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 oyi ng novel water soluble polymers as flocculating agents and al s¢ MAY 2004
t he novel polymers used therein. During the manufacture of paper and 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 polynmers to the cellulosic suspension in
order to effect flo $qutio f tB & | lul osic solids and enhance drai nage
on the neVEAMYSCHIEOL PA0LET S APPHEY ease the output of paper many nodern
paper maki ng machi nes operate at higher speeds. As a consequence of

i ncreased machi ne speeds a great deal of enphasis has been placed on
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single p@%@gbqo?ﬁ%ﬁgg%ﬁg@gﬁn@@@e& thdrsirt her ef ore conmon  practice to add

two separate mate guence. EP-A-235893 provides a process wherein
a water soluble substantially Iinear cationic polynmer is applied to the
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descri besdrgir%rg%cgﬁ%ei H1dMHgC£br§eH.r ocess of meki ng paper or board by

in order to increase the 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, whilst maintaining optimum retention and 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 providés 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. US-A-
5393381 describes a process in which a process of making paper or board by
adding a water soluble branched cationic polyacrylamide and a bentonite to the

fibrous suspension of pulp. The branched cationic polyacrylamide is prepared by
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addi ng a water sol uble branched cationic polyacrylam de and a bentonite to
the fibrous suspension of pulp. The branched cationic polyacrylamde is
prepared by 4 MAY 2004 2 polynerising a m xture of acryl am de, cati onk MAY 2004
nmononer, branching agent and chain transfer agent by solution

pol yneri sation. US-A-5882525 describes a process in which a cationic
branched water soluble polymer with a solubility quotient greater than
about 30%is applied to a dispersion of suspended solids, e.g. a paper

making stg |§méri%ir§f %%ixttu?e bEh8aRanidat eétionT@ﬂqo.%ﬁé%iréncbﬁf%?g._@dt #ad er

sol ubl e pol yner i repared fromsimlar ingredients to 5393381 i.e.
by pol ynmechaindpnafen agemt by siolutonypelpingssatiat.i oni ¢ nonomer,  branchi ng agent
and chain transfer agent. In WO 98/29604 a process of nmaking paper is
described in which a cationic polyneric retention aid is added to a
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then reflocculating the suspension by adding a solution of second anionic
pol yner i cpelgtmemtwithra aolibilTh quatiendrgreateo thareabout 3wdnappheditel aidisperboanched
pol ymer whjch is characterised by having a rheol aqgig¢al , oscillation val ue
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nunber of = the corresponding polynefr nade in the absence of  branching

agent . Ged&rAld39338Hii=. bygpuotyredrising amnixtwratafracsyhoiidie, gadiopieemonenigfepar ed
by pol yrre%i Si B&? a water ol.ubl e f'mi oni_ ¢ nonomer or nonomer blend in the
presence BYRNCHINY 2RIt ENgkChaip FRORISS@9580Ent . The process provi ded
significant inprovenents in formation by conparison to the earlier prior

art processes. EP-A-308752 describes a nethod of maki ggfpaper in which a
| ow nol echrl WO 9862304 2 procasisofonaking papet igriascrivedda sdiehb atg@dionigr ni sh and
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mechanically degrading the flocs and then reflocculating the suspension by adding
a solution of second anionic polymeric retention aid. The anionic polymeric
retention aid is a branched polymer which is characterised by having a rheological
osciliation 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. Generally

this branched anionic water soluble polymer is prepared by polymerising a water
soluble anionic monomer or monomer blend in the presence of low levels of
branching agent. The process provided significant improvements in 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 disclosure appears to indicate that the broadest range of
molecular weights afforded to the low molecular weight cationic polymer added
first to the furnish is 1,000 to 500,000. Such low molecular weight polymers would

be expected to exhibit intrinsic viscosities up to about 2dl/g.




| east 500, 000. The di sclosure appears to indicate that the broadest range

of nolecular weights afforded to the | ow nol ecul ar wei ght cationic pol ﬁ
added first to the furnish is 1,000 to 500,000. Such |ow nol ecul ar WEWéE§U4
pol ynmers woul d be expected to exhibit intrinsic viscosities up to about

2dl /g. 4 MAY 2004 3 However, there exists a need to further enhance paper
maki ng processes by inproving the fetention and retaining or inproving
formation. Thus the first aspect of the present invention relates to a

process diowBkémehdrapsdsts @omgad & fugthkpenhagcapapét tadficpsuspsasbon,
floccul ati ng the suspension, nechanically shearing the suspension and

r ef | occuligmrayng e Irefentign ene reéﬁ!@'ﬁ@rﬁ%i'@ﬁ@%ﬂ%f@fmﬁg'oﬂhe suspensi on on a
screen to forma sheet and then drying the sheet, wherein the suspension
is floccul ated by introducing a water-soluble polynmer of intrinsic
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wat er - sol ubl e polyner is a cationic polyner that has been fornmed froma
wat er - solafthgrisiog dereningra eallwomie susrensi@ohpcreliaiggdbe ISe8BENYAB, cati onic

nononer, wherei.n sai d polyner exhibits a rheol ogical L1 | ation val ue of
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reflocculated by introducing a flocculating material in which the

fl occul atthagheeterial is selected fromthe group consisting of siliceous

mat eri al ich s in the formof an anionic mcroparti I It
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or nore sH@apCtstisgln bk the water-sgivole eRIWner is a cationic polymer that has been
formed from a water-soluble monomer or monomer blend comprising at least one

cationic monomer, wherein said polymer exhibits a rheological oscillation value of
tan delta at 0.005 Hz of above 1.1 (calculated on a 1.5% by weight aqueous
solution of the polymer),

wherein the cellulosic suspension is refloccutated by introducing a flocculating
material in which the flocculating material is selected from the group consisting of
siliceous material which is in the form of an anionic microparticulate composition,
anionic polysaccharides, anionic synthetic water-soluble polymer and cross-linked
anionic micro particles,

and wherein the mechanical shearing is achieved by passing the flocculated
cellulosic suspension through one or more shear stages selected from a centri

screen and a fan pump.

