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Description

[0001] This invention relates to papermaking and more specifically to a process for the production of paper in which
a cationic organic polymer having an aromatic group is added to a papermaking stock. The process provides improved
drainage and retention.

Background

[0002] In the papermaking art, an aqueous suspension containing cellulosic fibres, and optional fillers and additives,
referred to as stock, is fed into a headbox which ejects the stock onto a forming wire. Water is drained from the stock
through the forming wire so that a wet web of paper is formed on the wire, and the web is further dewatered and dried
in the drying section of the paper machine. Water obtained by dewatering the stock, referred to as white water, which
usually contains fine particles, e.g. fine fibres, fillers and additives, is normally recirculated in the papermaking process.
Drainage and retention aids are conventionally introduced into the stock in order to facilitate drainage and increase
adsorption of fine particles onto the cellulosic fibres so that they are retained with the fibres on the wire. Cationic organic
polymers like cationic starch and cationic acrylamide-based polymers are widely used as drainage and retention aids.
These polymers can be used alone but more frequently they are used in combination with other polymers and/or with
anionic microparticulate materials such as, for example, anionic inorganic particles like colloidal silica, colloidal alu-
minium-modified silica and bentonite.
[0003] U.S. Patent Nos. 4,980,025; 5,368,833; 5,603,805; 5,607,552; and 5,858,174; as well as International Patent
Application WO 97/18351 disclose the use of cationic and amphoteric acrylamide-based polymers and anionic inorganic
particles as stock additives in papermaking. These additives are among the most efficient drainage and retention aids
now in use. Similar systems are disclosed in European Patent Application No. 805,234.
[0004] It has, however, been observed that the performance of drainage and retention aids comprising cationic or-
ganic polymers deteriorates when used in stocks with high levels of salt, i.e. high conductivity, and dissolved and
colloidal substances. Higher dosages of cationic polymer are normally required in such stocks but usually the drainage
and retention effect obtained is still not entirely satisfactory. These problems are noticeable in paper mills where white
water is extensively recirculated with the introduction of only low amounts of fresh water into the process, thereby
further increasing the accumulation of salts and colloidal materials in the white water and the stock to be dewatered.

The Invention

[0005] According to the present invention it has been found that improved drainage and retention can be obtained
in stocks containing high levels of salt (high conductivity) and colloidal materials and/or in papermaking processes with
a high degree of white water closure when using a drainage and retention aid comprising a cationic organic polymer
having an aromatic group. More specifically, the present invention relates to a process for the production of paper from
a suspension containing cellulosic fibres, and optional fillers, which comprises adding to the suspension a drainage
and retention aid comprising a cationic organic polymer, forming and dewatering the suspension on a wire, the process
being characterised in that the cationic organic polymer has an aromatic group and the suspension being dewatered
on the wire has a conductivity of at feast 2.0 mS/cm. The present invention also relates to a process as described in
the precharacterising clause above, the process being further characterised in that it comprises forming and dewatering
the suspension on a wire to obtain a wet web containing cellulosic fibres, or paper, and white water, recirculating the
white water and optionally introducing fresh water to form a suspension containing cellulosic fibres, and optional fillers,
to be dewatered to form paper, wherein the cationic organic polymer has an aromatic group and the amount of fresh
water introduced is less than 30 tons per ton of dry paper produced. The invention thus relates to a process as further
defined in the claims.
[0006] The present invention results in improved drainage and/or retention when using stocks having high contents
of salt, and thus having high conductivity levels, and colloidal materials. The present invention also results in improved
drainage and/or retention when applied to papermaking processes with extensive white water recirculation and limited
fresh water supply and/or processes using fresh water having high salt contents, in particular salts of di- and multivalent
cations like calcium. Hereby the present invention makes it possible to increase the speed of the paper machine and
to use lower dosages of additives to give a corresponding drainage and/or retention effect, thereby leading to an
improved papermaking process and economic benefits.
[0007] The cationic organic polymer having an aromatic group according to this invention, herein also referred to as
"main polymer", is capable of functioning as a drainage and retention aid (agent). The term "drainage and retention
aid", as used herein, refers to one or more components (aids, agents, or additives) which, when being added to a stock,
give better drainage and/or retention than is obtained when not adding the said one or more components. Accordingly,
the main polymer provides improved drainage and/or retention, either when used alone or when used in conjunction
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with one or more additional stock additives. The main polymer can be linear, branched or cross-linked, e.g. in the form
of a microparticulate material. Preferably the main polymer is water-soluble or water-dispersable. The aromatic group
of the main polymer can be present in the polymer backbone or, preferably, it can be a pendent group attached to or
extending from the polymer backbone or be present in a pendent group that is attached to or extending from the polymer
backbone (main chain). Suitable aromatic (aryl) groups include those comprising a phenyl group, optionally substituted,
a phenylene group, optionally substituted, and a naphthyl group, optionally substituted, for example groups having the
general formulae -C6H5, -C6H4-, -C6H3-, and -C6H2-, e.g. in the form of phenylene (-C6H4-), xylylene (-CH2-C6H4-CH2-),
phenyl (-C6H5), benzyl (-CH2-C6H5), phenethyl (-CH2CH2-C6H5), and substituted phenyl (for example -C6H4-Y,
-C6H3Y2, and -C6H2Y3) where one or more substituents (Y) attached to the phenyl ring can be selected from hydroxyl,
halides, e.g. chloride, nitro, and hydrocarbon groups having from 1 to 4 carbon atoms.
[0008] The main polymer can be selected from homopolymers and copolymers prepared from one or more monomers
comprising at least one monomer having an aromatic group, suitably an ethylenically unsaturated monomer, and the
main polymer is suitably a vinyl addition polymer. The term "vinyl addition polymer", as used herein, refers to a polymer
prepared by addition polymerization of one or more vinyl monomers or ethylenically unsaturated monomers which
include, for example, acrylamide-based and acrylate-based monomers. Suitable main polymers include cationic vinyl
addition polymers obtained by polymerizing a cationic monomer or a monomer mixture comprising a cationic monomer
represented by the general formula (I):

