METHOD AND APPARATUS FOR GROW NG A GROUP (I1l1) METAL
NI TRIDE FI LMAND A GROUP (I11) METAL NI TRI DE FI LM

woecstsrstial Fiel d The present invention rel at esPCT/ATR@5/001512

growng of galliumnitride, indiumnitride and
alumniumnitride filnms or filns made from al |l oys of
these. More particularly, the invention relates to a
met hod and apparatus for growing a filmof gallium
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neutral but chem cally active species froma renotely
generated nitrogen plasm may be conducted to a growth
chanber where a filmof galliumnitride is grown, The
invention also extends to a nethod f reduci ng damage

FRIP L nVEaEd ride fil mduring growth thereof, and

also to a nethod of passivating a contai nment vessel

made of alum na, quartz or fused silica. The present

Thexpmftr@ invention reltes tos methnéaf polymenising mymoniet td ﬁxrm;polymer at the

§LH‘ ac g\rf; ll%ﬂla eel aée{/ atlego Aﬁg g%ﬁ%aggul%tgg E%ﬁ%%gt% Raterial and to
pﬂﬁ;\dhd&t@ nfﬁiﬂ;ﬁrlsn@ cker palptleOfentfiBulamede paitivnlaf@l thaterdl.  The polymer
nitride is a material wdely used in the construction
gcapiulded prgcalateapateripliis earticylatly sHited foi yseliperasing Forgulations, and
hasgr th@ire?gl%sbe b defihP$ HedlBibE Gh @'irf\feﬂﬂgr% h}i{ Ebaﬁ’ %}Qﬁ{hlasm toward this
m crowave transistor devices. ecause 0

appdicpiadre ntHeawevers €6 iofo baluhtderstond tthatckbe ipolfne encapsulated particulate
manuf act uke of | ow, ener%g1 consunption devices suitable
maferighmay e yssf g APPHeAtamS| i cati ons, there is

great interest in gal [itumnitride films. Gallium
Bbmg,@ﬁnalokmeﬁﬁ,@ng@n grown in a nunber of different

ways, including nol ecul ar beam epitaxy (MBE) and net al

organi c chem cal vapor deposition (MOCVD) processes.

Nepvwasiqnsofinedy e sher susfacaref prstdcuste arberisds eagrattoahpelymeg/particulate
’jt{%]\‘,?,eg\ﬁ,le(?gmﬁ%éﬁt&g ﬁfg\% Hltﬁ.a %gy H }él {/a(%fotub 5@%1?(%1831950 t Fc?rnexaw&?vBolymer may

be desited th Costsankr arnpsutatel iiraphrdoilagenitbadl. i In thésscdse, the polymer
be operated at a tenperature of approxi mately 100QC.

e9dtipe earidr heqpsed ip grotegt éhf‘cﬁﬁ%‘iﬂéted?at@ﬁl%lt%@aﬁél ¥Eprag] gnvironment, to
5@40@% V&intok@ Eel@& grtl?é #’{{ﬁaﬁa@%ﬁeﬁﬁ t§3éﬂté?(?émﬁ en]vuonment and/or
sapphire, can be use I'S process. note pl asnma

®nhléercthd stbfane chiravtapsios tepisi parbculétRFiEﬁNﬁM pesents to an external

anot her growt h nmet hod t hat be used f

ARRRETRE o Gafp o FHTY, Thebals npE b TaEscoppued HPsHP R fgrbicide or
ﬁl@arﬁl&@é’ﬂﬁohlspﬁﬁ&dlhﬂd ARkl %y E&@sea!%%v&as%hﬂﬂraw@ release products.
enabl es the use of a <[:1r owt h"tenperature of about 600C

Aberptivaly.a8danenncepsu aéedcmgmcmtamtmwmc owetarial highttbigaised to enhance
t ur MOCVD process and enabl es the

%é% |a5%“180 S%c %F%ailr% f%)rm‘g%tt‘%ls Anot her advant age of the

RPECVD pr ocess is that tenperature sensitive substrate

Fait the iefficderprand eblisbility off ptdducs domipeiviag sﬁloh palyimes/ipaicalate material

zi nc Qxide,, can b? h‘ieed Wi | e RPECVD, virtue of

SIRDGSHES t I e sgenggally sgplgg nthats gplymer fig ﬁtgd at the surface of the

géfﬁ;?ﬂﬁt%trﬁ?teh% W ARh lvgﬁ dhYRfled, R vRE aRd trg;%%%éﬁ’tﬂﬁ éﬁﬁﬂlter. Where the

vol ds fi amage speci es gener at
particulate material is encapsulated in and dispersed throughout a bulk polymeric matrix, it

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

throughout that matrix.
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pl asma, the inventors have found that filnms grown by
this nmethod can suffer severe damage even from
w0 edoavdmel y | ow energy species (that is, |ess POEHAUINSH01512

eV in the case where a nitrogen plasnma is used).
Al t hough damage fromionised particles and hi gh energy
el ectrons is avoi ded when using RPECVD, as a result of
a rapid decay in energy within a short distance of the
pl asma source, relatively r3m1energy active neutra
ni trogen species that arrive at the substrate can
still inpart damage if they possess greater energies

To ddtigna tdoenBan Nppwach sbrewegpsulatevpagicuiae 2ndengls With polymer has

imvol ER R PP R B0 aher i R PE e §ormed
polyRiek.r PRENq@H MR itrh Myt hrefofm&d BY 81s5&1¢in gahé b&19mek lne§ sdédh, or by

their subsequent incorporation at other nonpreferred
s1m1dl§ameitm 8 tpetymerh eklécraasivelydl |theg1p8,m@;lat§trsatar1adeexghf be¢ digpersed in

furth red tion of th Y, act ugr al
mongh Jict I5fies SO Risr RE AN o8 st bRty to
succtReuIFFREPYPsWwhankthodA6¢isd BuUsfien Gogtay @@Iy@ﬂiﬁr@tnw baﬂﬁﬁlate material

al so been done on crystal size and gen segregati.on
dependentaNFpithersnops,| diserising cagerie r§ 6t agmt% 4t SURGs pebtity such as
surfagiatn% ﬁgﬁ'n%gd ng]% ger]edo Pt}%ﬂ%flﬁ{ ‘Jgr@{aﬁz girs?cls cl)f'g@g ggﬂggthte material in
the @radng rmdlmuarThe asedoB eqnp/ienﬂl@lai; ldimbrsatgea;g@ﬂs] in thés Inanner can be

detrgrspisy o eninah PRodUasan ey e GODGRcrbee ealiip ApBI Spgposites are
empﬁ)%él y I&/ﬁéﬂgﬁﬂa{s rdoﬁ{ferﬂfoﬁxftch Jyé‘r lgg h’éﬁn@st SRtHonalo HOPAE and localise

terial being produ wthromntamaanne
and ﬂnmbyumylesnﬂabw@otezﬂ@ werthﬁg StmrdcadristinglofCthe piastuct.
concentration around 10 cm. In PCT/ AU2003/ 000598 a

A RSB PR L R rREle S P B ety o con
and SnpOVAte Paetideedte imbieridd 1sfth@tfmh630®jzﬂ1ca4@'0afférﬂQ1tﬂ@®ﬂJﬁo 9@1&@1 over
and in an atnosphere in which the partial pressure o

beingaplect reprodueiblyt ¢nsh thegpatiopdgte ma&@rﬂ% Sitha relativedy yan%w layer of
xygen in the process described in
pdyﬁﬁm{ E?lér enggf%gc%gggspﬁbl ication already contributes to
the production of netal nitride filns of inproved
As agudteirtatiye mmdatlhg)mmtds ivéth prefesmed pslyafer,otiegepts have been made to
ener al a.reduction in s sure

use Vpﬂtéorlgi %uélgﬁw@qfésa on chswéic% ?%hf {aglspler at the surface of

partﬂaﬁl%%s Wa€erial NeHERRVEN tsh&D AtteBPECYAY P bOGE onctallyf @hsuckéRML. In
the di sadvantage of " oxygen contam nati on caused b

y
partlgulygeproc@ﬁ@a pinplpying corvesienab fragf taércab\pabimrls@%on &pdpiques to
a base abou 1
poly %y RoRundta BAE 334G SF APt pRelifon Bt @hlly not very
contfilRbleZan@rhat WITtMRnEP T SotiRPimpes €] & w@Rderd, pobandrhdthe surface
are used in this process for the contai nment of the
of the|pagfirdes rethes thep ag@iomm polymsprestingn t hat such oxygen
atons are |iable to be incorporated into the gallium
S Y [
Nunfl b et gleTg g AP A e] B DR Rrie R e mateial
havd bd:amsrepomtedraylowesar, sedr mgtiods Atveh gg’mralb}veff@edl drhilengl the way of
Ig))‘( aoh t he te er at,ur es,[ useg/for RPECVD. bl
imp 9@% 4 O8F5BF AP OB RSN g aF R SAeTF Y BoPriAbI
uncontrolled, its concentration may exceed | evels that

Acc6@mdde #ele E@hﬁﬁs Qf nédiatorah &oftfiséreANY eviable p@Bthod ofod rdeposmng
whether there is a need for a certajn anmount of oxy

polyime dn poroattoBable manner piethe istaqsr efspatieulateyagferils.| §'\W>h a method
concentrations, is undesirable. Even where the
el ectron carrier concentration is low, the electrical
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conductivity of the filmnmay be affected by the
presence of oxygen due to autoconpensati on nechani sns
wownioel3an cause the el ectrical conductivity andI/AU2005/001512
electron nobility to be very |l ow. Oxygen contam nation
may al so result in small crystal sizes or even the
formati on of anorphous galliumnitride under certain
growt h conditions. Having a_|low | evel of background
oxygen present during filnrdrowth allows dopant |evels
to be set to device specifications by controlled input
of dopant gases during filmgrowh. It also ensures
will tpheferablyy bt abbust,z effickennand | dapatile fbyeimg ppplied to a broad range of
segregati on. When the surface of a containment vesse
polygiers AilRtyBEs #45¥S5a, quartz or silica is bonbarded
with high energy nitrogen ions formng part of a
SumbhdrvQa8he BlveagBnSuch as that obtai ned when the RPECVD
process is used, sone of the chem cally bound oxygen
atoms in the surface of the containment vessel or tube
The presentdiesation pravidtis i oethed obpolxmedsing mogpmen & forgrpolymer at the

ener of e_ni.tir ons. i s _may allow causing a
$Hﬁ§ﬁgﬁg%%¥u?éggyf%%’%%$%§Eﬁgcgg%@%%ﬁ'the dangl i ng bonds

produced at the vessel surface and the nitrogen ions.
providihg actigpérsioh ¢fesdid i pantiouddtel madtéryal dimpe robatiomoushidquiy pehase, said
. of plasma and th terial of.the.contai norent vessel )
dispegpiof AGEIPTHRE o RACT RS0t E {"thﬁ%%@ﬁlsaléfpagéc”iat‘? erig, and said

' BRHSRE M BF Rlofe QXYIIRRallP ufiGARMEM nfonSfiers; and

Contt ugﬁéé?%g?gésg Cgfﬁﬁ)tlheg\?essel Oand 9irllepl %cyzlé by nitrogen. 1 an

An investigation into the EJC’)SSi bility of the
polypmsising ssaidooneodr meze ethylenitady wnbataratedrimanemens tundetsthe| epntrol of

. ube S reported b ch KeS. -al ] .
sic R0 HR%D 0 BRI Bt P s e iRl il
GlliumNtride Gown by Renote Plasna Enhanced
In ckienoe,cik tWathodrofDdp O'ﬁlivéﬂtﬁm, pJB:Vi(Rs aﬁhﬂiq.ue Snterfagia) leytl)ﬂﬁé'isation
156-160 (2002). In that article, the authors, described .
techlaiqﬁ%ttl!;pé@glglg}?s %oﬂlé(m@@ Al ibFifBHTledjgatoﬁl_e SHriaeg, ﬁgll“uculate materials in a
subsﬁfﬁﬁtdﬂ#/ EERRI1aNR SR8 rebdiciie mMARES Thel H6hAY YMAYI& a diverse array of
contal nnment vessel ‘or tube 1s conditioned in a
polyniets egenformed mirtivi surfacasfran edegiyndiverge erray lo€ pastisalatef materials.

NN A T
partidf¥ San MOSF SiyhapdiBfied Pl asma is used to condition the

vessel or tube,” sone alum na nol ecul es on the surface
of the vessel or tube are converted to al ane (

Al H3) ,

Throngh he eeristob afpuierl &y thnmethodepelymer ggiy dieyformedyaty the él)lrface of the
f | umi a n r [ teo : .
G0, BT, DR M o 5P s
thickmekgsul eSuchn cbifiteols udvataeoiisly henabkssdle @articube ameterial to be

converted to alumniumnjtride §AI N) ,. V\/g(i?ch limts tthe
encepy@lpigelityna desirad t em%aﬂywéh 9 REP ViR tared dispeiiapert Polymer
enca??ul@t@d g)ta%ﬁpalf@ﬁl%t&ifal 4 lig[{?i%. 3&%%&&5%'1‘9, Riferd d&cH ﬁ’dl?xhefdi&tion is

S0 converted, over a perio ting, to alumna an
allowed & comtingasngrsofficddnd pelynter asaskyisifoged, pskyntenarhi¢th encapsulates

B s L )
maté@ IFRALH QRSEARARP hifBMnBUheREro@dh, aln gRN6AddatnanaE that the
oxygen contam nation of a'galliumnitride film grown

continyious ligejd phepeanonsists spseatialesfithe moaomer to karrpkaerised.
wi ndow, even if subjected to sonme preconditioning by

[ [ . r . .
o554 DA BT B g e o
is 100uaRgorsidrilesa ift sibeSaid partidubame afateriabbeing encapsulated in a substantially
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chemcal simlarity of fused silica and quartz. The
reason for the perceived unsuitability of quartz and
wo ewed3dsl i ca for passivation can be ascri bed POI/AIZ005/001512
chem cal reaction which is believed to take pl ace
bet ween the high energy nitrogen ions and the silica,
which can be sinplified as follows: SiO 2(SOHd) + N
2(plasma ) > SiQ( gas) + N 2Q(gas) (1) As can be seen
fromequation (1), both t he4reacti on products are
gaseous. These gaseous products are swept away by the
nitrogen plasma so that nore silica is exposed to the
uniforint armemtiphasnmatiihef # polynehswhathdras atlaasteid fadrbean formed under
met ho pparatus for growing a filmof gallium
ﬂm‘ﬁ???bﬂ%ﬁggﬁiﬂgﬁﬁ'the oxygen contami nation of the
galliumnitride filmis mnimsed. In a RPECVD system
The drédehiMimfenfiti allsonplokidds dotyréovatapfiifed RRktidudte VR&UHAD that is
in a growmh chanber, using a reaction mxture .
100 mégsord of legs iheizeewherein theicaeamsploting eabimgithas 4 depshin part been
' /[ Rtr | ANF IR e 1
R e Tl e
substaadalle tnifimidy dBpatédibiraughgut thd encaphditingt plymeheat ed
frombel ow by a stationary heater. A nitrogen plasm
IS gener d. renptely and fed to th r.om.h chanber . )
Furthéy P IGBe B R bl '%15 idﬁfaﬁsg fsssgiptiomgt the invention.
pressure at which the netal nitride filmis grown may
BriP De8&iptfh 85thtDrawlggs’ . While for RPECVD the pressure
may be about 0.1-10 Torr.The substrate is positioned
about 2 to 3 mm above the heater. Depending on t

he
Prefereesherobedjjnentseaf the hwegtiowivill mevpesr Blusitatedhy way of Brample only
: t 06t . 10 . about 500C to about
Wlth%%%ﬁ"&%%@é&@?%%%@ hd?%‘\%‘élgén{j‘&@@'ed gr owt h
tenperature of about 650C on the substrate, it is
Figune ¢ eHasrayesf mrlymbreervepdutated 3i@epippentpegpast ia accordance with the
. considerably higher tenperature so that heat can be
nveplifhated to the substrate frombelow. It is thus not
unusual to have to operate the heater at a tenperature
Figutds 2hadb illdfite {)@?ﬁiei ¥RQpaflate® puealdcoRdhe BRAUWEMER prepared in
use in heating the substrate conprises a heating
accopdamgemithghe fnveatimmt nade of tungsten or. tantalumwire
of about 0.5mmin dianeter, wound around a di sc shaped
3] G .. ' s in its periphery. Because of
Detﬁqﬁ’g%grlgﬁﬁgIogngﬁneglsn?'&%ﬁéﬁenvi ronment within which netal
nitrides are grown is typically a reducing atnosphere
In aceoti@icei with adeptainc agpettsogfethe idviention, sthy R AFMaageht dunctions as a

materigls of cqnstruction, . 03/ 097532 descrjbes,
Stableﬂf%re‘_regﬂwrd&pem PREISH A HPRIGEAP " FiablFe b RAFT
agerf?IsbivedR gliegﬂltbglséﬂfgas@ nﬁm%ogﬁfé%eﬁée of hgdrégdiRnehe dispersed

I ncor por ref erence. th the higher pressure in"
partichlategmetetinl. c Aarmbstabiliseedthe RARE agemoesy pokyssl; iob@tildast minimise,

WO2003/ 097532.. the.conditions are re.severe. The
coal SPESS i meeEaton SR Falivi Sipig N6l Bgem bithways such
as stHACREREE abctRsttid §ulidRr T4 Progidwhd abiligntotfigcthstatabiliser, the
systemis conditioned to the operating tenperature and

RARTazgent epinpidsgs a amniety shahean proidsripetheredugitpaseric and/or electrostatic

repug‘i) venti onal heaters conprising resistance filanents
nadé of tantalum or tungsten are

A feature of certain aspects of the invention is that the one or more ethylenically
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



enbrittled at the growth tenperatures used when
exposed to the gases used in these systens, which
W0 p@bAsE6r eacti ve nitrogen species fromthe plBSHAU208001512
hydrogen from the netal organi cs, and eventual |y break.
Alternately, they can burn through when they
shortcircuit because of netal deposited between the
adj acent | oops or w ndings, fromthe netal organic
source gases or fromthe mrédings t hensel ves whi ch may
undergo sonme evaporation. The resistance wire fails
ei ther because of netal enbrittlenent and expansi on or
polybediseb wiatshBevarsible Addifon-Etagmeatation sheianBessibie(RMIER) mechanism
; fmﬁggéqgs, causi ng short-circuiting and overl oadi ng of
O IEHAYYEFr cuit ed windings. A nore reliable heater than
those heaters of which the heating el enents are nade
Fal@h&hlsmdﬂ dungdiRAichlly acaatdateg! Yymoweakas o descrlbed in
per orm netal nitride_sem conductor growths usin

WONBO1478 amdawolieetds Rripderd PoLymBisAED Wb@%ﬁf fhat Shabfls pe polymers to
t taept
5 be AT paRED O Bliptd iRk bl Pald I neonersiy.  The
techafqup gmployt aR ABT agent Iof thedenandfoambiedl):ng el enment of
pyrol ytic graphite superinposed on the dielectric
base. US Patent No 5,343,022 describesa simlar
heati ng unit conposed of a di eteetRri c base of boron
nitride and a pyrolytic grapH te heating el enent
encapsul ated therein.x Patent No 4,777,022, an
epi t axi al heater apparatus d process are descri bed.
The heater conprises resistivezw ndings | ocated about
a core conprising a hollow cylindrical tube portion
made of boron nitride, pyrolytic boron nitride or
pyrifolyte. However, these heaters are very expensive
because of the use of pyrolyﬁ' boron nitride and
R I o .
wh1<f% Bgse?%"lt up&)&)%g%: no r\'ggfe %jtcl:lg{ %r 1?%%&%%? K¢ %Eﬁ Sagcordance with
10 Sdﬁm@hnologles W th appropriate nasks to grow a base
i ncorporating a heating elenent, |ayer by layer. As a
consequence of the high cost, these heaters are
uneconom cal in the context of commercial netal
nitride film manufacture using the RPECVD techni que.
There accordingly exists a need for a cheaper heater
that is capable of w thstanding the harsh operating
condi tions encountered in an RPECVD grow h system used
for growng netal nitrides. Cbject of the Invention It
is an object of the present invention to overconme or
substantially aneliorate at | east one of the above
di sadvantages or to address at |east one of the above
needs. Sunmmary of the Invention Processes for G ow ng
Metal Nitride Filnms According to a first aspect of the
invention, there is provided a process for growing a
group (I11) metal nitride filmby renote plasma
enhanced chem cal vapour deposition, the process
conprising the steps of: (a) heating an object
selected fromthe group consisting of a substrate and
a substrate conprising a buffer layer in a growth
chanber to a tenperature in the range of



10

from about 400C to about 750C, (b) producing active
neutral nitrogen species in a nitrogen plasm renotely
wo cwawsdef rom t he grow h chanber; (c) transferr¢TiguLI08/001512
active neutral nitrogen species to the growh chanber;
(d) formng a reaction mxture in the growh chanber,
the reaction m xture containing a species of a group
(I11) metal that is capable of reacting with the
ni trogen species so as to forma group (I11) netal
nitride film and (e) formng a filmof group (I11)
nmetal nitride on the heated object under conditions
whereby the filmis suitable for device purposes. The
saimby at e may conprise a buffer |ayer |ocated on the
subgst r geomeriMe | attice of the buffer |ayer may nore
cl dsel’y match tHe lattice of the filmthan the lattice
of the substrate. Goup (Ill) netal nitride filns
mﬂ%ﬁbﬂg@y not be suitable for device purposes may have
arge defect densities as conpared to group (I11)
met.al nitride filnms which are suitable for device

pGr . B (A | ) PrEtEL_nit¥Td8 fikns Pahi X+R'
npt be spuitabl e Tor device plrposes may have | ow
| eetironl or hol e fwbility as|conpared to group (I[I1)

ni4ride films which aré suitable for devicé
purposegy Goup (I11) netal gitride films which may
Q%%wlgzsuitable for device rposes may have | ow band
gaps as conpared to group (I11) netal nitride filns
whhgh_ﬁfﬁﬂgﬁﬂiagle for device purposes. Goup (I11)
metal nitride fil'ms which may not be suitable for
devi ce purposes may have a hi gh oxygen content as
CRIR a8k, 9roup (111) metal nitride filns which are
sui tabl e tor device purposes. Goup (II1) netal
nitride films which may not be suitable for device ]
pufmpdé ¥ h&ve beedmhT dmaged_by. ri n__X+Py
speciyes froma nitrogen plas during grow h of tjhe
fﬁgggas onpared to group (IEI) metal nitride fillms{ pm
th have not been highly dafmaged by nitrogen spé%i
froma nitrogen plasma during) growth of the film
F2Rios111) metal nitride filns which may not be
suj.t abl.e for devic$r$urposes may have been grown on a
substimt e or bdff & hyer which has been highly
damaged by nitrogen species froma nitrogen plasma
prior to growth of the group (Ill) nmetal nitride film
as conpar edSdhen@r1o Bpopobdd thedihiin 6f RAFTQoljrhdFmatibint
have not been grown on a substrate or buffer |ayer
i ch has en_hipghly damaged by nitrogen species from
The é@?ﬁ%tvf’%“éé HP &62%%‘9 &gPIEr(% B ﬂé‘éﬁ%tod%epﬁlme Ol ASQPIP{gX) aryay of rate
consfaBisalIn Paiticue the Téﬁna@%g 4P p?lb)'hfe} a0k ihe 6 bddetlfe 1 islﬂgﬁeved to be
_which fmay not" be suitable r devi ce purposes nay have
relianfeeppngeq@ulibiv that utqufier bighpates caatanty far the keelditimdof propagating

. contain.t nj Lraogen sma.as conpared.,t r ou [,
racicf3 % B0 bl o R eRlafon 26 SRty cueals COATR (s gotkive to
the r2@ 86hsvak Fdidrapdoalien.used to contain the nitrogen

plasma. Goup (I11) netal nitride filnms which may not

be suitable for device purposes may have
The rate constants associated with RAFT polymerisation are believed to be influenced by a

complex interplay between stability, steric and polarity effects in the substrate, the radicals
and the products formed. The polymerisation of specific monomers and combinations of
monomers will introduce different factors and structural preferences for the agent (1). The

interplay of factors for a particular system have been largely rationalised on the basis of the
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been grown using nitrogen to generate the nitrogen
pl asma which has too high a | evel of inpurities as
w@ewpasael to group (I11) netal nitride filns tPE/AD2008001512
been grown using nitrogen to generate the nitrogen
pl asma which has a suitably Iow |l evel of inpurities.
Goup (I'l'l) nmetal nitride filnms which my not be
suitabl e for device purposes nmay have been grown at a
pressure in the growth chanber which is too | ow as
conpared to group(lll) netal nitride filnms which are
grown at a suitable pressure in the growh chanber
resulishotghineds W tleat definitien alf afii facioeketiat imfliwnce ablymebisation for any
devi ce purpose q%?up (L11) metal nitride filnms which
Pm“ﬁﬁysﬂﬂﬁmdéygﬁpiﬁﬁl yletsiedrt ce purposes may have a
hi gh oxygen content as conpared to group (II1) netal
As u&ldtHekéiﬁ the ;ﬂﬁﬁsé’\m&iﬁl‘ ?bsrnﬁ#" isaﬁdeﬁdécptb déﬁaﬂecaepowﬁma@tsS formed
Goup (111) netal rirde fil whi ch may not
throughi erebpre moos ethylanicallp um@g@éemnh@w bribg p@b@nmlsrad] ugder the
cont aining too high an oxygen parti al
contrﬁiggasﬁgzﬁe Orrpar ed to group (I1l) netal nitride
films which are suitable for device purposes. Goup
In addotdahcerBiitd the hoetlbd 6f khes inMehiidh, niynandrs beze Spﬂl)trnén*ﬁsed to form
for device purposes nay_ be |nsul ating as conpare "
polygebap the F‘Ffacﬁétfaqhe rartiquigde fmatpralyn By hpotyaes Gring Oém?% at the
v [
st e L 3SR S e T of A SR ElaE AR i P girection of
the o‘ontmwtmsllﬁmlcb phep;e}sdsa mtyrmcrsq ﬂunfa;:eacvf the diarticovaie material. In other
aI in

wordh et et Ui B AP PETEE A DIt AT P fseontinuous

11qu1&"}5h§|§b ORch Hat itf EAULER 1R p@ﬁﬂ:‘ula't@ &?dterfﬂlmel@dlylﬁ@r S\hﬂ Renerally be
Gooup (I'l'l) nmetal nitridé f whi ch may not be

formsdise a&tod’uﬂy)poai@vﬁwppuatp@beesarh@}latbénagmmp (111) metal
nitride filnms which do not exhibit a crystall ographic

As uFﬁd{ lfe%%ﬁrt%&% AL& ?ﬁaﬁu&uﬁt& %a?efmai 1’5@ 'r%&?c t& b %ac%hﬂanateglal that is

capaB]éldebBir@ cﬁ@’erﬁ&‘tlﬁr@ﬁgw ﬂm&@ﬁtlﬂi&ms bfe{uiﬁqtlﬂilse rhetit & Skmd semi-solid
fiilms which _do exhibit stalldqgéwg cstructure
or ligidr By ttls pagtipulats matereal BF’é‘ﬁp 1EPF1FS BhoHtihg eRutinggys phase, it
t
it O Bl ot SR b ThkPlghe ypks A iged s
can Hie dhnpersddethmx@hmtfthé coritmugusohuid phasestlbsiartmu@t@ mamyfai oray take
er such _that there is.a
any $HEbaBERI IO LR aSoqsbised B Parstle BRerad 'ﬁ%}éf%.ﬂ high aspect
ratio R léﬁaﬁlblleltﬂo%ta@ing%' fidt 'lﬁﬁelfa'r bFBeddd S Wa}bFroﬁlbl kﬁdi@ Hﬁﬁcult to
for device purposés may be group (IIl) metal nitrid
unifdrilyrsoattvé thepalyraerf thimparticeatewratenial hiaing silpataspest ragigr f er
| ayer such that there is a small lattice m smatch or

The g?splgrg% éz}%%f:%%r'métg]%lalgé ( eie FB {hgq‘?;qll Enlp? eB?fU]%}é?Sér 1‘ﬁttﬁ e form

of aﬂfaggregdtldﬁa)fq:lﬂrﬁz&?llﬁrtfdbafs ch/d metmdrqfcthemm’gomhasgacbmptageously
(LTT), metal fjilms wh e filmexhibits a c
beens fquide Br b5 PUAVIATA RUROHYS @hGTBing DRRPPh Thagstiihsi Gl primary
parti Sanchez, F. Calle, E. Munoz and R Ber esford J .
yst Grovvth 183, 23, 1998). Goup (I1l) netal
nitride filnms which may be suitable for device
leqmutmqﬁﬁymay ishéorwtedr &t thee strifdom obdle merticalate pnaterdal, it will be

soPrE R 8 U L P LOTS PO B LY FRE o pgggmer tha

maysﬂé%lﬁﬁensed under the control of the RAFT agent. If the particulate material were

m
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dopi ng, annealing etc. Step (e) may conprise step
(el): (el) formng a filmof group (Il11) nmetal nitride
w@eoobls7ibeat ed obj ect under conditions wher ebyP€TiaU2005/001512
nmeasured band gap of the filmis |ess than 500 neV
bel ow t he established band gap of the group (I111)
metal nitride and the filmis suitable for device
pur poses. Step (e) may conprise step (e2): (e2)
formng a filmof group (ITP) netal nitride on the
heat ed obj ect under conditions whereby the neasured
band gap of the filmis less than 500 neV bel ow t he
to capgatinbhoreied, foarsamgplp asfin eHeuit parpiclel domprisinganomimeri gelymer is

ket o eleraeThist vt B roeisblotSRAERRGI (| on appl i o

which condition is selected fromthe group consisting

Thogfskilled)in tHear0RiilE epprédiate AeA LS thel size dPpadticildtd nkaialiedecadase, the
a di stance of about 20 cmto about 25 cm from where

degremef diffiquliydn bpingehis te depesitpolumgerdn acanigpilable mganer at the surface
or 0880 LERUR 15 BSREE S SN CBL blof ABRLITH6E mein
of thalimwentidh adwmtagebudly eddbdespatsimalto e dssnadeinaf coakyliehmanner with

the grow h chanb is less than 10-4 Torr; (jii) .the )
relatfygre@?ea?tm% %%YE%YF of %Pﬂwv@ewdilﬁrg{c m&ﬂg}eévafliﬁea&?&hﬁé?ﬂnmw Rprticles
- Torr - 10-11 Torr; (iv) the pressure in
Ora% ‘ggagéggw&ﬁé%hanber i s between about 1 Torr and about

15 Torr; (v) the pressure in the growth chanber is .
Accdydingbs theapasticul 2te Taateriad munydisoaftans tisy shapeor pizg ppefidddethat it can

or | |l er is,l ocated bet t he,obj ect and a _source.
be dpersE Brflbebf GRS T FOREnC o P ETEEY R etpifion of
the pdfi@dtei Batefiglafsetb bftateR@hgl O0VnficeInsHRfe dteférabliySi@eAter than
of about 20 cmto about 25 cm fromthe renotel

2 mipgpaat ekhenethoderf the dayaationhas fepmimforng @ebwaﬂ%@rlarqfiﬁcﬁve at
. . ' ilgiias _
forail PR e 45804 b S B Rl A B G il P0. micons,

evendedsaharcOL6miiclonl) or white LED. The LED nmay be a GaN
LED. The LED nay be a GaN bl ue LED. The object may be

Sui’tI g g&hes agicrgaof%%g v%gab hp%gﬁp%g{gfi?l %%ﬁ%%?&‘ﬁlegfin&gg&%ut are not

limite@ %,af[)igﬁﬁﬁfs, {huRBelal) WYgEMic andtblidIOUeR aBtASHTBmI Giokide MBHe oxide,
Wen the object is located at a distance of about 20 _

calcium tcarbabdfet 1128 e¥ivlé,r vhcanhdioxide; baridmosuliateoearbom dask, organic

. tube the pressure may be .such.i,n.the .growth chanber.

e, W5 a o Pap AP PIRe TRPmER SN i hier LhyFigne and

dibrérhAmintiiosd)inh ke hlerBVIeR ab YLiRASESde, e PbiBEdtivERents such
be | ocated in the growth chanber at a distance of |ess

as pasigides;hotlticides, Eungiqidanani phexiacevtirals wates, andreomibinaginns thereof.
tube or nore than about 25 cmfromthe exit end of the

e BN TR P e B Pl S R S Rl i

metHodawhthdi@ventidn i€ perforinddne cont ai nment tube (e. g.
bet ween about 20cm and about 10 cm or between about

. 20cm and about . 15.cm or pet ween cmand 17c
It is gerarally BrefPdaLye et Bl el Bt de Eogpsplafyl by polymer
is suBRtadlially Ghdrf% fild FaBBh BEnd@fiO¥under which the RAFT polymerisation

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



10

15

20

25

whereby the filmis suitable for device purposes (in
such a case the pressure in the growh chanber may be
wohe@hes7i6han t he pressure in the growth chanmbePCTAB2N05/001512

the filmobject is between about 20cm and 25cm from

the exit end of the containment tube in order to

reduce ionised nitrogen species and neutral nitrogen

speci es from damagi ng the filmgrown on the object

e.g. if 3-5Torr is a sui t ablPe pressure in the growh

chanmber for a distance of 20cm 25cm then 5-10Torr in

the gromh , chanber nay be suitable for a distance
dispbrsedviiguid 2Betieudate mzi¢riiothgHiquidswivill tiipécaiy phaarc |saffe:der1tllyadlfferent

polagia%u%ﬁq%g%%g% 3%1 Q&tﬁﬁié@%@m% g} g Wﬁ{éo:id% one lequld will be

suffRieBAY | IRAGPhilid\eE tHeeo®bt @affididatlyoEsdrephdtic tdaetm Wk form a
chanber at a distance of nore than about 25 cmfrom

polyphasiesistenanln esntieple tcpiayide mﬁ@ﬁfln‘#%él%léi phasp angaelispersed solid

I
pur BB R 000 e SASTLR ARNRE Gl AISTSe poari
that Al s@RL Prtitlletephadslr sresamys toetheUiduid phades agd @idehversa, generally
chanber wherebg%% netal, nitride filmmay be grown
beingapleyant thormumghe dispersiodbl e for devi ce purposes (in
such a case the pressure in the growh chanber may be

Frorh I?ﬁe ﬁﬁ‘é@ v\gsthé?é'e §kﬂmr1nttﬁ@£‘rt LHE aPpRSRtY Bat the ttéi'ﬁlsg"h?%flhlhc" and

en the | mobject is between about 20Cm and
"hycﬁaphnbﬁd omed H@r@matre elnti insénded gocdafingi abselute fudddics rof a particular

sub z{n?:g glélté(r){r I on %gﬁglﬁtgqrfo% eL?Y]OZLP ?ethlF e &gfgv?tfrgble interactions
(.. 3tttave ok Sreﬁhlﬁ% tlﬂt*éfa%tlﬁtﬁsgs SIH 6thef Wdigs, 0theWeting ayREphilic" and
for a distance of 20cm 25cmthen | -3Torr in the gr owm h
"hydspplabia” areyseseheseint astiringry indicpistia feding ehqyaetgristics such as like
ccre PP ST AhRuAdd el D appreciated that a
sui't abl e operat g essure range as well as the
optimum pressure will need to be determ ned by
As expﬁvénlmmtpomtﬁoﬂomfférbmceoonlbfnpqielrmn skillecoén ko attedight consider a

| tween the object and the exit end of the contain t
: hyc%rablahc Theuidatq heve@ solpRilfein majen el %és%%éc @2@ ei%%fri and a

"hy&gﬁob?cn'gfﬂou%rﬁ { g a% it r? {I)tateg of Peg% fhtan (S‘Q%/E%%S‘t(? b '€rms of a

e COI’] al n

soli&,QhPtdrBe "By @PphiEe) and G3Mrdpdbbich ﬁnghtf bé Fonefdemsdasspa pédsdn skilled
metal nitride on the heated obj ect. whereby the
in theeaid (e &§ bEeregepion sphd Whlﬂhﬁﬁ)@dfheoww gb (49 dpsy not repel) a

f th 11
by BB O F SREARI R, PR T bt e For devi cb
purposes. Step (e) may conprise step (e4):(ed4) formng
In peactlbdlrtemfs trecaoptihdus)liquist phaseiin effets fomctione aheatastion medium in
ct whereb e. measur ed ban of the filmi
whidky 55, 9o 05 H6erE0T SBIG (e Bt BABH g PRFlepifed to form
pol}lnhé? agrﬂ%" Rurdckof tﬁ@bﬁﬂlcﬁlaier mdriaN d Theendron®r ingays bé bﬂ*@hﬁ in the
for device purposes. Step (e) may conprise step (e5):
contira®ys hquld]phgsemsfa Senqrete lg]uyh]@a@q: it mayyb@ £t|111}hsthblq in the continuous

11qu¥<\%ﬁ1§ egtolr ﬁl& coptin 3h lgc}qs llﬂﬁfde Iih%get téﬁgk%fs% g slgrgtﬁallaffof the monomer.
gal l'i um and alun1n|un1 a conblnatlon of gallium and

Whér8 tthel ngonéing@usbligaitli lﬂ{asﬂfdobm diotircoasiet absemiiallyuwf the Cbna or more

conbi nation of gallium m and al um niumon th
ethyjgnigadly Wisplweated, ABPMEEN, aflﬁt mﬁ?%ﬂ%ﬁ@b}mﬂm o, beg copveniently

C ' ' 1L g1tk F
usecg‘gﬁ%gﬁg ulér %g[g@mgh ofpBRthek REcdshiTtedSpatitit R £1ih or example,
where the continuous liquid phase comprises water and the particulate material is titanium
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Step (e) may conprise step (e6): (e6) formng a film
of group (Ill) nmetal nitride wherein the netal is
w@edloeosael from t he group consisting of galli unPCi/AtUREN01512
a conbination of galliumand alum nium a conbi nation
of galliumand indium a conbination of indium and
al um nium and a conbi nation of gallium indium and
al um nium on the heated object under conditions
whereby the filmis a senitU%ducting filmand the film
is suitable for device purposes wherein during said
formng at | east one condition applies which condition
dioxids, $el methed dfrthenitteatign ongy bomsédtd prgparfe: an( aqueohe dispersion of
I ob%ect iﬁ Igﬁ ted i.n B{e rimmh chanber at a distance
PolyBT SHERTUIZET BIRPE™ diSSIHS BEE LS £ r om where the ni trogen

pl asma exits a region in which the nitrogen plasma is
The @&i&y adfatle R Maget i thatt MBS S5 Wibilise the@aficaltd material in the
chanper is between about 1 Torr and about 15 Torr; = .
continupys tigeidpzhess aan plse sdvigndagepugy yigestionntor Higbiscoarliquid dispersed
i =4 . Toer. (iij)akLh tjal . .
A
Accordigly, Idd 4dditional -didd@rsail tof Aspersé ithg pohengrr @xapsubated particulate
t he, gr O\i\_lt h, chanber . is between about 1 Torr and about
matetigl inghe Liquigdis yaqeitgd-essure in the growth chanber is
bet ween about 2 Torr and about 5 Torr; (vi) a baffle
By E’erin% PldpSilaed" iOoREAd IREUNSRIYNE QPkRGTalANduRoRRAYRE entire
of The renotely |ocated nitrogén plasma; and (vii) the
partioblptecmatesial. othe polyimer ey, howends, extdbibv erdegreeaoldpapsifycé.c. have
og about .50. cmto about 25 cmfromthe renotely
somg BOley TV Iy Pdlen pl asma. Step (e) nay conprise step
(e7): (e7) formng a filmof group (I11) nmetal nitride
In aWh&keged cinbedifhathe Bveatioaciredidés amdthal of préparing a dispersion of
consisting of gallium indium a caonbinatjon of,
polygisr pRearsulagd Rrisilateunsterialds apiouith YA nethogbeamping d
i ndium a conbination of indiumand alum nium and
I a o o . . .
pro B T, O bl e O T 9 ki@ ispersion
compesing RiRAFT agénttahe stablilinei forlzeidneraticdito umatérill0aid sandl continuous

oo oy Bl el i orSYiy and
formng a filmof group (I11) nmetal nitride wherein

polyhfe€isiBtald bfe SehRed ethylehitally hesaiatd Bonshesiudethe control of
i gﬂlﬁl ium indium a conbination of gallium and .
said RART rAeert to ferehiplyser o the syehea afnsaiddrartienleig, maferial, thereby

R S e

wherein the resistivity of the filmis between about
Prefé@ably0 theanontidduo hiquicnphaeads tweterf adrtliesmsthotlgrbdudesran aqueous

. devi ce purposes erein during said form ng at | east
dlsP@ﬁ’@“&%ﬁaryP{)%ﬁn%ﬁBB? F‘@g p\?ﬁ"&f?tec‘g‘ﬁ'@?‘?‘on is selected from
the group consisting of: (i) the object is located in

In addofia9EOWItR thiE pTEeBémBodinShtd fiehaplicudd® wlatetfh] eMapdulated by the
about 25 cmfromwhere the nitrogen plasna exits a

polymsginesy bena whiety phisicls err aigegeregaies thergod. 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
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
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generated and wherein the pressure in the growth
chanber is between about 1 Torr and about 15 Torr;
W@ poop/oshel partial pressure of oxygen in the grpol/AU2005/001512
chanber is less than 10-4 Torr; (iii) the partia
pressure of oxygen in the growh chanber is in the
range 10-4 Torr - 101 Torr; (iv) the pressure in the
growt h chanber is between apout 1 Torr and about 15
Torr; (v) the pressure in the growmh chanber is
bet ween about 2 Torr and about 5 Torr; (vi) a baffle
or inpeller is |ocated between the object and a source
substatltmllfue unénnneargd bordameuls mpatmggeﬁ Pipalymeer. aﬂ?defembly) suple novel

s S ARt ORI R, ARE o Sho e AORSoty 4
micrbB¢ t 8€bsNintdsP @RiTe@blFSTMinicine Por(RYs WRYiZ8ONPhe SizeSdfethe dpolymer
(e9) formng a filmof group (II1) netal n|tr|

(e9):
encapgilatné prBisulsE Bjcsiet maﬁ@bp lzfolﬁdil@ isebrenigionrrange, doreeample from
| a Ci h
0018 i CRGF P oL U, R SRR of 45 RP ol S e polymer
encapsiilitad blertfcora’zdhi&ut)eﬁ?lsﬁmltlﬁﬁsm .is Biat pf (le) larmeyt diorpsids erovided by
step (. elOQ formin filmof group (I11) nmeta
the cm Iil%l@n@ﬁ therpol sk St Bn ke RRBICRE BREDRE | m exhi bi t s
a crystall ographic structure characteristic of the

By tHé BaRichlald hat¥BhEbeifd Eﬁdaﬂﬁﬂﬁ@&j it Qesﬁﬂs{aﬁhhﬁy %Hl'f(tnﬂp!aﬁd E&ttinuous

devi ce purposes wherein during said formng at |east
coating® is amsiint ithov the ebatng deesciot quesgint i |an| igregwlpie otagyerf ar@nnd the

pr GRS B b R 854 BobBSEll Po acie

thes@ PRMertidd, €H® fHickiemhef thet fitymbdt Elﬁﬁﬂﬁhdﬁigaﬂﬁapaﬂﬂmﬂ@te anatenal will
on in which the nitrogen plasma is generated an

genemig'r dien relpfévely eeonsipet. | nHoWevyr olw max nbaijbst ithe 5@9%@& of the
encaggﬁc%n#%cﬁg% oxyge%yg&td%l%@' ;;%ﬁé& R}{e Cp}qe)r ﬁﬁoel?& cﬁ"%ﬁ% thlc%lﬁte material.

er 1s
For &mibld,ak¢ par(itulbfe nhdieriad andyi rﬁdt bpil@atidrae thef preciygemtre of tlspherical

rowt h chanmber is in the, ran 10-4 - -11. T N
poly?qep)coaw prR BRI (kG ABIOT P R8Ot B chdle Contng can
gene?ﬁgplg lﬁaﬁﬁfgfcﬁ kesth l%%y-ﬁ%tﬁsmﬁé{%n EReHBh RASHS & lgiy"(TEM)

er 1s etmeen about 2 Torr and
Torr; (V|) a baffle or inpeller is |ocated between the
The db}ckucssawa the polynse wohting evlnelmneagsulatﬁ@ath@dpartwtﬂ@fgematenal is

pretpnreaat 2 aobiridrhoBo G 3ot T s Cifefbrabty
leas’tf I@Hhﬁdh@etét@ matiehord ?fei’drﬁﬂy nik 1620020 nMcasdters. JliRee (seﬂo particular
conprise step (el . (el 1) forming a film

hml@asOﬁ@ﬁh@ thirlnessy phpolimer th@é caihercapsukaa thedpahp date r@ﬁaré%l with the
R RAS B By L kB ROy s grapovaed

partitlesm i s suitable for device purposes. Step (e) may
conprise step (el 2):

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
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
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(el2) formng a filmof group (I11) nmetal nitride on
the heated object whereby the filmexhibits an oxygen
w@orvemsitisat i on | ess than 1.6 atom c% and wher eP@I/AL2005/001512
filmis suitable for device purposes wherein during
said formng at | east one condition applies which
condition is selected fromthe group consisting of:
(i) the object is located in the growh chanber at a
di stance of about 20 cmto bbout 25 cm from where the
nitrogen plasma exits a region in which the nitrogen
plasma i s generated and wherein the pressure in the
case gatdmamlagemmyb@row&e hepolgerr diaving theTparticalatt aleterial 1&bstantially
Torr g he partial pressure of oxygen in the
unift Whﬁ thrQugloss than 10-4 Torr: (iii) the
parti al pr essure of oxygen in the growmh chanber is in
In arddier pRetBRed BmBodiaieht theliflvdhiiba providdsva nkﬂﬁdﬁfﬁﬁépaﬁﬁglanpolymer
the growmh chanber is between about 1 Torr and about
havingparieylate materid] alispersed theecthiqughsaighracibhnd eorpbsng: s
bet ween about 2 Torr and about 5 Torr; (vi) a baffle
. . : (0]e]]
provfiin TPBhSEch o QR BLARHISEILHISpOPIGS AN My APYIGE, aid
dispérbien @bjnpeibing RAFAt @dni a4 bebidisewoh sail grambrulag naterial, and said

di st ance of about 20 cmto, bot 25 cmfro he
conqnélﬁ%st 99,1 Iﬁ;’é‘é‘? éanwt{qgo%%?pt]& c_)nes?reﬁwf%)e%wally unsaturated
nmnSR@Rrhﬁﬁ step (bl): (bl) producing active neutra
nitrogen species in a nitrogen plasma remotely |ocated
fromthe growth chanber wherein the plasm is
polyg@nemgtseml éxeopn miote oihzlenigaly @osmmm@dngomcrm@m iundersthe egpgtrol of

sa1d )?Bor etqéa gciﬁn? 8%19’&%\? ' iscp[% rS}lgé ?fé Salfl a)rf) 1%t|e)mater1al thereby

prov‘icﬁﬂ@ﬁél@fn%t ek thedntticatitdRidterial diBpdricdaBeregp@gihes t o
the grow h chanber via a containnent tube, said

cont ai nnent tube conpri sjng a ,tube sel ecte {e
By Hieoerpressksy sfqnﬁ@t@g "Gseaellg ol U, Ok TRHr ERYienise lsarfaisawrated

mon?> RN .@'rﬁédng eth%tu kfﬁats’aie c%ﬁ’tﬂ?oﬁ@vﬁcgﬂd S}Sh %s@ nrﬁéy SlHElfu% €additional

or to st or ned
ingrédaents, batuly $f the addmohalawgrbdlemts g nat mhtesglly altqzrdhd: ba:sm afd novel
t he.inner urfa$§ of the co

piS s g

t
chargEriga pe B BEE e TN SRELoO e HE i diquid phase
cons'is@m@ké@»kétntllw of Ok o@ﬁﬂo&%thﬁexﬁ@a{llyogns‘afur@t@@ honbnited! Emgl?c be one

hours, the contacting at |east a portion of the
whlqhnrsebassdj rohagteleast 9 @veéghﬁtmmme monpnise, Wiefaally rttleasy Sy weight
gt sma_causing at |least a portion of the silica in the
PEreE PN Ent tube to react with nitrogen ions in the
ni trogen plasma, whereby at |east a portion of the
Whes¢é thec ontimucanliquit ethasetensists pentedlyt dfathe daesornmbre ethylenically
rel ease oxygen atons el eases | ess oxygen at
unsaurgied JAQNOEIEES, 1 %émraﬁ ls taitermingts Robwnérisagpn ?g the flonomer

prlolsfo ﬁ’ afl Bei ) é}ﬁgﬂpc{ iR géfygﬁé (§8 khis Cose) shdtPy ﬁ‘fe%cfd' (Qﬁllct fovide a

Ive ne nitrogen cies to the growth chamb
dlspsnsmln dﬂp@tyméreenaa;isma&dnmhmﬂdtte midterded ém thepeoiagsng nen-polymensed
dlrectedto fjJral egi on of the object, along
one gr ’Bﬁ’ﬁ‘?t]m%ﬂl W&%‘fag %188%‘%131%“ ally froman angle in

the range of 45 degrees to a
As a variation on the method of the invention where the continuous liquid phase consists

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
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right angle with a plane containing the object.
According to an enbodi nent of the invention, there is
w@e@eiosael a process for growing a group (111) PEL/aD2005/001512
nitride filmby renote plasm enhanced chem cal vapour
deposition, the process including the steps of: -
heating an object selected fromthe group consisting
of a substrate and a substrate conprising a buffer
layer in a growth chamber tb3a tenperature in the
range of from about 400C to about 750C, - producing
active neutral nitrogen species in a nitrogen plasm
in aremihedys liqddtphdsd whinht bensitsoedsbntiilyndie hydrophobic monomer this
ransf.eryr.i the active neutr nitrog e
contiig@uig HGWCPRAFBHOS 1007 B RSP IoNET ol TS T I Comionthe firs
menf6R brERaRElquid BEas@Q@GtﬂhQPwHicﬁtcBﬁﬁstQ ‘éﬁgeﬁ’tlﬂl}n ef ﬁlonomer) may
species of a group (II11) netal that is capabl'e of
be copsiddred gomlrtdmus mdatmet toogeehc@piean@sndodlaaﬁrsed thoucthrowh and the
it.ride or m.n
scoofl SPinpee PoftRis Bbihitiec e b Rirsidlrs iRyl eleit to the
first Wodghudt@ Netuid Qﬂé‘se%@’eﬁéd théiethPRasUr By peabtnimigRthemdth®]l in this
filmis less than about 500 neV bel ow the established
mana@rnalega@mmertw grralpmeniserto friag disperionef pytyener particles which
n 0
adva%?e{égbl%é e}Q € n%}/ ; hg{gp Iﬂgﬁtg:ugagcﬁ s]{ﬂé %u?&%}ﬂ atllg l'L]u?hformly dispersed
thergthieaghlr €he I?.lzbhﬁ sgcflopﬁlhmehpm’ﬂeles rr(ayl Be c/d‘m&ememtl}t bantrolled through
obj ec s ocated in the g h chanber  at_ a. di stance,
varigtgng #e Pbdn dﬁpa@\% cepiinuouy liqud phasencoppising the
ein a
disph 3 ?%f‘l%t?gﬁﬁ%ﬁ%’?%r A B ok A S "and
source used to renotely generate the nitrogen plasng;
Pref¢iably, tHeesecandpontinuaue pbésetisian ajpjeeus phaset he growt h
chanber; and (v) the partial pressure of oxygen in the

o 8 0 0, WS R P g o

stablligerd f@aheopartitigatgr@stprifll td proventlornitt lehdeminiinése, coalescence or
nmeasur ed band gap of the film may be | ess than about

aggr&s@qme@,f thee%pqrffélnp%ewe41@eteﬁ@1vm thes sontingaus Hawd @h-?@e which

conffs 90 AR 1800 Lyl PRGBS 25RO

can tthemfcﬁbobﬁ aﬂﬁ&tm\dusly esﬂostah’aadl}akfmet of 2dslditeal | Bgwrsaharfor the

about 100 eV | ess t.ha ut el ow, t he .
paﬂ@gkagaom@@ﬁaﬂ‘ibgﬁﬁ b, SR BEH Ot CHEY 0 el T § pyifase active
stabﬂ-ﬁ@r Wﬁ?%lé[)ec p1 gﬁbél%hl,ﬁ%& t r&%hv\ﬁﬁrhtﬁ%t ﬁgﬁlmlgé)%gﬁgoence or

200, 50 500- 80 5 - 60, 500-50, d
aggtﬁ@@m@mf %mlﬁc@rseswommenu@adm@t CATRED llqw(dOPht@@@ in the second

contmu& gqtuggglo 8%1 élég O%Sgegit %}%8&%%5 tﬁ'agglbé"l%ﬁbc Orgléid)lg%llquld phase is
stabﬁﬁ@d @che:%&@oﬁtpcorﬁﬁﬂoﬂ@h% AGh3sh bPpACcolBid @bHid€. Suitable colloid

250- 210, 250-200, 250-100, 250-80, 250-60, 250-50 ‘
stabiiers smelugis by are st dimitedsty, 1ilulpsiy- soilido gchy 39, hydroxy ethyl

200- 80, 200-70, 200-60, 200-40,
CGH‘gg%-%é’?’hﬁ’S‘%gf@g‘ilso- 120, 150-100, 150-90, 150- 80,
150- 60, 150-50, 150-40, 150-30, 150-20, 150-10,
In adddfdaA0c WithGhS Eliou])&(brmﬂsmﬂ'Oﬁieﬁfbd deeibs0 abdw) the(particulate material
100- 310 100 2% 10, 75-70, 7 -60, 5-50, . 75-40,
dispeuged § 1ro>71 ggei tan%g)ob/@ner rg aézgmgzgy pdrticle or an
aggt@%at@@her&ﬁ‘ mvaﬁtg% edtlly, B p‘llpclcuﬁd%é fh%te?iral @ﬁl ﬂgsﬁ'@ﬁnﬁﬁhﬁﬁlformly

e established and gap of the group (I111) netal
dispersed throughout the polymer particle. Provided the polymer encapsulated particulate

material can remain dispersed, encapsulated particles of any size can be prepared using this
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nitride. The neasured band gap may be about 500, 475,
450, 425, 400, 375, 350, 325, 300, 275, 250, 225, 200,
waz®s/o3a6; 125, 100, 90, 80, 75, 70, 65, 60, 5BCT/B02005/001512
45, 40, 35, 30, 25, 20, 15, 10 or 5 neV less than the
est abl i shed band gap of the group (II11) nmetal nitride.
The pressure in the growth chanber nay be maintai ned
during the form ng of the ggoup (I11r) metal nitride
filmin the range of about” 9?1 to about 15 Torr, 0.5
to 10 Torr, 1 to 7Torr, 1.5 to 5 Torr, 2 to 4 Torr or
2.5to 3.5 Torr, for exanple. The partial pressure of
metlmdplpey. iThetrhethgdalogshcanhasdobe usmlytolpepaes thet dfarentdti@ned polymer
10-3, ,10-4 10-s,. 10-4G, -7, 10- 10-9, 10-10, 10-n,
encagulgteg D cxgi e Righ %3@) ARt Peles oS RORELS Prliculate
materfay @@His?&sed B%s@aﬂtlﬁll? f&ﬁbﬁﬂg @r@fgﬁ@&sﬁlefﬁﬁl?fﬂéﬁwwe@bly, such
group net al | mby renpte plasma
nov mmnn@derwhpsnlaiql pem@ulate m@‘w@l is @6 mictoms rast lh@d more preferably

i.ncluding the s atln n obLe sel e
40 nifht B 2685, BT REREAEY 5 iR b0 falh 8Pk Sl g6t BR potymer
encapstilsted M Red Ay 8ls6 bedn Rk fs@d’-rrh@’yﬂﬁ rrahgd, Forg&:@wiple from 0.01 to 1
chanber to a tenperature in the range of from about
micrgporrefesatdp diom §50¢;1 m1c|§<prb digeit hﬁga\@édqng@ of, ¥ plgqlbt reference to the
t e y. d
size er tflé)g)ﬁgrn’? % ﬁﬁ %ﬁﬁg%&ﬁ@%%ﬁ%#@fﬁiﬁﬂ@ %E s tthhpgfvﬂ?e largest
dlmfﬁﬁﬂﬁ’)ﬂ:ﬁbVlﬂBd bpgenceidniten thopolymegandithie pammﬂn?.e material dispersed
orm llr_lwg a reaction mxture in the growth chanber, the
thergthoughon i xt ure containing a species of a group (111)
netal that is capable of reacting with the nitrogen
By %RGRAQSF %@erﬁsfdcﬁﬂﬁtﬁ{gmd F&rsﬁlu Bf (thd |1:)arti‘6‘é1‘l@é rﬁht%ﬁhldﬁlroughout the
and, formn | mof group (II1) metal
contmwua: ienomer pleast ead recf@]eéhet regelting pnmua@ngf\n@lry@by thehpolymer

sured _ba ap .of the fil an
encaS g PATIAFALe BRHRN b oo By bR dhspersant
group (I1l) metal may be gallium The p03|t|on of the
By ﬂieapmmlat’be haitdridg ety mphne&msaﬂsstddmallgni ﬁmﬂgmﬂy"pﬂas\m@out the
generated relatjve to the obj eci t he di stance fro
polyie omeRe ik the garficfairsatesial 155104 logadisghos A\ ERted athin the
e
encagkﬁlﬁﬁ%e}gmgﬂﬁgﬁ My e§a19. fe% %ﬁ?ﬁg{cﬁg&wrﬁh{éﬁgﬁhﬁﬁ/ﬂ% llj)b ?gﬁﬁ&ﬁtrated at
the geintre ogperimptec Dé‘she @ﬁc@smla’emg polytke Ahasseasmgenief die digpersed state
gl Qn whi ch r.each the ect (geu ‘géﬂl rowth o1 b
of ﬂ?‘? Irldte matrE Ca@r%%naa% eIIE'% ClefteaIPt 8Y %Ftlmss“’n
Elechjaﬁl\%%{%é@oﬁ}l ¢ievyret al - nitride bond ener gy of the group
nmetal” hitride, or prior to gromh of the film
have a nmean energy of |ess than or equal to about th

By byinal "sexbeﬁaggvalbf fretrof pddifienal |dee;pelrsa1a¢n is meanithat pﬁr@éthamﬁbe RAFT

s UL AP ORR PRGSO DAty TERTUSACS . 5,

preféerablgl legsithan d@\;\bdﬂdnﬁf@m@ﬁ:rﬂj‘ly 1dze tigmaut. (%) ﬂrl))sﬂméihfably no other
nitride,. but %r eater than the thermal .ener

t
disperspttharie usah® disprye e tioalath matesid dn &Eegqy%@uwsomuld phase,
relaﬁxﬁ:eto%yt OE I BRI | all?cepr?éeﬁF ild. %ﬁ‘!h!ls\fven@f*lthé EIiAFT agent which

em cal active species e case of gallium
actsrasasiabmselel ectrically neutral chemcally

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
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active species fromthe nitrogen plasma wth nmean
energies greater than or equal to about 2.2 eV may be
wG@iwsn3msi al |y prevented fromreachi ng the subBCT/AUZ005/001512

during gromh of thegalliumnitride film by

I ncreasing, in conmbination, the distance from where

the nitrogen plasnma exits a region in which the

nitrogen plasnma is generated to the object and the

pressure in the growh chanb®r. A distance from where

the nitrogen plasma exits a region in which the

nitrogen plasma is generated to the object of about 20
avoid cceRainc rhsa@aptagss of wSilrrg coevegtiondl hsuchatabesr it oifs ]bxefemednthat the

ut 2 T Tor bat f
parti it waeHel iSRG BB DAL S gere oRgpYst conventionsl
surfdcBmes ﬁleyno@ %]Gﬁéral‘lye c ﬁh%lenbf Béaag RnPl ARSI ﬂﬁsreﬁlﬁﬁﬂg ?B%br/partlcle

to work for  growth of a galliumnitrid
composite @ad ere therefiae gianedn ueglfateoﬁwmhhmestﬂmasaﬂomrsaige Broducts formed

usmg gﬂlgr}nﬂ@x' I a ! eoggj:s t@fip co%?sgﬁto}qﬁeﬁ%}&él eS%%% tgpta §§% Fhe%efore be

advekdely BEe@ED W B 161 BRthei SNEH EAGICHidrEn NatO BYcaliing in pockets. For
nmol ecul ar collisions that electrically neutral

exangiplerthe aiptey repetlensy of fepiedudt ey herrompremirgdunder go wi t h
the background gas species which are at thermnal

RAFqng%z@t %?e cE&QIEné*@ntﬁ\fﬁé' ﬁlvletl'lﬁ@*ﬁﬂote&ﬁ& Rinont BE a stabiliser but
eletrlc y neutra em cally active species is

also pgs caadtctlvl'mmleeirefotmurgqbdlymeteattth@kur&lce wif ¢lad partiadetevneaterial. By

es in the .case o ' n_may be om ¢
vireR g ngtion acier fhorfah dea B durgs i Svaisutly bound o the
polyRRt 8¢ edrRgal RRd if MercdBigk& ehie &t diigfatinBe Where a conventional
electrically neutral chemcally active spéecies so that

surfacteat ¢4 wsadr incthe| yetheditof dhe dtventieml|thy s@btllsm §petioeof the RAFT

o STR-6L08 b 5 b B, R OL SR ety

provid¥s afddank ¢ @At mnitdidethg hepakike cffbas ef Mﬁg‘ SLQM shibfactant.
neutral chemcally active species fromthe nitrogen

pl a wi th mean energie reater than about 2 eV
As (‘WFﬁf gﬁerernn hfe EeEessipns GZRP ypogr/pEicyaise rmatsHA e?fémgﬁ?ﬂe and

" e vly |&lﬁb al,| &.n%e h th

pol%l C}F]%dgéi raﬁ%ﬂ%eféﬂqy ﬁg@ésdutg(gt ratfegi g ?ﬁoﬁgéﬂG\gN gr o% the

depasiionhdipelynieziat therserfgices partizstanmiaterialy r educed before
reaching the substrate by the use of one or nore

To ﬁ&gﬁ%qorgwb% &E Mﬁge b HSE ?rr gcr:wlé eg:\%{h tHe 1nver(1auon will

gene@atl%mb@ablllyéloﬂﬁyl MBodied | iaSsdie IviUGHifO the ldub@ost surface of the
lisions wth | ow energy surfaces and ot her_| ower

partlenl@tegyafgagl é’ge’@r@éy thqplasicabagsoeiptiembetiviser Bigdba T ggent and the
partl%l%l{é rggtl\hgl' \!vﬁn o?ltl?e {{A réex ]516%:1:% 5@0{1%&16&1‘(8 ?ﬁel Jutermost
active speC|es ron1 ¥ 158 U p as W nean
surfRRf gheesargeidat efatérirdn B@rﬂ&utng?anQal:ﬁV.y neye iaémbéd‘l@itb the outermost
ener reduced before re chlng t he
surfaeg o %ﬁr parﬁgulﬁﬁénﬁ@é%lsurvg ibe %p@éecgaﬁ%fm%t @W&%E& agent; il exhibit
smf&@%‘&ﬁhﬁ% oft i U’thteiaWo?dSQ't MRBE SRl VREDe.t A& 29194)1%@& l@ﬁdI agent can
where t'he nitrogen plasnma exits a region 1n which
exhibit tar dapeee @f abil#y iasd gethereforedgessaprdng it bycdmye t:]h\@loped by polymer
si,mul t anequs e of e .or nore affle
forniE g (RO S BB Redh LS TBHLCE SRaVR SO E aeqitsan have
the E‘tﬂhfye’EB)frrRJv)é BENeRS HOR MElfPEeN o@ltﬁ@ FRrtioheE® meht&ighl tWith the
anot her enbodi nent of the invention, there is provided
polyamep thet essheifglormedwi ng a group (111) netal nitride film
by renote plasma enhanced chem cal vapour deposition,
the process including the steps of: - heating an
obj ect selected fromthe group consisting of a
substrate and a substrate conprising a buffer layer in
a grow h chanber to a tenperature in the range of from
about
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400C to about 750C, - producing active neutra
nitrogen species in a nitrogen plasma renotely | ocated
wo e@washiel growt h chanber; - transferring the aRCT/&B2005/001512

neutral nitrogen species to the growh chanber; -
formng a reaction mxture in the growmh chanber, the
reaction m xture containing a species of a group (I11)
netal that is capable of reacting with the nitrogen
species so as to forma grbh%‘(lll) metal nitride
film and, - formng a netal nitride filmwherein the
netal is selected fromthe group consisting of

A sugfatd aetive RABT wgpntaised irb eratdanne &ﬁthg‘hb linvemtiemavill have a structure

that Gighls AL e IoRAalY afkerbadde e Mo fing SO o Qe pagculate

matefihl Qﬁl‘lér't}iiﬁ bé 6N BYhAl Mthe 'cHﬂﬁm@ﬁs tiagidsaie A by FinREion as a
under conditions whereby the filmis a sem conduct i ng

stabitipdrnfior Tieepartiodlptei wastintapnd dedpeanste]l pakymstisghnneof the one or more

ethyl%l:u%gfl)b Iuggag‘[lﬁa elde%%{?%%éré?m%{: %gt?}gg 0?1 t? S?IIU. V\ﬂ'garl ecfhﬁl( c%]erlstlcs of
such@QifBed active ROGEL ffbnishiré Bigc@ka@ibdlowh anber at a di stance
fromwhere the nitrogen plasma exits a region in which

the nitrogen plasma, is generated;  (1Ii wherein
RAFepnis spita 1?rff§IUIS%Fn the PrejestaBtPGaR %@évdetth%se&&gswa grgla (4):
source used to renotely generate the nitrogen plasng;
(iv) the tenperature of the object in the growth
chanber; and (v) the partlsw—ﬁoegsuﬁé of oxygen in the
growt h chanber, whereby xhe filmis a seniconducti ng
film In the case o?—gacPskltum nitride and indium
nitride filnms and all oys ereof with each other and
with AIN, the filmresistivity may be |ess than about
104, 103, 102, 10, 1, 0.1. 0.01, 0.001 or 0.0001
ohmcm In the case of gal(la,) umnitride and i ndi um
nitride films the filmresistivity nay be between 104
where ela,cthoﬁll,s indgpendentyoo ]poljerersedOresn@gq of 1an e‘(hlylm)mlly {unsaturated
monyng i 7 iiegerggtaing 1 B 188, et i g o, g0 g prefesebly

fromOO %33@ RO, anl%amc Qr&@Roptidhdlly sObtidded 3h onelorGB8re Hy@iophilic
0,1-. 0.1 - 0.002, 0.01-0.002 or_0.05-
groups @ ZghAmy: mouvﬁbatrmwmm@e suiteioua peastivith ef i thiogarbonyl group

towaécll% Iglg %dc%trgo %11? Sot s?@ﬁng Inr&?%b o algﬁggta.[{ﬁﬁ}{ t@ glret%‘ygﬁtnlﬂ fhat there

is ur[l{ceé:}ﬁabl@ ré&thrdavygen pﬁbfmdﬁleaticﬁs SPicfaredIR! %roulo@-lﬁcludél)%cé alkyl,
~ 10-6, 10-7, 10- 10-9, 10-10, 10-p
Ci- Gg@lllgoyiy,@égld}rd}epﬁoafrﬁl g%qféyhlglﬁm%ﬁ%tﬁteddylt nger or morelhydrophlhc

grou Ewsgf%ffﬁnl?‘c}ﬁl %{(%IH o d é ??)l% Ebgégﬁn’gtéék rngm aOP(OH)z,

-P(CEDhaEB®IEHEenDHR- O‘R@QMOC‘E@F@HRN—QH -UGNIH{,OC@M{R' CONR'R',
|ncI udi ng%'t he steps of: - heating an object select

ed
-NRR' o | dﬂ}?f%Bﬂé selectedyfrom Qi-Caplehay & hiilG R R"and R are
t | Sl r
1ndegﬁi%%n_ﬁéf ?egtgﬁl'{ﬁ[e nn% eﬁ% glrug l}H’}rl %1}]1%}??5% g}gcﬂ)n?ll? sﬁwgtn%tgcllj thth one or
moré 0 GGdtophiieo Usubgihéits - selreadwmfrtgn aciGox#I,neSOsH|l -OSOsH, -OH,
itrogen species in %)nltro% n plasma renntﬁl | ocat ed
-(CQQI@;@I&R&-O , -=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(CH3)CO,H,
-CH(CO,H)CH,CO,H, -C(CH3),CO,H. Preferred Z groups include, optionally substituted
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-
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growm h chanber; - transferring the active neutral
nitrogen species to the growh chanber; - formng a
WO e@esTam m xture in the growm h chanber, the rREAU2005/001512
m xture containing a species of a group (I11) netal
that is capable of reacting with the nitrogen species
so as to forma group (Ill) nmetal nitride film and, -
formng a filmof group (11]) netal nitride on the
heat ed obj ect under conditi'dns whereby the film
exhibits a crystallographic structure characteristic
of the groupR%III) metal nitride. The condltlons may
phosplinplr i [SB(=)© rrdlaﬂcyd:-o ndi tdioyk phbsphingd REFOMRE], optionally

suos ShHDASIRI Pl bl BRTEREF solebdl: FEihed amine
R!- ogr LM dhdch ey&gaﬁeraéhaﬁl %ﬁte@nc;e aﬁy QRAGER, FHE eLnkplo qre;nyarkylene

asma exits a region in which the mtrogen plasma is
0X1dg @akyneere duch( a9 W)ateme}ublmpcdyﬁbrlﬁne ghicol apeplysropylene glycol, and

alky]r %frf@%az)% cl? ggﬁgaﬁtwe% hl%eﬁ l}i gz%rr rggfgﬂ )g Igcg %&ﬁg (aystl)%ﬂ{l%c? above and R” is

selec‘t&ﬂﬂ@hﬂt‘d@hlr gr&dp chﬂslﬁiﬂngf @bﬁomaﬂllyt h@sﬂfw&ﬂ i@léﬂh@né:lbyl optionally
d (v) the parti al pressure of gen in the
subsawa%@r wa@%yontwaa iy, pobsHTkcY s oatlera}bft sarbrt&areémrreeocyclyl
r f I 11
optlo%ta lf gg&g#&g%&%&&gl #Iﬁfroggltlf gﬁﬁgg@t%ct o%l Parti®iifly preferred Z
char acteristic of a crystall ographic structuréN(CO)CH,).CH,
grouph ancdades rhus tare not lnmtedgtoouﬁHz(@sﬂs) net-&bo mlkyki de. The ,

whecr 1§ %%lt) 'éO%rda ng \5,1? ﬁtéﬁf?eé’% tﬁl’n@ﬁ‘hngﬁwgf ge an

anor phous film The group (I111) netal nitride may

Pref& SRS ptRaalGENstitbNs A R &id Bldreuts ihdledeepoxandydrayy, hikaxy, acyl,
wurtzite or cubic structure or exhibit X-ray

acylepys faashexiy otand efeitals tsupBiccarid dandspley; alkokya Omrrlm -gcarbonyl,

cl.ur o0r a conbi nati on thereof.

isoc eéég!r:ou‘8 % ’%é% %ﬁﬁ{nltrl e may conprise GaN, |nN,
AN or all oys thereof and may be a wurtzite structure

In sabecting okl R! Xnd Aygrdinps foaRAKN agetd efcformnk (4), those agents resulting

characteristic of a tzr te stryct character
fromp AR OITRED ATNPHCITD FESTEREF ot i e uE Ao dlsDabitiovlarty
S a Opd 1V ada6tianed t
e, F R WA PRl BN Raonenau, TR b coue

anioni tride. The filmmay be a semi conducting film (except
in the case of AIN which is insulating). The partial

ondS3HE G UL oSy 5L g RD g i o
optlafﬁly sub@edivith ¢ @ﬁﬁbﬂ&&fydﬁiﬁh@ﬁrb@ﬂﬁpsoflntthﬁ case, Z is preferably
invention, there is provided a process fqr.  grow ng a
an oggeBigEroyn Pptionally substipytecwith inworeelw@r@) [GELOHPS-
enhanced chem cal vapour deposition, the process
As #Mh&%nﬂlett%sgtaﬁﬂs afd "he’rer@a?r?t“' By ?d"ar%bdu%%itu@@c' Wit theludes or
romthe group consisting of “a substrate and
conssdidsft crmtce nwmaromatwg)rélewma&@naﬂlcaly& rquecalVglyom%whlch is attached

o SR SSIREAS Tt 9 SERESR M, SR mono

blcyﬁ‘l'lé 5%9%%@1@8@6@&1 I%E‘ afe jSBefd’nQ@e Exahpidteofr seimble |ringh deadiiddbut are
fromthe growth - transferring the actjve

not ndimited nfot r d@éﬁﬁl@pecbléhefb’b t ferphgnynt h RisEienyl,  naphthalene,
tetrahydronaphthalene, l-benzylnaphthalene, anthracene, dihydroanthracene,

benzanthracene, dibenzanthracene, phenanthracene, perylene, pyridine, 4-phenylpyridine,

3-phenylpyridine, thiophene, benzothiophene, naphthothiophene, thianthrene, furan,
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- formng a reaction mxture in the growth chanber,
the reaction m xture containing a species of a group

W@ kdobp3Tret al that is capabl e of reacting w th PEEAU2005/001512
nitrogen species so as to forma group (I11) netal

nitride film and, - formng a filmof group (I11)
nmetal nitride on the heat ed obj ect under conditions
whereby the filmexhibits oxygen concentration | ess

than 1.6 atom c% The cond‘ ‘ons may conprise one or

nore conditions selected fromthe group consisting of

(i) at a pressure in the growth chanber; (ii) wherein
benzbfueam lpjy e, isebdmcﬁrtaavd cth)meme, :gan(dmh pih:ammhiiratpyafole imidazole

di.stance from (ﬁ asma exi ? g I
PyraQle, RYr4inG e IP%d’éﬁ‘ E:fflﬁ%&ﬁ % 16 ety ésé’m‘{ﬂ? p}‘rm liholine,
isoqiASliR), NpRchkRsihe.e indxaR&, | ghinkSolineC ajteddibe; V&ﬁﬂﬁzélbe carboline,

obj ect and a source used to renote generate t he

phengnibridigenagidirarpheganitroling Hhew@teaﬂqp.ﬂ@a:@g e,tipeoxezle; phenaxazine
tial f
o R S MR Mo pressure o

exhi bits an oxygen concentration below 1.6, 1.5, 1.4,
In this specific@tjonl"optiodally, subst@nted" Sieafs fhat O ghupudy, orfimdy néx 12, further

subsgfuﬁ%lté’ @%3817 glcg@@goungoqg&ﬁed g 8)@‘[ % 0%18@@91 %?lekyl alkenyl,
alky%rloqaq%l %&Q&' fha’foalﬁs}ﬁ Hﬁ()&l!k@i'lylp f}féﬁﬁﬂ{yﬁypf h&l&(@ﬁnhya}okiﬂe alkoxy,

nber my be | ess
alkedydexy,, drPloxy, benmomo Im,loa;llg}xys hak@ll@pyl;p@y,lag:etﬂ@nq,lcajbommldyl

halo%rgflﬂj%glh-rgshgmgreﬁi@%ﬁ,é%@i}ﬁgz&ﬁl (%i f OX rﬂg#o%&%ﬁ,z nitroalkenyl,
n1tro$ﬁkyﬁ§l,, ni’ﬂQja%fl Mkﬂamlrﬁeﬂ d?a‘lllaﬁoa(l\lﬁ% iﬂliel%rll%rﬁglbzglkﬂtﬁ)ylam% Brylamino,

dlar}jgngmldaellglammog 11rgn@ alkybmglq(ﬁlll@yhgmn@ ql@yqﬂlmmo aryhmlno

5y 958 0Tt ity o, i

d1ac§l@m9301&cﬂl%xy,lﬂkﬁsdl@h@ly,loxwaQyIiﬂpHdhylokQ Blékeﬂo@ydl?l heterocycloxy,
10-10-10-p | O 12 Torr. The fi y exab(
hetergRydag1on clalﬁeitﬁr%ﬂclyén fkvisphoarge aaylsalp oyl o afylsolphinyl,

aryl%dpgqinyl %ﬂyoal%m%i all%dtgljo b% %rlt'hlcp ag}l’thlé %lel%ngilmddl sulfanyl sulfo
and OpEosphﬁl:u@-l:pnt@mtﬂng Brodps, Glidxysilylp1silyd, 2alkyl§11ﬂ1 alkyhalkoxysﬂyl

Pher@xwlyl,l %Kylpbewymiyl,l al?c@ ﬁglen(fiysglbl O?rﬁag@oxy%%@z allophanyl,
guan@dlﬁo hﬁa&%yl gre?dd an Ql?eylteeG - 0.02, 0.5 - 0.02, 0.4 -

2 O 1 - O 02 O 075 -
002 159-003 14- 03,
Unless ﬁta:ted)o@@rmpe,-th@ terms Ehaglpgen'o ag@ "h@loé usec@) h@@m @efyr to I, Br, Cl
.03, 0.6 - 0.03, 0.5 - 0.03, 0.4 - 0.03, 0.3 - 0.03,
’.2 - 0.03, 0.1 - 0.03, 0.075 - 0.03, 1.59 - 0.038,
1.59 - 0.0001, 1.59 - 0.0009, 1.59 - 0.001, 1.59 -
In tHis @ﬁéi‘.lﬁda,tﬁﬁ the @erﬁDSalkﬂl",S@sed @thep alond . dy9n-con@iind ]wcﬁds such as

