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WO 2004/ 088034 PCT/ EP2004/ 002807 Aqueous Conpositions
and Their Use in the Manufacture of Paper and
w@agaekseds d The present invention relates to aPCEBRR04/002807
pol ysilicate conpositions and their 5 preparation and
use as either mneral fillers, strength aids or
retention/drainage aids in the manufacture of paper
and paperboard. Also included in the present
AqLBURIELRBlioRE BRASHRR (We HRIL MaRBALEBHP IR AROA! d
1T WiT CIT e agqueous POl ysSTITCdal € COMPOST U1 e
Papaoacdtbd as mineral fillers and/or strength aids
and/or retention/drainage aids. 10 It is conmmon
practice to include mineral filler in a papernaking

TheHpSR$S invERlion rélSfeRns @iquBo P p bty ifEAIe Idntp duitee sesthelr
making filled paper is described in which cationised

PrepeEation; ara:t %R @&e&h@wm@éu{@% sirpgt 31ds PREgTeRIRIVGrRINGoe
aof i % Ry 4T RBRS! B DS AL Mcd (RORSETBroson
lnvpntlmf ipcogassenof oekiicopaperiang paperrart iz wWhich iHe@sjuegus

pofysiiBhte seriisitrs e Rgle MbafurE pRoRR el
an@/od retestidridtam eaaids_Fl I ler retention is inproved and

the process allows the production of highly filled
paper. 20 WO A-99/04092 is concerned with the probl ens

It |§thﬁ‘ﬁifﬁ?r§cﬁéé Fﬂqﬂbf&dbhﬁhe%ﬂlleﬁﬁ %adérhféklﬁg%?b&eﬁ | F&d

rocess Is prop osed in which a silicate
lnstanqeos |EtF?-AF08&)a16ta pmes&ea eitroaking élle@h papeidis sigspahed iBn

wh B i P iab il saffriRy fokl) RInELEBATHBR,
cellflosiEsasonsiorsahd éartring & Papasmaking thin stdokammlnngrﬁ@@d
with a cal cium c%r’?ound 25, sug 8 as, cal cj #Jm OXl

ThRIPRGSS GTEPIRYS BPONTTRG St IoRAIE DEV O IR G WSEdal o at
Iea%?h@né Pl érPaﬁioné rﬁfcr@ﬁér\ﬁ@ﬁlﬁtg mfstiad, Sh as micro partlculate

rrsation he silicate OCCUfS Anot her system
smpa memj amgswe!@btg clagekillppretemiiandis depsa@d andine pragess

a0 R HRERRRAUIERDREY | S5 on or gel 1 ng of

the reaction m xture can be done partly outside the

WO-A-99/04092 is concerned with the problems of reduced strength that can
occur with highly filled paper. A process is proposed in which a silicate
composition is introduced into a cellulosic suspension and in which the silicate
forms a three-dimensional network around the cellulosic fibres. In one system
(Ca-Flocc) a silicate such as sodium silicate is mixed with a calcium compound,
such as calcium oxide, the mixture is mixed with cellulosic fibre which is then
acidified to a pH of between 7 and 9 and polymerisation of the silicate occurs.
Another system proposed (Mg-Flocc) uses for instance sodium silicate and a
magnesium compound in place of the calcium compound. In this case
polymerisation or gelling of the reaction mixture can be done partly outside the
presence in the fibre, although the mixture will continue to polymerise in the
presence in the fibre. A further system proposed (Si-Flocc) employs silicate
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30 presence in the fibre, although the m xture wll

continue to polynerise in the presence in the fibre.
wao\2d0u/08808¢ system proposed (Si-Flocc) enpl oys BCT/ERZN€002807

WD 2004/ 088034 PCT/ EP2004/ 002807 2 which is then

acidified to a pH of fromabout 7 to 9. Al um nium

conpounds may be added tooany of the three systens.

The My-Flocc and Si-Flocc systens can be practised by

which S 4ish éa@ﬂ?d gmgffr i ybg‘u‘lt’"?ttS@ EHirEmid¥pounds may

presence o I cate systens are

bealddem/dmlany)ottheahtge WSItemsng sufficient tine to form
sufficient cross links, but the systemis preferably
agitated so that it will not over solidly. The process

ThenLFes aﬁd%\lﬁlbmst@méwﬂt% pr@mfse&‘mmmg-mver

in some cases there can chie
CorBABaNE RETIE MRS HIGESERFA OLBITS! ST R Sirasarems are
allév? tol&r%fbélsé @%Eﬁfﬁlbl@ﬂ?%@ t& ?érﬁ?s&ﬁl@ieﬁ?@r%%s As, but the

contal n si y nore |ight spots and hol es.
sysﬁl[emnefpwferauy]agmte@ sa thaldtiwillongsoyer gelidhh TR PERGESS

. f
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provi des aper havi n further rov

of Sirangite I Syt €336t IPPPRE MAY GoBtrR fON ficanty istimgant spots
nHrh%ﬁ%s'.Ce to use retention and dra| nage aids in the
manuf acture of paper and paperboard. For instance
cationi c polyacrylam des and cationic 20 starch are

TgEsE el X018 BHAAM 80 B BRARa eS8 oicharng gy
fille pApeéravinigh eghibits dﬁpros/eblfomaatm amomcmsstanttylhrgbr
addition to the pape st oc ove retention

SUBNOHHd Test GASE ARSI & Reas W GRPITGIES BRI o
Furtfr SpdehRHE B RA3AJIR | QAHIEHAN RBBstréigihl 0 recover

stock conponents values. The colloidal silica may take
various 25 forns, |nclud|ng that of polysilicic acid,

g bR REIES v RS s R
paper aad paperbbard. LFm*asshaabé eatioric mtylaowllammjablandgmtlooh
stadrgr% eal;eI \%r?lte%séc? e retentloq'sdralnage aids used in papermaking.

US 4388150 describes a binder composition comprising colloidal silica and
cationic starch for addition to the papermaking stock to improve retention of the
stock components or for addition to the white water to reduce pollution problems
and to recover stock components values. The colloidal silica may take various
forms, including that of polysilicic acid, as that the best results are obtained
through the use of silica in colloidal form. Polysilicic acid itself is said to be

undesirable and without stabilisation deteriorates on storage.

S 4954220 discloses work which reveals that some storage or ageing of
polysilicic acid is desirable. However, the patent states that complete gelation
of aqueous solutions of palysilicic acid is to be avoided since once gelled the
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US 4954220 di scl oses work which reveals that sone

storage or ageing of 30 polysilicic acid is desirable.
wooneweso34 t he patent states that conpl ete gel apCDRP2004/002807

aqueous sol utions of polysilicic acid is to be avoi ded

since once gelled the WO 2004/ 088034 PCT/ EP2004/ 002807

3 solutions have little benefits for use as a

retention and drai nage aid. US 4954220 reveal s that
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provi ol dal silical/cationic starch
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d f
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mcro gels an
Stojagd obAaeRa POUEEq R el GevBEs i€ R relfid or
po@?uﬁ%ﬁ&%@ld ﬁ’uéi‘@%éts &d@t@ﬂh&%@éﬁg@i@@dnwﬂmﬁhayb& very brief

l1se it and retard further

(a ot LS A SoRBESTLIEAS s 40 FEARELHAATUFRGI order
to BEBEEe A {IaRER AR P B Py B8 e or e 2 shoar
st a?e 15 and an inorganic material conprising
e R Reb S B S BocBl PG el PAGERpRRFoy aaing
a déﬁ’@ﬁf&‘fﬁﬂ‘yrﬁé%f“rﬁ@l@cubr wRigH & Bileasp5Ea]000 beforaadsHaar sage

retenti on. However, despite these immr ments th
ang @ansnprganic mg@glafmmgmlgg beptonite\aftes a‘i ?aearn st%ge ﬁrhe

prcg sg :bérsove gles M’IﬁESHP t?é?féﬂtsolh%l‘nq@ F Mibreved Wadi

retention and drai nage.
tlmwlahd Imreastedvﬁbudz dndéllleieeterﬂlohe to provide a nethod of

maki ng paper and exhi biting inproved visual properties
and/ or strength characteristics, especially in making

Hd;V\;ér})teﬁg?ﬁEh?ﬁf@ ftrpfégﬁhmmom@msuhare iBls€il @ riced foF A altemiative
retention/drainage system that provides an equivalent or improved combination
of retention and drainage. In addition it would be desirable to provide a method
of making paper and exhibiting improved visual properties and/or strength
characteristics, especially in making filled paper and in particular where the filler

is a synthetic filler.

According to the present invention we provide an aqueous composition
comprising polysilicate which is particularly useful either as being mineral filler
or as a retention/drainage aid. The agqueous composition when used as a
mineral filler allows for formation of highly filled paper exhibiting high strength
and formation. In addition, we have found that when the aqueous composition
is used at least as part of the retention/drainage system retention and drainage
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According to the present invention we provide an
aqueous conposition conprising polysilicate which is
w@aooniogseBar |y useful either as being mneral fPCT/BP20049602807
as a retention/drainage aid. The aqueous conposition
when used as a mneral filler allows for formation of
highly filled paper exhibiying high strength 30 and
formation. In addition, we have found that when the

aque iti ' . g .
o I BRI B ey pd b o
aid%,?ﬁﬁ(r@%n%b&%@@tﬁé 8ilc8PFsedisyastematorisgaiemssgmploying

fective as known systens using inorganic
swelledaele¥n/ dr ai nage aids, for instance nicro

particul ate silica based systens or systens enpl oyi ng
swel | abl e clay. 5 In one aspect of the present .
In onmevespacd of e pressiidaventionove BEVIS B RERRASS QY PEFParing an

agueous conmposition . I S i+hd e
R EETRI OIS S SRS g BipostioRneer
subdigmtiznp amiforT liquid2@@n meapuiesi ai@5tGecempligngthe sieps of,

proyvi di ng an aqueous | i.% i d. havi 092 5 of

si | ) PEREJING 3 aQYEQLE ifY I Ay NG 5P EC%eO I ﬁ&%fed to
bet @ena;d'juﬁf?@%e%l-ﬁaﬂhé%ufd_ 16D ebweerd BbbhE2 ahy abaukimg,

pol risation’of the silicate, iii) allow ng
theselyf causing pelymerisation AEtheAIEHS.i sati on to proceed to

sub ' ; ' . : .

Conf) Al oI Py o prsioms st
com_te;tibhz’dl}o!thesﬁyfﬁlmhiagta rodact camprising gekasheetatialal | v

unit or . T -Si ] .

Sui i sPblegtiiy the aolehiRaRAAl B GRhf % S8 S ntaly
unif&rd fGeRya pol ysilicate. Suitably such silicate

compounds are water- sol uble nononeric silicates of
nonoval ent cations. Preferably the source of silicate

Thigisgolilg%eéf ﬁ@cﬁté Ay a %8@%9? i“sﬂi@éiesédrﬁﬂclnﬂ'fd #eihinindergo

_ assrum 20 cate and lithiumsilicate.
gelEtiendo foremamalysiicatsl. Suitabhaswech silichie icoRpOpNgs BF¢ WREL

rovid ' .
so}u%kio monom%ri%pstilicg]fjerg of monovalent cations. Preferably the source of
silicate is selected from the group consisting of sodium silicate, potassium

silicate and lithium silicate.

The concentration of silicate is desirably sufficient to provide optimum
polymerisation. If the concentration is too low then polymerisation will not occur
or will proceed at a rate which is unacceptably slow. [f the concentration is too
high then the rate of polymerisation is likely to be uncontrollable. Suitably the
concentration of sodium silicate should be in the range that the 1% to about 7%,
preferably from about 2% to about 3%.