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
is used fitted with a 6cm acrylic cone, with a 1°58 cone angle and a 58um
truncation value (item ref 5664). A sample volume of approximately 2-3cc s used.
Temperature is controlled at 20.0°C + 0.1°C using the Peltier Plate. An angular
displacement 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.




screen and a fan punp. The tan delta at 0.005Hz value is obtained using a
Controlled Stress Rheoneter in GOscillation node on a 1.5% by wei ght

aqueous sol ution of polynmer in deionised water after tunbling for t\/\ﬁ)M‘ﬁ‘Y 1004
hours. In the course of this work a Carrinmed CSR 100 is used fitted with a
6cm acrylic cone, with a 158" cone anghg and a 58m truncation value (ltem
ref 5664). A sanple volune of approxinmately 2-3cc is used. Tenperature is
controlled at 20.0C 0.1C using the Peltier Plate. An angul ar displ acenent
of 5 X 10-4 radians is enployed over a frequency sweep from 0.005Hz to 1
Hz in 12 stages on a logarithmc basis. G and G' neasurenents are
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t hus inducing inprovenents in retention. In a preferred formthe water

sol ubl e pol yner exhibits a rheol ogical oscillation value of tan delt H@f 004
0. 005Hz of above 1.2 or 1.3. More preferably the polymer has an intr Z
viscosity of above 4dl/g and a tan delta at 0.005Hz of above 1.4 or 1.5.

In sone instances the tan delta may be as high as 1.7 or 1.8 or even as

high as 2.0 or higher. Thus the potyner exhibits a high tan delta. The

hi gh tan delta water sol uble polyner nay be anionic, nonionic, anphoteric
but is preferably cationic. The polynmer is prepared by pol ynerisation of a
wat er sol ubl e nonomer or water sol uble nononer blend. By water sol uble we
nmean t hat|t habeunatisingly deehl fount teaterolymematvbichsodhiliit 2 rneciogisal béeliatidnas a

solubility in water of at |east 5g in 100 mi. of watey. ;Fhe ol r may be
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transfer process o A I ng paper according to the invention
the water soluble polynmer nmay be added to the paper making stock as the

sole treatnent agent in the paper mnaki nrg groqeﬁg, ﬁl t hough Er.ﬁf erably the
pol ymer niya peefed@ddors thawater splyblegisdyrseexRibis, At 98@’9&%*8 eV YE cul ant
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suspensi ognirgtrihkiecdsdoaite df bpovd ddilataed a tan delta at 0.005Hz of above 1.4 or 1.5.

In some instances the tan delta may be as high as 1.7 or 1.8 or even as high as

2.0 or higher. Thus the polymer exhibits a high tan delta.

The high tan delta water soluble polymer may be anionic, nonionic, amphoteric but
is preferably cationic. The polymer is prepared by polymerisation of a water
soluble monomer or water soiluble monomer blend. By water soluble we mean that
the water soluble monomer or water soluble monomer blend has a solubility in
water of at least 5g in 100 m! of water. The polymer may be prepared conveniently
by any suitable known polymerisation process for instance by solution
polymerisation to provide an aqueous gel which is cut, dried and ground to form a
powder or by reverse phase polymerisation as defined by EP-A-150933, EP-A-
102760 or EP-A-126528.

The high tan delta water soluble polymer may be formed from a water soluble
monomer or monomer blend comprising at least one cationic monomer and at
least 2 ppm by weight, preferably 5 to 200 ppm, in particular 10 to 50 ppm of a

chain transfer agent.

In the process of making paper according to the invention the water soluble
polymer may be added to the paper making stock as the sole treatment agent in

the paper making process, although preferably the polymer may be added as part




sol ubl e pol yner of tan delta at 0.005Hz of above 1.1 and then the

cellulosic suspension is reflocculated by a further addition of the water
sol ubl e polyner or alternatively by another flocculating nmaterial. 4 MAY 2004
Optionally the floccs forned are degraded before being refloccul ated, by
for instance applying nechanical shear. This can be for instance passing
the floccul ated cellul osi ¢ suspensi &n through one or nore shear stages

such as a centri-screen or a fan punp etc. In an alternative formof the
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flocculating material and the cellulosic suspension is refloccul ated by

i nt r oduci sgspeTsiomiseiiocoolaied @enddhgneeflafcuiataddel ta at 0. 005Hz of above 1. 1.
Optionally the floccs are degraded before refloccul ation. The cellul osic
suspensi on may be floccul ated by introducing the flocculating agent into
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before one o e punping stages or prior to the centri-screen or even
af ter t hesolebte pelysereétan deka abDI005H of shmechdiand thep theaellblosic
refloccul ated at any suitable point  after it s been flagcul ated. The
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i medi ately after t shear stage or nore usually further after. Thus the
floccul ati ng agent nay be added prior to a fan punp and the refloccul ating

agent may, be added after t centri.-screen Accordingly . i delta

pol yner i & aa@it&f %l\/@rf@fmﬁggﬁﬁ|"'5Vt€‘|nHang@%ﬁ?”%ﬂﬁ'&ﬁ“”ﬁggl{)ﬁe‘g ?‘g’F F%[g{(;élﬂt l%Fi ng

agent. 4 MiodlRiMy & flocculating material and the cellulosic suspension is refloccutated by
introducing the water soluble polymer of tan delta at 0.005Hz of above 1.1.

