-1- SURFACE POLYMERI SATI ON PROCESS AND PCOLYMER PRODUCT USI NG RAFT AGENT
Field of the Invention The present invention relates to a nethod of

pol ymeri si ng nmononer to formpolymer at the 5 surface of particul ate
material, to polymer encapsul ated particulate nmaterial and to products
conprising the-polyner encapsul ated particul ate material. The pol yner
encapsul ated particulate material is particularly suited for use in coating
fornmulations, and it will therefore-be convenient to describe the
invention with an enphasis toward this application. However, it is to be
understood that the polymer encapsul ated particulate 10 material nmay be
used i BURFACEPORPIMERISATIONSPRECESS MAIDEOLYMERP RODYOT iUSINGORAFT AGENT Of

pol ymer at the surface of particulate nmaterials can afford
polymer/particulate material conposites that may be used in various
applications. For exanple, polymer may be deposited to coat and
encapsul ate the particulate material. In this case, the polynmer 15 coating
could be used to protect the particulate material from an externa

envi r onnent Fi¢lg of gheflagentione control | ed rel ease of the particulate naterial
to an external environnent,. and/or to alter the surface characteristics
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at the surface of the particulate material in a relatively controll ed,
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al so be genera sirabl e that e particulate material is uniformy
di spersed throughout that matrix. -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 confrolled 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 poini, 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 manmer. 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.
Alternatively, the particulate material m ght be dispersed in 5 nononer
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 partizulate material in the coating

medi um The use of conventional dispersing agents in this manner can be 10
detrinmental to the final products in which the polyner/particulate materi al
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particulate materjals is that they typically afford little if no contro
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and encapsulate particulate materials is that they typically afford little if no control over

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
particulate 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
conirollable 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- will 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
conprising: providing a dispersion of said particulate material in 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 ethylenically unsaturated nononers under the
control of 10 said RAFT agent to thergby form pol yner at the surface of
said particulate material. In essence, the nethod of the invention provides
a unique interfacial polynerisation technique that enables polynmer to be
fornmed at whiiheretathblaaR @budpasitibient! Aldecapabierdf defgl sppled Sa1RASEraNL kadlt \Wf
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particulate materials. 15 Provided that the particulate material can be

di sper sedsufnidi¢ of@ReThvin@es | i qui d phase, the particles can be of any
shape or size. Through the control afforded by the nethod, polyner nay be

fornmed at _the surface, of th articulate material in substantjally even
f ashi on alBe BEHOLEV RGN PR eS¢ Methor §f e e ol fo Rrpypobisty plipe
advant ggegusdcy oBftaitiutse hiterifadald Bethed @nipaikiggi al to be 20 encapsul ated by a
desired thickness of polyner to provide for a dispersion of polyner

encapsul ated. partigcul ate terial. i,n a ligui.d. Al ternatjve wher.e such
B R RS LR A e b R RO RL A
formed, 8615?61’51611 wmlfrmi@mmﬁmlaﬁmas atsfaﬁilisa'rfof i lpmacme efaleial, lrm%_said»al esge
to provi ae or a _pojy I mass .navin t he rt.1 cul at ) terla _I perse
subSt ant | SPHeH HOBI ANGSeCRBPRIAR PSR mars etpYlpucaliyesabupie apnomersiiod s no 25
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In essence, the method of the 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 control 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- uni form and conti nuous coating of a polyner which has at |east in part
been fornmed under the control of a RAFT agent. The present invention also
provi des pol ynmer encapsul ated particulate naterial that is 100 microns or

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

5 fornmed under the control of a RAFT agent, and wherein the particul ate
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 nents of the invention will now be illustrated by way of Exanple only
10 with reference to the acconpanyi ng-drawi ngs in which: Figure 1
illustrates polyner encapsul ated Ti Q2 pignment prepared in accordance with
the invention; Figures 2 and 3 illustrate pol ynmer encapsul at ed
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Detail ed Description of the Invention In accordance with certain aspects of
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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 TiQO; pigment prepared in accordance with the

irvention;

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 material. 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
having a well defined nolecular architecture and | ow pol ydispersity. The
techni que enpl oys a RAFT agent of the general formula (1): XXR X-Q Z (1)
whi ch has been proposed to react with a propagating radical (P,;) in
accordance with 10 Scheme 1. -6- initiation mononer (M 1 0O ° Pn chain
transfer Pn +x\ /X-RiC~dd Pn X /X-Rkp PmX X+R k.dd z z z (1) (2)
reinitiation mononmer (M R~ " P. chdin equilibration P X\ /X-Pn Pm X\
[ X-Pn PmX [X+Pn MZ Z z (3)

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

to form polymer.

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

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

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

10  Scheme 1.



term nation P'+Pn 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
that require high rate constants for the addition of propagating radicals
to agent (1) and the fragnentation of internediate radicals (2) and (3),
relative to the rate constant for propagation. 10 The rate constants
associated wth RAFT pol ynerisation are believed to be influenced by a
conplex interplay between stability, steric and polarity effects in the
substrate, the radicals and the produéts formed. The pol ynerisation 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 a particular system have been largely rationalised on the basis
of the -7- ressh,s obtained. A clear definition of all factors that

i nfluence pol yneri geemesMf or, any particular systemis yet to be fully
under st ood As used herein, the phrase "RAFT polymer" is intended to denote
a polynmer that is forned through one or nore ethylenically unsaturated
nmonomers bei RgyPRlyperi sed under the 5 control of a RAFT agent. In
accordance with the nmethod of the invention, nononers are polynerised to

form polyner jat fhe syrface of the particulate material. By polymer being
formed "at the" +s>E g" ?s_’fmantp“ t hgzdl)%/né:? Mmﬁ'ﬁxﬁkﬁ'ﬂ#ﬁi ately

adj acent (i.ef iR the direct ikOd? of the continuous |iquid phase) the

out ernost surfdte ofz the particul ate erial. In other 10;,words, polyner
forms at the interface between the particulate material and the continuous
liquid phase such tHat it can coat the@articulate material. Polynmer will
general |y be reifiggtisred so as to fully coat or encapsulate the particul ate
material. As used e @®) the phrase "particulate material” is intended to
enbrace any material that i'e capabl e of being dispersed throughout the
continuous liquid phase, be it a solid, sem-solid

chain equilibration

Py +XY X—FP, Pm—-—xY X—P, Pm—xY}w Po’
()} ()

z z
3

Lermination

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 fo agent (1) and the ﬁ'agmentation 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 bya
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
size. However, it is recognised that particulate materials having a high
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 formof primary particles, or in the form of an
aggregation of primary particles. The7maethod of the invention has

advant ageously been found to be particularly effective at form ng pol yner
at the surface of primary particles. 25 Gven that polyner is formed at
the surf agqQfobtdiedPak gt HatiBtidiPbedll eiord thatidfiuel® popisrgaioat el abrat the
particul ate material per se should be substantially free of nononer that
may be polayifsiar seipmy kgt topr duliydmdeistioods the RAFT agent. If the particul ate
material were -8- to contain nononer, for exanple as in a liquid particle
conpri si Ngs {120 ABRn, tHRPhMEETRABT pdliket ¥s in@ndddrtodenvies pelhinyr that isdormed t he
particulate material. Thqgse skilled in the art w reciate,that as the
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than 0.5 even less than 0.25 mcrons.
formed so as to fully coat or encapsulate the particulate matetial.

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 liquid 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 contro! 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 ocyani ne bl ue, phthal ocyani ne green, qui nacridone and

di bromanant 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 tenperature which the nethod of the
invention is perfornmed). It is generalB8y preferred that the particul ate
material that is to be encapsul ated by polymer is substantially inert to
the reaction conditions under which the RAFT pol ynmerisation 25 process is
conduct ed to béntdit midhemes] EsiCaxiaRipleGis tilh @ liqaidusaetiold contptibidghRoronieq@bnhed s

bet ween, the continuous liqujd phase, and the_ dispersed particul ate

mat eri al ﬁkdgéhcﬁ@1E%HWE%P%WFmPBmﬂ@ﬁEPbFﬁnﬁﬁﬁﬂT relative solubility and/or
pol arity. For exanple, in order to provide a continuous |iquid phase and a
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| i quid phase, and vice versa, generally being irrelevant to form ng the
di sper si orfr aggregaiasieersddr goi ng, those skilled in the art will appreciate
that the terns "hydrophilic" and "hydrophobic" used herein are not

intended taceRighg tRlmetkoulats ©itarliil e e OF aiy 96, Ishapdl R size dibviieh sHagReen but
rather to be an indicator of a favourahle or unf%¥oura feracti
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define characteristics such as |ike attracting |like and unlike repelling
unli ke.  2microns. The method of the invention has been found to be particularly effective at
forming polymer at the surface of sub-micron particles, for example less than 0.5 microns,

even less than 0.25 microns.

15  Suitable substances from which the particulate material may be formed include, but are not
limited fo, pigments in general, inorganic material such as titanium dioxide, zinc 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
“hydrophilic" and "hydrophobic" m ght 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 nediumin which the one or nore ethylenically unsaturated
nononers are polynerised to form polyprer at the surface of the particul ate
material. The nononer nay be present in the continuous liquid phase as a
separate liquid phase, it may be fully soluble in the continuous Iliquid
phase, or df&lb@sedafqtddﬂpwmﬂdté mteﬂamenyxhvillt typichllychaveisaffickade diffeadrty of I It he
nonormer . re t cont i nuous uli a es nqt co entially
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di spersion of polymer encapsulated titani um di oxide particles. The noiety
of the RAfW Hgertid prraculpigradierih orasents foathe |icuid phace. sad wice vemrcesnaellyi al in
the contjauous dubgyh }@%ﬁﬂﬁﬁﬁ 0 advantageously function to stabilise
aliquid dls%ersed ol ymer encapsul ated particulate material formed by
t he nethod of the |nvent|on Accordi ngly, no additional dispersant to
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di spersio yner encapsulated particulate’ material in‘a liquid, said
met hod coﬁmdrcgaihp}gc" are used herein as primary indicators to define characteristics such as like

attracting like and unlike repelling unlike.

As a convenient point of reference only, a person skilled in the art might consider a
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 terms 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 lquid 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 thelparticulate 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
nore et hyl enically unsaturated nononers under the control of said RAFT
agent to form polymer at the surface of said particulate material, thereby
provi di ng sai d di spersion of polyner encapsul ated particul ate material in a
liquid. Preferably, the continuous |liquid phase is water and the nethod
produces an aqueous 20 dispersion of polynmer encapsul ated particul ate
material. In accordance with this preflérred enbodi nent, the particul ate

mat eri al encapsul ated by the polynmer may be a prinmary particle or an
aggregate thereof. The pol yner coating which encapsulates the particles
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providing a dispersion of particulate material in a continuous liquid phase, said dispersion
comprising 2 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 one 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 visually, for exanple by Transm ssion El ectron Mcroscopy (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 | east 20 nanoneters. There is no particular 20 limt as to the thickness
of polyner that can encapsul ate the patticulate material, with the

ultimate thickness generally being dictated by the intended application for
t he encapsul ated particles. Wiere the continuous |iquid phase consists
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particul ate rial’, thereby providing polymer having the particulate
mat eri al @enspRlys bel eheyay heopstg. However, it may be that the thickness of the

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 continuous 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 exanple only, a continuous |liquid phase consisting essentially
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 unsaturated nononers, it may be desirable
to term nate polynerisation of the nen@mer prior to it all being converted
into polyner. In this case, such a nmethod could provide a dispersion of

pol ymer encapsul ated particulate material in the renaining non-polynerised
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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 oﬁ 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 aggregation of the dispersed particulate material in the continuous
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 skilled in the art that a surface active
stabiliser wll also typically be requBred to prevent, or at |east

m ni m se, coal escence or 20 aggregation of the dispersed aforenentioned
first continuous Iiquid phase in the second continuous |iquid phase. In

this casein hteohnutelignitlgthaseh@hich tendidts sﬁsemmyldmgﬂdmphbmu intbripies &his S
stabilised in the second continuous |iquid phase by a colloid stabiliser.
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sub-m cron range, for exanple fromO0.01 to 1 mcron, preferably fromO0.5
to 1 m crBmferﬁhiy,thh@cmdﬁodﬁmmesﬁiasaiswndqlwbusphaaef.erence to the size of the
pol yner encapsul ated particulate material in this case is that of the

| ar gest In the "double emulsion" method mentioned above, 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 ated particulate material can be formed substantially free of
addi tional dispersant. By the particulate material being dispersed
"substantially uniformy" throughout the 15 polynmer is nmeant that the
particulate material is not |ocalised or agglonerated within the
encapsul ati ng polyner. For exanple, the particulate material should not be
concentrated at the centre or perinetidr of the encapsul ating pol ymer An
assessnment of the dispersed state of the particulate nmaterial can
generally be made visually, for exanple by Transm ssion Electron
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By the particulate 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 wi. %, more preferably less than 5 wt. %, most preferably no 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 inherently covalently bound to the polyner that is forned 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 neans to at |east mnimse the negative effects of
usi ng such surfactant. 15 As used herefn, the expressions

"pol ynmer/particulate material conposite" and "polymer/particle conposite"
are intended to denote a product forned through the deposition of polyner
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provides a means to at least minimise the negative effects of using such surfactant,

15 As wused 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 wsed 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.



RAFT agents suitable for use in the present invention include those of
general formula (4): where each X is independently a pol ynerised

resi due of an ethylenically unsaturated nononer, n is an integer ranging
fromO to 100, preferably fromO to 60, nost preferably fromO to 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 slowing the rate of
fragmentation to the extent that there 15 is unacceptable retardati on of
pol ynmerisation. Preferred R groups include C-C6 al kyl, Cl1-C6 al koxy aryl
or heteroaryl, each of which is substijuted with one or nore hydrophilic
groups selected from-CQ2H, -COR2RN, - H, -0S03H, -SORN, -SQ2RN, - OP(CH)2,
-P(OH) 2, -PQ(OH)2, -OH, -ORN, -(OCH2-CHR)W OH, -CONH2, CONHR , CO\IRR"

-NRR', -NRR'R'" Ris selecte Q 10 R,
R FsRartyg B i o2 SRobS S G ey el 20
opt i onal | yhes eibldstitto €4) b&ip&éfexﬁﬂ&ll@hdsolﬂhﬂd&mtwﬂié omhmhcts(:smfabsbfﬂmlganﬁaﬂael ect ed
from - CO2H, OR.and SO02R,
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gr OUDS l n@‘:aum@er ﬁau&heapeeumate hﬂatarfaptina coﬁt% 1Géyabidation offtie@de Hr Gid€O2 H,

H ferred group5|n t|o al ly substituted, 25
aI | coxy5 Coﬁz yngaaﬁgf@ tRANEHC y'lftsﬁg? desak oM A JUsEs pTRpesss 01,
optional | Xu@%?&ééé&h@gRA@kaenté)&EHg&?slsécb’be?dWSt' tuted heterocyclyl,
optionally substituted arylal kyl, optionally substituted al kyI t h| o,

optional | substltuted aryl al k Ithlo dlalkoxy or | ox hosphono
[-P(=O T agenis ﬁwableoﬁor BiCAR $he-ProsrdBYRIHON tluge ﬂ@ﬁ&a%mera aﬁ‘ﬁ
substituted acylanlno optionally substituted acylim no, optlonally
substituted amno, R -(X), S and a polyner chgln formed by any nechani sm
for exanpl e pol yal kyl ene oxide pon 8Uctr8s wat er sol ubl e pol yet hyl ene
gl ycol or pol ypropyl ene glycol —and”5 al kyl end capped derivatives thereof,
where R~, X and n are as defined a a.bye ‘and R2 is

“)

10 where each X is independenily a polymerised residue of an ethylenically unsaturated
monomet, n is an integer ranging from 0 to 100, preferably from 0 to 60, most preferably
from 0 to 30, R! is an organic group optionally substituted with one or more 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;-Cg alkyl,
C1-C¢ alkoxy aryl or heteroaryl, each of which is substituted with one or more hydrophilic
groups selected from -CO,H, -COzRN, -803H, -OSO3H, -SORN, -8O,RN, -OP(OH),,
-P(OH);, -PO(OH),, -OH, -ORN, -(OCH,;-CHR),-OH, -CONH,, CONHR', CONRR'",
NR'R", -N'RR"R"™, where R is selected from C;-Cg alkyl, wis 1 to 10, R, R" and R" are

20 independently selected from alkyl and aryl which are optionally substituted with one or
more hydrophilic substituents selected .from -CO.H, -SOsH, -OSO;H, -OH,
-(COCH,CHR),~OH, -CONH,, -SOR and SO;R, and salts thereof, R and w are as defined
above. Particularly preferred R groups include, but are not limited to, -CH(CH;)CO,H,
-CH(CO;H)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 heterocyclyl, optionally substituted arylalkyl, optionally
substituted alkylthio, optionally substituted arylalkylthio, dialkoxy- or diaryloxy-



selected fromthe group consisting of optionally substituted Cl-C13 al kyl,
optionally substituted C2-C g al kenyl, optionally substituted aryl,
optionally substituted heterocyclyl, optionally substituted aral kyl,
optionally substituted al karyl. Particularly preferred Z groups include,
but are not limted to, -CH2(C6H5), Ct-C20 alkyl, 10 where e is 2 to 4,
and -SR3, where R3 is selected fromCl to C2o alkyl. Preferred optional
substituents for R2 and Z groups include epoxy, hydroxy, al koxy, acyl,
acyl oxy, carboxy (and salts), sulfonic adifd (and salts), al koxy- or

aryl oxy- carbonyl, isocyanato, cyano, silyl, halo, and dial kylamno. In
sel ecting both RL and Z groups for RAFT agents of fornmula (4), those agents
resul ting = ? nat of Apa ul f apstichall
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include but are 25 not limted to benzene, biphen terp
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ant hracene, di hydroanthracene, benzanthracene, di benzanthr agepscH,) CH,

henant hr ag Le hm% €
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t hi ophene, i ophen rene, furan, -18-
benzof ur@n, wimye eie2 td 4ehdrSRT, lW'h’Ef‘B Rtisrsolveted fronad teds, allg»ﬂlenoxat hiin,
pyrrole, imdazole, pyrazole, pyrazine, pyrimdine, pyridazine, i ndoI e,

i ndol i zi ne, ndol.e, i ne, gl i i soqu l'ine t ha
qui noxal i né&’ fe%ﬂieﬁé’fﬂ??q%é% Oﬁg{ agbg@ﬂﬂ’% i@r% yrﬁygroxy, aﬁ(oxy’ acyl,

acyloxy, carboxy (and salts), sulfonic acid (and salts), alkoxy- or aryloxy- carbonyl,

3

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

anion.

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 benzene, biphenyl, terphenyl, quaterphenyl, naphthalene,
tetrahydronaphthalene, l-benzylnaphthalene, anthracene, dihydroanthracene,
benzanthracene, dibenzanthracene, phenanthracene, perylene, pyridine, 4-phenylpyridine,
3-phenylpyridine, thiophene, benzothiophene, naphthothiophene, thianthrene, furan,



phenant hri di ne, acridine, phenanthroline, phenazine, isothiazole,

| sooxazol e, phenoxazine 5 and the |ike, each of which nay be optionally
substituted In this specification "optionally substituted" nmeans that a
group may or may not be further substituted with one or nore groups
selected from but not limted to, alkyl, alkenyl, alkynyl, aryl, halo,
hal oal kyl , hal oal kenyl, hal oal kynyl, hal oaryl, hydroxy, al koxy,

al kenyl oxy, aryl oxy, benzyl oxy, hal oal koxy, hal oal kenyl oxy, acetyl eno,
carboxi m dyl, 10 hal oaryl oxy, isocyano, cyano, fornyl, carboxyl, nitro,
nitroal kyl, nitroal kenyl, nitroal kynyl, nitroaryl, alkylam no,

di al kyl am no, al kenyl am no, al kynyl arilRe, aryl am no, diaryl am no,
benzyl am no, imno, alkylimne, alkenylimne, alkynylimno, arylimno,
benzyl i m no, di benzyl am no, acyl, al kenylacyl, al kynylacyl, arylacyl,
ﬁcyl ani nOFeerdﬁﬁmy bmize)osl;obamyﬁmany chrainkyd, xaxhtbetmnpﬁeoagaﬂﬁm; pirsaid, ;iaméiaydloxy,
et erocyc , Jheterpcycl ox etero terocyc
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20 Unl ess stated otherw se, the terns "hal ogen" and "hal 0" used herein
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1, 2-di met hyl propyi , " 1,1-di met Ryl -pro y{ hexyl ,. 4-nmethyl pent

1- met WA p&plegayloxy,. n’é‘?%’ﬂ‘be rsw}os éorw h)f’laﬁ’@ﬁl’ | hitrp, 1m&°ﬁ%ﬂhy Pﬁ%’ﬁ%ﬂﬂa 2-

thyl b 3; | tyl
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met hyI hé;@yjrlam@o;g be@lamjnoremyq: palky}mine,3 a@e@flﬁﬁglq,yqﬂégwpmlno aryhmmo
4-di et %Xxlxzf’})'ﬁﬂﬁﬂf)l, dibedzyHndIRS, MUEAE N i nylabyl3- alkynylacyl, arylacyl, acylamino,

diacylamino, acyloxy, alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl, heterocycloxy,

di
1
1-
4,
15 heterocyclamino, haloheterocyelyl, 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
"alkenyloxyalky!", "alkylthic", "alkylamino" and "dialkylamino" denotes straight chain,
branched or cyclic alkyl, preferably C; 5, alkyl or cycloalkyl. Examples of straight chain
25  and branched alky! include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyl,
4-methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2~
dimethylbutyl,  3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2.-
trimethylpropyl, 1,1,2-irimethylpropyl, heptyl, 5-methoxyhexyl, l-methylhexyl, 2,2-



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

1,1, 2-trinmethyl butyl, 1,1,3- trinmethylbutyl, octyl, 6-nethyl heptyl,

1-net hyl heptyl, 1,1, 3, 3-tetranethyl butyl, nonyl, 1-, 2-, 3-, 4-, 5-, 6- or
7-met hyl -octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propyl hexyl, 5
decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-nethyl nonyl, 1-, 2-, 3-, 4-, 5- or
6- et hyI octyl, 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-ethyl nonyl 1-, 2-,
3-, 4- or 5-propy|octy|, 1-, 2- or 3- butylheptyl 1- pentyl hexyl, dodecyl,
1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10- rrethylundecyl 1-, 2-, 3-, 4-, 5-,
6-, 7- or 8- ethyldecyl, 1-, 2-, 3-, 49- 5- or 6- propyl nonyl, 1-, 2-, 3- or
4-butyloctyl, 1-2-pentyl heptyl 10 and the |ike. Exanples of cyclic alkyl

i ncl ude nono- or polycyclic al kyl groups such as cycl opropyl, cyclobutyl,

cycl opent yimethylpdntiiex \8l3- diethiytpesipt, y | 4,4-dinsdtindeiyll, ¢ 2edimsibplyentyl, cyici-odecyl
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i ncl ud® viapg the liks. éﬂxm;ap es of m@ﬂlw kyl inglude mn@mﬂpolmdmmlksémwups such as
3- et hyl - nt enyl 1-peth cyclopentenyl

e clo
1- hexenyl CY@ %Qéinﬂc}o@ﬁ’g Bﬁ%ﬁt}’r °Yfﬁﬁ@i¥tl=e?§? fohepiyl, el H‘;WI cyplopnybny | |
cycl ooct eraydmae&,ymmmmke 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1, 3-
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1, 4- hexadi en I ? -
sed heréln the ferm "salt" denotes a species in ionised form, and includes both acid
addition and base addition salts. In the context of the present invention, suitable salts are

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', T, Br, ¥, NO3", CN and POy,

Ag used herein, the term "alkoxy” denotes straight chain or branched alkoxy, preferably

20 C;,q 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, 5 alkenyl. Examples of alkeny! include vinyl,
25  allyl, 1-methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl,
I-methyl-cyclopentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl,
l-octenyl, cyclooctenyl, I-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-



cycl ohexadi enyl, 1, 4-cycl ohexadi enyl, 1, 3-cycl oheptadi enyl,

1, 3,5-cycl oheptatrienyl and 1,3,5,7-cyclooctatetraenyl. As used herein,
the term"al kynyl " denotes groups forned from strai ght chain, branched or
cyclic alkyne including those structurally simlar to the al kyl and

cycl oal kyl groups as 5 previously defined, preferably C2_20 al kynyl .
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 containing an aromatic ring, which is
referred to as aromatic acyl or a het-@fecyclic 10 ring which is referred to
as heterocyclic acyl, preferably d 20 acyl. Exanples of acyl .include

car banoyl ; straight chain or branched al kanoyl such as fornyl, acetyl,

pr opanoyl pychklukmimwl,, 1,2cyadteybdieryhahdylcloipptatizmndy 11,3, 2 ¢ latiepitrdepylpamipanoy | |
hexanoyl , @%F% $Q§ oct?noyl nonanoyl , decanoyl, undecanoyl, dodecanoyl,
tri decanoyd glate pent adecanoyl, hexadecanoyl, heptadecanoyl,

oct adecanoyl , nonadecanoyl and i cosanoyl; 15 al koxycarbonyl such as

met hoxycamtsamgd herath, hmtymf‘djbylwll" denotos gnouyscfardmﬁrfwm Straiglp@hai;u osched onyl  and
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as et hoxysul fonyl and et hoxysul tonyl; aroyl such as benzoyl, toluoyl and

napht hoy| 2-mepyaydnk@nesd-beser. as phenyl al | canoyl (e. g. phenylacetyl
phenyl propanoyl , phenyl but anoyl, phenylisobutylyl, phenyl pentanoyl and

phenyl hexapaykd h@l@gl 'ﬁﬁept@}n}i'y;w%h kéiﬂﬁ}/ lhloné @r G célﬁﬁﬂifnﬂ)ﬂrﬁﬁﬁbl)@h as "acyloxy",
naphthylpropano and na ht hyl but anoyl ; aralkenoyl such as glalkenoyl

(e.qg. phthWﬁ@@"h@Wﬂmﬂﬁ Qﬁﬁﬂﬁ@ﬁ@ Henogm eprprmeYihaliphgticoiay] @DH% %¥ent enoy |
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napht hyl bat entenoyl); arallc oxycarboné?F such as

phenyl # | mgwmlbcsrnyfen@é tg as tbewm@wy@a} tmfynaw (élrzylaé)’@yc %#gﬁl ofsagth as

phenoxycar,b a car
phenoxyacé‘[“é)h“fé am g‘é?ﬁﬁl&jﬁr"ﬁ%f’é’ﬁ Tangl};fi)ﬁﬁ@ﬁ?)ﬁgﬁ%wsafgﬂ%ﬂ %cg EW&?R?PE%% banoyl ;
aryl t hi ocaphasny b-BéEfip@dpanoyl, pentanoyl, 2,2-dimethylpropanoyl, hexanoyl, heptanoyl, .

