WO 02/ 12360 PCT/ EPO0/ 07677 5 Aqueous Copol ynmer Thi ckener Conpositions 10
This invention relates to copolyners of ethylenically unsaturated acid
nononer s Wwd dy/1250edr ophobi ¢ ester nononers useful as associpgdnm@obfy7ekeners
i n agueous conpositions such as aqueous coating conpositions, for exanple,
pai nts, varnishes or woodstains. It also relates to a process for
obt ai ning the conpositions. 15 Waterborne conpositions such as waterborne
pai nt coatings can be lowin viscosity naking themdifficult to use.
Application of such |ow viscosity coating conpositions to vertica

surfaces can be very difficult or inpossible as they tend to run and sag
resulting in unsightly appearance and/ or uneven coverage. In the case of
conpositions applied by 20 brush, such as paint coatings, |ow viscosity can
al so be problematic as the user is unable to pick up sufficient coating on
the brush without it dripping off. Consequently, only very small areas of
substrate nmay be covered before the brush needs to be | oaded again. Such

| ow brush loading is both inconveni ent and unproductive. 25 Paint coatings
provi de both protection and decoration to articles and structures. A paint
coating normally conprises a synthetic organic copolynmer binder, fillers,
extenders, pignents and conventional paint additives including biocides,
antifoam ng agents or coalescing solvents. In the dried paint film the
pol ynmeri ¢ bi nder binds t hejuensnCopblymerditpdieaet €onguositions t he pi gnents and
fillers &ogether and provi des adhesion of the dried 30 paint filmto the
substrat®. Mdification of the pol ynmer binder allows the properties of the
pai nt to beTh@ih@tidntBlaRANS 6 @zhe@nﬁ* EAERSNS, udRRrREYIBR okt iliner s
may be WO 02/ 12360 PCT/ EPO0/ 0767 2 organic or inorganic and contribute to
col our and kyhephopiapteronpramapufefnl aetdsecngye thickeaetdiit iaquedus chmpdsigss and
durabl1ity. 28R AALAL GORd DER AR B Libhbg Sfin0RRARL &' WoasRh TR ©

and can be d&Scri as’ ¢
also relates to a process for obtaining the compositions.

15
Waterborne compositions such as waterborne paint coatings can be low in viscosity
making them difficult to use. Application of such low viscosity coating compositions to
vertical surfaces can be very difficult or impossible as they tend to run and sag resulting
in unsightly appearance and/or uneven coverage. In the case of compositions applied by

20 brush, such as paint coatings, low viscosity can also be problematic as the user is unable
to pick up sufficient coating on the brush without it dripping bff. Consequently, only
very small areas of substrate may be covered before the brush needs to be loaded again.

Such low brush loading is both inconvenient and unproductive.

25  Paint coatings provide both protection and decoration to articles and structures. A paint
coating normally comprises a synthetic organic copolymer binder, fillers, extenders,
pigments and conventional paint additives including biocidés, antifoaming agents or
coalescing solvents. In the dried paint film, the polymeﬁc binder binds the insoluble
components, such as the pigments and fillers together and provides adhesion of the dried

30  paint film to the substrate. Modification of the polymer binder allows the properties of
the paint to be tailored to particular applications. The pigments and fillers may be



5 1n order to overcone the problemof |ow viscosity and poor application
properties in waterborne conpositions in general and paint coatings in
parti cul awo g21123¢8 known to add materials such as pol yneripgeipoeheaer s

whi ch increase the viscosity of the conposition. Polyneric thickeners fall
into a nunber of categories. There are the water soluble 10 pol yners such
as the natural guns, and resins, for exanple gum arabic and sodium al ginate
and the synCREFIGCOR gEnE EN Wity i agloun ki hpdcity rmdertbersoptiehl effasse in

derivatives acludi \V hyl ocel | ul ose, . hydroxy ethyl cell ul gse
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neutralised acid groups such as salts of 15 polyacrylic acid and
pol ymet hacrylic acid. It is thought that such water sol uble polyner types
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very high aci g content, internally crosslinked %ol ynmer mcroparticles
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as a result of water and solvent ingress. The resulting increase in vol une
occupi ed by the swollen particles causes the viscosity to rise. Exanples of
such 25 t hi BRleners thickelkSE {80 IntASE nfimben\wdi dasdgbed. rimarfRabyniand atdaasiuble
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alternative to this i s where the hydrophobic sidechali nS are attache
backbon® viBOIHaCTYlsnerithgaft pipethacrfioamd. Exanpl es of associ ative thi ckeners
are non ionic

It is thought that such water soluble polymer types increase viscosity of aqueous

formulations by entanglement of portions of adjacent polymer chains.

20 Another important class of resinous thickeners are the microgel alkali swellable
emulsion thickeners. These are typically very high acid content, internally crosslinked
polymer microparticles dispersed in aqueous medium which on addition of base swell
substantially as a result of water and solvent ingress. The resulting increase in volume
occupied by the swollen particles causes the viscosity to rise. Examples of such

25 thickeners are ASE 60, ASE 75 (available from Rohm and Haas, Philadelphia, USA)
and the like.

A third class of water soluble thickeners is the associative thickeners. These are
copolymers containing both hydrophobic and hydrophilic groups typically in a comb
30 configuration comprising a backbone and pendant side chains. The backbone is a

hydrophilic polymer comprising water solubilising groups. The side chains (or “teeth” of



5 hydrophobi cally nodi fied ethyl ene oxi de urethane (known as HEUR),
hydr ophobi cally nodified al kali sol ubl e enul sion (known as HASE) and

hydr ophobwealdaligz¢andi fi ed hydroxyet hyl cel | ul ose (known as pdyrite®h7677
Associ ative thickeners are thought to caudse thickening by the association

of the 10 hydrophobic portions of one thickener nolecule with the
hydr ophobi ¢ portions of another thickener nolecule. The presence of other

hydr ophobi c tb&cﬂw argpydepliobtr, sipi¢adly containgad iemigautioyd chaiss, mnd dopetht dttackesl

of fers furt tun| 831 for, associatiaon

i nt er connec lbe 5 E? L8NG %’Eﬁ%’l %eﬂilacﬁ@%\dfk ﬁ&@éﬁ%@ﬁ?@&%@ %HWO':%%S i
The preci Seallf@h&ifv% to @ifis lsheheaé &Q(Hydidf‘hﬂblb $ideehaifd £8khitadhedl td thelbacitdasghta t hat
van der Waals forces are involved ypi cal |y, associative thickeners are

made by a plESedydiapbils sowhul szplfﬁoquneass@aqﬁmnthlﬂmetsomv@nmmnmmc

el si on, POLYABEA SR O REARESH DY SLES.LIGAAdbLh o poRokyISELBRbLOR !

wat er i mm sc eni ca nsaturate ners usin

initiator i moﬁff&:dpﬂlkslermmbdﬁ eﬁmtsicmc(mtm As VIBASF) ahd HySirdphebighly hiwtifisuch

20 imm sci bl e, nononers. are present_in the water predom nantly as droplets

of appr oxi TQ¥V%W1W@P&W§WWSM@). Addi tional ly, |esser portions of

these nmononers w1l be dissolved in the water. On raising the tenperature,

pol ymeri sation begins in the water phase produci ng substantially water
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t he samdS nononer units in type and proportion.

Typically, associative thickeners are made by a process known as emulsion
polymerisation. The conventional emulsion polymerisation process involves the addition
polymerisation of water immiscible ethylenically unsaturated monomers using a
polymerisation initiator in the presence of surfactant in water. It is thought that such
20 immiscible monomers are present in the water predominantly as droplets of
approximately 200 microns in diameter. Additionally, lesser portions of these monomers
will be dissolved in the water. On raising the temperature, polymerisation begins in the
water phase producing substantially water soluble copolymer molecules which, as
polymerisation continues, increase in molecular weight until they become completely
25  insoluble in the water and consequently precipitate to form the polymer particles. As
polymerisation proceeds further, monomer migrates from the large monomer droplets
through the water phase and into the particles, eventually consuming the available
monomer to form the copolymer microparticles of the dispersion, of diameter up to
about five microns stabilised by surfactant. The microparticles so formed are ordinarily

30 of substantially uniform copolymer composition. By uniform composition is meant that



Al t hough the nononers in conventional enul sion polynerisation are
substantially 5 immscible in water, it is essential that they have at
| east a myig gauazesol ubility in water in order for polynerigaiimootad7t ake
place. It is thought that this is because the polynerisation initiator
used in enul sion polynerisation is water soluble and thus can only
initiate polynerisation effectively in the water phase. This creates a
pr obl em f or all méribersrisropatinleasosipeias phbstettiady rthé atmee wiinomearmits ipaygeamid i n
provi ding a_co 10 copol yner of pendant side chains of the correct
hydr ophobi cPt¥? MBnomers such as stearyl methacrylate have very |ow water
solubility and cannot therefore effectively copolynerise with other nore
wat er sol ubl e nononmers using this process. Additionally, the migration of
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the water insoluble _nononer, the copolynmer conposition thus forrmed wll
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conprising mcfoparticles o fering cop y conposi ti1on.
t hi ckeni ng mp@ﬂwmtnsesmﬁf otherahora vwht&mehﬂﬂ@moammerpmejmgslhin@eochkne Adbticmiigner s
are not use effetlv tofornbthe eferred cgg_b structure. In _a variant
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droplets, leading to very large polymer particles which are unstable, in that they

precipitate, and contribute to reactor fouling during polymerisation. Furthermore, as the

20  more watersoluble monomers copolymerise largely in the absence of the water insoluble
monomer, the copolymer composition thus formed will differ from that produced by
polymerisation in the large monomer droplets, which is rich in the water insoluble

monomer. This results in a dispersion comprising microparticles of differing copolymer

composition. The thickening properties of such a dispersion are poor since the

25  monomers are not used effectively to form the preferred comb structure.

