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I nvention relates to processes of maki ng paper and paperboard from a
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manuf act ure of paper and paper board a cellulosic thin stock is drained on
a noving screen (often referred to ag a machine wire) to forma sheet which
Is then dried. It is well known to apply water soluble polyners to the
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drainage wll tend to increase the rate of drainage but damage fornation.
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EP- A- 235893 provi de process whereln a water sol uble substanti al
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r et ent i ondraihage pn theeswvingtsceden.s conmerci al i sed by Ciba Specialty
Chem cal s under the Hydrocol (r) trade mark has proved successful for nore
than a decade. Mdre recently there have been various attenpts to provide
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process | PPgfaten oeresssofs geonaeayense of incrérseddnachine speeds a
great deal of emphasis has been placed on drainage and retention systems that
provide increased drainage. However, it is known that increasing the molecutar
weight of a polymeric retention aid which is added immediately prior to drainage
will tend to increase the rate of drainége but damage formation. It is difficult to
obtain the optimum balance of retention, drainage, drying and formation by adding
a single polymeric retention aid and it is therefore common practice to add two |
separate materials in sequence.

EP-A-235893 provides a process wherein a water soluble substantially linear
cationic polymer is applied to the paper making stock prior to a shear stage and
then reflocculating by introducing bentonite after that shear stage. This process
provides enhanced drainage and also good formation and retention. This process
which is commercialised by Ciba Specialty Chemicals under the Hydrocol® trade
mark has proved successful for more than a decade.

More recently there have been various attempts to provide variations on this
theme by making minor modifications to one or more of the components.



by adding a water sol uble branched cationic polyacrylam de and a bentonite
to the fibrous suspension of pulp. The branched cationic polyacrylamde is
prepared byWORHB4HMeri sing a mixture of acryl amide, cati onPETEHNERE

br.anchi ng agent and chain transfer agent by solution polynerisation.

US- A- 5882525 descri bes a process in \ghi ch a cationic branched water sol uble
polymer with a solubility quotient grfeater than about 30%is applied to a
di spersion of suspended solids, e.g. a paper nmaking stock, in order to
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suspension can be filled and In entonite is added to thickstock,
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tend to be rather unsatisfactory as regards filler retentlon wh
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filler adding bentonite or other anionic particulate material WO 01/ 34910
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. bentonite followed by substantially non-ionic polymeric retention aid. Although the
suspension in this process is a substantially unfilled suspension, in AU-A-
63977/86 a modification is described in which the suspension can be filled and in
which bentonite is added to thickstock, the thickstock is then diluted to form
thinstock, a relatively low molecutar weight cationic polyelectrolyte is added to the
thinstock, and a high molecular weight non-ionic retention aid is then added. Thus
in this process, coagulant polymer is used, and it is added to the thinstock after
the bentonite.

Processes such as those in EP 17353 and AU 63977/86 are satisfactory as
regards the manufacture of paper from a suspension that has relatively high
cationic demand and relatively low filler content, but tend to be rather
unsatisfactory as regards filler retention when the suspension contains significant
amounts of filler.

EP-A-608986 describes a process for making filled paper by adding a cationic
coagulant to the feed suspension to flocculate a relatively concentrated
suspension of fibre and filler adding bentonite or other anionic particulate material



retention aid to the thinstock before draining the thinstock to forma
sheet. Fiwoews4erd filler retention are said to be inproRGIERSONIE2 pr esence
of the coagulant in the concentrated suspension of the fibre and filler.
EP- A- 308752 descri bes a net hod of ki ng paper in which a | ow nol ecul ar
wei ght cationic organic polyner is added to the furnish and then a
colloidal silica and a high nolecul ar weight charged acryi am de copol ymer
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pol ysacciAkdlile Paper making describes an allegedly commercial available silica

microparticle system using a cationic coagulant polymer, a high molecular weight
anionic polyacrylamide and a 5-nm colloidal silica sol. Such coagulant polymers
would have low molecular weights and high charge density. It is stated that |
although there is a potential for high retention, formation is still an issue with-high
doses of anionic polyacrylamide. A lower addition of silica (less than 0.10%) is
commonly used in this system.

However, there still exists a need to further enhance paper making processes by
further improving drainage and retention without impairing formation. Furthermore
there also exists the need for providing a more effective flocculation system for
making highly filled paper.

According to a first aspect of the present invention a process is provided for
making paper or paper board comprising forming a cellulosic suspension,
flocculating the suspension, draining the suspension on a screen to form a sheet
and then drying the sheet, wherein the cellulosic suspension is flocculated by
addition of a substantially water soluble polymer selected from,




b) a synthetic polyner of intrinsic viscosity at least 4 dl/g and then

refl occul at by a _subsequent addition of a reflocculating syste wher ei n
the refl occl aql?él‘?dosyst em conprises 1) a siliceous materi 31 8“’%32 a
substantially water sol ubl e*pol yner, ¢tharacterised in that either, the
siliceous material and water sol ublegolyner are added to the suspension
simul taneously or the siliceous material before the addition of the water
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process is provi paper or paper board conprising formng a
cel l ul osi ¢ susresymtheticidoherer oftintrigsié Ridcositya fedstad digr ai ni ng t he
suspension on a screen to forma sheet and then drying the sheet, wherein
the cellul osic suspension is flocculated by addition of a substantially
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pol ynmer i scletdetarised infthatoaithier) lthes siticecusanatesinbandowéier soluble pulghérn ars of t he
siliceous eri . It has suyrppisin een_found that, fl occul ating the
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sol ubl e polyner of intrinsic visCosity above 4 dl/g which is followed by
the refloccul ation systemof the invention provides inprovenents in
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addition of a substantially water soluble polymer selected from,
a) a polysaccharide or
b) a synthetic polymer of intrinsic viscosity at least 4 dl/g
and then reflocculated by a subsequent addition of a refiocculating system,
wherein the reflocculating system comprises i) a siliceous material and ii) a
substantially water soluble anionic polymer,
characterised in that the water soluble anionic polymer is added to the cellulosic

suspension before the addition of the siliceous material.

