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provide increased drainage. However, it is known that increaéing 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 reflocculatirig 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 flocs and then reflocculating the suspension by adding
a solution of a second anionic polymeric retention aid. The anionic polymeric
retention aid is a branched polymer which is characterised by having a rheological
oscillation value of tan delta at 0.005Hz of above 0.7 or by having a deionised SLV
viscosity number which is at least three times the salted SLV viscosity number of
the corresponding polymer made in the absence of branching agent. The process
provided significant improvements in the combination of retention and formation

by comparison to the earlier prior art processes.

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

that they are linear polymers.

However, there still exists a need to further enhance paper making processes by
further improving drainage, retention and formation. Furthermore there also exists
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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 flocculating the cellulosic suspension usinga -
flocculation system that comprises a siliceous material and anionic branched
water soluble polymer with the special rheological characteristics provides
improvements in retention, drainage and formation by comparison to using the
anionic branched polymer in the absence of the siliceous material or the siliceous

material in the absence of the anionic branched polymer.

The siliceous material may be any of the materials selected from the group
consisting of silica based particles, silica microgels, colloidal silica, silica sols,
silica gels, polysilicates, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicates and zeolites. This siliceous material may be in the form of an
anionic microparticulate material. Alternatively the siliceous material may be a

cationic silica.
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 microparticles with the aluminium located preferentially at the surface.

Alternatively the polyaluminosilicates may be polyparticulate polysicilic microgels
of surface area in excess of 1000m2lg formed by reacting an alkali metal silicate
with acid and water soluble aluminium salts, for instance as described in US-A-
5,482,693. Typically the polyaluminosilicates may have a mole ratio of
alumina:silica of between 1:10 and 1:1500.

Polyaluminosilicates may be formed by acidifying an aqueous solution of alkali
metal silicate to pH 9 or 10 using concentrated sulphuric acid containing 1.5 to
2.0% by weight of a water soluble aluminium salt, for instance aluminium sulphate.
The aqueous solution may be aged sufficiently for the three dimensional microgel
to form. Typically the polyaluminosilicate is aged for up to about two and a half
hours before diluting the aqueous polysilicate to 0.5 weight % of silica.
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of acrylic acid, methacrylic acid, maleic acid, crotonic acid, itaconic acid,
2-acrylamido-2-methylpropane sulphonic acid, allyl sulphdnic acid and viny!
sulphonic acid and alkali metal or arhmonium 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.

The branching agent can be any chemical material that causes branching by
reaction through the carboxylic or other pendant groups (for instance an epoxide,
silane, polyvalent metal or formaldehyde). Preferably the branching agent is a
polyethylenically unsaturated monomer which is included in the monomer blend
from which the polymer is formed. The amounts of branching agent required will
vary according to the specific branching agent. Thus when using polyethylenically
unsaturated acrylic branching agents suvh as methylene bis acrylamide the molar
amount is usually below 30 molar ppm and preferably below 20 ppm. Generally it
is below 10 ppm and most. preferably below 5 ppm. The optimum amount of
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ppm by welght The chain transfer agent may be any suitable chemical substance,
for instance sodium hypophosphite, 2-mercaptoethanol, malic acid or thioglycolic
acid. Preferably, however, the anionic branched polymer is prepared in the

absence of added chain transfer agent.

The anionic branched polymer is generally in the form of a water-in-oil emulsion or
dispersion. Typically the polymers are made by reverse phase emulsion
polymerisation in order to form a reverse phase emulsion. This product usually
has a particle size at least 95% by weight below 10pm and preferably at least 90%
by weight below 2pm, for instance substantially above 100nm and especially
substantially in the range 500nm to 1um. The polymers may be prepared by
conventional reverse phase emulsion or microemulsion polymerisation

techniques.

The tan delta at 0.005Hz value is obtained using a Controlled Stress Rheometer in
Oscillation mode on a 1.5% by weight aqueous solution of polymer in deionised
water after tumbling for two hours. In the course of this work a Carrimed CSR 100



Is used fitted with a 6cmacrylic cone, with a 1 58 cone angle and a 58pm
truncati onwoaised i temref 5664). A sanple volume of apg/Qyl “ghy 2-3cc is”
used. Tenperature is controlled at 20.0C 0.1 Cusing the Peltier Plate.
An angul ar displacenent of 5 X 10'4 radians is enployed over a frequency
sweep fromO. 005Hz to 1 Hz in 12 st@ages on a logarithnmic basis. G and G
measurenents are recorded and used to calculate tan delta (G'/G ) val ues.
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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 yalue of 0.8 at

0.005Hz. Preferably the intrinsic viscosity is at .least 2 difg, for instance at least 4

dl/g, in particular at least 5 or 6 dl/g. It may be desirable to i)rovide polymers of

substantially higher molecular weight, which exhibit intrinsié viscosities as high as

16 or 18 dl/g. However most preferred polymers have int_rinéic viscosities in the

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

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



The saline Brookfield vi scosMy of - the ‘pol.ynmer is measured by preparing a

0.1 %by ég@ ggueous sol ution of active polymer in | Ndsofgeous
sol ution at usi ng, a Brookfield visconeter fitted with a UL adaptor at

