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14 APR.2005 1 Manufacture of Paper and Paperboard This invention relate?
to processes of maki ng paper and paperboard froma cellulosic st odks, APR 005
enpl oying a novel flocculating system During the manufacture of paper and
paper board a cellulosic thin stock is drained on a noving screen (often
referred to as a machine wire) to forma sheet which is then dried. It is
well known to apply water soluble polynmers to the cellulosic suspension in
order to effect flocculation of the cellulosic solids and enhance drainage
on the moving,_screen, In order to increase output of paper nmany nodern
paper makV'AJYUHIHIE @lsPapgresnd Baperhgagher speeds. As a consequence of

i ncreased nmachi ne speeds a great deal of enphasis has been placed on

drai nage and retention systems that provide increased drainage. However

it is knommistimedntigicretstel g pkdieeg¥ek eF whaling Wapehin@ pa?eﬂ%éﬂ’fﬁffdrﬁ g etention
aid which is added i medi ately prior to drainage wll tend to increase the
rate of dreliulsie stnak. gaming érnaus] acculatingsyitefm.cult to obtain the

opti mum bal ance of retention, drainage, drying and formation by adding a
single polyneric retention aid and it is therefore common practice to add

t wo Sep@@ﬁiﬁ? wd Bidrlfactufe SEEMEACEd FRp éﬁr@@a‘}é%c@ma@é%nast@a@%%m@aer ein
a water soluble substantially |inear catlonlc polynmer is applied to the
paper makirhg reevioR et (afterarederced (e Bagemantinetwies) todbroc siheeti wigichys

i ntroduci b nite ter t hat shear, st row des
enhanced HRa SRS vl KB taoptherensoule payais 5t e rellSocens

whi ch i's GaPERGHAin $aer We@&%o@@@@héhw t!%‘%@?t&léé:% s*da'ﬂ%ranﬁh,ﬂwﬂ'éfﬁfeOCO'
trade mark has proved successful for nore than a decade. More recently

t her e havrabieage eatheooving etnees. t o provi de variations on this thenme by
maki ng m nor nodifications to one or nore. of the conponents. US-A-5393381
descri bes a process in which a process of making paper or board 1 4 APR

2005 In order to increase output of paper many modem paper making machines

operate at higher speeds. As a consequence of increased machine speeds a
great deal of emphasis has been placed on drainage and retention systems that
provide increased drainage. However, it is known that increasing the molecular
weight of a polymeric retention aid which is added immediately prior to drainage
will tend to increase the rate of drzinage but damage formation. It is difficult to
obtain the optimum balance of retention, drainage, drying and formation by adding
a single polymeric retention aid and it is therefore common practice to add two

separate materials in sequence.

EP-A-235893 provides a process wherein a water soluble substantially linear
cationic polymer is applied to the paper making stock prior to a shear stage and
then reflocculating by introducing bentonite after that shear stage. This process
provides enhanced drainage and also good formation and retention. This process
which is commercialised by Ciba Specialty Chemicals under the Hydrocol® trade

mark has proved successful for more than a decade.

More recently there have been various attempts o provide variations on this

theme by making minor madifications to cne or more. of the components.

US-A-5333381 describes a process in which a process of making paper or boarc



2 by adding a water soluble branched cationic polyacrylam de and a
bentonite to the fibrous suspension of pulp. The branched cationi g ApR 2005
pol yacrylam de is prepared by polynerising a m xture of acryl am de,
cationi c nononer, branching agent and chain transfer agent by solution

pol ymeri sation. US-A-5882525 describes a process in which a cationic
branched water soluble polyner with solubility quotient greater than
about 30%is applied to a dispersion “of suspended solids, e.g. a paper
maki ng stock, in order to release water. The cationic branched water

sol ubl e P PHEINGi & wWaterpsa!sblerhrenchedtationic pglyeantamita and sdentesitsisthe . e.

by poly i S L xture of ryl am de, cati.oni ¢ nononer, . branchi agent
o’ ohit P S SpEhIbHICR e wiplonb 508 5280 R oelialP R M i g <pae BT s
descri bedydipmeRkiig & nGiRfur@ 1 @crPohiEe Ehtori€ HdHdREr, Bréhding ededt éﬁ’? a

cellul osic suspension to formflocs, nechanically degradinhg the flocs and
t hen ref |daintransfa agent Hysysdutidopolpyeriagiiimg a sol uti on of a second
anionic polyneric retention aid. The anionic polyneric retention aid is a
branched pol ynmer which is characterised by having a rheol ogi cal

oscillat i@9—/%%'8_'89Sgﬁ_ﬁ@rigﬁigﬁ%?ﬁﬁﬁ%mh%‘ccﬁm\f@ﬁ%n?:hgﬁ WteP 3YiUB

a
dei oni sed SLV viscosity nu is at least three tinmes the s%ted SLV
vi scosi t ypalymmiee withf 2 shiebddy qespentdiragtep ohamebouta?zsi in appéed e adtisparkion

branchi ng , agent. The .process provided signjficant i|nprovenents Ln the
conbi nat 1 GSPENHEE SRlIBBrS Gnd HASEHATIIE B Ck oA P Shi 4 Raeh Batarr THEr pr i or
art processeBic biched B4Re ¢ b iBLp2le @ trofR KRG bidrfls Wi ch a
| ow nol e%ﬁar © V\Eﬁghte catt:éor??gﬁjoér Bgﬁﬁ(&ﬁ%ﬁy%re?sroadgéﬂ tro heI usr }I#sh and
then a cdlEaA-GaB33Bl iieabygulyraectisigh amixturel aracngaglide adetiogedmacoyiean de
copol ynmer, of nol ecul ar wei ght at _|east 500,000. The description of the
hi gh ol ¥BNEPINGALAT 3961 SRR dransiRr@9e8s that they are |inear pol ymers.
EP- A- 462365 descri bes a net hod of maki ng paper which conprises adding to an
aqueous paper furnish ionic, organic mcroparticles which have an unswol | en
particl e |di\&@eRe?823604es protess Fhdzkiagapeeissdedcribedss-whiok edcadiodid ess t han
60 polymeric retention aid is added to a cellulosic suspension to form flocs,

mechanically degrading the flocs and then reflocculating the suspension by

adding a solution of a second anionic polymeric retention aid. The anionic

polymeric retention aid is a branched polymer which is characterised by having a

rheological oscillation value of tan delta at 0.005Hz of above 0.7 or by having a

deionised SLV viscosity number which is at least three times the salted SLV

viscosity number of the corresponding polymer made in the absence of branching

agent. The process provided significant improvements in the combination of

retention and formation by comparison to the earlier prior art processes.

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

that they are linear polymers.

EP-A-462365 describes a method of making paper which comprises adding to an
aqueous paper furnish ionic, organic microparticles which have an unswollen

particle diameter of iess than 750 nanometers if cross-linked and less than 60



14 APR.2005 3 nanoneters if non-cross-linked and water-insol ubl e and have
an anionicity of at least 1 % but at |least 5%if cross- Iinked gﬁ)mng
and used as the sole retention additive. The process is said to re in
significant increase in fibre retention and inprovenents in drainage and
formati on. EP-484617 descri bes a conposition conprising cross-1linked
anionic or anphoteric, organic polyneric mcroparticles, said

m croparticles having an unsvvol | en nunber average particle size dianeter
of less than 0.75 mcrons, solution viscosity of at least 1.1 nPa.s and
a cross- I”Wrﬁgtfﬁgé‘rﬂo%éfﬂséﬂt”‘@ﬁ asbveterdnsaivile @“adh@v@éﬂ aﬂld)mlcmmpf absed on

t he nono n| of, at . | east S are
descri obre%%%?i élbtﬁjg aﬁ %Sﬁ{%ég@rgéwmeq 51’?5’@'%?”9618 g %‘ﬁ&i'a’f’i on

- oper at i ongdditive STRS bfddealsliy s&ri © fequit "H3é@ﬁﬁ?@ahh%cﬂé@éé‘iﬁ%r&@é@%t:@ﬁpﬁﬁ

maki ng. However, there still exists a neéd to further enhance paper making

processesl”m[f-wqiEﬁllfi'tﬂlﬂfetn diapags agd deranatiege, retention and formation.
Furthernore there also exists the need for providing a nore effective
floccul ation systemfor making highly filled paper. According to the

present |pReIBAEIT @eéﬁr%@%cb&p@é@u&h%@nﬂrf&r Q&Kﬂseglr%@eém@ﬁ:c draper board
conprising formng a cellulosic suspension, Tlocculating the suspension,

dr ai ni ng a@mphstesise asdamc eolunens erecrropertlttﬁsnsaidsnme:%panld!etshmvm@ whng the
sheet, charact |sedb| n_that the slus al on is iﬁccul ate_gr?usi ng a

f1 occul at%‘%’("%’fﬁﬁﬁw EDAPFIAGSREATICS 5L dBRetREPRIESAITNAN G oF GUFORS. @

m cropar td gliesn WREESIHN8Y §t st ‘1“’15r‘M7’|a| £onPArdrbEd. ﬁnﬁhgﬁﬂ cBhtdr? 3% abeég 750
nanoneters. The mcroparticles may be prepared acco to any suitable

t echni qued nuBeaupans edr milliohebasedoathe monﬁhwtmmyttsban@raepanmdyforfatH@st

nononer b hat co ri ses water sol uble et en C nsat ur.at ed
Tonomer s Ao hel IR s Gesho5es BaBPR TSI St s onGer e Tt

provi des da 4806 bhelf e fdsPeMficA said to increase the drainage rates paper

making.

However, there still exists a need to further enhance paper making processes by
further improving drainage, retention and formation. Furthermore there also exists
the need for providing a more effective flocculation system for making highly filled

paper.

According to the present invention a process is provided for making paper or
paper board comprising forming a cellulosic suspensicn, flocculating the
suspension, draining the suspension on a screen to form a sheet and then drying
the sheet,

characterised in that the suspension is flocculated using a flocculation system
comprising a siliceous material and organic microparticles which have an

unswollen particle diameter of less than 750 nanometers.

