SURFACTANT-FREE ALKALI SWELLABLE ACRYLIC EMULSIONS, USE THEREOF IN
AQUEOUS FORMULATIONS AND FORMULATIONS CONTAINING SAME 5The present
invention pertains to new alkali swellable thickening emulsions. free of surfactants and
solvents other than water: as a result, all drawbacks related to the use of solvents, or to the

formation of foam, | e f surfactants, are avoided. These new emulsion§ cgntaixnwa .
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water-based paints, paper coatings, aqueouys 5@%@?1@& gf r{% eral materials, detergents,
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cosmetic formulations, and formulations contai hder. Controlling the
rheology of aqueous formulations that may contain mineral loads is a 15 necessity, not just
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reasons of stability over time as well as for 20possible application of the paint onto a vertical
surface, the absehvensfepittte dingatithetimetpfdfibemdntation -oreti¥aggimye aftéfonic acid (or

implementationygic. As ayesull prodysts whieh coptribuie o this segulation of eolagical | o
behavior are designated using the term thickeners. Present in the water-based paint cidr,
they arel 5 amedivored narpaperroetingbasukpensiopapof eoatarad. mauesiaisudetesgents, mineral

cosmetic fOI’lT}HLﬂEiHQ@; %@%f‘é&ﬂg’eE%%ﬁ@gcc%ﬂ%mﬁti&moditr}%ﬁ%ﬁ 8 ﬁge&?{xé %igg‘:rﬁoﬁydraulic

skilled in the art has long been aware of the particular category of alkali swe acrylic
emulsions, wHitKi@ire direct-emulsion polymers in water based on surfactants, said polymers
being made up of at least one non-water-soluble monomer and at least one 30alkali swellable
water-soluble monomer including methacrylic acid. The Applicant specities that the .
expression "dfréBtreHinsits sheopslyrmérimante fotayighanssthastanie emiaiombaenableads is a
dispersipn of pelyRgy ARSI BI(RAJEIRTaNERFSMAS N IRRITURWAIERIRE during their
water-in-oil emulsions, which involve the existence of two sliﬁ?rate phases, one aqueous ang
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such that a gel forms and therefore the viscosity is improved. 5 There are two major families
of swellable afRaMRGyik hekindie: neasEqtkaPasn shided b At tAlBkiseyaamaZaAS Es the
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copolymers of methacrylic acid with a non-water-soluble ester of that acid, and the latter refer
to COpO%ﬂne@?ﬁéléla BPPHf@ﬂﬁ(ééﬂﬁigle paint onto a vertical surface, the absence of splattering at the

time of implementation, or of sagging after implementation, etc.

As a result, products which contribute to this regulation of rheological behavior are
designated using the term thickeners. Present in the water-based paint sector, they are
25  also found in paper coatings, suspensions of mineral materials, detergents, cosmetic
formulations, and concretes and cements. Among these thickeners, the person skilled in
the art has long been aware of the particular category of alkali swellable acrylic
emulsions, which are direct-emulsion polymers in water based on surfactants, said
polymers being made up of at least one non-water-soluble monomer and at least one

30  alkali swellable water-soluble monomer including methacrylic acid.

The Applicant specifies that the expression "direct emulsion of a polymer in water"
designates a stable and homogenous dispersion of polymer particles in water (no

reference is made here to oil-in-water or water-in-oil emulsions, which involve the




10 acid, a non-water-soluble ester of (meth)acrylic acid, and a monomer having so-called
"associative" hydrophobic groups. These copolymers may also be cross-linked. These
chemicals' mechanisms of action differ. ASE polymersthicken only in a neutral state, hence

the expression "alkali-swellable": the result is an ionic repulsion mechanism 15 between the
various carboxylate groups carried by the polymer chain. These ionized groups polarize the
water molecul 881k Callde TRRNASCHERYCHT tHE AIBERIN 189nEeadis! 1A K ddition Yértravhile, the
aforementioneg gRiciBheRRRIBNRN « RAS EpelvImersdnvolue: inieractions betwsan dh&henever the
associative hydrophobic grouPs, which also contributes to thickening the medium. These
mechanisms, &Hd'BaMiELRH) e AkdPSRRIABRE rataradf P thee& Briti8idRs! dhertheftrms and
ability to thickeR.araquBOUS@RYIVARMENbat@ pH near neutral, have been described in the
documents WO 2007 / 144721 and "Practical guide to associative thickeners" (Proceedings of
the Annual Meeting Technical Program of the FSCT, 2000, 78th, 644-702). 25Many
applications ofthege dhickgoersaoe founddn painisepapler snatingsiand tosoetics (88E (Alkali

patent applications ER 2,693,203 Al, FR 2,872,8 gﬁ FR 2,633,930 Al, FR 2,872,815 Al). .
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"Synthesis of an alkafi-swe AP EMUTSIOR Bid itS Sffect on the rate o poﬁ/mer“dlﬂ‘uao'n in
poly(vinyl acetate-butyl aerylatc) latex films" (Journal of Polymer Science, Part A: Polymer
Chemistry, 200343 (32);p5, S032:564). (PUuctiraand iheolagieal ProReries ol in o peyra
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particles suspended in‘'water. Surface-active agents well-known for this use are sodium lauryl
sulfate, @8decyibenzenésiuiomndtd)canabdinosy biskeaty adoohot soiarENTHAUgHPheipar neutral,
implementatiop,hasibean20.ABssrihed i30GS (568 dapument R 0013 83 Giled AhYe o

page 7, lines 3-12), this implementation still appears in much more recent documents, like the
scientific publigsfvstasinstdeichsooes THeogsedvtsupbdiantinateideatingpbapsnistebaperam of the
unavoidable CPS‘@P}%@@?’?&H}%@@@%’? for manufacturing ASE and HASE emulsions.
However, there is a tendency to omit or ignore the drawbacks engendered by these

surfactants, as it is believed that their use cannot be eliminated. These problems are first and
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surfactant is stirred: bésides aesthetic drawbacks, this foam m% t?lcgjﬁgrade the thickener's
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resulting from the cfrying of the aqueous formulation. The formation of “craters” or insoluble
particles may Hefspl BeehsBhregathse BlepsertimelbitaE hetBlssdsdilies driypbeRstHe and
aesthetic Viscoatex™ sold by the company COATEX™ S A.S,