It may be desirable to include aluminium compounds in the aqueous liquid of
step (i). The presence of aluminium ions will tend to increase the rate of gelation
and induce the formation of cross links. This may be beneficial for reducing the
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pol ymeri sation. If the concentration is too |ow then
pol ynerisation will not occur or will proceed at a
WO a408/08d08£h i s unacceptably slow. |f the concePCT/BP100£002807
is too 25 high then the rate of polynerisation is
likely to be uncontrollable. Suitably the
concentration of sodium si Iécat e should be in the
range that the 1 %to about™ 7% preferabl y from about

redi o iR v gL SR 5l g, pBY sifthle wter

soluble aIThﬁmQI‘rﬁétﬁﬂ?@umi féf iHslaRte BlUniNRINWs LbhbRNsk dlom.
increase the rate of gelation and induce th
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m ni um conpound
allreinarsjlicate.t abl e wat er- sol ubl e al umi ni um corrpound for
i nstance al um ni um sul phate or alum Typically an
al um ni um conmpound, such as alum may be added in an

Thenadidification hay @@%@hld@/@é wllgtr@dudmg amatceconﬁbmmdsnsmh as
preferred forma polysilicate is

mlgeq‘al ggids orfydnisesusing §lé@§t%mpa$a\gyh|5@ M\!@;@&h%gqueow liquid
to 'f(%‘[)Q&H C&ikh %bﬁbﬁn@% nﬂﬁeméﬂ\?ély ééldlﬂﬁaﬂéﬁ Maydsd ds

y I'htroduci ng substances which dissolve in'the
achipved wsing iqniexchangd msinsadPrgfersblyracidifieatiopds aghigxed by the

o P Ut ABHLIOHRE | 100 BRYRBR AL, 4H e
prg_aﬂbe@mplgngm pdtﬂ eﬁd@tidni %rfgdét{@ﬁ%eﬁmbﬁagmep @u)qze okl is
he acidifica ou a rovi des

eﬁﬁ‘é{?@% BWf%fPB@!éPg’PS’&%?” dr%gl y in step
(||) the pH i s adjustedto betvveen4and9

preferably to between 6 and 8. 15 The {%rrgrl sat i on
Ttmfp@vmensateorswfcﬂmq&t@sm&@rmmgt%tb@mtlag}y ompletion. In

SRl pBfsablin BlcBrffRlRheatR i BarEl s Yplidont furtner
geltiont dczumirgy; @ithoogh it & possilgé that therqaessn‘m eegrlaatof téamtion
iS sone de%ee of re 1t]| on _sti occur

] t
stil Beaarmgrto AessaneXar. i pHe S helyReREafior s 48 adueous

soRAIBRVI Silicard é'éﬁ B8 c@ﬁd&dtéd P4 QessH) th praeurhiedutithat is a
vessel to produce a product that is a 20 uniform

uniferm@elledispid. Hewever, in this farndt Mayrhs lessrgonyrnieridg carry
ot W?ﬁéaermg ihQn& ﬁﬁélystage of the process. Therefore, it is usually

preferred to agitate the liquid during the polymerisation step. Thusina
preferred form the product formed in step (iii) comprises amorphous gelled
solids dispersed in the liquid.

The first three steps of this process may be carried out in a similar manner to
that described in WO-A-99/04092, especially in regard to the preparation of Si-
Flocc in absence of cellulosic fibre, given on pages 19, 30 and 31. The product
formed will contain gelled polysilicate, typically in the form of amorphous solids
dispersed in a relatively low viscosity liquid.
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out the shearing in the final stage of the process.
Therefore, it is usually preferred to agitate the

WO papaiogBodur i ng the pol yneri sation step. Thus i PCHEP2004/002807
preferred formthe product forned in step (iii)
conpri ses anorphous gelled solids dispersed in the
liquid. 25 The first three &t eps of this process nmay
be carried out in a simlar manner to that described

oo G SR P Ll on snear

eqﬁipbrr@.t lesli@bl)@ﬂ}emmlnlgl%.quww@alabe ?’ itresriar Sﬂimfon oran
orne ai

e S 5 2L iy G B

ool LA B S aRbRand L S04 SBEBAr o

miniei a8\ BO@0Ipmu sTeyskegringonveimsa wfﬁqzlem igrenshethat
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thdtrihe iguip cehtainedsdartially he Iargeemeti pntymlmem aglidsnehich are
icate | | ect t ing. eit
oo BT S rept ThaThes 42 RECh AR AR

seVERRHilAeFS or RRors UbbWEV &N id Qoﬁ'ﬁlé ftﬁattihétcoﬁ'lpos ition
substantially uniformliquid fornmed

cogpiseanelyamall pelysideatelpaiinles. \ﬁémﬁé&ﬁy SmHtPOEwéICﬁtecﬁﬁ"Hdes
wo@@c"b@iﬁﬁﬁ%@é 2l ¥ o1 i afa%et%lll gﬁggféﬂé%% gn\kﬂieca%ﬂré:@asr@] 90% by

are clearly Vvisi
wdigiittbeldve n enar diasebet ef-?rEfadaH)Iy such parnyt sralepolysilicate\partidles

will b ol 758 riGroFB e 8Ly FEi SRR GenBfchny "

poﬁ%ﬂfcbfé ;@értucl@éi‘b'ﬂ YRiclke GiEfeterfbsRt tharvl50 padrohs |sﬁ6uld form
nor mal gthe less than 1 mmin di ameter,

Ies&i@aa@@@-ta\ﬁ@ ohthe aquaoUSEANIRPSItRL; d?f?f%ébwhq Cﬁmposltlon will

AR AT WPt ol i e

thérlDCDSmma:mns mGenpredeiaply less thamolG/%. | it tsaequmﬂyupcquegedfthe

prisShes of subthPonlodtr PatGHes Wi heljRes Merl St Pitisiicufd™
ledy B0y FURBe@RIrBOR id preferidd that SRNajUeRIS| coBpdsition Ris

% by wei ght pol ysil i cate particles of dianeter greater
not contain any other solids, for instance cellulosic fibres.

The agueous composition formed by this process is novel. The composition
must be in form of a uniform liquid. It may for instance be in the form of a
uniform gelatinous paste. Typically the composition will be significantly more
viscous than the dispersion of amorphous polysilicate solids. Preferably an
agqueous composition of the invention will exhibit a viscosity of at least 200
mPas(when measured at 2% by weight concentration at 25°C using a Brookfield
viscometer, at 20 rpm, spindle No 2) and preferably at least 300 or 400 mPas
and more preferably at least 600 mPas. [t is particularly preferred that the
viscosity is at least 1500 mPas (when measured at 2% by weight concentration
at 25°C using a Brookfield viscometer, at 20 rpm, spindle No 3). The viscosity
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than 150 mcrons, nore preferably less than 10 % It
is especially preferred the proportion of such

w@eioyssdosLat e particles will be |less than 1% andI/EP2004/002807

particular less than 0.1 % Furthernore, it is

preferred that the aqueous conposition does 20 not

contain any other solids, for instance cellulosic

fibres. The aqueous conposition formed by this process

| 3 . .

el e o g P TPES o Hidher, U ShiPridBghthey Reofity wil e n
thearangeioff betwaps hZOChm 3(3&& P asT ppeferdlyatcnad @0dPosPas.on

will be significantly nore 25 viscous than the

di spersion of anorphous polysilicate solids.

ThEpeiveniedleycorprisagur OhS 2608 RSt Otsitidn twilendrine! tHaQG a
W ll exhibit a viscosity of at |east 200 _ nPas

relaieedihigh sKfa08AmA We‘?‘ﬁﬁ@arts@ﬁé@ RLGRE: | ?Qﬂ\’eﬁf'o'?@@'ﬁﬁ%@"@s
such & g Lﬁd%aéc%furﬁcc%ﬁ&%:g i, 40 %‘ co'?ﬁ}.')éﬁﬂdﬁ Gy Aftdo

pr e | east and nore
papiculets a@wlmte|p@«a@actseochraa@olysthca@ pigre pelsl the golysilicate

G e BB 80 BB B Ghod B ol gRRe

suﬂ@dmaea chIb@QM Qed)@l MYk posretably indthe28nge of fremi 7680 ® 150
2?3@ 5%? 46%)004/ 088034 PCT/ EP2004/ 002807 7
m W%@p 48 or higher. Usual Iy though
the vi scosnty Wi II be in the range of between 1700

and 3000 nPas, preferably around 2000 nPas. The
ThEG-YAlb irfdidftes ﬂi@&égﬁ%@ df 'égpftfgna%SH P HiicIOYBPRFINGLIGR akh

normal Iy have a 5 relative surfacCe area in
lowss Fpualue imindisative pf ad‘n@*mﬂtde@r%ﬂ Oiﬁqafegatlcrn TherS-valueram
oe AL BHEL R S RS PHERE Dy 4TPREL T
(1956) y259-95AatTypidatly @ ey siljicatd m;q:ml ged wlill exdtikbit and IS-valae df

o B R LS PSR RE B e S5 bon

of ﬂfe%fr@éémhﬂvélﬁoh Rl EWI_){‘P{avé IS -(akiel ¢f b’b?&l@ 580 pldérably
nor e &{e er ab around 1000 n2/g. The S-val ue

the pRIvY %%M'Héa\dieg'ﬁ Sevalpe Kyihedgage oh14de 4% drelgsably around
25{] :ﬂ@;lon and a |lower S-value is indicative of a
i gher "degree of aggregation. The S -value can be
nmeasured and cal cul ated as described by Iler & Dalton
in J. Phys. Chem 60

The aqueous composition according to the present invention is a novel entity
and can be defined by the unique combination of parameters. Thus we provide
an agueous composition comprising a polysilicate, wherein the composition is a
substantially uniform liquid when measured in at 25°C and the composition
exhibits a viscosity of at least 200 mPas(when measured at 2% by weight
concentration at 25°C using a Brookfield viscometer, at 20 rpm, spindle No 2)
and preferably at least 300 or 400 mPas and more preferably at least 600
mPas, and wherein the polysilicate has a surface area of below 2000 m?/g and
has an S-value of below 5%. It is particularly preferrad that the viscosity is at
least . Itis particularly preferred that the viscosity is at least 1500 mPas (when
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15 (1956), 955-957. Typically a polysilicate mcro gel

w Il exhibit and S-value of around 12% or higher. The
w@eioyssdosLat e conprised in the aqueous conposi PCDRP2004/002807

the present invention will typically have an S-val ue

of below 5% Preferably the polysilicate will have an

S-value in the range of 1 te 4% preferably around

2.5 to 3.5% 20 The aqueous conposition according to

iR 65 ol UG Lo & Bt Do bR afE Y ifmeter

e o e e

mABISRRTERCPS I SPTEFRE S 2 ENd PR RETCIFIEE MRNKieneskebove.
and the conposition 25 exhibits a viscosity of at

| east 200 nPas(when neasured at 2% by wei ght

concentration at 25C usin Br ookfi el d vi sconeter, .at ..
TheRYUEOLS SOMARSIORGESPraing i the Arar il igveiMion J5RY e viged in
arf QBnUEREnedfn MY BicRIP iy akldoLat cdnsssitidPORill doRfsiseand

Wwherein the polysilicate has a surface area of bel ow
COnOUTHRNPTEiR2 Whinh I8! i8ash 0l % Py Neaighis Brsferebly fom about

. i cul A ¢ ) e

199 8 Bpist % L MALE R b B cPBnitediipplie beniienanout
1% andt7% aacst ksibabiiPastwedreR%VEn@BT4/ A padiedlar advantage of

PCT/ EP2004/ 002807. d at .2% i ght. .
th USRI SRTSTAN 546atfE g b8 sePigiinp die Sehdie spspension
witouRfurihefmoeificades No 3). More preferred enbodi nents

may be defined by the nore specific viscosity,

surface area and S-val ue paraneters nentioned above. 5

The aqueous conposition according to the present
Theraqueous polvallicale grraresilien pithednNertion e Radistiarly syitable for

oSBTl R BRGr GERATDL el by SRR
streagtihaid opaefeedralnagefretentiab@id. 1% to about 45% More

preferably the concentration wll be between a about |
% and 7% nost preferably between 2% and 3% A

THeasrebent ifverAidvandladss 8fprodddstdien paSercsHzpRYhioe | S
that it can be added into the cellul osic suspension
coprrising formingrecellwingie pYsRansipn, draining water from the suspension

to form a wet sheet and then drying the sheet, characterised in that the aqueous
polysilicate composition according to any of embodiments described herein is
added to the cellulosic suspension.