The microparticles may be prepared according to any suitable technique
documented in the literature. They may be prepared from a monomer biend that
comprises water soluble ethylenically unsaturated monomers and pelymerised by
any suitable polymerisation technique that provides microparticles which have an

unswollen particle diameter of less than 750 nanometers. The monomer blend



unswol l.en particle dianeter of |ess than 750 nanoneters. The nononer bl end
1 4 APR 2005 4 may al so conprise cross-linking agent. Generally the AR08t
of crosslinking agent nay be any suitable amount, for instance up to
50,000 ppmon a nolar basis. Typically the anbunts of cross-1|inking agent
are in the range 1 to 5,000 ppm The mcroparticles my be prepared in
accordance with the teachings of EP-A-,484617. Desirably the m croparticles
exhibit a solution viscosity of at least 1.1 nPa.s and a cross-1linking
agent content of above 4 nolar ppm based on nononeric units. Preferably
the nicr o@'@ﬂt&'@@@fﬂﬂﬂﬁ@ @ﬁsﬁﬂﬁkwgt%ﬂm @enerdyths 20%unitof erqestifieinglzigent he
ention the m.croparticles

are o or o BPEstal fmolBt 3P aanEE s e HBE 36 Shmma Etads have
a particleysiagy He éﬁ%@r‘t@@ﬂcr@@ llnﬂﬁﬁ%%rﬁra'?e e ¢ Rﬁ@gﬁ %S%O@n@?rhess than

60 nanorreters iT non-cross-1|inked ter-ln Pr efer y the
m croparticles exhibit a rheol ogical oscillation vaI ue of tan delta at
0. 005Hz bel.ow 0.7 based on 1.5% concentrati in
water © vRe TR eRS e BE s Reietn FrlEar S b oI D BRS¢ he

range 0. 11g6519. %sl}ébag@ﬁe ﬁuérrab;afna& ¥xRBRB Jonuish 9:@;}53;{9 6’@&%3&'1"9 the

cel | ul osi c suspension using a occutation system that “‘conprises
si | i ceousmifet 2andla ardsairgérg egeot goreentcof aboveopardarches I:;Q’fse\zilcd'ES
i nprovenents in rete?ﬁt":%i:prfgée %I]Bal nage and formati on by conparison to a

syst em usTRGTHE QN B’rTBBéF‘HQﬂaéEC'ﬁ? bREe &N 'Pﬁ@'@qulaé@ﬂ% Gt eri al
in the abmgﬂigrgferég]gltﬁglnyfgﬁ;& gtdé%é:%pé)?h{ohﬁes The siliceous material may

be any of t materials se romthe group consisting of silica based
particles, silica mcrogels, coIIO|daI silica, silica sols, silica gels,
pol ysilicates,  aluninosjlicates, yal um nosi | i cat es borosi | i cat es,

pol ybor osin P fEE oL investien t%lqrggﬁglc@sa@re TrRDeIIS RESaEEGHHY er i al may
be in the;iQfguRle MnAEPUBSEE. GHRRAICT GAL AL EaBE §t@le size of less than 750

nancmeters if cross-linked and less than 60 nanometers if non-cross-linked and

water-inscluble.

Preferably the microparticles exhibit a rheological oscillation value of tan delta at
0.005Hz of below 0.7 based on 1.5% by weight polymer concentration in water.
More preferably the tan deita value is below 0.5 and usually in the range 0.1 to
0.3.

It has surprisingly been found that flocculating the cellulosic suspension using a
floccutation system that comprises a siliceous material and organic polymeric
microparticles provides improvements in retention, drainage and formation by
comparison to a system using the polymeric microparticles alone or the siliceous

materizl in the absence cf the polymeric microparticles.

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, zeolites or sweliable clay.

This siliceous material may be in the form of an anionic microparticulate material.



14 APR 2005 5 Alternatively the siliceous material nmay be a cationic
silica. Desirably the siliceous material may be selected from SI I I/f S and
polysilicates. The silica may be for exanple any coll oidal sil |

i nstance as described in WO A-8600100. The polysilicate may be a coI I oi daI
silicic acid as described in US-A-4,388,150. The polysilicates of the

i nvention may be prepared by acidifyi an aqueous solution of an al kali
metal silicate. For instance polysilicic mcrogels otherwi se known as
active silica may be prepared by partial acidification of alkali netal
silicate Aﬁeﬁmiwimﬁe@lmagusugetaml mayeheb catiodis mincead]e;sir@bmmegshcrmjms
acid salts aci t may. be desired tg a reshly or ned

pol ysi | i cF@t%é‘I" dﬂfaﬁ%egsf%‘:é‘f%eggmﬂ |5ﬁ\RF§@PP|Q9*?é§WC¥?ﬁ gﬁw%lsﬁﬁ%m@b{{ge 96t wor k
struct ur eekSmbs Bhy @@III@IHQI $iicd hgr lnrslalTﬁ:eois 888 :ﬁ W@ﬁﬂféﬁtfmw Thr the
polysilicic acid to gel Particul arly preferre |'i ceous material include
pol yal um polysilicetamey. bél'aeotb@lhgabamn:rmsj &3 da'aermemm b8-A$0388,150ance

al um nated polysilicic acid, nmade by first formng polysilicic acid

m croparticles and then post treating with al um ni um sal ts, for instance as
descri bedTj SHGdh Vi i [ silicic
m cropartﬂ;l@g% c%t%%gfgi%ﬁ%vm um ﬁ@ga?éegﬁg%?& b nt'i a I gtﬁ t g%ts"ﬁrface

Al t er nat i s@bsiot keé gocdliall mat:mlcmlndatea‘fmns@mcb@qﬁ;ﬂ:lmnﬂmmgb@t@thenbma| cilic

m crogel s, of surface %ea in excess of 1000nR/g TQ med by reacting an
al kal i mefPWaas }GE S atwaactaedp@ﬁar%pwag@!@swé iGatiem ¢ialke'smetal for

I nstance ag. Q@%réﬂ%ﬁﬂﬁ'ﬂWBlésbf‘usé’oﬁlﬁﬁmé%acf&mrcﬁJI Iéx&}f?nsqﬁ resins, acid salts

pol yal um nosili cat es have o of um na: ween
1: 10 and 4nd %@ gRPedy al mwr@désncatt@sagmmdofeeimIfmdwézj/pahysm:fcyaa’i@uan

aqueous solution of alkali  nmetal silicate to pH 9 or 10 usin concentrat ed
sul phur i cOE d° @RYat ?I'é”tlthﬂ‘)e%Q’m‘?”%%%'y‘%éfpg‘hﬁ”‘é@tuéﬁ {atcem. Senasply the

al um niu I d¢: 4 I on nmay
be aged ?u@%‘%cl e(% Iﬁ?/ éq@%at %fﬁ%@mﬁlﬁlgﬁgﬁQD e;fgﬁaerﬁ‘i‘&H%‘? f'orm HéId ypically

t he pol yatiiceaos nIatemIena:lsdagpe@/ammnmps'tmtabome pm@amrdmashnabfes tayibe
bef ore dlgutlngthe arﬁue 8 P{SHIcatetOOS r% % of . silica.
or instance aluminated polysificic acid, made by first 1orming polysilicic acid
microparticles and then post treating with aluminium salts, for instance as
described in US-A-5,176,881. Such polyaluminosilicates consist of silicic

microparticles with the aluminium located preferentially at the surface.

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

alumina:silica of between 1:10 and 1:1500.

Polyaluminosilicates may be formed by acidifying an agueous solution of alkali
metal silicate to pH 9 or 10 using concentrated sulphuric acid containing 1.5 to
2.0% by weight of a water soluble aluminium sait, for instance aluminium sulphate.
The agueous 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.

The siliceous material may be a colloidal borosilicate, for instance as described in



The siliceous material may be a colloidal borosilicate, for instance as
described in 1 4 APR 2005 6 WO A-9916708. The col | oi dal bor osi Il icRdliray
be prepared by contacting a dilute aqueous solution of an al kali netal
silicate with a cation exchange resin to produce a silicic acid and then
formng a heel by mxing together a dilute aqueous solution of an al kali
netal borate with an alkali nmetal hydproxide to forman aqueous sol ution
containing 0.01 to 30 % B203, havi ng pH of from?7 to 10.5. The swell able
clays may for instance be typically a bentonite type clay. The preferred
cl ays ar eNEweHPA @8, M heat@ioidal darowlicade nudaps prepatedarecomtaatired bydilued er
swel | abl e or cl ays which can bhe ified, for instance by ion exchange to
render t%%ﬁ”%#i%lag@lﬂéﬂg%gﬁﬂ'EaWaW'éW aGRIONFHIE 2008y 8SNBI ude but
are not I4-aHLEs ot Giici€ ba¥Sad etk fRf E‘i#etepbﬁ?nii?iﬁ?tt%hfr%r_ascfm?ﬁé bhBgous
nmontnorillonites, nontronites, saporite, sauconite, “hormtes, attapu?gltes
and sepi clolutes offgpiadali raefabbbcatewet amglkatilrayial aydraksetd foech am

EP- A- 235893 and EP- A- 335575.. S r bly the clay is a hentonite type
clay. Th@MERSHYMMGOHENHNG i@ﬂeﬁv 36@3/ gmésahﬁ&‘lnig Fret P TRt ol @5
Bentonites occur naturally either as alkaline bentonites, such as sodium
bentonite or as the alkaline earth netal salt, usually the calciumor
magnesi umrsaswellfidaaiald yayher mskaldertse gaidany rebehtobastypne tiay. Ahe
activated by treatnment with sodi um carbonate or sodi um bi carbonat e.

Act i vat ePTESRER] GlBle apR AVSHRPIE iBIvEier andfndyde glsypivdch gre Ratysalhewatin | as

dry powd I ; e i.f.e OV ] | l'ids
1 ouabl e Y Liafs BF PSR LR o R BBl b s Ende B SRl o
descri bedhém EBteA-s485ERE. SURLRe FEE3GHEIabE WOyAIrIS3OBUt afheot limited to
m croparticles may be nade as m c¢croenul sions by a process enpl oyi ng an

aqueous $HR PN EYRPEASPIRS RECat e SMECHeSaMABRMEHBRBRRMAN@NERSss| i nki ng
R e R s S el
m cron i rlaynsmotie smibednibeiP-AveBoges padtdRhe33b A5 di ameter. M crobeads are
al so made as
Most preferably the clay is a bentonite type clay. The bentonite may be provided
as an alkali metal bentonite. Bentonites occur naturally either as alkaline
bentonites, such as sodium bentonite or as the alkaline earth metal salt, usually
the calcium or magnesium salt. Generally the alkaline earth metal bentonites are
activated by treatment with sodium carbonate or sodium bicarbonate. Activated
swellable bentonite clay is often supplied to the paper mill as dry powder.
Alternatively the bentonite may be provided as a high solids flowable slurry |, for
example at least 15 or 20% solids, for instance as described in EP-A-485124,
WO-A-9733040 and WO-A-9733041.

The microparticles may be made as microemuisions by a process employing an
aquecus solution comprising a cationic or anionic monomer and crosslinking
agent; an oil comprising a saturated hydrocarbon; and an effective amount of a
surfactant sufficient to produce particles of less than about 0.75 micron in
unswollen number average particle size diameter. Microbeads are also made as
microgels by procedures described by Ying Huang et. al., Makromol. Chem. 18¢,
273-281 (1985) or may be obtained commercially as microlatices. The term

"microparticle”, as used herein, is meant to include all of these configurations, i.e.



m.crogel s by procedures described by Ying Huang et. al., Mkronol. Chem
186, 273-281 (1985) or nmay be obtained comercially as microl aticelsh Affhéll’
term "mcroparticle", as used herein, is nmeant to include all of these
configurations, i.e. 1 4 APR 2005 7 beads per se, mcrogels and

m crolatices. Polynerisation of the enulsion to provide mcroparticles my
be carried out by adding a polynerization initiator, or by subjecting the
emul sion to ultraviolet radiation. AT effective amount of a chain transfer
agent may be added to the aqueous solution of the enulsion, so as to

control tRea@oh¥res | ARlbO&s drid MRFolaBEELr i singly found that the
crosslinked, organic, polyneric mcroparticles have a high efficiency as

retention and drai nage aids when their particle size is less than about

750 nmin_dj aneter. an referably | ess than about 300 nmin di aneter and
[hat "the REhETS PR 4R EMEASPE o REpare Mo oS aTREE CATEDEEEY c| o

have a hi ff LG ik e 1 my Sth i; t The
ef fici enc?gt?}]p atig&y?}g%ﬂ@ﬁEkhég&%lk’c?riﬂaéﬁt?;é?ﬁe@s?te %ﬂpﬁ%ﬁﬁ g?%g t tan t he
noncr ossl radiaebrmifoT effectiviecdresunhalya beaiatttaridhert agedtonéheesadddd tetthands or
tails that protru(ge ,frog1 t he m?i_n crosslinked pol ymer. Cationic

ni cr opar t PRYRAULSHHIPR P e pRIISieRe $hes & rerferidhe |59'ﬁ%rr‘?azti% IRVER!

chiori da; ST RP R e Rt A YR PR e ™

quat er nar higs dfficieaocf aanedientoncael srafage aids when their particle size is less than
N, N- di al kyl am noal kyl (et h) acryi am des and salt and quaternaries thereof,
such as NepP@fi iRl Ry ingHAMS rr@qda@rra)fqerz@mmlggg than about 300 nm in diameter and

(met h) acrﬁa@a‘dggrgggrreﬁggﬁrméz%%ramgievmgdm%wgg_rrt@gpaﬁ&cqie@ﬁawat ernary

salts of yl'am noethylacrylate and t Ionli c nononers
whi ch najighesflisiedcheseinrthaireizd istibss frain svduigigemeTak dficisutpaefte 0 R2 |
1 1 CH2=C - CGX-A-N-R3 Z , . : .
crosslinked microparticles at a larger size than the noncrosslinked microparticles
may be attributed to the small strands or tails that protrude from the main

crosslinked polymer.

