(METH)ACRYLIC COMB POLYMERS HAVING A HYDROXY POLYALKYLENE GLYCOL
FUNCTION, USE THEREOF AS A SHEAR RATE THINNING AGENT IN COATING SLIPS
AND SLIPS CONTAINING SAME 5 The present inventipn concerns the field of paper and
focuses more particularly on certain additives known by the expression "rheology modifiers".

These are used in the formulation of coating dispersions which are aqueous formulations
designed to be applied to (MEIEHASRILRE SKREEPOENMERS HANINEGOH ¥ IERAXNogy

Wit side chains of e e el e e e o el
with side chains of the roxy or alkoxy polyalkylene glycol type, and which. enter.into.the
composition of papeT%ﬁMBI iéﬁ%@g Eéf?é’é‘%ﬁ%’r% ﬁ%h%%%’ﬁ%@%ﬁ&ﬁ&?’@
choice of a hydroxy group at the end of the side 15chain. Compared to their predecessors of

the prior art, the comb polymers of the present invention lead to a maintenance of water

retention and viscosity at low shear gradient, but very significantly decrease the viscosity
under high stress Thhigr¢aensipieisionygondsion the feldbelipaprs prsyiRrapssdndenicHish g8 certain

shear-thinning aggfisivesPRAHaBY inferesprasfon conssrRiactingdinerphenpmensd abed in the
increased blade pressure. This allows elevated dry extract and/or high speed deposit coatin
which correspondgofg"ﬁ?él%r? n?%gg%lsébﬁpﬁﬁgoﬂépgg hAlTaURRY? g’gfﬁp fﬁaﬂons RSeL oy be

& Manutaétire of
the paper sheet byppdatingthhandas: i gesitect ofiilyesurface of the base paper an aqueous
composition,galled a “"coating dispersion” the function of which is to confer on the said sheet a
number of properties such as opacity, brightness, whiteness or again, printabilit;égﬁ/qg?ravure

or offset printing pfdédasekonareuRleentny dnspabsbisthe s Jr it Bikeo olymers
mineral fillers such-agmMatyr@han syhRlizgalsiunesiROraias kRolydiexosrageiry Ppilitiene

oxide, one or more binders of g n tu%al (%rirgjnt (Iit e the car ohy(iirategr sgthnas lsst%rrcpdn%aﬁeg%rs
carboxymethylcel RIS YRENRES, WIS SETIMRHE S AP RCR S5 RAR sfyreng-guf)adglene',
styrene-acrylic, viaylinZpoopolymbaiedexetl; psrtivelhashoigiofs aodityve sraiippeibants ofdherside
retention agets, gpfigal brighteners, etc.).

Compared to their predecessors of the prior art, the comb polymers of the present
invention lead to a maintenance of water retention and viscosity at low shear gradient, but
very significantly decrease the viscosity under high stress. This latter property, which
20  reveals the polymers of the invention as shear-thinning agents, is particularly interesting
for counteracting the phenomenon of increased blade pressure. This allows elevated dry
extract and/or high speed deposit coating which corresponds to the current needs of the

paper manufacturer.

25  In the manufacture of the paper sheet by coating, there is deposited on the surface of the
base paper an aqueous composition called a "coating dispersion” the function of which is
to confer on the said sheet a number of properties such as opacity, brightness, whiteness

or again, printability by gravure or offset printing processes.

30  These coating dispersions consist of water, one or more mineral fillers such as natural or
synthetic calcium carbonate, kaolin, talc, or again, titanium oxide, one or more binders of
a natural origin (like the carbohydrates such as starch, casein, carboxymethylcellulose -

CMC), or of a synthetic origin (such as the styrene-butadiene, styrene-acrylic, vinyl



Among these additives, there is a special category that allows the optimization of the 5
rheological characteristics of the dispersion in relation to the coating process parameters and
the properties sought for the said dispersion: those of rizeology modifiers. As indicated by their
name, these products have the function of controlling the theology of the dispersion, i.e. of
adjusting its viscosity as a function of the stress that is applied to it. 10In this regard, it is in the
first place importafRRQI¥adelaisxeaksiks putH pitbiariens Médiae lipereanhs Nt ekt drensy
the coating procespiivdfibihigneacegy)for the formation of foam or coating splash as well as a
too rapid sedimentation. This requirement corresponds to an increase in the viscosity under
low gradient shear, or a Brookfield TM viscosity measured at 100 RPM and at 25C with the
device of the samémangethesithesiditivew Hivhethe dimgeiaicatéganothafuid oan dhheapiimpertiont of the
rheological chiaragipiigfic i Uﬂarm&%?ﬁx SPERTINBO-SOH AIANEND A8 EXRISSRRALY BRAfRY

viscosity at 25C, measured in a capillary viscometer where the dispersion can be subjected to
high shear gradieAt (f§rRrepeigs3seuelt r fher tRld <dirRersion:ofbpse St iniagie adififsse As
observed during thelcaerting piiecesmy) theapiplitationmed the foaating dilacersiiiapihg ditdhgy of

excess dispersion deposited. The viscosity under high shear gradient,is a determinant,of.the
e presoure to KSR Hhe h GHon B G Fou nda e She e SR ha

the blade pressure must be to control the weight of the coat deposited. 25 However, the

