WO 01134907 PCT/E1' 00/ 10819 1 Manufacture of Paper and P Thi s
I nvention relvgfr%‘g%?% processes of nmaki ng paper and paperbggﬁgp@?@%a _
cel lul osic stock, enploying novel water soluble polynmers as floccul ating

agents and also to the novel polynefs used therein. During the manufacture
of paper and paper board a cellulosic thin stock is drained on a noving

screen (Ofteplaﬁ u;éagﬂg ASnd S 'orggdvm' re) to forma sheet which is then
dried. It i s—we%grmm’r'&o—a'p'm%sol ubl e polyners to the cellul osic
suspension in order to effect flocculation of the cellulosic solids and
enhance dralnage opn the noving screen. |n order to increasg the output of
paper nany %@é%ﬁ%ﬁ%ﬁ%ﬁ%ﬂgﬁ%ﬁ?ﬁﬁ ﬁgg‘al"aga‘f‘&?fé%ﬁﬂﬁé%éf“s@%é'ds. As a
consequence @é_nu[d@.rdst@a@dmmmg%vémﬁ%s@umgP@l%eﬁbe@ﬂ fiokbulatiiy @gdnts has been
pl aced on drai nage and retention systens tha provi de i ncreased drainage,

whi | st mai nt 3ithlg e naye Rabreersiusad theteifor mation. It is difficult to
obtain the opti num bal ance of retention, drainage, drying and formation by
adding a single polynmeric retention aid and it is therefore comon

practice to Butng the mapdaciure afpaper andpaper beard ernsulosipinin stoskB3irpined i des a
Process, wher S8 pibwilf &hediPloh foHIS IARL & flabkiok WitEFfa rofiFelBbyiRl e 1 <
applied to the paper making StoCK priof  to a shear’stage an then

ref | occul at i thegnhyied .t isaeblidinognhe applgivaterabluble gdheers bethe celleiggic Thi s

process provides .enhanged drai e d 0 d.formation and retention.
Thi s processSUSRATER" fr‘sorg‘BMFQf?%%%gmgééﬁﬁﬁgl Sl %'@aeﬁsﬂﬁﬂ?ﬁs under the
Hydrocol * tradmageenkhdapvipgeerensuccessful for nore than a decade. Mire
recently there have been various attenpts to provide variations on this

t heme by making mnor nodifications to one or nore of the conponents. US-A-

5393381 descidigsr ta intréselRe bitpthbChhpr RHaA§ RivdeRf pdPek hitlinganadhires board by
addi ng a water sol uble branched cationic pog{acryl am de and a bentonite to
d

the fi brouscraiatget bighar sReegal s aTrasasughemeldnFadsedinaching sreedyRani de i s
prepared DY great deal of emphasis has been placed on drainage and retention systems that

provide increased drainage, whilst maintaining optimum retention and formation.
It is difficult to obtain the optimum balance of retention, drainage, drying_ and
formation by adding a single polymeric retention aid and it is therefore common
practice to add two separate materials in sequence.

EP-A-235893 provides a process wherein a water soluble substantiai!y 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 Hydroco!® trade
mark has proved successful for more than a decade.

More recently there have been various attempts to provide variations on this
theme by making minor modifications to one or more of the components. US-A-
5393381 describes a process in which a process of making paper or board by
adding a water soluble branched cationic polyacrylamide and a bentonite to the
fibrous suspension of pulp. The branched cationic polyacrylamide is prepared by



WO 01/ 34907 PCT/ EPOO/ 10819 2 polynerising a m xture of acryl am de,

cationi ¢ nosey®ra4eedr anchi ng agent and chain transfer ageghydEpyoresuti on
pol ymeri sation. US-A-5882525 describes a process in which a cationic

branched water soluble polynmer with a solubitity quotient greater than
about 30%is applied to a dispersidch of suspended solids, e.g. a paper
maki ng stock, in order to release water. The cationic branched water

sol ubl e polpsirhiedsing®s aRRURCFHcABMILE] dalibnic MSIRMENBEnERIng Hgerdnd93381 i . e.
by polymerising a m xture of acrylam de, cationic nononer, branchi ng agent
and chai n thaRsransteragept by selylorompiyoerisatian.pr ocess of making paper is
described in which a cationic polyneric retention aid is added to a

cellulosic suspension to formflocs, nechanically degrading the flocs and
t hen ref | 0dd¥AaB382526 Hleserihesaprooessiiy whibhi ancatioaictwanehedrwater saddyad ani oni ¢

Dol yrer  wniRaie £ sy BB B EbG 0bE oG s Brenpredn Lol e
of tan del taf saspdhdedslids)e.qalapapedmaking stockhin\urder te releasawaterl THeV
vi scosity nugber , whi Flst three tines the salted S‘I:“V Vi scosity

o
number of 8”'88(?’}5’2’&8:’%&*‘% °l5‘§ey9‘f§¥m?ﬁiﬁ8r‘?ﬂ?r% ongsiaiardngsedisptsiehi ng

agent. GCenaygual§3933Bit $.cbbppeaErian 2 MiguMPdfaicnisthide! eatRpldBhormer, Pr epar ed
by pol ynerising,a water  soluble anionic nonomer or nonormer blend in the

presence oft"A¥NINGRe8"E 2pd chajp drapsfengoeiient - The process provi ded signifi cant
| nprovenents.. in formation by conparison to the earlier prior art
processes. EP-A-308752 describes a nethod of nmaking paper in which a | ow
mol ecul ar  IDAVGIAB/2880¢ Grirecessd makingarapeeis descebriti which aeatieniai sh and t hen
a col | oi dal, ik . 4hl ' | am de

copol yner (?fowr?l‘o r%?ﬁﬁeg?gnv\glldg%tg E%Wﬁ%lgé'tabgﬁug%@%&@ﬁg @Pé%ur e appears to
i ndi cat e t hmechahisally deglading thefipes@nd therl reflataulatingithé sespensmndychdding he | ow

oo oiEkllon a0l ol PRl e iy 3.3 S8 BoRkale £, oot ¢
i ntrinsic vetentien tiddésa bpariched polytne? dhich .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. Generally
this branched anionic water soluble poliymer is prepared by polymerising a water
soluble anionic monomer or monomer blend in the presence of low levels of
- branching agent..The process provided significant improvements. in formation by
comparison to the earlier prior art processes.

EP-A-308752 describes a method of making paper in which a low molecular
weight cationic organic polymer is added to the furnish and then a colloidal silica
and a high molecular weight charged acrylamide copolymer of molecular weight at
least 500,000. The disclosure appears to indicate that the broadest range of
molecular weights afforded to the low molecuiar weight cationic polymer added
first to the furnish is 1,000 to 500,000. Such low molecular weight polymers would
be expected to exhibit intrinsic viscosities up to about 2di/g.



