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POLYMER PRODUCT AND | NTERFACI AL POLYMERI SATI ON PROCESS
USI NG RAFT AGENT Field of the Invention The present
WO pwentasen rel ates to pol ymer encapsul at ed sol PCI/AU2007/000437
particul ate material, to a nmethod of pol ynerising
nmonomer to form pol yner at the surface of solid
particul ate material; and to products conprising the
pol ymer encapsul ated solid particulate material. The
pol ymer encapsul ated solid particulate material is
particular1¥ suited for _use in coating_formulatiaon

ak@L,YMER PROBYCHOANILIN EERF A1 PO YMERISPI TON. PROCESS
invention with an enp NG FOANRT & application.

However, it is to be D%§£§§tood ?ﬁ%@Nﬁhe pol ymer

encapsul ated solid particulate material nay be used in
various other applications. Background of the
FieldofthelnveBtieni t i on of pol ymer at the surface of

solid particulate materials can afford

e ot R dnkioH! @iafesRE Fél’yﬁffer CRERREIatRS sdlf@bart@Nlakematerial, to a
used In various applications. For exanple, polymer may
niethate pd giotyeerising: omwnomay te femp polymes athie parfare of #pld particulate

terial. In this case, the | ymer coati.n ld.. -
B ottt fonpariee B e RErnGREbPR sy piftare mteril
Tt Riyiadr RBMIstRENId phRicafadembtetinkis panicubirlyaditedfo@asein coating
of 'the particulate material to an external

fermilpéonsernd #nuilbtherefors bercqniengir fon describe the invention with an
har act.eri st | -t he | culat.e j e

ARG iRaible, FOVL AL B YBLALEREI S potyme

cpedpsiRfedeniapatticalaednpesbl maydes utedibivaics odher applications.

pharmaceutical particulate materials nay be used to

rovide contrqlled rel ease products. Alternatively,
kﬁﬁ%’a‘nde?fcéﬁgm“d’tt’é’& pi gment particul ate materi al
m ght be used to enhance certain characteristics of

- IPio8fiochobrUpSiesat fiRd dubcef bf GoBACyadiadlatee! thabiidlst yan afford
of* products conprising such polyner/solid particulate
nedyreet pakticidaip adterdal | compopiesgliabnay | Be Beedi inayarous pgplications.  For

e%gllg%)[éfkply?rheg § aﬁ)yZF%?l?R/ogfte& laoe coat ra}a?gegf:ﬁ;sufa&'eth%?aﬁ’éi&lﬂt@tr&terial. In

y contro even an
thBRdagel Uit bbBnenaeting Yhed eet dred parpkdtect! the anbubaté alatdrial from an
encapsul ated in and_di spersed_t hroughou

: a bul k .
peAryFervaoREeR 10 sffechfiie coptioded erelga?ePéFhey Pyeisylpigpmgterial to an
e&%@}xalte Gir At CHlaRr8o TREERE Slrfdcs HRhERAT Y (i SREpABEUlate material
t'hroughout that matrix. To date, a conmon approach to .
eeeapsiol aat exterodli ahviranmemtul A¢ e cawet iarpoaits poliyhter go¢apselated pesticide,
hhe?gicide or pharmaceutical particulate materials may be used to provide controlled release
products. Alternatively, polymer encapsulated pigment particulate material might be used

to enhance certain characteristics of paint formulations.

For the efficiency and reliability of products comprising such polymer/solid particulate
material composites, it is generally desirable that polymer is deposited at the surface of the
particulate material in a relatively controlled, even and reproducible manner. Where the
particulate material is encapsulated in and dispersed throughout a bulk polymeric matrix, it

will also be generally desirable that the particulate material is uniformly dispersed |

throughout that matrix.
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i nvol ved di spersing the particulate material into a
[iquid medium conprising a preforned polynmer. The

wo cgaiieespedi um may be fornmed by di ssol ving t heP@DAY2®r7/000437

in a solvent, or by sinply nelting the polyner.

-Al'ternatively, the particulate material m ght be

di spersed in nmonomer which is_then polymerised to form

t he pol yner. However, the ability to successfully

apply such nethodol ogies is often highly pol ynmer

nd/ or particul ate ter| al dent .. Furt her

30 <ies & OB ARREOF P i) enag&n?%épwqwgrewlsfeénﬁ iy v Wih polymer has
Rred KispefsiRCing PaficuRid ﬁlate@ﬁ?% G formed

ﬁi;@l |el t lﬁ)g Strggg&d:btsapg}ly on of. the ga fdéulggltu}ép%%r?%rrlslm% @ pretorme

p«nlynhe Ehatiquid nmelilingmayTeefoused by diseelvimgtthopelymer in a solvent, or by

ers S in this.manner ca e detrinent t Q. .

ki B Slstuer AitaslTE0R e SR brafe pah bidlgighh bé Sispersed in

ﬂ%h@hbﬁ'wlﬁ@lﬂﬁ@&héneﬁol?ﬁﬁn@éﬂ)&@M@ﬂn the RAyhéC Uldwever, the ability to
convent i onal dlsper3|@g agents are prone to mgrate

surgessed 4rply sueh methe %lémevfﬁeném@ly apbyater and/opparticplgte material
8 aragker lh‘a}th?xﬁo?g &19 trﬁﬁ% dallégr[\t (ﬁ‘ érﬁ? wit gg g%%] ?ct1v1ty such as

SocCi ated w conver es 0r

‘ Elﬁfebcmts) tofitets @@éd 6k asedap Tudikiae 1$16|dlls;i)em&fri btk giafticulate material in

materials is that they typically afford little if no
dentaebng evesiupei Hyy sl @ ?fawre%tm@a G&pmsylgcwt% Hethis manner can be

H?zh %é'rlrg&r ﬁlae[ﬁ{gf gor%llhg?té";h IS’?IQCIL %‘o ﬁn %ﬁﬁé Mk @%E Composites are

aﬂnpkexyn@t i[n/paxtloular;abnvagltlsmhh disgemmg &geas ant tpnorpr tof rargnatel and localise
ts ha e been e to.use onvent| onal

bR BaF Bl e Y s @&9&%&8&5 215 BradPgol ymer

at the surface of the particles. However, such

Al fueiBYt SrobR¥La NG RISREY @Hnbb;’ntlﬂﬁ%%é@ﬁﬁéuéé' for H&positing polymer to coat
particul ar, processes enploying conventional free

andiprcabsulee yakid ipericilor matenalse daat ttleeypbpieetly iagferd little if no control
59&00@51% as)'ie o'}g%r%gﬁ&glg/n torgﬂ‘ tIhP g%{t cﬁfé’tegx%%teﬁglt \gftf{l gln %ﬁ%qy meorm layer

genera not ery cC e an ave

of pulumer giaplies «ffthickiiesstgseven, pol yner at the surface
of the particles rather than a uniform polymer

oat | Nuner ous, ot her, net. ods
éts r@‘%&?ﬁ%d‘% 08‘1“1%?‘%? F%M’P tlge%ﬁlgéﬁ? |P8,Y§%Pi mPtS have been

Rago & eBo %Bﬁ@ntlme%r radﬁ:‘ép olﬁﬁfeﬁ@zﬁﬁ)nh Be9&NRS kY polymer at the
offered little in the way o npr oved control over ?he

pofageaf the pedictesonHawevenr sush eatt@mptﬁehweabdey geoerally almseccessful. In

Accor.din ther renai ns or .a ormerc |y .
ORESHE Tabsssersr Srogkacar mai el e el B ReF o feghniaues to
@S)ﬂl@ﬁs@tméﬁ&le‘i ustf aee sﬁﬁao‘éobf PaRuldt€ Uh b 8ali B! eblefally not very
ch anmethod w | referab@a/ be robust, efficient and
ug

ecnipblelle ghd hav g teaadpndyelg nr e PARBles of, or uneven, polymer at the surface
of the particles rather than a uniform polymer coating.

Numerous other methods for depositing polymer at the surface of solid particulate
materials have been reported. However, such methods have generally offered little in the

way of improved control over the polymer deposition and/or are commercially non-viable.

Accordingly, there remains a need for a commercially viable method for depositing

polymer in a controllable manner at the surface of solid particulate materials. Such a
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pol yners and particle types and sizes. Summary of the
I nvention The present invention provides a nethod of

w@oiogexsdixzi ng nononer to form pol ymer at the seeT/avz000000437

solid particulate material, said nethod conpri sing:
providing a dispersion of said solid particul ate
material in a continuous hydroghilic liquid phase,
sai d di spersion conprising a hydrophilic RAFT agent as
a stabiliser for said solid particulate nmaterial, and

sai.d conti nuous hydrophilic . liquid phase conprisin
Bsthody Wb peetaably| enrabyst y?ffc G4 140 ot apab g o b Rings ,ap%lﬁfgl to a range of

r .S A0 324 nore ethylenically
ﬁ%&é@ﬁf@?é@gﬁgﬁgﬁgfgﬁﬁﬁiS} the control of said
hydrophi lic RAFT agent to thereby form polyner at the
Sumhaoy offthehivensiohi d particulate material. G ven the
simlar polarity between the RAFT agent and the

nti nuqus |i.qui d ase (j.e..bqgth being hydrophilic
B b sk B linER Snerha wt R PetiRa® el st Rfesh Potymer at te
wWaredcd ofB61R1 pRaclility nigerf0 saRidnéthod Be&mpidikg:! i qui d phase
separate fromthe di spersed particulate materi al.
Surprisingly, it has now been_ found that a hydrophili

|
rasdinga GEspRrsion ¢ysgibshid nagtiquiaie mptesish dba @9@5}@#}? hmlroghilic liquid

BRI R SRR QP RROIS o e sEUS 268030 SUSRRLOES cid sl
patiyuiete mattiiganant sditheombmonehylrophitit éqbidl phakey coropdiihg one or more
L&g@id hase. In_essence, the nmethod of the invention

pihplenisaly ynsafirgisd anCRErad® 4l pol yneri sation techni que

t hat enabl es polyner to be forned at the surface of

5Oy driPRE lshfUb 6 AREEEthillefiichlly Ansdtistcdthb@rhets under the control of
control | abl e and reproduci bl e manner. Provided that

shé holromhilia AL agent tmitharetyl fomn nedyrdérs plethee guifacet RE said solid

continuous hydrophilic liquid phase, the particles can

B%}Swa§ﬁ§a§1%pe or size. Through the control afforded

by the nethod, polynmer may be forned at the surface of

Giveenstiik isthibarfolarity deeverntiee RAFT agent and sHeacdntiahibys kydd phase (i.e.
| ored thicknesses.

ashi on and can be provi ded, at  taj S
E@fgﬂowﬁ%@p}aﬂ%mﬁmgw i ecpBdifgns thefpalymer would more

FRERY balforhRdlR RNGAR ?i‘dhﬁtpﬁlgs@éélpgr_a@@ﬁ&?eﬂe Hﬁb&%&?ﬁaﬁﬁ@&la‘ce material.

polymer to provide for a‘“dispersion o . o

ﬁ@ﬂpylﬂmgb/n _d:Tdms uoat etn damrtd e e_ahysdrnpltul;p RAFT ageat in a hydrophilic liquid
Eﬂegsre% rtf Ic<|)r|1t§:ol lplogrlilrlle‘%isa@cl)nt & rggrtlcl)rh/eerls Yt th\{c\'lqs%{ See St cﬂspersed solid particulate
material in preference to promoting polymerisation of the monomers in the bulk

hydrophilic liquid phase.

In essence, the me’ghod of the invention provides a unique interfacial polymerisation
technique Athat enables polymer to be formed at the surface of solid particulate materials in
a substantially controllable and reproducible manner. Provided that the solid particulate
material can be dispersed in the continuous hydrophilic liquid phase, the particles can be of

any shape or size.

Through the control afforded by the method, polymer may be formed at the surface of the
solid particulate material in a substantially even fashion and can be provided at tailored
thicknesses.  Such control advantageously enables the particulate material to be

encapsulated by a desired thickness of polymer to provide for a dispersion of polymer
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polynmerisation is allowed to continue and sufficient
pol ynmer mass is forned, polyner which encapsul ates the

w@anriicashat e materi al may coal esce to provi de POI/AE2007/000437

pol ymer mass having the particulate material di spersed

substantially uniformy therethrough. In one aspect,

the present invention provides polyner encapsul ated

solid particulate nmateri al thaf "is 100 microns or |ess

in size, said solid particulate material being

encapsul ated in a substantially uniformand continuous

errapFHyed fagtiqudaty nateritli ih ahhgdraphiliealsquid.n Pdtetnatiedly, where such
er. t t . of a, hydrophilic RAFT agent.

PRERAHETS AR Ctin! oy VRS sobiiest mass B Biined, polymer

ehihpaichpiubeessk ipdrtRaldd Glikdia niiB @aldte tPBlovide HPQ polymer mass
or.less in size, wherein the encapsul ati ng

Grons Siz , _

B%‘P &&e Pagiculate matssial dippessedisubdeantiafly mifarmiydberettihengh.
control of a hydrophilic RAFT agent, and wherein the
o i gl i ' s ial l . farm,y,. .
B B R BiRalT R, bR eE shtapileld” Bkt particutate
maferiabrthaisped08 wicrodse ot Mvsnin adveappihrsoliel gamitlate haterial being

detaih d desc&;FtLo of. .t he %$ven1ion. Bri ef )
BEaRM %%4 Bh? Bbsfandally 4piforgy anst eqntinpees eanbisaiofemodyner which has at
lehg ih Pm BédnORriied hindeP Whel@nirb] &¥Si KRk &Shi RY RWEY: a%tent.

Exanple only with reference to thHe acconpanyi Irg

drawi ng in which: Figure 1' illustrates polyner

Lhe Bisaant sveatiqn ago pravides netymerapeansulated sobid padinubae material that is

' i Ll scription of the .
136 18 NREI 0, 0 RERS R BBl 3Pt st i prt e
formed tihder ths codtail dffechyaliéplilic RAFT gty | Mdi wisdrbiM the solid particulate
pol yneri sed under the contro

unsat ur ated noponers are,

Bpteriplis HWF%‘HHY P@fmayr disgenned thegnabentife sasapmepiingpplymer.
"under the control"™ of the hydrophilic RAFT agent is

FRaRk addlal of BR iTPORIRLPpAE BB MTRL 88 ddelcfhtion of the invention,
Reversi bl e Addition-Fragnentation chain Transter

éRAFT) mechani smto form pol ymer. RAFT pol ynerisation
rieEDpseription aif ithe Dnavings at ed nononers is described in

WD 98/ 01478, and in effect is a radical polynerisation

' es. St obe.pr red havi a
5 PR PR AP BE RGRBEFS DY Mt oy
woh yaderspertsitie/accdmeatydah diagigs @phioys a RAFT agent of
the general formula (1): (1)

Figure 1"illustrates polymer encapsulated TiO, particles prepared in accordance with the

invention.
Detailed Description of the Invention

A feature of certain aspects of the invention is that the one or more ethylenically
unsaturated monomers are polymerised under the control of the hydrophilic RAFT agent.
By being polymerised "under the control" of the hydrophilic RAFT agent is meant that the
monomers are polymerised via a Reversible Addition-Fragmentation chain Transfer

(RAFT) mechanism to form polymer.

RAFT polymerisation of ethylenically unsaturated monomers is described in

WO 98/01478, and in effect is a radical polymerisation technique that enables polymers to
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W

whi ch has been proposed to react with a propagating
radical (Pn ") in accordance with Schene 1. initiation
opwomexsoX M P n chain transfer R) (2) reini PCEHADZ007/000437
nmononmer (M chain equilibration (3) termnation . ' n

+ Pnt eac piy ner Scheme 1. Proposed nmechani sm of RAFT

pol ymerisationThe effectivenessg_of the RAFT agent (1)

is believed to depend on a conplex array of rate
constants. In particular, the formati on of polymner

accordi tp sche s believed e reliant noo.
ReqmiepfisH inavingad Ve q%ﬁ%wgg H@ﬁaﬁ%& rchfsedtia g 1o pRlgpersity. The
t@&ﬁﬁ%%‘nﬁ&yﬁﬁﬁ?_@“%‘gbﬁ%f&ﬁéﬂ &ilad fé&Lﬁ’eg@l?.t (1) and the
fragnentation of internediate radicals (2) and (3),

relative to the rate constant for propagation. The

rate constants associ ated with RAFT pol ynerisation are
believed to be influenced by a Cﬁangg i nterplay
between stability, steric and arity effects in the
substrate, the radical syandtdfe products formed. The
pol yneri sati on of specific noinQners and conbi nati ons
of nmonomers will introduce different factors and
structural preferences for the agent (1). The
interplay of factors for a particular system have been
| argely rationalised on the basis of the results
obtained. A clear definition of(lall factors that

i nfluence polynerisation for any particular systemis
yet to be fully understood :

which has been proposed to react with a propagating radical (P,) in accordance with
Scheme 1.
initiation

monomer (M)
I ——> ——— p'n

chain transfer

P, + XYX—R ks P X . XR _k _ Pn—X X+R'
: \( - \K
@ 7 add u

¢y ¥)
reinitiation

monomer (M) .
R —>—> P,

chain equilibration

P, +XYX_PI‘ Pm——X\rX—Pn Pm—x\fm P
N ()

Z Z

3
termination .

P',+P,  —> dead polymer

Scheme 1. Proposed mechanism of RAFT polymerisation
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In accordance with the nmethod of the invention, the
solid particulate material is dispersed in a

weonriimiess hydrophilic |iquid phase, and t he PEBADURI0MGO0437
di spersion conprises a hydrophilic RAFT agent. Those
skilled in the art wll appreciate that the terns
“hydrophilic" and "hydrophobicy are typically used as
an indicator. of favourable or unfavourable
i nteractions of one substance relative to another

) attractive or_repul sive |nteract|oncg and not to
lét@qutb@tlamff of teRAFT @g@% (bris Heligyed; te fenpndsema camplex array of rate
qpﬁstgﬁége ggﬁfgﬁlgg tétﬁ‘eﬁf glglléﬁgn Opgﬂgﬁ)}@p Ihéc' I?c%g?%?sschtelgedleifsibﬁleieved to be

reli@rtaq:toar ¢qiilitria gac heqmrel hngb ratet cmtalnfsgfdrl tke addiion of propagating
unl i ke repel | ing ponveni ent poi nt

f
radicals dp@ge rﬂ)yandat%E) é’iagﬁlﬁmé‘RP‘P Pg itermediate gdicaly @gtand (3), relative to
tﬁQFﬁ%Qﬁﬁugiﬂg mégggkg c" substance to have a
at

Ity 1n |l east 5 g/L at 25C, and a
"hydr ophobi ¢c" substance to have a solubility in water

Dfe tateswnstanis agsogiatedawitle BEF 1) polymersation are kedieved torhgtinflyenced by a

| ubl 11 d
R RiEals o She bl oREme kYT S5uS Lo SRty the redicals
and thé %rcﬁfutctstf@rﬂ@&l aTﬁ@f)@l@/ﬁﬁﬁigatIdﬁ G’rf etifid nhdtvinezd bhdlchfibinations of
wetted by (i.e. does not rep ydrophilic and

TAQRRTBETR obil entrqdnga differass fastarp @f@i ymmﬁalspre ferencpefos Hreasent (1). The
8{6 lgg of ﬁ%t%?pfor arf)\éﬁ{aﬂ ?Q%ﬁ(tt%}ﬁ ha&eol% (g{a‘ﬁ %ﬂ J)IL&IC basis of the

I S essen a con ous I qu
refidts d)lftalhydjr @plldat defimiticmn a»faul:lt ﬁbtorsEﬂatrpxhth&noé pslyntea]bht&)n for any
hy r?phlllc Jiquids that y be used as the continuous

HERHIE PGS PR Séull%%ﬂ 5ot limited to, water,
vvater m sci bl e polar solvents such as ethyl ene and

IBrét%Q&ld@ﬁk% Wty m@t‘Bgd Gt ufe 1%’&1519{6%' the B0E paltculiSmaterial is dispersed
thereof. In a preferred embodi ment of the invention

ihhe cufiniouso lhsdn@phudlo phqmd cphasguped ghasesuléng dispersion comprises a

RRRAEIAPRLERNE, PRERE AT Reshe VAl SRRRRISe ot e o

%Hio@hﬂﬁ"rdrﬁ atilirSHobic" ot | §PpRhily Bed ki dditiedcanoahtfatourable or
or optionally substituted aliphatic |iquids,

wifanquaghly interagtigns mf ong spbitancedelgtive jol gtk (ig. pitpqtive or repulsive

ﬂ%gﬁrl%lsﬂé)sandrhto [ngé}‘ nte%bgt?merlﬁlaﬁtngptgf-r @Q‘ﬁ&halhs%\ﬁ t@g%eé In other words,

I'Tc'c arac eri I'Ccs fext o
the esed "hydrepliilioh and Uthiydaphobis" \aré lused s cpdithyrynotdidagors to define

apabl e .of for g mcell r tes thin the
Lol EERs R df HRRHPene a&gwgggrep lifet ai | ed
di scussi on on the nature of the hydrophllic RAFT agent

' A§ aPENERIRE: B&hOWr réf@re‘ﬁ@@%garhcﬁeﬁ%ﬁ RkARATA the 33PBAEIS consider a
of the invention, the hydrophilic RAFT agent functions

"hydrophilic" substance to have a solubility in water of at least 5 g/L at 25°C, and a
"hydrophobic" substance to have a solubility in water of less than 5 g/L at 25°C. In terms
of a solid that is insoluble in water, the terms "hydrophilic" and "hydrophobic" might be
considered by a person skilled in the art to be a reference to a solid that could be wetted by

(i.e. does not repel) a hydrophilic and hydrophobic liquid, respectively.

Thus, in the context of the present invention the "continuous hydrophilic liquid phase" is
essentially a continuous liquid phase that is hydrophilic in character. Examples of suitable

hydrophilic liquids that may be used as the continuous liquid phase include, but are not
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as a stabiliser for the dispersed solid particul ate

material. By functioning as "a stabiliser”, the
whyaromsnd i c RAFT agent serves to prevent, or BCT/AB287/000437

m ni m se, coal escence or aggregation of the dispersed

solid particulate material. As a stabiliser, the

hydr ophi |l i ¢ RAFT agent may prevent, or at | east

m ni m se, coal escence or aggregation of the solid

particul ate material through well known pat hways such

as steric and/or_eLectr?static repulsign. To(Provide Iveol and
limpted 4 watery watsr mipcible iolas solyents sReh aseihylepg,and propylene glycol an

CEr 6\rla|(f<gcg1io}si(,)$an heil-mﬁgse Rler&® PR a?‘?)?ef@rr bBbYdihtat ofde invention the

requisite steric and/or electrostatic
coreubsd Ionirophili¢ Heuidphiseds etonthmonnz@rdiophaseononer s
are polynerised to form polyner at the surface of the

Exgnbien 0F buioBhn € GRS dnetiden Bt BTt Bf kol @G ehite spiric and
O{Hmiﬁtaﬁﬂr YuidhAGeRbmatic 8¢ oﬂ)t[bnbgﬁ sehistiagéd gliphafic tigeids.

contl nuous hydrophilic liquid phase) the outernost
surface of the particulate material. In other

( rds,
Shrollapirercfngs harein frea i iydppiibe Redt hagentt oinisadeq i A4fing a RAFT
mat eri al nd t.h i 4 i L )
o§5h et B0y FABBLPURIS, i bR rHC b ohbion, such
agenenvlll ywphallfodtebe sapate tof fonhing coedllesr(oernggrgatest avithin the

the particulate material. As used herein, the phrase

coBPES AP @I ReH afh TS KAPORGSEeHE B i name of the
| i j at.q i pabl e of bei ng di spersed

h?ﬁ%égglgCcﬁ%@%@%?&éﬂﬁgﬁgaﬁ%r ophilic liquid phase.

The particulate material will therefore be .
Is abstrdamie atithyceriabodspbite of thetimensiont the hydrophidigiRArh agent functions

and in.a soljd state at. the.t erature i ch. " L et
0 B QAL R B AR PR YR s o i
tRALLOphAlceRAMChtaHt ReVeRGo” SRRl Dt lehstomftimise, chalescence or
I'i qui d”continuous phase, it 1n effect forns a .. .
agipseain afithesdigprased salidhpartiewate cafeialy 08§ 4 ?tg‘&lﬂlaer’ the hydrophilic
e. Proyi ' e - di i
REF Sanll L UEIERE3 o ey Soataedd B abon o e s
paRicul a8k enaayal sthaqehoveli mpwiHputhways sith iss steiogniloedlectrostatic

that particulate materials having a high aspect ratiq,

repHsiekarkgl oY ke ARIPhE finfio %.F@F}lg?n 5 Rédsap Rhic RAFT agent
i Hi6vide kr ¥ Yel6@adstatic trbpulsion.

SR Ry P B, MO byl ulion

ratio. The dispersed solid particulate material may be
Tnnih¢ methbdrafitiof inyeitirex yoqpamerscire polysrerised tcnormgrokyma¢r aihe surface

LA 2R ATBEY SRCEDLSLE ol 500 APk i s v
%r%l%rg g&g%' ¥n €8:f @akieN@ted addpiceitnd.epahyther diatctioneof the continuous
hydrophilic liquid phase) the outermost surface of the particulate material. In other words,
polymer forms at the interface between the particulate material and the continuous Hquid
phase such that it can coat the particulate material. Polymer will generally be formed so as

to fully coat or encapsulate the particulate material.

As used herein, the phrase "solid particulate material" is intended to embrace any solid
material that is capable of being dispersed throughout the continuous hydrophilic liquid

phase. The particulate material will therefore be substantially insoluble in the continuous
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primary particles. Those skilled in the art wll
appreciate that as the size of solid particul ate

woraioen12hs decrease, the degree of difficulty PCI/ABR00G000437

able to deposit polynmer in a controllable nmanner at

the surface of the materials increases. The uni que
interfacial polynerisation affprded by the nethod of

t he i nventi on advant ageously ehabl es pol yner to be

formed in a controlled manner with relative ease at

the surface of both small and large particles alike, | o

lpiid please paridnmraysqbidr stite lag gheolempergiurg athieh theanetbpd of the invention is

Accordingly, the solid particulate material may be of

Eﬁ%énp?£e, shape or size provided that it can be

di spersed t hroughout the continuous hydrophilic Iiquid

By &eSpartiivgdte rildrial béihg "URpgesad” tHiowghsitahe Ufuidlh@ntinuous phase, it in
particul ate material 1s no greater than 10 m crons,. .

affectfoms p disspmtinuess ghassMathin hgroptingaus biquid phage. nfoKigigd that it can
f i [ ' fouE [

B sy UEDEAR o B RRF o M PAAKL A Al may take any

shepe ot eizonHpwaetdrg iteis, re¢opnised ahqil parfi@date trhateridls having a high aspect

m.crons, |less than 0.2 jcrons, le han 0.1 .
ratierfgpexanpie those, havipg @%amagye AOr I}Jﬁqafé ape, MY PP Yot difficult to

‘Esh f&?lalmo%f {ith lpo@%etr @Qnepawtélﬁ%ge?iaf LATAYR G adgest ratio.

0 particulfate material my formed i ncl ude, but

are not limted to, pignents in general, inorganic )

et dispeasedsobil pagiculateamatemabimexibgan the Femosd pfémary glagtiale, or in the
arbopate, iron.oxide, .silicon. dioxige, ' ‘ .

iy 8 & nagh@lioR b BERieRas i ARhod Ty, e jpyention has

AR Betluk IR el RRIMEQS be bhitieulayldcohtipki £ fomgagipclymer at the surface of
material s suchas waxes, bioactive agents such as

pEBUY @REEdes. her bi ci des, fungici des and

pharmaceutical s, and organic pigments such as

BUbAAREARH iR M Uay BiBalAevaR Be W GO0, o HUIRNGAHHARE materials

an [ n prove nore difficult to

dhcsqase, ske ddgrde dflbffloptly dpbeihg eblRAG Beprymodymd?riafasoatspable manner

%ﬁeer sjg{‘alég of ﬁgtérllagc%rléaﬂg %@E‘%&c}estr ! le@?%gﬁgt%ﬁg%hl: I%qﬁ%rlngrisation afforded by
thi Gtebd ofFnaMRleBBoR hdPihedpe FRIL EAIS pdleheidR, bedfdkmad & a controlled
not limted to, titaniumdioxide, zinc oxide, calcium

wamizo rvatiereldtivereasx atithe wirfare of bathostnalk and drge particles alike, be they
sul fate .indrgagpeaigtgﬁg§riaks such as g-iron oxide.

Ry RS S PG SPEPEIFEa  t hat the solid particul ate

material that is to be encapsul ated by polyner is

Atdvsdiaplyi tlelsylid pefticulaee inberinleday beof emntiptj siape unsiee provided that

whi ch the RAFT pol ynerjsation process js conducted.
it can be dispersed thr%ug out the cont?nuoﬁs ygroph{hc l(lzquléj p%ase. Preferably, the

romanant hr one [

largest dimension of the particulate material is no greater than 10 microns, more preferably
no greater than 2 microns. The method of the invention has been found to be particularly
effective at forming polymer at the surface of sub-micron particles, for example less than
0.5 microns, less than 0.25 microns, less than 0.1 microns, less than 0.01 microns, and

even less than 0.005 microns.

Suitable substances from which the solid particulate material may be formed include, but
are not limited to, pigments in general, inorganic material such as titanium dioxide, zinc
oxide, calcium carbonate, iron oxide, silicon dioxide, barium sulfate, magnetic materials

such as y-iron oxide, and combinations thereof. More hydrophobic organic materials such



In practical termnms, the continuous hydrophilic liquid
phase in effect functions as a reaction nediumin
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nononers are polymerised to form polyner at the
surface of the solid particulate material. The nonomer
may be present in the' continuous. liquid phase as a
separate liquid phase, it may be soluble in the
conti nuous |liquid phase, or the continuous liquid
phase may. itsel f consi st or.cqonsist.esseptially of the )
AR DORRE ere S 1o Ans LSOy i, Bngltid anpRiggraceuticals,
da@srgaic FigRehBlsut aCpithaISty RERUBNd, PiaoFhnihb $rRACq@ancridone and
mpre ethylenically unsaturated nonorners, "the nethq% of
tdpEomanatifons caraRrove meBhdisigubiie | djspatse avithathp hpdrapkilia RAFT agents.
di spersion of polynmer encapsul ated solid particles in
{Jd& 4l 1, qui : ere, th . :
FrRHARRR e fofd oAt e AR BEBIRUBeNTP ShiteSer o can be wetted by
ﬂnfg;!dtoiphi]icdicmidjat Exdnqﬂesibsf ilichgﬂ:iitbhﬁalgi iotadde but fre dvelidebd to, titanium
t.he i.nvention may be used to prepare an_aqueous
%ﬁ%‘gﬁ» Zin OGle el Ry caEbRIRss dToR: @ de,i siliganudiodidsx beréum sulfate, and
Ll BSteridl i el tipe hydrophilic RAFT agent
pﬁ%&1?uncfpo%§uggé§£§%?F§@g the solid particul ate
material in the continuous hydrophilic |iquid phase
¢ais gdrsollyduaferadeabatsthy sblidpaitivnlato ntatardai s ds @ be Guisbsulated by

- di spersed pol yner, encapsul ated particul ate materi al .
PBBJFJF&H by Sﬁlﬁség/“r?éllﬁoﬂlegf tq htgei FReeMin genditiens riidsy| yhichothe RAFT

POFntdrRARIn HosReTSAAtudigd di sperse the polymer .
encapsul ated particulate material in the liquid is

required. By being "encapsul ated” is neant that the
po Piagteal derptst thetdoatinypus hiydiephidis ligued phse ireefoit ifighetions as a reaction

ki c lal. Th al yoer however , .
R T —
¥ardgoliymet 4t)the surfaae pf tleabli@ datiohiath mMBetial. tTThe nhdNo@i¥r nfdy be present

provi des a nethod of preparing a dispersion of polyner )
bhdbg sontiuoys d1vidy phaset Ac @ saperaiatligpidaphass, 4 may be soluble in the

1o d Lauid . Chsing.. . peaw di '
SR id K 384 SoBADY GBI oy DK S or conss
coantisillyofshdwydnaped. | i ¢ |i qui d phase, said dispersion
conprising a hydrophilic RAFT agent as a stabiliser

r said solid partigcul ate, yaterial, and said . .
S0l s hire BRfropfite Mo Bt i meb i phprsistesspatialy of the
OB ©r ehdiy | Eileatdlly WHaRkaE@HRHhoFRBONRE SnetBtiof the invention may be
pol yneri sing said one or nore ethylenicall

EQIYVERIGAHY aWednbm Pravere @ rfdspersiore of galyutr epapsulated solid particles in a
hydrophilic liquid. For example, where the continuous liquid phase comprises water and

the particulate material is titanium dioxide, the method of the invention may be used to

prepare an aqueous dispersion of polymer encapsulated titanium dioxide particles.

The moiety of the hydrophilic RAFT agent that functions to stabilise the solid particulate
material in the continuous hydrophilic liquid phase can also advantageously function to
stabilise a liquid dispersed polymer encapsulated particulate material formed by the
method of the invention. Accordingly, no additional dispersant to disperse the polymer

encapsulated particulate material in the liquid is required.



sai d hydrophilic RAFT agent to form polyner at the
surface of said solid particulate material, thereby
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solid particulate material in a hydrophilic |iquid.
Preferably, the continuous hydrophilic |iquid phase is
wat er and the nethod produces ?5 aqueous di spersion of
pol ymer encapsul ated solid partFculate material. In
accordance with this preferred enbodi nent, the solid
particul ate material encapsul ated by the pol ymer may
being {'sparpsuisted’iis Ineant thatrthe gglyegatsebdthraiatipfsurrdingls the entire solid

i_ng ich encapsyl ates the particles will |
R O G T KN
pamt holes or Poidyirdigd t he pol yner encapsul at ed
particul ate material can remai n di spersed,
| ated particles, of any size can be prepared

ncaps
TR Ariolers SHREPRIGHSE. Yy InveRBOhBIdYEdS | 20ggthod of gkeeribe a dispersion of
BeBehel CRAGRBIE $BRd %a%&f@?%ﬁgﬁ?aq ¢ %g%yg}'éed’ri%li?ﬂlau@n said method

encapsul at'ed particulate materia
épmpusisgi n si ze, wherein the particulate material is

" encapsul ated in a substantially uniformand continuous

: of. a pol yrner ... Suc ovel polynmer encapsulated =
BB o tiaBeriP FEaro isb e eBRah & orcqnesbsusatyrophitic liquid
phaseosid @fspéeRd, cotprRidd £hPSpilic RESST hferkt 128 & stabifiser for said solid
si ze of the polymer encapsul ated partictlate nmaterial

ﬁﬁ?c'élla§dn§én@1n aicheaid gpntinuenohydrapiybc lifoid Ehesapdrepfisingrone or more
QehOk ' r the ayoi dance of any doubt,
re?epg%%%u{fggﬁ{rg%dn{S:o?lgrensrsmanQ’he pol ymer encapsul at ed
particulate materials in thiscase is that of the

belygessingisainsiconr moey bitigldnioylly hestaRinabhdRer® uni&tethe control of
%Jo(i%rér/gr gqatwg,and the solid particulate material. By

A 14" 5a uPERE tprefPR iRRly B #Hgthenwalseloftsedl bolidaparticulate
maeBial amtieBY | providid0 54 a&l%}éfﬁ& 'dglr"}géélzrrr]l;élo i%h&%ula{e% solid particulate

meant that the coating do€s not
mateaglinarhyideonbéic lgqwdind t he particul ate material and
that the coating is substantially free of holes or

' T, .eve these,praperties, .the thickpess of
VRSl TR SIS, TOREARIRG bt s P e SRRl rocuces an
gpeersaditperdien 6Ly hedntapRNGERIid JIRMRYAE maldiamY be
that the thickness of the encapsulating polyner can

radual | ¥ .around the perinmeter of the particulate

varg 9 : A : :

Teitcepance widh this arirecd embodiment éhe selid naianiatematerial encapsulated
thehR1Rsahes vat dlifaR ant e i
bRl o EELIE PSPl BT mr conin
woieh ienedpsylais thenparticlas wikl gemeraliye be sabstantiaRy WBH6rm around the entire

visyal | .Eo exanpl e by Transni ssi.on El ectraon .

