2 7 JAN 2004 1 Coating Colou This invention relates to pigment coatidg JAN 2004
conpositions useful in preparing coated paper, board and other cellulosic
materials, particularly rheol ogically enhanced coating conpositions. The

i nvention also relates to coated articles prepared from said coating
conpositions and further relates to npvel polymers which may be wused in
said coating conpositions. It is kno to apply pignment coating

conpositions to the surface of forned paper or board, for instance to

i nprove tdwatiig @blebr!l ity, gloss and optical characteristics. This pignent
coating conposition is known as coating colour. Typically a coating col our
I's applied as an aqueous di spersion conprising a blend of pignment(s) with
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rightness o

whi t eness an the coated sheet. Binder is present to affix
the pignent to the coated paper or board sheet and is normally an adhesive
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The rheolgy pqméﬁtecoalﬁ@t ¢argpositionis koo ss tdoating soltur iy pigalhds wortingt o
suit the specitfic application. . , . , .
colour is applied as an aqueous dispersion comprising a blend of pigment(s) with

binder.

Generally a coating 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 75%, 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
polymeric material. The binder may be an aqueous latex comprising dispersed
particles of water insoluble adhesive polymer. Alternatively the binder may be an
aqueous composition, comprising water soluble starch. It is aiso 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
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Typically a coating colour conposition is applied to the surface of the
paper or board sheet by neans of a coating applicator, which may be a bar
or a blade. Blade coaters are popul ar because they can coat at speeds
exceeding 1,200 2 7 JAN 2004 2 mimn (3,930 ft/mn) and use coating solids
up to 70% In addition, the blade cregates an even distribution of coating
over the surface of the paper or boar sheet and excess coating is renoved
to | eave a snooth flat coated surface. It is inportant that the coating
has a snooirhinf(3830Gtriatend useratetingesdlidpupve {% ntakidditioy, thd biagenor mal |y
necessary to adjust the rheology to within quite narrow paranmeters in
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I's standard practice to incorporate rheology nodifiers into the coatflng

col our conposition. The water retention capability of a coating col our
conposition relates to the ability,of the c osition to hold the water.
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relatively slow in order for the surface of the coating to be smoothed. Rapid
penetration of the water into paper or board sheet would result 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 1o apply natural polymers such as sodium
carboxymethyl celiulose, hydroxyethyl cellulose, methyl celluiose and sodium
alginate. In addition various synthetic polymers including polyviny} alcohol and
acrylic polymers have also been proposed for this purpose. For instance US
patent 4, 423,118 describes a coating colour composition comprising as a
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



coatings therefrom It is well known to apply natural polyners such as? JAN 2004
sodi um carboxynet hyl cel |l ul ose, hydroxyethyl cellul ose, nethyl cellul ose
and sodium alginate. In addition various synthetic polyners including -

pol yvi nyl al cohol and acrylic polynmers have al so been proposed for this

pur pose. For instance US patent 4,423,118 describes a coating col our
conposition conprising as a thickenef a copolyner of an ethylenically

unsat urated carboxylic acid, an ethylenically unsaturated anm de and a
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copol ynmers conprise between 30 and 97 weight 2 7 JAN 2004 3 % acrylic acid,
1 to 50 weight %acrylamde and 2 to 70 weight % acrylonitrile. in

achieving optimumflow and water retention characteristics for. a coatin
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wat er - solggi-a1 gidpeirged.cal |y unsaturated nononer or nononer bl end,
characterised in that the water-sol uble polyner consists essentially of,
(i) 90 to 100 nole % hydrophilic essentially nonionic repeating units and,