increase in the dryexiachAicaaing HISBREHRS aRRGINETRASGINAARIIDEAIBR Al RBASIc
that have been observed In recent years, because they have economic and/or C}ﬁality
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advantages. Inde&PEITfck: delfrdirE s akihect BiftrePLossimg iR parSits i it formation
reduction in costsofhfoamot rdoafienepdsnesded forsdayitog thpidispeiammisn30ltisisrequirement

decreased. This increase alsa allows an. improvement in t I g pghgéa}p [t kfield ™
penetration of thecalré%s(g?sr}l%snt?net‘g tlﬁ‘ér??a%éngg%é?{?so?% E(r:le?i g?/lﬁg% ?g éwoura’b%e a|ln tog lej
development of biigaesissmmsirediatin 0FeBREMiandryt rfiacy idalis d5\aee intraxsamp rp@e, without

viscosity unger shegicRif a3 REISEWERGRJI0 an increase the blade pressures required. 3
Higher coating speeds generate an increase in the hydraulic force on the blade and thus in

the pressure to be exerted. Increases in blade pressure may then reach unacceptable levels

and ones that areAmsuiadlyiapoaanp erielddiva Dibprarseniatovie thowsdasaywmndyr thighteherws Srodins; as
or "beads”. 5 It Is éggxfeesfs%ebgsa%f'y&'é%ﬂlﬁs@&ﬁ?d& S4ed 1N NGATY DAY RA HERRMORUA e
in order to obtain the necessary low shear gradient viscosity and to reduce the viscosity under

high gradient in ofdeteiaxeABiberabiesiedite bichrshearesstonssiany B 4p inerdhse Jp ke game

extract in coafing SRRy SiRAm T RN EERAIIGtSuliMitthe Lhisi B Peessandn\upisliastibl diehe
formation of overflows. Th%c,i'é)roblem isp]{ ported in document WO §4Alj O4491.,tThis ol#%? h
problem of increaSAY¥h B HGEARINE PR DRRIERS UFRFTR ARG HHE ACAV GRS R e ghshear

summarized as agedikih fonalsercatiad hbabthdamrggbiagentbdrapeliedicThethighesthe viscosity
rhcological aSpeCB%&ér%{?&mEJP Q%EE%[‘EQL B@Pe‘?r{léfe%m@ ;ﬁ%@stt'f?g must be to control the weight of
the coat deposited.
25
However, the increase in the dry extract of coating dispersions and the increase in coating
rates are trends that have been observed in recent years, because they have economic
and/or quality advantages. Indeed, an increase in the dry extract of the coating dispersion
permits a reduction in costs: the amount of energy needed for drying the dispersion is
30  thus decreased. This increase also allows an improvement in the quality of the paper: the
penetration of the dispersion into the base paper is reduced, which is favourable in the
development of brightness. But this increase in dry extract leads to an increase in the

viscosity under shear and as a consequence, to an increase the blade pressures required.




15 dispersion: its water retention: After deposit on the base paper, the dispersion has a
natural tendency to transfer part or all of the water-soluble substances it contains into base
paper. An attempt is therefore made to reduce as muchzas possible the migration of water and
water-soluble substances in order to prevent an evolution of the rheology of the unused
coating dispersion that is recycled in the coating process. This is referred to as the
20phenomenon oHighescratingtipaedmeenesie aeareaeri i pho hadinaliedorrerendee plagssphthus in

category of rheolagy pragifiers hiasxbean ke AhaKdoplesrd amyane wakdhualewst@le levels
increase in the Brookfield TM viscositg}of coatin%qdiapgrsions while improving their wa

r
retention. These AV tRBSEIRM HSIITHAIL AT AR )X ARSI S8R Ttk JBIQWENSY te terms
polyalkylene glycdfsios ohdimedeith the following general formula: R - (A0)", - (BO) n - R’
where: 30m and n are integers that are less than or equal to 150, with at least one being a
non-zero. A and B designate alkyl rou;t)ls that differ from one another and have 2 to 4 carbon

atoms, group AO Prisrbrssissys8difidhe gestpy e itbad trinns By Badificr in order
designating propyleotslKigR. néesRugasigsmigsseadioht istisak ent ne adtiiadenleluiRetiaty, undér high
designates a hydroxy.or alkyl group with | to 5 carhon atoms. These stryctures are ampl

described in docu%ﬁaexﬁ?gt\)\yg r@%rlé%&‘ﬁf% ,tilﬁ/geﬁe : Socfﬂlzlﬁlcqga}&i \rl\/fge(?ﬁ %ﬂggﬁe%ﬁm&/@%}ry
069037 Al and WOOSY 4gRpiegisPhssmpulifhosrsxesadiegithrodmiie @imihereerssiragd avoiding

dispersion thypughy the SHaRANHANLAENDErflsSHBEIANGE SLUAIGH HEYHIERRYS §he Hleelogyis
(WO 01/96007 Al). In addition to their ability to increase the Brookfield TM viscosity of the

dispersion, they h&aBYs iRiphlse HeibpatsnairalisrPliird! 04/ scrssy Al adusHghiAes3CAY
(WO 04 / 041883 vy shieyeaih bhaynanariddll alsoskmolvfvoia soarsiase theamthieningteagsan of the
dispersion (WO 07 / 069037 Al). However, it is also known that they increase very significantly
the viscosity under high shear gradient (WO 08 / 149226 Al) which is not compatible with a
high speed and/ofrefavalteldvitly Girscatteotngiivad 23Bieisaid dntivshenifansiamensherepapp dithescoating

complex strygturegs 3 i SGOSRAALIRBY A fer deposit on the base paper, the dispersion has a
natural tendency to transfer part or all of the water-soluble substances it contains into
base paper. An attempt is therefore made to reduce as much as possible the migration of
water and water-soluble substances in order to prevent an evolution of the rheology of the
unused coating dispersion that is recycled in the coating process. This is referred to as the

20  phenomenon of water retention which one seeks to improve, i.e. to increase.