Cationic microparticles used herein include those made by polymerizing such
monomers as diallyldialkylammmonium halides; acryloxyalkyitrimethylammonium
chloride; (meth)acrylates of dialkylaminoalkyl compounds, and salts and
quaternaries thereof and, monomers of N,N-dialkylaminoalkyl{meth)acrylamides,
and salt and quaternaries thereof, such as N ,N-dimethyl aminoethylacrylamides;
(meth)acrylamidopropyltrimethylammonium chloride and the acid or quaternary
salts of N,N-dimethylaminoethylacrylate and the like. Cationic monomers which

may be used herein are of the following general formuiae:

R, O R,
o |
CH,=C - C-X-A-N"-R, Z

|
R.

where R, is hydrogen or methyl, R, is hydrogen or lower alkyl of C, to C,, R,
and/or R, are hydrogen, alkyl of C, to C,,, aryl, or hydroxyethyl and R, and R; or



R, where R is hydrogen or nethyl, R2 is hydrogen or |ower alky]4 @PR @05to
C' R3 and/or R, are hydrogen, alkyl of C to C 2, aryl, or hydroxyethyl
and R2 and R or 1 4 APR 2005 8 R2 and R, can conbined to forma cyclic
ring containing one or nore hetero atons, Z is the conjugate base of an
acid, X is oxygen or -NR, wherein R is as defined above, and Ais an

al kyl ene group of C, to Cl2; or CH2 CH2 11 11 R5-C CGR6 HRC CH2 NI/ R
Re where R5 and Re are hydrogen or nethyl, R7 is hydrogen or alkyl of C, to
Cl2 and R5 i s hydrogen, alkyl of C, to 012, benzyl or hydroxyethyl; and Z
is as defg [ r [ in those
made by hyzd ﬂ?ﬁﬁé%oarﬁ??%gn@ g} rgo W'& nﬁb?@&%@ﬁh @%%ﬁ:&h’%ﬁs@ made by
pol yner i Atomss uch theooojryade &eséméthyddd ot id oxygesi dr &, wherdin $alis as
2-acryl am do- 2 rret hyl pr opane sulfonate sulfoet hyl - (et h) acryl ate,

vi nyl sul fEAINEIRPYE. NG 3 e 38 R HATE 05HIPRT Cnidl @i %br ot her di basi ¢ aci ds
or their salts or m xtures thereof. Nonionic nononers, suitable for nmaking
m croparticles as copolyners with the above anionic and cationic nononer s,
or m xtures thereof, include (meth)acrylam de; N-al kyacryl am des, such as
N-net hyl acrylamde; N,N 1 4 APR 2005 9 dial kyl acryl am des, such as

N, N-di net hyl acryl am de; nethyl acrylate; nethyl nethacryl ate;
acrylonitrile; N-vinyl nethylacetam de; N-vinyl nethyl formanm de;

CH, CH,
l I
RS - C C - Rﬁ
| |
C CH,

AN
N

where R, and Ry are hydrogen or methyl, R; is hydrogen or alkyl of C, to C,; and
R, is hydrogen, alkyl of C, to C,,, benzyl or hydroxyethyl; and Z is as defined

above.

Anionic microparticles that are useful herein those made by hydrolyzing
acrylamide polymer microparticles etc. those made by polymerizing such
monomers as (methyl)acrylic acid and their salts, 2-acrylamido-2-methylpropane
sulfonate, sulfoethyl-(meth)acrylate, vinylsulfonic acid, styrene sulfonic acid,

maleic or other dibasic acids or their saits or mixtures thereof.

Nonionic monomers, suitabie for making microparticles as copolymers with the
above anionic and cationic monomers, or mixtures thereof, include

(meth)acrytamide; N-alkyacrylamides, such as N-methylacrylamide; N,N-



vinyl acetate; N vinyl pyrrolidone, mxtures of any of the foregoing %&ﬂ
the like. These ethylenically unsaturated, non-ionic nononers may é 2003
copol yneri zed, as nentioned above, to produce cationic, anionic or
anphoteric copolyners. Preferably, acrylam de is copolynerized with an
ionic and/or cationic nononmer. Cationic or anionic copolyners useful in
maki ng m croparticles conprise from about 0 to about 99 parts, by weight,
of non-ionic nononmer and from about 100 to about 1 part, by weight, of
cationic or anionic nononer, based on the total weight of the anionic or

cationic a[mlkﬁgﬁyié?ﬂid‘ésﬂg’MEENNpéiﬁ-fe‘?ﬁ@%& !a{)rﬁi%], ﬁ'%?rﬁ; a;cb%éfe;ﬁg gttgo by

parts, by wei'ght, of non-1onic nononer about

wei ght, ofnathacuytdte; a«:rymstoim;o\l-momnwmm;irs-viinyeméthgr forhamid&ni c
charge in . the rrigrpﬁ?ar,ticle Pust be ?reat er than about 1 % M xtures of
pol yrer i ¢ V™ 8FeiFL -t il PrEp 89 MeTwised’ PPy ohéhe frggoingrand tieaikge of t he
m xture is also over about 1% Most preferably, the mcroparticles contain
fromabout 20 to 80 parts, by weight, of non-ionic nononmer and about 80 to

about 20 paess eltyylericghy unsaieatebasds-iord miidrReistmay baNtdpdlFmERAITE]s Of
m xture thereof. Polynerization of the nononers occurs in the presence of
a pol yf unBENSRAEIEREYE: IhRIGYCESEHIONICo 2NONIA Ot ABPEOLRE Copmpders,

m cropart j e f. i | . | j nki ng_agents,conprise
Compounds g o HEPALE Y BERL TR B D iR oS B BRE bR meha o
reactive Gatiupic @rarippicrepolyriersrseipsa mdHing idlpeedés Ebﬁﬁ?isé(?fﬁrﬁ‘i ning at
| east two _doubl e bounds are N, N-met hyl enebi sacryl am de; N,

met hyl eneBPQWeY FRAEPYVEAP @artspby weaightl efveg-jardt meiraensn andkfrom about 100 to

| yet hyl [ , ' | am de; . di vinylb ;
R I T e B e A L
Pol yf unct ofothel aioaiacdr cxgioageatS neanbEt Mdibraérs, bearstat&ofouBbet honyl and at
| east one reactive group include glycidyl acrylate; glycidyl nethacryl ate;

acr ol ei n; 2R BREE HY WRG. aheed-iwic mesonres] afidiakeutotato abeutrRhpags.agent s
cont s 1 1y Aeid 7S] AL SPSHIHE ERWRR B5hUtB L LIRS en SRy
agent s artetmidrepasiett mussbéfgreatenthaauandutt 19 SMbau AsSH oigmeriess- | i nked 1 4
APR 2005 microparticles may also be used if the total ionic charge of the mixture is also over
about 1%. Most preferably, the microparticles contain from about 20 to 80 parts,
by weight, of non-ionic monomer and about 80 to about 20 parts by weight, same
basis, of cationic or anionic monomer or mixture thereof. Polymerization of the
monomers occurs in the presence of a polyfunctional crosslinking agent to form
the cross-linked microparticle. Useful polyfunctional crosslinking agents comprise
compounds having either at least two double bounds, a double bond and a
reactive group, or two reactive groups. lllustrative of those coentaining at least two
double bounds are N,N-methylenebisacrylamide; N N-
methylenebismethacrylamide; polyethyleneglycol diacrylate; palyethyleneglycol
dimethacrylate; N-vinyl acrylamide; divinylbenzene; triallylommonium salts, N-
methylallytacrylamide and the like. Polyfunctional branching agents containing at
least one double bond and at least one reactive group include glycidy! acrylate;
glycidyl methacrylate; acrolein; methylolacrylamide and the like. Polyfunctionai

branching agents containing at least two reactive groups include dialdehydes,

such as gyloxal, diepoxy compounds; epichlorohydrin and the like.

Crosslinking agents are o be used in sufficient quantities to assure a cross-linked



10 conposition. Preferably, at |east about 4 nolar parts per mllion of
crosslinking agent based on the nonomeric units present in the pplwRrRiare
enpl oyed to induce sufficient crosslinking and especially preferred is a
crosslinking agent content of fromabout 4 to about 6000 nolar parts per
mllion, preferably, about 20-4000. More preferably the anmount of
crosslinking agents used is in excess of 60 or 70 nolar ppm The anobunts
particularly preferred are in excess 8¢ 100 or 150 ppm especially in the
range 200 to 1000 ppm Most preferably the anount of cross-linking agents

th 0
| nvent i ool oaiaR P ety B Teacy WpoRR LB Bl eI ToBMNE | ) an
enul si on agerditesledsedtharappimerat ity pleBentis4bé holRoky aer eamicyed fon

m croemnul si ons and . i nverse. emul sions may be used as is known to those
skilled iRCYEE §U§Wﬂe”tﬁr0§ﬂl§ik§& a'ﬁ‘éﬁép?%"w Areferred dha CI@W'“&'”%?%@SS for

making sphenLGab rOANAPAN Fc:! outHdod rﬂ (%l?t':sj:)n r‘?ﬁ;ﬁno:rh Pef%?%oga rom by

(1) sol ub I'ZI ng nononers, as acry d ne | éne crylam de,

in mcel | &34800. M@rembmﬂjmhe@nﬁdﬂmtmﬁmruﬁmn§%@ahts uE’b@l‘sﬂn Sxess@i(12),
1763 (1976) and United States Patent No. 4,021,364. Both inverse

wat er - i n-&fi pr ZRdnetar HPm.wEe AMoNAFpaitictieryPrelrsies piccpa"eess ! 0er

Buthor . 1L Pof a3t RIE A il B M PR S W RARE RO B 1)

used to dgbks8inkMgCs |§iromepglngefaeozt@tzmppmhese reports al so constitute
the first exanples o pol ymeri zation of acrylamde in a m croenul sion.