(i) 0t %\clc%rgi%lgeio%%gri]r%v%wti%nraegggﬁriagngolgm (%Smposition is provided, comprising an
| aqueous dispersion of,
(a) a pigment,
(b) a binder,
(¢) a fluorescent whitening agent and
(d} 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 100 mole % hydrophilic essentially nonionic repeating units and,
(i) 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, gypsum and muscovite mica. Alternatively the
pigment may be a polymeric plastic pigment comprising microspheres, for
instance 0.1-1.0 pm 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



and has an average nol ecul ar wei ght of between 50,000 and 500, 000. Tk?e'] JAN 2004
pi gments may be an inorganic material such as cal cium carbonate, kaolin
clay, alum niumor magnesium silicates, such as china clay, barium
sul phate, satin white, titaniumdioxide, talcum gypsum and nmuscovite
mca. Alternatively the pigment nmay he a polyneric plastic pignment
conprising mcrospheres, for instance 0.1-1.0 pmdianeter, that are either
hol |l ow or solid. Such polyneric plastic pignents may be based on
pol yst yr eney. Ihiridy dlbe bpalesimable tnepplyresultiblevayer snftcadiiageo dne sarfgte of
conponents. Preferably hgwever i gnent is an  jnorganic corcp)ound, nor e
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can be up to 80% A particularly preferred pignment dispersion conprises
between 70 and 72% cal ci um carbonate. In order to assist the stability of

the pi gmgpt, di L ONpktst] tﬁ%ﬁfﬁ‘@n bj o Ris 50GkUAR s <H PR &Nt -
The di sggﬁsogniaﬁgjgéﬁ%glpgrﬂ%%g anché u??gdgtggﬁrlts a tt‘fsough rmrse prlef erably
t he di spenslage 4 dispemany.nEné disthesgrat canthe fooinstastaacariactaitalihoeigh | ow
nol ecul ar wei ght wat er - sol ubl e ani oni ¢ nmer. Partjcul arl grr%fagrred are

olym
sodi um pdPyEEPIATataYY Be AEPEEANAFS /P enGdigpersanhder n & ¥l or
' nstance |5y 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 consti{ute 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 chloride, and
ethylenefvinyl acetate; or homopolymers, such as polyvinyl chloride,
polyvinylidene chloride, polyethylene and polyvinyl acetate or polyurethanes. The
binder dispersions may be prepared by agueous emuision polymerisation.
Preferred binders consist of styrene/butyl acrylate or styrene/butadiene/acrylic
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.



as described in EP-B-129329. The pignent would normal |y constitute af JANASM
75% by weight, for instance at |east 85 or 90% by wei ght of the total
solids present in coating colour conposition. The binder may be for

I nstance an aqueous | atex pol ymer dispersion based on copol yners of

but adi ene/ styrene, acrylonitrile/butagiene/styrene, acrylic acid esters,
acrylic acid and esters/styrene/acrylonitrile, ethylene/vinyl chloride, and
et hyl enel vinyl acetate; or honopol ymers, such as polyvinyl chloride,
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bi s- stil bene fl uorgscent whi @?fion?%a& nts, as described in EP-A-624687.
The f1 ud¥adgile AT RIANGHiRPU GO OY X§'ddes di ani nosti | bene di sul phonic acid
derivatives and distyryl biphenyl derivatives. Preferably the fluorescent
whitening agents are provided in the formof an aqueous concentrated
slurry, Uheatdatingt cdleastodpesitipn assdghing td te preseahicweatiouprefersslly wei ght .
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amount which is sufficient to make the dry content of the polymeric compound
between 1 and 30% by weight, preferably 5 to 25% by weight, more preferably 7
to 20 % by weight of the pigment. The amount of fluorescent whitening agent used
according to the invention is calculated so that the flucrescent 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 agueous 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 agueous 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



contains 10 to 70% by wei ght of the pignent. The binder is preferably Juddi200
in an amount which is sufficient to nake the dry content of the polyneric
conpound between 1 and 30% by wei ght, preferably 5 to 25% by wei ght, nore
preferably 7 to 20 % by wei ght of the pignent. The anount of fluorescent

whi tening agent used according to the invention is calculated so that the
fluorescent whitening agent is prefefrably present in amounts of 0.01 to 1

% by weight, nore preferably 0.05 to 1% by wei ght based on wei ght of
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composi t 19 ORCBBIEI Ty drBPEHIE SSRERIR NI ENUGLCREANG TS and 018 10 mole %
anionic repeating units and 2) a molecular weight within the specific range of
50,000 and 500,000.