A special category of rheology modifiers has been known about for decades, one which
allows an increase in the Brookfield ™ viscosity of coating dispersions while improving
their water retention. These are the comb polymers with a (meth) acrylic skeleton with

25  alkoxy polyalkylene glycol side chains with the following general formula:
R = (AO)m — (BO), — R’

where:
30 - m and n are integers that are less than or equal to 150, with at least one being
a non-zero.
- A and B designate alkyl groups that differ from one another and have 2 to 4
carbon atoms, group AO preferentially designating ethylene oxide and group

BO preferentially designating propylene oxide.



defined through multiple variables: the anionic species for the monomer forming the main
chain, the possibility of implementing a termonomer and/or a cross-linking agent, and for the
side chain, the nature of the polymerizable function R, the nature and number of alkyloxylated
units, and finally, the identity of the terminal group (hydroxy or alkoxy 20 with 1 to 5 carbon
atoms). In addition, the polymers predominantly illustrated in the above documents are acrylic
acid and methacrylic acid cBpdisignates sweinetizakly petyaraiad feefipsol methacrylate. Now in
an unexpected and quite aqy%g@gﬁ%sa MARNS! of RENRPIEAR MRASE S RBSHTAteRs, 25 that the
move to side chains terminated by hydroxy groups leads to structures that are both new and
that enable the maintenance of water retention and Brookfield TM viscosity at levels
comparable to thoBkeschieadesitie comlly peiymbedsioflitoenpmos WOVt aIkG Yy teWitinds, (022
with an extremely IARAELHLHAN IR (1§ OGANSRAAAY P RS 2T4035H ATOYAR olymers

making such a substitution at the level of the terminal group of the side 30chain, and no factor
could enable a prédichRiBrraduessis chioreating disrrsignheengh dpsHumniicthel ayBeslmyhstrnces

coating conditionsin Svhicteties hpesidiheaneotsidh (Sapamlda@MAa).conbdyNEBdbisiesto

with the side chains terminated by an alkoxy group according to th or. art, the polymers of

the present invenﬁ%‘ﬁeﬁ%%g]&eﬁlr 8¥§%vb%ter ‘r’égtcegﬁ{%r? ggﬁfgn S 5f0£t‘et%e§' Iéealgt tgqlmeagféﬁ/t% Opgcal
agents capable ofinuntiasitythesvisideng dnglenddwigiiecss gvaQiént, &ft]éi%bﬁqbat&mﬂe%y are
shear-thinning agents (L IE SERRFANAIBEYFANRIAGIRRN FBR SRAFRNISK I WAL 0B 7 Al

shear gradient. There are henceforth available rheological additives that are_perfectly suite
for use in a 10coafiRY A¥pdrsictsainoym dhet they BrFastrey sirmdicantonthed s pitn ypieighigh
high speed to the ghecgebpapewd 3 inpona D) indichte Hoatthepatibistituthon lakhgéedraidadr
alkoxy group by a hydro ro\ n the side chain is made possible by a very specific
technology enabliﬁléxdr tgé(ﬁg fcﬁ‘gr?ﬁ(ﬁgg%%bf such macromonomers that are then
copolymerized with (meth) acrylic monomers. This technology is the subject of US patent 6
034 208 Bl. {5is impoiiablo AR tﬁ?&ﬁt@st%stagzadsdwn@u@xr%m%&@,tmstﬁats%%éstﬂaat@éy are

concrete and cement: the merit of the Applicant is all the greater, since she was able to .
identify a technical{BIRidhroHel Jawiibplenxariablesy hemBIRMFos RIS JRntheimRP MeE HE NG the

noted that the comtain chain, the possibility of implementing a termonomer and/or a cross-linking agent,

and for the side chain, the nature of the polymerizable function R, the nature and number
of alkyloxylated units, and finally, the identity of the terminal group (hydroxy or alkoxy
20  with 1 to 5 carbon atoms). In addition, the polymers predominantly illustrated in the
above documents are acrylic acid and methacrylic acid copolymers, with methoxy

polyethylene glycol methacrylate.

Now in an unexpected and quite advantageous manner, the Applicant has demonstrated
25  that the move to side chains terminated by hydroxy groups leads to structures that are
both new and that enable the maintenance of water retention and Brookfield ™ viscosity
at levels comparable to those achieved with comb polymers of the prior art with alkoxy
terminals, but with an extremely marked reduction in the ACAYV viscosity. Nobody had
even thought of making such a substitution at the level of the terminal group of the side
30 chain, and no factor could enable a predication that this choice would lead to such a

benefit in the above-noted coating conditions.



