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This invention reIatesJ of maki ng paper and paperboard froma O
cel | ul osi wost2@ski enpl M‘mwmmmmmmm flocculating system RgTE®1hss
manuf acture of paper and papgke.board a cellulosic thin stock is drained on
a moving screen (often referred to as a machine wire) to forma sheet which
is then dried. It is well known to apply water sol ubl e ners to the
cel l ul osic suspension in order to effect fl occul a Illlwmm@um immm | ul osi c
solids a novi ng screen. i ncrease

=S B REMOERAIE ng machi nes operabm2rat hi gher speeds.
As a consequence of |ncreased machi ne speeds a great deal of enphasis has
been pl aced on drai nage and retention systens that provide increased
dr ai nage.Thiewessstionirelatss tonpracesbed of mnakmgspapgertafmei paperboarl frovigght of a
pol yneric retention aid Lch is adde mredi ately prior to drainage wll
tend to |9ﬁgf‘{9§é‘b3f{3ﬁ5 FRPLYHH ar”é’vﬁhfg@cfd iNgSY§HMf ormation. It is difficult
to obtain the optinmum bal ance of retention) drainage, drying and formation
by adding a single polyneric retention aid and it is therefore common
practi ce Duriregithe manséammr@tca‘ pegdet iaindl papen bearm aweduloBie- thirkSo8R & graivédles a
process wherein .a water ubl su stantially linear cationic polynmer is

appl i ed th @ﬁ@%‘&%éﬁ%ﬁk@%@%’? fechia & & repetiassie) & fagen asbeehwhion i
ref | occuliabh By |tid weﬂ%%mobé;g&rywa aq%flﬂit% FolihetBthe YefiBsicTh! o

process provi des enhanced dral ormation an retentr on.
Thi s procsﬂspemhmhnrosderohmrm‘fe:ntabc&ﬂd’udwoﬁfieacéﬂpmsrcasmlrds@mdrenfazhmernder t he
Hydrocol trade maré1 has roved successful for nore than a decade. More
recentlyqrﬁwer%ﬂ/ %@Qﬁﬂga?qr%%@ attenpts to provide variations on this

t henme by making 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  \WQdidéesilintreasB@ut 0! dadmdny mddernypapaahakingahebhiredr anched

cationic pol yacr Iam de a bentonite to the fibrous suspension of pulp.
The br an@R&ateR e %r%%iﬁ%igﬁ HRPRREUENER & arféaaw?mcpmmq g4 & nixture

by sl ut [ Sadea b dbiiadb RaTTepn AR bR S ARG 2R8 TefEroR sysi: fat oo™
Cﬁt i onibc moardehnd'easeldrdrzmbgbl Idgwef/gmatrrs Wannahabrhuzndslrtg/trreumble@utargr eat er
t han about 30% ] s ed to sper | . €e.0.

ki g SOERNT oha BPBEReToratn s chidich * ated IRMeAIo Rl todraiadar " T
sol ubl e Ral AR td ﬁrcPéé‘s%’?‘{h"ecrffc% gfgr%éﬁngdfruﬂm %?&hﬁatfoﬂ WSs 4 B8l i.e.

by polynerising a mxture o cationi ¢ nonomer, branching agent
and chai robtaimntheaptiagentbalance of retention, drainage, drying and formatron 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 Speciaity Chemicals under the Hydrocol® trade

mark has proved successful for more than a decade.

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

theme by making minor modifications to one or more of the components.

US-A-5393381 describes a process in which a process of making paper or board



In WO A- 9829604 a process of making paper is described in which a cationic
polyneric retention aid is added to a cellulosic suspension to formfl ocs,
mechani calo/oasgriadi ng the flocs and then refl occul ati ng tHE/ERIEAEBSI ON by
addi ng a solution of a second anionic polymeric retention aid. The anionic
polymeric retention aid is a branched pol yner which is characterised by
having a rheol ogical oscillation valug of tan delta at 0.005Hz of above 0.7
or by having a deionised SLV viscosity nunber which is at |east three tines

the salted SLV viscosit er qf the corresponding polynmger made.in the
bbsence. 1Y BIAAGIA WETaOMBIE Brencliest gt RV ATHEER g A s HE OB 30 et s
inthe c } { i i tAMG 1 rlier
prior ar(ooaSsUSBoRioh B B, TheHEncq Bilchi B EEHRINEIS prdbdied 7

whi ch a | polymefisingl amixteire)bf acrytamide ccatiopémmonpoiey nieranchingdatesht tamdt he

furni sh and .t hen %‘;col I ?'hgal B-Ej i ca and a{ hi gh nol ecul ar wei ght charged
acryl am deadYENFIRE2GSNT RYISOILICA PAAENEHIALN- | east 500, 000. The descri ption
of the high nolecular weight polymers indicates that they are |inear

pol ymers. EP-A-462365 descri bes a nethod of meki ng paper which conprises
addi ng t dUSAA-SG8262S despebed arprosdss inwhich araationic branclghwater ssdublei ch have

an unswol l en particle dianmeter, of |ess than 75 oneters if cross-Ilinked
and | ess ROMREBWIL wwbﬁ%qvqtl@f@mtEPwﬂlqmg 3himeriiegt fora dispersion
NON- Cr 0SSsd d i ﬁ'ﬁ;ds WoTal Woll east 1
% but atoﬂéedaé?t:%ﬂgg/?%fmg%’g% ?I%% gg!-r%gm ogp@xgﬁgﬁsesqg!s?%ltshévés{%r'?l}éetenti on
addi ti ve. cafiomipbanebediveatensdliuble palpmet is prepagd romasimilaningesdientsriof i br e
retentio nd i nmprovenents in drai nage, and formation. . .EP-484617

descri begug'wgg%‘g)t{i'@n ¥ NS\ @%6%3“’13 ioﬁﬁég’?adﬁldgmpﬁ'@?'cmﬁrni c,
organi ¢ PYLWRRINLCa -rﬁ%ﬂaaéﬁéiﬁyﬁﬁsfe?%bgn icroparticles having an unswol | en
nunber average particle size dianetef of less than 0.75 mcrons, a solution
viscosity of at least 1.1 nPa.s and a cross-1linking agent content of above
4 nmol ar parts per_mllion, base r\gthe nononeri ¢, units and an.iqgnicity of

0 .
at | east ‘Q:W@‘Aﬁ\@ @W%Ceésé%d@% PY 6BRE" 13 938\_"%‘* Ub\é’\h!ﬂh ?8@"‘%!“9\& de range
of ol | d-pdigiietic SRaMiiBhIAd IOBGIEH tPA Befildsic RESpENSEH 1o fif flod® 1 nerease the
dr ai nage rates paper naking. wever, there still exists a need to further
enhance papehamnisaiiyndegrdiasthesiidos dnd theareflogoutatinggthérsaispegsipnrist ent i on and
formation. Furthernore there also, exists the need for i di a nore

- ovi di n
ef f ect i ve249ing A FALHYHOLY SLEANY gPioRigPAIYMENG HEEN 'PFI%p'rﬂ?p%?‘.on%ccordi ng to
the pres b nvent i r Oy : i board
compr1 o1 oY TRAETIAR0R i RS Hach e R HErwhRh ST PaRORRR b ha PR
dr ai ni ng rheelogicy essillation vakiesafrtep etta at OrdaSzdiestiovendl 7tdrdry layingng t he
sheet, char.act er,i in that the suspension i flqoccul ated usi a
Tl occul a GUANSREIn ViSABF DS BCE ok PP AFem Mecrayted SV
mi cr opar tyigh vnurﬁbem\ftﬁe%rwaﬁaﬁaihgrpdaaﬁéﬂ hbe # HELBSertle dESaNERAR 750
nanoneters. Thé mcroparticles nmay bé& priepared according to any suitable
t echni queagrrdurbatpedcass priogidedt sigrificard impravenmants ethe epabimationoh a nononer
bl end that , c ris i water sol ubl e . et h&é}ltgni ca]l | y unsaturated nononers and
pol yrer | SEIPBPLA RITEION S CopRETTALE B BRI RBER des
m croparticles which have an unswol |l en particle dianeter of |ess than 750
~nanoneters. The nononer blend WO 02/33171 4 PCT/ EPO1/ 11454 may al so
conpri se EPeAS0B7ARIdegchpes 8. mebadraiinaking papeaninrwhich adpwsmplegulatg agent

may be any suitapl e anmpunt, for i.nstan 0 ,.00 m l.ar. basis.
Tyoi cal | yWeRt kAR STEHRE pebGher g Ta dfk fulpeRiare BRA ARItATRIRE 05
ppm The gh&BAHIGH MAlteTaPAkidift cRERRA &dlylamidé e8palgRee ofmdieéligr Werpltahgs of
EP- A484617. Desi rabli the mcroparticles exhibit a solution viscosity of at
| east 1. lleasti5Q0,8A8. Ahe dessriptiaotkoiigedieinmatesiaiveight pelymers indicates ppm
based on ngneric ynits. Preferably the mcroparticles have an ionicity of
at | east %T‘%E) IRP'E IE"E@%Z)PQEVVSI he mcroparticles are anionic. In one form
of the invention the mcroparticles are m crobeads prepared in accordance
w th EP-4623fi5. The m crobeads have a particle size of |ess than 750
nanomet er EPrA-46236§-daseribes anvethessofihaling 0apanwhishcamprisesorddiRg §a ani nked

ooci I 1ot AP edsr HRICAITTR orbafe hERPRAIIRENRI T Dah bl o3, £

wei ght popariele diarttsi okt tham79@hanometers if cross-linked and less than 60



