WO 2006/ 037161 PCT/ AU2005/ 001512 SURFACE POLYMERI SATI ON PROCESS AND
POLYMER PRODUCT USI NG RAFT AGENT Field of the Invention The present
invention relates to a nethod of polynerising nononmer to form polymer at
the 5 surface of particulate material, to polymer encapsul ated particul ate
mat eri al amstotaséopnieduct s conpri sing the pol ymer encapsedradwedosmarsiz cul at e
mat eri al. The polyner encapsulated particulate material is particularly
suited for use in coating formulations, and it will therefore be
convenient to describe the invention with an enphasis toward this
application. However, it is to be understood that the polyner encapsul ated
parti cuUSHREACEPOIMMERISATION PROGESSIAND POLYMER PRODUCTRUS MGRABRAGENTUND  Of
the Invention Deposition of polyner at the surface of particulate materials
can afford polyner/particulate nmaterial conposites that may be used in
various applications. For exanple, polyner nmay be deposited to coat and
encapsul ate the particulate material. In this case, the polynmer 15 coating
coul d be useﬁ,%prgoéggt_the particulate material from an externa

envi ronment , ¥l ofdhe DEntisn control 1 ed rel ease of the particulate materia
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encapsul abedblriflithy HeIRR! AOtibRapRARYS, @ bul k pol yreric matrix, it will
al so be generally désirable that e particulate material is uniformy

di spersed throughout that matrix. WO 2006/ 037161 PCT/ AU2005/ 001512 -2

Background of the Invention
Deposition of polymer at the surface of particulate materials can afford polymer/particulate
material composites that may be used in various applications. For example, polymer may
be deposited to coat and encapsulate the particulate material. In this case, the polymer

15 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, herbicide or
pharmaceutical particulate materials may be used to provide controlled release products.

20  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/particulate material
composites, it is generally desirable that polymer is deposited at the surface of the
particulate material in a relatively controlled, even and reproducible manner, Where the

25  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.



To date, a comon approach to encapsul ate particulate materials with

pol ymer has involved dispersing the particulate material into a liquid
medi um conprising a preforned polyner. The |iquid nmedium may be forned by
di ssolving the polynmer in a solvent, or by sinply nelting the polyner.

Al t ernati vé¥g2006/p¥1q3arti cul ate material mght be di speP§&chlzPS801dEnoner
which is then polynerised to formthe polyner. However, the ability to
successfully apply such nethodol ogies. is often highly pol yner and/ or
particul ate 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
medi.um The use of conventional dispersing agents in this manner can be 10
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15 being able to reproducibly coat the particulate material with a relatively uniform layer of

polymer at a variety of thicknesses.

As an alternative to coating particles with preformed polymer, attempts have been made to
use conventional free radical polymerisation processes to form polymer at the surface of
parficulate material. 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 particulate materials
25 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 particulate materials. Such a method



-3 wll preferably be robust, efficient and capable of being applied to a
broad range of polyners and particle types and sizes. Summary of the

| nvention The present invention provides a nethod of polynerising nononer
to formpolynmer at the 5 surface of particulate nmaterial, said nethod
conpri si ng:worewvslitelg a di spersion of said particul at e rearAARMEI0GIS a
continuous |iquid phase, said dispersion conprising a RAFT agent as a
stabiliser for said particulate material, and said continuous |iquid phase
conprising one or nore ethylenically unsaturated nonomers; and

pol ynerising said one or nore ethyl enj%§1I | y unsaturated nononers under the
control of 10 said RAFT agent to thereby form polyner at the surface of
said particulate material. In essence, the nethod of the invention provides
a unique interfacial polynmerisation, technigue that.enables polyner.to be
fornmed at ! @rgfg‘?aiﬁ’ﬁc'ég&b%ﬁaﬁ feient 4pd °ﬁpé‘lf’EQr ?Q‘Pl?ng ﬁp%{m%s@b%ﬁﬁ irﬁffgeyc’f
cont r ol | abbEmaRchnd @akieRYgcbbfd siBRNer . The net hod enables a diverse array of
polymers to be forned at the surface of an equally diverse array of
particul ate materi.al 15. Provided that the particulate nmaterial can be

di sper sed%“ﬁ“’[‘ﬂé’“g@?ﬂiﬂﬁﬁfmf’é’ liquid phase, the particles can be of any
shape or size. Through the control afforded by the nethod, polyner nay be
formed at Thherssentfidestiaf provides quacthodef riyenanaing miaiomentodosubslymet dtdhd y even
fashi on, and .can_.be .pr.ovi ded at .tail.ored thicknesses. Such control

advant fgeéﬂfét‘?csf/’Ogﬁ%{'ﬂgggtef“ﬁ?"ﬁg?aﬁ&@ﬁh’ﬁggolﬁ%ﬁlsél}g'aI to be 20 encapsul ated by a
desired thickness of polyner to provide for a dispersion of polyner
encapsul atpesliing tai dispeatien ofitsaidi mktiduintea maiegial th a Adontnuvais iligeldyphaghesast such
polymerisation.is all.owed 8. continue .an ffi.Cl 0 1S

f or ned, pg‘fsyﬁfé’r‘m\m{f%ﬂﬂ%% sul % eg}sas atﬁaeblfﬁ:%F ??q'cs%#déltag[%r%laa?ee@{{gﬁ&h@s%bdaI esce
t 0o provi deofitiituoss iid/phese comggishawvnagr mbie efigidnicelly anseturated reoncadersjiasper sed
substantially uniformy therethrough. In this case, it may be that the 25
conti nuous_J.i qui S i 1) f I

pol ymer i sé’ai. n}%ﬁsgﬁgggsoglgc? r}%{ﬁgete%y %‘;‘%%w P%&en%t%oﬁggﬁ%gg&s@&% gonllglﬁ bof
encapsl atsaid RAHT agend tatiersbatieni pdlymérat theissrfd®@©@f sdid potisulae nlategisl. i n si ze,
said particulate material being encapsulated in a substantially WO

2006/ 0371@.& e@%ééb,‘%cg %ﬂ?o%lgil%e invention provides a unique interfacial polymerisation
technique that enables polymer to be formed at the surface of particulate materials in a

substantially controllable and reproducible manner, The method enables a diverse array of
polymers to be formed at the surface of an equally diverse array of particulate materials.
15 Provided that the particulate material can be dispersed in the continuous liquid phase, the

particles can be of any shape or size.

Through the control afforded by the method, polymer may be formed at the surface of the
particulate material in a substantially even fashion and can be provided at tailored
thicknesses. Such conirol advantageously enables the particulate material to be
20 encapsulated by a desired thickness of polymer to provide for a dispersion of polymer
encapsulated particulate material in a 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. In this case, it may be that the

25 continuous liquid phase consists essentially of the monomer to be polymerised.

‘In one aspect the present invention provides polymer encapsulated particulate material that

is 100 microns or less in size, said particulate material being encapsulated in a substantially



-4 uniform and continuous coating of a polyner which has at least in part
been fornmed under the control of a RAFT agent. The present invention also
provi des pol ymer encapsul ated particulate naterial that is 100 nmicrons or

| ess in size, wherein the encapsul ating pol yner has at |east in part been

5 formed urfd@rveB¥EI€ontrol of a RAFT agent, and wher ei PGIHE2H(0015¢01 at e
material is substantially uniformy dispersed throughout the encapsul ati ng
pol ymer. Further aspects of the invention appear below in the detailed
description of the invention. Brief Description of the Drawi ngs Preferred
enbodi ments of the invention will now e illustrated by way of Exanple only
10 with reference to the acconpanying drawi ngs in which: Figure 1
illustrates polyner encapsul ated Ti 02 pignment prepared in accordance with
the invention: ki d i : I : I

phthalocygﬁﬁﬁgf J%H%ﬁgﬁéﬁ%ﬂg$g%%#gga%ﬁ%&géggf%gﬁégﬁ%ﬁ?ﬁé#ﬁgﬁﬁékgﬁﬁﬁon. 15
Det ai | ed Besonirptafe®AHT ageet. | nvention In accordance with certain aspects of
the invention, the RAFT agent functions as a stabiliser for the dispersed

particul atg. MRLELI Al enifdY %I%U;Ef&%& AlyiRr 'égc@Fﬁ%&i Boutatel DGreRAFhat g0€NT

serves to prevent, or at | t mnim'se, coal escerice or aggregation of the
di sper sed 10pmidronsudraless inesizsy whéreinAbe anapsubiting gotymer hes RARTSt a part besuy

pr event L0 S8, cenc . r i :
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el ect r ost atbstantidhubsfoonly dispejgedthicaighdut éneanedpstiptiigpolymmrt i on as a

stabiliser, the RAFT agent conprises a noiety that can provide for the

requisite i . i . I . t : tain
napect s of s afeeBeflle feRH St efon A AoBHOR st B R eI
unsat urated nononers are pol ynerised under the control of the RAFT agent.
By bei ng Byisf Pesaripdiod of thed@rawtikgs control " of the RAFT agent i-s neant that

t he mononers are WD 2006/ 037161 PCT/ AU2005/ 001512 -5
Preferred embodiments of the invention will now be illustrated by way of Example only

10 with reference to the accompanying drawings in which:

Figure 1 illustrates polymer encapsulated TiO; pigment prepared in accordance with the

invention;

Figures 2 and 3 illustrate polymer encapsulated phthalocyanine blue pigment prepared in

accordance with the invention.
15 Detailed Description of the Invention

In accordance with certain aspects of the invention, the RAFT agent functions as a
stabiliser for the dispersed particulate rﬁaterial. By functioning as "a stabiliser”, the RAFT
agent serves to prevent, or at least minimise, coalescence or aggregation of the dispersed
particulate material. As a stabiliser, the RAFT agent may 'prevent, or at least minimise,
20 coalescence or aggregation of the particulate material through well known pathways such
as steric and/or electrostatic repulsion. To provide the ability to function as a stabiliser, the
RAFT agent comprises a moiety that can provide for the requisite steric and/or electrostatic

repulsion,

A feature of certain aspects of the invention is that the one or more ethylenically
25 unsaturated monomers are polymerised under the control of the RAFT agent. By being

polymerised "under the control" of the RAFT agent is meant that the monomers are



pol ynerised via a Reversible Addition-Fragnentation chain Transfer (RAFT)
mechani sm to form pol ynmer. RAFT pol ynerisation of ethylenically
unsaturated nmononers is described in WD 98/01478, and in effect is a

radi cal polynerisation technique that enables polyners to 5 be prepared
havi ng a wavo 2@efim@ad nol ecul ar architecture and | ow pECrdiE@ssgisia/. The
techni que enpl oys a RAFT agent of the general formula (1): /X-R X=C Z (1)
whi ch has been proposed to react with a propagating radical (P'') in
accordance with 10 Schenme 1. WD 2006/ 037161 PCT/ AU2005/ 001512 - 6-
initiation mononer (M | P~ chain transfer /Pn +RX~X-R /add P~ X /X-R ka
PmX +R fml kadd IVz Mz z z (1) (2) reinitiation nonomer(M R Pm
chain equilibration X+tpP. X\ /X-PS P,-X, X-P, PPnXTbM M z z (3)

polymerised via a Reversible Addition-Fragmentation chain Transfer (RAFT) mechanism

to form polymer.

RAFT polymerisation of ecthylenically unsaturated monomers is described in
WO 98/01478, and in effect is a radical polymerisation technique that enables polymers to

5 be prepared having a well defined molecular architecture and low polydispersity. The
technique employs a RAFT agent of the general formula (1):

0y
which has been proposed to react with a propagating radical (P;) in accordance with
10 Scheme 1.



term nation Pn+P. dead pol ymer Schene 1. Proposed nechani sm of RAFT
polynerisation 5 The effectiveness of the RAFT agent (1) is believed to
depend on a conplex array of rate constants. In particular, the formation
of polymer according to scheme 1 is believed to be reliant upon equilibria
t hat requi "EORGASHEt e constants for the addition of priSgAYRPISHYI51} adi cal s
to agent (1) and the fragnentation of internediate radicals (2) and (3),
relative to the rate constant for propagation. 10 The rate constants
associ ated with RAFT pol ynerisation are believed to be influenced by a
conplex interplay between stability, sgeric and polarity effects in the
substrate, the radicals and the products fornmed. The pol yneri sation of
speci fic nmononmers and conbi nations of nononers will introduce different
factors and structural preferences for the agent (1). The interplay of
factors for g particular system have been largely rationalised on the basis
of the WO 2006/6%7464mRGH AU2005/ 001512 -7 results obtained. A clear
definition of afl fattors~that influence polynerisation for any particular
systemis yet to be fully understood As used herein, the phrase "RAFT
polymer" is intended to denote a polynmer that is fornmed through one or
more et hyl eni®4 ¥%%%nsat ur at ed nononers bei ng pol ynerised under the 5
control of a RAFT agent. In accordance with the nethod of the invention,
nmononers are pol i s&TRo_kQr mPrpokyner Xat—R hek surkacs. of tha& particul ate
material. By pol yner| bei ng Tormed "aty?F£‘ surface™ is meafnt that pol yner
forms on or iégﬁﬁiagely adj adent (i.e. lin the direction ofl the continuous

| i qui d phase) e outernost surface of the particul ate material . In other
10 words, polyner faynms at the interfa bet ween the particulate materi al
and the contigsus: |iquid phase such that it can coat the particul ate
material . Pol ymer skl @gnerally be fornmed so as to fully coat or

encapsul ate t he®’partt e@material. As used herein, the phrase
"particulate material” is intended to enbrace any material that is capable

of being dispersed throughout the continuous |iquid phase, be it a solid,
sem -solid chain equilibration

P+ XY X—P, Pm—-x\"/ Xm—P Pm—xYx +Py

z
®

termination

P, +P, —— dead polymer

Scheme 1. Proposed mechanism of RAFT polymerisation

5 The effectiveness of the RAFT agent (1) is believed to depend on a complex array of rate
constants. In particular, the formation of polymer 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 fragmentation of intermediate radicals (2) and (3), relative to
the rate constant for propagation.

10 The rate constants associated with RAFT polymerisation are believed to be influenced by a
complex interplay between stability, steric and polarity effects in the substrate, the radicals
and the products formed. The polymerisation of specific monomers and combinations of
monomers will introduce different factors and structural preferences for the agent (1). The

interplay of factors for a particular system have been largely rationalised on the basis of the



15 or liquid. By the particulate material being "dispersed" throughout the
conti nuous phase, it in effect forns a discontinuous phase within the
continuous |liquid phase. Provided that it can be dispersed throughout the
continuous liquid phase, the particulate material may take any shape or
Si ze. Howeweo 200503786 r ecogni sed that particul at e mat er ipgitssthensiongiza hi gh
aspect ratio, for exanple those having a flat |anellar or needl e shape,
may prove nore difficult to 20 uniformy coat with polyner than

particul ate material having a | ow aspect ratio. The dispersed particul ate
material may be in the form of prirrar_y7_particles, or in the form of an
aggregation of primary particles. The 'nethod of the invention has

advant ageously been found to be particularly effective at form ng pol yner

at the surface of prinmar par.t.icles. 25 G.ven that | yoer .i s.fornmed at
The. sur f atealBr OBy af (s BRMPR PER 0Tt (I trens BAIPLEHSR B That | he
parti cul abiEBdrayiteth iPRE toIR fallpstlddrstRdsubst antially free of nonomer that
may be pol yneri sed under the control of the RAFT agent. If the particulate

mat eri al re 2006/ 0371 [ AU2005/ 0015 -8 to gcontain nonaoner, for
exanpl e agg Pipddereiy e ?%Fﬂ%@%’? St e&aﬁ%éo%?at? aSBﬁ'ﬁ%ﬁmﬂg %)rfnleggl y to

f or m i nt eghich Yol orWhirBi dthylldicalfinbatuthiall andtdherd bding phlgmerisMinkdedthen t he
art wi.ll apprecjate_that as the size of particulate materials decrease, the
degr ee Sof cto} §legehei ng able to deposit polymer in a control | able
manner at the surface 5 of the materials increases. The unique interfacial
pol ymer i sat hedrdahioiite dhdbyndivd sfethsddvaitiohhmohauentaro polyodedstiagebus| y

enabl es polyner tqQ be for in a ntrolled_manpner with .rel at,ive ease at
Cha sur 1 DOUVBE Bothk Criare e Mooyt aeferal o Bapdne: btk RGefy b ey

parti cl esgurfice'al GhRaRMesSydlfifireims SACE0mthdalHily atijfacenpditd ircibe alirecttontalr i al may
be of any type, shape Q I

r.size provided that can, be di.spersged
t hr oughouthet4eBtIRoNE Hifvig LPélaﬁq% E]llﬁp‘a‘t?iﬂ’z?%qmgF%Ptﬁ’ﬁ&aafwfa%emla@F@leg](t% %ﬁ?’fe nsi on
of  the PabidsChliihé BBLSH @) inteSfaltObii@AtiRE piriaiatd Charsral Afisthe bEtiAugisel er abl y
no greater than "2 mcrons. The method of the invention has beeﬂ found to
be parti clifif |Brewr yushthajdt gan cqah by RYUHERG Fagteral ¢ ‘?Ir‘f@c%en@fa EM5- ni cron
particl esg, £ ol sSXANRUE do8St chfiPSuiRe BrePafiicARf mat@¥RN | €ss than 0.25 mcrons.

As used herein, the phrase "particulate material" is intended to embrace any material that is
capable of being dispersed throughout the continuous liquid phase, be it a solid, semi-solid
15 orliquid. By the particulate material being "dispersed” throughout the continuous phase, it
in effect forms a discontinuous phase within the continuous lquid phase. Provided that it
can be dispersed throughout the continuous liquid phase, the particulate material may take
any shape or size. However, it is recognised that particulate materials having a high aspect
ratio, for example those having a flat lamellar or needle shape, may prove more difficult to

20 uniformly coat with polymer than particulate material having a low aspect ratio.

The dispersed particulate material may be in the form of primary particles, or in the form
of an aggregation of primary particles. The method of the invention has advantageously
been found to be particularly effective at forming polymer at the surface of primary
particles.

25 @Given that polymer is formed at the surface of the particulate material, it will be
appreciated that the particulate material per se should be substantially free of monomer that
may be polymerised under the control of the RAFT agent. If the particulate material were



15 Suitabl e substances fromwhich the particulate material nmay be forned
include, but are not |imted to, pignents in general, inorganic materi al
such as titaniumdioxide, zinc oxide, calciumcarbonate, iron oxide,
silicon dioxide, bariumsulfate, carbon black, organic pignments such as
pht hal ocyarW@@4s{08idé1 pht hal ocyani ne green, qui nacri doneP@Ali2005/001512

di-br omanant hrone, magnetic materials such as y-iron oxi de, waxes, bioactive
agents such 20 as pesticides, herbicides, fungicides and pharmaceuti cal s,
wat er, and conbi nations thereof. Preferably, the particulate material is a
solid (i.e. insolid format the tenpegature which the nethod of the
invention is perforned). It is generally preferred that the particul ate
material that is to be encapsul ated by polymer is substantially inert to
the reacti et t ﬁmﬁﬁ ess is
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bet ween, mh@Y@mﬁmmnubuﬁﬂYquﬂmnﬂhaaéwubhnnﬂﬁﬁﬁdlspersed particul ate
material it can be convenient to refer to their relative solubility and/or
polarity i Iy and a
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phase and reﬂatll s a%(ta’h Qfla t%o&ar ta ]CU%% ar% mla"tticﬁ aﬁilk% tb%%hsmrfm neg'gclenl y be

i nsol ubl e TR the d ase ari hat P
partlculameMQMgumaMmﬂfesents to the liquid phase, and V|ce ver sa
generally being irrelevant to form ng the dispersion. From t he forgoi ng,
those Skl|| i i and

"hydr ophobi c&d E%H% %ﬁcﬁ%r%at%a?&%ﬁtbgtﬁg%&me’é%ﬂ 0%1 oI uge quafl: i es of
a part i1k uladispdSedsisighng ehdontimaib Eguitl phize. &’rcferablwpthb bargest dismehsivioof abl e or
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and unl i k?’orgneigge 1'30" ngr a"gr‘;he surface of sub-micron particles, for example less than 0.5 microns,

even less than 0.25 microns.

15 Suitable substances from which the particulate material may be formed include, but are not
limited to, pigments in general, inorganic material such as titanium dioxide, zinec oxide,
calcium carbonate, iron oxide, silicon dioxide, barium sulfate, carbon black, organic
pigments such as phthalocyanine blue, phthalocyanine green, quinacridone and
dibromananthrone, magnetic materials such as y-iron oxide, waxes, bioactive agents such

20 as pesticides, herbicides, fungicides and pharmaceuticals, water, and combinations thereof.

Preferably, the particulate material is a solid (i.e. in solid form at the temperature which the

method of the invention is performed).

It is generally preferred that the particulate material that is to be encapsulated by polymer
is substantially inert to the reaction conditions under which the RAFT polymerisation

25 process is conducted.

In further describing the nature of, and the interaction between, the continuous liquid phase
and the dispersed particulate material it can be convenient to refer to their relative

solubility and/or polarity. For example, in order to provide a continuous liquid phase and a



As a convenient point of reference only, a person skilled in the art m ght
consider a 15 " "hydrophilic" liquid to have a solubility in water of at

|l east 5 g/L at 25C, and a "hydrophobic" liquid to have a solubility in
water of less than 5 g/L at 25C. In terns of a solid, the terns

"hydr ophi | ived 2@va87id1ydr ophobi ¢ m ght be consi dered by rpeTpar@saosid | led in
the art to be a reference to a solid which could be wetted by (i.e. does
not repel) a hydrophilic and hydrophobic liquid, respectively. 20 In
practical terms, the continuous liquid phase in effect functions as a
reaction nmediumin which the one or npre ethylenically unsaturated
nmononers are polymerised to form polymer at the surface of the particulate
material. The nononer nay be present in the continuous liquid phase as a
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attracting like and unlike repelling unlike.

As a convenient point of reference only, a person skilled in the art might consider a
15 . "hydrophilic" liquid to have a solubility in water of at least 5 g/l at 25°C, and a
"hydrophobic” liquid to have a solubility in water of less than 5 g/L at 25°C. In ferms of a
solid, the terms "hydrophilic” and "hydrophobic" might be considered by a person skilled
in the art to be a reference to a solid which could be wetted by (i.e. does not repel) a

hydrophilic and hydrophobic liquid, respectively.

20 In practical terms, the continuous liquid phase in effect functions as a reaction medium in
which the one or more ethylenically unsaturated monomers are polymerised to form
polymer at the surface of the particulate material. The monomer may be present in the
continuous liquid phase as a separate liquid phase, it may be fully soluble in the continuous

liquid phase, or the continuous liquid phase may itself consist essentially of the monomer.

25 Where the continuous liquid phase does not consist essentially of the one or more
ethylenically unsaturated monomers, the method of the invention may be conveniently
used to prepare a dispersion of polymer encapsulated particles in a liquid. For example,

where the continuous liquid phase comprises water and the particulate material is titanium



providing a dispersion of particulate material in a continuous liquid
phase, said dispersion conprising a RAFT agent as a stabiliser for said
particulate material, and said continuous 15 liquid phase conprising one
or nore ethylenically unsaturated nononers; and pol ynerising said one or
nor e et hyl eMPeedsf0§7ieinsat ur at ed nmononers under the cont rRET/AH2005881d2 RAFT
agent to formpolyner at the surface of said particulate material, thereby
provi di ng sai d di spersion of polynmer encapsul ated particulate naterial in a
liquid. Preferably, the continuous |liquid phase is water and the nethod
produces an aqueous 20 dispersion of pglymer encapsul ated particul ate
material. In accordance with this preferred enbodi nent, the particul ate

mat eri al encapsul ated by the polynmer may be a prinmary particle or an
aggregat e eqf.. i j p . i Ccl es
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providing a dispersion of particulate material in a continuous liquid phase, said dispersion
comprising a RAFT agent as a stabiliser for said particulate material, and said continuous

15 liquid phase comprising one or more ethylenically unsaturated monomers; and

polymerising said ohe or more ethylenically unsaturated monomers under the control of
said RAFT agent to form polymer at the surface of said particulate material, thereby

providing said dispersion of polymer encapsulated particulate material in a liquid.

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

20  dispersion of polymer encapsulated particulate material,

In accordance with this preferred embodiment, the 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 particle.
Provided the polymer encapsulated particulate material can remain dispersed, encapsulated
25 particles of any size can be prepared using this methodology. The methodology can also
be used to prepare the aforementioned polymer encapsulated particulate material that is

100 microns or less in size, wherein the particulate material is encapsulated in a



encapsul ati ng polymer can vary gradually around the perineter of the
particul ate material. For exanple, the particulate nmaterial nay not be

| ocated at the precise centre of a spherical 15 polymer coating. An
assessnent of the uniformty and continuity of the coating can generally
be made vi sumbdogp37haar exanpl e by Transm ssion El ectr on PRITR&SOPE1A TEM) .
The thickness of the polyner coating which encapsul ates the particul ate
material is preferably at |least 2 nanoneters, nore preferably at |east 5
nanoneters, nost preferably at |east 10 nanoneters, still nore preferably
at least 20 nanometers. There is no pgyticular 20 Iimt as to the thickness
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encapsulating polymer can vary gradually around the perimeter of the particulate material.

For example, the particulate material may not be located at the precise centre of a spherical

15 polymer coating, An assessment of the uniformity and continuity of the coating can

generally be made visually, for example by Transmission Electron Microscopy (TEM).

The thickness of the polymer coating which encapsulates the particulate material is
preferably at least 2 nanometers, more preferably at least 5 nanometers, most preferably at
least 10 nanometers, still more preferably at least 20 nanometers. There is no particular

20  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 liquid phase consists essentially of the one or more ethylenically
unsaturated monomers, polymerisation of the monomers can result in the continucus liquid
25 phase ultimately forming a polymeric matrix around all of the dispersed 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



By the expression "consisting essentially of' one or nore ethylenically
unsaturated nononers is neant that that the continuous |iquid phase may

i nclude additional ingredients, but only if the additional ingredients do
not materially alter the basic and novel 15 characteristics of the nethod.
By way of &WamMipe37#dly, a continuous |iquid phase condCIAUIYPSEESENtially
of one or nore ethylenically unsaturated nononers m ght be one which is
based on at |east 90 wei ght percent nononer, preferably at |east 95 wei ght
percent nononer. Where the continuous |iquid phase consists essentially of
the one or nore ethylenically 20 unsgburated nononers, it may be desirable
to termnate polynerisation of the nononmer prior to it all being converted
into polynmer. In this case, such a nethod could provide a dispersion of
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di spersed continuous liquid phase conprising the
By the expression "consisting essentially of" one or more ethylenically unsaturated

monomers is meant that that the continuous liquid phase may include additional
ingredients, but only if the additional ingredients do not materially alter the basic and novel
15  characteristics of the method. By way of example only, a continuous liquid phase
consisting essentially of one or more ethylenically unsaturated monomers might be one
which is based on at least 90 weight percent monomer, preferably at least 95 weight

percent monomer.

Where the continuous liquid phase consists essentially of the one or more ethylenically
20 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 particulate material in the remaining non-polymerised

one or more ethylenically unsaturated monomers.

As a variation on the method of the invention where the continuous liquid phase consists
25 essentially of the one or more ethylenically unsaturated monomers, it may be desirable to
disperse this continuous liquid phase, which itself has the particulate material dispersed
therethrough, in a further or second continuous liquid phase to provide what might best be

described as a double emulsion. For example, the particulate material might be dispersed



di spersed particulate material using techniques well known in the art.
Preferably, the second continuous phase is an agueous phase. In the "double
enul si on" net hod nmentioned above, the RAFT agent functions as a stabiliser
for the particulate material to prevent, or at |east mnimse, coal escence
or 15 aggmnegados/esri@af the di spersed particul ate nat eri @Ccriav2e0a80180nt | nuous
| i qui d phase which consists essentially of nononmer. The resulting polyner
encapsul ated particulate naterial can therefore be advantageously
substantially free of additional dispersant for the particulate material.
It will be appreciated by those skiltﬁs in the art that a surface active
stabiliser will also typically be required to prevent, or at |east

m ni m se, coal escence or 20 aggregation of the dispersed aforenentioned

first continuous I|q ase | n. the second 0 se. In
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parti cul atdﬁpmécbpamdulatsmiiﬁnahmmgltlts:hmqudseml,knmnmthﬁ@fter ably 5 40 microns or
| ess, nost preferably 5 mcrons or less in size The size of the polyner
encapsul at, es | | gron range, for exanple from
0.01to 1ﬁ%e%@gh&gg%cgﬁ%an@@&??gaslegs@ HA(:Sron For the avoi dance of

any doubt, reference to the size of the polyner encapsul ated particul ate
mat eri al il théi"dowbles emulsionf arethad mestiqngd beye, the RAFT agent functions as a

stabiliser for the particulate material to prevent, or at least minimise, coalescence or

15 aggregation of the dispersed particulate material in the continuous liquid phase which
consists essentially of monomer. The resulting polymer encapsulated particulate material
can therefore be advantageously substantially free of additional dispersant for the
particulate material, It will be appreciated by those skilled in the art that a surface active
stabiliser will also typically be required to prevent, or at least minimise, coalescence or

20 aggregation of the dispersed aforementioned first continuous liquid phase in the second
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, cellulosic colloids such as hydroxy ethyl

cellulose or polyvinyl alcohol.

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

material can remain dispersed, encapsulated particles of any size can be prepared using this



di mensi on provided by the conbination the polynmer and the particul ate
mat eri al dispersed 10 therethrough. By the RAFT agent facilitating

di spersal of the particulate material throughout the continuous nononer
phase and therefore the resulting encapsul ati ng pol yner, the polyner
encapsul at &0 pHFPIEll ate material can be forned subst aGIAU2PSPISE of
addi tional dispersant. By the particulate material being dispersed
"substantially uniformy" throughout the 15 polyner is neant that the
particul ate material is not |ocalised or agglonerated within the
encapsul ati ng polyner. For exanple, thg._particulate material should not be
concentrated at the centre or perineter of the encapsul ating polynmer An
assessnment of the dispersed state of the particulate naterial can
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di sadvant ggesmBherisi Ng conventional surfactants it is preferred that the
particulate material is stabilised only by the RAFT agent. In particul ar,
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By the particulatc material being dispersed "substantially uniformly” throughout the

15 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
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).

20 By being "substantially free of additional dispersant” is meant that other than the RAFT
agent the polymer encapsulated particulate material comprises less than 30 wt. %,
preferably less than 10 wt. %, more preferably less than § wt. %, most preferably ne other
dispersant that is used to disperse the particulate material in the continuous liquid phase,
relative to the total amount of dispersant present (i.e. inclusive of the RAFT agent which

25 acts as a stabiliser).

Although the particulate material dispersed throughout the continuous liquid phase is
stabilised by the RAFT agent, the particulate material may also be stabilised by other
stabilisers such as conventional surfactants or any other surface active agent. Those skilled

in the art will appreciate the range of surfactants suitable for this purpose. Nevertheless, to



exanple, the water repellency of the product nmay be conprom sed. RAFT agent
used in accordance with the invention not only functions as a stabiliser
but also plays an active role in formng polynmer at the surface of the
particulate material. By 10 virtue of this polynerisation role, the RAFT
agent is i vheemavirgsicoval ently bound to the pol yner tha&cTiAu26ms0mse and is
therefore prevented frommgrating. Wiere a conventional surfactant is
used in the nethod of the invention, the stabilising function of the RAFT
agent effectively reduces the amobunt of conventional surfactant required
and thereby provides a means to at |gast mnimse the negative effects of
usi ng such surfactant. 15 As used herein, the expressions

"pol ynmer/particulate material conposite" and "polymer/particle conposite"
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ot her wor gs\r1afba08RH Be dod3Afahc 2GRN theCiRRerkBY Qot érﬂfl feRiibid 3% 4 Qabinee bt eely
away fromthe surface of the particulate material with the polyner that is

bei ng f or ¥is6 PlanpaRedrE 9y i forpave el st Be surfsee of iy perigifemacat! iRe RAFT
agent ysed;hp ?’Qﬁ@%@@%ﬁs&ﬂoﬁr}o&p&e'Wﬁée%ﬂis%érerﬁﬁﬂ&v@eﬁﬂf B&dnU e the hat
enables it to (a) be preferentially adsorbed onto the outernost surface of
the parti eolyaes thapistfomied| and s therefarh areverted Bppanigeting. Afhers f cervENEBAt i nuous
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and (c) control polynerisation of the one or nore 5-ethylenically

unsat ur at egentoeffsntirely, redueashibe gt PE conveptienal synfactant apquikdraad ttherEt i cs of

provides a means to at least minimise the negative effects of using such surfactant.

15 As used herein, the expressions "polymer/particulate material composite” and
"polymer/particle composite" are intended to denote a product formed through the

deposition of polymer at the surface of particulate material.

To function as a stabiliser, the RAFT agent used in accordance with the invention will
generally be physically associated in some way with the outermost surface of the

20 particulate material, Preferably, the physical association between the RAFT agent and the
- particulate material will be by way of the 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 RAFT agent will exhibit
surface activity, or in other words it will be surface active. An adsorbed RAFT agent can

25 exhibit a degree of lability and is therefore less prone to become enveloped by polymer
formed at the surface of the particle. In other words, an adsorbed RAFT agent can have

the ability to move freely away from the surface of the particulate material with the

polymer that is being formed.



such surface active RAFT agents are di scussed bel ow. RAFT agents suitable
for use in the present invention include those of general formula (4):
S(X),-Rl S=C Z (4) 10 where each X is independently a polynerised
resi due of an ethylenically unsaturated nononer, n is an integer ranging
fromO to M@200pPp¥iIErably fromO to 60, nost preferabl YCTIABMSESE 30, R
is an organic group optionally substituted with one or nore hydrophilic
groups and Z is any group that can pronote sufficient reactivity of the

t hi ocarbonyl group towards radical addition while not slow ng the rate of
fragmentation to the extent that therggl5 is unacceptable retardation of
pol ynerisation. Preferred RI groups include C-C6 alkyl, C-C6 alkoxy aryl
or heteroaryl, each of which is substituted with one or nore hydrophilic

groups sehleg] {0 [Mp- - - H,.: 5 o , -CP(CH)2,
T 2, PR SOE AT g R ool s r Wl g S8

-NR R', -t4eRoabIRY itto (M)lbﬂ: preRringialieddsctbedioftp ﬁmo@te-nﬁﬁstaﬁﬂf@cb of the |psrtﬂ:u]ate 10 R,
R' and R"! 2 depe ntly sele ed f n1a|k n Y ch .are
optlonallya%ﬂe%?ﬁFﬁ % Qgﬁmg%%y6@d1%% “ﬂJnW)SHq %§%b )4¥mu Mt & el ect ed
from - CO24abili&dbt, the %ﬂ&tﬂate Wkderial W@ﬂ@o‘l{\bﬂﬁmmﬁﬂw&f theS6ike ﬁrrndeOZR and

salts ther and W as defi a rtjc eferr

gr oups i nﬁtﬁﬁlﬂ’éwalzﬁy Fnsﬁ?'léa PROPGRTE: e% “&Ber cg%‘-f Gglﬁ%@ﬁ\l—?%“g{ E%f‘%%?ﬁﬁ' COZH
- C( CH3) 2 Ceihl sufPicR faCliveaUA T GcatsRe disttibsedBeloapt i onal |y substituted 25

al | coxy, optionally substituted aryloxy, optionally substituted al kyl,

optionall stitute tion subs eter clyl ...

obt 1 onal | $ARNREE HEHe S PSR it e et L B-D Rk
optionally substituted arylal kylthio, dialkoxy- or diaryloxy -17- phosphono
[-P(=0 OR22], dialkyl- or diaryl- phosphinyl k P(=O R22], optionally
substituted acylamno, optionally s §T‘ﬁ%h‘ﬁ'acylln1no optionally
substituted amno, R -(X).S gndd polyner chain fornmed by any nmechani sm
for exanpl e pol yal kyl ene oxi de polyners such as water sol uble polyethylene
gl ycol or polypropyl ene glycol, and Z

(4)

10  where each X is independently a polymerised residue of an ethylenically unsaturated
monomer, 1 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 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

15 is unacceptable retardation of polymerisation. Preferred R' groups include C;-Cs alkyl,
C-Cs eﬂkoxy aryl or heteroaryl, each of which is substituted with one or more hydrophilic
groups selected from -CO,H, -CORN, -80sH, -OS03H, -SORN, -SO:RN, -OP(OH)s,
-P(OH),, -PO(OH),, -OH, -ORN, -(OCH,-CHR)4-CH, -CONH,;, CONHR', CONRR",
NRR" -N'RR'R", where R is selected from C;-Cg alkyl, wis 1 to 10, R', R" and R™ are

20 independently selected from allcyl and aryl which are optionally substituted with one or
more hydrophilic substituents selected from -CO.H, -SO;H, -OSO;H, -OH,
-(COCH,CHR),~OH, -CONH,, -SOR and SO3R, and salts thereof, R and w are as defined
above. Particularly preferred R! groups include, but are not limited to, -CH(CH3)CO,H,
-CH(COH)CH,CO,H, -C(CH3),CO,H. Preferred Z groups include, optionally substituted

25 alkoxy, optionally substituted aryloxy, optionally substituted alkyl, optionally substituted
aryl, optionally substituted heterocyelyl, optionally substituted arylalkyl, optionally
substituted alkylthio, optionally substituted arylalkylthio, dialkoxy- or diaryloxy-



5 al kyl end capped derivatives thereof, where R, X and n are as defined
above and R2 is selected fromthe group consisting of optionally
substituted Cl-C18 al kyl, optionally substituted C2-Ct8 al kenyl,
optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted aral kyl, optionally substituted al karyl .
Particularly preferred Z -N(CO) (CH2)eCH2 groups include, but are not
limted to, -CH2(C5H5), C-C20 alkyl, 10 where e is 2 to 4, and -SR3, where
R3 is selected fromQ to C20 al kyl. Preflérred optional substituents for R2
and Z groups include epoxy, hydroxy, alkoxy, acyl, acyloxy, carboxy (and
salts), sulfonic acid (and salts), al koxy- or aryloxy- carbonyl,

i socyanat o, pleygisno JHPEHO)ORA 10, dialkgi-dical Kiydreimi rphgsﬁhm}sel[exqéoylgzzpobbu&an@nd

Z groups for RAFT agents of farmula (4%1 t hose_ agents resultin 15 from

any combi nafubstifuted peplamingy sptignadlye pestibiedRacyiping, gpgopaly,pebshfued amino,
particul arly: e

will be an %s%fgaféélg Q&W& c%ﬁ?owoﬁg%%g?%hg#%szT%%ﬁ 5 ollyréllgzl{wé e

t hose of f osxidd polydiers suchhascivater solabhrp(ﬂyghylme giyoaipor pplypmpglehy glycol, and
substitufed th .one o rmreh ro 0 In this

preferably ﬁg‘ﬂ e ‘ES‘P@%CLFI 3@5@1 h?fr:a{ §§§%€i PATeds \ﬁﬁﬁﬁedﬁﬂaw&raﬂ%em
hydr ophi I'i Cseﬂerc%dp%onﬁ%]él%%gh%r%iéﬁngtWo %r{ﬁfﬂ ﬁfb\éﬁtutéﬂn@r ?taﬁﬁﬁa”ghondifng er
to any substituent which | udes or Si st one or nore aronatic or

het er oar onewbstitnied d"or @ pdlotniyl elptionalydsubbtitotedi a'ylabpmméld substitutad hietegocyclyin

bi cycl 65 Gtogahbabevbted ARG ptahuhE iR anfric SRR, Pleterany2

include but are 25 not limted to benzene, biphenyl, ter pheJN(bO)(CHZ)eCHZ

quat er phenydroupapiivde) 6G€ are b6t LialhitedriopaghtHenes,- @Z(,b@myul rraphttatemne, *|
ant hr acene, dlhydroanthracen benzant hracene, di benzant hracene,

phenant M acelse ¢ e i read %Btr,wdlef@R i5-sglesiey iy CdinEp allgdpheny | pyrl di ne,

t hi ophene, benzot hi ophene, napht hot hi ophene, thianthrene, furan,

2006/ 037161p,f gﬁeé‘gﬁg&%ﬁ ggﬂé%ﬁents 3 ﬁl%ﬁoj ﬁo%%s clij“)f cfen@pox v az&f}é’f H{oﬁp acyl

chronene, xanthene enoxathiin, pyrrole azi'n
pyri m di ne,acpboxy,dambmey (amdl akkes), sﬂdmiw ziciie (anids edltsflohlkoxypuot Asyloxui mbcmj,d;,

isocyanato, cyano, silyl, halo, and dialkylamino,

In selecting both R'and Z groups for RAFT agents of formula (4), those agents resulting
15 from any combination of particularly preferred R' and Z groups are also particularly
preferred. Where the hydrophilic group is -N"R'R"R" there will be an associated counter

aniomn.

Other suitable 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
20 an organic group optionally substituted with one or more hydrophilic groups.

As used herein, the terms "aryl" and "heteroaryl” refer to any substituent which includes or
consists of one or more aromatic or heteroaromatic ring respectively, and which is attached
via a ring atom. The rings may be mono or polycyclic ring systems, although mono or
bicyclic 5 or 6 membered rings are preferred. Examples of suitable rings include but are
25 not limited to Tbenzene, biphenyl, terphenyl, quaterphenyl, naphthalene,
tetrahydronaphthalene, -benzylnaphthalene, anthracene, dihydroanthracene,
benzanthracene, dibenzanthracene, phenanthracene, perylene, pyridine, 4-phenylpyridine,
3-phenylpyridine, thiophene, benzothiophene, naphthothiophene, thianthrene, furan,



I soqui nol i ne, phthal azi ne, qui noxaline, quinazoline, pteridine, carbazole,
carboline, phenanthridine, acridine, phenanthroline, phenazine,

i sot hi azol e, isooxazol e, phenoxazine 5 and the |ike, each of which nay be
optionally substituted In this specification "optionally substituted" neans
that a gr ouRoWBNsa3%1s/Y not be further substituted mntpcﬁ@%mﬁ§mﬁgﬁe groups
selected from but not limted to, alkyl, alkenyl, alkynyl, aryl, halo
hal oal kyl , hal oal kenyl, hal oal kynyl , haloaryl hydroxy, alkoxy,

al kenyl oxy, aryl oxy, benzyloxy, haloalkoxy, haloalkenyloxy, acetyl eno,
carboxi m dyl, 10 hal oaryl oxy, isocyano, cyano, fornyl, carboxyl, nitro,
nitroal kyl, nitroal kenyl, n|troalkyny1 “nitroaryl, al kylam no,

di al kyl am no, alkenylanino alkynylan1no aryl am no, diarylam no,
benzyl ami no, imno, alkylimne, alkenylinmine, alkynylimno, arylimno,

benzyl i m r\mnzmrbmmzzyelnamwh@nzm chmm@nyxaaﬂmpne pém@int}ma,dgmoleanmdm
acyl am no, pyfagb% eﬂt’ R0 gyl%%}’cfn%xéyrhﬂ%&é":ﬁaﬂlf *h?éb‘ﬁk%yzs?:ﬂ%&i% }r Océ‘%l%oﬁffé’

het er ocycl erocyct oxy, erocycl’am no
al kyl sul phmqyinplmr yplsthalpmm]yt]umeztahyé s gliphdohiyeé,, ptmd;des udapihzdy,l cadvahm)al koxy,

al kyl t hi o, J.thio | 0, sul phonam do ul fan

phosphor uéjh(%’ﬁﬁ%ﬁdfﬂe ﬁdr’éﬁrbeyB Fna WE V&l e fSPEWaZC’lgi ksg?m?ﬁ ph%noﬂgﬁe

al kyl al k08 teyike, eaﬁheflwkiyﬁhiaylbe oﬁtldnyllypmmwdl lyl, aI koxyphenoxysi lyl,
arylphenoxysilyl al | ophanyl, guani di no, hydantoyl urei do, and ureyl ene.

20 Unl ess ted t her.w he .t o -hal n" and " |n
Soter to it B By G R Oy ) e TG R
ei ther al @n&uerted Wwith st Odd Nk o3s0grd Bpss seddvicd Sfror ablktejmllmxy@il toyla!kyl "ékdmyyl t h| o",

o o S e AT, SERRLST, TofaRD, ARy, BB Aot

and branc flﬂéénﬂbkw ar’_‘/llaﬁiz usﬁlzgrakja yhaloa@ltd&yj haﬂaméwoxyl, S‘a@aﬂéﬁéﬂ carbokingldyl,

i sobut SeC- Uty tert- , 1 S0a ,_ SecC-

1, 2- di ilRat | sqoypney ?-FB;I - |°aﬂﬁ§s‘( m %- rPéthlr’%{}?YEye rifppalkenyl,

1- et hyl p (1] Wobhiyming, 2-
di et hyl bﬁ’%‘?ﬁh{ 3’213&%?%'% h?%utlﬁo 311&1@1&3{1}11%%%%%&3 T bt

3-dj met h I but
1,2,2,- tcidvdamipophepgylamino,] imine, alievliminep ra!:}@whmwgptaglqynylsnwe,t i%@eyl

1- ma_t hyI h%éﬁ!ﬂylm%o? \ﬁ@eﬁ%ﬁ’éﬁﬂé} ]afé}l, P%MQS/aﬁgﬁﬁ%gyL e;!r?lacyl, acylamino,
diacylamino, acyloxy, alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl, heterocycloxy,

15 heterocyclamino, haloheterocyclyl, alkylsulphonyl, arylsulphonyl, alkylsolphinyl,
arylsulphinyl, carboalkoxy, alkylthio, benzylthio, acylthio, sulphonamido, sulfanyl, sulfo

-and phosphorus-containing groups, alkoxysilyl, silyl, alkylsilyl, alkylalkoxysilyl,

- phenoxysilyl, alkylphenoxysilyl, alkoxyphenoxysilyl, arylphenoxysilyl, allophanyl,

guanidino, hydantoyl, ureido, and ureylene.

