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 papeMARRE4
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
wel | known to apply water soluble polyners to the cellul osic suspension in
order to effect flocculation of the cellulosic solids and enhance drainage
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single polynmeric retention aid and it is therefore co n practice to add
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enhanced drai nage and al so good formation and retention. This process

which is suspensitmin erder b;/e%e@aﬁospétﬁt@ntqf tp egilelapis %Pﬁeﬁran@r%“"fﬁv@?ocm (r)

trade nmark.has 5r$¥ed succgs fgl for more than a decade. Mre recently
amg aseL

there hav¥a§ade HISE to provide variations on this theme by
maki ng m nor nodifications to one or nore of the conponents. 4 MAY 2004

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 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.



2 US- A-5393381 describes a process in which a process of meking paper or
board by adding a water soluble branched cationic polyacrylam de and ﬂ
bentonite to the fibrous suspension of pulp. The branched cationic & MAY 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 ymeri sation. US-A-5882525 described a process in which a cationic
branched wat er soluble polymer with a solubility quotient greater than

about 30%9531\-8805384 deQcbdl 8RREEIANN vitics 4sieBEesopRlakiiy p&pdr ordbdrger
maki ng stock, in order to release water. The cationic branched water
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cel lul osic suspension to formflocs, nechanically degrading 'the flocs and
t hen r ef lobagutransieg ageet sysphiisngohoyeasitiony a sol uti on of a second
anionic polyneric retention aid. The anionic polynmeric retention aid is a
branched pol ynmer which is characterised by having a rheol ogi cal

oscillati ﬁehéﬁs% deapriked : B dréledd AN %fcfa%?ﬁtebr%-n%hea ehayipe a
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of nolecyl ar weight at |east, 500, 000. The description of the high
rzrgloicul a r%?@ﬁﬂ%&(ﬂr'}ﬁé‘!j§?ﬁaHHFréa§f§§ adRht they are linear polymers. 4 MAY
in WO-A-9829604 a process of making paper is described in which a cationic
polymeric retention aid is added to a cellulosic suspension to form flacs,
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 deita 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 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.



2a EP- A-608986 describes a process for making filled paper by adding a
cationic coagulant to the feed suspension to flocculate a relativelﬁlMAY2m4
concentrat ed suspension of fibre and filler adding bentonite or othet
anionic particulate material to the cellulosic thinstock or thickstock and
subsequent |y addi ng polyneric retention aid to the thinstock before
draining the thinstock to forma sheet “2The pol yner retention aid can be
cationic, or can be anionic but is preferably non-ionic. Fibre and filler
retention are said to be inproved by the presence of the coagulant in the
concentrated suspension of the fibre and filler. EP-A-499448 describes a
process of making internally sized paper by adding a non- ionic or an
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anionic compound is added to form an aggregated suspension containing the. size. The
anionic compound can be a water soluble anionic polymer. Preferably, the anionic
compound is an inorganic material, preferably colloidal silicic acid or most preferably
bentonite. Instead of or in addition to adding bentonite or water soluble anionic
polymer before, with or after adding the size, highly branched or swellabl_e anionic
polymers, such as a reverse phase emulsion polymers of cross-linked acrylic acid

acrylamide copolymers, can be used.

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

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



paper board conprising formng a cellulosic suspension, flocculating the
suspensi on, draining the suspension on a screen to forma sheet and then
drying the sheet, in which the suspension is flocculated using a 4 MAY 2004
floccul ation system conprising a water soluble cationic polyner,
characterised in that the flocculatiqp system conprises a swell able cl ay
and an ani oni c branched water-solubl®e polyner that has been fornmed from
wat er sol ubl e ethylenically unsaturated ani onic nmononmer or nononer bl end
and br angé Rgeddentrogiting wheoei effediveficgnetionsysieay fommeaking ighlysHesi t y
above 4 dl/g and (b) rheological oscillation value of tan delta at 0.005 Hz
of abovepP@pP¥r.and/or (c) deionised SLV viscosity nunber which is at |east
three tines the salted SLV this viscosity nunber of the corresponding .
unbranched pol yner made in the absence of branching agent, and wherein the

wat er - solyhedigakd B Bradehy IRkentisn adsledesvist previceld ot asaking pappensi on pri or
to the swellable clay and the anionic branched water sol uble polyner are
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char act e stjgst provides inprovements in retention, drainage and formation
by conparison to using the anionic branched polyner in the absence of the

swel | abl gn gitaah BiEss@EPisidhR fovelladd asielgay flibcculdtéon systenceomprising a@ni oni ¢
branched pol ynmer. 4 MAY 2004 3a The swel |l able clays nmay for instance be
typi cal | ywatebealiubia c@liarye@®oMmg/, The preferred clays are swellable in

wat er andch'a?gcl;tléggegknaﬁw%tm' ch are naturally water

the flocculation system comprises a swellable clay and an anionic branched
water-soluble polymer that has been formed from water soluble ethylenically
unsaturated anionic monomer or monomer blend and branching agent and
wherein the polymer has

(a) intrinsic viscosity above 4 di/g and

(b) rheological oscillation value of tan deita at 0.005 Hz of above 0.7 and/or

(c) deionised SLV viscosity number which is at least three times the salted
SLV this viscosity number of the corresponding unbranched polymer made in the
absence of branching agent,
and wherein the water-soluble cationic polymer is added to the cellulosic
suspension prior to the swellable clay and the anionic branched water soluble

polymer are added.

It has surprisingly been found that flocculating the celluiosic suspension using a
flocculation system that comprises a swellable clay and anionic branched water
soluble polymer with the special theological characteristics provides improvements
in retention, drainage and formation by comparison to using the anionic branched
polymer in the absence of the swellable clay system or the swellable clay in the

absence of the anionic branched polymer.



swel | abl e or clays which can be nodified, for instance by ion exchange to
render themwater swellable. Suitable water swell able clays include but
are not limted to clays often referred to as hectorite, snectites,4NMY2m4
nontnorillonites, nontronites, saponite, sauconite, hormtes, attapulgites
and sepiolites. Typical anionic swellin clays are described in

EP- A- 235893 and EP- A-335575. 4 MAY 2004% Most preferably the clay is a
bentonite type clay. The bentonite nmay be provided as an alkali netal
bentonite. Bentonites occur naturally either as al kaline bentonites, such
as sodium bentonite or as the alkaline earth netal salt, usually the

cal cium or magnesiumsalt. Cenerally the alkaline earth netal bentonites
are activated by treatnent with sodiun1carﬁpn te or %odiu bi.car bonat e.
Act i vat edheswed!lehls dapemanior énsierse Pg tutiedl %EBBHQ”&& VBetC%/-ﬂi}?er mll as
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diluted to an appropriate concentration. In sone instances the high solids
f1 owabl e cHysrarg deschoat imEPeAr3p8BeantbpPrA3drect |y to the paper naking
stock. The anionic branched polyner is formed froma water sol ubl e nononer
blend conprising at | east one anionic or potentially anionic ethylenically
unsaturated nononer and a snall anount of branching agent for instance as
described in WO A-9829604. Generally the polynmer will be formed froma
blend of 5 to 100% by wei ght anionic water sol uble nmononer and 0 to 95% by
wei ght non-ionic water



sol ubl e nononer. Typically the water sol uble nononers have a solubility in
water of at |east 5g/100cc. The anionic nononer is preferably selected
fromthe group consisting of acrylic acid, nmethacrylic acid, mal ei c4aHAY 004
crotonic acid, itaconic acid, 2-acrylam do-2-nethyl propane sul phonic acid,
al 'yl sul phonic acid and vinyl sulphgnic acid and al kali nmetal or ammoni um
salts thereof. The non-ionic nononer'is preferably selected fromthe group
consi sting of acrylam de, nethacrylam de, Nvinyl pyrrolidone and

hydr oxy etMytt preferiaatyetheAlppista behtority tppetayr dtemhantonite playrke peYHEdses
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tetra al | wpight 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.