More preferably the tan delta value is below 0.5 and usually in the range
0.1 to 0.3. It has surprisingly been found that flocculating the cellulosic
suspensi owourizdgria fl occul ati on systemthat conprises a sigdwEmya145at eri al
and organi c polynmeric mcroparticles provides inprovenents in retention,
dr ai nage and formati on by conparison to a systemusing the polyneric

m croparticles alone or the siliceousqmaterial in the absence of the
polymeric mcroparticles. The siliceous naterial nay-be any of the

materials selected fromthe group consisting of silica based particles,
silica m BRogaeters €1qnscipss-ifkedand waterdnsoliyle ang;haveamanignicity of at
polysi 1! CRlagp o2 lulbnRRIst 598 s MRER UAIGARSAN B85 Bs HESBRI feiEtidre

pol yborosil1catés, zeolites or swellablfée clay. s srliceous material may
be in t headditive.oFhexprauotiseris sait torrepalt iri sighidfitantinteasalin fibreVeleffdBaadl 5

. PCT/ EPO1/ 11454 Al ternatiyvel thg siliceous material nmay be a cationic
silica. DERRYBMENtHIE drainade,ard fIMaticll nay.be sel ected from silicas and
polysilicates. The silica may be for exanple any colloidal silica, for

i nstance as described in WO A-8600100. The polysilicate may be a coll oi dal
silicic aBEPd4dd51dedesaribed a ootdfositidn 38tptisthg dibesyinked ahiorid es of t he

i nvention may be, prepared aci di fyi n'(%_ an aqueous sol,éti n of an al kal i
met al sil ?Eﬁ’i'@?ﬁfﬁaprﬁl@fﬁ?&ﬁ Enerdt igrppartigles; saldduicEorariidesinaying@din as
active si] | narddal:aci.di f4 [ ' t al
silicate t') a Iou “Lg’ﬁbgf ‘égg{g‘a}sﬂéé’rg %n%'in%rjlg g.gal‘ %fslgg% ’t% @&gijg an'gséigrsesi ns,
aci d sal t solation aiscdsiypotat lebbt tHymPa.gasd aerodwliridey ajent carstbhyof atsaved

polysilicic acid in order, to allow sufficient three dinmensional network

st r uct ur e4tePlAHPATS @R EHMIPNyDasRA oh the BongmEariedinits andsan fonicibnef atdeaste
pol ysi |l i CkGeaCH L& f LLi L@l 1 ncl ude
Dol yal ur 0781 11 BBy 8 dettiotad ko BoMoiqeRd Bl o'\fi88YEndE s idaG

al um nat egepaiation loperatiors zhd speleifidyllyfsaidsto ihoreaseghe dryinage catesasaper

m croparticles and then post treating with alum niumsalts, for instance as
descri bedMaKinNgs- A-5, 176, 891. Such pol yal uni nosi | i cates consist of silicic
m croparticles with the alum nium |l ocated preferentially at the surface.

Al ternatively the polyalumnosilicates nmay be pol yparticulate polysicilic
m cr ogel sHolvewer,fthee stileaxists £rees fo Rirthtbeah8hge paperthaking practssas oy

alkali netal silicate wth acid and wate sol_ublr_e lum niym salts, for

i nst ance BEthEESBPIQYIRG FrRIRIQTEIRITIonERNd fephREaN wéﬁe&mﬁ'&q"r@rﬁl%@rﬁ Tates
may have - Qui i b ki : 3

Pl ya um ST ErOyBindo HRrB A doee 160 Rt St Atk ARl e,

al kali mepapersilicate to pH 9 or 10 using concentrated sul phuric acid
containing 1.5 to 2.0/fl by weight of a water soluble alumniumsalt, for

i nstance al um ni um sul phate. The aqueous sol ution may be aged sufficiently
for the tRapesHdRIMeasraSerl RyBEMN b Pro@isdiis FYovigad for i

pol yal um nogﬁi ate ig&%ggg? lf‘or upntg)ra outlSP\Ao and arﬁal Pgﬁc?g?gogef ore

di | uti ng papenbpard comurisisg forming at celi0losionsispensiang flos¢ulating thene sil i ceous
material may be.a cpl)] oidal borosilicate, for instance ag described. in w
0 02) 331730PPEIERIRINING e SNSPRTSISTET0E STRRY 10dPID &R RPN AV ay be
prepared fye giltacting a dilute aqueous solution of an alkali mnetal
silicate wth a cation exchange resin to produce a silicic acid and then

f or mi ng acharelctdrisediirithat thegeispensiands flocauiatgd ewsing 8 dbaculetiontystenal kal i

Cont ai ni ngPBPOENES SHC0R R TANIT AR B ISt PNIAOREYS Re swe! | abi o
ol ays may uhSiolipbattieRs Bianietet 6rlek tharbPsl Alhbmeterde ol ay. The prefer red

clays are swell e In water and include clays which are naturally water
* swel lable or clays which can be nodified, for instance by ion exchange to

ot 11 m  SheBoinay s Faa petredgeastatia B Sy Bl adiiils’ e Pt ore
- nont nor i | Hgaiiineslediprtheqfétatsre. TREPRidyehe pRIPPEH from APndndrAer biehtiaral gi tes

and sepiolites. Typical anionic swelli'ng clays are described in EP-A-235893
and EP- A- 8a5®pTiEes Msier gplubleretbyleniaady snagturated raenrroars and ppymarisgd bihe

nat ural |y 207 ehEoB & dioF el BFhBid R e BE IR ha%a BREC" 1o

al kal i ne gasWBIIERbaHickdtiametar af legsithan 780 flaHBhtersRTRE Fhormdrast blenfener al |y
the al kaline earth netal bentonites are activated by treatnment with sodi um

carbonate or sodi um bi carbonate. Activated swell able bentonite clay is
often supplied to the paper mll as dry powder. Alternatively the bentonite
may be provided as a high solids flowable slurry , for exanple at |east 15
or 20% solids, for instance as described in EP-A-485124, WO A-9733040 and

VRSN A IN™rvervNes A A— N - o o o o o -



beads per se, mcrogels and mcrol atices. PCT/EP01/ 11454 Pol yneri sati on of
the enul sion to provide mcroparticles my be carried out by adding a

pol yneri zewoicars3imi ti ator, or by subjecting the enul sion teaiErmaviehet
radi ati on. An effective anpbunt of a chain transfer agent nmay be added to

t he aqueous solution of the enulsion, so as to control the polynerization.
It was surprisingly found that the crgsslinked, organic, polyneric

m croparticles have a high efficiency as retention and drai nage ai ds when
their particle size is |less than about 750 nmin dianeter and preferably

| ess t hanMal¥ @ISO SOMPHAE CFOR-BNENG AgBRY Ganaralniberareydisefl qrﬁ&sélaﬁmrw@ntc,

wat er-i ns e 4 ] Is i ficl their
e i o el el B A Stiod i fo 300 by dha B ARE.
m cr opar t Tylieallyatheaarhengisrofurass-liidng enhamrcihahs ramde d to15:0000ppin. cl es may

. be attributed to the small strands or tails that protrude fromthe nmain
crosslinked polyner. Cationic mcroparticles used herein include those made

ot vyl 8 TIBSRA FERRPS s ekl AR s S
di al kyl anagusd X \Deshempothedmicrepattisistexhisitla goiition vydoey bhaf leakt and,

mononers of N, N-di al kyl am noal kyl (net h) acryl am des, and salt and
quat er nar Mea.3 BBE Eogrossdiokingsageniicantastt 9f rbave Adeelay PRET hagaed ees;

sarts or MRBHIRE e, BBy HT PR B I E bl a it B P batia B s
whi ch mayMege pesferdity tHemidrepafticldicaredrionicng general fornulae: R O Rz |1

