4 MAY 2004 1 Manufacture of Paper and Paperboard This invention relates to
processes of naki ng paper and paperboard froma cellul osic stock,

enpl oying a novel flocculating system During the manufacture of papq¢ @pﬂm4
paper board a cellulosic thin stock is drained on a noving screen (0 M n
referred to as a machine wire) to forma sheet which is then dried. It is
wel | known to apply water soluble polyners to the cellul osic suspension in
order to effect flocculation of the cellulosic solids and enhance drainage

on the mMyLA%SCIERR PdderYrdebaddbbaf] ease output of paper many nodern

paper nakmg—nﬂgn—n'es—%paare—%'[—m—qher speeds. As a consequence of

I ncreased machi ne speeds a great deal of enphasis has been placed on

drai nage and retention systenms that provide increased drai nage. However,
T

it is knoMnsimentipndekedes yPrasesses etmaking ReRYRNLPARETSER retention
aid which is added |mediatel ri t rail will tend to increase the
rate of cFreQPl‘PébceStﬁ’ﬁk %H&d@q %f‘%ﬁ?ﬁ@%&#mﬁsﬂ%ﬁpi cult to obtain the

opti mum bal ance of retention, drainage, drying and formation by adding a

single polyneric retention aid and it is therefore common practice to add
two  sepddaireg thet meinafactine cfmppaicad ERAIZEHSTPunsRIEEn §lqskds d&ingfer ei n
a water soluble substantjally Line cationi.c pol . | i.ed.t.0. t he
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enhanced drfai nagée and al so goo ormation and retention. This process

whi ch i s ssepeRkieindhicder hyeftddidioSpelatiah bf tHeheetliadis sohdeand leahEnde ocol o
trade mark has proved successful for nore than a decade. More recently

t her e havaihede rafheoTOVIIA €HBLB- to provide variations on this theme 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 a
great deal of emphasis has been placed on drainage and retention systems that
provide increased drainage. However, it is known that increasing the molecular
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 soluble substantially linear
cationic polymer is applied to the paper making stock prior to a shear stage and
then }eﬂocculating 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 maodifications 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 an(z I\?AY 2004
bentonite to the fibrous suspension of pulp. The branched cationic

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 ynmeri sati on. US-A-5882525 describes a process in which a cationic
branched wat er soluble polymer with a solubility quotient greater than

about 30%] s | J to di spersi on f. suspended Lids, . er
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by polynerisinga mxture of acrylamde, cationic nononer, branching agent
and chai fitré@nsiigeragents pLip. WoeArapeaDdationic poyssrdémitkkisryepaiserby s
described in which a cationic meric retention 6id IS addeﬂ to, a
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o oni ¢, SoRhENETEP abgft BYSBIREh HhHeREIRY o S T etention aid is a

branched pol ynmer which is characterised by having a rheol ogi cal
oscillation value of tan delta at 0.005Hz of above 0.7 Or\’\f%/é haviglg a
dei oni sed)SIA/588282pesgribraB@rowdEsdA Whiche qadigaic renshed Walsr $9/0'E,) ¢ ed
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combi nat i g, @heh8EERbIIES £§0a babBRIaRhg f¥ck dARRbes@Tclandeheatsar Theer pri or
art processes. EP-A-308752 describes a method of naking paper in which a
| ow nol eautianic weinghed seatenadlobier priviner jsoprepered ordeietial B1arRdieAti i sh and

t hen a caol ] oj Llica_ and a hi.gh_nol ecul ar ol m de
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hi gh nol g héﬁiné‘ﬂqbthq aP@l HIR §ahsdregbes that they are linear polyners.
However, there Still exists a need tdo further enhance paper mnaking

processes by further inproving drainage, retention and formation.

Furt her m)|F1 tOh-ﬁr-SB%GSO% g)fairgéesssélof'\rqg‘gki%g%%per is described in which a cationic
polymeric retention aid is added to a cellulosic suspension to form flocs,
mechanically degrading the flocs and then reflocculating the suspension by adding
a solution of a second anionic polymeric retention aid. The anionic polymeric
retention aid is a branched polymer which is characterised by having a rheological
oscillation value of tan delta at 0.005Hz of above 0.7 or by having a deionised SLV
viscosity number which is at least three times the salted SLV viscosity number of
the corresponding polymer made in the absence of branching agent. The process
provided significant improvements in the combination of retention and formation

by comparison to the earlier prior art processes.

EP-A-308752 describes a method of making paper in which a low molecular
weight cationic organic polymer is added to the furnish and then a colloidal silica
and a high molecular weight charged acrylamide copolymer of molecular weight at
least 500,000. The description of the high molecular weight polymers indicates

that they are linear polymers.

However, there still exists a need to further enhance paper making processes by

further improving drainage, retention and formation. Furthermore there also exists



3 the need for providing a nore effective floccul ation system for mnaking
highly filled paper. According to the present invention a process is 4 MAY 2004
provi ded for meki ng paper or paper board conprising formng a cellulosic
suspension, flocculating the suspension with a water-soluble cationic
polymer, agitating flocs so forned, adding siliceous material and an

ani oni ¢ water-sol ubl e polyner, drainifg the suspension on a screen to form
a sheet and then drying the sheet, characterised in that the anionic

wat er - sol ubl e paly
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nonomer Qr, APNOMEr bl end and branchi ng agent and wherein the anionic

pol yrer agg?a) intrinsic viscosity of at least 4 dl/g and (b) rheol ogi cal
oscillation value of tan delta at 0.005 Hz of above 0.7 calculated on a
1.5% by wei ght aqueous sol ution of polymer and/ OC{%J(@ dei.oni sed SLV
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after which the siliceous material and anioni c branched water sol.ubl e
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cel l ul osi ¢ suspensi on usi a .flocc i_on stemthat conprises a

siliceoud %?@EF‘%\F‘”%SS‘?\&%{I thgpgﬁgﬁé‘} ev%‘tee%/' sol ubl e pol gprrer with the
speci al TREPi0gN& m%é@%taerﬂ&ﬁ&!m%erpéd?wewymémé@wem@m@drahcfrmtoention,

dr ai nage an ormat i on conparison to using the anionic branched pol ynmer
in the ahsateceolable payrsiet thead bas beandeimgd Gemtwetes splubtpatiylangallyi al in the

absence OJnstaPuera en- gn%r?ic%c?r?&nﬁ‘eerdorpnqwg%ref b@n%ﬁdzﬁgﬁcﬁ:ﬂg agent and
wherein the anionic polymer has
(a) intrinsic viscosity of at least 4 di/g and
(b) rheological oscillation value of tan delta at 0.005 Hz of above 0.7 calculated
on a 1.5% by weight aqueous solution of polymer and/or
(c) deionised SLV viscosity number which is at least three times the salted SLV
viscosity number of the corresponding unbranched anionic polymer made in the

absence of branching agent,
wherein the water-soluble cationic polymer is added to the cellulosic suspension

and then the suspension is mechanically sheared after which the siliceous

material and anionic branched water soluble polymer are added.

It has surprisingly been found that flocculating the cellulosic suspension using a
fiocculation system that comprises a siliceous material and anionic branched
water soluble polymer with the special rheological characteristics provides
improvements in retention, drainage and formation by comparison to using the
anionic branched polymer in the absence of the siliceous material or the siliceous

material in the absence of the anionic branched polymer.



