4 MAY 2004 1 Manufacture of Paper and Paperboard This invention relates to
processes of naki ng paper and paperboard froma cellul osic stock, A i
enpl oying a novel flocculating system During the manufacture of pap@N Bﬁ@
paper board a cellulosic thin stock is drained on a noving screen (often
referred to as a machine wire) to forma sheet which is then dried. It is
well known to apply water soluble polyners to the cellulosic suspension in
order to effect flocculation of the cellulosic solids and enhance drai nage
on the nuiMgastieenpPablr and@agebboadr ease out put of paper many nodern
paper nmaking nmachines operate at higher speeds. As a consequence of
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trade rmd,-léirﬁ@% o eeshosingeassénl for nore than a decade. More recently
t here have beén various attenpts to provide variations on this thene by

maki ng m nor nodifications to one or nore of the conponents. 4 MAY 2004 2
In order to increase output of paper many modern paper making machines

operate at higher speeds. As a consequence of increased machine speeds 2
great deal of emphasis has been placed on drainage and retention systems that
provide increased drainage. However, it is known that increasing the maolecular
weight of a polymeric retention aid which is added immediately prior to drainage
will tend to increase the rate of drainage 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 solubie substantially finear
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.




US- A- 5393381 describes a process in which a process of nmaking paper or
board by adding a water soluble branched cationic pol yacryl am de arzch%
bentonite to the fibrous suspension of pulp. The branched cationic AY 2004
pol yacrylam de is prepared by polynerising a m xture of acryl am de,
cationi c nononer, branching agent and, chain transfer agent by solution
pol yneri sation. US-A-5882525 descri bed a process in which a cationic
branched wat er soluble polymer with a solubility quotient greater than

about 30%$n-3ppRB&MdESCHbal & pescdsanin vaficls agpeoeedosmiakite, papey. ordqaaper
maki ng stock, in order to release water. The cationic branched watey
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non-ioni c pol i/merl c retention aid. Although the suspension in this process
r

i s a subgthain fransier agent PrackiliopAeNBAMSIIPNAU- A 63977/86 a nodification 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

rel ati vellys!QwEBRbES Hb et glproctisiipNiticipal getlbait branghed iveatadsisidbleo t he
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EP- A- 608 r ng filled paper by adding a
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concentrated suspension of f| bre and filler adding bentonite or other
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In EP-A-17353 a relatively crude pulp, having high cationic demand, is treated with
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 molecular 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




3 to the cellulosic thinstock or thickstock and subsequently addi ng
polyneric retention aid to the thinstock before draining the thinstock to
forma sheet. Fibre and filler retention are said to be inproved by MAEZ004
presence of the coagulant in the concentrated suspension of the fibre and
filler. EP-A-308752 describes a nethod of naking paper in which a | ow

nol ecul ar wei ght cationic organic polyner is added to the furnish and then
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dr ai ni ng e suspension on a screen to forma sheet and then drying the
sheet, wherein the cellulosic suspension is flocculated by addition of a
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Alkaline Paper making describes an allegedly commercia! 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 tower 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 10 form a sheet

and then drying the sheet, wherein the cellulosic suspension is flocculated by

addition of a water soluble cationic synthetic polymer of intrinsic viscosity at least




4 MAY 2004 4 4 dl/g, wherein the floccul ated cellul osic suspension is

subj ected to nechanical shearing and then refloccul ated by a subseﬂ E
addition of a reflocculated system and in which the refloccul ated E@ @ﬁ‘n
conprises i) a siliceous material and ii) a water sol uble anionic polyner
of intrinsic viscosity at least 4 dl/g, characterised in that either, the
siliceous material and water soluble anionic polynmer are added to the -e
suspensi on sinultaneously or by addition of the sili ceo fonnatﬁ{iﬁl%l bef ore
or after 4adifj, twitarent thetfoonetated eellulasie susneansian isGUpIRAET NRCET 1T c8ous
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According’to a second aspect of the present invention a process is provided
for making pabaﬁllleeotmwﬂerlﬁbaﬂd corrprl sing form ng a cellulosic
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conprises i) a siliceous material and ii) substantially water soluble
ani oni ¢ @éley additiootvd the wetersetl e anieaic F@MW\%t er sol ubl e anionic polyner is
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suspensi @eliuls;sm:gsumpeh‘asoocsubaedmnntwmeemmhatramrmrd ses appl ying to the

cel Tul OSItt(w:e 2ationic poPymer is added to the thin stock stream of the cellulosic

suspension.

According to a second 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,

a) a polysaccharide or

b) a synthetic polymer of intrinsic viscosity at least 4 di/g
and then reflocculated by a subsequent addition of a reflocculating system,
wherein the refiocculating system comprises i) a siliceous material and i) a
substantially water soluble anionic polymer,
characterised in that the water soluble anionic polymer is added to the celluiosic

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 di/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.




mul ti conponent system conprising a water sol uble polyner of intrinsic
viscosity above 4 dl/g which is followed by the refloccul ation sysf ®psy
the invention provides inprovenents in retention and drai nage w t hout any
significant inpairnment of formation in conparison to other known
processes. 4 MAY 2004 4a The siliceousygaterial nay be any of the materials
sel ected fromthe group consisting of silica based particles, silica

m crogels, colloidal silica, silica sols, 4 MAY 2004 5 silica gels,
polysilicates, cationic silica, alumnosilicates, polyalumnosilicates,
borosilicates, polyborosilicates, zeolites and swelling clays. This
siliceous material may be in the formof an anionic mcroparticu |l ate

mat eri al . en.the siliceous terial, i | J i ypically -
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nodi fi ed, for inStance by ion exchange to render themwater swell able.

Sui tabl e water swellable clays include but are not linmted to clays often
referred to as hectorite, snectites, nontnorillonites, nontronites,
saponite, sauconite, hormtes, attapulgites and sepiolites. The
flocculating material may be bentonite as defined by EP-A-235895 or

EP- A-335575. Thus the first conmponent of the floccul ati ng system accordi ng
to the invention is the water soluble polyner which is added to the

cel lul osic suspension prior to the reflocculating system The water

sol ubl e pol yner should be of sufficient nolecular weight as to bring about
bridging floccul ation throughout the cellul osic suspension. The water

sol ubl e pol yner may be any suitable natural or synthetic polynmer. It may
be a natural polynmer such as a polysaccharide such as a starch, for

i nstance anionic, nonionic, anphoteric, preferably cationic starch. The
natural polymer may be of any nol ecul ar weight but preferably will be of
hi gh nol ecul ar wei ght and may for instance exhibit an intrinsic viscosity
of above 4 dl/g. Preferably the polyner is




a high nol ecul ar wei ght synthetic water soluble polyner. Thus the polyner
may be any water sol uble polynmer of intrinsic viscosity of at Ieast(ﬁlﬁl{?ﬂ
Preferably such polynmers have an intrinsic viscosity of at |least 7 6 04
for instance as high as 16 or 18dl/g, but usually in the range 7 or 8 to
14 or 15d]/g. The water sol uble pol yner may be ani oni c, nonionic,
anphoteric but is preferably cationic” The water soluble polyner may be
derived fromany water sol uble nonomer or nonomer blend. By water sol uble
we nean tdilada gdie, puipsiieatebasatiorsobiiba, dluyinasilicates, psfyalumiresdicates.1 oocc.
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polymer is anionic it is preferably a copolynmer of acrylic acid (or salts
thereof) with acrylam de. When the polymer is nonionic it may be any poly
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weight as to bring about bridging flocculation throughout the cellulosic suspension.

