1 POLYMER PRODUCT AND | NTERFACI AL POLYMERI SATI ON PROCESS USI NG RAFT AGENT
Field of the Invention 5 The present invention relates to pol yner

encapsul ated solid particulate material, to a nmethod of pol ynerising
nmononer to form polyner at the surface of solid particulate material, and
to products conprising the polynmer encapsul ated solid particul ate material.
The pol yner encapsul ated solid.particulate material is particularly suited

for use in coating forrmulations, and it"wll therefore be convenient to
describe the invention with an 10 enphasis toward this application.
However, it is to be understood that the pol yner encapsul ated solid .

parti cul at e FOL¥MER PRODUCT AND INTERFAGEA bHQL YAPPRISATIONERBLHSS ound
of the Invention Deposition of p face of solid particulate
materials can afford polymr/parﬁﬁiﬁm%ﬁgm conposites that nay be
used in various applications. For 15 exanple, polynmer may be deposited to
coat and encapsulate the particulate material. In this case, the polyner

coati ng cdiikll dfdthe$evkntionpr ot ect the particulate material from an external
environment, to effect the controlled release of the particulate materi al
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pol ynmeric matrix, | so be gene desirabl e that the particul ate
material is uniformy dispersed throughout that matrix. 2 To date, a
common appBadground ehthednwentien sol i d particul ate materials with polyner has
i nvol ved di spersing the particulate material into a liquid nmedium
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15 example, polymer may be deposited to coat and encapsulate the particulate material. In

this case, the polymer coating could be used to protect the particulate material from an

external environment, to effect the controlled release of the particulate material to an

external environment, and/or to alter the surface characteristics that the particulate material

presents to an external environment. As a case in point, polymer encapsulated pesticide,

20 herbicide 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
25 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.



5 nmononer which is then polynmerised to formthe pol ynmer. However, the
ability to successfully apply such nethodol ogies is often highly polyner
and/or particulate material dependent. Furthernore, dispersing agents (i.e.
agents with 'surface activity such as surfactants) often need to be used to
facilitate the dispersion of the particulate material in the coating

nmedi um The use of conventional dispersipg agents in this manner can be 10
detrinental to the final products in whiCh the polyner/particulate nmateri al
conposites are enployed. In particular, conventional dispersing agents are

prone to mgrate and | ocalise_and thereby undesirably alter t&f wetti
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of polymer at a variety of thicknesses.

As an alternative to coating solid particles with preformed polymer, attempts have been
made to use conventional free radical polymerisation processes to form polymer at the
surface of the particles. However, such attempts have been generally unsuccessful. In
20 particular, processes employing conventional free radical polymerisation techniques to
polymerise monomer at the surface of particulate materials are generally not very
controllable and have a tendency to produce pimples 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
25 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



10 polynerising said one or nore ethylenically unsaturated nononers under
the control of said hydrophilic RAFT agent to thereby form polyner at the
surface of said solid particulate material. Gven the simlar polarity

bet ween the RAFT agent and the continuous |iquid phase (i.e. both being
hydrophilic), it was expected under these conditions that polynmer would
nore 15 readily be fornmed in the bulk Iiquid phase separate fromthe

di spersed particulate material. Surprisingly, it has now been found that a
hydrophi |l i ¢ RAFT agent in a hydrophilic liquid phase can control

pol yneri sation of nononers at the surface of dispersed solid particulate
mat eri al- i mephicf eikneefeiadlypberobusgoefficieytretd sapabien od beingeapphiod e rasrange tdfie
bul kK hydrophjlic liguid phase. 20 In essence, the nmethod of the invention
provi des apehmﬁ%%amﬂF€P¢§€ﬂ§FaB F¥fferi sation techni que that enabl es pol ymer
to be formed at the surface of solid particulate naterials in a

subst anti al d reproduci bl e manner. Provided that the solid
particulatghﬁggga%gﬁ%%gﬁbﬁgﬂgﬁspersed in the continuous hydrophilic liquid
phase, the particles can be of any shape or size. 25 Through the control
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| n one aspethyleridatlypmesented mumonhéreandr ovi des pol yner encapsul ated sol i d’
particulate material that is 100 mcrons or less in size, said solid
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ni crons or pereisylatmmeieziel. wherein the encapsul ating pol ymer has at least in
part been formed under the control of a hydrophilic RAFT agent, and wherein

the solid | gul gy |.S..S i Y, Earm: i .

t hr oughout Eﬁﬁéeﬂ glﬁcsg%gﬁ{rg@?{%{gaﬂbeo y?rne{rﬁlgsfffgﬁi ﬁgkha%ngg%% §°g“r”¥‘%°ﬂ'§§ﬁ§{/dz 6 rgl'e'
appear bel Gwth beihfaydiephilickdt das expeptedamded thichecondigontsi that. poBymef would more
Description of the Drawings 15 Preferred enbo%;rre ts.of the ipvention ,vv'ill
now be 53 | geadilyihsdonyedymthe pullligud ahasg sgpagate fromp therdispegse pattifylate material.

acconpanyi RgUAWING: hik MWW 6Ben fo5hd W a hyltdphald RAET RRhYINEY nyRGARRighiad

Ti 2 particl ?gsgﬁe%ar e% Waccnoroﬁancea \?VI [.‘/H rﬁ#e I nvent%%gn. Det}?l?l ed 1&&1

Descri pt i ophafe daheohmolgmtlymerisation of monomers at the surface of dispersed solid particulate
material in preference to promoting polymerisation of the monomers in the bulk

hydrophilic liquid phase.

20 In essence, the met'hod of the invention provides a ﬁnique interfacial polymerisation
technique .that 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.

25 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



20 A feature of certain aspects of the invention is that the one or nore

et hyl enically unsaturated nononers are pol ynerised under the control of the
hydrophilic RAFT agent. By being polynerised "under the control” of the
hydrophilic RAFT agent is neant that the nonomers are polynerised via a
Reversi bl e Addition-Fragnentation chain Transfer (RAFT) nechanismto form
polynmer. 5 be prepared having a well defined nol ecular architecture and

| ow pol ydi spersity. The techni que enployﬁ'a RAFT agent of the general
formula (1): X- Rc/ X z (1) which has been proposed to react with a
propagating radical (P;) in accordance wth Scheme 1. initiation |I.nononer
(M p'.n chencapsulaindfrarticulate material in a hydrophilic liquid. Alternatively, where such

polymerisation is allowed to continue and sufficient polymer mass is formed, polymer
which encapsulates the particulate material may coalesce to provide for a polymer mass

having the particulate material dispersed substantially uniformly therethrough.

5 In one aspect, the present invention provides 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 which has at

least in part been formed under the control of a hydrophilic RAFT agent.

The present invention also provides polymer encapsulated solid particulate material that is
10 100'microns or less in size, wherein the encapsulating polymer has at least in part been
formed under the control of a hydrophilic RAFT agent, and wherein the solid particulate

material is substantially uniformly dispersed throughout the encapsulating polymer.
Further aspects of the invention appear below in the detailed description. of the invention.
Brief Description of the Drawings

15 Preferred embodiments of the inf/ention will now be illustrated by way of Example only

with reference to the accompanying drawing in which:

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

invention.
Detailed Description of the Invention

20 A feature of certain aspects of the invention is that the onme 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.

25 RAFT polymerisation of ethylenically unsaturated monomers is described in

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



(1) reinitiation mononer (M chain equilibration Pin + X - X- Pn Pm XX-
PnPm XX+ Pn. (3) termnation. P., + P;dead pol yner

-5

be prepared having a well defined molecular architecture and low polydispersity. The

technique employs a RAFT agent of the general formula (1):
X——¢C

D

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

monomer (M)
I — — P.n

chain transfer

P+ XYX_R kyg P—X_, xR _k _ Pn—X X+R’
K.add \l/ | \l/

¢y ?)
reinitiation

. monomer (M) .
R e e P Pm

chain equilibration

: P, + XY X—Py Pm———x\r X—P, Pm——x\‘/x +Py
@ z z z Q’I)

3
termination.

P’ +P, — dead polymer

10 Scheme 1. Proposed mechanism of RAFT polymerisation



6 The effectiveness of the RAFT agent (1) is believed to depend on a
conplex array of rate constants. In particular, the formation of polyner
according to scheme 1 is believed to be reliant upon equilibria that
require high rate constants for the addition of propagating radicals to
agent (1) and the fragnentation of intermediate radicals (2) and (3),
relative to 5 the rate constant for propagation. The rate constants
associ ated with RAFT pol ynerisation are bélieved to be influenced by a
conplex interplay between stability, steric and polarity effects in the
substrate, the radicals and the products 'fornmed. The pol ynerisation of
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250 In terns of a solid t IS 1nsoluble 1n water,
" hydr ophi | pacticudardysthmds gpmobmfﬂllymrghrstdml 25 consi der ed by a per son skilled
in the art to be a reference to a solid that could be wetted by (i e. does

not repel) h|J hobi ¢. | i qui d,. | vel y t he
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Exanpl es of suitabl e hydrophilic Ilglgl ds that may be used as the continuous

|i qui diphadrophilicdeAFburgeat e hbese ykilled in the art will appreciate that the terms
"hydrophilic" and "hydrophobic" are typically used as an indicator of favourable or

unfavourable interactions of one substance relative to another (i.e. attractive or repulsive
interactions) and not to define absolute qualities of a particular substance. In other words,
the terms "hydrophilic" and "hydrophobic" are used as primary indicators to define

20 characteristics such as like attracting like and unlike repelling unlike.

" As a convenient point of reference only, a person skilled in the art might consider a
"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

25 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



limted to, water, water m scible polar solvents such as ethyl ene and
propyl ene glycol and Cl1-C3 al cohols, and m xtures thereof. In a preferred
enbodi ment of the invention the continuous hydrophilic liquid phase is a
conti nuous aqueous phase: Exanpl es of hydrophobic |iquids include, but
are not limted to, toluene, white spirit and 5 other optionally
substituted aromatic or optionally substjtuted aliphatic |iquids.

Simlarly, reference herein to a "hydréphilic RAFT agent” is intended to
define a RAFT agent having hydrophilic characteristics. In the context of
the present invention, such agents will typically not be capable of form ng
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phase, it 1:i>art1culate material through well known pathways such as steric and/or electrostatic

repulsion. To provide the ability to function as a stabiliser, the hydrophilic RAFT agent

comprises a moiety that cah provide for the requisite steric and/or electrostatic repulsion.

In the method of the invéntion, monomers are polymerised to form polymer at the surface
20  of the solid particulate material. By polymer being formed "at the surface" is meant that
polymer forms on or immediately adjacent (i.e. in the direction of 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 iiquid
phase such that it can coat the particulate material. Polymer will generally be formed so as

25  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



effect fornms a discontinuous phase within the continuous |iquid phase.
Provided that it can 5 be dispersed throughout the continuous |iquid phase,
the particulate material may take any shape or size. However, it is:’
recogni sed that particulate materials having a high aspect ratio, for
exanpl e those having a flat |lanellar or needl e shape, nmay prove nore
difficult to uniformy coat with polynmer than particulate material having a
| ow aspect ratio. The dispersed solid p'affti culate material may be in the
formof primary particles, or in the 10 formof an aggregation of primary
particles. The nmethod of the invention has advantageously been found to be
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oxi de. manner with relative ease at the surface of both small and large particles alike, be they

primary particles or aggregates thereof.

Accordingly, the solid particulate material may be of any type, shape or size provided that
20 it can be dispersed throughout the continuous hydrophilic liquid phase. Preferably, the
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

25 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



It is generally preferred that the solid particulate material that is to be
encapsul ated by polyner is substantially inert to the reaction conditions
under which the RAFT 10 pol yneri sation process is conducted. In practical
terms, the continuous hydrophilic liquid phase in effect functions as a
reaction nmediumin which the one or nore ethylenically unsaturated nononers
are polynerised to form pol yner 'at the sy?f_ace of the solid particulate
material. The nononer nay be present in the continuous |iquid phase as a
separate liquid phase, it may be soluble in the 15 continuous |iquid phase,
or the continuous liquid phase may itself consist or consist essentially of
t he monomerds WABSSe biogetiveorgenis suels ahpestisisls: heebitidguifangitidescandoplvrmacteutioals, st
or consi st nt . hy. ical ly unsaturate
monomers: (8 RRvho ety o a0 BRwAlocRlGe BhEYARRLS Mol %L B s e
di sper si on dibropmingmarone vampsuvk atcre diffibuldtopdispered wBh tHe 15dZPhiIKIR APt s,

| i quid. For exanple, where the continuous |iquid phase conprises water and
the particylate material, is.titani um dioxide, .the nethod of the invention
may be useﬂJfF%raabéﬁﬁ? %O?Q@aé%%agﬂ%?r?gé%@idéwlﬁlﬁc Pothpraster e £38 be A¢eitad by a
titani urg diggakHhilRani§ti8). €BxantPies B'Pb@éh}’mg‘feritaﬂ'%a}.’lgé,%?.{e'a&é f tﬁﬁﬁi’t-e@g)e o i3
functions t0 stabilise the solid particulate materia |n? e contrnuous
hydr ophi | i eli¢idesi zingpleaisle, calpiual sarbanhtenirayesids) yilitom didxide, tharidm silfle,|dngde a
l'iquid di sperseﬂ olﬁ?/ r e caﬁ)sul ated particulate material formed by the
net hod of tHEHE V/B’ﬁf 81 SURR BBFHPRGEYF® no addi ti onal di spersant to di sperse
t he pol yner encapsul ated particulate material in the liquid is required. -
10 - By beiing gansansplebid hSaREAN dialuldid SOl TRE SUBSIARIdAkYIdted b
surrounds the entire solid particulate material. The polyner nay, owevgr,
exhibit a dobmess &f sybstagtially frere tohthee reastien hoirditions undets whichi tthe RARTa
preferr odi nent . the i.nvention provides a nethod of preparing a

di spers@gn%gryr%erﬁgﬁ%%ﬁm%sﬁéﬁﬁ@ﬁfﬁ?g‘d solid particulate material in a
hydrophilic liquid, said nmethod conprising: providing a dispersion of solid
par ti cul at én pedceicalatrnis) the @DEhuGUsHIBrdHiORGl pBasel ih @6fett MRASMs a8 @irBaction

di spersion conpri.sing . a_hydrophilic_.RAFT agent as a stabiliser for said
solid medium in which the one or more ethylenically unsaturated monomers are polymerised to

form polymer at the surface of the solid particulate material. The monomer may be present
in the continuous liquid phase as a separate liquid phase, it may be soluble in the
15 continuous liquid phase, or the continuous liquid phase may itself consist or consist

essentially of the monomer.

Where the continuous hydrophilic liquid phase does not consist or consist essentially of the
one or more ethylenically unsaturated monomers, the method of the invention may be
cqnveniently used to prepare a dispersion of polymer encapsulated solid particles in a
20  hydrophilic liquid. For example, where the continuous liquid phase comprises water and
the particulate material is titanjum dioxide, the rﬁethod 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
25 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.



particulate material, and said continuous hydrophilic |iquid phase
conprising one or nore 10 ethylenically unsaturated nononers; and

pol ynmerising said one or nore ethylenically unsaturated nononers under the
control of said hydrophilic RAFT agent to form polyner at the surface of
said solid particulate material, thereby providing said dispersion of

pol ynmer encapsul ated solid particul ate ferial in a hydrophilic liquid. 15
Preferably, the continuous hydrophilic r’%uid phase is water and the nethod
produces an aqueous dispersion of polyner encapsulated solid particulate
material. I n accordance with this preferred enbodinent, the solid _
parti cul at Syneieg {enlcapsnbgl b atelenlt thyt thegolyaiey &gﬁpstimﬁupeuﬁmﬁfdf e %&ﬁﬁgl’sbﬁ@l e
or an aggregat e, t her eof ep nmer coating i ch encapsul ates, the

parti cl gg \R%’I%Icu]@ n §F‘P{; %:ge %B@gﬁﬁ??ya%oy’eh’% FERiRitA demier phBOTERitY (iec. Jove
particle. amgyhg@goﬁhﬁdpgimper encapsul ated particulate material can remain
di spersed, encapsul ated particles of any size can be prepared using this

met hodol ogy. The net hodol ogy can al so be used to prepare the afqremantioned
pol ymer eni@ﬂé\!ﬁfatré‘ii epdpdiment.dhe inngniéen ptovideata methd®®f mieparing aafisgeeson b
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encapsul at esmpasitg:cul ate naterial may be 70 microns or |ess, 40 nicrons or
|l ess, or 5 mcrons or less in size. The size of the polyner encapsul ated

articulate material. may also be in the sub-mcron range, for exanple from
8. 01 to 1 RI¥IORe aFGﬁSP?rg‘QnaRfoWg’élnE?Etl@*lataﬂva%abtn, ar ehéineeuselitdgoptibic lijuk "

of the pol ypRe &Rf aﬁﬁégsﬁh%nﬁﬁfsiﬂg%'h%gpﬂﬁéw ﬁgén@ ab ) Rabiliser for said solid

particulate material, and said continuous hydrophilic liquid phase comprising one or more

10  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 said dispersion of polymer encapsulated solid particulate

material in a hydrophilic liquid.

15  Preferably, the continuous hydrophilic liquid phase is water and the method produces an

aqueous dispersion of polymer encapsulated solid particulate material.

In accordance with this preferred embodiment, the solid particulate material encapsulated
by the polymer may be a primary particle or an aggregate thereof. The polymer coating
which encapsulates the particles will generally be substantially uniform around the 'entire
20  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 paﬁiculate material is
encapsulated in a substantially uniform and continuous coating of a polymer. Such novel
25 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



case is that of the |argest dinension provided by the conbination of the
pol ynmer coating and the solid particulate material. By the solid

particul ate material being encapsulated in a "substantially uniform and
continuous coating” is neant that the coating does not present in an
irregul ar manner 5 around the particulate material and that the coating is
substantially free of holes or voids. To achi eve these properties, the

t hi ckness of the pol yner surrounding the 1partlcul ate material wll
generally be relatively constant. However, it may be that the thickness of
t he encapsul ati ng pol ynmer can vary gradual | y around the perineter of the
parti cul at easgds efat af theHafgestxdimehsion tphevigat by ¢iel ansbinativinesf the pobymerabatiey
located at the precise centre of a spherical 10 polynmer coating. An
assessnent awt the selidparhigplaeyatendl continuity of the coating can generally be
made visually, for exanple by Transm SSI on Electron Mcroscopy (TEM. The
thickness gt {edpal ¥aREuGRAHaRGiaMYe ?Rﬂh&k@tiﬁsat’ﬂﬁbs\?ﬁtlaﬁy RHifdrmUbad €
material is preferab y at least 2 nan mate nore preferably at least 5
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encapsul ated parti cles. ere the continuous hydrophilic |iquid phase
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unsat ur at ed m)n ner s neri sati f t he 0 I he
bonti huous A pel R AL P i S BRI erc it Tnd PlelieleingBb®
the di sper pefe:aalpld] iRAFdriiOl RS niderid) eﬁa@mbtfbencseaeedm kbemecis@ssitedianghéral
particles di spersed t heret hrough. By the particles being initially
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can in this cas At ageo av ng artlcul ate
material substantially uni for m y di spersed theret hrough I n .anot her .
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least 10 nanometers, still more preferably at least 20 nanometers. There is no particular

15 limit as to the thickness of polymer that can encapsulate the particulate material, with the
ultimate thickness generally being dictated by the intended application for the encapsulated
particles.

Where the continuous hydrophilic liquid phase consists or consists essentially of the one or
more ethylenically unsaturated monomers, polymerisation of the monomers can result in -
20 the continuous liquid phase ultimately forming a polymeric matrix around all of the
dispersed solid particles 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

25 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



- 12 - particulate material, and said continuous hydrophilic liquid phase
consisting essentially of one or nore ethylenically unsaturated nononers;
and pol ynerising said one or nore ethylenically unsaturated nonomers under
the .control of said hydrophilic RAFT agent to form polynmer at the surface
of said solid particulate 5 material, thereby providing polyner having the
solid particulate material dispersed t hefet hrough. By the expression
"consisting essentially of' one or nore ethylenically unsaturated nononers

is meant that that the continuous hydrophilic Iiquid phase may incl ude
i ngredi ents do not

additional ipgredients, but only jf the additignal en s
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essentially of one or nore ethylenically ursaturated nononers ni ght be one
which is based on at |east 90 wei ght percent nononer, or at |east 95 weight
per cent nop@ymerising sgidl dnebee mprer ebylanieallst hatafurated ttheonenrd adderehé cofitrélhef

i nvention, .t ne, Qr et hyl eni cal | y unsat urated nononers will |
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nononers, it may be desirable to term nate pol ynerisation of the m)%omer

prior to i thergfroughy. ng converted into polyner. In this case, such a nethod
coul d provide a dispersion of polyner encapsul ated solid particul ate

material ig,t LAl N - |_Se n r _nore .et.hyl eni cal |
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this conti HLPélaL)glnﬁLrl FSi Rt Qg thsnaddegionghingsedienfe dp mtsmetrdalioplter the
10 basic and novel characteristics of the method. By way of example only, a continuous
hydrophilic liquid phase consisting essgntially of one or more ethylenically unsaturated
monomers might be one which is based on at least 90 weight percent monomer, or at least
95 weight percent monomer. It will be appreciated that, in this embodiment of the
invention, the one or more ethylenically unsaturated monomers will themselves be

15 hydrophilic. |

Where the continuous hydrophilic liquid phase consists essentially of the one or more
ethylenically unsaturated monomers, it may be desirable to terminate polymerisation of the
monomer prior to it all being converted into polymer. In this case, such a method could
provide a dispersion of polymer encapsulated solid particulate material in the remaining

20 non-polymerised one or more ethylenically unsaturated monomers.