"alkqpyg@galky " "alk@lt 091 aikjdammggmg '%1alléylamgloo 1<9en8’£eg stralght chain,

branghéglg(gr- cyghg a{ky pQ&QlJabl C 120 al@gp&o&d&ﬂ(@l EQal%ﬂes o? sﬁ‘arght chain

and Qragé‘iﬁad Ayt 1ncl@deOIQ@tlayl ch]yl pr@p(?qoig&arogyllbutyp 1%i1tyl Oseéwbutyl tert-

and

0.1 -
butyb @@ayl owosmyl 0. S@@amyl o lozrdlm@hzi@wyl 0. bk dlmcﬁhmbnropyl hexyl,

-m%hglge%?/g %xg/thyi?pﬁ: t5y11 ?%Mp%lgylog-met&@g&yl l(alrgéchylbutyl 2,2~

dlmﬁbﬂbﬁﬂyﬁl ng aﬂmﬁbﬂﬁﬂbﬁtyﬂopam dimitigylbuthin nmay3- cﬂnmeahmbutype 1,2,2,-
nprising a_p. type opants{’lnthe caeof ]ilﬂel
tﬂm?tiib’lﬁﬁopé’las dphidtmehyiyRyladPht SYRFhRRYIEE (lagety 2,2-

The carrier concentration in the filmmay be in the
range of 1016 - 102 1 carriers/cm 3, 1017 - 1020
carriers/cm3, 1017 - 102 1 carriers/cnB , 5xl OL7 -
102 1 carriers/cm3, 5xI 0 17 - 1020
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carriers/cm 3, 5x1 017 - 1019 carriers/cnB8 , 1017 -
1018 carriers/cm 3, 1017 - 1019 carriers/cm 3, 7xlOL7
w0 2000a9716arri ers/cm 3 , 1018 - 1020 carri er s/ chGI/ATG2005/001512

1019 - 1020 carriers/cm 3. The carrier concentration
may be a donor or acceptor carrier concentration. The
filmmay be suitable for device purposes. The oxygen
concentration of the film be neasured by SIMS. The
i nvention also provides a group (I11) netal nitride
film(e.g. a GN film where the filn1exhibits an
oxygen concentration below 1.6, 1.5, 4, 1.3, 1.

dimethylpentyld, 3glimethglpentyl, @4611m@ﬂl§1pe@ty4 d,ZadlnmeﬂZYlp@lml 1,3-

38805l Doy MR e 11>

trlméthillﬁhgﬂliyoc@qh G%éﬂllﬁgeplyhéggiietﬁszlﬂlgpﬂyt ,r1at,3 Gttetrﬂnéﬁi?lbﬁ@m,glﬁanyl 1-,
2, 3 &, 51601 T-methybowyl, 16,2, 3- 0~ o1 5-Whghipty); 3 2-r P-propylhexyl

o 812,88 5860 ey r?435.2 B S 2.

or 4-prdp¥lheptyd, unddcyd?2] -, 2-,3-,-4-0508-, 74,. 8]:or9&néiﬂyldécyl D, 92 3-, 4 5-, 6-
or 7%‘5]%@5101‘8;13 : ?8 32_ 4-8bg%1pr8p)f7}95ty18'12,2_2- 8% g&zﬁutglh%gtyl 81 ggﬁtylhexyl
dodézypﬁ5 2-, 9 QfZ 5 -59/ 809-08‘11 1(5'-nfbthyhg1(ﬁ§yl 3— 52 3040%- é- 2- or 8-
ethyDlec‘z’yl IQ 2933 @1 65-0r(ﬁ—@f3),pymoﬁyl la 2}33 01: A-butx)o@sl,, l(—jZ-gentylheptyl

and g}egégz. Olfi)_ceg@ples BP %‘%f alliyl 51@8&&&91@8%8@ 110%:) clic éll@/g froups such as
cycl%prggylz (?%6% 1?1’fy1163§ ?oqfngré,g(f)gclﬁhe@)(y? @'08(8{?8%1’1 %gégo%ylod:%%lononyl
cycldddlyt ardl tBO8Bke 1. 0 - 0.005, 1.0 - 0.009, 1.0 - 0.01, 0.5

- 0038 0.5 - 00001 0.5 - 0.0009, 0.5 - 0.001, 0.5
As q;e@@greng tge t5er1@ ger@tefsa sm:g@ggrglorgse% _orrg, - 1ncéld§s both acid
addlﬁ 188 d b%seg)aéldzt%gos%gﬁ 1@[1 %16 d:ggtegggfo t(l)lg éﬂ-es(e):ngrélgg'ntl&l Qéita'ble salts are
thos@ b de n6t iGBferdwilh the RABDSherBise§. - 0. 009, or 0. 05 -

0.01 atom c% The filn1nay be an n type film

conpri si an p type 2} The fi pe .
s AR B e GRB° B eriet Fpapiscd pPighntpresative
char é kobaRnsE B aBodd of mecdi‘ﬁb@pdi@n% eqion. | Exifiples @@icheter anions
he carrier concentration in the filmmy be in the

inclydgngk, bfBrid . 160s, @N2amd RQ@rrj ers/cnB, 1017 - 1020
carriers/cn8, 10 17 - 102 1 carriers/cnB, 5x1017 - 102

s B FIAFIOL SO, 01Tyl gt it of S PUAGLY oty

C, 26Qﬂ9)xglarExmp§ésnnﬁ Akoxixihchitld methd@xh? etrixy) E-Ipsdmmy&sopl@paxy and
- 1020 carriers/cnB, or 1019 - 1020 carriers/cnB. The

the differentbutoxynizemersat i on may be a donor or acceptor
carrier concentration The filmmay be suitable for

deyi] 0ses

As 37 bk SRR s s T deid & tegjeny phein bygpghed or

cyclfc allkéneﬁﬁh@lhdlﬁgteh‘.hﬂ&ué&lly)?nbﬁdl di-fdrrpty-uasanirefet egltyl arcycloalkyl
characteristic of staIIo raphi c structure

grouph a¢ Bsyvusktdedined, nrmr%kyo@md 1<¢r)y1 nBkamplsp of plenyl fpedude vinyl,
crystal| ographl c structure of the fil mi/\nth an

Xygen
allyly $1TBeRY P OPBBH o0 PUEAY b s Betirlg-bHiETL dopgd. G lopentenyl,
e il [ B
LSy TREHERYY, o1 R B Ryl RIRPRASL . fihepteny)
l-octemy], éydibamtergl,l dyonedydy Eedonanyl, rBagorzaykl l/bdcctenyt e3-dccenyl 1,3-
ubic structyre or. exhibit r iffracti
butafiys  E SRy ok S Uop R b A Eeth et ipeadignyl, 13-
cublc structure or a conbination thereof. The group
(rrr) netal
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nitride may conprise GaN, InN, AN or alloys thereof
and may be a wurtzite structure or exhibit X-ray
wa@ledobiosmsi on refl ections characteristic of a WeET/AUR®5/001512
structure characteristic of GaN, InN, AIN or alloys
thereof. The neasured band gap of the filmmay be | ess
t han about 500 neV bel ow t he established band gap of
the group (I1l) metal nitride. The filmmay be a
sem conducting film (except“1h the case of Al N which
is insulating). According to another enbodi ment of the
invention, there is provided a process for grow ng
chlqimarbel(}m Ly- mtcéllexatdlcrml,dé 3tdyictohipptadienylt Epﬁawiaheptatﬂenyl and
13 (ﬁ chen1 vapour deposition, the process
& SY ﬁ‘#ﬁ@ teps of : heating an object selected
fromthe group consisting of a substrate and a

As uSéiDisdreiaf ®ie CREDTAlISINYY' denbtek fodupk &yr@itedi from s@igd ¢hain, branched or
chanber to a tenperature_in_ the range of from about

cycligodicyneoinglyding ths@ecstructbnaﬂn SEnHY et vk eancy ecloalkyl groups as

e P OBESPSRLBAD . EAOED BLASTE TR ek dim,

9. pr&g,ﬂgﬁ{deg d‘rlgo(;ﬁtj;ﬂ}xlr ogen gas conprising inpurities |ess
than or equal to0°10 parts in one billion parts of

nitrogen; - transferrl ng the active neutral nitrog en )
As uspd bewin, tthe teven {pcylit eithen akaneror- inf eamaawg aW@ré&éWbﬁs ‘acyloxy",

"acy 1?%‘ gr g){ll'f)ir?lmg‘)h %E’ g@gillajm n%g %ﬁ%ﬁspéa?ﬁqrﬁ@ﬂ%l %?’[1 éil lé{‘&lp and acyl

grou? apafltn®d ﬁn ﬁﬁiﬁﬁﬁtﬂc Nihgnivitic ReefRittd agen aspeticesysor ahethﬂ)cychc
orm a group III}]rretaI nitride film_and,
¢

ring gviicl 4 Fﬂferg‘?doEPpaf( tpsocmeltcaacsm Plief%blzs rpm @%aﬁéanpﬂ's of acyl

incl pasiont SRSt FRB ! PROSTRA RSP St PTG Sgpyiy propanoyl,

butaﬁ@yl5’2 ﬂeth?lprc?panéyl ope?ltangyf5 2.9. d:lgmet@%f_fbro&n@ﬁ,, I%x%y@a'hkﬁtanoyl
in I'i on parts of nitrogen arts may

octalapw,olnmen@m,l utesanoybi gmdecwapglht d@decmqyé rtoecapeyl; stetrﬂdfa?anoyl

on t hereo exh hi t

pent§ AT B PARRTo b i bRePRe ETL b ieopand ag degponont

alkokydatbon§Et aduchi t b demethoXydagbongl,f f em&y@ﬂbmﬂl eQIbuCU’K:}'carbonyl
characteristic of a crystallographic structu

t-pentyloxyenranybt | angdf t heptiosygsrhanyls) wéy%valhylfmb%vl Thaich  as

cycl%‘XEil@%rbg%ﬁaQE%IBb& crulﬁoc le %Hoﬁ])@ﬁyfc%{%ngpﬁnot y%lohexylcarbonyl

alkmefmgHOlSBcH I dsm ma’dhylsgkfmm @hd | )3th|ytsu1=fbny1; t alkdxeysmafynyl such as
se GaN, N.or aIIo reof . a

b
et ROPE! G0 celbysultPONL gl (P BPEOYLy o3 and niphthoyl
arall@hb{lr &chi R Heﬁ aﬁ&hbﬁ?%bgf %E%&&Hlsgh&lyﬂ;roﬁa%f tpzﬂehﬁbutanoyl

structure r I c st are ‘or conbi'nati on”there
phenjhisotptydyl (phdn)flpmtaabylni tnd depheaylhexanoyl)s e aGaN, napmhylalkanoyl
5 BB ot BEb R BN, BEpItBIL S S St pHRbHER Yon o
pher%ﬁall@eﬁWIt zid.g. st bﬂéﬂﬂﬁ@%&f@[ act ghien§ibutenofl, GaNphehibhethacryloyl,

or "al I oys t hereof he neasured band gap of the
pheryipeniarayl lsad| phenytheaenaybond S@thhﬁlvllq@émw Q gie naphthylpropenoyl,

napt B Reb N ey 208« B haBe R | phibofEhBbnfl {8 oo
pher@@eﬂbo@fcapﬁbﬁMVW @hg.is bemylbﬁydaﬁg;)nyl)The afylbmmnyhve sach  as

oxygen concentration | ess than 1.59 at % Accor di ng[
phenoxyéatbenyé rand npdnieRicatonyh erylayemkang! Spelps hgnoxyacetyl and

pherﬁ&%ﬂogﬁ)‘ﬁyﬁ a‘?&l@&r@)ﬁﬁloglp Such as phenylcarbamoyl; arylthiocarbamoyl such as
phenylthiocarbamoyl; arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl;
arylsulfonyl such as phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl;
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gromng a group (II1) netal nitride filmby renote
pl asma enhanced chem cal vapour deposition, the nethod
WO pbsliteg t he steps of: - heating an object sPCEAUZM5/001512
fromthe group consisting of a substrate and a
substrate conprising a buffer layer in a growh
chanber to a tenperature in the range of from about
400C to about 750C, - produ Lng active neutral
nitrogen species in a nitrb% n plasma renotely | ocated
fromthe growth chanber; - transferring the active
neut r al nltrogen species to the growth chanber via a

hetemmlmaﬂmm t b sai dthdemtacetyle ntthlmtipro(p@mﬁh sithignylbutanoyl,
r n n
th1en§r epga%gqu ?@8}1 Zlh‘%(g ng}?l %%ol)grajce u:airjdé‘]fI oly 1?(% and\r}fﬁe[zolylacetyl
hetetﬂ@?cfthﬁl‘k,enéjhe r ¢t | O xmweﬁ)c@olﬁupampvnagl, a Smeﬂoeﬁclﬂbutenoyl
group (111) netal that jis capable of reacting
heteltq%clrﬁp@msg@ﬂ apbdietsgoasslighexenoylorandaheferagyel (qgiwyhaéfi afuch as

g a filmof group (I111)
thlaz’réeyilg'ygﬁylﬁl e tg{réﬂidﬁléj E{él%’fe}d obj ect; wherein prior to
or during the process, at |east a portlon of the inner
As wed fhersn,othe tthrensc tetaooytint, "hateeoayelylband: bluettaocseﬂi" widdhon their
a nitrogen plas mher in th ntact ste
OWnp Pt G B Pt Al p L REhoRS { BT SBUEAKE bar feicgoeycloxy” o
"hal GHREboyeBA" Tofek t@nﬁofnﬁﬁc ,apeanb-arbnedticalei thod- aP&Hz!iﬁct 8ing®Qr ring
hours,” the contact step causing at |east a portion of
systetrhsewmchuceatairhoner@ rgenathetenorsems saleed Gomddol, apdt(hand which may
be ogl g sg‘ﬂstlglptsefll E—"refh I‘Iabllé]/ at}llé g%g@ of hf’il? ggs‘t Hf?ﬁ&\%b%/togo La%@éﬁ atoms.
The triih@ﬁ oelg systemls &h@ase s€l¥gted firoat those deycribed a’&S\feSm| Ietwon to the
ygen atons at a pressure of fromabout 10 niorr to
dﬂm&ﬁ@@PfﬂﬁﬁﬂmﬂV¥ The substrate or the substrate
conprising a buffer layer may be heated using the
Mos}] %?éf@lrrecPkAfhe %@h‘f@ Hcludds Bﬁﬁﬁreoﬁottlhﬁltéd“(@ MebR8 - refidfented by the
Fasma may enerated fromnitrogen gas conprising
follqwmglgeltar@lsfohmdss $ talB:0r equal to 9, 8, 7, 6, 5, 4, 3,
2, 1, 0.7, 0.5, 0.3, 0.1, 0.08, 0.05 parts in one
bidlion parts of nitrogen. The parts mgy be on a

vdl ume: vol ume, wei ghtwei ght or nol e: nol|p basis or a
c i nation thereof. The film may exiggfs\ CO.H
qLP@@P hi sHuct ure charact ey i Qb/pﬂ r gup

R°(111)Setal niftride or X-ray dlffrﬁé%lon refl ectiofis

characteristiq of a crystallographic structure

charasteristic of the group (I'11) netal fdfxride. T

crystal l ographic structure of the filmmy be a CO,H

wurtzite or cubic structure. The Filmmay not be an

anmor phous film The group (I11) netal nitride may

conprise GN, InN, AIN or alloys thereof and may be a

rtzige or cubic structure or exhibit X-ray
iff tion reflections character|stic pf a wrtzite
e gr(Xhubi c_s€edict ure or i onr® COH

Th groupS(III) tal nitride ri seSGaN,
AN or alloys thgreof and nay b& wuytzite structur
exhi bit dyray diffraction reflections chafcteristi
of a wrtzite structure characteristic of GaN, |nN,
AN or alloys thereof. The neasured band gap of the
filmmy be | ess than about 500 nmeV bel ow t he

est abl i shed band gap of the
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group (I1l1) nmetal nitride. The filmmy be a
sem conducting film (except in the case of A N which
WO g00b/3ubnt i ng). The filmmay have an oxygen PCT/AU2005/001512
concentration | ess than 1.59 atom c% The silica nay
be converted to a nitride species. The heated
substrate nmay be rotated during the form ng of the
film The heated substrate may be rotated at a
rotation rate in the range‘%@'o.l to 100, 0.5 - 50,
0.5 - 20, 0.5 -10, 0.5-5, 0.5 - 3, 1100, 1 - 70, 1 -
50, 1- 30, 1 - 20, 1 - 15, 1- 10, 2 - 7, 1 - 5,1 - 3
1 - 2 rotations per m pul The heat ed substrate
y be stationary during ' the film The
tive neutral nitrogen s ed in a plasm

er at-PAg_r egi8iPzAthi ch ’ G sty at e ining ~COH
R groweh of t filmmay have™a nmean~ener gySof | essTthan
or equal to/abput the bond energy of the group (IIl)

met 5 nitri‘de, ‘or prior to growth of thea%'ln] ma

have’a nean energy of |ess than or equal “to0 about the

bond energy of the buffer layer on the substrate. The

active neutral nitrogen species may be nitrogen atons.
Y, curregtly established band gap of GaN (wurtzite)

: . 4eV, @GN (cubic) is about 3.1e}, AN

i;ygbgyt 6. 26¥ AbN (cubic) is]fabout 5.2eV.
is

| Gt 1.7eV (8 B%gg L?/i(’éi CoH
this band gap have heen reportedNn thes|itesature
down to O.698Y), InN (cubic) i about 1. 5eV. It I

be appreci ated that vakcbafions from t hed® val ues have

been reported in the literature and that the

est abl i shed band gap may change as the materia

properties of ImN are better understood and as better

qual ity material|| beconmes available for analysis. In

thi¢ case, Qf ternpry and quaternary alloys the

t 2;}6% aps for a given conposition and

R3scrystsll struttfure mmy be determned fromthe
literature. In the case of GaAIN (wurtzite

alternatively referred to as hexagonal) the band gap

will be between 3.4eV and 6.2 eV dependi ng on the

relative ggpunts of Ga and Al in the alloy, for

exanpl e. According to anot her enbodi nent of the

invention, there is provided a process for growing a

| DA il mby renote plasm

whe%:] étg&céerlé1 %%}rg%%g%wc\g/ﬁg%%e?ﬁlagposi tion, the nethod

including the steps of: - heating an object sel ected
Whdre @ RARE agemiup te besisst innapcofdanceswiib tthamethmddbfahe invention in an

substrate comprising a buffer |ayer i gr.owt h .
USRS fRTORBEN (eirplh &t GPRITIRUS 1HGUFOHSQBISE) F Hofh REsdereble that it
demBRfatdschyApAYic €abfHty. TRhREMGLAE RAFT Vipes bhd Phrticulaﬂ?f preferred

nitrogen species in a nitrogen plasm renotely | ocated
for yse dmsuchangnwixedmetanber; - transferring the active

neutral nitrogen species to the growh chanber; -

f QRN ' I Xt Lp.t anher e
T L
physieglsi #sodiftatwitls _theapz&bbxﬂatefmatfeﬁait | Wihed tlile MET_ru'dgbnt?glephysically

contai ning species so as to forma nmetal nitride fi
assogiated with diepargeateimateigl by bripe pdsorhednoniaits fuigmget Bifece, the
requthlaﬁ sﬁﬁ?&ee&thpc& tlthe 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)y— group, and the —R! group. The surface
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wherein either the active neutral nitrogen species or
the reaction m xture, or both the active neutral
WORM608EM speci es and the reaction m xture, arBCT/AU2005/001512
directed towards a central regi on of the object, along
a path that is |located substantially at an angle in
the range of 45 degrees to a right angle with a pl ane
contai ning the substrate. The process nmay conprise
forming a filmof group (11#3-nmetal nitride on the
heat ed obj ect wherein either the active neutra
nitrogen species or the reaction m xture, or both the
actnatyt affeded by rtad 7. ond R’ gpags exmllatydmhﬁye ressdtcomnone or more of
xture, ~are directed.towards cen G regi on.o gh
thes§goBDS EBRGIVE ATPPHIHE FOUREk abGoB s gnf?ga?l?@) aving a
comﬁiﬁaﬁ&%ﬁ}}dﬂoﬁlﬂ% z&ﬁﬂﬁ@lr@iho@ﬁ: ﬁ%rﬁ@ss to a right angle,
60 degrees to a right ang e, degrees to a right

angl e, 80 deg;ees to a right angle, 85 dggrees to a .
Accerdgigly, dngpseri ngﬁt@cmr@lrféat@matﬁuml?@ agerds ebfosmula () éhat provide

for ch C?Lﬁ‘ %&m (‘%ﬁ ?E E@ﬂép tcgjdeé rmewégg\&% %g I(ejtxhnlr%al Ig%nly, the

d1str&1ﬂft1lomﬁbfl’1@mltc5;ﬂuhhd’laﬁd agdophgiee igesups), dveion@Rot iregion(s) throughout
xture, '@T both the acélve n ut r al nltroad$ speci es

the SFRSIHIR &frt88 RAGH a8l U hoseattalagh o theotrt P He@ELciate that surface
I tihe C t [

5081 305 iy aBEroal 908 Aubbly ity § ol ot

section(s) ar megignshef bpgimphﬂlchm liyakrdmhebivgchandodermat iadass well defined

to f nbodi ts th :
scctiBhB) BT ALY HgioBBHE ePe &y Bngie fttacthoy SIricTes pofermula (4)
hav1f1g b RBe10dTRed ‘é‘é’ctf%ﬁ(sz oP &forR syt Phebic ARd AyBdphBic character, for

| ayer on a base substrate. 'The base substrate mali/1
exarslelb @@tp@d dfrthen(Xp—@roup mayhks senviegicotly rs@ppc!h ity @5 having a block

S bor i At .
coniget S e mbi B BoRRBpubZaE LT Ra%f Saiahls of Woioncs) of
hydrdphéesié aérﬁl ih{y\&ﬂo@mh@ tiadradt€ere nedyo el Norﬁ?ahlfe’h@y‘i Iéﬁzrieheto as having

group (I11) nmetal nitride. The group (I11) netal

altergpféng @rsraﬁﬁ9mtf@paw wwctgreéugr %\fem 3 ﬁ%?}%ﬂ [yggedrucgures girovided

o ORGP0 SR b B A0y e

all sadshs:'lfdcwregal lium for exanple, Cl-C trialkyl gallium
trimet hyl gal I | um triethyl gallium ethyldinmethyl

Forgal I@;g %ﬁal al l | u g@rth,g}{lﬂ)e‘[t gng%gfc) rm%fld (4) with its

surfétd%déc't'imty,f 91% ?6@15@{@7 hdvb- epvsfe[l' @il Yl éﬂﬁol}trﬁér”ﬁid&wre such as
indium “triethyl indium ethyldinmethyl indi'um or

AAAAApfrBﬁ)BBBBn dhwltermating cnpalvmee strh@u@oﬁuchf@rAB%&ﬁﬁléBABAB a

randgglah,gqc r%c%iyrer%s ?tf&c'&% yﬁuc %}&%@:B%Xﬁ'y I%I uﬂgtentﬁ[ly even a

hom@pblfhiel Yiucthifel &fchyds @C@mwmcww&km Rapresahtdrd hydigphobic
or trlgropyl alumniu or a mixture thereof, for

repegi b | b repiesenistauhydraphitie repeat unit\@ddf reprosenieyd Ipart yikhaving
suffﬁPe%‘t: hﬁ gé gfécll ggdlﬁglln%ﬂb bﬂ)glalgf& ?Cﬁ&%agt;%lg? X u(iljs?tg%rﬂrraﬁéegé/cltlvny to

thelhAFWagantabout 400Cto 680C, or between about 500C and
about 670C, between about 520C and 670C, or bet ween

bout. 530 C b ut 540 670
For URRRIERC BT NSHOCTRATEF B A0 18 (AR 56 At B G rom o
sect@ﬁ@ﬁf oﬁ%%%%g) quﬁﬂﬂﬂfﬂ@ﬁd }Bﬁiﬂdgﬂéﬁlﬁ&%@&d vl Oereinafter be

bet ween 0C, between 600C and 670C, between

refegad© @W@Mlcw%mmoc and 670C, between 630C and
660C, or between 640C and 660C. The tenperature may be
about 600, 605, 610, 615, 620, 625, 630, 635, 640,
645, 650, 655 or 660C.
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The pressure in the grow h chanber may be mai ntai ned
during the formng of the group (I11l) netal nitride
wo pdoarostienbout 0.1, 0.5, 1.0, 1.5, 2.0, 2.1, 2PCI/AR2B5/001512

2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4,
3.5, 3.6, 3.7, 3.8, 3.9, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6,
4.7, 4.8, 4.9, 5, 5.5, 6, 6.5 7, 7.5, 8 8.5 9, 9.5

or 10 Torr. The substrate nmpy be selected fromthe
group consisting of: sapphT? ; silica, soda |line

gl ass, borosilicate glass, silicon, glass, synthetic
sapphire, quartz, and crystalline materials having a

As tsatithereng khes expressatnc I‘mnbhpath:heR@FEuepge@t(k)l")ls niateatled to denote a

surfq%;arcggg W"P Cf',lfgplgte as @ a d l b um l?qtlla gmydﬁp lﬁ:zgqaky&rgphobic
sectiof$ of¥iaHse Byl R tél%bsltegﬁ)h@)'nﬁx‘/ tldé%?ﬂ%fdsﬁ@n as&ﬁﬁﬁ@} ot n(s)" is
of zinc oxide, hafniumnitrid etc | ocated on e
meanfythat thet emphipethis RAETT agent compusegrasviar ef im molecular structure at
s DR b bbbt v eposBicr PR Bonobic

prop%ft&ﬁl G@n@@mﬁrtﬁé 8dctidhs tdraegiohs O\@R reoplp2isemat Myt fvﬁﬁ@h three repeat
substrate wth a nean e | ess_than or equal to
unity gexivied Arpnp hrdrgphibie of hlédnghﬁ%ﬁf( qthyl)%mﬁ@lwmﬁmtﬁfa BLOBGHELS.
The nmetal nitride filmmy conprise gal [Tumnitride,
n u
As h rb%fldé‘@e f&bﬁ*&e{ gﬁg%ﬁ%ﬁ (';ﬁn bﬁ&ﬁhiﬁ%rhflhgde@@ﬁlgl Aokt f?g?daﬁ?‘uégmﬁﬂses both
hydnophitic aed hydnoph@bmsgniom umegiomm Oing of rthelsc reonsAgitigedemt]y have

enb t. of nvent i,on there is .
an a0 oy mReRths Pt i ARee gk B At g afinty toward
the IBIRESES id %‘hhi&e dThdredbh Hivuié“@n Effﬁﬁﬂy%ﬁzaﬁﬁﬂﬁ@o‘ﬁtlﬂﬁous liquid
the invention. The galliumnitride film obtained
phaseavil gemsaldicentphsm dheysipbibising emeiethah tbm@umh%dncrré%XFT agent

Derbife 432 RAGH o0 Pl e BB BTSN v

an affbhotyttoR @Y five Yarticakite ih@rlalabgyibe ﬁs@rﬁm\é‘t tlieaﬁ@fatcél aflthe particulate
about 150 neV, | ess fhan_ about | ess

matexb (e 30bid) Aike slvated by 9%W%Heﬁﬁtln@dh%aﬁls%lﬁw§tﬁ@al (eg. liquid).

g B e R PP e B ol g P s Bhbfgimee e

partisGlate? Gldterial Otol &iures G FormBidh- G polsaRr SBcurs G- the, surface of the

partigg]gtelslg’éte%ﬁg@@@act&x@o&gBTdfrgggﬁ g@ ﬁlg()WﬁbZ% p&%%oag%actwe role in the
polyﬁ@@i’sa’?t%n A8 she@-18os0c380d 4 thdQ %@Qny tﬁ@@geﬁl@ which has an
300- 60, 300-5 300-40, 300-30, 300-2
affirdtyowith Ohe 260ti2p05 12H0l phoe PFbegby loste @ooutme) ‘#f0he particulate
t25 -40, 250-30, 250-20, 250-10, 200-175, 200-150,
M&GH0- 125, 200-100, 200-80, 200-70, 200-60, 200- 40,
200- 30, 200-10, 150-120, 150-100, 150-90, 150-80,
Thosdebékilbétl inlfh@-apOwilll afbrdQlate 1b4-s30h ahpBipdthic Ebdiackls may be provided
100-90, 100-80, .100-70, 100-60, 100-50,, 100-40,_100-
through diffgtrnp gombimgtiqus of pydraphilizsng diydrophgbic regjonsy With_refsrence to

o 8 S 65l gyl gt o

eitharst abl i shed band gap of the group (I111) nmetal nitride.
The neasured band gap may be about 500, 475, 450, 425,

40(5}) igg o %%%%5%9 ?g’gro%gébic %éZS %1@55 %%glli]éz_%ld %\gherem the
30, 25, ﬁ@ouﬂ@roﬁ@esohycﬁo@% t le%tfb@ntot(ﬂfé esd, 349&1' Rhedd -(X),-
met a

band gap of ‘the grou nitride. The film
resisti WQWdQ)hYdrﬁEmbaPmpgmeﬁ ite theether ¢ngh oiptthisrrase rfgn- may be
be between 104 - 0.0001, 103 - 0.0001, 102 - 0.0001,

10- 0.0001, 1- 0.0001, 0.1-0.0001, 104 - 0.001, 103 -

0. 001, 102
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- 0.001, 101 - 0.001, 1 - 0.001, 0.1 - 0.001,
0.01-0.001, O0.05-0.001, 104 - 0.002, 103 - 0.002, 102

Wwo 2®6084¢1 101- 0. 002, 1- 0.002, 0.1 - 0.002, OPOWA02M68801512

or 0.05-0.002 ohmcm The galliumnitride film

obt ai ned may exhi bit an oxygen concentrati on bel ow

1.6, 1.5, 1.4, 1.3, 1.2, 1.1, 1.0, 0.9, 0.8, 0.7, 0.6,

0.5, 0.4, 0.3, 0.2, 0.1, 0.075, 0.05 or 0.038 atom c%
Each of the processes of t1% 1 nventi on may be

performed in the absence of ammoni a. The process may

be perfornmed in the absence of hydrogen, apart from

hydr ogedertvedtfromyhybdmphilict moneder or behe tapesi expobfmer which gets

group (I111) netal. rogen gas;and amoni a may not be
added t@”ﬁ%@“&ﬂ%@ﬁﬁgéﬂQW%@W@%F%‘éﬁbh of the processes

of the invention described above the nitrogen

Pr L ur sloombirdfioAGH &/ BydiSplidbdd ehd ah@ GeRydiBsilie $nd; wherein the
derived froma nitrogen plasma. In each of the :
procességrofp prayides isrkomhilicl dsenertifsdioapes énghand R and -(X)a-
nitroge ' >t | t )

e 2P ETUARRobE A Sk T GOR8R G0 may b
pl asna. dériveddedin bfdiopRolic ae@®aRS opinalyIte 4 taperticopolymer which
descri bed above a baffle or inpeller may be used

bet ween8HhHBIOFSHYHRIY dgpphabisievards B . fen pl asma and

the substrate. The nitrogen precursor my not be

degyj ved,f iBht i | B YielleREE Wherein the
T ni B R S At O E 0 Bherein the
ni t r oged spacped -6X)ah paevidenmydioghotig dirapdrties talokglend, and R
hydr azi ne . i met.hyl hydrazine, .di et hyl hydrazi ne,

oty ePiayides Ao PRU PP R Ao Bl " e of

GaN and InN and m xtures thereof as well as ternary

filkys of combidafioand Ahy@ophebidynd hed bgdspkitic ®hdf hterein the
i nvention may be sem conductive wi thout the need for .
an addi Zigsown pagviden idrophehic mepeitiss U8 Pt @HowlRly- dprovides
Metal NQtrj Fi j a;

there | DGPHEHEE Rt G0 AR R bR L CRRONRCBRARER that the
(111) neétakfeni dfi-(Xg- fid Rl Byto pemidechyglreshitic etrairgutereéal that end; or
chem cal vapour deposition, the apparatus conpri sing:

(a), a growt h.chanber; . obj ect selected fromt .
grghp. c.@)ncéﬁ“g??%{j’nof’% élg'gg?ﬁgﬁwa?%ﬁa%dsé‘ gﬁ OPhofie Thiddfe section,
conpri siyigreph Puf fIR[x), aYeiyhbREASRH R 'NnkyBe @icoaft or different and
chanber; (c) a heater located in the gromﬁh chamber to
heat t hprayislesdtydraphilict pippentigs (e €a¢h erdheandanwhereis -Fporprovides
about 400C t.o.about 750C: . (d). V. ystem for

evacuat B}'fgoPlﬁOé”%P%\RfWegﬁjaﬁ%élilfiglf 5’?&?&({3&% ai nnent tube

made of quartz, silica or boron nitride and being in

f1¢)d canvembingiononf lytfophblic garewhidophitioepropémies; wherein the
transferring a str gm of active neutral. nitro

speci esPRHIGR9E & 1'(% ra SHUPr GRRet ffn%sl?@vudsﬁﬁleé}ygrqubﬂ%&@apeﬂies
fromt hgncg?%m&ﬁgﬁ YL '{)Qn-t BRuBr QYekt &hﬁfﬁbﬁgo'rcgﬁt)l}%ylthio group

means for a reacti’onm xture in the
chamber pravides rtlsslctdrophobioqtropetien ninghisicase, a3opedifesnwé (4) may

e e LR ot o
nitri degfel oMW RB¥%aforinh® @k):9roup (111) netal

nitride on the heated object i's fornmed under
condi tions whereby the filmis
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suitabl e for device purposes. The apparatus may
further conprise: neans for controlling the pressure

WO poobha7igr owt h chanber in the range of from abeti/A02a5/001512

Torr to about 10 Torr during operation, such that the
filmis suitable for device purposes. The apparatus

may further conprise: neans for substantially

preventing active neutral nitrogen species generated

in the nitrogen plasma from&eaching the substrate

with a nmean energy of greater than or equal to the

bond energy of the group(lll) netal nitride bond

during growth of the greuptMi)y—rBlat—Ritride film

such that the filmis/suitable for device purposes.

The appar at us né?“f‘ her conprise: neans for

controlling the partial>zpressure of oxygen in the

growt h chanber such that the filmexhibits an oxygen
concentration bel ow about 1.6 atom c% such that the
filmis suitable for device purposes. The apparatus

may further conprise: nmean§l4 or generating the

nitrogen plasnma from nitrogen gas conpri sing

inmpurities less than or equal to 10 parts in one .

bi | | i onwharet gadf AidndoBens independdrly ahpohyiriertséds residue of an
suitabl e for. device purposes. The ter

resi st aﬁ@é(?ql?gﬁﬁ% MnSatS %om%{ns%{; éﬁ ﬁ%ﬁl@o"ldes hydrophobie

resistiyg,oane havi (Q)oarbrgﬁa@gr }E)‘dfcf}ﬁlﬂ?o pr r@&seaﬂéle'rﬁgand 0

made of “or conprising a material selected fromthe
group cinsbetdenty Uifnge <£mm &4 88, Iprahahha fratrel to £0.imerequeferably

Cher cof Hohad0 HUAPPHgnERER, FoPb AT ot Brioeh e fsp Bt ihioned

sur f ace ratges Hleaddaﬁﬁllpgenlefhll@%% leakd Dor 3,ad e tab dededibed above.
conprising an el ectrically conductive menber t hat

a resi sZaneeakse be shewnsyelh thas its golgaieeamianerewith pat rﬁ)%a(A)m to
t {

fﬁgr renr; n,sﬂ?a%?g The gx;e%i? H%&Iggh&?@kf%%gctgﬂaﬁg%ﬁ{ ?ndg@e{h@'f@%FT agent.

accor dat edditibi tcﬁfhe&iyhmjihﬁiErﬁhatﬁctetr heovidaeby H@).-, Rheray also be

i's prowd d an apparatus for gr

metal niyes oalélhf:.anﬁ] %‘;ﬁﬁhes@wgalf)hyc{ig@?%af gﬁé&ﬁﬁéﬂﬂ end of the
an obj egiaysel gccﬂteg R o g d%&oﬁﬁnﬁﬂoﬂd'e&‘ghﬁf th@ net effect of
substrate and-a su strat’e corprising a | ayer,

t he ob j o). andlaR atsiselts insamd everhld hgdmphﬂlccimm@rr to ithmat end of the
use, ?%ﬁ¥ﬁ8tr te or buffer layer having a crystal

structu § suitable for grow ng the neta

nitride filmthereon; - a vacuum system for evacuati ng

t hg) gr owt dontii@iearsf hydeopheBicadndneyito b@pﬂﬁﬂﬁtle@f wherem -(X)n-

quartz, silica or boron nitride and e|n
conmmuni @afeEHla(Dhmande frghgrrrepreseried as - )f'[ (A)m (B)o Ip-(A)g- to

transfe [ A
L por oo LS £GP D, ) YRR Rl o gonr
vapour dérmivie(lde):al nitride in the vicinity of the

obj ect, during operation of the apparatus, so as to

cause a filmof solid netal nitridejto be fornmed on

t he Obj ect; and S—(B) (A)mw(B)o+(A)g_R1
/ P

_—=C

N

z

(142)
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- means for permtting the filmto be suitable for
devi ce purposes. The apparatus nmay further conprise a
W@ a09pa716t ansf er chanber for receiving a substPEL/aU2005/001512
prior to |ocation of the substrate in the growh
chanber. The apparatus may additionally conprise a
| oad | ock adapted to isolate the sanple transfer
chanber from anbient conditions and for preparation of
the sanpl e by evacuati on of27di r fromthe transfer
chanber, for subsequent transfer fromthe sanple
transfer chanber to the growth chanber. |In accordance
wi t h anwkerboetichedt anfl Bhis iimdepertdently 2 hmlymessetheasiglugsof an

provi ded, an apparatus for grow ng a, group, (111, t al .
Pt dethTeRERB asHSrereL nIOrRHsT e IR dbprovided iy drophobic
obj ect S8L&HEEUnd "B PréGesIRRHBIERE PrSpertids, @f indag independently
substrate and a substrate conprising a buffet | ayer,

t he objeoge fooaddbl1d, presérdelytinem gt b hmcansind érdeperidently range

St ruct upett hae 1B Budlll L% 5 ot PR By e the same or

ni tri dediffietdit,t P RmeeNfrom Btd/ 80, yielerdbdi € 50 moey pafatblyd to 3,
the growt h chanber; - a containnent tube made of

quar t z, with thecprogiso Bt svheniptis il tideashans el hey § 1§ ot legstgl, and Z and
comuni gat | | \ h oar . ehOf Ay -

t r ansf eifir iaﬁég; %g%gﬁ?g%%%g?& gt}:)l%i \@B]fﬁg@f F‘a(Pf)"n pt(rAg‘Zg ef O P of RAFT
speci esagentst dfefoghalat(h4«)haefeebly prowiates f6roa rqmdomi Woelgeepolymer
vapour of the netal nitride in the vicinity of the

obj ect , SEHSRLToper ati on of the apparatus, so as to

cause a filmof solid netal nitride to be fornmed on

thg) obj gcdomiARfion ofMBedRphitic &L & lal AgdrbPiRLX esigdleesection,
inthe growth chanber in"the range of from about 0.1

Torr t owhbwsint Z16f eeral darmulg (pkesatS-Ghim-RlcR  Wheret 448)m- and

cont 1 of (g P i Bied AP TERRRER o AR sREE afang and he

a val vecihibiaaiian!6f c@)i-Rh pibillest &€ ogéralMHydedphilhecharsaérdto one
val ve bei ng connected to a vacuum Eurrp |.n_gccordance
wi t h anethepnd b dombination phehe rtheft i-Ghy-Rt hefoyideg an overall

there i O QW : :
(TS PSRN Sl mA O BoB R of s e
chanber of ampliipathjccRAF T ap@t iederived froh &€ Agr-o op

consisting of: a substrate and a substrate conpri sing

a huffer layer, the object |o bl.e i.nsjde r

cndber & ANGEb oh RSB LBCTP LT OB Py kY g e

a cryst gl) SRF Upheds BacdhhRIB R, gUF, ndl ghdf PiaPbe e @inid 6 different

netal ni't?¥ide film t hereon, "=~ a vacuum system for

evacuat amdjarehs dgfimatin poldifHeabove. a cont ai nment t ube

made of quartz, silica or boron nitride and being in

fluid communicatj i .
sty PR A b S0P By s hvin
less &Qﬁ&ieﬁ&e(}! Qldﬁhﬂil@rdh‘latda’_ce@.h&gbegamplﬁnﬁﬂmqﬁam aq:li\:ca\dhﬁfan’@r anay be

vapour of the netal nitride Ln the, Vviclnl the .
provifisddwyia RATT aggnidpeing alisragpg hipdronpitic and @é’gy@gd&lg IgRyat units, or

c iy bl WehidBhal iR itd bde ki RIHE hy@fdphilic and
v BEEuA | Ayl o0l LR ML HRP AL fyttphie o
hydraphdbie peptrtiat i timpgen ssyfeei estivenpoptréds ito the RAFT agent.

Accordingly, with reference to formula (4) the RAFT agents in accordance with the

invention may also derive surface active character from:



10

15

20

ni trogen plasma fromreaching the substrate with a

mean energy of greater than or equal to the bond
wep@sgy71ieof the group(l1l) metal nitride bond deCT/AG2005/001512

grom h of the group(lll) netal nitride film such that

the filmis suitable for device purposes. Were the

group (I'l'l1) nmetal nitride filmis galliumnitride, the

active neutral nitrogen specjies may reach the object

wi th nmean energi es of | ess” than or equal to about 2.2

eV. Were the group (Il11) nmetal nitride filmis

alumniumnitride, the active neutral nitrogen species
mayO0) eae eotrthénatibh exdthydirahohisaandemadrgplebc prodesisss; wharein -(X)n-
or equal_to,about 2.88eV. ere e,qgro [11) neta .
nitride™¥ RFi ﬁ‘r{hﬁai ISRTSRPRS oS, 't'géB‘g&"t #@elgli?é( °r 4P dernating
ni t r ogegosddRfbafat Y tHeRAbwintesebia® drmild 14Bpan

energi es of | ess than or equdaglegto 1.93 e\}i.] ?ﬁe nmeans

for substantially preventing active peutral nitrogen

speci es generated in t ] fgen from reachi ng

the object with nean er ie(é gre(aB ef,than or equal to

t he bond ener gy ss=td¢ie group (I111) mefal nitride bond,

may conprise at | east e inpeller or at |east one

baffl e, or conbi nati ons“thereof. The baffle or

i npel ler may be | ocated betweent he object and a source
used to renotely generate the nitrogen plasma. The

i mpel l er may inpart centri(rlu,gyl forces to the active
neutral nitrogen species. The inpeller my

substantially prevent active neutral nitrogen species

em t t ed Whewmeedhe A andoFens phdenerdenilynenBolymgristdomgpidue of an

straigh ' f1.S) "1 0 e ' e |

anot her %gl%eggﬁaﬁ%nﬁm g%ﬁl&%eecpi %13%1%? ?1%1%15 ta%ler eﬂi/)ds,r8 éﬂégi gg%lnomer’
t her e i sespbmivelyl, angy dy bl @degen rapbay fdms] {0050, gnawipngfeably 2 to
rou LLI) et jtride film_ co ising:.- a.gro
ghan‘ges_?%z&‘%ﬁ P&%JF@BB enedpdy. 7o Riss g defined abSV?Wfﬁe order
consi st pd ‘B AadbEIEveRq splihd: FHRS iy AERACRIPY | Sing

a buffer layer, the object | ocatablée inside the growh

chanber, in use, the substrate or buffer |ayer having
Those ghilest w thetaruwilliapprediate that sufacelacéve elrargpteniinay) be Hmparted to

tal . nitride filmthereon; - a.wvacuumsystem for..
RAET Ascih ot v, FRRORE estar spormpl et R infgints 1) 1o 10)
For R&@H1Qfth&lB@afdud, in Shinid@ (1) bewla be Réprédedrzdan dS-pei-Bg) iRl
fluid conmuni cation with the growh chanber, for

transferring a stream of active neutral nitrogen .
The splegiien of ¢ tnseifigr ¢ @Rl SAFT agentfor pgs ih @5¢qrdpce Hyith the
inveBYF WG o e ARRP RE Rl aty BERIRER, B B AORoiANRS liquid
phaspuingdbe partithlatenmatesial. oForhexatriphey théreurfadbsicting eharagtetbel a RAFT
t he heater accordi.ng t he .sevent h aspect .of .t he e
SoR WPEH L RoRFSORRLGR MR e By GRBRIE HEetbAts CREreFifL GhPRSRd within o
hydx’bPEi‘li@ doBtiRiRY 7R BRasBRPAkakUD BeORifENMREN A FUPRAFT agent
(rrr)y nmetal nitride film conprising: - a growth .
usedcinaastneiation veth o bydiophehit pattisulate maierinkedigpassggl within a hydrophilic
tc:onsi ﬁt i'H% of : a substrate and a substrate conprising
CONTHUSHY P&y QV&, the object |ocatable inside the growth
chanber, in use, the substrate or buffer |ayer having
Whete Ceysdraitul sit mutérit] ds thvalid ios semii-telhl, ¢hd seleqgionvafregsgebific surface
netal nitride filmthereon;, - a vacuums

t f
acti\@v%éﬁ"gtaigﬁ]@t fop gsegwwdmgh the invention m%/g?lt gg‘o bg rdictatf:d 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
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- a containment tube made of quartz, silica or boron
nitride and being in fluid communication with the
w@e@ensrichanber, for transferring a stream of BCI/AUZ005/001512
neutral nitrogen species to the growh chanber; -
means for providing a vapour of the netal nitride in
the vicinity of the object, during operation of the
apparatus, so as to cause a filmof solid netal
nitride to be formed on tfﬂ?%ﬂn ect; and, - neans for
controlling the partial pressure of oxygen in the
growm h chanber such that the fil mexhibits an oxygen
particdate emdterddlj tha Redl hageabouireferablyasadentedguchildt thhbindingefficiency
filmis suitable for devic r poses, The nmeans for
of th Bt PI i B L RSP SRBIR (FEOBT 13 JuR AR gt that surfuce
with GhO Wolynfdr ey 143RY 116EHRES SRSt ACiHeNBinding| FASENEY between the
porti on of the inner surface of the contal nment tube

seleoidt RAF Tnaganb gadh the asmiaylateheststial wee sulfiviantly kigle o ipgevent such

movty 6 Gedfh Pl iRt SeRisty PRy, H8 ARG s fmed v

therdbg Ueduce} bE p@ﬁiﬁlﬁ@linﬁﬁe@@ th@uabilgingt funed@t oftheoddenio NMafintaining

the silica in the containment tube to react with ,

stabifipatioggeinthiecrrlymer/ pasclp coppgeits Blaadwel Afihcagspl cat by gagfcularly

: 3 ci es

o PPV ey St hAA) SafREIAA; bohgpRaRac] o2
oxygen atons at a pressure of from about 10 niforr to

It witlhewtppi@itdbfrom e forpgoing tat pmesxber ef wiriablepgeed tale bensidered

| ess t han - 10-3,, 10-4, 10-5, 10-6 0-.7 0- 8,
Wherié?é??%?‘iég}ﬁid‘gﬂt b s R oacrgidancy withe e_amivif?fmer To further
illus@MBOMis BHint, 04 rubifbet Aot ab?%ﬁ@ne‘sstopp&‘fdrﬁﬁﬁ’g ake method are
agfaratusfor [1) metal nitride

row ng agrou? ) _ )

descfip¢dnin coansr dgai% odirectly bplowt h e Hieaerering -theyrintshjclien between the

sel ect.ed fromth r 1St o uhst f.at .
contFRaiE g AR 18] FoRe R IR RhIRE pperid B BEPLE, oot R, o
liquilocat akjag i Bisb debd hecogvaiédd ctvanhefer it usie tookrity or the

substrate or bhuffer_ |ayer having a crystal structure
hydrpphiticitghydipphabidtyr frsugl eitiss t he metal nitride film

t hereon; - a vacuum system for evacuating the growh

: ac hHE Bveht! A% SdrfdHhRl WingShydr&ghilic solid

The or bor @nacﬁfﬁﬁﬁ%@hgﬁg}vﬁg (lgﬁlﬂf‘é?ui dﬁ){:rormuni cfantgis%}ln g\/llfht1 r11° SOt
partittletegnatetisl andartiyelrophilir cantiansdsdiquidghases fn dasrcast, a RAFT agent

actjve . neutral nitrogen.,species to.th ro .chanber: .
of fnlax g b gro0ne W & o Rehebiorekion BEls i daree peative
to tHehByd¢bsHink tr¥gih t6 REndRPItRS hgerd WubSEntRIBT Rsbl@BleOi thBehydrophilic

apparatus, so as to cause a filmof solid netal )
contimupy§ diguido phesef dir ravderote perforobjtes tmethord the hyslsophilie particulate

mat GGt SSpoigife iRl oLLE bR SFGhedR o olvents in

whidh"th® Rghpigdatii @ R AFT bgen0is stlilegdame ratis bf tHeaiydrdythilid liguid to the
is suitable for device purposes. The neans fo

one gemeratalyRit ehasan gl hap thesarplipahic RAF S @sﬁp’fé&gapable of being

Solvﬁggﬂ{{hgiﬁ%drgpuriti es less than or equal to 10 parts
In one bi Tlo'n parts of nitrogen may conprise

purifying the nitrogen gas used to generate the plasma
Aftenithehaddlitiars op thei dnighipaghic R AET agemsttalthe evkiure additiohaldrydrophilic

liquigﬁlg%%qhgp Bé gclfc?eld tg icéuils% ?ﬁeeérgﬁgghﬁ%&%f %ggnl’é tccla {olireglrpztatfe%tc 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
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In a further enbodi nent of the invention, there is
provi ded an apparatus for growing a group (I11) netal
wRaosisEef i | m conprising: - a growth chanber; PCEHAU2005/001512

obj ect selected fromthe group consisting of: a
substrate and a substrate conprising a buffer Iayer
the object | ocatable inside the growth chanber, in
use, the substrate or buffe:% | ayer having a crystal
structure that is suitabl e 1%t growi ng the neta
nitride filmthereon; - a vacuum system for evacuating
the grom h chanber; - a containnent tube nade of

surfagg af'tihe, partitilata mattemiramd the thvahlém degien @é thenagentipggociates with

the ‘EOPEHE?"EC&% Pl Ee%%?lg%r f’xféc utnf‘%tF“aﬂu frprgggglescing. Upon

formSRe & isbilised dhpeBioAsthe Ipaﬁtearate mategiahin ﬂ@rcomlﬁwm@l I@id phase,
vapour of the nmetal nitride in the vicinity of th

e
mongleerey baafddethanshialympidsedde fome palypwr at ths sugfaceef the particulate
ma‘ce?%}J S?%@arﬁ#ﬂlﬂ}tﬁg R:Ri‘*l‘ %gggttnﬁalyt ﬁ@egegégge?lasfug}ﬁekﬂ%t fn? %gfﬁﬁnééfﬁmency to
the duefaed @ﬁihe pasticolatcemaerinles réletivdly ke twthbfebysuhiﬂt theet egzent to move

t hat, during eratiqQn Qf fhe apparatus active
away, Bigpy the Swf%cfeeggh? ¢ 0lth b Do G Fok (lrRehar ds &
central region of the substrate, along a path that is
A vééfaﬁaﬁ 6 tRURShaN libtib¥d afrely HBGL ﬁugm bl Rehet MG ean%lﬁaﬁﬁérRAFT

degrees to right angles"wth a plane containing t
ageng b stivsiangially solublhént thehbydrophilic scogtinucus| leqm@ rphasgy japé where it

oses be orient sta
comPH{R® Bl W0 arSRkicreBighy Ak B PRRR Dl drgidp dhat fp iselt
com P& atkantieprobbitioa MR Bm @180 ﬁydﬁ’@ﬂhﬂl@ﬁoﬁlb@olé [’ﬁ(ﬁiﬁinleﬂ NIn order to
there is provided an %E paratus for grow ng a group
perfgmy |the ppethed, nther pgshippihiy RAdPragenthgnd -the pprGitlafe material are
1ntro%iﬂé'ég){%r the "coff] n@&is%{g c??) ?s eﬁda EH% H%&p&%@ the formatlon of an
consi sting o And’a Substrate conpri sing
ioniaclhusgd erthe avehce dfihe ghjtatatd orairabbed ansppesitehionig rohuﬁgle at the

a ybstrate or buffer |ayer having .
hydrap%qrﬁ?gf%ﬁors?fﬁemwg it KAt et re it gasgy WSl reportion of
polylitiddd Bhishbid %Jﬂohf& ﬁrf'ﬁ’a% %g%gpgﬁc YEHO OF ¥ fggﬁlﬂaﬁﬁc RAFT agent

evacuating the grow h -"a contain
can badeffiofentytearender the Ipk: suitablebiordeweloptsutiie chageeitimgsurface of the

partiplecp @R g0 50 e R afiobrbis o0 S PR AT BAGIT asent
species to the growh chanber; - nmeans for providing a

UpoH apaustiod of ke @pp&ditelyi thdrged Isﬁedid%? thd @inphipattf RABET agent can
obj ect, during operation of t aratus, sq as
adsogla s the upRsarp b oA Heple raterial hett ot dheply drenhiosts @ﬁlon thereof

bmd%y&? a’tﬁ@s&fféea @fngl’e &ﬁétg trfllet}@rl @%}o‘% ang 2 Su@ﬁn&ﬁ Cwhile the

nitride va e Vi cini strat
hydroghiliocagied therestl absomatﬂanWﬂ:h thelcahiimeut didguiie p&a&estor wablhse the
oper tion of t he

that, dur. t ar at us
partigplaje; pateyia Q%am fQa eépmgctlaepetngmr tﬁj&é%%iﬁ% ° rlé?ﬁ}ColP‘Pn&Png that
occtrd'6 t%&%L ﬁrﬁx @ﬂhﬁ@mﬁn@ﬁééﬁ& had tﬁegmamu@ﬁé &fhtedfal, 3 may be in this
sta 45

ang e su y int range degrees to
caserthgttihe amghg»ath\m RAFT ggeahwilt oot b fieqtp miowe swby tfroat the surface of

such . that t filmis suita l for urpose
the FREF S Retardl b B PR BRI e S TadRE PR Hhngge it vin
genc?&Ilf Bd PlehdrddNBatstd ainothof 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.
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RPECVD is wi dely recogni sed as a | ow damage growt h
t echni que, however the inventors have observed that
wo pdoa®3gsown Wi th t he RPECVD process coul d undeemyau2005/001512

damage by resilient and energetic active neutra
ni trogen species, created fromthe m crowave generated
plasma. This has led the inventors to consider ways of
preventing such species frg$1reaching the film whil st
still allow ng | ow nean ent by species to be able to
react with the trinethylgallium (or - indiumor
-alum nium used to formthe netal nitride. M crowave

Alterativil, sl asahde sothickes dapesitusf dolyorer rab| the shefacehefithe particulate

ot 5 ot SRR of o PRy BARIC Bl pdy RGsuiably

adjudtt@Ro PFe@ted! ke aénit NEn@IhaSEMicRhEE, otval BodbEASA Wf two or more
active species being directed into a chanber with

coopeeatiye iapwhjpathioyRedel agantymey dssised Amexampte pf psingwo different
. . . . ’
ampfip R ART aells 1PN § Yol Al b B S BF bolow

to make their way around the shutters used in these
As dVBirisgipat efihthe ritthodyrtivioi di€ferans achphiratliorm AFBrgentd/Biay be used in

sources.can als used to direct th ctiye neutral
accof A ul (BhBRIDE Aes R |0 hE care polt oh thF amaipathic RAFT
agen%?ﬂg% e SHRIVRY B thVBEIRPRIIRYSniHE s IS pRIsESHHh Ve of the agents

iich, despite the use of baffles and shutters, can
compging tchydaonhgbichiegionsind @mon-denisable hydtopbilisoegive, and the other

neut ral. nitraqge eci.es. |t S t expected that.for .
sgengpeniying iTeRoRR FeRIOR ane & RYoaRi SRR Gyt sl cBmprises
a prapdﬁibﬁlofrﬁdl;frﬁ&%d&g@%mn@ hideledinonsimes dMedrdér t@p&form the

area for filmgrowh because the active species exit

metholde thel amphipaihie RATRT egerds miagbs igtredused it thentytdrephilic Hipwgh phase

.1 T eqi red. r p. [ .
w88 ERGRRC S oo 'B5e] Bl OR6l, Bling of e
hydrBpEGYR: givd bl g ssetadtraaitioabd ymphiputhid RAG Toprag® the sirtiee of the
film do,qqt seemto be an ir@ed%&gﬁn to allow ng a
partigplgle mpterialdn gwimilarmaannenie that.deserieeisBAVor t he
resilient active neutral nitrogen species created in
HoweD&:, i HiOVRY ShdhRROFhilid RidEaNthe fsefordiuSttRNed aldphipathic RAFT
preventing active neutral” nitrogen species generated
agent adsokles tnithe sybwe pf the particubie meterinl, agd dhetosthb dydeephilic nature of

wit.h a an.ener f greater than .equal. to.t .
the giliudeRia GRS et divg R BRbR! sebitlrof o Bitpieb it AL eent i
belicv@dMb | speeal Nt WveMtiee phiditlel @arfattdidin effB@l fe@d& the surface of the

redirect plasnma fl ow over a | arger area allow ng the

partiglep o¥itl j ydraphobicneheactmi f Stabiliretion ofi thei pratipylatg, matggal in the
: r I Mo | ; .
cont¥iuC i Bl i3 85 shieh bEb3oBY o e 35 BRIERDk Bpsion of the
first enkienetl &nplapsticrRAF Rlagsht fadsorbimgae miie @dw hediophotsc sinfas of the
the centre Iin% of a conduit, duct or, tupe. .. )
partigplater materigleanyl thg mopriprisahle hydrophilicragign deergoft agsociating with the
IS fins arranged in the path of the
hydr% as?rgéllén Og%:gg‘gg pgf:gseén angl e thereto, may be used for
substantially preventing active neutral nitrogen
Upos flerpiing a gtabler dispersiomof the paiticnlatpemaistiakimethé eenfinueachquig phase,
the substr.ate,. wth nmean._ener of gre r .t 0 .
mongfis, A7 e s i o oo 5ot Hothg SURTAe 3 FE et this case,
monBinkf hid§ Heaidyméiahmbier 186 cbfdl dfedotieie HepHipANictRAFT agents to
i ncrease the_growth area of the ggfug(l[l net a
formn ther palynter| niMbere Hhere s edredativaly Wigh bording effigiensy Between the

L I LG8l 5 5 A AT oty

MBE systens is the use of higher growh pressures in
the chanber which limts filmdamage during film
gr owt h.
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The processes and apparatus according to the invention
have greatly inproved the quality and uniformty of
w@aiNemsTmen by the RPECVD net hod. Greater fil mPCT/AU2005/001512

uniformty allows |arger area deposition of GaN than

can be achi eved conventionally. The inproved growh

conditions in the process according to the invention

have al |l owed the use of a Zg%? buffer |ayer to be

successful ly enpl oyed, provf4ding excellent quality GaN

films. A baffle or inpeller formng part of the growth

system according to the invention allows filmgrowh
enveboped by the rfolyoeeraaseis isoformbdu tHowaveg ve shelfiastenentioned amiphipathic

o B Ao U 2450 D SRR i o

genddAIBMMoBY fileb @0 Qﬁ&ﬂéeﬁﬁaﬁ%ﬂrt% nerfhée bhehe parBOilhe MmMBNA with the
the potential to provide lattice-nmatched and thermal |y

polymer ehéds Ifetpads B:sothls arangement theapanaionigrbigthydestphicgiegion of the

ﬁrstqﬁ'%llé o%g NPE‘L h1c i{%\y'[dj%gs lm?_%%{ 881&1&18 nc8'f{n¥ct10rﬁ a%' a( fst%ﬁgér for the

I‘OS € device epositron proces

paﬁlaﬁl@wﬁatﬁﬁalta@ atthiek ilavee bf palmesis fased @ rheanfaes theﬁsra)al
MOCVD growt h, but allows deposition of a nmetal nitride

t it P P e peone cheAS LB oo ARyt Saiewaroe hickaess

of tffc @rléj LSRRG AblvO P Lasy I Sﬁéﬁ S@ nia'iﬁté’inéd S? inc rporatlng an
icals. Low tenpérature group (I met al ri

amogntomﬁ lopissblehmasor@aNngthe vt of bydtephatpt anorfoaer s Shus, although an

LA LL5REab LS Qb B e
ineffésHvy tHéstﬁﬁﬁcé aNL5S oRUEB c'tb‘éteanﬁrtlﬁb@cam m@iﬁ!une‘& &ANhe later

etc, the lower inclusion of inpurities, shar
additipn of fmblwm@mpmrmmqrh iPrefbepplyr an ampenttas qn@)\h&(q to 5% of the

1on1§laﬁ ong‘lgrr b@)?(ﬁ@@%bﬁ@ﬁlo%llﬂelf &"é W @n?ldt lg]e u%ilqﬂb%r rfg %urpose

& pri ncpa NgS' are weak I'm a on t

SuitiBle ichidable rabsoradisl wokl inokide blitarb nghkmitd® gy &2yld acid, methacrylic
i ncorporation of hydrogen, oxygen and carbon durlng

acid gng \ﬁ@‘ﬁumﬁé§§§m/%%1?}tﬂﬁlﬁﬁ accordance with a third aspect
of the invention, there is provided a nethod for the

By thé ?@ﬁ”@@ﬁlﬁﬁle'aﬁﬁﬂ%%hn%gﬁ vth &ﬁyl@ﬁl%’l‘l}l' ﬁhs‘&%r%@ﬁﬁo%oﬁfers ora

I'i ca i ncluding the steps
groupcmtr@gmm nfja BAHTezpsnt ﬁ)rrp@d fromrsuch ntdmemsm, ﬁmearrbﬁhatt e monomer,

srougisieeioh hegra e hd G0N YOG bR be RS SR o feglghror anionic
grou{pr ‘Hﬁcﬁqﬁﬁﬁtloﬁahgﬂéﬁgi @118 BeNEkalkOB BPdbR; ofdthg ioBRES hﬁ@eraicldlc or
east a portion of the silica in'the surface of the

basigpprsiétionsghiougle tospior wmptan@g@”m profes. iGenemdynfhe iesgingle functional
f
groug)(ls) %f/ g&‘tld g@&{ﬁ?%\{ AD%ESI(F:) ?ﬁg?k%{é@g g cfu%gﬁﬁe aéc!ela %cln%nal group

maydbAis carboxelatasben hﬁ@a b@xiy gendidbayandtn 2aiink ﬁrneﬁ@wn group may
In the context of the third aspect,. the gbj %én
formpa JUBIIEEt 2B PafiPn Wdshaddiccopdifigan dhe Ctlﬁ’ﬁ%l groups may

oo B SR Ot nlsSd R X o bR e ™ Bnge of -

pressur es.
By the term "non-ionisable", used in connection with ethylenically unsaturated monomers

or a group or region of a RAFT agent formed from such monomers, is meant that the
monomer, group or region does not have ionisable functional groups. In particular, such
monomers, groups or regions do not have acid groups or basic groups which can loose or

accept a proton under acidic or basic conditions.
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In order to avoid reversion of the species into a
speci es that does rel ease oxygen atons or rel eases
woree/0gMygen atons at said pressure, the obj eckCi/aU2005/001512
preferably maintai ned at the aforenenti oned pressure
of from about 10 nmforr to about 100 Torr under a flow
of nitrogen, or at less than 10-6 Torr whil st under
vacuum whil st avoiding contact with air, water vapour
or any ot her substance or " that contains oxygen.
The nethod according to this aspect of the invention
may therefore include the step of preventing the
The sniethad eofothe t ingerdlnnentayf aleontiseuseg tofiorac tpotmrt bt &ier surface of

T T A T
The RRJFECigehMnGhR@het BRE Gd)rﬁﬁrlserql‘?ycﬁd)ﬂHﬂi@rd?g’ﬁh aﬁﬁ LIORYSIHoBIR region,

into a nitride spec:les ect may
withdberhpdnopkohic m@ehaxong alhyehngrh lrufryrtp‘aratdn@ﬂthyvlwbebwcswface of

e RS R A BB B S0 ARL R apmons i

phasB 18 SsbileseNRE lpamglaeé ﬁfatdﬁac @dohy cmwcm@t Buth ahampﬁ@bihyc RAFT
active species to a ?romﬁ chanper befaqre or_ during

agenneqy be shstantialy solublenpiomsplble) innthe rqogtinuops digpid Qha%?aynd the
metIH)% ng%l o @dﬂ?&&ﬁﬂfb‘? 8}(1‘%;%9 tiht oﬁﬂfn{eﬁ] F@&Q:em of the
I nvent ere 1s provi process tor growing a
nitride f|In1of a netal selected fromthe group
The anethod tafnthe ofnveaidni unqy alsa ri:ien'umqh ta rfdinumodymder at the surface of
cormhi nations therepf, inc e . steps.of: - .
by BB S GRARREPra, RisPBgLlt RUhRTot: Shaugpes ipgdabase. The
RAF a@dht iAARE cadd Fd¢ Qofipride @' Wﬂ&)ﬁ@@?@lm atideopiBBR region,
of or conprising quartz or silica, wherein the

withctbe hadnoph@lc scgpn hevipgefhinding affinity tomerbibesurface el particulate

ut .1 rr. to about 19
mar P Mgt e, FVRRRGbR, SPRROH o oRiao, Gt dnd Ry Rh RIS phase to
stablig® €l parfichlfte frﬂa'td‘ﬁa@fro&DJ:da@esBﬁQﬂUp’dintfbhﬂmg o dtabite dispersion of the

vapour of netal nitride, on a suitable substrate

partigplgia malgriplin sheygonipnoustiavirbphasgmanemen may e daErfuged inferm the
[ I | but chemcally active
polyﬁl%w{ fh% sﬂﬁac% PGl %a‘f'ﬁ!ghé(te g%tﬂér a?ough the tube (o the
gr owt h chanber . The contacting step is preferably
In desurfbimgreht arttexactvarei:stw&ntmwarfd@e nbievel BWETT egentodnd kech of the

contg{g,lgiﬁe ant I Qs%%nﬁafieg&i eaS Scﬁlrlaﬁi SnaIefgll plﬁ lpg%gg}}fgcqgted that as
the &thtu%él of gzkAﬁ}g ag&ﬂ tra%31tlo§§fr01%3der #9 surftRe Bfve E%pertles from

hours or nore.

for wdmle tadola@l@c@dsenerr Srsturo fhphEh @édﬁ@@m o¢ ltgmapiag cenolymer
struc&yrgﬁngp g‘? Sﬁsag g? gggxly gt tl% otrﬁg gfe erchg %?o?érflﬁﬁfo%bg )@(cgg Wiscrete

sure an Sdl

hydiophidic &hefod by dropBétit a¢dteds at reghims af @Hee@ﬂt bevoack less well defined.
pressure of from about 10 niforr to abod¥ 100, Tor

For girpgenle.dn s RABEagentobiorngpla gh4ty élseshxdﬁel?h i @ncpdpophilic moieties
A i, R (3ol 5 Rl A R0l M i
but moeitAtles axyadidmpaifiserfacndctivity ltrgt}mtlepFﬁageltt akeh fhiatit eamfunction

t f f hout 100C t bout
o5 o HORBR DT AUl PAET NG B0 GO Yoo RETEH o of the one

or n%lgséﬁ‘}‘leﬁl@alwqﬁnsiﬂfrgﬁg En&ontd’® tTHDBITESe PReCRBN RS ti8which such
a speci'es that does not rel ease oxygen atons or

RAFTe hm@m’tdrm smtjm(qagb iof the continuous liquid phase and the particulate material

to function as a stabiliser is not entirely clear.



10

15

20

25

atons when the nitrogen plasma is present in the tube
and is supplying electrically neutral but chemcally
W@eiosMa7ispeci es to the growt h chanmber through PEEAUADEN01512
The species into which the silica is converted may be
a nitride based species. The netal nitride film may be
formed by causing a stream of netal organi c vapour,
such as trinmethylgallium to react with a stream of
amoni a, in the presence of34% he ni trogen plasma. The
nmetal may be gallium The nmethod according to the
fourth aspect of the invention may include the step of
Wherethe an¢thod ef thiaénventien tsoperfoctied gsisg eprfare dchize RSJolSageantsghaving
ste 0 th,, until the presence of oxygen i.n the
o les el itingg Y16 Eobianvopdr SrblEe 3B egyen S Eap Bube Segeted sueh
that fHRtdverf hy%%ﬂﬁlﬂqi@l @By 8RpRoYi619Y BN IRIRABT iaBehtls aFlsﬂopﬂate to the
metal nitride fil'm has decreased to a desired [|evel.

hydrpphitipigy eordvyeraphabictyhef thetsatfaen of the gastisleyigl e qpated. For example,
itride, .th ' . .
B e e

agen®ad lbe Ubediit et dirce it e Mvthsh ac fardpolgmes at i surface of a
fourth aspect of the invention may include the step of
hydrepiebic partiguletsanaienial dhag ahydgorhiapditipylatsmaerialy t he
deposition of the netal nitride filmon the substrate.
S | SEHTTOY R pATINRP Qb thel QuidlQr 6f solid
In tﬁg%%gﬁté%qﬁr%réﬁﬁ%&/a Tl gf/v of ni tgrié)gg?r]%1 I's present, SoH
partioulafet mateyialsewhersghe bentiniO6s liguid phase ¢rmsktssesserdialy ofifye one or
that .is rposely introduced i.nto the owt h
morg RSBt Bn Sl EE ko BebalBirttLa T Bk Alad s ropn as the
partiduldfeOhiRrigha hiierRll thidughdif Bied AloRo@baRekilvbe sfprédse®ehat the
in the formof "a | oadi ng chanber or load | ock. The .
genenalt g ipdescomdiinded: v suple tgchniquies ey et eraployerk whew eefpigtng the
. incl ude s . nsferring the
mvergﬁ%ns‘tlsrl%é éée,mlg(%lthgorlflﬁug(ﬂgémég%g nggoterg% )jected to the
vacuum fromthe separate chanber, | oadi ng chanber or

Depérafiik lpsrkihe @matube ofjthewatticolsrmateriall hiee eettinaduntiquid phase and the

further  include the ste f preventi t he substr at
RAFY, ggtioif HAY it Go6 GHORAE thF (RAHOBx Y BAEBA LR surface of the
RRGH i ' i o &iftt ht RRinY% UL Rabiliser,
prEES SRUL S b RONEH B it A W i, ey
exhibigat idegret o Isbibitt. r Bye a curfach ectives B Adtle egerdi axhihiiing) ai degree of

" ef,ore grow the netal.pitride.filmon it. . In .
bty o b el i sen st b St Bt esfhe sphiapeg in the
contirtioR$ BYhid PRas AR edsbieidted atlthe slirfite oFthddFatisuiat interial. For
at least a Eort ion of a surface of an object nade of .
convgnicponp? iIRARY apeat thetgs nat| asseciatedhavisly fhe qwgiculate material will
coRpIiS] nt acki n dapted to provide contact
hereglgﬁgkf%%regg%eﬁiﬁpggefﬁe%ﬁ%gﬁngager{l " the surface or the
portion thereof. The apparatus nay further conprise a
The peeseno® of sk RAED agdne th the cpntintiotie liguidgphasmeanrretutiein the formation
of r]iﬁ%%feg&?ngc a]_ccihtfflrjf.g tS%ggm}ﬁl ea%tévgqu%l%@grn ﬁc&%%ﬁp&r&g{ ce::(:"su%etce of the
el RCHHEpd RIS, t RBcSHHINGRS SuMABE acti
partfBl AR08 (EPHUMMRTEIER TARRIA) | NSy Sutled sotve
RART tgemtrewseglinsineordance odtipibe sevestion tard prafdrgblpiseleetad thprevent, or

chem.cal.ly .activ pecies. Th ar.at us..ma onprise
at 1egoty Riise, dhdapardant eI oagkcly ARBTAIE g eV BF JljRieotated that
provideES BBlabild) R APP algBhtU sail® ohi#bll BEpobeRdisatién at GhOWultace of the
chanber in communication with the contai nnent vessel
partighlata yateriplo thig peliimerisatiopairo¢esritsalf wilblimeyitably smdgr the agent non-
labil%.Ui tabl e substrate,
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during operation of the RPECVD process. The apparatus
may be adapted to be operated at a pressure of from
W@bwen37i61 mrorr to about 100 Torr. AlternativePgr/ap2005/001512
additionally, the apparatus may be adapted to be
operated at a tenperature of from about 500C to about
1000C, for a period of fromabout 0.5 m nutes to about
100 hours. The partial pressure of oxygen in the
apparatus may be |ess t harr 30- 2, 10-3, 10- , 10-5,
10-6, 10-7, 10-8, 10-9, 10-10, 10-11 or 10-12 Torr.
The partial pressure of oxygen in the apparatus may be
It habdewe SoundCGhat RADT1&Fotsrhavir®- 8 less ¥l defired hlockoeharadterO8uch as
- .10-9Tplr, .10-4 - 1
thosq ggspihed I bpigs. Dy APOve yogn beagmitd aghcrord gy e ppface of
the Ba—rgfzt;llatelg‘ra?erral 1Qre Té%:é rpro?% 1Q- aesogikg)_rrllaﬂ_@ riformﬁ@‘ ficelk9-in the
- Tolr - orr -
contm@ous]'qud phaye. 6In, other Wcmhs; surhge ",actlvelBA@To@gentsllqp.vglg a less well

deﬁnfg b;(;‘cg(tl}ke s%rblc‘%lre te%@ t?)}-:l(%hss lak% téhan]t%}l7 T‘tgff.ékry chggetz)arts The use

of RAFPTRents HOAdg a 1dds OFell rdefihd tlockl Striickarer hasl Bedn -found to be
10-9Torr, 10-2 - 10-10 Torr, 1 0 -3 JO-10T, 0

partigulady usqfubm preparing disperpions gf polym@r efegpyulgted p‘artlcu@te glaterlals
7 may further
withg h%l}goélgl—gt}%t%t(ﬂ %][r ang@%%—g%{%l{?rgﬁﬁ ?@Itrcglzt | ving a

swtabl e substrate prior to a galliumnitride film
Whebe tlregmgthodrof tthe ireentionAlist perfratied eis'yxgoa camti;timhs tighidyphase which

thea aratu rise a | dapted to .
doesi g eS8 et S Ve T8 PR T G197 RGN ST ABI o onomers that i
to b&ﬁ(ﬂﬁh&ﬂl@ﬂ% #reh fhepoBmeR S &t roRed tHa theSASRInGerdY introduced to the

evacuation of air fromthe transfer chanber, for

continubse jawid tphaseasfis dhe prsigninteemstgripl and fmfn%}fr@ﬂe erlayepBAFT agent
mterg(gc pstggat% %539(%’\\/1;;' e ﬁ)E 3 %:ieo%lsﬁ‘%rﬁélﬁgﬁa?ﬁa%% ’% gﬂ d@pﬁb?&lhthe likelihood

of adpparat la&tl*f'@RA‘}TIOé(geﬂg algo tting akea ktabitisef foa mmio&ither droplets in the
selected fromthe gr oup consi sting_ of tg
contiughs Aiduidy Phati isnieaneedc ok inalsp disferiee rBaf the onomer which. s

1ntro‘5195@%lr foscb@ fontinu Qﬁﬁm ghQQ%QEES{% ¥ aaﬁﬂé}stflét%kfgldﬁ the formation of

ocat abl e | nS| r owt I n use
monsmles tdraplets. hdw i otlger avendy,sit d$ psafenmd thae thehpolyimerisaiionails | cenducted

undeg §tlagﬁ8\l¥8$c9‘eqpéxgggﬁtﬁ ﬁléu{:n#t r%qqﬁgés#lén%%r S lllgleh%oocfl?l olfl s’malhsed
mon‘é&@? Qfo?f@snﬁelﬂg 5tRlcd 3k tHeURBLARAR lﬁﬁucﬂ?]lﬂ sé Zwl‘ﬁ&h i Juirﬁ dlso reduces

ng in fluid communication Wt growt h
the polsahﬂany of foomingarodyroes thef is istepeymlenioff the pmg@lﬁtepn@t@ml to
the growm h chanber; and - neans for providing a netal
Wheg%itnf,] ge 6r\é§foc rmllhnn t h?rh o%%géllt%/ ﬁf;onélﬁfgdéotf?ﬁ&r t%%?i’s independent of

the fpattibuike SRAtedalirethal polyinetistiono nixgy @eposmdmtkdomo t:hepomt where
substrate, wherein at |east a porti r?(gf an_i_nner
€

substatiphy all dbile RAIED Ageatt Rrrsent hos besa re pen-fpkilep &d fhis point, the
"hglﬁgné)% S)Ln?é} hPaRulfRs éfﬁ&l@s\?\gﬁg %Q'SQ a3l Cffbfug Afty idfebendent polymer

oxXygen ato eases fewer oxygen
partialesrthat may baswe. fofihed ot tny gesidupl ﬁstAiﬁE/ agmmbryl & geparation method

electrically neytral.. but chem cal | speci es.
suchrhs cepeusaial | 3l bhoUighy” FROTEFo ARy el R g faidethen be
redlffSRYseQ &n Q'c‘bflﬁgﬁfﬂls g ﬁfﬂf‘pha-ﬂi‘ %\flﬁlorﬁ&%rﬁéﬁhdt tBe %o%%e?is&tﬁ’érﬁ@ontmued
ecies may be performnmed by contacting the surface of

to fqrtmea thicker polymer coating on the particulate material.



