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A METHOD OF CONTROLLING RETENTION AND AN INTERMEDIATE
PRODUCT USED IN THE METHOD |

The field of the invention

The invention relates to a method of controlling retention on a forming fabric in
a papermaking process. Other objects of the invention are an intermediate
product intended to be added to a fibrous suspension used for papermaking,
as well as use of material for this intermediate product.

Background

In a papermaking process a number of papermaking chemicals are used for
process control and to give required properties to the paper. The papermaking
chemicals are dosed to the wet-end of a papermaking machine, by incorpora-
tion into an aqueous fibre suspension before it is fed from the headbox to the
forming fabric. The goal is to have the chemicals adsorbed onto the surface of
fibres by electrostatic forces.

The main difficulty in the simultaneous use of several papermaking chemicals,
which are adsorbed on the fibre surface by similar mechanism, is how to
achieve quantitative retention and an even distribution on fibre surface. Almost
all additives have to compete for the free bonding (anionic, cationic, and neu-
tral) sites on fibre surface. In most cases this leads to incomplete retention
and/or uneven distribution of the chemicals on the fibre surfaces. As a result
the quality of the finished paper suffers, and runnability problems will occur in
the paper machine. In addition to inadequate retention and distribution, simul-
taneous use of several reactive additives may cause harmful interactive reac-
tions between various papermaking chemicals and thus decrease their func-
tionality and effect.

To improve the retention of papermaking chemicals as well as fines present in
the fibrous suspension (amount of materials retained in the web being formed)
a number of specific papermaking chemicals (retention chemicals) are conven-
tionally used. The papermaking chemicals with a low retention to the fibre sur-
face are accumulated in the white water system and can stick to paper ma-
chine surfaces as dirt, or to each other forming agglomerates. Such agglomer-
ates can cause web breaks and dirty spots to the paper that is produced. Con-
trary to that good retention reduces the amount of fibre, filler and other chemi-
cals passing to the paper machine short circulation and accumulating in the
process system.

SUBSTITUTE SHEET (RULE 26)
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Papermaking chemicals which are used in high amounts are the main reason
for harmful dirt precipitations in the paper machine and the resulting runnability
and quality problems. Such papermaking chemicals include for example sizes,
fillers and wet and dry strength giving chemicals.

The mechanism of chemical retention is that small particles (for example filler
particles) are bonded as larger flocks, which the wet fibre web on the forming
fabric can sustain. This flocculation can be achieved by use of different reten-
tion chemicals, which in most cases are water soluble polymers, polyelectro-
lytes.

In dual polymer systems two polyelectrolytes are used at the same time. Their
difficulty in practice is that optimal conditions are hard to find and small pro-
cess changes can affect a lot. Such dual systems work by having a short chain
length polymer adsorb filler particles to its surface and thus form bonding
points for a long chain polymer. In the first stage flocculation happens via mo-
saic formation and in the second stage by bridging.

Typical microparticle systems are for example:

- cationic starch / polyacrylamide + colloidal silica (for example the one which
is sold under trademark “Compozil”)

- polyacrylamide + bentonite (for example the one which is sold under trade-
mark “Hydrocol”)

As a first step of such a prior art process cationic polymer is added to the pa-
per making pulp, and then just before the headbox very fine (particle size 250
nm — 10 um) and in most cases highly negatively charged (about 1 meqg/g) mi-
croparticles are added. Microflocs are thus formed, and these have strong
flocculation tendency even after the flocks have once been broken down. This
can be seen in that the white water has a strong capacity to flocculate. Flocks
which are formed are (compared to traditional retention chemicals) very small
and this effect is even increased by the after flocculation. Flocculation in micro
scale gives a high porosity to the web and thus dewatering is improved, the
solids content after the press section is increased, and drying energy need is
reduced.
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Description of the invention

The problem the invention seeks to solve is to bring about an overall improve-
ment of retention of fibres and papermaking chemicals to the fibrous web
formed on the forming fabric in the papermaking process. Such an improve-
ment will diminish the amount of fibres and chemicals passing to the short cir-
culation, deposited matter on the surfaces of tubes and chambers along the
circulation route and agglomerates ending up as smudges in the paper being
produced. Furthermore, the aim of the invention is to let the retention of a par-
ticular papermaking chemical be controlled, so as to make possible control of
the retention of multiple chemicals contained in the papermaking suspension in
relation to each other.