WO 01/ 34907 PCTI EP00110819 3 However, there exists a need to further, .
enhance paveRI/Ma¥i ng processes by inproving the retent PCRERMMOBIZL ai ni ng or
i mproving formation. Thus the first aspect of the present invention relates
to a process of meking paper conpgising formng a cellul osic suspension,
floccul ating the suspension, nechanically shearing the suspension and
optionally reflocculating the suspensi.on, draining the suspension on a
screen t o Haweavesn theresxisind neiedio Whgnmm'@esnwer makingrprocesske byuspensi on i s
fl occul at ter- soluble polynmer of
I ntrinsi c?'glpscglgqpe rnggh@gﬁgﬁq}% 'lnn 0 phé'%gﬂ{é gﬂgﬁno characterised in that
the water sol uble poI yrrer exhi bits a rheol ogical oscill at | on val ue of tan

delta at 00 1. Th de 0. 005Hz e i s obtained
Deing o oTEdhE at afre B iyttt ERESTReF I A plPcRo of BiRKEO P8 b

wei ght  aqueaiprisinglfoiming acéeum@bmrmspensmﬁﬂeéummg thee@sparision; tunbling for
two hours. In the course of this work a Carnmed. CSR 100 is used fitted

with a 6c¢ rﬁ‘%f’d\a?!‘?ﬂy shpatinaihe guspension andpptiogally reflacryiatingdhe ¢ r uncati on

val ue (It emp @Js.&ﬁ@@.m tﬁ@gné n$idhWiFa Sre8 B o EPSIRleY akd #dh drgmased
Tenperature |s controlléd at 0 0C 0.1C using the Peltler Pl at

angul ar dheghegtenent of 5 X 10"4 radians is enployed over a frequency

veacur eneraane Eusrnfich s fec et eh BAR: Pofe QUL IR g Mter, Pl

The val ue sofubleapolymit af lnmnsh:enscarsnt;oahﬂvetaddiglirutsshe( sd:meua@)w modulus G' to

(0. 0051 1 Srrecieripa TRk % ek Shilol R e YR BRNSRIRES o < 1
suf fi ci entvaluesdfdan HelteabhD85Hz nEabbover1.br anched ent angl ed chains to

di sentangl e. Network or cross-linked systens have pernmanent entangl enent of
the chains and show | ow val ues of tan delta across a w de range of

frequenci eme tarl deit# 400 O05HYVEIURdsI ObRINedUsihg HCORDHIRY SPRSIRITIRILEr iar e used

to char aCtOGSrciilFa?ion mode on a 1.5% by weight aqueous solution of polymer in deionised
water after tumbling for two- hquS. In the course of this work a Carrimed CSR 100
is used fitted with a 6cm acrﬂic 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
displacement of 5 X 10 radians is employed over a frequency sweep from

e 0.005Hz to 1Hz.in 12 stages on a logarithmic. basis. (5’ and G measurements are

recorded and used to calculate tan delta (G”/G’) values.

The value of tan delta is the fétio of the loss (viscous) modulus G” to storage
(elastic} moduius G’ within the system.

At low frequencies (0.005Hz) it is believed that the rate of deformation of the
sample is sufficiently siow to enable linear or branched entangled chains to
disentangle. Network.c)f 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.



the polyner properties in the aqueous environnment. WO 0154907

PCT/ EPOQ 10%901/34947t has surprisingly been found that polpceEmmdsich
exhibit a rheological oscillation value of tan delta at 0.005Hz of above
1.1 provide inproved performance in ternms of inproved retention and yet
still maintain good drai nage and f ordmat i on performance. W find that
polymers of high tan delta flocculate the cellulosic fibres and other
conmponents of the cellulosic paper maki ng stock nore efficiently thus

I nduci f f hy | ubl
ol yrrer exhAE SUEPThghy ot he B ppllitsh s ek by o ThEbdERl s HR6ST 00s o
of above 1. Zale of tdh détarat 0000SHZ efbyvé he m@h&@fﬂﬁpl’@&éd affortridinte iSietms

viscosity of above 4d|/rg and a tan delta at 005Hz of above 1.4 or 1.5.
In sone i nspémg"?%@t? lenged gt ?Fﬂljnﬂét%g?ﬁdg‘ﬂfaﬁ@% apddermationor even as

hi gh as effbrmitritBeWe firfthat myrﬁgr'smfgh%ﬁ igBitd Aoctultitd thd @ufdsict 2.  The

hi gh tan de ta water sol ubl e pol KJ be anionic, nonionic, anphoteric
S|

but is preflresang aé%@f‘t‘@mn@nem@fﬁmseuy espapesaking styckgoeeratiicientlyi on of a
t | bl end. B t | ubl
water  sol Uglg ; Wgncﬂq \ﬁ%rﬁg isRldiiabg Monomer bl en y wat er sol ubl e we

nmean that the water nonomer or wat er sol ubl e nononer bl end has a
solubility in water of at least 5g in 100 m of water. The pol yner may be

prepared copv e . known . pol ynerisat i Cess for

i nst ance by ms% p%‘??%%&'for%%h%teigf; "@% Q%yrmr&;ghﬁ:@ts&”t%g&@gga@os&@l Which is

cut, dried aaidegftamrrtbltamtﬂmﬁ-a of abowal €2 aprt. WMdre \peefeeibpine oyeyasi sat i on
as defi ned b P-A-1 50933 P- A, 102760. or P- A- 8. The h tan delta
wat er sol ub?é TSI WRCoREy OBEE g andhieg Oioﬁggﬁloéab%{;ﬁgf

mononer bl endsomsnmswmm'caé tdrﬂ@éﬁa rﬁ@ﬁb@ﬁ&h@h‘é‘s PP AR orddVénals mdrﬁ%t 2 ppm
by wei ght, 2ref n particular 10 to 50 ppmof a chain

transfer agéMorhy el’h@‘{?r*ﬁ%@@@!"ﬁeﬁlﬁkﬁt%ﬁh@ﬁﬁ@’ﬁ dg®or ding to the invention
the water soluble polynmer may be added to the paper making stock as the

sol e treatnent agent in _
The high tan deita water soluble polymer may be anionic, nonionic, amphoteric but

Is preferably cationic. The polymer is prepared by polymerisation of a water
soluble monomer or water soluble monomer blend. By water soluble we mean that
the water soluble monomer or water soluble monomer blend has a solubility in
water of at least 5g in 100 mi of water. The polymer may be prepared conveniently
by any suitable known polymerisation process for instance by solution

. polymerisation to pravide an aqueous gel which is cut, dried and ground to form a.
powder or by reverse phase polymerisation as defined by EP-A-150933, EP-A-
102760 or EP-A-126528.

The high tan delta water soluble polymer may be formed from a water soluble

monomer or monomer blend comprising at least one cationic monomer and at
least 2 ppm by weight, preferably 5 to 200 ppm, in particular 10 to 50 ppm of a
chain transfer agent.

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



t he paper making process, although preferably the pol yner may be added as
part WO 0WwWa@aen®7PCT/ EP00110819 5 of a nulti-conponent PCEBRUNINEIAL System
in which the invention the cellulosic suspension is flocculated and then
refloccul ated. In one aspect of tge i nvention the cellulosic suspension is
flocculated by the water soluble™polyner of tan delta at 0.005Hz of above