6rpm Thus, powdered polynmer or a reverse phase polyner would be first
di ssolved in deionised water to form& concentrated solution and this
concentrated solution is diluted wwth the 1M NaCl aqueous. The saline
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Vi scosity nygpars b b&lﬁeéluf@% 4 é %@ﬁg gréferrd. ﬁh@é?/ar@c&wmaéslﬁmoys
solution prepared in 1 M sodium chloride. The deionised SLV viscosity

nunber is pbémper.ably at |east ‘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 vi scosity nunber for the
~unbr anched TheSkiveriscasitpnuimbersused tordharaaenaecthe mninnic hwsched poymes

pol yneri sation, .condi n { agent (and
therefore h8WA ‘#’g} W‘Bﬁélbg u%ﬁ?#%r%?%s g\}ﬁgggég?%)%eq?é&ﬁéegel oni sed SLV
vi scosity niigbsmeies beibig dhogbr to beapptdmatajmmrﬂls@tb hewisdositpof the nunber of
t he unbranched,. pol refer t e t | east
75% of t ho. SOUMT JER GagRHY BOBERE F Tibe e TR0 Tndly B ARt e
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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 chioride.

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

eight times, the salted SLV viscosity number.



9 According to the invention the conponents of the flocculation system may
be conbi ng@hgiBksewa m xture and introduced into the cell neyspensi on
as a single conposition. Alternatively the anionic branche po ynmer and
the siliceous material my be introduced separately but sinmultaneously.
Preferably, however, the sijiliceous 9mterial and the anionic branched

pol ynmer are introduced sequentially nore preferably when the siliceous
material is introduced into the suspension and then the anionic branched
polyner. Ln a preferred formof the invention the water sol uble anionic

branched PEFYRING todhriinventionthasompoaentgiof esfesuliation systee way bel osi ¢
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mat eri al sCoOMPpesition Alesativelydhe anloambrpmhed qmmer angl thlacsuhcaqus matetiabf t he

ani oni c b@ﬁ%rﬂ%@?afﬁgﬁﬁw énﬁ\%ﬂg% e t éé'fglr']alb-éa m}gogr 1 0ni ¢

treat nent e I me orea ranched pol yner and
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into th 1y be. di stri buted
I Soso Rt B0 P, DLkl PRI o R shih el e
pol ynmer othedithé afionic branttesd pdlymge added. |t may be desirable to add the

cationic material before one of the mxing, screening or cleaning stages
and in some instances before the stock suspension is diluted. It nmay even

be benefi m@bréfar@diﬁ;rmwtﬁ@tmeﬂﬁ&. tﬁ&tv@ﬂéraéolumé aniohitorahetidipayet or bl end
chest or even i nto one or he conmponents of the «cellulosic

suspensi o#nd gificequsJnateral a'@@ﬁﬁ@@l t%ﬂ@l@"@Ps'PlsPFEﬁ*"%%m SHEPEPSIPNi nst ance
pr eci pi t g adhéet Sleurated mﬁ%t&t.amernﬁéteﬁan Tﬁ'@c&t@&dn&ﬁ#ect é&&@hg fh'agw be any

nunber of cationic species such as water soluble cationic nic
pol yner s, byincpiperafing catinpicanatatiajs iiie thessuspension apanyaptmtrpmrdmtbml ori de,

al umi ni umy, gt of bﬂgefa t&wésahaq%g&or{g,hmﬁmgm}éyug mhddFat $hus mecat‘ﬁﬁﬁﬁr sol ubl e

cationic or gani c ol yners m tural ners, such as Ionic starch-
or synt hefréatmeat mayibe 1pm1|e;clnteb' belﬂzretaddm.qathe ynmneq kymnckedpelywat andhi
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conmponents 0O t he
suspension sufficiently early in order for it to be distributed throughout the

cellulosic suspension befdre either the anionic branched polymer or siliceous
material 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.

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

the cellulosic suspension.



WO 01/ 34909 PCT/ EP0O0/ 10821 10 According to another preferred aspect of the
invention t Qe §il-q6 gul ation system conprises at |east thrq%-r[,)é hant
conmponent s. us this preferred system “enpl oys a water sol ubl anched
anioni c polyner, sidiceous material and at | east one additional

fl occul ant/ coagul ant. The additional flloccul ant/coagul ant conmponent is
preferably added prior to either the siliceous material or anionic

branched po}\fﬁéﬂ’rﬂmgw QhBﬁH)ﬂréfEﬁeéﬁQbédt%P&{e |ni°/érﬂ%lthélﬂbc¢x.ﬂatﬁ>ﬁ‘s”fswm| or

synt hetic polyner~or ot mat eri al capabl e of causin
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cationic, anionrc or a c natur r synthetic polymer.
It may be aonahddlabnaidloy:omantlanwhlm natural starch, cationic starch,

ani onic starch or anphoteric starch. Alternatively it may be any water
sol ubl e synthetic polyner which preferably exhibits ionic character. The

preferr edf | PRE %dwﬁlbﬁél fetubhgcqaguant be?]abauentdapi-efaiably addepqirimnto either
cationic functiona |t For instance the, cation onprise
free am ne Hiestileeolpimaieral & mBIAUR braprhed, RelmeR; VB&?&% ﬁ‘ﬁ%ﬂ%{‘ﬁcel | ul osic

suspensi on Whdduiht %Ué Ebﬁ]r&rﬁﬂsém{ﬂé% pblyRferag o’él'fér Rt Gd] 2bpablesst casing
groups. Preferably however e cationic E\ yMers carry a permanent
U]

cationic cﬂmwtlog(r@ngaeﬂqrmsfwa&r?s andemen seEPangRts ofthe seliasional
floccul ant /g %%%ﬁ;ﬂt &dhﬁoHéﬁfbcb ﬁehégup@t hiayiHtea ealibM8I forPibAic, t I eat ment

step descri ove. n a parti cu erréd system the cationic
pr e- t r eat meanionis calasmphdte'mmtutaionaynthef&mlyraﬁt Movay be avaturghgslymer s