The solution according to the invention is a method, which comprises at least
the following steps:

- providing a fibrous suspension for papermaking;

- providing a slurry comprising fine cellulose fibres, the specific surface area of
said fine cellulose fibres being larger than that of the fibres of said fibrous sus-
pension;

- adding at least one papermaking chemical to said slurry, said papermaking
chemical being adsorbed on said fine cellulose fibres to form an intermediate
product;

- incorporating said intermediate product in said fibrous suspension for pa-
permaking; and

- supplying said fibrous suspension including said intermediate product onto
the forming fabric.

The improved retention of fibres and papermaking chemicals on the forming
fabric and subsequent pressing section shows as reduced concentration of the
same in the paper/board machine short circulation and thus as reduced free
floating, agglomeration and deposition of solid materials in tubes and other
parts of the circulation system.

Without being bound to any theory, it is believed that the larger specific surface
area of the fine fibres used for the intermediate product, as compared to that of
refined pulps used for the basic papermaking suspension, makes it possible to
adsorb a higher amount of papermaking chemicals, especially cationic pa-
permaking chemicals, to the surface of the fibres. This applies in particular to
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very fine fibres such as microfibrillated cellulose (MFC) fibres, which have a
huge open active surface and therefore are especially advantageous for use in
the invention.

According to the teachings of the invention a large free surface is provided for
adsorption/absorption of one or more papermaking chemicals. This is done by
providing an aqueous slurry of fibers with an increased specific surface area.
These may be dry cuttings, or more advantageously fibres or fibrils having a fi-
bre diameter of less than about 200 nm, preferably less than about 50 nm, and
most preferably less than about 20 nm, and a fibre length of 100 nm to 200
um, preferably of 100 nm to 10 um.

Herein the definition microfibrillated cellulose (MFC) refers to fibre material
made of cellulose fibres, where the individual microfibrils or microfibril aggre-
gates have been detached from each other. The fibres of MFC are usually very
thin, the fibre diameter about 20 nm, and the fibre length is usually from 100
nm to 10 um. The definition MFC as used herein also includes so called nano-
fibrillated cellulose (NFC). However, as noted above the invention allows the
fibrils have a larger diameter, up to 200 nm or more, and be longer, up to 200
um or more. In some production methods some amounts of much longer and
thicker fibres may remain.

Larger fibres, herein called fines, that may be used are fibres passing a screen
of 200 mesh of Bauer-McNett apparatus. Nearly all fibres are shorter than 0,2
mm. Usually a pulp slurry containing such fines also contains variable amounts
of MFC or NFC.

The term dry cuttings as mentioned above refers to wood fibres which have
been cut from wood material in a dry state. These have a large open active
surface into which papermaking chemicals may be adsorbed. The pulp slurry
obtained by this method includes dry cut fibres and can be obtained for exam-
ple by

- dry cutting method (with a whiley mill-type apparatus),

- compactor cutting method

- conical extrusion method.

Thus obtained pulp slurry comprises fibres, whose average length <1 mm. This
kind of comparatively rough fines fraction usually comprise also finer fibres.
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Different kinds of fibres or fibrils with a specific surface area larger than that of
the basic papermaking suspension may even be used as mixtures. The effec-
tiveness of a pulp slurry used as an adsorbent matrix for papermaking chemi-
cals then depends on the proportion of MFC, fibre fines and dry cuttings in this
pulp slurry. The mutual proportion of MFC, fibre fines and dry cuttings in pulp
slurry depends on, for example, the origin (cellulosic or lignocellulosic raw ma-
terial) and the production method (chemical, chemimechanical or mechanical
pulps) of the pulp slurry.