wherein R1 is H or CH3; R2 and R3 are each or, preferably, an alkyl group having from 1 to 3 carbon atoms, usually 1
to 2 carbon atoms; A1 is O or NH; B1 is an alkylene group having from 2 to 8 carbon atoms, suitably from 2 to 4 carbon
atoms, or a hydroxy propylene group; Q is a substituent containing an aromatic group, suitably a phenyl or substituted
phenyl group, which can be attached to the nitrogen by means of an alkylene group usually having from 1 to 3 carbon
atoms, suitably 1 to 2 carbon atoms, and preferably Q is a benzyl group (- CH2 C6H5); and X- is an anionic counterion,
usually a halide like chloride. Examples of suitable monomers represented by the general formula (I) include quatemary
monomers obtained by treating dialkylaminoalkyl (meth)acrylates, e.g. dimethylaminoethyl (meth)-acrylate, diethylami-
noethyl (meth)acrylate and dimethylaminohydroxypropyl (meth)acrylate. and dialkylaminoalkyl (meth)acrylamides, e.
g. dimethylaminoethyl (meth)acrylamide. diethylaminoethyl (meth)acrylamide, dimethylaminopropyl (meth)acrylamide,
and diethylaminopropyl (meth)acrylamide, with benzyl chloride. Preferred cationic monomers of the general formula
(I) include dimethylaminoethylacrylate benzyl chloride quaternary salt and dimethylaminoethylmethacrylate benzyl
chloride quaternary salt.
[0009] The main polymer can be a homopolymer prepared from a cationic monomer having an aromatic group or a
copolymer prepared from a monomer mixture comprising a cationic monomer having an aromatic group and one or
more copolymerizable monomers. Suitable copolymerizable non-ionic monomers include monomers represented by
the general formula (II):

wherein R4 is H or CH3; R5 and R6 are each H or a hydrocarbon group, suitably alkyl, having from 1 to 6, suitably from
1 to 4 and usually from 1 to 2 carbon atoms; A2 is O or NH; B2 is an alkylene group of from 2 to 8 carbon atoms, suitably
from 2 to 4 carbon atoms, or a hydroxy propylene group or, alternatively, A and B are both nothing whereby there is a
single bond between C and N (O=C-NR5R6). Examples of suitable copolymerizable monomers of this type include
(meth)acrylamide; acrylamide-based monomers like N-alkyl (meth)acrylamides and N,N-dialkyl (meth)acrylamides, e.
g. N-n-propylacrylamide, N-isopropyl (meth)acrylamide, N-n-butyl (meth)acrylamide, N-isobutyl (meth)acrylamide and
N-t-butyl (meth)acrylamide; and dialkylaminoalkyl (meth)acrylamides, e.g. dimethylaminoethyl (meth)acrylamide, di-
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ethylaminoethyl (meth)acrylamide, dimethylaminopropyl (meth)acrylamide and diethylaminopropyl (meth)acrylamide;
acrylate-based monomers like dialkylaminoalkyl (meth)acrylates, e.g. dimethylaminoethyl (meth)acrylate, diethylami-
noethyl (meth)acrylate, t-butylaminoethyl (meth)acrylate and dimethylaminohydroxypropyl acrylate; and vinylamides,
e.g. N-vinylformamide and N-vinylacetamide. Preferred copolymerizable non-ionic monomers include acrylamide and
methacrylamide, i.e. (meth)acrylamide, and the main polymer is preferably an acrylamide-based polymer.
[0010] Suitable copolymerizable cationic monomers include the monomers represented by the general formula (III):