20 polymers that are the subject of this latter patent have a mean molar mass by weight
between 5,000 g/mol and 100,000 g/mol, which is a notable point of distinction with the
polymers of the present invention in which the mean malar mass by weight is at least equal to
1,000,000 g/mol. 25Also, a first object of the present invention consists of the
above-mentioned polymers. Indeed, these latter are new compared to the structures

described in paterifs '9Ues @L/wanlts7 20d With ggspesd 40 35Alpn gD IeEBRUARRFOVER the side

069037 Al and WGheBy &AfdeAbimihgioxdeidnptdhoiddefintian pepultetdram pouhirle of the
choices from the marslglblists which revi(ﬁésjy defined in a generic manner the comb polymers

of the prior art. Th%%? are t3’;ﬂtsl8nnbewa\‘/1\7a’|t Féspect to the structures described in US patent 6

034 208 B1, as a resuhtof ttteitinnagetigharametieasiciavivatest by weight. 6 the function of
shear-thinning a Cpaf&@@n@si%Qf&ﬁf@%f&é%&ﬁﬁ@ﬂ@@is%%ﬂ%%#h%%&?%ﬁqlﬁ@ﬁ,r%.%‘ dbAbarable

contains these polymers, and a final object is in a coating process for a sheet of paper that
employs such a dispé"r%‘?&n. 5The first object of the present invention is a comb polymer
characterized in that sheanhisismnf .gxpresaatcndne nhatahpe toasikgsbdf éactaaf M cosity under
constituents: a) from }(1310% {9 90;’/c)d%%¥ylic and/or methacrylic acid, and preferentially acrylic
acid and methacrylic aglds, fﬁrb% ffom 10% to 40% of a monomer with the formula: R - (EQ)", -
(PO)" - R' where: Thaieaid beageforghayastilstdipetedisabagelstyanthat pBOpeHecdnguped for use in a

respectively desiognaimetiyrrgoaxidenand d@é@ﬂ&’lﬁ@@r iR Maesignalgs s relary | aigh
function, R'designates a h%/cj}r]eoxy roup. 20In a variant that is preferred and indicated above,
the monomer a) iSPEFAKIES %fcﬁgﬂﬁper‘

It is important to indicate that the substitution of the terminal alkoxy group by a hydroxy
group on the side chain is made possible by a very specific technology enabling the
15  manufacture of such macromonomers that are then copolymerized with (meth) acrylic
monomers. This technology is the subject of US patent 6 034 208 B1. It is important to
note that the technical domain relative to this patent is that of concrete and cement: the
merit of the Applicant is all the greater, since she was able to identify a technical solution
in a sector that is very remote from her own. Finally, it should be noted that the comb
20 polymers that are the subject of this latter patent have a mean molar mass by weight
between 5,000 g/mol and 100,000 g/mol, which is a notable point of distinction with the
polymers of the present invention in which the mean molar mass by weight is at least

equal to 1,000,000 g/mol.

25  Also, a first object of the present invention consists of the above-mentioned polymers.
Indeed, these latter are new compared to the structures described in patents WO 01/96007
Al, WO 04 /044022 A1, WO 04 /041883 A1, WO 07 /069037 A1 and WO 08/ 149226
Al, to the extent that their definition results from multiple choices from the many lists
which previously defined in a generic manner the comb polymers of the prior art. They
30  are also new with respect to the structures described in US patent 6 034 208 B1, as a

result of their much higher mean molar mass by weight.

A second object of the present invention lies in the aqueous solution consisting of water

and these polymers. A third object consists in the use of these polymers as agents having



acid and methacrylic acid. It is demonstrated that it is according to this variant that the
greatest decrease in viscosity under high shear gradient is obtained. This polymer is also
characterized in that it presents a mean molar mass by gveight of 25between 1,000,000 and
6,000,000 g/mol, as determined by GPC. Reference can be made to the measurement
technique described in document WO 07 / 069037 Al The said polymer is obtained by the
known methods oftoferRibAGHFaEPARNER TERINEERUROR ift SHTHICYI SR dffdasdP iveieuing
emulsion, in suspeRpiasiar PrRpItalitnhad woBuikak)|asblyanis ojdiiephe acadn Kewss for a
catalytic systems gg]% nic ngfgrr { gtegrtls,lorst% 8@”8%55%?08“ controlled radical polymerization
such as the methdd known'as Reversile dﬁionpﬁragrhentation Transfer (RAFT), the
method known as Atom Transfer Radical Polymerization (ATRP), the method called Nitroxide

Mediated Polymerizatigri(WiiR). & vepdiameibasreterieshippapdsphalenimeiddeciaigdnar it