It has surprisingly been found that flocculating the cellulosic suspension using a
flocculation system that comprises applying to the cellulosic suspension a
multicomponent system comprising a water soluble polymer of intrinsic viscosity
above 4 dl/g which is followed by the reflocculation system of the invention
provides improvements in retention and drainage without any significant
impairment of formation in comparison to other known processes.

The siliceous material may be any of the materials selected from the group
consisting of silica based particles, silica microgels, colloidal silica, silica sols,



borosilicates, polyborosilicates, zeolites and swelling clays. This
siliceouswoniemieel may be in the formof an anionic m CRGEERMNESE at e
material. When the siliceous material is a swelling clay it nmay typically
a bentonite type clay. The preferre clays are swellable in water and
include clays which are naturally ter swellable or clays which can be
nodi fied, for instance by ion exchange to render themwater swell able.
Sui t abl esilica gals, polysilisetes, catignic smca.w%emmsiliaafesmlyalumimqaﬂicatese| ays often
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be of any molecular weight but preferably will be of high molecular weight and may
for instance exhibit an intrinsic viscosity of above 4 di/g. Preferably the polymer is
a high molecular weight synthetic water soluble polymer. Thus the polymer may
be any water soluble polymer of intrinsic viscosity of at least 4dl/g. Preferably such
polymers have an intrinsic viscosity of ét least 7dl/g, for instance as high as 16 or
18dl/g, but usually in the range 7 or 8 to 14 or 15dl/g. The water soluble polymer
may be anionic, nonionic, amphoteric but is preferably cationic. The water soluble
polymer may be derived from any water soluble monomer or monomer biend. By
water soluble we mean that the monomer has a solubility in water of at least
59/100cc.

The water soluble polymeric first component of the flocculating system desirably
may be a nonionic polymer or alternatively an ionic polymer. When the polymer is
ionic it is preferred that the ionic content is low to medium. For instance the charge



WO 01/ 34910 PCT/ EPQO/ 10822 6 density of the ionic polynmer may be bel ow 5
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When the first component of the flocculating system is nonionic or anionic it may
be desirable to pre-treat the cellulosic suspension with a cationic treatment agent,
for instance alum, polyaluminium chloride, aluminium chloro hydrate or
alternatively a cationic substantially water soluble polymer. Such cationic pre-
treatement may be directly to the cellulosic suspension or the any of the
components of the cellulosic suspension.

The first component of the flocculating system is preferably cati.onic or potentially
cationic water soluble polymer. The preferred cationic water soluble polymers
have cationic or potentially cationic functionality. For instance the cationic polymer
may comprise free amine groups which become cationic once introduced into a
cellulosic suspension with a sufficiently low pH as to protonate free amine groups.
Preferably however, the cationic polymers carry a permanent cationic charge,
such as quaternary ammonium groups. Desirably the polymer may be formed
from a water soluble ethylenically unsaturated cationic monomer or blend of
monomers wherein at least one of the monomers in the blend is cationic. The



froma water soluble ethylenically unsaturated cationi‘c nonomer or bl end of
nononer s woxyigigle at | east one of the nononers in the bl ercir/Emoneszz oni c. The
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Desirably the first component may be a water soluble polymer with a rheological
oscillation value of tan delta at 0.005Hz of above 1.1 (defined by the method given
herein) for instance as provided for in copending patent application based on the
priority US patent application number 60/164,231 (reference PP/W-21916/P1/AC
526) filed with equal date to the priority of the present application.

The \Ivater soluble polymer may also have a slightly branched structure for
instance by incorporating small amounts of branching agent e.g. up to 20ppm by
weight. Typically the branching agent includes any of the branching agents
defined herein suitable for preparing the branched anionic polymer. Such
branched polymers may also be prepared by including a chain transfer agent into
the monomer mix. The chain transfer agent may be included in an amount of at
least 2 ppm by weight and may be included in an amount of up to 200 ppm by
weight. Typicaily the amoﬁnts of chain transfer agenf are in the range 10 to 50
ppm by weight. The chain transfer agent may be any suitable chemical substance,



t he mononer m x. The chain transfer agent nmay be included in an anmount of

at | east Zwﬁﬂi%@i'd wei ght and may be included in an anmounpcfkpdéledz® 200 ppm
by - weight. Typically the anbunts of chain transfer agent are in the range

10 to 50 ppm by weight. Thée chain transfer agent—may be any suitable
cheni cal substance, WD 01/34910 PCT/ BP00110822 8 for instance sodium
hypophosphite, 2-nmercaptoethanol, malic acid or thioglycolic acid.
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pol ymeri sation. Solution polynerisation results 1 n aqueous
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pol yner i saidsunrheolgicat ssdifdtionaaiuer ofitay déita at MO0SIHS of disdve®:? (defineB-by- 150933,
EP- A-102760 or EP-A- 126528. According to the invention the water sol uble
pol yners d08&ethed OWENPETSIM osi ¢ suspension prior to the refloccul ating
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water-in-oil emulsion polymerisation. Solution polymerisation results in aqueous
polymer gels which can be cut dried and ground to provide a powdered product.
The polymers may be produced as beads by suspension polymerisation or as a
water-in-oil emulsion or dispersion by water-in-oil emulsion polymerisation, for
example according fo a process defined by EP-A-150933, EP-A-102760 or EP-A-
126528.

