WO 01/07714 PCT/ EPOO/067.90 1 Coating Colour This invention relates to

pi gnent coating conpositions useful in preparing coated paper, board and
other cellulosic materials, particularly rheol ogically enhanced ‘coating
conpositions. The invention also relates to coated articl d from
sai d coatiW§%BHbbsitions and further relates to novel po yrrers fi ch may
be used in said coating conpositions. It is known to apply pignment coating
conpositions to the surface of forned paper or board, for instance to

i nprove the printability, gloss and oéptical characteristics. This pignent
coating conposition is known as coating colour. Typically a coating col our
. is appli e€aadingiCalaureous di spersion conprising a blend of pignment(s) with
bi nder. CGenerally a coating col our.conposition conprises one or nore
pignents, a fluorescent whitening agent (FWA), a binder, a rheol ogy
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whi t eness aed ik saidlkoBASE cothpédiforizoat ed sheet. Binder is present to affix
the pigment to the coated paper or board sheet and is normally an adhesive
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Generally a coaiing colour composition comprises one or more pigments, a

fluorescent whitening agent (FWA), a binder, a rheology modification agent and
optionally other chemical agents. The pigment is usually a white inorganic '
particulate material, for instance calcium carbonate or kaolin, and normally
comprises at least 76%, often at least 85% by weight of the dispersed solids in the
coating colour composition. Fluorescent whitening agents (FWA), also known as
optical brightening agents (OBA) enhance the light reflectance qualities, thus
improving the whiteness and brightness of the coated sheet. Binder is present to
affix the pigment to the coated paper or board sheet and is normally an adhesive

. polymenc matenal The binder may be an aqueous latex comprising dtspersed
particles of water insoluble adhesive polymer A!tematlvely the binder may be an’
aqueous composition, comprising water soluble starch. It is also possible that the
binder comprises both aqueous latex polymer and starch. The rheology of the

| coating colour composition is normally adjusted to suit the specific application.

Typically a coating colour composition is applied to the surface of the paper or
board sheet by means of a coating applicator, which may be a bar or a blade.
Blade coaters are popular because they can coat at speeds exceeding 1,200



_board sheet by neans of a coating applicator, which may be a bar or a

" bladé. Blade coaters are popul ar because they can coat at speeds exceeding
1,200 WO 01/07714 PCT/ EPO0/ 06790 2 mmn (3,930 ft/mn) and use coating
solids upybeud@te I n addition, the blade creates an eveRCHER0WI6IM | on of
coating over the surface of the paper or board sheet and excess coating is
renoved to | eave a snooth flat coated surface. It is inportant that the
coating has a snmooth flat surface ip order to inprove printability. It is
normal |y necessary to adjust the rheology to within quite narrow paraneters
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coating colour conposition relates to the ability of the conposition to
hold the water. The rel ease of water into the paper or board sheet nust be
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penetration of the water into paper or board sheet would resuit in excessive
amounts of water being removed from the coating prior to reaching the blade,
which would impair the ability of the blade to adequately smooth the coating..
Additionally, the excessive release of the water into the sheet can lead to an
unequal distribution of binder, often known as binder migration. Typically the
binder migration occurs through the z-direction of the coating. The consequence
of binder migration is an impairment of the surface properties.

Various polymeric materials have been used for the purpose of improving the
rheology and water retention characteristics of coating colour compositions and
coatings therefrom. It is well known to apply natural polymers such as sodium
carboxymethyl cellulose, hydroxyethyl cellulose, methyl cellulose and sodium
alginate. In addition various synthetic polymers including polyvinyl alcohol and
acrylic polymers have also been proposed for this purpose. For instance US
patent 4,423,118 describes a coating colour composition'comprising asa
thickener a copolymer of an ethylenically unsaturated carboxylic acid, an
ethylenically unsaturated amide and a hydrophobic monomer having limited
solubility in water. The preferred copolymers comprise between 30 and 97 weight



alginate. In addition various synthetic polyners including polyvinyl _
al cohol and acrylic polyners have al so been proposed for this purpose. For
i nstance US patent 4,423,118 describes a coating col our conposition
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conpri se between 30 and 97 wei ght WO 01/07714 PCT/ EPO0O/ 06790 3 % acrylic
acid, 1 to 50 vvei ght % acrylamde and 2 to 70 weight % acrylonitrile. In
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aqueous dispersion of,
(a) a pigment,
(b) a binder,
(c) a fluorescent whitening agent and
{d) a water-soluble polymer formed from a water-soluble ethylenically
, unsaturated monomer or monomer blend,
characterised in that the water-soluble polymer consists essentially of,
(i) 90 to 100 mole % hydrophilic essentially nonionic repeating units and,
(ii) 0 to 10 mole % anionic repeating units

and has an average molecular weight of between 50,000 and 500,000.