As a variation on the method of the invention where the continuous hydrophilic liquid
phase consists essentially of the one or Imore ethylenically unsaturated monomers, it may
be desirable to disperse this continuous hydrophilic liquid phase, which itself has the solid
particulate material dispersed ther_ethrough, in a further or second continuous liquid phase
25 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 hydrophilic 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



particul ate material dispersed therethrough, in a further or second
continuous |iquid phase 25 to provide what m ght best be described as a
doubl e enul sion. For exanple, the particulate material mght be dispersed
in a continuous hydrophilic liquid phase which consists essentially of

hydr ophi Il i ¢ nmononer, this continuous hydrophilic liquid phase could then be
di spersed in a hydrophobic liquid phase. Thus in this context, the first
menti oned continuous |iquid phase (i.e.“k%at whi ch consists essentially of
nononmer) may be considered continuous relative to particulate materi al

di spersed thefethrough, and the second mentioned continuous |iquid phase
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substant i alyeYsecond continuous liquid phase. In this case, it is preferred that the first continuous

liquid phase is stabilised in the second continuous liquid phase by a colloid stabiliser.
Suitable colloid stabilisers include, but are not limited to, colloids based on poly 12
20 hydroxy stearic acid, commercial materials such as sorbitan monoleate (Span 80), or

polyisobutylene succinic anhydride (PIBSA) based stabilisers.

In accordance with the "double emulsion" method described above, the solid particulate
material dispersed throughout the resultant polymer particle may be a primary particle or
an aggregate thereof. Advantageously, the particulate material will be substantially
25 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
30 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



25 uniformy di spersed throughout the polyner particle. Provided the

pol ymer encapsul ated particulate material can remain dispersed,

encapsul ated particles of any size can be prepared using this methodol ogy.
The net hodol ogy can al so be used to prepare the aforenentioned pol yner
encapsul ated particulate material that is 100 mcrons or less in size,
wherein the particulate material is dlsp ised substantially uniformy

t hroughout the 30 polymer. Such novel polyner encapsul ated particul ate
material nmay be 70 microns or |ess, 40 mcrons or |less, or 5 mcrons or

| ess in size. The size of the olyner encapsul ated - 14 - materi al
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di.sperse the particulate material in the continuous hydrophilic liquid
phase, relative to the total ampunt of dispersant present (i.e. inclusive
of the hydBO’pbﬁlng éormptT'sageémtla%mw eicadditignal dispaisenti' d& n)eanﬂ habtheepolyimets,
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liquid phase, relative to the total amount of dispersant present (i.e. inclusive of the

hydrophilic RAFT agent which acts as a stabiliser). In other words, other than the
15 hydrophilic RAFT agent, the encapsulating polymer may comprise substantially no

dispersant. Most preferably only the hydrophilic RAFT agent is present as the stabiliser.

By the solid particulate material being dispersed "substantially uniformly" throughout the
polymer is meant that the particulate material is not localised or agglomerated within the
encapsulating polymer. For example, the particulate material should not be concentrated at
20 the centre or perimeter of the encapsulating polymer An assessment of the dispersed 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
25 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



encapsul ati ng polyner. For exanple, the particulate material should not be
concentrated at 20 the centre or perinmeter of the encapsul ating pol yner An
assessnment of the dispersed state of the particulate material can generally
be made visually, for exanple by Transm ssion El ectron Mcroscopy (TEM. As
i ndi cat ed above, the solid particulate material dispersed in the continuous
hydrophilic |iquid phase may al so be stabilised by other stabilisers such
as conventional surfactants or 25 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
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m grating. “&ﬁgpgyﬁoﬁ%ﬁggmqu&ﬁﬁ e PYFREL tfsgt?) Hggcga?%ﬁttﬁée/rgﬁ%gg{)e&%%@ﬁ%n
invention, pfifiandd SRk lai snRentionar birdtal i Reedindthenhéthbd oRARET ird@atitn, the
effectively Teduces the anount of conventional surfactant _ requjred and

t her ebyOpr siebidising afumeiaens of sheabydroabilicnRAER agent reélepidedy iroduces fthe paoypt 9§j ng

such surfactant.. As ed her.ej i.ons._"nol r rt .G t
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a product hesamwe cffbetouttsiddheuchsutdegast ti on of pol ymer at the surface of
solid particulate material. To functioen as a stabiliser, the hydrophilic

RAFT -agent used in accordance with the invention | generally be ,
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hydr ophi | i gent and the particulate material "will be by way of the
hydr opHi| i deposition of polymer at the surface of solid particulate material.

To function as a stabiliser, the hydrophilic RAFT agent used in accordance with the
invention will generally be physically associated in some way with the outermost surface
of the solid particulate material. Preferably, the physical association between the
h'ydrophilic RAFT agent and the particulate material will be by way of the hydrophilic
20 RAFT agent being adsorbed onto the outermost surface of the particulate material. 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 gctivity, 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
25  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



20 RAFT agent bei ng adsorbed onto the outernost surface of the particul ate
material. By having an ability to be adsorbed onto the outernost 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 | ess prone to becone qq%gloped by polyner fornmed at 25 the
surface of the particle. In other words, "an adsorbed hydrophilic RAFT agent
can have the ability to nove freely away fromthe surface of the
particulate material with the polyner that is being fornmed. - 16 -
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general fornmula (4): 10 S=--Q /s(X)fIR (4) where each X is independently

a pol yner i aasatsrase figenssest bedoWy dr ophi | i ¢ et hyl eni cal Iy unsaturated mononer, n
is an integer ranging from0 to 100, preferably fromO to 60, nost

pref er abl wai@Hh@i&?%ﬁ? Fgéﬂts biftaBR OF SRNh Gcr@Re URMH B0 g}e!sé‘ntsih'%?ﬁibﬁ et t h

one or nore c groups and Z is any group that can pronote
suf fi ci ent thosacf genbtay fapmuta@)t hi ocar bonyl group towards radi cal addition

whil e q8t slowing the rate of fragnentation to

S——(X)—R’

“)
where each X is independently a polymerised residue of a hydrophilic ethylenically
unsaturated monomer, n is an integer ranging from 0 to 100, preferably from 0 to 60, most
preferably from 0 to 30, R! is an organic group optionally substituted with one or more
15 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 polymérisation. Preferred R! groups
include C;-Cs alkyl, C;-Cg alkyl aryl, C;-Cs alkoxy aryl or heteroaryl, each of which is
optionally substituted with one or more hydrophilic groups selected from -COH, -CO;RN,
20 -SO;H, -OSOs3H, -SORN, -SO,RN, -OP(OH),, -P(OH),, -PO(OH),, -OH, -ORN, -(OCH,-
CHR),-OH, -CONH,, CONHR', CONRR", -NR'R", -N'RR"R", where R is selected from
C1-Cs alkyl, w is 1 to 10, R', R" and R™ are independently selected from alkyl and aryl
which are obtionally substituted with one or more hydrophilic substituents selected from
—CO,H, -SOsH, -OS03H, -OH, -(COCH,CHR)y-OH, -CONH,, -SOR and SO;R, and salts
25 thereof, R and w are as defined above. Particularly preferred R! groups include, but are
not limited to, -CH(CH;3;)CO,H, -CH(CO,H)CH,CO,H, -C(CH3);CO,H or —CH(CsHs).
Preferred Z groups include, optionally substituted alkoxy, optionally substituted aryloxy,



the extent that there is unacceptable retardati on of polynerisation.
Preferred RI groups include Cl1-C6 alkyl, G -C6 al kyl aryl, Cl-C6. al koxy
aryl or heteroaryl, each of which is optionally substituted with one or
nore hydrophilic groups selected from-CO2H, -CO2RN, 20 -SO3H, -0S03H,
-SORN, -SQ2RN, .-0P(OH)2, -P(OH)2, -PO(CH)2, -OH, -ORN, -(0OCH2- CHR)-OH,
-CONH2, CONHR, CONR R', -NRR', -NHR R'R);, where Ris selected from Cl-C6
alkyl, wis 1 to 10, R, R' and R' are independently selected from al kyl
and aryl which are optionally substituted with one or nore hydrophilic
substituents sel ected from-CO2H, -SO3H, -0SO03H, -OH -(COCH2CHR)"- COH,

- CONH2, - satignallysmbritutadarllsyll optiomslly kebstibited ®yh ngtionallyesubstitdtetlihetetoiolile.

Ta o8 oot BhElY BT S s, Sbrsfed B e b EmY oripatinuged
groups i nclasgelkyhbiol adialkbyy-S WS HiabHb e 911 Iﬁhyl O[DP(=Q))®H2¥] SHBRYI-t Bf eflaryl-

aryloxy, - 17 - optionally substituted , optional substi tuted aryl
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di aryl phos phedhyhlsin, R(r%x@h]lﬁﬁbolyﬂmieﬁ@ akidy peliasdri tswlﬁéh @@Mf SeTibie powwé}ﬂ;l ly
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and al kyl end capped derivatives thereo e as
above and R2bstguted|GeCedlkil, mptmhﬂlygsmsptméfk-ﬂglaﬁl@ngf cim‘bn@ll’lyalsthbstltuted aryl,
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Z groups include, but aré not limt
-N(CO)(CHz)eC,Hz

optionally substituted C;-Cs alkyl, , where ¢ is 2 to 4, and -SR>, where
R? is selected from optionally substituted C; to Cg alkyl.

Preferred optional substituents for R? and Z groups include epoxy, hydroxy, alkoxy, acyl,
15 acyloxy, carboxy (and salts), sulfonic acid (and salts), alkoxy- or aryloxy- carbonyl,

isocyanato, cyano, silyl, halo, and dialkylamino.

In selecting both R! and Z groups for hydrophilic RAFT agents of formula (4), those
agents resulting from any combination of preferred or particularly preferred R! and Z

groups are also particularly preferred.
20  Where the hydrophilic group is -N'R'R"R" there will be an associated counter anion.

Other suitable hydro‘philic 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
25 must provide an overall hydrophilic character to the RAFT agent of formula (4).
Typically, such agents will be incapable of forming micelles in the continuous hydrophilic

liquid phase.



-1\1(C0) (CH2) eqH2 optionally substituted G -C8 al kyl,, where e is 2 to 4,
and -SR3, where R3 is selected fromoptionally substituted C1 to C8 al kyl.
Preferred optional substituents for R2 and Z groups include epoxy, hydroxy,
al koxy, acyl, 15 acyl oxy, carboxy (and salts), sulfonic acid (and salts),

al koxy- or aryl oxy- carbonyl, isocyanato, cyano, silyl, halo, and

di al kylam no. In selecting both R and 4 groups for hydrophilic RAFT agents
of fornula (4), those agents resulting from any comnbination of preferred or
particularly preferred Rl and Z groups are also particul arly preferred. 20
Wiere the hydrophilic group is -1\14-RIR'R'" there wl| associ at ed
count er  alni aentain Bpberof$e nxpRtEOHE éf BRSFATCA chatalerlogys pinit fcﬁcﬂ %nonHPHI@s(é ) B¥
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via arin nbno or poI ycyclic rin st ens, although
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ant hracen ﬁenz@'ﬁmﬁ@ M2 s3B& 1R furke Thadth e e @ltBencfphenzahiih) merie, imidazole,
phenant hr acene, perylene, pyridine, 4- he?ﬁél pyri.dine, Wg? 3- henyl rl di ne,
t hi ophenepymopwanmmamld@pmﬁdaﬁinwﬁé irRlERG FRRD L AR, auitoline,
benzof ur an r enzof r an t hid 9@1
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pyrrol e, pyrazi fe,  pyrim di azi ne, indole,
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acri dilde, ap%wdmehwhpﬁévhl%’rmmk? %noqa BEWPSEIEEL i sooxazol e, phenoxazi ne

In this specification "optionally substituted" means that a group is unsubstituted or is
substituted with one or more further groups. Where such substituent or further group(s) is
not specified, it may be selected from, but is not limited to, alkyl, alkenyl, alkynyl, aryl,
‘halo, haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy,
20 benzyloxy, haloalkoxy, haloalkenyloxy, acetyleno, carboximidyl, haloaryloxy, isocyano,
cyano, formyl, carboxyl, nitro, nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, alkylamino,
dialkylamino, alkenylamino, alkynylamino, arylamino, diarylamino, benzylamino, imino,
alkylimine, alkenylimine, alkynylimino, arylimino, benzylimino, dibenzylamino, acyl,
alkenylacyl, alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy, alkylsulphonyloxy,
25 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

30 ureylene.



15 and the like, each of which may be optionally substituted In this
specification "optionally substituted” means that a group is unsubstituted
or is substituted with one or nore further groups. Were such substituent
or further group(s) is not specified, it may be selected from but is not
limted to, alkyl, alkenyl, alkynyl, aryl, halo, haloal kyl, hal oal kenyl,
hal oal kynyl , hal oaryl, hydroxy, al koxy, al kenyloxy, aryloxy, 20 benzyl oxy,
hal oal koxy, hal oal kenyl oxy, acetyl eno, -d&rboxi ni dyl, hal oaryl oxy, isocyano,
cyan.o, fornyl, carboxyl, nitro, nitroalkyl, nitroalkenyl, nitroalkynyl,
nitroaryl, alkylam no, dialkylam no, alkenylam no, al kynylam no, arylam no,

di aryl ani @rgegea%txa %&@és,ei MeNRrma"kxlobeiMend Bdienyibddnhetein Rifdeytoyl, B, e,
arylimno, benzylimno, di benzyl ami no, acyl, al kenyl acyl, al kynyl acyl,
aryl acyl , aad\H.am no, di acylam no, acyl oxy, alkyl sul phonyl oxy, 25

aryl sul phenyl oxy, heterocyclyl, heterocycl oxy, heterocycl am no,

hal oh |
ot R B AR SR o, S RO s g

aryl sul phi enzylthio, acy , sul phonam do,
sul fanyl, wgiehflogpakyahospkmic, Calklyrintinoty and ddiatkylahinok dsndtgs straight thain,
al kyl'silyl, al kyl al koxysilyl, phenoxysilyl, alkylphengx silgl . .
3|r E;))ég,pﬁ g ﬁ&lﬁﬁﬁ ?DE P?’?rqubﬁe RiSESFably 1,-20831%6 SEG W?‘%jﬁ aﬁF%?Pl‘S S of stepiglitshpin
and branched alkyl include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyl,
4-methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl,  3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2,-
10 trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, S5-methoxyhexyl, 1-methylhexyl, 2,2-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-
dimethylpentyl, 1,4-dimethyl-pentyl, 1,2,3,-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-
trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-,
2-, 3-, 4-, 5-, 6- or 7-methyl-octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propylhexyl,
15 decyl, 1-, 2-, 3-, 4-, 5, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-¢ethyloctyl, 1-, 2-,3-
or 4-propy1heptjf1, undecyl, 1-, 2-, 3-, 4, 5-, 6-, 7-, 8- or 9-methyldecyl, 1-, 2-, 3-, 4-, 5-, 6-
or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propyloctyl, 1-, 2- or 3-butylheptyl, 1-pentylhexyl,
dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-methylundecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-
ethyldecyl, 1-, 2-, 3, 4-, 5- or 6-propylnonyl, 14, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl

20 and the like. Examples of cyclic alkyl include mono- or polycyclic alkyl groups such as

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,
cyclodecyl and the like.

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

25  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, NOs", CN" and POs5".



- 19 - Unless stated otherwi se, the terns "hal ogen" and "hal 0" used herein
refer to 1, Br, d and F. In this specification the term"alkyl", used

ei ther alone or in conpound words such as "al kenyl oxyal kyl ", "al kyl t hi o",
"al kyl am no" and "di al kyl am no" denotes strai ght chain, 5 branched or
cyclic alkyl, preferably C1.20 al kyl or cycloal kyl. Exanpl es of straight
chain and branched al kyl include methyl, ogthyl, propyl, isopropyl, butyl ,

i sobutyl, sec-butyl, tertbutyl, anmyl, isoanyl, sec- anyl
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chemistry. AS’used herein, ‘the term"counter anion" denotes a species
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15 previously defined, preferably C,,, alkynyl. Examples of alkynyl include ethynyl,
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2-propynyl and 2- or 3-butynyl.

As used herein, the term "acyl" either alone or in compound words such as "acyloxy",
"acylthio", "acylamino" or "diacylamino" denotes carbamoyl, aliphatic acyl group and acyl
group containing an aromatic ring, which is referred to as aromatic acyl or a heterocyclic

20 ring which is referred to as heterocyclic acyl, preferably C,,, acyl. Examples of acyl

include carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl,
butanoyl, 2-methylpropanoyl, pentanoyl; 2,2-dimethylpropanoyl, hexanoyl, heptanoyl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
25 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;



C2 al koxy. Exanples of al koxy include nethoxy, ethoxy, n-propoxy,

| sopropoxy and the different butoxy isoners. As used herein, the term
"al kenyl " denotes groups formed from strai ght chain, branched or 5 cyclic
al kenes including ethylenically nono-, di- or poly-unsaturated al kyl or
cycl oal kyl groups as previously defined, preferably C2_20 al kenyl. Exanples
of al kenyl include vinyl, allyl, 1-nmethy].vinyl, butenyl, iso-butenyl,
3-met hyl - 2-butenyl, 1-pentenyl, cyclopéﬁﬁényl, 1- net hyl - cycl opent enyl ,
1- hexenyl, 3-hexenyl, cycl ohexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl,
cycl ooctenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1, 3-
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groups forned from stral ght chain, branched or cgcl I ¢ al kyne including
those st r uthenylalkeyodi ni (eeg. t ophemalpseneppyland Rbpaylouiergyl, gr Phpaylmsthesryloyl,

previously .defi ned referahl v, C2 | ky S,.0 i de
Ctynyl S 2ralagtod &S e setery it P BERERNES (%, R b B
el ther al q;h@hgmﬁq%@ynpoym wor figphiudpendgoyBey| oxwlkoxyemydryihi 0" such as
acyl am no" "or ""di acyl am no" denotes carbanoyl, aliphatic_ acyl group and
acyl gr oupphsoplabitonyenbenyl ar degt i c benadoxsiaroRyDs r élfyé?’%yéﬂrb%%as %Hcg‘rrat %
acyl or a prh%‘ﬁSé}?c%%‘b%'n&F and napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and
phenoxypropionyl; arylcarbamoyl such as phenylcarbamoyl; arylthiocarbamoyl such as
10 phenylthiocarbamoyl; arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl;
| arylsulfonyl such as phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl;
heterocyclicalkanoyl such as thienylacetyl, thienylpropanoyl, thienylbutanoyl,
thienylpentanoyl, thienylhexanoyl, thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl;
heterocyclicalkenoyl such as heterocyclicpropenoyl, heterocyclicbutenoyl,

15 heterocyclicpentenoyl and heterocyclichexenoyl; and heterocyclicglyoxyloyl such as

thiazolylglyoxyloyl and thienylglyoxyloyl.