Furthermore, the present invention also concerns a process of making paper or
paperboard comprising forming a cellulosic suspension, draining water from the
suspension to form a wet sheet and then drying the sheet, wherein an aqueous
polysilicate is added to the cellulosic suspension, in which the aqueous
polysilicate is formed by a method comprising the steps of,

i) providing an aqueous liquid having a source of silicate,

ii) adjusting the pH of the liquid to between about 2 and about 10.5,
thereby causing polymerisation of the silicate,
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The aqueous polysilicate conposition of the invention

is particularly suitable for wuse in the manufacture
w@boopagses4 or paperboard either as a m neral fiPCBHEPROLEN2807

strength aid or as a drainage/retention aid. The

present invention includes a process of nmaking paper

or paperboard conprising fgormng a cellulosic

suspensi on, draining water fromthe suspension to

f or: t ' . .
el By S DB B rlibngeq tg suotanca
coropletios iend dimeraby dordiingy atprodust compeisingdgetiedtreaieatr i bed

cha b Ehe gy a0 PR bR S0 P 2R B0 Rl 1 e
celilgesssginsirki ng paper or  paperboard conpri sing
formng a cellulosic suspension, draining water from

the 25 suspension to forma wet sheet and then drying

we heeSReRk ftr|1é!i116ér%i dte %n?éum&eﬁ%oih@y#iﬁéﬁeé&o 38 8dled

to the cellulosic suspension, In whic e aqueous
polpgligaie Imaiatal prier toaddiog tiyis 4o e caltllesiapuspsingiprt He

paiRE w8 fplihe oEEUEAR,PHIGTARES rh@Emafits R Bngin ger

be Bohieetdeen about 2 and about 10.5, 30 thereby causing
pol yneri sation of the silicate, W 2004/088034
PCT/ EP2004/ 002807 9 iii) allowing sufficient tine for

In & fLRtHRP FOrfEsf thaldresbrit IinleR &b HrovRIes pridkka by makinrg paper
conpl etion and thereby form ng a product conpri sing

or paRdreoamixrosprsing fooningaa celiulesid suspensian, mhxingreoaingralgiller

i ERyfepkhtion SR Rl ST dbn' B0 At shgeg anc
thepaa:ryih_g:ﬁhash@anemamsteriseappirmﬂ e ?gmal ﬂllﬁ_r torepgetsd the
Sl 11 { materi, rior.to adadi t ni to the |
aqdeguFiabisiicals, CopRasTion Seepraipgtoiany ol Prigodmadis: descriped
her@fiui val ent filler contents inprovenents in strength
can be achieved. 10

The process enables highly filled paper to be prepared which exhibits high
strength and improved formation. In particular the paper that is produced by
this process is consistently of high-quality and exhibits no light spots or holes.

The aqueous polysilicate composition should be added to the cellulosic
suspension in amounts consistent with those usually used for mineral fillers.
Desirably the aqueous composition will be added in an amount of from 20 to
250 kg per tonne based on dry weight of cellulosic suspension. The polysilicate
of the aqueous suspension may be the only filler used or alternatively further
fillers may be used. In the case where other fillers are used in addition to the
aqueous compaosition, these fillers may for instance be organic pigments, for the
enhancement of paper opacity. Alternatively at least one further mineral filler
can be used additional to the aqueous composition. The further mineral fillers
may be any of the conventional fillers and these will include precipitated calcium
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In a further formof the present invention we provide
a process of making paper or paperboard conprising
WO oroniossy3a cel | ul osi ¢ suspension, mxing a m NBCEEP2004/002807
filler into the suspension, draining water fromthe
suspension to forma wet sheet and then drying the
sheet, characterised in th the mneral filler
conprises the 15 aqueous polysilicate conposition

f, enbod] t h in,
cafEGRIE 1ot b Bradic PR F4TPPBA Sp Sl SHIGMBR ol oS,
silivhs aftaivhi &xbk@e@anstm@tur@@mgm@ms i mproved formation.

I'n particular the paper that is produced by 20 this

process is conS|stentIy of high-quality and exhibits

Th%oa u'e%l]% afér é!ﬁg;ﬂ o d;— ﬁﬂﬂﬁ%?ﬁﬁerﬁ'ﬁé}?’ Bk lchRfifed prior to

oSl ouI to the ce osi c
addmspénﬁn@nellmnmmmsmnéﬁwev&r ihigt preféroarbings thd agueous
for nineral
colffigeR arghNe gk er I fenhretel RS gtyagions
in Ay 2eOhdri:fiefdl id add mdomblﬁmmimpos\immmuﬂénmjélwhﬂh ities
suspen3| on. The polysilicate of the

furtag fid %almpq@ws,y@lly Ravayid beepppeledde é@gaﬁnem sequentially. For
softld §4 pﬁﬁ'ia\kﬂ rBHé%éé% lit mby 'bbede%lrga)forblﬁeléiﬁ@oué Boiﬂ%ﬁltlen

case lers are used Iin addition to
anddabewrddedrtpdbe celbiosie Buspertsian pier tedlye fusiher fillerarfeenegrally,

. ' ' f . f
ti8 B3RS B TER K By SR BBA e Fur ther i nera
filler 30 can Ee Pse?haddltlona: to the aqueous
t T u er mnera
in §16 BiRgces ALERKNGRaPer 1N ey Sismae dREEbige incer i dob
ceﬂlﬁlSQb@u%Eéﬁsﬂoﬁ §|réte'fhﬂbN%aQ)Qélh%@@?é‘temﬂﬁg’%WkQWw

carbo ? ground cal Ci um car bonate,” cl ay,
becnycofribe cenm}ntlona neterﬁ@ﬁl andcegdrainagel qidsithat ere @wnmﬂrma"y

o e PP A i Aol e MHANAE Eygs q poymerc
retentibn/degingge aid 4 a miadqjaﬁianamaetdnlgon/ﬁlralub%s a[d The
ensi o weve t hat t
pobiBasraioniitanade s et Be BV (o 16 Grbcnsadndar
suﬁ%ﬂfléli)ﬁ\'\lﬁterlsﬁlmnléhkuﬁbh-‘kﬂﬁc ddﬁoﬁ?@hﬁﬁarﬁ?ﬁ@%h@' al
he aqueous conposition sinultaneously with the

POl POMNGRI My 08 MAUBLPOIYTITS SRl @5 BErdXpRadaIouMS,
wHich 849 bk MESRiH&AYENhEhi¥d. BREmatively the polymers can be

synthetic polymers, for instance polymers prepared by polymerising water-
soluble ethylenically unsaturated monomers such as acrylamides, acrylic acid,
alkali metal or ammonium acrylates or quaternised dialkyl amino alkyl-(meth)
acrylates or -(meth) acrylamides. Usually the polymers will have a high
molecular weight, for instance at least 500,000. Preferably the polymers will
have molecular weights ranging from at least one million up to 20 or 30 million
or higher. Typically the polymers will have molecular weights between 5 and 15
million.
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some papernmaki ng processes it may be desired for the
aqueous conposition 10 and to be added to the
W@ eio88034 c suspension prior to the further fiPCBEP2004/002807

Generally, it is preferred that the further filler is
added first. In the process of making paper in may
al so be desirable to inclu in the cellulosic

suspensi on a retention and drai nage system This may

o il BBt e oo ol AT B ROl Sl
orgamid p@lgbieys t Mgpicgliyesiichqolyanersanay nag:etlwwrmmfmbro
oS0 TR Gracs et BT omegoslised by
CM%PSEQ%W chehfcdi¢ Qﬁc‘i@rr Ak MG xﬁaln‘i’e PRRTIER. ;@I{éfm%vé@ﬁm micro

p consisting of substantially water-sol ub
pa@nu@ﬁ@ leniion/timinage fdmanie neigeniuehas @Ilca)mlcrogels

col@ﬁ%%lﬁfc%r SQ(§§§8§U%@,@£ a\e,\gf%?w%%g%%g fﬁuﬁﬂﬁs}ﬂgg{é such as

polyalmninbsikchied) arosiidaies | polyoeosilidates rzzolii@s dvawellable clay.
synthetic polyners, for instance polynmers prepared by
pol ynerising water- sol uble ethylenically unsaturated
Thg%%ﬂ%@ MBS f@GhYtaAse 88%ypidalyYa benfAitd tyé)eaéllé?"Fhe
metal or anmmoni Um acryl ates or quaterni sed
prefeired c@yﬁyqre ewellahle s watanangtineluge claysayhigh are naturally
e s
welgi UL cibhy hick ORGP ta N2y Bpgonance to
reri%ieeftlmram'atet Heeliable IBriitable water savetdialie |ctays| iaclude bghare not
m at |l east one mllion to_20 or
imiB R bvs SfBhiTeiana o Hestirye aectBes dofanp tes,
noRPbMifsl, 85 Mﬁt RBhEcdifleABnies2 Bttap §I%|té'3 bhé @Bploﬁ@sV@yplcal
2004/ 088034 / EP2004/ 002807 11 The mcro
anigaic swelling @Iawéta&]tiewb@ﬂan Fig8-235898andeP added 6h
cross-linked organic polynmers. Typically such
polymers may be in the formof mcro enulsions, for
Thersuaous camposiioninteodbe add@sd 48 4, fileT tatine adioiosices usipeagidn

by, . Gi.b ial.ty Chen h q
as dnipy 388 et At AVRY. cAlermatliel 'y bh 2gfMher back
in ﬂh@tsﬁl@térﬁ o rn%ltmqn fﬂhé’tﬁ@é’stb@« itE bl ¢hess BEtheaRixing

silica mcr ofg
chest. The point o addltlon may vary according to the particular layout of the

paper making machine and the filler will be added at a point of addition that will
give optimum incorporation into the cellulosic medium and optimum retention.
Preferably the aqueous composition as a filler will be mixed into the cellulosic
suspension before the retention and drainage system. Therefore preferably the
retention and drainage system is applied to the cellulosic suspension
subsequent to the addition of the mineral filler.