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, cyclobutylcarbonyl, cyclopentylcarbonyl 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,  pbenylmethacryloyl,
phenylpentenoyl and phenylhexenoyl and naphthylalkenoyl (e.g. naphthylpropenoyl,
25 naphthylbutenoyl and naphthylpentenoyl); aralkoxycarbonyl such as
phenylalkoxycarbonyl  (e.g.  benzyloxycarbonyl);  aryloxycarbonyl such  as
phenoxycarbonyl and napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and
phenoxypropionyl; arylcarbamoyl such as phenylcarbamoyl; arylthiocarbamoyl such as
phenylthiocarbamoyl; arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl;
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; -21- heterocyclical kanoyl such as

t hi enyl acetyl, thienyl propanoyl, thienylbutanoyl, thienylpentanoyl,

t hi enyl hexanoyl, thiazolylacetyl, thiadiazolylacetyl and tetrazolyl acetyl;
het erocycl i cal kenoyl such as heterocyclicpropenoyl, heterocycliebutenoyl,
het erocycl i cpent enoyl and . heterocyclichexenoyl; and heterocyclicgl yoxyl oyl
such as 5 thiazolylglyoxyloyl and thienylglyoxyloyl. As used herein, the
terms "heterocyclic", "heterocyclyl"” and "heterocyci" used on their own or
as part of a term such as "heterocycl-i2dal kenoyl ", heterocycl oxy" or

"hal oheterocyclyl"” refer to aromatic, pseudo-aromatic and non-aronatic
rings or ring systenms which contain one or nore heteroatons selected from
N, S, andhéemnyclviikatoyhaypud0 be ofhienplacdiyly shibstipropenesl, Rhieﬁﬁbﬁhxhoylt he
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of "het er belepkyclicAlkstoypr efseetr ed aRAFThcmjeabecﬁraspehmbd,e, betroaydichttndyl, m t ed
20 o CHRREY SR WeresneS e R BB Bespiale syt 58 s oo
~( X) n GC2HhiazolyhlFoxfyiy] 4:5) thiewAklyo:ddoyl) Nn XCOZH (XYR3 S (9) (10)

As used herein, the terms "heterocyclic”, "heterocyclyl" and "heterocycl" used on their
own or as part of a term such as "heterocyclicalkenoyl”, heterocycloxy" or
"haloheterocyclyl" refer to aromatic, pseudo-aromatic and nen-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
)J\ Kn COH /[K n 2
R3S s’// \“*[/’/ R3S s’//
5 (6)
15 ©) COLH
Q) s Q S

)}\ Pl COaH

CO,H



-~"(X)n\ /CO/H HABG ~(X)n /(X)OzH Y I1'\ S S (11) COZH (12) S O/(X)n
R3S S NHZ 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 environnment (eg. in a continuous agueous phase), it is preferable
that it 10 denonstrates hydrolytic stability. Trithiocarbonyl RAFT agents
are particularly preferred for use in such an environnent. The RAFT agents
of formula (4) will have structural features that enable themto

physically associate with the particulate material. Wiere the RAFT agent is
physically associated with the particulate material by being adsorbed onto
its outernost surface, the 15 required2surface 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 surface activity through one or
nore of the -Z group, -(X)"- group, ' group. The surface -23-
activity affqtded by the Z, X, ,, anf 1l typically result from
one or nore t hese groups thense |‘g group(s), segtion(s), or
region(s) havi Xpapbi pat?bn of hy d_hyd obj g?%perties.
Accor di ngIR}, inSescribiRg structural Teaturés of RAFT agenfs of formula
(4) that provide 5 for/ sych surface activity, it can be usgpful to

descri be, by way)of exanple only, the distributio@opf hydrophilic and

hydr ophobi ¢ group(s), section(s) or region(s) throughout the structure of
t he RAFT agent. Those skilled in the art will appreciate that surface

= s
n COH  HOC
e ><(X)n\ )k /(X),><:02H
S 1)
“ con (12)
S
)k .
R3S S NH5
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)— group, and the ~R! group. The surface



activity of a conpound may be derived fromthat conpound having a well
defined section(s) or region(s) of hydrophilic and hydrophobi c character,
or a less well defined 10 section(s) or region(s) of hydrophilic and

hydr ophobi ¢ character. Structures of fornmula (4) having a well defined
section(s) or region(s) of hydrophobic and hydrophilic character, for
exanpl e as part of the -(X)"- group, nay be conveniently referred to as
having a bl ock copol yner structure, whereas those having a | ess well
defined section(s) or region(s) of hydrophobic and hydrophilic character
may be conveniently referred to as having 15 alternating or random

copol ynmer structures, or even a honopalder structure. Provided that the
RAFT agent exhibits surface activity, the present invention is intended to
enbrace all such structures. For exanple, if the -(X), group were to
provi de t rvetlﬁAFa"ff@'gehby tife Zo’j(,maha H‘@ou\pﬁ; tahill itfpficallp WeduR RO Ghd ¥i Indre b€ group

may have a8 rOdefl t[)l ock % ructure _such as 20 AAAAAABBBBBB,
an al t er nabtn gC(SIB%IXE]? HEFSE r ﬁ?ﬁ‘ L?E‘?PP s REKISREABRBAISEIH() JWHEM B ock

copl ymer %Mﬂﬁ@oﬁ@dfbphﬂwéﬂﬂ%m&%@mpeﬁmpot entially even a honopol yner
structure such as CCCCCCCCCCCC, where A represents a hydr ophobi c repeat

unit, Bre i.lic .repeat and S a repeat

unit havi n}gg %sde ji((?'il 8‘?#%@%% il aq&‘ﬁ?j"ﬁ@é%&?ﬁ%ﬁ %{9 fﬁgit pf?i’l‘fer’rpart

the reqi st eucﬁlusm‘rﬁcea aa;bﬁiﬂyylitt yant B uffult foeddATHE, agendy oF@i&aanQél\éﬁlgl ];%ce
erive roma

t hose RAFT f f.or VI ng surface activit

secti on(s) %3&318& fpdsophific ﬁﬁ}‘éj lhgﬁ‘ifﬂp b gREP F?y&‘?%‘ﬁﬂé)o%reéwafs&@tf@ﬁg}\ﬂm I

her ei naf t ahe bteuctirefog nliecHAFT snianPhispakilesd i Tarf 98N e precidd -thASukia

herein, the, egp% ssi on "arrphl pathIC RAFT agent(s)" is intended to denote a
surface acfil BTCOMPOMRT 11t ben derived Siromy dhatr eompornd bating iy welbshfingde and

hydr Ophoblsectloia@%r Kiforlt) dfqgafb!aﬁﬂm %}id thk)@ro e cHa%teP rSQ le l{g%ﬁ RERfPT essi on
"section(s) n( i meant he anphi pat E?A agent

conpri §&s sa%twﬁéﬁ? Pf r@ﬁlon&s ofrmﬂ@@hﬂlaﬁn%bﬂmheb@ charager| @ag@memgf f@rmulh (De
o opor t1 corBEAIRD PlneRRARY B KRINEY bEREAR AN HSINERAPRRR, o
or three ,cégg@lp as part of the —(X),~ group, may be convemently referred to as having a block
copolymer structure, 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  aliernating or random copolymer structures, or even a homopolymer structure. Provided
that the RAFT agent exhibits surface activity, the present invention is intended to embrace

alt 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 AAAAAABBBBBB, an alternating copolymer structure such as ABABABABABAB, 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.



units derived from hydrophilic or hydrophobic ethylenically unsaturated
nononers. As a surface active stabiliser, an anphipathic RAFT agent
typically conprises both hydrophilic and hydrophobic sections or regions.
One of these regions will generally have 10 an affinity (i.e. attraction)
toward the particulate material and the other an affinity toward the
continuous |iquid phase. The region having an affinity toward the
continuous liquid phase will generally conprise the stabilising noiety of
t he anphi pat hic RAFT agent. Depending on the nature of the particul ate
material (eg solid or liquid), the region having an affinity toward the
particul ate material nmay be adsorbed -@4-the surface of the particulate 15
material (eg solid) or be solvated by and penetrate into the particul ate
material (eg. liquid). Wuere a region of the anphipathic RAFT agent is
sol vat ed s asd };Eﬁamtﬂllateﬁﬁrehsiﬁm"etnﬁ&upaﬂm RAGU! agent(siétierintehdedtto denstare t hat

formati on of, pol yne urs he surface t erial,

the react iSYd2 ffT%lAg: yAEept at 22 STHATER Vg %ﬁg'ﬁd%% ﬁlvémﬁl; @wgro;qﬁ "the
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wher ei A0t r@ af"fzngyr(éa FEAcHoOn dewa i %ﬂ? jig mfcsigband; the othgr @h fighy to Rl and
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phase will generally comprise the stabilising moiety of the amphipathic RAFT agent.
Depending 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 into 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
polymetisation 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:

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



derived from hydrophobi ¢ nononmer or nmay be a tapered copol yner which gets
progressively hydrophobic towards R1l; or 3) a conbination of a hydrophobic
end and a hydrophilic end; wherein the Z group and -(X), provide

hydr ophobi ¢ properties to one end, and R 10 provides hydrophilic
properties to the other end; or 4) a conbination of a hydrophobic end and a
hydrophilic end; wherein the Z group provides hydrophobic properties to
one end, -(X)"- provides hydrophilic properties to the other end, and Rl
i s hydrophobic such that the net effect of -(X)"- and RL is to provide
hydrophilic character to that end; or 15 5) a conbi nation of hydrophilic
ends and a hydrophobic m ddle sectionRr25-wherein Z = -S-(X)"-R, wherein
each RL may be the sane or different and provides hydrophilic properties
to each end, and wherein -(X), provides hydrophobic properties to the

m ddl e section; or djival femttydaiphl minohkd 6obh e bipersdndpdlydeonhich igsts
properties; wherein the ,ZE g&%’_n of %;q.-(X), group closest to Rl

provi des the hydroﬂﬁ?@?fnﬁyaﬁ' oG R he portion of the -(X), group

cl osest to the thiocarbonylthio group provides the hydrophobic properties.
In this case, 2)X),a efmtfimtionl o a Yydrophipbic d fand tahigrdréphifcesdn ivbere@Sthe

-(Am(B)o- to provide a block capolynmer that has the foll,owm enera

formul o (14): 25 < Fetul ek ddes ASARPBIE Feoperies A3 ) encousif ook nd B i s

i ndepersdent |y a polgtomdd BRkophebic @eefies the ShBYdndN I Blid Yasd IXGL Wag e d

nmononer such t hat 1%ﬁ%¥%$%£?¥éggﬁ hydr ophobi ¢ 5 _propertjes and -i?%o_
iy Wﬂ C

provi des hydrophi | i fhCIREY op may be a tapered copolymer w;

gets progressively hydrophobic towards RY; or

3) a combination of a hydrophobic end and a hydrophilic end; wherein the
Z group and -(X)y- 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 one end, -(X),- provides
hydrophilic properties to the other end, and R' is hydrophobic such that the
net effect of -(X),~ 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 = -S8-(X),-R', wherein each R' may be the same or different and
provides hydrophilic properties to each end, and wherein -(X)y- provides

hydrophobic propertics 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)o- to provide a block copolymer that has
the following general formula (14):
25 ' ‘



i ndependently range from1l to 99, preferably from1 to 50, nore preferably
froml to 30, nost preferably from1l to 15, in each of the aforenentioned
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 hydrophilic character provided by -(B)o-,
R may al so 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 Rl results in an overall hydrophilic character to
that end of the 15 RAFT agent; or 7)}2&-conbi nation of hydrophobic and
hydrophilic properties; wherein, -(X).- of fornula (4) may be further
represented as -(B)f-[-(AAm(B)o ]p (A)g- to provide a copolyner with
smal | bl ock regions that has the foHoewne@rergl fornula (14a): +P
S(Bf(Am(B)o(A) g R S=CQ _Z _ (14a) -27- where each A and B is
i ndependently a ponnerisedﬁTE%' ue of an ethylenically unsaturated
nononer such that A provides hydrdphobic 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 from1l to 10,
preferably 1 to 5, each repeat unit qggpy be the sane or different, p
ranges from1l to 10, preferably 1 to 5,” nore preferably 1 to 3, wth the
proviso that when p is | at least one off or gis at least 1, and Z and R
are as defined above, the -(B)I- x(A)E - A : E gents
of formula (14a) pr%ﬂfwér? a“ﬁf’%‘/ }graon\‘/ii eés) ﬁ)d%g %%?%%ghﬁ (éwg%%égo%%ld%r? arf
ethylenically unsaturated monomer such that -(A)w- 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)n- 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 hydrophilic character to that end of the

15 RAFT agent; or

7 a combination of hydrophobic and hydrophilic properties; wherein, (X)y-
of formula (4) may be further represented as —(B)-[-(A)m-(B)o-Jp-(A)g- t0
provide a copolymer with small block regions that has the following general
formula (14a):

S_(B)f'['_(A) m(8)0+(A)g—R1
/ ) p

§——C

N

Z

20 (14a)



10 structure; or 8) a conbination of hydrophilic ends and a hydrophobic

m ddl e section, wherein Z of general formula (14) is -S-(A).-(B)o R1,
where -(A)mand -(B)o are as defined above. Each R my be the sane or
different and the conbination of -(B),Rl provides an overall hydrophilic
character to one 15 end, and the conbination of the other -(B).R provides
an overall hydrophilic character to the other end. The hydrophobic portion
of this type of anphipathic RAFT agent is derived from-(Am; or 9) a
variation on general formula (14a) wherein Zis -S(B)1-[-(A m B)o-]p-

(A g7 R1, where each A, B, Rl, g, f, in, o and p may be the sane or
different 20 and are as defined in p@Vat (7) above. Surface active
character of the RAFT agent can al so be provided through structures having
| ess well defined bl ock-like character. For exanple, the surface active

character may be prlavé dach by a&d RAFT agerhddndyi #poBireiatntésie hydraphi | i c
and hydrophobic rep otentjally a repeat unit which has

inits own right s y:lecpiw@hy W%?P’af‘? VenE(PI%‘HdS g The'd o pERISCE }ﬂ’ldfﬂﬁ’é?}?lf’es to

inmpart surface actipiépcpicopadtn q»sovti@stﬂaeromﬁl RERRes, £ ARE @ ididpahabng t h
reference to fornula (4) the RAFT in accordance with the invention
may al so derive surfi r%toltﬁiéocﬂf&%é@% ro Qi 5. gnd popdeperdspidy FREFon of

hydr opisobi ¢ and hydr@phibi @, @fe@é}%iyneﬁ 5, vsaa{ SdpRat- U p zﬁ@Ybebﬁe shibd RET
represented as -[-A.B-]y- to provide an alternatin copol yner that has the

fol I owing general f4ifseRtap ange from/1do (18 prefyabiy | tesSanorg pefarnhly 15oviher e each
A and B i's independgatyp @vﬁemﬂ%@fﬂ 1RERAA YR, &i'r P is KUY £BhFRIhY
unsat ur at ed hydrophqbl ¢ and hyd I C nbno
are as deﬁned above the —(B)e|- (A)m (B)(,-]p (A),- group of RAFT
agents of formula (14a) preferably provides for a random block copolymer

10 structure; or

8) a combination of hydrophilic ends and a hydrophobic middle section,
wherein Z of general formula (14) is -S~(A)u-(B)o-R', where -(A)y- 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),-R' 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-]p-
(A)e- R!, where each A, B, R, g, f, 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 units, 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:



respectively, and q is an integer ranging from1l to 50, nore preferably 2
to 25, nost preferably from2 to 10. Z and Rl are as defined above. The
order of A and B may be reversed such that -(X)"- is -[-B-A-]Jy--. 10 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 exanple, the Z group in fornula (14b) could
be represented as -S-[-A-B-]y--R . 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 exa®8l-e, the surface active character of
a RAFT agent used in association with a hydrophilic particulate nmateri al

di spersed within a hydrophilic continuous |liquid phase is likely to be

di fferent froml@hata obmbiniidaTofdgeniphobis add ihgdmpkitic ipetpedies;wivhdreia -y ophobi ¢

particul ate material dispersed within hydr i1 i puo | .guid
phase. 20 Were t he™Bar %ﬁ'ﬁffereﬂgfeéﬁdglasi g"‘g'%gt?ﬂ it;‘; %r(r59i§ém£}1_ satlll)'?fna{;n?% he

sel ection of a specédpoBmitithbelee theablldwing Rétefal dgranda fidls): use i n accor dance
with the invention mght also be dictated by the conbined factors of how
efficiently the RAFT agent adsorbs the surfgce of the particulate

mat eri al and the anount of ponnErsiFammkSw{m Rlormed at that surface. In
particular, where a relatively tHi cki |ayer of palyner is to be forned at
the surface of a solid -29-Sb§T?'culate material, the RAFT agent is
preferably sel ected such that theBinding efficiency of the agent to the
particul ate material enables the agent to nove away fromthat surface wth
the polyner as it's layer thickness increases. If the binding efficiency
between the sel ected RAFT agent andﬁggg particul ate material was
sufficiently high to prevent such 5 venent, the agent coul d be
progressively envel oped by the polynmer as it is forned to thereby reduce,
or possibly elim nawbsret dveh shatmid iBsiingndepersientdin aopolymerisegerasidupmdingmi ni ng
stabilisation of th . r/ ' Lie yvia T an be
particul arly inpor?gﬂ%&éﬂgreag&%kg%grgﬁ%ﬁﬁg¢&po¥gherﬁ§%§@gh g%?@%%fes i's
bei ng prepared. |t wispdctitady,apdes pmfreekef rapging Henf bielfhinmge pefrabdy Aderber of
variables need to bSS,%r?o@? Ilnrg%r:a%iiy 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~]4-.

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~Rl.

The selection of a specific surface active RAFT agent for use in accordance with the
invention will to a large exient be dictated by the polarity of both the continuous liquid
15 phase and the particulate material. For example, the surface active character of 2 RAFT
agent used in association with a hydrophilic particulate material dispersed within a
hydrophilic continuous liquid phase is likely to be different from that of a 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



10 when 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 the continuous |iquid phase and the

di spersed particulate material, be it solid, sem-solid, or liquid, it can
al so be convenient to refer to the polarity or the 15

hydr ophi | i ci ty/ hydrophobicity of such entities. The method in accordance
with the invention nmay be performed using hydrophilic solid particulate
material and a hydrophilic continuous Iiquid phase. In this case, a RAFT
agent of fornmula (4) nmay be provided2®%th a hydrophobic region that is
sufficiently large relative to the hydrophilic region to render the agent
substantially insoluble in the hydrophilic 20 continuous |iquid phase. In
order to patitustentateeialyeiciRAFT hivet B ypeifanbly |sélé:cte§tB§u‘ch ¢Hat Bk indfteBfidigcycan be

di spersed [ p a m xture of dr.ophi uid and one_ or nore solvents
'n whi chot e 2gsh o ﬁ&mﬁ&%%@&ﬁkﬁl? SREH 10 meHRayE Figm Ghel pyigace

hydr ophi | inéth| the)golghmt0ad 18 layen ehitkheddUn e, UL tHeShihding BERRAcE bsthednh@b t he
anphi pat hi Rﬁﬁgéﬁgent s abl.e of beinp solvated in the mxture. 25
After the® %‘Efﬁfi Geentpnd éﬁ%ﬁ?rﬂ%ﬁlﬂi*én vigg shficiegtly highp prererl sushdi t i onal
hydr opts | ifeverhérg Uit dxemt db’ﬁl@rbetﬁo?Qﬂgﬁﬁyteﬁv&&%ﬂ%y&ﬁ@p@l?ﬂbﬂ Rat RiGmiRARkJ agent

to precipitate at the surface articul ate erial. In particular,
by i ncr eadiPRgY CHEICHImEpHRLY icHminste the %bﬂisﬁg fupefien; of ibe agamt. qMaéiﬂ@hlaEe t he
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t he -30- We@@m esaen plonglyance coptedarartilesanbbingwrepayedk ophi | i ¢ regi on of
the agent associates with the continuous |iquid phase to stabilise the
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efficiency to t he “surface of the ate nmateri |veylowto
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with the palynek lﬁﬁud ﬂhabéartﬂh%%persed particulate material, be it solid, semi-solid, or

liquid, it can also be convenient 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 fo the
one or more solvents is chosen such that the amphipathic RAFT agent is capable of hemg

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



A variation on the nethod described directly above m ght be where the

anphi pathic RAFT agent is substantially soluble in the hydrophilic
continuous liquid phase, and where it 10 conprises a non-ionisable
hydrophilic region and a hydrophobic region that in itself conprises a
smal | proportion of polynerised hydrophilic ionisable nononer. In order to
performthe nethod, the anphi pathic RAFT agent and the particulate nateri al
are introduced to the continuous |iquid phase at a pH which facilitates
the formation of an ionic charge at the surface of the particul ate
material and an opposite ionic charge at the 15 hydrophobic region of the
anphi pathic RAFT agent. In this case-30he small|l proportion of polynerised
i oni sabl e mononer in the hydrophobic region of the anphi pathic RAFT agent
can be sufficient to render the pH suitable to devel op such a charge at the
surface ofufde of frrrdartculatt reatamal end dhe Igrdphilictrhgion phithepigertiiassocistys ovithof t he
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materi Hl CHEPRIHIA Befrionisalls dwdwoplilic gpeiphand fy Y%ﬁle © AP Lol I’ff'f*i{/ be
suitably caglptigh 8dmbO prRkiR dfhelynRRkd Bidrshh@ iShitdbld ABAMmerOln drdeLtEbi nat i on
of two or nore cooperative arrgihl athic RAFT agents may pbe used. An exanple

of using Padom fiherefiods henprphatthicc RAKE T8t 3¢ e netiiHlale awbpiel 319 ve
manner i s ;i esasedndbsRahby RRAPYhase at a pH which facilitates the formation of an

jonic charge at the surface of the particulate material 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,



As a variation of the nethod, two different anphi pathic RAFT agents may be
used in accordance with the nethod of the invention. In this case, both of
t he amphi pathic RAFT agents may be soluble in the hydrophilic continuous

| i quid phase, with one of the agents conprising a hydrophobic region and a
non-ioni sabl e hydrophilic region, and the other 10 agent conprising a

hydr ophobi ¢ region and a hydrophilic region which in itself conprises a
proportion of polynerised hydrophilic ionisable nmononmer. In order to
performthe method, the anphi pathic RAFT agents nmay be introduced to the
hydrophilic liquid phase wth the hydrophilic particulate material at a pH
that pronotes ionic binding of the madrophilic region of the second

menti oned anphi pat hi ¢ RAFT agent to the surface of the 15 particulate
material in a simlar manner to that described above. However, in this case
t he hydr opHlietriagvelpgioomablk 4 Heckee depudit nefryiclyoinee dat ahg Binft hifcth&pEticuiagent
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t he po ere . there is relatively hi ondi ng €fficiency between
the pi’;??/ t P%ﬁiﬂt SRTRPTEEH h)ﬁlrm}aﬁlac tewionsd gritydrpphitic seen wivphimpicHicomRieT agent
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hydrophilic region of the second mentioned amphipathic RAFT agent to the surface of the

15 particulate material in a similar manner {o 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 continuous 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



polymer as it is forned. By this arrangenent, the non-ionisable hydrophilic
region of the 5 first nentioned anphi pathic RAFT agent can continue to
function as a stabiliser for the particulate material as a thick |ayer of
polynmer is fornmed at the surface thereof. If it is found that the dispersed
encapsul ated particles becone destabilised as the thickness of the

pol ynmeric coating grows, stabilisation can often be naintai ned by

i ncorporating an anount of ionisable nononer in the feed of hydrophobic
nmononer. Thus, although an 10 original noiety conprising a stabilising
charge becones buried in the coating and rendered ineffective, the surface
charge on the coated particles can be 3 ntained by the later addition of

i oni sabl e mononer nononer. Preferably an anount of from1%to 5% of the

i oni sabl e nmononer in the hydrophobic nononer feed would be used for this
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groups or basic groups which-can | oose or accept a proton urider acidic or
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pol yrer atloﬁlgh%les £&ﬁe§' ﬂfthe hydrophobic monomer feed would be used for this purpose.

Suitable ionisable monomers would include but are not limited to acrylic acid, methacrylic

15 acid and sodium styrene sulphonate,

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
mononer, group or region does not have ionisable functional groups. In particular, such
mononiers, groups or regions do not have acid groups or basic groups which can loose or

accept a proton under acidic or basic conditions.



hydr ophobi ¢ solid particulate material dispersed in a hydrophilic
continuous |iquid phase. The RAFT agent in this case may conprise a
hydrophilic region and a hydrophobic region, wth the hydrophobic region
having a binding affinity toward the hydrophobic surface of 5 the
particul ate material and the hydrophilic region associating with the
continuous liquid phase to stabilise the particulate material from

coal esci ng. Such an anphi pat hic RAFT agent may be substantially sol uble or
insoluble in the continuous |liquid phase, and the nethod may be perforned
in asimlar manner to that outlined above. The nethod of the invention may
al so be used to form polyner at the sasface of 10 hydrophilic particul ate
mat eri al di spersed in a hydrophobic continuous |iquid phase. The RAFT
agent in this case may conprise a hydrophilic region and a hydrophobic
region, Whé hndiid by dtecopRbdtios MmePiad haviddgiafdinngolpgentf iy sufacowdrd t he

surface o h artj.cul at mat erial and.the hydr.gphobjc regi on _associating
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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 properties 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.



-34- Where the nethod of the invention is perforned using surface active
RAFT agents having a less well defined bl ock copol yner structure, the
agents will typically be selected such that the overall hydrophilicity (or
hydr ophobi cty) of the RAFT agent is appropriate to the hydrophilicity (or
hydr ophobi cty) of the surface of the particle to be coated. For exanple, 5
a greater proportion of hydrophobi c nononer 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 hydrophobic particulate material than a
hydrophilic particulate material. In the general techniques outlined above
for form ng polyner at the surface of34elid particulate materials, where
the continuous |iquid phase consists essentially of the one or 10 nore

et hyl enical ly unsaturated nononers the pol ynerisation nay take place as
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with the invention are preferably Selected to prevent, or at |east
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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, 2 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.



particulate material, this polynerisation process itself will inevitably
render the agent non- labile. -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 |less prone to desorption and formng mcelles in
the continuous |iquid phase. In other words, surface active RAFT agents
having a | ess well 5 defined block-like structure tend to be less labile
than their "blocky" counterparts. The use of RAFT agents having a | ess
wel | defined bl ock structure has been found to be particularly useful in
preparing di spersions of polynmer encapSul ated particulate materials wth a
hi gh solids content (i.e. greater than about 50 wei ght percent). Were the
met hod of the invention is performed using a continuous |iquid phase which
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i quid phase, which in turn also reduces 20 the possibility of formng
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conduct edyf g lﬁﬁ’érméd WhEEL the ?)Uﬁ'ﬁ'fe?‘ Bk Ellebfe)‘reﬁ ltﬂat h@%&n@m%&%ﬁ%ﬁﬁ&ﬁ iPfgsent has

been rendered non-1abil e.

encapsul atcetdmpamSth%ﬁ@@myﬁ%éh@mmt@mafemwmsnd@qg@qﬁmRAbﬁlagﬁ!ﬁr 25
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separatlon nmet h
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 polymer 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.



such as centrifugation. The "lightly" polymer encapsul ated particles could
then be redispersed in a continuous |liquid phase with nononer and the

pol ynerisation continued to forma thicker polyner coating on the
particulate material. -36- In accordance with the nethod of the invention,
_.ethylenically unsaturated nononmers are polynerised under the control of
the RAFT agent to form polynmer at the surface of the particulate material.
The polynerisation will usually require initiation froma source of free
radicals. The source of initiating radicakg_can be provided by any suitable
met hod of 5 generating free radicals, such as the thermally induced

honol ytic sci ssion of suitable conpound(s) (thernal Initiators such as

per oxi des, per 0x ters ounds ont aneous neration
from rmnomairDn ¥‘§m 8)me ?%%8% n]intvfe%tfc? }@? uns tm)a[t MeRPRgts are
initiating po@hﬁﬁﬁe@ﬁnﬂ&gﬁb BARId o fTtRE RAAF P aﬁ&u% f8fin %gﬁﬁéroa@ th€ 8fifack ofOthe
gamma-radi ation. The initiating systemis chosen such t'hat under the

reacti on cobdticplaigsmatgrighelhe pelymsrisatin wid vanaliyiegnise initistéoraomon sobree nd

h RAE.T
Ther mal i i Frara ety KRR SRRl et dul 05 bP PROGERLRY S itufORlyod of
t enper at §ir egen‘eratmgl free radiedls, osuch TivegR theirhaldd dhiduced@ honiddytidecifién Of simakleof

the foll ow ng compounds: 2, 2 - azobi S(I sobutyronitrile),
2,2' - azobi s¢UFuRIPRAGY (thergl ingiatars isyeh as peroxBles paspyastssh of yiza cempounds), the

4,4 - 32001 S anaY AlLiofC il hodorne? 81 GYFE)CHARSCURARL e,

2-(t-butyl azo cya pr opane, azo

met hyl - N- [ Jp]:ibtdmlmﬁimaﬂ rlmxlymag bydtom oh hikgto sy ehdiptierD swohass elegtron beam, X- or
2,2' -azobis[2- nethyl - 2- hydr oxyet hyl ) propi onam de], 2,2 azobls(N N -
di met hyl ene#&YBaT %Hﬁrau riiatipgr YeteibIs doserpsyoh thglomdst thesepelianopangdiians)

20 _di hygg ogh, _15 ﬂlﬁfﬁ%@ﬁaﬁ%@%ﬁé NedYactfin B Y i GRE S 3P eV ﬁlﬂ{gtlﬂb Ddicals with the

2,2' -azobis
1, 1- bi s( hy dmephipathie\RAFP apstdr oxyet hyl | pr opi onani de}, 2,2'-azobi s{2-
rret hyI N-[1, 1-bi s( hydr oxynet hyl') - 2- et hyl | pr opi onami de},
' -azobi N- ( 2- hydr oxyet hyl) ro I onam
2 > azobi ?%*r Paﬁ%%se aﬁmréé avey ab aDPIORALS 3121le1£@ et ithe tFPyaTad) |
2, 2" - azobi s{oforiBidMbR" PRARGNitialorP ¥ include one or more of the following compounds:

2,2"-azobis(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-bisthydroxymethyl)-2-hydroxyethyl]propionamide}, 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-bisthydroxymethyl)-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 peroxyneodecanoate, t-butylperoxy
isobutyrate, t-amyl peroxypivalate, t-butyl peroxypivalate, diisopropyl
peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl
peroxide, dilauroy! peroxide, potassium peroxydisulfate, ammonium
peroxydisulfate, di-t-butyl hyponitrite, dicumyl hyponitrite. This list is not

30 : exhaustive. '



25 peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyneodecanoate,
t-butyl peroxy isobutyrate, t-amyl peroxypival ate, t-butyl peroxypivalate,
di i sopropyl peroxydi carbonate, dicyclohexyl peroxydi carbonate, dicunyl

per oxi de, di benzoyl peroxide, dilauroyl peroxide, potassium

per oxydi sul fate, anmmoni um - peroxydisul fate, di-t-butyl hyponitrite,

di cunyl hyponitrite. This list is not 30 exhaustive. -37- Photochem cal
initiator systens are chosen to have the requisite solubility in the
reaction nmedium and have an appropriate gwantumyield for radical
production under the conditions of the polynerisation. Exanples include
benzoi n derivatives, benzophenone, acyl phosphi ne oxi des, and phot o-redox

systens. 5 Redox initiator systens are chosen to have . the requisife )
sol ubi ity Proto el drit Gl P Tre e sHA R hale fiﬁﬁ%mea%mﬂﬁvéndﬁe Feagrien,
producti on gade ShenARMI b RpR R quhiEm 5@ hRAuctiddEsRiet fHel dodfjtidg
systens can ?ﬁ@mude, &bﬁ?ﬂgﬁ)g{bﬁg?t%lqium te tgi(gwgggdr(rigcl%% 1"35:31(§?1tsdillof et he foll ovmS ng
oxi dants andf rthel ymiymerisationi ddixemples otrebsieu repmiro xedivatines a thenzdphdnongs nacyl
per oxi de, t_bUtﬁi:nf:h glroperogi de. . 10 reductants: iron (lI), titanium (I11),
pot assi um t PRGELPoxiles, f00 LEQTOFRIGE BfMS e. O her suitable initiating
systens are described in recent texts. See, for exanple, Mad and Sol onon
"the Chegpi sRedoxOhithh@esyRRfHsGRé iRk B haviihe @Bquisifed in R HQBtiod BR@ium PP
53-95. Suitable initiators which have an appreciable solubility in a

hydr ophi | i candedeve otn rapprepmatel Saisuoh radicaht produdiivinugaderb the moaditions| pfrithed

to, 4, 4-azobi,s(cvanovaleric.acid 2, 2' -azobi.s - . . ..
et hyl - N [ SO WESeBieRTRS b o aidheRiE: i pisosiapied dg, combinations of
2, 2" - azobi sthe fotksvirg oxitahid 204 dedaatshy! ) propi onani de] ,

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

azobi s(N, N - di met h_gl enei sobut yram di nle")é di hci/drOChl ori de, .

2, 2' - azobi s( 2- anexifanignetrssiam peagRygisuliete, Bydragen peroxide, t-butyl hydroperoxide.

22 - azg ot 2 ekt libaly SGIH QTR G i LRLABLATTARL 20

2,2'-azobi s(i sobutyram de) dihydrate, and derivatives thereof
Other suitable initiating systems are described in recent texts. See, for example, Moad and

Solomon "the Chemistry 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-hydroxyethyl]propionamide}, 2,2'-azobis[2-methyl-

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

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

dihydrochloride, 2,2'-azobis {2-methyl-N-[1,1-bis(hydroxymethyl)-2-ethyl ]Jpropionamide},
20 2,2'—azobis[2-méthyl-N-(2—hydroxyethy1)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 cumyl and t-butyl peroxides.

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



Suitable initiators which have an appreciable solubility in a hydrophobic
reaction nedium may vary depending on the polarity of the reaction nmedi um
but typically would include oil soluble initiators such as azo conpounds
exenplified by the well known material 2,2 25 azobi sisobutyronitrile.

