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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 pilaced 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 refocculating 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.
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mechanically degrading the fiocs 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
osciltation 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 cotresponding 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.

However, there still exists a need to further enhance paper making processes by
further improving drainage, retention and formation. Furthermore there also exists



3 the need for providing a nore effective floccul ation system for mnaking

hi ghly filg.&gisspgprer. According to the present inventionperereess i s
provi-ded for meking paper or paper board conprising formng a cellulosic
suspension, flocculating the suspension, draining the suspension on a
screen to forma sheet and then dryi g the sheet, characterised in that the
suspension is flocculated using a floccul ati on system conprising a
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(b) rheological oscillation value of tan delta at 0.005Hz of above 0.7 and/or

(c) deionised SLV viscosity number which is at least three times the salted
SLV viscosity number of the corresponding unbranched polymer made in the

absence of branching agent.

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

absence of the anionic branched polymer.

The swellable clays may for instance 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, montmorillonites, nontronites,
saponite, sauconite, hormites, attapuligites and sepiolites. Typical anionic swelling
clays are described in EP-A-235893 and EP-A-335575.



Cl ays are described in EP-A-235893 and EP- A-335575. WD 01/ 34908

PCT/ EP0011082.9_ 31 Most preferably the clay is a bentonitg, fhey- The
bentonite BE%r ovided as an 'alkali netal bentoni te entonl tes occur
naturally either as alkaline bentonites, such as sodium bentonite or as
the alkaline earth netal salt, usualiy the calciumor nmagnesium salt.
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nononer and amount of branching agent for instance as described in
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a high solids flowable slurry usually the slurry is diluted to an appropriate

concentration. In some instances the high solids flowable slutry of bentonite may

be applied directly to the paper making stock.

The anionic branched polymer is formed from a water soluble monomer biend
comptising 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 will be formed from a blend of 5 to 100%
by wefght anionic water soluble monomer and 0 to 85% 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 atkali metal or ammonium salts thereof. The non-ionic
monomer is preferably selected from the group consisting of acrylamide,
methacrylamide, N-vinyl pyrrolidone and hydroxyethyl acrylate.

A particularly preferred monomer blend comprises acrylamide and sodium

acrylate.



nmononer is preferably selected fromthe group consisting of acrylam de,
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the r ang@e&grah? snﬁge 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 substa_nce,
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
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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,
Thetefore low frequency (e.g. 0.005Hz) measurements are used to characterise

the polymer properties in the aqueous environment.

The anionic branched polymers should have a tan delta value at 0.005Hz of above
0.7. Preferred anionic branched polymers have a tan delta value of 0.8 at
0.005Hz. Preferably the intrinsic viscosity is at least 2 dl/g, for instance at least 4
dlfg, in particular at least 5 or 6 difg. 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 difg, especially 8 to 10 di/g.
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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-no/mo, where n and 7, 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

bg Pol ymer properties in the aqueous envi he
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unbranched pol yner. The salted SLV viscosity nunber is usually below 1. The
dei oni sed SLV viscosity nunber is often at least five tines, and preferably
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clay are added to the cqllulosic suspensi on, whi ch suspension has
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 o 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.



been pre-treated with a cationic material. The cationic pre- treatrrent may

be by in Bg%ﬁgd ng cationic materials into the suspensk,grll W poi nt
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prior to the tion of the anionic branched pol ynmer an e cl ay.
Thus the cationic treatnment may be i mredi ately before adding the anionic
branched pol ymer and swell able clayw 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
t he anionic branched polyner or swellable clay are added. It may be
desi r abl dhecatidrictrhatecial map\be'ammtzdr of eétioric species sudteas waterng, screeni ng
or cleanlnﬁm%h es.and in ne |nstances before. the,sto %ﬁ suspension is
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cati oni c specles such as water e catlionic ani c yners, or

i nor gani enatatialsitbatcoagulataer ﬂmmlate thel cellulosiafibres anﬂ @uthere:onmanemsu ofm

chl ori de tn%ﬁrat e and aI um nochl oro hydrate. The water sol uble cationic
organic ;5}6 f§ '?‘rﬁ‘;’s%@ % ur al pol ymers, such as cationic starch or
synthetic cationic polyners. Particularly preferred are cationic materials
t hat coag’tjl ate or floccul a e t he cel Iﬁgosl c fibres_and ot her conponents of