10

15

20

25

30

cont ai nnent vessel or tube, or a portion thereof, wth
a nitrogen plasma at a pressure of from about 10 niforr
wao eooaloatisl 100 Torr for a period of from about HRCTAUR005/001512

about 100 hours. The passivated species nmay be a
nitride based species. The neans for providing a
galliumnitride vapour in the growh chanber may
conprise a tube for admtting a stream of
trinmethylgalliumto thegyﬁﬁﬁh chanber, upstream of
the substrate; and, in sonme enbodi ments, a tube for
admtting a streamof amonia to the growth chanber,

In acsordascd witheéhe metliadhoft the inventien,hsthyahicallpnpnsdturatad monomers are

operation af th r SO orm t.he [ )i um
poly PR ciron s SO RE SR AP Sl BT UNESE Rt Gface of the
partiél)fie GRAEAAINTERY pM9@SALatidh WillP&suhBy ¢OiRCaHhtoh tonk Resource of
ni trogen plasma may be between about 10 niforr and

free raidinats. TBheTapurce of|inidieting raditals epat becriavided by any puitabla method of
t.10 T S | Qw.: :
eencBRl e e, S B, ERHEEL RUG R YRE Y] of sutabe

compdi@d @l PeahAlSinAiaees Shidhgast gerbtidess ipeidxyesgecor afo ¢dmepounds), the
i nvention may further conprise a vacuym system, adapted
SPON{ageRHso\ECHRraHOY aBQTIM MANARES pkage FOECRT): t17HO% NigaE Systems,

i . 3 . . i X_
QOG0 R AR Z5F i S T8 LM e, .o
gamiph-esdiabe. oThd nitiatinefsystemvik ehotehesuelp tleat ander ths réactions eonditions

and when it .i§ not,in use. .The, apparatus.accordi 0 .
therg @0 BRGSO HELH Rf aH PR e B AEREE B it the
amplggﬁtﬁmgT%Qérﬁ%He&ﬁe LOREL RGOS thesdtidns adapted to

commodat e 't he substrate before it is transferred
into the growth chanber. The | oading chamber or | oad
Therpmat Knitiatprd @re shessnetoohavse papppransigiet Balf gifeoxt the temwerature of

substrate.bei.ng. transfer j e : .
e L T R S S R
transferring the substrate fromthe | oadi ng chanber or

| 02d'-hzbks(isobaytohitrigh, A fazclis@beyanobitene) rdimsthyt 2 @kans
may be jn the formof a pair of tongs, .3, conveyor, a

P tePREsgpuaie) L Ao SR EPe R R0 g o | ower | ng
S%&%ﬁﬂ}éﬁ&&@@&%ﬂ%@i 3L ABu ﬁz%&q-éyahéﬁoaﬁﬁgzmgobis{2-

he I n t1on nmay be cohducted at” a tenperature,

t gmeﬁxyd-ﬁ\h[:lel{ots(ltj}tdeowmtlayl)wavéxyﬂromsthel]pmpiqnaméde}giﬂih&mbis[2-
200C. T .
DBt iabe bR sERtoa gl RN s abot

108@fmdtRylakassbulPafadie) diyarocaleide, 3,0060b(RaaldinotPane)

In a preferred enbodi nent of the invention, t

he
t ediprdeachliosidat2,? thaokisg@y. e dinegthylpreeisabutyamiding, 2,8 szapis{2-

or _t ' h . .
R s R B S s
nomﬁiﬁl—&\l-'[nm@@&eﬁoxmﬁbﬁwﬁﬂm@r@mommwp@;mkms[2hﬁethy1-
it_may increase to nuch higher tenperatures within t

af dr @W&fmm@@w&vdﬂe?vae?@%m(@%bux}ﬁr@ﬂl@c’q)g@%ﬁtea?ﬁ

or ' ' r4 i Of r of
neSPRE 2 CRMAIRARY? D 500 MR NRLL SPRVEC 7,

b e perodgacstate d-butyh perolgbanengie tetutyl penfxynbmlephrasten t-butylperoxy
general ly higher than the or enention t eratures

o ohaiale e PHONEON AR Ry DS, FEoPsDY
undeiogl@esbbit, esyeRnex IRty AR aftRARE! dibtthl Srokifg dibenzoyl
surface of the containnent vessel or tube may be

i npereasiendilaweyl parogéde; petagsium prigxydisdifatonaarmeniums

fi %g}oxg&gttll?a(iet:,ed?—t-butyl hyponitrite, dicumyl hyponitrite. This list is not

exhaustive.
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with the plasma, until the surface of the contai nment
vessel or tube has been sufficiently chemcally
weamsisased with nitrogen, this process may beP@FaUM0&8/d01512

by heat transfer to the contai nment vessel or tube

fromthe plasma. The nitrogen may be of a high purity.

In order to ensure that the galliumnitride filmthat

is grown in an apparatus according to the invention

contains as little inpuriti%@'aspossible, and has as

few defects as possible, the nitrogen gas for the

nitrogen plasma is preferably of a high purity. It
Photpeteheca ihiyiatworyaems ateedmsérhmnhayb dbid relﬁ)tsptarsbhtb[iﬁy in the reaction

billion of total ,inpurities, re preferabl t han
mediapand 1B 2p CBDIOBHAS AR, VLA TPy raﬂ@ﬁﬁpfﬁﬂ%‘f@%&’&ﬁ? fhg ggnditions
of thd'aRdlym@XatioRe" FrbmledNinRfudb Obdlzoin R4S, biRAbPhe®M¥, acyl
moi‘st'ure, oxygen, carbon di oxi de or any ot her

phmphmakakesmﬂmhmummﬁmbampmesent are preferably renoved
before the nitrogen is converted into plasna I n order

vent reoxi dation t . .
Red%ﬁtﬁéﬁ nsé/ﬁten\; alg Shosen t? Ne tjﬂg trgci‘ﬂlr Jlf% er at% tklle reftct%on dmedlum
and fHa08" 84 ra@%bria& pagf &f aﬂtldil:ak qnbduum@ﬁr uﬂdﬂi‘uﬂm wheditioed of the

in use. A standard size tube that is frequently u
polymgrigationathgse MEIANNE SEHRRS HTEERHdR DT aie ok hariad t%cawztr@tlons of

25 nm). Tubes having a | arge
ﬂmfﬁﬁgﬁ&%%&u%g&%&?ﬁ&ﬂ%ﬁ%&ﬁVantage that they may all ow
m crowaves to pass through into the growth chanber,
V\hbx:lﬂamts notakeisin, @btoexydiﬂulﬁdte\hydfogeh pedaide] tt’emWhhydeOpeecxide.

th fil L t ub
DS 08 st A cestirelamPog T Retist o e
that still contains the m crowaves, and they may al so

Othd? uitkbesliniih gl s9¥¥BIns Rd eRE itRAUR REENOIex9C See, for example, Moad and
el ectromagneti c excitation are used in place of the

Solomiosr thevekemisine ofi Fiee giadign! Relumesption”.f Bergegony Lopdon, 1995,
Seggloynent of m crowaves, using a magnetron. The

PP magnetron may have a power rating of up to about 500
Watts. The power of the magnetron nay be from about

SuitZb@iniiitatads vulticlyRdy e\bhtappreciabletselybditg in @thydiﬂmphﬂnn geeetion medium

i s higher than about.. 700 Watts, if tends.to
suchyah 8 SripapdR, GREAB RO HEREG Ky direhis ane e ie astfef FEobis 2
metwgl : 1-bi &ﬁﬁ&hﬁ)-@%y’df'ox@%yi]ﬁﬁ?ﬁn@nﬁ v 2@5%b1sh2 -methyl-

gement of oxygen i'tens fromthe surface of

N- (Zehmlr@mﬂeﬂt)prcqnonmée]l, 2,2|-azobisSN'dbmethsleneisobryrampidine), 2,2'-

ooty NI A Aoy By RnE) el TRl drareAibiflE e B ppane
dihy@RIcRlékide, N2- a&bBi%{@-n{m&yl-N §101%ﬁ(l@fd@mdmyl}@r&hyl]prop1onam1de}

i nstances. The E asma nmay be generated by

2,2 -gzsibisd et N-Quhardioxpeth) rrepioprraigeb 2. Z- a?elaﬁ(aaqbewralmﬁé)
a4 freq . Of . ctromagneti c radiati on nay
dﬁwgéi%ggﬁﬁéFﬁﬁﬁéb&ﬁ&%ﬁe range fromabout 0.1 hertz to
about 10 G gahertz. The frequency of the m crowaves is
Suitzlh‘leirﬁfiabtsywhwbh have m’mpprangﬂe eélu‘atﬂlqum 2h@irgplhahi¢ reatidon medium
about 3 G ertz event t tro net.i.c
may 40| GREPBRB P gD efrF%C&tS’é‘ﬁ’&%iP P, tﬂgfmlp vgyjd fnctude ol
solu%% bRt B8 GYo (B gHﬁ}Qis lkenBlilEg %Btet'hte Zv)'elpkn(‘]%@ meatéial 2,2'-
asma generator 1S used (0 Megahértz),
azob‘lmxﬂpuemcl}dtrday Quberi ropdly. a\tatlabls ndaatorsmteeictfloperamemceras acetyl

and égﬁ@yi, gtfafoa(g hs r\Iv%ﬁea(tjs glf(}glnbértc})%dgsp gt?crhagsy %m%ri hd t%utyl peroxides.

Hydroperoxides such as t-butyl and cumyl hydroperoxides may also be used.
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and to avoid water vapour and other oxygen containing
species fromentering the systemat any tine
wao b@oesfiber. It is believed that the water nol BCIYAB2005/001512
attach thenselves to the walls of the contai nment tube
or vessel and do not contribute nuch to the total
pressure in the system By incorporating a |oad | ock
into an apparatus in accordance with the invention,
the increase of water vapmﬁg'i nto the apparatus can be
mnimsed if not conpletely avoi ded. The oxygen
partial pressure in the apparatus in accordance with
The tbtinuove higuidnphmey ibe fiwss pohareriAtidh poocess Wag gisr tomwthin other
pressure of o en in t aratus may be | ess than
addifjygs Oriéampleféa(g“’esf@r ﬁtﬁglp 10-8, 1(T9, 10-10, 10-11
or 10-12 Torr. The partl al pressure of oxygen in the
In re@a%ﬁrte&wpagmeﬁeubﬁ ptr&%sg W08 REurdQuiing Chel dourdddoBthd thethod of
10 , 10-5-10-10, 10- 010
the ihgergion)-it G, 1mm3rgln1@ha1molﬁne11 issfopmed pérthe syrface of the particulate
Si i.0 ceor n |
mategllag fag¥ %@ {ﬁésg?&pg%nsﬁ A ?1% gou tlﬁ}% ttfgea r?gﬁty:r)érleésﬁg u'ﬂ{reeﬁﬁlj"ls agent.

Wltliohﬁbvlﬁing\/\iﬁlbéhuﬁﬂf&i iggadhkoty(itis beliesed thak thel solyaeiation Pratess that
Alternatively, a different 1[l)ressure may ge used. |In

opergfeneiang the ghetloh bgaine rtatough dhe afonewoar 85 SuPPjgalmgsmonomer
radlc{ékgglﬁ%ﬁ rdlf?&sgﬁh\%)ngle tﬂ@gﬁsﬁﬁ?{?ﬁs § %{ﬁﬁ%&%raﬂcp osﬁ!n%?} %elf at the

ere are m presSure w
surfade pétie pantidulede dhiateriak iAsthe BﬂﬁTf@enmrat@almoﬂitimw% kheosurface of

tube. Generally speaki hi r ivation,
the T RGURIF GBS e BE CF DS Y P SPREN e (GePp B sfiqn,guch that

polyﬁl‘éﬂgaﬁioﬁ'@@ﬁe ¥BRSRers %oéela'@ ﬁndlé alIPAPE niddpii&s 186l ratd‘ibal PRcess. To
nitrogen plasm may shorter, whereas where the

facﬂpassthwapnooq:ssp rtelssprp&rneé thatwehe , nuhizer et ROFTY eprecigni prpsent at the

assi ess_n be ca Qut
surtip QAR BeoiBainBe0Er S SRRy R b gl PR s hat reach
that SWHRCBr@ghbitethe Wohive 'YTEME PoBaS@isafién kédoton.Ndl ogsanml ke total
| onger. An optinmum pressure rra& be determ ned
[

numbeyid n@ltliamgaraémks. thatmesition thameself ahEhesiusiage of the lpértlculate material

shou?cg r%el Aol g ?o 101[1 E&S&J Réﬁqeﬁ%{n ??g?égf ift ncgé Q}éﬂtéﬁﬁ% liquid

reng h an ure of use
phaseptIPIﬁﬂm‘tﬂy eths uotal Wuinlbelabﬁ hutiﬁWd&alsh@%ﬁshﬁam&)t percérs, more
opti m sed. Are al o[r Elas
prefiablgclesh e dt sSieapyol RS Lo AT By fEesent in the

gfnidae nitrogen used for t he purposes of the
contﬂlgﬁleér% % §f3 the plasma. It has been found that,

V\,her et he surf ace of a cont ai nment vessel or tube nmde
In c@rtnesﬁidm vathdfaeititatingtthe polyaerisatéon pﬁmnomwdund@r the control of the

SRS by RO I B0 Mt o

at aﬁy %Wehoﬁbﬂtc&ﬁlﬁ@ i pSlyinBAsHRA0MIcaSs ABE tanunt BE free RAFT agent
invention, that has an oxygen concentration of |ess

preserfizin the 1@ninueks bewrd e 1t mlwveﬂméowmra@éedowﬁl fhsfy which is
[ s b
s OB S SRR pMRSREL OSSP e i o than
50 watd, mhate preferabiyr tuam thesy 2Qwsde hmat pmﬁérablmﬁem thaaslsoewt% rof "free"
tube with the RPECVD grocess may be several, percent %ge
RARJopgeng. pregsnt ;m rtp® <OBtiBYoUs HAYA ithest: £h28Y GROIRER) {ime, diiring  the
de fil mhaving an oxygen concentration 10
pdy?%hg%:tceﬂﬁb{) Sb However, for |aser diodes, an oxygen

concentration of |ess than 10 at onms per cc wll be
It is geefenablelthat polymerisation of the monomers is maintained under the control of the

RAFT agent throughout the entire polymerisation. However, provided that polymer at the
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The | ower the oxygen concentration in a gallium
nitride film the lower its conductivity. It is
waele®ssthibe to grow galliumnitride fil s havi NBCHAUZOAS/001512

conductivity. Oxygen is not a good quality dopant for

galliumnitride as it quenches light emssion. It is

preferable to use silicon as a dopant. For the purpose

of the manufacture of LEDs,_a high I evel of silicon

may be used to dope the ga'l3l9|‘um nitride filnms. For

those applications it will be necessary to have very

| ow concentrations of oxygen. What is desirable is to
surfabeof thee pradi¢ulatmmaterial de af lehsh iatpagt fwempd under|thy eontofl of a RAFT

dopi n whil st the resid arriers ver
egenfygianpiiey My o el Rlee O Ry e BRI PO oYY Hrvpe pad this,
it wifl /b8 a@ﬁfe'cia%é'@l‘ tRhit 451 tHE athblikd df AR HBlyintaRed BRdkr tROeontrol of the

preferably in the range of from about 50 to about

RAFTagent degregsasr thatpsepensitiafor megulaamw{he&md thefasmation ef polymer in

one {eﬁ%thon[ 61 s gﬁé?rggsg:at eeaqﬁgit)ur@? S Oé’lo er n[B ﬁxlﬁi vd Li)%ﬁ§rﬁerlsed by
otheiir&d RIRUESatRW S idQ @vertlegiion seqlidnet dvﬂMﬂcb & llurgé é)ttlsﬂ debend upon
el ectrons of purified nolecular nitrogen g 'S

the intgrded) applieationfiprihg pefymen eneapaiaied ﬂ?aﬁwalar%mﬁf&aﬁlat i on
that generates the plasma. If the nitrogen plasma is

EvidbhdeCAe! \gﬂet}l%h? ﬁgﬁi‘g%ﬁlsétﬁ)nt fégctﬁ&l"\ina&@ofd&ﬁb’é %‘éﬂethe trrﬁethod of the

I ncrease our remalns a bright pink
inveitionehas progeededsat lebtait pary, treleelthe Aontorlaolge RAFBagent may be

ool B £ L SRR T B RERAIS Bcron
M1015§t%‘b§f ‘?)Teih@%l“yn?é}e&ﬁﬁh Qf thé %oﬂhﬁ&@&ﬁﬂ Q24t8E ardditite material.

| asima and the substrafe shoul be suf icient so as to
Signgficante hitss i GNRAFD montrel"pwdlsh’a qh@m@tﬁrlﬁgl tbbieary dr¢gulan non-uniform
e fi m as_t.hese n
polylalghg%agmtgb Rreag Pﬁ)lx{ne a%{o% L%rélglr ﬁl,g ttrc‘?l (% tﬁgmggem I1?rov1de:s a

regutahanﬁ‘@ﬂmpay@l@rmgz the nore its tenperature w |
tend to 1 ncrease when a nitrogen plasma i s generated
. jnside the tube or vessel. A netal déem te purlfl er

Evidgage tf Rk ocqiivol't ymanealspt P gash dr iy (mpling  the
poly&%ﬂﬁ&%{:ﬁl% ﬁ&te}lﬁﬁc&h@g@ edluglng rtﬂaego ﬁleﬁﬁaﬁﬁﬁrfca&t& and analysing

um system jected to an
the iemdtiegpetynienpea suiialde whihhitue mude s \Gad IRammestiont €hrosgatography

[ t f til t .
P B ASteE b FopBoh s R TR Lt ROlFmer g have o
lowe‘{"I ﬁd?&dlsﬂe'ﬂﬁtyaﬁ&hﬁéfﬁd‘t\bﬂﬂ QUpdlHnee tpfépaﬂfdeﬁﬁ W e8nvehtién free radical
[Tumnitride filmis grown a erature of

medatr:qdr pathway el I/hessther featurp goft TRARPEOVIOLS S Dowmsby IGPQ Kata is that

ol G SO BE PR 853 ha A Boh RRL 2T b

be atirhportant Feati€ @PperfdiminiStic eletiid ¢ff ths imsndat TK: pdlgmerformed in
The invention al so ipncludes within jts scope the

accoggangg gyiduipagyensionawilk gefisellyyshor adimger groxdh b @fmolggilgn weight

withy oglv%fon &Ir’la%&?@hmé éﬁ% rglg%%%tkt of ’ﬂhg é)q) %rlll&bﬁel o?o &aﬁéﬁ during the

cours¥ cltthe @blyhrepisatidmoprocd®s.5 cm to about 2-3 cm Even

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.
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smal l er dianeters than 0.5 cmmay be required if it is
necessary to prevent the m crowaves from being
W e@ossittt ed into the growth regi on. For hi ghePCT/AU2005/001512

m crowave frequencies, snaller tube dinensions are
required to prevent the m crowave transm ssion from
entering the growth chanber, whilst for | ower
m crowave frequencies Iarger t ube di mensi ons may be
used. As a further alternatf®e, an RF Helicon source
may be used. Such a source may operate wth a tube of
30 cmdianeter. Mcrowaves may al so be operated with

The ntunsméisasheukl alsau !be capabieghibeing pcbmridrhedrmith otheamohomels. The
such, as, wher.e, i nst an. ECR (el ectron

facto&%/@&‘ ‘E?ﬁefmé%eo 5@5161”51 gﬂ?ﬁé"@&%ﬂ%‘é TRRELY areq el dogypaented in

the aW CF&V@(‘A Ipfé‘”é@é Greeles W 2ot Pylyhite HRhasstk 3“'3E§1t10n (Brandup, J.,
ficiently in the region of magnetic confinenent.

and Immg@ut & HnBier VileypNew Yskut9o8§( BA3. nbught mpromere dnclude those

er tion to confinenent and pl asm
Wlthmfﬁ' 6{%}%?? . "\%{lﬁyt he i nproved vacuum conditions used
in the RPECVD process, Vdnd be;;a)use of infrequent
exposure of the contain t vedsel or tube to air,
resulting fromthe introdG&FFGn of a | oad | ock, so
that a sanple substrate/s pl a\s\ed in a separate
cont ai ner before bei ngH ntroducdll into the main growth
chanber (which is not expoifé} to air), the predom nant
chenm cal reaction taking place in the surface of the
f ug@ereSU| dndaWosre QH@éﬂeﬁdérﬁlyb&ldcﬁéﬂe@othh@ @n@lstm of -COyH,

| Si xN lid @] | t
R G St R%ésé’ﬂ'gR%,eZ@am—h p?%éﬁaég CONRY,

S ﬁ'\grog&e%taﬁ%gg léh{i %8{{81%21 stugﬁltﬁ#éﬁfqag(?%sSygﬂ%ﬁre}nsthe substituents

(0] n
av atel iaddpend @ntlyrdelecmdsiran |t1d£@1ro¢11d wohsls:tmg ofterdedyy, tB6,H, -CO.R!,

amount , of _ oxygen r@le sed,fr gre 2
Ok (L eSO hERRz o, phbufitn LNTRe CONRY, -OR,
?Evsef(m@zrtﬂvagsé(ljﬁz %%Ma@bggg Efnllaat t he qLartz (or fused

silicd) Uused to containt asma i s "passivated"
i.e. |t is rendered chemni cal I y inert so hat oxy g ) )
spé’cxsessleated froon the g@mptcedswtmgmﬂh}@mg@arh 620, e@P:2R", -COR’,

oo k0 PEERR o v ORI sChiRT R B8RS -uCR,

pasgq;gR@laga -oeSR@d may be used as part of the
processes described in the first aspect and in the

enmbodi nents thereof. It has been found that the anou
of VRiegRn iy evlecieddiom dhe erRupt spBEisERG A éﬁﬂﬂrlg?nqilycﬂ@&@@éed Ci-Cis

Con%?? Cog)ﬁlglﬁlﬁ %Lﬁ’sgglgédp %%@ %lﬁéllﬁg' C?tho‘?lﬁ E s'tlgltéd ﬁllgl optionally

passhstiatiat h‘metdiaryl riptiohally batséthtsl lcﬁldnoeyclﬂlh eptionally substituted

PSP RHSSRE TRl Sl 010 b Rt
pf %ﬁﬁ&?all&%b&tﬁhﬁdoalﬁaﬁyl Qypﬁone@lygsubl’ﬁltuﬂedlalkglhgtercﬂa Sﬁ and polymer
4 zﬁamsﬂ, %her@n?ﬂ;xe Spbmtuents e gpdq;@nd‘?nﬂyb rsgleqtgg! sfromt ‘the group

oRpritng: o RIS IRP o S COIOR U oRED KTt formst

ex @H{%’Waﬂ)o‘hZI , adalbdXy, tsQlf@mByéi‘Ji@gaﬁl@o%EadSﬂ B/ 1¢dyaciBonydnitocyanato,
provided the systemis not |eft le for |.ong peri ods

bec¥anen silyl, mhajpownmire, inghlidings selisaend rdeiyativesnihereof.  Preferred
| nt.a fé/ﬁ‘r} Elal%g M&L&Q‘ lgu%da\ ?Lﬁb%p?ﬁm%fd tfo' 'pBinﬁ&Mn'a oxide, polyarylene

t her since
ether and polyalkylene ether.
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reinforced by the use of a nitrogen plasnma during each
filmgrowh. If the apparatus for sone reason has to
wheoob@estiei dl e for a period of weeks between fiP@T/AU2005/001512
growt hs, a short nitrogen plasma re-passivation period
(of perhaps 1 to 3 hours, dependi ng upon residual
inpurities in the vacuum systen) w |l be necessary to
agai n |l ower the oxygen release fromthe tube wall. If,
however, the tube is exposett to air at any stage, or
in the event that the plasma contains ammoni a or ot her
hydr ogen rel ated speci es (hydrogen based plasnmas w ||
Exargples e of ubmnener nipcludhj cbutwi 4t metolimitele tpassialedd ednhydride,

e e SS ti roces | | aai take
Nl dhe e Bt R3S ol e e BT byl A omers,
acryl‘a&y 2nd Tllii@thﬁ@'y%,@@ st '&'Fylﬂf %ﬁ@sﬁleﬂiﬁb’ryh@k&l@ #8rene; %crylamlde

1.3, 1.5, 1.6, 1.7, 1.
metl@cry,’ganzjge amdsnethacxﬂom@rﬂe;]ngurea ogthe$ mgnorgersgandﬁmmuregof these

monéllglgﬁ%&y}?f @ygaléﬁo%lg S i s 0 aegsg%'llﬁeed'sﬁltﬁg gﬁlvlm?ﬁ dAe pe%eﬁ@%é] the choice of

com&ivnhdre israeterraingd ibly their Qﬁriceaiﬁldeltachﬁim(epmttfeg tDhet Mtors which
resi dual water _vapour in the growmh system causes

detersnipgy capelyaigeeabdlify ot waﬁ@uiaa@élpmsfweaf woquaf}ﬁé'#ed in fhe art. For
LE.i e
cxnf 5 L] O 07 LYALRN 1 gBlou S B (RIS, A nmers,
E.H Bény ®&/ileyt Ndverlstlé&@pH/SBeft for a long period, for
exanpl e nore than 2 weeks, the tinme required for

Speqrié J aSSilV g%lﬁ%tilygymc }9 {]lﬁslé Lﬁ%ﬁ%& 8}/%”81%?81%1 ag %qeeigllio&zing'
met Ydfn@iﬁagﬁdeﬁé QitiyH emleBYBIY 16 tpﬁ’tﬁ)yﬂ nﬂl@fha&ﬂy[aft@(:@lloﬁsdnﬁ@s) butyl
tube will' be greater. Wth the higher anmount of

methae@ilam &all mamem),\ﬁapibmlhemles@tmcrylntes isebernyemethociyade. apgthacrylic
acidt E%nzg 8}Jettf1acryl %@C‘%?fé%f; {ﬁé{%&é?lg#ﬁ% n% )pél?%?eth}/lstyrene

metl@mamrywie tetiastl amgyge,npmpyl fevla@ @Urisdmes), )but}e&tl@ﬂ)d.te ee@ll isomers),
he tube surface during the tube njtridati oglﬁg

2-ettmplexsbAe R isphaspd mcAYatss 2P1YEC APKG, iFnaYlsast e grlate,
acryfpc))lg{gf;lle hgséﬁ'g?? st oﬁlé%&&h’[ééa Wlat(a?va%ﬁ tdhel g';»%lected from

’a’ nitrogen gas romthe system
glycmlgh rmetgacry]ad: ehh;aahedyettl‘ny}it meltimctyiaik,g thydrocty wap gk mezthmylate (all

1somle nhy@\é\%(sy@rg?yi@?ﬁp 1&?@3 ('tllﬂ 1§0H5:rq,) hw%%a\m%glﬁgﬁuﬁgethy\f methacrylate,

C t
N N%&Hﬂgﬁl%%etlﬁg rr%'?ﬁ&rﬁ@%%‘éé\%/ 8(5 Olclﬂ\;ﬁw)t}twﬁ?y%!ﬂe $tacdr@¢ anhydride,

itacomirs Slmdatglmdxlbeqrybltﬁovﬁﬂlh@uoxyﬁbyloaw@rbﬁ: | eydepxypaory]l acrylate (all

oGt BT S el AR e, v

diet433RIAbetHPPOS| hérgMtet aﬁﬁét‘hyleﬂ‘@%}?&cﬂ 1004¥6y1atEhe methacrylam1de
apparatus in accor dance with e invention allows the

N-mHhE@v{ylmtdﬁod Hwadim@thgla@molmd@ bNigsthuiybpethpaylgmidg. h N-n-
butyﬁnet fafifad || ){lﬁl‘?ﬁ%ttha%k [decalﬁ-e@ﬁ’q@ﬁ&hacrylamlde N-tert-

con AAL1 0N e quar Si |
butymfytlﬂhfdﬁﬁhlt-n-bu@hcryﬂnﬁld@[ Nclﬁsﬁyhﬂzwyldmr@, Noeethjlelacrylamide, vinyl

bengfa 410641 FOMEE ISy e ST A PR RCO MR FB ! benzoic
acid fcht ﬁb?l%&z‘ «fthWIain‘fﬁb ﬁ’e[]ﬁejétg@sttyﬂeﬂ@(afll'hikéﬁ&@ﬂ pBAnP6SRN&kulfonic

si gni omer enper dt ur es e process
acidac pomﬂylbglzbme t lselfmmw e rsbdmm haslt,t herinfiethoxysilylathpyht aggthacrylate,

t hat |tr en can d as a rce r at her, t han
tret}%‘%]‘y i ch n@ﬁ & hydr &ﬂg Eﬁ? dtion mMethacrylate,

d1m&ﬁé>@n{biﬁyl§lgflﬁfoﬁﬁl‘ t 'ﬁ?etl@ewﬁ%lﬂe,a Qﬁé’ch&@n@éﬂ@ﬁﬁ%dpropyl methacrylate,
dibutoxymethylsilylpropyl methacrylate, diisopropoxymethylsilylpropyl methacrylate,
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Lower tenperature growh of good quality GaN wi | |

| oner the cost of GaN LED based room i ghting. The
w@e@smsitiei nvention is therefore a significant BCEAU2005/001512

towards using the RPECVD net hod for produci ng GaN

films, whilst still achieving the sanme quality of film

as is achi evabl e by the MOCVD met hod. It shoul d be

noted that the terns "conducting" and "transferring"

in the context of noving t1& acti ve neutral ni trogen

species fromthe nitrogen plasma to the growth chanber

are understood to have the sane neani ng. Heater

dimefppasipiipoppc methdtrytpte,oliethsxepsdpiphorys pethacoflatehdibutoxysilylpropyl

i nventiop, there is |de a resis
et s g PRROBUS RO Pt BIEE:  LTBEBe RV Py sorvlste
trietﬁ&?ﬁ[ylﬁ’ébfrla%rylﬁt@e BiBERx lyﬂﬁoﬁﬁ&ﬁyﬁfe O @ABynTdtidsidlpropyl
erial selected fromt roup consi sting of

acrylcatmp r@s@e@yrpethylSdullpmpgl ni qcr @tg, ordibwexnaksh, ﬁllﬂmqpﬁl acrylate

i e B TUHRBAT e S  AB5e RO 2 e

diettRR§E1yQropyl a@c&?ﬁteﬁt |cﬁbhtbi\}fsﬁglptdﬂ3’1 angrysepr GHSMOmysﬂylpropyl
el ectrically conductive menper that,k has a resistan

acrylgte, ¥inybdacelyfenhvinsl bwyigion ainyl benroate, Yiwh chlogde, rvamyl ﬂuorlde vinyl
brorrﬁaeS Sﬁgle}c {lﬂi@gﬁdé hR. Jh% A &nﬁ\Fguth$Eﬁﬁlﬁe L& Bﬁlﬁ;&ldone

rse car naterla
-Vlﬁjflsa)fbam rbuseelicmey ahylamt ardychieroprese.t Thishiat ismay extraoktivde
other materials such as boron oxide or titanium

o GISREIS 82 omSatisoh RS EL S, EES5S LR S SR M.

one blS rrfo?e %ylé@l%ﬂ?tdh@éjcuﬁ%ed RehsdéRhre éi*aﬁl‘?nieﬁecme:ﬁl@h Rthat when
heating elenment is |ocated on the surface, in a

they gxobmmmp oyl Bt oy érethetuis fsubsiantiahi dekobeble in thgecontinuous liquid
has surface or in a passage underneath the surface. Wil st
Pha5%Fhe resistance heater according to the invention may
be operated at |ower tenperatures ranging from any
ThodeesRiBédRin rtRe apowsl]l apbteeiite tlawmesminwre thatt aresselected to form the
particul arly sujtabl e fo use . under the, a resswe

encaaml@tma P@Y@@h mﬂé isARgl yaxl YEnge, its ért%?PﬁllFlé erga%rﬁtua% (Tg). The
nTgit *ﬂsoae ese g(g] Zﬁot ﬁ&%%&%@ﬁ%@mm gﬁl;aymgpr(or the

use i n appl 1 cations where
amot@npsare&tmrsdniasparﬁqlw ceydtalline golyemd¢ry changgs hwno peelatieely thard and

N TN Ene e T .
can %@Eﬁ%ﬁ@ﬂ/ ¥e tdiRimEROHAt thé ARbnded @Pﬁéﬁtloﬁ%ﬁ)@e RAgRerl@iRapsulated

base may conveniently be shaped from conpressed
partipalptei ehaseriadf biorromxample dveormmqs uiehiaien polymedsednip cfprm  the

be sintered to r
encafiitediie BUBE! Frkb? IEeTEE KEHVIR <2l i EobfiRRrGRRb R bspersion
of theipolyngte, enbziiﬁuhwdq:fartﬁmﬂa&b dﬁttdﬁay (d36n 8 §ake feehulativm) to coalesce and
hexagonal boron nitride, cubic boron nitride, wirzite

fornppfid nitride and rhonbohedral boron nitride. Boron
nitride tends to becone red hot at an operating

Tg vaRIEP R £ HRteif BRMalhBRAL ah@ 1RO Wiattth38G copolymer are calculated

in accordance with the Fox equation (1/Tg = Wy/Tgw)). 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
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The base is preferably shaped froma machi nabl e,
conpressed and sintered particul ate boron or al um ni um
wopdosiosmemat eri al . To be machi nabl e in the cone@wrAU05/001512
conventional netal cutting techni ques and stee
wor kshop tools, the material needs to have appropriate
mechani cal strength, lubricating, elasticity, nodulus,
har dness and ot her propertlif In practice, nachinable
ceram cs, such as machinabl® forns of boron nitride,
tend to be very soft to machining tools, conpared to
netals, as they break into powder under the machine
overallTgiofg0¥dges. Pyrolytic boron nitride is extrenely
hard and brittle and does not easilybreak into a

0 r..f t,hat t th di anond t .
Thodt I n e b Tt SempOlF ot shfetibeinB g ot i Bsulating
polyﬁfe?&ﬁt‘h@h@ r@pruﬁ@@gﬁﬂ ﬂ{e iaesnaed applichtien 6f1thB|‘1®olyrﬁer encapsulated

readi | i nabl e, hence a base having a conpl ex can

Pmﬂ9@3®d§ﬂ$@ﬂed froma hot pressed billet. Providing
oxi dation of the surface can be prevented, h-BN is not
e . t t d
Whe e%l%eegﬂg%ﬁegﬁﬁ%ﬂgﬂfe@?tse@ngdeﬁ os%ﬁ?%??ré ?%g%fedaﬁ accordance
withaths dnixasioa dré gb bai wedcihr ¢omtdet evdttd solmerss e nzgi’uhh thd ghcapsulating

vol une . res i Vi nd good chem nert ne,
DOy S D3P shLs 1 B TG CHOREGONL TarBl e waiey; by desizable t
1ntro‘€lﬁ€€3§rde§fé@ i &Bss@iﬂi@in% RRY 8RR Pk el“heaér@ss@ﬁk@@ bgf\“&er structure
Table 1 Property h C-BN Density (g.cm

may beletivedybPannkngvg) means, but itjis prefaaide (it gtgl@ c;lpat/gi;t)hrough the use

of Hg%ﬁﬂ}sgé({@fm ali%%%altﬁka.?%l rsx}og%»gldégﬁor ;T]%é%gu%klﬁe(f f1r1 the- art will
appréci®@ thatlcfospli@d pdiyier btrlictures nikythe derived TH¥efber of ways through

Conductivity (WmK) 20 (11 to press dir) 27 (1 to
the ppesd BelymeDpes ctiylqricatlye sRubwAlCS: MORYEIS( k\Fafpeyampls, multi-
ethy%ﬁcéﬁ 3{51?%%&% #gﬁénﬁslbs“]/vcal;{g%’%% S‘a' (?IIOES\HI]H(XCI %8%&'@1’11%6 through
polymﬁiéaiﬁinﬁcbﬂaz laspiy tui;]sahﬁdttéﬁtlﬁﬁdﬁprlt@ ptoviidead ciosditikatlarthis case, the

Note: The data in is t e for BNweretken o]
crosglinkgd SHHEREIS @awa pd %ecf Apzing QOQ{WI@HW and Brpidsflofough a
freeg&f&ﬂ RO cREPEES S R OPerties are anisotropic i.e, they

% in directions relative to the pressing
direction. For this reason, sonme values are in

Altepnativeliyc dhéicgorstinkeda polyiss estruspue tway i be detived tfrasmeethylenically

unsairaed tr%n(t)r?lgrs which also contain a reactive functional group that is not

susceptible to taking part in free radical reactions (i.e. "functionalised" unsaturated
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
mechanisms to provide crosslinks. Formation of such crosslinks will generally occur

during polymerisation of the monomers.

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

the functional groups will not react with each other but instead provide sites which can
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Pyrolytic boron nitride generally has very few
inpurities (<100 parts per mllion), whereas
wore@hiosabl e boron nitride usually contai ns nmuchCTIAUR®E/001512
| evel s of inpurities, eg inthe percentage range. As an
exanpl e, around 5%to -10% typically 6% by weight,
cal cium borate is used as a binder in one instance and
al most 1% to 10% typically, about 5% by weight, of
boric oxide is used in anct¥er instance (see for
I nst ance
http://ww. advcer am cs. com geac/ product s/ bn_shapes/).
subsekuenti tber icatted seith faocrosdhekimgsmemayo fernh ¢bs cpessknkshadt will be

yitic b ron i de r applicati.ons where | ar .
aoprdpfiih tbstopocninminnes st ol Be iR oBg R P Bh dperct vith
subs@ﬁﬁlalgr 911/ b@@& ﬁa@&orhg?}e meRSFRLeaBifd RPESA Y f‘(ﬁlf@f Fo‘i‘lﬂa‘uon of the

heat er during growh does 'not exceed about 1500C.

crossbinks wadeaiioase circhmstoacss vwitlygenerally haindreed afier pﬁé}d@ereﬁatlon of the
alumniumnitride. Alumniumnitride has a higher

MOnIHES el  conduct i vi ty than boron nitride and is better
able to distribute the heat generated by the heating

A cogib@igtioh off fiebes mefiexabf figmbgrulérobdinked pdlymensttuoiure hrayde used.
'S specifically of interest for its very high thermal

The ge?rg)g? 'Qt\lél\é;-étﬁy} egll nghsr‘]al%%latg Stglo{xfga!gts'gpgéf gtll.ﬁcﬂpmhsed unsaturated

mon&hk{)h %nﬁeﬂedogoo% QdH esﬁvéayenﬁwanarc%ﬁéawyaﬂgo Sk @éf@frédﬂ@o herein

pressing with appropriate sintering aid
as "circbsshmiang pnhalenmaﬂy sn@usrameﬂ armop)ers atri"oresslindsing IabmmerS" By the
tr| has ver d t her mal linki
senofg RRREF I O PRt ARG RS dp R, of gorossinking

monSinBis!' & mbaht b dthyRnicalll naSiturateld Iﬁd)ﬁdi’rldi@ﬁog@l@ @hich a crosslink is or
dielectric properties and good corrosion resistance,

will pe deived. alicsotdingly.nd sphierthyleired nmsptarntech mopemsp aill typically
PE S r L

afforﬁ 9/ Selgﬁ(a&%ﬁ% aﬁcg }ggltsl’saﬁlgﬁ o ﬁgreésg %,] %ﬁ(ﬁﬁﬂ&l@%grlﬁqsé"tH}a?édemonomer

can @ﬁjwtn{e’ahs ahdugh wiiphira br&slirtkh am [ber ddristedceitiee aduring or after

nitride. Were filns are grown ym)lecg(lar beam
polygisrisatiop. (el b ﬁ@rﬁ%%tﬁé R Pt RH SRS fn&ns@%@ﬁt contain a
func{l&’fyﬁ r %&%E@}Bb& hseGame a&forcﬁlﬁg&\@tlg rtﬂé’"gﬂvenﬁ% Peok Sth@ %dfpose of

process, I's not di sadvant ageous t

func‘usmng]oas- pr essathkpgy tmomloimt e Hot rexdmplepracedichiacids slamld not be

their inmpurities do not h ticeable eff
constbed et PRSI HReanORr: VLES IF 3 WSO 0P GRaVI05oP At Aol which o
crosﬁﬁﬁt@{o@é:&‘&fv@ang to the invention. In the event that

heater according to the invention is to be used in
the MBE process, care should be taken to use only

Examplee of sigabip e livsuilenionly ensateated mongimsss theh mey b%sﬁlected to
prodeeI e ctroossﬁ’ﬁce% C&%{;ﬁs‘tfd&ﬁfre (ﬁ?cﬁeZ%w%}g lﬂﬁtedecl)ag:ﬂlgl%gé/ glycol

oW pressure i Dhs tsed rein ot - pres
dl(maﬂga@}tf)lﬁte‘,% erlyIa{et glosdl di(eneth)heriythes, %raeﬁny%d glymydlbxaeth)acrylate
e ing a sujtapl e powder
1,3-uylens alqugl apiyaradate; kgnfft%delpé%n@ﬁ t‘Hé‘E >aasz/.1%§%sl 4-butanediol

dl(n%\é\éhﬁébrilla% otplaﬁtg a%l? cdll Bf(ind éb‘iylﬁf%r bj g% RAMERN Hl%meth%acrylate

esée uct ural ransfor mati on and bond
pent&argoihmtolo n dhimevhamy]pw epen@peayth:stotra kigi(intthpasmylatet am;utaerythrltol

GBS Gl IR g e, 1.1
trls(w&%flﬁahﬁ%tﬁ’éﬁém yti gi(Refoseriatel | de. 111 tlhﬁs@‘f&%ky&@ﬂbl)ethane

base 1s made of machi nabl e hexagonal boron
trl(nm*th)acprarbite t he Lhértris(hydionpmethylpropans t hdi(bwtvagylagsc  1,1,1-

tris(lg?lé?)g}'ﬁ%%ﬁ@%rsg%%;Bri@get%%ﬁ% ?a?l%'tc Zlgurggnvﬁlallkl 1soc|yanurate

preferably from



10

15

20

25

about 30 WmK to about 50 Wm K.. A higher thermal
conductivity within the aforenentioned ranges is
wee@hesAabl e. I n the event that the base is madeCDAU2005/001512

machi nabl e cubic boron nitride, the therm
conductivity of the base, at 25C, in the a axis
direction, may be fromabout 50 Wm K to about 150
WmK, preferably around 100 Wm K, say about 105
Wm K.. A higher thermal cofductivity within the
aforenentioned range is preferable. In the event that
base i s made of machinable alumniumnitride, the

triallyh etrimelliteto n dliadtyil vphthalaife tdiglh ategphittalie 5divingly boezehe.o methylol

aneiothua, TNk 00 2G0T fcBlETSERRLY RELATED

methAtldte, rﬂetﬁa&ﬂ% arﬂﬁaﬁa@hncpﬁefﬁyrehhm Dheth) h&'{yﬁn{lﬂ@

af orementi oned range is preferable. The electrica
resistivity of the base is preferably very high, in
Examgplgeroft gui ethylenicallyo pnsaeried cleRmesSn Yhidhe CRatal agreactive

funcflgfTE s e R PR a@%ﬁﬁlﬁ%&ﬁﬁﬁﬁ%%*fé‘?ﬂgﬁ%ﬂng inglude, ut

are | @ast lﬁiiwadit 1W amtoddetckhethyl\/enhethmylahpr ogiycndylrl deetherylate,

N-migpgiiacsiamidee: BratetiaraiRokrae: ikeosivl Ayl bul-
caer?iﬂH{d@ ] %ﬁjetﬁ’%rﬁ%gp ﬂcngclﬂ’ r ;yb@%ﬁ&&ﬁ@x#ﬁ?@trﬁ%op&woxys1lane,

un1nu nitride or si con ca e part
2-isquyessetiyd nethadcrydae ahd diacétGraadrolaatideut 100GPa,
preferably about 7.7GPa, and at a terrper ature of from
abput 1300C to about. 1700C, ref y
ExeRRG0Cot SouB: PRBOGE, eHiSFa TS et SR CaOa dhat, grovide
compRURBtabN GeR@fvel BliREoAA gfdﬂb?rmé‘lﬁge forﬁét %I%Féﬂcfﬂarﬁﬂ%r hed  itself,
upon cooling to anbi ent conditions. IS Wa

(isobutatiywmiedlpd)acrydarbidde am’l ngelf; i weﬂmcmlmMomtyu&m@rdwwéehme and

. oget her ress oron n tr| is chlnab
tsel} o S 0 OENb TPe BRFCEA T St o Y PR, SelTie. o,  Dutyl-

carb&?iﬁrﬁf&'o@t%zl hBtheERBid ARPderfRY &'Iﬁ C Engi neeri ng, et C.
Groove The base nmay have a groove formed in its upper

surface and the heating el enent nay be | ocat ed
Examplep of puitablrecrgssbioliagagynts hatrgamnreseidwith the readivgdpeetional groups
r T
of oY 51 AGE S MR S AR5 08, pTROARERD) B, b
are 1@t dpvieedrtayarbitie$ olioledt Heyxameholont divpriharammbsigemethybamine, ethyl
sui tabl e nmoul d or press used for shaping the base such

amings Jgffraniaes™ ang digthyl @eﬁﬁﬁmmeewé%nmheﬁrl@r 1yfplprapane frés(2-methyl-
T

and tfhectiopplésed &Msﬁtaeeeed tnlmohead Itmag pebﬁde rcbmma;némaryhapmdze groups

. .so asto forma, spiral, a helix, a |oop a
inclydsc hexgiedylepes 3@5@1@6 c?rndaﬁ‘iFtQﬁcﬁ*@P‘Y‘*éhﬂpglefh?ﬁfyﬁﬁltga amines such as

hexaglgégl)é}?gﬂee %a&xﬂ{ eefr{%ﬁ‘c‘s{% fllnpﬁ?l Sefn{liﬂgs fe?ﬁ it gmtutf@;h Jeffamines™ and

rate on \NhIC 0 be rovvn groove

dlet}[};ﬂéheh avgnihé earﬁlagtgfciﬁyapﬁeth&ry]a& heelumihg: ehé rﬂE}rdrO)qfetlﬁll acrylate,
ve. In one odlge t he groove is shaped . so ..
trlm@faﬂoazfama@ebdﬂﬁ%neﬁhv Aidinge APTOPIBAEnERY GFiRe ackd,  adipic

blshg&}gﬁﬂe?hﬂﬁﬁ&é?oﬁé‘a&ﬂﬁ mi@se. |n another enbodi ment, the

roove are | ocated near the peri meter of
t he upper surface In still another enbodi ment of the
Genenal/ én¢lingques t hged in performing conventional emulsion, mini-emulsion and

suspension polymerisations can advantageously be employed in performing the method of
the invention. However, when selecting suitable reagents for employing such techniques it

should be appreciated that the method of the invention is in effect an interfacial
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ends of the groove are |ocated at opposite extremties
of the upper surface. The |l ength of the groove may be
W@ ei0e0sa6l so as to provide a path | ength suffiPBPCBEAU2M06/001512
acconmmodat e a heating el enent having a required
resi stance. The |length may vary according to the size
of the heater, the resistivity of the material from
whi ch the heat i ng element is made, the current that is
to be passed through theIﬁﬁﬁTng el enent at operating
tenperature, the required operating tenperature and
ot her considerations. Using a flexible carbon fibre as
polymehgdiph pgoese irewhichamlyher adeantdgiethe satfacchef partiovete material

J be rved or shape i oned above, in order
that gg%@@“ﬁ%ir?‘? b %O%gPBWa]i%nEB%V& or be | ocated
opposite an area on the underside of the substrate
The hit@od"as tHeCinbentivaah ey b@ﬁgﬁh@&i WHHE NsentifopBATNA drScontinuous
bei ng grown on a top surface thereof. The |ength of
modeshe \gh@@v@e n@o}ltla@@m lifwig| phaseropnisisr cssenfiglly qfi ghe one or more
ethylgﬁfrg?@% u%?f%iﬁ] ﬂgxgggl%rsg&gp%/ g gg%é?ﬁ%cg {og%)'ggﬁg% Eglggé?, the method
is pfef&ﬂﬂji @Ipéhatéfdeﬁh bdtelc maglep ané W‘I‘RYe &fecmﬁmdalhsehmiﬁqﬂtabmgoes not

el enent, and the heating ele ts . may be the sanme or
consist repegnaially iof ther ARe OF MRE Fthgfie&wﬂr/. prsairtgd Hagomele that are
t -
poly IR 8 trm IR ARLS R S BER R FrefTEdbl BpaRats L afi-bohtinuous or
continpeusahedesi ndependent |y of one anot her. The groove nmay
be deep enough to accommopdate the entire thickness of
ement or,. al ternati vel it may b
SembRSRGALE Aith PTREUE Frdeh L SRR e A pREerafimhof polymer
architidire rte%&h@nwnh cohi@olne@dr i thg polyieR ol Y ypeeitypr Aaeoramg to these
carbon fibre or a bundle of carbon fibres. As
modey & opaetion, mopomey MRy badddest sxiduplboer darwiass. thereby enabling
d1ffe§én|lt| &8{1‘%&8% %rﬂie oﬂ%% f'&&ﬁ?vege ‘b@blln?roﬁ’ﬁc]%ﬁe{hﬁﬂr?gs RHEBuRE of the
expansi on coetficient ttle
polyahefigdtivat feadtionst Abltbe Gdﬂl&il’lcﬁﬁlenipbbﬂier disssioh dmgeasses, the eesulting

life, eas instal] |l ati on and nmi ance Si.licon
polyat biTiE AR eF SRS TARY POk b6 ORIy SiAvHisesdy Pais case

furthef FRPPQ Entm\%cbteoal?ob BledlB08E feYRidn® lg&t}i th® mdtoahe r1gsorder to

tenperat res hin af orenenti oned range, such
repldnéshibe aurfice of thengitide fzvnthrst@ﬂtsmg 180@Ges.0 about 1600C,
parti cularly fortenperatures between about 1000C and

,ebo BOOC" .0r_bet ab t 1200 nd.apout. 150
 "SHBGOORIPURE dF msap el e dnpiod A7 e u%ﬁﬁ&%%ﬁevwse 31 Hisgpmer is
addear@facﬁfanfy Q€1 ggdd |t1@r6li§ﬁmﬁﬂ¥a popmaiatiber Bal centiiabuyes nteant that
ceram c material inpregnated with graphite or carbon
the mathodds wstfarmed ime leenttypry reacioramicrebphall gataeats ge continuously
e, of r
o0 EEMO AR R AL IR o REROD R EAERRE Bhy & dtfinuously
rema@efl! fremt thenreastidnosystan. dPreferalsly) t}&:drrredﬁidsisi pérformied inhe semi-
heating el ement. The heating el enent may be packed
COHWWPE}S’PHéegr oove wWith particulate boron nitride, which
may be in the formof a paste, In a preferred
A prefipRdiH&RSd 8f ca{rﬂfing BM@QEérﬂpeoﬁlﬂﬁoﬁ'ﬁﬁB&@ of pblgARMALation comprises
conpri ses carbor tfibre nmade from polyacrylonitrile. It
addihgs sedestedt pmqulmamawnabmmm lagenivigi 4 abitable &pbfmvous liquid
fi.ore used for ildin

phase in a * redction vesselbyo prov1c% fn% a stable dispersion of the particulate material
throughout the continuous liquid phase. A thermal initiator may also be added, along with
any other reagents if required, for example buffers to regulate pH. Typically, all reagents

used are essentially free from dissolved oxygen and the reaction solution is purged with an
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aeroplanes is particularly suitable. The heating
el ement may conprise a plurality of strands or fibres
w@booeasteon whi ch may be braided to form a ropeP¢T/kB2005/001512
conposite. The heating el ement nmay conprise up to
about 12000 i ndividual strands of carbon fibre. The
carbon fibre nmay be encapsul ated in a suitable capsule
that can withstand the operating tenperature of the
heater and the harsh operat“ﬂlg condi tions of the
growt h chanber. A Torayca(tn) carbon fibre designated
T300- 1000, supplied by Toray Carbon Fi bres Anerica,
inertl ges, fhiwh beaiirégenndcriop teoiditiatelgl theTlpelyneerisatiorn. i bflke rigpersion
have a coefficient of thernmal expansion. in e, axi )
tempgratiie s GHFTOORERiSHh s90k T geich Bgapes thegnalripdiseddemolti
scisdiort ORfohbef Hay Aherd RERIRY YRR QRN céh ArbededlBidlt tHéKeontrol
has been found to be | ow endugh to ensure that the
of thedRABH agetir dhd additiontofweomomer ehihis sthge mapy by saiwieined at a rate to

.S subj.ected to,the operating tenperatures in an .
Vol e BRSSP P O A e og P g g rate until
sufficRyit RIOn6RbChHsHeesl pAFmRrikddngideOthe @bnfrbleofaRORAF TAgeMeBtrender it,
. that is required to be delivered by the heater. A )
if it tveasanot rabighd, sasecatially awppuabilecirens the syrasa of theopartietate gpaterial.

for. ' P i.S
Frdey i e St 3o B e Rarsr Vitn b, R bEMadd o Sgrenter rate
eithdrirohimeualiy @mid sta fexndail theldesirebddyoee 6f flgmemgatibawes advurred. For

electrical resistivity of fromabhout 0.1 to about 10 X
example, 30¢ cROLYPErIFRioN Ry fR5u faniEped 40 oPeifed Ok o bgpersion  of

. . eS,
poly e AR tele o bl O o' A 3Rkt
provides a resistance of about 12 to 20Wover a . '
A sreoificeriample bEemgployimg tho meth@ df thenimventien i thie manegremight be in

about to 20 tt heat ndriven.with a 50,V o
e fifit SR e oult el WRETRRGAFTY nhhE o i dppdrophili
titan@ith @Mﬂi&&‘%\a{r’pi&llé’t@ mgktéridl Rodld venisgesdtinala Widfphilicoddnéfdous liquid

not for their potential use as heating elenents in . )
phasgesaiele ps Waler Using apdapoPTialedbhbT agento Unea forpingta Beble dispersion,

[ 0 .

hyaSpASHEEDupelobiol of S i ERHARLA Blmatl§RIEARy be inwoduced
to tlghdispertien its tibas pofynsardiahe kudfacesoft thattitamymbdiokidp grattindds. The

for their_use_in conventional appl.icatiaons,include
polypesmayse e o ﬁ%@ﬂg §Pca@éﬁ§ﬁett5? U 4P pagticles and further
contifRiel atE'a‘fR)lrd R B&%fﬁdb&fg a deSiPd SR InBenE "MIH0RERALA latex would

attack and conpatibility wth other materials. It has
theréforen chbmprise tanagqueches aigpersper bif golpner gacepsalbted ti@nivim dioxide

conflict with their use as heat i ng el nt. i.n the .
part S it AR REEoHES Tra e O e aRB AT sy an opacified
bindepy be in the formof a cable made up of nmany

filanments, so as to give it enough strength when

handl i ng, wrapping_ around corners in the groove of the
Whesedhe comiimuees Bapinhase used i8aggordanoeritly thsompethpe caf the invention

' | ectrical cti ] ti
confift Msehlif e 68, of RAETULRTN, EAMARE, hiokdR that are
polypiegised ab|fyrnprike pohyinter] theawettodf wil ityygcallyi be pesfborthédngs a batch
it and mounting it in the heater. Its thernal
Proceg ity exffef’?nﬁﬁ?eb?@n?lﬁ%?ﬁﬁ? ahalopelymegsaipg iogssy. Where such a

cont@oﬁ.\g @qgi.dgnha?% gsf g‘éﬁ'@géﬁ_ fn;b[ Rl 86tRMOAS liﬁ@ﬂu%hag? rQ% %ereinbefore

ectric conductivity nay ‘be _
descaibedit t1i00Bethid cmay oinalediett 1HB0BEenMAsC ) npniefm@isady yori wuspension

t he. region of ut 1700 cm The carbon fibre
vl e e e AP RAGTAPE Y ECRPURrt Py Bipdited to the
contitiRul NI Phse during the course of the polymerisation, and it is therefore
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have found that carbon fibres nade by Eurocarbon BV
and desi gnated T300 give good results. A variety of
whe@stztdecabl es are commercial ly avail abl e fr oPCT/AU2005/001512

Eur ocar bon BV (www. eur ocarbon.com ) . Light weight
(3KT300O) or nedi um wei ght (6KT300) brai ded carbon
fibres may be used. The braided carbon fibre may have
a dianeter (neasured at approximately 45C) of from
about 5nm to about 15nn1and4%ay have a wei ght of about
79/ mto about 20g/m The thickness at 50%V may vary
fromabout 0.31mmto about 0.48mm O her types of

prefarable ghatf sulffigent A F Treageiieisussed to stabilize the padicutatel afakarial in the

2: SUREACE POLYNER| SATI ON PROCESS AND POLYNER PRODUCT
COHt%P@%%?ﬁ%é@N?Y ‘é‘i"t?ggF O%B%E ORI O FRE“ B esent

invention relates to a nmethod of pol ynerising nonomer

Onetéi)g)fdh_rcm 8 ey fBhingt tHeh@efod Wil @6 Einpdntidar ini Bulkahede will t?'pically
material, to polynmer encapsul ated particul ate materia

involirecpddingpihe daeticylasomstarial ibe Rd Toagepbnand atberpial injtietgr to one or
i j naq| S

or 501 AL G850 o0, B M OSBRI ey o

addedddtéquiredl.o Mypically, ailisteagonts tidedwird Essthiallgf focecfrb@ dissolved oxygen

ot A G BRI BB v gt TR g
0 : : i

rls SRt B e P SARS AP a0 i i e

or nidae kthytenivdllp funsdteratedvieodnoers Deingsn¢ans rwedf kquoty trethose skilled in

t he sutface of particul at terials . can,affor.d..
the 45515 PRSI EPRPLITER D) fish P RPLI0 ERathe faielg undergoes
therM8@F iddiciPRdRMStIABRALI SRt GRRS- thdtQhe S¥RTRLEs 1IRFHYKBSe MBYis case
be 'deposited to coat and encapsul ate the particul ate
consigis eyseafiallyl of mphemeragepropagetipg moremen sadiesdtis igmediately formed.
be t r ot ; rtj. i fr .
e Bl B st 5 DRGSR BAAES 8 kM v

and efabld®e RART gathatebilising theparticleaid @i &mm@l over the polymerisation.
environnent, and/or to alter the surf

\ k ) ace
The pplymesiseionseongguss il sekstaatially alh obthe menqmerdias heasegpsymed to
ter i g ' [ : .
ther%og/l g%bevs&eﬁcé}ggaﬁg&%ﬁg g@é@lﬁné ?‘& @ﬂlgcfgnﬁlétlicgléaqg rlﬂéterlal substantially
unifoindy dispensed thetetipangh.cul ate materials nay be used to
provi de controlled rel ease products. 20 Alternatively,

pol ynmer encapsul at.ed .pi nt rticulate material . .
The (AogReh SIS TECONNERIE oo L HHLE AP QErEFT SUeRt f desired to
encap@ilite HzhMubleh@fons Fef dalSpfidles ivoiGN @Uﬁblfnﬁl&ﬂ alitkik! Y Using
of products conprising such polymer/particul ate ) )
convientiemdl ¢choigipso dhe asout of dispesandrequisedde stapdisk éha regpparticles in
ol r {s.d ited at. th -f ace of rLi.c e ..
e GATEL b SO0 4 o, LGSR ARSI B
polyhiRBleoer ¢ the eisperper did \Widheid hetable @igpdrbion|datiag patydndrRution of
i s encapsul ated_ in and di spersed throughqut a, bulk
the mengmer (Everibat the RAFhngant gseddn pecqydanst ayifhthg duiention ean act as
i ter | i.for '
o s SRS PPERLEHL 8 14 o LB ER! HoBRSHrocess
ultineatelgformh phe of dliet ercapafidingactymer, protilérhs psbyiated widsthe presence

l,aval ved dispersing the particulate materjgl into.a
of o el e Eohp P Mies DT R ERRBy e i
l'i quid nedium may be formed by dissolving the pol ynmer
Perfbimiflg 9183 Meihod iR thePafofentERti¥ndiEbilk MbdeNRDuRDbY f@ﬂi—tl)y adapted by one
e

Alternatively, the particulate materi al mc?ht
skillgd ptheseidsuich that the continuous liquid phase is dispersed in a further continuous
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nmononer which is then polynerised to formthe pol yner.
However, the ability to successfully apply such
woredohosiubogi es is often highly pol ynmer and/ or PCT/AU2005/001512

particul ate materi al dependent. Furthernore,

di spersing agents (i.e. agents wth surface activity

such as surfactants) often need to be used to

facilitate the dispersion of, the particulate nmateri al

in the coating nmedium The Use of conventiona

di spersing agents in this manner can be detrinental to

the final products in which the polyner/particul ate
liquidethasd b pa:cmp@@plywrapaeu@nqa haviog . th¢ rpapinuldte uagerial substantially

convention S|ng agents are prone to migrate
mnﬂgﬁﬁy 53%??@@ ffreby undesirably alter the wetting

characterlstlcs of the product. A further problem
Thos@SSk(iJl(L‘édairleﬂleV\zirt Rvilt apyepiatotat nuaeciousopeanéters wepdsivaried when

pol.ymer to coat _ and encapsul ate particulate paterials
perfqrmgw she medipd: ghiheainygntign; By githertqonenyqusy sermpeRnigpous or bulk

odver being able to reproducibly coat the particulate

naterlal with a relatively uniformlayer of polyner at

a variety of thicknesses. As an alternative to coating
Therpas 16 partisular timitptiesf ov toeble paimemdithe mntmupuﬁlqlad/ phasedhat may be

usedﬂp agqé)g@ ugtgvd&ftgez/ %%B.Ganal Y,lcfiéﬁe t%{l{,ltgg !?(é&]rcgfég %?Etégllcllsr%}lf 3 dispersed

in it Qlﬁﬂtthﬁtik Abes ARt fIvbdbly IVEURS formbiedh af HEIyRIes ah eiéesuBRES of the
general 'y unsuccessful. In particular, processes

partiewlpleayateiielc Sy eenvenisate, ficeslinupys Sanidmbasaiag capisessentially of
t echni_gues e:.s f
the %lgzr £r piote. e tfl%ﬁé‘lg g ity Séaerﬁ%ﬁgglﬁglF m ?rg th%t is g&&fﬂ%ﬁse‘a to form the
polyﬁl@ﬂtWﬂl | ladpdigafberd bb areteredt emdancy 'T@lcﬁvﬂ'd wOﬁtlmldmpl BQuld phase.
or uneven, polyner at the surface of the |.es

Convemhéra CPRIFNURUE HAP PRase WiHER deepotnepnsigh RS lyoph e one or
dRRaR! %y?rfe {P&fmOthe pol ill

morpar? %glrjclag él Ut e?e:d Hfl&%rg‘%gx eearrléﬁj ort rié%a OIe-llowev p poryimet wi

hereBuftbr betrbiedsd Haves zgénmr Bdabgvvedfcfcmltladoum liquié phase. hﬁla/vagntmuous

oo AR RO R R e

remains a need for a connerC|aIIy vi abl e nmet hod for

Suit#f® Pohirkatgive AdonfBliodsNliguid GiHak&! inkRide, BaNBRY nétt hinh@d to, water,
surface of particul ate material s. Such a net hodwil |

toluqneeﬂémtatswltbe@dr@b@rswe &npwaj ationalli s e almagig| g pptionally
nge of polyners and particle

Subs?% ﬁg)héﬁc 81%@5%?%&{&%my of the Invention The present

i nvention provides a method of pol ynerising nononer to
Suitdtd¢ Mawinere thatmihbe sused do qarofndmgr t i readtive ecomtineguisaliquid phase
. .said nethod_ cqmrisin pr ov IS sion of said
inclysigy DhCa 06 LR tpafhe Thrego Bt 383&?%1%@&%%65 monomers.
Exaﬁ?leg dtiet 1@%1?&291} ﬁ&gﬁrrétédl %rﬁn@ﬁ’: thaf95iBht BS c@ns1dered by a person

or "sald particulate materral, and said
skilled int ﬂnmmjs Hei ydiaphilveineludetmt i wy lioritedd, atr:mylec a01d methacrylic
eni cally unsaturate nomer
acidg a%dr@ﬁﬁet ¥l nBiethagyy) ?enﬁ%cgoﬂprﬁw at 13?%‘?‘%31 l%lde and
metﬁh@%ﬂémfd@e IR tyRthy?f adiplath, RNEhe@@RIREyldRide hoF ebﬁnétWMmOahyl
pol'ymer at the surface of said particulate materia
methaqridaiseFeamplenel aliylesisally unseswiatedanonanerp thafiraigst he considered
by a Hérg Ig gkl?)‘%& ih %ﬁé %l’t t%ol!)e}/ g?%gﬁ'&%l@ q‘h‘g&g& :Hfug Yfe Bpfaiimited to, vinyl

acet;p:ta,rmet;hyl mb&laﬁﬁla@d‘ |n@dtl$y1|a6ryaats LR Rg) tal;ﬁulalmethplmyrmiel dlykacrylate,
repr.oduci bl e manner. The net hod enahl es

a di
but.‘/ér%tbacesﬂaﬁsc b macthasrylates bR At 2 Rk glegbacgoﬂate stearyl
metiERHAhEY cHi MEEF EnhE@YIa RAVT Mt BatdTBifland/] Smethacrylate, oleyl
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Provided that the particulate material can be
di spersed in the continuous |iquid phase, the
w@200bi0811les can be of any shape or size. ThroughCT/AB2005/001512
control afforded by the nmethod, polyner may be forned
at the surface of the particulate material in a
substantially even fashion and can be provi ded at
tail ored thicknesses. Such ntrol advantageously
enabl es the particulate material to be encapsul ated by
a desired thickness of polyner to provide for a
di spersion of polynmer encapsul ated particul ate
methapiydat¢,aicineled mctl}mrﬁlat%lvtré’ﬂ hatyratel vinylietritgateh vinyl stearate or
nerisation is allowed to continue and sufficient
VHWE%P%ﬁ%r mass i s formed, polyner which encapsul ates the
particul ate material nmay coal esce to provide for a
The mgmmf ﬂ!iﬁii|$1|$eﬁt&mi a}{dga%h@up?rmmﬁémeimtb eauloﬁ lthecbosnpeistied of the
substantija uni f or t her et hrou this case, it
polypgy theb st inamed welh syRERGs RS le P@raalﬂ ateﬁ%t%’églc dRgRgiealar, the method
provids elﬂédrfs‘l foY &gm%ﬁge e bor ¢ Becﬁ@hs@@l e r{u?r@ dn dtRtddRE locations
aspect the % sent i1'hvention provides polyner
throeghoapthe lpatyetrp Soch cultal evershepolxinetibattoni een bé @articoladyiseful in
or less in size aid icul ate .mat eri al i n . .
prepgiu OB e o R e e e S T SHeelF oA A 10 Pardodiy coating
com?&ﬁﬁ&ﬁgu&{a Fpad@kymer which has at |east in part been
ormed under” the control of a RAFT agent. The present
I nvention al so provides pol yner encapsul ated
Featprgs of thel inventieatverir reletp 4@ thegeqté@nmp@lwmé coippsitden that is formed
[ t
ot e O CRERRIL A B ARG R DU, RSkl EBipee o an

aque@ﬁﬂ di&b@ﬁl@hﬁ)f pbneachéapsiiated pi@harttipatticles thattasd suitabkl foy use as a
uni form y di spersed thraoug hou t he_encapsul ati ng

pignsfadnkipderdp PyaRboRe g@&@or&u @tr@sl AVRNEY Bt aspﬁ@e%f:r unglersiopd that
the é}le}équrgl%gﬁ’é o?&hl &5 GEILRE ing eg}ﬂ‘féd'lﬁ"@tﬂér' lickidr8/ such as in

scripti e mawn redeMm I'nents of
ﬁlleltshaadhesnves;tplrmwrmmd Serahmtsbm wlhiahgt palymer/partioedyteghaterial composite

i t erence he acconpanyi ng
fom’%ﬁé&ﬁ qnﬁgWh%éﬂe mﬁ{héf}rl%a ‘}SF strates pol yner
encapsulated Ti Q2 pignent prepared in accordance with

The t RBJIfRRYESH | M theFipBlmRE ordPekitdorl |Ihé§StHeata@h1@@éd”H§/f the selective
encapsul at ed pht hal ocyani ne bl ue pigment prepared

polysmeeisaitpaneke spacifie oh épqcr@héﬂ MOROMEKESt af Ple §xq0RRlEr hl,ghlyOhY(%wphoblc

| n C t

morpfed ST 92,0 BRRRRANA RGN PEEAUD 58786 o fheried o o

stag® datihg tiwemefhod b peovdis P)Ghigﬂyi hpdlrdphclmb auefaceategidnadf. thBypolymer.
functionin "a stabiliser” he RAFT agent serves

Intrqdycing el @M%o @rp(gympre%fg]gpqﬁtmnﬁpg S IRYHEh SHE ROl stain resistance
to a g&g{ ﬁ%@%@l‘? sﬁ)cfhl:i1 el 'f'ﬁl‘_Q #cd raﬁ@& Ht& W &g fdfﬁlli.lﬁftloﬁ.l Alt%fnatlvely,

I'i ser may prevent, or at
mormpnlammmonmnsalsmmwy]amldﬂg glnmghyl aminof ethyﬂemethacrylate or ureido

artlcul terial throu kno th S such
morglets, B S AADBIETSRe. POSHGH Aceblyy REOPDS UHHeR, fafion of the
polyif®®. aRithik tdsd QvHerfilel QRtiASOR 1RfAD bhassaE ,hyﬂﬂ)%hﬁ%':ﬂﬁe hydrophilic
agent conprlses a noi ety that can provide for

portroaqxf iag jiamwhipathic BAdoaasnt telbsased st ﬁmp@lmwats%may Also comprise
feature of rtain as of, t.he.i.nve

sucty fi3hh s G OO, oS R B Py R By eFack " Fhogrporation

of siéH YORF ns@dmenslat thehQureeBtdfahe Poljrhe EMpositi@néan Mygist in their

bei n
adhesion t% 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
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pol ynerised "under the control" of the RAFT agent is
meant that the nononers arepol ynerised via a
wRewen3ilbl e Addi ti on-Fragnentation chai n Tr ansPE&r/AU2005/001512
(RAFT) nechanismto form pol yner. RAFT pol ynmerisation
of ethylenically unsaturated nononers is described in
WO 98/01478, and in effect is a radical polynerisation
techni que that enabl es pon rs to be prepared having
a well defined nol ecul ar ‘ﬁ,ﬁl tecture and | ow
pol ydi spersity. The techm gue enpl oys a RAFT agent of
the general fornmula (1): (1) which has been proposed
surface of ﬂaqxolymetrtenablps tipagm@pm’@esr@@dbgﬁlor( Pmoferp gp be maximised due

to R GRUTERS (st T &t irbonn TR OBkl Fildly, sueh

specfﬂ&ucbﬂ éﬂ%ﬁhéddnm()ﬁam&@ rae po an&hsé’d atirelftively lowleatls, preferably at
Scherme 1. Proposed nmechani sm of RAFT

less ﬁ@nylr%w% #fithn tor@iem@mfrém qopiabsmorst PrefesatigAdess dhan V(t% of the
t C
ol e 45 RS AP ARk bkl 1 e pricn
matefi@zor ding to schenme 1 is believed to be reliant upon
equi libria that requi re high rate constants for the

e SO S P BESPSALAD ot cole L0 AT (1,200 KRS ot e
invehtRdrP415Y EnabRs ttﬁbemiéi‘ﬁﬁ coMpeLiabh of e g&'l}iiﬂ@f%iﬂlémat & Surface of the

rate constants associatéd with pol ynmerisation are
partlbldhieenadmlctoﬂe donfrpliesh cbldpmmslalc dreptampdsiticar ¢ff thy internal region

en stabilit C Iar|t fe
of g glFineh, @ ariel R oY ot By i imermal
regidOhndTRR 'o‘é@i isRé1].Ofln $Re Sinfplest KRR ARy Solgh@r camibe faftha@h svhereby a
of nononmers will introduce different factors_ and
specific yepeImney 1s moé‘yflmr@ﬁé@g Ofl@ stagp 6f Hgeprocgss jand phdifferent monomer is
r s v
poly*nréhgé’cf afaX l? er R%%E %3&3 %l&gaéd@}ﬂ}g?er ' h?g@ﬁ]@ & P&liculate
mate@ial ﬁialyﬂﬂ enfapsligdd ‘dﬁh Iarhatcll polyafer atith 4 agft Gitm folming exterior, or a
i nfl uence pol ymer Ll on fo a articul ar stemj.s .,
soft glgstomsTEe RNy ith o Pl ng Sk nBY1HE tyHsadird” and
" " t
iy R B eérgﬁr%ﬂ%vrégfofmy R
glassanasiEvs tbeipagtpel (g ris sedve naelr belog cca)mnrwmpefattae F{MT25°C)

agent. In accordance with t net hod of .the inve
respeRbivelye ryitable hged vﬁﬁ?mgrédnq@% BHatH 3Pt Wi e@.fo firehy mBicrylate,

t-buﬁgé%%ﬁ;,ﬂd th ﬁao‘i’ Eau%e' G &?&n@k@ﬁé@é sofﬁbﬁoﬁ&ﬂ(ﬁﬁ'ﬁcl{?&é Bt are not

at t ace' s nmeant that pO yner forrrB on
limited to,rested @ﬁaetyylcad;daweh s ¢thyle bufyhand2-ethiyt bextyl eerybstes.