Free Radical Polymerizatign. 7 Itis obtained in the acid and possibly distilled form. It can also
be partially or totaff}PHESPHPEEHF He st ROSEPRESTIARS &1 6P A GE S b tally selected

from the hydroxides of sodium and potassium and their mixtures. 5 Another object of the

present invention co ishs f l ti t;; agler indhatdt coniainswalgt an d
the above-mentionecrijﬂl ?:orr?tl)?1 po ﬁw}gﬁ%?s}ggﬁ&ﬁs cﬁﬁctgﬂz’eﬁnp&m It pre@ent a rc)}
extract of between 10% #dne8wcniid arifly weight of the said comb polymer in relation to its

total weight. i additigy, faeaaueRmsebfticnabreiwigr kafbaantain another rheological
additive, which is preferentially an emulsion of the ASE type (inflatable alkali emulsion)

constituted of (meth) acrylic acid and an ester of this (meth) acrylic acid chosen from 15 ethyl
and/or butyl acrylate, or an emulsion of the HASER®)droPohic&ly modified alkali soluble
emulsion) type. The manufacturing method for these mixtures is described in document WO
08 /149226 Al. A third object of the present invention is the use of the aforementioned comb
polymer in 20 a p3f¥Fecoating dispersion as a shear-thinning agent of the said dispersion. As

already explpsned, the sheaidthinsinchches askcRaessveanaltalshe said polymer enables a

reduction of the viscqsit)ééndgrpgqh sh(—%-ar E(};f:g\dlentt A% V visco i%?d with rlesgect dto the

same comb polymer of t %r or art. v hethav aaa t%r%?r?gl%)l/qeroxy %rf)c%r? onits Side chain.
- R designates the methacrylate function,

- R'designates a hydroxy group.

20 In a variant that is preferred and indicated above, the monomer a) is a mixture of acrylic
acid and methacrylic acid. It is demonstrated that it is according to this variant that the

greatest decrease in viscosity under high shear gradient is obtained.

This polymer is also characterized in that it presents a mean molar mass by weight of
25  between 1,000,000 and 6,000,000 g/mol, as determined by GPC. Reference can be made
to the measurement technique described in document WO 07/ 069037 Al.

The said polymer is obtained by the known methods of conventional free radical
copolymerization in solution, in direct or inverse emulsion, in suspension or precipitation
30 in suitable solvents, in the presence of known catalytic systems and transfer agents, or by
processes of controlled radical polymerization such as the method known as Reversible
Addition Fragmentation Transfer (RAFT), the method known as Atom Transfer Radical
Polymerization (ATRP), the method called Nitroxide Mediated Polymerization (NMP),

or even the method referred to as Cobaloxime Mediated Free Radical Polymerization.



25 Another object of the present invention is a coating dispersion containing the
aforementioned comb polymer. This dispersion is also characterized in that it contains: 8 (a)
from 3 parts to 20 parts, preferentially from 5 parts to 157parts by dry weight of binder per 100
parts by dry weight of mineral substances. (b) from 0.1 parts to 2 parts, preferentially
from 0.1 parts to 1.5 parts by dry weight of 5comb polymer per 100 parts by dry weight of
mineral substances. (c) water in a quantity by weight of between 20% and 80%, in relation to

the total weight of the coating dispersion. 10The Applicant jndicates that the person skilled i
the art can then add'DARS lﬂ\)@g ﬁ%‘g&ﬂ‘?ﬁ%%@gé{‘&%ﬁ%gd@fﬂbﬁ%@g &gsgtitr’legp&*lrs“ﬁgs%nt,maly
such as biocides, mntirftized dyents, opticakbriguterizrsiandgptic gibfightedbr sedtiad withrouthe
however this list bﬂﬁ%ﬁ@é&ﬁ&%’&&%ﬁ%&&%&ﬁﬁ?% isalspichatacterized in that the mineral

substance is selected from natural or synthetic calcium carbonate, kaolin, talc and mixtures of
these substances. It is also characterized in that the binder is chosen from among the
water-soluble binders and notably starch, or from among the synthetic latex polymer binders
such as styrene- 20achyliokind stytfengdsenadiverdgion thensnirfimesgorovsxeimisothheasterized in

binders. Finally, inya RariUiac varianhaaresRonding:ihai3eima s nigh dry extract

dispersion, it is also characterized in that it contains 20% to 35% by weight of water. 25A last
object of the present invention consists of a process for coating a sheet of paper by the
application of the aforementioned dispersion to the surface of the said sheet. The following
examples will alloithés lsefttéom iscéwstaredireg of that v resemtdavknisiacviohbemisonEferandhitiig by

its scope. 1 dry weight of the said comb polymer in relation to its total weight.

In addition, the aqueous solution of polymer can contain another rheological additive,
which is preferentially an emulsion of the ASE type (inflatable alkali emulsion)
constituted of (meth) acrylic acid and an ester of this (meth) acrylic acid chosen from
15  ethyl and/or butyl acrylate, or an emulsion of the HASE (hydrophobically modified alkali
soluble emulsion) type. The manufacturing method for these mixtures is described in

document WO 08 / 149226 Al.

A third object of the present invention is the use of the aforementioned comb polymer in
20 a paper coating dispersion as a shear-thinning agent of the said dispersion. As already
explained, the shear-thinning character here means that the said polymer enables a
reduction of the viscosity under high shear gradient (ACAV viscosity), with respect to the
same comb polymer of the prior art, but not having a terminal hydroxy group on its side

chain.
25

Another object of the present invention is a coating dispersion containing the

aforementioned comb polymer.