O her readily available initiators are acyl peroxides such as acetyl and
benzoyl peroxide as well as al kyl peroxides such as cunyl and t-butyl

per oxi des. Hydroperoxides such as t-butyl and cunyl hydroperoxi des may

al so be used. -38- The continuous |liquid phase in a given polynerization
process may al so contain other additives, for exanple additives to
regulate pH In relation to the pol yrBB8isati on process which occurs during
the course of the nmethod of the invention, it is inportant that polymer is
formed at the surface of the particulate 5 material and that this

pol ynmer i sahé esntiiuoGeRgisd phaterin tahgivaopilymbrintion peocBARay gl tcontdiht dtbert
wishing to bhe limted

heor believed that the polynerisation
process t A&HLVES ?Q@@?Pecﬁﬂhhﬁas%ﬁ%g"ﬁ?é‘f%d begi ns through the formation of a
propagati ng nononer radical which diffuses through the continuous liquid
phase andhp@ﬁtﬁ)h@dnﬂaeipbgaeiehsaiontphmesssxwﬁﬂac@uafdmhgtrpaum&seult‘ﬂteanetmaemﬁ al. As

the RAFT agents are, al so 05|t one at .t f e ulate
material FReveRiony E'alﬁlllm FROPSE 1 %rf‘ne %g%ISV%’FlOélﬁ{?ép ¥ t hat
pol ymers s afatepial @hd ke tH® Q@I}ﬁf@isﬁfoﬂCﬁe&edﬁl dﬁcler gh&Rbifiroradi thé RAFT (agent adi cal

process. To facilitate this, process, refer d that the nunber of
RAFT specigthoyt wishing iy be ]ﬂlﬁged ]5[1 At ﬁbqiﬁ‘@dﬁ@? s %H)t“é?r?csz & greater

than the %?é}hteé dithd Rt mB@od agdbia | Brotifid ther ﬁ)@l@lﬁlﬁlon’f btk mupdeas woneughout the
course of the polynerisation reaction. In general, the total %Eéi%gber of

i ni tiati ngpdicalivdighs diffyses throgigh it comBrs| ]Fq“é‘i phase’ @y P%E@nﬁ)f“s
parti cul atgy dﬁgb@fh'e ?Eltlcﬁgt@%a‘éerﬁf As@ﬁeSRAh@ﬁ nlft.earé %@boM@ét B suRRE o;[agent S

present Int contl nuous ICIUI hase. re erab y, t he total nunber of

i nitiatd ngher peoiienddte materiab ey tcnsameaedy gaincesiol oy dhé pelymerispy spdsdat han 20
per cent, ggigmgaa&l% 3k ms&eefpr&ﬁmmwmpmmd ﬁéb Itaaa@al £&RLd. MUPUS

liquid ph connection wth faC|I|tat|q? | ymeri sati on of
nononer s darilgatetthie mrovess; ot isoprefemed tRaRIe ayaherso BAFErﬁ?F?}éﬂ presant ¢ thene

surface of ulIfacg R ﬁa?l!r'c!u?attee midBRHEY 15 %]reate'r than Sn® e OF Elﬁgatﬁmgqadlcals that reach

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

polymerisation process.

Tt 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



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 dispersed
particulate material. Preferably, there is less than 25 50 W% nore
preferably | ess than 20 wt% nost preferably less than 10 wt % of "free"
RAFT agent present ih the continuous |iquid phase at any point in tine
during the polynerisation process. It is preferable that polynerisation of
t he nononers is maintai ned under the control of the RAFT agent throughout
the entire polynerisation. However, provided that polynmer at the -39-
surface of the particulate material i-8%9at least in part forned under the
control of a RAFT agent, nononmer nay al so be polynerised by other free
radi cal pathways. Having said this, it will be appreciated that as the
anmount of sunface e thepaitjcutud sewrisiriserleddoén panformbd ofidek e coRARTofagRAFT
decreases, the propensit or irre ar growt h, and the formatiaon qof polyner
in 5 one P%eé‘(tft‘?cg‘ﬂmgf ey @%‘P F W@’ég‘géy O'JI‘%eﬁeQﬁ%?ﬁl PEIWHSN gefdhifmy be
pol ymer i sedyillybe appragibied fR€ay 6 bbahnt REMONGHS dolynieridéd/ Qider BacbitdN oSBQUENCE

wll to a_l e extent depend upon  fhe intended application for the
pol ymer eﬁé?a‘gﬁsf*%d@ereﬁa% fheripRanaitnit replpr erpvyihed dee Taanation ghpelraer ia

pol ynmers sahd ectidagiel iy indrea&80 g8 naRud S inbitendehdl Qchyole Hdlmedsa¥ @pti on has
proceeded, .at least in _part, under the control of a FT agent may be 10

obt ai ned B{penfes sficel nptheigss Ingszieengpastion pqapence calisl elatgp cricarioprakinon
El ectron Meqﬁteﬁc&a%ﬁ)nc@{io& LR QLY ARF erfceﬁsma]fw,p%icﬁﬂa\% Ralyer encapsul at ed

particul ate materia Significant | oss o RAFT control™ will be
characterised by an irregular non-uniform _pol yner coating, whereas

pol yner i s&vidgpreiaside mhehst & metimsrisation peastipgninracggrslancespidy theenethod pelal ar

uni f or m pedvimn KRairbdgded] 2t Raktdange:, dhder RAE TomNtIr RANRYaphSRaP e’ €adi |y
obt ai ned b%/ sanpling the "polyner/particulate material conposite during the

pol ymeld sabipigad rlaacy iserplantisushaasyesimrpt (e exemplet bngliseinision Hledrosui t abl e
t echni quepgugh: e PsiivEat 198 fgﬂp% ) vardk ere
"RAFT control ™" 0%@5 beeen&é%tgabloggl?]ggg, th &%g%_%érap S\(llmﬁl%lg %ag{lfg&gé E%Iage\f\}e‘ﬁ?

pol ydi speBignifipagiolopra b dRAFT reoatrgloIwiliehe ghramterieed by 2a ivegwemdnemiforee

radi cal polymer coating, whereas polymerisation under the control of the RAFT agent provides a

regular uniform polymer coating.

15 ZEvidence of "RAFT control" may also be readily obtained by sampling the
polymer/particulate material composite during the polymerisation reaction and analysing
the resulting polymer by a suitable technique such as Gel Permeation Chromatography
(GPC). Ideally, where "RAFT control" has been established, the polymer will have a
lower polydispersity compared with a polymer prepared by a 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 growih 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.



20 nedi ated pat hway. 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
nmet hod of the invention. The polyner forned in accordance with the
invention will generally show a linear growh of nolecular weight wth
conversi on even though the pol ydi spersity of the polyner may broaden during
the 25 course of the polynerisation process. The conposition and
architecture of the polynmer formed at the surface of the particulate
material may be tailored through the selection and controlled addition of
nononmer. A w de range of ethyl enical-l4-unsat urated nononers may be used in
accordance with the method. Suitable nonomers are those which can be

pol ynerised by a free radical process. -40- The nonomers should al so be
capabl e ofthbeiddgmps| syowtt iaie bewapdblobissingpoipmenisd vitheothédrandmneersahTih

det er m ne _copol risabjlity of v us. manoners ar unented in
Che art | ESROmRBIEiae ot BareahlBr Ao e ot AR OSoU T £ i on
(Brandup, th]e art, Pdi@xhxﬂﬂ@,rﬁbtt(}re&lbé REDSin MYt Hmuoo\v{oﬂadﬂl%@mnm;mg. Such
nononers i nclude those '

5 W, t he _gener (15 CC HYV

(15) wherdd BNEEEUNELH. @qsh&@t%rfﬁ%‘ﬂt ok, slégéeetlgé'yu ‘PW@“&F%\E@“@%H’EF%ti ng O
-C0211,5 fAReene@ REnun €832, - CSOR2, - COSR2, - CONH2, - CONHR2, -COW, 10
hydr ogen, halogen and optlonally bsti t ut d Cl-4 aIkyI wherein the
substituents are |ndependently S ected on1the group consisting of

hydr oxy, -CQ2H, -CXRR, - —=CSOR2, - COSR2, -CN, - CONH2,

- CONHR2, - CONR22, CRE -SR2 -02 CORE, and -OCSR2; and V is
selected fron1the group conS|st|ng|of hydrggen R2, -C2H, -C2R2, -CORE
15 -CSR2, -CSOR2, -COsSR2, -CONHZ2, CO(\III-SH)QZ -CONR22, -ORE, -SR2, -02CR2,

where U and W are independently selected from the group consisting of -CO:H,
-CO;R?, -COR?, -CSR? -CSOR? -COSR?, -CONH,, -CONHR’, -CONR%,

10 hydrogen, halogen and optionally substituted Cy-C4 alkyl wherein the substituents
are independently selected from the group consisting of hydroxy, -CO.H, -COsR,
-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, R? -CO.H, —COgRZ, ~COR2,
15 -CSR%, -CSOR?, -COSR?, -CONH;, ~CONHR?, -CONR%, -OR?%, -SR%, -0,CR?,
-SCOR?, and -OCSR?;

where R? is selected from the group consisting of optionally substituted C;-Cys
alkyl, optionally substituted C,-Cis alkenyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted carbocyclyl, optionally substituted
20 heterocyclyl, optionally substituted aralkyl, optionally substituted heteroarylalkyl,
optionally substituted alkaryl, optionally substifuted alkylheteroaryl and polymer
chains wherein the substituents are independently selected from the group
consisting of alkyleneoxidyl (epoxy), hydroxy, alkoxy, acyl, acyloxy, formyl,
alkylcarbonyl, carboxy, sulfonic acid, alkoxy- or aryloXy-catbonyl, 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.



-SCOR2, and -OCSR2; where R2 is selected fromthe group consisting of
optionally substituted CI-C13 allcyl, optionally substituted C2-C's

al kenyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted carbocyclyl, optionally substituted 20 heterocyclyl,
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 alkyleneoxidyl (epoxy), hydroxy, alkoxy, acyl,
acyl oxy, fornyl, alkylcarbonyl, carboxy, sulfonic acid, alkoxy- or

aryl oxy-carbonyl, isocyanato, 25 cyand]l-silyl, halo, amno, including salts
and derivatives thereof. Preferred polyner chains include, but are not
limted to, polyal kyl ene oxi de, polyarylene ether and polyal kyl ene ether.
-41- Exanpkaspled ofbnaosimsers nnﬂchude;, Huut agr alolﬂohmllﬂecﬂﬁ t@d nﬁ_e@em mahtsideide,

anhydri de N- al k r ei m de, rate and
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net hacryl h@ylagi éhd Siefiaefigate aBtkei| adiylie, andrrﬂlbﬂla&m aiad %tyr@i@d acrylamide,
nethacrylomtn{aHlé m ﬂgs of thse nmono and n1xt$res J? t hese 5
monomer s WeRCIS e, ﬁ%}rﬁ pegylonitrile paixwggs of S"1 TRORORSIS ARA RGeS ‘Fféb‘?ﬁ‘@nl se,
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properties. The factors which determ ne copol yneri sabi vari ous
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unsat ur at @éﬁmﬁlﬁamﬁ%eenwy%en Pwémpbﬁm\hm@’ Eﬁﬁ@m@rarrﬁ@pﬂa@n@ Ilamergubt hyl
met hacryl Btﬁdﬁ‘?ﬁw m%ﬂg Yo@t gyl | isormers), butyl nethacrylate (all

| soners), exyl nmet acrylate I sobornyl nethacrylate, nethacrylic
acid, benzyl nethacrylat phenyl nethacrylate, methacrylonitrile,

al pha-IRet fipacificyexamales ofpsehw ethylepigallyrmsateraieg mogemszs include fredplawiagr yl ate (al |
LSO 2, R BRI il ARG i) 2, ek =00
methacrylate (all isomers), 2-ethylhexyl methacrylate, isobornyl methacrylate methacrylic
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-teri-butylmethacrylamide, N-n-
butylmethacrylamide, N-methylolmethacrylamide, N-ethylolmethacrylamide, N-teri-
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,



acrylonitrile, styrene, functional nethacryl ates, acrylates and styrenes
selected from glycidyl nethacrylate, 2-hydroxyethyl nethacryl ate,

hydr oxypropyl methacrylate (all isonmers), hydroxybutyl nethacrylate (al
i somers), N, N-di net hyl am noet hyl nethacrylate, N, N-diethyl am noet hyl
nmet hacryl ate, triethyl eneglycol nethacrylate, itaconic anhydride, 20

I taconic acid, glycidyl acrylate, 2-hydroxyethyl acrylate, hydroxypropyl
acrylate (all isomers), hydroxybutyl acrylate (all isoners),

N, N- di et hyl am noet hyl acrylate, N, N diethylam noethyl acrylate,
triethyl eneglycol acrylate, nethacrylam de, N-nethylacrylam de,

N, N-di net hyl acryl am de, N-tert-butyhrd2hacryl am de, N n-

but yl net hacryl am de, N-nethyl ol net hacryl am de, N-ethyl ol met hacryl anm de,
N-tert 25 butylacrylam de, N-n-butylacrylam de, N nethylolacrylam de,
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di i sopr opoxy cry ate |nethoxy3| propyl acryl ate,

dlethoxy5|lylpropyl acryl ate, dibutoxysi yl acrylate

di i soptbpdrydlipleghe ﬁa,vmmmqa@nncémer W‘thﬁ/ﬂ“ﬁé?ﬁe@%tgé solid papticubaie WW@I the ny|
benzoat e, V, hydri de,
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facilitat% %he formati on of polyner at the surface of the solid particulate
mat eri al , P one or nore ethylenically unsaturated nononmers are

preferably sel ected such that when
Those skilled in the art will appreciate that monomers that are selected to form the

15 encapsulating polymer will strongly influence its glass transition temperature (Tg)., The
"Tg" is a narrow range of temperature 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 = W,/Tggy). 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 wt. %) with a calculated Fox Tg of 50°C, will provide an



t hey polynerise they formpolyner that is substantially insoluble in the
continuous liquid phase. Those skilled in the art wll appreciate that
nononers that are selected to formthe 15 encapsulating polynmer wll
strongly influence its glass transition tenperature (Tg). The "Tg" is a
narrow range of tenperature over which an anorphous polynmer (or the

anor phous regions in a partially crystalline polyner) changes froma
relatively hard and brittle state to a relatively viscous or rubbery
state. The Tg of the encapsul ati ng polynmer can conveniently be tailored to
suit the intended application for the polymer encapsul ated 20 particul ate
material. For exanple, nononers that -d48e pol ynerised to formthe
encapsul ati ng pol ymer may be selected to provide a Tg that enabl es an
aqueous dispersion of the polymer encapsul ated particulate material (as in
a paint fevdal B bOXPCt 0 coal esce and forma film Tg values referred to
herein are calculated, and those relating to a copolyner are calculated 25
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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 mechanism.

Alternatively, the crosslinked polymer structure may be derived from -ethylenically
unsaturated monomers which also contain a reactive functional group that is not
susceptible to taking part in fiee 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 wvariation on using complementary paits 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 insiead provide sites which can



10 of polynerised ethylenically unsaturated nononers. Those skilled in the
art will appreciate that crosslinked polynmer structures may be derived in
a nunber of ways through the use of polynerised ethylenically unsaturated
nononers. For exanple, nulti- ethylenically unsaturated nononers can afford
a crosslinked polymer structure through polynerisation of at |east two
unsaturated groups to provide a crosslink. In this case, the 15 crosslinked
structure is typically derived during polynerisation and provided through a
free radical reaction nmechanism Alternatively, the crosslinked pol yner
structure may be derived fromethylenically unsaturated nononers which

al so contain a reactive functional grddp that is not susceptible to taking
part in free radical reactions (i.e. "functionalised" unsaturated 20
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-will be derived. Accordingly, a mulii-ethylenically unsaturated monomer will typically
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 appreciaied that not all unsaturated monomers that contain a
functional group will be used in accordance with the invention for the purpose of
functioning as a crosslinking monomer. For example, acrylic acid should not be
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, neopentyl glycol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate,

25 pentaerythritol  di(meth)acrylate, pentaerythritol tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, glycerol di(meth)acrylate, glycerol allyloxy di(meth)acrylate, 1,1,1-
{risthydroxymethyl)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 tri(meth)acrylate, triallyl cyanurate, triallyl isocyanurate,



nononer s” nenti oned above can conveniently and collectively al so be
referred to herein as "crosslinking ethylenically unsaturated nononers" or
"crosslinking nononmers”. By the 10 general expression "crosslinking

et hyl enical ly unsaturated nononers” or "crosslinking nononers"” is neant an
et hyl enical ly unsaturated nononer through which a crosslink is or wll be
derived. Accordingly, a nulti-ethylenically unsaturated nononmer wl |
typically afford a crosslink during polynerisation, whereas a
functionalised unsaturated nononer can provide neans through which a
crosslink can be derived either during or after 15 polynerisation. It wll
be appreciated that not all unsaturatdfi-nononers that contain a functional
group will be used in accordance with the invention for the purpose of
functioning as a crosslinking nononer. For exanple, acrylic acid should not
be coRsidﬁﬁgﬂﬁ@ﬁﬁ&mﬁiQﬁﬂbﬂp@ﬁ?ﬂﬂﬂvaﬁnﬁrkgﬂmﬂﬁhqiHwhgiuﬁﬁﬂ?honﬁggﬁﬂde gl
site thro i . crqosslink i.s.to be derived. 20 Exanples o ui tabl e
mul ti - et hiFehe f@ﬁ%ngﬁﬁwr@d HeH o trafeate; h%ﬁ’ceﬁ?ay PEPOLE | BRPEFG oalfyﬁr ovi de
the cr osshiem&@ﬂlaapwmaéryﬁé &G Urieint RfekiytRchiPthetBY Rrydahigkl M ted to, ethylene
glycol di(nmeth)acrylate, triethylene glycol di(nmeth)acrylate,

tetraet hyLene .gl ycol . di t h) acryl ate, , 3-butyl ene gl ycol .
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tris(hydroxynethyl)ethane di (meth)acrylate, 1,1, 1-tri's(hydroxynethyl)ethane
tri (et h) eaEpsdiigidosthy]l methacgylaie.ngarylix peids mynefipenpeaarogyirieaproresysileeg, e,

1,1,1- trb: oRER L gﬁﬁ&% crylate, triallyl cyanurate,
triallyl ?Z%E %ﬁﬂ?%te, -&%ﬁétrlaﬁf§%kér'ne itate, diallyl phthalate,
diallyl terephthalte, divinyl benzene, nethylol (neth)acrylam de,
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radical r ﬁs%?ft,l %ﬂ%oc'yé‘&de%ﬁ%’ n%'fﬁacrylate and hydroxyethyl acrylate, and #butyl-

carbodiimidoethyl methacrylate and acrylic acid.

15 Examples of suitable crosslinking agents that can react with the reactive fumctional 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 acetoacetoxyethy! 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 Dbishydrazide and diacetone acrylamide.

General techniques used in performing conventional emulsion, mini-emulsion and
suspension polymerisations can advantageonsly 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



are not limted to, acetoacetoxyethyl nethacrylate, glycidyl nethacrylate,
N- et hyl ol acryl am de, (i sobutoxynethyl)acrylam de, hydroxyethyl acryl ate,
t-butyl - carbodiimdoethyl methacrylate, acrylic acid,

y- met hacryl oxypropyl triisopropoxysilane, 2-isocyanoethyl nethacrylate and
di acetone acrylam de. 10 Exanples of suitable pairs of nononmers nentioned
directly above that provide conplenentary reactive functional groups

i ncl ude N-nethyl ol acryl am de and itself, (isobutoxymnethyl)acrylam de and
itself, y-nmethacryl oxypropyltriisopropoxysilane and itself,

2-i socyanoet hyl nethacryl ate and hydroxyethyl acrylate, and t-butyl -
carbodi i m doet hyl nethacryl ate and aedgkic acid. 15 Exanples of suitable
crosslinking agents that can react with the reactive functional groups of
one or nore of the functionalised unsaturated nononmers nentioned above
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sem -conti nuous or conti nuous ) .
modes of operation, monomer may be added gradually or in stages thereby enabling

different monomers and other additives to be introduced during the course of the
polymerisation reaction. As the solid content of the dispersion increases, the resulting
15 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 throughout the polymerisation. By "continuous” is meant that
20 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-

continuous mode,

A preferred method of carrying out a semi-continuous mode of polymerisation comprises
25 adding a selected particulate material and RAFT agent to a suitable continuous liquid
phase in a reaction vessel to provide for a stable dispersion of the particulate material
throughout the continuous lquid 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



nodes. \Were the continuous liquid phase consists essentially of the one or
nore 5 ethylenically unsaturated nononers that are polynerised to formthe
polymer, the method is preferably operated in batch node, and where the
continuous |liquid phase does not consist essentially of the one or nore
ethylenically unsaturated nononers that are polymerised to formthe
polyner, the nmethod is preferably operated in sem -continuous or

conti nuous nodes. 10 Sem -continuous and conti nuous nodes of operation

of fer superior control of polyner architecture together with control over
t he pol yner pol ydi spersity. According to these nodes of operation, nonomner
may be added gradually or in stages t4dr-eby enabling different nononers
and other additives to be introduced during the course of the
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inert gas, such as nitrogen, prior to initiating the polynerisation. The
di spersi orA specific example of employing the method of the invention in this manner might be in

the coating of titanium dioxide particles with polymer. In this case, the hydrophilic
titanium dioxide particulate material could be dispersed in a hydrophilic continuous liquid

15  phase such as water using an appropriate RAFT agent. Upon forming a stable dispersion,
hydrophobic monomers such as butyl acrylate and methyl methacrylate may be introduced
to the dispersion to form polymer at the surface of the titanium dioxide particles. The
polymer may be formed to coat and encapsulate the titanium dioxide 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



tenperature is then increased so that the initiator undergoes thermally

i nduced honolytic scission. Mnoner may then be added and pol yneri sation
can proceed under the control of the RAFT agent. The addition of nonomner
at this stage nay be maintained at a rate to 5 avoid reservoir nononer
droplets fromformng, and can be continued at such a rate until

sufficient nononer has been pol ynerised under the control of the RAFT agent
to render it, if it was not already, essentially non-labile fromthe
surface of the particulate material. Further nononer, which may be the
same or different, can then be added at a greater rate either continually
or in stages until the desired degree48f- pol ynerisation has occurred. For
10 exanpl e, the polynerisation nay be continued to provide for a dispersion
of polynmer/particulate material conposite particles having a desired
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3uch as V\/&jrﬁraﬁjpg:jaﬂlg ﬁ@%e@ﬁﬁfn@tﬂe&h&hﬁﬂ\ﬁf tmgﬁbntlioupmnblflbﬁmﬁdﬂggia iypiakllye

i spersion, ydr ophobi ¢ .npnoner s, suc ut cryl ate. and net hyl

et hacr yI OIRAPIRE TP dharrish iR A S R0t o6 S ey I GO JHEre 8 ¢ he
sur f aces ofpmdrbemblchidfliyhsaH@el GonBakts is b @sctidiheessdhODYHER Feadys tagy 4160 beed t o
coat and encapsul ate the titanjum di oxide parti {%% ﬁgg further continued
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and enable the RAFT agent stabilising the particles to gain control over the polymerisation.
15  The polymerisation continues until substantially all of the monomer has been consumed to
thereby provide a polymer matrix having the solid particulate material substantially

uniformly dispersed therethrough.

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 -48- preferable that sufficient RAFT agent is used to
stabilise the particulate material in the continuous |iquid phase prior to
initiation of the polynerisation reaction. One approach to performng the
met hod of the invention in bulk node will typically involve adding the
particul ate material, the RAFT agent and a thermal initiator to one or 5
nore ethylenically unsaturated nononers in a reaction vessel. O her
reagents nay al so be added if required. Typically, all reagents used are
essentially free fromdi ssol ved oxygen and the reaction solution is purged
with an inert gas, such as nitrogen, -ppkor to initiating polynerisation.
Havi ng adequately dispersed the particulate material throughout the one or
nore ethyl enically unsaturated nononers using neans well known to those
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nononer, a propagating nononer radical is imediately forned. The
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Matrix cap AOURRLASRIGUREN R RVRLAER that are polymerised to form the polymer will

hereinafter be referred to as a "non-reactive" continuous liquid phase. The continuous

15 liquid phase may have hiydrophilic or hydrophobic character.

Suitable non-reactive continuous liquid phases include, but are not limited to, water,
toluene, white spirit and other well known optionally substifuted 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 fo, acrylic acid, methacrylic
acid, hydroxyethyl methacrylate, hydroxypropyl methacrylate, acrylamide and
methacrylamide, hydroxyethyl acrylate, N-methylacrylamide or dimethylaminoethyl
25 methacrylate. Examples 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, lanryl 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 -49- liquid phase to prepare pol yner
particles having the particulate material substantially wuniformy

di spersed therethrough. Those skilled in the art will appreciate that

numer ous paraneters may be varied when performng the nethod of the
invention in either continuous, sem -continuous or bulk 5 nodes. There is
no particular limtation as to the nature of the continuous |iquid phase
that may be wused in accordance with the nmethod provided that the
particulate material may be dispersed50i-n it and that it does not adversely
affect the formation of polynmer at the surface of the particulate
material. For conveni ence, a continuous |iquid phase that consists
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nononers that m ght be considered by a person skilled in the art to be
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p1gmented inder in waterborne paint formulations. However, it is to be understood that

the general principles outlined below may be applied in other applications, such as in
fillers, adhesives, primers and sealants, in which a polymer/particulate material composite

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-triflucroethyl 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 methacryl ate, stearyl

met hacryl ate, ethyl hexyl nethacrylate, crotyl nethacrylate, cinnanyl

net hacryl ate, ol eyl -50- nethacrylate, ricinoleyl nethacrylate, vinyl
butyrate, vinyl tert-butyrate, vinyl stearate or vinyl laurate. The nethod
of the invention advantacously provides nmeans to tailor the composition of
the polyner that is fornmed at the surface of the particulate material. In
particular, the nethod 5 provides neans to pol ynerise specific or
speci al i sed nononers in strategic |ocations throughout the polymer. Such
control over the polymerisation can be particularly useful in preparing
pol yner enwodes of the @diyper tnabisk dich pideaick a$ sdhkdiad pramdtetDiolbe misReisdddgoat i ng

conposi tigng such. a aints. Features of the invention which relate to the
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may be applied in other applications, such as in fillers, adhesives,

primers affesigil ants, in which a pol ymer/particulate material conposite 15
formed in accordance with the nethod may be used. The nodification of the
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specific or specialised nononmers. For exanple, highly rophobi ¢ nononers

. , hyd
such as 2Iventiqnalyo snghlesdpnipternal compesitiontod temotymger eéé%/tbé Fyrfase PEE at a
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the pol ymer. 20 Introducing TFEMto a polynmer conposition int manner
can pridhoebthsmslvimer eay be wited fram thet phiba sufface romiesition fotprpvds dmintsmalr e
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may be poPBasHici menpmey isgpodxmeatised athonghstage oy theaphidss endsa dithoat megoer isf t he
polymerised at a later stage to form a block copolymer. In this way, the particulate
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 femperature (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 hexy! 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 fypically 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 surface of the polynmer conposition can assist in their adhesion 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 -51- surface of the polynmer enables their properties
as adhesion pronoters to be maxim sed due to their ability to freely
Interact with a substrate during fil mcermation. Typically, such specific
or specialised nononers are polynerised at relatively |low | evel s,
preferably at less than 10 wt % of the total nononer content, nore
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route to prep
film formlng at 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 etc.) 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
monormers can be selected to only react with a suitable crosslinking agent added separately

to the final thermofusable powder paint formulation,



t hennof isable powder paint (coating) materials. Thernofusabl e powder paint
materials are generally made by dispersing pignent into polyner using a
melt m xi ng process such as extrusion. The final pignented pol yner nass
formed fromsuch a process is then 25 mechanically commnuted to forma
final powder coating conposition. In use, such thernofusable powder
conpositions are typically applied to a substrate by electrostatic spray
t echni ques and subsequently fused onto the substrate by baking at high
tenperatures. Conventional thennofusable powder coatings are typically
based on crosslinkable thernofusable materials to provide for coatings
whi ch are hard and have high | evels 6330 chemi cal resistance and good
adhesion to netal substrates. However, a problemw th -52- conventi onal
powder coatings is that the quality of pignent dispersion afforded by
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particular, the ability to umiformly distribute a high volume fraction of magnetic

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 having 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

absorbers, 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

advant ageousl y exhi bit excellent adhesion to netal substrates w thout the
need to pronote crosslinking in the applied coating. Were crosslinking is
to he pronoted in the applied coating, nononers may be sel ected which

i ncl ude functional groups that are capable of reacting with conpl enentary
reactive groups 25 from ot her nononers al so incorporated within the

pol ymer. Such nononers will typically be chosen such that they react at
the tenperatures used to bake the thersgefusabl e powder paint after it has
been applied to a substrate. Alternatively, the reactive functional
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final mcroparticle size and atial arrangenent "of the constituent
magnetic haradpeoehdilete pradostp rbgtneelididiih a varieie opesllgmier matrix is very
inportant. In particular, the ability to uniformy distribute a high

Py oot e 1 i el
sui ted t o pismesytsth agrafeimeduauasns disprasien ef rodyrews particlss apd Miskpreng tem with
the assistance of dispersing agents. Alternatively, pigments are dispersed with the aid of
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
properties such as the products gloss, scrub/stain resistance, flow, mechanical properties,
opacity, colour and/or colour strength. Whilst being particularly desirable, reducing or
avoiding detrimental 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 function 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,

filler, adhesive, toner, liquid ink, primer, sealant, diagnostic product or
t herapeutic product 20 conprising preparing a dispersion of polyner
encapsul ated particulate material and/or a pol yner having particul ate

mat eri al di spersed therethrough in accordance with the 1invention, and
conbi ning the di spersion and/or polyner with one or nore fornul ation
conmponents. Those skilled in the art will have an understanding of suitable
formul ati on conmponents that 25 may be included in paints, thernofusable
powder paints, fillers, adhesives, toggr, liquid ink, priners, sealants,
di agnostic products or therapeutic products. Exanples of such fornulation
conponents include, but are not limted to, thickeners, antifungal agents,
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assi stance of dispersing agents. Alternatively, pignents are dispersed with
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being encapsulated in a substantially uniform and continuous coating of a polymer which

has at least in part been formed under the control of a 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
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 will be appreciated from the
foregoing 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 polyner particles are not

al ways stable at the levels of shear exerted during pignment dispersion. 20
In many applications where such pignented products are used, aggloneration
of pignent particles, in the product per se and al so during curing of the
product, can adversely effect properties such as the products gl oss,
scrub/stain resistance, flow, nechanical properties, opacity, colour

and/ or col our strength. Whilst being particularly desirable, reducing or
avoi di ng detrinmental aggl oneration of-5gi-gnent particles in such products
has to date been 25 difficult to achieve using conventional technology. It
has now been found that polymer encapsul ated particulate nmaterial having at
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10 readily stituted for any other suitable particulaté material. The
presen10|mméhnﬁumGWMQseﬂdﬁmgm@mﬁﬁbmd9¥OV|des a conposition conprising or
consisting of discrete particles of polymer encapsulated particulate
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given formulation in an amount greater than 5 %, relatlve to the total mass of all binder