RIS s cl%%\g} ?CIT% polymer encapsulated particulate material can remain dispersed,
encapsulated particles of any size can be prepared using this methodology. The
methodology can also be used to prepare the aforementioned polymer encapsulated
particulate material that is 100 microns or less in size, wherein the particulate material is
encapsulated in a substantially uniform and continuous coating of a polymer. Such novel
polymer encapsulated particulate material may be 70 microns or less, 40 microns or less,
or 5 microns or less in size. The size of the polymer encapsulated particulate material may
also be in the sub-micron range, for example from 0.01 to 1 micron. For the avoidance of

any doubt, reference to the "size" of the polymer encapsulated particulate materials in this
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The thickness of the polymer coating which
encapsul ates the solid particulate material is

w@e@aram y at | east 2 nanoneters, nore pref erBdi/xU2107/000437

| east 5 nanoneters, nost preferably at |east 10
nanoneters, still nore preferably at least 20
nanoneters. There is no part[qg[ar limt as to the

t hi ckness of pol yner that can ‘encapsul ate the
particul ate material, wth the ultimte thickness
general ly being dictated by the intended application

¢age is thet efrdapangestdimenson provided bypide combinagiontof Hfopelymer coating
i 41.¢:1 1 qui se consists or consists

%@g&%?@géa&lé&lﬁ? etég%g or nore ethylenically

unsat urated nononers, polynerisation of the nononers

Banthe eslill t particilite metetialnbeing drcapsutht@has e Ustbstmtidlyy uniform and

forming a polynmeric matrix around all of the disperse

CRNHOYS¢Qaing e ds PSR ERBIRE FRAMB 1G58 InpheresTR 1 AR ViTRgP lar manner

%rgﬁncpﬁ{et .aﬁkc%ﬁtg h%&@fa? ahd Hhe Rt (!Uaﬁﬁg!ib suB¥tahBi81PRES bELSISs or voids.
y I a nd

elng 1nitra I spersed I n essen I'l'y nmononer, a . .
Thechisno riegse heppertips | theshickeds aif thhepdymémseramdingethe particulate

di spers articul at terial, . fhe nethod of .t .

SaeBaL vabe bRy e PhEv IR bah G HoRELBE L 5, B tefhe ickness of the
BRLYABItinB POl Gerl AR VBAT fraGuHIBtLourRl BE ipalimSieb SF &Rt jastidulate material.
uni formy di'spersed t'herethrough. In another preferred

" Bortrxdinpisn thetraetiqubnte matesial pos viokbs logatad ehibd peteise centre of a spherical

reparing. a pqlyner_ havj ol | Leul [ :
RERE! odfind CPst FPbugRtl 28, B wofBANL 45 PhETB! 6F U coating can
eVl g begn Aledii SRy Sfod Bxaiiple 8 A rashigigel lbéteat] Bi@oscopy (TEM).
material in a continuous hydrophilic Iiquid phase,

sai d .di spersion conprisi.n .hydrophilic, K RAFT.agent. as g
gh% ffaﬂme%s%ff the d)pfyé%ngcpoggpg? &%‘&ih{ (?rE sg{laéesnt&{: épllg |p%S§H@?e material is
g%féila‘tﬁg gf 16%{ QS I AERD bk Grd tAHI Yt RERE § n&RBdLSLs ] ﬁig(sjt preferably at

sent y of one or ‘nore ethyl énically unsaturate )
leastolfensiomateds, poillymrere wfegatdpiati legsie2 nangpregers. There is no particular
t hyl enical.l y unsat urat ed, npnoners updey the.contraol . .
Elfm%agi tg “Pﬁ/{hl | ) c?ailcpo';%&}o_ﬁr tggtecrﬂn e(nsal?sgpagﬁ g'lgl%?ﬁécru?ag% mtaljc]eerlal, with the
§1@iﬂa§&ﬁi<ﬁtﬁes%%eﬂer§9%; béinpaAidtatedbatiR ifRhesd Aplicather @Bthe encapsulated
provi di ng polyner having the solid particul ate

pattieles.al di spersed therethrough. By the expression
"consisting essentially of" one or nore ethylenically

AR DT g R SRS 0o o
inogs eliyenically htisataaley mdndnives,qebdyrhériratibn iofi glieethiopomsrsdmn result in -

not materially alter the basic and novel .
IR apornapiso idid BHese e o EPTTE AROISmeEs JAFE BApYd all of the

BisFQd EYiRYSarticles to thereby form a polymer mass having the particles dispersed
therethrough. By the particles being initially dispersed in essentially monomer, and the
monomer being polymerised at the surface of the dispersed particulate material, the
method of the invention can in this case advantageously provide a polymer having the

particulate material substantially uniformly dispersed therethrough.

In another preferred embodiment the invention provides a method of preparing a polymer

having solid particulate material dispersed therethrough, said method comprising:

- providing a dispersion of said solid particulate material in a continuous hydrophilic liquid

phase, said dispersion comprising a hydrophilic RAFT agent as a stabiliser for said solid
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hydrophilic Iiquid phase consisting essentially of one
or nore ethylenically unsaturated nononers m ght be

wop@7minseh i s based on at | east 90 wei ght per cRBEI/AU2007/000437

nonomer, or at |east 95 wei ght percent nononer. It
wi ||l be appreciated that in this enbodi rent of the
invention, the one or nore ethyl enically unsaturated
nmononers w Il thensel ves be hydrophilic. Were the
conti nuous hydrophilic liquid phase consists

‘ j .qf _the.one or nore, ethyl eni call .. .
FRAEM e B o i 0 Rl fuSendls Raieds scupitinawsentioly of
oed otiTRGTe eyl @icalll; vhguAABonbré:Qndt 0 it al | being
converted into polynmer. In this case, such a nethod
cqul d, rovi,ge a di spersjon of polynmer encapsul at ed

YREIHAE SHE St Y RaeesthulenicHly Hesapuatgd mionpmers under the control of
SN 1P B! 0 FOLL eni eal | v unsat urat .
nonqgeroé /isﬁgﬁgar Q?F%n on pt% Hgg{éﬁeﬁh% o faf%é)? S_ald idifd particulate
inategal i herchpeprovidivg pohmarubaringyttle ogalid! partibiletel ehaterial dispersed
t@?a e c%rc1$| sts essentially of the one or nore

Tyl et eal | y unsaturated nononers, it may be
desirable to disperse this continuous hydrophilic
By qué cexphaasion Woh&ktind $8ehtidlBs ofh@ns 0bs ?no?ﬁrétllxﬁéﬂi@ﬁlﬁf unsaturated
mat eri al dispersed therethrough, in a further “or
TBeRYRYSS cis niieptfothet thejuthe pertiwous hydoyshde \iqaid mheget may include

- ' as.a.doubl e.emul si on,. For, exanpl e,.

;%?ﬁr;do!ggff %rl%g%qq%ritgeogr%toyx éiid 81% iﬁﬁl&uo&éi mgbr%(gggt% &0 thgatenally alter the
meiet andunsig! kjtstaephistios Cofl thewhehhass Wal OF &aR$lesShsly, a continuous
essent | al,l y. .of hydrophilic nononer, this continuous
Idmrbyis Haid) Rhged eonseiing eserntiglly 196 pnbeordnesesthldnicalla unsaturated
AR a0 | i T | is..cantext. the
first rren%l;&oﬂr?e g(ﬁﬁ%%ﬁ%ﬁ%d | gtuﬁe%t%ﬂaieé&?ip.eéc.eni figpomer, or at least
bhivelght qresiest snewsent | Bl will ot apphaimed thayiaethis embodiment of the

.consi dered continuous | ative to particul ate materi al :
{5y Hahs dIF oREr @t Moty seAbhensliaied mepoReRomill themseives be

Hardphiiieous i quid phase may be considered continuous
relative to the first continuous Iiquid phase
di spersed therethrough. By performng the nethod in

W_h‘?@ thgﬁﬁ@trir}uquﬁehy Hisr liguig mhespobyaes iessedtially bHitim ane or more
oA U Blrs B BB | B Pk BRI PO netiation of he

muorioher iipr ¢ Pl el theretd vy @blynide 1niER @be, $USMa method could
s may be conveniently controlled

ol.ynmer .particl ] (
P?%"ﬂ%%@rﬁh SFsion plopelymer gacappypied solif partisulath maghriapér dedremaining

n6RlyMRNSd bhett dloRNAMe AR kil \Bofl SR Sed

particul ate material Using niques we Rnown in
the art. In the "double enul sion" nethod nentioned
Agibo veriatidneotyluir mythiodli of RARTvagientwhiasechd omginuous hydrophilic liquid

phase consists essentially of the one or more ethylenically unsaturated monomers, it may
be desirable to disperse this continuous hydrophilic liquid phase, which itself has the solid
particulate material dispersed therethrough, in a further or second continuous liquid phase
to provide what might best be described as a double emulsion. For example, the
particulate material might be dispersed in a continuous hydrophilic liquid phase which
consists essentially of hydrophilic monomer, this continuous hydfophilic liquid phase
could then be dispersed in a hydrophobic liquid phase. Thus in this context, the first

mentioned continuous liquid phase (i.e. that which consists essentially of monomer) may
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as a stabiliser for the solid particulate material to
prevent, or at |east mnimse, coal escence or

waowreyadd on of the dispersed particul ate nat ePCEHAU2007/000437

t he continuous hydrophilic Iiquid phase which consists
essentially of nonomer. The resulting polyner

encapsul ated particul ate mategihal can therefore be

advant ageously substantially free of additiona

di spersant for the particulate material. It will be

appreci ated by those skilled in the art that a surface
kecednsislesdagsintinueys xelative 4p Porticylsie arateyiabdisperged thegethypugh, and the

revent..or .at l.eas 1Lk m.se, . .
SESE ko lroonk 15D, U T B B4 SSRGS Sruons v
Fentomitaues ligeidi ghaphdBperséd theestvreagind Byopérforining the method in this
liquid phase. In this case, it 1j@s preferred éhe}t t he . .
manngr, the AOnAWSTEaY jbg PPl MRS orma aisnersiryof pplymgr particles which

ti | kqui.d..: e c i : : d

RGPS’ RSy, L BHEGRC rherfhl s faly ity disperse
theetlpolgH. | Tid side bHsuchalolyhetspanadedmey bpobyvehienkly dootglled through
stearic acid, comercial terials such as sarhitan ..
%%P%é%fe&e gggp'leg@z’e Q)tfl thﬁo 1§I?e§ u{:g}}%@ﬂgu%ﬁaﬁgna@se comprising the
ﬁ@%%ﬁi&ﬂt@%erﬁ?ﬁﬁﬁg gLRAGhdsSA Bkndvih RAEOEMANCE
wth the "double emul sion" nmethod descri bed above, the
solid particulate material dispersed thr ourglhout t he

Inabel'dable pohizinar’ meihed weetiongy abevea ther hyidaerhiliaRAT] 2gent functions

i BRSO Sal BB HUOH ROPRNELpr § st pipimis conlescence

&t speEsEdn tdTrihe divpuised ertolayoriatepial i HeeconBnomisdigdirophilic liquid
t he pol yner encapsul ated particul ate nateri.al c?n
phase Whishs pensisés eswnbialhs iTaMeBOpaT-t 1BF o5sWHing gplimst encapsulated
ﬁa&'ﬁ lﬁgte PLARHRELal Sﬂh@&g&g' Be g&ﬁ%ﬁﬁ 099%4- su Eﬁntially free of additional
ko ol ogy can al so be used to ptrepare the
dikpsrent fidr the partipolatenmantesialc psilil tet apprqviated tythase skilled in the art that
material that |s 10 jcrons .or. less.in size, wherein .. .
 Aerfgssractive Sapufemiah il SocalBsise o ubRTme Y py et minimise,
i1 sREdTe Yor aggregkgmtﬂf theBsRPSAMBS remSHTdhed A& coRBAVM Niquid phase in
encapsul ated particulate material nmay be 70 microns or
thessgomtOcamitionowssliquid Ipbese, lorths eriserib s pistertedstbat the first continuous

i ze. ,The.si zge,.of, t he pol r._encapsyl at.e i al s
G Bl e RS Moo L 3 ST it
S GitabldricensIn.- stinlisdrh enavd, dances abt dimitedotabicolloidf erasnten poly 12

to the size of the polynmer encapsul ated particul ate
hedrexy afearip ackl, scomyBercial maigralpueh as sgrhyeamangleate i (§pan 80), or

Vi . j ' t I g d the solid
BUSLATFIRY sddful BRAL (ABSA] 6ol FFRcRE] T ES The
hydrophilic RAFT agent facilitating dispersal of the .
Bohdodrdaacd wdthl e & dositle eiallsion weihd wiesarived abnvé, theogelid particulate

%dr,o E{s{)elgcﬁ: { c%g?xogtht 8 Fest tgr?ti psotlglrrrlxgr Igasxfiglgtnila%ll gé/ a%frimary particle or
an aggregate thereof. Advantageously, the particulate material will be substantially
uniformly dispersed throughout the polymer particle. Provided the polymer encapsulated
particulate material can remain dispersed, encapsulated particles of any size can be
prepared using this methodology. The methodology can also be used to prepare the
aforementioned polymer encapsulated particulate material that is 100 microns or less in
size, wherein the particulaté material is dispersed substantially uniformly throughout the
polymer. Such novel polymer encapsulated particulate material may be 70 microns or less,

40 microns or less, or 5 microns or less in size. The size of the polymer encapsulated



t herefore throughout the resulting encapsul ating
pol yner, the polynmer encapsul ated particul ate materi al

w@2an7al2se be forned substantially free of addi PCDAER007/000437
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di spersant. By being fornmed "substantially free of

addi tional dispersant” is meant that the polyner
encapsul ated solid particul atejgmterial conprises |ess
than 30 wt. % preferably Iess than 10 wt. % nore
preferably less than 5 wt. % of a dispersant, other

that hydr ophi ] i c RAET agent,_ that is used to .
@Xﬁ@ l%?a‘PttL?:EHba’[nécr% WeP-aPr PYARINE fr@ahs 04 (@ jgnicron. For the

'av&ka&&@' dfl &y UG 1dIBRAS 0 %@Ehé’ &flfe gﬂ)@%rﬁgi ScafSRMBA particulate

di spersant present (i.e. inclusive
h;aﬂarm;bhn Ithis dagd-Ts dgerf thhilogesalimension pscb\éwkbd bgehg coibination the

BhYBien 450, 85 oaft RSP Frra SRk R s e ant ol |y
no di spersant. Most preferably only the hydrophilic

RA-theagiRIMé pHilic M&Eﬁr&tgeﬁsfafchﬁatﬁigabisbéﬁﬁf of Bt §dIR1 Pﬁlltllcﬁilate material
particul ate material being dispersed "substantia

tHPPEhont (e contiingR élmiron)hléwﬂtﬂu as¢ GOTfEAING eﬁfwatlalbh@f monomer, and
ﬂ?err%fof:eu ltlﬁ%& HORE Sk &le ﬁlﬁngo oqc y}%lgl?a!tlhge?olgﬁle ﬁléa? B?ﬁ/g{e? dencapsulated

nca sul a

paiticulatd raatenmt&taﬁ ralsalbesthmﬂdkuro@ttant&mycfww@mﬁﬂmbaﬁl dipetdant.
centre or peri neter of the encapsul ating polynmer An

SSEess ﬂ,t e di spe state of the @rtlcula

C B forst] 'SUpPRANY T et uenel dispgisaRs sigpiet the polymer
Qﬁcaﬁﬁﬁﬂt@mséﬁdl %Qrtl%hﬁﬁat fn@férlM %xﬂfﬁs‘é?){esﬁ TEM 30 48. %, preferably less than
i ndi cated above, the solid

culate nateri al
dDsple P/seuorenpnefﬁeahim Aessrthous xlvrlyc% b dlspersarqucptherpthaséle hydrophilic

I S by .pt he bilis uc :
SRR S BN o e 4B BffioBoRabaeitrf B Glefans nvarophitc
figeit phakbosatiilel td ek irdtall Bﬁloﬂlﬁtt ofdispes R ﬁﬁbéﬁt &ikhénclusive of the
range of surfactants suitable for this purpos

h@@r@phlﬂiél RAET sasnavdrieh @etst s A aﬂa@lawhntlaqéheromt@p pgher than the
%g@%éﬁﬂlth RﬁlFTS l&ié%rﬁglttﬁéqteﬁc% Pl ‘Fll g e‘g)flon r§ %yh?grgbn& substantially no

dyspespiti Mast paFdrablgenty the hyp@philic HAFT aganwepresennad the stabiliser.
surfactants are not generally capabl e of being

nchored to the resultin nmer/{particle composijte
Hicihs 56 parcRBeeTRPERe el disbased Albipdidyi & tproughout the
%B@k&ielr Ii8 Aleh@Nh&t the paftlcAMUC hitehial kbt USdaliSed or agglomerated within the
pol’'ymer/particle conposites that conprise conventiona

suedpadatirg pataper. Hérrekemplebthepditinbgt patstinbdioali ro ba concentrated at
k esc% Ig ¢ 8£ E%Prﬁgégﬂ{)ﬁﬁgteg%%ﬂ%ﬁ?%polyglﬁ L ggkg%%%#éit ﬁg tHe d1spersed state
of the particulate material can generally be made visually, for example by Transmission
Electron Microscopy (TEM).

As indicated above, the solid particulate material dispersed in the continuous hydrophilic
liquid phase may also be stabilised by other stabilisers such as conventional surfactants or
any other surface active agent. Those skilled in the art will appreciate the range of
surfactants suitable for this purpose. Nevertheless, to avoid certain disadvantages of using
conventional surfactants it is preferred that the particulate material is stabilised only by the
hydrophilic RAFT agent. In particular, conventional surfactants are not generally capable

of being anchored to the resulting polymer/particle composite and are therefore prone to
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product may be conprom sed. Hydrophilic RAFT agents
used in accordance with the invention not only

wo eovet11a3m3 as a stabiliser but also play an act P@UBAD2I02/000437

in formng polynmer at the surface of the solid

particul ate material. By virtue of this polynerisation

role, the hydrophilic RAFT aggst is inherently

covalently bound to the poly that is fornmed and is

therefore prevented frommgrating. Were a

conventional surfactant is used in the nethod of the .

mingén tfroom theitsiabitisgbion s n g redusts: fosmed using epobiyraerdisii¢le omposites

ent ef f ect o

B OaRPRD b Y G Ther e ARl e fpcted af pesult of he

srfieaAcmifatalg ARERCaliSing M peckele Megakmpl, did @ates rgfellency of the

usi ng such surfactant. As used herein, the expressions

pfﬁ@llﬁgﬁﬂb’/%&otqp&mﬁ?% mat eri al conposite" and

"pol ymer/particle conposite” are intended to denote a

I@%&ggﬁhf fﬂﬁ% érﬁ QNG 5&0%99&? WithOfe %ve%lbﬁf %E oftfy function as a
ace o so id particulate materi al functi on

sibikses thaibialdos play atnhecthzytdroduqolnm Ifonmﬂ@\l-'p'bl)ag@nat thsesilrfaqe of the solid

accordance wth t n t |
BRI EaRI e o e trtol IS BREREP G ReL S WGP RAFT agent i
1§Hé1%§t@}ec&falénﬂ? bo8hd & ﬂh@rﬁ()'lﬁh’ér&hﬁ ifedrefelalnd iPrRlR Rﬁ!r&vented from

physi cal associ ati on between the hydrophilic
la@mngan&fhema panyansighalt eurfaeient isatsediin Ithfb éleﬁ;odv@fythéfmvenﬁon the

S:s%he ggﬁg)éﬁg E]{ﬁ)lplf cgfc ol?yc?%@{] {5 ?ﬁculaggétoé c?’lv«?l tl%dgpe% the amount of

dRAVERbnaN s@Bickdnt YeduireB@nddserebe pronites 4 hh&aﬁslft@ rafrd&ist minimise the

surface of the particulate material, it will be
negpteceiircip g suplSH{RSt®bhi | i c RAFT agent wil |
exhi bit surface activity, or in other words it will 'be

AT fug&fts R&EhY Bthe (@F&%%B{? W%&%Hﬂlétﬁatgp‘ﬁat&% Ntcof@dsite” and

exhi egree o nd i's therefore | ess
'ﬂmmﬁerfparthlé@ mmpesn%él amedntbxgdepotoy menott ox rrddust fommed through the
f t he ticle. rds adsor bed

deparinemer pelvmara i e of Sl et lat Rt £0°oove

freely away fromthe surface of the particulate

THBARRN A b stdbiesep Oty NBfdréphalic RAMRIagentf @etdeid. acdordance with the
hydrophilic RAFT agent used in accordance with the

infiention; witl gﬁmerallofm rhasicglLn assecigtedtip semareast Wih ths qupaaost surface
oft tllie sgl‘rf‘a p%gt?ci%a{% t%rllilhe ﬂ%ﬁe?ﬁ%sﬁhes gh{:ﬁ&% YMsolifon between the

id particu er Ial nction’ as
IS}tcH@bHﬂl(S RAH P agdninand ahé @anaulata:uiaairlal will éoiei tyl wagrof the hydrophilic
cont r ol gol yneri sg?d'uon of the one or

RAKY| agsnc Being adsrrbecPaice er%l#é%?fs%ur%an?[??iﬂgq Ryitigulatepaterial. By

having an ability to be adsorbed onto the outermost surface of the particulate material, it
will be appreciated that the hydrophilic RAFT agent will exhibit surface activity, or in
other words it will be surface active. An adsorbed hydrophilic RAFT agent. can exhibit a
degree of lability and is therefore less prone to become enveloped by polymer formed at
the surface of the particle. In other words, an adsorbed hydrophilic RAFT agent can have
the ability to move freely away from the surface of the particulate material with the

polymer that is being formed.

A hydrophilic RAFT agent used in accordance with the invention will typically have a

structure that enables it to (a) adsorb onto the outermost surface of the solid particulate
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hydr ophi | i ¢ RAFT agent can be soluble in the
conti nuous hydrophilic liquid phase and still adsorb

wonio/1135e3 surface of the particulate material POI/AU2007/000437

control polynerisation of the nononers at that surface

in preference controlling polynerisation of the

mononmers in the bulk |iquid phgse. Further details on

the structural characteristics of the hydrophilic RAFT

agents are di scussed bel ow. Hydrophilic RAFT agents

suitable for use in Easlgé,ordignc W th the qresent )

mpigens i(Bh Tmedipade @ SBSRISEH r3Qlids RartigHlafe (mteriglgand (c) control
A SRR ol HERBR R PGS BBB1E S hinty, i
laylropilégR A FTaapghinginfiesoiubdld in the Gontimuetehyalrdphific bauid phase and still

SBuTS5b, PoceraL s SRR i § AP erimion of e

RYL5RARIE {Hat SErPABSH ?me@n&escoa&mmfgowyma@aﬁ@@ef HeGABhdners in the
sufficient reactivity of the thiocarbonyl group

udindinuidl phast. curthed detriloen thieistractaed charadiemgiics loé thedtydrqghilic RAFT
fragnent.ati on ]g t he extent that there is unacceptabl e

FESPR AR S Bt e8‘i’)‘fvymari sation. Preferred RL groups

include C1-C6 al kyl, ¢G-C6 al kyl aryl, G -C al koxy

Biydopkilic RATET agdnyd suitable Hoodsewh hedordace plithahabteyent invention include
substituted with one or nore hydrophilic groups

thepcceftasaemt nndgH, - C2RN, - SOBH, - OSCBH, - SORN,

-S2RN, -OP(OH)2, -P(OH)2, -PQ(CH)2, -OH, -ORN,

-(OCH2- CHR)w OH, - CONH2, CONHR1, CONRLR', -NRL1R',

-N+R1R1L 1R1", where R is sel getedpenrCi - C6 al kyl, w
is1to 10, R', R" and R'1 dre independently sel ected
fromalkyl and aryl wiTth%re optianally substituted

Wi th one or nore hydrophilicysubstituents sel ected

from-CO 2H, -SO3H, -0SM3H, -0H, -(COCH2CHR) W OH,

-CONH2,. -SOR and SO2R, and salts thereof, R and w are

as defined above. Particularly) preferred Rl groups

i nclude, but are not limted to, -CH(CH3)CO2H,

witbie GER H) KHRODREPend&fitGH3) pagrieriond rasiduz( g6 kbhydrophilic ethylenically

B o S T PR LSRN o 160,
SieRsitly e 0abkad, R '0Btah Qigddiy gﬁii?sfp'tioﬂhﬂ?ﬂ s@syituted with one or more

optional | y substituted heterocycly optional ly .
kydvephitictesennsr §ndalZkyd any @rowm Mt ycagupromoty sagficient reactivity of the

tgxillog %(l:%)%;l?grgr f)) tép}\ga{r}?/% %;Qéi}’%}]g %fsl%rﬁ%vﬁgf ﬁF‘é’ %‘?&@% hgT ,Of fragmentation to
thi ahckank tha@rthete d5 yhadveptableylardation of polymerisation. Preferred R' groups
include C;-Cs alkyl, C;-C¢ alkyl aryl, C;-C¢ alkoxy aryl or heteroaryl, each of which is
optionally substituted with one or more hydrophilic groups selected from -CO,H, -CO2RN,
-SO3H, -0S0;H, -SORN, -SO,RN, -OP(OH),, -P(OH),, -PO(OH),, -OH, -ORN, -(OCH,-
CHR),-OH, -CONH,, CONHR', CONR'R", -NR'R", -N"R'R"R", where R is selected from
C;-Cs alkyl, w is 1 to 10, R', R" and R™ are independently selected from alkyl and aryl
which are oi)tionally substituted with one or more hydrophilic substituents selected from
—CO,H, -SO3H, -OSO;H, -OH, -(COCH,CHR)-OH, -CONH,, -SOR and SO3R, and salts
thereof, R and w are as defined above. Particularly preferred R! groups include, but are
not limited to, -CH(CH3)CO,H, -CH(CO,H)CH,CO,H, -C(CH;),CO;H or —CH(CsHs).
Preferred Z groups include, optionally substituted alkoxy, optionally substituted aryloxy,



[-P(=O R2 2], optionally substituted acyl am no,
optionally substituted acylimno, optionally

w@mstniases ed am no, RM-(X)n-S- and a pol yner cCP@i/AU2007/000437
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formed by any mechanism for exanpl e pol yal kyl ene
oxi de polynmers such as water sol ubl e polyethyl ene
gl ycol or polypropylene glycol,7and al kyl end capped
derivatives thereof, where RL, X and n are as defined
above and R2 is selected fromthe group consisting of

S ofB pbeEbte “%}fﬂ%?%&ﬂ%ﬂﬁgg{‘%%ﬁ%di 9k ea@?r}aklutsélastwﬁﬁ heterocyclyl,
Qﬁmbﬁagl kiybstiuhsd il &*{&1&91 h@tféh@l@)}/ %hwutute@tadugg@lc} yoaptlonally substituted

substituted aral k optional I'y substitut
PﬁYlﬁ]ké' lihiay | @lalbﬁéY-e 1OF e@iaﬁd@f}’e upl@splrmuyh deP(=OYORA] £ dmdkyl- or diaryl-

hg]sséh?ﬁ)hl gaP%%_%? onalN }( C%sﬁﬁ%% é_l%%m tot gga 1&%”& substituted

-a0RBminh) @pﬁorﬁlllyssu%edltﬁtéﬁ%imhb OR1-gp}, 1Nkl & ?éllyﬂx%¥ 'chét{hefgrmed by any

@ to C8 al kyl. Preferred optlonal substituéents for

~ dR%f zmgmotﬂisexaﬁl@l%l@féwébﬂﬁge O¥igel Polyerasues oy waé@woluble polyethylene

?’Jo@?ﬂy pOl?ﬁIr ggﬂ%e %ﬂ’ggl, %ﬁli %ﬁ%'l erﬁ%&a&@?& ﬁer%?a 1ges( lefreof where R', X and

["'oxy-“car

(Iyareo ,as sielﬁylbd dbateo, andnﬂ2 ds akleylednfrom. tHeng@Qbe&iﬂsﬁﬁng of optionally
ups f dro eBI i c RAFT agents of
fSB ﬁmltgd %S)Cg f glsé)pg@%aﬁ ¥Ys$ éTétHF GagCt psengngptionally substituted aryl,

Qﬁ)ﬂ’@haﬂ@t élﬂﬁtlﬁl&@h&&%ﬁ&ﬁ?l YptiB l{y' &iﬂsﬁfu&éﬁ Qfaggy?véﬁﬂ)ngﬁy substituted

Z groups are al so partlcu |y preferre
taﬂi@rﬂydP@@hulaﬂa preburedi £ grdgiRl Rtlide; btihereensd limited tan -CHa(CoHs),

associ ated counter anion. ME bl e hydr ophilic
e I e 3
%@anaﬁ‘ S[&g%mggﬁ @SGB %‘)lgollsonal |y substi tu m@h&o‘h@ngr SR’, where

lﬁ?nesdi@tﬂécbfﬂbhﬁbjp@ogzﬂmstlthfédtﬁllw CaBsl. Z Is preferably
an or ganl c gr oup optionally substituted with one or

PEEGTCETR) B B R S o o
f Vv a r [ I h .
o sl BUEL D AR bl WAL G, L 54260 oo,

agpeparsitoayicy 4nch eilylnbapadnidelidkylbmim ng m ceI les in the
continuous hydrophilic Iiquid phase.ln certain aspect

B AT HSP AP b 7 Rl b b IR AR SRS et i o), s
agérgcmdltﬁfgommh@ny B&@BREROm of Prefdiredt or Partloulafly Breféred R! and Z

and 10.
groups are also particularly preferred.

Where the hydrophilic group is -N'R'R"R" there will be an associated counter anion.

Other suitable hydrophilic RAFT agents include those of formula (4) in which R' is an
organic group optionally substituted with one or more hydrophobic groups. In this case, Z

is preferably an organic group optionally substituted with one or more hydrophilic groups.

It will be appreciated that in selecting R', -(X)s- and Z groups, the combination thereof
must provide an overall hydrophilic character to the RAFT agent of formula (4).
Typically, such agents will be incapa‘ble of forming micelles in the continuous hydrophilic

liquid phase.
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As used herein, the terns "aryl" and "heteroaryl”

refer to any substituent which includes or consists of
wW@r®701250Dr e aromati c or heteroaromatic ring PCT/AU2007/000437

respectively, and which is attached via a ring atom

The rings may be nono or polycyclic ring systens,

al t hough nono or bicyclic 5 5185 menbered rings. are

preferred. Exanples of suitable rings include but are

not limted to benzene, biphenyl, terphenyl,

uat er phenyl ,  napht hal ene, r.ahyd hal
e et SARLNSL 20 hel LA ORBUel S5 ot formule 4 in

trl%‘%&gﬁ%%gﬁe&@ib%ve o RRREATEM AaRReeRNENANUNEA6ENE, 9, and 10.
eryiene, pyridine, 4- phenylpyrlglne

3- phenyl pyri di ne, thlophene benzothlophene
Anaptt haein] totienms, "t} and theeareary¥ upfento aursabstifpent, which includes or

(g\ﬁéﬁi%g(faqnlrﬂ?lsq? %1(30@%;9){0%&} 1‘3 or %Q{e &-ﬁatl@(ﬁlgé g@gﬁ%’twelgyand Wthh is attached

vidvd bk Gkdig, TMikbazhae be lnﬁtﬁi@ & pdlpdelit zingesystess) al'ﬂhuh%h mono or
urine, quinoline, isoquinoline, phthala2|ne
btsvuplnmialr neembered aingp ,aﬁ‘epre&r@gli (ﬂx,arglp ‘??aﬁfk%\l%ll)lé rings include but are

Bﬁ en or{l{t e 1823%% alﬁ“ d'tﬂ?hen gri g%rgﬁengﬁen@%m}@hﬂdne’ naphthalene,

Z|ne zo1e sooXaz azine and
tdthBydiokgphtiedate, of \Mlueﬁiyhmt}tab:nept i onathtagesaybst i dilydrdanthracene,

In this specjfication "optiona sb t ut
b?m?@ﬂthéacgpgdb bgnga B%qa%s ag@lu sggrS{[;'g,lﬁquffdéae \,ﬁa ﬁenylpyrldme
3%%1{1%2?/%59 ftlelfo?ﬂﬁ{e 9béH4Bhio cﬁ%ﬁ‘é e papithoditphbhd, UgklhntRfene, furan,
group(s It

I S not spe may be sel ect ed
bémzmmrabmyrerﬁz mobenzofaraedhiramers), kyﬁther@l, pbm,@piathankgmyqle imidazole,

pp{l:g%glgr g%laglﬂ?g:g%%ldﬁé* R)G}[@lll%g: kgﬂ%f g))%l 213? IFéllplgolé purine, quinoline,

i85 ﬂﬁﬁéhﬁé(y hﬂﬁla@ﬂfak O%Mnomln@auﬁﬁ[b!bl%y p&ﬁﬁtn)él embazole carboline,
car boxi mi hal oaryl oxy, 1socyano, cyano, fornyl

Phalamﬁ)rydlne ﬁpltlfih@e phenpahratipe, phﬁnpzlg% 1§@gwole isooxazole, phenoxazine
;@i o’fw ; tr %ééﬂbaﬁ%&ﬁ&@{}%ﬁ@me&“ al kyl ami no,

am no, diarylam no,
benzyl am no [ m no al kyli mi ne, al kenylim ne,

[al thig ngpletiffication Mmiomahly]mubslmnzw mwanmthadlabgmppl iardngubstituted or is

sgb%@@pi%ﬁ%ﬂe%%@;?ur%%lﬁ@é: %@q% u’bstat%gnt e %er group(s) is
n%{ %}ée%ﬁjie%h NYAPERY sgl@f&ﬁ FREY, HuY |1s nMﬁrﬁi’t&PW'aﬁéy}’, alkenyl, alkynyl, aryl,

roc 6 amno, et erocycl yl, al kyl sul phonyl ,
hatoy Ihalmhkklyb rhyllo,all@hkly hsloblkyhyly haloan*yjll hydraxyh alkoxy, alkenyloxy, aryloxy,

gfaﬁr %g!n M%H(o?(lgt%{?lg%iaﬁylg)anfz letg/ ealo car%Xmmr}H}q haloaryloxy, isocyano,

cHRQs PR HSe ‘F&i’i{ty@'ﬂ‘ﬂr@ ChiftbAIKAS nit@bikexyls hityphlkysyl, yitroaryl, alkylamino,
aIkyIS|Iy1, al kyl alkoxyS|ny phenoxysi |y

dadlkylhpiren elesylagino, @ﬂl{o@y;ﬂgn@%og(y]gmlw dlary{amlno benzylamino, imino,
a@péng\ginolﬁg%ﬂr%ne, gfklygﬁt}%ﬂ%l, arﬁﬂﬁﬂ' 9'b@8zy1ﬂ¥1ﬂ§,nttiﬂ§éhzylamlno, acyl,
alkenylacyl, alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy, alkylsulphonyloxy,
arylsulphenyloxy, heterocyclyl, heterocycloxy, heterocyclamino, haloheterocyclyl,
alkylsulphonyl, arylsulphonyl, alkylsolphinyl, arylsulphinyl, carboalkoxy, alkylthio,
benzylthio, acylthio, sulphonamido, sulfanyl, sulfo and phosphorus-containing groups,
alkoxysilyl, silyl, alkylsilyl, alkylalkoxysilyl, —phenoxysilyl, alkylphenoxysilyl,
alkoxyphenoxysilyl, arylphenoxysilyl, allophanyl, guanidino, hydantoyl, ureido, and

ureylene.
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ureyl ene. Unl ess stated otherwi se, the terns "hal ogen”
and "hal 0" used herein refer tol, Br, d and F. In
wao biog/isysexi fication the term™al kyl", used ei t PEr/AER®NE00437
or in conpound words such as "al kenyl oxyal kyl ",
"al kyl thio", "al kyl am no" and "di al kyl am no" denot es
strai ght chain, branched or cyclic alkyl, preferably
Cl o al kyl or cycloalkyl Exanpl es of stralght chain
and branched al kyl include methyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec- butyl, tertbutyl
t&ﬂ@ﬁs Stdtﬁd)@lheh’WISS emeatnym "llquge@f' reatihiplajer opspdl  herein ‘refer to I, Br, Cl
di met hyl - propyl, hexyl, 4-nmethyl pentyl,
apdﬁéthylpentyl, 2-nethy|penty|, 3-nethy|penty|,
1, 1-di net hyl butyl, 2,2- dinethyl butyl,

I s dépgﬁﬁt’é’tlo@luﬁﬁé'teml "ﬂk?l"”ﬁﬁd@b’ tiHek )éﬂone or in compound words such as
13d|rrethylb - trimethy

"al,kil,lﬂoxyallﬂé hyﬂllpﬂ’dj "alhjé]ﬁwmo" 1911(155(§;)\ﬁyé /| denotes straight chain,
béarg;EE(F ﬁ% {;xl)épaélm% Prefegébj{?gpﬁﬁtaﬁ{} Xl‘ cy(/cl?alkyl Examples of straight chain

a%kdi)rag{cﬁg# %}é&plglg%l%ﬁé fneahf/@ t@l”ﬁﬁopﬂe gfoégrl butyl, isobutyl, sec-butyl, tert-

bltyll, 2atail, masdaydybut selcsandyll, B2- ChmEﬁEtﬂHW}but il,ll -dimethyil-propyl, hexyl,
%fng%e}ltgr{]pé!n{]yi? i {%@]@}?{9&3}? élrrpleetﬁaslﬁglptyl 13—me%1_ylpe§tyl }3(1 d1g1ethylbuty1 2,2-

cﬁme&glbﬁ oﬁ‘?t hyk- d?&%%!y}buﬂym 2r 2- d%nethﬁrbu@n 5-g3auhbapioutyl,  1,2,2.-
3-propyl hexyl”,” de 3-, 4-, 5-
tfmethgdprapyl, 81 ﬁét—ihlynem}rhpﬂopyh- emyl g-methgxyhggylor1—methylhexyl 2,2-

gme&gypengftlyl & 31dlgne%h3fépent§%r Eigﬁ)é/thﬁﬁexﬁtﬁ Vi de ggcﬁﬁxyfxylpentyl 1,3-

d?tmeth% en@'ia 15¢ d1n§eth}€lfpeﬁty¢t hyi El,CtﬁyﬂeihylbutyIZ 1 13~t,r1n4bth3dbuty1 1,1,3-
-propyl octyl, 1-, 2- or 3-butyl heptyl, pent yl ?ﬁ%
tdmt&}ﬁ} utyly octyb-6- rr(gthylhpptyl,g,l-me@hylhep_tyl Q;J 3 @-tet@methy tyl, nonyl, 1-,

%t Rm%lt ,2%’;ﬁndes)§n§h};1 %pt)ﬁ N 3: 53 A4-' 0155-’et glhe|p , pr 287 or 3-propylhexyl,

c?ecyl 3 ZJr3~F14Qlﬂ—%/6-Q¢I ?ﬂkd, 8-ineﬁa}fbmnyjll msm 9+ i ctrrﬁeethylloetyl -, 2-3-
es of. cycli I

S poPgen B Tyer ot 7 By ot ST I £, 3- 4. 5-, 6-

&nger 1-Cyc! 9hQLXYA1’ 5 %Y&ﬂy%%ﬂt Yl 2-CHCBaREfINdptyl, 1-pentylhexyl,

cycl cycl’odécyl and the |1k As used herein,
dldﬂecjzleﬂmz Sl 8, deholes$- ,a966p1eld] msthi}’hlnd@mil,s]ed%@m‘} and-» 7- or 8-

clud bath, a ad itio ase addi t
A o bmgesd 3 Tt R ORBUAT anti Bt SETIRRL P2-pentylhepty
| fhe 1@(@9 B et dFadycHO alkgt 1ﬂcn1d@rrﬁ@1{cﬁ dM;iohyctyblléc RRFITgroups such as
chem stry. As used herein, the term"counter anion"

denkssy1ac gaswtsus @aw@bﬁ@l ofycutexiii syglohepghatyclactyl, cyclononyl,
charge ‘to bal ance the charge of the corresponding

miqd@nyl apddppliless of counter anions

As used herein, the term "salt" denotes a species in ionised form, and includes both acid

addition and base addition salts. In the context of the present invention, suitable salts are

those that do not interfere with the RAFT chemistry.