wherein R7 is H or CH3; R8, R9 and R10 are each H or, preferably, a hydrocarbon group, suitably alkyl, having from 1
to 3 carbon atoms, usually 1 to 2 carbon atoms; A3 is O or NH: B3 is an alkylene group of from 2 to 4 carbon atoms,
suitably from 2 to 4 carbon atoms, or a hydroxy propylene group, and X- is an anionic counterion, usually methylsulphate
or a halide like chloride. Examples of suitable cationic copolymerizable monomers include acid addition salts and
quaternary ammonium salts of the dialkylaminoalkyl (meth)acrylates and dialkylaminoalkyl (meth)acrylamides men-
tioned above, usually prepared using acids like HCl, H2SO4, etc., or quaternizing agents like methyl chloride, dimethyl
sulphate, etc.; and diallyldimethylammonium chloride. Preferred copolymerizable cationic monomers include dimeth-
ylaminoethyl (meth)acrylate methyl chloride quaternary salt and diallyldimethylammonium chloride. Copolymerizable
anionic monomers like acrylic acid, methacrylic acid, various sulfonated vinyl addition monomers, etc. can also be
employed and, preferably, in minor amounts.
[0011] The main polymer according to this invention can be prepared from a monomer mixture generally comprising
from 1 to 99 mole%, suitably from 2 to 50 mole% and preferably from 5 to 20 mole% of cationic monomer having an
aromatic group, preferably represented by the general formula (I), and from 99 to 1 mole%, suitably from 98 to 50
mole%, and preferably from 95 to 80 mole% of other copolymerizable monomers which preferably comprises acryla-
mide or methacrylamide ((meth)acrylamide), the monomer mixture suitably comprising from 98 to 50 mole% and pref-
erably from 95 to 80 mole% of (meth)acrylamide, the sum of percentages being 100.
[0012] The main polymer can also be selected from polymers prepared by condensation reaction of one or more
monomers containing an aromatic group. Examples of such monomers include toluene diisocyanates, bisphenol A,
phthalic acid, phthalic anhydride. etc., which can be used in the preparation of cationic polyurethanes, cationic polya-
mideamines, etc.
[0013] Alternatively, or additionally, the main polymer can be a polymer subjected to aromatic modification using an
agent containing an aromatic group. Suitable modifying agents of this type include benzyl chloride, benzyl bromide,
N-(3-chloro-2-hydroxypropyl)-N-benzyl-N,N-dimethylammonium chloride, and N-(3-chloro-2-hydroxypropyl) pyridin-
ium chloride. Suitable polymers for such an aromatic modification include vinyl addition polymers. If the polymer con-
tains a tertiary nitrogen which can be quaternized by the modifying agent, the use of such agents usually results in
that the polymer is rendered cationic. Alternatively, the polymer to be subjected to aromatic modification can be cationic.
for example a cationic vinyl addition polymer.
[0014] Usually the charge density of the main polymer is within the range of from 0.1 to 6.0 meqv/g of dry polymer,
suitably from 0.2 to 4.0 and preferably from 0.5 to 3.0. The weight average molecular weight of synthetic main polymers
is usually at least about 500,000, suitably above about 1,000,000 and preferably above about 2,000,000. The upper
limit is not critical; it can be about 50,000,000, usually 30,000,000 and suitably 25,000,000.
[0015] The main polymer of this invention may be in any state of aggregation such as, for example, in solid form, e.
g. powders, in liquid form, e.g. solutions, emulsions, dispersions, including salt dispersions, etc. Examples of suitable
main polymers for use in this invention include those described in U.S. Patent Nos. 5,169,540; 5,708,071; and European
Patent Applications 183,466; 525,751 and 805,234. When being added to the stock, the main polymer is suitably in
liquid form, e.g. in the form of an aqueous solution or dispersion.
[0016] The main polymer can be added into the stock to be dewatered in amounts which can vary within wide limits
depending on, inter alia, type of stock, salt content, type of salts, filler content, type of filler, point of addition, etc.
Generally the main polymer is added in an amount that give better retention than is obtained when not adding it. The
main polymer is usually added in an amount of at least 0.001%, often at least 0.005% by weight, based on dry stock
substance, whereas the upper limit is usually 3% and suitably 1.5% by weight.
[0017] In a preferred embodiment of this invention, the main polymer is used in conjunction with an additional stock
additive, thereby forming a drainage and retention aid comprising two or more components, usually referred to as
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drainage and retention aids. The term "drainage and retention aids", as used herein, refers to two or more components
(aids, agents or additives) which, when being added to a stock, give better drainage and/or retention than is obtained
when not adding the components. Examples of suitable stock additives of this type include anionic microparticulate
materials, e.g. anionic organic particles and anionic inorganic particles, water-soluble anionic vinyl addition polymers,
low molecular weight cationic organic polymers, aluminium compounds, and combinations thereof. In a preferred aspect
of this embodiment, the main polymer is used in conjunction with an anionic microparticulate material, notably with
anionic inorganic particles. In another preferred aspect of this embodiment, the main polymer is used in conjunction
with anionic inorganic particles and a low molecular weight cationic organic polymer. In yet another preferred aspect
of this embodiment, the main polymer is used in conjunction with anionic inorganic particles and an aluminium com-
pound.
[0018] Anionic inorganic particles that can be used according to the invention include anionic silica-based particles
and clays of the smectite type. It is preferred that the anionic inorganic particles are in the colloidal range of particle
size. Anionic silica-based particles, i.e. particles based on SiO2 or silicic acid, are preferably used and such particles
are usually supplied in the form of aqueous colloidal dispersions, so-called sols. Examples of suitable silica-based
particles include colloidal silica and different types of polysilicic acid. The silica-based sols can also be modified and
contain other elements, e.g. aluminium and/or boron, which can be present in the aqueous phase and/or in the silica-
based particles. Suitable silica-based particles of this type include colloidal aluminium-modified silica and aluminium
silicates. Mixtures of such suitable silica-based particles can also be used. Drainage and retention aids comprising
suitable anionic silica-based particles are disclosed in U.S. Patent Nos. 4,388,150; 4,927,498; 4,954,220; 4,961,825;
4,980,025; 5,127,994; 5,176,891; 5,368,833; 5,447,604; 5,470,435; 5,543,014; 5,571,494; 5,573,674; 5,584,966;
5,603,805; 5,688,482; and 5,707,493.
[0019] Anionic silica-based particles suitably have an average particle size below about 50 nm, preferably below
about 20 nm and more preferably in the range of from about 1 to about 10 nm. As conventional in silica chemistry. the
particle size refers to the average size of the primary particles, which may be aggregated or non-aggregated. The
specific surface area of the silica-based particles is suitably above 50 m2/g and preferably above 100 m2/g. Generally,
the specific surface area can be up to about 1700 m2/g and preferably up to 1000 m2/g. The specific surface area can
be measured by means of titration with NaOH in known manner, e.g. as described by Sears in Analytical Chemistry
28(1956):12, 1981-1983 and in U.S. Patent No. 5,176,891. The given area thus represents the average specific surface
area of the particles.
[0020] In a preferred embodiment of the invention, the anionic inorganic particles are silica-based particles having
a specific surface area within the range of from 50 to 1000 m2/g, preferably from 100 to 950 m2/g. Sols of silica-based
particles these types also encompass modified sols like aluminium-containing silica-based sols and boron-containing
silica-based sols. Preferably, the silica-based particles are present in a sol having an S-value in the range of from 8 to
45%, preferably from 10 to 30%, containing silica-based particles with a specific surface area in the range of from 300
to 1000 m2/g, suitably from 500 to 950 m2/g, and preferably from 750 to 950 m2/g, which sols can be modified with
aluminium and/or boron as mentioned above. For example, the particles can be surface-modified with aluminium to a