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 conirol of a RAFT agent.
20 Preferably, the RATFT agent is a surface active or amphipathic RAFT agenf 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 throughout the encapsul ating polynmer, wherein the encapsul ating
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 wll be appreciated fromthe foregoing
that this relates to dispersant other-57han that which nmay be afforded by
the RAFT agent. By "discrete particles” is nmeant that pol yner encapsul ated
particulate material within the 25 conposition may be separated 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 particulaie material being encapsulated in a substantially uniform and continuous
15 coating of a polymer which has at least in part been formed under the conirol of a RAFT

agent,

The present invention also provides a paint, filler, adhesive, primer, liguid ink or sealant
formulation comprising a liquid dispersion of polymer encapsulated particulaté 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 conirol 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 to the total anmount of all binder used in that fornulation. 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 anphipathic RAFT agent as herei nbefore described. Such RAFT
agents can advant ageously function assa-stabiliser for the pol yner

encapsul ated particulate nmaterial in a liquid dispersion, and/ or pronote
substantially wuniformdistribution of particulate material throughout the
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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 which has at least in part been fornmed under the control of 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 dispersed throughout the 20 encapsul ating
pol ymer, wherein the encapsul ati ng polsgner has at |east in part been forned
under the control of a RAFT agent, and wherein the pol yner encapsul at ed
particulate material is substantially free of additional dispersant for
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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 light reflectance of particles in a coating film, Only pigment and polymer interfaces
20 are believed to confribute 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 coniribution 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 into regi ons between binder particles which in turn restricts their
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 pignmented filmforned froma binder which is cast from
solvent allows the pignment particles-g®-nove nore freely until nuch |ater
inthe 20 filmform ng process giving final films with inproved gl oss and
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parameters of PVC, pigment to binder ratio and 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 shing to be limted by theory, it is believed that the inproved gl 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 polynmer during filmformation. The properties of opacity
and hidi ng power depend on |ight abseesption, |ight refractance and |ight
refl ectance of particles in a coating film Only pignment and pol ynmer
interfaces 20 are believed to contribute to these properties bel ow t he
Critical Brapinpthdiotyanie G6paiidnat indhRe fdaR\dEan hqwoud digpeRila, slchWlyedert here i s
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t he i nventhRatdiRie adngfrdde®in fQubshst GsRAMESHT HIAnGUPLRASY i Wahh the
scattering properties. Thus, higher opacity can advantageously be attai ned
using  25ClBsRPiEmepk pertiples Bavs; bese dispergyd: teisthroiel HP fgeansensionyl mentgy by
theory.s t REmPOiNdIR! cSRGARSY bf"tc%ﬂs_iﬁﬁi%t b Lﬁa'oﬁ’i&r N&bgfshiBled! SololRed 'Iﬁg‘rﬁéjntt o
provide a nore uniformdistribution of pigment throughout the paint film
and t her e#yiclas [caw asache phglesed apdingire|fer cenvghticaals paigdsi Mllatsc edesivbuti on to
t he total 3V el OMBL ' P l.at t:1)

wat er bas egﬁlgg%h%{ul%%gg &é’s.ﬂue %JI’ Flgi %or mul 2{ %%%% d F#eg}ﬁ mB ?gt;lr%ﬁta?ﬁt 16%% tr?g% , ih of ten
above t hethehv@ ol freeftohwing priwdsi, grsbmty dr pastid (ige comenipaiel i es such as opacity
tend to be maxim sed, with added extender particles and air voids

contri but Rug ofQfHBuldl ?igﬁgntpf?(‘ﬁﬁ Fﬁhe%ﬁlrfaéertﬁ,afdrfe%ai'ﬁpﬁﬁ‘yﬁr ' pro¥il %regﬁ&ﬁ such as
mechani cal strength, gfoss and stain resistance tend 5to be a vergely
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derived j My | t ' [Ple]e e,.al: n found
o exhi bi Coeuybpt Shiiig LOREALANIAE: thich, Pich BAR (BB SRBIARARREC Lnen
f or mul at edolomtdhwatertetmmtlatoebasedpagiits. There are many factors that are known to influence

flooding and floating, for example the instability of the pigment and emulsion dispersion
and/or the incompatibility of the pigment/pigment 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 comsisting 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 variafion 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
stemfromthe paint filns being | ess porous conpared to a conventi 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 weathering. Reduction in "glossiness" of
paint filns after exposure to the elemants, is due primarily to the effect
of increasing pignent concentration near the filmsurface as the film

bi nder degrades photocatalytically. Paint gloss typically decreases with
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relatively unsuccessful in being applied to coating compositions such as paints. It has now

15 been found that liquid may be added to a free flowing powder form of the compositions in
accordance with the invention to provide a liquid dispersion of the polymer encapsulated
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 compositions may be conveniently referred to as a reconstitutable composition (for
example a reconstitutable paint) to which may be added a liquid such as water to render the
composition ready for use. Reconsistutable paints of this type may be conveniently

packaged, for example in cardboard boxes, and stored for 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 pignment fromthe
surface of .a dried paint filmis a problemfrequently 10 encountered in
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 flooding and floating, for exanple the
instability of the pignment and enul si-éh-di spersion and/or the
inconpatibility of the pigment/pignment paste and the enul sion used. Paint
15 filnms derived frompaints in accordance with the invention that are
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conS|st|ng of particulate materials substantially ™ uniformally dispersed
t hr oughouPasehwodd ba saaymtoithese pellstiprthepiye been found particularly suitable
for use in thernofusable powder paint fornulations. Such conpositions can
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pi gnent and therefore can avoid the di Sadvantageous process step of

ext r udi ngmgy diveisplairitysing teplnidues ysdbkeowedy dhe art.  Isolation of the polymer
encapsulated particulate material might be by way of filtration, centrifugation and/or

freeze-drying. As indicated above, in order o 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 struciure 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 uniform col oured thennofused coatings. The
conpositions conprising or consisting of polyner encapsul ated particul ate
material, wherein the particulate naterial is encapsulated in a
substantially uniformand continuous coating of polyner, are particularly
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 which water is added to render the
conposition ready for use. However, -dde to the need to maintain optinal

pi gnent dispersion in coating conpositions such as paints, conventional
dry coating technology has to date been relatively unsuccessful in being
appl i ed t and@at tehi "GRADODE MIRNS refcty agerp@iohs or kdctibmssofhthw ehbapseleting’ ound
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conposition (for examle a reconstifutable paint) to which may be added a
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fornul ation conponents known to those skilled in the art. For exanple, the
conposi i ealymeain thisrepiei vwill by lesgthspabyBA® G o facilitate di spersion of the
pol ynmer encapsul ated particulate material within the |iquid. However,

conposi ti 6fg prdleRGRRHAR SISO Piok et B SadiibdaTiprarif@s paiy Fka gdsRkyliquie used
wi thout the addition of a further dispersant as a result of the RAFT agent

used into iwo Mrireh sealinbadiestoniie Perduether SIFEARFSIR BIOGRCpYIATEREalosBine 8
functioni ng.83iA §f $Biyhle? MncdRitafchCparfdtate material by adding a liquid to the

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)n-Rl 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 better leaving group in comparison with the -X)aR! (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
diluting Iiquid, a base for this purpose. Suitable bases include, but are
not limted to, 5 sodium or potassium hydroxi de and anmoni a (anmmoni 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 that the conpositions should generally
have a solids content of about 85 w -6% or nore, preferably greater than
about 90 wt. % 10 The free fl ow ng powder conpositions nmay be conveniently
prepared using the nethod of the present invention. In this case, the
resul ti nggpep yﬂﬁmﬂa@pw tatsafinipgioh, izﬁdtﬂoﬁieﬁirﬁﬁ'h@ﬁ jnaferenﬁaury SRuisTeivalegd USi ng
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freeze- dr jfithgz gh8p isiioGat n@@gﬁﬁ in order to obtain a free fl ow ng powder
it will 15 genera?ly not be necessary to reane all liquid (for exanple
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encounter 1 cep Baying pdng gRre! KaRPBSI®e 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 mninmse uncontrollable
clunmping or aggregation of the conposite papticles. CGenerally, the Tg of

t he encapsul ating polymer will be great’er than 0C, nore preferably greater
than 10C, nore preferably great 15C. 25 The polynmer matrix of the
encapsul ati ng pol ymer of the polymer “encapsul ated particulate material in
the conpositions of the invention na;ﬁb% conveniently tailored as

her ei nbefore described. For exanple, the polynmeric matrix of the

encapsul ating polyner may have a gradiggt and/or a |ayered structure as in
a core/sheath (shell) type structure. As used

10  where Z and R' are as previously defined.

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 7 provide adeguate 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 monomets are typically chosen for their hydrophilic or hydrophobic qualities.



herein, the term"core" refers to an internal region or section of the
encapsul ati ng polyner, -64- and the term"sheath" or "shell" refer to outer
regions or sections of the encapsulating polyner. Wile the core/sheath
term nology may inply that the encapsul ating polynmer is conposed of two
separate structural polyneric conponents it is to be understood that the
encapsul ati ng polyner may not have this exact 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 owm ng powder conpositions are to be used as a reconstitutable coating or
adhesi ve product, the Tg of the encap%él-ati ng polyner will need to be
sufficiently low to enabl e coal escence of the pol yner encapsul at ed
particulate material during the filmformng or curing process. Generally,
the Tg of Bxheplenetpasblahyddgphilidanddlyfirphobitethjlbscaizsmsatirbied bpnbeas atd’lan
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ability toﬂg?&gwggntrol over the polynerisation. In selecting a Z group for

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 ave

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
ocours. The polymerisation reaction then proceeds under control of the RAFT agent,
thereby providing further hydrophilic character to the hydrophilic end of the RAFT agent



conpounds of formula (4) it is inportant that such a group does not provide
a leaving group that is a better |eaving group in conparison with the
-(X)~-R (or subset thereof) -65- group of forrmula (4). By this limtation,
nononer insertion preferentially occurs between -(X)"-R (or subset
thereof) and its nearest sulfur atom This will of course not be rel evant

if the Z group is also an -(X), -Wgroup. RAFT agents of fornula (4) nay be
prepared by a nunber of methods. Preferably they are 5 prepared by

pol ynerising ethylenically unsaturated nononers under the control of a

RAFT agent having the follow ng general formula (16): S-SRI S=CQ Z (16)

10 where Z and R are as previously d&ffi-ned. In preparing surface active
RAFT agents of general fornmula (4) from RAFT agents of general formula
(16) it is inmportant to bear in mnd that the agent nust also stabilise the
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10 Generally, RAFT agents of formula (16) will not in their own right possess sufficient
propertics 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 situ). 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 materia) in

peint formulations. This process might involve selecting a water soluble RAFT agent of



25 nononers are typically chosen for their hydrophilic or hydrophobic
qualities. -66- Exanples of suitable hydrophilic and hydrophobic

et hyl enically unsaturated nononers are the sanme as those herei nbefore
descri bed. The nononers may al so be selected for their ionisable or
non-ioni sable qualities. Exanples of suitable ionisable ethylenically
unsat urated nononers whi ch have acid groups include, but are not limted
to, nethacrylic 5 acid, acrylic acid, itaconic acid, p-styrene carboxylic
acids, p-styrene sulfonic acids, vinyl sulfonic acid, vinyl phosphonic
acid, ethacrylic acid, alpha-chloroacrylic acid, crotonic acid, fumaric
acid, citraconic acid, nesaconic aci d68rd nmal eic aci d. Exanples of suitable
i oni sabl e ethyl eni cally unsaturated nononers whi ch have basi c groups

i nclude, but are not Ilimted to, 2-(dinethyl am no) ethyl and propyl
acryl ates fc&nnilmﬁﬁh a’fhwd:e:ktc&d RAIH apdne nfef thor begpmominkidngit!s 2 (hireahipitamrno)

et hyl and op t hacr Iat f

non-i oni s F %fdf‘gﬁ%\t §%é’?ﬁ)§? i ROT9ET gtg urE%?aP n%er?(s)e?reriﬁlénag?uag]e, but
ar teh not | ketwgbﬁtgdéddﬁméhwmwmﬁywae asﬂachkmbmy :;afzg;n digddthtﬁx'yacpompyllutlon is

met hacryl at e ydr ox acry ol ynerisation
ethylenic&Fﬁ?ddﬁéﬁyd?Q@@ gn@ﬁ@ﬁ%nyH %ﬁPGB ShdE* ﬁsﬁgvﬁﬁ?aPHQS (4) may
be conducipeRmiefsioh.hEThed FeaBBIE @ldS I&!Jhnlﬁiatﬂhb@rmﬁaashfggﬂi@lmmpﬁ‘ambf thehe

ol yrmor | sEeSHoeNYrER DHETO ey R e e A B er T7S sel £
Pol yner i sabiyafaridtioh %cﬁﬂﬂhﬁ@f??@cée@s {idefcbiiel BA¥hd RAgENdgenDthefeby provalidgd) wil |
usually require initiation

roma source of r%yhfals Inltﬂatnﬂg? %stens
pr evi ous| yurthes bydrerbdlicgharactsptoghe bydsenbalinging of Bre R 52850t thevgh maethgr Abd f or
prepari ng 4@ {RARbhARSMnoRkr. f Ormul a (4) (or subsets thereof) wherein R is
hydrophilic mght conprise first selecting a suitable RAFT agent. The
sel ected RAFT agent is then comnbi ned w ermal initi r | vent and
hydr opHi | UporsKbatetion ¢t the hydaophﬂéca@ﬁl%erv@@?ho YBITORT (Al enrb&fég?‘ﬂ s used

are essent ahl Ysohtiigf #ld Eﬂes ﬁ&kfﬂl@ﬂsaﬁﬁﬂ aRRtARE dRle NRAFE adnt6IN 16 Qhrdkilion i s
purged of any renaining ge of an inert such as. nitrogen,

prior to ol ﬁlifs@ﬁaé*ﬁf to'lt %RlA@ c%gF’éir’rn |a§0%8§’élah@ﬁg¥tﬁe?q3ﬁb?4 BieEigugy in

i ncreasi n%ofntf'% relating to general formula (14), Having attained the requisite surface active or

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 particles 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 aqueous 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



tenperature of the solution such that thermally induced honol ytic scission
of the initiator occurs. The pol ynerisation reaction then proceeds under
control of the RAFT agent, thereby providing further hydrophilic character
to the hydrophilic end of the RAFT agent -67- through insertion of the

hydr ophi i ¢ nononmer. For conpounds of formula (4) in which Z is
sufficiently hydrophobic, polynerisation of a second nononer nay not be
required. For conpounds of fornmula (4) where Z is not sufficiently

hydr ophobi ¢ or for conpounds of formula (14), upon exhaustion of the

hydr ophi I i ¢ nononer, hydrophobi ¢ nonomer nmay be 5 added to the sol ution
imediately, or at a later stage if t-W€-internedi ate product is isolated,
and the pol ynerisation continued under RAFT control to provide the bl ock
copolymer of formula (14). Wiere Rl is intended to provide the hydrophobic
propert i edefirgdt bleckMEET strageat , Inothés shde Irambriihart heqmﬁall\yx/i ﬂ:dlylﬁanhxgcﬁat e that

t he above od could be are t revers agent .
10" Goner Ty PR S5 Re EnEMeR i 1P RRphelse wPeRROR Pipvidier “BRRPR g
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the method of the in Accor r epa a RAFT agent o
formul a (HPOSEHEHES B fdgecﬂé%tﬂn?ﬂ’é‘ érd %ﬁel ‘?é‘%ﬂ’ {})’ 5‘%@8@‘“@% pFteent

hydr optsi | ampWMrmera@ahqﬁl RndFBINRIFAGIE (D @eNQike YctiROR Y FEL&Rdbront o t he
RAFT agent to rOV|d the requisjte properties. At sone 15 point in

time duri BEF OIBBW 1 s&f P%ﬂrdcﬂ‘ SUGEIH Oithe hYRe qeere%@ﬁtfﬂchy geperebioRBBiRC
nononer s, (14a})ehd A RBSMopNbLd to%‘;\dﬁipﬁmc%&i‘ohﬁt %ﬁm oSebdi gc‘fﬁv&%hé/bf ¥e AL this

stage in the polyperisation the now surface active RAFT agent may be
i sol at ed &?&P%PrSsﬁOwapﬁws @lm@qe%h? ond &, and Migecyergt W@rwheﬁmwmﬁ t hat
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suitable, solid particulate nmaterial can si trodu

reactih hrdrppiaticmopemeruilegeperally be aboutilskd Aanddlmt@i/ame,fwmumm%‘fher si on of
the parti cliaffy I [

Addi ti onal hg%oﬁg%&ﬁggﬁt B%e |ntrOJ&@S%ﬁgﬂ&hqﬁgﬂigét%ﬁﬁgas %ﬁth% phase
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of the invention mays Of he r ng YPve RAFT
agent in ) )
As mentioned above, suitable RAFT agents for the preparation of RAFT agents of formula

15 (4) have the following general formula (16):

§—=R!

/

s———C

N

z
(16)

where R and Z are as previously defined.

The effectiveness of a specific compound embraced by formula (16), as a RAFT 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 ags a



25 the continuous liquid phase (ie. in situ). To further illustrate this
aspect, one such approach is described in nore detail directly below The
met hod of the invention mght be used in a process for preparing an aqueous
di spersion of polyner encapsul ated titani um di oxide particles for use a

bi nder material in paint fornmulations. This process m ght involve

sel ecting a water sol uble RAFT agent of -68- fornmula (16). The sel ected
RAFT agent nay then be conbined with a thermal initiator, water as a

sol vent and hydrophilic monomer within a reaction vessel. Typically al
reagents used will be essentially free of dissolved oxygen and the reaction
solution is purged of any remaini ng-d¥ygen by way of an inert gas, such as
nitrogen, prior to 5 polynerisation. The reaction nmay be initiated by
increasing the tenperature of the solution such that thermally induced
honol yti c RAHTsagentn of the initiator occurs. The polynerisation reaction

t hen proceeds under control of the RAFT agent, thereby providing further
hydr ophi | i : M1t OoRREt L s ough
sert i on Ao FREERER B A O R Sl O T e MR b e

hydr ophi | ifomrtireoemnbindtipd r afpprotiiudarkyoprefeed iy anchéngroepsagidetdso pwtipalysol ut i on
and the polégenfsation conti nued under RAFT control to provide anphipathic
character % tHe RAFT agent in a formsimlar to that described previously

in point 6 relating to general formula (14). Having attained the requisite
sur f ace’ adtsy preferred BT pgeants inclytha bt eremoblimitad tRARe gkt repissentsdcll at e
titani um gi oxi,de: j .15 to the reaction nedi um whereby the
nom1anphigg?ﬁpggﬁgg¥m£§§ﬁ@h%§ﬂgﬁﬁ%%tion to stabilise the particles and
provi de for a dispersion of the titanium dioxide throughout the continuous
agueous phase. To ensure that adequate adsorption of the ampbopat hic RAFT
agent to the gtitani umdioxide particles occurs, asmall ppOportion of

i oni sabl e mongner sych as acrylic acid nay be copq] yneriged with the

hydr ophobi c noner jused to afford the surface 20 |pctive|or anphipathic
character to the agent. Having provided a st i
titani um d®8xi deSparti cfes t hr oughout the cont irdsious
hydr ophobi ¢ nononmer such as butyl acrylate and net hyl
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met hacryl ate may be introduced to the reaction nmediumto be further

pol yneri sed under control of the RAFT agent and thereby form pol yner at
the surface of the titanium di oxide 25 particles. The polynerisation may be
continued to provide for a desired solids content, wth the resulting
aqueous di spersion of polynmer encapsul ated titani um di oxi de particles
being suitable for use as an opacified binder naterial in paint

formul ations. As an alternative to the nethod described directly above, a
wat er sol ubl e RAFT agent of formula (16) m ght be used to prepare a
surface active RAFT agent having a less well -69- defined bl ock-1ike
structure. In this case, rather than-séquentially polynerising the

hydr ophi | i ¢ nononmer and t hen the hydrophobi c nononmer to provide an
anphi pat hic RAFT agent having a structure of general formula (14), the

hydr ophobi d_hydrophilic Rdters may be added sbnultaneously at a
selected rlatio Yo aff@rd surnfface active 5 anphp FT ,&gent of general
formula (14a) on a sulface ctive RAFT agent of gen ral ormula (14b). To

afford a s etlure he represent ed e I (14a), the
rati o of hydrophoblc to ﬁydropﬁP? ¢ rmononer A | | generéily f%@ﬁur one of
the nononers, for exanple as in a ratio of 1:2 or %gand Vi ce versa.
Wiere the structure of @he RAFT agent is to represeé t hat of genera
formula (14b), the ratio of hydrophobic to 10 hydrophilic nmononmer will
general ly be aboui 1:1. As indicated above, variation of the ratio of
hydrophilic to hygrophobi c nononer polynerised in this way can be varied to
best suit the suflfface polarity characteristics of the particulate

mat eri al . { ng 2 agent with the requisite surface activity,

t he met hod may‘gbe c as outlined above. As nentioned above,

sui tabl e RAFT agents for fjhe preparation of RAFT agents of fornmula 15 (4)
have the foll ow ng general formula (16): SR S-Q Z (16) where RlL and Z
are as previously deggned

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.



The effectiveness of a specific conpound enbraced by fornula (16), as a
RAFT agent, 20 will depend on its transfer constant, which is determ ned

by the nature of the Rl and Z groups,

t he nononer and the prevailing

reaction conditions. These considerations are discussed above in relation

to RAFT agents of formula (4).

groups R

and Z are carried through to the RAFT agent of forrmula (4),

Wth respect to the RAFT agents of formnula
(16), such considerations are essentially the sanme. In particular, as

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 specifﬂ@'cdnpound as a -70- RAFT agent. In

selecting both Rl and Z groups for RAFT agents of formula (16), those
fromthe conbination of particularly preferred RL and Z
articularly preferred. 5 Mst preferred RAFT agents
ERAMPEESot 1inited to, those agents represented by the follow ng

agents resulting
groups are_also

i ncl ude,

general formulas 17 to 25: CO2ZH S S R3S S COzH R3S S C2H (17) (18)

O 0 /1 SII ExamPkAD Enchpsulationd? HiONisingl folf (WA -c4-BA)»b- AR Pmabid RAKT ageatCOZH S
OozH (21) (22) -71

10

15

20

25

Part (a): Preparation of a poly{(butyl aecrylate)y-co-(acrylic acid),}-block-
poly(acrylamide); macro-RAFT agent with respective degrees of polymerization n ~

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

A solution of 2-amino-1-methyl-2-oxoethyl butyl trithiocarbonate (0.86 g, 3.6 mmol), 4,4°-
azobis(4-cyanovaleric acid) (0.11 g, 0.4 mmol), acrylamide (6.42 g, 50.3 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 mmol) 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.

Ti0; (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 setiing at 70 °C while a mixfure of butyl acrylate (2.5 g, 19.5 mmol) and
methy]l 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

CO2H



CZH X /ILS COZH HOZC 5 S CX @2H (23) (24) 1SI RI~NH2 \S/ SO (25 5
wherein R3 is as previously defined. Wien selecting a RAFT agent for use in
aqueous environment, it is preferable that it denonstrates hydrolytic
stability. Trithiocarbonyl RAFT agents are particularly preferred for use
I n an aqueous environnment. Where a dithiocarbonyl conmpound is used as a
RAFT agent, it nay be a dithioester, a 10 dithiocarbonate, a

trithi ocarbonate, a dithiocarbamate or the |ike. The invention will now be
described with reference to the followi ng exanples which illustrate sone
preferred enbodi nents of the invention. However, it is to be understood
that the particularity of the followi-fd-description is not to supersede the
generality of the preceding description of the invention. -72- EXAMPLES
Exanpl e 1: Encapsul ation of Ti Q2 using pol y(AA-co-BA-b-AM nacro RAFT
agent. Papicleq)withpyizgsafaabosin3WF nm (ssuir¢dbutivg dammyit dase) Hplesegtening|-i ¢

acid)}-bl@g#g’pﬁh¥ﬁﬂﬁhﬁ&%g%§ggkggﬁgéggﬁ@ﬁ%s nt wth respective degrees of

pol ynmerization n 5 3, In using 2-am no-| - net hyl - 2- oxoet hyl
butyl trithiocarbonate. A solution of 2-am no-I-nethyl-2-oxoethyl butyl
trithi ocatboidiely dacdiaty, olpemaiigrplof | the  pprticle cepting( by ciranswissionr électaai d)

(0.11 g, %i&oEd%g}’@EMmél%ﬁi L d8s &ﬁssﬁgk&lba(s)?%}?%vsmml ) in dioxane (39.64 g)

and water (15. g) was prepared in a 1 round bottom flask. This was

stirred gnetjcall% and sparged with nitrogen for 15 mnutes. The fl ask
was t heh Keipigipn of 2,2 -azobisisobutyronitrile (0.023 g, 0.14 mmol), methylmethacylate (2.03 g,

20.2 mmol) and ethyleneglycoldimethacrylate (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 Lid). Further
10 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)y-block-poly(acrylamide); macro-RAFT
agent with respective degrees of polymerization m ~ 20 and t~20 using 2-amino-1-

15  methyl-2-oxoethyl butyl trithiocarbonate.

A solution of 2-amino-I-methyl-2-oxoethy! butyl 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

20 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 TiQ: particles
(TR92) using the macro-RAFT prepared in Part (a) as a stabilizer.

25 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 yner solution had 20.5% solids. Part (b):

Pol y( et hyl nethacryl ate-co-butyl acrylate) coating of TiQ2 particles 15
(TR92) using the macro-RAFT prepared in Part (a) as a stabiliser. TiZ

(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. Mre water (487 21 g) was m xed with the paste,
giving a white dispersion, which was ftar t her t horoughly di spersed using a
Vibra-Cell Utrasonic Processor (Sonics and 20 Materials, Inc.) standard

probe at 30% anplitude for _10 m nutes. ing the_sonication Pr gcess, the
di sper si oR\tigagoniqafion digingedy Ydprp-dsll) Vlfr&ﬁmn% 86908%3‘0’? fSopicraansh Mstarials, 1) whi t e

di spersi OBtaﬁ@ﬁd bfoBsf suok ﬁﬂpﬁtﬁd@fo%@@ nHﬁutésOM'&Ghﬁ‘i'eaé{fvhﬁ@@lspersmn During the
4,4' -azobi s(4-cyanoval eric acid hag .]&tmm was added. The whol e

flask was SPHeROB dlie jvigssgh wes [coplg hnvant ﬁe SHENE SPRSRYY aATPO S whil e a
m xt ur ° 9 oxﬁbﬁtﬁﬁh @€ a&lgase% tefnida %ox%& éasmlsfkn@d% aziiomﬁt Pothd BEADRERN at e

(2.5 g, Into the flask at 2.5 g/ for 2 hours. After
t he norﬁonepnt@mmgt B rRZobIRE- qymvalngc weid) (GRS g»u%H) ﬂmolhrdéempnaz@i sealads unt i |

full pol bRQ ite and
Stabl e cony sk A AR el Plulls & 0 "COs sl AR BTN
usi ng dynéirﬁg I13§em¢wlghieosmn¢te.‘r)l rclgd mﬁﬁﬂsmmcvjéatn (anstg,u%ﬂt ginitld) and
havi ng 19.,7% s0 I t t] i cle
Cont 1 ng by errERaitl b reB el proofle MR Sl Sy RES BB y22 Bhyrp 46 RELLS

crossl i nked ghr. Adiet thesionbmér m;abum,ﬂmhaitmg v@iscambmbtifcstamihgtrldﬂiomsiuhél (0.023

g, 0.1 hyl net ha 2.03

et hyl e egIC%é ¢ HM"‘:S‘EFSH%% ’?’(‘ﬁ?& xg‘msli!lqlTr |rejm%§5 Oﬁ?@‘é"a el aghies o of

the | at ex Jat¢leakly §68ak ectiddnedd be atesheatart®fe dzef @498 nho@catwed nxdmsdynakid he

pol ymer coatipgs on . Ti r Ies to give X th 21 W salids and

an aver age? ﬁ& t spattedpg O%B]?)% %" F’hlnsf"ﬁ’g F’@a ﬁ%l d)l PR ‘Iooﬁsogrthq i ght

scat t er i n@articldRB&ingV&R} VEN) theédud&AS fFedidddih.a dﬁklﬂ&ﬂlﬁﬂuom to that described in
Example 1, Part (b).

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

dispersed therein.
Part (a): Preparation of diluted aqueous 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 nitric 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
respective degrees of polynerization m20 and t 20 using 2-am no-1- 15

nmet hyl - 2- oxoet hyl butyl trithiocarbonate. A solution of

2- amhno- | - met hyl - 2- oxoet hyl butyl trithiocarbonate (0.85 g, 3.6 mol),

4,4' - azobis(4-cyanovaleric acid) (0.10 g, 0.4 mmol ), acrylamde (5.06 g,
71.2 mol) in dioxane (30.01 g) and water (15.33 g) was prepared in a 100
mL round bottom flask. This was stirt®d magnetically and sparged with
nitrogen for 15 mnutes. The flask was then heated 20 at 80 C for 2 hours.
At the end of this period, butyl acrylate (9.15 g, 71.4 mmol) was added to
the fl ask.ParhébiBreparatiomsof demly(gentit eddrhtbchgalystygenvomaaorRAFTagead 80 C

for a furg ol yner soluti.on had.26.8% solids. Part (Db):
Pol y( net hy*lwngﬁsﬁ%%ggpggrg%;@gp %@?‘#'\éat(l:"rny[r at ea)mj[c?o"élil‘éi MY"%f Ti o2 particles
(TR92) usiZfj(itdsutfenybebeiothioglsulfadyl} prifanbic@aid. as a stabilizer. 25 Ti 02
powder (10.05 g) was well mxed with the macro RAFT agent solution (4.69 g,

0. 27 mmol ) W 1ch 0 i-nalyl y_wat er (1Q. ) to form
a white di ?dg%no o %ﬁq[@ﬁﬁﬁlﬁ%@?ﬂé’ﬁ‘%&a@%ﬁfﬁ‘g‘r} hbGeEh ki hatle (42.36
g) and ‘has Oguniebs astylicaoid 1436 gl §3.Gem) andtd, 4 razobisfgeyandaberia-a6id) (0.1kt r asoni c
Processor ¢ I ng. ernhalks, |Rg. standard prohe at 50% anplitude for
20 ni nut esl'%égﬂlg% |glvgmg@j\tﬁh'lpﬁ)dllhsapgﬁsnl)‘loW}m%r}Pﬁ _ec{)ﬁlg& 3’8?1??:'3?4) Hﬁgt% vessel
was cool edvitheatstirer abdbdutedwbic ECdt b nitiogen starnsierd foy 2.5 Abter Afth€end of

soni cation,. th i spers i tani.um di Qxi de s transferred to a 100 m
round bot %%?ﬁ%‘gk e‘é%ggoa%ign Og,rﬂmpﬁ’zégﬁ?@ﬂ-l é—ﬂm&{ﬁw&%i@)ﬁ(@. 028 g,
0. 10 nmol ), 54dmnsly gahédiveshe (s&akpoas Alded todie As@thnd he@Bd Sdtinh@kR 2 BC
tenperature setti at 70 C sol ution of butyl] acrylate .5g, 19.5

mol ,  deoxSid: %Q? hopr: ﬂl?trﬁ%‘/‘ UngCPPRAVRSH sglugion badmapgroxbmate]y (P solids.
deoxygenated) was then fed into the flask using a syringe punp, over 2
hours at @artfey: Bfepafatfongétha polidceylic MedPBIOANPHlytRieae trhARo-KA¥r Rald ng was
conti nued u]:i rreglpe?: '\bee éeg}'Zes rtl)?g(rxlfrmlélqga{t{on n =35 and n = 20 using:

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

A solution of 2-{[(butylsulfanyl)carbonothioyljsulfanyl} 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  afurther 16 hours. The resulting copolymer solution had approximately 40% solids.