Optionally the floccs are degraded before reflocculation.

The cellulosic suspension may be flocculated by introducing the flocculating agent
into the suspension at any suitable addition point. This may be for instance before
one of the pumping stages or prior to the centri-screen or even after the centri-
screen. The cellulosic suspension may then be reflocculated at any suitable point
after it has been flocculated. The flocculating agent and reflocculating agent may
be added in close proximity, for example without any shear stage between the
additions. Preferably there is at least one shear stage (selected from cleaning,
pumping and mixing stages) separating the addition of flocculating agent and
reflocculating agent. Desirably when the flocculating agent is applied prior to a
shear stage, for instance a fan pump or the centri-screen, the reflocculating agent
may be added after that shear stage. This may be immediately after the shear
stage or more usually further after. Thus the flocculating agent may be added prior
to a fan pump and the reflocculating agent may be added after the centri-screen.
Accordingly the high tan delta polymer is added as the flocculating agent and/or

as the reflocculating agent.




Desirably the high tan delta water soluble polynmer nay be added to the
stock at a dose of 0.01 to 10 pounds per ton (5 to 5000 ppm) based on %
suspension. Preferably the polyner is applied at 0.1 to 5 pounds perlrMéYl 004
(50 to 2500 ppnm), especially 0.4 to 2 pounds per ton (200 to 1000 ppm.
When the high tan delta water soluble polynmer is used in a paper mnaking
process as part of a rrulti-corrponeﬁt flocculating system it may be added
as the flocculating and/or reflocculating system According to one
preferred aspect of the invention the multi-conponent flocculating system
conprises the high tan delta water soluble polyner and a different
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hydr at e. w;eaemaltyeoﬂltoc&pbamdmgenm'e(ﬁﬂaltomﬁw mhr sol ubl e polynmer it may
be any suitable water soluble polymer, for instance biopolyners, such as
noni oni ¢, anionic, anphoteric and cationic starches or other
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ani oni ¢, cationic, ~anphoteric or nonionic synthetic water sol pol yner .
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inorganic materials. Suitable flocculating materials include inorganic materials

-

such as siliceous materials, alum, polyaluminium chioride, aluminium chloro

hydrate.

When the flocculating material is a water soluble polymer it may be any suitable
water soluble polymer, for instance biopolymers, such as nonionic, anionic,
amphoteric and cationic starches or other polysaccharides. The flocculating
material may also be any suitable anionjc, cationic, amphoteric or nonionic

synthetic water soluble polymer.

The flocculating material may be a siliceous material which is in the form of an
anionic microparticulate composition. The siliceous materials include silica hased
particles, silica microgels, colioidal silica, silica sols, silica gels, polysilicates,
aluminosilicates, polyaluminosilicates, borosilicates, polyborosilicates, zeolites and
clays. The clays are preferably swelling clays, for instance this may be typically a
bentonite type clay. The preferred clays are swellable in water and include clays
which are naturally water swellable or clays which can be modified, for instance by

ion exchange to render them water swellable. Suitable water swellable clays

include but are not limited to clays often referred to as hectorite, smectites,




include but are not linmted to clays often referred to as hectorite,
smectites, 4 MAY 2004 7 nontnorillonites, nontronites, saponite, saucérﬂﬁYéﬂ[u
hormtes, attapulgites and sepiolites. The floccul ati ng material may be
bentonite as defined by EP-A-235895 or EP-A-335575. Alternatively the
flocculating material is a colloid silica, selected from polysilicates
and pol yalum nosilicates. This includes polyparticulate polysilicic

m crogel s of surface area in excess of 1000nR2/g, for instance water soluble
pol ypar t irmuhtrheriliiites| boninositds, sapeniteé,cvangehie dsorndites, ialteguigitey)sng, 482, 693

or alumnated polLysilicic acid as described in US-A-5 176, 8 r
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borosilicate, for i nstance as described in WO-A-99/16708. The col |l oi dal
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polynmeric fillers. Generally a cellulosic stock conprising
The flocculating material may also be a colloidal borosilicate, for instance as
described in WO-A-99/16708. The colloidal borosilicate may be prepared by
contacting a dilute aqueous solution of an alkali metal silicate with a cation
exchange resin to produce a silicic acid and then forming a heel by mixing
together a dilute aqueous solution of an alkali metal borate with an alkali metal
hydroxide to form an aqueous solution containing 0.01 to 30 % B;0s, having a pH
of from 7 to 10.5.

In one form of the invention we provide a process of preparing paper from a
cellulosic stock suspension comprising 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 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 celtulosic stock comprising
substantial quantities of filler are more difficult to flocculate. 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 cellulosic suspension comprises at least 5% by weight filler




substantial quantities of filler are nore difficult to flocculate. This is
particularly true of fillers of very fine particle size, such as

preci pitated cal cium carbonate. Thus according to a preferred aspect4 ’(%Y 2004
t he present invention we provide a process for making filled paper. The
paper making stock may conprise any_suitable amount of filler. Generally
the cellul osic suspension conpri sesBat |east 5% by weight filler 4 MAY 2004
8 material. Typically the anount of filler will be up to 40% or higher,

pr ef er abl yatedridl viegsicdiB tharand G dfiflileewill B appio adés or pighdrdpsefarably  of
maki ng paper incorporating high levels of filler, for instance up to 40%
filler irbetweedr 0% mnst40%Hdler| e DIQaSSAPradees 2avay, Se@akiNTBAPEncti on with
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fromwater soluble ethylenically unsaturated nononer or nononer blend and
branchi ng _agent. For instance the branched water sol uble p(\)'IY%mer rrEPé
exhi bi t g}haﬁocwlatlmmten@b&ﬁdﬂp cappnEtion ity thedan dan delfpiwreBsYHRE el d
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intrinsic viscosity above 4dl/g and a tan delta_at 0,005 f above 0.7,
for i nstmesemss asaenermedblandamdbrangbdg aggntef aninstancg hrOTAD | ati ng
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i ncl udes anioni or a meric mecro-particles for
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f | occul at amgntdgsiotvisoasity@esve 4di/g and a tan delta at 0.005Hz of above 0.7, for

instance as described in WO 88/29604.