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
mechanically comminuted to form a final powder coating composition. In use, such
thermofusable powder compositions are typically applied to a substrate by electrostatic
spray techniques and subsequently fused onto the substrate by baking at high temperatures.
Conventional thermofusable powder coatings are typically based on crosslinkable
thermofusable materials to provide for coatings which are hard and have high levels of

chemical resistance and good adhesion to metal substrates. However, a problem with
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the continuous |iquid phase) the outernost surface of
the particulate material. In other words, polyner
w0 or0a®3Abl t he i nterface between the parti cul atBCT/AU2005/001512

mat erial and the continuous |iquid phase such that it
can coat the particulate material. Polynmer wll
generally be forned so as to fully coat or encapsul ate
the particulate material. A?ﬁ used herein, the phrase
"particulate material" is itMended to enbrace any
material that is capable of being dispersed throughout
the continuous liquid phase, be it a solid, sem-solid

conventi¢nad1 LptrwdeBchtatiegqo&r that uhat q;laiim of | mgmbeh digpersion afforded by

xR eRo R R G B i BERE oI KB TR i eor Hihe lovels of
pignfe@tkion 4@ Ufdet théUhdav@ PesebcalBpAdityded that it can be
di spersed throughout the continuous Iiquid phase, the
partlculate mat eri al nmay take any shape or size,
The psfleodent the tnvpetlcrlh@r@wp%@eawtatprw@ P@lbfm&f baviag pigmens dispersed
subsﬁ%ﬁ?l’l‘f u&f{%{nﬂ? t@%@tﬁgcéu Z{HSegagtrlfgﬂfe gﬁg@%\%&@??@i}ﬁm% Suitable
for whefihi preparingothern dfagatley povoddr pmﬁti‘cqnqﬂoymnst f8ah compositions can

articul ate terjal hm/n a | ow,aspe rati The | .
comfephy e @it BUnad Yier RRLRiEh G Of BfaHoeRd size and

havePpighRhY nRAdrial Qills‘io%rse@ rsubﬁaﬂtf&ﬁyflﬁﬁﬁhﬁfy ﬁﬁré&%@&%&&ﬁy Hflowing
primary particlés. The nethod of thé invention ha
lowex mcmgwmsyo be BBﬁdf du peepREng éﬁeplapfusahlb aowﬂelaiaﬁléwmpesmons
e sur.face

using ght AP ot Tlenlh ihRER frBipHAE Fill gepepelly consist

esseiallyn6f BRY drieCtl Riofe @ﬂﬂ'yl%hio@lly unbatWakdd RRnaMBFsesidadhed continuous
t hat the gartlculate material per se shoul d be

liquidyplasantilalbeydispassedoin gosrsand comtinuensy ligeid pphageresi Barginbefore

descgggf 1 ?ﬁ} ?181%& soxlvﬂ pltcgl(fy F%‘E-Iie& Nch thgt th@ ?esu%tmg polymer is not

er af “Weret o contai n non
film efamimg et asonm mermpdratqw dIngmmLﬂzhet}feaﬁpmrﬁm gvﬂfrty\lmnxlty be selected

to plgSides Gty ER Wi b o % 'Ergéq%rlcpna'@gnyne%vﬁébg'w? 1947 temperature
(i.e. ABBHESES & eanﬁgﬁgig 1} BB tp!rsﬁ}ét Afof, TR ?ﬁﬁﬁéi‘ée?l polymer

ecrease, ree o fIC ei ng ab
encapapiaisd tparimlu}a’me matemazh nnaynber sd:paad;tbda fm’m theer llqﬂld tHyeknow techniques

(e i R e S 99 B iedb P sBesron Bt o
the invention advant ageously enabl es polyner to be

The frRéiBREkrs My BOREIEGE @6l PRRAAE Forvh tdagre8| GFt dre&sliBRME idtthe applied
the surface of both small and |arge particles alike

therpefusahly pomdeampintar Hpwpes. #r hasgheeagfauad thplethsgnofusable powder

palnfs’ 1?1%0%1’%%1'1@66 Vg@?ﬂ”ﬁ@%‘?"g"\lﬁ %‘he ﬁﬁﬁt?ééozﬁlslgg%)f%@? cfPJs g%?gaéi esion to

metetl fsubslgaltssuwlthm tieondeldrio Quesmbiequrogdlipkiag dn thy eﬁpﬂreéh:byﬂng Where
Iargest di mensj on_of t articulate materij al

crosﬂ kit rber Aot i e éﬁBPeq‘rg‘?f’émﬁr BOBPRBISIAY DY selipled which
vt FHE IR, DG TR e, AP Oty R e
fronad)thel’rmommnéraaho mrlicospzdyatnd evithin thapolymhers Sutlo moagrzers| \mll typically

even ess than, Q.2 1 Crons.
be olGieR shilc hah iy A et e STFAHPERCS Ed fabRi o dpemoniable powder
paintBEEF iBhadM¥éePQppRédTRs d BEdstbR, RUter@itiveROtthd irBActi®d functional
to, pignments in general I nor gani c material such as
monpineesrianrhedielssied dg orlyrmeacs wiithea suitablei corshinleing Agens addqdgteparately
di o IHE] ul fate, carbon bl ack,
to thgﬁélgﬁwgg%é)%%ﬂ% ]%O‘g&(er%g Og{?t glcyanl ne bl ue,
pht hal ocyani ne green, qU|nacr|done and
di bromanant hrone, nmagnetic materials such as g-iron
oxi de, waxes, bioactive agents such
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as pesticides, herbicides, fungicides and
phar maceutical s, water, and conbi nations thereof.
woe@besabl y, the particulate material is a sol PAI/AD25/001512
in solid format the tenperature which the nmethod of
the invention is perfornmed). It is generally preferred
that the particulate material that is to be
encapsul ated by polyner is substantially inert to the
reaction conditions under Wk th the RAFT
pol ymeri sation process is conducted. In further
descri bing the nature of, and the interaction betvveen,
The ientanmiap atsosel dpplied ipbiased maldapphieateins pfor sgainple in applications
whi al{éstfz Irb?qlll:l(g?nt&)gp tebfngl aﬁglqlllltc{c&)%gw S &?)%%\érﬁgé fen(gtﬁnétgzor:;a%opartlcﬂ%s Such
micBPAEBle§ cahNb® rdéﬁf/eﬁe&’ ﬁfr@Vdsgﬁaﬁy G8 Npérida Satibehl nfb dRAAS Erelated
and adi spersed liquid Ipartl culate nmaterial, the
ﬁmctlpng,n H@swppllcaymsaangw oradeagnastid ﬁlnetmnsysu@h a5 MiRd gpntrast agents

ariti.es t rend subs ci bl e.
and G2l R e B eRPUR0E dteRolobish TYACh ignédl arue
targéiﬁférd?ﬂrthfglef‘ed&%eﬂﬂﬁnﬁi IfT ths Wiehintdn® OF keindey.d ThBdEOlBEIncdLies rely
that they forma p (Eha5|c system In contrast, to
on cpitginiadeariageont mﬁ@aﬂﬁ@ meieastpqsaﬁéheamiyalea FeBBesiiganicroparticles.

ror S84, R ' SR, RS pes bo

optimived S0l getherats heatuivhte thahactophrtioiedsant exposed ke al highi flequency
Phgﬁf, and vice versa, generally being irrelevant to

maghgficfisld t he di spersion. Fromthe forgoing, those
skilled in the art will appreciate that the terns

In viekY&SH R Bélidate natid of RYEH PP LSlickEaE, MRMRED tap@yi¥RLa high level
i ntended to define absol ute qualltles of a particul ar

of centhd toypc thelfinal m;pmartnckg sbz:p md thedipatial grrapgement of the constituent

r abl r unf avou eract i

magh SO HEFRoicHs HERROGHEE Mol MEPPEher otk finery mppgont. In
partictier,t efemability dio0 nﬂﬂfd)ﬂnﬂy &islibutey &r aphokiodlimerfeactis®dof magnetic

herein as primary indicators to define characteristics
nanapgetielegsinio «éolé(mer a@@nlw highly desigabler iThe meshpd ff thg invention has

r

beer” gclrdsng ﬁtos Fvlglé [t]% g?%ﬁpH%%H%%oﬁgﬁsﬁe r?ﬁgeéj Ql)ﬁﬂpnﬁng magnetic
nanoﬂaytcblespimnﬂormly dlstcibhtddlﬂmrdsthmagh solubility in water of

at least 5 g/L at 250C, and a "hydrophobic" liquid to

have .a s | ubil. in . wate l.ess than_5 g/ 25C. .
The PRV RPRARGHRVIGH] P anethibof BRREE S ar e TEogihle POwder paint,
filler, %Hés%h%'ef: llqgi(gllﬁk ﬁlﬁn&o Bl AR! BE¥ti@pRALSIAN thth #éu@i@ product

i'n the art to be a reference to a solid which cou
compising gpreparing .aedispRysion o tpotyapes| encapsiadecopiiticpleteamaterial and/or a

ror " REARP e oG ERSEBEL BB B AL i e

inveh 86t dndncoiitshing the didpessior Bed/6NolgmerBrith 8hé Yk @idre Abtridulation
unsat urated nononers are polynerised to form pol yner
comgengnffe surface of the particulate material. The
nmononer may be present in the continuous |liquid phase
Tho§SsIQERMALE lel;l HaN e Fstandin uﬁ?olg %ﬁﬁﬁlﬁﬁ)‘n%h@og&ts that
the continuous Tiquid phase, o he cont 1 nuous [
maypbaseluday in tpasits, th@mmiﬁwabbsmdeir eplahg‘es dillerd etdhmmse toner, liquid

Where the contj nuo | iquid se does n t con
ink, é%rg’é‘ﬁf’l %ﬂa}ay S fdla(gqgs S gi tﬁo‘fr t 8{2‘199 éGnPI&’O upg§ Examples of such
fom*rma%tﬁﬁwo%{;%ﬂeﬁ{@ NITES buﬁ 58 neetiieddab, thhrkehd?y emtinRizaN®ents, UV

be conveniently used to prepare a dlsper3|on of

absqpldrsreastendens sy eadtive eehgpatss angl tiding ggent. qui d.  For

exanpl e, where the continuous |iquid phase conprises

water and the particulate material is titaniundi oxide,

the nmethod of the invention may be used to prepare an

aqueous di spersion of polynmer encapsul ated titani um

di oxi de particl es.
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The noiety of the RAFT agent that functions to
stabilise the particulate material in the continuous
wo p@eiosriphase can al so advant ageously functi onP€DAU2005/001512

stabilise a liquid dispersed pol ynmer encapsul at ed
particul ate material formed by the nethod of the
i nvention. Accordingly, no additional dispersant to
di sperse the polymer encapsul ated particul ate nmateri al
inthe liquid is required.” By being "encapsul ated" is
nmeant that the polynmer substantially surrounds the
entire particulate material. The pol yner may, however,

The Bwhitidr ﬁ!athdlegnomle@ﬁ ppiot,dbémpofisabls. pavedee peiohdillen| adbesive, toner,

referred. e lL.hent t.he inv

i s qsindy e BB PG P Eealid PR offlisine =

disp@bieA R poBinad epadpsulattdaiaetidiet @id/d@la pdlymet haihg pasididte material
met hod conpri sing: providing a dispersion of

dispgsagd thergthipeshreparediin qepordarenivithisdavantigni d phase,
sai d di spersion conprising a RAFT agent as a

Aquéhi k?ﬁs!r?'et%%ns of oﬁfg'}eg R%Efe‘s Gt 8 MRhGVAI in waREbAAS Products such
contl nuous ase conprising one or nore

as pahtoyddhnsiced, Ifi lf‘}]/lemnpxaﬂnemsahmdd findescame rssalamted Spc prodngets ialsg typically

sai d one_or re ethyl enical.l unsat rat ed .non r . .
comritgerhE (TR B COBPOR Y SHAFTS RUBRRAY, GXIegfRpB| fgrming aids
and &thert {RRME fﬁﬁ?reé%t i ferRAl QY !aﬁ’d £ B RA AmbihBRIBP T he use of

providing said di spersion of polyner encapsulated
pigmpatstin su¢taprodneis isrimgorthnt ret bikyin grovidiag Ehidingy povieto the product

ont i nugu ase ter net hod
but 1% t&?% i‘#lﬁgg‘é"gﬁfg 3ip§B‘éla§ a‘éq‘ne%?{/cf@?ur%ncapsul at ed
particul ate material. In accordance with this
Pigni¥néf Baveedraditidadlymdeén ihdvepgratetli muhvatetbarat irodcts by addmg the
encapsul ated by the pol ynmer nay be a primary part|
pigmsntsy agygioayed aqucRdt depersionel pevineE paidisise |aﬂé SR Bem with
| I
the aggﬁb\g?gé#)fhﬁ?ergﬁg gglﬁt%n zgrtgrainﬁg@él*l e}ﬂglﬂtgl:it? ealre)p’) g*rg ersTd with the aid of
dispéisingi apertst ilmealpamyartestam taferal athed ipsartied d atiBbases end dhen this

i S R e S € 0RO ol Ao, Th

disp&soRadgy 9&1)(11165“&1@1' 88BN UpBslist B HYIPAS empa}€ shear on the pigment
af orenenti oned pol ynmer encapsul ated particul ate

partigigs.er Thls disa@rsnos S0 cah cyoprRsines  be goblamstic decaise retngentional

articul mat er. .S, encap e
oque S RS T PR P iSH Beir00e Salel pgthsy legels of sheer
exerRAldBRE pidthéth @fsplsion, such novel pol ymer encapsul at ed
partlchate material is 70 microns or less, nore
preferably 40 m crons, or |ess, nost pref
In mang epplicabipny wherejsyely pag@lenmeprgﬂ%fés are yxd: @;ﬁﬁfmﬁﬂon of pigment
e
partAE R Bl oahar s A1 B8 b E by TP Pp R ety offec
propEriies tsheh aydieQandlmthloan)scﬂrbwb&m reses‘tmoen tlewt methanical properties,

orcif i ot RPY TR SRR BPE REGHUSHL B, scucin

avm@i g%ﬁirﬁéhtﬂr%ldﬁféﬁat% éﬂ']ﬁ 1B eMaR@d1eOMm Rth Hﬁlu@@'ﬂéﬁ% date been

and artlcula e material. By
dlfﬁplalt ta ashieat @smatcem\reatlow itepgneleerpsul ated in a
"substantially uniformand conti nuous coating" is
t t
It hag%g‘ar b %:H %u{g&ﬁﬁaetﬁa%%u £ aga%gﬁla{éﬁ aﬁ{ %?a‘?{]}na’ceﬁ] alé‘?avall g %tnlgast part of
the d;anisulalnmg ®OBmed @om&d&mﬁsﬁ theboﬁkdly)f bR Dhgdnd Icaspuesent a number
voi ds. To achi eve t hese H‘ﬁrtl es, the thi

|
of agYARtagsPYHBIOPSTHE -0 fiRE F?i@mP]ﬁe HAULYBEY srcap ﬁlf P&Ttlc\l,ﬁtq material
| the féh
can FRRFOFILY pRRc] SAPA ML pEAILINE dibiite %oﬁn;nzr O pigment
vary gradually around the perinmeter of the parti cuI at e
mat eri al .
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For exanple, the particulate material may not be
| ocated at the precise centre of a spherical polyner
W@ o@bism61 An assessnment of the uniformty and PCT/AU2005/001512

continuity of the coating can generally be nade
visual ly, for exanple by Transm ssion El ectron
M croscopy (TEM. The thickness of the polyner coating
whi ch encapsul ates the partjculate material is
preferably at |east 2 nanonheters, nore preferably at
| east 5 nanoneters, nost preferably at |east 10
nanoneters, still nore preferably at |east 20

— a hpigowetedrsindéfhe ire paint, nﬁ:llqjalatllilasildearprihﬁanj tonas liquid ek or sealant

formylgBIE , Pap Scie bF Particulits FarhEr di SPinEs " EHPEeds form has been

founaete%ﬁhﬂnyseb@f A& it Pradleth Quénbte e PRl fdrht®h in such
for the encapsul ated particles. \Were the contl nuous

produc@uuﬂy firadeg ebleshtspast eﬁﬁ@mncawsu;atmg pdhjem@menctcr thgeentrol of a

ratfh RenE The Brttiie ATl & IRD 8O EhGmo MBI R S SN aRG B wniform

and bbrtinwehe kyatf %r o plﬂ meﬂcﬂrYdmj'et%dl’mbﬁtafﬁlaalyowﬁfbrﬁuﬂ)l' tibughout the
t he di sperse partlcles to thereby forma pol yner nass

encapgRlatig RAEDHar ti cl es di spersed therethrough. By the
particles belng initially dispersed in essentially
ﬂ%ﬂ&ﬁ&f ' [ t
For sur g%gceo?ﬂ? he sper sed- ;t | cg alfxgg{r?artﬁg[rgfla mtd{ﬂﬁerem after be
refenet toad ad'pigniemtddrbinddri.oHowaver| i ist thitsamderstmdd dlmtt dyemigmbyt could

reacl B¥ bR P oY B o882l aBeRelae PRl cugn. 1 n

anot her preferred enbodlnent the invention provides a
The PREAInntiph SRASTORIFUAhOPrYTEEs & BdrhPEkitke édrﬁpﬁs@ﬁgi‘or consisting of
materi al di spersed therethrough, said nethod
discigtenpartigien @f notverdensgpeilaied partishigte swtesial, pajshpitiewlpigt @aterial
. ial . j ' .
belng%h%alrprsgatr?SQg %ﬁﬁgﬁﬁ‘fg&q l‘lﬁqéifghg%sg C%H Ious s%?bt‘ijnggbiszg SBI%I&%F which
has fd¢dst mlﬁaw&eMrﬁfeidamdeﬁhd caitad of AR Uagent.| | qui d phase
consi sting essentially of one or nore ethylenically

unsat ur at ed nononers; and pol yperi si ng .said one or
The RERSERGINGHIN (A7 IO isat GPRPEUITR FORBREb G/ RGP RRE of discrcte

partleféﬁ‘torf@olﬁﬁerséﬂc dpﬁﬂfé—d ﬁ&ﬁ@ﬁla@eomﬁféhm @Qich'ﬁ?ére@t pdrfiQes having the
surface of said particulate material, thereby

partlpulgw mmqlﬁosmtlmu wrgformdy phqurssvdl élnreugiamnhal encapsulating

sed therethr e sion."consistin
poly R FRAER (SR CtTLRRE s g L FSER $R JE30 o ohaer the
contFRNEMBIRAFP dpeai) tantl hatherbinathet discre@n d]bdrﬂbll@!u%tré isGbsthtially free of
phase may include additional ingredients, but only if
addltlmal disapispwiiar the pgitisulatamateidl. not materially alter the
basi ¢ and novel characteristics of t he net hod. By way
X n P C
By Qinf AR B Yoo DL ANATHP Mgl 1P PR BB rom the
foregaing that mlmeg:hdss tb elispamsanttutiody tham thatsweld clo magtbeladfasdedHy the RAFT
wei ght percent nononer, preferably at |east 95 wei ght
rﬁSer cent nononer. \Were the continuous |iquid phase
consi sts essentially of the one or nore ethylenically
By "d!b‘é&ftéi p@h@}ésmnﬁeaﬁ shatlpblyméf dRBapstaRkddopircilfe iRdtbRi A1 aiehin the
pol ynmerisation of the nononmer prior to it all being
comp@mtmr mey herﬂepalptﬂdyn@r individueh particlese Hewever.ait mall thscpppreciated
rovi.de a ersi f t
that B getr cgﬁfugt%rc&gltsgpceg ar ex?lﬂg%rgﬁeg% ﬁlﬁreﬁ%ncﬁ. &ﬁa&? Léy&)lfrger laas a low
Tg, HieepadticlEdmey ey h&éhdéﬁh} Yo stivkatousaah @thed Wmftheless, the particles

should still be discernible as discrete particles.
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As a variation on the nethod of the invention where
the continuous |iquid phase consists essentially of
w0 b@eosmenr nore et hylenically unsaturated nmonPOEAB2005001512
may be desirable to disperse this continuous |iquid
phase, which itself has the particulate materia
di spersed therethrough, in a further or second
continuous liquid phase to (%ovide what m ght best be
descri bed as a double enuls For exanple, the
particul ate material m ght be dispersedin a continuous
l'i qui d phase which consists essentially of hydrophobic
The mnnmmtnqn mhy be othe iformooba flovabld ppivdete a@bmtydonmw, bleln the form
i,n wat er thi,s context, the f

m
of JFERBIGn ol Bt TR dthiE T PpHAG SG OF (RS i Effnposition is

prefGM1§i SdpablesseBeing! didutdf WIBNAgRId) toTRinbe 8Rp&kidar &Uthe discrete
continuous relatrve to particulate material  di spersed

partigheardquecsudispersinas ehibisswpome suisehle &rare @dapignenied binder in for
y Nt I to
exalJ[qﬂg Wfalge %@& galgghf&g%g at%ﬂéélg g 81% %1128 glﬁi{?eaéla sBHhME
t her et hrough. By performnm ng the rret hod in this manner,
The bhlﬁpd‘mﬁlmfmf theynveeti@onpgreninpeide do comsistod pifinsqe maﬁiniesdrfaving a

particles which ad anta eousl conprise .
reatfghs e <5 s eSS e A Ape g Lo by ST §oigpichanay be
com%ﬂ@& Qi Q9bntiohiEwaie? 8ol tidtis RPANSpaRA! %hﬁtlllﬁt%d@éhth a high

e conveniently controlled through variation of
applidatipn eolidsi czmtemt tlihe q@nmoeutlsmd mayralsonbe used asqaupdlrrpmmmented

isin dis articulate material using
bmdf“regﬁi fqplﬁl??g S%Hldg‘he art. Preferably, the

second conti nuous phase is an aqueous phase. In the
Asa lﬁ»@mﬁdr}i" pigtikaic0BindeBlihkdo Benhianedd &kove, bihde WIAFE present in a
ent functions as a stabhiliser for the particul ate
glve erayylafion iy apragipaipt greater than|S0%d%e, Falativeite éhe ot Imase ghald binder
Sdaiign of the dispersed particulate materia
u“ﬂﬁhﬂ?ﬁggcontlnuous i quid phase which consists
essentially of nononer. The resulting polyner
In scane fopmulatibes) ippaay be::d@siﬂablertuhm ihalpignaent¢dieindérdnen pgount greater

gousl| ant| ree dition
thangE GG gy PR R G et Sy gt BiTpepbly greater than
abouRPBHE%I ﬁﬂ?ﬂm@’p&ﬁ@zﬁﬂ?’ §£<tHe| s@ﬁ: plgmteﬂted dirddet 181100 vﬁu%? aeRtive to
active stabiliser al so typically be required
the tptabgmaunt ofall binderused inithat forewtlativnal escence or
aggregation of the dispersed aforenentloned first

. . SO , i ) _

B e

in thd cefpodtibisnudulse linvguiioh [ dsendds uadebihki cetiol Pft h®AFT agent.
second continuous llq%gd phase by a col

Prefembi; thedenl'T agqnt int S1rEsr PeiiYe asmipaliip il PEFR as pigeinbefore
n )

desc ;E/xgc} o%llcﬂe tl“ea% {xt? CFlg ggéfdéﬁlrt&%b ﬁ?}qﬂ;ﬁbg 5% 2‘5%1'511&& for the polymer

encapsdeted apur&culatb hmafegial’ atowbllquldndulspézrsmh aed/hopromsier suibsthntially

..above, .the part | at e rm di spersed 1 hr oughout
unifgp Rtton RE PP YRE iR tuaehy HicenRapp R pe k.
particle or an aggregate thereof Advant ageously, the
In tRAFSHE W Af@idraispeisitn, Whd bo@?oﬁtﬂ&ﬁwrﬁdlﬁhéw entfabi.tﬁditﬁdl Yarticulate
di spersed t hroughout the mer particle. Provided
matqripd ip ppfieplerly rﬁ@g%@@llf@t Hep @%atm&ruplﬁ% bindes ip allaméaaﬁller adhesive,
. T | ated particles of any size
pnngg uuiH%Zgg%%ﬁgggﬁﬁﬁgﬁﬁgsnethodology The net hodol ogy
can al so be used to prepare the aforenentioned pol yner
Accerdirepbyg u ltat q:deqreat tinventiate furtiteer palvidehatiquid dB3Pensionr @fispolymer
or | ess |n ein the tlculat mat eri a
encadpER ptetlnE AL SAnPROPARS WIS HBUE (Ggspshlated in o
pol yner. Preferably, such novel polyner encapsul ated
particul ate material is 70 mcrons or |ess, nore
preferably 40 microns or |ess, nost preferably 5
mcrons or less in size. The size of the polyner
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encapsul ated material may al so be in the sub-mcron
range, for exanple from0.01 to 1 mcron, preferably
WO e@a087161 to 1 m cron. For the avoi dance of anpCTauios/001512
reference to the size of the polynmer encapsul at ed
particulate material in this case is that of the
| argest di nensi on provi ded by the conbi nation the
pol ymer and the particul ate terial dispersed
t heret hrough. By the RAFT aﬁggt facilitating di spersa
of the particulate material throughout the continuous
nmononer phase and therefore the resulting
substantials uhidierion gnqoocbryhmous ttdaa'ng) of yrpetynearculpsiu hag atdeast in part been
rti.cul ate t e formed substantially free
ﬁ”“%?“ﬁéﬂf ?BWQFEQfgggFg; By the particul ate materi al
bei ng di spersed ' substantlally uni form y" t hroughout
In tHi€aspOth¥ IRAF T %géfﬁ 2Bk adVidtagbORIP Africticn ha b &tabéliser foalthé dispersed
not |ocalised or glomerated within the encapsul ating
polypwsr yagapsulpisd pastt Qamamél pBietarally athe ligikidedisparsign éygraqueous
dmp&gﬁ be concentrated at the centre or perineter of the
encapsulatlng pol ymer An assessment of the di spersed
state of the particulate material can generally be
The peedentuiinsméibh ylsofpoovidesantxued ﬁ@spﬁ‘si@n@rﬁpeb’hmn efbtapstlnied particulate

M TE bst ant
mateligh i ARt Ekprsiied pEtnualre TeRae Brois e GptiHste moteril
subs%ﬁzllﬁgﬁﬁ‘fonhﬁe dRPExEE rthl%ﬁ%ﬁ(ﬂﬁ U{hat &Q:a?/s’%ﬂa{tirfgu bé‘lﬁfﬁler wherein the
0

mat er1al conprisés less t referably |ess

encapmlmtn!g)pcwwmep/blasm deaspingfaerbesh gfom‘eeslélrxdhlaihesomol a RET agent,

L g

addlhbﬁ’ell idikpekastefor ﬂl@b@i’tic\d@td @afekigl. t ot al anount of
di spersant present (i.e. inclusive of the RAFT agent

whi ch acts, as st abl i ser) ﬂlt hoygh, t he, pari,i cul.ate
The piRseRt IBYerdiod Serthss araides dgret il sreadtsive rristier finjdiiak or sealant
fornRIARS. doiniisAl) %'l%lﬁgl &Y err%}s? gl ghttnﬁ%ﬁrstl%té@ﬁrﬁgﬁlb@trﬁaterial,

material ‘nay a stabllisers
said spacticidate aoateealt bmmglenmpstﬁlatcﬂamt s substmt';allgat ineformuarfda centinuous

actlve ent se | l.ed i art Wi J | reciate
cont PR R ETgT Wolih e b st 8 erted Tpdhed Widet yPERER! 8 8 RAFT
ag erJ{\Ievert hel ess, toavoid certain di sadvant ages of using
conventional surfactants it is preferred that the

particulate material is stabilised only by the RAFT
The pagsant inyventiear alse proxides @arpintillen aﬂh@ufes REEHt liqud inknet sealant

forn%?eﬂ?{rgércl S%ngP | ugc{ n%{s:gérpl aJig&‘?i é{lgaté(? %?%fﬁgﬁge material

havifig geteet @afrﬂi@ﬂaté heiaterial akitstantialiy numfdrmly Pdmplerséds theoughdut the
usi ng polyner/particle co S|tes t hat conp
encapsHErg pJaer sthereip Tafing PehEH<s 9% 2ot a 811139 been formed

undﬁ'fﬁlg%ﬁﬂo?ﬁ 4 Rﬁ?"i” égeﬁf &Bewﬁ&éfnaﬁkaébtlyrﬁbﬁ EAdabflated Particulate
ocal 1sing 1 n pockets. "For exanple wat er
materiap & dubsteytiadly frdeeofimdditions] disperdaet foo Hprmanticdae mRKERL
agent used in accordance with the invention not only
a_st.abiliser but.also plays an active
prfpgPf’ 1R o Rer B e Alsot HisBeirdee or ne
partlculate material. By virtue of this polynerisation
The r@kthod t sfethiBAMVea@@Ntan dei chiwesivhily wed ab efitpate bhe nbnipositions
the polyner that is forpmed and is therefore prevented
COMPFIEAE ﬁPé’F@F CAPSWAA PaticulsinBateriahal  surfactant is
used in the nethod of the invention, the stabilising
The fc%H%Bbi‘ﬁBPQEf the; for2Qe Nuiteb1E 661 L¥vehy arﬁgﬁ{&ﬁéd HiRler i 1n water-
conventional surfactant required and thereb
basedrdgeomdtive paintfmmutationt. Pecosative paints sxe thhee thelgare mecally applied
effects of using such surfactant.
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As used herein, the expressions "polyner/particul ate
mat eri al conposite"” and "pol yner/particle conposite"
wae®@oiositiended to denote a product forned throuptI/AL2005/001512
deposition of polyner at the surface of particul ate
material. To function as a stabiliser, the RAFT agent
used in accordance with the invention will generally
be physically associated in_some way with the
out ernost surface of the ph?%?culate mat eri al .
Preferably, the physical association between the RAFT
agent and the particulate material will be by way of
to arthitecRAR Tieatyeastoriiké tike,cad arbuwsvofian wigd indoasatokls for application
surface of .the parti.cul ate material. By havi.n n . "o
of b3; ipferigr et SRIeLRE SPERAS ort o e Lo RAET o Hr RARE egraint(®)” is
therdf6@ iRRHEdT QAR BRI fbt db hothdell th®e3nBjeeted ab Bibht BAperatures
the RAFT agent w [l exhibit surface activity, or in
afterothieésr apwlicaion ttowdffardbe polirmerice fidat handng Ahe Jgqwipitre physical and
RAFT , agent.. hi bt f '
me PRI PRS2 TS B 2581E0aR, ASBIIALY. S5 il are 1o b
distih@uisted fedm tHvse phintsaeechods ihdhestrid Icobtings, thatreguire highotemeratures
an_adsor bed RAFT agent can havezghe ahility to,nov%l‘
to epabiea e eRpbipd fadth tohiord  Palymerr file hpving ithq requisite physical and
: OF | ith the polyner that is being forned. A
mec%ﬁggpgﬁe%\/e RAFT agent used in accordance with the
invention will have a structure that enables it to (a)
Painb doprdtérsncorapiising diso chagositions ofi she uneantios t capupdaotageously

f.th articulate material .rat.her than be solvated b .
sffofd Sl hiE TP CRTETTF 1 PrASE ohioT uALeT B s pecit
flows btib/biaifresibaficd, BeloRRidd/Goiie stieiggii.i al , and (c)

control polynerisation of the one or nore
et hyl eni cal |l y unsaturated nononers. Further, details on |,
Pooy, plss prd, dlowt af cenventienadlyi Biemented iWalgORmMS PR s ol Agsociated
1 S : n .
it BB H o ek R M AR R o QU PO e binder
and gigneinel aré praveitens (séparate pprtivhesy durbrecfilnX formaitino elpepigernt yarticles
tendﬁ@ﬁﬁ%&?\?&#ﬁ?&l’téEggligﬁjsgbé);{we?rgIl?gntrc{% lpS?tl %B%@ﬂ?@g‘}u% %és?r%ts their
mobgft?fcﬁfrf?@l Hlefﬁlﬁfnfgrrﬁiﬁ% 8RoccBDSITHE @ERIARS Yerfeb Bt QF%&géﬁbn often
s an-organic group optionally substituted wi one
resulis i dess pdfoop distibutpnofpsgraent partidesawithigrtbe filmrend aanreause a

.ompte suffici.ent. reactivity of t t hi ocar.bonyl. C
redu B SloRhroRSHEn: onhitn s bl SrRER BRRNY binger which s
cast FRAe s@ert AR rﬂﬁ@f)iigmant Partifles &¥i6M nidh@freélp@igl inich later in the

unacceptabl e retardati on of polymerisation. Preferred
film Rforming) psodest |giviag dinabstilmsk yith anproged| fossy ang ypmogther surface
a elr%gtn anryl , each of which is substituted with one or
pp ‘hydr ophilic groups selected from-CO2H, -CO2RN,
-SBH, -0SG8H, -SORN, -S2RN, -0OP(OH)2, -P(CH)2
The <BpE3)idns cobhprisiroRN, confitiitd GF-potiRher diehpsulGidrti @OMEIRIaterial in
RIR', -NRLR', -N+Rl 1R'1, ere .Ris selec etgi .
accordagiie @itk the dpyepfion gan advpniage 51506 ek igpage Taegbome coatings
that ic&gﬁfb%mecmdrféﬁ ehsatRde boAPAAbIKYS MGk b¥ihe cBuEarts. The
opttonally substituted with one or nore hydrophilic
impmwbd sintfaenproperties of eechf ¢atingCaeheliev@DaHresu the pygblem of

B ST S

preferred RL groups include, but are not limted to,

Paimt GHnCEI33 era(i(RER tDe@HR G Hrstraté EHIYAREP bif reflectivity taken at

. _Preferred gr oups, i nclude, optionally substituted )
diffespiopngles fgam dhaVesjicalupSiase aeadingsrPeasuied i P8nangly describe the

"depthi RFLISNE Gl A ¥hen AR RNEHakaettHBIbI BefRnt Volume Concentration
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aryl, optionally substituted heterocyclyl, optionally
substituted arylal kyl, optionally substituted

wa@bkdoghshso, optionally substituted aryl al kyl t hP@I/AU2005/001512
di al koxy- or diaryl oxyphosphinyl [-P(=0O OR2 2],
di al kyl - or diaryl- phosphinyl [-P(=O R2 2],
optionally substituted acylam no, optionally
substituted acylimno, optignally substituted am no,
RM-(X)n-S- and a pol yner chdn formed by any
mechani sm for exanpl e pol yal kyl ene oxi de pol yners
such as water soluble polyethylene glycol or

(PV@pby plapypants. gLyeoPY Capaintl foypinukated usipg edngwsitivas iof ggolymer
LT e 0 L RO B ot 1
provﬁiébﬁ(?' él%seféa@ﬁagge@néﬁ k¢! supeRbd féﬁﬁiolsé/ nfddBsbd ttot 8tnparative PVC

| kenyl ;" optionally substituted aryl,
convcpmrmh matey-baﬁﬂdsnamtﬁst Byl wagtafresampleyinly, @9f noglaljelgss readings of 1.5

tlmebg? I%%ocr% % Eh%é?? lg#%ﬂr% t | on?égﬁ %ééﬁ\%hﬁgnaﬁ \gaacélyl!)ased paints

havel bteh Usksuled! Glbss feadinkd ﬁlﬂ 608 chntl B5° o€ BBHE pain€slfoe@blated using
alkyl, , where e is 2 to 4, and -SR3, where R3 is
compesitEqnse @f fthe ninvgntion @x A Wgenwkl? eFUPEHOL IPi Biese measured for
s include epoxy,
COmﬁ%?%éxwegf’E@@?n #ad%%?/ %%@ carboxy (and salts),
sul fonic acid (and salts), al koxy- or aryl oxy-
On wwhlo myamlriaﬁonydn dtied ﬁlyrwn dornssd| ftom h&Y G, paints formulated using

ot h and Z ups .f or
compgeHo RN Tisener riiie ol of firbee® s Fabt PRifseg smoothness
of th%rﬂ?ﬁ‘ AAMia kA é?{@ﬁl'uib!ﬁoﬁfof Ratahtigrd!ifaby altl RS RIFleGor¥h tBOEIm, was
Z groups are also particularly preferred. Were the
also Higundoptiel superiproaphatsobsetved Rr cRuparatizr & Wi Ponvsatienel water-based
ssoc:| ated counter anion. O her suitable RAFT agents
hcl ude those of formula (4) in which RL is an organic
group optionally substituted with one or nore
Witlhmd aghiebitcChglimitpd by Itlﬂeotrj?gl is icledieye thas ther iefpeowddl glosnproperties

nlc gro optionally s bstlt d.wth one o
of PEHS} ]éfb"r#qri"é grpau%nts/s& AEFS nﬁ% Wéﬁ%ﬁﬁe fiiyentigh pgm: é?%)lﬂr‘e pigment
partléfég beglgtrﬁ&%‘%rﬂorm 1ﬁfd?sccrf1‘$1910ﬁr’cﬁro§1gg(§$t tﬁé‘gﬁh‘c W 6B a result of being
s or consists of one or re aromatic or
embbﬂﬁednmﬁrecnmapsulatmggolyﬁmpduﬂhgﬁlny foraratiomhi ch i s
attached via a ring atom The rings may be nono or

e GRS L BTt AR I Sl S R

and fphtt REb&akdeNEFSpartiviéstigien Ed4ting FBmN 00Nyl ;ﬂﬁineﬂt il petpmeniterfaces
brphenyl, terphenyl, quaterphenyl, t hal ene

are believsHy tr sanishUitalie fhese1 PHPREieS nbfﬁﬁ‘f‘/h éhee Eéltlcal Pigment Volume

Comge ttlja{lgl(f E?E’Vdj 1@/%9 %enan ﬁ&rﬁf;cg'fet e?@%sa‘m P sﬂﬁﬁ%’t bm er to fill the

enza racene, n ene,

interéti¢ed &gy rallcthé ﬁ].grr&npiit&i’\@bdtmdler plarnel,es)t F.Flaup ifﬂme derlved from paints
benzot hi ophene,, h t hi_ ant hr ene,
in apqardanchewshthe dpven E ai?g’ E%‘?Pz Erpdate, derAPRikatee superior light
en h | A%8hB
scatﬁéﬂﬁ%hﬁ?r@gertlgg‘ % %ngigﬂgry B?bgg@ll ﬁ:ém H&%ﬁ?a%'e&lxs#ggﬁl za?cheed using
comp&ahm]pll&ss prgmanne qui nol i ne, isoquinoline,
pht hal azi ne, qui noxal i ne, qui nazol i ne, pterldlne

car bazol e ar.bal i, ne, hen nth i di ne
Wil SRR 1 B LB B ORI P D Hora il P yeye materal is
belidVe@NOpeRiideLa aftdle Uhtiorn ¥BtritR®iIGH oBfpigtidrt hhrtayhdye the paint film and
optionally substituted In this specification

therebypallosm aadhypigmsat partieledo givead saxHavMLOFHIMSORAY thi toiglyopacity
and Hf?i‘ingb&\);elll OF & film.

paints
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substituted with one or nore groups selected from but
not limted to, al kyl, alkenyl, alkynyl, aryl, halo,
whadoeabiyl , hal oal kenyl , hal oal kynyl , hal oaryl PCT/AU2005/001512
hydr oxy, al koxy, al kenyl oxy, aryl oxy, benzyl oxy,
hal oal koxy, hal oal kenyl oxy, acetyl eno, carboxim dyl,
hal oaryl oxy, isocyano, cyano, fornyl, carboxyl, nitro,
nitroal kyl, nitroal kenyl, gd troal kynyl, nitroaryl,
al kyl am no, di al kyl am no, - 0k‘enyl am no, al kynyl am no,
aryl am no, diarylam no, benzyl am no, i m no,
al kyl i m ne, al kenylimne, al kynylimno, arylimno,
Flat (earivigtt) matembaseld tpaints/ hlantisuml,ly ﬁu‘yfmlatal Ia‘e highapigient loadings, often

abovgd:@ g%‘y%? Nyq %%:h e Flsl)} oa ﬁ &59 %?@?p%’opacity tend to be

max1lﬂﬁ§e%ir QEHCIdMkd eﬁ@ﬁdﬁ“ ?Qﬁﬂ‘éle@ &Md aft %ﬁfs%ﬁﬁrib@ﬂh%ﬂ) the hiding power of
hal ohet er ocycl yl , kyl sul E ony sul phonyl ,

the ﬁ:hnk ﬂ?‘MTqMI mypertiey gucb@ts pj[ﬂc grical @‘gmﬁé #lossyand itaixy [re]gcspﬁt@ce tend
o R MR PSP e, 34 e

from@ aﬁﬂt's SihI Ackordahdey vath k¥ igteniibn hate Iatmylidehyfound to exhlblt superior
al kyl phenoxysi | yl, al koxyphenox

ysi |
glossrmy¢ohpaigelx gteangii an@s’;agb ppé]ﬂ,qnce %ﬁrﬁglatqquafght%ﬁlatwely high
u n r
PYCUTE 51 RO oy LT SRS RO o gt
parafiketessnsl HVCngmhntso$>n&ker fatioaht eolidshe term "al kyl "
either alone or in conpound wor ds such as
"al kenyl oxy anm no"

Withcit SRIG o ot BY Sisc. i B EPIERES HRCDGHIER O gging flms derived

fromCY&his Qnaiclfd(xldand%r RlBrBAO IwekloR &R YelRVed Y& sRA Kbk the paint films
anpl es of straight chain and branched al kyl i ncl ude

bemgé@sh yloroust deyrpargsk wpay pom{eg‘@cpna(b Fygﬁ{terbmdyqalnt ifeapetpfl to equivalent
t.ertbut yl I
para SRRt b ide Bt RO oot - hexyi

4- nethylpentyl 1- net hyl pentyl, 2 met hyl pentyl ,
3- net hyl pent yl , 11d|methlbut , 2,2- dinet yI utyl,
The 3trgct@rq¥etg rqgu@@phe paipt g,h%tbﬁngblg@%”porous have also been found to

i Y
prou‘?[qt% tl'% {%ﬁé{l th(Jsso 8; ltl?e 1%41 ttﬁlfrl &@ﬁﬂ%&)ﬁ%@(&h\g%ﬂwrmg Reduction in
"glodsinges"hotl Myﬁlms&f@r dxpmufeydo pbsnelyin,en@ 3-dlienmeinmarilp ém thel gffect of
1ncrq43ft§1§ag? %&Fr{ggﬁtc}qrelgetn raﬁog,nﬁé}fl rretfﬁéng ac% as :‘%he film binder degrades
|y pivd. §~ch f
photajca%%}éu%aﬁ but Eiﬂi/ RS %b'plcéﬂyﬁgtgcﬁus'e%‘éflgly h&&i‘éaﬁ%c% h-v a i;e surface.
Suclireﬂu&,uﬁr meglosamtﬁaytidulwm severerag[the PVC QaS§e53beyoAd thesC VC. Poor
- et

dlstrgbutloQ ofd}lglge%g, @prglp H)g;&‘]‘ ]ﬁlfndmﬁar%affs %hlﬁ _prolg @oss é‘%{e}ﬂ ion, as a

funcfon of expidrStimB! husl tren ¥kamikred hérein. 3PainfMilm® defVed from paints in
6-ethyloctyl, 1-, 2-,3- or 4- propyl heptyl, undecyl,
accoldqnc@ with3he 1m(ent1c51 havg beeryfoung to @ghl‘gli mgtl}pﬁ}noa &esjAtance _to gloss loss

afterSmBF g%n o C,FO(? -hbl_ll_l‘% to%'i engs%lp% e%ctcyll'erat%{ %Ehy{lﬁ% )?QFerlments

(rela‘ﬁﬁ@é@@ﬂconﬁcntloﬂal w@terbaéed, pﬁnt, foﬁnula%d to &qulvﬁlent)parameters of PVC,
10- et hyl undecy

Pigmank{q g)@ég,q ratl_q _and zohds} 1n pArtlcu!-gr vy_#h @S}Eﬁ% Eﬁ,ﬂﬁ&@p}h oflgloss visible.
It 1sé<<3he =d t‘ﬁﬁt C;atrﬁyécf%ﬁ XE %ué p%ocl:f%?tg W llhﬁ@hﬂﬁaréﬁcbtﬂ&ﬁlt'ﬂlﬁﬁ derived

es of I C a e nmono- or polycyclic
frorrapdmﬂs iy ravopdanse piithabe myeﬂltmmrfopmhlated)at higpbRV ¢l |
cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl,
The ccﬁﬁip%@i@i@ﬁ of EIRARGYL cAD Qd\gﬂl?aéebﬁsq% c@ﬁlp?@@ @r rb%hﬁhtn@f polymer
'salt” denotes a species Ih ionised form
encapsdhied eartivoidte aciafiahddiete the panm@u}a&sma‘addl 15i aowlglabd @lgmen’t for
In the context of the present invention, suitable
salts are those that do not interfere mﬁth t he RAFT
chem stry.

, used
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As used herein, the term"counter anion" denotes a
speci es capable of providing a negative charge to
whadoansdBet he charge of the correspondi ng cati oPCT/AU2005/001512

Exanpl es of counter anions include, G\ Y, Bv , F ,NO3

, CN' and PC3-. As used herein, the term "al koxy"

denotes strai ght chain or branched al koxy, preferably

Cl- 20 al koxy. Exanpl es of al koxy include methoxy,

et hoxy, n-propoxy, isopropoky and the different butoxy

i soners. As used herein, the term"al kenyl" denotes

groups forned fron1stra|ght chai n, branched or cyclic
exangllk pthelocyaninaiolue gigsdny. énthcetbmy ofrmeqyeoys dispersion, such polymer

T T S T —

charfherastike R¥mphiea! WiR a\Cfueéﬁhs dﬁhéﬁﬁons ]ofl'fpﬂ?mbﬁ/ Ipﬁi,vticles in which the
but enyl , |so-buteny , 3-nethyl -2-butenyl, 1-pentenyl,

colowpd |pdgraenteanyticles) hasst baen-disperssg dhersiyous 11n|~,@)9@ﬁ¥/qnt1onal manner.
X 0

Com%om I%n %Iompgélckoglg :(cg)ﬁéﬁFt’mg} lee ﬁ&lﬁﬂ?@ ?1?1: E%Z‘c{‘tg{yéoloured pigment

partlaleﬁlQ:raﬁnadlso bk- dﬁpkblyydl asS’tlﬁket?sethl corﬁ/pﬁtiotbljtpmne,nﬁllers adhesives,

prlmgr34h%eggglgs;'pe§§1)|é1lrs andy Se@ ycslo ﬁg)ggl@ ac(éh#; We composnﬂ)%é %Qel lel<e¥y to be in
4-
the K o B s S R ) syt s

used hereln t he tern1 "al kynyl " denot es gmpups f or med
Rub pffoofi c@imwcgplgmmafrmn the arr&@e of @rdrl@sl dking fidinky neoroblem frequently

di t hose struc mlar to the
encopErine e GAUTES S o] P RRyOeRi, i eiFull, Fsr P & citer
rphaé | whidk | déderseduriipythe application of
ﬂoogg%%gdr%ﬁlhg ﬁgﬂgﬂhgtfl 3{ t‘?ut}‘ﬂr?ﬂrly WAis used Sheriglgyn tall’lloé3 eation ©
colovned vatesbyune lagex based aw@wewae iare wampigteas et ers kaawn ta énfluence

ﬂoo%%%é#%;f%f‘;‘%? q’&y !e a%p(f? ’thehi%?%{)ﬁ'l?% thhe gmgﬁ@%ﬂa%ﬁﬁ%n dlsg)ersmn

and/@@ﬂieainﬁbmgatﬂﬁh@r @'ﬁ‘rﬂiel lﬁlgmlemtgqlgmhmtcpastes ancfier emdlston awed. Paint
romati ¢ acyl or aheterocylglc rin ch is.refe

filmg gemeech oy S [ AosREGAce Yl Uieagrtion. ik a@yﬁomula{eﬁe"%i‘m the
r

o LR 80 el L SpLfape st ool oo

off. blttiarbelibved2thae swopl or ad)‘aammgeouqopmpa]rﬁy)wﬂl be imparted to paint films

s RS T R SBIRR yOEE ARgen BERL G PR

tri decanoyl, tetradecanoyl, pentadecanoyl,

Whe'ﬁei’haﬂﬁcﬁﬂﬁydf a H&@tﬂdiﬁ(ﬁg%Wder Ok %ﬂﬁs’ﬁ)@@l}bhs in accordance with the
nonadecanoyl and icosanoyl alkoxycarbonyl such as

inveniorh exty edvansaappusle tisowspd dnbibaynotusabla, peWgerapyshgnd novel "dry"
car bonyl and heptyl oxycar bonyl ;
coatwgﬁg}él%ﬁ%@@é.

car bonyl such as cyclopropylcarbonyl,
cycl obut yl carbonyl, cycl opentyl carbonyl and .
The Cy@hpb@moﬁsc aphpniging ak kybwigtihgnyl partibulate materials substantially

wnitgrgnaie By SRR o BRERL e T gy oot Yy bHicularty
sultaﬁbﬁé‘ &‘y{l % P ltﬂé%bﬁﬁﬂqe R Pt iﬁfﬁuﬂéﬁ&@/ | sable rl:oﬂﬁ)osﬂ:lons can
phenyl a kanoy g. phenyl acetyl, phenyl propano
advantreeytdhyt amq:}ify ;&tﬁe nshtiliyobiat yirgvide p h@h@weée ﬁhé‘ﬁmi%sedn cpoatings.
Conﬁgﬁ@qﬁc tﬁanocé”\xgab Q%Qt“ﬁ%ht h | ah%%n g)ﬁa( ?y&:ally provides coloured

forrrﬁﬁiaﬁ{UnB )Hybéﬁtﬁfdlmﬂ mnﬁ&ﬂis l@’UbYdurédJ plpneehtp hethyihal themoyfusable resin.
(e phenyl pr, openo¥ phenyl but enoyl
Howw@n Jynidishigelmjaes, Hniforre ﬁgﬁlﬂr&@ﬁpé ﬁ»éghe Rigmsah S¥hin dhe isin can be
I Y. t
dlfﬁ@{ﬂg t(? %&pg&%’ Aerﬁlo %‘& \L %EB %ﬁ?rggrﬂaengﬁiﬂﬂpﬁWYélatwe to other batches
aralkoxycarbonyl such as
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phenyl al koxycar bonyl (e.g. benzyl oxycarbonyl);
aryl oxycar bonyl such as phenoxycar bonyl and
wmapbhyiiexycar bonyl ; aryl oxyal kanoyl such as PCT/AU2005/001512

phenoxyacetyl and phenoxypropi onyl; aryl carbanoyl such
as phenyl car banoyl ; arylthi ocarbanmoyl such as
phenyl t hi ocar banoyl ; aryl gl yoxyl oyl such as
phenyl gl yoxyl oyl and naphth&%glyoxyloyl; aryl sul f onyl
such as phenyl sul fonyl and Papt hyl sul f onyl ;
het erocycl i ccar bonyl ; het erocycl i cal kanoyl such as
t hi enyl acetyl, thienyl propanoyl, thienylbutanoyl,

can bhiae pydbpeamt a’ﬁhnqrha,ofdsbble npdvitiex graint | formuliatignd ¥ acetrgdnce with the

t hi adi azol Iac tetrazol cetyl:, .
invep GREBE 6 PIGATOR ARBAP DR CaeREA SO LpBISar By therefore can
avoill theé BREKahtEEMIsORBYss sfé@tcﬁ“fé%ﬁﬁaing‘?ﬂi &lﬁnwmh aacﬂéhnoﬁ,lsable resin.
het erocycl i chexenoyl; and heterocycli ygoxy oyl such

Therapfosablez poyilesl m;ng/quylmla@nus fithiaeenylagicy oxigh dhd invastior dgve been
rei the.ter o l4cC het erocycl yl " and
fowﬁﬁ%%%%ey%rpfmw iR RN Sarngg©L T 0¥ YT A

such as "heterocyclical kenoyl ", heterocycl oxy" or
The ‘cbmipositbey eaypdising or edisisting ofpolvatisrencselutat partortteanaterial,
and non-aronmatic rings or rlgg systens | |ch contajn
wheggiifp therp 5 1Ak PROABBIASED i PYESHANK ysungﬂlan end, eptinuous
I Y 1
) B 945 S ks D
coatingn@snmsitions ey beteneseday thebsitdieg ted cbmmmtlcbmsteiustry for many

des bed abogve i.n relatipon.to the definition of
years STiah RO THOS JEVp RERGPIE FERAET TGP of AcFeieRRt cggRpositions
com?ﬁﬁn@ Bblykrefic ifdlerid to MARIMLPatEeR BESRI o IEhdRY tﬁel"t%m%)smon ready for
| owi ng general formulas 5 to 13:(13) where
use. arfdowevare das tprﬁm vaed| fp daiitriadoptinelr pigmeRARITSpstsien in scoating

compgﬁ}@?ﬂs glhc%l as emu gzgogﬂggtécgvﬁv ?dg%z] r&%ﬁ?ﬁ% hcgglm% gé/ flas to date been
relatGy mﬁm@@e‘ss@quxelms% 2pAise ro cd>ett1ng$om@eilabﬂd3§1ﬁhtabl phintst It has now
denonstrates hydrol ytic stability. Trithiocarbonyl

beerdaprd S Hgyid e b%.a ded o arfrep fbw&a& ppweerrfgrm of dhq ¢prappsiions in
acco n%@ l{hof?l@‘%ﬂ\t; ntg 0 ?ﬁﬂ_dea ﬁaﬁﬁl 4 efrﬁ&gﬁf ﬁle((]pdt;lylwbll «L,ncapsulated
ave eat ures e themt

r uctura at ena
partiohite maiehyl aBg beingt @cupsuhl&tmm mdyher theapartiodbtermatbrial has been

roun oo o GBI o B SRS 50 e BS i

d1sp91‘s')fo?1réﬁ'i’e°stto Y ?(ﬁ'eexaltnBI% d HAK fied RH&Jr&ﬁ@lﬁ@ﬁthfréé’ fl&ing powder
he RAFT agent may provided in a nunbér of ways

comﬁmltlmsamlyebe vaonhemeﬁb'r eefered dof asr mutegorfstifytabliy ecaqraFition (for

exarﬁ}glfe & r8(f0r1¥“té1?abllezpad?tg iopwﬁlc% %:aey bae:C 8% Ej)flqgﬁ&%?}% as Wa%i & render the

comPbtith rdd¥S i hiRCeRebdnsistutalilé fmiﬂ@%f biist BpeZnayibe adiﬁlfemently
roups will typically result fromaone or nore of

paclqagéébw@aﬂ%e 1reoxe s apd istoredyfos sehspquent use.

section(s), or region(s) having a conbination of
ConSHRRRA bR IR 8001 208 R, SR B8 ipersion
throfiglt thel add{tibn (Iﬂ‘lajmcbmmhlaﬂe)va‘tcr[ may chmpuisé ather fortawation, contponents

knoygﬂil 2‘({0? use[sﬁ egf 1%8@8%;] Ibﬁi) ngqmmplal%y ! og‘i’(ng sld?@}%glg%?/ Scjompnse a

d1sp§1‘§&ﬁt' B ita®S dfsﬁ&bi%ﬁ (6%)thd PBI?H&P %Héaptsﬁlﬁteatﬂa%u‘l’e&@ nf¥terial within
he RAFT agent.” Those ski in the art "w

the hchpde Haweyet, rampesitions & aesordancy with the @mwpbglm @amraslvaméageously

o G A B R R ROLIR, R AP s s o

fornt RANEEE Phrt AATthd dnegsulwedd pélehenatio functioning as a stabiliser for the
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section(s) or region(s) of hydrophilic and hydrophobic
character. Structures of fornmula (4) having a well
wa@ledosngdesecti on(s) or region(s) of hydrophobi BCEHAU2005/001512
hydrophi lic character, for exanple as part of the -(X)
n- group, may be conveniently referred to as having a
bl ock copol yner structure, whereas those having a |ess
wel | defined section(s) or region(s) of hydrophobic
and hydrophilic character'ﬁ%&'be conveniently referred
to as having alternating or random copol yner
structures, or even a honopol yner structure. Provided
polymbaéncehel Réd-Partigelate readkrid wshin tinef gad. aa"prfacritispte dilapersion of the
resent |nv ntion is i o
volyeF GRpiiEs prrioBiel Bt Pin e (RHRE Tighis i HEY ke pgeforable

that e RGuiFis an@1iRAF A cagaiiplpfit may woldasifble 1 hblutlé $n fkrdoaGsition,
activit the group may have a wel | defined bl ock
or the dﬂuﬂn}méqmstarlmc frdhisporpose. AvimhiArseEmeludg but are not limited to,

o L SPRBLAT oP RHFLAY pBHB AP pOBSREHR i

base AABHRARBBAMS, to Biosp ekitied irpdhk yirteven a honopol ymer
structure such as CCCCCCCCCCCC, where A represents a

hydr ophobi ¢ repeat unrt B.r hilic
To prayide e eamposiogs ef { rnérs@rﬂns&at%rzﬂ 3 of st gpgWder, it has
beentlihd fHa? b cB?h%'bﬁBBhg é}fbuﬁf‘gen@m&%bé’g's&lﬁ %%nft bF§bdlﬁ’ 85 wt. %
I npart ursite surface aCtivity to t RAFT

ormag:epteferﬁldy geomerénareatost 99 Wode. RAFT agent s of forml a
(4) having surface act|V| ty derived froma section(s)

o B QLRI B D AT B o o

the RERAL HvARidAS Gd thigrcasd) thel ﬂémlﬂﬁg)f)@l?ﬁieﬁ Bncapsiliic phhicalate material
RAFT agent(s)" is i nf ended to denote a surface actlve

may R Tscdgjech tustngatechmiques gteluknate iithe bt Hspipdem i the cpolymer
[
encalaoplﬂat q ﬂ)r(a&fcrﬁ? gﬁattelxr%?é}% gtlfeoh§ gx!vggt%lf on a\;rg'r? ée%'ﬁ’f@ugatmn and/or
freezl’ee@yﬁig( SAS inﬂldatbdnabdvhaﬁn tolader atopbibtpiat inlfceeRAEnggpmwder it will
nprises as part of its Lecig)gstru ure agrles 1
genefally B! bPERSHER B IEEPYS aHD ( I Walerk o Cigplymer
enca?é’&iét@&’Eéﬂtﬂcﬁla@m&%ﬂélolf’h‘)b' C properties. Gener ally, the
s or regions wWill conprise at [east two or
three repeat units derived from hydrophilic or
The hy@iymph obricepsildigd eprrdelaty matesialir iseddimothendes . flawing powder

comB 0 TP L BB B R AP T B b o

that §@6h WafhStafd tHeC@nGiREssiverTerces efidd@aRrddegi the §ol\mﬂek/part1cle composite
general ly have an affinity (i.e. attraction

is isolnecsat ied By haah dn {5 comertiibie reRbo ol e yncapsulatmg
Y
polyR#3} FulefpSPdHAT P BierehOih t RAASRinbIS {HRBhORIERY P Rshping o
aggrggiivnadfl thie @Oﬁjpbm@pirhelest a[bsnlerai;llynglenﬁg ef yheoéndabsllatmg polymer
...anmphi pat hi c FT age endi o) he nature

will b areais| Bs0 tra?red?re‘g@e&Pe CLE Gi giore preder @5 e than
150(|gavi ng an affinity toward the parti cuI ate material may

e adsorbed at the surface of the particulate materia

(eg solid) or be solvated by and enetrate into the
The pabmea: unhaatne ofrtheegricapsuladigg o ¢rdc) hwglymefa epeapswatedparticulate

mat%ba:ﬁ ol tc8 poﬂ%anSF#eﬂ;ﬁ é&%ﬁ@ﬁ? g}ai%e c?hx?&l%}fl A oﬂ%rﬁd as herelnbefore

desckiBad. For BRdmhSIB, B fodnérRy maghusSthatentiiBubiting q:@Byn&fr rhzhﬁhave a
particul ate naterial the reactive RAFT ety (

gradienatandier ehlaypregdsstamtuae s Ve & gore/sheath Kehella typse rictieonAs used
herefn ?1%{ fe&ﬂ)' (ﬁ‘hpi’gfgrs be A RRAGh RSN W kbRt riROLRRpRatidiSolymer,



10

15

20

25

affinity wwth the continuous liquid phase to thereby
| ocate it outside of the particulate material. Those
w@Rioblzei n the art will appreciate that such PCT/AU2005/001512

anphi pat hi ¢ character may be provi ded through
di fferent conbi nati ons of hydrophilic and hydrophobic
regions. Wth reference to fornmula (4), an anphipathic
RAFT agents preferably derlge i ts anphi pat hic
character fromeither: “onbi nation of a
hydr ophobi ¢ end and a hydrophlllc end; wherein the Z
group provi des hydrophobic properties to one end, and

and FHB tarml "-sbea)hi‘ oipl'shellt eefhy tir opler tr¢giorpsr mpsﬁctibms of ¢he pracapsulating

T N TMERTIER = Ca] M AT M—

comﬁ%%& oP 108 k§SeeAtY Slrdctinatl hORR ekic GohpoREHS itRs to BE udderstood that the
onbi nati on of a hydrophobic end and a_hydrophilic

encapﬂdatmmlﬁmﬁr maE ngt haveuibispexaet Hawiurg apd Hhat |thq; distinction between

r
the R hG et nBD s (PRl B0kt By Jois il
-(X)n- may be derived from hydrophobi c nmononer or may
It witiebeaaphegetatatithabwhényg nies fr\wﬂohflrgepcmm ogmessitivel are to be used as a
hydr ophobi ¢ to ds Ri, i nat i n of
teco a.lte e e eighito i e PR an o e will need

to b8l @ 14018~ eRbRY bélge¥icoph ab 90@5&9%’&!&1&%1&&6& PhRiculate

en a R1 provides hydrophilic propérties to
matepiah élurlrgﬂrhp fidm foymiag oo n‘mm@progﬁssofGeaaenﬂdr e ﬁligﬁfdhe nmcapsulatmg

polyROpRsBrE il b et Pae BATGRCend. Z(%n " pr ovi des

hydrophilic properties to the other end, and Rl is

The Bideraihedition sWohprbtides & hestiel ofeprépaingod palﬁtX)ﬂl}er afdtleRle, liquid
I's to provide hydrophilic character, to that end; or 5)
ink, prisenpiseritnto diagnosiicdPEgHeY Pe ﬂéerlra@euaﬁ dpradwdeeﬁm&; forming a

dlsp%%gl &f aj%ﬂﬂﬁe e Eﬁlgﬂe ﬁrg fcilae( K j“%ﬁ&fﬁg” 2CAGHA to the

rent an pro
comb@@ﬂicﬁﬁhth@rqlnm@mtﬂutMMWntmh end, and wherein -(X)n-
provi des hydr ophobi ¢ properti es to the m ddI e section;

natnofhr i c,.and h hi |
The Shybiod; BERSLBEPGTY £ rmeiior B isRIE e St Py Y adhesive,
prim@}, A8/ 11E1ﬁd3i¥k Ple@Mhel %@Bﬁl&ﬁ@ﬁﬁ&%ﬂ th@raﬁé&ﬁe%rb&&ﬁ Bifprising a
t he portlon of" the -(X) group closest to t

comporitiereinteegrantesvigr bapnysnton.des t he hydr ophobi c
properties. In this case, -(X)n- of formula (4) may be

In C(gnlé{cfeP g%grs%ﬁ%ﬁ??ﬂ& Fgalt%f&ﬁse]m (R Qaarde? \giﬁfﬁleqﬁy&tghoﬁllé group

ow ng gener al
reprc(séﬂt)ad (b]y4R1 Whebendadh) Mmagnbe Belected rsddpdmdenid yitleer hydrophilic or

hydrg,g]:}%gz ;r:r{ éedqurtqerz I&Pdgeetogé\ng qu? %&%g@gal %g%b%?#ggﬁ%tct e ttlggarbonylthlo
grouB! ?t@%ié Al ré&l’:t"i’\\ﬁ't 8$ tﬂé’W'algbﬁt Qéd@)ﬁfé‘étlhrﬁﬁed as n

man o |n endent |y rangefroml
1ncrq}uscsf eHableyerf itoin 1mpbﬁa130thahtbﬁ@rpmref(é¢)a31 yafffpnmﬂa (#h a®d,subsets

the reﬁ gﬁﬁ)ﬁ{i e ¥1ef rtIc]>rmutlas (Jlﬁ), (IIEa)eaCc{] (14fb)) is"a free radical leaving

group that is capable of re-initiating polymerisation.,

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)n-R1 (or subset thereof)
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ranges mand o wll generally be at least 2 or 3, and
Z is as described above. Z may al so be chosen such
W@ b@b/0311e1 pol arity conbines with that of -(A) MPCT/AU2005/001512
enhance the overall hydrophobic character to that end
of the RAFT agent. In addition to the hydrophilic
character provided by -(B)0-, RL may al so be
hydrophi li ¢ and enhance the overall hydrophilic
character to that end of the RAFT agent, or RL may be
hydr ophobi ¢ provided that the net effect of -(B)0O- and
Rl results in an overall hydrophilic character to that
group o famuld @)R@?ﬁh&dﬁnﬁaﬁm mppomer seritina preferentially occurs between

-cOrfSaRRRE R S Retie! Bl Rhe (P el eRird ngibe relevan:
1ftheZ%}éup[1561%r;§h(.@)Qﬂ1 §#N.9- to provide a copolymer with

bl ock regions that has the foll ow ng general
for nul a (14a): Sl4a)vvhere each A and B is
RAKTrgepis od wa &) eavyheatprased g pamacioyt rgﬁhods Preferably they are

prep %Qﬁc}gﬁgm&%}n perﬂéé%taggdm :% provi g%%ﬁ%%r op#rlo"jimgVd(ﬂ%1 of a

RARTr apeat idvasy, the feltuvigg igakegdefoheudd (16)r ange from 0 to 10,
preferably fromO to 5, mand o independently range
froml1l to 10, preferably 1 to 5, each repeat unit p
may be the sanme or different, p ranges from1l to 10,
preferably 1 to 5, nore prefegablyr!l to 3, with the
proviso that when p is |at |£ast one of for g is at
| east 1, and Z and Rt-=ate-gls defined above; the -(B)f
[-(Am(B)0-]p-(A) g- group RAFT agents of fornmula
(14a) preferably provides forza random bl ock copol yner
structure; or 8) a conbination of hydrophilic ends and
a hydrophobic m ddl e section,(1&herein Z of general
formula (14) is -S-(A) -(B)0-R1, where -(A)n,- and

-(B)0- are as defined above. Each Rl may be the sane
wheRlZ 8hd ReABRE pARGbseqgRER nation of -(B)0-Rl provides
an overall hydrophlllc character to one end, and the
conbi nati on of the other -(B)O- provi des an overall
In prepdrioglsinfics adtive RAET agents mnhr@i fenenla fhefrom RAFT agents of

geneg%ghfrgﬁg Qi@r # 3%%1'1}%?’@% to( %aﬁ}m ¥rg§d gliat ?ﬁ% e%gﬁn sg ale‘ stabilise the

partlﬂﬁflﬁ%rrﬁhteﬁélﬁmih@c&rﬂtﬂﬁlbué/\h i@iphasé. i Gompounds of formula (16) may also
-S-( t[ (Am(B)O-]1p- (A g- Rl where each A

haveg some sm age apdvipy, tgyvever they willegepprally fyod Heneblarie’ snglise the

partlC gfrégrfé tglﬁﬂo#lrt]l‘tleﬁ%nﬁkﬁgs)hc@?fﬁcansﬂf&‘ag é)aa%%ﬂgyg adeéluate stabilising

oropehtesLBhB toarEktIbE solpuimly dfebanyiel () dehipoendsbbfeminlk el 6) are

char ct er or _exanpl e sur ace acti char act
subsEgFIRE fﬁﬁ%‘?ff wEh WWI@?&#@@%@ mae%%afﬁ {RATHdi g Having said
this, LRI ih 'cSm?e@qo@ YAhaBhoRk: %4)r ﬁﬁ?ﬁ)t bt defsto R theV&IEh a compound

potentlal y a repeat unit wWhich has in its own right
inhesemtlfy ipobssases sy fficogut istiifacezasti vity and prroshloilipy &pexartncé@t@ aterial in
the congnuousﬁﬂ]qﬁf Ighase int is arse 1[rrtn|11§ f4)t1(s) ealﬁsal% to 13 an a(16), and R'

and Z provide adequate hydrophilic and hydrophobic properties, in their own right to

afford a suitable surface active RAFT agent.

Ethylenically unsaturated monomers suitable for use in preparing compounds of formula
(4) can be any monomers that may be polymerised by a free radical process. Such

monomers are typically chosen for their hydrophilic or hydrophobic qualities.
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Accordingly, with reference to formula (4) the RAFT

agents in accordance with the invention nay al so
wa@lensea7isur f ace active character from 10) a coPi/AHERG06/01512

of hydrophobi c and hydrophilic properties; wherein

-(X)n- may be further represented as -[-A-B-]qg- to

provi de an alternating copol yner that has the

foll owi ng general formula (14b): (14b) where each A

and B is independently a poPYyherised residue of an

et hyl eni cal | y unsaturated hydrophobi c and hydrophilic

nmononer, respectively, and g is an integer ranging

Exampbmﬁsuitabadwdrmﬂléiqmr@f@dammbm ettlaylefﬁpallmmsatpraéécbmammers are

from2.,to J10.. nd.Rl .ar ned abo The. o
the s&pe&sathas%&wgga re ‘é?fg?@@g iﬁ% HlopﬂglF 131% \éFso bse lecte% for their
ionisabteB-of- héin-ionidabs equakititd. eBxhmpleb e ofil $uitdble! iGHEBLRST &h@enically

that surface active character may be inparted to RA
unsafiggatad snanemsthwhichdye aeidigrouns inpdnds, dit agawplimdted to, methacrylic

0 0
amd%?cgil%cu%c?(?,n glsrﬁﬁualcﬁ ? 1333@'%:1%0%% nggrhé Qrc%dﬁ’rg ’g@%ﬁgﬂ%f‘gmc a@?ds vinyl
sulfonfe feifl; Bindd) -ledxsph'JSh];e &ad, e@tha@ylh@ﬁcﬂdS@ﬂimchlo@%&wlfca@cﬁd crotonic
active RAFT, agent for use ip agcordance wi,t
acid; ﬁ%\w. 261t GitTaPoml agich BiegReoplerasit ansbmaleds aied Bisgmples of suitable
[
1on1§%9 eae(rtl'éﬁ? é?%l%@tufatﬂfd ﬁgg&rﬁlgﬂé g\'&ﬁ?ﬂ he%éﬁ)gmg g"i‘(flg)c gﬂcg%&éq But are not
hmltcﬂatloadt-((drmcihylaarﬁm'e‘f eﬂlyﬁnandmm]byl raca@stex: aad irmthwryllatea, and the

h h|| rtjc t teri er sed a
compa B A et ST o TPy R A Relipenislese Examples
of sﬂtafbfeeﬁ&ﬁfonfsﬁﬁlmh%ﬂﬂiphﬁfc éh}ﬁéﬁlralﬁgﬁﬁgauh@@&l mdhomers include, but are

association wt articul ate materi al

not Hintedrteelydipxhicthyh mqthmﬂhtel, |hwdmmprnmdu@elhaqwiade, and hydroxy
ethypg]cﬁ?lg V\here the particulate material is a solid or
Sol | d, the selection of a specific surface active
RAFT agent for use in accordance with the invention
Polymiegidatical sfothbetidilati@iigduytuthel monbineeth formt anspahdhofformula
effici en(it1 the RAFT agent adfor bs at the surIace of .
(4) may b £PRduciRdanecithsy an agieoys Foluton ArAmnereatic selwpRk the choice of
Enqg, teSYUET @ce rtjc
Whlév}\}n% edlgtaﬁegl g?fl{/ag y th?%:li IIlﬁgyer Bgfﬁg Or&%grrngﬁs% H%?Olymensed
Polyherisstitbnanay #lso beicéraimetedfin tshesmd)naﬁmnisekful ate material,
the RAFT agent is preferably selected such that t he

Polyertih S sonERSHag o 8hm S Kk L aafls B i3S will usuatly

requir¥ fihidigBonfilohh &heuRe! sfMmdicals. |I&11t§1t1hg}é9§teﬁ1§|pﬁ5ﬂ6§s$y described are
increases. If the binding efficiency between the

also geifable fod tiRnPIPagfent and the particul ate material was
sufficiently high to prevent such novenent, the agent
1, 1
A m%&fdb ﬁg (?5?1‘?19% Egzr?ié%? % rgurb‘ég‘oﬁﬁﬁg (Q}’ b&‘?.lr I%%’P%)gf%héﬁem R is
hydlbplahs tradght campgsef ﬁn;c seloctimgf atshﬁahi@ MFT lh/gemt allmd pgected RAFT

I saljo e ner / a ticle co te
sgorf e RA R B et R A B S PO BR o ge within a

reacibrs P& %ﬁéal%lﬂ’@i"ge&@%E&fjal@aé's.ﬁérﬁhﬂﬁ fled JTif8lved oxygen and
prepared appreci ated fromthe foregoing

the nehcattonasohuwmets pofgedanfi sy remaindegioxygeh dycway iofl en ageriviaes such as
f or,. use |

nitrcEt, ik 0 oo R The efRidios o PR AR ihgtghSing the

tempetattlief Jfahe BiluBRPs1RACHSthé@h AN Th@idet MeniolRicRiRA ETtRe initiator
described in nore detail dlrectlg bel ow. I n describin
$

occurhe Tihet RalumeriivHopaedpion thae nsensednhyadss qongal @f ﬁh%ul?eAxFlg agent,

theré@ggqrgggin%ﬁﬁgémwﬁé Sﬁgrg'&,tt& {5Bhe ﬁgf@ophilﬁg ehll oFPhd ﬂAFT agent
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liquid, it can also be convenient to refer to the

polarity or the hydrophilicity/hydrophobicity of such
weniosM3asl The nmethod in accordance with the | PWEAURON001512

may be perfornmed using hydrophilic solid particulate

material and a hydrophilic continuous |iquid phase. In

this case, a RAFT agent of fornula (4) may be provided

wi th a hydrophobi ¢ region tE? is sufficiently large

relative to the hydrophilit®fegion to render the agent

substantially insoluble in the hydrophilic continuous

l'i quid phase. In order to performthe nethod, the
throttgkdimpﬂhiphlocf thealntdroplib¢ monemer. | Bor mrpobad&joﬁimemsho(@ in which Z

is s (fl% helgyc{r?]phﬁﬁfchﬁo YH‘%%I élﬁ.iﬂ%] qlf"&%(e néia M%dgﬁ ng gne required. For
compOhnd| &F. forhi@la (@} WheRf 7 tif Qothytdfisiehly hgd@mm@l ok Gort énpounds of

one or nore solvents is chosen such

n@%@(ﬂ%mn@xmmoagéﬂle hydrophiistynenaserbleydigphobiompeemérrmay be

adde%gAE.Fﬂga Ht‘:l %} nﬁ’%é}cﬁgte uﬁgaqh{ek 6|9 1:;‘ r%{l %he%gﬁla aﬁaﬁ{}rggﬁct is isolated,

and ltheqpblﬁmﬁﬁgatlbh Qﬂn@@eﬁdﬂﬁdr RIAFCI‘&uﬁq&oI ttﬁpr@ﬁﬁl&lthabhjck cBpbmer of
agent to reC|p|tate af the surface of the particul ate
forme 614 5

alV Ihatstintended to prpvidecne axfiiogheine PrgREFiésHPI the RAFT
r e PRAS I
agerl aériéhsgﬂlgefd lh%a%ﬁ Wéfl gﬂe écﬁ%‘[ gec ! eagneéstﬁgd §(§dl&' BE gllﬁe%ﬂy applied
topmpmthhsﬁﬁenmé&gemln SO|ubI|Ity, t he hydrophoblc region
of the agent precipitates at t hesurface of the

ar.ti gyl teri.al an 0|licreinoft
Genfylis AT Foche 8F ity RO il Bl 0 et Guvh G ohept, Mot
propeitaRi ol Eighctibe e@a!ithblﬁb’éraine amﬁr&efnlcé"wﬁlﬁ QR Crﬁ@ch@& GfN@e invention.
Upon formng a stabilised dispersion of the

Accergingly, whenerepariagiaaRAF R agert of denmuly &)ssuch@mba apheibed described
e 50 TURRCCRAR A, PRLFRLA 05 LARABLY IR scray

polyarepisedatifol the BAKTT agent toﬁp(y)ville i$ @hﬂf:ﬂﬁdeqﬂ@ﬂﬂe phopkertless At some
binding_efficiency to the surface particul ate

pointrit tpyeAluring the pelymgapafion gl ﬂil%hYCHQP]@BQ' a@ql(ab hgdroplobigy appomers,
t

he R P TRSEYNN OFLAHEL CE8 nAB  peeion

the des cuibed acliveeRAR adeav enayi bghtisobeedvard/er stoeed for subsequent use. -

Alteﬁ{;g‘hi ﬁfogvgiegp‘ﬁ%-tﬁ%gﬁ 1ulmsala‘fldg1 Eﬁ]&é@a&aﬁ% GSO| gl?élg;l“tagenﬂlas been

prepﬁfé’d'plrs' suRable, S paftaaR! Balyalr @éﬁhéﬂﬂp?y b8 3h@61RBE té‘ the reaction
hydrophobi ¢ region that in itsel onprises a snal |

medpto jo ihdrehy bé s@bﬂy;né end @ vidad fcu‘p?n disp@snog rifsthe [perticulate material
ol BORP Rl s R, ATHEOR PR en obeSFthen pe dptroduced o

the @henbdisRUUESIhsE & rder 1o Peifofit Busmbthed bflthehasetioh. a pH
V\,hl ch facilitates the forrratlon of an ionic charge at

he surface of the rt ulat mat eri al and an
It Walob% gppaeRtdA; @0%%@18@ S Ysi TumeEsowaYst ing which the
et R i ﬁﬁéé‘?%fg*o?@%%@?ﬁﬁfﬁo EfaEERlve RATT agent n
the dwdnmpisdtquui pltage (IB lﬂfSll‘U]‘l elafwthepdiubirate BAFIspage nhe oh approach
ficient to.rend the pH suitable to devel op

f
is de§ﬁr '?P% 40 op0yp gt diteg; ?‘F’ace of the particul ate

mat eri al and at the hydrophobic region of the

The afphbpasthite MAETiiRO&IERt bPaRed dh nBtprédsPffot Peeparing an aqueous
opposi tely charged species, the, anphipathic FT agent

dispergionafsid et erlcmsuéaﬁ?dr Higaivgy dpﬁ@ep@ﬁﬂql@qﬁoatuée méwr&er #aterial in
[
painf by iRbe ! 185 WELRR ABLE B0 BT F etk RIS RATCogent of
mechani sm while the hydrophilic region thereof
associates with the continuous |iquid phase to
stabilise the
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particul ate material from coal esci ng. Dependi ng upon
the degree of ionic bonding that occurs between the
waaphiopashi ¢ RAFT agent and the particul ate naPEr/AER005/001512

it my be in this case that the anphi pathi c RAFT agent

will not be free to nove away fromthe surface of the

particulate material with the polyner as it is forned.