Part (d): Preparation of dry Fe;O3 powder from the aqueous ferroftuid 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 solution. Diluted aqueous ferrofluid of part (2) (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 - HPPS, Malvern
Instrunents Ltd). To facilitate observation of the particle coating by
TEM the product was treated in a simlar fashion to that described in
Exanple 1, Part (b). 15 Exanple 3. Preparation of a solid polynmer matrix
wi th magnetic nanoparticles well dispersed therein. Part (a): Preparation
of diluted aqueous ferrofluid. Magnetite nanoparticles were produced
followi ng the method of Massart (Preparation of aqueous magnetic |iquids
in alkaline and acidic nedia. |EEE Trafsactions on Magnetics, 20 1981.

MAG 17(2): p. 1247-1248). An aqueous m xture of ferric and ferrous

chl ori des was added to ammoni a solution. The resulting preC|p|tate was

i sol at ed K83 @& rfng] %@@i i(@3es Blre) vrs dhoneadded iwngiRetHsPESIHP Wi A¥E Mt h i ron
nitrate solyf xﬂ'ﬂat @ftfhikgsusg&.gmﬁr@é‘s' Rh@hRatchas: § NBRAr WRSHRinkddsigy MO! ar

nitric acid then Ty water to forma dilute aqueous
ferroflui §V CXp@%)&Onm & Vgler@%lge] dhs )solidr rartiglgs @esips thew roeaffifugied) oph g

obt ai ned #I c% ﬁgﬁc%yrther diluted with water (170 g) to obtain an
aqueous ferro urd o approximately 0.8% solids. -75- Part (b):
Preparation of a poly(acrylic acid)-block-p olystgrene macr o- RAFT agent

wi th réspd®ert ¢k Preparatien of a yurepabasedfexrgfuidifrem shegyy nowder of pari ()

2-{[ (butyl sul fanyl)carbonot hi oyl ] sul fanyl} propanoic acid. A solution of
2-{ [ (but ylpguhbamh b&@g&)%ﬁﬂaﬂﬁ@/ﬂ&ﬁ Pé;b@@ﬁa }nasfom@nphgena@ ) gj #e8RerOwith 5 10. 7

mmol ), acrylic acid and 4, 4' -azobi s(4-cyanoval eric

aci d) (0. 3tyggne $.009) mdomfwrpr&%ﬁ%ﬂa% Se 1‘901@)&%13%%”‘ 50 (4 Ebéﬁ%l gp3iddeed f1ask

was stirr %q?mﬁep B Q‘ﬁ%r&?%dsﬁésﬂé Sthe %Hﬂe nﬁégeﬁs%nt %u@ool:%lhéli @va@'tﬁt'i‘@gen

at nosphere . ours. the end of peri od ene (10.96 g, 105
mol ), 4, 4omaa1@bﬁy( mecmcﬂyaaoé/cr infensey o c(b@lw ajyrcn@bmd r%fmf)m%lﬁﬂthdﬁlbx ane
(16 £) Wosafdsiul iahbR: bt Pk ANAIIEAIPRS)C AHh MO KHfuRlwilxbodt84d o 2

further e resul'tThg copol yner sol ution approximately 40%
sol i ds. an oscillating magnetic field of 100 kHz and 90 Oe it generated heat at a rate of 9.6 W/g of

FGQ,O;J, .

[o]

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;0s. 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,Os, indicating little flocculation of the Fe;O; 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 an average of 15 monomer units per chain in a mole ratio of 1:2 using;:

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

25 A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (1.11 g,
4.6 mmol), 2,2’-azobisisobutyronitrile (0.07 g, 0.4 mmol), aciylic 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
mmol ), acrylic acid (3.86 g, 53.6 mmvl) and 4, 4' - azobi s(4-cyanoval eric
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
atnosphere 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 nmmol) and di oxane
(32.9 g) was added to the flask and hédting continued at 80 C for 20 a
further 16 hours. The resulting copol ymer solution had approxi mately 40%
solids. Part (d):. Preparation of dry Fe20G3 powder from the aqueous

ferrof | ui §oigIm Jaske Thigyvas aireedihaguaticeHy aidpErsad svith nitfogemfdr 10 byinutésUR0US

Cthanol (oo} R FEeCrol iRt 8 70 o B R o BTt e () o

obtai n a é&hdappolg8ersolutivh oms 548 Putodids.aqueous ferrofluid of part (a) (358 Q)
was then fed drop wise into the above Marco- RAFT sol ution over 160 mn

under nechapi HRPRAG kA it ntinued. for a fur peri od
of one hour a(f er"?’giﬁ'ealf#g‘%ﬁﬁf@"%ﬁéf’%@ﬁg\?ﬁéﬁ%ocﬁﬁﬁ“ (céjf.rh% e—"lt«’;\ﬁhagent of
part (J) Hyngman) Corpqrativns usingoniw RADY, agenPfom)thisdiksiplelacd stdilizer.- 76- (83
g) and ethanol (95% 31 g) was then added to the suspension thus obtained.

Appr oxi mateldfuitdl fon@finihdins: S¢ sQni r hour at 30%
intensity V%;X 50061, 1So%i cg%%?e@?aal { '%?J?ﬁlgﬁ’hg]%gﬁ@%p%fﬁd}: Oecgummere t hen
centri f ugByirexide €hep edt-? eemolh wan propamd dn a 800 @i bedRar. tTo( ib)s: soRtiepaTi@ i on of a

P37, R LAY ot O BBl 0 B85l g PRSP
styrene (Slteseic Bragesverc(Sonimnear Mgferials,dod.Jistamaiardf proba satd 3006 impBude B Was
T N T TR e R R
st yr ene- bexédal inea rvafdrubath. whtt theasmd of the dispersion, a small sample was taken and
centrifuged at 14,000 rpm for 2 minutess using a mini centrifuge (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 extra
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 TiQ; 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 mmo)) 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 lrs, 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 (HPPS, Malvern Instruments Ltd). The latex



10 average particle dianeter of 25 rim (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). 15 To the entire sanple frompart (e) was added
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 subjected to the sanme magnetic field as used
in part (e) it generated 8.3 Wg of #8203, indicati ng little flocculation
of the Fe203 particles 20 during polynerisation. Exanpl e 4: Encapsul ation
of Ti 02 using pol y(BA-co- AA) macro- RAFT agent. Part Preparation of a
pol y( but ybolislerydsat &7 - abliey Polgmar: FRFpPTHEAS I@&Fl?feaﬁé%tm ﬂé‘érﬁ"&}nﬁi‘“’n@’e@n

average o RREin of 1:2 using:

2-{[ (but ylt‘l%%}%? g? ar‘%onot’ﬁp%%/ fﬁ%%ﬁ%}ﬁgropaﬁoﬁmgél d 25 A solution of
2-{[ (butyl sul fan %car bonot hi oyl ] sul fanyl } propanoi ¢ acid (1.11 g, 4.6
mol ), 2, Exambtﬁ: hespofusableicoatingroptnimng gneagswated iz acrylic acid (3,39
g, 47.0 nmol) and butyl acrylate (3.16 g, 24.6 mml) was prepared in

di oxane (paafa ﬂ)Pﬂeﬁarﬁtlng ofh pﬁl}‘[ﬁlﬂyi‘%?ylaﬂ%t%&ﬁlﬁsi@m&hyﬁ adygfansitle-ed-ed
magneti cal 'y and sparged with nitrogen for 10 mnué ﬁ The flask was then
heat ed & o2civhg asid] maqrARAET agentceqnigining pns aysaes ok dAJROIAMS YIS BY.  The

final cop S dtﬁrbfwsﬁﬁ % solids. Part (b): Poly(nethyl
met hacrylgitlae(lggﬂ(i)?b 1t acryl ate) n%oatl ng of Ti 2 pignment (TR92, 5 Huntsman

Cor por at i éfﬁ(bugﬂiﬂ@fambmﬁlﬂﬂbﬁéﬂfﬂnlﬂ}ﬂﬁpﬂﬂ“‘sa%‘karrpl e as a stabilizer. A
sol ution containing macro RAFT (0.90 g, 0.3 mmol ), water (50.06 g) and

sodi um hydr gaile (& Oﬁ{@butﬁsﬁfaﬂylgéa}bo}&@mognmﬁ@pmmmlO&Icnt(benakg; To

i Sper sed 4sniigh A HPebIE O ENa GG B bh e oSt (SaHiAcihd N Bri 4l s
Inc.) § aqgﬁrrﬁimgl'j,oﬂﬁyls SlrylaR® @OPP 8MRb bt MARHT /id N-(isobutoxymethyl) acrylamide

(1.34 g, 8.5 mmol) was prepared in dioxane (7.50 g) in a 50 mL round boitom 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 maecro 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
" Ulirasonic 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), methyl methacrylaie
(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
clear but slightly yell ow supernatant, which indicated the presence 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-cyanovaleric acid) (0.026 g, 0.1 mmol) and
was deoxygenated by nitrogen spargi ng? -The whol e flask was i mmersed in an
oil bath with a tenperature setting of 70 C, while a deoxygenated m xture
of butyl acrylate 51.39 , 10.9 mmol ) and nethyl 20 nethacrylate (3.24 g,
32. 4 mmol )VaRgenirg fq{tagotg el 6rhoyzsiatige which polgmisrizative was fdvad s be Afnmdete. mononer
addi ti on wWas r&aiRbeit i 0Nt | urther 11 urs
after which ti me%polgx %?ﬁgjgfiﬁign%ég@ 5@%@.@%%%@&&6@& eer.ageA‘ﬁfug%‘e]f?l tering,
the | atex %i%(H%/\Prﬁi Malyse EnstrgmantsiLid)nGhe btexi lids wabh2h7%3A5furter N

di anet er , b verak | t.S: The, Lat ex sol.i s 25,3% The
encapsul agﬁﬁgl%%%né?a%%g SB{éﬂrfe‘gil}na ld%'lwﬁsp%é:bﬁ% e %%%Stf’\&?etr ﬁ‘qgncreased
by addi®hg l'cﬁ%wﬁr@h wae they deorapadiedi Atfutter edditut ofl deaoigyhatddan §ron@® gitnre10. 9

mol ) and Hyl . 32. 2,.3 . 9/hr into_the

abov)e | at ggﬁal? %‘5%‘13@% ?%1@ %ﬁggﬁéﬁ%@l)ofmﬂfy%%gﬁagﬂ(@J@y%r%@a?‘%’f’pc aci d)

(0. 0|25 g, 20d N-Gaebuipxetid) @rylavis (24hps2.7 M(Q}W?m?ﬂﬁma&y;aﬁ'ﬁ%% svepn Wfist

conpl ete £ was_.nmi nt aine r urther 1 hour to_conplete

pol ymer i s%?’i%%n. g\ﬁ{eg’t\?%re gvé' Y nﬁae{?tfiﬁnﬁ‘ﬁgﬁél g%ﬁ%ﬁ%"%@ﬂ‘?ﬁ“’%@ PMRREGer i ned

by dynani eltesporatiiieghis maatined fo GurtHdPRSr tb/aéw&woﬂnpﬁterpa%sﬁm attdnd)The The

| at ex -078-1 te%{ol i dcjes"@aﬁ 31.7 % ,The O}XJ%EI’ enca sullate i Q2 prepared in

this anpl & REP A EgeT Jlempeipy ofy B Ntlverpdnsiaments L6 and shown

i n Fi gur elatex otidsmplae 363 FhehoTRicd oMt £ aRfd Q&@Oﬁlﬁﬁb@h%@@l@&p&%ﬁzﬁf? T102.
SO y

Part (a): Preparatjaqn_of a poly[butyl acrylate-co-N-(isobutoxynet
acryl am déeﬂi?(?g‘ a @ﬁfn& Sﬁ@?%ﬁdyfgﬁ%lﬁrt . plaslide apd disistazwited intp smalbpiereage of 16

nononer  uBftdrSvaskihg withaicEtond) FRwWERIrSwhal thOfifh was baid Y b Gven at 140°C for 2
hours, it did not disintegrate in acetone or tetrahydrofuran,

15 Example 6: Encapsulation of TiO 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)carbonothioyi]sulfanyl} propanoic acid (0.74 g, 3.1 mmol)
20 and 2,2’-azobisisobutyronitrile (0.03 g, 0.16 mmo}) 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.



[ (butyl sul fanyl ) carbonot hi oyl ] sul f anyl } propanoi ¢ acid. A solution of

[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid (1.00 g, 4.2
mol ), 2,2'-azobisisobutyronitrile (0.04 g, 0.3 nmol), acrylic acid (3.11
g, 10 43.1 mmol), butyl acrylate (2.17 g, 16.9 mmol) and

N- (i sobut oxynethyl) acrylamde (1.34 g, 8.5 nmol) was prepared in di 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 nethacryl ate-co-N(isobutoxynethyl)
acryl am de-co-butyl acrylate) coatindY%f Ti Q2 pigrment (TR92, Huntsman
Corporation) for thernofusable coating using macro RAFT agent prepared in
Part (a) as a stabilizer. A solution containing macro RAFT agent (0.96 g,
0.3 mol ) Parai(ler RBAba gicrdat-wedneihyl medrasxylate) (c0ating) of JTi6h: npigingnivas

s adaed (BPcvRnB R Revaoihiy) HiBpafich 16T Mk ppalio s el O

Processor stabilief.s and Materials, Inc.) standard probe set to 30% anplitude
for 10 ninutes During t he sonication process the dispersion was stirred
magnet i ca nd ¢ %ﬁ%‘tpt 2 Q)
was trans 1‘% ntcgnémf&fn!?l# ﬁéﬁd&?ﬁg%g géonta In ﬁtg}@gg{ﬁb%ﬁ%

4,4' - azsabu@al@xmlymw@; 215i mmab)i wjs I(répaw]&nqv, 149 anbmke)r B dhipaslutien, TiO;
deoxygenated b n_sp n e,f i bat h
set 1o 70 e 20! GRS HRIRh e g hEREAHE T PRE b B PRGN 0 C
mol ), netihsortie@sok 88amics (aldd Mhteg;alsZIlan standir)l paoic th—t()l%&)’chhpiﬂ\)chﬁJhyl )
acrylam de (0, 42 2. 7, mmol,) was fed int t he h ver 5
our s Af OGS BRI Aokt ProRe (et prlSiad] migRiody ng

cont: nued mfﬁ @igmsh?f (5116)9h@}1ms afahsferrathioch mmmmgmﬁmﬂamcmmgm toI be
conplete. The resulting |ate te ta cont articles
with atl avepisd-cumevalers 5600 Wi b AL B swa%\ﬁ?%%?’ﬂai%ﬂn"ﬁ BB L ol
Thedl) at Sxoéﬁjgings'm@ﬁasﬁ%vaz Yenmbrsbdl ird BEFI1 bANDER tterferfud ' seming bi B °C eyidnoval eri c
aci

. dded to th ti th
deoxygenat@@iygﬁpﬁﬁm%e éﬁ'\a?n/at?h %Wlfg? ﬂd@o&&@é&%ﬁé‘é a‘l‘FB‘%Bﬁ%ﬁllr aﬁﬁ%ﬂnté%? geas Then

g, 33.0 mmol) was fed into the flask at 0.93 g/hr over 5 hours, After the monomer addition

2-{
2-{

was complete the heating was continued for further 15.5 hrs after which time
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, Malvern 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 (HPPS, Malvern Instruments Ltd). 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 average di aneter of 446 nm (HPPS, Malvern Instrunents Ltd) and

| 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 fil mwas baked in an oven at 140C¥or 2 hours, it did not di sintegrate
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-¢o e acid), macro- RAFT agent. containi ng an average of 15
nononer uﬁf‘? {?ﬁr Bﬁ%RSHPﬂ%“ﬁnafﬁﬂ?re‘wnmogv GtA-go-HAd) mgcero RAFT agent.
2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoi c acid A sol ution of

2-{[ ( but yPart| (ﬁ)arl’;rlel)aramnonbp&iy(myttjl&ui-yflzﬁe-yb }rmmaylw £eid®Ghero RAFY dgens- 1 MOl )

20 and 2, 2/ I SISO uty itrile (0,03 16 nmmol) was prepared in

di oxane ( ﬁ“"égﬁg’)g vErags ﬂ’g R aeiviiedd E‘Bftf Bﬁ‘\g?h%w 2 mofesragioof 452 nsing 2-

magnet i caf(hntpisalfapdcadanshioylsilimelpropabic add, M nutes. The flask was then
heated to and mai ntai ned at 70 C under constant stirring. Butyl acrylate
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solids. - ar.t I ryI te-co- nmethyl nethacr coating
of TioR P HE’H% ol), (bg‘% ’-’Y%d% Qi %“gﬁ? Wéﬁ)’%@#ﬁﬁgﬂﬁ&eﬁa@e ghijent
pr epar ed BmmBaﬁtmc( aattoasﬂaﬁct &hislwgsedmed\nfa@h&ichmnm&‘cp leQivgh {-E?g BﬁFT agent

(0.89 g, 3 mml)c'lfhp ter sodium 5 rOX|de 0g, 2.5
mmol ) was DR e ‘f@%f Fﬁth r5 Gr‘d”mt hihgurg @n@ﬁrucemﬁtarrrsmng piTgerent

(10. 01109) finsh Sopatigiad solficnPasu3d dohgrquahl y di spersed using a Vibra-Cel |
U trasoni c Processor (Sonics and Materials, Inc.) standard probe set to 30%

anpl i tudePg:r?r

(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 mI, round bottom flask containing 4,4°-
20 . azobis(4-cyanovaleric acid) (0.03 g, 0.1 mmol) and was deoxygenated by nifrogen
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 mml) 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 heatingzwas 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

di ameter of . Jes?el%(rﬁfnﬁtﬁmﬁ%t yiye Aﬁ% Jhe DERha &r{o@er ggcﬁig;?ﬁ %F(ag?&égﬁﬁg%t&g_th‘l%’as
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made at 2. 3§01g4525f29\(p% hours while the vessel was naintained at 70C.
After the second nononer addltlon was conpl eted tenperature was maintai ned
“for a further 1.5 hours to achieve conplete polynerisation. The final
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of 407.6 nun (BPPS, Malvern Instrunents Ltd). The | atex particles had an
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acryl ate-co-net hacrylic acid) macro-RAFT agent containing an average of 15
mononer uni #d[(putylatfanyDcarkonethieyli sulfanyliipropanais ncig:  2-
{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid. 5 A sol ution of
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di oxane (8. 06 ina 50 nmL round bottomflask. This was stirred

magnet i cal | @ndabiaylsﬂwlgtéﬁwtgn 16SmegBrvasarepared i dmmlﬁ (16104 o ima ROwals reundn
heated at 60, Ahad TRRUKSs é’rﬂfje%lrmg ?Eﬁw ard s'prai"glera ith %rogen 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 2 100 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. Durlng 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 rpm for 2 mins using a mini centrifuge (Minispin Plus, Eppendorf}
revealing a white depdsit 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 macro 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 hor oughly di spersed using a Vibra-Cell Utrasonic Processor (Sonics and
Materials, Inc.) standard probe set to BQ%%anlitude 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
containing 4,4 .20, az 4-cyanovaleric acid) (0,03 g, 0.1 nmol) and wa
deoxygenat edPEREIE The ¥ é"ﬁ r‘@qsﬁﬁ’meﬁ?‘é inpg ol %&sww?@@aaw skitieg of E%t(l%

set to 70 C
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deoxygenat e ¢oRB NG polyimer (eneapsviated diQg padicks withy2h8% $dlid34 The enoapsulativg)

d thyl _meth | at 33.0 th de at 2 g/ h
over 2 hour BRI o 13468 il oul DRI rvb armaersal BORer Y ofdding Sanithi
nonomer addidedg/pen@sd iRt Esuy NG 1&@@@9;% Y0 WAl R IYRIINestid ¢3.28 ¢, 32.4

further hour to achi eve conplete po ymerisation. The |atex particles had
an average #iaptair2. 6fg/1366n19 the: @bmslat%I(%ﬁ@ ginist therprasendet df 4etiehzobis(4-ds

RAFT agdil . CHIPRRRES st (LGAEE! BT o0 % a0, Pk » MRy mee e amaronyer Fid e,

macr o- RAFT mnbompmualtnb NEnfRrANR" A48 ﬁim&ﬁna@rmea Hittef BSUr €1aédinplBed
nole ratio of 1:2 usin

2-{[ (butyl snpltvamsatm %@rm@mg@;naﬁm diamgier of dddmol was détgrmined by dynamic laser
light scattering (HPPS, Malvern Instruments Lid). The latex solids was 29.5 %.

Example 9: Encapsulation of TiQ; 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).

J L

HoOC” ~8” s~ TCOOH

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 a 50 mL round bottom
fiask. 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.



A solution of 2-{[(butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoi ¢ acid
(0.40 g, 1.6 10 mml), 2,2'-azobisisobutyronitrile (0.02 g, 0.1 mml),
acrylic acid (2.44 g, 33.8 nmmol) and butyl acrylate (2.17 g, 16.9 nmol)
was prepared in dioxane (10.04 g) in a 50 nL round bottomflask. This was
stirred magnetically and sparged with nitrogen for 10 m nutes. The flask
was then heated at 70 C under constant stirring for 2.5 hours. The final
copol ymer solution was 34.9 %solids. 15 Poly(butyl acrylate-co-acrylic
acid) coating of Ti Q2 pignent (17R92, Huntsman Corporation) using nacro
RAFT agent from Part (a) as stablllzer4 A sol ution containing macro RAFT
fromPart (a) (2.51 g, 0.3 mol), water " (50.94 g) and sodi um hydroxi de
(0.06 g, 1.4 mol) was prepared in a 100 nL beaker ~To this solution, TiQ2

pi gment (11.26 was added, m xed and_t hor oughl sed usi
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was i ncr easfed icumbhenerlydditidd iwey campletel; the heatlng was continued for a further 11

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 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 in the presence of 4,4-azobis(4-cyanovaleric acid) (0.029 g, 0.1 mmeol) at 70

20 °C over 2 hours. 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 %.



deoxygenated m xture of butyl acrylate (1.39 g, 10.9 mmmol) and acrylic acid
(3.24 g, 32.4 mol) at 2.3 g/hr into the above latex (48.46 g) in the
presence of 4,4'-azobis(4 10 cyanovaleric acid) (0.028 g, 0.1 nmol) at 70 C
over 2 hours. After the nononer addition was conpleted, the tenperature
was maintai-ned for a further hour to conplete polynerisation. An average
particle dianmeter of 441 nmwas determ ned by dynam c l[aser |ight
scattering (HPPS, Malvern Instrunents Ltd). The latex solids was 29.5 %
Exanpl e 9: Encapsul ati on of Ti 02 using pol y(BA-co-AA) macro RAFT' 15 Part
(a): Preparation a poly(butyl acrylatgpco-acrylic aci d) macro- RAFT agent
contai ni ng an average of 20 nononer ts per chainin a nole ratio of 1:1
using: 2,2'-[(thioxonethylene)di (sulfanyl)]bis(propanocic acid). S
HOOCLS) ~ SJ~' OOOH A sol ution of

2,2 -[(thi ne) di (sul | )]bis pa caC|d 3.4 mol ),
20 2,2 -az8 %%?%HM?FPE%% 938@ éP&‘%ﬁ%&e t(2.41 g,
33.5 mmol ), butyI acrylate (4.33 g, 33 8 rrm)l) was prepared in di oxane
(7.74 9g) iBarta(aEBOPIreparamionch prdy(lhutml atiy@k—co—ﬁdtlsam\ﬁm aﬁd)rmedormglf'ﬂéhfgaﬁl |y and
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copol ymer 25264[(thlommwm;leﬁé)d%tﬂhlnylj]slns(z-&@thyﬁafopm(di() aciddol ymet hyl

met hacryl at e-co-butyl, acrylate) coating of Ti Q2 pigment (TR92, Huntsman
Cor por ati on) using gﬁgr;o RAFT agent from Part (a) as stabilizer. A solution
with pH 6 contal nin crio RAFT (1 25 g, 0.3 mol), water (50.14 g) and
sodi um hyd'lI OSg I) was prepared in a 100 nL beaker. To

this sgdution, I5 T| 02 pi grrent (10.09 g) was added, m xed and was further
t hor oughl y di spersed usi ng a Vibra-Cell Utrasonic Processor (Soni cs and

Materials,, In rqb t.. 30% litude for 10 m_nutes.
the soni cﬁt?‘%‘ﬁ“’%}Pg%g l?’ﬁ’ ﬁ'fy%@dé(ﬁgé W&gp s&rmpidgrormrain i) QP %ﬁd cooI ed
in a wat etrhalj, o 2=szeb1mm@ranﬁme(@op B, 094 lﬁﬂmg niéﬁﬁcrtyh@'&&iﬁe(orﬁd t§>1 a 100
mL round bott om J ?&Afl ning 4,4 -azobi s cyanoval eric aci 80 028 g,
0 1 mmol), butyl acrylate , 3.4 mmol) in dioxane (1.52 g) Was prepared in a 5 mL roun
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 TiQ, pigment (TR92,

Huntsman Corporation) using macro RAFT agent from Part (2) 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
Ulirasonic 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 a2 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 filicring, the latex was white



10 mmol ) and was deoxygenated by nitrogen sparging. The whole flask was
inmmersed in an oil bath set to 70 C, while a deoxygenated m xture of butyl
acrylate (1.39 g, 10.9 nmol) and nethyl nethacrylate (3.24 g, 32.4 mol)
was fed into the flask at 0.92 g/hr over 5 hrs. After the nonomer addition
was conpl eted, the heating was continued for a further 11 hours 30

m nutes, after which tinme polynerization was found to be conplete. The

| atex 15 was white and stable, containing particles about 372 nmin

di aneter (HPPS, Malvern Instruments Ltd). Latex solids was 23.8% The
encapsul ati ng polyner |ayers around Ti O2 particles was further increased
by addi ng anot her deoxygenat ed mi xt ureéOsf butyl acrylate (1.39 g, 10.9
nmol ) and methyl nethacrylate (3.24 g, 32.4 nmmol) at 2.3 g/hr into the
above | atex_ in the presence of 4,4'-azobis(4 anovalerlc aC|d) (0.029 g,
0.1 rmol ) 284 sablepepriainipg pasicies ghaut 44p s w’,wm%r WelesEErmset e t he
t enper at ugy)\weik: 1Rk M1k RRd12i49r a further 1 hour to effect full

pol ymeri sation. Exam nation by transm ssion electron mcroscopy showed
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Encapsul ation of Ti G2 using poI y(BA-co- MAA) macro RAFT agent. Part (a):

Prepar ol y(butyl, acryl at e- o nethac lic acj macr o- RAFT agent
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2, 2" - [ (t hicbReWBErgation TP al Heand 52Hrepg:. net hyl propanoi ¢ acid) (0,10 g,

0.3 mol ). ISR JelolV 'S 0.04 mmol ), nethacrylic
acid (0.27 {{(%u%s %&Irﬁ butlwlwg:l:i%g lalfrgﬁg%&%z‘g% 3.4 mmol ) in dioxane

(1.52 9g) repared round bo tomflask. This was stirred
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41.5 mmol) was prepared in dioxane (15.14 g) and water (8.08 g) in a 50 mL round bottom
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 minufes. At the end of this
period, 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 2Zhours. The copolymer solution was 20.9% solids.