30
Generally speaking, ASE and HASE thickeners are manufactured in the form of direct
emulsions of the alkali-swellable polymer in water, whose active ingredient content

oscillates between 10% and 45% of their total weight.




aspect and surface properties of the film (the mechanical aspect, as well as the optical
properties and surface condition). Finally, it is well-known that the presence of surfactants in a
paint formulation will ultimately degrade the soapable nature of the dry film (see "Effect of
surfactants used for binder synthesis on the properties of latex 5paints”, Progress in Organic
Coatings, 2005, 53 (2), pp. 112-118). In order to remedy such drawbacks, the Applicant has
engineered a ew rAetFo O Atari bR ngPAS ES br IASET tpnlasivngetvhieriddas Hot imvbiweng

any surfactants, Bs.g%SoleniQihe thanwalrtthenalnchataciarstc Aitbis mqfth%dl Be of
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result is the manufacturlng of genuine ASE and HASE emulsions, each exhibiting a
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stable 15 ove(Mmﬁapharp@tﬁﬂée@m{z@rtmweﬁﬁgw@rMﬁmyl%a@ ofdhe Prigy. ardgs-1994),
whose thickenjng effectiveness is proven. Furthermore, it has already been known how to,
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technique hadsalwayis bersidescrizsd in@Othe ;ﬂfesemw@urf@%%u&l(ﬁem feviexamplgethe a
document US 3,931,087 Al). Othe E f<amp|e of copolymeri are f u d which contain a
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other than watmuﬂnamememiaglga@maw(e 9ovents7euIregtly exhibit a very large number of
drawbacks with regard to the preservation of the environment. Examples of such products

exist in the field of 25 cement (EP 1,886,980 Al), pharmacy (EP 1,400 564 Al), and ceramics
(EP 1,262 463vhdpythaneghapiihicatidhe hmbewlgoativatirswelldbie) joRan llesmalkavlifBWL@b@Al EP
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thought that t@%c%ﬂa@rﬁs[\i&wmﬁm&cewary{m‘sﬂie synthesis of the polymer containing it,
and nobady had been able to detect the influence that this could have on the manufacture of
ASE and RASE emulsions. By way of example, the documents WO 03 / 012004 Al and WO
03 /012004 A@demibtalﬁiASﬁidhinhmmiﬁ@teringsimbddGmhhﬁaihin@e%ﬂﬁsnﬁu’lamibﬁsﬁ surfactants,
synthesis is caryied nthe prese rlactants and/or solvents other.than water
documents deéogs}gr? isin %}Ctpg FR 3 ?%%58] d%o ch e verss ol et‘(la(} emlﬁléj}/gner -ghrface'
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("Surfactant-FrebliG@ontelietd aingeRadical Emulsion Polymerization in batch conditions

using a low molar mass RAFT Agent", Macromolecules, 2008, 41 (21), pp 7850-7856), or in

15 miniemulsions ("Emulsifier-free miniemulsion polymerization of styrene and the
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saying that the inventive method is simple to an extent unpar e tec nlqu ste
above. 20 ignore the drawbacks engendered by these surfactants, as it is believed that their use

cannot be eliminated. These problems are first and foremost linked to the natural
formation of foam, starting when the medium containing the surfactant is stirred: besides
aesthetic drawbacks, this foam may degrade the thickener's efficiency.

30
In the case of a paint, it may create unevenness within the aqueous formulation, and even
alter the properties of the end product, meaning the dry paint film resulting from the
drying of the aqueous formulation. The formation of "craters" or insoluble particles may

thereby be observed; these are just some of the heterogeneities that harm the aesthetic



Consequently, the ASE and HASE which result from the inventive method, and which are in

the form of direct emulsions free of surfactants and solvents other than water, are themselves

new and exhibit the advantage of not forming any foany when stirred, unlike their

predecessors. A further object of the present invention resides in the use of the

aforementioned emulsions as a thickening agent in aqueous formulations, which constitute

the final objectafdatieapresertinventionicFhdsihy firse dBjechethhiel (resarcinvention toniistdosal
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method uses the polymerization reaction of, expressed as a % by weight of each of the
monomers: apR0%!to 609 byriweighivor HHethashynt i adagsetertalspaRtlic st < Y 4096iry
to 80% by weight,of 2t leastane, LG AMEHIBE YL Akify CyBHENR 18122 Byopaight Qff latex
2-acrylam|do-2-met”yl)propane; sullonie acid, d) O to 1% by weight of at least one cross-linked
monomerS the RataIsa) Bragrasgjn yppeing eqigsid 40003 69 PP- 1132484 to 60% by weight of
methacrylic acid, and potentially acrylic acid, 10b) 40% to 80% by weight of at least one ester
of (meth)acrylic acid, c) 0.5% to 25% b)éweight of the monomer containing a hydrophobic ‘
group, d) 0.05%8 /9294 biFNETINE T 2 HENRARNRIOLE rARPHABIO e SiHEATE acld e 0t 19
by weight of atlgasteneia0asHinked Aoenamesidhe tkatiajicebhe) e veanbeaing.equal taor any
100%, 15 and characterized in that said method is free of surfactants anld olvents other than
water. The ot A SHRL SYAIHS rhtHOR AT ISITRS &f&ﬁf@ B’feéé?glﬁiéhé%fe’mp lements,
implemengatiopRf & {ransisragentreeniial Useolyaiesscinking) A dhd ARE: tesdribech 20itain
the state of the art, particularly.in the aforementign?d. dgcum?nts, to Whicp tfwe person ﬁkilled .
in the art may AEALLILY of a particular monomer, which is Z-acrylamido-2-methylpropane sulionic acid
(or AMPS, CAS #: 40623-75-4). Entirely surprisingly and advantageously, the result is
the manufacturing of genuine ASE and HASE emulsions, each exhibiting a commercial
solids content (greatér than 25% by dry weight of the active ingredient), which are stable
15  over time, characterized by particle sizes similar to emulsions of the prior art, whose

thickening effectiveness is proven.