As used herein, the term "counter anion" denotes a species capable of providing a negative
charge to balance the charge of the corresponding cation. Examples of counter anions

include, CI', T, Br’, F", NO5’, CN" and PO;".
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include, d , I , Bf, F,NO3 , CN and PO3 .As used
herein, the term "al koxy" denotes straight chain or

whe@ngieso al koxy, preferably G _20 al koxy. EXBOmpAE000000437
al koxy include net hoxy, ethoxy, n-propoxy, iSopropoxy

and the different butoxy isonmers. As used herein, the
term "al kenyl " denotes groups.4mrnmed from strai ght
chai n, branched or cyclic al kenes incl uding :
ethylenically nmono-, di- or poly-unsaturated al kyl or

B S TR BMPOT eES: el G8 PRHRSE oY, proteray

lqgfahoblxyl Bampdast (ﬁTaIkoxy mohibe neydxy, ethoxy, n-propoxy, isopropoxy and
3-net hyl - 2- butenyl, 1-pentenyl, cyclopentenyF
fherdefférght ‘tﬁﬁ@ty&l@@mm&nyl 1- hexenyl 3- hexenyl ,
cycl ohexenyl, 1- heptenyl 3- heptenyl 1- octenyI
enyl , 2-nonenyl, 3- nonenyl ,

I t l, 1-
yC %ﬁo Ipﬁc ;glgygqed@gg ?,’{Ikenyi denojes 5P ,@qmed from straight chain, branched or
LodicRgindad dienyl 1L | I
1y Jic Il élglg éxﬁ,nyﬂdln%_ I:th%ll I gﬁg()g(ﬁaog Iél Q)}"pobilur%sanﬁgt@@ afildY 'or cycloalkyl
rotipg ycprohionsly |deﬁ§ld:d, pﬂgf&ably@pﬁeﬁkaﬂl.eﬁydmples of alkenyl include vinyl,
1,3,5-cy cIohegtatrlenyI and
alld; & nyeteylEing dIUéetrefi,rla@hyﬂenylAé metbyl-hbnienyl, 1tpeatengl, myclopentenyl,

A HEDAAD PLBURRL PR SRANN S8Ry, eoen

$iodichal; dyaldoh%ngl ky-Inoﬂd]?'l cmbﬁaigg,y B-hens 1a§eceny1 3 decenyl 1,3-
greV|oust defi ned, preferabl 20 al ky QY
ptagieyinylr4-pertpdieey] etlk%rﬁbjﬂlopez feaply nlsB-heh 1g1yl,o,1 p exadlenyl 1,3-

one or 1I'n’ cd
1 AcyT-tulodctaté@aplyam no" or dlacylan1no denotes
car banoyl , aliphatic acyI group and acyl group

ontaj.nin n aro S which_is referred as
S LA PR SR SRRlLT o528 ep BEPPP dertum e oGkt e ranched or
t h@Sathﬁfeelh@HMﬁIg' thoé’&XIruct%ﬁ%%frﬁ‘MrYto%ezﬁkﬁ%d cycloalkyl groups as
ampl es of acyl include carbanoyl; straight chdin or

presesliE ddelinedn oysfermbbh Gs, fabynyl. | E\MMBIISS ofr dlpmodyinclude ethynyl,
but anoy!l , 2- nethylpropanoyl pentanoyl,

%pzmanﬁ@% VA~ 19F SpatpL. hexanoyl, hept anoyl , oct anoyl,
nonanoyl , decanoyl, undecanoyl, dodecanoyl,

AL ﬁ&%)ﬂ thd ?érﬁlagaggﬁnQMIe alBBl 4 ﬁc&%gzi/qu’nd words such as "acyloxy",

hexadecano I hept cano oct adecan
tropitle’t ét'a@:xlammd ok 6@3%{1@1@" dbMﬁewmbdanJ aliphetic asll group and acyl

grgég %{)(ISY}CM bo%ﬁ/ %fgmtuhox bﬁ‘?lv%/ 6%’38(5) g‘b %ranra IC a gyl or a heterocyclic

BYE Mokl RadrRanyy! asSH&Bm@w&y&dypp;s@ﬁymwcbowbﬂ. Examples of acyl
cycl obut yl carbonyl, cycl opentyl car bonyl~ ard

oylude basbymoak: I@ﬁ’ﬁh‘ghﬁ chain or branched alkanoyl such as formyl, acetyl, propanoyl,

'§¥CII)6H€X£I(¥1EHYIASI n%%gonl-%%cﬁ&gfsl’ S,UC ﬁ)rh%taal%ﬁr)l le,I BIg%loheptatrlenyl and

butanoyl, 2-methylpropanoyl, pentanoyl; 2,2-dimethylpropanoyl, hexanoyl, heptanoyl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
alkoxycarbonyl ~such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl,
t-pentyloxycarbonyl and heptyloxycarbonyl, cycloalkylcarbonyl ~ such  as
cyclopropylcarbonyl, cyclobutylcarbonyl, cyclopentylcarbonyl and cyclohexylcarbonyl;
alkylsulfonyl such as methylsulfonyl and ethylsulfonyl; alkoxysulfonyl such as
methoxysulfonyl and ethoxysulfonyl; aroyl such as benzoyl, toluoyl and naphthoyl;



10

15

20

25

al kyi sul fonyl such as nethyl sul fonyl and

et hyl sul fonyl ; al koxysul fonyl such as net hoxysul f onyl
waea7at3sexysul fonyl ; aroyl such as benzoyl, toPCoXD2@md00437

napht hoyl ; ar al kanoyl such as .phenyl al kanoyl (e.g.

phenyl acetyl, phenyl propanoyl, phenylbutanoyl,

phenyl i sobutylyl, phenyl pentap 2 and phenyl hexanoyl )

and napht hyl al kanoyl (e.g. naphthyl acetyl,

napht hyl propanoyl and napht hyl but anoyl ; aralkenoyl

such as phenyl al kenoy phenyl pro |,
lﬁ\l@néﬁyp erwﬁém bféf%%di’}VPWFety]p PRR | BiciRatby phenylbutanoyl,

|
@%ﬁl W%i ope ﬂ Ip %12%1@ ﬁg %E?eﬁ%é;ﬁmén&ﬁ) J-and naphthylalkanoyl

(ngilﬂﬂhﬁiyﬂm:at}&n G}ﬂlphthyhlralbdnoxh/omdbmphthsﬂmtanaslg aralkenoyl such as

al k bonyl .g.. b I ;
B bOrIe SuHeBLO IR Oy DU gy | phenylmethacryloyl,
H§l YheOrens a&rf?lo BhbayREEHONY Bhk W{hyw@hoﬁﬁ (e.g. naphthylpropenoyl,
phenoxyacétyl and phenoxypropi onyl; "aryl car banmoyl such
raphtbhibuyenoplr banmdl ata;ohtliyimc@nbﬂbroyl asglkpxypgrbonyl  such  as

‘g%%i e %%ﬂ é@{miﬁg éﬁ‘?ﬁ% §3r§>11)3“"h iﬁxygaurp?ngn | such as

ﬁ&ky@&rb@ﬁﬁné(ﬁcﬁ lﬁb}ﬁtﬁ?wkﬁ@dﬂﬁbﬂy&pﬁﬂwﬂ@wﬂ{ﬁw| such as phenoxyacetyl and
heterocycllccarbony eterocycl|calkanoyl such
nhishesipreieny) aryﬂm@my&rsgglar@gw enylﬁ@rgﬁtypblutaéy]lgy.pcarbamoyl such as

;{hﬁh@é}%azo %1 élg&%ﬁc{ %)éﬁ ﬁhgr&%l?f)ﬁ%ﬂ@é Q&c?tn)ﬂ)hthylglyoxyloyl,

trazo
dirgibalf @y C Isuclal leen q:yienyﬂsltdfbrm‘s faatl e rrrap’gl‘glsilﬁpnyip eetergcycliccarbonyl;
het er ocyc| i cbut enoyl, het erocyclicpenten and
e LK IR GHBY | | (RS FRIE o1 A DRSBTSy s figpylbutanoyl,
tﬁ&n&l@éﬁtﬁﬁ’#ﬂl &kéﬁ%@é&(gﬂdyl aﬂﬁgazgﬂ'la%%ﬂ ghﬁé@?ﬁﬁ&l?bﬁ'cetyﬁﬁnd’ &Qﬁzolylacetyl

het’erocycli ¢ het er ocycl yl
heltmfbeyrchcq/lkd:ﬂbyljsedswh thesr oha’qeroﬁycélqu@amoycb,f a heéar@nychcbutenoyl

ch a ter cal kenoyl ter
PR DERT Ry yind. PR P NE: B0 pRebercde Bhgpigy such o
tﬁfh@ol@@y@@mhh@ﬁémgy@xywymg systems which contain
one Or nore heteroatons selected fromN, S, and O and

whi ch may be optional |y substituted. Preferably th
As wged berein, ap Eﬂ;v@ﬁ Shtcharyelic), {etesgeichvlhghd apisistocyehieused on their

M 95r Ok ' 'i]tg Sv/sf ef&srfl MRYciP easS alhﬁfe‘fﬁ%?fléa‘ﬂ@nﬁ)ng theterocycloxy or

crlbed ovelnr ation initio
"hhlaiheweﬁ&wllyl" rdfrsto prahaic; qﬂeﬂ@odaromlahé iand RAgEFaragetit srings or ring

i nclude, but are not linmted to, e
YREMS Y HERWPRHAIE ORE O& MOFR PHETOAQTE sp ctfgsf{ ;H ?S QSNEP q.ng which may
RBopt?SndihH subshife @ SPRIGMIP YR Mngd&frirgystems have 3 to 20 carbon atoms.

The rings or ring systems may be selected from those described above in relation to the

definition of "heteroaryl".

Most preferred hydrophilic RAFT agents include, but are not limited to, agents represented
by the following general formulas 5 to 14:

S ‘ S

CO,H
Kn CO2H )J\ X)n
) (6)

R3s

CO,H



Where a hydrophilic RAFT agent is to be used in
accordance with the nmethod of the invention in an
w@ouwaowsoenvi ronnent (eg. in a continuous aqueRCBEFAU2007/000437
phase), it is preferable that it denonstrates
hydrolytic stability. Trithiocarbonyl hydrophilic RAFT
agents are particularly prefersed for use in such an
envi ronnent . The hydrophilic RAFT agents of formula (4)
.W Il generally have structural features that enable
themto physically associate with the particul ate
material by a m xture of ionic and non-ionic polar
i nteractigpns. ‘Those skilled in the apt MAlg appreci ate

t he |hydrophilic character of th agents used
ccor gance mgth the gawmention ca e van| ed tb@ ugh _co,H
n

ect | rent substi tdent Sy uch
nd -(X)yn- in fornula Vari at i this
philic har act'er can be usef ul tail orgng
desired int actlons bet ween the RAFT agent and the CO,H

conti nuous hydrophilic liquid phase and the solid
particulate material. A preferred nmeans of tailoring

t he hydrophilic character of RAFT agent of fornula
(4) 1s by varying the naturé¢ [
i ndgpendently a pol yneri sedifresi dug of alhydrophilic

et ni calhy_unsatamat ed nmoomecz Jhe graup - ()R- CO,H
Ray be honop mer or a copo bIocF\jr//

random copol y r. Through variation of the types of

hydrop lic rs used (i.e. types of functiona
gr oups; |on|zable or non-ioni zable, etc), aﬂ&)or t he
manner in which they are polynerised (i.e. to forma

honppol ymer or copol yner), considerable variation in
Rydr ophi §ic character of the RAFT agent can be

may used e the -(X)n- ||group is

D N o RS A R Mo COM
hydrophlllc RAFT agent for use |n corda /ﬁ th

i nvention wll a | afge extent ctated by t he
polarity of both the co bggpus hydrophlllmmlqu|d

phase and the solid partlcu ate material. For exanple,

the surface active character of a hydrophilic RAFT
agent used in asspciation with a hydrophilic
part|lcul ate mate i thin a hydrophilic
cont nuouqxthui phase i5 likelly to be diffferent fr
th N \egen used in soci ation
RSt h af’nydroph bic PHrti culN xat eriCah  dji’Sper s€th
wi thin a hydrophilic continuous Negli d\ghaseg

13) | (14)

where R?, X and n are as previously defined.

Where a hydrophilic RAFT agent is to be used in accordance with the method of the
invention in an aqueous environment (eg. in a continuous aqueous phase), it is preferable
that it demonstrates hydrolytic stability. Tr1th1ocarbonyl hydrophlhc RAFT agents are

particularly preferred for use in such an environment.
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The selection of a specific hydrophilic RAFT agent for
use in accordance with the invention m ght al so be

walc@ralzsm by the conbi ned factors of how ef fi CPEADY007/000437

t he hydrophilic RAFT agent adsorbs at the surface of
the solid particulate material and the amunt of
polyner that is to be forned _that surface.

Mai nt ai ni ng stabilisation of fhepol yner/particle
conposite via the hydrophilic RAFT agent can be

articulanl¥%4 ortant where a dispersion of po
hysophulie i agentpaf W%ﬁér"é‘éﬂ gangrally ive éﬁmﬁtyraé features that

| e\?#%l% EE?%I@ t«? ﬁg%sgfaﬁghésg%cw &lltﬁQE@?alftlgﬁlaféﬁkﬁaetéﬁ?};%ﬁéﬁﬁﬁﬂ& of ionic and

e group represe
fopriohic ol interytite. sel ected such that it is either
hydrophilic or hydrophobic in character. However,  as

ousl y scussed the nl e
Hivar sliesie Ohﬁ & Pl arpeCiais bl By FRphie %H@Cﬁfxﬁ#the RAFT agents
B¢ 'Hi achﬁ‘}l'thkR:%' Wih QME ﬁff\lénul%/ @ﬁﬁ’@)@'Ja'ri%d'tﬁro%@ﬁrtﬁé:tsgl%ctlon of different

Pr ef erab is selected such that it is h
suhstdhartasucéras R and -Eedin rfgrrrgd@rﬁlbh Mariatipm e 1sfh}(§lmph1;]@c character

%ag}gfq%eﬁf §)¥ {5’1‘10{1{31% g%%%ﬁdg(ﬁ%alscpél% eélngﬁ ;R%I'L”ln %%Fé‘lg %nd the continuous

Ryldadheiet Bguid hikel0a $I@ssolitiparicalate inbtetigl. i mport ant t hat
the group - E()n R of forrrula(4) is a free radi cal

| eavi ng_group that is_capable re-ini |at|n
porsipmed Bganoef tarpringibe élaftiﬁoahlhsfchzrap@r 29 19; agentof formula (4)

1&&&%&% W ntaplﬁé gﬁﬁx%CEX* %18(1? \(;ng:ﬁ%l %%ﬁ%e?%? ﬁgﬁg}tﬁér ed residue of a

mﬂﬁlﬁa sthylieaitally nnsalretet nrmglomez Ghe gmupe(X);omawbndashomopolymer
of fornula ant t

Ho ccmoggp esg.lg?qaé é\}:lfla‘d(l g? ridomp gqpoly gleaug’g{o(ugﬁr aggg?rhais the types of
Wd%tﬂul'l(p nfb?ﬁﬁféfé QA et Bpbher intidnatloBhR) Rosikalil® oiHod-ionizable,

By this I[imtation,” nononer insertion
qic)efaed/enttheamagan@rcmwblcbethweeﬁ: plxinariRtl @gdte fem éatmsqpolymer or

finelsficsF SO ind bR s hnior i SR Mg P sRErap L BY FHURAFT agent can be

ARRAC 2RO ToAD e tfRE Gﬂﬂy&lpﬁlhatno@oﬁlldfmﬁﬁt 10y be used to form the
vari abl es need to be consi dered when selecting a

130t gpshviplis promidedt bglamt for use in accordance with the

invention. To further illustrate this point, a nunber

i e a * t t
Bl SUELEAPPE B Sah Aot 1Tl 19 ooon e i
mhentlomt edlhcbi anlatpet svaemt bhelidiyted dphrtﬂla eobaoity iofulbath the continuous -

d]é‘fpc?‘%g Pgnd t eBg é@%&rﬂsﬁ%ﬁaﬁg lﬁ‘lta elr%?r | Cu at ?ﬁi Ililée surface active
&f%a%fe‘rt&f ORydrBhilly RAABNbdnE kel MYy £ SRRk ﬁith)é Bfdrspiilic particulate

entities.
material dispersed within a hydrophilic continuous liquid phase is likely to be different

from that of a hydrophilic RAFT agent used in association with a hydrophobic particulate

material dispersed within a hydrophilic continuous liquid phase.

The selection of a specific hydrophilic RAFT agent for use in accordance with the
invention might also be dictated by the combined factors of how efficiently the hydrophilic
RAFT agent adsorbs at the surface of the solid particulate material and the amount of

polymer that is to be formed at that surface. Maintaining stabilisation of the
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The nethod in accordance with the invention may be
perfornmed using hydrophilic solid particulate materi al

w@na7a135y3ir ophi l i ¢ continuous |iquid phase. | nP€TiAB2007/000437

case, a hydrophilic RAFT agent of forrmula (4) may be

provided with an -(X)n- group that conprises a

proportion of polynerised hydrg h|||c i oni sabl e

mononer. In order to performthe nethod, the

hydr ophi li ¢ RAFT agent and the solid particul ate

material are introduced tothe continuous |iquid phase

nelymegparfipiecaoningsite viagthe Sy diephilic R T egewsfean bei particalarly lmportant
e | at e erial and

Sy B 07 o MU AR e Ale AR b b R %ot "t e

hydrophi lic RAFT agent. In this case, the proportion

of cqeidgripg & seithhlohydraphibc RevRIhagent fa)rtub@m”acdbmllaﬂd:d with the invention,

FT agent can suf,fj ci.ent to rende of the . . .
e BreP oaesEoed b 1o kBl §6) St ba leaiigeSugh fhig it is either
[
L O A Sl o

tdneonp ﬂv@ﬁyﬂmphOblhalrg\edeCk}@ebasaBQt nrh\eﬁnhj/r[h'lb.ﬁﬁﬂ“lagenﬂ#cﬁﬁ being overall
t d th
BAEPhfE T B, Haplun B 86iaRtd sl B8 Sypuuorpiic in character

Dhe to Rxbélng g5RbRh & 1BRIS vEPrbMahs tHidaekonYthich&oup, its role in modifying
ggrtl culate material_through an ionic nechanism while

reactivityiod tifeslyy dopphikie ReF @g@m beconmatimitegeastn inareases. However it

I;iﬁa%:rﬁﬁteth%ﬁ'lg F%gg\.ﬁj g%ﬁ,h{{n ld? r : a{'ﬂ)g }sgqurﬁ‘geg r dgcsa(l: Ileﬁwmg group that is

aqqabrechfm@miﬁaingtﬁteyrda@aaenof i oni ¢ bonding that occurs
bet ween t he hydrophilic RAFT agent and the particul ate
n this case t the hydrophilic

erlal hat
g7 a@}mogm wallafemmee@lnoat%wﬁ AGRRFC OoproYiing the hydmphlhc
f r
A T
geonpriat tgmpeinds of é(pnmada {4t i ingpoaianuthat edchpropsomperdoes not provide a
orned at the.surface.of .the particul ate nat.eri.al esi
WSUPE i U R BT ofvine BRRes G Setonh i (KR! eroup of
£t 4P 0Bng'nsfliiﬁhfdtioﬁnm@ﬁoﬁelsffn@@hbﬂl pRfereMidIBT dtatiisMRtWeen -(X),-R'
to enable a thicker deposit of polymer at the surface
@nd tth acapitisyliwastome ul s evilheafcaouese nokde aglgvaif fhecZ group is also an
c% - of the hydrophilic RAFT agent may be
SUI b 3djusted to reduce the ionic binding
eff|C|ency If it is found that the dispersed
BEnudp=ulpateethtqubfroinche $orbgsingrehatl @ sinalbiet 08 eatiabkestreed to be considered

5 TERiRep b ARP HUGE B2rHCBY B 1, oA A e gvention. To

i;dri:ﬂ‘lgf f}glklﬁ%tlgﬂﬂg Iﬁgﬁl;t/ | hunfer B0 ARTRENt faBFdachEIYS pedbinliBY G method are
described in more detail directly below. In describing the interaction between the
hydrophilic continuous liquid phase and the dispersed solid particulate material, it can also

be convenient to refer to the polarity or the hydrophilicity/hydrophobicity of such entities.

The method in accordance with the invention may be performed using hydrophilic solid
particulate material and a hydrophilic continuous liquid phase. In this case, a hydrophilic
RAFT agent of formula (4) may be provided with an -(X),- group that comprises a
proportion of polymerised hydrophilic ionisable monomer. In order to perform the

method, the hydrophilic RAFT agent and the solid particulate material are introduced to
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conprising a stabilising charge becones buried in the
coating and rendered ineffective, the surface charge

woemorhesebat ed particles can be maintai ned by PEEFAU2102000437

addi ti on of ionisable nononmer. Preferably an anmount of
from1%to 5% of the ionisable nononer in the nononer
feed woul d be used for this puzgpose. Suitable

i oni sabl e nmononers for this include, but are not
limted to, acrylic acid, methacrylic acid and sodi um

fedofiffuct ll%ﬁﬁﬂﬁﬁ?ehﬁya e‘% 1y ahltu%rﬂblhta?% tﬁ@?clr%atloff of gn io[?uc charge at the

connectl on y unsat ura nonomne
surfjco o the partigulate m:ﬁtef_ialmmir ampdpplobite FSAkCTclaggNit thé) 2 (ké)gl— group of the

s&n .such noners, | s neant that the nonomer,. group
E)f rpglaﬁ agenf. JRdhissAse, ¢ %maep%v ehpelmerzed lem%le.la monomer in
iR Hﬂ{dﬁhﬂl&ﬁmq ntocran%' s‘&?ﬁ&% k& W?ldgel ng)l-f Uf‘ﬁ'l%'lglﬂ?d phase suitable

groups w Il genera be capa I oni se
tmd.lmelo@csmdhl e chargd atsuhc senfangiof rt}mmrtuhﬂa:ta giutdriad andat the -(X),- group of

roton. Generally, the ionisable
f%’ﬁg[fc%‘?‘gﬁﬁg re aci d groups or basic groups. For
exarrpl e, a carboxylic acid functional group may forma

Upbh Gxntatibe o tieCdppubicey chasédspedinslithé RoptaNe RNFRAZSNE can adsorb
functi gnal grou may forma quaternary anmoni um cation

tiribe purkese it chewiidi nertésvdate materinbisishithaial legsmq@glqmagf the (X)n group
B8 0 APEL 51 BEHER P R08, 152400 8 Bt ot v

cgivigtdfahe hydrbplﬁhhw agdnk yarlnsediste am&ﬂthmﬁﬂmﬂ[(ﬁs Qlﬁluld phase to
i on of .a hydrophiljic RAFT agent forned

r.ou or
dlaPiige Shschetis ‘%é‘ﬁe‘?l%te“?]sfrﬁ%‘a?ﬂal@csﬁlég tiRepegmgninon theglggree of ionic
B5ndiSPRP oHARS ba%eﬂ WERF @B ﬁﬁ@ 'mﬁu Q%érit analnmg g&gfgﬁrﬁget material, it

I'n particular, such nonomner oups regi on
may deduithis g,amﬂhst e Hydmphﬂ@rR)AEf aghitcwillcaot Hedibsetoanove away from

G SR o B mar O R pitfest oifl, SRoRe FEpas i by Raied.  Under these
ﬁ%ﬂé‘[ﬁices tip vaH Cg%%éﬂéﬂ fRARhA el dnfBting oPHRSEN&Nrmed at the
the hydro p hi |

it my be that prior to
sUTERCE Of Hhetpagticubttc puRyiaboesinog hevebanerthe bydbphiie RAFT agent such that
hydrophili c RAFT agent,
R%%%oug %kg?P%ﬁmﬁ%ﬁ%ﬁgﬁg‘¥1lser may exhibit a degree
of lability. By a hydrophilic RAFT agent exhibiting a
Aéigmetvaf, (ol embbleiat tickesdempainiof pblgmet b’ethag;affacec@ﬂnhembﬁd particulate
in_an I|b|umbetweenbig olvated in th
AR R R pHS&SE osm%éméﬂgs%%@mg@a gy bhitably adjusted
%%&L%qhé){onﬁmn@ﬁ%%ff&%@&e material . For conveni ence,
a hydrophilic RAFT agent "that is not associated with
the particulate material will hereinafter be referred
kot mgourd det thaydispershd kneapRAREd particles become destabilised as the thickness

of the polymer coating grows, stabilisation can often be maintained by incorporating an

amount of ionisable monomer in the monomer feed. Thus, although an original moiety
comprising a stabilising charge becomes buried in the coating and rendered ineffective, the
surface charge on the coated particles can be maintained by the later addition of ionisable
monomer. Preferably an amount of from 1% to 5% of the ionisable monomer in the
monomer feed would be uéed for this purpose. Suitable ionisable monomers for this
include, but are not limited to, acrylic acid, methacrylic acid and sodium styrene

sulphonate.
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agent. The presence of free hydrophilic RAFT agent in
the continuous hydrophilic |liquid phase can

waopnizsingly result in little or no fornmati onP@f/AU2007/000437

i ndependent polyner particles (i.e. polyner that is

not fornmed at the surface of the solid particulate

material). Wthout w shing t92g€ limted by theory,

this is believed to result fromthe hydrophilic RAFT

agents used in accordance with the invention having

little if no tendency to formmicelles'in the

Byotheiteruo lionisglle b piied irccannegiion Witk sy lenisally pppaierated magnpmers or a

agents that ar j ' I rs
oBAGeBE oOLEy SRR RaPT AREENSBR e s BlonBhBRY is meant tha
th@@inoales, Polip agNepidhl has afiectiondl ngoensedclabard be oised to form a
conpete effectively for the avail abl e pnononer that nﬁ/ )
CRERICQS aumenie GARR | SebUiivapeagens W) gererelly be capable of being
B GBS stttk Ap RO SR R o O o BB Broton. Generall,
tholonieablesfahéimmabgrotpears acidareupsforthasic asupisc lloatxample, a carboxylic
mpterial, this polynerisation process jitself will .
iR SFURIaRY ¥<Hg1 %@ééﬁ?xymﬁ APigR; Yrger Wikt eoidfigns, and an amine
IR DA SloupNBay MHEN GRReiniryPARMBAABA cARINNthdRr acidic conditions. “The
conti nuous™ hydrophi l'i'c liquid phase which does not
fonetingl gressemey alsh e ofipableeofhwingopniset treughandan eaghiagge process.
unsat urated nononers, it is preferred that the one or

e .nonQuers are LWntr t e | L
R SO P Py e 1 b o DR PP i et monomers

dNu0sreth ol tegidRAGTTa BgROPhilio RYFEIC hged0 f@metl msiuigavichl endnomess, is meant
st abl e di spersion. By adopting t hi s, appr.oach, the )
thatidae meBERCH RIAROTHEPB ARSI 19t hpRyerenisaeln funefiopal g9 ynsg In particular,

foARid, | 568ps ! 81 bRub0er HAREI AYGSwhich
ﬁ%?%g?o}ogﬁg%e& ?épsrg%ﬂ%g&g@t ncﬂsl?agrllegfg pFefugrr(regﬁt ha H‘%#ew weh can
Ionsearac cepl photds unddr moidicc@datio cohditionnt i nuous |iquid
phase is done in a manner that avoids the formation of

noner droplets. In her..words,. jt is. erred tha oy
e eyt LErvbne P o Rt Pelunlopatufl HERORlugIe hyaopi
1&@@ hi@Nghd BleCkydesilid RAFT 2@, # @aliCBe e dridkab ithe @stmation of
of stabilised nononer droplets being forned in the
mdyméematoths surface of heaparticylptecmateriak @ by dirpivlie Slck agent, although

%: 13% %gsa; I(sﬂt?tn!hé%r%/ aré)aé/ %)g{ﬂ][ g.gcllé%%‘%&g [abh[l?..t 113}$ ai %ﬁﬁgﬂ‘fe or}‘%AFT agent

eria ere it’is des
gxhivithse dédree ppYability"iis semit thanhs agnpednyerist ih batquikbrium between
i ndependent of the partjcylate material, the
being prlvatediin & eRBFinYRUT Hdud d’&’é%f sl Qelﬁ% iApRoCiRffel ¢ the surface of the
L AL Li€nday 4R hiI% Plhat is not iated
AASHIP AL, X LRRLLELR OO AT 8680t s st it
with the particulate material will hereinafter be referred to as "free" hydrophilic RAFT

agent.