Part (b): Poly(methyl methacrylate-co-butyl aerylate) 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 a
100 ml beaker. To this solution, yellow pigment (5.06 g) was added, mixed and was
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
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
ml 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



solution was 23.8 % solids. Part (b): Poly(nethyl nethacryl ate-co-butyl
acrylate) coating of Ti Q2 pignent (TR92, Huntsman Corporation) using nacro
RAFT agent from Part (a) as stabilizer. A solution with pH 6.5 contai ni ng
macro RAFT (1.00g, 0.15 nmol), water (50.82 g) and 15 sodi um hydroxi de
(0.05 g, 1.3 mol) was prepared in a 100 nL beaker. To this solution, TiQ2
pi gnent (4.63 g) was added, m xed and thoroughly dispersed using a

Vibra-Cell Utrasonic Processor (Sonics and Materials, Inc.) standard
probe set to 30% anplitude for 10 mnutes. During the sonication process,
t he di spersion was stirred magnetical_lyy and cooled in a water bath. The

white dispersion (47.11 g) was transferred to a 100 ml round 20 fl ask
cont ai ni ng 4, 4' -azobi s(4-cyanoval eric acid) (0.036 g, 0.1 mmol) and was

deoxygena o R Th imersed in an oil
bat hyget gﬁ%ggd @&%qﬁgmi%%éox ‘%‘ %‘&mﬁ{?%rﬁlla%?ﬁfo Bu?@lmnéﬂl)r%ﬂ dapehyly. 39 g,
10. 9 ol Jethacryhitst (2 g, mamanmyma fed(iBto e Bask32092 @TB'O)Jervﬁiih&ﬁ'Q A0 the

the heat i i BN o ot et o opd B Sty { bpurzBoumhiohiopne
pol yner i zptiymerization fmamﬂﬂmﬂ@n becaangt. ot feer (AEERY, el lht*e:%WaE‘Qelloth‘ﬁldl AdpfX Was
white -58660 nd sta rticles apout nmin dianmetér (HPPS,

I t
Mal ver i | RS n?mmn cﬁﬁtag?uq %“&gﬁng‘ﬁa‘gﬁ?‘i @?P\ﬁaéﬂai@ﬁl%stlm&nﬁﬁlléd)lﬂ‘he Pol yner

Coat ed Bi kaxt émhkl/ﬁmdatza"/ﬂ glmerﬁobﬁ&& Idofie® parkiBfls Prdp@Rh i Gnis ARk diD e ef r om
ation, of a poly{(butyl

5 Part (a }%g
acryl at e) aéyée(f %%SW\ESFII‘?? © ﬁ‘i"?fb‘?@f%wpy (TEM).
met hacryl at e) o} - bl ock- pol y(acryl am de)t macro- RAFT agent with respective

degrees Birt{(9l yWatdrbeine@Blofred hite pint forkfulRd ubihg Qhé'éﬂcggsulate? low
2-{[(buty sul car bonot hi oyl ] sul f anyl } propanoi'c aci d” A so dtioh of
2-{[ (but yI"EgH han’éﬂ;] Pb%ﬁ%ﬂf%ﬁlrswdr%mﬂ}(g} opanoic acid (0.48 g, 10 2.0

nol ), 4,4'-azobis(4-cyanovaleric acid) (0.03 g, 0.1 nmol) acrylam de (2.95
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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 mimutes. 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



was then heated to and maintained at 70 C for 2 hours 30 mnutes. At the
end of this period, butyl acrylate (2.59 g, 20.2 nmol),

2- (di net hyl am no) et hyl nmethacrylate (1.58 g, 15 10.1 nmol) and an
addi ti onal anmount of 4,4'-azobis(4-cyanovaleric acid) (0.03 g, 0.1 mmol)
was added to the flask. The m xture was deoxygenated and heating was
continued at 70 C for a further 2hours. The copol yner solution was 20. 9%
solids. Part (b): Poly(nethyl nethacryl ate-co-butyl acrylate) coating of
yel |l ow bi smuth vanadate pignent (lrgazin yell ow 2094, Ci ba Specialty
Chem cal s) using macro 20 RAFT from Pgrt (a) as stabilizer. A solution
containing macro RAFT (1.6 g, 0.11 %T water (51.10 g) was prepared in a
100 m beaker. To.this solution, yellow pignment (5.06 g) was added, m xed
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prior to the addition of Acrysol RM-2020 (1.070g). Stirring was continued for 30 minutes.

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
Resuits :

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 howrs were measured for gloss with a Dr Lange gloss meter. They were also

evaluated visually for film appearance:



Conventional acrylic |latex (ex Rohm and Haas) (79.729g), Propylene dycol
(2.141 g), Antifoam (0.589g) and AMP-95 (0.321g) were added to a high
speed m xer with stirring. Biocide (0.086g) was then added, foll owed by a
pre-m x of Propylene dycol (1.070g) and 15 Teric NAOLP (0.214g). Texanol
(1.788g) was then added in a pencil stream and the mxture stirred for 20
m nutes. The follow ng were then added to the reactor. . Zinc Oxide
(0.268g) and the encapsul ated yel | ow bi snut h vanadat e pi gnment di spersion
(11.494g). Natrosol Plus 330 (0.16g) and propyl ene glycol (1.070g) were
pre-m xed before adding to the reactgé The m xture was then stirred for
20 minutes prior to the addition of A¢fysol 20 RM 2020 (1.070g). Stirring
was continued for 30 mnutes. pH and vi SCOSI ty were adjusted as required.
Pai nt Physical Properties : Wight Solids: 40.54 Volunme Solids: 37.03 25
WPL 1.062 WPL Solids : 1.162 PVC: 0.52 P:B Ratlo : 3 : 100 -88- Part

nnr\ononl

(d) : Copparative parnt—exanpte—showtng—the ...pam ngngng tion on base
pai nt characteristics. Ajconventi ﬁn el | ()W s. prepared for
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t hen added |n a penC|I stream and the mitture stirred for 20 m'nutes. The
fol l owi ng wer eglofie® added to the reactor :(Zinc Oxide 10 (0,268g) and
Conventipnal Yeldgow di spgrsion baggd on Irgazin yel | Bv 2094 ex |Ci ba
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Optimisation of pigment particle size during paint manufacture normally requires
reduction of particle agglomerates to smaller particle sizes that are more efficient at light
scattering. 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 notoriously 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.



Specialty Chem cals (11.494g). Natrosol Plus 330 (0.16g) and propyl ene
glycol (1.070g) were pre-m xed before adding to the reactor. The m xture
was then stirred for 20 minutes prior to the addition of Acrysol RM 2020
(1.070g). Stirring was continued for 30 mnutes. pH and viscosity were
adjusted as required. 15 Paint Physical Properties : Wight Solids: 39.54
Vol ume Solids: 35.90 WPL 1.061 WPL Solids : 1.168 20 PVC: 0.73 P:B
Ratio : 4:100 Results : Filnms of the paint from Exanple 11(c) and the
conparative exanple frompart (d) were 2% cast onto Leneta white charts
with a drawdown bl ade having a 175um gap and after drying for 24 hours
were nmeasured for gloss with a Dr Lange gl oss neter. They were al so

eval uat ed VEshihple/ 1201 PRégath@aP e an CRlid- %Slyvﬁ?@”ﬂééiat%l b ixCBR Mhii&ic
Exanpl e Fi | m Appear ance Superior brilliance and Control depth of colour

d oss () 18nangpazticles wglldispsrsedthoreds 85 93.2 Opti nmisation of pi gnent
particle size during paint manufacture normally requires reduction of

particle ag . A | 4 ' ' : re efficient at
PPaht © coar e G PegPataoR T aed Rdos ferPO R MR RPRUIE I ©, P T P
strength or the depth of colour 5 that can be achieved froma given
quantity of Agiiepmsderrofithé (+ e Pusolals) obtapied me described in Example 3, Part (a) (53g) was

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-

[(ethoxycarbonothioyl)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 ferroftuid (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



aggl onerates or flocculates acts to reduce the col our strength and
brightness of finished coatings. Some col our pigment types are notoriously
difficult to break down in terns of reducing aggloneration - inorganic
yel l ows such as included in the present exanple being one such type. 10
The col our strength of the paint from Exanple 11(c) and the conparative
exanpl e was investigated. The paints from Exanple 11(c) and the
conparative exanple 11(d) were applied over a black and white substrate
until the pattern was conpletely obliterated. The colour difference

bet ween the panels was then neasured with a Macbeth 7000A

spect rophot onet er and the col our diffednce coordi nates cal cul at ed using
the CIE1976 15 col our system A total colour difference value of DE = 1.97
was obtained, with the filmof the exanple showi ng enhanced yel | owness (+
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wat er (100 o .0obtain an_ agueous ferrofl Uld of apprOX| matel 1. 3% sol i ds.
To this dif g%te(é) fPS'FP?}'PF‘Eﬁ af agﬁ' eshase fesrpfiuid ﬁmm/shed#rym%agi(ﬂamnleover

7-10 m nut &5 Pauieler a mechani cal agitation of 800 rpm adjusting the pH of
the ferrofluid froml 86 to 5.30, after which 90 g of ethanol as added. A

clear diluted, a Lﬂrﬁ \S“h pH 5.30 _was obtained. 10 Part (b):
Prepar at i on"&Jet Oﬁ'ﬂ) =|]!ia“a€‘i onfsinipg batd Fe:lyiang| magaantbatc rgento-
xant hat e a@elﬁ@) Mgeﬂlef BIRE §inyV %céi&gr(%@sF fan@%%@@kérﬁlﬁté QBerl? DItdn2AGN =
usi ng % []g x3{ ?(5 bonot hi oyl ) sul f an succinic acid
0 xamp e 1b (0.63 g} was mixed together The crude dispersion thus obtained was ultra
sonicated for two hours at 30% intensity to obtain a vinyl acetate-based ferrofluid. This
ferrofluid was found to contain 28.5 % of FeyOs, 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,0;,

which is 57.2% of the original aqueous ferrofluids.

15 Part (¢): Preparation of poly (vinyl acetate) matrix encapsulated Fe,O3 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 % FeyOs. 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 Fex0;.



A sol ution of 2-[(ethoxycarbonothioyl)sul fanyl]succinic acid (1.45 g, 6.09
nmml ), acrylic acid (4.39g, 60.9mmvl) and 2, 2' -azobi si sobutyronitrile
(AIBN, 0.11 g, 0.609mmol) in 15 dioxane (8.9g) in a 100 nL round bottoned
flask was stirred with an magnetic stirrer and heated to 65 Cin a nitrogen
at nosphere for 3 hours. At the end of this period, vinyl acetate 12.93g,
150 mmol ), AIBN (0.05 g, 0.3 mmpl) and di oxane (19.46 g) was added to the
flask and heating continued at 80 C for a further 16 hours. The resulting
copol ymer solution was approxi mately 46% solids. 20 Part (c): Preparation
of dry Fe2G3 powder fromthe aqueous ferrofluid of exanple 12, Part (a)
and t he nmacro-xant hate agent of Exanplé“lz Part (b). Agueous sodi um

hydr oxi de solution (0.3% 15.6g9), followed by distilled water (3.8g) and
et hanol (95% 8.9 g) was added to 2.72 g the nacro-xanthate solution from

Exanpl e 12 P rt (Q@ to obtain_a clear, solution. D luted %ﬂéeous
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sonicated for two hours at 30% intensity to obtain ased
ferrof | ui @opolypes solution was 50.9 % solids.

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 biue pigment (5.01 g) and 1mm 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



ferrofluid was found to contain 28.5 % of Fe203, and when exposed to an
oscillating magnetic field of 100 kHz and 90 Ce it generated heat at a
rate of 10.7 Wg of Fe203, which is 57.2% of the original aqueous
ferrofluids. 15 Part (e): Preparation of poly (vinyl acetate) matrix
encapsul ated Fe2G3 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 m xer 2
m n. The bul k pol ynerization was then carried out in a silicane oil bath
of 75 C for 14 hours. The final solldﬁgolyner was 20 obtained. And it was
found to contain 35.1 % Fe203. Wen t powder was dispersed in agar and
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beaker . d{V[tduglljs moalosulmd blm wigméritartidleg (se8Mikure 2). The ability of the method
of the invention to form polymer at the surface of high aspect ratio small particies 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 (¢) Poly(methyl methacrylate-co-butyl acrylate) coating of phthalocyanine blue

pigment (Heliogen Blae 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, BASF) dispersion from part
25 (¢).

Encapsulated pthalocyanine blue pigment dispersion from part (¢} was formulated into a
blue base paint according to the following method :



t hen sodi um hydroxi de (0.06 g, 1.48 mmol) was added, m xed and sonicated in
a sonic bath for 2 mnutes. The solution was transferred to a water
jacketed mlling vessel (D spermatTM AE 3C | aboratory dissolver fitted
with an APS 250 milling system VMA 20 Getzmann) contai ni ng pht hal ocyani ne
bl ue pignment (5.01 g) and 1nmin dianeter glass beads (101 g). The bath

j acket tenperature was nmaintained at 20 C. The mlling was initially at
1000 rpmfor 60 mnutes to produce a viscous blue dispersion. Then, nore
wat er (20.00 g) and gl ass beads (50 g) were added into the mlling vessel
and the mlling speed was raised to @QOO rpmfor 60 mnutes. At the end of
the mlling, another portion of 25 wateér (70.17 g) was mixed with the

pi gnent dispersion Foam and glass beads were then separated fromthe
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stable blue | atex was obtained with a solids content o e | atex

had an aveERggEohak Bl 1iel(hddde) wis addad Wribeminmssnd edrig icogindghéor ¢ | aser
| i ght 19cagd gidyag, (HPPS, Malvern 10 Instruments Ltd). Transm ssion el ectron
m croscopy showed that the | atex contained individually encapsul ated bl ue

pi gment pﬁ\r_ti ﬁl es ésee Figure 2). The ability of the nethod of the

inventio igal :at the surface of high aspect ratio small :

particles_js.s _in Figure 3. In this Figure, the polynmer encapsul ated
Yt SiiEe pi gftbh

pht hal ocy pi gf"Hs ¥ havi ng a needle shape was prepared in a
sim | ar nusngk Solidd: he coegsent Exanple. 15 Part (c) Pol y(nethyl
met hacryl%tpi-co- but yl a?ro&at e) coating of phthal ocyani ne bl ue

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 L7081D dispersed by conventional means
(Luconyl dispersion ex BASF: contains 30% pigment, 0.167¢g) 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



pi gnent (Heliogen Blue L7081D, BASF) using macro RAFT from Part (a) as a
stabilizer. CGenerally the sane nethod was applied as for dispersion and
encapsul ation of Heliogen Blue L 6900 in part (b) apart froma slight
variation in the mlling step. As Heliogen Blue 20 7081D is nore readily
di spersed than Heliogen Blue L 6900, the m |l base was m xed at 2000rpns for
30 mnutes and then after the addition of the 20g of |et down water, m xed
a further 30 mnutes at 4SOOrpns. Part (d) : Waterborne col oured base

pai nt fornul ated using the encapsul ated phthal ocyani ne bl ue pi gnent

(Hel i ogen Blue L7081D, BASF) di spersi_cgfg_from part 25 (c). Encapsul ated

pt hal ocyani ne bl ue pignent dispersion frompart (c) was fornmulated into a
bl ue base paint according to the follow ng nmethod : -94- Conventi onal
acrylic | awexséigys ;Rohm angigHaas) (73.388g), antifoam (0.482g) and
conventional titanium di'oXi'de di spersion (using Tiona RCL 595 ex M I I enium
| nor gani c?)VC:(6.4909) wek® added to a high speed mixer with stirring. These
were fol | pywelatdty: additian g9f water (10.019g) and biocide (0.083g). A
pre-m x of Propylene dycol (2.255g), Teric 5 164 (0.159g) and Teric MNOLP
(0.148g) was subsequently added with stirring. Texanol (1.854g) was then
added in Repdtscil stream and the m xture stirred for 30 mnutes. Natrosol
Plus 330 (0.352g) and propyl ene glycol (1.131g) were pre-n xed before

addi ng st o | eactor.  Acrysol RWM 2020 (2.1959) was then added as stirring
cont i m;jed.sz|1 %%n{%lgfséﬁ)grcgﬁho‘% ¢ deangl copyentiqnal hasg paintigo atledthck and he

m xture awdits toverdgagwenipplisteeh fkta FOX QR Paint Physi cal

Properties. ;. . \\i %ht_goﬁpgs: oy N S The Eour: Brnd MR g0 15 v
Solids ‘Zia_rq%@as measured using a Macbeth 7000A spectrophotometer and the colour difference

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 (¢) taken as

15 standard.
Colour
Strength DL DA DB DE (CIE)
X8 +L -D) +R -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 (g)

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.



PVC : 0.96 P:B Ratio : 3 : 100 Part (e) : Conparative paint exanple
showi ng the inpact of encapsul ation on base paint characteristics. 20 A
conventional blue base paint was prepared for conparative purposes,
according to the method given above, however Heliogen blue L7081D

di spersed by conventional nmeans (Luconyl dispersion ex BASF. contains 30%
pi gnment, 0.167g) and water (1.277g) replaced the anmount of dispersion from
Exanpl e 13(c) added. This ensured an equi val ent anount of col our pignent
(g/L) was included in each forrul ation. 25 Paint Physical Properties :
Weight Solids: 41.72 Volune Solids: 38.44 WPL 1.068 -95- WPL Solids :
1.159 PVC : 0.97 P:B Ratio : 3 : 100%Results : 5 Sufficient 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 neasured using a Macbeth 7000A spectrophotoneter and the

col our difference evaluated using the ClE1976 L* a* b* col our space. Filns
cast from the aquéous di spersion of polynmer gncapsul at ed pthal 6cyanine bl ue

10 partigles e@i'sgi(ﬂlt)ed enhanceflysfhrYs () eggt hCompRafive FRIRHIK lgﬁa?/o K/'S)
u

hi gher, ghow ng a i ghtness difference ‘of 5.]25 (darker, deeper 2 film
and a totrat——cotour—difference of —6. 13— (CrE) €N conpared to the
conparatifve exanghe from part (e).4slhe enhanced bl ueness; pf the fikmis
di spl ayed nunerigally in {he tabl | ow. Vallues of colqu difference for

t he exenplifiedsgaint are quoted nginst t he conparati%g4exanple ffom part
(e) taken as ' '

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.

Scatiering and Absorption Coefficients

e = Scattering
Experimental

Scattering
Conventional

— — — - Absorption
Experimental

Absorption
Conventicnal

S N H AN H D 9N
W W F & F P

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



15 standard. Colour Strength DL DA DB DE (CIE) (K/'S (+L -D) (+R -G (+y
-B) %increase) Exanple 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

descri bed above, showed apparent gloss, brilliance, clarity as well as
depth of colour to be vastly superior to the equival ent conparative
exanpl e. Measured Vval ues of gloss matched the results arrived at by eye.
Films of the paint from Exanple 13 (d) and the conparative 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 wwth a Dr Lange
gloss neter. The results for 200 gl o%5-as neasured indicate the depth of
gl oss observed. -96- doss () Exanple 13 (d) Conparative Exanple 13(e) 20
43.0 27.3 60 80.7 76.6 85 95.7 92.4 Scattering and absorption

coef fi ci eswhivel troughnangé dispersiensefoemyjated viantht meethodgiflthe pressgi drventiame

measur ed a ean n | LI | gnent ,
when trea léed%%ﬁﬁ%‘el{ﬁ?r?eg{f oéf)(t)h% %E%ﬁﬁﬁg%ﬁgﬁtzﬂf Q“rtoglfl ggd?g% gggeg{.l@%gg%teri ng
and Absor plidentedGodiif exaipit s 7-7 !’ -Scattering 2 5 Experinmental 05 4r 2
Scattering

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.

It 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 (c) 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 (¢) (contains 11.52% solids, 3.5% pigment) or 25.16g of the conventional dispersion
(diluted to 11.5% solids, confains 7.2% pigment) was added to 250 ml of the conventional

white paint (comparative example 1 from Example 20).

The dispersion of part (¢) 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 charis with a
drawdown blade having a 175um gap and afier drying for 24 hours were measured for

gloss with a Dr Lange gloss meter:
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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)carbonothioyljsulfanyl }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 constant 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



enpl oyed as tinters of conventional waterborne coating systens. A

di spersion of pthal ocyanine blue as described in part (c) was used to tint
a conventional 15 white paint of PVC 15 (conparative exanple 1 from
Exanpl e 20). Through experinentation it was discovered that only half as
much of the encapsul ated pthal ocyani ne bl ue pignent dispersion needed to
be added to give colour strength equivalent to that of the conventional

pt hal ocyani ne bl ue pignent di spersion when added as a tinter. To get
approxi mat el y equi val ent col our strengthdwg§.16g of the dispersion from 20
part (c) (contains 11.52% solids, 3.5% pignent) or 25.16g of the
conventional dispersion (diluted to 11.5% solids, contains 7.2% pignent)
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agent 5 containing an average o nmonomer units per. chai n in a no
rati o of 3:dvetlsiadgnier spinning at 1200 rpm over 5 mins. The suspension was quickly transferred

10  to a 100 mL round bottom flask containing 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 niicroscope). A solution of Primid X1.S52
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 forl0

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 Titanium 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.



{[ (butyl sul fanyl ) car bonot hi oyl ) sul fanyl } propanoi ¢ acid. A solution of

2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul f anyl } propanoic acid (0.71g, 3.0 mol),
2,2' -azobi si sobutyronitrile (0.04 g, 0.2 mol), 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 nL round bottom 10 flask. This was stirred nagnetically and sparged
with nitrogen for 10 mnutes. The flask was then heated at 70 C for 2
hours 30 m nutes under constant stirring. The final copolyner solution was
41.7 % solids. Part (b): Preparation of thernofusable powder coating
particles using macro RAFT agent pre&?red in Part (a). 15 Titani um di oxi de
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temperature controlled oil bath for 4 hours at 90 °C, while was constanily stirred

c_

15 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 XI.852 crosslinker (0.51
g) and water (2.07 g) was mixed with the wet powder and the whole sample was let to be

20 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 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-{[(dodecylsulfauyl)carbonothioyl]sulfauyl}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’-azobisisobutyronitrile (0.07 g, 0.4 mmol), acrylic acid (1.03 g, 14.3 mmol),



constantly magnetically stirred. At the end of the polynerisation, the

| atex was filtered to renove coagul ations and was centrifuged and washed
four times with distilled water to 15 receive a wet powder which contained
spherical particles with an estinmted average particle size of 25 mcrons
(Carl Zeiss optical mcroscope). A solution of Primd XLS52 crosslinker
(0.29 g) and water (4.04 g) was m xed with the wet powder and the whol e
sanple was let to be air dried overnight formng a dry cake which was in
turn broken up by grinding using a nDrtar and a pestle and was sieved
using a 125 mcron sieve. The final product forned a hard gl ossy white
filmon a glass slide after baking af %0 C forlO minutes. Exanpl e 15:
Ther nof usabl e powder coating. Part (a): Preparation of thernofusable powder
coating p i (W] FT agent prepared in Exanple 14, Part (a)
and dodecﬁﬁ&{%kgﬁmi§b4%é?%§fwﬁ s peepatedl in dioxanet ARSLIE) dn o0 del (@@d34 Q)
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met hyl | at e 0, 95 0. 31 nol macr o agent from Exanpl e
14, Part ﬁ%% %‘ &géﬁj # ?f?roq:)f"”o@ by wadsg compiant plirsing; s"%er@abmpol?emﬁ | ow
PL200A (Oscﬂﬂn@)waswas%d@iﬁﬁ and the dispersion was further dispersed using a
Vibra-Cell Utrasonic Processor (Sonics and Materials, Inc.) standard

probe at % itud utes -100- After sonication, the white
di sper§| OﬁQ,/ B F&%@Pﬁ?‘f& “‘FB‘“ “ﬁ%e ROV AR Soating parsieles| using maam (RART ng

2, 2' - azobagens phephyeddi Pakd (aPad Bighenstaiflirmol ), dodecyl thiol (0.55 g, 2.7
mml) and hydrogenated castor oil (HCO 0.86 g) and was seal ed then

d 10 t The fl ask d
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2,2' - azob|5|srgbut ronitrile (0. . In a
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gt 5;@50 éorﬁﬁogem%ﬁg&)@@ ag10TOh B roBRYVHEYAE Hatis g&)tal%g aZ,é)ya%Ebmlsrﬂ)uw&n?trnl Spi nni ng
(B.TO g, 8.6 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 controlied 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 alcohol solution (55.20g, 2.5%, 80,000-100,000 g/mole, 88%
hydrolysed) by a overhead mixer spinning at 1250 tpm 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 twrn 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 XLS52
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



m nutes. The suspension was quickly transferred to a 100 nL round bottom
flask containing sodiumnitrite (0.0062 g, 0.1 mmol), which was in turn
seal ed and deoxygenated by nitrogen sparging for 10 m nutes. The

pol ynerisation was carried out in a tenperature controlled oil bath for 4
hours at 90 C, while was constantly stirred 15 nmagnetically. At the end of
the polynerisation, the latex was filtered to renove coagul ati ons and was
centrifuged and washed six tinmes with distilled water to receive a wet
powder which contai ned spherical particlesppdth an estinmated average
particle size of 25 mcrons (Carl Zeiss optical mcroscope). A solution of
Primd XLS52 crosslinker (0.51 g¢g) and water (2.07 g) was m xed with the
wet powder d.r.drd£ed. LAl
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stirred magnetically and sparged with nitrogen for 10 m nutes. The flask
was then heated at 70 C for 5 hrs under constant stirring. The final

copol yner  Aosaltigh ol [dpiyisuitaggl)eathonathipylisulfanyl } pranapeicaacid (0.332, 1 mmol),
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(29.99 g, O 3?( | e), macro RAFT agent (3.86 g, 0.6 nmmol), .
: flask. This Wwas stirred magnetically and sparged with nitrogen for 10 minutes. The flask

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 macro
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
niethacrylate (3.49 g, 34.8mmol)} was fed into the flask at 0.94 g/hr over 5 hours. After

monomer addition was complete, the heating was continued for another 13 hours after



by m xing. To this dispersion, Resiflow PL200A (0.81 g) was added and the
di spersion 10 was further dispersed using a Vibra-Cell U trasonic Processor
(Sonics and Materials, Inc.) standard probe set to 30% anplitude for 5

m nutes. After sonication, the white dispersion was transferred to a 100
mL round bottom flask containing 2,2 -azobisisobutyronitrile (0.10 g, 0.6
nmmol ), dodecyl thiol (0.56 g, 2.8 mmol) and hydrogenated castor oil (HCO
0.82 g) and was seal ed then deoxygenated by nitrogen sparging for 10
mnutes. The flask 15 was imersed in at erature-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.%1?1. @Jlﬂéfi t hyl methacryl ate g15. 53.9, 0.16 nol es) was added.
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spi nning at .1250 rpm over .5 mjnutes. The suspension was quickly
transferred W@V@%@beﬂf@%ﬁﬁ@ﬁmﬁt}m%g%w%@ aining sodiumnitrite
(0.0062 g, 0.1 nmmol) which was in turn seal ed and deoxygenated by nitrogen

spar gi ng 5 OExhthpl8 QUHAH SolRECHN KBRS IABA 18O, carried out in a
‘tenperature controlled oil bath for 7 hours at 70 C, while constantly

stirred magneticalli). At the end of the polynerisation, the |atex was
filtered toFPashdel Febymiethylomstharaylatescebntyli aaybatel edating hell Ty pigneent
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(2.09 g) was mxed with the wet powder and the whole 30 sanple was let to
be air dried _overnight formn dry cake which was in turn broken up

b
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ol y(butyl acrylate-co-acrylic acid) nacro-RAFT agent
pol y( y '?ﬂrﬂ%,r l&mroughly d¥spersed usir)lg a Vibra-Cell U?trasonic Processor (Sonics and

Materials, Inc.) standard probe at 30% amplitude for 10 minutes, During the sonication
A process, the dispersion was stirred magnetically and cooled in a water bath. The white
15 disperéion (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)sulfanyljsuccinic acid.

Potassium O-ethylxanthate (Aldrich, 32.00 g, 200 mmol) was added ail at once to a stirred

solution of ma_leic acid (76.56 g, 660 mmol) in water (153 mL) in an Erlenmeyer flask,



cont ai ning an average of 100 nmonomer units per chain in a nole ratio of 1:1
using: 2-{[(butylsul fanyl)carbonot hi oyl ] sul fanyl } propanoi c acid A solution
of 2-{[ (butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoic acid (0.23g, 1
mmol ), 2,2'-azobisisobutyronitrile (0.07 g, 0.4 mml), acrylic acid (3.54
g, 49.2 mml), butyl 10 acrylate (6.28 g, 49.0 nmol) was prepared in

di oxane (20.02 g) in a 50 nL round bottom flask. This was stirred
magnetically and sparged with nitrogen for 10 mnutes. The flask was then
heated at 70 C for 3 hours under constant stirring. The final copol yner
solution was 39.1%solids. Part (b): | y(ret hyl et hacryl at e- co- butyl
acrylate) coating of yellow bismth 1 vanadat e pignent (Irgazin yellow
2094, Ci ba Specialty Chem cals) using nmacro RAFT fromPart (a) as a

stabilize |gnent s tho ughl. xed wi th macro RAFT
from Part rf?uc%%fl g% T, Vet 51%] Hﬁl@ dl@%%?&ﬁ’é yé‘lﬁeb\ﬁpﬁﬂ‘élﬁle To
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fed into the flz§k at 0 94 g/ hr over 5 hours. After nononer addition was
conpl et e, PAvtbh Fxeparation of pely(rurleecrylte-emenrylie adid) magreRAfTeagent,08- whi ch
time pol yaRkidachaa f Red &F 1BCmERIR ly el | ow
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| nst r umenBsing: d? [&tloxyeaqrbyng thidyl)salfaxyllsuesinicadidn el ectron mi croscopy showed
that the |l atex contained individually encapsul ated bi snmuth vanadate

particl esA solution of 2-[(Ethoxycarbonothioyl)sulfanyl]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 2 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 TiQ, pigment (TR92,

Huntsman Corporation) using macro RAFT from Part (b) as stabilizer.

20 A solution containing macro RAFT agent (0.50 g, 0.14 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



5 Exanple 18: Hi gh Solid Content Encapsulated Ti Q2. Part (a): Poly(nethyl
nmet hacryl ate-co-butyl acrylate) coating of Ti02 pignent (CR828, Kerr-MGCee
Pigments Ltd) using nmacro RAFT from Exanple 4, Part (a) (C4-(5 butyl
acrylate-co-10 acrylic acid)) as a stabilizer at 55%solids. Macro RAFT
from Exanple 4, Part (a): (1.85 g, 0.6 nmmol) was m xed with water (17.20
10 g) in a 100 nL beaker and was di ssolved by adjusting the pHto 7 using
anmoni um hydroxide (28% . To this solution, TiQ2 pignment (19.91 g) was
added, m xed and was finther thoroughly dispersed using a Vibra-Cell

U trasoni c Processor (Sonics and Maggé' als, Inc.) standard probe at 30%
anplitude for 10 mnutes. During the i cation process, the dispersion
was stirred magnetically and cooled in a water bath. The white 15

di spersi o 4 ..was transferre 0 00 niL round bottom fl ask
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stable, emaplMITOPBAtiLIgd. €S about 389 nmin diameter (HPPS, Mlvern
Instrunents Ltd) and 54.8% solids. Transmi ssion el ectron m croscopy showed
that the Latex contained individually encapsulated Ti Q2 particles. 25
Exanple 1 ?‘a%‘ey%r yequsDesoyativepRatnt ¢optaining 1 Fii envapsulated within a
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of maleicgzacid, ((6:56,9, 660 mml) in water (153 nL) in an Erl enneyer
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reaction pltanyDeaybogothinyllsulfanyBpmmansicaeidper at ur e,
A solution of 2-{ [(butylsulfanyl)carbonothioyl]sulfanyl}proinanoic acid (4.77 g,
20.0 mmol), 2,2’-azobisisobufyronirile (0.164 g, 0.999 mmol), acrylic acid (1447 ¢,
0.201 mol) and butyl acrylate (12.93 g, 0.101 mol) was prepared in dioxane (3232 g)ina
15 50mL 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,

Hurtsman 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



and then acidified with 10 M hydrochloric acid (10 nL). The m xture was
then heated and 5 stirred on a hotplate until a clear yellow solution was
obt ai ned, which was then was filtered through a plug of cotton wool and
allowed to cool to 6C. The product was collected by vacuumfiltration,
washed with a little cold water and dried. Recrystallization fromwater
(65 nL) gave pale creamgranules, 23.73 g, 50% np 147.9-149.0. Part (b)
Preparation of poly(butyl acrylate-co-acrylic acid) macro-RAFT agent, in
10 di oxane, containing an average of 15 mononer units per chain in a nole
ratio of 1:2 wusing: 2-[(Ethoxycarbon @?loyl)sulfanyl]su00|n|c acid A

sol ution of 2-[(Ethoxycarbonothioyl)sultanyl]succinic acid (0.3 g, 1.3
mol ), 2,2'- azobisisobutyronitrile (0.01 g, 0.1 mml), acrylic acid (0.9
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heated to and maintained at 70 C for 2.5 hrs under constant stirring. The
final cop t 4,0 43. 4% solids. Part (c): Poly(methyl

met hacryl g%‘gﬁ%‘g)s%g%%ad%%?e) coating of Ti2 pignent (TR92, Huntsman
Cor por at | gm}l 1u§| nRA,@%ro RAFT from Part (b) as stabilizer. 20 A solution
cont ai ni ng HREro agent (0.50 g, 0.14 mol ), water (27.2 g) and

anmoni ym Bydpiexi de,3088- 30% (0.01 g, 0.11 mmol) was prepared in a 50 nL
beaker. The solution was di spersed using a Vibra-Cell U trasonic Processor
(Soni cs aRemMateri ald4 Inc.) standard probe at 30% anplitude for 1 mnute.
The pH ne surlg gﬂ% 7.0. To this solution, Ti02 pignment (4.99 g) was
added, nl P Ad 7 thoroughl y di spersed using 25 the Vibra- Cel

U trasoni c Processor (Sonics and Materials, Inc.) standard probe at 30%
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m xture ofP2HRS | SIEWI%LY"@S 3husted tg pHE 285 nithASTe ammomivmhytiroprise ha]uhvﬁ ate
(1.65 The 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 g, 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 bowrs. 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 after 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 Inprocess 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.