The water soluble polymer may be any suitable natural or synthetic polymer. It

may be a natural polymer such as a polysaccharide such as a starch, for instance

anionic, nonionic, amphoteric, preferably cationic starch. The natural polymer may

be of any molecular weight but preferably will be of high molecular weight and may

for instance exhibit an intrinsic viscosity of above 4 dl/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 at 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 blend. By

water soluble we mean that the monomer has a solubility in water of at least

5g/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




be desirable to pre-treat the cellul osic suspension with a cationic
treatnent agent, for instance alum polyalum nium chloride, alum nqumw 2004
chloro hydrate or alternatively a cationic substantially water sol uble

pol ymer. Such cationic pre- treatement may be directly to the cellulosic
suspension or the any of the conponegts of the cellulosic suspension. The
first conponent of the flocculating systemis preferably cationic or

potentially cationic water soluble pol r. The eferr tj.oni ter
sol ubl e gehyite s therignéc @@Wmireabpeﬁﬁg@kﬁlgf palstie 85%536%9%% bgg’r‘n’g?iéég%k‘ﬁ”w For
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polymer is polyethylene oxide or acrylamide homopolymer.

When the first component of the flocculating system is nonionic or anienic 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 cationic 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




acrylic acid with methyl chloride quaterni sed dinethyl am no ethyl acrylate
and acrylam de. Desirably the first conponent nay be a water squbIe4M£y2m4
polymer with a rheological oscillation value of tan delta at 0.005Hz o
above 1.1 (defined by the nethod given herein) for instance as provided
for in copending patent application hased on the priority US patent
application nunber 60/164,231 (reference PPAN-21916/P1/ AC 526) filed with
equal date to the priority of the present application. The water sol uble
pol ymer rmyioalcsacharer & plafglablysdieatediermst eligtdiréyt emmbnisitaableriges,

i ncorporating snmall anmounts of branching agent _e.qg. to 20ppm. by weight.
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2- mer captpetrengbte. mal i ¢ acid or thioglycolic acid. Branched pol yners
conprising chain transfer agent nay be prepared using higher |evels of
branchi ng agent, for instance up to 100 or 200 ppm by wei ght, provided
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transfer t @WP'&WG”E@P&W@TUWW%W”HS&%”L‘ éartﬂji"g?f@rﬁfﬁﬂ?'é\%@ﬁ_s. © bly the
dei ta ot BoooenE e A R e o e her gy
potentially anionic and optionally at least one nonionic monomer is present.
Suitable monomers would include any of the cationic, anionic and nonionic
monomers given herein. A preferred amphoteric polymer would be a polymer of
acrylic acid with methy! chloride quaternised dimethyl amino ethyl acrylate and

acrylamide.

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 \;vater soluble polymer may also have a slightly branched structure for
instance by incorporating small amounts of branching agent e.g. up 1o 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. Typically the amounts of chain transfer agent are in the range 10 to 50

ppm by weight. The chain transfer agent may be any suitable chemical substance,




The water soluble polyners may al so be prepared by any conveni ent process,
for instance by solution polynerisation, water-in-oil suspension 4 MAY 2004
pol ynmerisation or by water-in-oil enulsion polynerisation. Solution

pol ymerisation results in aqueous polyner gels which can be cut dried and
ground to provide a powdered product.8 The pol yners may be produced as
beads by suspension pol ynerisation or'as a water-in-oil enulsion or

di spersion by water-in-oil emulsion polynerisation, for exanple according
to a pro¢espstiaidersdilny HPophbSPIES, 2-FRr¢at0ethen oh e apldngg@siy‘:%%or di ng
to the invention the water soluble polyners added to the cellulosic
suspensi@ﬁmbrior to the reflocculating systemnay be added at any suitable
point. The polyner nay be added very early in the process, for instance
into the thick stock, but is preferably added to the thin stock. The

pol ymer @Mnbﬁe@ﬂd@dﬂere c@nypnsaﬂg ebaintearmieuage ttonay he dvepalescesingabigher

Usual |y the d f th d b tioni
bol yes tiealel o6 BraTiopRERGRTL, BT SeebERaPoR. Toucr af BRI BY wE o heipd Lo ©
amount of hgfhtg'eeaarﬁBuétQQg@h%}’n Wehgiat ageﬁt L osd §ré0§1ﬁh8@nt f cROGRRART e Wei ght .

Typi caIIQ ynmer dose nmay abov Oppm and may be at nore than 200ppm
and can %i;@h@ﬁf)&fddcb&ﬁs 30 pswtublet frgplcaﬂlgeti'@o?sr@nnh?dMﬁfEhSOltJhl? PRIWGET 150 to

600 ly bet 200 MAY 2004. 9 T
ot or | bl eI RAPETES HbPAVEIST §ALPIE BIGRETICR] SPBTile Baeariefhg syst em
may be adc%%gnfth%%bgm Irakd ¥ a8t WH&Q@%'&é&étﬁQra‘?@\‘ér@ t%n&llﬁé)@\ﬂSﬂOOn

For instance nponents nay be added to the cellul osic suspension
separ at elryiolauippat of bearamTBng Egget d?reﬁzﬁabbygh@@rmch%‘e‘ﬁtﬁfr@|%ﬁﬁ@ﬂ%fﬁﬁrs of

and the. ek erhedpasRLOBIRmErvAls obtemdataend kb e TOEIEFRE) Be
formed i qu?hé%ogogs%WHé@lﬂg the SI | i ceous material and the water sol ubI e

pol ynmer a point or in the feed line to the dosing point. It is
preferred that the reflocculatlng system conprises a pre fornmed bl end of

the sili C']e[»?eu\s,vaqeartseorlbt?]e p%rllsgmers may also be prepared by any convenient process, for

instance by solution polymerisation, water-in-oil suspension polymerisation or by
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 to 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 reflocculating 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.



wat er soluble polyner. In an alternative preferred formof the invention
the two conponents of the reflocculating systemare added sequentialﬁMAYﬂm4
wherein the siliceous material is added prior to the addition of the water
sol ubl e pol yner of the reflocculating system The siliceous material may

be any of the materials selected fronythe group consisting of silica based
particles, silica mcrogels, colloidal silica, silica sols, silica gels,

pol ysilicates, alum nosilicates, polyalum nosilicates, borosilfcate ,

pol ybor osiHé sititesusamdterilandesateTisokibie ppysmisoOmRIaTHS ohilie isfloculBliast or m

f I oni ' ti | ate nmaterial . Al ' : |
i or ol SHBFTBATSY PERAEHAESTED TR B RS TE Ehest BrherE Re”
| nventi QrFérhﬁst%\iPEEQﬁ@tWo Bhfdrtintd fayelesbest fo v caluldsiasugpehsion

polysilicates. The silica may be any 'colloidal silica, for instapnce as
descr i becsdparyiOh b BERheGanThetagel graidsingpeinkaf/hea the comrangatts 8f iheci ¢ aci d

described in US-A-4 388, 150. The pol ysilicate i | b
o epar od TBose BTG SHjeRNA ARk o ey o E s s e LR [ P
For i nst apce, RBlAH bbihforThay 88%dcuceldes e, Triomidae malibecfosinktia- may be

prepared Dby parti fication of alkali nmetal silicate to about pH 8-9
by use ofsit etainbitingthesilicedus matéraigadrtesivaer seiuliespplyaes ayiye 2004 10
and acid gases. It may be desired to e the fre: ysilicic
acid in Cg?sdlféﬁi PPt S I'%Wes{?ﬁfjis‘&eetﬁtth?f?u%gggdP%Léfléwe{%f%g{%%ﬁ structure to
form Ge”r%rﬂ@uﬁéfla{iﬁ'@s $teFEcOhpRgss Bgarés’roﬂnﬁ'édlf)fér@ Sfithefsliicebbe rpateyisl andi c
acid to gel. Parti uYarI y preferre siliceous materials include
pol yal um watesisioiutde pslynm@te pol yal um nosilicates may be for instance
al um nated polysilicic acid, nmade by first formng polysilicic acid
m croparticles and then post treating with alumniumsalts, for instance as
descri bedpigh Yeadaivd preRBtd fOHE b ReE HilentibRast hive abaparenss stthef silicic
m croparticles wth the alumniumlocated preferentially at tthe. furface.
reflocculating system are added sequentially wherein the siliceous maternal IS
added prior to the addition of the water scluble polymer of the reflocculating

systemn.