The presence of free hydrophilic RAFT agent in the continuous hydrophilic liquid phase
can surprisingly result in little or no formation of independent polymer particles (i.e.
polymer that is not formed at the surface of the solid particulate material). Without
wishing to be limited by theory, this is believed to result from the hydrophilic RAFT
agents used in accordance with the invention having little if no tendency to form micelles
in the continuous hydrophilic liquid phase. In contrast, RAFT agents that are capable of

forming micelles or other aggregates away from the surface of particulate materials will
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this point, the "lightly" polyner encapsul ated solid
particles may be separated from any i ndependent

weologirexsoparticl es that may have formed or anyP@EAUZNNA000437

free hydrophilic RAFT agent by a separation nethod
such as centrifugation. The "lightly" polyner

encapsul ated particles could then be redispersed in a
conti nuous hydrophilic |iquid phase with nmononer and

t he polynerisation continued to forma thicker polyner
coatlng on the particulate material. In accordance

gpnaraliyheavieemhigercasedtability io spmpeln elisetingly fordhe pyailable monomer that

?f‘h’%éﬁ' ﬁ)t oﬁﬁﬂﬁﬂé{ éQfAE{P ég?lgh trg%rlﬁfxfl H]éfﬂg]]%g tIszl Léslemated that

pwvﬁc‘c'eda laf)lld lil}&lrspﬂlhdRWEP(It aget gdies cotrel bﬁbolyfﬁbﬁsatlon at the surface of
olynerlsatlon wi || ual l.y require jni

jon, froma
i uate praterial oisplumenifhtion grpcess el ﬁt wﬁi jngvitaRly render the agent

hasligaks can be provided by anysuitable method of

generating free radicals, such as the thermally

i nduced honol ytic scission of suitable conmpound(s)

Whese thel miethiod aff the singengionas g@pfprmdi using pecwtipgsuse hpdrophilic liquid

R%?f% ang]illgg @%g r}l% 9{18&%&555&&1@& OtﬁF tq%g ot gltolgeyo E{h&ifgucally unsaturated

BitabReRemis 9feférﬂédt that the @né ¥ kRS mehohk@hré iftfodMced to the continuous
radi ati on such as el ectron beam X-

Gt o el i lorahrEpbiisdRAFE gepnt intoract so
E?% ;foﬁr'hestsﬁ%%é l&Pnﬁ Aa%gﬁ %he | H*mfb B the likelinood of any

subs adverse 1'n erac
hh&oplmht I‘R&lHTl @gdnadlsﬁ aksSng\ad hsthibitisdryror mphomeﬁdxﬁﬁl%ﬂ's 1n the continuous
ndltlons of e reaction. Therm

t d t
Tt b5 grssg edh b rAliQ PR éﬂataabﬁ FRAOTNEE SVieh 5 linrrfaéuced to the
%ntfrﬁguit BARRY bk €isOdore0] nygexﬁaag} HORY avii&S Bhd Rbrhd BoR" S monomer

can I nc e or nore of oW ng conpoun
ﬂrob'letazlmb]tbﬁ(rlvwﬁutlws enéfemred @)11; the polymerisation is conducted under "starved

fes B i S URaSonteaS) ars fEied b Tikslped iof sidhilised monomer

ar lets B |ﬁ>§1ﬁ¥@'1ﬁhﬁ%%@ﬁﬁﬁfo@@ﬂiq‘iﬁd !pﬁise Wthh in turn also reduces the
t - butyl azo) - 2- cyanopr opane, - azobi s{

msrwllltyrqf forming pelyimed thes srindapgndens ofithe rpgsqﬂeltaﬁg/m]am@bu 0

nam de} 2,2'-azobi s[ 2-

1tb§ égs @K]‘ékl{?)ﬁ%’lgﬁm Lh% %Qélﬁ}lﬂ idi%lmmg Oplorllyergler that is independent of

-azo ene| S yram

fh_eh)pdﬂtmalateo rmatemalz the - pdlpimeﬂéaﬁﬂﬁm[dllyn bpr opAieled to a point where
dl h agléglggﬁ éeml]ﬂ- h_y&qupéqlrfy}{éﬁg i %Etu]?rﬁeé’ltnhﬁ h%gn rendered non-labile. At

ﬁx £poiRe Qhl " lid particl

i Rm?l &% hél%gr 5;p };/rger:roe)a(nf n%surl1 ﬂ soli 9&3’;18 )cz,§/ értlaﬁ/y?e] E)e ggait%d from any
nrﬂiﬂpﬁildex}t pdyier epz.tttnl@ ‘{hzt rrmytlmyvle er[nbd or any residual free hydrophilic
g%ﬁ gé%%d@o?g%%% feth hylull? racs)pce%[c]aiwggtlc}n The "lightly" polymer
encapsulated particles could then be redispersed in a continuous hydrophilic l1qu1d phase

with monomer and the polymerisation continued to form a thicker polymer coating on the

particulate material.

In accordance with the method of the invention, ethylenically unsaturated monomers are
polymerised under the control of the hydrophilic RAFT agent to form polymer at the
surface of the solid particulate material. The polymerisation will usually require initiation

from a source of free radicals. The source of initiating radicals can be provided by any
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N- ( 2- hydr oxyet hyl ) pr opi onani de]j,
2,2'-azobi s(i sobutyram de) di hydrate, 2,2'-

W@2obis583 2, 4-tri met hyl pent ane) , PCT/AU2007/000437

2,2' -azobi s(2-net hyl propane), t-butyl peroxyacetate,

t-butyl peroxybenzoate, t-butyl peroxyneodecanoat e,

t-butyl peroxy isobutyrate, t-anyl peroxypivalate,

t-butyl peroxypival ate, diisopfopyl peroxydicarbonate,
dicyclohexyl peroxydicarbonate di cunyl peroxi de,

di.benzo per oxi de,  dil auro per oxi de, potassi um

ﬁ‘él?ag?ﬂey eé‘tﬂdf gt @ensratingn figh rsé%l Ry Bchu thee theginably budl\;ded homolytic

B S VSR 5T ot Bt oo

tonpawds), hhe SEgURIEDUe gem:lraihml froz nBndrhérs f(@%C%tfy%he) redox initiating
r| ate quantumyield

F%?gqr%salp 6 o ?ldﬁlt{aﬁlﬂg H918s elohgh enengy rediationesuch as electron beam,
W'&n@rﬂrﬁ@-&é&zﬁlonaml1ﬁ§1ahﬂ% g I@%bﬁnglﬁ)' %1 gﬁcﬁ{ Yk gef the reaction

benzophenone, acyl phosphin O-1 ed
eqskiteqns. fhetfo)s neisubstantial dstwesnaraetioh (Iffet]het mitkddte ot flige initiating

e..S t he reactjon nedi um and have
R T it TP e RS s o s rrion
conditions of the polynerisation; these initiating

?hmhnnmamrs agd WHesenbist havree al %pidﬁﬁaf@ﬁal?%fe at the temperature of
mbi natj ons_ of the foll ow na oxi dants and reduct ant
&

V@Sﬂiaémp dhessdnifisiorpeaiorgigie ong et morernfdhofpdiowing compounds
peroxi de, t-butyl hydroperoxide reductants: iron (I1),

titam Q'Uaz()bistl)sobu‘?ﬁBﬁ’l%ﬁlbr'yé Qk@ﬁé{?f | Sobu?a?lt 25 (I;tg]yl 2,2

bi sulfite. Oher "suitabl’e’i ni
descrazdobu(isobutgerenis,4' exbms(élé‘@anoxfamlc@cﬁl)pl ¢ Myad and

Sol of Fre
pol y i PPl R bdife . BGinbia(eod by amsprapana, 2-azobis 2-

Sui t albiyi-Ni '
sg: { B t}}/ I[E'lgb@ﬂ&;ﬁgggf%{érﬂg@)}l%ggﬁoogagggﬂ 3%0??&1mhde(}jl 2,2'-azobis[2-
wat ermfthyl-Nde; hmmxyaﬁel)nmlonamldeém R'egzobis(N,N'-

4' a(ﬁf‘hl\l_h[ﬁe%ﬁgl%‘[%a% Hme)a(‘i" hy&rbc}glbnde azzqang{xs@ -amidinopropane)

1 1 bilhj(d’lydﬂmdﬁ,‘rﬁmyidblm d:l'l@ﬁébl@leﬁh}éis])Mt ORLAARE), @@'-a]zobm{z-

hyd th
?etgxloﬁ r[;l,(lr\PIthyéﬁ%mﬁwaﬁfxgd?égwgﬁ}nréﬁgégﬁg} 2,2'-azobis{2-

T e e —

d| hy d¥-6z-hlydmokgehyl)propionamide], 2,2'-azobis(isobutyramide) dihydrate, 2,2'-
hydr oxynet hyl ) - 2- et hyf

-az ob b

] pr oﬁ?%[?f S%‘é'fnm?t%ipe%@%@r é?za%?gt%%rmemyegopaneg t-butyl

-hydr héwydid, RURRY1 B&zoate, t-but -
p@mkgl o Sobﬁﬁf};?ﬂgﬁﬁg ate, t-butyl peroxyneodecanoate, t-butylperoxy
1sobutyrate t-amyl peroxyplvalate t-butyl peroxyplvalate diisopropyl
peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl
peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium

peroxydisulfate, di-t-butyl hyponitrite, dicumyl hyponitrite. This list is not

exhaustive,.

Photochemical initiator systems are chosen to have the requisite solubility in the reaction
medium and have an appropriate quantum yield for radical production under the conditions
of the polymerisation. Examples include benzoin derivatives, benzophenone, acyl

phosphine oxides, and photo-redox systems.



di hydrate, and derivatives thereof. The conti nuous
hydrophilic liquid phase in a given polynerization

w@e@cass03ray al so contain other additives, forPERAIPI0/000437

10

15

20

25

additives to regulate pH In relation to the

pol yneri sation process which occurs during the course
of the nmethod of the inventionggit is inportant that
polymer is fornmed at the surface of the solid
particul ate material and that this pol ynerisation

ceeds under the control .of the hydrophili.c RAFT . .
N5aRE TP SUterls S5 ARG PGOBEYS R ieadSIs, Selpeliy M e reastion medium
hedi pyed ahhﬂhngﬁbﬁatgofa}lmﬂ $atitQNpRHAGHEES Undet tﬁ@f&g{dﬁﬁ)ns of the

during the nmethod begins through the Tornation o
pobpeayetiory tmse ontiatingsystenls camninchiddj Bt asesottlimitadgh, ¢dmebinations of

nt i.nuous hydrophjlic |iquid phase and positions
;ﬁ?eS%);llpwg}g ?}ﬂéargﬂ%darggu%?mi'he particul ate material. As
hydrophi lic RAFT agents are al so positioned at the
sur f aegidahtst petagsairh, ferdxgdBulfite hiidedgenPerdd @l klblis2 h$droperoxide.
they can readily gain control over the polynerisation
such Eehctandy: iRd Kﬂ)s aitandem GHD prtasybian Hoes fife deasesgivamblisplfite.
a RAFT nedi ated free radical process. To facilitate

dhes sﬂftgﬁgﬁgaAtili:r%g ﬁteﬁfs%@@&és@gbéc{ﬁﬁg%&?h{élifgp eeOfor e%(alﬂ)]lg, Moad and

hydrophilic ecl es presen e surtate o
Patamaul'tieeChutistry adf FeeegReditadr Polyaeritdimnd ufrei@ghmon, London, 1995,
inigg%;ing radi cal s that reach that surface throughout

course of the polynerisation reaction. It is
preferable that polynerisation of the nononers is

Saitblaimastotndigieh hike moipprRlab®f sl s b ARhidphficRéiclion medium

agent throughout the entire pol ymeriSation. However, _
prdvasdeaten inaludp diuy aismoatimitee tas drd-arodistdyanpenlertd aadd), 2,2"-azobis{2-

I Gl . ' | t [ art for under.
PRSP IR Gk Bhe T o Rk DR oo e Rt metot-
%@hﬂa&on@gyﬂ ﬁfh _rbﬁ@t_ﬁanﬁi}d_e}l)}zng—ﬁchbﬁsﬁﬁ ,N’_élﬂlitn@%ﬂy%?a{sbmw:‘aqunidine), 2,2

i.n ai.d this, it wll be appreciate at as e .
aﬁ%ﬁgﬁﬁ% IW&H%WISBEWWIﬁ%BdI }Fﬁ)@éﬁhlf’ﬂéea deheres@ranpiginopropane)
ild [_: 1| Ny S s _'I . .
o o e B PR oA it ropionamide),
B 2aezabosi2 sndteyledi(Y-hy dioxpetbpldproffilosamitel) 2,2 afobin{xbatyramide)
t.hat, ma ol yner,i sed by other free radi cal pathways
it po S B D e 8o

®C8Guence will to a large extent
depend upon the intended application for the pol yner

Zhe apathadue dhyropHiBe LRl PRAsEr inal .givenl FEINERriAMIIO process may also
whet her. a pol ynerisation reaction In accordance wth
poidaiothes @dditivesn dorn axempte asiditivas tpreselesaddll, at | east in

part, under the control of a hydrophilic RAFT agent

In relation to the polymerisation process which occurs during the course of the method of
the invention, it is important that polymer is formed at the surface of the solid particulate
material and that this polymerisation proceeds under the control of the hydrophilic RAFT
agent. Without wishing to be limited by theory, it is believed that the polymerisation
process that operates during the method begins through the formation of a propagating
monomer radical which diffuses through the continuous hydrophilic liquid phase and
positions itself at the surface of the particulate material. As hydrophilic RAFT agents are
also positioned at the surface of the particulate material (as stabilisers) they can readily
gain control over the polymerisation such that polymerisation of the monomers proceed

under a RAFT mediated free radical process. To facilitate this process, it is preferred that
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may be obtained by a sinple visual assessnent (for
exanpl e by Transm ssion El ectron M croscopy) of the

wologireasoxoat i ng of the pol yner encapsul ated spCT/dU2007/000437

particul ate material. Significant |oss of "RAFT
control”™ will be characterised by an irregul ar
non-uni f orm pol ynmer coating, whereas pol ynerisation
under the control of the hydrophilic RAFT agent

pr ovi des a regul ar uniform pol ynmer coating. Evidence

of "RAFT control" nay al so be readi Iéobt ai ned by
the mpmbagok hiéirgﬁWﬁM%ﬁReP@@ Prgsentrad ity pupface @ﬁﬁhﬁsparéculate material

lrggg uﬁ?.tﬁé?ﬁh@ ?ﬁr}{%‘?r%ﬁﬁgﬂgg%g{ glgl?}‘éét?e ﬁrt‘f?at %ﬂl%ééschfbggh@g the course of

i'ng porymer chni gue suc

ﬂﬁew@ﬁieiri@ﬂtidﬁhfemogr aphy (GPC). ldeally, where "RAFT
control"™ has been established, the polyner wll have a

ower _pal per si t, ed with a pol r ed
IIW e ek Biler bt Bahe Botraersas B ARFHYSEF gcontrol of the
Whﬂflce AL afint’ tﬁ%ﬁEh&Q the thlresﬁm%eﬁéétﬁ?c I‘j@&/@ve‘r Sprovided that

t’hat” nol ecul ar “wei ght "of the shoul
palyreer atthmﬁaocmf\thaf scnlahparfmul@e msattrw |1$33telda5tton bert dermed under the

GBRHEF By S Rk Skl G el it i sq by otter fee

ﬂaﬂié@lnﬁdtl@@aw | Ha@gg edialthi, i ROV abplRERtedOhMMsith® hmount of monomer
nol ecul ar WEIL%htWI th conversion even though the

mzimdms;egemdmt e gpnirdleof il hydsephikiy ROFdaatent drerdanes, theepropensity for
%r%g L3f gﬁo %dpt% %%i%%téfo& nﬁgxgr ﬁlsg'ne e g?t (%‘:1125{?603ﬁ1& 18&eases The

ure

zﬁﬁodd‘ﬂ @f Sﬁénciﬂne@&hiti nuy bt Q)olmﬁeﬁ:fsb@by I’ﬂiherb&ed suidical ﬁdthways in a given
t hr ough t he selfction and controll ed adtgltlon%é .
WATiSereduanGy Bl tarfgkregy xenyfensnd 4oy tindatendes application for the

}g@?ﬁgﬁrﬁa@a‘cé’& &ﬁ@ﬂaﬂeqﬁgmr dance with the nethod.

none S are those which can be pol yneri sed
by a free radical process. The nononers shoul d al so be
Bvigaizeasdb whéther mblymns@em mi¢tipnoinhancordenemmiith, thwlmeethod of the

et Gkl el e s 8 k! Jof bl RAPT agen

&ﬁ? be Qlﬂ%ﬁﬂécﬁBy aRsifaple k/ﬁuﬁois}z’dﬁrheﬂa@&b@i&fn}ﬁé d)yEﬂﬂahsr@i@smn Electron
(Brandup, J., and I'mrergut. E. H Eds) WIley: New York

Prlgfggsogpmmhe PSyster ﬁ@ﬁmgeqféhq priymeecicapydatod solid prsticulate material,
ﬁ%ﬂ?{cgﬂt {98 B¢ R ARP)contbl WdiVbe characterised by an irregular non-uniform

polymer coating, whereas polymerisation under the control éf the hydrophilic RAFT agent

provides a regular uniform polymer coating.

Evidence of "RAFT control" may also be readily obtained by sampling the
polymer/particulate material composite during the polymerisation reaction and analysing
the resulting polymer by a suitable technique such as Gel Permeation Chromatography
(GPC). Ideally, where "RAFT control" has been established, the polymer will have a
lower polydispersity compared with a polymer prepared by a conventional free radical
mediated pathway. The other feature of "RAFT control" shown by GPC data is that
molecular weight of the polymer should grow linearly with conversion. This is believed to
be an important feature in performing the method of the invention. The polymer formed in

accordance with the invention will generally show a linear growth of molecular weight
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(15) where U and Ware independently selected fromthe
group consisting of -CO2H, -COQ2R2, -COR2, -CSR2,

WO GBORR503 COSR 2, -CONH 2, -CONHR 2, - CONR 2 2PCT/AU2007/000437
hydrogen, hal ogen and optionally substituted Cl-C4
al kyl wherein the substituents are independently
sel ected fromthe group consi gil ng of hydroxy, -CO2H,
-CO2R1, -COR 2, -CSRz, CSO? COSR 2, -CN, -CONH 2,
-CONHR 2, -CONR 2 2, -OR2, -SR2, -2CR2, -SCOR 2, and

HarogemoTReen %@ﬁﬁ%@%ﬁé&?@%&%& the oS o leR during the
-CONR 2 2, -OR2, -SR2,
t ’
CO%%%GI@%MO OCSR 2; where R2 is selected
fromthe group consisting of optionally substituted
Tibie- ®mpcasﬁthn| and prdhaaetiitey of s polymes dfogediat ahk emyiice of the solid

pﬁﬁ{cg nal | ter1 B‘?‘H‘)ﬁf’%} f@loi‘e@%h{rw@t ng gl? 1821;%%/ lCOILiI&Oqud addition of

r@cﬁ{dnmal A Wi S tanke!t & et leRicany ChnshturQed i @e@drhdts may be used in
substituted aral kyl, optionally substituted

an@qré@r@awlﬂathkymeth@bt Pwtrla morqkess prethae ‘é(hll@hlc?lll be polymerised by a
t bs Kk t Y

RO, 0 Pl L G030 S olymerisd vt

cﬁl@dr&ﬁblﬁdnéré Omhbflﬁctgfsowbmh n&taltnlrr@gcdpbl}mhdqshblﬂle}omf eytious monomers

(epoxy hydr oxy, al koxy, acyl, acy

ag Wﬂ&%ﬂ@%ﬁw d 1 ey F OEWm?aée%cé’ifen]éﬁk]g%J;y indrolymer Handbook

FHLBEN BRI, arlt SIRENADA! 8. DAY WiIS: INew YA 0989 p /53, Such
am no, ng sal eriva |ves 't her eof

rivredngars adluale ltyewe iwitthtak igendraldbuada ()t ar e not linited

to, polyal kyl ene oxi de, yaryleng et her and

pol yal kyl ene et her. Exanples of‘gnnoners i ncl ude, but

are not limted to, maleic i de,
N-al kyl mal ei m de, N-aryl nal el m di al kyl funarate
and cycl opol yneri sabl e oners, rylate and

nmet hacryl ate esters, acrylic and nethacrylic acid,
styrene, acryl am de, nethacry({ldm de, and

me:(th S\?f]ré%le on t(ﬁ]é?{g@re m(fépenrd%gtl}s) fseltecpteeg ?rom t%ngerglslf) consdlstmg of -CO,H,
-CO;R?, -COR?, -CSR?, -CSOR?, -COSR%, -CONH,, -CONHR’, -CONR%,
hydrogen, halogen and optionally substituted C,-C4 alkyl wherein the substituents
are independently selected from the group consisting of hydroxy, -CO,H, -COR/,
-COR?, -CSR?, -CSOR?, -COSR?, -CN, -CONH,, -CONHR?, -CONR?, -OR?,
"-SR?, -0,CR?, -SCOR?, and -OCSR?; and

V is selected from thé group consisting of hydrogen, R?, -CO,H, -CO,R?, -COR?,
-CSR?, -CSOR?, -COSR?, -CONH;, -CONHR?, -CONR%, -OR?, -SR?, -0,CR?,
-SCOR?, and -OCSR?%;

where R? is selected from the group consisting of optionally substituted C;-Cig
alkyl, optionally substituted C,-Ci3 alkenyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aralkyl, optionally substituted heteroarylalkyl,
optionally substituted alkaryl, optionally substituted alkylheteroaryl and polymer

chains wherein the substituents are independently selected from the group
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nononmers Wi th other nononers. As one skilled in the
art woul d recogni se, the choice of conononers is

waledoenmsped by their steric and el ectroni c proper/AUz®7/000437

The factors which deterni ne copol ynerisability of
vari ous nononers are well docunented in the art. For
exanpl e, see: Geenlee, RZ imyPolynmer Handbook 3rd
Edition (Brandup, J., and Imergut, E.H Eds.) WI ey:
New Yor k. 1989 pll1/53. Specific exanples of useful

ethylenlcally un turat no rs .include the

fol | ofTsEinEeR h?/]i( 9L Yﬂyf'é é’tYHSHXY f Wﬂt geyloxy, formyl,
Pr opYhikPRAMBEYIY |atR akﬁlfdrﬁ»@%f"ds) Ikt fcaw aye t
(all |sgréners ﬂ/ 2-eth Xf_\} | hexyl et hac O@(?aiderz |so or n)(/)g’ isocyanato,
met hacsraylbatselyl netlhyagmipioi dneodidg béuszgnd wietihatirey | thbrepf.  Preferred
phenyl .net hacr.yl at t acr lonitri

B ohaEYEy FoT arridenin are el Bised tSpelyliylepg oxids, polyarylene
Pr opyéthacandl i fulkyddde diig@rrers) , butyl acrylate (all

I soners), 2-ethyl’hexyl acrylate, isobornyl acrylate,

acrylic acid, benzyl. acryl ate, phenyl acrél at e,

Bxappleni of | meonogeyr eieludeunkuti gial net Hatfed| doesmaleic  anhydride,

ﬁce[l%ggltra?&‘]‘?m?ﬁstéranﬁ%Xﬁugete ld?'cﬁf{ﬁedfu&\ac L ?lllc%l gﬁfcqé/ﬂolymerlsable MOonomers,

alityszl]m&xymdi Qnytlhamtakracewfsat &r)(lasl land smamaa)y 1c hatikd, o xtytemt y lacrylamide,
rrethaciyl te aII |sorrers , N, N-di pet hyl am noet hy|

WEtReRIaRH ?aean IR NP EP RSP HOWER T e RABIPia¢ fid mixtures of these
&Bh%%lvﬁﬂ?@hxpﬁllon&ﬁgﬁagﬁ[syérﬁt s%ﬂlédtlﬂciH@hﬁ v@ﬁmgercbgﬁse the choice of

i taconic acid, glycidyl acrylate, 2-hydroxyethyl
mlmyﬂoa'lees msidlenmylpd d)pythela(s’reyllcamd ¢ledttonics propegies. The factors which

d but yI 1.l , .
RS eorefmisabufti S Bribyt BOTOMR e avell foghmentsdhip the art. For
A&l tsBe: Gﬂebﬁwmen&gbbyﬁ@r HRaANd AL 3 Bdebh @8faytaprjd@nd Immergut,
N- net h | acryl am de, N-di net hyl acryl am de,

NH Bds. Bﬁle\yi Mtfftvhéféﬂyll%’fﬁ p/53N- nbut yl met hacryl ami de,

N- met hyl ol met hacryl ami de, N-et hyl ol net hacryl am de,

ool B T MRS TR ety the following

ineth;/bl methaciglatal lethyb Onﬁeiﬂaaéryla(tﬁ eptopyhnmethaatjaten@ll( ddmers), butyl

f%ﬂaﬁbsgq?lﬁﬁngt%%kﬂbnyl be Z%I(lgqaef {sggqjﬁ‘l\é]:,@?tiacry{atg 'methacrylic

| f u
e T

methgt haylasd, Ieyhyp raomate r;a'bpyicacyjlrlattae(all isomers), butyl acrylate (all isomers),

%ehgﬂ}%% ?rlglty %f’lp’ %I%tgg? )?F]é]t é)enzyl acrylate, phenyl acrylate,

gbﬁ@ﬁihénﬁs"tﬁ}iﬂles' ftﬁﬁbtﬁ’drﬁp)&heﬂﬁ&érzﬂfdsy la@fy@ates and styrenes selected from
t oxynethyl si | yl propyl methacryl at'e

%lvclémb ﬁ@?ﬁb@@yhléﬁh -Bydroxysitlesdy methaciviate.y hadrexypropyl methacrylate (all
ﬁ%ﬁ%@%ﬁ é/%uﬁﬁ grloe%ﬂ 5? F 3&?1[ i’/sm%tefs), ﬁ,‘hﬁhﬁ?&ﬂ}ﬁaﬂrﬁﬁo%{h?fp}qethacrylate,

pro
N,N-diethylaminoethyl methacrylate, trlethyleneglycol methacrylate, itaconic anhydride,

itaconic acid, glycidyl acrylate, 2-hydroxyethyl acrylate, hydroxypropyl acrylate (all
isomers), hydroxybutyl acrylate (all isomers), N,N-dimethylaminoethyl acrylate, N,N-
diethylaminoethyl acrylate, triethyleneglycol acrylate, methacrylamide,
N-methylacrylamide, = N,N-dimethylacrylamide,  N-tert-butylmethacrylamide, N-n-
butylmethacrylamide, N-methylolmethacrylamide, N-ethylolmethacrylamide, N-tert-
butylacrylamide, N-n-butylacrylamide, N-methylolacrylamide, N-ethylolacrylamide, vinyl

benzoic acid (all isomers), diethylamino styrene (all isomers), alpha-methylvinyl benzoic
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nmet hacryl ate, diisopropoxysilylpropyl nethacryl ate,
trimethoxysilyl propyl acrylate, triethoxysilyl propyl

wa@ewyhsses tri butoxysilyl propylacryl ate, PCT/AU2007/000437

di met hoxynet hyl si |l yl propyl acryl at e,

di et hoxynet hyl si |l yl propyl acryl ate,

di but oxynet hyl si | yl pr opyl aC[%bqte,

di i sopropoxynet hyl silyl propyl "acryl at e,

di met hoxysi | yl propyl acryl ate, diethoxysilyl propyl

acryl ate, dibutoxysilylpropyl acrylate, . )

atid Gddsopeny sisthylpnnealphacpithgsyreng @Y isomesy) apwinemgene sulfonic
yr Vi b e . ayl | Qr1.de. Vi

g P itiae PRIRAE *sod o) MohRBmdibtbropy - methacrylate,

iNettbemlyimbpyin de, mkthadrylatenl ei m dehutoxysilylpropyl methacrylate,

N-vi nyl pyrrol.idone, N-vinylcarbazol e, butadiene,
Emethoapaiclydsiyrepdpr @W@a‘”‘?’ﬁﬂt‘% I tethxé’mﬁg’cy?sé%l/ﬁﬁ%xli viethacrylate,

. . . . y h
DR ey LRYFRORT ARy TR, (RoBPRR ARGV LAYIRY methacrylte
Buiettalxlysilyiproppemsthatryldié, slidthpeysilylprapyé metthacrdate, dibtitoxysilylpropyl
limted to, .acrylic acjd thacrylic acid . -
RSRGR ASt hylLSRePRaEys Y oy | e Py P ssilyloreny! - aciviate,
@&fﬁbkzmﬂﬁmﬁ d pjihac rtﬁb@t@kﬁsﬂiylﬂwpﬁ%%ﬁw)yhir@&m&m&hylsﬂylpmpyl
N- met hyl"acryl am de or di nethylam noet hyl net hacryl ate.

@rylete, hydetbprymetbylsilyiptapnl caicryfatans ditirerymerthpibrpiopyl  acrylate,

re listed be Those skil| int i1l 4
@EBP&O@PQ@?&?‘P{L@%‘%PJEH s taﬁ%ﬁlﬁg’r e se @%@%ﬁéﬁg&lp@%t he 2cmviate,
GemaRelyRirbpE PAryRRy, Wibdiosiseipedpyl i rktleac e dlisapropoxysilylpropyl
glass transition tenperature f/Tg). The, " Tg};1 i,a a, ) )
afay letswvingh gestere, viempytaialrs 8ol Benzpaice Kingh ChirbfpRdyd fluoride, vinyl

r r R 4 . .
R L
Bndnidtarbhtate, Husddieniepethylerd @tdi chidryprens cBhis list ismebdrystive.
state. The Tg of the encapsul ati ng pol ymer can

PO AN R WE R TR L -

RAhbmEM! oG tabR Blohhers REth@XRIPIRIuIEDBANERE Siot MiaditedItd, acrylic acid,
polynmerised to formthe encapsul ati ng pol yner nma

b
Bettecrbd avi, by ok mghtcnsbiechylipisbropy] Segibesmaate, acrylamide and
di i on_of, the pol £ . .
ﬂ)ﬁﬁ@?{yz'n% g,g f})’ﬁlm})’ggllyn?&?grg%; ?Igisrﬁ%c%ﬁ?rgp%%g{a gg% Zalgﬁguylammoethyl

fethard1dté.| Othef Gydidbhigis eftfledidatig ubsatinatedinloringers are listed below.
cal cul'ated, and those relating to a copolyner are
cal cul at edin accordance wth the Fox e

( A . z gua%%on (1€ng: f h
Thess/ stglden) yo the jartowvall @pﬁ@pw%glagtr%qwe shgtearg selected to form the
SHSBA O OBE\N S ASES 3 by . 1) T
tPeEr & la pakywemngo mfowipemiure soveal whicht &d agwrphous polymer (or the

Lo SIS ¢SSR SRRl DTSy b
Fi%¥le state to a relatively viscous or rubbery state. The Tg of the encapsulating polymer
can conveniently be tailored to suit the intended application for the polymer encapsulated
solid particulate material. For example, monomers that are polymerised to form the
encapsulating polymer may be selected to provide a Tg that enables an aqueous dispersion
of the polymer encapsulated particulate material (as in a paint formulation) to coalesce and

form a film.

Tg values referred to herein are calculated, and those relating to a copolymer are calculated



Tg of -10C and a copolyner (50 . %9 with a
cal cul ated Fox Tg of 500C, will provide an overall

wagoofi1BOC. Those skilled in the art will be P&pabkm7/000437
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of selecting nononmers to afford an encapsul ati ng

pol ymer with the appropriate Tg for the intended
application of the polynmer encgpsul ated particul ate
material. To facilitate the formation of polyner at
the surface of the solid particul ate material, the one

84 eeu’f‘gg (ﬁg?g Q/}'tiélﬁlg% f a!ﬁ rsfﬁ{ir aﬁﬁbw p@ng%:qtpgr&use stated, where

th eycafpwlmmg)ﬂ)omm& ¢ r1§e§ aSmREkSBE bty n¥rsl RPBhSRIRIS Mhving different
nti nuous hydr B}I|IC l'i qui d phase. Under "certain

&Sc T%ganctb% overpll paiymiss cg@@pm@n & qabeulated aduweighted average value.

h suI in
@tgf;}é)ga)?(nﬁ gﬂo(ff&ﬂléﬂ @n&gg{% Scall:h;) 151tn edpolpy 62(? %g%)g H% ¢ Calculated Fox
ffg)of hbﬁf’él adcw@peﬂfml(ﬁﬂ)m I%)/witﬁ atdaRul@dtt FAWUDE ST 50°C, will provide an

ﬁgh |§ ¢IQUId phase, or the resulting

|g ZPt¢cul ate conposite nmay be used in contact

vvlth solvents in which the encapsul ati ng pol ynmer has a
dtaedeekilld mahs Bt WﬂD’be c%‘rbﬁﬂe df %El@iﬁgﬂﬁ%ﬁgmgﬂl t¥ rE'ii{ord gn encapsulating

structure can be derived neans
pelamer atithehe hpproptiate odfor rthﬁeldtelnticcb applicatien uf theqfolymer encapsulated

ised.ethylenically unsaturated nononers. Those
§§+¥F§% |%:?ﬁe art will appreciate that crosslinked

pol ynmer structures may be derived in a nunber of ways
Torfatififatet the fuseativh ¢ropolyREl SeHe Gﬁﬂf%eedﬂ th@lsblyd Fartlculate material, the
unsat ur at ed nononers. For exanple, nulti-ethylenical ﬁ

al%f‘s 9% BYORE EWhY eBHaHE rusaturttedt IneRemers are prdferaklydsefrstadnench that when

&h g 0 n
unsa d%"tgltgré 'ﬂfé uh)srﬁllt é%gﬁ%w %ﬂ % (s:lggosg %}tmhi%ﬁ%olu@ﬁ in the continuous
hﬂkephlhhhqmdcp&asta nked structure is typically deri ved

during polynerisation and provided thr ough a free

ical,_reactio an| m Alternativ e ..
Qgg sﬁeft?ﬁ? drcl%]'s{}% eu#eguﬁ@@ tq) trg gp{\[q,%gegrp%ﬁf crosslinking into
i r&lhﬂﬁhﬁﬁh% polsat ur«‘&t @&nippen €is Eﬁca\fsﬁﬁlﬁhngﬂbégpt ?b'yeﬂﬂgnformed may -

a reactive functional group that is not susc
hayei aglepreet salwbiliein thed |cgmnuogadwdmp§nl(q liguid phase, or the resulting

?leﬁﬁf/}ga%ahétge? rgl%sht%l renra]tl c c? f@g? ?Cgt gﬁgi mqgerﬁ% dn which the

case HONONET
@mh]ysmmtmgij)@k}b@&’ﬁhats Ardepgb olﬂ @éluﬂiﬁ[y Sath @Rr&6LitKRE polymer structure can
atur rou and the resulting pendant

'?% %rtveé |ang ThPGHH%e &8t HrdnRsTerable bat ivis derived through the use of
FIIPRSideR iR Ge TBMIy G i Huratd mdhbhbR! Mhose skilled in the art will appreciate -

that crosslinked polymer structures may be derived in a number of ways through the use of
polymerised ethylenically unsaturated monomers. For example, multi-ethylenically
unsaturated monomers can afford a crosslinked polymer structure through polymerisation
of at least two unsaturated groups to provide a crosslink. In this case, the crosslinked
structure is typically derived during polymerisation and provided through a free radical

reaction mechanism.

Alternatively, the crosslinked polymer structure may be derived from ethylenically
unsaturated monomers which also contain a reactive functional group that is not

susceptible to taking part in free radical reactions (i.e. "functionalised" ethylenically
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nononers that provide conplenentary pairs of reactive
functional groups (i.e. groups that will react with
weaohiatsber ), the pairs of reactive functi onal PQr/aup®7/000437

can react through non radical reaction nechanisns to

provi de crosslinks. Formation of such crosslinks wll

al so generally occur during psfynerisation of the

nononers. A variation on using conplenentary pairs of
reactive functional groups is where the nononers are

rovi ded with non I tive '

Biirab Rt D CLERP R S bob RER! LY SnbUREIA IR, the polymer
bhé&iaohe Whidugkaslyaédwatiobuwtf thasimsatrasd gtalp, sintl ethe whsudting pendant

can subsequently be reacted with _a crqsslinking agen e
fwtnoealng@f#@_nfw'\é%ﬂ meRas trpugh My Oélecré?éé-wiagaff@a "o 'By wilising
mrdhothed Hutﬁﬁf)ﬂéﬁ erbgn@%@argﬂip%dr% ?Pre'dét‘?@ fullctidhaf BRIPS (it groups that

react w ubstantl a t he non-conpl énent ary
wilaeddt weitf eavhtdthery| the peupsf rdaotiveafingtiomdl girdugps can react through non

cr.ossl i nks under, these ciycunsfanc Wi || neral | y,.b .
G GBI CUA TGP DS GRS SROHUHB AL Soak croSliRs will also
g@ﬁf@l&%@édtﬁ’@uﬁﬁg bheseribRIoAHheIhohdherkNg a crosslinked

pol ynmer structure may al so be used. The terns

"mul ti-ethylenically unsaturated nononmers" and )

A fvarietioro oal mm}cemni/ﬁn@ﬁtammagrs PhsraRciivat Bactionmb spwps is where the
nmenti oned above, c conveni Col +Lvie SO thi
B L PO L oh SR AR Rty RREGE bty S his case,

the S@tctibadledonmNeITERSt react Wwith @sc bihki bgt nsreadersvide Byes which can
t he general expression "crgsslinking e%h%I eni cal |

subseabentht bel rﬁm@p@ a grossHpkjug | 5eRR; Wg %pg)ssl?/lg(s. It will be
a&ﬁfegﬁate%ﬁ {5 h%:cﬁ‘n rS%hiWinﬁnégaeﬁi%Lg}ﬂgdb%%H@ﬁ At to react with

a crosslink 1s or w erived. Accordingly,
sabstuttiallyetlhyf thaimmal doynplersattany atedivednoetemaligtoups. Formation of the
typi.cal ly afford a crossli duri ol risation, . .
cobBlgRRoer thoct oariiaies bt grises Bavd PAUFELIES spBinerisation of the
Iﬂgﬂgﬂgg can provide nmeans through which a crosslink
can be derived either during or after polynerisation.