According to an embodiment of the invention a single papermaking chemical is
adsorbed to cover the available surface of the fibrillated cellulose fibres. As an
alternative a first papermaking chemical may be adsorbed to a part of the
available surface of the fibrillated cellulose fibres, and thereafter a second pa-
permaking chemical is adsorbed to the remaining part of the available surface
of the fibrillated cellulose fibres. The relative amounts of the chemicals con-
tained in the intermediate product and finally retained on the forming fabric
may thereby be controlled.

Generally the fibrillated cellulose fibres form a major component of the inter-
mediate product. Measured by weight their amount may be at least as large
as, and preferably larger than, the total amount of papermaking chemical(s),
selected from hydrophobic sizes, wet and dry strength sizes, flocculation im-
proving chemicals and fillers, in said product.

Preferably the weight ratio of the adsorbing cellulose fibres to one or more pa-
permaking chemicals in the intermediate product varies between 20:1-1:1.

After a papermaking chemical is adsorbed to the fibres in the pulp slurry, it is
possible to flocculate the fibres by use of a polyelectrolyte or chemicals with
similar working mechanisms. This flocculation is very effective due to dimen-
sions and active surface of the fibres used in the invention, in particular MFC
fibres. After this the intermediate product with pre-flocculated fibres can be
dosaged to the fibrous papermaking suspension at the wet end of the paper
machine.

According to another embodiment of the invention one or more further pa-
permaking chemicals are incorporated in the fibrous suspension for papermak-
ing, before or after incorporation of said intermediate product therein. In this
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way unwanted chemical interactions between the papermaking chemicals in-
troduced in the intermediate product and said further papermaking chemicals
can be reduced or completely avoided. Also the quantitative retention of said
further papermaking chemicals can be increased as a result.

A significant advantage of the invention over prior art methods is that it will be
possible to adsorb a much higher load of papermaking chemicals than before
onto the fibrous suspension in the wet-end of the papermaking machine. This
has been made possible on one hand by adsorbing such papermaking chemi-
cals (adsorbants) onto the surface of fine cellulose fibres (adsorbate) and then
by adding this as an intermediate product to the fibrous suspension in the wet-
end of the papermaking machine, or on the other hand by adding them to the
fibrous suspension at a separate step so that those chemicals do not interact
with the chemicals introduced as part of the intermediate product.

This is important for papermaking chemicals, which are advantageously used
in high amounts during the normal papermaking process. These papermaking
chemicals include sizes such as hydrophobic sizes (for example AKD or ASA),
flocculation facilitating agents such as cationic polyelectrolyte or cationic
starch, anionic polyacrylamide, bentonite, paper wet- or dry-strength increasing
chemicals such as starch or a resin, and fillers such as clay, PCC (precipitated
calcium carbonate) and CaCOs.

Generally, papermaking chemicals herein refer to all non-fibrous substances
used during a papermaking process. Papermaking chemicals include process
chemicals and functional chemicals. The papermaking chemicals may be cati-
onic, neutral or anionic. Functional papermaking chemicals affect to the prop-
erties of paper/board to be prepared. Without being limited to them these in-
clude sizes, chemicals giving wet strength or dry strength to the paper/board
web, fillers, chemicals, pigments, special pigments, bentonite, dye colours, op-
tical brighteners, fluorochemicals for resistance to grease etc. Papermaking
process chemicals includes chemicals which improves runnability of the pa-
per/board web or fibrous fabric in the wet or dry end of the paper/board making
process but also usually indirectly properties of paper/board to be prepared.
Without being limited to them, these include alum, retention chemicals, water
removing chemicals, dispersing chemicals, chemicals blocking forming of gum
or foam.
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The papermaking chemicals particularly preferred in the invention are sizes,
such as hydrophobic sizes, e.g. alkyl ketene dimer (AKD) or alkenyl succinic
acid andydride (ASA), as well as wet and/or dry strength sizes, e.g. polyami-
doamine epichlorohydrin (PAAE).