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 agueous
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




Al ternatively the polyalumnosilicates may be pol yparticul ate m crogels of
surface area in excess of 1000n2/g formed by reacting an al kali netal; MaY 2004
silicate with acid and water soluble alum niumsalts, for instance as
described in US-A-5,482,693. Typically the polyalumnosilicates my have a
nole ratio of alumna:silica of bet n 1:10 and 1: 1500.

Pol yal um nosi li cates nay be fornmed by acidifying an agueous sol ution of

al kali nmetal silicate to pH 9 or 10 using concentrated sul phuric. acid

cont ai ni rend.asidigases. Momby beedegitedod agavhedreshdy fpmehpolyEHEGASGGIN | for

for the tHiPEEtaPBN ERRE e S AEn S HIERE oo HQuPRY e foufte eriday feent 1Y
pol yal umi ﬂtnﬁéidfi 1%y IsSin8 08k iR FoliPelpbl Puniid a&moga. Rahielfarlyrefesrdeef or e

diluting e aqueous polysilicate to 0.5 weight of silica. The siliceous
nmateri al sitoeds materidlsintildd polysiumicatsijcates. Thespalyebimigogitisaiesyedy PR

WO --9916708. The col |l oi dal borasilicate e epar.e .contacting a
dilute af&’lﬁém%‘”%%?ﬁ{m'@ﬁ%é PQ@S@FMW ,r@?gg%gitﬁr?@g{ i [S%I%lh@g%cﬁoﬁ exghange
resin to ﬁﬁc@gﬂﬁﬁic?eé%ﬁa i BEECraRthat VBN afpRRIIE saitberl ifdtandebsg t oget her
a dilute aqueous solution of an alKali metal borate with an_al kali netal

hydr oxi dedéstribednmdnS-aGuEti 89sobuth palyebmiapsilingtes a@nsisd 086iligicB203, havi ng
a pHof from7 to 10.5. .In one. preferred aspect,.the sili material is a
silica Pr'é‘f‘%?ﬁﬁﬁ&?'%\é{ﬁhtﬂﬂ% aﬁifl‘\“&%d@%&@(‘?‘%feﬁ“@"x agl%}i"% égﬁggé'si licate type
material it has a particle size in excess of 10 nm Mre preferably the
silica or silicate material has 4 MAY 2004 11 a particle size in the range
20 to 250Afennadisplydhelpojyalumimesiicateemay heopalgpariaulate raicrrgeds pf evdaced
formof the invention.t sid i ceous, mat eri.al is ' A he

swel | abl ear&aafyse’??gﬁsfoér1%ﬁr(?§'f é%ﬁcgrrﬁsg kf’ﬁ/bqa@g[‘?fnaatggﬁﬁéﬁ%ft%9?3%?% %%/;B The
pref err eda 64 tePESUBIBAILAThRNM BaNgifer inafithcens delscrilealia WHHACH, 4826693
naturally water swellable or clays which can be nodified, fo instance by

i on exchahgricaly thenpelyalumispsiieates reawhpdpenolsyiatiamf @ ywatne: siGR Pl abl e

clays include bug .are t.dimted to clays often referred to as hectorite,
snectit es%’e%ﬁr}ri‘ﬁi%lq%cﬂ?t@sqo‘ nontronites,

Polyaluminosilicates may be formed by acidifying an aqueous solution of alkali
metal silicate to pH 9 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 aqueous polysilicate to 0.5 weight % of silica.

The siliceous material may be a colloidal borosilicate, for instance as described in
WO-A-8916708. 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
aqueous solution containing 0.01 to 30 % B;0,, 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 materiat it has a

particie size in excess of 10 nm. More preferably the silica or silicate material has




saponite, sauconite, hormtes, attapulgites and sepiolites. Typical anionic
swelling clays are described in EP-A-235893 and EP- A-335575. Mbst 4 MAY 2004
preferably the clay is a bentonite type clay. The bentonite nay be provided
as an al kali netal bentonite. Bentonites occur naturally either as alkaline
bentonites, such as sodiumbentonite pf as the alkaline earth netal salt,
usually the calciumor magnesiumsalt. Generally the al kaline earth netal
bentonites are activated by treatnment with sqdi.um carbon ium

bi car bona earti Fizgtiadhe s3mde aBite 2%5&1%?%@@@9”?%‘9 6??%%%3%3@2@(?1 o the
paper mll as dry powder. Alternatively the bentonite may be provided as a
high solids flowable slurry of activated bentonite, for exanple at |east
15 or 20%nsohidie préfirddshansiahasnvalemarthbeticenuEP#enghis SWHIRACHEY33040

and WO- A-9733041. I n paper naking the bentonite e.applied—-to the
cel | ul osi The ewsdablegiaysmay fop i€ br ARl & E%Pa‘? *W‘%F'@é{l 0t he

bentonite_slurr onmY. | { 0 el ' heabenbasti t e
slurry wi Pﬁefqé?%ﬁ%yg%é%frsp%%”églea@ Vﬁ’%aéqstgxg% %%%%Iﬁ?tgg&mgrr E;?/e r]tgypi @gl 'y around
5% by wei ghtidaieridye wiblerasugpimicaifiedo fariestaapebyribh lexabange H goes| i ds
flowable slurry usually the slurry is di l?%i%d to.aq &ggrggri atel. ied to
concent r atheonwater swehsbless wlriie water el Flays ingedmBreag Getimis
bentonite may _be ' ' ot ' t rorfd@si rably the
i 11 ceouscus affrEfRresEf £ HEFR e, el BB e S R ror e, " 200" ppm
by wei ght shasee, eaudsiite\eicaghiitesf atasyiginss and sBpiiitesbTypicabadiosis sielling
siliceous 'material may be as nuch as 10}1%’900 gggnrgy wei ght or higher. In
one pr ef eclage aze NRYCROBUINEP AEesB98RNcHe v n doses of 100 to 500 ppm

by wei ght have been found to be effective. Alternatively higher doses of
siliceous material may be preferred, for instance 1000 to 2000 ppm by
wei ght . Tmsw?teﬁérm tH €lapad wrhmntofitd typeraidy. dteubentonie sya benphexjded

desirably be formed froma water sol uble nongne bl end, of. t | ubl
monomer s, agpnvalkal mea REaNe BRAANSRPCTATRINSINRLES SRR EDi 11ty in

water of B‘énﬂoﬁﬂ@&, éﬁ%hlag’%&ium bentonite or as the alkaline earth metal salt, usually
the calcium or magnesium salt. Generally the alkaline earth metal bentonites are
activated by treatment with sodium carbonate or sodiumn bicarbonate. Activated
swellable bentonite clay is often supplied to the paper mill as dry powder.
Alternatively the bentonite may be provided as a high solids fiowable 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-8733041.