In a variant of the conventional emulsion polymerisation process water insoluble
monomers can be polymerised by emulsion polymerisation by adding large amounts of
water compatible volatile solvents, such as alcohols to the water to increase the water
30  solubility of essentially hydrophobic monomers such as stearyl methacrylate so that

polymerisation in the aqueous phase (comprising substantially water and lesser amounts



of solvent) can take place. However, such solvents are also effective chain
transfer agents and reduce the nol ecular weight as well as altering the

st ruct ur ew@fo2i1hssor esul ting copol yner conpared to that progueEadohen
pol ynmeri sation takes place in water. O dinarily, such a process is

preferred for producing copolynmer of nolecular weight less 5 than 100, 000
(as neasured by Gel Perneation Chromatography) but this | eads to poor
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products such as coatings or adhesives. This can manifest itself in various

ways. For &RarpIeeni siindads e wiatde atdanly jobvest bublsh sompositienpmasdirsiebeof
water, it p dj .yes, d.vely blisters appear foll ow ng

conti nued eg%}&éyuefiéért%gg%gjﬁs%fgqh%%a# r%% ity. Indeed, the poor water

resi stance of the thickeners limts the anount of thickener that 20 can be

added to waterborne products to a few parts per hundred. Attenpts to
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copol yner conpositions o eni‘cal 'y unsaturated non containing a
car boxyl i ¢ ashangmeuifiic2ht @nuodipe topd@Pitentidroyagticésad frundfokyt coapositiad e
nononmers where the long chain alkyl noiety contains from 10 to 30 carbon
atons. The presence of the highly hydrophobic Iong chain alkyl noieties

means that tHe;qePot ¥ERhiMAaRid Sl A thdaRe8 ﬁ%ﬂﬁoﬂﬂlﬂ;@ﬁ&%ﬁ hl'eywate

recovered by centrifugaticon. Such copolyners are iInconvenient’a costﬁy to
make as 15t hegnsitust atse cergequentlydthey omdtudre poog st olstaact iprdmad fomusdéed They

al so cause 30 consi gtgrabl . water sensitiyvity in t.g% dr aint filns,
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example when the dried coating is scrubbed in the presence of water, it partly dissolves.
Alternatively blisters appear following continued exposure to water or high humidity.
Indeed, the poor water resistance of the thickeners limits the amount of thickener that

20  can be added to waterborne products to a few parts per hundred.

Attempts to improve the performance of the associative thickeners have been made.
United States patent specification US 3 915 921 issued in 1975 discloses copolymer
compositions of ethylenically unsaturated monomer containing a carboxylic acid group
25 and up to 50% of long chain alkyl acrylate monomers where the long chain alkyl moiety
contains from 10 to 30 carbon atoms. The presence of the highly hydrophobic long chain
alkyl moieties means that the copolymer has to be made in benzene and subsequently
recovered by centrifugation. Such copolymers are inconvenient and costly to make as
they must be separated from the organic solvent prior to use. They also cause
30  considerable water sensitivity in the dry paint films, presumably due to the high acid

content.



6 European patent EP O 707 110 Al, published in 1996 describes an aqueous
acrylic copolyner for use in paper sizing conpositions. The conposition
conpri seswabnu3d®0% acrylic acid, 10% stearyl nethacryl atrT/EOMITYI
acrylate and a minor anmount of chain 5 tréansfer agent. This copol ymer is
prepared by substantially the sanme nmethod as the conventional aqueous
emul si on pol ynerisation process described above. The resulting dispersion
of acrylic copolymer mcroparticles does not have uniform pol yner

conposi ti ong kPhLRPAST 0 A CKeNRg &d G ' el RPN
causes poor &gﬁgﬁ bregistance in the ?@g@ pg?ﬁ?g?ﬁgﬁfﬁ%ﬁﬁé'?g£@55§%2%3the
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t hi ckening properties and are substantially solvent free. Such dispersions
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associ ati ve thickener, conprising copolynerised ethylenically unsaturated

25 monomer s thahthswgHicsens polyaiegsttiqngaederes porEmeroampaskiogh whish dormst have
copol yner) bkt 80,30 . f j |11 r L romil to
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car bon 1?0 atonms WO 02/ 12360 PCT/ EPO0O/ 07677
It has now been discovered that aqueous dispersions of copolymer microparticles
containing a portion of substantially water insoluble monomer can be made which are of
high molecular weight, uniform composition, have improved thickening properties and
are substantially solvent free. Such dispersions are useful as thickening agents in

20  waterbome compositions generally, and paint compositions specifically. The dried paint

films containing such thickeners are of improved water resistance.

Accordingly, this invention provides an aqueous dispersion of polymeric microparticles,
useful as an associative thickener, comprising copolymerised ethylenically unsaturated

25  monomers in amounts by weight (based on the total weight of the copolymer) of

1) from 10 to 90% carboxyl functional monomer
ii) from 1 to 50% long chain alkyl ester of acrylate or methacrylate monomer where
the alkyl chain contains at least 11 carbon atoms and preferably up to 22 carbon

30 atoms



7 i11i) fromO to 89% short chain acrylate or nethacryl ate nononer sel ected
from nmethyl acrylate, ethyl acrylate, nethyl nethacryl ate and/ or ethyl

met hacryl @iogn2/1389d 1 v) optionally other ethylenically unsatpgratmeefg@noner s

5 wherein the mcroparticles of the dispérsion are substantially of uniform
copolymer conposition and the volatile organic solvent level is fromO to
1% by wei ght,_ (based on the total weight of the dispersion). 10 Preferably
the ievel ofilvol &om & tr ¥ Thoslophedmtaciyiate mnn@ha@ygtesmnqmaes@cmcbmm y

f 0.01 to 0. 3% f f 0..05% 0. 2% | |
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ef fectiveness of ahde surfactant in stabilising the mcroparticles. At

hi gher levels it is much |less effective as a cosurfactant. 15 The car boxyl
groups of tHhe aqORdelyiotse edyismiceln upwetugatef spsomsas tial |y neutral i sed
especial ky when it is used to thicken aqueous conpositions. However, it is
nost conveni ent, especially for transport purposes and handling in
general , wheetelre tqueaupartidies périsé aispesicubst aibkiaatidly bn uiTReUtrsdlsed
formas it's viscosity, is, %%Eatively speaking, . low. This |low viscosity
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hi gher soli g% 6@NE6RNt &mgﬁ%géijsfén?t herwi se be possible mnimsing transport
and storage costs. "The nu r average particle dianeter size of the

unneutral i sed agueous dispersionis from0.01 to 5, preferably fromO0.1 to
3 mcro and re preferabl .1 to.1 mcrons. 25 The |lower particle

si zes a?g p? Eelf%%?%cﬁgeagvglh‘g{gvé}faﬁﬁﬁa{%ﬂlcéﬁg}@?h@rgqm On8, 0- 2 piereapiprahihe from
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copolymer is fn%n1100,000ﬁ§565,0 0, 000, ﬁgreagéngerag%§k%€%%?%§%aéﬁgﬁ%o

3, 500, 000 afielaiMgsrsamiesdyaiblisa cosundial, bandng BeCicOthess3E tNORRCHABED

PCT/ EPOO/ 07§£Zgﬂisi%g the microparticles. At higher levels it is much less effective as a cosurfactant.

15 The carboxyl groups of the aqueous dispersion can be at least partially neutralised
especially when it is used to thicken aqueous compositions. However, it is most
convenient, especially for transport purposes and handling in general, when the aqueous
dispersion is substantially in unneutralised form as it’s viscosity is, relatively speaking,
low. This low viscosity allows the aqueous dispersion to be filled into large containers at

20 higher solids content than would otherwise be possible minimising transport and storage

costs.

The number average particle diameter size of the unneutralised aqueous dispersion is
from 0.01 to 5, preferably from 0.1 to 3 microns and more preferably 0.1 to 1 microns.
25 The lower particle sizes are preferred as these produce smoother films, especially when

applied as thin paint films.

Preferably the molecular weight of the copolymer is from 100,000 to 5,000,000, more
preferably from 150,000 to 3,500,000 and most preferably from 120,000 to 3,000,000.