A preferable way of combining the intermediate product with the main pa-
permaking suspension is to add it to paper machine short-circulation, compris-
ing use of circulated white water to dilute the suspension before the suspen-
sion is supplied from a headbox to the forming fabric. Most preferably the in-
termediate product is added to a diluted suspension just before the headbox.
As regards diluting of the papermaking suspension in general, the fibrous sus-
pension may be diluted to a consistency of at most 1.2 wt. %, preferably in the
range of 0.1 to 0.8 wt. %, before entering the headbox.

However, it is also possible that the intermediate product is added to the fi-
brous suspension separately from the short-circulation. In this case the inter-
mediate product may be added to undiluted thicker stock before the inlet of the
circulated white water.

Regarding preparation of the intermediate product, the papermaking chemical
may be added to the slurry of MFC or other fine cellulose fibres by use of a
mixer, advantageously an injection jet mixer, forming the intermediate product.
Mixing can be done before or at the same time as the intermediate product is
injected to the fibrous suspension. Preferably the intermediate product is in-
jected to the suspension by use of the jet mixer after dilution of the suspension
with short-circulated white water.

Injection jet mixers, for instance Trumpjet type, are advantageous for use in
the invention as they produce high shear and are able to disperse the interme-
diate product into the main fibrous suspension flow. This is important for
achieving proper mixing and avoiding MFC flocculation, which would otherwise
occur very quickly.

The fibre content in an aqueous slurry, before addition of one or more pa-
permaking chemicals to form the intermediate product, may be 1-5 wt. %,
preferably 2—3 wt. %.

Alternatively, the intermediate product may be added to circulated white water
before it is used for diluting the fibrous suspension. The fibre content of the
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white water may be as low as 0.05-0.2 wt-%, and is not increased appreciably
by addition of the intermediate product. An injection jet mixer may be used for
mixing and injection even in this embodiment.

Preferably the fibres are combined with the papermaking chemical in wet form.
For instance, AKD is available as a 15 wt. % aqueous dispersion, which could
be added to an aqueous slurry of MFC. However, MFC or other fine cellulose
fibres could also be mixed with the papermaking chemical in dry form, followed
by turning the mixture to a slurry by addition of water.

The main fibrous suspension for papermaking may comprise chemical pulp
such as kraft or sulphite pulp, chemithermomechanical pulp (CTMP), thermo-
mechanical pulp (TMP), mechanical or recycled pulp or the like, used alone or
in mixtures. The terms paper, papermaking, papermaking process and pa-
permaking machine refer not only to paper but also to paperboard and card-
board, respectively.

The intermediate product according to the invention consists of a cellulosic or
lignocellulosic slurry, which comprises fibrillated cellulose fibres and at least
one papermaking chemical adsorbed on said fibrillated cellulose fibres. The in-
termediate product is intended to be added to a fibrous suspension before the
suspension enters the headbox of a papermaking machine.

Measured by weight, the amount of fibrillated cellulose fibres in the intermedi-
ate product is preferably at least as large as, and more preferably larger, than
the total amount of papermaking chemicals in the same.

Preferably the intermediate product comprises microfibrillated cellulose fibres
(MFC). Preferred papermaking chemicals in the slurry include hydrophobic pa-
permaking sizes such as AKD or ASA, wet-strength papermaking sizes such
as PAAE, paper sizes for improving the dry-strength of the paper such as
starch, and flocculation improving chemicals such as a cationic polyelectrolytes
and cationic starch.

As applicable, the features and embodiments of the method according to the
invention as described above concern the intermediate product according to
the invention as well.
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The invention even includes use of microfibrillated cellulose fibres (MFC) as an
adsorbent for a papermaking chemical, to make an intermediate product to be
added to a fibrous papermaking suspension. Examples of preferred papermak-
ing chemicals are hydrophobic papermaking sizes such as AKD or ASA, wet-
strength papermaking sizes such as PAAE, paper sizes for improving the dry-
strength of the paper such as starch, and flocculation improving chemicals
such as a cationic polyelectrolytes and cationic starch.

Examples
Common features in the examples are:

MFC, dry cutted fibres or fibre fines with high open surface area is pre-treated
with (extremely) high AKD load. This sizing agent preloaded to fibrous material
is then introduced into the process by jet-injection (for example TrumpJet®)
type metering device. Prechelating the treated fibrous material with the reten-
tion aid generates effective retention and also increases the strength proper-
ties of board.

