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(57) Abrege(suite)/Abstract(continued):
mixture thereof. The present invention further relates to a process for producing the IPN material, and to use of the IPN material in
paper industry.
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(57) Abstract: The present mvention relates
to an interpenetrating polymer network (IPN)
material comprising microcrystalline cellu-
lose (MCC), microfib- rillated cellulose
(MFC) or a mixture thereof, and at least one
polymer forming an IPN together with the
MCC, MFC or mixture therecot. The present
mvention further relates to a process for pro-
ducing the IPN material, and to use of the
[PN material in paper industry.
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A METHOD FOR PRODUCING INTERPENETRATING POLYMER NETWORK
MATERIAL, A PRODUCT THEREOF AND USE OF THE PRODUCT

Field of the invention

The present invention relates to a process for producing an interpenetrating
polymer network material and a product thereof. The present invention further
relates to use of the interpenetrating polymer network material in paper
iIngdustry.

Background art

Paper industry continuously strives to improve paper and paperboard quality,
Increase process speeds, reduce manufacturing costs etc. Various chemicals,
synthetic and naturally occurring, are used to treat pulp in order to improve, for
example, retention and drainage, and to create physical properties such as wet
and dry strength of the final paper product.

A retention agent is a process chemical that improves retention of a functional
chemical in a substrate. The result is that totally fewer chemicals are used to
get the same effect of the functional chemical and fewer chemicals goes to
waste.

Drainage additives are materials that increase drainage rate of water from pulp
slurry on a wire. Common drainage additives are cationic starch and poly-
acrylamide.

Wet strength additives ensure that when paper becomes wet, it retains its
strength. This Is especially important in a tissue paper. Examples of wet
strength additives are urea-formaldehyde (UF), melamine-formaldehyde (MF)
and polyamide-epichloronhydrin (PEA).

Dry strength additives are chemicals that improve paper strength of normal or
not wet condition. Typical chemicals used are starch and polyacrylamide
(PAM) derivatives. The starch and PAM derivatives may be anionically or
cationically charged. By using cationic starch or PAM, negatively charged
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fibers can bind with the cationic starch or PAM and thus increase inter-
connections between the fibers, and thus strength.

For example, US 8,047,470 discloses a method for producing paper, paper-
board and cardboard having improved dry strength. The improved dry strength
IS obtained by adding into a stock an aqueous blend comprising nanocellulose
and at least one polymer selected from the group consisting of the anionic
polymers and water-soluble cationic polymers, draining of the paper stock and
drying of the paper products.

An Interpenetrating Polymer Network (IPN) is a polymer, also referred to as
IPN material, comprising two or more networks which are at least partially
interlaced on a molecular scale, but not covalently bonded to each other. The
network cannot be separated unless chemical bonds are broken. The two or
more networks can be envisioned to be entangled in such a way that they are
concatenated and cannot be pulled apart, but not bonded to each other by any
chemical bond.

In other words, the interpenetrating polymer networks are a combination of at
least two polymers, wherein at least one of the polymers Is synthesized
(polymerized) and/or cross-linked in the immediate presence of the other(s).

Simply mixing two or more polymers does not create an interpenetrating poly-
mer network (but a polymer blend), nor does creating a polymer network out of
at least one kind of monomer(s) which are bonded to each other to form one
network (heteropolymer or copolymer).

Document Chang et al., Polymers for Advanced Technologies (2011), 22(9),
1329-1334, discloses structure and properties of cellulose/poly(N-iso-
propylacrylamide) double network hydrogels prepared by IPN method. The
cellulose hydrogel are prepared by chemically crosslinking cellulose In
NaOH/urea aqueous solution, which Is employed as first network. Second
network Is subsequently obtained by in situ polymerizing/crosslinking of N-iso-
propylacrylamide In the cellulose hydrogel. The method creates double
network hydrogel, which combines natural polymer and synthesized poly(N-
iIsopropylacrylamide collectively in one system.
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Even though there is available cellulose containing IPNs, there is still a need
for novel cellulose containing IPN materials to be used as additives In
production of paper and paperboard having improved properties.

Summary of the invention

The present invention relates to a process for producing interpenetrating poly-
mer network material according to claim 1.

The present invention also relates to interpenetrating polymer network material
according to claim 8.

Additionally, the present invention also relates to use of the interpenetrating
polymer network material according to claim 14.