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
weigr\ﬂ 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




Alternatively the polyner of the reflocculating systemis a natural

pol ymer, for instance a polysaccharide. Desirably the polysaccharideg mg B04
starch. The polyners may be nonionic, cationic, anphoteric but are
preferably anionic. The polyners of the reflocculating systemmay be the
same or different to the polyners of f{fe flocculating system The water

sol ubl e polyner of the refloccul ati ng system may be of any nol ecul ar

wei ght, but generally exhibits an intrinsic viscosity of easté, 1.; dl /g

Desi r abl yasgest ofitttesinveotiomdesgs oy 1epite aOanRﬁe@ul%Wh’éh%\g% gep foygpd to be

rel atively_high | ecul ar wejght _an ' I_nsi | ' at
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di /g or 10didi@e 1010 ROIOOELLE Belveagaul ating agent nay have an intrinsic
Vi scosity as igL as 25 orbgo d‘ie/ g%t usual | y does not have an intrinsic
viscosity above 20 dl/g. Preferably the polyneric refloccul ating agent w ||

have an jntrinsic vjscosity of. betwen 7.dl/ : cially
8 to 11 o}rhqmt‘?b?o'”é?ﬁep@?ﬁ’r‘éﬁ@& ﬂ?FaSP\Qﬁ) Cﬂlﬁgﬂéﬁgg@ﬂ?or@i %%%]éa%égbégoi nci usi on
of branchipg 29ealSsASbleGhdruseedr @Rld 6f wakr sBRibtAirfoneesi By wateh regard
to the first polyneric conmponent of the flocculating system é%g&&rabl Y,
however, thiebld wecndat iheg thy stemmer Babsts@htbilgy iy wateledlrat leasl 59/ 0P
polymer is prepared substantially iin the,.abs f | t. In
one” aspecftBMaNEYitRG &Y BR Pﬁ@%ﬁ@?c Bﬁ*%?@%@\ ’gr?e?%@ﬁlgggﬁﬁggi ng
agent 1S iffhrtdl 9 \txﬁ_saeéwme. Ddisra} @il Solpsaeharideny alstarchpGherpdlahers

I oni sabl e groups i ch becone ionised on application to the celIuI05|c
suspensi omayHeweuBionic, gatibeicabmphotesiqpaityarermreterably ARNIOHE o MEPOYERT Une
wat er sol ubl e anioni.c nmononmer. Preferably t L onj | or med
froma watls reflocgpipHENG SKRGT GifY H%ﬁ?%ﬁ%%&roroér?ﬁ%ﬁ%gmmor% @g% bé{rg?gc?:f ﬂjbe{ e
monomners. ﬂ%'F&@{i@gyﬁgn-water sol ubl e nononers may conprise one or nore
wat er sol ubl'e ani'oni ¢ nononers optionally wth one or nore water sol uble

noni oni ¢ nononers. The anionic nononers may include ethylenically

unsaturat %ﬂecveart%?)s%lluib?e Sgliygnsér(oif r*EI% lr’éifil&:%u%eﬁlnbssy%{é‘?ﬁ ‘?1959 bard any molecular
weight, but generally exhibits an intrinsic viscosity of least 1.5 dl/g Desirably the
water soluble polymeric reflocculating agent is of relatively high molecular weight
and has an intrinsic viscosity of at least 3 or 4 dlfg 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 dl/g but usually does not have an intrinsic
viscosity above 20 dlig. Preferably the polymeric reflocculating agent will have an
intrinsic viscosity of between 7 dliig 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




et hyl enical ly unsaturated sul phonic acids nononers (including salts
thereof). Typically the anionic nononers may be selected from acryli&Mafhgy
met hacrylic acid, 2-acrylam do-2-methyl propane-sul phonic acid or al kal
metal salts thereof. The nonionic nononers optionally blended with the

ani oni ¢ nononers include any water sol uble nonionic nononers that are
conpati ble with the anionic nononer s. 1¥For instance suitabl e nonionic
nmononers i nclude acryl am de, nmethacrylam de, 2-hydroxyethyl acrylate and

N- Vi Nyl pYfcRbhEane HI&R bf wleddoVubl@nedrairhe@. Thedend povptersoliliel ude
copolynmers of acrylic acid or sodiumacrylate wth acrylam de. The anionic

pol yner nenpnoovess insay d00psie@ooRi @ moitoweier seluble RRIONGEIMPNOMETS ORFBNANS of
ani oni ¢ nmoponer, for instanc % by weight or | —i I ver,
Ui Labl o SR GRensBP Rl sate R relonire B api ORI lenlersiar

uni ts andugiual de @hidaﬁg%sé&%@d SRbekficarien|isclTongNRIits Uneted) akd ten the
ani oni ¢ pol yner mgy conprise up to 90 or 95% by wei ght anionic nononer
units. Prethglenichilgninsatwated yuiphenic@eds menpateie dnckginmeplotesse)-wei ght
ani oni ¢ nononer and nore preferably 40 to 60% by wei ght anionic nononer
units. In an alternative formof the invention the water soluble polyneric

ref| occul ‘?\t{/ﬂ)iESH : %E,{Hioﬁié RofGhepNHfayRl YaBEted Ftm GRIIRMEd pekyEylitay bear
potential [y 1 or¥| sabl'e groups which’becone ionised on ap%l cation to the
cel | ul osi acidu2zendamido-Renethyiprbpace-suinhonisr acid ar @kalignge galts thereaf. ani ne

r oups. wever, preferably the 0 r is, formed fr I wat er
gol uBI e Egb?é‘r‘?i“@ We%roﬁt’é’lnag‘( b?équﬁg vetl }%(?n? 'OB’gIq-ﬁ/brr@qr)miegél o}lfryekg froma
wat er sol H@'( R YT e Horb B0 ¢h RforMBisathat 8@ ¢dthpatiBlaaner the dieniel end of

wat er sol ubl e mononers may conprise one or nore water soluble cationic
mononer s owincores| Fominstansaes WitebleonenigaicanosemMers BIChEIE #FYEBRoners. The
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di met hyl  graeREd BnidHi@ pbRfert GnclMie EBpbipmera bl adiyiic keld/orsediameadrplated from
: with acrylamide. The anionic polymer may comprise 100% anionic monomer or

relatively small amounts of anionic monomer, for instance 1% by weight or less.

Generally, however, suitable anionic polymers tend to comprise at least 5%

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

Often the anionic polymer may comprise 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 polymer may bear potentially ionisable
groups which become ionised on application to the celiulosic 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 solubie cationic 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




bl end of cationic nonomer with non-ionic nononers, suitable nonionic
nononmers may be any water sol ubl e nonionic nononers which are corrpat'ﬁfA
with the cationic nmononers, for exanple the non-ionic nonomers referré Fgm4
above with regard to the anionic polyners. Particularly preferred pol yners
I ncl ude copol yners of nethyl chloride quaternised dinethyl am no ethyl
acrylate with acrylam de. The cationib4polyner may conprise only cationic
nmononer units or alternatively may only conprise relatively small anounts

of cati onjigmdiRpaBmont@h dhnsiiNse. Wierethaeiagbhicosolieess afeefvemal! fyorhtee
cationic polyner conprises at |east 5% cationic nononer units and usually
at | eastbleo8edfycatienighnopamies With Mafhinmie Mamomersceyitaple RENIONG BINC TPy mer

may conprise up to 90 or 95% by wei i.ond | eferred
cationic mﬁéﬁﬂﬁw‘g% we ‘?fpsfqllé@emrgﬁ "%%Oa{ﬁgg%"g&cgyﬂmgﬁgﬁat% igv(?)tnitgérmnorrer
and nore  pRiERAOMAQ 19 QKA the hehtiofidironbmerdrsfored diabsve withy et
another formof the invention the water sol uble polyneric reflocculating
agent is agaathphtheanionpopgipmers.The anphoteric pol ymer may bear potentially
i oni sabl e groups which becone ionised on application to the cellulosic
suspension, for instance nononers carrying pendant free am ne groups and/or

i oni sabl epagicthidHyOsHRTerrddPPBNAiars M@ @& aBbylykites RO yeTRY| drtorfide qeatetniosd at
| east one water “sol ubl e cafionic nonomer and at | east one ani oni ¢ npnomer.