The anionic branched polymer is formed from a water soluble monomer blend
comprising at least one anionic or potentially anionic ethylenically unsaturated
monomer and a small amount of branching agent for instance as described in
WO-A-9829604. Generally the polymer wili be formed from a blend of 5 to 100%
by weight anionic water soluble monomer and 0 to 95% by weight non-ionic water
soluble monomer. 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, allyl sulphonic acid and vinyl
sulphonic acid and alkali metal or ammonium salts thereof. The non-ionic
monomer is preferably selected from the group consisting of acrylamide,
methacrylamide, N-viny! pyrrolidone and hydroxyethyl acrylate.

A particularly preferred monomer blend comprises écrylamide and sodium

acrylate.



ammoni um chl oride to use higher levels, for instance 5 to 30 or even 35

nol ar ppm or even 38 ppm and even as nmuch as 70 or 100 ppm It may al so be
desirable to include a chain transfer agent into the monomer mix. WfeMaY 2004
chain transfer agent is included it may be used in an anount of at |east 2
ppm by wei ght and may al so be included in an anobunt of up to 200 ppm by

wei ght. Typically the amounts of chain transfer agent nay be in the range
10 to 50 ppm by weight. The chain transfer agent may be any suitable
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as methylene bis acrylamide or it can be a trifunctional, tetrafunctional or a higher

functional cross-linking agent, for instance tetra allyl ammonium chloride.
Generally since allylic monomer tend to have lower reactivity ratios, they
polymerise less readily and thus it is standard practice when using
polyethylenically unsaturated allylic branching agents, such as tetra allyl
ammonium chloride to use higher levels, for instance 5 to 30 or even 35 molar

ppm or even 38 ppm and even as much as 70 or 100 ppm.

It may also be desirable to include a chain transfer agent into the monomer mix.
Where chain transfer agent is included 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-oil emulsion or
dispersion. Typically the polymers are made by reverse phase emulsion

polymerisation in order to form a reverse phase emulsion. This product usually



recorded and used to calculate tan delta (G'/G ) values. The val ue of tan
delta is the ratio of the loss (viscous) nodulus G' to storage (el aga¢honi
nmodulus G within the system At |ow frequencies (0.005Hz) it is believe
that the rate of deformation of the sanmple is sufficiently slowto enable
| i near or branched entangl ed chains t di sentangl e. Network or
cross-linked systems have pernmanent entangl ement of the chains and show
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intrinsic viscosity is at east 2 d fg, for instance at least 4 dl/g, in
parti cul aforaentieasitrebee ghatle gmulsiomaymizodesisianipetroeigadivnde pol yners of
substanti ally hi gher nol ecul ar wei ght, which exhibit intrinsic viscosities
as hi gh dgchnigugp. 18 dl /g. However nost preferred pol ymers have intrinsic
viscosities in the range 7 to 12 dl/g, especially 8 to 10 di/g. 4 NMAY 2004
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Thus, powdiepedement of 5 X 10™ radians is employed over a frequency sweep from

0.005Hz to 1Hz in 12 stages on a logarithmic basis. G' and G" measurements are

recorded and used to calculate tan delta (G"/G’) values. The value of tan delta is

the ratio of the loss (viscous) modulus G” to storage (elastic) modulus G’ within

the system.

At low frequencies (0.005Hz) it is believed that the rate of deformation of the
sample is sufficiently slow to enable linear or branched entangled chains to
disentangle. Network or cross-linked systems have permanent entanglement of
the chains and show low values of tan delta across a wide range of frequencies,
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 di/g, for instance at least 4
di/g, in particular at least 5 or 6 dl/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 di/g, especially 8 to 10 di/g.




pol ymer or a reverse phase polyner would be first dissolved in deionised
water to forma concentrated solution and this concentrated solutiogMﬁm4
diluted with the 1 M NaC aqueous. The saline solution viscosity is
generally above 2.0 nmPa.s and is wusually at least 2.2 and preferably at

| east 2.5 nmPa.s. Generally it is not re than 5nPa.s and values of 3 to 4
are usually preferred. These are all neasured at 60rpm The SLV viscosity
nunbers used to characterise the anionic branched polyner are determ ned
by use of a glass suspended | evel visconeter at 25C, the visconeter being

d : . ! : . . A
i scooi 1y e RbaRr R HrBhE S SRl Haledet S U B b el R BT R o o
for aqueoge RAtespRINGRY PoivARS Nt GadaeRt sahen kolyespiationaonditibinsdutam al so

be referred to as specific viscosity. The deioni sed SLY viscosity Rurrber
is the nihepasesiseaituaneing agenbbs dhacsnkrasshad polyraer I HhgengrFprhed

prepared i dei oni s water. . The salte V. VL.SCOS| ' unber
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chlori de. gdine OREPRIiS a8 15136 Wi AV drioONidrairahshipg eigenel yswdllyl eastthdt and
generally at™ |l east 4, for instance up to 7, 8 or higher. Best results are

obt ai ned thiesintrinsid visabsityeis Seducedbyi Ap V0%, arsomefiaes UR4A e, ofdh8ni sed

SLV vi I 1. f t he. d '

ol ymer  nateahibe (e Estes BLAURaPT La veRae TR pobBFrseluid BP0 1,
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viscosity). |If the deionised S% viscosity nunber is not higher taag_;gg t he

dei oni sedwsight eiqseous splutiontssractve palymeibn M hed! geugrEs SOpitiondgt it is
at least 50% and usually at |east 75% of .t L ap} Vi bhy
nunber of “¢'id ﬁﬁh‘fﬂﬁ'ﬁ@‘é’%%@?ﬁ@&@df'ﬁﬁ? geHLt %@aéﬁbg%ggﬂsﬁys'rpu %er |Es
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number . form a concentrated solution and this concentrated solution is diluted with the

NaCl agueous. The saline solution viscosity is generally above 2.0 mPa.s and is

usually at least 2.2 and preferably at least 2.5 mPa.s. Generally it is not more than

5mPa.s and values of 3 to 4 are usually preferred. These are all measured at

60rpm.

The SLV viscosity numbers used to characterise the anionic branched polymer
are determined by use of a glass suspended level viscometer at 25°C, the
viscometer being chosen to be appropriate according to the viscosity of the
solution. The viscosity number is n-ns/me where n and n, are the viscosity resuits
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 aqueous 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




According to the invention the conponents of the floccul ati on system may be
conbined into a mxture and introduced into the cellul osic suspensiod Mg 804
single conposition. Alternatively the anionic branched pol yner and the

swel lable clay may be introduced separately but simultaneously.