20 Unless stated otherwise, the terms "halogen” and "halo" used herein refer to I, Br, Cl -
and F,

In this specification the term "alkyl", used either alone or in compound words such as
"alkenyloxyalkyl", "alkylthio", "alkylamino" and "dialkylamino" denotes siraight chain,
branched or cyclic alkyl, preferably C;_,q alkyl or cycloalkyl. Examples of straight chain

25 and branched alkyl include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tett-
butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyi,
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,-
trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, S5-methoxyhexyl, 1l-methylhexyl, 2,2-



di met hyl pentyl, 3, 3-di nethyl pentyl, 4,4-dinethylpentyl, 1,2-dinethylpentyl,
1, 3- dinethyl pentyl, 1,4-dinethyl-pentyl, 1,2,3,-trinethylbutyl,

1,1, 2-trinethylbutyl, 1,1,3- trimethylbutyl, octyl, 6-methyl heptyl,

1-net hyl heptyl, 1,1, 3, 3-tetranethyl butyl, nonyl, 1-, 2-, 3-, 4-, 5-, 6- or
7- met hyl - ocWQR06A371612- | 3-, 4- or 5-ethyl heptyl, 1-, 2-p@rA@eqsroopyd hexyl, 5
decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-nethylnonyl, 1-, 2-, 3-, 4-, 5- or
6- et hyl oetyl, 1-, 2-,3- or 4-propyl heptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-,
7-, 8- or 9-nethyldecyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-ethylnonyl, 1-, 2-,

3-, 4- or 5-propyloctyl, 1-, 2- or 3-hutyl heptyl, 1-pentylhexyl, dodecyl,
1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-nethylundecyl, 1-, 2-, 3-, 4-, 5-,
6-, 7- or 8- ethyldecyl, 1-, 2 , 4-, 5- or 6-propylnonyl, 1-, 2-, 3- or

-, 3-
4- but yl oct - 2- pent a I Ex : | igal kyl
i ncl u)d/e nod%[lé?th%i?&g& y?&@ﬁ%%qfé&’gr%ﬁ%gﬁ t?sdl cﬁ&gg’ ?%‘#@%ﬁ%&%ﬁcyg?bbu?yl :
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charge of ctheregitepiypandicily 1¢at,idon-, ExGNP| Bsor@fmetbytdést, 1arB-@as4-, ned ude,
as, 1", Br,, E, _\N03, CN_and P03". As us erein, the term"al koxy" denotes
st rai ght @ﬁgl‘ff‘ihyé?oné’}’a]ﬁcPl'e?i;'aflk8&9",pr‘iﬂyﬁiﬂg’?’aﬂ? Va Oﬁé'@b??tﬂi @?Wﬂlﬁgﬂml es of
al koxy i neodedel, TELN0KY4-, 81, HOXH, 8-N9-PEORONMhylueREFIORRY, 3, 54 Bg 7dif Ber ent

but oxy i soners. used herein, the term "al kenyl ﬁ:not es_groups forned

"d
from st r aigBdeelain 2- Brathec ek SProPEPemtlc!-aft én et HonBIarinty 2 enyihervkal | y

nMoNo-, 16li -an@EheNMeY -RiAMBLN LR PMicalIKY incRide GimbOH ﬂfdltcycﬁlé Ql!llﬂs%r sy hpusl y
defined, preferably C2.20 al kenyl. Exanpl es of alkenyl include vinyl, 25

al lyl, 1- rgtlbptopyinghclotutyle rydlopensd- bytlahaxl, celsieptyy, eldootylnygsiclontnyient enyl ,
cycl opent enyl 1- net hyl - cycl opentenyl, 1-hexenyl, 3-hexenyl, cycl ohexenyl,
1- hept enylc?’é/l%‘ieﬁélﬁt“gﬁi‘ﬁqﬁw' | -octenyl, cyclooctenyl, 1-nonenyi, 2-nonenyl,
3-nonenyl, 1-decenyl, 3-decenyl, 1,3- butadienyl, 1-4,pentadienyl,

1, 3- cycl opsnisediheminl the kertr tealtadémetey la, spdgieb- indomdishidefoyh,, and, iBcliiBs DOOGIAB7161
PCT/ Auzoo%g%é gl'n?d base addition salts. In the context of the present invention, suitable salts are

15 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', I, Br', F, NO3", CN and POy,

As used herein, the term "alkoxy" denotes straight chain or branched alkoxy, preferably
20 Cyp alkoxy. Examples of alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy and

the different butoxy isomers.

As used herein, the term "alkenyl" denotes groups formed from straight chain, branched or
cyclic alkenes including ethylenically mono-, di- or poly-unsaturated alkyl or cycloalkyl
groups as previously defined, preferably C, ,, alkenyl. Examples of alkenyl include vinyl,
25 allyl, 1-methylvinyl, butenyl, iso-butenyl, 3-methyi-2-butenyl, 1-pentenyl, cyclopentenyl,
1-methyl-cyclopentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl, I-heptenyl, 3-heptenyl,
I-octenyl, cyclooctenyl, l-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1,3-

butadienyl, 1-4,pentadienyl, 1,3-cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-



-20 cycl ohexadi enyl, 1, 4-cycl ohexadi enyl, 1, 3-cycl oheptadi enyl,
1,3,5-cyc|oheptatrieny| and 1, 3,5,7-cyclooctatetraenyl. As used herein,
the term"al kynyl " denotes groups forned from strai ght chain, branched or
cyclic allcyne including those structurally simlar to the aI and

cycl oal kyl WR¥UH®78d 5 previously defined, preferablypéimﬂﬁmﬁ%ﬁv

Exanpl es of al kynyl include ethynyl, 2- propynyl and 2- or 3- butynyl As
used herein, the term"acyl" either alone or in conmpound words such as
"acyl oxy", "acylthio", "acylam no" or "diacyl am no" denotes carbanoyl,

al i phatic acyl group and acyl group-ggntaining an aromatic ring, which is
referred to as aromatic acyl or a heterocyclic 10 ring which is referred to
as heterocyclic acyl, preferably C1L 20 acyl. Exanples of acyl include

car bamoyl ¢ c'féﬂeﬁac@éﬁyl Czh@.bfu&{exm@ﬂp hﬁﬁ-c?él&féﬂﬁﬁienﬁuqm AgycldeptrienACRidY | |
propanoyl ,” but anoy 2-ret hyl pr 6panoy pent anoyl , 2, 2- dlnethylpropanoyl
hexanoyl , 1ﬁé%%§ﬁ%¥$ﬁﬂﬁnﬁﬂyhnoyl nonanoyl , decanoyl, undecanoyl dodecanoyl
tridecanoyl t et radecanoyl pentadecanoyl hexadecanoyl heptadecanoyl,

oct adec an%'used%%@@ﬁeat@ﬁﬁ/"al i &9@@@%\%@3 féﬁnﬁlﬂwy@@g}ﬁ@m beathe @6

met hoxycar bonyl , et hoxycar bonyl , oxycar hon pent oxycarbonyl and
hept y| oxy exstiscligine irsheding fioge saiaysly s ht%lﬁie %Wla@ rcéfﬁw r GOVRF as

cycl obuty Y, I ar a LR

alkylsglf %Sﬁggg‘Eﬁﬁgyd%thy|sufg&h§$9§ﬂd 2?ﬁ§wgt%?§ﬁ§kgpélkoxy?ﬁl%onyl such
as et hozysefyhannl 2aadB-witheiysul fonyl ; aroyl such as benzoyl, toluoyl and
* napht hoyl ; 20 aral kanoyl such as phenylalkanoyl (e.q. phenylacetyl,

henyl pr opano henyl but anoyl .. | | sobut e n , and
Bhengl Eex %’/‘% h%{%& ﬂé y?°§¥ k%{%g Fﬁ%n%lgr o coné%%“%% Wog%e y+ I,%E E%T&XA ’
napht hyl pF@pﬁ]ﬁ@&/l"a@ﬂ%m@pht‘ hiytb)bmh'ﬁﬂb&én,oteababinﬂmgdydhphatmmcg]sgrom}dczaﬂ kenoyl
(e.g. phen enpyl , phenyl but enp ylnethac 0 ent enoyl
and phenyE%‘/PEB ITIg 0 %%H}ﬂgaf”g@ﬁdglf d° aﬁﬁrﬁ ﬁgé’bgﬁ%{}fo‘%‘i@
napht hyj buheReidh RNdfeRahd By hoetaeydceyl, p@df&hlﬁ?ﬁ%@h&dmﬂxaﬁmmb ddsacyl
phenyl al | coxycar bonyl (e.g. benzyl oxycarbonyl); aryl oxycarbonyl such as

phenoxyc amtumiy |cachend oyl aptaght olain ar branghied a&m%wﬂé\l dedproyil, asefrh prapanoyl,
oY o Shhonfl) 0 ARAIIOHRY L PRy, HAERID N b0 BBy Rphear bamoy!;

aryl t hi oc

octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
15 alkoxycarbonyl such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl,
t-pentyloxycarbonyl ~ and  heptyloxycarbonyl;  cycloalkylcarbonyl  such  as
cyclopropylearbonyl, cyclobutylearbonyl, cyclopentylearbonyl and cyclohexylcarbonyl;
alkylsulfonyl such as methylsulfonyl and ethylsulfonyl; alkoxysulfonyl such as
‘methoxysulfonyl and ethoxysulfonyl; aroyl such as benzoyl, toluoyl and naphthoyl;
20 aralkanoyl such as phenylalkanoyl (e.g. phenylacetyl, phenylpropanoyl, phenylbutanoyl,
phenylisobutylyl, phenylpentanoyl and phenylhexanoyl) and naphthylalkanoyl
(e.g. naphthylacetyl, naphthylpropanoyl and naphthylbutanoyl;_ aralkenoyl such as
phenylalkenoyl  (e.g.  phenylpropenoyl,  phenylbutenoyl,  phenylmethacryloyl,
phenylpentenoyl and phenylhexenoyl and naphthylalkenoyl (e.g. naphthylpropenoyl,
25 naphthylbutenoyl and naphthylpentenoyl); aralkoxycarbonyl such as
phenylalkoxycarbonyl ~ (e.g.  benzyloxycarbonyl);  aryloxycarbonyl  such  as
phenoxycarbony! and napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and
phenoxypropionyl; arylcarbamoyl such as phenylearbamoyl; arylthiocarbamoyl such as
phenylthiocarbamoyl; arylglyoxyloyl such as phenylglyoxyloyl and naphthylgltyoxyloyl;
30 arylsulfonyl such as phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl;



phenyl t hi ocar banmoyl ; aryl gl yoxyl oyl such as phenyl gl yoxyl oyl and
napht hyl gl yoxyl oyl ; 30 aryl sul fonyl such as phenyl sul fonyl and
napt hyl sul fonyl ; heterocycliccarbonyl; WO 2006/ 037161 PCT/ AU2005/ 001512
-21 heterocyclical kanoyl such as thienylacetyl, thienylpropanoyl,
t hi enyl but amogdos/037ué1i enyl pent anoyl , thi enyl hexanoyl , t RCEAIRYISAESTY/| |
t hi adi azol yl acetyl and tetrazol ylacetyl; heterocyclical keoyl such as
het er ocycl i cpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoyl and
het er ocycl i chexenoyl ; and heterocyclicgl yoxyl oyl such as 5
t hi azol yl gl yoxyl oyl and thienyl gl yoxylQyl. As used herein, the terns
"heterocyclic", "heterocyclyl" and "heterocycl" used on their own or as
part of a termsuch as "heterocyclical keoyl", heterocycl oxy" or

"hal ohet er r ar,Qnaf; nd tic
rings or F?%éﬁhﬂ°d¥&ﬁ§@ él é%ntajﬁwghe 6rq%%?§Hﬁ% gat%%@' a%%?ed from
N, S, and ﬂﬁemanoﬁhthmylhm@nbxd, tiazobtexktyl tk;l@d}squtlme@él an@te@ﬁmiﬂmeyyl;t he
rings or ne._have 0c The systens
may be selhg%lﬁ)é: %%F’rrlm Eose éjescralgbedﬁl{‘;{gr(3 cﬁ{:ﬁ lf [ onﬂcltte?)&? ﬁ&rbu%g hition
of "hetermmmyh&dmbhﬁmm@re&érh&mbd%ﬂﬁmmmmamhsmﬁnmmﬂﬂwwﬂhghoameﬂanMImnited

to, agents .re th follaoaw ng general forrmulas 5 to 13: S Nn
C02H a i‘P Ve t‘?ifgén‘é’h ilg@"i‘%l?ﬁ ~6> 15 COZH O S 0 s /(X)n yCoeN 1l
/(X)n COpH N)~S N S ~7) CO2H WD 2006/ 037161 PCT/ AU2005/ 001512 22-

As used herein, the terms "heterocyclic”, "heterocyclyl" and "heterocycl" used on their

own or as part of a termm such as "heterocyclicalkenoyl", heterocycloxy" or
"haloheterocyclyl" refer to aromatic, pseudo-aromatic and non-aromatic rings or ring
systems which contain one or more heteroatoms selected from N, 8, and O and which may
10  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 RAFT agents include, but are not limited to, agents represented by the

following general formulas 5 to 13:

S S

CO.H
Xn CO.H )k K
)J\S/ \!/ z =35 s

(6

15 ) COzH

s g Q 8
% Xy H —/l“]\“ /‘-L 0 COuH
y /”\s /( )\.‘/COZ N S P
(7) (8) o

COzH

R3S



S (X)n XCA2H (X)n CO2H R3~S (9) (10) "(X)n CO 2H HO2C (X)n\ /(X)n CO2H
0~~K XSS 11) (12) Q2H O /(X)yn R3S S NHp 5 (13) where R3, X and n
are as previously defined. Wiere a RAFT agent is to be used in accordance
with the nethod of the invention in an aqueous environment (eg. in a
cont i nuous V¥ 2¥W60¥1ghase), it is preferable that it 1FEBMSPEIES
hydrol ytic stability. Trithi ocarbonyl RAFT agents are particularly
preferred for use in such an environment. The RAFT agents of forrmula (4)
wi || have structural features that enable themto physically associate
with the particulate material. Were t5e RAFT agent is physically
associated with the particulate material by being adsorbed onto its

out ernost surface, the 15 required surface activity of the RAFT agent may
be provided in a nunber of ways. For _exanple, with reference to formula
(4), the RAFT agent may derive its urf activety through one or nore of

the Z group,/J.L(\X) n- group, and the R gr . The surface WO 2006/ 037161

PCT/ AU2005/ 004512 &3 act ity af f 8r deg X, . and R-oappioups wil |
typi cal | y gresultsfrom or nore of ese groups~ghense S conpri sing '
group(s), section(s), egion(s) having a conbination of| hydrophilic and
hydr ophobi c pro&arti es’ (10)

& ]
X CO;H HOLC, _
v ><§X)n\s )ks /(X)r><cozH
) COgH (12)
8 0
)k e
R3S S NH;
5 : (13)

where R, X and n are as previously defined.

Where a 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
10 demonstrates hydrolytic stability. Trithiocarbonyl RAFT agents are particularly preferred

for use in such an environment,

The RAFT agents of formula (4) will have structural features that enable them to
physically associate with the particulate material. Where the RAFT agent is physically
associated with the particulate material by being adsorbed onto its outermost surface, the
15 required surface activity of the RAFT agent may be provided in a number of ways., For
example, with reference to formula (4), the RAFT agent may derive its surface activity

through one or more of the —Z group, —(X)s— group, and the ~R' group. The surface



Accordingly, in describing structural features of RAFT agents of fornmula
(4) that provide 5 for such surface activity, it can be useful to

descri be, by way of exanple only, the distribution of hydrophilic and
hydr ophobi ¢ group(s), section(s) or region(s) throughout the structure of
t he RAFT agemtaostode skilled in the art will appreci at€TiAvae0s8st2ace
activity of a conpound may be derived fromthat conpound having a well
defined section(s) or region(s) of hydrophilic and hydrophobic character,
or a less well defined 10 section(s) or region(s) of hydrophilic and

hydr ophobi ¢ character. Structures of fgrnmula (4) having a well defined
section(s) or region(s) of hydrophoblc and hydrophilic character, for
exanple as part of the -(X)"- group, may be convenlently referred to as

having a blo opal r st e, wher ' e I
defi ned s&&H %’B(fg ‘Pe% reglzzn "s%“‘ﬁ‘ ERVEY ogﬁ?yg ggﬁuﬁﬁ&qgﬁﬁel P ;&:l%f:mgilr act er
may be coniweai goigsy themiﬁlvesadcdmpmmghgmup@;),l@ecﬂioh@s),nar i ®gionfs) r Bavilgma

ven a .ho structure. Provided that the

copol ymer structur 0
RAET ggenf %&W@%ﬁvgiéﬂPﬁa g andhydeg ICP %W%sent invention is intended to

enbrace all such structures. For exanple if the -(X),c- group were to
provide t m&c&Aﬁ“egagedﬁscrﬁfmg giruvivrad féatyreswf RAFT agemmﬁ hn:eulaéﬁt)itheittpyqvidd}e group

Y e bl S, O RO S, e a0 RS0

copl ymer slistitakios ©f Sivdibpldkc MBA;B&B;BBB&Bgrom(s)p @écann(s)abﬂ yegiv@h tlaoughonopol yner

ni B ¢ b SRhE oF T RREB AeFHc TapBARIEh I Dot il ASPRRRICS Spispbat

UEI t havi raguw@uéff ?Cdoﬁiﬂxbuﬂﬂ/ﬁfasip&bl Hérﬁredlﬂoﬁﬂwgiigﬁ_ﬂﬁqbuﬁd magﬁgrat vels deinédnpart
t ereqU|S|te sSurrtace act|V|tyt t he a 0 con .en

t hose RAFFEHigB) §T BREiggy r?&hadr@alylﬁﬁ am? Ay drophqif &hag@&qrwrt @Eea% Wﬁé@ IF?C@
sectiofyfs h ﬁﬂ@fahdh bid W d508B0 Httctita of Edr@ tla Vi
herelng¥t§?&%m@y§g€%$§§5ﬁzghﬁg anp Eﬁ?ﬂ?@ RAFT, ag entsC o2006/83 161

PCT/ AU20052704 8 Fell debmedsgetipniy Oﬁ@gkqn of h@r%bﬁP’é%ii Bwim%%%?%ﬁf dORAFT
agent (s) " e'xénfﬁ@%??%@f?ﬂé GENOtLHD, o rtfe%ﬁve%fetnuy@efaéEthoaﬁefmmrgma;szo&l@s a

structure wt h hydrophlllc and hydr ophobi c
copolymer siructure, whereas those having a less well defined section(s) or region(s) of

hydrophobic and hydrophilic character may be conveniently referred to as having
15 alternating or random copolymer structures, or even a homopolymer structure. Provided
that the RAFT agent exhibits surface activity, the present invention is intended to embrace

all such structures.

For example, if the ((X),— group were to provide the RAFT agent of formula (4) with its

surface activity, the group may have a well defined block copolymer structure such as
20 AAAAAARBBBBB, an alternating copolymer structure such as ABABABABABARB, a

random block coplymer structure such as AABABABBBAAB, or potentially even a

homopolymer structure such as CCCCCCCCCCCC, where A represents a hydrophobic

repeat unit, B represents a hydrophilic repeat unit, and C represents a repeat unit having

sufficient hydrophilic and hydrophobic properties to impart the requisite surface activity to
25 the RAFT agent,

For convenience, those RAFT agents of formula (4) having surface activity derived from a
section(s) or region(s) of hydrophilic and hydrophobic character will hereinafter be

referred to as amphipathic RAFT agents.



sections or regions. By the term"region(s)" or the expression "section(s)
or region(s)" is neant that the anphi pathic RAFT agent conprises as part
of its nolecular structure at 5 | east two or three consecutive groups or
repeat units having hydrophilic or hydrophobic properties. Generally, the
sections oWQ&WPBHE6IWi | | conprise at |east two or thred(TEIEHS0013H t s
derived from hydrophilic or hydrophobic ethylenically unsaturated nononers.
As a surface active stabiliser, an anphi pathic RAFT agent typically
conprises both hydrophilic and hydrophobi c sections or regions. One of
these regions will generally have 1Qq-an affinity (i.e. attraction) toward
the particulate material and the other an affinity toward the continuous

| i qui d phase. The regi on having an affinity toward the continuous liquid

phase W |l r i hi c
RAFT agent 9&%@6%%g§-$93%ﬁ% nat&%gﬁﬁllfuJ e pé%mkghnggmkggggﬁgp&%gg solid
or |iqui d)squch@ch@egRé%Tmnm@at has afifuciire ywithobedh dydiophipeand bpdrapkobiat eri al
may be ad wRant | 1 " I|d or
be” sol vat S oiyelshe By A6t HeeblD AR Skt SR E - RabfB 36 1
Wher e a r egauntheff the hmp&imﬁmqoﬁﬂlﬁﬂ‘mgﬁﬁ&‘bnmgiem asi partsoﬂ lmmehtcwyr armttqne atat r at es

into t t|cuI te nate to ensure t. occurs
at thehgu} ace ot eecoﬁ?? J?%ﬁ@‘ﬁﬁﬂ%?EmPsqFﬁ ngf %J h£%$'ﬁoléiy (1.
that whi clprqpesigs. @enesatlly] the smctioas ion rédiens will gometiss at lean twvead tthea reghoul d be
associated with t r |on ch has an affinity with the
cont | nuoud seavi rada gt Eh el By HRaRa el Eralebr oS 11 oul at o
material. Those skilled in the art will appreciate that such anphi pathic
character Asag( sbrefaqer aotivel esthbilishr, emgdmshifatlde AFT aptitn@picaltys cahprivgsl rbogihi |1 ¢

d_hydr ophobi f t 4 t hi
PART agenhaaapin Al AR oendbit S Bl iaGhs! e 0Tt Retopd witf GerSPHE BT 0. 1)
a conblmatangfﬁ (Be. hmgm@madmmm hyﬁﬁﬂmc?dlmd:otﬁmaﬁﬂﬂ Belovatdhe Z g
r ou r ov,)] des , I,C ert]e t.0 one n an rovi de
o P Dt S B e B koS Davife PR SFY 1o Rag thy sinpay Taianp

2006/ 0371@%@@11%&@&51?;%&@&& the2hatliRdingv Bdicky @Mty siherapdthic RAPN QGBI or be a

t apered cqpol yger whi c
P E%per}éhng on the nature of the particulate material (eg solid or liquid), the region having

an affinity toward the particulate material may be adsorbed at the surface of the particulate
15 material (eg solid) or be solvated by and penetrate into the particulate material (eg. liquid).
Where a region of the amphipathic RAFT agent is solvated by and penetrates info the
particulate material, to ensure that formation of polymer occurs at the surface of the
particulate material, the reactive RAFT moiety (i.e. that which plays an active role in the
polymerisation reaction) should be associated with the region of the agent which has an
20 affinity with the continuous liquid phase to thereby locate it outside of the particulate

material.

Those skilled in the art will appreciate that such amphipathic character may be provided

through different combinations of hydrophilic and hydrophobic regions. With reference to

formula (4), an amphipathic RAFT agents preferably derive its amphipathic character from
25 either:

1) a combination of a hydrophobic end and a hydrophilic end; wherein the
Z group provides hydrophobic properties to one end, and R! and ~(Zn-
provide hydrophilic properties to the other end. In this case ~(X);- may be



progressively hydrophilic towards R ; or 2) a conbination of a hydrophobic
end and a hydrophilic end; wherein the Z group provides hydrophilic
properties to one end, and Rl and -(X)n- 5 provide hydrophobi c properties
to the other end. In this case -(X), may be derived from hydrophobic
nononer or waycokes7asit aper ed copol yner which gets progressiteelspoisydr ophobi c
towards Rl; or 3) a conbination of a hydrophobic end and a hydrophilic end;
wherein the Z group and -(X), provide hydrophobic properties to one end,
and R 10 provides hydrophilic properties to the other end; or 4) a

conbi nati on of a hydrophobic end and ) hydrophilic end; wherein the Z
group provides hydrophobic properties ?6 one end, -(X)"- provides
hydrophilic properties to the other end, and Rl is hydrophobic such that

the net effect of -(X).": and Rl is to provide hydrgphil.ic character to
that end; or 15 5) dﬁgl ?Iﬁgwi’ﬁ?ﬁh%lf’ l?ﬁ}’(?gﬁbﬂ’f g?%%“ﬁffg °88%1Y‘£°W§ cgﬁ% bi ¢
mddl e section, WiRégbsivélyhydSphid) tovdrds R¥er ei n each R1L may be the sanme or
different and provides hydrophilic properties to each end, and wherein

-(X),- provide hydr ophobi ¢ properti.es. to.th j ddl e.sectd on: _or a
conbi nati on ofi)nydraobcwgﬂf‘%oﬁ %%Wﬁ’lci N pagiﬁf&g%?s%;mcv\ﬁnéff é}\l'%ﬁre?rhte}g) 20
portion of the -(X)z g@tppeovidasiesiiophilicRiropértss thesnd ke, handr R hiid i-EC)x-
properties and the paqrtjo f the - ﬁ%, rogyp closest. to t
t hi ocarbonyl t hi o griggpde !EWS‘?H%H@ PER f Eﬂ@f)ﬁ'g‘ﬁ’f %ﬂdgf[@%? ?qsgé(.g&l'ﬁnatyh]?es case,
-(X), of formula (4Qeriv@YfoBtyiibhdtRE mbBRhESE MR theastapdrdy eopoRhter twhidhr ovi de a
bl ock copol yner that has the foIIO£ﬁng genergl formula (14): 25 WO
2006/ 037161  PCT/ AUEStSremressysly hydepphebi¢ F&)“fﬁ%@) 'Rl S=Q\ Z

3) a combination of a hydrophobic end and a hydrophilic end; wherein the

Z group and -(X),- provide hydrophobic properties to one end, and R!
10 provides hydrophilic properties to the other end; or

4} a combination of a hydrophobic end and a hydrophilic end; wherein the
| Z group provides hydrophobic properties to ome end, -(X)o- provides
hydrophilic properties to the other end, and R! is hydrophobic such that the

net effect of -(X)p- and R! is to provide hydrophilic character to that end; or

15 5) a combination of hydrophilic ends and a hydrophobic middle section,
| wherein Z = -S-(X)n—Rl, wherein each R! may be the same or different and
provides hydrophilic properties to each end, and wherein -(X),- provides

hydrophobic properties to the middle section; or

6) a combination of hydrophobic and hydrophilic properties; wherein the
20 portion of the ~(X),- group closest to R! provides the hydrophilic properties
and the portion of the -(X),- group closest to the thiocarbonylthio group
provides the hydrophobic properties. In this case, -(X),- of formula (4) may
be further represented as ~(A)m-(B),- to provide a block copolymer that has
the following general formula (14):
25



(14) where each A and B is independently a polynerised residue of an

et hyl enically unsaturated nononer such that -(A)m provides hydrophobic 5
properties and -(B)o provides hydrophilic properties, and mand o

i ndependently range from1l to 99, preferably from1 to 50, nore preferably
from1l to I02W68Yi¢dreferably froml to 15, in each of RHAMREIGOFENt i oned
ranges mand o will generally be at least 2 or 3, and Z is as descri bed
above. Z may al so be chosen such that its polarity conbines with that of
-(A),- to 10 enhance the overall hydrophobic character to that end of the
RAFT agent. In addition to the hydrqpfilic character provided by -(B)o-,
R1 may al so be hydrophilic and enhance the overall hydrophilic character
to that end of the RAFT agent, or Rl may be hydrophobic provided that the
net effect of -(B)o and R resultg in,an oyeral 1hydrophilic character to
‘that end of the 15 RAFT agent; 7 g@ ongoﬁﬁ%at |hon of hydrophobi ¢ and
hydrophilic properties; whedsFG_-(X),- of forrmula (4) may be further
represented as -(B)r-[-(A)m(B)o\}E (A)g to provide a copolyner with small
" block regions that has the following general fornula (14a): /S-(B)ft-(Am
(B)o(A)g-RL S=C zZ 20 (1l4a) WD 2006/037161 PCT/ AU2005/ 001512 -27 where
each A and B is independently a pol ynerised residue of an ethylenically
unsat urated nmonomer such that A provi@d®s hydrophobic properties and B
provi des hydrophilic properties, f and g independently range fromO to 10,
preferably fromO to 5, in and o independently range 5 from1 to 10, '
preferably 1 to 5, whath eaelpeatandnBt isp mdapendenttyhe erged residue of an

ethylenically unsaturated monomer such that -(A)y,- provides hydrophobic
5 properties and -(B),- provides hydrophilic properties, and m and o
independently range from 1 to 99, preferably from 1 to 50, more preferably
from 1 to 30, most preferably from 1 to 15, in each of the aforementioned
ranges m and o will generally be at least 2 or 3, and Z is as described above.
Z may also be chosen such that its polarity combines with that of ~(A)y- to
10 enhance the overall hydrophobic character to that end of the RAFT agent.
In addition to the hydrophilic character provided by -(B)o-, R! may also be
hydrophilic and enhance the overall hydrophilic character to that end of the
RAFT agent, or R' may be hydrophobic provided that the net effect of
«(B)o- and R! results in an overall hydrophﬂic character to that end of the
15 ' RAFT agent; or

7 a combination of hydrophobic and hydrophilic properties; wherein, -(X)g-
of formula (4) may be further represented as —(B)e[-(A)m-(B)o-]p-(A)g- to
provide'a copolymer with small block regions that has the following general
formula (14a):

/8—(B)f—[——(A)mm(s)_ot—(mg—w

S—=C

.

Z

20 - (14a)



different, p ranges from1l to 10, preferably 1 to 5 nore preferably 1 to
3, wth the proviso that when p is 1 at |east one of for g is at |least 1,
and Z and Rl are as defined above; the -(B)F-[-(A),(B)o ]P (A g group of
RAFT agents of formula (14a) preferably provides for a random bl ock

copol ynmer w@®2mtnirediure; or 8) a conbination of hydrophwCtiaanesdsisend a
hydr ophobi ¢ m ddl e section, wherein Z of general formula (14) is
-S-(A),(Bo Rl, where -(Am and -(B)o- are as defined above. Each R nmay
be the sane or different and the conbination of -(B),Rl provides an
overal | hydrophilic character to one ;_end, and the conbi nation of the
other -(B)o Rl provides an overall ﬁ%drophi lic character to the other end.
The hydrophobic portion of this type of anphipathic RAFT agent is derived

from-(Am or 9) a_.variatign o eneral formula (l14a). wherein Z.is
-S-(B)1-[- (A m (B) 3 ee%;ﬁ Rﬂg mr@g@%@m@ %,P(Oii&"?g"&j\jéwfr?s“ﬁ?, L %®nd p may
be the sane or di f fegy@lcally Qmdittrattd emasortkef urRdthain A0 @iraMides 7hydadyhebic Sur f ace
active character of the RAFT agent_ can al sgo be provided,thyrqugh,structures
having |ess wel | CE9ReHEA B g ravides HEOPBRe drobeEdss, g%ﬁ‘i‘rﬁ WISRRGSRY  f ace
active character nay,deroR0%i 1@epreRiably ROMT0 08Nk Ma\d Mleprhdatinakigeg

hydr ophi I i ¢ and hydrophobic repeat units, or even potentjally a repeat

uni t whi ch has in iffam dwie 10 grrferably il o erachyereamit Paintr 98 $ParBphobi c

properties to !Wparéiffféfa{tf g ] ﬂarl@?ﬁ{ei"érﬁo‘iytlfio%hﬁoﬁﬁﬁa'feﬁgw t03,
Accordingly, with reference to formula (4) the RAFT agents in accor.dance
with the inventi orwithaije atoyisodeat ivhen B ifr fehieast gee phior &is pleastt ad drandwo

2006/ 037161 PCT/ AU2005/.001 - 1Q). a PAagt _ ophphirg and
hydr ophi | i ¢ proper t%lge%{e é\%h‘ge}%lﬁ% a-g?\% 91%6 n@ypgggﬁ??%(ﬂige%¥§@ent ed as
-[-A-B-19- to proviagentanf farmular(ta) peeferalip oropides fetharanéags blagk copaly®si ng

generallO formul a (145%%&.1(&3561( A-(B) ,g Rl S=Q

8) a combination of hydrophilic ends and a hydrophobic middle section,
wherein Z of general formula (14) is -8~(A)m-(B)e-R', Where -(A)m- and
.-(B)o- are as defined above. Each R' may be the same or different and the
combination of -(B)-R' provides an overall hydrophilic character to one
15 end, and the combination of the other ~(B)0-R1 provides an overall
hydrophilic character to the other end. The hydrophobic portion of this type
of amphipathic RAFT agent is derived from -(A}y-; or

9 a variation on general formula (14a) wherein Z is -S-(B)e-[-(A)m-(B)o-Jp-
(A~ R!, where each A, B, R!, g, £, m, o and p may be the same or different

20 and are as defined in point (7) above.

Surface active character of the RAFT agent can also be provided through structures having
less well defined block-like character. For example, the surface active character may be
provided by a RAFT agent having alternating hydrophilic and hydrophobic repeat onits, or
even potentially a repeat unit which has in its own right sufficient hydrophilic and
25 hydrophobic properties to impart surface active properties to the RAFT agent.
Accordingly, with reference to formula (4) the RAFT agents in accordance with the

invention may also derive surface active character from:



Z (14b) 5 where each A and B is independently a polynerised residue of an
et hyl eni cal |l y unsaturated hydrophobi ¢ and hydrophilic nononer,

respectively, and q is an integer ranging from1 to 50, nore preferably 2
to 25, nost preferably from2 to 10. Z and R are as defined above. The
order of W%ﬁ@ﬁfﬁ‘m‘dy be reversed such that -(X), is -[PCBA2{O0152) Those
skilled in the art will appreciate that surface active character may be
inparted to RAFT agents in other ways than the general exanples nentioned
above in points 1) to 10). For exanmple, the Z group in forrmula (14b) could
be represented as -S-[-A-B-],-R. Thesgelection of a specific surface
active RAFT agent for use in accordance with the invention wll to a |arge
extent be dictated by the polarity of both the continuous liquid 15 phase
and the particyjyat e, pahighiRh- of HrBEHIP bR I %S%Iﬁw bRpERS ki Nanact er of
a RAFT agent used in association with a hy particul ate maferl al

di spersed within a mﬁydaeoﬁmher deﬁl’émﬁq(iuéms[ﬁ Et]ard tq)rmg‘éd¢ san| jalemstingo be

different fromthat on with a hydrophobic
particul ate materi al 9d1|yﬁ|8er t-lilég ffﬁgorﬁigggedgg%?@p (?438.0”“ nuous liquid

phase. 20 Where the particulate material is a solid or sem-solid, the

sel ection of a specific surface BAE@)ﬁ.Egﬁi for use in accordance
with the invention m ght also be/l ta conbi ned factors of how
efficiently the RAFT agent &&#s#i.pbs at the surface of the particulate
material and the anmount of pol yrrﬁ« that is to be forned at that surface. In
particular, where a relatively thick |ayer of polynmer is to be forned at
the surface of a solid WO 2006/ 037161 PCT/ AU2005/ 001512 -29 particul ate
material, the RAFT agent is preferably selected such that the binding
efficiency of the agent to the partiéfilate material enables the agent to
nove away fromthat surface wth the polyner as it's |ayer thickness

increages. If the bjpgi rbﬁcl?fﬁt"cﬁﬁeﬁcié Eﬂ%ﬁt‘ﬁ@éhﬂ%zh@ paﬁhﬁcswc}e&ﬂ% ofGgNt and
the particulate material was sufficientl prevent such 5 novenent,

the agent coul d be el m%ﬁde%ﬁwhb@mtwedp&ymmas MENOKETf or med

respectively, and q is an integer ranging from 1 to 50, more preferably 2 to
25, most preferably from 2 to 10. Z and R’ are as defined above. The order
of A and B may be reversed such that -(X);- is -[-B-A-]¢-

10 Those skilled in the art will appreciate that surface active character may be imparted to
RAFT agents in other ways than the general examples mentioned above in points 1) to 10).

For example, the Z group in formula (14b) could be represented as -S-[—A~B—]q-R1.

The selection of a specific surface active RAFT agent for use in accordance with the
invention will to a large extent be dictated by the polarity of both the continuous liquid
15 phase and the particulate material. For example, the surface active character of a RAFT
agent used in association with a hydrophilic particulate material dispersed within a
hydrophilic continuousr liquid phase is likely to be different from that of a RAFT agent
used in association with a hydrophobic particulate material dispersed within a hydrophilic

continuous liquid phase.

20 Where the particulate material is a solid or semi-solid, the selection of a specific surface
active RAFT agent for use in accordance with the invention might also be dictated by the
combined factors of how efficiently the RAFT agent adsorbs at the surface of the
particulate material and the amount of polymer that is to be formed at that surface. In

particular, where a relatively thick layer of polymer is to be formed at the surface of a solid



t hereby reduce, or possibly elimnate, the stabilising function of the
agent. Maintaining stabilisation of the polyner/particle conposite via the
RAFT agent can be particularly inportant where a di spersion of polyner
coated particles is being prepared. It will be appreciated fromthe

f or egoi ng twatooaostwsrber of vari abl es need to be consi d@CFAU2AG/0045EN

sel ecting an RAFT agent for use in accordance with the invention. To
further illustrate this point, a nunber of different approaches to
perform ng the method are described in nore detail directly below. In
describing the interaction between thegy continuous |iquid phase and the

di spersed particulate nmaterial, be it SO|Id sem -solid, or liquid, it can
al so be convenient to refer to the polarity or the 15
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materi al ghtheagktds ﬁﬁmahidalamhﬂaﬁﬂmusblés mu |agenp haseve bwayt fbm thai&ar,fac& RAFT

agent of for dedvvlth crelont is

20711 o entig: hepguibrntier Bkt Tydrspr? ROPERE Sty BHIEF M agent
subst ant i gdibited RAGTURES dnd thé Paffvelie ittt vAQ suffitidntly Oligh ol Srevert pldse. | n
order to performthe nethod, the hydrophil | c par |cuf at e ma ri aAS can be

di sper SedMoyeeR Hheazanigouidhs MOFESHRM sorelopylpths RALYBIEE 2bT 1 Bl vent s
in  whichglhe arm%b,p@rtﬂysﬁblw hiReE e dtsbiBHhd! BlnGton! BEhE akém. MaihthRing
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After the]ﬂg&t of, als éﬁ’B@'}o‘?ﬁ% 6ot L1 @868 beih® plebfedi Xt Ur e, addi ti onal
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decrease in solubrlit t he hy rogho ic region of the agent preC|p|tates at

the WO 200iBrstyae 1tBis mtz AURBOSBT O 16iffrent. apraaghesaloe PesformiE e rnstied dtte
mat eri al ﬁqngéhe é‘b% r&Riatahi! &récﬁ?'lﬁ%’[bv@f fnhﬁeséﬂﬁﬁé A6 IREIBEES bt‘!’Meé’h thehe

conti nuous 11 qui se to stabilise the particulate material from
coal esci ngontlgyows h@m‘ ithasg and §I€a€l)$146¥5§@@a@|°%1p@r1§4t@fﬁﬁlaobe it selid spmi-talidatie

materi al 'lxﬂultdbe if O%ﬁ NUGHS k)é qLUoﬂve?ﬂi?‘a’to refer to the polarity or the
15 hydrophilicity/hydrophobicity of such entities.

The method in accordance with the invention may be performed using hydrophilic solid
particulate material and a hydrophilic continuous liquid phase. In this case, a RAFT agent
of formula (4) may be provided with a hydrophobic region that is sufficiently large relative
to the hydrophilic region to render the agent substantially insoluble in the hydrophilic
20 continuous liquid phase. In order to perform the method, the hydrophilic particulate
material can be dispersed in a mixture of the hydrophilic liquid and one or more solvents in
which the amphipathic RAFT agent is soluble. The ratio of the hydrophilic liquid to the
one or more solvents is chosen such that the amphipathic RAFT agent is capable of being

solvated in the mixture,

25  After the addition of the amphipathic RAFT agent to the mixture, additional hydrophilic
liquid may then be added to cause the amphipathic RAFT agent to precipitate at the surface
of the particulate material. In particular, by increasing the hydrophilic nature of the
continuous liquid phase the solubility of the amphipathic RAFT agent decreases, As a
result of this decrease in solubility, the hydrophobic region of the agent precipitates at the



nononer may be added and pol ynerised to form polyner at the surface of the
particulate 5 material. The anphi pathic RAFT agent may be sel ected such
that its binding efficiency to the surface of the particulate nmaterial is
relatively |low to thereby enable the agent to nove away fromthe surface
of the partWePWSRHH the polynmer as it is fornmed. A varl@ABASEASIhe net hod
descri bed directly above m ght be where the anphi pathic RAFT agent is
substantially soluble in the hydrophilic continuous |iquid phase, and where
it 10 conprises a non-ionisable hydrophilic region and a hydrophobic
region that in itself conprises a smaldp-proportion of polynerised.

hydr ophilic ionisable nmononer. In order to performthe nethod, the
anphi pat hi ¢ RAFT agent and the particulate material are introduced to the
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ionic charge at the surface of the particulate material and an opposite
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particul a erra an-ronic % the hydr ophi lic
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mat eri al It agent w | |
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be. pr of or FRBPYITA: Pl PEIRSCINE BPCREIeTG SEHRES Pl oiE 8 Bt e
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pol ynmer atiordidchasger 4t Alseesi@facd BEthP dhiticGleahRerial and an opposite ionic charge at the
15 hydrophobic region of the amphipathic RAFT agent. In this case, the small proportion of

polymerised ionisable monomer in the hydrophobic region of the amphipathic RAFT agent
can be sufficient to render the pH suitable to develop such a charge at the surface of the
particulate material and at the hydrophobic region of the amphipathic RAFT agent.

Upon formation of the oppositely charged species, the amphipathic RAFT agent can
20 adsorb at the surface of the particulate material such that the hydrophobic region thereof
binds to the surface of the particulate material through an ionic mechanism, while the
hydrophilic region thereof associates with the continuous liquid phase to stabilise the
particulate material from coalescing. Depending upon the degree of ionic bonding that
occurs between the amphipathic RAFT agent and the particulate material, it may be in this
25  case that the amphipathic RAFT agent will not be free to move away from the surface of
the particulate material with the polymer as it is formed. Under these circumstances, it will
generally be preferred that the amount of polymer formed at the surface of the particulate
material does not envelope the amphipathic RAFT agent such that it can no longer function

as a stabiliser,



mat eri al the anphi pathic character of the anphi pathic RAFT agent may be
suitably adjusted to reduce the ionic binding efficiency, or a conbination
of two or nore cooperative anphi pathic RAFT agents may be used. An exanple
of using two different 5 anphipathic RAFT agents in such a cooperative
manner is odvegwsexadidi rectly below. As a variation of trlog/Aaveesoes12t wo

di fferent anphipathic RAFT agents nay be used in accordance with the

met hod of the invention. In this case, both of the anphi pathic RAFT agents
may be soluble in the hydrophilic continuous |iquid phase, with one of the
agents conprising a hydrophobic regi gp_and a non-ionisable hydrophilic
region, and the other 10 agent conpr|5|ng a hydrophobic region and a
hydrophilic region which in itself conprises a proportion of polynerised

hydr ophi li,c_i opi able nongr ., | er, t .
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15 particulate material in a similar manner to that described above.

However, in this case the hydrophilic region of the second mentioned amphipathic RAFT
agent adsorbs to the surface of the particulate material, and due to the hydrophilic nature of
the contimuous liquid phase the hydrophobic region of this amphipathic RAFT agent is
believed to spread out over the particles surface to in effect render the surface of the
20 particles with hydrophobic character. Stabilisation of the particulate material in the
continuous liquid phase can then be attained as a result of the hydrophobic region of the
first mentioned amphipathic RAFT agent adsorbing to the now hydrophobic surface of the
particulate material and the non-ionisable hydrophilic region thereof associating with the

hydrophilic continuous liquid phase.

25 Upon forming a stable dispersion of the particulate material in the continuous liquid phase,
monomer may be introduced to form polymer at the surface of the material. In this case,
monomer may be polymerised under the control of both the amphipathic RAFT agents to
form the polymer. Where there is a relatively high bonding efficiency between the
particulate material and the second mentioned amphipathic RAFT agent, this agent may be



-32 envel oped by the polyner as it is forned. However, as the first

ment i oned anphi pathic RAFT agent is not adsorbed directly on the surface
of the particulate material, it will be generally nore free to nove away
fromthe surface of the particulate material with the polyner as it is

f ormed. By WORWoAHengenent, the non-ioni sabl e hydr ophi IGTAY28EYMEE1Df the 5
first nmentioned anphi pat hic RAFT agent can continue to function as a
stabiliser for the particulate nmaterial as a thick |ayer of polyner is
formed at the surface thereof. If it is found that the dispersed

encapsul ated particles becone destabili;sed as the thickness of the

pol ynmeric coating grows, stabilisation can often be nmaintai ned by
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15 acid and sodium styrene suiphonate.

By the term "ionisable", used in connection with ethylenically unsaturated monomers or a
group or region of a RAFT agent formed from such monomers, is meant that the monomer,
group or region has a functional group which can be ionised to form a cationic or anionic
group. Such functional groups will generally be capable of being ionised under acidic or
20  basic conditions through loss or acceptance of a proton. Generally, the ionisable functional
groups are acid groups or basic groups. For example, a carboxylic acid functional group
may form a carboxylate anion under basic conditions, and an amine functional group may
form a quaternary ammonium cation under acidic conditions. The functional groups may

also be capable of being ionised through an ion exchange process.

25 By the term "non-ionisable", used in connection with ethylenically unsaturated monomers
or a group or region of a RAFT agent formed from such monomers, is meant that the
monomer, group or region does not have ionisable functional groups. In particular, such
monomers, groups or regions do not have acid groups or basic groups which can loose or

accept a proton under acidic or basic conditions.



accept a proton under acidic or basic conditions. W 2006/ 037161

PCT/ AU2005/ 001512 -33 The nethod of the invention nay al so be used to form
pol ymer at the surface of hydrophobic solid particulate material dispersed
in a hydrophilic continuous |iquid phase. The RAFT agent in this case may
conpri se avwyewemTidli c regi on and a hydrophobi c regi onPCTURNSOEIS12

hydr ophobi ¢ regi on having a binding affinity toward the hydrophobic surface
of 5 the particulate material and the hydrophilic region associating with
the continuous liquid phase to stabilise the particulate material from
coal escing. Such an anphi pathic RAFT .agent may be substantially sol uble or
insoluble in the continuous |iquid phaSe, and the nethod may be perf orned
in a simlar manner to that outllned above. The method of the invention may

al so be used to, for ner at th rfa dro r culate
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the polympfeeal slbfiss %Heflﬁftﬁ:uﬁfte bR riRefdh CUhiBde g BS 1@k Al amphipa€es RAFT ng t he
interaction between a surface active RAFT agent and each of the  continuous

liquid phaget a-mr bmwbmwélv seliblsaort pealiptde én Frgt copfiaons liguigi sy @ndy 5 eci at ed

that as &.{L &oﬁﬁed %@ smer%ma%umne@&béveom deriving its
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pol ymeri Sa%a'b?@e taR%uﬁ{éqnatenal from coalescing. Upon forming a stable dispersion of the
15 particulate material in the continuous liquid phase monomer may be introduced to form the

polymer at the surface of the particulate material.