Under these circunstances, $ will generally be

preferred that the anobunt ©Y° pol yner forned at the

surface of the particulate material does not envel ope

t he anphi pat hi ¢ RAFT agent such that it can no | onger
formfulmcit).oThaselgcied FAFT sgent Ahayethenibeedombingsl withisl tewnal initiator,

t hi cker, deposi f lymer at the.surface of the .
wateh Bt st &Seannoufoafiiel Ehadts wABiTE EhGforlvendts Topisatly an
reag &P Ris@B Kl GeRARIntRUS TredBY diRSolSel bRden @l Ut RUctidh solution is
reduce the ionic binding efficiency, or a conbination
purged ofvinyorenmasniag coUiBER 4 Way Afp#t prerhiges RAK asgeitogemaptior to
. . e s I; C
polyRREREH, 0fe AR nll 1S iabhP B s R RR of he
solutdorr 8adt yhapehe@wallfsindusedr harholgtic afciskioa ofetHeothitidtwo occurs.  The
different a at hi c RAFT agents

hi sed in .
Poly St AR AR P HBCSHEE HBRE GOn e R B Tofeent, fherphscproviding
- ' . T o
furttE o RAkif cRradt i PN AAMILE LT AR afBlY theh insartion of

the hydrdphdisenafomdre agents conpri sing a hydrophobic regi on
and a non-ioni sable hydrophilic region, and the other

agent co LSi,ng a.hvdrophobi ¢ _region and a
Upof S5t PE Rl AR fulRphifs Biihofher may then be added
to the QQltiohOBnd fth® OpalyaEisaeien hysitianéd lindet TOABRDE@Itrol to provide

nonomer. In order_to performthe method, the ) )
amphippthiqearacter tathe BJEAtagentip avorm simdeie dbattdsseribed previously in

. S o L R th . iy .

poinf¥ERAHL 1 Bendr Lt PRt Ha i N B il sorfuce actve or
amphipattinchacdcter lod thy RAGIhddent; paggulare tifaniuhe dkatdenday be introduced

nment i.oned . anphj pat hi.c RAFT agent. to e surface of the .
to thy awrl%mgé@%@rﬁﬁwhei n%argﬁﬁmhw Pahhassisat ﬁa\ctlor} to stabilise
the ARREES AQDrRRQY for a"&?éé\ﬁi’s%n of te tifinfurk ﬁ?@(i(}éﬁl&%\ﬁﬂ&ﬁfz{m Ldiftinuous

region of the second nentioned anphi pathic FT agent
aqueausphdss. ffo enkwe shatfadeqatef adshption of itleudnaplepathiceR ABT agent to the
....and .due to the hydrophiljc nature of t & continuous}1 .
‘utan}qnz:1 81[0&1%&%%01?% CHVdg SJBﬁu @F%poftéiﬂ 1081‘5211? fjidonomer such as acrylic
acid BN b Q:b{id)l?m%ﬁﬁﬁ @@ Nthe | By dRPhbB¢ el oA EPTIRACOMEorBE surface

the particles surface to in effect render the surface

activgfor epehipathiq eflagastejte therdFSgEesi ¢ char acter .

Stabilisation of the particulate material in the

' Li e de t . .ai .

Fa SRS, HBd Qs 601l AP LR T80iAS froughon e
contitmots aqebuarghasy aisircpHsAicT nrgenier adslorasi gyl acriylage aody methyl

hydr ophobi ¢ surface of the particulate material and,
methaﬁlgﬁaﬁg ﬁla!yotfﬁ gl&gfigceﬂyte rtb‘i) ﬁqqcﬁen !ngglpglﬁ t? Be er.pol}.fmerlsed under

I v . .

com ot st QRO IOR gobrfer P e MBS of L 0Mdhtum dioide
partiplas.t iThelmiynerisation alayi be cdminuehto provide forqudebinpthaskqds content,

it TR OB s e 8 ek P BN Bheb it puits
bein® SUBHRS fob 86k dénEIpatified GRider Mlatefihl MGt tthiemamminspat hi c
FT agents to formthe pol yner. ere there is a

relatiyel¥ hi gh bondi ng_effijciency between the
As apaltemativaiethegnethpd desnbed Racaicaivyent iafes selyble RAFT agent of

[ 0j t.hi : I
roen B UGIILEOCERT, A5G L GRTAIARNTRALE SRARUTER Plss o
ment i oned anphi pat hic RAFT agent is not adsorbed
directly on the surface of the particulate material,
it will be generally nore free to nove away fromthe
surface of the particulate material with the
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polynmer as it is formed. By this arrangenent, the
non-ioni sabl e hydrophilic region of the first
woressbiosmed anphi pat hi ¢ RAFT agent can conti nueP€DAU2005/001512
function as a stabiliser for the particulate nmateri al
as a thick layer of polynmer is forned at the surface
thereof. If it is found that the dispersed
encapsul ated particles becone destabilised as the
t hi ckness of the polyneric'@%ating gr ows,
stabilisation can often be maintained by incorporating
an anmount of ionisable nononer in the feed of
defirtefldblopkrike cstmotvorrerIn Tssase| wieughamsequengalialpolwietsing the

ry SRR o i Bl PR e RRRREES o b 6% i, Bnipansic
RAmﬂa h@h@\@ﬁ% Q@trﬁétﬁiel @11 Eefaf forRfalarel 4} ﬂ;lertga @iaobllaenaqtyefophmc

1tion i oni sabl e nononer nononer er ab y an
monamunmamfbef eddadl simultagegusty ehae sedenteshsatio fedtesd supface active

oY 0955 FYRRIRL S 1PN 0P iR LK AP g o

gene@dl&"oﬁ@ﬁlakﬂ%)t eﬂo hﬁ'oﬁiczi yﬂrucﬁul&(?dfdhe I‘miefmpfe}sénté:d d¢igdnaatformula
i um styrene sul phonate. By the term" |on|ﬁ ?Ie",
(14ahstba ratip elohyrerhabic hwr%emw aronerrer yvilh gsagrally dagpur one of the
mon?ﬂ@l% rseﬁ(gﬁl B ANRUPAA6 oF8Y 8018fand R Vered eWhe?é)fh@Ps@ucture of
nt suc ngnoners I'S nmeant that he nNoNnoner ,
the RAFT exgeninis h«asepaeshnmmm ofgdnerpl domu/lh(bﬂn)c&n riéo Df)hyckeplhoblc to

to forma catianic i qni nct i ona
hydgpalipanautme Ul e I S afte. AP IBEHERGY i o ation of the
ratio WG Hropaildite h?&roBHé’ch@ nfoRB et bél?ﬁehﬁ%’cﬂﬂgﬁ‘ls RS aflbe varied to best

accéeptance of "a proton. Generally, the ioniSable

suit thersotfhacerpdlargy @hm@ctanemaf ghefgwumat@ maserédl c Hgvimgformetba RAFT
T U R e T Ty e

functional group may form a quaternary annDnlun1cat|on
As midigiehedghode Csuitabld IRABN agenthior fungieparaiddn of RAPT agents of formula

al sq be capable of being_ionised through an ion
GD1@%%H§H@B°WF%&@§§31@WmPhg 16ar m "non-i oni sabl e", used in

connection with ethyl enically unsaturated mononers or

a group or region of a RAFT agent forned from such

nononers, i s meant that the momER!, group or region

does not have ionisable funegtional groups. In

particul ar, such non®mEFSCgroups or regions do not

have aci d groups or basic grQups which can | oose or

accept a proton under acidic @ basic conditions. The

nmet hod of the invention nmay al so be used to form

pol yner at the surface of hydd8bhobic solid

particulate material dispersed in a hydrophilic
“mﬁ&gyméﬁwggézkl iy ed.The RAFT agent in this case

conpri se a ﬁ é ophi |c region and a hydrophobic

reglon with the hydr ophobi ¢ regi on havi ng a bi ndi ng

The a:fﬂecmnelnysst mﬁ/\mspbc:ﬁiecmmtmdrmbbrm@ubf doeudd (TGeas a RAFT agent,

i Y kS R A PR 1 60 ot e 0 and

V4 gr§1§1§$ kHd &Snérﬁ@r S thee b6 b e dradorddit@ihs C Olees @bﬁs@deratlons are
ch an anphi pat hi c 'RAFT agent may be substanti al

dlscwm beveoin ielasionnl RAFR aqgmts @érf@mu@lﬁé) | Nﬁl@h QBSBPFé§@ the RAFT

agex?{l gf tf@r%y.ff? ki@d a@ e&fsllﬁ%%tf&l% eE% ﬁ%@ nve Jm@ﬁ] ﬁj&rﬁc%lar as

grou@ls R) dnd Zigeccarged thronghotoythe RA‘:HT bfent of fhanda ()4) thelr selectlon is
drophlllc particul at e nat r|aI di spersed in
subiigf P SiEHISB P A o LWVt b preaser Divam STt uigearonylthio
h
B B o e b RO ompound as &
a blndlng affinity toward the surface of the
particul ate
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material and the hydrophobic region associating wth
the continuous |liquid phase to stabilise the
w@arbigubat e material from coal esci ng. Upon f oP@i/Ay25/001512
stabl e di spersion of the particulate material in the
continuous |iquid phase nononmer may be introduced to
formthe polynmer at the surface of the particul ate
material. In describing the,interaction between a
surface active RAFT agent ahi each of the continuous
liquid phase and the dispersed particulate material,
it wll be appreciated that as the structure of a RAFT
RARgegent.t ransitions fromderiving its surface active
properties fromfor exanple a bl ock copol yner
t 1 I
In sez%c{tfﬁgtbﬁﬁl?R Qﬁc?ﬁ%g p% fﬁ% fr}% g %‘re{s ogtf{r)rgﬂtpé‘ 1@%@9@9%:}4&8&%&1%
fronofthe bemhfmﬁemmﬁtpai)ﬁmﬂartm lpmfehrat: Rt endhgdgopps latec aBo dparticularly
hydy ophobi ¢ sections or regions of the agent becone
prelg §£ wel | defined. For exanple, in a RAFT agent of
formul a (14b) the hydrophobi c and hydrophilic noieties
MosA ?éf&ré%i RA@qpﬁg%htsvlﬁbMde At AR n BNIEE 1, Fhodi efg@ﬁ@trépresemed by
rophobi ¢ and hydrophilic regions, but nevert hel'ess
the f@ﬁe gl genemahfarmglasfldde2act i vity to the RAFT agent such
that it can function as a stabiliser for the
particul ate material and gain control over
pol ynerisation of the one or nore ethylenically
upsat urafed nononmers. In this case, the rg@nner i
i ch sugh RAFT agents interact with eachjof the
nti nuops |iquid phase and the particuldte natefia
o unet’ as a stabiliser is not entig
R3Scl eaf’ Wier eQall net hod of the inventigsis peffor
usi ng surface active RAFT agents having a | ess well
deflﬂéd bl ock copol ymer structure, the ageqﬁ§)mﬁll
typﬁ Iy be selected such that the overal
hydrophilicity (or hydrophobicty) of the RAFT agent is
appropriate to the hydrophilicity (or hydrophobicty)
of the surface of the particle to be coated. For
xanpl a greater proportion of hyd ophobiit nonoirer

COoH

ght used|in the preparation of RAFT |pgent fo be
ed i i ' [ pQ r
at “he s cogn hydr ophobi c pgrticufNate me¥’eri al COxH
th a hydrophilic particulate material/. In the
er al technlques out | i ned above orn1ngQBaLyner
at the sufface of solid particul ate material s ere

the continuous |iquid phase consists essentially of
the one or nore ethylenically unsaturated nononers the

pgl ynerisation nay take place”axgoon as the
particol ate material is did hr oughgut the
t will be appreci|p at the jener a

expounded in sud
rformng the m sOhgE,
or liquid particulate materials. Dependi ng upon the
nature of the particulate material, the continuous

| i quRt) phase and the RAFT agent, it may be t@ay prior

to the formati on of polyner at the surface of the
particulate material, a surface active RAFT agent,

al though acting as a stabiliser, nmay exhibit a degree

of lability. By a surface active RAFT agent exhibiting
a degree of "lability" is nmeant that the agent can

exist in an equilibriumbetween being solvated in the
continuous |liquid phase and being associ ated at the
surface of the particulate material. For convenience,

a RAFT agent that is not associated with the

particulate material will hereinafter be referred to

as "free" RAFT agent.
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The presence of free RAFT agent in the continuous
liquid phase can result in the formation of mcelles
wa@pae3msl i tate the formation of pol ynmer whi chPCHALTRI05/001512
at the surface of the particulate material (i.e.
i ndependent pol yner particles). Accordingly, surface
active RAFT agents used in accordance with the
invention are preferably se}ected to prevent, or at
| east m ni m se, independeﬁt]pblyner particle
formation. It will be appreciated that provided a
| abi | e RAFT agent gains control of polynerisation at
Rhe surface of th Bgfiiculate material, tiis
Nmerisat i on pfocess itself wll evrt al y xenger
onl abile.lt has been foun hat FT>agent s
ARG atess defi ned bl ock ac , h
hose descri b®&d in pBithts 7) andH§33 above, upon O
becom ng adsorbed onto the surface of the R?rticulate
material, ar@3) ess prone to desorption and 6%n1ng
mcelles in the continuous |iquid phase. |In other
wor ds, surface active RAFT agents having a | ess well
defin®d bl ogk-like structure tend to be less labile
than fjheir 'Ibl ocky" counterparts. The use of RAFT
ragent gl having a I ggs well defined block structure has
e n bes/particularly useful in preparing
di spersi &ns of Yfpol yner encapsul ated particul ate
materials withila high solids content (i.e. greater
t han about 50 i ght percent). Were the nethod of the
i nventio Bs performed using a continuous |iquid phase
whi ch do not consi st essentially of the one or nore
et hyl eni cal l y unsaturated nononers that is to be
polyperised to formthe polyner, it is preferred that
whetefreR nrisras pegviouslyi defineduced to the continuous |iquid
phase after the particulate material and any surface
CthV F [ c t | de..far .
Whe ety ol L RARE Bhert 20PLATHY Py B RERNET 'R prferable that it
dembhds@tes hgaeblyfc amilisur ThbcatonyleR RRFTagagis ke phrsicularly preferred
acting as a stabiliser for nononer droplets in the
for usg Ht FhABIGEUS §YIPEMEHase is reduced. It is al so
preferred that the nonomer which is introduced to the
Wher® @Fd&ﬂﬁ@é?ooln&ﬂ%rgp&ﬁﬂsﬁ dsed AQRERWF T JERNNE a8 a dithioester, a
avoi ds the formation of nononmer droplets. In other
dithincartienaté, ta tiithiqradfosateed dithigtarbéreato ok shediliesat i on i s
conduct ed under "starved feed" conditions. Such

condi.tions, alsq reduc I kel i hood.,of il .
e AT W fracte’ §E0AGRd At d o A SRty which
illusBhR SO meVdteRRrell Rnibotimaits of trducasiohhaipossi,bit lis toybofinderstood

form ng polyner that .is independent of the pa ticulﬁ;e
that ther arfigularityynd the follovgng desCRRhpR it BPU P FPpRTSsderthe pencrality of the

FoTREN ' pol ymer that is independent of
P“m%ﬁ§§8§$%¢%%?§£%£%%%%??%|, the pol ynerisati on may be
conducted to a point where substantially all labile

RAFT agent present has been rendered non-labile. At

this point, the "lightly" polynmer encapsul at ed

particles may be separated from any i ndependent

pol ynmer particles that may have fornmed or any residual

free RAFT agent by a separation nethod such as

centrifugation. The "lightly" polyner encapsul ated

particles could then be redispersed in a continuous

i quid phase with nononer and the pol ynerisation

continued to forma thicker polynmer coating on the

particul ate material.ln accordance with the nethod of

the invention, ethylenically unsaturated nononers are

pol yneri sed 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

o L R B - I L o . - N T T o [ T
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generating free radicals, such as the thermally
i nduced honol ytic scission of suitable conmpound(s)

W@ Gve08mbl i nitiators such as peroxi des, peroxyRGI/aU%005/001512
or azo conpounds), the spontaneous generation from
nononers (e.g. styrene), redox initiating systens,
phot ochemi cal initiating systens or high energy
radi ati on such as electron_?fgnl X- or
gamma-radi ation. The initiatTing systemis chosen such
that under the reaction conditions there is no
substanti al adverse interaction of the initiator or

Exéiﬁﬁéﬁ%tiating radicals with the anphi pathic RAFT
nder the conditions of the reaction. Therma
initiators are chosen to have an appropriate half life
Examipld P:eEﬁ Elatibl o€ T30, ﬁﬁh? 'iﬁ%fy(ﬁﬁtédlBA-f”m? mddrd l@ﬂ“’f dgent,
can i ncl ude one or nore of the foll ow ng conpounds

' -azobi s(isobutyronitrile),
Partz @)= aPseparptiony oot RekY(buiylneadiylate,zo- (acryllc acid)a}-block-
0 ~CY noval i.d
pol _aﬁgﬁzl@g%%&é 1 T 2 ﬁétc g'r olgelsﬁécl 1"8 egrees o‘fymerlz tion n =

3, m2 13 abdi ty25arsin g Z-amiﬁﬁl-(lpm@ﬂ@ll-erox%eﬁly'l Bﬁ@b itEitidcarbonate.
methyl -N-[I, I -bi s( hydr oxymet hyl ) - 2- hydr oxyet hyl ] propi o

A Soﬁ&qqﬁ%}%@n(ngo}}ylap&‘(b thwﬂjq&l&gyl&ﬁgﬂ?ﬁél?onate (0.86 g, 3.6 mmol), 4,4°-
azob?s(é?—cyﬁ?o@bleﬁe %1@3 (0 o Q’EU Ji‘)ﬂn%l? ?%g?hﬁg?ﬂﬁ ggﬂrﬁ} gn% mmo]) in dioxane

hydr ochl ori d 2”-azobi s
(39. Qﬁ By aircb wates (il aé3 g) was prepared in a 100 mL round bottom flask. This was

stlrr%i Igag 1§% {%& s’}ro&gle:q \flltt}Nﬁlj[tr%g%ll %orbl%t %{n%[cgs ’ﬂxe flask was then heated
at 8(}‘103 B)(c thiﬁ OAVfH%tdml'o)f‘tlﬂs BM@’J(D’@MSI‘I Bytylas @IPR . Afintol) and acrylic

bi s - neth
acid 10 §l kg, l(lh%/mrgqlg ﬁaéqrmaplyedztcgth@yﬂﬁgy dpe gngmrge}/as deoxygenated and
tobry yet h ro m d
heaﬂ%’g %ya_sgc?g ﬁ |2as o@gut@ for al\fgl(t%rg!yﬂ&%%( a?ﬁé ¥: Px@ym%r sorlutlon ﬁAd 20.5%
solidazobi s( 2, 2 4-trimet hyl pent ane),
2,2' -azobi s(2 rret hyI propane), t-butyl peroxyacetate,

t- e oat ut er neodecanoat e,
Part (lg %/{'I)IKEP at:lgyiao{p &0- tyﬂfip g?eg Xgpal Wg| af eT‘02 particles
(TR92)méhi>§ th@%é@i‘)‘ﬂl}(ﬁﬁﬁﬁ@ pardllif PRFPRY hs Q%F:ﬁfiﬂﬁrcar bonat e,

di'cycl ohexyl peroxydi carbonate, df cunyl peroxide,

) dlbenzo¥ EerOX|de_ dllaurOé per oxi de, potassium
TiOxfdiesigel T RQP fand supriteddni H@p ﬁb)@;lsd«i\gsjtaﬂlat) €10.23 -g) waatnyixed with

oS0 b S OGP RABOR S5, 0T 8, 018 B v

pastet Mdila\i\ﬂatéﬂ‘lGISngDi whd Bised whh lthd Yadtd) ditiag laenhid @ﬁpersmn which
5;%} and have an appropriate antumyield fo

was furtfies dhongpglly cdiprsEsednifing ﬁh‘élbé@%@ Il Viiresdmie Hrmgessor (Sonics and

Mate?i%is}’m'j Shdo28 pr gcﬁtfé%(ﬁﬁ ahipEeler gg@zﬁﬂ te%eﬁu}(lﬁé t%% )§(0n1cat10n

benzophenone, yl" phosphi ne oxi hot'o
procesysthe ndispeRe oo xvais mtlt*nedtmagnsysetlbnmdammlezh as anwﬁter batite The white

it G eSS ol rbfind B S e aaperc acid
(0.028hg, 6.ANRhintdIP s AfddbNETRO WHIRS IFRat Rl nﬁrﬁ'@é@d iDiahi & WAt with

systens can |nclude but are not limt
tempexghse satingras 7 °C ikl Irewiung Oﬁbud/émcsylam c(2:5egulﬂ Smusol) and

et 0L POL TS ML G5 St B BT S 2 s A

the fbhomei iadditiodmthé |l{e)at1n@0¢v@§ Sotithiiddl @ lahbiher Mo@ﬁsshirhﬁl full
bisulfite. Other suitahle initiating systens are
polyrgerization &S, sehivedniftpfifteringsdhe latey Wag vhitecand\visableaprntaining
Sol onron "the Chemi stry of Free Radica
Pol yneri sati on", Perganon, London, 1995,
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pp 53-95. Suitable initiators which have an
appreciable solubility in a hydrophilic reaction
wore@ssiisuch as water include, but are not |i mPCEAUL®S/001512
4, 4- azobi s(cyanoval eric acid), 2,2'-azobis{2-
methyl-N [1,1
- bi s(hydr oxynet hyl ) - 2- hydr oxyet hyl ] pr opi onam de} ,
2,2' -azobis [2-nmethyl - N-(27§1ydr oxyet hyl ) propi onam de]
, 2,2'-azobi s(N, N -di net hyl enei sobutyram di ne), 2,2'-
azobls(N N - d|nethylenelsobutyran1d|ne)
d| hydr ochl or i de, -azobi s(2 am, di Hopro pane)
partig eﬁwﬂbéﬁp%pf @bout237é) ngy, gpsasured using dynamic lasér light scattering -

prgéﬁ‘/{m §¥ bishiudndnd TRSERILN AL K2 et hy! ] propi onam

[ 2- met hyl - N- (2- hydr oxyet hyl ) propi onam de]
In @de tadetilitié¢ subisenvytieni afe jhed iphsttteatcoating) dyd dransmissivr selectron

tiat h bl
micrating PV g BB OB BTN, rect am ey vary
depending on the polarity of the reaction nmedi um but

A sowwnqaﬂzl ¥- afz@uﬂsr&obﬁtyiomﬁlecnolozs@ oll4enimoi) hﬁtl@lrﬁetﬁ&t@ﬂhtél@ 03 g,
npounds exenplified e well known nmate

20. 22n12101) aagd @ﬁ}yéqr@sm@lﬂrr@%hwylaé (Oétlr& rl. T eenl) yfa&vaquamth 4433 g
of thke) riét'é?( ac#e8%§e%eg§‘ﬁ%% Ay hezﬂ&f 1&)% Cb%isii‘oalf%u?&) @b tlﬁﬁj{ Sl?ég]gol%mer coatings

e as we er oxl es

on T&Omadtrtlalled td gﬂvataylhtep evithx 1d&%. sohklsiamba’[ avdrakespsticl sias of 418 nm
t r rQX|d | so_be used. The

(meaéswﬁ Lﬁ aaergfegé Higring gﬁ?’é’ga%i‘m Anssymegts L. Further

|
LY O AL Ao B

titanpon givsidegattiades. pr ocess whi ch occurs during the course
of the nethod of the invention, is inportant that

rrred t he sur ar b ate

Exafpid Findafsh af'ﬂatofﬁﬁ?guﬁssyﬂlv?ﬁéa‘?ﬁ&w&% Ry

the control of the RAFT agent. Wthout wishing to be
Par{ (a)i PrepaPatidonefar poly(Butylsadvglat®y @dodibpily (dogylamide); macro-RAFT

pol yneri sation process that operates during the nethod,

agenie‘wthsreﬁnﬁcaugr@egfféswém?&fmw%wnanpro?&a@m H8iRE spmino-1-

ugh the continuous |iquid

metﬁ gzsg%zfr%m %ﬁ%&gﬁﬁs&ﬂg eoat the surface of the

partl culate material. As the RAFT agents are also
A sobaggint dfdnmﬁnatl-mhélyl;-afq‘mctéyblﬁutyhelﬂpwarbmmo&5@6@6 ingiol), 4,4’

sl e EE R PLAR GRSy Tomi > 08,0 ST aubBhh i piosane

(30.81 BARdd RRetirat 843 g)e0as p@b&ed iR Ror@SHmL Rnfl awktomt ﬁések This was
thi's process, it 1s preferred that the nunber of RAFT

stlrr@cb@@g@@cpldse gchspasged: Wish sifroear ook miaitgsar Thectiaskrwas then heated

at S@Bg%f gA? "fﬁee‘%ndt (Eia{ihs ﬁe% og! %{3{[1 Iﬁﬂzﬁé S‘%'l?% 71.4 mmol) was
f adi ¢al's™ reac at SUF Face rougho e Course

addedfto tieeflgztl j?lmemmaxtelm deorydenated ahd hepgingrveds, cohtiruedat 80 °C for a
nu r of initiating radicals that position thenself

further %H@SSJM&@EOIBWW FRlution had 2o e solidt eri al  shoul d be

| ess than the total nunber of RAFT agents present in

Part 3@0099@@@% anﬂfwyma&ebu@l ei&mbé)ycoat ot RO, particles

in"tiating radicalsis |ess’than per cent,
(TROD) wsing tieanadrioyRAFIsprrepared2io Brat oras,a sabiliver- t ot al
nunber of RAFT agents present in the continuous liquid

.~ ph . | 1Lt
rioBJA5 s IO INSEH L ML VAR BRADRALE geony sqyion (49
0. 27%5$1)9@|€Hﬂt ﬁnthodlf)ﬁziﬂé} (ID:%/IgFranat fiI}dﬁ@ ﬁ/gfei' gte.10f o)t foeform a white
articu e materia .S preferre at any )
dlSP@‘iS\P@n Tb@.iﬁpeaﬁm Hgs ﬁﬁ@eﬁ érlngrw%m?ﬁ %?S% gk and figs subjected to
anmount of free RAFT agent present in the continuous
liquid phase is relatively | ow conpared with that
which is
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adsorbed on the surface of the dispersed particul ate

material. Preferably, there is less than 50 wt% nore
wee@besabl y | ess than 20 wt % nost preferably peravLinano1si2

10 wt % of "free" RAFT agent present in the continuous

l'iquid phase at any point in time during the

pol yneri sation process. It is preferable that

pol ynerisation of the nonongys is maintained under the

control of the RAFT agent throughout the entire

pol ymeri sati on. However, provided that polyner at

esurface .o | at e terial js at ast in
ultr, SRS A STorb st S gico Pragesea 5 agjeend rtsrgls, Inc.)
standeBY pAbbeCat BOoPRLYIEAL 8RS0 inRdIes aEHl@@e 5 Qe <'illllspersm During the
pat hways. Having said this, it be apprecrate 3

soniggtign the veseelawaugpoled inparonesr bptbl ywiah stgding nabestanthe  After the

G B e A BT GORER € B3R5 oo s
contgiféhgr éat—tamlﬂs(&cs’ﬁldvﬁleﬁclddfd) qo928. g, ey @[fﬂé!lﬁ‘td&fxygenateld sealed

rmnomer t hat m:\1¥l {33 ymerised by other free radi ca
and HBMEREY & oy b BHEIAtR Seidigaehd@ "Gi Alsolugion of kryé acrylate

SO ARRESHRBING. LA A" 1t 5 o

deoxtygendted) veas therpfadyiner the dlaslonsingacyiioge pimpcows daites at a rate of
' tgtf% hﬁl nmet hod qf, t he invention has proceeded, at

2.5 g dyfir SPRPROMEFRIEF iGN él%ﬁ%l%wa@fsorglwﬁora@@mer frépours until

comgﬁte%m 1Ah BLhtiBY. "Phes'ﬁﬁm hgey ’W%E‘?i te&ﬁ%@? t Eﬂﬁpl%némhea white

ransm ssion El ectron M croscopy he poly
lateXCWB‘(hllﬁg? fsolie alpcbalyamra@mpdel Isize ed 4ﬁémm cu¢aatued using dynamic

el SRS S TR ton of e

partisRajoatiflg bMTEM ade RROHREHas &bhted i B@ﬁﬁﬂéﬁ‘ﬁs}ﬁ&'ﬂ b3 Blat @fscribed in
the RAFT agent provi des a regular uniform pol ymer

Exargplstl, Ratt (Bvi dence of "RAFT control " may al so be
readi |y obtained by sanpling the polyner/particulate

Exagﬂﬁgreg.inﬁeyg?%ﬁf hf Qrsgfg% P ﬂynﬁélﬁml%ln% %E)ﬂ E ?gﬁf Bgﬁ epar {Ues well
disptxseditheyeim. such as Gel Perneation Chromatography (GPC).

I deal | y, where "RAFT control" has been established,

t he pol ve a lo ol.ydi spersity conpared
Partvgaf.rfrg @Mdﬁué%a?woﬂf/\{w %@'H\‘}entl on free radical

nmedi at ed pat hway. The other feature of "RAFT contro

Magfft@emaiypaiifeat prﬁdﬁdéétfom&gtth@he\ﬂﬁid%ﬁ M@gsahr@reparanon of
pol ymer should grow |inearly wth conversion.

aquegys megeeia iquiés araliatingrandracidie medrae IERE @wﬂ&apmmgort N@gnetlcs
198 lnﬂ,&@dl 73%)6‘ &)h ?%Aﬁlr ' Xﬁl a%‘;{el%o% anvl f t%o 5 dyfegrﬁg%clgorldes was

accord inve
addeﬂltﬁ earm@tio \wolutiofh. Ttl’i:d esultiag previghie Wla§ |i1so¢aQ<Ed/ BY TeRFifg)AE0tn then
ﬁ?u gh t ge pol ydi spersity of the polyner nay broaden
Ode’&E P ghashemEs by JBIXGIE VB TR Yifeis @é‘#ti%afﬁlr beading. The,precipitate
r { r {
was SREPARILN ZRRIRaRel F5L U ShallyBord B Inqt ot o ditue
aqueped lforadthid Happrghintatey sle8%c sdlils). dFick aqmiouelfbﬂdﬂmddtmm; @htained

of non AW r.an of | eni ally unsat ur gt ed
(188,33 e Aurehs, il Sl e (b 8 66 o Rt qerroriuid of
appm§ghkﬁﬂyggmp§gﬁ@rs are those which can be pol yneri sed

by a free radical process. The nononers should al so be

capabl e of being polynerised with other nononers. The

factors which determ ne copol ynerisability of various

nmononers are well docunented in the art. For exanpl e,

see: Greenlee, R Z., in Polynmer Handbook 3rd Edition

(Brandup, J., and Inmmergut. E.H Eds) WIley: New York,

1989 p 11/53. Such nononers include those
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with the general formula (15): (15) where U and Ware
i ndependently selected fromthe group consisting of
WO 808MB716 CORR2, - COR2, -CSR2, -CSOR2, -COSR 2, PCTIONRO02/001512

-CONHR 2, -CONR 2 2, hydrogen, hal ogen and optionally
substituted C1-C4 al kyl wherein the substituents are

i ndependently sel ect ed fromthe group consisting of

hydr oxy, -CO2H, - gﬁ CSRZ -CSCR 2, -COsR2

-CN, -CON\H 2, C(]\IHRZ 2 -OR2, -SR2, -Q2CR2,
-SCOR 2, and -OCSR2; and O O O V i s selected fron1the

group consi sting of hydrogen, , -CO2R
Part (b)cdireparativorof2a pouémia mck-pwsmeme me@mRAzFT agent

v e R S 00 1

2- {[@iﬁbﬂblﬁlﬂ'ﬂﬂ)ﬂﬂ:aﬂiﬂlﬁiﬁoﬁl].hﬂfa.nyl}mﬂoplﬁbllc)acm.l bstituted
-C18 al kenyl, optionally substituted aryl,

t L onal te ter opt.i onal ) )
B rof 2r R skeRoatogo Rt il pppialy aid 255 &
10. 7'}{%&%[)0&&?!16/ heid @PB5 %n 83 b¥naol ahd Wht’-efgzoﬁfs J@%‘énovalerlc acid) (0.3 g,
opt i onal substitut ed het efoaryl al kyl, ionally

1.07s mipstl) tinutdaakant K&P yd), inoptSOomdirbynd lbbﬁom@dltf@@k was stirred with an

oveBta e oHed P AL e rPe L Aol RS T i Bt end of
this GRRDH S styéhe0 {10894\, eIOESOMn%d? 4 apoxybis(4byhnexdlerid| RN Y(0.15 g,

acyl , acyloxy, for al kyl car bonyl , car boxy, o
0.54gnmpbrand daeriage (HY- Ap(giyvas gddeélrtwtbg(gaﬁ(aarbl&eﬂed continuously at 80 °C

for  FOREA e DRI una Sl ool Sonh Bk ol BS ARG5S

and erlva I'ves erre
i ncl ude, but are not limted to, polyal kyl ene oxi de,
Parp@d)y Prypamnciont dfea poiy(aayliy alckd)Heoek-polystyrexampdces-RAFT agent

mononers j ncl ud ut are not Limted rral ei c
withyFRspeRtive egweawiypﬁfﬁreé}%ff%n ﬁ\é 3P9|nmai!@ niinge, dial kyl
2- {[f(bw?isﬁifﬁngg@arﬁxﬁbmghwﬁaﬁﬁ?Bk@dﬂaﬁom&s acrylate and

acrylate esters,” acryl d nmethacrylic acid,
styrene, acrg(l am de, nethacryl am de, and

A $fétlﬂtmbrcyzﬁ chil i(putylsulfanstcarberotbioyl Inel€amyhio npiepannic apdd (2.5 g,

o PS5 BSR4 B RTBL S 5 03

1.07C @iIp ife Idfoxagie &0 %)ﬁhrtﬁdo Lt ﬂa)and lfott@fnled a3l was stlrred with an
el ectronic properties. The factors which determn

overdgghitirrs end stted {9, 0@ f PC R RSB ABINSTEAE 2y qurs. At the end of
this %Q%ggﬁféniglti‘f &i‘ dﬁ‘%(ﬁﬁlﬁ(%%p rlgﬁ@%yaﬁg@ﬁ%@ 3&@1({))2(0 15 g,

0.54 mmmeb)gnt] didxahk 8%9 ) Wid added mvhe\ﬁask and ﬁ%m}glcbhﬁﬁhed at 80 °C for
ific e of useful ethylenicall rate
o SRR QIORTS, BT RIBIHR SoP T PGP HED, I APRCE
et hyl nethacryl ate, propyl nethacrylate (all isoners),

Parp(ll)y lprepiatenYdfadi ¥&0; povRIER Bom dreCidiibli® X rofluid of part (a)

nmet'hacryl ate, isobornyl 'nmethacryl ate, mnethacrylic
andghe macm:RAET pgetad pprefbe, phenyl nethacryl ate,
nmet hacrylonitrile, al pha-nethylstyrene,

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
solution. Diluted aqueous ferrofluid of part (a) (358 g) was then fed drop wise into the
above Marco-RAFT solution over 160 min under mechanical agitation. Agitation was
continued for a further period of one hour after the dropwise addition was complete.

Macro-RAFT agent of part (c) (3.85 g), aqueous ammonia (10%, 2.25 g), distilled water
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nmet hyl acrylate, ethyl acrylate, propyl acrylate (al

i soners), butyl acrylate (all isoners), 2-ethyl hexyl
wW@ewglstiey i sobornyl acrylate, acrylic acid, beeExD2005001512

acryl ate, phenyl acrylate, acrylonitrile, styrene,

functional nethacryl ates, acrylates and styrenes

sel ected fromglycidyl nethacrylate, 2-hydroxyethyl

met hacryl ate, hydroxypropyl 7gret hacryl ate (all

i sonmers), hydroxybutyl nethacrylate (all isomers),

N, N-dinethylantnoethyl nmet hacryl at e,

N- hyl a hyI net h ryI te, triethyleneglycol
(83 r%tar?g]creﬁth é?l Eg#}] bnge “ﬁlﬁh ed toathsn Fespgpsien t us obtained.
ryl 8i.e I 0
A e Bl B ?2?#&?%?“ o o5 B, 0% intensity
(VCXC5QO amiqsadz| Mpteoinisr ny). Mel\kailldnmrhg/lbamemﬁtehnywntnfuged out and
driec? at e, E@b@l et hyl am noet hyl acryl at e,
@h tol acrylate, nethacryl am de,

N-nethylacrylantde, N, N- di met hyl acryl am de,
Par{\¥e}:rriepRittion arahagienk dabdEfer NG Fydn el ds 6@&@1&& part (d).

N- rret hyl ol net hacryl am de, N-ethyl ol et hacry am de,

rtbutyl acryl am de, N-n-butylacr

I
POWRPr QTRyR%E (G PORtaIRIngebotNF e Cryang] raeqrﬁf*a%?a agensi(Zf1g) together with
t
s EEE  36L AL AOBEER) o AN PO kbl
5 mihBt@ﬂBIsst)g adm(etthlylaadt pﬂstlel,l 'fﬁhet aredd dlispessican ¢husabbtained was ultra

sonlgaz?ﬁ 8fl€‘s Eta H#lég‘enz ec?r?sgtgfgt{ogg%é ?f,%t%pl&%?@seg }ePrS tzll?in\?vlth an
averfigd ;:);tﬁﬁél}é |d°'I’EIn?etett Jﬂ ﬁtﬁﬁ)(m'l\teﬁll PIP(P’Byl WHBH BRE FaH A&l was exposed to

tTibut oxysil fy nmet hacryl at e,
an osmlﬂﬁmggn@gmtlhﬁblgh afyl100 kdizyand 0t Oraid rgynexat@d heat at a rate of 9.6 W/g of
Fe djl et hoxynet hyl si |l yl propyl nethacryl ate,

24di but oxynet hyl si | yl propyl nethacryl ate,

di i sopropoxynet hyl si |yl propyl
Partg) hB%pdrah@n b niyNeyeaie | b pltap¥aldied Teb@§ drom the styrene-

di et hoxysi | yl propyl nethacrylate, dibutoxysilylpropyl
basedderyofhud af %a rtdek sopr opoxysi | yl propyl methacryl ate,

trimet hoxysilyl propyl acrylate, triethoxysilylpropyl

r C

To tgf&n%tirﬁtg%nfgtfﬁ?ﬂ;p‘aﬁxapﬁ%% 5&&22% a[zlﬁhﬁffmethylproplomtrlle) (0.013 g)
and ﬂlee‘Bngnnvatsﬁgpﬂéaﬂ A ?E@lpylmtmgeyllaanewhere for 15.5 hours. The resulting

soli dPﬁ) g%lgi:( et hﬁlétﬁtw lgﬁqr V\f%%lf 8@'@({}%”%%% 3{)@&&0 contain 21.8% Fe,0;. The

pow@ér%&ﬁ&&ﬁ&bddylhmg@p}(ﬁd %@M'sﬁbﬁe’te&i 't@ttﬁboéﬁir% IubRtRPYdId as used in
acrgl ate, dibutoxysilylpro acryl ate,

part )i it spnesgiedk $Si W f Epafds, qatlag ditile flagqulatisatofithe FoiQuyparticles
. nyl benzoate, vinyl chloride, vinyl

dumf%%&?lggsaué#nyl brom de, nal eic anhydri de,
N- phenyl mal ei ni i de, N-butyl mal ei m de,

Exaidpld 4ty Epyapsaldtibans, TiD2uising pely (Bik-@beA Apniaach-BRAFT agent.
ethylene and chIoroprene Thi s Iist IS not exhausti ve.

cilitate t on he sur
Partofa); Rienff 1t oy (Gt e dutdro-deRbe Geidomasii-BAKT agent
contﬁiﬂ"ﬂé Shlabalalsy of! 15 Alonofied Anil 'i‘)@i‘@ﬁé“'mem% lﬂﬁféfl%ﬁ@w)( :2 using:
sel ected such that when they polymerise they form

2-{[(puryisrdfanyhaartionothipglswlfangl} pyopianotd agid e i n t he

conti nuous liquid phase. Those skilled in the art wl|

A L SR LI

4.6 mymaBs2 tzr-azmsnmutymﬁnﬂe €.07 g, (.4 mmﬁmﬁrylf@cld 8. 3@ g, 47.0 mmol)
narr ow .ran nper ture over I.C an
and piylareylaie 3 6ke %%ﬂ?‘ﬁﬁﬁd@asrpéat%?ﬁsuh ﬁloé’talffaﬁﬂtf{&)l ip a SO mL. round

crystalline polyner) changes froma relatively hard
and brittle state to a relatively viscous or rubbery
state. The Tg of the encapsul ati ng pol yner can
conveniently be tailored to suit the intended
appllcatlon for the polyner encapsulated partlculate

. o o o o s
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encapsul ati ng polynmer may be selected to provide a Tg
t hat enabl es an aqueous di spersion of the polyner
wepwapsubnat ed particulate material (as in a paPCl/AU2005/001512

formul ation) to coalesce and forma film Tg val ues
referred to herein are cal cul ated, and those relating
to a copolyner are calculated in accordance with the
Fox equation (1/Tg = Wi/ Tg(n)) . Unless otherw se
stated, where an encapsul ating pol yner conprises a
n1xture of polynmers or copol yners having different

the Tg of the overall polynmer conposition is

boﬁ@a |ﬂ@alf aiheywas stireganegnetienl nand spareed Wit nifrogencfon AP minutgs. The

rea 9 0 R A0, ASRLTSE (o Mol . o

ﬁnal%opmlytﬂEraoltuabEWaaﬁeﬂ %5exlidkg of 5C0C, will pr ovi de
anoverall Tg of 20C. Those skilled in the art will be
| e of t|n nonopers to_afford
Par i) 3@%‘&(*&%@9{5 Rilatergoy huty ecebaaﬁ)o%ﬂ&gé’fﬁop pigmens (TRI2,
Hur'tdh&9 € psition ﬁ&h R
! parti cul at e r(r)aferll g ER:V\%ere ’?ﬁieg)éﬁif ryﬁﬂeﬂ?ﬁ%ﬁ%%agtabﬂuer
material conposites that may be prepared i n accordance
A sqlption chataining mactn R (090 eg, Us 2 dninele ovaterc(SOA6G B) and sodium
ncapsul atii r
by 3SHOEIRES &1 YRG0 hES SRRAREH) ol pEedBt TPatisgRuuton, TiO,
pignidnt N@y.38egylasdsr added, trﬁhxb(mtefn@dt}QEo@h@egﬁ@ﬁrsQﬂ usmg a Vlbra-Cell
crosslinking into t he pol yner._ The_ crosslinked
Ultr%spn@cl%reﬁesws@ow gad Masaiabsy, Ingy, stpadsyh prabs set to % @mpﬂ@de for

10 rﬁ’ﬁq feST B%lﬁ 1I:at lon a}lq’SEés Vefhet HEn ?ﬁgn e éfﬁl%d%%netlcally and
ol'yreri sed en C Unsat urat ed nmononers. 0sée
cool&kluh Iaedzatem ltaltie At tthenehd oﬁﬁhﬂf elidpatsiort, ratmell casiplankesd taken and

cofATER THOTLURSRRY e, der eS| 0 RS O S,

Eppéﬁﬁ%ﬁ? qéaﬁtﬁ@gi a"WRRRESosit Rl @’éPéiP'b%t sy QEINWY %ﬁpé‘rﬁ&thﬂt which
unsat urated nononers can afford a crosslinked polyne

1nd1®tqduth@ wresenee oligphipkus Inyaser ReAIT. &m tdaf: mgmeldacbsperm a small extra

urate UpS. to V|d SS|I
amoflieqt B Be8i Prvit R s BR5el n sPhitafol g anotter
10 neltid, i The Ratitenelshediono(s sarsd gpr\oa@ dansfeReD 4gha a.obrﬁle round flask
radi cal reaction nechanism Alternativel

contgipggst.4 neokispbryaneralatie a0 bt rraw{ @eijwai @epxygenated by
nltrogiﬂli1 éé‘a‘?glhgaﬂflé’ wi q{ag @Ja? ﬂnfﬁ%&%ﬁﬂ an \Aﬁ %ﬁl \Q/ t§9 t?ﬁﬁ% g&utre setting

unc ona gr oup I's not susceptl
of 70 &Kj Whﬂ@ardboxygeﬁatte@ ntigitiecel btﬁﬁmylaﬂ&i 1 (3I9 £€.10.9 mmol) and methyl

met}{agrgzrllq?f% kgg@ %gﬂem i)gt o ?eél Hlé Op98,| g/hg IpserCSalsigﬁrs. After
monBREK Q&’(ﬁﬁoﬁ Wa@l& éﬂ’é&é YifE rh'e§ﬁ{ %s 9§nﬁrﬂl@d Yo ?tfﬂﬁﬁérepl hours after

group, and ther I’ting pendant functronal group
whichrtome gelymeeaatgort ae figindwbibe tonipbes| Afiki fljeringy theclatex. was white

o S e DR s, B SRR, VR Tpdmens

Ltd) VI?@QEtesthd@ﬁﬁ@ZS’B%e The ché¥sBHnS p@lfynfe? #fetsV@ound TiO, particles
f uncti onal gr oups can react through non radical

was fargher ilppeased harAdding anothsr dedxigenstod stikiks of bulyhaeylate (1.39 g,
|
10958 SHSP SRS AR GOFE B4 Yo L M g gpove

(42. mgbpheheplte@eme AU 43-agdbis(@aghnotaldrieneid) ¢0.8R5 gf aupsmd) at 70 °C

mhere he nononers are provided with non-conpl enentary
overdyg 1 AN theRmonPBRRrddfieas campletnithe aperatitgavas maintaired for a

r
forthch THAER Lo dbPSorphetisaiBh,, /B8 herfh Per O AR OB o£3 pon was
detemminéd &y clyoasici laderr Mhammmﬁgo(HRFSthieemImstslhmeMS Ltd)t The latex

w il be
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appreci ated that such crosslinking agents will be used
in an anount to react with substantially all of the
woeweosiml ement ary reactive functional groups.PCT/AU2005/001512

Formati on of the crosslinks under these circunstances

wi |l generally be induced after polynerisation of the
nmononers. A conbination of these nethods of formng a
crossllnked pol ymer struct may be used. The terns

"mul ti-ethylenically unsaturated nononers and
"functionalised unsaturated nononers" nentioned above

can convepiently and coIIectlveI¥ al so be referred to

solidoWas Al dsm o1 GSSPREER Gheapaylated Tily pregried iy this fxample were
ArTE | By, oi,ag gener al
o A T o P g, D e
monomer s" or "crosslinking nononmers" is neant an
Examphe/3:eTheahofnsable zbating eahtamimgencapbulateghlithi ch a
crosslink is or will be derived. Accordingly, a

Part (g esBaPHCREF pob TR B e T OSPRlsa¥ mapb et antide co-
acryilu ncidjomaki G RARD gkl 861RiniRg) Qfiverage 0f A6l ARNOIMRAunits per

through which a crosslink can be derived either during
chaigin grpele rptie oh211: T H4NBN. 1t will be appreC| ated that

2-(1 bRty B B e TRARRED B AR C Pention

for the purpose of functioning as a crosslinking
A saatdorer of F@F{ @u@d@lﬁnyhmrwno&iaﬁ]mhlfhhﬁ&pmpMC bacid (1.00 g,

42 50, ohp b uRpEhERREIEN A R Br BEGIS naele  Beifa T e
43,1985 bN € ButyPeR ARAE S(2017 ?U'lg@bhﬁncﬂ}“ahﬂ lqt(ih\bbﬁﬂ&kﬁﬁbﬂhyl) acrylamlde

unsaturated rononer's that na% be sel ect ed tgmfr0VI
(1.34 .e8.8 mynel) ivvak eenaeddyimedioxane (€50 12 i lm nc5|0ufab ropagt bettamn flgsk. This

| j.ni t ed t Qicafil en
was gl Fiseheiel B0 5R R XBLp PRI LN B PBRRG, 2 sk was then
heat@ ymcrol °Cfot DEHoO}sA@Id¢t adrBiand stdripp! Sﬂhe m'ﬁaagd:(}mo‘.;}mer solution was 43.8
di (nmeth)acryl ate, trinmethylol propane
% salids( met h) acryl ate, 1, 4-butanediol di (neth)acryl ate,
neopent yl glycol di(neth)acrylate 1, 6- hexanedi ol

Part] @?C:er y t rﬁl?ngﬁ acryl (ﬁas?ie)ufﬂx ﬁ?‘g@lgt ﬁrl t 11?rde-co-butyl
acryllaﬂe) a(atmigf@féh()ﬁl pigmen (TR, Huxﬂsn(lmt(h)rporqﬁitm) dor thermofusable

cerol all di (net h) acr,
coatfhe Ghg Bgs AT peeat REFRU RS I ERH (L34 F yfbiizer. 1 o
-tris(hydroxynet hyl )ethane tri (neth)acryl ate,

A sdlu‘donI colnfdifih S Yihic fxX R ABTMaHeh 0625 €. 3l i hid1h, Ry e (s ates) and sodium
1,1- tris(hydroxymethyl)propane trl(neth)ac%glate

hydfp?iﬂidal(pyll gcyanimmaly was irepard in 908¢ apubesker.tFo ais yplution, TiO,

p1grr¥c?n'\t/ Ir@b |8bt @L %vasdﬁc?c{edylmﬁgé ha?lda }ﬁ)jr %119) ldﬂpg%s%& eﬁ)shﬁé]aal §8bra-Cell

zene, nmeth

* Ultrisohi! Pry&amrl’(SomOb ayd l\mreﬁﬂ; &nc. pétydaed brabe Q;p‘ob())BO% amplitude for

triacrylate, allyl pethacryl nethacryllc drld
I%Iﬁateﬁveisﬁvp% i ﬁ@lfﬂ@pmroa@ﬁﬁﬁﬁwm@dﬁa mignetically and

coolédJ h{ 2k Eer iy |’I‘ﬁ@'v91ﬁ#e| aﬁsfze&lﬁ&s wesed ) Wag %ﬁgﬁrrwtoc@ 100 ml round

contain a reactive functional groUp that i1s not
flasks usmeaptmgxl 4 4t-ezate#oyammaeleric n adidp e(OrB8i @al Pdacumohsand was

deo%?rhag%cf 9¥ g{l{t g%é %pgr%hyg' lIﬁ]gtfﬁdlé \VIS é{%%leetrge Akt a%xglﬁaht\{ll set to 70 °C,
while raaiebx&g&naféaxﬁﬁmrel ®f bliys by la@xyITES By14. mﬁfm&? Nth&t8yl methacrylate
hydr oxyet hyl acryl ate, -but¥lcarbod||n1doet

Q. 1(}@; hhe myn@i end Ak 1§qhutoxame§1 ) acrylamide (0.42 g, 2 ’ymmol) was fed into
[yl
v SB35 PSSR 44 SRS AR iyt bosin

Exanpl es of suitable pairs of nononers nentloned
directly above that provide
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conpl enentary reactive functional groups include
i V-nmet hyl ol acryl am de and itself,

w@ ewoelostioxynet hyl ) acryl am de and itself, PCT/AU2005/001512
g- met hacryl oxypropyltriisopropoxysilane and itself,
2-isocyanoet hyl nethacryl ate and hydroxyet hyl
acryl ate, and -butyl carbodii m doet hyl nethacryl ate and
acrylic acid. Exanples of sy%table crosslinking agents
that can react with the reactive functional groups of
one or nore of the functionalised unsaturated nononers
nentlo d above include, but are not |limted to

ek

was Snted dor H1Zer 16, 0et #Her avieclupolmREZatioN R fRUndiq by pomplete.
The 38ultfhg lﬁfeQWasathlﬂﬁand]ﬁMI@ @ﬁﬁﬁaﬁlh%aﬁﬁf& Gid %L@é??%e ﬁhameter of

triamne, nelamne, trimet ane tris
about-4d3i mnc{Hﬂi’é’SpMﬁbvem zln&&l)unmtk Bid). pTlme twtesh;cdrdazwate% 7%. A further

amofei ek § ot PisPRt e TeGRED (s de CPRRD BRoaddsd to the resuting
latexc @RheBthed &edx?@&ia'téde A%%&Saddﬂﬁrf@edelaﬁ%(é%ﬁfemfﬁ&{bﬁler mixture

di am ne and acet oacet oxyet hyl net hacr am nes
containiig buyhastalate Gyllegel 6111 Aok, maﬂmrb meshacmmhﬁ 18rg, 17d,0 mmol)

and RE @%bl %%thjpg{c@%”cf {o%'? g, 2 Pl 5 e fg“g%ﬁg/m over 2

hour@@ﬂﬁleahevestséll W&Sﬁﬂ’cﬁh’@hﬁﬂ@ﬂ a0C, tAﬂt@(tRe ﬁ‘i%hbﬂlbr Addaﬁcbrf Wwald &plete,
propi onate) and acrylic acid, adipic bishydrazide and

the tgmpeEiwH évaaéwmamél &or fertherrhaur o éﬂm\w@nnjg@ d>0bfmer1satlon The

latexp QeI hAg afi %%(1‘3 Hﬁﬁl%lter%}qﬁlﬁ'rﬁﬁ]&}{m)? nalt uﬁl%gts Ltd) and
spensi on pol yner i sations can advantageousty b

late)esqiidsy\ea:k B3 ger The hatexgfdrimed newhioe glissyt figmionve rglas9 Blide at room

tempgiigy THi S AORRELHh e 0 o 1idF dnd e pipaisdapiasmall picce
aftelt\k}éﬂhlﬂ itARERORE. PlovichBr, WhéRRhd Alin 'w%s"t%h@cf neéH @éﬁ at 140°C for 2

i nterfacial pol ynmerisation process in yrrer i's
hourgoif d@cnoadlsm’c%rg‘r@nm acatongforpetrahyduwifiape. mat er | al that is

di spersed throughout a conti nuous Iqu|d phase. The

ey D MR T e

conti nuous |iquid phase consists essentially of the

Parlolﬁe) oPraparsti@i hy paly(batyl yadykaé-vs-atBdicnacidyemactddRAFT agent
gol ymer i se? to formthe polyner, the nethod is
contawé? ARV Erage of 49 BIPUOHIEL Wt pﬁﬁabamane ke ratiof 1:2 using:

ﬁﬁ§§ st essentially
2 {[(%?Wlﬂﬂ e)c%#wrﬂrllg?ig eﬁﬁﬂ gﬁg (fkf)d)t'/l Ec(r)lagkg‘jtlur ated nononers
that are msnsedtoformthe pol yner, the nethod
A SOiltﬁlq@rQ,fﬂefg ylsd}ffewb)@@bomth@ymulfwm}pmp@n@c arid (0.74 g, 3.1 mmol)

Q n o and con 0
and £ RG R R e TG P BR o oS REH phPiEnd W) in o
25 ndll, ghurdebdtibng flaslg Etie Kiva‘s\/lstlﬁe@ AiHhOficafly &indt @ﬁrg@@'\bflﬂ? hitrogen for
pol ydi spersity. According to these nbdes oper ati on,

10 mwﬂm?h%ﬂwﬂo\éa%fh% Beajechtpand maigiained a${78g 6sundne¢@1§§ant stirring.
Bunf AL 5 B 07 £ 2hanRIAHSELRIR LA 0 24 b SF wleR 8 inco the
reacﬂlcﬁﬁztttéh 3ﬁg/hrﬂfs; i he A;ﬁ)eltrlvdncloﬂie&mctmfl vt'd’sﬂeﬂﬂ fdlrrbeflﬁﬂhelnhour sltlrring at
s, the resultin r/particul ate materia

70°¢ ﬁéﬁﬁvﬁ RO O BROLY ol v5Plbani lised. In this

case, further RAFT agent nmay be al so added to the

reaction with the nononer in order to replenish the

surface of the particle with stabilising noieties. By

"sem -continuous" is nmeant that the nethod is

conducted batch wi se and nononer is added gradually or

in stages throughout the pol ynerisation. By

"continuous” is neant that

\J



10

15

20

25

the nethod is perforned in a | oop type reactor whereby
all reagents are continuously added gradually or in
wae@ges7ishr oughout the pol ynerisation and pr odRCT/AUS005/001512
conti nuously renoved fromthe reaction system
Preferably, the nmethod is perforned in a
sem conti nuous node. A preferred nethod of carrying
out a sem -conti nuous node pol ynmeri sation conpri ses
addi ng 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
Partp &)t | Rely Gdylmatisatatcor fmetlnyh anethaeiylatehtcoating sof| iTéd: pigment

rmal  i.ni |ator dd n
(rRGg Sy FaPoralifah plngom P RATT BFef BitapRLAN Part @ as
stabllizkf.ers to regulate pH Typically, all reagents used
are essentially free fromdissol ved oxygen and the

t | ut it h .
A SO EOPGQBIFITIRE PR BAFH 4608 0y 6le? BBgmer S0 2 d sodium
hydt‘gki%lg Q0509 2. &ME6I Zt\%{s rb % fila '1@9 rﬁ%scfcgkéroTB htﬁfs doligion, TiO,

tiat or-"under goes y I nduce honnlytlc
plgnmt 940.6h. g)Vovas nmddedaynm(bcé rande thadoislilya wispersed mesing ait iVobra-Cell

O B GESEH ABSEE bR R Doty BT PR SRS o

10 rﬁ’mﬁt@& EDLBNAYIR §brfi @FiBh \RbdesdIARO ARHeMIRAWES Stiféd Magnetically. The
formng, and can be conti nued at such a rate untr|

whits (distieesiem (5 W89 @ewath ensferser bblayh%(} ingle dowpeh Sleslt jgentaining 4,4°-

oSSl B B TOPET L RSO s bbbl B e

spar%ﬂﬁg Pliad flaskUvad Eniesal inddn ofbdithhﬁth ERipRMRiite s\mﬂng tat MAYC while a
e the sane or different, can then be added

deoxygenated mpdpie ofibutid actyde { itk 40-vRmal) %rtdalaéfélym@thacrtﬂ?ée (3.30
g,3 Zg@ ?rhﬁ(ﬁg V\qs %&Fﬁtqo{he RELY 886,05 8k QO%IJ'ISS‘EOLRQ CA%&?H% gﬁﬁ’%mer addition

nmeri sation~may be continue
was pc(mtlbld‘e fthH Ia:a’dng pwa$| wntinfedpdbry nferthgrarlisc Uirat &fter  which time

mat er | al articles . having .a desired s
POLYESHERHAR WAS 3‘5@% 15 RS JeiSTIE gt e ottt stsble,
contglflﬂﬁlg ]?é{‘ﬁﬂteé ikl &h E%réger@iﬁﬂl%fer 9r gy 6b1%n' (E‘IP‘PISe Mﬂ@érhrlﬁstruments

Ium di oxid articles with pol In th
Ltd)c The latemsohejajwepIRISISP A.fmmrmmmm mbxs%cmvalenc acid)

Ny RN R O R——

furtl®p Bﬂ(ﬁﬁbh af ﬁeﬁ&gé_naﬂ&?ﬂlbno&@xotﬁlﬁt%moﬁ@urﬁng bﬁﬂ?l @crylate (148 g, 11.5
di spersi on, rophobi ¢ nmononers such as

mmel pyd aeghyA mept mﬂe (A8 22 333 mmeDrivwgs then mﬁdwa deege/hpover 2.2

hom{ Igﬂe.l %1%9&%?%2 QV&I% %ilﬁ{alﬁeﬁoalt 3’76% @ﬁell fﬂ?res?wr{fgsﬁg &f?elt g&ﬁlétion was

combpRtedlo fdmgonatuen %@Smhmte&nddh éort atiaﬁhwnlﬁ dwurdetpachiced esmplete
and further COP i nued t aff rd a | at ex, havi

in
polygsgisptian. do¢ ife WhY Y W %t%lﬁt ?Wéam%éﬂmsg%ﬁ yith an average
f f
dinnl A 0T 28] @ﬂ’%ﬁ\%‘%@%ﬁ%ﬂﬁiﬂ%ﬁ?ﬁ TR A RIKTRG an average
diansaderarftd@g6ams (FPPE, Mslvdrndinstannéns Lidl) pad Htexf solids was BbAdo.
as an opacified binder. Where the continuous |iquid
phase used in accordance with the nethod of the
i nvention consists essentially of the one or nore
et hyl eni cal ly unsaturated nononers that are
pol ymerised to formthe polynmer, the method will
typically be perfornmed as a batch process and in
ef fect may be considered as a bul k pol ynerisation
process. Were such a continuous |iquid phase is
di spersed in a further continuous |iquid phase as
her ei nbef ore descri bed, the nmethod may in effect be
seen as a mnienul sion or suspension
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pol yneri sation process. In these cases, RAFT agent
wi Il generally not be introduced to the conti nuous

wo p@paios7iphase during the course of the pol ymer PGERAUZIN5/001512
and it is thereforepreferable that sufficient RAFT
agent is used to stabilise the particulate material in
the continuous |iquid phase prior to initiation of the
pol ynmeri sation reaction. Cp§lapproach to perform ng
the met hod of the invention in bulk node wll
typically involve adding the particulate material, the
RAFT agent and a thermal initiator to one or nore

xaplelhEn kR A0 Ko Susis DA Aseo-2had ey BATY agent.

Typically, all reagents used are essentially free from
PartC(h)‘fSP&I'e)Sﬁﬂatﬂ?iN Gﬁiblﬂ Iﬁltﬁlhﬁ:r&ﬁ?&&d ﬁﬂ:tﬁﬂryﬁé ﬁf:ld? MmRYOFELFT agent
wth an inert such as nitro prior
contpiging an jayerage |o§ A AnengmenunitERe fﬁ@l éyaaneleyatip ofdr L using: 2-

(49 RuRERDEI B ERTRISEIAL VUM HbygL e one or more

y unsatiura oners uélng means wel |
known to those skilled in the art, the dispersion
A stOélnt[IHr abﬁr e- {rﬁ@mtyﬂhﬂzfanbl@carbmm&asﬁ@buﬁbnﬂ[}tplbpiﬂtﬁc acid (1.50 g,

i Ni _ dergoes thernmlly induced honol
6.3 narap 5| FER W‘tflf? ?@Bﬁt/&n@d‘uénm wn&et%ar?&iél@ jiagid (5.4 g,
63.1kthél) CB@t?l 5«5}915&69(@3@%3 8nll ﬁlrﬂdf) as é’iﬁ%’ in Qloxane (8. O?1 g) in a

propagati ng nonorer radical 1S i difately torned
50 mbr epyarg drottern fresko bis waslsitaed vmgnetivelly aind fspauged ovittheitrogen for

rfac the rticul and nabl e the
15 0 P ot G b e oo bt B g By Robusnf Siing. The
ﬁnalwpmlf/mteescn@dlmas 399 bpgvlidthe pol ynmerisation continues
until substantially all of the nononmer has been

consuned to thereby provide a polyner matri x havi

Part; (1y: Rplypuged, aerylataca- faethyl anethewta&n)c icapting (of] T&gmmgment
t
(TR, Gh G CORTfIGHP sjod 1faGBORATT abllt HAGHLH BEPREY (o) as

stabﬂuelapsul ate high concentrations of nanoparticles
within a polynmer matrix. Using conventl onal

A solyiER o EE s oATaTRAT bedht BT L2 Moo oitAdd shpt godium

hydr&ﬁd@%@@@t 3.1 aniAfnag fﬂréba?édt Bra 106 nil GRSt €S (R sbiiion, TiO,
mat ri x ymer even | di spersant did maintain a

pigmenta 1 &0 &-)pétaslétﬂde@u e p@dytﬂvemughbﬂ dispersed hising a Vibra-Cell
Ultraggrgg ﬁé}ceesslcgrr13§§]l}1§%%{dcl{a/l%%5 E’f«Fil;lce)gs gﬁs er%B!% Eetatc %%/d %mpletude for

10 nﬁﬂt[tés Mibraigethessogicetidn pruded] sl dis@siparwas ﬂlﬂé@lema%netwally The
“hﬂeﬁe ynerisation process to ultimtely formpart o

RRIEION 494 by g)ows/tmsferfﬁdda RdRR mls s hotiamyflask copigining 4,4’-
azob%&@éﬁdﬁ%@al@ﬁc gamcﬁ?g(%e% [Fél 6l Sﬁﬁfo? % d! @ia%) P%ﬁg& by, nitrogen

can a be a
spargieg. e flagk e 1rafn@rsemﬁrnan mﬂtbaithbseﬂl ﬂo dewhldmh deddygenated mixture

or bugiiactie ThiBisi-5 farel phbmems brefhepafase .30, cs i ped was fd

into t‘h@ AlablOMQI5d p/AHbEErBRRSs. e PEBRAIZAa RS MWhuﬁ%& IsbRS containing
ru@qql the particulate materi al substantla
pa mﬂ

nay a‘chrwedlgm@tetr reér3dOHr omgl PP ddelveini Instraments tiiid). The

e 3afot a2 FEHRE ACPRETEY R B BB oFRGHR B g 2 & 0.1

mmo®i Wikesddeané tHéQ@Stﬂtm% Bifdx, GiidH WHOthen PeoRytelate® AR Further addition
There is no particul ar imitation as to the nature of

of deoxugengtad; mqa@meu HEiuEe 9%&@1@1%@@%1;%?@ (Lé# §,nt0.5 mmol) and
t tant
meth lgtglgfhgu 3 (f' & 9? rﬁ‘iltngﬁ gﬂb gfagee gabﬁ 32. %aov r2 hours while
it does not adversely affect the formati on of polyner
at the surface of the particulate nmaterial. For
conveni ence, a continuous |liquid phase that consists
essentially of
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the one or nore ethylenically unsaturated nononers
that is polynerised to formthe polyner wll
whegoeiosEabt er be referred to as a "reactive" coPCT/AURINS/001512
l'iquid phase. Conversely, a continuous |iquid phase
whi ch does not consist essentially of the one or nore
et hyl enically unsaturated nononers that are
pol ynmerised to formthe pol r will hereinafter be
referred to as a "non-reaci?Pve" continuous liquid
phase. The continuous |iquid phase may have

hydr ophilic or h{drogghobi c character. Suitable
the yestel Mg anaintaingd gt V9iGoddter thpueaoshmenememaddifingn wayeorapleted the

[ . i r
i T g o) ek U050 LS SRLIAL pIRA AU, 7o
latexopdrticlashd)ars aNesdget ditraetendf 3066 nm (GIPPSH MalVvdra lhsisiments Ltd) and
lkguiESQbﬁ nmononers that nmay be used in providing a

soligs@d &Pil/&- cont i nuous i quid phase include, but are not

limted to, the foregoing Iist of ethylenically
Exabipdé8:UL AéHRulXeioa 58 30, WinBpoRIBALcRARY nEftrs RAVT agent.

unsat urated nononers that m ght be considered by §

person skilled in the art to be_ hydrophilic include,
Preparation @ pely(hutyl aaylateco-aexylici asidicinderoBAKIC agdnt containing an

' vl at hyd I
et 2RI s RS e TP PR
2-{[(byéiylondgaiyichrisommoyhiay BsulfngB phypaivaddi de or

di met hyl am noet hyl nethacryl ate. Exanpl es of

A sgiiibn et isbpButteSenrhos Tty Biprenfl ped (040 &, L6
mmd]}’,@,@’%%@is?sobﬁlﬁ&diﬂ@ﬂe 12 3r g'lnﬁltmdl% {Ecquféyafcgc% 9’.%‘%‘, 33.8 mmol)

acetate, nethyl nethacrylate, net cr
and butyk asmgated R dA 4, deOtmyingl) yras pegpatadt iy diexeny (Hr @4 ghiatayd0 mL round

nethacryl.at e, amyl netha | at e, hex t hac te,
borTE RSE PR e R B N oL B ) A Rl The
flaskRadaeh Heale@ at 70 OCYIndeRERRBGNY bikig 6} DBABs. The final copolymer

met hacryl ate, ol eyl met hacryl ate, ricinol eyl
Sdu%@ﬁ“@%?%?&@@ﬂ“$inyl butyrate, vinyl tert-butyrate,

vinyl stearate or vinyl laurate. The nethod of the

| tj dva us/l; | ge ns._: [
Pob{SHET 4 PRaAPELARR. 8 RAHHECST THOL psf’ (3 "Rumiman
Corpamatianpusihg hiverp RAFT apattdromPart @) as stabfléderi cul ar,

the net hod provides neans to pol ynerise specific or

eci al i sed nonongr,s..i o st egic, | ocations rqughoyt .
& soP i Gplaiine TRGERR AT Fol Gadri OrrFity a0 pg i aa sodium
hydr82ideq0.06 ! 184 &S Sfad| prégardd! BPRTDOID VeXIB! To this solution, TiO;
encagsulated particul ate materials that are to be used

pigneat dbh2png) awipaddedi orized o torpghhn dlisppesad wusing @f Vibra-Cell

U RSO 00 50 LR 2, B e o

10 npiautes.COUfRE theRt@titaionaprceadi, Siby SHgRrde] ows Wiitled Shamiefitally and
reference to _an aqueous di spersion of polyner
coolech &b s Wi et@ﬂbi@hgm eishof ithe dispersion, & emalliseEplee Ry taken and

confSEeti By SRR W Sin 1 45 BLHARIE OBl by, Fpgndon

revegjengea shitprdepedifpdela oleht buedighdy gallomysupanatppl whidhiindicated the
ot her,. applicatio u s in fillers,, adhesjves,

PresEcp iy e Tagp Yo %_ﬁi l?;lﬁmﬁmpé}SWFé’PPpéF‘la’lc‘EHt‘é‘t gmount of

oo ) SHFDRRLS B G55 LURRERo S Lo i, Th

white diﬁp@giiotli(%nrgjlwb@ﬁamﬂﬁftrmddd ably0Otrhle rewiddmttioeflask containing 4,4°-

risat.i on. Qf cifigc,or specialised nononer .
ezobfBRI-YIHIONARES il (OB h, i i G MR e R RSHE by nitrogen
2,2,2-trifluoroethyl nethacrylate (TFEM may be
pol yneri sed at a
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stage during the nethod to provide a highly

hydr ophobi ¢ surface regi on of the polyner. Introducing
waEmMosTa6rn pol ymer conposition in this manner BEFAU2005/001512

pronote stain resistance to a paint filmwhen such

particles are incorporated into a paint formulation.

Alternatively, nore polar nononers such as acryl am de,

di met hyl am no et hyl nethacg Iate or ureido nononers

may be pol ynerised to provide a highly hydrophilic

surface region of the polymer. In this case where the

' id phase is hydrophilic, th

cont | uo s |jqu
sparalyarB%h Pl ﬂaglf i FIBErsadh iharh il pathvith Wweaﬁ@rrtsett@gwé 70°C,
d t r
il SR LR ROLNRI S0 0801 WYl S8 5P LGS BHED .
methpotywate (3 2drdg, 32 mtrmt))wpsn fealt inton thef flaskiclh 0 gihr mzeloirhbsrs. After

at th urface o ol ymer conposi . tion n i st
monPfyef REHiROA RGP BHIel Ui PRPEIES Sab FRRInHAGH A.8eder 3.5 hours
aﬁeﬁ@ﬁfchﬁﬁn@@@l&hﬁﬁ%tﬁﬂlswai fblﬁﬁ%'b‘étﬂoﬁ{ let&SARES Eltélfmé W latex was

ITc end an anphi pat hi FT agent,
Whlﬂe @@étstatbir:, @ﬁnilahve@pwmnenwaﬂaw& éEqOr paﬁele@mlﬂha 8% solids. The

enabl their as_adhesion .p
encef Y of AR Shord by HEB: maRadhs R BBy RRE! B adding
anothéit @é@@ﬁgeﬂétédl Rixges bf 3du$yld dédyRige f(iL 1300 LOrimed i@mol) and methyl
Typi_ cal | such specific or specialised nononers are

methgsTy}#He(3- g‘é & 3. 4rnemalo il &Bye/Moitq o @bave lgrexf(d8 4p1g) imthe presence
I4e %.0 REE
or L3RR M i T8 o010 FARFRT SOOE IR, e e
monomet edldhtlom tvets dosapibered; nthe itaﬁpieraturef wasmpdityined fat a fireher hour to
ace of, the particul a The node of

te terials.
comBlsfe, REFTEHEIOHR: W EHEroBoPRIEE (aiss o TificEmueh dejfgmined by
dyndikit oy Héhtts@ﬁtérﬁ% Fnl\/ﬁill\%?n A meRts! @) ik ?5’[9)?'501 ds was 29.5
conposition of the polynmer fornmed at t & surface of
%. the particulate material to be controlled. In
particular the conposition of the internal region of

Exam E%gg#%agﬁu mBr 2\'7[” @réug‘{?}g,fphfygbhgﬁ% ééf%%erg Cgut er

sheII In the sinplest case, the polynmer can be forned
Part\i£): ePieparsth@r i« ipply(bagieicrykht@odbnoBilics a6idyt mac-RAFIR agent

of the process and a different nononer is polynerised
containing PB?@?‘““@P 2440 mpogrer upity nex reh%egarwele rafig of };using:

encapsul ated with
227 iagmxgﬂl%th ep&ﬁﬁaﬁgﬁg%%k@?dm ' ng exterior, or a
sof t eIa iC polyner W th a hard non- fllnrfornrng
skln he te "hard" and "soft" polyner is neant
HO? b@{ med from nononers where the
onDponner glass transition tenperature (Tg) is above
and bel ow roomtenperature (ie. 25C), respectively.
A so".&utidnarbﬂ E2h[€(tlﬂoxnmﬁmhyiem)dh(snllﬂadﬂ) bi:s(l_[troprtrmm@ctld) (07868 gd3.4 mmol),

thacryl at cryI te and
22 gitia k\}%g?@trﬂsdﬁ @B g Eremmalh & 1<2 ﬁbr&ar?ér% mmol), butyl

acryla&cgf i %,h@yg nﬁﬁ@l) P%bﬂd%ﬁ:éf th Hi%xalfe%?eﬁis é”?‘%}‘r{[[ found bottom

acl as et hyl, and 2-et hyl acryl ates.
flaskTAdisrwahsttrest magm’tiicaaﬂoe md spargrdgwith aitmgep rfon/ l@mimnes. The flask

| t tive out her nof,usabl e
was figni e oo Enc G BLTE T i hois SR sRabiie ithe fnat
copdRRh &Y dodltonavA 5@%%6@&1&)/ made by di spersing pignent
into polynmer using a nelt m xing process such as
extrusion. The final pignmented polynmer mass forned
fromsuch a process is then nmechanically comm nuted to
forma final powder coating conposition. In use, such
t her nof usabl e powder conpositions are typically
applied to a substrate by electrostatic spray
t echni ques and subsequently fused onto the substrate
by baki ng at hi gh tenperatures.
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Conventional thernofusabl e powder coatings are

typically based on crosslinkabl e thernofusabl e
woraioe/3abs to provide for coatings which are he€HAE2®5/001512

have high | evels of chem cal resistance and good

adhesion to netal substrates. However, a problem

W t hconventi onal powder coatings is that the quality

of pigment dispersion afforged by extrusion is |ess

than optimal and this generally results in the need

for hi gher Ievels of pignentation in order to achieve

actical opac The nmethod of the inventio

Part (bR olEmefi) ARetharylitrae BUSHI APREALR SORHBE BI a“n@hplgment (TR92,
HunAECRFPoraB} s Blaclo RAOATRK thif FarP (1 4F apl

use i n preparing thernofusabl e powder paint
A sotatippowithipdh$. colaiting argeos iRtARTnél 2as, @dnmnl)smlatgt 68. 14 g) and

s SRS .A0E 184S PEPIBEA Ll 8 YABL 818 Yoaen

TiOSpiilean{lioadd y) waé hadedl )rhlkéﬂeﬁlﬁi haoBether ttﬁkﬁb@éhly @hdp@iﬁe@ glsmg a
ome;ﬁﬁlgnent Ioadlngs to be used. In preparin

Vibre#allnbiuasapice Prsarser (Semiay asdnivstarielsorisc. DJsﬁtfmgiatdw probe at 30%
f

ampﬁ&l%lp QI%Ié 9 e0r al{lﬁ ytegg\élﬁgttlfg Qlées Ssgﬁltcgtg)ﬁ ;?P&?yst? hljgé gﬁéﬁrﬁ&?s\?as stirred

mag@étfo‘,ﬁlljé ahd addlyd s evhter BhtdThewhite dspasidbnt(56.87 @) mias mtaasfsrred to

2 10D raufih BS o e ORI & LTSI IS &
mmdM Ifnlld WP LE r?Janz%l@r]\ ?fbﬁfc{%%g spat gﬂllgt AL Wbk AfRUNES ﬂgnersed in an

polymer i's ng at room tenperat ure.
oil bptr sei UV GFPC, whide adaorpesated m1xm;q30ﬁ:la1tylyacbsda‘®e(llé&tngtSbmmol)

et B R0 005 R T D0 BB 051 0 over s s

Aftef itk i%ﬁéﬁéﬁb&lddu&b N4S Bpleté, tRE hestRRaWAd cORindelFor a further 11
di spersed pol yner encapsulated particul ate materi al

hoursrgdp) mmuée@paﬁ@t which rtispe pplemierigatian wgs kavad to dehivimgplets. The latex
was LD SE0uB RS R I a7 SREAE AAISEH S e
Instr%ﬁieﬁ@tlﬁd) L ateRrsouiseas 03.8%. dEigy aeawulatlmgqﬁlynﬁ&ﬂ lﬁlﬁbrs ﬁlround TiO,
t he applied thernofusabl e powder paint.
partiplgs viss dhrthesnereesea by %déh%ﬁ!n%lwd@owmtﬁd ﬁamr% of hutyl acrylate
cQ [ d t us
(555 IRIRGEIL NI 0 BOYRTARERLE 15 g o i
abovieleter ée thet regemoerof ¢,45-npckdd(dwlamyyalenictaosd) £0.PL9 ed 0. 1 mmol) at 70

.. Coating re crosslinking is to. be rormte
C oasrp? RaBse ey RETOiSH GHEIHEN e pmnlels dh dPRerg g whs haintained
for d Hégq lflé{ﬁ‘CtB' aRRt fdl 991?%16'&1@@&0@@?@&%%@{1eoyofraﬂs%ﬁﬁéﬂ" flectron

COITp enentary reactive groups from ot her nononers
mlcras@q»yushcwccpmdanéualm emhatpsukatﬂel Tiok ypariclesShotaversgo particle diameter

or 4¢ pev il drigmitilfy BERRERISER debriZ iR aiA poflh swumens

Ltd)pﬂh@hts%fsbﬁﬂs%s b@s obeen applied to a substrate.
Alternatively, the reactive functional nononmers can be

selected to only react with a suitable crosslinking
agent added separately to the final thernofusable
powder paint fornulation. The invention may al so be
applied in bionedical applications, for exanple in
appl i cations which use bi oconpati bl e pol yner

m croparticles containing magnetic nanoparticles. Such
m croparticles can be delivered intravascularly to
performvarious nedically related functions. These
appl i cations range from di agnostic functions such as
MRl contrast agents and cell targeting and separation
to therapeutic technol ogi es such as magnetic drug
targeting and targeted hypertherm a for the treatnent
of cancer. These technologies rely on certain

advant ageous magnetic characteristics of the polyner
conposite mcroparticles.
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For exanple, targeted hypertherm a therapy relies on

magneti c characteristics being optimsed to generate
whe@b/0sthien the m croparticles are exposed to apdi/gki2005/001512

frequency magnetic field. In view of the delicate

nature of such in vivo applications, the need to

provide a high level of control over the fina

mcroparticle size and the_gpatial arrangenent of the

constituent magnetic nanoparticles incorporated within

the polymer matrix is very inportant. In particular,

t he ability to uniformy distribute a high vol une

B o GRS o GO SHRBE P Ko AP BLARET sgent.

i nvention has been found to be well suited to
ParO($PRFépaaién Y ' l%ﬂat&&(ﬁﬁle@lﬂi@zhés h&id) FREPEIRAFT agent
ngazoparpt%?c | es W ?Xy di stributed theret h?oug The 8

contapnjipg ml amerpgs of go @wwralm’@tm ¢hain ipraapale nagioaf 2 nsing:

22 RS R e R B R b oo PR SR 1 o7

therapeuﬁic product conpri sing preparing a di spersion
of pply engapsul ated particulate nmaterial and/or a

ulate material dispersed
HO?her tﬁr oug% itn ac?gfdance with the invention, and
conbi ni ng the di spersion and/ or polyner with one or
nore formul ati on conponents. Those skilled in the art

A sl e ORI Gl PR BRI ARD 010 .0

mmélblel mﬁuﬂﬁdﬁé@u’@@dﬂ&ﬂe [eiont g, 0.0u! ﬁlﬁfoii)b méhasyvescid (0.27 g, 3.1
, ..Seal ants, diagnostic

ner
mm@? Sutid @%rmte £%4 &p%ﬁmr%olbrrb@%%r@ (1 52 gpvae @rwreslgaﬁ 5 mL round
I
botto T e QRS L) i pph A RGher foF'1b Bfnutes. The
ﬂaslewaE tintarIEatetll av &6t G/ forrehgenaderavoastahingtirrigg.a gehet final kepolymer
I nventb g/fuqﬂger provi des a paint, thernofusable

50 uh%\ﬁ'@? % i’At%"%i | | er, adhesive, toner, liquid ink,

prinmer, sealant, diagnostic product or therapeutic
Panp(ua?olemy?ﬁaﬂpr in%tli%rﬁlaf@-&ﬂﬁﬁ@l Q&ypite)oaiay of TiO, pigment (TR92,

encapsul ated particles and/or a polyne avi ng
Hungsman €orparation) usingmagire RAKE dgmtefr@mﬂa@uga) agstabalizea.

in accordance with the invention. Aqueous dispersions

ri ext hvel

A s ANHTR €5 hh G Bt RRRT S W 03 b, water (50.82 ¢) and
sodifuin| Hydresxidepfoi.0feg,sl,.3 tnimull) Gvals ka@aﬁﬂddn&ﬁﬂb(ﬁmﬁ_sbeaﬁﬂc ITo this solution,

pr oduct sQ typi ly .co se ot her forrrulatjon
TiOx 8%%51?.%2% 35 éc‘ﬁzﬁg&ﬁdg ﬁ%ﬁ?@n@%ﬁ % disppyspd puging; ¢y ibra-Cell
Ultré%'ogﬁ FRBCks S r(@[)m%g dhd Ma%e%lalsalhllc Pétarnand pﬁ)tbe %tf tfoef(f%‘ bmplitude for

levels and in different comnbi nati ons.