Alternatively the flocculating material used in conjunction with the high tan delta
water soluble polymer includes cross-linked anionic or amphoteric polymeric
micro-particles for instance as described in EP-A-462365 or EP-A-484617.

A particularly preferred process employs a multi-component flocculation system
comprising a cationic high tan delta water soluble polymer (i.e. rheological
oscillation value of at least 1.1) flocculating agent and then as a reflocculating
agent an anionic flocculating material. The anionic flocculating agent includes
siliceous materials such as microparticulate silicas, polysilicates, anionic polymeric
microbeads and water soluble anionic polymers, including both linear and

branched water soluble polymers.

Particularly preferred high tan delta water soluble polymers for use in the paper

making process include cationic polymers of intrinsic viscosity of at least 6 di/g, for
instance between 7 dl/g and 30dl/g, more preferably 8 to 20 dl/g, particularly in the
range 9 to 18dl/g. Desirably the polymers exhibit a rheological oscillation value of

tan delta at 0.005Hz of between 1.3 and 2.0, preferably between 1.5 and 1.8.




siliceous materials such as mcroparticu |late silicas, polysilicates,
anionic polyneric mcrobeads and water sol uble anionic polyners, incAp%ng4
both |inear and branched water soluble polynmers. Particularly preferre

hi gh tan delta water soluble polyners for use in the paper making process

i ncl ude cationic polyners of intrinﬁgc viscosity of at least 6 dl/g, for

I nstance between 7 dug and 30dl /g, re preferably 8 to 20 dug,

particularly in the range 9 to 18dl/g. Desirably the polyners exhibit a

r heol ogi Cﬁios@FFéféiaﬂ)i e yatlontc Qéan‘te?@ ad@bbpolgme@s Q0 atiyIshideewiteeine 1. 3 and
2.0, preferably between 1.5 and 1.8. 4 MAY 2004 9 Most Rreferably t he
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at | east 3dbédiy abast 3tag, hesth has Bedn fovmedironi ewatet sblublemopeTer @r
wat er sol ubl e nmononer bl end, characterised in that the cationic pol yner

exhi bi t s watdisoldye caonwses bleadi on val ue of tan delta at 0.005Hz of above
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or 1.5. |rs@ss hg.0aBFeSfidbevE a1 dsleferabByatitsreas 2hirgh3aNote preferdbly or
even as high as 2.0 or higher. The {)ol]‘yarrh%ryerrﬂw;{vM be ani oni c, nonionic,

anphot er i theopelymer pesfasy ialinsic wWstosilyco gyarg aitan sieligatdhOgsHz of
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nononer bkess aBasgRas @ bl highgri n water of at least 5g in 100 ml of water.
The pol yner may be prepared conveniently by any suitable polynerisation
process. Wen the water sol uble polyner is nonionic the polyner may be

formed f r?We%%‘?ymer may be anionic, nonionic, amphoteric but is preferably cationic. The
polymer is prepared by polymerisation of a water soluble monomer or water
soluble monomer blend. By water soluble we mean that the water soluble
monomer or water soluble monomer biend has a solubility in water of at least 5g in
100 m! of water. The polymer may be prepared conveniently by any suitabte

polymerisation process.

When the water soluble polymer is nonionic the polymer may be formed from one
or more water soluble ethylenically unsaturated nonionic monomers, for instance
acrylamide, methacrylamide, hydroxyethyl acrylate, N-vinylpyrrolidone. Preferably

the polymer is formed from acrylamide.

When the water soluble polymer is anionic the polymer is formed from one or
more ethylenically unsaturated anionic monomers or a blend of one or more
anjonic monomers with one or more of the nonionic monomers referred to
previously. The anionic monomers are for instance acrylic acid, methacrylic acid,
maleic acid, crotonic acid, itaconic acid, vinylsulphonic acid, allyl sulphonic acid, 2-
acrylamido-2-methylpropane sulphonic acid and salts thereof. A preferred polymer

is the copolymer of sodium acrylate with acrylamide.




or nore water soluble ethylenically unsaturated nonionic nononers, for

I nstance acryl am de, nethacryl am de, hydroxyethyl acryl ate, 4 04
N-vi nyl pyrrolidone. Preferably the polyner is formed from acryl am de. MNEN
t he water soluble polyner is anionic the polyner is formed from one or

nore ethylenically unsaturated anionic nononmers or a blend of one or nore

ani oni ¢ monomers with one or nore ol0the nonionic nononmers referred to

previ ously. The anionic nononmers are for instance acrylic acid, nethacrylic

aci d, W'P?ére_réﬁigqhe WA O8IGbRG Slymiet ACAtiohiAshd is TorMddsrblviY 6r meidl,
al Iyl sul phonic acid, 2- acrylam do-2-net hyl propane sul phonic acid and
sal t s t heetiofienidaly efsatuedeg altioric mMosomees cptpwiaiyervittobne odmoreadithe at e

with acryl am de. 4 MAY 2004 10, Prefera t he water sol ubl e | ymer is
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pr edon naanignicgraupsaflherdatiogicomps otrteas incudeodiatk vigroinesalkyii{enetht i oni ¢
nononers include dial kyl am | k net h)., acryl ates, .di al kyl am no al kyl
(et h) ;c:aﬂyé%\e&e Ijzaﬁﬁy}%’pmieﬂgy@m%lllhéqy{a!ngﬂegmaxmaﬁﬁ %‘?'ﬂ%m{é&%ﬁ]um sa?/ts
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di sper si ometbfl grdogae quatarnanyl arsrianiwnisaltaiof dimathivieshipotatbylasirylata. may be
provided in the formof beads by reverse phase suspension pol ynerisation,
or as a powder by aqueous

Desirably the polymer may be prepared by reverse phase emulsion
polymerisation, optionally followed by azeotropic dehydration to form a dispersion
of polymer particles in oil. Alternatively the polymer may be provided in the form of
beads by reverse phase suspension polymerisation, or as a powder by aqueous

solution polymerisation followed by comminution, drying and then grinding.