As used herein, the terms "heterocyclic", "heterocyclyl" and "heterocycl" used on their
own or as part of a term such as "heterocyclicalkenoyl”, heterocycloxy" or
"haloheterocyclyl" refer to aromatic, pseudo-aromatic and non-aromatic rings or ring
20  systems which contain one or more heteroatoms selected from N, S, and O and which may
be optionally substituted. Preferably the rings or ring systems 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
25 by the following general formulas 5 to 14

S ‘ S

COH
/n\ X) COzH /{k Xn
RS s n\( RS s

(6

(5) CO,H



20 ring which is referred to as heterocyclic acyl, preferably C1_20 acyl.
Exanpl es of acyl include carbanoyl; straight chain or branched al kanoyl
such as fornyl, acetyl, propanoyl, butanoyl, 2-nethylpropanoyl, pentanoyl,
2, 2-di et hyl propanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl,
undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl,
hexadecanoyl, hept adecanoyl, octadecanoyb nonadecanoyl and icosanoyl; 25
al koxycar bonyl such as net hoxycarbonyl, %ﬁoxycarbonyl, t - but oxycar bonyl ,
t - pentyl oxycar bonyl and heptyl oxycarbonyl; cycl oal kyl carbonyl such as

cycl opropyl carbonyl, cycl obutyl carbonyl, cycl opentyl carbonyl and

cycl ohexyl car bonyl ; al kyl sul fonyl: such as net hyl sul fonyl and et hyl sul fonyl ;
al koxysul fonyd suchg as met hoxysul fonyl and et hgxysul fonyl; aroyl such as

benzoyl, tol upyl anf naphthoyl; - 21 - aral kafjoyl slich as phenyl al kanoyl
(e.g. phenyl geetyl, phenykﬁropano?éﬂ,phenylbut poyl , l{phenyly sobut yday; ,
phenyl pent d yI'h and nap ylaykano g/(e o

napht hyl acet yl , naphthylpropa oyl and napht hyl but/anoyl ; aral kenoyl such as
&Eenylpr penoyl, phenyl oyl , enyl netlgacryl oyl, 5

phenyl pent enoyl and ptenyl hexenoyl and napht hyl al kenoyl napht hyl pr oyl ,

napht hyl but enoyl andnapht hyl pent enoyl ) ; ar al koxycar bonyl suchas

phenyl al koxycar bonyl (e. g. benzyl oxycar bonyl ) ; aryl oxycar bonyl suchas

phenoxycar bonyl and napt hyl oxycar bonyl ; &) onyalkanoyl such as

nd phenoxypropionyl; a ylcar..nDyI such as phenyl car banoyl ;

aryl t hi ocar banpyl such as 10 phenylthlocarba - ngIyoxonyI such as

: : ]S COzH
phenyl sul f gsry napt ul fonyl ; hetex&Cycli g
het er ocycl'i cal kanoyl suc s thienyl acetyl, thlenylpropanoyl
t hi enyl but anoyl , thi enyl/pentanoyl, thlenylhexanoyl thlazolyla etyl,

thladlazolylacet@D and tetrazolylacetyl heterocycllc@pkenoyl such as
heterocgcllcpropenoyl heterocycllcbutenoyl 15 heterocyclicpentenoyl and,
het er ocycl i chexenoyl ; and heterocyclicglyoxyloyl such as

t hi azol yl gl y0% ang thienylglyoxyloyl. As used herein, the terns
"het erocyc "het erpcycl y1" and ' heterocycl used og their own or as
part of a "heteg&cycllcalkeqa% , heterocycl oxy" or
"hal ohet er ot referste” -aropmti c And ne; ar onmbiHC
rings or ring \\s s// ;>X<i
1y
v o (12)
S 0
//”\\ Xn., | | i
; < |
R3s S NH, Xn /(X)n
' NN
(13) v (14

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

10 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. Trlthlocarbonyl hydroph111c RAFT agents are

particularly preferred for use in such an environment.



20 systens which contain one or nore. heteroatons selected fromN, S, and O
and which nmay be optionally substituted. Preferably the rings or ring
systens have 3 to 20 carbon atons. The rings or ring systens may be

sel ected fromthose described above in relation to the definition of

“heteroaryl". Most preferred hydrophilic RAFT agents include, but are
not limted to, agents represented 25 by the foll ow ng general fornulas 5
to 14:. CO2H R3S -22. (13)(14) where 3, X and n are as previously

defined. 0 10 Wiere a hydrophilic RAFT agent is to be used in accordance
with the nethod of the invention in an aqueous environnent (eg. in a

cont i NUOUSTIRAMRRYShiIRORIADT abénts of Porafuds &I will alerdlly hermstaictiaslefcatuydrthatyt i
stability. Trithiocarbonyl hydrophilic RAFT agents are particulaply.

pref erred dnebledhemitp phyriepllyrassomiqte Grithethe Paﬁmug@ mateialbb 3 ARixREe Pf tonigagg
agents of for.nmul ).l L nerally have structural features that enable
themto ph@/og?l 1cggllcﬁij%§%t\§%cg9lg§w th the particulate material by a m xture of
ionic and non-ionic polar interactions. Those skilled in the art will

appr eci at eThdsatskilled iyl anpwiilliapprdomteathnethe dfydtdphilRAfHRravtrrifshe Rideldagants

accordance wi.ith the in t. b, i.ed th h th '
R RIE SRTRERE S [ESREY .
in this hygm)g@t{é,{tg Sudt ;ﬁ%%%%d(i@@)nbﬁ fuRRbIRl(4). Wiritoahh Bs Hﬁ&bﬁlﬁlﬁc character

|

i nteractions between t agent and the ‘continuous hydrop ic liquid

phase and tdneesskfud i aailoriogldasieednintesacitighs between the RAFT agent and the continuous
hydrophilic liquid phase and the solid particulate material.

. A preferred means of tailoring the hydrophilic character of the RAFT agent of formula (4)
10 is by varying the nature of the -(X),- group. X is independently a polymerised residue of a
hydrophilic ethylenically unsaturated monomer. The group -(X),- may be a homopolymer
or a copolymer such as a block or random copolymer. Through variation of the types of
hydrophilic monomers used (i.e. types of functional groups, ionizable or non-ionizable,
etc), and/or the manner in which they are polymerised (i.e. to form a hc;mopolymer or
15 copolymer), conside.rable variation in the hydrophilic character of the RAFT agent can be
at!:ained. A discussion on the types of Hydrophilic monomers that may be used to form the

-(X)a- group is provided below.

The selection of a specific hydrophilic RAFT agent for use in accordance with the
invention will to a large extent be dictated by the polarity of both the continuous -
20  hydrophilic liquid phase and the solid particulate material. For example, the surface active
character of a hydrophilic RAFT agent used in association with a hydrophilic particulate
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.

25 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



A preferred nmeans of tailoring the hydrophilic character of the RAFT agent
of formula (4) 10 is by varying the nature of the -(X)n- group. X is

i ndependently a pol yneri sed residue of a hydrophilic ethylenically

unsat urated nononer. The group -(X)"- nay be a honopol ynmer or a copol yner
such as a bl ock or random copol yner. Through variation of the types of

hydr ophi I i ¢ nononmers used (i.e. types of functional groups, ionizable or
non-ioni zabl e, etc), and/or the manner 144 whi ch they are polynerised (i.e
to forma honopol yner or 15 copol yner), considerable variation in the
hydrophilic character of the RAFT agent can be attained. A discussion en

t he types pélymedpatibiel dompusito niar the thlydltophﬁi;c REFTIsgehttoan fberpartididarty dportagt oup
is provided, belo The s§%ﬁct|on of ﬁe0| ic hy drocgllic RAFT agent for
use in accOlEEACUSREIPN p YW%?&%“’(S‘I’PW fs i beingEenseedext ent be dictated by
the polarity of both the continuous 20 hydrophilic liquid phase and the
sol i d part [Cetmiderin@h Shitffle hfRbplaKE RINIE adellfo? Wid ACRcBThhMERRMART&lioRl 2
hydrophi |ic RAFT agent used 1n association with a hydrophilic partlculaie
materi al dihsperospdrepfesented abyhjkdr mplﬁwrnma ¢nmayubesseleotpdi sughhéme it gs |dithet y

to be di.ff tht RAFT t d t

wth a RycPEEROEE Sy dRenfie h REFRAPE) HhTeier ol T s a bR e
cont i nuouscdd il be Fh'?dﬁ%hog5 pT@@d@@itei@tas a6t Pbvent ﬂ{éelQAFT(thNm&ﬁ hedrigCovRAT
agent for use in accordance with the |nvent| on@hdght al so be dictated by

the conbi nbyArpplalie inchsradieny ReeferabilarR | iy selneed i it l%hmllagmhaaﬁﬁm bs
h f th
at the sur f)ﬂg? R bélgg a(?lg{e%rﬂ tg%g#rg&hg&ﬁg% g{aﬁlﬁ)ﬁaﬂﬂ a%ov]%? g 6§,[ro nln &O‘ﬁﬁé

that is to be or ne Surf ace. I

24 - pol yne/rpadtivitg lo€ tieoimriveptikc RIAF T fgenhyetoarb lintitedRAminagess. Cuwder, it
particular|y inportant where a_dispersion of polypger coated particles is

bei ng dpep%i'rlgﬂmrt%t @%@F(ﬁéﬁ"%dx&l 5 pf fymatla Ay i shites eadfeatieaxperarorn thafide in
acCor dance, %Otfr;g ﬂlﬁ%ﬁ‘&tﬂ% ﬂroup represented by Rl in fornula (4)
A 'S et

may be sel 60t suc er 5 hydrophilic or hydrophobic in
character. However, as previously discussed the RI group can only be

hydr ophobi Eh«psd%tdmdoﬁ z id@qﬁcaﬂmmmedmmﬂanmwitm"peagmmrovm theilngraphdial |
hydr ophi | | cha ac Pr.ef er abl. | ected such that it is

nyelr ophi | 1 BART &akat Rakcfhe GG R ety St dnarDreRsvRs. 1 P et » 2

thi ocarbo ngxlohblfgr &BptRind 8 de@dLﬁa (9 1U%dirﬁpb|n'aﬁt fhhesucpar gllovxptcwephott ]{)\%wde a

hydrophi I'i ¢ RAFT agent beconmes |inited as n increases. However,
i por t dAt  leRuingtareuRy that s A botterdeaying erown| ia qamparisen avithy e {X&irl&algrm@avf ng

group that b f i LS i C
is typi cal Oﬁ%u? a@§1 ir?‘g (i 1 m{ﬁ%f] 5@3%’%%% Elt b %e?&%?tgaglyt%cﬁﬁ]%gr ophi ?ﬁ%’q{m FT
agent wt haﬁdms akdrbgt tsylﬁmatgml NTEiO il RVRE ntoh Be peleymif §@tZ groupli® also an
selecting a .
(X)n-R group.
It will be appreciated from the foregoing that a number of variables need to be considered
20  when selecting a hydrophilic RAFT agent for use in accordance with the invention, To
further illustrate this point, a number of different approaches to performing the 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.

25 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



group for conpounds of forrmula (4) it is inmportant that such a group does
not provide a 15 leaving group that is a better |eaving group in conparison
with the -(X)-R group of forrmula (4). By this limtation, nononer
insertion preferentially occurs between -(X)"-Rl and its nearest sulfur
atom This will of course not be relevant if the Z group is also an group.
It wll be appreciated fromthe foregoingsthat a nunber of variables need
to be considered 20 when sel ecting a hydrophilic RAFT agent for use in
accordance with the invention. To further illustrate this point, a nunber

of different approaches.to perform the.methqd are descrihed ip nore
detail dir 3&?@1?814? .qqlﬁiplaﬁ@e éwa?n‘@%flﬁgmlﬁﬁf@r thetfoumating; Af@8ionif gharge at the
hydr ophi | i gt i ghaRbap i r O RArt

mat eri al , igt canéﬂﬁlgzbagghg‘genelgm en?n(?(g)llg? %}F&%}t@t@ﬂt_@ ﬁ‘g&ggl%gﬂet §R2"r tgltrﬁ}eg 6 fhe
hydr ophi | i GydgobhifidrRodpFblageaitt In this easethe ptopbitias. of 3olyhinisee i dnoshblenmenamerdance

with the inventjon., erfornmed i.ng, hydr il ol i rticul at
Tt ori ol aft B HORH B RAT kSO CPhToUL PR d o depitades P ot e QB shasiptti
hydr ophisl i ¢o BARTop@RA BhrdeQt Ml strfadd o BY phigichlafVhseHaMinkdht @ () erdh AP
that conprises a proportion of polynerised hydrophilic 1onisabl e nbnoirer.

I n order t ¢hefasrdrephilic R&FTeagend, the hydrophilic RAFT agent and the solid
particulate material are introduced to - 25 - the continuous |iquid phase

R i e T

of the hydapmeisuifacpfthe agéhpartitulateihgteridSach thacatleaparédion odthepOX),Merouped
i oni sabl e npnoner_in the hydrophilic RAFT agent can _be sufficient to render
the pH of OHESItPdhe quikeese! the ip@lﬁw@tasma@ﬁraé%@w@ a1y dppie mashapjama Whilp other
sur f acq pof | trek el : " :

hydr opﬁiol i éé%%%ﬂgg?ﬁ &%ggﬂﬁf%ﬁﬁgtafg%ﬁq}gﬁ% %?g%(gep%?sl.it?ee yn %ﬁ%ﬁgg%@ngﬁg%ﬁeet&

t he hydr opkiabilise RA¢-padpahite amterat Somb catletdivep. s Depasding fupbhahs degride of ionic

articul at terjal such that at |east. a Lon of t - .- .group bi nds
Po the sur PREUMEtheneois hetwehinaie Hiarahil RARIGHGR il Trctobnamienl 1
whi I e ot heg, L0nd BOhANa3e uph thd By diysHifp RAFTCa AT HviRg8 N be 8 t@%ﬁﬁ%ia@%a?ofrf;]&ﬁh

the continuous liquid phase to 'stabilise the particulate materia
coal esci ngtheDsyéaedi ofgthgppartictiate degieda withitbeipolymeerdisny is Harmed c U/sdebdheseen

t he hydr.ophilic RAFT aggent and.th articula material, it may be i his
case 1 Har” PRERyRRsEnt T e SR Bt Tl BrPRA R pollT Susdiet ot ne
surface of shifigendrihé pattiotiateritenidlaloeyvhbtentBiRpd BleyiRIromslid RAFT dehh®@h thipder
these 15 circunstances, it wll generally be preferred that the anount of

pol ymer f oitrhag natonges fianptipneea sfbiliser. parti cul ate material does not envel ope
the hydrophilic RAFT agent such that it can no |onger function as a

stabiliser. LERNR LY : i ' f : he
surface of ﬁlﬁg@tslgﬁya?%grat%ll%ﬂ%t&e& %a@?(ges(rﬁi %ﬂ{%@éﬁ{}:éﬂ%%ﬁﬁc&g ?é%éégaa{ct rmﬁlat%he
hydr ophi | i enafidal tlegenirophilyc denrantértefihe/hydtppisitie R AFT dgent addyde sutiably adjusted
bindin% efficienc%.. C e .
0 to reduce the ionic binding efficiency.
If it is found that the dispersed encapsulated 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
25 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 used for this purpose. Suitable ionisable monomers for this
include, but are not limited to, acrylic acid, methacrylic acid and sodium styrene

sulphonate.



If it is found that the dispersed encapsul ated particles becone
destabilised as the thickness of the polyner coating grows, stabilisation
can often be maintained by incorporating an anount of ionisable nmonomer in
t he mononer feed. Thus, although an original noiety conprising a
stabilising charge becones buried in the coating and rendered ineffective,
the 25 surface charge on the coated pargicles can be nmintained by the

| at er addition of ionisable nononmer. Pr ?érably an amount of from1%to 5%
of the ionisable nmonomer in the nononer. feed would be used for this

pur pose. Suitable ionisable nononmers for this include, but are not limted
to, acryl iBy theitetm fiehisalleYlused acémnesitbnswith athytenjcalin emsafinpied magromers 96a- - By

the term"ionisable", used in.co ion with.ethylenically unsaturate
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nononers, is nmeant t%at t he nononer, group or regi on does not have
ionisable functional groups.  In particular, such nononers, groups or
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pol ymer at the surface of the partigcul ate material, a hydrophilic FT
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the agent can exist in an equilibriumbetween 20 being solvated in the
continuous |iquid phase and bei ng associ ated at the surface of
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In contrast, ,RAFT agents that are capahl e of .30.f i n i cell es or ofher
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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
25 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 litile if no tendency to form micelles
in the continuous hydrophilic liquid phase. In contrast, RAFT agents that are capable of

30 forming micelles or other aggregates away from the surface of particulate materials will



-27 - generally have an increased ability to conpete effectively for the
avai |l abl e nononer that may lead to the formati on of i ndependent polyner
particles. It will be appreciated that provided a |abile hydrophilic RAFT
agent gains control of polynerisation at the surface of the particul ate
material, this polynerisation process itself will inevitably render the
agent 5 non-labile. Were the nethod of the invention is perforned using a
conti nuous hydrophilic liquid phase whi cB7does not consist essentially of
the one or nore ethylenically unsaturated nononers, it is preferred that
the one or nore nononers are introduced to the continuous i qui d phase

after the sehddliphivd Sindiqasepitlityat cdnerneffdeyitelonbt tHeCavitAdble agtfidiner that
interact so 10 as to provide fqr a stable dlsper5|on By adopting this
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conduct ed #ABALUest ar ved 15 feed” conditions. Such conditions al so reduce
the likelihood of stabilised nononmer droplets being fornmed in the
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al

pol ymerlGpaes ite Ipeavid far asipbleadispsreione By pdentipgrials anpapachy ihepdiof iagy
RAFT agent hedr gpﬁ%qg&ﬁ gght@sto%%ﬁné gg ? s?a%ﬂ &k 'cri&éﬁ%ﬁ{e'r plé"_cp?n tﬂel c%ml}lyous
bShiated par |

pol ynmer enc i'cl’'és cou hen e Fedishersedh ont'1 NUousS
hydr ophi | i ¢1qhidqpha§e tzhﬁﬂ&cé&ﬁ g Blsopasfered aiadtltehﬁomhmhichak Im'tfbdﬁa@dﬂi tonthed
to forma thicker ymer coating on the particulate material. In

accor dancecmwowél%ltci mhaseots fi%e il e FAPBRE, théE gy Pidi e loymefinsnotimaenomper
MoNomers ar Foﬁ?&éy 6th ofd8 e ls éﬁﬁr&@%a"tﬁle t| Cél‘[?saﬂxﬂ'isowﬁ'dhét dfﬁ-‘?@? "§gRRR to

formpolyrrer at t sur aceo e solid te materra
pol ymerli5s atféedfi cmntiitlons uaShgh cenditipes ahmtneduaeothe?,[ikélrlrmmdaofsetabdfsed)fmcﬁrroamr
radical's. Epo%lestg Ll')ref:neg ?orme Iltnlt tel &b uﬁggdsc cllusldc%asebew lngxlndgl(rjn % so-Teluces t%g )

possibility of forming polymer that is independent of the particulate material.