DT el red . Bidas R RlNrh i Wan Aibhl sfarth BF atbRBtEaBhANt 10 the

cellul osic pensi'on or t'o one suspensi on conponents
thereof , i nAllechativelpit may beany water goluble swﬁhettd‘rmlymet whishipreferaliensi on. The

suspension | shsequent | ub |

comor 1 oi ng SHPE BRCartn IR Bresen de Walds Blucis BARMISH hafh SR | 1
siliceous ngt pétba{rally'ﬁaﬁom&tfumtiomaft}yomruhaahé@tmg:dmntc pdyrdesinagbl y a wat er
sol ubl e pol yner whj for d% st.ance be relative | owy |n{)l ecul ar

wei ght pol yRempase %q; a['ql gipups ich become cationic once introduced
cellulosic suspension with a sufficiently low pH so as to protonate free amine

groups. Preferably however, the cationic polymers carry a permanent cationic
charge, such as quaternary ammonium groups.

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

The cationic flocculant/coagulant is desirably a water soluble polymer which may
for instance be a relatively low molecular weight polymer of relatively high
cationicity. For instance the polymer may be a homopolymer of any suitable



cationicity. For instance the polymer nay be a honopol yner of any suitable
WO 01/ 349Q% fifshéesPOO 10821 11 et hyl eni cal | y unsat ur at egcembsonioss mononer
pol ymerised to provide a polyner with an intrinsic viscosity of up to 3

dl /g. Honopol yners of diallyl dinmethyl ammonium chloride are preferred.

The | ow nol ecul ar weight high catiotcity polynmer may be an addition
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or 18 diggm alWéteH§éié$lb>éthﬂeﬁ|8@|yr@asmr&e@baﬁbﬁ.@nibﬁoﬁferbSbwnﬂsbf Particularly
preferred cationic polyners include copolyners of nethyl chloride
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with water soluble non-ionic, cationic or anionic monomers. More preferably such
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polymers have an intrinsic viscosity of at least 3 dl/g, for instance as high as 16 or
18 dlfg, but usually in the range 7 or 8 to 14 or 15 dl/g.

Particularly preferred cationic polymers include copolymers of methyl chloride
quaternary ammonium salts of dimethylaminoethyl acrylate or methacrylate. The
water soluble cationic polymer may be a polymer with a rheological oscillation
value of tan delta at 0.005Hz of above 1.1 (defined by the method given herein)
for instance as provided for in copending patent application based on the priority
US patent application number 60/164,231 (reference PP/W-21816/P1/AC 526)

filed with equal date to the priority of the present application.

The water soluble cationic polymer may also have a slightly branched structure for
instance by incorporating small amounts of branching agent e.g. up to 20 ppm by
weight. Typically the branching agent includes any of the branching agents
defined herein suitable for preparing the branched anionic polymer. Such



wei ght. Typically the branching agent includes any of the. branching agents
def i ned her qigeiswéobabl e for preparing the branched ani oni ecagipseres Such WO
01/ 34909 PCT/ EPOQ 10821 12 branched pol yners nayal so be prepared by
including a chain transfer agent into the nonomer mix. The chain transfer
agent nmay be included in an anobunt of 1at |east 2 ppm by wei ght and may be
included in an amount of up to 200 ppm by weight. Typically the anounts of
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above 0.7 (defined by the method given herein). Typically the branched cationic
polymers have an instrinsic viscosity of at least 3 dl/g, Typically the polymers may
have an intrinsic viscosity in the range 4 or 5 up to 18 or 19 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
polymerisation or by water-in-oil emulsion polymerisation. Solution polymerisation
results in aqueous polymer gels which can be cut dried and ground to provide a
powdered product. The polymers may be produced as beads by suspension
polymerisation or as a water-in-oil emulsion or dispersion by water-in-oil emulsion
polymerisation, for example according to a process defined by EP-A-150933, EP-
A-102760 or EP-A-126528.

When the flocculation system comprises cationic polymer, it is generally added in
an amount sufficient to effect flocculation. Usually the dose of cationic polymer
would be above 20 ppm by weight of cationic polymer based on dry weight of



A-102760 or EP-A-126528. Wen the floccul ati on system conprises cationic
polynmer, itdmnsgaperally added in an anount sufficient , ‘
w%’@“&@%% 20 ppm

floccul ation. Usually the dose of cationic polyner would

by wei ght of cationic polymer based on dry weight of WD 01134909

PCT1EPOO/ 10821 13 suspension. PrefdBably the cationic polymer is added in
an anount of at least 50 ppm by weight for instance 100 to 2000 ppm by
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wei ght arppmore preferred, especially between 200 and 400 ppm by wei ght.
The siliceous material nmay be added at a dose of at |east 100 ppm by
wei ght based on dry wei ght of suspension. Desirably the dose of siliceous
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suspension 1S t mechani cal |y sheared. This shearing step nay

achi eved pympygight based onstry weighé af mpesﬁgnoaestrabbu@n dese ofsilingaus shear
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such shearing stages | d centri could be any
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mechani ¢ o §9$r| ng step desirably acts upon the floccul ated suspension in
such a way &s'To degrade t he flocs Al'l of the conponents of the

floccul ating . -

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 celiulosic suspension causing flocculation
and the flocculated suspension is then mechanically sheared. This shearing step
may be achieved by passing the flocculated suspension through one or more

- shear stages, selected from pumping, cleaning or mixing sfages. For instance
such shearing stages include fan pumps and centri-screens, but could be any

other stage in the process where shearing of the suspension occurs.