Preferably, however, the swellable cliay and the ani oni c branched pol yner
are introduced sequentially nore prefserabl y when the swellable clay is

i ntroduced into the suspension and then the anionic branched polyner. In a
pr ef er r edcanshivions butia theabsense of Hee heanshingoreeitd aadtoaietonsy RAem@ I9RST y ner

and swellable.clay a ed to.th | . ul Qg LOR; ' pensi on
has been'nﬁllrés-"f Y'&é?ﬁ'iﬁvﬁ Sﬁe ge oﬁﬁeéﬁﬁgerﬁﬁcé)%ﬁgﬁﬁﬁ%qgg? ?@H“&Eﬁ% ﬁéZat ment
may be bydeibARRURON LIRS sERhLAYEE JTBHE LhBlatichBl @difites yeprenallprt iatat any
point prior to the addition of the anionic branched polyner and swel |l able
clay. Thuleash80¥%aandubually aideaser%mfjthedeioniser SLY ysenrsityrmurabrs ¥dhene

ani oni ¢ branche al yner d wel l e cl J |
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order forgibnlsediSLdividdosyharhddii®uabeat Iddie five gimad, epdprefsrablysitdeasief or e
ei ther the anionic branched polyner or swellable clay are added. It nmay be

desi r abl eeigbt tichgst the saltddhBLY visrosity elundedror e one of the nixing, screening
or cleaning stages and in sonme instances before the stock suspension is
diluted. It nmay even be beneficial to add the cationic material into the

m xi ng chRgtoindtce indestiorPthetdtifipbiéms dehdflodrulstiod sydtencomydeent s of
the «cellulosic suspension, for instance, coated broke or filler

suspensi opembined inta armixturprasnsi iptrodueer ie theiRPREPHEFHERCEPIGR 3SR Singlayay

2004 9 The cationic teria V. : WeTa]! l€Saguch as
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al ur ni nochl oro hydrat e. he wat er sol ubl e cationic organic polt}/qers may be

natural péwghable clay,and de anionic branched polymer are introduced sequentially more
preferably when the swellable clay is introduced into the suspension and then the

anionic branched polymer.

In a preferred form of the invention the water soluble anionic branched polymer
and swellable clay are added to the cellulosic suspension, which suspension has
been pre-treated with a cationic material. The cationic pre-treatment may be by
incorporating cationic materials into the suspension at any point prior to the
addition of the anionic branched polymer and swellable clay. Thus the cationic
treatment may be immediately before adding the anionic branched polymer and
swellable clay 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 swellable clay
are added. It may be desirable to add the cationic material 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.



cationic starch or synthetic cationic polymers. Particularly preferred are
cationic materials that coagulate or flocculate the cellulosic fibres and
ot her conponents of the cellul osic suspension. According to another 4 MAY 2004
preferred aspect of the invention the floccul ation system conprises at

| east three flocculant conponents. Thgs this preferred system enploys a

wat er sol ubl e branched anionic polyner, swellable clay and at | east one
addi tional floccul ant/coagul ant. The additional floccul ant/coagul ant
conponent is preferably added prior to either the swellable clay or

ani oni c ed . : 1.C 41 ; twatep @ natural
or synt nel ToCRayReiBPapREPeRlvaPe BLEHRRE ot g Erch shuatsp

f 1 occul atdonitie eativhirt drgBnefpdiraerd, lor ésorgadicohateriatospdnanebinof t he
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sol ubl e syiches stardoby sRithetid eltigmiebelyaidry. Pasicularlysprietetiad steacatenés . The
preferred ionic water soluble polyners have catjonic or gotent iall

cat i oni ¢ matestalehEticopguirts of flacatele thecelidpsisitres AngrihehesmPeREFiYe
free am r}ﬁe%reﬂnlt%ic\’\%\iﬁcﬂ%@%%&fne cationic once introduced into a cellulosic
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suspensi 0 ly low pH so as to protonate free am ne
groups. Preferably however, the cationic polyners carry a permanent
cationic charge, such as quaternary anmmoni um groups. Th ddi ti.onal
f1 occul and¢esding teranataer prefersedi aspedddithe Wef‘gof'ﬁﬁe gQP?@ﬁﬁ N SYHEM r eat ment
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pr ef er r ederhpMy¥ 2004ridd| o tesscheamnibriepayidengvweliehts day@nd at least

floccul ant/coagul ant to the cellulosic suspension or to one or nore of the
suspensi o afpbireat Bosawanieragriandr der to

The additional flocculant/coagulant component is preferably added prior to either
the swellable clay or anionic branched polymer. Typically the additional flocculant
is a natural or synthetic polymer or other material capable of causing
flocculation/coagulation of the fibres and other components of the cellulosic
suspension. The additional flocculant/coagulant may be a cationic, non-ionic,
anionic or amphoteric natural or synthetic polymer. it may be a natural polymer
such as natural starch, cationic starch, anionic starch or amphoteric starch.
Alternatively it may be any water soluble synthetic polymer which preferably
exhibits ionic character. The preferred ionic water soluble polymers have catienic
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




cationically pre-treat the cellul osic suspension. The suspension is
susbsequently subjected to further flocculation stages conprising addMaY 2004
of the water soluble anionic branched polyner and the swellable clay. The
cationic floccul ant/coagulant is desirably a water sol uble polymer which
may for instance be a relatively |owgnol ecul ar wei ght pol yner of

relatively high cationicity. For instance the polyner may be a honopol ymer

of any suitable ethylenically unsat r at at i op r& nﬂ_gonelr | ol yneri sed to
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oscillation 4 . S
more amines selected from dimethyl amine, trimethyl amine and ethylene diamine

etc and epihalohydrin, epichlorohydrin being preferred.

Preferably the cationic flocculant/coagulant is a polymer that has been 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 or
potentially cationic. By water soluble we mean that the monomer has a solubility in
water of at least 5g/100cc. The cationic monomer is preferably selected from di
allyl di alkyl ammonium chlorides, acid addition salts or quaternary ammonium
salts of either dialkyl amino alkyl (meth) acrylate or dialkyl amino alkyl {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 dlfg, but usually in the range 7 or 8 to 14 or 15 dl/g.

Particularly preferred cationic polymers include copolymers of methyl chloride

guaternary ammonium salts of dimethylaminoethyl acryiate or methacrylate. The

water soluble cationic polymer may be a polymer with a rheological oscillation




11 value of tan delta at 0.005Hz of above 1.1 (defined by the nethod given
herein). The water soluble cationic polyner may al so have a slightlyj MAY 2004
branched structure for instance by incorporating snmall amounts of
branching agent e.g. up to 20 ppmby weight. Typically the branchi ng agent
i ncl udes any of the branching agentsqgefined herein suitable for preparing
the branched anionic polynmer. Such branched polynmers nmay al so be prepared
by |nclud|ng(%écha|n transfer gent into mer mx. .The chain

transfer Vﬁﬁﬂ? apgieligfd P Porta ohaBaYR 1of (d&f‘“ﬁgg‘tt?'? mehRdvVeRN§IRIMAnd may

be included in an anmount of up to 200 ppm by weight. Typically the anmounts
of chain transfer agent are in the range 10 to 50 ppm by weight. The chain
transfer agent may be any suitable chem cal substance, for instance sodi um
hypophosphi te, 2-mercaptoethanol, nmalic acid or thioglycolic acid.