Where it is desirable to minimise the possibility of forming polymer that is independent of
the particulate material, the polymerisation may be conducted to a point where
20 substantially all labile hydrophilic RAFT agent present has been rendered non-labile. At
this point, the "lightly" polymer encapsulated solid particles may be separated from any
independent polymer particles that may have formed or any residual free hydrophilic
RAFT agent by a separation method such as centrifugation. The "lightly" polymer
encapsulated particles could then be redispersed in a continuous hydrophilic quuid phase
25 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

30 from a source of free radicals. The source of initiating radicals can be provided by any



sui tabl e nmethod of generating free radicals, such as the thermally induced
honol ytic sci ssion of suitable conpound(s) (thermal initiators such as

per oxi des, peroxyesters, or azo conpounds), the spontaneous generation from
nononers (e.g. styrene), redox initiating systenms, photochem cal initiating
systens or high energy radiation such as electron beam 5 X- or
gama-radi ation. The initiating system i? chosen such that under the
reaction conditions there is no subst ant £&r adverse interaction of the
initiator or the initiating radicals with the hydrophilic RAFT agent under
the conditions of the reaction. Thermal initiators are-chosen to have an
appr opr i at euifekle meitiad af genwsatingriise avdicelspbughohy er iteaibly . indited ehomolytic
initiators oIl de _one _or re of the. foll ow ng conpounds:

102 5 apobt Spork B e 3PFePndl®) Gredal st s s At bR proaresisegr 220 2.
azobi s( i sobsthysaids), .thet sfomaeehl éikratfone ' £d) - initiati
azobi s(cycl ohgxane)car bolrgﬁ tril _e)_,g 2-(t- bgtgmﬁilgggé))@ezl-@&%hggrl%pi’nrgfbﬁ,nf'u?%%bi S
{2- net hyl syems; phpiocksmicahipitisting systemh guihigh woeigy Irhdintimi schris dseiron beam,
2,2' -azqbi - - - hydr oxyet.hyl ) propi onam deb .2, 2' - azobi s(N, N, -
15di net hyl Z{%g‘irs%%{i}% F%dﬁ\%‘t&%ne@ai‘ﬁ%?‘{%% r?&%?‘?‘d@, chdSen Suck that ‘under the reaction

2, 2" - azobi edriditions diheepisopanmbstantiel HdeeRk dhdetiRtion of the initiator or the initiating
2,2' -azobi s(.N, l}! dflh t hyl enei sobut yram di nezl, 2,2' -azobis {2-

met hy| - N { FBOicals; i %MQsﬂpétle"ﬁﬂawrua@é hgonditiansiod tenieaetion. 2, 2' - azobi s
{2- met hyl -N41, 1- bi s(hydroxynet hyl ) -2-ethyl | propi onam de } ,

2, 2" - azobi $heni¥etiRiafr{ %ie{')ég?%yﬁt Rte) gﬁ %?)ippdb?medﬁhf life at the temperature of

2,2' -azobi s(isobutyram de drate
20azobi s( 2pdyaetisatioat Aheganitiate) carZin2ludaandoshdrera iy foloARanedmpdimist v
per oxyacetate, t-butyl peroxybenzoate, t-butyl peroxyneodecanoate,

t - but I sQbut yr at t - amyl ,0Xypi yal ate, t-butyl peroxypivalate,
i i soptBpy T per By HoR R BORt RNy Voh BF U Sy ER D RSB b0 cuny
per oxi de, di benmyis(iw@ﬂagz,4,4113555;5@%')}39@‘;3@6@&5@Ep’tiassi um

per oxydi sul fate, ammoni um 2bper oxydi sul'fate, di-t-butyl hyponitrite,

di cunyl hyponi t#7ebis(cyvlphsxanegarbontrie), 2eichutybzo)2-cymivprapsne;, 2 alzobis{2- at or
and have an approny N BRSSPt e butniish dndrbihe
condi tions of thethpbNy@ersidsatyethyl)p hige]l melasdeispemeoi n derivatives,
benzop 5‘? none, aﬁyeth?gf?engggg&?/}a?n%di%é)i diﬁ;dro gﬁoricﬁ)&g %52('):21;(?&?()5-asnzlicsiitn%g?o'pane)

' dihydrochloride, 2,2'-azobis(N,N'-dimethyleneisobutyramidine), 2,2"-azobis{2-
methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl] propionamide}, 2,2'-azobis{2~
methyl-N-[1,1-bis(hydroxymethyl)-2-ethyl]propionamide}, 2,2"-azobis [2-methyl-
N-(2-hydroxyethyl)propionamide], 2,2-azobis(isobutyramide) dihydrate, 2,2'-

20 azobis(2,2,4-trimethylpentane), 2,2'-azobis(2-methylpropane), t-butyl
peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyneodecanoate, t-butylperoxy
isobutyrate, t-amyl peroxypivalate, t-butyl peroxypivalate, diisopropyl
peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl
peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium

25 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

30  phosphine oxides, and photo-redox systems.



- 29 - Redox initiator systens are chosen to have the requisite solubility
in the reaction nedium and have an appropriate rate of radical production
under the conditions of the polynerisation; these initiating systens can

i nclude, but are not limted to, conbinations of the follow ng oxidants and
reductants: 5oxidants: potassium peroxydisulfate, hydrogen peroxide,
t-butyl hydroperoxide. reductants: iron gzl ), titanium (111), potassium
thiosulfite, potassiumbisulfite. Qher~ dirtabl e initiati ng systens are
described in recent texts. See, for exanple, Mad and Sol onon "the

Chem stry of Free Radical Polynerisation", Perganon, London, 1995, pp
53-95. 10 Bedomlmidatonsystahoas ohhianioHrnve timregpisite solability sothelreddtioy medivm
hydrophilic reaction nedi umsuch as 'nocé;f ude, but are not.l.imted to,

24 abobi s 0BG afioPalE: AEPIBT 5 oL AaqiiHls Prostuction under the SSndicions of the

met hyl - N- [ %OW@QM riseey it o) syste I @R XeRidRY bitir@ RbORARE PR, combinations of
2,2' -azobi S[ 2- met hyl N- ( 2- hydr oxyet hyl ) pr opi onam de] ,

2, 2' - azobi $ieNoNowingetigansnandwbuetyntsm di ne), 2, 2' -
azobi s(N, N-di net hyl enei sobut yram di ne) di hydrochl ori de,

2,2' -azqbi s(2-am di_nopr A j chlpride, 2.2'-azohis .
{2-methyl - N[ 1, Phfelel h9@‘?%%‘%&%?}5’)‘1%&%@h@’(‘i‘%%e&‘p?eé%’%{ﬁ’?’&g’}“?ﬁ hydroperoxide.

2, 2" - azobi s[ 2- megductant¥: (:3n I R eb D) potagian absdfite, potassium bisulfite.

2,2' -azobi s(isobutyram de) di hydrate, and derivatives thereof. The

cont i nuous thr ophi li c liquid phase  in g%égl ven pol ynerization process may
al so cont aiHhessHERblg dpfiptinggystemsrare deserbed magrant bexds. 1 e &gpaxampley Moaggndy

relation t@o§ : POIEMBLLS Ay OBe @E&CRaéicmhbspnﬁﬁyﬁ&l-'dwe}%&b%&%gfggﬁt,he

the nethod o e Invention, It I's Inmportan at pol yne s fornme
surface of ppts8-Folid particulate material and that this polynerisation
proceeds under the control of the hydrophilic RAFT agent. Wthout w shing

to be l,im te . t.heor 11.is believed,that..t.he pal yneri.sati on process
hat ot ac Ul eI R e SO R T FEire o DeSia
propagat i Nguctbaspienmeiuta i ate nMd liedited itd [ 458U NELIBRATEAE 26@Y 1 TUABHISs {2-
hydrophilic |i ciw d phase and positions itself at the surface of' t he
parti cul at &éetstla¥+l hil -bigBydrpaymethyl)i2chRasxyetydlprepionamide}, 2,2'-azobis[2-methyl-
N-(2-hydroxyethyl)propionamide], 2,2'-azobis(N,N'-dimethyleneisobutyramidine), 2,2'-
azobis(N,N'-dimethyleneisobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane)
15  dihydrochloride, 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-ethyl]propionamide},
2,2'-azobis [2—methy1-N—(2-hydroxyethyl)propionamide], 2,2'-azobis(isobutyramide)

dihydrate, and derivatives thereof.

The continuous hydrophilic liquid phase in a given polymerization process may also

contain other additives, for example additives to regulate pH.

20 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

25 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



al so positioned at the surface of the particulate material (as stabilisers)
they can readily gain control over the polynerisation such that

pol ynmeri sation of the nonomers proceed under a RAFT nedi ated free radical
process. To facilitate this process, it is preferred that - 30 - the
nunber of hydrophilic RAFT species present at the surface of the
particulate material is greater than the sumof initiating radicals that
reach that surface throughout the cours Osf t he pol ynmeri sation reaction. It
is preferable that polynerisation of the nononers is maintained under the
control of the 5 hydrophilic RAFT agent throughout the entire

pol yner i sahé anmbtiowkleirophilio RAJE spehis pposkying thasutdve of e paticwate trhaesdl i d

particul ate Material is at Jeast in rt, for under the control of a
Pydr ophi | 118 SFEAST Uiagahe SRR GHBR IO AS Sha 458 haprTass Ry BT She G of
radi cal pahhyeNsreris@¥digag&®nd this, it will be appreciated that as the
anount of nohomer pol ynerised under the control of the hydrophilic RAFT

agent decreases, the propensity for 10 irregular growth and the formation
of pol ynmerltisprefeeablethet polymstiseiconefithe monemewsss mpEainpdunder dlie eanitohef thehat

may be pol i, sed ther free radjcal..pathways._in_a gLV r 1
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the pol ymegolpaecdsht sugstendithé SolldpAticmite miatrial By holens én part temwdainder th
pol ynmeri sation reaction in accordance wi'th the nmethod of the 15 invention
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agent may . obt ai Lmle Vi su
TP ansm oo SR BEVER: WahZ R Frh SR be B5ERIR Il dithe EEOIR S Bihomer
encapsul atgdymedised updet the ebatiel ofahelkiydadphilts BAFT agent ddcomseso fhe grépensity fidrr ol "
wi |l be characterised by an jrregular non-uniform polyner coating, reas
pol ynet? sa‘F‘iegﬁla‘Uﬂ%’tﬂtaﬁ’Q tg%rf??’?ﬁtm&fo {BOLYTRGF R ;qagtq&ﬁe GYEARCISFHr hcdes

a regular ypife {?Wnﬁi&{&ﬂ@ rth&%ﬁ] B gopéﬁéiﬁe& 8y Uther e raRA1 ?ggfvag%m algpRnbe

readi | y obtal ned by sanpling mer/particulate mate _conposite
duri ng t herepalopneguemtei will teaclargmexton depehd sipog thhanteaded apmigapai yoretheby a

Wher 6 » RAFPILBA PP e BEUEE 0T Fined, the pol yror wi il have a
Evidence as to whether a polymerisation reaction in accordance with the method of the

15 invention has proceeded, at least in part, under the control of a hydrophilic RAFT agent

may be obtained by a simple visual assessment (for example by Transmission Electron

Microscopy) of the polymer coating of the polyme:r encapsulated solid particulate material.

Significant loss of "RAFT control" will be characterised by an irregular non-uniform

polymer coating, whereas polymerisation under the conirol of the hydrophilic RAFT agent

20 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
25 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



25 | ower pol ydi spersity conpared with a pol ymer prepared by a conventi onal
free radi cal nedi ated pathway. The other feature of "RAFT control" shown by
GPC data is that nol ecul ar weight of the polynmer should grow linearly with
conversion. This is believed to be an inportant feature in performng the
met hod of the invention. The polyner formed in accordance with the
invention wll generally show a linear growh of nolecular weight -31 -

wi th conversion even though the pol ydi sg rS|ty of the polymer may broaden
during the course of the polynerisation process. The conposition and-
architecture of the polynmer formed at the surface of the solid particulate
mat eri al veish benvteasidoeesh thongludie polydispérsity o6 theapelymenmayl breaderddiringotheof 5
nononer. A wi de_r.an of . e .hyl eni cal |y unsaturated nononers may be used in
accordanc &OWsE Rf i ngé‘lo BIY&¥t e nononers are those which can be

pol ynmerised by a free radical process. The nononers shoul d al so be capable

of bei ng Hﬂeywﬁ?ﬁlﬁbry‘ﬁaﬁ@ REBRELuFD RENBE olyhe fcﬁﬁﬂedl’:ﬁ hi ahfadetd thienelid
copol ynmeri sabi | i vari ous nononers are well docunented in the art. For

exanpl e, sp@etlcu@t@emt@@al Ray . be iailopgs ylrr@ugwhm selertiorp and cortpledh addisien rrfup,

J., |

i ncl 33 tnﬂg(gré th% h‘é’l §eﬁ%lrgal J’f%@rﬂ)& %a{?Skﬁnsaﬁﬂgt%dWﬁgss \%ﬁg egﬁﬁgggl

are i ndeperdsiahhos wigh getreethdd.ofuitdide goavpesansioté niichf can GeRidlymérised OR2,
-COR2, -CSR2, -CSOR2, -COSR2, - CONH2, CO\IQR?IW chgmté. hydr ogen, . hal ogen

and opti orfel Sﬁdwbﬁch‘?iﬁ eEh@m@@n&r%W%é tapa Sheikg @Rbmesised wi

' ”depe”dgg%éé [ﬁ‘@g@éﬁd f&%&&e%{cﬂl’%@ﬁé é@éﬂ\lﬁn%sa'még(l%warm%nom@@ R,

-02CR2, - SEERR]l duedmeIeSRR theaard, For example, see: Greenlee, R.Z., in Polymer Handbook
10 3" Edition (Brandup, J., and Immergut. E.H. Eds) Wiley: New York, 1989 p I1/53. Such

monomers include those with the general formula (15)'

AN

C=—C
VAN
H \
(15)
where U and W are independently selected from the group consisting of -CO,H,
15 -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, -CO.R,
-COR?%, -CSR%, -CSOR%, -COSR?, -CN, -CONH,, -CONHR?, -CONR%, -OR?,
"-SR?, -0,CR?, -SCOR?, and -OCSR?; and

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

where R? is selected from the group consisting of optionally substituted C;-Cis
alkyl, optionally substituted C,-Cig alkenyl, optionally substituted aryl, optionally
25 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



20V is selected fromthe group consisting of hydrogen, R2, -CO2H, -0O2R2,
-COR2, -CSR2, -CSOR2, -COSR2, -CONH2, -CONHR2, -CONR22, -0OR2, -SR2, -02CR2,
-SCOR2, and -OCSR2; where R2 is selected fromthe group consisting of
optionally substituted Cl1-Cl18 al kyl, optionally substituted C2-C18 al kenyl,
optionally substituted aryl, optionally 25 substituted heteroaryl,

optional ly substituted carbocyclyl, optipnpally substituted heterocyclyl,
optionally substituted aral kyl, optionali1¥y substituted heteroarylal kyl,
optionally substituted al karyl, optionally substituted al kyl heteroaryl and
pol ynmer chains wherein the substituents are i ndependently sel ected fromthe
group - 32 - cmisﬁngn@ alkylenespidre@rpay) hydposyy )alkaxydreeyly  acslokBx yornady | |
acyl oxy, fornyl rb ic_a

aryl oxy-carbo ny?lkyil s%’ aihact%gg,&zygﬁg&%?élbﬁ %H%ogﬁr}b, a%?’%%‘y'aﬁaﬁgﬁ l%cygré?t?’s
and_derivativescganer %cm llfal@f @ﬂhtr@d inclugtitgr saifRahmb defiehtivde, thbtebf.ar Braferied
limted to, polyal kyl ene oxid pol yaryl ene 5et her and pol yal kyl ene et her.
Exanpl es of monBYR¥RST ich @Pﬁd@luckutbuéraée Aok limitgd tt@dp?léfalkbfgp%loéldén RobRrdene

N al kyl gral ei m dgt elNé L g di al kyl fumarate and cycl opol ynerisabl e
nononer s, acrylate an acry te esters, acrylic and nmethacrylic acid,
styrene, acrylam de, nethacrylam de, and nethacrylonitrile, m xtures of

t hese nonoBeampleandf mmdnomess ofnctdde,sebllto arenawer i;im/itedh tot havaleno nenferdside As

one skilled in th .ar uI ‘recagni choi c nnno S is

det er m nea Ryl idee e g SERE PR pEf elloRERPIREY BoRmER
determ ne gapQ l &ﬂ Kte¥l A QU fiﬁ&%@tbﬁ lie 28l sYRGHYMRABLALNIdS, t he
art. For exanpl{e\e/%gelg@&g gleayn? cebee F?Z.&%,ln Pol yrer CIngr%dbook :S%t?d Edi tion ,

( Br andup, methaanybbmmlgunﬁthz@rﬂomsle) mwtu@y of theve mondxmeIE%@i rplxmrssof these

Specifi.c exa Ies of, useful eth |ca norrers ude
Pol | owilflg: PRBDRGR itk A roabiatie A it ahoR e b8 Ve CROPERES s ol
(all i sonee&h@no%ry lis aBkhAREY b3t tBeit atdrici mnaéa}omcz pRipeticsextie fﬁ@tdﬂ@&ﬂﬂd}ﬁt e,
i sobornyl nethacrylate, nethacrylic acid, benzyl rret hacryl at e, & aé‘%/I For

el

net hacr yl ad@enmm HQBCPIYHIQﬁ$€tbﬂlitVé>f varlph%mmmyr%w reatbdogrmanad e
.et hyl acr yI a s Jeeﬁ P{)@nl )B’d ﬁ(‘i‘itt }5}1 (31%';1&%[? . aS&kJnm rgut,
ﬁyl act y yPi Reh

i soners), exy orny acryla

benzyl acr E|I‘BE§S) ey INeac Yptat 839 prS)Bl onitrile, styrene, functl onal
met hacryl ates, acrylates and styrenes sel ected from gl yci dyI met hacryl at e,

E O e e AL S A SAHR) S B B O
met hacryl af @iy Meﬁfa@rtgmfé a@H}Peﬁl@ﬁﬂacﬂW&@aﬁdﬂyﬁt ﬁethtaéﬂy?été"ﬂaﬁnwni/eqw butyl
met hacryl ate, “i taconi ¢ anhydride, 25 itaconic acid, glycidyl acrylate,

2- hydr oxyemlegliacraz&aw (et mombng) r%eihyihomllmﬁhzrcyylateels()mmyh motieerylate, mwhamim yl
acrylate (al.l

NN o oyt S BEPRT oy Bl bt SRl EEh s ilb ST cleharmesiodyvicaeae,
N- et hyl acphigagelatd), e%hﬁla@gnétal Repyl anyiae, (abh@cﬁﬁérs)b r@tmsﬂ AEiAE (a1l Beides),

N- nbut yl met hacryl am de, hyl ol met hacryl am de, N-ethyl ol net hacryl am de,

N-t er t 203024stirwheayt wrah“c@ elsohqrmsd rgrylpiac ﬂgﬂyhmaarél,, ‘bR taeyYlalea pheavA micadate,
N-et h?/!sglrrggcr§¥ g%l%h stV' neiv,l fu%gp or}%'l @t%ﬁ&(y’l(a@elsl ac?y?:ﬂ?sr sa)nd 9[5!%&199/ ls@]@:t@ﬁ fbyr ene

(all VI N benzo
glycidyl methacrylate 2- hydroxyethyl methacrylate, hydroxypropyl methacrylate (all

isomers), hydroxj/butyl methacrylate (all isomers), N,N-dimethylaminoethyl methacrylate,

N,N-diethylaminoethyl methacrylate, triethyleneglycol methacrylate, itaconic anhydride,
25 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-
30 butylacrylamide, N-n-butylacrylamide, N-methylolacrylamide, N-ethylolacrylamide, vinyl

benzoic acid (all isomers), diethylamino styrene (all isomers), alpha-methylvinyl benzoic



- 33 - acid (all isoners), diethylam no al pha-nethylstyrene (all isoners),
p- vi nyl benzene sul fonic acid, p-vinylbenzene sulfonic sodiumsalt,
trimethOxysilyl propyl nmethacrylate, triethoxysilylpropyl nethacrylate,
tribut oxysilyl propyl nethacrylate, dinmethoxynethylsilylpropyl methacrylate,
di et hoxynet hyl si |l yl propyl methacrylate, 5 di butoxymethylsilyl propyl

net hacryl at e, diisopropoxynethylsiIyIprﬁgil nmet hacryl at e,

di met hoxysi | yl propyl nethacrylate, diet ysilyl propyl nethacryl ate,

di but oxysi | yl propyl methacryl ate, diisopropoxysilylpropyl nethacryl ate,
trimethoxysilyl propyl acrylate, triethoxysilylpropyl acrylate,

t ri but oxysadid [F ieenibay, didtayiemist Aphhoxthybtiivhs(alhibana)y p-vnylptmdens sulfonic

di et hoxynet hyl si | yl propyl acrylate, di but ox nethylsilyjpropyl acrylate, 10
di i sopr opo@@%etpmrgﬂlpwgwpyu Tonde yIsadism ds#bt hevdhexySRYIBrRpY] o snefagrdate,

di et hoxysi ] yl.br. | ate, _di silyl pe e,
d: i sop?gpgﬁéﬁﬁﬁélrl%%%yacr yl réltg @?&&%I | a%:/elt? Ig?‘g&%@gwb Lllt yr at ér,l eﬂ\lﬁ'crﬁ{/lfue’
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conveni ent bipniide,t maleéy ehydsidey Nephenzlnaleianére N-bypimakinils, Novinyparmglfonte
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sel ecting nononers to afford an encapsul ating polyner with the appropriate

Tg for JoheThpiceneiaed apphe cat ivil &fprdchae phdtymenomesathatilast eeclegied tto cfotmat the
material. 10 To facilitate the formation of polymer at the surfac(i of .t he
sol i d par t peespsilatingpelymer willhsiropgly pfluspse diseglasn Basin (pupsetivg (dgky The
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| i qui d phag@orphous regions in a partially crystalline polymer) changes from a relatively hard and
brittle state to a relatively viscous or rubbery state. The Tg of the encapsulating polymer
25 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.

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



Under certain circunstances, it nmay be desirable to introduce a degree of
crosslinking into 15 the encapsul ating pol yner. For exanple, the
encapsul ati ng pol ynmer being formed may have a degree solubility in the
continuous hydrophilic liquid phase, or the resulting polyner/particul ate
conposite may be used in contact wth solvents in which the encapsul ating
pol yner has a degree of solubility. Such g_crosslinked pol ymer structure
can be derived by any known neans, but it is preferable that it is derived
t hrough the use of 20 pol ynerised ethylenically unsaturated nononmers. Those

skilled in,the t wl reciate that crqsslinked polynmer structures may
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nmonomers which also contain a reactive functional grou
suscept i bl everall Tgitf@§°Gart in free radical reactions (i.e. "functionalised"
ethylenically - 35 - unsaturated nononers). In this case, the nononers are

i ncor por at i.n th I r.backbone .t hr ough _pol ynerisati on of the .
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provi de conplenentary pairs of reactive functional groups (1.e. groups that

5 will reaBtighlels mafgralot her), the pairs of reactive functional groups can
react through non radical reaction nmechanisnms to provide crosslinks.