the cel | Bicserding tpsangiberpretetredashestofthe invantign the Hecqulationsystem  of t he
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conmponents. I's preferred system enploys a water sol uble branched
ani oni ¢ ;mmmm a wﬁm salule beranohed gaionic pelyser, smeélablsmlay andhat least

fl occul aQ{r/‘/ ca%ggngpﬁocc‘ﬂk‘% ? lb&nal fl occul ant/coagul ant conponent is
a prior to el

pr ef er abl the swel |l able clay or anionic branched
pol yner. Typically the additional flocculant 1is a natural or synthetic

pol ymer Ofrh tcpde tlong?hgééu?almtfé%gg&laﬁt ggmﬁ:oanue?’l't @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 cationic
or potentially cationic functionality. For instance the cationic polymer may
comprise free amine groups which become cationic once introduced into a
cellulosic suspension with a sufficiently low pH so as to protonate free amine
groups. Preférably 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




fl occul ati on/ coagul ati on of the fibres and other conponents of the

cel lul osi c wepsAGGRSi on. The additional floccul ant/coagul ggtErayiclR 2
cationic, non-tonic, anionic or anphoteric natural or synthetic polyner.

It may be a natural polyner such as natural starch, cationic starch
ani onic starch or anphoteric starch.i0 Alternatively it may be any water
sol ubl e synthetic polyner which preferably exhibits ionic character. The
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pre-treatnent is also the additional floccul ant/coagulant. Thus this
preferred WO OL1/ L4908 PCTI EPOO/ 10820 10 process conprises adding a
cati oni ¢ fTheeatiorinfiocedant/congulant is kesicalily awadercsolshie pelysieswhigh mey one or
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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 59/100cc. 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 di/g, for instance as high as 16 or
18 dl/g, but usually in the range 7 or 8 to 14 or 15 dl/g.

Particutarly preferred cationic polymers include copolymers of methyt chloride
quaternary ammonium salts of dimethylaminoethy! acrylate or methacryiate. The
water soluble cationic polymer may be a polymer with a rheological oscillation
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di am ne  qy@omdadoscPi hal ohydrin, epichiorohydrin being preaépiepifiostr ef erably
the cationic flocculant/coagutantt is a polyner that has been formed from

a water soluble ethylenically unsaturated cationic nonomer or bl end of
mononers wherein at | east one of th&1nononers in the blend is cationic or
potentially cationic. By water soluble we nean that the nmonomer has a
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have an intrinsic viscosity of at least 3 dl/g, for instance as high as 16
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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 ieast
one cationic monomer, at least 10 molar ppm of a chain transfer agent.and below
20 molar ppm of a branching agent. Preferably the branched water soluble
cationic polymer has a 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 19 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




Typically the amounts of chain transfer agent are in the range 10 to 50 ppm
by wei ght he. ain transfer agent nay be any suitable

subst ance, W‘g&%‘%ﬁst ance sodi um hypophosphite, 2-mercapt og:?%mr'loﬁ mal i c
acid or thioglycolic acid. Branched polyners conprising chain transfer

agent may be prepared using higher 4pevels of branching agent, for instance
up to 100 or 200 ppm by weight, provided that the anounts of chain
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polymerisation results in aqueous polynmer gels which can cut dried and
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wel ght Ofweight based on weight of dry suspension, aithough 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 is in
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 theh 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



suspensi on. Preferabl y the cationic polyner is added in an anount of at

| east 50 yeight for instance 100 to 2000ppm by wep@iikpooibae cal |y the
pol yrer oS nay be 150ppm to 600ppm by wei ght, especially between 200 and
400ppm  Typically the anmpbunt of anionic branched pol ynmer may be at | east
20ppm by wei ght based on wei ght oft3dry suspension, although preferably is
at | east 50ppm by weight, particularly between 100 and 1000ppm by wei ght.
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t he suspension occurs. The nechanical_ shearing step desirably acts upon the
f1 occul ane@chuetpéhgls@weworbmtadmpmas to degrade the flocs. Al of the
conponents of the flocculating . systemnmay be added prior to a shear
stage al though preferably at |east the. last conponent of the flocculating
syst em i Aceutding to @ more prefertedionm of thepisvention the watepselubleigationle process
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mechanically sheared. The swellable clay and the water-soluble branched amoniq
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 foliowed 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 through one or
more shear stages. The second component of the flocculation system may be
added to re-flocculate the suspension, which re-flocculated suspension may then
be subjected to further mechanical shearing. The sheared reflocculated
suspension may also be further flocculated by addition of a third component of the
flocculation system. In the case where the addition of the components of the
flocculation system is separated by shear stages it is preferred that the branched .
anionic polymer is the last component to be added.
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flocs are nechanically degraded and then at |east one conponent of the
flocculating 'systemis added to refd occul ate the suspension prior to
draining. According to a nore preferred formof the invention the
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conponent of the flocculation system In the case where the addition of