According to the invention the water soluble polymers added to the cellulosic
suspension prior to the refloccutating system may be added at any suitable point.
The polymer may be added very early in the process, for instance into the thick
stock, but is preferably added to the thin stock. The polymer may be added in any
effective amount to achieve flocculation. Usually the dose of the polymer would be
above 20ppm by weight of cationic polymer based on dry weight of suspension.
Preferably it is added in an amount of at least 50ppm by weight for instance 100 to
2000ppm by weight. Typically the polymer dose may above 150ppm and may be
at more than 200ppm and can be greater than 300 ppm. Often the dose may be in
the range 150 to 600ppm, especially between 200 and 400ppm.
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The siliceous material may be any of the materials selected from the group
consisting of silica based particles, silica microgels, colloidal silica, silica sols,
silica gels, polysilicates, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicates and zeolites. This siliceous material may be in the form of an
anionic microparticulate material. Alternatively the siliceous material may be a
cationic silica.

In one more preferred form of the invention the siliceous material is selected from
silicas and polysilicates. The silica may be any colloidal silica, for instance as
described in WO-A-8600100. The polysilicate may be a colloidal silicic acid as
described in US-A-4,388,150.

The polysilicates of the invention may be prepared by acidifying an aqueous
solution of an alkali metal silicate. For instance polysilicic microgels otherwise
known as active silica may be prepared by partial acidification of alkali metal
silicate to about pH 8-9 by use of mineral acids or acid exchange resins, acid salts




described in US-A-4,388,150. The polysilicates of the invention may be

prepared b | di fying an aqueous solution of an al kali L cat e.
For i nst an&%ﬁ%@% icic mcrogels otherwise known as ac € osnlﬁHz%a may be

pr.epared by partial acidification of alkali netal: silicate to about pH 8-9
by use of mneral acids or acid exch#tmge resins, acid salts WD 01134910
PCT/ EPOO 10822 10 and acid gases. It may be desired to age the freshly
formed polysilici Wo fel. C . yrensi onal
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1: 10 and 1:1500. Polyalum nosilicates may be formed by acidifying an
aqueous solution of alkali rnetal silicate to pH 9 or 10 using concentrated
sul phuri c Altsraativeit e Molvglumigosilicates may be RAbRARICWATe Migkooels of Spdase
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descri bed betwe¥14PNIHET-A800.The col | oi dal borosilicate may be prepared by

contacting a dilute aqueous solution of an alkali netal silicate with a
cation exchange resin to produce a silicic acid and then form ng a heel by

m Xi ng t ogpéSiuminddilicties nMalHBE fmed by acidifying an aqueous solution of alkali
metal silicate to pH 98 or 10 using concentrated sulphuric acid containing 1.5 to

2.0% by weight of a water soluble aluminium salt, for instance aluminium sulphate.
The aqueous solution may be aged sufficiently for the three dimensional microgel
to form. Typically the polyaluminosilicate is aged for up to about two and a half
hours before diluting the agueous polysilicate to 0.5 weight % of silica.

The siliceous material may be a colloidal borosilicate, for instance as described in
WO-A-9916708. The colloidal borosilicate may be prepared by contacting a dilute
aqueous solution of an alkali metal silicate with a cation exchange resin to
produce a silicic acid and then forming a heel by mixing together a dilute aqueous
solution of an alkali metal borate with an alkali metal hydroxide to form an
agueous solution containing 0.01 to 30 % B,03, having a pH of from 7 to 10.5.

In one preferred aspect the siliceous material is a silica

Preferably when the siliceous material is a silica or silicate type material it has a
particle size in excess of 10 nm. More preferably the silica or silicate material has



solution of an alkali netal borate wth an alkali netal hydroxide to form
an aqueowdospdond i on containing 0.01 to 30 % B203, havi nRCEHERMIMR2from 7 to
10.5. In one preferred aspect the siliceous nmaterial is a silica Preferably
when the siliceous material is a siJJjca or silicate type material it has a
particle size in excess of 10 nm re preferably the silica or silicate
mat erial has WO 01/ 34910 PCTI EPOMO0822 11 a particle size in the range 20
to 250 n@pagigfeizin theirange20ta 2§08 um aspegiglly ithe range 4fde d0BMM.erred form
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clay. The bentonite may rovided as an alkali netal bentonite.
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Activated swellable bentonite clay is often supplied to the paper mll as
dry powder. Alternatively the bentonite may be provided as a high solids
f 1 owabl e \Mdst pfeferably th€ clayas abdistiRntypé clal OTh&karidhRe Aay @@gfovﬂdédor 20%
solids, for instance as "described in EP-A-485124, WO A-9733040 and
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swellable bentonite clay is often supplied to the paper mill as dry powder.

Alternatively the bentonite may be provided as a high solids flowable slurry of
activated bentonite, for example at least 15 or 20% solids, for instance as
described in EP-A-485124, WO-A-9733040 and WO-A-9733041.

In paper making the bentonite may be applied to the cellulosic suspension as an
aqueous bentonite slurry. Typically the bentonite slurry comprises up to 10% by -
weight bentonite. The bentonite slurry will normally comprise at least 3% bentonite
clay, typically around 5% by weight bentonite. When supplied to the paper mill as
a high solids flowable slurry usually the slurry is diluted to an appropriate
concentration. In some instances the high solids flowable slurry of bentonite may
be applied directly to the paper making stock.