The mechanical shearing step desirably acts upon the flocculated suspension in
such a way as to degrade the flocs. All of the components of the flocculating
system may be added prior to a shear stage although preferably at least the last
component of the flocculating system is added to the cellulosic suspension at a
point in the process where there is no substantial shearing before draining to form
the sheet. Thus it is preferred that at least one component of the flocculating
system is added to the cellulosic suspension and the flocculated suspension is



system nmay be added prior to a shear st age al though preferably at |east the
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shearing before draining to form the sheet. Thus it is preferred that at
| east one conponent of the flocculating systemis added to the cellulosic
suspension and the floccul ated suspension is 1 WO 01/ 34909 PCT/ EPOO/ 10821
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i ; d
comonent - oPoaaGT BIE AN (Ul Breteratfiey 2P Afudd Safinudllf THESOTL
fsus 'Pﬁ 2 fl (;2 . thdr:#?plensiog glrm_}cbé E&_I-_Eobwiai@ hy iadditirmpf thedsranghed amipaictnolymer I

ur | 1 Ng. I e [ C "
be further _TalBRERIyABE Sfipodin e B ey B s BSendy ARy o S0
f1 occul ati oadéingtsticeolsimatetiat ane thidrethe dnfvnicbidinthedpoliymene conponent s of

the flocculation systemis separated by shear stages it is preferred that
the branched anionic polymer is the | ast conponent to be added. In another

form of theThaYirdticoRipohBAt SFURE ABEELIAINEPSYSTEMh nidsy e idd et odthé @eliulysic
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.

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

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



substantial shearing after addition of any of the conponents of the

floccul ati emto the cellul osic suspension. The teri al
ani oni c bfgﬁgﬁggﬁipolyner and where included the water séhM@%§“§5 oni c
polynmer nmay all be introduced into the cellul osic suspension after t he

| ast shear stage prior to draining18in this formof the invention the

wat er - sol ubl e branched pol yner may be the first conponent followed by
either the cationic polynmer (if included) and then the siliceous material.
However, other orders of addition may al so be used. WD 01/ 34909

PCT/ EP00/ Inog@iprefesredfosn of thedinventisn Weoprevide a wr@cemmrenarlr\aepamanvu de a

process 0 onprising
i rer: Thaie el 4886 SuscehdPh Rofiblipta A The ficr AUTRERRY BRpROTPG PLTE
For i nst amrmchtmdallyixsedi ﬁHem‘agteb&lscFaynstand:eﬁueﬂHeoMay be day suuh ds kdalin, Ty be a
cal ci um car,po could b un m car bonat e articul ar
rec pi ¢ SRS AP A st catoghefs Whigh Spfla R GiBhpd B2lefim, SrboRaani uin

di Of(i ge 86”? ?@{tfculdrwedmtaw_ d?élflrﬁwmel?e r gtlcmbﬁbefplrdlafeﬁéd ll’@tx@fl alks al so

i ncl ude synthetic r illers qera a.. ul gsi c, stoc

Compr 1 oi rAPTTAPHS RS et mate R Exarmies oF otheg s BAtaRAR SR ¢ 1 o

floccul at .ﬁcluéf@ g§nthén¢o.aén§,m@ub alldry. Genalndd céillidgiE Stoek c¥@pYisihgne particle

si ze, such a recipita cal cium carbonate. Thus according to a preferred

aspect ofsqmtarﬁy?b%‘@mm?ﬁ%ﬂleif gre mergdifficutito Bocowate ks fs(ﬂa%ﬂiﬁfhgf"#% |l ed

paper . The: fBRS veRKiMOp iR S B KuSPEPEIE BitdRd caldfirh akgorpunt of filler.
~Cener al I y the cellul osic suspension conprises at | east % by weight filler
material. Typically the amount of filler wll be up to 40% preferably

bet vieen HEGAndoAlA 44 bRiemdasd bl hEprdrt RAnkn RBkBTgepesent in the

final sh or ~ paper n anount of u Thus
accor di ngprocesstfhr mabmefﬂﬂed eepalsfﬂaetpapér maklsglsmMrmay)mmpnsmmw de a process

for ek Gl w3 BierBeRBRTY vRORIGMILERI Y, LhBhed kgl 2

cel | ul osi 2o comprisrng e suspensi on solids
are fl OCC&%EIIiyeNhlgi'}t fillet matarial. ﬁ'gpmﬂ;othbfwnowmspﬁllmmlhba uplto@otd,ati ng system

C = Rl RS JPh bk hog s BBl Pl e B B e oL ™

process ahe lﬁhsmfeeﬂgf ni&rmlbr paper board in an amount of up to 40%. Thus according )
to this preferred aspect of this invention we prov:de a process for making filled
paper or paper board wherein we first provnde a cellulosic suspension comprising
filler and in which the suspension solids are flocculated by introducing into the
suspension a flocculating system comprising a siliceous material and water-
soluble anionic branched polymér as defined herein.

in an alternative form of the invention we provide a process of preparing paper or
paperboard from a cellulosic stock suspension which is substantially free of filler.