The inventors have surprisingly found that an interpenetrating polymer network
material comprising microcrystalline cellulose (MCC), microfibrillated cellulose
(MFC) or a mixture thereof and at least one polymer forming the interpenetrat-
Ing polymer network together with the MCC, MFC or mixture thereof can be
used as an additive in paper industry for increasing process speed and
improving quality of final products. For example, the IPN material of the
present invention improves drainage time significantly compared to cationic
polyacrylamide (cPAM).

The interpenetrating polymer network (IPN) material has as an advantage that
the IPN material has properties of all of the components (MCC/MFC and the
other polymer(s)). In addition, the IPN material is easily produced with the
method of the present invention.

The IPN material is used Iin paper industry as an additive. Since the IPN mate-
rial of the present invention contains cellulose material (MFC/MCC), the IPN
material has better adhesion, absorption etc. to cellulose than a synthetic
polymer alone. The IPN material has the properties of both the MCC/MFC and
the other polymer(s).

Brief description of Figures

Figure 1 presents drainage time with the IPN material (HM-MFC) of the
present invention compared to cationic polyacrylamide (HM-0).
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Detailed description

By term “interpenetrating polymer network (IPN) material” is meant a combina-
tion of MCC, MFC or mixture thereof and at least one polymer, wherein the at
least one polymer is synthesized (polymerized) or cross-linked or synthesized
and cross-linked In the immediate presence of the MCC, MFC or mixture
thereof (in situ).

By term “at least one polymer” is meant one, two, three, or more other type(s)
of polymer(s) than MCC or MFC.

By term "at least one monomer” is meant single type monomer, two different
types of monomers, three different types of monomers, or more different types
of monomers. In other words, the monomer can be of one type, or the mono-
mers can be of two or more different types. Polymerization of single type
monomer produces homopolymer. Polymerization of two or more different
types of monomers produces copolymer(s).

In one aspect of the present invention there is provided a process for produc-
INg an interpenetrating polymer network (IPN) material.

More particularly there Is provided a process for producing an interpenetrating
polymer network (IPN) material comprising

1) providing an aqueous solution comprising microcrystalline cellulose (MCC),
microfibrillated cellulose (MFC) or a mixture thereof and at least one monomer;

) polymerizing in situ the at least one monomer to form IPN together with the
MCC, MFC or mixture thereof; and

i) obtaining the IPN material.

In step 1) Is provided an aqueous solution comprising microcrystalline cellulose
(MCC), microfibrillated cellulose (MFC) or a mixture thereof and at least one
monomer.

Microfibrillated cellulose (MFC) may also be called nanofibrillar cellulose
(NFC), nanocellulose, nanofibrillated cellulose, cellulose nanofiber, nano-scale
fibrillated cellulose, microfibrillar cellulose, cellulose nanofibrils (CNF) or any
wood based fibrillated fibers (SR > 75). The MFC fibrils are isolated from the
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wood-based fibers and the width and length of the MFC fibers vary depending
on the specific manufacturing process. A typical width of MFC Is from about 3
nm to about 3 um, preferably from about 3 to about 300 nm, such as from
about 3 to about 100 nm, from about 10 to about 300 nm, from about 10 to
about 100 nm, or from about 100 to about 300 nm; and a typical length is from
about 100 nm to about 700 um, preferably from about 100 nm to about 200
um, such as from about 100 nm to about 50 um, from about 200 nm to about
40 um, from about 400 nm to about 30 um, from about 500 nm to about 20 um,
from about 500 nm to about 10 uym, from about 500 nm to about 100 um, or
about 1- 50 uym.

Microcrystalline cellulose (MCC), may also be called cellulose microcrystal
(CMC), Is a type of cellulose nanostructured material that is typically approxi-
mately 10-15 um In diameter, contains a degree of crystallinity, and is com-
posed of aggregated bundles of cellulose. MCC is typically manufactured by
partially depolymerizing high purity cellulose, has typically a degree of
polymerization typically less than 400, is typically composed of particles where
not more than 10% of which have diameters below 5 ym and usually has an
aspect ratio less than 2.

The MFC and MCC can be produced with known methods. Additionally, MCC
and MFC are commercially available.

MFC and MCC may also be modified, for example, by introducing anionic
charges or cationic charges to the MFC and MCC.