The pigments may be an inorganic material such as calcium carbonate, kaolin

clay, aluminium or magnesium silicates, such as china clay, barium sulphate, satin
white, titanium dioxide, talcum, gypsun'i and muscovite mica. Alternatively the
pigment may be a polymeric plastic pigment comprising microspheres, for
instance 0.1-1.0 ym diameter, that are either hollow or solid. Such polymeric
plastic pigments may be based on polystyrene, with the polymer sometimes
having butadiene or acrylic components. Preferably however, the pigment is an
inorganic compound, more preferably calcium carbonate or clays such as kaolin or
blends of calcium carbonate with clay. The choice of pigment or blend of pigments
is usually determined by the particular application. For instance the pigment
component single coatings for low coat weight (LWC) papers may consist solely of
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white, titaniumdioxide, talcum gypsum and nuscovite mca. Alternatively
" the “pigment may be a polyneric plastic pignment conprising mcrospheres,
for instance 0.1-1.0 pmdianeter, that are either hollow or solid. Such
pol ymer i cwolgh@pid C pi gnent.s.may be based on pol ystyrene, PGIERIXISZ0pO! yner
sometimes having butadiene or acrylic conponents. Preferably however, the
pignment is an inorganic conpound, nore preferably calciun1carbonate'or
clays such as kaolin or blends of 4alciumcarbonate with clay. The choice
of pigment or blend of pignments is usually determ ned by the particular
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di spersant. The di spersant can be for instance a surfactant although nore
preferably the dispersant is a polyneric dispersant, for instance a
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low molecular weight water-soluble anionic polymer. Particularly preferred are
sodium polyacrylates of molecular weight in the range 1,000 to 6,000 for instance
as described in EP-B-129329.

The pigment would normally constﬁute at least 75% by weight, for instance at
least 85 or 90% by weight of the total solids present in coating colour composition.

The binder may be for instance an aqueous latex polymer dispersion based on
copolymers of butadiene/styrene, acrylonitrile/butadiene/styrene, acrylic acid
esters, acrylic acid and esters/styrene/acrylonitrile, ethylene/vinyl chioride, and
ethylene/vinyl acetate; or homopolymers, such as polyvinyl chloride,
polyvinylidene chloride, polyethylene and polyvinyl acetate or polyurethanes. The
binder dispersions may be prepared by aqueous emulsion polymerisation.
Preferred binders consist of styrene/buty! acrylate or styrene/butadiene/acryiic
acid copolymers or styrene/butadiene rubbers. Other polymer latexes which may
be used in the invention are described, for example in US patent specifications
3,265,654, 3,657,174, 3,547,899 and 3,240,740. Typically the dispersions
comprise particles within the size range of 0.05 to 2 microns and a binder content
of 40 to 55% by weight.



| east 85 or 90% by weight of the total solids present in coating colour
conposition. The binder may be for instance an aqueous | atex polyner

di spersi on based on copolyners of butadi ene/styrene,

acryl oni tyblogoPns adi ene/ styrene, acrylic acid esters, aBCHEPWAOSEOd and
esters/styrene/acrylonitrile, ethylene/vinyl chloride, and ethyl ene/vinyl
acetate; or honopol yners, such as polyvinyl chloride, polyvinylidene

chl oride, polyethylene and pol yvinyb acetate or pol yurethanes. The binder
di spersions nmay be prepared by aqueous emnul sion polynerisation. Preferred
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to 20 % by weight of the pigment. The amount of flucrescent whitening agent used
according to the invention is calculated so that the fluorescent whitening agent is
preferably present in amounts of 0.01 to 1% by weight, more preferably 0.05 to
1% by weight based on weight of pigment. The rheology modifier is preferably
used in an amount of 0.01 to 5% by weight, preferably 0.05 to 2 % by weight,
more preferably 0.1 to 2% by weight of pigment. The aqueous dispersion may
comprise between 50 and 80% solids based on total weight of dispersion,
although preferably the dispersions are about 70% solids.

A preferred way of preparing the coating colour composition according to the
invention is by combining aqueous binder emulsion and the aqueous pigment
dispersion in amounts to provide the appropriate proportions of pigment and
binder and then adding the aqueous dispersion of fluorescent whitening agent
under vigorous stirring in order to ensure that pigment, binder and fluorescent
whitening agent particles are evenly distributed throughout the aqueous medium.
It may be necessary then to add more water in order to obtain the correct solids
content. Preferably the water soluble polymer (component (d)) is added to the
aqueous dispersion once the other components have been mixed sufficiently to
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~to 20 % by weight of the pignent. The anmount of fluorescent whitening agent
" used” accorgding to the invention is calculated so that the fluorescent
whitening agent is preferably present in amounts of 0.01 to 1@6%& melght
more prefwoanoy719. 05 to 1 % by wei ght based on wei.ght of

rheol ogy nodifier is preferably used in an ampunt of 0.01 to 5% by melght
preferably 0.05 to 2 % by weight, nore preferably 0.1 to 2% by wei ght of
pi gnent. The aqueous di spersion nay6 conpri se between 50 and 80% sol i ds
based on total weight of dispersion, although preferably the dispersions
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The water soluble polymer, component (d), according to the invention is
performing as a rheology modifier or water retention aid in the coating colour
composition. However, it is clear that the polymer is also improving the optical
properties of the coated paper or board and so should not be regarded solely as a
rheology modifier. In effect the water soluble polymer (component (d)) may be
regarded as also functioning as an adjuvant in improving the optical properties.

The water soluble polymer according to the invention is formed from a water
soluble monomer or monomer blend. Desirably the water solubility of the
monomer or monomers is/are above 5g/100 mit, although preferably at least
10g/100 ml. The monomer or monomer blend should contain substantially no
water insoluble monomers as this would detract from the performance of the
coating colour composition.