Since then, nunerous publications reporting polynerization of hydrophobic

f
exanpl cs, |07 80l RS el e L LR YL S S G BRREBRA e T3 bone, .
Di sper si ofblpaierizatén Teehe mddohers3n anléB0isiorams dAtidseand sbpdivason, EF- Am
Chem Soc., 103 (14), 4279 (1981); and GB 2161492A. The cationi c and/ or

ani oni ¢ ehAGl brPPenprgationtn GHCHRELAEENS 8Nd HMHRIEE EINWSIONS)MEYPEREEERF a

monomer - gyl S1.an: oy, AAUAL AR RAUGOUS SOLUL) ARLALGLAS FRNMIFYE77 2
process for making spherical "nancparticles” with diameters less than 800
Angstrom by (1) solubilizing monomers, such as acrylamide and
methylenebisacrylamide, in micelles and (2) peiymerizing the monomers, See J.
Pharm. Sa., 65(12), 1763 (1976) and United States Patent No. 4,021,364. Both
inverse water-in-oil and oil-in-water "nancparticles” were prepared by this process.
While not specifically called microemulsion polymerization by the author, this
process does contain all the features which are currently used ‘o define
microemulsion polymerization. These reports also constitute the first examples of
polymériza‘tion of acryiamide in a microemulsion. Since then, numerous
publications reporting polymerization of hydrophobic monomers in the oil phase of
microemulsions have appeared. See, for examples, U.S. Patent Nos. 4,521,317
and 4,681,212; Stoffer and Bone, J. Dispersion Sci. and Tech., 1(1), 37, 1980;
and Atik and Thomas , J. Am. Chem. Soc., 103 (14), 4279 {(1881); and GB
2161492A.

The cationic and/or anionic emulsion polymerization process is conducted by {i}
preparing a monomer emulsion by adding an aqueous sclution ¢of the monomers
to a hydrocarbon liquid containing appropriate surfactant or surfactant mixture to

form an inverse monomer emulsion consisting of small aqueous droplets which,



to a hydrocarbon |iquid containing appropriate surfactant or surfac{lz‘g@J
mxture to forman inverse nononmer enul sion consisting of snall ah 005
droplets which, 1 4 APR 2005 11 when polynerized, result in polyner
particles of less than 0.75 mcron in size, dispersed in the continuous
oi |l phase and (ii) subjecting the nononmer mcroenulsion to free radical
pol yneri zati on. The aqueous phase conprises an aqueous m xture of the
cationic and/or anionic nonomers and!bptionally, a non-ionic nmonomer and
the crosslinking agent, as discussed above. The aqueous nononer m xture
may al so ﬁﬂgﬁrp!cﬁ@m@klﬁé'd, r‘é@DN%ﬂ?bﬁH@réﬁ%léé ¥ERsAShan 6. TLsiidef in kRfe, exanpl e,
the m xture may contain chel ati agents to renove polynerization

i nhi bi t or@isppHesdinubeasitinuoiit vdpoese and (i psigectoantnennibooaleraddi ti ves.
Essential to the for r{ati on of the enulsion, which may be defined as a

swol | en, MYGTOREPUFEALC S5e &aﬁ&%awﬁﬁ%my stabl e enul sion conprising two
liquids insoluble in each other and a surfactant, in which the mcelles
are less than 0.75 mcron in diameter, is the selection of appropriate

or gani ¢ phasegqardus pifaset@mprisebhen selentd oixtofe theemaganiccampiiasenicas a
substantial effect on the m nimum_ surfactant cgncentra,i on necessary to

obtai n t hEONRFFSETERIPUITHY. FAOTGPREATENOHRASRT Ha§ CERIFIIEE 299W-dt%car bon
or hydroc@f%{?@&éﬁ éngrég-pﬁ@%gg@é&dmo%ﬂ{e‘?%&{?%?n@ nﬁﬁkgﬁd&‘uﬁl@%ég@é@f are the

nost suitable 1n or arn 1 nexpensive fo ypi cally, the

or gani ¢ pl@sentidnal eddpives askesziested. Fol axameplef thel moitlire keyasemnen odor | ess

mneral spirits or mxtures of any of the f,o.regoil_ggga.d The rat.i o, (\Q/ei ght,
S

. b
of the anBiflBineROSRIRELETONE ROIMSEERITH IS, 7Y S0iRlersn iiathrafn

possi bl e, ofranls n{?@ﬁé’}idljiditﬂfe%er pol ymeri zation, an enul sion of high
pol ymer content. Practically, this ratio may range, for exanple for about

0.5 to about 3:1, and usually approximates about 1:1, respectively. One or
nore surfactants may be selected in order to obtain CS-II.],B gjl-%/dro%hi lic
Essential to the formation of the emulsion, which may be defined as a swolien,
transparent and thermodynamically stable emulsion comprising two liquids
insoluble in each other and a surfactant, in which the micelles are less than 0.75

micron in diameter, is the selection of appropriate organic phase and surfactant.

The selection of the organic phase has a substantial effect on the minimum
surfactant concentration necessary to obtain the inverse emulsion. The organic
phase may comprise a hydrocarbon or hydrocarbon mixture. Saturated
hydrocarbons or mixtures thereof are the most suitable in order to obtain
inexpensive formulations. Typically, the organic phase will comprise benzene,
toluene, fuel oil, kerosene, odorless mineral spirits or mixtures of any of the

foregoing.

The ratio, by weight, of the amounts of aqueous and hydrocarbon phases is
chosen as high as possibie, s¢ as to obtain, after polymerization, an emulsion of
high polymer content. Practically, this ratio may range, for example for about 0.5

to about 3:1, and usually approximates about 1:1, respectively.

One or more surfactants may be selected in order to obtain HLB {Hydrophilic
Lipophilic Balance) value ranging from about 8 to about 11. In addition to the

appropriate HLB value, the concentration of surfactant must also be optimized, t.e.



Li pophilic Bal ance) value ranging fromabout 8 to about 11. In addition to
the appropriate HLB val ue, the concentration of surfactant nust all$oARBe00S
optimzed, i.e. 1 4 APR 2005 12 sufficient to forman inverse emul sion.
Too | ow a concentration of surfactant |eads to inverse enulsions of the
prior art and too high a concentrations results in undue costs. Typical
surfactants useful, in addition to those specifically discussed above, my
be anionic, cationic or nonionic and H%y be sel ected from pol yoxyet hyl ene
(20) sorbitan trioleate, sorbitan trioleate, sodium

di - 2- et hyduReighsid fopsiusit imatss empleam TP Y | dnaehitlieimoneurfs@dntBads
i sostearyl-2-lactate and the |like. Polynerization of the emul sion nay be

carri ed datinyersgrgmuginnsrofkhewior et arssoo ighld eengantrationaresulthint urdueon
may be effect wi t,h a variet f thermal a redox .. free-radi-cal

"o 1 at oo e alg st bafesn i 8 Gkt Stcusaly s eay above.
per oxi desyap wele@dnic; BHtihic ROMOXidHE ahdPRAAPE GefIPOHBHS pof&Pe®yIdpel assi um
persul fate and redox couples, such as ferrous ammoni um sul fate/ anmoni um
per sul f at{(@0) Pothiteer trigkaatensarhijamtrsde e, ebdisot dd2isghyhexyehiérsucainate,
irradiation processes, jrradiation, or by ionizing radiatign with a Co60
sour ce.  SSHAISARBRYGRNe i aHEo SST b e Yoradi e DiecbiGmay be
effected F‘%Myh@(_&%ﬁbﬁ%fme aadiinen Ibay 5O WRHLS oWthEhy B nRERkAGRN Ao RESaker
surfactant. Optionally, the polyner nmay be recovered fromthe emul sion by
st ri ppi ngkdiedoy tagdirhgnitibtioe med s be effectea with vevstrietywhf terpraéangiredoes t he
pol ymer, .e.g. isopropanol., filtering off the resultant .soljd dryi ng and
e sper ST adiEaHERIOACHH 175 GTPa Simi D 25 St SehbHR Tipol yrer s
used in thecpiieseslch B%fHdtherBfiQE,eirn% ahiba¥e R URBL e REs MRk HYiyhhn excess
of 100, 000 and preferably between about 250,000 and 25, 000, 000. Their

ani oni ci tperavldterarmhtednd aiuplesvepchasferonemmmomlre spéetdammaeido0 nol e

percent. The j oni ol yner. may al so co i se ho ol yner.s ar _copol yners of
by of { RETTBHRE: RoNEErE o el el B8 SUECIRA B PReGS B TP I HBORORTE beads,
with acrylapLde:<oRabitiBhSobE) REiANETAERth wiRes EOF delita. RreflrBRsiter val ue
is obtained using a Controlled Stress Rheoneter in

an aquecus product from the emulsion may be effected by inversion by adding it

to water which may contain a breaker surfactant. Optionally, the polymer may be

recovered from the emulsion by stripping or by adding the emulsion to a solvent

which precipitates the polymer, e.g. isopropanol, filtering off the resultant solids,

drying and redispersing in water.

The high molecular weight, ionic, synthetic polymers used in the present invention
preferably have a molecular weight in excess of 100,000 and preferably between
about 250,000 and 25,000,00C. Their anionicity and/or cationicity may range from
1 mole percent to 100 mole percent. The ionic polymer may also comprise
homopolymers or copolymers of any of the ionic monomers discussed above with

regard to the ionic beads, with acrylamide copolymers being preferred.

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 deicnised
water after tumbling for two hours. In the course ofthié work a Carrimed CSR 100
is used fitted with a 6cm acrylic cone, with & 1°58' cone angle and a 58ym
truncation value (ltem ref 5664). A sample volume of approximately 2-3cc is used.

Temperature is controlled at 20.0°C # 0.1°C using the Peltier Plate. An angular



Gscillation node on a 1.5% by wei ght aqueous sol ution of polyner iﬂ]p APR 2005
deionised water after tunbling for two hours. In the course of this vvor[L
Carrinmed CSR 100 is used fitted with a 6cmacrylic cone, with a 158 cone
angle and a 58pm truncation value (Itemref 5664). A sanple vol une of
approximately 2-3cc is used. Tenperature is controlled at 20.0C 0.1C
using the Peltier Plate. An angular 1 4 APR 2005 13 displacenent of 5 X
10' " radians is enpl oyed over a frequ@my sweep from 0.005Hz to 1 Hz in 12
stages on a logarithmc basis. G and G neasurenents are recorded and

used to ai$giabetrent ah50eM0a ré@ah6is enmicies. ovbre: vequensfswesp frelta is the
ratio of the loss (viscous) nodulus G' to storage (elastic) nodulus G
within the08kZttemHzan 1diagesqen doesithmiobsre)Ci &nd & vapasyEmeHaEre he