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 sotuble 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 ml, 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 80 to 100 mole %, hydrophilic essentially nonionic repeating units

and 0 to 10 mole %, anionic repeating units. The polymer may be derived from a
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rheol ogi cal properties, including good water retention properties, and
provides a coated paper or board sheet with inproved optical properties,
in particular inproved brightness and whiteness. It is a surprising
feature of the invention that these inprovenents are as a consequence of
enpl oyi ng the polymer (conponent (d)} which has the special conbination of
features of 1) consisting essentially of 90 to 100 nole % hydrophilic
essentially nonionic repeating units and O to 10 nole % anionic repeating
units andlend af watercglsblewsinginic ihyemceheurgRidiated mansgeeowith 3@te00 and

500, 000. T ter . | | { dj t.o th
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unsatur atp%?yrggﬁgzrirt%h. hutsetiwga&dly\/r%}a}/s E[:ahnebg?)'rgv%gd in the form of powder, beads,
aqueous solution, reverse phase emulsion or as a dehydrated reverse phase

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, methacrylamide, 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, maileic 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



repeating units may be generated by post reacting repeating units mhizﬂéﬂ&gm&
capabl e of being converted into anionic groups. For instance repeating
units containing a pendant am de group can be hydrol ysed by the action of
an alkali to generate the correspondi ng carboxylic acid. The water-sol uble
polynmer is preferably provided as an aqueous solution, for instance
between 10 and 25% nost preferably 1§ to 20% concentrati on. The pol yner
can be forned by any suitable polynerisation technique, such as gel, bead,
reverse phase enul si on polynerisation or preferably sol ution

pol yner i séi Pénto ihugorampreierapher 40 dahmede gr aliPAESEPsatiAg UNdBm of powder,
beads, aqueous solution, reverse phase emul sion or as a dehydrated reverse
phase emrulsion (liquid dispersion polyner). The hydrophilic essentially
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the free i fo i tal or ammoniumsalt. In a
preferreéﬂfgﬁmﬂ?ﬁ@lg\a’%%ﬂﬁ+ ﬁ%@e&@glwﬁ%f conponent of the coating col our
conposition consists essentially of, (i) 90 to 99.5, nore preferably 92.5
to 99 nole % hydrophilic essentially nonionic repeating units, and 2 7 JAN
2004 Preferably the water soluble polymér component of the coating colour composition

has an average molecular weight between 50,000 and 300,000, 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} 90 to 100 mole % hydrophilic essentially nonionic repeating units and,

(ii) O 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.
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It has been found that the performance of the coating colour conpositron'is
further enhanced when the water sol ubl e pol yner conmponent conprises

between 2.5 and and 5 nole % anionic repeating units. Thus in a

particulary preferred formthe coating col our conposition according to the

i nvention conprises a water soluble pPolynmer consisting essentially of, (i)
95 to 97.5 nole % hydrophilic essentially nonionic repeating units, and

(ii) 2.5to 5 nole % anionic repeating units. Preferably the water sol uble
pol ynmer conponent of the coating col our conposition has an average

nol ecul arT githbétidm@ﬂ] cBfulBeR a&ﬂde&ﬁ@;r]aecbromé@ refipine uRebwran
100, 000 a 000, in particular t he range 15 000 to 250, 000,

especi al |qzrtumlzeoo\(mr@ c@ﬁtz@a@m@atr@ﬁg‘torpml@rw @O%tmmniomommbe apmedher
aspect of..the invent r atest losic art clecated ththe
o h e Epe iy ‘%Fﬁ%%PPgPH%)FYeW el giegs Whafe &