According to a further form of invention, the aqueous compaosition comprising
polysilicate forms part or all of the retention and drainage system. Thus we
have found that the aqueous composition can perform in a similar manner to
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colloidal silica, silica sols, silica gels,
pol ysilicates, alum nosilicates,
w@oeioyassesd nosi | i cates, borosilicates, PCT/EP2004/002807
pol yborosilicates, zeolites or swellable clay. The
swel | abl e clays may for instance be typically a
bentonite type clay. The 1Q0ipreferred clays are
swel lable in water and include clays which are
. . S |.ahl e. .
i Ftallon Yiliiac s A BaicElor ThRIE piRbliR bl suen s
silivasels cngeldilablesclaydui t abl e wat er swel [ abl e cl ays
include but are not limted to clays often referred
to as hectorite, snmectites, nontnorillonites,
ThBRME0 BEEGSingSBRARI dsPecEaURS Hviedtiol Webro®Rie a process of
attapul gites "and sepiolites. Typical 15 anionic
Making PIRRY AIpgperkaesd gerFisipedorrpingr. gelipipsgnsuspeasion,

A . a
apf i ion. 20T AR SIama e sitbetior BrAtGh A
frotrhisse suspension folint atsheet and thenrdiyingdhg sheshahataetaiddd dn
wLurther back .in.the system for instance in the thick
thag s [ETonfi B fEpinate. oY EIT CREAERP RGBS ligdte colfyesic
su$isdrdiorrth goug polilicHR! SorAssaMich Acdr@ing e apfiof tul ar

| ayout of the aper maki ng machine and the filler
emmm!m%sai@égab%ﬂphareﬂbi nt of addition that will give

opti mum i ncorporation into the cellul osic nmedium and

optimumretention. Preferably the aqueous conposition
When usdd a$ aretentibnideainagesdidithe @quieus pblysilioateccomposition is

coSHARLRYAT BRI ol b3 SR BR 1R AR B AL B0 o por
torfies based en amigitast silieatonedrg ldightagistis parsioms Pedferably the
subsequent to the addition of the mneral filler.

ameeieb il beyat lsagt 2R oraers peirtanae andwsHalLsigniicantiyieers

Wi d LS Ry i hd df-at d r r all
M A s G S e
retentionddrainage: #ids ay\Vebage tovmddbat fioosomearsyptanisephinuma

rughfte] e SRR EeRadiyl i &5 oh 2R Sl REBSnibone” n

on@ préfemati ddien Heodosd 18 iis i radge of i20ito 259U Epartoane! | abl e
clays. Therefore, according to this aspect of the
i nventi on we provide a process of 5 making paper or

ThB2RAEEESpElySMERE! COnbsitRhWill hoAma R} torhOSArE oFHEREIETOR
and drainage system. Thus in addition to the aqueous composition the
retention and drainage system preferably further comprises mixing into the
cellulosic suspension a polymeric retention/drainage aid and/or a micro
particulate retention/drainage aid. Usually though, the aqueous polysilicate
composition is used as a partial or complete replacement of the micro
particulate retention/drainage aid and thus will normally be used in a system
that includes the use of a polymeric retention/drainage aid.

The polymeric retention/drainage aid can be selected from the group consisting
of substantially water-soluble anionic, non-ionic, cationic and amphoteric
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applying a retention and drai nage systemto the

suspensi on, draining water fromthe suspension forma
wGahm@enssasdd t hen drying the sheet, charact eri sepCT/RP2004/002807

that the retention and drai nage system conpri ses

m xing into the cellulosic suspension the aqueous

pol ysilicate conposition a rding to any of the 10

enbodi nents descri bed herein. Wen used as a

ol i rTRauTes R Eal peahy B AR BRI A PhRe, .
ret@uﬁcmﬂdmmga@.dgn anmount of at | east 100 g per tonne,

based on weight of silica on dry wei ght of suspension.
Preferably the 15 anount wll be at |east 500 grans

Th@erﬁlchjﬁé‘r%c \A%eké%é’i%drﬂdr‘él géfdlcﬂ?éﬁﬁ o, Hé!s@ﬂ% cross-hnl\ed

espeC|a n used substanti al bsence of

OIgHIie polymem dar instanceasdiascoped H‘aEEfa%é 8463% Alwﬂﬁw the
i iHic e SRR Ea Y80 REP Rl S HlPar i, SUEh SRsTRE .,
mlm;mggg cbmzldsaélrwlqar eile? gﬁlﬁeélmmz%rgd_arlbgpgyﬁl:%ates i a;umhmsrhag;@
o BIRSPR GRS ParORBeARF YR ISR ES et ine (e GlEP B F1eY

Tha"Hickd pafitdRis b&éﬂ%nl&rﬁwﬁgb%@ﬁfﬁf Beforisthhes Béht@ﬁﬁ@type
conposition the retention and drai nage s%/stem

claysérscaiven i ErA-R35,898nbut drsiably,qangds AR Ot hese micro
paﬁ%éllléfégt?étgrlé‘lg%%ﬁb%a@o\}ém ynmeric retention/drai nage

or a mc particul ate retention/drai nage
aid. Usually though t he aqueous pol ysilicate
or, co

?’Egl%g%f ﬁtermoot’rﬂsnma@pg i &Q&I?Iﬂ @LH)qJ)(rgePg Ireetter(?‘cionldrainage aid

is fr@&e%ﬂhtoomkctfeaumm;es@p@nﬁaﬁ befoié atiddst BAE @nbéwstbge uyed
a system that includes the use of a ¥mer| c
s

sheat $iagh 6ANdeR RSENSEATIXNG. HRENIY §RUMRING stages, including
for’ |ﬁ§t§ﬂ5§ P Bur‘?\*:g g 308 =t §€’tﬁeﬁ§ kel £ ?ét%ﬂtl%ﬁlafalﬁ ggoup
g"of “supstantrta

consi stin it wat er - sol ubl'e anionic,
compnisingrthe aguebus polys mnateamm;msﬁlqmnﬂptlﬁmhe aaee@after that

shg%rétggég &@ﬁgf%ﬁygg%mlreﬁﬁ@x&@ Vﬁg-?r Ih i gan Kg%rd%eg?g the
cell@ibsiBisuepékian sl edi Ksone or more shear stages and then the
aqueous polysilicate composition can be added to the cellulosic suspension. In
an alternative system a micro particulate retention/drainage aid is also added to
the cellulosic suspension after that shear stage.

In a still further embodiment of the invention we provide a process of making
paper or paperboard comprising forming a cellulosic suspension, mixing a
mineral filler into the cellulosic suspension, applying a retention and drainage
system that the suspension, draining water from the suspension to form a wet
sheet and drying the sheet, characterised in that the mineral filler comprises the
aqueous polysilicate composition of the invention, the suspension is passed
through at least one shear stage before applying the retention and drainage
system, and in which the retention and drainage system comprises introducing
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The mcro particulate retention/drainage aid can be

based on cross-linked 5 organic polyners, for instance
W@200d088084 bed i n EP- A-484617. Alternatively theCT/EPIID©002807

particul ate retention/drainage aid nmay be inorganic,

such as silica mcrogels, colloidal silica, silica

sols, silica gels, polysiligates, alum nosilicates,

pol yal um nosi |l i cates, borosilicates,

. i1 i . lj b
G i R
inventieraane irbehiobriheshegpstage icselystedsrogn wexingncleaning and

- A- 893, but desirably can be any of those mcro
puﬁﬁ@%éé%%‘e mat eri al s descri bed above. In one
preferred enbodi nent of the invention a polyneric

retention/drainage aid is mxed into the cellulosic
In Qg pefiirem faset efriBisgmbedimenb Re Cshdnarakfilleg i 2ddrsl foshe
C R S R e SRRy P A e ghper
stagentlihie-aqucepn pobisiicai® canposiicomdfthaiimasgeioaiis then mixed into

theiIRISE SibpitiSion s Pt of e gt 817, 9 ORnaistsaPy e dne

minerbEflier, COMprEing gr: aqubotapobRilRatesorhpoditich, Rl dedrosdded
suspensi on fol| owed by one or nore shear sta?es and

the gelHIOB RS UspeREIRB % Bapsa, BTQuatLA deasi Re-shads s tagsrfoliawed by

thedsifiitbri &F 4 n‘PSIyﬁ@rﬂcH‘bféﬁh?nlﬁkﬁﬁ LR THd celdibst §§§%ﬁ§io¥1%
crop s

system a articulate retention/dral hage al
thealpassad dyaugb at idast oré Furthes isbeaustpge sitenwafchea t hat

rr G285 P T B8l VSR BB o,

inv et ib eridedcotin celluigsit susparBion. CR Inittoasdrficddgpensi on,
mxing a mneral filler into the cellulosic )
ret%‘ﬂ@ﬂé%é!”@ﬁ,e aid A3y, 3lge headded o Hie erllylasiasysnensionrrios e,
S o B, MR PR Tho SN HaneaeRAyigh ARG s comprising
theasuieqaus polysdigatencarnpasitiane mineral filler conprises the
aqueous polysilicate conposition of the invention, the
suspension is passed 30 through at |east one shear

In artesifhestiationrat the iiviention Bheaquebes posiliead dbhdsrbR is made

) stem and i i ch the retention and_drai nage system
firsERyp prEPSEIoN A1 B A NSO S DA aTTOHSAUFARS) 6Ratet br bre
addition of carbon dioxide to a dilute solution of water glass (28.5% soluble
silicate 9.2% sodium oxide). A significant quantity (up to possibly over 50%) of
the silicate can be replaced with either sodium decaborate or sodium aluminate
or other materials prior to carbonation. The solution is acidified to a pH of 6.9 to
7.1 and allowed the gel completely with limited stirring to produce a silica gel
slurry comprising solid gel pieces and a less viscous solution. This gel slurry is
sheared using a Silverson at 8000 rpm for one minute to produce a smooth

viscous solution.



into the cellulosic suspension the aqueous

pol ysilicate conposition of the invention and in
waokioghsdobe shear stage is selected from m xi ngPCT/EP2004/002807

cl eaning and punping stages. 5 In one preferred form

of this enbodi ment PCC mineral filler is added to the

cel l ul osi c suspensi on and t suspension i s passed

t hrough at | east one shear Stage. The aqueous

[k Lt f . ' ntjon is then, .
TRt G e pRTRAR Al St el GG L papen g
fumishepriolr té tHd stentiir anddedreigediyl iroer td icreddzesst content of

filler, conprjsing the aqueous polysilicate
PoBHBSLISISIONE 3 SoREEATablEd 10 | ne. cel | utosi c
suspensi on i s passed through at | east one shear stage
followed by the addition of a polyneric
retention/drai nage aid. The cellul osic suspension is
then passed through at | east one further shear stage
after which a retention/drainage aid conprising the
aqueous polysilicate conposition of invention is
added to the cellul osic suspension. A nicro
particul ate 15 retention/drai nage aid may al so be
added to the cellul osic suspension prior to,
simul taneously with or after the addition of the
retention/drainage aid conprising the aqueous
polysilicate conmposition. In one illustration of the
i nvention an aqueous polysilicate conposition is nade
20 first by preparation of a 2 weight% as Si 02
anor phous silica gel created by the addition of
carbon dioxide to a dilute solution of water glass
(28.5% sol uble silicate 9.2% sodi um oxide). A
significant quantity (up to possibly over 50% of the
silicate can be replaced with either sodi um decaborate
or sodium alum nate or other materials prior to
carbonation. The solution is acidified to a pH of 6.9
to 25 7.1 and allowed the gel conpletely with limted
stirring to produce a silica gel slurry conprising
solid gel pieces and a | ess viscous solution. This ge
slurry is sheared using a Silverson at 8000 rpm for
one mnute to produce a snooth viscous solution. WO
2004/ 088034 PCT/ EP2004/ 002807 15
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The snmoot h viscous polysilicate solution is then added

to the paper making furnish prior to the retention
w@na4assasnage aid in order to increase ash conPEMEPIN4/002807

paper |ast retaining the paper strength. WO

2004/ 088034 PCT/ EP2004/ 002807 16 Exanples

Preparation of aqueous polygdlicate conposition (APC)

in all exanples A steady stream of CO2 was bubbl ed
Exiaf} 2wt % as Si 02 sodium silicate solution (Na
38/40 F from Akio PQ Silica). pH was nonitored
Prwanatmm nbagueous polysilicait comabsiton AP it aipdeamples

A BB b ohBRE LBl aTe d alioh 5 0R s sl et
sofx.ﬂibh ‘(Ji:!a '('E 2795dRI0 F’?roﬁfjﬂkid PQ Slﬁ(%)sgpgﬁéé Fhoaftgidd Wlﬂ"ﬂl@%

cationic pol yacryl am de and 2.
USE\QC@°@'WT@@ﬁtR§hEl@§iF§Q@rry (BentS) were used for aII
handsheets wi thout APC as a retention and drai nage
a| d V\here APC was used as a microparticle 0.5kgf1
elzargtion of ,:omm-* sheglsaimalleases used as the cationic

es C ted 15 on dr . ,
R 22 aaﬁef‘@ﬁe%@ Bafere Heb e B Ins oltowing
orddrofbagifibs. is as follows: 5s 5s 5s 50s (BentS) 15s
St ock shear PCC shear (APC) shear CPAM shear or shear
20 1000r pm 1000r pm 1000r pm 1000r pm (APC) 500 rpm
'p . . ’ 1
St AAGBpYSF 9 ROEPEdtEficiyg ) Bfiide EPARl Hrth, S4B and
in IstrdeniteTelury (Besti® avarewsed foreall ahdsheetsanithdut ARC @s@t h

ret#ﬁflq}p%@‘#%%éleoalgnf%ﬁré @‘_ wg;‘,r usad %%rad Irnrllcgopar’u p(? Bkgt 1

cationic polyacrylamide was used as the cationic species. Dosages calculated

on dry weight of cellulosic suspension (stock). The sequence of treatments is as

follows:
5s Ss Bs 50s (BentS)
Stock shear PCC shear (APC) shear CPAM shear or
1000rpm 1000rpm 1000rpm 1000rpm (APC)

Handsheets were prepared after the final mixing step and dried for 2 hours at
60°C on the rotary drier.