In describing the interaction between a surface active RAFT agent and each of the
continuous liquid phase and the dispersed particulate material, it will be appreciated that as
the structure of a RAFT agent transitions from deriving its surface active propetties from
20 for example a block copolymer structure through to a random or alternating copolymer
structure, or even a homopolymer structure, the role of the aforementioned more discrete
hydrophilic and/or hydrophobic sections or regions of the agent become less well defined.
For example, in a RAFT agent of formula (14b) the hydrophobic and hydrophilic moieties
A and B, respectively, do not provide for discrete hydrophobic and hydrophilic regions,
25  but nevertheless overall impart surface activity to the RAFT agent such that it can function
as a stabiliser for the particulate material and gain control over polymerisation of the one
or more ethylenically unsaturated monomers. In this case, the manner in which such
RAFT agents interact with each of the continuous liquid phase and the particulate material

to function as a stabiliser is not entirely clear.



or nore ethylenically unsaturated nononers. In this case, the manner in

whi ch such RAFT agents interact with each of the continuous |iquid phase
and the particulate material to function as a stabiliser is not entirely
cl ear. WD 2006/ 037161 PCT/ AU2005/ 001512 -34 Where the nethod of the

i nventi on VO pWsPHsted usi ng surface active RAFT agent PUTAN2003/008813 ess wel |
defi ned bl ock copol yner structure, the agents will typically be selected
such that the overall hydrophilicity (or hydrophobicty) of the RAFT agent
is appropriate to the hydrophilicity (or hydrophobicty) of the surface of
the particle to be coated. For exanpl&yq .5 a greater proportion of

hydr ophobi ¢ nononmer m ght be used in the preparation of a RAFT agent to be
used in accordance with the invention to form polynmer at the surface of a

hydr ophobi [ t terial .t i 1J.C [ erial.
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surface o ‘V‘%rH@Obb’d?aﬁct‘:‘&tea‘P%teWétﬂ@Pi"‘éﬁyfimaﬁlgﬁ PF@E‘@%&(’S‘%W@I RAFT agent, alt hough

acting as a stabiliser, may exhibit a degree of lability. By a surface
active RART tiaggdterad téuhBiquésngutingdegiore fof formimpdlyhyr al thenmefde bhedlidt he

agent can exist in an.equilibrium betwee eing solvated jn the continuous
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particulate material will hereinafter be referred,hgﬁas "fre FT agent.
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Depending upon the nature of the particulate material, the continuous liquid phase and the
15 RAFT agent, it may be that prior to the formation of polymer at the surface of the
particulate material, a surface active RAFT agent, although acting as a stabiliser, may
exhibit a degree of lability. By a surface active RAFT agent exhibiting a degree of
"lability" is meant that the agent can exist in an equilibrium between being solvated in the
continuous liquid phase and being associated at the surface of the particulate material. For
20 convenience, a RAFT agent that is not associated with the particulate material will

hereinafter be referred to as "free" RAFT agent.

The presence of free RAFT agent in the continuous liquid phase can result in the formation
of micelles and facilitate the formation of polymer which is not at the surface of the
particulate material (i.e. independent polymer particles). Accordingly, surface active

25 RAFT agents used in accordance with the invention are preferably selected to prevent, or
at least minimise, independent polymer particle formation. It will be appreciated that
provided a labile RAFT agent gains control of polymerisation at the surface of the
particulate material, this polymerisation process itself will inevitably render the agent non-
labile.



25 RAFT agents used in accordance with the invention are preferably
selected to prevent, or at |east mnimse, independent polyner particle

formation. It will be appreciated that provided a |abile RAFT agent gains
control of polynerisation at the surface of the particulate material, this
pol ymeri sat ingyeepyi@3¢ess itself will inevitably render thecpagesdosthase | abile.

WO 2006/ 037161 PCT/ AU2005/ 001512 -35 It has been found that RAFT agents
having a | ess well defined bl ock character, such as those described in
points 7) and 10) above, upon becom ng adsorbed onto the surface of the
particulate material, are |ess prone tg desorption and formng mcelles in
the continuous |iquid phase. |In other %mwds surface active RAFT agents
having a | ess well 5 defined bl ock-Iike structure tend to be less labile

than their "blocky" counterparts. The use I% %]%nts havi ng | ess
wel | et i HeamesBoe HE AL HER B &Ipte "E8 Ssanedh Aotk Caraery S5Bet ur i n

preparing fhSRRESTHEN ﬂ&n@% )éﬂ@ﬁo%@@%bﬁ%@d&rﬁﬁé tas%rﬂeatoﬂtor@teew@es)f with a
hi gh solids content (i.e. gfeater than about 50 wei percent) Where the

met hod of theartipulain msteriak gerlewr pwge 9 ﬂﬁoﬁt@ﬁn“ﬂdng@@é g mesl Sp‘ﬁa@é whi ch
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conduct ed to a pai nt wher
of any surface active RAFT agent also acting as a stabiliser for monomer droplets in the

-

15 continuous liquid phase is reduced. It is also preferred that the monomer which is
introduced to the continuous liquid phase is done in a manner that avoids the formation of
monomer droplets. In other words, it is preferred that the polymerisation is conducted
‘under "starved feed” conditions. Such conditions also reduce the likelihood of stabilised
monomer droplets being formed in the continuous liquid phase, which in turn also reduces

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

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

to form a thicker polymer coating on the particulate material.



substantially all |abile RAFT agent present has been rendered non-I abile.
At this point, the "lightly" polynmer encapsul ated particles may be
separated from any i ndependent polynmer 25 particles that may have forned or
any residual free RAFT agent by a separation nethod such as
centrifugation. The "lightly" polyner encapsul ated particles could then be
redi spersed in a continuous liquid phase with nmononer and the

pol ynmeri sation continued to forma thicker polynmer coating on the
particul ate material. -36- In accordance 3ith the method of the invention,
ethylenically unsaturated nononers are polynerised under the control of
the RAFT agent to formpolyner at the surface of the particulate material.
The pol ynerhsa:bbmlmlw Wwith ubel addthodr @Ot rigventibh, ethyleniciliyo mmsatigatod esomwiners mee
radi cal s. source of initiating radicals can g) pr vi ded by an su%table
met hod of 513 BResedi ynger ficeconifal ehfle R4Hd pggsat to WEP‘I §

homol ytic S%ért?&ﬂﬁ@ ntedl! UAR Folym@ABRIH ?1) usﬁ%ﬁ?r %Jlre lﬂitfahﬁitl Qo %%ﬁr&sof

per oxi des, oxyesters, or azo’ conpounds ont aneous generation
f r om nononefree fadicgls. s’ﬂ;er@u&)e ofnexﬁaung redidabt mangbesgmmdaﬁ by aphotivatiie mietlald of

initiati h di at L b. X-,
L s ooty SVEHRG HEe AL TG s Re Rl g NS pimehE SBisHon ot giitaBle
reaction C%ﬂo‘uﬁ&{% &ﬁeﬁi@rﬁtﬂaﬁ)r@%&%sgmlﬂ@é p%v:ﬁés%&su&t&ba@&ﬁmai), tiee

initiator or the |n|t|at|ng radicals with the i pathi c RAFT agent
Ther mal i nigoatapecisagenerhisenfrom maemonaers afpg. o;styrateé, hrafléx | inftiating tswems
t enper at ur e . of sation, Thes nitiators can_inclu

f
the foll 0W| t%cggtﬁib%ﬂeaghatug systerus oF Ekgbs%myﬁagmntopﬁug]} as eijectroﬂei) BTG ©
2,2' -azobi 2 A RN-AAHPHEn2 TEle 1n§’cia‘ﬁﬁg @%&teﬁn@ ‘chdfenaael st nhRUhY tlb8dn COl’ldlthnS

4,4' -azobi s(4-cyanovaleric acid - azobi s(cycl ohexanecarboni tri
2-(t-bul§l -9 ne pubrtantioh a@@rsegm@raqg@g ioif difepinitiator or the initiating radicals Wlth the
met hyl - N-[ 1 b h hyl ) - 2- hydr oxyet hyl ] pr opi onam de},

2,2 -azobi s 2- %%ﬁ‘¥§9§f¥%ﬁ 'ydr oxyet hyl ) propi onam de], 2,2'-azobis(N, N

di et hyl enei sobut yram di ne) di hydrochl oride, 2,2'-azobis(2-am di nopropane)
20 di hydr ocrﬁe@mhldmmao& a&zelixis&ﬁ NoNhav@i #fe tapptophates bil0tlife ami e nenperature of
2,2' -azobi s{2- nethyl -

1, 1- bi s( hy diobpersaH)m.) Tbes@y@ﬂawwnqlg%mmmr@@mezfogwm
nethyI-N-[l,l bi s( hydr oxynet hyl ) - 2- et hyl ] pr opi onam de},

2,2' -azobi s[ 2- m')f,ﬁ‘yajzbbis(isobutyronitrile), 2,2'-azobis(2-cyanobutane), dimethyl 2,2'-

15 azobis(isobutyrate), 4,4'-azobis(4-cyanovaleric acid), 1,1'-
azobis(cyclohexanecarbonitrile), 2-(t-butylazo)-2-cyanopropane, 2,2'-azobis {2-
methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethylJpropionamide}, 2,2"-azobis{2-
methyl-N-(2-hydroxyethyl)propionamide], 2,2'-azobis(N,N'-
dimethyleneisobutyramidine) dihydrochloride, _2,2'~azobis(2-amidinopropane)

20 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-ethyljpropionamide}, 2,2'-azobis[2-methyl-
N-(2-hydroxyethyl)propionamide], 2,2"-azobis(isobutyramide) dihydrate, 2,2'-
azobis(2,2,4-trimethylpentane), 2,2'-azobis(2-methylpropane), t-butyl

25 peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyﬁeodecanoate, t-butylperoxy
isobutyrate, t-amyl peroxypivalate, t-butyl peroxypivalate, diisopropyl
peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl
peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium
peroxydisulfate, di-t-butyl hyponitrite, dicumyl hyponitrite. This list is not

30 exhaustive. -



N- ( 2- hydr oxyet hyl ) propi onami de], 2, 2'-azobi s(isobutyram de) dihydrate,
2,2'- azobis(2,2,4-trinethyl pentane), 2,2'-azobis(2-nethyl propane), t-butyl
25 peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyneodecanoat e,
t-butyl peroxy isobutyrate, t-anyl peroxypivalate, t-butyl peroxypival ate,
di i sopropyl peroxydi carbonate, dicyclohexyl peroxydi carbonate, dicunyl
peroxi de, di benzoyl peroxide, dilauroyl peroxide, potassium

per oxydi sul fate, anmoni um peroxydi sulfate, di-t-butyl hyponitrite, dicunyl
hyponitrite. This list is not 30 exhaustid/e. -37- Photochemical initiator
systens are chosen to have the requisite solubility in the reaction mnedium
and have an appropriate quantumyield for radical production under the
condi ti ons Plaftodhemigad initivtotr Sphdénarechasal ©shave ahe tiguizite Zolubilide i et deyction
benzophenone, _acyl . _phosphi ne oxi des, and phot o-redox systens.tﬁ Redox
initiator syediEmsndhave apappopate gyanteneield dor wrical madusiion upger the eppditions
reacti on nedi n I raadi p i u r

t he conditf%%gﬁ%ngﬁggg%%?gne?EQQ??%Hﬁagﬁgggggﬁ?EFg?%%g%%yéggﬁgﬁ%gﬁg @Qﬁ

i ncl ude, buthoaplenaoxides, and photbagdaxaaybienat i ons of the foll ow ng oxidants
and reductants: oxidants: potassium peroxydi sul fate, hydrogen peroxi de,

i osul 111 ke nbeltE syiFaprs thosetio tave Rt rémstte shlubilty PhifesedipbRediph U™
described ifdr @aeNtant WpbRoprivRe rath 06 UMM ProdREdh adsHer SHOBBILILRE of the

Chem stry of Free Radical "Pol ynerisation", Perganon, London, 1995, pp
53-95. Sui trebymeerisation;thesednifiatingisystens can inglpde dubireaoslimited fo, cgmbmations of
hydr ophi li ¢ rgeigt i.on niﬁdi um 1%% stuch, as water include, but are not limted
to, 4,4- azotB? (t oﬁﬁ%% gﬁ&m%& 8? amﬁ 2' -azobis {2- methyl-N-[

1, 1- bi s( hydr oxynet hyl ) - 2- hydr oxyet hyl ] pr opi onam de}, 2, 2'-azobi s[ 2-net hyl -
N- ( 2- hydr oxyet hydxidun®p ipefasdtitieleroxydisulfate, hydrogen peroxide, t-butyl hydroperoxide.

2,2 -azobi s(N, N -di et hyl enei sobutyram di ne), 2,2'- . )

azobi s( NN - di neesietanis e iR titampam (L), petassimghiopylfite gotassium bisulfite.

2,2' -azobi s(2-am di nopropane) di hydrochl ori de,

2,2' -azobi e&); SINE U r : - 2 y I .}@Hﬁi@

2, 2' - azobi ?% nettﬁyﬂe-lﬁkhl%‘%{]%s r%%jée{'tgﬁgl ?pr%ﬁ%éﬁgﬁtltgt%ﬁ SeQESH ,A8dad &)
2, 2' - azobi Solenbwt"yheadhamjstry of Free Radical Polymerisation”, Pergamon, London, 1995,

pp 53-95.

Suitable initiators which have an appreciable solubility in a hydrophilic reaction medium
15 such as water include, but are not limited to, 4,4-azobis(cyanovaleric acid), 2,2'-azobis{2-

methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethylJpropionamide}, 2,2"-azobis[2-methyl-

N-(2-hydroxyethyl)propionamide], 2,2'-azobis(N,N'-dimethyleneisobutyramidine), 2,2'-

azobis(N,N'-dimethyleneisobutyramidine) dihydrochlonde, 2,2'-azobis(2-amidinopropane)

dihydrochloride, 2,2'-azobis {2-methyl-N-[1,1-bis(hydroxymethyl)-2-ethylJpropionamide},
20 2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide], 2,2 -azobis(isobutyramide)

dihydrate, and derivatives thereof.

Suitable initiators which have an appreciable solubility in a hydrophobic reaction medium
may vary depending on the polarity of the reaction medium, but typically would include oil
soluble initiators such as azo compounds exemplified by the well known material 2,2'-
25 azobisisobutyronitrile. Other readily available initiators are acyl peroxides such as acetyl
and benzoyl peroxide as well as alkyl peroxides such as comyl and t-butyl peroxides.

. Hydroperoxides such as t-butyl and cumyl hydroperoxides may also be used.



di hydrate, and derivatives thereof. Suitable initiators which have an
appreci able solubility in a hydrophobic reaction nmedium may vary dependi ng
on the polarity of the reaction nedium but typically would include oi
soluble initiators such as azo conpounds exenplified by the well known

mat eri al 2, &0 2637@P1 si sobutyronitrile. Qher readily gegihbafakgnkp tiators
are acyl peroxides such as acetyl and benzoyl peroxide as well as alkyl

per oxi des such as cunyl and t-butyl peroxides. Hydroperoxides such as
t-butyl and cunyl hydroperoxi des may al so be used. WD 2006/ 037161

PCT/ AU2005/ 001512 -38 The continuous |iquid phase in a given

pol yneri zati on process may al so contai¥f other additives, for exanpl e
additives to regulate pH In relation to the polynerlsatlon process whi ch
occurs during the course of the nethod of the invention, it is inportant

t hat pol yride qoetmwmwétphﬂﬁﬁemse@@eeowmep@alr%ﬁYeﬂS%CMmemﬂmr and

that this g ek the control of the RAFT agent.
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f or mat i on latelaionrte sheyealymerisatieropresess phith egruradptne be cowseel themsthyd ofhe
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that surface throughout the course of the polymerisation reaction. In general, the total
15 number of initiating radicals that position themself at the surface of the particulate material
should be less than the total number of RAFT agents present in the continuous liquid
phase. Preferably, the total number of initiating radicals is less than 50 percent, more
preferably less than 20 percent, of the total number of RAFT agents present in the

continuous liquid phase,

20 In connection with facilitating the polymerisation of monomers under the control of the
RAFT agents to form polymer at the surface of the particulate material, it is preferred that
at any given point during the polymerisation process the amount of free RAFT agent
present in the continuous liquid phase is relatively low compared with that which is
adsorbed on the surface of the dispersed particulate material. Preferably, there is less than

25 50 wit%, more preferably less than 20 wt%, most preferably less than 10 wi% of "free"
RAFT agent present in the continuous liquid phase at any point in time during the

polymerisation process.

It is preferable that polymerisation of the monomers is maintained under the control of the |

RAFT agent throughout the entire polymerisation, However, provided that polymer at the



RAFT agents to form polyner at the surface of the particulate material, it
is preferred that at any given point during the polynerisation process the
anount of free RAFT agent present in the continuous |liquid phase is
relatively | ow conpared with that which is adsorbed on the surface of the
di spersed pudtooeod7adle material. Preferably, there is | @s3/athens/n@51250 wt %
nore preferably less than 20 wt% nost preferably | ess than 10 wt % of
"free" RAFT agent present in the continuous |iquid phase at any point in
time during the polynerisation process. It is preferable that

pol ynmerisation of the nononers is mai %al ned under the control of the RAFT
agent throughout the entire polymerisation. However, provided that polyner
at the WD 2006/ 037161 PCT/ AU2005/ 001512 -39 surface of the particul ate
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material . ofpy feNGGicADath@ad Bl BFendeRabyY FREERA WD 4 E@éétdxféﬂt ddpeRbeRndance
with the nethod of the invention has proceeded at | east in part, under

t he cont r 8te imended pirationelar thewglymer enpapsylstedinaBiFvigie Teteidlpl e vi sual
assessnment (for exanple by Transm ssion Electron M croscopy) of the polymner
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pol ymer cHER, hairpesdedo 8t Jaeh nserh o der e coptpl L ggent may REFT agent
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(GPO). ere "RAFT control™ been establj shed, the pol yrrer will
have a polymer coating, whereas polymerisation under the control of the RAFT agent prowdes a

regular uniform polymer coating.

"15 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 s.uitable technique such as Gel Permeation Chromatography
(GPC). Ideally, where "RAFT conirol" has been established, the polymer will have a
lower polydispersity compared with a polymer prepared by a convention free radical

20 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
with conversion even though the polydispersity of the polymer may broaden during the

25  course of the polymerisation process.

The composition and architecture of the polymer formed at the surface of the particulate
material may be tailored through the selection and controlled addition of monomer. A
wide range of ethylenically unsaturated monomers may be used in accordance with the

method. Suitable monomers are those which can be polymerised by a free radical process.



| ower pol ydi spersity conpared with a polymer prepared by a convention free
radi cal 20 nedi ated pathway. The other feature of "RAFT control" shown by
GPC data is that nolecular weight of the polyner should grow linearly with
conversion. This is believed to be an inportant feature in performng the
met hod of MR2WHEM on. The pol yner forned in accor dAGESUMIBRIIEHe
invention wll generally show a |linear growh of nolecular weight wth
conversion even though the polydi spersity of the polynmer may broaden during
the 25 course of the polynerisation process. The conposition and
architecture of the polyner formed atspbe surface of the particul ate
material nay be tailored through the selection and controlled addition of
nononer. A w de range of ethylenically unsaturated nononmers nmay be used in
accor danc ?hé"hltoﬁorhé}? shdiRd Q@&i ’oe eHbabRd e ised ith MRS MMAL&BrsC arhebe

pol ynmerised by a free radical process. 006/ 037161 PCT/ AU2005/ 001512
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i n Pol yneandamodrgak E 31 dEdEdWilepriN¢vBYarkd 139 0 I1/53. aﬁmh trrtmemgmtmclﬂ.leHhOEds)

Wl ey: Newlﬂ\l/ reke 9%91_”%1 E.llsgr Such nmononers include those 5 with the
general ag{l 5 U C HV (15 where U and Ware independently
sel ect ed fromthe group consi sti ng of - , -002R2, -COR2, -CSR2, -CSORrz,
- COSR2, -CONH2, -CONHR2, -CONR22, 18 hydrogen, hal ogen and optionally
substituted Cl-C4 al kyl wherein the Gub&ituents are i ndependent | y
selected fromthe group consistin /f hy |ngy, -C2H, -CX2R, -COR2,

-CSR2, -CSOR2, -COSR2, -CN, -CON - CONR22, -OR2, -SR2, -02CR2,
-SCOR2, and -OCSR2; and V is sel ect eot1'5}omthe group consisting of

hyd R2, -CO2 - R2,. - (1132 ..
ydrogen. ' where lﬁ andC%are’indepen ently selected from the group consisting of -CO;H,
-COR?, -COR?, -CSR? -CSOR? -COSR?, -CONH,, -CONHR?, -CONR?,
10 hydrogen, halogen and optionally substituted C;-C4 alkyl wherein the substituents

are independently selected from the group consisting of hydroxy, -COH, -COR!,
-COR?, -CSR?, -CSOR?, -COSR?, -CN, -CONH,, -CONHR?, -CONR?%, -OR%,
-SR?, -0,CR?, -SCOR?, and -OCSR?; and

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

where R? is selected from the group consisting of optionally substituted Cy-Cig
alkyl, optionally substituted C,-Cig alkenyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted carbocyelyl, optionally substituted
20 heterocyelyl, optionally substituted aralkyl, optionally substitited heteroarylalkyl,
optionally substituted alkaryl, optionally substituted alkylheteroaryl and polymer
chains wherein the substituenis are independently selected from the group
consisting of alkyleneoxidyl (epoxy), hydroxy, alkoxy, acyl, acyloxy, formyl,
alkylcarbonyl, carboxy, sulfonic acid, alkoxy- or aryloxy-carbonyl, isocyanato,
25 cyano, silyl, halo, amino, including salts and derivatives thereof. Preferred
polymer chains include, but are not limited to, polyalkylene oxide, polyarylene

ether and polyalkylene ether.



15 -CSR2, -CSOR2, -COSR2, -CONH2, -CONHR2, -CONR22, -OR2, -SR2, -02CR2,
-SCOR2, and -OCSR2; where R2 is selected fromthe group consisting of
optionally substituted CI-CI3 alkyl, optionally substituted C2-Cl5

al kenyl, optionally substituted aryl, optionally substituted heteroaryl,
opti onal | y waibwed37utled car bocycl yl, optionally substit ®C&AR2054858r ocycl yl ,
optionally substituted aral kyl, optionally substituted heteroaryl al kyl,
optionally substituted al karyl, optionally substituted al kyl heteroaryl and
pol ymer chains wherein the substituents are independently selected from
the group consisting of alkyleneoxidy} _(epoxy), hydroxy, alkoxy, acyl,

acyl oxy, fornyl, alkylcarbonyl, carboxy sul fonic acid, al koxy- or
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acid, benzyl methacrylate, phenyl methacrylate, methacrylonitrile, alpha-methylstyrene,
methyl acrylate, ethyl acrylate, propyl acrylate (all isomers), butyl acrylate (all isomers),
15 2-ethylhexyl acrylate, isobornyl acrylate, acrylic acid, benzyl acrylate, phenyl acrylate,
acrylonitrile, styrene, functional methacrylates, acrylates and styrenes selected from
glycidyl methacrylate, 2-hydroxyethyl methacrylate, hydroxypropyl methacrylate (all
isomers), hydroxybutyl methacrylate (all isomers), N,N-dimethylaminoethyl methacrylate,
N,N-diethylaminoethyl methacrylate, triethyleneglycol methacrylate, itaconic anhydride,
20 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-
25 butylacrylamide, N-n-butylacrylamide, N-methylolacrylamide, N-ethylolacrylamide, vinyl
benzoic acid (all isomers), diethylamino styrene (all isomers), alpha-methylvinyl benzoic
acid (all isomers), diethylamino alpha-methylstyrene (all isomers), p-vinylbenzene sulfonic
acid, p-vinylbenzene sulfonic sodium salt, trimethoxysilylpropyl methacrylate,
triethoxysilylpropyl methacrylate, tributoxysilylpropyl methacrylate,
30 dimethoxymethylsilylpropyl methacrylate, diethoxymethylsilylpropyl methacrylate,
dibutoxymethylsilylpropyl methacrylate, diisopropoxymethylsilylpropyl methacrylate,
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This list is not exhaustive. 10 To facilitate the formation of polyner at
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15 encapsﬂé.ting polymer will strongly influence its glass transition temperature (Tg). The
"Tg" is a narrow range of femperature over which an amorphous polymer (or the
amorphous 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
can conveniently be tailored to suit the intended application for the polymer encapsulated

20 particulate material. For example, monomers that are polymerised to form the
encapsulating polymer may be selected to provide a Tg that enables an aqueous dispersion
of the polymer encapsulated particulate material (as in a paint formulation) to coalesce and

form a film,

Tg values referred to herein are calculated, and those relating to a copolymer are calculated
.25 in accordance with the Fox equation (1/Tg = Wy/Tg(). Unless otherwise stated, where an
encapsulating polymer comprises a mixture of polymers or copolymers having different
Tg's, the Tg of the overall polymer composition is calculated as a weighted average value.
For example, a polymer mixture comprising a copolymer (50 wt. %) with a calculated Fox
Tg of -10°C and a copolymer (50 wi. %) with a calculated Fox Tg of 50°C, will provide an



one or nore ethylenically unsaturated nononmers are preferably sel ected such
that when they polynerise they formpolyner that is substantially
insoluble in the continuous liquid phase. Those skilled in the art wl|
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state. The Tg of the encapsul ating pol,ymer can conveniently be tailored to
suit the intended application for the pol yner encapsul ated 20 particul ate
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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
15 crosslinked structure is typically derived during polymerisation and provided through a

free radical reaction mechanisin.

Alternatively, the crosstinked 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" unsaturated
20 monomers). In this case, the monomers are incorporated into the polymer backbone
through polymerisation of the unsaturated group, and the resulting pendant functional
group provides means through which crosslinking may occur. By utilising monomers that
provide complementary pairs of reactive functional groups (i.e. groups that will react with
each other), the pairs of reactive functional groups can react through non radical reaction
25 mechanisms to provide crosslinks, Formation of such crosslinks will generally occur

during polymerisation of the monomers.

A variation on using complementary pairs of reactive functional groups is where the
monomers are provided with non-complementary reactive functional groups. In this case,

the functional groups will not react with each other but instead provide sites which can



may be derived by any known nmeans, but it is preferable that it is derived
t hrough the use 10 of polynerised ethylenically unsaturated nononers. Those
skilled in the art will appreciate that crosslinked polymer structures may
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afford a crosslink during polymerisation, whereas a functionalised unsaturated monomer
can provide means through which a crosslink can be derived either during or after
15  polymerisation, It will be appreciated that not all unsaturated monomers that contain a
functional group will be used in accordance with the iﬁvention for the purpose of
functioning as a crosslinking monomer. For example, acrylic acid should not be
considered as a crosslinking monomer unless it is used to provide a site through which a

crosslink is to be derived.

20 Examples of suitable multi-ethylenically unsaturated monomers that may be selected to
provide the crosslinked polymer structure include, but are not limited to, ethylene glycol
di(meth)acrylate, triethylene glycol di{meth)acrylate, tetraethylene glycol di{meth)acrylate,
1,3-butylene glycol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, 1,4-butanediol
di{meth)acrylate, neoﬁentyl glycol di(meth)acrylate, 1,6-hexanediol di{meth)acrylate,

25 vpentaerythritol di(meth)acrylate, pentaerythritol tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, glycerol di(meth)acrylate, glycerol allyloxy di(meth)acrylate, 1,1,1-
tristhydroxymethyl)ethane di(meth)acrylate, 1,1,1-tris(hydroxymethyl)ethane

tri(meth)acrylate, 1,1,1-tris(hydroxymethyl)propane di(meth)acrylate, 1,1,1-
tris(hydroxymethyl)propane iri(meth)acrylate, triallyl cyanurate, triallyl isocyanurate,



The ternms "multi-ethylenically unsaturated nononers” and "funetionalised
unsaturated nononers" nentioned above can conveniently and coll ectively
al so be referred to herein as "crosslinking ethylenically unsaturated
nmononers” or "crosslinking nononers”. By the 10 general expression
"crossl i nkiwag2oet/erieani cal | y unsaturated nononers” or " @COAIRIBKIIND
nononers” is nmeant an ethylenically unsaturated nononer through which a
crosslink is or wll be derived. Accordingly, a nulti-ethylenically
unsaturated nononer will typically afford a crosslink during

pol ymerisation, whereas a functionaliggd unsaturated nonomer can provide
means t hrough which a crosslink can be derived either during or after 15
polynmerisation. It will be appreciated that not all unsaturated nonomers
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15 Examples of suitable crosslinking agents that can react with the reactive functional groups
of one or more of the functionalised unsaturated monomers mentioned above include, but
are not limited to, amines such as hexamethylene diamine, ammonia, methyl amine, ethyl
amine, Jeffamines™ and diethylene triamine, melamine, trimethylolpropane tris(2-methyl-
1-aziridine propionate) and adipic bishydrazide. Examples of pairs of crosslinking agents

20 and functionalised unsaturated monomers that provide complementary reactive groups
include hexamethylene diamine and acefoacetoxyethyl methacrylate, amines such as
hexamethylene diamine, ammonia, methyl amine, ethyl amine, Jeffamines™ and
diethylene triamine and glycidyl methacrylate, melamine and hydroxyethyl acrylate,
trimethylolpropane tris(2-methyl-1-aziridine propionate) and acrylic acid, adipic

25  bishydrazide and diacetone acrylamide,

General techniques used in performing conventional emulsion, mini-emulsion and
suspension polymerisations can advantageously be employed in performing the method of
the invention. However, when selecting suitable reagents for employing such techniques it

should be appreciated that the method of the invention is in effect an interfacial
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e. General_ techniques used in perform ng conventional emnulsion,
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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 RAFT agent may be also added to the reaction with the monomer in order to

replenish the surface of the particle with stabilising moieties.

By "semi-continuous" is meant that the method is conducted batch wise and monomer is
added gradually or in stages thronghout the polymerisation. By "continuous” is meant that
the method is performed in a loop type reactor whereby all reagents are continuously
added gradually or in stages throughout the polymerisation and product is continuously
removed from the reaction system. Preferably, the method is performed in a semi-

continuons mode.

A preferred method of carrying out a semi-continuous mode of polymerisation comprises
adding a selected particulate material and RAFT agent to a suitable continuous liguid
phase in a reaction vessel to provide for a stable dispersion of the particulate material
throughout the continuous liquid phase. A thermal initiator may also be added, along with
any other reagents if required, for example buffers to regulate pH. Typically, all reagents

used are essentially free from dissolved oxygen and the reaction solution is purged with an

WO



The nmethod of the invention may be operated in batch, sem -continuous or
continuous nodes. Were the continuous |iquid phase consists essentially
of the one or nore 5 ethylenically unsaturated nononers that are
polynmerised to formthe polyner, the method is preferably operated in batch
node, and wheemstditesiconti nuous |iquid phase does not @enNaiResEsISENti al |y
of the one or nore ethylenically unsaturated nononers that are polynerised
to formthe polymer, the nmethod is preferably operated in sem -continuous
or continuous nodes. 10 Sem -continuous and conti nuous nodes of operation
of fer superior control of polyner agqﬁ[tecture together with control over
t he pol yner pol ydi spersity. According to these nodes of operation, nononer
may be added gradually or in stages thereby enabling different nononers
and other.additivegqto bg_introduged ugin t he. cour se ofg%he. .
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buffers to regulate pH Typically, all reagents used are essentially free
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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
15 phase such as water using an appropriate RAFT agent. Upon forming a stable dispersion,
hydrophobic monomers such as butyl acrylate and methy! methacrylate may be introduced
to the dispersion to form polymer at the surface of the titanium dioxide particles. The
polymer may be formed to coat and encapsulate the titanium dioxide particles and further
continued to afford a latex having a desired solids content. The resulting latex would
20 therefore comprise an aqueous dispersion of polymer encapsulated titanium dioxide

particles which could advantageously be used directly in paint formulations as an opacified

binder.

Where the continuous liquid phase used in accordance with the method of the invention
consists essentially of the one or more ethylenically unsaturated monomers that are
25 polymerised to form the polymer, the method will typically be performed as a batch
process and in effect may be considered as a bulk polymerisation process, Where such a
continuous liquid phase is dispersed in a further continuous liquid phase as hereinbefore
described, the method may in effect be seen as a miniemulsion or suspension
polymerisation process. In these cases, RAFT agent will generally not be introduced to the

30 continuous liquid phase during the course of the polymerisation, and it is therefore



inert gas, such as nitrogen, prior to initiating the polynerisation. The
di spersion tenperature is then increased so that the initiator undergoes
thermal |y i nduced honolytic scission. Mononer may then be added and

pol yneri sati on can proceed under the control of the RAFT agent. The

addi ti on ofVOHHEAES1at this stage may be nmaintai ned at PETAARYSPHISE avoi d
reservoir nmononer droplets fromformng, and can be continued at such a

rate until sufficient nonomer has been pol yneri sed under the control of
the RAFT agent to render it, if it was not already, essentially non-labile
fromthe surface of the particulate mggerial. Further nononer, which may

be the sanme or different, can then be added at a greater rate either
continually or in stages until the desired degree of polynerisation has
occurr ed. pfeflathO ok HiBkRn: KASTROLNTELEA! AIbRY BarfOflhl M §n REOVI de
for a dlsBersmn 0 pol'ymer/ particulate material Conposite particles

havi ng a deginnest Igpid eseguior erinitiafiorsfishé pélymencaiipn wadfonenpl oyi ng t he net hod
of the invention in this nmanner m ght be in the coating of titanium

di oxide p [ ' ' WF e i ium

di oxi de pgfrntgi%hﬁ%tﬁéw Et’rgirﬁlna @gurlugh‘%d;bgiﬂ%g%?esnet@ﬂﬁﬁ a %?%%?IW%EC nti nuous
| i qui d 15iplklisedding thegpartivalate matsiinlg therRABD nggnt pud @ tRABTL iaigietor to toer f or ni ng
a stabl i i i ] . S r nd

et hyl e iR S e oy R0 R R AP RRS LR 0B e BRI AT ) o
t he surf aeddedfif tekairdd tTHypically,dilloxagdats masd are legssntidlllydree fainy disyolved yoxipgenf or ned
to coat andd %récazgaul ate. t he tit ni.h!lm di or>t<i ges k rési cles and ftur.t.getr

cont i nued o & Tord” &2 FateX &) r%l 2B B8 SE0) YT ST BN R s ul t ng
| at ex woulbpdly2@ridtien.c Having adequaichedisptrsad dieopstichlap matrianthofughalt yieesne

encapsul ated titani umdi oxide . particles.which coyld advantagequs]y be used
Gl ronely  Prngis s pBSl SR e B sipkintrpetts il GeR KmoreSelisl

cont i mmugaeldrq%diclﬁ@ﬁw@l (];ﬁltéﬁ@érahﬂe ﬁﬁ?&hﬁﬁﬁ&@cﬂ&iﬁeb_sbhﬁmﬁé heht@funtifigodsnvent i on
consi sts essentia the one, or re_et en) ca upnsat ur at ed nononers
that are %wﬂm% 19%%11 BeolEe pariAny V%ﬁh%@ co ApmoyseasTp i an%ﬁﬁ%,cm ly be
per f or ned cafists Sar@iRiPEORHBASANE ptdpaiiing GhondBikr BRIGPRSHARHREIR SormeUl K
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process. In these cases, RAFT agent W || generally not be introduced to the
15 The polymerisation continues until substantially all of the monomer has been consumed to

thereby provide a polymer mairix having the solid particulate material substantially

uniformly dispersed therethrough.

The approach outlined directly above has particular advantages when it is desired to
encapsulate high concentrations of nanoparticles within a polymer matrix. Using
20 conventional techniques, the amount of dispersant required to stabilise the nanoparticles in
the monomer phase would be expected to radically alter the properties of the matrix
polymer even if the dispersant did maintain a stable dispersion during polymerisation of
the monomer. Given that the RAFT agent used in accordance with the invention can act as
a stabiliser for the particulate material and also take part in the polymerisation process to
25 ultimately form part of the encapsulating polymer, problems associated with the presence

of a "foreign" dispersant in the polymer matrix can advantageously be avoided.

Performing the method in the aforementioned bulk mode could be readily adapted by one

skilled in the art such that the continuous liquid phase is dispersed in a further continuous



30 continuous |iquid phase during the course of the polynerisation, and it
is therefore WD 2006/ 037161 PCT/ AU2005/ 001512 -48 preferabl e that
sufficient RAFT agent is used to stabilise the particulate material in the
continuous liquid phase prior to initiation of the polynerisation reaction.
One appr oacho ems/paudior m ng t he net hod of the inventi onPCm/Ambososmske W | |
typically involve adding the particulate material, the RAFT agent and a
thermal initiator to one or 5 nore ethylenically unsaturated nononers in a
reacti on vessel. O her reagents may al so be added if required. Typically,
all reagents used are essentially freggfromdi ssolved oxygen and the
reaction solution is purged with an inert gas, such as nitrogen, prior to
initiating polynerisation. Having adequately di spersed the particul ate
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The poIsSerB’Pfi%sati on continues until substantially all of the nononmer has
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hereinafter be referred to as a "non-reactive” continuous liquid phase. The continuous

15 liguid phase may have hydrophilic or hydrophobic character.

Suitable non-reactive continuous liquid phases include, but are not limited to, water,
toluene, white spirit and other well known optionally substituted aromatic or optionally

substituted aliphatic organic liquids.

Suitable monomers that may be used in providing a reactive continuous liquid phase
20 include, but are not limited to, the foregoing list of ethylenically unsaturated monomers.
Examples of ethylenically unsaturated monomers that might be considered by a person
skilled in the art to be hydrophilic include, but are not limited to, acrylic acid, methacrylic
acid, hydroxyethyl methacrylate, hydroxypropyl methacrylate, acrylamide and
methacrylamide, hydroxyethyl acrylate, N-methylacrylamide or dimethylaminoethyl
25 methacrylate. Bxamples of ethylenically unsaturated monomers that might be considered
by a person skilled in the art to be hydrophobic include, but are not limited to, vinyl
acetate, methyl methacrylate, methyl acrylate, styrene, alpha-methylstyrene, butyl acrylate,
butyl methacrylate, amyl methacrylate, hexyl methacrylate, lauryl methacrylate, stearyl
methacrylate, ethylhexyl methacrylate, crotyl methacrylate, cinnamyl methacrylate, oleyl



Performng the method in the aforenentioned bul k node could be readily
adapted by one skilled in the art such that the continuous |liquid phase is
di spersed in a further continuous WD 2006/ 037161 PCT/ AU2005/ 001512 -49

|l i quid phase to prepare polymer particles having the particulate materi al
subst ant i alW§2006BGr nl y di spersed therethrough. Those PSETAUZRH/OPIEIR he art

w || appreciate that nunerous paraneters nmay be varied when performng the
met hod of the invention in either continuous, sem -continuous or bulk 5
nodes. There is no particular limtation as to the nature of the continuous
liquid phase that may be wused in accendance with the nethod provided that
the particulate material may be dispersed in it and that it does not
adversely affect the formation of polyner at the surface of the
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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

15 formed in accordance with the method may be used.

The modification of the polymer composition may be achieved by the selective
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.
20 Introducing TFEM to a polymer composition in this manner can promote stain resistance
to a paint film when such particles are incorporated into a paint formulation. Alternatively,
more polar monomers such as acrylamide, dimethyl amino ethyl methacrylate or ureido
monomers may be polymerised to provide a highly hydrophilic surface region of the
polymer. In this case, where the continuous liquid phase is hydrophilic, the hydrophilic
25 portion of an amphipathic RAFT agent to be used in the polymerisation may also comprise
such monomers and thereby present a highly hydrophilic polymer surface. Incorporation
of such polar monomers at the surface of the polymer composition can assist in their
adhesion to difficult surfaces when used in coating applications. In particular, as part of

the hydrophilic end of an amphipathic RAFT agent, the location of these monomers at the



by a person skilled in the art to be hydrophobic include, but are not
limted to, vinyl acetate, nethyl nethacrylate, nethyl acrylate, styrene,
al pha- et hyl styrene, butyl acrylate, butyl nmethacryl ate, anyl

met hacryl ate, hexyl nethacrylate, lauryl nmethacryl ate, stearyl

met hacr yl atveQ 2@6/m37idiexyl net hacryl ate, crotyl nethacrylpgErav2ensamanm |

net hacryl ate, ol eyl WO 2006/ 037161 PCT/ AU2005/ 001512 -50 net hacryl at e,
ricinoleyl nethacrylate, vinyl butyrate, vinyl tert-butyrate, vinyl
stearate or vinyl laurate. The nethod of the invention advantaeously
provides neans to tailor the conpositizpn of the polynmer that is formed at
the surface of the particulate material. In particular, the method 5
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such as acryl am de, |net¥| anm no et yI acryl ate or ureido noners
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material may be encapsulated with a hard polymer with a soft film forming exterior, or a

15 soft elastomeric polymer with a hard non-film forming skin. By the terms "hard" and
"soft" polymer is meant polymers that are formed from monomers where the homopolymer
glass transition temperature (Tg) is above and below room temperature (ie. 25°C),
respectively, Suitable hard monomers include, but are not limited to, methyl methacrylate,
t-butyl acrylate and methacrylate, and styrene. Suitable soft monomers include, but are not

20 limited to, esters of acrylic acid such as ethyl, butyl and 2-ethyl hexyl acrylates.

The method of the invention might also provide an alternative route to preparing
thermofusable powder paint (coating) materials. Thermofusable powder paint materials
are generally made by dispersing pigment into polymer using a melt mixing process such
as extrusion. The final pigmented polymer mass formed from such a process is then
25 mechanically comminuted to form a final powder coating composition, In use, such
thermofusable powder compositions are typically applied to a substrate by electrostatic
spray techniques and subsequently fused onto the substrate by baking at high temperatures.
Conventional thermofusable powder coatings are typically based on crosslinkable
thermofusable materials to provide for coatings which are hard and have high levels of

30 chemical resistance and good adhesion to metal substrates. However, a problem with



polymer. In this case, where the continuous |liquid phase is hydrophilic,
the hydrophilic 25 portion of an anphi pathic RAFT agent to be used in the
pol ynmeri sation may al so conprise such nononers and thereby present a

hi ghly hydrophilic polynmer surface. Incorporation of such polar nononers
at the sur PEWEP3I4e pol yner conposition can assi st i RCERERSOHFHesi on to
difficult surfaces when used in coating applications. In particular, as
part of the hydrophilic end of an anphi pat hic RAFT agent, the |ocation of
t hese nononers at the WD 2006/ 037161 PCT/ AU2005/ 001512 -51 surface of the
pol ynmer enables their properties as adhesion pronoters to be maxi m sed due
to their ability to freely interact with a substrate during filmformation
Typically, such specific or specialised nononers are pol yneri sed at
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route to BiLeAekdifAgat room temperature, In particular, the monomers will typically be selected
15 to provide for a polymer that has a glass transition temperature above room temperature
(i.e. about 25°C) and preferably above 50°C. After preparation, the dispersed polymer
encapsulated particulate material may be separated from the liquid by know techniques

(e.g. filtration, centrifugation, freeze drying ete.) and dried for subsequent use.

The monomers may be selected to provide for a degree of crosslinking in the applied
20 thermofusable powder paint. However, it has been found that thermofusable powder
paints in accordance with the invention can advantageously exhibit excellent adhesion to
metal substrates without the need to promote crosslinking in the applied coating, Where
crosslinking is to be promoted in the applied coating, monomers may be selected which
include functional groups that are capable of reacting with complementary reactive groups
25 from other monomers also incorporated within the polymer. Such monomers will typically
be chosen such that they react at the temperatures used to bake the thermofusable powder
paint after it has been applied to a substrate. Alternatively, the reactive functional
monomers can be selected to only react with a suitable crosslinking agent added separately

to the final thermofusable powder paint formulation,
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based on crosslinkable thernofusable ggaterials to provide for coatings
whi ch are hard and have high levels of "30 chem cal resistance and good
adhesion to netal substrates. However, a problemw th WO 2006/ 037161
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15 nanoparticles into a polymer matrix is highly desirable. The method of the invention has

been found to be well suited to preparing polymer microparticles comprising magnetic

nanoparticles uniformly distributed therethrough.

The invention also provides a method of preparing a paint, thermofusable powder paint,
filler, adhesive, toner, liquid ink, primer, sealant, diagnostic product or therapeutic product
20 comprising preparing a dispersion of polymer encapsulated particulate material and/or a
polymer bhaving particulate material dispersed therethrough in accordance with the
invention, and combining the dispersion and/or polymer with one or more formulation

components,

Those skilled in the art will have an understanding of suitable formulation components that
25 may be included in paints, thermofusable powder paints, fillers, adhesives, toner, liquid
ink, primers, sealants, diagnostic products or therapeutic products. Examples of such
formulation components include, but are not limited to, thickeners, antifungal agents, UV

absotbers, extenders, bioactive reagents, and tinting agents.



The nononers may be selected to provide for a degree of crosslinking in the
applied 20 thennofusable powder paint. However, it has been found that
t her nof usabl e powder paints in accordance with the invention can
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dispersing agents in an initial stage to form what is termed a millbase, and then this
15 millbase is blended with a preformed aqueous dispersion of polymer particles. The
dispersion step requires high agitation speeds in order to impart shear on the pigment
particles. This dispersion step can sometimes be problematic because conventional
aqueous dispersions of polymer particles are not always stable at the levels of shear

exerted during pigment dispersion.

20 In many applications where such pigmented products are used, agglomeration of pigment
particles, in the product per se and also during curing of the product, can adversely effect
propetties such as the products gloss, scrub/stain resistance, flow, mechanical properties,
opacity, colour and/or colour strength. Whilst being particularly desirable, reducing or
avoiding defrimental agglomeration of pigment particles in such products has to date been

25 difficult to achieve using conventional technology.

It has now been found that polymer encapsulated particulate material having at least part of
the encapsulating polymer formed under the control of a RAFT agent can present a number
of advantageous properties. For example, the polymer encapsulated particulate material

can fumction as a binder and a source of particulate material (e.g. in the form of a pigment



nanoparticles uniformy distributed therethrough. The invention al so

provi des a nethod of preparing a paint, thernofusable powder paint,
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conmponents. Those skilled in the art will have an understanding of suitable
formul ati on conmponents that 25 may hesincluded in paints, thernofusable
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di spersi on of pol articles. The
P being encap ulated B‘L a substantlally umform and continuous coating of a polymer which

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

15 The present invention also provides a composition comprising or consisting of discrete
particles of polymer encapsulated particulate material, said discrete particles having the
particulate material substantially uniformly dispersed throughout the encapsulating
polymer, wherein the encapsulating polymer has at least in part been formed under the
confrol of a RAFT agent, and wherein the discrete particles are substantially free of

20 additional dispersant for the particulate material.

By being "substantially free of additional dispersant”, it will be appreciated from the
forepoing that this relates to dispersant other than that which may be afforded by the RAFT

agent.