Useful carboxyl functional nononmers are carboxyl functional ethylenically
unsaturated nononers including acrylic, nethacrylic, ethacrylic and

simlar |ganiakdeyl substituted acrylic acids. Methacryl ipgTASpd0ted7
preferred. Other useful acids include nal®ic acid and fumaric acid. 5
Referring next to the long chain alkyl acrylate or nethacryl ate nononers,
particul arl useful nononers are substantially water insoluble and

hydr ophobi c.Ussiiil cabpsylefitasisinakmonemergdee arrbagylyimetionel ethylesicaliy imsaprited

ester of an [ ' y, al vibng from.11 to._.22.0r higher r.bon
atons i ncl ué‘?d r?gﬂ{%gstﬂrn%u%g%rA;lcpg{léh{c%@%%ﬁﬂhﬁa%tr f/cfrgb% ,ancg élfri’léﬁé%vfl T a@%’? ﬂ‘%ﬁ%‘ti‘g or
met hacryl at ecrytietayids.delkethhatytic asidieblrdatad abennsist Ratsyihclasd YhrtEa®d and

met hacrylate, as well as nyristyl, decyl, palmtic, oleic, hydroxyl decyl
and simlar %PB% ¥hin aliphatic acrylates or nethacrylates. OF these,
stearyl gethacrylate is nost preferred. In a preferred aspect of this

i nvention, the nononer m xture includes between 20% and 15 90% of short

chai n acryl &eferong metthadhy laigechail kylestylarmnomBtiyiryRes Hoab@ed! pLtibithrly
acrylate, or t hyl met hacr@éléat e, or ethyl nethacrylate, where ethyl
acryl ate i sub‘fﬁlﬂé‘ PBCTS athsstaBhght Welaiteo e P pdypphobice Syitebie suarnples

polyneric t R GkRNArSrARCRHRA IR A Ssterl ibPRict HEviy bbd e
al | owi ng i ncrceas_ed tﬂyiqckeni ng ?n% %@d%@%ﬁﬁ?@?%&%ﬂ ?F%th??v}?ﬁqﬁ%g%lrt? ed
film 20 O R2oréidhgt emboakiomsunsladingdoedl aoplaterrsmethiaplatarethdegphtghad | y

m xed wi.th the abo describ nmononer s .i ncl ude pol yneri sabl e

eyl entlbal Py B0 e G0 iSRG oo HLery 8 Ay A RehyFYiate, as
mononer s di beArRhyddipbaas IR bRAS hyBRAYRiccy PV lilnfla RAQMRLS, Affflatic
acryl am de nononers. Vinyl esters include vinyl  acetate, vify 5

pr opi onat e, auyles o moflraandstes. Winkdse pesarplanetbacryliateyis miosopretamet. acet at es and
simlar vinyl esters; vinyl halides include vinyl chloride, vinyl fluoride
and vinylidene chloride; vinyl aromatic hydrocarbons include styrene,

met hyl st yr enggre@@icbdsisibdtar thio Ween@bik Yhe SbH6BBCSixture hANASIEERS 209 BYd
t ol uene and vi nyl naphthal ene; vinyl aliphatic hydrocarbon nononers

i ncl ude 1l pA& oopleshiors chije rendatetdyinethesty o pyleene frams abethyll amplatnc: 80y
%E LSP?;?BE’?%@I%\%E% m@ﬁly?ﬁf&h%%ﬁa%j, og ieﬁ&?%eﬁl%ggflaqg, W]he:f)’é gtﬁgfﬁz%irﬁ&% s preferred.
These short chain lower alkyl esters cause the polymeric thickeners according to this
invention to be more hydrophilic, allowing increased thickening and reduced water
sensitivity in the dried film.
20
Other ethylenically unsaturated monomers which can be optionally mixed with the
above described monomers include polymerisable ethylenically unsaturated monomers
such as vinyl monomers, acrylic monomers different from those mentioned above,
allylic monomers and acrylamide monomers. Vinyl esters include vinyl acetate, vinyl
25  propionate, vinyl butyrates, vinyl benzoates, vinyl isopropyl acetates and similar vinyl
esters; vinyl halides include vinyl chloride, vinyl fluoride and vinylidene chloride; vinyl
aromatic hydrocarbons include styrene, methyl styrenes and similar lower alkyl styrenes,
chlorostyrene, vinyl toluene and vinyl naphthalene; vinyl aliphatic hydrocarbon
monomers include alpha olefins such as ethylene, propylene, isobutylene and
30  cyclohexene as well as conjugated dienes such as 1,3-butadiene, methyl-2-butadiene,

1,3-piperylene, 2,3 dimethyl butadiene, isoprene, cyclohexadiene, cyclopentadiene and



1, 3-pi perylene, 2,3 dinethyl butadiene, isoprene, cycl ohexadi ene,
cycl opent adi ene and WO 02/ 12360 PCT/ EPOO/ 07677 9 di cycl opent adi ene. Vi nyl

al kyl et h@igspaiinsdoude net hyl vinyl ether, isopropyl vinyl ediatpooots7but yl
vinyl ether and isobutyl vinyl ether. Acrylic nononers include nononers

such as al kyl esters of acrylic or nethacrylic acid having an al kyl ester
portion containing between 3 to 10 carbon atons as well as aromatic
deri vat i ves dofychpeythdicnandinykelrsbetitns dndudchdthy UsiefLdthag tspbiopymeingh@ns:,

i nclude, for g | e, butyl.acrylate and thacrylate, . pro acryl ate and
et hacr yl at él,‘blgﬁ@?xeh ST ‘1!1 lsaﬁw%l S0%! SHer. e %P{QPQ%ES 1@5@11%%@3@9%%%@@ at e
and met hacr vk aligi egtemydr @lﬁnw &ﬁeﬁa&yﬂetaﬁﬁfﬁM@ &n alkggg&g b@f&%&éﬁ@@

nmet hacryl ate, benzyl acrylate and nethacryl ate,” vari
react ed wi t Retveaen i tp d Oarbonatanacasyw ¢lt anaiovstic Hyrivatixyd ofddeylic acrmbiiegliand

th tes. suchas. 10. hyd thyl . and hyd | | at d
ot hacr oF at S0ea G b e OR S ikl ek FREGiaTH Bl e Sl erebrsti s pect
of this inverpydacrylie bed BhapFefer 2bihy1 RetyIesR ke @Hmrﬁaﬂac}%%%g@@@{negpfn gOf

the ethyl enic nononers copol ynerised can conpri'se a divinyl
15 nononer . 2ty andi weHprrinodesryd pralatedendi micthpbrybde)z sodecylacrylate and

hexanedi ol di , w4l ht hl at e, and allyl ester.s of pentaerythritol.
Cr ossl i nki ng?e ?%a?é estg’t Fl%{zﬁi)}lée%l& af \X%Ei%&?fﬁﬁt?’ t O%ﬁﬁ?@ﬁgfethﬁﬁdreﬁ@?‘%émf}b

i ncrease t hecriylic choeningthaeffie cdci @b hgtinadl falign fuahtes addeRUd ey BRET §icANSS
When such crosslinking nononmers are used, the mcroparticles are

subst ant? al Pydoxedhyizng hyarogy paeme asoilatented methagwylasescindt sminaoicadaitamd

wei ght of the a%xgrl;ﬁQs‘?O' ynmer conprising the mcroparticles cannot be

determ ned Wltl}‘l ny certainty. It is also an aspect of this invention to
provi de a process for obtaining the thickener conpositions. 25
Accordingly, thi % i nvent i ogltf.ur.t her, provi des a gr ocess for producing an

aqueous di SR PEIFHCLIPEE P Y FEreRien. apaiPt Vel Rieieravie hetesrp inpas ad) 1%drhi ng
an aqueous ielheBYkis Oftyehic HhARSLS gﬁ 19mBi; % BOLSR L bstink
unsat ur at ed rr{[)gr}\lorrers ofynulrcrber averg eO gl}ﬂg%)%%gggﬂglcg%n@%? as‘?iglé&ﬁﬁm%ésohh%{mg
m cronsl5 3mopamehe Yrebs ehvieybmaaonkeacimtde dibingh bemachelr BexpaadibideRsy1a8, a
wei ght basi 8 ﬁbﬁls][%gl . L .

1allyl"phthlate and allyl esters of pentaerythritol. Crosslinking raises the molecular
weight of the copolymer and helps to increase the thickening effect obtained from such
aqueous dispersions. When such crosslinking monomers are used, the microparticles are
substantially insoluble in organic solvents and as such the molecular weight of the

20 copolymer comprising the microparticles cammot be determined with any certainty.

It is also an aspect of this invention to provide a process for obtaining the thickener

compositions.

25 Accordingly, this invention further provides a process for producing an aqueous

dispersion of copolymer microparticles which comprises

a) forming an aqueous miniemulsion of droplets of a mixture of ethylenically
unsaturated monomers of number average droplet diameter size up to 5 microns,
30 in the presence of surfactant, which mixture comprises on a weight basis (based

on the total weight of the mixture)



on the total weight of the m xture) WO 02/ 12360 PCT/EPOO/ 07677 10 i) from
10 to 90% car boxyl functional nononer ii) from1l to 50% | ong chain al kyl
ester of a@rodatge or net hacryl ate nononer where the al kylpcalaionotgnt ai ns
at least 11 carbon atons 5 iii) fromO too89% short chain acrylate or

met hacryl ate nononer selected from nethyl acrylate, ethyl acrylate, nethyl
net hacryl ate and ethyl nethacrylate and 1iv) optionally other ethylenically
unsat urated nononers b) causing said mnienulsion to copolynerise and form

a di spersion of copo o, 10, mi croparti.cles and c) optionally, at |east
partially n@u_t r a%‘iogi L%t%ﬁ(?e/“ ﬂarrgw‘r@i“gcﬁowlﬂﬂo%’&?é. Each of the droplets of
the mini enulisi on geant & 5u% MehgSeHam ARPIIRE oﬂhé&&%&feeor méthaéy1aﬂeﬁFémmhe}é1at

due to their small size, a very |large nunber of nononer droplets is
gener at ed by t hethvialiylehaisicontems rbleagirid cedwn almes pol yneri si ng pol yner,

al t hough, initiated i,n_t agueoys. phas transfer o _the dropl ets _ where
it conti 5nu_eén)t 0 ?8%:0&% éc‘)br% Sﬁl‘?ﬁi %‘%rfﬁﬁ?f%? f §°% %Cr@?%pﬁr@{lgmfﬂs Sg?ﬁ%ﬁﬁf&}l by
the very high sunfcage.afiee, efhyt ReyMes, et GRthadHIRe in@Eh§TREhFRARE
droplets. The resulting copolyner mcroparticles are found to 20 be of

uni f or m cop8lymepriéenady siher ethylenicaliy Hosahgated snaneses obt ai ned by t he
conventional enulsion polynerisation process described above. In a
preferred aspect of the process the ethylenically unsaturated nononers i),
i), iii) apd iviusbigesadtig@deholsdnviesspblygetitabm fgmatigpersiod ofubhaghant ,
whi | stngently stirring, so as 25 to forma macroenulsion. This

macr oent? si on i sTHFEPEHFELd 0 form t he ni ni emul si on of droplets having a
droplet size less than 5 microns. The nononers in the droplets are then
caused to copol yneri se and form an aqueous di spersion of copol yner

m cropartickes haptioglly, ablsabieyar@al Br sayealidng theldspdistomed/gli bsdeze of | ess than
5 mcrons which copolyner is found to have a nol ecul ar wei ght of at |east
100, 000. 30 WO 02/12360 PCT/ EPOO/ 07677

Fach of the droplets of the miniemulsion contain the same monomer mixture. It is
15 thought that due to their small size, a very large number of monomer droplets is
generated by the mini emusification process. The polymerising polymer, although
initiated in the aqueous phase, transfers to the droplets where it continues to completion.
This transfer to the droplets is favoured by the very high surface area of the very large
number of small monomer droplets. The resulting copolymer microparticles are found to
20 be of uniform copolymer composition, in contrast to those obtained by the conventional

emulsion polymerisation process described above.