The siliceous material may be any of the materials selected fromthe group
consisting of silica based particles, silica mcrogels, colloidal silzﬁ'iY
silica sots, silica gels, polysilicates, alumnosilicates, 1004
pol yal um nosilicates, borosilicates, polyborosilicates and zeolites. This
siliceous material nmay be in the formof an anionic mcroparticul ate
material. Alternatively the siliceous @aterial may be a cationic silica. 4
MAY 2004 4 Desirably the siliceous naterial nay be selected fromsilicas
and polysilicates. The silica may be for exanple any colloidal silica, for
i nstance as described in WO A-8600100. The polysilicate may be a coll oi da
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 al kal
metal si TheaflesoBsmatasabmey beotys bl ihel ©atar&iogRestast &%mh&gmkﬁown as

ti il b, db rtial.acidlflgatiqn: Iikalj t al
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pol ysi | i cidn to allow sufficient three dinensional, network
st r uct ur gok/BofdiiMatéened akbitesh@hist sileeces ragieriagmay baguthe foradl #or t he

polysilicic acid to gel. Particularly preferred. silice ial include
pol yal unénienii migapasiculie ﬂ’p@ilefl'aLMeﬁ@iweiﬁyc@lee%liqwsb@a%{%ﬂ g?ér}f;%%%ce

al um nat ed.. ol% ilicic acid, nade by first formng polysilicic acid
nicroparf?@ﬁ@g iﬁﬁ'then post treating with alumniumsalts, for instance as
described in US-A-5,176,891. Such polyalum nosilicates consist of silicic
m croparticles with the alum niumlocated preferentially at the surface.

Al ternatively the polyalum nosilicates nmay be pol yparticul ate polysicilic
m crogels of surface area in excess of 1000nferr]/g formed by reacting an
al kali metal silicate wth acid and water soluble alum niumsalts, for

i nstance as described in US-A- 5,482,693. Typically the

pol yal um nosilicates may have a nole ratio of alum na-.silica of between

1: 10 and 1: 1500.



Pol yal um nosilicates may be forned by acidi fying an aqueous sol uti on of
alkali netal silicate to pH 9 or 10 using concentrated sul phuric ackgﬁ
containing 1.5 to 2.0% by weight of a water soluble alum niumsalt, ¥2W4
i nstance al um ni um sul phate. The aqueous solution my be aged sufficiently
for the three dinmensional mcrogel to form Typically the

pol yalum nosilicate is aged for up to,about two and a half hours before

di luting the aqueous polysilicate to 6.5 wei ght % of silica. 4 MAY 2004 5
The siliceous material may be a colloidal borosilicate, for instance as
descr i bedDesirabMpiie 9Bit6F08 malbralovky bedwlledied droim stiaas and\pdysilinaéemr ed by
contacting a dilute aqueous sqlution ali nmetal silicate with a
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30 % B203p-f388ngoa pH of from7 to 10.5. The anionic branched polyner is
formed froma water sol uble nononer blend conprising at |east one anionic
or potentially anionic ethylenically unsaturated nononer and a small
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material {jfiedo fPmatsidimGdd PBlyBYumino-silicates. The polyaluminosilicates may be
for instance aluminated polysilicic acid, made by first forming polysilicic acid
microparticles and then post treating with aluminium salts, for instance as
described in US-A-5,176,891. Such polyaluminosilicates consist of silicic

microparticles with the aluminium located preferentially at the surface.

Alternatively the polyaluminosilicates may be polyparticulate polysicilic microgels
of surface area in excess of 1000m?/g formed by reacting an alkali metal silicate
with acid and water soluble aluminium salts, for instance as described in US-A-
5,482 693. Typically the polyaluminosilicates may have a mole ratio of

aluana:siIica of between 1:10 and 1:1500.

Polyaluminosilicates may be formed by acidifying an agueous 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.



reaction through the carboxylic or other pendant groups (for instance an
epoxi de, silane, polyvalent netal or fornmal dehyde). Preferably the 4 MAY 2004
branchi ng agent is a polyethylenically unsaturated nononer which is

i ncluded in the nmononer blend fromwhich the polynmer is fornmed. The

amounts of branching agent required will vary according to the specific
branchi ng agent. Thus when using pol yéthylenically unsaturated acrylic
branchi ng agents suvh as nethylene bis acrylam de the nolar anount is

usual I'y bﬂl,é)\g‘{uggo@éfﬁerﬁm% ”gle%{ Erf)lﬁ:ﬂ@él'@br@@ilic%&’e?%rﬁkﬁ)@ané‘@@%fc@sbﬁbé@ inis

bel ow 10 ppm and no prefera elow 5 ppm The optimum anount of 4 NMAY
2004 6 braugeii-0g16RESIT Hescatlod @ mbbsili¢ate may bemdegarsdty gomtacinG amilie ppm
or even 3.8 ppmbut in somne |,nstanc_e[\s tlt na%ct:agl desi h%d tpr use 7 or 10
ppm  Pr efaqugsiup sahetionphan Rikey nagahslicate Wit - @IPHEPENaRIBiEaNY it can be
a difunctional material..s ; I, Sl ' ild gaoe a
trifunct iQngP?etaeﬁlfé¢ %%’gt#ﬁdjngqqufP?@HWéﬁgrgl B* E”Hg'f‘?gﬁgﬁh%‘fgg{"%t? r?%i n% agent,

for instamgtidiebf an aldafilmerareatatavatt aniatiali réetabhadioxids tectoral 41yl i ¢ nononer
tend to have lower reactivity ratios tohey pol yner i ﬁg #fess _;goiﬁibjly and
thus it iaguacusdeidio eentrbenRdt 3R Bp%ﬁ@f’%ﬂ%ﬁ g FOMUh B Brat ed
allylic branching agents, such as tetra ally! amonium chloride to use

hi gher levels, for instance 5 to 30 or even 35 nolar ppmor even 38 ppm

and even fige BHRIN@ErafRhed piimepm folheddyoralaseatee sdkbile apdrorner blrod ude a
chain transfer agent into the nononmer mix. Were chain transfer & ent is
i ncl uded ¢ampasingeat least one anioARBPCteRtialy arieue eﬁwy'wﬁ?@wumt@m €dnd may

al so be included in an amunt of : Vi ' . -ealliy the
amount s ooBREIS! AP e Aent of=heniid aoRBrIdindeigeies LyRVBELY

wei ght . Tiag ghaBPodIATSERS RGeS pBRNdIavilibe fermhedbicn ehelehdalf Sstob0dhce,
for instance sodi um hypophosphite, 2-nercaptoethanol, malic acid. or

t hi ogl ycoby weightiagiorfe sagergnlybletpaomer anAd P Dhi Y WEIGE ReF-1BBIGHRIET i s
pr epar ed iq éhe absence of added chain transfer agent. The ani onic branched
pol ymer i OYBSIPEIPYE ' the formof a water-in-oil enulsion or

Typically the water soluble monomers have a solubility in water of at least
5g/100cc. The anionic monomer is preferably selected from the group consisting
of acrylic acid, methacrylic acid, maleic acid, crotonic acid, itaconic acid,
2-acrylamido-2-methylpropane sulphonic acid, aliyl sulphonic acid and vinyl
sulphonic acid and alkali metal or ammonium saits thereof. The non-ionic
monomer is preferably selected from the group consisting of acrylamide,
methacrylamide, N-vinyl pyrrolidone and hydroxyethy! acrylate. A particularly

preferred monomer blend comprises acrylamide and sodium acrylate.