Pr ef er abl gintétbybarphst ethycagylayerwith acrylermes The aRECHEPSNYTRY] WBY CORG®er or

bl end of ter .soluble mononers. The hl end of - may
conprise B C&rt'oﬁﬁr@oﬁﬁ?‘g Ugﬁft%la le ‘Vg&i @%WMﬁE@EQ%%I%QU%Q%ﬁIE wat er
sol ubl &_aginiihes BPERIEHIEmOMRIHAN Rl ibstebs 1960y Aieight 6r 68t cBenofalipitie

noni oni ¢ nononers. The cationi c nononers include quaternary amonium salts

of ani no edtioriic pplyseencampiisasedt loastiforationio/MopRETE)UNs BNk WY 3ind
diallyl djnethyl, ammonium_..chl ori LIh | Qni : , ncl ude
et hyl eni c&P 1ér{%§¥ WF&Q@&“@QP@Q@?F@g@ft%s%(f?éﬁcﬁ%ﬁaﬁg%gﬁlgﬁ} Eerae%f) and
et hyl eni cabmyridaspt targd 60o5%! havight £atibric288domer units. Preferred cationic
polymers comprise between 20 and 80% by weight cationic monomer and more

preferably 40 to 60% by weight cationic monomer units.

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
biend 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 salits of amino alkyl
(meth)acrylates or amino alkyl (meth) acrylamides and diallyl dimethyl ammonium

chloride etc. The anionic monomers may include ethylenically unsaturated

carboxylic acids (including salts thereof) and ethylenically unsaturated sulphonic




15 acids nononers (including salts thereof). Typically the anionic nononers
may be selected fromacrylic acid, nethacrylic acid,

2-acryl ani do- 2- net hyl propane- sul phonic acid or alkali netal salts theMabill
Where the anphoteric polynmers are formed froma blend of cationic nononer,
ani oni ¢ nononer and non-ionic nononer, suitable nonionic nononmers nmay be
any water sol ubl e nonionic nonomers Mhich are conpatible with the anionic
and cationic nononers, for exanple the non-ionic nononers referred to

above wi tet&:d'fsgw%rn@rﬁ t(ih%l%lmgr)rg?ﬁs tt{é?é&fﬂ?fyﬁaicé’llypﬁ%térﬁb'rh!@rriwn@hefﬂﬂa@cbe

pol ynmer is the copolyne chl ori uat erni sed di met hyl am no
et hyl ac rsﬂleaited fraem 9bw¢:cmndj raatinaacwiylmrd &eacwlﬁéﬂléﬁﬁmﬁéhyl@f%%ﬂmr may

conprise | ativel ani d _cati nits,
For 1 not AR HYE 54 KN IS F Ettsghe Bt nasaave P Prsthls apFpRTRere
anphoter ig @rﬂ%%”d’?ﬁ a¥ibhd SPERIOSE rAdndRas laniRid e MR ABA-iUMCt S and at
| east 5% by Wei ght cafionic nonomer units, In sone cases it may be

desi r abl &nb@odmevesumbe pbnion monomermmmbe ehywathesoithler NomeRici nst ance it
may be desirable to have a 8 ter anount. of cati agnl ¢C_nonaner. than anionic

mononer . MORTATES WRENMSRARPALIBIYIHEE FUARF PYEHY OIGIE b wei ght
cationic eg(% rthé”ﬁbi’nsioﬁf&qnefwé%@ﬂﬁéﬁ‘éﬁ td *&%ng%ﬂfr 8 € tHeoghiBNiENI t S.

Preferablyt arrpho eric polynmer conprises between 20 and 80% by wei ght
cati oni ¢ payase. Aupattisukmiy mefearrq:d pblgrmagn| ip the chOEfO%rbgf methyhehledee oni c
nmononer units. The anphoteric ymer nmpr i 20 or 30%

ani oni ¢ %%W&E%Wm%pvlﬁfﬂ'ﬂaf B’Q?treaéF@??SF'fﬂ%g ﬁgﬁ%’%‘erl c pol yner to
conprise at |least 40 or 50% by wei ght anionic units. The water sol uble
anphoteric polymer may be linear or alternati veIP/ i's branched for instance
by i ncl udigaspiloteranpolptrer nody bopcibe m@ﬁaﬁ@mtsmlai ameuntsnefnantionis afdscr i bed
previously in this specific f.urt.her nventlon
t he wat ercaéﬁp%wnﬁgrﬁfﬁwtﬁc?qré'ﬂ%a%%I1a(? ﬁﬁdve'%@eq{tlefi Ogeﬂg'ﬁlﬂ_(l)%\%l&pm yner

The noni ;%rﬂé F@ Mtel?i% EONYmMBRLAI cSRbHEE 8t IcRet BPRanidhid MohbRRr Linits

Vi scosi t ast 1 dI/g whi ch exhibits essentially no |on|c character.
The noni camdablebgheY bnweightzapohigdnrytrmee uUits.de oshe CAsEa Feay be

desirable to have more of one 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 including 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




pol yet hyl ene oxi de or pol ypropyl ene oxide or may be a vinyl addition
polymer formed fromethylenically unsaturated nonionic nonomers or & MAYexgl
of 4 MAY 1004 16 ethylenically unsaturated nonionic nononers. Suitable
nononers include acrylam de, nethacrylam de, 2-hydroxyethyl acrylate and
N-vi nyl pyrrolidone. Preferred nonionié pol ymers incl ude pol yet hyl ene oxi de
and t he honopol yner of acryl am de. THe water sol ubl e noni oni ¢ pol ymer may
be linear or alternatively is branched for instance by including small

amount s oéthiyTericdliynthsa@ierated RohibRic mMoNoNRIrs aSuitktse mdesmerseinciudel y in this
specification. The water soluble polyneric refloccul ating agents may al so

be prepar eerylamigey metbacianede, prvdeyyethdacniteaneNpyngsyuplidane.

pol ymeri sgt i.Qon o[ -1 N-0j S i ' ' - 1¢n- 0i |
el st on' paTalter R ik Bobimers A PR R A T SR R E I ShobptRE s di
suspensi opciRntider Thatwater ebludke BonBhRIpolymepiayearalliséaromdltathapesigison by
wat er-in-oil enul sion polynerisation, for exanple according to a process
defi ned byraprhad fevwsENELWNThERD st Erounts @ Peanciied REeBt insiBreubI e

I ' f. . th fl lag.i M. i dded i
Cutf 1 o1 enronpratmede s oBARYERER N i RaIToIRe Goce of rert occulati ng

pol ymer woul d be above 20 ppm by wei ght of pol yner based on dry wei ght of
suspensi on although it may be as high as 2000 ppm Preferably, however, the
pol yner i cThemalecsdublengewgenic refoegyatingdagentamanslsatbeoPrepare@ Y20 ppm

by weight_ for .instan - t | ci.aldy between
200 and 4%¢ ?Hq Hrﬁf’%ﬁgsejf%}r)@ gérﬂrcggaygé’%gfgfﬁgp Mﬁ%‘s%ﬁbgh??g% 'b raéelll fl occul at ed
cel | ul osi §u§pﬂ§%‘3@ﬂrﬂ§isaﬁbbjo¢@j&t¢at@ﬂin@¢b&fu'lsiah peiaaeliseatiopr. iore to t he
addition of the siliceous material. Thus the floccul ated suspensi on nay be
passed t hPoOyGIEramape pHrducRibay beada iy S$usaeRTPR POIYBRNISAIIAN Pg2S AARY or

cl eani ng St@ggﬁmﬁ{ibf? rorh%p%ﬁjgbB%fyf\pgter-ﬁ'.\-bg%ﬂgﬂﬁ::gg;&ﬁ%éﬁmﬂ?Or\'@fé’fﬁpmc«'he

thin stock” pension Is'firs occul I'on of the cationic
pol ymer t BecardiRetdsa proosey definpdiseEiPiAn 60983 aEPIARA9R760 or EP-A-126528.