For mat iygn i i I f ] .
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whi ch can ﬁ%gﬁgp@ﬂ&ﬁmﬂgser_ eacted with a crosslinking agent to formthe
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used in an_anount to react with substantially all of the non-conplenentary
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structure hev aldegrédesolsiitity in the continuous hydrophilic liquid phase, or the resulting
polymer/particulate composite may be used in contact with solvents in which the
encapsulating polymer has a degree of solubility. Such a crosslinked polymer structure can’
be dérived by any known means, but it is preferable that it is derived through the use of

20 polymerised ethylenically unsaturated monomers. Those 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
25  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



The ternms "multi-ethylenically unsaturated nononers” and "functionalised

et hyl eni cally unsaturated nononers" nentioned above can conveniently and
collectively also be 20 referred to herein as "crosslinking ethylenically
unsat urated nononers” or "crosslinking nononers”. By the general expression
"crosslinking ethylenically unsaturated nononers” or "crosslinking
nononers” is nmeant an ethylenically unsakurated nononer through which a
crosslink is or will be derived. Accordingly, a nultl-ethylenlcally
unsaturated nmononer will typically afford a crosslink during

pol yneri sation, whereas a functjonalised 25 ethyl enicall nsat ur at
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15 monomers.

A combination of these methods of forming a crosslinked polymer structure may also be

used.

The terms "multi-ethylenically unsaturated monomers" and "functionalised ethylenically
unsaturated monomers” mentioned above can conveniently and collectively also be
20 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
25  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



Exanpl es of suitable ethylenically unsaturated nononers which contain a
reactive functional group that is not susceptible to taking part in free
radi cal reactions include, but are not limted to, acetoacetoxyethyl

nmet hacryl ate, glycidyl nethacrylate, N nethylolacrylam de,

(1 sobut oxynet hyDacryl am de, hydroxyethyl acrylate, t-butyl- 20

car bodi i m doet hyl net hacryl at e, acryliq3%cid, _
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pol ymeri sations can advant ageousl’y be enpl oyed in perform g}g t he net hod of

t he i nventiristhydraswemedryDprmane sti(aeth)angyletsi t Gisllel cyayses tiallyleigormnumiesuch

t echni ques,_i oul d..he Cl,af t hat dhe] ti S 1N
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t he surfacgnéth)as@ldnsidpartintylh@ine, nelesl imhlestbatglycerdi gpepegd ttiberplaghoullyla
continuous h roEghi lic liquid phase. 15 The nethod of the invention may be
oper at &8 i methaerwhate, seathacedin anhyidride and mehylenelvyanetBhiesylagites e t he

continuous hydrophilic |iquid phase consists essentially of the one or nore

et hyl eni Cta%%é{nnlgtgi gogugﬁ{a%fé ?g&gegrc;?ﬁ%t Ridhn@hied PAbYSRES S@'«Hichoccgrﬁéi\% hPRactive

pol ymer, IS pre perated 1 n batch node, and ere the
cont i nuousfunyiisrap bidupcthati iquotisysbepsiblaivasking tpagdn fiestradisggmadtiah$ ynchidet hel one

or more et etpe/l eg(i)tcalﬁln}/iteﬂns%’ur gge%odac%Q}geqﬁ}tls rﬁethacrylate, glycidyl methacrylate,

N-methylolacrylamide, (isobutoxymethyl)acrylamide, hydroxyethyl acrylate, t-butyl-

20 carbodiimidoethyl methacrylate, acrylic acid, y-methacryloxypropyltriisopropoxysilane,

2-isocyanoethyl methacrylate and diacetone acrylamide.

| Examples of suitable pairs of monomers mentioned directly above that provide
complementary reactive functional groups include N-methylolacrylamide and itself,

~ (isobutoxymethyl)acrylamide and itself, y-methacryloxypropyltriisopropoxysilane and
25 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



20 that are polynerised to formthe polyner, the nethod is preferably
operated in sem -continuous or continuous nodes. Sem -conti nuous and

conti nuous nodes of operation offer superior control of polyner
architecture together with control over the polyner polydispersity.
According to these nodes of operation, nononer may be added gradually or in
stages thereby enabling 25 different nononers and other additives to be

i ntroduced during the course of the pol+Aferisation reaction. As the solid
content of the dispersion increases, the resulting polynmer/particulate
materi al conposite may not be adequately stabilised. In this case, further
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phase %oes not consist essentially of the one or more ethylenically unsaturated monomers
20 that are polymerised to form the polymer, the method is preferably operated in semi-

continuous or continuous modes.

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
25 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. - '



the coating of titaniumdioxide particles with polyner. In this case, the
hydrophilic titaniumdioxide particulate material could be dispersed in a
hydrophilic continuous |iquid phase such as water using an appropriate
hydrophi |l i ¢ RAFT agent. Upon form ng a stabl e dispersion, hydrophobic
nmononers such as butyl acrylate and nethyl nethacrylate may be 30
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di oxi de particles. The polyner may be formed to coat and encapsul ate the

titaniumdioxide - 39 - particles and further continued to afford a | atex
having a desiyed.solids content. .The resulting | atex wo | d, t herefore
conprise a%sy cfﬁ’élbﬁgmﬂtué’ﬁ%r’élrﬁ?f‘%thaﬁgl? ﬁloéﬁ%&%‘ﬂ! aqde‘?ﬁt‘t Wb?ﬁ@t}ﬁqrmrmms

particles whigh Iﬁ@wll? d’i‘ci'f{@t\'%%er g hyuthge H&ggteﬂbzﬁﬁ) i Bl gk i‘sgﬁé%%‘xlt ffak ONS

as an opaC|f|e bi ndér e contlnuous hilic [iqui ase
used i n acdor dethed isi penformed rmtdwtmbpottvp@ htwcmrvwhtnebyl aﬁomagfmts mswmmﬂathdly of

t he one or eni cal I sa t mnomer t ha I se
formthe pgﬁ%ﬁﬁ d‘tl%ﬁé' ?fet’h%fa Wgé%‘?t tﬁf’l%? %erﬁéﬁ?%ta cﬁ’r égg‘ﬂuﬂ?sg}éess
and in of f eghovedy frbg ﬂﬁnﬁdadﬁ‘é@@yﬁéma PHf&aB9 YRE MR ¥ pRIFOGRISin WIRHS-
such a conti nuous I|gU|d phase 1s.dispersed in a further contlnuous l'iquid
phase as hepRiHIeEs BY0ge.10 descr i bed, the nethod may in effect be seen as a
m ni emul si on or suspension pol ynerisation process. In these cases,

hydr ophi | i l, r ) ' cont i nugus
nydr opni 11 ¢ PetrdERhodlor ca AR 0B h elPboripbil ERALGP Rob MG IRYS,
therefore pddihgrakdlectehadlid lpbfticulamtnalﬂaﬂit @pbi hyideogRlict Regentagdif tdS€ Quitable
stabilise the sol |g art IFEH ate material i.n the continuous I% drophilic

liquid pha§ertimiops hydropkilic digpidphase bt reaston yesprkia RraYIdeor e Hablecheperyien
approacfy tgr Hﬁrﬂaﬁtéﬂﬁgnﬁ%laﬂﬁﬂ&%oﬁt hb Qsﬁﬁr{%ﬁé‘hg%tﬁi thﬂseb Fé\@#ﬁﬂgﬁmmof d’Héa(}p lve

addi ng the soli'd particul ate matweri a agent an
thermal i nialsbdtecrdded edmg wnthramyeathgtd'cmlntsl ifceqtited] fori cxamiple hiffas t adgaithte
nonomers in act essel er reagents al s ded if
required. ﬂﬁg cTe aPI% ly’af‘ rF%gﬁé‘@nt‘%e udEFSH h%stg'?? from 1515&(‘:‘%‘910?‘8%@6“‘1 the
di ssol ved esva6m sBdioh N8 fubdel WRR APIdek B4, IsBcIPYE Qﬁgog‘@nt heiRP b gﬁf(tltatlg She
such as nitrogen, prior to initiating po yferi sation. Having a equat

di sper sed phb’nmllsatwnpar"fha: @h@@@lqmtt@npmtutdtnbugm)uncremdom:e tiat ther mltlator

hydrop I|c th |caI sa nonomer s ,us means_.wel | k

those oRi| PBEF" % 8“%%1[ "tcﬁlge(iilﬁg ? tcorqﬁmfsé%erlg? rgernwyt hem G5ed &f‘?\gn%[aged
SO that thpolymehlszﬁidhr cm@m@e@amtiaetmbbmmln@mﬁdhmwphmtIKAFTI S&nn. T ven
that 25 the caonti.nuous hydrophilic liquid phase in this case consists

essent i al | pd8HonBheRBemeRatIhiS SEgE MAYPen g HuRedrd @i tets] to iagoid rawsay it mlogomer
f d. Th f f
orne T 81‘ ?é%p ﬁ‘ggit fO%l 'aﬁﬁf%ﬁn 'i) QZIO ﬁrkﬂeﬁaa?ﬁ aﬁg égt'e n‘dfl Cftﬁ%}&. Q%gggﬁl[egﬁgs 0

the solid I cul érlal ydrophi
st abi | i si ngeetnhpolpmemsedl werlet meg:amt’roboﬁthediydmmmot RaFpoigeneto gaddrde. if Thwas
pol ynerj sati on conti nues t| I g ant| ally all of the nonoper has been

consum#d 't Botz@lreadyy @WHB?I |nt9§'l%bl metherginface ok fhe, golid patisulate material.
parti cul at eyARL6hbRdme WGRA Ay d He %5![&113 QF Al ¥erttliSRAT B85 bE BRI R WM er rate

either continually or in stages until the desired degree of polymerisation has occurred. For

example, the polymerisation may be continued to provide for a dispersion of

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

25 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 approprtate hydrophilic RAFT agent. Upon forming a stable
dispersion, hydrophobic monomers such as butyl acrylate and methyl methacrylate may be

30 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



-40 - The approach outlined directly above has particul ar advantages when
it is desired to encapsul ate high concentrations of nanoparticles within a
pol ymer matrix. Using conventional techniques, the anmount of di.spersant
required to stabilise the nanoparticles in the nononer phase woul d be
expected to radically alter the properties of the matrix 5. polymer even if
the dispersant did maintain a stable di sggrsi on during pol ynerisation of

t he nononer. G ven that the hydrophilic RAFT agent used in accordance with
the invention acts as a stabiliser for the particulate material and al so
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may also be added if required. Typically, all reagents used are essentially free from
20 dissolved oxygen and the reaction solution is purged with an inert gas, such as nitrogen,
prior to initiating polymerisation. Having adequately dispersed the solid particulate
material throughout the one or 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
25 the continuous hydrophilic liciuid 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 ﬁarticles to gain control over the polymerisation. The
polymerisation continues until substantially all of the monomer has been consumed to

30 thereby provide a polymer matrix having the solid particulate material substantially

uniformly dispersed therethrough.



10 be particularly useful in preparing polynmer encapsul ated particul ate
materials that are to be used in coating conpositions such as paints.
Features of the invention which relate to the resulting polynmer conposition
that is fornmed at the surface of the solid particulate material are

di scussed below with specific reference to an aqueous dispersion of polyner
encapsul ated pigment particles that are guitable for 15 use as a pignented

bi nder in waterborne paint formulations. wever, it is to be understood
that the general principles outlined below may be applied in other
applications, such as in fillers, adhesives, priners and sealants, .in which
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Performing the method in the aforementioned bulk mode could be readily adapted by one
skilled in the art such that the continuous hydrophilic liquid phase is dispersed in a further
continuous liquid phase to prepare polymer particles having the solid particulate material

substantially uniformly dispersed therethrough.

15 Those skilled in the art will appreciate that numerous parameters may be varied when
performing the method of the invention in either continuous, semi-continuous or bulk

modes.

There is no particular limitation as to the nature of the continuous hydrophilic liquid phase
that may be used in accordance with the method provided that the particulate material may
20 be dispersed in it and that it does not adversely affect the formation 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
25 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.



-42 - can assist in their adhesion to difficult surfaces when used in
coating applications. In particular, as part of the hydrophilic RAFT agent,
the location of these nononers at the surface of the polyner enables their
properties as adhesion pronoters to be maxim sed due to their ability to
freely interact with a substrate during filmformation. Typically, such 5
specific or specialised nononers are po nerlsed at relatively |ow | evels,
preferably at |ess than 10 wt % of the t nononer content, nore
preferably I ess than 5 wt % of the total nnnoner content, that is
polymeri'sed to form polymer at the surface of the solid particulate

nat eri al s. Sdikdlemsieraattipotompubdwsdiyidesphiiy Lduio passgs éschides Ang areiastdanitéd o, t he
met hod of the 10:.invention also enables the internal comp 03|t|on of the

pol ymer f oVAEs aid waier mifcibhe polar salyents gichas il ena ang I@?"Prlél?’éer glyroliapdre-Cs
control | edy Mipparticul ar, the conposition of the internal region of t he
pol ynmer can be varied fromthat of the surface conposition to provide an
internal region and an outer shell. In the sinplest case, the polyner can
be for rred ﬂhimﬁ&omoaompsdh&ﬁ mayrbmosedrinipsovpding mechctiont cantiowms ydwyphdic lidued

process di nt 15 n I 1,S I ri.sed at a | ater .sta o form
D b ook ot studts Rkt Bt e foebof Ryatiilis BlindinePr abisbhaly oo
encapsul ated vvlth a hard polymer with a soft filmformng exterior, or a

soft el ast PR kiefhdd0bLYiNE inWntibn %dhﬁﬁ&ke@@ﬂy fpked vt dsOmBArAGto kil 6t thB)éoinb@sm@ﬂi 333
“hard" and "soft" polyner is rreantéip yners that are formed from nononers
Aer

wher e the ﬁ:@rmb@ne,rﬁbat iT§prmedab Geesu @@h@ﬁph%p@ﬁl@@ﬁi@éﬁ@t@ﬂ&le Ip particplg)the

t t
ey ﬁ)e”c ' Veﬁé@?}‘ {O@Pdeg @9%113% H&ﬂ? Rgaﬁk glg Pé;ﬁ‘f%{s@& G&neltr)k/ pﬂel &F’atéé?c
Sui g abl ehsmﬁﬁtldﬁﬁﬁml glioutﬂlié ugﬁgsxmtﬁagqmﬁyma} SUCl’ﬂclbﬁtiolt @'Me_rl_ ﬁﬁ@imaﬁsaacwhm C
aci suc as et u an et exyl acryl ates e inyention
al so bélapht p@ac%/lﬁrlbpéq#%hmdappamg|n0¥ya¥qr§ﬁ§ap5P@$e%@é%w1@em %»Eﬁ thatare %”Ey
whi ch use P JHeTele E‘gw@'ﬁ t%ﬁ?ﬁucﬁ'alﬁggﬂﬁsrt' cles containing nmagnetic

nanoparticles ropart| can be delivered intravascularly to
perform vari ous rredl cally related functions. These applications range from
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m croparticles. 30, For exanp ar get ed ertherm a therapy relies on

magnet i1 chser agtae pigmened bmdﬁg in Waterborne palnt formulations. However it is to be
understood that the general principles outlined below may be applied in other applications,

such as in fillers, adhesives, primers and sealants, in which a polymer/particulate material

composite formed in accordance with the method may be used.

Modification of the encapsulating polymer composition may be achieved by the selective
20 polymerisation of specific or specialised monomers. For example, highly 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,
25 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



-43 - optimsed to generate heat when the mcroparticles are exposed to a
hi gh frequency nagnetic field optimsed to generate heat. In view of the
delicate nature of such in vivo applications, the need to provide a high

| evel of control over the final mcroparticle size and the spati al
arrangenment of the constituent 5 magnetic nanoparticles incorporated wthin
the polymer matrix is very inportant. Ingparticular, the ability to
uniformy distribute a high volume fraction of nagnetic nanoparticleS into
a polymer matrix is highly desirable. The nmethod of the invention has been

found to be well. suited t repar,i ol ymer microparticles conpri.sing
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25 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.

30 For example, targeted hyperthermia therapy relies on magnetic characteristics being



15 difficult to achieve using conventional technology. It has now been
found that pol ynmer encapsul ated solid particulate naterial having at | east
part of the encapsul ating polynmer formed under the control of a hydrophilic
RAFT agent can present a nunber of advantageous properties. For exanpl e,
the pol yner encapsul ated particulate material can function as a binder and
a source of particulate material (e.g. in the 20 formof a pignent - a
"pigmented binder") in paint, filler, adhtsive, prinmer, toner, liquid ink
or sealant fornulations. Providing the particulate material in such an
"enbedded" form has been found to mnimse, if not elimnate, problens such
as pi gmentogtiggisedrdo ageneratd heas ueherp itled nitpariBigles carei exposad teeashighafrequeficyt he
encapsul ati ng pol r under the control of a hydrophilic RAFT agent, the
parti cul at’é‘ag’é%%’érﬁleﬁoﬁtgﬁls cﬁgoogaﬁlgragegla sulated in a 25 substantially uniform
and continuous coating of polyner, or dispersed substantially uniformy-
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Aqueous dispersions of polymer particles are used extensively in waterborne products such

25  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.



As a "primary" pignented binder, it is to be understood that the binder

W ll be present in a given fornulation in an anount greater than 50m %
relative to the total mass of all binder used in that formulation. In sone
formul ations, it maybe desirable to use the pignmented binder in an anount
greater 5 than about 60wt % nore preferably greater than about 80wt % nost
preferably greater than about 95wt % sti nore preferably as the sole

pi gmented binder (ie 100 wt. %, relative to the total ampunt of all binder
used in that fornulation. At least part of the encapsul ating polymer of the
pol ymer en% apsul ated solid particulate material in the conpositions of the
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part been f,onigd HRULanEBE colour strength. Whilst being particularly desirable, reducing or

avoiding detrimental agglomeration of pigment particles in such products has to date been

15 difficult to achieve using conventional technology.

It has now been found that polymer encapsulated solid particulate material having at least
part of the encapsulating polymer formed under the control of a hydrophilic RAFT agent
can present a number of advantageous properties. For example, the polymer encapsulated
particulate material can function as a binder and a source of particulate material (e.g. in the
20 form of a pigment — a "pigmented binder") in paint, filler, adhesive, primer, toner, liquid
ink or sealant formulations. Providing the particulate material in such an "embedded" form
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
25 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.



- 47 - control of a hydrophilic RAFT agent, and wherein, other than the
hydr ophi |l i ¢ RAFT agent, the encapsul ating pol yner conprises substantially
no di spersant. The present invention further provides a paint, filler,
adhesive, priner, liquid ink or sealant fornulation conprising a liquid

di spersion of polymer encapsul ated solid particulate 5 material, said solid
particul ate material being encapsulateqqu a substantially uniform and
continuous coating of a polymer which has at |east in part been forned
under the control of a hydrophilic RAFT agent. The present invention also
provides a paint, filler, adhesive, prinmer, liquid, ink or, seal an
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their intended application. Accordingly, such paints are to be
di stingui spedtier emdpsniatnpapdlymer sonipriamgi fhbstaniially coadispgsantthat wilgber e

hi gh tenperatures 25 to _enable the applied paint to forma I rhc film
Ravi ng t hoePRBRIFGH  BoB{Si LAPER THOCHLR i 41 PSS i gUpersaRt offEs thén tht
hydrophilic RAFT agent. In other words, other than the hydrophilic RAFT agent, the

encapsulating polymer contains substantially no dispersant within its polymer matrix.

15 By "discrete particles” is meant that polymer encapsulated solid particulate material within
the composition may be separated into individual particles. However, it will be
appreciated that under certain circumstances, for example where the encapsulating polymer
has a low Tg, the particles may have a tendency to stick to each other. Nevertheless, the

particles should still be discernible as discrete particles.

20 The composition may be in the form of a flowable powder, a slurry or paste, or in the form
of a dispersion. In the case of a flowable powder, slurry or paste, the composition is
preferably capable of being diluted with liquid to form a dispersion of 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.

25 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.