Branched pol yners conprising chain transfer agent nmay be prepared using

hi gher |evels of branching agent, for instance up to 100 or 200 ppm by

wei ght, provided that the anpbunts of chain transfer agent used are

suf fi ci eMhetwatensulubld batioriit @olypadnrmay allHOOIdaMEed siIighMyabmncSmeUtslMuetur@jpi cally
t he branched catlonlc wat er sol ubl e Eg ymer may be fornmed fr mgter
sol ubl e MBS DYINGHIPLGHPYISENHGAROUNERt braprRBING AJent - dﬁh%}nﬁfﬁ Ppat Y east
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br anchi ng @etniryﬁﬁgger a%'raﬁeﬁk Bq n%celd vva?ﬁ#%‘{vt 82@ aﬁ‘i%ﬁ{ag[ @ |c poI ymer
has a rh@eh‘mgﬂmakelnmntbb@tﬁooprwdrug bk Hrancided taioaic Pol@OEzSoth above 0.7
(defined by t he met hod gi ven herein) E‘(q}/bl cally the bra ched cati gnl C

pol yner s PRSP OIMEErs H!sﬁyca\???@d%fﬁt:’?r indyding asf&]% ranglsr A9ENY NtRe
pol ymer s 4 @@Yq erre% @Rk T A GaNbRE 54T He ifkhibded Y@Qﬂ%n{’o&ft&awzeés@zlfi or

19 dl/g. pol yners have an intrinsic viscosity of from7 or 8 to
about 12 ppm B@ wdiglg. arithemaydid iociudedat ean aabubt of tpm)tcyﬁé@ sppmapy atesghtbe

pr epar ed y conveni ent . process, for instan
Dol panr | JAPicay 158 RN B Fhal SRR pen e o angs 10t 86 ppm by

weight. The chain transfer agent may be any suitable chemical substance, for
instance sodium hypophosphite, 2-mercaptoethanol, malic acid or thioglycolic

acid.

Branched polymers comprising chain transfer agent may be prepared using higher
levels of branching agent, for instance up to 100 or 200 ppm by weight, provided
that the amounts of chain transfer agent used are sufficient to ensure that the
polymer produced is water soluble. Typically the branched cationic water soluble
polymer may be formed from a water soluble monomer 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 palymer has a rheological oscillation 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 3dl/g, Typically the polymers may
have an intrinsic viscosity in the range 4 or 5 up to 18 or 18 dl/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




12 polynerisation or by water-in-oil enulsion polymerisation. Solution
polynerisation results in aqueous polyner gels which can be cut drigiuﬁq%A
ground to provide a powdered product. The pol yners may be produced

beads by suspension polynerisation or as a water-in-oil emul sion or

di spersion by water-in-oil emulsion | ymeri sation, for exanple according
to a process defined by EP-A-1 50933, EP- A-102760 or EP-A-126528. Wen the
floccul ati on system conprises cationic polymer it is_generally added in an
anount  supdlyiesaatien oeby smteriroeit amalsiom pPoMRIISAfonLHSOREISS RAIVEEIFHIN
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Typically the polymer dose nmay be 150ppm to 600ppm by wei ght, especially

bet ween 200ymedisaloppres aTypteranioj ermdsignourtispersian bnwaterrBrRibrmulsay ner

b I . 2 b Lght b ' HhoR, Ep.
a1 L nough RYERErSBION & ra BErC st A oo P egnEe pad Y R 2P TIORERER R 100

and 1000ppMadvenedraiw-a-Poggsgof between 150 and 600ppm by wei ght are nore
preferred, especially between 200 and 400ppm by wei ght. The swell abl e cl ay
may be added at a dose of at |east 100ppm by wei ght based on dry wei ght of

[ F inst e the, d f.cl 1S T t
5. 000 poiny e RECIar EIR" Spptsae e Tsaliyaf S BEReBINGEREINT, 7
to 1000 ppaiurisOfRidm thefRat fibdliatidn Lsualialhe dose df katiopicqutgrent t he

i nvention. For some applications hi ?her_ doses of clay may be  preferred,
for inst awosldlgdebeve 300pMpbyrivejgiteif gationic podmeeppased PBATY ¥ieidhiioft he
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Thi's sheaﬂf&ga@ fi amount of anionic branched polymer may be at least 20ppm by

weight based on weight of dry suspension, although preferably is at least 50ppm

by weight, particularly between 100 and 1000ppm by weight. Doses of between

150 and 600ppm by weight are more preferred, especially between 200 and

400ppm by weight. The swellable clay may be added at a dose of at least 100ppm

by weight based on dry weight of suspension. For instance the dose of clay isin

the range of 100 ppm to 15,000 ppm by weight. For some applications doses of

100 to 500ppm even up to 1000 ppm may prove to be particularly suitable for the

process of the invention. For some applications higher doses of clay may be

preferred, for instance 1000 to 5000 ppm by weight.

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 include fan pumps and centri-screens, but could be any




may be achi eved by passing the floccul ated suspension 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, HHAY 2004
could be any 4 MAY 2004 13 other stage in the process where shearing of the
suspensi on occurs. The nmechanical shegying step desirably acts upon the

fl occul ated suspension in such a way as to degrade the flocs. Al of the
conmponents of the flocculating system nmay be added prior to a shear stage
al t hough g3her stagslin the precess whh%'el%@rmeda%%éH%P%?S'ig%é’C?W&ccu| ating system
I's 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 prefid rRéEnBhaal Qheéw?ste@r@ﬂl@lﬂigoﬁlﬁstup@h thbdloctolated atspansigyst em i s
added to the cellul osic suspension and the floccul ate ion is then

suagenﬁ
subj ect edsuch anvelyas ©adegradathefecsi Al ehibierqasaronams g ahPed'®YYegr aded

and then at k|l east one mponent. o | i o]
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added to the cellul osic suspension and then the su,spenstjgon is th
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sequentially. Thus the suspension

i [ may be re-floccul ated b ﬁldaition of the
br anched taancaﬂb(teqi@dmeqr@nncza}\éae@w%ﬁaem Hirfloehpe o aB%P YP89RAYEH v t he
' ' f ' t I then th
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my be ad¢gdct@atdthecldpdrgidrcprieitspiramirg and then the floccul ated
suspensi on may be passed t hrough one or nore shear stages. The second

conponent of the flocculation system may be
According to a more preferred form of the invention the water-soluble cationic

polymer is added to the cellulosic suspension and then the suspension is then
mechanically sheared. The swellable clay and the water-soluble branched anionic
polymer are then added to the suspension. The anionic branched polymer and
swellable clay may be added either as a premixed composition or separately but
simultaneously but preferably they are added sequentially. Thus the suspension
may be re-flocculated by addition of the branched anionic polymer followed by the
swellable clay but preferably the suspension is reflocculated by adding the

swellable clay and then the anionic branched polymer.

The first component of the flocculating system may be added to the cellulosic
suspension and then the flocculated suspension may be passed thraugh 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 alsc 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.




added to re-floccul ate the suspension, which re-floccul ated suspensi on may
then be subjected to further nechanical shearing. The sheared

refloccul ated suspension nmay al so be further floccul ated by addi ti on 8HAY 2004
third conponent of the flocculation system In the case where the addition
of the conponents of the flocculatiofysystemis separated by shear stages
it is preferred that the branched anionic polyner is the |ast conponent to
be added 4 MAY 2004 14 In another formof the invention the suspension nay
not be subjected to any substantial shearing after addition of any of the

component i, GoihB1dhPECHeA| Aior B GitbkAsnag bk besiubiaenaahon. The
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the swell Fe cla Wever, orders of a so be used. In

one pref eintreduted n\mtﬁfthefmellulbmerﬁuwenwenm“fwntue ;astmheaesmg@fprﬂmepari ng paper
froma cellulosic stock surs]tgenm on copprisin fill er be any

fill
traditi onﬁﬁ"jﬁnﬁseﬁthﬁ farey offae dpyeqtion th@r""?"ﬁ&%ﬁ I SW@%PSIF@JVWEQ RS ay
such as kaol gy o oEQﬁt fd[lé%l%lﬁnﬂﬂ{?;%? ICﬁ‘lle%ﬁhﬁhlﬁzpoﬁﬁ'ﬁ@t‘)gﬂhﬁlu‘@éwBn@QHérﬁj be

ground cal ci um car bona preci pitated cal ci um carbonate,
or it maytHeesweidtde ced. Howser, dtheaoiders df addidienasay besd bé beednat eri al .
Exanpl es of other filler materials also include synthetic polyneric
fillers. Generally a cellulosic stock conprising substantial quantities of

filler ar F"n 8RE ‘E:rc?i’eirfe'd%% di®he HvenGyh @\Fe‘ﬁproviﬁesa gzo&%st cbf%fbﬁéh??fg plaper of

fillers or ver I'ne particle size, suc | pitated cal cium
car bonat efroﬂfhas:eaobermhtow sospEensiaf emmpdsmgp"élet e filker mpy &sedny i nventi on

we provid process far nmaking filled paper k|n t may
Comor v HASTBaAIESReY LRS- Har drstBaba e s TaE HedTay sheh 28 a8l

or the filler may be a calcium carbonate which could be ground calcium carbonate

or in particular precipitated calcium carbonate, or it may be preferred to use

titanium dioxide as the filler material.