The following examples illustrate the invention.



paperboard froma cellul osic stock suspension which is substantially free
of filler. The followi ng exanples illustrate the invention, WO 01/34909
PCT/ EP001108YPM48% xanpl e | (conparative) The drai nage pr SH&EFPOAESA, o
determ ned using a nodified Schopper-Riegler apparatus, with the rear exit
bl ocked so the drainage water exits thygpugh the front opening. The
cellulosic stock used is a 50/50 bl eached birch/bl eached pi ne suspension
cont ai ni ng 40% i ght (gn.total solids) precipitated cal cium carbonate.
The stock s n to a freeness of 55 (Schopper Riegler

- net hod) bef qhe driifagé Prdpgevtiesdreldetéritinedlising armodified SchoppertRikgles! i ds)

cationic starch (0.Q45 DS) is, added to fhe suspensjon., A copql yne f
acryl am de APPAralS: Mjih therear it bigrked spdhg dé?m%é)ﬁ WaleE gxits B'F"”gq" the fron?

di met hyl ani Esgrea@g! TRE c¥lésic Stbek aéec‘g]"ﬁst éh 86/5D miadh@gmir%ﬁ}meafehée%é y above

11.0 dl /g odict A) 1s mxed wt e stock and then after shearing the

st ock usi ngsuspensidreerdaining:40% by weightder tetal selideypreeipiiated calaiwni c

copol yer oGl TS J1cpSRbHIR BEkh 8 § feBREaT)r &% StbuporHiich PP

by wei ght ne ene brs acr Intrinsic viscosit
r heol ogi cal nuthod) forerthe aiddiioofof filler. dikgtper fnnr@ ©036tal salidsh catiqri statat  B)

dis mxed in t.oc rai time in seconds for 600nlL of
filtrate to%@ngﬁ)‘ﬁésﬁég%%fb:tggasﬁsggﬁ@?'ent doses of Product A and Product
B. The drainage tines in seconds are shown in table 1. Table 1 Product B
(g/t) 0 250 500 750 1000 .0 108 31 1 5 .15, Product A 250 .98 2 2 9 11
(g/t) 500 96 %‘H’OIS@“%'?@CW}%’B'dfd@ﬁh@eg‘ygc'@!"”%ﬁﬁatqu§"§"‘§"'%’“ 125 20 9
76 dimethylaminoethy! acrylate (75/25 wt.Awt.) of intrinsic viscosity above 11.0 dl/g

(Product A) is mixed with the stock and then after shearing the stock using a

mechanical stirrer a branched water soluble anionic copolymer of acrylamide with
sodium acrylate (65/35) (wt./wt.) with 6 ppm by weight methylene bis acrylamide of
intrinsic viscosity 9.5 dl/g and rheological oscillation 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
0 108 3] 18 15 15
Product A 250 98 .27 12 9 11
{a/v 500 96 26 10 12 9
750 103 18 9 8 8
1000 109 - 18 9 8 8
2000 125 20 9 7 6
Example 2 .

The drainage tests of Example 1 is repeated for a dose of 500g/t of Product A and
250g/t product B except that an aqueous colloidal silica is applied after the
shearing but immediately prior to the addition of Product B. The drainage times
are shown in table 2.



Exanpl e 2 The drainage tests of Exanple 1 is repeated for a dose of 5009/t
of Product w) ¢iR3ghes 2509/t product B except that an aqueou .F,E{,ulag&sgfil silica
is applied after the shearing but imrediately prior to I on of
Product B. The drainage tinmes are shown in table 2. WD 01/ 34909

PCT/ EPOO/ 10821 17 Table 2 Colloidal17Silica drainage tine (s) doss et O
26 125 11 250 9 500. 7 750 7 1000 6 As can be seen even a dose of 125
g/t coll orrqB{ e $ilica substantially inproves drainage. Exanple 3
(conmparatjve) Standard sheets_of paper are produced using the cellul osic

st ock suspeGglicigal Sifica ¢ jdraindae time{s)d |by first m xing- Product A into the

st ock. at a_@ﬂféﬁ&e,-_t_he.n_sheau ng the suspension for 60 seconds at 1500

rpmand then mifing in prmﬂ&ﬁr B__at a given dose. The flocculated stock is

t hen pour 1355 ¢ i1 ma sheet which is then dried in a

rotary drfer—at®80C f o e formation of the paper sheets is -
bahner-Measuy

determ ned_us-i.-:%-q'-t-h-e—s enent System devel oped by PIRA
| nt er nat i jppal—2Re st apdardfeviat]on (SD) of grey values is calculated for

Toreet

each inagle.—lhi%mca-t-l br each dose of product A and product B
is shown in table 3. Lower values indicate better results. Table 3 Product

B (gl't)  Ascan be seen even a dose of 125 gt colloidal silica substantially improves

drainage.

Example 3 (comparative)
Standard sheets of paper are produced using the cellulosic stock suspension of

example 1 and by first mixing Product A into the stock at a given dose, then
shearing the suspension for 60 seconds at 1500 rpm and then mixing in product B
at a given dose. The flocculated stock is then poured onto a fine mesh to form a
sheet which is then dried in a rotary drier at 80°C for 2 hours. The formation of the
paper sheets is determined using the Scanner Measurement System developed
by PIRA International. The standard deviation (SD) of grey values is calculated for
each image. The formation values for each dose of product A and product B is
shown in table 3. Lower values indicate better resulits.