Furthermore, it has already been known how to polymerize AMPS in an emulsion with
(meth)acrylic monomers and their esters, but this technique had always been described in
20  the presence of surfactants (see, for example, the document US 3,931,087 Al). Other
examples of copolymers are found which contain a carboxylic acid (like acrylic acid)
with AMPS, but still in the presence of surfactants or solvents other than water; however,
it is clear that the solvents currently exhibit a very large number of drawbacks with regard
to the preservation of the environment. Examples of such products exist in the field of
25  cement (EP 1,886,980 Al), pharmacy (EP 1,400 564 Al), and ceramics (EP 1,262
463 Al), though without them being alkali-swellable, much less alkali-swellable

emulsions exhibiting an associative nature.

In the field of alkali-swellable emulsions, AMPS had already been conceived of as a co-
30  monomer; on the other hand, nobody had yet thought that the surfactants were not
necessary to the synthesis of the polymer containing it, and nobody had been able to
detect the influence that this could have on the manufacture of ASE and HASE

emulsions.




This method is further characterized in that the ester of (meth)acrylic acid is chosen from
among ethyl acrylate, butyl acrylate, methyl methacrylate, and mixtures thereof. 25This
method is further characterized in that the monomer cantaining a hydrophobic group
possesses the general formula:  R2 20" 11 where: 7 n.p and g are integers and in, n,
p are less than 150, q is greater than 0, and at least one integer among m, n and Fg IS nonzero;

-R has a polyrﬁér@a‘blé’{/lhw&’%hc Hesn d9sraa R M Ydenfidal 8t dirferait, Wil

fellnf0d Al

hydrogen atorassoriatkyll glEIpSickening emulsions incorporating AMPS, but whose synthesis is
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carried out in the presence of surfactants and/or solvents other than water. The documents
FR 2,873,126 Al and FR 2,782,086 A1 describe inverse oil/water emulsions created with
emulsifying agents, a copolymer of AMPS with (meth)acrylic acid, and another monomer

which may be an ester of these acids.

Finally, all of the literature dealing with the manufacturing of emulsions without
surfactants could not guide the person skilled in the art on the implementation of AMPS.
Instead, it was mainly centered on particular methods such as acoustic waves, super-
critical CO, ("Surfactant-free emulsions”, Current opinion in Colloidal and Interface
Science, 13, 2008, pp. 228-235), controlled radical polymerization ("Surfactant-Free,
Controlled/Living Radical Emulsion Polymerization in batch conditions using a low
molar mass RAFT Agent", Macromolecules, 2008, 41 (21), pp 7850-7856), or in
miniemulsions ("Emulsifier-free miniemulsion polymerization of styrene and the
investigation of encapsulation of nanoparticles with polystyrene via this procedure using
an anionic initiator"”, Journal of Applied Polymer Science, 105, 3, pp. 1244 — 1250). It
goes without saying that the inventive method is simple to an extent unparalleled by the

techniques listed above.

Consequently, the ASE and HASE which result from the inventive method, and which
are in the form of direct emulsions free of surfactants and solvents other than water, are
themselves new and exhibit the advantage of not forming any foam when stirred, unlike

their predecessors.

A further object of the present invention resides in the use of the aforementioned
emulsions as a thickening agent in aqueous formulations, which constitute the final

object of the present invention.

Thus, a first object of the present invention consists of a method for manufacturing a
polymer in direct aqueous emulsion, characterized in that said method uses the

polymerization reaction of, expressed as a % by weight of each of the monomers:




5-Ri isa hydrophobic group comprising at least 6 and at most 36 carbon atoms. This method
is further characterized in that the cross-linked monomer is chosen from ethylene glycol
dimethacrylate, trimethylolpropanetriacrylate, diallyl phthalate, ally] acrylate, allyl maleates,
methylene-bis-acrytamide, methylene-his-methacrylamide, 10tetrallyloxyethane,
triallylcyanurates, and allylic ethers obtained from pol¥ols. This method is further
characterized in tHiat &fé%vaau%%’(aévémeaglar?bwmgré Kolield - cotentea BB B4 09 and
50% by dry weight,of nplymeshdn selatamie its tetal welahieASThi matheskisfurther
characterized in thatemulsion exhibits a particle size of between 50 nm and 500 mu. This
method is further EhaPattebiredan attHe oIy mes skimbfte-amsieriyenivarinads #dveight
of between 20,00Q g/n@) anchi,ARERASY afmak 20 Afusthenieliech efithe present invention

consists of a direct agueous emulsion of a polymer characterized in that it is made up,
expressed as a % %/tﬁ}ér t+o$e5891 P BRORBHENR: 984 2006 to 60% by weight of
methacrylic acid, and potentially acrylic acid, b) 40% to 80% by weight of at least one ester of
(meth)acrylic acid, c) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
d) O to 1% by \Weight of at least one cross-linked monomer, the total a) + h) + ¢) + d) being
equal to 100%, 30 Or 8

a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
10 b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,
c) 0.5% to 25% by weight of the monomer containing a hydrophobic group,
d) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
e) 0to 1% by weight of at least one cross-linked monomer,
the total a) + b) + ¢) + d) + ¢) being equal to 100%,
15

and characterized in that said method is free of surfactants and solvents other than water.

The other characteristics of this method (temperature, choice of catalytic system,

implementation of a transfer agent, potential use of cross-linking) are the ones described

20 in the state of the art, particularly in the aforementioned documents, to which the person

skilled in the art may refer.

This method is further characterized in that the ester of (meth)acrylic acid is chosen from

among ethyl acrylate, butyl acrylate, methyl methacrylate, and mixtures thereof.