degree of from 2 to 25% substitution of silicon atoms. The S-value can be measured and calculated as described by
Iler & Dalton in J. Phys. Chem. 60(1956), 955-957. The S-value indicates the degree of aggregate or microgel formation
and a lower S-value is indicative of a higher degree of aggregation.
[0021] In yet another preferred embodiment of the invention, the silica-based particles are selected from polysilicic
acid and modified polysilicic acid having a high specific surface area, suitably above about 1000 m2/g. The specific
surface area can be within the range of from 1000 to 1700 m2/g and preferably from 1050 to 1600 m2/g. The sols of
modified polysilicic acid can contain other elements, e.g. aluminium and/or boron, which can be present in the aqueous
phase and/or in the silica-based particles. In the art, polysilicic acid is also referred to as polymeric silicic acid, polysilicic
acid microgel, polysilicate and polysilicate microgel, which are all encompassed by the term polysilicic acid used herein.
Aluminium-containing compounds of this type are commonly also referred to as polyaluminosilicate and polyalumino-
silicate microgel, which are both encompassed by the terms colloidal aluminium-modified silica and aluminium silicate
used herein.
[0022] Clays of the smectite type that can be used in the process of the invention are known in the art and include
naturally occurring, synthetic and chemically treated materials. Examples of suitable smectite clays include montmo-
rillonite/bentonite, hectorite, beidelite, nontronite and saponite, preferably bentonite and especially such bentonite
which after swelling preferably has a surface area of from 400 to 800 m2/g. Suitable clays are disclosed in U.S. Patent
Nos. 4,753,710; 5,071,512; and 5,607,552.
[0023] Anionic organic particles that can be used according to the invention include highly cross-linked anionic vinyl
addition polymers, suitably copolymers comprising an anionic monomer like acrylic acid, methacrylic acid and sulfonat-
ed or phosphonated vinyl addition monomers, usually copolymerized with nonionic monomers like (meth)acrylamide,
alkyl (meth)acrylates, etc. Useful anionic organic particles also include anionic condensation polymers, e.g. melamine-
sulfonic acid sols. Water-soluble anionic vinyl addition polymers that can be used according to the invention include
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copolymers comprising an anionic monomer like acrylic acid, methacrylic acid and sulfonated vinyl addition monomers,
usually copolymerized with nonionic monomers like acrylamide, alkyl acrylates, etc., for example those disclosed in
U.S. Patent Nos. 5,098,520 and 5,185,062.
[0024] Low molecular weight (hereinafter LMW) cationic organic polymers that can be used according to the invention
include those commonly referred to and used as anionic trash catchers (ATC). ATC's are known in the art as neutralizing
and/or fixing agents for detrimental anionic substances present in the stock and the use thereof in combination with
drainage and/or retention aids often provide further improved drainage and/or retention. The LMW cationic organic
polymer can be derived from natural or synthetic sources, and preferably it is an LMW synthetic polymer. Suitable
organic polymers of this type include LMW highly charged cationic organic polymers such as polyamines, polyami-
doamines, polyethyleneimines, homo- and copolymers based on diallyldimethyl ammonium chloride, (meth)acryla-
mides and (meth)acrylates. In relation to the molecular weight of the main polymer, the molecular weight of the LMW
cationic organic polymer is preferably lower; it is suitably at least 2,000 and preferably at least 10,000. The upper limit
of the molecular weight is usually about 700,000, suitably about 500,000 and usually about 200,000.
[0025] Aluminium compounds that can be used according to the invention include alum, aluminates, aluminium chlo-
ride, aluminium nitrate and polyaluminium compounds, such as polyaluminium chlorides, polyaluminium sulphates,
polyaluminium compounds containing both chloride and sulphate ions, polyaluminium silicate-sulphates, and mixtures
thereof. The polyaluminium compounds may also contain other anions than chloride ions, for example anions from
sulfuric acid, phosphoric acid, organic acids such as citric acid and oxalic acid.
[0026] Components of drainage and retention aids according to the invention can be added to the stock in conven-
tional manner and in any order. When using drainage and retention aids comprising a main polymer and an anionic
microparticulate material, notably anionic inorganic particles, it is preferred to add the main polymer to the stock before
adding the microparticulate material, even if the opposite order of addition may be used. It is further preferred to add
the main polymer before a shear stage, which can be selected from pumping, mixing, cleaning, etc., and to add the
anionic particles after that shear stage. When using an LMW cationic organic polymer or an aluminium compound,
such components are preferably introduced into the stock prior to introducing the main polymer, optionally used in
conjunction with an anionic microparticulate material. Alternatively, the LMW cationic organic polymer and the main
polymer can be introduced into stock essentially simultaneously, either separately or in admixture, for example as
disclosed in U.S. Patent No. 5,858,174. The LMW cationic organic polymer and the main polymer are preferably in-
troduced into the stock prior to introducing an anionic microparticulate material.
[0027] The drainage and retention aid(s) according to the invention can be added to the stock to be dewatered in
amounts which can vary within wide limits depending on, inter alia, type and number of components, type of stock, salt
content, type of salts, filler content, type of filler, point of addition, degree of white water closure, etc. Generally the aid
(s) are added in amounts that give better drainage and/or retention than is obtained when not adding the components.
The main polymer is usually added in an amount of at least 0.001%, often at least 0.005% by weight, based on dry
stock substance, and the upper limit is usually 3% and suitably 1.5% by weight. Similar amounts are suitable for water-
soluble anionic vinyl addition polymers, if used. When using an anionic microparticulate material in the process, the
total amount added is usually at least 0.001% by weight, often at least 0.005% by weight, based on dry substance of
the stock, and the upper limit is usually 1.0% and suitably 0.6% by weight. When using anionic silica-based particles,
the total amount added is suitably within the range of from 0.005 to 0.5% by weight, calculated as SiO2 and based on
dry stock substance, preferably within the range of from 0.01 to 0.2% by weight. When using an LMW cationic organic
polymer in the process, it can be added in an amount of at least 0.05%, based on dry substance of the stock to be
dewatered. Suitably, the amount is in the range of from 0.07 to 0.5%, preferably in the range from 0.1 to 0.35%. When
using an aluminium compound in the process, the total amount introduced into the stock to be dewatered depends on
the type of aluminium compound used and on other effects desired from it. It is for instance well known in the art to
utilize aluminium compounds as precipitants for rosin-based sizing agents. The total amount added is usually at least
0.05%, calculated as Al2O3 and based on dry stock substance. Suitably the amount is in the range of from 0.5 to 3.0%,
preferably in the range from 0.1 to 2.0%.
[0028] The process of this invention is preferably used in the manufacture of paper from a suspension containing
cellulosic fibers, and optional fillers, i.e. a stock, which has a high conductivity. Usually, the conductivity of the stock
that is dewatered on the wire is at least 2.0 mS/cm, suitably at least 3.5 mS/cm, preferably at least 5.0 mS/cm and
most preferably at least 7.5 mS/cm. Conductivity can be measured by standard equipment such as, for example, a
WTW LF 539 instrument supplied by Christian Berner. The values referred to above are suitably determined by meas-
uring the conductivity of the cellulosic suspension that is fed into or present in the headbox of the paper machine or,
alternatively, by measuring the conductivity of white water obtained by dewatering the suspension. High conductivity
levels mean high contents of salts (electrolytes), where the various salts can be based on mono-, di- and multivalent
cations like alkali metals, e.g. Na+ and K+, alkaline earths, e.g. Ca2+ and Mg2+, aluminium ions, e.g. Al3+, Al(OH)2+