The jet-injection is done just before headbox, which decreases the dissolution
tendency of retained chemicals caused by PM process mechanical shear forc-
es. Described method makes also possible to introduce plugs, formed by micro
fibrous and/or micro particles, with high hydropbobity into the board structure.
These hydrophobic plugs are able to block the open capillary structure by high
hydrophobicity. This combination of fibre particles with high hydrophobicity and
steric hindrance is able to eliminate the problems (REP) connected to sizing of
bulky boards.

On the other side, most of AKD is bonded to fibre carrier flocs before to be in-
troduced into the process, which would automatically increase significantly the
total AKD retention.

MFC-fibre preload with sizing agents is done on pure, chemically untreated fi-
bre surface, which confirms highest possible size retention and minimizes the
possible harmful interactions between sizing agent and other paper chemical
additives

Z- and dry-strength of the board is generated by sizing agent (wet-/dry-
strength agents) pre-treated MFC, dry cutted pulp or other particulous fibre
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materials. The surface of these fibrous particles is highly loaded by strength-
sizing agent and is thus able to generate strong fibre - fibre bondings.

The three dimensional structure of these "pre-treated particles” is better able to
form cross bondings in bulky fibre network than traditional strength sizing
methods. By using this method only part of the fibre network material is treated
by wet- or dry strength agent. The rest of the free fibre area can better be used
for example for hydrophobic sizing.

To focus the active strengthening agent in high doses on the selected fibre
particles with high (bonding) surface area the bonding strength can be in-
creased and focused on the most critical areas of fibre network.

Example 1.
Board was produced with pilot board machine;
furnish 100% CTMP, 150 gsm

typical liquid packaging board chemicals (starch, dual component retention
chemicals ext.)

Reference; AKD-dosage to the thick stock (levelling box), wire retention 91%,
AKD retention 23%

Trial 1; AKD was premixed with MFC (ratio 1:9), dosage just before head box
(TrumpJet®), wire retention 93%, AKD retention 29%

Trial 2; just before dosage AKD was mixed with T-bar with MFC (ratio 1:9),
dosage just before head box (TrumpJet®), wire retention 94%, AKD retention
32%

Trial 3; AKD was premixed with MFC (ratio 1:9), and this was mixed just before
dosage with C-PAM 100g/t (TrumpJet®), wire retention 93%, AKD retention
54%

“TrumpJet® here refers to commercial high speed injection chemical mix-
ing/dosing system sold by Wetend Technologies.
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Example 2.

Fine paper surface produced with pilot paper machine.

- furnish 100% bleached birch kraft, 65 gsm

- typical chemicals used in fine paper furnish (filler, dual component reten-
tion chemicals ext.)

- Reference; ASA dosaged to the short circulation (mixing pump),: wire re-
tention 50%

- Trial 1. 0.5 kg/t ASA + 0.5 kg/t MFC TrumpJet® with T-bar + 100 g/t C-
PAM (TR2), wire retention 64%.

- Trial 2. 0.5 kg/t ASA + 5 kg/t MFC premix with TrumpJet® and 100 g/t T2:
wire retention 64%

- Trial 3. 0.5 kg/t ASA + 35 kg/t dry cutted pulp premix with TrumpJet®; no
(?) C-PAM addition: wire retention 70%
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Claims

1. A method of controlling retention on a forming fabric in a papermaking
process, said method comprising at least the following steps:

- providing a fibrous suspension for papermaking;

- providing a slurry comprising fine cellulose fibres, the specific surface area of
said fine cellulose fibres being larger than that of the fibres of said fibrous sus-
pension;

- adding at least one papermaking chemical to said slurry, said papermaking
chemical being adsorbed on said fine cellulose fibres to form an intermediate
product;

- incorporating said intermediate product in said fibrous suspension for pa-
permaking; and

- supplying said fibrous suspension including said intermediate product onto
the forming fabric.