The water soluble polymer may be formed from a water soluble monomer or
monomer blend comprising at least one cationic monomer and chain transfer
agent in an amount of at least 2 ppm by weight, often at least 5 ppm. The amount
of chain transfer agent may be as much as 10,000 ppm but is usually not more
than 2,500 or 3,000 ppm. Desirably the amount of chain transfer agent may be 5
to 200 ppm by weight, in particular 10 to 50 ppm by weight, of a chain transfer

agent, based on weight of monomer.

The chain transfer agent may be any suitable chain transfer agent, for instance
alkali metal hypophosphites, mercaptans such as 2-mercaptoethanol, malic acid
or thioglycolic acid. Generally the amounts of chain transfer agent used would
depend upon the efficiency of the particular chain transfer agent used. For

instance desirable results may be obtained using around 5 to 25 ppm by weight

thioglycolic acid, 10 to 50 ppm by weight alkali metal hypophosphite or 500 to




solution polynerisation followed by comm nution, drying and then grinding.
The water sol uble polynmer nay be fornmed froma water sol uble nononer 40* 2004
nononer bl end conprising at | east one cationic nononer and chain trans %Yr
agent in an anount of at |east 2 ppm by weight, often at |least 5 ppm The
anount of chain transfer agent may be as nuch as 10,000 ppm but is usually
not nmore than 2,500 or 3,000 ppm fPesirably the amount of chain transfer
agent may be 5 to 200 ppm by weight, in particular 10 to 50 ppm by wei ght,

of a chai Qéd@ﬁéﬁﬁ Wgﬁ%gh% “lg%eﬁ? on wei ght of nononmer. The chain transfer

agent may“be ain transfer agent, for instance alkali netal
hypophosphi t es, nercaptans such as 2-nercaptoethanol, malic acid or

t hi oglycolic acid. Generally the ampunts of chain transfer agent, used woul d
depend up8ris presibig focinelvee sime Reargdyng agenl with HiesManemeraand e used. For
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possi ble to include sonme branching agent with the nononer and chain

transfer &ghinglegentsf includedsis pseteraply anbuincludedinomnismadl guasitidesi ©h t he
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very snal hbaeaed bt bemchidg ageritidreaudsd-linkied egente are water sol ubl e pol yners

prepared substantially in the absence of branching agent or cross-I|inking
agent. Particularly preferred polyners for use in the process of the
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r heol ogi cahtiesieigdiahésnoMatrineicofisdasity dfibctween 601D 1881/ epretenably. Btand
2.0, preferably between 1.5 and 1.8. Most preferabl Y .
13 di/g. Desirably the polymers exhibit a rheological oscillation value of tan delta at
0.005Hz of between 1.3 and 2.0, preferably between 1.5 and 1.8. Most preferably
the cationic polymers are copolymers of acrylamide with the methyl choride

quaternary ammonium salt of dimethylaminoethy! acrylate.

It is a feature of the present invention that the high tan delta polymers also have
relatively high molecular weights as indicated by the high intrinsic viscosity values.
One way of preparing the water soluble polymer is by solution polymerisation of an
aqueous solution of the monomers. Generally the agueous monomer solution
should be between 20 and 40% concentration, preferably around 30 to 35%. The
monomer solution should also include a chain transfer agent, for instance sodium
hypophosphite. Care should be taken to use appropriate levels of chain transfer
agent in combination with appropriate polymerisation conditions. If two much chain
transfer agent is used the molecular weight of the polymer and thus intrinsic
viscosity will tend to be too low. If insufficient chain transfer agent is used it may

difficult to achieve the high tan delta values.

if sodium hypophosphite is used as the chain transfer agent, the amount can be
as much as 200 ppm by weight, but is preferably in the range 10 to 100 ppm by

weight, particularly 10 to 50 ppm. A suitable initiator system, for instance aqueous

ammeonium persulphate, sodium metabisulphite or tertiary butyl hydroperoxide,




the cationic polyners are copolyners of acrylam de with the nmethyl choride
quat ernary ammoni um salt of dinethylam noethyl acrylate. It is a feat WIJFAY%M
the present invention that the high tan delta pol yners al so have

relatively high nolecular weights as indicated by the high intrinsic
viscosity values. One way of preparing the water soluble polymer is by

sol ution polynerisation of an aqubbus solution of the nononers. Generally

t he agueous nonomer solution should be between 20 and 40% concentrati on,
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used it may difficult to achieve the high tan delta values. |If sodi um

hy pophos pleviated temperhtare, fordnstaace azoaostipourste such eiazabisisabuwenide. as
much as 200 ppm by weight, but is preferably in the range 10 to 100 ppm by
wei ght, particularly 10 to 50 ppm A suitable initiator system for
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woul d i ngliHdmqARYa poiviiap! € initiator conpound that releases radicals at an
el evated™tenpérature, for instance azo conpounds, such as
azobi si sobutyronitrile. Once the polynerisation is conplete and the pol yner
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t he substand hatdindshAurigdoPaispamiord BY Wanedinbyil emulsion polymerisation,
for example according to a process defined by EP-A-150933, EP-A-102760 or EP-

A-126528.