The water soluble polymer component according to the invention consists
essentially of 90 to 100 mole %, hydrophilic essentially nonionic repeating units
and 0 to 10 mole %, anionic repeating units. The polymer may be derived from a



(d)) which has the special conbination of features of 1) consisting

essentially of 90 to 100 nole % hydrophilic essentially nonionjc repeating

units and 0 to 10 nole % anionic repeating units and 2) a nol ecul ar wei ght
wi t hin t e egeisf i ¢ range of 50,000 and 500, 000. The wWRCIEPSUPEIM e

pol ymer, conponent (d), according to the invention is performng as a
rheol ogy nodifier or water retention aid in the coating col our

conposition. However, it is clear #hat the polyner is also inproving the
optical properties of the coated paper or board and so should not be
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emulsion (liquid dispersion polymer).

The hydrophilic essentially nonionic repeating units of the water soluble polymer
component are preferably derived from water-soluble monomer or blend of
monomers selected from the group consisting of acrylamide, methacrytamide, N-
vinyl pyrrolidone, N-vinyl caprolactam, hydroxyethyl acrylate and hydroxyethyl
methacrylate.

Desirably the anionic repeating units of the water soluble polymer component are
derived from water-soluble anionic monomer or blend of monomers selected from
the group consisting of acrylic acid, methacrylic acid, maleic acid, itaconic acid,
crotonic acid, 2-acrylamido-2-methylpropane sulphonic acid, allyl sulphonic acid
and vinyl sulphonic acid. The anionic monomer(s) may be present in the form of
the free acid or water soluble alkali metal or ammonium salt.

In a preferred form, the water-soluble polymer component of the coating colour
composition consists essentially of,

(i) 90 to 99.5, more preferably 92.5 to 99 mole % hydrophilic essentially nonionic
repeating units, and

BHH



~instance between 10 and 25% nost preferably 15 to 20% concentration. The
" pol yiver can. be fornmed by any suitable polynmerisation techni que, such as
gel, bead, reverse phase enul sion polynerisation or preferably solution
pol yner i su0bwTTI4Thus the polyners can be provided. i n t hePFHERIE™onder ,
beads, aqueous sol ution, reverse phase enul sionor as a dehydrated reverse
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preferr el SR %s%én lbb'l e pol yner conponent of the coating col our
corrposit(:a‘lgc(’)l %f)qr:l%'fét‘g essentially of, (1) 90 to 99.5, nore preferably 92.5

to 99 nofile95de§a:Sopalel Tedrydsephilic esseytialiymopianic repegtieg units, andt s, and VO
01/ 07714@5%‘?%0%%6%93“0%(‘%#aggﬁﬁgg'ﬁ 10, nore preferably 1 to 7.5 nole %

ani oni c peating units. ‘ound that the performance of the
coating colour conposition is further enhanced when the water sol uble

pol ymer gonpo CONDY . d - % ani oni.c_repeating
units. Tﬁ@?@rgﬁﬁ&%%@fﬁﬁ@? 8§§’§%@ EPéBgFgﬁrﬁfttﬁée]goég'gﬁo %}"rfgmfmgﬂrrposi tion
accor di ngas an aberage wsiecular weight betesen 50008rarzii300;0@0, more preferably
- between 100,000 and 250,000, in particular in the range 150,000 to 250,000,

especially 180,000 to 230,000, most preferably around 200,000.

Another aspect of the invention relates to a cellulosic article coated with the
coating colour composition comprising an aqueous dispersion of,

(a) a pigment,

(b) a binder,

(c) a fluorescent whitening agent and

(d) a water-soluble polymer formed from a water-soluble ethylenically

unsaturated monomer or monomer blend,

characterised in that the water-soluble polymer consists essentially of,

(i) 80 to 100 mole % hydrophilic essentially nonionic repeating units and,

(ii) 0 to 10 mole % anionic repeating units
and has an average molecular weight of between 50,000 and 500,000.
The coated cellulosic article according to the invention includes any of the
preferred embodiments described herein. The coated cellulosic article according
to this aspect of the invention combines improved printability, gloss, brightness
and whiteness characteristics. Preferably the coated cellulosic article is a coated
paper or coated board.



pol ymer consisting essentially of, (i) 95 to 97.5 nole % hydrophilic
essentially nonionic repeating units, and (ii) 2.5 to 5 nole % anionic
repeating units. Preferably the water sol uble polymer conponent of the
coati ng e ewerr@onposition has an average nol ecul ar weiRSVERI@P&L 50, 000
and 300, 000, nore preferably between 100,000 and 250,000, in particular in
t he range 150,000 to 250,000, especially 180,000 to 230, 000, nopst
preferably around 200, 000. Anot her @spect of the invention relates to a
cellulosic article coated wth the coating col our conposition conprising
an aqueous dispersion of, (a) a pigment, (b) a binder, (c) a fluorescent
whi t eni ng agent and (d) a water-sol uble polynmer fornmed froma water-sol uble

et hyl eni E¥RiF3lly the saatedaellwlonis Aire may begiaided by paasing te Hecerteded i n t hat
the wat e{miéré'wé!rs daalti?tgﬁbpmnéﬁ frbfh iR Hid a&étmgc&ouodé&n %iQ' jigf0 mle %

hydrophi l'ic essenti a noni oni ¢ repeating units and, (1i) 0 to 10 nole %

ani oni ¢ Theeaatingfs @lowed indrynaptionally, by theyusef keated airdeyegstWherebet ween