Examples of other filler materials also include synthetic polymeric fillers. Generally
a cellulosic stock comprising substantial quantities of filler are more difficult to
floccutate. This is particularly true of fillers of very fine particle size, such as
precipitated calcium carbonate. Thus according to a preferred aspect of the
present invention we provide a process for making filled paper. The paper making
stock may comprise any suitable amount of filler. Generally the celiulosic
suspension comprises at least 5% by weight filler material. Typically the amount of
filler is up to 40%, preferably between 10% and 40% filler. Desirably the final
sheet of paper or paper board comprises up to 40% filler by weight. 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 an swellable clay

and water-soluble anionic branched polymer as defined herein.




suspensi on conprises at |least 5% by weight filler material. Typically the
amount of filler is up to 40% preferably between 10% and 40%fill e%'MAY 2004
Desirably the final sheet of paper or paper board conprises up to 40%
filler by weight. 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 conprising filler and in
whi ch t he suspension solids are flocculated by introducing into the
suspension a floccul ati ng system conprising an swellable clay and

vat er'so'lﬁbelne%ﬁ&n%ﬂbg {&ETEBF{E%%Q?&Y&WO@?’WQ FbN88 Asoebss of pMddériag04 15 In
an alternativ ormo € invenfion form provi de a process of preparing
paper or maRerdIqRipérboatfeornel telluisic skichaispangiensitoch vhsustastially free
subst anti al !P/ free of filler. The follow ng exanples illustrate the

i nvent i oref flleRAY 2004 16 Exanple 1 (conparative) The drai nage properties
are determ ned using Schopper-Ri egler apparatus, with the rear exit

bl ocked so the drai nage water exits through the front opening. The

cel | ul osiThé faIRMvikG esainples B04tateltheasteatiohi r ch/ bl eached pi ne suspensi on
cont ai ni ng 40% by wei ght (on total solids) precipitated cal cium carbonate.
The stock suspension is beaten to a freeness of 550 (Schopper Riegler

nmet hod) before the addition of filler. 5kg per tonne (on total solids)
cationic starch (0.045 DS) is added to the suspension. A copolymner of
acrylam de wth nethyl chloride quaternary amoni um salt of

di met hyl am noet hyl acrylate (75/25 w./w.) of intrinsic viscosity above
11.0 dl/g (Product A is mxed with the stock and then after shearing the
stock using a nechanical stirrer a branched water sol uble anionic

copol ynmer of acrylamde with




sodium acrylate (65/35) (wt./wt..) wth 6 ppm by weight nethylene bis
acrylamde of intrinsic viscosity 9.5 dl/g and rheol ogical oscillati,on
value of tan delta at 0.005Hz of 0.9 (Product B) is mxed into the St MAYI2004
The drainage tine in seconds for 600m of filtrate to drain is neasured at
di fferent doses of Product A and Pro t B. The drainage tines in seconds
are shown in Table 1. Table 1 Product (g/t) 02505007501000 010831181515
Product A250982712911 (g/t)500962610129 75010318988 100010918988
200012520Bx8mplgyAricempaiivedr ai nage tests of Exanple 1 is repeated for a
dose of 50Qg/{ _npr : 0qlt t : kte i s
applied a?B grdtr?'ﬁggglhbgépr}éﬁgggﬂ? %éltl 0 'rc‘i%’ip g‘i’@ Sp)%o?rb%? o] lteﬁieé?fggg?fhﬁg%q}g@
Product Bthelfear@xaibiag@didonte dramagleomiter axitd drbegR thd fidhYop80ihglThdabl e 2

Bent oni t e dosagedr ai nage tinme %s) t 026 12519 25012 5009 i
cellulosic stock used is a 50/50 bleached birch/bleached pine suspension

containing 40% by weight (on total solids) precipitated calcium carbonate. The
stock suspension is beaten to a freeness of 55° (Schopper Riegler method) before
the addition of filler. Skg per tonne (on total solids) cationic starch (0.045 DS) is

added to the suspension.

A copolymer of acrylamide with methyi chloride quaternary ammonium sait 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 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 value of tan delta at 0.005Hz
of 0.9 (Product B) is mixed into the stock. The drainage time in seconds for 600m|
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)
0 250 500 750 1000

0 108 31 18 15 15
Product A 250 o8 27 12 9 11
{a/t) 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 product A and
250g/t product B except that a bentonite is applied after the shearing but
immediately prior to the addition of Product B. The drainage times are shown in
Table 2.




7508 10007 As can be seen even a dose of 125 g/t bentonite substantial |y

| nproves drai nage. Exanple 3 (conparative) Standard sheets of paper

produced using the cellul osic stock suspension of Exanple 1 and by f MY 2004
m xi ng the cationic copolynmer Product Ainto the stock at a given dose and

then shearing for 60 seconds and them-ri xing in product B at a given dose.

The floccul ated stock is then poured onto a fine nmesh to forma sheet

which is then dried at 80C for 2 hours. The formation of the paper sheets

is deterhbled using the Scanner Measurenent System devel oped by PIRA

| nt er nat irogat—— 1 ron (SD) of grey values is calculated for
each i nmdge AL '1=—t‘?i)csﬂs’$‘re; &'%&n% 8?}41e : or each dose of product A and product B
i s shown firm—T g e 3 i.uvvcl )2@ ves—indi cate better results. Table 3 Product
B (g/t) (25056675561666-66 o'-r(.]p;'?)ll $414. 3417. 96 Product

A2507. 8716 48142.5 516531994~ gH-5608. 8010. 8816. 6920. 3023. 04

7509. 2314614167022 2219-94-10069—4913. 6119. 2921. 9424. 74

20009. 5416512298128, 042985 7 MAY- 1004 18 Exanpl e 4 Exanple 3 is repeated
except uding ddS8s of 400 g/t8produdt A and a dose of 250 g/t product B
and 125, [250_ &89 750 land 1000 g/t lof bentonite applied after the

shearing but inmediately prior to the addition of Product B. The respective
As can be seen even a dose of 125 g/t bentonite substantially improves drainage.

Example 3 {(comparative)

Standard sheets of paper are produced using the cellulosic stock suspension of
Example 1 and by first mixing the cationic copolymer Product A into the stock at a
given dose and then shearing for 80 seconds 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 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 resulls.