In a preferred aspect of the process the ethylenically unsaturated monomers i), ii), iii)
and 1v) are added to a vessel containing water and surfactant, whilst gently stirring, so as

25 to form a macroemulsion. This macroemulsion is micronised to form the miniemulsion
of droplets having a droplet size less than 5 microns. The monomers in the droplets are
then caused to copolymerise and form an aqueous dispersion of copolymer
microparticles having a number average particle diameter size of less than 5 microns
which copolymer is found to have a molecular weight of at least 100,000.

30



11 Preferably the nononers are m xed prior to addition to the agueous phase
as this pronotes the formation of a mnienul sion of nore uniform nononer
conposi t i@ 021888l pnent effective in produci ng a m ni enul Sicangdonotg7t he

macr oenul si on should be 5 able to inpart ihi gh shear to the macro enul sion.
Sui t abl e exanpl es of such devices are nechanical enulsifiers such as a
Ross 100 (avail able from Ross and Son, Hauppauge, New York, USA) or a

Si | ver son ofPrefarabAthenmbsohesrart avidiel africe tor atditide MMk Sqhddes phidensd Boat i,
OH O USA). Alternativel Y. a_Sono| ator. (avail able from Sonic gor_p,
Stratford, E5MREL i%eé?ﬁmajsa&)of AaYISE s erOBPeHINfe B mAnomes emposiongener at e
the 10 required shear. The process avoids the need to use volatile organic
solvents and so these can be excluded. However small anobunts of certain

| ow nol ecul dquipsiegheffogivat inl froduadan b oninssahulsion Srosniclie ascRlkeaobssHakpye as
cosurfac antg tand %%e the effect of i r_oviggﬁ%he 15 stabililty of the

mi ni emul i oAPESPEOPHT PIRIRRPHG tho AR TREFOBS Wil carsmplesafcueh f¢vicesess r ed.
Sui t abl e exaRh&ScDfentuts t ' = n-
octanol, 2-et hyﬁeaganol ﬂ%ﬁgﬁﬁgﬁgﬁ%% ?%Jagﬁl@ghrﬁo@gk%?é)g%%g?ﬁg%%g% ©

car bons, gl Weol Yok hErss) aiechileegsaat drydrelkeA romiddifiery(ava it enfromHEy W ekhite, and

the like. 20..The surfacta us t Q. stabiljse the nonaoner _ m nienul sion and
t he copol yng:rmm?ﬁailr o(%ct Qi ﬁSZAQ rf@?ﬁ“&%“’ieb’m & nokbn- (B(Yﬁﬁ%b.r{g@‘érﬁpﬁ%c oo,

sui t abl e i oSatfsMd f@shadticat,| UShYdaay tHeusd! RARKESseSs Ugladmind O)! MuRetAU il

sul phate; the sul phonates such as sodi um dodecyl benzene sul phonate; and

t he sul phosiRLimaskesr.such as sodi um di octyl sul phosuccinate. Additionally
and optionally, cosurfactants may be used as part of the surfactant as 25
descri bed above. Ordinarily, surfactants are used at levels of fromO0.1 to

5% by wei ghtThe haseds anoidbehyaiegitio Ofset AatIONQERLS soBchB BRI ¥oBhissedn dhe
surfactant stabilises the nmononer droplets of the m nienmulsion preventing

them from g¥ndsse ity syes éma]tl(fl%%ﬁ’éﬂ i eitagatlpynmolpgelas (ydight enatilalosganic
stabilises LheeRoRARYITR R YThSTPRAShTh&fus, WRa 9k 4 AR0%eRETE ERORI QTG 12

15 stabililty of the miniemulsion especially during polymerisation and can be added if

desired. Suitable examples of such cosurfactants include n-butanol, n-hexanol, n-
octanol, 2-ethylhexanol, branched aliphatic alcohols of about 5 to 12 carbons, glycol

ethers such as ethylene monobutyl and monohexyl ether and the like.

20 The surfactants used to stabilise the monomer miniemulsion and the copolymer
microparticles may be ionic or non-ionic. Examples of suitable ionic surfactants include
the sulphates such as sodium lauryl sulphate; the sulphonates such as sodium dodecyl
benzene sulphonate; and the sulphosuccinates such as sodium dioctyl sulphosuccinate.
Additionally and optionally, cosurfactants may be used as part of the surfactant as

25  described above. Ordinarily, surfactants are used at levels of from 0.1 to 5% by weight

based on the weight of the monomers to be polymerised .

The surfactant stabilises the monomer droplets of the miniemulsion preventing them
from coalescing prior to copolymerisation. The surfactant also stabilises the copolymer

30  microparticles.



The resulting aqueous m ni enul sion of ethylenically unsaturated nononers
can contain up to about 90% by wei ght water. The nononers are

copol ymerwsagd/bysonmeans of a free radical initiator to forporapiaduEOUS
di spersion of dispersed copolyner mcropdeticles of nunber average
particle size less than 5 mcrons and preferably between 0.1 and 1.0 5
m cron. Typical peroxide initiators include hydrogen peroxide, t-butyl
hydr oper oxi dée reyultingnagugeus parigrildien of ethytepicapy nosdtariedbmommyrs can contain

hydr oper oxi de, = QN6 zoyl roxide, t- butyl peracetate, i.le
useful per s%ﬁ%é?ég%:or@{)ﬁg%@%%nu %W?WSW:H%?%%HF%?H@ Y R P hh PR,
pot assi um pesadied] prhidia@r tosAginldh AREGIOERIALIE 8N EisPAtRBSIPd P ni0dbsiikles of
per sul phate or perphosphate and redox initiators such as sodi um

per sul phat e EB@RLATCrAgs paIfigle Hjaseles thire oy magrens anthprrderallytr gpeescoxd. iend ddi um
met abi SU|5phi§ﬁi@mnp0t assi um persul phat e- sodi um bi sul phite and cunene

hydr operoxi de-iron (lI1) sul phate. Initiators soluble in the nononers such
as | auroyl peroxide can also be used. Initiators ordinarily 15 are added at
| evel s bet weren, 0. 1% and. 5% based on_ the wei ght of ethyl enical [(é .

unsat ur at ed [¥BIHERFIXIES FBILYREINGde hydrogsnmerexids, i-bubd dudrapaioidst Br-t-butyl
conbi nati on I i n 5P, j be used.

Vot al aal {5 e uena B e RRo s B T kR PRI d e
redox pai rs batyé pesedtatey phideroseful pelsylphates ahdlode a?Gnohiphepf@sulitdr0eRss i S
to add, gradually or stepw se, the mnienulsion of ethylenically _

unsat ur d? ed pﬁﬁﬁlBﬁﬁtP’s POREFIHRP AL i Sodiume Perphosphate ranf npiasshan 108 gedipm

vessel over parsypgAth Qﬂvlgefépﬁd'sﬁﬂﬂtg ah@ rf@d«{lﬁ Hﬁﬁatoﬂrﬁfcﬁra%b%ﬁﬂrﬁ YY1 tte?%ogﬁﬂ{ s

This allows for inpro control o e reaction and mnirmsés the risk of
a runavay r éeotaidshyde5ulforeyige) prmens diyimpeioxideasodived methbisyiphieat porgstuhe

mxture to a_t rature typically from 30.to 98C preferably from40 to
00C. 11 1 equrraarar ol btEihe sl chiebeibPapseao HDnoagRs dnbERShal
copol ymer  36luble G @RAmbhGheS shsh ARBroREHEHRIIE$66 Wb 1R R8s anflf Caniha
diluted with additional water if WD Og/ 2360 PCT/aEPOOI 07677 . Y
15 are added at levels between 0.1% and 5% based on the weight of ethylenically
unsaturated monomers copolymerised. Alternatively, redox initiator combinations such
as ascorbic acid and hydrogen peroxide may be used. Metal salts such as copper,

chromium and iron salts can be added when redox pairs are used to promote

polymerisation.

20
A preferred process is to add, gradually or stepwise, the miniemulsion of ethylenically
unsaturated monomers and the polymerisation initiator into the reactor vessel over a
period of from 2 to 6 hours, preferably from 2 to 4 hours. This allows for improved
contro] of the reaction and minimises the risk of a runaway reaction.