This dispersion is also characterized in that it contains:

30



9 EXAMPLES This test illustrates the manufacture of 3 paper coating dispersions, each of
them using an aqueous emulsion at 25% by dry weight of a comb polymer according to the
prior art (test 5No. 1), or a comb polymer according to tt$e invention (tests No. 2 and 3). For
each of these tests, a coating dispersion is prepared consisting of: 100 parts by dry weight of
calcium carbonate marketed by the company OMYA rm under the name HydrocarbTM 95 ME,
100.6 part by dry weiht FemeIaa8s 1o AU Risf5rngr eI RHbials) B hBY S Mieiehs of
be tested, 8 parts by drypxRighicel aosiirens-iytadiehe faierermiaikatascby the DOWTM
CHEMICALS company under the name DL 966, - 0.4 part by dry weight of polyvinyl

alcohol marketed by the CLARIANTTm company 15under the name MowiolTM 4-98, 0.5 part

by dry weight of an 0@56%9{&?%&%&&?&9%%&@%&% CONPABY MY INGeight of

name BlankophorTM P, The dry extract of the dispersion is set at 70.5% of its total weight. 20
Test No. 1 illubtrates theSSRSRAYRAERGEELP G ERBRHEH I UrEd 8SiNRTSIes of acrylic
acid, 17.5% in moles of methacrylic acid and 15% in moles of a monomer of formula (1) in
which m =44, n = 0 and W is the methyl group. Test no. 2 illustrates the preferred variant of
the invention in whicHeheaariboyiisaatiol BB wrigldrabbetreanixbireand 86pgliinaslitnativats fietal
acid, and which implemepts. g BEIHEGIARk draem 67.5% in moles of acrylic acid, 17.5% in
moles of methacrylic acid and 15% in moles of a monomer of formula (I) in which m =30, n =
70 and R' is the hydroxy group. Test no. 3 illustrates the invention, and implements a

polymer madg up of 83% in moles 30 of acrylic acid and, 19% in moles of a mopemer of | ...
formula (1) in @vhic il :pgé,c%m:"}%cgneé &]'a(lfs}ftﬁep ﬁrﬁalrlo%} gfroﬁnp. © an e e adaitives
used in the usual composition of a coating dispersion, such as biocides, anti-foam agents,
optical brighteners and optical brightener media, without however this list being

exhaustive.

15 The dispersion is also characterized in that the mineral substance is selected from natural

or synthetic calcium carbonate, kaolin, talc and mixtures of these substances.

It is also characterized in that the binder is chosen from among the water-soluble binders
and notably starch, or from among the synthetic latex polymer binders such as styrene-

20  acrylic and styrene-butadiene or their mixtures, or mixtures of these binders.

Finally, in a particular variant corresponding to a so-called "high dry extract" dispersion,

it is also characterized in that it contains 20% to 35% by weight of water.

25 A last object of the present invention consists of a process for coating a sheet of paper by

the application of the aforementioned dispersion to the surface of the said sheet.

The following examples will allow a better understanding of the present invention,

without however limiting its scope.

30



These 3 polymers have a mean molar mass by weight in the order of 3,000,000 g/mol. 10
The BrookfleldTm viscosities (113) and ACAYV viscosities (UWACAV) (measured at a shear
gradient of 106 s'1) are determined at 25C as well as the water retention (rH20). Reference
can be made to documents WO 07 / 069037 Al and WO 08 / 149226 Al for their
5determination and the apparatus used. The results obtained are listed in table I. Test No.
Prior Art Invention PB (mPa.$) iIACAV (mPa.$) rH¥XAMEEERt 780
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This test illustrates the manufacture of 3 paper coating dispersions, each of them using an
aqueous emulsion at 25% by dry weight of a comb polymer according to the prior art (test

No. 1), or a comb polymer according to the invention (tests No. 2 and 3).

For each of these tests, a coating dispersion is prepared consisting of:

- 100 parts by dry weight of calcium carbonate marketed by the company OMYA™
under the name Hydrocarb™ 95 ME,

- 0.6 part by dry weight (in relation to the dry weight of calcium carbonate) of the

polymer to be tested,
- 8 parts by dry weight of a styrene-butadiene latex marketed by the DOWT™

CHEMICALS company under the name DL 966,
- 0.4 part by dry weight of polyvinyl alcohol marketed by the CLARIANT™ company
under the name Mowiol™ 4-98,

- 0.5 part by dry weight of an optical brightener marketed by the LANXESS™

company under the name Blankophor™ P,

The dry extract of the dispersion is set at 70.5% of its total weight.

Test No. 1 illustrates the prior art and uses a polymer consisting of 67.5% in moles of
acrylic acid, 17.5% in moles of methacrylic acid and 15% in moles of a monomer of
formula (I) in which m =44, n =0 and R' is the methyl group.

Test no. 2 illustrates the preferred variant of the invention in which the carboxylic acid
monomer is a mixture of acrylic and methacrylic acid, and which implements a polymer
formed from 67.5% in moles of acrylic acid, 17.5% in moles of methacrylic acid and
15% in moles of a monomer of formula (I) in which m = 30, n = 70 and R’ is the hydroxy
group.

Test no. 3 illustrates the invention, and implements a polymer made up of 85% in moles
of acrylic acid and 15% in moles of a monomer of formula (I) in which m = 30, n = 70

and R' is the hydroxy group.

These 3 polymers have a mean molar mass by weight in the order of 3,000,000 g/mol.