i t

o sl S f’ﬁ%"ﬁé}f%ﬁ%" Fothi gy SEHppney Eﬁ?ﬁe@gﬁﬁgﬁe%.@%ﬁ"éﬂéd Form

unsat ur atweldemoihenerated catmorierarbitlens a G;dmedapa Rel erecbatadttmmrd ttth\ee un-

wat er - sol ubl e poly ]; conS|sts ssenti al | @f, éi%@n% tfo 100 nole %
hydr ophi IQQ?t‘é§§Eﬁ?1 &l PIPSIRTi RAATE TPRHEEHATFELRVES Enepating aRPlisatey. Mhi¢h] e %

ani oni ¢ rrﬁﬁgg% %gBHfHérEaPBF’b[b%% T@mgtﬂe%'aﬁﬁ{j'c%iod’?’ed |or§’ﬁ1""ee”

50, 000 an e coa 05|c articre accordlng

i nvent i onappliedudese anyfaeé dfftiee papef er b@alrdemeedahmhe obesingidvethehsdpsrror The
coated cellulosic article according to this aspect of the inventijon
conbi nes baasAdy daegmyriishel h@@tedgalbgryer%rﬁrgﬁ@%@@al coating layer.may then be

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 multilayer 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
(i} 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.



and whiteness characteristics. Preferably the coated cellulosic articfg§ JAN 2004
a coated paper or coated board. 2 7 JAN 2004 9 Typically the coated
cellulosic article my be provided by passing the un-coated article over a
coating application fromwhich the coating col our can be applied. The
coating is allowed to dry, optionally by the use of heated air dryers.

Where desired several |ayers of coaﬂﬁhg may be applied to the article. In

a preferred form where the coated cellulosic article is a coated paper or
coat ed bog{ddwhhe-dHlobieqRlpded ResleitbbRanevidel droat dquByudeoR@saefbrover the
coating applicator, which® may be a coating bar or blade, fromwhich the
coating dustance betwesn t1i0cand 85%apprst edefiesahllid Sdardie sootentietigrapie or

b d. Desi bl h i h : d. dried.b f
eat ed_ aMONP9EFEY DRIOHARH VG SO RV TsA Ry S tAlh et s BEbI |
appl i ed to. IN& aﬁ&ﬁ@@&ﬁéﬁéﬁ%ﬁ PiBwtek}ér,ﬁg)‘Pﬁﬁeﬁéatm%pan baH@&ys abR®ohe

desirable to apply se | coatings tot surface(s) of the paper or board
to form dof thalntorh@yer ocoanionter blendmayabe thebmodesomediientttecpoigushsindeit

coating, for instance by _use of a callenderi device. Typically the

coat ed sla@idon gagiionst dissardionstep e 'St%elf%%“g‘?éfo B%%"Qﬁ whi ch
s desi A ¢ : . : .

51t pp: ng 107 pefyTiel B B8k didc CBRCEAFER o Wie BpBcAPETAL 1T Bkuedl S

coat ed sheitiord 8f wafdirddnesie apneaEr By beepronidedt danvententiydyasding@mmonent  of
t he col our coatin conposition is a novel conpound. Thus this aspect of

the i nvergueeussalitiarcokinitiators, fardpgpneoROBTRNIPE) PRisH!FAteele a farip20%

wat er - sol ubl e et hyl eni cal.ly _unsat ur . AQNET.
char act e AREPYUSPHYHURN ?ﬁ@%@?@ﬁ%@gpﬁhﬁ%%o yrrgﬁ& “@ﬁ*ﬁﬁ?@?@%g?gﬁ@% ly of,
(i) 90 t%o%%-OtéTE?sQri%tfbf%pﬂhléiihiti@tc%_%ﬁﬂtdowrhériﬁﬂgirﬁélﬁe@iarE@@@tibwgwnget s, and

(ii1) 0.5 to 10 nole % anionic repeating units.
polymerisation to proceed.