By "discrete particles” is meant that polymer encapsulated particulate material within the
25 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.



di spersion step requires high agitation speeds in order to inpart shear on
the pignment particles. This dispersion step can sonetines be problematic
because conventional aqueous dispersions of polynmer particles are not

al ways stable at the |levels of shear exerted during p| nent di spersi on.
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used in that formulation.

In some formulations, it may be desirable to use the pigmented binder in an amount greater
15  than about 60wt%, more preferably greater than about 80wt%, most preferably greater than
about 95wt%, still more preferably as the sole pigmented binder (ie 100 wt. %), relative to

the total amount of all binder used in that formulation.

At least part of the encapsulating polymer of the polymer encapsulated particulate material
in the compositions of the invention is formed under the confrol of a RAFT agent.
20  Preferably, the RAFT agent is a surface active or amphipathic RAFT agent as hereinbefore
described. Such RAFT agents can advantageously function as a stabiliser for the polymer
encapsulated particulate material in a liquid dispersion, and/or promote substantially

uniform distribution of particulate material throughout the encapsulating polymer.

In the form of liquid dispersion, the composition of polymer encapsulated particulate
25 material is particularly suitable for use as a pigmented binder in paint, filler, adhesive,

primer, liquid ink or sealant formulations.

Accordingly, the present invention further provides liquid dispersion of polymer

encapsulated particulate material, said particulate material being encapsulated in a



has at |east in part been formed under the control of a RAFT agent. 15 The
present invention also provides a conposition conprising or consisting of
discrete particles of polyner encapsul ated particulate nmaterial, said

di screte particles having the particulate material substantially uniformy
di spersed o magbsolst t he encapsul ating pol yner, wher elPGTAN00&MIS3sul at i ng
pol ynmer has at least in part been forned under the control of a RAFT
agent, and wherein the discrete particles are substantially free of 20
additional dispersant for the particulate material. By being "substantially
free of additional dispersant”, it w_lkl _be appreciated fromthe foregoing
that this relates to dispersant other than that which may be afforded by
the RAFT agent. By "discrete particles” is nmeant that pol yner encapsul ated

particul at ial.within th 2 QS| t.i I; into
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The present invention further provides a paint, filler, adhesive, primer, liquid ink or sealant

formulation comprising a liquid dispersion of polymer encapsulated particulate material,
said particulate material being encapsulated in a substantially uniform and continuous
15 coating of a polymer which has at least in part been formed under the control of a RAFT

agent.

The present invention also provides a paint, filler, adhesive, primer, liquid ink or sealant
formulation comprising a liquid dispersion of polymer encapsulated particulate material
having the particulate material substantially uniformly dispersed throughout the
20 encapsulating polymer, wherein the encapsulating polymer has at least in part been formed
under the control of a RAFT agent, and wherein the polymer encapsulated particulate

material is substantially free of additional dispersant for the particulate material.
Preferably, the liquid dispersions are aqueous dispersions,

The method of the invention can be conveniently used to prepare the compositions

25 comprising polymer encapsulated particulate material.

The compositions of the invention are suitable for use as a pigmented binder in water-

based decorative paint formulations. Decorative paints are those that are typically applied



used in that fornulation. In sonme formulations, it nmay be desirable to use
the pignmented binder in an anount greater 15 than about 60wt % nore
preferably greater than about 80wt % nost preferably greater than about
95wt % still nore preferably as the sole pignmented binder (ie 100 wt. 9%,
relative t oVOeME3d¢lal anount of all binder used in t haRCHAARFEINDN. At

| east part of the encapsul ating polyner of the polyner encapsul ated
particulate material in the conpositions of the invention is formed under
the control of a RAFT agent. 20 Preferably, the RAFT agent is a surface
active or anphi pathi c RAFT agent as heygei nbefore descri bed. Such RAFT
agents can advant ageously function as a stabiliser for the polyner
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of additional dispersant for the particulate material.

Poor gloss and flow of conventionally pigmented waterborne paints is often associated

with the premature flocculation of pigment during film formation. Because both the binder
and pigments are present as separate particles, during film formation the pigment particles
15 tend to be crowded into regions between binder particles which in turn restricts their
mobility during the film forming process. This crowding effect or‘ aggregation often
results in a less uniform distribution of pigment particles within the film and can cause a
reduction in gloss properties. In contrast, a pigmented film formed from a binder which is
cast from solvent allows the pigment particles to move more freely until much later in the
20 film forming process giving final films with improved gloss and smoother surface

appearance.

The compositions comprising or consisting of polymer encapsulated particulate material in
accordance with the invention can advantageously be used to prepare waterborne coatings
that can provide a surface appearance comparable to their solvent borne counterparts. The
25 improved surface properties of such coatings are believed to result from the problem of

pigment aggregation during film formation being minimised, if not eliminated.

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



The present invention further provides a paint, filler, adhesive, prinmner,
liquid ink or sealant fornulation conprising a |iquid dispersion of

pol ymer encapsul ated particulate material, said particulate material being
encapsul ated in a substantially uniformand continuous 15 coating of a

pol ymer whivainzdoerss7adt | east in part been fornmed under tRETBIRCOSO01Sf a RAFT
agent. The present invention also provides a paint, filler, adhesive,
prinmer, liquid ink or sealant formulation conprising a liquid dispersion
of polymer encapsul ated particulate material having the particul ate
material substantially uniformy dispgpsed throughout the 20 encapsul ating
pol ynmer, wherein the encapsul ati ng pol'ynmer has at l|least in part been forned
under the control of a RAFT agent, and wherein the pol yner encapsulated
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flow, scr stai n resistance, our and/or col our strength.
paints.

Without wishing to be limited by theory, it is believed that the improved gloss properties
15 of paint films derived from paints in accordance with the invention stem from the pigment
particles being more uniform in distribution throughout the paint film as a result of being

embedded in the encapsulating polymer during film formation.

The properties of opacity and hiding power depend on light absorption, light refractance
and Hght reflectance of particles in a coating film. Only pigment and polymer interfaces
20 are believed to contribute to these properties below the Critical Pigment Volume
Concentration (CPVC, i.e. the PVC at which there is just sufficient binder to fill the
interstices between all the pigment and extender particles). Paint films derived from paints
in accordance with the invention have also been found to demonstrate superior light
scattering properties. Thus, higher opacity can advantageously be attained using

25 comparatively less pigment.

Without wishing to be limited by theory, the polymer encapsulated particulate material is
believed to provide a more uniform distribution of pigment throughout the paint film and
thereby allow each pigment particle to give a maximum contribution to the total opacity

and hiding power of the film.



Poor gl oss and flow of conventionally pignmented waterborne paints is often
associated wth the premature floccul ation of pignent during film

formati on. Because both the binder and pignents are present as separate
particles, during filmformation the pignent particles 15 tend to be
crowded i ntVWORPUHPHAE bet ween bi nder particles which i n RAMA2PEHBIZL S t heir
nmobility during the filmformng process. This crowding effect or
aggregation often results in a less uniformdistribution of pignment
particles within the filmand can cause a reduction in gloss properties.
In contrast, a pignented filmfornmed_fzpom a binder which is cast from

sol vent allows the pignent particles to nove nore freely until nuch |ater
inthe 20 filmform ng process giving final films with inproved gl oss and

smoot her g g&qgm)a«ga%g&ﬂgﬁ- 15 B SRUBORLAIRRE of BRI Highdd 14feNSHA | N0 of

pol ymer encapsul at’ed particulate material In accordance wth the invention
can advanttuyedissChVhe Aagh thichopippentdoadingss proputiesonch ag opacithidendctarbepr ovi de

a surface r < i I Y . r . The 25
pr oved TOFPIG BT SRRRAR Suliliel Wil d: A0 GRS AOHBRE BRI & 10T

t he probl émitfh. Hovepvenpropgdieegsh iaomechanicaigstiengthy floss mad s hestage tdndi m sed,

if not .elimnated., Paint, fil | 0ss..is..gener.al . sured i ng_iL.nstrunent
r eadi ngs i)afr%eragl?'?ré%¥ F@?cttesﬂ ‘{Uﬁﬁ‘gh'gé’f’msﬂ ?#tg? gﬁ@%%‘@?%ﬁﬁlﬁ@m&% Y¢Cal .

G 0ss r eadbMygailte s dEedaate HitRGhangketichelsawsidhe bdoe fourdept dxhivit gipede” and
are often used to characterise | ow Pi gnent. Vol une ncentrati.on

5006/ 0371 EPSPERREBHOSHERES Stﬂg’gfeflﬁ*%@)e ‘6’?%%0 Elaf%gi ?I%W%g)%ai nts
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in accordance with_the invention have been found to provide 20 gl oss

readi ngs RHPEAeHOE PY paiesnt to dndgieto pkolifed for conparative PVC
conventional water-based paints. By way of exanple only, 20 angle gl oss

readi ngs withbuﬁwﬁhﬁl%m@se Gited b tHeban sididmpraved pipeticd of patiuilingldefedPVC
conventi onal water -

g as%gggai nfs, have, been asur ed. oss, readi ngs at 600
and 850 offOROHBYE! BEPRESST B8 A boUES IR FEFORE g BHE ifbent i on
are al so ggReral birodd Q&féﬁ:@éd {c0a bdIRERIABASMEBEkeH Qhint ERTRRICAL th \eGuipMent
conventi onal water-based paints. On visual exam nation of dried filns

formed fr8HPPYESPAPNCs PRRBICHUP bindgr 13le At solids.

The structural features of the paint films being less porous have also been found to
15 promote the retention of gloss of the paint film during exterior weathering. Reduction in
"glossiness" of paint films after exposure to the elements, is due primarily to the effect of
increasing pigment conceniration near the film surface as the film binder degrades
photocatalytically. Paint gloss typically decreases with increased PVC at the surface,
Such reduction in gloss is particularly severe as the PVC passes beyond the CPVC, Poor
20 distribution of pigment in the paint film exacerbates this problem. Gloss retention, as a
function of exposure time, has been examined herein. Paint films derived from paints in
accordance with the invention have been found to exhibit a superior resistance to gloss loss
after more than 1,500 hours total exposure time in accelerated weathering experiments
(relative to a conventional waterbased paint formulated to equivalent parameters of PVC,
25 pigment to binder ratio and solids), in particular with respect to the depth of gloss visible.
It is believed that such an advantageous property will be imparted to paint films derived

from paints in accordance with the invention formulated at any PVC.,

The compositions of the invention can advantageously comprise or consist of polymer

encapsulated particulate material where the particulate material is a coloured pigment, for



10 conpositions of the invention, distinction of inmage, a neasure of the
surface snoothness of the filmevaluated by exam nation of a standard
image and its reflection in the film was also found to be superior to

t hat observed for conparative PVC conventional water-based paints. Wthout
Wi shi ng t o vbe2dosa7iead by theory, it is believed that treTiavpeswadi2gl oss
properties 15 of paint filnms derived frompaints in accordance with the
invention stemfromthe pignent particles being nore uniformin

di stribution throughout the paint filmas a result of being enbedded in

t he encapsul ating polyner during filmgormation. The properties of opacity
and hi di ng power depend on |light absorption, light refractance and |ight
refl ectance of particles in a coating film Only pignment and pol ynmer
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strength and stain resistance fornulated with a relatively high
flooding and floating, for example the instability of the pigment and emulsion diSpersion

and/or the incompatibility of the pigment/pigment paéte and the emulsion used. Paint

15 films derived from paints in accordance with the invention that are formulated with the
polymer encapsulated coloured pigment particles have been found to exhibit little if no rub

- off. It is believed that such an advantageous property will be imparted to paint films

derived from paints in accordance with the invention formulated at any PVC.

When in the form of a free flowing powder, the compositions in accordance with the
20 invention can advantageously be used in thermofusable powder paint and novel "dry”

coating formulations.

The compositions comprising or consisting of particulate materials substantially
uniformally dispersed throughout the encapsulating polymer have been found particularly
suitable for use in thermofusable powder paint formulations. Such compositions can
25 advantageously simplify the ability to provide coloured thermofused coatings.
Conventional thermofusable powder paint technology typically provides coloured
formulations by extruding mixtures of coloured pigments with the thermofusable resin.,
However, by this technique uniform distribution of the pigment within the resin can be

difficult to achieve and colour variation within a batch and also relative to other batches



PVC (eg 72), conpared to a conventional waterbased paint fornulated to
equi val ent paraneters of PVC, pignent to binder ratio and solids. 10
Wthout wishing to be limted by theory, such inproved properties of paint
films derived frompaints in accordance with the invention are believed to
stem from tYHe2Y9ePHi6lf i | ns  being | ess porous conpared tFETARHIPEHS onal
wat er based paint formulated to equival ent paranmeters of PVC, pignent to
bi nder ratio and solids. The structural features of the paint filnms being
| ess porous have al so been found to 15 pronote the retention of gl oss of
the paint filmduring exterior weathergpng. Reduction in "glossiness" of
paint filnms after exposure to the elenents, is due primarily to the effect
of increasing pignent concentration near the filmsurface as the film
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which the col gured pignment particles have been dispersed therethrough in a
convent i oR¥PPOFEITRE SUCls 2 RaES| SRBHiopY Y| WeHee dichrelAgy By Y dope ety mer
encapsul at@giveB! RishRessRil HBMg applied to coating compositions such as paints. It has now

I5 been found that liguid may be added to a free flowing powder form of the compositions in

accordance with the invention to providg: a liguid dispersion of the polymer encapsulated
particulate material. By being encapsulated in polymer, the particulate material has been
found to remain well dispersed not only in the liquid dispersion but also as the liquid
dispersion cures to form for example a paint film. Accordingly, such free flowing powder
20 éompositions may be conveniently referred to as a reconstitutable composition (for
example a reconstifutable paint) to which may be added a liquid such as water o render the
composition ready for use. Reconsistutable paints of this type may be conveniently

packaged, for example in cardboard boxes, and stored for subsequent use.

Compositions in accordance with the invention that may be diluted to form a dispersion
25 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 particulate material within
the liquid, However, compositions in accordance with the invention can advantageously
be used without the addition of a further dispersant as a result of the RAFT agent used into
30 form at least part of the encapsulated polymer also functioning as a stabiliser for the



particles can also be enployed as tinters for conventional paints, fillers,
adhesives, priners, liquid inks, toners, and sealants. In this case, the
conpositions are likely to be in the formof a free flow ng powder, a
slurry or paste (i.e a concentrate). Rub off of coloured pignent fromthe
surface of wocmsexfiqgaint filmis a problemfrequently POI/An@SOeESEr ed i n
the coatings industry. This phenonenon is generally a result of either

fl ooding or floating of pigment in the system which occurs during the
application of coloured waterborne | atex based paints. There are many
factors that are known to influence fhooding and floating, for exanple the
instability of the pignent and emnul si on di spersion and/or the
inconpatibility of the pigment/pignment paste and the enul sion used. Paint
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resin. encapsulated particulate material might be by way ation, centrifugation and/or

freeze-drying. As indicated above, in order to obtain a free flowing powder it will
15 generally not be necessary to remove all liquid (for example water) from the polymer

encapsulated particulate material.

The polymer encapsulated 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

20 is isolated and dried. By "hard" in this context it is meant that the Tg of the encapsulating
polymer is sufficiently high to prevent or at least minimise uncontrollable clumping or
aggregation of the composite particles. Generally, the Tg of the encapsulating polymer
will be greater than 0°C, more preferably greater than 10°C, more preferably greater than
15°C.

25 The polymer matrix of the encapsulating polymer of the polymer encapsulated particulate
material in the compositions of the invention may be conveniently tailored as hereinbefore
described. For example, the polymeric matrix of the encapsulating polymer may have a
gradient 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 encapsulating polymer,



Ther nof usabl e powder paint fornulations in accordance with the invention
have been 5 found to provide uniformcol oured thernofused coatings. The
conposi tions conprising or consisting of polynmer encapsulated particul ate
material, wherein the particulate material is encapsulated in a
subst ant i aIWQ/z(IQF(PVé‘rIm and continuous coating of pol ymBCTARSPNSII cul arly
suited for use in "dry" coating conpositions. Dry coating conpositions
have been used in the building and construction industry for nmany 10 years.
Such conpositions have generally been in the formof a cement conpositions
conprising polyneric material to whiclg4water is added to render the
conposition ready for use. However, due to the need to maintain optinal
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compositions in accordance with the invention.

15 The invention further provides a paint, thermofusable powder paint, filler, adhesive,
primer, toner, liquid ink, sealant, diagnostic product or therapeutic product-comprising a

composition in accordance with the invention.

In considering a suitable RAFT agent for use in accordance with the invention, the group
represented by R! in formula (4) may be selected such that it is either hydrophilic or
20 hydrophobic in character. Due to R! being somewhat removed from the thiocarbonylthio
group, its role in modifying the reactivity of the RAFT agent becomes limited as n
increases. However, it is important that the group -(X)s-R! of formula (4), and subsets
thereof described herein (i.e. in formulas (14), (14a), and (14b)), is a free radical leaving

group that is capable of re-initiating polymerisation,

25 The selection of Z is typically more important with respect to providing the RAFT agent
with the ability to gain control over the polymerisation. In selecting a Z group for
compounds of formula (4) it is important that such a group does not provide a leaving

group that is a beiter leaving group in comparison with the -COuR! (or subset thereof)



pol ynmer encapsul ated particulate material within the liquid. To facilitate
di spersion of the polyner encapsul ated particulate nmaterial within the
diluting liquid, it may be preferable that the liquid is alkaline.
Accordingly, it may be desirable to include in the conposition, or the

di l uting | ivarasezxridrase for this purpose. Suitabl e bas@sTiaebosdelsiout are
not limted to, 5 sodium or potassium hydroxi de and amoni a (anmoni um

hydr oxi de). Ot her suitable bases would be known to those skilled in the
art. To provide the conpositions of the invention in the formof free

flow ng powder, it has been found thg § t he conpositions should generally
have a solids content of about 85 wt. % or nore, preferably greater than
about 90 wt. % 10 The free flow ng powder conpositions may be conveniently
pr epar ed h r Is i t he
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encountered as the polyner/particle conposite 20 is isolated and dried. By
"hard" in this context it is nmeant that the Tg of the encapsul ating

polymer is sufficiently high to prevent or at |east mnimse uncontrollable
clunping or aggregation of the conposij®—paRticles. Generally, the Tg of

t he encapsul ating polymer wll be gredater than 0C, nore preferably greater
than 10C, nore preferably great &FR&q 15C. 25 The polyner matrix of the
encapsul ati ng pol ymer of the polyner en\capsul ated particulate material in
t he conpositions of the invention may beconveniently tailored as

her ei nbef ore described. For exanple, @ polynmeric matrix of the

encapsul ati ng pol yner may have a gradi and/or a layered structure as in
a corel/sheath (sheII) type structure. As used herein, the term"core"

refer Sl(} o] ehnreli‘u %rfg il asp%.levqgus?yde%neél on of the encapsul ating pol yner,

In preparing surface active RAFT agents of general formula (4) from RAFT agents of
general formula (16) it is important to bear in mind that the agent must also stabilise the
particulate material in the continuous liquid phase. Compounds of formula (16) may also
have some surface activity, however they will generally not be able to stabilise the
15 particulate material in the continuous liquid phase. In order to achieve adequate stabilising
properties, in the context of compounds of formula (4), compounds of formula (16) are
subsequently reacted with appropriate ethylenically unsaturated monomers. Having said
this, when n=0 in connection with formula (4), it is to be understood that such a compound
inherently possesses sufficient surface activity and can stabilise the particulate material in
20 the continuous liquid phase. In this case, formula (4) is equivalent to formula (16), and R!
and Z provide adequate hydrophilic and hydrophobic properties, in their own right to

afford a suitable surface active RAFT agent.

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. Such

25 monomers are typically chosen for their hydrophilic or hydrophobic qualities.



WO 2006/ 037161 PCT/ AU2005/ 001512 -64 and the term "sheath" or "shell™
refer to outer regions or sections of the encapsulating polynmer. Wile the
core/ sheath term nology may inply that the encapsul ating polynmer is
conposed of two separate structural polymeric conponents it is to be

under st ood WHHPHE! encapsul ati ng pol yner may not hav&GTHHIZ0SRYEE2
structure and that the distinction between 5 the core and the sheath may
not be as precise as suggested by this termnology. It will be appreciated
that where the free fl owi ng powder conpositions are to be used as a
reconstitutable coating or adhesive prggduct, the Tg of the encapsul ating
polymer will need to be sufficiently lowto enable coal escence of the

pol ymer encapsul ated particulate material during the filmform ng or
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ei t her hydsmigahlelethylenicall? Onshpehtairhofiingrs whichanediade grdipeintidRbubet ngt
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the RAFT agent wth the ability to gain control over the polynerisation.

In selectf I%Prﬁat&roup for conpounds of fornmula (4) it is inportant that
such a group does not provide a | eaving

Polymerisation of the ethylenically unsaturated monomer to form compounds of formula
15 (4) may be conducted in either an aqueous solution or 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,

Polymerisation of the monomers to form the RAFT agents of formula (4) will usually
require initiation from a source of radicals. Initiating systems previously described are

20  also suitable for this purpose.

A method for preparing a RAFT agent of formula (4) (or subsets thereof) wherein R! is
hydrophilic might comprise 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
25  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,
thereby providing further hydrophilic character to the hydrophilic end of the RAFT agent



group that is a better |eaving group in conmparison with the -(X).-R (or
subset thereof) WO 2006/ 037161 PCT/ AU2005/ 001512 -65 group of forrmula (4).
By this limtation, nononer insertion preferentially occurs between
-(X)n-Rt (or subset thereof) and its nearest sulfur atom This wll of
course not we2mebrwEant if the Z group is al so an - ( X) RCRAUGSOPSIZRAFT
agents of formula (4) nmay be prepared by a nunber of nethods. Preferably
they are 5 prepared by polynerising ethylenically unsaturated nononers
under the control of a RAFT agent having the follow ng general formula
(16): SR S=CQ Z (16) 10 where Z gpd R are as previously defined. In
preparing surface active RAFT agents of general formula (4) from RAFT
agents of general formula (16) it is inportant to bear in mnd that the
agent nus | SO I 1d.8e aparticul a L al - e ntin S
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formul a (4ymuda dayi MeenR {soinfeg Wpeprm%) the hydrophobic, prgpertisy i the B dequat e
hydr ophi | iggerNfhe RNHEPBNAD b will QRRELE that ThB abRRIHi et obidMReqhdlly Abfigy d 2
suitabl e surface active RAFT agent. Ethylenically unsaturated nononers

sui t abl e fioprepaethereypispagey conpounds of fornula (4) can be any nononers
that nmay be polynerised by a free radical process. Such 25 nononers are
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properties to function as stabiliser in accordance with the method of the invention.

Accordingly, when preparing a RAFT agent of formula (4), such as by a method described
directly above, sufficient hydrophilic and/or hydrophobic monomers are generally
polymerised onto the RAFT agent to provide it with the requisite properties. At some
15 point in time during the polymerisation of the hydrophilic and/or hydrophobic monomers,
the RAFT agent will develop sufficient surface activity. At this stage in the polymerisation
the now surface active RAFT agent may be isolated and/or stored for subsequent use. -
Alternatively, provided that the medium in which the surface active RAFT agent has been
prepared is suitable, solid particulate material can simply be introduced to the reaction
20 medium to thereby be stabilised and provide for a dispersion of the particulate material
throughout the continuous liquid phase. Additional monomer may then be introduced to

the continuous liquid phase in order to perform the method of the invention.

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 surface active RAFT agent in
25  the continuous liquid phase (ie. in sites). To further illustrate this aspect, one such approach

is described in more detail directly below.

The method of the invention might be used in a process for preparing an aqueous
dispersion of polymer encapsulated titanium dioxide particles for use a binder material in

paint formulations. This process might involve selecting a water soluble RAFT agent of
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amphipathic character of the RAFT agent, particulate titanium dioxide may be introduced

15  to the reaction medium whereby the now amphipathic RAFT agent can function to stabilise

the particles and provide for a dispersion of the titanium dioxide throughout the continuous

aqueous phase. To ensure that adequate adsorption of the amphipathic RAFT agent to the

titanium dioxide patticles occurs, a small proportion of ionisable monomer such as acrylic

acid may be copolymerised with the hydrophobic monomer used to afford the surface

20 active or amphipathic character to the RAFT agent.

Having provided a stable dispersion of the titanium dioxide particles throughout the
continuous aqueows phase, hydrophobic monomer such as butyl acrylate and methyl
methacrylate may be introduced to the reaction medium to be further polymerised under
control of the RAFT agent and thereby form polymer at the surface of the titanium dioxide
25 particles. The polymerisation may be continued to provide for a desired solids content,
with the resulting aqueous dispersion of polymer 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 surface active RAFT agent having a less well



occurs. The polynerisation reaction then proceeds under control of the RAFT
agent, thereby providing further hydrophilic character to the hydrophilic
end of the RAFT agent WD 2006/ 037161 PCT/ AU2005/001512 -67 through
insertion of the hydrophilic nonomer. For conpounds of fornula (4) in which
Z is suffivodewsbizidiydr ophobi c, pol ynerisation of a serehAdtpedoNst2 nay not
be required. For conpounds of fornula (4) where Z is not sufficiently

hydr ophobi ¢ or for conmpounds of forrmula (14), upon exhaustion of the

hydr ophi | i ¢ nononmer, hydrophobi ¢ nononmer nmay be 5 added to the sol ution

i medi ately, or at a later stage if t%g i nternedi ate product is isolated,
and the polynerisation continued under RAFT control to provide the bl ock
copolymer of formula (14). Wiere Rl is intended to provide the hydrophobic
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15 (4) have the following general formula (16):
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(16)

where R! and Z are as previously defined.

The effectiveness of a specific compound embraced by formula (16), as a RATT agent,
20 will depend on its transfer constant, which is determined by the nature of the R! and
Z groups, the monomer and the prevailing reaction conditions. These considerations are
discussed above in relation to RAFT agents of formula (4). With respect to the RAFT
agents of formula (16), such considerations are essentially the same. In particular, as
groups R! and Z are carried through to the RAFT agent of formula (4), their selection is
25 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



is described in nore detail directly below The nmethod of the invention

m ght be used in a process for preparing an aqueous dispersion of polyner
encapsul ated titanium di oxide particles for use a binder material in paint
formul ations. This process mght involve selecting a water sol uble RAFT
agent of WOVQAUWSAHIM161 PCT/ AU2005/ 001512 -68 for nul a RCEAU200581542| ect ed
RAFT agent may then be conbined with a thermal initiator, water as a

sol vent and hydrophilic nonomer within a reaction vessel. Typically al
reagents used will be essentially free of dissolved oxygen and the reaction
solution is purged of any remai ni ng oxygen by way of an inert gas, such as
nitrogen, prior to 5 polynerisation. The reaction nmay be initiated by

i ncreasing the tenperature of the solution such that thermally induced
honol yti c &I Bgiean of the initiator occurs. The polynerisation reaction
then proceeds under control of the RAFT agent, thereby providing further

hydrophilic character_jto the hydrophilic end of the RAFT agent through
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and the polynerjsation continued under RAFT control to provide anphipathic
char act er Rge¥%e RAFT agent in a formsinilar to that described previously
in point 6 relating to general formula (14). Having attained the requisite

sur f aces aqyib PreFrred WRAT RAdHN MckBa MHAE bRMoPlinkiBe ke GG repRBEHdLCHY at e
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now anphi pat RilewRaresnesydpgnwasd /fiedst i on to stabilise the particles and
provi de for a dispersion of the titanium dioxide throughout the continuous
aqueous phase. To ensure that adequate adsorption of the anphipathic RAFT
agent to the _titaniumdioxide particles occurs, a small pr i on of

i oni sabl e nongner suych as acrylic acid nay be cop@ yneriged with the

hydr ophobi c noner |used to afford the surface 20]|pactive|or anphipathic
character taqg e agent. Having provided a stal e dispersion of the
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control of the RAFT agent and thereby fonn polyner at the surface of the

titani um di oxi de 25 particles. The pol ynerisation nay be continued to

provide for a desired solids content, wth the resulting agueous

di spersion of polymer encapsul ated titanium di oxide particles being

sui tabl e f evo2®@ozas1an opaci fied binder material in paPGU/AUMNAMMIAL ons. As

an alternative to the nethod described directly above, a water sol uble RAFT

agent of forrmula (16) m ght be used to prepare a surface active RAFT agent

having a | ess well WD 2006/ 037161 PCT/ AU2005/001512 -69 defined bl ock-1ike

structure. In this case, rather than_gequentially polynerising the

hydr ophi | i ¢ monomer and then the hydr ophobi ¢ nonomer to provide an

anphi pat hic RAFT agent having a structure of general formula (14), the

hydr ophobi c .nd hydr ophilic mers may be added sjnultaneously at a

sel ect ed ace active 5 anmpli pathi FT agent of general

formul a (= ctive RAFT agent o gengral Nfornmula (14b). To

afford a 8 e represented by gener f la (14a), the
dr opbbjHi ¢ nononeHowd | | gener & |y iC@dbur one of

ratio of h 3
the nononers, for exanple as in a ratio of 1:2 or 1:3 and vice versa.

Wiere the structure of (hhe RAFT agent is to represef®that of genera
formula (14b), the ratlo of hydrophobic to 10 hydrophilic nmonomer will
generally be about 1:1. As indicated above, variation of the ratio of
hydrophilic to hydrophabi c nononer polynerised in this way can be varied to
best suit the supface |polarity characteristics of the particul ate
material . Hayving florned a RAR#H, agent with the requisite surface activity,
the method may n¥l nyegras outlined above. As nentioned above,

sui tabl e RAFT &gentsSfor flhe preparation of RAFT agents of formula 15 (4)
have the follow ng general| fornula (16): /S RL S=C Z (16) where R and Z
are as previously definedO The effectiveness of a specific conmpound
enbraced by fornula(Q@G), as a RAFT agent,

5 wherein R’ is as previously defined.

When selecting a RAFT agent for use in aqueous environment, 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, it may be a dithioester, a

10 dithiocarbonate, a trithiocarbonate, a dithiocarbamate or the like.

The invention will now be described with reference to the following examples which
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.
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depend on its transfer constant,

of the R and Z groups, the nonomer and the prevailing reaction
conditions. These considerations are discussed above in relation to RAFT

agents of fornula (4).
such consi d¥9 at%8Hd6lare essentially the sane.

which is determ ned by the nature

Wth respect to the RAFT agents of fornula (16),
| n part i AUTAU2040158F oups R

and Z are carried through to the RAFT agent of formula (4), their selection
is 25 subject to simlar considerations. However, due to closer proximty
to the thiocarbonylthio group, the R group plays a significant role in
the effectiveness of a specific conpouizd as a WD 2006/ 037161
PCT/ AU2005/ 001512 -70- RAFT agent. In selecting both Rt and Z groups for
RAFT agents of fornula (16), those agents resulting fromthe combination
of particularly preferred R and Z groups are also particularly preferred.

5 Most pr SPAMEAERAFT agents include, but are not linmted to, those agents
represented by the followi ng general fornmulas 17 to 25: CO2H /JISI~\ [1\
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Part (a): Preparation of a poly{(butyl acrylate),-co-(acrylic acid),}-block-
poly(acrylamide), macro-RAFT agent with respective degrees of pelymerization n =

3, m = 15 and =25 using 2-amino-1-methyl-2-oxoethyl butyl trithiocarbonate.

A solution of 2-amino-1-methyl-2-oxoethyl buty! trithiocarbonate (0.86 g, 3.6 mmol), 4,4°-
azobis(4-cyanovaleric acid) (0.11 g, 0.4 mmol), acrylamide (6.42 g, 90.3 mmol) in dioxane
(39.64 g) and water (15.33 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 heated
at 80 °C for 2 hrs. At the end of this period, butyl acrylate (6.98 g, 54.4 mmeol) and acrylic
acid (0.81 g, 11.2 mmol) were added to the flask. The mixture was deoxygenated and
heating was continued at 80 °C for a further 3 hours. The copolymer solution had 20.5%

solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO, particles
(TR92) using the macro-RAFT prepared in Part (a) as a stabiliser.

TiO; (Tioxide TR92 and supplied by HCA Colours Australia.) (10.23 g) was mixed with
water (2.18 g) and the macro RAFT agent solution (2.68 g, 0.14 mmol) to form a white
paste. More water (48.21 g) was mixed with the paste, giving a white dispersion, which
was further thoroughly dispersed using a Vibra-Cell Ultrasonic Processor (Sonics and
Materials, Inc.) standard probe at 30% amplitude for 10 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 flask and 4,4’-azobis(4-cyanovaleric acid)
(0.028 g, 0.1 mmol) was added. The whole flask was immersed in an oil bath with
temperature setting at 70 °C while a mixture of butyl acrylate (2.5 g, 19.5 mmol) and
methyl methacrylate (2.5 g, 25.0 mmol) was fed into the flask at 2.5 g/hr for 2 hours. After
the monomer addition, the heating was continued for another 20 hours until full

polymerization was achieved, After filtering, the latex was white and stable, containing
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macr o RAFT agen Part (a): Preparation of
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of 2-am no-1-nethyl -2-oxoe but trithiocarbonate (0.86 g,
%ﬁﬁ%@as@dcww g, 0.4 mmol), acrylamde

microgopph (ERM) by a%ma Inap p1es
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15
3.6

90.3 nmol) in dioxane (39.64 g) and water (15.33 g) was prepared
D&Lsdiﬂtbﬂ%f bot hfamsﬁsloaé&mnme 0. mg, osm Iﬁfn@g ﬂ@@ﬂﬁkuﬁeﬁ}w (A03lgspar ged

ogen for 15 m nutes. heat ed
20.2 mmol) and ethyleneglycoldlmethacrylate (0 21 g, 1 1 mmol) was mixed with 44.33 g

of the latex, deoxygenated and heated at 80 °C for 1 hour to crosslink the polymer coatings
on TiO, particles to give a latex with 21.3% solids and an average particle size of 418 nm
(measured using dynamic laser light scattering - HPPS, Malvern Instruments Ltd). Further
TEM examination of the latex shows even and thick polymer coatings on the surface of the

titanium dioxide particles.
Example 2: Encapsulation of TiO; using poly(BA-b-AM) macro RAFT agent

Part (a): Preparation of a poly(butyl acrylate),-block-poly(acrylamide); macro-RAFT
agent with respective degrees of polymerization m = 20 and t=20 using 2-amino-1-

methyl-2-oxoethyl butyl {rithiocarbonate.

A solution of 2-amino-1-methyl-2-oxoethyl buty! trithiocarbonate (0.85 g, 3.6 mmol), 4,4°-
azobis(4-cyanovaleric acid) (0.10 g, 0.4 mmol), acrylamide (5.06 g, 71.2 mmol) in dioxane
(30.01 g) and water (15.33 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 heated
at 80 °C for 2 hours. At the end of this period, butyl acrylate (9.15 g, 71.4 mmol) was
added to the flask. The mixture was deoxygenated and heating was continued at 80 °C for a
further 3 hours. The copolymer solution had 26.8% solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO: particles
(TR92) using the macro-RA¥T prepared in Part (a) as a stabilizer,

TiO; powder (10.05 g) was well mixed with the macro RAFT agent solution (4.69 g,
0.27 mmol), then with dioxane (0.54 g) and finally water (10.10 g} to form a white
dispersion. This dispersion was further diluted with water (42.36 g) and was subjected to



10 at 80 Cfor 2 hrs. At the end of this period, butyl acrylate (6.98 g,
54.4 mol ) and acrylic acid (0.81 g, 11.2 mvol) were added to the fl ask.
The m xture was deoxygenated and heating was continued at 80 C for a
further 3 hours. The copol ymer solution had 20.5% solids. Part (b):

Pol y( et hy WOROHEY4} at e- co-butyl acryl ate) coating of PRTGYMENEE es 15
(TR92) using the macro- RAFT prepared in Part (a) as a stabiliser. TiQ2

(Ti oxi de TR92 and supplied by HCA Col ours Australia.) (10.23 g) was m xed
with water (2.18 g) and the macro RAFT agent solution (2.68 g, 0.14 mol)
to forma white paste. Mire water (48421 g) was nmixed with the paste,
giving a white dispersion, which was further thoroughly dispersed using a
Vibra-Cell Utrasonic Processor (Sonics and 20 Materials, Inc.) standard
probe at 308 Maﬁowd:aingoa WﬁaﬂeﬁuU&msoﬂmlPimgssthSaﬁcni st 'Mmltbnam oesss, the

) Sper =1 OBl Bt P TERR SR SRR Bt b v

di sperS| on was rans

4,4 - azobs&(iaﬁbhoyah@waiser iwas a:ooldd m(@ ma&am v(r‘thb §ifhg cv@tandgdader e whol e
.bat h while a

flask was | rsed i.n_an oil tur ting at 7

i xtur o of ARG e Fpdfed Hrema glos wes AR Rele 2EBE foyhd hetom LR at e
(2.5 9,5 2501ﬁa1mmgl4),4’Vﬁ5b1ﬁ(@d:yhr[&vﬂeﬁé'l@mﬁj @ZS@QS% (21(5rrﬁ£d1')’ dE@:fyg@nal%ElU kaledAf t er
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Example 1, Part (b).

15 Example 3. Preparation of a solid polymer matrix with magnetic nanoparticles well

dispersed therein.
Part (a): Preparation of diluted agueous ferrofluid.

Magnetite nanoparticles were produced following the method of Massart (Preparation of
aqueous magnetic liquids in alkaline and acidic media. IEEE Transactions on Magnetics,

20 1981, MAG-17(2): p. 1247-1248). An aqueous mixture of ferric and ferrous chlorides was
added to ammonia solution. The resulting precipitate was isolated by centrifugation then
oxidized to maghemite by mixing with iron nitrate solution and heating. The precipitate
was then washed in 2 molar nifric acid then finally peptised by water to form a dilute
aqueous ferrofluid (approximately 1.8% solids). The aqueous ferrofluid thus obtained

25 (188 g) was further diluted with water (170 g) to obtain an aqueous ferrofluid of
approximately 0,8% solids,



10 TEM exam nation of the |atex shows even and thick pol yner coatings on
the surface of the titaniumdioxide particles. Exanple 2: Encapsul ation of
Ti Q2 using pol y(BA-b-AM macro RAFT agent Part (a): Preparation of a

pol y(butyl acryl ate)m bl ock-pol y(acryl am de)t macro- RAFT agent with
respecti ve wiegneesiaf pol ynmerization m-- 20 and tt20 wsrag2@saemsro- 1- 15
nmet hyl - 2- oxoet hyl butyl trithiocarbonate. A solution of

2-am no-| - met hyl - 2- oxoet hyl butyl trithiocarbonate (0.85 g, 3.6 mmol),

4,4' - azobis(4-cyanovaleric acid) (0.10 g, 0.4 mmol ), acrylamde (5.06 g,
71.2 mmol ) in dioxane (30.01 g) and water (15.33 g) was prepared in a 100
m, round bottom flask. This was stirred nagnetically and sparged with
nitrogen for 15 mnutes. The flask was then heated 20 at 80 C for 2 hours.
At the en t.hi d IOk AR dded to
t he flaskci)a'\"{é 4 p%r?%{"%agf ggjy}g&ﬁﬁ%/h%hgb%%ﬁi’%l 1."7]L§jfx‘31a1§=alcont| nue e%t? 80 C
for a fuwtlﬂefesﬁechwdegreéﬁhépolymhyatmnns=el51;mﬂmn=tlhulslﬂﬁ 8% solids. Part (b):

Pon(rreth a te:-co Iat ing of TiO2 particles
(TRO2) usi™ %@h’g %ﬁyﬁcﬁﬁotﬁ %sé'fl Hr(ﬁ'ar f"%((%%)d as a stabilizer. 25 Ti02
powder (10.05 g) was well mixed with the macro RAFT agent sol ution (4.69 g,
0.27 mol )4  sdieivnwiof h2d|[(<bu1alselfw1)5atbfg90ﬁa%dlSﬁifml}l ypropaneic (a¢id. 1859) 8to form

a white er i e t t (42. 36
) "and Tas S IB S a6 5585y 05 Tt e A Bt e ik B,
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4,4' -az o\t,)vaosf(4 ﬁB gﬂoé?f}e({@% iggy”a% %ﬁdﬁggj %‘? rgrﬁ?ﬁf? coéglgx‘ffzf'eﬁargtogg:, seal ed
and i mgr &%ﬁlﬂh@nﬁmohrsbma}ewmﬂg doﬁcﬁmﬁéﬁolﬂ’[ﬁniﬁ@d fpphekiabteH0i0% soidsol uti on of
butyl acrylate (2.5g, 19.5 mol, deoxygenat ed) and nethyl nethacryl ate

(2.5 g, deox nat 0_the

syringe p%ﬁ‘b1 r@%’?‘epz““ tb‘ﬁggteﬁtpogﬂ% lﬁ?gl"gﬁ hfﬁr%et iy clfoﬁ%ﬁrr"tl)ln egt

i nj ecti on,witheeshadive ﬂ@m&f@mﬁﬂeﬂueﬁbﬁm& Samatﬂrerzo fgingrour s unti |
2-{[(butylsulfanyl)carbonothioyl]sulfanyl} propanoic acid.

A solution of 2-{[(butylsulfanyl)carbonothioyllsulfanyl} propanoic acid (2.55 g,
15 10.7 mmol), acrylic acid (3.86 g, 53.6 mmol) and 4,4’—azobis(4—cyanovaleric acid) (0.3 g,

1.07 mmol) in dioxane (10 g) in a 50 mL round bottomed flask was stirred with an

overhead stirrer and heated to 60 °C in a nitrogen atmosphere for 2.5 hours. At the end of

this period, (styrene 21.69 g, 208 mmol), 4,4’-azobis(4—-cyanovaleric acid) (0.15 g,

0.54 mmol) and dioxane (32.9 g) was added to the flask and heating continued at 80 °C for
20  a further 16 hours. The resulting copolymer solution had approximately 40% solids.

Part (d): Preparation of dry Fe;O3 powder from the aqueous ferrofluid of part (a)
and the macro-RAFT agent of part (b).

Aqueous ammonia solution (10%, 2.25 g), followed by distilled water (83 g) and ethanol
(95%, 31 g) was added to the macro-RAFT solution from part (b) to obtain a clear
25  sotion. Diluted aqueous ferrofluid of part (a) (358 g) was then fed drop wise into the
above Marco-RAFT solution over 160 min under mechanical agitation. Agitation was
continued for a further period of one hour after the dropwise addition was complete.

Macro-RAFT agent of part (c) (3.85 g), aqueous ammonia (10%, 2.25 g), distilled water



10 conpl ete polynerization. The final latex was filtered to renove coagul um
to yield a white latex with 16.8 % solids and an average particle size of
496 nm (neasured using dynamc |aser light scattering - EIPPS, Mlvern
Instrunents Ltd). To facilitate observation of the particle coating by
TEM the prPRdWp0ae treated in a similar fashion to tPATAJBASOPKHEY in
Exanple 1, Part (b). 15 Exanple 3. Preparation of a solid polynmer matrix
wi th magnetic nanopartieles well dispersed therein. Part (a): Preparation
of diluted aqueous ferrofluid. Magnetite nanoparticles were produced
followi ng the method of Massart (Prepditati on of aqueous magnetic |iquids
in al kaline and acidic nedia. |IEEE Transactions on Magnetics, 20 1981.
MAG 17(2): p. 1247-1248). An aqueous m xture of ferric and ferrous

chl ori des (8thg) anidecthim] AFHNIBA gokwds ithen added toesisl hisphsphehupidbli:Rdwas

i sol at ed centrif ion.then oxidiz to, maghem te by mxing with iron
nitrate s quxb%atslxﬁ%ﬁé%’f o SUSHFRSIOB i @?fﬁ%’fi{é’a’fea&gr £ ROHE o SBed SRSy nol ar
nitric acikUCKhov, fSoniad &y MaepialsSIag). The Woki® hartibleé Herd theflickattifige @ QHEAUS
ferrofluiggg E@éoxina%§k¥hl.8@bsolids). The aqueous ferrofluid thus

obt ai ned fh R ) urther diluted with water (170 g) to obtain an
aqueous ferrofluid of approximately 0.8% solids. WO 2006/ 037161

PCT/ AUZ00 PadiQEf PeepardtiorPol 4 st{iehe bi¥eddarrattiia Troth tiie 9! po6aer ¥ patt (d).
aci d) - bl ock- pol ystyrene macr o- RAFT agent w th respective degrees of

ol ymerisatjgn =5 dn = sj.ng: X
02T Cout y FRR A pas RSB ho b Pamyd popp AR HErSE 40 RESH difon of
2-{ [ (but yktyrdnt FaYl HHeadbaaabMART hgat teloydd fipmopai ) (0ACEwhs glond for 5 10. 7
mol ), acryl.ic acid (3.86 g, 83.6 nnﬁl) and 4,4 -azgbi s(4-cyanoval eric
acid) (0. §¥‘a{‘“tesl.“6*?grﬁr&}‘)“&? i R el e rugs dispensiong Binsd Wet vBed f1 ask
was st i rr eshisitddnfor one RE RE BUY%S trtdikiey 1o dBRIN 8 AHtPehd hs&D ferdiNid@vwith td0g€en
at nrosphere for 2.5 h&yrs. ég the end of _this period, styrene (10.96 g, 105
mol ) , 1%, Averagedprtiladiapdanidsern @MalveaHRRS) 1 When thipfenafividayey exprsediicoxane
(16.4 g) vwasscAREag nlagndiidEield k0 8N4 2hES0 66 itfg]@ﬁ@r&tg&‘ﬁfﬁt% Lia @le 9,6Gv}Pof Or a

0

further 16 hours. The resulting copolyner solution had approxi mately 40%
solids. Fe0s

Part (f): Preparation of polystyrene matrix encapsulated Fe,O; from the styrene-

based ferrofluid of Part (e).

15 To the entire sample from part (e) was added 2,2°-azobis(2-methylpropionitrile) (0.013 g)
and the reaction was held at 75 °C in a nitrogen atmosphere for 15.5 hours. The resulting
solid polymer was ground to a powder which was found to contain 21.8% Fe;0;. The
powder was dispersed in agar and when subjected to the same magnetic field as used in
part (e) it generated 8.3 W/g of Fe;0s, indicating little flocculation of the Fe,0; particles

20 during polymerisation.

Example 4: Encapsulation of TiO2 using poly(BA-co-AA) macro-RAFT agent.

Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
containing anr average of 15 monomer units per chain in a mole ratio of 1:2 using:

2-{[(butylsulfanyl)carbonothioyljsulfanyl}propanoic acid

25 A solution of 2-{[(butylsulfanyl)carbonothioyl}sulfanyl}propancic acid (1.11 g,
4.6 mmol), 2,2’-azobisisobutyronitrile (0.07 g, 0.4 mmol), acrylic acid (3.39 g, 47.0 mmol)
and butyl acrylate (3.16 g, 24.6 mmol) was prepared in dioxane (7.58 g) in a 50 mL round



Part (c): Preparation of a poly(acrylic acid)-Dblock-polystyrene macro- RAFT
agent wth respective degrees of polynerisation n =5 and n = 20 usi ng:
2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl} propanoic acid. A solution of
2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl} propanoic acid (2.55 g, 15 10.7
mol ), acr wo eooeei7ds1( 3. 86 g, 53.6 mmol ) and 4, 4' - azobi $CALAARIOVIEI2Er i C
acid) (0.3 g, 1.07 mmol) in dioxane (10 g) in a 50 nL round bottoned fl ask
was stirred with an overhead stirrer and heated to 60 Cin a nitrogen

at nosphere for 2.5 hours. At the end of this period, (styrene 21.69 g, 208
mol ), 4,4'-azobis(4-cyanovaleric acid)_(0.15 g, 0.54 mol) and di oxane
(32.9 g) was added to the flask and heating continued at 80 C for 20 a
further 16 hours. The resulting copol ymer solution had approxi mately 40%

sol i ds. Lat: r

orrof i ui gl ThERA S ety RIS RIS A D AHEE ore

ammoni a sdlasit W@‘hth(all d}%te@tOZ sndynainfaired gnaa °6¢0ﬁ3 $ts der conatantr sti®®. gTheand

et hanol Q%%%% é% cm@%m%ﬂg%%ﬁ (ﬂgg macr o- RAFT solution frompart (b) to
Paar PSSt ot

obtain a C I on. aqueous ferrofluid of part (a) (358 Q)
was then fed drop wise into the above Marco- RAFT sol uti on over 160 mn
under mecRani Gl Podyimediyl orethasgylatstdodnivlasrylaiohedating of 1d0: pighewt(T&92per i od

of one ho : i i $i r.oRAET agent of
part(c) - Cpndishd ChrRRNRE A RS, 495 BOEPIE! Gkl *ﬁﬁf

2006/ 037161 PCT/ AU2005/ 001512 -76 (83 g) and ethanol (95% g) mas t hen
added to theolyiigpeprsiining trhasso MFQI (e%0 2. Aépmmd)maéqryﬁ af fg)@mdtﬂqﬁiym

suspens! oy iRiablb.a30RGAREH lrdrahUD AloriNHBEND s 1NEX, 309, Soni cs

& Materia artlc es were then centri out an&' dried
in an ovemigmens{lE38 ) Pars added; nﬁmban‘étth@nugiﬂy alispeysed nsing as edbfaefallof | ui d

f th th
Fe203 and Uik RRierRn Bles S Muebftl ) oRBePBidue sbhio 307 B8 o

macr o- RAFT0 agmnﬂas Slobrirtg thn sbmoattlopaprbce(;s: )the( 61s14erg)>n was sgjrredl naigﬁabncallysarrd nut es
usi ng a mr a(i and ourg%ﬁ éggg grdeZF e er ll On Em%ﬂ% %t%lglx{r]aesdta €11 Ell’ll'I tra

soni cat ed “Pof ¥ (ljrhél ensi eéne-based
ferrofl ui denmfdgedarat 14,000 rpm for 2 mlnutess using a mini centnfuge (Minispin Plus,

Eppendorf) leaving a white deposit and a clear but slightly yellow supernatant, which
indicated the presence of surplus macro RAFT. To the pigment dispersion, a small exira
15 amount of pigment (2.58 g) was added and again dispersed by sonication for another
10 mins. The white dispersion (58.78 g) was transferred to a 100 mL round flask
containing 4,4’-azobis(4-cyanovaleric acid) (0.026 g, 0.1 mmol) and was deoxygenated by
nitrogen sparging, The whole flask was immersed in an oil bath with a temperature setting
of 70 °C, while a deoxygenated mixture of butyl acrylate (1.39 g, 10.9 mmol) and methyl
20 methacrylate (3.24 g, 32.4 mmol) was fed into the flask at 0.92 g/hr over 5 hours. After
monomer addition was complete, the heating was continued for a further 11 hours after
which time polymerization was found to be complete. After filtering, the latex was white
and stable, containing particles about 365 nm in diameter (HPPS, Malvern Instruments
Ltd) The latex solids was 25.3%. The encapsulating polymer layers around TiO» particles
25 was further increased by adding another deoxygenated mixture of butyl acrylate (1.39 g,
10.9 mmol} and methyl methacrylate (3.24 g, 32.4 mmol) at 2.3 g/hr into the above latex
(42.45 g) in the presence of 4,4’-azobis(4-cyanovaleric acid) (0.025 g, 0.1 mmol}) at 70 °C
over 2 hrs. After the monomer addition was complete the temperature was maintained for a
further 1 hour to complete polymerisation. An average particle diameter of 493 nm was
30 determined by dynamic laser light scattering (PPS, Malvern Instruments Ltd). The latex



10 average particle dianeter of 25 nm (Malvern HPPS). Wen this ferrofluid
was exposed to an oscillating magnetic field of 100 kHz and 90 Ce it
generated heat at a rate of 9.6 Wg of Fe203. Part (f): Preparation of

pol ystyrene matri x encapsul ated Fe203 fromthe styrene- based ferrofluid of
Part (e). MOFWLHSlentire sanple frompart (e) was add&d/AU2005/001512
2,2'-azobis(2-nmethyl propionitrile) (0.013 g) and the reaction was held at
75 Cin a nitrogen atnosphere for 15.5 hours. The resulting solid polyner
was ground to a powder which was found to contain 21.8% Fe203. The powder
was di spersed in agar and when subject/®d to the sane nmagnetic field as used
in part (e) it generated 8.3 Wg of Fe203, indicating little flocculation
of the Fe203 particles 20 during polynerisation. Exanple 4: Encapsul ation
of Ti 02 usélily wad §1.BA4CcOoTHApolymer enddpfulatad Alid, plepared (ia)this Ahapiawiern of a

pol y(butyl acryl ate-co: lic agjd) macro-RAFT, agent . contai ning an
aver age o@qge%ﬁgﬁyﬁ %ml‘%? og%ﬁ%’ﬂﬁn?ﬁsﬁsﬁémmrafgﬁ%lof 1: 2 usi ng:
2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoi c acid 25 A sol ution of

2-{[ (but y Fxanpkty | Vieardadusablei coytlin gsseontamyl epecappalatedcliae d (1.11 g, 4.6
mol ), 2,2'-azobisisobutyronitrile (0.07 g, 0.4 nmmol), acrylic acid (3.39

i oxane ( TaeefaystASpRith o b MeivlidiBisthooS S yltpR o5 By BRRAE S o,
bot t om3f | astylic Heid maxzoRAFT egempgmtiining| dny avardgs pAilgadonintdr wmitsr pgen f or

10 m nutes, .The flasaﬁ. W?? t.gen heated to, and maintained at 70 C for 3 hrs
under conSPa™ 8 PolsTakg OXFHES WP copol yner sol ution was 54.8 % sol i ds.

Part ('b): 2RpMbuiyistiayyl)cebdadkivyputfagifropyoieasid.l ate) coating of Ti 02
pi gnent (TR92, 5 Huntsman Corporation) using macro RAFT agent fromthis

I tabili A ti t aj.ni RAFT.{0,9 0.3
cxarml e 29, 2kl oy SRR PR RSH R O O
prepared #r2mamd)0 24’ -hetdbisrbutyfanitiid 0961 @i | R, miod? adgpylgpmanid (.01 38, g) was
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for (1.34 g, 8.5 mmol) was prepared in dioxane (7.50 g) in a 50 mL round bottom flask. This

'

was stirred magnetically and sparged with nitrogen for 10 minutes. The flask was then
heated at 70 °C for 2 hours under constant stirring. The final copolymer solution was 43.8

% solids.

15 Part (b): Poly(methyl methacrylate-co-N-(isobutoxymethyl) acrylamide-co-butyl
acrylate) coating of TiO; pigment (TR92, Huntsman Corporation) for thermofusable

coating using macro RAFT agent prepared in Part (a) as a stabilizer.

A solution containing macro RAFT agent (0.96 g, 0.3 mmol), water (52.19 g) and sodium
hydroxide (0.1 g, 2.5 mmol) was prepared in a 50 ml beaker. To this solution, TiO,

20 pigment (10.80 g) was added, mixed and thoroughly dispersed using a Vibra-Cell
* Ultrasonic Processor (Sonics and Materials, Inc.) standard probe set to 30% amplitude for

10 minutes. During the sonication process, the dispersion was stirred magnetically and
cooled in a water bath. The white dispersion (56.22 g) was transferred to a 100 ml round
flask containing 4,4’-azobis(4-cyanovaleric acid) (0.028 g, 0.1 mmol) and was

25 deoxygenated by nitrogen sparging. The flask was immersed in an oil bath set to 70 °C,
while a deoxygenated mixture of butyl acrylate (2.10 g, 16.4 mmol), methy! methacrylate
(2.10 g, 21.0 mmol) and N-(isobutoxymethyl) acrylamide (0.42 g, 2.7 mmol) was fed into

the flask at 0.92 g/hr over 5 hours. After the monomer addition was complete, the heating



10 10 mnutes. During the sonication process, the dispersion was stirred
magnetically and cooled in a water bath. At the end of the dispersion, a
smal | sanple was taken and centrifuged at 14,000 rpmfor 2 mnutess using
a mni centrifuge (Mnispin Plus, Eppendorf) leaving a white deposit and a
cl ear but s¥o mhéwsgisgel | ow supernatant, which indi cat e®#CTh&2(9s/68811ce of
surplus macro RAFT. To the pignent dispersion, a small extra 15 anount of
pi gnent (2.58 g) was added and agai n di spersed by sonication for another

10 mins. The white dispersion (58.78 g) was transferred to a 100 nL round
flask containing 4,4'-azobis(4-cyanaval.eric acid) (0.026 g, 0.1 mmol) and
was deoxygenated by nitrogen sparging. The whole flask was i mersed in an
oil bath with a tenperature setting of 70 C, while a deoxygenated m xture
of butyl 3gE )é&?cfn‘ﬁec( ﬁom%gotﬂer 135%%&5?&9} \)vhi‘éﬂgolﬁ}ﬁkﬁﬂéhogg\rag%ﬁé% ¥ %Iﬁplétg 24 g,
32.4 mmol ) was into th hr over 5 hours. After nononer
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of 2:1:5 WshRUi did not disintegrate in acetone or tetrahydrofuran.

15 Example 6: Encapsulatibn of TiQ, using poly(BA-co-AA) macro RAFT agent.

Part (a): Preparation a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
containing an average of 15 monomer units per chain in a mole ratio of 1:2 using:

2-{[(butylsulfanyl)carbonothioyl|sulfanyl}propanoic acid

A solution of 2-{[(butylsulfanyl)carbonothioyl}sulfanyl } propanocic acid (0.74 g, 3.1 mmol)
20 and 2,2’-azobisisobutyronitrile (0.03 g, 0.16 mmol) was prepared in dioxane (4.90 g) in a

25 mL round bottom flask. This was stirred magnetically and sparged with nitrogen for

10 minutes, The flask was then heated to and maintained at 70 °C under constant stirring,

Butyl acrylate (2.18 g, 17.1 mmol) and acrylic acid (2.18 g, 30.3 mmol) was fed into the

reaction at 4.36g/hr for 1 hr. After which the reaction was left for a further hour, stirring at
25 70°C. The final copolymer solution was 50.0 % solids.



2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoi c acid. A solution of
2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid (1.00 g, 4.2
inmol ), 2,2'-azobisisobutyronitrile (0.04 g, 0.3 nmol), acrylic acid (3.11

g, 10 43.1 mml), butyl acrylate (2.17 g, 16.9 mvl) and

N- (i sobut ox}Re894#6lacryl ani de (1.34 g, 8.5 mmol) was pHEPEFEEAH1YI oxane
(7.50 g) in a 50 nm round bottom flask. This was stirred magnetically and
sparged with nitrogen for 10 m nutes. The flask was then heated at 70 C
for 2 hours under constant stirring. The final copol yner solution was 43.8
% solids. 15 Part (b): Poly(nmethyl netgoacryl ate-co-N- (i sobutoxynethyl)
acryl am de-co-butyl acrylate) coating of Ti02 pignent (TR92, Huntsman
Corporation) for thernofusable coating using macro RAFT agent prepared in

Part (a) agre (9t akilybe aceylaﬁewt Felgine 8 memﬂmmer%aﬁnﬁFTT@eﬁtgm@& 96 g,
0.3 mmol ), water (52.1 and sodium hydroxide (O
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was addedgpaged and thoroughly dispersed using a Vibra-Cell U trasonic
Processor (Sonics and Materials, Inc.) standard probe set to 30% anplitude
for 10 m nut es. During the sonicatio rocess, the di s&erm on was stirred
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was complete the heating was continued for further 15.5 hrs after which {ime
15 polymerization was found to be complete. The resulting latex was white and stable,
containing particles with an average diameter of 407.6 nm (HPPS, Maivern Instruments
Ltd). The latex solids was 25.8%. A further amount of 4,4’-azobis(4-cyanovaleric acid) -
(0.03 g, 0.1 mmol) was added to the resulting latex, which was then deoxygenated. A
further addition of deoxygenated monomer mixture containing butyl acrylate (1.48 g, 11.5
20 mmol) and methyl methacrylate (3.63 g, 36.3 mmol) was then made at 2.32 g/hr over 2.2
hours while the vessel was maintained at 70°C. After the second monomer addition was
completed temperature was maintained for a further 1.5 hours to achieve complete
polymerisation. The final latex was white and stable, containing particles with an average
diameter of 407.6 nm (HHPPS, Malvern Instruments Lid). The latex particles had an average

25 diameter of 496.6 nm (HPPS, Malvern Instruments Ltd) and latex solids was 31.9 %.



contai ning butyl acrylate (2.10 g, 16.4 mol ), nethyl nethacrylate (2.10 g,
21.0 mmol) and N-(isobutoxynethyl) acrylamde (0.42 g, 2.7 mmol) was then
made at 2.3 g/ hr over 2 hours while the vessel was mai ntained at 70C.
After the nonomer addition was conplete, the tenperature was naintai ned
for further_hour to achieve conplete polynerisation. The 10 |atex particles
had an aver‘é’&e2 WOiHEt er of 446 nm (HPPS, WMal vern Instruﬁgﬂggmﬁ%’wmgnd

| atex solids was 30.3 % The latex fornmed a white glossy filmon a gl ass
slide at room tenperature. This filmseparated fromthe glass slide and
disintegrated into small pieces after washing with acetone. However, when
the filmwas baked in an oven at 140C#%br 2 hours, it did not disintegrate
in acetone or tetrahydrofuran. 15 Exanple 6: Encapsul ation of Ti 02 using
pol y(BA-co-AA) macro RAFT agent. Part (a): Preparation a poly(butyl

acryl ate-co-acrylic acid) nacro-RAFT agent containing an average of 15
monomer udPRERLET: knrgpilationofliDe uping palydBAtecosMas)jgacro RAFT agen
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20 and 2, 2' - azqbi sisobutyronitrile (0.03 g, 0,16 nmmol ) was prepared in

di oxane (£°B@uYYe AR axeragéof ]S mepprmenpRitopsrighatnin armple ratie of di2 wsing: 2-

magnet i caI{[(1‘u@m;ﬁﬁ)ﬁjg%&%ﬁi@lg&%ﬁﬁgﬂ%}@ﬂoia dQam nutes. The flask was then

heated to and mai ntal ned at 70 under constant stirring. Butyl acrylate
30.3 nmmol)) was fed into the

(2.18 7.1 mpol ) and acrylic agid (2.18 g, |
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acryl at e- 3! maehybutieackdaie (F 36 @ 3d0ammel) wes mieomediig dioxane %/81%92, iHant sman
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sol ution cont_a?dr??ﬁ mc%%égggh?ﬁ%%&% g,c'ilg,. %ﬁn#gfg)@avﬁm%%?&?@g 1 9)
and sodi uf® DEnHes r be dask (v@s tengheated Bt AROT Yorwhboyss ander ednstant stirtig®. bebeaker .
To thig s t | : iwﬂﬁa?@ Q1 g) was added, m xed and thoroughly

di sperl?edﬁh?iéﬁgagn@lﬁua@ge g'gl%%glsdg'ni c Processor (Sonics and Materi al s,

Inc.) standard probe set to 30% anplitude for
Part (b): Poly(butyl acrylate-co- methyl methacrylate) coating of TiO; pigment

(TR92, Huntsman Corporation) using macro RAFT agent prepared in Part (a) as

stabilizer.

A solution containing macro RAFT agent (0.85 g, 0.27 mmol), water (51.06 g) and sodium
15 hydroxide (0.11 g, 2.7 mmol) was prepared in a 100 mL beaker. To this solution, TiO,
pigment (10.06 g) was added, mixed and thoroughly dispersed using a Vibra-Cell
Ultrasonic Processor (Sonics and Materials, Inc.) standard probe set to 30% amplitude for
10 minutes. During the sonication process, the dispersion was stirred magnetically. The
white dispersion (64.13 g) was transferred to a 100 mL round bottom flask containing 4,4’-
20 . azobis(4-cyanovaleric acid) (0.03 g, 0.1 mmol) and was deoxygenated by nitrogen
sparging. The flask was immersed in an oil bath set to 70 °C while a deoxygenated mixture
of butyl acrylate (1.34 g, 10.5 mmol) and methyl methacrylate (3.30 g, 33.0 mmol) was fed
into the flask at 0.93 g/hr over 5 hours. The resulting latex was white and stable, containing
particles with an average diameter of 310.4 nm (HPPS, Malvern Instruments Ltd). The
25  latex solids was 23.3%. A further amount of 4,4’-azobis(4-cyanovaleric acid) (0.02 g, 0.1
' mmol) was added to the resulting latex, which was then deoxygenated. A further addition
of deoxygenated monomer mixture containing butyl acrylate (1.34 g, 10.5 mmol) and

methyl methacrylate (3.30 g, 33.0 mmol) was then made at 2.32 g/hr over 2 hours while



10 minutes. During the sonication process, the dispersion was stirred
magnetically. The white dispersion (51.99 g) was transferred to a 100 nL
round flask containing 4,4 10 azobi s(4-cyanovaleric acid) (0.02 g, 0.1
mol ) and was deoxygenated by nitrogen sparging. The flask was i Mmersed in
an oil bath with tenperature setting at 70 C while a deoxygenated m xture
of butyl acrylate (1.34 g, 10.5 mmol) and nethyl nethacrylate (3.30 g,
33.0 mol) was fed into the flask at 0.93 g/hr over 5 hours. After the
nononer addition was conplete the heati-rgg was continued for further 15.5
hrs after which tinme 15 polynerization was found to be conplete. The
resulting latex was white and stable, containing particles with an average
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made at 2. 32Laé Bfo®yes 2.2 hours while the vessel was maintained at 70C

After the second nononer addition was conpleted tenperature was naintai ned
"for a further 1.5 hours to achieve conplete polynerisation. The final
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Preparation of poly(butyl acrylate-co-nethacrylic acid) macro-RAFT agent
cont ai ni ng Za{{(law}sagfen carbongthinylisulfanylipropaneigacidl in a nole ratio of 1:2
using: 2- {[(butylsul fanyl)carbonothi oyl ]sul fanyl }propanoic acid. 5 A
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heated at GRtton RAsk3THOWaS sHREE MagRARAAY and spdrgdd With Atfogen for 10 minutes. The
flask was then heated at 70 °C under constant stirring for 2.5 hours. The final copolymer

solution was 34.9 % solids.

15 Poly(butyl acrylate-co-acrylic acid) coating of TiO; pigment (TR92, Huntsman
Corporation) using macro RAFT agent from Part (a) as stabilizer.

A solution containing macro RAFT from Part {a) (2.51 g, 0.3 mmol), water (50.94 g) and
sodium hydroxide (0.06 g, 1.4 mmol) was prepared in a 100 mL beaker. To this solution,
TiO, pigment (11.26 g) was added, mixed and thoroughly dispersed using a Vibra-Cell
20  Ultrasonic Processor (Sonics and Materials, Inc.) standard probe set to 30% amplitude for
10 minutes. During the sonication process, the dispersion was stirred magnetically and
cooled in a water bath. At the end of the dispersion, a small sample was taken and
centrifuged at 14,000 tpm for 2 mins using a mini centrifuge (Minispih Plus, Eppendorf)
revealing a white deposit and a clear but slightly yellow supernatant which indicated the
25 presence of surplus macro RAFT. To the pigment dispersion, small extra amount of
pigment (1.64 g) was added and again dispersed by sonication for another 10 mins. The
white dispersion (56.72 g) was transferred to a 100 mL round bottom flask containing 4,4’-
azobis(4-cyanovaleric acid) (0.029 g, 0.1 mmol) and was deoxygenated by nitrogen



10 final copolynmer solution was 35.9 % solids. Part (b): Poly(butyl

acryl ate-co- nethyl nethacrylate) coating of TiQ2 pignent (TR92, Huntsnman
Cor poration) using rmacro RAFT agent prepared in Part (a) as stabilizer. A
sol ution containing macro RAFT agent (0.85 g, 0.27 mmol ), water (51.06 Q)
and sodium 15 hydroxide (0.11 g, 2.7 mvol) was prepared in a 100 nL
beaker. "To this solution, Ti®2 pignment (10.06 g) was added, m xed and

t horoughly dispersed using a Vibra-Cell Utrasonic Processor (Sonics and
Materials, Inc.) standard probe set to 308 anplitude for 10 m nutes.
During the sonication process, the dispersion was stirred magnetically. The
white dispersion (64.13 g) was transferred to a 100 nL round bottom fl ask
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Example 9: Encapsulation of TiO; using poly(BA-co-AA) macro RAFT

15 Part (a): Preparation a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
containing an average of 20 monomer units per chain in a mole ratio of 1:1 using:
2,2’-[(thioxomethylene)di(sulfanyl)]bis(propanoic acid).

L
HOOC S S COOH
A solution of 2,2°-[{thioxomethylene)di(sulfanyl)]bis(propanoic acid} (0.86 g, 3.4 mmol},

20 2,2’-azobisisobutyronitrile (0.03 g, 0.2 mmol), acrylic acid (2.41 g, 33.5 mmol), butyl
acrylate (4.33 g, 33.8 mmol) was prepared in dioxane (7.74 g) in a2 50 mL round bottom
flask. This was stirred magnetically and sparged with nitrogen for 10 minutes. The flask

was then heated to and maintained at 70 °C for 2 hours under constant stirring. The final

copolymer solution was 56 % solids.



10 mmol ), 2,2'-azobisisobutyronitrile (0.02 g, 0.1 mmol), acrylic acid
(2.44 g, 33.8 mmol) and butyl acrylate (2.17 g, 16.9 mvol) was prepared in
di oxane (10.04 g) in a 50 nm. round bottomflask. This was stirred
magnetically and sparged with nitrogen for 10 minutes. The flask was then
heated at 70 C under constant stirring for 2.5 hours. The final copol yner
sol uti on wa¥93%%%Lo)1i ds. 15 Pol y(butyl acryl at e- co- aBFP@pENQ@FE§ coati ng
of TiQ2 pignment (TR92, Huntsman Corporation) using macro RAFT agent from
Part (a) as stabilizer. A solution containing macro RAFT from Part (a)
(2.51 g, 0.3 mol), water (50.94 g) and sodium hydroxide (0.06 g, 1.4
mmol ) was prepared in a 100 nL beaker-84o this solution, Ti Q2 pignent
(11.26 g) was added, m xed and thoroughly dispersed using a Vibra-Cell 20
U trasoni c Processor (Sonics and Materials, Inc.) standard probe set to 30%
anpl i t ude Hagt (b)1Dolymetityt meiiiderylag-dolmigloridate) contipgef 846; pighend (BR22,si on
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| atex (48 presence 0
hours 30 minutes, after which time polymerization was found to be complete. The latex

15 was white and stable, containing particles about 372 nm in diameter (HPPS, Malvern
Instruments Ltd). Latex solids was 23.8%. The encapsulating polymer layers around TiO;
particles was further increased by adding another deoxygenated mixiure of butyl acrylate
(1.39 g, 10.9 mmol) and methyl methacrylate (3.24 g, 32.4 mmol) at 2.3 g/hr into the
above latex in the presence of 4,4’-azobis(4-cyanovaleric acid) (0.029 g, 0.1 mmol) at 70

20  °C over 2 houts. After monomer addition was complete the temperature was maintained
for a further 1 hour to effect full polymerisation. Examination by transmission electron
microscopy showed individually encapsulated TiO, particles. An average particle diameter
of 464 nm was determined by dynamic laser light scattering (HPPS, Malvern Instruments
Ltd). The latex solids was 30.1 %.



10 cyanovaleric acid) (0.028 g, 0.1 mmmol) at 70 C over 2 hours. After the
nononmer addition was conpleted, the tenperature was nmaintained for a
further hour to conplete polynerisation. An average particle dianeter of
441 nm was determ ned by dynamc |laser |ight scattering (HPPS, Malvern

| nst rument sva ewyn37idie | atex solids was 29.5 % Exanpl e PeT/AER@apesizat i on of
Ti Q2 using pol y(BA-co-AA) nmacro RAFT 15 Part (a): Preparation a poly(butyl
acryl ate-co-acrylic acid) macro-RAFT agent containing an average of 20
nmononmer units per chain in a nole ratio of 1:1 using:

2,2 -[ (thioxomet hyl ene)di (sul fanyl )] higg(-propanoic acid). S HOOCLS)~ S1COCH
A solution of 2,2'-[(thioxonethylene)di (sulfanyl)]bis(propanoic acid) (0.86
g, 3.4 mol), 20 2,2'-azobisisobutyronitrile (0.03 g, 0.2 muol), acrylic
acid (2.41 g, 33.5 mmol), butyl acrylate (4.33 g, 33.8 nmpl) was prepared
i n di oxangxampled10g Ent4psalation Of TIOLRh gyl (BA-co-MAA). mddrb RAPSaght. I ed
magnetically and sparged with nitrogen for 10 mnutes. The flask was then
heated to.and pajntained at .7 for hour s under canstant [.rring. The
el coBBrymbbrmben « b udt alhofirdt B Soior et tromaF Kasebe) 001512
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pi gment . Hunt sman Cor porati o usi ng macr.o R agent fromPart (a
as stabil Eg"ﬁ(thlﬂx%?*gl’% &fﬁ‘ﬂﬁ“aﬁlb@%ﬂﬂ'&i‘l’%ﬂﬁgﬂﬂﬁﬁ' "RAFT (1.25 g, 0.3
mmol ), water (50.14 g) and sodi um hydroxide (0.10 g, 2.4 mml) was

prepared in a 100 nL bea?er. To this solution, 5 TiQ2 pignment (10.09 g)

was added,y; t horoughl y di spersed using a Vibra-Cell

U trasoni c Procgssor (Sonics and Materials, Inc.) standard probe at 30%
anplitude for 10 m nutes. During the sonication process, the dispersion was
stirred magnetically and cooled in a water bath. The white di spersion
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‘ bottom flask, This was stirred magnetically and sparged with nitrogen for 10 minutes. The
10  flask was then heated at 70 °C for 3 hours under constant stirring. The final copolymer

solution was 23.8 % solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO, pigment (TR92,

- Huntsman Corporation) using macro RAFT agent from Part (a) as stabilizer.

A solution with pH 6.5 containing macro RAFT (1.00g, 0.15 mmol), water (50.82 g) and
15 sodium hydroxide (0.05 g, 1.3 mmol) was prepared in a 100 mL beaker. To this solution,
TiO, pigment (4.63 g) was added, mixed and thoroughly dispersed using a Vibra-Cell
Ultrasonic Processor (Sonics and Materials, Inc.) standard probe set to 30% amplitude for
10 minutes. During the sonication process, the dispersion was stirred magnetically and
cooled in a water bath. The white dispersion (47.11 g) was transferred to a 100 ml round
20 flask containing 4,4’-azobis(4-cyanovaleric acid) (0.036 g, 0.1 mmol) and was
deoxygenated by nitrogen sparging. The whole flask was immersed in an oil bath set at 70
°C, while a deoxygenated mixture of butyl acrylate (1.39 g, 10.9 mmol) and methyl
methacrylate (3.24 g, 32.4 mmol) was fed into the flask at 0.92 g/hr over 5 hours. After the
monomer addition was completed, the heating was continued for a further 11 hours, after

25  which time polymerization was found to be complete. After filtering, the latex was white



and nethyl nethacrylate (3.24 g, 32.4 mml)rwas fed into the flask at 0.92
g/ hr over 5 his. After the nononer addition was conpl eted, the heating was
continued for a further 11 hours 30 m nutes, after which tine

pol ynmerization was found to be conplete. The latex 15 was white and stable,
cont ai ni ng WRMEI# about 372 nmin diameter (HPPS, MICFARIOSOKSIE ument s

Ltd). Latex solids was 23.8% The encapsul ating polyner |ayers around Ti 02
particles was further increased by addi ng anot her deoxygenated m xture of
butyl acrylate (1.39 g, 10.9 mml) and nethyl nethacrylate (3.24 g, 32.4
mml) at 2.3 g/hr into the above |at-&6-in the presence of _

4,4' -azobi s(4-cyanovaleric acid) (0.029 g, 0.1 nmol) at 70 20 C over 2
hours. After nonomer addition was conplete the tenperature was mai ntained
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Particles “di anmeter of 464 nm was determ ned by
dynam c laser |light scattering (HPPS, Malvern Instrunents Ltd). The | atex
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cont ai ning an average of 20 nononer units per chain in a nole ratio of 1:1
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acid (0.27 3.1. mml), butyl acrylate (0.44 g, 3.4 mmo i n di oxane

(1. 52(g) %/E{E(bBWégﬁyPEﬂ)‘ia%ib%noﬁngtﬂ]SPEG’?{H}F"BB‘%‘{W‘? ask. This was stirred
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t hen heat ad aftutiél Gff A-{[BorylsiiBnyiRdtoncivstiattandl prbpanol. bk {0.4%l g,
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41.5 mmol) was prepared in dioxane (15.14 g) and water (8.08 g) in a 50 mL round botiom
flask. This was stirred magnetically and sparged with nitrogen for 15 minutes. The flask
was then heated to and maintained at 70 °C for 2 hours 30 minutes. At the end of this
petiod, butyl acrylate (2.59 g, 20.2 mmol), 2-(dimethylamino)ethyl methacrylate (1.58 g,

15 10.1 mmol) and an additional amount of 4,4’-azobis(4-cyanovaleric acid) (0.03 g, 0.1
mmol) was added to the flask. The mixture was deoxygenated and heating was continued

at 70 °C for a further Zhours. The copolymer solution was 20.9% solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of yellow bismuth
vanadate pigment (Irgazin yellow 2094, Ciba Specialty Chemicals) using macro
20 RAFT from Part (a) as stabilizer.

A solution containing macro RAFT (1.6 g, 0.11 mmol), water (51.10 g) was prepared in g
100 ml beaker, To this solution, yellow pigment (5.06 g) was added, mixed and was
dispersed using a Vibra-Cell Ultrasonic Processor (Somics and Materials, Inc.) standard
probe at 30% amplitude for 10 minutes. During the sonication process, the dispersion was
25  stirred magnetically and cooled in a water bath. The pH of the dispersion was then adjusted
to 4.4 and redispersed by ultrasonication. The yellow dispersion was transferred to a 100
mi round bottom flask containing 4,4’-azobis(4-cyanovaleric acid) (0.0295 g, 0.1 mmol)

and was deoxygenated by nitrogen sparging. The whole flask was immersed in an oil bath



Hunt sman Cor poration) using macro RAFT agent from Part (a) as stabilizer. A
solution with pH 6.5 contai ning nmacro RAFT (1.00g, 0.15 nmol), water (50.82
g) and 15 sodium hydroxide (0.05 g, 1.3 mml) was prepared in a 100 niL
beaker. To this solution, TiQ2 pignment (4.63 g) was added, m xed and

t hor oughl y vdp sgeensesd using a Vibra-Cell Utrasonic Precesdanesp8sm cs and
Materials, Inc.) standard probe set to 30% anplitude for 10 m nutes.
During the sonication process, the dispersion was stirred magnetically and
cooled in a water bath. The white dispersion (47.11 g) was transferred to a
100 M round 20 flask containing 4, 4'-8zobi s(4-cyanoval eric acid) (0.036 g,
0.1 mmol ) and was deoxygenated by nitrogen spargi ng. The whol e fl ask was
imrersed in an oil bath set at 70 C, while a deoxygenated m xture of butyl
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mol ), 4, fisnrd i serl I 39, 0.1 mol) acrylam de (2.95
g, 41.5 mmol) %@g?ﬁ%%?gﬂ/ ilﬁ{ehﬁ%%g')p(a%g@?'él g) and water (8.08 g) in a 50
mL round gotto FFIl sk. This was_stirred magnetically and sparged with

nitr oé@n o) o ﬁ%’foé‘éblsmﬁ@ Yapadate pigaent: dignsrsinmafierd pag (Bndesriirmelateded at 70
C for 2 howd $ycdRwBaibbst acdrdibl ® BOhIBliddhénodPer 1 0d, butyl acrylate (2.59
g, 20.2 mmol ), 2-(dinethylam no)ethyl nethacrylate (1.58 g,

Conventional acrylic latex (ex Rohm and Haas) (79.729g), Propylene Glycol (2.141g),
Antifoam (0.589g) and AMP-95 (0.321g) were added to a high speed mixer with stirring,
Biocide (0.086g) was then added, followed by a pre-mix of Propylene Glycol (1.070g) and
15 Teric N4OLP (0.214g). Texanol (1.788g) was then added in a pencil stream, and the
mixture stirred for 20 minutes. The following were then added to the reactor : Zinc 6Xide
(0.268g) and the encapsulated yellow bismuth vanadate pigment dispersion (11.494g).
Natrosol Plus 330 (0.16g) and propylene glycol (1.070g) were pre-mixed before adding to
the reactor. The mixture was then stirred for 20 minutes prior to the addition of Acrysol
20 RM-2020 (1.070g). Stirring was continued for 30 minutes. pH and viscosity were adjusted

as required.

Paint Physical Properties :

Weight Solids: 40.54
Volume Solids: 37.03
25 WPL : 1.062
WPL Solids : 1.162
PVC: 0.52

P:B Ratio : 3:100



15 10.1 mmol ) and an additional anount of 4,4'-azobis(4-cyanoval eric acid)
(0.03 g, 0.1 mml) was added to the flask. The m xture was deoxygenat ed
and heating was continued at 70 C for a further 2hours. The copol yner
solution was 20.9% solids. Part (b): Poly(nmethyl methacryl ate-co-butyl

acryl ate) CHARHEITH yel | ow bi snuth vanadate pigment @&WP%’“%H ow 2094,
Ci ba Specialty Chem cals) using macro 20 RAFT from Part (a) as stabili zer.
A sol ution containing macro RAFT (1.6 g, 0.11 mml), water (51.10 g) was
prepared in a 100 m beaker. To this solution, yellow pignment (5.06 g) was
added, m xed and was dispersed using88-Vibra-Cell Utrasonic Processor
(Sonics and Materials, Inc.) standard probe at 30% anplitude for 10

m nutes. During the sonication process, the dispersion was 25 stirred
magnet i calPayt @dhel Coanpaeativenp#int\aiagipld slidwing e iddpaet of bicaghBReuSsPBanas t hen
adj ust ed phint éhsraetadsticedi sper sed by ul trasoni cation. The yel | ow di spersion
was transferred to a 100 m round bottom flask contai ning

4, 4' - azobiAsqotvayiand yelley base aainthvay Bre2@bfog corfipatativaplposadnatcwvdmpde ey genat ed
by nitrogg{glos arl%i g%b The whole flask was imMmersed in an oil bath WO

2006/ 0371 &5 ABYb5/ 001512 -87 set of 70 C, while a deoxygenated
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pH and viscosity were adjusted as required.

15 Paint Physical Properties :

Weight Solids: 39.54
Volume Solids: 35.90
WPL : 1.061
WPL Solids : 1.168

20 PVC: 0.73
P:B Ratio : 4:100
Results :

Films of the paint from Example 11(c) and the comparative example from part (d) were
25  cast onto Leneta white charts with a drawdown blade having a 175um gap and after drying
for 24 hours were measured for gloss with a Dr Lange gloss meter, They were also

evaluated visually for film appearance:



Bi oci de (0.086g) was then added, followed by a pre-m x of Propylene dycol
(1.070g) and 15 Teric NOLP (0.214g). Texanol (1.788g) was then added in a
pencil stream and the mxture stirred for 20 m nutes. The followi ng were
then added to the reactor : Zinc Oxide (0.268g) and the encapsul at ed
yel | ow bi snwiolossasaeat e pi gnent di spersion (11.494q). bdet/aomosootias 330
(0.16g) and propyl ene glycol (1.070g) were pre-m xed before adding to the
reactor. The mixture was then stirred for 20 mnutes prior to the addition
of Acrysol 20 RM 2020 (1.070g). Stirring was continued for 30 m nutes. pH
and viscosity were adjusted as requirgg. Paint Physical Properties Weight
Solids: 40.54 Volune Solids: 37.03 25 WPL 1.062 WPL Solids : 1.162 PVC:
0.52 P:B Ratio : 3 : 100 WD 2006/037161 PCT/ AU2005/001512 -88 Part (d)
Conpar ati ve pai nt exanpl e show ng the inpact of encapsul ati on on base
pai nt characteristics. A conventional yellow base paint was prepared for
conpar atifve purposes, accprding to the Tollow ng nethod . 5 Conventional
acrylic liatex (ex Rohm ang Ha 7299), | Pr . 2.1141 g),
antifoam|(0.589g) and AMP{95 {i%‘hﬁ‘g’%l (\%gre addggi‘lltpgp“glﬁ%ﬁmgggeed m xer with
stirring. Proxel GRC (0O Jagg) _wa;.]tahen agd,d, fottowed by —=pre- m x of
Propyl ene 9) ViebTIDE piit i anqs @ 0. 2149) anol (1.{788g) was
t hen added%ﬁlﬁgl\géngﬁcgst eamdenthafedleur i xfure sti tgrogg&(lfor 20 mi nutes. The
f ol | owi ngwerethemaddedtothereactor——Fnec—Oxi-de—10{6-—268¢g) and
Conventignal Yell ow di spefsion based on Irgpzin yell ow 2094 ex Ji ba
Speci al ty Cherri(}iqxsis$°)(11.494g). Nat rosol Plug 330 (0.16g) and propyl ene
gl ycol (3.070g) 20ere pretm xed baf.ére addihg to theGE%actor. Thie m xture
was then|stirredéfor 20 nfnutes 67.9 96

85 93.2

Optimisation of pigment particle size during paint manufacture normally requires
reduction of particle agglomerates to smaller particle sizes that are more efficient at light
scaitering. Pigment particle size strongly influences the tint strength or the depth of colour
5 that can be achieved from a given quantity of pigment. The inclusion of pigment
agglomerates or flocculates acts to reduce the colour strength and brightness of finished
coatings. Some colour pigment types are noforiously difficult to break down in terms of
reducing agglomeration - inorganic yellows such as included in the present example being

one such type.

10 The colour strength of the paint from Example 11(c) and the comparative example was
investigated. The paints from Example 11{c) and the comparative example 11(d) were
applied over a black and white substrate until the pattern was completely obliterated. The
colour difference between the panels was then measured with a Macbeth 7000A
spectrophotometer and the colour difference coordinates calculated using the CIE1976

15 colour system. A total colour difference value of DE = 1.97 was obtained, with the film of
the example showing enhanced yellowness (+ 1.62) and red tone (+1.09). An overall

colour strength increase of 6% was observed,

No rub off of yellow pigment was seen herein when compared to the comparative
conventional example, which did experience light to medium rub off of pigment, even at

20 the low PVCs of formulation used,



prior to the addition of Acrysol RwW 2020 (1.070g). Stirring was continued
for 30 mnutes. pH and viscosity were adjusted as required. 15 Paint

Physi cal Properties : Wight Solids: 39.54 Volune Solids: 35.90 WPL
1.061 WePL Solids : 1.168 20 PVC: 0.73 P:B Ratio : 4 : 100 Results :
Films of the paint from Exanple 11(c) and the conparative exanple from part
(d) were 25 cast onto Leneta white charts with a drawdown bl ade having a
175um gap and after drying for 24 hours were neasured for gloss with a Dr
Lange gl oss neter. They were also eval udioed visually for film appearance:
WO 2006/ 037161 PCT/ AU2005/ 001512 -89 Exanple 11 (c) Conparative Exanple
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18 20 38. 4gdfingle §9; S¥reparitio’ 1bO% Zofild! mﬁﬂ. i Ofceite P t Uhkgifeti! 2€
during paint rraﬁluf acturree%ﬁor r?eﬁa rqulﬁlr?e uc{l‘ieoneo particle

aggl oner at emnoqnamdbdwellﬂmpbrseﬂehmenﬁs that are nore efficient at |ight
scattering. Pignent particle size strongly influences the tint strength or

pi qront . reast Ko depearafPn of huf stighlt Rrol i\ PHER SOHE o Yets 1o

reduce the colour strength and brightness of finished coatings. Sone
col our pi gnegiecty PfofRid (<301 9§ $02idS) ybtainkd b Bdserib&l DRkl BN Pard(4) €53 vids

5 diluted with water (100 g) to obtain an aqueous ferrofluid of approximately 1.3% solids.
To this diluted ferrofluid, NaOH solution (0.3wt%) of 54g was added over 7~10 minutes
under a mechanical agitation of 800 rpm, adjusting the pH of the ferrofluid from 1.86 to
5.30, after which 90 g of ethanol as added. A clear diluted aqueous ferrofluid with pH 5.30

was obtained.

10 Part (b): Preparation of a poly (acrylic acid)-block-poly (vinyl acetate) macro-
xanthate agent with respective degrees of polymerisation n = 10 and n = 25 using 2-

[(ethoxycarbonethioyl)sulfanyl]succinic acid.

A solution of 2-[(ethoxycarbonothioyl)sulfanyl]succinic acid (1.45 g, 6.09 mmol), acrylic
acid (4.39g, 60.9mmol) and 2,2’-azobisisobutyronitrile (AIBN, 0.11 g, 0.609mmol) in
15 dioxane (8.9g) in a 100 mL round bottomed flask was stirred with an magnetic stirrer and
heated to 65 °C in a nitrogen atmosphere for 3 hours. At the end of this period, vinyl
acetate 12.93g, 150 mmol), AIBN (0.05 g, 0.3 mmol) and dioxane (19.46 g) was added to
the flask and heating continued at 80 °C for a further 16 hours. The resulting copolymer

solution was approximately 46% solids.

20 Part (c): Preparation of dry Fe,0; powder from the aqueous ferrofluid of example 12,
Part (a) and the macro-xanthate agent of Example 12, Part (b).

Aqueous sodium hydroxide solution (0.3%, 15.6g), followed by distilled water (3.8g) and
ethanol (95%, 8.9 g) was added to 2.72 g the macro-xanthate solution from EXample 12,
Part (b) to obtain a clear solution. Diluted aqueous ferrofluid (pH=>5.3) of Example 12, Part
25 (a) (297g) was then fed quickly into the above Marco-RAFT solution within one min under
mechanical agitation of 800rpm. Agitation was continued for a further period of one hour.
The suspension thus obtained was ultrasonicated for 10minutes at 30% intensity (VCX
500, Sonics & Materials Inc). Another 15g NaOH (0.3%) was added to adjust to pH to



reduci ng aggl oneration - inorganic yellows such as included in the present
exanpl e being one such type. 10 The col our strength of the paint from
Exanpl e 11(c) and the conparative exanple was investigated. The paints
from Exanple 11(c) and the conparative exanple 11(d) were applied over a
bl ack and whde@ssimet rate until the pattern was conpl etreipawisicostat ed. The
col our difference between the panels was then neasured with a Macbeth 7000A
spectrophot oneter and the col our difference coordinates cal cul ated using
the CIE1976 15 col our system A total colour difference value of DE = 1.97
was obtained, with the filmof the exanple show ng enhanced yel |l owness (+
1.62) and red tone (+1.09). An overall colour strength increase of 6% was
observed. No rub off of yellow pignent was seen herein when conpared to the
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To this dilute err of sol ut'ion g was added over
7-10 m nutes under a mechanical agitation of 800 rpm adjusting the pH of
t he ferrofflagt s Prappuatve of @ stgegebasefl feyrofipidcmorn ghey digt pewdearndExampldded. A
clear dil lﬂgﬁ?@g){eous ferrofluid with pH 5.30 was obtained. 10 Part (b):
Preparation o poly (acrylic acid)-block-poly (vinyl acetate) nmacro-

xant hate agent with_respective degrees of polynerisation n = 10 and n = 25

using 2- [FCRERoRYEaFEEMIt HEofrf S0l ramginipgueth AiecOnand mapospiheteopeent _
2-[ (et hoxg@.@&%%g&tmro ith SHhJI 2¥aleS Y661 41 SncPiabrolehnthate Japef: QPuBEPlbm acrylic
acid (4.39g, 60.9muol) and 2, 2" -azobi si sobutyronitrile TA BN, 0.11 g,
0. 609l _)‘Egmmpleﬂ@ @ Sxirieas(18ixg¢ yogethen Thooeride disnprorhbine ohlethed vas iltwas
stirred wigh A0 FRINE hblrs St 56%ShteBRY to obtain a vinyl acetate-based ferrofluid, This

ferrofluid was found to contain 28.5 % of Fe;O3, and when exposed to an oscillating

magnetic field of 100 kHz and 90 Oe it generated heat at a rate of 10.7 W/g of Fe,03,

which is 57.2% of the original aqueous ferrofluids.

15 Part (e): Preparation of poly (vinyl acetate} matrix encapsulated Fe,O; from the vinyl
acetate-based ferrofluid of Example 12, Part (d).