10 mingteenDuring tha sonigatioduprpeess.sthie ndisperaon wwtstmtlynagnetwally and

o % S8 RS0 Shy LGP THE bl 39460 mt roun
flaskC QoAtalrfing P4 gﬁEiHb?séuc\{ﬁmdvﬁFéﬁbt hﬁﬂ}i' (1}9)0369@1 ' 090mpRAbLBL 8fd was

i n wat erborne pro s by addi ng the pignents to a
deomg@tam@dmér@g% searging pBresivhele dlaslp piay irameysad in an el bathgset at 70

'C. SHARTLOLAFLLITEN Mkl OF A3 FLARES G B DR MR, cpf ety

methaalct?/lalé (324 9,63254 ﬂ‘gn(&lg ot fed iftoie iflaskt atal. 9B E/MAE6verd RaudnAfter the
mhata%ﬁhterned a mllbase, and then this nlllbase S

mongmer, adsition yhs sompletedy thecheating Bias cantipied P ferthes dil s, after
td u [ [
Whld;hgg{éé gbll?fﬁneg:z—gtgorrfj{{vg??&ﬁgﬁ? bgh%ﬂlrpﬁe?g %ﬁ&sﬁﬂﬂér%hﬁﬁ bk WAy white
particles. This dlsper5|on step can sonetines be
probl emati ¢ because conventi ona
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aqueous di spersions of polyner particles are not

al ways stable at the | evels of shear exerted during
w@e@aesitiedi sper si on. I n nmany applications wher BCHEATN05/001512

pi gnment ed 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, gcrub/staln resi st ance,

fl ow, nechani cal propertles opacity, col our and/or

col our strength. \Wilst being particularly deS|rabIe

reduci ng or avoidi ng detrinmental aggl oneration
and staBles goNtALING partigles gbayichl prmdincdismetes (HEP §a%véalm fnstruments
Iﬁdfﬂﬁgdei%BhHQW' ¥ ¢e using conventional technology. It

now been found that pol ymer encapsul at ed

partl culate material having at |east part of the
ExamplajiuPalyme CohtedeBishurtheVanmtide RigwaenoRartidlenfind a coating
d .Régéggagnt can present a nunber of advantageous

CrI¥FOPET e For exanple, the pol ymer encapsul at ed
particul ate material can function as a binder and a

Parts O@)C ePﬁépapaﬁén cgf ahe ﬁw{gsatyl ﬁ&'y!lhte),,PcJ—Q’ﬂ diffefiy?Am#no)ethyl
|

al nt

gnented bin
metﬁ%ml&tq)e} blgff}#)-nely(aqrmh@rlde)t |ne|anrg-RAEToage9éa‘rlﬁhrespectwe degrees
ofpf,lgﬁﬁwza{,bgnbedd{é iodzhﬂﬂr‘zﬂ%s ticulate material in

form N 2n found to mnimse, if

2~ {[(Ibntylailfanym)ahﬂ)onmlﬁbquxmfaﬁyl}br@iaubmmdlt aggl onmer ati on
in such products By formng at |east part of the

A SRR bR e 2 ROut bbby Sapleay ypopatoic. atid (048 g,
2. Orﬁﬂl@gpw %z@&s{@cﬁné&&?&‘i@%ﬂd?'(bmu 'erI”hr'f&{Bi? GeRIdMYeYB.95 ¢,

coat'i ng of polyrer, or dispersed Substantially
41. Summﬁla VYRS yreriar igdeutane KES. %g)aqmlwmn B8y aed0. mEopund bottom

veni ence rticul a
fas AT e Wi e sy P ABEcACPER Pitpalh T P i e as
was ’dEHnglii@EHde@ diidﬁﬁ@lﬁl’camddoét’ﬁ(ﬁ?c fbrt 2 heulsBbRintdeker At ﬂ&dend of this
gnent could readily be substituted for an

pericgh ! SaTLRBNE Tpar 00 80D, Reldisndtay mpioethylaseecry ae (158 g
10. l'rﬂ}ﬁ%ﬂt érﬁpaﬁ Q&&l‘ﬁgﬁaﬁe r{lc.lr{{ntt Q)?r4 pr &‘é?g?ﬁ c%g??ﬁgﬁé 'a&d? QO 03 g, 0.1
mmcﬂ))imlsmddaﬂrtoabs ﬂhsdct ﬁtﬂle pﬁnxture Waatdeom@eﬁaite@ bnd hedtthg was continued

ot 703 or et 2ot 1BF poBRIIIEOTIONS ZbNesARs! o

pol ynmer which has at |east in part been fornmed under
Partt hﬁ CPOY(REthPl nRetRATT1:A820butyiNScRifRE batify &It yém)w bismuth

al' so prOV|des a COHDOSItIOﬂ conprising or consi st |ng
vanafatelipigment (brgazincydbvof2084] fiiba SprecibtyuChendcals) using macro

ticglate materdal . said discrete particles having
RAF?]?: Oghf?ﬁc(g %%Séﬂ%l?gl}l substantially uniformy
di spersed t hroughout the encapsul ati ng pol yner,

A soMiRhedontaitifg @aeAPRAFAL (i1 /60g, 0] i Aiol}) &(Eat@t(Sﬂ Q@Sgl) vl éﬁ’@}fa&ed ina
been fornmed under the control of a

100 \miel?e@kﬁf theethas seluen yellow elesens (8. 0§u$93W8$1taFiﬁ?q ymr}qe@@nd was
dlspégis/eﬁgﬁh% vy -@I‘eﬁ p@lrtr]%?&ﬁ? pP8cekddE ( eﬁﬁzé %Héi et 3! standard

el n ubst ant i ree o d|t ona
probéiat p@frosamlityde for WD InhmbES dpm@ihatsemcﬁmmnpmhasf the elgnpemg)n was

stlrreﬁgyg%%:?l 3| ygqenlalg:be tn? ﬁgé&%ﬁ%%ﬁpwﬁb gﬁgg:sggéwas tfwn adjusted

to 4. I@ahﬁlﬂ'r@&@ﬁersédso}“ﬁﬁ%orﬁ&ﬁbnpﬂlé’ zarow% Hfs@%kb'na\if&dtransferred to a 100
particul'ate material wthin the osition

ml rewyslalpattost flask @ontmmngu%’aambraﬁ-cmnesalembmdbfo 02/9{5 i 0/1 mmol)

ot 35 ARSI kL PR TR ARG RPm it a
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Tg, the particles may have a tendency to stick to each

ot her. Neverthel ess, the particles should still be
waele®emsmisbl e as di screte particles. The conposi PCDAUZ@F/001512

be in the formof a flowable powder, a slurry or

paste, or in the formof dispersion. In the case of a

fl owabl e powder, slurry or paste, the conposition is

preferably capabl e of beingggiluted with liquid to

forma dispersion of the discrete particles. Aqueous

di spersions of this type are suitable for use as a
pai nts,

SR e L T A—

methibheylato (63 kf 162 n:8b1) WL fEAURH theOfasiBiY 0XRNPL} é%lroj 3 hours. After
consi pi gment particles having a relativ

mon?@ebadsfﬁfé%W%%ﬂmnleten%ﬁ@anﬁwaé§9ntm mmahqerrighcnm Iaﬁtﬁﬁwhlch time

ntional
pls AL VSR 5 DSOS A RIS 2rh Ll
contapmgu pmtwlesn abmiti 037 ¢mnﬁ1e ﬂia.me'f%ﬁ(b}ﬂlfdrﬂ? Qﬂhlvblgﬁﬁlsﬂﬁﬁﬁeﬁ‘ﬂs S1Qd). The
ri.ar i gment ed bi nder, and even as a
latex %qhgls %ﬁ“i‘%.?ép grﬂgd%ﬁgmg{sc%t@cbppm}ey prmagwbm dlfs example were
anal)b;le@6?&r»an$rhwé1§n%féc@§n HRds C%PfgﬁEMg.at the binder will be
present in a given for rru nin an anmount greater

than 50wt % relative to the total mass of all binder
Partljg)sdwwerbm*pefcglqmmbbasmpalhhfmmnﬂafedruuﬂgatheoﬂfbapsdlaféﬂyyellow

e the nment.ed bi nder in an anount
blsmkﬁ?lég atqﬁh%rﬁ%%ﬁsl’é’m%m P%rtp(?’)sf erably greater than
about 80wt% nost preferably greater than about 95wt %
Encaplsulehtbd ryeﬂ@wrhmﬁlﬂhalahydaaé pidieens al eﬂ@io&r@&h%nbw hﬁulated
% relative to the total anobunt of a b|n
into g, ¥elipw haSFﬂ?a’t t pesiordingta e follgwingansthaslar t of t he
encapsul ating pol yner of the polyner encapsul ated

ConvRafiéna UeAlR H%%k%mﬂ ahﬁ?:ﬁ RIpRey 19g90§m§§,ﬁ§§&$lg&gn@ 141g),

i nvention is forned under r ol
Antifopaf(@r588g) and: AMBRAF10.32ke) twers addesiuuofaah:lgh 3péddviaixer with st1rr1ng

Bioo TR OB B4 b iafie hE Fypre-ciie of Bropatens Glycol (1070g) and
TerlcSNAOLP (9211450 rTexbRolPAl 8%RY vRRCHABS l%t'daéda 6 %agéﬂcﬁuét?etaﬁl and the

erial in a liquid dispersion, and/or pr
mlxt% Eglff%fqrm ROyt TShquilosmmg perd then eddqdamtthe; tdaatoe : Zinc Oxide

(0268} & Flq bR R ROSRE ViBlonBoo B Breorstoprid 494¢).

Natrosnld%lps GB@(Oa Mg)amﬂupmme gnadoera etog)sw?aﬁotrd-ﬁl%ke%rﬂe\fore adding to
the & aﬁllefor use as a gmente bi nder |net§a|n
elaF Ot ¢ LSHULS; Was thﬁPlsﬁ’éFF for; fuminytespidor tocthe addition of Acrysol
RM- 1090 0apo ent i an :
(20 TR0 SR Al o REGEE it LAY RS0 wer s
as feqslitrédpsul ated particul ate material, said particulate

mat eri al bei ng encapsul ated in asubst anti al | y uni form

. . nueus coating of a polynmer which has at | east
Pamt@ﬂ%gaq%%peegl?gf-or med under the control of a RAFT agent.

S case he RAFT agent can advant ageously
Welg#n[ﬁ%]]t?jfon as 49 4t abi | i ser for the di spersed pol yner
VolueéiSelds| at e@7mg,rt| culate material. Preferably, the
WPL' iquid dispersion is an aqueous dispersion. The

present i nvéft®on al so provides a liquid dispersion of
WPL g@h&gr-er encapgyl ated particulate material, said

pol yner encapsul ated particul ate material having the
PVC particul ateOf@t eri al substantially uniforn y dispersed
P:B Rhfis oughout hgy Sncapsul ating polyner, wherein the

encapsul ati ng poI ynmer has at | east in part been forned

under the control of a RAFT agent,
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and wherein the polynmer encapsul ated particul ate
material is substantially free of additional
waele®pesEant for the particulate material. The PCEABI05/001512
invention further provides a paint, filler, adhesive,
primer, liquid ink or sealant formulation conprising a
liquid dispersion of polyner encapsul ated particul ate
material, said particulate terial being encapsul at ed
in a substantially uniform@hd continuous coating of a
polyner whi ch has at |l east in part been forned under
he control of a RAFT agent. The present i nvention
Parfa@o (ompaKAiye paint example shewing: thecimpast of epgpsulation on base
paint chagagtariskichr seal ant formul ati on conprising a liquid
di spersion of polyner encapsul ated particul ate
A comgerdional yellaw bage phiat pras piepatedtier ermpparitiie puposes pcéatliing to the
r di spersed t hroughout the encapsul ati ng
ﬂﬂk&@+éRWHkahereln t he encapsul ati ng pol ynmer has at
| east in part been fornmed under the control of a RAFT
Coneggeinhal angliovMaesxe(ex RbkmpaidyHess) 78R8l r@shlene Glycol (2.141g),
art] cgéég terial is substantially free of

antlfg%ral@ﬁ Mé’r%%ﬁ? 321 waie agdect tochihighespaed Byixes with stirring.
ProxEl Gﬁ(?f(@bi%g) &v%&l«:ﬁ 9&&?}% " ?dé@t%he Upre Bhi% APIGHe Glycol (1.070g)

di spersi on
and E@m/ém)bﬁt(l)ﬂlﬂig)ed“ exkanop(bF88® wircthewapdsi ini @pencil stream, and the

| at ed t terial. .

it Rits R 5ER T P Beh B HaTwRivare eS8t i Gsireachy: i Oxide

(0. 2@@ andli O5BRhAShAN VERSw | spi &I baas%ado& Qf‘g‘&&ﬁ‘ﬁ xéafovwo@a ex Ciba
fornul ati ons. Decorative pal nts are hose that are

Specaa}lbf Ghermlyalapibl fl%ﬁ)oNatr@ml tPéltlﬂ moa(o r@taud e;gomdelter@ycol (1.070g)

I n.househo
were prSiniBF BeRRCR AR 1ok Fehetiy T iR RO S sl g 20uinutes
prioius&he hldﬂi‘@d)mof Aa@séqumzaiec(@mat)g)v Stifi@igvésSdontinged for 30 minutes.
therefore intended to classify paints that do not need
PH apg visgositysy@e pdigsied anrgMitednper at ures after their
application to afford a polyneric film having the

Painf il PRpRigsE cal and nmechani cal properties for their
I'ntended application. Accordingly, such paints are to

I ngui fromthose paints, such as industria
VVmé?%§%h§§s thg?ggeqU|re hi gh tenperatures to enabl e the
Vohmmm$dsh pa|n359© forma polyneric filmhaving the

equi site ph al and nmechani cal properties. Paint

WPITornulatlons¥§§ﬁpr|3|ng the conpositions of the

WPL 8oigfst:i on cah.1é8lvant ageously afford filns having

P.Vclrrproved pro gétles such as inproved gl oss, gl oss
retention, ﬁ ity, flow, scrub/stain resistance,

P:B R&iouUr and/ou ¢od our strength. Poor gloss and fl ow of
conventionally pi gnent ed wat erborne paints is often
associated with the premature floccul ati on of pignent
during filmformation. Because both the binder and

Reswltsgnment s are present as separate particles, during
filmformation the pignment particles tend to be

Filme o6 weke paintnfromr Exgingpis lﬁa@ \agé rthd bmdparamfr exanide frol phrti(d) were

tur restrlct t hei, N f|In1for ng .
cast it L. ebER Wi hes v agrav e bie blpe gavsim Topaah ot drying
for J4CHME SwérB redsBRd fb?'%l@sfsmvﬁhsi 'Drb]yéﬂg@ngl%s RleB@7E They were also

particles within the I mand can cause a reduction In
evalugitassgsyntly ferr filiveappepranewint rast, a pi gmented film for med

from a binder which is cast from solvent allows the

pi gnent particles to nove nore freely until nuch |ater

inthe filmformng process giving final filns with

i mproved gl oss and snoot her surface
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appearance. The conpositions conprising or consisting
of polynmer encapsul ated particulate material in
wa@ewensance with the invention can advant ageouRCH/AG2005/001512
used to prepare waterborne coatings that can provide a
surface appearance conparable to their sol vent borne
counterparts. The inproved surface properties of such
coatings are believed to rggylt fromthe probl em of
pi gnment aggregation during filmformation being
mnimsed, if not elimnated. Paint filmgloss is
general |y neasured using instrunent readi ngs of
reflectivity taken at different angles fromthe

PN

verteat—G-oss+eadings—reasured—at—a—20—angle
descri be the "|/depth of gloss" and are often used to
characterise Ilow PEg#ERIE Mdlchime Condetmpaxative Erempler

gloss paints. {low PVC paints fornul ated using

conposi tions gf ﬂ{lg)%ﬁgﬁrilﬁgxﬁc%{%ﬁgl qted particulate

Filmt Appeirance adcor dan iinvent i onCbatvel been
found to provilde 2§elﬁﬁ8ﬁn§°1f)‘éradi ngs whi ch are superior

to those neasured for conparative PVC conventional

wat er - based pgints. By way of exanple only, 20 angle
gl &dess(dadi ngd of 1.5 times or mypre than thgse
meas@dfed for gqui val em8.4VC conventi onal r - based
pai nb8 have bgen neasuwZe®l. G oss |readi ngs a{.”"60 and 85

of |8% PVC pailnts formgated using conposit %ns of the

-pventi-on—are-lalso generally superior to those
.neasured. for conparative PVC conventional water-based

Optigisahpn ofopigmeniaPariglansigat fing fPagiti B@npfapiise fionmely requires
:nai j C i.tJ fed h .
o 02 DS A A0SR 4Rl
scattenind. Regnerpettiviesize siforgheinfliubmes viad tirststrengtyt or the depth of colour
exargnati on .of. a standard inmage_.and its reflection in

that €4 4o pRiiCYRSs gy BUERATHERe O penel: Ths inehision of pigment
16h&8reY O flREuIGRERAE b I&g@ iShmPasEing

e pai ntes. W t hlclau_t Wi shi r%(ﬁ%cg\{%eeﬂﬁ\r‘ftg%% ylmtlﬁggg{l/t}lpﬁ [ slmShed

coatipgs. | Sewedicaleit pighent fypesoane chogdroayslypdiffiet foelrealf dpanrin terms of

e TR 5B TR B DR PTRRS Bt b

one subh tygem i n di stribution throughout the paint filmas a
result of being enbedded in the encapsul ati ng pol ymer
during film{f{ormation. The properties of opacity and

The falgyn fegilgt,bei?»*g &@p@w& feom  Bxpplan 60 god dhe cpmppretive example was

invedtighte8C TR GRiAN ol BRAmPR! 0 i '

mve.clgati ng fi(bl 1m Or?rdy p%nglpreniﬁg)tngﬁ%;ﬁfey%%@ |£r11ﬂt1\e%r E’gaéﬁ s° erléd) were

applibé bvevalatlo and mhite lsubstrateourtti ébe pgitenp evas icompheedlpwbliteeated. The

Crijtdcal Pjpgment Yol une, Conceptration (CPV(C, i.e. the
COIO%Vé. RERi b%wteﬁ%rtgei%arﬁelfstwalé,u Pcfn@ﬁstur?ffﬁ‘?ﬂ'gf 4 ﬁ?‘fheal 7000A
specttdifhotdMES kA B BAbye8fedice t d8rdhA8E Bhl-ABd SIERN4R CIE1976

particles). Paint films derived frompaints in
coloysygemandetahrelaur ¢igferenvenelue of Pie 1 Q7swasodsaingd wyith the film of

S . superior light scatterin rLoperti

the ERBI L SHEs SRl el 600 5L 508 S8BT B R in overa
colourstrageth dgpensabl §%! wasl dbs&ved.gment . Wt hout wishing to

be limted by theory, the polynmer encapsul ated

rti.cuylate material is believed to provide a nore i

No 15 '?férﬂ%ﬁ LY AR nwas SRty hetein veesuetteRared He thai gemparative
convértlomhPOGnIHIE eRYh 8ld QR 1R ' igl
onvma\xi mum cont’ri but i on g t he %éot ?%&gﬁﬁggﬁd}fﬁ’ﬂ%@ Bven at
the lqyoR¥Csof farhaildtionmséd.at (or Matt) wat erbased paints are

usual ly fornul ated at high pignment |oadings, often
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above the CPVC. At such high pignment |oadings,

properties such as opacity tend to be maxi m sed, with
w@owed3axt ender particles and air voi ds contriBCI/AOZ05001512

t he hiding power of the film However, properties such

as nechani cal strength, gloss and stain resistance

tend to be adversely affected due to the porosity of

the resultant paint filns. int films derived from

paints in accordance with the invention have al so been

found to exhibit superior gloss, nechanical strength

ngh lfi\y ?) resi stance when fornulated wwth a relatively
Exap cPreparatipn ebrpatodid mebyindngesfptcomatrix with magnetic
Bicha dibed ated to equival ent paraneters
nanW%I PVC, %S?gng% ¢ &%PH er ratio and solids. Wthout
w shing to be I|mted by theory, such inproved

ParpfayRureparationy ofpliluted aqueomis demrpfleid with pthef $186. i n
accordance with the invention are believed to stem

| t '
AqupdR Tk PRWRR-Y 2 bR Bl 8 P PR o BERTB Rt dpisae) wes
diluted rwitietvetes (100 @VlG otthig MRNMqueSusbiedbidr Gt é@r@ﬁﬁaﬁéﬁl it 4% solids.
The structural features of the/palnt films being |ess

To thisrddhrednisyretlands HapEb rolrtinimd- 161pr dntfteewenaddedtaygt 7o) minutes
und&@fa dﬂE@rﬁtﬁlcgf aélﬂl%]oﬁ%'f %00 rlgﬁxma@%th{%h@;tﬂf bk e %ﬁ%ﬁﬁ%rfr% 1.86 to

ctionin 0SSi nes
5. BOeaditﬂn&Wlndl gl ethehcdms tlded. |Asc1dmal11mtadm1uebuys fefrofltiid with pH 5.30
L i ncreasi ng pigment concentration near the
was p tlame urface as the film binder degrades
phot ocatal ytically. Paint gloss typically decr eases
ParﬁN'(E)h PRpasasst of V& sy t(ﬁ@rﬁiér Bﬁﬁﬁblo‘%ﬁ@w a9 tdt | macro-
l'oss is particularly severe as the PVC pass s
xanthgte FgepCwith bespectivier daguedsoof puilymexjsatinn = 10 enfbal ﬁt25 using 2-

(etfo HBIREAIAT STt PRI GE, Doon exami ned herein.
Paint filns derlved frompaints in accordance with the

A salutionndfi bﬁeﬁmxpcable:&mﬂﬁoyl}mﬂlfh@yl]mbmbictaca“l g @09 mmol) acrylic
er nmpre than 1, 500

resi st ss_ | os hour
acid (G398, @Qé )e%e? e THEO b%S@ BEElaLALBYY Ord e, 0. 609mmol) in
d10x§ﬁ%0@r9g91?1?53. 00 el %dn\ﬂeo&t%nﬁdqfagy SRk sAARY Wik rlﬁ%ﬁﬂc stirrer and
ai nt rmul ated to equivalent paraneters o
heatcgd teh Ot i hinftdegenramospherd ferd hdsds, At thoand iof hiarperiod, vinyl

e D 5P, AN 50 M B S e

the AA¥RANY Batiry GHtiRbed bl 80 °debt Y FerihdrAB RS 'Thel Rsulting copolymer
accordance with the invention formul ated at any \ﬁ:

solutipiewaARpERImPEhs 4@ selids. i nvention can advantageously
conprise or consist of polyner encapsulated

Lt ter il e
pardO AT ol Bkl Hint A Rt bt 1
and fhegieato-xduthiteeagent of Dfample aqupmqb)j i spersion, such
pol ynmer encapsul ated col oured pi gnent particles have

Aqugig et FabRos (ot s R wiol At Rtctiet s pates (3®) gpd ehanol

(9570 8.Y FRkaPRIded & 92 igthdiaeh- idﬁ%a@@é&ﬁﬁ&ﬁfr&h% le 12, Part (b) to
partlcles have been di spersed therethrough in

obtaingrrlentsplutian. mlﬁneaquecgwfm@mcb@pﬁaswmﬂ&qam@leom Part (a) (297g)
wes R0 180 S0t RIS S RAGHARLE, SOl OB min wncer

mec}&ﬁ&uEﬁgltaﬂﬁﬁﬂof Be0hS Adifatib®ias casthrRel ¥&Sa fitthelBéiSod of one hour.
liquid inks, toners, and sealants. In this case,

t he
The sesmprion thais cobigined waw}trttsem@éteﬂ ffox h@minsyien @if?’(B/ofmt@esﬁy (VeX
f ; b tr
500, SCRHS R MRUIS 108, et 138 1PRT Romvo)ufl ARAETR RN b 1o
dried paint filmis a problemfrequently encountered
in the coatings industry. This phenonenon is generally
a result of either
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flooding or floating of pignment in the system which
occurs during the application of col oured waterborne
wo a00em3tesed paints. There are many factors theCT/AD2005/001512

known to influence flooding and floating, for exanple

the instability of the pignent and enul sion di spersion
and/ or the inconpatibility of the pignent/pignment

paste and the enul sion usedgyPaint films derived from
paints in accordance with the invention that are

formul ated with the pol yner encapsul ated col oured

6 24 T IaPt 10 i speetiave adaiian obHcl (Lamiztn/btede adisst the pH
to 624 ORRFHeY 4Wn111h (Qesohfwt%ﬁ %ﬁdta hiR8lMtioh bk Pﬁ?l‘éféﬁ%tv/g:be dgg?‘fb adjust

paints i n accordance w'th the invention fo
the pHytoPX/&. Finallp the supendto rmatcxf of ther gleoviel minitwrg Wwaswdengved, NaOH

0543 R S e SGSRAIS b BRSO YRR 085 e i

sedimept WaMBbn dBéd/in saveh BO6(E 8C aHda. | PBSf df&%v@déﬂ'ﬁ@§ bbﬂaﬁfaa
conprising or consisting of particulate nmaterials

substantially uniformally dispersed throughout the
Part¢hnBrenaantiog opaisgyrene hawi fexeoflyid frem she dry: womdey of Example
12 gﬁkﬁzble for use in thernofusabl e powder paint
’ | ati ons. Such conpositions can advant ageously
sinplify the ability to provide col oured thernofused
Powdcxaiﬁiong sExaﬂptw éEl,t Paralc) tcbe’lanmﬁgl dalil & e};ﬁw\ldml mairmb(anthate agent

|des cql oured f rnulatlon
.1443¢ PagineE iy iR okl 38 00 ED 453 SR renilote, sgrps Solutioh from
ExatpRS I@f@@?%? Qvak B#xBd t eThe R¥udehdiSpet 86N MudUsbtained was ultra
uniformdistribution of the pigment within the resin
sonieated B tavof hquesipt 3% latﬁmsl@véo gbidincovinyl avetpiedrapeshferrofluid. This

-t R h and. a Qi,her batchescan .. .
ferrqffd Vs oA O RRIGPE 3 T e o RO YHE PBMGH TR £ scitlating
magnmoaﬁeldrcd‘am)em tfid YeOd ivgshkiafdd RRY aba RifcePRIGY Wl 88Fe,0s,

ner encapsul ated col oured, pi gnent and therefore

Wh“‘é’a}ﬁ%a@o/? of thy @rlg}néla%ﬂ}lﬁﬁ‘ﬂsa@géﬂgldﬁ{ ocess step of

extruding pigment with a thernofusable resin.
Part|(R% PRpURAR i
AR o B Pl Blatc) pAM | BRI L a3E0) R e viny!
acetatetlmsed derrbBnidodf i ple 2 Pagd (d)The conpositi ons
conpri sing or consisting of pol yner encapsul at ed

To thEA 5 88 B8 ForlBb Foh T artBE 13, Pork 16 P sk R TR TR 06 o). The

aboveQiixtuit S tkAahixed oftfa woRleY Meker ﬁi’n@n PRHe Bt Sl n¥rigdtioh&fhs then
for use in "dry" coati ngg Gpnposi tions. Dry coating

carrige b I 4 Bitigangaeib badient o1 1hédwobrsi The rfipadsalid polymer was
S a
obtaﬁﬁ@ Afﬂi’ ‘ftlt %r%; (%12@ gé tcé%taeﬂ;ngif /n)ﬁe%:(%i nW?%nsfﬂ% g)rorvrx]'dg; was dispersed in
agarcaedenbjectedrmmetsamemagmm ﬁSlidr@ wped tnExdmpledRePara(d)tibgenerated
ter is added to render the conposition ready
3Fbmever due to the need to nmumintain optinmal
plgnent dlspersion in coating conpositions such as
pai nts, conventional dry coating technol ogy has to
date been rel atively unsuccessful in being applied to
coating conpositions such as paints. It has now been
found that liquid my be added to a free flow ng
powder form of the conpositions in accordance with the
invention to provide a liquid dispersion of the
pol ymer encapsul ated particulate material. By being
encapsul ated in polyner, the particulate materi al has
been found to remain well dispersed not only in the
l'iquid dispersion but also as the liquid dispersion
cures to formfor exanple a paint film Accordingly,
such free fl ow ng powder
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conpositions may be conveniently referred to as a
reconstitutable conposition (for exanple a

WO ewen3tist ut abl e paint) to which may be added BCT/AYRG08/001512
such as water to render the conposition ready for use.
Reconsi stutabl e paints of this type may be
conveni ently packaged, for exanple in cardboard boxes,
and stored for subsequent uge. Conpositions in
accordance with the invention that may be diluted to
forma dispersion through the addition of |iquid such
as water, may conprise other fornul ati on conponents

kn ! hose skill in the art. For exanple, the .
Exa%‘é’gﬁpm@& P P@ﬁ‘%ernﬁ%?l§%‘l> RE?‘P”&%CY&“H}"S%’E%%EB{MPB pRiticley prda coating
deritéEiRreirem. Of the pol yner encapsul ated particul ate

material within the liquid. However, conpositions in

accordance with the invention can advantageously be
Parfi{a)g Byeparation; ok applytbned asrylate-or-apotictiddle neans-RaAFB agent

a i f, | t.
conthiihbn el oF A A AR ek bty e B SH A g
2-{[(buttislfayi) chxtronbtidpy| snifany B pegneicdcedl particul ate

material within the liquid. To facilitate di spersion

f th | at ed ti | at terial
T ST o (ot . e
mmdl})@,3 L arebdisbButdatild@.0 C@.a%&g?y acfgfr%c rartgi)rﬁ (?;'266 g, 31.4 mmol),

desirable to include in tHe conpositi
butylp¢rpkaten.93 qude7 rambswas prepated sn mhivpos €7.78ui)tiakl 80 mL round

[ lude,. byt are.not limted.to, sodiumo .
bord e e e R o e B v SR dPoLQ mites. The
flaskQuitethess lic4tadlae 70 As for POILE FEmkRAN uAdRr hRt St SktddeedThe final

In the art. To provide the conpositions of the

copoyg sefusian wes PR fesplidef free flowi ng powder, it has
been found that the conpositions should generally have

[ t o0 re ref.er abl.

Far 307 b6 PR 0 o) oo e e
pigmeohy(bkelivgen BlrayL620c BASF) aningy npice@aRAFTUSIOH PA€ (a) as a
¢ biﬁmt hod of the present invention. In this case, the
Stablliea) ti ng pol ymer encapsul ated particul ate materi al

may be isol ated using techni ques well known in the
A solttion don@difingGla®d RAET RO73NEr(.SREABHY .

material m ght be by vvg o?gafi | t ra??bh@yggﬁﬁ%tgg%?%%) and
methapd /(3 Ot svaserrepapechin a AQ niln dedker.cbo dbovalntiom watete(l 0149 g) and

.ai . ' wd Ptowi ly.not. b .
then gg&égfgghﬁ#){lgg r((ih@ :géqgtlSPr%moz)LYvés e%eld, gﬂg%g %.IZA géyga%d 1nea sonic
bath ffopm tfisutpn! Ve sokticRpsa abededa b GHhaka-ABletsd Milling vessel

. The pgl r. epcapsul ated particulate material used in
(Dispefaaty e“\éEnSpo\ﬂgW@ oBY diselverofisesk vith GRARE 260 geilléngadyisigm, VMA-

rd : j V. £l i cientl
I cArARE AL, REEAERRB0] ) BLIGH! bt s
beadseﬁ]d)fjugl)t élﬂedl?jedﬂﬁ jadkgt mnipprefh!mlep\aast hmirﬁaiﬁédnaosbt°€. IThe milling was
. ... 1:S0 an ried, By "hard" in this context it is
lnmahﬁéﬁﬁb_ﬁﬂ ! f?é_éPgm&Rut%/Sh@ BR0ksss BIviePHY O Jipsrsip, Then, more
waterS@D00CH) el ggasB ibghdst GORY) QWO hd®dd @lo e "i‘ﬁitll]jl{E( ﬂ%sgél%‘ﬁd the milling
uncontrol | abl e cl unpi Ng or aggregation o e
speedcyaprasied o pAQ inph &y 60Gainuteal Aythetend of gheofnillihg, another portion of

e sul at | Ql. r will b r eat t han C, re
vt 82l BRSNS b Gy o e e
separhtbdrfrckh Qhe d’i’dﬁ@rs&iﬂ MéTR anBihstickmebh Wﬁ‘leelﬁfg%pﬁi#hﬁh{ Paiticles were
e pol ynmer encapsul at ed I culate

ﬁegil[ nmer of th ] art
remo EY igpirifpgating & R8s PE 1> etinvige (leflﬁﬁe MK2 reentsifugse Thomas
. 2 | ' ks . i bed. .
OpticGRR Kl Go b 81 *HhATEhCA NGB SR BERL RS romeed into o
pol ymer may have a

8
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gradi ent and/or a |ayered structure as in a
core/sheath (shell) type structure. As used herein,

W@ b@ewamim "core" refers to an internal regi on BPCT/AU2005/001512
section of the encapsul ati ng pol yner,and the term
"sheath" or "shell" refer to outer regions or sections
of the encapsul ating polyner. While the core/sheath
term nol ogy may inply that.bhe encapsul ati ng pol ymer
is conposed of two separate structural polyneric
conmponents it is to be understood that the

i . t h t hi t .
100 HEABRN B0l PR OB P s el e 000025 o 01
mmalpdTHehitask vesst sealedlyspagied BeitRRI RIS F&el PRiRHEY g&@&i iP¥n oil bath
It wll be appreciated that where

.thistegﬂﬁm gy.. i

maintgigeq pp L0 ¢ @ﬂaﬁénﬁé\m@n%ﬁlﬂﬁoﬁ deaxieensies sajuthen ofbatyhscrylate
3R €6 ' ' ' product  the Tg.

(1 3%}& ?gg%ﬁgg%ﬂ%%ﬁgﬁ%@qgrﬁdﬁte %j?? %‘h‘égg 1%1%1 ), Was injectedinto the

flasksai fafrateiof i mlApotiofor S doarsabdditicw edramendedel 00hirnubes aftet Ydpletion of

ihe £RCARSUL at]fag articulate materjal during the film
e T SRe6 S AT REeT BT was mAmAed af 0°G Rer aguidhertichours afer
emeARFdioh o IaBhik{d ilzhti
mosoReATSAE 18 BRETT OLLIL P BEEIAE LSRN o v
blue Jatex sves obtapredpeith agohdpeantent ofiol &. Thadhies ihad anlavetaie particle
PO U oY o ,..Seal ant, diagnostic praodyct or .

dismefl of Y8 T 950 SR bHes PERRBer bt B eotissipgr 4TRES. tatvemn

InstrpoeyEltdRNTRASHIssloadelB@fdn altRt@pYasIRwel tHY htﬁ‘t? ﬁilt@)g ntained
e

. ..Liquid to the conpositions in acCordance Wt
mdl‘fnlﬁiﬂﬁilﬂtqnewsufmé bl Bigmeshpartielen évee gligue @dsThe ghilitytaf the method

[ [ fidler. adhesive ri.ner,
‘of th% %ﬁ)‘g?@éﬂf’tﬁgﬁ%mg ppﬁépe? at @? gﬁl{f?ce (ﬁfj éléﬁ})%spfe% rﬁ?%ﬁfﬂ@ll 8%17;1%5 is shown
in Figiwer3aplathis &iguredite polyaiep ehSipsglaid GANRASIyhAIAS biud pigment having
cordance with the invention. In considering a
a nee@fﬁ S?‘QB? wagpepargd dhg simglar eanerio sha@rrpahEsampleh t he
i nvention, the group represented by RL in fornmula (4)

Part qaypb@(rﬁedh%hﬁ@hé&i&ﬁté-@&%ug}e&%ﬁ@ Qgéflﬁé %g‘gﬁlgi\}é%g%a%rine blue

. hydrophobic in chafacter.
pigmepfrdtietiogeno Bluc 4. 7081 Bc BARKy uting angerwuRAFT Sroml Paitn(a) as a
stabiFﬁE&j fying the reactivity of the RAFT agent becones

I'Mted as n increases. However, it is inportant that

the group -(X)n-RL of formula (4), and subsets thereof

Genedalycthk lsemie hesthod wab appliddnas o MipefsidnlAd edchfdhlati 6k Heliogen
BI i;é&;%)) IS free radical |eaving g{oup that is .
ue |18 pa¥t (Planagh from e shghpwariateniie Hia mHling Hepsas Helipga Blue
70810 is 4ndis G [ a i espect. t o .
DS o e et Th MG Bhe ™, D0 PP AGBR ros mixad ot
2000¢porst fooBO onieutes tred thoh wifter the atldicion of thesX¥lgasttlbtdbvh Water, mixed a
roup. for ounds of formula (4) it is inportant
furth%r@trg’élﬂ%ﬁagggﬁ)&fﬁs'does not provide a | eaving group
that is a better |eaving group in conparison with the

Part -f)():nV?ét_ef'mrn%ubtﬂﬁﬁrédh%%@@fﬂa%toﬁ'&lﬂ&laféﬁ 'i'i'ﬁn% Ql?e? -enB¥psulated
this limtation, nononer insertion preferentially

phthgjeeyaning blugepigmenk)(HettogqnoBlua b308110,nBASE) )ispreeision From part
(©). nearest sulfur atom This will of course not be
relevant if the Z group is also an -(X)n-Rl group.

RAFT agents of fornula (4) may be prepared by a nunber
Encaygsilateet pibelocyaniref luelpigmérh eisparstorpfiepapel (d)Ywas formulated into a
bl 1{’0' gma{wl Si et hgflpgﬁ?cal |y ynsaturated nonomers under

ue Qo PUBRECEICIE to wWieRiethedvi ng the fol | owi ng
general fornmula (16): (16) where Z and Rl are as
previously defined. In preparing surface active RAFT
agents of general fornmula (4) from RAFT agents of
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general formula (16) it is inportant to bear in mnd

that the agent nust also stabilise the particul ate
Woreoen0sab1 i n t he continuous |iquid phase. Conppthab205/001512

fornmula (16) may al so have sonme surface activity,

however they will generally not be able to stabilise

the particulate material in the continuous |iquid

phase. In order to achi eve.gglequate stabilising

properties, in the context of conpounds of fornula

(4), conpounds of formula (16) are subsequently

Conﬁe@ﬁ%hﬁda&‘yh@ JRRT g&r' {hﬁql ea'iﬁﬂ-][g C@& %ﬁu sal %ﬁﬂo 482¢) and

nmononers. “Havi ng
convgitidnal titamiting d(od()de ditpersiont (ushigy Tidde REII0995 éf@%lll&ﬂﬁl‘ﬂ Rorganics)

(649 RO Sdsi1S b T hshd e e sing: Eutsaeerordamied! by alion
of whie ( IU)@I9gP QY 5’0160'1&“{0%8‘32?%@ ésré thik %’f’%&@ﬁ% ZéFP}fch{zgzes(s“ Teric

|s equi val ent to formul

b’@ﬁg&ta@d hiedicas#@LE €0. Mﬁ:g)hya:kr mhhm:plentlp radget tvithSstirkifle, Texanol

RSt i e R e
Natresol Phi@ I3e 0f@B529@nd ﬁrdi)ﬁﬁﬂ@ IolyR8] Hom%ﬁ’ QR @% aﬁ%@ﬁqﬂé@ré ef@dlng to

can be any nononers that may be polynmeri
the regefp aﬁciyﬁ@]cé?é\é 2020 cR- 198ebreass tlwneadl@qil asalsltlyrntgw @satinued. The

disodkr r | h I C
isp qé&g IB? IE'}éém dl;%g@gg 461gg se;d?st %cgc{ gqﬂ%w e; gnd §tigring continued for
60 mimptiesophobi ¢ et hyl eni cal | y unsaturated nononers are the

sane as those herei nbefore descri bed. The nononers nay
q?sel cted for their ionisable or non-ionisable

Paint | es of suitable ionisable
W g ni caII unsatur at ed nononers whi ch have acid
elgg‘ é‘ffglnd Obut are not linited to, nmet hacrylic

Volumeisdlidacr vyl |3Jg%,‘| d, itaconic acid, p-styrene
carboxylic acids, p-styrene sulfonlc aci ds, vinyl

WPLgy| f oni ¢ aci d06%i nyl phosphonic acid, et hacrylic acid,
WPLAPR&: chl oropgqgyl i ¢ acid, crotonic acid, fumaric acid,

citraconic aci'd, mesaconic acid and mal ei ¢ aci d.
PVCExanpl es of G table ionisable ethylenically
PBl%a gsat urat ed mers whi ch have basi c groups include,
ut ‘are not 1imted to, 2-(dinethyl am no) ethyl and

propyl acrylates and net hacryl ates, and the

pac 41 OB Vb oY ke e Raston n s

paintrvharacdédigids) e hydrophilic ethylenically unsaturated
nononers include, but are not limted to, hydroxy

et h rylate, hydroxy opyl nethacryl ate, and
A COW&B&%@?’L{% S P Wps é?remqlgﬁmommwe glurpdses, accordlng to the
methc% ENEI? '&b&"f’é |h36vdé9§aﬂbllﬁ g%lﬂ? T.@UETD - (r)stgﬁ] {%gglgt?ona means

formul a cO
(Lucogpl dlspfm:nom EX BmS@r gamthins §0%\4ﬁgﬁmnﬂ; be 6¢ Gwaﬂér WM79B) ﬂe%laced

the anfiuf} B FndHor Bom artale 1566) 347" Thisormiered onaaedmt amount of
colout Ibigm%ﬁf@Vl%rAwéstlﬁ@lh&ed 1B@a¥1??d'rh1%?a(t {i,n of the nonomers to

formthe FT agents of fornu 4) will wusually
.. require initiation froma source of radicals.
Bﬂﬂlkﬁﬁﬂﬁéﬂﬂﬁgﬂgﬁstens previ ously described are al so
suitable for this purpose. A nethod for preparing a
Weigltfolidsigent é1.72ornul a (4) (or subsets thereof) wherein
shydro ic mght conprise first selecting a
Vbhnégﬁél Ie RAI g ggent The sel ected RAFT agent is then
WPL conbi ned wi 11968 thermal initiator, solvent and
hydr ophilic nononmer within a reaction vessel .
Typically all reagents used are essentially free of
di ssol ved oxygen and
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the reaction solution is purged of any remaining
oxygen by way of an inert gas, such as nitrogen, prior
W@ e00pobMeeri sati on. The reaction i s subsequentPgI/AU2005/001512

initiated by increasing the tenperature of the
solution such that thermally induced honol ytic
scission of the initiator occurs. The pol ynerisation
reacti on then proceeds undegs control of the RAFT
agent, thereby providing further hydrophilic character
to the hydrophilic end of the RAFT agentthrough

WPI, Bsledst:i on of jtjag hydrophilic nononer. For conpounds of
formula (4) in which Z is sufficiently hydrophobic,

ol ymeri sati 8970f a second nonomer may not be

P:B REGYI red. Fog g&pounds of formula (4) where Z is not
su |C|ently hy r ophobi ¢ or for conpounds of fornula
(14), upon exhaustion of the hydrophilic nmononer,

Resyl¢dr ophobi ¢ mononmer nay be added to the sol ution
|nned|ately, or at a later stage if the internediate
product is isolated, and the polynerisation continued

Sufﬁgnd‘ecoaﬁeﬁﬁr each rof itod eﬂempﬂllf ey iafl¢ coientibed %a@@ﬁaﬁhﬁé & @w%fblack and
i s intended to provide the

Whlt%ﬁﬂY%Wo EYYeEg ﬁp% ta é%ne(tfb SPre caudsTThgy eployr diféerericiel begateen the
cardd Wad RRadfdd Wih a%@ﬁfb@ﬁﬂ AR AL !g%%%ﬁh%t&g&& ar %‘g %ﬁ Rty lélfgerence

be equal |y applied prepar reverse
evaluatedeisig the CW%@émﬁ‘b*wblohospmba (16) will not in
their own right possess sufficient properties to

rim{ $96L 568, 98 BAGALL (BSheifh sfcsidRnce LT LI IEROS,
particdgysmhﬂmfedf@ﬂmﬁded cdofour s@&tEth, applkiRatdBt P4 ém)cﬁlgﬂequhowmg a
11htd|r§%%%%wa sufficient hydrophlllc an

ghingsgy é@édﬁ@ﬁkgr deevey bhsridln) ypng ol tytabcoloendifiatence of 6.13
(CIEY} \k}ﬁel%:nq_pa?&?%tthé goﬁﬁﬁ\ﬁlﬂi e)élag‘np\tf% ﬁg the ({nglﬁﬁ nLanced blueness of

propert Oi

the fijro| iy aplayad |rmmenﬁall}hﬁ1 thgdalslpivelove VdIgé061 E166:0RRRIEe for the
e RAET agent. wil| devel op sufficient

exemréﬁﬁ?(g%@ng&r? Jiupted %amtsh ithe gomparative exemplel §omr pastié)otaken as
standidde now surface active RAFT agent may be isol ated
and/ or stored for subsequent use. Alternatively,

provi-ded—that redi-um-Ln-which the surface active
RAFT agen“tj ]ﬂﬁ‘é b=en prepared is suitaple, soI [ d

parti cul 8@n i al ggan sijnpl e introd

reactijon ned?ﬁhw1o t her eby |be s %bilised d pr Fﬁﬁich)

for a |di s@&/8i on| of(+LhéD)panti@R aGy nmt ¢ryalB)
throughgut t he cpntinuous Ili quid phasle. Additi opal
monomgr “WEATES8h| be i ntrodiced to the continuous

Exdnigleli d phasyes 1 n brders f50 perT ofmgt e met gy jof— e ?ﬂ%
intU

i nventlion. It wi|l be appajent to thdse sKi'l'l ed
Hex tHat there afe numerous ways in ich the method
of the—Tnventton ray be [JCIfUI red h" first for ng-a

Vlsuaﬁﬁﬁge%?ioﬁ%tt" dﬁ{{fi ln?s?.%p % cgﬁttéll?g'\s qcfgcgékr?vggggq lﬁql gslcrdlbed above,
showealsqp@mtent 8s, brititaina) RIpiag hs Well deas
ctl ggkb)el W. Tﬁg ne?%osd of t heﬁt}l%sg%llto Pro%%r%ev a%% gﬂled etior to

the qugf@ nj g ?f?fé\@ew Measpigdivialreant glpsematchdd ﬂmaleslltsmmved

ot by Bl PR a AR RSl 33 L B (@il 0

were gastoords ienetghfvhltemhaftv evithed éatidogmeblat IRfvirod Yhéien @ﬁ{ﬂ;nd after
hen

offornula e se| ected RAFT agent ma
drymgz% 2% PEP IR 'érefi s Qﬁ?s ViR @il Ie‘l*ngevﬁ‘?é‘érmﬁsr he results for
20° gl@d@|a‘s’ﬁ{8a51ﬁr8&11ﬂ3ﬁ/dif@tﬂig'dlalbtﬁ oFRIREBhseghi N a reaction
vessel. Typically all” reagents used wll be
essentially free of dissolved oxygen and the reaction
solution is purged of any remaining oxygen by way of
an inert gas, such as nitrogen, prior to

pol ynerisation. The reaction nmay be initiated by
i ncreasing the tenperature of the
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solution such that thermally induced honol ytic
scission of the initiator occurs. The pol ynerisation
WO e@esTam t hen proceeds under control of the RAFIVAU2005/001512
agent, thereby providing further hydrophilic character
to the hydrophilic end of the RAFT agent through
insertion of the hydrophilic nononer. Upon exhausti on
of the hydrophilic nononer, gydrophobic nononer may
then be added to the solution and the pol ynerisation
conti nued under RAFT control to provide anphipathic
character to the RAFT agent in a formsimlar to that
descri bed previously in point 6 relating to genera
fornmula (14). Having attained the requisite surface

active or anphirpathi ¢ character of [the RAFT agent,

Poeb P reai un vl Sy P (G anni SAPRFE R I 0

v\r\i-: el o

Al hpo oYl nr
\JClll IILIIIULIUII lU Ol CllJI I IQC lIIC 'JU.ILI\JI TS ullu T UVIU\,

for a dispersijon of the titanium dijoxi de throughout
the @nti nuous agueous 9se. To erfsure that & €quat e
adsofBti on of [the anphi $Thi c RAFT |agent to t 66
tita®Sum di oxilde partic?®% occurs, |a small pré8pértion
of ionisable npnoner such as acrylijc acid may be

copol yneri sed with the hydrophobi c nononmer used to
Scattefrihgraidtdbeorptiof @oeffirEhisvevenra mapd o atadvelengthaimdiieevisibbe region

t he RAFT agen Havi n $r% ided a stal) e dispersion of
werg FEASe s BT HFOREHE Pariobla SEnERT BUSRISGECY Kb he pigment, when

uemﬁ@ByHRHHH£0@89§EQ§w£ﬁ9§%0b@ﬂ%ﬁ%&@@b'C monomer such as
butyl acrylate and nmethyl nethacrylate may be
introduced to the reaction nmediumto be further
pol yreri-sed—under control of the RAET agent and
t herieby for mueksrBl Hd ﬁtf?o Hoh e fid e titanium
di oxi de particl es. %he 0 ynér?satlonlﬁge be continued
to provide for a desrred solids content, with the

resul t¥qg- gg_eous dirspers ed
titanpsmg X‘Nartr atrt e Jeatterings e |las
an cpacr:i'f“'. . As
an gl t émfative- ove,
a wat gg soluble RAFT ) e
used to prepare a surf . a

| ess weht dCI -ped—bl-oe Ivi fe- 1 . e,
ratre55than sequentlay7y poryner|3|r lic
nmonqner ! hydrophoblc nor e an
anphi patihi -hg—a Ict ure of generja

fornul a@(l@ Hhe ehydcpop@oblvs agd hydrophilic nononmers
may |be “added & mif't afieolSl y®at | sel ected ratio to
affard surface act“@éﬂﬂwﬁhlpathlc RAFT agent of
general formyla (14a) or a surface active RAFT agent
of general fornula (14b). To afford a structure of the
type represented by general fornmula (14a) the ratio

ophobr to hydr ophiJlic no gener al
WhepoAIh e ekl R o Slmbofs BYRrbrG Basstiod, efeslivpt colour
stre il h i h?or.%h fﬁﬁﬁeﬁ‘%ﬁnﬂlaﬁ@n vehad disWheh&d ihe et oll‘&rfrlé r@n% achieved

e RAFT agent is to represent that of genera
from( agiepys dllaperslans of pélymed empﬁpeldatcdtpﬂldhwmrblme:pamcﬂem a blue
Al ner al bout i ndi cated a
baselopmy B Gu1d a5 BY Pifeeatingd GmAIETE SoRS RGO Brstem it the
load @A Pitial RIS rbhfeqﬂlgrnentt\bassmw@use@auy Q@rmmaee@ly 116’0%% tthe latter
suit the surfac arity characteristics of
te 2. Simep suATe pigmt @e@dari to bavichgleddp ﬁlwoaww!;mnah@cemarw\terﬁxample
v Y,
(as I(E:I(Bm {igcﬁ 812 &ﬁ grgln% t e;1§gcf @g}g@e{&)}’ to a@ eg% tntgeg g%lggvcg?o%r strength as
sui t abl e RAFT agents for the preparatron of RAFT
agents of fornula
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(4) have the follow ng general formula (16): (16)
where R1 and Z are as previously defined. The
w@bdoeosilgeness of a specific conpound enbracedP®@iyAU2005/001512
formula (16), as a RAFT agent, will depend on its
transfer constant, which is determ ned by the nature
of the R1L and Z groups, the nononer and the prevailing
reaction conditions. These (.}onsi derations are
di scussed above in relati6n/to RAFT agents of fornula
(4). Wth respect to the RAFT agents of formula (16),
such considerations are essentially the sape. In ) )
achieyed througtanse efsdigpessipns Frmattedzviarthe augthodeal therRygRfmt fRyention.
t he. RAFT nt formul a,( hed ti 6ol
Moreg ﬁ}céecf% ‘F@lgag[}orlﬁ ?%Fhec%ogg?r %rpg%lpgltgs&f EE)O\?\[E% g’?), gég ;ﬁ as thus been
evidsakb@BRIthleR¥inplet Y to the thiocarbonylthio group, the Rl
group plays a significant role in the effectiveness of

s e Sy STRTATY 5 SPAELUEE bAST U B o
paintZgfHiliSa @gﬁ%’ft‘ gﬂ%guézrﬁlg'@&&ﬁlté@m Bl inddtry 9o rd bff of blue

preferr roups are also particularly )
pigmpniefvessr egtn Mast wherefempacedRAF Tthe genmventionel wekemplegt which both

not limted to, fthose agents represente .
expepgqlqegﬁ%]ﬁeg.vw&oﬁ 0 mg%%agveffttsgchzlgfatlefi )19%1%‘?6? %flgo.rmulatlon.
This (€21 WkSIBouR firilifs al] BVdx@estbd teiRflionetbr bi¥esvasiabefirmntited to

a RAFT agent for use in aqueous environnment, it is
any BY€f erabl e that it denonstrates hydrolytic stability.

Trithi ocarbonyl RAFT agents are particularly preferred

far pse in.an. ' e . . tint f
pardif S5l Gaci U TAEDY LiGBIRRLea YRR ipersions g nters o
conviéB¥oR#l ikl sybieasst er, a dithi ocarbonate, a

trithi ocarbonate, a dithiocarbamate or the |ike. The

It haasjpcep. :o?}gd %M@gg Be e oo DBE Mbdhod gﬁ&ﬁ%ﬁg&gﬁf)g Y also be
empﬁgg@gé {#RBL S @bnvefond) YRkirbSie cbﬁtﬂ@’s?étemis.t is to be

erstood that the particularity of the follow ng
description is not to supersede the Cgener aljty.of the |
A digpessionl phigthalosyaning blop asflescribed invpast (o Avaswaggiottint a conventional

Exanple 1: caps L.an: [ [
L PSR AR TP o, e 20 T
expeﬁﬁﬁgl?iti%hl)?m vﬁtfs i@lidé)@be}tec{ l(thut )édr;lﬁchylf aﬁse)mmglz_ of( dlor yéricapsulated
aci d) n}- bl ockpo acryl am t nacrQ- agent Wit
pthafogyping e et digreriion yMERtd dp | b 400 30 @R pldfrstrength
. " i i - . - - - . . . d
o5 ST g i i i
as a ik "o g2-appmedhytelytaguitalant coloinsteanigtindf d 6¢ ©f 88 ¢jspeasien from

part mcg)r:ltaig@ fl)} }53?{92 g@h@égggy ggg%\égl_()grirﬁoﬁzgi ﬁg%thé gzgéxéq:)%lgghalodiépersion

(dildt3ProBrh. 9, Bk, WekiShs G 15% Pnbnty\@as AdRAAS €60 infl of tHDEnVEntional
round bottom flask. This was stirred magnetically and

whits paing ésbnviatdiivaiekaropler from Exgmpladfes. The fl ask was
then heated at 80 OC for 2 hrs. At the end of this

e B T SRy e PPl s

usinBitid ecapHaged B0y gradien ofttd present invention (as from Example 20 (c)).

The improvement in colour strength achieved was even greater therein.

Films of the tinted paints from this example were cast onto Leneta white charts with a
drawdown blade having a 175um gap and after drying for 24 hours were measured for

gloss with a Dr Lange gloss meter:
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heati ng was continued at 80 OC for a further 3 hours.
The copol yner sol ution had 20.5% solids. Part (b):
woiog/0§1ret hyl net hacryl at e-c-butyl acryl ate) cPeI/Ang06001512
TiO 2 particles (TR92) using the macro- RAFT prepared
in Part (a) as a stabiliser. TiO2 (Tioxide TR92 and
supplied by HCA Colours Australia.) (10.23 g) was
mxed with water (2.18 g) aggl.the macro RAFT agent
solution (2.68 g, 0.14 nmmol) to forma white paste.
More water (48.21 g) was mxed with the paste, giving
a white dispersion, which was further thoroughly
dispersed using a Vibra-Cell U trasonic Processor

(Sonics and Materials, InGConvehaosiapaint’ obe atpPAdrom
anpl i t Ud@oﬁ@éntibﬂal"})ﬂﬁf es. Dufihfid ﬂs'ilf‘g soni CaHl sulated TiO,

Glo¥sqbesss, t Rfhed apigEsi on %ﬁv tidnaffli et tinted
cool ed igf réﬁ@ﬂ ﬁronggsn ?7 If esi h per s g lnwaézpersm)n lflll'o‘in

transflerr r oun and
4, 4" - azobi s(4 2anoval efic acid) (O 028 ¢, 0.1 hah(e
—was—addet—TFhe—wholeflask-—was i mersed in-an oil bath
éfith tlenperature setting at 70 OC while g mi xture of
Btyl lacryl até0¢2.5 g, 19.5 mol64 and met|hyl 38.4
Bt hacdryl ate 0255 g, 25/0 nmol )6lvhs fed ijnto the6FPask
80 2.9 g/hr £88.92 hours| After 82 nononer addit paa,

t he hgati ng was conti nued for another 20 |[hours until

full polynerization was achieved. After Tiltéring, the

| atex was white and stable, containingparticles wth
E i %about 370 nm (measur ed usi n? dynam c | aser

Xa‘F‘PE?n demotusable popder Geating: withey rgie RAFT t@Ghaianransfer

agenP@ETARY 19. 7% soI ids. In order to facilitate

observation of the particle coating by transm ssion

el ectron m croscopy (TEM the coating was crosslinked
Party9)f Brépanation\ of ol poly¢buiyl aﬁrﬂhteame:buryhs @bid) ymatrd- RJAJFH‘ agent

net hacyl ate (2, 03 g

conchifie fyerded bt A anprnsbicnay H%Fc? o Al ragh of 31 using 2-
{[(butyeilfandycaibostdhivh ) SulfithyBDropMioit A&al at ex,

deoxygenat ed andwzgat edyz}fp 8 00(13 for 1 hour to

Cr.0Ss pol yner_ coat.i nsgl on TiQ2 particles to

A solyfign ngTé(b@W?wlfaﬁyliqarb%%mw Ifany }puepanci¢ agjd (A £.i %0 exmol),
22 SR SO (DSOS 5| AN {237 L5y, b

acryla’tEI‘Qﬁgﬂ egn41437t mmolbﬁvas beephrtdn didvans (218p) and 30hintkround bottom

h f f th
T S8 e STt P T 1
was theh Neear@l %( W\"@ ﬁM2 'Eeﬁfsoaf\’%‘af Iut@? %H?IP @5ﬁsta‘n@)st1rr1ng The final

Preparation of a cryla
COPOIMI@F@@ﬂtlorpwsléhé%lsdrdwe) t macro- RAFT agent with
respective degrees of polynerization m~ 20 and t 20

Part?ﬁﬂl triﬁleé% arwogno tt er hé’éggﬁllﬁﬁpé) %g]r cgagﬂé ﬁlal_'tlicles using macro RAFT

agentpmphyédﬂrmeﬁ)hyl butyl trithiocarbonate (0.85 g, 3.6
, 4,4 - azobls(4 cyanovalerlc aci d) (Q 10 g 0.4

| 71.2 )
Titanjisgh d%% & U E ¥ disngisdling i souicpy & hreds a0ty ele 1061 g, 0.11
ole d
moled) *“*6218‘;*?13@*3%‘&@%@. 780,20 bR} Bhofd KNFICoPRERY 18] nfno), >

{[(bumlﬁahﬂbpahlwloédmdiSuﬁ'@n}ﬂ@rbpamoic lmd 1(8.40 A, ltmmnﬁﬂﬁbﬁ)fnlxmg To

o o SRR R B B 0l B & v

addedn@@d tHROdWEEsi6R Rids uHerddisSPsACudiRe aaV i‘bi"a[ EBRTURaHE Processor
The copol yner solution had 26. 8% solid
(Sonics and Materials, Inc.) standard probe at 30% amphtude for 5 minutes. After
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Part (b): Poly(nethyl nethacrylate-c -butyl acryl ate)
coating of TiO 2 particles (TR92) using the macro- RAFT
w@e@pasAael in Part (a) as a stabilizer. Ti Q2 ponMiBEAU2005/001512

(10.05 g) was well mxed with the macro RAFT agent
solution (4.69 g, 0.27 mmol), then wth dioxane (0.54
g) and finally water (10.10 g) to forma white
di spersion. This dispersio ghas further diluted with
wat er (42.36 g) and was subj’ected toultra sonication
using a Vibra-Cell Utrasonic Processor (Sonics and
Materials, Inc.) standard probe at 50% anplitude for
som@@om the v\élste tdtspansmnew teangferned telp 4@ pdi tond battemdlask gontaining
, Lcati s I
22 o5 RRahBe BTV A Bpih B o, B, oy Rliued By trogen

sparghg B&' mﬁlrﬁlltésamhélﬂaﬂkl \Oa@ 1dﬁne/b§é81 1hraaﬁﬁlbexfatlﬁd cortradled @@ bath for 1
round bottom fl ask cont ai ni

hourgat 70 &7 ttiesqine ayhablLViseous \éﬂgﬁtedshswsmsﬂach eontpingdfYe solids.
To t{ﬁg %%f)rggs?@{, 8oL iR ﬁ%lﬁ’ﬁ%&hﬂ%@ @ %’@ g?alnm‘?ﬂ f1) %t@{l%&tﬁacrylate

e settin ion o
(14. mcgy(b 4 mcﬂ&) 5ens aﬂﬂe& Timocﬂﬂutdbdnspgemat(éﬂﬁa)dwmnmptl with 2,2°-

25..0, d
o R L o P f T SRR et
poly@fﬁlgﬁﬁeéﬁcﬁ RlutBn49/08r 2~k eQO(IdOelMU@%ﬁﬁolan%tﬁ}@F@lrsed) by a

ating was conti Aued for another “17 hours unti
overbemiphixeespohinget | 24t iponoveThaning nBhe Jugpensiopasastquiekdy ansterred

o ) LSS L e OB 4 o i v
in tuk S Al AkPBerAWAY Kitrba&Lspak ¢ forsSRmttésIThe pblBﬁ'I&rlsatlon

Mal vern I nstrunents Ltd). To facilitate observatl n

was tcnerleplawtu 5] & tereparpinty pontmks aihbathrisy U6t howss of r78at(‘edrvhﬂe was

cons, }1?1 n?lé[%ql]e %glgf ﬁﬁ%’doﬂt B%epar afttlﬂg ﬁSng%tHﬁ gi%aﬁfélxewés fitered to
remd¥Rt ddaxulatioms amgwat icentrifipe aantli wishsd \iedrl tlrdessp}uahschsillled water to

fherein. Part Preparatlon of di.luted aqueo
receivgr # JFGLupYYC %@ﬁ@h doBtaEo ARTIFR) BUTEIES Vg il enated average

particR b9 G ABY 438@ 78fss Upﬁéﬁrrﬁlcff SESRT RtsoRMioRof Primid X852

aqueous magnetic [rquids In alkaline and acidic nedi a.
crosslkEr 10.29 2acnd onden. (Magh ®tap amxed gdth thmq&tlpt(\yqer and the whole

247- 248 ueous Xture ferri.c.and f
samglg v el Dl S iEaiiee O GEP e amitPigp uo by
grln&hg‘ﬂsﬁ’ﬂgt@ﬁl%rt\&@%d 8 QedtcethdbyaL §BVdd dsigrak 105 ntnhﬁﬂl 51eve The final

oxI'di zed to maghemte by mxing wwth iron nitra

prodsiol farined saherdhelassiynghiterfibm prmee |gy!ﬁS§ slide aéisr bﬁ@ﬁg \%Qﬁ@ dC forl0

|tn 2 molar nitric acid then finally peptised by water
nunTSSforn1a di | ute aqueous ferrofluid (approxi nmately
1.8% solids). The aqueous ferrofluid thus obtained

Exaﬁﬂ;ﬁ@lg)THﬁméﬁwthGpowldélutoaﬁng/lmdsludmgamn(RAFTg;‘TAo
obtai n an aqueous ferrofl uid of approxi mately 0.8%

o R —
ageﬁt‘:(ﬁ@gﬁltéd\ﬁ?[l%%gﬁég 94 Ofaﬂ?gzk);/ lot'?ndl as cﬁaﬁrﬁ‘aﬁ‘sfer dgdnt.

I'sul fan car bono hi oyl ] sul f anyl }
propanoi ¢ acid. A solution of

Tltazl-ufr{ (ibxgncgm @01 ¥agly Wit dwp?ﬁ@t i @;Spllﬁl@nf(ﬁrhﬂwl grypiendO32 g 0.08
o5 %o s TSR, 0, AR By st APy Bomampi

14, Rar@za)rmum g,10%6 eirecdnBe nfikhegToithisalisplrsidn, mmmawmqo 81 g)
was stirred with an overhead stirrer, qﬁgd gg@.ﬁp

waSt @ckbé o |ﬂi¥> Aliypersiony s afurthsp HEsROTSedr USINg o(IPE- frasonic

Proc%@% ?@gn %@'l\ﬁa’c@ﬁglls o Ssttéﬁdﬁ df)&%g a?@o\% abiPpRtEOlo} 15 minutes.

270b cyanoval e |c acl
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0.54 mmol ) and di oxane (16.4 g) was added to the flask

and heated continuously at 80 OC for a further 16
whows®371dhe resul ting copol ymer sol ution had PCT/AU2005/001512

approximately 40% solids. Part (c): Preparation of a

pol y(acrylic acid)-Dbl ock-pol ystyrene macro- RAFT agent

with respective degrees of polymerisation n =5 and n

= 20 using: 2-{[(butyl sul f %gyl ) car bonot hi oyl ] sul fanyl }
propanoi ¢ acid. A solution

2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul fanyl} propanoic
acid (2.55 g, 10.7 nmmol), acrylic aC|d .86 g, 53.6
After syt dhe Mnteachwewey Areaviaried ite 2t Qj}ngk gotpdgbottom flask
dj
contalfrlfrgs%ﬁ;mgzsc)bél ﬁ%lb fér don‘%lq% g)O 5 En $ Qoldkeyl QMBP'(d é Wﬁlmol)

ver stlrrer and heat ed
and h%'@fog&la@éa ¢adtod ofll (IHGIQ,G(DSCag)mism Eafedrthaﬂ. 6edxorgc®tedplpy nitrogen

d of thi d, Dl
ek Ak P R Sy
hour %eat A C@&Vé §%h%1tg) v1¥@ﬁls W@@ﬁp@rsﬁ&fi‘wﬁicﬁ%n@ﬁﬁd 55.5% solids.

ont I nue 80 OC for a further 16 hours. The
To thisedispersion, «eqiotigmef betyl surylete (ad appt % simel).emgthybmethacrylate

| d d o
oo b B U o § e o
then ﬁ%rdowﬁﬁ""_zﬁ a&%ﬁfsls%ut?@hﬁrﬂeboo 20AgUEQUSmanMand 406 allubealer and

d by distilled water

g 0
was thein acdlbpe(rgﬁ%n 3 ple@yted,g(go abaaebvany racehed rsglfu{qu%m %g, 2.5%,

ok DD RO By B LBt o oo ove
minuteB € ThE eghsPéonivivee quitlay t tenstdmedetdvar ¢00 RAETrasiod ubottmn flask

over 160 m n under nechani cal %lbtatl Q}h Asglta i on vvrfld d
contauanglmdednfeﬁr@ {QPPere, pBrli Gm olfpS af't EF 1t fl@ied an

deox] In?tefl%? n?f%géf%\ g?rg“%sfgg g(bl]g{ng&rasrso %%BWF%&Q@%) ca@fied out in a

tempéliafiiré | dodttolled el B3thg foras chaetr$ au A0 (’gsqayhﬂ;e Ivag)cqna‘@ntly stirred

then added to the_s spe sion thus
magnghelbi MHatthe yer}qiapf P PHY R FALSEy sﬂ? Was filtered to remove

coag laﬁ&?ssél@ @gs: @éhtﬁﬁfge& aﬁ@ WasRdd SR Hirher %ﬁﬁldi%l(ekf%t&% recelve a

oni Ccs erials The solid particles were th
wet poevder w\fhn@‘ecbrmmnechspiledcaleggrtic&ﬁsaﬁlt}@@@ gstinated a'@@agqagqprpcle size of

25 g i SR P R AR e Bcn 51

g) anRIOR4t8) mgﬁ@adﬂmﬁea%t@ﬂﬁ \ﬂaqfowdEAEﬂa thgewliol¢ Rarﬂplg)was let to be
t oget her wth styrene ( and macgo RAFT a}g d
air deied owrmghft fermipg et dry epkq whh“«%gwas\/\}alsmgr fAkgn fuipy Dygerinding using a
m nu duct fi d
morth QL Br iR P Qe Rnan, B icion e O Mgl produet formed o
hard RREEloRsy Wafe filth @n%i glass ldeodi2a0 ACaftst 0 exiautesased
ferrofluid with an average partl cle dianeter of 25 nm
(Mal vern HPPY) . gen hi s fI uid was exposed to an
Example 16: Fhexmofasphle pov qréaoa Y9 Wy and 90 Oe it
fopWheic@fcid-e2C3. Part
2- {[(??? epa?gﬁrgﬁhgﬁuﬁ)ﬁksls%rlg%e mat l|rc| ;l encapsul at ed
Fe2qg 3 fromthe styrenebased ferrofluid of Part QA
artT(Ii)t Parepartaition daamcéy(bnmh asaylate-eg-agrydic Afid)ymacro-RAFT agent
- azobi s( 2- h i ond ) t .
conthiatng A A sEtEe ) MpRoBBLERG, by Biaih do druioleaBBbr 3P using: 2

d&&f LR1fanIeHibonoth oyljealfityl op@holda{mdlynrer was ground
I cy pomdg?éyv\hl ch vvay;] founydngo contain 21. 8% Fe2Cs.