2L o JRERLBL LB OL A Ne SRR s T ALY £heyhf ST kg o

angl é arns or “cross-1inked systens

have per nageatio entEn@seeRto0s) mbeieha! fssanshs st wyaliue G afitian del ta
across a Wi de range of frequencies, Therefore |ow frequency (e.g. 0.005Hz)

measur emdhesyate&Mused to characterise the polyner properties in the
aqueous environnment. According to the invention the conponents of the
floccul ation systemnay be conbined into a mxture and introduced into the

cel | ul osixy |sUsPENSE e B0SHRY|t 6 bElRRAShEL PR rafé beHeRlrneeby dfhige pol yneri c
m croparticles and the siliceous material nmay be introduced separately but

si mul t anesamsple. is puEfcegiy sipwhHovenadle lingas ordirenewsignianotad ahaigadot he

pol ymeric,.m croparticles are introduced, sequenti.al f bl.y when
Phe’ ot 11 cuBHE=RRRN Mo B FraS B TR HEY b poar o GaRb R e

pol ymeri ah8ichz0Paahd 6hes. lcWivaugs ef i estd etk Wide reRyenifineyuEheieRr ocess
conprises including a further flocculating material into the cellulosic

suspensi om&sefwedcadiraencid epp|O/ARHZ) maksyrepmts areyse@do shpjasseise

cat on ¢ " b B PR AR AT B e e ural “por ymor

Accaording to the invention the components cof the flocculation system may be
combined into a mixture and introduced into the cellulosic suspension as a single
composition. Alternatively the polymeric microparticles and the siliceous material
may be introduced separately but simultanecusly. Preferably, however, the
siliceous material and the polymeric microparticles are introduced sequentially
more preferably when the siliceous material is intreduced into the suspension and

then the polymeric microparticles.

in a preferred form of the invention the process comprises including a further
floccuiating material into the ceilulosic suspension before adding the polymeric
microparticles and siliceous material. The further flocculating material may be
anionic, non-ionic or cationic. It may be for instance a synthetic or natural polymer
and may be a water soluble substantially linear or branched polymer. Alternatively
the first fiocculating material is a cress-linked polymer or a blend of cross-linked
and water soluble polymer. In a preferred form of the invention the polymeric
microparticles and siliceous material are added to the cellulosic suspension, which
suspension has been pre-treated with a cationic material. The cationic pre-
treatment may be by incorporating cationic materials into the suspension at any

point prior to the addition of the potymeric microparticle and siliceous material.



and may be a water soluble substantially linear or branched pol yner.
Alternatively the first flocculating nmaterial is a cross-I|inked pdﬂyﬁg§ﬂ@5
a blend of cross-linked and water soluble polyner. In a preferred form of
the invention the polyneric mcroparticles and siliceous material are
added to the cellul osic suspension, which suspension has been pre-treated
with a cationic material. The cationic pre- treatnment nmay be by

i ncorporating cationic materials intd4the suspension at any point prior to
the addition of the polyneric microparticle and siliceous material. 1 4 APR

2005 1.4Tm%ﬁhéfb%neﬁfcit@t&éﬁtgﬁm@qmm@@ﬂ ggveg% aLgf thgfwsﬁn@ggi ng the

polymeric mcropartic and I ceous nate t hough preferably the

cat i oni c materartidleiand siiteduneteriahbbiht bgh prefpeaidy tre satidnicinsgtetigl isarly in
order for it to be distributed thr o,u%hout t he gfl | ul ,osi% S stp,gnsi on before
ei t her t HETQBISRRENCING SYsastqtpeligent s eply &b aedsrdPefiQl eatiBitRs |t may
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screeni ng or eani ng stages a I'n some i nstance ore the stoc
suspensi @ficesudirhateadl adet adaad. evenylie desiehiciabdd chaddtibhie matatriabni c
material into the m xing _chest or blend chest or even into one or nore of
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The cationiC materi cationic speclies su as wat er

sol ubl e gatibaRi Bar@RNte theniRBGSShedt of blehgaticst orEeen aits uchr msrabiim
pol yal um ni um chl ori de, al um nium chloride trj h%/drat e and al um naochl oro
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the cellulosic fibres and other conponents of the cellul osic suspension.
According to another preferred aspect of the invention the flocculation
system ddepeatiedc matesalgnay Heeny NYebal ahtatishperares SUFR @S WAEE preferred

E%Zt :(rjndi %%mpg%scag%i%@égﬁicrgo%r%g?g,tcjr?rllcﬁ'aani%irhia%‘?‘%‘l@s@@ﬁ gtisdlmand at | east
polyaluminium chloride, aluminium chioride trihydrate and aluminochicro hydrate.
The water soluble cationic arganic 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 cther components of

the cellulosic suspension.

According to another preferred aspect of the invention the flocculation system
comprises at least three flocculant components. Thus this preferred system
emplog/s polymeric microparticles, siliceous material and at least one additional

flocculant/coagulant.

The additional flocculant/ccagulant compaonent is preferably added prior to either
the siliceous material or polymeric microparticie. 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 cellutosic
suspension. The additional flocculant/coagulant may be a cationic, non-ionic,
anionic or amphoteric natural or synthetic poiymer. it may be a natural polymer
such as natural starch, cationic starch, anicnic starch or amphoteric starch.

Alternatively it may be any water soluble synthetic polymer which preferably



fl occul ant/ coagul ant. The additional floccul ant/coagul ant conponent is
preferably added prior to either the siliceous material or polyner i

m croparticle. Typically the additional flocculant is a natural PR 2003
synt hetic polyner or other material capable of causing

floccul ati on/ coagul ation of the fibres and other conponents of the
cellulosic suspension. The additi ona&B fl occul ant/ coagul ant may be a
cationic, non-ionic, anionic or anph ?eri c natural or synthetic polyner.
It may be a natural polyner such as natural starch, cationic starch,

ani oni ¢ sexnibis mnianblacﬁcéeli d het pretdred idintcewater isoblbye polymssrs e vangetioater
sol ubl e synt het| c,. pol i.ch ef_er abl 1 4 APR 2005 15 exhibits ionic
char act erg BRENHRY 8?%‘(‘%’35 fB’ﬁ?ttO’W@EyerFoé& & P61 GFHONE PAVEEEHF%ni ¢ or
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conpri se am ne group econe catlonic once introduce nto a

cel | ul osi celblspessspansiontwith auificereiytioy provord teqratriate n'eetamm'ee free
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step descri ove ticu erred systemthe cationic
pre-treatnent is also the addl tional fl occul ant/coagul ant. Thus this
preferred_ process conprises adding a cationic floccul ant/coagulant to the
cel | ul osi Ehe sdslional Jacerlanbcer@amnt may dedisedhe aéiﬁ%tt%h@l 1R cESRpBRIRL S
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material. The cationic flocculant/ccagulant is desirably a water soluble
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honopol yner any “sui et'hyl eni"calT'y” tnsa lrAted cationic ronomer
pol ymer i sestidric4llyOyedige &t ﬂh@omf&ros\m tlspension. The suspension is susbsequently
subjected to further flocculation stages comprising addition of the polymeric

micropariicles and the siliceous material.

The cationic flocculant/ccagulant 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
ethylenically unsaturated cationic monomer polymerised to provide a polymer with
an intrinsi¢ viscosity of up to 3 dl/g. Homopolymers of diallyl dimethyl ammonium
chloride are preferred. The low molecular weight high cationicity polymer may be
an addition polymer formed by condensation of amines with other suitable di- or
tri- functional species. For instance the polymer may be formed by reacting cne or
more amines selected from dimethyl amine, trimethyl amine and ethylene diamine
etc and epihalohydrin, epichlorohydrin being preferred.

Preferably the cationic flocculant/coagulant is a polymer that has been formed
from a water soluble ethylenically unsaturated cationic monomer or blend of
monomers wherein at least one of the monomers in the blend is cationic or
potentiaily cationic. By water soluble we mean that the monomer has a solubility in
water of at least 5g/100cc. The cationic monomer is preferably selected from di

allyl di aikyl ammaonium chlorides, acid addition salts or quaternary ammonium



an intrinsic viscosity of up to 3 dl/g. Honmopol yners of diallyl dinethyl
ammoni um chloride are preferred. The | ow nol ecul ar wei ght high Cat'thFmPME
polymer may be an addition polymer formed by condensation of amines wt
other suitable di- or tri- functional species. For instance the polyner

may be formed by reacting one or nore am nes selected from dinethyl am ne,
trimethyl am ne and ethyl ene diam ne etc and epihal ohydrin,

epi chl or ohydri n being preferred. Pref@?ably the cationic

fl occul ant/coagul ant is a polyner that has been fornmed froma water
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di al kyl am no al kyl (neth) acrylaté or dial kyl am no al kyl

acryl ami d‘e&dl/ghbutoﬁuadimummmrﬂrm7maﬁ tbeddpoil Vdligsed al one or copol ymeri sed
wi th water soluble non-ionic, cationic or anionic nononmers. Mire preferably
such polyners have an intrinsic viscosity of at least 3 dl/g, for instance
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wei ght. Such branched pol yners may al so be prepared by including a chaln
transfer agent into the nononer m x. The chain transfer agent nay be
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an anmount of up t
instance by incorporating smail amounts of branching agent e.g. up to 20 ppm by
weight. Such branched polymers may also be prepared by including a chain
transfer agent into the monomer mix. The chain transfer agent may be included in
an amount of at least 2 ppm by weight and may be inciuded in an amount of up to
200 ppm by weight. Typically the amounts of chain transfer agent are tn the range
10 to 50 ppm by weight. The chain transfer agent may be any suitable chemical
substance, for instance sodium hypophosphite, 2-mercaptoethanol, malic acid or

thioglycolic acid.

When the flocculation system comgprises 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
suspension. Preferably the cationic polymer is added in an amount of at least 50
ppm by weight for instance 100 to 2000 ppm by weight. Typically the polymer
dose may be 150 ppm to 600 ppm by weight, especiaily between 200 and 400

Typically the amount of polymeric microparticle may be at least 20 ppm by weight



200 ppm by weight. Typically the ambunts of chain transfer agent are in the
range 10 to 50 ppm by weight. The chain transfer agent nmay be any guUigpRbiS
chem cal substance, for instance sodi um hypophosphite, 2-nercaptoethanol,
malic acid or thioglycolic acid. Wen the floccul ati on system conpri ses
cationic polyner, it is generally added in an amount sufficient to effect
flocculation. Usually the dose of catiognic polyner would be above 20 ppm
by wei ght of cationic polynmer based othry wei ght of . suspension.
Preferably the cationic polynmer is added in an anpunt of at |east 50 ppm
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to mechanical shear follow ng addition of at |east one of the conponents
of the flocculatln ste Thus | his preferred farm.a
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and the flocculated suspension is then mechanically sheared. This shearing step
may be achieved by passing the flocculated suspension through cne or more
shear stages, selected from pumping, cleaning cr mixing stages. 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 cccurs.

The mechanical shearing step desirably acts upon the flocculated suspension in
such a way as to degrade the flocs. All of the compcnents of the flocculating
systemn may be added prior to a shear stage although preferabiy 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 compaonent of the floccuiating
system is added to the cellulosic suspension and the flocculated suspension is
then subjected to mechanical shear wherein the flocs are mechanically degraded
and then at least one component of the flocculating system is added to

reflocculate the suspension prior to draining.