50, 000 : ; ' ' '
nvent | R beafal ey PREof GRAL iy fe i Tied Bthe SlEIOTHES DI RS, |
coat ed cwhérs theicoated ¢ellulosiccarticlelisg) coated paper axeaated boartdibe Unvent i on

e B 458 B8 At B ) BB B o
~ paper or magdiecalchatingtbar\6PbdeffarhAwiine theRiaating eeldur Borppsitian isy t he coat ed
OO ot s b b A S BTN B el oF .01
coat i ng pgardlis 8HEE by @sé lof hestpt iafrrydrs. Ay atititionsicoating Rybrmagitiierdbyer s.
vhere desirably applied to the un-coated surface of the paper or board. it may also be
desirable to apply several coatings to the surface(s) of the paper or board to form
a muitilayer coating. It may also be desirable to polish the coating, for instance by
use of a callendering device. Typically the coated sheet of paper or board is
passed between two rollers, one of which is designed to slip against the coated :
surface to be polished. This slipping effect is designed to provide a highly polished |

surface to the coated sheet.

In a further aspect of the invention the polymer component of the colour coating
composition is a novel compound. Thus this aspect of the invention is directed to a
water-soluble polymer formed from a water-soluble ethylenically unsaturated -
monomer or monomer blend, characterised in that the water-soluble polymer
consists essentially of,
(i) 90 to 99.5 mole % hydrophilic essentially nonionic repeating units, and
(ii) 0.5 to 10 mole % anionic repeating units.
and has an average molecular weight of between 50,000 and 500,000. In addition
all of the preferred forms of the polymer component of the coating colour
composition are also specifically incorporated into this aspect of the invention.

et e Ao o



desired several layers of coating nay be applied to the article. In a
" preferred form where the coatedcellulosic article is a coated paper or
coated board the un- coated sheet of paper or board may be passed over the

coating am@o1earidr, which nmay be a coating bar or bl ade,l’q'rem"(ﬂm’l!h t he
coating colour conpositionis applied to the surface of the paper or
board. Desirably the coating on the paper or board is dried by use of
heated air dryers. An addi‘tional co¥ing |ayer nmay then be desirably
applied to the un-coated surface of the paper or board. It may al so be

desi r abl heavatepbyluble\lyrherdis prefeably provided Hs'droadiebls @biutibA, forper or board
i i sirable to palish the

to form ,a nultilayer .coat It may_ al so be

coati ng, “P%?“‘P%Q?’!&yﬁéﬁ 1@3?“4%%50‘?105‘: Qéfqrﬁﬁ’hﬁéﬁitﬂgg%e‘ﬂ%ﬂm‘m-ér&q y the

coated s & capaReforfbd b?%rng suftablB PoRARbriRatiSE REhhiRe! En{nérﬁﬁégeﬁ)“e_ of whi ch
t pol 1 shed. This

is designed to slip against the coated” surface to be ]
sl i ppi ng heederso|ution polvmesisation. fieweves. rolymerigafiop of apiagueous solution t o t he

coated Shiite moflofhef 8F MRbmd# BRIG rhidy b6 thd MSSHCdrBnieRficRhigiBsifigponent of

the col our coating conposition is nove npoun s aspect of
t he i nveravoisis arcadifitional digsolytion stepitbat would istherwise\hesegtivedrtaiprovide a

char act or 8BSt 4 B Gtecl oSt S g BOREBRof, THRIAERHUET . | o

(1) 90 t wsofiftioh ofwaterysdiyhle pplyimermaysise providedyconvenientlycby egdingiang units, and

ii) 0.5 to 10 % ani.oni t it.s. d .h | |
el unt oraepi BRBer GE IS SHE PSR 8 AR AteugRee b £ {8 S 2, oo ©
for msf of :gl oP® sgkrton Ofmg(m&gﬂmﬂ]qrtrhenmeﬁttbléfgd ?ﬁha_wtimnymmst_ 'u% 081% ?7(?430
specliTl Ca I ncqar por at e ntQ,. IS a C . e | nventi on.

P%T/ EP0O/ gte cﬁﬁfpngH@%ft"b?-'@ﬁtﬁﬁ @‘d;&ﬁmgs'f‘% "}ﬂt@'fq\iraﬁﬂl oWingthBed as an

aqueous sipthéfsatioh®s ptotekdnce between 10 and 25% nost preferably 15 to
20% concentration. The polyner can be formed by any suitable
pol ynmeri sation techni que, such as gel, bead or solution polynerisation.