Table 3
ProductB  (gft)
9 250 500 750 | 1000
0 6.84 8§78 1154 | 1434 | 17.96
ProductA | 250 787 1048 | 1445 | 1653 | 19.91
(gh) 500 8.80 7088 | 1669 | 2030 | 23.04
750 923 11.61 1670 | 2222 | 19.94
1000 | 9.49 13.61 1929 | 21.94 | 2474
2000 954 | 1651 2201 | 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. 53 19 91(&9/t) 500 8.80 10.88 16.69 20.30 23.04 750 9.23 11.61
16. 70 22. 22™% 1000 9.49 13.61 19.29 21.94 24.74 200FGEANY2E, 2o 01
28. 00 29.85 MO 01/34909 PCT/ EPOO/ 10821 18 Exanple 4 Exanple 3 is repeated
except using doses of 500 g/t product 44 and a dose of 250 g/t product B
and 125, 250, 500, 750 and 1000 g/t of aqueous colloidal silica applied
after the ﬁgearwn% but imediately prior to the addition of Product B. The
respective n val ues for each dose of colloidal silica are shown in

tzg(t))l (137425 Eéytoﬁ(n)"lilpllg:~}:C),i?|rds75::ﬂéd:lL e%ﬁpt@?mﬁcddfé"s IoﬁBOAO dapsodudt Alarkda d8se 5£250.4. 26d

cqnpari son es require
to provide %Wbl%ﬁ\lanﬂr‘&ﬁng 888?"3633919&‘3%90??18? %ﬂq?g Sﬁ'F%ccul ating
system uti |ép§h@9 otk tHHE&aﬁﬁbfbﬁmemE@ibiéN Bdr t8ithd ﬁadm@ﬁ‘éf ProdiehBATRE! ONi C
wat er sol ubl’e pol yner provides inproved Tormation. I nstance from

Exanpl e 2 despediveffomuatignvalunsfeeeagh dmgf/qo"fa@awma @'eaﬁh?wnl'oddﬁﬁﬁ silica
provi des a drainage tinme of 6 seconds. From Table 4 it can be seen the
equi val ent doses of product A, silica and product B gives a formation val ue
of 18.05. TFableMExanple 1 a dose of 20009/t product A and 1000 g/t product
B in the

Colloidal Silica Formation
dosage (g/t

0 10.88

125 14.26

250 17.25

500 19.31

750 18.47
1000 18.05

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

Thus it can be seen from the examples that using a flocculating system involving
cationic polymer, colloidal silica 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 colloidal silica.



absence of sil i ca provi des a drainage tinme of 6 seconds. From Table 3 the

eqU|vaIent ¢9#f product A and product B provides a f §§?§®§@3¥alue'of
29. 85. hus or eqU|vaIent hi gh drai nage the invention | ormati on
by nore than 39% Even for equival ent higher drainage values, for instance
11 seconds, the inprovenents.in forqgation can still be observed. Thus it

can be seen fromthe exanples that using a flocculating systeminvol ving

ol yror BT GURHGL Ol A1 Bpict ot HEm R R BIORR Ao ek Bt o

pol ymer andmboaerdlwsltemfc&nampm tand dl em;bleylpgl‘lﬁﬁe ig/tiof brarehed aaionic of

col | oi dal I|c In Figure 1 Curve Ais a
pl ot of dpa ZPWQPQS%{%S’?% 5§ﬁ’ 5%333@8’%00[%@‘:?% a‘g}?ﬂ%ent syst ens of
gaﬁpgeg SSngg%ta)gggh@% %{:@gﬁ) @/a}nta@é vtbrswcfbmbtgw \mmz;opgiewpm:) ( PE:SdUCt 5
an . cationi.c y Pr oduc rve
is a pl ot ceMPERENt SYEleMsHt xam sng?mﬂ 93@5923 Q?tl“aFg W%nent
systens OB Rauct E)ndoégﬂfﬁﬂﬁé’cbéiﬁn%%wﬁér (g?odU&MBﬁé 128 sgy.c  pol yner
(Product 50 of the.cationic p roduct ' A) and 125, 250,

500, 750, 5&@-0‘(5%/‘8°Q)9”@6FP'&'%I3"'§?ITl’tﬁaOblgﬁé’ed%}%émrpéch gerodoebihoach zer o
for both ¢l nrABh LAG Rl Ggirwbm% clééryf’éénqﬁa%ﬁgi’r&/e ef'thd MRbntidie Process

of the invention provi est over dr al nag formation. Exanple 5
( conpar at prayjdesihest evarall deainggenrnst forreatian: e det er mi ned by the standard
Dynamic Britt Jar nethods on the stock suspension of exanple 1 when using
a flocculating system conprising cationic polyner (Product A) and a
branched & _u_a'aﬂpleg@o_hmﬂ@ﬂ oduct B) in the absence of colloidal silica.