25

The polymerisation is carried out by heating the mixture to a temperature typically from
30 to 98°C, preferably from 40 to 90°C.

If required, the resulting aqueous dispersion of carboxyl functional copolymer

30 microparticles is then neutralised with base and can be diluted with additional water if



13 desired to forma dilute thickener dispersion containing by weight
preferably between 50% and 99% wat er. Exanpl es of suitable bases include

al kal i melva o2nyskpoxi des, amoni a, or ammoni um 5 hydr oxi dectarposgtere, oOr

m xtures thereof, but where amoni um hydnoxide is preferred. Useful am nes
i ncl ude nonoet hanol am ne, dinethyl ethanol am ne, diethanol am ne,

triethyl amne, dinmethylaniline and simlar primary, secondary and tertiary
am nes.  Neutsisddi teabimmn difutalincitenBO#sparsidh @¥mninihd &y cadifloxprtifcfabicbétaned i ty
is preferre especial |y above 60% and 100% i s nost preferred.

Neut r al i sat gg%%ﬁd%%%wtafﬁﬁrckener prior 10 to use allows for nore rapid

attai nnent of final and stable viscosity in the fully formulated
conposition Brookfield viscosities of the neutralised thickener dispersion
at 100% neuttxainpkatdfomitablt fraseanmolnia akgli 296tpbhydrexidsg| dndaonin svatremosinaul d
be above ab%ué 0.1 Pa. S, desi r%blgl abo¥gtr 15 1 Pa.s,. an?1 ref erably between
2 Pa.s ahd 2¢YRES, ORINe - PPTES HSTROLAU: SEETS ATBRHEIY AXHEKISP dhPEHeEsst v er

m cropar ti chrefnReaendli MOyl nidHoSthaidl Viithé, Ofinebhy® SRSGH A hinhel §REHAh 0 ASmine,
associ ati ve thickener and pignent dispersant in agueous conmpositions,

parti cul ar | yridbevnriec dangthylasiting ceilt simrsr puotarassqoandary and texiagy aglnes.

particul arl re..the filmformng. binder is itsel i spersion pol yner.
Accor di ngl y?[\ye\%ll\ﬁghﬁaﬁ%p?t{ Pou ésHo)on p?o&?%sogﬁh%_cf%b@@%{ éﬁl?i‘:?]ioﬂgﬁ}éoﬁp%?eﬁ%n
wher ei n t he esfeeiiN09bb¥OE0% 0Mdal 009 Binés pRFe@éd. Weuthlikiien oF tHeQRR KRk Rl or
aqueous dispersion of preferably at |east partially neutralised copolyner
m croparfi clessapllgwscior eereatipide attasmenie ot dial gd ctapo siixcpeity dmrhalfiglly

contain ot h(ﬁgﬂ@gé@g@lﬁ cgsﬁiotnhat are standard for coatings such as
filmform ng polyner, }gl gnents, dispersants, extenders, crosslinking

agents, anti foans, coal escing aids, flow aids and biocides. WO 02/12360

PCT/ EPOO/ 07677 . 14 The pignent can be any pignent or m'xtoure of pignents
sui tabl e f oPTRRkdIeIq\visePsHiss bHis newissed thicksnesdisperaian at K% gewslisaiionpyighent

a metallic pl-ofmR 410, BoRfAfY LRGSR Water should be above about 0.1 Pa.s, desirably above
15 1 Pas, and preferably between 2 Pa.s and 20 Pa.s.

The resulting neutralised aqueous dispersion of polymer microparticles according to this
invention is especially useful as associative thickener and pigment dispersant in aqueous
compositions, particularly aqueous coating compositions such as paint and more

20 particularly where the film forming binder is itself a dispersion polymer.

Accordingly, the invention also provides an aqueous coating composition wherein the
composition contains an associative thickener comprising aqueous dispersion of

preferably at least partially neutralised copolymer microparticles as described above.

The coating composition can also contain other ingredients that are standard for
coatings such as film-forming polymer, pigments, dispersants, extenders, crosslinking

agents, anti foams, coalescing aids, flow aids and biocides.



pigment. Preferably the pignent is titaniumdioxide. 5 The manufacture of
pai nt coatings involves the preparation of a polyneric binder, mxing of

ot her conp@nenbtsdaat eri al s, including the associative thickenarpoa@tg@rdi ng to
this invention and di spersing of pignments$4 H gh speed dispersers or

di ssolvers are typically used in the dispersing step to intersperse the
pignents into the liquid phase. The binder and pignent dispersion can be

t hor oughl y dhel pigmdnd cat Ye pxpigment or maduretofimgoents sgitabtt Bntise myan aqueous

h i Si he .bi nd . pi |id | astj.ci iati
thi cRener oFOTRILIHGRTH Fork SHIF GEIRY WBMOnehrE tiC HOFHF Oner BERCHLL ur e

Pi gnent s capiglg%n@rpjeﬂafﬁgemgp%ndﬁtigttgglﬁu@fdigjdgérents suitable for use in an
aqueous conposition and include opacifying pignents such as titanium

di oxi de, zinc oxide and netal flake pignments such as al um nium and bronze,

oxi des., 11 n ok BRR AT BBt G dhviPh BB, Behea Bl HhPB v ipfen,

pht hal ocyanidigingrefestherpotdpahenirhdtédigs, bheladingl the ap@eiaiee Bitdl@ner SR
pi gments, chrom um pignents, pearlescent and the like. Filler pignents such
as clay, sihizdnvepgpe andjdgpersipg PhPignmte, MeBPrebwipererd ThdissalveEs @sn be

added as degj.t . : ag: it LS.l ion, . th Latlve
hi ckener P asy; 6t BAGERRITE Sftph Bickytbite Y B 1l B ORRRE LR 6o,
to 10% and phefbardeblayd pedrmee rishtostondcadbd dseoughitn ahd enifemghtmiaéd ithuias
pai nt solids. The |evel of thickener is determ ned by the rheol ogical

propertités i BT h Y AIOOSCRSINE 3 (RN DTS 2 BEIETY ERDBISO RFRCISES, Thi s
Lnventi on | sebUblNehiddhu It Gl <Riod i HML) OMABAXATRL S, pifortinbliure,

Exanples A B, C an are conparative. LET1 5 An acrylic polyneric
associ at i vePigmankepsr befany pignoininoc opstyewd pgnpdsistitable drdusenal ac adi@ous

el oht gr eater, Lhan, 100,900, esaproduced | 1 Aot dance, weh Lhi g boyept i on
metal flake pigments such as aluminium and bronze, as well as tinting pigments such as
15 carbon black, yellow oxides, brown oxides, tin oxides, raw and burnt sienna or amber,
chromium oxide green, phthalocyanine green, phthalonitrile blue, ultramarine blue,
cadmium pigments, chromium pigments, pearlescent and the like. Filler pigments such

as clay, silica, talc, mica, wollastonite, wood flower and the like can be added as desired..

20 In accordance with this invention, the associative thickener ordinarily is added to the
copolymer binder at a level of 0.5% to 10% and preferably between 1% and 4% based
on the weight of liquid paint solids. The level of thickener is determined by the

rheological properties desired in the paint.

25



10 Weight Raw Materials M xture a) 200g water 2.5g Aerosol OrI-75
surfactant M xture b) 25g stearyl nethacrylate 15 75g nethacrylic acid
1509 et hylWwoagrigseat € 1. 0g n- hexanol c¢) 530g water 20 M xt yaseroaprand (b)
were m xed together and enulsified on a Rdss MeE-100 (avail able from Ross
and Son, Hauppauge, New York, USA) for 5 mnutes at nmaxi mum speed to
produce droplets of |ess than five microns. Conmponent (c) was added at |ow
speed and tHs ARVEREA IS fethondBughiatagedy i the dollowingrexafipiesk of wWiidh FxempRE.

After, 1. Bgzg@ﬂg <¥5%u98&ﬁ%£&ﬂ%}e was added in 15g water to initiate

polynerlsatlon m xture was held at 25 70C for 3 hours and then cool ed
to roomtenperature. A dispersion of uniform copolymer mcroparticles of

| ess than f| &{ogs was obtai ned. The resulting aqueous di spersion of
copol yner |l es was fully neutralised by placing 100g of 'the

di spersi@n i n 1449 wat.er. The
Br ookt | el'd v@;%c L8 0 ARG ADe AT AubiFHH) chi gl domBifily o3
30 WO 02/ 123661eRqE/ VERGIN 976 thar 600, EXAMAEradBd &€ habotdanB® W NERisGniditiskener

was prepar as i le 1, but ethyl acrylate was replaced with butyl
acryl ate. thF? eQngy%ErQyngﬂ $y wei ght solids gave a Brookfield

viscosity of 43 Pa.s. neasured at 1 rpm5 COVPARATI VE EXAMPLE A Preparation
of a thickener by a conventional |atex process for comnparison purposes.
M xture a) 0.6 n-hexanol

10 Weight Raw Materials
Mixture a) 200g . water
2.5g Aerosol OT-75 surfactant
Mixture b) 25g stearyl methacrylate
15 75¢g methacrylic acid
150g ethyl acrylate
1.0g n-hexanol
c) 530g ‘water

20 Mixtures (a) and (b) were mixed together and emulsified on a Ross ME-100 (available
from Ross and Son, Hauppauge, New York, USA) for 5 minutes at maximum speed to
produce droplets of less than five microns. Component (c) was added at low speed and
the miniemulsion was purged in a 2 litre flask 1 hour at 70°C. After, 1.3g ammonium
persulphate was added in 15g water to initiate polymerisation. The mixture was held at

25 70°C for 3 hours and then cooled to room temperature. A dispersion of uniform
copolymer microparticles of less than five microns was obtained.