CHZ=C - CGX-A-N+-R3 Z R4 where R is hydrogen or nethyl, R2 is hydrogen or
| ower al kyl of C, to C4, R3 and/or R4 are hydrogen, alkyl of C to C 2)

aryl, or hydro th n . / / 454 R2 and
R4 can co@b%@‘ﬁboﬁltbﬁm’\ge@aaﬁg rﬁ&ﬁ@%ﬂfg\ga% Hﬁ%ﬁéﬁ%ﬁa&éﬁﬁ ero atons,
Z is the sQfurdaRéewWirATEP-262385aThe mirobeally Y898 0partible six16f lek# thtn 780as
defined above, and A is an al kylene group of C, to C 2; or CH2 CH2 |1 1]
R5- C G- RenEENeteraif qrosRinkerbaad [@ssdhian @l nanomgtersti@endgrosetinked amd i s
hydr ogen fols al.kyl t?lf C, to Cl2 and R8 is hydrogen, alkyl of C to C 2,
benzyl or ﬂE‘P&'r'Bg%J‘é ﬁ‘yl; and Z is as defined above. Anionic mcroparticles
that are useful herein those made by hydrol yzi ng acryl am de pol yner

m croparticles etc. those nmade by polynerizing such nononers as
r

(et by ) dreoreplifiemiraparieias @Tiwgit? recloagsialalonialugphieaela st
el d. mal GBI AT BSRE oA F 5% o WaER PR CodeaitnaRby TERBISY o ©

Noni oni ¢ KR pRsfelalsy tiakiredéler varkiin peldnco Gaid islally inshe earge/0Ert® Wit h
t he above _anionic and cationic nononers, or mxtures thereof, include
(et h) acr9-|3am' de; N-al kyacryl am des, such as N-nmethylacrylam de; NN WO
02/ 33171
PCT/ EPO1/ 11454
It has surprisingly been found that flocculating the cellulosic suspension using a

flocculation 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

material in the absence of the polymeric microparticles.

The siliceous material may be any of the materials selected from the group
consisting of silica based patrticles, silica microgels, colloidal silica, silica sols,
silica gels, polysilicates, aluminosilicates, polyaluminosilicates, borosilicates,

polyborosilicates, zeolites or swellable clay.

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



di al kyl acryl am des, such as N, N-di net hyl acryl am de; nethyl acrylate; nethyl
nmet hacryl ate; acrylonitrile; N-vinyl nethylacetam de; N-vinyl nethyl

f or mam dewovizrBgi7iacet at e; N-vinyl pyrrolidone, m xtures ofpGMEPOOf145Me
foregoing and the |Iike. These ethylenically unsaturated, non-ionic nononers
may be copol yneri zed, as nentioned above, to produce cationic, anionic or
anphoteric copolyners. Preferably, acgylam de is copolynerized with an
ionic and/or cationic nonomer. Cationic or anionic copolynmers useful in

maki ng m 11,cl Yolapol g . t . narn j.ght,
o non- 1 dAaNALreS shEBRYS AfbeliaharBY a Cats i R R PRY fis et
, cationi c raateriil eiHycheresleetsd fromssiitadnaridgolysilicateseTHd tsikda inag banfopni ¢ or
cationic and non-ionic nononers, preferably from about 10 to about 90
parts, byexgsnelietanyggolipistal istiercforidaree andeapriind MOMEARRRA1000 Therts, by
. wei ght, . LQRI Welpl S I8 1€ al ionic
char ge i?ﬁqlﬁgﬁéné%gr %grb??ag#ée"&rlrcgaslgﬂ %g:n%%%g? g’r&fzﬁgﬁa g'b‘(‘)J&tA'ff'?'/?a’kAthures of
polymeric mcroparticles may also be used if the total ionic charge of the
m xture is al so over about 1 % Mst preferably, the mcroparticles contain
f r om abouthepolysiligatesftths imentiendgnay befrepareddy acidififiagan ag@osBout 80 to

ot ur ot Y BN mo S SRy PRt fid o il miERad GnBRISEC o or a
pol yf unctiriwe asaefwé siish maapbe preparetl Wypartigl sdidifisatiomsealkal fictgarticl e.

Useful pol yfunctional crosslinking agents conprise conpounds having either
at | east siigatedebbeubpidrit8 byiseoiinnepaaridmer acid éxehange pong )ackt sakimp

bounds. ard R ey Brnd! bEeSiraitaaberfRi@sllyanthy SRBRlIC e e
pol yet hyl ¢rdegty aidw duffitientahse dinlensionsal rer@rk sauchire®d feen. \Garerally\thg ny!
acryl am de; divinyl benzene; triallylompniumsalts Nnethylalléggcrylanlde

and t he [tirRe of pgeipouiadasuifieienbios e palystigiemcid toaelaParticylatly prefgrtecbne

o yoi dyl e, Fhicy BF Hol R poRARMING: SHERE, THE diFai i sliaretiins) 8"
Pol yf unctfop irftamicaiingtedasiysllicio At R B filsefsnitgolyehiciciacid gr oups

i ncl ude di al dehydes, such as | oxal ; di epoxy conpounds; epichl orohydrin
and the |micsopatigles|anekiheg ting withc2ly@inig@Esalts, rfinstape;esquantiti es

to assure ¥ - | ke 0 7 A > sition.

Pref er abl@@scﬁ&b@ﬁj&é{ﬁzﬁgdg 6}?@5}0l%’éﬂ,%ﬁé)ﬁ%@g@%%ﬁ?%#ﬁﬁéco&%g@ I nki ng agent
based on mfteop@iererwith tHe aaminieseicaiod preterantimivest theguefapeoyed to induce
sufficient crosslinking and especially preferred is a crosslinking agent

content of from about 4 to about 6000 nolar parts per mllion, preferably,

about 20- : : n ki ; : disin
xcess o A aivaY g pENAANshEa R IRAY be Bon R RIPIBHE RligrodSR, |
excess ofofliififae drea inpexress ptOGIMY/g forntditbby sermindCih &likall @talpgilivaté/bst
preferably the amount of cross-linkin%ﬁﬁge ts is in the range, igg to 750
ppm The Wi peich and wageicinivbip Alwainkmats, forinstaneghasg Ssgt‘t@de‘ﬂ Wpr epar ed
by poly W &atddgan . A i i in

appl i catt g 23E TabicE 4T BORL TnihDeibalB ey A8 78 B TlBel, LT, oo

emul si onsalomyindneilios @f babwvéen Kndnand ¢:1500se skilled in this art. P. Speiser
reported in 1976 and 1977 a process for making spherical "nanoparticles”
with dianmeters | ess than 800 Angstrom by (1 ) solubilizing nononers, such

as acryl apj : ' |, des 1A ] | ; Teri zi ng
he mononeod el ot e TP be R Seialty g B B iblyic of AT s

Pat ent NomethlGlitatsth pB@ br 10 vsingecomeeatrated- xilpheiclacidlcontaimagel.5 to
"nanopartj "owere epar ed this process. While not, specifica

ol | o m 28k RUMETER Sit Pt sl ApNE S2: b stEne el EE SdBbate.
Conta'”.a#he%ﬁﬁe@ﬁ@%Uﬁﬁ%nWﬁé&Be%f d%Uméﬁﬁ%WkﬁﬁﬁgﬂﬁeeQﬁﬁéﬁﬁoﬂ#Qh 1St on
pol yneri zati on. ese reports also constitute the tirst exanples o

* pol yner i ziatfoom. Ofpisaily trenpalgaiuminosiiicate ésraged for. uSionateouthen, anduarbalius
publications reporting. polynmerization qf r ophohi n rs in the oi
phase of RPWS rl%‘i"ﬁﬁg‘ghtbé@Oé‘ﬁﬁféﬁrpé’g’.sa§@g%/{j°f @B V&?‘Qﬁb&i;'g%f?sqﬁ?as. Pat ent Nos.
4,521,317 and 4,681,912; Stoffer and Bone, J. Dispersion Sci. and Tech., 1
(1), 37, 1980; and Atik and Thomas , J. Am Chem Soc., 103 (14), 4279
(1981 ); The siiBecus mteral may bea colividaldedosilicate) foninstamee 8¢ dascribed in

pol ymeri zati on process is conducted by (i) preparing a nonomer enul sion by
addi ng an aqueous solution of the nononers to a hydrocarbon liquid
cont ai ni ng appropriate surfactant or surfactant mxture to forman inverse
nmononer enul sion consisting of small aqueous dropl ets which, WO 02/ 33171
11 PCT/ EPO1/ 11454 when pol ynerized) result in polymer particles of |ess

o N = o I o o o o



hi gh pol yner content. Practically, this ratio may range, for exanple for
about 0.5 to about 3:1, and usually approxi mates about 1:1, respectively.
One or nowe @usfract ants may be selected in order to obtai rctEPof/ihuds ophilic
Li pophilic Bal ance) value ranging fromabout 8 to about 11. In addition to
t he appropriate HLB value) the concentration of surfactant nust al so be
optim zed, i.e. WO 021 33171 12 PCT/&P01/ 11454 sufficient to form an
i nverse enul sion. Too |l ow a concentration of surfactant |eads to inverse

emul si on Al Tels ' i I 2 Hitdndue

cost s, TynuA 98! PTOBITIR LoltRy HoRosHcale efRe BRégefd B ot e

_ di scussedaguEnus, sateijorbef amiatkailionetabsilicate witir a gatibmekchamgk resjn tee sel ect ed

from pol yoxyet hyl ene (20) sorbitan trioleate, sqrbitan trioleate, sodium

i 2 60 hyRRLRGP 8 R as GEEL AR e oRRIna b pEaKH BPAas Haaheha ISR Heous

. | sostearYaoigd6t 4h AIKITAERA bbidte wilry SRE]i HétaORy RbxidB%oaith shon. may be
carried out 1n any manner known to those skilled 1n the art. Initiation my

be ef f ectagleaushsalutic centairifg OHHr 1030 %80, chaving mgeH wifiocal to li0t5.at or s

i ncl udi ng azo conpounds, such as azobi si sobutyronitrile; peroxides, such as
t-butyl peroxide; inorganic conpounds, such as potassium persul fate and

redox co i i SHIGRI te.