The branching agent can be any chemical material that causes branching by
reaction through the carboxylic or other pendant groups (for instance an epoxide,
silane, polyvalent metal or formaldehyde). Preferably the branching agent is a
polyethylenically unsaturated monomer which is included in the monomer blend
from which the polymer is formed. The amounts of branching agent required will
vary according to the specific branching agent. Thus when using polyethylenically
unsaturated acrylic branching agents suvh as methylene bis acrylamide the molar
amount is usually below 30 molar ppm and preferably below 20 ppm. Generally it

is below 10 ppm and most preferably below 5 ppm. The optimum amount of



di spersion. Typically the polyners are made by reverse phase emul sion
polynerisation in order to forma reverse phase enul sion. This product
usual |y has a particle size at |east 95% by wei ght bel ow 10pm and 4 MAY 2004
preferably at |east 90% by weight bel ow 2pm for instance substantially
above 100nm and especially substantially in the range 500nmto 1pm The

pol ymers may be prepared by conventiBnal reverse phase enul sion or

m croemnul si on polynerisation techniques. The tan delta at 0.005Hz value is

obt ai ned yishBeird Rk IObAEraBY #8M BUBOHE Sho o DBahblaAbpATioedén 8/f a 1. 5%

by wei ght aqueo on of polyner in deionised water after tunbling
for two hmmsutlimsbime iostarsesdf mahibe desiteddoCsmer 7 wed 0CsR1.1IBEfarabiyvth2004 7
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sweep fr oincioffTrizsd-tnkihg dgeni, Zosiatesedetra dllggammaentin ddsiide. G and G'
neasurenents are recorded and used to cal cul ate t%n.del éa Ejrg'/ G ) val ues.
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suf fi ci ensdlyelynidz0lyansaheratédamyicrabeting rgentnsanylasdethaliyt t o

di sentangl e. Network or cross-1linked systens have Peraﬂanent angl enent of
the chai remammNidmEhIeERe imrsR SIThET (aueiudpt BSiNEsS 13 -%@Vﬁa%fam v

| peaene! Sim VRN pErl Ay bUERE RN Bs g0, of RPHBI Teasur enent s are used

to characterise ner propertres n the agueous environnent. The
ani oni ¢ branched pol ynmers should have a tan delta value at 0.005Hz of above
0.7. Preferred anionic branched polyners have a tan ,deltt,_% val ue of 0.8 at

0. 005Hz. breaverlspibe demirabie to Hkﬁhtsi&n%/ s0ay trgnsfer ggenldplg the Jepgmer Gix.

| nstance \?\}hérg%%taind'transfer agent is inciuded it may be used in an amount of at least 2
ppm by weight and may also be included in an amount of up to 200 ppm by
weight. Typically the amounts of chain transfer agent may be in the range 10 to 50
ppm by weight. The chain transfer agent may be any suitable chemical substance,
for instance sodium hypophosphite, 2-mercaptoethanol, malic acid or thioglycolic
acid. Preferably, however, the anionic branched polymer is prepared in the

absence of added chain transfer agent.

The anionic branched polymer is generally in the form of a water-in-oit emulsion or
dispersion. Typically the polymers are made by reverse phase emuision
polymerisation in order to form a reverse phase emulsion. This product usually
has a particle size at least 95% by weight below 10pm and preferably at least 0%
by weight below 2um, for instance substantialty above 100nm and especially
substantially in the range 500nm to 1um. The polymers may be prepared by
conventional reverse phase emulsion or microemulsion polymerisation

techniques.

The tan delta at 0.005Hz value is obtained using a Controlled Stress Rheometer in
Oscillation mode on a 1.5% by weight aqueous solution of polymer in deionised

water after tumbling for two hours. In the course of this work a Carrimed CSR 100



dl/g, in particular at least 5 or 6 dl/g. It nmay be desirable to provide
polynmers of substantially higher nolecul ar wei ght, which exhibit iné&hga@g
viscosities as high as 16 or 18 dUg. However nost preferred pol yner
intrinsic viscosities in the range 7 to 12 dl/g, especially 8 to 10 dl/g.
The preferred branched anionic polyner can al so be characterised by
reference to the corresponding pol yner made under the sanme pol ynerisation
conditions but in the absence of branching agent (i.e., the "unbranched

pol ymer™). JIhe C I {ey s Nashe2lnd Btdridg 58w scosi ty of
at Ieast}%uﬁ%quHgﬁgﬁ{&r%?’gWa %Nﬁ&ﬂ%%ﬁég g?/g. O‘?gen it is 56 to 30 dl/g.
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2004 8 The saline Br fjeld yiscosi t | b
preparin 'Sﬁ"{*ﬁﬁm%fb?/fog%g (glh{adéaxﬁse%uéﬁé%a%giogﬁr%19‘}%(@%“\%%%% yrrgéﬁ?n { M Nadl
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this concentrated solutian is.dil uted W / Stk e
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| east 2. 2,21 referably at |east 2.5nmPa.s. CGenerally it is not nore than

e
5nPa. s and vg?ues of 3to 4 are usually preferred. These are all neasured
at 60rpm The SLV viscosity nunbers used to characterise the anionic

branched | ymer are det , ned. use | ass
vi sconet @ﬁ?%‘f’r}‘eme”tcl'f’es &/‘?@%ﬂé&y '8?’%‘&%%@2%6 o"@%@@gﬁg% !Ogygel accor di ng
to the Viﬁﬁ@ﬁbﬁ%gﬁnd&% 6 4 efBbleTMeaY ios Gesh dhednemibayledscheties t [ err]  and

11 are the Vviscosity results for aqueous pol ynmer sol utions %alnd %@I ent
bl ank r esfiemttangley Netiwotk eragroas-soked systems: hae pormaanelB&aineenait ot ty .

The deionjsed SLV viscosity nunber..i Lo haeds frrpuénded5%
aqueous <BFGHPEE #fd Pﬁgwdg&y espgfetsﬁrotéagkgianc%'g@g wigBtrghgeds freu .
Therefore low frequency (e.g. 0.005Hz) measurements are used to characterise

the polymer properties in the aqueous environment.

The anionic branched polymers should have a tan delta value at 0.005Hz of above
0.7. Preferred anionic branched polymers have a tan delta value of 0.8 at
0.005Hz. Preferably the intrinsic viscosity is at least 2 dl/g, for instance at least 4
dl/g, in particular at least 5 or 6 di/g. It may be desirable to provide polymers of
substantially higher molecular weight, which exhibit intrinsic viscosities as high as
16 or 18 dl/g. However most preferred polymers have intrinsic viscosities in the

range 7 to 12 dl/g, especially 8 to 10 dl/g.

The preferred branched anionic polymer can also be characterised by reference to
the corresponding polymer made under the same polymerisation conditions but in
the absence of branching agent (i.e., the “unbranched polymer”). The unbranched
polymer generally has an intrinsic viscosity of at least 6 di/g and preferably at least
8 dl/g. Often it is 16 to 30 dl/g. The amount of branching agent is usually such that
the intrinsic viscosity is reduced by 10 to 70%, or sometimes up 1o 90%, of the

original value (expressed in dl/g) for the unbranched polymer referred to above.