Table 3
Product B (gft)
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
{gft) 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 2474
2000 9.54 16.51 22.01 28.00 29.85




formati on val ues for each dose of bentonite are shown in Table 4. Table 4
Bentoni te dosage Formation LglLtj 010.88 12511.26 25014. 47 50016. 44 7%MA.7004
100017. 61 A conparison of doses required to provide equival ent drai nage
results denonstrates that the flocculating systemutilising cationic

pol yner, bentonite and branched aniofgc water sol uble polynmer provides

I nproved formation. For instance from Exanple 2 a dose of 500g/t polyner

A, 2509/t _polymer B and 1000g/t bentonite provides a drainage tine of 7
seconds. Egéﬁﬁﬁéﬁle 4 it can be seen the equival ent doses of product A
bentonite | ' : E el a
dose of 25005 Brodirr il EXGeALIMTBbR ol 390 UR imbapf s bpdly agse praet

bent oni t egftipovdule B andri@isnage, 500y 58 ard 4660 gdsof HardomifeabppliedBattérthe
equi val ent doses of product A and product B provjd formation val ue of
28.00. ThefeaBII REUMVREERTEhPGAT to eradstiinf PRt %oﬁ‘hﬁrfﬁﬁe%*éver or mat i on
by nore BAXal e f Lval ohyer | ues, for instance
10 seconggaﬁ?ééékhprovéﬁgﬁpgﬂ%ﬁ(?ggﬂg?ﬁ%n céﬁﬂéﬁ?PFgﬁggo'served. Thus it
can be seen fromthe exanples that using a floccul ating system i nvol vi ng
cationic polyner, bentonite and branched ani onic water sol uble pol yner

provi des ghlst4r drai nage and better formation than cationic polynmer and

branched fapI OO JJELET SUEIaEoR O Yer in the absence of bentonite. 4 MAY
2004 (/1) =

0 10.88

125 11.26

250 14.47

500 16.44

750 17.17

1000 17.61

A comparison of doses required to provide equivalent drainage results
demonstrates that the flocculating system utilising cationic polymer, bentonite and
branched anionic water soluble polymer provides improved formation. For
instance from Example 2 a dose of 500g/t polymer A, 250g/t potymer B and
1.000g/t bentonite provides a drainage time of 7 seconds. From Table 4 it can be
seen the equivalent doses of product A, bentonite and product B gives a formation
value of 17.61. From Example 1 a dose of 2000g/t product A and 750 g/t product
B in the absence of bentonite provides a drainage time of 7 seconds. From Table
3 the equivalent doses of product A and product B provides a formation value of
28.00. Thus for equivalent high drainage the invention improves formation by
more than 37%. Even for equivalent higher drainage values, for instance 10

seconds, the improvements in formation can still be observed.

Thus it can be seen from the examples that using a flocculating system involving
cationic polymer, bentonite and branched anionic water soluble polymer provides
faster drainage and better formation than cationic polymer and branched anionic

water soluble polymer in the absence of bentonite.




19 Exanple 5 (conparative) The retention properties are determ ned by the
standard Dynamc Britt Jar nethods on the stock suspension of exanple 1
when using a flocculating system conprising cationic polymer (Pr oduct MA\} 2004
and a branched anionic polynmer (Product B) in the absence of bentonite.

The flocculating systemis applied inighe same way as for Exanple 3. The
total retention figures are shown as percentages in Table 5 Table 5 Product
B (glt) 02505007501000 063.5084.1790. 4894. 4496. 35 Product

A12533. 58zsample; 2 dePParaiveso (g/t) 25034. 7281. 2092. 1297. 1598. 10

5 .
200045, 24588 $55 R GuORTg= P BRI LB A0 Speiafo EAMEmie Bt Jar ot usi ng
as the floethbds boths grickreudbegsibnastexanipte 1pehemasingRr tdomtlatk)g syBemgl t

branched ani oni ¢ polynmer (Product B) and 125 to 1800,09/1 b ntone'F} e. 'It'he
f1 occul at FPHPESEGSAtoDIGRYYMER (PredustAd 3pE alipNgEe @NIOTHS RRNMESTAPTeHiCtt ot al

retenti Ont%?W&Z%%t&ﬁ’he-l._aimeeﬂcﬁ:cummgesﬁtémﬁé‘gﬁpﬁé‘& fHeOshrRE Wi L e

/t 081.20
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 9048 | 9444 | 9635
Product A 125 33.58 73.44 8766 | 9227 | 9459
(ght) 250 3472 81.20 9212 | 9715 | 98.10
500 3743 84.77 9486 | 9765 | 9858
1000 36.01 84.68 94 91 97.16 | 99.19
2000 45204 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
1000 g/t bentonite. The flocculating system is applied in the same way as for

Example 4. The total retention figures are shown in Table 6.

Table 6
Dosage Retention (%)
bentonite (g/t)

0 _ 81.20
125 85.46
250 86.78
500 89.65
750 90.71

1000 91.92




50089. 65 75090. 71 100091.92 4 MAY 2004 20 Fromthe results shown in Table
5, a dose of 250g/t cationic polymer (Product A), 250 g/t branched aMAbdilé
pol ymer (Product B) gives retention at 81.20. By introducing 1000 g/t of
bentonite the retention is increased to 91.92. In order to achieve

equi val ent retention in the absence bentonite a dose of 250 g/t Product
A and 500 g/t Product B is required. anple 7 Drainage and turbidity is
determ ned using a cell ul osic_suspension caonpri sin

g a 80/20
har dwood/ e itsotesyiis shosmonbiahie 5. prissemi 22088 @APRICURRIYEEH SRERACE Mdos
nar av : _ | . ury'earbot it
orear 1173 ghtBriingd oRbAkHondBP (oBduk! BPLEeS0SRGRSh A 8iag By B ¢

6kg/t of iatredtitingi1Q0St @t 6hbéstofita ¢tk tdtentorg i ivicridskdao X092 Insadpt ® of the
stock suspension. After 30 seconds 400 g/t of a .copol yner Of@%%ﬁﬁi@tde

and net hyachieye savivaleql sateption | Benahnansedibentinity asese Ao

acryl ate Q/ Lot Lidsg i sGosity above 10 dl/g is mxed into the
st ock and&%ﬂd@%&i&rbﬁﬁt %% '%sq\eﬁi:r%ﬁds 2 kg/t bentonite is mxed into the
suspension. Stirring of the stock suspension is naintained at 1500 rpm

t hroughout the addition of the treatnent chem cals. The treated stock
suspensi erted in a beaker 6 tinmes and then transferred to a SR

X
tester w . rear t ' e i T : Oom to
drain andb&d'ﬁgf%laﬁg t%&ﬁcﬁﬁ‘é@fa%‘rt?rﬁﬁb%d ?’gmﬁe%g%rﬂg%g&%gg?gﬁalbkﬂre%tméglggréepeat ed
except ong@/20 Hepdivooli/sbetnioea putp | 30%pbke dhravigitaZonddiciom aamminate (A3 ubl e
branched ani oni ¢ copol yner of acrylam de with sodium aﬁ:rél at_% 565/ 35)

based on dry weight of stock), The cellulosic suspension is diluted with clear

filtrate to a fibre concentration of 0.8%.

Test 1 (comparative)

Bkg/t of a cationic starch is mixed thoroughly with a 1000mi sample of the stock
suspension. After 30 seconds 400 g/t of a copolymer of acrylamide and methyl
chloride quaternary ammonium salt of dimethylaminoethyl acrylate (60/40) of
intrinsic viscosity above 10 dl/g is mixed into the stock and after a further 30
seconds 2 kg/t bentonite is mixed into the suspension. Stirring of the stock
suspension is maintained at 1500 rpm throughout the addition of the treatment
chemicals. The treated stock suspension is inverted in a beaker 6 times and then
transferred to a SR tester with the rear backwater exit sealed and drainage time

for 750ml to drain and turbidity of the filtrate is measured.