and polyaluminium ions, and mono-, di- and multivalent anions like halides, e.g., Cl-, sulfates, e.g. SO4
2- and HSO4

-,
carbonates, e.g. CO3

2- and HCO3
-, silicates and lower organic acids. The invention is particularly useful in the manu-
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facture of paper from stocks having high contents of salts of di- and multivalent cations, and usually the content of di-
and multivalent cations is at least 200 ppm, suitably at least 300 pm and preferably at least 400 ppm. The salts can
be derived from the stock preparation stage, i.e. from the materials used to form the stock, e.g. water, cellulosic fibres
and fillers, in particular in integrated mills where a concentrated aqueous fibre suspension from the pulp mill normally
is mixed with water to form a dilute suspension suitable for paper manufacture in the paper mill. The salt may also be
derived from various additives introduced into the stock, from the fresh water supplied to the process, etc. Further, the
content of salts is usually higher in processes where white water is extensively recirculated, which may lead to con-
siderable accumulation of salts in the water circulating in the process.
[0029] The present invention further encompasses papermaking processes where white water is extensively recir-
culated (recycled), i.e. with a high degree of white water closure, for example where from 0 to 30 tons of fresh water
are used per ton of dry paper produced, usually less than 20, suitably less than 15, preferably less than 10 and notably
less than 5 tons of fresh water per ton of paper. Recirculation of white water obtained in the process suitably comprises
mixing the white water with cellulosic fibres and/or optional fillers to form a suspension to be dewatered; preferably it
comprises mixing the white water with a suspension containing cellulosic fibres, and optional fillers, before the sus-
pension enters the forming wire for dewatering. The white water can be mixed with the suspension before, between,
simultaneous with or after introducing the components of drainage and retention aids, if used; and before, simultaneous
with or after introducing the main polymer. Fresh water can be introduced in the process at any stage; for example, it
can be mixed with cellulosic fibres in order to form a suspension, and it can be mixed with a suspension containing
cellulosic fibres to dilute it so as to form the suspension to be dewatered, before, simultaneous with or after mixing the
stock with white water and before, between, simultaneous with or after introducing the components of drainage and
retention aids, if used; and before, simultaneous with or after introducing the main polymer.
[0030] Further additives which are conventional in papermaking can of course be used in combination with the ad-
ditive(s) according to the invention, such as, for example, dry strength agents, wet strength agents, optical brightening
agents, dyes, sizing agents like rosin-based sizing agents and cellulose-reactive sizing agents, e.g. ketene dimers and
succinic anhydrides, etc. The cellulosic suspension, or stock, can also contain mineral fillers of conventional types
such as, for example, kaolin, china clay, titanium dioxide, gypsum, talc and natural and synthetic calcium carbonates
such as chalk, ground marble and precipitated calcium carbonate.
[0031] The process of this invention is used for the production of paper. The term "paper", as used herein, of course
include not only paper and the production thereof, but also other cellulosic fibre-containing sheet or web-like products,
such as for example board and paperboard, and the production thereof. The process can be used in the production of
paper from different types of suspensions of cellulose-containing fibres and the suspensions should suitably contain
at least 25% by weight and preferably at least 50% by weight of such fibres, based on dry substance. The suspension
can be based on fibres from chemical pulp such as sulphate, sulphite and organosolv pulps, mechanical pulp such as
thermomechanical pulp, chemo-thermomechanical pulp, refiner pulp and groundwood pulp, from both hardwood and
softwood, and can also be based on recycled fibres, optionally from de-inked pulps, and mixtures thereof.
[0032] The invention is further illustrated in the following Examples which, however, are not intended to limit the
same. Parts and % relate to parts by weight and % by weight, respectively, unless otherwise stated.

Example 1 (Comparison)

[0033] Drainage performance was evaluated by means of a Dynamic Drainage Analyser (DDA), available from Akribi,
Sweden, which measures the time for draining a set volume of stock through a wire when removing a plug and applying
vacuum to that side of the wire opposite to the side on which the stock is present.
[0034] The furnish used was based on 70% by weight of pulp of bleached birch/pine sulphate (60/40) refined to
200°CSF and 30% by weight of ground marble. Stock volume was 800 ml, consistency 0.3% and pH about 8.
[0035] Conductivity of the stock was adjusted to 0.47 mS/cm by addition of sodium sulphate. The stock was stirred
in a baffled jar at a speed of 1500 rpm throughout the test and chemicals additions were conducted as follows: i) adding
cationic polymer to the stock following by stirring for 30 seconds, ii) adding anionic inorganic particles to the stock
followed by stirring for 15 seconds, iii) draining the stock while automatically recording the drainage time.
[0036] The polymers used for in the test series were P1) a cationic copolymer prepared by polymerisation of acry-
lamide (90 mole%) and acryloxyethyldimethylbenzylammonium chloride (10 mole%) and having an average molecular
weight of about 6,000,000; and P2) a cationic copolymer prepared by polymerisation of acrylamide (90 mole%) and
acryloxyethyltrimethylammonium chloride (10 mole%) and having an average molecular weight of about 6,000,000.
The polymers P1 and P2 were dissolved in water and used as 0.1% aqueous solutions.
[0037] The anionic inorganic particles used were silica-based particles of the type disclosed in U.S. Patent No.
5,368,833. The sol had an S-value of about 25% and contained silica particles with a specific surface area of about
900 m2/g which were surface-modified with aluminium to a degree of 5%. The silica-based particles were added in an
amount of 1.0 kg/ton, calculated as SiO2 and based on dry stock system.
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[0038] Table 1 shows the drainage time at various dosages of P1 and P2, calculated as dry polymer on dry stock
system.