The following examples demonstrate the invention.




grinding to a powder. Alternatively the polyners are produced as beads by
suspensi on pol ynerisation or as a water-in-oil emulsion or dispersior NAf 2004
wat er-in-oil emulsion polynerisation, for exanple according to a process
defined by EP-A-1 50933, EP-A-1 02760 or EP- A-126528. The foll ow ng

exanpl es denonstrate the invention. 4 MAY 2004 13 Exanple 1 Preparation of
Pol ymer A An aqueous nonomer bl end 1@orrpri sing 21 parts by weight

di met hyl am noet hyl acrylate nmethyl chloride quaternary amoniumsalt, 79

parts by peigple acryl ami de 1750ppm by weight of nononer
di et hyl enetrram nepent aacetic acid, 3% by weight of nononmer adipic acid

and 50ppm by wei ght sodi um hypophosphite (chain transfer agent) was

prepared EE’P 190ti ar% é/}ﬁ' ght water. The aqueous nononer blend is
enul sifi wﬁﬂ&@ﬁ%@—%&m—é wei ght Exxsol D40 hydrocarbon Iiquid
contai ni nﬂn%@%b@@frh@ﬁ@ﬂenamlcﬁﬁﬁmsirb@s&cbam meieitht efmetrytanimoetnd 1. 25%

polymeric stabiliser EL 1599A (conmercially available from _  Unigem). An
anount of acrytate angtbyt shlotgel aupiaroxily RMMEBIP) safid’ 8 ParsRMWERbt 36 g are

each adde ow y at fficj A : . m ;
Ferper at ut Eoomrey WeBrE e ol HiERk R RSB i OB R wetgnt
nononer . gheRnbheerRrlipigRicicand 80pps BYWRlgi ¢cdiusnbypaphosdhienhain of t he
water fromthe dispersed phase and volatile solvent Is renoved by a

dehydr at i ansfes poeat)wasipisparedin 0@ patte dyverigel Welfife and reduced pressure.
Preparation of Polymers Bto C Polyners B and C are prepared as for Pol yner
A except using 0 and 20 ppm by

The aqueous monomer blend is emulsified into 100 parts by weight Exxsof D40
hydrocarbon liquid containing 2.4% sorbitan monooleate, based on weight of
monomer and 1.25% polymeric stabiliser EL 1599A (commercially available from

Unigema).

An amount of tertiarybutyl hydroperoxide (tBHP) and sodium metabisulphite are
each added slowly at a rate sufficient to provide a 2°C per minute temperature

rise, typically this is between 5 and 15ppm by weight of monomer.
Once the polymerisation is complete a substantial amount of the water from the
dispersed phase and volatile solvent is removed by a dehydration step carried out

at elevated temperature and reduced pressure.

Preparation of Polymers Bto C

Polymers B and C are prepared as for Polymer A except using 0 and 20 ppm by

weight sodium hypophosphite respectively.

Characterisation of Polymers Ato C

Rheological oscillation value of tan delta at 0.005Hz and intrinsic viscosity are
determined for polymers A to C. The rheological oscillation values are measured
on 2% agueous solutions using an AR 1000N Rheometer. Instrinsic Viscosity is

determined by preparing polymer solutions at various concentrations in 1N NaCl at

25°C according to the the industry standard method. The results are shown in




wei ght sodi um hypophosphite respectively. Characterisation of Polyners Ato
C Rheol ogical oscillation value of tan delta at 0.005Hz and intrinsici MAY 2004
viscosity are determned for polyners A to C. The Theol ogical oscillation
val ues are neasured on 2% aqueous sol utions using an AR 1000N Rheoneter.
Instrinsic Viscosity is determ ned by preparing polyner solutions at
various concentrations in 1 N NaCl 14t~ 25C according to the the industry
standard nmet hod. The results are shown in 4 MAY 2004 14 Table 1. Table |

Pol ymer ppragedi um tans at 0. 005HzI ntrinsic Viscosity hypophosphite(dl/Qg)
A501. 828.5 B00.9414.7 C201.2110.9 Exanple 2 First pass retention values are
determned in a series of tests on fine paper |aboratory stock using
polyners-ﬁ B1and C. For each test 0.2% solution of polymer is applied at
0.5, 0.75.20igh pound per ton to the stock. The stock is then subjected to
sheari ng mecp Gl [T PEHLY ap - of
activatecqﬁgﬂﬁgﬁite a?agﬁ%ggﬁ&of 2%B§%kgé pefpton.HkygggagE%P?Eiypass

retention (% resultshgpeptsisphiteas percentages in (Tabhe 2 and Figure 1.
Tabl e 2 [Pose{(poundsiper—ton)

oY

A 0 1.82 85
B 0 0.94 147
C 20 1.21 10.9
Example 2

First pass retention values are determined in a series of tests on fine paper
laboratory stock using polymers A, B and C. For each test 0.2% solution of
polymer is applied at 0.5, 0.75 and 1 pound per ton to the stock. The stock is then
subjected to shearing using a mechanical stirrer followed by applying a slurry of

activated bentonite at a dose of 4 pounds per ton.

Average first pass retention (%) results are shown as percentages in Table 2 and

Figure 1.
Table 2
Dose (pounds per ton)
Polymer 0.5 0.75 1.0
A 87.50 92.60 96.60
B 81.80 87.20 91.50
C 85.50 90.70 94.60

It can clearly be seen that polymers A and C with tan delta values of 1.82 and 1.21
respectively have improved first pass retention by comparison to polymer B with a

tan delta value of 0.94. Polymer A has the best first pass retention values.