25  This method is further characterized in that the monomer containing a hydrophobic group

possesses the general formula:
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where:




c) 0.5% to 25% by weight of the monomer containing a hydrophobic group. d) 0.05% to 22%

by weight of 2-acrylamido-2-methylpropane sulfbnic acid, €) 0 to 1% by weight of at least one
cross-linked monomer, the total a) +1)) + c¢) d) e) beingyequal to 100%, 5 and characterized in
that said emulsion is free of surfactants and solvents other than water.  This emulsion is
further characterized in that said monomer containing at least one 10hydrophobic group has

the general formulaei Wwiered mais, HISERI ik ThtegR i GHdmban poRkdliessgsaer 150 6 jand at

greater than 0, and at,15lgash e/ IRLGIS, AMPRLIR. 0 @NgRds nonzero; R has a
polymerizable vinylic function, Rl and R2 are identical or different, and represent hydrogen

atoms or alkyl gr’oud%,hé'*ié"éiﬁ?ﬂ?@ﬁh@b‘f@’é?bﬂb‘lé&%ﬂsing at least 6 and at most 36 carbon

atoms. 20This emulgipanis RUriherehaRcarzee ththatdheEasst Kesh BoRemen IS BRPSeMps,
from ethylene glycol dimethamylate, trimethylolpropanetriacrylate, diallyl phthalate, alle/'
acrylate, llyl maleates’ RN B SAI SRS Sty riTb e hietRaeyafiden aloms.
tetrallyloxyethane, triallylcyanurates” and allylic ethers obtained from polyols. 25This emulsion
is further characterized in that.it exhibjts a solids content of between 10% and 50% by dry
weight of po|y%s, RFerdioh ‘%8“}%&0%3?%@%@9%5 S HBISIBTS Riftheh YHARSEETiSBHY from
that the polymeheihibits a aviragaanglatemass by yieighipahbetwean20 0a0yg/mritande, allyl
1,000,000 g/mol. A furth [ bject of the present invention resides in the use of the .
aforementioned’& ahclsio‘ﬁ,ygs P Hing S ér’}]"tnﬁf%ﬁ’%cdﬁ@gﬂf SorTa oSN PSRy yunide.
emulsion(s added! intexthehmediviallidcpenthickenad] shtisepiricotegulatgehto pelniearly
neutral, in order to achieve the thickening effect. The person skilled in the art, from routine
experience, will know how to find the pll from which the thickening phenomenon is observed.
This method is further characterized in that the aqueous emulsion exhibits a solids

content of between 10% and 50% by dry weight of polymer, in relation to its total weight.

15 This method is further characterized in that the emulsion exhibits a particle size of

between 50 nm and 500 nm.

This method is further characterized in that the polymer exhibits an average molar mass
by weight of between 20,000 g/mol and 1,000,000 g/mol.

20
A further object of the present invention consists of a direct aqueous emulsion of a
polymer characterized in that it is made up, expressed as a % by weight of each of the

monomers:

25 a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,
c) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
d) 0to 1% by weight of at least one cross-linked monomer,

the total a) + b) + ¢) + d) being equal to 100%,
or

a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,




10 This use is further characterized in that said formulation is chosen from among an aqueous
paint, a paper coating, an agueous suspension of mineral materials, a detergent, a cosmetic
formulation, or a formulation containing a hydraulic binder. 15A final object of the present
invention resides in an aqueous formulation containing the aforementioned emulsion, said
formulation being chosen from among a water-based paint, a paper coating, an agueous
suspension of mirferal-Alateridids dxieregent, hecosmmtierforriuiinen drdisataining ahydraulic
binder. 20 10 EXAM §ds%, lﬁ@mlsy%mm%am@%gn9sr@s?lmﬁaxmb%ai%mfmm&qus&sE

and HASE emulsions, without surthetants and without solvents other than water. Test ill
according to the ifVeRtiBr iy weiRbb At theTabrisatioies 8P ASE emulsion, containing a
copolymer made ylﬁ)qutcg&?rgﬁad@&@?%x By Bugiglhat,0fieactyoddts monomers: a) 36.5%
methacrylic acid, 15b) 62.3% ethyl acrylate, c) 1.2% of AMPS. In a 1 liter reactor equipped

with mecRanical agitation and an oil-bath heating system, 605 g of bipermutatcd water and 7.5
g of a solution QfAMRS-a8R408d113158Yd 20s8aliien Ofsediynshpdiaxidemmeutpiized AMP Shan
in water, sold by the company LUBRIZOLim under the name AMPS 2405). The medium is
heated to 82C#Méh the catalytic system made up of 1.0 g of amtnonium persulfatc dissolved

in 1 Og of bipermutated water and 0.1 g of sodium metabisulfite 25dissolved in 10 g of
bipermutated water is added ,thr_oqg‘h a funnel. Ne§t,.21ﬁ,9 of ,%tggl aclré\{latq and 140 g of
methacrylic acid'(QG¥8ESIRidR) M MerABHTSdsh dAH oF QUGESOMARNB {gnodet one
the entireadditipn-saceRsgihe Neactien sedivimsiiemperature is kept at 3085C ( 2).

A

~
ﬁ;
7

where:

i

m, n, p and q are integers and m, n, p are less than 150, q is greater than 0, and at
15 least one integer among m, n and p is nonzero;

- R has a polymerizable vinylic function,

- Ry and R, are identical or different, and represent hydrogen atoms or alkyl groups,

- R’ isahydrophobic group comprising at least 6 and at most 36 carbon atoms.

20  This emulsion is further characterized in that the cross-linked monomer is chosen from
ethylene glycol dimethacrylate, trimethylolpropanetriacrylate, diallyl phthalate, allyl
acrylate, allyl maleates, methylene-bis-acrylamide, methylene-bis-methacrylamide,

tetrallyloxyethane, triallylcyanurates, and allylic ethers obtained from polyols.

25 This emulsion is further characterized in that it exhibits a solids content of between 10%

and 50% by dry weight of polymer, in relation to its total weight.

This emulsion is further characterized in that it exhibits a particle size between 50 nm

and 500 nm.