t he conpo | | stages it
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or In particular precipitated calcium carbonate, or it ¥nay be p?éferred fo 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
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 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.



introduced into the cellulosic suspension after the |ast shear stage prior -
to drai Mygdskdast his formof the invention the water-saciigmosissgched
polymer may be the first conponent followed by either the cationic polyner
(if included) and then the swellable clay. However, other orders of .
addition may al so be used. In one pPeferred formof the invention we
provi de a process of preparing paper froma cellulosic stock suspension
conprising filler. The filler may be any ‘traditionally used filler
materials. For instance the filler may be clay such as kaolin, or the
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stock conprising substantial quantities of filter are nore difficult to
flocculate. This is particularly true of fillers of very fine particle

Si ze, sUthe following examiples ithabtexte theinvestiononat e. Thus according to a
preferred aspect of the present invention we provide a process for making
filled paper. The paper making stock may conprise any suitable anmount of
filler. Generally the cellulosic suspension conprises at |east 5% by
weight filter material. Typically the anobunt of filler is up to 40%
preferably between 10% and 40% filler. 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 nmaking
-filled paper or paper board wherein we first provide a cellulosic
suspensi on conprising filler and in which the suspension solids are
flocculated by introducing into the suspension a floccul ating system
conprising an swellable clay and water-soluble anionic branched pol yner as
defined herein. WO 01/34908 PCT/ EPO0/ 10820 15 In an alternative form of
the invention formwe provide a process of preparing paper or paperboard
-froma cellulosic stock suspension which is substantially free of filler.



The follow ng exanples illustrate the invention. WO01/ 34908 PCT/ EPOO' | 0820
16 Exanpl ewo‘flmar ative) The drainage properties are depp/ipbongsousi ng
Schopper-Ri egl'er apparatus, with the rear exit bl ocked so the drai nage

wat er exits through the front opening. The <cellulosic stock used is a

50/ 50 bl eached birch/ bl eached pine gsi@spensi on containing 40% by wei ght (on
total solids) precipitated cal ciumcarbonate. The stock suspension is
beaten toggq feeip rafive)( Schopper Riegler nmethod) before the addition
of filler: g per tonne n total solids) cationic starch (0.045 DS) is
added to iThe dtaippge praperties are sieteyminedaising-Seheppetfieglerapparatys, with or| de

it nai o L ek iR a8'ne §liRbg Wil ASHRLoR e dlidpefiren o ctocl ©

and then aéldosic btoekiusgd iwselsocu{eamwgnrah/bmhe@ melsuspengie a branched
wat er sol ubl e ani on| (o} co%g nme am de wt sodi. um acﬂ%l ate (65/35)
(wt./wt.) caniiping 4 héﬁn tﬂta{s'fghﬂ eslpgat&ércelcm garhgnate. Ihej nsi ¢

Vi scosity f | [ 4 R, I t

0 ooory Sk sﬁ*?%}%%}ﬁ'stm'f% FieerSE of 561 {Ropper Riellor Bl 1
seconds f the adxlition obflier. |ﬂk’grmr tonne (an dotal s@dm@n@cstwchdo \Uf-‘é rDaS')tlS doses of

T “Tabl ¢ POBFBHLEEESPRS I 550’ S00 750 1000 0 108 81 18 15 1. Product. A
250 98 27 12 9 11 (g/t) 500 96 26 10 12 9 750 103 18 9 8 8 1000 109 18 9
88 2000 1t:205pc:~Fymer of acrylamlde with methyl chloride quaternary ammonium salt of
dimethylaminoethyl acrylate (76/25 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 difg 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 600ml

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

ol 108 31 18 15 15
Product A 250 98 27 12 9 11
(g/t} 500 96 26 10 12 9
750 103 18 9 8 8
1000{ 109 18 9 8 8
2000] 125 20 9 7 3

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.