The fI. le 3. Th

otal  ret ShETBRGPBEHs oPEReleifined e SPee! Bl il TS0 5 T

Product Bniethhdds db tA6BtdaRGuépénsitrd) 6f example 1 when using a flocculating system
comprising cationic polymer (Product A) and a branched anionic polymer (Product

B) in the absence of colloidal silica. The flocculating system is applied in the same

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

Table 5
Table 5
Product B (g/t)
0 250 500 750 7000
0 6350 | 84.17 | 0048 | 9444 | 96.35
ProductA | 125 33.58 7344 | 8766 | 9227 | 9459
(@) 250 34.72 8120 | 9212 | 97.15 | 98.10
500 3743 | 8477 | 9486 | 0765 | 9858
1000 36.01 8468 | 0481 | 9716 | 99.19
2000 | 4524 | 9692 | 9916 | 9963 | 99.76
Example 6

Example 5 is repeated except using as the flocculation system 250g/t cationic
polymer (Product A), 250 g/t branched anionic polymer (Product B) and 125 to



0 63.50 84.17 90.48 94.44 96.35 Product A 125 33.58 73.44 87.66 92.27
94.59 (g/t) wdtinidhe72 81.20 92.12 97.15 98.10 500 37.43 SferiEroldessp 97. 65
98.58 1000 36.01 84.68 94.91 97.16 99.19 2000. 45.24 96.92 99.16 99. 63
99.76 Exanple 6 Exanple 5 is repeated except using as the floccul ation
system 250g/t cationic polynmer (Prod@ot A), 250 g/t branched anionic

pol ymer (Product B) and 125 to WD 01/ 34909 PCT/ EPOO/ 10821 20 1000 glt

col | oi dal as for
Beampl o 4. " P05 § Ol BTG POCLRRL IRy RIADAIEH I e e 47 S8 20 g
Ret enti on (Exampel4. Jraaptaisretentgpr(gwres 8e stpwnipsTabde 89 250 91.34 500
94.13 750 95.92 1000 95.20 Fromthe results shown in Table 5, a dose of
2509/t cationic polyner (Product A), 250 g/t branched ani onic pol yner
(Product B)Tghled& retention at 81.20. By introducing 500g/t of coll oidal
silica the getention—isS—ihecie —04-—12—| N order to achieve equival ent

retention iln the PB8a8Re of ol IRgtEBYON®) cd a dose of 5009/t Product A
and 500g/t |PrEelleigdalBilica () )ilred WO 01/34909 PCTI EP00110821 21 C ai s
0 81.20
125 88.69
250 9134
500 94.13
750 95.92
1000 95.20

From the results shown in Table 5, a dose of 250g/t cationic polymer (Product A),
250 gft branched anionic polymer (Product B) gives retention at 81 20 By
introducing 500g/t of colloidal silica the retention is increased to 94.13. In order to
achieve equivalent retention in. the absence of colloidal éilica a dose of 500g/t
Product A and 500g/t Product B is required.



1. A process of making paper or paper board conprising formng a cellulosic
suspensi onwofdh8see!l ati ng the suspension, draining the S“ﬁ@%}fu g PN a’ "
screen to forma sheet and then drying the sheet, characteris Y'n that

t he suspension is floccul ated using a floccul ation system conprising a
siliceous nmaterial and an anionic brzhched water soluble polyner that has
been fornmed from water soluble ethylenically unsaturated anionic nononer
or nonorrermgi,ﬁgﬁd and branching agent and.wherein the polyner has (a)
intrinsic viscosity above 1.5 dl/g and/or saline Brookfield viscosity of
above abouk 2. & BFPgess ofiaRKiRg PRPRIATRgPesboasd cpmpsisingforming @ asflulosie del ta at
0. 005Hz ofg | Y ich is at
| east threggpl rres'ptﬂégaggtfﬂtge Qﬁ%’@ﬂgﬁﬁgéﬁnﬁuﬁﬂébb#ﬁ%és%nd| ng
unbr anchedomawheetafw@emdmn@theﬁwhce of branching agent. 2. A process

et or (Al IR e Bo ™ ficelayi Ry 3BBeddion SRS T o) e

silica m compeising silideoud ahaterialiand, ansaniorie beaviched w_atercsmltgﬁé polymer
polysilic at i n|c I|ca I|ctes ol um nosilicates,,
bor osi | i cg‘@?as&?ﬁ{?ﬁ r?'@d’{’éé r%ﬂﬁbmﬁgﬁyh"é? yugéatﬁr%%@gggg 'Caccording to
claiml oimdériorhenc? mdihdMi‘enHleﬁdlenﬁbian@mg%géﬁﬁaﬂd wherteSn the'pohé Hae

m croparticul a nateri a A pro S accor one .of clains 1 to
3 ant ch 1 ho S BRFE VRGHSAHRYB Hof HeRHaC e Brop IR SRV RSty above
4d1/ g and abaoqub@tqg @pnpaaggﬁmz of above 0.7. 5. A process according to any

one of clains t he corrgonents of the flocculation system
are int roduced(*?)HP?P'PWEalcfﬁlcl"ﬁ?%Yﬁiu%8 ferdiaita ot 0Tk af abpye 0.%6andiohr ocess

according to a d‘éﬂﬁsé&:l sa.\ﬁv.geoshytr@nfbérw |§Bt fe%@ttﬁééﬁrﬁ%&ﬁué@%lf’eﬂ' al 1s

I nt roduced i nt e suspension and then t ani oni c ranc pol yner IS

“i ncl uded |S(LVE \H%C0§m$ pumbeoef the conemmumwmdr@lmemydg frethef claims 1
;885 in d&eh(ﬁ (ﬁmgg ? dganched polymer is introduced into the _
pensi on an en t iceous material is included in the suspension.
A process according to claim 1 in which the material comprising the
siliceous material is selected from the group consisting of silica based particles,
silica microgels, colloidal silica, silica sols, silica gels, polysilicates, cationic silica,
aluminosilicates, polyaluminosilicates, borosilicates, polybofosilicates and zeolites.
3. A process according to claim 1 or claim 2 in which the siliceous material is
an anionic microparticulate material.
4. A process according to any 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 siliceous
material 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 siliceous

material is included in the suspension.