Example 2 (Comparison)

[0039] Dewatering and retention effect was evaluated by means of the DDA used in Example 1 in combination with
a nephelometer. First pass retention was evaluated by measuring the turbidity of the filtrate, the white water, obtained
by draining the stock.
[0040] The furnish used was based on 56% by weight of peroxide bleached TMP/SGW pulp (80/20), 14% by weight
of bleached birch/pine sulphate pulp (60/40) refined to 200° CSF and 30% by weight of china clay. To the stock was
added 40 g/l of a colloidal fraction, bleach water from an SC mill, filtrated through a 5 µm screen and concentrated
with an UF filter, cut off 200,000. Stock volume was 800 ml, consistency 0.14% and pH was adjusted to 4.0 using dilute
sulphuric acid. The conductivity was adjusted by addition of calcium chloride (60 ppm Ca2+), magnesium sulphate (18
ppm Mg2+) and sodium bicarbonate (134 ppm HCO3

-).
[0041] The polymers and anionic inorganic particles according to Example 1 were similarly used in this test series.
Two dosages of polymers were used, 1 kg/t and 2 kg/t, respectively, calculated as dry polymer on dry stock system.
Table 2 shows the dewatering and retention effect at various dosages of silica-based particles, calculated as SiO2 and
based on dry stock system.

Example 3

[0042] In this test series, the dewatering and retention effect was evaluated according to the procedure descibed in
Example 2.
[0043] The furnish used was the same as used in Example 2. Stock volume was 800 ml and pH about 7. The con-
ductivity was adjusted by addition of calcium chloride, thus simulating a very high electrolyte content and a high degree
of white water closure.
[0044] The polymers and anionic inorganic particles according to Example 1 were similarly used in this test series.
[0045] Table 3 shows the dewatering and retention effect at various dosages of silica-based particles, calculated as
SiO2 and based on dry stock system.

Table 1

Test
No.

Polymer Dosage [kg/
t]

SiO2 Dosage [kg/
t]

Conductivity [mS/
cm]

Dewatering time
[s]

P1 P2

1 0 0 0.47 18.4 18.4
2 1 1 0.47 12.5 10.6
3 1.5 1 0.47 6.9 5.6
4 2 1 0.47 4.9 4.3

Table 2

Test
No.

Polymer dosage
[kg/t]

SiO2 Dosage [kg/
t]

Conductivity
[mS/cm]

Dewatering time
[s]

Turbidity
[NTU]

P1 P2 P1 P2

1 1 0 1.375 21.2 18.7 63 55
2 1 1 1.375 17.2 16.1 67 60
3 1 2 1.375 21.2 18.6 66 57
4 2 0 1.375 15.2 14.2 47 45
5 2 1 1.375 11 9.9 47 47
6 2 2 1.375 11.4 10.8 45 50
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Example 4

[0046] In this test series, the dewatering effect was evaluated with a "Canadian Standard Freeness Tester" which is
the conventional method for characterising drainage according to SCAN-C 21:65. All additions of chemicals were made
in a "Britt Dynamic Drainage Jar" with blocked outlet at a stirring speed of 1000 rpm during 45 seconds according to
the procedure of Example 1 and the stock system was then transferred to the Freeness apparatus. Here the smallest
hole in the bottom of the Freeness tester was blocked and the time for 400 ml of furnish to filtrate through the screen
was measured. The stock was taken from a closed mill using waste paper. Consistency was 0.14%, conductivity 8.0
mS/cm and pH about 7. Table 4 shows the dewatering effect at various dosages of silica-based particles, calculated
as SiO2 and based on dry stock system

Example 5

[0047] In this test series, the dewatering effect was evaluated as in Example 3, except that both sodium acetate (550
ppm Na+) and calcium chloride (1300 ppm Ca2+) was used to adjust the conductivity.
[0048] The polymers and anionic inorganic particles according to Example 1 were similarly used in this test series.
[0049] Table 5 shows the dewatering effect at various dosages of silica-based particles, calculated as SiO2 and
based on dry stock system.

Table 3

Test
No.

PolymerDosage
[kg/t]

SiO2 Dosage [kg/
t]

Conductivity
[mS/cm]

Dewatering time
[s]

Turbidity
[NTU]

P1 P2 P1 P2

990 ppm Ca2+

1 2 0 5.5 14.2 19.2 42 64
2 2 1 5.5 10.8 13.9 41 43
3 2 2 5.5 7.7 9.5 35 36
4 2 3 5.5 7.3 8.9 32 39

1300 ppm Ca2+

5 2 0 7.0 16.2 23.0 46 50
6 2 1 7.0 10.0 17.1 40 45
7 2 2 7.0 7.5 13.6 36 44
8 2 3 7.0 7.7 11.7 34 44

1930 ppm Ca2+

9 2 0 10.0 18.7 22.0 44 58
10 2 1 10.0 11.6 23.3 39 52
11 2 2 10.0 8.2 15.8 36 53
12 2 3 10.0 8.0 15.4 41 47

Table 4

Test No. Polymer dosage [kg/t] SiO2 Dosage [kg/t] Conductivity [mS/cm] Dewatering time [s]

P1 P2

1 0.6 0 8.0 100.4 103.2
2 0.6 0.25 8.0 66.4 92.5
3 0.6 0.5 8.0 58.3 85.8
4 0.6 0.75 8.0 50.0 76.0
5 0.6 1 8.0 44.6 79.2



EP 1 080 272 B1

5

10

15

20

25

30

35

40

45

50

55

10

Example 6

[0050] In this test series, the dewatering and retention effect was evaluated as in Example 3, using a combination
of sodium acetate (550 ppm Na+) and calcium chloride (1300 ppm Ca2+) to adjust the conductivity.
[0051] The polymers according to Example 1 were similarly used in this test series. The anionic microparticulate
material used was hydrated suspension of powdered Na-bentonite in water. The bentonite had a surface charge of
about 0.33 meq/g and a swelling ability of 41 ml (2 g). The bentonite particles were added in an amount of 8.0 kg/ton,
calculated as dry bentonite on dry stock system
[0052] Table 6 shows the dewatering and retention effect at various dosages of P1 and P2, calculated as dry polymer
on dry stock system.

Example 7

[0053] In this test series, the dewatering effect was evaluated as in Example 6, except that sodium chloride was
used to adjust the conductivity.
[0054] The polymers and bentonite according to Example 6 were similarly used in these tests. The bentonite particles
were added in an amount of 8.0 kg/ton, calculated as dry bentonite on dry stock system. Table 7 shows the dewatering
and retention effect at various dosages of P1 and P2, calculated as dry polymer on dry stock system.