The water soluble polymeric component of the reflocculating system is added in
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 reflocculating 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 celluiosic suspension is
subjécted 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
siliceous 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 material in

the thin stock suspension, thus producing smaller flocs. The mechanically

degraded flocs also tend to have newly formed surfaces onto which the siliceous




one fan punp and/or a centri-screen before being refloccul ated by the
siliceous material. The shearing tends to nechanically degrade the 4 MAY 2004
flocculated material in the thin stock suspension, thus producing snaller
fl ocs. The nechanically degraded flocs also tend to have newy forned
surfaces onto which the siliceous 4 MAY 1004 17 material can readily

associ ate, thus enhancing and inproviﬁ the refloccul ation. In another
preferred aspect of the invention the refloccul ated suspension, formed by
addi ti on ofatehiel san resfiysassatietd, dhus ieshanbing einedniproviag hbeirefidccsifetiani ng
prior to the addition of the water soluble polyneric refloccul ating agent.
Thus the refloccul ated suspensi on may be passed through one or nore shear

oLages oy ECIIR SRS o RSB RS 8 oo

refloccul ate pension er an

f or mat i onpefadirNersuf fhecsiicdaust haterid |9 eabjeatddid Mechhgicubsiesarke) pridrao
polynmeric refloccul ati ng agent nay be achieved nore effectively. Thus in

one parti thg agpijiopradfiee waler splublehrolymieric sefirdeuiaingeresdnThus the occul at ed

by use of cat i.9nj - I fointrinsi ' i ove 4
dllg and {%(Iaocf%lwcl)éé%%éf %ﬁéﬁig‘é%gb%r?%g’gggﬁqsrggght%ﬁo%@ﬁogenghgép%eéés ggear
stages ageflh¥€mbaoEeT e nfethdreytdigradenriecs oefieoegotaliatbastipstaskon is
then treated wth the siliceous material followed by a further shearing

nmechani caFuspepsiandenthen smaller andafusita el fegpatien efinewisvriaceskusdiepensi on

g R g R i LR

sol ubl e pelorersfietivelyl Taoslirabhe paagandrly Sregemed fdrny tHehthin agickisuspensioh
agent in the process and thus tends to be added later in the_ system and
often cl EslecquipleAdYSR AbR EatieRigevateherlublfeP PJMBRSS INriREE VECOS taBPAYE
agent tenqsdlfgfﬁlt?c?th Qé&lé’t(e&esrusbgﬁ ilo?ﬁ% 88&%‘& tr%ugh%'ﬁe%}er%p YW St gBys be
for instance e centri- Screen. ﬁere 8re or a particularly preferted

process t he giatrehemsin urndtheol thewheared edfloecoikited sngpagsint ig headdealed
subsequent to the centri-screen. In an alternative preferred aspect of the
i nvent i on™Mithdhe siliceqys fpatssal olpwer 3 ﬁgther shearing mechanical step and then

the sheared reflocculated thin stock suspension is further flocculated by addition
of the water soluble polymeric reflocculating agent of intrinsic viscosity at least 1.5
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 siliceous material to bring about reflocculation and the
addition of the water soluble polymeric reflocculating agent. Although 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




between the addition of the siliceous material to bring about [

refl occul ation and the addition of the water sol uble polyneric MAY 2004
refloccul ati ng agent. Although it may be desirable to nechanically shear
the floccul ated suspension following the addition of the water soluble
polymeric reflocculation agent, in this formof the invention it is
preferred that there is no substanti all8sheari ng follow ng the addition of
the polyneric reflocculation agent. Thus in this preferred aspect of the

i nvent i on thotiicdodd 2804 3 thevstel is@l@@ltﬁp@iztr%rriicabﬂmléhﬁg vgéstargol ubl e
pol yneric refloccul ati ng agent are added subsequent to the centri-screen.

In all preétdedsdbsenuentdp theasente&erdn t he water sol ubl e pol yneric
refloccul ation agent tends to be added late in the process, for instance
bet ween the centri- screen and draining. Since it is generally an accepted

view that | BppaRied fohfs iof 8 invehtish tewhandslive HRUkaeré psficuRtioni t 1S
surprising that the process of the invention where the |ast polyneric

ref | occul agieohteaidd thdearidtatl @te etheoproressfar mistayiceshelweeartiey@ tbr i ngs

about no significant .redugtion to formtion _an . Lgnifi i oves
the drai néﬁ%%ﬁ“&gf%ﬂpso '%de@rq&?rg%@%ﬁ aS?%@FM&E%‘@ZE égc'le%g’ggcdr?ﬁge in
the prior sgitiuré feriditd rRMeBE ifeationTas RerpiRwid et ehd ordaddsharthiencl ude
additional flocculating or coagulating materials. For instance the

f 1 occul at imugréipstveraraghe dardipohsneric (eflogeristips @idvs adderbrigsedo dhg drining

pol ymers, or_inot Lc materials,_. I 1 hl ori de,

al um ni um® eo?ﬁl%gg{t?ri?@ﬂﬁdé%?lg %%ﬁaﬁﬁgﬁﬁﬁrggﬁfggé%kﬁ%ﬁg%@w échﬁgét\?vat er soluble
organi ¢ pelgHifiantlyay phevaiaherdtbinR@e TRl rte@itP prapefttis SVErthet prockssadi oni ¢
starch and anphoteric starch. Alternatively the water soluble polyner may

be a synt Hestibgmbintmerprigiiadh coul d be anphoteric, anionic, nonionic or
nore preferably cationic. The water soluble polyner may be any water
solubl e polynmer preferably exhibiting ionic character. The preferred ionic

wat er sol Wt invehiiom itnipise dxairabi to farthpoineidesddditiosdlifloigicalating or
functionality. It may be desirable to additionally incorporate a cationic
coagul ant cpagdlaiing materials. For instance the flocculating system may additionally
comprise water soluble organic polymers, or inorganic materials such as alum,
polyaluminium chioride, aluminium chloride trihydrate and aluminochloro hydrate.
The water soluble organic polymers may be natural 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
chloride 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




cellulosic thick stock or the conponents of the thick stock. Such a
cationic water soluble polynmer may be a relatively | ow nol ecul ar meMghWZm‘
pol ymer of relatively high cationicity. For instance the polyner nmay be a
honmopol ymer of any suitable ethylenically unsaturated cationic nononer

pol ynerised to provide a polynmer with,_an intrinsic viscosity of up to

3dl /g. Honopol yners of diallyl dlnethy? ammoni um chloride are preferred.
The | ow nol ecul ar wei ght high cationicity polymer may be an addition

pol ymer f gioiedirfiies eBRetsiromndiptetani mmevmtmemyhammanammyldne deaminer i -
functional species. For instance the poly er formed by rea'ﬁtl ng one
or 4 MAY 2andepinstahyarnnesicekraRydin P?‘B&Rﬂ?ﬁ%éﬂr herRY1BOSE Of REEMEM ami ne
and et hyl ene...di a r [

oref or r eco0danB B Esim 3D B e R SHA e ey PRISEIORTS kBl ficdes

char ge neyhead irdbiiphdsos rélaval @igncatasts demzenie suble apdbpinstance wietrat i vel y
hi gh cationi c demand, such as for 1nstance when making news