To the 4.9 g of the sample from Example 12, Part (d) was added the AIBN (0.0267 g). The
above mixture was then mixed on a vortex mixer 2 min, The bulk polymerization was then
carried out in a silicane oil bath of 75 °C for 14 hours. The final solid polymer was

20 obtained. And it was found to contain 35.1 % Fe,O3;, When the powder was dispersed in
agar and subjected to the same magnetic field as used in Example 12, Part (d) it generated
8.4 W/g of Fe,0s.



heated to 65 Cin a nitrogen atnosphere for 3 hours. At the end of this
period, vinyl acetate 12.93g, 150 mml), AIBN (0.05 g, 0.3 mmol) and

di oxane (19.46 g) was added to the flask and heating continued at 80 C for
a further 16 hours. The resulting copolynmer solution was approxi mately 46%
sol i ds. 20 VPRpWsPYY61 Preparati on of dry Fe2(8 powder fREHARYSAIEOUS
ferrof luid of exanple 12, Part (a) and the nacro-xant hate agent of Exanple
12, Part (b). Aqueous sodi um hydroxide solution (0.3% 15.69), followed by
distilled water (3.8g) and ethanol (95% 8.9 g) was added to 2.72 g the
macr o- xant hat e sol ution from Exanple -¥2- Part (b) to obtain a clear
solution. Diluted aqueous ferrofluid (pH=5.3) of Exanple 12, Part 25 (a)
(297g) was then fed quickly into the above Marco- RAFT sol ution within one

m n under nechanical agitation of 800rpm Agitation was continued for a
further pdxpwglold:oPdymeuroated ipbtipleponise blue pignenb partivid andsa coating

ul trasoni Qlﬁﬁ? %g;e'{é%;i nutes at 30% intensity (VCX 500, Sonics & Materials
I nc). Another 15g (0.3% was added to adjust to pH to WD 2006/ 037161
PCT/ AU2005/ 001512 91 6.24, followed by 10 min. of sonication, addition of
HO (16wt %Bard (Dsdrepayation ofw pdlpbptsl acyl8e2d-acepliotdedl) moeroiRAFDfagent

soni catio i et | HC. (1 % .0.48 to adjpst. the pHto
2.4. Fi na??ﬁlﬁ?‘ﬂneg sup‘%?%’?J A 1\l}va él(rBInS Q?ﬁ%pegg%egg 28 %53 ri;WB%d, NaOH
(0. 3% 3. 2g{puipsulfavylperbanoilieylsatfamgiropandicuvi@ase t he pH back to 5. 15.
The final 5 sedinment was then dried in an oven at 60 C, and 2.14 g of dry

P om the O SoLBbas 2 bhryletibuny L S0 Rl oA G CeRE TR | € 69 har
(c) cont apmaly 25 akoiEed8tysordriteal@06-x At hatod), agelit acif 22.241g) 31.0gehbigr with
i nyl ace n ronxant hat e agept solutiop.fr 0 ample | b
\(/:) %3 g) &g&ﬁ%@g%% (?')ga%‘%8'?%%‘f’§gx%ﬁ’stpﬁ?aﬁﬁds%ecﬁ%)ia8ﬁ (J{J'?u%gg’o? gﬁ]ﬁ'é]é r%g’g er) tra
soni cat edbéttom flesk. Hiswes sitrredGRégneticalis iddysphuged bt infiroaey fay b nisgéatBrebased
3, .and when

ferrofui This, ferrof | uid s,found.ta contajn 28.5 %aqf Fe

expos ed t gasé{ nvpaoss%?q ﬁeﬂel(anaé 7 n%‘é*ﬁ‘é% ifhgurf 98 YRGS ST RS tadh EirgRe. @g‘? tndener at ed
heat at acopatymenbolilon/wiy39.0% s6BZ03, which is 57.2% of the original
aqueous ferrofluids.

Part (b) Poly(methyl methacrylate-co-butyl acrylate) coating of phthalocyanine blue
pigment (Heliogen Blue L6900, BASF) using macro RAFT from Part (a) as a

stabilizer.

15 A solution containing macro RAFT (0.73 g, 0.3 mmol), ethylene glycol (19.08 g) and
methanol (3.10 g} was prepared in a 50 mL beaker. To this solution, water (10.49 g) and
then sodium hydroxide (0.06 g, 1.48 mmol) was added, mixed and sonicated in a sonic
bath for 2 minutes. The solution was transferred to a water-jacketed milling vessel
(Dispermat™ AE 3C laboratory dissolver fitted with an APS 250 milling system, VMA-

20  Getzmann) containing phthalocyanine blue pigment (5.01 g) and Imm in diameter glass
beads (101 g). The bath jacket temperature was maintained at 20 °C. The milling was
initially at 1000 rpm for 60 minutes to produce a viscous blue dispersion. Then, more
water (20.00 g) and glass beads (50 g) were added into the milling vessel and the milling
speed was raised to 6000 rpm for 60 minutes. At the end of the milling, another portion of

25 water (70.17 g) was mixed with the pigment dispersion, Foam and glass beads were then
separated from the dispersion using a plastic mesh while large pigment particles were
removed by centrifugation at 2000 rpm for 5 minutes (MSE MK2 centrifuge, Thomas
Optical & Scientific Co Pty Ltd). The pigment dispersion (50.64 g) was transferred into a



15 Part (e): Preparation of poly (vinyl acetate) matrix encapsul ated Fe203
fromthe vinyl acetate-based ferrofluid of Exanple 12, Part (d). To the
4.9 g of the sanple from Exanple 12, Part (d) was added the AIBN (0.0267
g). The above m xture was then m xed on a vortex mxer 2 mn. The bul k

pol yrer i zawmmosassisihen carried out in a silicane oil PoEMG2W00A512C for 14
hours. The final solid polyner was 20 obtained. And it was found to contain
35.1 % Fe203. Wen the powder was dispersed in agar and subjected to the
sanme magnetic field as used in Exanple 12, Part (d) it generated 8.4 Wg
of Fe203. WO 2006/ 037161 PCT/ AU2005/ G@3512 -92 Exanple 13: Pol ynmer coated
pht hal ocyani ne bl ue pignent particles and a coating derived therefrom
Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro- RAFT
agent  con0@inl noundnbotieer gk éﬁntalaﬁngfwmfmébls(ﬂﬂci@mpﬂén&laﬁﬁ (@.maghplhe ratio

of 1:1 using: 2-{[,(butyl syl fan rbonot sul f anyl propan0| c acid A

sol ution BHOL: ?f[h(’ ﬁ%%‘y‘fvﬁﬁé?’%ﬁrﬁpﬁyﬁk M&Wﬁ&% (A Rircspaman o1l Rethd (1. 44

g, 6.0 numlntaingd ' mac(ﬂhﬂ%klﬁ@@ﬂia%ﬁ&ﬁhﬂ)f iA aec(:&gé;lﬁtea,soﬁmén mh%n a@Glel i ¢ acid
butyl acrylate 1) wa repared in

2.26 g,
<(1Ii oxans (gl %gg{f? é “aolhﬁldn%eﬂlﬂﬁﬁha%ﬂﬂedﬁ%@aé% nmpla gt dnjeted el the

nagnet i5c akihgk 228 ehts SRIIARbuME B hohds AR ceﬁamleﬁcelalm%lﬁ&es e cdfpibtidsde Was
t hen heat§8 .at 70 C for 2 hours 30 minutes undey constant SUITF ng,
I

final ipitial snsege  Bathriompgatsty, wesmaintaingd at BRIG farts) furtbery | Inkauny after

nmet hacr yl e nent
(el ogénﬁ“é?%%@i’%%%%dn FERAIRY 1 830 TR poBRENZRG AR " LK

st abi | i zeblue lsexawaspohirineshwith Atselidsi cagtentaes B2 BAThe (D7 Badgan @/e&gﬁpmju)ﬂ,e
ethyl ene ghyerl of 181 08 & maid m§ g,°0 m
beaker. To thISOSO l'ut1on, mVaté§m§%gP§@w ék& ! §%§§§%$@gﬁﬁg&%gvﬁae (0.06
g, 1.4 nﬁ’éﬁ“}mmg Léd)d dknsmisgiod dentros crmcmtxmy shovad sthati the laek hcofnmlinea
m nut es. VRS ter | i essel
(Di s pennat I m ﬁ%hg%l‘ﬁggsbor at%?@ﬁ ?ugé@%&g’?&f(gﬁet é%’re 2 gﬁgﬁgso%ﬁ mr?%o\f:[[i ng
syst em \Wfghe invention to form polymer at the surface of high aspect rano small particles is shown

in Figure 3. In this Figure, the polymer encapsulated phthalocyanine blue pigment having

a needle shape was prepared in a similar manner to the current Example.

15 Part (c) Poly(methyl methacrylate-co-butyl acrylate) coating of phthalocyanine blue
pigment (Heliogen Blue L7081D, BASF) using macro RAFT from Part (a) as a

stabilizer.

Generally the same method was applied as for dispersion and encapsulation of Heliogen
Blue L 6900 in part (b) apart from a slight variation in the milling step. As Heliogen Blue

20 7081D is more readily dispersed than Heliogen Blue L 6900, the millbase was mixed at
2000rpms for 30 minutes and then after the addition of the 20g of let down water, mixed a
further 30 minutes at 4500rpms.

Part (d) : Waterborne coloured base paint formulated using the encapsulated
phthalocyanine blue pigment (Heliogen Blue L7081D, BASKF) dispersion from part
25 (o).

Encapsulated pthalocyanine blue pigment dispersion from pait (¢) was formulated into a

blue base paint according to the following method :



20 Get zmann) contai ni ng pht hal ocyani ne bl ue pignment (5.01 g) and Immin

di aneter glass beads (101 g). The bath jacket tenperature was maintai ned
at 20 C. The mlling was initially at 1000 rpmfor 60 mnutes to produce a
vi scous bl ue dispersion. Then, nore water (20.00 g) and gl ass beads (50 g)
wer e added Wﬂ@@ﬁ'BWéﬁlm' I1ing vessel and the milling spad/ARE805041542d to
6000 rpmfor 60 mnutes. At the end of the mlling, another portion of 25
water (70.17 g) was m xed with the pignment dispersion. Foam and gl ass beads
were then separated fromthe dispersion using a plastic nesh while |arge
pi gment particles were renoved by cerrifugation at 2000 rpmfor 5 mnutes
(MSE MK2 centrifuge, Thomas Optical & Scientific Co Pty Ltd). The pignent
di sper si ogjloéSO._M g) was transferred into a WD 2006/ 037161

PCT/ AU2005°8% 15988l aaidics datexnien diohh loud thbassX Zs388ghndrmifornng0.482g) and

4, 4" - azobicsANEHRANEMALET &S ACH: . . 0. | .The flask was

seal ed, sparged vm'?ﬁﬁi%t*gmgﬁ&g%eﬁ%gﬁﬁﬁg?%%ﬂ%%g%g;%gw};gﬁ% OrgamicH

mai nt ai ne&30eywere adder tora higle spendigiivetr ivathl stiyring ATHee xacgefollb et pphddidian of

but yl .0, d neth h | at 3.24 g, 32.4
o)) s A (100158 S hkide Mab. A b Bl RPEAE e (18 Pt <

Addi ti én &&hiRehifed and TeiinDEKP 40.148y) cowpliskienilphdddd with Miding] TSRAGIOE. Bath
t enper at uge [ ' at 70C.for a further 11 hours after _nonomer

i nj ect | onflﬁsagg@?;g&ﬁggltg%ngh{%géghﬁ Byl eFmpBP%@r Ppdpne oftirredpe B0 fmintes.i ng, a
stabl e bNetosohPlex 33%&. 15BE)aind eebpyichd gire s @l .1 Si%) GRAY RBINiRId Rfte JAdi | at ex
had an av Lage..par icl?%ﬁi@gﬁt&r gf 181 nm as measured using dynam c | aser
light scattering (‘HPPS [ 2188 3¢5 (Hhwhedded; a9 stirring nepmtinwidoThel ect r on
ni cr oscopgisghsioed! Exuaipld hic) @@ LA thd Pehte SHAl ed bl ue
pi gmeny, p ticles (see Fihgujr(e Z)g}cﬁﬁe ability of t%gaﬁ!eu%ﬁgggﬁg%%ﬁ%

i nvent " on°t 0 5Fm pol ynmer at the surface of high aspect ratio small
particles is shown in Figure 3. In this Figure, the polyner encapsul ated
pht hal ocyRaintRhykital®rquegiwent havi ng a needl e shape was prepared in a
simlar manner to the current Exanple. 15 Part (c) Poly(nethyl

met hacr yl Wewhtdelisiat y| adt.g0¢ ate) coating of phthal ocyani ne blue pignent
(Hel i oge 1D, ) using nmacro RAFT fromPart (a) as a

stabili zgyah%gﬁglr@ﬁsly t e‘%;arre met hod was applied as for dispersion and
encapsul aVPbn of : Hel i og&f69

15  WPL Solids : 1.159
PVC: 0.96
P:B Ratio : 3:100

Part (¢) : Comparative paint example showing the impact of encapsulation on base

paint characteristics,

20 A conventional blue base paint was prepared for comparative purposes, according to the
method given above, however Heliogen blue 1,7081D dispersed by conventional means
(Luconyl dispersion ex BASF: contains 30% pigment, 0.167g) and water (1.277g) replaced
the amount of dispersion from Example 13(c) added. This ensured an equivalent amount of

colour pigment (g/L) was included in each formulation.

25  Paint Physical Properties :

Weight Solids: 41.72
Volume Solids: 38.44
WPL : 1.068



Blue L 6900 in part (b) apart froma slight variation in the mlling step.
As Heliogen Blue 20 7081D is nore readily dispersed than Heliogen Blue L
6900, the m |l base was m xed at 2000rpns for 30 minutes and then after the
addition of the 20g of |let down water, mxed a further 30 m nutes at
4500r pns.  Kas toeé/ofris1 VWt er bor ne col oured base pai nt forcwlaat@dowusizng t he
encapsul ated phthal ocyani ne bl ue pignent (Heliogen Blue L7081D, BASF)

di spersion frompart 25 (c). Encapsul ated pthal ocyani ne bl ue pi gnent

di spersion frompart (c) was fornulated into a blue base paint according
to the follow ng nethod : WD 2006/ 037861 PCT/ AU2005/ 001512 -94
Conventional acrylic latex (ex Rolm and Haas) (73.388g), antifoam (0.482Q)
and conventional titanium dioxide dispersion (using Tiona RCL 595 ex

M I | eni umWRioBgaiai:cs) (1615990g) were added to a high speed mixer wth
stirring. p{hese were fol I% wed by addition of water (10.019g) and bi oci de
(0.0839). pre-m x of IQI’ pyl ene A ycol (2.255¢g), Teric 5 164 (0.159g) and
Teric NAOPB R#@iol:48g) was :d0bsequently added with stirring. Texanol

(1.854g) was then added in a pencil stream and the mixture stirred for 30
m nutes. _Natrosol Plus 330 (0.352g) and propyl ene glycol (1.131g) were
pre- mxedRB%}T”@re adding to the reactor. Acrysol RM 2020 (2.195g) was then
added as stirring continued. The dispersion of Exanple 11(c) (1.444g) was
added 150 BiSicithidodis®f 3R SFithd & Pal

Physi cal Properties Wight %oﬂe?lggﬁwﬁﬂd%ﬁ%nftlgﬁal b;:%&fiﬁ%ﬂ %a@%ck %L 1. 069
15 WL Sol'Pifs coveragepyerepapplied tp bepetapSIBX Ratdso The golour) differeacd beteen the

Conpar at i ¥2dPRhdheR4RARLR ANWRE 70064 SPRAGHREm ST b2l Rase
evaluated using the CIE1976 L* a* b* colour space.

Films cast from the aqueous dispersion of polymer encapsulated pthalocyanine blue
10 particles exhibited enhanced colour strength, approximately 67% (K/S) higher, showing a
lightness difference of 5.25 (darker, deeper blue film) and a total colour difference of 6.13
(CIE) when compared to the comparative example from part (¢). The enhanced blueness of
the film is displayed numerically in the table below. Values of colour difference for the

exemplified paint are quoted against the comparative example from part (e) taken as

15 standard.
Colour
Strength DL DA DB DE (CIE)
(K/S (+L -D) (iR -G) (+Y -B)
% increase)
Example 67.5 -5.25 1.48 -2.74 6.13
13(e)

Visual observation of the dried films of the coatings of the invention as described above,
showed apparent gloss, brilliance, clarity as well as depth of colour to be vastly superior to
the equivalent comparative example. Measured values of gloss matched the results arrived
at by eye. Films of the paint from Example 13 (d) and the comparative example 13 (e)
20 were cast onto Leneta white charts with a drawdown blade having a 175um gap and after
drying for 24 hours were measured for gloss with a Dr Lange gloss meter, The results for

20° gloss as measured indicate the depth of gloss observed.



pai nt characteristics. 20 A conventional blue base paint was prepared for
conparati ve purposes, according to the nethod given above, however

Hel i ogen bl ue L7081D di spersed by conventional means (Luconyl dispersion
ex BASF. contains 30% pignent, 0.167g) and water (1.277g) replaced the
amount of dYQWH8IHE from Exanpl e 13(c) added. This end@ied2605/08§u val ent
anmount of colour pignent (g/L) was included in each fornmulation. 25 Paint
Physi cal Properties Wight Solids: 41.72 Volunme Solids: 38.44 WPL 1.068
WD 2006/ 037161 PCT/ AU2005/ 001512 -95- WPL Solids : 1.159 PVC : 0.97 P:B
Ratio : 3 : 100 Results : 5 Sufficiemg-coats of each of the exenplified
and conventional base paints to give black and white coverage, were
applied to Leneta 5DX cards. The col our difference between the cards was
measured using a Macbheth 7000A spectrophotoneter and the colour difference
eval uated using the C|E1976 L* a* b* col our space. Filns cast fromthe
aqueous gi-sperstor—ef—pelyrer—enecapsulated-ptihalocyanine-blue 10 particles
exhi bi ted enhangced (ol our strength, approximgtely 67% (K/.S) higher,{show ng
a lightmess d ‘;fséﬁﬂince of 5. 28X mRledd(d) deegerCYnprative Fyampla 13(e) of al

col our difference of 613 ((‘I F) when caonpar ad_to the conmpar ative e<arrp| e
frompart (e). The enhancgd bl ueness of the{filmis di s7pl ayed nunefically
in the table bel 8. Val ues of col A3 differerjce for the27%exenplifief paint
are quotéed agai n8% the cophparativeOeékanpl e frjom part (€§6.& aken as [L5
standard| Col our85Strength DL DA 8. DE (Cl E) 92.4

Scattering and absorption coefficients over a range of wavelengths in the visible region
were measured as another means to enable changes in efficiency of the pigment, when

treated by the method of the invention, to be displayed.

Scattering and Absorption Coefficients

31
25 Vet -Scaﬁgring
Experimental
2 Scattering
5 1 Conventional
— — — - Absorption
1 Experimental
05 Absorpt‘lpn
Conventignal

D D ® D ® ® O D
DN R O 2

Wavelength

When evaluated over Leneta cards the films, as described, possessed excellent colour
strength. Through further formulation, it was discovered that the colour strength achieved
from aqueous dispersions of polymer encapsulated pthalocyanine blue particles in a blue
base formulation, could only be matched in a comparative conventional system if the
10 loading of pthalocyanine blue pigment was increased by approximately 160% in the latter
ie 2.6 times more pigment needed to be included in the conventional comparative example

(as included in the paint derived in part (d)) to achieve the same colour strength as



(K/S (+L D (tR -G (+Y _B) % increase) Exanple 67.5 -5.25 1.48 -2.74 6.13
13(e) Visual observation of the dried filnms of the coatings of the

i nvention as descri bed above, showed apparent gloss, brilliance, clarity
as well as depth of colour to be vastly superior to the equival ent
conparati ve exanple. Measured val ues of gloss matched the results arrived
at by eye. WoI2a5/08T161 he paint from Exanple 13 (d) and tRET/aggselaizyve
exanple 13 (e) 20 were cast onto Leneta white charts with a drawdown bl ade
having a 175um gap and after drying for 24 hours were neasured for gloss
with a Dr Lange gloss neter. The results for 20 gloss as neasured indicate
the depth of gl oss observed. WO 2006/.Q37161 PCT/ AU2005/ 001512 -96 ( oss ()
Exanpl e 13 (d) Conparative Exanple 13(e) 20 43.0 27.3 60 80.7 76.6 85
95.7 92.4 Scattering and absorption coefficients over a range of

vavel engt Bhibvda ey ééebdtﬁqsg;@&io%‘ TP S oS %@%J‘%{eseﬂ?ﬁﬁ&nﬁoﬂ enabl e

changes in cienty o when treated e nethod of the
i nvent i onMdro efificiehit syiliseyion. Obeatcobmenglmwtmfsf’é@lmdl @1 8% bacfheptbsen 5

Scatterin Scattering 1 5 - Conventional Absorption
Experi rreng‘élfletffeg tﬂ}%/‘:’gi%fstlfz)lsorpt i on Conventi onal

As discussed under example 11, rub off of coloured pigment from the surface of dried
5 paint films is a problem frequently encountered in the coatings industry. No rub off of blue
pigment was seen here when compared to the conventional examples which both
experienced observed rub off of pigment, even at such relatively low PVCs of formulation.
This is an advantageous finding and is expected to follow for base coatings formulated to

any PVC.

10 Part (f) : Exemplification of the use of encapsulated pigment dispersions as tinters of

conventional paint systems.

Tt has been found that latexes formed from the method of the invention may also be

employed as tinters of conventional waterborne coating systems.

A dispersion of pthalocyanine blue as described in part (¢) was used to tint a conventional
15 white paint of PVC 15 (comparative example 1 from Example 20). Through
experimentation it was discovered that only half as much of the encapsulated
pthalocyanine blue pigment dispersion needed to be added to give colour strength
equivalent to that of the conventional pthalocyanine blue pigment dispersion when added
as a tinter, To get approximately equivalent colour strength, 25.16g of the dispersion from
20 part {c) (contains 11.52% solids, 3.5% pigment) or 25.16g of the conventional dispersion
(diluted to 11.5% solids, contains 7.2% pigment) was added to 250 m] of the conventional

white paint (comparative example 1 from Example 20).

The dispersion of part (c) was also used in tinting a waterborne low PVC paint formulated
using the encapsulated TiO; dispersion of the present invention (as from Example 20 (c)).

25 The improvement in colour strength achieved was even greater therein.

Films of the tinted paints from this example were cast onto Leneta white charts with a
drawdown blade having a 175um gap and after drying for 24 hours were measured for

gloss with a Dr Lange gloss meter:



0 ~0o0 aao a6o yyo 660 600 6ao 660 Wavelength 5 Wen eval uated over Leneta
cards the filns, as described, possessed excellent colour strength.
Through further fornulation, it was discovered that the col our strength
achieved from aqueous dispersions of polymer encapsul ated pthal ocyani ne
blue particles in a blue base fornulation, could only be matched in a
conparative conventional systemif the 10 | oadi ng of pthal ocyani ne bl ue

pi gnent was increased by approximtely 160%in the latter ie 2.6 times
nore pignment needed to be included in th&8&onventional conparative exanple
(as included in the paint derived in part (d)) to achieve the same col our
strength as WO 2006/ 037161 PCT/ AU2005/ 001512 -97 achi eved through use of
di spersions forrmul ated via the method of the present invention. More
efficient utilisation of the coloured pignent of around 60 - 70% has thus
been evidenced in this exanple. As d| s€ossadiomalipaingéxanpl e Baint fraim of f pf
col oured pi gnent fromGdmeventivhalqeainf (ri edinted peingt f i || MBercapsulptediOn
frequently eGtmwsfyered i dintdPusingt i ng:wm&&sibﬁm pibhent ) @hbanple Pd(eptinted
pi gnent was seen hefediﬁbél@mncﬁﬁﬁa!’:ﬂd o theg; be\l&{‘t' ondly &3iot¥r6
both experienced observed r, of f of | pi gnen even at such r g Lvely |
PVCs of fgrmulation Thi s iI'S an advapt ageous fi nding 4nd i s expected to
fol | ow f orrbase —coatftngs—fornutated—t ary—Pve—1o0—Partt—)

Exenplifidati og&of the use @Tgencapsu ated pi grrent di sper si ons_as tinter

O

W

[92)

of convention paijnt syst It has been fi8¢nd that |l at exes>¥brmed frpm
the met hod of ¢he |§;vent| orhay also be enplfdyed as tinters 079

conventional w&t erborne coa®8fg systens. A di88@ersion ¢f pthal ¥6Jani ne b] ue
as descrilded in part (c) was used to tint a conventional 15 white paint) of
PVC 15 (conparative exanple 1 from Exanple 20). Through experinmentation it
was di scovered that only half as nuch of the encapsul ated

Example 14: Themofusable powder Coating.

Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
5 containing an average of 20 monomer units per chain in a mole ratio of 3:1 using 2-

{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid.

A solution of 2-{{(butylsulfanyl)carbonothioyl]sulfany!} propanoic acid (0.71g, 3.0 mmol),
2,2’-azobisisobutyronitrile (0.04 g, 0.2 mmol), acrylic acid (1.10 g, 15.2 mmol), butyl
acrylate (5.73 g, 44.7 mmol) was prepared in dioxane (9.13 g) in a 50 mL round bottom
10 flask. This was stirred magnetically and sparged with nitrogen for 10 minutes. The flask
was then heated at 70 °C for 2 hours 30 minutes under ooﬁstant stirring. The final

copolymer solution was 41.7 % solids.

Part (b): Preparation of thermofusable powder coating particles using macro RAFT
agent prepared in Part (a).

15 Titanium dioxide (20.1 g) was dispersed in a solution of butyl acrylate (14.1 g, 0.11
moles), methyl methacrylate (26.2 g, 0.26 moles), macro RAFT agent (3.1 g, 0.5 mmol), 2-
{[(butylsulfanyl)carbonothioyl]sulfanyl} propanoic acid (0.40 g, 1.7 mmol) by mixing. To
this dispersion, Resiflow PL200A (0.82 g) and hydrogenated castor oil (HCO, 0.87 g) was
added and the dispersion was further dispersed using a Vibra-Cell Ultrasonic Processor

20  (Sonics and Materials, Inc.) standard probe at 30% amplitude for 5 minutes. After



pt hal ocyani ne bl ue pi gnent di spersion needed to be added to give col our
strength equivalent to that of the conventional pthal ocyanine bl ue pignent
di spersi on when added as a tinter. To get approximtely equival ent col our
strength, 25.16g of the dispersion from20 part (c) (contains 11.52%
solids, 3.5%pignment) or 25.16g of the conventional dispersion (diluted to
11. 5% solids, contains 7.2% pignent) was added to 250 ml of the
conventional white paint (conparative exanple 1 from Exanple 20). The

di spersion of part (c) was also used in t%hting a waterborne | ow PVC pai nt
formul ated wusing the encapsul ated Ti Q2 di spersion of the present invention
(as from Exanple 20 (c)). 25 The inprovenent in colour strength achieved

was even gr satietioh/he eihite dispei¥tonokast th@sferret @sla Pa MISrdund totiérh Tlaek aomhidinger e
cast onto Leneta white charts with a drawdown bl ade having a 175um_gap and
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20(c) ti nt ebourdit 0 s toarecéivomsightly dissparwhitndispémsign dilsiple centained 5698 soficls.
Part (c)_20.20.6 16.4.38.4 60 61.5 61.3 67. 85 88.9 88.2 93.2 anpl e
ra Thondi u?aglfﬂé ORI @AY S acRyjate rﬁ‘?-ébaﬁa égi‘*gw%’?), gwﬁaﬂm@xﬁ%&
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mononer units per chain in a nole ratio of 3:1 usin -
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in a 50 nL round bottom 10 Tlask. This was stirred magnetically and sparged
wi th ni 19 odterd ¥FrmLgowidbatiom flaskecontairing sodium nitrite (0.0064 g, 0.1 mmol) which was

in turn sealed and deoxygenated by nitrogen sparging for 10 minutes. The polymerisation
was carried out in a temperature controlled oil bath for 16 hours at 70 °C while was
constantly magnetically stirred. At the end of the polymerisation, the latex was filtered to
remove coagulations and was centrifuged and washed four times with distilled water to
15 receive a wet powder which contained spherical particles with an estimated average
particle size of 25 microns (Carl Zeiss optical microscope). A solution of Primid XLS52
crosslinker (0.29 g) and water (4.04 g) was mixed with the wet powder and the whole
sample was let to be air dried overnight forming a dry cake which was in turn broken up by
grinding using a mortar and a pestle and was sieved using a 125 micron sieve. The final
20 product formed a hard glossy white film on a glass slide after baking at 200 °C for10

minutes.
Example 15: Thermofusable powder coating.

Part (a): Preparation of thermofusable powder coating particles using macro RAFT
agent prepared in Example 14, Part (a) and dodecyl thiol as chain transfer agent.

25 Titanivm dioxide (20.34 g) was dispersed in a solution of butyl acrylate (10.32 g, 0.08
moles), methyl methacrylate (30.95 g, 0.31 moles) and macro RAFT agent from Example
14, Part (a) (3.47 g, 0.6 mmol) by mixing. To this dispersion, Resiflow PL200A (0.81 g)
was added and the dispersion was further dispersed using a Vibra-Cell Ultrasonic

Processor (Sonics and Materials, Inc.) standard probe at 30% amplitude for 5 minutes.



was then heated at 70 C for 2 hours 30 m nutes under constant stirring. The
final copolynmer solution was 41.7 % solids. Part (b): Preparation of

t her nof usabl e powder coating particles using nacro RAFT agent prepared in
Part (a). 15 Titanium di oxide (20.1 g) was dispersed in a solution of butyl

acryl ate (1l#wobogosteil noles), nethyl nethacryl ate (26perdu2dds@asiol es),
macro RAFT agent (3.1 g, 0.5 mmol), 2-

{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid (0.40 g, 1.7 nmol)
by mxing. To this dispersion, Resiflow PL200A (0.82 g) and hydrogenat ed
‘castor oil (HCO 0.87 g) was added af the dispersion was further

di spersed using a Vibra-Cell Utrasonic Processor 20 (Sonics and
Materials, Inc.) standard probe at 30% anplitude for 5 mnutes. After -99-

soni cation, the, white di spersion was transferre 1 u bottom
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up by s magnetically. At the end of the polymerisation, the latex was filtered to remove

coagulations and was centrifuged and washed six times with distilled water to receive a
wet powder which contained spherical particles with an estimated average particle size of
25 microns (Carl Zeiss optical microscope). A solution of Primid XLS52 crosslinker (0.51
g) and water (2.07 g) was mixed with the wet powder and the whole sample was let fo be
20 air dried overnight forming a dry cake which was in tun broken up by grinding using a
mortar and a pestle and was sieved using a 125 micron sieve. The final product formed a

hard and glossy white film on a glass slide at 200 °C after 10 minutes.

Example 16: Thermofusable powder coating based on:

2-{[(dodecylsulfanyl)carbonothioyl]sulfanyl}propanoic acid

25 Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
containing an average of 20 monomer units per chain in a mole ratio of 3:1 using: 2-

{[(dodecylsulfanyl)carbonothioyljsulfanyl}propanoic acid.

A solution of 2-{[(dodecylsulfanyl)carbonothioyl}sulfanyl}propanoic acid (0.99g, 2.8
mmol), 2,2 -azobisisobulyronitrile (0.07 g, 0.4 mmol), acrylic acid (1.03 g, 14.3 mmol),



grinding using a nortar and a pestle and was sieved using a 125 m cron
sieve. The final 20 product fornmed a hard glossy white filmon a gl ass
slide after baking at 200 C forl O mnutes. Exanple 15: Thernofusabl e
powder coating. Part (a): Preparation of thernofusable powder coating
particles using macro RAFT agent prepared in Exanple 14, Part (a) and
dodecyl thi $IOA/BRWIN transfer agent. 25 Titani um di oxiPEEAT2H58USE) was
di spersed in a solution of butyl acrylate (10.32 g, 0.08 nvoles), nethyl
met hacryl ate (30.95 g, 0.31 noles) and macro RAFT agent from Exanple 14,
Part (a) (3.47 g, 0.6 mmol) by mxing. To this dispersion, Resiflow PL200A
(0.81 g) was added and the dispersi oni®as further dispersed using a
Vibra-Cell Utrasonic Processor (Sonics and Materials, Inc.) standard
probe at 30% anplitude for 5 m nutes. WO 2006/ 037161 PCT/ AU2005/ 001512
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5 hour at 70 Cto rxe\'lge/?ve1 a slightly viscous white di spersion which

contained 55.5% solids. To this dispersion, a solution of butyl acrylate
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2,2 -azob?éséieso%ﬁ%lr%gg??%ﬁﬁﬁ%dg%ﬂ\é%,“%l hol) in a 100 nL beaker and was
then redispersed in a preheated (90 C) polyvinyl alcohol solution (64.23g,
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(0.10 g, 0.6 mmol), dodecyl thiol (0.56 g, 2.8 mmol) and hydrogenated castor oil (HCO,
0.82 g) and was sealed then deoxygenated by nitrogen sparging for 10 minutes. The flask
15 was immersed in a temperature controlled oil bath for 1 hour at 70 °C, to receive a slightly
viscous white dispersion, which contained 55.1% solids. To this dispersion, a solution of
butyl acrylate (5.18 g, 40.4 mmol), methyl methacrylate (15.53 g, 0.16 moles) was added.
The diluted dispersion (27.00 g) was preheated to 70 °C, then mixed with 2,2’-
azobisisobutyronitrile (0.18 g, 1.1 mmol) in a 100 mL beaker and was then redispersed in a
20 preheated (90 °C) polyvinyl alechol solution (55.20g, 2.5%, 80,000-100,000 g/mole; 88%
hydrolysed) by a overhead mixer spinning at 1250 rpm over 5 minutes. The suspension
was quickly transferred to a 100 mL round bottom flask containing sodium nitrite (0.0062
g, 0.1 mmol) which was in turn sealed and deoxygenated by nitrogen sparging for 10
minutes, The polymerisation was carried out in a temperature controlled oil bath for 7
25  hours at 70 °C, while constantly stirred magnetically. At the end of the polymerisation, the
latex was filtered to remove coagulations and was centrifuged and washed six times with
distilled water to receive a wet powder containing particles with an estimated average size
of 25 microns (Carl Zeiss optical light microscope). A solution of Primid XILS52
crosslinker (0.56 g) and water (2.09 g) was mixed with the wet powder and the whole
30 sample was let to be air dried overnight forming a dry cake which was in turn broken up by



wet powder whi ch contai ned spherical particles with an estimated average
particle size of 25 microns (Carl Zeiss optical microscope). A solution of
Primd XLS52 crosslinker (0.51 g¢g) and water (2.07 g) was mxed with the
wet powder and the whol e sanple was let to be 20 air dried overnight
formng a dry cake which was in turn broken up by grinding using a nortar
and a pestle and was sieved using a 125 mcron sieve. The final product
formed a hard and glossy white filmon a glass slide at 200 C after 10

m nut es. Exanpl e 16: Ther nof usabl e powderl02eati ng based on:

2-{[ (dodecyl sul f anyl ) car bonot hi oyl ] sul f anyl } propanoi ¢ acid 25 Part (a):
Preparati on of a pol y(butyl acrylate-co-acrylic acid) nacro-RAFT agent
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mml), by mxing. To this di spersi on, Resiflow PL200A (0.81 g) was added

andthedis erlon I ng, a Vi bra- asonic
Processor #&ﬁﬁfﬁé@ﬁg lcﬁﬁbo?‘ i]ﬁﬁg RFOL ?c%:cgb%g r‘lllt)ude
for 5 i nutm: az%tﬁobﬁ@mrﬁﬁné QUO?téTeO mhhﬁlsl)dh&gﬁésacmm Mg @@nﬁﬁﬁdly e‘lS'utS/p a
100 L round bottom flask contai ni ng 2,2 - azobi si sobutyronitrile élo ot g,
pm

0.6 mol§, asdatey(6.2818. d0.Q moBd) yas Ereaanmm Yicxape @%ﬂ%@e\m Y mdaxmup
(HOQ 0. 82,4k #l WRSDRA'SibrbASH R HARRANGh Rrodbd BRI ERALS! Tife Fif 10
was then heated at 70 °C for 3 hours under constant stirring. The final copolymer solution

was 39,1% solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of yellow bismuth
15 vanadate pigment (Irgazin yellow 2094, Ciba Specialty Chemicals) using macre
RAFT from Part (a) as a stabilizer.

Yellow pigment (5.28 g) was thoroughly mixed with macro RAFT from Part (a) (5.12 g,
0.17 mmol) to achieve a viscous yellow paste. To this paste, water (50.73 g) was added
and mixed while an ammonium hydroxide solution (28 %) was added drop wise until the
20 pH of the dispersion reached 5. The dispersion was further dispersed using a Vibra-Cell
Ultrasonic Processor (Sonics and Materials, Inc.) standard probe at 30% amplitude for 10
minutes. During the sonication process, the dispersion was stirred magnetically and cooled
in a water bath. It was then transferred to a 100 mL round bottom flask containing 4,4’-
azobis(4-cyanovaleric acid) (0.0267 g, 0.1 mmol) and was deoxygenated by nitrogen
25 sparging. The whole flask was immersed in an oil bath with a temperature setting of 70 °C,
while a deoxygenated mixture of butyl acrylate (1.16 g, 9.1 mmol) and methyl
methacrylate (3.49 g, 34.8mmol) was fed into the flask at 0.94 g/hr over 5 hours. After

monemer addition was complete, the heating was continued for another 13 hours after



15 was imersed in a tenperature controlled oil bath for 1 hour at 70 C, to
receive a slightly viscous white dispersion, which contai ned 55.1% sol i ds.
To this dispersion, a solution of butyl acrylate (5.18 g, 40.4 mol),

met hyl nethacrylate (15.53 g, 0.16 noles) was added. The diluted

di spersion (27.00 g) was preheated to 70 C, then mxed with 2,2'-

azobi si sobutyronitrile (0.18 g, 1.1 mml) in a 100 nL beaker and was then
redi spersgd in a 20 preheated (90 C polyvinyl alcohol solution (55.20g,
2.5% 80, 000- 100,000 g/ nmol e, 88% hydroly8ked) by a overhead m xer spinning
at 1250 rpmover 5 mnutes. The suspension was quickly transferred to a
100 m. round bottom fl ask containing sodiumnitrite (0.0062 g, 0.1 muol)
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solution Materials, Inc.) standard probe at 30% amplitude for 10 minutes. During the sonication

process, the dispersion was stirred magnetically and cooled in a water bath. The white

15 dispersion (34.60 g) was transferred to a 100 mL round bottom 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 (1.39 g, 10.9 mmol) and methyl

methacrylate (3.24 g, 32.4 mmol) was fed into the flask at 0.92 g/hr over 5 hours. After

20 monomer addition was complete, the heating was continued for another 16 hours after

which time polymerization was found to be complete. The latex was white and stable,

containing particles about 389 nm in diameter (HPPS, Malvern Instruments Ltd) and

54.8% solids. Transmission electron microscopy showed that the latex contained

individually encapsulated TiO; particles.
25 Example 19: Polymer coated TiO-.
Part (a) Preparation of 2-[(Ethoxycarbonothioyl)sulfanyl]succinic acid.

Potassium O-ethylxanthate (Aldrich, 32.00 g, 200 mmol) was added all at once to a stirred

solution of maleic acid (76.56 g, 660 mmol) in water (153 mL) in an Erlenmeyer flask,



was 39.1% solids. Part (b): Poly(nethyl nethacryl ate-co-butyl acryl ate)
coating of yellow bisnmuth 15 vanadate pignment (lrgazin yellow 2094, G ba
Speci alty Chemi cals) using nacro RAFT fromPart (a) as a stabilizer.
Yel | ow pi gnent (5.28 g) was thoroughly mxed with macro RAFT from Part (a)
(5.12 g, Oyl to achieve a viscous yellow paste st e,

wat er (50.7 g:’)0 vvasi%dded and m xed whil e an amoni um ﬁygﬁg%% 01 ution
(28 %9 was added drop wise until the 20 pH of the dispersion reached 5. The
di spersion was further dispersed using a Vibra-Cell Utrasonic Processor
(Sonics and Materials, Inc.) standard {Hobe at 30% anplitude for 10

m nutes. During the sonication process, the di spersion was stirred
magnetically and cooled in a water bath. It was then transferred to a 100
mL round i 4, 4' ZObIS( alerlc aci d) (0.0267
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10 g) in a 100 beaker an | SSO ved usi ng
amoni um YHPEr ad(@boma%onotlm}ﬂ)aug‘amlsueummacm 02 pi gment (19.91 g) was
added, m xed and was further thoroughly dispersed using a Vibra-Cell

U trasonig BlmsﬁpQ-[(E‘%ledlygéb%ﬁﬁoyl)su]fanyi]succinic acid (0.3 g, 1.3 mmol), 2,2’-
azobisisobutyronitrile (0.01 g, 0.1 mmol), acrylic acid (0.9 g, 12.6 mmol), butyl acrylate

(0.8 g, 6.3 mmol) was prepared in dioxane (2.6 g)in a 5 mL round bottom flask, The

15 solution was sparged with nitrogen for 1 minute while being stirred magnetically. The
flask was then heated to and maintained at 70 °C for 2.5 hrs under constant stirring, The
final copolymer solution was 43.4% solids.

Part (¢): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO;, pigment (TR92,
Huntsman Corporation) using macro RAFT from Part (b) as stabilizer.

20 A solution containing macro RAFT agent (050 g, 6.14 mmol), water (27.2 g) and
ammonium hydroxide, 28-30% (0.01 g, 0.11 mmol) was prepared in a 50 mL beaker. The
solution was dispersed using a Vibra-Cell Ultrasonic Processor (Sonics and Materials, Inc.)
standard probe at 30% amplitude for 1 minute. The pH measured to be 7.0. To this
solution, TiO, pigment (4.99 g) was added, mixed and again thoroughly dispersed using

25 the Vibra-Cell Ultrasonic Processor (Sonics and Materials, Inc.) standard probe at 30%
amplitude for 10 minutes. During the sonication process, the dispersion was stirred
magnetically. The white dispersion was transferred to a 50 mL round flask containing 4,4°-
azobis(4-cyanovaleric acid) (0.01 g 0.04 mmol) and was deoxygenated by nitrogen
sparging. The flask was immersed in an oil bath with temperature setting at 70 °C while a



Materials, Inc.) standard probe at 30% anplitude for 10 m nutes. During the
soni cation process, the dispersion was stirred magnetically and cooled in
a water bath. The white 15 di spersion (34.60 g) was transferred to a 100 nL
round bottom flask contai ning 4,4'- azobi s(4-cyanoval eric acid) (0.027 g,
0.1 mvol ) svshoass7tkeoxygenated by nitrogen sparging. Phwawkmbesibizask was
imrersed in an oil bath with a tenperature setting of 70 C, while a
deoxygenat ed m xture of butyl acrylate (1.39 g, 10.9 mmol) and net hyl

met hacrylate (3.24 g, 32.4 mmol) was fed into the flask at 0.92 g/ hr over 5
hours. After 20 nononer addition was-g@pl ete, the heating was conti nued
for another 16 hours after which tinme polynerization was found to be
conplete. The latex was white and stable, containing particles about 389

nmin di agesggerati@BSxridbrtRty aérﬂﬁ{er(um t§23=hﬂ)ol)9d’ﬁﬂ mey] ﬁlé}ae;lﬂa@é(l 65

Transmn ssion_electron m crosco showed that the | atex contai ned

i ndi vi dua® yo é?}é‘gﬁ%lﬂllvﬁ‘ﬁe@d‘ﬁl ?)zﬂaﬁli él 893 oy evesRyechonn thepodegrresedcioat ed

Ti 02. Par b%a@mﬂoe@%rm IO restun&g[ls@& ReneyiGe &EJNNRB{ |aﬂ %wrai%%rﬁi&h&ac ni c
aci d. PotaSS|un1C>ethX®g$nt ate drich, 3 was added al

at once t82%4 s (HEES efn Mﬁ%‘#ﬂtﬁwﬁdélﬂied@fﬁﬁ S@Kg B8 QQ 4"/’66@6@@1 latixn wat er
153 i 7 [ AU 104
ol Toved By anarmineE WM Ebmieif‘cley ety i S5 0 gt ddyidaany: 207,

initial ewapiasedTiOp pptiddtice a cl oudy yeIIOM/squtlon t he reaction began
to exothermand fornmed a creamprecipitate. The reaction was stirred for 5

hours at gRBAR! 26: emﬁﬁﬁﬁsub@wraﬁ PalifiNe %191 tg' 50 Mehd) g’lﬁa&{h hﬁﬂfl chloric

acid (10 nL The m xXture was t heate 5 stirred on a otplate until
a clear yé@p %Pthﬂllutthwhé%-cqybﬂmmlat%D@mgms then was filtered through
a plug of cotton wool and allowed to cool to 6C. The product was col |l ected

by vacuuppfd dta§ I Pid thtm\ﬁa&hfcﬁozyéﬁlﬂyﬁaéﬂyiatté-@o ﬁagﬂc %fdz]r 1?(1&199 t
Recrystal lization Pron1ma ter gave pal & cream granule 59073

50% 9 1gomtaininggnpversgetof %%}noppresramtﬁmcbamp@hym(qmr@ﬂo ofdrdhsing- co- acr yI ic
aci d) WaCﬁqF](E’ﬁﬁi;uﬁgﬁﬁjcarmotﬂi%:ﬂhg% ﬁﬁ&@i"m ng an average of 15 nonomner
units per chaln in & mole rati'o of I: sing:

2- [(Ethoxycar?onothloyIZsquaqlesu00|nlc aci d
ution of [(butylsulfanyl)carbonothioyljsulfanyl}propanocic acid (4.77 g,

20.0 mmol), 2,2’-azobisisobutyronitrile (0.164 g, 0.999 mmol), acrylic acid (14.47 g,
0.201 mol) and butyl acrylate (12.93 g, 0.101 mol) was prepared in dioxane (32.32 g) ina
15 50 mL round bottom flask. The acrylic acid and butyl acrylate samples were used as
supplied. No effort was made to remove inhibitor. This was stirred magnetically and
sparged with nitrogen for 10 minutes. The flask was then heated to, and maintained at 70
°C for 2.5 hrs under constant stirring. The preparation was repeated and the final samples
combined to provide sufficient material for subsequent stages of this example. The final

20  copolymer solution was 48.8 % solids.

Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO, pigment (TR92,

Huntsman Corporation) using macro RAFT agent from this example as a stabilizer.