According to 2 more preferred form of the invention the water-soluble cationic
polymer is added to the cellulosic suspension and then the suspension is then

mechanically sheared. The siliceous material and the polymeric microparticle are



other stage in the process where shearing of the suspension occurs. The
mechani cal shearing step desirably acts upon the floccul ated §dsé@%§m%n in
such a way as to degrade the flocs. Al of the conponents of the
flocculating system nay be added prior to a shear stage although
preferably at |east the |last conponent of the flocculating systemis added
to the cellulosic suspension at a point in the process where there is no
substanti al shearing before draining 1% form the sheet. Thus it is
preferred that at | east one conponent of the flocculating systemis added
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subj ected to nechani cal shear wherein the flocs are nmechanically degraded
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refloccul ate the spension pri,or to draining. According to a nore
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polymeric mcroparticle and siliceous material may be added either as a
preni xed %%pr CorP YMesEpRICRRATYCIBRt si mul taneously but preferably they
are added sequentially. Thus the suspension may be re- floccul ated by

addition of the polymeric mcroparticles followed by the siliceous
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material and then the pol ric mcroparticles. The fir conponent of the
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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 polymeric

microparticle component 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, polymeric
microparticie 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 polymeric microparticle may be the first
component followed by either the caticnic paiymer (if included) and then the

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

in a further preferred form of the invention we provide a process of making paper
or board in which the a cationic material is introduced into the furnish or
components thereof and the treated furnish is passed fhrough at least one shear
stage selected from mixing, cleaning and screening'stages and then the furnish is
subjected to flocculation by a flocculation system comprising anionic polymeric

microparticles and a silicecus material. As given before the anicnic polymeric



floccul ation systemis separated by shear stages it is preferred that the
polynmeric mcroparticle conponent is the |ast conponent to be added. In
another formof the invention the suspension nmay not be subjecteditoAPAMN5
substantial shearing after addition of any of the conponents of the
flocculation systemto the cellulosic suspension. The siliceous material,
polynmeric mcroparticle and where included the water sol uble cationic
polymer may all be introduced into the cellul osic suspensi on after the

| ast shear stage prior to draining. In this formof the invention the
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cationic polynmer (if included) and then the siliceous material. However,
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In one preferred form of the invention we provide a process of preparing paper
from a cellulosic stock suspension comprising filler. The filler may be any cof the
traditionally used filler materials. For instance the filler may be clay such as kaolin,
or the filler may be a calcium carbonate which could be ground calcium carbonate
or in particular precipitated calcium carbonate, or it may be preferred to use
titanium dioxide as the filler material. Examples of cther filler materials also include
synthetic polymeric fillers. Generaily 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 caicium carbonate.

Thus according to a preferred aspect of the present invention we provide a
process for making filled paper. The paper making stock may comprise any
suitable amount of filler. Generally the celiulosic suspension comprises at least
5% by weight filler material. Typically the amount of filler will be up to 40%,
preferably between 10% and 40% filler. Thus accordiﬁg 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



about 75:25. In one preferred formof the invention we provide a process of
preparing paper froma cellulosic stock suspension conprising filketpR 7ilie
filler may be any of the traditionally used filler materials. For instance
the filler may be clay such as kaolin, or the filler may be a cal cium
carbonate which could be ground cal cium carbonate or in particular

preci pitated cal cium carbonate, or it gray be preferred to use titanium
dioxide as the filler material. Exanp%es of other filler materials also
include synthetic polyneric fillers. Generally a cellulosic stock

conpri si nyséerinstaEmpiiging agribradusi msteokal &nd Ipetymeeres micrepditicté esldefined
flocculate. This is particularly true of fillers of very fine particle

si ze, sucrﬁa@?-preci pitated cal cium carbonate. Thus according to a preferred
aspect of the present invention we provide a process for making filled
paper. The paper naking stock may conprise any suitable amount of filler.
Cener al | yintdreattetriativeSoom ofl fpemseotiorc aeprosiee aprdoeastof phépdyngwapdtod il | er
material. Typically the anount of filler will be up Eo 40% _preferably
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this invention we provide a process for making filled paper or paper board
wherein we first provide a cellulosic suspension conprising filler and in
whi ch t heAs suspestaition sfahedsvartenfd oelolibsit atbdiyis ipneparddaiaryainirigoa HKOE0
suspension a flocculating 1 4 APR 2005 20 system conpri si ng a siliceous
mat eri al RRACHRA PHeRIICIANECRIAR SHEPRNHSN gePiFRIAT et evive'BRT @h Bidler nat i ve
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of fill erfreefsssadf $39 (FxhoppéoRicfertrhethoay esfdrenha addition ofsfiller.sbeglperrs
prepared containing a 50/50 bl eached birch/blea h%? pi.ne suspensi on
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The stock suspension is beaten to a freeness of 55 (Schopper Riegler

met hod) before the addition of filler. 5kg per tonne (on total solids)

cati oni ¢ S0@pedimé QeP4onMABYf tSpaigitiedof acriyenidasygnsietnyd chioride quaternary
ammonium salt of dimethylaminoethyl acrylate (75/25 wt./wt.) of intrinsic viscosity
above 11.0 dl/g is mixed with the stock and then after shearing the stock using a
mechanical stirrer then 256 grams per tonne of 2 polymeric microparticle
comprising anionic copolymer of acrylamide with sodium acrylate (65/35) (wt./wt.)
with 700 ppm by weight methylene bis acrylamide prepared by microemuision
polymerisation as given herein is mixed into the stock. 2000 grams per tonne of
an aqueous colloidal silica is applied after the shearing but immediately prior to
the addition of polymeric microparticle.
We find that for doses that provide equivalent drainage and/or retention the
combination of both microparticle and silica gives improved formation over the

separate use of microparticle or silica.

The following Example further illustrate the invention without in any way being

intended to fimit the invention.



500 granms per tonne of copolymer of acrylam de with nethyl chloride
gquaternary ammoni um salt of di methyl am noethyl acrylate (75/25 wt. /\A\/t%%q 7@65
intrinsic viscosity above 11.0 dl/g is mxed with the stock and thé t
shearing the stock using a mechanical stirrer then 250 granms per tonne of
a polyneric mcroparticle conprising anionic copolynmer of acrylamde with
sodium acryl ate (65/35) (w./wt.) wﬁﬁ 700 ppm by wei ght nethyl ene bis
acryl am de prepared by m croemul si on ol yneri sation .as given hereinis

m xed into the stock. 2000 grams per tonne of an aqueous colloidal silica
i s appli gkaghpler1the shearing but inmediately prior to the addition of
polymeric mcroparticle. We find that for doses that provide equival ent

drai nage and/or retention the conbination of both mcroparticle and silica

gi ves i e | . : ] o’ ilica.
The 1ol | on o I aeT T i trer AP oet AT S e 7 ol e TR IRER B 5 ey
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fine paper stock is prepared containing a fibre content caonprising equal
m x of bl&H#dWER). Hreepitaed Qﬁ]@aﬁh%bﬁﬂﬁ@ @P Qi ﬁ@éc'@@%M‘lﬁ‘?r%ﬂ@ﬂt (PCC
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M neral s ock b papér stock concentration. The
foll owi ng ADDI TI VES are used in the eval uation CATIONI C POLYMER = Hi gh

nol ecul ar_copol yner of acrylam de with dinethylam nethyl acrylate, nethyl
chl ori de lef%l&é‘ﬁﬁ&*ﬁ@%ﬁi’ M A814sede0/tae evakieghb/ wei ght ) then made up as a
0.1 % solution. ORGANI C-M CROPARTI CLE = Ani oni ¢ copol yner of acryl am de
with sodium acrylate (65/35) (wt./wt.) with 300 ppm by wei ght mnet hyl ene
bi s acryl@nirdeN|@repay e by High raeRdUSr e0pPigharesf issaflamidasitgi ven herei n,
then made up in water as a 0.1 %pollyrr_er concentration. Bentonite = A
commer ci dimgthyiaminethy pentade) nethyl ghloridagyaterpansagroeniuog saf (G¥48y

weight/weight) then made up as a (.1% solution.

QORGANIC-MICROPARTICLE = Anionic copolymer of acrylamide with sodium
acrylate (65/35) (wt./wt.) with 300 ppm by weight methylene bis acrylamide
prepared by microemuision polymerisation as given herein, then made up in water

as a 0.1% polymer concentration.

Bentonite = A commercially available bentonite clay - made up as a 0.1% solids by

weight agueous suspension using deionised water.

The single component systems are evaiuated by adding the ADDITIVE at the
stated dose to 500 ml of the paper stock suspension in a 500 ml measuring
cylinder and mixed by 5 hand inversions before being transferred to the DDJ with
the stirrer set at 1000 rpm. The tap was opened after 5 seconds and then closed

after a further 15 seconds. 250 ml of filtrate is collected for each test.

The dual component systems were evaluated by adding the CATIONIC
POLYMER at a dose of 250 grams per {onne to the stock in a measuring cylinder
and mixing by five hand inversicns. The flocculated 'stock is then transferred to &
shear pot and mixed for 30 seconds with a Heidolph stirrer at a speed of 1500

rpm. The sheared stock was then returned to the measuring cylinder before being



wei ght aqueous suspensi on using dei oni sed water. The single conponent
systems are eval uated by adding the ADDI TIVE at the stated dose tjq KROIIB3
of the paper stock suspension in a 500 mM nmeasuring cylinder and m xed by
5 hand inversions before being transferred to the DDJ with the stirrer set
at 1000 rpm The tap was opened after 5 seconds and then closed after a
further 15 seconds. 250 ml of filtratg, is collected for each test. The dual
conponent systens were eval uated by atding the CATIONIC POLYMER at a dose
of 250 grans per tonne to the stock in a neasuring cylinder and m xing by
five handdosecewithans redhiesd laomut of snﬁo&tu:dmb@néd‘:emhérraﬂi@tenra@ljto a shear
pot and m xed for 30 seconds with a_Hei dol stirrer at _a speed of 1500
rpm The THRESPSVEERTANSETHEH het Pt W%ﬂ@'%§§? 1RG0 eym @it ihepef or e

being 1 B8R 300%0182ARTH UL 1Be Leaubed gmunt of ani onic component.

The re-floccul até suspensi on was sterre the DDJ with the stirrer
set at 1000 rpmand the filtrate was collected in the sane way as

speci fi ed_above. The three conponent system are evaluated in the sanme way
as the dublte tyerpsmersneisiveifem @ epeluitst intthe SORBANRE 39 IORARAERTI CLE i s

ver i oner PEREERAAE coCERERFLAIC Qa1 on) L ERRRE R a1 80P al g0

det er m neeghmERatd| %ﬁ*é'rWBEW\ﬁlt@NﬂfE)@ddhbﬁ Fldaekniraixaddgohdry Iiverddbds. Wit h
the stirrer set at 1000 rpm and the iltrate is collected as above. A

Schopper - Ri egl er free drai nage survey |s carried out usi ng the sane

fl | at d i.bed th th th t I
i ret sk B T BreA TioPCeat Do bantions Aibmaisr operiiahEagat HEERk! o
retenti onelsntith, e Stdrdl ie AddutibaRe TERS, witheBestitrer set at 1000 rpm, and the

filtrate is collected as above.

A Schopper-Riegler free drainage survey is carried out using the same flocculation

systems as described in the method for the retention survey.