dei oni sed water. The salted SLV viscosity nunber is the nunber obtained for
a 0.05% pol yner aqueous sol ution prepared in 1M sodi um chl ori de. Th%lﬂYZNM
dei oni sed SLV viscosity nunber is preferably at |least 3 and generally a#

| east 4, for instance up to 7, 8 or higher. Best results are obtained when
it is above 5. Preferably it is higher than the deionised SLV viscosity
nunber for the unbranched polyner, that is to say the pol yner nade under

t he sane polynerisation conditions but in the absence of the branching
agent (amthe Seikf BrsoKiiew ngchiighethe ipatyrhasisaneaswesittyprepafingee0.dé bpi sed
SLV viscosytg nunber is not higher than the deionised SLV viscosjty nunmber
of the umgighthedps sehtion of ettiveapelymer in dMiNall @ggueoupsphilign # 4 %y at

| east 75% of t deigni sed S ' . t ol yner.
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viscosi t ?'Pedwﬂ‘Q?br h%eoéﬁs@gpr?ése! @Aghel Weald batisst ciseblpseiredeibhisedtwiteatt
eight times, the salted SLV viscosity nunber. 4 MAY 2004 9 According to the
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i nvent i orfotrhes comeoates solutivhend Wbiscepnaaryiated ek ras diated Wit ietMi nto a

m xture gnd.j ntroduc i nto the cell.ul osic i b gl :
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material 1By, be 1dddt DOs B8 hrerpa I e least @l 5raPaLY. (Gaaaahy it.is Roeferaliian
however, the “siliceous nmaterial and the anionic branched pol yner are

i nt r oducemnBaguand ivalueg offotoed prectisvaily prefiresd. t Hess arectbmeasdiest #lal i s

I ntroduced. into the suspension and then the anionic branched polyner. In a
preferred¥Bfm of the invention the water soluble anionic branched pol yner
and siliceous naterial are added to the cellul osic suspension, which
suspension has been pre-treated with a cationic materjal. The cationic

pr e- t r eat enSLveyistasitybmbersryseddoi ghgreeterisniie aatoas Brapchgepalyeer

suspensi on_at _.any. pai.nt pripr to _the Lt f | §F0 anched
o B P PR o e 0 e cHReral e eanc
| nredi at aliycdiféRr ®etiifitigsd® B bppidpriataactedingoioytervisaubitysif ithe eous
material al though preterably the cationic material is introduced i n}o t he
solution. The viscosity nimber is n-no/n, where n and n, are the viscosity results
for aqueous polymer solutions and solvent blank respectively. This can also be
referred to as specific viscosity. The deionised SLV viscosity number is the
number obtained for a 0.05% aqueous solution of the polymer prepared in
deionised water. The salted SLV viscosity number is the number obtained for a

0.05% polymer agueous solution prepared in 1M sodium chloride.

The deionised SLV viscosity number is preferably at least 3 and generally at least
4, for instance up to 7, 8 or higher. Best results are obtained when it is above 5.
Preferably it is higher than the deionised SLV viscosity number for the unbranched
polymer, that is to say the polymer made under the same polymerisation
conditions but in the absence of the branching agent (and therefore having higher
intrinsic viscosity). If the deionised SLV viscosity number is not higher than the
deionised SLV viscosity number of the unbranched polymer, preferably it is at
least 50% and usually at least 75% of the deionised SLV viscosity number of the
unbranched polymer. The salted SLV viscosity number is usually below 1. The
deionised SLV viscosity number is often at least five times, and preferably at least

gight times, the salted SLV viscosity number.




suspension sufficiently early in order for it to be distributed throughout
the cellulosic suspension before either the anionic branched pol ynes MY 2004
siliceous material are added. It nay be desirable to add the cationic
material before one of the m xing, screening or cleaning stages and in
sonme instances before the stock suspension is diluted. It may even be
beneficial to add the cationic material into the m xing chest or blend
chest or even into one or nore of the conmponents of the cellulosic
suspensi on, for instance, coated broke or filler suspensions for instance

preci pitated cal ciumcarbonate slurries. The cationic materi al rrEé be any
nunber ofAccardiogite theaveatos e campraests oldhedioceu@iPNSYSEEB AN

pol yners, or .ingrganic.materials s | LA 2 | ox 4 de,
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enpl oys a water sol ubl e branched ani onic pol yner, siliceous naterial and at

| east onkeadidé thmmat bfdrobed|pmymnedbagul ant . The addi ti onal
fl occul ant/ coagul ant conponent is preferably added prior to either the
siliceous material or anionic branched polyner. Typically the additional
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causi ng | occul ati on/coagul ati on of the fibres and ot her iffﬁo onents of the

cel | ul osiand silispausiateriatizee addeditoihag cellWesitSHAPERYRGUIVA Epe!on
Tty behdd Raet P vl aRh A Gip IR o] P b Bre BNt e er

ani oni ¢ %ffn%@rﬁﬁram'a@ﬁ@fﬁib@néﬂeﬁrarshnto Wetsispahisivel at drly peint prortoytheat er
sol ubl e synthetic polynmer which preferably ) .
addition of the anionic branched polymer and siliceous material. Thus the cationic
treatment may be immediately before adding the anionic branched polymer and
silicecus material although preferably the cationic material is introduced into the
suspension sufficiently early in order for it to be distributed throughout the
cellulosic suspension before either the anionic branched polymer or siliceous
material are added. It may be desirable to add the cationic matenial before one of
the mixing, screening or cleaning stages and in some instances before the stock
suspension is diluted. It may even be beneficial to add the cationic material into
the mixing chest or blend chest or even into one or more of the components of the
cellulosic suspension, for instance, coated broke or filler suspensions for instance

precipitated calcium carbonate slurries.

The cationic material may be any number of cationic species such as water
soluble cationic organic polymers, or inorganic materials such as alum,
polyaluminium chloride, aluminium chloride trihydrate and aluminochloro hydrate.
The water soiuble cationic organic polymers may be natural polymers, such as
cationic starch or synthetic cationic polymers. Particularly preferred are cationic
materials that coagulate or flocculate the cellulosic fibres and other components of

the cellulosic suspension.




exhibits ionic character. The preferred ionic water sol uble polynmers have
cationic or potentially cationic functionality. For instance the cationic
pol yner rmay conprise free am ne groups which beconme cationic once § MAY 2004
introduced into a cellulosic suspension with a sufficiently | ow pH so as
to protonate free amne groups. Preferably however, the cationic polyners
carry a permanent cationic charge, sfh as quaternary ammoni um groups. The
addi tional floccul ant/coagulant may be used in addition to the cationic
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conprising a the wat sol ubl e anionic branched pol yner and the
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sol ubl e pol yner. whi c E/?é' for |ns ance be a reI bl r%{dfr? nol ecu b
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exhibits ionic character. The preferred ionic 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 so as to protonate free amine
groups. Preferably however, the cationic polymers carry a permanent cationic

charge, such as quaternary ammonium groups.

The additional flocculant/coagulant may be used in addition to the cationic pre-
treatment step described above. In a particularly preferred system the cationic
pre-treatment is also the additional flocculant/coagulant. Thus this preferred
process comprises adding a cationic flocculant/coagulant to the cellulosic
suspension or to one or more of the suspension components thereof, in order to
cationically pre-treat the cellulosic suspension. The suspension is susbsequently
subjected to further flocculation stages comprising addition of the water soluble

anionic branched polymer and the siliceous material.