It will be appreciated that not all ethylenically
Asembinatioe @ tinse matkodsfiforning & siosslinket polymar s may also be
will be used in accordance with the invention for the

'ﬁﬁ ‘pose of functioning as a crosslinking nononer. For

exanpl e, acrylic acid .should not beconsidered as a -

Theo®shi Miiuitiretiipleaivally umbasstadt mbsomeret ahd "fumstipardised ethylenically

site through which a _cross]ink is to be d[ferivgd. .
unsaturated monomers® mentioned above can conveniently and collectively also be

referred to herein as "crosslinking ethylenically unsaturated monomers" or "crosslinking
monomers". By the general expression "crosslinking ethylenically unsaturated monomers"
or "crosslinking monomers" is meant an ethylenically unsaturated monomer through which
a crosslink is or will be derived. Accordingly, a multi-ethylenically unsaturated monomer
will typically afford a crosslink during polymerisation, whereas a functionalised
ethylenically unsaturated monomer can provide means through which a crosslink can be

derived either during or after polymerisation.

It will be appreciated that not all ethylenically unsaturated monomers that contain a
functional group will be used in accordance with the invention for the purpose of

functioning as a crosslinking monomer. For example, acrylic acid .should not be
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Exanpl es of suitable multi-ethylenically unsaturated
nmononers that may be selected to provide the

w@emsalisnked pol ymer structure include, but arBCTaU2007/000437

limted to, ethylene glycol di(neth)acrylate,
triethylene glycol di(nmeth)acrylate, tetraethyl ene
glycol di(nmeth)acrylate, 1,3-bytylene glycol

di (net h)acryl ate, trinethyl ol propane
tri(meth)acryl ate 1 4 but aned| ol di (nmeth)acryl ate,
neopentyl gl ycol | ate, 1, 6-hexanedi ol

Qﬂnéﬂﬁﬁeﬁ)aé@f Wéﬁl@kmﬁéﬁ? st s gistdria BAEdey? Bieethrough which a
{%13%55)% I&eglv gri(meth) acryl ate, pentaerythritol
ra

nmet h acry ate, glycerol di(neth)acrylate,
gI ycerol allyloxy di(neth)acrylate, 1,1, 1-

Exangflesy df exiyabit myllt)-ethienisaly (unlmttm)amdr lylbaora¢rs that may be selected to

R e et —
cii(rﬁetili?a&)ﬂht% (topé ey PR @chb’cﬁﬁlﬁét‘hﬂ&?ﬁaﬂé [ ie{rABh A gwhﬁtcﬁ(meth)acrylate

trial cyanurate, triallyl isocyanurate, trral

1,B{busilenier glyeol difragth)arrylstie Heimethelolgroprng trl(n@ﬂépcrwhgq tle4-butanediol
? Iﬁé}ﬁ?’%‘}f}’g%; glggg?ne)m %#a? b ac¥ Q%’tﬁ?a%fé'lér/ty,l pérj gexanedlol di(meth)acrylate,

penieythitit] e, dighéttlachRitbac pyhaesthriel haﬁ(ryd:th)ac@ndw,dr ipetaerythritol
and met hyl enebi s (neth) acryl am de.

teirpemashaciyiaig| &lﬁp%ll Mmeﬁk%%&rﬂﬁf&t &yerish oa%}%ymi(@ﬁth)acrylate 1,1,1-
su%{&y&egﬁ?%mta\ggl f unc ﬂ&ﬁ%acg{ 1Qup thay ]; P- tm5¥dr8>%methyl)ethane

pt ng pa e€ radical’ reac

tritmketderylbtet  ar d,Ibirid(hydrd:gdndthyly@opdreac et dixypethhackylate, 1,1,1-

RN R T N -

t'FDéﬁgp)fMﬁ%ﬁMéte an'ia)ﬂy@Hﬁﬂha‘lﬁHt 361'12{3}@'1 beeliphiHaf@ediMAyl benzene, methylol
acrylate,” acrylic acid,

@Hmlahla’ngykpakbﬁymmel |@1©y)1r opalrstsi | glpieeryl propoxy triacrylate, allyl

AR SR B R S G i BET BRRPER T

d| rect I y above that provide conplenentary reactive

Fxdie IE@ ol siftablepsthyhioatle Wéateitby | mbaahatk awhith addain a reactive
I tse (i sobut oxynet hyl Jacryl am de and itself

@mﬁ%QWJatéFdeWﬁ @aymsmt %ﬁpﬁo&ﬁ@%wartaﬁ dregriadipglggpqtions include, but
| speyanaatdy! et hylyg

£, PO SR 0 NRSSLAIR 0 KRR oty gt

Heangthylolaagjlamidex a@mbaﬁ)xgmemyﬂ)aa’glaaude oslsildrcndyemgl agaryﬂtam t-butyl-

th@%ﬁrﬂgﬁe{tgﬁg Vﬂ?@p}ﬂe{}%ggérgfﬁg}el}cv djf( g{]q%lt%lco p)@@ tp 11sopropoxysﬂane

not @#, g{hz m{%gﬁ&g}?aft@aﬂﬂs&lﬁéﬂ Rhe Q¥&4el Ncl ude, but are

m nes suc exanet hyl ene di ami ne,

. ammoni a, nethylam ne, ethyl am ne, Jeffam nes(tm and

Exaenilyd eofe stitatden peérs €| Buonomerst miamﬁt)nqd dlipctpaatwve that provide
complementary reactive functional groups include N-methylolacrylamide and itself,
(isobutoxymethyl)acrylamide and itself, y-methacryloxypropyltriisopropoxysilane and
itself, 2-isocyanoethyl methacrylate and hydroxyethyl - acrylate, and #butyl-

carbodiimidoethyl methacrylate and acrylic acid.

Examples of suitable crosslinking agents that can react with the reactive functional groups
of one or more of the functionalised ethylenically unsaturated monomers mentioned above

include, but are not limited to, amines such as hexamethylene diamine, ammonia, methyl
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tris(2-methyl-|-aziridine propionate) and adipic
bi shydr azi de. Exanpl es of pairs of crosslinking agents

w@ea7fiesed i onal i sed et hyl enically unsat urat ed POIATBI03/000437

that provide conplenentary reactive groups include
hexanet hyl ene di am ne and acet oacet oxyet hyl

nmet hacryl ate, am nes such as g xanet hyl ene di am ne,

anmoni a, nethyl am ne, ethyl ~ ﬁfne, Jeffam nes(tm and

di et hyl ene triam ne and gl yci dyl nethacryl ate,

nmel am ne and hydroxyethyl acrylate, trimethyl ol propane L
dmins, @hytearhipk; Jeffaniinésdt aed getpiloratrieinizn dnelamide; trimethylolpropane

acid, adjpic. bjishydrazi de an i acet lam d .
Eairns | okiidiie SRS ne Ho AISHo O CBAGEN Tples of pairs of
&BiAkiDR  agfhfR] arfM St A&t B YIRRRARY UsRPaiedChbAGhEQNEat provide

can advantageously be enployed in performng the
cvmteenttryt teractivey grvpe rincldevboxametijlone slidneineiang acetoacetoxyethyl

suitab reagents for .enpl oying such. techni ques_i .
Srea e SHRrRcieh an oo HEts Do A k] gipine. ethy!
ﬁin&nJﬁfa&ﬁﬁEsTﬁﬁnH ndigthiRAE MiaRReYdRI bSRidyP MdlhREAR, nitlamine and
ich polyner is forned at the surface of soli )
Ipairoiyetyhheryhate, ¢riinathytolpropans td$(@ peetbeld] -ariridingtopionate) and acrylic
conti nuous, hydr.ophi)i.c |iquid.phase. The nethod of the
"i‘cﬁ‘g@ﬂlﬂl%ﬁlshéﬁi}a%gg@ﬁeélg?eé%%iaﬁryk@f’@%; sem - conti nuous or
continuous nodes. Were the continuous hydrophilic
Getald thaRRes ORsd Sins pREBENIhE atdweationdleerauBion mini@mulsion and
et hyl eni call y unsaturated nononers that are

PEPgion redymeidsatignhranadvagpgaessly berraplaygdoig pegforming the method of
r y t i ; . .

BT A RLL 08101 ) RS RSB MR s

gpakhtbeahppredfted hthaoniee anethmt ef ethhyineentoal liy in effect an interfacial

unsaturated nmononers. that  are po merised to for t ' .
%yyﬁgﬁtmpﬁgowﬁ Hgdwlingfu1 Fppgfr%qrd%{?}/raﬁiragg}&j syrlface 0 soriled particulate

SEIHHSOMRL 19 URBErsed (PN MO tINRARShy ARSIl CRAH BHAYS

and conti1 nuous nodes of operation offer superior

control of polynmer architecture together with control )
Bhemethve pbiheniavergisiny iy peropietajed At bafelli srgnite@niip@als or continuous
nogdes opgration n . e V1Ol

PR e Rl TP P E S sea i b e one o

@bﬂﬁéth?l@ﬂicbl:ly e8sdt@rated hoidnedyded agsipolymetibal wofursethefpolymer, the
t he polynerisation reaction. As the solid content oé e e
mithodiis preferpl apgratesiadgichimpedes égcbwthpwgthe continuous hydrophilic liquid

Y %%s/ cﬂrgo%lgigf{ f&%ggfgﬁ& SF R orfeORRSIet & hlgz?BI u8turated monomers

equately s I'n this case, fhrt
thyt appolyinerifAFTo genthenpolyiner, ahe onattiddds poefedably operated in semi-
reaction with the nmonomer in

continuous or continuous modaes.

Semi-continuous and continuous modes of operation offer superior control of polymer
architecture together with control over the polymer polydispersity. According to these
modes of operation, monomer may be added gradually or in stages thereby enabling
different monomers and other additives to be introduced during the course of the
polymerisation reaction. As the solid content of the dispersion increases, the resulting
polymer/particulate material composite may not be adequately stabilised. In this case,
further hydrophilic RAFT agent may be also added to the reaction with the monomer in

order to replenish the surface of the particle with stabilising moieties. |



order to replenish the surface of the particle wth
stabilising noieties.By "sem -continuous" is neant

w0 bat/1135e3 net hod i s conduct ed batch w se and nPCIDATR007/000437
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added gradually or in stages throughout the

pol ynerisation. By "continuous" is neant that the
method is perforned in a | oop-ggpe reactor whereby al
reagents are continuously added gradually or in stages
t hroughout the pol ynerisation and product is

kAL v he reaction, system. . .
LBt RE R st U e PRt P IRt g gnonomer i
rddel gradyligfopiin edgemthinghodt tkapslymRes@ish. By "continuous” is meant that
sem - contj nuous npde of pol ynerisation conprises
Afmsthod sereatormad 4p(g PopalyPe eackarewhereby jalll reagrits are continuously

A T . : s . .
BRIy AT 08 B L 20 e LA D0 gt is contnousy
peoevadefrbor the shatidre sgiteper Biaferablly, tthe npakdd ¢dilpatférmed in a semi-
mat eri al throughout the continuous Iiquid phase. A
£RUTHONS M98 at or may al so be added, al ong with any
other reagents if required, for exanple buffers to

reprefated MEthod WPea@ihY outth kerhRagRRLSULSSHe BF Eolymerisation comprises
essentially free from di ssol ved oxygen and the

pediag  2opelediedisplith pagicplaty eutanal land rhyidnahiligRAF T agéntas a suitable

' r i Ofr. i ni;tiating the pol ri satiaqn. Th . .
SPALABE0 B Dl D R PR P 35 A csprsion
ofitHei pattivulain dategiab thrépdbBht Yohtiiieae dqiidPhbae | & thermal initiator may
sci §sion. . Mononer may then be added and pol ynmerisation
esh rf’é‘g%cﬁl%@ﬂht% il treagentsf lftrWdegzsmampb RiAfeTs to regulate

gg?ntTgpi-rl;:ggy,anirEé Htsoﬁseﬂoﬁg{%gen‘ri’i&ll& rflrese %r%ﬁlgﬁggéﬁ)éecp %xygen and the

I nt at a rate to avo reservoir nmono
draopdresslufiow s fporgedngith sandireangdse sacntas Mieckent DBIYE Mo anitiating the
rate untj | su,{.fi ¢l ent . nononmer has been pol yneri sed

on

3 Blrerltswémc_ }}eoldiS@Frquli’e IHYRAB 19 Ghmﬁcrﬁﬁéﬁt sq ¢hat the initiator
uRdEgdesi thernhdlly tndB&d %@ho@tfcegﬁ%iorﬁsgﬁgﬁdrﬁ‘éﬂ }ﬁag en ebe added and

non-Tabile fromthe surface of the solid particula
RelymerigdtionFean peacepdnoder thewhorgtol nefy theehydreplsiioeR AFT agent.  The

can then be added at. a.greater rate either .
RS bpySRR de1Fl o BGe BT PeipRaRah Fas "Bt emoir monomer
firolpyene fromafor@thghasd Q&€ bE IcBkinue@rat @¥EHTR ke UnhiE sufficient monomer has

ol ynmeri sation maé be continued to provide for a

gl gnerised fungden npak of dalbydeophiliceRAKIT agontplosiender it, if it was

riiclies i . € ol,j.d ont . Aspecifi .
RO S5 BN, AoHSTIE o0 3y PR s AUFESRE U matria
Finitteer meonoarer,nivigibh nixs Hentht bene oadiffegernf cani thembelBided at a greater rate

di,oxi de, ticles with polymer. In this case, the
S SRR Y insitpassioatibihe desifsd degessl ol ymarisatiaf has occurred. For

Saulle, bendi R &8AHLA Aal)y BE OB tHuEd CRN A BYANS £l QU icf?sp‘ersion of

polymer/particulate material composite particles having a desired solids content.

A specific example of employing the method of the invention in this manner might be in
the coating of titanium dioxide particles with polymer. In this case, the hydrophilic
titanium dioxide particulate material could be dispersed in a hydrophilic continuous liquid
phase such as water using an appropriate hydrophilic RAFT agent. Upon forming a stable
dispersion, hydrophobic monomers such as butyl acrylate and methyl methacrylate may be
introduced to the dispersion to form polymer at the surface of the titanium dioxide

particles. The polymer may be formed to coat and encapsulate the titanium dioxide
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phase such as water using an appropriate hydrophilic
RAFT agent. Upon form ng a stabl e dispersion,

woyaropsebi ¢ nononmers such as butyl acryl ate aPdI/AB2G0y/000437

nmet hacryl ate may be introduced to the dispersion to
form pol ymer at the surface of the titanium dioxide
particles. The polymer may be f{prnmed to coat and
encapsul ate the titani um di oxideparticles and further
continued to afford a |l atex having a desired solids
content. The resultlgg Iatex woul d therefore conprise

Betiglss @&dsfu&hgrp@?réma & affsrd adatex naaxingup slesiged selidsi ¢omtent.  The
gésﬁfff gqaﬂgﬁr&duﬁr& Brer &1 ey aﬂgﬁ@@&sa@lg éfg’ X ozepb Pﬁx‘é& encapsulated
| or mu i’nder .

rec I n pai nt |ons as an o
tiwt‘aﬁnﬂnt&]exmenpanmahslswh;cﬂr eptidl ladvdntztgebﬁlslphbcseuseéedirédﬂy in paint
g%&gﬁﬂtdance W th {#ﬁﬁw hod of the invention consists

1O8F A3 ATHPPALHE %%r nore ethylenically
unsat urated nononers that are polynerised to formthe

PeHeYS Ble, cohﬂﬁudiﬁthlj}%pﬁdlicl lidu¥PhlRE |u¥e<p§1 &%&fd%é@ealtﬁ%@method of the
batch process and in effect may be considered as a

mbkthmcwtﬁ esaantioHy of desesns. or\MQneeetlsxlemcdlscmaattmm snonomers that
furth

e R T R I T A—p——

pfd)cesfsfz&ldtln kefesiaally 86 cansiddié®adh HulkpdlymeHSBiOn Prédess. Where such a
yneri sation process. In these cases, hydrophilic

mmnua@%hﬁm@h thseglérfbw&raegl 1 gt fugher; epntisboksequie phage as hereinbefore
S%Q;xhéﬁjoﬂfe AL RP qh%’ Gn! b gda’ét pPhaRg duri n&lﬁl@fﬁ %b%? suspension
e ‘pol'ynerisati on, I's t

erefore pre

pblgtmesisdtionc pentss hitd ltlm@hldasas Eﬁcﬂ:r'ﬁph@lenRAFS“ amd witl generally not be
solid particul ate natgrlal

stahilise the
W?P?ﬁﬁiod% ﬂVd COHIUOPE W‘iﬁ‘ﬁﬁ@l pPhase E%rlng the course of the
h&tyheAbdin, hd 1R MeeYde rﬂr%ﬁa‘b@tffa@?ﬁfﬂgze | n\%ﬁ)lphlhc RAFT agent is

approach to performng the nethod o lon In

beeidkto revateliseathe ispkid pm@wa]@th mgtetinkinsthiei apnfimudis dyidegphilic liquid phase
mat eri.al., .t he dro c RAFT. agent and a thernal
Plﬂ?rtetf)é?lg?tl?rb()fotﬂépglly Paél%fa 11|8H] lic ethylenically
unsaturated nononers in a reaction vessel. Oher

Oaagpiroschm)pedfofingehasideddiof tHeSiguédtRa. in DUIX Badd May advolve adding
reagents used are essentially free from di ssol ved

@fe‘;ﬁ@% pamiguipfempietels tf@rhyémhuli%%AFE aganigad afhemnad dnitiator to one or

ﬁ |
Fe; nyec??@ié%llcc‘ g%pleﬁgvp%hﬁ&gg ed ] n%hg&igle{]geéag@(%%%sel Oc}her reagents
ytalswbatadde‘chnferelqaired hr’EypgdmﬁyI all reagenes osednmeeessentially free from
%édro i 1ic ethyl enical léD unsat ur at ed ngnomsrs usi ngh
JEER AN FREHIS RPINIGN 1SRprged WHE agripert gag such as nitrogen,
?x‘l&pﬁf $hifRtAE PBE AL TRYH AV a@@cﬂdaﬂﬁf/ ecﬁ&?egseﬁothteh?c;hd particulate
he initiator undergoes therm nduced "honol yt
meiesigl hnughbwtghe piadr more hydrophilic ethylenically unsaturated monomers using
means well known to those skilled in the art, the dispersion temperature may then be
increased so that the initiator undergoes thermally induced homolytic scission. Given that
the continuous hydrophilic liquid phase in this case consists essentially of monomer, a
propagating monomer radical is immediately formed. The propagating monomer radical
can then diffuse to the surface of the solid particulate material and enable the hydrophilic
RAFT agent stabilising the particles to gain control over the polymerisation. The
polymerisation continues until substantially all of the monomer has been consumed to

thereby provide a polymer matrix having the solid particulate material substantially

uniformly dispersed therethrough.
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t he continuous hydrophilic Iiquid phase in this case
consi sts essentially of nononer, a propagating nonomer

wo aei7a#503 s i rmedi ately formed. The propagati NnRCTAI002000437

radi cal can then diffuse to the surface of the solid
particul ate material and enabl e the hydrophilic RAFT
agent stabilising the particlegto gain control over
t he pol yneri sation. The pol ynerisation continues until
substantially all of the nonomer has been consuned to

ereb rovi.de a, .pol r trix haying, the solid . . )
TS PRl Ui Bt Aoy e mer il fsiges g it dy desired to
ORigh- CHf Qehd ihifsh i -
B O e Moo WiBh & ARG s Using
eonyapienadteshhiqges, deraeount af dispersatt rempaeg 4o stabiliss the nanoparticles in

ithin a pol yner tri X, i,ng canvention . .
wgc‘ﬁlﬁP%n&%st ewgﬂgu?ﬁ i fi_s%efagié%ﬁy B i%eeé?r‘fp&mes of the matrix
g@l@ﬂﬂef esén iffthe dapeRaitldi¢ n@fntaih 4 BRLIONNERS R ABSE: P@%&éﬂsaﬁon of

e expected to radically alter the properties of the ]
thgt WmoRope. y ridivern gt the hméonﬁmlscp&&%ﬁtagmtduwdi it agcardance with the

L LSP [ . [ I hsation.of the .
Ahem RPELY A B B0 AR A R Bisgs s part in the
pﬁym@d@affbﬁ }Dﬁ&bsstmeultwyi igﬁnlapdrs oﬁitha éﬂc@;hﬁuldtiﬁg[]pcﬂﬁher, typical
t particul ate nmaterial and al so takes part in the )
wﬁm Rssociatid BB diss PreseRet Pfed ¢lispergpmipathe plympe matrix can
mﬁ&?%@i'wam&éaner, typi cal problens associ ated
w th The p})resence of a dispersant in the pol yner

matri x can advant ageously be avoided. Perfornming the
Rerfdrodng thet methad dn themforicowetonsd tullhodde coulddbebeadily adapted by one

dj | dapt ed..b kKilled.in the.ar h t.hat .
e P REIGUER Ay aRpRRiows FgioRnpiiaidid B4 & PRisepd in o furher
tontiaubel el phast toriepise bb§iied pRPRARKS HaQinR! tBPA6IR particulate material
%{Séﬁer particles having the solid particul ate

ptiglly wiifsmindispgrped hericthspyaly di sper sed

t heret hrough. Those skilled in the art will appreciate
ier QU t r .

T SN el TR bRl HE MR JROR 18 BeWhried when
peformieg then metiodoof Hel nvenmtthesin Fitler econtinummusp aerhi-cantianous or bulk
limtation as to the nature of the continuous
BY&Sophilic 1iquid phase that may be used in
accordance with the method provided that the
Piadrd ichtd BérdiciNBE BiitdlionRYio B AiteREITIRE coltinubusfirdflafic liquid phase
it does hot adversely affect the fornation of "polyner ‘
thet mae be ypgdaiaecedrdanre veidl the npeihed provisked thed e paaticulgo material may

geoH%séyng] it SR gtn&%y%& ia(%'eirgely El?f%& {hg aftormation of polymer at the

surface of the solid particulate material. For convenience, a continuous liquid phase that

consists essentially of the one or more ethylenically unsaturated monomers that is
polymerised to form the polymer will hereinafter be referred to as a "reactive" continuous
hydrophilic liquid phase. Conversely, a continuous liquid phase which does not consist
essentially of the one or more ethylenically unsaturated monomers that are polymerised to
form the polymer will hereinafter be referred to as a "non-reactive" continuous hydrophilic

liquid phase.
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consi sts essentially of the one or nore ethylenically
unsaturated nononers that is polynerised to formthe

w@ologiexsozni | | hereinafter be referred to as a PCT/AU2007/000437

"reactive" continuous hydrophilic |iquid phase.
Conversely, a continuous |iquid phase which does not
consi st essentially of the one,0r nore ethylenically
unsat urated nononers that are %o]ynerised to formthe
pol ymer will hereinafter be referred to as a
"non-reactive" continuous hydrophilic Iiquid o
PHidable mpn-feaplive mﬁnu@&&xdw)ﬁdmﬁqm phaseh ingtusishi but are not limited to,
| . .
i, SoRRRER U AR ol GLf o8 Y B Bytedhifhot and iy
plcoiwts.ene gl ycol and G -C3 al cohol s. Suitabl e nononers
that nmay be used in providing a reactive continuous
rophilic |iguid ase .i.nclude, but are not limted .. .. .
S oo Rt ey B T dRars Gheaoudig cadiniqut b GRehitic liquid
Pﬁ‘és@ Hh1e, bitairé AMATA Q0 AAY AT RBGIHRL Y0RERYsTRS/ i TRAN e fined.
o tailor the conposition of the polyner that iIs :
formed at the surface of the 'solid particulate .
wae arithod, of the paentien kdyantagheusie prayidesrosand de tailsarlee e@mposition of

BB 8 SRR S B AGEL0L R0 CRRGURER sy oo

pethvdeprovidés meant 1ooboluRFisé Rpedifit YorespesRlic@N nfddnfees in strategic
articularly useful 1 n_preparing polgner encapsul ated .
E’QP‘E‘P@GW&P%IX%@@? engrRsulAing pehangro Syeh geweplioyer Bigtohgnerisation can
nai
R PRRS AN I G e IR BE bl s BRORMAIER Bard s MUEB 2t are o be
usedfin comthgatontpositions fumbeas phintshe solid particul ate
materi al are di scussed below with specific reference

0.an agyeaus di sper.sion of pol _encapsul ated... .
by fen B At ot Vit Fg 1o (R riFins B Bebe Guidgition that is formed
R weRatRd J41itheleslid gaml%bﬂét&‘fam@é BischREdYEIBW WIIB specific reference
However, it is to be understood that the genera

for amadysious dsnetsioneef 1dYBW eregpinaterpignesit ipArtisiasethat are suitable for
a S i rs, P .Y

B S2 M QL s SRR, PEOIBIE, 1 5 o b

andepsdd haf the eteralnpricnédaniieediel dw e beeiphtied yth&eapplications,

used. .Modification of the encaﬁ)sul ating pol yner . .

Rshsedn illsrs. AdREshyes.auhmeay aed pRplanks 13 @yhich ¢ pRlymer/particulate material

SR oo S sReC ey iy ronorer >
2,2,2-trifluoroethyl nethacrylate (TFEM may be

Modifretios efl thet enastulagiag dotyinng colmpositivhaukyt be prlgesieddyahe selective
Eél%le%sa@%g roq‘os%%giiﬁ% dc’rusrpfeéai% 1serclex%i<)r?(l)1mgrfs. tlg'oer gx%ln}/prfgrhighly hydrophobic
monomers such as 2,2,2-trifluoroethyl methacrylate (TFEM) may be polymerised at a
stage during the method to provide a highly hydrophobic surface region of the polymer.
Introducing TFEM to a polymér composition in this manner can promote stain resistance
to a paint film when such particies are incorporated into a paint formulation. Alternatively,
more polar monomers such as acrylamide, dimethyl amino ethyl methacrylate or ureido
monomers may be polymerised to provide a highly hydrophilic surface region of the
polymer. In this case, the hydrophilic RAFT agent to be used in the polymerisation may
also comprise such monomer residues and thereby present a highly hydrophilic polymer

surface. Incorporation of such polar monomers at the surface of the polymer composition
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formul ation. Alternatively, nore polar nononers such
as acrylam de, dinethyl am no ethyl nethacrylate or
urei do nononers may be pol ynecyged to provide a highly
hydrophi lic surface region of the polyner. In this
case, the hydrophilic RAFT agent to be used in the

nerl L.on s ri se sucgh non si dues
SRR BN BPLo B RD S BT P ifacions. 1
puiticake, asl eOsPOE aiydﬁfphﬂfc RACT fRhOrhdRIRANB f BHesd ﬁl%nomers at the

sur face of the pol ymer conpositioncan assist in their
adHess; o ihe polymer ¢nagles thair prapeiienaerdhssion pmm@teattp fag maximised due

i. cat-i-ons. r{ .0
T e T N T [
apecﬂiﬁke 08 lspefoMEecbfmdnbﬁlethrynﬁ&ﬂylﬁaﬁéﬂd% rehativély 1bapievdls,efreferably at

i ahheféon pronot e f to be maxi m sed due to their ,
g8 1t &'t lethy Pt BroRemeRCoReRt, &%%pre:i%réblérdﬁwn@an 5 wt% of the

ft(‘)thl”i_nfoﬁ&'ﬁ&t b(ﬁﬁcnt,T YRt CE@H)IX/me H&f‘tqspcﬁ‘g{ g&)l?m% at the Turfalce of the solid
speci al 1 sed nononers are po neri se atlve oW
lpextichiste patefigdsabl y at | ess than 10 wt % of the tota
nmonomer content, nore preferably I ess than 5 wt % of

e total orrer ont e t hat pol rised.t
307 B RAETEoP B P o "BavRes Svl the Melhod of dhe
ieatibRhiSo erddbiestae %t&ﬁalﬂﬁirﬂ@’é@ftioﬁ&if'ﬂ%‘pd’lﬁh@ﬁfo@@@& at @8 surface of the
i n accordance with the nethod of the invention also

aolith pagiculate mpkesplnty bQ: evtsdiedi dn neftiquirs, sl somenrositionragicthe internal
; t
?é(%n(% f ?ﬁé dlgcﬂ;?nero I:a ?x%d gr ﬁ1a{htajt g h% sfurf'?é e m{aaﬂseﬁlon Po provide an

par e conp
imtéraninadgisre ghd IanOcﬁutéIh shallo| Yireke @ﬁfﬂplbﬂ 0634, ¥ lidly’tm:ﬁ bat be formed
of the surface conp osltlcin to provide an |nterna
WOGTEEN afReCHls BorIpesiiiqlymenised g aperangsset bgguoceshand a different

BRINYHRF 1s°;ﬁgy19§rlsfeg a'% qiatgmé % f@rrﬁ‘@%%ék' o B@%ﬁmﬁn {15 way, the solid

pol yneri sed at one stage of the process

garltrbelua@nmawdabmy b'esermapwmcd sath athaal pelyser stidge sb film forming
orma bl oc mer.. In this ,. th lid

EPDE of acar AERTRane helymse vtk Bl el iag fpg By the terms

PR TRYd WO R1yaedrtis fohdaft E@lﬁrme@tfﬁﬁﬁﬁrfo%ed HonPmPBbihers where the

el astonmeric polymer with non-filmformng skin. -

Bymopelymer g is' #hnve"and rbdlove ofont tqpapeyatare (is 2G8@ntrespectively. Suitable

REHBBA e ey s bh o atos s BB A SN A - oty acrylate and
ﬁie&ac%@@ ,antl @5R&RL 1S(Rlalle s@ﬁ'rﬁ&ﬁh&r@ﬁ%ﬂmm AR ot limited to, esters of

i nclu but are not limted to, nethyl nethacrylate,
perpplie ggid suehyasethylanidylred Ragshyl hexgl acavlatest yr ene.

Sui tabl e soft nononers include, but are not Ilimted
TRe in%hf%r?mggr also be applied in biomedical applications, for example in applications

which use biocompatible polymer microparticles containing magnetic nanoparticles. Such
microparticles can be delivered intravascularly to perform various medically related
functions. These applications range from diagnostic functions such as MRI contrast agents
and cell targeting and separation to therapeutic technologies such as magnetic drug
targeting and targeted hyperthermia for the treatment of cancer. These technologies rely
on certain advantageous magnetic characteristics of the polymer composite microparticles.

For example, targeted hyperthermia therapy relies on magnetic characteristics being
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acrylic acid such as ethyl, butyl and 2-ethyl hexyl
acrylates. The invention nay al so be applied in

wher@medisenl applications, for exanple in appliPE/AT2E7/000437

whi ch use bi oconpati bl e pol yner mcroparticles
cont ai ni ng magnetic nanoparticles. Such mcroparticles
can be delivered intravascul argly to performvarious
medically related functions. 'Flhese appl i cations range
from di agnostic functions such as MRl contrast agents

and ce] | tar efi aration to therape

Qr&ewﬁ?f{ &Qies ré@cﬁgaas%mgﬁ@t Fl&cra%’ac%ra@%teﬁﬁ eénfa a high frequency
rhéé&%(:fffélcf‘é/ﬁﬁﬁfs&?(o’@eﬁeé@he&he treatnment of cancer.

These technologies Tely on certai n advant ageous

magneti c characteristics of the polynmer conposite
i aewedithd ddlisste mabwe eksueplie vzmaapgbcaé@nwbe nedvetorriravide a high level

%th ?Oﬁlglggf)r el t@géﬁnﬁgmb%%%aﬁé 1§ S}C%gga{n Whez rﬁf)at 15% afrangement of the constituent

b Erietip fidno ArEisled [ifcRPROR A dwithinathBl fHlyhEL S4@ME s very important. In
magnetic field optimsed to generate heat. In view of

pasecwan i that ebiliet de eursformlic Hlistribuie v e lalsbl velameofgctimef magnetic
&%‘8 artifle 1&?5 d;golglggpa%gt ﬂg(ei\é% h?)% ﬁ%{ Tl?evx% }&%H%g t%«{:ﬂ’wentlon has

op ar arrtangenen

hmnsfbuﬁcm ecmtben\a@h emteml fmapmpmﬂg pd)l?ﬁlet mQOfo@aﬁﬁleerdmlirfsirtg magnetic
t he % matrix i.s very inportant. In particular,

Wép%P ﬁPplf?lallﬁﬁhsrrbmcvhawe&rwsamt e a high vol une

fraction of magnetic nanoparticles into a pol yner
TR frv¥ntich B8 |f>¥6’v1&je%3d fn%ﬁioﬁ ofTJ}@pJfﬁfghé)Qalﬁf ﬂlfé? adhesive, toner, liquid

i nventi on has been found suit

lpkepamengsqatamyn@agrmsm q»pcachlct @lr éherem‘qblm mdgctmgmmtsurcg preparing a

$ano§art| €S uni formt g_ﬂ@% ttheret@roggp f h
SHPT S P Sl PRSP L ‘%‘a"pr‘%aé%{ﬁ IR fhPRpymer bhaving

ollildl ﬁmctﬂﬁb%hﬂéﬁal diopeesed fhb%r@ugmkn abédriBice ﬁl@l@'ﬂ@d‘ﬁnventlon and

di agnostic_product or therapeutic product conprising

repane e eserrsipe prd/oPAympvifvepe eheapssioratieton epmgonents.
particulate material and/or a polymer having solid

PRIsk sCitled i 11Havehs Eﬁ&ér?tgnalﬁ B?ELH aB}égI%rdl ation components that
e

accordance wt e i nvention, ining t
wag pe irwlhwated am phmts ﬁﬂéry;mihemd:m tcmee lmmdmﬂ(eprﬁmemu beatantm) diagnostic

conmponent,s. Those skilled in the art _ .wl have
RS DA GG PIoaHE eSS Bl 40710 BlFgOR EAFBORSpa include, but

eﬁ‘@yncﬁehﬂnﬁgdi ugeghititnpAl r&hﬁfun hll la%é s, BYNGBiFBSs, EQB/ders, bioactive

liquidink, priners, sealan I agnosti c products or

mmasq@emtmumwms Exanpl es of such formul ation
conmponents include, but are not limted to,

S n I 0 r .
'fél{);é't @ﬁgx[ﬂt?c{n fu[gf% } {q‘ﬂ}\{}%gr geh?ﬁer lae?s?\ﬁ mccélhﬁe g,sh uid tmk, primer, sealant,
diagnostic product or therapeutic product comprising a dispersion of polymer encapsulated
solid particles and/or a polymer having solid particulate material dispersed therethrough

prepared in accordance with the invention.