The following examples illustrate the invention.



and has an average nol ecul ar wei ght of between 50,000 and 500, 000. 2'hJAN 2004
addition all of the preferred forns of the polyner conponent of the
coating colour conposition are also specifically incorporated into this
aspect of the invention. 2 7 JAN 2004 10 The water-sol uble polymer is
preferably provided as an aqueous solution, for instance between 10 and
25% nost preferably 15 to 20% concentirati on. The polyner can be fornmed by
any suitable polynerisation technique, such as gel, bead or solution

pol ymer i ﬁtion. However, polynerisation of an aqueous solution of the
nmonomner aRSder bl end may be the nobst convenient technique since it

avoi ds a@rﬁéﬁ?éﬁoﬂr@flgd_;i;rﬁéph‘ltiOn step that would otherw se be required to
provi de correct concentration for the application. Thus
t he aquedusonsobartblend &f pwataeed somyise62HE acgmloe pndBHghkavinveadent | y

per Sul phAISEONGS) ) AIHG CbURETaguEOU HalkiLr Shoech Re IRAROMRANBIO ihdser
bl end whi| V5L Jnoe BT
ana. pol yAdP g2 Ko e R aToy PSR e SRUNAS, Tha g mBe R 21

fol | owi ngtigsapélesTHd esbriredlémeis aydad tothe rdadtol ANeRdEhddrsExaingl e 1
Preparati on of polymer A A nononer blend is prepared conprising 720Kg

acryi am @&minglisTakiptaioelin thartartodisseiteeoinwiBsrRgBENNATEhe MBIUTRY

bar sul phata oL dn Recemiigh e ey bRale RebRes B B0<E WAER i iPab I hery
mononer bl sAdr bsePddRMrd Oh RBrIREES P BSSolmeriBaBrsthabHYf theresulizrg s

mai ntained in the reactor. Simultaneous with conmencing the nononer
aqueous polymer solution is adjusted using 46% sodium hydroxide solution.

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.

Table 1
Polymer Composition (Mole %) Polymer conc.| Av Mol.
(Wt %) Wi,
AA ACM EA MAA

A 2.5 as Na salt 97.5 19.8 216,000
B 5 as Na salt 85 19.6 242,000
C 20 as NH, salt 80 16 450,000
D - - 46.2 53.8 30 250,000




addition 1.41 Kg ammoni um persul phate di ssol ved in 150Kg water is adEF?IfJM 2004
the reactor over 2 hours. On conpletion of the polynerisation the pHo
the resultant aqueous polymer solution is adjusted using 46% sodi um

hydr oxi de sol ution. Preparation of Polymer B The process described for the
preparation of polynmer is Ais repeated except wusing 702 Kg acrylam de and
36Kg acrylic acid. Characterisation ot2Pol yner Conponents Used in Col our
Coating Preparation Polyners A and B are copolyners of acrylam de with
sodi um acgyate as given in the preparations above. Polymer Cis a

copol yner acrylam de wth amonium acrylate and Polyner Dis a

copol ymerAAf S@cneicgidid % et hyl acrylate and 50 weight % nethacrylic acid
prepared as an aqueous emnul sion and then dissolved in aqueous sodium

hydr oxi deAEY sApB#TiEe he ester groups. The pol yner characteristics are
sunmari s in I q.qable 1 Pol ymer Conposition (Mle % Polymer conc. Av
NbI . (W%@W.Eﬁ&&%@@&% A2.5 as Na sal t 97.519. 8216, 000 B5 as Na

sal t 9519.16A%2, MRAhEZIi@AcMB sal t 8016450, 000 D--46. 253. 830250, 000 2 7 JAN
2004 12 Key AA . Acrylic Acid ACM Acryl am de

Example 2
Preparation and Testing of Colour Coating Composition

Formulation 1 Amount by wt.
Calciurn 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 hexasulfonic 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