Example 3
A range of polymers is prepared in an analogous process to Example 1, in which

three polymers were prepared using 0 ppm sodium hypophosphite chain transfer




Pol ynmer 0. 50. 751. 0 A87.5092. 6096. 60 B81.8087.2091. 50 C85.5090.7094.60 It can
clearly be seen that polyners A and Cwth tan delta val ues of 1.82 afQMAY 2004
1.21 respectively have inproved first pass retention by conparison to
polymer Bwith a tan delta value of 0.94. Polynmer A has the best first
pass retention values. Exanple 3 A range of polyners is prepared in an

anal ogous process to Exanple 1, in ich three polyners were prepared
using 0 ppm sodi um hypophosphite chain transfer 4 MAY 2004 15 agent, three
pol ymer s ugsist, tHre@ poinersi weresreppradsosing Oy sodaphitypoahdsphite awed

pol ymers were prepared using 50 ppn1sodiun1hyﬁgghosghite chain.transger
agent, Thiweapelymers weredysPareskusipg &8I Rrgn $8PIUs Y PPRRPSHD IR Fhalg trapafter
measur ed each. ~@?qh [ - j

pol ymer s %%%ﬂtH@%¥WB§%%ggégogﬁe'en??oﬁhégpgggggﬁgvégﬁg%ﬂéE%é. TﬁgQQVerage
resul ts fgactepelniroERamible2liy reentéd forahgi raage lof pelyroérssant the first pass
hypophosphite is shown in Table 3. Table 3 ppmAver ageAver ageAver age

Fi r st Aver ijention values aagetsrifeda hypo- I ntrinsi ct ans at PassPass

Ret enti onPass Retenti on phosphiteViscosity0.005HzRet enti on at aat a dose
of at a dose of 1 dose of 0.50.75 poundspound per ton pounds/tonper ton

013. 900. 92883 alBRHe/RR31ts For2ddsch §RLplAFhGHAR. 1B8084idén level of sodium
hypophosphite is shown in Table 3.

Table 3

ppm Average | Average | Average First | Average First Average First

Na hypo- | Intrinsic | tand at Pass Pass Retention | Pass Retention

phosphite | Viscosity | 0.005Hz | Retention at a | at a dose of at a dose of 1
dose of 0.5 0.75 pounds pound per ton
pounds/ton per ton

0 13.90 0.92 83.10 88.70 93.50

20 12.90 1.12 85.60 80.80 9430

50 10.50 1.40 87.40 92.70 95.60

It can clearly be seen that there is a trend to increasing retention values as the

level of chain transfer agent in the polymers increases. The polymers with higher

levels of chain transfer agent exhibit higher tan deltas.

Example 4

Example 3 was repeated but for a range of polymers prepared using 0, 50, 100

and 150ppm sodium hypophosphite. Average first pass retention values are

shown in table 4.




5010. 501. 4087. 4092. 7095.60 it can clearly be seen that there is a trend to
increasing retention values as the |level of chain transfer agent i MAyeN04
pol ymers increases. The polynmers with higher |evels of chain transfer
agent exhibit higher tan deltas. Exanple 4 Exanple 3 was repeated but for a
range of polynmers prepared using 0, 50, 100 and 150ppm sodi um
hypophosphite. Average first pass 'S ention values are shown in table 4. 4
MAY 2004 16 Tabl e 4 ppnAver ageAverage FirstAverage First Na

hypo- | nt rTsaislecfPassPass Retenti on phosphiteVi scosityRetention at aat a dose
of dose of 0.50.75 pounds pounds/tonper ton 016.980.787.8 5010. 685.491. 7
10011. 685. 690. 45 1508. 884.290.9 The results show that the pol yners prepared

in the pr f ;gﬁggﬁajﬂﬁif%h‘}ég%‘? Fi{r' my 1t show significantly

esSence—o1

kT 5T _age
i mpr oved |fAR8t pas < e %%%éééﬁi%sgep ared in the absence of
chain treqqéﬁg,pg.geuntriﬁsim\ P34 17 J aj pass Reténtiyrogess of maki ng paper or
paper bodrd conprising form ng a cellulpsic
phosphite | Viscosity | Retention at a | at a dose of
dose of 0.5 0.75 pounds
pounds/ton per ton
0 16.9 80.7 87.8
50 10.6 85.4 91.7
100 11.6 85.6 90.45
150 8.8 | 84.2 90.9

The resuits show that the polymers prepared in the presence of 50 to 150 ppm
chain transfer agent show significantly improved first pass retention over the

polymer prepared in the absence of chain transfer agent.




suspension, flocculating the suspension, nechanically shearing the
suspension and reflocculating the suspension, draining the suspensi G
screen to forma sheet 5 and then drying the sheet, wherein the susgﬁwg'%ﬁ
is flocculated by introducing a water-soluble polyner of intrinsic
viscosity above 3 dl/g into the suspension, characterised in that the

wat er - sol ubl e polymer is a cationic polyger that has been formed froma
wat er - sol ubl e nononmer or nononer bl end conprising at | east one 10 cationic
nononer, %PEFEIH said polymer exhibits a rheol ogical oscillation value of
tan delta . 005 Hz of above 1.1 (calculated on a 1.5% by wei ght aqueous
sol ution of tha ety )making paper bheamee|Hoal o sompsisimpedosniog a sellulosic

refl occul ated by introd fl | at
f T ocoul at PHEPaRIQs .ﬂgrpé’wIEﬁég[lﬁgiﬁt@a‘é?\%%mam#%ﬁap%%Ef%iﬁ%ﬁngﬂrﬂ5uaa»en91@w and
Si |1 ceous Jpfeefilaghg Y §@5de?13idh thnihgthe SfisehsioH OMiaGsciddr R £ihalte