Aqueous dispersions of polymer particles are used extensively in waterborne products such
as paints, adhesives, fillers, primers, liquid inks and sealants. Such products also typically
comprise other formulation components such as pigments, extenders, film forming aids
and other additives, all present at different levels and in different combinations. The use of

pigments in such products is important not only in providing "hiding" power to the product

but also to enable the products to be provided in a variety of colours.
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di spersion of polyner encapsul ated solid particles

and/ or a polynmer having solid particulate materi al

di spersed therethrough preparegsin accordance with the

i nvention. Aqueous dispersions of polyner particles

are used extensively in waterborne products such as
fillers idink

e e L T

;p_ miBksPlol :Opte FRAMBO BGIoSs isptsid o@ltp_gm%{&%anﬁl@s%ﬂé%ﬁ ersing them with
[ n1forn1ngda|ds and ot her additives, all present at

dhier assistanee pedispersimggents dAtttmabyaly cpighientatare disperfed with the aid of

pi ngs_in.. s j.s. i.nportant n onl .
BB Bing AR G SR RO T g e b el then ehis
afilbdse i Ngeteddwithsa tppefbendgd ayucd@s dishetsiotdiof §Jo¥yér particles. The
colours. Pignents have traditionally been incorporated )
Fipeision: BeY Araubice digh asiioRdWRPAS ttherdst demampart tsheag on the pigment
ggu%fcféﬁ megLad Eﬁ%éﬁioﬂ' ﬁgﬁ I 3h Otk Q! BB oRahhEE l Hegafsl % onventional
I spersing themw th the assistance of di Spersing
agenus dishetsemizatfi pelyyner pagivbest srcan@ divapesmeld wi the Iehels of shear
aid gf di spersi n%. agents inan initial stage to form
fikeitediduring prgent dispEisoBice, and then this mill base is
bl ended with a preformed aqueous dispersion of polyner
Rafdah§ lapflicafibs dheReueh Plhnfn®R Soauds 88 Lﬁb@,rbg}%%rﬁﬁ’ﬁﬂiﬁpof pigment
speeds 1'n order to inpart shear on the pignen
paiticies) iaghe pridycidpes serasd elsogusipg caring ofrtitei pregudsecan adversely effect
I:C nventional .aquequs djspersions .
BB ot MG P, s Bl R I EP et propertes
bpacitys colbus Badbr e¥Rint etteliith.i Whilgi geiﬁggpa@ﬂicﬁwﬁf}s tesirableN reducing or
g‘ggéinappl j cations where such pignmented products are

g slgBiresrizl agelomasntion c@f@gmelggqaftﬁcngse@,suph] praglacts has to date been
BIFRAHE Rbfeys GsifiB oot Eécﬂgolgg%.' ng of the product,

can adversely e??ect properties ch as the products
gl oss, scrub/stain resistance, flow, mechanical
priopeowi tesp fopslkthatpolypmeoencapndidted sdal particidate engetial having at least

. . 2l ar . ' , 3
U S P R e b e o A Frophiic RAFT agen
DA fre€dn€8 nufhbst6NadVafEBEd S Raserfids. darexRapR, tef Jdlfiétencapsulated
to achi eve using conventional technology. It has now

petpulpigumicnial #en fyicliapes e hvdpsuida sdureodf mirgparate mateatab (e.g. in the

erd al. LN & £t f _t:h capsul.atin I
TBRCILE ML, bR RRE) ] o 535 BB L, i
agenkedan fomadaidnsa PRyNdiag thef paaiiadtt ageR1s ildeRah t'e@Bedded" form
For, exanpl e, the polynmer encapsul at ed ]
has been found to minimise, if not eliminate, problems such as pigment agglomeration in
such products. By forming at least part of the encapsulating polymer under the control of a
hydrophilic RAFT agent, the particulate material can also be encapsulated in a
substantially uniform and continuous coating of polymer, or dispersed substantially

uniformly throughout the encapsulating polymer.

For convenience only, the polymer encapsulated solid particulate material may hereinafter
be referred to as a "pigmented binder". However, it is to be understood that the pigment

could readily be substituted for any other suitable particulate material.
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particul ate material can function as a binder and a
source of particulate material (e.g. in the formof a

wEe@nemso3 a "pigmented binder") in paint, filP@&/AU2007/000437

adhesive, prinmer, toner, liquid ink or seal ant

formul ations. Providing the particulate material in
such an "enbedded" form has bagn found to mnimse, if
not elimnate, problens such as pignent aggl onmeration
in such products. By forning at | east part of the

ﬁgr}gﬁx g%::flrlr f‘qtvlgnt%&% | %/?gogﬁ deﬁ rgrotryé Coc%frrrg%%gltf?é %mlp Fmg or consisting of
ak&ee %ﬁ%%ﬁlﬁh@%ﬂc@pﬁlaﬁé&ﬁﬂﬂ%dﬂd@e uiitérdel N3ach sbhd particulate
conti nuous coating of polyner, or_ dispersed

martbealdmn%rlcypaylrﬂt%mrﬁ s;abﬁtnnwgn@uﬁonv ed eprtiyous sRating of 2 polymer

%ﬁ%ﬁ geﬁﬁtg lrglgqu]’tv%‘:% %]r?r? QLPldgr thé Q? tpcﬁlr%f lJ‘Elgdrophﬂlc RAFT agent.

herei nafter be referred to as a "pignmented binder”

‘Flesvpressnt ihventidntadsddprovitie rastcnmpbstthmt cctrmmqmggnenonsmsjmlgdof discrete
readi ly_ be substltutedfor ag%ﬁt er ¢ cticles havin
pbelFe of BeTehFRRpallanh SOl Budisy ofepelitio A plsoEytp paricles having

finll" tsgﬁﬁ %ERN:PQ%S RakePIPOStkiaRRalBO ”@ﬁlf&lﬂl‘ﬁ Gfspersed throughout the

consi st di screte particles of l yme
arwpqmﬂ;aﬁngtmdjyrsm wtlensar the @ums@am ml[y@ler h@aﬁt deagbin; pgrt been formed

g@f[{% {I%{x?réﬁl n?t?ﬁl?)@g%mb]é gtw erf: gtherf‘ than the hydrophilic

RAPREnMHeCAchRE]afthg bEBSer deln ets shiggantially ﬁedlspeﬁemt
t he con?role ofgtg hyd%gphl lic R%%{r agent. The present

i nvention al so pr ovi des a COITpOSI tion ¢ npri S(!l " il b
Bmﬁxespmwgs@atnw OHERE PANPHENSS SBPSt%laﬁMePO ispersant', it will be

enc&ga}g %Q #g! fo?ef%ﬂ[sgg 5y e 1s”9t1]%f"éréﬂoe §)a'df§pgﬂs§r§tr 6Mh8r than the

favin particulate materi al
ﬁythﬁplﬁm I}HUF”B algamtf ofmbt)hedm&msr; oter ttharo tghbydropliiic RAFT agent, the
encapsul at.i ng poly

erein the enca
RS ] oS w@%awaﬂeré’@f TEPRBLV Al Fopaper matix.
control of a hydrophilic RAFT agent, and wherein,
h‘@fscrteréa[%hlrﬁa@s”hy Heaphhhi ol R lerRgiglated $¥8id particulate material within

capsu ng pol yner conprises substantially no
thies pempemmon Byast e eenozesed|intoi mylipigrglnpartislsapr ithawgyer, it will be
subst an 0.dis ers nt
flp@ﬁeliltﬁ%h}ag P%%E&Cﬁléalflﬁ pupistan Qices 8130%,;jl e%géﬁgﬂel? gﬁlce:e Pé @ﬁdaﬁglﬁgtmg polymer
dhspare a8t tetfaeticléhany bhe dﬂwﬂrﬂémiyl toi strcRr@cF?acﬁrgcﬁhdsr Newertheless, the
ot her words, other than the hydrophjlic RAFT agent,
phriclen shqydd Fl badisprsnipiress digsrtta PHICEShst antiall'y no

di spersant within its polymer matrix. By "discrete

RAL Ebrﬁhfs?tléor{ ﬁ‘la @Eﬁ hte\%l@l:r% Bek YlBWétbl‘é RS laale g, &%ds& or in the form

partic in the conposition may
SEaadlqie&ﬂom ntln therdascr dﬁralﬂqmrbter pd)\eéer slowwyverr pasie, thﬁ lcpmposition is

g;%é%g ggeggl{pg ]gd?% éaitélﬁg gft%ﬁl 3{? l'h 161|C m S taaﬁf:ssgr‘swnogf the discrete
particles. Aqueous dispersions of this type are suitable for use as a pigmented binder in for

example waterbased paints, fillers, adhesives, primers, liquid inks and sealants.

The compositions of the invention may comprise or consist of pigment particles having a
relatively thin (e.g. less than 10 nanometres) encapsulating polymer coating, which may be
combined with conventional water based binders to afford paint formulations with a high
application solids content. The compositions may also be used as a primary pigmented

binder, and even as a sole pigmented binder.
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has a low Tg, the particles may have a tendency to
stick to each other. Nevertheless, the particles

wGehwahtsss il | be discernible as discrete partikCEAU2000000437

conposition may be in the formof a flowable powler, a
slurry or paste, or in the formof a dispersion. In
the case of a flowable powderggslurry or paste, the
conposition is preferably capable of being diluted
with liquid to forma dispersion of the discrete

articles, Aqueous .dispersjons of this type are . :
/Q%?EHHP@Y% 818 i ed;gmgerp}% é?rg’n A %BYS Qf’éirth?%g? g}ndsg(gl% Pee present in a
EfPAsRHoR &l M Smotult! dréhé thad hesiy,a8latiPe toME Sotal inaes of all binder
nks and seal ants. The conpositions of the invention

usay ircthafpioimelatpn.consi st of pigment particles having a
relatively thin (e.g. less than 10 nanonetres)

ncapsul at.ing paol ' j . ' t t

SRR RSPS el SOTEY e oMy SREH) Aot e
the mtuabiwis, mbicprefehibiihg@piet thaatbout 89okYedmosoprefertbly greater than
The conpositions may al so be used as a pri 0 .
g e Bl e, RO Erihe 8018 PR BREFTUL00 Wt %), relative to

i S e R e VAol Lpder, it is to be
tﬁlﬁgpg?lsat oo&??ﬁaﬂ b‘?iﬁéer lgﬁggg{rﬁg\nfo . telgﬁj'r esent in a given

Y g

formulation in an anount greater than 50w % relative )
Abldabiepdrobfithenasapsuatiagl pdlymeteof hs auplymern ¢ngapsulated solid particulate

formuj atjon. In.sone roul ati ons, it ' .
mgieiabinhe C%maﬂ%ﬂ?f@ooff&gﬁ RO B o ey 3 (ol AR Sydrophitic
RBEYL o QAWM %ucHOR AFRT Sfcttsabiny adVaaigesustih@imctibn s 8Qwibiser for the
nost preferably greater than about 95w % still nor

polpmer adpicgpsakatech epastiqudatpi maeRieb dnban HERIA( (RSPt ?ed/or promote
%, l.at i t 0y.1.h , .bi i .
ﬁﬁ)ﬁ&agﬁ"%sﬂ%ﬂ\{% i gdr#,tn%%ltti(%e (gﬂsstoﬁgg)rﬁ{ifcgget rﬂgdeg%’lgtg%gfgpgl?tﬁﬁ%é&apsulatmg

yBer of the polynmer encapsul ated solid particul ate
material in the conpositions of the invention is

formed under the .copntrol, of .a hydrophilic RAFT t. .
Log g undg (b conurcl of e MtoRt] e T PAR e o

%rﬁbﬁlbﬂesrﬁételfiﬁfis?ﬂaﬁid%@irwmﬁtasré%%b@ ab 8hiPaEhtb€ Birdle€ in paint, filler,
terral 1n a liquid di'spersion, and/or pronote

sdHesivayyirinadr) Jquid ifloemsediast forulations. of sol i d

particul ate material throughout the encapsul ating

ol r. Ilp the formof .a | kani i St ] :
BELTBE P i LS, BP0 40 Wiy o poymes
BRdaBilAbd bSlidOstidudath addtatias atdedolie phaiculssematerial being encapsulated in
pi gnent ed binder in paint, filler ac&hesi v%, qlri mS{, .
] isgh,srcajltiamku@i.forgegpcb@qntmg@wogfmg)ﬁgq polymer which has at least in part been

formed under the control of a hydrophilic RAFT agent.

In this case, the hydrophilic RAFT agent can advantageously function as a stabiliser forvthe
dispersed polymer encapsulated particulate material. Preferably, the liquid dispersion is

hydrophilic such as an aqueous dispersion.

The present invention also provides a liquid dispersion of polymer encapsulated solid
particulate material, said polymer encapsulated particulate material having the solid
particulate material substantially uniformly dispersed throughout the encapsulating

polymer, wherein the encapsulating polymer has at least in part been formed under the
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Accordingly, the present invention further provides
i quid dispersion of polyner encapsul ated solid

w@nviiashate material, said solid particul ate PEl/ap2m@b/000437

bei ng encapsulated in a substantially uniform and
conti nuous coating of a polynmer which has at |east in
part been forned under the co_ni]-;_ol of a hydrophilic
RAFT agent. In this case, the hydrophilic RAFT agent
can advantageously function as a stabiliser for the

BrBRL P R RyBropiDe A B <R B by BRI oPBUErRAFT agen,

e eaba PBSpRdRs st tion also
prOV|d§gﬁgﬁ ?33F§ d|s%ergf&%ﬁg?%g%ﬁgggrgéﬁgapsulated

solid particulate material, said polynmer encapsul at ed
bhe presentanvention &irther phmdeﬁg pehng, fElésri zdihpam,|munqn kquid ink or sealant

i.al subst anti a u ersed thr
bRl SR G DB acTorih b RRESE Resgrb Rl Ryt particutat
pateyiak fsaida@hatpaktﬁﬁlﬁte ifateRRl beﬁalg%ﬁcefp@ﬁ!&ﬁd ignd&rbstantially uniform and
thecontrol of a hydrophilic RAFT agent, and wherein,

SRTHEHouGaating af ﬁp@lﬂgﬁhw ich }Rp\[zq-leg@élp]part pega formed under the control of
mer conprises substantially no
SPaaEpulekig gy com oo -

present invention further provides a

paint, filler, adhesive, priner, liquid ink or sealant

The presertti inmemiorrp:ﬂsiospmgidas hipgint.dfilikrs pdiresivenpriden diguiteink or sealant
nca sul ated solid ulate terial, said P olid ., ) :

gn a@gpacfcgnmrég” a qlB gaeéﬂ%ggup%{y@ar jeReapsulated solid particulate

ﬁlﬁféﬂ&ﬁﬂ&\hﬁé Hﬁé SBHH thﬁhﬁi'ﬂ';dmﬁféﬁﬁl %@ﬂdﬁtlﬁ%ﬂlﬁgng}fr dﬁpersed throughout
pO yner has at | east in part been orne under

thqeemmta@mg cﬁol)anhy avhorstii Ithee empsulag@wpolyfnhe hps ek taast in part been

AER o T SR o E S Br SR BARR 285 200 RRIFE P gingr than the

hj'cﬁdphiihd RS\HHT et 19 enR@bsyIRih g OB ARS bRpasksSAbitantially no dispersant.
particul ate material having the solid particul ate

material substantially uniformy dispersed throughout
Preéeraiizaibetn iauhisprasipnpare hw%@pga lig SP%%%%@%%‘%PE?@SIOH

pol ymer has at | east in part been formed under the

ROt QhoPloranbyidvanih! éaﬁl BARbn a8 Mty ﬁﬂ%?l W%%a% the compositions
ot her than the hydrophilic RAFT agent,

eneprpsnd polymgr mhpmeimpastgsllas@m@ml al ly no
di spersant. Preferabl y, t hese |i qui d di spersions are

d hi I S ersion. The .
?f ﬁ‘gpomv%fﬁt ‘i%gtﬁ“'?g% conv‘g?ﬁ eh ‘Fr UGB P@“berné Blélger in watet-
bazed aecrm@ts\retpa@ﬁ%ﬁmﬂ@mr&l rl:gecptaluympmnmammb AR ArSHpiddlly applied
particul ate material. The conpositions of the

forprettiterimal dpatusss rad Bledikeo and are mest aftpn wiedrin dquishalsls for application
o MRUEEABS 8 exterior surfaces. As used herein, the term "decorative paint(s)" is

therefore intended to classify paints that do not need to be subjected to high temperatures
after their application to afford a polyrﬁeric film having the requisite physical and
mechanical properties for their intended application. Accordingly, such paints are to be
distinguished from those paints, such as industrial coatings, that require high temperatures
to enable the applied paint to form a polymeric film having the requisite physical and

mechanical properties.
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decorative paint fornulations. Decorative paints are
those that are typically applied to architectural

wo eamtur2se3 and the |i ke, and are npst often usePCT/AU2007/000437

househol ds for application to both interior and
exterior surfaces. As used herein, the term

"decorative paint(s)" is therg&pre intended to

classify paints that do not need to be subjected to

hlgh tenperatures after their application to afford a

%nerlc filmhaving %he requi,site &@y3|cal and
éﬂthBF SpBprsigy t %Pomﬁ@swousmfe cavesion; aasrpepted to afford
S 0

{RECHAMA0 MproLE ROkt Sl B hiipi0Fed ik AU BRALA Shaciry, flow,
ﬂEdﬂﬂnﬁmhm@hn&emﬁemamdk&$okmranﬁgﬂe t he applled pai nt

to forn1a polynerlc filmhaving the reqU|S|te physi ca

B APS A iR BEARSER AL Tiphenet Madhomerpapts is often associated

Qﬁﬁ@l‘iet Iﬁ‘émfaﬁlr@ﬁf)é&u@atlfowolﬁl%ﬂ?éﬂt BErihgTRIP Y& thaRbRPBEEAUBS both the binder
such as i nproved gl oss, 0SS retention, opacity,

#ndomgmgnﬁswm prea¢n ap e@asettg perdicles olusing fHnfoomaton th@rplgment partlcles

P oss n flom1 con
2SR B R, BB REEEL Rb gy esvics i
inbbilipy elilﬁhgl rie fll@C tnadd @roceds. pﬂgﬂseﬂﬂov@lyﬂg Bffedtl briMhggregation often
formati on Because, both the binder and pignents are
isselieita less waiforndistribation of eigment pritiglesi wighip dhavilm gpd can cause a
e [
IR ATEAL BRCLLELE T A G QIS 004 SR Pger i s
afasbfrbmt solvimt bliowe the Higrhentfpartivlesgo pnoeaaste ffdel B until much later in the

0 effect or.aggre ion often results in a les
{ile rlommit; DiocFuENAE gﬁlagﬁﬁ%mﬂt UEYes elgse Hing prgother surface
dipeMaatd can cause-a reduction in gloss properties. In
contrast, a pignmented filmfornmed froma binder which
i s cast fron1so|vent all ows the pignent particles to
“ﬁhﬁ/éom@p@twm%épmpumg lorne@tsistiag exf polymhe emamulamquigi particulate

gl Vi [ M. wi.th Lp

BREEER In debbiald Tt abd TRutobh M B HRE B %sed o prepare

wawThorsd Qu@tiags aeNis issdxpe@edthapalcyireatigiRceaflgibatied sedhdethppearance
particul ate material 1n accordance with the invention

cosppageila it Misdospdyspt hermgseuntespasise fhris boligved Blegtribe improved surface
t
GOBHANS A conihs SRR g e VIR BT blent abirogtion during
Slot feembtitio beieg aonintissdp #irtos elithinaies. bel | eved t hat the
i nproved surface pr operties of such coatings would

55y T BSoBBE L BTSN SRR Ly e o

_different angles from the vertical. Gloss readings measured at a 20° angle describe the

"depth of gloss" and are often used to characterise low Pigment Volume Concentration
(PVC) or gloss paints. Low PVC paints formulated using compositions of polymer
encapsulated particulate material in accordance with the invention are expected to provide
20° gloss readings which are superior to those measured for comparative PVC
conventional water-based paints. Gloss readings at 60° and 85° of low PVC paints
formulated using compositions of the invention are also expected to be generally superior

to those measured for comparative PVC conventional water-based paints.



Paint filmgloss is generally nmeasured using
instrunent readings of reflectivity taken at different

wangressHy om t he vertical. G oss readi ngs neaseCEAUA107/800437
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20 angl e describe the "depth of gloss" and are often
used to characterise | ow Pignent Vol ume Concentration
(PVO) or gloss paints. Low PVC Palnts formul at ed usi ng
conposi tions of polynmer encapsufated particul ate
material in accordance with the invention are expected

t rovi de 20 0ss, readi ngs which are superior to
t‘&&g%u%@é@ag é%i%PéFmEegrP(XaﬁhszE lpb@%ﬁ\ibaitth@mmved gloss properties

\Ig%%ﬁfn’c BARE deR@ gn%slﬁ L ERNG S(m?{ 8 Qn\ae;ﬁgg Rld ¥ rived from

pal nts ?Orm.l usi ng conpositions
ithey premiepn parteleal @mgampei’ctlm:ﬂomo 1rbdlsgﬁﬂﬁ1lbﬁ|thtbu§hk§1ﬁrth@rpaint film as a

Q ar aiive PVC conventi onal
e RS R T I PR ARy e ERE i eTmefin.
theory, it is believed that the inproved gl oss
obdraes of olﬂh%i tandl ihidiBg g6wWkY @é%eﬁ& g,cﬁit %E%Jb?on light refractance

accor ance Wth t e i nvention woul erive
2Re llﬂhbf?é}@fltap@r of paraglepini mgoatrmgeﬁlum Ool’ynpllgment and polymer interfaces

e A 80 SOEME Y LU RN LU (558 et olume

fClohna:rftmtmat(lCIPNC me the OPET tat &ehieH tw% Gkt 30eFdM A Bider to fill the
gmwer dﬁ:{eend on |ight absorption, light refractance
Erstisesthetwesm ablcthe Rigmest anshpstenser partiples). dRssnti filmsidetivied from paints

XhotoRlAEE NithaRd iRRhYIBLre a&%%&{)@&?@ to {eﬁn&%ra% sﬁg?rgocr) light scattering .

contribute to these properties
Prapedies. \Zaiua,rﬂﬂgh'&nn@am}r ednl aivafteEdduslyl beeattdiled Rig @imparatwely less
mhlch there is just sufficient binder to fill the
FPLt i ces between al | the pi gnent and extender
partlcles) Paint filns derived frompaints in

gt angengMd ke EfiRed Wﬁﬁbf}pﬁ‘t 1§“b€11@v|e§(fheﬁ)ﬂ?@$6l?ﬁlle¥ Encapsulated solld
denmpnstrate superior |ight 'Scattering propert

rtisulate yasHabyaeldpyoddna amrammégm dssiybusenatftragment throughout the

v S t hout w shi ng
ah ek B BN Blok SRR PRSI El Rae HhIPpBTspdibution to the
endapacityadrethi§ogipdweasitthe il@at e material woul d provi de
a nore uniformdistribution of pignent throughout the

O e R e P BFER S i, ot
Mienfle RPNVEE, At stu@f? hfg nﬁ?m%htafoa&ﬁ%s,ﬁgggﬂlw&%ﬁlbﬁsﬁgmty tend to be

paints are usual |
m@amls@s withf 2ddnd a*:tem@r phticleRPWad aﬂ\tvosisa:lonhltglhng Itcgﬂ‘ier]ﬁdlng power of

I T AT AP RO S ——
ot ddv bigtiyngfcb R dtdne td1he ipBﬁ)sR?‘&?fheC}tesultant paint films. Paint films derived
from paints in accordance with the invention are also expected to exhibit superior gloss,
mechanical strength and stain resistance when formulated with a relatively high PVC (eg
72), compared to a conventional waterbased paint formulated to equivalent parameters of

PVC, pigment to binder ratio and solids.

Without wishing to be limited by theory, it is believed that such improved properties of
paint films derived from paints in accordance with the invention would stem from the paint
films being less porous compared to a conventional waterbased paint formulated to

equivalent parameters of PVC, pigment to binder ratio and solids.
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the film However, properties such as nechani cal
strength, gloss and stain resistance tend to be

wa@ewensxmshy affected due to the porosity of thePCT/AU2007/000437

resultant paint filnms. Paint filnms derived from paints
in accordance with the invention are al so expected-to

exhi bit superior gl oss, mecha_n'a@gl strength and stain

resi stance when forrmulated with a relatively high PVC
(eg 72), conpared to a conventional waterbased paint

rmul at ed .t o equival ent_.paraneters of PVC3pi gnent to
&35 Q?EPCW? featugs @t 43 PAIE, TS Bt e BOVOHS It aSnexneriv e gromote the

Bitertid@fYalodstof the P&kl AME @u%iﬁékx&ﬁ%?ﬁe%@ﬁﬂ%dReduction in "glossiness"
properties of paint filnms derive rompaihts in

at painti floe aftert ¢xpokee ito vlen elemantapisl dhesprémarily amthéeffect of increasing

aint filnms being |es Or QLIS CO ed to a ‘ ) _
Betin ponsARrtian e FRUREUPHEe FOMR 1A wade Sioatdey dhaspgatalytically.
Paing fRkEfyPidily d¥éreasts iliNhcreeR PVAC At MR isliFa@ Buch reduction in gloss
solids. The structural feature of the paint filnms being

Iserpstigibarbiuse v asltRoP ¥kmasies deyenduthe GV thver distréntiooof pigment in
&Iéa d%é@?ﬁln? fex q@%a?e%'tﬁlts eﬁr 81519}61]9 k%l?ﬁrg%te%ﬁisa’:sa%;? %%%igr? rolf rcl,gposure time,

on 1 n O0SSI NeEs

expbs icesured depahef@nt derived fdue pathisMrlacéotddRe tWith the invention are
effect of inpcreasing pignment .concentration near the o
FxReied P fexBIdtAs SYNSEOF [asisianre Hegloge lsagler considerable exposure time in

al,uk y ' al LYpi cal S .
S b o A B L) R s
tirosiateds tpaqtivalehapbsansetreref BECE pégidAC tpabinds heipome solids), in

th \VC.. .Poor distrjbutiqn aof pignent in_the paint
PRFRITEN 1 BRTEE! Thithe o801 Gim ElBFOS5 et oft FoReaedathat such an
AdnGtaatusOiroferBP S Be tinBBrteC RN AR ﬁﬁ?ss&grﬁgd;fﬂ?%@%n@ in accordance

filnms derived frompaints in accordance wt
withdkg ingentionlonnpletetl @tlanyoP¥&hi bit a superi or
resistance to gloss |oss after considerabl e éxposure

ThéRomPoda6M 6f alecehviaainned Maﬁﬁ?%dsf?@&ﬁ{)ﬂe‘ab?%ﬂ’s‘?‘st of polymer
to a conventional waterbased paint formulated to
enfapsHited solih partistleresmateripl/@hersi thersatid tpertisiufatie mateaial ¢s a coloured

: [ 1N P icular w.th respect to the depth
BRthonS. e, a4 F<Ble Mipa 5, BEER it et cotoured
pigent pagticusapeapatddtowkhibitehhigea fcbl%drih% cRahdibridtick BBmpared with
derived, frompaints in accordance with the invention

IBIeA disRersiens gfypobwest pAEclen i odidh Biescadpured@igment particles have

L ve G ri r i sit. ..
I Ly
tdneisting iofl pphymidr cankayiselansit eslowkd ipSgracmt glastivledcdpi g5® bt .employed as

Ln t form of an aguequs djspersion, such, pol ymer
%fﬁeréggm%vsaﬁ%ftﬂf B dgﬁ&fr@n?edlwﬁﬁﬁ% PrEtees ligrid igkpdeneay and sealants.
%9{1%&%6? ke QMMRRARHs G!104Ty BDGAMAGHR IS HETISARPREGer, a slurry

or paste (i.e a concentrate).

Rub off of coloured pigment from the surface of a dried paint film is a problem frequently
encountered in the coatings industry. This phenomenon is generally a result of either
flooding or floating of pigment in the system, which occurs during the application of
coloured waterborne latex based paints. There are many factors that are known to inﬂuence‘
flooding and floating, for example the instability of the pigment and emulsion dispersion
and/or the incompatibility of the pigment/pigment paste and the emulsion used. Paint

films derived from paints in accordance with the invention that are formulated with the
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aqueous di spersions of polyner particles in which the
col oured pignent particles have been di spersed

wao b@ra1dspdbugh in a conventional manner. ConposPCT/AL007/000437

conprising or consisting of polyner encapsul at ed

col oured pignent particles can al so be enpl oyed as
tinters for conventional pa|nQ§ fillers, adhesives,
prinmers, liquid inks, toners nd sealants. In this
case, the conpositions are likely to be in the forn1of

a free flow ng powder, a slurry or paste 3
wmmeh@rrcap@)latemow&fl pigmens paticled apﬁ e;s‘meeﬂe ta @Whlblh b‘fﬂe if no rub off.

BYE %@1? %68 sﬁr 1{1 Eg ae%r?zi%aégé E}néj [1 0{%' a{'tﬁ 1r o ¥ilms derived

encoun ere € COa

fremganes &l dcyoralan@switm thefinwintibe Ifoﬁﬂulkﬁddl mtgmgrrP\fd: oat i ng
of pigment in the system which occurs during the
pli.ca |o of coI ourfg)d .wat erhorne | at ex hased pain

Pe‘n & hEmyPir e fes FOWIRG PORider Khe wAMPESHARY Hbﬁ%fé’f ance with the
1n|‘/919$nn9ar?§§ivafn|té%@5ﬁs‘i‘}g be BB 8% ANBLB ARG %k?&?t? eﬂ)dlﬁtyarflf novel "dry"

the pignment and “enul'si on di spersion and/
¢qatiogpermudatiansy of the pi gnent/pignent paste and the
enulsion used Paint filns derived fron1paints in

?}Ii 1?10 ing "0k st g f% | f g SO dh articulate
e§8Wﬂ% %%88‘5‘88? 3%ec§ 61 3&?%00 ‘g%’ﬁf BEHEIELS é‘r P
exReial, ethebdn ek kdlid pdriiédlate mhiterd ik @bcdpﬁﬁlateﬂtm laSsubstantially uniform
bel i eved t hat such an advant ageous proper&g will be

b spRtEmIony qoating ofi PHEMele rare dRiri¢uWrp arited formuse in "dry" coating
%ﬁeﬁdsﬂ%hwtc%aﬁ%cdnw %ﬁ d rlllaI/é) 55@141' l?s&\g(%n ?ﬁe lﬂmﬁlﬁj V&d construction

orm ree I oW Nng
mdoginstor ingamsy )'rearsac&mhdampesmbﬁshhat\/feegenmﬁpﬂaeammme_form of a cement

advant ageousl y be used i n ther npfusa powder pai nt
SHRPHES CURRFISiRE 2P Yﬁ&f“PoFW{ﬂ“gF itBn¥! lc?rhwafebrwéﬁf:qi dRsrender the
é“afgﬁdshﬁinn &:aegrat Prlféé St1BGe M, RAL YBBhe eﬂkga%uhﬁ{rﬁﬁn (%thn‘ijal pigment

I cul ate erial, wherein the sol parti cul at
ahapmlpa lin ¢cmtipg aapwlmao@obuph aaip@ntsstanventidnay dgyniohtingriechnology has

B0 P RSl Ry Rl RODHTE sonREE P ACLLGH B0 Ysitions such as
5@%' NG i§ CRP&QHd tHNSighiAVRaPeRaddsedo ianfitdgloing §bider form of the
and construction industry for many years. Such

ewrpRsEians onsadeardanee vathafhey inyestion o tievifderanligpidadispersion of the

VR GBRIRARES 08 SRR - BTEE i TRGRURL f potomes, e
Jobid pigreicullieWweveEial (ﬂsiJeine@teﬁh’Q) ft(ﬁfain tweelmdispeiged noptonialin the liquid

|gnent dlsperS|on in CO% COﬁpOSItlonS such as
SIPSA3Ien RS Al 85 dheuliayidy %,SB%FtSioﬁgC‘tr%% it JPEgyfop gxapple a paint film.

Aaldai &l dd &L Mg PORMEL diktidnd ARBhibREY § dt
Coat?lngﬁgg%po@%tgonsg?e @(ﬁﬁf) idr8 iR B ARPhIERSY Leferred to as a
reconstitutable composition (for example a reconstitutable paint) to which may be added a
liquid such as water to render the composition ready for use. Reconsistutable paints of this
type may be conveniently packaged, for example in cardboard boxes, and stored for

subsequent use.

Compositions in accordance with the invention that may be diluted to form a dispersion
through the addition of liquid such as water, may comprise other formulation. components
known to those skilled in the art. For example, the compositions may comprise a
dispersant to facilitate dispersion of the polymer encapsulated solid particulate material

within the liquid. However, compositions in accordance with the invention can
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paints. It is expected that |iquid my be added to a
free flow ng powder formof the conpositions in

waewondante with the invention to provide a | iPRui/dU2007/000437

di spersion of the polynmer encapsul ated solid
particul ate material. By being encapsulated in

pol yner, the solid particul atesmaterial is expected to
remain well dispersed not only in the liquid

di spersion but also as the |iquid dispersion cures to

;dggnr%;ﬂ;ﬁ@g\)f\g@nﬂs&a &'n? ttbsnaar{ ABfgorC@HB%I %{@H%g%cplt] afs & Fesult of the
Ig%f Shl l?cd RtAq:"lase‘tﬁét%trl%%@rt tfofrﬂa‘i‘ﬁle%t lﬁﬁﬁp@tsﬂfe' é}ﬂ:aﬁt@a&l § polymer also

reco i tutabl e pal whi ch nmay
mn&tthmgnl as$ b Ghabil$seydidrethe tpolyrmrcmmapslubit@bmidspetm@daue era@tynal within

oaB, cho Fyr Balscgeaor of Ty siesuABbs R pefpdae materis
RAin g@ ﬁﬁgtn\%%)ﬁﬂﬁﬂbﬁwttn‘é&@ablm% Fidgﬁ@&s hlRaline. Accordmgly, it

accordance the 1 nvention that ma e diluted to
thay rheadadirsilertsi ioplutlh i dlggh composidett, tar e gtiluting Jigpid i ase for this

as wat ot her f.or 0

i SR La ST EGL R E he Hp bt HE PRAS G hydroxide and
&Qﬁ‘i@ﬁﬁ' (hinBIbRidHR Yy 80RIE). SOther sliispRItasat wéwld foacknbwhat those skilled in
di spersion of the polymer encapsul ated solid

thantti cul ate material within the liquid. However,
conpositions in accordance with the invention
lint f&ﬁﬂbtt@@fﬁf der, it i
’fé‘:})?ﬁ\y E‘i&gper J)SYt &gs&zﬁ?éﬁj&tﬂe%fmttﬁf hydr ophi | WII%\%IEOW o
@qﬁﬁﬂed s dhe m)nﬁpn“smcmts shadd gerpaalty Itn‘vetatsehémmgmoétabmg 85 wt. % or
ynmer al so fun in g, stabiliser for the

W@ﬁyﬂﬁﬁa@hbﬁﬁgﬁ?§¥ Q@%&P@Vﬁ afticul ate material within
the liquid. To facilitate dispersion of the polyner

?ﬁ@é Hb%r@p@v@é]ér@oﬁﬁbhhgﬂd RAhe bgabﬂdnﬁinﬂWpfré'pafbd itng the method of

uting liquid, it my be preferable that the |iquid

ths Iat:steat |1m@ntl¢\@c dndhisglase, the resulfingepaduser enapsylye solid particulate

ge Bllayt el&tﬁ& fgl% 'técéﬁ {;}}vefl G o &h ik e | Isgga'ttgn of the polymer

€ bases i ncl ude

- B¥laphilaed Qﬁrﬂicﬁ}lats adateialomigint s by uwash wd ridkaden, aa:mhtrlfugatlon and/or

amoni a_(amoni um hydr oxi de) . her suitable

ﬁug@neddrwgkneﬁmmd@atqéo%@@kiﬂt 0&SFTi 1] PRIng? tfjfeeTgo‘mn&/ powder it will
g?rga\;\ﬁ%\lﬁng&sbé ngge%sz?gr b NEmb %Y &1 dl'l 1a '(fbrtfﬁﬁmﬁﬁr Wah) fogLthe polymer

owder, 1t is expecte he conposi ti ons
&hﬁphﬂm@&pemmhhynhawﬂda SO|IdS content of about 85 wt .
%or nore, preferably greater than about 90 wt. % The

% lggém gng%gsﬁd 24 C OS eﬁtzule%] SndfE Malb seﬁoﬂl\/ﬁ{él 04 Iﬂ’owmg powder
compositions will generally comprise encapsulating polymer that is sufficiently hard so
that it can withstand the compressive forces encountered as the polymer/particle composite
is isolated and dried. By "hard" in this context it is meant that the Tg of the encapsulating
polymer is sufficiently high to prevent or at least minimise uncontrollable clumping or
aggregation of the composite particles. Generally, the Tg of the encapsulating polymer
will be greater than 0°C, more preferably greater than 10°C, more preferably greater than
15°C.