The aqueous solution may be obtained by mixing MCC, MFC or a mixture
thereof in water together with the at least one monomer.

In one embodiment the MCC, MFC or mixture thereof is first mixed with water,
followed by addition of the at least one monomer and mixing the formed mix-
ture.

In other embodiment, first the at least one monomer Is mixed with water, fol-
lowed by addition of the MCC, MFC or mixture thereof and mixing the formed
mixture.

Yet in other embodiment the MCC, MFC or mixture thereof iIs mixed with water,
and the at least one monomer is mixed separately with water, and the two
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mixtures are combined to obtain the aqueous solution comprising MCC, MFC
or a mixture thereof and at least one monomer.

The mixing method can be any suitable mixing method, such as magnetic
stirrer.

The mixing may be performed also at elevated temperature. In one embodi-
ment the MCC, MFC or mixture thereof is mixed with water, for example for a
period of 30 min, at elevated temperature such as 95 °C until the solution is
translucent. And followed by addition of the at least one monomer.

The at least one monomer may be any suitable monomer(s) that can be
polymerized in an agueous solution.

Examples of suitable monomers are acrylamide, N-methylolacrylamide, N-
methylol(meth)acrylamide, N,N-dimethylaminopropyl acrylamide, N,N-di-
methylaminopropylacrylamide, N,N-dimethylaminopropylmethacrylamide, N,N-
dimethylaminoethylacrylamide and N-[2-(dimethylamino)-1,1-dimethylethyl]-
acrylamide.

The monomer may also be cationic or anionic monomer.

Examples of suitable cationic monomers are 2-(acryloyloxy)ethyl]trimethyl-
ammonium chloride, (3-acrylamidopropyl)trimetnyl ammonium chloride, 2-(di-
ethylamino)ethyl acrylate, 2-(dimethylamino)ethyl acrylate, [2-(methacrylo-
vloxy)ethyl]-trimethylammonium chloride and [3-(methacryloylamino)pro-
pyl]trimethylammonium chloride.

Examples of suitable anionic monomers are acrylic acid, acryloyl chloride,
methacrylic acid, 2-acrylamido-2-methylpropane sulfonic acid and sodium 2-
(acryloylamino)2-methyl-1-propanesulfonate.

Preferably the at least one monomer Is selected from a group consisting of

acrylamide, N-methylolacrylamide, N-methylol(meth)acrylamide, N,N-dimethyl-
aminopropyl acrylamide, N,N-dimethylaminopropylacrylamide, N,N-dimethyl-
aminopropylmethacrylamide, N,N-dimethylaminoethylacrylamide, N-[2-(dI-
methylamino)-1,1-dimethylethyl]lacrylamide,
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cationic monomers selected from a group consisting of 2-(acrylo-
yloxy)ethyl]trimethylammonium chloride, (3-acrylamidopropyl)trimethyl ammo-
nium chloride, 2-(diethylamino)ethyl acrylate, 2-(dimethylamino)ethyl acrylate,
[2-(methacryloyloxy)ethyl]-trimethylammonium  chloride,  [3-(methacryoyl-
amino)propyl]trimethylammonium chloride,

anionic monomers selected from a group consisting of acrylic acid, acryloyil
chloride, methacrylic acid, 2-acrylamido-2-methylpropane sulfonic acid, sodium
2-(acryloylamino)2-methyl-1-propanesulfonate,

or mixtures thereof.

In one embodiment the monomer(s) are acrylamide and cationic or anionic
monomer, preferably acrylamide and cationic monomer selected from a group
consisting of 2-(acryloyloxy)ethylltrimethylammonium chloride, (3-acrylami-
dopropyh)trimethyl ammonium chloride, [2-(methacryloyloxy)ethyl]-trimethyl-
ammonium chloride, [3-(methacryoylamino)propyl]trimethylammonium
chloride.

In one preferred embodiment the at least one monomer is selected from
acrylamide, [2-(acryloyloxy)ethyl]-trimethyl ammonium chloride or a mixture
thereof. Preferably the at least one monomer is/are acrylamide and [2-(acrylo-
vloxy)ethyl]-trimethyl ammonium chloride.

Optionally, an acid, such as adipic acid, or a base can be added to the
aqueous solution for controlling pH of the solution. The pH is preferably set to
acidic region, more preferably to value of 2-4 such as 3.