L
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11111111222111  11112111111111 S 1111 WO 01/ 34909 PCT/ EPOO/ 10821 22 8. A
process accewghingoo any one of clains 1 to 4.in which theecrEroomsezg s of
the flocculation systemare introduced into the cell ul osic suspension

si mul t aneously. 9. A process accordin o any one of clainms I to 8 in which
the cellulosic suspension is pre- tre%@ed by inclusion of a cationic
material into the suspension or conponent thereof prior to introducing the
ani O|m c br aechedApedmracwdmgltblanqm of etdimsifato. 4 ibOvhigh theoceraporari®ofli ng
toclaim9 in which the cationic is selected fromwater soluble
cationi c_or§&flaccyialignsysiemare; "HEPE*& Tjé"a}ﬂﬁlf%f’?@ll%s'%ﬁ‘éﬁpeé'? o8 um

pol yal um ni gimuahesughe. al um niumchloride trihydrate and al um nochl oro
hydrate. 11. A process according to any one of clains, 1 to 10 .in which the

fioccul atind sydPERess@ceoding tpwrwmqfﬁméﬂ oy whjrh theegitulesicy
floccul antl Q&Z%HFQWIS Fﬂ@treéearbgc‘.ﬁaﬁ?.aﬁs%%ﬂsmb%a%ﬁémt%&hé @ummﬁ&e
fl occul ant/ coagul ant

s a wat polymer, preferably a water
sol ubl e cat campengrdithereof prict to ntraduciagshe @pisnit brgnshﬁd:p@ﬂymezendrsﬂ@ewsfn 12
in which th [ﬂlrgmc polymer is formed froma water soluble ethylenically
unsat ur at ed or water ‘'soluble blend of ethylenically unsaturated

monomers con@ri shApeockisslaecestdingte ofzitn ®im whichntims catianid vhatekigbisossdestediccor di ng
to claim 10, claim

br anched cafrP'?}rW%tebB‘%'yﬁl@r a&(ﬂ?'&ﬁrmc Bﬁﬂ}m%fh? fqrﬁn%gterl"g%% Pf’%‘ol%'gsgs I‘%‘Hﬁg and
exhibits a phgsluatnion cisrdd, bRimign ehloadefrinyarate ahd aluhinBckioid-aydvateabove
Ot oo RO R e et A e 4 ey o GLRNER S b ot <
a rheol ogi cg}steriHelditionbilPorplistd dtfledstdndalddftiontl fodeQritt/ceag@dave 1. 1.

12. A process according to claim 11 in which the flocculant/coagulant is a

water soluble polymer, preferably a water soluble cationic polymer.

13. A process according to 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, claim 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 siliceous material.

—_—
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16. A process according to any one of clains 1 to 15 in which the

suspensi onwigJ j ected to nechanical shear follow ng t dditi on of at

| east one O q’g/ﬁ‘g’w)corrponents of the flocculating system%’f&oﬂmﬁ beess
according to any one of clainms I to 16 in which the suspensionis first
floccul ated by introducing the catiggic polynmer, optionally subjecting the
suspensi on to nechani cal shear and then refloccul ating the suspension by

T, Bt abeP MR BRI 0 ST dfe BeASEC a1 [ " S
cl ai m 17 reflovdulated biydntoaeucingdbe silisesysematedal arsd theafthe aniohiztbrandhed

i ntroducin the| Effl io(f ous material and then the anionic branched water
sol ubl e p‘8 hEpUREP ?)rr ocess according to claim 17 in which the

ce: | ul osi w.SUﬁ@meQ@aéﬁlbrdihgftd: eraaﬂha-tinedrlhlm ti&@bélﬂd&ﬂé 'eas;idheiohmé oni ¢ branched
pol ymer and t hen e.siljceo npt eri al . . A process according to any
Pneor ¢ afiagcuiated Dy dTtadupmadRe ARBNEA BUES HoVa e BrB G SHigha e f (1 er
21. A proggfesiafccording to claim 20 in which the sheet of paper or paper

board conprises filler in an amobunt up to 40% by wejght. 21. A process
accor di ng2@-0 @ pioseaDacrordingiterany one ofiglaiens 1 tae19 In whieh ke eqllulgsic s sel ect ed

from prec%nﬁb&ﬂéiﬁﬁc?ﬁ?ﬁ&éﬁ%l@f bonate, ground cal ci um carbonate, clay
y kaol i n

(especi al nd titaniumdioxide. 22. A process according to any
one of cl2i.ms Alprogess acqerding & claire 28dn whichbdhe sherlafeapener papesbpardant i al | y

free of i Gises'tbs ifdn'drhdurtupto’s0% by Welght. S
21. A process according to claim 19 or claim 20 in which the filler material is
selected from precipitated calcium carbonate, ground calcium carbonate, clay
(especially kaolin) and titanium dioxide.
22. A process according to any one of claims 1 to 21 in which the cellulosic
suspension is substantially free of filler.
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