However, A iBkingdxafipiey illdsiraAél HOHPedInut | on



of the nononer or nononer blend may be the nost convenient technique since
it avoids an additional dissolution step that would otherw se be required
to provide the polynmer at the correct concentration for the application.
Thus t he vagupeess sol uti on of water-soluble polymer nay HI/ERSH$780d
conveniently by adding an aqueous solution of initiators, for instance
ammoni um persul phate, to a 15 to 20% aqueous sol ution of the nononer or
nononer bl end whilst stirring to emysure adequate distribution of the
initiators and polynerising material and allowi ng the polymerisation to
proceedwl | ow ng exanples illustrate the invention. WO 01/07714

PCT/ EPO 11 Exanple | Preparation of polymer A A nononer blend is
pr epar e®Prepargtions OHpPEIMOKA acryl ani de and 18Kg acrylic acid dissolved in

0 3o AABhtr RiERE if BrelfBlet el Potkd ordtah i G 18R abfue By 1 > added
sti rred digsblved T Z35Kg ofrwaten 2300 Kg watttdsicharged to a eeadtor aralterthis.i& hour s

the. non e 0.4k srpfontint pRigkis AEsiiRr b e el ah@ i rBeer€ 150Ky vt or
i's adde%t.fredim THé ARINBMe? Bindas bddédsto tha reactpt eerdrs hburswhilsp! yner i sati on
the pH of the resultant ;heqruegousaéa i/mer solytion is adthsted usi ng 46%

sodi um I§fifing,is maintaingdiin taneqys W) commepcing HFOEATET descri bed
for the AofdRigA" ﬂfyaﬂind?m}m BFsul Jﬁha&e HiSsoleeE i FBOIYWAERE is adtieddo T2 KO

acrylam de an Characterisation of Polyner Conponents

Used in rwtgmvesé’d@qu%érém Iéé@ggtlpa Af thenajyraerisation tae pHof thebesutadter s of
acryl am }%%E @R@& EélH%%"SOdﬂ!ﬂﬁ H%Rﬂ?d@édhﬁfb?\ above. Polyner
r’of acry am

Cis a co nium acrylate and Polymer Dis a
copol ymer of 50 wei ght % et hyl acryl ate and 50

Preparation of Polymer B
The process described for the preparation of polymer is A is repeated except
using 702 Kg acrylamide and 36Kg acrylic acid.

Characterisation of Polymer Components Used in Colour Coating Preparation

. Polymers A and B are copolymers of acrylamide with sodium acryate as given in
the preparations above. Polymer C is a copolymer of acrylamide with ammonium
acrylate and Polymer D is a copolymer of 50 weight % ethyl acrylate and 50
weight % methacrylic acid prepared as an aqueous emulsion and then dissolved
in aqueous sodium hydroxide to saponify the ester groups; The polymer
characteristics are summarised in Table 1. '

Tabie 1
T’olymer Composition (Mole %) Polymer conc.| Av Mol.
(Wt %) Wt.
AA ACM EA MAA

A 2.5 as Na salt 97.5 ' 19.8 216,000
B | 5asNasat | 95 196  |242,000
C | 20 as NH, salt 80 | 16 450,000
D - - 46.2 | 53.8 30 250,000




_ weight % nethacrylic acid prepared as an aqueous emnul sion and then

di ssol ved in aqueous sodi um hydroxi de to saponify the ester groups. The
pol ymer characteristics are sunmarised in Table 1. Table | Pol yner
Conposi t ivpgeldie %9 Pol yner conc. Av Mol. (W %9 W. »MTAREM/UGEONAA A 2.5
as Na salt 97.5 19.8 216,000 B 5 as Na salt 95 19.6 242,000 C 20 as NH3
salt 80 16 450,000 D - - 46.2 53.8 30 250,000 Il WO 01107714

PCT/ EPO0/ 06790 12 AA Acrylic Aci d42ACM Acryl anmi de: EA Ethyl Acrylate MAA
Met hacrylic Acid Exanple 2 Preparation and Testing of Col our Coating
Conposi ty Formul ation I Amount by wt. Cal cium carbonate (particle size
95% bel mcrons) 50 parts Kaolin (particle size 90% bel ow 2 m crons)
50 part sAA St yAasylie Agid adi ene | at ex pol ynmer (Dow DL 935) 10 parts

Fl uor esc% \Q@nr@gml agent 1 part (diam no stilbene hexasulfonic acid

Ti nopal coating colour conposition is prepared by m xing together
t he kaolkA arigthyloedrglaten car bont at e as aqueous di spersions. The

Styr enel b dhggoly ik Keia?o' V"

Example 2
Preparation and Testing of Colour Coating Composition

Formulation 1 Amount by wt.
Calcium carbonate (particle size 95% below 2 microns) 50 parts
Kaolin (particle size 90% below 2 microns) 50 parts
Styrene butadiene latex polymer (Dow DL 935) 10 parts
Fluorescent whitening agent 1 part

(diamino stilbene hexasutfonic acid Tinopal SPP)

The coating colour composition is prepared by mixing together the kaolin and
calcium carbontate as aqueous dispersions. The styrene/butadiene latex polymer
is then mixed in with the pigment dispersion and to this is added 1 part of the
fluorescent whitening agent, diamino stilbene hexasulfonic acid (Tinopal SPP
available from Ciba Specialty Chemicals).

Four samples of the dispersion are taken and to each polymers A to D are added
at a dose to give a Brookfield Viscosity of between 1800 to 2000 mPa.s. The

samples of coating colour formulation has 62% solids and a pH of 8.2.