Exanpl e 2 The drainage tests of Exanple | is repeated for a dose of 500g/t -
product A wod1s4e991t product B except that a bentonite igeridbhdde after
the shearing but inmediately prior to the addition of Product B. The

drai nage times are shown in Table 2. WD 01/ 34908 PCT/ EPOO/ 10820 17 Tabl e-
2 Bentonite dosage drainage tine (s)I7t 0 26 125 19 . 250 12 500 9 750
8 1000 7 As can be seen even a dose of 125 g/t bentonite substantially

i mproves THbie gage. Exanple 3 (conparative) Standard sheets of paper are

pr oduced ¢ suspension of Exanple 1 and by first

m xi ng t ict Ainto the stock at a given dose and
t hen she t+fien m xing in product B at.a given dose,
The floc +6 S rkd onto a fine nesh to forma sheet

which is -ed—at 8065 kpurs. The formation of the paper sheets
IS detezninedsm:ing Hhe SQ%.nek—kaasurenent System devel oped by PIRA

I nternati —the—standard—devi-atd on (SD) of grey values is cal culated for
each i mhge—IrE{forn tienr%%!uﬂs or each dose of product A and product B
I's shownl Lower—valuest indicate better results. Table 3 Product

B (g/t)
5 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 60 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 resuits.

Table 3
ProductB  (g/t)
0 250 500 750 1000
0 6.84 8.78 | 11.54 14.34 17.96
Product A 250 7.87 10.48 14.45 16.53 19.91
(gft) 500 8.80 10.88 16.69 20.30 23.04
750 9.23 11.61 16.70 22.22 18.94
1000 9.49 13.61 19.29 21.94 24.74
2000 9.54 16.51 22.01 28.00 29.85




0 '250 500 750 1000 O 6.84 8.78 11.54 14.34 17.96 Product A 250 7.87 10.48
14. 45 16. 53wdP184004 9/ t) 500 8.80 10.88 16.69 20.30 23. 04 pchBpddndsio 11. 61
16.70 22.22 19.94 1000 9.49 13.61 19.29 21.94 24.74 2000 9.54 16.51 22.01
28. 00 29.85 WO 01/ 34909 PCT/ EPOQO 10820 18 Exanple 4 Exanple 3 is repeated
except using doses of 500 glt producti8A and a dose of 250 g/t product B
and 125, 250, 500, 750 and 1000 glt of bentonite applied after the

sheari ng bE;(aﬂnmg'_,qui ately prior to the addition of :Product B. The respective
formati on values Tor each dose of bentonite are shown in Table 4. Table 4

bent oni t e E¥amgle Fisriepeated except usinosdpsesof 594 giterogunt Ajandia dospof 2%0 44 750
17.17 100 hEAN | | gl ent

dr ai nage rglstéf?cgﬂct §em)ns r,g?ggﬁg?@ﬁ@ #@gﬁéﬂﬁeﬁﬁ%ﬁgﬁﬁt@% %ﬁ?’:%gl ng

cati oni ¢ pshgaring, bidémmediaialy pridr tolthe adtitidn af\ Pooduct BaThe resplestivee pol yner
provi des i pgproved formation Qr .instance from Ex le,2 a dose of 500g/t
pol ymer A, @gﬁéﬂ’ Vﬁ'b‘?? realghéﬁ e 0{55@8"?3 B&?ﬁ'&ﬂwf} '@a@&/f‘des a drainage tine
of 7 seconds. From Table 4 it can be seen the equival ent doses of product
A, bentonite and product B gives a formation

Table 4
Bentonite dosage Formation
(a/t)

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 polymer B and
1000g/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.