Tests 2

Test 1 is repeated except only 1kg/t of bentonite is applied and 225g/t of a water
soluble branched anionic copolymer of acrylamide with sodium acrylate (65/35)
(wt./wt.) with 8 ppm by weight methylene bis acrylamide of intrinsic viscosity 9.5
dl/g and rheological oscillation value of tan delta at 0.005Hz of 0.9 is added to the

stock suspension after the bentonite.




(wt./wt.) with 6 ppm by wei ght nethyl ene bis acrylam de of intrinsic
viscosity 9.5 dl/g and rheol ogical oscillation value of tan delta atz

0. 005Hz of 0.9 is added to the stock suspension after the bentonite: MAY Ny
2004 21 Test 3 Test 2 is repeated except the cationic polynmer is replaced
by 4509/t a copolynmer of acrylamdesth nmethyl chloride quaternary

ammoni um salt of dinethylamno ethyl acrylate (79/21 ww./wt.) of intrinsic
vi scosity_abaove 8.5 dl/g and rheol ogical oscillation value of tan delta at
0.005Hz ofestB2. Test 4 Test 3 is repeat ed except the order of addition of

t he bent il ' and
b it TSt AHERSRRACGRT ot AL OREPBONIRE it SefIBLed Byhookitca CoopRAF

('s) Tur bi chaftat:rﬁ%i&ldé% rﬁ%ﬂ‘@@ cAR0IdE lEdaDaRNEmst@mds $at ofdirmethylagino

Nephel onetric Unjt are units of turbjidit ggs sult clear|y show
that the eiby Vit %Qfaﬁdﬂém 6T BRiRS pyIsFRERY ?h%\f% alig argirh FPI096R! t he

filtrate. ggax%qﬁﬂ %Egrgdééfel'tagafio r@@gﬂ%r(gl1o§ sinmproved filler and fines

retention. al hage and tur ty is determ ned using a
cel l ul osi c suspension conprising 70 parts by weight of a 70/30
TMP/ sof twood pul p, 30 parts by weight of a 80/20 coated/uncoated broke.
The cell It suspension is diluted with clear filtrate to a

Test 3 is repeated except the order of addition of the bentonite and branched

anionic polymer is reversed.

The drainage and turbidity measurements are shown in table 7.

Table 7
Test Drainage (s) Turbidity FNU
1 19 85
2 22 60
3 20 41
4 19 39

FNU stands for Formazine Nephelometric Units which are units of turbidity.

The results clearly show that the use of the branched anionic polymer improves
turbidity of the filirate. Reduced turbidity is a measure of improved filler and fines

retention.

Example 8
Drainage and turbidity is determined using a cellulosic suspension comprising 70

parts by weight of a 70/30 TMP/softwood pulp, 30 parts by weight of a 80/20

coated/uncoated broke. The cellulosic suspension is diluted with clear filtrate to a

fibre concentration of 0.8%.




fibre concentration of 0.8% 4 MAY 2004 22 Test 1 (conparative) 2kglt of a
cationic starch (DS 0.042) is m xed thoroughly with a 1000m sanple of the
stock suspension. After 30 seconds 700 g/t of a copol ymer of acryl ami‘d¥Alatigh
met hyl chl ori de quaternary amoni um salt of di nethyl am noethyl acrylate
(60140) of intrinsic viscosity abovey40 dl/g is mxed into the stock and
after thoroughly mxing 2kg/t bentonite is m xed into the suspension.
Stirring of the stock . suspension is maintained at 1500 rpm t hroughout the
addi ti on bestthicompanali¥d chenicals. The treated stock suspension is

nvert ed bRRoPERKAbNE SARRIDRE B mideANRbRIUGHA Witn FbaRPLARoN 4 the

rear back er exit seale rai hage tinme to drain and

t ur bi di t ythefstbble shispanside AtemBasec@is 7S/t Bf Besipalymer okaeglaetdeaodpt
125, 250 and 450

g/t of a water soluble bran_cheﬂ ani oni c co Pl {1
acryl ar deeiiny! whmgwﬂ@mr&@mmeewmélt @ dimgt y'a\m*ﬂﬂf*@%ﬁ%@ 3y r@!ﬁ_@ t
osci 11 a1 HnguTE POy Ry D SYO3 SR U ok RIS R

bent oni t emixihg 26gAibeagmirNd rhixeliiiottiie sespétsoar Stisingvef the sTatk e 9 Table 9

Branched Anionic Drainage tinme (s)Turbidity dose %g“?nghjﬁ 47132 1253190
2502470 ASMRIBBGIOrhE maii#ingd #idwOPHaRM hrudhnu! the sAgtioafTdhe egiRfthed

polymer i EWér%‘i’c%?s.bl%emré&%d stock suspension is inverted in a beaker 6 times and then
transferred to a SR tester with the rear backwater exit sealed and drainage time

for 250ml to drain and turbidity of the filtrate is measured.

Test 2

Test 1 is repeated except 125, 250 and 450 g/t of a water soluble branched
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 value of tan delta at 0.005Hz of 0.9 is added after the bentonite.

The drainage and turbidity results are shown in Table 9

Table 9
Branched Anionic | Drainage time (s) Turbidity
dose (g/t) (FNU)
0 47 132
125 31 g0
250 24 70
450 18 60

The results show that the addition of anionic branched polymer improves both the

drainage time and also turbidity.




drainage tinme and also turbidity. 4 MAY 2004 23 Test 3 Test 2 is repeated
except that a constant dose of 250 g/t of the branched polynmer and 0.5,
1.0, 1.5 and 2.0 kg/t of bentonite is used. The drai nage and tur bi di% YAY 004
results for the tests are shown in Table 10. Table 10 Bentonite Drai nage
time (s)Turbidity (FNU) dose (kg/t) G$H47105 1.03692 1.52986 2. 02570 The
results show that the use of the anionic branched pol yner inproves drainage
and turbidity even when a reduced | evel of bentonite is used. The test
using 0.5 kg/t bentonite and 250 g/t branched anionic polymer gives
simlar draijnpge results and still better turbidity to the equivalent
process usrtng 2kg/t bentonite and no branched anionic polyner. 4 MAY 2004
24 O ai neTesdt.2 A rppeatssexdeptikatrgcagient doseap2i®gédrd the bpandiedgpdipmnet ng a
cellul osic  suspension, flaoccul aft i%n% t he. sus%)cﬁnsi on, draining the
suspensi DA % 1s@r berfnd? Gy holberigete sndS%hen drying the sheet, in which
the suspension is flocculated using a floccul ati on system conprising a
wat er sol ubl e cationic polyner,

The drainage and turbidity results for the tests are shown in Table 10.