Desirably the siliceous material is applied in an amount of at least of at least 100
ppm by weight based on dry weight of suspension. Desirably the dose of siliceous
material may be as much as 10,000 ppm by weight or higher. in one preferred
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viscosity ﬂdm:utatmg systeqy. Preferably the polymeric refloccul ating agent will
have an intrinsic viscosity of between 7 dl/g and 16 or 17 dl/g especially
8 to 11 or 12dl/g. The polynmer nmay be branched, for instance by inclusion

of branchi TBe agestssludie polyserorhe réﬂ’ddcbl%hnﬂ{; Byét@ﬁx BF Bk Iof AY mlectdrh regard
to the first polynmeric conmpaonent _of occul ati nngP/Stem Preferably,

however , t Weight &t geaeraiyextyitsean inginsic viscosity of least 1
water soluble polymeric reflocculating agent is of relatively high molecular weight

Desirably the

and has an intrinsic viscosity of at least 3 or 4 dl/g and often will have an intrinsic
viscosity of at least 7 dl/g or 10dl/g. The polymeric reflocculating agent may have
an intrinsic viscosity as high as 25 or 30 di/g but usually does not have an intrinsic
viscosity above 20 di/g. Preferably the polymeric reflocculating agent will have an
intrinsic viscosity of between 7 dl/g and 16 or 17 dl/g especially 8 to 11 or 12dl/g.
The polymer may be branched, for instance by inclusion of branching agents as
discussed earlier in the specification with regard to the first polymeric component
of the flocculating system. Preferably, however, the flocculating system is
substantially linear, that is the polymer is prepared substantially in the absence of
branching agent.

In one aspect of the invention the water soluble polymeric reflocculating agent is
an anionic polymer. The anionic polymer may bear potentially ionisable groups
which become ionised on application to the cellulosic suspension. However,
preferably the polymer is formed from at least one water soluble anionic
monomer. Preferably the anionic polymer is formed from a water soluble
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Generally, however, suitable anionic polymers tend to comprise at least 5%

anionic monomer units and usually at least 10% by wéight anionic monomer units.

Often the anionic polymer may éomprise up to 90 or 95% by weight anionic

monomer units. Preferred anionic polymers comprise between 20 and 80% by

weight anionic monomer and more preferably 40 to 60% by weight anionic -

monomer units.

In an alternative form of the invention the water soluble polymeric reflocculating
agent is a cationic polymer. The cationic pdlymer may bear potentially ionisable
groups which become ionised on application to the cellulosic suspension, for
instance monomers carrying pendant free amine groups. However, preferably the
polymer is formed from at least one water soluble cationic monomer. Preferably
the cationic polymer is formed from a water soluble monomer or blend of water
soluble monomers. The blend of water soluble monomers may comprise one or
more water soluble cationic monomers optionally with one or more water soluble
nonionic monomers. The cationic monomers include qhatemary ammonium salts
of amino alkyl (meth)acrylates or amino alkyl (meth) acrylamides and diallyl
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In yet another form of the invention the water soluble polymeric reflocculating
agent is an amphoteric polymer. The amphoteric polymer may bear potentially
ionisable groups which become ionised on application to the cellulosic
suspension, for instance monomers carrying pendant free amine groups and/or
ionisable acid groups. However, preferably the polymer is formed from at least
one water soluble cationic monomer and at least one anionic monomer.
Preferably the amphoteric polymer is formed from a water soluble monomer or
blend of water soluble monomers. The blend of water soluble monomers may
comprise one or more water soluble cationic monomers and one or more water
soluble anionic monomers, optionally with one or more water soluble nonionic
monomers.

The cationic monomers include quaternary ammonium salts of amino alkyl
(meth)acrylates or amino alkyl (meth) acrylamides and diallyl dimethyl ammonium
chioride etc. The anionic monomers may include ethylenically unsaturated
carboxylic acids (including salts thereof) and ethylenically unsaturated sulphonic
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chl ori de uat erni se ret hyl am'no ethyl acrylate, acrylic acid and

acryl am duaterhised disnethyaming ethyhacrylats; asoripeciskand-acylamids. snal | anmounts of
anionic and cationic nononer units, for instance 1 % by weight or |ess of

each. However, generally the anphoteric polynmer will conprise at |east 5%
ani oni ¢ vecamphaterit polymed ney dopapriseTeldtiyelpsniitamannts of anionicarer units, In

sone cases.it, may be desiyrable to e more of one ioni th th
other - FoRtpHiG MANaBTer TR, for Ristaned 1R Nva e ol BoWBgant of
cationi ¢ gEpaRIRithé BAphatdrieHolymermil BBMmpriss aaldast S9eariomb PicHonterumity mer
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bet wveen Z{3spABIe38 Habd n¥¥Re P bne ionic monomer than the other. For instance it may
be desirable to have a greater amount of cationic monomer than anionic
monomer. Usually the amphoteric polymer comprises at least 10% by weight
cationic monomer units and often greater than 20 or 30% cationic units.
Preferably the amphoteric polymer comprises between 20 and 80% by weight
cationic monomer units and more preferably 40 to 60% by weight cationic
monomer units. The amphoteric polymer may comprise at least 20 or 30% anionic
monomer units. It may be desirable for the amphoteric polymer to comprise at
least 40 or 50% by weight anionic units. The water soluble amphoteric polymer
may be linear or alternatively is branched for instance by inciuding small amounts
of branching agent in the monomer as described previously in this specification.

In a still further form of the invention the water soluble polymeric reflocculating
agent is a nonionic polymer. The nonionic polymer may be any water soluble
polymer of intrinsic viscosity at least 1.5 dl/g which exhibits essentially no ionic
character. The nonionic polymer may be a polyalkylene oxide for instance
polyethylene oxide or polypropylene oxide or may be a vinyl addition polymer
formed from ethylenically unsaturated nonionic monomers or a blend of
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pol ymeri c conpo ere ul ati ng systemis ad an anount
sufficient to achieve flocculation. Typically the dose of refloccul ating

Dol e ot SHE ooy SRl Bl BB e LS T
an amount sufficient to achieve flocculation. Typically the dose of reflocculating
polymer would be above 20 ppm by weight of polymer based on dry weight of
suspension although it may be as high as 2000 ppm. Preferably, however, the
polymeric refloccutating agent is applied in an amount of at least 50 ppm by
weight for instance 150 ppm to 600 ppm by weight, especially between 200 and
400 ppm.