First Pass Retention

All retention vaiues shown are percentages

The blank retention is 65.1%

Single Addition Test

Table 1

Dose Level (gh) ORGANIC MICROPARTICLE
125 | 61.7

250 83.7

500 66.2

750 66.9

Dual Component
CATIONIC POLYMER used at 250 g/t



Dose Level (g/t) ORGANIC M CROPARTICLE 125 61.7 250 63.7 500 66.2 750
66.9 Dual Conponent CATIONIC POLYMER used at 250 glt 23 Table 2 Dose
Level (glt) ORGANI C-M CROPARTI CLE BENTONITE 0 62.7 62.7 125 71.5 164.1
250 74.5 f 66.8 500 76.2 70.8 750 78.9 72.5 Three Conponent System

CATI ONl C POLYMER used at 250 g/t BENTONI TE used at 500 g/t Table 3 Dose
Level (g/t) ORGANI C-M CROPARTI CLE O%L 70.8 125 78.8 250 82.0 500 84.7
750 84.5 The results of table 3 show %e benefits of using both siliceous
material and organic mcroparticle. Filler Retenticn Al retention val ues
shown ar el #¥eent ages

Dose Level (g/t) | ORGANIC-MICROPARTICLE | BENTONITE
0 62.7 62.7
125 71.5 64.1
250 74.5 66.8
500 76.2 70.8
750 78.% 72.5

Three Component System
CATIONIC POLYMER used at 250 g/t
BENTONITE used at 500 g/t

Table 3

Dose Level (g/t) | ORGANIC-MICROPARTICLE
0 70.8

125 78.8

250 82.0

500 84.7

750 84.5

The results of tabie 3 show the benefits of using both siliceous material and

organic microparticie.

Filler Retenticn

All retention values shown are percentages

The blank filler retention is 31.3%

Single Addition Test



The blank filler retention is 31.3% Single Addition Test 1 4 APR 283%57@ 24
Tabl e 4 Dose Level (g/t) ORGANIC M CROPARTI CLE 125 23.7 250 24 h1APRg 9)5
36.1 750 36.6 Dual Conponent CATIONIC POLYMER used at 250 g/t Table 5
Dose Level (g/t) ORGAN | C-M CROPARTI CLE BENTONITE 0 26.7 26.7 125 45.7
29.1 250 51.5 35.6 500 55.3 43.2 750 60.8 46.6 Three Conponent System
CATI ONI C POLYMER used at 250 g/t BENJONITE used at 500 g/t Table 6 Dose
Level (glt) ORGANIC-M CROPARTICLE 0 43.2 125 60.2 250 66.9 500 72.2 750

2.z Table 4
Dose Level (gh) ORGANIC MICROPARTICLE
125 237
250 29.1
500 36.1
750 36.6

Dual Component
CATIONIC POLYMER used at 250 g/t

Table 5

Dose Level (g/t) | ORGANIC-MICROPARTICLE | BENTONITE
0 28.7 26.7

125 457 29.1

250 51.5 358

500 55.3 43.2

750 60.8 46.6

Three Component System
CATIONIC POLYMER used at 250 g/t
BENTONITE used at 5C0 g/t

Table 6

Dose Level (g/t) | ORGANIC-MICROPARTICLE
0 43.2

125 6G.2

250 66.9

500 172.2

750 72.2

The results of table 6 show the benefits in terms of filler retention of using both

silicecus material and organic microparticle.



The results of table 6 show the benefits in ternms of filler retention of
using both siliceous material and organic mcroparticle. 1 4 APR quS f?@%
Free Drai nage The free drainage results are neasured in seconds for 06

of filtrate to be collected. The blank free drainage is 104 seconds Single
Addi tion Test Table 7 Dose Level (g/t) ORGANIC M CROPARTICLE 125 114 250
130 500 J156 750 155 Dual Conponent: CATI ONI C POLYMER used at 250 g/t

Tabl e 8 Dose Level (g/t) ORGANI C-M ARTI CLE BENTONI TE O 78 78 125 41 52
250 39 40 500 44 31 750 46 28 Three Conponent System CATI ONI C POLYMER
used at 250 glt BENTONI TE used at 500 g/t t 4 APR 2005 26 Table 9

Free Drainage

The free drainage results are measured in seconds for 800ml of filtrate tol be

coltected. The blank free drainage is 104 seconds

Single Addition Test

Table 7

Dose Level (g/t) ORGANIC MICROPARTICLE
* 125 114

250 130

500 156

750 155

Dual Component
CATIONIC POLYMER used at 250 g/t

Table 8

Dose Level (g/t) | ORGANIC-MICROPARTICLE | BENTONITE
0 78 78

125 - 41 52

250 - 39 40

500 44 31

750 46 28

Three Component System
CATIONIC POLYMER used at 250 g/t
BENTONITE used at 500 g/t



Dose Level (glt) ORGANIC-M CRO PARTICLE 0 31 125 23 250 21 500 20 750
23 The results of table 9 show the benefits of using both siliceddsAPR 2003
material and organic microparticle. Exanple 2 The First Pass Retention
tests of Exanple 1 are repeated except using an ORGAN C- M CROPARTI CLE t hat
has been prepared using 1000 ppm by wei ght nethyl ene-bis-acrylam de. First
Pass Retention All retention values shgwn are percentages The bl ank
retention is 82.6% Single Addition Test Table 10 Dose Level (glt) CATIONIC
POLYMER 250 86.3 500 85.8 Dual Conponent CATIONI C POLYMER used at 500
glt 1 4 APRPEO®D5 27 Table 11 Dose Level (g/t) ORGANI C- M CROPARTI CLE

BENTON TEs 08 BB T R B e e ) O 7
0 31
125 23
250 21
500 20
750 23

The results of table 9 show the benefits of using beth siliceous material and

organic microparticle.

Example 2
The First Pass Retention tests of Example 1 are repeated except using an

ORGANIC-MICROPARTICLE that has been prepared using 1000 ppm by weight

methylene-bis-acrylamide.

First Pass Retention

All retention values shown are percentages
The blank retention is 82.6%

Single Addition Test

Table 10

Dcse Level (ght) CATIONIC POLYMER
250 86.3

500 85.8

Dual Component
CATIONIC POLYMER used at 500 g/t



Three Conponent System CATI ONl C POLYMER used at 500 g/t BENTON TE brlge@_yazlunﬁ
500 g/t Table 12 Dose Level (g/t) ORGANI CM CROPARTICLE 0 86.7 125 .

25C 88.3 500 92.3 The results of table 12 show the benefits of using both
siliceous material and organic mcroparticle. Exanple 3 Laboratory headbox
stock was prepared to 0.64% consi stency with 50% hardwood fibre and 50%
sof twood fibre and containing 30% prgg.}pi tated cal cium carbonate (PCC)
based on dry fibre. The additives us are as in Exanple 1 except that the
bentonite is replaced by a comercially avail abl e pol yalum nosilicate

m crogel T&aetliicol BX RTM 4 APR 2005 28 Single Conponent A 500mi al i quot
of stockwas treated for -each. retention test: 1000 M was treated for_free

dr ai nagd Pest L-agel (B6) S @@%M&%GBQP&%M@ BRATNGIE was nmi xed at

1500 r pm-fe+—20-seconds a—Br-+Ht—j-ar—Hxed—wHth-—ar—80M-sereen—CATION C
POLYMER s added and, a{jf‘ai%r an additional 5 sec%%gs of shear at 1000 rpm

100m off g Tewarer wag gog! ected through the J|&@; gat ve for first—pass
retentign testing. Twg Conponent System For the two conponent systens,

CATI ONI ¢ ROLYMER was addydda 10 seconds prior tqg &heé mcroparticle addition.
ParticollLBX or (rganicimicroparticle was dosed

Three Component System
CATIONIC POLYMER used &t 500 g/t
BENTONITE used at 500 g/t

Table 12

Dose Level (ght) | ORGANIC-MICROPARTICLE
0 86.7

125 89.7

250 38.3

500 92.3

The results of table 12 show the benefits of using both silicecus material and

organic micropanicle.

Example 3

Laboratory headbox stock was prepared to 0.64% consistency with 50%
hardwood fibre and 50% softwood fibre and containing 30% precipitated calcium

carbonate (PCC) based an dry fibre.

The additives used are as in Example 1 except that the bentonite is replaced by a

commercially available palyaluminosilicate microgel (Particol BX ™).



after 20 seconds of total shear. Wiitewater was collected as for si
conponent testing. Three Conponent System The third conmponent wds M%d@@

i mredi ately after the second conponent for each 3-conponent system First
pass ash retention was determ ned by burning the dry filter pads at 525C
for 4 hours. Free drainage testing was conducted using a Schopper-Ri egler
free drainage tester. The stock was 4g xed at 1000 rpmfor a total of 30
seconds for each test. Retention aids were added in the sane tine
intervals as retention testing. System Conponents and Dosages The single
conponentSinale] Gairdofegt cul ant was dosed at 0.25, 0.5, 0.75, 1 and 1.25

Prose  ésappe FERUEEy finck HEX tete i TanCB Eamsbran | LLTEHes amhd
addi ti onaby freemaneak t@@ﬁngioseés@tgleoc@%po@erﬁ tthl %thé@é@mﬁag%&é’ ads per

ton active. The second conponents were fixed ounds’ per on active
for the tWO@e’pn@Meacomreaanﬁlamfmm%] 803\9 s't':ln@em eSHTIONAT e shown in

Fi t P Ret ent the f t
etont: o By PR st RECuare s SOy tiRak Serends ahptrasratd 0066aM. br ~each
system arw@o'nm%f%terwét@wa% @d@&ﬁﬁdﬁe{sﬂeqar vaﬁ%rfBPﬁr%'f'h ggfgtgﬁggggd as

the x-axis. Figure 1 shows that the advan

retenti otestang.be achi eved by addi ng organic mcroparticle as the final
conponent in the three-conponent systemw th mcrogel Particol BX.  First
Pass Ash Retention Simlar trends in first pass ash retention performance

are showyy g ferd é:gte,tnhe sane systens used with Particol BX. The

advant ag

For the two component systems, CATIONIC POLYMER was added 10 seconds
prior to the microparticle additicn. Particol BX or Organic microparticle was dosed
after 20 seconds of total shear. Whitewater was coilected as for single component

testing.

Three Compenent System

The third component was added immediately after the second component for each

3-component system.

First pass ash retention was determined by burning the dry filter pads at 525°C for
4 hours. Free drainage testing was conducted using a Schopper-Riegler free
drainage tester. The stock was mixed at 1000 rpm for a total of 30 seconds for
each test. Retention aids were added in the same time intervals as retention

testing.