The polymer matrix of the encapsulating polymer of the polymer encapsulated solid

particulate material in the compositions of the invention may be conveniently tailored as
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the present invention. In this case, the resulting
pol yner encapsul ated solid particulate nmaterial nmay be

w0 s@7a1zmm usi ng techni ques well known in the aP€T/AU2007/000437
| sol ati on of the polynmer encapsul ated particul ate _
material m ght be by way of filtration, centrifugation
and/ or freeze-drying. As indigated above, in order to

obtain a free flowing powder it will generally not be
necessary to renove all liquid (for exanple water)

fromthe ol ymer encapsul a ed ;i)artl cul afe materi al lati
hprrinksdo ﬁCféWéarfé)aleéQr%Hles Pasts Bairag {e@fqpgplating polymer

rﬁ'&éﬁlqa elrga] %Q Bedt58/dkh ¢ eﬂﬂl sﬁ%\’ﬂl‘fé aﬁﬂ%&/ﬂe@ﬁsﬁ@ﬂ)'type structure. As

era nprirse e capsulatlng po
us;exi heigrthé yerharcdars orefdrsitio iat 1n1amamreglem andettiva of the encapsulatmg

conpressi ve forces, encount, t | yner/ particl
&ﬁy@;&ap@ the tewn| heaih gﬁa &Lcﬁgdresfgy T relgl,?ng s Léctions of the

eﬁQ{ﬁsﬁﬁm t bl%f antyhfjat th%h%or-g%heitht REmeISRS Uha | ikply that the

ner rs su Iciently high to prevent or at | east
emmapsuiaﬁﬁg lpnt}mmﬁmm chramsed @lfltlwp isearge S&g@ﬁl@é @olysrerigfcoppenents it is

ite ner a t he T
(@ Rt el st Shapsaine Hol i ahpot s RS gack irgorure and that
tHé afsehaiinybdnedt Bk cbféadhd]t@%eaﬁpﬁﬁy Rbeberapleyisghae aﬁ@es’ced by this
- than 15C. The polymer matrix of the encapsul ating
tpmhipniogyof the pol ymer encapsul ated solid particul ate
material in the conpositions of the invention may be

g %mapp{eﬁ?é/ltetgat}qllt%ﬁe‘?e &%Wfée%&%ﬁ&%ﬁ%d@ﬁé&ﬁ%&ﬁ%ns RS to be used as a’

ymeri ¢ ma e encapsul ati ng _
BédistiRtabi@yodimger adigsadi roducartté g of thagreapahlaingumtiymer will need

N TR RN T XA —
rﬁglﬁg]:ﬁglccﬁi;rﬁl% tRE ﬁ}]rﬁ ??ﬁrﬁﬁggxs&ﬁrﬁ{g' f8cO! RBErallANEe TSRS SRcapsulating

refer to outer regions or Sections
mﬂymhzemeuhmmcllvsaﬂlmgeqs dhamehout (7C.e Halvingcwid thih agerh from having a

qt@f@m&ogéﬁ 'l&éza'}lot %npeé‘%ﬁ g{eg I;rgwﬁ'gfsaggruln% %u %lep@ég&eéf clumping or

&%‘i@g@ﬁ@ﬁ‘f{)? it cdn§pdsﬁe bartidRe eths tTeast thé ahcdphtﬂatlng polymer will typically
encapsul ati ng ymer may not have thi-s exact

st dictigtadrby thnmt@rrdad applicatipw of e reuH Bt t he core
and the sheath may not be as precise as suggested by

’[‘@e‘ gxfetsgﬂ:t 2ki88Y%1s0 Ontroxyiﬁés a RRUAARY sﬁdtr g 4 hatt, Wher, %dheswe liquid

ree ovmn wder conposi t i to bé uséd as
Akl peiaest lséallatxﬁ,bldmgﬁ@mtzl plgduxrt ad ttesapestiprvoddist , conpeisihg forming a
of the encapsul ating

Senervon SR e Freaselis! S0 BraceB Belstiol Ry i iauid to the
RN P b BRlahle RfA tieGHY&HtRn.

The invention further provides a paint, filler, adhesive, primer, toner, liquid ink, sealant,
diagnostic product or therapeutic product comprising a composition in accordance with the

invention.

Hydrophilic RAFT agents of formula (4) may be prepared by a number of methods.
Preferably they are prepared by polymerising hydrophilic ethylenically unsaturated

monomers under the control of a RAFT agent having the following general formula (16):
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material during the filmform ng or curing process.
Cenerally, the Tg of the encapsulating polyner in this

we@2a®e/1v5h3 be | ess than about 700C. Havi ng sai BICT/AU3007/000437

apart fromhaving a sufficiently high Tg to prevent or
at least mnimse an undesirable degree of clunping or
aggregation of the conposite pﬁ{ticles, the Tg of the
encapsul ati ng polynmer will typitally be dictated by
the i ntended application of the resulting product. The
present invention also provides a nethod of preparing
a paint, filler, adhesive, I|qU|§‘Tﬂﬂ? pri mer,

seal ant, dlagnostlc product or/therapeutic product
conprising forning a di Spersian of pol yner

encapsul ated solid.particulate aterial by adding a
l[iquid to the conpositions in acéordance with the

i nvention. The invention further_provides a paint,
filler, adhesive, priner, t oner (1 &hQUId i nk, seal ant,
dlagnostlc product or t her apeutic product conprising a
conposi tion in accordance with the invention.
rhereadpid R carrarprexipastysledihed.or nul a (4) may be prepared
by a nunber of nethods. Preferably they are prepared

Mrgﬁ%@{ddﬁﬁ%%wgg%heﬁt 6t gé ¥a§i&%rﬁ§ Léﬁtfycﬁtzw agents of general

fou)mutav\(]nﬁg igén emnpbridrortobear (d Ghind 1Bt wheeleo&ua@ dhé?he%ﬁ&i(s) of the
reV| ously defined. I n preparing drophilTc RAFT
@ the FPERE st flsp nﬁﬁ#‘%\h%eﬂhefﬁoéﬂﬁ] wqulagfg epgtgrigl in the continuous

R AT e .

ageiy, hnmitveathsp vatl gbmdralis}enctthne abld th dtadilist it doditigarticulate material in

hi | I ph
Rl e R ot IO LS AL OGBS o
&MJ@%@ &4 d)ﬁﬂd%ﬁbffd?ﬁlWFaV hgsb
abl e tocstgbl lise the s@ @ Hﬁ\dli gc%ﬁ%?gaﬁgt@yarggﬁbsp&enﬂy reacted
Wﬁb appmpnam duydraphisi Qﬂh)ptmsély unsarated mooometsi @¥aving said this, when

co rrp ou %ﬁegt ?1 Q’i{%}} %ngap(ﬁf te% %ﬁllrgg BH%S%‘P& fh(?l? ﬁ‘iﬂ%&‘ “(02@3011“‘1 inherently

pussessetbsgtient duyfaceaci e Mdt EndduiRgy hats8lidydrRalid terial in the
et hyl eni cal |y unsaturated nononers. Having said this,

SARERUSRSOIqUE Blapite Bt thisreass. tlarmde () ia equiyalenttto fermuda ), and R’ and
A E&?@ﬁi@og&qglgét hz&gg}é fl Cﬁ%@ﬂﬁgg hnth%{re %\Jny I gﬁts t%‘f%: ng?ord a suitable

cient surfa and can st abil

lyalkophilmR AFdHgatte material in the continuous |iquid
phase In this case, formula (4) is equivalent to

Rl and
Hyc{rgblhfc (eghylémcali]ly unsaturated monomers suitable for use in preparing compounds
of formula (4) can be any monomers that' may be polymerised by a free radical process.
Examples of suitable hydrophilic ethylenically unsaturated monomers are the same as -

those hereinbefore described.

The hydrophilic monomers may also be selected for their ionisable or non-ionisable
qualities. Examples of suitable ionisable hydrophilic ethylenically unsaturated monomers
which have acid groups include, but are not limited to, methacrylic acid, acrylic acid,

itaconic acid, p-styrene carboxylic acids, p-styrene sulfonic acids, vinyl sulfonic acid, vinyl

phosphonic acid, ethacrylic acid, alpha-chloroacrylic acid, crotonic acid, fumaric acid,

citraconic acid, mesaconic acid and maleic acid. Examples of suitable ionisable

hydrophilic ethylenically unsaturated monomers which have basic groups include, but are
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Z provide adequate hydrophilic properties in their own
right to afford a suitable hydrophilic RAFT agent.

woR@romsnd i c et hyl enically unsat urated nonomerBCT/AU2007/000437

suitable for use in preparing conpounds of forrmula (4)

can be any nononers that may be polynerised by a free

radi cal process. Exanpl es of SE%table hydr ophi lic

et hyl eni cal | y unsaturated nonomers are the sane as

t hose herei nbefore described. The hydrophilic nononers
may al so be selected for their ionisable or

aehlimged sab)-adigedlyl emiw) cthyhapd ezoml asnyilateshhrel methacrylates, and the

i.oni . 1 ilic | eni cal upsat urate
CORSRERL e QIR vl B B0 BEO SRR S udPacniipes. Bxamples
bf pilitadlt fidh-ioRRhbId GiydidphilRCithlylerd64ll hrfsafSdtéd mdnd@eR @iclude, but are
acid, p-styrene carboxylic acids, p-styrene sulfonic

ael Hauteditpy hydraxy sthvé nagthasrylaten iy dions spbedi methagrglate, and hydroxy
Q%Pﬁ%&%EEC aci d, al pha-chloroacrylic acid, crotonic

acrd, fumaric acid, citraconic acid, nesaconic acid

“and nal ei c aci d. Exanpl es of suitable ionisable

Rylymepisatiancoehydrophilic athlyjenicalp tmeatuacdnmonsméstoormtompounds of
BEN50m8 5 5 B il Tt S whch s dcaed
fRAGS v EeStaturd thd RoRANERTHPRY ised! . .
g?h I Fy;r]% pr oplyl/l acryl gt es ang m?t%%ﬁegt %%Eeﬁghng%?ay also be
efnavigieti abthe marpmaniselébl e hydrophilic ethylenically
unsat urated nononers include, but are not Iimted to,
yo.eth cr te, dr ox L opyl
Eé&h‘%g%%}?oa %1{ h}giﬁcgcpl‘}fagllflc d?%?(lﬁm(g?‘% Pnsgg%%%gtngc?/nomer to form the hydrophilic
RalFImegdmta bl dormddla My maphishalty eédirleemittatiohYfrom a source of radicals.
ﬁ}rxjsat urated nononer to form conpounds of formula (4)
Batyeraptams prodouslicdaseribad asp alse gufable ©pfhigperposeme

choice of which is dictated primarily by the nature of

h P o . _
APRATSTER Aol AR YIFRL KT BT RASAQE) TRl compre i
sad¢opimgra swaitabdn RAFThypgensphThe selettey IRANT agent is then combined with a
nsat.ur at ed noner 1o, formthe hydrophilic RAFT :
BRI B R THAT i PP PR CUSIORYT Pl p acaefiph peisplorTypically all
foapenta usAudre @sehtifladireabs distdlidd é‘i}}g'gﬁ a8y $heAction solution is purged
previously described are also suitable for this

playosaainngrexyast byovaymicapanem gas sheldasophipgéns PRAFD polymerisation.

0 .M. ah OnpLL S | rst selecti a ..

A Pagfton 1ubPfiohfy 8R4 49 QRPELG Y BlpoRfiE 1l Sotution such
thatriheedllWinducad theedolRdc belbsiombOrthe $tiv®Atocadsl The polymerisation
hydrophi lic mononer within a reaction vessel. |

e eeds under control of the agent. - Upon exhaustion of the firs
regefiaaihey pypgeeds und trol of the RAFT t.. U haust f the first
hydrophilic monomer, one or more further hydrophilic monomers may be sequentially
added to the solution immediately, or at a later stage if the intermediate product is isolated,
and the polymerisation continued under RAFT control to provide an -(X),- group of

formula (4) having a block copolymer structure.

Generally, RAFT agents of formula (16) will not in their own right possess sufficient
properties to function as stabiliser in accordance with the method of the invention.
Accordingly, when preparing a hydrophilic RAFT agent of formula (4), such as by a
method described directly above, sufﬁcientA hydrophilic monomers are generally

polymerised onto the RAFT agent to provide it with the requisite properties. At some
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reagents used are essentially free of dissolved oxygen
and the reaction solution is purged of any renaining

w@oegemnshy way of an inert gas, such as nitrogRCI/ApeG0o000437

to polynerisation. The reaction is subsequently
initiated by increasing the tenperature of the
solution such that thermally ifaduced honol ytic
scission of the initiator occurs. The pol ymerisation
reaction then proceeds under control of the RAFT

agent . Upon_exhaustion of the first h{dro philic
proRORBine GHingdhe pplyECHR R the bydsppliilic mossmste the BapT agent will

(%t%eg)ﬁl a?@&érﬂl Mfa@éjgl&?w@o hPenis %{ gk i rlhé g@@ﬂ‘leﬁgﬁkéﬁ th@ now surface

st age |nterne ate duc
dcsiot alieidophdlicl RAET padeptranays dei molat@h tand/ioe cstoned efor RABFequent  use.

oAb omBee o Dstectits e T TR |4 fledrophilic RAFT
%@ﬁ{‘ﬁ& Bgen éﬂﬁ’écﬁs (2610 dolid Raktichihtd BeickiaPWh §il@l be introduced to

0SSesSss su I clent pr opertl es to function as
tht admctips eredium & thoretipbe stahilishd ahd provideddr afdispprsion of the particulate

t rdi h h I
S e 6 ey S RSy B Fronomer oy
ges bk iiReskdbd 86 the/ cHlBavSus Bafidl ipghRni dHieY @PRrfor the method of the
nmonomers are generally pol ynmerised onto the RAFT agent
myeicsvi de it with the requisite properties. At
somepoint in tinme during the polynerisation of the

3&)?1 lo@eh%ﬂrﬁagenw AB:E %k lteﬁ q{l %iﬁt Efgcﬁncfler@” ard n%\él%uﬁ@vays in which the

sur ace act i's stage
ethyd®if itlkainvemtidrh@an prStfbfmbbyil €itst \femh;lgl tadyyididphilicRRARFT agent in
at ed .and/.o for s

B eomipiods ﬁamdfivgw (ibvitlod xR R RSP it approach
&Q@S&}ﬂ,“eg%ﬁw%‘a&% VARV ¢ RAFT agent has been

prepare I's sultable, Solid particulate naterial can
inply be introduced to the reaction nmediumto thereby
Blee smztbmd iof ettie aintersiopyindight flesr useddins pepricet ffr prgparing an aqueous

%W %IBHI IPSIYFI?H% %ﬁlﬁ)ﬁﬁlg{égql{%goﬁj} dléﬁg fg#)lﬁg:g %yﬁse a Pﬁlder material in

Pant firihethgeas tThid Eﬁ)css@nm&gm Ghigolld Qelbdmghafk@drdphﬂrcdmlvent soluble
to performthe nethod of the invention. Wi |
BpFdraaent o6 fermpde (ki | ThegsaleptachBAR L a&@ﬁéﬁﬂ@t}fh@% barfé’mbmed with a

nay i
R4 9900y MG TR o Bl il INERLERCERY Tl
alh rdalgents andd wwl(b bs ebdeqtialthy frbase disseved nxmema)ld tho react1on solution is

further illustrate this aspect, ©one such apprpach is .
05T FETRRIBE RVAFT Dl PEK {0ty Sih eSS BB iogens prior to

%ﬂ?rg'eﬂééagl&g' O hEl GRLRemdS el iMltiRe @ BC BRSedsy MeCRAPeRure of the
solutlon such that thermally induced homolytic scission of the initiator occurs. The
polymerisation reaction then proceeds under control of the RAFT agent, thereby providing
further hydrophilic character to the RAFT agent through insertion of the hydrophilic

monomer.

Upon exhaustion of the hydrophilic monomer, one or more other hydrophilic monomers
can potentially be sequentially added to the solution and the polymerisation continued
under RAFT control to provide hydrophilic RAFT agent of general formula (4). Having
attained the desired hydrophilic RAFT agent, water and particulate titanium dioxide may
be introduced to the reaction medium whereby the hydrophilic RAFT agent can function to
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di spersion of polyner encapsul ated titani um di oxi de
particles for use a binder material in paint

w0 oromi03 ons. This process mght invol ve sel eRC€T/AY20@7/000437

hydr ophi li c sol vent sol ubl e RAFT agent of formula

(16). The sel ected RAFT agent may then be conbi ned

with a thernmal initiator, thesgolvent and hydrophilic

nmononer within a reaction vessel. Typically al

reagents used will be essentially free of dissolved

oxygen and the reaction_solution is_purged. of .an

stabHuse i garielr G BYOYIRR F5re GIPSTRIGR Of s HiagiyBn dibetde throughout the
[.f: [ o polynerisation. The reaction nmay be

Cpﬁﬁéﬁgggﬂuﬁﬁkgﬁ%%éasing the tenperature of the

sol ution such that.thernaug£ i nduced honol ytic

niiss providell ¢ Steble wispersicorofgbe titaniumriioside phiticles dhrogghout the now

reaction then proceeds upder nt r ol E

coRBReOsST PRy BTG, FarRg e ACrhg i ui kst gnd methyl

th&hhd¥§1aRARAy ddahtodueE @b the tea@idn @Bdiam tdee fytheophiyhicrised under
nmononer. Upon exhaustion of the hydragphili fy nono

r,
controboT s bydropishc RyAJFlopeant 25 A6 FOrme ZRIYERSE ci( heysface of the
e .sequentj al | dded t | Wt i 1 -

R B B BB A DA 0B o ey o
ayidaepRiithi e RABTophgsid tm@fongen ér atdet oo mAintainddptivkiamistepility during
attained the desired hydrophilic RAFT agent, . %er and 4 solids
pYmEERiate _T]ilec RRlYOSTIEATOR] gy ;Péycoglél_n ﬁf ?%@a%\g#a oF M%Slre $0

dofifk & 9 TR k&g}tﬁﬁfgggﬁﬁgtﬁ%ﬂ&{ 8P Rblynfer RAFIpsamet tieaim dioxide

unct’i on tosta particles and provide for a
glirsgles béing suifablenfor tietzaniwpadfiok bidet matstighiopaint fiegmulations.
conti nuous aqueous phase. Having provided a stable

g;ﬁ; e E%%{qv(? hqgga%th%cﬁa%sﬁ%%g&g%cglg O%g(/%ihaglsvgt’%r soluble RAFT agent of
RYALRPNRYI RighPHeNREd 38/ GRe@se RUbydroptdly IFART aipdninbatipg a less well

met hacrylate may be introduced to the reaction pedium il
dedined Hloek-hier stoattyraerindbig aasr apthep thapdporpgpolyjrerising or sequentially

hydr ophi | i T t er ol dded
BYfvraRang e PARE SRR b IRPRIR TR i) be adde
AfRURHeovklyl DNl eRloted rhye toplfiordi acrandoro rerpatpyetbef the -(X),- component

R e A —
gglg%% thlt!hgge ! i€ G Q ey ! Be REQNI Bral Ve Gntinued as outlined

sol | ohntent, with the resulting aqueous
sbwper si on of pol yner encapsul ated titani um di oxi de
particles being suitable for use as an opacified

SRR R Rl SRR B i T s
wWall RlepSfd BR!i8 Rhffera@aetbntpfwhich is determined by the nature of the R! and
Z groups, the hydrophilic monomer and the prevailing reaction conditions. These
considerations are discussed above in relation to hydrophilic RAFT agents of formula (4).
With respect to the RAFT agents of formula (16), such considerations are essentialiy the
same. In particular, as groups R! and Z are carried through to the hydrophilic RAFT agent
of formula (4), their selection is subject to similar considerations. However, due to closer
proximity to the thiocarbonylthio group, the R! group plays a significant role in the

effectiveness of a specific compound as a RAFT agent.

In selecting both R! and Z groups for RAFT agents of formula (16), those agents resulting
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formula (16) m ght be used to prepare a hydrophilic
RAFT agent having a |l ess well defined bl ock-Iike

wa@eoaet12sve. I n this case, rather than honopol yPEI/AB2009/000437

or sequentially polynerising the hydrophilic nonomers,

t he hydrophilic nononmers may be added sinultaneously

at a selected ratio to afforgsg_randon1co-polyner of

the -(X)n- conponent in the hydrophilic RAFT agent of

general fornula (4). Having formed a hydrophilic RAFT

agent with the requisite surface activity, the nethod .

fromy the combinationdofaparticklpiingucisped K b Z\égvf%’ﬁ A Qs particularly
of . a_specific conpound enbraced by fornula (16), as a
Hﬁgé¥a§gent, will depend on its transfer constant,

which is determ ned by the nature of the RL and Z

Moaypserth & AR gt dfi genemahfimemlaa(id) ifvéuder butzre noiglimited to, those

reaction conditjons. These consideratjo are

B GTR BB VT FoBIT PO ST HOIs RAFT agent s

of formula (4). Wth respect to the RAFT agents of CO2H
formda (16), such considerations are essentially th
same.||In parficular, as groups Rl and Z are rried ‘
throygh to the hydrophilic RAFT agent. of fornula (4)j

t hej el e nis subject to simlar consi tio

Rishever ,'sdue toag,dser proximty to the R3s S CO,H
t hi ocarbonylthi o group, the Rl group plays a

significant role in the effectiveness of a spquggc
conpoundél@s a RAFT agent. In selecting both RL ant Z

groups for RAFT agents of fornula.(16), those agents
resul tingfromthe conbination of particularly CO,H

preferred Rl and Z groups are also particul arly
preferredS Most preferred RAFT agents of| gener
e

la (}§6) include, but are not imtgd to, [thos
ts represented by the following g I
toNe6: (19 giein R3 is as iofsly S COH

efi ngd. When sel ecting a RAFT agent

a (16) for use in an aqueous envi ment, i)l s

preferable tH8t it denonstrates hydrolytic stability.

Trit hi ocarbonyl RAFT agents are ticularly preferred
' S

; » ! . ’ . amal€co,H
r the Tike. The<“invention will now be described with

reference to the foll ow ng exanpl es which

@1 (22)
COzH s
| XA,
s CO,H HO2C s S COgH
23) (24)
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illustrate sonme preferred enbodi nents of the
i nventi on. However, it is to be understood that the

weanrincasharity of the follow ng description i SPAIDAU2®7/000437

supersede the generality of the preceding description
of the invention. EXAMPLES Exanple | : a) Preparation
of a poly (acrylic acid) m/>kg& poly(acryl am de)n
macr o- RAFT agent with respective degrees of

pol ymeri zation m~ 5, n ~ 30 using 2-

{[ (butyl sul fanyl)carbonot hi oyl ] sul fanyl } prgpanoi c aci d
A sol ution of

12 gg
(15.5 g) was
ask_. Thi s was

08 g 6.3 nmpl ), acr ,
j 7.9 g) ang” wat e
prepa$ed i®a 10f mL round bpttom f

m nutes. The fladk was then heated at 70 OC for 4 hrs
At the endgfy this period, acrylic acid (2,04 g, 28.3
nmol ) and ﬁ 4' -azobi s(4-cyano val eric aci )(O. 07 g,
0.3 mmol )was added to the flask. The m xture was
d@%xiﬁggnat ed and lhgia was continued at 70 OC for a
Whfe 13[F BECVIRREY &6 EB‘? mer sol ution had 44.5% sol i ds.
b) Pol y(methyl methacrylate-c s-butyl acrylate) -

Whsh bél@ctﬁfg AROFN B! deheah tmGRBAS) fdferse ilMafsaqueous environment,
gnments)) .using macro RAFT from

b ipe TRy ek e ByrralvHe 8 %Xﬂﬁbfr d f!ﬂAPqﬂf%?fS/ina(}FT agents are
g)nny@ d
i e R oo 1R BlycoPedyiflhlie, PCePo o€ tnoa

5.13 by an addition of concentrated anmoni a (289
Whie s anzhdn@caﬁtxﬁﬂyl sohpaundns usEd@g aFR@F@ ager(t of genegyl wagula (16), it may

add furth .d
it fighiae it dTBRIERIS adoos-PRBRECL Y mpkERTREE gy e ke
Materials, Inc.) standard probe at 30% anplitude for 5

'Fﬂld“}ﬁv%ﬁtlorpu’hllnﬁbvtf'b@ &Qdvikeat with efeparso thbefotlowingr Sxamples which
was stirred magnetical |y and cooled in a water bath

ifietraipmiserme le%fB’é?% F’@ho@%ﬁ@nfsr Aribe apveation o I‘%P“TUBT’ i 15rtg pgunderstood

th lity of th
'3‘8{ {hgﬁg“c%%ﬁﬁit pr opb\'ﬂ%amsglr l%t][%ndllshnf <t3| }%S egsreldge % %enera 1y ot the
Brecddidg diﬂmhﬁ;mﬁmftmﬁwdmmrygenat ed by nitrogen

spargi ng. The whole flask was imersed in an oil bath
W th
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a tenperature setting of 70 0C, while a deoxygenated
m xture of butyl acrylate (1.39 g, 10.9 mmol ), nethyl

woredonacxsyd ate (3.25 g, 32.4 nmol) was fed i nt op€TI&aU2007/000437

flask at 0.93 g/hr over 5 hrs. After nononer addition
was conplete, the heating was conti nued for another
lhr after which tinme polyneri at_i on was found to be
conplete. After filtering, the latex was white and
stabl e, containing particles about 456 nmin dianeter
(HPPS, Malvern Instrunments Ltd). The | atex had solids
of 23.3% and forned a white and glossy filmafter
EXAMBLESr ansni ssi on el ectron microscopy showed t hat
the | atex contai ned pol yner encapsul ated Ti Q2
lgar'tilcl es. c¢) Poly(nmethyl nethacryl ate-c-butyl
’EWPStIé-c- nmet hacrylic acid) coating of Ti O 2 pignent
(CR828) using macro RAFT from Exanple |, a) as a
t Bateiphiatéon ofia goily (dcoylic acidhi-hlonk-pelyxtacryRamde)r waceg-RAFT agent
2.50 g, 0.3 ), er (50.6 was prepared pLn . .
with nyeSpeeiver %ﬁ%ﬂsp%fp?l&g‘eglgﬁﬁ%‘f o was gai g‘ed~t oﬁ using 2
hid bediRfAc afoni a (28% . To
ﬁﬂﬁéy *rgrglg?%yl%%gbr(%(gﬁlg? if]f)lﬂ, [ %iigmant (10.16 g) was

added, m xed and was further th,orogghly di sper.sed 55
Asbolgtian \Wh2af [Caitylsuifeny Rewhprotinpydadiesy) pepande afd (132 & >

Mat erial,s, 1n S - t 309 Lyt : ) . 170.5
et ot s RbPER B Bhs B 03 HhRIR LGB 2 ¢
MafolSin dioRehe EITIEL) el water(85.6 an)l veab preparedarn @r 1 (famf., round bottom
The white di spersion was transferre.dhto a 190 {]g I‘.Ol%nd

fHestke dhisavay siskedopagnstipnllygansl sparged with nitrogen for 1o minutes. The flask
Qa3 g?e%brleﬁ{eﬁ;a[{%md B, OPhana @i nel dichidReBH O4drole 68dQ3.04 g, 28.3
g, 0.1 mmol) and was deoxygenated by nitrogen

spasphdiy, 4Theobib@hwafdaiitioemsl) (iR gsead mmoRwapaddegdp the flask. The

2ot STBSL AL, SR 0, S0l 15 2 fr g . e

l;)meﬂ%ﬁ&%lrlﬂﬁﬁua%@'ﬁydlﬁfs.e (2.97 g, 29.7 nmmol) and
thacrylic acid (0.42 g, 4.9 mmol) was fed into the

flask at 0.93 g/hr over 5 hrs. After m),norret[ gflit,i on T
bhPoty(npithyle methacrilate- rarh i spa it Oneradigo P K{iOkrpigment (Tranox

frer ' ti | ' QYos ERakiple I, as a
CofipRelEere strts, RG] Rp D, RATT A0, TRakiple 1, o) as
pabllizek.es about 455 nmin dianeter (HPPS, Ml vern
Instruments Ltd). The latex had saolids of 23.5% and

formed a white and gl Qs film after, drying.

B SPISHPR SOBIHIBNG RITH RA LT JED ) @, ehBimelhovpist 502 @) was

g %Peidrlﬁ% R MiBEal@RCRHRSHE 3t @b sblididAakid &lised to Bl by an addition of
n

apsul ating polymer layer around Ti Q2 the particles
wascehtratch ammorda €28%) Toythiscdaiaerg RABT selutigao ki pepigment (9.98 g) was
re{]ac)l(édljrrgix%fd grlljci y\!vasa%%llle?t t%oroughly dispersed using a Vibra-Cell Ultrasonic
Processor (Sonics and Materials, Inc.) standard probe at 30% amplitude for 5 minutes.
During the sonication process, the dispersion was stirred magnetically and cooled in a
water bath. The white dispersion was transferred to a 100 ml round bottomed flask
containing 2, 2’-azobis(2-methylpropionamidine)dihydrochloride (0.03 g, 0.1 mmol) and
was deoxygenated by nitrogen sparging. The whole flask was immersed in an oil bath with
a temperature setting of 70 °C, while a deoxygenated mixture of butyl acrylate (1.39 g,
10.9 mmol), methyl methacrylate (3.25 g, 32.4 mmol) was fed into the flask at 0.93 g/hr

over 5 hrs. After monomer addition was complete, the heating was continued for another 1
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(.27 g, 9.9 mmol ), nethyl nethacrylate (2.97 g, 29.7
mmol ) and nethacrylic acid (0.42 g, 4.9 mol) at 2.3

w@2dur/11250D t he above | atex (54.15 g) in the prEGEAT2000000437

2, 2'-azobis(2- nethyl propi onam di ne)di hydrochl ori de

(0.03 g, 0.1 mml) at 70 0C over 2 hrs. After nonomer

addi tion was conplete the tenpgrature was maintai ned

for a further 5 hours to effect full polynerisation.

Exam nati on by transm ssion el ectron m croscopy shovved
ted ure 1).

S TR B BE o B B g e i s
dfanaml Isesky, ¢dnftin C}ﬁirﬁ@léé %oﬁﬂ'ﬂ@? ml}{h /ﬁ’ et%}gete{ (HiPIPS Malvern

| nstrunent s Ltd) Latex solids was
InstrymentsHyit). e atex hachsadids 0§ 28y3% and formed a whlte and glossy film after
hacrylic.acid atl ayferrox Red
%/I |Ir%8%81c§g|B geapétérrrlemm() BaVer § qn % olaXF§ORtpIgRd polymer

éncappileed TH), gstidesst abi | i zer . A soI ut| on contai ni ng
macfo RAFT from Exanple |, a) (3.04 g, 0.3 mmol),

e ‘S’Séi g),. was prepared in a 100 m beaker. The '
éﬁ’%‘rﬁ’( RELY, 6‘|"?}'P?W1%§01b&%e%fwlﬂt%6@mmamhadl@nd)|cmatmg of TiO,
@%ﬁ;ﬁ?gﬁR@?@g&ﬁg’on OXI e pi grrenli‘r&(lém(‘fég&%%“gﬁ‘: %8r

m xed and was further thoroughly dispersed using a
& ftﬂhatlcmewntwmmgawmocwac&sma) (3661 £ s0.3nemvy e:vatéﬁ @.O 6 g) was

npl de f
éﬁgﬁar %1% %’16@ 6% lpegg Iﬁ% pég ¢ s?];qtggxaﬁgaﬁgglgecgw %g by an addition of
@inbéﬁtﬁfﬂed’@ﬁﬂ@hiaq%%y ’pmdn%@t&ORAPT%ombﬁfT@tjlgnIH@(1o 16 g) was

red di spersion was transferred to a
dedomiged |a@§kwe§)nﬁ4gh¢r mlg)rgughly dispersed using a Vlbra-Cell Ultrasomc

ﬁoc%é&b LHDQ—‘%\)S aR:ElQ %41&@%1 @y ﬁ%,t? l Orl Eu(se fOI' 5 minutes.

Bmamg thegsonTMoWrmd)@si |tﬁ6 Mlspafsldmﬁ %ﬁ&flﬁd rinefgﬁhe@édllybﬁ{chcooled in a

V\nthat ture setting of 70 OC,
)bﬁgngé@ ﬁitg(td&qpérsg}n M@fﬂarﬁmﬂa@ea(lﬂ@ml grougd dottomed flask

| h
Jggﬁ‘ﬁ%{‘ér g}alﬁc){iaotﬁggﬁ E’&%@l@bﬁ)&&él%?shy&%cﬁlfo?gg i(éfpo & ;&1 mmol) and
%@pxmen@te@tbygﬁthwgm\spargmgh The whbteeﬁasltgﬁ?riﬁﬁneﬁlﬁwiqlh ia@ il bath with
ued for_another

et t 12
3P ErERRRR Stfine AT 10 o WS i SETie MG GO Gogiate (127 g, 9.9
6861)] sk gl Aeehac AR (NoB gs%@b |n?m01§/gﬂ$1 A 1f&ae[c§d ﬁdt £ g, 4.9 mmol)

about 909 nmin di aneter S, vern | strune
wasdpd intadhe Spgsatihdp s oder dihrsl AfBymaombnfenarddition wasctomplete, the

WU el TG 0 08, TR 28100 2 o b
cempégdes Ul'tet latkxpignehite AT §thisle Séontaining particles about 455 nm in diameter
(HPPS, Malvern Instruments Ltd). The latex had solids of 23.5% and formed a white and
glossy film after drying. Transmission electron microscopy showed that the latex contained
polymer encapsulated TiO, particles. The encapsulating polymer layer around TiO, the
particles was further increased by adding another deoxygenated mixture of butyl acrylate
(1.27 g, 9.9 mmol), methyl methacrylate (2.97 g, 29.7 mmol) and methacrylic acid (0.42 g,
4.9 mmol) at 2.3 g/hr into the above latex (54.15 g) in the presence of 2, 2’-azobis(2-
methylpropionamidine)dihydrochloride (0.03 g, 0.1 mmol) at 70 °C over 2 hrs. After
monomer addition was complete the temperature was maintained for a further 5 hours to
effect full polymerisation. Examination by transmission electron microscopy showed

polymer encapsulated TiO, particles (Figure 1). An average particle diameter of 491 nm



10

15

20

23

30

Exanple I11: a) Preparation of a poly (acrylic acid)
macr o- RAFT agent contai ning an average of 15 nononer

w@Riora135e3 chai n PCT/AU2007/000437

2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul f anyl } pr opanoi c

acid A solution of

2-{[ (butyl sul fanyl) carbonot hi_gyl] sul fanyl } pr opanoi c

acid (0.91 g, 3.8 nmmwl), 2 2'-azobisisobutyronitrile
(O 03 g, 0.2 mol), acrylic acid (4.14 g, 57.4 mol)

o vt St est S FRBRES PSRy S g 10 Lt

Hp gggg%n for 10 m nutes. The fl ask was then
elatgﬁ at 70 OC for 2 hrs under constant stirring. The

final copolyner solution had 43.1 % solids. Db)
Dmmphdtlhyolyﬁseﬂhab mefthaceylatdren jautxd@ﬂwlateg:oemaﬁxayryltc acid) coating

t .TR92 t
& PabreEral Y, Ll o M BR ORE Aifhisht BibhT SRy magro RAFT from
BxAhplill 4)2R% stabifigddt i on contai ning macro RAFT from
Exanple I'l1, a) (1.05 g 0.3 mmol ), water (54.34 @)

was prepared in a 100 beaker. To this sol ution

Arischitign gretatniye maey %FM@%EG@EP erhi ed-Ung %gimol) water (51.3 g)
W éljég dred ﬂp P48 m%egie? pf"ﬁé}?‘g o%ﬂ 10\1{ san? ?.67 by an addition

oni ¢ rocessor 'Soni teria
st amdentchtqt abeoata @8%)affpl vhtsu:decrbcRAH”D sniulmon,esad Do oRigle pigment

e A R BB b P R ot b o Vibraccal
Ol1t5REH:S PEELebBf (Ionih antPSlaterANRS LRLY Rshdafi BrobOQt BYY%r Dblfude for 10

bottoned flask contai ni ng 4, 4'-azob|s(4 cyanoval eric
mmu(t@s poriog megsonganompmcyssaﬂu dlmrmwg@@nmﬂgaamtwally and cooled

1 BT N PR Aper s bR SOOB b Bromed sk

SO NAE QaQedzdﬂlé(QHﬁ&hﬁFro‘@Eﬂxﬁéfmuﬁﬁé)&iﬂ@ﬁﬁmh%@l@ (g.,032g 30 1 mmol) and
nol ), nmeth met hacry aten(‘ﬁhé 6.9 mol
way «;ﬂqxzig%t@te@l tyoniyesey, Sparging N/h Hagkapas lﬁ%erﬁfﬁ’em an oil bath with

r e [
bRl 0o 200, Al S oot ORI, G B8 27 03
mfrtoe)r madthiyd Imd‘thaveylmal(gﬁﬁ rg, 2817 mmoWesndfroethatrylic bed (O 42 g, 4.9 mmol)
conpl et e. erfll erin the |l atex was white. a
SFnBrantoba ek op e @ e85 bR PPBAR i pspomplete, the
}%%P g %_’%l)?{tﬁﬁ{éd |f&3§rfoﬁf9? b hfdr WRER ¥Rl HReBSon was found to be
ransm ssi on el ectron m croscopy showed t hat
ddnepletat Eke datat avas ethbpe| qomeainieg qapml@saalﬂmt P0Pm in diameter (HPPS,

Hplery ifmen )k ab¥ sk prASPR gl B a g prown elossy

it Rifter drying. Transmission electron microscopy showed that the latex contained

polymer encapsulated pigment particles.