- 48 - Paint fornulations conprising the conpositions of the invention are
expected to afford filnms having inproved properties such as inproved gl oss,
gl oss retention, opacity, flow, scrub/stain resistance, colour and/or

col our strength. Poor gloss and flow of conventionally pignmented waterborne
paints is often associated 5 wth the premature floccul ati on of pignent
during filmformation. Because both thegi.nder and pignents are present as
separate particles, during filmformation the pignment particles tend to be
crowded into regi ons between binder particles which in turn restricts their

bility during the film forni : . Thi i ff .
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In contrast, & pignen me roma binder which is cast from
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t he inventg@?mgfe al so expected to be generally superior to those neasured
for conparative PVC conventional water-based paints. -49 - Wthout w shing
to be limted by theory, it is believed that the inproved gloss pr per{d'es
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encapsul at jdigsie) pHiRdr, Hgwit ek &1 demafioformtiations. 5 The properties of opacity
and hi di ng power depend on |light absorption, light refractance and |i ght

refl ectance of particles in a coating.film On| . nt. and pol yner,
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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
25 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



particulate material would provide a nore uniformdistribution of pignent

t hroughout the 15 paint filmand thereby all ow each pignent particle to
gi ve a maxi mum contribution to the total opacity and hidi ng power of the
film Flat (or Matt) waterbased paints are usually fornulated at high

pi gnent | oadi ngs, often above the CPVC. At such high pignent |oadings,
properties such as opacity tend to be nagknised, w th added extender
particles and air voids contributing to"thé hiding power of 20 the film
However, properties such as nechanical strength, gloss and stain resistance

tend to be adversely affected due to the porosity of the resultant paint
films. Pai nontfdllofie hydrophidid RABMageritnans winereinc othduther thei hytdrophéli¢ Radtdgent, ar e
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of the . i_nvention, can vant ageousl y .conpri se gr comnsi st of polynmer ..
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paint filmis a problemTfrequ
after their application to afford a polymeric 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
25 to enable the applied paint to form a polymeric film having the requisite physical and

mechanical properties.



encountered in the coatings industry. This phenonenon is generally a result
of either flooding or floating of pignent in the system which occurs
during the application of coloured waterborne | atex based paints. There are
many factors that are known to influence flooding and floating, for exanple
the instability of the pignent and emnul sion dispersion 30 and/or the
inconpatibility of the pignment/pignent pz\i,aéste and the enul sion used. Paint .
fil'me derived frompaints in accordance Wth the invention that are
formulated with the - 51 - polyner encapsul ated col oured pi gnent particles
are expected to exhibit little if no rub off. It is believed that such an
advant ageobainp fopatationgicomprising rhecomgosibographthef invergiodeare \exgedtedin piort s
in accordaﬁfei,\%vi t.h the iné(entigtne fso(r;}rlml at ed a& @né RPVC. ¢ Yxhen in.thﬁ: form
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sol i d partPeen gows ard Sppaet renvepdensdy| pigmented vaterhpme pRinta s plighasweintethd
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dat e been reetlsst inveelegs unidoroe dsritution of pédnmnt appiciesdvithin dbafiimgnd eap osiseizons
such as,paints. It is expected.that |iqui.d ded, 1o a free fl.om ng
owter 1P br iHRbFeE SRR Gndh A sk o ErEa b T ToMEsd fiSwrh MBS OGRiEY U7 de
a liquid dispabRi Rivedt allb®s BRI pIARENSRARRNSEU3h SO Botel FeddPihiiCHh@ Ridtah &id al .
By being encapsul ated in polymer, the solid particulate material is
expect ed tblm efosningwetdcess spens dthahdtlmenivithi wmnroeed ignss car0 swpsther sindacebut
also as the liquid dispersion cures to formfor exanple a paint film
Accor di ngl @Qpegrgg%e.f ree fl owi ng powder conpositions may be conveniently
referred to as a reconstitutable conposition (for exanple a reconstitutable
pai nt) to Thé cbmpayitibes adaetlsiag | orquimissitig lofapolvake entapsulatdesolidnarticulate
conposi tion ready for use. Reconsistutaple paints of this type may be
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waterborne coatings and it is expected that such coatings will provide a surface appearance
comparable to their solvent borne counterparts. It is believed that the improved surface
properties of such coatings would result from the problem of pigment aggregation during

film formation being minimised, if not eliminated.

20 Paint film gloss is generally measured using instrument readings of reflectivity taken at
_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

25 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.



25 subsequent use. Conpositions in accordance with the invention that may
be diluted to forma dispersion through the addition of liquid such as

wat er, may conprise other formul ation.conponents known to those skilled in
the art. For exanple, the conpositions nmay conprise a dispersant to
facilitate dispersion of the polynmer encapsul ated solid particulate
material 30 within the liquid. However, conpositions in accordance with the
invention can - 52 - advantageously be “#®ed without the addition of a
further dispersant as a result of the hydrophilic RAFT agent used to form
at | east part of the encapsul ating polynmer also functioning as a stabiliser
for the poIWuhoutemshmgub dedimisal bydthpery, iitcis Ibalievedathey thalimpidved Bldsh Srdpeaitisd.
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the free fptgmmtj powder conpositions wll generally conprise encapsulating
pol ymer that is sufficiently hard so that it can withstand the corrpreSS| ve

forces enCQ’%"ﬂhoeurt %vqs}ﬁrslg ohge Bmlt\égngy f e%rr;[l,llg sebeﬁexr/g)do t%at t%e polymer encapsulated solid

particulate material would provide a more uniform distribution of pigment throughout the

15 paint film and thereby allow each pigment particle to give a maximum contribution to the

total opacity and hiding power of the film.

Flat (or Matt) waterbased paints are usually formulated at high pigment loadings, often
above the CPVC. At such high pigment loadings, properties such as opacity tend to be
maximised, with added extender particles and air voids contributing to the hiding power of
20 the film. However, properties such as mechanical strength, gloss and stain resistance tend |
to be adversely affected due to the porosity of the resultant 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

25 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.



is isolated and dried. By "hard" in this context it is nmeant that the Tg of
the encapsul ating polynmer is sufficiently high to prevent or at |east

m ni m se uncontrol | abl e clunping or 25 aggregation of the conposite
particles. Generally, the Tg of the encapsul ating polynmer will be greater
than OC, nore preferably greater than 10C, nore preferably greater than
15C. - 53 - hereinbefore described. For.gxanple, the polynmeric matrix of

t he encapsul ati ng pol ymer may have a graaﬁént and/or a |layered structure as
in a core/sheath (shell) type structure. As used herein, the term"core"
refers to an. internal region or section of the encapsul ating pol ymer, and
the term " $hestnctugs} feasyre|of the paigl filims bringless polognis dfso gmemeg e psImethdhs
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form ng a Potigileheyidh gaspstet 1ol theredepn cdpalossatvisibleol ild ipdetieved! e swehedd al
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l'i qui d i nkwithehd antntich fegRcatcdat piyoPVCt or therapeutic product conprising a
conposition in accordance with the invention. 25 Hydrophilic RAFT agents of

oLl g REPAE G B b LR Son AR 6 BB 1B
under the emapsudtedkoldd BAftugematehial ivhgret the sbhill lpanicnthtg enaesrial if ercalduged
(16): pigment. In the form of an aqueous dispersion, such polymer encapsulated coloured
pigment particles are expected to exhibit enhanced colouring characteristics compared with
aqueous dispersions of polymer particles in which the coloured pigment particles have
20  been dispersed therethrough in a conventional manner. Compositions comprising or
consisting of polymer encapsulated coloured pigment particles can also be employed as
tinters for conventional paints, fillers, adhesives, primers, liquid inks, toners, and sealants.

In this case, the compositions are likely to be in the form of a free flowing powder, a slurry

or paste (i.e a concentrate).

25  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

30 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



- 54 - where Z and R1 are as previously defined. In preparing hydrophilic
RAFT agents of general formula (4) from RAFT agents of general 5 formula
(16) it is inportant to bear in mnd that in perform ng the nethod(s) of
the invention the agent nust also stabilise the solid particulate materi al
in the continuous hydrophilic liquid phase. Conpounds of formula (16) may
al so exhibit some surface activity, however they will generally not be able
to stabilise the solid particulate mater?at in the continuous iiquid phase.
In order to achi eve adequate stabilising properties, in the 10 context of
conpounds of formula (4), conpounds of formula (16) are subsequently

reacted W $dl ﬁl@ﬂélﬁi\%ﬁé@é@d bylduen pidment patticlesnire ekdegtedns axhiba litite ifmpane b,
Havi ng said hIS en n in connection with formula (4), it ig to, he

under st oodittis kelievgdHhat %hgamdaant@ﬁ?@% ﬁfqg‘?rtpjd@é]e‘@ﬁ‘sw%fift? (ﬂaB’ﬁt w§desived
activity | | in the continuous
liquid phgfs}gm%%%tﬁlmcaﬁﬁcg?ﬁhﬁ%lhqe(lﬁﬁjhffgﬁxglg%ga ent Yg formula (16), and
RI and 15 Z provide adequate hydrophilic properties in their own right to
af ford a sWheabinethhyfdrmpifi 4 ifmeRkﬁﬂingg@rwder,l—ﬁxdrqmipobitioneﬁﬂnwceordmel with the

unsat ur at ed nononers U|table f Jn. prepari conpound forml a, (4
can be nylnﬁfﬁ’iﬁtb?be%‘lla tmuqh@%ﬁ Pi @g’al*@@saé’??gﬁ’ag aﬂ?leglan‘érné’c‘fﬁlss Ty 4
Exanpl es Oéoiﬁﬁgtf@i%tﬁatlfﬁfgf ophilic et hyI enical ly unsaturated nononers are the
sanme as 20 thoSe herel nbefore descri bed. The hydrophilic nononmers may al so
be selected for their ionisable or non-ionisable qualities. Exanples of
ﬁw t abl ed| The mmp@smaar sphiprisingeoh gousistiag] o8 pokyser (ansapsylatesh spkid Dagiqudate
ave aci i.ncl.u not t C lic
act d, it aconrncrol B ool pRRE AR koMb b g BRARCE eelp PP unint
vinyl sul erEH Q:oﬁﬁmfbus Véoaythg of polymer, are partlcularly sulted for use in "dry" coating

10 compositions. Dry coating compositions have been used in the building and construction
industry for many years. Such compositions have generally been in the form of a cement
compositions comprising polymeric material to which water is added to render the
composition ready for use. However, due to the need to maintain optimal pigment
dispersion in coating compositions such as paints, conventional dry coating technology has

15 to date been relatively unsuccessful in being applied to coating compositions such as

| paints. It is expected that liquid may be added to a free flowing powder form of the
compositions in accordance with the invention to provide a liquid dispersion of the
polymer encapsulated solid particulate material. By being encapsulated in pqumer, the
solid particulate material is expected to remain well dispersed not only in the liquid

20 dispersion but also as the liquid dispersion cures to form for example a paint film.
Accordingly, such free flowing powder compositions may be conveniently referred 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

25 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

30 within the liquid. However, compositions in accordance with the invention can



25 phosphonic acid, ethacrylic acid, al pha-chloroacrylic acid, crotonic
acid, fumaric acid, citraconic acid, nesaconic acid and nal ei c aci d.
Exanpl es of suitable ionisable hydrophilic ethylenically unsaturated
nmononer s whi ch have basic groups include, but are - 55 - not limted to,

2- (di net hyl am no) ethyl and propyl acryl ates and nethacryl ates, and the
correspondi ng 3-(di ethyl am no) ethyl zuy%zgropyl acryl ates and

met hacryl ates. Exanpl es of suitabl e non-1"oni sabl e hydrophilic ethylenically
unsat urated nononers include, but are not linmted to, hydroxy ethyl

met hacryl ate, hydroxy propyl methacrylate, and hydroxy 5 ethyl acryl ate.
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first h,ydr%nu SQWMWSQ&%S QRoUT® endrallyt ek alnstidepdtitbitof aboarssrst. Mayr be
sequenti al ag ed to the solution immediately, or at a later stage if the

i nt er nedi amerg poderebly geatenthan alebut 9Aavit e pol yneri sation continued under
RAFT control to provide an -(X)n- group of forrmula (4) having a bl ock
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20 The polymer encapsulated solid particulate material used in the free flowing 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
25 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



5 agent has been prepared is suitable, solid particulate material can
sinply be introduced to the reaction nmediumto thereby be stabilised and
provi de for a dispersion of the particulate nmaterial throughout the
continuous hydrophilic |iquid phase. Additional nononer nmay then be

i ntroduced to the continuous liquid phase in order to performthe method of
the invention. 10 It will be apparent tqo _those skilled in the art that
there are nunmerous ways in which the mePRad of the invention may be
performed by first formng a hydrophilic RAFT agent in the continuous

| iquid phase (ie. in situ). To further illustrate this aspect, one such
approach ingréigisgsicaRecriitdMFe edanple] theti pedymebnc hmkrixwf Heecnoapsubading fpol ymeer

invention mght be used in a process for preparing a ous 15 di sper.si on
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agent, wat'8fo8 a oxi de may 30 be introduced to the
reaction nedieurbientplovw keetmptt apbdsténce RARTe polenter enerphulatetlisolid particulaty -

stabilise the particles and provide for a dispersion of the.titani .
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aqueous phase, hydrophobi ¢ nononer such as butyl acryl ate and net hyl
15 sufficiently high Tg to prevent or at least minimise an undesirable degree of clumping or
aggregation of the composite particles, the Tg of the encapsulating polymer will typically

be dictated by the intended application of the resulting pfodﬁct. ‘

The present invention also provides a method of preparing a paint, filler, adhesive, liquid
ink, primer, sealant, diagnostic product or therapeutic product comprising forming a
20 dispersion of polymer encapsulated solid particulate material by adding a liquid to the

compositions in accordance with the invention.

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.

25 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):



5 nmethacrylate may be introduced to the reaction nmediumto be further

pol yneri sed under control of the hydrophilic RAFT agent and thereby form
pol ymer at the surface of the titanium dioxide particles. A small anount of
i oni sabl e hydrophilic nonomer may be included with the hydrophobi c nononers
in order to maintain optinmumstability during polynerisation. The '
pol yneri sation may be continued to provig for a desired solids 10 content,
with the resulting aqueous dispersion of %Olyner encapsul ated titani um

di oxi de particles being suitable for use as an opacified binder material in
paint fornulations. As an alternative to the nmethod described directly
above, a water soluble RAFT agent of fornyBa—4%) ni ght be used to prepare

a hydrophilic RAFT agent having a | ess | defined block-1ike structure.
In this case, rather than honopol $FE=I.ng or sequentially 15 polynerising
t he hydrophilic nononers, the hydrophili&nononmers nmay be added

simul taneously at a selected ratio to affozd a random co- pol yner of the
-(X)- conponent in the hydrophilic RAFT agent of general formula (4).

Havi ng foimed a hydrophilic RAFT agent wi t(hét he requisite surface activity,
the nethod may be continued as outlined above. 20 The effectiveness of a
speci fic conpound enbraced by fornula (16), as a RAFT agent, w |l depend on

i ts transfwheredhaidRt grewhpedviduslydifigedi ned by the .nature of the RL and Z
groups, the hydrophilic nononmer and the prevailing reaction conditions.

These consj deratjons are, di sed abgove in relation to_hydrophilic RAFT
agents of ° W@gMFOPSVIiﬂEiﬁgE‘FS ng?IW@I fRegmpla (B frogn BA){:fTo%gwtsafgmral
such cogsi gematal 1AL e 118556H: 118! de¥r iR En; ?,‘rrg] iUl ps
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agent. - Sgtivith HBvidver RPN kAR PhotR able sibilse RESISHI R Blat@RdiefiaBiioUPS
are also particularly preferred.
the continuous liquid phase. In order to achieve adequate stabilising properties, in the
10 context of compounds of formula (4), compounds of formula (16) are subsequently reacted
with appropriate hydrophilic ethylenically unsaturated monomers. Having said this, when
n=0 in connection with formula (4), it is to be understood that such a compound inhereﬁtly
possesses sufficient surface activity and can stabilise the solid particulate material in the
continuous liquid phase. In this case, formula (4) is equivalent to formula (16), and R' and

15 Z provide adequate hydrophilic properties in their own right to afford a suitable
hydrophilic RAFT agent.

Hydrophilic ethylenically 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 -

20 those hereinbefore described.

The hydrophilic monomers may also be éeleoted 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
25 'phosphonic acid, ethacrylic acid, alpha-chloroacrylic acid, crotonic acid, fumaric acid,
citraconic acid, mesaconic acid and maleié acid. Examples of suitable ionisable

hydrophilic ethylenically unsaturated monomers which have basic groups include, but are



Most preferred RAFT agents of general formula (16) include, but are not
limted to, those agents represented by the follow ng general formulas 17
to 26: //CO2H 1 RSSCO2H R3s, NSCO2H 5 (17) (18) "..,./....0®2H CN,,"---.
SCO2H (19) sco2H (20)

10

15

20

25

-55 -

not limited to, 2-(dimethyl amino) ethyl and propyl acrylates and methacrylates, and the
corresponding 3-(diethylamino) ethyl and propyl acrylates and methacrylates. Examples
of suitable non-ionisable hydrophilic ethylenically unsaturated monomers- include, but are
not limited to, hydroxy ethyl methacrylate, hydroxy propyl methacrylate, and hydroxy
ethyl acrylate. |

Polymerisation of hydrophilic ethylenically unsaturated monomer to form compounds of
formula (4) are generally conducted in an organic solvent, the choice of which is dictated
primarily by the nature of the monomers to be polymerised. Polymerisation may also be-

conducted in the monomer itself,

Polymérisation of hydrophilic ethylenically unsaturated monomer to form the hydrophiiic
RAFT agents of formula (4) will usually require initiation from a source of radicals.

Initiating systems previously described are also suitable for this purpose.

A method for préparing a hydrophilic RAFT agent of formula (4) might cbmprise first
selecting a suitable RAFT agent. The selected RAFT agent is then combined with a
thermal initiator, solvent and hydrophilic monomer within a reaction vessel. Typically all
reagents used are essentially free of dissolved oxygen and the reaction solution is purged
of any remaining oxygen by way of an inert gas, such as nitrogen, prior to polymerisation.
The reaction is subsequently .initiated by increasing the temperature of the solution such
that thermally induced homolytic scission of the initiator occurs. The polymerisation
reaction then proceeds under control of the RAFT agent.. Upon exhaustion of the first
hydrophilic monomér, 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)s- 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, sufﬁcient. hydrophilic monomers are generally

polymerised onto the RAFT agent to provide it with the requisite properties. At some



10 (23) (24) - 59 - (25)(26) wherein R3 is as previously defined.

When sel ecting a RAFT agent of general formula (16) for use in an aqueous
environment, S5 it is preferable that it denonstrates hydrolytic stability.
Trithi ocarbonyl RAFT agents are particularly preferred for use in an
aqueous environnment. \Were a dithiocarbonyl conmpound is used as a RAFT
agent of general fornmula (16), it may b% di t hi oester, a dithiocarbonate,
a trithi ocarbonate, a dithiocarbanate er?he | i ke. The invention will now
be described with reference to the follow ng exanpl es which

point in time during the polymerisation of the hydrophilic monomers, the RAFT agent will
develop sufficient surface activity. At this stage in the polymerisation the now surface
active hydrophilic RAFT agent may be isolated and/or stored for subsequent use.
Alternatively, provided that the medium in which the surface active hydrophilic RAFT
5 agent has been prepared is suitable, solid particulate material can simply be introduced to
the reaction medium to thereby be stabilised and provide for a dispersion of the particulate
material throughout the continuous hydrophilic liquid phase. Additional monomer may
then be introduced to the continuous liquid phase in order to perform the method of the

invention.

10 It will be apparent to those skilled in the art that there are numerous ways in which the
method of the invention may be performed by first forming a hydrophilic RAFT agent in
the continuous liquid phase (ie. in situ). To further illustrate this aspect, one such approach

is described in more detail directly below.