In one preferred aspect of the invention the flocculated cellulosic suspension is
subjected to mechanical shearing prior to the addition of the siliceous material.
Thus the flocculated suspension may be passed through one or more shear
stages selected from pumping, mixing or cleaning stages prior to adding the
siticeous material. Thus where the thin stock suspension is first flocculated by
addition of the cationic polymer the suspension may be passed through at least
one fan pump and/or a centri-screen before being reflocculated by the siliceous
material. The shearing tends to mechanically degrade the flocculated materiat in
the thin stock suspension, thus producing smaller flocs. The mechanicaily
degraded flocs also tend to have newly formed surfaces onto which the siliceous



polymeric reflocculating agent is applied in an anount' of at | east 50 ppm
by wei ghfyofepheinst ance 150 ppmto 600 ppm by wei ght, esprwEmbiges2bet ween
200 and 400 ppm In one preferred aspect of the invention the floccul ated
cellul osic suspension is subjected to nmechanical shearing prior to the
addi tion of the siliceous material.” Thus the floccul ated suspensi on may be
passed t hrough one or nore shear stages selected from punping, mxing or
cl eani ngneitevis can readilytassacidte) thushenhamcingcaralimpravieg the refldbcidatidrer e t he
thin stock suspension is first flocculated by addition of the cationic

pol ymer the suspension may be passed through at | east one fan punp and/or

a centri ypahéRBr prfdred Agides of k! inveiitionttrs réfloctiiated duspension, fornedi al . The
shearing tends to nechanically degrade the flocculated material in the

thin st oby additionf thmsilieanus matsriak isspbiested fo mechrnicalsheariag REAT tal | y

-degr aded . SEAatHY tip-Whi ch the

sili ceougﬂw‘gqﬁgégt{%%ﬁ%%&%r}&l‘%ﬁﬁat eril -Iég?gﬁ's];rg%c}ﬁfy associ at e,

t hus enhsefldcoglatedisuspension moay be passeadithoalgt onenor more shesr istagesrast er r ed
aspect of, the,invention the refl accul at ushensi,on. .f.or by addition
of the sF’PhE%%ﬂEmf?ahJ@Fi magc ﬁ"é%\ﬁ@ﬁ%@&%&g ﬁi@?%%ﬁ@%‘i“’%‘%ﬂz&ﬁ r?éo%(ri or to
the addi ygpertiorn feadw sihalie?lanllduerto therformationof newsusfacegfurthent . Thus the
refl occul ated suspensi on may be passed t ugh. one or nore saﬁgr cgt ages as

def i ned #peeudatiory Hiecwatar saluble RP&@'F%@%E alingrageqd may o8 d thin
stock s ﬁcﬁg%ﬂeeﬂvélﬁﬂdyﬁ? %ﬁ&'da&fcuiﬁ?@l ;ﬁmrﬁea o tHePthirbtoek saépatiprs ur f aces

further cculatio he water sol'uble polyneric refloccul ating agent
may be ad$fleccstbtedrby useiof s cationic watanseluble pelyaies of intdngievisgosityghoveed f orm

the thin ck ' | : i Q0| r

sol ubl e ;5‘34'&1@&@?0%?{)@%& %:"E\'?Fégggﬁééagg\%m@ﬁ(ﬂ% g&arﬁﬁgt%bf F%@%ﬁl at ed
suspensi &g giverphaerei] and tieerpthecshearsd refloecuddted rsuspengion istbentreatedher ei n, and
t hen the shearedq. refl occul S ension is then treate w th, the

sili ceou%‘%ﬁ@ﬁﬂ§9°?%ma8%@3}‘§@w§gi& Eﬂé&'egﬁ'i%ﬁrl%d“m%q&ﬁp AdHehng t hen
t he sheangd sheireaGemdctuRtied thim stk slisarsianis ifarthdrfiotoulatedrbyf aduitiord at ed by
addition of the water sol uble é)ol yneric refl ?ccul ating a er{t of igtri nsi c-
Vi scosi tyafér@e wategsoluble polymeric reflocculating agent of intrinsic visCosity at least 1.

dl/g. _ -

The water soluble polymeric reflocculating agent is generally the last treatment
agent in the process and thus tends to be added later in the system and often
closer to the drainage stage. Thus the polymeric reflocculating agent tends to be
added after the last point of high shear, which may be for instance the centri-
screen. Therefore for a particularly preferred process the water soluble polymeric
reflocculating agent is added subsequent to the centri-screen.

In an alternative preferred aspect of the invention there is no mechanical shearing
between the addition of the siIiceo,us'materia_l to bring about reflocculation and the
addition of the water soluble polymeric reflocculating agent. Aithough it may be
desirable to mechanically shear the flocculated suspension following the addition
of the water soluble polymeric reflocculation agent, in this form of the invention it is
preferred that there is no substantial 'shearing following the addition of the
polymeric reflocculation agent. Thus in this preferred aspect of the invention both
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comprise water soluble organic polymers, or inorganic materials such as alum,
polyaluminium chloride, aluminium chloride trihydrate and aluminochloro hydrate.
The water soluble organic polymers may be naturat polymers, such as cationic
starch, anionic starch and amphoteric starch. Alternatively the water soluble
polymer may be a synthetic polymer which could be amphoteric, anionic, nonionic
or more preferably cationic. The water soluble polymer may be any water soluble
polymer preferably exhibiting ionic character. The preferred ionic water soluble

polymers have cationic or potentially cationic functionality.