Al t er nat | Relkyng hewélamntoﬁit@"tﬁiﬁgm @ﬁtca?ﬁ{)"cs@ﬂgé”qrﬁ X SENECJ‘H’ fﬁgﬂ}c&andlor
sticki es. Gé(tahough it is possible to include these additional materials
such as orf cationic coagul ants, alumor other inorganic species, it
i's not normally necessary and the preferred process would be conducted in
t he absence of cationic coagulants. In one preferred formof the invention

the cell uF\ﬁbDUQBGS$)§ﬁ§$IbH3 HOsmgluﬁJeetb@@@l aﬁéltwﬁﬁbwautﬁﬂftaﬁ sYRR 28 'BRIGWi ng

addi tion of..at t Lt HEceysigm
Thus in tﬁgatéorapgpgﬁylgﬁpsf, g?%n c{} qtﬁ%ﬂﬁ Ertﬁé}]t ﬁp%'%gﬁ% ’SOH?&CIECH }'occul atr?ng
system i safiXeé préfefretiffoésdd Wooki be suspedted im treaabsecd bbmimm ion and
the floccul ated suspension is then mechanically sheared. This shearing step

may be achpagdantsy passing the floccul ated suspensi on through one or nore
shear stages, selected from punping, cleaning or m xing stages. For

i nstance such shearing stages include fan punps and centri-screens, but
coul d be BNyne @r&Rtrestfagn dfnhé evemtiondss cathelosicshspenaipnaé suhiectesisensi on

oeeurs: mechanical shear following addition of at least one of the components of the
flocculating system. Thus in this preferred form at least one component of the
flocculating system is mixed into the cellulosic suspension causing flocculation
and the flocculated suspension is then mechanically 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 inciude fan pumps and centri-screens, but could be any

other stage in the process where shearing 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 to the cellulosic suspension at a
point in the process where there is no substantial shearing before draining to form
the sheet. Thus it is preferred 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 suspension prior to draining.




The nechani cal shearing step desirably acts upon the floccul ated suspensi on
in such a way as to degrade the flocs. Al of the conponents of t he 4 MAY 2004
flocculating system nay be added prior to a shear stage although
preferably at |east the |ast conponent of the flocculating systemis added
to the cellul osic suspension at a po%@t in the process where there is no
subst anti al shearing before draining form the sheet.. Thus it is
preferred that at | east one conponent of the flocculating systemis added
to the cellul osic suspension and the floccul ated suspension is then

subj ected to nechani cal shear wherein the flocs are nechanicall graded

and then loneasmieord foamedieninventiohaveg PEVIER aPToress,tRERPRNNGBARE" ¢
e o A S eSS S Rt EofpRioTer SO0, 80 dy ore

preferred’ We ' provi rocess of prepari'ng paper

froma cef-hytignky §§é@hllér%@ﬁé?ﬁdl@¢d?0ﬁﬁéh§¢ frge flliérl reay bEheay slittess kaylime any
traditionally used filler materials. For instance the filler may be clay

such as karoﬂhemneromay he & ¢algigm ﬁ&@bonét%wtamhcqu\ﬁ* BErIPBHAE &2l F3ERRNES be

gr ound cal cium car bonat e t p it ar bonat e,
or it may°b¥ &ﬁ"ﬁ?lélﬁf gaec[n%ttaﬁgg %n‘%aﬁbr#) tgxl&gg as\} %Eﬂ?fgﬁlegrayat% erial.
Exanpl es ghnpi-A®fiodilié berhawier m&k@naal Egamps! ofdgheyfilichebateripls glser i c
fillers. Generally a cellulosic stock conprising substantial quantities of

filler ariochseesyrdhetic polymers fillebecul ate. This is particularly true of
fillers of very fine particle size, such as precipitated cal cium
carbonate. Thus according to a preferred aspect of the present invention

we provi dgeneRsIRCE 88IIdIOsIciddgorhplibiag s@aawmlam@aruamrofrfﬂlbr BGE MEreck may
conprise any sui'table anount of filler. Generally the

suspensi odifeasripio finosulate | Baistis pastisplaily gee of f'iqrﬁr‘:’f NEDe ”%Pamﬂ?ﬁpF'@ﬁi $9°1 he
cel lul osi ¢ S”SB?%%glc%acg‘?ﬂpééanSﬁaféo ?lﬂh Lf/é’cTrQi'n &ba [I?rre‘?éﬁéé‘%%ﬁ%&eéf\’tﬁén 10%

and 40% f 7F PEFCP! I nal aper or paper board

conpr i sespreh? irk@Htiby w&pgmde higrbesss fohusakieg biletl pgpen Tiei papeTehakingd
aspect of th| S invention we provide a Er olpess for 'TF‘K[h % 51 Jled paper or
paper boast®ckimerecampsseianytsyiteels aeoyntel ilarosegerally eluiosic

suspension comprises at least 5% by weight filler material. Typically the cellulosic
suspension comprises up to 40% 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 cellulosic
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.




suspension conprising filler and in which the suspension solids are 4 MAY 7004
flocculated by introducing into the suspension a flocculating system
conprising a water soluble polyner of intrinsic viscosity at |east 4 dug a
siliceous material and then a water- soluble polyner of intrinsic viscosity
at least 1.5 dug as defined herein. Ip an alternative formof the invention
formwe provide a process of prepari paper or paperboard froma

cel lul osic stock suspension which is substantially free of filler. The

fol | owi ngEgxam e§Cohipishtiadle the invention. 4 MAY 2004 21 Exanple 1
(Conpar ative) The draln%%e properties are determ ned éng%QSChO er-Riegler

appar at usTheidrainagherppaiies,are deteyereed $6iNchecRRAS Y PagailE sMiir ough

t he front, opening. JTh cel Jul osi ¢ st ' d f t wood
suspensi ol FobaerETuiE Qaiact BFe s Dy e ook BReRRRET RS
car bonat eqe|[N8sis bk SHESPRNSEOMB0 ardeatitditvod Juspeners afd 86% Sghopper

Ri egl er nmethod) before the addition of filler. 5kgrhger tonne (on total

sol i ds) ceeightiien setat eplids) poaBpibapd icalciumaabenatie The HPRNSYRENSL L Spol yrer

of acrylam de with, methyl Ord 2 | |t Of:s

di ot hyl aHFREB Ay frﬁ%P%%’%?ﬁg% 7@%’%"3&#?/&\%&?{ e Hetige el adition ol e
11. 0 dl/ gskd Beptiiie @h fosalSoxes) ditldhid Sarst @:848ulB)tivandatittethahearing the
stock using a nechanical stirrer bentonite was added. The drai nage tinmes

for each geyEnsion.Product A and bentonite are shown in seconds in Table 1.
Table 1 Bentonite (g/t) Product A0S001000 (g/t)0102-- 500-3417 1000-14

A copolymer of acrylamide with methyl chloride quaternary ammonium salt of
dimethylaminoethyl acrylate (75/25 wt./wt.) of intrinsic viscosity above 11.0 di/g
(Product A) is mixed with the stock and then after shearing the stock using a
mechanical stirrer bentonite was added. The drainage times for each dose of

Product A and bentonite are shown in seconds in Table 1.

Table 1

Bentonite {g/t)
Product A "] 500 1000
(g/t) 0 102 - -
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 (62.9/37.1) (wt./wt.) of intrinsic

viscosity 16 dl/g. The drainage times are shown in Table 2.