EA Ethyl Acrylate MAA Methacrylic Acid Exanple 2 Preparation and TER{JAN04
of Col our Coating Conposition Fornulation 1 Anmount by w. Calcium
carbonate (particle size 95% below 2 microns) 50 parts Kaolin (particle
size 90% below 2 microns) 50 parts Styrene butadi ene | atex polyner (Dow DL
935) 10 parts Fluorescent whitening ent 1 part (diamno stilbene
hexasul fonic acid Tinopal SPP) The coating col our conposition is prepared
by m xi ng together the kaolin and cal cium carbontate as aqueous

di spersions. The styrene/ butadi ene |latex polyner is then mxed in with the
pi gment dispersion and to this is added | part of the fluorescent

whi t eni nglale@ , di ami no stil bene hexasul fonic acid (Tinopal SPP avail able
from G ha—Specialty Chemi-cals)}—Four—sanples—ei—the—digpersi on are taken

and to eacﬁ’Obﬁﬂ?Tmsrs A to%%r@“éﬂ@%%ﬁdngﬁPQFH%@é to giye a Brookfield
Vi scosi tp—et—petween—18660—t02666 Wpf coating col our
f or mul at{i on S 6200 solids and a pHOf 8.2. The optinum dose for each
pol ymer }[is™3 rabte 2 2 7 JAN 1 ZP04 13 Tabl'e 2 Pollymer Dose (w % based
on pi gngnt) ,rb\% 80 B1. 00 C1.00 DO.35

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 IC! cone and plate viscometer at

10000s™. The viscosity measurements for each sample comprising polymers A to

D are shown in Table 4.



Wat er Retention GAR sm The water retention val ues GAR are neasured i TdhN 2004
on a Gravinetric water retention neter, using the paraneters of 2 m nutes
dwel | tinme, 1.5bar pressure and 5m pol ycarbonate nenbrane filters. The
measurenents are shown for each sanple conprising polymers Ato D. The
water retention neasurenents are shown in Table 3. Table 3 Pol yner Wat er
Retention GAR (gsm A130 B110 C130 D144 Hi gh Shear Viscosity High shear
viscosity is nmeasured in nmPa.s on an ICl cone and plate visconeter at
10000s-" r [he,viscosity neasurenents for each sanple conprising polyners A
to D are shown in Table 4. 2 7 JAN 2004 14 Table 4. Pol yner H gh Shear

Vi scosi t fpoRiPRes @msﬁ@%ér Asebsis1 fpPe Ly X ooRt 1 ca] Performance The
sanpl es pf coating colfour_fornulation conprising polyners Ato D
respectiyel yhare|coated onto paper228ing k-bar 3 to prpvide a coat weight

of
B 145
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 1SO Brightness (%) CIE Whiteness (%)
A 81.65 74.24
B 81.35 72.7
C 81.0 72.65
D 79.98 71.0
Example 3

Preparation and Testing of Colour Coating Composition

Formulation 2 Amount by wt.
Calcium carbonate (Particie 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.



20g/ m2 and the brightness and whiteness are neasured on a Techni bri t e ZERIAY 2004
950. The brightness and whiteness neasurenents are shown in table 5. Table

5. Polymerl SO Brightness (%9 CIE Witeness (% A81.6574.24 B81.3572.7
C81.072.65 D79.9871.0 Exanple 3 Preparation and Testing of Col our Coating
Conmposition Formulation 2 Anount by wt. Calcium carbonate (Particle size

75% bel ow 2 mcrons) 100 parts Styrdbe acrylic |atex polyner 11 parts

Fl uorescent whitening agent 1 part diamno stilbene tetrasulfonic acid The

Ceepecti vou” Sampisnt Lerhterai e o8l sheR SERIRITASY Ao Bk B,
shown 1 n JExa/leathét w'ﬂl divaAN2G04 slBrdoraEldsasalsty difbehlieeditapertsi s e

t aken ang to each polynmers Ato D are added, at a_dose that will give a to
gi ve a Bruedksi hd sansges iof goafindeeeeformubdiarohaadd% seligdssandraots ehPiles of

coating | our formul atjon has 70% sol ids an of 9.0. The optinmum
dose for QT%&&P%W;EQS% @rﬁﬁaquTWn?{a‘ﬁlsgoémT@gT%lélgPol ymer Dose (wt % based on
pi gnent) A0. 65 BO. 41

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 Woater Retention GWR (gsm)
A 180
B 190
Cc 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.