In step 1) the at least one monomer is polymerized to form IPN together with
the MCC, MFC or mixture thereof.

The at least one monomer iIs polymerized In the aqueous solution In the
presence of the MCC, MFC or mixture thereof to form the IPN material. That is
o say, the at least one monomer Is polymerized in situ.

The formed polymer can be homopolymer or copolymer, depending on the
MONOMErs.

In one embodiment the formed polymer Is cross-linked in situ to form cross-
linked IPN together with the MCC, MFC or mixture thereof.
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In one embodiment after the polymerization forming the IPN with the MCC,
MFC or mixture thereof, at least one additional monomer is added to the solu-
tion containing the formed IPN material, and polymerized in situ to form double
IPN material.

The polymerization of step I1i) may be Initiated with one or more suitable Initia-
tors. Preferably the initiator is selected from a group consisting of 2,2'-azo-
bis(2-methylpropionamidine) dihydrochloride, 2,2-azobis[2-(2-imidazolin-2-
vl)propane]dihydrochloride, 2,2'-azobisisobutyronitrile (AIBN), peroxides, per-
acids, persulfates such as potassium persulfate and ammonium persulfate,
sulfates, sulfites or mixtures thereof, preferably ammonium persulfate.

The step i) may be performed under an inert atmosphere, preferably under N
atmosphere. The step I1) may also be performed In lowered or raised temper-
ature, or as an adiabatic reaction.

In step iii) the IPN material is obtained. The obtained IPN material is optionally
dried with any conventional method such as oven. The dried IPN material can
be optionally milled to obtain the IPN material in powder form. In a preferred
embodiment dried IPN material is milled.

Amount of the MCC, MFC or a mixture thereof in the solution can be chosen
depending on wanted properties of the IPN material. In one embodiment the
amount of the MCC, MFC or a mixture thereof is 0.5-15 wt.%, preferably 1-10
wt.%, more preferably 1-5 wt.%, and even more preferably 1-3 wt.% such as
1.6 wt.% based on the amount of the IPN material.

In a preferred embodiment, the process for producing the interpenetrating
polymer network (IPN) material comprises mixing MCC or MFC at a tempera-
ture of 80-100 °C, such as 95 °C, for 15-60 min, such as 30 min, in water,
preferably until the solution Is translucent. Optionally the MCC or MFC
aqueous solution Is cooled. At least one monomer, such as two monomers (for
example a solution of acrylamide and [2-(acryloyloxy)ethyl]trimethyl ammonium
chloride), are added to the aqueous solution and stirred. Optionally an acid,
such as adipic acid, Is added after the monomers to set pH of the solution to
acidic region, such as 2-4. Optionally reaction vessel is sealed and polymeri-
zation 1s conducted under inert atmosphere, such as N2 atmosphere. Prefer-
ably, initiator(s), such as ammonium persulfate is added. Formed IPN material
IS obtained, and optionally dried and milled to produce IPN material in powder
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form. The polymerization reaction may take place for 15 minutes to 5 hours,
such as 3 hours.

In second aspect of the present invention there Is provided an interpenetrating
polymer network (IPN) material.

The interpenetrating polymer network (IPN) material is a combination of MCC,
MFC or mixture thereof and at least one polymer, wherein the at least one
polymer is synthesized (polymerized) or cross-linked or synthesized and cross-
linked In the immediate presence of the MCC, MFC or mixture thereof (in situ).

More particularly there is provided an interpenetrating polymer network (IPN)
material comprising

microcrystalline cellulose (MCC), microfibrillated cellulose (MFC) or a mixture
thereof; and

at least one polymer forming the IPN together with the MCC, MFC or a mixture
thereof.

Microfibrillated cellulose (MFC) may also be called nanofibrillar cellulose
(NFC), nanocellulose, nanofibrillated cellulose, cellulose nanofiber, nano-scale
fibrillated cellulose, microfibrillar cellulose, cellulose nanofibrils (CNF) or any
wood based fibrillated fibers (SR > 75). The MFC fibrils are isolated from the
wood-based fibers and the width and length of the MFC fibers vary depending
on the specific manufacturing process. A typical width of MFC Is from about 3
nm to about 3 um, preferably from about 3 to about 300 nm, such as from
about 3 to about 100 nm, from about 10 to about 300 nm, from about 10 to
about 100 nm, or from about 100 to about 300 nm; and a typical length is from
about 100 nm to about 700 um, preferably from about 100 nm to about 200
um, such as from about 100 nm to about 50 um, from about 200 nm to about
40 um, from about 400 nm to about 30 um, from about 500 nm to about 20 um,
from about 500 nm to about 10 uym, from about 500 nm to about 100 um, or
about 1- 50 uym.