The resulting aqueous dispersion of copolymer microparticles was fully neutralised by
placing 100g of the dispersion in a flask and adding 5.5g ammonia (28%) in 1144g
water. The Brookfield Viscosity was 6.6 Pa.s measured using spindle No. 3 at 10 rpm.



18.4 stearyl nethacrylate 10 48.8 nethacrylic acid 82.4 ethyl acrylate
M xture b) 423 water 3.0 Aerosol OI-75 surfactant 15 Mxture c) 0.8
anmoni um pey @eubpfeate 16 water M xture b) was heated to 7%etirpoaofdrask and
purged with nitrogen. 20 grans of Mxturéé 20 a) were added fol |l owed by

M xture c). The contents of the flask were held at 75C for 30 m nutes and
then the rest of Mxture a) was added over 3 hours. The contents of the
flask were Be{AMELEZSC for a further 1 hour and cool ed. The thickener in

this Exanpl g A S.pr [ gnvent i onal_ emul si gn I ri sation

process and%nnaoﬁg{?% P@Zﬁgrgctef ﬁlgfgélnﬁgr‘%aﬁé)ﬁ%ﬁ tir & %@%ﬂfﬁgt ’r?i%g%ﬁnrg‘gﬁﬁienw%t er
to form a nirgjlesed vaitobutiSactylateX atgak@Bsation 302.5% By weAVRMES Bv6 2 Brefideat | on
of thickeners with a range of nopnoner conpositions were nade according to

the invent i dtcestyf S4B &as: meeswyd 2/1pRB60 PCT/ EPO0/ 07677 17 Ex 3 Ex 4 Ex 5
Ex 6 a) . water 225 225 225 225 Mxture b) water 198 198 198 198 Aerosol
3.0 3.0 3.0 3.0 5 Or-75 n-hexanol 0.6 0.6 0.6 0.6 stearyl 18.4 - 18.4

18. 4 et haddQMAARATIVE EXAMPLE A
Preparation of a thickener by a conventional latex process for comparison purposes.
Mixturea) 0.6  n-hexanol
18.4  stearyl methacrylate
10 48.8 methacrylic acid
82.4  ethyl acrylate

Mixture b) 423  water
3.0  Aerosol OT-75 surfactant
15
Mixturec) 0.8  ammonium persulphate

16 water

Mixture b) was heated to 75°C in a flask and purged with nitrogen. 20 grams of Mixture
20 a) were added followed by Mixture ¢). The contents of the flask were held at 75°C for
30 minutes and then the rest of Mixture a) was added over 3 hours. The contents of the
flask were held at 75°C for a further 1 hour and cooled. The thickener in this Example A
was prepared by a conventional emulsion polymerisation process and in particular the
monomer mixture was not micronised in water to form a miniemulsion as in Examples 1

25  to 6.

EXAMPLES 3-6
Preparation of thickeners with a range of monomer compositions were made according
to the invention as follows:

30



10 lauryl nethacrylate - 18.4 - - nethyl acrylate - - 62.4 - butyl acrylate
- - 20 - ethyl acrylate 82.4 82.4 - 82.4 nethacrylic acid 48.8 48.8 48.8
48. 8 15 diwg iythsdaenzene 0.06 - - - Conponent a) was war mecdiepiberdrn a
flask with a nitrogen purge. Mxture b) was mnienulsified by m cronising
for 5 mnutes using a Ross ME-100 enul sifier at maxi num speed to produce
droplets of less than five mcrons. 35g of the m nienul sion 20 was added to
the flask, followed by 0.8g anmmoni umEgeY sul phafa4 n 16g Wat®er. TheEx6
contents of the flask re held at 7 for 30 gLputes. The_.remaind of
Mxture b) was féd i Vgge\?er 1.5 hourgg%md then%\gl d for gshrther gﬁ%our
and then cookliggire Gppokyper m cropartbgl es of nogecul ar wegght greapger than
100, 000 and uni form conposition were obtained. The particle size of the

m croparticles was fodtPseb be | ess Ban five Ailcrons. 2% The expddi nent al
paints in the follow @ﬁa_%arrpl es denonstrate the utility of the aqueous

di spersi on of copol yner nicroparticles of the invention as pignent

di spersants and as paibzkatddi ckeners9.630 WO 02H%2360 PCTEP00/ 07673 ¢ 18
EXAMPLE 7 and COVPARATI VE EXAMPLE B A standard good quality flat paint was
prepared by standard paint-nmaki ng net hodol ogy (Exanple B) and conpared

w th one nade usi he sanme procedurgand conponents, ept that,i,n the
second exanpl e (EE%?{%I e 7) the | ow m%?’é'cul ar wei ght pi gmeiaﬁ’?' 5 di spté§'§'ant,

t hat is sodi um salethaofylstar boxyl i ¢ acid functional oligoner, and a
significant part of the thickener (HEUR) was replaced by the thickener of
the invéftion. I,met ¥sants, thickenersl®4urfactants, defoaners and
additives were c%[}g@qmry&t@ conventional high-speed disgersion m xer.
Enough water is used to " provide a viscosity

butyl acrylate - - 20 -

ethyl acrylate 82.4 82.4 - 82.4

methacrylic acid 48.8 48.8 48.8 48.8
15 divinyl benzene 0.06 - - -

Component a) was warmed to 75°C in a flask with a nitrogen purge. Mixture b) was
miniemulsified by micronising for 5 minutes using a Ross ME-100 emulsifier at
maximum speed to produce droplets of less than five microns. 35g of the miniemulsion
20 was added to the flask, followed by 0.8g ammonivm persulphate in 16g water. The
contents of the flask were held at 75°C for 30 minutes. The remainder of Mixture b)
was fed in over 1.5 hours and then held for a further 1 hour and then cooled. Copolymer
microparticles of molecular weight greater than 100,000 and uniform composition were
obtained. The particle size of the microparticles was found to be less than five microns.
25
The experimental paints in the following examples demonstrate the utility of the
aqueous dispersion of copolymer microparticles of the invention as pigment dispersants

and as paint thickeners.



which will give adequate shear to disperse the pignments. Pignents are added
with good 10 m xi ng and exposed to high shear for several mnutes until a
good di sp@igsi2anzdos achieved. Follow ng this, |atex binderpctiipoolerer s,

def oaners and coal escing solvent are added, along with enough water to
achieve the desired paint viscosity for proper application. 15 The paints
inthis Exanple 7, in accordance with this invention, contain the follow ng
materi al s: COMMRAE VEECAMAAR ATIVEEGBNPINEPBE ®od Qual ity Good Quality 20

Co I i nt i tal, Fl at Pai WAt 380 rosol
Sus 550° 1, 7 Sendi2d Bhed R PRl Gt e ghrtel by RAGH sk e Behottgsy 25
Sodi I

500 810 i SR L oo PR Snfhde Bolls I sanlTpRKENEE o0 oINS,

3.0 3.0 WO 62¢ep2 36t ROheEROOID PEADle J(Ex@epbaﬁ)eﬂse B0 Ilzﬂolﬁculz(ta\lvclghte;hglmntl n
3‘18(2) 2 38@ SSIQUS%/?II%%E’SF:&#W hSI | l gt gli ag ggcyg{?’ 18651 %%%ng?all %ngrlnlélrmal% %nsllgnll 1(!&1%’%le te

part of the thickener (HEUR) was replaced by the thickener of the invention. Water,

dispersants, thickeners, surfactants, defoamers and additives were charged to a

conventional high-speed dispersion mixer. Enough water is used to provide a viscosity

which will give adequate shear to disperse the pigments. Pigments are added with good

10 mixing and exposed to high shear for several minutes until a good dispersion is

achieved. Following this, latex binder, thickeners, defoamers and coalescing solvent are

added, along with enough water to achieve the desired paint viscosity for proper

application.

15 The paints in this Example 7, in accordance with this invention, contain the following
materials:
COMPARATIVE EXAMPLE 7
EXAMPLE B
Good Quality Good Quality
20 Commercial Flat Paint Experimental Flat Paint
Water 380 387.7
Natrosol Plus 330 1.75 0.75
28% ammonia water 0.50 2.50
Bactericide 1.50 1.50
25  Sodium salt of polymeric
carboxylic acid 8.0 0.0
Thickener of Example 6 0.0 8.0
Disodium Phosphate 2.0 2.0

30  Nonylphenol
ethoxylate surfactant 3.0 3.0



HEUR Thi ckeners 24.0 6.0 Propylene glycol 10.0 10.0 Coal escing sol vent
10.0 10.0 10 PVA latex 203.9 203.9 Liquid paint specifications and

per f or mang® @ne3dool | ows: Vol une solids 32.4% 32. 4% Pi gnefictyiedouiss756. 7%
56. 7% concentration 15 Stornmer Viscosity9(KU 107 90 The Storner viscosity
of the experinental paint of this invention is slightly |ower but well
within the acceptable commercial range and has a useful pleasant

consi st ency Defehigers cal properties on6édried 75 micron filmsSare follows: 20

Contrast ratio.0.9770.0.9770 Roll plications to 1 Jt. (Gans) 120
116 Fl ow atndc??ﬁl%evdglgﬁqﬂlg Fair Fair %zgi m scrubs St andgfgg'B’lZO% of standard
Not e that thagtatiem silesist ance of Begrgple 7, as nmeasureghsty the Shim scrubs
test (ASTM 2486) is significantly inproved over the paint of Conparative
Exanpl e B. 3pgmrywm ghugingyy SGONPARATINE EXAMPLE C WO 02/ #2860

PCT/ EPO0LO7677 20 Follow ng the procedure in Exanple 7 above, acceptable
fair qualsi ty low gloss, flat paints were nade as foll ows: COVWARATI VE
EXAMPLE 8 RuB¥AMBIdnCTGoger ci al Heato Pai nt Experi mentgdg ¢Fl at Pai nt

HEUR Thickeners 24.0 6.0
Propylene glycol 10.0 10.0
Coalescing solvent 10.0 10.0
10 PVA latex 203.9 203.9
Liquid paint specifications and performance are follows:
Volume solids 32.4% 32.4%
Pigment volume 56.7% 56.7%
concentration
15 Stormer Viscosity (KU) 107 90

The Stormer viscosity of the experimental paint of this invention is slightly lower but
well within the acceptable commercial range and has a useful pleasant consistency.