Pol yneri ﬁ?%ﬁeﬁiﬁ'eaﬁg @@S{g?fgg%@bwﬁgt%gg%?m cal ﬂ% Wa’ﬁ’?ﬂ]@pr ocesses,
i rradi at i preferoed blays ame sweljabledn avatenand tricludeCtiays whiciearePnatpeailytwater of an
aqueous pro fromthe enul sion e_effected by inversion b dding it
o et or "HPIEDIoraY CBYRMITIEN 52 CETRBRTed 1oL e R arLAMIAeIRaoRERY mor
may be 1 epakelatbidaliahile SR ARidrswRiinbRAUEPS Rcife BRUBG: IfEAUHS! on
to a sol vent Ich precipitates the polyner, e.g. Isopropanol, filtering

of f the relays bien referiedisto ak yectgriten dmeetifiespamositmagrillonitest aontrdhites)i gh

nol ecul ar wei ght, ioni.c, ,syntheti l.Lymers used.in fhe present inyention

et or bl SARANTG, BanEMUtE, HRFes RO e L SaTolins, DAtcalr AT SELEs,

bet ween a‘{q??g 3 18e é%n,g éﬁﬁ@@s@é@anarp@-ﬁ\-@s‘és?@.ci ty and/or cationicity
0

may range m 1l nole percent to 100 nole percent. The ionic polynmer my
al so conprise honopol yners or copolyners of any of the ionic nononers

Serny: o HBST Sty Farladie el use B6S oo et e e '
Control | ecsl? ah e rﬁefé?fﬁghfdniien BeREdrite8dcelr HQl@?anlﬁfbiﬂaé-a'éo/éIPé’lin‘EEi ght aqueous
of polyner 1 n f |1

sol ution el onl sed water after tu ng for two hours. In the
cour se ofbertonitemrduch LGasodiumdoaZBbnildor as thesalfaling eadh wethl salbasualy vyl i ¢

, With /8’ | 58 ti | | t ref 5664). A
ol e Vol TGN ASLE S Genetal) freRals Sants rifal Herihles o/ od a
20. 0C 0. Jetfyaked BY tid2emBat WitR ol @e)a(rb%’(f)ha?é‘gﬂéédium M€ fbendtel Aletivated

PCT/ EPO1/ 11454 13" di spl acement of 5 X 10-4 radians is enployed over a
f r equencyswekalie beotartteodayis often supplied to the pagesmihasidnopewilenni ¢ basi s.

G d G t . d_an d |, .qul | t G'IG
val ues. hEERaYEYaRe DeRt Gl Ry BEBRH S bR BB RLS) Brou us
G' to stoggsfipleedtashsic)s BPEOYUSOIds, 1t iddtandd8s SrsEfBd NEPN4BEERMIENCI es
(0.005Hz) it 1s believed that the rate of deformation of the sanple is

suf fi ci enWQ-AsP633040 endiWe-Ai378304dr branched entangl ed chains to

di sentangl e. Network or cross-linked systens have permanent entangl enent of
the chains and show | ow val ues of tan delta across a w de range of
frequenci ere nlibRpRHIISS hity be AfHERNEY mictoSmulbiGPbiz b Jreessy empiyingar used
to characterise the polyner properties in the aqueous environnent.

Accor di ngagéeausesolutiencooprising & eatiie ar enienia menpmss AMdarpsslinking em nay be

combi ned | .a_m.xture.and i ntr d,in h el | ukosi ion as a
. Singl o cohgel Endi CotbFuthllel FarptettBoraithely B S1ERVE AR 4 e
si | i ceousgufa@bhBsUfTBENPR proldied weertisLorieas ehah Abdutd. B Iniseonrs! Y.
Preferably, however, the siliceous material and the polyneric
" i cropar t Haswelleir auMBEf aYaEae pRartidersizeadippnater Migiobeadaiarg algeamada@s
siliceous,_gp [i IS, d Nt : Lpn e ymeric
m cr opart F@éggfsﬂry g[%ﬁregpéérgrg%sec?@re?nb f“ﬁﬁﬂ%&g‘%\??ghﬁﬁg'ﬁ&bgﬁgﬁéﬁpri ses
i ncl udi ngzasizmt(hess? beaty i8d obgined esrhalerdialyoas hecrotaticekoThe tawspensi on
before adding the polymeric mcroparticles and siliceous material. The
further flmoicEepaiticleg amberd Aeraimyis ey it inciudeathof tese canfiguiationsci.e.1 t nay
be for instance a synthetic or natural polyner and nay be a water soluble
substantially linear or branched polyner. Alternatively the first
flocculating material is a cross-1linked polynmer or a blend of cross-1linked
and water soluble polynmer. In a preferred formof the invention the
polynmeric mcroparticles and siliceous material are added to the cellulosic

o o o e D T o, o, e



enpl oys polyneric mcroparticles, siliceous material and at |east one

addi tional floccul ant/coagul ant. The additional fl occul ant/coagul ant

conponent wicsoys3efier abl y added prior to either the siliceowcEreniBlE or

polynmeric mcroparticle. Typically the additional flocculant is a natural

or synthetic polynmer or other material capable of causing

fl occul ation/ coagul ation of the fibres and ot her conponents of the

cel l ul osi c suspension. The additional floccul ant/coagul ant may be a

cationic, non-ionic, anionic or anphoteric natural or synthetic polyner. It

may be a PRAAS BEr $RIVisERJels ERddBicriatiGest starch) cationic starch, anionic

, starch or anphoteric starch. Alternatively it may be any water sol uble

synt hetic pol yner which preferably W O 02/ 33171 15 PCT/ EPO1/ 11454

exhi bi ts Polyrerzationds ¢e effutsipn & provide mictbpamialedy maglbedfrie@outbys have

. cationic or potentially cationic functionality. For instance the cationic

pol yner n@gdingmpely@erization ifitirdog o5 By subindingibe @mulsignite mitcaielet

i nt roduceg, C ' S ' ' (.G Hso as to
r%plamo‘h. An @Hfééffv%%rﬁo@’}{eq‘fgapgﬁ?ﬁ tn#)\g*ér%g?a“i h‘lea(i)ctgé] Ié(h)ﬁ?éé?

protonate Tree am né groups. wev yners
carry a pgguedigniolatién enihe emalsish, ssuihtoasonitbhties pelysnerization Urwasoups. The
addi tional floccul ant/coagul ant may be used in addition to the cationic

pr et r eat N HPrisingly fgusdthakihemessdinked, erggaic pelymgnicmisreparticies havetam t he

Chi s pr of TR SABHEEES renfiof Bob"aRHCk W Aheh tREF BaRltlc SORM ST el VS,
t he cel | uAlRRitC7 SOUSIERSighetdr dnel Freferablyn@sStirin Advut 30onandh darestepangnt s

thereof, in order to cationically pre-treat the cellulosic suspension. The
suspensi oifat thesaerergaslinked, alganG teafer-tnspluble pplymesdaierenartieles haye &

conprisin L {.] d 9 LCr hCl i lei,ceous
mator i al GAEHGpAG, Pheh el 326 TEToss Haf B0t BOGETTRD BT RGR 11 N
pol yner wioelinkd mivropaisitRece diarder’stteathaneahy rioperdsslieked aicropagitlespol yner
of relatively hlégncailon|C|ty. For instance the polynmer may be a

honopoi yndaydie afijbued ta ke s@el pirants or tailsithstprotadedrarathe main nonomer

pol yneris rovi polymer with an intrinsic viscosity of up to 3

dl /g. rbﬁ§§8%@ﬂg¥@&g?ﬁﬁfa||y| di met hyl anmoni um chl oride are preferred. The
| ow nol ecul ar wei ght high cationicity polyner nay be an addition polyner
formed by _condensation of amnes with other suitable di- or tri- functional

speci es. Fationiagnigrparticles yepg hereifdiclude thasesnagdy byqalymagzibasush nor e
ore and ChPBfEs B8 TiAW LAY e PRluh ol e AB PRSI AT

cationi c ¢hlodes: (amdthpurgateandf dislkplapohy4lkyl donadountls, badsalteramdd from a

wat er sol ubl e ethyl enically unsaturated cationjc nmononer or bl end of
mononer s SRiPEIaTIES theeafandeasomers dhbhbmirkyiaminaalkylmsth)aerviaipidgsi ¢ or
potenti al iLQRI ] a