The cationic flocculant/coagulant is desirably a water soluble polymer which may
for instance be a relatively low molecular weight polymer of relatively high

cationicity. For instance the polymer may be a homopolymer of any suitable



potentially cationic. By water soluble we nean that the nononer has a
solubility in water of at |east 5g/100cc. The cationic nonomer is
preferably selected fromdi allyl di al kyl anmonium chlorides, acid4 MAY 2004
addition salts or quaternary ammonium salts of either dial kyl am no al kyl
(meth) acrylate or dialkyl amno alkyl (neth) acrylam des. The cationic
mononer may be pol ynerised al one or cbpol ymerised with water soluble
non-ionic, cationic or anionic nononers. More preferably such polyners
have an ig4h{jeRtiafy ' oM Mrferiddd td PRIVARCE pa%yheoRitRs 16
or 18 dlé}g?"egﬁzlta%?ﬁ?ﬁ@égéﬁ ﬁ@?cam%gn%rw to 14 orﬁl_S dl /?WParticul arly
pr ef er r ecarc attiimsit ¢isgokiyref sp itn 8l die Hropodglymeess of disdyltdimegil @mmenium

The “wat dhGHRIBISPEIETEH Loy MaErida! B DS I B PRb S el
osci |l at !é’rﬁ'adﬁﬁinﬁ)cﬁl\}m%ﬁer@dt %n&r%%%'ﬁ_ngggﬁﬁgér’wit%'élthéﬂglgﬁﬁg diYort he

met hod gi ven herein I NSt ance as provi i n copendi ng patent

appl i cat i ginflrasiedabspddies [Faranstayice ik palyerar rappbedatned byuebetingona &4, 231

(reference PP/ W 21916/ P1/ AC 526) filed with egual date to,the priority of
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branchi ng”dgent “'e. g. Typi cal ly the branchi ng agent
i ncludes any of the branching agents defined herein suitable for preparing
t he branched anionic polyner. Such 4 MAY 2004 12 branched polyners may al so
be prepar%@f%ﬁﬁtﬁlmmwt@"gﬁ% ?@pt{qog,ggfaé'ﬁ H9ER Yrﬁ“%&@a?ﬁﬁé b%SHJR{JPe i x. The

chain t ral'?dérfne:—f ﬁ%ot%é;@ﬁléﬂﬁ%&dﬁﬁsétﬂré’}?d AR Mbndiner bedfndoPpm by

wei ght and nmay be inc n an anount of up to 200 ppm by weight.
Typi cal | ymbherars wiseinf atdbastrore afithEenoageats artbeibiendhis eatifec €0 to 50

ppm by wei ght. The chain_ transfer ent ma e any suitable chem .
subst ancef© epfally ?%H%%@%W&F‘ﬂrﬁqlfﬁg%@ﬁﬁ%ttg?t f%ﬂf@?@&%’t%é‘?ﬁ&%‘?'?gm e
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allyl di alkyl ammonium chlorides, acid addition saits or quaternary ammonium
salts of either dialkyl amino alkyl (meth) acrylate or dialkyl amino atkyl (meth)
acrylamides. The cationic monomer may be polymerised alone or copolymerised
with water soluble non-ionic, cationic or anionic monomers. More preferably such
polymers have an intrinsic viscosity of at least 3 dl/g, for instance as high as 16 or

18 dl/g, but usually in the range 7 or 8 to 14 or 15dl/g. -

Particularly preferred cationic polymers include copolymers of methyl chloride
quaternary ammonium salts of dimethylaminoethyl acrylate or methacrylate. The
water soluble cationic polymer may be a 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 water soluble cationic polymer may also have a slightly branched structure for
instance by incorporating small amounts of branching agent e.g. up to 20 ppm by
weight. Typically the branching agent includes any of the branching agents

defined herein suitable for preparing the branched anionic polymer. Such




| evel s of branching agent, for instance up to 100 or 200 ppm by wei gh4
provided that the amounts of chain transfer agent used are sufficien M{\YOZI][M
ensure that the polyner produced is water soluble. Typically the branched
cationic water soluble polynmer may be formed froma water sol ubl e nononer
bl end conprising at |east one cationjc nononer, at |east 10 nolar ppmof a
chain transfer agent and bel ow 20, ne ar ppm of a branchi ng agent.
Preferably the branched water soluble cationic polymer has a rheol ogi cal
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process, t anc Yy sol uti on p0| ynerl sation, water-iIn- OI | suspenS| on
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olynerisation results ueo d and
groﬁnd t dOpIBIRREE §Od ‘HB?Nb @r’ﬁ@pg’ t@?r@é“ﬁ%% 1cPSr &#L%gédd]ﬁ;

beads by @penm on polyneri sat | on or as a water-in-oil errul sion or

di spersion by water-in-oil emulsion polynerisation, for exanple according
to a process defined by EP-A-1 50933, EP- A-102760 or EP-A-126528. Wen the

i’ ambunt BEATICFERIRANTEEY GO EE 10l St aRPish Soeg a5 ARG Werdigel I
pol ymer t\égawttgsggﬁmg AR stRiOB t&f 00 ariZow [@prﬁ(ﬂywvetghbémedded dry

wei ght of suspension. Preferably the cationic %”ﬁ
added in tvat dmoantouwitts af chaiagtaréer agﬂntwed@rgmufﬁf%emﬁﬁset@hié thedhe o 2000

el gt . " cRpREIE I G R R0 GO A0 T RBTRRY SARILS Akt noaey

ani oni ¢ bpARGRE AL RPLETBIMERYrPE adkatePasiubkOmppdni blend comprising at least
one cationic monomer, at least 10 molar ppm of a chain transfer agent and below
20.molar ppm of a branching agent. Preferably the branched water soluble
cationic polymer has a rheolégical'osci!lation value of tan delta at 0.005Hz of
above 0.7 (defined by the method given herein). Typically the branched cationic
polymers have an instrinsic viscosity of at least 3 dl/g, Typically the polymers may
have an intrinsic viscosity in the range 4 or 5 up to 18 or 19 di/g. Preferred
polymers have an intrinsic viscosity of from 7 or 8 to about 12 or 13 dl/g.
The cationic water soluble polymers 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-102780 or EP-A-126528.

When the flocculation system comprises cationic polymer, it is generally added in
an amount sufficient to effect flocculation. Usually the dose of cationic polymer

would be above 20 ppm by weight of cationic polymer based on dry weight of




wei ght based on wei ght of dry suspension, although preferably is at |east
50 ppm by weight, particularly between 100 and 2000 ppm by wei ght. pgm?§m4
of between 150 and 600 ppm by wei ght are nore preferred, especially

bet ween 200 and 400 ppm by weight. The siliceous material may be added at
a dose of at least 100 ppm by weight based on dry weight of suspension.
Desirably the dose of siliceous natel$al may be in the range of 500 or 750
ppmto 10, 000 ppn1by wei ght. Doses of 1000 to 2000 ppm by wei ght siliceous
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fl occul atbrs) and the floccul ated suspension is then nechanically sheared.
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This sheafing step nay be achi eved by passing the floccul ated suspensi on
through one or nore shear stages, selected from punping, cleaning or
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effective.

In one preferred form of the invention the cellulosic suspension is subjected to
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



According to a nore preferred formof the invention the water-soluble
cationic polyner is added to the cellul osic suspension and then the 4 MAY 2004
suspension is then mechanically sheared. The siliceous material and the

wat er - sol ubl e branched anionic polyner are then added to the suspension-
The ani oni c branched polynmer and siliceous material may be added either as
a prem xed conposition or separatel y4but sinultaneously but preferably

they are added sequentially. Thus the suspension may be re-fl occul ated by
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The first component of the flocculating system may be added to the cellulosic

suspension and then the flococulated suspension may be passed_ through one or

more shear stages. The second component of the flocculation system may be

added to re-flocculate the suspension, which re-flocculated suspension may then

be subjected to further mechanical shearing. The sheared reflocculated

suspension may also be further flocculated by addition of a third component of the

flocculation system. In the case where the addition of the components of the

flocculation system is separated by shear stages it is preferred that the branched

anionic polymer is the last component to be added.

in another form of the invention the suspension may not be subjected to any
substantial shearing after addition of any of the components of the flocculation
system to the cellulosic suspension. The siliceous material, anionic branched
polymer and where included the water soluble cationic polymer may all be
introduced into the cellulosic suspension after the last shear stage prior to
draining. In this form of the invention the water-soluble branched polymer may be |
the first component followed by either the cationic polymer (if included) and then

the siliceous material. However, other orders of addition may also be used.