Sheet Testing

Sheets were tested for tensile strength using an Instron 4400 at UMIST
according to Tappi test method. T 494 OM-88.

The paper samples used for strength testing were then used to determine the
total filler content of the handsheets by ashing at 500°C for 2 hours.

15s
shear
500 rpm



The paper sanples used for strength testing were then
used to determne the total filler content of the
whandosseat s by ashing at 500C for 2 hours. 30 REX/EP2004/002807
2004/ 088034 PCT/ EP2004/ 002807 17 Exanple 1 -
Preparation of aqueous polysilicate conposition (APC)
The preparation of APC was jl.p accordance with the
above description. The pH was nonitored and recorded
in Table 1. 5 Table 1 Time (mns) pH O 11. 05 Wi ght
Sodium Silicate (water glass) = 69.97g 1 10.13 Wi ght
Exgfthle! M-SPHdepdivnoftididesud P8I sififaie condodsi Ap@ 14 5
7.10 6 7.C .02 Gelled at 7 mnutes 8 7.02 9 7.05
Thegrepgrgtion of APSsWER Mq:@r@anceﬁwm e gpovshdascrigiompEne pH
[ sheared for the relative
Wa?ﬁﬁé%@?%@é%%ﬁ?ﬁdﬁifﬁg%?n Utra 10 Thurrax
5 honogeni ser. The results are shown in Table 2. WO
Ta%Peo’f]'/ 088034 PCT/ EP2004/ 002807 18

Time (mins) pH

0 11.05 Weight Sodium Silicate (water glass) = 69.97g
10.13 Weight Sodium Silicate + H-O = 1007.3g

8.99
8.14
7.10
7.02
7.02 Gelled at 7 minutes
7.02
7.05
7.06
7.06

© 0 N O O A W N =

EE |
o O

Example 2 — Effect of Shear on APC Performance
100mis APC was sheared for the relative time at 20,000 rpm using an Ultra

10 Thurrax homogeniser. The results are shown in Table 2.



Table 2 No Variant APC addition Point Ash Breaking

Cont ent

Length (m

(%9 1 5.0% APC (no shear) 5 secs

w@e@4pghogarer 41.0 1548.9 2 5.0% APC (30s shear(T/EPRO4602807
pre polymer 39.2 2163.2 3 5.0% APC (60s shear) 5 secs
pre polymer 38.1 2202.7 4 5.0% APC (15s shear) 5 secs

pre pol ymer

to

Ta@igﬁ%

38.7 2076.
target a sheet ash

osition

7 A
conte

1o

of 40%

Exanpl

sheets contai ned 35% PCC
51n the results
rly show t hat shearing the agueous polysilicate

i nproves the paper strength.

e 3 -

NBT
AP
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Ta
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ect of yziee!

C was used throughot
[ ra Thurrax honoger
bl e 3. Table 3 No V4
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sheets contained 35% PCC to target a sheet ash
Allcsheiestonthingd%®5% PCC to target a sheet ash content of 40%.

improves the paper strength.

Example 3 — Effect of addition point on APC performance

10

homogeniser). The results are shown in Table 3.

In the results clearly show that shearing the aqueous polysilicate composition

Sheared APC was used throughout (1 min at 20000 rpm using an Ultra Thurrax

Table 3
No Variant APC addition Point Ash Breaking
Content | Length (m)
(%)

19 5.0% APC (sheared) 10 mins pre polymer 37.7 2241.0
20 5.0% APC (sheared) 5 mins pre polymer 37.9 2258.8
21 5.0% APC (sheared) 1 min pre polymer 38.3 20771
22 5.0% APC (sheared) 5 secs pre polymer 38.2 2140.5
23 5.0% APC (sheared) Pre BentS 41.3 1624.9
24 5.0% APC (sheared) Post BentS 40.6 1592.2
25 5.0% APC (sheared) Replace BentS 39.7 2093.




The results show i nprovenents in strength using the

sheared aqueous polysilicate conposition, especially
wob@n/ 084034 s added before the polymer. 5 ExanpP@I/BP2004/002807

Preparation of Al um nated APC sanples Sanple

Preparation Table 4 100% Al um nated APC Ti ne pH Wi ght

Sodi um Alum nate = 5.53g (4¢ ns) Wi ght Sodi um

Silicate = 0.00g O - Wight solids and water = 200.1

b By s by L AR 00 L 21

4 7.5 57.3 7 7.15 9 7.12 11711 13 7.11 15
7.11 10 WD 2004/ 088034 PCT/ EP2Q04/ 002807 20 Table 5
Th%d%%&t%ﬁ?%tf%rox@@@ﬂ% STRNGIA \GHR0 BushRarad araale =

%ﬁl&ﬁt@ c(dﬁwﬁ@émdpﬁ 'e@BémaﬁWH@ﬁ R lé 'a@éé@ befo?e 9’%5}0@5@ 10

I ds and water = 201. (post

Example 4 — Preparation of Aluminated APC samples

Sample Preparation

Table 4 100% Aluminated APC
Time pH Weight Sodium Aluminate = 5.53¢g
(mins) Weight Sodium Silicate = 0.00g
0 - Weight solids and water = 200.1g
0 (post Al) 12.4
1 11.03 | After 20s of CO, addition a white turbid precipitate was formed
2 10.46
3 9.38
4 75
5 7.3
7 7.15
9 7.12
11 7.11
13 7.1
15 7.11




1 10.38 The solution gelled Solid after 1 m nute of

CQ2 addition 2 9.81 3 9.47 49.07 58 77.4 9
wWG2®43/088D34 9. 92 13 6.89 15 6.89 Sanpl ed Tabl ePGI/ERH)4/002807

Al um nated APC Ti ne pH Wi ght Sodi um Al um nate =

0.553g (mns) Weight SodiumSilicate = 12.21 g O

11. 07 Wi ght solids and vvat?{% = 200.4g 0 (post Al)

11.41 1 9.12 No gelling of e carbonated m xture was

TR G g tﬁe6§0jﬁﬁ1 gt BRChAG gl cd 4 633 5 6. 82
Titne?

20i04/ 0880?33 PCT/ EéZSOZ/ZOO%gog 8?9/43 gﬁglsgéwgﬂﬁrﬁiﬁaﬁ* 2179
Aning)natled APC Weight SOdlui’?l Silicate = 7.05¢
0 11.10 Weight solids and water = 201.3g
0 (post Al) 12.3
1 10.38 | The solution gelled Solid after 1 minute of CO., addition
2 9.81
3 0.47
4 9.07
5 8
7 7.4
9 6.96
11 9.92
13 6.89
15 6.89 Sampled
Table 6 10% Aluminated APC
Time pH Weight Sodium Aluminate = 0.553g
(mins) Weight Sodium Silicate = 12.21g
0 11.07 Weight solids and water = 200.4g
0 (post Al) 11.41
1 9.12 No gelling of the carbonated mixture was observed
2 6.98 during carbonation. After 1 hour standing the sample
3 6.83 had gelled
4 6.83
5 6.82
7 6.82
9 6.82
11 6.82
13 6.82
15 8.62 Sampled




Ti me pH Wei ght Sodi um Alum nate = 0.277g (m ns)

Weight Sodium Silicate = 13.26g 0 11.00 Weight solids
wapa4metoasr = 200.9g O (post Al) 11.34 1 9. 32 INCI/EP2004/002807

gelling of the carbonated m xture was observed 2 8.23

during carbonation. After 1 hour standing the sanple

3 6.87 had gelled as usual é16.84 56.83 7 6.83 9

6.83 11 6.83 13 6.83 15 83 Table 8 Standard APC

pH Wi gh Sdlum ate = O Qg (mns) Wight
T%%%?um Silicap? 8 %%%Bdglo 98 Wi ght solids and

19%ipg |1 9 82 7 8.38 t\ﬁlgcdrﬁ%@tdn@%uﬂﬁinété&rmzﬁg
6 95 4 6.92 §56.93 7 6.92 96.92 11 6.92 13
6{%‘@)15 6. 92 Sarpl ed Weight Sodium Silicate = 13.26¢g

0 11.00 Weight solids and waier = 200.9g
0 (post Al) 11.34
0.32 No gelling of the carbonated mixiure was observed '
8.23 during carbonation. After 1 hour standing the sample

3 6.87 had gelled as usual
4 6.84
5 6.83
7 6.83
9 6.83
11 6.83
13 6.83
15 6.83
Table 8 Standard APC
Time pH Weight Sodium Aluminate = 0.0g
(mins) Weight Sodium Silicate = 14.00g
0 10.98 Weight solids and water = 199.6g
1 9.82
2 8.38 Sample gelled at 7 mins
3 6.95
4 6.92
5 6.93
7 6.92
9 6.92
11 6.92
13 6.92
15 6.92 Sampled




WD 2004/ 088034 PCT/ EP2004/ 002807 22 Table 9 Vari ant
Br eaki ng Ash

APC Addi ti on Poi nt
whergssogs) Cont ent

Aver age Average

(%

30% PCC N A 3122. 1 30PGI/EP2004/002807

50kgf -1 standard APC Before R&D system 4412.5 19.0
50kgt-1 50% Al APC Repl aci ng BentS 4149.5 23.9

50kgt -1 standard APC Repl ac
PCC NV A 3868.9 24.4 50kgfl
26.0 50kgfl 5% Al APC Before R&D system 4178. 4
50kgf 1 standard APC Repl aci ng BentS 3964.7 24.2

o

2

0% Al

g BentS 3886.8 25.2 25%
APC Repl aci ng Bent S

. 1T-10% A APC TBRIRY Rdbitbh Pome ! 4 kQer e‘l - Average
50kgf1 50% Al APC Before R&D system 4392.4 20%
PCC N A 4115.6 20.4 50kgfl 5% Al APC Eé@ﬁﬂ@mg ng Benfigh
3861.4 25.3 50kgfl 100% Al APC Repl agi_ng.. S| 3 ,
54,2 159 PCC N A 4839.2 16,0 ALl - ABLERGI 196%@”‘:
vari ants contained |20% PCC to targef an ash content (%}

. 250 in-the finishe sheet R WD 2004/ 088034

3%?@2004/ 002807 |23 Exanle 5 - Effectief! | 306

?ﬂaHHé ffﬁl;b'lgat ¢ EbfregeiD 6ManAl ARG pdgition 4gq

50kgi‘ 50% Al APC Replacing BeniS 4149.5 23.9

50kgt™ standard APC Replacing BentS 3886.8 25.2

25% PCC N/A 3868.9 24.4

50kgt™ 10% Al APC Replacing BentS 3903.1 26.0

50kgt™ 5% Al APC Before R&D system 4178.4 21.8

50kgt™ standard APC Replacing BentS 3964.7 242

50kgt™ 10% Al APC Before R&D system 4165.9 21.4

50kgt™ 50% Al APC Before R&D system 4392.4 19.9

20% PCC N/A 4115.6 20.6

50kgt™ 5% Al APC Replacing BentS 3861.4 25.3

50kgt” 100% Al APC Replacing BentS 3436.2 24.2

15% PCC N/A 4839.2 16.0

All APC containing variants contained 20% PCC to target an ash content of

25% in the finished sheet.
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Variant APC Addition Point Average Average Breaking

Ash Length (m Content (%9 5% standard APC Before
WORRID4pysLemM 3671. 8 23.4 5% MS Bef ore R&D systBOT/BFD44/002807

6.9 30%PCC NNA 2016.8 33.1 25% PCC NV A 2814.1 24.7

20% PCC NV A 3104.7 19.6 15% PCC NNA 3794.0 15.2 0%

PCC NV A 6412.9 .4 Al APC &gnt ai ning variants

cont ai ned 20% PCC to target <&n ash content of 5 25%

in the fipished sheet. Exanple 6 A er of ..
EXAb el Gt obRLPad B sids IVG)EL APE ssdipnbevels
T4Me 1pari ous | evel s using a nunber of honogeni sers and
Wnofcr different 10 lengths of tinme. The

Valignir ed sanpl es of APCGLdsiipaRRared f dwveraazosi t yvaraps
l unp wei ght The prepared sheets were
tensile strength, agh content, and forb?é%grg%ra ce. Aﬁ%
APC Sanpl e Preparat|on A 2. 0wt % sanpl denftrAfPR) was Conient
prepared according to the nmethod outflined in th
first paragraph under exanples. 20

5% etandard KpU2807 48@%@%.% yslehtf | AP 36218 23.4
sheared for various|intervals Usingjeither

5% MG Before R&D system 5714.7 6.9
30% PCC N/A 2016.8 33.1
25% PCC N/A 2814.1 24.7
20% PCC N/A 3104.7 19.6
15% PCC N/A 3794.0 15.2
0% PCC ’ N/A 6412.9 4

All APC containing variants contained 20% PCC to target an ash content of
25% in the finished sheet.