Exanpl e 2 The drainage tests of Exanple 1 is repeated for a dose of ?9&9/6
product A and 500g/t bentonite except that followng the addition o 2004
bentonite a further shear stage was applied followed by (Product B) a

| i near water soluble anionic copolyner of acrylamde with sodiumacryl ate
(62.9/37.1) (mt./w.) of intrinsic v%gcosity 16 dl /g. The drainage tines
are shown in Table 2. 4 MAY 2004 22 Table 2 Product B dosagedrai nage tine s
LCl A~ 034 12517 25013 50010 As can be seen even a dose of 125 g/t Product B
subst anti @khLpe 2 nproves drai nage. Exanple 3 Exanple 2 is repeated except

that the bentonite and Product B (anionic polymer) is applied

si mul t anejo@isdduct B dpsese| @rainaggitivefolss [results. Exanple 4 Exanple 2 is
repeat ed fexcept(@fthat pripduct B (anignic polyner) is applied before the
bentonitel The r®sults are better than the process without Product B. 4 MAY
2004 23 dains 125 A process ¥or i ng paper or paper board conprising
forming a cell2dlosic suspensidon. flloccul ati ng the suspension, draining the
suspensi op on asdscreen to form a shjeet and then drying the sheet, 5
wherein the celTulosic suspension is flocculated by addition of a water

sol ubl e

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.




cationic synthetic polyner of intrinsic viscosity at least 4 dl/g, wherein
the floccul ated cellulosic suspension is subjected to nechanical sh '
and then refloccul ated by a subsequent addition of a refloccul ated gi@@&ﬁ%
and in which the refloccul ated systemconprises 10 i) a siliceous materi al
and ii) a water soluble anionic polyner,of intrinsic viscosity at |east 4
dl /g, <characterised in that either, t siliceous material and water

sol ubl e anionic polymer are added to the suspension simultaneously or by
addi tion oﬁmgﬁﬁ%siliceous material before or 15 after addition of the water
sol ubl e aniom—c polynmer, the siliceous material (i) and water-sol uble

ani oni ¢ poliymer A piocess &oranakidg papeher papsr bebos cempusipgieiming fubsequent to

the centri screen and the catiopic polyner is added. t e Kk
stream of tOREVIGEIC ﬁHSB§7‘%OnSL%°68P?§'PQEhe %HSpf.”SK)rbPB@B@gqg%gg?%ﬁoiéR% aim1
i n which thersdd icBAHS st Ehalthés diiing tigi shideg, mi croparticul ate material .
3. A process accordi nﬂ toclaiml or claim?2 in which the naterlngl

conpr i sBng wheseisi theselulgsiserusppasion & teqopiated by BaftioRef & wals" S8MEISt i ng of
silica bas rdi S, o Bibih i - LOglyygilica, silica sols,
silica gel sc,%ﬂﬁgﬁpsypg-lse?'?ip@ﬁr}éés',c&ég?tnﬁ%ﬁ?@gc?isltfggi,eggfiﬁrﬂfﬁbsi | i cates,

pol yal um nagidrepathedSlocbulatesi dallcadstssuspeobiphds esbjecteat tognedwsicales. 4. A

process according tg.claiml or.claim2 in whic he sili terial is
a swel | abl e9h8?5{98 agd t%\ebe%LO&%'a&f‘éJcW gisHpSeP Nt égﬂit"i?”icﬁ Wﬁ@%@%@sW | abl e
clay is a %%}Eﬁjd BAVRIYR & € teltbccd afdi 62004 cdhpriées A process according to

claim4 in Ich the swellable clay is selected fromthe group consisting
of hectlbrite, srkesiliceeys mateniad@NH| onites, nontronites,

i} a water soluble anionic polymer of intrinsic viscosity at least 4 dl/g,

characterised in that
gither, the siliceous material and water soluble anionic polymer are added to the
suspension simultaneously or by addition of the siliceous material before or

15 after addition of the water soluble anionic polymer,
the siliceous material (i) and water-soluble anionic polymer (ii) are added to the
cellulosic suspension subsequent to the centri screen and
the cationic polymer is added to the thin stock stream of the cellulosic
suspension.

20 2 A process according to claim 1 in which the siliceous material is an
anionic microparticulate material.
3. A process according to claim 1 or claim 2 in which the material
comprising the siliceous material is selected from the group consisting of silica
based particles, silica microgels, colloidal silica, silica sols, silica gels,

25 polysilicates, cationic silica, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicates, zeolites.
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 swellable clay is a benonite

30 type clay.




saponite, sauconite, hormtes, attapulgites and sepiolites. 7. A process
according to any preceding claimin which the water soluble 5 cati (2 '

pol ymer exhibits a charge density below 5 neq/g, preferably bel ow 3 %c{ﬂﬂj
8. A process according to any preceding claimin which the water sol uble
cationic polyner is forned froma water_sol uble ethylenically unsaturated
nononmer or water soluble blend of et hylgé*ni cal ly unsaturated nononers 10
conprising at |east one cationic nonomer. 9. A process according to any

preceding claim,jn which the water .sol ubl Lonj e, i ses up
to 50% by \/éei ght® EQCPB?‘\?ECW@W(Q rCIE?JWiAM‘.Wﬁah?&é B@%E%‘%‘g%g car fe%ga{o claim1
i n which t Bpeiegroupl dopksrtinglof Rectoftid ethectitest hontrabtilbritescnentsgrétes| on
prior to the reflocculating systemis a branched 15 water sol ubl e pol yner
whi ch has &@PPRite. sasicenie SIsRites. frpWategang SeRPE8Hi bits a  rheol ogi cal
oscillation, val to Q- 7 on a

1. 5% by vveinight ﬁﬁ%&ééggwfﬁn@owgggﬁ?g@aﬁ%i‘lh%hotggg\gétgg%glpg%ng to any
precedi Bg datibnici polwhercéxtibits avabangestansty beloval i mat, potferaily helowah
intrinsic viscosity of at least 7 dl/g. 20 12. A process according to any
precedi ng ¢I'8%¥8in which the water soluble anionic polymer is

substantialdy |iggRicesd AcchrdMigOeHS FEEEdiag BRirhan amyctpthecestiengolablE m i n
whi ch the water soluble anionic polyner has an intrinsic viscosity of at

| east 7 dI /eptionis. polypeiedeaned Hef R Hgtareoktie BHuairally WISEIHRIEY which the
vater sol ubfg,,qar W?@r%oﬂ@é@%ﬁd%@%t?ﬁﬂ’vﬁ'ﬁbéilﬁ{)ﬁ%@ﬂré@@ RoM&heFs sol ubl e
end an ubl e

ani oni ¢ nononer or wat er - so nomers conprising one and all
solid vl | cmmpising anleasherescatichic mopemeess according to any precedi ng

O et 4R B R R RS B S e SalBle * 4
conpri ses uitibRicARNyigr eenphsed ip keb0% by weight cationic monomer units.

10. A process according to claim 1 in which the water soluble polymer added
to the cellulosic suspension prior to the reflocculating system is a branched

15  water soluble polymer which has an intrinsic viscosity above 4dl/g and exhibits a
rheological osciliation value of tan delta at 0.005Hz of above 0.7 (calculated on
a 1.5% by weight aqueous solution of polymer).
11. A process according to any preceding claim in which the water soluble
cationic polymer has an intrinsic viscosity of at least 7 dl/g.

20 12. A process according to any preceding claim in which the water soluble
anionic polymer is substantially linear.
13. A process according to any preceding claim in which the water soluble
anionic polymer has an intrinsic viscosity of at least 7 di/g.
14, A process according to any preceding claim in which the water solubie

25  anionic polymer has been formed from a water soluble anionic monomer or
blend and water-soluble monomers comprising one and all solid will anionic
mMonomers.
15. A process according to any preceding claim in which the cellulosic
suspension comprises filler.

30 16. A process according to claim 15 in which the sheet of paper or paper

board comprises up to 40% by weight filler.



4 MAY 2004 25 17. A process according to claim15 or claim16 in which the
filler material is selected fromthe group consisting of precipitated

cal cium carbonate, ground calcium carbonate, clays (especially kathvp%aq nd
titani um di oxide. 18. A process according to any of clains 1 to 14 in ?ch
the cellulosic 5 suspension is substan}é ally free of filler.

17. A process according to claim 15 or claim 16 in which the filler material is
selected from the group consisting of precipitated calcium carbonate, ground
calcium carbonate, clays (especially kaolin) and titanium dioxide.

18. A process according to any of claims 1 to 14 in which the cellulosic

5  suspension is substantially free of filler.