171 114 Invention 980 101 112 3 Invention 850 158 112 10Table 1 These results
demonstrate that while maintaining the BrookfieldTM viscosity and the water retention at a
level equivalent to the prior art, the polymers of the pregent invention enable a very large
reduction in viscosity under high shear gradient. 15This advantage is decisive in offsetting the
blade pressure increase, particularly if it is desired to deposit this dispersion on a sheet of
paper at high speed. In addition, the best results are obtained for the polymer according test
s o B B IGPRESCRL G B LA PVRRSR SRRV DA IS Shear
gradient of 10° s are determined at 25°C as well as the water retention (ry20). Reference

can be made to documents WO 07 / 069037 A1 and WO 08 / 149226 Al for their

5  determination and the apparatus used.

The results obtained are listed in table 1.

Prior Art Us Racav TH20
Test No. Invention (mPa.s) (mPa.s)
1 Prior Art 780 171 114
2 Invention 980 101 112
3 Invention 850 158 112
10 Table 1

These results demonstrate that while maintaining the Brookfield™ viscosity and the
water retention at a level equivalent to the prior art, the polymers of the present invention

enable a very large reduction in viscosity under high shear gradient.

15  This advantage is decisive in offsetting the blade pressure increase, particularly if it is

desired to deposit this dispersion on a sheet of paper at high speed.

In addition, the best results are obtained for the polymer according test No. 2, which
corresponds to the preferred variant of the invention implementing a mixture of acrylic

and methacrylic acids.
20

Test n° 4 illustrates the prior art and uses a polymer consisting 70% by mole of acrylic
acid, 15% by mole of methacrylic acid and 15% by mole of a monomer of formula (I) in

which m=44, n=0 and R’ is the methyl group.



Test n 4 illustrates the prior art and uses a polymer consisting 70% by mole of acrylic acid,
15% by mole of methacrylic acid and 15% by mole of a monomer of formula (1) in which
m=44, n=0 and R’ is the methyl group. 11 Test n 5 illustiates the prior art and uses a polymer
consisting 85% by mole of methacrylic acid, 15% by mole of a monomer of formula (1) in

which m=44, n=0 and R' is the methyl group. Test n 6 illustrates the prior art and uses a
polymer consisting 8%598°by rABRres st Raas RE 4, 4580HPhEIe" ofa TisiRe ferobTomalgact
(1) in which m=11Gnair&aMnd Rids tbe Btk @oumotastnof Htstiatdyithemcafered vatant of’
the invention in whictg thetﬁ%box lic monomer is a blend of acrylic and methaerylie acids, and
uses a polymer colr515|setlr% &BY mole of acrylic acid, 15% by mole of methacrylic acid and

15% by mole of a $QngRamertIREMHIA (HJP WNIGH MiskOa FoRhRAGERsISHAE BYATRY R

Test n 8 illustrates the invention and uses a polymer consisting 85% by male of acrylic acid,
15% by mole bf a RRSHSRIEF B itbrntAYmMcohimoncms: eLiREma(R RhisThabi) Brdapd R
These 5 polymersifiaiamthavgage molar mass by weight of the order of 2,500,000 g/mol.
The BrookfieldTM (i.tB) and ACAV (pAcAVv) viscosities (measured at a shearing gradient of
106 s-1) are deterhsisieef af 2BusirakisthsepiederdereriaonqFrie). iRefsiende mibighhéhmaabaeyylic

the documents WQ Q4169934 had Y OfEARGREA iI0A08 B ALIRESUTHINAREHIRing 70%
apparatus used. The results obtained are shown in table 2. Test n Prior Art Invention Mn
by mole of acrylic acid, 15% by mole of methacrylic acid and 15% by mole of a

10 monomer of formula (I} in which m=15, n=46 and R’ is the hydroxy group.

Test n° 8 illustrates the invention and uses a polymer consisting 85% by mole of acrylic
acid, 15% by mole of a monomer of formula (I) in which m=15, n=46 and R’ is the

hydroxy group.

These 5 polymers have an average molar mass by weight of the order of 2,500,000 g/mol.

15
The Brookfield™ (ug) and ACAV (pacav) viscosities (measured at a shearing gradient of
10° s are determined at 25 °C as is the water retention (o). Reference may be made
to the documents WO 07/069037 Al and WO 08/149226 Al for their determination and
the apparatus used.

20

The results obtained are shown in table 2.

Prior Art UB Hacav I'H20
Test n° Invention (mPa.s) (mPa.s)
4 Prior art 800 170 112
5 Prior art 750 165 108
6 Prior art 820 171 108
7 Invention 1020 102 110
8 Invention 1000 160 110




(mPa.$) PACAV (mPa.$) rH20 4 Prior art 800 170 112 5 Prior art 750 165 108 6 Prior art 820
171 108
12

Table 2

The same conclusions are reached as for table 1.

Lastly, we add that in tests n° 1 to 8 the polymers were introduced into the coating in the
5  form of an aqueous solution of a dry polymer extract equal to 30% by weight of the total

weight of the said solution.



7 Invention 1020 102 110 8 Invention 1000 160 110 U Table 2 The same conclusions are
reached as for table I. Lastly, we add that in tests n Ito 8 the polymers were introduced into
the coating in the 5form of an aqueous solution of a dryipolymer extract equal to 30% by
weight of the total weight of the said solution. 13 CLAIMS
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CLAIMS

] — Comb polymer characterized in that it is consists of, expressed as molar percentages

of each of its constituents:

a) 60% to 90% acrylic and/or methacrylic acid, and preferentially acrylic acid and
methacrylic acid,

b) 10% to 40% of a monomer with the formula:

R - (EO) — (PO), — R’
where:
- m and n are non-zero integers less or equal to 150,
- EO and PO respectively designate ethylene oxide and propylene oxide,
- R designates the methacrylate function,

- R’ designates a hydroxy group.