Example 6
A number of handsheets were prepared with samples of APC sheared to

various levels using a number of homogenisers and shearing for different
lengths of time.

The sheared samples of APC were assessed for viscosity and lump weight
The prepared sheets were tested for tensile strength, ash content, and for

appearance.

APC Sample Preparation

A 2.0wt% sample of APC was prepared according to the method outlined in the
first paragraph under examples.
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Silverson at 2,000rpmor an Utra Thurrax honogeni ser

at 13,500 rpm Table 11 - Shear used for APC sanpl es
w®@2200pl0880B4 xer Tinme (s) Shear 1 No Shear 0 ShREF/EP2004/002807

Utra Thurrax 13,500 rpm 120 Shear 3 U tra Thurrax

13,500 rpm 15 Shear 4 Silverson 2000 rpm 60 Shear 5

Silverson 2000 rpm 30 Shea 6 Silverson 2000 rpm 15 5

A 1wt % sanpl e of cationic po|4yacryl am de (CPAM and a

2018 HPARCRaraB e e kot i T st sitaeran
Sitver&o6R 2/880mpreprare Ultentthukax ﬁomg@ﬁusbpaﬁ1@90é C%hency

of 0.5%solids. A 10% slurry of Cal opaque
prepared. The cationic pol yacryl anmi de and the

Tagationi g Udetiforepre sihsbed to 0.1 %prior 15 to
st ock adﬁe{ﬁ on HandsheetMPrepar ation 5 sets of sheets

for e@APkari ant Ilst ed bel\/h»wrwere prepaLed Tihegs) he

43 d

I [O2 ] —OT dCI ClUUI (¥ L\J ut ata o

0. 5k§ﬁéf¥cati oni g poI yacrNﬁ §H? and 2.0 kgt-1 0
bent @ricze2 sl urry Wk 'pmﬁé%mmd) i-p,handsheet Sq20/0
2004/ 80 4 PCT/ EP2004/ 002807 25 'The |fol | ow ng

sequ s enpl|oydira Burex 555899pmsy 5 St odk Shear
PCC @h%%? 4APC Shear GEM-hiedoPRithS Stlear g

Shear 5 Silverson 2000 rpm 30

Shear 6 Silverson 2000 rpm 15

A 1wt% sample of cationic polyacrylamide (CPAM) and a 5wt% sample of
bentonites siurry (BentS) were prepared.

A 50:50 blend of hard and softwoods, beaten to 50°SR was prepared and
diluted to a consistency of 0.5% solids.

A 10% slurry of Calopaque F (PCC) was prepared.

The cationic polyacrylamide and the bentonite slurry were diluted to 0.1% prior
to stock addition.

Handsheet Preparation

5 sets of sheets for each variant listed below were prepared using the following
order of addition.

Standard additions of 0.5kgt™ cationic polyacrylamide and 2.0 kgt bentonite
slurry were used for all handsheets.



1000r pm 1000r pm 1000r pm 1000r pm 500 r pm Handsheet s

were prepared after the final mxing step, and dried
wo@eootlgsospt ary drier for 2 hours at 65(r)C 1BCTEP1084/002807

13 No Variant 13 20% PCC and 5% APC ( Shear 2) 15 20%

PCC and 5% APC (Shear 1) 16 20% PCC and 5% APC ( Shear

3) 17 20% PCC and 5% APC (sshear 4) 18 20% PCC and 5%

APC (Shear 5) 19 20% PCC and 5% APC (Shear 6) 26 15%

TR s opabas BTBIYE . or cheared (and

unsheared APC) were evaluated using a Brookfield

vi sconmeter at 20 rpmfor | ow shear viscosity and for
lunp weight. Lunp weight was determ ned by taking 100
m s5of the APC sanple, dilutiseg to 500 m ssoei th tap

5 Sto%}ﬁtegies?:nd fF"Cli‘at eéﬁé}g thIAQth %h@ére We lgm d lénogr s eg?nl%

t hen washed w 1000 m's
wat £300max ore aIF 08pRess water’iOWPTQOOM 08803W°°fpm
PCT/ EP2004/ 002807 26 was renoved fromthe si eve using
ece of blue roll. The sieve was then ghed

HeRAE P B HETe PESRREFG AL iR cte, B0 stied o rotery
driéiFBrs etts dtsdocnd
10
Table 13
No Variant
13 20% PCC and 5% APC (Shear 2)
15 20% PCC and 5% APC (Shear 1)
16 20% PCC and 5% APC (Shear 3)
17 20% PCC and 5% APC (Shear 4)
18 20% PCC and 5% APC (Shear 5)
19 20% PCC and 5% APC (Shear 6)
26 15% PCC
27 20% PCC
28 25% PCC
29 30% PCC
30 35% PCC

APC Evaluation

15 The samples of sheared (and unsheared APC) were evaluated using a
Brookfield viscometer at 20 rpm for low shear viscosity and for lump weight.
Lump weight was determined by taking 100 mls of the APC sample, diluting to
500 mls with tap water and filtering through a pre weighed 150p sieve. The APC
was then washed with a further 100 mls of tap water before all excess water

i5s
Shear
500 rpm
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20

The dried sheets were then assessed for appearance
using a transparency scanner to give a greyscale

w0 ppres®Bon of the sheet with the gel spots apEEEP1004002807
as light spots in the image. 10 The handsheets were
condi tioned at 23C and at 50% hum dity prior to
testing for tensile streng% at UM ST. The ash
content of the handsheets was determ ned was carried

f . .hours. Results nmpl e
wigh forRvecttim' 6 (58 il S bisa " Bl R, oA RISy s e the
wéighedaddin-andt taedegightAR G PT Ienge-caléilghid. Sodi um Silicate
= 70.05g (mns) 0 10.93 Wight solids and water =
999.6g 1 9.82 28.38 36.95 46.92 5 6.93 7 6.92
Sample gelled at 7 mns 9 6.92 11 6.92 13 6.92 15

6.92 APC Eval uati on
Handsheet Tesiing

The dried sheets were then assessed for appearance using a transparency
scanner to give a greyscale impression of the shest with the gel spols
appearing as light spots in the image.

The handsheets were conditioned at 23°C and at 50% humidity prior to testing
for tensile strength at UMIST.

The ash content of the handsheets was determined was carried out at 500°C for
2 hours.

Results

Sample Preparation




5 Tabl e 15- APC | ow shear Viscosity and Lunp Counts
Sanple 1 2 3 4 5 6 Shear
wWOJI00428H80) Silv.
Shear Tinme (s) 120 15 60 30 15 Viscosity Spindle No.
122222 Reading 27.5 32.7 34.5 20.0 24.8 19.5

29.5 32.6 30.5 19.0 22.6 17
23.0 18.4 31.5 31.9 32.3 26

Tabl, 0 SRR APELS

B!

1Mime67 129.
6.6(6 ¢

6. 289

.

96

460

27
5

7
9
11
13
15

Resul ts
(% 13
20% PCC
and 5%
APg ( Sh
( Shear

7.8

5
No Va

POYRRCC 3
% £

2
car 6 4b
9. 6
6.93
6.92
6.92
6.92
6.92
6.92

T
rid

(2000) Sily.

(speed) No Shear
(2000) Sily.

UT (13500)

( 2PDO0EP2004/002807

? 31.5 31.0 32.5 20.5
.1 24.0 16.9 27.5 31.5

as) 147.5 638.8 649.25 395.2 472.0

ieve M (g) 96. 418k
.298 Lunp W.
4 21.381 33.792 WD 2004/ 088034 PCT/ EP2004/ 002807
Hangst

sting Table 16-
nts Breaki ng Ash

(9)

(g) 141.74 96.548 101.76 11325
t Sbelildl Sfig@te = 70.050

. 322 0.033 5.030

igfﬁkgénc{ﬁdg'%ggg?%er( =009.60

nd 5% APC (Shear 2) 4062.6 19.4 15

\PC (Shear 1) 2539.9 31.0 16 20% PCC

hegr 3) 3054.9 27.5 17 20% PCC and 5%

32

APC Evaluation

20.6

27.3 18 20% PCC and
b) 289%7.5 29.2 19 20% PCC and 5% APC ( Shear 6)
26

15% PCC 4244.1 15.8

Sample gelled at 7 mins

Table 15— APC low shear Viscosity and Lump Counts

5% APC

Sample 1 2 3 4 5 6
Shear (speed) No Shear | UT (13500) | UT (13500) | Silv. (2000) | Silv. (2000) | Silv. (2000)
Shear Time (s) 120 15 60 30 15
Viscosity Spindle No. 1 2 2 2 2 2
Reading 275 32.7 345 20.0 24.8 19.5
295 326 305 19.0 22.6 17.5
315 31.0 325 205 23.0 18.4
315 31.9 323 20.1 24.0 16.9
275 315 19.2
Viscosity (mPas) 1475 638.8 649.25 395.2 4720 3640
Lump & Sieve Wi. (g) | 141.74 96.548 101.76 11325 117.67 129.09
Sieve Wit. (g) 96.418 96.515 96.730 96.676 96.289 96.298
Lump Wi. (g) 45.322 0.033 5.030 16.574 21.381 32.792
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15

27 20% PCC 3613.9 20.9 28 25% PCC 3146.8 25.4 29 30%
PCC 2672.7 30.0 30 35% PCC 2158.6 35.1 The strength
WO e®ulogs3ner e averaged fromtwo nmeasurenents fPONERR041002807

of 55
of the
pol ysi |
present

sheet s.
five sheets separately.
i cate conposition of

i nvention provide

éggi%gwg filler retained in the paper

e absence of the polysilicate conposition
Tabiet 16-h8tedgthCarRnAsResMes™ENt i n strength by over 12%

The ash contents were perfornmed on each
The sheared
est 13 according to the
equi val ent ash cont ent

sheet) and to

Furthernore although the unsheared polysilicate

t &9 15 showed the N@§RBEt ash cont ent @G%an e@ﬁh Conten

condi tijons of PCC and polysilicate, gn gLCLr,g.B (%)

sheared polysilicates provided an indreas )rewqt h.