Next, 0.15 g of ammonium persunte dissolved in 20 g of water is added in 30 minutes while
keeping the temperature at 85C ( 2) and it is left to react for 1 hour at 87C1 et 2). The result is

a perfectly homogeneous emulsion containing 34.0% hy weight of solids content, whose

particle size, measured by dynamic light scattering, is equal to 170 nm. comparative tests 10It
was first sought to manulltcture the same polymer as in test 1, but without implementing

AMPS, i.e. a pblyenhaek isplsfiee Sy dyavesghnchm dihacdyliecacihants 63 &% tewaithitrofss
ethyl acrylate. 0,693 ot SIS RIYQS el was.imRlemenied.aspefore, except for the initial
addition of AMPS. Aﬁer having been allowed to react at 85C for 1 hour, the formation of a
cloudy 15 precipitate in the solution is observed, part of which is fixed on the reactor's axis
(scaling). The gizg,ahthegpaidicles fRrmeeis, AbRULARN Ny dhe meflumwiichs VebYementioned
non-homogeneous and rich in large particles, is not suitable for handling, particularly for
pumping Oper&HBHE 08t Graf NS MEaREES SR HRR SN 6@%15?@%&?9%%@% DGR BF 1S
AMPS greateraiian 226 ¥ weighhoidhe tairlkaass afie ipMolved manemense wsiig, aheutral, in
procedure identical to the one described in test (IL is implemented, the copolymer then being
made up, exprdSsed AN By WeilHE bIUABNSHRIES niBRoRSEI skilled) e B, RethiupyIiE1ine
acid, 25b) 38.5%petbytachinteneh2h.WaofANIRR. Nextone farmatias of irsalublesRReiRSon is
that precipitate jnto the medium are observed. 30The AMPS (1.2%, weight for weight) was

then replaced By &n6ther monomer implemented in the ASE and HASE emulsions: either
acrylic atid, or methacrylic acid, or an ester which is ethyl acrylate. Homogeneous emulsions
are not achieved; the observations are the same as befare, with the formation of a precipitate,
the scaling phaRbmERof, KA the HAHRIEN EohaBqUahCEL kAT BHLLIR et AP & BT 2% on
weight for weightiewaspeeplacpapaittostiigns hpisgunaihasryiaia2nsutiaethylsnghaciylateent, a
sodium styrene sulfonate, sadium salt of 1 - allyloxy-2-hydroxypropy].sulfonate (Sipomer

COPS 1), achiSoitg BATEAATHIRS OO BrSANT A SoAT BTG enom. Tests #2

to 10 according to the invention Tests #2 to 10 relate to the synthesis of other emulsions
illustrating the jnyention, accarding to the.same procedure as described.above,.10 Tests 42 to
7 ustralg ot NG Bod Y OR Al AR od 4t BRI T N VReie g e
to 10 illustrateadthenéiittsdevels]{{be, nass fatioubetoe ériathyhaseyl afie@andmoathaerylie abided

has been kept coqstant o . . . . ,
paint, a pdper coating, an aqueous suspension of mineral materials, a detergent, a

cosmetic formulation, or containing a hydraulic binder.

20



15Perfectly homogeneous emulsions are achieved, whose characteristics appear in table 1.
Test # Monomer composition (A) by mass) Solids content (A)) Particle diameter (nm) 1.2
AMPS / 62.3 EA/36.5 MAA 34.02122 1.2 AMPS /746 EA/18.5 AA/5.7 MAA 32.3 214 3
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EXAMPLES

Example 1

This example concerns the synthesis of various ASE and HASE emulsions, without

surfactants and without solvents other than water.

Test #1 according to the invention

This test concerns the fabrication of an ASE emulsion, containing a copolymer made up

of, expressed as a % by weight of each of its monomers:

a) 36.5% methacrylic acid,
b) 62.3% ethyl acrylate,
¢) 1.2% of AMPS.

In a 1 liter reactor equipped with mechanical agitation and an oil-bath heating
system, 605 g of bipermutated water and 7.5 g of a solution of AMPS are added (a 55%
solution of sodium hydroxide-neutralized AMPS in water, sold by the company

LUBRIZOL™ under the name AMPS 2405).

The medium is heated to 82°C, then the catalytic system made up of 1.0 g of ammonium
persulfate dissolved in 10g of bipermutated water and 0.1 g of sodium metabisulfite

dissolved in 10 g of bipermutated water is added through a funnel.

Next, 215 g of ethyl acrylate and 140 g of methacrylic acid (90% solution) are then
continuously and gradually added.
Throughout the entire addition process, the reaction medium's temperature is kept at

85°C (+ 2).

Once adding is complete, the pump is rinsed with 15 g of bipermutated water, then it is

left to react for 30 minutes at 85°C (& 2).




1.2 AMPS/68.7 EA/18.6 AA/11.5MAA32.111541.2 AMPS/61.3EA/1.7 AA/35.8
MAA 32.1 1985 1.2 AMPS / 60.3 EA/ 3.3 AA/ 35.2 MAA33.1 198 6 1.2 AMPS / 53.25 EA/
28.9 AA /6.9 MAA /9.75 MethC220E2538.5 183 7 1.2 AMPS / 62.2 EA/ 28.5 AA/ 3.3 MAA/
4.8 MethC220E2538.5 153 8 10 AMPS / 57.9 EA/32.1 MAA 34.0
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Next, 0.15 g of ammonium persulfate dissolved in 20 g of water is added in 30 minutes

while keeping the temperature at 85°C (+ 2) and it is left to react for 1 hour at 87°C (+ 2).

The result is a perfectly homogeneous emulsion containing 34.0% by weight of solids

content, whose particle size, measured by dynamic light scattering, is equal to 170 nm.

Comparative tests

It was first sought to manufacture the same polymer as in test 1, but without
implementing AMPS, i.e. a polymer made up of 36.5% by weight of methacrylic acid and
63.5% by weight of ethyl acrylate.