Table 5

Test No. Polymer dosage [kg/t] SiO2 dosage [kg/t] Conductivity [mS/cm] Dewatering time [s]

P1 P2

1 2 1 2.5 16.1 18.2
2 1 3 10.0 10.7 14.7
3 2 3 10.0 6.8 13.5
4 3 3 10.0 5.3 14.0
5 2 1 10.0 9.7 20.4
6 2 2 10.0 7.9 14.8

Table 6

Test
No.

Polymer Dosage
[kg/t]

Bentonote
dosage [kg/t]

Conductivity
[mS/cm]

Dewatering time
[s]

Turbidity
[NTU]

P1 P2 P1 P2

1 1 8 10.0 13.6 18.5 41 47
2 2 8 10.0 10.8 20.6 29 41
3 3 8 10.0 8.48 24.8 20 36
4 4 8 10.0 7.42 26.6 18 36

Table 7

Test No. Polymer Dosage [kg/t] Bentonite dosage [kg/
t]

Conductivity [mS/cm] Dewatering time [s]

P1 P2

550 ppm Na+

1 2 8 2.5 15.3 17.5
2 3 8 2.5 11.9 14.1
3 4 8 2.5 8.6 9.8
4 5 8 2.5 6.8 8.2

3320 ppm Na+

5 2 8 10.0 12.7 15.5
6 3 8 10.0 9.4 12.5
7 4 8 10.0 6.9 10.9
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Example 8

[0055] In this test series, the dewatering effect was ealuated as in Example 3, except that zink chloride was used to
adjust the conductivity. The polymers and anionic inorganic particles according to Example 1 were similarly used in
these tests.
[0056] Table 8 shows the results of the dewatering tests at various dosages of silica-based particles, calculated as
as SiO2 and based on dry stock system.

Claims

1. A process for the production of paper from a suspension containing cellulosic fibres, and optional fillers, comprising
adding to the suspension a drainage and retention aid comprising a cationic organic polymer, forming and dewa-
tering the suspension on a wire, characterised in that the cationic organic polymer has an aromatic group and
that the suspension which is dewatered on the wire has a conductivity of at least 2.0 mS/cm.

2. A process according to claim 1, characterised in that the suspension which is dewatered on the wire has a
conductivity of at least 5.0 mS/cm.

3. A process according to claim 1 or 2, characterised in that the process further comprises dewatering the suspen-
sion on a wire to obtain a wet web of paper and white water, recirculating the white water and introducing fresh
water to form a suspension containing cellutosic fibres, and optional fillers, to be dewatered, the amount of fresh
water introduced being less than 20 tons per ton of dry paper produced.

4. A process according to claim 1, 2 or 3, characterised in that less than 10 tons of fresh water is introduced per
ton of dry paper produced.

5. A process according to any of the preceding claims, characterised in that the cationic organic polymer is a vinyl
addition polymer comprising in polymerized form one or more monomers comprising at least one monomer having
an aromatic group.

6. A process according to any of the preceding claims, characterised in that the cationic organic polymer is an
acrylamide-based polymer.

7. A process according to any of the preceding claims, characterised in that the cationic organic polymer comprises
in polymerized form a cationic monomer having an aromatic group represented by the general formula (I):

Table 7 (continued)

Test No. Polymer Dosage [kg/t] Bentonite dosage [kg/
t]

Conductivity [mS/cm] Dewatering time [s]

P1 P2

8 5 8 10.0 5.6 10.0

Table 8

Test
No.

Polymer Dosage [kg/
t]

SiO2 dosage [kg/
t]

Conductivity [mS/
cm]

Dewatering time
[s]

P1 P2

700 ppm Zn2+

1 2 0 2.4 13.6 22.7
2 2 1 2.4 7.9 8.5
3 2 2 2.4 5.5 5.6

1400 ppm Zn2+

4 2 0 4.5 18.0 28.0
5 2 2 4.5 6.3 11.4
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wherein R1 is H or CH3, R2 and R3 are each an alkyl group having from 1 to 3 carbon atoms, A1 is O or NH, B1 is
an alkylene group of from 2 to 4 carbon atoms or a hydroxy propylene group, Q is benzyl, and X- is an anionic
counterion.

8. A process according to any of the preceding claims, characterised in that the cationic organic polymer has a
weight average molecular weight of at least 1,000,000.

9. A process according to any of the preceding claims, characterised in that the cationic organic polymer is prepared
from a monomer mixture comprising from 5 to 20 mole% of cationic monomer having an aromatic group and from
95 to 80 mole% of other copolymerizable monomers.

10. A process according to any of the preceding claims, characterised in that the drainage and retention aid further
comprises anionic inorganic particles.

11. A process according to claim 10, characterised in that the anionic inorganic particles are selected from silica-
based particles or bentonite.

12. A process according to claim 10 or 11, characterised in that the anionic inorganic particles are selected from
aluminium-modified silica-based particles

13. A process according to any of the preceding claims, characterised in that the drainage and retention aid further
comprises a low molecular weight cationic organic polymer.

14. A process according to any of the preceding claims, characterised in that the drainage and retention aid further
comprises an aluminium compound.

15. A process according to any of the preceding claims, characterised in that the suspension which is dewatered on
the wire has a content of di- and multivalent cations of at least 200 ppm.

16. A process according to any of the preceding claims, characterised in that the suspension comprises recycled
fibres.

Patentansprüche

1. Verfahren zur Herstellung von Papier aus einer Cellulosefasem und gegebenenfalls Füllmittel enthaltenden Sus-
pension, umfassend die Zugabe eines Entwässerungs- und Retentionshilfsmittels, umfassend ein kationisches
organisches Polymer, zu der Suspension, Formen und Entwässern der Suspension auf einem Sieb, dadurch
gekennzeichnet, dass das kationische organische Polymer einen aromatischen Rest aufweist und dass die Sus-
pension, welche auf dem Sieb entwässert wird, eine elektrische Leitfähigkeit von mindestens 2,0 mS/cm aufweist.

2. Verfahren gemäß Anspruch 1, dadurch gekennzeichnet, dass die Suspension, welche auf dem Sieb entwässert
wird, eine elektrische Leitfähigkeit von mindestens 5,0 mS/cm aufweist.