1513(} a|c Iﬁ&%lPO@andﬁ%AﬂG (Bieaof2) Tabl e |16 é@82.6e f pund 19.4
ig 4/ 034 PCT/ / 002807

29 The %ﬁ%k&é d@%%é&f@% romthe EE%%? in 310

Tafg e 120he0RAEEWAPEPSHaaMS  emailni ngosgnot he 27.5

si eve ear_to be inversely proportlonal to the

dekft ee | R0 IRt angPs APC BNSEF gt he |vi 3329 By 27.3

PREUT STRA PACENBIPABICEIshacf 8l N0 dact eaggrls 29.2

signifijcantly as the ng I nterval (i ncreased. (All

th169 reqa0% Rﬁﬁend@%ﬁpﬁ (ShearBhr ee rdvol 27868s of th&9.9
dl e pm 10 Effect of Sheargd AP et

st d;ngt hﬁl‘yﬂﬂ%vel of shear was optim sed f%?qthl 5 158

syztem|i2o% @a® of strength. The gredtesgsidorease 209

s. segn in figure 2 correspondi ng to |[APC bei ng

s rec%‘gy1 dlcgm nute at 2000 rpm usirg t B&EPI ver son.29.4

They | o934 p@(;engt h at |ower |evels cf 16g#hear coul &g .

be expljai ned g t he non- honogenous natjure of the

si3q ca s'iﬁ%ﬂﬁ aIIovvl ng the silica to|ren&i®8.6n 35.1

di-seretepartictes—antd—to bitndto+ts‘setf—rather

The strength results were averaged from two measurements from each of 5

sheets. The ash contents were performed on each of the five sheets separately.

The sheared polysilicate composition of test 13 according to the present

invention provided equivalent ash content (denoting filler retained in the paper

sheet) and to test 27 in the absence of the polysilicate composition but showed

an improvement in strength by over 12%. Furthermore, although the unsheared

polysilicate of test 15 showed the highest ash content for equivalent conditions

of PCC and polysilicate, and all of the sheared polysilicates provided an

increased strength.

Graphical representations of Table 16 can be found in Figures 1, and 2.
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than to the fibres and fillers. Effect of Sheared APC
on sheet appearance 20 Even a |ow | evel of shear

WO 20008834 he appearance of prom nent gel spot sPCTTRR2004/002807

hi gher | evel of shear applied to the silica the
smal l er the gel spots. The sheets were acceptable for
all levels of shear applied,g25 The appearance of the
sheet can be inproved by elimnating gel spots caused
Thgxm#gﬁpﬁlig ‘éP& P§D 2004/ 088034 PCT/ EP2004/ 002807 30
of preparing an aqueous

conposition conprising a polysilicate, wherein the

Frora 4B in 1 0B R anpal Hged Droh fameiing inthe Sieve
ap@é@(\&b%c—ﬂavé@e@%@ﬁéﬁlohéﬁé'tﬁe e ngé&o@h%%\" H@@né&‘

licate, ii1) "adjustin [Tquidto
Duaag\ﬂ@% Misapeilt M2aswTe thel@m@kfeld lieadipg dearasisag

sg@ﬁic%ﬁ@)f e%?“% I%r%gﬁé gﬁ&%ﬁﬁhbﬁ%%a Alf tb)e r@élél&v%g Jaken pfter

thre@lnsmimﬂdlmloftﬂlésphndwatzmna)nd ther eby formng a
product conprising gelled material, iv) subjecting the
gelled material to sufficient shear to forma
substantially wuniformliquid. 2. A process according
to clai m 1 |n V\,hl ch the source of silicate is selected

ffeeiph Shaarad A § t¢g sodi um silicate,
potaSS| umsilicate and l[ithium 15 silicate. 3. A
process according to claiml or claim2 in which the

Thedgwesb of;slhd;anWaS optinsiseg for(this sajstem drotgpmissaf strehgih. Them

C ounds, CESS cor 0 an f clains 1
o Wtehe wiesiSrBOTL O e S SoRes ok Rl Ceing pifardd for
1 nhialeRR0ob0aM Asing tied Svdrbdn  ThdBEWREBtrEn@R &t fower levels of
shear could be explained by the non-homogenous nature of the silica slurry

allowing the silica to remain in discrete particles and to bind to its self rather
than to the fibres and fillers.

Effect of Sheared APC on sheet appearance

Even a low level of shear removes the appearance of prominent gel spots. The
higher level of shear applied to the silica the smalier the gel spots. The sheets
were acceptable for all levels of shear applied.

The appearance of the sheet can be improved by eliminating gel spots caused
by unsheared APC.
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30

20 5. A process according to any of clains 1 to 4 in
which the liquid is subjected to agitation in step
W@ 2aois)ps8oB4 A process according to any of clai NBCI/EP0&002807
in which the product formed in step (iii) conprises
anor phous gell ed solids dispersed in a liquid. 7. An

aqueous conposition conprisiyng a polysilicate

obt ai nabl e by a process 25 according to any of clains
Claimk© 6. 8. An aqueous conposition according to claim?7
—whrch exhibits a viscosity of at |east 200 nPas (when

measured at 2% by wei ght concentration at 25C using a

1. o DRSS A N At g AR s i i nlisete
whfd

lif§ thetgdthpbiiforRis¥ s A &R®IR rfbrtioh Rasherl RREs TRRS1
when neasured at 2% by wei ght concentration at 25C
25 {sionriisinobrrsiepsoli sconeter, at 20 rpm spindle No

3).; / T/ . An

o BV AL BFERY F00RE orthichle. 1 o

i n WreEdistingdhe pbl gisthé iliqaitido hedwaers abbaicz and 3300’“@5] ow

2000 nP/qg. 11. A iti ing to an
thefgb paID POV SRR SRR polysi 11 cat e bas an

S- vig) dfowihg Reffent #inbdor e BelRRHSafH PASTbEE@N iPsubstantial

conpri si n% a polysilicate, wherein the conposition is
corgpleting erdttharedy fRrming ararofdueinampiisétg aellesunateriah at

2o T A SEREILA SR My BB iy sty
unitwnclntd.at i on at 25C using a Brookfield visconeter,
2. BBl Mot B b P8 5EA5HA BB Bt ©
frof-tiélgrsu Eolsis ting & %oditn slicat®) ﬁ_@%@ﬁim?siﬁ@é@%ﬂd Iitl@iﬂgn 5
i

according to claim 12 which exhibits a viscosity o

siliggte| east 1500 nPas (when neasured at 2% by wei ght
e L ki AL LR
(i) 2lse cpaipniges aluamipiuof cempowsds, to 13, in which the

4, %%éé%% ét_?éo?dina% %n;s/ o f: Aims 16 iﬁfwhqgrtl s gp 7(I%qhg rf)‘ljl-l is
adjusted to between 4 and 9, preferably to between 6 and 8.

5. A process according to any of claims 1 to 4 in which the liquid is subjected to
agitation in step (jii).

6. A process according to any of claims 1 to 5 in which the product formed in
step (iii) comprises amorphous gelled solids dispersed in a liquid.

. 7. An aqueous composition comprising a polysilicate obtainable by a process

according to any of claims 1 to 6.

8. An aqueous composition according to claim 7 which exhibits a viscosity of at
least 200 mPas (when measured at 2% by weight concentration at 25°C using a
Brookfield viscometer, at 20 rpm, spindle No 2).

9. An aqueous composition according to claim 7 or claim 8 which exhibits a
viscosity of at least 1500 mPas (when measured at 2% by weight concentration
at 25°C using a Brookfield viscometer, at 20 rpm, spindie No 3).
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15 15. An aqueous conposition according to any of

clains 7 to 14, in which the polysilicate is a
w@odoyassesd nosi | i cate. 16. An aqueous conposi t i BCI/EP2004/002807

according to any of clainms 7 to 15, and in which the

concentration of Si02 is at |east 0.01 % by weight,

preferably from about 1 % g4o0 about 45% 20 17. Use of

t he agqueous conposition according to any of clains 7

j : ' j factyr. .
101 A 2By coflbERoh abkbifi i TR L 4L e
polpsiticatdinag & surtavyg avéa of belosr J000mM#/G. as a
1 o APerbaarE Sorgosia 2hrorhg Babat St 16.dh which the
POl €18 In2E &ros HBNedT el B%. 12t AnlRyUsdls tBFhpodfion
nprovenent of strength in the nmanufacture of paper or

Corlﬁa@fé%@a:rqwsi@@te,mﬁr@iaéb@ compesitionds papistaiizlly uniform
i RFRENIREESRIT 4E2 08 AR PR G 2 verlti el
least 2@0 mPasgvhandnedsemed dt 9%nioy whighs eetenichiooresit 25°Cassing

2 el v Cma & Dyaat Py, SO FoH et fas AAlslrete
had/@sdf8dé QF0Shdriw 2808 0f#ly BRE $3¢ anXB-véllie df LAIAE 896

according to claim?20, in which mneral filler is

13. AR AAUERHS COMPOsiEaN pGEYiNg 1ouaaiah$? wiichheshibits @ Niscosity of

o EBAYE AL TSP 40825 LA eI Bz
using ed3rapkiield viscbmetar2at 20 romhspihdle N0 3queous

C I tion. i .5 a 1o.the | ] ul osi.c suspensj
14 TR s Ry (i eS8bg o By REpeiRd 2 6 s ERRRRN GRS
polysiiigié hab ansurigeeldreéabebetketir 350/8n@ 250 m2ee! | ul osi c
syspensi on. 23. A process accordi nglzj to claim?22, in
15.,AREKUSPUS Gaipositial AGReTRIng 101aNYear G i1 4.in Whiathie
1 ' bi in which the filler is either a
p°'¥n§¥1&§f§?§??’f’ﬁ'§§m§ﬁ§ Igt%te'an organi c pignent. 10 24. A
16.pAB @skieous comppsition aceording @3anyrofiidinis 7 toe1 5, @ndhiewhich

elsoobShrd o S Bl 688 o P et PR BAA R evo
to about 45%.

17. Use of the agueous compoasition according to any of claims 7 to 16 as a
mineral filler in the manufacture of paper or paperboard.

18. Use of the aqueous composition according to any of claims 7 to 16 as a
drainage/retention aid in the manufacture of paper or paperboard.

19. Use of the aqueous composition according to any of claims 7 to 16 for the
improvement of strength in the manufacture of paper or paperboard.

20. A process of making paper or paperboard comprising forming a cellulosic
suspension, draining water from the suspension to form a wet sheet and then
drying the sheet, characterised in that the aqueous composition according to
any of claims 7 to 16 is added to the cellulosic suspension.
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carbonate, clays, calcined clays, talc, zeolites,

silicas, titaniumdioxide and structured pignents.
WQ@2004/088080cess according to claim 23 or clai mPdI/EP2004/002807

whi ch the aqueous 15 conposition and the further

filler is conbined prior to addition to the cellulosic

suspension. 26. A process agcording to claim 23 or

claim 24 in which the aqueous conposition and the

f fl d : '

21. A d8se dccoBing o 26 BORRER kinshel fien 1€ pfifid e

celluwlishsuspensigneheseindh osingiad fillemmbmprises e atjukbes are
added seqguent i t he C}%lﬂg | osi ¢ suspensi on,

| Ly t
COMPQSRLEt ”@Wg?%éé)’f’??s'ﬁ"‘a? t urther filler first.
22. 2R précd¥fsQRefifs ROCIINA 1 [ ip vilh Ble 84@Ed1R donpdkitdh isi N
which a retention and drainage systemis applied to
addegeiodie callWesie susRNSR) Bren amopot owcgmé’@ei@é%ﬂ@mwg
baged i G ot RONRIERS, A o) FRioh 28y BIRITHEL IR sion,
23.aApodgessrdccording tontlaiom 28y iniwizige ahledishonk furtriec filer is mixed

Lparticul ate retention/ dr.ai na ai.d. ..30. A.process
witl e i B BP R o8 WiEh S0 Byt s, ufaraPif? ancior
an oRjaAid pigmedt.ai nage aid is sel ected fromthe group
consi sting of substantially water-soluble anionic,

30
24. HRIPERESACCREING A SafhdS dnWNAPe SURRRRHeF 5. Sefgsted from

e Rty P ged PR st (RO8) 368N colchun
carbenatat ¢lays, daltinethdays, dalcszadites; tsilidas r idanitredigkidemnd
Stf%?@@@ié@gm f cross linked organic polyners, silica

olloidal silica, silica sols, silica gels,
25. pAlprscasscaricosiingataiciain® S8 lor CRiim24 ipayhieh te agséduscat es,

borgsilicates, 5 polyborosjlicates, zeolites and .
Co@m'q%@'ﬁ &‘leafyfthégﬁ"eﬁ'sp?%@f,‘?dﬁ% iypdgtion tayfe eslulosic
susPeAsiBR. 28 to 31, in which the retention and drainage

stemis applied to the cellul osic suspension
26 slgm@@ggsraccpmimg@ claim 23 or claim 24 in which the aqueous

composition and the further filler are added separately to the cellulosic
suspension.