val ue of 17.61. From Exanple 1 a dose of 2000g/t product A and 750 g/t

pr oduct ' absence of bentonite provides a draina ' 7
seconds. I%Y%&Afgﬁl e 3 the equival ent doses of product Aggwgi’@‘ﬁgﬁict B
provides a formation value of 28.00. Thus for equival ent high drai nage the

invention inproves formation by nofyg than 37% Even for equival ent higher
drai nage val ues, for instance 10 seconds, the inprovenents in formation

can still_be observed. Thus it can be seen fromthe exanples that using a
floccul aé—ﬁ@%ﬁ@w _ PR ¥ing cationic polyner, bentonite and branched

ani oni ¢ ykkgbtehtibh Propeitiey SR detePvihed By tHestahtiadl BymaeR Bittudret t er
formati on than cationic polyner- and branched anionic_water sol uble polyner

in the afRetheds en thastosk suspengionnf/exaople bwheprising afooculatingsysteme 5
g ! PEY b _ 3

ynan ¢ GolRHsibg oatiBhE HohRReftFARRIC 1 and stbrafoid ariafic Bt (PRAlRd e,

a fl occulBtn the abseneenof bentonitei The thencutating systeyiisrappiied duthie semandya

b hed | onj I - t in_th b f, bentonite.. Th

{1 occur ey SyimBiha Ie hfe Biton flreSal e 58 bpsEhiaBeR i 1ab i of a

retention figures are shown as percentages in Table 5 Table 5 Product B
(g/t) 0 250 500 750 1000 O 63.50 84.17 90.48 94.44 96.35 Product A 125

33.58 731aklexy 66 92.27 94.59 (9/t) 250 34.72 81.20 92.12 97.15 98.10 500
45.24 9692 99, 16 96, 63 99| 76__Exami G R EYAMYe 5 s ropeated excedt using
as the floccul ati on systen] 2509/t dati280 c 500 750 1000
0 63.50 84.17 80.48 94.44 96.35
Product A 125 | 33.58 73.44 87.66 92.27 94.59
(g/t) 250 - 34.72 81.20 92.12 97.15 98.10
500 _ 37.43 84.77 94.86 97.65 98.58
1000 36.01 84.68 94._9-j1' 97.16 99.19
2000 | 45.24 96.92 99..1 6 99.63 99.76

Example 6 , _
Example 5 is repeated except usirig as the flocculation system 250gft cationic

polymer (Product A), 259 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




pol ymer (Product A), 250 g/t branched anionic polyner (Product B) and 125

to 1000 ghkolgpsdeggite. The flocculating systemis appli escigedbiidgeeane way
as for Exanple 4. The total retention figures are shown in Table 6. Table

6 Dosage Retention (% bentonite /t 0 81.20 125 85.46 250 86.78 500
89.65 750 90.71 1000 91.92 WO 01/32008 PCT/ EPO0/ 10820 20 Fromthe
results shown ih Table 5, a dose of 25091t catibntc pol ynmer (Product A,
250 g/t brppehad RBLBNSKowWPHYTEle 6,74 884 5f IH0gH 4R Brit PoRMierqPraducBA), 20. By

i ntroduci ng 1000 g/t of bentonite the retention is increased to 91.92. In
order to g/ébéar@aed\aafmmm@hﬁﬂr@wqtB)gwsa@t@amatﬁ? BeBvnite a dose

of 1220 91 oy 1060 8% BRI o Aflibn & hErda8its 8 saRprbeY D 2l nage

and turbidl usin suspension conprising a
80/ 20 har mmvs@qmvm retenion Bﬂ%elnbskme qn‘rhmﬁqmlﬂeaa dosecafl 2509t Produehat e

(40% base f stock), The cellulosic suspension is diluted
with cl earg ar\a %’ﬂﬁf‘ﬁﬂ}&t AU hcentration of 0.9% Test | (conparative)
6kg/t of a cationic starch is mxed thoroughly with a 1000m sanple of the

stock suspension. After 30 seconds 400 g/t of a copolynmer of acrylam de
and net hy| Examplers de quaternary amoni um salt of di net hyl ani noet hyl

acrylate (S%Irﬂlﬁ eﬂ{ u{rtﬂzei@ g?efeﬁﬂmce%f)@érﬁg}’ a 2BRYEsid Quidhsion BriGdind 4 0 the

stock and a
80720 hardwood/softwood puip, 30% broke, precipitated calcium carbonate (40%

based on dry weight of stock), The cellulosic suspension is diluted with clear
filtrate to a fibre concentration of 0.9%.

Test 1 (comparative)
6kg/t of a cationic starch is mixed thoroughly with a 1000ml 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 750mil to drain and turbidity of the filtrate is measured.