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 resulting |atex contained
particles with an average dianeter of 320.4 rim (HPPS, Mlvern Instrunents
Ltd). The latex solids was 29.4% The final |atex 5 was exam ned by
transm ssion el ectro mcroscopy and found to contain individually

encapsul ated Ti O2 particles. Exanple 20: Aqueous Decorative Paint ,
containing Ti Q2 encapsul ated within a poly(mnmethyl nethacryl ate-co-butyl
acrylate) coating. Part (a): Preparation of a poly(butyl

acryl ate-co-acrylic acid) nacro-RAFT_ﬂ%gpt 10 contai ning an average of 15
nononmer units per chain in a nole ratio of 1:2 using:

2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoi c acid A sol ution of

2-{[ (butyl nyl ) car banot hi oyl | f anvl } propanoic acid (4.77 g, 20.0

mol ), 2,§Méff§gbisisobu%?"&h%gf*r”ﬂbgg(nﬁ%’?’@L&;l”g. 999 mmol ), acrylic acid

(14.47 g, Sa0ple@1 nol ) amaderdgy - 4a20haPBI 121593 g, 0. 101 nol) was prepared
in di oxangﬁr(@ggSZ g) in\é 15 50 gz round bottom flask. The acrylic acid and
butyl acryfate sanpl es WEFEAGEEA*AL s EPEF0Sd0 No effort was made to renove
i nhi bi t or Findhdispewsitsr St i 12-86ra889%25 b aal; b1 andhgosparged with nitrogen for 10
m nutes. The flask was then heated to, and maintained at 70 C for 2.5 his

under con Nt~ Stirring. The aration was repeated and the final sanples
conbi n(esd ?%’qp‘:c?)\ii Weat%‘ﬂfgﬂec P‘%ﬁ; ‘%gtp@mta ormylated, msing et encopapdated TiOhi s

exanpl e. diaperbiondtom gArtgppol ymer sol ution was 48.8 % solids. Part (b):

Pol y( et hyl net hacryl ate-co-butyl acrylate) coating of Ti Q2 pignent (TR92,

Hunt srman J ON)e USI cr.0 RAFT agent fromthis exanple as a

st abi | i ze%%mg? %%1 ﬁ%fg%n%%%q %T?]ﬁi SR Bglﬁﬂﬁl‘rd‘fﬂ‘?!’%lzof@’?ﬂﬂ?)% nmol ), wat er
(116.67 g) and 25% anmmoni um hydroxide (0.453 g, 12.9 mmol) was prepared in
a 100 niL Kadlowingo were gdde8 imodrddri ong ik fpil@reanby (A8ind2rof)s Wasradded,

m xed andgthor VAN, IS .sed usi a _Branson Sonifier 450 with a 2cm
or obe_aot et bR RRAT ol T o et YBle d hy0b Boinkmueesr B 20%
anpl i t10de(0.908), Pagpyidne ghenl (12179g)) PRIXRL 633, (0129), CliSiBREBL PR MBS). %chgﬂ)?d
magnet i Cat{ﬂ]%o %hagndaegv&w,&ga)r ati op was repeated four times"to obtain
sutficien . ma% (and, ‘Coas -/27g) 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 conirol paints, an acrylic polymer dispersion with the same polymer composition

as that of the encapsulated dispersion was prepared.



and the final sanples were conbined. The particle size of the individual

m || base preparations were neasured using a Malvern Zetasizer: Particle
Size um (Z Average) Sanple 1 303.5 5 Sanple 2 308.1 Sanple 3 311.4
Sanmpl e 4 316.5 The conbi ned sanples (629.10 g) were transferred to a 1000
m. t hree-necked flask equipied with condenser, tenperature probe and
mechani cal agitator, containing 4,4'- 10 azobi s(4-cyanopentanoi ¢ acid)
(0.545 g, 1.72 nnnol) and were deoxygenated by nitrogen sparging. The
sanpl e was adjusted to pH 6 - 6.5 wth 2588amoni um hydr oxi de sol ution
The whole flask was inmmersed 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 net hyl mat kegtkoll @tparaiz 8 dﬁ%eﬁtonois %ﬁﬂanimﬁaau?@sabﬂgdd ko withahé taspoaied 4
hours. At the end of this feed 4" 15 azobi s(4-cyanopent anoi ¢ aci d)
(0.545 g, 1MMARBIAAGR (ﬁdﬁ%ﬁﬂlabthe reaction vessel. The solution was
then heated to 80 C and a further deoxygenated m xture of butyl acrylate

92.52 g, h t 7 . .0t o
'Ehe flagk o?ér%gmg%&a?é}d(%rl ng ?sﬁ aM (%6%2\/\;%/3@@9 ]an%a‘% @ng@f%&@
sanpl e of 4chdrgaliobisietor tyahwiik ntmhmucal agita:t);r tOnmtatur, pr&be?ﬂadmld)msmsThe
added. After nononer iti onp] ete, the heating,was cgntinued
For a1 ust hEACIRT REBHCAEH AP SRR ERY SHBBTLBIOTERS Haf Edriic (R Jer g 008) and
conpl ete. AhfRlonfunh b&khitge (1. b@g)lv?ér@ heBRdu) The 1%9&015%‘3{11&& an%ﬂ:rp%i‘ Yor 10
particles about 625.9 nmin dianeter (Z average) he latex so wer e
50. 5% The mMmimués. Thﬁglmnmevmmmmmm{prqlar@hcmshﬁg d&ybonized Iwatq:rr((i%gig),

ai ng.the. UORE S0P 08 e A6 RalEn). AMA T L oG, 3780 oY R b
shows a cl ea54mal)RWBW (972009, spﬁioymhe Bﬂfnﬁfﬁleﬁéﬂlﬁﬁﬂ)ﬁ WEs Prepired by andink e

result|n8 particles becone nore spherical. -
water and surfactant to a vessel fitted with a: stlrrer Monomers were added in order and

the completed mixture stirred rapidly to complete the emulsion. 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 90um silk.

The final latex had the following characteristics:
Solids 46.4%

25 pH=73
Minimum Film Forming Temperature = 20°C



Sanple | Z-average = 298.8 rim PDI = 0.143 Sanple 2 Z-average = 422.2 nm
PDI = 0.151 Sanple 3 Z-average = 542.1 nm PD = 0.110 Final dispersion
Z-average = 625.9 nm PD = 0.080 5 Part (c) : Waterborne | ow PVC paint
formul ated using the encapsulated TiQ2 dispersion frompart (b). A gloss
pai nt was formul ated fromthe aqueous pol yner di spersion of part (b): The
following were added in order to a mxer, followed by stirring for 5

m nutes: Encapsulated Ti Q2 D spersion frompart (b) (pH adjusted to 8.0,
800. 00g), Foamaster 111 10 (0.90g), Propylene glycol (12.79g), Proxel GXL
(0.72g9), Teric RPA6 (2.265g). Texanol (17.502g) and Coasol (7.729g) were
then added separately in a pencil stre&mwhilst stirring. Stiring then
continued for 10 m nutes. After being prem xed in a separate pot,

propyl ene 9|%EPL'8§6’83 % and Natrosol 250 HR (2.43g) were added to the
above m xt UP'& ‘ChAd- SRR RHYgWatsHrorme dew fBY C araiuth dornedlatednusing thel bentidl of t he

m xt ur e wapolfuaier disgétsiof ffbulpare day th a m xture of Ammoni um Hydr oxi de -25%
(0.010g) and water (0.5009). Filg [ paint properties were as follows : Paint
Physi cal Pé%gﬁrties '\{s\? ht_  Solids: 47.02 Volume Solids: 36.05 20 WPL
1.208 WpL-Eapqrgye. pajnts wereomulgted so apyie grable ¢loar idéntificimpalt atyi begefits
Convent i onderived Ifiie endah&ibRTog | L0l . pai nt re prepared for
conpar agi ve %%{r]g%ﬁes‘da?n orde(%ntglgergfa@% e(iﬂ&égé)tpf%neggnﬁ? 19 W@? ay
acryl i c” pdt¥ SES ERe speeificallyefosmmlated dd Yove PVICD (ip aitdsk ipathts) agitt hgt of

t he encapsitteati@dpidinSRE LD (y@ﬁp .4+ -108: The contro] copparative

di spersion_is anp gir?i oni cal l'y st gg%t'l%?z% | LB mﬂa‘?‘ﬁé"&? ¥eithy Spme

MVIV BA/ AAPIEZREIG 3plemescpngenirgfion, /L, of titanium dioxide included and approximately the
same volume solids as the paint including encapsulated pigment. Further comparative

paints (2, 3 and 4) were formulated to include increasingly higher proportions of titanium

10 dioxide (decreased polymer:pigment ratio) to allow comparison of resultant 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,



De-ionised water (1277.07g) and Al kanate WH60 (23.00g of a 60% sol ution)

wer e

probe and condenser.

(1.759),

t hen added. The reactor was held at tenperature for
nononmer enul sion was pre-prepared conprising de-ionised water
Al kanat e WH60 (36.00g of a 60% sol ution),
7.57n0l).

(39. 02q,

prepared by adding the 10 water and s
Mononmers were added in order

stirrer.

rapidly to conplete the emul sion.

The

charged to a reactor fitted with mechani cal

agi tator,

tenperature

5 reactor was heated to 80C and sodi um car bonat e
de-ionised water (32.00g) and ammoni um persul fate (1.50g) were

0.54nmpl) and BA (970. 20g,

and

MVA (1285. 79g,

initiator solution conprising de-ionised water (475.839g),

persul f agg

di

10 m nutes.

12.84 nol),
The nononer emnul si on was
Hof_actant to a vessel fitted with a
the conpleted m xture stirred
On conpletion of the 10 mnute hold,

anmoni um

The
(674.95q),

AA

t he

m car bonate (2.00g) together with the nononer

enul si on m@gréﬁg?a@gq}rﬁéﬂ?e’%ﬁor over a four hour period. 15 Once all
feeds were finished, the ree&gluquras het-d—eat—reactton—tenperature for 15
mnutes. Tert-butyl perbdnZoate 12. 9%)?‘ L@"%h% 3liye | heopRaEtvEr | and
after a 10 ninute hold, flol'f} by| & TEEE df | aliFRRlaFe cdgaPlidng
de-i oni spgmater<£50-66g)——sot §/ (2 ) _and AFE¥at d WHE0
(0. 050g bfla—669%50ut i on)lovalAs o nurddd ar |t he3- 874 off 1 h369%8 eed an
amoni a paHustrsRigondso, anxroaﬁﬁﬁ}_hm axi0f95 20i00g30%as (20 8déled gnd
cool i ng L B4, Bravyieneglveohe |t endd?2t urle wdsWess t hahS%0C, |[de- 1.680 sed wat er
(20. 00g) | Bdef o9saten THA509)[ _anf.783 ocilde ©O7B3400g] wel.#laddéd. &nmgE cdol the
| at ex wapgB |f i | (Terie9%K8r ough 901#4n sill k. 0TIS6é fi pal d.8d6ex had o T of|l owi ng
char act erBgt i cBoamaget Ills 46. 49625 pH= 7.0%7M ni frum gdgm FQr m gigpal enpler at ur e
= 20C - 1pB- ParAmrpedium Corpar apfye tepgane | ow By pailint Sg hgy mut|at ed
usi ng t he gqonhydsbxidgpabyarerl di spersign frompart (d). Conparative pdints
wer e fornaliat edosifle AR92 0 @nablge 70T €9 1 (fEGRs 1 T Fat 1 gggPT my Zgguéffi t|s

D Water 1.071 1.121 1.159 1.199

E Water 4.696 4.057 3.492 2.934

E Control 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:

10

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.

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.



derived from encapsul ati on of the Titanium D oxide Pignent. Both
conparative and 5 experinental paints were specifically fornulated to | ow
PVC (ie gloss paints) with no extender pignents added. Conparative Paint |
was formul ated to achieve the same pignent volune concentration, g/L, of
titani um di oxi de included and approxi mately the sanme volunme solids as the
pai nt including encapsul ated pignent. Further conparative paints (2, 3 and
4) were formulated to include increasingly higher proportions of titanium
10 di oxi de (decreased pol ynmer: pignent ratio) to all ow conpari son of

resul tant hiding power of the pai ntglhg_orrparative pai nts were prepared
using the follow ng fornmul ae. The pigent used in the controls was

di spersed in a conventional manner in preparation of these paints. -110-
Conpar at i PeinPRhRlcas8paKati on : Conparative Conparative Conparative
Conparative Exanple anple 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
Propyl en¢ grycol I 472at- 53715941650 B Ootan 731A 0.703 _0.734 0.761
0.788 B|Teric 09A6 . ;‘;3@0 0.498P%E2 | Eompaistse ef Comp@atsds 0. 670

a)

0. 698 0. T23 ABrymontum-, 42007 FX@mpled o) ogBranmleld ox| defxaRfBlo4C Ti oxi de
170 5 51 ! D W&Per 1]071 24021 1] 159 250199 |E Water

=5 oo

TRO2 18. 25 10. 667250. 364
4.696 4. 057P® &is 2. 034 &} CoNLTIO1PRygeT 6765, 50-368-59-990 501621
Di spersi bn - pact (d 154 T6 16.6 172
Weight Solids 48,27 48.91 3948 50,04
Volume Solids 37.36 37.70 38.01 38.31
WEL 1.204 1213 1230 1.028
WPL Solids 1.556 1.573 1589 1.603
Results ;

3 Films of the paints from Example 20(c) and Comparative Example 1 (equivalent mass of
titantum 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 (c) Comparative Example 1
Film Appearance Excellent Flow Average Flow
Very Good DOI Poor DOI
Gloss
20 36 10
60 66.5 49.9
85 93.1 85.7
Visual Opacity (wet)
1-6 (poor-best) 3 2
Visual Opacity (dry)
1-6 (poor-best) 3 2




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 Propyl ene 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 m xer.
Turn on mxer. Sprinkle Calgon T in slowly and run for 5 mnutes B. Add in
order to high speed m xer whilst stirring. Run for 5 mnutes. C. Add under

hi gh speed m xing. 10 D. Wash down sides and shaft. Run at high speed for

20 mnutes. E. Add water and enulsion to mxer with stirrer off. Add ot her
items then stir for 15 mnutes. F. Add m |l base to mxer with stirring.
Washout mnillbase container. G Add Tékdnol and Coasol in a pencil stream

whilst stirring. 15 H Prenmx in a separate pot.
stir for 60 mnutes. Adjust viscosity and pH.

-111- Pai nt_Physi cal
Pr opert | eSr@otparalnésysoganip srmibe seenCbiap e aneageredeigsa itthe Blm &ﬁmﬁﬁléf 1 Exam

75 “pvc 18l 8T U O gpeit Sgignithatiingh, 49 fin bt Boufi 10 e

Sol i ds 37 .gBfted Briltian®@Qun0 disgBei®h of images reflected from the surface, than the comparative

Add with stirring then

example.

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 to 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 biack 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)
(218¢g/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 hiding power of the paint.




WPL 1.204 1.213 1.220 1.228 WPL Solids 1.556 1.573 1.589 1.603 Results 5
Filnms of the paints from Exanple 20(c) and Conparative Exanple 1

(equi val ent mass of titaniumdioxide per litre of paint) were cast onto
Leneta bl ack and white charts with a drawdown bl ade having a 175um gap and
after drying for 24 hours were nmeasured for gloss with a Dr Lange gl oss
neter. They were al so evaluated for fil mappearance and visual opacity :
10 Exanple 20 (c) Conparative Exanple 1 Film Appearance Excellent Flow
Aver age Fl ow Very Good DO Poor DO G oss 20 36 10 60 66.5 49.9 85 93.1
85.7 H Visual Opacity (wet) 1-6 oor-phest 3 2 Visual Opacity (dry) 3 2

1-6 (poor-best) -112- Fromthe val ues~above, it can be seen that the _
measured gl oss of the filmfrompaint exanple 20(c) at all three angles is

- significantly higher. The film of_thi aint shoywed _greater brilliance and
di stincti %%qulg?éﬁt‘gwﬂhtﬁ%ﬁ‘aaﬁﬁwpfar@(@ BP1saeE ScrleRt Bdnegomsar @i vo
exanmpl e. exemplified paint, at 218 g/L, displays hiding power between that of comparative
examples 2 and 3 at 230-240 g/L.

The dry film build opacity was also determined using an instrumental method.

5 An even film of paint was applied to a black and white Leneta chart using a #032 wire
wound drawdown bar to a film build approaching dry hiding. Reflectance 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 to
achieve a DE of 0.40
Example 20 (¢} (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)




5 The filnms were al so evaluated for opacity by applying exenplified and
conparative paints at equivalent final filmbuilds to Leneta 5DX bl ack and
white opacity charts by neans of a #032 w re-wound drawdown bar. The
refl ectance of each of the filns could then be neasured over the black and
white substrates using a Macbeth 7000A spectrophotoneter. The reflectance
data was then used to calculate opacity in terns of Contrast Ratio; film
10 build to produce a nom nated col our difference and the scattering
coefficient. The nmethod used aligns to that of ASTM D2805 "Hi di ng Power of
Paints by Reflectonetry” which is deséﬂned for testing the hiding power of
pi gnents. The reflectance neasurenents”over the black and white substrate
regions of the panels are used to calculate the Y-tristinulus value (or
t he daylig@% l um n us refl ectance factor) for each of 15 the substrates.

r

The neasu &y r the ¢ filpg ppidd (saired) theoprepter the Bidinggaver AT &, #38LCEY t hen

be used ascompaRsHUtRokank bféhﬁﬁt d%ﬁl‘f\ﬁftraﬁ(gnst e cﬁhbﬁﬁtlmrdt 'Extaﬁﬁleclal%ﬁuﬁs equal
pi gnent Ioadln a measure t he ding efficiency of igments.

Exanpl e 207%% n@%ﬁﬁdmabqﬂdetheb%ﬁwﬂp |2\¢é0mm@dwe| the swmaloat dxfﬁereneg 189/ L)

Exanple 1 @ﬁ%rm (Rl 400/

(250g/L) 0O @7 058%5}8 fggﬁ%ﬁgg%gméwg ]%’rr ér_éthr%%%&%%%ngg% he greater

t he hi df nofilpoveld ot 24Q'§Lpﬁpmentﬂlmichmwf®mb Eameple@ﬂ@at bl}ly 2L/l i | m of
Exanpl e 20(c) possessed excel lent hiding power - the exenplified paint, at

218 gl L, diaplavsoiile a @@%ﬁﬁ@g&g tI-:l?Eb%r ;ﬂ&\% LG, ki 2 and

3 at 230 240 g/ L. The etermned using an
i nst r unentigke Iﬁ@ﬁfﬁe(wfﬂﬁ wp@t/eﬁhghflsmf@redmﬂhﬁt lesn’fé/pbllcleelaterfécea vithire freand

whi te Le.nﬁ;a r y hﬁ”léé’scc'aﬂé}ﬁgfr%ggf%[%wm irs%aloﬁ\ﬁ{éﬁqlad{hg BYR, ttﬂeo?ytl.{' Fgﬁﬁu' ld

appr oachi ance was measure over altermate | ack
and white Ssmbsrbﬂaltaelse axedsufmﬂmmm ¢atmsasiio.cthe Wies @ft Rb, waelh«measm:dl c

et PO oS Tals SRR end LSS atcs B e deflodiy BERR wimRSLERGR AR |

di fferencer ﬂlalﬁlﬂné)uﬂd are inserted in the following equations:

S(mm -‘)--—— coth ™ Ry
*T b*R,

where:
azo.sr[ +W R, ]
15
b=
coth =l*1n[x+1:]
2 x-1
20

For a white pigment, the S value is largely independent of wavelength over most of the

visible spectrum, so the measurements at a wavelength of 560nm are used here.



10 calculated. For this test, a colour difference of DE= 0.4 was used and
the filmbuild calculated for each paint to achieve this value. FilmBuild
required to achieve a DE of 0.40 Exanple 20 (c) (218g/L) 101 Conparative
Exanple 1 152 (218g/L) Conparative Exanple 2 122 (230g/L) Conparative
Exanple 3 98 (240g/L) Conparative Exanple 4 79 (250g/L) -114- The | ower
the filmbuild required, the greater the hiding power of the paint. For
conpari son at constant pigment concentrations, the conparative paint
Exanple 1 requires 50% nore film build-tlthan Exanple 20(C) to produce the
same col our difference. For conparison at constant filmbuild, conparative
Exanpl e 3 has approxinmately the same 5 filmbuild but 240 g/L of pignent to
mat ch the reference Exanple 20(C) at only 218 g/L. Scattering coefficients
were nmeasufed separately by an instruneqtal nmethod. This function 1s]a
measure of} the anount gfgddught scattered at the Rle&%gtsé F%e i nterflaces
within the pal nt film The scatterlng coeff|C| ent Is ca ed via the
Kubel ka- Mupk—theor Y tSt Ag—t he—safre—tefhectancereasur-erents—as—contrast
rati o. The| val ue of Rb R"g measurgd 10 refl ect agﬁf over Wiite and

Bl ack substr at es, ”'\ﬂ}npc[?l%of 2 ce of |the white substfate and T the film
build, are |nserted in the follow ng eguations: S(mm)=1000 *coth t 14a*R,
b*T b*Re mhere:

Comparative Example 1 (218g/L) 100
Comparative Example 2 (230g/L) 100
Comparative Example 3 .(2.40g/L) 106
Comparative Example 4 (250g/1.) 111

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

5 Example 4 has a 15% greater pigment loading than Example 20(c).

Further confirmation of the increased efficiency 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
10  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.



a=0. 5* Rw+Rb+WRw 15 Rb*W b= a2-1 Goth-1 x =1 * | x+ 2 x-1 20 For a
white pignent, the S value is |argely independent of wavel ength over npbst
of the wvisible spectrum so the nmeasurenents at a wavel ength of 560nm are
used here. -115- Variant Relative scattering Exanple 20 (c) (218g/L) 111
Conparative Exanple 1 (218g/L) 100 Conparative Exanple .2 (230g/L) 100
Conparative Exanple 3 (240g/L) 106 Conparative Exanple 4 (250g/L) 111 For
Exanpl es at equal pignment |oading of 218 g/L, the scattering of

Exanpl e20(c) is 11 % greater than Conparative Exanple 1. For sanples at
equal scatter, the Conparative 5 Exanple 4 has a 15% greater pignent

| oadi ng than Exanple 20(c). Further -déRtirmation of the increased

ef ficiency of pignment utilisation though encapsulation of titanium dioxide
by the disclosed nethod, was gai ned through the exam nation of the tinting
strength of the paint Exanple 20(c) against Conparative Exanple 1. In this
anal ytical nethod, a standardised black tinter is blended with the white 10
base paijnt at” a specified conggsfhpRR0@). The Cunipaatdveleqmpiled®d to Leneta
SDX cards using a #040 Wire wogmnggdpawdownbar to @tsi/kye equi vialent film
bui |l d. The cofour of the|[panél prepared fropmthis mxture is then

instrumn&g{t@Tﬁgmﬁ% tto that of a standard. -116- Exanple 20 {(c)

Conpar at anple 17218 /L 218 /L
DL 1.31 0.21
Rub-Up 0.67 0.20

Paint Example 20 (¢) 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 charf) 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 variety 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 0 to 3 (0=no

stain, 3 = severe staining) and a total of all stains recorded. A low final value is best.

Scrub fest:

The paint of interest is drawn down on a Leneta black plastic scrub panel using a 175
20 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



Initial Tint Strength DL 1.31 0.21 Rub-Up 0.67 0.20 Paint Exanple 20 (c)
and Conparative Exanple 1 were al so evaluated for hydrophilic and

hydr ophobi ¢ stain resistance and scrub resistance. 5 Stain resistance
test: 1. Sanples of the paints of interest are drawn down on a cardboard
panel (Lencta black and white chart) in vertical strips using a 50 mcron
draw down bar. "Also included as a reference is conparative paint exanple
1. The panels are allowed to dry for 24 hours. 10 2. A variety of stains
are spread horizontally across the panel. These include 'hydrophilic’
stains such as red w ne, coffee and waterborne draw ng markers, and

" hydr ophobi ¢’ stains such as crayon,” dstel , i pstick and a bl ack grease
simlar 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_renpve as
much of t brashsingbgprasenerefanbeasivy gelutiers The BR0brF OF Sf5ph eycles aF¥RS WrigPhobi ¢
stai i NG jetnold e \alht @lrh ¥s fedr@8H fof 850 brisBesd adPihe af@ageShRdn Thid numB&MUS' ©
staining) and a total of all stains recorded. A low final value is best.
Scrub t esthen Rweriestne rifingjap detpideskbelosv:dr awn down on a Leneta bl ack plastic
scrub panel using a 175 20 mcron doctor blade. Individual panels are used

for each Paliptresistitbe iNEchRRE!S A Guhdroyresiclel Godiné §cPib MAbhifAYs breh®! | OVed
by 16 hours at 50 degrees.The panel is installed in a scrub rmachine

(Gar dnér el theuaint fber Thisis thep pomsodriocriatingcas delpiledhaltybed in two pl aces
with a -117- brush in the presence of an abrasive solution. The nunber of
scrub cycles required to fully renove the paint filmis recorded for both
brushes, and the average taken. This nunber is then converted to a rating
as det ai | Ngmber efgerebsr ub r esR2ihce is recorded as the number of cycles for
the scrubymgghime to break—

201-300 2
301-400 3
401-500 4
500+ 5
Results:
Example 20 (¢) Comparative Example 1
. \ 5 11
Stain resistance Good Average
Scrub Resistance 5 5

10 Stain Results

Red Red | Blue | Green | Purple Total
¢ | Coffee | Marker | Marker | Marker | Marker | Gel Pen| Lipstick | Grease
wine Score
Bxample20 ) o | g | 2 | o | o 1 1 1 o | s
©
Compatative) o | g | 5 | 2 | o | 3 | 2 2 o | 1
Example 1

Stain Rating: 0 - No stain, 1 - Slightly stained, 2 - Badly stained, 3 — Severe



5 through the paint film This is then converted to a rating as detail ed
bel ow. Nunber of scrubs Rating 1-200 1 201-300 2 301-400 3 401-500 4
500+ 5 Results: Exanple 20 (c) Conparative Exanple 1 Stain resistance 5
11 Good Average Scrub Resistance 5 5 10 Stain Results Red Blue G een
Purple Total Red w ne Coffee Marker Marker Marker Marker CGel Pen Lipstick
Grease Score Exanmple 20002 0011105 (C Conparative 002 20 3 2
2 011 Exanple 1 Stain Rating: O - No stain, 1 - Slightly stained, 2 -
Badly stained, 3 - Severe -118- The exenplified paint is nore resistant to
stains than the conventional conpari s]g@. Films of both this paint exanple
and conparative exanple 1, were appli ‘to netal panels and exposed to
radiation in a QU cabinet for nore than 1,500 hours (QUV/sec nodel, nade
by Q Panel Co., USA, UVA 340 tube, with a cycle of 4 hrs UW @600C/ 4 hrs 5
condensat Fnexgmbtxy painipaeregesiyiant tq stripgtham e spmeniod! SomBaEi™ ar interval s
to gain an

Films of both this paint example and comparative example 1, were applied to metal panels

and exposed to radiation in a QUV cabinet for more than 1,500 hours (QUV/sec model,
made by Q-Panel Co., USA, UVA 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

appreciate of the rate of gloss loss on exposure.