it may be desirable to additionally incorporate a cationic coagulant into the
cellulosic thick stock or the components of the thick stock. Such a cationic water
soluble polymer may be a relatively low molecular weight polymer of relatively high
cationicity. For instance the polymer may be a homopolymer of any suitable
ethylenically unsaturated cationic monomer polymerised to provide a polymer with
an intrinsic viscosity of up to 3dl/g. Homopolymers of diallyl dimethyl ammonium
chioride are preferred. The low molecular weight high cationicity polymer may be
an addition polymer formed by condensation of amines with other suitable di- or
tri- functional species. For instance the polymer may be formed by reacting one or
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amnes with other suitable di- or tri- functional species. For instance
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neutralis %ﬂan for exanple in cases where the pulp has a relatively high

cat i oni c CRRIRIARES- such as for instance when maki ng newsprint. Alternatively
the cationic coagul ant may serve to fix pitch and/or stickies. Although it
IS possible to include these additional materials such as organic cationic
coagul anisong prafened farmeof the svgatior tl’!ﬁmﬁimwlc suspessinotis subjectet o necessary

coagul anfiecnanioBFiap SaRRERdOI of AIRHSLCRE drihe RS RRREFREfin T "
suspensi tﬂncmﬂatmggysmdl' hus in fties peefered farireat lebst dravéomgpardaht of the of at | east
one of t Iﬂgc&ﬂﬁp gn esm ?sf mExe into the cellulosic suspension causing flocculation '

and the flocculated suspension is then mechamcally sheared. This shearing step

may be achieved by passing the flocculated suspension .through one or more

shear stages, selected from pumping, cleaning or mixing stages. For instance

such shearing stages include fan pumps and centri-screens, but couid be any

other stage in the p_roéess where sheaﬁng of the suspension occurs.

The mechanical shearing step desirably acts upon the flocculated suspension in
such a way as to degrade the flocs. All of the components of the flocculating
system may be added prior to a shear stage although preferably at least the last
component of the flocculating system is added td the cellulosic suspension at a
point in the process where there is no substantial shearing before draining to form
the sheet. Thus itis préferred that at least one component of the flocculating
system is added to the cellulosic suspension and the flocculated suspension is
then subjected to mechanical shear wherein the flocs are mechanically degraded
and then at least one component of the flocculating system is added to
reflocculate the suépensi_on prior to drainirig. |
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added to .refl occ e su nS| on prior to draining. WO 01/ 34910
PCT/ EPOQY i'@fg'éd? ﬂghqaf Q?ﬁ?@"ﬁ'oe $-ed formof the invention we provide a
process of preparing paper froma cellulosic stock suspension conprising

filler. The filter may be a%/ traditionally used filler materials. For
i nst ance tG@qvalM apelligsiggoek somptising substantial auantiiestof Sllerare &orgay be a
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f1 occul at estockthay tompfise amypsditable Ambentaf fiflér. Generalll the eaididsie par t icle
size, such as precipitated, calcium carbonate. Thus_according t
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filled papggperdién BGRSH sé@fﬂﬁ 1640% filler, preferably between 10% and 40% filler.

Desirably the final sheet of paper or paper board comprises up to 40% by weight
filler. Thus according to this preferred aspect of this invention we provide a
process for making filled paper or paper board wherein we first provide a cellutosic
suspension comprising filler and in which the suspension solids are flocculated by
introducing into the suspension a flocculating system comprising a water soluble
polymer of intrinsic viscosity at least 4 dl/g a siliceous material and then a water-
soluble polymer of intrinsic viscosity at least 1.5 di/g as defined herein.

In an alternative form of the invention form we provide a process of preparing
paper or paperboard from a cellulosic stock suspension which is substantially free
of filler.

The following examples illustrate the invention,
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suspensi owonanyme ses at | east 5% by weight filler materiRCT/EPPPORAI |y t he
cellulosic suspension conprises up to 40%filler, preferably between 10%
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aspect of this invention we provide a process for maeking filled paper or
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suspensi on which is substansially free of filler. The follow n exarrpl es
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appar at us, he rear exit blocked so the dralnage water exits through
t he fronsumsiqng The <cellulosic stock used is a 50/50 hardwood/ sof t wood
suspensi on and 40% by weight (on total solids) precipitated cal cium
carbonate. The stock suspension is beaten to a freeness of 550 (Schopper
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Table 1

Table 1
Bentonite  (g/t)
Product A 0 500 1000
(g/t) o 102 - .
500 - 34 27
1000 - - 14
Example 2

The drainage tests of Example 1 is repeated for a dose of 500g/t product A and
500g/t bentonite except that following the addition of bentonite a further shear
stage was applied followed by (Product B) a linear water soluble anionic
copolymer of acrylamide with sodium acrylate (62.8/37.1) (wt./wt.) of intrinsic
viscosity 16 di/g. The drainage times are shown in Table 2.
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igffi 0 34 125 17 250 13 Soo 10 As can be seen
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3 Exanple R_is f(wPeat ed|except thatfthe bentonite and Product B (anionic
pol ymer) s appldi ed sihul tardousl yjto provi de anal ogous results. Exanple 4
Exanpl e 2 {s rep@8t ed except What ploduct B (anionic polyner) is applied
before the bent2SQite. The rddults are better than the process w thout
Product B.} W) 015084910 PCT/ ER®0O/ 108P2 23

As can be seen even a dose of 125 g/t Product B substantially improves drainage.

Example 3
Example 2 is repeated except that the bentonite and Product B (anionic polymer)

is applied simultaneously to provide analogous results.