1

The method of the invention might be used in a process for preparing an aqueous
15 dispersionAof polymer encapsulated titanium dioxide particles for use a binder material in
paint formulations. This process might involve selecting a hydrophilic solvent soluble
RAFT agent of formula (16). The selected RAFT agent may then be combined with a
thermal initiator, the solvent and hydrophilic monomer within a reaction vessel. Typically
all reagents used will be essentially free of dissolved oxygen and fhe reaction solution is
20 purged of any remaining oxygen by way of an inert gas, such as nitrogen, prior to
polymerisation. The reaction may be initiated by incréasing the temperature of the
solution 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

25 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

30 be introduced to the reaction medium whereby the hydrophilic RAFT agent can function to



10 illustrate sone preferred enbodi nents of the invention. However, it is
to be understood that the particularity of the foll ow ng descriptibn I S not
to supersede the generality of the preceding description of the invention.
- 60 - EXAMPLES Exanple I: a) Preparation of a poly (acrylic

acid)", - bi ock-poly(acryl am de)" macro- RAFT agent with respective degrees of
polynerization mrz 5, n30 using 2- 5
{[(butylsulfanyl)carbonothioylIsulfanyrfgroPanoic'acid A sol ution of
2-{{(butyl sul fanyl) carbonot hi oyl ] sul fanyl } propanoi ¢ acid (1.32 g, 5.5
mol ), 4,4'-azobis(4-cyanovaleric acid) (0.08 g, 0.3 nmol), acrylam de
(12.12 g, skiflide HBQaticles aidgravide (7 Sisgyrsmncoihe ditanfurs doxje Hasughosptieed
in a 100 nL round bottomflask. This was Stirred magnetically and sparged
Wi th nitrcgaRneQIs 2g8eqHsPie®s. The flask 10 was then heated at 70 C for 4
hrs. At the end of this period, acrylic acid (2.04 g, 28.3 mmol ) and 4,
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Inc.) stangiysleRsAion. aThd PHymimpisitiotd mafobe Somtinvetee. provide for a desired solids
10 content, with the resulting aqueous dispersion of polymier encapsulated titanium dioxide

particles being suitable for use as an opacified binder material in paint formulations.

As an alternative to the method described directly above, a water soluble RAFT agent of
formula (16) might be used to prepare a hydrophilic RAFT agent having a less well
defined block-like structure. In this case, rather than homopolymerising or sequentially
15 polymerising the hydrophilic monomers, the hydrophilic monomers may be added
simultaneously at a selected ratio to afford a random co-polymer of the ~(X)y- component
in the hydrophilic RAFT agent of general formula (4). Having formed a hydrophilic
RAFT agent with the requisite surface activity, the method may be continued as outlined

above.

20 The effectiveness of a specific compound embraced by formula (16), as a RAFT agent,
will depend on its transfer constant, which 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
25 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 (1‘6), those agents resulting



During the sonication process, the dispersion was stirred nmagnetically and
cooled in a water bath. The white dispersion was transferred to a 100 ni
round bottoned flask containing 2,

2' -azobi s(2- et hyl pr opi onam di ne) di hydrOch10ride (0.03 g, 0.1 mml) and 25
was deoxygenated by nitrogen sparging. The whole flask was i mersed in an
oil bath with a tenperature setting of %8 C, while a deoxygenated m xture
of butyl acrylate (1.39 g, 10.9 nmmol), ‘m8thyl nethacrylate (3.25 g, 32.4
mml) was fed into the flask at 0.93 g/lu. over 5 hrs. After nononer
addition was conplete, the heating was continued for another 1 - 61 - hr
after whi dont ithe conibjmsionzedt paticwiay frsefetted R bend dimgrasps . arafalser patticelarly ng,
the | atex ite and stable, containing particles about 456 nmin

di anet er G%ggﬁﬁ-hhlvern Instrunents Ltd). The latex had solids of 23.3% and
formed a white and glossy filmafter drying. Transm ssion el ectron

m cr 0SCOPWISHUHEEENRIAHTNEeednfl sDgetOMl drirth (6) tkidebbeyura psulimited tol ithdde
particles. c) "Poly(nethyl methacryl ate-co-buty] acryl ate-co-nethacrylic

aci d) coatageys eépraveardpiydhe fllopampgaral Spmmyplaralci 6 28AFT from Exanpl e |, a)
as a stabilizer. A solution containing macro RAFT froma) (2.50
nol ), water (59.6 g) was prepared in a 100 m beaker. The pH

solution was ragjsed to]5.27 by an addition of 10 concerjfrated fanmoni a
(28%. To thlijkziro FT solution, TiQ2 pignment (10.14}g) was| added, m xed
| .

and was furthe hor o y dispersed using a Vibra-Cel JAU traglknic
R . s COH ' R3S S COoH
5 (17) ' (18)
' CO,H
O S J\ | /ﬁ\ /[
;i i;N,//”\\\S COH N S CO.H
(19) (20) _
R3/“\S><COZH S CO,H
21D ’ (22)
CO,H S
| SO
s CO,H HOLC s S COzH
24

0 (23)



Processor (Sonics and Materials, Inc.) standard probe at 30% anplitude for
5 mnutes. During the sonication process, the dispersion was stirred
magnetically and cooled in a water bath. The white dispersion was
transferred to a 100 m round bottoned flask 15 containing 2,

- azobi s( 2- net hyl propi onam di ne) di hydrochl oride (0.03 g, 0.1 mmol) and was
deoxygenated by nitrogen spargi ng. The ole flask was i mersed in an oi
bath with a tenperature setting of 70 C~”*Wwhil e a deoxygenated m xture of
butyl acrylate (1.27 g, 9.9 muol), nmethyl nethacrylate (2.97 g, 29.7 mmol)
and nethacrylic acid (0.42g, 4.9 mmol) was fed into the flask at 0.93 g/hr
over 5 hrs. After nononer addition was conplete, the 20 heating was
continued for anotdier 12 lars after which tinme polyngtization was found to
be conpl ete. The Il{at ex s white and stabl e, \ i  cl es about 455
nmin di amret ( HAPS, Iverannstrunent. i , +Rds of
23. 5% and forhgd i g V/ssi

Ti Q2 particles. The encapsifl ati ng pol yN
particles was further incregased by addi ot her deoxygenat ed WExture of
butyl acrylate (1.27 9.9 mmol ), nethyl nethacrylate (2.97 g, 29.7 mol)
and nethacrylic acid(%% 42 g, 4.9 mmol) at 2.3 g/hr (3o the above Iatex
(54.15 g) in the presence of 2, 2'-azobis(2-

wherein R? is as previously defined.

When selecting a RAFT agent of general formula (16) for use in an aqueous environment,
5 it is preferable that it demonstrates hydrolytic stability. Trithiocarbonyl RAFT agents are

particularly preferred for use in an aqueous environment.

Where a dithiocarbonyl compound is used as a RAFT agent of general formula (16), it may

be a dithioester, a dithiocarbonate, a trithiocarbonate, a dithiocarbgmate or the like.

The invention will now be described with reference to the following examples which
10 illustrate some preferred embodiments of the invention. However, it is to be understood
that the particularity of the following description is not to supersede the generality of the

preceding description of the invention,



met hyl propi onam di ne) di hydrochl oride (0.03 g, 0.1 mmol) at 70 C over 2 hrs.
After nononer addition was conplete the tenperature was naintained for a
further 5 hours to 30 effect full polynerisation. Exam nation by

transm ssion el ectron m croscopy showed pol ynmer encapsulated Ti Q2 particles

(Figure 1). An average particle diameter of 491 mu - 62- was determnined by
dynam c | aser |ight scattering (HPPS, lvern Instrunents Ltd). Latex
solids was 29.4 % Exanpl e 11: Pol y(methAyl nethacryl ate-co-butyl

acryl ate-co-nethacrylic acid) coating of Bayferrox Red 110 Miron oxide

pi gnent (Bayer) using macro RAFT from5 Exanple 1 a) as a stabilizer. A

sol ution containing macro RAFT from Exanple I, a) (3.04 g, 0.3 mml), water
(51.3 g) veAMBEDBSed in a 100 ml beaker. The pH of the solution was raised
to 6.67 by an addition of concentrated ammonia (28% . To this macro RAFT
solution, red irqn oxide pignment (5.00g) was added, m xed and was further

t hor oughl yE’Eﬁ%E)‘é sed using a Vibra-Cell 10 U trasonic Processor (Sonics and
Materials, Inc.) standard probe at 30% anplitude for 10 m nutes. During the

soni cat i on,)FQE&Sation HEa HohP ity avidy,-lock-paly (saytahide)| npcanBAJGORgenti n a
wat er bath. The red dispersion was transferred to a 100 m _roynd b.otto%ed
f1 ask contwithi mgspective- adegnees( 20frepokymsrEptiohamt dishePdi By dFoctt ofF48 (U. 03

Cror st TSR ARG Bk B PR R8T D 00 70 C i e

deoxygenated m xture of butyl acrylate (1.27 g, 9.9 mmol), nethyl
met hacryl apes¢lti®7 o 22d(butytsuifanyBoatbomtthiaysulfaoydpiopandc 4acig, (43D gnreid)

fed into the flask at 0.93 g/hr . hps. Af ifi
Sompl ot e, mmshd 1goAEE RBRY oAb (0 58t har P ThrsTIRREE (g 1P0g" S
pol yneri Za,&llg&fl}} }9@@&%@&7@3&&&%&&% g-§2~8as| hg{epa@e&vaﬁ ast(tbing, rovadtteitoiing

particles a nmin anet er (HPPS, Mal vern | nstrunents td%l. The
| at ex had Sedki ThisofaslHirdsh magheticallyeahdaspaegedbridnaitipees & ¥ minues e Thgiflofing.

Transm_ ssion elegtro 1.Cr 0 sho t hat i:

encapsifat was %@@ﬁ%ﬂtﬁg&g}t |02:IS§’§ Qy% E&gﬁ‘slegaﬂf}tﬁﬁgeﬁhr ,g%cggg?t ?%getg'fo Qgé’ %gll?{/
(acrylic aglinfax) JIRE4, O 3RS @08 o aRiMcakcRl) 10,08, @ eninghvad addsd o thurfieslcBac s
per chain 2-{]{butyl sul fanyl )carbonot hi oyl | sul fanyl } gr.opanojc_.ac %A

sol uti on ofmiBue] Wautigdygenaer, p)d hpasgor s 6%‘1@6‘? ﬁéﬁél 9&6&@&*’@3 Su TR o1

?4 ffgrrrrg%gppx%lzs'fiqaﬁz?%%iaaiﬁg%gaﬁdg.ni trile (0.03 g, 0.2 nmol), acrylic acid

b) Poly(methyl methacrylate-co-butyl acrylate) coating of TiO; pigment (Tranox
15 CR828 (Kerr-McGee pigments)) using macro RAFT from Example I, a) as a

stabilizer.

A solution containing macro RAFT from a) (2.49 g, 0.3 mmol), water (50.2 g) was
prepared in a 100 ml beaker. The pH of the solution was raised to 5.13 by an addition of
concentrated ammonia (28%). To this macro RAFT solution, TiO, pigment (9.98 g) was
20 added, mixed and was further thoroughly 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
25  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



30 di oxane (10.01 g) was prepared in a 50 nL round bottom flask. This was
stirred - 63 - magnetically and sparged with nitrogen for 10 m nutes. The
flask was then heated at 70 C for 2 his under constant stirring. The final
copol yner solution had 43.1 % solids. b) Pol y(net hyl

met hacryl at e-co-butyl acrylate-co-acrylic acid) coating of -Ti Q2 pi gnment
(TR92, Huntsman Cor poration) using macro FT from Exanple 111, a) as 5 a
stabilizer. A solution containing nmacro” RAFT from Exanple 111, a) (1.05 g,
0.3 mol), water (54.34 g) was prepared in a 100 ml beaker. To this
solution, Ti2 pignment (11.65 g) was added, m xed and was further

t hor oughl yhutiaiégrevkiell timsi podyraerizatiorm was found| to fhe comiptet®rAfte Sitering Shailasx aag
Mat eri al s, ) tandard pr.obe at .30% ityde far 10 mnu During the
10 soni cat Y‘Jgﬁgp%%d(s:egg@?e’tﬁoé‘%dfl@ﬁﬁgpgiﬁs V\%’g?‘gt% r S r’rﬁgﬁ%‘é‘l‘ﬁe@él magndh@bmd
in a water Idatmentad)THeGatdk HRE ESRLABT ) AL n
round bottoned fl ask wnt aining 4, 4 -a?o?’bgi%gd(négl-fg%%o%/al eriagagggg% ﬁ%‘g%‘ge g,
0.1 mmol ) éiingvatraasmisyiganeleeipryniafoseanye shawed ghatgtheThgexwvohrirfed apdlymes

i mrersed | j h_w.i:h. a tenperature setting of 70 C, while a
deoxygegat%ﬁﬁ?‘g%éﬁgg?@)?pﬁ%@ﬁ acrylate (0.30 g, 2.3 mmmol), nethyl

nmet hacrylate 15 (0.67 g, 6.9 mmol) and acrylic acid (0.98 g, 13.7 .nmol') was
fed into té&ePblygmktind methhbirylaves-buthr scryhite @b-HomasBilicasigd)y E&ftiﬁ%@f TiO,
conpl ete, the r}\exzéi ng was continued for another 14 Irs after which tine
pol yner i zaPlEBFufASREGBhsing masre Bdilefrom Bxample L ja) as p stpbilizes. | at ex was
white and stable, containing particles about. 478 nmin dianmeter (HPPS,

Mal ver n | nagt §d1i8eH | %, dra 1S Sd t O

1 05copy S henel ¢haritind el RAFITROI® X0t Do A al: S0 O
parti cl es. piERamglie al N0 m) bsakep Jhatptbof the salysmnywdy mseg ltd §.27 by an addition of

' id). - lamde).}. - RAET, t Wi ive, d f
ol yiel§ 2t GRATER Sighid BRKE Do i Afkiry RAHT schiiiche dio Rismembgi16°8) was
sul fanyl } piddedN Ghiked@Cardl 2Ws Aﬁﬁmbﬂtth&@ugﬁlX} dispersed using a Vilira-%ell Ultra%onic

2-{[ (butylsul fany1)carbonot hi oyl i sul fanyl} propanoic acid (1.32 g, 5.
mol ), 4, Brocesseb{squicscuchMasgrials, dnal istipdqd. mebe at 60% amplijude dor §l miriuths.

(12.16 g, . | ig (%,.99. 27.6.nmmol ) in dioxane .7 Q)
and wat er ]%ﬁn%% %%gﬁ%% ré?%gr &lﬁ %iSWGﬁgIFrLWSrSoﬁ l‘&bré%g%ertﬁcgl;l%éﬂ Wﬁéé ‘R/aeg
stirred newatet ibadl. | Theamits pdisgedomiwdy transdred 1 tar 0QE Ml edundSbéitdmdde flask he
fl ask s then heated at. 70 C for 4 hrs. The cc()goll_gvrrer solution had 41. 7%

sol i dsi”  9OPIaRIg (Gret AY0bisEpeiBYlpropienagidingidjiry dieghloridec(0c13- gxe Onlamal) and

aci d) coatyn0q&¥vdd | t ' S] r o RAFT
T om Exampy e y§§£geg%§&g&gg%r£§£§l?g§%g.m WIERE AEAL RAY Ahh&Rea HSLd G TRE Qe
: a temperature setting of 70 °C, while a deoxygenated mixture of butyl acrylate (1.27 g, 99

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
20 heating was continued for another 12 hrs after which time polymerization was found to be
complete. The latex was white and stable, containing particles about 455 nm in diameter
(FIPPS, 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
25 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
30 effect full polymerisation. Examination by transmission electron microscopy showed

polymer encapsulated TiO; particles (Figure 1). An average particle diameter of 491 nm



A sol ution containing macro RAFT from Exanple IV, a) (2.54 g, 0.3 mol),
water (51.8 g) was prepared in a 100 m. beaker. The pH of the solution was
raised to 5.03 by an addition of concentrated ammonia (28% . To this macro
RAFT solution, TiQ2 pignent (10.21 g) was added, m xed and was further

t horoughly dispersed using a Vibra-Cell 10 Utrasonic Processor (Sonics and
Materials, Inc.) standard probe at -30% gnplitude for 5 mnutes. During the
soni cation process, the dispersion was stirred nagnetically and cooled in a
wat er bath. The white dispersion was transferred to a 100 m round bottoned
flask containing 2, 2 -azobi'sgﬂ} met hyl propi onam di ne) di hydrochl ori de gg( 03
g, 0.1 rmowjs datermined biedynagein dasetllight seattariagdHPESaMal vegn Insiameps| Lddy. Latk was
i mrersed in .%nwoig Qa}h with 15 a tenperature setting of 70 C, while a
deoxygenatsé’él1 R Are 7y butyl acrylate (1.27 g, 9.9 mmol), nethyl

met hacrylate (2.97 g, 29.7 mml) and nethacrylic acid (0.42 g, 4.9 mol)
was fed i nEgampk M Bely(akthy] aiktlyddrylaveres-batfirerylafear-metinengdic add) coasingnas
conpl ete, the heating was_caontinued for another 1 hr after whi I*Ie'll"gtE

pol yrer i za®lh BaylgsLox 11Q, MeireBnpxide epigment ((Baxer)| uyng %"s""vm hem

st abl e,Sc%kﬁﬂgqua?pﬁrﬁtgt%mﬂqbout 364 nmin 20 diameter (HPPS, Malvern
. The

| nstrunent’'s atex had solids of 23.3% and forned a white and
glossy filmafter drying. Transm ssion el ectron mcroscopy showed that the
| at ex cont AisokdiopebytagringmeapsRABT dtbnTEQemplerly A (3t g, Bxnphd), watera(51.3 g)

Preparation of a Ly (acrylic acid).-black-poly{(styren fonic ...

aci d) . - coZ%’as(%r@P%rg‘gh‘%/ ﬂé%j‘ﬁ*ﬁ@f%‘- o sc&xt{cﬁn& SREd ?Q/E'%Zé’é'raé‘eaéidbt*on
pol yneri zasf hcbatRitdd amthoniaa(p8%). 3@ s Mbcro RAFT solution, red iron oxide pigment
2-{[ (butyl sul fanyl ) carbonot hi oyllsul fangl} propanoi c_acid. A solution of

2- { Kbut y|b s@LGOahwascadcllﬁginankm@yarqumas gtherp thopeuablye dispeesed ousom g, Vibra-Gelipl ) |
4,4 - i s(4-Cyv. i i _ s |
T4 6 4o PHEREHEEINERE Gl MbdRImey SRl bopft SR b K3 19

Yy onlr c acl eutralized

4.18 ¢, 20m@utes0Dlribg the soblation pycadse the ispBrsion @adstiveddanagrbicalygndvasled
prepared in a 100 nL round bottom flask. This was stirred nmagnetically and
spar ged wi iha pyateropsly Ty redsdigpersionswastianstergadiciong d 0P Hah roymdt kajtogred7Bask £ or

4 hrs. At Y3 » £ Dl ' 3 j: & Bk - d, -2 oL, :

4 azobi s(PERE Arsr Aty Rip ik fdf ok 0484 TTabheRfha’s,
m xt ur e wawadbdetaoxsgeddivenirapeh spaeging J heashadofibsknuadinabers@ 18 dnaril bath withher
3hrs. The copol yner so] uti %ﬁtogag@l 9. 0% sol i ds

h) Pol hyl
met hachy| ot EMRSTaWEpeiling of frétdegprespated BE?“HFCOM:‘?&}/YA?m 188 &P gnent
(TR92, Hung, e A Ahd Pt S0 S, 39,0% AmBHhdf homERTR e I(omz 2) g.)@sn(lgaol

stabilizer. 10°A sclution contai ning macro RAFT froni Exanple V .33 ¢,
0.3 mmol ) , wasfedrintoSihe Flagh aB 93 lapetreed lirn Afta00ondméramidision Wisecqyrplote,

thee
To thi s mAsUnRART SQRTEEDH SR 13 GhaNE e BPe e Aab T o Rt
was furt he&orﬁl\;/gé’t'ép?ﬁ@lé‘teﬂiv%es&ﬁﬁé! Sbwitdising Pty AlRJuk %tmﬁiﬂr&i&n&é@g@B&r
(Soni cs and terials, Inc.) standard probe at 30% ar}'pl itude for 1
re

m nut e20 18labyern gtrumentsdris dthie datephed selids et/ Hfronndrismae aaed Biowy glgssy
tical d | ed. WAt o i ' ' .
et e e 8 THRR B PR LG ML SO € Sonies

2' - azobi s(golymehaticapupitenpigh@hngydeldydr ochl ori de (0.03 g, 0.1 mmpl) and was
deoxygenated by nitrogen sparging. The whole flask was inmersed in an oil
bath with a tenperature setting of 70 C, while a deoxygenated m xture of

butyl 361 Virdhdpheitt’ 90 99

a) Preparation of a poly (acrylic acid) macro-RAFT agent containing an average of 15

monomer units per chain 2-{[(butylsulfanyl)carbonothioyllsulfanyl}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
30 dioxane (10.01 g) was prepared in a 50 mL round bottom flask. This was stirred