To do so, the same protocol was implemented as before, except for the initial addition of
AMPS. After having been allowed to react at 85°C for 1 hour, the formation of a cloudy
precipitate in the solution is observed, part of which is fixed on the reactor's axis
(scaling). The size of the particles formed is about 400 nm. The medium which is very
non-homogeneous and rich in large particles, is not suitable for handling, particularly for

pumping operations. Storage might lead to sedimentation of the product.

Next, a quantity of AMPS greater than 22% by weight of the total mass of the involved
monomers, using a procedure identical to the one described in test #1, is implemented,

the copolymer then being made up, expressed as a % by weight of each of its monomers:

a) 36.5% methacrylic acid,
b) 38.5% ethyl acrylate,
c) 25.0% of AMPS.

Next, the formation of insoluble species that precipitate into the medium are observed.

The AMPS (1.2%, weight for weight) was then replaced by another monomer
implemented in the ASE and HASE emulsions: either acrylic acid, or methacrylic acid, or
an ester which is ethyl acrylate. Homogeneous emulsions are not achieved; the
observations are the same as before, with the formation of a precipitate, the scaling

phenomenon, and the harmful consequences that ensue.




2209 15 AMPS / 55.4 EA 1 29.6 MAA 34.0 280 10 20 AMPS / 52.9 EA / 27.1 MAA34.0 319
Table 1 20In this table, MethC220E25 designates a monomer with formula (1) in which It
designates the methacrylate function, m=p=0, n=25, and R' designates a methyl group, EA
designates ethyl acrylate, and AA and MAA respectively designate acrylic and methacrylic
acids. 13 Example 2 This example illustrates the thickening power of the inventive emulsions

implemented iM\Wster WSich(d Way 4% to Vgt afactiVEshgredisnt rVetes ot by by ne- “U‘yl

polymer weight, & iftgnheing addeehto waé@aradp%t@ed&mlﬁ Reutilized iy RAdingG $RAIIM of 1-
hydroxide at a pll of around 6.5, and the BrookfieldTm wscos%/ of the medium is measured,

at 25 and at 100e¥SIAtRKEMRIREY WiBHERES LS BRMidtet i Babte 24BiRY mw%&ea&&imma
test # 13rookfigldplnissositydmRadicaling phenomenon).

5
Tests #2 to 10 according to the invention
Tests #2 to 10 relate to the synthesis of other emulsions illustrating the invention,
according to the same procedure as described above.
10

Tests #2 to 7 illustrate other monomer compositions with an AMPS mass rate set to
1.2%, while tests #8 to 10 illustrate other AMPS levels (the mass ratio between ethyl

acrylate and methacrylic acid has been kept constant).

15 Perfectly homogeneous emulsions are achieved, whose characteristics appear in table 1.

Solids
Test Monomer content Particle
# composition (%) diameter
(% by mass) (nm)
1 1.2 AMPS/62.3 EA/36.5 MAA 34.0 212
2 1.2 AMPS/74.6 EA/18.5 AA /5.7 MAA 32.3 214
3 1.2 AMPS/68.7EA /186 AA/11.5 MAA 32.1 115
4 1.2 AMPS /613 EA/1.7AA/35.8 MAA 32.1 198
5 1.2 AMPS/60.3 EA/3.3 AA /352 MAA 33.1 198
1.2 AMPS /53.25 EA/28.9 AA /6.9 MAA
6 /9.75 MethC220E25 38.5 183
1.2 AMPS/62.2EA/285AA /3.3 MAA/
7 4.8 MethC220E25 38.5 153
8 10 AMPS /57.9 EA/32.1 MAA 34.0 220
9 15 AMPS /554 EA/29.6 MAA 34.0 280
10 20 AMPS /529 EA/27.1 MAA 34.0 319
Table 1

20 In this table, MethC220E25 designates a monomer with formula (I) in which R
designates the methacrylate function, m=p=0, n=25, and R’ designates a methyl group,
EA designates ethyl acrylate, and AA and MAA respectively designate acrylic and

methacrylic acids.




of the gel at 5% 1 3420 8 2920 9 1880 10 1440 10Table 2 The thickening nature of the
manufactured emulsions is thereby demonstrated, starting when they arc placed in aqueous
solution and under alkaline conditions. Example 3 Thig @xample illustrates the
implementation, in formulating a concrete, of commercial ASE thickeners (containing
surfactants) and an inventive emulsion free of surfactants. To do so, a concrete is produced
using techniquEd M Géscribed in the literature, made up of: 300 kg of CEM 152.5 N
cement; 25- 880 of large 10/20 gravel; 110 kg of 0/4 sand;
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This example illustrates the thickening power of the inventive emulsions implemented in
water in such a way as to have an active ingredient level of 5% by dry polymer weight.

After being added to water, the medium is neutralized by adding sodium hydroxide at a
pH of around 6.5, and the Brookfield™ viscosity of the medium is measured, at 25 °C

and at 100 revolutions/minute, whose values are listed in table 2

Brookfield™ viscosity
Emulsion according to test # (mPa.s)

of the gel at 5%

1 3420
8 2920
9 1880
0 1440

—

Table 2

The thickening nature of the manufactured emulsions is thereby demonstrated, starting

when they are placed in aqueous solution and under alkaline conditions.

Example 3

This example illustrates the implementation, in formulating a concrete, of commercial

ASE thickeners (containing surfactants) and an inventive emulsion free of surfactants.