The optimum dose for each polymer is shown in Table 2



is then mxed in with the pignent dispersion and to this is added 1 part of
the fluorescent whitening agent, diam no stilbene hexasulfonic acid ~
(Tinopal SPP available from C ba Specialty Chem cal s). Four sanples of the
di sper si oygdmriraken and to each polyners A to D are addegdrmErooesrshose to
give a Brookfield Viscosity of between 1800 to 2000 nPa.s. The sanples of
coating colour fornulation has 62% solids and a pH of 8.2. The opti num dose
for each polymer is shown in Table 33W0 01/ 07714 PCT/ EPO0/ 06790 13 Table 2
Pol ymer Dose (wt % based on pignent) A 0.80 B 1.00 C1.00 D O0.35 Wwater
Retention GAR (gsm The water retention values GAR are neasured in gsmon a
Gravinetric water retention neter, using the paraneters of 2 m nutes dwell
time, 1.5Table@ressure and 5m pol ycarbonate nmenbrane filters. The

measur e W.olymrs A to D. The
wat er rgeEPWGPFrrreasure € (W% basgd OR Pigmenth| ¢ 3. ITabl e 3 Pol ymer Water
Retent i gn GWA O3S A 130 B I1Uggp 130 D 122~ rirgh Shear Viscosity

B 1.00 |

C 1.00

D 0.35

Water Retention GWR (gsm)
The water retention values GWR are measured in gsm on a Gravimetric water

retention meter, using the parameters of 2 minutes dwell time, 1.5bar pressure
and 5um polycarbonate membrane filters. The measurements are shown for each
sample comprising polymers A to D. The water retention measurements are
shown in Table 3. |

Table 3
Polymer Water Retention GWR (gsm)
A 130
B 110
C 130
D 144
High Shear Viscosity

High shear viscosity is measured in mPa.s on an ICl cone and piate viscometer at
10000s™. The viscosity measurements for each sample comprising polymers A to
D are shown in Table 4.

B2



~ High shear viscosity is measured in mPa.s on an ICl cone and pl ate

" vi sconet

er at ~10000s'.
conprising polymers Ato

The viscosity neasurenents for each sanple
D are shown in Table 4. WO 01/07714

PCT/ EPOQ W®#3077144 Tabl e 4. Pol ymer Hi gh Shear Viscosity RGREROUN6T8 | 0000s 7
A 220 B 145 C 105 D 60 Optical
col our formulation conprising polyners Ato D respectively are coated onto
paper using k -bar 3 to provide a ddat wei ght of: ."20g/n2 and the bri ght ness
and whiteness are neasured on a Technibrite ERIC 950. The brightness and
whi t enesyapeasur enents are shown in table 5. Table 5. Polymer |SO

Per f ormance The sanpl es of coating

1.35 72.7 C 81.0 72.65

Bri ght ne 9 ClE Whiteness (04 A 81 65 74 24 R.8
D 79. 98 |Rolpmeryanmifigh Shepepiscasihb (mBas) @J0088s0f (ol our Coating
Conposi t A ﬁmkmmm—?a-wr——&uk-cﬁm bonate (Particle size
75% bel o 2"m cqons) 100 parts g yrene acrylic | atéex polynmer 11 parts
Fl uor escpent Bwhi tteni ng agent | panéd
C 105
D 60

Optical Performance

The samples of coating colour formulation comprising polymers A to D

respectively are coated onto paper using k-bar 3 to provide a coat weight of
20g/m? and the brightness and whiteness are measured on a Technibrite ERIC
950. The brightness and whiteness measurements are shown in table 5.

Table 5.
Polymer ISO Brightness (%) CIE Whiteness (%)
A 81.65 74.24
B 81.35 727
C 81.0 72.85
D 79.98 71.0
Example 3

Preparation and Testing of Colour Coating Composition

Formulation 2 Amount by wt.
Calcium carbonate (Particle size 75% below 2 microns) 100 parts
Styrene acrylic latex polymer 11 parts
Fluorescent whitening agent 1 part

diamino stilbene tetrasuifonic acid

The coating colour according to formulation 2 is prepared by mixing the respective
components together in an analogous way to the preparation shown in Example 2.



diam no stil bene tetrasulfonic acid _ The coating col our according to
formulation 2 is prepared by mxing the respective conponents together in
an anal ogous way to the preparation shown in Exanple 2. WO01107714

PCT/ EPOOwWseiR71415 Four sanpl es of the dispersion are t RCGERNISPY each
polymers Ato D are added at a dose that will give a to give a Brookfield
viscosity of between 1100 to 1400 nPa.s. The sanples of coating col our
fornmul ati on has 70% solids and a g8 of 9.0. The optinum dose for each
polymer is shown in Table 6 Table 6 Polynmer Dose (W % based on pignent) A

0. 65 chgg‘kg%m‘g‘eg)oﬁﬁe d?s&réi_én ayEézgg%? gﬁg?@%&pa%reggg% D'&e g retent i on

val ues re neasured as in e retenti on neasurenents

are shoaka deserthst willgiveratie give eBropidieid wscesityefihetweem 18Rt 4409 A 180 B

190 C . - . . . . . . d
shown i ﬁ'%sa?;'}fl%%?' |E§f EI gﬁéscﬁ’gg‘r; Vi g’égéb?gsméﬂﬁgmﬁgrdégé 'oaniuirﬁ =
Tabl e 8The optimum dase for eachapolymer is shown in Table 6

Table 6
Polymer ~ Dose (wt% based on pigment)
A 0.65
B 0.41
C 0.32
D 0.15
Water Retention GWR (gsm)

The water retention values GWR are measured as in Example 2. The water |
retention measurements are shown in Table 7. '

Table 7
Polymer Water Retention GWR (gsm)
A 180
B 190
C 200
D 191
High Shear Viscosity

High shear viscosity is measured as shown in Example 2. The high shear viscosity
measurements are shown in Table 8.