20 mmol ), methyl nmethacrylate (2.97 g, 29.7 mol) and nethacrylic acid
(0.42 g, 4.9 nmol) was fed into the flask at 0.93 g/hr over 5 hrs. After
nmononer addition was conplete, the heating was continued for another 17 hrs
after which tinme polynerization was found to be conplete. The final |atex
‘was white and stable, containing particles about 298 run in di aneter (HPPS,
Mal vern Instrunents Ltd). The latex had solids of 24.2% and forned a 25
white and glossy filmafter drying. Tran®m ssion el ectron m croscopy showed
that the latex contai ned pol ynmer encapsulated Ti Q2 particles. -66 -
Exanple VI: a) Preparation of a poly ((acrylic acid).-co-(styrene sulfonic
aci d).} magsee-RORly agiesphrosil tlithrspgat fov €0 drgutes sThuf flgsld wassher beatahat #FC n5

2- {1( tyl | f b f, d5A
ol Uti on P By fasee e epo APBSHBL RIS ar RS PP P aRoriRaci d (L. 20
g, 5.0 nnDI) 4, 4 azobls(4 cyanoval eric acid) (0.08 g, 0.3 nmol), styrene

sul fonic P&Tf(&{eﬁ%' ffe ﬁt&@@b\i@lhxa‘yﬁiﬁ‘mo@c PRI acﬁ?lzodﬂﬂ% Jof 'ﬁ(!);)/' iC

acid (3. 69 g, oxane (I1.13 wat er q

pr epar ed |p§lgmei:0(Il‘R92,rHumtdniwt€m0ﬂ‘auslk) usm mamsM Tifresun Fexgmple tH ba)yaSand
sparged_with pifrogen for 15 mnutes. The flask was then 10 heated at 70 C
for 4 hs. aﬁ*ﬁg Z6h0l ymer sol ution had 31.5 % solids. b) Poly(nethyl

met hacryl at e-co-butyl acryl ate-co-nethacrylic acid) coating of Ti Q2 pignent

(TR92, Hunhs@RAicRRLRAIALE MAYroUSART frae BxaAlTIIE, aph. ngna em\ibl,) wpten&Sda34
st abi I i zer. A solution containi n% macr 0. RAFT fr%m Exanp

0.3 mol ), gheesprepsed gn mOQ)mwg@ o dipathiscsolution, 1o Hﬂgﬁﬁé‘hﬁe‘r“ %&ﬁd&é t he
solution wag, Jials L NORRS RIS HRIWBRAI BrocdBY
To this nad %ed q‘éat(%l fu?h tﬂ?@%ﬁgﬁﬁga(%&%% g?d?was agded m xred and
was furt hegsohlteraad dVhterisls smej) semdus prgba al/B W anGaithdd forridsmitivtesPDociag $he
(Sonics and Materials, |Inc st.andard %fbe at 3 %a({rg |';&A1de fO{ B‘fﬁn Htes.
Dur i ngWhes%]éﬁ@iléatpm?ﬁsspﬁ&?dgﬁ%em?‘h@’aﬂ?'é‘g weghetiga e ey Hater 8y I? and
cool ed white dispersion (67.05 g) was transferred to a 100 ml round bottomed flask containing 4,
4’-azobis(4-cyanovaleric acid) (0.027 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 (0.30 g, 2.3 mmol), methyl methacrylate
15 (0.67 g, 6.9 mmol) and acrylic acid (0.98 g, 13.7 mmol) was fed into the flask at 1 g/hr
over 2 hrs. After monomer addition was complete, the heating was continued for another
14 hrs after which time polymerization was found to be complete. After filtering, the latex
was white and stable, containing particles about 478 nm in diameter (HPPS, Malvern

Instruments Ltd) Latex solids was 21.5%. Transmission electron microscopy showed that

20  the latex contained polymer encapsulated TiO; particles.

Example I'V:

a) Preparation of a poly {(acrylic acid),-co-(acrylamide),} macro-RAFT agent with

respective degrees of polymerization 'm = 5 n = 30 using 2-

{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid

25 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



20 in a water bath. The white dispersion was transferred to a 100 m round
bottonmed fl ask containing 2,

2' -azobi s(2-nmet hyl propi onam di ne) di hydrochloride (0.03 g, 0.1 nmol) and was
deoxygenat ed by nitrogen sparging. The whole flask was imersed in an oil
bath with a tenperature setting of 70 C, while a deoxygenated m xture of
butyl acrylate (1.27 g, 9.9 mmol ), nethyl nethacrylate (2.97 g, 29.7 moD
and nmethacrylic acid (0.42 g, 4.9 nmol ) *25 was fed into the flask at 0.93
g/ hr over 5 hrs. After nononer addition was conplete, the heating was
continued for another 12 hrs after which tine polynerization was found to
be conpl etmtrodnefol | 1r5aﬂn1ﬂ1ﬂa¢se xThe Saskhives thencheatedbite]0 30 dond# hirs gl hsaeapobyiness
about 515 n jn di %ﬁ/e PPS, Malvern Instruments Ltd). The | atex had
sol i ds of Soutipndjag BFEd - a -67 - white and glossy filmafter drying.
Transm ssion el ectron m croscopy showed that the | atex contai ned polyner -

encapsul at@dPle@Befml W &hLSylalbeobubAlicry At coRfthA iy Rt iaei) addtinh @CTiO,MS

which follow, dnlesS the context requires otherw se, the word "conprise’
and vari atplgmns (ER92,Htntsmani Gerporafien) usitgmiaernBAF\from Exwpémﬂ\ér%)tafod
to inpl chlu5|on of a stated integer or step or group of integers or
st eps but ih?)tf‘l P& excl usi on of any other integer or step or group of
integers or steps. The reference in this specification to any prior

publ i cati o8 sohitiohRbotaihg sRcER AFEdrdm Gxainple, IV, a) (2.54 g, 0.3 mmol), water (51.8

g) was prepared in a 100 ml beaker. The pH of the solution was raised to 5.03 by an
addition of concentrated ammonia (28%). To fhis macro RAFT solution, TiO, pigment
(10.21 g) was added, mixed and was further thoroughly dispersed using a Vibra-Cell
10 Ultrasonic Processor (Sonics and Materials, Inc.) standard probe at 30% amplitude for 5
minutes. During the sonication process, the dispersion was stitred 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
15 atemperature 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 1 hr after which time polymerization was found to be
complete. The final latex was white and stable, containing particles about 364 nm in
20 diameter (HPPS, Malvern Instruments Ltd). The latex had solids of 23.3% and formed a
white and glossy film after 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)y-co-
25 (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-{[(butylsulfanyljcarbonothioyljsulfanyl}propancic 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



or to any matter which is known, is not, and should not be taken as an
acknow edgnent or adm ssion or any form of suggestion that that prior
publication (or information derived 10 fromit) or known matter forns part
of the common general know edge in the field of endeavour to which this
specification relates. - 68 - THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOANS: 1. A nethod of polynerising r to formpolyner at the surface
of solid particulate material, said met‘f%maconpri sing: providing a

di spersion of said solid particulate material in a continuous hydrophilic 5
| i qui d phase, said dispersion conprising a hydrophilic RAFT agent as a

st abi | i serdibranes@dt@ godriddwatar (it ghtas petparddain a 400 ndairchncordtionuflask. This
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pol yner at the surface of 10said solid particulate materi al . Thé met hod
accordi ng 4 eazobmfétrpﬁa,nowﬂan@ eid} (¥e04g.shtnsholpwas addsid do gl ﬂ@’ﬁkahQ mxmm was

Lo RSB  P FRPREA T Y ARBISRAS, 1) ot

hydr ophi I'i &ihtidhtiad @S 80lidknd t he one or nore ethylenically unsaturated
nononers are then added to the 15conposition and are pol ynerised under the
control of the hydrophilic RAFT agent to thereby formpolynmer at the
surface ofbk Belyémthyl pagthpenylateso awlatewﬂmethﬁﬁtmomaéb gptinggok d1Q1 ai m

hase. 4. WRRRLCRRZ SRR Rk o b pBORT RATTL RS R AU PGP 5

solid partgtﬁbﬂlﬁéle

10 A solution containing macro RAFT from Example V, a) (3.33 g, 0.3 mmol), water (50.9 g)
was prepared in a 100 ml beaker. The pH of the solution was raised to 5.08 by an éddition '

of concentrated ‘ammonia (28%). To this macro RAFT solution, TiO; pigment (10.47 g)

was added, mixed and was further thoroughly dispersed using a Vibra-Cell Ultrasonic

Processor (Sonics and Materials, Inc.) standard probe at 30% amplitude for 10 minutes.

15 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 (1.27 g, 9.9

20 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 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

25 white and glossy film after drying. Transmission electron microscopy showed that the latex

contained polymer encapsulated TiO; particles.



20material is prepared by form ng a conposition conprising the solid
particul ate material, the hydrophilic RAFT agent and the one or nore

et hyl eni cal |y unsaturated nononers as the continuous hydrophilic |iquid
phase, and wherein said conposition is dispersed in a second continuous

| i quid phase and the one or nore ethylenically unsaturated nononers which
formthe first nentioned continuous 25h§g[ophilic | i qui d phase are

pol ymeri sed under the control of the hydrophilic RAFT agent to thereby form
pol yner at the surface of the solid particulate material. - 69 - 5. A
met hod of preparing a dispersion of polyner encapsul ated solid particulate
mat eri al EFxamplg¥dophilic |iquid, said method conprising: providing. a

di spersion of solid particulate material in a continuous hydrophilic |iquid

phase, sai ' o) | S : I 9B 4 ¢ \FTser
Silor - ai " eRRERT B AoRY SRapIg A 30 ek oL ¢
li qui d phagenicomitlii séspectivee degremsr ef ephlyerizatibhy minsally at e fromsimgr 2~ and

pol ymeri sing said_one or nore h B’gn' cally unsaturated nononers under the
cont r ol of{[@amsﬂw&ﬁhqn@tmﬂﬁ‘s‘é Pibpf?}’%’@?“rﬁ% | ymer at the surface of
said solid particulate material, thereby providing said dispersion of-

pol ymers e olge { ylsuPRAY 1) Gutb Hothi Ol st thdy 1 } hropandiey ol 120c gl 1 8101 d.
6. The Sme'?f"lo a&:cago(r%gi %g@gtyg ai myg V\bereldi?gg]theﬁst:(})%tlpnuéus hy(rj(ro h,igl i C
li qui d phasmol)s 4a 4emrpbin(foursnavalent scih a8 -Bemmobh odyisnesuifaricapcid

aqueous d i(rslgu%rraﬁizgcp W?tL sgﬁ%nﬁ}ydrg{]}g %%Jé,%‘.efjmﬁ%ld, ch?rﬁé taﬁlﬁltb%beg, %b%fn@b in
dioxane (11.13 g) and water (11.44 g) was prepared in a 100 mL round bottom flask. This
was stirred magnetically and sparged with nitrogen for 15 minutes. The flask was then

10 heated at 70 °C for 4 hrs. The copolymer solution had 31.5 % solids.

b) Poly(methyl methacrylate-co-butyl acrylate-co-methacrylic acid) coating of TiO,
pigment (TR92, Huntsman Corporation) using macro RAFT from Example VI, a) as

a stabilizer.

A solution containing macro RAFT from Example VI, a) (1.84 g, 0.3 mmol), water (51.9
15 g) was prepared in a 100 ml beaker. The pH of the solution was raised to 3.76 by an
addition of concentrated ammonia (28%). To this macro RAFT solution, TiO; pigment
(10.07 g) was added, mixed and was further thoroughly 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

20 in a water bath. The white dispersion was transferred to a 100 ml roun’ci 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)
25  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



7. A method of preparing a polynmer having solid particulate materi al

di spersed 15t heret hrough, said nethod conprising: providing a dispersion of
said solid particulate material in a continuous hydrophilic |iquid phase,
sai d di spersion conprising a hydrophilic RAFT agent as a stabiliser for
said solid particulate material, and said continuous hydrophilic liquid
phase consisting essentially of one or Eﬁre et hyl enically unsaturated
mononers; and 20pol ymeri sing said one or ‘nore ethyl enically unsaturated
nmononers under the control of said hydrophilic RAFT agent to form pol yner
at the surface of said solid particulate material, thereby providing

pol yrer haxhitegpndigdossy ffild afiar diving. Aransmagson ed¢ctpingpisraseepit shomstliihas dleghlates.
The net hod_agccaor,di tao claim.f j h.the continuous hydrophilic liquid
phase: 280 drprrEe s ak bt A A B sl mt or tal and-the hydrophi ¢ RAFT
agent is dispersed in a second continuous |liquid phase, and wherein the one
or nore etfirbeihonnktiy spasidationtand thendairisswhick follbwanlese theuosinexit lequires
control of the hydrophilic RAFT agent, to forg1p9lyner at the surface of

sai d sol i ®thapiseetegyad "compyise arigfonssuch gf etsnsissy | AW SomPESBE s Wl i n
t he secpn ' L LQui d: LG [ i.d
par el ats BapisPO S fpB b ARE B a R FRtegP®) HbFLERIBHr MlcderPonatr

pai nt, fi [duenot thelbedisien of mryestherlinigpercbristep, orroupesf, integelsanstepsli agnostic -
product or therapeutic product conprising preparing a dispersion of 5

pol yner encapsul ated solid rticulate mateyial. accardi ng,.to.clai.m 5 and/or
brepari ng SegeryHer i sRyolBren Dty sty arelQieR Ieraptowte ey deed from %)
theret!irQughans aRkel WhichGs RhAVMNid no@RAY SN Aot taRHasHSRENSWRIAgRRH &

polymer with one or nore fornulation conponents. = i ] )
: admission or any form of suggestion that that prior publication (or information derived

10 from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.



10. The nmethod according to any one of claims 1 to 9, wherein the solid
particulate 10material is selected frominorganic pignents, organic

pi gnents, titanium dioxide, zinc oxide, calciumcarbonate, iron oxide
silicon dioxide, bariumsulphate, carbon black, phthalocyanine blue, ’

pht hal ocyani ne green, quiancridone, dibronananthrone, nagnetic naterial
waxes, bioactive agents, and combinatio thereof. 11. The net hod accoraing
to any one of clainms 1 to 10, wherein fﬁg'largest di mrensi on 150f the solid
particulate material is no greater than 10 microns. 12. The nethod
according to claim 11, wherein the |argest dinension of the solid
particulate material is no greater than 1 mcron. 13. A paint, filler
adhesi ve, THRCLAIMSUWEFINING JHEINVENEHONARBAGHROILQWS: oduct or ’

t herapeutic product conprising a dispersion of polyner encapsul ated solid

20particulate npterja repar ed .i C | |.ai

havi ng solli d pa’}tmﬁth?ét(’g WEYIBWS&?Q CPI? (gl%géeg(aa@ ﬁ]n\gr é&?’ ﬁlre gfgﬁﬁ%%%%gﬁisﬁﬁhymr
accordance Wit hy,eaid® Fatckidl, sRalnethed esmeapsag:at ed sol i d particul ate
material that i's 100 mcrons or less in size, said solid particul ate

mat eri al being. encapsul ated in a substanti.all I for d.2 '
coating of a paigvigmghdisparsan gf Sa}léé@i‘ﬁ’#‘g&? ";Ejfé?il’er&??frng)n'fl %g’aituﬂ}%ﬁg Bgérﬁgﬁ)iﬁ%

control_. of a hydr iljc T t - - -al.. Y r il FT
Coont * o s ShRP seC it GpR8RRcomnfi ¢ heaghl 10U ol s
uni forny di spefos ggidt futidupdrieilait heaterialapad|saidi cgitipudysnhydrophilic liquid phase

comprising one or more ethylenically unsaturated monomers; and

polymerising said one or more ethylenically unsaturated monomers under the
control of said hydrophilic RAFT agent to thereby form polymer at the surface of

10 said solid particulate material.

2. 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 continuous hydrophilic liquid phase,

A and the one or more ethylenically unsaturated monomers are then added to the
15 ‘ composition and are polymerised under the control of the hydrophilic RAFT agent

to thereby form polymer at the surface of the solid particulate material.

3. The method according to claim 2, wherein the continuous hydrophilic liquid phase

is a continuous aqueous phase.

4, The method according to claim 1, wherein the dispersion of said solid particulate

20 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

25 hydrophilic liquid phase are polymerised under the controi of the hydrophilic
RAFT agent to thereby form polymer at the surface of the solid particulate material.



16. A conposition conprising or consisting of discrete particles of polyner
encapsul ated solid particulate material, said solid particulate nateri al
bei ng 5encapsul ated in a substantially uniformand continuous coating of a
pol ynmer which has at least in part been formed under the control of a
hydrophilic RAFT agent. 17. A conposition conprising or consisting of

di screte particles of polyner encapsul ated solid particulate material, said
di screte particles having the solid partP8ulate material substantially

uni formy dispersed throughout the encapsulating 10 pol yner, wherein the
encapsul ati ng polymer has at least in part been formed under the control of
a hydr opEi 5. ¢ RAF]&lleanc&hTof ;&fpium{gea gfigperstdrhef ﬁoﬂb&ﬂeb it &Q:lalbs/iﬂdite@?oliﬂ%dﬁ%ﬁ[ate
agent, the encapsul ating pol yner conprises substantially no di spersant. 18.
The conpositi on“&?&%‘@fl&lﬁéy‘iofepﬁﬁihﬂmﬁs% methagGOETISHI n the form of a free
flow ng powder. 15 19. A paint, filler, adhesive, priner, toner, liquid ink,

seal ant, di agnos{d«&d; t ks : r LS THNNe])
e or .t oo BraSgRECE erlptDESGRE B a7 L3 SRR
encapsul at ed soltiquidggirase,cuaidadispersive rcomiprisingi adbygdrbphilip RAF T agertt @s rmedtahiliser

bei ng encapsul ated i.n a.substantial | y.uniform.and .continupus .coati of a
pol yrrer i oh hi® 0 sBiT pareolts dacrial et e CGBRosH Y Bamhilic Mo ghase
20hydr ophi | i ¢ RebhpASi8Rone ddmoft éthflbhidalt} sRahFsted nhoRRly BRI encapsul at ed
solid particulate material, said polyner encapsul ated solid particul ate

material having the solid particulate material substantially uniformy
di spersed t hr ou@abimerisig s#dapneupntmorg gbylonisally whsstutaied monemempyndant thag

pol ymer has at | ieN..par. . .
25hydr ophi | i ¢ Rﬂ&?ééalgoef E?‘I,% ?@%ﬁ&%@ﬁﬁg?ﬁg%‘ﬁ%ﬁ&?ﬁ%p %‘5%? 8%%?% of spisplid
agent, the encapstiicalatdenapiay,nerebgnpoviRiigy sailsdigpdrsioh |of pulytles pacapaibted -
72 - the paint, filler, adhesive, priner, toner, liquid ink, sealant,

di agnostd ¢ pr odselid patipWatedpaeraldn phydiephiligdiagidii ng to claim 13 or 19, and
the liquid dispersion according to claim?20 or 21, wherein the hydrophilic

RAFT agent ¢ s ofrpdeRGR adcBEdY & &l 5, wherein the continuous hydrophilic liquid phase
is a continuous aqueous phase and the method provides an aqueous dispersion of

polymer encapsulated solid particulate material.

7. A method of preparing a polymer having solid particulate material dispersed

15 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 particulate material, and said continuous hydrophilic liquid phase

~ consisting essentially of one or more ethylenically unsaturated monomers; and

20 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

25 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



/S (X)n- Rl S-= C (4) Swhere each X is independently a polynerised residue
of a hydrophilic ethylenically unsaturated nononer, n is an integer ranging
fromO to 100, Rl is an organic group optionally substituted with one or
nore hydrophilic groups and Z is any group that can pronote sufficient
reactivity of the thiocarbonyl group towards radical addition while not’
slowing the rate of fragnentation to the extent that there is unacceptable
retardation 10of polynerisation.

material to thereby provide a dispersion in the second continuous liquid phase of

polymer particles having the solid particulate material dispersed therethrough.

9. A method of preparing a paint, filler, adhesive, toner, liquid ink, primer, sealant,
diagnostic product or therapeutic product comprising preparing a dispersion of

5 polymer encapsulated solid particulate material according to claim 5 and/or
preparing a polymer having solid particulate material dispersed therethrough

according to claim 7, and combining said dispersion and/or polymer with one or

more formulation components.

10.  The method according to any one of claims 1 to 9, wherein the solid particulate

10 material is selected from inorganic pigments, organic pigments, titanium dioxide,
zinc oxide, calcium carbonate, iron oxide, silicon dioxide, barium sulphate, carbon

black, phthalocyanine blue, pttthalocyanine green, quiancridone, dibromananthrone,

magnetic material, waxes, bioactive agents, and combinations thereof.

11.  The method according to any one of claims 1 to 10, wherein the largest dimension

15 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

20 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
25 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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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 thr'oughout 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 accordiné 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.