Jests 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 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 to the
stock suspension after the bentonite.



seconds 2 kg/t bentonite is mxed into the suspension. Stirring of the
stock suapdigssed IS maintained at 1500 rpm t hr oughout tepa/Erdehes2eon of the
treatment chemicals. The treated stock suspension is inverted in a beaker
6 tines and then transferred to a _SR tester with the rear backwater exit -
seal ed and drainage tinme for 750n€% o drain and turbi dity of the filtrate
I's neasured. Tests 2 Test | is repeated except only 1kg/t of bentonite is
appl i ed $estP25g/t of a water sol uble branched anionic copol yner of

| am i 1 h ' te.(65/3 wtf ot ] i ght
ot byt enioB s epoRe BB ng keionic pavies isplired Y 4qhoR £ ERONE | ogi cal
osci | | at bmbr¥|ahﬁue with hesthyl %I@idétqlﬁt&ﬂéizzarﬁrfnoﬂiu% &4t 8figiRtbthflaiii® St ock
suspension after the bentonite, W 01/34908 PCT/EPO0Q/ 10820 "~ 21 Test 3 Test

t
2 is repeyerendateld/dhwut. iy ioh intnsie Visresityjabove .5 8¥g apg rheplegicala copol ymer
of acryl g&p:;eaiaW i t ary anmmoni um salt of _
di net hyl gé’n%“%lpwg?%ﬁ@ta%%{y?g%EP?%??%%ﬁglzv}w .) of intrinsic viscosity above
8.5 dUg and Theol ogical oscillation value of tan delta at 0.005Hz of 1.82.
Test 4 T.?gétf i s repeated except the order of addition of the bentonite and
branche onic polymer is reversed. The drainage and turbidity
measur enFests3 isrrepedtedexceptitid bedef.of additibe of thEciséntohite and Brarchedur bi dity FNU
1 19 95 2 22 60, 3 20 41 4, 19 39 FNU stands for Formazi ne Nephel onetric
Uni ts whPRIRNIGROMERIS reyersed-pi ity .

The drainage and turbidity measurements are shown in table 7.

Table 7

Test | Drainage (s) Turbidity FNU
1 19 95

2 22 60

3 120 - 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 filtrate. 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
coatedfuncoated broke. The cellulosic suspension is diluted with clear filtrate to a
fibre concentration of 0.8%.




THe results clearly show that the use of the branched anionic pol yner

i nproves t L di of the filtrate. Reduced turbidity isré‘r{ﬂﬁﬁﬁhﬂi@ of
i mproved fi elflgéa*ﬁ% fines retention. Exanple 8 Drainage and turbidity is

determ ned using a cellul osic suspension conprising 70 parts by weight of
a 70/ 30 TMP/ sof twood pul p, 30 parts 22 weight of a 80/20 coatedl uncoated
broke. The cellulosic suspension is diluted with clear filtrate to a fibre

concentr at gk ﬁcoﬁ}%%ﬁ;;% 01/ 34908 PCT/ EPOQ 10820 22 Test 1 (conparative)
2kg/t of a h (DS 0.042) is m xed thoroughly with a 1000m

sanpl e of Z2kgiboka ocationitsiarets(0iHh 0.04R) isrmised theroughly widlo agiQ0001 samplspefl yner  of

acryl am de_an met hyl _chl QLI uat er a nium sal t._of .

i ot ny| antRoReR, RushEnsod: AetS SeindsBp G T Ap bl ot aByiamigsando i) g
i's mxed i Aiethyl BRlofitie Quatnthrgiandhofiter sait@ ditnethiyhshivibeting Acr/kaB (BO40e i s

m xed into the suspension, Stirring of the stoc suspensji on i S nai ntained

at 1500 1 pAf IHINslsMicRRsty AROVRIAP g s rBbed o thesioRk AP BRREMOERUSE Th
treated st t'réé gﬁ@gﬂéﬁ@ﬁﬂé B d\ﬁ.}é&{ifi}t& thd &s%eh%ﬁ%ﬁrﬁn% ofRe &Bck t hen

transferre tester w e rear backwater exit sealed and drainage
time for gospehsion idmdintained at 1600 apmphrotighdud the additior of therteeatmentd. Test 2