A solution containing macro RAFT (4.262 g, 2.66 mmol), water (116.67 g) and 25%
ammonium hydroxide (0.453 g, 12.9 mmol) was prepared in a 100 mL beaker. To this
25 solution, TiO; pigment (48.62 g) was added, mixed and thoroughly dispersed using a
Branson Sonifier 450 with a 2cm probe set to 15% amplitude for 5 minutes followed by 10
minutes at 20% amplitude. During the sonication process, the dispersion was stirred

magnetically. The above preparation was repeated four times to obtain sufficient material



A sol ution of 2-[(Ethoxycarbonothioyl)sul fanyl]succinic acid (0.3 g, 1.3
mml ), 2,2'- azobisisobutyronitrile (0.01 g, 0.1 mmol), acrylic acid (0.9
g, 12.6 mml), butyl acrylate (0.8 g, 6.3 nmpol) was prepared in di oxane
(2.6 g) ina5 n round bottomflask. The 15 solution was sparged with

ni trogen fd¥O2008{0%ii¢le whil e being stirred magneti cal | y. PCIWU208504E%#2 was t hen
heated to and maintained at 70 C for 2.5 hrs under constant stirring. The
final copolyner solution was 43.4% solids. Part (c): Poly(nethyl

nmet haeryl at e-co-butyl acrylate) coating of Ti02 pignent (TR92, Huntsman
Cor poration) using macro RAFT fron1Paﬂ86(b) as stabilizer. 20 A solution
contai ni ng macro RAFT agent (0.50 g, 0.14 mml), water (27.2 g) and
anmoni um hydr oxi de, 28-30% (0.01 g, 0.11 nmmol) was prepared in a 50 nL
beaker. TRBd &% fine] sAmplas Wire sembmdd.uThe padicld kiva-cBetht bl idaSORIhaky OCESSor
(Sonics a T i [ abe at 30% anplitude for 1 mnute.
The pH negfﬁ%ggg%gﬁ%gH?%%gﬂfgughﬁgg%ggggéﬁgﬁ; Ti 02 pignent (4.99 g) was
added, m xed and agai n thoroughly dispersed using 25 the Vibra- Cel

U trasoni ¢apigdedize sm (Zabvrage)and Materials, Inc.) standard probe at 30%
anplitude for 10 m nutes. During the sonication process, the dispersion was
stirred &agplstli cal303.5 The white di spersion was transferred to a 50 nL '
round f agk ¢ tainj a 4,4' - azobis(4-cyanovaleric acid) (0.01 g, 0.04
mol ) and frgee eoxggg ated by nitrogen sparging. The flask was i mrersed in
an oi |l bakhnpltsh teqpegrature setting at 70 C while a WO 2006/ 037161

1' CT/ AU2005/ 001512 -105 deoxygenated m xture of butyl acrylate (0.67 g,

5. 23 ol Pamapld 4et B6.5met hacryl ate (1.65 g, 16.48 mmol) was fed into the
flask at 0.93 g/ hr over one hour then decreased to 0.467g/hr for 1.5 his.

The resul & k t ai particles th an average dianeter of 320.4
nm ( HPPS, Wg?@%@%afﬁéﬁ@ﬁhgﬁﬁgoL¥dY@“ﬁﬁﬁmﬁ%ﬁéﬁogbiWE%m@a@m@gmdmﬁ flask final
| at ex 5 weimshmitheebngnsts; asnsperasieOfroBd 86d Ex&%cﬁﬂrﬁd’a?%%@a%fr, %5'&5%& %ngéii_o
cont aif 'Q% %FEU%J%% enca au&g%gd Ti 02 particles. anpl e : “Adueous
Decor at'i v& Pat nt’ “BIPERAF A Do ch dapsumeDed e depxagenpist oy rirdgeh
met hacry| siagging ThelbamhplaeaydduiseX t6 atd Ngls wRatsod Smokih 142000
pon(buty&haC&Xl%ti;cozacr;??c ac?ﬂ macr 0- RAFT ag%ntﬁeg&%&kQSOhuom
¢ whole flask was immersed in an oil bath with a temperature setting of 70 °C, while a
deoxygenated mixture of butyl acrylate (20.59 g 0.161 mol) and methyl methacrylate
(28.42 g, 0.284 mol) was fed into the flask over 4 hours. At the end of this feed, 4,4’-
15 azobis(4-cyanopentanoic acid) (0.545 8, 1.72 mmol) was added to the reaction vessel, The
solution was then heated to 80 °C and a further deoxygenated mixture of butyl acrylate
(92.52 g, 0.722 mol) and methyl methacrylate (127.75 g, 1.276 mol) fed into the flask over
2 howrs. During this feed (1/2 way through) a further sample of 4.4°-azobis(4-
cyanopentanoic acid) (0.545 g, 1.72 mmol) was added. After monomer addition was
20 complete, the heating was continued for a further 1 hour afier which time polymerization
was found to be complete, After filtering, the latex was white and stable, containing
particles about 625.9 nm in diameter (Z average). The latex solids were 50.5%. The final

Pigment Volume Concentration was 15.4%.

25  In process samples were collected during the polymerization stage and characterized using
the Malvern Zetasizer, As expected, the polydispersity index PDI shows a clear narrowing

as the polymer forms around the pigment and the resulting particles become more

spherical.



10 contai ning an average of 15 nononer units per chain in a nole ratio of

1: 2 using: 2-{[(butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoic acid A
solution of 2-{[(butyl sul fanyl)carbonot hi oyl]sul fanyl}propanoic acid (4.77
g, 20.0 mmol ), 2,2'-azobisisobutyronitrile (0.164 g, 0.999 nmmol), acrylic
acid (14. 47wp.2006f330iL nol ) and butyl acrylate (12.93 0, pOr/ABlocERid2NaS
prepared in dioxane (32.32 g) in a 15 50 nL round bottom fl ask. The acrylic
acid and butyl acrylate sanples were used as supplied. No effort was nade
to remove inhibitor. This was stirred magnetically and sparged with
nitrogen for 10 mnutes. The flask wasjgyhen heated to, and maintained at 70
C for 2.5 his under constant stirring. The preparation was repeated and the
final sanples conbined to provide sufficient material for subsequent

st ages of ipke exanpl e. ] CHRPL solution was 48.8 % sol i ds.
Part (b): Slg{gilp}/(rret hyl m%jﬁgeé%%ﬁ%%;i%%lbﬂtﬁgl Mgggryl ate) coating of Ti02

pi gnent  ( PRIPIE2 Hunt smanf-emtpgeradd2chymRBDIirg0d8kr o RAFT agent fromthis
exanpl e aSjamnktabi lizer. |_ut ( R macro RAFT (4.262 g, 2.66
mol ), wat _erpé,116._67 9) Zathr %gdgqm%ﬁ%ﬁhy’&?@xi de (0.453 g, 12.9 mmol)
was prepaféil digpessian0  niZ-pesakger= 6260 trhj RD250.680 ut i on, Ti 02 pi gnent (48. 62
g) was added, m xed and thoroughly dispersed using a Branson Sonifier 450
W th as2cppr ahe t f i.nut.es fol |l owed by 10 m nutes
at 20% anpl i tgge. %tflitﬂr%&‘?;{%ﬁ%?c %ﬁ%rﬁ? %’r’%@@gs‘f“{'g@l‘ﬁiegﬁﬂf%‘m# \%é@z stirred
nmagnet i cadispersipadrem @art (b).epar ati on was repeated four tines to obtain
sufficient material WO 2006/ 037161 PCT/ AU2005/001512 -106 and the fi nal

sanpl es Wargoss 9mat A& rornli [ ' Lndi vi.dual, .m | | base
pr epar at i on%0 wgr e measur egteggoﬁgtﬁégﬁ%sgqomggs&?l&:Of%ﬂtﬁ)'cI e Size am (Z
Aver age) Ea?‘@l e.l 303.5 5 Sanple 2 308.1 Sanple 3 311.4 Sanple 4 316.5

The conbi &Y N verg addefdoing prige e a maress &flosed thy stirfif®Forms hise- necked

flask Encapsulated TiO2 Dispersion from part (b) (pH adjusted to 8.0, 800.00g), Foamaster IIT
10 (0.90g), Propylene glycol (12.79g), Proxel GXL (0.72g), Teric G9A6 (2.265g). Texanol
(17.502g) and Coasol (7.729g) were then added separately in a pencil stream whilst

stirring. Stiring then continued for 10 minutes. After being premixed in a separate pot,

propylene glycol (26.83g) and Natrosol 250 HR (2.43g) were added to the above mixture

and stirring continued for another 60 minutes. The pH of the mixture was adjusted to 9.0

15 with a mixture of Ammonium Hydroxide -25% (0.010g) and water (0.50g). Final paint

properties were as follows :

Paint Physical Properties :

Weight Solids: 47.02
Volume Solids: 36.05
20 WPL  : 1208
WPL Solids : 1.575

Part (d) : Preparation of a Comparative Conventional Polymer Dispersion

Several control paints were prepared for comparative purposes. In order to prepare
25 the control paints, an aerylic polymer dispersion with the same polymer composition

as that of theT encapsunlated dispersion was prepared.



equi pied with condenser, tenperature probe and nechanical agitator,
containing 4,4'- 10 azobi s(4-cyanopentanoic acid) (0.545 g, 1.72 nmmol) and
wer e deoxygenated by nitrogen spargi ng. The sanple was adjusted to pH 6 -
6.5 with 25% anmoni um hydr oxi de sol ution. The whole flask was i mersed in
an oil bath with a tenperature setting of 70 C, while a deoxygenated

m xture of butyl acrylate (20.59 g, 0.161 nol) and nethyl nethacryl ate
(28.42 g, 0.284 nol) was fed into the flask over 4 hours. At the end of
this feed, 4,4" 15 azobi s(4-cyanopentaneil@acid) (0.545 g, 1.72 nmol) was
added to the reaction vessel. The solution was then heated to 80 C and a
further deoxygenated m xture of butyl acrylate (92.52 g, 0.722 nol) and
met hyl et hpgd yuidof c&rﬁﬁ:ﬁ‘aﬁ@ &spé313ﬁ§s ﬁ?bﬂlof]ﬁﬁl)} ﬁﬁlﬂh&é&ﬂaféxaﬁﬂﬂi ﬂ'}éQfo (p%sﬂféﬁr S.
During this feed (1/2 way through) further sanple of 4,4'-azobis
cyanopentadﬂh@kﬁh%@m¥1ﬁﬁG%%2§7ﬂiﬂﬁ2 mol ) was added. After nononer addition
was 20 conplete the heating was continued for a further 1 hour after which

time poly onpl fidterdong I X
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Concentration was 15.4% 25 In process sanples were caollected duri né; t he
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from t heo aqxzwte(umd)sﬂrgamant thi & wessel fitedivithar ettlr(eh) Mﬁtwmefrmlwleow’ad@d\m roedexciaid d

der t fol
'n order B cgnmﬁleeied mixture stxrre(s) ¥a élyrt{) Ic(r)] {ete the e%urllsulon On completion of the 10

minute hold, the initiator solution comprising de-ionised water (475.83g), ammonium
persulfate (9.50g) and sodium carbonate (2.00g) together with the monomer emulsion were

fed to the reactor over a four hour period.
15 Once all feeds were finished, the reactor was held at reaction temperature for 15 minutes.

Tert-butyl perbenzoate (4.95g) was charged to the reactor and after a 10 minute hold,
followed by a feed of a mixture containing de-ionised water (50.00g), sodium erythorbate
(2.45g) and Alkanate WH60 (0.050g of a 60% solution) over 45 minutes.

At the end of this feed an ammonia adjustment {(25% ammonium hydroxide, 20.00g) was

20 added and cooling started. When the temperature was less than 40°C, de-ionised water
(20.00g), defoamer (0.50g) and biocide (10.00g) were added. Once cool the latex was
filtered through 90pum silk.

The final latex had the following characteristics:
Solids 46.4%
25 pH=173

Minimum Film Forming Temperature = 20°C



Encapsul ated Ti Q2 Di spersion frompart (b) (pH adjusted to 8.0, 800.009),
Foamaster |1l 10 (0.90g), Propylene glycol (12.79g), Proxel GXL (0.729),
Teric (PBA6 (2.265g). Texanol (17.502g) and Coasol (7.729g) were then added
separately in a pencil streamwhilst stirring. Stiring then continued for
10 m nut es wé\bdogus7l@i ng prem xed in a separate pot, preepatesoglsicol
(26.83g) and Natrosol 250 HR (2.43g) were added to the above m xture and
stirring continued for another 60 minutes. The pH of the m xture was
adjusted to 9.0 15 with a m xture of Ammoni um Hydr oxi de -25% (0.010g) and
water (0.50g). Final paint propertiesomere as follows : Paint Physical
Properties Wight Solids: 47.02 Volune Solids: 36.05 20 WPL 1.208 WPL
Solids : 1.575 Part (d) : Preparation of a Conparative Conventional Polymner

Di sper si oRaBe(edr:aCompatatiob “mérbbﬁ:emwervteﬁﬁhﬁdfoﬁ'ﬁhla%ﬂmﬁfxgttw %gﬁ%lpos_es.
t he co(ﬁt rol paints, an acrylic polyner dispersion

I n order repare .25
with the gg‘%ﬁ“ﬁ@ﬁ?ﬁ‘@f{m&iﬂﬂé’@m bn as that of the encapsul ated di spersion
was prepared. -108- The control conparative dispersion is an anionically
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(1.759), -ioni sed t (32.00g) and ammoni um per's wer e
t hen adde%&enf%ép %?‘ﬁ{ﬁ%s papgae Panpdr weufampbiedl® adhiigvet ths .safine

A kanat @ WEGO, (36, 000, or 5 600k cor o SIRage TpyaR 968 b8l kR s "2

Al kanat e Sy\lf-|60 36. 0012 of 60% s )
(39. 029, aB‘FSYﬂ(thHF? sgiids ﬁAt%{" PRt Jorduding Soeppsylated ipignreoh Givethere cothisiraiive Was

prepar ed fyntadyisngduh vedlfonalifed &N EcBHE %%&Etéﬁ%ly% é@@%ﬁ%ﬁ(ﬁ{tgﬁﬁ ﬁ ?eg

stirr? : %/Dng s were added in order a
r api di 9 t 9% %%{e@ie%seg Relvariipigmeni raity) to aHpivevinpariof of sl hiding power

of the paints. Comparative paints were prepared using the following formulae. The

pigment used in the controls was dispersed in a conventional manner in preparation of
these paints.



m nute hold, the initiator solution conprising de-ionised water (475.8309),
ammoni um persul fate (9.50g) and sodi um carbonate (2.00g) together with the
nononer enul sion were fed to the reactor over a four hour period. 15 Once
all feeds were finished, the reactor was held at reaction tenperature for
15 m nut es WO 3PPt yI perbenzoate (4.95g) was char gedGERHEPEct or and
after a 10 mnute hold, followed by a feed of a m xture contai ni ng
de-ioni sed water (50. 009), sodi um eryt horbate (2.45g) and Al kanate WH60
(0.050g of a 60% solution) over 45 mnutes. At the end of this feed an
ammoni a adj ust nent (25% anmoni um hydTb%g'de, 20.00g) was 20 added and
cooling started. Wen the tenperature was | ess than 40C, de-ionised water
(20. 009), def oarrer (0 509) and bi oci de (10.00g) were added. Once cool the
Iatexwa 'i’d ti,r h901umS|Ik The final |atex had the foll ow ng
char act er Og'tpf"ézgwe atikgerargtions o5 pH= 7.3 M ni mum Fi | m For ni ng Tenper at ur e
= 20C WD 2006/ 037161 PCT/ AY2005/001512 -109 Part (e) : Conparative
wat er bor ne | ow PVC pai nt s |f oY Reddived, Gempgativee | Compasitive JoCympetative slper si on
frompart (d). Conparative paPmPl ey E¥amipind af eBxsuplas t o Ezaaplea dl ear
i dent i fi pati-on—of—any bendfit&@%erived(¥POm ehcagstlnt i gn ofwigepe Tl t ani um
Di oxi de pidment Vigierh co par aBi29® and B.4d4per | nerg.52 pailnt 3683 €
speci fi caftlly fof#lgoailed tg | oWOPVC (fi e 91085s phi ntgr)ogm T h Nog ggf ender
pi gment s| Bg deRyopyeneeiycal i Je Padv@ 1 |was 17597 nul Bt eq fqa achi eveg anme
pi gment VMBI uneOCooacEAr at ifon, 0.g6d, df T gizapr um di q;%qe rct uéi%g
approxi neBel y tlbc Goage Vol ungs#plTdS ag jEHE pd.l n[01§6(,| uu'i uuq' r&,a“: ul at ed
pi gment . | BUr t NRjanGesPRY at Ve o pay Nt (AOG?Od.Hu #4) N ot -‘3,,,4 40
i ncl ude jB¢reagigliohay! gNeT PFEPPT T OIS 5@k tT it O—¢H cx' {decr eased
) IUt7§nt gsopower

pol ymer :|pi grenfard:@dd 93t ofal | ow congari son” of fes of
I i efare isi-na—the—fol |l owina faornul ae.

t he pai nt@. CONPAIFTRYE P 2IETe p'"‘ih%i%ﬁd S+

sel 1 _E;9_§§7r~nn /F‘np'p'a%l anner | n

The  pi g USEY [Tt e pont] ol S—has—6Spers 1.159 1,199
pr epar atfrpirof——=g 2= 4.696 4.057 3.402 2.934
E | Conirol Polymer 60.785 60.363 59.990 59.621
Dispersion - part (d)
E Teric N8 0.424 0.421 0.419 0.416
E Proxel GXL 0.083 0.082 0.082 0.081
F Water 2.076 2.061 2.049 2.036
G Texanol 2.014 2.000 1.987 1.975
G Coasol 0.889 0.883 0.878 0.872
H | Propylene glycol 3.087 3.066 3.047 3.028
H| Natrosol 250 HR 0.279 0.277 0.275 0,274
5
Method:

A. Load water to mixer. Turn on mixer, Sprinkle Calgon T in slowly and run for 5 minutes
B. Add in order to high speed mixer whilst stirring. Run for 5 minutes,
C. Add under high speed mixing,
10 D. Wash down sides and shaft. Run at high speed for 20 minutes.
E. Add water and emulsion to mixer with stirrer off. Add other items then stir for 15
minutes,
F. Add millbase to mixer with stirring. Washout millbase container,
G. Add Texanol and Coasol in a pencil stream whilst stirring,
15 H. Premix in a separate pot. Add with stirring then stir for 60 minutes.
Adjust viscosity and pH.



t hese paints. WO 2006/ 037161 PCT/ AU2005/ 001512 _110- Conparative Paint
Preparation : Conparative Conparative Conparative Conparative Exanple 1
Exanple 2 Exanple 3 Exanple 4 (W% (W% (W% (W% A Water 3.299 3.444
3.572 3.698 A Calgon T 0.091 0.095 0.098 0.101 B Propylene glycol 1.472
1.537 1. 59%yd 2080718 Orotan 731A 0.703 0.734 0.761 0. 738T/AB2008001612G9 A6

0. 144 0.150 0.156 0.162 B Foamaster 111 0.645 0.670 0.998 0.723 B

Anmoni um 0. 072 0.074 0.076 0.080 hydroxide -25% C Ti oxi de TR92 18. 170
18.965 19.667 20.362 D Water 1.071 1.121 1.159 1,199 E Water 4.696 4. 057
3.492 2.934 E Control Polyner 60.785160- 363 59.990 59.621 D spersion -
part (d) E Teric N8 0.424 0.421 0.419 0.416 E Proxel GXL 0.083 0.082 0.082
0.081 F Water 2.076 2.061 2.049 2.036 G Texanol 2.014 2.000 1.987 1.975
G Coasol ®HaigagRhwWic8iFRofkri@E8 0. 872 H Propyl ene gl ycol 3.087 3.066 3.047
3.028 H Natrosol 250 HR 0.279 0.277 0.275 0.274 5 Method:

Comparative Comparative Comparative Comparative
_ Example 1 Example 2 Example 3 Example 4

g/L TiO, 218 230 240 250
P:B ratio 64 67.5 70.5 73

PVC 15.4 16 16.6 17.2

Weight Solids 48.27 48.91 49.48 50.04

Volume Solids 37.36 - 37.70 38.01 38.31

WPL 1.204 1.213 1.220 1.228

WPL Solids 1.556 1.573 1,589 1.603

Resulis ;

3 Films of the paints from Example 20(c) and Comparative Example 1 (equivalent mass of
titanjum dioxide per litre of paint) were cast onto Leneta black and white charts with a
drawdown blade having a 175um gap and after drying for 24 hours were measured for

gloss with a Dr Lange gloss meter. They were also evaluated for film appearance and

visual opacity :
10
Example 20 (¢) Comparative Example 1
Film Appearance Excellent Flow Average Flow
Very Good DOI Poor DOI
Gloss
20 36 10
60 66.5 499
85 93.1 85.7
Visual Opacity (wet)
1-6 (poor-best) 3 2
Visual Opacity (dry)
1-6 (poor-best) 3 2




A. Load water to mxer. Turn on mxer. Sprinkle Calgon T in slowy and run
for 5 mnutes B. Add in order to high speed m xer whilst stirring. Run for
5 mnutes. C. Add under high speed m xing. 10 D. Wash down sides and shaft.
Run at high speed for 20 mnutes. E. Add water and enulsion to m xer with
stirrer of WO OHiHer itens then stir for 15 ni nut es PCR/AURROMSEA base to
mxer wth stirring. Washout m || base container, G Add Texanol and Coasol
in a pencil streamwhilst stirring. 15 H Premx in a separate pot. Add
with stirring then stir for 60 mnutes. Adjust viscosity and pH WO

2006/ 037161 PCT/ AU2005/ 001512 - 111-1Bai nt Physical Properties Conparative
Conparative Conparative Conparative Exanple | Exanple 2 Examle 3 Exanple
4 9/1- TiO2 218 230 240 250 P:B ratio 644 67.5 70.5 733 PVC 15.4 16 16.6

17.2 i gfim 89 VdlSesddbovd ift 8arP be 4@n%BatSthe Qdeasided @iRs oP kHiedSlnd Fro@bpalt. 70
38.01 38.31 WPL 1,204 1.213 1.220 1.228 _WPL Solids_1.556 1.573 1.589 1.603

Resul t s 5e¥amilg 206) ehall garps, prgles g Fsehighgre The, ditm o sis paint $hovsdanpl e |

(equi val eBt. ARESI1ifce ahd HRMEh dF RadgtlereREted frdth BreQlirfRAL Abd th\é@éﬁ}iaﬁﬁtﬁie ont o
Leneta bl ack and white charts with a drawdown bl ade having a 175um gap and

after dryF¥guder 24 hours were measured for gloss with a Dr Lange gl oss
nmeter. They were al so evaluated for fil mappearance and visual opacity :

10 5 The films were also evaluated for opacity by applying exemplified and comparative paints
at equivalent final film builds to Leneta SDX black and white opacity charts by means of a
#032 wire-wound drawdown bar. The reflectance of each of the films could then be
measured over the black and white substrates using a Macbeth 7000A spectrophotometer.
The reflectance data was then used fo calculate opacity in terms of Contrast Ratio, film

10 build to produce a nominated colour difference and the scattering coefficient,

The method used aligns to that of ASTM D2805 “Hiding Power of Paints by
Reflectometry” which is designed for testing the hiding power of pigments. The
reflectance measurements over the black and white substrate regions of the panels are used
to calculate the Y-tristimulus value (or the daylight luminous reflectance factor) for each of
15 the substrates. The measured contrast ratio (Yb/Yw) for films of equal thickness can then
be used as a measure of hiding power of the films and in the case of equal pigment loading,

a measure of the hiding efficiency of the pigments.

Example 20(c) | Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4
(218g/L)
(218g/L) (230¢g/L) (240g/L) (250g/L)
0.98 0.97 0.93 0.99 0.99

20 The higher the figure, the greater the hiding power of the paint.




Exanpl e 20 (c) Conparative Exanple 1 Film Appearance Excellent Flow
Average Flow Very Good DO Poor DO doss 20 36 10 60 66.5 49.9 85 93.1
85.7 Visual Opacity (wet) 3 1-6 oor-best 2 Visual Opacity (dry) 3 1-6
oor - best 2 WD 2006/ 037161 PCT/ AU2005/ 001512 -112 From the val ues above, it
can be seenrydb@bioif@ neasured gl oss of the filmfrom paigravesamzie 20(c)
at all three angles is significantly higher. The filmof this paint showed
greater brilliance and distinction of imges reflected fromthe surface,
than the conparative exanple. 5 The filnms were al so evaluated for opacity
by applying exenplified and conparatiygzpaints at equivalent final film
builds to Leneta 5DX bl ack and white opacity charts by neans of a #032

Wi r e- wound dramdomm bar. The refl ectance of each of the filnms could then be
measured QYR

spectr ophot orret er a@&%&u?g%ﬂ Fgg:ltlgﬁgg&gﬁé ﬁ%sﬁ%ﬁgﬁ%&j to(ﬁ%é;{) %‘g{}at e opacity
in terns ekenDdifiedapaintRati2d8 &1 wisplags thidihgl poweprbstipee Hain ofricompardtiveol our

di fferenc coefficient. The nethod used aligns to that
of ASTM ég%ﬂﬂﬁ%?%;dﬁngﬁ%%%?@ Pal nts by Reflectonetry” which is designed
for testi %ﬁ;lat he_hi di ng power of pignments. The reflectance nmeasurenents
over the ek Emdbuildiopecity s elsa deteyigedoypingon insyamsaiabinethed.e used to
calculate the Y-tristimulus value (or the daylight |um nous reflectance

factor)s f o &aghigf oflpimtt Ras %Hﬂ%ﬁrt@ta%ackuiﬁ \ﬂlﬁﬁ%ﬂ%ﬁ haRtkagta #@Q'vﬁre( Yb/ Yw)
for filnms of egual t hi ckness can then be used as a neasurée of hiding power

of the fi vegnddepwdawa far @&@nbbm@q@mroaphlg&ém hifliggdiRegectance was measured
over alternately black and white substrates and film build measured. Using the Kubelka-

Munk equations (see D Judd and G Wyszecki “Color in Business, Sacience and Industry”
p 427) the film thickness required to produce a nominated colour difference can be
10 calculated. For this test, a colour difference of DE= 0.4 was used and the film build

calculated for each paint to achieve this value.

Film Build required fo
achieve a DE of (.40
Example 20 (c) (218g/L) 101
Comparative Example 1 152
(218g/L) '
Comparative Example 2 122
(230g/L)
Comparative Example 3 98
(240g/L)
Comparative Example 4 79
(250g/L)




a neasure of the hiding efficiency of the pignents. Exanple 20(c)
Conpar ati ve Conparative Conparative Conparative (218g/L) Exanple 1 Exanple
2 Example 3 Exanple 4 (218g/L) (230g/L) (240g/L) (250g/L) 0.98 0.97 0.98
0.99 0.99 20 The higher the figure, the greater the hidin Qomer of the
pai nt. VIO J8PBNBSFIET PCT/ AUZ0DS/ 001512 - 113 Vhen evalRSEAMPGHILEH [y, t he
filmof Exanple 20(c) possessed excellent hiding power - the exenplified
paint, at 218 g/L, displays hiding power between that of conparative
exanples 2 and 3 at 230-240 g/L. The dry filmbuild opacity was al so

determ ned using an instrunental nethéé¥'5 An even filmof paint was
applied to a black and white Leneta chart using a #032 wire wound drawdown

bar to a filmbuild approaching dry hiding. Reflectance was neasured over
al t er nat elpe blowek tendilmhbuild saqbised; dhe grented the | idibgi poverredsthe quintUSong t he

Kubel ka- I - rin Si ness,
S;ci ence %5?%%%{ %03%’%“ %ﬁg@# cgﬁcgg?@ﬁ%st i c%#gga?v? %ﬁ% E}éagll l%?léefql) gsce a
nom nat ed 56%l mare fint foeildrica Beampbe 20) dalpcadued éok. saker cdldirliffasmce. ool our
difference of DE= 0.4 sed..and the filmbuild cal culated for each
Chint v SeRpatE o3 S R Rairrrts cRmrEd b ey SR 0. 40
Exanpl &5 2@ilfabpild BiiBY0 I diligmén mpmstah theeeftxacrdi-amblelBRCY £ b8IY/AB g/L.
Conparative Exanple 2 122 (230g/L) Conparative Exanple 3 98 (2409g/L)

GConpar at | \é%a%i%g%e%ﬁéer?tsg were measured separately by an instrumental method, This function
is a measure of the amount of light scattered at the pigment/vehicle interfaces within the
paint film. The scattering coefficient is calculated via the Kubelka-Munk theory using the
same reflectance measurements as contrast ratio. The values of Rb, Rw, the measured

10 reflectance over White and Black substrates, W, the reflectance of the white substrate and

T the film build, are inserted in the following equations:

1-a*R
S(mm™) = 1000 4 ot~ {—a - J

b*T b*R,
where:
azo_ﬂ[R”&ﬂ_—&J
15 R, *W
b=a4fla* -1
coth™ x = L4 ln[—ii-}i:|
2 x—1
20

For a white pigment, the S value is largely independent of wavelength over most of the

vigible spectrum, so the measurements at a wavelength of 560nm are used here.



(250g/L) WO 2006/ 037161 PCT/ AU2005/ 001512
the greater the hiding power of the paint.
t he conparative paint Exanple 1 requires

requi

constant pignent concentrations,

red,

For

50% nmore filmbuild than Exanple 20(C) to produce the sane col our

di f ference.

For conparison at constant

filmbuild,

-114 The lower the filmbuild
conpari son at

conparati ve Exanple 3

has approximately the sane 5 filmbuild but 240 g/L of pignment to nmatch the
ref erence Exanple 20(C) at only 218 g/L.

nmeasured separately by an instrunental
of the anount of

rmethod. This function
light scattered at the pignent/vehicle interfaces within

Scattering coefficients were

iS a neasure

the paint film The scattering coefficient is calculated via the
Kubel ka- Munk t heory using the sane reflectance neasurenents as contrast
rati o. Thg Vvalues of Rb, va tHie measured 10 reflectance over Vhite ahd
Bl ack subgtrates, W t{g4l ;Iectance of (the whi tg.SHL E&ﬁl? d Tthe film
build, arg |nserted in the fol | owi ng equatlons S%g?l em%“ b*T b* R,
where: a=0-5* R‘vv'*P\b+‘vAv’ RWV—15-—Rb*W—b=-a2—1-oth—t—x=ttn—>x+1+—2Fx=311 20
For a whi tje nt he é? Iu is Iar gely i ndependent . of wavel engt h|over
nmost of the VI gl%i‘l’”é‘ Lep& K%ﬁ gﬁc) t he ngasurenents at qi Lavel ength of | 560nm
are used here. -115- Variant Relative sgattering Exanple 20 (c) (218g4l)
111 Conpgrative-bBxarpte—1+{(218g-L)>—106:

Comparative Example 1 (218g/L) 100

Comparative Example 2 (230g/L) 100

Comparative Example 3 (240g/L) 106

Comparative Example 4 (250g/L) 111

10

For Examples at equal pigment loading of 218 g/L, the scattering of Example20(c) is 11%

greater than Comparative Example 1. For samples at equal scatter, the Comparative

Example 4 has a 15% greater pigment loading than Example 20(c).

Further confirmation of the increased effici

ency of pigment utilisation though

encapsulation of titanium dioxide by the disclosed method, was gained through the

examination of the tinting strength of the paint Example 20(c) against Comparative

Example 1. In this analytical method, a standardised black tinter is blended with the white

base paint at a specified concentration. The paints are applied to Leneta 5DX cards using a

#040 wire wound drawdown bar to achieve equivalent film build. The colour of the panel

prepared from this mixture is then instrumentally compared to that of a standard.



Conparative Exanple .2 (230g/L) 100 Conparative Exanple 3 (240g/L) 106
Conparative Exanple 4 (250g/L) 111 For Exanples at equal pignent |oadi ng of
218 gl L, the scattering of Exanple2Q(c) is 11 % greater than Conparative
Exanpl e 1. For sanples at equal scatter, the Conparative 5 Exanple 4 has a
15% gr eat er W9 9037161 oadi ng t han Exanpl e 20(c). Furt her PEGAURYRASEN of t he
i ncreased efficiency of pignent utilisation though encapsul ation of
titani um di oxi de by the disclosed nethod, was gai ned through the

exam nation of the tinting strength of the paint Exanple 20(c) agai nst
Conparative Exanple 1. In this anal ytigal nethod, a standardi sed bl ack
tinter is blended with the white 10 base paint at a specified
concentration. The paints are applied to Leneta 5DX cards using a #040

wi re wound drawdown bar to achieve equivalent filmbuild. The colour of the
panel prepared fromthis mxture is then instrunentally conpared to that

of a st apdard—WD 2006403161 PCH-ALRO85/004512—+1 6 Ecanyd (c)
Conparat {ve Exanple 1 21p /L B €Ll Ti |t CEPPRRRIR H’f‘%ﬁ d. 21
Rub-Up 0(67 0.20 Paint Ex nd Cnnparatﬁv were al so
eval uated for hydrophilic]land hydrophobic stain resistance and gcrub

resi st ang¢elnialJing $frenggh st ance test: 1. Sanpl es of the paints of |i nterest
are drawh down on a cardbpard panel (Leneta plack and white charft) in
vertical [strips Bbing a 50 micronldlaw down jpar. Al so%fhcluded ag a
reference is cBapdimtive paint ex8ffl e 1. qu panel s &’ allowed |to dry for
24 hourgs. 10 2. A variety of stains are sprlead horizontally acrgss the
panel . These include 'hydrophilic' stains such as red wine, coffee and

wat er borne drawi ng nmarkers, and -
Paint Example 20 (c) and Comparative Example 1 were also evaluated for hydrophilic and

hydrophobic stain resistance and scrub resistance.
5 Stain resistance test:

1.  Samples of the paints of interest are drawn down on a cardboard panel (Leneta black
and white chart) in vertical strips using a 50 micron draw down bar. Also included as
a reference is comparative paint example 1. The panels are allowed to dry for 24
hours.

10 2. A vatety of stains are spread horizontally across the panel. These include
"hydrophilic’ stains such as red wine, coffee and waterborne drawing markers, and
"hydrophobic' stains such as crayon, pastel, lipstick and a black grease similar to hand
grease,

3.  The stains are left in place for one hour and then a commercial cleaning solution is

15 used with a rag to remove as much of the stain as possible.

The residual hydrophilic and hydrophobic staining is individually rated from 0to 3 (0 = no

stain, 3 = severe staining) and a total of all stains recorded. A low final value is best.

Scrub test:

The paint of interest is drawn down on a Leneta black plastic scrub panel using a 175
90 micron doctor blade. Individual panels are used for each paint, and the panels are allowed
to dry for two days, followed by 16 hours at 50 degrees. The panel is installed in a scrub

machine (Gardner heavy duty wear tester) and mechanically scrubbed in two places with a



" hydrophobic' stains such as crayon, pastel, lipstick and a bl ack grease
simlar to hand grease. 3. The stains are left in place for one hour and
then a comercial cleaning solution is 15 used with a rag to renove as
much of the stain as possible. The residual hydrophilic and hydrophobic
staining | svomdémardaal |y rated fromO to 3 (0 = no st @CmAU300s/0E612er €
staining) and a total of all stains recorded. A low final value is best.
Scrub test: The paint of interest is drawn down on a Leneta black plastic
scrub panel using a 175 20 mcron doctor blade. Individual panels are used
for each paint, and the panels are al{jgwed to dry for two days, followed
by 16 hours at 50 degrees.The panel is installed in a scrub nachine
(Gardner heavy duty wear tester) and mechanically scrubbed in two pl aces
wth a V\ODI%I%)?/ tﬂéﬂé%&%%@(;@%&%ﬁ%@%&éﬁme kb Berdr 4silib bmésf}s‘?ﬂeewﬂm of an
abrasive sol ution: e nunber of scrub cycles required to Tully renove the
pai nt fi | renioye thequind &tn fiorectyrdechion bothHweshes pad theeaverges algen. Talsawmbeniss nunber
is then ganve . i10Q: .ailed below Scrub resistance is
recor ded ggn ﬂ%%ﬁﬁﬂégf géﬁégc'%s é#%ihe scrub machine to break 5 through
the paint film This is then converted to a rating as detail ed bel ow
Nurmber of Sewh ubsistiRat iingecorded o the npmber3gh cyrles3Hy thperrab mpohing dp basaks00+ 5
Resul ' BXAIRIE 2 G FOURHUALbNorkd HPlafing os RilbAnéEs! Stance 5 11 Good
€ Scr SI'S

Aver ag ance

Number of scrubs Rating

1-200 1

201-300 2

301400 3

401-500 4

500+ 5

Results:

Example 20 (¢) Comparative Example 1
. . 5 11

Stain resistance Good Average
Scrub Resistance 5 5

10  Stain Resulis

Red Red | Blue | Green | Purple Total
“8 | Coffee | Marker | Marker | Marker | Marker | Gel Pen| Lipstick | Grease S
wine core
E"a“(”’)le Xy 0 0o | 2| 0| o 1 1 1 o | s
C
Comparafive| o | o | 5 | 2 o | 3 2 2 o | u
Example 1

Stain Rating: 0 - No stain, 1 - Slightly stained, 2 - Badly stained, 3 -- Severe



10 Stain Results Red Red Blue Green Purple Total
Mar ker Marker CGel Pen Lipstick G ease Score
105 (c) Conparative 0 02 203220 11 -Exanple 1 Stain Rating: O -
No stain, 1 - Slightly stained, 2 - Badly stained, 3 - Severe WD
2006/ 03716 WREPFATPO05/ 001512 - 118 The exenplified PEHIAUZIS/OHS%
resistant to stains than the conventional conparison. Filns of both this
pai nt exanpl e and conparative exanple 1, were applied to netal panels and
exposed to radiation in a QU cabinet for nore than 1,500 hours (QUV/ sec
nodel, made by Q Panel Co., USA, UVAIBO tube, with a cycle of 4 hrs W @
600C/ 4 hrs 5 condensation @50C). doss of the filnms was neasured at
regular intervals to gain an appreciate of the rate of gloss |oss on
exposur e. Tetbkempided paintiemoteSsiftan téanpathat ieomeatiglabeomparisdot al ti me
(hrs)/ 0 162 382 496 595 760 925 1,092 1 262 1,448 1,589 d oss 20 10 5.9
16.4 5.3 35.9 W13 32.1
>0 7 41, 3FHES Rgb‘gh%%%l"’é%t.e%‘a%%leén‘gémﬁp 1§ Sygue %4‘?"?3?%1?1@?%%%17 fishgo ,
77.6 10 GQadVedpopsistorradiatimlintasQUT cabi@trfir @na tHaa)1,500 Tkued (QUWeec(mr)@e),/ 0 162
382 496 595 760 925 1,092 1,262 1,448 1,589 doss 20, 36 29.9 23.2 24.2
16. 1 15. smpgde Oy WGPanck§:og BYA. UV 340 tube, with a cycle of 4 hrs UV @ 60°C/4 hrs

5 condensation @ 50°C). Gloss of the films was measured at regular intervals to gain an

Cof f ee Mar ker Marker
w ne Exanple 20002 0011

appreciate of the rate of gloss loss on exposure,

QUYV Exposure results for Comparative Example 1 :

Total time
(ars) 0 162 | 382 | 496 595 760 925 | 1,092 | 1,262 | 1,448 | 1,589
Gloss
20° 10 5.9 5.7 5.4 42 4.8 5.0 5.1 6.4 7.1 6.9
60° 49.8 | 35.3 | 358 | 38.1 35 321 321 28.7 41.3 45 43.3
85 857 | 683 | 73.1 ) 755 | 753 | 74.7 73.1 73.1 75.7 80.1 77.6
10  QUV Exposure results for Example 20 (c) :
Total time
0 462 | 382 496 595 780 925 | 1,092 | 1,262 | 1,448 | 1,589
(hrsy/
Gloss
20° 36 289 t 232 | 242 | 164 15.8 15.9 16.4 | 20.9 24 21.8
s0° 66,5 | 66.9 | 624 | 647 | 569 | 56.5 57.8 578 | 61.4 58.5 62.6
55° 93.1 | 915 | 90.8 93 89.6 | 88.9 90.3 90.7 92.9 80.4 92.8




60 66.5 66.9 62.4 64.7 56.9 56.5 57.8 57.5 61.4 58.5 62.6 850 93.1 91.5
90.8 93 89.6 88.9 90.3 90.7 92.9 90.4 92.8 WO 2006/ 037161 PCT/ AU2005/ 001512
-119 Exanple 21: H gh PVC Aqueous Decorative Paint containing TiQ2
encapsulated wthin a poly(nmethyl nethacryl ate-co-butyl acryl ate) coating.
Part (a): MepWeer®fison of a pol y(butyl acryl ate-co-acr yPCEAHOHIOIPECr 0- RAFT
agent containing an average of 15 nononer units per chain in a nole ratio
of 1:2 using: 5 2-{[(butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoic acid A
solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (4.77
g, 20 mmol ), 2,2'-azobisisobutyronit¥ivl-e (0.164 g, 0.999 mmol), acrylic
acid (14.47 g, 0.201 nol) and butyl acrylate (12.93 g, 0.101 nol) was
prepared in dioxane (32.32 g) in a 50 nL round bottom flask. The acrylic
acid and butyl acrylate sanples were used as supplied. No effort 10 was
made to rga@uplel 710 WighOPVCTAlyicotd SDabi-ative dPaimig petthinklg TiGnen@psulged Wit h

nitrogen for. 10 mnutes. The fl as t hep, heated to, and naintai ned at
70 C for ??@"rﬂ’%"ll'ﬁ’i?fg“ﬁ w&e' kl?‘ﬁ?f"’rf&’na{%%@ PEpar ati on was repeated and
the final sanples conbined to provide sufficient naterial for subsequent
st ages of Phfti @):cRephlaRion Tdtea fpolydbutgbpaiylabeco-sallik ackd) wesro-BAR agas| i ds. 15

Part (b): Poly(nethyl net ryl at e- ca- but acrylate) .coating.of Ti 2
pi gment (‘T‘F@?,‘““gﬁ?r%@’ff’&ﬁ Ogigﬂééf'&'fl%?ﬁnsm #éalﬁﬁ'ﬁgmlﬁﬁ%fmaoggh%]&ﬁ%m this
exanpl g ai-{ﬁbﬁﬁéy&hifhﬁﬂ arbondtifiGjsuifarylpoopmofd seg] nacr o RAFT (2.4894g, 1.55
mmol ), water (28.81 g) and 25% anmmoni um hydroxi de (0.2650 g) was prepared

in a 100 eake this solutio i I : dded,
m xed and%%&‘%@#’ﬁ@?@%‘é&@gﬁc écfnﬁ ?ﬁéﬁ%ﬁgﬁh&gﬁl&h %%‘f(% %ég‘@%ﬁ%l i a 2cm
probe set opoaAbiisabiayionintle (H.a64 g, 01900 tesolf, aktybiweadid(y4.4D gndA01 ewhaand20%
anplitude, Duri the sonicatio rocess, .the dis i n was, i d
magnet i caP¥t %ﬁﬂ%ﬂég%?i& (}'ﬁﬁamﬂﬁt Psgpied ml'hcgo’ﬁip? E%;Josjngfllnc?at |n(§)];'1 r‘%#ngcess was
repeat ed po@sin Bhski The daplieacidditdi Butyl actehateadample grernised bs pppkiddo Novedfort
achi eved. The final copigJé.i rer g:ﬁiol ution was 50%30 % soli ds,E 25 Thgorsarrpl e
(48. 251%) VaETads RIEREYTBHOHE- THis 090 sHHod RUBt L patsrpresd i o8B v ¢ b

10 minutes. The flask was then heated to, and maintained at 70 °C for 2.5 hrs under

constant stirring, The preparation was repeated and the final samples combined to provide

sufficient material for subsequent stages of this example. The final copolymer solution was

48.8 % solids.

15 Part (b): Poly(methyl methacrylate-co-butyl acrylate) coating of TiO, pigment (TR92,

Huntsman Corporation) using macro RAFT agent from this example as a stabilizer.

A solution containing macro RAFT (2.4894g, 1.55 mmol), water (28.81 g) and 25%
ammonium hydroxide (0.2650 g) was prepared in a 100 mL beaker, To this solution, TiO;
pigment (28.44 g) was added, mixed and thoroughly dispersed using a Branson Sonifier
20 450 with a 2cm probe set to 15% amplitude for 5 minutes followed by 10 minutes at 20%
amplitude. During the sonication process, the dispersion was stirred magneticaily and
cooled in a water bath. The ultrasonification process was repeated , as stated twice, until
adequate pigment dispersion was achieved. The final copolymer solution was 50.50 %

solids.

25 The sample (48.25 g) was transferred to a 1000 mL three-necked flask equipped with
condenser, temperature probe and mechanical agitator, containing 4,4’-azobis(4-

cyanopentanoic acid) (0.069 g, 0.218mmol) and were deoxygenated by nitrogen sparging.



condenser, tenperature probe and mechani cal agitator, containing

4,4' -azobi s(4- cyanopentanoic acid) (0.069 g, 0.218mol) and were
deoxygenat ed by nitrogen spargi ng. WO 2006/ 037161 PCT/ AU2005/ 001512 -120
The sanple was adjusted to pH 7.5 with 25% ammoni um hydr oxi de sol ution. The
whol e fIa§K0ﬁ%§m$Hﬂ%rsed in an oil bath with a tenper GIfAU286(00158y of 70
C, while a deoxygenated m xture of butyl acrylate (0.61 g, 4.76 mml) and
met hyl nethacrylate (0.93 g, 9.29 nmol) was fed into the flask at 0. 30

m / hour over 5 hours. After nononmer addition 5 was conplete, the heating
was continued for a further 1 hour afx@r- which tine polynerization was
found to be conplete. After filtering, the latex was white and stabl e,
containing particles about 332.9 rimin dianeter (Z average). The | atex

solids were s’i&}\@eélwas"/adjﬁﬁwa 16 iphiat. 5 RViGEs% aMaloditen Baneddd scditlioanThe@whdld. 50 %
10 Part (c).: terborne | ow PVC paint fornulated usin h&g encapsul at ed

Ti 02  di stsksyen immerephdn cary gil bath gy, apigepsie SRS 1 Al S S Bm t he

aqueous p@éd{gé“e’hat@& sRakSio® B9l ackast (€.6) &, 4. FaaRBUh@hRthyTneRadd1aRg0o30n from
part (b) (100.00g), was added to a m xér, with stirring. Texanaql (0.6809)
and Coas o 23wl yanisddntoilnlagh ab o134 ayyapwraves S hepry Aftshaionomeradditionni | st 15

Stirrigg. g icEninBQteE rtﬁ@ }fégﬁﬁé[ A8 dedrPhuckl f6P AUERSer ThBolrHa@dr {WRRRNMiXEUr € Was
adjusted to 9.0 wth a mxture of'anwonlunyhydrOX|de -25% (0. 010g) and
wat er (0. BOgmerizatiomivapiound to by eqpepleteodlicncliliering, the ltexagas wittg #nd i cal

2 opec s NS Sl AR Lo ST VB s

parati‘on of a Conparative
Convent i otaThdiha) Rigmedi ¥ plems iConcengstion was
74.50 %.