1.1 and then the cellulosic _suspension is refloccul ated by a further
addi ti on ¥ m%m@qnegbﬂmu&anbéy%@rm whichghe gveatien thecaliyiosigot her

floccul at%@gemﬁfgﬁdmuggd SHPhe réfechiafacs fornmed are degraded before

bei ng ref cul'ated, by for instance applying nechanical shear. This can
be for instance passing the floccul ated cell ul osic suspension through one

or nore [ e

al tor nat | P SRRBETST g Five BTS2 bsia Shfgthstin @ cbBuATBY S weld] 20 o e
by int roshlubl@golanfelroétanﬂcﬁmaraj Orﬂﬁseizoilabamlﬂﬂmdcméhdth@selmdsuspens| on is
00055 GRUsBBBIEn i EIeCRRteR e b s e s weR S LbscpuRer e

r eI | ogculatengagweﬂw amltth?rlmcmﬁngfmmtapn)tpgwall;ethefﬂbees:f&n?beér@y Cabl

i nt roduci n e floccul ati ent, into the suspension a sui t abl e.
addi tion ‘Eﬁgﬂrﬂe Befpte briDg fﬁg'%lcﬁ‘%aﬁeﬂsk’hf%@%c@r@p h?rﬁﬁzﬁéﬁﬁﬁ ng stages
or prior tigs tAebe oM ihstaRcd Sé‘slrﬂ% h@\f%ecnﬁéfearcetumgsxe%n&,séns.owﬂh&mgh oHee

cel l ul osi ¢ suspensi on may e refloccul ated at” any suitable point

after it OraBongshear P'@Géﬁﬁ'd‘ffbas apRafrirscsren oA fanPuRetc. and refl occul ating
agent may be added in close proximty, for exanple w thout any shear stage
between the additions. Preferably there is at |east one shear stage

( sel ect ednfancatiecnatiyaiferg of theripventjon the crlllosis stispgrsion isdincculatadpy he

addi tion ‘ when
he flocclﬁ{ %dc%gchlﬂg{:] dqalﬁgﬁ%g'ﬁ%nglg%drtlﬁgr E@g&f& éﬁ#ﬁ&s%ﬁﬁ%"reﬂol??&lh{e%bdgy ande &
fan punp mtrodllmg:mletwatessnluiﬂe,polyhmnoéfdr(ﬂmtalammﬂ&i-lzgﬁraboveﬂw be added after

D e BT e i T eSO BRI bRl 5, LS00 o
fan punp and the refl occul ati ng agent nmay be added after the centri-screen.
The cellulosic suspension méy be ﬂocculated by introducing the flocculating agent
into the suspension at any suitable addition point. This may be for instance before
one of the pumping stages or prior to the centri-screen or even after the centri-
screen. The cellulosic suspension may then be reflocculated at any suitabie point
after it has been flocculated. The flocculating agent and reflocculating agent may
be added in close proximity, for example without any shear stage between the
additions. Preferably there is at least one shear stage (selected from cleaning,

pumping and mixing stages) separating the addition of flocculating agent and
reflocculating agent. Desirably when the flocculating agent is applied prior to a
shear stage, for instance a fan pump or the centri-screen, the reflocculating agent
may be added after that shear stage. This may be immediately after the shear
stage or more usually further after. Thus the flocculating agent may be added prior
to a fan pump and the reflocculating agent may be added after the centri-screen.
Accordingly the high tan delta polymer is added as the flocculating agent and/or
as the reflocculating agent.



Accordingly the high tan delta polyner is added as the floccul ati ng agent
and/ or as tsef@sroccul ating agent. WO 01/ 34907 PCT/ EPOCECIGEPh@O1088
Desirably the high tan.delta water soluble polynmer nay be added to the
stock at a dose of 0.01 to 10 pounds per ton (5 to 5000 ppm based on dry
suspension. Preferably the pol yrrersi s applied at 0.1 to 5 pounds per ton
(50 to 2500 ppm, especially 0.4 to 2 pounds per ton (200 to 1000 ppm.
When the high tan delta water soluble polynmer is used in a paper naking

fl | at t i t dded
e the 1 cebara g hghiebdefia et acluble ROvEsEnanpe Abas y s yERaE” "
preferred aﬁ&%ﬁ‘éﬂpm 0 pbmwrﬁhw@mbbpnﬁ@wenggémemmr ng system
conprises t gh tan delta water soluble er ent

f1 occul at i ngreferablyithe polymes isranplied pho |1ﬁ@599é!f‘€$ gqto Qﬂ“) 't he group
consi sting of e\é?‘l"gu[ P |2J Lhdd eyg@{ Oo\f@qﬁgr F‘E{Q’SO' ubl e polyneric

m cr obeads, Nncoo pol ysacc S and inorganic materials.
Suitable fl occul ating rrat erial s i ncl ude inorganic nateri aI s such as

siliceous |

hydr at e. rrgh\ ﬁ@ ﬁg&‘q‘gﬁp‘sﬁﬁ)ﬁ%ﬁg#%{é ,ﬁQJ,QLg e‘}"{% Ie poq:@'lorrer It may

be any suitadpart oﬂ&hﬁﬂtr-&ahpbrhemtmgmtng dyeﬂem Iitstranhbeatideﬂ)at theers, such as

noni oni ¢, api on and catiopic ches or ot

pol ysaccharﬂ%é’lat"mé %65%@%@? ﬁ%@ﬁ%‘% AEPBEEHA E;efttoégre

ani oni ¢, cajpivermtios théﬁﬂhﬁb@r‘hb@n@ﬁ ﬂB@éUIétmgCSys@)’rﬂéd’iﬁ;briSBS\mﬂé highiarh délte pol yner.
Theflocculatlng mat eri al may a silice ich.is in the form

of an ani oWﬁE?rﬁP@PWY’F%’Lﬁer%d@SF%%EP% ”gﬂ?éerﬁlﬁ 'B%B%C%FQH al s
| ncl ude si ':‘n%i’e gbepa’fi{ytdf%,ﬁgmué 'cbhﬁ@ﬂr@ &Ws%rum@bbl?méﬁé waitdri ca, silica

sots, silica ge olysilicates al um nosi |l i cates al um nosilicates,

bor osi | i cat msg)lupbl pahaneria miceeheads, mlqt@smawedcnoassgcchﬂﬁ@eﬁ BAYs are
preferably ﬁwﬁgén J‘l?nafér‘gﬁssﬁaﬁ{le *‘IM% %{aﬁalmlm lﬁ&gbﬁélﬂéﬁeﬁals bent oni te

type cl ay. erre ays are svve eln i nclude cl ays
such as siliceous matenals alum, polyalumxmum chloride, aluminium chloro

hydrate.

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

The flocculating material may be a siliceous material which is in the form of an
anionic microparticulate composition. The siliceous materials include silica based
particles, silica microgels, colloidal silica, silica sols, silica gels, polysilicates,
aluminosilicates, polyaluminosilicates, borosilicates, polyborosilicates, zeolites and
clays. The clays are preferably swelling clays, for instance this may be typically a
bentonite type clay. The preferred clays are swelfable in water and include clays
which are naturally water swellable or clays which can be modified, for instance by
jon exchange to render them water swellable. Suitable water swellable clays
include but are not limited to clays often referred to as hectorite, smectites,



which are naturally water swellable or clays which can be nodified, for

i nst ance wo 018007 exchange to render them water swel | ablreT/EPOV/10819 € wat er
swel labl e clays include but are not limted to clays often referred to as
hectorite, snectites, WO 01/.34907_PCT/ EP00110819 7 nontnorillonites,
nontronites, saponite, sauconi te,”hornites, attapulgites and sepiolites.
The flocculating nmaterial nay be bentonite as defined by EP-A-235895 or
EP- A- 335 Bmimarillanitast nontionites esapbnits; shatanitg, hermitesaattapulgitesandoi dal sil i ca,

pol ypar ¢ SERBbEe” pOF et mAREPEal Be SRRy asiped oy Fria Rbnder
1000n2/ gor EP-AI33S6AHMCe water sol uble polyparticulate polyalumnosilicate

m crogel s as described in US 5,482,693 or alunm nated polysilicic acid as
described in US-A-5,176,891 or WO- A-98/30753. In addition the floccul ating