System Componenis and Dosages

The single component cationic flocculant was desed at 0.25, 0.5, 0.75, 1 and 1.25
pounds per ton active. A fixed flocculant dosage was then determined from those
resuits for use in the two- and three-compenent systems. Each additional
component was dosed at 0.25, 0.5, 0.75, 1 and 1.25 pounds per ton active. The
second components were fixed at 0.75 pounds per ton active for the three-

component systems.




denonstrated by the addition of Organic mcroparticle to the Particol
system Free Drainage Figure 3 shows the free drai nage perfornmance of the
m croparticle systens tested. Exanple 3 denonstrates the inprovenent $PRVED
the two conponent systens wusing cationic polyner a polysilicate m crogel
and organic mcroparticle over the two conmponent systens using cationic
pol ymer and either organic mcroparticle or polysilicate mcrogel. 14 APR
2005 30 Clainms 1. A process for nak?ﬁg paper or paper board conprising
formng a cellulosic suspension, flocculating the suspension, draining the
suspensi ofhenegulsbaeshdwn if Bignras shegiugang then drying the sheet,
characterised in that the suspension is flocculated using a flocculatlon
system conprising a siliceous material and organic mcroparticles which

have an naye B Rt cle diameter of |ess than 750 nanoneters, wherein a
further f%ﬁ@gﬁé—en al is included into the cellul osic suspensi on
bef ore addnqwehhgacmé YHERfiisE pBLS FRAGGA 9bﬁérrﬁ@ﬁc§bf trf‘ee@élr%déaiﬁ Bhedk,

which the flocculating material is cationic and is a natural® or synt etlc

pol ymer seb@epeenty esed e apcbgystonsirelisied loﬁh@ia@ﬂr@wﬁbltmreabubst antially
| inear or _bran

r oss ked poal or .a nd, of

cross-1 i nE%H‘DQH&“V\ng?QgHB‘F%Bﬁéﬁﬁérmr |g§reﬁ g?tét&%g}ggieﬁﬁ to claim1l
in which 58eaMiageaR At $d RSB tioR éarﬁbéQEHEbQ@b Vécﬁﬁ b?dar% n%Erdspemel 1
mPa.s and a croSs-1inking agent content of abov ar ppm
monomner i casiing émchorApprs@@tesﬁhactmr@leenmgpmrmrdIsastanlm’nh micogelPamicahBXh t he
m croparticles have an ionicity of at |least 5.0% nore preferably the
m croparticles are anionic. 4. A process according to any of clains 1 to 3
in which Ehet ohes aRartsiehgsnare mcrobeads which have a particle size of
| ess than 750 nanoneters i1 cross-1|inked

Similar trends in first pass ash retention performance are shown in Figure 2 for the

same systems used with Particol BX. The advantage in ash retention is

demonstrated by the addition of Organic microparticle to the Particol system.

Free Drainage
Figure 3 shows the free drainage performance of the microparticle systems tested.

Exampie 3 demonstrates the improvements over ithe two compenent systems
using cationic poiymer a polysilicate microgetf and organic microparticle over the
two component systems using cationic polymer and either arganic microparticle or

i polysilicate microgel.



and | ess than 60 nanonmeters if non-cross-|inked and water-insol uble.

process according to clains 1 to 4 in which the mcroparticles bgbg
rheol ogi cal oscillation value of tan delta at 0.005Hz of belomlg é@éd on
1.5% by weight polynmer concentration in water. 6. A process according to
claims 5 in which the tan delta value ig below 0.5, preferably in the
range 0.1 to 0.3. 7. A process according¥to any of clains 1 to 6 in which

t he naterbﬁhgmponprising the siliceous material is selected fromthe group
consisting of silica based particles, silica mcrogels, colloidal silica,
silica solls, s progegsfor, makingysapear catpaper baard)oompasingdermmg a cellulosic

al um nosi |l i cat es, polyalun1n05|llcates borosilicates, borosilicates,

zeol i tes BHEIPLVRPM, dinceuiatingsth eSUSPRPROPOEEAINGS the SA&SBP%'@? %@@&F%ﬁrht?
any of clﬂi a%h%@t %nﬂrﬂ'\%mbén gm'e shédiceous material is an anionic

m cropartic ate nma rocess according to any of clains 1 to 8

i n which tHWaS:témstMSthaatmstwpensmralstﬂmi'somté@ uBytg—:'a fibeyuiafibn spstenocess
according to any of claims 1 tqo 9 in which the siliceous terial is
sel ect ed FPHRTIENS @ediggors matefinhand Prorue Hiopartisies Whidshave an

ot or | LASbsh paRRiG LEEE? of RARIRBhO SO YRMSERs horrites, attapul gites

and sepi ol'l process accor to any one of clains 1 to 10 in
which t hemherm‘nrmfﬁrmerdlfoctbmtihgonanelriat isoncls:yletlemoahhe catiutagici sesbémgiont he

cellulosic suspenslon sequenti al | ess according to any one of
hai s 3 P8iols B hepeNE I MicEpAicios At Sceaus MEVGRIcad | nto t ho

suspensi Oanaf\gmﬂagtﬁ@ﬁoeaha gﬁ&.@ﬁ%@ﬁém'aﬁmd éca} haklrHd5 sy rinéte

suspensi on rocess acco to any one of alms 1 to 12 1 n which
the pol ynpolymeméexleupdrftdmlthe gsoumcmmmmx@of awvetehsolsbispauisstantiaiiydingasn t he
sili ceousopgtraergéhaéd polymlerrlczla lcJ:rciess ImrI«a-t eolys(rl#\sé %Psé tﬂghd of cross-linked and water-
soluble polymer.
2. A process according to claim 1 in which the microparticles exhibit a solution
viscosity of at least 1.1 mPa.s and a cross-linking agent content of above 4 molar
ppm based on monomeric units.
3. A process according to claim 1 or claim 2 in which the microparticles have
an ionicity of at least 5.0%, more preferably the microparticles are anionic.
4, A process according to any of claims 1 to 3 in which the microparticies are
microbeads which have a particle size of less than 750 nanometers if cross-linked
and less than 60 nanometers if non-cross-linked and water-insoluble.
5. A process according to claims 1 to 4 in which the microparticles exhibit a
rheologicat oscillation value of tan delta at 0.005Hz of below 0.7 based on 1.5%
by weight polymer concentration in water.
6. A process according to claims 5 in which the tan delta value is below 0.5,
preferably in the range 0.1 tc 0.3.
7. A process according to any of claims 1 to 6 in which the material
comprising the siliceous material is selected from the group consisting of silica
based particles, silica microgels, colloidal sifica, silica sols, silica gels,
polysilicates, cationic silica, aluminosilicates, polyaluminosilicates, borosilicates,

polyborosilicates, zeolites and swellable clays.



14. A process according to any one of clains 1 to 13 in which the f rh&%ﬁ%
flocculating material is a cationic material selected fromthe gro&E
consisting of water soluble cationic organic polynmers, inorganic materials
such as alum pol yal um niumchloride, alumniumchloride trihydrate and
alum niumchloro hydrate. 15. A proceié according to any one of clains 1
to 14 in which the flocculating syste 5dditional|y conpri ses at | east one

ddi ti fl [ ;
addi tionag OA%%J,C ﬁ@gﬂgk@fo arifﬁf;g ﬁlta;?ggggéls?aﬁfﬁﬁircﬁ'tﬁg smae%uxlr%sgai

clains 1 to 15 i'n occu IS a water so

pol yner, igraf anebigmicropadicusateubdteriatat i oni ¢ pol yner. 17. A process
according.to any one of clains 1 to 16 in i ch. t he, i oni ¢ olymer is
formed f18m a GArGRSSPEERENE 9,780 PESRITS dHod i abish tiesdireruBmatRinL,

sol ubl e bﬂs%‘geﬁfon‘?tbhybé%iﬁf’" | y unsaturated nonomers conprising at | east

one cationic nononer:’ 14 APR 2005 32 18. A process according to any one of
clains 1 10. 17Aiprockss betdreingata amy of claohy rtdo 9 g whichahe sdibecat invateoal

pol ynmer whi ch has an intrinsic viscosi boye 3dl/g and exhibits a

heol ogi cSRIRCIERI I She GipiR CorSBIA0 ableaoR(e. crogis.sronimuonges.” 19, A
process b o) el ahBitde t hi | ; ationic

pol ymer ﬁggﬁtgﬁmlﬁ%t’trsi%r?gﬁge\ng@:c?sqnt%yﬁgﬂﬁgées?éhcﬁb%é@;éﬁﬂiﬁ?%iaﬁ sﬁrs a rheol ogi cal
osci | | ati dh. vaAymooess ancoralingtcaany 006 sficlaifmsabtoy 0 in whickOthe/Acqmpoeerys

accordi ng one,of claims 1 10,19 in i ch e _suspension is

subj ect edo‘{'g‘e%%ﬂ[ﬁ%% SH%@rarﬁdmrBW?@d Mé%%&F@HE]Bﬁ'C&‘EQF”F'QQst one of the
conponent se@fedtfiyf | occul ating system 21. A process according to any one
of clainms 1'to 2071 n which the suspension is first floccul ated by

i ntroduci h3. t h& pracess accprlingrto ang obpafciaigst hio $lspwunigrothe sibcemitshani cal
shear andmtart]eerri]alrig fir"\t?g Llljcl‘ea iin?cgltrI|ehseusspuesﬂos‘lac?nS 2383 trl?é/n .ihnet {)glgHw%irﬁ%:tc?gparticle IS
included in the suspension.
13. A process according to any one of claims 1 to 12 in which the polymeric
microparticle is introduced into the suspension and then the siliceous material is
included in the suspension.
14. A process according to any one of claims 1 to 13 in which the further
flocculating material is a cationic material selected from the group consisting of
water soluble cationic organic polymers, inorganic materials such as alum,
polyaluminium chloride, aluminium chloride trihydrate and aluminium chloro
hydrate.
15. A process according to any one of claims 1 to 14 in which the flocculating
system additionally comprises at least one additional flocculant/coagulant.
16. A process according to any one of claims 1 to 15 in which the
flocculant/coagulant is a water soluble polymer, preferably a water soluble
cationic polymer.,
17. A process according to any one of claims 1 to 16 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.



polynmeric mcroparticle and siliceous material. 22. A process according to
any one of clains 1 to 21 in which the cellulosic suspension is

refloccul ated by introducing the siliceous material and then the 1bﬁf3%®ﬁic
m croparticle. 23. A process according to any one of clains 1 to 21 in
which the cellulosic suspension is refé ccul ated by introducing the
polynmeric mcroparticle and then the s ficeous material. 24. A process

accor di 19150, ANorBREsS bolbdirEPiolatPord of Biafisofto! e rahlcH el eicpiispensi on

conprises filler roc ssacordlngto claim?24 in
cel | ul osi polyrspdai tmancbedr'paitsms pfal;lrrherrwhm:h&msaarmumtnnap \nsnofimy aboweei ght

based on dry weight aqf suspension ' i m 24
Crrm 58 lakitbivles HaAChzeRicSio ALRLT TSN BET8 Bt e LB ©
cal ci um cgrbonate, ground caIC|un1carbonate, clay (especially kaolin) and

titani um dioxide. 27. A process according to any one of clains | to 23 in
whi ch the18el | W poicess ausgreirg tonarmys onelof chrimisal 1oy18 reehadh thiel dadionic

polymer has an intrinsic viscosity above 3 di/g and exhibits a rheological
oscillation value of tan delta at 0.005Hz of above 1.1.

20. A process according to any one of claims 1 to 19 in which the suspension
is subjected to mechanical shear following the addition of at least one of the
components of the flocculating system.

21. A process according to any one of claims 1 to 20 in which the suspension
is first flocculated by introducing the cationic polymer, subjecting the suspension
to mechanical shear and then reflocculating the suspension by introducing the
polymeric microparticle and siliceous material.

22. A process according to any one of claims 1 to 21 in which the cellulosic
suspension is reflocculated by introducing the siliceous material and then the
polymeric microparticle.

23. A process according to any one of claims 1 to 21 in which the cellulosic
suspension is reflocculated by introducing the polymeric microparticle and then
the siliceous material.

24. A process according to any one of claims 1 to 23 in which the cellulosic
suspension comprises filler.

25. A process according to claim 24 in which the cellulosic suspension
comprises filler in an amount up to 40% by weight based on dry weight of
suspension.

26. A process according to claim 24 or claim 25 in which the filler material is
selected from precipitated calcium carbonate, ground calcium carbonate, clay
(especially kaolin) and titanium dioxide.

27. A process according to any one of claims 1 to 23 in which the celiulosic

suspension is substantially free of filler.