Sol ubi 1 ;1570 53 2PB g et HerBl Aplch AN IRaMORA A ol ytaniass:

p (rj gf er abl m?thbmyhmiﬁommqltrimbtWIardmoali'dmIchmr';derﬁndnhal”dmid io;rlqu}ate;maw I
addition salts or quaternary a ni ym 02/33171 16 PCT/ EPO1/ 11454 salts
of ei t herSalispidyN-dirm ygwéPe%ﬁ;ia%%oﬁﬁé% tignieMoRRMESs WNISA  (net h)
acryl am degy KH.ERhoRAM GraBHETH)dRingtorpbiBRhLRRd al one or copol ymeri sed
w th water go ubl'e non-ionic, catlonlg r anionic nononers. Mrre preferably
such polynmers have an intrinsic viscosity of at least 3 dllg, for instance
as high as 16 gor 18 dl /g, _but usually in the range 7 or 8 to 14 or 15 dl/g.
Particularly preferred cafoni ¢ pol ymers include copol yners of nethyl

chl ori de quatqrnaﬂy ammonijum sal ts of di net hyl am noet hyl acrylate or

nmet hacryl ate. 'The"water sol uble cationic polynmer may be a polyner with a

r heol ogi c&@Hg=xi-l1 CatX e VMl u&;0f Zt an delta at 0.005Hz of above 1.1 (defined
by the nethod given herein) for instance as provided for in copending
patent application based dn the priority US patent application nunber

' 60l 164, 231 (reference PPIN}1-21916/P11AC 526). The water soluble cationic
pol yner may al so have a slightly branched structure for instance by

i ncorporating small anmounts of branching agent e.g. up to 20 ppm by wei ght.

Such branched pol s _may_ al Rr red by ,.includin iR , transfer
agent 1 n BBH R BHiPoRT pr By Rall FERGEER &F 1088 AU Gl Red 1 an
anmount  of a8d/ok $8Hre HyBRIBN, A& 8N, &d, MW Der thirbieRAyll AhdR, 8RB R} torof  up
to 200 ppm by wei ght.” Typical I'y the anmobunt’s of chain transfer agent are in
the range 10 to 50 ppm by wei ght. The chain transfer agent nay be any

sui tabl e chem cal substance, for instance sodi um hypophosphite,

2-mer captoet hanol, malic acid or thioglycolic acid. Wen the floccul ation
system conprises cationic polyner, it is generally added in an anount
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In one preferred formof the invention the cellul osic suspension is

subj ected to nechani cal shear followi ng addition of at |east one of the
conponentwoai/3stve fl occul ati ng system Thus in this prefemoakEPoinsat | east
one conponent of the flocculating systemis mxed into the cellulosic
suspensi on causing flocculation and the floccul ated suspension is then
mechani cal |y sheared. This shearing sgep may be achi eved by passing the
floccul ated suspension through one or nore shear stages, selected from

punpi ng, ¢l eani st a i nst ange, such sheari st ages
el ude, BB Fscbai RPTEBRER O JorTa &y inG CoNIRING. T SUPRE heies %e 'n the
_ process The rlng

Gt op dosi 1By 2 g B B s e ot N e R 55
degr ade tdefifddoatsovedlandaA is be atlomgrongmiup offCtteeClj oiccul ati ng system may be
_added prior to a shear stage although preferably at |east the |ast
conponent of the flocculating systemis added to the cellul osic suspension
at a point in the process where there is no substantial shearing before
draining to formthe sheet. Thus it is preferred that at |east one
conponent of the flocculating systemis added to the cellul osic suspension
and the floccul ated suspension is then subjected to nmechani cal shear
wherein the flocs are nechanically degraded and then at | east one conponent
of the flocculating systemis added to refloccul ate the suspension prior to
draining. According to a nore preferred formof the invention the
wat er - sol ubl e cati©OHi,c pol ymer i €Hgdded to the cel lul osic suspension and
t hen t he suspensi0ﬂ]|s t hen nechgrlcally sheared. The siliceous naterial
and the polyneric croparticle WO 02/33171 18 PCT/EPOL /11 d5.1 then
added to the 54§pQ§S|on The polgger R C mcroparticle and siliceous material
may be added eithher as a preni xe Mposition or separately but
si mul taneously but |preferably they are added sequentially. Thus the
suspensi on may be refloccul ated by addition of the polyneric mcroparticles
foll oned by the K% i ceous materi but preferably the suspension is
refloccul ated by addNog silicegds material and then the pol yneric
m croparticles.’ onent of the flocculating system nmay be added
to the cellul osic suspensNef and then the floccul ated suspensi on nay be
passed through one or re skear stages. The second conponent of the
floccul ati on system ey be added to re-floccul ate the suspension, which
re-fl occul at ed suspehsi on nay then be subjected to further nechani cal
shearing. The sheafed refl occul atsd suspensi on nay al so be further
floccul ated by aBdition of a thirdgonponent of the flocculation system In
the case where the addition of the conponents of the flocculation systemis
separated by shear stages it is preferred that the polyneric mcroparticle
conponent qﬁgﬁ dde
i nventi onwbﬁ gbéil%ﬁ y@%r% bgg%%j gc?eg}q?gégﬁ;@hgu L?Qﬂ Ebfa(I: Lbﬁ]garl ng
after addR |sd1|ychtbgamwlbyl afi{e, todBpopenayt oohydiosyéthyt andag isoas definasn t o t he
cel l ul osi c_suspension. The siliceous material, polymeric mcroparticle and
wher e i ncf Wﬂ@ﬁ the water soluble cationic polynmer may all be introduced
into the cellulosic suspension after the |ast shear stage prior to
draining. In this formof the invention the polymeric mcroparticle may be
t he firstAoiomgomégropadiclas/ibat ase @thbhereﬁetmaemad@ by dlydredyzio@f i ncl uded)
and then the siliceous material

podsoar adSiateie Rl RGP patices Hey Fosp i bR ECHe@ind S0 0 Procass”

of maki ngrriéﬁ@ﬁ’fer@%st(ﬁ?étﬁyl')ébrwﬁ s6idtamel tﬁeﬁ%blt@rm-@cmémrdoaiz m@thw@mmed
into the furnish or conponen thereof and the treated furnish is passed

t hrough asulfarste, smf@eﬂnéa(meéln)aga/laf@l. gioyisulfonieracid »atyrgne subfanicragicind
screening_s a es en the fur su | occul ation by a

f1 occul at "6 g%?ﬁ?ﬁ c%ﬁ%?'fzﬁcﬁjgs An HS&lS@h 8[57”%@? ﬁ}e&? f];)artl cles and a
*siliceous material. As-given before the anionic polyneric WO 021 33171 19

PCT/EPOL/||.tS.1 mcroparticles and siliceous material may be added
si mul t anedapiopiomonearerssaujtatte forl makingwaisrenedticles agwopeolyaers withethe may be

a shear s e i referred process
enpl oys t%ggg? 53‘8% %’l\%%}@ﬂg ré+rg&38|% ﬁtw{)%aﬁ%h%églhg{ﬁwd t he total

f 1 occul at (rasthjasriyRIMiEeMNLAIRYAGyRIMit &, crrASEgRIrRéthglacryldmide NyNe

m croparticl es. nce the organic mcroparticle should in this case be
greater than 50% preferably greater than 55% of the total floccul ation
system In this formof the invention it is highly desirable that the ratio
of organic mcroparticles to siliceous material is in the range 55:45 and
99 1 based on melght of naterlals Preferably t he ratlo of organlc
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WO 02/33171 20 PCT/EPOL/11.~5.1 systemconprising a siliceous material and
polynmeric mcroparticle as defined herein. In an alternative formof the

i nvent i onwoa2psoni de a process of preparing paper or paperoa@EPdI/Arem a
cellul osic stock suspension which is substantially free of filler. As an
Illustration of the invention a ceiiulosic stock is prepared containing a
501 50 bl eached birch/ bl eached pi ne suspensi on containing 40% by wei ght (on
total solids) precipitated cal cium cafbonate. The stock suspension is
beaten to a freeness of 55 (Schopper Ri egler nethod) before the addition of

filler. Skelkpkicrilamides, eachasa, Nsdimethylacsidrmidies msthylcierfigte)A%ethl) i s added
to the suspension. r onne of copol yner of ac;éﬁll amde with