Table 10
Bentonite Drainage time (s) | Turbidity (FNU)
dose (kg/t)
0.5 47 105
1.0 36 92
1.5 29 86
2.0 25 70

The results show that the use of the anionic branched polymer improves drainage
and turbidity even when a reduced level of bentonite is used. The test using 0.5
kg/t bentonite and 250 g/t branched anionic polymer gives similar drainage results

and still better turbidity to the equivalent process using 2kg/t bentonite and no

branched anionic polymer.




characterised in that the floccul ati on system conprises a swellable clay
and an ani oni c branched water-soluble polyner that has been fornmed from
wat er soluble ethylenically unsaturated anionic nononmer or nononer4 MAEGGH,
and branching agent and wherein the polynmer has (a) intrinsic viscosity
above 4 dl/g and (b) rheol ogical oscilRétion value of tan delta at 0.005 Hz
of above 0.7 and/or (c) deionised SLV viscosity nunber which is at |east
three tines the salted SLV this viscosity nunber of the corresponding
unbranchegga@hyner made in the absence of branching agent, and wherein the
wat er - sol ubl e cationic polynmer is added to the cellulosic suspension prior
to the swkl | abAgrotess ahmaking paneasiir @apesrratd CORRISNG EIrTHNg a ¢AILARG are

added. 2. A process, accor.di to_cl al Ln.which I is a
benoni t e SYSHEISEIY 9059'35&"9?'8%8@?%‘%&%&*@%@%{% Séq%%fﬁgﬁ J&'ﬁl%i %rgé'?%owhi ch
the swel | ghiea chayt asd iRl €64iRfitHer shBgthe group consisting of hectorite,
snectites, nontnorillonites, nontronites, saponite, sauconite, hormtes,

at t apul gi ineghighdhe spspensies is Aoconlaeddsing adlosedphgn sysigRy COMPrsNac? ai ms 1
to 3 in which the conponent f the flocculation systemare introduced
into the W_@fquﬁ%@?lﬁ cgﬁgﬂﬁrpsoﬁﬂﬁeéequential ly. 5. A process according to any
one of cl ghsmcferised4nitiatwhi ch the swellable clay is introduced into the

~ suspension and then the anionic branched polyner is included in the
suspensi othe foccalatiopcavstencosrRIISRS @ swalgble staYornd R aonic branched whi ch t he

vl | abl o et BTG b 35 R TEnb g ot DG SRIRE! ARG D
accor di ngyhgataratea@niMiciic ehardmerot modomar bierchanhd &rararimomnagest ahd

wherein the polymer has

(a) intrinsic viscosity above 4 dl/g and

(b) rheological oscillation value of tan delta at 0.005 Hz of above 0.7 and/or

(c) deionised SLV viscosity number which is at least three times the saited
SLV this viscosity number of the corresponding unbranched polymer made in the
absence of branching agent,
and wherein the water-soluble cationic polymer is added to the cellulosic
suspension prior to the swellable clay and the anionic branched water soluble

polymer are added.

2. A process according to claim 1 in which the swellable clay is a benonite
type clay.
3. A process according to claim 1 or claim 2 in which the swellable clay is

selected from the group consisting of hectorite, smectites, montmorilionites,
nontronites, saponite, sauconite, hormites, attapulgites and sepiolites.

4. A process according to any one of claims 1 to 3 in which the components of
the flocculation system are introduced into the cellulosic suspension sequentially.
5. A process according to any one of claims 1 to 4 in which the swellable clay
is introduced into the suspension and then the anionic branched polymer is
included in the suspension.

6. A process according to any one of claims 1 to 4 in which the anionic

branched polymer is introduced into the suspension and then the swellable clay is

included in the suspension.




the floccul ation systemare introduced into the cellul osic suspension

simul taneously. 8. A process according to any one of clainms 1 to 7 in which
the cellulosic suspension is pre-treated by inclusion of a cati oni4(MA 0
material into the suspension or conponent thereof prior to introduci KJ q4he
ani oni ¢ branched pol ymer and swell abl &clay. 9. A process according to
claim8 in which the cationic material is selected fromwater sol uble
cationic organic polyners, or inorganic materials such as alum

pol yal uni pi um ahiresésteacedrdiigtownycdneof dairhs ity d atwhighdhalcompureEntobb
hydrate. 10. A process according to any one of clainms 1 to 9 in which the
cationi ¢ thsofigaeuration gystersdreintroducastisto del caliubosie BYSRENISRN | y unsat ur at ed
nononer or, tner slol ubl e bl end of ethylenically unsaturated nononers
conpri si n@'"ﬁf ANEQYPY- one cationic nmonomer. 11. A process according to any

one of clginms A grecdds hecomingtotdify & bPdlaiins pabymer whighahbicefigloslt cat i onic
pol ymer which has an intrinsic viscosity above 3d|[q_and exhibits a
r heol ogi causpensian stprerireatpd dydnclusiondd|a eatignionpderig! it Wssuspensipnan. A

oryror naaTRanp B R Sa Sl Rd R gl Srndied oA d 10 ogi ca

osci || atigneua@,é@gyof tan delta at 0.005Hz of above 1.1. 13. A process
according to any one of clainms 1 to 12 in_which the suspension is
subj ect ed9t o nAdiasesRACEHERg PRI iy Whikh Hedrationic ayatanalliggelect®t of the

conponent f f |, 4 : ' one
o o1 & o oi whlp solRE Koy RS TE HRlyricrs, Or RGATE ratenafs i ds altkn

i nt roduci P@thimniﬁﬁmh ehiceidep bminiund phiovinal thilycraks aadl iahgmiroehlcrodpensteon t o
nmechani cal shear and then reflocculatingpthe suspensi on. b i nt roduci ng the

ani oni ¢ b8nch8dPTeeeshBFCUANNG'REANYMIR OEFIZIMS 150 QN%WB'GMEEQ@EBF'HH ng to
claim 14 L W G0 edrhfe,rbinth Ait&r sHSREEthABnicSily unsaturated monomer or
water soluble blend of ethylenically unsaturated monomers comprising at least
one cationic monomer.
11. A process according to any one of claims 1 to 10 in which the cationic
polymer is a branched cationic polymer which has an intrinsic viscosity above
3di/g and exhibits a rheological oscillation value of tan delta at 0.005Hz of above
0.7.
12. A process according to any one of claims 1 to 11 in which the cationic
polymer has an intrinsic viscosity above 3 dl/g and exhibits a rheological oscillation
value of tan delta at 0.005Hz of above 1.1.
13. A process according to any one of claims 1 to 12 in which the suspension is
subjected to mechanical shear foliowing the addition of at least one of the
components of the flocculating system.
14. A process according to any one of claims 1 to 13 in which the suspension is
first flocculated by introducing the cationic polymer, optionally subjecting the
suspension to mechanical shear and then reflocculating the suspension by
introducing the anionic branched polymer and swellable clay.
15. A process according to claim 14 in which the cellulosic suspension is
reflocculated by introducing the swellable clay and then the anionic branched

water soluble polymer.

16. A process according to claim 14 in which the cellulosic suspension is




refloccul ated by introducing the swellable clay and then the anionic
branched water soluble polyner. 16. A process according to claiml14 in

whi ch the cellul osic suspension is 4 MAY 2004 26 refloccul ated by 4 MAY 7504
i ntroduci ng the anionic branched pol ymer and then the swellable clay. 17.
A process according to any one of clai@ 1 to 16 in which the cellulosic
suspension conprises filler. 18. A process according to claim 17 in which

t he sheet of paper or paper board conprises filler in an anount up to 40%

by wei ght refibcufitéd 8 %ﬁ%oﬁgﬁ'ﬁqme%ibﬁic%réﬁéﬂﬁp@gr%raéda t%%QitHe\Mwequbfehe

filler material i1s el ec rom precipitated um car bonate, ground
cal ci um calagonate, clay (especially kaolin) and titanium dioxide. 20. A

Clspensi ofii s UfeEa PerdTyneaarurons pl gpms 1 to6R vich the Celliosic™ ©
suspension comprises filler.
18. A process according to claim 17 in which the sheet of paper or paper board
comprises filler in an amount up to 40% by weight.
19. A process according to claim 17 or claim 18 in which the filler material is
selected from precipitated calcium carbonate, ground calcium carbonate, clay
(especially kaolin) and titanium dioxide.
20. A process according to any one ot claims 1 to 16 in which the cellulosic

suspension is substantially free of filler.