Example 4
Example 2 is repeated except that product B (anionic polymer) is applied before

the bentonite. The results are better than the process without Product B.
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suspensi on on a screen to forma sheet and then drying the sheet, wherein
the cellul osic suspension is flocculated by addition of a water soluble
pol ymer which. is selected from a) pol ysaccharide or b) a synthetic
polymer of intrinsic viscosity at least 4 dl/g and then refloccul ated by a
subseque@laimsdi ti on of a refloccul ating system wherein the refloccul ating

. : 2! "9 N . bl el "
char ot ofi BecrProgshsTobinakiiE PhpEBE Sanéhhdied sainbrfiod Trfting reiblosicol &
pol ymer suspenaitnhe fotdutatingsthe saspensionTdrainmgaHe lsuspensivh afdidcrésh @f the

siliceous nateyial then addition of the water soluble polynmer. 2. A
process B'b?a‘:'?é %f@ntgﬁa#m'agt shaetwhereintheicellggsic suspension iss an ani oni ¢

m cr opar g ?%g'l i or claim2 in
whi chpt hgb?ﬁagréieg comiosfiaﬁgaté{ ﬁgggﬂéﬁ%é@ﬁﬁghﬂ%?gsr %%?&FQ f'gggl}ect ed fromthe

group consi st2hPelysacghiagidelised 1. particles, silica mcrogels,

| 1 oi dal silj L I kot . | ysili,cates, cationic silica,
gloum'OInosi I ;Slca?)g%,sy%h {;'/‘gﬁ?}ﬁﬁ?ggf ﬁ@gfcg\ggg%ﬁygg%ﬁ\éﬁétdkg pol yborosi li cates,.
zeol i t esand theh flocadated by ftilb?ﬁtjenlnéddiﬁ%nlofw reflogtulating @st%rhph Ehe i
il terial i . able clay..5. A process according to claim:
"1 whi oh WOREFIE i TeipPeHIANnE SYSLE cBmipeRes & Hijcsousiragiena) s ieovelss
accor di ngolubleqpatyriied or claim5 in which the swellable clay is selected

fromthe group consisting of hectorite, snectites, nontnorillonites,
nont r oni £Baractesised in that eiherothie siliceys matedal and:water selukle polymerareol i tes: 7.

s 8486 Ml ioR inBpeoLetl Pt U BBl 2015 .
to the then addition of the water soluble polymer. C - :
2. A process according to claim 1 in which the silicebus material is an anionic

microparticulate material. L

3. A process according to claim 1 or claim 2 in which the material comprising
the siliceous material is selected from the group consisti.n.g of silica based
particles, silica microgels, colloidal silica, silica sols, silica gels, polysilicates,
cationic silica, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicates, zeolites. o

4. A process according to claim 1 or claim 2 in which the siliceous material is
a swellable clay. '

5. A process according to claim 4 in which the swe"éble clay is a benonite
type clay. :

6. A process according to claim 4 or claim 5 in which the swellable clay is
selected from the group consisting of hectorite, smectites, montmorillonites,
nontronites, saponite, sauconite, hormites, attapulgites _énd sepiolites.

7. A process according to any one of claims 1 to 6 in which the siliceous
material and water soluble polymer of the reﬂocculating' system are added to the
cellulosic suspension as a biend or simultaneously. |

8. A process according to any one of claims 1 to 6 in which the siliceous
material is added to the cellulosic suspension prior to the 'addition of the water

-
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cel lul osic suspension-as a blend or sinultaneously. 8. A process according

to any one ' | to 6 in which the siliceous materi | ed to
t he cel |l ul o%c?%@gﬁnsi on prior to the addition of the vvaipgjrrmt@il@?lllllll

Leree reeer e €~ MS W 01/34910 PCT/ EPOO/ 10822 24 sol ubl e
pol ymer of the refloccul ating systeng49. A process according to any one of
clains 1 to 8 in which the water soluble polyner added to the cellulosic

suspensi on i s ' stemis..a nonionic polynmer or an
s A PIBEA Gy SRy

i ®ni ¢ pol ymer _ i nsity below 5 neqlg, preferably
bel ow 3 ne§l g. Aprocaspacerdingde aoy onegf tiains§ toBdn ahich theweatdr sofutde i n whi ch

h [ ubl ded h | | ul gsi ' jor to th

re1 occul aPrHRLeIBRetEE celieg sbharciros o B SRRAIEESYB09 7 wei gnt

i oni ¢ nmonongriotidipblymet br ammﬁ@’:e@meammhc&xmiﬁa@ @W?@Bénﬁfy Beigwss 1 to 10
po

in which the water, s i bl e ynmer added to the cellul osic suspension
prior to tﬂ'@QfgePFQfﬁ@gY qlow; 34Ped/dm is a cationic pol ymer, said cationic
pol ymer i s4for écf‘d?@i'h ¢ ' : noner
or water 3(1) 'ublr%g[)‘{cgggho et ﬁ)}?gﬂ*ggkmefaﬁ'}s{%ﬁ%g?ﬁew[c#oqﬁgﬁ&e#éﬂgmﬁy ng at
| east one polymenaddetbiodhe cellulosic suspensensprior bnthei reflocaulatimg systermois anl ai ns 1

Las éé nls ino n bﬁﬁ%ﬁaﬁﬁ%qu@ﬁ %toﬁ?q’? %&é"mﬁ%?@ﬂ? Frbc}ngrﬁeg%gﬁg.lhlegl 3/; gr sol ubl e
pol ymer whitth haprovess ateordingdo wng onsiof glaino ¥ ¢o 40lid whithdthe wakdridolublen
e 001 e g S B bTof st brer i o oo BB o bl &
D e ke iR L O (ARG Ll o\ bl Rl Rl o
accor di ng upsaluspteshyaonemer of water selybledlend efiatayieninallywnsaturstedubl e pol ynrer
e b RIS LR SRR AR i, €11 000 2 19 System <
anphoteric12. A process according to any one of claims 1 to 11 in which the water soluble

polymer added to the cellulosic suspension prior to the reflocculating system is a

branched water soluble polymer which has an intrinsic viscosity above 4dl/g and

exhibits a rheological oscillation value of tan delta at 0.005Hz of above 0.7.

13.  Aprocess according to any one of claims 1 to 12 in which the water soluble

polymer added to the cellulosic suspension prior to the reflocculating system has

an intrinsic viscosity of at least 7 di/g.