materi al AﬁBbhah@e@tK@ﬂdx&h%hg%étéﬁél% Q‘ébnin@eﬂ sﬂi@ﬁ%él@&éd oSS 4,388, 150 or a
colloidal silica as described e floccul ating materi al may

al so be ®olysilicaiesand lvervaymlne%lk@tesr Jhl&ln@u@@ﬁ:aolmam@éa@rnqﬂ@dlcm
WO- A- 99/ mz&gexswguﬁé)&é S g% eQ%%ﬁbeﬁ%ﬁﬁP%Yf%?aﬂe%EﬁgolMe contacting a

di | ute aqueolls solution o Icate wth a cation exchange
resi n t o pplypddiculate polyaluiminasificateamisragelsras deserihgd in W81,48%,693 »i ng together

a dilute ' L. I t net al
nydr oxi o@ReR el lides BeAss il UEEAS RNS S WA A Bl glal, "ho
af pH of atidition the ﬂncb()laﬁng ImateTmlﬁ n}iayhm afcolﬂdi@alisﬂm&:rﬁczd)as uesq:nbe_dmdeaf plr Iocess :
of prepar,i r ce 0Sj, C .St sion conprising filler.
The fill ér%&%g%’ %J%!ryfﬂsa at ﬁﬁ(frfble%’éw(?s%b@g&?l |ler materials. For

i nstance the filler may be clay such as kaolin, or the filler nmay be a

cal ci um onat.e.whi c ul d roun lciu onate or in particular
el pi't TRt st ety e %ap?ﬂa@bséosﬂk@%?qréaﬁm%g% (I tani um

di oxi de @asérprdfih WEIA-08116708] ThedHaRlaEBoretili®itB Phay bé pripaf@f By i al s al so

i ncl ude synthetic polymeric fillers. CGenerally a cellulosic stock
conpri si §gntacting a dilute’aqueous solution of an alkali metal silicate with a cation

exchange resin to produce a silicic acid and then forming a heel by mixing
together a dilute aqueous solution of an alkali metal borate with an alkali metal
hydroxide to form an aqueous solution containing 0.01 to 30 % B,03, having a pH
of from 7 to 10.5.

In one form of the invention we provide a process of preparing paper from a
cellulosic stock suspension comprising filler. The filler may be any of the
traditionally used filler materials. For instance the filler may be clay such as kaolin,
or the filler may be a calcium carbonate which could be ground calcium carbonate
or in particular precipitated. calcium carbonate, or it may be preferred to use
titanium dioxide as the filler material. Examples of other filler materials also
include synthetic polymeric fillers. Generally a 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




substantial quantities of filler are nore difficult to flocculate. This is

particul arl wéeimaserof fill.ers of very fine particle size,pSdofsie
preci pitated cal cium carbonate. Thus according to a preferred aspect of

t he present invention we provide a process for making filled paper. The
paper making stock may conprise any8suitable amount of filler. Generally
the cellul osic suspension conprises at |east 5% by weight filler WD

01134907 PChiaker@aDTypitaly the amdettioffiller Wilkbead to/40% @r ARpeRtoréferdbly | er will be

up to 40% of hi heiro gr f Jg@ly bet ween 10% and 40%filler. The process

ot ovi des a AESEBD IR 4(F e, Thepipisss Riovidpsm WAy phmakias Rpen | | or . 1 or

| nst ance Upirfc@rp%%biﬂidlﬂévélﬁo?hﬂér%}’in%féﬁ@é up thoﬁrlx@%tthﬁh%é@ﬁteri al used
e po

in conjunction with the high tan delta water sol ub yrer, nmay be an
ani oni ¢, nonionic, cationic or anphoteric branched water sol uble polyner

t hat has be eby I ; ' nononer

or mononer - S RgcArdng A Bk SELALAENSh WK Gh S HRARR e T,

sol ubl e pol pelgmermaydxehamanionic, aeniomic,rdatisnic ov asphefetiy badnahed wabetl / g and/ or

sal i ne Br ookfy ' | f ove agbout 2.0 . nd a rheagl qgi cal

oscill ati ongt@g@lﬁgowgﬁé%éf% eﬁ?”ﬁ‘?&%%“’a%’éfa@g% %ﬁ‘@?“'@@f%ﬁa&f@e&he

Eol y rrﬁr . rrayrlnobama?] vamenorael bihe ahd bramiohidg agémg Fer iﬁeialy’x;m the hranéehddo nijcl
ranched po r an intrinsic.viscosjty above 4 and a tan delta at

0 008ro of WHET solBs Pl e A kol VBat S AR S g G or

Al ter nat i vesalinkBrodifieRibuscisity 6f SBdverdbalit 26 e8P4.8 ap@h) HREédIGgca th the high

tan delta water. sol ub i ncl udes cross-|inked anionic or

| e pol yner
anphot eri ¢ PRANGtER value ﬁ? Ensishiamat 0cJ0etiz b pboyes@ dnReeferablydae poly@er may
EP- A- 462365005 weterAoftifSBranched ahibhie BbgHeY tHY &HiGHiE BFarithed gangnregnggys a
mul ti-conponent floccul ation system conprising a cationi I gh tan delta
wat er sol ubReingBIsiedscopity @bO\ferféWEc?@ﬂ@aﬂan deliz at 0.805dn of abaue BT, fat | east 1. 1)

floccul ati ngs@gedhs g?ﬁ@ﬁgqh%ggfzg%@ccul ating agent an anionic

floccul ating materi e anioniC occul ati ng agent includes siliceous
materials such as mcroparticulate silicas, polysilicates, anionic

|pi0|ngg‘r9r ;ﬁ d ﬂﬁ&ﬁ&%@qﬁe ﬁggcdfﬁﬁ}%rmgtglié{msgd ?nnci:oonrftimcctigr? thﬁg higmgrk He 'ang both
water soluble polymer includes cross-linked anionic or amphoteric polymeric

micro-particles for instance as described in EP-A-462365 or EP-A-484617.

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

Particularly preferred high tan delta water soluble polymers for use in the paper
making process include cationic polymers of intrinsic viscosity of at least 6 dl/g, for
instance between 7 dl/g and 30dl/g, more preferably 8 to 20 dl/g, particularly in the
range 9 to 18dl/g. Desirably the polymers exhibit a rheological oscillation value of
tan delta at 0.005Hz of between 1.3 and 2.0, preferably between 1.5 and 1.8.



branched wat er sol uble polyners. Particularly preferred high tan delta

wat er sol nglmh.,yners for use in the paper naking pro PodHfosiede
cationic polymers of intrinsic viscosity of at least 6 dl/g, for instance
between 7 dl/g and 30d1l/g, nore preferably 8 to 20 dl/g, particularly in
the range 9 to 18d1l/g. Desirably @ he polyners exhibit a rheol ogi cal
oscillation value of tan delta at 0.005Hz of between 1.3 and 2.0,

pr ef er abl yo3eprefsably tie aatibnic SolybsCikd 26p8YmBrel bitMlarkitielWith the\Vbst
preferably the cationic polynmers are copolynmers of acrylam de with the
met hyl chBietiyd cheridesgysiempaniammonivns salt ofdimgthviamiprathy I8lg acryl ate. The

second aspRekeQind ddpek Hﬁﬂéiirﬁléngﬁ) ?élﬁés&&ﬁ%héf@ﬁfﬂuﬁé’w%%r%ﬂ:ﬂrﬁ%ic of
intrinsic viscosity at least 3 g, whic as been formed froma water
sol ubl e nwiscesily aleashadlig, whighutascbernforrped froemriwates solubleemonpeqer ar t hat t he
cationic LRI eol ogi cal oscillation value of tan delta at
0. 005Hz o?’gﬁgg‘gb%w%%%?@reég’l y above 1.2 or 1.3. Morre preferably the
pol yner helsaraderised inthattheicationic pylyofer 2kbibits 4 dhéalogioal ascillatioroelteofit