500
mthyl - oHMBINASE iR ErIER e oim ety acenaaea A Mt RUMaEES at ¢
75125 wt... i A i i i ith th
. gtock andwbwear?) eg%%épf\éhglgri{rf%ﬁp ﬁé?@é%%rﬁgﬁ?éﬁgjoitﬁ%%jggp@géﬂsc{(ﬁ%_l ret'thten6250

grans per tonne of a polyneric mcroparficle conprising anionic copol yner
of acrylamde with sodiumacrylate {65135) (w.lw.) with 700 ppm by wei ght
met hyl enel hgse altylanigaliyaunseiigatec nep-ianierperrmersonay e sraalyaeiierd. #8 gi ven

herein is..0 ' 3@%& ! ' ous

col | oi dal mgbﬁ‘?@%d ?éBE%Bﬁiﬁe‘éagﬁ 8r %’ggs ea?!%ﬁgang’ﬁ%ﬂY@?ﬁpn or to the
addi ti on Pfef@eibyreichgamids naypolyrherizadewith ad ibhistaniddsr chtivait mbabmigrovi de
equi val ent drai nage and/or retention the conbination of both mcroparticle
and si | i chaliprie or dRias 6aPelymess Hsefubipenaking rgigfrRatticles semprisaiftaparticl e

"h any wPBRH oql S52es  eMhch Rbpeni g el 20 B5SRA W o
1 PCT/ EPGitfcut!1. pare, Hy weilgit, &fi sxtiopRp@r aridmic orsorpe based oncthibdotail w@ightf | bre

content conprising equal mx of bleached birch and bl eached pine and
cont ai nedf40ganiRNIRET gationip@ndJIPHioNiG Mepemers rsefasablytieum agpet it ar bonat e

'b ) _ .
St ook cortiaut REarts. oy BoRE s hohdBhis P SiRREP &fia ol 7O 16 bhBuced pRARTT,,
CATI ONI C IROW¥MHR of dditidihidot gsivhizrmonpoky,samebasisni gl e @ealibiib charge in

di net hyl am nethyl acrylate, nethyl chloride quaternary amonjum salt (60I40
wei ght / welhghmicrépasticlesmusiupe geeaténthanabsut (% MiXtUREARPEYMENIROPARTI CLE =

Ani oni ¢ C&%@{%@#&P%%#Zﬁ%%em#tﬂ? z%ghfémca&{a\fbéto‘?tl{&miﬁé?e fsWisd Wher W' th

300 ppm by s acry
about 1%. Most preferably, the microparticles contain from about 20 to 80 parts,

by weight, of non-ionic menomer 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 containing at least two
double bounds are N,N-methylenebisacrylamide; N,N-
methylenebismethacrylamide; polyethyleneglycol diacrylate; polyethyleneglycol
dimethacrylate; N-vinyl acrylamide; divinylbenzene; triallylommonium salts, N-
methylallylacrylamide and the like. Polyfunctional branching agents containing at
least one double bond and at least one reactive group include glycidy! acrylate;
glycidyl methacrylate; acrofein; methylolacrylamide and the like. Polyfunctional
branching agents containing at least two reactive groups include dialdehydes,

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

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



prepared by m croenul sion polynerisation as given herein, then made up in
water as a 0.1 % pol yner concentration. Bentonite = A commercially

avai | abl ewbensenite clay - made up as a 0.1 % solids by wecgiEPoRgUEDUS
suspensi on usi ng dei oni sed water. The single conponent systens are

eval uated by adding the ADDI TIVE at the stated dose to 500 m of the paper
st ock suspension in a 500 m neasuriqg cylinder and m xed by 5 hand

i nversions before being transferred t'6d the DDJ with the stirrer set at 1000
rom The tap was opened after 5 seconds and then closed after a further 15

seconds. cobfpatditiaf, Frefdrablyeat Rasphbadt4etholarparzgbertraitiion diterosklmkingpnponent
_ systens were eval uated by adding the CATIONIC POLYMER at a dose of 250
gr ams peraqe@iﬁﬁése%wﬁeegﬂ@wmeﬁcanﬁ@ag%ﬁanwﬁgﬂpq{w@ﬁramemmmt@y five
hand i nv [ i : - I 10 hear pot
and m xed T SHrERy GBS0 SRAXEEA eroteRel iSRS AR Cadum o o

The sheargphtaitetfronaaibbbed 16 abouhedDe mdldrepareaser milliprg refeeshly bsdoute bei ng
WO 02/33171 22 PCT/EPQOL/ 11ab: 4 dosed with the required amount of anionic

conponent20-46@0./More preferabiesarapenseiiossinkind-Aasmnis peed ioin excesprtwi t h
0% peet (LR bl . TRERLuREsiGIan Felbed Bl BibgdalRrb gl 1o

as specifie ove. n m are eval uate sane
way as t his0dpierh, espaxsaignin thgshrgs 208 ¢e 1000 paim .t MestrefdtablyNhERERARTIGELE i s
added i medi ately after the BENTONI TE additi on and then m xed by hand

i nver si orf§OSSFHRKIRY agRNNIS it Megange 33t 78R PPPet enti on val ue is al so
determ ned. For the blank retention, the stock is added to the DDJ, with
the stirrer set at 1000 rpnm) and the filtrate is collected as above. A

Schopper -TRiecgbl9melricenicisgartieles of thiy @ywertion airé ipesferabily prapagsed by same
floccul ati on systens as described in the nmethod for the retention survey.
First Pag®lyeedzatiosnoidhe menemersin ampemeisianaaslissiesesdn aopliagiian. Bz bl ank

o eSS T P BB 8 b GRS
is known to those skilled in this art. P. Speiser reported in 1976 and 1977 a
process for making spherical "nanoparticles" with diameters less than 800
Angstrom by (1) solubilizing monomers, such as acrylamide and
methylenebisacrylamide, in micelles and (2) polymerizing 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 to define
microemulsion polymerization. These reports also constitute the first examples of
polymerization of acrylamide 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 4,681,912; Stoffer and Bone, J. Dispersion Sci. and Tech., 1(1), 37, 1980;
and Atik and Thomas , J. Am. Chem. Soc., 103 (14), 4279 (1981); and GB
2161492A.

The cationic and/or anionic emulsion polymerization process is conducted by (i)
preparing a monomer emulsion by adding an aqueous solution 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,



Dual Conponent CATIONI C POLYMER used at 250 glt WO 02/33171 23 Table 2
PCT/ EPOL/ 11- 15-1 Dose Level

(g/ t) ORGMMNDG2/8B GROPARTI CLEBENTONI TE062. 762. 712571. 564. 1250 C4/E¥061859076. 270
.875078.972.5 Three Conponent System CATI ONI C POLYMER used at 250 glt
BENTONI TE used at 500 glt Table 3 Dose Level

{g/t) ORGANI C- M CROPARTI CLEO70. 812578.,8§25082. 050084. 775084.5 The results of
tabl e 3 show the benefits of using bdth siliceous material and organic

m croparticle. Filler Retention Al retention values shown are percentages
The bl ankwiien pelymerizaa resuli is plyrBét Sanigles oAdeBd than 0I5 Mmicroin(i2883171 24

Table 4 PCT/EPOL/.11: 15~ Dose Level [t ERGA C.M ARTI CLE125
v 23 72507YSperse g@g}%pqﬁtgb%{sgﬁl phas(egan(} 1) suwectlng € monomer

microemulsion to free radical polymerization.

The aqueous phase comprises an aqueous mixture of the cationic and/or anionic
monomers and optionally, a non-ionic monomer and the crosslinking agent, as
discussed above. The aqueous monomer mixture may also comprise such
conventional additives as are desired. For example, the mixture may contain
chelating agents to remove polymerization inhibitors, pH adjusters, initiators and

other conventional additives.

Essential to the formation of the emulsion, which may be defined as a swollen,
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 emuision. 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 possible, so 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, i.e.