Microcrystalline cellulose (MCC), may also be called cellulose microcrystal
(CMC), Is a type of cellulose nanostructured material that is typically approxi-
mately 10-15 um In diameter, contains a degree of crystallinity, and is com-
posed of aggregated bundles of cellulose. MCC is typically manufactured by
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partially depolymerizing high purity cellulose, has typically a degree of
polymerization typically less than 400, is typically composed of particles where
not more than 10% of which have diameters below 5 uym and usually has an
aspect ratio less than 2.

MFC and MCC may also be modified, for example, by introduction of anionic
charges or cationic charges to the MFC and MCC.

The MCC and MFC can be produced with known methods. Additionally, MCC
and MFC are commercially available.

The at least one polymer may be any suitable polymer(s). The polymer may be
homopolymer or copolymer. The polymer may be anionic or cationic, prefer-
ably cationic.

Examples of suitable homopolymer(s) are polyacrylamide, poly(meth)acryl-
amide, poly(N-methylolacrylamide), poly(N-methylol(meth)acrylamide),
poly(N,N-dimethylaminopropyl acrylamide), poly(N,N-dimethylaminopropyil-
acrylamide), poly(N,N-dimethylaminopropylmethacrylamide), poly(N,N-di-
methylamino-ethylacrylamide), poly(N-[2-(dimethylamino)-1,1-dimethylethyl]-
acrylamide), or mixtures thereof.

In one embodiment the at least one polymer is a polymer or copolymer that is
formed In a polymerization reaction of at least one monomer selected from a
group consisting of

acrylamide, N-methylolacrylamide, N-methylol(meth)acrylamide, N,N-dimethyl-
aminopropyl acrylamide, N,N-dimethylaminopropylacrylamide, N,N-dimethyl-
aminopropylmethacrylamide, N,N-dimethylaminoethylacrylamide, N-[2-(dI-
methylamino)-1,1-dimethylethyl]lacrylamide,

cationic monomers selected from a group consisting of 2-(acryloyl-
oxy)ethyl]jtrimethylammonium chloride, (3-acrylamidopropyl)trimethyl ammo-
nium chloride, 2-(diethylamino)ethyl acrylate, 2-(dimethylamino)ethyl acrylate,
[2-(methacryloyloxy)ethyl]-trimethylammonium chloride, [3-(meth-
acryoylamino)propyl]trimethylammonium chloride,

anionic monomers selected from a group consisting of acrylic acid, acryloyil
chloride, methacrylic acid, 2-acrylamido-2-methylpropane sulfonic acid, sodium
2-(acryloylamino)2-methyl-1-propanesulfonate,
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In one embodiment the at least one polymer is a copolymer, preferably a co-
polymer of acrylamide and cationic monomer selected from a group consisting
of 2-(acryloyloxy)ethyl]trimethylammonium  chloride, (3-acrylamidopro-
pyDtrimethyl ammonium chloride, [2-(methacryloyloxy)ethyl]-trimethylammo-
nium chloride, [3-(methacryoylamino)propyl]trimethylammonium chloride, and
more preferably a copolymer of acrylamide and [2-(acryloyloxy)ethyl]-trimethy!
ammonium chloride.

Salt viscosity of the IPN material at 18/6 spindle is preferably 100-60 cP, more
preferably 95-65 cP.

In one embodiment charge density (meq/g (Mutek)) of the IPN material is 1.5-
1.1 meq/qg, preferably 1.45-1.15 meq/g at acidic pH; and 1.3-0.1 meq/qg, prefer-
ably 1.2-0.2 at neutral pH. The charge densities are measured from 0.5 wt.%
agueous solution.

In a preferred embodiment the IPN material is in form of powder.

Amount of the MCC, MFC or a mixture thereof in the IPN material is 0.5-15
wt.%, preferably 1-10 wt.%, more preferably 1-5 wt.%, and even more prefer-
ably 1-3 wt.% such as 1.6 wt.% based on the amount of the IPN material.