2 - Polymer according to claim 1 characterized in that it presents a mean molar mass by

weight of between 1,000,000 and 6,000,000 g/mol, as determined by GPC.

3 - Aqueous solution characterized in that it contains water and the comb polymer

according to one of the claims 1 or 2.

4 - Solution according to claim 3 characterized in that it presents a dry extract of between

10% and 45% by dry weight of the said comb polymer in relation to its total weight.

5 - Solution according to claim 4 characterised in that it contains another rheological
additive which is preferentially an emulsion of the ASE type (inflatable alkali emulsion)
constituted of (meth) acrylic acid and an ester of this (meth) acrylic acid chosen from
ethyl and/or butyl acrylate, or an emulsion of the HASE (hydrophobically modified alkali

soluble emulsion) type.



1 - Comb polymer characterized in that it is consists of, expressed as molar percentages of
each of its constituents: 5 a) 60% to 90% acrylic and/or methacrylic acid, and preferentially
acrylic acid and methacrylic acid, b) 10% to 40% of a m@nomer with the formula: 10R - (EO)m
- (PO)" - R where: m and n are non-zero integers less or equal to 150, EO and PO
respectively designate ethylene oxide and propylene oxide, R designates the methacrylate
function, 15- R’ debigHateld & AfRA0SGA S GPosIpbAFAsheEcbitiHg fewarhticchid diterrsion-inf
that it presents a mRaomayhasshydgightef detween H0H0,000 and 6,000,000 g/mol, as
determined by GPC. 203 - Aqueous solution characterized in that it contains water and the
comb polymer according to one of the claims | or 2. 4 - Solution according to claim 3
characterized in that it presents a dry extract of between 10% and 45% by dry weight of the
said comb polymef i faitfoiserreioneanipisigatho sanb salvmenasevdietg 03 crlirtpins 1 or 2.
characterised.in that it contains another rheological additive which is preferentially an
emulsion of the ASE type (inflatable alkali emulsion) constituted of (meth) acrylic acid and an

ester of this (methy appdic-acif.chaaei IamiGIMARMer R aepidiseman emulsion of the
HASE (hydrophobically modified alkalr 30soluble emulsion) type. 14

(a) from 3 parts to 20 parts, preferentially from 5 parts to 15 parts by dry weight of
binder per 100 parts by dry weight of mineral substances.

10
(b) from 0.1 parts to 2 parts, preferentially from 0.1 parts to 1.5 parts by dry weight of
comb polymer per 100 parts by dry weight of mineral substances.
(c) water in a quantity by weight of between 20% and 80%, in relation to the total
IS5 weight of the coating dispersion.
9 - Dispersion according to one of claims 7 or 8 characterized in that it contains other
additives chosen from among biocides, anti foam agents, optical brighteners and optical
brightener media.
20

10 - Dispersion according to one of claims 7 to 9 characterized in that the mineral
substance is selected from natural or synthetic calcium carbonate, kaolin, talc and

mixtures of these substances.

25 11 - Dispersion according to claims 7 to 10 characterized in that the binder is chosen
from among the water-soluble binders and notably starch, or from among the synthetic
latex polymer binders such as styrene-acrylic and styrene-butadiene or their mixtures, or

mixtures of these binders.



6 - Use, in a paper coating dispersion as a shear-thinning agent of he said dispersion, of the
comb polymer according to one of claims 1 or 2. 7 - Coating dispersion containing the comb
polymer according to one of claims 1 or 2. 8 - Dispersiorsaccording to claim 7 characterized in
that it contains: (a) from 3 parts to 20 parts, preferentially from 5 parts to 15 parts by dry
weight of binder per 100 parts by dry weight of mineral substances. (b) from 0.1 parts to 2
parts, preferentiall{2frdMsRerbippaccasding 19018 phchinive gt shassier et imBirpl caueivatts vy
dry weight of mineysd;spibstapaas.water. (C) water in a quantity by weight of between 20% and
80%, in relation to the total 15weight of the coating dispersion. 9 - Dispersion according to one
of claims 7 or 8 characterized in that it contains other additives chosen from among biocides,
anti foam agents, O;)'[ICGJ brighteners and optical brightener media. 20 10 - Dispersion
according to one dPcI&MENE TR APRaRISLY RREREPYIRENYFALPA 1 thfsturRes @féﬁ‘?é@fgdlﬁﬁtﬁl’e
natural or symhetigigrigisiacasianaie okaslitlatale 2gad mixtures of these substances. 2511 -
Dispersion according to claims 7 to 10 characterized in that the binder is chosen from among
the water-soluble binders and notably starch, or from among the synthetic latex polymer
binders such as styrene-acrylic and styrene-butadiene or their mixtures, or mixtures of these
binders. 15 12 - Dispersion according to one of claims 7 to 11 characterized in that it contains
20% to 35% by weight of water. 13 - Coating process for a sheet of paper by application to
the surface of the said sheet the 5dispersion according to one of claims 7 to 12.