Physical properties on dried 75 micron films are follows:

20
Contrast ratio 0.9770 0.9770
Roller applications to
12sq.ft. (Grams) 120 116
Flow and levelling Fair Fair
25  Shim scrubs Standard 120% of standard
Note that the water resistance of Example 7, as measured by the Shim scrubs test
(ASTM 2486) is significantly improved over the paint of Comparative Example B.
30

EXAMPLE 8 and COMPARATIVE EXAMPLE C



Water 615 607 Natrosol Plus 330 8.80 3.90 28% anmmoni a water 1.55 2.55 10
Bactericide 1.50 1.50 Sodiumsalt of polyneric carboxylic acid 4.50 0.0
Thi ckenerw@fo2ssgapl € 6 0.0 8.0 D sodi um Phosphate 1.50 1.p5G/epbdo7677

Nonyl phenol ethoxylate surfactant 3.00 3200 Defoaners 5.00 4.00 Calcined
Kaolin 155.0 155.0 Magnesium Silicate 85.1 85.1 20 Magnesi um Al um num
Silicate 5.00 5.00 Rutile Titanium Di oxide 53.5 53.5 Coal escing sol vent
5.5 5.5 PVAdlawee 5. wogpue imEx30plei Yabavep acerptabie Gif iquaity dowagldss, flat
performance _as.foll ows; aV\glgOZI 12360 PCT/ EPO0/ 07677 21 Commercial Fl at

Pai nt Exper iPRBHt SFTeETae SRS Vol ume sol i ds 20% 20% Pi gnent  vol ume 5
concentration 63.7%63. 7% Storner Viscosity (KU 101 95 Contrast ratio
0. 9590 0. 9590

COMPARATIVE EXAMPLE 8
5 EXAMPLE C
Commercial Flat Paint Experimental Flat Paint

Water 615 607

Natrosol Plus 330 8.80 3.90

28% ammonia water 1.55 2.55
10 Bactericide 1.50 1.50

Sodium salt of polymeric

carboxylic acid 4.50 0.0

Thickener of Example 6 0.0 8.0

Disodium Phosphate 1.50 1.50
15  Nonylphenol ethoxylate

surfactant 3.00 3.00

Defoamers 5.00 4.00

Calcined Kaolin 155.0 155.0

Magnesium Silicate 85.1 85.1
20  Magnesium Aluminum

Silicate 5.00 5.00

Rutile Titanium Dioxide 53.5 . 535

Coalescing solvent 55 5.5

PVA latex 90.0 97.4

25

Liquid paint specification and performance as follows:



Rol l er application to | 2sq.ft (grans) 100 110 10 Flow and levelling Fair
Fair Shim scrubs Standard 150% of Standard The Storner viscosity of the
experi menivg) o2pasdat is slightly Iower but well within the panmoeral range
and has a useful pleasant consistency. 121 Note that the water resistance of
Exanpl e 8, as neasured by the Shim scrubs test is significantly inproved
over the paint of Conparative Exanple C. After one week at 60C storage, the
viscosity of the paint of Exanple 8 was essentially stable, which was
surprising and unusual for peutralised ](g)ahi ckeners, This was equivalent to
the stability of the come pgpegcgaalﬁfggr 1Bhi nts i HPREmsREfilaL o ExavPLE
9 In anot hery gxagwiRisof the utilbgy, of the aqueous dispggsi ons of the
invention as associative thickener in paint coatings, a simlar paint
conposi ti onPignétanime 8 was nade, at a Storner viscosity of about 140 KU.

D fferent anmpunts of water were d 25 to sanpl es of paint to
dem)nstrétecﬂ%%nﬁ'ﬁtéonunusual rhecﬂ%g% woul d permit reducﬁ{‘;ir']{% with high
level s of Wat@mer YRRBALA®Y th coryentional | atex paintsgs Professional
painters often dilute paint at the job site to maximse its utilisation,
but conventGoohast 18®i nt s beconme0t9%880t hin to use when a8.%PPtle as 10% extra
water is ad%]%26ra3gclt% t.hat state the reduced paint will not apply well by
brush or ro L S (I sag and run down the wall if applied by spray.
If left in the.gagamestirred, a qgoopventional paint WO 02{{2360

PCT/ EPOO/ 07677 22 exhibits heav% settling within 1 - 2 hours. Water
di | uti on8 offlovsandleygbg®f pai nt's Faont ai ni ng convent i od&ir | at ex paints

produce unug E&ul?sai nts. In Cog{aﬁlﬂﬁd’ | at ex paints g?éi/go‘f@%agd%rge t hi ckener
W T h erably “an

of this invention can be dilute 5 wat er consi still
produce a useful latex paint. Paint/water ratio 5/1 5/2 5/3 5/4 5/5

The Stormer viscosity of the experimental paint is slightly lower but well within the
commercial range and has a useful pleasant consistency.
15  Note that the water resistance of Example 8, as measured by the Shim scrubs test is
significantly improved over the paint of Comparative Example C.
After one week at 60°C storage, the viscosity of the paint of Example 8 was essentially
stable, which was surprising and unusual for neutralised thickeners. This was equivalent
to the stability of the commercial standard paints in the examples.
20
EXAMPLE 9
In another example of the utility of the aqueous dispersions of the invention as
associative thickener in paint coatings, a similar paint composition to Example 8 was
made, at a Stormer viscosity of about 140 KU. Different amounts of water were added
25 to samples of the paint to demonstrate how the unusual rheology would permit reduction

with high levels of water, compared with conventional latex paints.

Professional painters often dilute paint at the job site to maximise its utilisation, but
conventional paints become too thin to use when as little as 10% extra water is added.
30  In that state the reduced paint will not apply well by brush or roller and tends to sag and

run down the wall if applied by spray. If left in the can unstirred, a conventional paint



Viscosity (KU 86 63 54 <53 <53 [ICl Viscosity (Pa.s) 0.062 0.042 0.032
0.024 0.020 10 In-can settling overnight None None None None None

Thi cknesswigpfonpss0saggi ng on seal ed Leneta paper (m >305 3Gxposdns7230

150- 180 15 Brush application is good, ewen at 5/4 reduction, which
denonstrates that the paint of this invention can be adjusted as desired
at the application site to |l evels nuch beyond those of conventi onal

paints. 20 msmsa‘moser@ngswm CovpARNE| VIV deAdiRitienD oPdisntos2@tere miwpar ed
with thlckencerts nﬁ %% Q 6tas n Exan%ﬁge7 The St orner

vi scosities PH@E’@?‘? %Oé%f WIRSTTS85yts BrodUgecu BRESol ate viscosities
(neasured at a shear rate of 10,000 s-) were neasured. Additional

t hi ckener was added as needed until the paint had a Stormer viscosity of
about 95 KU Igrconirast.tlgies paingharade pHEh ﬁl@rtbi@E@ner 2% thisrovantiondde de whlstadrwithe
form of 8% e t 02/ 60 PCT/ EPO0O/ 07677 23 Thi ckener %
St or nmer % é{cgﬁgd&g&wé&&% gpolgx P%ejf%ﬁ?tgﬁgﬁlg Vi scosity Viscosity
anmmoni a KU Pa.s added 5 DA9 9 115 0.06 2% 10 3 3.3 95 0.06 1% 11 4 6.6
134 0.07 2%_12 5 5.3,127 0.06 1.5% 13 6 3.3 94 0.07 0.5% 10

Pamnt/water ratio 5/1 5/2 5/3 5/4 5/5
Viscosity (KU) 86 63 54 <53 <53
ICI Viscosity (Pa.s) 0.062 0.042 0.032  0.024 0.020

10 In-can settling
overnight None  None None  None  None
Thickness before
sagging on sealed
Leneta paper (um) >305  >305 >305 230 150-180

15
Brush application is good, even at 5/4 reduction, which demonstrates that the paint of
this invention can be adjusted as desired at the application site to levels much beyond

those of conventional paints.

20 EXAMPLES 10 TO 13 AND COMPARATIVE EXAMPLE D
Paints were prepared with thickeners of Examples 2 to 6 as in Example 7. The Stormer
viscosities (described in ASTM 562) and ICI cone and plate viscosities (measured at a
shear rate of 10,000 s™) were measured. Additional thickener was added as needed until
the paint had a Stormer viscosity of about 95 KU or a little higher. The percent

25 ammonia added was in the form of 28% aqueous solution.