The owder was, dispersed jn a en_subj ec t
A Sphlélogaﬁ% %ﬂé@f@pp}hsﬁ agyﬁcaa q@g ll]ngnyIﬁpropaﬁJo& S f d(0.9%5;, 2.8
mmol), 2,2’-azobisisobutyronitrile (0.07 g, 0.4 mmol), acrylic acid (1.03 g, 14.3 mmol),
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part (e) it generated 8.3 Wg O Fe 203, indicating

little flocculation of the Fe2O3 particles during
w@elognsrssat i on. Exanple 4 : Encapsul ati on of HCTZRU2005/001512

usi ng pol y(BA-co- AA) nmacro- RAFT agent. Part (a):

Preparation of a poly(butyl acrylate-co-acrylic acid)

macr o- RAFT agent contai ning an average of 15 nononer

units per chain in a nole rgi.o of 1:2 using:

2-{[ (butyl sul fanyl ) carbonot hi oyl ] sul f anyl } pr opanoi c

acid A solution of

o R OB AR . o
bottdrt) fask. g:hlsows stmu)maga@ﬁadny@na%p@kgé@ mi’ft% itrodeh 8r 1R )mtes The
acr nmol ) was prepare d

yl
ﬂas}{d?”@&%‘f‘é‘ lﬁe?‘te‘SIS 930 i @u fgr édﬂﬁLunﬂ% peistant gHiringas Khe Tiiak copolymer

Soluﬂ@ﬁwguye}gsﬂﬁgnetl cally and sparged with nitrogen for
10 m nutes e flask was then heated to, and

mai ntained at 70 OC for 3 hrs under constant stirring.
Parti(hy: Preparatiamofl heemofusabie mwdm&o&ﬁng pérticles GsingRahéro RAFT

nmef hacry] at.e-c-butyl acryl ate)
agen g%?pzhrﬁdﬁ g%@‘{'i)f‘sg%me“(t Hisery,nt sman Cor por at i on)
usi ng macro RAFT agent fromthis exanple as a

Titardtrabdibkide19.98 $9vsi difpeatiai NsaGtsRes B
wat g? and soéll um ﬁ? g%ﬁd& ?80 g% g 0.08

.3 | 50. 06
moleg matww%psry%( %Qp&ar(bg& mole), mgrorﬁABa?aagem (3BS g,m 6 mmol)

t s.added
by L 0 TR TRl B 98 M AR T hpersion
was %@E@spﬁrse(dﬁmmgces Viind- O&It[él“ttaéd)lﬁc Pkdt@ssor §$@ﬁ@samdi WERBSIs, Inc.)
r 10 mnutes. During th

30% t
standégprggf 5o g:ag)%é@g tufiﬁ W gﬂ@;tgq @ﬁfftqmgnlg{lmcm, é}@ﬁ white dispersion
was RISt hyi O’OnﬁilLCRﬁJn]@%dtﬁn?ﬂﬁ@I %Bnt?ﬁ&%n A &zcr)]bemsor})utyromtrﬂe

t he di spersion sanpl e
(0.10cm 16 mm@écHOdﬁcsléthmd)(D bpm Eﬁrmﬁlom andt IpRiRogtaiuied castoi Bil (HCO,
endorf) | eavi ng a whit

P
082 GERL bt Soaches BB Sttt pRltapes svdretweatped maneiae The fask
was mﬁmdi‘bbd Qi teRped i BoRF IRE rd)ﬂeoa@l{ o YT RNl St FREE oco?éa«’!:-l;/e a Qightly

t he |gmsnt di spersion, a small extra anmount
VISCOIEW Wﬁ 19632r3581= g\‘}hl%gorﬁdd@cb 5&&1% sl Tl itlsip dispeddidny a solutlon of

buty BERMEETCE 18 2 2.4 AR el His oS (> Bt LR Fos aadea

The didutedi dispeysidn 4278001k) was Qoyaﬁ@oéal & 170 oC] en( hiQZP With 2,2’
was deoxygenat ed %hnltrogen spar gl ng.

aZOblﬁ*ﬁébWSPe%fﬂF Qgéﬁ gnhd BB ad 00 mlaheaker atshwhs thiet hedispersed in a

prehe%]fégtﬁﬁ(? Z@}J?ﬁgﬁﬁg élg%}&| a%%o%%%g% /3 g(? m?@? gé](gg/mole 88%

hydrw[ed\)/by rfre:t\d@dmggl Imnxel; élﬁnﬁiﬂg Q¢ 513ﬁ0 tﬂprﬁmﬂ/lz? tSVmﬁluf@d Th&%Bspension
as r ov u er nonomer

was iy | t&%@ogpﬂ OBHELE gk Geieinipa PRI (8.0062

g, 0.1 Hiid1p fwhlcfh la@y it t&fnt Ralephirfhgdd er&?é&’ Hf%ﬁ@%b‘@aﬁ@g for 10

found to be conplete. After f|| ring,
minuigh the pelymerisasion, wammrac«hmg nparwmpmmramontrolwﬁoim MBatth for 7

hours% %rgé e\/\'}\’%liﬁ%@l?@%fﬁ ﬁ%ﬁﬁ%{ﬂ%g's. S g 83@/ ﬁgf g gpgrlsatlon the

latex aza@ fiitdredit€Rerpeve ¢cloBRitivaS aﬁdJ%@ 65nthﬂfgé& e %a@ﬂedasgfg é@&s with
ot her deoxygenated m xture of butyl acrylate
dlSUH@C{] WREST & FReBIVE 2a¥ed Destdey Porﬁ@nmmaytncémw(ds an 4>s‘rgnat€<2 aderage size

t 37, 0 t
of ZS%Q%Pgs(eC%EIeZO b 4op3'1,9£l hgﬁte n‘f}g écogﬁg %I § o%cqu%’nmld XLS52
crosslinfe 0 @55q g) @nd wata (2.0 gY@Ja@&mw} fwith theSwetAbdvider taR@ the whole
r i t.i.0 lete the tenperature was
sampIF AR 05, i OFechoY IRIEHE O Mgl DIAIGE in tin broken up by
pol ymeri sation. An average particle dianmeter of 493 nm
was
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determ ned by dynam c |aser |ight scattering (HPPS,

Mal vern I nstrunments Ltd). The | atexsolids was 31.7 %
wab@epsiityner encapsul ated Ti O prepared in thi SPERATPI0&001512

were anal ysed by TEM A TEMinmage of the particles is

shown in Figure 1. Exanple 5: Thernofusabl e coating

containing encapsulated TiO. Part (a): Preparation of

a poly [butyl acryl ate-c-N(j,sobut oxy nethyl)

acryl am de-coacrylic acid]” Wlcro- RAFT agent cont ai ni ng

an average of 16 nonomer units per chain in a nole

ratio of 2:1:5 using:

grinding (usingta/ motier and,p peglepindoves ggyadsuningnylRf prispransevs. The final
j t] . o .
prodfSt e &kt bR lon o e lids #1200 C.4fT 1B BARY

acid (1.00 g, 4.2 mmol ), 2,2'-azobisisobutyronitrile
ExamplO4 7y, Polytherm@loptedadigthuth aandd4ts. partiplesd Asingmimdcro RAFT
(ﬂ&ﬂyl acrylate (2.17 g, 16.9 mml) and
COPNYCEbut oxymet hyl ) acrylamide (1.34 g, 8.5 mol) was
prepared in dioxane (7.50 g) in a 50 nL round bottom
Par{ (8 Prefdvationest &tpoly@deyTosiflat&ad-avrydieth GPRnERF-NAPT agent
nitrogen for 10 mnutes. The flask was then heated at
contagnipgan @verage®dd 90 monemez amits per chainrinjarmole Fatio of dl using:

2 GGRIERSH e bl a0

acrylam de-c -butyl acrylate) coating of Ti O 2 pignment
A sdITiiRgY of Brffi(bssdsul Bay Pearbdrotiipyll smifahyigpropingabtid @©@3k hgnmol),

,usi.n cro RAFT ent prepared in Par a) as a
2.2 Sgolpiteg rpnl,%goqo i &n0: olﬁm%iaﬁa/hﬁaw% (ﬁz/&ﬁg,aﬂg‘?e%tmmol)a butyl
o o B G ) Mg YA M2 008 o7 e 20y rpund bottom
flasky ddksewas Fiirrechinggwatically amd spargrl with mitrageq for 80 nghutems The flask

was Giegtzetelof 70y € R ot st BuRR i o i Gl Bply B soluton
was B9G99 sgiigandard probe set to 30% anplitude for 10

m nutes. During the sonication process, the dispersion
was stirred magnetically and cooled in a water bath.

Partyl): WelyGnethyp anethaeryle-cobugyl aexylateh conting cof yellay bismuth
. k . . . ) . '
Van%%’ %&g@%ﬁgzgégg%ngvgﬁﬁﬂghgglg? %Qf’cﬁ'ﬁ‘é’ Ghegrigals) using macro

RAED frona Exampte/Danas@billzgr.ni t rogen spargi ng. The flask
was immersed in an oil bath set to 70 0C, while a

vell Ve i Dt e peBentisd St mas BARTddh 4 @ .12 &
0.17%%590@%%&3(/% N¥dobs %Icl)cyxg ?%t/@ﬁTé Qhid palte, Watbr '(‘SUK]Z% g?‘@v?as added

t
i'nto the flask at r over 5 hours.

and migednwhideren amadinium hydxidsopitiong28 hewheaddedglia wise until the

timued. f or anat 16 hours after. whi.ch . .
Pt G, i sl el BhE B el ping et
Ultrdsah@XProesssoviSbeicanad Madids, [ON bahdird grabar 4ti3obesmpiifude for 10

. an average di aneter of about, 413 nm (HPPS, Ml vern
minytess thwg?xh%Sq_rtl@)tlpnpr@eﬁs@ﬂ&@&aﬂwa% wag stirel magnesically and cooled

. fo o [ - leri [ L ,
in 2 o8 AEVR ] oobeferc 0 2 B ARRY Bofibn AR Bhipining 4.4
azobidi#-chawavaletib earid)e@026@ nat édl mdmbl)randewasnddotyigenated by nitrogen
deoxygenat e nomer m xture containing butyl acryl at o
spargisg.  Fithals 1Sl P SmESe A el Rt Pyt ierypstapeye getling o 70 °C,
: I [ I yvlam:de @0
WHIETE) decRpEeried PR ITBRGY S (PTECR oP e, metty!
methpeydate (A8 grdrBnaholp dvastfed OatoGhe Afaslent 019¢ gfbnoveerS hours. After
addi t i was conpl.ete, the.tenperature s mai,nt ai,ned
mongiget AR Was SR o i RPURE STRS1 BrBs TAtesioUl lgntours after
The latex particles had an average di aneter of 446 nm
(HPPS, Malvern Instrunents Ltd) and
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| atex solids was 30.3 % The latex formed a white
glossy filmon a glass slide at roomtenperature. This
wo pdoaosapar at ed from the gl ass slide and di si NnPEAHR®E001512

into small pieces after washing with acetone. However,
when the filmwas baked in an oven at 140Q0C for 2

hours, it did not disintegrate in acetone or
tetrahydrofuran. Exanpl e 6 ypzEncapsul ation O Ti O using

pol y(BA-co- AA) macro RAFT agent. Part (a): Preparation

a poly(butyl acrylate-c-acrylic acid) macro-RAFT agent

Whic%oﬁltn? éﬂﬂﬁﬁfr"g‘z%g%h’ i\{/%gﬁ)él?lﬂ dc1> Ebengor}r?p LPPIC tfs naiJ ? rte;(: r\]A?als nyelllrc])w and
stablé; ¢dnfdiniing patt Aaanpbhceuonan ot Biagéter SHPP SNV MREPRRRGENt Ltd) and

acid A solution, of

17.5% (oligyt yrapsmision elegtponoiemesppy s shoveady (thasr teadaex contained
d .
md“g&%ﬂlygeg% fégg%eo 1%1% onla¥1r(]|%lE]efa’p 66691853 g 0.16 mmol ) was

prepared in dioxane (4.90 g) in a 25 nL round bottom
Examiples18: High SolidCattent Bacapsgiaedd Ti),l y and sparged with
nitrogen for 10 minutes. The flask was then heated to

C un onstant stirrin But yI

t.70
Par {8, BRCTRTE fethiorsfieriariuosf esial); eoasine of 2Tich pigment
(CRS18, fKéWTMLG)é@Pnéxﬁéhtb @) héife WEATH 'mgw ffo(?ma%g{rﬁ‘]%lﬁ (o8 -8 butyl

hr. After which the reactlon was |
acryjgenco- 19tacrylicarid)) aye sedilizvat S5¥asolisbpol yner sol uti on
was 50.0 %solids.Part (b): Poly(butyl acrylate-c-

Ve T AR Dort B 1% S0 6 iy S5 e ebyer 1720

) 1r1 A IIQQrmL(lat)akasalSd a\kas|d1§£sefvedﬁo}8@dju§tir@nt(hggﬁgab”7 ﬁﬁin@%’ﬁﬁonmm
wat er

hydr%‘f]? &2%? 1:‘2()3?18 éoﬁ‘boli,o%&z @lg@’eﬁhﬂl%%«/@bws @sgwbdmxad and was
k t |

eSSl Y, SO0 RSP0 B

Mateﬂiabr IncQesthndard rpa@:@mté(l% aogdisale ﬂoﬁdﬁl mmuwsd DMihg rthéksnication

t andar d b t ot % d f
prood b ot B ¥ L Spensirally b Eealed T pevates piho b white
dispereitn $84.60 &9 \ﬂ@sgﬁ%slfé}?ﬂ b(} aTer@ ¥ fo%n@'b%@t@{fﬂg& Eottaifithe 4,4°-

g) was transferred to a 100 nL round flask contal ning
azobw("ztcyana‘zaimcs @aidy (Q03V ag,e r@ t mmiod)) afd) ve& droxPgehatedoby n1trogen

our G USROS L BT OO PURRS 0 (LS
Whlleata d600Gendied emixtgie oxf pRRAt @cﬁyl@’text(pBg ?f 10wt Yﬁmol and methyl
late (1.34 g, 10.5 nmol) and nmet hacry ate
meth’(l%fy t5 G258, B-fvemel) weps feddntp ihe ﬂﬂﬂ%aﬂ) 92 Ig/la”tOV@r §hours. After
r fien
moncg{ééri:p dg‘ti‘tgfnt al %glg‘l }ert]eg t&g heét Wégg rbu;%g?flg% a Per1§6 diours after
which rtmleapolgmevmmﬁjm asrgo tyon‘eer campletn T\mslafeQUWQs W‘hlt@%nd stable,

t The | t | at whi_t d st
contaIHHE FEHICHE BORUE P eamyit FHoBR ca\ bR ge NifAB Eptamenb Lig) and
54.8%Ms &P raﬁﬁﬁi‘éﬁbﬁ‘ &18&tdr '}Ri‘&f'o%céﬁ}/j)showgc? 3t & SBtxI%ontained

was 25.8% A further anount
indivigually encepsulgtad djQmpartitles.i aC| d) (0.03 g, 0.1 nmmol)
was added to the resulting |latex, which was then
g . ther addition of deoxygenated
Exa“?@%?ﬁef&%}'%?ﬁ%’@e@?ﬁ% ning butyl acrylate (1.48 g,
11.5 mmol ) and nethyl nethacrylate (3.63 g, 36.3 nmol)
Part @Prepantivadd 25f(E o3P cabonotiveyl)salfanfiuucsinibadi@, t he
vessel was mai ntained at 700C. After t he second

ddi.t t
Potasy Ry Dtindrtiiase B iR R £t simeD prstcitipa s b skemsitepatined
solut@ﬁ'o‘fﬁﬁ?aﬂél& alcldovs. 5’6@ 66mﬁs&nd1ﬁhﬁ%até@%15@1mt§ i Bl Ser flask,

containing particles with an averag
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di ameter of 407.6 nm (HPPS, Malvern Instrunments Ltd).

The I atex particles had an average di aneter of 496.6
woopPRe;, Mal vern I nstrunents Ltd) and | at ex BOI/AUS005/001512
was 31.9 % Exanple 7 : Encapsul ation of Ti O using poly
(BA-co- MAA) macro RAFT agent. Part (a): Preparation of

pol y(butyl acrylate-c-nethacrylic acid) nmacro-RAFT
agent containing an averageggqaf. 15 nononer units per
chain in a nole ratio of 1:2 using: 2-

{[ (butyl sul fanytycarbonot hi oyrj sul f anyt ypropanoi c

folloBfet by S ool R B st oy 1 AIHGR fipsbaribfier an nitil

endozﬂmamh (01 pﬁﬁluge, a6013udm@|ellow2s01ut1<ﬂlz qhé &b&QBHtB@gQE'tB réﬂo?nerm and

a%b % nmet hacrylic acid (5.4 g,
|<§re @f%ﬂlpﬂ gfaetgprgwa@ stirgeyl ﬁ)rrﬁrhmyrs ah&nblﬁab‘an@drature

and ﬂh@n Qc‘:l@fﬁ%ﬁ%ﬂ?l@l@[ drb @rlé?(il(ﬁrt' %ﬂg dTigfeo am f\%%gs Ken heated and

his was stirred parge
stlrrenlq anr plyplafeoumtil 5 ctnamaa:lkm soThtaon‘ wasebtiiaed, Wigeh KaaitR vas filtered

throu i oﬁyﬁg{f cgg&gwogha%ggl C%gt%}%%ggqué"g ' %ﬂg proggl;t Wasngcl)llected by
VacuEﬁl yitlatibny, | waREd Lvith & 16ttle BRI WY Er JRS B, y]!i@ér?s)talfi?e?c dn®om water

of Ti O pignent (TR92, Huntsnman Cor poration

(65 mkgaye RAl Treaye aranples, 2 g, 50 %R an 147a9—1:49 08t abi | i zer. A
sol ution containing macro RAFT agent (O 85 g 0. 27

o 5 G A PR s,
dloxsmd wbi taining iagaviel-geestt 15 ﬂm@n@ﬁeﬁ)un?@%gﬁ@ﬂﬁﬁ .in™ Xt AR of 1:2

g &;thhl y dj spersed usin U trasonic
“S“‘g?r dedhgxyachopaihioxhsulfanydisneginic acik ) st andard probe
set to 30%anplitude for 10 m nutes. During the

A soh@fnCaf '2%('Eﬂhb ?o%no%ﬂ\?yl%:ugﬁ)rgﬂ@h 1%‘632: c_fiéb hr Ed 13 mmol), 2,2’-

magnetic he white€
azobwah@mmrtelﬁ (0D 1ag, 100 Imno})pamyﬂlda a¢1ﬂ qfnof ¢, a152k6 mmmu Hityloacrylate

0.0 y
038 gnéﬁv%? @e‘g?( Blgﬁg$gov%bg%ngr@§ $ glg%.égmﬁgm@ﬂ&wpa%ﬁask The
solutlvaswhsTeiir gl with @iRodn fhat higet Wlﬂle79619 s‘ﬁ'ﬂ‘eh qn?gfgtlgally The

deoxygenat ed m xture of butyl acrylate
flask s t elhh%ﬁt%tch@;ﬂd weintpred/atatle’q Sor3hs drs @me@ cmmar)t stieréng. The

ﬁnalg(g&u*lﬂé%éﬂ]’ﬁ% LR @}\AE&%GQSS g/ hr over 5 hours. The

ex was € and stable, containing
particles with an average di aneter of 310.4 run (HPPS,

Part mat Pe}y(mbﬁm metiextrglatd-c)-bufi aciwyamy cEathnigdst TV ;ﬁém%l{e (TR92,
H furt her % of 4, 4éﬁ§zob|s (4-cyanoval eric acid
untsglag 2- g pogn ing magro RAEY ff"b‘ntlﬁé’t (tas|stahilizarat ex
Whl ch was then deoxygenated. A further add|t| on of
A soﬁﬁl@ii}/@ﬁmhﬁé RBAGNRAFT égéiﬁ e@%@ ngalonmn yl&gg (@l; 3'8) and
et h

(1.34 mmol ) and t hacr
ammcggulg hy%mx;dewag -30e(D.(age0.4t nBnd) was Iprepaxeelrlnéh :ﬂbmi[,sbeaker The

ned .at, 700C.
SOlthl% Waggﬂﬁo\égc?résﬁn%“gs?ra El%erft\g raé%ﬁ’gtcgasq H@r@(@rﬁggg\ng‘t%@s Inc.)
standwdSpmhe rat BOPe drdplitude fou 't REAUBOThe tHH AcdHs@¥E BOHPH]Y €ro this
The | atex particles had an average

solutlgp,a’ﬁxg ré$1§1§‘;1;-r|1tg(g§96g)n\f\f{fls( aoled, mpzadvandnagains thonenghlys dispetped using
I I
e Vs oA s 38, SERRP e S1a ORGP T B BT s

ampllptdleyfobut(ylmlauneyl Bueing - the rsohioatlaﬁ;l}ﬂbcdmcﬂﬁ Mepeksidgents stirred

ma ntl%g aver.age of 30 nmononer units ger chain in
&Ny @HSPGISlQ ,t,@nsferred to a 50 mL round flask containing 4,4’-

azobgi-l{c&é%}friﬁu%i%@)ngé OF A, DOORLAIRY i ANYEBEORARP bG nitrogen
spargipg{ Thapflesk wad firemersgctiar dvovib bith oyitl] teulezatyte jspitingan 60 €C while a

acid (0.40 g, 1.6
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mol ), 2,2'-azobi sisobutyronitrile (0.02 g, 0.1 mmol),
acrylic acid (2.44 g, 33.8 mmpl ) and butyl acrylate

W@ 2008/837961 16. 9 nmol ) was prepared in di oxane (ROT/862095/001512
in a 50 nmL round bottom flask. This was stirred
magnetically and sparged with nitrogen for 10 m nutes.
The flask was then heated at 70 OC under const ant
stirring for 2.5 hours. Thegki.nal copol yner sol ution
was 34.9 % solids. Poly(butyl acrylate-c -acrylic
acid) coating of TiO pignment (TR92, Huntsman

ceoGRERREFULR0L SRS RFASTYET, £OLRL T SREEEY) (b .6

g, 16285ﬂm@l) Qa3 ﬂ?d’@ht)) th‘é/aﬂla%k a(t5@994g/]§i‘) o?é}do@ﬁbﬁ‘xmchen decreased to
g/g-kg(lde(o 4 mmol) was prepared in a1
0.464 1.y rs. fibg T§$}ll‘mg Itex cingngsh partieles @vlmlanzezeggewhmneter of
Sj ng
320 e P BRSO T, LSRR il i ire o gl ot
was |eaxemjneglt hﬁdmndrnmsﬂ»heelsato tnoicdeEoy M ARd tﬂjﬂﬁl i®rcodin individually
%ﬂl{t‘?% the sonication process, the dispersion
encapgylated i Qxpp gsnetl cally and cooled in a water bath.
At the end of the dispersion, a snmall sanpl e was taken

Exampte QﬂntAqﬁéJﬁl@dDééorliﬁVQO@alﬁPr@oflﬁﬁn %/ Eﬁsu‘i‘at@ﬁ Nyithin a
revea

centrifuge (Mnispin Plus, Eppendor
poly(imethy] mephnsrylatecr-hutyll aerylite) casitinght | y yel | ow
super natant whi ch indi cated the presence of surplus

s 0 [ t_ dispersion, small e
parRS! Pl ol be- o (BT s B i a0 RAFT agent
contdilﬁmms @deriage 6D15 ﬁr’bﬁlbﬁfer fufits pePthfn id @ bR Tatid BF I‘thiﬁxgg
g ersion (56.72 was transferred to a 100 nL rou
2-{( mﬁw&wb@aﬁtbewww&anyupmpap@m agfdi- cyanoval eri c
acid) (0.029 g, 0.1 nmmol) and was deoxygenated by

A %lﬁtl’dﬁg e@ﬁ p,@f{%ﬂ%flsu]_ﬁﬁylm%cﬁlo{ﬂﬁyﬁrs Yi@@l}%ﬁ%@gg V\ﬁﬂfl:n(él 77 g,

enper ature sett
20.0 ﬂé@&lygaﬁaamblmohumemtrﬂe HOtpH ac O)@DQt ampl), 3&91‘}9].0 acﬁd 9(14 47 g,

020 B ar T E@?fg%g@]gmbs SerSissibin dionape G2 g) in a

50 milDAQIAE bodddi Flagld TS a&G9NPlaeideand BB GRRELAL Mk
mai nt.ai ned for a furtﬁgr 13.5 hourtgqa:‘at%gr whi ?Lémere used as

supplied. yiNe retiost wem mwds mommpveombém@on”ﬁhletwas gtirat magnetically and

el 0 15 APl A G BB

°C fofl2e5 kmampetdaakiangstipahy mEhe bﬁb}b@fa&oﬁf\z@@ ﬁé‘pe-ﬁte@anﬁ&hé ﬁﬁhles%mples
was, j ncre sedftt§q yurther by adding anot her deoxygenated

combined o, proyide 1erg(§payﬁpréq150{ iu‘tggqlgent s By example. The final
copol??ﬂemébluﬁ@ﬁ %9%"8@6%01@%4124 g, 32.4 mml) at 2.3 g/hr

i'nto the above | atex 8.46 g) in the presence of
4,4' -azobi s(4-cyanovaleric acid) (0.028 g, 0.1 mmol)
Part éb) ?@l)({med!odﬂnahhwlaie-cmwyl :tchﬂatn) reonthig 6fTHO] wipmeas (TRI2,

t ed er at |nta| ed for a
Hun G CHER oD s SR S Refi e R expmplersayatabilizer.
particle di ameter of 441 run vvas determ ned by dynam c

A solawarcontagfihg Sagdrd RAFD (419BPS:, Meb \ﬁehal)l %’ée’i l{msﬁ g) and 25%
Lt.d). The |atex solids was 29.5 % Exanple
amm@ﬁ&@p@(ﬂ%lﬂ% K06 Jrigo12.9ummed) pes )P(@Are@omﬁa\)l Oermdp d»eW'l‘l“o this

solu‘uoi’lr 3" (52":% (%’n%nﬁx%gr@ﬁ gggnwgscgnciegi( %%éécl gﬁ& aveggégy ésed using a
Bransmr&meﬁerdﬁ Diveittpe2ern pedbe settod b hmplimide Gordf minutesWBilo@ed by 10

mlnuéél ad)id"} gl o }}pngeo El%gggge)ﬂgjel rﬁl:gt%?lylpr)o]cgslss I?er %?S?)ngio% was stirred
magn@h@all}r[ (l"g@ ggdﬁg@%ﬁ%hﬁ%%v)% fepehib@ D diSOPSRRAR R ient material

aci d
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2,2' -azobi si sobutyronitrile (0.03 g, 0.2 mmol),

acrylic acid (2.41 g, 33.5 mmol ), butyl acrylate (4.33
w@20088386nmol ) was prepared in di oxane (7.74 ghCi/AU2005001512

mL round bottom flask. This was stirred magnetically

and sparged with nitrogen for 10 m nutes. The fl ask

was then heated to and nmaintained at 70 OC for 2 hours

under constant stirring. Thegf.inal copol ymer sol ution

was 56 % solids.Part (b): Polynethyl

met hacryl ate-c-butyl acrylate) coating of TiO pignment

o0 gl ey ReleCARb S the ST Tor Ay s mitlbase

prepematives wenegnamwed uRAE h Nldlveéim Zetasizeg Mol ), water (50. 14

g) and sodi um hydroxide (0.10 g, 2.4 mmol) was
To this solution, TiQO2

ared iph,a 100 nL beaker.
Partﬁ‘flﬁﬁg %A@f@r’tﬁe) was added, nixed and was furt her
t hor oughl %/ di spersed using a Vibra-Cell U trasonic
Sampledcessd93.8 Soni cs and Materials, Inc.) standard probe
S t .30% %r{ioLitude for 10 mnutes. During the sonication
ﬁlF&cess e dispersion was stirred magnetically and
Ied wat er bath. The white dispersion (56.87 Q)
Samﬁa% tranglfgrred to a 100 nL round bottom fl ask
Samplent ai n3y)s 4, 4' - azobi s(4- cyanoval eric acid) (0.028 g,
0.1 mmol ) and was deoxygenated by nitrogen sparging.
The whole flask was i mersed in an oil bath set to 70
The gembingil | emplede(6R9JOngk Buravimhsfereedio Ul 00 adr Ylhr%&-ﬁecked flask

- (. 10. 9 | d hyl th | at 3.24
equitiist P soi ke FaReor s b efy%nés”%eal?a%%cyaé%ggm(% evsiinng 44"
azobR(4scyafbp@ttardoicadi®N@145 gddirs infho ‘}%}ﬁld@&g%la&t&? by nitrogen

heati ng was conti nued for a furt
spargiig, Jie §amaket\’é%s aglivistsd toipirk6 p 6l Sywith Qi%ﬁ aromounzas hylsoeldé solution.

The B8 9TRE SRE Rl 8 RO, BUCRLER S crpse, e o

deoxygeinated rmixnlﬂrt: rof nmnyISadrﬂd)e (Aomex, 99kl dso dzl%et%fle g@mlgascrylate

ng pol yner |ayers around Ti artlc
(2844 n@r ‘g%sfgé igtp %JI&\@ Cé{ﬁbﬂﬁmurﬁieﬁxt}’lg@léttﬁdhls feed, 4,4’-

I I
azoblmﬂéy&h@p&éélﬁaﬁg%r%k gp! 5345%22 7% ]mrggl)%va m»?%fi?d gn%ﬁ r%acgpﬂ vessel. The
solutioptwast then hbated td 30 é’@ aml 4 Ifﬁﬂmfﬁ&e n@ffed mlxture of butyl acrylate

ova rca
0255 g 0 g R A SRR ey s (g )r?é@e.l 26 aral) 654 iashe Hask over
2 hoaspbeigg t t t ¢
oo 15 o P EUP| Va3, WRSudy f) RRBEE Slnld deorp Pobists
cyanqpeaidaeic saidn(Oei4sc er drV2mncm<ﬂ}:. omsyacklbdvvécﬁter mbnonek 8eldd)/tlon was

comp%@é; léf%a%%l q’\’fg f%ﬁﬁ i %0 ﬁ'ﬁ’ft}’lﬁAn]e gv i af%\; ef\ﬁ}#{; ’Ifl]%lﬁSDQEYmenzatlon

was ﬂougd1tto seasdrepleteg A(ﬂ'dPFfﬁter | VRS Mhtd: Sifak UPRIRE Snd
lﬁ % ff&l i ds was_30.1 %iéx%arrpl e 10: Encap su a%?‘)é’le Efaﬁtammg
particies @bout a2 Synmn izmpetet, (AmyerageacFle WTsoélge mtere BASY%. The final
Piomdm@Nollh Awh utyI acrylate-c s-methacrylic
lgmam rrg?r@%%g{ﬂoageﬂyg%nt ai ni ng an average of 20
m)norrer units per chain in a nole ratio of 1:1 using:

In pro%f:s%ls_g{p&) hivx%,)g(\g g%l eﬁ{ dgﬂu%;gl }(1es gél;rarllg%lza)mo?ll s?a(g% ag?ltcrﬂz/rlagtgggglnusmg
the Malverm ZdthdieX @@%kﬁé@t&f‘ %)e:#mﬁflgﬂe?ﬁw ihl Q! FOP IR WS & Swing

oic acid) (0,1
as the pplymerofireis S@bum(!/rthﬁ'nmgmdzlﬁ 4l @e gesulling4 pamidle} , become more
spheri thacrylic acid (0.27 g, 3.1 nmmol), butyl acrylate

.44 g, 3.4 mol) in dioxane (1.52 g) was prepared in

a 5 nL round bottomflask. This was stirred

magnetically and sparged with nitrogen for 10 m nutes.

The flask was then heated at 70 OC for 3 hours under

constant stirring. The final copolynmer solution was

23.8 % solids.
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Part (b): Poly(nethyl nethacrylate-c-butyl acrylate)
coating of Ti O pignent (TR92, Huntsman Corporation)
wa@gioeg3tracr o RAFT agent from Part (a) as stabi PCmaD2008001512

solution with pH 6.5 containing nmacro RAFT (1. 0Qg,

0.15 mmol ), water (50.82 g) and sodi um hydroxi de (0. 05

g, 1.3 mmol) was prepared in a 100 nlL beaker. To this
solution, TiO pignent (4.63pg). was added, m xed and

t horoughly di spersed using a Vibra-Cell Utrasonic
Processor (Sonics and l\/ateri als, Inc.) standard probe

ty to 30% a tude ut.e During the
Samé%nl cation ng%dggag %?g pgfl)g chlS%as stirred
Sample@net i cal | y Zadvdrapee! 423 3 imaPmpLt-griRat h. The white
d]iségpersn on (47.1 1 g)_was transferred to a 100 ni
Samplg 3nd f1 ask @W@’éﬁgﬁnﬁjulll um; BRb5i0s(14- cyanoval eri ¢
036 I oxygenat ed by
Flnaﬁlﬁtbl?%%léﬁ sparzgl ﬁ%g%The m%%lﬁnﬁ?rﬁ?k s i mersed in an
oil bath set at 70 0C, while a deoxygenated m xture of
Partb(,ﬁ;)y1 V&ateybatn@ lolv IV Q, pdifit Q‘orfﬁnla)te(hmim(?ttm/ |encapsulated TiO,

Iat 3.24 g, 32.4 mmol) was fed into the
d'sp?"sb l”gﬁls)g/hr over 5 hours. After the nonomer

addi ti on was conpl eted, the heating was continued for
A gla@ssforint has fdrinulaed fromahé 8dquedhd S8lykeMBispQb ISH%E‘ %@ﬁﬁg
was found to be conplete. After filtering,

Th &@if’ whi t eand abI e, containing particles about 415
© WiRE gVertetdded (inppeder [ty a arinen followiert bysstirtidy . fo e minutes:

LT BRI B N e —

(0.90gprRropdent glyebt ammg;;rmoga) GXPr @R Tait ODAB (2:265g). Texanol

dj nmet hyl t
oA Sl 165 T i i
stirri@g) eStrinyl ih@n rc%ﬁf?ﬁfeﬁ' %€ 1983IRES, %fftep %Iei’ﬁ'ﬁeﬁljeﬁ’lﬂédoﬂ 4 separate pot,

m~ 10 and t 20 usi ng:
propylenq glijealy(P6.8B¢hand NataosobAd FiRo(a.43m) Wae tidqar oranabsve mixture

and it (ot KXl 50 smeten B 2 of oepbytpreopassiisted to 9.0
with aQhixtre. o‘fﬁAﬂmo&u@n MAYRkdxidé ?5% 38 @@O@( ﬁl&%}%ﬁ?‘(@ f@é)' Final paint
(0.03 g, 0.1 mmol) acryl am de

aci d)
pmp%‘)’erﬁ/&é%f?ﬂ@ﬁared i n di oxane (15. 14 g) and wat er
(8.08 g) in a 50 nL round bottom flask. This was
Palnt%k,ﬁ&ﬁ@rgﬁé}ﬁ@sll cally and sparged with nitrogen for 15
m nutes. The flask was then heated to and mai ntai ned
f10C for ours 30 mnutes. At the end of this
Welgl’:Hesrclﬁo but yﬁ720aj(1:ryl ate (2.59 g 20.2 mmuol),
Volum@§dlldet hyl &6i0fo) et hyl methacrylate (1.58 g, 10.1
WPerm)I) and a di ti onal anount of
4, 4" *azobi s("4=Cyanoval eric acid) (0,03 g, 0.1 nmmol)
WPLWalidadded td.3#e flask. The m xture was deoxygenat ed
and heating was continued at 70 OC for a further
Part @)@ Préparbiion WA oHBArative Con9en Gl yygr( 1Sﬁis o2t
(b): Poly (nethyl nethacryl ate-co-but acry at e(s
coating of yellow bismuth vanadate pignent (Irgazin
Severgbronwolapduts vaineprepacildor yoipernitivel |yrposisn dnoadeoto prepare

O T TN TR TR T ——

as thz(t%ftli@elgaapgﬂatdar(ﬁp@rg@nlwhs?ra Predl beaker. To this
sol ution, yellow pignment g) was added, m xed and

was di spersed using a Vibra-Cell U trasonic Processor
(Sonics and Materials, Inc.) standard probe at 30%
anplitude for 10 m nutes. During the sonication
process, the dispersion was
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stirred magnetically and cooled in a water bath. The
pH of the dispersion was then adjusted to 4.4 and
wo esdpassed by ul trasonication. The yel | ow di BOEABR20K001512
was transferred to a 100 m round bottom fl ask
cont ai ni ng 4s4' -azobi s(4-cyanoval eric acid) (0.0295 g,
0.1 nmol ) and was deoxygenated by nitrogen spargi ng.
The whol e flask was i mmersdg@gi-n an oil bathset of 70
0C, while a deoxygenated m xture of butyl acrylate
(0.70 g, 5.4 mmol) and nethyl nethacrylate (1.62 g,

The &6ntebl @Bﬁbira‘ﬁ@é dispélsioRtiQ ah Iagﬁ)iq cgﬁi sBbied ﬁ%%éwgh ?heecr:omposition

2.5 hours. After nononer was co
Wﬁ@%ﬁ%—ﬁéﬁl"@@lﬁmhmd for further 1 hour after which
time polynerlzatlon was found to be conplete. After

te t abl t
T'%‘%%étd.e%{a%g Up2f078' B Renfes RHsDois agref anhiheraintion) were
edstb nueRNritlet] &
c alfggrn &yﬁgfmccgai edgghr %F%}aggbgé‘gé%g{rgﬂﬁlpﬁ%ﬁéi)ré’beoan-d”lgnc\lﬂélrsgr The
reactgr, wps, Seiehip $0°%4nand mu@nlceﬂ@nauegr‘h 7ae); rd@s?mp@d Wilﬁwp?a .00g) and
ase, pain rmul ate
ammbBAiun St uéfa’é A gz Peetgg eﬁ? egw B dract %r}g&gqtéerﬁpgﬁ@m for 10

usi n
minugiss Py mpmmérrmmlslantwa(s lp}e-pﬁp@@ﬂ%@in@h@ﬁ g@hbﬁ!\é&é@&éﬂ 95g),

T o VT YA s
0.54rhell EM\BIAQ(QT@ng,Zgg;lEQIEr ke ene %L}i%lo ﬁva%tﬁega)a e%)i)y a(ﬂhng the

and Haas) y co
waterpgid W@@ﬁﬁa(lbto%g@)selaﬁﬂbd% @stifr. 3 M@oniwes SreRISRIA R oRder and

d
the c%@l@teﬁﬁﬁ&ﬁ;n ]sﬁ %me]}s ct) ggrépgge,ﬁh&eg\%l qmgrbég)m%%gl%)@tg\,@\gzjf the 10
minu{elhdldOhe BiGatde kolati GbRip 919m§ détbhised e\% 10 l(ﬁrlr’]fS)]g lﬁ 8gl)nmomum

t hen added in a pencil ream and

ersulffie e Bg)raéad spdiupg mb@@te (P2 tigether Mgthvthds mohbeer @ddieidn were
fed tof o Firof BPE: %u &l:hergxi de (0. 268g) ‘and the

encapsul a th vanadate pi gnent
di spersion (11 494g) Nat rosol Plus 330 (0.1 6g) and

Once pH dgegls sveee fhighal, tHelre S0 asiesl € atreLctiont&f pQefet fr 39 Sﬁlﬂgtes
to the reactor. The m xture was then stlrred for

rior the addition of Acrysol RM 2020
Tert‘b("iﬁ %"p (‘rlbgﬁ)g Wi chargad ita fBe) rwtg/rwdmﬁmt@slo mpitute hold,
foll
ollovasdchyva ﬁ&d%ftal&n%ﬁr@ c@ﬁlﬂa@geﬁe ﬁ%oﬁreﬁg%tér (%Oé)@ SPQ}H@ erythorbate

Physi cal Wg{ertl es :
@. 45%@1[1;1 ddkangte WEI6PRD. 050g oﬂeﬁom1mp dger:45inihGRs PVC :
0.52 P:B Ratio : . 100Part (d) : Conparative paint

. t of | ati b
s 0 RO 0 Rl R 0 v
added paidndooling sm@arWﬁeﬂ CHe t@ﬁl@i@ﬁhﬁé WA l@éélr AR Q@WC a&{ an‘fgeﬁ%ater

e fo Conventional acrylic
(20. OO@E’ e%EﬂWﬁ adesv&glgé§§ bQOngWQl@g(BOg) Praspyddete Gngeebol the latex was

ﬁlteregalrg‘gglggo n@gllqkfoam (0.589g) and AMP-95 (0.321g) were
to'a high speed mixer with stirring. Proxel GXL

086g) was then added, foll owed by a pre-m x of
The ﬁml dajgx barkthexfgltayving thoa@eiistics:

Solids 46.4%
pH=73

Minimum Film Forming Temperature = 20°C
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and Teric N4OLP (0.214g). Texanol (1.788g) was then
added in a pencil stream and the m xture stirred for
wQ@ooaismbes. The foll ow ng were then added to PEEAU2005/001512
reactor : Zinc Oxide (0.268g) and Conventional Yellow
di spersion based on Irgazin yell ow 2094 ex C ba
Specialty Chemcals (11.494g). Natrosol Plus 330 (0.1
6g) and propyl ene glycol (-1100Z20g) were pre-m xed
before adding to the reactor. The m xture was then
stirred for 20 mnutes prior to the addition of
Par .S teh &1 N continued for
T oA MRl DO Loy PV e Rd oing e control
polymey dispegsiofirom pRityd).cal Properties : Weight Solids:
39.54 Volunme Solids: 35.90 WPL : 1.061 WPL Solids :

0,73 P: tio: 4 : 100 Results : Filns
Cor'né? Ija? ﬁ% %%@tsn}”eﬁ %’W&Eﬁﬁg@eaq Fq eyabls, glear, Ldeetiﬁ%ioat ofvany benefits
derived affpieericapsaldit of dle WERIEATioRAb %ibﬁ%ﬁﬁo\ggb"t"g}?&mﬁve and

Qhartf w th a drawdown bl ade having ‘a
expegmeatal pripis, yerospepificaby ferndated rte dewr BYCT @6 ggjsggﬁimé)t With no

: li0$s [ T re al.so eval uate
exterRcDIpipRBAE 2P CBRERRvd Mol o Spafec o achinsrthe same
pigmpalr voluine mhzenteltion,GLpaf fitanin WiRGHd! [ IRE R Mproxi ately the
same’ & uires 1.r educ%i on, of particle a%gaI' omerates to Sl T ar

CpEY g 30lids Assthe tpaint dneludingeenenpsubitech pigmeriti Bither comparative
aint§ ¢AtE /id [ ' .S .st.rongly influences, .
p_ t E% t] nt%ﬁlgntg?ﬁlﬂ%tf Q?ﬁeﬂcglec%tlﬁ&é?s"i%ff g‘b&‘%{ RERPOELARs |94 titanium
dioxide fdestaaged palimmer:pigment ruiahitd 8jovotoRb@RALof F8tant hiding power
of th'egﬁi ien of i grrentt a&gl onerates or floccul ates act

to" T educe THEE| AR sPr@nBicRasA dusing dhe deldewing formulae. The
pigméntnissi e (6O abhtAAS - ra Ri TR ar e :

¢ not ori ously di fffyﬁlg%gﬁg?ggka (Ej)(%)vm Iu%naﬁ é?aﬁ%ero;fn preparation of

these paii ng aggl oneration - inorganic yell ows such as

included in the present exanple being one such type.

The col our strength of the paint from Exanple |I(c)

and the conparative exanple was investigated. The

paints from Exanple |1 (c) and the conparative exanpl e

1 (d) were applied over a black and white substrate

until the pattern was conpletely obliterated. The

col our difference between the panels was then neasured

with a Macbeth 7000A spectrophotoneter and the col our

di fference coordi nates cal cul ated using the CIEl 976

col our system A total colour difference value of DE =

1.97 was obtained, with the filmof the exanple

showi ng enhanced yel |l owness (+ 1.62) and red tone

(+1.09). An overall colour strength increase of 6% was

observed, No rub off of yellow pignent was seen herein

when conpared to the conparative conventi onal exanple,

whi ch did experience light to nmediumrub off of

pi gment, even at the |ow PVCs of formulation

used. Exanpl e 12: Preparation of a solid polyvinyl

acetate matrix with magnetic



nanoparticles well

di spersed therein.

Part (a):

Preparation of diluted aqueous ferrofluid with pH of

WG 2®@6/03Aqueous ferrofluid (~3.7 % solids) obtaPCEAU285/001512
described in Exanple 3, Part (a) (53g) was diluted
with water (100 g) to obtain an aqueous ferrofluid of

To this diluted ferrofluid,

approximately 1. 3% solids.
NaOH sol ution (0.3wt% of _-34g-was added over 7-~10
m nut es under a nechani cal
adjusting the pH of the ferrofluid from1.86 to 5. 30,

after which 90 g of ethanol
Comp(ﬁﬂé’t%lsmﬁ?f’f

Preparation o

(vi nyl

degrees of poly
[ (et hoxycar bongt

oph—of

on| ||'l'

el

agitation of 800 rpm

as added. A clear diluted
with pH5.30 was obtained. Part
a poly (acryllc aci d) ~bl ock- pol y
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Materials Inc). Another 15g NaOH (0.3% was added to
Methd djust to pH to6.24, followed by 10 mn. of
oni cation, addition of HO (16w % 0.08g) to adjust

A Lokderal o6 ey SRRSO Coeh UG B e

B. Adqd i grder tophjighasniegd nmeerszulplmttrangmm fons hidatesbove

ﬂThﬁql ermved NaOH (0.3% 3.22g) was added to
C. Ad e&l%%h\r/r}% ¢ PP 8icr ease t he pH back to 5.15. The

D. Wakh d@\lvnsﬁd$ aRhéhatieRuk BERlgh SpeRd b @R RGN at 60 0C  and
E Aé 0 drf; powder was obtained. Part (d):
d r"%aﬁ"arr@% BHUGongtos myes it awer 6 Adfluithlerf itans tHea diryfor 15
minutigowder of Exanple 12, Part(c). Powder from Exanple 12,
Part (c) containing both Fe2O3 and macr o- xant hat e
F. Addaydivese .mikg) with getringr Wakshdut wiill¥dsea6hiagleg (6.0 g) and

Cr o- that e agent solution from Exanple Ib (0.63 Q)
G. Ad‘ﬁ f:aégi @??ﬁ%ltlﬁé‘rpen%étr%ﬁ’éﬂ%ﬁsﬁﬁ@?&l on thus obt ai ned

c@@?,gﬁgﬁ%&gqg‘;}?wr%ﬁo 1%9% | nt enS| ty to

H. Prem®6intH deparaf
ace erro

obtain a vinyl
Adjust viscosity and pH.




ferrofluid was found to contain 28.5 % of Fe203, and
when exposed to an oscillating magnetic field of 100
whkwemsm6O0 Oe it generated heat at a rate of ROI/AUMWOG001512
of Fe2O3, which is 57.2% of the original aqueous
ferrofluids. Part (e): Preparation of poly (vinyl
acetate) matrix encapsulated Fe O fromthe vinyl
acet at e-based ferrofluid afiigexanpl e 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
PaintPhRtaPProdedREt €X m xer 2 min. The bul k pol ymeri zati on
was then Carried out in a silicane oil bath of 75 0C

for 14 hours The final solid polynmer was obtained.
t o—eontain 35 1 04 Ep?20 V\he the

AU TT WS unu LU C

powder was C@ g |ncﬁ‘§‘8?ra8ﬁ%| sulsjoatiaediveo |t h@omparetive

Fec luqe iFxamplevd| e | 12Ex®@aple 3(d)| i tExample 4

géteme@at ed 8. 42\1\39 Of Fe2CB. EQaan el 13: Rddyner |coat egh(

Focyan ez prue—pgrent—parti-¢les and a cgdating

'E&ﬂ@cu 3heref64'nn Par U :ﬁ §Drpnarati6@r5of a 73
Hobut _acidvfat e r-ar‘rvllﬁc aci d) nmat6.6- RAFT agerit7.2

Weight $olids; \g_arf%kr agd of #8.9fononkr uni%t4s per [chai 5oom

nofrr‘

VOngnQqu)]edSr atio P36 1 Jsi ng37.70 38.01 38.31
WPL (but Y1 sul f.2041) c4r bongphB oyl T 5UTT aydgr PrORamoi§ 55g
WRIcEelids sl utioss@T 1.573 . 1,589, 1.603

2-{[ (butyl sulr tanyt)carbonothroytist-fatiyt—propane
acid (1.44 g, 6.0 nmol), 2, 2'-azob|srsobutyron|tr|Ie
Result9:06 g, 0.4 mol ), acrylic acid (2.26 g, 31.4 mol),
butyl acrylate (3 93 g, 30.7 mmmol ) was prepared in
di pxane in a 50 nL round bottom flask. This
5 Fﬂms\/\%@ h§tPF1 Seﬁoﬁi‘mlg’ﬂ’éflplt a0(cy and Cospparayied Baatrpldi t(éqiﬂ@dreﬂt%ass of

t ted at. 70 OC f
st LML, DS 55 e R B oy St vt
drawdsopo blade hasial ut ummr\@a 2Md %ftc/&‘ %Wlhg?or f@g)u%%%m meagpred for

Pal met hacr Iate c-b acry
gloss Mlﬁér@rc?wneoeg metas Ehehwe(errelso Cﬁg'ehlaﬁldufm IiﬂﬁrOﬁbpearance and
Vlsual%ﬁyﬁa)t usi ng macro RAFT fromPart (a) as a stabilizer.
A sol utron cont ai ni ng macro RAFT (0.73 g, O. 3 nmol ),
10 et hyl ene glycol (19.08 g) and methanol (3.10 g) was
prepared in a 50 nL beaker. To this dolution, water
(10.49 g) and then sogixy i de (|O.
nmol ) was added,| mi xed aﬁgms%{r%at ed iné)(g11 al’al'lVé%Xf‘lHlplel
for 2 mnutes he solutTom wastransferret—to—=a
g ed m |1 ngxedkneFlopDi sperimat (t WveAleow
Iaborpgt ory d| ssgl ver Vetyt@sbdOD an APS 250 padrindg
system—VMAGetzAaRR)—contai-ning pht hal ocyani ne bl ue
pi gr@ﬁt (5.01 g)| and ImMmin dianeter gl ass beads (101
& bath jadket tenperature was mmintai ned at 20
OC H%e nilling (was initidbly at 1000 rpmfor 60
m nut®s to proddce a visods bl ue di $persion. 4%hen,
mor e 8Bt er (20.Q0 g) and 98.ass beads|(50 @) were added
into the mlling vessel and the mlling speed was
Viswai ©Opdeityo(v@®00 rpm for 60 m nutes: Al tiheemnd—of —the
14 {poBGbesBnOt her portion & water (70.17 g) wag nm xed

Vlyuaq@ ga rr@rrent drspersion—Foamant—g-ass—beads—were
ed firom the di3spersion ugsing a plastic
ueen vvnr . c targe—prgrenrt—particles were remmved by

centrifugation at 2000 rpmfor 5 mnutes (MSE MK2
centrifuge, Thomas



Optical & Scientific Co Pty Ltd). The pignent
di spersion (50.64 g) was transferred into al00 ni
w0 ouai3iet t om f | ask cont ai ni ng PCT/AU2005/001512
4,4" -azobi s(4-cyanovaleric acid) (0.025 g, 0.1 mmol).
The flask was seal ed, sparged with nitrogen for 15
m nutes, placed in an oil bath maintained at 70 0C and
stirred magnetically. A deci ygenat ed solution of butyl
acrylate (1.39 g, 10.9 mml;i and net hyl nethacryl ate
(3.24 g, 32.4 mol) was injected into the flask at a
rate of 1ml/hour for 5 hours Addition comenced
Fromnthmv@lyewb@\re, doawl beisern B! e measurpdiglasp ot dbe f@@t from paint
r tai 0
exan BRI 4t el WS AR R G HERGTTNE Ab bRl gy showed
greafetbiilliaaty amt diztaidtion of Ahdges rdflectedfiongy theasusth&b ltleanttheleomparative
| atex was obtained with a solids content of 9.2 % The
exanllpi?-ex had an average particle dianeter of 181 nm as
measured using dynamc laser light scattering (HPPS,
5 The MBhY QLR dISSEVAIRE for Pﬁj&ty By &pEythe %ké}ﬁplﬁii&f-"élfd%mparatwe paints

m croscopy showed that the 'l atex contal ned
at equircilanit inall filym bmlxiasng Meacte 4D bleclpamghwhite paacuhyc:lhe@s by owgans of a

05T SRl TR L R, DRl of U ARSI e b

mea§F®d bvd@ahé bR and %Iﬁtﬁ%\dﬂsttatbsﬁisﬁi@’aﬁl\/&cbétﬁ 70004 spb@tbphotometer.
the pol yner encapsul at ed pht hal ocyani ne bl ue (g(? ment
n

The m@ﬂmtﬁ@cg dasevnsethen aised i salpelatsonagity in fermis f] GentreshRatio, film
10 build & é{gguc%llﬁr ith r%é%%h?dlff ke §&i th%’%ké‘c&?i‘ﬁy&ééfﬁcwm.
ate-c- acr coatin
pht hal ocyani ne bl ue pignment (Heliogen Blue L7081D,
The BASHRpdussalg atigny do RART dfr mﬁmr D2695 ‘4didings tPatviek | @l rPaints by
Ceneral |y the s as for

ame . et had wa
ReflEF eRY| JHNShciSo AGIFEI a5 0t BeI R Pargs of ggipnts. The

reﬂe'cﬁn@@ﬁx%a&t@mélﬁ@6§erftf1é)91‘a@k sid Ghte E‘lﬂ:fstrﬁ‘tte'ré’giohé"oit € panels are used
[1ng step. As Heliogen Blue 708 is nore readily

to cedkpu_iapie theed-ttistimule Ivalugécn tht dpeflughﬁlgnﬂpousrreﬂmtamm dangon)&y each of

at..2000r { d hen. af t e
15 the RO PR e o DO OAPE RIS Bl E i B gon then
be usd dﬁ‘aﬁﬁé@&r@df HA&E0 hBWer oftBE Filrh$ldnd in\hé €456 OF BGuL Blgarshebading,
base paint fornulated using the encapsul ated
a megpin oF Sioyding stfigiencysif gheamemenel i ogen Bl ue L7081D,

BASF) di spersion frompart (C. Encapsul ated

pt hal ocyani ne bl ue pignent dispersion frompart (c)

was formiylated into a|blue base pdint according to the

foll owi ng nethod : Conyentional acriylic |atex (ex Rohm
Exaanle P@3)| (CGmBa8GYys anComparative. 48 Agdmparative Comparative

convent i gnalExantpdél um di Bxdmigle @i sper Hxampladi ng TExanaple 4

REB2/EY5 ex M || eni um | norganics) (/6. 49Qy) wer e| added

to a hi ghl spéddefixer |wi t(g 3eg/Lyring. gd)werp (250g/L)

foll owed |by addition of water (10./019g) and bi pci de

(0.083g).| A pre-mx ot Pr opyl ene @ ycol (2.255p),

Terirc 64— (01599 —and—Teric NOLP {0 1T 48y) as
subsequently added with stirring. {Texanol (1.8p4g) was
tgeyg added i n qopenci| strgag ang the gwgture) stirgpeg
for 30 mijnutes. Natrosol Plus 330 |[(0.352g) and
propyl eng glycol (1.18lg) were prg-m xed beforg addi ng
to the relactor. Acrysol RM 2020 (2.195g) was then
added as stirring continued. The di spersion of Exanple
1 (c) (1.4449) vvas added to the mxture and stirring

20 The %1gher H‘xléefdgure the greater H1t %1d1ngpgcl>vr\}ér otql)(es Ilnaﬁl?tl Properties :




10

Wei ght Solids: 41.80 Volunme Solids: 38.56 WPL : 1.069
WPL Solids : 1.159 PVC : 0.96 P:B Ratio : 3 : 100 Part

w@ edoso3@onpar at i ve pai nt exanpl e showi ng the | PEEAU205/001512
encapsul ati on on base paint characteristics. A
conventional blue base paint was prepared for
conparative purposes, according to the nethod given
above, however Heliogen bl yg3;L7081D di spersed by
conventional means (Luconyl dispersion ex BASF:
contai ns 30% pignent, 0.1 67g) and water (1.277Q)

repl aced the,anpu of..di spersi qQn from,Exanpl 3(c
Whey FRafe e iufuf Tt Bl S ERRRE 2] Posteat X RLE g Bower - the

bETERINbaihg)/ At 2Y6 /LP‘Hissb\za% hidi22phwbP el et dfal i
exeng?ﬁysi cgfu gro ertisges : [ ght1 1So ?d‘g: 41. 72 Vol urrd;fab&hparatwe
exangpleg Fend 38t 4H-3AB o/L. 068WPL Sol ids : 1.159 PVC : 0.97

P:B Ratio : 3 : 100 Results : Sufficient coats of each

i > _ . 0

The 8y ARELEXFORCl WEC ROACCANNERL AR 0N ibRfAR Bt

5DX cards. The col our difference between the cards was
An eveadilnedf panhyanaplisdebhe FRAOAnd méiterlemlatat chaet wingadi032 wire
Woulté& ?113%&9 gkf%lgﬁ? Ité%gﬁlglnglg}cf %’ﬁ)lr%ag: %%f r%lrhq 1p[tg.h gtiggc?g\?vasLmeasured
overcﬂlt%ﬁﬁ:&el?y 8RR fan® WHRBULARFAPHA A Huil] RREQEYRNUBR RIS Rubelka-

particles exhibited enhanced col our strength,
Mungmgpatkinseses] Iy JaddatkGS)VybieghieTColahimBusiness, Sagiemoegsd Industry”

p 4470, 0 B s FenbieRL0prog SR Cagp et lFudhor on be

calcilfed c OFgrathatt feve acxAoR Qifferente RAME @4 whleusedhancR film build
bl ueness of the filmis displayed nunerically in the

calcylatd dongarkpaintie aghigvethizvalBer difference for the
exenplified paint are quoted against the conparative

exanptefrompartt (e) takemas standard. Vi sual

observation of the dried,f.jlns of the goatings of the
i nvention as desdri Lm reqy 8 apparent gl oss

. . . h]_ 0 !
brilliance, clarijty &MNEPP h of colour to be

vastty superior tjotheeqguivalent——conpar ati ve exanpl e.
Mea e l,u gf gl oss hed the results arrived
Exg?’p%uyioe@é&qégﬁﬁrs of the pgﬁm from Exanpl e 13 (d) and
the conparative gxanple 13 (e) were cast onto Leneta

white charts wth=a drawdowr btade—+aviing a 175um gap

and after drying |for 24 hours were nmeasured for gl oss
CWR%QVZ%W%%E gl oss rreteti.saThe resul tis for

(218

Comparative Example 2 122
(230g/L)

Comparative Example 3 98
(240¢g/L)

Comparative Example 4 79

(250g/L)
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15

20 gl oss as neasured indicate the depth of gl oss
observed. Scattering and absorption coefficients over a
wo 20g®e31b61 wavel engt hs in the visible regi on weP@&I/AU2005/001512
measured as another neans to enabl e changes in
efficiency of the pignment, when treated by the nethod
of the invention, to be displayed. Scattering and
Absor ption Coeffi ci ents Scatiheri ng Experinmental -
Scattering Conventi onal Absorptlon Experi ment a
- Absor ption Conventional \Wen eval uated over Leneta
ar ds he fi as de I bed ed excel | ent .
The SBPEEhE Sl dEHe FRMGRGHbr el BoTIRG T 9f et For
comParisoa\4e E@lﬁistatrﬁ Pgrhdif cSﬁ’éeﬁHﬁtlc%fsr ﬁl@%ﬁlp’é%'vg\bﬁﬂlt fEx@fble 1 requires

aqueous ‘%gr si ons of érrer encapsul at ed
SO%me@m ﬁ@yabm th@nlﬁxapmﬂq i2@( sto] produes the $eaee colour difference. For

I d
compiTH iR Chlts ufs domTERRPF DrRorBE) Rl te same
film Ibluil@ bt ZHEHL ofipserhéitt temarl tlbé’re&?&i&ﬂﬂﬁﬁﬁé Y0(CH a?/@nlgx 218 g/L.
the latter ie 2.6 tines nore pignent needed to be

i ncluded. i n the conventional conparative exanp
Scatjeiag saedicients viere pagasired senayaiely iy qadflitﬂ{lmrytaltr@eth% i fanction

is a hasu@F t}?é:’é Hﬁntséf lﬁ'ﬁgg&t@éﬂcﬂ tﬁé’?i%rﬂg%/?&ﬂﬂe UeriRles w1th1n the

| spersi ons ornu ated via the ne present
paint fileenThoscattdtimecaffficientanalovlatedsad therKafelkdblunkltbeorg dsing the

[ of around 60 - 70% has thus heen gvidepced in
somn el B R R 2 bl Al TS urlroof 1R6 RS dhq Reasured
reﬂe@fan@@b@éir\ﬁﬁlt@ hﬁdTB'l‘dckfsﬁMaﬁéﬁe\Nﬁ Yhd RERc@hcb tﬁ@ vﬂﬁﬂe%bstrate and
ilnms is a entiy encountered in the
T the ﬁém ibrgd, arﬁuuglftfr@/m thbfq?]@bflnﬁ §quetionst: ue pi gment was seen
here when conpared to the conventional exanples which
bot h experi enced observed rub off of gimj'ment , even at

such rel ativel yné ow_PVCtOQﬁ)f f at | This is an
advant ageous fi é g ang*qs é@bectngto ol | ow for
base coatings formulated to any PVC. Part (f)
Ex&MIS-fi cati on of the use of encapsul_ated pi gnent

di spersions as tinters COoRyenW-oRgl | pai nt systens.
I't has been found %" Igméké§ig““‘“ﬁr romthe met hod
of the invention may al so be_enpl oyed -as tinters of
conventional waterborne xcod{4ngyjsystems. A di spersion
of pthal ocyani ne bl ue as described in part (c) was
used to tint a conventlonal [ int of PVC 15
(conparative exanpl e dyfr,am #?b gIZO). Thr ough
experinmentation it was dlscaver at only half as
much of the encapsul ated pthal ocyani ne bl ue pi gnent
dispersion needed to be added to give colour strength

For g%ﬂl’}é&& g ?ht Qa\}alu%f 1stlgr§/ﬁl§0g3§géhggrﬂ%f \92% ﬁngﬁyg\%g qg%stt of the

I Spersion as a

visibd® Qfe@ttumah@ﬂ])é r@éh@ul‘éﬂieﬁfstat & Slaoelength b€ 5 G0tn arbustd Yeref
the di spersion from
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part (c) (contains 11.52% solids, 3.5% pignent) or

25.16g of the conventional dispersion (diluted to
wa 100648861 i ds, contains 7.2% pignment) was addeRCT/aU2B8/001512

m of the conventional white paint (conparative

exanple 1 from Exanple 20). The dispersion of part (c)

was also used in tinting a waterborne | ow PVC pai nt

formul ated using the encapfﬂiated Ti Q2 di spersion of

the present invention (as Trom Exanple 20 (c)). The

I mprovenent in colour strength achi eved was even

greater therein. Filnms of the tinted paints fromthis

exanple were cast onto-Lepeta whitecharts—wth—a—

drawdown bl ade having a 1¥5um gap and after drying for
24 hour sVadant neasured for gl oss vRelptise syattesige gl oss
nmet er : Exanpl e 14: Thenof ugabl e powder Coating w t hout

non RAFT Chain Transfer agent (CTA) Part (a):

Pr q;g@h%&; 20Y(cP{218gHO y(buty acryl ate-c-acttylic acid)
macr o- RAFT agent contai ning an average of 20 nononer
units per chain in a nolejratio of 3:1 using 2-

{[(but yl sul fanyl ) carbonot hi oyl ] sul f anyl } pr opanoi c

atfyeIHadiplON (PA8e/L) _ 100 _
2- { (but yI sul fanyl )car bonat hi oyl ] sul f anyl } pr opanoi c

actd {071y, 3 0 Tmot ), 2,[2 " -azobi Si sobutyronitrile

| id (1.10 15. 2 ),
@%’PW”%’&%@%PW@%@W IC7a?nlml)( was gpgpar edn}Tg )

rllnya_n_e(O 13 n\ in—a-50-M—round—bettemitlask—Fhis
was stlrred rmgnetlcall and sparged vvlth nitrogen for

Q@nmrmee@canmi@?’ﬁiwhvas then heated at!%0 oc for 2
hours 30 m nutes under constant stirring. The final

copol ynmer solution was Al .j1 % solids. Part (b):

Eoppatiaid Brangle 4 2S0giiusall e powder coatlilidg particles
using macro RAFT agent prgpared in Part (a). Titanium

dioxide (20. 1 g) was dispersed in a solution of butyl
acrylate (14.1 g, 0.1 1 noles), nethyl nethacryl ate
(26.2 g, 0.26 noles), macro RAFT agent (3.1 g, 0.5

For I@r?fmaelaﬁléwztéeaml%w@éP%%Pﬁ?b&/gﬁls therssAgTring SFargRleagipds 1%

an‘h TLXLRRI sdiret, the Sdtfe Whample 4 has a
sted ggll I]%XW 1%3&9%(%@45%9) acﬂ% ﬁydfogenate castor 0|pl
15%(griaer fAgrBentdyadnesthanl Examalec?Be di spersi on was further

di spersed using a Vibra-Cell U trasonic Processor

Furtlgr prinadion i tis hbRnrde Tisgor i SR ol SR Thouth

enca?élﬁﬁﬁfnsdﬂfﬂarﬁ&ﬁ cﬁéﬁ&@ﬁﬁﬂfe&ﬁsd&e@m&%dﬂi&aﬁ gainekl tbmugdmhe
containing 2,2'-azobisi sobutyr on| tril

exan@in@iomef] the Eﬁ@lg/\ﬁ@ng’lhéﬁ thrpalyermre 20p) Asans Eé;}:ppara%ve
Exaqlgﬁ_plg nﬁusf a 18&1%?1%%&3’33 st{lm% c{ %?ﬂst}facm 1 TBleA8S With ﬂ%e white

ure for our at 70
baseRaR by £speciflddgbhtentratisw.olse pdints earaja@;hed & bcnatwhi]a}( cards using a
cont ai ned 54% solids. To this, d Len
#04Qywirg (yfopn ggarvgqog{neba(r-yo igye egglv& ’ﬂVI edlott 0P the panel

prepngzP %g% M{é?ﬁl%{tﬁé‘is %ngnst&nﬂg&tml c%ﬁl)pai/t‘ﬂsco addeda sfﬁﬁ@ard

I spersion (30.87 g) was mxed with 2,2
azobisisobutyronltrlle (0.19 g, 1.2 mol) in a 100 mL
beaker and was then redi spersed in a polyvinyl alcoho
solution (49.98 g, 2.5% 80000-100000 g/ nole, 88%
hydrol ysed) by a overhead m xer spinning at 1200 rpm
over 5 mns. The suspension was quickly transferred to
a 100 nL round bottom flask containing sodiumnitrite
(0.0064 g, 0.1 mmol) which was in turn seal ed and
deoxygenat ed by nitrogen sparging for 10 m nutes. The
pol ymeri sation
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15

20

was carried out in a tenperature controlled oil bath
for 16 hours at 70 OC while was constantly
wore@nesilenl |y stirred. At the end of the PCT/AU2005/001512
pol ynerisation, the latex was filtered to renove
coagul ati ons and was centrifuged and washed four tines
wth distilled water to receive a wet powder which
cont ai ned spheri cal particgﬁ§ with an estinated
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 gri NagMinpRiI28qcp MOT [ aiCoMishratiPe Exhpdl
was sieved using a 1ghgyigoy on sieve. The fi1galr)pr oduct

£

forfred—athardrgtossy-whtrte fitm
. baking at 200[/0C for10 m nutes.

h““?ﬁépﬁgﬁﬂgﬁﬁge powder coating incl

Part (a): Preparation of thernofu
par el es usi hg macro RAET agent

14RubPdit (a) and dodec®b7thi ol as| chain trdhd?er

agent. Titani m di oxide (20.34 g)|was dispersed in a

anpl e 15:
di ng non RAFT CTA

abl e powder, coati ng
repar ed\MijOni]Exarrpl e

sol ution of butyl acrylate (10.32 g, 0.08 nol es),

met hyl nethacrylate (30.95 g, 0.31 noles) and nmacro
PaintRampAg 2 {c) fand @ ompampive EkdmpRal weteadlsq evalirateyl fog hgdrophilic and

mol ) by mxing. To this dispersion, Resiflow PL200A
hydrquiobip S@")‘“%@%’gﬁé’&g%f’ﬁgb feﬁ’étaﬂ‘g%per sion was further

di spersed using a Vibra-Cell Utrasonic Processor
Stain(rS9§théce t8dd Materials, Inc.) standard probe at 30%

anplitude for 5 mnutes. After sonication, the white

di spersion was transferred to a 100 niL pound boﬁé‘om black
1. fSamedecofitheprintspiantoresars Wras dpiR PR rirtqbopi Rageh @-cyeta blac
0, | Qs 2559 Hicren dral®Rwn BRYAIso included as
ﬁy-p@%ﬁﬁ%@&ﬁﬁgﬁﬁﬁ%ﬁ%ﬁﬁﬁk?@@fﬁﬁb_5% d%aand mbs segﬁégf
th egferdpax soenadaeativeypaitt examepte $p&hgpagel§ ere dddwddniet éy. for 24
The flask was imrersed in a tenperature controlled oil
DRUES-for 1 hour at 70 OC to receive a slightly viscous
| &l SOETsBiaN i GRafOoRb2 dediySaco¥ SBt i fisel. TOhédei $nclude
2. \giﬂsgérlés%}'oﬁf Sgdn%glautisgnaof but yl gcryl ate (5.11 g, 39.8
nhydrpphitie't staihs edhhascregdl wine, ¢affeesamndywaGrbosngrdrasgne weaskers, and

ded.., The dil uted di spersi .28. 35 .
Sy Gepbc st ket eh oo HaSisRRuP R SR APERE SRS o hand
(é}egsg_g, 1.2 mol) in a 100 nL beaker and was then
redi spersed in a preheated (90 0C) pol yvinyl al cqhol .
3. sBhastains agslefBglace. fHypngbowmrndobene cgmmsreal ggeping solution is
hydr.ol.ysed) .b ver ] - -spl.nn at 1500 rpm
o%sgfl V‘é%rﬁ ﬁ‘?%ttggeflg?%ea%sn&g%gor@ %ﬁg‘l&;“g ng%ﬂ%:lgl y transferred
to a 100 nmL round bottom fl ask contai ni ng sodi um
The fésidubl 1&ydeEpHIRG2ndlyy Bophobivoityiningtis oidividwmliyated frons 840 80 = no
. and deoxygenated by njt en, spargjng,for 10, m,nut s,
stainThe S5uHTg BN RLOEAF SriER PO rAJOT bR st
controlled oil bath for 4 hours at 90 0C, while was
Serub gt antly stirred magnetically. At the end of the

polymerisation, the latex was filtered to renove

coagul ations and was centrifuged and washed siXx thas
The rink off iisterest isddianedovynor dckenria Blagk Plashgperudpangeh using a 175
..contain I : |Gl M est] re all
micn§3 0L BiaP AGNAEE! pRRA hE 4881 e P e ah OB Sl are allowed
to d§Plot ¢rbd days; fosewREDy 14 watsuiti Ondepteed Theimnylisiastalled in a scrub
crosslinker (0.51 g) and water (2.07.q) 'xted i th ith
mackine (GeinpieRy JEAVERANHOr Bribhiralig coriBped 5 R Bipqed witha
dried overnight formng a dry cake which was in turn
broken up by grinding using a



nortar and a pestle and was sieved using a 125 mcron
sieve. The final product fornmed a hard and gl ossy

wokios®3fibl m on a gl ass slide at 200 OC after 1BCT/AU2005/001512

m nutes. Exanpl e 16: Ther nofusabl e powder coating
based on:

2-{[ (dodecyl sul fanyl ) car bonot hi oyl ] sul f anyl } pr opanoi ¢
acid Part (a): Preparatioql?g_a pol y(but yl
acrylate-c-acrylic acid) macro- RAFT agent contai ni ng
an average of 20 nonomer units per chain in a nole
ratio of 3:1 usin

¢ g: . 2- i .

brusly e pessgRcsAtiRAPRIsiErobitonnT by Pyabitod AgTup sy elsa Frguired to fully
| I . .

em Bt BSuel KuPRaRle b Bashis g e s R rpmber

then acmvarted 1O epting .a8 detailed bel@w2' - azobi si sobutyronitrile
(0.07 g, 0.4 mol), acrylic acid (1.03 g, 14.3

sonf{TRAHRA Y 5 Sl By N PHBRA e s

5 throudhitBe P@ft Slid. e RGN @k &dd ¥ a3BGh SRAdGARdWeldiw:
nitrogen for 10 mnutes. The flask was then heated at
70 OC for 5 hrs under constant stirring. The fina
copol yner solution was 42.7 %solids. Part (b):
Nnnﬁk$%?§8&bgn of thﬁgﬂﬂ%usable powder coating particles
usi ng nmacro RAFT agent prepared in Part (a) as pigment
120t abi liser. Titanium di oxide (19.98 g) was di spersed
in a solution of butyl acrylate (10.19 g, 0.08 nole),
20Lﬁ@9hyl nethacryla%e (29.99 g, 0.30 nole), nmacro RAFT
30L§@6nt (3.86 g, 0.% mmol), by mxing. To this
i spersion, Resiflow PL200A (0.81 g) was added and the
401-5i08per si on was fuéther di spersed using a Vibra- Cel
U trasonic Processor (Sonics and Materials, Inc.)
>00%¢ andar d probe set to 30% anplitude for 5 m nutes.
After sonication, the white dispersion was transferred
to a 100 nL round bottom fl ask cont ai ni ng
Resudtsp' - azobi si sobutyronitrile (0.10 g, 0.6 mol),
dodecyt—thiot—(Q.56 g, 2.8 nnol) and nhydr ogenat ed
castor oil (HCQO| 0.8 S sea
deoxygenat ed by nitré g)ﬁpge%g@ng fort%%ﬂia%gﬁmgg?m%eel
flask—was—imrergedi-h—a—tenperat-ure—€o i
bath for 1 hour |at 70 0C sto receive a
vhigdasstaree e dijsper si ongoshi ch contai ned a%e4%
solids. To this |dispersion, a solutjon of buty
acrylate (5.18 ¢, 40.4 mmol ), nethyl nethacrylate
(StRbTBesiptar@e 16 1Mol es) was5added. The diluteds
di spersion (27.Q00 g) was preheated fo 70 0C, then
mxed with Z, 2 - azobisisobutyronitrile (0.18 g, 1.1
: in a 100 nL beaker and was then redispersed in a
10 Suﬂ%?%‘%%ted (90 0C) polyvinyl alcohol solution (55.20g,

ntrallaoad ~l
T UriTm ou OT 1

2—5% 860660100, n%ﬁ grl |1|“""u= ¢ Ssr}Jpl%llﬁlleL: yacd by a
over he®&dd m 2 5 [ t % nRm over, | Ut es. Total
. r | Marker 1 enniI gtc% Grease
The suspensSiPERe WHE 8GRI | MPERLFEFIEd P08 | 1he Score
7 r?““d bettromfask—eanrtarirrg—sogdiumitt++te—( 060662
Xm%%é?y 1 omol ) owhj che was ion furé sealled |and deoxygenatéd | 5
/. Nni roadan-cnatainalfor 1M ma ol Ac A
L~4 L LIASAY ASLRINERCN S MR LR RAY BN LA A} LY TIT1TTUjt ©O. 1TC
Cb“ﬁ&éﬁ?ﬁerbsation has2 calrrized[oud ip & tegnperafure 0 11
Exaplad r ol L ed oit—bath—flor 7 hours—at—70-106—white
constantly stirred magnetically. At the end of the

pol ynerisation, the latex was filtered to renove

Stai§ AR DSuNY Pl vt DEPEG P £ coad A ge Stve' | 10

containing particles with an estinmated average size of
25 mcrons (Carl Zeiss optical light mcroscope). A
solution of Primd XLS52 crosslinker (0.56 g) and
water (2.09 g) was mxed with the wet powder and the
whol e
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sanple was let to be air dried overnight formng a dry
cake which was in turn broken up bygrinding using a
woreebas7iand a pestle and was sieved using a 12BCTAURMN001512

sieve. The final product fornmed a hard, white filmon
a glass slide at 200 OC after 10 m nutes. Exanple 17:
Pol ymer Coat ed bi snuth vanadate particles using nmacro
RAFT copol yners. Part (a): E%eparation of a pol y(butyl
acrylate-c-acrylic acid) n& 0- RAFT agent cont ai ni ng
an aver age of 100 monormer units per chain in a nole
ratio of 1:1 usin

The exeprltfied yring wfrawsﬂry%ﬁwcm steisdhan the ceryeptivpal spapatison.

acid A solution of

P of Rk N 5 oAUy LU Ty LABERED) i e

and @q:o@@d tp, radiafionmimla) QUa/'ccqbllmm facingir 1264, 0 WA (QWdI/Jec model,
butyl acrylate (6.28 g, 49.0 mmol) was prepared in

mad@ubw&ﬁ@nclzﬁooﬂsg% UNAa3$Q) tyhe, vgtng dyeletafnd frsa I @16H0§C/4 hrs

was stirred rmg}letlcally and sparged with nitrogen for

condensaiph (@ eX)°Crn &ilpssafichgdlme e measiied aregerpintarvpls 4o gain an
. The final I
oppr e B AR IS AR R RIS, (8¢ Pol ettt

nmet hacryl ate-c s-butyl acrylate) coating of yellow
QU\bEspasute ms&d&cfat €oppapating Exampladi:n yel | ow 2094 G ba

Cnarnt Al ~ral o\ i PN I_)I\I_T £y Ann nl o

[
art \./llc || oA O udpl || ||Cl\.a| Ul VAT 1T UITI LI\C[I T 1
Total‘ﬂ‘l’ne ¢ 9 P

LS a shahi {g22 Br3gz YehdeOY 405 JITEBS (5925?8 fo92Vess262 | 1,448 | 1,589
('ts)ﬁor pughlly m xed with macro RAFT| from Part| (a) |(5.12

Glgs 0| 17 rmmol )| to dachieye a |viscous yell ow|pasteg. To

this[pastje, water [(50. (3 g)[ was [added and [m xed Whi I[e
LN amwnijuaehydroxXi 88 sodt|i ovd (2809 Wels |added driog 6.9

wiseluntill the pHlof the dijsperslion rleachaed 5. [The

disperébcn%\gzra%g. yrither |dispe ?‘?d bg# 'Q{%‘CC%' 433

6) t r ascni|c bcesslor ( Honi cs and er i ars

Stangard [probg at [30% anpliffudé for 10 m nutes.| Durijng
giohe Séhr gadbidon 7pt gcess, ™Re d#Epersilon7ihbs E&Trredl | 77.6

rrnrmnfl r‘a_l_l__y_anrl cdooledin t wasl t het

transferred to a 100 nL round bottom flask cont ai ni ng

4,4' - azobi s(4-cyanoval eric acid) (0.0267 g, 0.1 mol)
QUWEQpH@&Q@ﬂ&Vﬁ?E%rﬁﬂeQY)(E‘)”Ogen spargi ng. The whol e

pr se Qi hat with a tenperature

T"tabtl?tet ng af , 70 vvh'Ie deaxygenat ed, .t o
(hb)it y gcr 1%t e%?i 1ééeg, %.51 yl r;’gethd }fggtzhyﬂeg {28 | 1,500

Glm@thacryl ate 3.49 g, 34.8nnol) mas fied into the flask

/| | g h Af + nan " aldlals + o A
94 F—PVver o—hotH-S—Art e T hoet oottt on—wWas

conp| efee,| idre| Beat|i pp Wag iconsbnuessf oneanobher| 13 | 218
2hour 5 af tlerwhi ch tli me pol yneri zati on was flound fto bé

ul. \.I v AL OV T

U7

soont pBRP rgfoFar €7-¢1 e andie BF9° nmST-h |dPArfet 814 (|HEPS, | 626

brn llnct r it L+ o

conplete.| The|final |atex was ge | ow jand sit abl €,

NMad a6 enll da T : :
varverA—mSt e nt | S | ara J.r J/U SUTITUS. M Aot S3T{UTT

gl ect ibgh NdcF OBEOPY 3hovwed | hab [ kesl abex [contali bes | o2
8'ndi Vi dual | y éncapsul ated bj smuth vanadat e _partii cl es.