To do so, a concrete is produced using techniques well-described in the literature, made

up of:

- 300 kg of CEM I 52.5 N cement;
- 880 of large 10/20 gravel;
- 110 kg of 0/4 sand;

whose water-to-cement ratio W/C is set to 0.5, and into which the following are added, in

relation to the cement's dry weight:




14 1.23% by weight as-is of a dispersing agent sold by the company COATEXTm under the
name Ethacryl'm 1030; 1A by weight as-is of an anti-foaming agent sold by the company
HUNTSMANN under the name Empilarr FM pi: 7169. 54Tests A. B, C, and D. respectively
implement 0.7% by-weight as is in the concrete formulation: an ASE emulsion containing
surfactants sold by the compam{ COATEXIm under the 10name ViscoatexTm 730; an ASE
emulsion containirg?SUtfAEAKIEY Gt By tHe COPRPEMN) EOA TEX EXM U BePREh e TEX ™ under
ViseoatexTM 35; yjamkhA S amyisionggntaining surfacumts sold by the company
COATEXTm under the name ViscoatexTm 66; 15an emulsion according to the invention N
which is described fit st G aeh 1B TBE AR das e A YAt AP R idhQUFSAIANNT
according to the EMdx360nastandayith 6% 1269%, 12.5%, and 2.5% are respectively
achieved. 20The thickening emulsion therefore makes it possible to considerably reduce the

guantity of air added into the formulation. The end result is therefore a product which is more
compact, with ineprovedesistanced, 12pecAIMH implénieath@dfobmnanifacting m palyreidiete
direct aqueous_,emu}si_on._characterized in that said method uses the polymerization reaction

of, expressed g%’%’BS‘B?/\Neight of each 5of the monomers: a) 20% to 60% by weight of
methacrylic acid, and potentially acrylic acid, b) 40% to 80% by weight of at least one ester of

ggizt’h)acrylic a—Cid’an ASECglgqu?{%tgo% ‘a(;/gig \s/\{l?* pttaglszs_o %r%?"tﬂied86%3&%5“@899?%9&%‘%ffu%@icme
10 name Viscoatex™ 730;
- an ASE emulsion containing surfactants sold by the company COATEX™ under the
name Viscoatex™ 35;
- an HASE emulsion containing surfactants sold by the company COATEX™ under

the name Viscoatex™ 66;

15 - anemulsion according to the invention, which is described in test #1.

For each test A, B, C and D, the entrained air is measured, according to the EN 12350-7
standard. 9.5%, 12.0%, 12.5%, and 2.5% are respectively achieved.

20  The thickening emulsion therefore makes it possible to considerably reduce the quantity
of air added into the formulation. The end result is therefore a product which is more

compact, with improved resistance.




10d) 0 to 1% by weight of at least one cross-linked monomer, the total a) -4- b) + ¢) + d) being
equal to 100%, Or 15a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
b) 40% to 80% by weight of at least one ester of (methj)acrylic acid, c) 0.5% to 25% by weight

of the monomer containing a hydrophobic group, d) 0.05% to 22% by weight of
2-acrylamiclo-2-methylpropane sulfonic acid, e) 0 to 1% by weight of at least one cross-linked
monomer, 20the total a) + b) + c) + d) + e) being e&da‘?‘t’é 0%, and characterized in that

said method is free of surfactants and solvents other than water. 2 - A method according to
claim 1, characterized in that the ester of (meth)acrylic acid is 25chosen from among ethyl _
acrylate, butyl Acr{1até HREHIT BRHATYIERS SRa AL S IRSHEIICSUS A MBI SCaBIdRiEEE in
one of the claimatl4iti 2naharactesizedis fhat theiororanish M taipiog &l hxdrophobie WAL cach
possesses the _eggral formula (I): 16 where: -m, n, p and g are integers and in, n, p are less
than 150,7Q is fj%et teP SR8 %and at least one integer among in, n and p is honzero;

a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,

b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,

¢) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
10 d) 0to 1% by weight of at least one cross-linked monomer,

the total a) + b) + ¢) + d) being equal to 100%,
or

15 a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,
¢) 0.5% to 25% by weight of the monomer containing a hydrophobic group,
d) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
e) 0to 1% by weight of at least one cross-linked monomer,

20 the total a) + b) + ¢) + d) + e) being equal to 100%,
and characterized in that said method is free of surfactants and solvents other than water.
2 - A method according to claim 1, characterized in that the ester of (meth)acrylic acid is
25  chosen from among ethyl acrylate, butyl acrylate, methyl methacrylate, and mixtures

thereof.

3 - A method according to one of the claims 1 or 2, characterized in that the monomer

containing a hydrophobic group possesses the general formula (I):

=
h/y—
-.(_i;
LQ |
R




R has a polymerizable vinylic function, R1 and 12) are identical or different, and represent
hydrogen atoms or alkyl groups, R is a hydrophobic group comprising at least 6 and at most
36 carbon atoms. 4 - A method according to one of the glaims 1 to 3, characterized in that the
cross-linked 10 monomer is chosen from ethylene glycol dimethacrylate,
trimethylolpropanetriacrylate, diallyl phthalate, allyl acrylate, ally] maleates,
methylene-his-&Beyfamide, methylene-bismethacrylamide, tetrallyloxyethane,
triallylcyanurates, and allylic ethers obtained from polyols. 155 - A method according to one of
the claims 1 to 4, characterized in that the aqueous emulsion exhibits a solids content of
between 10% ard 50%’y’d‘ﬂfjv@éi‘é‘hf’8?%3!%’?&3‘1n“relhﬁ’i&‘nl‘iéﬁi@%tbﬂvéﬁdﬁﬁmateé than 0, and at
method according toQReRthslaimgchiond, characiergagtio;that the aqueous 20emulsion
exhibits ag)article size between 50 nm and 500 nm. 7 - A method according to one of the

claims 1 8 6, charadtehisetinp YA tRP SOy HEF LXMiBR8-an average molar mass by weight of
between 20,000 g/rmp| and i, 3R0;80QigAMme! d25&enh dikeetaueousEoidiseioms amRokyneoups,
characterized in that it is made u;ﬁ, %((Press as % hy.weight of each of the m nomers: a)
20% to 60% by weight BFhIHARR) a%’ia?léﬁ&’%féﬂﬁ?a‘i‘i)%f& IQSEI, MOShy 2685 18 S5% By
weight of at least one ester of (meth)acrylic acid, 30c) 0.05% to 22% by weight of

2-aerylamido-2-methylpropane sulfonic acid, d) 0 to 1% by weight of at.least one cross-linked

onomer, the foh &) LY 25 T b ig bELATSS ba 7 et by BT s e
of methapoylic agifloaed potkosiallyracryihweid, ply40Paim80%6rpiaweigm ahplolpaspone estetate,
of (meth)acrylig.agid, 2% t0,25% by weight of the monomer, containing a hydrophaobic ..
group, d) %%&n‘%%%o“b?/@i?gcﬁgﬁcz-%aﬁ] rly gcrlr%‘l” gejsz-lrlrl\ereqm ﬁ]reop%isn%cgylf oxn% ’a%((%f\)ﬁéc)né bis
to 1% by weighhahatidastidneteratisibnkedamanoiidy]cyanurates, and allylic ethers obtained from

polyols.