Thi ckener Exanple A (a conparative exanple) is identical to thickener
Exanpl e 6, except that thickener Exanple A was prepared by conventi onal
enul si on We pwn@idosati on whil e thickener Exanple 6 was madetagmooting to
this invention. Three tines as nuch thiekener was needed with the

t hi ckener from Exanple A to achieve simlar paint 15 viscosity. For

i nstance, 6.6% of thickener Exanple A did not give an acceptable Storner
viscosity. Exanple A Idhickesgr|y aboinferi Storomgrckend€I made ouPsradet ohe
scope of t '% iné/ent IE%Q ieo Zﬁ.h.SkO WO 02/.12360 PC‘(/.EPO. [07677 24

cLA v 1) APERIGous TERERIS si ol BECREh ol VIRPPY i cYIBIEY ¢l e8| as
an associ ative thickener, conprising copol ymeri sed gt.hyl eni calggded

unsat urated nononers in anounts by weight (based on the total weight of
the copolyner) of 5i) from10 to 90% carboxyl functional nononer ii) from
1to 50%Ilo chain al ky) ester of,acryl ate met hagryl ate non r where
t he al ky0I5 c?zgi n contai nsAat Ieasté'gl car bonlfz}{ ons ii?)ogfrom 0 td’89% short
chain acryl ape or nethac3yl ate nomngmer sel ecgd®d fronp. 040 net hyl @gryl ate,
ethyl acrylate, nethyl nethacrylate and/or ethyl nethacrylate and iv)
optionally dther ethylentcally un®8turated Fthoners @Rérein the 2%

m croparticles of the dispersion e substap+4ally o niformc ynmer 15
conpositi onlgnd t he vol ajtsi | e orgaﬁ?c sol ven?ijl evel i é'oﬁrom 0 to‘?%Q/S by

wei ght (baséd on the tofal weigh3.3of the di%persiond.02) The agosous

di spersion according to Claim1 wherein the weight average nol ecul ar

wei ght i from 100, 000 to 5, 000, 000. :

Thickener Example A (a comparative example) is identical to thickener Example 6,
except that thickener Example A was prepared by conventional emulsion polymerisation
while thickener Example 6 was made according to this invention. Three times as much
thickener was needed with the thickener from Example A to achieve similar paint
15 viscosity. For instance, 6.6% of thickener Example A did not give an acceptable
Stormer viscosity. Example A is clearly an inferior thickener made outside the scope of

this invention.

20

25

30



20 3) The aqueous dispersion according to Claim1l or 2 wherein the average
particle dianeter size is fromO0.01 to 5 mcrons. 4) The aqueous

di sper si owoaoasgd ng to any of the preceding O ai ns wher eiprirmonred 20 to
89% by wei ght of copol ynerised ethylenica |y unsaturated nononers conprise
nononers iii). 5) The aqueous di spersion according to any of the preceding
Cl ains wherein the alkyl chain of nononmers ii) contains from1l to 22

car bon at onELAYIMD 02/ 12360 PCT/ EP00/ 07677 25 6) The aqueous di spersion

ding t f the,. di ng C ai ns. wherein f | to 5% hy.wei ght
of the copoly et PRuEUEL AR EHPL AT SPRSRaR T AL EaP RIS PR B3P SEOURYT Ty T
mononer . 5 ilickbher, a6KiBASs EdradRn&ised cAGRAIIID nbBuEled nBRmMeheinbhiey

di vinyl nononer conprises from1l ppmto 1% 8) The aqueous di spersion
accor di ng t Bemhy (bgsed prethg teieloueialy aditke sapolimearedh t he carboxyl functi onal
groups are at least partially neutralised. 10 9) A process for producing an
aqueous di spersion of copolyner mcroparticles, useful as an associative

t hi ckener, #hi chiromn oD, egrbd:oM firegomd) nstearys m ni emul si on of droplets
of a mxture of ethylenically 15 unsaturated nononers of average dropl et

di anet er si ¥k upPB’ BlanQe dig shanaley! cpepgkbarrrlaisior supthasetlatemonaiies hefext ur e
conprises on a m@e%ﬂgglpgéhgoétg%gﬁe%gﬂ Iagrboég{oﬂs) wei ght of the mxture) i)
y (]

from10 to 90% carbo unct1 onal nononer from1l to 50% 1 ong chain
al kyl esteriipf afioyl atte &% nshbhadheid adrglatopmesthashyste mbhena@l sefdcthaiom

contains at least 11.carbon ataons iii) fromO to 89% short chain acryl ate
or met hd%r yl ate jeets }ngpry ¢ eq{lggoacwlg)tﬁ,) methyl methacrylateoand/or ethyl methacrylate
and

iv) optionally other ethylenically unsaturated monomers

wherein the microparticles of the dispersion are substantially of uniform copolymer
15 composition and the volatile organic solvent level is from 0 to 1% by weight (based on

the total weight of the dispersion)

2) The aqueous dispersion according to Claim 1 wherein the weight average molecular

weight is from 100,000 to 5,000,000.

20
3) The aqueous dispersion according to Claim 1 or 2 wherein the average particle
diameter size is from 0.01 to 5 microns.
4)  The aqueous dispersion according to any of the preceding Claims wherein from
25 20 to 89% by weight of copolymerised ethylenically unsaturated monomers

comprise monomers iii).

5)  The aqueous dispersion according to any of the preceding Claims wherein the

alkyl chain of monomers ii) contains from 11 to 22 carbon atoms.



met hyl acrylate, ethyl acrylate, nethyl nethacrylate and ethyl nethacryl ate
and iv) optionally other ethylenically unsaturated nononers 25 b) causing

sai d m ni@igu2aheyd t o copol ynerise and form a di spersi on ofpcaommb et

m croparticles and c) optionally at leastspartially neutralising the

di spersion wth base. 30 10) A process for producing an aqueous di spersion
copol ymer mcroparticles, useful as an associative thickener, which
conpri ses WO 02119 3¢ecoRCTiEPOBPNORETRNY® &)y afitiernretading Csmewheom dioni ng

d surf ising i) fromi0 to 90% car boxyl
Funct i onal - monoseitt 2 PoeE: & Bhoadbshanenishy sidiReyrui Spc e mottasrs, o

met hacryl at e nooafgtisewieingl mbienal Kyl chain contains at |east 11 carbon
atons 5 iii) fromO to 89% short chain acrylate or nethacryl ate nonomner
selected from nethyl acrylate, ethyl acrylate, nethyl nethacrylate and

et hyl et hagtyl a L V) 1.0 | y._othe hy | nicaI;1 nsat urated b)
form ng ga mzzr oe?rﬁ gﬁger? u%f&l%ﬁsg(%&lerg?%%ﬁ?gi t|B) ¢1a|?1%1i %I ngf%e 1]ilvt Xicﬁvx‘r@[ BORENE
surfactant c) oorapries Siorgl phd terggs. oenul sion to forma m ni emul si on of
average droplet 10 diameter size less than five mcrons d) causing the

m ni emul sion to copol ynerise and form an aqueous dispersion of high

TP oo 0] O SO AP 1 BN R LR RIS

partial |y neut redrbeiyhdunatibiel lgasmps afbat 1dast partialijuesmiralissdat i ng conposi tion
wherein_the conposition contains the agqueous dispersion according to any
of d ai 8, 9 and 10. 12) An aqueous coating conposition according to

C ai m 11 wheyei R 4bh&se ASiukingh, | i | nt
selected fr oym t heﬁrgr Sugj??onél i Sti ﬁ;ag?&lfs??Sﬁ]%ﬂm@dﬂ%pé‘l&meﬁﬁﬁ&opﬁﬁdgg RANF
as an associative thickener, which comprises

a) forming an aqueous miniemulsion of droplets of a mixture of ethylenically
15 unsaturated monomers of average droplet diameter size up to 5 microns in the
presence of surfactant, which mixture comprises on a weight basis (based on the

total weight of the mixture)

1) from 10 to 90% carboxyl functional monomer
20 i) from 1 to 50% long chain alkyl ester of acrylate or methacrylate monomer where
the alkyl chain contains at least 11 carbon atoms
1i1) from O to 89% short chain acrylate or methacrylate monomer selected from
methyl acrylate, ethyl acrylate, methyl methacrylate and ethyl methacrylate and
1v) optionally other ethylenically unsaturated monomers
25
b)  causing said miniemulsion to copolymerise and form a dispersion of copolymer
microparticles and

c)  optionally at least partially neutralising the dispersion with base.

30 10) A process for producing an aqueous dispersion copolymer microparticles, useful

as an associative thickener, which comprises
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ant i

pi gnents, dispersants, extenders, crosslinking agents,

foanms, coalescing aids, flow aids and biocides. 25 30
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a) adding to a vessel containing water and surfactant, monomers comprising
1) from 10 to 90% carboxyl functional monomer
1) from 1 to 50% long chain alkyl ester of acrylate or methacrylate monomer where
the alkyl chain contains at least 11 carbon atoms
5 i) from 0 to 89% short chain acrylate or methacrylate monomer selected from
methyl acrylate, ethyl acrylate, methyl methacrylate and ethyl methacrylate and
v) optionally other ethylenically unsaturated
b) forming a macroemulsion of monomers i), ii), iii) and iv) in water and surfactant
c) micronising the macroemulsion to form a miniemulsion of average droplet
10 diameter size less than five microns
d) causing the miniemulsion to copolymerise and form an aqueous dispersion of
high molecular weight copolymer microparticles having an average particle
diameter size of less than five microns and
e) optionally at least partially neutralising with base
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11) An aqueous coating composition wherein the composition contains the aqueous

dispersion according to any of Claims 8, 9 and 10.

12) An aqueous coating composition according to Claim 11 wherein the composition

also contains at least one component selected from the group consisting of film
forming polymer, pigments, dispersants, extenders, crosslinking agents, anti foams,

coalescing aids, flow aids and biocides.