27. A process according to claim 26 in which the aqueous composition and
further filler are added sequentially to the cellulosic suspension, preferably by
addition of the further filler first.

28. A process according to any of claims 18 to 27, in which a retention and
drainage system is applied to the cellulosic suspension.

29. A process according to claim 28, in which the retention and drainage
system comprises mixing into the cellulosic suspension a polymeric
retention/drainage aid and a micro particulate retention/drainage aid.

30. A process according to claim 29, in which the polymeric retention/drainage
aid is selected from the group consisting of substantially water-soluble anionic,
non-ionic, cationic and amphoteric polymers.
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addition of the mneral filler. 33. A process of

meki ng paper or paperboard conprising formng a
w@edosssesi ¢ 10 suspension, applying a retentiPCI/BEPH04/002807

drai nage systemto the suspension, draining water

fromthe suspension forma sheet and then drying the

sheet, <characterised int the retention and

drai nage system corrpri ses mixing into the cellulosic

S ension th us osition accordi.n o any of
31 Aapiboss Speptand 18 ek 28 TR 8 BEET MG dels o ) m
ret%ﬁuonldrmg‘a’aﬁ r@sa@d@@lfﬁorﬁ G @ Fdip cSUhSiS?Eln? @féﬁs?bsl litked

he cel lulosic suspension in an_amount of at |east 100

or@am@ﬁﬁlémer%rsa@rra@r%@ﬁ qollaigel glice. gilica sl shiss&glon
i e e T L
pobloarasilB4ies, Aeokies And Bweilableruja}pn and 20 drai nage

t furth to t
32 R BEer S AeCoraipGG Ry 4 Sieling A6l bR dRe el ap
dr@n@g@ Evstomis applict ® metwnulo@m:/sirs@enagﬁ subsskjusi fo e
rocess according to claim35, in which polyneric

adﬁi@pemfﬂaﬁwrm@aawa B aid is selected fromthe group
33C A BtRELHf ﬁfakmggﬁp@m-ﬁbharb%hg&oﬁghsmg%mh &l Gollylosi

non- | onic (_)nl c a ote ol yners
suppm applyingia refentions Rad wraBage aystemcte thé suspension,

crffAb i EE BRI HhTE Yo PeEkify e Lhem

charicyersed,in thdt ltn@retenmomahds draimg@symém&zjdmp'r&es&mlbdnganto

g GH Bl i TR i 6o i ScsBanG o by o cims 7
Rel ybor03| licates, zeolites or swellable cI ay. WO

2004/ 088034 PCT/ EP2004/ 002807 34 38. A process
34adt prageng acenrding tofclaima3rdn sdichotheaqueausepaposition is

i) HEF e co LB IEh Mot B3 o B R RS
prefetaity ableéstcﬂﬁmg/kmr@ baked on vgeightdf Bilicpiomgdry twagigist afnd
cehlngglc suspension.

35. A process according to claim 33 or claim 34, in which the retention and
drainage system further comprises mixing into the cellulosic suspension a
polymeric retention/drainage aid and/or a micro particulate retention/drainage
aid.

36. A process according to claim 35, in which polymeric retention/drainage aid
is selected from the group consisting of substantially water-soluble anionic, non-
ionic, cationic and amphoteric polymers.

37. A process according to claim 35, in which the micro particulate
retention/drainage aid in selected from the group consisting of cross linked
organic polymers, silica microgels, colloidal silica, silica sols, silica gels,
polysilicates, aluminosilicates, polyaluminosilicates, borosilicates,
polyborosilicates, zeolites or swellable clay.
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adding to the cellulosic suspension after that shear

stage a retention/drainage 5 aid conprising the
W@owenss®3L£onposi tion. 39. A process accordi ng PCI/EPBNH002807

38 in which a micro particulate retention/drainage

aid is also added to the cellul osic suspension after

that shear stage. 40. A progess of making paper or

paperboard conprising formng a cellulosic

3t JE BRESSE Reoduie® A Hins e §roa Rl %ﬁé‘x B em
retehtion/tireinagesgpidns imked imtathai MUmtﬁus‘pEﬂmoh?%gorsehaé é?ast one

SUSpensi o é%ﬂform a. wet sheet d dr%/1
Shetiasiagt SrIRGlEd TOMITIRING, HENHE AN TPNEST2gen G Fied
adma@ i@%@@élﬁ;l&éi@@@%éﬁs%h BE5QREH b QiR %teﬁiu&#/ﬂ%ﬂa @

6, the suspension is passed through at |east on
a'%@@'ﬁp“sj*ﬂ@iﬁte BARAUS COIRPASIRY. 15 the retention and

3od/8bRRAGES 8 34 1Bl BRI SR ilich Bnichd ga{tfgggnghe

dr al nage conprises |
reteelldmldr@magmd e asoaddekdo dplealidosic sugmsisioroaiter that shear

taccordi ng to any of clainms 7 to 16 and in which the
Seffear st age is selected frommxing, cleaning and

40pWpﬂo@@s§bﬁﬂﬁf(mg‘kﬂapeﬁopbQﬁ%@aﬁP@&thQﬁg W&T‘tﬁl‘&@b'ﬁeﬂglpsic
in which at |east one further fil is mxed 20 wth
SUBRRISIRN, IMIXipgirping (A ﬁa%mtmthe|qqe!lulﬁs@rsutsn@nwpm applyisg a

ret@%ﬁé}?én@dfﬁlﬁ‘é‘dé‘éygtérlnl tRAt @B%’uﬁgens?&l ergﬁmﬂcwﬁ@%m the

rocess cordi ng
susmertsimtofform e webkshast and elying the shdet, qllarapteuses lrslhlanthe

i B 158 S SR A S 16 4 ot 71
16,Zi$le|su;sp§n516n i passed thicughlmishisd vhe sheaf sidige Petoretabphfing
ment s. A process according to claim41l or clalm

theﬁ@% WO\MWF@H@%@V&&@ awﬁmm thenredgrfiannend drainage
syt Gimp B BAHPES nd IR S kBt pcaltle”
compasxhomaccwdmg tohartymf clajme Gt \@end impbishtthesheadstage is

sellief i Hikdh§ cBhfing iRMHAGHA Ydges, 1 © the cel ful osie
41, A process according to claim 40, in which at least one further filler is mixed
with the cellulosic suspension, in which the filler is either a mineral filler and/or
an organic pigment.

42. A process according to claim 41 in which the further filler is selected from
the group consisting of precipitated calcium carbonate (PCC), ground calcium
carbonate, clays, calcined clays, talc, zeolites, silicas, titanium dioxide and
structured pigments.

43. A process according to claim 41 or claim 42 in which the aqueous
composition and the further filler is combined prior to addition to the cellulosic
suspension.

44. A process according to claim 40 or claim 42 in which the aqueous
composition and the further filler are added separately to the cellulosic
suspension.
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WO 2004/ 088034 PCT/ EP2004/ 002807 35 45. A process
according to claim44 in which the agueous conposition
w@pah4/088084 her filler are added sequenti al | y toPCTIEP2004/002807
cel lul osic suspension, preferably by addition of the
further filler first. 46. A process according to any
of claims 40 to 45, in whicdy PCC mineral filler 5 is
added to the cellul osic suspension and the suspension

I a t hen
45, A MBESE At Hridio Hlaim AARWAT IR G legils WS Ay
further fileriare raobdeg sequentidily to G?é u]éltmmstc %Mt 46rﬁ rprefé&%bly%y
of clains 0 in which
ad@ﬁ@@@ﬁ%‘?%&%rﬁ'%gf"ﬁdgm on of mneral filler
46 cw\rmcggmcddﬁ@in?%%ﬁy@f 6@%@54610045 3 @hicH PEC RirkR filler

10 of clains . the cellulosi'c suspension I's
is geideddg thd eelypsio susResionaRd iecsuspenaige is obseackthrtyon at

Iea?@@gﬁééﬁ 4 %’Epétm ! u‘éobgtcﬁﬁ@oggi/gﬂ %cﬁ%@ng@?&d

osi C susp nsion
claimsmé to GAds mumdwmo mmlummwénenn whi ch a

A7 o SaPh Ao ng Y e1Y b SBRES Rl % 1w peeaoendo the

additdn of mmsrasm@p e0mpAsing the 48ucduPESRRESItGT 8OESHIMG th@ny
47 in which a further mcro particul ate

of vﬁ@r@ﬁ IoH? dhgiceligesiaisyspensien P assedtbrayien alleast ene shear
sta§& SRRNTIBY, el Liditidh of g&yh%ﬁﬂ?gféﬁ |¥n %%é aﬁférﬁ{ th%ﬂ%he

addition of the retenti dralnaea
cellyipsitosigspensionss passed theough airleaelsmmmrﬂneksln@rmm after

whiREERARAY g Rbk Hd o i fhé e & StiRR aberiiinae any of
clambmsswadabcatdmh@g:emrbgm su%ﬁ@ﬁslbﬁe suspension to
f rma wet sheet and. dr e sheet, characterised

Pro¢RSS 490erding i glaim é);dn Wi mqrmcecqmgtgate d | .
5
e i o P S
SImﬂBamcwhawdb lor @ftesth@ atﬂﬂilcmm‘ribe setentionlidedinageyaidedopnprising

tne OB BoRSRARG! o7 Lo form a vet sheet and then
49. aAl peeatcess dffmealdiey pap&rsorpaperboard comprising forming a cellulosic
suspension, adding a strength aid to the cellulosic suspension, draining water
from the suspension to form a wet sheet and drying the sheet, characterised in
that the strength aid comprises the aqueous composition according to any of
claims 7 to 16.
50. A process of making paper or paperboard comprising forming a cellulosic
suspension, draining water from the suspension to form a wet sheet and then
drying the sheet, wherein an aqueous polysilicate is added to the cellulosic
suspension, in which the aqueous polysilicate is formed by a method comprising
the steps of,

i) providing an aqueous liquid having a source of silicate,

i) adjusting the pH of the liquid to between about 2 and about 10.5,
thereby causing polymerisation of the silicate,



suspension, in which the aqueous polysilicate is

formed by a nethod conprising the steps of, i)
wW@e@nioglosy an aqueous |iquid having a source OPCT/EP2004/002807

silicate, 30 ii) adjusting the pH of the liquid to

bet ween about 2 and about 10.5, thereby causing

pol ymerisation of the siliggte, WO 2004/088034

PCT/ EP2004/ 002807 36 iii) allowi ng sufficient tine

cort] R STRCIeRE LG or Sl ARERA Dndl BhGR Egupgtanta

congelketien and tleercby forrmm@a qmcamt s;emprlelrfgf@"ed hﬁa@hald uct of

cha@éﬁﬁﬂ%%%i%thégg%&%ﬁ@%o?§ ep n) |.s s eareg be?ore addition to the

cellulosic suspension.