0. 005Hz o oV r 1.5 1Ln so I nst.anc the .t del t.a “be as
hi gh as 1?37’ %Qta ?Q?Qprdsl‘&er\’f@t?oé@"m'ﬁﬁqu?b .?PO(B’FE'I%Z'QHEP: %%P[ﬁi?&? r may be
ani oni Ca mb yahyrher hagam 'gntrﬁfs'ic?\likndsitjl sf@m@{em?/blandcaatainwél@.atmms%f%m&r i's
prepare ol ynerisation of a water so e noner. or er, _soluble
nonomer bﬁéﬂ‘{%J‘-ﬁf'ﬂa"ii’?s@‘@?d’bﬁ%"?ﬁéﬁ%ﬂ?%%mﬁgge\ﬁé%h b8 Rbnomer or
wat er sol gpdreadBiaAER2.0beRGhBAS a solubility in water of at least 5g in
100 M of water. The polynmer may be prepared conveniently by any suitable

pol ymeri sation process. Wen the water sol uble polymer is nonionic the

pol yrmer en, i : Emgt- HeC y
unsat uratrrg eﬁgm:@%%\gﬁg?& n_?@é“‘%rﬁ%m%gﬁé%%% ggr%&gg, m&*‘i6 ﬁ‘gbﬂﬁ am de,

hydr oxyet holymet isypraparediov\naiyrngriaation iofia materrsolifile Aienpmer pewgtaryner i s
formed fr 5@9@&%& %%I%P@]é%&r\kﬁ‘ér YRLSE wePIeBh R e Whter'sdiuid ONi ¢ the

pol ymer s Torme r
monomer or water soluble monomer blend has a solubility in water of at least 5g in

100 m! of water. The polymer may be prepared conveniently by any suitable

polymerisation process.

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

the polymer is formed from acrylamide.

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



nore et.hyl enically unsaturated ani onic nononmers or a blend of one or nore

ani oni ¢ NONOWRIEahi h one .or nore of the nonionic nononer sefRbdhsses t O
previ ously. The anionic nononmers are for instance acrylic acid, nethacrylic

acid, maleic acid, crotonic acid, itaconic acid, vinylsulphonic acid,
al lyl sul phonic acid, 2- acryl am doi@-net hyl propane sul phonic acid and
salts thereof. A preferred polyner is the copolyner of sodiumacrylate

wi th acryl aFréferabfiGhe Wald¥olubtépolpnerls 1addMc aAd iofhed Abhyord 6 r]")@?e_er

sol ubl e polyner is cationic and isS 1lrnmed fromone or nore ethylenically
unsat ur at ed ehenisally upsigitedcalionicanenamersjoptionals with anerar negretdithe noni oni ¢
nononers ref i LORH anphoteric
provi ded t hgt% ﬁ{oﬁ%rﬁle%c;r?ﬁérgrréefgg-ﬁ?ﬁoaﬁ%bq ) %gggfgcgrﬁ%ﬁy@%p%g%gsot an anionic
groups. The apphotericoronidashtbattherecaredeedbmintytlyamorecatibhigigréupatthin  acryl at es,

di al kyl am n I 1 .des. 1ncludi acid addjtion and

quat ernary %&%Q%%é%ﬁ?g C?ﬁévﬂég‘@ngﬁwegﬁ ngjdﬁﬂ‘?@%mm%ﬁ%ﬁdm hl ori de.

Al e Of i moL Iy Al na oty ey e e B P hacr yI at 6.
salts o i e am no e C ate. di ami noet hyl net hacryl at e.
A particul QP?@M?W"@&‘%?’%@""! a‘%&g@mﬁgfﬁ E%’B’&WF“@F%%M yl ami de with
the nethyl pedfemed datichicinBhodels iACTIB tHe ey lchidtide GuaRirhay MAshighhy!
acrylate. Desi rfabl y the‘pol%mer mélty beagre@ar ed by reverSe phase enul sion
pol yrer i sat £8#s offiretwlamine eyl apndatend gimsthybainipogthnlmethecoiiate A f or m a

di sper si on i | il ' ' Wy r may be
provi ded i nptgﬁlgg?g%l %ﬁ%?r%{)%cggg@@gb@g%{rhg edghﬁgé%?étés{%g%gﬁ on po}%nrrgri sati on,
or as a powdEthyghindde avaiernani amimeniuppsgitsefidinethyaming ¢thyleatriigteconmi nut i on,
drying and then grinding. The water sol uble polyner may be forned froma

wat er sol ubl e nmonomer or nononer blend conprising at | east one cationic
mononer andDeliidy thespelyieer maybe prepareahbyaepense phesaemiutsiart 2 ppm by wei ght

often at.le el ai.n transfer. agept may. be as nuch as
10, 000 ppm gé’&"‘?ggus ua%ty n%@?%ﬂ%‘?’%ﬂ)}' %g%ot@’pgzdgg?yfjraéx%gtﬁ g'&?ﬂo&bl y the
anmou nt of cbbpolymecopearticles mgainAlterayutivety the polymer may be provided in the form of

beads by reverse phase suspension polymerisation, or as a powder by aqueous

solution polymerisation followed by comminution, drying and then grinding.

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

The chain transfer agent may be any suitable chain transfer agent, for instance
alkali metal hypophosphites, mercaptans such as 2-mercaptoethanol, malic acid
or thioglycolic acid. Generally the amounts of chain transfer agent used would
depend upon the efficiency of the particular chain transfer agent used. For
instance desirable results may be obtained using around 5 to 25 ppm by weight
thioglycolic acid, 10 to 50 ppm by weight alkali metal hypophosphite or 500 to



to 200 ppm by weight, in particular 10 to 50 ppm by weight, of a chain
transfer wgemi49orbased on wei ght of nononer. The chai n tecaEpPbewsiIagent nay
be any suitable chain transfer agent, for instance alkali netal
hypophosphi tes, mercaptans such a1s 2- mer capt oet hanol, malic acid or

t hi ogl ycolic acid. Cenerally the dnount's of chain transfer agent used woul d
depend upon the efficiency of the particular chain transfer agent used. For
i nst ance Z&034 ppiviby weightinnalicaojd.be obt ai ned using around 5 to 25 ppm by

wei ght thioglycolic acid, 10 to 50 ppm by wei ght al kali netal
hypophosphite or 500 to WO 01/ 34907 PCT/ EPOO/ 10819 11 2,500 ppm by wei ght
mal i ¢ acilds pbssible tp dnchude sorhe branchindegentwitio thrennbnargeagmdithaint h t he nmonomer
and chai t yansfer ent. .However, it is more djifficult to provide
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preferably only incl l,%decg in very small quantities. O articul ar

pr ef er endiEanghing pgesyt dngludndis poeferabhonly splided s verysmall qyaniies: Qfhe

absence arfuiitpréfBinReené walerGoftibfe poiMERDrapSeH subsahtiailyliRthey Preferred
polymers for use in the process of the invention include “cationic polyners

of intri rebsenes eidyanehingagediofserssdinking@ogntl 18di /g, preferably 8 to 13
dl /g. Desirably the polynmers exhibit a rheol ogical oscillation value of tan
delta at 0.005Hz of between 1.3 and 2.0, preferably between 1.5 and 1. 8.
Most pr efRartihliarly praterredtpalymers fort ysesn shenprocespof thedrventién includeani de wi t h