10 Part (c) : Waterborne low PVC paint formulated using the emcapsulated TiO;

dispersion from part (b).
A high PVC paint was formulated from the aqueous polymer dispersion of patt (b):

Encapsulated TiO, Dispersion from part (b) (100.00g), was added to a mixer, with stirring.
Texanol (0.680g) and Coasol (0.160g) were then added separately in a pencil stream whilst
15 stirring. Stiring then continued for 10 minutes. The pH of the mixture was adjusted fo 9.0
with a mixture of ammonium hydroxide -25% (0.010g) and water (0.50g). Final paint

properties were as follows :

Paint Physical Properties :

Weight Solids: 54.74
20 Volume Solids: 27.20
WPL : 1.594
WPL Solids : 3.209
PVC: 74.46

Part (d) : Preparation of a Comparative Conventional Polymer Dispersion

25
The control comparative dispersion is an anionically stabilised latex with the composition
MMA/BA/AA=56.03/42.27/1.70:



The control conparative dispersion is an anionically stabilised latex with
the conposition MVABA/ AA= 56.03/42.27/1.70: -121- De-ionised water
(1277.07g) and Al kanate WH60 (23.00g of a 60% solution) were charged to a
reactor fitted with nmechanical agitator, tenperature probe and condenser.
The reactor was heated to 80C and sodi um carbonate (1.75g), de-ionised
wat er (32.00g) and anmonium persul fate (1.50g) were then added. The
reactor was held at tenperature for 10 5 minutes. The nononer emnul sion was
pre-prepared conprising de-ionised water-12874. 95g), Al kanate WH60 (36. 00g
of a 60% solution), MVA (1285.79g, 12.84 nol), AA (39.02g, O0.54npl) and BA
(970. 20g, 7.57nmol). The nononer emul sion was prepared by adding the water
and sur f act peliodiSed? wiReS el2 77107k dntt AlkaflatS WHARS OG0T 6091 SoRHRL wee
order and the conpleted mxture stirred rapidly to conplete the e sl on.
On conpl et i orargdd tohgeddorifitted with enckbdmical aitaton itdmpdrarespriobe axdcanlepser.sThe

carbonate. (SR SgueRds B0Rhnd seltheh Shonah e dedinreer e and
reactor oveimmohRMi p&iolFatd €1.508) web tﬁeﬁ%ga&ﬂ Phe fcﬁ&tgr {vaeHeidt fFPMAre for 10

adj ust ment (25% ammoni um hydr oXi de, 20.00g) was added and cooling started.
Whien t he5t empbitess Themenemier smulsirwaO@e-piepareshéwnptisieg de-ioni®d (wae(6d4.95g),

detoame, (ke 0ol G005 i BB BRE MSRE LI G35 W B985

char act er i s0.541801) ai@ BAI #5209 Bhimol). The ﬁldibﬁieﬁgﬁhféidﬂm@b@wdméﬁ@tﬂé e
= 20C -122- Part d(e) X mparative waterborne high PVC paint fornulated
usi ng the cW#er&d suiciangito aivepset Sitted withoarstaer NMenomershivede addeal papider wad

bai e vas. 1106 SblECABUSGC BRI o BRI the bpfifich,. (A spoplRTRRIRY 1L°
5 deriveg frhinitecholdpshd abitiatdr Gohitida Edrhprdibenddiionise waite"eIms. 83 ealind iRt

-used in the
persulfate (9.50g) and sodium carbonate (2.00g) together with the monomer emulsion were

fed to the reactor over a four hour period.

At the end of this feed an ammonia adjustment (25% ammonium hydroxide, 20.00g) was
added and cooling started. When the temperature was less than 40°C, de-ionised water

15 (20.00g), defoamer (0.50g) and biocide (10.00g) were added. Once cool the latex was
filtered through 90um silk.

The final latex had the following characteristics:

Solids 46.4%
pB=17.3
20 Minmum Film Forming Temperature = 20°C



control conparison was dispersed in a conventional manner in preparation of
the paint. Stage Material Parts by weight A Deionised water 142.66

Propyl ene gl ycol 63.631 Antifoam 27.888 Ammoni um hydroxide - 25% 3. 095
Orotan 731A 30.402 Teric (PA6 6.253 B Tioxide TR-92 785.57 C Deionised
wat er 100.00 D Deionised water 235.856 Latex frompart (d) of this 187.310
exanpl e E Texanol 14.66 Coasol 2.35 Stage Aingredients were added in
order with stirring to a suitably sized vessel. Stage B 10 ingredients were
added and then dispersed at high speed fofy,20 min. The conmbined A and B
stages were added to a separate vessel using the Stage C to wash out the

di spersion vessel. Stage D ingredients were pre-m xed and added to the
conbi ned A—g\Mtklst'rring, and the conmhination stirred for a further

20mi nutes. SPEGEIE &ﬁagmﬂréi—l}ﬁ Yerterhoane ddghy FYC paipfe frrmulatefensing the fonfral nt
properties : ; X 6/ 037161 PCT/ AU2005/ 001512 -123- Paint
Physi cal pr%*ﬁé”?%‘??ﬁ@"%‘@ﬁm‘“??r‘f@@z 57.18 Vol ume Solids: 31.51 WL 1.600
5 WL Solids : 2.903 PVC: 71.85

A high PVC paint was formulated from the aqueous polymer dispersion of part (d).
A comparative paint was formulated so as to enable clear identification of any benefits
5 derived from encapsulation of the titanium dioxide pigment. The pigment used in the

control comparison was dispersed in a conventional manner in preparation of the paint.

Stage | Material Parts by weight
A Deionised water 142.66
Propylene glycol 63.631
Antifoam 27.888
Ammonium hydroxide — 25% 3.095
, Orotan 731A 30402
’ Teric G9A6 6.253
B Tioxide TR-92 785.57
C Deionised water 100.00
D Deionised water 235.856
Latex from part (d) of this 187.310
example _
E Texanol 14.66
| Coasol ' 2.35

Stage A ingredients were added in order with stirring to a suitably sized vessel. Stage B
10  ingredients were added and then dispersed at high speed for 20 min. The combined A and

B stages were added to a separate vessel using the Stage C to wash out the dispersion

vessel. Stage D ingredients were pre-mixed and added to the combined A-C with stirring,

and the combination stirred for a further 20minutes. Stage E was pre-mixed and added as a

pencil stream. Final paint properties were as follows :



Results : Filnms of the paints from Exanple 21(c) and the conparative
exanple 1 were cast onto 10 Leneta black and white charts with a drawdown
bl ade having a 175um gap and after drying for 24 hours were neasured for
gloss with a Dr Lange gl oss neter. Exanple 21 (c) Conparative Exanple 21(e)
20 39.0 1.3v0@We/1ed 5.1 85 97.1 22.0 Stain Exanpl e PECTALRISHEMSEr ati ve
Exanple 21(e) Wne 1 1 Texta (green) 3 2 Lipstick (red) 31 Gease 3 3
Stain Rating: O - No stain, | - Slightly stained, 2 - Badly stained, 3 -
Severe WD 2006/ 037161 PCT/ AU2005/ 001512 -124 Exanple 22: Agueous
Decorative Paint containing Ti Q2 encapzH ated within a styrene-acrylic
pol ynmer coating. Part (a): Preparation of a poly(butyl acrylate-co-acrylic
aci d) macro- RAFT agent containing an average of 15 nononer units per chain
i n a nol epsiat PigysiRhl Brogeriitsi:ng: 5
2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoic acid A solution of
2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid (4.77 g, 20 mol),
2, 2' - azobiVédiglolSatigs: oni t 157118 (0. 164 g, 0.999 mmol ), acrylic acid (14.47 g,
0. 201 nol yl acnryl,ate (12.93 g, 0.101 nol) was prepared in di oxane
(32.32 g)x?ﬁﬁ%%§§¥%%_ roé%'l bottom fl ask. The acrylic acid and butyl
acryl ate 3dipl es :were uselas supplied. No effort 10 was nade to renove
i nhi bi tor shk S as stir. magnetically and sparged with nitrogen for 10
ninuteé? ¥ﬂ§J§@5§§ was t'%ﬁ heated to, and maintained at 70C for 2.5 Ins
under col¥Gint stirringl-8fhe final copolymer solution was 48.8 % solids.
Part (b): Poly(nethyl nethacrylate-co-butyl acrylate-co-styrene-co-acrylic
aci d- co-

Results :

Films of the paints from Example 21({c) and the comparative example 1 were cast onto
10 Leneta black and white charis with a drawdown blade having a 175um gap and after drying

for 24 hours were measured for gloss with a Dr Lange gloss meter.

Example 21 (c) Comparative Example 21(e)
20 39.0 1.5
60 91.4 5.1
85 97.1 22.0
Stain Example 21 (¢) Comparative Example 21(e)
Wine 1 1
Texta (green) 3 2
Lipstick (red) 3 1
Grease 3 3

Stain Rating: 0 - No stain, 1 - Slightly stained, 2 - Badly stained, 3 — Severe




PLEX) coating of Ti02 pignment (TR92, Huntsman Corporation) using macro RAFT
15 agent fromthis exanple as a stabilizer. A solution containing nacro
RAFT (4.1421 g, 2.56 mol ), water (118.16 g) and 25% anmoni um hydr oxi de
(0.4404 g) was prepared in a 100 nil, beaker. To this solution, Ti02

pi gment (4MWORHNESs added, mixed and thoroughly di spditde28{04§1% Br anson
Sonifier 450 with a 2cm probe set to 15% anplitude for 5 mnutes foll owed
by 10 m nutes at 20% 20 anplitude. During the sonication process, the

di spersion was stirred nagnetically. The above preparation was repeated to
obtain sufficient material and the fil3dF sanples were conbined. The

conbi ned sanples (644.49 g) were transferred to a 1000 nL three-necked
flask equipied with condenser, tenperature probe and nechani cal agitator,
cont ai ni NExAnple -222 A gaas SDécosstaroPsint aootatniag i THD,( ércafilged wiiinnel ) and
wer e deoxygenated_ by nitrogen spargi ng. The sanple was adjusted to pH 6 -
6.5 with SRRNEARINF BAIYMFE O MEe sol ution. The whole flask was i mersed in
an oil bath with a tenperature setting of 70C, while a deoxygenated

m xture opalyh)| Prapsinakion &of(al oiFlhugyl AIylM-cvrmirylicaddyraideyd-RaFThagmmy| at e WO

2006/ 037161 PCT/ AU2005/ 005%2 -125 (l 7. 6£lbaqﬁ.0. 17? rrglJB) as fed into the

flask ovefonsaipggR average AL XMADYRET IS RER EYfin Jt 9 mole v ioﬂ\%—‘fﬂ/n&ﬁopent anoi c

aci d) 60.ﬁ_/ﬁ%blg;yls&}fgté%)‘gﬂmo)mml]@ﬁ!ﬂﬁﬁ]}bﬁoﬁdﬁﬁicraeﬁbti on vessel. The solution
a

was then heated to nd a further deoxygenated m xture of butyl acrylate
(94.88 g, ,0.740 ) t hyl t.hacryl at 2. 43 1, no rene
(47. 05g,  &.5kHom0 -r{s@%ﬁ%@ﬁ%ﬁwﬁl@@i@ﬁaﬁiﬁ&%ﬁ&%&%&%‘?’%% 20 oty ) fed

i nt oI t hef Q,%a?@b@msmbqtﬁoi}we %0.16@@{ 0.0 tofics), 356@110 gaiﬂ 140y gi msemgbl))laadf urther
sanpl e of 4, 4'-azobj s(4-cyanopent anoi ¢ aci d).. : gn .1 was
added. Af bt %%ﬁélrz-éiﬂd&i ik ?aﬁalf%?f@‘f m dl‘%‘é“%éé‘gzr% 19\/&53% “rlfg?ﬁ'%lﬂued f or
a further pdiohPidsk af hederyMai il doll MBtyPSdryIaR sk ples Brewred isuuppliddoNberfonnpl et e.

After filtering, the [ atex was white and stabl e contagiﬁgiwggﬂggrtl | es about
654. 3 19m was madedp apraeveriniibitor, Bpin yas stined anagnetic s g wpar OSSR 8 The

final Pi g'ﬂ@{%&nuyeg.' HHE 2SO M hdaR Wasnd Mdidtaided BarL°d €r 2.5\ enker ne
pai nt fornulated using the encapsul ated Ti 02 di spersion from
constant stizring. The final copolymer solution was 48.8 % solids.
Part (b): Poly(methyl methacrylate-co-butyl acrylate-co-styrene-co-acrylic acid-co-
PLEX) coating of TiO; pigment (TR92, Huntsman Corporation) using macro RAFT

15 agent from this example as a stabilizer.

A solution containing macro RAFT (4.1421 g, 2.56 mmof), water (118.16 g) and 25%
ammonium hydroxide (0.4404 g) was prepared in a 100 mL beaker. To this solution, TiO;
pigment (47.26 g) was added, mixed and thoroughly dispersed using a Branson Sonifier
450 with a 2em probe set to 15% amplitude for 5 minutes followed by 10 minutes at 20%
20 amplitude. During the sonication process, the dispersion was stirred magnetically. The
above preparation was repeated to obtain sufficient material and the final samples were

combined.

The combined samples (644.49 g) were transferred to a 1000 mlL three-necked flask
equipied with condenser, temperature probe and mechanical agitator, containing 4.4~
25  azobis(4-cyanopentanoic acid) (0.543 g, 1.72mmol) and were deoxygenated by nitrogen
sparging, The sample was adjusted to pH 6 - 6.5 with 25% ammonium hydroxide solution.
The whole flask was immersed in an oil bath with a temperature setting of 70°C, while a

deoxygenated mixture of butyl acrylate (10.70 g, 83.48 mmol) and methyl methacrylate



part (b). A gloss paint was fornulated fromthe aqueous pol yner dispersion
of part (b): 15 The followi ng were added in order to a m xer, followed by
stirring for 5 mnutes: Encapsulated Ti02 Dispersion frompart (b)
(88.858g), Foamaster |11 (0.015g), Propylene glycol (1.340g), Proxel GXL
(0.081g), WQRWAMHILP (0.200g). Texanol (6.015g) was t RER/ALZHGEYSEeparatel y
In a pencil streamwhilst stirring. Stiring then continued for 10 m nutes.
After being prem xed in a separate pot, Propylene glycol (2.980g), Acrysol
SCT-275 20 (0.181g) and Natrosol 250 HR (0.330g) were added to the above
m xture and stirring continued for ah2fther 60 minutes. The pH of the
m xture was adjusted to 9.0 with a mxture of Anmoni um Hydr oxi de -25% and
wat er. Final paint properties were as follows : Paint Physical Properties
25 Wi glit7.680k, 1576 Adl)4idas febliniorgheSHdskdser 33083, AVWRle ¢hd 1 7his\fRid, 84f+ ds

1.559 PVC : .14.65 WD 2006/ PCT/,AU2005/ 00 - 126 .Part :
Pr epar at i GﬁObbq}‘l'ﬁya@BHﬁﬁarna{ci f’&gﬁ’@%&ﬁ&ﬁa’i‘mﬁwﬁ ﬁé‘feaﬁf & 55‘?%0981?1?65?%?]?0 ntrol
conpar at i ¥elutlbs pas HeArhehisd & 8600 and & FErher Ib@lyigtiaseldmbaire ! butyh atigkte
conposi tion MVABA/ STY/ AA/ PLEX=_41.4/37,5/16. .9 St ag terjal Weight
% A D wile$s ao@-@"é)smﬂ()wanﬁfg Wﬂsthmlemaﬂf%d)%é .f%fgfr%t%eﬁ 5‘&5?@6%%97 B
AMoni WM REJTS PB4 D @F4e) BdSOMI(2IRE B0 NEhE!) Gdih thEfkdk wef 8hodd. 55 C
Anmoni um per’sul phate 0.197 . N

During this feed (1/2 way through) a further sample of 4,4’-azobis(4-cyanopentanoic acid)

(0.543 g, 1.72 mmol) was added. After monomer addition was complete, the heating was

continued for a further 1 hour after which time polymerization was found to be complete.

After filtering, the latex was white and stable, containing particles about 654.3 nm in

10 diameter (Z average). The latex solids were 49.39 %. The final Pigment Volume

Conceniration was 14.64 %.

Part (c) : Waterborne paint formulated using the encapsulated TiO; dispersion from

part (b).

A gloss paint was formulated from the aqueous polymer dispersion of part (b):

15 The following were added in order to a mixer, followed by stirring for 5 minutes:
Encapsulated TiO2 Dispersion from part (b) (88.858g), Foamaster III (0.015g), Propylene
glycol (1.340g), Proxel GXL (0.081g), Teric N4OLP (0.200g). Texanol (6.015g) was then
added separately in a pencil stream whilst stirring. Stiring then continued for 10 minutes.
After being premixed in a separate pot, Propylene glycol (2.980g), Acrysol SCT-275

20 (0.181g) and Natrosol 250 HR (0.330g) were added to the above mixture and stirring
continued for another 60 minutes. The pH of the mixture was adjusted to 9.0 with a

mixture of Ammonium Hydroxide -25% and water. Final paint properties were as follows :

Paint Physical Properties :

25 Weight Solids: 44.42
Volume Solids: 33.83
WPL : 1.187
WPL Solids : 1.359

PVC: 14.65



C Sodi um carbonate 0.034 D D water 17.625 D Al kanateWC60 ( Hunt sman)
0.735 D Methyl nethacrylate 18.371 D Butyl acrylate 16.61 D Styrene
7.188 D Acrylic acid 0.865 D PLEX 6844-0 (Rohm) 1.331 E DI water 1.399

F TBPB * 0.033 F DI water 0.033 G Sodiumerythorbate 0.049 G DI water
1.435 H TBER206G33@3 H DI water 0.033 | TBPB* 0. 033 POUAY2000EH2 0. 033 J
Ammoni um hydroxi de (25% 0.42 J DI water 0.42 K Sodium erythorbate 0.061
K DI water 0.321 WO 2006/ 037161 PCT/ AU2005/ 001512 -127 L Beval oid 4226
(antifoam 0.01 FD water 0.15 M Proxel GXL (biocide) 0.1 M Acticide MBS
(biocide) 0.2 TOTAL 100 TBPB= Tertial3p-butyl peroxy benzoate

Part (d) ;: Preparation of a Comparative Conventional Polymer Dispersion,

The control comparative dispersion is an anionically stabilised latex with the composition
MMA/BA/STY/AA/PLEX= 41.4/37.5/16.2/1.95/3

Stage Material Weight %
A DI water 20.235
A Alkanate WC60(Huntsman) 0.367
B DI water 0.097
B Ammonium persulphate 0.014
B Sodium carbonate 0.018
C DI water 11.55
C Ammonium persulphate 0.197
C Sodium carbonate 0.034
D DI water 17.625
D AlkanateWC60 (Huntsman) 0.735
D Methyl methacrylate 18.371
D Butyl acrylate 16.61
D Styrene 7.188
D Acrylic acid 0.865
D PLEX 6844-0 (Rohm) 1.331
E DI water 1,399
F TBPB * 0.033
F DI water 0.033
G Sodium erythorbate 0.049
G DI water 1.435
H TBPB # 0.033
H DI water 0.033
1 TBPB* 0.033
1 DI water 0.033
J Ammonium hydroxide (25%)  [0.42
J DI water 042
K Sodium erythorbate 0.061
K DI water 0.321




Met hod : Load stage Ato the reactor. Start N2. Heat to 80C . During heat
up , prepare prem xed stages B,C &. Stage D preparation: In a 3L plastic
beaker using 7.5 cmcow es blade, stir 5 at 1200 rpmfor 10 m nutes. At 80
C, add stage B. Hold it for 10 mnutes. At the end of 10 m nutes hold,

st op nitrodem2emoprsitart feeding stage C and D. Feed st Z§&FAC2QPPI{2er 4  hr
at 79-81 C. At the end of the feed, wash the line with stage E. Hold for 15
m nutes. Add pre m xed stage F. Sinultaneously, start feeding stage G
Feed over 45 minutes. Add pre m xed stages Hand | at 15 mnutes interval
during stage G feed. Start cooling. Atd¥pre 10 m xed stage J. Continue
cooling. Cool to 50 C. Add stage K. Add stage L at tenperature <40 C

Di scharge and filter through 90 mcron silk. The final |atex had the

fol | ow nﬂLchar adBevalad 4235 (antfodm)ds 45 0201% pH= 7.3 15 M ni num Fi | m Form ng
Tenper at = : ve—wat-erboef ne paint fornul ated using
the contr[M pol WREWa€Hi sper si on from Qa]rst (d). Alconparative paint was
prepared [ygi ng tpl%xglqbkpml&gdef)ornul a. |phe pignment used in the control
conparisgn was dispersed in a convent|onal mannefl in preparation of the

pai nts. 20 WO 2(8eiadAES (PictiddU2005/ 1512 -128 Stage Material Weight %
A Water 2—998—=; T-0-083BPropytggg orycor 1.337 Antifoam 0. 586
Anmoni um hydromggﬁmﬁ % 0.065 Orotan §31A 0.639 Teric NAOLP 0.131

TBPB= Tertiary butyl peroxy benzoate
Method :

Load stage A to the reactor. Start N2, Heat to 80C . During heat up , prepare premixed

stages B,C &D. Stage D preparation: In a 3L plastic beaker using 7.5 cm cowles blade, stir

5 at 1200 rpm for 10 minutes. At 80 °C, add stage B. Hold it for 10 minutes. At the end of

10 minutes hold, stop nitrogen and start feeding stage C and D. Feed stage C & D over 4

hr at 79-81 °C. At the end of the feed, wash the line with stage E. Hold for 15 minutes. Add

pre mixed stage F. Simultaneously, start feeding stage G. Feed over 45 minutes. Add pre

mixed stages H and I at 15 minutes interval during stage G feed. Start cooling. Add pre

10 mixed stage J. Continue cooling. Cool to 50 °C. Add stage K. Add stage L at temperature
<40 °C, Discharge and filter through 90 micron silk.

The final latex had the following characteristics:
Solids 45.5%
pH=7.3
15 Minimum Film Forming Temperature = 22°C
Part (¢) : Comparative waterborne paint formulated using the control polymer

dispersion from part (d).

A comparative paint was prepared using the following formula, The pigment used in the

control comparison was dispersed in a conventional manner in preparation of the paints.

20



C Tioxide TR-92 16.509 D Water 3.363 E Water 1.834 Latex frompart (d) of
this 59.959 exanple Teric N3 0.409 Biocide 0.082 F Water 2.522 G
Texanol 6.002 H Propylene glycol 2.973 Natrosol 250 HR 0.329 Acrysol
SCT-275 0.180 Stage A ingredients were added in order with stirring order
to a suitaﬂW?Z@F@gHﬂvessel. Stage B ingredients were tHMEAEIWOEISIEt h
stirring. Stage C was added and then the m xture 5 dispersed at high speed
for 20 m nutes. The conbined A, B and C stages were added to a separate
vessel using the Stage D and Stage F to wash out the dispersion vessel.
Stage E ingredients were pre-m xed -dd8i-added to the conbined A-C with
stirring, and the conbination stirred for a further 15 mnutes. Stage G
was added as a pencil stream Satge H was pre-m xed and added with
stirring. Stirring was continued for a further 60 mnutes. 10 Final paint
properties were as follows : -129- Paint Physical Properties : \Weight
Solids: 45.50% Volunme Solids: 35.20% 5 WPL 1.190 WPL Solids : 1.538 PVC

14.65 Result 5Stagh! || MBateFial he pai nts fromkiaigbe 22(c) and the
conparative exahple | lwere cast onto
A Water 2.998
CalgonT 0.083
B Propylene glycol 1.337
Antifoam - 0.586
Ammonium hydroxide —25% 0.065
Orotan 731A 0.639
Teric N4OLP 0.131
C Tioxide TR-92 16.509
D Water 3.363
E Water 1.834
Latex from part (d) of this 59.959
t example
Teric N8 0.409
Biocide 0.082
F Water 2.522
Texanol 6.002
H Propylene glycol 2.973
Natrosol 250 HR 0.329
Acrysol SCT-275 0.180

Stage A ingredients were added in order with stirring order fo a suitably sized vessel
Stage B ingredients were then added with stirring. Stage C was added and then the mixture
5 dispersed at high speed for 20 minutes. The combined A, B and C stages were added to a
separate vessel using the Stage D and Stage F to wash out the dispersion vessel. Stage E
ingredients were pre-mixed and added to the combined A-C with stirring, and the
combination stirred for a further 15 minutes. Stage G was added as a pencil stream. Satge
H was pre-mixed and added with stirring, Stirring was continued for a further 60 minutes.

10  TFinal paint properties were as follows :



10 Leneta bl ack and white charts with a drawdown bl ade having a 175um gap
and after drying for 24 hours were neasured for gloss with a Dr Lange

gl oss nmeter. They were also evaluated for film appearance: Property
Exanpl e 22 (c) Conparative Exanple Film Appearance Excellent Fl ow Average
Flow Goss 20 56 37 60 80 75 85 97 94 15 Exanple 23: Reconstituted
Decorative paint produced fromdried pignented |atex. Part (a):
Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
cont ai ning an average of 30 nononer unitsjpger chain in a nole ratio of 1:2
using 2- {[(butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoic acid 20 A
solution of 2-{[(butylsulfanyl)carbonot hioyl]sul fanyl}propanoic acid (4.77
g, 20.01 r’rﬂ)lmp §|sobutyron|trlle (0.164 g, 1.0 nmol), acrylic
acid (14. 47"9—%%6@;%%mml) butyl acrylate (12.93 g, 100.023mml) in
di oxane (32.32 g) was prepared in a 50 nL round bottom flask. This was
stirred mag and s ed with nitrogen for 10 minutes. The flask
was t hen heg{9 %ﬁ% C foggég At s under constant stirring. The final

copol yrmer svblnkosolhis 49. 38208solids. 5 Part (b): Preparation of a
reconstitutabl e white decorative paint based on a poly(nethyl

nmet hacryﬁatgfpéo- but-yl acrylléﬁ)@ , Tg =52C, coating of TiQ2 particles (TR92)
using the npgiosfiffsT prepajedgin this Exanple as a stabilizer. The

macr o- RAFT reagent (4.09g, o4 mmol) , de-ionised water (118.71g) and a
25% sol ut iBWCof ammoni um Méﬁom de in water (0.43g) were added to a 250nt
beaker. The pH 10 of the m xture was adjusted into the range 5.5-6.0 with
a small amount of additional amroni um hydroxi de solution. The m xture was
subj ect ed tBesmltsra sonication with magnetic stirring using a Branson 450
Sonifier for 1 mnute at 15% power to disperse the

Films of the paints from Example 22(c) and the comparative example 1 were cast onto
10 Leneta black and white charts with a drawdown blade having a 175um gap and after drying
for 24 hours were measured for gloss with a Dr Lange gloss meter. They were also

evaluated for film appearance:

Property Example 22 (¢) Comparative Example
Film Appearance Excellent Flow Average Flow
Gloss
20 56 ' 37
60 80 75
85 97 94

15 : _
Example 23: Reconstituted Decorative paint produced from dried pigmented latex.

Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
confaining an average of 30 monomer units per chain in a mole ratio of 1:2 using 2-

{[(butylsulfanyl})carbonothioyl]sulfanyl}prepanoic acid

20 A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propancic acid (4.77 g,
20.01 mmol), 2,2’-azobisisobutyronitrile (0.164 g, 1.0 mumol), acrylic acid (14.47 g,



macr o- RAFT agent. Ti 02 powder (46.75g) was then added to the m xture and
further wultra sonication was carried out for 5 mnutes at a power setting
of 15% and for 10 mnutes 15 at a power setting of 20% The quality of

pi gment di spersion was checked by neasurenent of average particle size
using a Malvern Zetasizer. The pignent dispersion was repeated four tines
and the products conbined to give sufficient material for the

pol ynmeri sation stage. The particle size of the four pignment dispersions
were individually characterised using a | vern Zet asi zer. 20 Pi gnent

di spersion Z Average nm Pol ydi spersity I'ndex 1 310.6 0.132 2 317.2 0.122
3 310.6 0.132 4 306.6 0.132 25 The four pignent dispersions (650g) were
conbi ned in cont ai ning: WO 2006/ 037161 PCT/ A112005/ 001512

|
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added to the reacti o vessel it.was held for 5 mnutes. A deoxygenated
5 sol uti on $P° §ﬂ? ‘Piﬁ’ﬁf 9?8% 1‘&;4. 91 mol e) and nethyl methacrylate

(35.48g, 354.35 nnDIe) was fed into the reaction vessel using a syringe

punp oves 4phqu d e f
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was reache at ed on of ty ate (43.159, 336.69

mol e) anddgg}sﬁzélus%%et EPWPHB@W d“i%‘?\{lﬁﬂeﬁﬁﬁﬁ iljger- fed to the

reaction vessel using a syringe punp over a 2 hour peri od At a point one

hour into tTie feed-RAFT feagsht V@99 t@EQ%m%l) f e ‘icﬂﬂs[edpﬁﬁﬂef gf‘l@‘?lg) and a 25% 4
ee

4,4' -azobi s(4-cyanopent anol ¢ aci d 1.71 mol e) ded and the
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\gglsyrrgﬁ Lot on f ﬁﬁ&%d&b&?[lstg@ u?tdd te'r%ﬂgé 515 8‘8 lél% g:% a%:[lo%n oef additional

ammonium hydroxide solution. The mixture was subjected to ultra sonication with
magllfzﬁc stirring wsing a Branson 450 Sonifier for 1 minute at 15% power to disperse the
macro-RAFT agent. TiO2 powder (46.75g) was then added to the mixture and further
ultra sonication was carried out for 5 minutes at a power setting of 15% and for 10 minutes
15 at a power sefting of 20%. The quality of pigment dispersion was checked by
measurement of average particle size using a Malvern Zetasizer. The pigment dispersion
was repeated four times and the products combined to give sufficient material for the
polymerisation stage. The particle size of the four pigment dispersions were individually

characterised using a Malvern Zetasizer.

20 Pigment dispersion Z Average nm Polydispersity Index
1 310.6 0.132
2 317.2 0.122
3 310.6 | 0.132
4 306.6 0.132

25  The four pigment dispersions (650g) were combined in a reaction vessel containing:



15 cooling and adjustnent of the pHinto the range 7.5-8.5 with 25%
ammoni um hydroxide and finally filtration through 40msilk. The final

| atex had a solids content of 48.01% and a pi gnent vol une concentration of
16. 2% and a final particle size of 618.2nm and pol ydi spersity index of

0. 076 as nd¥3e0e714dy a Mal vern Zetasi zer. 20 Part (c) PCPRARURAIIEn of a
reconstituted decorative paint based on the pignented |atex of this
exanpl e, Tg=52C, PVC=16.2% A portion of the pignented | atex prepared in
this exanple was first concentrated by centrifuging the latex at 7500r pm
for 10 minutes using a Becknan LB-BOWl U tracentrifuge. The clear
supernatant solution was decanted and the solid concentrate was 25 dried
overnight at roomtenperature. The concentrated solid material was then
suf fi ci enfdoyazoblEd-cyandpentent hg;ldj)r qkm,gup 7Anchrfola) edngd thieviheddspatry of itlaght

nmechani cal agitation and was.t fur r, dri
t enper at PASHIOT HesSehtvyas &1 @Vﬁﬁﬁlwﬂfﬁ I?‘P%tgg g%&%iée%gfﬁ%e%géﬂa measur ed
sol i ds cggtﬁfﬁg OfT}g%I{QuaMpzlaﬂ@ﬁib%@ &ﬁhoﬁKﬁTalnéid%Oﬁl OZDS.AR@ZI 71 p3Rolhives pai nt s

~were produced fromwet pignented | at %vldqf 0%%0 |i. d nd alf%n;tgcpm t he
dried powdded a2eddss|to &sr;)re%e%waﬁs dt 2 helf iy, I‘Hﬁu ¥ oReltf
ReCO”S§ | tdfi@n Bﬁbﬁt!;rl aEPﬁatQ (9. a% WDQI ey eid fBiRyd methawatglhte (wwg, &5@35 was

added to a m xer he water 5 (168.53,g) and sodA m Feéo 25 9)
added wi tthmgle) wpsf@gmtgﬁhezeacﬁ%wé@ UPRg BVIEHE PURPPYE #‘i"é g‘ &%l ded

fol | oved % ATl D e blaT b (4-TRAG RRATRXacRES (0L nanm@e) 22g)

fol | owed nutes stirring and a m xture of co rci coa scenC| ng
sol vent s, adﬂ‘och&mil th¢ ®mPeratyye @ﬂtberpgg@wessellwasggmgq to 8054, Opsed T’

t hi ckened W th 3Q8. ’@gsxgg{ Janaﬁa 1 and
Acrysol RRFIESY %Eégé‘%ggfg eafwlgmtg%pdg@lrﬁﬁlggaw “hour tcsz:lf?rrpl etesialg(t he pai nt
make- up. ethbargibteMAbNEse, A5SEDOR muolpatva fodels the m@%ﬁ%@ W@ SFEEPr ocedur e

ol 1 ds) (WSS ek Bl O Hr piink e bR Tudlthe bob! ETBNIOM) Absy, 640, O
further portmn of 4,4’-azobis(4-cyanopentanoic acid) (0.542g, 1.71 mmole) added and
the feed recommenced for the final hour. At the end of the feed the reaction vessel was
held at temperature for an additional 1 hour to complete the polymerisation followed by
15 cooling and adjustment of the pH into the range 7.5-8.5 with 25% ammonium hydroxide

and finally filtration through 40pm silk.

The final latex had a solids content of 48.01% and a pigment volume concentration of
16.2% and a final particle size of 618.2nm and polydispersity index of 0.076 as measured

by a Malvern Zetasizer.

20 Part (c): Preparation of a reconstituted decorative paint based on the pigmented latex
of this example, Tg=52°C, PV(C=16.2%
A portion of the pigmented latex prepared in this example was first concentrated by
centrifuging the latex at 7500rpm for 10 minutes using a Beckman LB-BOM
Ultracentrifuge. The clear supernatant solution was decanted and the solid concentrate was

95  dried overnight at room temperature. The concentrated solid material was then sufficiently
dry to be easily broken up and finely divided by light mechanical agitation and was then
further dried overnight at room temperature.

The white powder produced was free flowing and had a measured solids content of 92%.



hydr oxi de (0.25g) added and stirred for 20 m nutes. The remaining raw
materials were 15 then added at the level and in a manner as for the
reconstituted paint. Paint conparison: The conparison of the two paints
showed that the characteristics of the pignented latex were unaffected by
the centri fUBPHEON drying steps and gave paints of edlfifHi28e§001512
characteristics. 20 Particle size nmeasurenents using the Ml vern Zetasizer
showed that the reconstituted dry powder was easily di spersed and gave
particle size equivalent to that of the undried pignmented |atex. WO

2006/ 037161 PCT/ AU2005/ 001512 -133-%2Aaverage nm Pignmented | atex (48.01%
solids): 618.2 Dry powder (92% solids, reconstituted to 48%solids during 5
pai nt make-up): 639.9 The paints were applied to standard opacity panels.
using a dyigidamis Wade paﬁtﬂlcémﬁoﬁllvbemlgnmntedrlate:d (43\tnpajids) anfiradsof framnghes howed

excel I ent. gl oss and fi ranc nt r ol Pa i nt Reconstituted Paint
Vi scosi t yiies eryrder 6120 st d@(?gg%&mgﬁbtgigﬁt%g’&gﬁ?ce "Cone & Plate(cp) 0.75
0. 78 d oss (20/60/85) 6.6/33.5/86.6 4.6/32.0/84.5 15 -134- CLAIM5S 1. A

met hod ofpepgisyitied Phing nononer to form pol ynmer at the surface of
particulate 5 material, said nethod conprising: providing a dispersion of -

sal 0 Par S BASRSLIAl (0. TuBRTT (MAND U g e s1 07
5 (168.53 g) and sodium hydroxide (0.25 g) added with stirring for 20 minutes  Propylene
glycol (16.0g) was added followed by 10 minutes stirring. Tego Foamex 825 (antifoam)
(0.22g) followed by 10 minutes stirring and a mixture .of commercial coalescencing
solvents, Coasol (4.99 g) and Texanol (14.98 g) . The final paint was thickened with a
mixture of thickeners based on Acrysol DR1 (3.1g) and Acrysol RM-2020 NPR (3.1g) and

10 stirred for 1 hour to complete the paint make-up.
Controf Paint:

A control paint was produced to the above procedure except for the initial stage where the
non dried pigmented latex (40.01% solids) (350g) was added to the mixer and sodium
hydroxide (0.25g) added and stirred for 20 minutes. The remaining raw materials were

15 then added at the level and in a manner as for the reconstituted paint.
Paint comparison:

The compatison of the two paints showed that the characteristics of the pigmented latex
were unaffected by the centrifuging and drying steps and gave paints of equivalent

characteristics.

20 Particle size measurements using the Malvern Zetasizer showed that the reconstituted dry
powder was easily dispersed and gave particle size equivalent to that of the undried

pigmented latex.



said continuous liquid phase conprising one or nore ethylenically
unsaturated nononers; and 10 polynerising said one or nore ethylenically
unsat urated nononers under the control of said RAFT agent to thereby form
pol yner at the surface of said particulate material. 2. The nethod
accordi ng ™o u0e93N6el, wherein the di spersion of said pEFTATHNPESRateri a

is prepared by form ng a conposition conprising the particulate material,
the RAFT 15 agent and the continuous |liquid phase, and the one or nore
ethylenically unsaturated nononers are then added to the conposition and
pol yneri sed under the control of thel33RAFT agent to thereby form pol yner at
the surface of the particulate material. 3. The nethod according to claim
1, wherein the dispersion of said particulate naterial is 20 prepared by
form ng a conposition conprising the particulate material, the RAFT agent
and the one or nore ethylenically unsaturated nononers as the continuous
liquid phase, and wherein said conposition is dispersed in a second
continuous liquid phase and the one or nore ethyle |q@h%¥m5nsaturated
nmononers which formthe first nentioned continuous I|qU|d phase are

pol ynmeri sed under the control of the RAFT 25 agent to thereby form polyner
at the sprifamedoftet (48.008 dolids)l ate material. 4. The AEthod according to
claim 2, erein the continuous |iquid phase is water. 5. The net hod
according to clai uous |iquid phase is water.
30 6. A YﬁBWd%féQp}E?}blsiregonnmh{égtozgg?gﬂl&d%ﬂ%ﬁyner encapsul at ed

parti cyl ghmt Amketd)al in a |iquid, said method conpfPSPng: - 135 providing
a dlsper5|on of particulate material in a continuous liquid phase, said

di sper S' nps I SrI nag ﬁeﬁ a6 s-{anagﬂ ‘§' ﬁan%ltsacﬁin@as&ﬁwﬁ@ﬁn sai ahdphe filmsul at e
naterlal %%W& Bt nuous hase conprising one or nore

et hyl eni (‘aaldhyd CHREALHLY ih@ﬂlmﬂﬁhnwmeﬂ@haloﬁ 496 (N ABPPErAE® sai d one or nore

et hyl eni cal ly unsaturated nononers under the control of said RAFT agent to
form polymer at the surface of sggdpR@radtcul at erdreadtinital Paiither eby

provi di ng sai d di spersion of polymer encapsul ated particulate material in a
l'iquid.

Viscosity Brookfield 20,000 14,940
10 (Spindle 2)

Cone & Plate(cp) 0.75 0.78

Gloss (20°/60°/85°) 6.6/33.5/86.6 4.6/32.0/84.3

15



7. The nmethod according to claim®6, wherein the continuous |liquid phase is
wat er and the 10 nethod provides an aqueous di spersion of polyner

encapsul ated particulate naterial. 8. A nmethod of preparing a polyner
havi ng particul ate material dispersed t-ngdet hrough, said nethod
conprising: providing a dispersion of said particulate material in a
continuous liquid phase, said 15 dispersion conprising a RAFT agent as a
stabiliser for said particulate material, and said continuous |iquid phase
consisting essentially of one or nore ethylenically unsaturated nononers;
and pol ynerising said one or nore ethylenically unsaturated nononers under
t he controCLAMYai d RAFT agent to form pol ymer at the surface of said
particulate material, thereby 20 providing polymer having the particul ate
mat eri al di spersed therethrough. 9. The nethod according to claimS§,

wher ei n t hd. canmiethed e palymeidsing asmoosnpe i form golyieer Pathe isyrirer ef partieriats
and t he_ RAFT agent. i s,di rsed in a second continuous liquid phase, and

wherei n°t he dRacHeh fg &€ CERTEYPt y unsaturated rmononmers are 25

pol yneri sed underidghe dipalsionl ofodaid PertiBalte agefihl inoa boktMupal Yigqeid pHasé, haid
surface of said particulate material to thereby provide a dispersion in
the second cofispantionsompriging @ PAESagsnt por yishilisprator jsaiderartianata gnatereal, and
particul ate rial disp d e 3 T : g
to any one ogﬁ%fékﬁém%hﬁoﬁ@iﬁmﬂgégi%ﬁﬁﬂgﬁgg??fcg i&genéﬁg@?%megﬂggﬂ%%(%d.
- 136 11. Themomdhasd; sndcordi ng to claim 10, wherein the solid is selected
frominorganic, pignents, organic pignents, titanium dioxide Ziﬁf oxigﬁ,

cal ci ud? car boppdyiaerising said ope g merp | ctiydepically ginsgyrat Wﬂﬂmgﬁlﬁn&?‘é, CEOPH

bl ack, pht hal QeyRig RET QF&& to tHEHL! (Bf BOhARer Gf @€ Eurf&lééid'f%&iﬁip@ﬁféﬁlate material.

di br omanant hrone, nmagnelic material, Xes, I oactive agents, and
conbi nations thereof. 12. The nethod according to any one of clains | to

11, wherein t | a st dinensipn qf .the particulate erj.al, isS no. ..
oreater than 16 FelRarceBels g, muefrin Bt o SR e Sdihial iy
the largest di@pnasd &y Rkmifiea RAMPoSHbAI®mprising the particulate material, the RAFT

15 agent and the continuous liquid phase, and the one or more ethylenically unsaturated

monomers are then added to the composition and polymerised under the control of the

RAFT agent to thereby form polymer at the surface of the particulate material.

3. The method according to claim 1, wherein the dispersion of said particulate material is

20 prepared by forming a composition comprising the particulate material, the RAFT
agent and the one or more ethylenically unsaturated monomers as the continuous 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 liquid phase are polymerised under the control of the RAFT

25 agent to thereby form polymer at the surface of the particulate material.

4. The method according to claim 2, wherein the continuous liquid phase is water.

5. The method according to claim 3, wherein the second continuous liquid phase is water.

30
6. A method of preparing a dispersion of polymer encapsulated particulate material in a

liquid, said method comprising:



material is no greater than 1 mcron. 14. A nethod of preparing a paint,

t her nof usabl e powder paint, filler, adhesive, toner, liquid ink, priner,

seal ant, diagnostic product or therapeutic product conprising 15 preparing

a di spersion of polymer encapsul ated partiscul ate material according to

claim6 or 7 and/or preparing a polyner having particulate materi al

di spersed therethrough according to claim8 or 9, and conbining said

di spersion and/or polymer with one or nore fornulation conponents. 20 15.

A pai nt, therpoiidablaedppeadien pRipatticufatd nerteriahdhesiooatindcaneliquid i ghakd sank,
rimer, sealant, .diagnostic ct or therapeuti.c product conpri sing

8 i spersion of QlﬁBffr?ﬂﬁrcgm@ﬂt?gﬁs‘ﬁmidagy?&F % 6&F"’gﬂ?eﬁg{re#%}daparﬁﬁéﬁtﬁgﬁeﬁlﬁ nd’

accordance W {dq Céo%'tiﬁhcﬁlsoliqlzidagﬂz_{sgr cOmpR9hy Bl BAVhAS BAYichfUlIRt SasiRESE] 2

di spersed therethrough prepared in accordance wth claim8 or” 9. 25 16.

The et hod acwondinegy; amsl claim 1, 6 or 8, wherein the RAFT agent is of

eneral . fornul.a (4).. /S(X)n-R S=C\ Z (4) - 137.,where each X.is

? ndependent | yp%%yf&%?%)ﬂ% P ?lgeoéker(gsrp%ee%flelaﬁal& %VF‘%‘H%E% fl}cﬂl}o{?ﬁ?a‘fr&eﬁf}g’dcomml
nmononer, n i Sofgid RAFTeIpechtddbRE pblyaisr @t {he skdfse 0¥l saldSpaaticuditd alitdriall tR&Bby
optionally substituted with one or nore hydrophilic groups and Z is any
group that caPropiddibtaid disparsips oénelymenerdapsulgted partipelaternaedd bo ayikvigs oup
towards radical additional while not 5 slowing the rate of fragnentation to
the extent that there is unacceptable retardation of polymerisation.

7. The method according to claim 6, wherein the continuous liquid phase is water and the

10 method provides an aqueous dispersion of polymer encapsulated particulate material.

8. A method of preparing a polymer having particulate material dispersed therethrough,

said method comprising:

providing a dispersion of said particulate material in a continuous liquid phase, said
15 dispersion comprising a RAFT agent as a stabiliser for said particulate material, and

said continuous liquid phase consisting essentially of one or more ethylenically

unsaturated monomers; and

polymerising said one or more ethylenically unsaturated monomers under the control

of said RAFT agent to form polymer at the surface of said particulate material, thereby
20 providing polymer having the particulate material dispersed therethrough.

9. The method according to claim 8, wherein the continuous liquid phase comprising the
particulate material and the RAFT agent is dispersed in a second continuous liquid
phase, and wherein the one or more ethylenically unsaturated monomers are

25 polymerised under the control of the RAFT agent to form polymer at the surface of
said particulate material to thereby provide a dispersion in the second continuous
liquid phase of polymer particles having the particulate material dispersed
therethrough.

30 10. The method according to any one of claims I to 9, wherein the particulate material is a
solid.
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The method according to claim 10, wherein the solid is selected from inorganic
pigments, organic pigments, titanium dioxide, zinc oxide, calcium carbonate, iron
oxide, silicone dioxide, barium sulfate, carbon black, phthalocyanine blue,
phtalocyanine green, quinacridone, dibromananthrone, magnetic material, waxes,

bioactive agents, and combinations thereof.

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

the particulate material is no greater than 10 microns.

The method according to claim 12, wherein the largest dimension of the particulate

material is no greater than 1 micron.

A method of preparing a paint, thermofusable powder paint, filler, adhesive, toner,
liquid ink, primer, sealant, diagnostic product or therapeutic product comprising
preparing a dispersion of polymer encapsulated particulate material according to claim
6 or 7 and/or preparing a polymer having particulate material dispersed therethrough
according to claim 8 or 9, and combining said dispersion and/or polymer with one or

more formulation components.

A paint, thermofusable powder paint, filler, adhesive, toner, liquid ink, primer, sealant,
diagnostic product or therapeutic product comprising a dispersion of polymer
encapsulated particulate material prepared in accordance with claim 6 or 7 and/or a
polymer having particulate material dispersed therethrough prepared in accordance

with claim § or 9.

The method according to claim 1, 6 or 8, wherein the RAFT agent is of general
formula (4):
S—(X);—R'
S5——=C

)
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where each X is independently a polymerised residue of an 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 additional while not
slowing the rate of fragmentation to the extent that there is unacceptable retardation of

polymerisation.