The at least one polymer may optionally be cross-linked. When the polymer is
cross-linked the IPN material comprises additionally the cross-linker. Any
suitable cross-linking agent may be used.

The IPN material may comprise also initiator(s).
Preferably the IPN material is produced with the above described process.

In third aspect of the present invention there is provided use of the inter-
penetrating polymer network (IPN) material.

More particularly there Is provided use of the interpenetrating polymer network
(IPN) material in paper industry.

The interpenetrating polymer network (IPN) material described above or inter-
penetrating polymer network (IPN) material produced with the process
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described above may be used as drainage, dewatering, wet strength or dry
strength additive in paper industry.

In one embodiment dosage of the IPN material as drainage additive is 0.1-1
kg/ton, preferably 0.2-0.8 kg/ton of dry pulp.

In fourth aspect of the present invention there is provided a method of produc-
INg paper or board, comprising the steps of providing a pulp slurry, adding the
IPN material according to the present invention or the IPN material produced
by the process according to the present invention to the pulp slurry, dewatering
said pulp slurry on a wire, and forming a paper of said dewatered pulp slurry.

In fifth aspect of the present invention there is provided a method for improving
drainage In production of paper or board, characterized by adding the IPN
material according to the present invention or the IPN material produced by the
process according to the present invention to a pulp slurry.

Examples

Preparation of IPN material of the present invention

Microcrystalline cellulose (MCC) 30 % (96.27 g) from Kemira was cooked at 95
°C during 30 min in 300 g of water until the solution is translucent. Then the
cellulose agueous solution was cooled down and put in into a dewar 1 L flask.
Monomers acrylamide 50 % (448 g) from Kemira and [2-(acrylo-
yloxy)ethyl]trimethyl ammonium chloride solution 80% (81 g) from Kemira were
added Into the flask and stirred. Adipic acid (14 g) was added after the mono-
mers. The flask was sealed with cling film to maintain N2 atmosphere and two
degassing tubes with constant nitrogen flow were inserted. The solution was
degassed for 1 h. Initiator (V-50 and ammonium persulfate) from Aldrich was
added. The solution started to thicken. Bubbling of nitrogen was continued until
gel was formed. The flask was left for 3 h. The formed gel was pulled out from
the flask, and it was cut in pieces and feed into a mincer. The minced gel was
left to dry. After the drying the dried gel was milled to produce the IPN material
In powder form.
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Preparation of cationic polvacrvlamide, and cationic polvacryvlamide

/microcrystalline cellulose blend (comparative Examples)

Cationic polyacrylamide was made in the same way as the IPN material, but
without MCC. That is, the cationic polyacrylamide was made Iin water, not In
MCC aqueous dispersion. Obtained product was powder cationic polyacryl-
amide.

A portion of the prepared cationic polyacrylamide and solid MCC from Kemira
were dissolved and dispersed In water under stirring (1 hour), using same
amounts that were used when the IPN material was prepared with the above
described procedure.

Characterization

Viscosities, insolubles and charges were measured from the prepared |IPN
material, cationic polyacrylamide and blend of polyacrylamide and microcrys-
talline cellulose samples.

Salt viscosity (cP) was measured using Brookfield LVIDV-Il or LVIDV-I
viscositymeter. 0.5 wt.% of sample in aqueous solution is made mixing the
sample with deionized water with a magnetic stirrer for 60 min. NaCl (5 wt%) is
added to the aqueous sample solution, and mixed for 5 minutes. 8 ml of the
sample solution was poured into sample adapter at 25 °C, and viscosity was
measured using spindle 18 and 30 rpm.

Insolubles were measured using a stainless steel sieve with aperture 500
microns. The sieve was filled with the agueous sample solution (made with the
above method In salt viscosity measurement) and allowed to drain. The sieve
was washed with 1000 ml of cold water. Total drainage time not to exceed 5
minutes. Gels and/or particles remaining on the sieve were visually counted.

For measuring charges, Mutek PCD 03 or PCD or Mettler DL25 was used. For
cationic polymer titration, anionic polyelectrolyte, sodium polyetylenesulfonic
acid, PES-Na was used. For anionic polymer titration, cationic polyelectrolyte,
poly-diallyl-dimethyl ammonium chloride, pDADMAC was used.
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Results

In Table 1 are compared properties of cationic polyacrylamide (sample HM-0),
IPN material of the present invention (sample HM-MCC-10) and blend of poly-
acrylamide and microcrystalline cellulose (sample HM-0 + MCC).