Test 1 is ted 0 d. 450 g/t . of I b branched
ani oni c coﬁﬁ?@ﬁgg gség%géﬁdé%g%g\?ﬁ%ﬁg%éﬁ 'Uﬁag%dr @'I aa?%*%%%ﬂé% %nvd &'F\';'\/t .) with
6 ppm by weh¢fbiredtd b\SFRetestdriviithethe Yéarbadkwatler exit séaled andidssinage ime. 5 di/ g
and r heol ogi cal osgi | 1ation val uF of tan delta at 0.005Hz of 0.9 is added
after the BE408mt tedraimand;fubidiy af theditrate is MeaSH™BEsul ts are shown in Table
9 Table 9 Branched Anionic Drainage time (s) Turbidity dose (g/t) (FNU)

Test2

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
osciliation value of tan delta at 0.005Hz of 0.9 is added after the bentonite.

The drainage and turbidity resuits are shown in Table 9

Table 8
Branched Anionic | Drainage time (s) Turbidity
dose {(g/t) (FNU)
0 47 132
125 31 80
250 24 70
450 18 60

The resuilts show that the addition of anionic branched polymer improves both the
drainage time and also turbidity.



0 47 132 125 31 90 250 24 70 450 18 60 The results show that the

addi tion i ¢ branched pol yner inproves both the i me and
al so turb?ﬁ)ty ﬂ6[)01/34908 PCT/ EPOQ' 10820 23 Test 3 Tegéﬁ% |sﬁ?gpeated
except that a constant dose of 250 glt of the branched polynmer and 0.5,
1.0, 1.5 and 2.0 kg/t of bentonite23s used. The drainage and turbidity
results for the tests are shown in Table 10. Table 10 Bentonite Drai nage
time (s) Turbidity (FNU) dose (kglt) 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 pol yner

i nprovesl@&tBi nage and turbidity even when a reduced Ievel of bentoni teis
used. T - ta O5HRLHR / ni
pol ymer h.g?ves Sl m* gééeaf’t?gétea resItJ &ggﬁgggggﬁﬁgﬁ p %"Weﬁ to the

equi val eard bptHsd. &am&@.@l&gﬂof@bm’t&lsasedd no br anched anl oni ¢ pol yner.
WO 01/ 34909 PCr/EPO0/ 10820 24 Clains 1. A process of making paper or
paper board conprising fornming a cellulosic suspension, flocculating the

suspensiTHe didirtige! a1l fuRsidiy FRBNRS fMhé ests &R Sifiwrl i 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

kgft 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.




forma sheet and then drying the sheet, characterised in that the

suspensi on o{é@g’cul ated using a floccul ati on system coOpE¥kEs0AG2E
swel | abl e cl'ay and an ani oni ¢ branched water sol uble polymer that has been

formed fromwater soluble ethylenically unsaturated anionic nononer or
nonomer bl end and branching agent an@4wherein the polyner has (a) intrinsic
vi scosity above 1.5d1l/g and/or saline Brookfield viscosity of above about
2.0 nPa.s apfingb) rheol ogical oscill ation value of tan delta at 0.005Hz of
above 0. 7 r (c) deionised SLV viscosity nunber which is at | east
three tines. t hoA paodaease of making panpes Pt papritsard esmpriting Krpinga caliiesic

unbranched al

accordi ng B paﬁgﬁﬁh Wlé\}\ﬂpcﬁ?ﬁ@?&@ﬁ?gﬁ%@ﬁ%ﬁs@ggﬁﬁ%E)‘r?l %cgeeﬁ*{ %gcglszy
3. I A {orgc]?fdimaat:ﬁlweiiaugtbmdwmbsheetl aim2 in which the swellable clay is
sel ecte romthe t '

nont nori | | Btr"ﬁrﬁﬁ'%e"s Ouﬁﬁgﬁgtsﬁlé’gple %ﬁlf{ggculé){gg g(gﬁ&th%b%%pesg’steﬂt apul gi tes

and sepi ol pb@srisif a%ﬁéllﬁﬁ@%%ﬁ&?@éﬁhﬁﬁnk%rﬁﬁbhe@%t@fscﬂhﬁembrymérﬂhﬁ in which
t he ani onic ran ymer has an intrinsic viscosjity above 4dl/g and

tan delta has beammﬂzxedéforamwuble gthylanisatic wrsatyratad aliagicrPNaRe e of

clains 1t f n systemare
i nt roducedﬁ"oﬁf’h’%{#&%ﬁ&ﬁom C @gggg%gﬁo%hégﬁJ&%?B%éwag . A process
according to anfg) dmﬂnsn& vistasitysabbve d.581/g randfur shlinehBraokeldatisoosity ofy i s