Dual Conponent CATIONI C POLYMER used at 250 g/t Table 5 Dose Level

{gl t) ORGANI C- M CROPARTI CLEBENTONI TE026. 726. 712545. 729. 125051. 535. 650055. 343
.2 ,75060W® 02/33118. 6- _ Three Conponent System CATI ONl C POL\HAERERIRISAL 250
glt BENTON TE used at 500 g/t Table 6 Dose Level

(g/t) ORGANI C- M CROPARTI CLE043. 212560. 225066. 950072. 275072. 2 The results of
table 6 show the benefits in terns ofdi | ler retention of using both
siliceous material and organic mcroparticle. W O 02/ 33171 25 Free

Drai nage PCT/ EP01/11~5.1 The free drai_hage results are neasured in seconds
f or 600misufficient torferme aninyersoemetsiat. Toplewn garcenteationrefi swiastant laads

. seconds Singie Addition T Ta 7 se Level |.t) ORGANI C .

v CRePARTE 58 £y Bhsosdhe R0L B archRR mE A sk Erbt el LTk e YRRYE us o
at 250 g/dostablypichllBesfictite useful, in addition to those specifically discussed above,
. (g/t)ORGANI G- M ARTI CLEBENTONI TE078781254152250394050044317504f1 28 Thr ee

Conponentmay deegnionic, cationic or nonionic and may be selected from polyoxyethylene

(20) sorbitan trioleate, sorbitan trioleate, sodium di-2-ethylhexylsulfosuccinate,
oleamidopropyldimethylamine; sodium isostearyl-2-lactate and the like.
Polymerization of the emulsion may be carried out in any manner known to those
skilled in the art. Initiation may be effected with a variety of thermal and redox
free-radical initiators including azo compounds, such as azobisisobutyronitrile;
peroxides, such as t-butyl peroxide; inorganic compounds, such as potassium
persulfate and redox couples, such as ferrous ammonium sulfate/ammonium
persulfate. Polymerization may also be effected by photochemical irradiation
processes, irradiation, or by ionizing radiation with a Co® source. Preparation of
an aqueous 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 emuilsion to a solyent
which precipitates the polymer, e.g. isopropanal, 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 25,000,000. 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 deionised
water after tumbling for two hours. In the course of this work a Carrimed CSR 100
is used fitted with a 6¢cm acrylic cone, with a 1°58’ cone angle and a 58pm
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



CATI ONl C POLYMER used at 250 g/t BENTONI TE used at 500 g/t WO 02/ 33171 26
Tabl e 9 Dose Level (g/t)ORGANI CM CROPARTI CLE03112523250215002075023

PCT/ EPOL/ wWb-2Ba17The results of table 9 show the benefits @®CTERWGI46L h
siliceous material and organic mcroparticle. Exanple 2 The First Pass
Retention tests of Exanple 1 are repeated except using an

ORGANI G- M CROPARTI CLE t hat has been prgepared using 1000 ppm by wei ght

met hyi ene- bi s-acryl am de. First Pass Retention Al retention val ues shown
are percentages The blank retention is 82.6/a Single Addition Test Table 10
Dose Levéilsrelgﬁemfrp%ﬁm@& ﬁﬁ@@%p@y@d@yeeamueeswﬁmfr@m ONI C

. POLYMER U458858% 139R18ht12 st40e8n 2 obhritmic basis. G’ and G" measurements are

recorded and used to calculate tan delta (G"/G’) values. The value of tan delta is
the ratio of the loss (viscous) modulus G” to storage (elastic) modulus G’ within
the system.

At low frequencies (0.005Hz) it is believed that the rate of deformation of the
sample is sufficiently slow to enable linear or branched entangled chains to
disentangle. Network or cross-linked systems have permanent entanglement of
the chains and show low values of tan delta across a wide range of frequencies,
Therefore low frequency (e.g. 0.005Hz) measurements are used to characterise

the polymer properties in the aqueous environment.

According to the invention the components of 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 simultaneously. Preferably, however, the
siliceous material and the polymeric micropatrticles are introduced sequentially
more preferably when the siliceous material is introduced into the suspension and

then the polymeric microparticles.

In a preferred form of the invention the process comprises including a further
flocculating material into the cellulosic 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 flocculating material is a cross-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 polymeric microparticle and siliceous material.



Table 11 PCT/EPOL/1 | ~S.t Dose Level

(gl t) ORGANI C- M CROPARTI CLEBENTONI TE085. 885. 825087. 982. 250087. 486. 7 Three
Conponent wyrizgm CATI ONI C POLYMER used at 500 glt BENTON PENEPRd/18654 500 gl t
Tabl e 12 Dose Level (g/t)ORGANI C- M CROPARTI CLE086. 712589. 725088. 350092. 3
The results of table 12 show the benefits of using both siliceous materi al
and organic mcroparticle. Exanple 3 +4aboratory headbox stock was prepared
to 0.64% consi stency with 50% hardwood fi bre and 50% softwood fi bre and
cont ai ni n_? 30% precipitated cal cium carbonate (PCC) based on dry fibre. The
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for each fhecsmphiestits of sheBelluiosic 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 aluminochioro 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.

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

The additional flocculant/coagulant component is preferably added prior to either
the siliceous material or polymeric microparticle. Typically the additional flocculant
is a natural or synthetic polymer or other material capable of causing
flocculation/coagulation of the fibres and other components of the cellulosic
suspension. The additional flocculant/coagulant may be a cationic, non-ionic,
anionic or amphoteric natural or synthetic polymer. It may be a natural polymer
such as natural starch, cationic starch, anionic starch or amphoteric starch.

Alternatively it may be any water soluble synthetic polymer which preferably



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 - RWioel8171f r ee drai nage t-ester. The stock was m xaedTatpolA9B+4r pm f or
a total of 30 seconds for each test. Retention aids were added in the sane
time intervals as retention testing. System Conponents and Dosages The
singl e conponent cationic floccul ant s dosed at 0.25, 0.5, 0.75, 1 and

1. 25 pounds per ton active. A fixed floccul ant dosage was then determ ned

fromthose results for use in the two- and three-conponent systens. Each
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yet om cotiretefigb dAthor o ERRR A SumbRSHY Ao BE AmEE Wi ch”
have an umiiepatioiadadnd tHeesiliteort @atepil.l ess than 750 manoneters. 2. A
process according to claiml in which the mcroparticles exhibit a solution

viscosity of at least 1.1 nPa.s and a cross-|inking agent content of above
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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 one 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
potentially cationic. By water soluble we mean that the monomer has a solubility in
water of at least 5g/100cc. The cationic monomer is preferably selected from di

allyl di alkyl ammonium chlorides, acid addition salts or quaternary ammonium



5. A process according to clains 1 to 4 in which the mcroparticles exhibit
a rheological oscillation value of tan delta at 0.005Hz of below 0.7 based
on 1.5% bwonighti pol yner concentration in water. 6. A praaassrraacsadi ng to
claims 5 in which the tan delta value is 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 the

mat erial conprising the siliceous matfglal is selected fromthe group
consisting of silica based particles, Silica mcrogeis, colloidal silica,
silica sots, S|I|ca§lgels polysilicates, cationic silica, alumnosilicates)
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A process according to any one of clains 1 to 10 in which the conponents of
the floccul ation systemare introduced into the cellul osic suspension

sequent i aPasficulerly prefrrerd satieie pplinmgys includsy copelyaters phAmethyl chiprige i n whi ch

pol yrer i cOa Brumy T Broptdha sPhs BRERE kb A AARRES of rehiery PRl Jo
accordi ngwhiér@s!@!’utﬂé%aﬂbnfé' piyfer miay bela 'palyMiérQMtﬁ BQ’hé@(bﬁlﬁé‘ b%ll‘lﬂtﬁfl’ppart icle
is introduced into the su§£§)en5| on and t he siliceous materi al

i ncl uded vaiuewétﬁudgaaa‘tl@ 05tHg otoatpm@cbés(daﬁ@eﬁ bvﬂgemtb@@?wne lrwreusll)au s 1
13
further | EDUEIREEY A8 Brbie bR 55 i RBMA e Bt RSl Blor based IS BaBihg « ne

pol ymer i cygi gatepeapplidatioplingthér 607964, 200 Rfeince FP/MR 27096 83FAECEZE)dI Nng to
claim14 in which the further flocculating material is a cationic rateri al

selected fromthe group consisting of water soluble cationic organic
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claim15 or any of claims 17 to 19 in which the cationic pol ymer has an

i ntrinsi cthioglyelictacidbove 3 di /g and exhibits a rheol ogical oscillation
value of tan delta at 0.005Hz of above 1.1. 21. A process according to any
one of clains 1 to 20 in which the suspension is WO 02/ 33171 32

PCT/ EPOL/ Whelbthe 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
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, especially between 200 and 400

ppm.

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



subj ected to nechani cal shear follow ng the addition of at |east one of the
conponents of the flocculating system 22. A process according to any one
of clai nswb @322 in which the suspension is first fl occulratrapobyi4ss
introducing the cationic polyner, optionally subjecting the suspension to
mechani cal shear and then refloccul ati ng the suspension by introducing the
polymeric mcroparticle and siliceous terial. 23. A process according to
any one of claim22 in which the cel I'dl osi ¢ suspension is refloccul ated by
introducing the siliceous material and then the polyneric mcroparticle.
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and then at least one component of the flocculating system is added to

reflocculate the suspension prior to draining.

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

mechanically sheared. The siliceous material and the polymeric microparticle are
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then added to the suspension. The polymeric microparticle and siliceous material
may be added either as a premixed composition or separately but simultaneously
but preferably they are added sequentially. Thus the suspension may be re-
flocculated by addition of the polymeric microparticles followed by the siliceous
material but preferably the suspension is reflocculated by adding siliceous material
and then the polymeric microparticles.