5 Table 1.

= e Ee——
I el il
B N N I O N
0 0 L W W

HM-0 is dry cationic polyacrylamide.

HM-MCC-10 is IPN material of the present invention made with the process of
the present invention.

10 HM-0 + MCC, is a blend of HM-0 and MCC, In the same amounts as in HM-
MCC-10.

As can be seen from Table 1, the IPN material (HM-MCC-10) of the present
iInvention has different properties than the cationic polyacrylamide and the
cationic polyacrylamide/microcrystalline cellulose blend. Thus, the IPN material

15 Is a different product than the cationic polyacrylamide and the cationic poly-
acrylamide/microcrystalline cellulose blend.

Drainage test

Drainage was studied by comparing drainage time with different dosages of
HM-0 (cationic PAM) and HM-MFC (IPN material according to the present
20 Invention.

The cationic PAM was produced with the above described method.

The HM-MFC was produced with the same method as described above, but
iInstead of MCC, MFC was used.
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Vacuum drainage test used the treated paper stock poured into Hartley funnel,

and the drainage time under vacuum Is measured along with the wet weight of

the formed pad after drainage and the weight of the dried pad. From the latter

two readings a percentage pad solids level is determined. The higher the pad
5 solids the drier the paper sheet will be entering the press section.

As can be seen from the Figure 1, the HM-MFC (IPN material of the present

iInvention) exhibits improved drainage time with different dosages compared to
cationic polyacrylamide (HM-0).
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Claims

1. A process for producing an interpenetrating polymer network (IPN) material
comprising

1) providing an aqueous solution comprising microcrystalline cellulose (MCC),
microfibrillated cellulose (MFC) or a mixture thereof and at least one monomer;

) polymerizing in situ the at least one monomer to form IPN together with the
MCC, MFC or mixture thereof; and

i) obtaining the IPN material.

2. The process according to claim 1, wherein the at least one monomer is
cationic or anionic monomer.

3. The process according to claim 1 or 2, wherein the at least one monomer is
selected from a group consisting of

acrylamide, N-methylolacrylamide, N-methylol(meth)acrylamide, N,N-dimethyl-
aminopropylmethacrylamide, N,N-dimethylaminoethylacrylamide, N-[2-(dimeth-
vlamino)-1,1-dimethylethyl]acrylamide,

cationic monomers selected from a group consisting of 2-(acryl-
oyloxy)ethyl]trimethylammonium chloride, (3-acrylamidopropyl)trimethyl ammo-
nium chloride, [2-(methacryloyloxy)ethyl]-trimethylammonium chloride, [3-
(methacryoylamino)propyl]trimethylammonium chloride, 2-(diethylamino)ethyl
acrylate, 2-(dimethylamino)ethyl acrylate,

anionic monomers selected from a group consisting of acrylic acid, acryloyil
chloride, methacrylic acid, 2-acrylamido-2-methylpropane sulfonic acid, sodi-
um 2-(acryloylamino)2-methyl-1-propanesulfonate,

or mixtures thereof;

preferably the monomers are acrylamide and cationic monomer selected from
a group consisting of 2-(acryloyloxy)ethylltrimethylammonium chloride, (3-
acrylamidopropylh)trimetnyl ammonium chloride, [2-(methacryloyloxy)ethyl]-tri-
methylammonium chloride, [3-(methacryoylamino)propyl]trimethylammonium
chloride,
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and more preferably the monomers are acrylamide and [2-(acryloyloxy)ethyl]-
trimethyl ammonium chloride.

4. The process according to any one of claims 1-3, wherein pH of the aqueous
solution Iin step 1) Is set to acidic region, preferably to pH value of 2-4, more
preferably to acidic region with adipic acid.

5. The process according to any one of claims 1-4, wherein the polymerization
of i) Is Initiated with one or more Initiators selected from a group consisting of
2,2 -azobis(2-methylpropionamidine) dihydrochloride, 2,2-azobis[2-(2-ImI-
dazolin-2-yl)propane]dihydrochloride, 2,2-azobisisobutyronitrile (AIBN), per-
oxides, peracids, persulfates such as potassium persulfate and ammonium
persulfate, sulfates or mixtures thereof, preferably ammonium persulfate.