14. A process according to any one of claims 1 to 13 in which the water soluble

polymer added to the cellulosic suspension prior to the reflocculating system is a

polysaccharide selected from the group consisting of anionic starch, amphoteric

starch, nonionic starch, preferably cationic starch.

15. A process according to any one of claims 1 to 14 in which the reflocculating

system comprises a substantially linear water soluble polymer.

18. A process according to claim 15 in which the water soluble polymer is a

polysaccharide or a synthetic polymer of intrinsic viscosity at least 4dl/g.

17. A process according to claims 15 or claim 16 in which the water soluble

polymer is a substantially linear anionic polymer.

18. A process according to any one of claims 15 to 17 in which the water

soluble polymer is a synthetic polymer which has an intrinsic viscosity of at least 7

| [
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starch, nonionic starch, preferably cationic starch. 15. A process

accordi ngwboismee one of clains 1 to 14 in which the ref | RITEMGILY system
conprises a substantially linear water soluble polyner. 16. A process
according to claim 15 in which the@gater sol ubl e polyner is a

pol ysaccharide or a synthetic pol ymer intrinsic viscosity at |east

4dl /g. 17. A process according to clains 15 or claim 16 in which the water
sol ubl e difgspyeferabiysatdeastidiati al |y |inear anionic polymer. 18. A process

accordi ”f%t 0 @BVOﬁQQQa Vﬁl@hﬂﬁa Bnef Haitng ' Fdlin \pﬁcWéaﬁocgtﬁf%té@' e poI ymer

is a synthetic'po as an Intrinsic Vviscosit east
111 11r | suspehsibt msumected ito niekchanical shearing prior to ’meaqumsf&‘he 10

PCT/ EPOOl 082|.ﬁ . 25 dk%_a preferably at |east 10dl/g. 19. A process
accor di nf"P% claims 1 to 18 in which the floccul ated suspension

i's subj egged Agrda%ebaac@ﬂtng ey dnedbfiidine 11© 19 vikidh thesiliedoushe
refl occul ati ng system process according to any one of clainms | to 19

i n whi chmetgsiakjs QRPé'GG@ thﬁaﬂ‘qu‘lﬂteq celidosic sspensionand the syYspersioR I8 | ul osi ¢
suspensi ?lfr%n o? tt%‘ e%HéRﬁQPéH@%nB? gnél“p tRE Hadition d¥Rnd ARk éi'@olh g?lpﬁﬁrpr ior to

t he addi wat er solu nmer — conponent 0 occul ati ng
system mmpﬂnm@tmreibcmlaﬂmggss{sterany one of clainms 1 to 20 in which the

ubsequoti- t o PRaceSEHepPrRTRE Sty oo Ar eifs 1 BCE khBA o BRRFSellC
cl ai ms 1pb|9rr%i:compuhemrnfbné reflogeulating systers is added sabsamént tmethwat er soluble

pol ymer corrponent of the reflocculating system are both added to the
cel | ul osPRMEBERE| on subsequent to the centri-screen. 23. A process

accordi ngato R'Bn‘oéé%% dtkofdiy tPanly drie Zldifhs\icCM Ir@hieR IbotH i@l silicedus pensi on
conprises filler. . A pr ocess according to claim?23 in _which the sheet of
paper or meserial aggalnejwater soluble polymer component of the reflocculating system
are both added to the cellulosic suspension subsequent to the centri-screen.
23. A process according to any one of claims 1 to 22 .in which the cellulosic
suspension comprises filler.
24. A process according to claim 23 in which the sheet of paper or paper board
comprises up to 40% by welght filler. _
25. A process according to claim 23 or claim 24 in whlch the filler material is
selected from the group consisting of precipitated calcium carbonate, ground
calcium carbénaté, clays (especially kaolin) and titanium dioxide.
26. A process accordihg to any one of claims 1 to 22 in which the cellulosic
suspension is substantially free of filler.
27. A process for making paper or paper board comprising forming a cellulosic
suspension, flocculating the suspension, draining the suspension on a screen to
form a sheet and then drying the sheet, wherein the céllulosic suspension is
flocculated by addition of a substantially water soluble po!ymer_selected from,
a) a polysaccharide or
b) a synthetic polymer of intrinsic viscosity at ieést 4 di/g
and then reflocculated by a subsequent addition of a reflocculating system,
wherein the reflocculating system comprises i) a siliceous material and ii) a
substantially water soluble anionic polymer,

100



conprises up to 40% by weight filler. 25. A process according to claim 23
or clalrnZA%,25 Qﬁgg@ch the filler material is selected frosoisdogusesp

consi sting i pitated cal cium carbonate, ground cal cium carbonate,
clays (especially kaolin) and titani umdioxide. 26. A process according to
any one of clains | to 22.. in whicH&he cellulosic suspensionis
substantially free of fiIIer 27. A process for making paper or paper board
conpri si n%ﬁ%&fc’i@ri&ﬁd% it tnd Walef solau@wl@polymeemml toghe bellubasipensi on,
drai ning the suspension on a screen to forma sheet and then drying the
sheet, wheuspensigrebefora theasidition of thesilieapusdnatefiglecul at ed by addition ofa
substantlally wat er sol ubl e polyner selected from a) a polysaccharide or
b) a synthetic polymer of intrinsic viscosity at least 4 dl/g and then
refloccul ated by a subsequent addition of a refloccul ating system wherein
the refl occulating systemconprises i) a siliceous material and ii) a
substantially water soluble anionic polynmer, 111111 221221 L1E0LE HEELEn |
1l ~ MS W 01! 34910 PCT/ MD/ 10822 26 characterised in that the water

sol ubl e anionic polymer.is added to the cellulosic suspension before the
addition of the siliceous material. 1