It e a FatpnP gofneh B Bk Ry bRRELh etlioRod et 80 e
T e et i
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nmononer s théeatonid b:Myrhb? aqm.epugmmgmrylamwd\ivmtrﬁlmam dioridet vvleen 20 and
40% concentrati on, prefera round 30 to 35% The npnoner sol ution
Shout 0" el BinRa it 4 e YAmiseatey Rttt o e soti o

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

If sodium hypophosphite is used as the chain transfer agent, the amount can be
as much as 200 ppm by weight, but is preferably in the range 10 to 100 ppm by
weight, particularly 10 to 50 ppm. A suitable initiator system, for instance aqueous
ammonium persulphate, sodium metabisulphite or tertiary butyl hydroperoxide,



hypophosphite. Care should be taken to use appropriate levels of chain
transfer aggRisdsy conbination with appropriate polymeri pgfpRarggndi tions.
If two nmuch chain transfer agent is used the nolecular weight of the

pol ymer and thus intrinsic viscosity will tend to be too low. |If
insufficient chain transfer agent 12s used it may difficult to achieve the
high tan delta values. If sodi um hypophosphite is used as the chain

transfer 5 UG/ but is
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i nclude any suitable initiator conpound that rel eases radicals at an

el evated t erature, for. ipstance az nds as

7 obis: SobaNGR Bk HOMheisatios, Beecpiels 3nd des PRMTPOIRES BoRR PUPKHIALhe

pol yner geguti@énthyars gall dad\Wrbrofedselin a%tafnﬁhfa &y wﬁ;tsbsorammuﬁag tte processed
in a standard way by first conm nuting the el into smal |l er pieces, drying

to the su&%‘&ﬁ?ﬁmailvmwdﬁa‘mdorsm §mamtally raged p@Wmﬁﬂfq{lg\weé bX powder .
Al ternativ, ﬁ&lﬂ&‘é%\&’d@?rs are produced as beads by suspension

pol ynerisalionor as a water-in-ail emulsion or dispersion by water-in-oil
enul si on pol ynerisation, for exanple according to a process defined by

derronst r at SRS IAE BUGARES Hegay e ik le phAfredingt AR B

Pr epar at i oas afvaRaliy-oi emélision or dispersion by water-in-oil emulsion polymensation
for example according to a process defined by EP-A-150933, EP-A-102760 or EP-
A-126528.

The following examples demonstrate the invention.



An aqueous nononer bl end conprising 21 parts by wei ght di nethyl am noet.hyl
acryl ate nmswgeis4®hl ori de quaternary amoni um sal t, -79 paPCRERSY/1088 ght

acryl ami de 1750ppm by wei ght of nononer diethyl enetri‘an nepent aacetic
acid, 3% by weight of nononmer adipjc acid and 50ppm by wei ght sodi um
hypophosphite (chain transfer agen was prepared in 100 parts by wei ght
wat er. The aqueous nononer blend is emulsified into 100 parts by wei ght
Exxsol D40Exampiedcar bon |iquid containing 2.4% sorbitan nonool eate, based
on wei ght of nonomer and 1.25% pol yneric stabiliser EL 1599A (comrercially
avai lable from Uniqgema). An anount of tertiarybutyl hydroperoxi de (tBHP)
and sodi unk eeiiiop uif each added slowy at a rate sufficient to

r# e

provi de a 2C _per { rature . ri.se, typically.this is b en 5 and
sppm by vt gEeel MEhanbrEeEs Baibiaing of prae PR bty alacdhd®

sulbst ant i aécrwammgtrgf cmdngiﬁaembryoamtrhﬁiundgaﬂergscmltsniyaﬂagmrwamwei I e
solvent is ve . ratiqn, step, carried out. . at,.elevated

t enper at urﬁ%‘é"} %W%@gt Bf(ra@ég?m@r. &%E?QEEFFB?FWW%F@' %%t'?y veigli yners B
and C are grfeRdmér &ﬁpiﬁ@bid%mlﬁtﬁfpnﬁbcﬁ%@h‘t sodilmthyPophesphite ReHaiPy  wei ght

sodi um hypophasphite respectively, aracterisation of Polyners Ato C
Rheol ogi calransden agest)was Rrgpaeddn 106 pags by weightwalglsHz and intrinsic -
viscosity are determned for polyners A to C. The rheol ogical oscillation
val ues are neasured on 2% aqueous sol utions using an AR 1000N Rheoneter.

| nst ri nsi cThe agusAusynerpmerhlendrisrasauigifiedinkp 400 partpby weight Exxsal D9Fs  at

vari ous co | ' ; 0 : I.n i ndustry.
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14 Tabl e 1mondmbt and 1.25% polymeric stabiliser EL 1599A (commercially available from -
Unigema).

An amount of tertiarybutyl hydroperoxide (tBHP) and sodium metabisulphite are
each added slowly at a rate sufficient to provide a 2°C per minute temperature
rise, typically this is between 5 and 15ppm by weight of monomer.

Once the polymerisation is complete a substantial amount of the water from the
dispersed phase and volatile solvent is removed by a dehydration step carried out

at elevated temperature and reduced pressure.

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

weight sodium hypophosphite respectively.

Characterisation of Polymers Ato C
Rheological oscillation value of tan delta at 0.005Hz and intrinsic viscosity are

determined for polymers A to C. The rheological oscillation values are measured
on 2% aqueous solutions using an AR 1000N Rheometer. Instrinsic Viscosity is
determined by preparing polymer solutions at various concentrations in 1N NaCl at
25°C according to the the industry standard method. The results are shown in




Pol ymer. ppm sodiumtan8 at 0.005Hz Intrinsic Viscosity hypophosphite
(dilg) A 5Gydofskess-5 B 0 0.94 14.7 C 20 1.21 10.9 Exoppderogndsid St pass
retention values are deternmined in a series of tests on fine paper

| aborat ory stock using polynmers A, B and C. For each test 0.2% solution of
polynmer is applied at 0.5, 0.75 and4l pound per ton to the stock. The stock
IS then subjected to shearing using a nechanical stirrer foll owed by
applying a papiery of activated bentonite at a dose of 4 pounds per ton.
Average first pass retention (% results are shown as percentages in Table
2 and Figure 1. Table 2 Dose (pounds per n) Polymer 0.5 0.75 1.0 A 87.50
92.60 96.6 1.80 87.20 91.50 C 85.50 90.70 94.60 It can clearly be
seen t hat Oprlc;g'dv%rergrs A and Cwith tan delta values of 1.82 and 1.21
respect i veljPdhaner i rrplppmsddiumt DEans at 8006Hz On  byingiasipafiscosity tjo pol yner B
with a tarl delta val of 0.94 Polynmer A has the P st first gass
retention Jjalues. Ex QPI@SW%wge of polyners i(d %repar ed i an

anal ogous {i0CESS TO kExpnple I, T{qyghich t(hree q@yners were fJrepared

usi ng 0 pprhsadi um hypophosphite thain fransfer / EPOO'] 0819
15 agent, t{#ee pol yngPs were prep@Péd using 20 gph-Eodi um hypdphosphite
and three Yy TTET STV prepared tng—SO—ppmsodizgmhypophospghi t e chain
transfer < 20 124 109

Example 2
First pass retention values are determined in a series of tests on fine paper

laboratory stock using polymers A, B and C. For each test 0.2% solution of
polymer is applied at 0.5, 0.75 and 1 pound per ton fo the stock. The stock is then
subjected to shearing using a mechanical stirrer followed by applying a slurry of
activated bentonite at a dose of 4 pounds per ton.