J e S e Lo |-”n



- WD 01/07714 PCT/ EPOQ 06790 16 Table 8. Pol ynmer Hi gh Shear Viscosity
" (mPais) QI10000s'1 A8 B65 C75 D80 Optical Performance The sanpl es

of coating colour fornulation conprising
coat ed oRy@opewes and optical brightness
i n Exanpl e 2. The neasurenents are shown
Brightness (%9 CIE Witeness (%9 A 86.7
D 83.38 77.40 Exanple 4 Preparatigg and
Conposition Formulation 3 Amount by w.
9996beIoTé@ I crons) 20 parts Kaolin 80
acryl oni rlfe

polymers Ato D respectively are
and whiteness PETFWOPO79E gi ven
in table 9. Table 9. Polyner |SO
82.75 B 86.2 81.35 C 85.9 80.65
Testing;of Col our Coating

Cal ci um carbonate (Particle size
parts Styrene butadi ene

‘|l atex polynmer 12 parts Fluorescent whitening agent 1 part

di ani no [Raljrhenf NéHgs Bhpaoviscosity (mPajsy@aDOGEF) The coating col our

accor di g—t-eg—f-o

g—t-oFofmH a-t-&-gn-é—-l-s—phﬁa-ued—ba,;m*l—ng—t-ha respective conponents
t oget her inAan hnal ogous way to e preparation shopn in Exanple 2.
B

65
C 75
D 80

Optical Performance

The samples of coating colour formulation comprising polymers Ato D

respectively are coated onto paper and optical brightness and whiteness

measured as given in Example 2. The measurements are shown in table 9.

Table 9.
Polymer ISO Brightness (%) CIE Whiteness (%)
A 86.7 82.75
B 86.2 81.35
C 85.9 80.65
D 83.38 77.40
Example 4

Preparation and Testing of Colour Coating Composition

Formulation 3 Amount by wt.
Calcium carbonate (Particle size 99% below 2 microns) 20 parts
Kaolin "~ 80parts
Styrene butadiene acrylonitrile latex polymer 12 parts
Fluorescent whitening agent 1 part

diamino stilbene hexasulphonic acid (Tinopal SPP)

The coating colour according to formulation 3 is prepared by mixing the respective
components together in an analogous way to the preparation shown in Example 2.



WO 01/07714 PCT/EM 06790 17 Four sanples of the dispersion are taken and
to each polyners Ato D are added at a dose that will give d to give &
Brookfield viscosity of between 1800 to 2000 nPa.s. The sanples of coating
col our fowrgratien has 61. 6% solids and a pH of 7.5. Thecempbddemedose for
each polymer is shown in Table 10. Table 10 Pol ymer Dose (w % based on
pigment) A 0.43 B 0.48 C 0.35 D 0.225 Water Retention GAR (gsm The

wat er retention values GAR are neaggred as in Exanple 2. The water
retenti on nmeasurenents are shown in Table 11. Table 11 Pol ymer Water

Chear vi CRsrtiradbe o diebrsth 319teiden 39810 gadif Boyely a4 ek’ Lcos ity

neasur enata dosa that imillgive e td giveca Bibokfield.viscosity of between 1800 to 2000 - -
-run-. VRP%% Ol%?elsdém%gé 5 c%gtigg z:%%ur formulation has 61.6% solids and a pH of
7.5.

The optimum dose for each polymer is shown in Table 10.

Table 10
Polymer Dose (wt% based on pigment)
A 0.43
B 0.48
G 0.35
D 0.225

Water Retention GWR (gsm)
The water retention values GWR are measured as in Example 2. The water

retention measurements are shown in Table 11.

Table 11
Polymer Water Retention GWR (gsm)
A 130
B 110
C 130
D 120
High Shear Viscosity

High shear viscosity is measured as shown in Example 2. The high shear viscosity
measurements are shown in Table 12.
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.18 Table 12. Pol yner Hi gh Shear Viscosity (nPa.s) @10000s-1 A 435 B 250
~ C 100 D 135 Optical Performance The sanples of coating colour fornulation
conprising polymers Ato D respectively are coated ontoP%a er and optical
bri ght ne¥O8H¥Thi t eness neasured as gi ven in Exanple 2! Tﬁ‘-‘é’“m%rerrents
are shown in table 13. Table 13. Polyner 1SO Brightness (% ClIE Witeness
(%9 A80.577.7 B79.88 77 C79.28 76.7 D 77.90 74.4 The results
clearly show that Polymers A and B Y ovide the best all round perfornmance
in ternms of Theol ogy and brightness for different coating col our

f or mul at Teble 1@npri sing different pignent types. WO 01/07714 PCT/ EPOQ 06790
19 d ai o =+ R o, -5+l an aqueous di spersion
of, (a) aO}Sﬁ"S nt, '9) 24V rGEPIY (T a:f) J Rent [whi tener and (d) a

wat er - sof UDIAE poT yner forned 1roggg wat er-soluble eghylenically

B 250
C 100
D 135

Optical Performance
The samples of coating colour formulation comprising polymers A to D

respectively are coated onto paper and optical brightness and whiteness
measured as given in Example 2. The measurements are shown in table 13.