The first component of the flocculating system may be added to the cellulosic
suspension and then the flocculated suspension may be passed through one or
more shear stages. The second component of the flocculation system may be
added to re-flocculate the suspension, which re-flocculated suspension may then
be subjected to further mechanical shearing. The sheared reflocculated
suspension may also be further flocculated by addition of a third component of the
flocculation system. In the case where the addition of the components of the
flocculation system is separated by shear stages it is preferred that the 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
microparticle 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 cationic polymer (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 through at least one shear
stage selected from mixing, cleaning and écreening stages and then the furnish is
subjected to flocculation by a flocculation system comprising anionic polymeric

microparticles and a siliceous material. As given before the anionic polymeric
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sequentially. When added sequentially there may be a shear stage between the

addition points.

A particularly preferred process employs the organic microparticle as the major
component of the total flocculation system comprising a siliceous material and
organic microparticles. Hence the organic microparticle should in this case be
greater than 50%, preferably greater than 55% of the total flocculation system. In
this form of the invention it is highly desirable that the ratio of organic
microparticles to siliceous material is in the range 55:45 and 99:1 based on weight
of materials. Preferably the ratio of organic micropatrticle to siliceous material is
between 60:40 and 90:10, more preferably between 65:35 and 80:20, especially
about 75:25.

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 of the
traditionally used filler materials. For instance the filler may be clay such as kaolin,
or the filler may be a calcium carbonate which could be ground calcium carbonate
or in particular precipitated calcium carbonate, or it may be preferred to use
titanium dioxide as the filler material. Examples of other filler materials also include
synthetic polymeric fillers. Generally a cellulosic stock comprising substantial
quantities of filler are more difficult to flocculate. This is particularly true of fillers of

very fine particle size, such as precipitated calcium carbonate.

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

suspension solids are flocculated by introducing into the suspension a flocculating
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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.

As an illustration of the invention a cellulosic stock is prepared containing a 50/50
bleached birch/bleached pine suspension containing 40% by weight (on total
solids) precipitated calcium carbonate. The stock suspension is beaten to a
freeness of 55° (Schopper Riegler method) before the addition of filler. 5kg per
tonne (on total solids) cationic starch (0.045 DS) is added to the suspension.

500 grams per tonne of copolymer of acrylamide with methyl chloride quaternary
ammonium salt of dimethylaminoethy! 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 250 grams per tonne of a polymeric micropatticle |
comprising anionic copolymer of acrylamide with sodium acrylate (65/35) (wt./wt.)
with 700 ppm by weight methylene bis acrylamide prepared by microemulsion
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 micropatrticle or silica.

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

intended to limit the invention.
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A model fine paper stock is prepared containing a fibre content comprising equal

mix of bleached birch and bieached pine and contained 40%, by weight (PCC on

dry fibre), precipitated calcium carbonate (Albacar HO, Specialty Minerals Inc).

The stock is used at a 1% paper stock concentration.
The following ADDITIVES are used in the evaluation

CATIONIC POLYMER = High molecular copolymer of acrylamide with
dimethylaminethyl acrylate, methy! chloride quaternary ammonium salt (60/40

weight/weight) then made up as a 0.1% solution.

ORGANIC-MICROPARTICLE = Anionic copolymer of acrylamide with sodium
acrylate (65/35) (wt./wt.) with 300 ppm by weight methylene bis acrylamide
prepared by microemulsion 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 aqueous suspension using deionised water.

The single component systems are evaluated 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 mi 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 tonne to the stock in a measuring cylinder
and mixing by five hand inversions. The flocculated stock is then transferred to a
shear pot and mixed for 30 seconds with a Heidolph stitrer at a speed of 1500

rpm. The sheared stock was then returned to the measuring cylinder before being
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filtrate was collected in the same way as specified above.

The three component system are evaluated in the same way as the dual
component systems except that the ORGANIC MICROPARTICLE is added
immediately after the BENTONITE addition and then mixed by hand inversions.

The blank (no chemical addition) retention value is also determined. For the blank
retention, the stock is added to the DDJ, with the stirrer 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 values shown are percentages

The blank retention is 65.1%

Single Addition Test

Table 1

Dose Level (g/t) ORGANIC MICROPARTICLE
125 61.7

250 63.7

500 66.2

750 66.9

Dual Component
CATIONIC POLYMER used at 250 g/t
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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 table 3 show the benefits of using both siliceous material and

organic microparticle.

Filler Retention

All retention values shown are percentages
The blank filler retention is 31.3%

Sinéle Addition Test
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Table 4
Dose Level (gh) ORGANIC MICROPARTICLE
125 ' 23.7
250 201 . .
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 26.7 26.7

125 45.7 29.1

250 51.5 35.6

500 55.3 43.2 X
750 60.8 46.6

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

Table 6

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

125 60.2

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

siliceous material and organic microparticie.
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Free Drainage

The free drainage results are measured in seconds for 600ml of filirate to be
collected. The blank free drainage is 104 seconds

Single Addition Test

Table 7

Dose Level (git) 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
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0 31
125 23
250 21
500 20
750 23

The results of table 9 show the benefits of using both 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

Dose Level (g/t) CATIONIC POLYMER
250 86.3

500 85.8

Dual Component
CATIONIC POLYMER used at 500 g/t
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0 85.8 85.8
250 87.9 82.2
500 87.4 86.7

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

Table 12

Dose Level (g/t) | ORGANIC-MICROPARTICLE
0 86.7

125 89.7

250 88.3

500 92.3

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

organic microparticle.

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 on dry fibre.

The additives used are as in Example 1 except that the bentonite is replaced by a
commercially available polyaluminosilicate microgel (Particol BX ®™),
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Single Component

A 500ml aliquot of stock was treated for each retention test; 1000 mi was treated
for free drainage testing. For single component testing, the stock was mixed at
1500 rpm for 20 seconds in a Britt jar fixed with an 80M screen. CATIONIC
POLYMER was added and, after an additional 5 seconds of shear at 1000 rpm,
100ml of whitewater was collected through the jar valve for first pass retention

testing.

Two Component System
For the two component systems, CATIONIC POLYMER was added 10 seconds

prior to the microparticle addition. Particol BX or Organic microparticle was dosed

after 20 seconds of total shear. Whitewater was collected as for single component
testing.

Three Component 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 Components and Dosages

The single component cationic flocculant was dosed at 0.25, 0.5, 0.75, 1 and 1.25
pounds per ton active. A fixed flocculant dosage was then determined from those
results for use in the two- and three-component 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.
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First Pass Retention

Figure 1 shows the first pass retention performance of the various systems. The
components used for each system are listed in the legend with the final
component dosage used as the x-axis. Figure 1 shows that the highest
advantage in first pass retention can be achieved by adding organic microparticle

as the final component in the three-component system with microgel Particol BX.

First Pass Ash Retention

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.

Example 3 demonstrates the improvements over the two component systems
using cationic polymer a polysilicate microgel and organic microparticle over the
two component systems using cationic polymer and either organic microparticle or

polysilicate microgel.
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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.

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 microparticles 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
rheological 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 to 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, colioidal silica, silica sols, silica gels,
polysilicates, cationic silica, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicateé, zeolites and swellable clays.

8. A process according to any of claims 1 to 7 in which the siliceous material
is an anionic microparticulate material.

0. A process according to any of claims 1 to 8 in which the siliceous material
is a bentonite type clay.

10. A process according to any of claims 1 to 9 in which the siliceous material
is selected from the group consisting of hectorite, smectites, montmorillonites,

nontronites, saponite, sauconite, hormites, attapulgites and sepiolites.
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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 cellulosic
suspension is treated by inclusion of a further flocculating material into the
suspension prior to introducing the polymeric microparticle and siliceous material.
15. A process according to claim 14 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 chioride trihydrate and aluminium chloro hydrate.
16. A process according to any one of claims 1 to 16 in which the flocculating
system additionally comprises at least one additional flocculant/coagulant.
17. A process according to claim 16 in which the flocculant/coagulant is a
water soluble polymer, preferably a water soluble cationic polymer.
18. A process according to claim 15 or claim 17 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.
19. A process according to claim 15, claim 17 or claim 18 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.
20. A process according to claim 15 or any of claims 17 to 19 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.

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

22. A process according to any one of claims 1 to 22 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 polymeric microparticle and siliceous material.

23. A process according to any one of claim 22 in which the cellulosic
suspension is reflocculated by introducing the siliceous material and then the
polymeric micropatrticle.

24. A process according to claim 23 in which the cellulosic suspension is
reflocculated by introducing the polymeric microparticie and then the siliceous
material.

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

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

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

28. A process according to any one of claims 1 to 24 in which the cellulosic

suspension is substantially free of filler.