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

Figure 1.
Table 2
Dose (pounds per ton)
Polymer 0.5 0.75 1.0
A 87.50 92.60 96.60
B 81.80 87.20 91.50
[ 85.50 80.70 94.60

It can clearly be seen that polymers A and C with tan delta values of 1.82 and 1.21
respectively have improved first pass retention by comparison to polymer B with a
tan delta value of 0.94. Polymer A has the best first pass retention values.

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

three polymers were prepared using 0 ppm sodium hypophosphite chain transfer



agent, The intrinsic viscosities, rheological oscillation values are .
measur ed fwopo1eeen pol yner. Exanple 2 is repeated for thicamresgeroof
polymers and the first pass’™ retention values are determ ned. The average
results for each group of polynmers for a given | evel of sodium
hypophosphite is shown in Table 315Table 3 ppm Aver age Aver age Aver age
First Average First Average First Na hypo- Intrinsic tans at Pass Pass

Retentio nanaﬁstth miymens weprbqseﬂra’ree ubing @0gipny sﬂdlﬁﬁﬂwmoﬂbbsmﬂtémdat aat a

dose of a ﬁ%%ﬁ%ﬁg nds/ton

BIs 1 dose od ﬁ?}’ pohmds

per ton Ohi%eg y@e@zw%rg PIBPYEd Hing m38 fﬁ' f94.30 50
10. 50 1. 49gént; 4heIridéic Yischeitied, Trhéb?égnéél%@édlamdhala‘&mraréhﬂéashmmrl s a trend
to |ncrea5| ng retentlon | evel IPchal n tr nsf er ent in the

yes as
- pol yrer s€AGIEPIWBES Ex Yep%wﬁeﬁ@teﬂp?whm 'gRes of PAIYBES 3t dBRAFS PEBRnS f er
agent exhi.ég?ﬁﬂdﬁlﬁnﬁsdr@ae%;r@a Exanpl e 4 Exanple 3 was repeated but for a
range of ynmers prepared using 0, 50, 100 and 150ppm sodi um
hypophosphl te. Average first pass retention values are shown in table 4. -
--------- «pam Aver age
Aver age Fi rsta v%‘rag?éee ?‘?‘é%%g%i°ﬁ%ﬁm{”}?§é?8% J%Eggsso et ention
phosphi tehmaprhospm’ge iRehawin lm'ﬁal'de3a at a dose of dose of 0.5 0.75 pounds

Table 3

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

Na hypo- | Infrinsic |tandat | Pass Pass Retention | Pass Retention

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

0 13.90 0.92 83.10 88.70 93.50

20 12.90 1.12 85.60 90.80 94.30

50 10.50 1.40 87.40 92.70 95.60

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

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

levels of chain transfer agent exhibit higher tan deitas.

Example 4

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

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

shown in table 4.




pounds/ton per ton 0 16.9 80.7 87.8 50 10.6 85.4 91.7 100 11.6 85.6 90.45
150 8.8 84. w®®/Aeethe results show that the pol yners prepafatbodivsioshe
presence of 50 to 150 ppm chain transfer agent show significantly inproved
first pass retention over the polynmer prepared in the absence of chain
transfer agent. WO 01/34907 PCT/ EPA6/ 10819 17 Clains 1. A process of

maki ng paper or paper board conprising formng a cellulosic suspension,

fl occul ati nEablde suspensi on, nmechanically shearing the suspension and
optionally refloccul ati ng the suspension, draining the suspension on a
screen to forma sheet and then drying the sheet, wherein the suspension
is floccul & Ol T ERl | L OVE Tt I OE.a, wat er - sol ubl e pol yner of
intrinsic PE@osi ty ég%ggéﬁﬁgaﬁflgﬁt é*’é{? %g:rllrgtl o, characterised in that
t he wat er $dladiype- ppinfrinsic exPassi t s a r hPakoReteationdci | | ati on val ue of tan
delta at 0}0p5Hz ..of ve U.J.. 2. A.process accordilng to claim21l in which
the water sEgB?J%% eppﬁ%ﬁggweﬁ?tﬁﬁ@ atg [ ﬁg%?%? Bgl dscill ation val ue of tan
delta at 0}J0O05Hz of | above 1.dbsedf 04 pr P0FS5pormaer dijng to claiml1l or claim?2
in which the water 5ol uble lenlgar@t hag an intrinsijc viscosity of above

4dl g and altan deltph at O. Cdgﬁq? SAY we¢REMOB and 2{0. 4. A process
according g any of{¢sai ns [Iggp 3 T Whgglg the watgr soluble polyner is
cationic. % __A _procpss accqrding to any one of claijns 1 to 4 in.which the
wat er sol ubbf@ pol yp#9.6i s f|@5kd from a90&t er sol ul e nononer or nononer

bl end conptesgnu—attigast catoni¢ mer—and at | east 2 ppm by

wei ght of <1I1§ ain tr?ﬂigfer 8538 9045~
150 8.8 84.2 90.9

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



agent. 6. A process. according to claim5 in which.the chain transfer
agent is R{§gHdabes i N an anount of between 5 and 200 ppmply/EREIYHD,
preferably 10 to 50 ppm 7. A process according to any one of clains 1 to 6
in which the cellulosic suspension is flocculated and then refl occul at ed,
in which the water sol uble polyme#7of tan delta at 0.005Hz of at least 1.1
Is introduced as the flocculating agent and/or the refloccul ati ng agent.

8. A procegmmaccording to claim7 in which the water soluble polyner is

i ntroduced as the fl | af i
or ocess. aboor dhREPaEES of BN HApeRAY bapet RoagLoaveriate B oiecs palicRE™ ~ °

I nt roduceéu@%nkiaﬁ ﬂéd&ﬁﬁh?‘thé‘guﬁﬁﬂ&‘bnarﬂdcﬁéﬂk?ﬂ?%ﬂéédmg theauepéngio msi ¢

suspension I's | occul a i nt roduci n | occul at{ng material.
~1111111~ahd optlonallv reflacculpting the suspengion, drammg the suspension onR/eri§eN 34907

PCT/ EPOO/ %e}gndﬁ’&{@?ﬁgucegﬁé&dl ng to claim7 in which a

fl occul at A Ear s n as the floccul ating agent and
subs equenv\m;rexmmemtspensom chcpbtqdm”eﬂ@:cmat@c} byl intredueing avatetcul ate t he

ot ch ¢ neSoRRBIGATOEY e vBEOSShelE SN ERENE o 02 10 1,
wat er kz gl Uhérecteﬁ‘s%dmf tgat thetveater sclublel bbbrmepeklyltmlr achenlegiotl@sdiatiorar t i cul at e
Yo ol ai m Tt a0 SHAHD A AR L 2l o re sel ected fromthe oroup.
gﬁlnz Ir zt Ihng OI ldrcbd‘é%ela%cﬁiﬂiny toadlim ‘einwhicipthiewedtansolLiblenpobyntesrextibits al uni ni um
mat eri al Y ;ﬁgépggglé@cﬂla{lgg saslﬁe oftan elltg%t tOCbO%LI% orpa%ove 12! which the siliceous

3. A process according to claim 1 or claim 2 in which the water soluble

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

between 1.3 and 2.0. |

4. A process according to any of claims 1 to 3 in which the water soluble

polymer is cationic. '

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

polymer is formed from a water soluble monomer or monomer biend comprising at

least one cationic monomer and at least 2 ppm by weight of a chain fransfer

agent. |

6. A process. according to claim 5 in which the chain transfer agent is present

in an amount of between 5 and 200 ppm by weight, preferably 10 to 50 ppm.