Example I11:

a) Preparation of a poly (acrylic acid) macro-RAFT agent containing an average of 15

monomer units per chain 2-{{(butylsulfanyl)carbonothioyljsulfanyl}propanoic acid

A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (0.91 g, 3.8
mmol), 2, 2’-azobisisobutyronitrile (0.03 g, 0.2 mmol), acrylic acid (4.14 g, 57.4 mmol) in

dioxane (10.01 g) was prepared in a 50 mL round bottom flask. This was stirred
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respecti ve degrees of polynerization m~ 5 n ~ 30
usi ng 2-

w@ pobat2sbs ul f anyt ycar bonot hi oyl j sul f anyt ypr opaP@i/aU27/4d00437

A solution of

2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul f anyl } pr opanoi c
acid (1.32 g, 5.5 nml), 4, 4'smazobis(4-cyanovaleric
acid) (0.08 g, 0.3 mml), acry?anide (12.16 g, 171
mol ), acrylic acid (1 99 g, 27.6 mol ) in di oxane

(16.7 and wat er was prepared in a 100 o
mwwacagzmnérﬁmgaé it s ef & miputés %ﬁiﬁskmslﬂgﬁ%ted at 70 °C
f .
DL Gt e ARITBES: iy kool Yooyt

had 41. 7% sol i ds. b) Pol y(nmethyl methacrylate-c
I15- b Pblyl(matyl| stethacryletehacbytyl cacaglatd-ce-aarylicgacid) T¢odting of TiO,

T TR T N VO

£aabhaiz¢.ng macro RAFT from Exanple 1V, a) (2.54 g, 0.3
mmol ), water (51.8 g) was prepared in a 100 m beaker.
The pH of the solution was raised t

Agdiutipe sowingtnaace R EH fernBrmaple ;!Eo/e) (lﬁé s,m S myl), rater (54.34
RAFET g

gg S rgf)a# a 16{) %lr OUQ%ETB élﬁrégglr%églg) ’51‘3@?335@1&%(’(11.%@%% added,
ﬁc[bd@ﬁaarﬁelwlas Uhtthasﬂmmlgﬁryodspa@cd (u&”mgi £ VibrdCblht @itiasds¢ Processor
Inc.) standard probe at 30% a

Bapichgnd hlaterals dae.) singd aEads tdob GeliBiderton. (guRites. During the
s\%ﬁdcra &gpfmgs@efﬂe \Egﬁ/slmaﬂiﬁreﬁqné eﬁcé'}%ta%ﬁ sl 1n-£r1€ater bath. The

spersion [ transferred r ound
Whit¢ divpatsibh 46 k0T ghtvas tramg"erZQd to a 100 ml round bottomed flask containing 4,

Aé -2 aélf?%p?@ E(}/\ﬂg g&%%g; (?i? é%meDydrdt ‘%/gsl %&%%exgacgeao %y nitrogen

@% £ Mhe WHtRe MR Rasf ihAsdssdmin ahlmlecfaﬂﬁdnth% taﬁpaatur@ adthing of 70 °C,
a tenperature setting of 70 0C,_ whil

‘dbmy gleaaxgﬁaatml mlﬁ‘wee @lf bt geryleer (130 & 23, rszQ; mpthyl methacrylate
9
(T TR o AT S 9 Pyl R Hp o a1 o

dleasknrat ABeOBogdher @Métiondwhy sompAkiee therimating Waaddnﬂlmumd for another
was caonpl ete, . the heating was conti nued ng&r anaqt h

1
H huspfter Wiiahdime poRsmMSE SR8, WasOMRh (ARG CABRIAG: cpfltering, the latex
SARIGE Gnd TRSIE ] &?’J’[&ll’llix%??j&f%és ‘ﬁﬁ‘é&t%?@ngmsﬁla@ﬂaﬁreter F%{PPS Malvern

contai ning partic 364 ran 1 n dianeter
Ivbirweents Lndit atere salsls Lvvag)2 1. SPheTtaa‘smlssimacelec@iondmcmscopy showed that

3.3% and fo d a white oss filmafter drying.
the JpiSheadsip g(ﬁ%l@?%ﬁé‘?ﬁﬂéﬁ%‘ﬂ@@% Wed that the |atex
cont ai ned pol yner encapsul ated Ti Q2 particles.

Example IV:

a) Preparation of a poly {(acrylic acid)y-co-(acrylamide),} macro-RAFT agent with

respective degrees of polymerization m = 5, n = 30 ousing 2-

{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid

A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (1.32 g, 5.5
mmol), 4, 4’-azobis(4-cyanovaleric acid) (0.08 g, 0.3 mmol), acrylamide (12.16 g, 171
mmol), acrylic acid (1.99 g, 27.6 mmol) in dioxane (16.7 g) and water (15.5 g) was

prepared in a 100 mL round bottom flask. This was stirred magnetically and sparged with
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Exanple V: a) Preparation of a poly (acrylic acid) m
/dc-pol y{(styrene sulfonic acid)n-c- (acrylamde) t}

wore@rotReFT agent with respective degrees of PCT/AU2007/000437

pol ymerization m~ 5, n 5 and t ~ 30 using

2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoi c

acid.- A solution of

2- {[(butylsulfanyl)carbonothloyl]sulfanyl}propan0|c

acid (0.96 g, 4.0 nnDI) 4,4' -azobi s(4-cyanoval eric

acid) (0.08 g, 0.3 ,_acry Ian1de£§8 86 124. 6

iveicp fond Sopiesne ThR REH whsdien TEAGGc 40 Xond f. The copolymer

Sgﬁug‘o\ﬁ,a@?@ﬁ?@{(g?’%ﬂ@ 18 g, 20.3 nmol) indi oxane (15.8 g)

) was prepared in a 100 niL round
bottom flask. This was stirred magnetically and
19 PRdlg@tethyt hxdnliutdrpl;esncd-butylSicnylratﬁ-a&meﬂiv&ryluaakld\)matmg of TiO,

then heated at 70 OC f 4 hrs. At the FFOI E le IV,

mwaﬂ( lé%ﬁmts'aep&qrfon i) usEMARKD rgm Example 1V, a) as
gﬁﬁ bi s(4-cyanovaleric acid) (0.04 g, 0.1 mmol)was

aofa to the flask. The mi xture was deoxygenated and

heati ng was continued at 70 OC for a further 3hrs. The
A cpltipnepntgisling m@aor&@F“g‘@rmﬁg@mp&slV 15) (o & ﬁétlﬁmol) Water (51.8

th | at
Jouts Rgpuranes IRy RSkt TE s RN RS e g 503 by e
44gitie sBEsReMAdd bmaionEX a8 TV, thiy nasrcaRAFdbsdlut@t, . TiB, pigment
sol ution contalnlng macro RAFT fron1Ex

(@8.2332)gwap addedronixed \aadevay Eigthgr éslor@,g aiﬁ rcL&gqgé ?mﬁnga a Vibra-Cell
%ﬁ%@%o %?@éég%)al( B8P PMADRIS ktgﬂda\i‘@z)rcgﬁ'( %g%% ‘ar_lgghtude for 5

an a lon of concentrated amo
mhiuSeslTBQflﬁ)g BAFbniation prooess TihO@ispegimnvay dired mggnetieally and cooled

s Do T G onsre e BaRBRR Y o LBRPL 36 porromed fas
J@Eﬂlhgl252’ Eﬁﬁn9(2%&@@5091&1%&%n@ﬁ11§/@8@cﬁmdbt(G @8 d 00.1 mmol) and

Duri'ng the sonication process, the
‘dass<[1ﬁ99<§;g@1atadd$’ gtroganexpargiiog dihe o@qlg/ﬂ@kdv@sdmr@@schn@n oil bath with

S L L B P G750
0?2 afeitis,( ZneiRickyihie r(gpv Q) am7dhm@))cunhmﬁn@day1@cr hdé (0.92@34.9 mmol)

1 mmol) an deoxygenat ed by nitrogen

wgmfegl m@ thfrﬁbtslwnbo 83 s ena s TR AT A diian Wa pomplete, the
m%/g < eﬁfi&td of aﬁc?th%lj E%{%ﬁ thgzﬁ i) P&Sfﬁ‘%rlé?tl%n. gas found to be

ure o acr
sormdigte. MaE Midal nEthacssyvhite ahd. s%leg coﬁgmﬁnmkt)'clwdbout 364 nm in

rr,ethac lic acid (0.42 g, 4. ) s.fed.in he

dirsier GPBS oNialert Msvresry e TRR R TGS Bhaporpprd formed a
Whke &Qf@b?s‘&%ilmt fHer drying. Transmission electron microscopy showed that the latex
contained polymer encapsulated TiO, particles.

Example V:

a) Preparation of a poly (acrylic acid)n-block-poly{(styrene sulfonic acid),-co-
(acrylamide);} macro-RAFT agent with respective degrees of polymerization m = 5, n

~ 5 and t = 30 using 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid.

A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (0.96 g, 4.0
mmol), 4,4’-azobis(4-cyanovaleric acid) (0.08 g, 0.3 mmol), acrylamide (8.86 g, 124.6

mmol) and styrene sulfonic acid (neutralized with sodium hydroxy, 4.18 g, 20.3 mmol) in
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heati ng was continued for another 17 hrs after which
time polynerization was found to be conplete. The

wo pevali1dses ex was white and stabl e, containi ng PEr/AUzd02/800437

about 298 nmin dianeter (HPPS, Ml vern Instrunents
Ltd). The latex had solids of 24.2%and formed a white
and glossy filmafter drying. gkransm ssion electron

m croscopy showed that the | atex contained pol yner
encapsul ated Ti Q2 particles. Exanple VI: a) Preparation

f a poly {(acrylic acj m c- (styrene_sul fonic .
GOl fodr BSRAPTT Hgeh® Wit RISPESHoRd HO) Bgraved bgftom flask. This
‘??Ja( %ﬁﬁeéq E%F}%é?ﬁaﬁ? e sl:);‘ar edJWitﬁ_Qlig'?%en for 15 minutes, The flask was then

uty any”*car bonot hi oyl j sul Tanyl j propanoi ¢ acid
Heasl ant70 3@ fof 4 hrs. At the end of this period, acrylic acid (1.46 g, 20.2 mmol) and 4,

- b | sul fanyl).ca not hj oyl ].sul f opAaNnoI .
SR RH-Es g RS S 0, ed Bi Rt ERGIRRE: fr miure was
&e‘b‘xsj%erfa%dogncgh@a(@iné WADEIntinBby LEME TS ORNIfGriAG! Thrs. The copolymer
utralized with sodi um hydroxy, 5.50 g, 26.7 mmol),
sodutidn knda39.QY6 6dids9 g, 51.2 mmmol ) in di oxane (11.13 q)

and water (11.44 g) was prepared in a 100 nL round

0 f k. Thi g ' .and. . .
LD B0 oo TR SR S FRERE G i ggnim of i
pigaien €ERO2, FiintéMad € drporatidi) isinphaaoRAFTefiomdl ximple V, a) as a
had _31.5 % solids. b) Poly(nmethyl nethacrylate-c
dabiliger- acryl ate-c-nethacrylic acid) coating of TiO
pi gnent (TR92, Huntsman Corporation) using macro RAFT
Ars0mibx 20Bfafind madd FOSF P ohARkdhAIEY, NP %,t ®.9%mol), water (50.9 g)
contai ning macro RAFT from Exanple VI, "a) (1.84 0.3 -

wopiepaediien 106l Segersikls: pil op e litionavasopised tha Ak an addition

The pH . of the sol ut.i ralsed . 16..by A .

iprBrfst Honneun R Ie 15 Iniahfa f85E sORG0 FD: pigpg 1047 0
WA 1d&l, Whiked and iR fRkt88E tHordubBiyO dispirsv@ sisiag e Wiibral G Ultrasonic
and was further thoroughly dispersed using

Rropessockaniay) and Bdatsrials Phsoesiansierd s & 34 gm_ﬁ%imdrs dpw 10 minutes.
Iggrﬁxl'l% él’?e: %Se}ﬁéartl{gng{ar?pe% a%e 3 e?s%]{ h'v}élts‘ %%nfeg rm?%nﬁmi%yénd cooled in a

soni I Off process, I'spers
water rbath. MHgnehite alitpersond s ofradfdarredatovat H10 ldt tound Hettomed flask

%mg{taﬁlglﬁgI@??ZF—%Z(E@?%%%%@)}{E%&?&%&Eﬁge)td&y?iro%g%r{ye (6%3 ngcf 0.1 mmol) and
»3%‘ g;%%p%%@gdr@tn ;gw&gegl g%{l(%ng%g w&ﬂngﬁfﬁgﬁ&w& Q@31 bath with
srangratge sTtimgwhidD 8Cf whidk a dasxyiganaed suxture afrbutyllactydath (1.27 g, 9.9

sl b Sl i kit 2287 o mibdD s i tpact gpid 042 g, 4.9 mmo)

was fed into the flask at 0.93 g/hr over 5 hrs. After monomer addition was complete, the
heating was continued for another 17 hrs after which time polymerization was found to be
complete. The final latex was white and stable, containing particles about 298 nm in
diameter (HPPS, Malvern Instruments Ltd). The latex had solids of 24.2% and formed a
white and glossy film after drying. Transmission electron microscopy showed that the latex

contained polymer encapsulated TiO, particles.
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mol ), nethyl nethacrylate (2.97 g, 29.7 mmol) and
nmet hacrylic acid (0.42 g, 4.9 mol) was fed into the

WO b@gh12403 0. 93 g/ hr over 5 hrs. After nononer BCOAURW®M000437

was conplete, the heating was continued for another 12

hrs after which tinme polynerization was found to be

conpl ete. The final |atex wasgwhite and stable,

contai ning particles about 515 nmin dianeter (HPPS,

Mal vern Instrunments Ltd). The latex had solids of 22.2

Qbang R&rned awhite and glossy filmafter drying.
fi¥ssi on el ectron microscopy showed that the |atex

cont ai ned pol yner encapsul ated Ti Q2 particl es.

?W:%Qﬁ&iﬂn Bf"'a5¥ﬁpe{(héﬂyﬁatdcmm%ﬁtsiyh@n@blﬂlftm?lc Wi} macro-RAFT
| Ow, unless the context requires otherw se, the

agont] w:tbnmspsetive adegreesr okt pelymesizations m cHnpPi ges™ 5 using 2-

I
OERERRA R oo B IFRSSRAREGE | TPLY e
i ntegers or steps but not the exclusion of any other

A n§cgon ij St{@@bu@ﬂs@ffan;&l@cwﬁonotﬁmﬂ@mﬁamﬂ}mt)pzprmlc Taeed (120 g, 5.0
ref erenc z‘ls speci ficat]j

] Di éat oéh"éotéléﬁ -SYR8Y ¢ &S o&] %&ap (3[ %pr X o)l) %yre{% sulfonic acid
(tﬂg‘%ra'@{e& %th"é.’@ﬂﬁﬁ h Irg WK & %6”701t1r1md1‘]1 deshedbid @Y PS1.2 mmol) in

en as an ackno rrent or adm ssion or any formo
diogmes11.08 g) bt wate;a(l 1p44 gy wpupteperad ima 108 mli rfuwdrhettomnflask. This

d f
S ogmnerirknoi sbend Htbirdeesed B g8 thuBl, ol gt ves ten

whicaht t7@ PS fSREkisf TIsddpelynie|salu@isn hitdE3 CsAb bBidsEFI NI NG
THE | NVENTI ON ARE AS FOLLOWS: 1. A net hod of

pol ymeri sing nononmer to form polyner at the surface of

ls)oPolm(npatrhwl athacrylade-epbary! acxyiateres-mydh %’M’d g1 gcoatmg of TiO;
| rsi VI,

REBSpFLIS7 USRS CaSl bohRl bR b Brampe VI, o

$sabilizesper si on conpri sing a hydr oph| I | c RAFT agent as

a stabiliser for said solid parficulate materi al, and

conti nuous hydr a [
B et ronBirarhpetn SRRy in et 2 ShERE 0 Ry, water (519
@%Xs“ﬁfépﬁfeﬁginsﬁ'ldo ARELQkeTONR SH | thdisekatiby was raised to 3.76 by an
nsat urated nononers under the control of sai

dditiampbf bq»rcs:equ agmmma 628k rkbihis mamOpBAFEe sola’tlort, heO02 plgment

ace soI i:d _pa T
(R 8 PR g SRR Ve B Vil
YRtador5io |P|r@be@§11ﬁt(86mib§ltaﬁi Vedt@talalng. 3 suanwdrpe@beb@t 7036 rinpditude for 5

a conposition conprising the solid_ partic
mmuéqsnP Ruring ghe m&gg% pqq%@ssq&gp-ﬁ@)@@gﬂpn \é{%st{rﬁ% magneucally and cooled

GONGRY R, R ORR bisGerlibAWA PRRREred to a 100 ml round bottomed flask
containing 2, 2’-azobis(2-methylpropionamidine)dihydrochloride (0.03 g, 0.1 mmol) and

was deoxygenated by nitrogen sparging. The whole flask was immersed in an oil bath with
a temperature setting of 70 °C, while a deoxygenated mixture of butyl acrylate (1.27 g, 9.9
mmol), methyl methacrylate (2.97 g, 29.7 mmol) and methacrylic acid (0.42 g, 4.9 mmol)
was fed‘into the flask at 0.93 g/hr over 5 hrs. After monomer addition was complete, the
heating was continued for another 12 hrs after which time polymerization was found to be

complete. The final latex was white and stable, containing particles about 515 nm in

-diameter (HPPS, Malvern Instruments Ltd). The latex had solids of 22.2 % and formed a
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and the one or nore ethylenically unsaturated nononers
are then added to the conposition and are pol yneri sed

wapaeniashe control of the hydrophilic RAFT agePtT/AG2007/000437

t hereby form polyner at the surface of the solid
particulate material. 3. The nethod according to claim
2, wherein the continuous hydgephilic liquid phase is
a continuous aqueous phase. 4. The method according to
claim1, wherein the dispersion of said solid

Hifnsodiei o oFoar Gying” THeSBEHPG inoR et iysbeppd foat the laex
cbh@irR¥ PoBRkYr lehSapBiEd 96 Nparfibds t he one or nore

et hyl eni cal | y unsaturated nononers as the continuous

hydrophilic |iquid phase, and wherein said conposition .

Thsoughepie e pdcificatisr o dhe shimp vwhieh IFpRRH.dupihssste gpatext requires
€1.QF b heni;cal: . Eagoln fi O

PR TR SR80 W AL BB Spmpiin, i

beivgdédtopti as Bnpll ehedimk sehios @ dtatsttiategther b @buwdf inbeers or steps

hydr ophi | i c RAFT agent .to thereby form pol yner at the

byﬁmt&g%emlu%%ofswoah% AR OF SICR ORGP of INtEEeTAOREERn d

of preparing a dispersion of polymer encapsul at ed

3Rl RRE i G PLEARIEN bahy bﬂoﬁ‘%lmﬂéﬁ@@{‘{dr i Sfotth&tirierived from it),

sai d nethod conprising: providing a dispersion of

oz 6d puol wattern whichtisknrenre i wdt, and shoulimdt e dalentay danegkidwledgment or

l.iquid phase,. said dispersjon.c risi hydrophi li.c .

sBRP B aa or bf staeecny b e far SuRfafiptEr Bipipdion derived
ot 86) | | kinoWMImS AR s tiaRUsiUhe iseirRRh bbhetall kitvlddgehiaste field of
conpri sing one or npre.ethYIenlcaIIy unsat ur at ed
enderynBr ©; whipll thhospeadicpéomiglaies d one or nore

et hyl eni cal | y unsaturated nononers under ‘the contro

of said hydrophilic RAFT agent to form polyner at the

surface of said solid particulate naterial, thereby

provi ding said di spersion of polyner encapsul at ed

solid particulate material in a hydrophilic Iiquid. 6.

The met hod according to claimb5, wherein the

conti nuous hydrophilic liquid phase is a continuous

aqueous phase and the nethod provi des an aqueous

di spersion of polyner encapsul ated solid particul ate
material. 7. A nethod of preparing a polyner having

solid particulate material dispersed therethrough,

sai d nmet hod conpri sing:
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providing a dispersion of said solid particul ate
material in a continuous hydrophilic |liquid phase,

wa@ 200d/1ehis8per si on conpri sing a hydrophilic RAFTPEHAN2002/600437

a stabiliser for said solid particulate nmaterial, and

~said continuous hydrophilic |liquid phase consisting

essentially of one or nore egg%tenically unsat ur at ed
nononers; and pol yneri sing sa one or nore

et hyl eni cal | y unsaturated nononers under the contro

of said hydrophilic RAFT agent to form polyner at the

surface of said solid particulate material . _thereby
THB\GToA RS FOETFSN G I NV NN A1k AS BQELQWS:

materi al di spersed therethrough. 8. The nethod

accordin | aj o ' t] i
lhydrégﬁF P@9fﬁ th% %s q%%%%F%g?nggghggggﬁféathéSuﬁwm of solid
par t iatticalte fAatesial, shidamdhecheonyyrtimgphi | i ¢ RAFT agent is

di spersed in a second continuous |liquid phase, and

wherei n the one or. nore.et enj.cal | nsat ur at .1

oo ERES SSHIRR P SRR SRR 1 Bpfffuous hydrophiti

hydr Qngl'icl }8 as; ald @8p&kioh@ohRiiflR0d Mydbplatic REFB upéRee a stabiliser
ald soli

of s particul atematerial to thereby provide a |
di spebsisad soidt preticdao rmatesdlt apdicaid ¢angorersphydseplyfic liquid phase

ot AP Ao SR e S R BBl A pnc

preparing a paint, filler, adhesive, toner, liquid
i nk, pfoljh@ising ealdasie oflimgrosthylenipalbd umbatorated monomers under the
t herapeutic_product conprising preparing.a dispersi

of paolopiel oletrid pEdrRkibg ReT T GSPUR | ¢hy; form polymey atthe surface of
ggf%s‘ﬂd@)tlihgaaﬁkc%ﬁa% Ra@fd{ or preparing a polynmer having
I cu

par ate material dispersed therethrough
according to claim?7, and conbining said dispersion | .
and/ dFhepmkthodracosrtiingdnelam howkergiorthe ldispeision of said solid particulate

conmponent.s.. 10. The .nethod according. to . fo .

cl ai n%atfrlﬁlolsgpremgﬁ giyn{"ql’f]léngs& %O&lpﬁggllol &9 és?r%%h%r ?oalllld particulate
I's sehaehigd e lgy'li‘rd)ﬂh_‘ﬂ'icgﬁﬁm AVegiE@d the cofitaivus hpdgphitic diquid phase,
titani um di oxide, "zi nc oxide, calcium carbonate, |ron h
oxi degndsthiei ansnoniinoxd awyleninellymnsaistash BonempRoe Hhgk pdded to the

ht hal ocyani ne hl ue t kine 1
oo APPSR O GUBP RS BEDr e pyphilc RATT sgon

waxesto thére@e fdrinepodgret theasutfacoobiha aslidpeaticiiate endfterial 1 .
The net hod according to any one of clains 1 to 10,

e ol e TERE % 15 S Rk RS i pas

is a continuous aqueous phase.

4. The method according to claim 1, wherein the dispersion of said solid particulate
material is prepared by forming a composition comprising the solid particulate
material, the hydrophilic RAFT agent and the one or more ethylenically unsaturated
monomers as the continuous hydrophilic liquid phase, and wherein said
composition is dispersed in a second continuous liquid phase and the one or more
ethylenically unsaturated monomers which form the first mentioned continuous
hydrophilic liquid phase are polymerised under the control of the hydrophilic
RAFT agent to thereby form polymer at the surface of the solid particulate material.



12. The nmethod according to claim1l, wherein the
| argest dinension of the solid particulate material is

wooogneabver than 1 micron. 13. A paint, fillerPCI/AU2007/000437
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adhesive, toner, liquid ink, priner, sealant,

di agnosti c product or therapeutic product conprising a

di spersi on of polyner encapsul gted solid particul ate

mat eri al prepared in accordance with claim5 and/or a

pol ymer having solid particulate material dispersed

t here through prepared in accordance with claim7. 14. .

Pol yméy Maieqsh 611 Ipaenssing of idisppraioni el patyeneregnsppsalatedhgelid particulate
is 10 ] L Ik 1S [ l.id particul ate

mac or riarorL S ob BB R ek e RSO BRT i or

and continuous coating of a polyner that has at | east

i n paptovidieg o dispadionnefesolidhpartiouititeomatetialairhy droapihuduschydrophilic
RAFT agent. 15. Pol.yner, encapsul ated sol i d rticul ate .
at or R g saldyboren SAabaTng ey Pt BARI Gital A a stbiliser
the ergapsylsalid RArRAlYEBlaidiBg Md L£@Tontifhdd8 HydRGRlic liquid ph
fornmed undef thggontra?ﬁgf a’hydrophil?é RAFTyéggﬁkﬁzlqul phase

and whempiising hee gohprt gilarlenicallyatnsatueated mahomers; and
substantially uniformy dispersed throughout the

conet DR BReGR Bie-on S TRIBERL RERTRA' RoRnES under the

encapsohted] e ssilhlydrophilici RAF Bhgerited &rindpolyat & tEdhirehce of said solid
particul ate material being encapsulated In a

subst apticalafey maariebr therehd Rovidingusnid diwnsrsiony obfpodymer encapsulated
| oA ot ' : f d und
he’ conid BPay e dlnd SERhy OB glRED " 377 °7°"

conmposition conprising or consisting of discrete
par t i dhesnedliodoacyning wndaps bl wherdingbé contparotis bydrapllic liquid phase

material, said discrete parti.cles ving the solid . .
par t | Euf SPRIHGHS AUV @B@faﬁ?éi thp Wr’g%?d P@Wﬁ% ag; e dlfspersion of
t hr oughRuier LRGPSNGRASHE@HArNuIRC InYBal, Wherein the
encapsulating pol yner has at |east in part been forned
under the control of a hydrophilic RAFT agent, and )
vher eifn medhase of tieparingea Bpdyephhavies RaHY pageilatet material dispersed
encapgul af i &S :Ses substantially no
dispe?gg%@bﬂg%egkﬁe c%ﬁ%%§§%§§§ according to claim16

or 17 which is in the formof a free flow ng powder.

19. Appwmiidihg afdidpession @tHagkdolid,paptiouiae mateviabin a tomimudus hydrophilic

i nk, sealant, di osti.c product or e .
! ﬁq&d phase, shi%gé}sgerélon %omprlils(,:ing a hydrophilic RAFT agent as a stabiliser

for said solid particulate material, and said continuous hydrophilic liquid phase

consisting essentially of one or more ethylenically unsaturated monomers; and

polymerising said one or more ethylenically unsaturated monomers under the
control of said hydrophilic RAFT agent to form polymer at the surface of said solid
particulate material, thereby providing polymer having the solid particulate material

dispersed therethrough.

8. The method according to claim 7, wherein the continuous hydrophilic liquid phase
comprising the solid particulate material and the hydrophilic RAFT agent is
dispersed in a second continuous liquid phase, and wherein the one or more
ethylenically unsaturated monomers are polymerised under the control of the

hydrophilic RAFT agent to form polymer at the surface of said solid particulate
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t herapeutic product conprising a conposition according
to claim16 or 17. 20. A liquid dispersion of polyner

wepmapsidat ed solid particulate material, sai dPGDADUZD07/000437

particul ate material being encapsulated in a

substantially uni formand conti nuous coating of a

pol ymer which has at |east in_part been forned under

the control of a hydrophilic”RAFT agent. 2 1. Aliquid

di spersion of polyner encapsul ated solid particulate
material, said polynmer encapsul ated solid particul ate

mat emiaadridiay ithgetiyhprosalei addispersion ih dbe sevand cbatinuous liquid phase of

substantially, uniformy dispersed throughout the
encapemat iPa lcg‘élhﬂﬁ‘é‘g g a0t IaurAte @é’g@%ﬁ%ﬁ%&haremough'
pol ynmer has at least in part been forned under the

ocont roky Bfoohyd i} ipginRAfTer 2g8REive 2RAcNIRURI Thk, primer, sealant
ot her t hano' t heyhg%phipl iC .RA%I' agehrﬁ:, t F}e M ) pmfler S?a o
encapliagnastiongrodobty o theseneptic oeedust isemprising| prgpaiing a dispersion of

di spersant. 22. e, net.ho di l.Aj o Dl

or 9,p°f%erp8’?%?%‘i’[a & cszftrlJlg us %@g@gﬁafﬁ gta?a%ggfrcrlg%gé P a‘flauEl 3 andlor
ac Congligaging Oa Choyrierl havihg 1&nlidt Perticommosidiérinl disposadi tigrethrough
to claim16 or 17,the paint, filler, adhesive, i mer, .

t oneraccarlingi tg qlaim 7 mblnmga@rﬂoétsp%mlﬁw@&&r fgfymer With one or
t her %nglé.tfgl% £t9oq1%%5n&%ﬁ‘élﬂ5.di ng to claim113 or 19, and

t he I'Tqui I'spersion according to claim?20 or 21,

wherei n the hydrophilic RAFT agent is of general ,
foor milte féthod (addordingrte amacineXofi daimsdk peAd@retejn ghe solid particulate

pol yneri sed resid of .a hydrophilic ethylenically., . P
(s B SdS SERGRG TTorh IRUBHE PRSP OFRH AT iy dioxide,
100, Rl bsid@nali@RRhbodite UPorP kit ndidon Eekigs,i Badugdsulphate, carbon
with ‘one or ‘nore hydrophilic groups and Z is any gLroup

t hat Wk, phthatotpanine Hlieiphittalocyaring gieey, @Hancrgdone, dibromananthrone,

t hi bonyl .ds_.r adj {1ion:whi
S1 ovi e A B Oy B AeAL SR AP bR e

there i s unacceptable retardati on of polynerisation.
11.  The method according to any one of claims 1 to 10, wherein the largest dimension

of the solid particulate material is no greater than 10 microns.

12. The method according to claim 11, wherein the largest dimension of the solid

particulate material is no greater than 1 micron.

13. A paint, filler, adhesive, toner, liquid ink, primer, sealant, diagnostic product or
therapeutic product comprising a dispersion of polymer encapsulated solid
particulate material prepared in accordance with claim 5 and/or a polymer having

solid particulate material dispersed there through prepared in accordance with claim

7.

14.  Polymer encapsulated solid particulate material that is 100 microns or less in size,
said solid particulate material being encapsulated in a substantially uniform and
continuous coating of a polymer that has at least in part been formed under the

control of a hydrophilic‘ RAFT agent.

15.  Polymer encapsulated solid particulate material that is 100 microns or less in size,

wherein the encapsulating polymer has at least in part been formed under the
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16.

17.

18.

19.

20.

21.

22.

~71 -

control of a hydrophilic RAFT agent, and wherein the solid particulate material is

substantially uniformly dispersed throughout the encapsulating polymer.

A compoéition comprising or consisting of discrete particles of polymer
encapsulated solid particulate material, said solid particulate material being
encapsulated in a substantially uniform and continuous coating of a polymer which

has at least in part been formed under the control of a hydrophilic RAFT agent.

A composition comprising or consisting of discrete particles of polymer
encapsulated solid particulate material, said discrete particles having the solid
particulate material substantially uniformly dispersed throughout the encapsulating
polymer, wherein the encapsulating polymer has at least in part been formed under
the control of a hydrophilic RAFT agent, and wherein, other than the hydrophilic
RAFT agent, the encapsulating polymer comprises substantially no dispersant.

The composition according to claim 16 or 17 which is in the form of a free flowing

powder.

A paint, filler, adhesive, primer, toner, liquid ink, sealant, diagnostic product or

therapeutic product comprising a composition according to claim 16 or 17.

A liquid dispersion of polymer encapsulated solid particulate material, said solid
particulate material being encapsulated in a substantially uniform and continuous
coating of a polymer which has at least in part been formed under the control of a

hydrophilic RAFT agent.

A liquid dispersion of polymer encapsulated solid particulate material, said polymer
encapsulated solid particulate material having the solid particulate material
substantially uniformly dispersed throughout the encapsulating polymer, wherein
the encapsulating polymer has at least in part been formed under the control of a
hydrophilic RAFT agent, and wherein, other than the hydrophilic RAFT agent, the

encapsulating polymer comprises substantially no dispersant.

The method according to claim 1, 5, 7 or 9, the polymer encapsulated particulate

material according to claim 14 or 15, the composition according to claim 16 or 17,
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the paint, filler, adhesive, primer, toner, liquid ink, sealant, diagnostic product or -
therapeutic product accordiﬁg to claim 13 or 19, and the liquid dispersion according
to claim 20 or 21, wherein the hydrophilic RAFT agent is of general formula (4):
S—X),—R"'

4)
where each X is independently a polymerised residue of a hydrophilic ethylenically
unsaturated monomer, n is an integer ranging from 0 to 100, R! is an organic group
optionally substituted with one or more hydrophilic groups and Z is any group that can
promote sufficient reactivity of the thiocarbonyl group towards radical addition while
not slowing the rate of fragmentation to the extent that there is unacceptable retardation

of polymerisation.