!ntroducepl nto th s¢:g1$en5|8é1 and then the anionic branched pol yner is
i ncl uded i f A process according to any one of clains |

to 5 in whi ch t (b9 riRdBIeGIEA osElaaeiud el tafRieith it 01005k f @iole DY Aritdor
suspensi on and en the swellable clay is_ . included n t he SHSBGRSIOH

process accor di {¢ydeionised Laevisgosity aurber whighss ?ﬁleﬁ/ﬁ‘i Feq ¥raes eflts of
the flocculpi/ Ao hGMbar 6 the ChREYSSHirg Hrbrafheadiythesinadé iphensi on

absence of branching agent.

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, montmorillonites,

nontronites, saponite, sauconite, hormites, attapulgites and sepiolites.

4, A process according to any one of claims 1 to 3 in which the anionic

branched polymer has an intrinsic viscosity above 4dl/g and tan delta at 0.005Hz

of above 0.7.

5. A process according to any one of claims 1 to 4 in which the components of

the flocculation system are introduced into the cellulosic suspension sequentially.

6. A process according to any one of claims 1 to 5 in which the swellable clay

is introduced into the suspension and then the anionic branched polymer is

included in the suspension.

7. A process according to any one of claims 1 to 5 in which the anionic

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

included in the suspension.

8. A process according to any one of claims 1 to 4 in which the components of
~ the flocculation system are introduced into the celiulosic suspension

I

A



~Cc ~ ~ s WO 01/ 34908 PCT/ EPOO/ 10820 25 sinultaneously. 9. A process
accor di ng woorsspoone of claims 1 to 8 in which the cell ulpegiepoopepensi on
is pre-treated by inclusion of a cationic material into the suspension or
conponent thereof prior to introducing the anionic branched pol ynmer and .
swel | abl e clay. 10. A process accor€f ng to claim9 in which the cationic
material is selected .. fromwater soluble cationic organic. polyners, or

i nor gani simultapepusly. such as alum  pol yal uni ni um chloride, alum nium

hl deat hl di t
any one 81 ol AFrRbeps o\ AiRCerH RLOHsCL i i Woich b BelaS: 11 onal Ty
conpr i sesuspensiohsis pre-treatédi By inslakiohl c¥acsitivnic/ mawRaHl lﬁfbtthejs%s péndIBPBESS

accordi n to cl ai 11 in which the floccul ant/coagul a i's a wat er sol uble
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A process according to any one of claim 10 or claim 12 in which the

cationic polymer is formed from a water soluble ethylenically unsaturated
monomer or water soluble blend of ethylenically unsaturated monomers
comprising at least one cationic monomer. ,
14. A process according to claim 10, clairﬁ 12 or claim 13 in which the cationic
polymer is a branched cationic polymer which has an intrinsic viscosity above
3dl/g and exhibits a rheological oscillation value of tan delta at 0.005Hz of above
0.7.

15. A process according to claim 10 or any of claims 12 to 14 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.

16. A process according to any one of claims 1 to 15 in which the suspension is
subjected to mechanical shear following the addition of at least one of the
components of the flocculating system.

17. A process according to any one of claims 1 to 16 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.

18. A process according to claim 17 in which the cellulosic suspension is
reflocculated by introducing the swellable clay and then the anionic branched
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17. A process according to any one of claims 1 to 16 in which the

suspensi onweoysiwoest floccul ated by introducing the cati pergppoyner,
optionally subjecting the suspension to nechanical shear and then

refloccul ati ng the suspension by introducing the anionic branched pol yner
and swel |l able clay. 18. A process adfording to claim17 in which the

cel lul osic suspension is refloccul ated by i ntroduci ng the swel |l able clay
and then whageraidhiie polyfrepched iItIIIiIIIi "ITHiridilr. S WO 01/ 3490%
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22. A process according to claim 20 or claim 21 in which the filler material is
selected from precipitated calcium carbonate, ground calcium carbonate, clay
(especially kaolin) and titanium dioxide.

23. A process according to any one of claims 1 to 22 in which the cellulosic
suspension is substantially free of filler. '
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