froma cellulosic stock suspension conprising filler. The filler may be any
of the traditionally used filler materials. For instance the filler may be
clay such as kaolin, or the filler nmay be a cal ci um carbonat e whi CQ Mﬂuﬂﬂﬁk
be ground cal cium carbonate or in particular precipitated cal cium
carbonate, or it my be preferred to use titaniumdioxide as the filler
material . Exanples of other filler mdterials also include synthetic
polymeric fillers. CGenerally a cellulosic stock conprising substanti al
quantities of filler are nore difficult to flocculate. This is particularly
true of fillers of very fine particle size, such as precipitated calcium
car bonat én cheusrefercat thirmgof theanpemticr wedragge e proresh of prapssing Rangnt i on we

id f Ki filled . ..Jh Ki t
P ot | S Tt & Galilasis StosuRPeBion aorir e filara RE T iRs M) Dk BT the™
suspensi - i R el ghtEi o i th
Sroont of AT SRk fRRbrial oY indRlrFelink fl P bl suchiay REY 1 oy

Wher e fildrehe ifiletisag bd a maicilre qareseate which theldfhengtowiteenlciom parbenats
paper board in an anount of up to 40%

Th di t hi f d
aspect ofOFtifhip§rﬁ%ﬁrﬁrﬁéﬁ_‘tﬂ@dp$@ﬂ”&éC%rb&r‘@gezg ?J‘?'%%er??ﬁgﬁ’rﬁé&f 79 @Hg‘g ;e)_ag_cra; eor
paper DoakayNheaRkdes: Hd FlerRhALIAR EXaflIESbPBHer SHEPRIZEE RAls G| SI NG

i'n which the I'ds

filler an suspension so are floccul ated by introducing
i nto the indugpenatreticadymedulif¢isnGesiesslyma cellposisisteckacanpiisisus mat eri al
and wat er- sol ubl e ani onic branched ggi%mer aa def i nejhhe.r ein. |

g GO

al t er nat isHbstatial gpapiities ‘Pifvfﬂﬁiaé‘?l M Hriates bsf'quaé-B%LI‘Ii[’]]HgﬂBSper
or _Paperdianed { AR dinealdribiedife SeplasptsbpRaiec bt chbonelst anti al 1y

free of fil ow ng exanples illustrate the invention. 4 MAY 2004
16 Exanple 1 (conparative) The drainage properties are determ ned using a

i ai nage VASRCGIIRS 017 DS ERESPFOHR! NBErT Sy, HILCLelT dr S2PE S5t ock used
5 e, PSP B O pEh e e g oo i 40
suitable amount of filler. Generally the cellulosic suspension comprises at least
5% by weight filler material. Typically the amount of filler will be up to 40%,
preferably between 10% and 40% filler. Where filler is used it may be present in
the final sheet of paper or paper board in an amount of up to 40%. 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 siliceous material and water-

soluble anionic branched polymer as defined herein.

In an alternative form of the invention 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.



carbonate. The stock suspension is beaten to a freeness of 55 (Schopper
Riegler nethod) before the addition of filler. 5kg per tonne (on tot
solids) cationic starch (0.045 DS) is added to the suspension. A copglwpm
of acrylam de with nethyl chloride quaternary anmoni um salt of

di met hyl am noethyl acrylate (75/25 wt./wt.) of intrinsic viscosity above
11.0 dl/g (Product A) is m xed vmth1t€he stock and then after shearing the
stock using a nmechanical stirrer a branched water sol uble anionic

copol ynergof - aery | am se b sodium acrylate (65/35) (wt./wt.) with 6 ppm
by wei ght—rre‘r%—ek‘re—b[%%—atr{) amde of intrinsic viscosity 9.5 dl/g and
rheol ogi cRile ostihddapioprried aee détermineatlsiag @tmOdCi@Sil-EChQﬁpem—FQeelBﬂoduct B)
is mxed into the stock. The draipa nme i.n secon dsf 600

1I‘3| I El_Lgt e anpadetisn it the seen @t Blocke g@rI r%iB@%%“fﬁeb?)S &HEF &PBTduct
(o t) ozW&%@@%ﬁ%%%%@??aﬁ@?%%%%@@i%%’82‘53?[830%9’558?3(1359B
a8 D B B e > o oduct
5 except caBeNa. A1BEHRES HORIART draagate 8 Tespeset A pcragpechiesig

: %g{l)-\%edx ﬁ?%@w@%gﬁmﬁro@kgfpep PROSKE forProtdNolde pLa@stac kstdreR  are

shown in abl e
(0.045 DS) is added to the suspension.

A copolymer of acrylamide with methyl chloride quaternary ammonium salt of
dimethylaminoethy! acrylate (75/25 wt./wt.) of intrinsic viscosity above 11.0 dl/g
(Product A) is mixed with the stock and then after shearing the stock using a
mechanical stirrer a branched water soluble anionic copolymer of acrylamide with
sodium acrylate (65/35) (wt./wt.) with 6 ppm by weight methylene bis acrylamide of
intrinsic viscosity 9.5 dl/g and rheological oscillation vaiue of tan delta at 0.005Hz
of 0.9 (Product B) is mixed into the stock. The drainage time in seconds for 800m|
of filtrate to drain is measured at different doses of Product A and Product B. The

drainage times in seconds are shown in table 1.

Table 1
Product B {g/t)
g 250 500 750 1000

0 108 31 18 15 15
Product A 250 98 27 12 9 il
(8/1) 500 96 26 10 12 9
750 103 18 9 8 8
1000 109 18 9 8 8
2000 125 20 9 7 6

Example 2

The drainage tests of Example 1 is repeated for a dose of 500g/t of Product A and
250g/t product B except that an aqueous colloidal silica is applied after the
shearing but immediately prior to the addition of Product B. The drainage times

are shown in table 2.



Col l oidal Silicadrainage tinme doss e t 026 12511 2509 5007 7507 10006 As
can be seen even a dose of 125 g/t colloidal silica substantially i Y\/?Hﬁ
dr ai nage. Exanple 3 (conparative) Standard sheets of paper are prodﬂ%gg 4
using the cellulosic stock suspension of exanple 1 and by first m xing
Product Ainto the stock at a given dose, then shearing the suspension for
60 seconds at 1500 rpmand then mixing in product B at a given dose. The
floccul ated stock is then poured onto a fine nmesh to forma sheet which is
then drieg,jip-,a rotary drier at 80C for 2 hours. The formation of the

paper sheets is determ ned using the Scanner Measurenent System devel oped

by PI RA [ ntenwatai Shal . |dlagagé dmdds)d [devi ati on (SD) of grey values is
cal cul at ¢d fdetage i nage. The forgation values for each dose of product A

and prodgict Bis showp in table 3. |Lower values indicate better results.
Tabl e 3 ProductizB (glt) 02505007501000 06.848. 7811. 5414. 3417. 96 Product
A2507. 8710.48T4s4516. 5319. 91 gl t) 5¢08. 8010. 8816. 6920. 3023. 04

7509. 23115116 5¢922. 22719. 94 IP009. 4913. 6119. 2921. 9424. 74

20009. 54167512259128.0029.85 7

1000 6

As can be seen even a dose of 125 g/t colloidal silica substantially improves

drainage.