Table 13.
Polymer ISO Brightness (%) ClE Whiteness (%)
A 80.5 77.7
B 79.88 77
C 79.28 76.7
D 77.90 74.4

The results clearly show that Polymers A and B provide the best all round
performance in terms of rheology and brightness for different coating colour

formulations comprising different pigment types.



unsat urated nononer or nononer blend, characterised in that the

wat er - sol ubl e pol yner consists essentially of, (i) 90 to 100 nole % ~
hydrophilic essentially nonionic repeating units and, (ii) O to 10 nole %
ani oni c rwosaNrng units and has an average nol ecul ar wei FCT/ERH/QSEW\eeN

50, 000 and 500, 000. 2. A coating colour conposition according to claiml in
whi ch the water-soluble polynmer conprises hydrophilic essentially nonionic
repeating units which are derived #r om wat er-sol ubl e nononers sel ect ed
fromthe group consisting of acrylam de, nethacrylam de, N-vinyl

pyrroli depdmsN\- vi nyl caprol actam hydroxyethyl acrylate and hydroxyet hyl

met hacryrate. 3. A coating colour conposition according to either claim!l

or cl ai ml2AicRatipg eploymrompRaitian casRIising Fvagurgusclisparsionof,ani oni ¢ repeat i ng
units which ag adfaiysd from water-sol uble anionic nononer selected from
t he group conSri st &‘of acrylic acid, nethacrylic acid, naleic acid,

i taconi c aci db)erindafi c aci d, 2-acryl ami do- 2 net hyl propane sul phoni ¢ aci d,

al lyl sul phon('fc??%tj&s@glqt‘%igwerg%phoni c acid and wherein the nononer is
he

in the formo ree acid or water soluble alkali nmetal or ammoni um
salt. 4. A cog@larwptersaluble polymearifoimed flome wateg-solabienathylerically cl ains 1 to 3

in which the water soluble polyner consi,sts essentially of, (i) 90 to 99.5
nole % hydrophi"ms@{"gg%grﬂ’%?rﬁff%dﬂ?'b%‘%&‘%‘b‘gati ng units, and (ii) 0.51to
10 nol e tharacledsed incthatthengatansslablejpolyinedr consists eé6eftidif of 14 PCT/ EPO0/ 06790
20 5. A coatipg.col C si,tion according tpo any one of clai 1to4in
whi oh the. el Coftimaie hityrmeni ssseptiany fopioniiepyatng initanss 5 1o 09
nol e % hydr opffi) bit6 10786 % ahiorictepestinguritepeat i ng units, and

and has an average molecular weight of between 50,000 and 500,000.

2. A coating colour composition according to claim 1 in which the water-soluble
polymer comprises hydrophilic essentially nonionic repeating units which are
derived from water-soluble monomers selected from the group consisting of
acrylamide, methacrylamide, N-vinyl pyrrolidone, N-vinyl caprolactam,
hydroxyethyl acrylate and hydroxyethyl methacrylate.

3. A coating colour composition according to either claim 1 or claim 2 in which the
water-soluble polymer comprises aniohic repeating units which are derived from
water-soluble anionic monomer selected from the group consisting of acrylic acid,
methacrylic acid, maleic acid, itaconic acid, crotonic acid, 2-acrylamido-2-
methylpropane sulphonic acid, allyl sulphonic acid and vinyl sulphonic acid and
wherein the monomer is in the form of the free acid or water soluble alkali metal or
ammonium salt.

4. A coating colour composition according to any one of claims 1 to 3 in which the
water soluble polymer consists essentially of,
(i) 90 to 99.5 mole % hydrophilic essentially nonionic repeating units, and
(i) 0.5 to 10 mole % anionic repeating units.
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6. A coating colour composition according to any one of claims 1 to 5 in which the
water soluble polymer consists essentially of, _
(i) 95 to 97.5 mole % hydrophilic essentially nonionic repeating units, and
(ii) 2.5 to 5 mole % anionic repeating units.

7. A coating colour composition according to any one of claims 1 to 6 in which the
water-soluble polymer has an average molecular weight between 50,000 and
300,000.

8. A coating colour composition according to any one of claims 1 to 7'in which the
water-soluble polymer has an average molecular weight between 100,000 and
250,000.

9. A cellulosic article which has been coated with the coating colour composition
as defined by any of claims 1 to 8.

10. A water-soluble polymer formed from a water-soluble ethylenically unsaturated
monomer or monomer biend, characterised in that the water-soluble polymer
consists essentially of,
(i) 90 to 99.5 mole % hydrophilic essentially nonionic repeating units, and
(if) 0.5 to 10 mole % anionic repeating units.
and has an average molecular weight of between 50,000 and 500,000.
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