Exanpl e 18: Hi gh Solid Content Encapsul ated Ti Q2. Part
(a): Poly(methyl nethacrylate-c-butyl acrylate)
coating of TiO 2 pignment (CR828, Kerr-MGee Pignents
Ltd) using macro RAFT from Exanple (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 mmol) was m xed with water (17.20 g) in a 100 nL
beaker and was di ssol ved by adjusting the pHto 7

usi ng anmoni um
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hydroxi de (28% . To this solution, Ti Q2 pignment (19.91

g) was added, m xed and was further thoroughly
waele®pmsded using a Vibra-Cell U trasonic ProceBGDAU2005/001512

(Sonics and Materials, Inc.) standard probe at 30%

anplitude for 10 mnutes. During the sonication

process, the dispersion was stirred nmagnetically and

cooled in a water bath. Th @hlte di spersion (34.60 Q)

was transferred to a 100 nL round bottom fl ask

contai ning 4,4'- azobis(4-cyanovaleric acid) (0.027 g,

O 1 mol) and was deoxygenated by nitrogen sparging.

e whole flask was imersed in _an oil bath {é]a
Examplpyeladlige BOC: Aﬂge?ﬁs Pesetvanel sonBapgohidifheapsulated
I d
withfl %hH y‘?m@flm?lc r y+ &gﬁ% 52? “ff' a%%’lgfte?n%g?t)%‘ % egnl nt o

t he fI ask at 0.92 g/hr over 5 hours. After nonomer
Parta)i Preparation cfnpIpsiy(butyh eacluelatq-mambc asid)i maexp-RAFT agent

16 ho aft which tj
contRiiiharet gV graeg ok 57 BioSmefanicd et a8 T TRUIARl0 & 1 bine
HPPS,
ot L) ah a8 o i o,

ansni ssion el ectron_m cros q Qomed t.hat %Q% Iat
A SOBEWPaﬂfr?eH(‘?Lﬁﬂﬁ*@)ifadHXQPWO@ﬁ]@%ﬁ%H %ﬂ@ Prapepois afid; (¢17d L 20 mmol),
2,2’ E?@dgﬂ% @ﬁomﬁﬂley b4 "(‘)t@é ﬁlﬁr% ﬁ']'h(: deft) (lafréﬁp r@@bpfhol) and

oxycarbonotthi oyl) succlnic
butmectrdeaa 13 gt(hw Ixaol)edseprepgdred irc iioBde (B2.32 gzﬁlﬁ)arﬁﬁ)oh]), round

boﬁc\ﬁ% %Galg (‘]“!5’%1’}1 1C 3@ nrl-ﬁﬂtﬁ qcrﬁ%\i;lg[sé&%](e? 8}{@%%%3 '211 a5 sgﬂnl?he% fVo effort
was Efah@ M ve 1blﬂ§ﬁ®1f ThisavrdiBed MioBet@ll9 and hQargéd witR nitrogen for

wash down the addition funnel. After an |n|t|a
10 menates. hdhm faskprasdther heatst dadgnd endigaingdlat 7001, fortnd 5 hrs under

ction an_ to . exotherm and f a .cr
consip g S Eae Prre BRI arP R ue Py B aRbES Ropineg o provice
suffiei¥hi @aterihefop @ﬁ&%gﬁ@t stageh dftieis erghplief TiRelfind] tobpdiPmbt solution was
hydrochl oric acid (10 nL). The m xture was then heated
48.840@olidsi rred on a hotplate until a clear yellow
solution was obtained, which was then was filtered

Pard PR flacE AR 4961 8508 LA 00l ot o
Huntsaine dlonpdilhttmn) using enaoob RAET ergeatfiodr thislexample as a stabilizer.
Recrystallization fromwater (65 nL) gave pal e cream

& SRS s JERER (R D53 B, SR By 0w 25w

amn{@lﬁfr@h%%&qe 2650 gylwas prepaRd if @ﬂ‘O@lrﬁIL BEaleR, nyﬂﬁsagﬁumfn TiO,
nononer unltsg’(ger chainin anole ratio Of 1: 2

plgnmt 12549 g) (s g anizenh enditlsrpyghly dispgispd yeiae m Braggemy Sonifier
450 gvﬁdg: %(%rr'é %pob%f eﬁ?[ gﬁl‘:% GH{%Y@%“ t}&In? %ﬂg&}ﬁ }"c?iﬂ)lv\;eaw 0 minutes at 20%

acCl

ampH#@de] Dugiapuhy rs@ﬁichﬁdni prdc@ss@l‘h@ dlS@CﬁSldﬁTWa} stlﬁedyrhagnetlcally and
acid (0.9 g, butyl acrylate

coolgerit § Wiker liﬂﬂé @%@trﬁwnéﬁ@%% Q“(CQS%W§§ rqpﬁatgd 5 agrﬁta;qglu%ce until

t f %

sdeqiff! AEehElioer O L HILARE The TRAL SSRIPE pOMEPRARS 50.50
solidsl ask was then heated to and naintained at 70 OC for
2.5 hrs under constant stirring. The final copol yner
sol ution vvas 43. 4% solids. Part (c): Poly(mnethyl ~

The '@%ﬁc( g) ol %Ya)h'sfeﬁ‘éfl%baé €00 Al ikige-AbckEbl QlAak HHRped with

Hunt Cor poration) using macro RAFT from
con@asqr, (t@)npasatmakpmbez emd Anesbpuicalorpgitaior.ai contagningic fd’-azobis(4-

cyan%fo‘entanc%c a01d5 ?06(99 E, O.QIémenBDanzi wé’f@td%}(})(g%Zatgd 9} nﬂﬁ%en sparging.
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amoni um hydr oxi de, 28-30% (0.01 g. 0.1 1 mmol ) was
prepared in a 50 nL beaker. The sol ution was di spersed
w@gioem3Aaeli bra-Cel | U trasoni c Processor (SoniPGI/Aanghos/001512

Materials, Inc.) standard probe at 30% anplitude for 1

m nute. The pH nmeasured to be 7.0. To this solution,

Ti 2 pignent (4.99 g) was added, m xed and again

t hor oughly di spersed usi ng # e Vibra-Cell Utrasonic
Processor (Sonics and I\/at'e} als, Inc.) standard probe

at 30% anplitude for 10 mnutes. During the sonication

process, the dispersion was stirred magnet.i cal I%g. The
The satiplewes sgjopted ohPiabS twithhai%rangorigmahysigorife solyHen. The whole
fl ask _cont ai ni 4. 4" - i s(,4- iC indy .
s SRR 18, Yy R S BUAREY B A, e o
deox$drnn@t Meixtufdef Butglsderylate (0.60eL 896 mmok and inetligd kethdcryiate (0.93

o oS pe LB 0,05 L5 et ogeated, o wion
h ) f i i ;
was ?ﬁ%@?«%t%ggka?ﬁ%ﬁwgg%gfgéorﬁﬁugd 56 48urme )1 wasr faedr '\8&?2 time

r over one hour then decrease
polyferlfifigh wasffoundl tobbdeamplEtee Aftes dilteiing, thalaisx swentvdiiisead stable,

particle i th ver age. di er of 320.4 nm ((HPP
conteng BRI SR T ) Gl (4 ounogeh (18 ik Sl pigre 5934
%. TROBnfli Mgheh Al RIMURDNEHAMLBRNaBY transni ssion el ectro

m croscopy and found to contain individually

encapsul ated Ti 2 particles. Exanple 20: Aqueous
74.5@kcor ati ve Paint containing Ti O 2 encapsul ated within

a pol y(nmethyl nethacryl ate-co-butyl acrylate) coating.
PartP@:)t: W&mﬂf’&%@%@! 'RIC .Oéﬁiﬂt Hﬂ%ﬁi{l%x‘%éyrlusin the encapsulated TiO,

acryl ate-co-acrylic aci macr o- agent cont ai ni ng
dispasioavieomgaro(b)l5 nonomer units per chain in a nole

ratio of 1:2 using:

A hlé‘t§{§&?€% :VYS;;SJ !f%r%ln%z:nzx? %rork%lotﬂg %Hlile%)(lls Lgllgflrrfe? H%&)élg{o%po%rﬁg}t ?b):
2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoi c
Enca gﬂll:ﬁ[‘tgg Fi@/ Iggagelgfbn(hd'ﬂi@bﬂt,(b 180-002) bias iadddaitoyar mixet, wiktestirring.

. g 99 mmol ), acrylic acid (14.47 q, O.%Ol )
Texamol (0.6506) st Goasaky) 69ep wensthgm addedsenayatelpin)a Regsil stream whilst
._.pr [ ' ' ( ' : 0

st SRR s EE Pl miteg ) THE o WD 1fiQHAC maP AQAd 10 9.0
withWe hixtuse df amnsounyh ilgdroxie X% r(0.008g) amtievates (OhgkeFinal paint

inhibitor. This was stirred nmagnetically and sparged
propgitieh wisra 3sdgle™s or 10 minutes. The flask was then

heated to, and maintained at 70 OC for 2.5 hrs under
Pain{:@g&’cﬁm’%gﬁﬁtfeﬂ ng. The preparation was repeated and

I nal sanpl es conbined to provide sufficient

. qal for sequent stages of this exanple. The
Wel#‘?tﬁgphgopol y%ﬁ'?@sol ution was 48.8 % solids. Part (b):
Volirod yol{dset hyl 2h@0hacryl ate-c-butyl acrylate) coating of

Ti O 2 pignmen R92, Huntsman Cor poration) using nmacro
WPIFQAFT ‘agent fltlgrgn;[t his exanple as a stabilizer. A
WPIsEblids :on conBai0fAi ng macro RAFT (4.262 g, 2.66 mol),

wat er ( 116\'/\/%4 ) and 25% ammoni um hydr oxi de (0. 453 g,
PVC2 g nmol ) “'‘prepared in a 100 nL beaker. To this

solution, TiQO2 pignent (48,62 .was ,added, .m xed and
Par{(@) Butirgtion oh b CoRParating Canpiasialon PRI RFDASH, |

a 2cm probe set to 15% anplitude for 5 m nutes

foll owed by 10 m nutes at 20% anplitude. During the
The 6t slaohParapive despsssidnhie adianfreicallyrstabilised latex aiith the composition

magnetical ly. Th E.ove preparati on was repeated four
MMy £5 5@6{%&21‘\27211? icient materialand the final

sanpl es were conbi ned. The particle size of the

i ndi vidual m || base preparati ons were neasured using a
Mal vern Zet asi zer:
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Particle Size nra (Z Average) Sanple 1 303.5 Sanple 2
308.1 Sanple 3 311.4 Sanple 4 316.5 The conbi ned

W@ 200pl0&H61 629. 10 g) were transferred to a 1000PEI/AU2005/001512
t hree- necked fl ask equi pied with condenser,
tenperature probe and nechani cal agitator, containing
4,4' - azobi s(4-cyanopentanoic acid) (0.545 g, 1.72
mol ) and were deoxygenate ]py nitrogen sparging. The
sanple was adjusted to pH 6 - 6.5 with 25% amoni um
hydr oxi de solution. The whole flask was i mMmersed in an

i| bath with a t ¢ t] f 70, 0C, while,
De-ichisdy gBREr e hTa) AT OHkasats, W AE | Pa0e (JoRcip?h bl were

) BB ERBIEE et L. T

reactdrewas héb.tclcﬁd to %(?()haggi ?dhmmwxﬂ»emtar\ibﬂﬁghdbfig)ni@{d Wﬁ@r ¢32.00g) and
1.72 mo s_adde ot reacti on vesse The

ammg@pgltpeéwl%ggl\ﬁtﬁﬁ)g}]w,qga %raac,}%dsg%@éeagm Vgasﬁﬁh zﬁé?mperature for 10

minufl§ 0;‘13{@1% AbRE: éHu?ﬂEi‘éﬁ%va@fprélﬁfe}éhreé%bmyﬁﬁiﬁg (8o fideDwatlr ?763’2.95 g),
mol ) and net hyl I 127. 75

yl nmethacrylate ( , 1.276 nol) fted
Alkanate GVHGE (B6.88& of\ee60% sabiion), MivEA r(@%i%?%g, flaetd neh2 Aday39.02,

t htou further,_sa e of 4 4'-azobi - .
o-s4 g A8 B Bk LoaySorE,Bopdind: AMREN prepnr oy pdding he
watePARESurfRBAIRS 2 Ikl e Wah LCaifretMondoigs kead adipdviorder and

continued for a further 1 hour after which tine

the cpopletest inpeutestirgd sagidlyig cpmplsie g@rﬁglplg{ngp. Ay gqmpletion of the 10

. filkteri sotne | D I nd -sta Nl :
il b B iy YRSy Aiphiide RSP Wfer APFESN eitnonium
persdlfateer9. 30g) aakd sotkura chbobite (T beg)ftbgetherRyithrihetmdfmimememulsion were
Concentration vvasijpls. 4% _ 1n process sanples were

fed te Hie|reratiP Vet A o DOHEPSWdy nrer i zati on st age and
characterized using the Mal vern Zetasizer. As

At HRXNED G His EOEaP AdindPRT Sit¥nt @IeXartonRAOWedrBxidk £20.00g) was
narrow ng as the polynmer forns around the pignent and

addet lad reeslihg istagepparWher the tomperatirersyas legshiban 441C ed water

- aver.a = 3.8 PDl .= 43 = r -
20558 Frigternig 0B dnd FocdR gDy g TE Onkg V81 Ao vas
filterB®Pthrough 90kMn Killnal di spersion Z-average = 625.9 nm PDI

0.080 Part (c) : Waterborne | ow PVC paint fornulated

usi ng the encapsul ated Ti QO di spersion frompart (b). A
The ﬁmﬂé?ﬁe}shﬁ@]fhevﬁﬁﬁowl@gr?bﬁr&?téﬂﬁfcﬁbm t he aqueous pol yner

di spersion of part (b): The follow ng were added in
Solidsr 4®A% 0 a mi xer, followed by stirring for 5 minutes:
H=E/2§apsul ated Ti Q2 Dispersion frompart (b) (pH
P adjusted to 8.0, 800.0Qy), Foamaster 111 (0.9Qg),
Minirump Filan@orgliye dempaatuvedg R0°@®r oxel GXL (0. 72g), Teric

@A6 (2.265g). Texanol (17.502g) and Coasol (7.7299)

were then added separately in a pencil stream whil st
stirring. Stiring then continued for 10 m nutes. After
being prem xed in a separate pot, propylene glycol

(26.83g) and Natrosol 250 HR (2.43g) were added to the

above m xture
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and stirring continued for another 60 m nutes. The pH
of the mxture was adjusted to 9.0 with a m xture of
wa\eve3Um Hydr oxi de -25% (0. 01 COg) and water (BCHAYR05/001512

Fi nal paint properties were as follows : Paint

Physi cal Properties : Wight Solids: 47.02 Vol une

Solids: 36.05 WPL : 1.208 WPL Solids : 1.575 Part (d)
Preparati on of a Conpara &i/_e Conventi onal Pol ymer

Di spersion Several control "paints were prepared for

conparative purposes. In order to prepare the control

pai nts, an acrylic polyner_ dispersio

( E | ﬁ W trﬂ t he sane
Partfg) yricomparativei vatsrberaie; high BYC; paing fexpulated yging the control
i ' ed. The control conparative
P°‘>’%ﬁe§3§?’§+82% W Pt Ty stabilised latex with the
conposi tion MVA/ BA/ AA= 56. 03/42.27/1.70: De-ionised
A hightRY C (pa it ive3 Agymalded\fioanthteca quiiods polgmeodisplersiosobpart (d).
solution) were charged to a reactor fitted with

nmechani cal agitator,  tenperatur I . e .
A coers e Hessrautetes TESs Bt B IR aFABHEaRY bonefis
derivbd fahh  endSpsulifiios &sf e ttaani(h2dideuk d}ﬁ@dleﬁimmi pigment used in the
persul fate (1.509) were then added. The reactor was |
contigb bemparispa wyse dispersed oy conyentionat manner i PrapaHaR of the paint.
emul sion was pre-prepared conprising de-ionised water
(674.959), Al kanate WH60 (36.00g of a 60% sol ution),
MVA (1285.79g, 12.84 nol), AA (39.02, 0.54npl) and BA
(970.93a8e [ Mdtepia) . The nononer eRuttsibyrweight pr epar ed
by adding-the water and surfactapt—to—a—vessel fitted

b ) PR 7 VoJoJo
with A stifReioniygdiier s were ad

t LA

[ led ilﬁﬁépder and t he
conpl et ed mipxd4ih Hdoied rapidly togqml etelthe
ermulisi on. On c‘%;n%egillon of the 10 mnute hold| the
i nitli ator sclmifoam conpri sing deii oni2FekB8wat ef
(475. 83g), |amoni um pey sul.fa D. 5Qy d sodium
car bonat e %%‘@B?luf’b %ﬂew&S%’(ihe n%’)Rg r efrul sion
were fed todBanBaator over a four tgwozperi od. Once
all [feeds were finished, the rea¢tor was hel d|at

reaction tenseedidt® for 15 minules. @@P%- butyl
per bepzoate {4956 s—charged—tothgorsactor and
AT e

aftef~a 10 , followed|by a T€ed of |a

m xtjuge conirsdisiisg Waed onl sed water (190.000g), | sodi um
erythorbate (2 45g) and Alkanate!VWH60Q (0 _050g|of a 60%

sol utDon) QuRsiomigedmvatet es. At thé end32B5¢his|feed an

amoni a adj|yst nent  (25% [ hydrexihde, 20.0Qg)
was @added aﬁ‘t?t[eé(og‘iopﬁé’agt Q%Qﬂﬂ\%en tlgzb?gnpel ature
was | ess thagadigle, de-ionised water (20.00Qg), |defoamner
(0.5(q) and bhiocide (10 00y) were added_Once{cool the
| at exEwas f|iTexkandd t hr ough 90mm §i | k. 1488 final |atex
had t he fol|l '&g characteristics: Solj4gs 46.4% pH=
7.3 Mninmum F T Forning Tenperatiure = 20Q0CPalt (e)
Conpar ati ve wat erborne | ow PVC paints fornul ated using
t he control

Stage A ingredients were added in order with stirring order to a suitably sized vessel.
Stage B ingredients were added and then dispersed at high speed for 20 min. The
combined A and B stages were added to a separate vessel using the Stage C to wash out
the dispersion vessel. Stage D ingredients were pre-mixed and added to the combined A-C
with stirring, and the combination stirred for a further 20minutes. Stage E was pre-mixed

and added as a pencil stream. Final paint properties were as follows :
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pol ynmer dispersion frompart (d). Conparative paints
were fornmulated so as to enable clear identification
w@booang7ibenefits derived from encapsul ati on of P€TI&U2005/001512

Ti tani um Di oxi de pignent. Both conparative and
experinmental paints were specifically fornulated to

|l ow PVC (ie gloss paints) with no extender pignents

added. Conparative Paint 1.4as fornulated to achieve

the sane pignment vol unme concentration, g/L, of

titani um di oxi de included and approxi mately the sane

vol ure, solids as the paint including encapsul ated
mypﬁ@ﬁé&i@@ﬂﬁﬁer conparative paints (2, 3 and 4) were

formul ated to include increasingly higher proportions
of titanium dioxide (decreased pol ynmer: pi gnment ratio)
Weighy Slidgw compérPson of resultant hiding power of the
Vol §d1sis: Conpafati ve paints were prepared using the
followng fornmul ae. The pignment used in the controls
WPlwas di spersed-608 a conventional manner in preparation
ese pal Corrparat|ve Pai nt Preparation :
WPII/&?IE&d A Lgtgg water to mxer. Turn on m xer.
PVCSprinkl e Cal go85T in slowy and run for 5 minutes B.
Add in order to high speed m xer whilst stirring. Run
for 5 mnutes. C. Add under high speed m xing. D. Wash
wn sides and shaft. Run at high speed for 20
“futes. E. Add water and enulsion to mxer with
stirrer off. Add other itenms then stir for 15 m nutes.
FllmE ofA&Héi painkd BrameExamypte X2d (c)vinidhthe tcomiphragive \éaahplst 1 were cast onto
| base contaj ner. G Add Teﬁmol and Co% n

I
Len%h@pk and PBHF IS GEh & fiaridong. blade having al iighg@ea&araéieédrymg
for 2% urd ke WhdaBursl e n%&% F\fﬁﬁ?&ﬂ)ﬂihﬁgé PQBSSQQetQ} nut es.

Just viscosity a I nt Physi cal
Properties : Results : Filns of the paints from

Res

Exanpl e 20(c) |and Conparative Exanple 1 (equival ent
mass of titanijum dEgxmgk 2defc) | i t rle Comppaativd Exsmnplecdse)
onto Leneta blfack and white chartls with a drawdown

blrade having a 1/5um gap and after drying for 24 hours
were neasured for gloss with a D Lange gl oss neter.
They oyjer e al so| eval uat%of or film appearancg sand

Vi su opacity| : From tfe,val ues gbove, it ca be seen
t hat 8Ehe measur ed gl os§7'%f the fill mfrom pa#w@ exarrpl e
20(c)y-at all tjhree angfes is significantly he The
filmof this paint showed greater| brilliance and
distinction ofl inmages reflected fromthe surface than

the conparative exanple. The filns were also eval uated
for opaC| ty by appl y| ng exenpl ified and conpar ative

pal Illb al cyul Val CIIL I I Ildl I I I LLL LUI I UD lU LEIIEL d DL}/\

bl ack and whitjle op CI s by ans of, a _#0

Wi r &gygaund dr awd le gﬁ r ef ||ediOIpRATagye E&EWP&ZI@
the filns coul thpn be neasuredlover the bl ack and

Winghi t e substraties using & Macbet h |[7000A 1
Texta*(Er‘ééﬁ) ophotoneter- 3 2
Lipstick (red) 3 1
Grease 3 3

Stain Rating: 0 - No stain, 1 - Slightly stained, 2 - Badly stained, 3 — Severe
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The refl ectance data was then used to cal cul ate

opacity in terns of Contrast Ratio, filmbuild to
w@e@dosgaen noni nated col our difference and t hePCT/AU2005/001512

scattering coefficient. The nmethod used aligns to that

of ASTM D2805 "Hi di ng Power of Paints by

Ref | ectonetry” which is designed for testing the

hi di ng power of pigments. The refl ectance neasurenents

over the black and white slbstrate regions of the

panel s are used to calculate the Y-tristinmulus val ue

(or the daylight |Ium nous reflectance factor) for

Examﬂlet% AgueonnRecorative Paind, canfapving (TQ: pugapsulated thm a
fil hi ckness can then be used as a
styren gcfyllcﬁq’&&eg%@ ;gf)vver of the filnms and in the case

of equal pignment |oading, a neasure of the hidin
Part ghj:i Piepacytiaf of epply@meyl acrylate-coraginplic apid) fmgmogl,{AFﬂ“eagent
reater the hi ower of the paint.\W eval uated. .
contiJpiigm greriggof 13 HpBpiekufis betoofilh B AL i ot 2 Wing:
hiRGMR uReoilacid ed paint, at 218
2 {[(ﬁﬁgmﬁg%ll)guyrgbﬁi&dl ng ggﬁ'é’?hg ? ween at hat of conparative
exanpl es and 3 at 230-240 L. The dry I ild
A soblﬁiag)of - {\Jiﬁ%ltm@f@nmlé@@bqﬁqtléayl?ﬁsﬂfﬁgyléwopmqw aﬂg r(i? 47 & 20 mmol),
2,2- %Zr? ho bP@??_g%rf]Z? 56 '1§14“Ig°6 32,9;@50 gcsrgf?@ labﬁ%‘l@g b B¢ Kmol) and
butylddoaieewn29are, 0010d thol) wad lprépirelb}mr dimdaha GBH3Y gh mja g mL round

boﬁﬁ%@%ﬁ@é&y‘ﬁ?éﬁeﬁmyq &te g g ?ytregd se%g? Iﬁﬁg No effort
was xlﬁ%oee{ok@movg%lﬁ%a’fh Was 6BRE Ba%Hé%feaﬁ? dnds é&ﬁ\@iﬂh nltrogen for

usl ness aC| ence and I ndustry ﬁ&?
10 mitnutes. tThecRasks svas gni healed do,parsll préntaingd it @dfoeo’ﬂ i)lhfs under

di fferen n.be cal cuI ted. For i s..t,est, a col our
consigpt 1T B ahe MR B L e SRS LrRLHEY m b | g

cal cul ated for each paint to achieve this val ue. The
Part! @)EPoljifcithylMnRtdcdylaRaes-helyl schflagranitgredend-irglia glc1d-co-

pusRonanive ok i ARSE o g B o RATT
r r 500/ re ild than Exanple 20(C) to

age"ﬁ?’b Elgsteﬁ% am&§ ac%!fl%%ﬁrkggl fference. For conparison at
constant film build, conparative Exanple 3 has .

A soipfyroxortaihitigymbdre RARE (HilH21 kil &b hun0124\®atgr (11816 g) and 25%

h f
amm@llglnbg drog@gn?{)@flﬁ)% é)e\é/églaq%;ggrgém gE)iagplnge R%aggg oy A2l ﬁ/tlon TiO,
plgm%ﬁﬁgﬁg 26 g}’v\}%ﬂ a@lfled, MEikEY aﬂﬁd‘ﬁ%ro@‘lﬁ@ erbbd sihp raC]Btaﬁébﬂ Sonifier

t he am)unt of ht scattered at th 0
450 piithrae2und pafbesketoi 1ive phatiade \fﬁnt ﬁmmwtn%fqil@wl by Hhmmmﬁss at 20%

ri.n oef f.i lent is calc \,
amoRie DRRERS eromprLeong s e SaReSPud flfed magnetically. The
aboVEEEpH BN Was A8peaRalth asblaifi abffleient heatwridl upd thé fidal sduples were
t he neasured refl ectance over Wiite and Bl ack
combimbdt rates, W the reflectance of the white substrate
and T the fi Imbuild, are inserted in the foll ow ng
n I Olifin¥ferred 1B £ 1690 rﬁLV‘t’Bketeﬂqecked flask
The C%Hl%tlﬁ §a{r%%l}g§(€4z§|4l?e§ JWElqar gél )‘/mlen dependent of
equlpmlewen giolndenser tamperanfre tplnebw ascil mheshspiedlt agitators sontaiming 4,4’-

w2 PP S0 2l FGREH Ui OBy ecasd g nitrogen

spar H?lg ?H@§a§1ﬁflé Ws Qﬁju@s@?@bﬁ@(@f with dsWcagineetig@h Hybdaoxide solution.
For sanples at equal scatter, the

@dmimﬂa&lq Ww Exaestdimamh gl bagth with a temperature setting of 70°C, while a
deoxygenated mixture of butyl acrylate (10.70 g, 83.48 mmol) and methyl methacrylate
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15% greater pignment | oading than Exanple 20(c).

Further confirmation of the increased efficiency of
w@e@aesitieuti | i sati on though encapsul ati on of tPCHAURN®/001512

di oxi de by the disclosed nethod, was gai ned through

the exam nation of the tinting strength of the paint

Exanpl e 20(c) agai nst Conparative Exanple 1. In this

anal yti cal method, a standgngised black tinter is

bl ended with the white base paint at a specified

concentration. The paints are applied to Leneta 5DX

17.§h5: 7R Pebyliin tor B By S DRt AC TR OF S 1eed, 4.4

azob%(@-‘%?ﬁrﬁ%eﬁt%ﬁﬁb taE'1'd§ 0‘"54(5 grpn sk S1P Wak B&deﬂ%ﬂﬂﬁg ﬁalalthon vessel. The
conpared to that o andar d. Pai nt Exanpl e 20

solutier v@ertbar hcatQCthEﬁQrﬁo Iaed 2 fcther deoxygensdgdumixiyre butyl acrylate

s S B9 RSP RLORBSRIE (LR, 08RGy 504 052

mol})iMJEDS6M4 0 108.21 g:)SetndaA&A (Qrzagm@i&wﬁn@@l) aecmtcdbxeaﬂlaék p&sed hours.
(Leneta bl ack and white chart) in vertical strip

Duripg ithig feeds@/2iveyr Browghaw faahes seﬁlaole o 4t M@b}sl(f&éﬂangge%tanow acid)
|
O5EERIPRRP RREERANG, AR oSyl oI g v

contﬂiuad sr @ fettepi éﬂdr hveri whioh dikdeypaymeszativhevgsaivend toTbees@mplete.
i ngl ude ' hydrophilic. stains such as red n coffee .

Afes ichaE BRI ShatiG RIS CoRRE FaRBIghoge 6553 nm in

diantéH H@ef‘STﬁé "Ht@ﬁ sdP@st ®tre 4Bt HCKTIRNGi ] tlilgiﬁlé nt Volume
grease simlar to hand grease. The stains are

Congdrdipgon was dhé4four and then a conmmerci al cl eani ng
solution is used with a rag to renove as nuch of the

I Rs,as possi bl.e. . The resi dual . hydro hlh
Parf{el; SHAGEPETEIARS fogmuddEh AR RS AP a0a8 1305 diperpiop from
par{®)= no stain, 3 = severe staining) and a total of all
stains recorded. A low final value is best. Scrub
test: The paint of interest is drawn domn a Leneta
A gleﬁmnwaésfg%ulgfeﬂ 9 IH S SUGAYS ﬂ@ijyéner PESDRSS c(g
bl ade. Individual panels are used for each palnt and

The'l Rﬁo%&e hr@ 8 |1r9 Wedk:t @ ¢ rﬁil)ﬂceP F fdlved Al s‘uﬁ’ﬁlé ayed mmutes

Rours at 50 degrees. The panel is installed in
Encqzsulatedrfﬁlm Disp¢rsandrem pagdb)y (88859 ghdmamasict HE (0.01p), Pr0pylene

P ELEES S SSEE, 07 ThE rPUES GL0R RR s b on

addddysebeatdl P @tlh heskil Qrdat Wiilstemeyes. (Seinpahat cddtinied $or 10 m1nutes
recorded for both brushes, and the aver age t aken.

Aften heing presnigedin @osrperaie @ot Prapylang rg@/cak (3882 é’d:rysol 'SCT-275
(0. 191;% Ad ]gﬁ 5’%?)'11 62%6' ﬁf{g{(bcrr%ggf V\ye?ef g& r e V@h Ire Und stirring

Scru hrou
contﬁlﬁleﬂtfof iahotherT BO aninsites h&he qxbhwérthe@hmma waat admstefs to 9.0 with a
detai |l ed bel ow. Nunber. of scrubs Raa% 1- 200
§ina pai

mixgige olspymmonggm Hydepxady @ Zsunt watsp t properties were as follows :

Paint Physical Properties :

Weight Solids: 44 42
Volume Solids: 33.83
WPL : 1.187
WPL Solids : 1.559

PVC: 14.65



wex@apbitbi ed pai nt

Resu
Slig

conv

[ts: Stain Results Stai
htly stained, 2 -
is nore r
F

entional conparison.

Badly stained, 3 -

n Rating: 0 - No stain, 1 -
Sever eThe
esi stant to stai nsPehan2tokeo1512

| ms of both this paint

exanpl e and conparative exanple 1, were applied to

nmet al panel s and exposed to radiation in a QUV cabi net
for nore than 1,500 hours_{ / sec nodel, nmade by
Q Panel Co., USA, UVA 340 tube, with a cycle of 4 hrs

W @60C/ 4 hrs condensation @5(1) 0.

Part () "Pratarafiy of G OpRIEAEE G

Expoi

ure results for Co
GPEPFEHYR fiSPeIgon g5

d oss of the
interval.s to

?‘b‘é%‘“l"B% %‘Xm& %Rﬁr%“’“

igmﬁg)l%( & gﬁt%ggﬁfﬁxewgij\ﬁ%o&?posmon

aratjv

MME)@A/@WRE& d]EEXQUf‘:’EW/S’ﬁS/EJ@Qm%??m aining TiO 2
psul at e hi n_a poly

enca net hyl et hacryl at e- c- but yl
Stager \fl at e) coMategal Part (a): Weiglerati on of a poly
(bllf \Va| ar\r\ll ate-co nr\r\ll ctlaci-dD—mraero+ RAFT agent
contgﬂﬂﬁﬁﬁ an average of ]J? oner unijts per chain in
a ngAgkanatei WC60(HunZsmesi) ng: 0.367
2-{[t@q&wﬁsulfanyl)carbonotmogyl]sulfanyl}propanoic
aci g solutlon ?fa
2-{[?33? Iﬁaarbonot%P% I'] sul fanyl } propanoi c
acid Qduuma@bonztv nmol ), 2, 220 obi si soputyronitrile

(0.1
nol )
preg
flas

and butyl late (1

APUoRHmResHly €32, 32
Rodimpecagloangte ¢ aci d an

acrylissacid (14.47 g,

0. 201
nol ) was
round bottom

ate sanpl es

? g, 0.10]
n a 50
Byl acryl

WET 6
i nhi
W t h
heat
cons
t he

fina
Pol v
O Ti

w%geras SUppl i €d.

tor. This was stirre

8btlhyd mahgtrytaient ai ned

ant stirring. The pre
ﬁé@ | es combi ned

nateﬁbaﬁkfor subsequent st @éggof this

A ceARACYITET solutlon

éﬁﬁ%&#@4WF€ ’Iate C-

Hunt s

Adranatsé@69 dluntgnan) nut @

NO ¢{7gi§ Was nmpde to renove

magnet i cal |
he fl ask
18.301 OC for
i on was
rovi de 9

y and sparged
was t hen

2.5 hrs under
repeat ed and
uf ficient
exanpl e. The
848.8 % sollids. Part (b):

rg§g¥£ acryl ate) coating
r

por atijon) using macro

RAF |
sol u

DASeRd: Tromthis exanpl
tion containing macro F

€398 a stabi
RAET (2. 48944

lizer. A
, 1.55 mmol),

wat e

was
Ti A2

ared in a 100 nmL be
nt (28.44 g) was

tgi

TBPE8* 81 g) and 25% am®H33im hydr o5

To thi
m xed

gh5sa,

i de (0.2650 Q)
s solution,
and t horoughly

al SPebafith

15% anpl i t ude

L hﬂ dicnarci

&2{}{@,%&@6 Branson 3Jgoud! er 450
progl\mset t [
10 wae at 20% anpl it uds

for 5 mnuté€
14Bﬁring t he

with a 2cm
s foll owed by
soni cati on

netically and

cation process
idequat e pi gnent
| ymer sol ution

p-r nC T o P TT o1 Cn ‘vAvu.\.. T 1 Uu Ilﬂ.\.
coolggﬁqﬁ a water bath. TheOQ?%rasonlfl
was fRpaled . as stated tvpegy until 3
di spersi on was achi eved. ThHe ?ln copd
was HBPE¥ % sol ids. The sanﬁb63(48.25 g
tranisferred to a 1000 niL tH necked f

) was
| ask equi pped

be and rechani cal

mﬁ;h[HdWE@hser,_tenpe(a{9r66§53 il
;g: a?\‘nﬁlé"B%‘Ed‘fg?dr%"iQ? gjé;@l ) CY3

nitr

@yesatspar gi ng. The sanpl

e.4gas adj ust

nopent anoi ¢

215(4-
and were degxygenated by

ed to pH 7.5
he whol e fl ask
erature setting

RIA— <[~ 78 Z[a @@= 3("u-gogggg oo g aaow®mw»> >

wi-thi 25% ammoni um hydroxidg sol ution—1
was Sﬂdﬁmerdth%baéﬁ oi | bat H0WPlh a teny
o 7RG T T @ 0321
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deoxygenated m xture of butyl acrylate (0.61 g, 4.76
mmol ) and nethyl nethacrylate (0.93 g, 9.29 mmol) was

w0 ewoiositior t he flask at 0.30 ml/hour over 5 houPGI/ABL10&001512
nononer addition was conpl ete, the heating was
continued for a further 1 hour after which tine
pol yneri zati on was found to be conplete. After
filtering, the latex was whbte and stable, containing
particles about 332.9 nmin dianmeter (Z average). The
| atex solids were 59.34 % The final Pi gnment Vol une

Conecont ZA _£N. 0L

Conrecht 4500 Patrt—e)r——Yat erborne | ow
L PVC V?}Pldf‘glzﬁzalgt{fgﬂnbw ng @ﬂ% encapsullated Ti O

O SP§JiSI4edF Trompart (D). AghRsgh PVC pai nt was
formul ated fromthe aqueoug pol ynmer digpersion of part
M (b): PExeh0XUl @iendde)i O2 Di sg@dsion fromipart (b)

(100, i

a penciT stregggwhi st sgirring. Stiring

M Texg‘ﬁ&%%él\)g@%&%gg‘ﬁ% thagoIrQ)?O 16V(\)Ag; hWetr Iertrlhgg added

t hen| conti1 nued for 10 m nut/es. The pH of the m xture

was adjusted to 9.0 with a m xture of anmoni um
TBPBydratagtduty? péook§ bedzday) and water (0.50g). Final

pai nt properties were as follows : Paint Physical

E{Z‘Eperti es . Weight Solids: 54.74 Vol unme Solids: 27.20
Met *: 1.594 WPL Solids : 3.209 PVC : 74.46 Part (d)

Preparation of a Conparative Conventional Polyner

Load s pe MSt0the TBL 60 St4rON2C BRRET0280(Y € Dilirkgeticat Qp ,iptefife premixed
anionically stabilised latex with the corrp05|t| on

stageuNRCBRDARERgE & preparatiom/In aAd. plastichispkerdisiing: &p cm cowles blade, stir

- at 150})2%%1 B9 rAiAfes! K?@@g@ ¢ X%Qtaéac t glgﬂ% Rffi)lal@ Ql{ithhtes At the end of

I’ On) wWere charge oar
10 nﬁﬁ@thﬁh@ldﬁéto@giﬁo@b@ and tsespieedihg segpCohrd BndreedBthga€e&.D over 4

b a7 Afdbs o]l feetieVospase G T thas b 13 minbtes. Add
pre Iﬁg{ gtéae{g@tPe $itmu8Hdoul Or@taftt}@&hﬁ% %ge GTh@ecf SATIB miRtes. Add pre

t enperature he nononer
mixehsthgisdh andd arlé- rprrmp;ramatér\cab dpring |s’tage d“efeedn Staetdcondingr Add pre

oD R0 CaTnCHEN P SUAK (. R o: SHTAIRE Lot ppperatre

<40 é@@ts@l@ge dndX{1iR throudi 80 Hﬁ’&@ﬁ@ﬂk emul si on was pr epar ed
by addi ng the water and surfact ant to a vessel fitted

&/H@%’FB &.added in order and the
The?g%lglaéxiﬁ a%{e%bkr)e ti rre rap| dly to conplete the
Soligsm¥b$i%n. On conpletion of the 10 minute hold, the
_|{1§]t| ator solution conprising de-ionised water
5.83g), ammoni um persulfate (9.50g) and sodi um
anmmh(ﬂiiatEor(rﬁng)thmpemgm BE2°@i th t he nononer enul sion
were fed to the reactor over a four hour period. At
Part {® erCompaitative watgbeameapninifarmajated nesing (tBS%ontrol polymer
anmoni um hydrgm de, 20.00Qg) was added and cooling
dispgrsion frgm PHE{dlhe tenperature was | ess than 400C
de-ioni sed water

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

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



(20.00y) ,

added. Once cool
W@ 200k/037ihe fi nal

characteristics:

Form ng Tenperature

| atex had the fo

200CPart (

1 owi ng

e) Conpar at

def oanmer (0.50g) and biocide (10.00g) were

the latex was filtered through 90nm
PCT/AU2005/001512
Solids 46.4% pH= 7.3 Mnimum Fi |l m

ive

wat er borne hi gh PVC paint fornulated using the control

pol ymer di spersion from pay

(d).

A high PVC

pai nt was

formul ated fromthe aqueous pol yner di spersion of part

(d).

enabl e cl ear

A conparative paint was fornulated so as to
identification of any benefits derived

from encapsul ati on of the titani um di oxi de pignent.
The pignment used in the contro

di spersed i

n a conventional nman

compari son wa
er_in prepar g

t he| gaiget .
W thstirr

MaagﬁalA i ngredi ents

order to a-su-tabHh

/éNelg;d(‘}/ed in

B i ndredie
speed for
added to a

nV@“@kre added and t hd

B

T oo T U U1

The conbi ned A
rate vessel usin

y ST VESSE
n dlgégﬁsed g
and oBgst ageq
the Stage C.

out |Bhe di
pre{m xed

and|the co
St age E was
Fi nal pai n
Properties
WPL |: 1.60
Filns of t

SPepsicaa glyeskel .

and |

5 AR5 Thm 85 d Ak adaed

L ”el“erégt]\ﬁﬁ }sﬁ

St age
dded to the conb
Mon stirred for

propertiés were as f
Oritén @B}IASOI ids: 57.1
: 2.903 A
from Exanpl e

D i AgF¥di ent
net ﬁ)ﬁ%eém 20n

a fu
S

as a (pegwci |
ol | ows : Pai nt

8 Volldd® Sol i

85 Re
21((Zﬁghd th

conpgf at 1 ve
whi tle_char

TRX@APIR-G2 Wer € cast

s with a drawdown bl a

ont o16@&peta b

and [@ter (

i Watery for 24 hours we

r; Ee%gﬁed f

S

tion of
order

| . Stage
t high
wer e

to wash
S were
stirring,

1 nut es.

tream
Physi cal
ds: 31.51
sults :

e

| ack and
75um gap
or gl oss

Wi t h—a—br
staijm; 1 -
Sevdr eExany
Ti O|2 encaf
coat|i ng. P4

]
=

| gl 0SsS—treter— Dld

gf‘ﬁ@rhtly stai ned, 2 -

DI GteR 2froMd Pei@ Ue) Rectial
)sulated wthin a styr

\examply Preparation o

RS U
Badly's ai ne
I ve 5p#isSAt co
ene-acrylic p
[ a poly(buty

No

d, 3 -

nt ai ni ng
ol ymer

acry|l ate-co RAFT @gemt co
er chain in a

0.082

nt ai ni ng
nol e

T%??[)Sq | c acid) macro-

an average|o nonomer units p

ratijo of 1:3BivEdag:
2-{ [i(but yl sul f anyl )} carbonothi-oy

aci d A sol qtWalr of
2-{[[th Wexwl )Car ponothi oyl

aci d 2,2' -azo
(0.1 PQ&@lmHglycolacr ylic a
nol )| and bLtN);q ac Iate (12.93 q,
prepared i r NAESR HB 32 g) in
flask. The qgﬁ%&ﬂﬁcgc@ﬁ;and butyl acrgligbe sampl es
used 8s s was mde t enove
This was sti rred magneti cally and sparged

wer e ied. No effort
i nhi bitor.
with nitrogen for t es, e.fla

Stagp A tiBgredisn sa\ﬁge,?élldﬁg an o a\f/lﬂ'-y%@q;go?%ﬁ ggﬁr@gﬁl sized vessel.

Stage B ingredients were then added Wlth stirring. Stage C was added and then the mixture

anoi c

+

atytg
4. 77
“ g, (

Danoi c
trile
0.201
has

nd bottom

sul'Tgyh ;s pro
Di Si sobut yr

cid (24737 g,

a 508%?€Drou

dispersed at high speed for 20 minutes. The combined A, B and C stages were added to a
separate vessel using the Stage D and Stage F to wash out the dispersion vessel. Stage E
ingredients were pre-mixed and added to the combined A-C with stirring, and the
combination stirred for a further 15 minutes. Stage G was added as a pencil stream. Satge

H was pre-mixed and added with stirring. Stirring was continued for a further 60 minutes.

10  Final paint properties were as follows :



10

15

20

constant stirring. The final copolymer sol ution was
48.8 % solids. Part (b): Poly (nethyl
woredohagtyl at e- c- butyl acryl at e- c-styrene-c- acrRti/av2005/001512
acid-c- PLEX) coating of Ti Q2 pignment (TR92, Huntsman
Cor poration) using macro RAFT agent fromthis exanple
as a stabilizer. A solution containing macro RAFT
(4.1421 g, 2.56 nmol), vat gfg (118.16 g) and 25%
amoni um hydr oxi de (0.4404°Q) was prepared in a 100 nL
beaker. To this solution, Ti O pignent (47.26 g) was
added, m xed and thoroughly di spersed using a Branson

Paint 8hygieal BrOPeriessi t h a 2cm probe set to 15% anplitude for
5 minutes followed by 10 m nutes at 20% anplitude.
During the sonication process, the dispersion was

Weight $olidst nagrféti0fal |y. The above preparation was

dto n sufficient material and the final
VOlmglgggﬁaeg wer eﬁc i ned. The conbi ned sanpl es (644.49 Q)
WPLwere:transfelrht¥d to a 1000 nL three-necked flask
i,pi ed vvlth ndenser, tenperature probe and

WPL%ﬁﬁgm cal ?@gt or, containing 4,4'-

PVCazobi s(4- cyanto(ijent anoic acid) (0.543 g, 1.72mol) and
wer e deoxygenated by nitrogen spargi ng. The sanpl e was
adjusted to pH6 - 6.5 with 25% amoni um hydr oxi de

Resul®k ution. The whole flask was i mersed in an oil bath
vvith a tenperature setting of 7(1)C while a

Film ﬁ)}/eg%gtse 1 t oy fehg%(ps/) art t?vegél%q%l \Svgr% &8 onto
Leneiaediadkn&n% W Jhlaﬂ§ Jo'\rttﬁ\éQTra@dM bfétde ﬁéwh@ @ 1¢56in @hp thd sfter drying
4,4" - azobi s(4-cyanopent anoi c aci d) (0.543

9,
for 28 Bamrsmdry meesugddfor glesst weh rae R thange \alesemeternLhey were also
was then heated to 800C and a further
eval@%&%bﬁﬁ%@%aﬁnﬁ-ure of butyl acrylate (94.88 g, 0.740
nol ), methyl nethacrylate (102.43g, 1.023 nol),
Styrene (47.05g, O. 452 rml) PLEX 6844 0 (8.7l g) and

A/\ /’) ’)’)n (o]
A) —

3 3u O IIIIUI ) | cu | ato—t || | | abK ovcel
hours During this f y th a fu er
safpioRedy 4, 4' - azobi ’(%né(}z%ié\gﬁnt anoi(lL:“gﬁz‘,‘i'rd‘)t“'f3:t myple,

1.72 mol) was added. After nononer addition was

conplete, the heating was continued for a further 1
RidmarAgfeancevhi ch t i nExgadleyniBloivzat i dn wasAvaagatow be
conplete. After|filtering, the latgx was white and

stabl e, contarnifng particles about {654.3 nmin

di aneter (Z average). The |l atex sol|ids were 49.39 %
The & | Pignment Vol unme Concentratjion was 14. 64 %
Par t : Wt efborne pai 5t formul at ed usi ngs4 he
encap &I@at ed Ti © di spersi gn frompart (b). A79I 0SS
pai nt s fornulated froﬁﬁt he aqueous pol ymeg

di spe%l on of part (b) e following were acﬁjed in

order to a mxen, followed by stirrling for 5 m-putes:

Encapsul ated Ti Q2 Di spersion from part (b) (88.858q),

Foamaster 111 (0.01 5g), Propylene glycol (1.34Qg),
Examplx2d: Rtonsfituied Pecorheivie paMQﬂrB’d(lébdei@y)drleﬂsmgnwmted latex.

(6.015g) was then added separately in a pencil stream

Part\(l)| Prepirationnd. a W)F(bﬁgrltd’ceyﬂaﬁaam-amyd!d daid) @Acro-RAFT agent

con(pingps B Te O SpCa S0 BOBERg] WA PG SRAIBIR oS BT 12 using 2-

ed to the above
{[("‘2‘3’%“ E@ yg%gﬁ(?@?@gﬂ@%ﬁﬁﬁ%ggﬁ?%rﬁﬁot her 60 rri nut es.

The pH of the mixture was adjusted to 9.0 with
A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic a01d 4.77 g,

20.01 mmol), 2,2’-azobisisobutyronitrile (0.164 g, 1.0 mol), acrylic acid (14.47 g,
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m xture of Ammoni um Hydr oxi de -25% and water. Final

pai nt properties were as follows : Paint Physical
woe@pestises ;. Wi ght Solids: 44.42 Vol une Sol i PIGT/AB3108801512

WPL : 1.187 WPL Solids : 1.559 PVC : 14.65Part (d)

Preparation of a Conparative Conventional Polyner

Di spersion. The control conparative dispersion is an

anionically stabilised | a_ltlgg_vvi th the conposition
MV BA/ STY/ AA/ PLEX= 4 1.4/ 37.5/16.2/1 .95/ 3TBPB=

Tertiary butyl peroxy benzoate Method : Load stage A
t : .to.80C . [ heat .
199 nm@»a,e%a;ﬁfc%w&% (285 Q002D ap iy TP el gar Bryng in o
50 ml! ? @3‘8’ %1%1? 1?18@5&%5 sHEbd %a@n@tl&tﬂz’:% rgeliagigh nitdgen for

m nut es. add st age B.
10 mitiates] The lask i themitoéss atAO “CHer e mdel eonﬁtmts%@ngoﬂéle final

st op |tr e stat feeding stage C and D. Feed
coPOlEélflﬁrg%”élo (1% g@@? /&Sﬁlll at 79-81 0C. At the end of the

feed, wash the line with stage E. Hold for 15 m nutes.
Part "éﬁ}j !P‘i‘ép:ﬁ‘ai‘i@ﬂ of élﬁEi'el:onsfihf’fubleaIv;ﬁh(iuss|d)i£(:01$tlaetpiilliltacba&gd on a

stage Feed over 45 m nutes. Add pre m xed stg_qs tiel
poly(metjlyll methpgrylatecaodautyh peryjaie), JLg ,—ﬁ& gt afRatg 8 2 particles

art coolin PEendt NhbidSer.
(TR9 '6‘??%&] 'I%Fﬁi‘ébﬁ%ga ,&f(@dtg?stage °Add st ageerL at
tenperature <40 0C. Di scharge and fllter t hr ough 90 .
The #WhadABT I iagefing4 DQgLaI 54 anex]) hade-idniseflowieni(htP- 71) and a 25%

solutlcp:zg ,%r a%tgleoygﬁ%i& '1}1%20%3 ivefrg)addgi&\)ﬂ n% lféakgg The pH
of th¥HGRROVIR zg? hdidd ﬁr% erel: MR 515G wille a CoRmlY @ﬂnomﬁl yfredditional

di spersion om part (d). ‘A conparative paint was
ammqutiepahwgbioxide rs@httima f he owiximge Peasmerbicctethéo ptispRicafiony with

magnlggﬁ%fgﬁ%pég}gtg{goalnﬁ E%OQ‘ g?rgﬁa fo?llglﬁ giee ?thf §% wer to dlg%eése the
macr&RA(PgF %Qérﬁnt’PlOQeﬁ@v@éiCtﬂé 768) oaselienaddedsbi the |rm1gtuw ded further

to a suitably sized vessel. Stage B i nts
ultra sdraentiad ded oameld syt ifqreS mglutestaa@@owew;mg%@gbﬁ/a ARd %Acﬁe@ minutes

LOSvel Kbl e 0 NWa§Schecked b

at aﬁ?éveéo?*?gﬁ é ag%‘ Chs%mg % e échhé, &tSigha coked Y

measﬁﬁﬁfb‘hﬁbﬁ 3W@5§eelbartislb rsgzetdsmg&it mévdﬁl ZﬁtﬁsﬁtlggEhGF:Plg@le\nﬁéﬁperSlon
out the dispersion vess ngr edi ent s

LN e L P

poly@?@s&éggsﬁags. g@gygﬂf&lé Libd bethef Blr Bightéht BRpertfonsiwiry Bﬁthdually

as a pencil stream Satge H was
chargeteised wsidg adMblectdeadtasizeh stirring. Stirring was

continued for a further 60 mnutes. Final paint

erti.es were as folLows P t Phy es
Plgmen\/@‘?%fmﬁol i ds: 45. 50% VST S0l | ds%%g Sgg 0&2\%&%&;
1.190

1 310.6 0.132
2 317.2 0.122
3 310.6 0.132
4 306.6 0.132

The four pigment dispersions (650g) were combined in a reaction vessel containing:
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WPL Solids : 1.538 PVC : 14.65 Results : Filns of the
pai nts from Exanple 22(c) and the conparative exanple
wa2mwens7i6ast onto Leneta bl ack and white chartBCTAUR0&001512

drawdown bl ade having a 175um gap and after drying for
24 hours were neasured for gloss wwth a Dr Lange gl oss
nmeter. They were al so evaluated for fil m appearance:

Exanpl e 23: Reconstituted jggcorative paint produced

fromdried pignmented |atex. Part (a): Preparation of a
poly (butyl acryl ate-co-acrylic acid) macro- RAFT agent

4,4’-a§81?}tgq%fiecry;aggpeg?aggi\éi _21 agﬁs I%Taggg, n{)g MSmott | %msd R h%;c?sipgce? Bf the
reactié\lg ggﬁlﬂel}’é\la@s"’ﬂh&?ﬂﬁ@d@ AANRELEnCHsk 11 6 Wih@ey whilsiapRediie t@@petature

tron o
to 7022{ [ (%hflt irfiaidf dAipIchis(homendpeningis acidn{d-FHis pahlommole) was

cid (4.77 20..01 mm i Sk SO [ OQiat L
w53 b R VIR, o o R3S b
solutiBH bY buBt bty REE(A 0%, 98.99 mb6R) GRdmméthyl metihorymte((5:Bg3254.35

g) was prepared in a 50 nl round bottom fl ask. Thj feed
mmolgawas fadrintgthpuepsEen ¥essehusiigr SEMEsEYMR; VAT % i?’PPfég e"rf?etf dhe fee
10 ninu The, 0 0
was ?ﬁn%lwﬁ dtefg & nggégr‘%c’%g%@i"r | SBQI?‘Q‘%@@?%" ﬁgl a@b%%?’y frl:eil furible) was
adde@lditht ainfasud The Pasiidn vissel Reas traifds) to §OPEpAmee itlontemperature

o b SELEL LD WAL EGCEL LS DL B9 O1  met
methgcgglta{engl 3@&15@ ?]%9@\%( inﬁﬁfi\%) WhRI20 &' $hdgeakticn RBGEPusAE b syringe
prep in“this

ar anpl € as a stabilizer. The
pumpTegdrce RAFSTr mergdntAt(at poi@y on@ heyr intolthe feedetheofepd @ps stoped, a

water, (118.71) and a 25% sol utio Ju
furthﬁym%l 8é§i4n'a%%}f1§(g'c(3'ﬁl_19?§§‘§an%raé’l dg(ge’a%qghng}ﬁle) added and
the fORKESmmERGdPr ee £i8 HoUXT At eharersd afiihiesfead tHenteactionevessel was
range 5.5-6.0 with a snmall anmount of additional,

held atrteompcraturieyidr ax iadditionaluk hewr. toTaeanlsts the polvmeTisatigpeiofigyed by
to ultra sonicati onyw t £ oSt I bRE, HSidogi id
coofy g SR GRHECR e gRARELY 55 WA, Mk hydronide
and filia8peNERidBroweRUORMATIK. agent . Ti 2 powder (46. 75)
was then added to the m xture and further ultra

soni cation was_ carried qu 5.m nut es, at. a power .
The Sorh iRy BT 4 SoH eI oF0iSH v eBd b aarengep Rl Efygroton of
16.2%fangloao/ ﬁnﬁgﬁrtﬂz‘ljeaéi?é ¥t §f8. Bl @ﬁﬂ]%p@*d%@fsﬁy QRdenast (OTECAsadeasured
y neasurenent of average parficle size using a

by a Milwen Ze@sizasi zer. The pi gnent di spersion was repeat ed
four times and the products conbined to give

suf £j ci ent, mat.eri al f.or . [ '
e e e
o using a vern Zetasi zer.
Pi gment _di spersion Z Average, nm. Pol ydi.sper si I
A pion olha peReG o Propsied w1 cxtupns SRS i coBehtd by
centr;{@gicr{glo ;t%e etggagg :%E A5 RREH S £ S| 0 GRBEes Wasigg CanBietlatar NLR-BOM
Ultraventidinge. khes et supeoimtant 4oluiian vge ﬂpmd@ngéhmoli(do:_ogggﬁr,ate was
driecil' 6Je%ni%hp§tlrgc)>m %gn(%petrgt%reh eﬁgesc%%sgnt&ftecf JB‘f‘id material was then sufficiently
dry to be easily broken up and finely divided by light mechanical agitation and was then

further dried overnight at room temperature.

The white powder produced was free flowing and had a measured solids content of 92%.
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reaction vessel was then purged with nitrogen for 10
m nutes whilst raised the tenperature to 700C. The
WO piobiostier 4, 4' - azobi s(4- cyanopent anoi ¢ aci d) ¥OT/B6295/001512
1.71 mol e) was added was added to the reaction vessel
and it was held for 5 mnutes. A deoxygenated sol ution
of butyl acrylate (9.60Qg, 74.91 mmol e) and net hyl
met hacryl ate (35.48g, 354:38p_mmle) was fed into the

reacti on vessel using a syringe punp over 4 hours.
After the feed was conplete, further

e e PR R A UA o o
dried p F)V\Z%e% é%i’%%glé@s? %&%r&lﬁ%gcp e fOMGFing Peode@BRET at Ure was

ygenat solution of butyl acrylate (43.
15g, 336.69 mmole) and nethyl nethacryl ate (159. 45g,
Reconkbititte@ Paiminl €) was fed to the reaction vessel using a

syringe punp over a 2 hour peri od At a point one hour

The dlgpic;i %ﬁ?eepc&gg% @%lze Eci}gﬁgpgﬁflan (%9 s ¢ %&eﬁ Utgt Agﬁ{lxé}o&fd‘ 28 water

(168. 5@@' &4 Rdied hpndxide€0Le g) addowite siethef for 20 Imnnﬁﬁem al Propylene
hotr. At the end of the feed the reactIlfon vessel

lycohdibdiza aseriged Kllsvisditor | LUBER TTBRE LEERGATES 82%nﬁf°am>

OGRSV ATEL o s v b gl s

solve@FN0BdsaM(H9a rgsmandi Eeamiﬂf(l%% [\ fThQ fiael pﬂqmt Wﬁ%ﬂgﬂiemmﬁh a
silk. The final h a . soli cont
mixtugof @1%@?%?%5@&% SRR B o6l AP bE LG RER (1) and
I [ A&-whm and pol ydi sper si ty
Stme({i ﬁgg hogb?ﬁ%bégi}@eé the %fsltu@ed %@ a Mal vern Zetasi zer.
Part (c): Preparation of a reconstituted decorative

ContpdiPyinthased on the pignented | atex of this exanple,
Tg=52C, PVC=16.2% A porti on of the pignmented | atex

d in_t
A BT e U FPERLS BBthAe PO mlod st i b
non diddesikimntet BalBONH Q01 Yoamtidby I(Bﬁl@ wahaddetdarthe mixer and sodium
super natant sol ution o}h cant ed 2 d the so terials were
by GhE TR andenEn et ot TPOSTE By TP
then %cP%d %‘&e‘i %fﬂmg t&r%f&&h@fec&@s%tﬁté@ﬁalﬁﬂf ficiently

e easl en up and finely divided by |ight
nechanlcal agltation and was then further dried

Painosanpaddun:at room tenperature. The white powder
produced was free fI owi ng and had a neasured solids

content of. 92% s f ted lat
The GRTRRALISOR Pt gei ézvo Palg 5 ]v@g ﬁkll & CH%QQFH‘S? rorg ?nﬂé E@men ed latex
were M ZfbcRAWEPR thé LBbriFalingl shd adnyhrgd steps tandt grvef pdihiowpfngquivalent

procedure. Reconstituted Paint The dried white powder
chargc®2iienl i ds), (181.46g) was added to a mixer and the

wat er (168.53 g) and sodi um hydroxi de (0.25 g) added
Partl\é\fe srke d\%b%ﬁ.‘;&ﬁ%nftéaﬁs(ﬁ%th@ NN ES Tty aRewed e |the( rl:Gcn@@i}uted dry

10 m nutes stirring. Te galil
pow&%wésilehmfyoéﬂpers@i aﬁcﬂ;)gafzmlplaﬁwéﬁj shzg enmivelengtiest %"t p¥ fhe, gndried
a m xture of commercial coal escencing sol vents,

plgn@aﬁédﬁ €¥4.99 g) and Texanol (14.98 g) . The fi nal
pai nt was thickened with a m xture of thickeners based
on Acrysol DR (3.1g) and Acrysol RM 2020 NPR (3.10Q)

and stirred for 1 hour to conplete the paint nmake-up.
Control Paint:
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A control paint was produced to the above procedure
except for the initial stage where the non dried
w@r@aesitied | atex (40.01% solids) (350g) was adeedAU2005/001512
the m xer and sodi um hydroxi de (0.25g) added and
stirred for 20 m nutes. The remaining raw materials
were then added at the level and in a manner as for
the reconstituted paint._ﬁ?ﬁgt conparison: The
conpari son of the two pai nfs showed that the
characteristics of the pignented | atex were unaffected
by the centrifuging and drying steps and gave paints
of equival ent characteristics. Particle size
measurenents using the Malvern Zetasizer showed t hat
the reconstituted dry powder was easily dispersed and
gave particle size equivalent to that of Zh&averagywed
pi gnented | atex.Z Average nm Pignmented | atex (48.01%
solids): 6 18.2 Dry powder (92% sol i ds, rqu stituted
Pigmdntedd8fix £48.0th sdlidf)ng pai nt make-up): 639. ®1¥e paints
were applied to standard opacity panels using a
dr awd bar, an e i o/ad ek | verni ght. The
Dry pPWﬁ%@é%oﬁﬁégs’&%é# lgl%etd tgilgs/f)gé Oglﬁgﬂﬁl[llér)n appear ance.
pmntggﬁg.gy Pai nt Reconstituted Paint Viscosit6398r ookfield
20,000 14,940 (Spindle 2) Cone &Plate(cp) 0.75 0.78
d oss (20760785) 6.6/33.5/86.6 .4.6/ 32 , I
The DA NEHCATRES ROERFFEN RS REOLT B TN e hlis gl (6 fims
airdrifd B%’éfﬁi%ms i AIRAQNEved OxdefERD d6¥s whe filatapbeegarsusr f ace of
particul ate nmaterial, said nethod conpri sing:
providing a dispersion of said particulate, material in
a continuous |iquid pHaentol Baing dispé&%@&ﬁ“ﬁ@ﬂ%?? i ng
a RAFT agent as a stabiliser for said particul ate
. teriagl nd sai d coryy us liquid phasejg rising
'Vwm%ﬁgi%paﬁ%4 ethylenica(%gﬂﬂnsaturated nnnohé?g? and
(Spind®pneri sing said one or nore ethylenically
unsat urated nononers under the control of said RAFT
agent to thereby form ynmer at the surf of said
Conqﬁgfkﬂ@ﬁpbxe mat eri al . @?%The met hod accorgﬁzg to claim
1, wherein the dispersion of said particulate materia
i $0P d by form ngeg/3e@mgmei ti on conpr #$i¥20/8he
kaigpﬂ?gﬂ?g?e material, the RAFT agent and the
continuous |liquid phase, and the one or nore
et hyl eni cal | y unsaturated nononers are then added to
the conposition and pol yneri sed under the control of
the RAFT agent to thereby form polyner at the surface
of the particulate material. 3. The nethod according
to claim1, wherein the dispersion of said particul ate
material is prepared by formng a conposition
conprising the particulate material, the RAFT agent

and the one or nore ethylenically unsaturated nononers
as the continuous liquid
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phase, and wherein said conposition is dispersed in a

second continuous liquid phase and the one or nore
weedwlgnscal | y unsat urated nononers whi ch for nP€Ti8U2005/001512

first nentioned continuous |liquid phase are

pol yneri sed under the control of the RAFT agent to

thereby form polyner at the surface of the particul ate

material . 4. The method aggoprding to claim2, wherein

the continuous liquid phase is water. 5. The nethod

according to claim3, wherein the second conti nuous

THE G1iASpS BRBINOYGTalt hov Ebiab BREEar B R oy o °

material in a liquid, said nethod conpr|5|ng provi di ng
a dispersion of particulate materjal in

t i nu .
I, A hiethictiobbelyeicrismEcmenaner i G DRIFIES i2hdhe SWARe Sl Berficulate

er f aid particulate materi al, and
magq;ai Hﬂ??ﬁﬂ@ﬁ%mpﬁ%ﬁ 'd phase conprising one or nore
pr@\hﬁ‘ﬁ)’lk%nd@ﬁéréﬁén ld)'ﬂ?s@iﬁupa&lﬁ@datﬁmmmmlsn aacahtipobyniiquidinhgse, said

sai d"one or nore ethylenlcall ura ed no
dmpnrj;gqn eqraprasing p RAKF ag%ﬂtdis F%A‘Fi %r 594 fp('sl}'t}ﬁug g? ma?erlal and

f i tioCyhat €' éthylenithl aim)z turated
[ SRRy JBfif Hhesd Lt S%@yﬁe?@énca‘éi Gl at SB e
rn@ﬂﬁ&ﬁgumate material in a I|qU|d 7 The met hod
according . to claim®, [ nth t
PO G B BT ORAPTE KRt P OviR oS s the conteo
of%hlt%l%&?r gEeéft’ fo ﬁﬁ}%ﬁ PS@H&H hithe durbaetof caildaagticulate material.
eria

preparing a pol yner having
particul ate materi al dispersed therethrough, said

. Tl'grfng %ggl %gr%ﬁ%g{kg? Hﬁr }\%/'hglleﬂgth? dNpRRES rfdfcgalcpf)arﬁ@tﬂé’te material is

a con ous |1 quid phase
pré]?drgd GySRRMAILORN DaiPvEItidh rt@n@rﬁﬂd@TtIﬁgmhctﬂsteamatenal the RAFT
stabi | iser for i articul a ?;hp mat er i al @Yri agt turated
ageoheichthsueontineasdiquidabaseois beiong BB SRYIFYCLl Wia
or nore efhyl | JIpRenRdSindsthe control of the
MEBPHHE A S fhﬁx gg%dg%dh%c%&?ﬁ%ﬁo%% lenical |y
RAPTaoYhiRb enbrewmma Ip®lywnnete thersarfacmoﬁtbe paticalatecmatarat.
agent to form polyner at the surface of said
particul ate material, thereby providing polyner having

. Tff%ﬁle%rdta{c &deh eco g?dtllﬁrll @\!’he%ﬁ H%rcﬁ%ril&ebﬁﬁdﬁd @uioulat®. material is

rretho gtoca|m8 wherei n the BT
pté@ﬁl’fedl’bwmnhmg @i @bnmmwncmmpmssmgq éhe Rartigalete Bgiegiak the RA

mat er | and t FT ag
a%:e@ﬁﬁmh%ﬁw § e phaa s B AR o ESRRGus iid
pﬁésg saim%}?ﬂs@ti&ﬂls rdpensed $n arsecqual gominiiawdiquid phase
e contrm

the RAFT agent to form
atch ethe; uurrfeaoe rpfres aﬁhmlepwally cyisaie %ﬁjat@?ri‘o&ilerf ﬁ‘ﬁtyﬁ? e first
Qv d a.dis e FT
nfmgg%e Iﬁléllu?ﬁ%[lq%l }%ag tgga R&g&%ﬂgeaﬁﬁﬁﬁér RHO lé@nﬂrcblqw the RA

e particul ate
BB 86 t}@}ebdlfgﬁﬁi psigthet biethe sinfaegif thelp)a.rtlwlﬁttemwéf
preparing a palnt, thernofusable powder paint, filler,
adhesive, toner, liquid ink, priner, sealant,

: ’[%F &gerﬂl?&f ac%oﬁgﬁ%tlécctlalﬁ’m %Eéﬂ%doﬁtlﬁﬁ&ﬁ llﬁlhldllﬁﬂﬁpé |ssivater.

aring a ersion of polyner encapsul ated
particul ate naterlal according to clain6 and/or

: ﬁ{é;g%ﬁécﬂ%ccg O%wagﬂ{;ﬁw ng%ﬁ @i[e 55 Adaé %glﬂrand%rﬁ(gﬁd phase is water.

conbi ni ng sai d di spersion and/ or polyner with one or
more formul ation conponents. 11. A p

. A Inm‘t]nmf od‘splbpmr@a\dgpqu@mmf poﬂymepreqnca%lﬂaé%q Qgﬁcltllgwerpatenal ina

[ i qui

ri ner . seal ant,
liquid,

sa1d meK[hOCP comprising:
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10.

di agnosti c product or therapeutic product conprising a

di spersion of polyner encapsul ated particul ate
woreoensAb1 prepared in accordance with clai m6 BCTATGR00&001512

pol ymer having particulate material di spersed

t heret hrough prepared in accordance with claim38. 12.

The nmethod according to any one of clains 1 to 11,

wherein the particulate r rial is a solid, 13. The

nmet hod according to claim™2, wherein the solid is

sel ected frominorganic pignents, organic pi gment s

titani um di oxi de,” zi nc, oxi de, al ci um car ong OSE said
prayididg, a @uﬂpﬁrsme otiunam%‘éate pagtPiigh Wy pr SEREURUS (HigHTd, PaE

ht hal OC e C ;particulate materlal and

dis ﬁlis}?élc?q ng AiBroma n? h%o%imhﬁr&;gﬂa%%ﬁ g Fateri al
saﬂi’ali@r&mubu@éﬁqmd/ eplagerbmprising onsTbiraore rghylerieallst ungafurated

The met hod according to any one of claims 1 to 13,
magiestess; #€he | ar gest di nensi on of the particul ate

gﬁﬁe%{sg?%sdlc? oh® 09 hﬁfi‘é 8thylenaall} Ansatelagdsmoddmers haderethh @gntrol

cl

I'm 14, "wherein the |argest dinensi Ph b
of @£1dtIh:€F'Dag¢ntd:mJ lfcmrepq‘rmlgratahe swfase oé paid particplasg mgterial, thereby

m cron. r .encapsul £lib&k.

providie gl B gRe Sutp Rl BRLOLE Rk SidTRL £ fi Al
mat eri al bei ng encapsul ated in a substanti aI Iy uni form
and continuous coating of a polyner whi.ch has at

Thermeihrd abmeding &¢ plain Gnybereinae gglmqugps jguig S wa%er and the
m?tﬂg tp}ro:é%% g% lﬁ%igerouﬁ ﬁg&@ﬁ)ﬂlo B n@%ﬁé@éﬁl@ie@ ﬁﬁfﬁ(c@[a't@fnatenal

éss”in size, wherein the
pol ymer whi ch encapsul ates the particul ate materi al
has at |east in part been, fornged,under, t

Aauehet Oﬁ@mﬂnaﬁdm\}wre*ml%gafﬁglﬂ?ﬁeemts@ YR dperplhrongh.

{h%ﬁ %Ighlﬁ yni formy dispersed throughout the
Reconposi ti on conprising or consis

ﬁwfd@ﬁg,ea eh@arsﬁcbm b saidpayisiiiptrematenieh s 8 cREEBUYS 1 %Q“&E pgqsg, said
material, sajd Iaema e
ARS8 SEREREA T fHe0t B0 AmOLet [ B PESEPRR alsREL, and

I nuous” coat 1 ng of

! | GhyiRaphaAt doRsisting @ss{bﬂﬁall}beﬁ”noﬁeoronemdomnd‘éwlemcally
dt?‘ge%ggﬁltlegﬂgl gu aﬁhRAFT agentg 19. A conposition

ussatpated mugonerssendi sti ng of discrete particles of

pgll(})’ig%}[‘[lg{ngesg&ra <? Sl a%lg%agﬁﬂ%ﬁlfgﬁ esaglgsra{c'{lﬁ%tgfl ifdnonR@d Gnder the control

ate materi al
0B 4RS RAHT Aehny td%kﬁ%[ﬂnj/er@t greusface bhsauijgdrragmlateh@aterlal thereby

encapsulatln pol ynmer, wherein t enc ul atin
ppoiiding pokyawer g@ vipg thetparticulpe {na!%féléﬂglﬁ ﬁ%ﬁ‘ﬁﬁ‘i’?ﬁgi’“@he
control of a RAFT agent, and wherein the discrete

particles are substantially free of additional
Tht SREKSRMcofdMig tdelaipaB] wherkit the wantémions liqpiy, phppgecomprising the

pﬁﬁgﬂ?aié- %%agq”nai‘éﬁﬁ ahe RATHY nerf onediporti It 3"l bandbibous liquid

p%l % nPH06he p&F Moref bthyRhicaBd h&ﬁdaﬁﬂateqbrmrmmmers are
%n 'qu seal ant, di agnostic pr

uct o
pbl}@ﬂiatsedltumdelpnhoch@ntrolcm’qhm&tﬁﬂﬁ ageridiRpe Wtﬁoiﬂngc%totpalsﬁﬁace of
sgucc)i p%lrtwulate ma?erla}?o thereby provide a dispersion in the second continuous liquid

phase of polymer particles having the particulate material dispersed therethrough.

A method of preparing a paint, thermofusable powder paint, filler, adhesive, toner,
liquid ink, primer, sealant, diagnostic product or therapeutic product comprising

preparing a dispersion of polymer encapsulated particulate material according to claim
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11.

12.

13.

14.

15.

16.

22. A liquid dispersion of polynmer encapsul ated

particulate material, said particulate nmaterial being
wepmapsubat ed in a substantially uniform and cPOI/ATAO8001512

coating of a polynmer which has at |east in part been

formed under the control of a RAFT agent. 23. Aliquid

di spersion of polyner encapsul ated particul ate

mat eri al, said polymer epf@?§ulated particul ate

mat eri al having the particul ate material substantially

uni formy dispersed throughout the encapsul ating

 blpaprersee § GRETEUGR THEUAIE FOrCOE S PReq. dyfitouen
ac anginﬁqg SR Iagd Q%Kfﬁﬁf SNE aRpatkioh @€ dRapblysit atith one or more
HarEria |a% I

I”1's Subst ant y free of additiona

fodporsamipohentst he particul ate material. 24. The

liquid dispersion according to claim22 or 23, wherein

the liquid is water. 25. The nethod according to claim
A paift Qhé}fnoﬁxsaf)lggqo%leb’ paEht, ENeR Rakdsale tbrpg Miquirkinas primer, sealant,

térial according to claim16 or 17, the conpositjon

digmostialiprgducd ol dherepaitior proguct |kempEFRg, 2t ASPFRSICDs gb| RPLymer

powder paint., filler I i N | r /Sl sblvmer
enpeutatserefitettatsL pRECE i foePehOF Rk RRE ald/St Sty
hadlROMEECARE halbrd dispepseaitherethroughcprepeeed imadedrdance with claim

di spersion according to claim 22 or 23, wherein the
8.RAFT agent is of general formula (4): 26. (4) where

each X is independently a polynerised residue of an

ethylenically unsaturated nononer, n is an integer .
THAREHHBE abcating tb ang 08¢ oRdainss htp bl,geirein ghepgsticulate material is

optionally substituted with one or nore hydrophilic
agalislups and Z is any group that can pronote sufficient

reactivity of the thiocarbonyl group towards radical

addi tional while not slowng the rate of fra tati.on .,
The nidibodxtendinghtat cleimerld, iwhayeiacheptoddl Feé?cg‘gg fTh AROTEAnIc
pi%];negt%! %ggearnllcs %Eérr?er}its, titanium dioxide, zinc oxide, calcium carbonate, iron
oxide, silicone dioxide, barium sulfate, carbon black, phthalocyanine blue,
phtalocyanine green, quinacridone, dibromananthrone, magnetic material, waxes,

bioactive agents, and combinations thereof.

The method according to any one of claims 1 to 13, wherein the largest dimension of

the particulate material is no greater than 10 microns.

The method according to claim 14, wherein the largest dimension of the particulate

material is no greater than 1 micron.

Polymer encapsulated particulate material that is 100 microns or less in size, said
particulate material being encapsulated in a substantially uniform and continuous
coating of a polymer which has at least in part been formed under the control of a
RAFT agent.
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17.

18.

19.

20.

21.

22.

23.

WO 2006/037161 PCT/AU2005/001512

- 137 -

Polymer encapsulated particulate material that is 100 microns or less in size, wherein
the polymer which encapsulates the particulate material has at least in part been formed
under the control of a RAFT agent, and wherein the particulate material is substantially

uniformly dispersed throughout the polymer.

A composition comprising or consisting of discrete particles of polymer encapsulated
particulate material, said particulate material being encapsulated in a substantially
uniform and continuous coating of a polymer which has at least in part been formed

under the control of a RAFT agent.

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 additional dispersant for the

particulate material.

The composition according to claim 18 or 19 which is in the form of a free flowing

powder.

A paint, thermofusable powder paint, filler, adhesive, primer, toner, liquid ink, sealant,
diagnostic product or therapeutic product comprising a composition according to claim
18 or 19.

A liquid dispersion of polymer encapsulated particulate material, said particulate
material being encapsulated in a substantially uniform and continuous coating of a

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

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
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polymer has at least in part been formed under the control of a RAFT agent, and
wherein the polymer encapsulated particulate material is substantially free of additional

dispersant for the particulate material.
The liquid dispersion according to claim 22 or 23, wherein the liquid is water.

The method according to claim 1, 6 or 8, the polymer encapsulated particulate material
according to claim 16 or 17, the composition according to claim 18 or 19, the paint,
thermofusable powder paint, filler, adhesive, primer, toner, liquid ink, sealant,
diagnostic product or therapeutic product according to claim 21, and the liquid
dispersion according to claim 22 or 23, wherein the RAFT agent is of general formula
@):
S——(X)—R"
S——=C

AN

zZ

26. (4)
where each X is independently a polymerised residue of an ethylenically unsaturated
monomer, n is an integer ranging from 0 to 100, R! is an organic group optionally
substituted with one or more hydrophilic groups and Z is any group that can promote
sufficient reactivity of the thiocarbonyl group towards radical additional while not
slowing the rate of fragmentation to the extent that there is unacceptable retardation of

polymerisation.