Example 3 (comparative)

Standard sheets of paper are produced using the cellulosic stock suspension of
example 1 and by first mixing Product A into the stock at a given dose, then
shearing the suspension for 60 seconds at 1500 rpm and then mixing in product B
at a given dose. The flocculated stock is then poured onto a fine mesh to form a
sheet which is then dried in a rotary drier at 80°C for 2 hours. The formation of the
paper sheets is determined using the Scanner Measurement System developed
by PIRA International. The standard deviation (SD) of grey values is calculated for
each image. The formation values for each dose of product A and product B is

shown in table 3. Lower values indicate better results.

Table 3
ProductB  (g/t)
0 250 500 750 1000
0 6.84 8.78 11.54 14.34 17.96
Product A 250 7.87 10.48 14.45 16.53 19.91
(ght) 500 8.80 10.88 16.69 20.30 23.04
750 9.23 11.61 16.70 22.22 19.94
1000 - 9.49 13.61 19.29 21.94 24.74
2000 - 9.54 16.51 22.01 28.00 29.85




4 MAY 2004 18 Exanple 4 Exanple 3 is repeated except using doses of 500 g/t
product A and a dose of 250 g/t product B and 125, 250, 500, 750 and 1000
g/t of aqueous colloidal silica applied after the shearing but inmédiAt28lly
prior to the addition of Product B. The respective formation values for
each dose of colloidal silica are shown in table 4. Table 4 Coll oi dal
Silica Formation d o s a e t 010.88 1214. 26 25017. 25 50019. 31 75018. 47
100018. 05 A conpari son of doses required to provide equival ent drai nage
results geﬁﬂn%tgates that the flocculating systemutilising cationic

pol ymer, =X | silica and branched anionic water sol uble polyner

prle des Aﬁiagiggné/ez{iisfr@ ﬁatémég(céfgmiirigmm/ 500ogft Exaduited and addese of 28D0g/ t
pol yrmer A, g pol yrer an 000g/t silica_provides a draipage tinme of
B S Hcondeg/ PresmctBiAnS! 425 125005k 70T 101D Bl FALERVS GBLRSEDHNG oduct A

silica and prqduct ' | . I PHse 1 a
dose of ﬁ%@&%t%&!ég‘igbgﬁﬁ'ﬁgt%ﬁggﬁﬁew&@ﬁg&? %ﬁd@ﬁg Oi?ggg%e 'of}?esi lica
provi des rasgeaivea@embtion vafuet fareanidsoséodrvliatiblesibed bee siypwvn ah taitle doses  of
product A and product B provides a formation value of 29.85. Thus,for

equi val ent high drainage the invention inproves formation by nore than
39% Even_for .equival ent hi gher drai nage values, for instance 11 seconds,

the inpr fénts in formation can still be observed.
Colloidal Silica Formation
dosage (g/t)
0 10.88
125 14.26
250 17.25
500 19.31
750 18.47
1000 18.05

A comparison of doses required to provide equivalent drainage results
demonstrates that the flocculating system utilising cationic polymer, colloidal silica
and branched anionic water soluble polymer provides improved formation. For
instance from Example 2 a dose of 500g/t polymer A, 250g/t polymer B and
1000g/t silica provides a drainage time of 6 seconds. From Table 4 it can be seen
the equivalent doses of product A, silica and product B gives a formation value of
18.05. From Example 1 a dose of 2000g/t product A and 1000 g/t product B in the
absence of silica provides a drainage time of 6 seconds. From Table 3 the
equivalent doses of product A and product B provides a formation value of 29.85.
Thus_for equivalent high drainage the invention improves formation by more than
39%. Even for equivalent higher drainage values, for instance 11 seconds, the

improvements in formation can still be observed.

Thus it can be seen from the exampies that using a flocculating system involving
cationic polymer, colloidal silica and branched anionic water solubie polymer
provides faster drainage and better formation than cationic polymer and branched

anionic water soluble polymer in the absence of colloidal silica.



Thus it can be seen fromthe exanples that using a floccul ati ng system

I nvol ving cationic polyner, colloidal silica and branched ani onic water

sol ubl e pol ymer provides faster drainage and better formation thark MAY 2004
cationic polynmer and branched anionic water soluble polynmer in the absence
of colloidal silica. 4 MAY 2004 19 in Figure 1 Curve Ais a plot of

drai nage versus formation val ues for he two conponent systens of Exanples
1 and 3 enploying 1000 g/t of branched anionic polynmer (Product B) and
250, 500,in FdlarelPBON2AGY adiibt SRETaAde Rabyeesm{dtiopdustedfor thurtwe B is a

pl ot of draihage versus formation values for the three conponent systens
of Exanploesnoramd systenms of Exgmpis Ylendct empknyine d08Rodfbrapenstanionms oduct
B), 500 g/t of e cationi I r r 125 500, 750,
1000 g/t RFYTEEY [%OHHF{@ ??‘ig%ﬁTﬁgﬁoz)%[gcmbP@bt@pga&# %Bﬁg%eerro for both
format | ORP?MJ&!F | paBR Blié aGH8t BrdBiRRld Yersee foriion ifuds @sraRe tofeet he

I nventio provi des best overall drainage and formati on. Exanple 5

( conpar atdove)orire syeteems bhxampfas 2 eed aemptving Abbad Wybranehed anwaid

] Britt J I t t k . i f i
D hoculpaim Byeiie Bbaner o Phiresaliais BORER BRoQls iR fe5.2455 ' M
branched g (?Bio?‘IBQ@)SQWECSf_c@ﬁb%:HSHiSa.BThé Eb}é&ﬂv@@ﬁf@@pr@%cﬁ@ek@i‘&%otﬁi li ca.

The flocculating systemis applied in the sane way as for Exanple 3. The
total retfemhation Bhdurainageelt showe deapyseenthajdbeipfocasmpidhs imggntions
0250500 1000 063, 5084..1790. 4894. 4496. 35 Product

Product B | t 5
A12533. 5@7%‘%&& Pegbgyes éﬁ?'@@%gﬁ%%@@éﬂ?%Sl. 2092. 1297. 1598. 10
50037. 4384. 7794. 8697. 6598. 58 '

Example 5§ (comparative)
The retention properties are determined by the standard Dynamic Britt Jar

methods on the stock suspension of example 1 when using a flocculating system
comprising cationic polymer (Product A) and a branched anionic polymer (Product
B) in the absence of colloidal silica. The flocculating system is applied in the same

way as for Example 3. The total retention figures are shown as percentages in

Table 5
Table 5
Product B {g/t)
0 250 500 750 1000
0 63.50 84.17 90.48 94 .44 96.35
Product A 125 33.58 73.44 87.66 92.27 94 .59
(g/t) 250 3472 81.20 82.12 97.15 98.10
500 37.43 84.77 94.86 g7.65 98.58
1000 36.01 84.68 94.91 97.16 99.19
2000 45.24 96.92 99.16 99.63 99.76
Example 6

Example 5 is repeated except using as the flocculation system 250g/t cationic

polymer (Product A), 250 g/t branched anionic polymer (Product B) and 125 to




100036. 0184. 6894. 9197. 1699. 19 200045. 24 -r-96. 9299. 1699. 6399. 76 Exanple 6
Exanple 5 is repeated except using as the floccul ati on system 2508 04
cationic polyner (Product A), 250 g/t branched anionic pol yner (PrMcztB B)
and 125 to 4 MAY 2004 20 1000 glt colloidal silica. The floccul ati ng system
is applied in the sane way as for Exanple 4. The total retention figures
are shown in Table 6. Table 6 Dosage2Retention Colloidal Silica Lcj/,t