C0.32 D0. 15 Water Retention GAR sm The water retention values GAR are?7 JAN 2004
nmeasured as in Exanple 2. The water retention neasurenents are shown in
Table 7. Table 7 Pol ynerWater Retention GAR (gsnm) A180 B190 C200 D191 Hi gh
Shear Viscosity Hi gh shear viscosity is neasured as shown in Exanple 2. The
hi gh shear viscosity measurenents are shown in Table 8. 2 7 JAN 2004 16

Tabl e 8. Pol ynmer Hi gh Shear Viscosity 1&nPa.s) (c) 100005-' A80 B65 C75 D80
Optical Performance The sanpl es of coating colour fornulation conprising
ponarST’%bﬁé)BD respectively are coated onto paper and optical brightness
and whiteness "'neasured as given in Exanple 2. The nmeasurenents are shown

in tabl e[BolylRBF ¢ 9-High Shear Viscosity (mPa.s) @ 10000s™
A 80
B 65
C 75
D 80

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 8.

Table 9.
Polymer ISO Brightness (%) CIE Whiteness (%)
CA 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 29% below 2 microns) 20 parts
Kaolin 80 parts
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.



Pol yner | SO Bri ght ness (% CI E Wi teness (% A86.782.75 B86. 281.35 C85. 3go/Asllk
D83.3877.40 Exanple 4 Preparation and Testin of Col our Coating Conposition
Forrmul ati on 3 Anount by wt. Cal cium carbonate (Particle size 99% bel ow 2

m crons) 20 parts Kaolin 80 parts Styrene butadiene acrylonitrile |atex

pol ymer 12 parts Fluorescent whitening agent 1 part diamno stilbene
hexasul phoni ¢ acid (Ti nopal SPP) The toat i ng col our according to

formulation 3 is prepared by m xing the respective conponents together in

an anal ogey)s é’%\{ 168 dfiSe BIPRABH 208 tARWNA th EXSHTBbEnTers A 1o DANZRREAL7

Four sanples o ?he di spersion are taken and to each polyners Ato D are
added atata dose thatatvillgivd a o gereaa Boogkliedd wisBooHkdT Bteeenstd¥ to/2000 bet ween

1800 to 2000 nPa.s. The sanples of caqating.colour. formulation has,61.6%
S0l 1 ds ar@Pa.H s SamPES GFASRIBD AN doS RS ageio Ll RIS ST A SRSl
Tabl e 10.7_g§1bl e 10 Pol ynmer Dose (W % based on pi gnent) AO0.43 BO.48 (0. 35

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
C 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.



DO. 225 Water Retention GAR sm The water retention values GAR are ma§3H£H 2004
as in Exanple 2. The water retention neasurenents are shown in Table 11.
Tabl e 11 Pol ynmerWater Retention GAR (gsn) A130 B110 C130 D120 Hi gh Shear
Viscosity High shear viscosity is neasured as shown in Exanple 2. The high
shear viscosity neasurenents are sho in Table 12. 2 7 JAN 2004 18 Tabl e
12. Pol ynmer H gh Shear Viscosity (rrPa.% @ 10000s; A435 B250 C100 D135
Optical Performance The sanpl es of coating colour fornulation conprising

pol yners Pghle ©» respectively are coated onto paper and optical brightness
and whiteness _neasured as given in Exanple 2. The neasurenents are shown

in tabl e |Bolyifabl e 1BliglP8heeeMistOsBy i (@Ranes@ (29EDE Wilt eness (%)
A 435
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 (%) CIE Whiteness (%)
"~ A 80.5 77.7
B 79.88 77
C 79.28 . 787
D 77.90 74 .4

The resuits 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.