15 5 - A method according to one of the claims 1 to 4, characterized in that the aqueous
emulsion exhibits a solids content of between 10% and 50% by dry weight of polymer, in

relation to its total weight.

6 - A method according to one of the claims 1 to 5, characterized in that the aqueous

20  emulsion exhibits a particle size between 50 nm and 500 nm.

7 - A method according to one of the claims 1 to 6, characterized in that the polymer

exhibits an average molar mass by weight of between 20,000 g/mol and 1,000,000 g/mol.

25 8- A direct aqueous emulsion of a polymer characterized in that it is made up, express as

a % by weight of each of the monomers:

a) 20% to 60% by weight of methacrylic acid, and potentially acrylic acid,
b) 40% to 80% by weight of at least one ester of (meth)acrylic acid,

30 c) 0.05% to 22% by weight of 2-acrylamido-2-methylpropane sulfonic acid,
d) 0 to 1% by weight of at least one cross-linked monomer,

the total a) + b) + ¢) + d) being equal to 100%,

or




the total a) + b) + ¢) + d) + e) being equal to 100%, and characterized in that said emulsion is
free of surfactants and solvents other than water. 9 - An emulsion according to claim 8,
characterized in that said monomer containing one hydrbphobic group has the general
formula (I): R2 it R' where: 15-m, n, p and g are integers and m, n, p are less than 150, q is
greater than O, and at least one integer among m, n and p is nonzero; R has a polymerlzable

vinylic function, Rf‘?int{tiollf?t% [adRRsIY Qiffardheang ?éb?e‘%h?‘ﬁ;‘/&%&éﬁ“dﬁ@%é’%f alkyl
groups, R' is a hydropltebio gmpmamgnsm@ak@ash@ anel at mash ik caikbandatoms, 20 10 -
An emulsion accorg ”(95t19? e clalm fji Tr 9, characterized in th%tté—l é’ﬁ? ss linked
monomer is choséh fiom ‘athyieite Gy EbHdin eBsdRRISTB A RISHY IS OSSP ARR B8 Pdially
phthalate, allyl acMa@OWdﬂ&Mg%W@qm—aﬁr&dﬁmmmly propane sulfonic acid,

methyleneg-bis- metgas h}élé}@ e, tetrzg!%lp yFthgne trlallylf(})/?n mtes, and 25allylic ethers

151.0ne Cros monome
obtained from pon Is Sioh AcCor ing'to one fite CAIME B to 10, characterized

in that it exhibits alsolidsl @()Htémﬁof)bletween 160%g andab094 &Y 6lry weight of polymer, in
relation to its total weight.

and characterized in that said emulsion is free of surfactants and solvents other than
water,

10
9 - An emulsion according to claim 8, characterized in that said monomer containing one

hydrophobic group has the general formula (I):

‘ Pkﬁ” ﬁf/lﬁ(]f'

o —q

/

where:

15 - m, n, p and q are integers and m, n, p are less than 150, q is greater than 0, and at
least one integer among m, n and p is nonzero;
- R has a polymerizable vinylic function,
- Ry and R; are identical or different, and represent hydrogen atoms or alkyl groups,
- R’ is a hydrophobic group comprising at least 6 and at most 36 carbon atoms.
20
10 - An emulsion according to one of the claims 8 or 9, characterized in that the cross-
linked  monomer is  chosen  from  ethylene  glycol  dimethacrylate,
trimethylolpropanetriacrylate, diallyl phthalate, allyl acrylate, allyl maleates, methylene-
bis-acrylamide, methylene-bis-methacrylamide, tetrallyloxyethane, triallylcyanurates, and

25  allylic ethers obtained from polyols.

11 - An emulsion according to one of the claims 8 to 10, characterized in that it exhibits a
solids content of between 10% and 50% by dry weight of polymer, in relation to its total

weight.




Is 12 - An emulsion according to one of the claims 8 to 11, characterized in that it exhibits a
particle size between 50 nm and 500 am. 13 - An emulsion according to one of the claims 8 to
12, characterized in that the polymer exhibits an average molar mass by weight of between
20,000 g/mol and 1,000,000 g/mol. 14 - The use of the emulsion according to one of the

claims 8 to 13, as a thickening agent of an aqueous formulation. 1015 - The use according to
claim 14, chardéteri?eeniy ek 8558 N tishaG BRGSERTHBAS dMahe A AHGEdndghmexpibits a
paper coating, @m@qg@g@g@mgwQﬂﬁqﬁmmraﬁnmaterials, a detergent, a cosmetic
formulation, or a formulation containing a hydraulic binder. 16 - An aqueous formulation

containing the emulsion according to one of the claims 8 to 1513. 17 - A formulation according
to claim 16, chasacigrigadiithatdbigighasemdrenhariangsBwater-basacigaiot) & panehc polymer

coating, an aqueoys suspension o mincral paterigls, pdeeIgen RGPS PTBEHED ol
14 - The use of the emulsion according to one of the claims 8 to 13, as a thickening agent

of an aqueous formulation.

10 15 - The use according to claim 14, characterized in that said formulation is chosen from
among an aqueous paint, a paper coating, an aqueous suspension of mineral materials, a

detergent, a cosmetic formulation, or a formulation containing a hydraulic binder.

16 - An aqueous formulation containing the emulsion accordiﬁg to one of the claims 8 to

15 13,

17 - A formulation according to claim 16, characterized in that it is chosen from among a
water-based paint, a paper coating, an aqueous suspension of mineral materials, a
detergent, a cosmetic formulation, or a formulation containing a hydraulic binder.

20