2. The method of claim 1, wherein said fine cellulose fibres are fibrillated fi-
bres having a fibre diameter of less than about 200 nm, preferably less than
about 50 nm, and most preferably less than about 20 nm.

3.  The method of claim 2, wherein the fibrillated fibres have a fibre length of
100 nm to 200 um, preferably of 100 nm to 10 um.

4.  The method of claims 2 and 3, wherein said slurry comprises microfibril-
lated cellulose fibres (MFC).

5. The method of any one of the preceding claims, wherein the papermaking
chemical adsorbed on said fibrillated cellulose fibres is a hydrophobic size
such as AKD or ASA.

6. The method of any one of claims 1—4, wherein the papermaking chemical
adsorbed on said fibrillated cellulose fibres is a paper wet or dry strength in-
creasing chemical such as PAAE, starch or a resin.

7.  The method of any one of claims 1—4, wherein the papermaking chemical
adsorbed on said fibrillated cellulose fibres is a flocculation improving chemical
such as a cationic polyelectrolyte or cationic starch.
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8. The method of any one of the preceding claims, wherein a single pa-
permaking chemical is adsorbed to cover the available surface of the fibrillated
cellulose fibres.

9. The method of to any one of claims 1-7, wherein a first papermaking
chemical is adsorbed to a part of the available surface of the fibrillated cellu-
lose fibres, and thereafter a second papermaking chemical is adsorbed to the
remaining part of the available surface of the fibrillated cellulose fibres.

10. The method of any one of the preceding claims, wherein the amount by
weight of fibrillated cellulose fibres in the intermediate product is at least as
large as, and preferably larger, than the total amount of one or more pa-
permaking chemicals in said product.

11.  The method of claim 10, wherein the weight ratio of fibrillated cellulose fi-
bres to one or more papermaking chemicals is between 20:1 —1:1.

12. The method of any one of the preceding claims, wherein said intermedi-
ate product is added to short-circulation of white water, which is used for dilut-
ing the fibrous suspension before the suspension is supplied from a headbox
to the forming fabric.

13. The method of any one of the claim 1-11, wherein said intermediate
product is added to the fibrous suspension before said suspension is diluted
with short-circulated white water.

14. The method of any one of the preceding claims, wherein one or more fur-
ther papermaking chemicals are incorporated in the fibrous suspension for pa-
permaking, before or after incorporation of said intermediate product therein.

15. The method of any one of the preceding claims, wherein the fibrous sus-
pension is diluted to a consistency of at most 1.2 wt. %, preferably in the range
of 0.1 to 0.8 wt. %, before entering the headbox.

16. The method of any one of the preceding claims, wherein said papermak-
ing chemical is added to the slurry by use of a mixer, which mixes the fibrillated
cellulose fibres with the papermaking chemical to form the intermediate prod-



WO 2013/038061 PCT/F12012/050883

10

15

20

14

uct before or at the same time as the intermediate product is injected to the fi-
brous suspension.

17. The method of claim 16, wherein said mixer is an injection jet mixer.

18. An intermediate product consisting of a cellulosic or lignocellulosic slurry,
which comprises fibrillated cellulose fibres and at least one papermaking
chemical adsorbed on said fibrillated cellulose fibres, for being added to a fi-
brous suspension used for papermaking.

19. The intermediate product of claim 18, wherein the slurry comprises mic-
rofibrillated cellulose fibres (MFC).

20. The intermediate product of claim 18 or 19, wherein said papermaking
chemical is a hydrophobic papermaking size such as AKD or ASA, or a wet-
strength papermaking size such as PAAE.

21. The intermediate product of claim 18 or 19, wherein said papermaking
chemical is a paper size for improving the dry-strength of the paper, such as
starch.

22. The intermediate product of any one of claims 18-21, wherein said pa-
permaking chemicals include a flocculation improving chemical such as a cati-
onic polyelectrolyte or cationic starch.

23. Use of microfibrillated cellulose fibres (MFC) as an adsorbent for a pa-
permaking chemical, to make an intermediate product to be added to a fibrous
papermaking suspension.
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