1. A process according to any one of claims 1 to 6 in which the cellulosic

suspension is flocculated and then reflocculated,

in which the water soluble polymer of tan delta at 0.005Hz of at least 1.1 is

introduced as the flocculating agent and/or the reﬂoccmating agent.

8. A process according to claim 7 in which the water soluble polymer is

introduced as the flocculating agent and as the reflocculating agent.

9. A process according to claim 7 in which the water soluble polymer is

introduced as the flocculating agent and subsequently the cellulosic suspension is

reflocculated by introducing a flocculating material. -

A AT



fromthe group consisting of silica based particles, silica mcrogels,

col | oi dal siwb@fs490silica cols, silica gels, polysilicatepgrmErooiosts
al um nosi | i cates, polyaluninosilicates, borosilicates, polyborosilicates,

zeolites and clays. 14. A process accord| ng to claim 13 in which the
siliceous material is a water swell8able clay, selected fromthe group
consisting of hectorite, snectites, nontnorillonites, nontronites,

sapon idt e, sHucom precedwactording teadlaiaplirgiticts a aladcul@tiﬂgl mkfetialis intlpduéedr ocess
according to

noni oni c, ﬁ?’SE‘P'EC”?%?H%&e@# Eg\g\l’gsgﬁbgﬁ’ygl’ﬁﬁi% h‘b&'afr?@t”e‘é%'ghb: Z Sol yner

that has hmwddc@am@ebﬁwmnamhebemﬂésw&&p@hﬁﬁhenl cally unsaturated anionic
mononer or _ nononer bl end apd branchi ng agent and wherein the pol yner has

(a) intrinslt viARBsesSACeRHlRG to daim § gf %{ﬂm B inqunich theeflasswiating matgristosi ty
of above 39QufectedrafitheSaraiis cofb n?%@}d&%r%ﬁ‘ub@ﬁdm{\%& RteY R tan

delta at 0.005Hz of above 0.7 and oni'se V'vi'scosity nunber
whi ch i s atpdhwegric mierehseads pastictiate sintoakded pelysacdharides apd inonganic of t he
correspondlrngt HQIQr anched polymer made in the absence of branching agent.
16. A process S4ecor di ng to claim15 in which the branched pol yner is

ani oni ¢ an?2. has pmcesstadcosiing toi daimsi 1 ip wikchihedtbirganianthteridisaredel t a at

0. 005Hz of A _pr. 9 to 16
whi ch ¢ he vazeﬁ’eec?feds%mméa&rogswyﬁér%f?n%iosfeifc%ﬁ&ﬁ @aﬁwa%ha%woival ""'xH@m: Vi scosi 1y
of at | easichiibbpalamhithehlord hdrkf3L1111! 11 11 HII 11 it] 1 a's v

0154907 PCT, EPO /10819 19 f| occ l.atj ng ter al_is anl oni c.
wat er - sol ubt® pbYRIREFSSACCOTING 1R Q!mv"iZs‘Bd‘gla Q}E/thﬁls’"%% mgtﬁ“)abls\ﬁﬁleé"wdhas been

formed fromain Yb%tg?buﬁ ebwaétmgrm BMER ba§bfd H@'ﬁ&és %ﬁﬂcy %@ro@@@oa@roudak Silih
characterised in that the polymer exhibits a rheol al” oscillation value
of tan silica sols, sitica gels, polysilicates, aluminosilicates, poiyalumrnosmcates
borosilicates, polyborosilicates, zeofites and clays.
14. A process according to claim 13 in which the siliceous material is a water
swellable clay, selected from the group consisting of hectorite, smectites,
montmorillonites, nontronites, saponite, sauconite, hormites, attapulgites and
seplolites.
15.  Aprocess according to claim 9 or 10 in which the flocculating material is a
nonionic, cationic, amphoteric or anionic branched water soluble polymer that has
been formed from water soluble ethylenically unsaturated anionic monomer or
monomer blend and branching agent and wherein the polymer has
(a) intrinsic viscosity above 1.5 di/g and/or saline Brookfield viscosity of
above about 2.0 mPa.s and
(b) rheological oscillation value of tan delta at 0.005Hz of above 0.7 and/or
(c) deionised SLV viscosity number which is at least three times the salted
SLV viscosity number of the corresponding unbranched polymer made in the
absence of branching agent.
16. A process according to claim 15 in which the branched polymer is anionic
and has an intrinsic viscosity above 4di/g and a tan delta at 0.005Hz of above 0.7.
17. A process according fo any of claims 9 to 16 in which the water soluble
polymer is cationic and has an intrinsic viscosity of at least 6dl/g and the

N L




delta at 0.005Hz of above 1.1. 19. A water soluble polyner according-to

cl ai m 18 W e¥B4807hi bits a rheol ogi cal oscillation val uBCHEPYAE et a at
0.005Hz of above 1.2. 20. A water sol ubl e pol ynmer according to claim 18 or
claim 19 which has an intrinsi c,]éi scosity of above 4dl/g and a tan delta
at 0.005Hz in the range 1.3 to 2. 0. 21. A water sol uble polynmer according
to any one of clains 18 to 20 which is forned froma water sol ubl e nononer
or nononfipceiaing maiepal igi@aRieNis: | east one cationic nonomer and at |east 2

ppm by “ﬁ%ghtA%atér—géllﬁl;blﬁ plolyAttst o Intdriid Wiscabtly afVedst Sdl/gsmhiclh has beky mer

according to claim Ich the chain transfer agent is present in an
amount offorireddeam advatatiscloblemendpyenaswgter sobie moapmer blends o 50 ppm 23. A

va o O AR TR Bl e FRBcElabenBlod ok it 1 has
subst ant idelth ut 0,006Hz ofibbevect.10f br anchi ng agent or cross-linking agent.
|~ 1%.111}-\1%'1&'31' é]c!m!ﬂlale c|::>0Mmser according to claim 18 which exhibits a rheological

oscillation value of tan delta at 0.005Hz of above 1.2.

20. A water soluble polymer accofding to claim 18 or claim 19 which has an -

intrinsic viscosity of above 4dl/g and a tan delta at 0.005Hz in the range 1.3 to 2.0.

21. A water soluble polymer according to any one of claims 18 to 20 which is

formed from a water soluble monomer or monomer blend comprising at least one

cationic monomer and at least 2 ppm by weighf of a chain transfer agent.

22. A water soluble polyrﬁer according to claim 21 in which the chain transfer

agent is present in an amount of between 5 and 200 ppm by weight, preferably 10

to 50 ppm. _ | _

23. A water soluble polymer according to any one of claims 18 to 22 which has

been formed from a water soluble monomer or water soluble monomer blend

substantially in the absence of branching agent or cross-linking agent.
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