0. The process according to any one of claims 1-5, wherein the obtained IPN
material from iii) is dried, preferably dried and milled.

/. The process according to any one of claims 1-6, wherein ii) is performed
under an inert atmosphere, preferably under N> atmosphere.

3. The process according to any one of claims 1-7, wherein amount of the
MCC, MFC or a mixture thereof is 0.5-15 wt.%, preferably 1-10 wt.%, more
preferably 1-5 wt.%, and even more preferably 1-3 wt.% such as 1.6 wt.%
based on the amount of the IPN material.

9. An interpenetrating polymer network (IPN) material comprising

microcrystalline cellulose (MCC), microfibrillated cellulose (MFC) or a mixture
thereof; and

at least one polymer forming the IPN together with the MCC, MFC or a mixture
thereof.

10. The Iinterpenetrating polymer network (IPN) material according to claim 9,
wherein the at least one polymer is cationic or anionic, preferably cationic.

11. The Interpenetrating polymer network (IPN) material according to claim 9
or 10, wherein the copolymer is a copolymer of acrylamide and cationic
monomer selected from a group consisting of 2-(acryloyloxy)ethyl]tri-
methylammonium chloride, (3-acrylamidopropyl)trimethyl ammonium chloride,
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[2-(methacryloyloxy)ethyl]-trimethylammonium  chloride,  [3-(methacryloyl-
amino)propyl]trimethylammonium chloride, 2-(diethylamino)ethyl acrylate, 2-
(dimethylamino)ethyl acrylate,

preferably a copolymer of acrylamide and cationic monomer selected from a
group consisting of 2-(acryloyloxy)ethyl]trimethylammonium chloride, (3-
acrylamidopropyl)trimethyl ammonium chloride, [2-(methacryloyloxy)ethyl]-tri-
methylammonium chloride, [3-(methacryoylamino)propyl]trimethylammonium
chloride,

more preferably a copolymer of acrylamide and [2-(acryloyloxy)ethyl]-trimethy!
ammonium chloride.

12. The interpenetrating polymer network (IPN) material according to any one
of claims 9-11, wherein charge density (Mutek) of the IPN material is 1.5-1.1
meq/q, preferably 1.45-1.15 meq/g at acidic pH, when measured from 0.5 wt.%
agueous solution.

13. The Interpenetrating polymer network (IPN) material according to any one
of claims 9-12, wherein charge density (Mutek) of the IPN material is 1.3-0.1
meq/qg, preferably 1.2-0.2 at neutral pH, when measured from 0.5 wt.%
agueous solution.

14. The Interpenetrating polymer network (IPN) material according to any one
of claims 9-13, wherein the IPN material is in form of powder.

15. The interpenetrating polymer network (IPN) material according to any one
of claims 9-14, wherein salt viscosity of the IPN material is 100-60 cP, prefer-
ably 95-65 cP (0.5 wt.% aqueous solution, NaCl 5 wt.%, 18/6 spindle, 30 rpm).

16. The Interpenetrating polymer network (IPN) material according to any one
of claims 9-15, wherein amount of the MCC, MFC or a mixture thereof is 0.5-
15 wt.%, preferably 1-10 wt.%, more preferably 1-5 wt.%, and even more
preferably 1-3 wt.% such as 1.6 wt.% based on the amount of the IPN material.

17. Use of the IPN material according to any one of claims 9-16 or the IPN
material produced by the process according to any one of claims 1-8 as
drainage, dewatering, wet strength or dry strength additive in paper industry.
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18. The use according to claim 17, wherein dosage of the IPN material as
drainage additive is 0.1-1 kg/ton, preferably 0.2-0.8 kg/ton of dry pulp.

19. Method of producing paper or board, comprising the steps of providing a
pulp slurry, adding IPN material according to any one of claims 9-16 or the IPN
material produced by the process according to any one of claims 1-8 to the
pulp slurry, dewatering said pulp slurry on a wire, and forming a paper of said
dewatered pulp slurry.

20. Method for improving drainage in production of paper or board, character-
ized by adding IPN material according to any one of claims 9-16 or the IPN
material produced by the process according to any one of claims 1-8 to a pulp
slurry.
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