A80.577.7 B79.8877 C79.2876.7 D77.9074.4 The results clearly show thaf 7 JAN 2004
Pol ymers A and B provide the best all round perfornmance in terns of

rheol ogy and brightness for different coating colour fornulations

conprising different pignment types. 2 7 JAN 2004 19 Cains 1. A coating

col our conposition conprising an aquequs dispersion of, (a) a pignment, (b)

a binder, (c) a fluorescent whi t ener 18nd (d) a water-soluble polyner forned
fromwater-soluble ethylenically unsaturated nononers, characterised in

t hat thggﬁﬁﬁgr-soluble pol ymer consists essentially of, (i) 90 to 99.5 nole

% hydr o +& essentially nonionic repeating units derived from acrylam de
and met hacryl ani de and,a tbatingedidur@nipebBoRcaMbASInG ahaRpRebidgisPdisich gnd has
an average nol ecul ar wei ght of between 50,000 and 500, 000. 2. A coatl nhg

col our corf@baipignentaccording to claim1 in which the water- sol ubl e pol yrer
conpri seséggg%ri}{c%repeati ng units which are derived from water-sol ubl e

ani oni c oner sSelected fromthe group consisting of acrylic acid,

met hacr yl i{c) afludresomhtesidtemer dndi t aconic  acid, crotonic acid,

2 oront e SRS RSB 6B Rra et o
wat er sol ubligoRdkadst nmetal or ammonium salt.
characterised in that the water-soluble polymer consists essentially of,
(i) 80 to 99.5 mole % hydrophilic essentially nonionic repeating units derived from
acrylamide and methacrylamide and,
(i) 5to 10 mole % anionic repeating units

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 anionic 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, ally! 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.

3. A coating colour composition according to claim 1 in which the water
soluble polymer consists essentially of,
(i) 92.5 to 99 mole % hydrophilic essentially nonionic repeating units, and

(i) 1 to 7.5 mole % anionic repeating units,

4. A coating colour composition according to claim 1 in which the water
soluble polymer consists essentially of,
(i} 95 to 97.5 mole % hydrophilic essentially nonionic repeating units, and

(i) 2.5 to 5 mole % anionic repeating units.



3. A coating col our conposition according to claim1 in which the wat &7 JAN 2004
sol ubl e pol yner consists essentially of, (i) 92.5 to 99 nole % hydrophilic
essentially nonionic repeating units, and (ii) 1 to 7.5 nole % anionic
repeating units. 4. A coating colour conposition according to claim1l in

whi ch the water soluble polynmer consists essentially of, (i) 95 to 97.5

mol e % hydrophilic essentially nonionix repeating units, and (ii) 2.5to 5

nole % anionic repeating units. 2 7 JAN 2004 20 5. A coatd. r )
@]g_toscgquﬁb‘q @%vrﬁ the wzhter

composi tion according t ¢ 6P&ing 019uf SRARORTIPA BSHRIA pol'ynmer has an
aVer a9G Mol el e WSl Ao e ReDIaP LefliP barikeA D, @andi30khoomal i ng_col our

co ing to aimlin Ich the water- sol uble polyner has an
aver age nol ecul ar wei ght between 100, 000 and 250,000. 7. A cellulosic

g;; :52133 \Qk;i g|haih ?ns 1%3een R %ct)gtgng\’\éotigurtc%ﬁﬁp%gﬁ’i% N9cGAIMUE A PRSIiER thedRater-

soluble polymer has an average molecular weight between 100,000 and 250,000.

7. A cellulosic article which has been coated with the coating colour

composition as defined by claim 1.



