulfonate (AMPS),
C1-C4-hydroxyalkyl methacrylates, C;-Cs-hydroxyalkyl
acrylates, tripropylene glycol diacrylate, trimethylol pro-
pane ethoxylated triacrylate, epoxy acrylates, polyethylen-
glycolmonoacylate, polyethylenglycoldiacrylate, ethylenoxide,
poylethyleneglycole-monoallylether, polyethylenglycole-dial-
lylether, ethoxylated trimethylolpropane-triacrylate, propy-
lenoxide, polyester acrylates, and urethane acrylates.

Polymer obtainable from a radiation activatable polymeric re-
sin of one of the claims 1 to 9.
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Polymer as claimed in claim 10, wherein said polymer has a
brightness equal or larger than 76, preferably larger than
78, more preferably larger than 80.

A method of preparing a polymer as claimed in one of the
claims 10 or 11 wherein said radiation energy for impacting
on said radiation activatable polymeric resin is elected from
the group of UV, electronic beam and IR-Light, preferably UV
light of between 220 nm and 340 nm, more preferred is UV
light with a wavelength of between 220 nm and 280 nm.

A method of claim 12, wherein said radiation activatable po-
lymeric resin is applied in amounts of less than 50% by
weight of fibrous material, preferably in amounts of less
than 25% and most preferably in amounts of less than 15%.

A method of one of the claims 12 or 13, wherein said radia-
tion activatable polymeric resin is applied in amounts resul-
ting in a polymer/fibrous material dry weight portion of more
than 0.10% by weight of fibrous material, preferably in
amounts of more than 1.0% and most preferably in amounts of

2 - 15 %.

A method of one of the claims 12 to 14, wherein the fibrous
material comprises fibers of cellulose, polyethylene, poly-
propylene, polyester, polyacrylonitrile, polyamide and pro-
tein.
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