081. 20 12588. 69 25091. 34 50094. 13 75095. 92 100095.20 Fromthe results shown
T rab! e 1Y BRI ARAVhIRLLORkiRg ROLIRR s AFBIRMIAIN S)am ARy Gl or

br anched an| uct ives retention at 81

i nt roduciEnaniedl Wh@ftomkét@lndah ﬂgurescaretst’r@wretr‘eﬁablerﬁ is i ncreased to 94.13.
In order to achieve equivalent retention in the absence of coll oi dal
silica a dose of 50091t Product A and 500g/t Product B is required. 4 NAY
2004 21 m 1. A process of making paper or paper board conprising

form ng ul osic suspension, flocculating the suspension with a
wat er - sof ubl'e” Cahs i C pol y[Ter Retention (%)
Colloidal Silica {a/t)
0 81.20
125 88.69
250 51.34
500 94.13
750 95.82
1000 95.20

From the results shown in Table 5, a dose of 250g/t cationic polymer (Product A),
250 g/t branched anionic polymer {Product B) gives retention at 81.20. By
introducing 500g/t of colloidal silica the retention is increased to 94.13. In order to

achieve equivalent retention in the absence of colloidal silica a dose of 500g/t

Product A and 500g/t Product B is required.



agitating flocs so fornmed, adding siliceous material and an anionic

wat er-sol ubl e 5 pol yner, draining the suspension on a screen to forma
sheet and then drying the sheet, characterised in that the ani oni c 4 MAY 2004
wat er - sol ubl e polynmer is an anionic branched water sol uble polyner that
has been fornmed fromwater soluble ethylenically wunsaturated anionic
nononmer or nononer bl end and branchi ng Zgent and 10 wherein the anionic
pol ymer has (a) intrinsic viscosity of at least 4 dl/g and (b) rheol ogi cal
oscillation_value of tan delta at 0.005 Hz of above 0.7 calculated on a
1. 5% by weidBM&queous sol ution of polymer and/or (c) deionised SLV

Vi SCOSI Y nWDDTocHBl BfirekiBlpd Aol pbe@od EBmprsRoTalP Suidd vi scosi (¥
nunber of the correspondi ng unbranched ani onic polyner made in the absence
of branchi rayspgesion, fueukiting tihesvenensiosovilb pevaiats@nble gabiepiegrolyeadded t o
t he cel | ul osi,c..sugpensi gn : 151 ' | ear ed
after whi orfdRiTS TPEL so R MR AabGbilceug RRERS B8 A BRAR A ER OlnRTS

pol yrer sar ech@aed draifing.thé spsparesicn as amctéargto forrlaastraet and thén dhyinte
material conprising the siliceous nmaterial is selected fromthe group
consistingtB$S§P¢%ca based particles, silica mcrogels, colloidal silica,

silica sol 484 dibGoe P! that Rlapfdrié GRt&ESsoIAM bBlYnferss bh@mionic branched

al um nosilicates, polyalumnosilicates, borosilicates, pol %/bor,osi | i cates
and zeol i tvester 88luBle polpnecthet has beedfergadfremnayatensguble eihvienically whi ch t he

nd suBle polymectist has bes ron: |
accor ai ng thsanyasd S8 H R prHhSIAREE b Bur RS Bentond’ PLi T e

ani oni ggpolwwareirathe dridriogulyatbrinaso the cel | ul osi c suspension
sequentially. 30 5. A process accaordjn o any of clainms 1 to 4 in which
the silicedasini@es viscosity ofigiieasy ¢ dd o the suspension and then the

ani oni ¢ br af¢ AR IRNENBREiNalortv A of Yiddelta at 0.005 Hz of above 0.7 calculated
on a 1.5% by weight aqueous solution of polymer and/or
(c) deionised SLV viscosity number which is at least three times the salted SLV

15  viscosity number of the corresponding unbranched anionic polymer made in the
absence of branching agent,
wherein the water-soluble cationic polymer is added to the cellulosic suspension
and then the suspension is mechanically sheared after which the siliceous
material and anionic branched water soluble polymer are added.

20 2. A process according to claim 1 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, polysilicates, cationic silica,
aluminosilicates, polyaluminosilicates, borosilicates, polyborosilicates and
zeolites.

25 3. A process according to claim 1 or claim 2 in which the siliceous material is an
anionic microparticulate material.

4. A process according to any of claims 1 to 3 in which the siliceous material
and the anionic polymer are introduced into the cellulosic suspension
sequentially.

30 5. A process according to any of claims 1 to 4 in which the siliceous material is

introduced into the suspension and then the anionic branched polymer is



22 included in the suspension. 6. A process according to any of clains 1 to
5 in which the anionic branched polyner is introduced into the suspension
and then the siliceous nmaterial is included in the suspension. 5 7.MM 2004
process according to any of claims | to 6 in which the cationic polyner is
selected fromwater soluble cationic OEggnlc pol yners, or inorganic
materials such as pol yal um ni um chl ori 8. A process according to any of
claims 1 to 7 in which the cationic polynmer is fornmed froma water soluble

et hyl eni cal I mer or water 10 sol ubl e bl end of

et hyl eni cal I%’ %%i%[@?%ﬁ’ggeﬁn%%ners conprising at | east one cationic
nononer. 9.6 A foeessacataingtorgytas cbahylsdftocﬁ mi wisicti the aBionit ldanched he
cationic p r. . whi.ch has trinsic

ol is a branched cationic
vi scosi ty @@&F@E@Smtf@j%ﬁg '”’@%HP@PFBG%"P% éb‘?’b'&le %lgc@qursgea%s C'ﬁl ue of tan

delta at O, ,Q,_Qé éﬁm%e%%%%ngoﬁ 15 cal cul at ed on a 1.5% by wei ght aqueous
sol ution of rocess according to any of clains 1 to 9 in

whi ch t Be cYatN mcesq)atqmﬂmg tbmyeaf daimsi Intoi cinvkich dhe patityss eoMArig and

D7 cal cur ey 5ol GRniCobBnc ol B EpBinip ratenish %), 200

process ac%gtﬂlarggyd@mmw@h dhll@'idgs 1 to 10 in which the ceI I uI 03| c
suspensi on conprises filler. process accordi nt% to.claim1l in which

the sheet of HRFRGESSACEARETY Ebamdof ‘éawaﬂé%z i whicty heratignic Rl to 40%
by Wei ght .. deined\rBiPg Baferddha i@ it dicalAliBaldraRid iBbAbMel &r Wateri ch the

filler materia el ected from pr pitated cal ci um carbonate, ground
cal ci urDcarsobrtde blendl afyethylesipaky ahsatuialed nenomeds coMpRBNG Ailesat@ee 14. A

process accordlnggto any of claims I to 10 in which the cellulosic
suspensi on 2208l ?'&‘?{Ff"al ly free of filler.

9. A process according to any of claims 1 to 8 in which the cationic polymer is a
branched cationic polymer which has an intrinsic viscosity above 3 dl/g and
exhibits a rheological oscillation value of tan delta at 0.005 Hz of above 0.7

15 calculated on a 1.5% by weight aqueous solution of polymer.
10. A process according to any of claims 1 to 9 in which the cationic polymer
has an intrinsic viscosity above 3 dl/g and exhibits a rheological oscillation value
of tan delta at 0.005 Hz of above 1.1 calculated on a 1.5% by weight agueous
solution of polymer.

20  11. A process according to any of claims 1 to 10 in which the cellulosic
suspension comprises filler.
12. A process according to claim 11 in which the sheet of paper or paper board
comprises filler in an amount up to 40% by weight.
13. A process according to claim 11 or claim 12 in which the filler material is

25  selected from precipitated calcium carbonate, ground calcium carbonate, clay
(especially kaolin) and titanium dioxide.
14. A process according to any of claims 1 to 10 in which the cellulosic

suspension is substantially free of filler.