QUV 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 59 57 5.4 4.2 4.8 5.0 5.1 8.4 7.1 6.9
60° 499 | 353 | 359 | 381 35 321 32.1 29.7 41.3 45 433
P 857 | 663 | 731 | 755 | 75.3 | 747 73.1 73.1 75.7 801 776
10 QUYV Exposure results for Example 20 (c) :
Total time
(hrs)/ 0 162 382 496 595 760 925 | 1,092 | 1,262 | 1,448 | 1,589
T
Gloss
20° 36 208 | 232 | 242 | 161 15.8 15.9 16.4 20.9 24 21.8
60° 66.5 | 669 | 624 | 647 | 569 | B66 57.8 57.56 61.4 58.5 62.6
85° 931 91.5 | 90.8 93 896 | 88.8 90.3 80.7 92.9 90.4 92.8




appreciate of the rate of gloss |oss on exposure. QUV Exposure results for
Conparative Exanple 1 Total tinme 0 162 382 496 595 760 925 1,092 1, 262
1,448 1,589 (hrs)/ Goss 20 10 5.95.75.44.24.85.05.16.47.16.9
600 49.9 35.3 35.9 38.1 35 32.1 32.1 29.7 41.3 45 43.3 85 85.7 66.3 73.1
75.5 75.3 74.7 73.1 73.1 75.7 80.1 77.6 10 QUV Exposure results for
Exanple 20 (c) : Total time O 162 382 496 595 760 925 1,092 1,262 1, 448
1,589 (hrs)/ doss 200 36 29.9 23.2 24.2 16.1 15.8 15.9 16.4 20.9 24 21.8
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 .8 _119- Exanple 21: Hi gh PVC
Agueous Decorative Paint containing T} encapsul ated w thin a pol y(nethyl
nmet hacryl ate-co-butyl acrylate) coating. Part (a): Preparation of a

pol y(butyl acrylate-co-acrylic acid) macro-RAFT agent containing an

average of, 15 [ .u er |n 1.0 e rajio f 1:2 usi

oYt L Coat y ragmplinoth gt BGT ARGGrs orPs e, RBh artimimisk. HOACSTITGR of

2-{ [ (but y wathiif 2pylylraéhPanahiérgiad-sdbitpacryRicy pautiige acid (4.77 g, 20 mml ),
2,2' -azobisi sobutyronitrile (0.164 g, 0.999 mml), acrylic acid (14 47 g,

020%™ b o B0 S R sl ol S PRI e, @ "

acryl ate sartpingfy Meheried 1amoaum|e+ wmith peieh#ih i b molOrathof TROGIIL renmove
| nhi bi tSOr 2- {Pﬂul%rlsm%gnﬁ carlrmnothl ﬁﬂu fan ?}lpr pﬁlrll)gc asc dar ged with nitrogen for

A solution of 2-{[(butylsulfanyl)carbonothioyljsulfanyl}propanoic acid (4.77 g, 20 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) in a 50 mL round
bottom flask. The acrylic acid and butyl acrylate samples were used as supplied, No effort
10 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 copolymer solution was
48.8 % solids.

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

Huntsman Corporation) using macro RAFT agent from this example as a stabilizer.

A solution containing macro RAFT (2.48%4g, 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 magnetically and
cooled in a water bath. The ulirasonification process was repeated , as stated twice, until
adequate pigment dispersion was achieved, The final copolymer solution was 50.50 %

solids.

25 The sample (4825 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.



10 m nutes. The flask was then heated to, and maintained at 70 C for 2.5
his under constant stirring. The preparation was repeated and the final
sanpl es conbined to provide sufficient material for subsequent stages of
this exanple. The final copolyner solution was 48.8 % solids. 15 Part (b):
Pol y( et hyl nethacryl ate-co-butyl acrylate) coating of Ti Q2 pignment (TROZ2,
Hunt sman Cor porati on) using macro RAFT agent fromthis exanple as a
stabilizer. A solution containing macro RAFT (2.4894g, 1.55 mml), water
(28.81 g) and 25% anmoni um hydroxi de (0.2650 g) was prepared in a 100 nL
beaker. To this solution, TiO2 pignment (28.44 g) was added, m xed and

t hor oughl y di spersed using a Branson-E¥hifier 20 450 with a 2cm probe set
to 15% anplitude for 5 mnutes followed by 10 m nutes at 20% anplitude.
During the sonication process, the dispersion was stirred m etlcally and
cool ed i nThe vatde wamtdjusteftte pil 7.5asitn2§% camhaniump hodexside \ﬁ&l§t1¢1b%§&f"@é le

tated t t.i | f |
copol yrrer 185 WA i@t an S Sy b FMn Y JARAHAR Wik ?ﬁm?ﬁ“ na
transterr aaaxygengteaiaagmmpfﬂamybwmw(@m 2l 426 meel) qndanet mieihaes

enper at ur e, probe_an a i
cygﬁopent ﬁ’ngof o o asé%’ﬁg’gﬂﬁﬁ %%ggh%%omg‘g) \tﬁglroe Scfg%%ﬁ%nr?g{eggd‘%y ni t rogen
yar ot e s R e msad"mw Tersed L aniort Chethith a
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acryl ate (&hifiding ,pmfiml?e@amﬁpbéz Qngn fetaktef el bagdge). dibe mtex 8dids grereasw nol )
was fed into the flask at 0.30 nm/hour over 5 hours. After nononer addition

5 was conff dhe finglPiemet Volene fenceiIPRYEY for a further 1 hour after which
time polynerization was found to be conplete. After filtering, the |atex

was whit e7apglost abl e, containing particles about 332.9 nmin dianeter (Z

average). The |atex solids Were 59.34 % The final Pigment Vol une

ngp ﬁﬁﬁb{ 2%&1&2 [c\rﬁg.s t\’%étééw%/%ep doyy alfgét ﬁé E% formu hbgsr“rllge tilg Vniea \{)guﬁ?écf' tTlOz

dispersion from part (b).

A high PVC paint was formulated from the aqueous polymer dispersion of part (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 to 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:



di spersion frompart (b). A high PVC paint was fornul ated fromthe aqueous
pol ymer dispersion of part (b): Encapsulated TiOQ2 D spersion frompart (b)
(100.00g), was added to a mxer, 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 mnutes. The pH of the m xture was
adjusted to 9.0 wth a m xture of amoni um hydroxi de -25% (0. 010g) and
water (0.50g). Final paint properties were as follows : Paint Physical
Properties : Wight Solids: 54.74 20 VdRlmre Solids: 27.20 WPL 1.594 WPL
Solids : 3.209 PVC: 74.46 Part (d) : Preparation of a Conparative
Conventional Polynmer Dispersion 25 The control conparative dispersion is
an ani oni cabieMosib@bivatged 2va0gy) Whi halkheats ONPEDI 13000 MVRBARAsolution) were
56.03/42.27/1.70: -121- De-ionised water (1277.07g) and Al kanate W -160
(23.00g of ehasghtes reaqtemjttedewith mepkanicsd agitater, tempstaturefprobesandwionflenser. The

hani cal agj ; d Th
neated 1o sOACRAYRE el GTREFICaRe RORRR ADSor iR PAES deabnted MRS OB 0L ante
ammoni um peaamohairepdriulilg]l.96y) everé then addal]. ThEheadt@aGisHeldasicpbanaé for 10

tenperatyre for 10 5 m nutes. The nononer enul sion was_pre-prepared
conpri si Ag BENEH il Beaionamsr englsipngwas) pre-prgprEsd poampheBe deseniged weter £6BP52),

sol ution) . Wik A0Pish996 088 o4 4R )soluﬁéxq(miﬂwﬂ@grzssplg%i}?gﬁg?ﬂg YN

(970.20g, 7.57nmol). mer emnul sion S prepare
and surf act @64mol) aad Be's €950.X0igt 7.650mel)t ThamdhomeeemulMonor@iepsdbpadiiop e
order and the co({r%?t ed m xture %ti rre(il1 rapidly to conplete_the emul sion.

On conpl et i BACHAG pHELaLEns ¢ AiviserebTifed aithengtines; ilYlapaspers oyese pddrddiarmpeisandg
de-i oni sed #RicEmplefePmBitne st I MPid to complete the emulsion. On completion of the 10

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.

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%
pH=7.3

20 Minimum Film Forming Temperature = 20°C



persul fate (9.50g) and sodi um carbonate (2.00g) together with the nononer
emul sion were fed to the reactor over a four hour period. At the end of
this feed an ammoni a adj ust ment (25% amoni um hydr oxi de, 20.00g) was added
and cooling started. Wien the tenperature was | ess than 40C, de-ionised
water 15 (20.00g), defoaner (0.50g) and biocide (10.00g) were added. Once
cool the latex was filtered through 90msilk. The final |atex had the

foll owi ng characteristics: Solids 46.4% pH= 7.3 20 M nimum Fi | m Form ng
Tenperature = 20C -122- Part (e) : ConpardZirve waterborne hi gh PVC paint
formul ated using the control polyner dispersion frompart (d). A high PVC
paint was fornulated fromthe aqueous pol yner dispersion of part (d). A
conpar ati vepp@ @) :V@smpardfiveaivatbrboris high PV@?SM'E%u!ﬂ@@tdsfﬂg:ﬂié eshtebl
any benefits 5 derived fromencapsul ation of the titani um di oxi de pignent.
The pi grent PeiyBYr disperséoncfriem partddhpari son was di spersed in a conventiona
manner in preparation of the paint. Stage Material Parts by weight A

yar oxi de - ol 56 Pimg Rk Bfaeds H50h o b DR R Ayl By pOITIRY T
TR-92 785.57 C Deionised water 100.00 D Deionised water 235.856 Latex
from part (4)conipatdiive pb8if.@dsOformulated 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 — 23% 3.095
Orotan 731A 30.402
) Teric G9AG6 6.253
B Tioxide TR-92 78557
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 sepérate 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 :



exanpl e 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 mn. The conbined 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
conbined A-C with stirring, and the conbination stirred for a further

20m nutes. Stage E was pre-nm xed and added as a pencil stream Final paint
properties were as follows : -123- Paint Physical Properties : \Wight
Solids: 57.18 Volume Solids: 31.51 WPL 1.600 5 WPL Solids : 2.903 PVC:
71.85 Results : Filnms of the paints Jfimgm 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
gl oss V\/itfpamt%zdi@mgﬁ);ﬁﬁ_@§§ neter. Exanple 21 (c) Conparative Exanple 21(e)
20 39.0 1.5 60 91.4 5.1 85 97.1 22.0 Stain Exanple 21 (c) Conparative
Exanple 21(e) Wne 1 1 Texta (green) 3 2 Lipstick (red) 31

Weight Solids: 57.18
Volume Solids: 31.51
WPL : 1.600

5 WPL Solids : 2.903
PVC: 71.85
Results :

Films of the paints from Example 21(¢) 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.

Example 21 (¢) Comparative Example 21(e)
20 39.0 1.5
60 91.4 5.1
85 : 97.1 22.0
Stain Example 21 (c) 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



Gease 3 3 Stain Rating: O - No stain, | - Slightly stained, 2 - Badly
stained, 3 - Severe -124- Exanple 22: Aqueous Decorative Paint containing
Ti 2 encapsulated within a styrene-acrylic polyner coating. Part (a):
Preparation of a poly(butyl acrylate-co-acrylic acid) macro-RAFT agent
cont ai ning 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-{[(butyl sul fanyl)carbonot hi oyl ]sul fanyl }propanoic acid (4.77
g, 20 mmol), 2,2'-azobisisobutyronitrile (0.164 g, 0.999 nmol), acrylic
acid (14.47 g, 0.201 nmol) and butyl Q%Lylate (12.93 g, 0.101 nol) was
prepared in dioxane (32.32 g) in a 5& " round bottomflask. The acrylic
acid and butyl acrylate sanples were used as supplied. No effort 10 was

made to renove inhibitor. This was_stirre ticall d,s ed with
ni trogen Ewxpuple 22+ Aguesss Berorgtives Raigh cop 'H“ ggdéde'{‘:& s'@%ﬁd n’g'i g algned at

70C for Zﬁt?regg_,gcwﬁg%lynfegragg stirring. The final copolyner solution was
48.8 % so Part " (D) Poltﬁ%tnet hyl net hacryl at e- co- but yl

acryl at e-co-styrene-co- acryl i C. acCi LEX) cpati T nt
(T2 Putert il Tspcian; oy pasTHOT Aeytespdery 16 i pfierRARE MR )
as a st abbddt&ﬁfngaﬁa%eﬁg P15 AORbAbINAITG memnmsmmrﬂmm udng6 mol ),

wat er (118.16 % ammoni ulglw;}drom de (0 4404 g) was prepared in a
100 niL be%rI{Kb“ty plfpmylcachomgthieyiisu PrOpNGAY 47 26 g) was added, mi xed

and thoroughly dispersed using a Branson Sonifier 450 with a gem probe set

to 15% anplghee ofE)J{[(Eut?lsﬁlﬁh@lacdrbﬂnbﬂﬂi‘@@i_lsﬂﬂ!?anjzﬂpmpmdm&@@ T084200areelpl i t ude.
During the sonicatjon proc

e th i on.was. .S |1 The
above pr epdragob Eﬁ"m&“’%&@ié“ 3083%% an?Plith]fylh&aglﬁlté {Zé’ Pgﬁg h aﬁﬁe 1¥| nal
sanpl es Weg€) aceARRI(E0R Tmm10ﬁ6@w@§§r@aﬂwInesm;ﬁ;ﬁé(ngg) marféhhlamnﬁer red to
a 1000 nL three- necked pied wth (r‘ondenser ﬁo probe
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10 minutes. The flask was then heated to, and maintained at 70°C for 2.5 hrs under

constant stirring. 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 mmol), 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 2cm 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 maierial and the final samples were

combined,

The combined samples (644.49 g) were transferred to a 1000 mL 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



spargi ng. The sanple was adjusted to pH6 - 6.5 with 25% anmoni um hydr oxi de
solution. The whole flask was imersed in an oil bath with a tenperature
setting of 70C, while a deoxygenated m xture of butyl acrylate (10.70 g,
83.48 mmol ) and net hyl nethacrylate -125- (17.67 g, 0.176 nol) was fed into
the flask over 2 hours. At the end of this feed, 4,4'-

azobi s(4-cyanopentanoi ¢ acid) (0.543 g, 1.72 mmol) was added to the
reaction vessel. The solution was then heated to 80C and a further
deoxygenated m xture of butyl acrylate (94.88 g, 0.740 nol), methyl

met hacryl ate (102.43g, 1.023 nol), Siyﬁ ne (47.05g, 0.452 5 nol), PLEX
6844-0 (8.71g) and AA (2.22g, 30.81 miol) fed into the flask over 3 hours.
During this feed (1/2 way through) a further sanple of
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whilst stirring. Stiring then continued for 10 mnutes. After Dbeing
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adj ust ed Cen@npyatigntwasd 4.6t ure of Ammoni um Hydr oxi de - 25% and wat er. Fi nal
paint properties were as follows : Paint Physical Properties : 25 Wight

Solids: 4$,42¢) : 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 stimring for 5 minutes:
Encapsulated TiO2 Dispersion from part (b) (88.858g), Foamaster ITI (0.015g), Propylene
glycol (1.340g), Proxel GXI, (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: 4442
Volume Solids: 33.83
WPL : 1.187
WPL Solids : 1.559

PVC: 14.65



Vol ume Solids: 33.83 WPL 1.187 WPL Solids : 1.559 PVC : 14.65 -126- Part
(d) : Preparation of a Conparative Conventional Polyner Dispersion. The
control conparative dispersion is an anionically stabilised |atex with the
conposition MVA/ BA/ STY/ AA/ PLEX= 41.4/37.5/16.2/1.95/3 Stage Materi al
Weight % A DI water 20.235 A Al kanate WC60(Huntsman) 0.367 B DI water

0. 097 B Ammoni um persul phate 0.014 B Sodi um carbonate 0.018 C D water
11.55 C Amoni um persul phate 0.197 C Sodi um carbonate 0.034 D DI water
17.625 D Al kanat eWC60 (Huntsman) 0.735 D Methyl methacrylate 18.371 D
Butyl acrylate 16.61 D Styrene 7. 188,74D Acrylic acid 0.865 r GD PLEX
6844-0 (Rohm) 1.331 E DI water 1.399 I{é TBPB * 0.033 F DI water 0.033 G
Sodi um eryt horbate 0. 049

Part (d) : Preparation of 2 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
I TBPB* 0.033
I DI water 0.033
J Ammonium hydroxide (25%) {0.42
J DI water 0.42
K Sodium erythorbate 0.061
K DI water 0.321




DI water 1.435 H TBPB * 0.033 H DI water 0.033 | TBPB* 0.033 | DI water
0.033 J Ammoni um hydroxide (25% 0.42 J DI water 0.42 K Sodium
erythorbate 0.061 K DI water 0.321 -127- L Bevaloid 4226 (antifoam 0.01
M D water 0.15 M Proxel GXL (biocide) 0.1 M Acticide MBS (biocide) 0.2
TOTAL 100 TBPB= Tertiary butyl peroxy benzoate Method : Load stage A to
the reactor. Start N2. Heat to 80C . During heat up , prepare prem xed
stages B,C &D. Stage D preparation: In a 3L plastic beaker using 7.5 cm
cow es bl ade, stir 5 at 1200 rpmfor 10 mi nutes. At 80 C, add stage B.
Hold it for 10 minutes. At the end of;5t0 m nutes 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 mnutes. Add pre

m xed st St at ~y) St-at-t ¢trg—stage G Feed over 45 nminutes.
Add pre |ﬁ‘1| xed &%@Eﬁ%ﬁm oa) 15 rrormt es intefval during stage G feed.

Start codM ng. Amjw@u'ee 10 m xed stagejpJis Continug cooling. Cool to 50 C.
Add stage K. Adg L at (%enperature <40 C. Discharge and filter
through 9! i cr c?rr°§? Lﬁbﬁ‘é’l %nal |atf had the following characteristics:
Solids 45np % |Acticide MBS (biocide) 0.2

TOTAL 100

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 pelymer

dispersion from part (d).

A comparative paint was prepared using the following formula. The pipment used in the

control comparison was dispersed in a conventional manner in preparation of the paints,

20



pH= 7.3 15 M nimum Fi |l m Form ng Tenperature = 22C Part (e) : Conparative
wat er borne paint formul ated using the control polyner dispersion frompart
(d). A conparative paint was prepared using the follow ng formula. The

pi gment used in the control conparison was dispersed in a conventi onal
manner in preparation of the paints. 20 -128- Stage Material Wight % A
Wat er 2.998 Cal gonT 0.083 B Propyl ene glycol 1.337 Antifoam 0.586
Ammoni um hydr oxi de - 25% 0.065 Orotan 731A 0.639 Teric NOLP 0.131 C
Tioxide TR-92 16.509 D Water 3.363 E Water 1.834 Latex frompart (d) of
this 59.959 exanple Teric N8 0.409 Biocide 0.082 F Water 2.522 G
Texanol 6.002 H Propyl ene gl ycol 2. 928 Nat r osol 250 HR 0. 329 Acrysol
SCT-275 0. 180

Stage | Material Weight %
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

! 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 to a suitably sized vessel.
Stage B ingredients were then added with stitring. Stage C was added and then the mixture
5 dispersed at high speed for 20 minutes. The combined A, B and C stages were addedto 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 stirrin_g, 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 Final paint properties were as follows :



Stage A ingredients were added in order with stirring order to a suitably
sized vessel. Stage B ingredients were then added with 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 and added to the conmbined A-C with stirring, and the
conbination stirred for a further 15 minutes. Stage G was added as a pencil
stream Satge H was pre-nixed and addedl@Pth stirring. Stirring was
continued for a further 60 mnutes. 10 Final paint properties were as
follows : -129- Paint Physical Properties : Wight Solids: 45.50% Vol une
Sol i ds: 35. PAith PibysMELPrbpdties WPL Solids : 1.538 PVC : 14.65 Results :
Films of the paints from Exanple 22(c) and the conparative exanple 1 were
cast onto 10 Leneta black and white charts with a drawdown bl ade having a
175um gap ami%lftggﬁdgryi ng4s55@y, 24 hours were neasured for gloss with a Dr
Lange gloss neter. They were also evaluated for fil mappearance: Property
Exanpl e 22 Veluneoralidsat i ve3ER8Hpl e  Fi | m Appearance Excel | ent Fl ow Aver age

Flow d gss 56 37 60 8?13'6_’ 85 97 94 15 Exanple 23: Reconstituted
Decorative paint produced fromdried pignented | atex. '

WPL Solids : 1.538

PVC: 14.65

Results :

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
containing an average of 30 monomer units per chain in a mole ratio of 1:2 using 2-

{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid

20 A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (4.77 g,
20.01 mmol), 2,2’-azobisisobutyronitrile (0.164 g, 1.0 mmol), acrylic acid (14.47 g,



Part (a): Preparation of a poly(butyl acrylate-co-acrylic acid) macro- RAFT
agent containing an average of 30 nononer units per chain in a nole ratio
of 1:2 using 2- {[(butyl sul fanyl)carbonothioyl] sulfanyl}propanoic acid 20
A solution of 2-{[(butyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoi c acid
(4.77 g, 20.01 nmmol), 2,2'-azobisisobutyronitrile (0.164 g, 1.0 mmuol),
acrylic acid (14.47 g, - 130 199.13mml), butyl acrylate (12.93 g,

100. 023mmol ) in di oxane (32.32 g) was pregared in a 50 nL round bottom
flask. This was stirred magnetically and1dBarged with nitrogen for 10

m nutes. The flask was then heated at 70 C for 3 hrs under constant
stirring. The final copolyner solution has 49.76 % solids. 5 Part (b):

Pr epar at i on1%.13mmet)pmg etomjzlahl (@2.9Bigt OGIeTMAbLT) e djpxamnd (32:82c¢) was paepared in
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(118. 719) and a 25% solution of amoni um hy wer e
added to a @pOlymdrealtion hhH49.961% sididsf the mi xture was adjusted into the
range 5.5-6.0 with a small amount of additional anmmoni um hydroxide
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and further ra sonication was carried out m nut es at a power
setting of (ER32)mgingshe nrcp-RABE pxﬁpmedanm&aynﬂc ang stabiligys The quality
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ammonium hydr0x1de solution. The mixture was subjected to ultra sonication with

magnetic stirring using 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 setting 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 i)igment 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:




3 310.6 0.132 4 306.6 0.132 25 The four pignment dispersions (650g) were
conbined in a reaction vessel containing: -131

4,4' - azobi s(4-cyanopentanoi c acid) (0.542g, 1.71 mmol e) and the headspace
of the reaction vessel was then purged with nitrogen for 10 m nutes whil st
raised the tenperature to 70C. The initiator 4,4 -azobis(4-cyanopentanoic
acid) (0.542g, 1.71 mmole) was added was added to the reaction vessel and
it was held for 5 mnutes. A deoxygenated 5 solution of butyl acrylate
(9.60g, 74.91 nmole) and nethyl methacrylate (35.48g, 354.35 mmole) was
fed into the reaction vessel using a ringe punp over 4 hours. After the
feed was conplete, further 4,4' -azobi % 4 cyanopent anoi ¢ aci d) (0.542g,
1.71 mmole) was added and the tenperature of the reaction vessel mas
raised to
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her portion 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 fo 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, PVC=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
25  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 temperatuze.

The white powder produced was free flowing and had a measured solids content of 92%.



25 dried overnight at roomtenperature. The concentrated solid material was
then sufficiently dry to be easily broken up and finely divided by |ight
mechani cal agitation and was then further dried overnight at room
tenperature. The white powder produced was free flow ng and had a neasured
solids content of 92% -132- Wiite paints were produced from wet_ pignented
| atex (48.01% solids) and also fromthe dried powder (92% solids)
according to the foll owi ng procedure. Reconstituted Paint The dried white
powder (92% solids), (181.46g) was added to a mi xer and the water 5
(168.53 g) and sodi um hydroxi de (0.2p320) added with stirring for 20 m nutes
Propyl ene glycol (16.0g) was added foll owed by 10 m nutes stirring. Togo
Foamex 825 (antifoam (0.22g) followed by 10 mnutes stirring and a

m xture Qf .commercial cpal escenci Bom i Texanol
(14.98 q) .te'ﬂzflgl%ﬁ‘ PREIPYS %fﬁaéﬁ#ﬁ%ﬁgﬁggg\% W'@%&?ﬁ@g%ﬁ‘o t hi ckeners
based on gAed pseler BRY §cdidd) agdording torbe fdlowirRNiro@gareNPR (3.1 g) and 10
stirred for 1 hour to conplete the paint nmake-up. Control Paint: A control
pai nt was, pr o%i#ceﬁg to.the above procedure except for the initial stage
where t h&RecHSERYFS B3N gnented | atex (40.01% sol ids) (350g) was added to
the m xer and sodi um hydroxide (0. 25?) added and stirred for, 20 m nutes.
The r enaiThi nigied avhitertosvden (92 %vselisls), 1618 6D wag é‘éfleﬁttotan’é“”}eé\%‘i? HE W a
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Pl gment edmilx%[rg <))<f thi-cl1ic3n36rs 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.

a

Control 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 70 minutes. The remaining raw materials were

15 then added at the level and in a manner as for the reconstituted paint.

Paint comparison:

The comparison 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,



Z Average nm Pignented |latex (48.01%solids): 618.2 Dry powder (92%
solids, reconstituted to 48% solids during 5 paint make-up): 639.9 The
paints were applied to standard opacity panels using a drawdown bar and the
films airdried overnight. The filnms showed excellent gloss and film
appearance. Control Paint Reconstituted Paint Viscosity Brookfield 20,000
14,940 10 (Spindle 2) 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. Pol yner encapsul at ed
particulate material that is 100 mcrons or less in size, said particulate
mat erial being encapsulated in a subgfzantially uniformand continuous 5
coating of a polyner which has at |east in part been forned under the
control of a RAFT agent. 2. Polymer encapsul ated particulate nmaterial that
is 100 microns or less in size, wherein the polyner which encapsul ates the
particulate material has at least in part been 10 forned under the control
of a RAFT agent, and wherein the particulate material is substantially

uni formy dispersed throughout the polynmer. 3. A copposition conprising or
consisting of discrete particles of polymer encapsuf&8d¥irticul ate
material, said particulate material being encapsulated in a substantially

15 uni f ok J998! FRYRYSHaat i ng of a pol ymer whichlgms at |east in part
been forr%qe%l%%nggcr {he cosr?tr%I of a RAFT agent. 4. A conposition conprising

or consisting of discrete particles g | yner encapsul ated particul ate
mat er i al Dryapaderi(23p sqlilsggeqnsitipisd t‘h‘é&% ﬁ‘g%fﬁ‘émf:?arti culate nateri al

subst ant iglhk Yrake-up): 639.9

The paints were applied to standard opacity panels using a drawdown bar and the films

airdried overnight. The films showed excellent gloss and film appearance.

Control Paint Reconstituted Paint
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 4.6/32.0/84.5

15



20 uniformy di spersed throughout the encapsul ati ng polynmer, wherein the
encapsul ati ng polyner has at |least in part been formed under the control of
a RAFT agent, and wherein the discrete particles are substantially free of
addi ti onal dispersant for the particulat®aterial. 25 5. The conposition
according to claim3 or 4 which is in the formof a free flowng powder.
6. A paint, thernofusable powder paint, filler, adhesive, priner, toner,
liquid ink, sealant, diagnostic product or therapeutic product conprising
a conpositi@pARd8ording to claim 30 3 or 4. - 135 7. A liquid dispersion
of polymer encapsul ated particulate material, said particulate materi al
bei ng encapsul ated in a substantially uniformand continuous coating of a

pol ymer whichpbBmententgrtlatddnparatdlateenntetigl fRE i3 NJe michfs CRMesOln Sz, asdRAFT
agent. 5 8. Aliquid dISpEL i on of pol yner, encagfula ed pPrtlcuIate_
material, sai B¥porNirematesiy i)ﬁ% SRSBSYIEPY 118 14 Srkstantiady i witormy ARty copfiuous

particulsat e mps@balt £PSHRAWIAH Yas HNIchQT | pardbsRefosasd LRIQUAR BhtrdINGE a

encapsul ati ng poHyner wherein the encapsul ating polyner has at |east in
part been for Féd [La%8F the control of a RAFT agent, and wherein the

pol ymer encapsul ated particulate material is substantially free of 10

- addi tional dispersant for the particulate material. 9. The liquid

di sper si on ZacEolydiengntapswhtgid mafticutat@ matdniel diah iz heD miagonsdor lesswait sire, whereiThe

met hod accordij,hg_t.,0 the | ymer _encapsul ated, particul.ate erial according
to 15 of ai m Hopolgmet mubel EErviREn hE BRIRIC o Toaoleas, o Pt BaFh: |
t her mofigsabl e forpreddeided BeNdontrol loff & R ARIN@SenY, &indPwhérein, the GRtiouldté GrHtéHal K.
seal ant, di agnostic Eroduct or therapeutic product according to claim®6,

and the |iqui subgtaspalbspsforady disperpry thepugheytihgpolymes wherein the RAFT
agent is of general formula (4): /S-(X)n-R S=Q Z
3. A composition comprising or consisting of discrete particles of polymer encapsulated
particulate material, said particulate material being encapsulated in a substantially

15 uniform and continuous coating of a polymer which has at least in part been formed

under the control of a RAFT agent.

4. A composition comprising or consisting of discrete particles of polymer encapsulated
particulate material, said discrete particles having the particulate material substantially

20 uniformly dispersed throughout the encapsulating polymer, wherein the encapsulating
polymer has at least in part been formed under the control of a RAFT agent, and

wherein the discrete particles are substantially free of additional dispersant for the

particulate material.

25 5. The composition according to claim 3 or 4 which is in the form of a free flowing

powder.

6. A paint, thermofusable powder paint, filler, adhesive, primer, toner, liquid ink, sealant,
diagnostic product or therapentic product comprising a composition according to claim

30 3or4.



(4) 20 where each X is independently a polynerised residue of an
ethylenically unsaturated nononer, n is an integer ranging fromO to 100,

R is an organic group optionally substituted with one or nore hydrophilic
groups and Z is any group that can pronot3s - sufficient reactivity of the

t hi ocar bonyl group towards radical additional while not slowng the rate

of fragnentation to the extent that there is unacceptable retardation of

25 polynerisation. 11. The polyner encapsul ated material according to claim
1 or 2, wherehnlighle @apdriiondt golynet @ntdsulatedapatbildie matkedigl, 1s2id Pariculate
conposition according to claim3 or 4, wherein the particulate material is
a solid. 13.mJedal bejng enennsplated; na subsaniiaHy WHiorn g gongpueus GWQP%P% 4 he

particul .at € %i%%?\tvhflcﬁ his atﬁeassﬂﬂ. &111 been formed under the control of a RAFT agent.

5 8. A liquid dispersion of polymer encapsulated particulate material, said polymer
encapsulated particulate material having the particulate material substantially
uniformly dispersed throughout the encapsulating polymer, wherein the encapsulating
polymer has at least in part been formed under the control of a RAFT agent, and
wherein the polymer encapsulated particulate material is substantially free of

10 additional dispersant for the particulate material.
9. The liquid dispersion according to claim 7 or 8, wherein the liquid is water.

10. The method according to the polymer encapsulated particulate material according to
15 claim 1 or 2, the composition according to claim 3 or 4, the paint, thermofusable
powder paint, filler, adhesive, primer, toner, liquid ink, sealant, diagnostic product or
therapeutic product according to claim 6, and the liquid dispersion according to claim 7
or 8, wherein the RAFT agent is of general formula (4):
s— (X)—R"

/

—C

N

z

Q)]

20 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

25 polymerisation.

11. The polymer encapsulated material according to claim 1 or 2, wherein the particulate

material is a solid.
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12. The composition according to claim 3 or 4, wherein the particulate material is a solid.

13. The liquid dispersion according to claim 7 or 8, wherein the particulate material is a

5 solid.