3. Verfahren gemäß Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Verfahren weiterhin umfaßt das Ent-
wässern der Suspension auf einem Sieb, um eine Papiernaßbahn und Siebwasser (Weisswasser) zu erhalten,
das Rückführen in den Kreislauf des Siebwassers und die Einleitung von Frischwasser, um eine Cellulosefasern
und gegebenenfalls Füllmittel enthaltende Suspension, welche zu entwässern ist, zu erzeugen, wobei die Menge
des eingeleiteten Frischwassers weniger als 20 Tonnen pro Tonne hergestellten trockenen Papiers beträgt.
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4. Verfahren gemäß Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass weniger als 10 Tonnen Frischwasser
pro Tonne hergestellten trockenen Papiers eingeleitet wird.

5. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das kationische organi-
sche Polymer ein Vinyladditionspolymer ist, welches in polymerisierter Form ein oder mehrere Monomere, umfas-
send mindestens ein einen aromatischen Rest aufweisendes Monomer umfaßt.

6. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das kationische organi-
sche Polymer ein Polymer auf Acrylamidbasis ist.

7. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das kationische organi-
sche Polymer in polymerisierter Form ein kationisches Monomer umfasst, welches einen aromatischen Rest der
allgemeinen Formel (I) aufweist:

wobei R1 die Bedeutung H oder CH3 hat, R2 und R3 jeweils ein Alkylrest sind, welcher 1 bis 3 Kohlenstoffatome
aufweist, A1 die Bedeutung O oder NH hat, B1 ein Alkylenrest mit 2 bis 4 Kohlenstoffatomen oder ein Hydroxy-
propylenrest ist, Q eine Benzylgruppe ist und X- ein anionisches Gegenion ist.

8. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das kationische organi-
sche Polymer ein Gewichtsmittel des Molekulargewichts von mindestens 1.000.000 aufweist.

9. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das kationische organi-
sche Polymer aus einem Monomerengemisch, umfassend 5 bis 20 Mol% eines kationischen Monomers, welches
einen aromatischen Rest aufweist, und 95 bis 80 Mol% eines anderen copolymerisierbaren Monomers, hergestellt
wird.

10. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das Entwässerungs- und
Retentionshilfsmittel weiterhin anionische anorganische Teilchen umfasst.

11. Verfahren gemäß Anspruch 10, dadurch gekennzeichnet, dass die anionischen anorganischen Teilchen aus
Teilchen auf Kieselsäure-Basis oder Bentonit ausgewählt sind.

12. Verfahren gemäß Anspruch 10 oder 11, dadurch gekennzeichnet, dass die anionischen anorganischen Teilchen
aus Aluminium-modifizierten Teilchen auf Kieselsäure-Basis ausgewählt sind.

13. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das Entwässerungs- und
Retentionshilfsmittel weiterhin ein kationisches organisches Polymer geringeren Molekulargewichts umfasst.

14. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das Entwässerungs- und
Retentionshilfsmittel weiterhin eine Aluminiumverbindung umfasst.

15. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Suspension, welche
auf dem Sieb entwässert wird, einen Gehalt an zwei- und mehrwertigen Kationen von mindestens 200 ppm auf-
weist.

16. Verfahren gemäß einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Suspension in den
Kreislauf rückgeführte Fasern umfasst.
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Revendications

1. Procédé de production de papier à partir d'une suspension contenant des fibres cellulosiques et éventuellement
des charges, qui comprend l'addition à la suspension d'un agent facilitant l'égouttage et la rétention, renfermant
un polymère organique cationique, la mise en forme de la suspension et son essorage sur une toile, procédé
caractérisé en ce que le polymère organique cationique possède un groupe aromatique et en ce que la suspen-
sion essorée sur la toile a une conductivité d'au moins 2,0 mS/cm.

2. Procédé selon la revendication 1, caractérisé en ce que la suspension essorée sur la toile a une conductivité
d'au moins 5,0 mS/cm.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce qu'il comprend en outre l'essorage de la suspension
sur une toile pour obtenir une bande continue de papier humide et de l'eau blanche, le recyclage de l'eau blanche
et l'introduction d'eau fraîche pour former une suspension contenant des fibres cellulosiques et éventuellement
des charges, à essorer, la quantité d'eau fraîche introduite étant inférieure à 20 tonnes par tonne de papier sec
produit.

4. Procédé selon l'une quelconque des revendications 1 à 3, caractérisé en ce que l'on introduit moins de 10 tonnes
d'eau fraîche par tonne de papier sec produit.

5. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le polymère organique
cationique est un polymère d'addition vinylique, contenant sous forme polymérisée un ou plusieurs monomères
comprenant au moins un monomère renfermant un groupe aromatique.

6. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le polymère organique
cationique est un polymère à base d'acrylamide.

7. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le polymère organique
cationique contient sous forme polymérisée un monomère cationique possédant un groupe aromatique, représenté
par la formule générale (I) :

dans laquelle R1 représente un atome d'hydrogène ou un groupe méthyle, R2 et R3 représentent chacun un groupe
alkyle ayant 1 à 3 atomes de carbone, A1 représente O ou NH, B1 représente un groupe alkylène ayant 2 à 4
atomes de carbone, ou un groupe hydroxypropylène, Q représente un groupe benzyle et X- représente un anion
opposé.

8. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le polymère organique
cationique a une masse moléculaire moyenne en poids d'au moins 1 000 000.

9. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le polymère organique
cationique est préparé à partir d'un mélange de monomères renfermant 5 à 20 % en moles de monomère cationique
possédant un groupe aromatique et 95 à 80 % en moles d'autres monomères copolymérisables.

10. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que l'agent facilitant l'égout-
tage et la rétention contient en outre des particules minérales anioniques.

11. Procédé selon la revendication 10, caractérisé en ce que les particules minérales anioniques sont des particules
à base de silice ou de la bentonite.

12. Procédé selon la revendication 10 ou 11, caractérisé en ce que les particules minérales anioniques sont des
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particule à base de silice modifiées par de l'aluminium.

13. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que l'agent facilitant l'égout-
tage et la rétention comprend en outre un polymère organique cationique de faible masse moléculaire.

14. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que l'agent facilitant l'égout-
tage et la rétention comprend en outre un dérivé de l'aluminium.

15. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que la suspension qui est
essorée sur la toile a une teneur en cations divalents ou plurivalents d'au moins 200 ppm.

16. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que la suspension contient
des fibres recyclées.
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