conposi tion, aniontc pol ysaccharldes ani oni ¢ synthetic water-sol uble
pol ymeb andd ¢neysdrvirignthedsheghi onic nmicro particles, and wherein the

nmechani cal ,sheatr,i n | S ac fI |.@si
suspensi oNERFD Y B%%E%Pmﬁf@%%ﬁéﬁ@ggg& ec\ggfgpfs rao@ﬁ?eap@gHéﬂ'O?SI 0
screen anchtAndieRispusipy at?oveAB ﬂrf@mmheisl@svaﬂisrm to claim1 in which the

wat er - sol ubl e cationic exhi bits a rheol ogi cal osci {Pla\%' on val ue of

tan del taCB@fE’GtewﬁgdHi”ﬁt t'&%&(?éerlsinbl%@SW&Hré? &dabRNis POIWHEh PYRES Bqueous
sol ution ﬂ;rn{éﬁr&ﬁla\’ﬁ?@r soﬁJbIeA‘an%ﬁﬁe?%rWm@éﬂﬂeﬁ@c@u‘r@n@]n@ Alegdtan® 2 in

whi ch the water-soluble cationic 25 polynmer has an intrinsic vi sc05|ty of
aboveiad| bgtl(amd mprtoamerd wheeeiasaig. pognerexhibitswe sheaogicahescillagiopvaluadfat ed on

o Y RS oF515RYS, Al b L BRLIRE o 1 4 10 PR AR0r U ng o

any of cl i er-solu ynmer as a
i ntrinsi cgyiusionof the pblymer),east 6dl/g. 5. A process accordl ng to any of
claims | EN(I)'le?ellnrt]hg\gtlal?urIoélggu\évgérlesrlénsg;l reﬁocculated by introducing a flocculating
material in which the flocculating material is selected from the group consisting of
15  siliceous material which is in the form of an anionic microparticulate composition,
anionic polysaccharides, anionic synthetic water-soluble polymer and cross-linked
anionic micro particles,
and wherein the mechanical shearing is achieved by passing the flocculated
cellulosic suspension through one or more shear stages selected from a centri
20 screen and a fan pump.
2. A process according to claim 1 in which the water-soluble cationic polymer
exhibits a rheological oscillation value of tan delta at 0.005 Hz of above 1.2
(calculated on a 1.5% by weight aqueous solution of the polymer).
3. A process according to claim 1 or claim 2 in which the water-soluble cationic
25  polymer has an intrinsic viscosity of above 4dl/g and a tan delta at 0.005 Hz
between 1.3 and 2.0 (calculated on a 1.5% by weight aqueous solution of polymer).
4. A process according to any of claims 1 to 3 in which the water-soluble
cationic polymer as a intrinsic viscosity of at least 6dl/g.
5. A process according to any of claims 1 to 4 in which the water-soluble

30 monomer or monomer blend comprises at least one cationic monomer and further

comprises at least 2 ppm by weight of a chain transfer agent.




30 nonomer or nonomer bl end conprises at | east one cationic nonomer and
further conprises at least 2 ppmby weight of a chain transfer agen%] @ﬂﬂfn
MAY 2004 18 6. A process according to claim5 in which the chain tra W‘ ?
agent is present in an anount of between 5 and 200 ppm by weight. 7. A
process according to claim5 in which the chain transfer agent is present
in 5 an anount of between 10 to 50 ppm4y weight. 8. A process according
to any of claims 1 to 7 in which the flocculating nmaterial is siliceous
material which is selected fromthe group consisting of silica based
particles, silica mcrogels, colloidal silica, silica sols, silica gels,

pol ysi |l i c# es, A plocassacsirdingabetaimp®inyahichitneshaindensfer dgenbis priesantds,

pol yborosilicates, zeolites an 0 clays.. 9. A process according to any of
clainms 1 8 WPH“WMW?% f4 S%Qﬂl%wr#’gfy‘%%{sﬁh al is siliceous material

whi ch is g wat g p@ieks abtGdflgAs aMes tredhichRe thaindrameRer ReMSisspiesantah
hectorite, smectites, nontnorillonites, nontronites, saponite, sauconite,

hor i t &s, aatampuntepfteeiwaer 184pidBIAPMebY WEIBMO. A process according to any of
claim 110 7 IAoHIECD 2 D5alA6 Gith A cRAmTP €17 M wihich tRONIBEMRNy Mflidagt | C
yIer WA ch s c sol u

wat er - sol ubl e po an-“ani oni ¢ branched water - e pol yner
t hat has heeiicéaigmatdriamhict iersesmitebfremehbygreup candistingfatilinadvased ani oni ¢

i mt 1 nEPEIRS UG KRS SPIGRPLS i S cp el 3 O gobBE BB above
0.7 20 (cahsHindt 86k418s, PolydntnPusiveaes! baedmenesspblyboresiliehtesheedlivdy amd ) .
10 clays.
9. A process according to any of claims 1 to 8 in which the flocculating material
is siliceous material which is a water swellable clay selected from the group
consisting of hectorite, smectites, montmorillonites, nontronites, saponite,
sauconite, hormites, attapulgites and sepiolites.
15 10. A process according to any of claims 1 to 7 in which the flocculating material
is an anionic synthetic water-soluble polymer which is an anionic branched water-
soluble polymer that has been formed from water-soluble ethylenicaily unsaturated
anionic monomer or monomer blend and branching agent and wherein the polymer
has an intrinsic viscosity above 4 dl/g and a tan delta at 0.005 Hz of above 0.7

20 (calculated on a 1.5% by weight aqueous solution of the polymer).




