COVPOSI TE PARTI CLE DI SPERSI ONS This invention relates to conposite particle
di.spersions of the type where a first conponent is partially or wholly . -
engwl fedeby a second conponent and the resulting particleis of a coll oidal
si ze. Colloidal size particles generally 5 have ‘a particle dianeter of
I_{ss than 10 m cronetres. Were a single particle of t e f| onponent is
whol Iy engul fed, the conposite particles may be refe néd éiigore shel
particles. Qher types of conposite partlclg aEe al so_known i.n the prior.

art, for exanple particles weOMROSITE RARRACLE: DESPERSIONR nent particles
are encapsul ated within a single particle of the second conponent .

Conposite particles of these types nay find- a n_a W de varipet
of fields, offdisxdmyeatdenredrtes. t Fﬁ@pPFél %éFﬂFsdéﬁHeﬁfﬁg?sl? uié_

coati-ng coanﬁdnuy@&'whem@ hhélmsmecbﬁpopantlabeparteaﬁhy engwhoddiyfir st ,
conponent s, %g%t a fb&r 1 e olnld! %&E\ﬂ‘oheﬁﬁ andethef QEshﬁlElﬁgnBQﬂ:ibQQ igThe .

I nvention is P y concer ne Pprocess maki ng a di S eI’SI on

of such particfl @ cpidodidal ﬁﬂ@@ess891ﬂ@#dﬁédPﬂ?FnQaSﬁGCESﬁtFSPFFﬂb

modi fi cagi on yRfveStd Walr#iRa e @idtheltlrs dfypesel thant 10! dicebmeekresas t o t he
particl es thensel ves and particularly to- aqueous di spersions of - t he

particles. Core-shell particles have been nade in the past by pol yneri si ng
nononer in tlme&reeaerﬁe:gﬁe qiarze.ad:ue‘ @fmethe? Tirpar compesenthésewhbdly
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pr oduces pol I's I'oc nd the surfaces of the core Rartlcles
with the |ruGQQﬂenﬁhﬁlhﬂHﬁnﬁigﬂgﬁ-en@5ﬁ§ﬁl&ﬂwﬁﬁ FﬁéCGHPésﬂéFtPéFééc e are - =

u ~also known in the prior art, for example particles where a
\df 10 number of first component particles are encapsulated within
| a single partlcle cf the second component. COmp051te
particles of these types may find applications in a w1de
variety of fields, one example of which is in the field of
- paints and other liquid coatlng compositions where the core
15 partlcles, ie the engulfed first components, take the form
of fillers or extenders for the composition. The 1nventlcn
is partlcularly concerned with a process for making a
W dispersion of such particles and with processes for
modifying and controlling the modification of structures in
20 this type of particle, as well as to the particles
themselves and partlcularly to aqueous dispersions of the
A particles. ' '

Core-shell partlcles have been made in the past by

n

polymerlslng monomer in the presence of already-formed

25 particles, where the pre-formed partlcles-constltute_the

' core, and the polymerisation process produces polymer which
is located around the surfaces of the core'particles with
the intention of ultimately'encapsuiating the core
particles. | ' '

36 This process involves a chemical reaction, and it has proved
difficult to ensure that the correct physical structure or



30 This process involves a chemcal reaction, and it has proved diff[cult
tx0 ensure that the correct physical -structure or -2- norphology is’™
obt ai ned, partly because the core particles are subjected to .the chen1stry
“of the polynerlsatlon process, and thig,pay affect the characteristics of -
“the core particles, with the result that certain core: particles 5 -cannot
be handled.in this way. The process will only work successfully with
speci fic conbinations of conponents, under specific reaction conditions.

. i roce doés not general I'y work
uheh™t he HoBhnolfu) PHILBES ROLYIBELPRY BeRNER ERe (65T IRerfiF RS, Lo hi s
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to the productlon .of . conposi.te s and
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16 In'additlon to th1s‘surface polymerisation'process, o
' agglomeratlon processes are known for maklng composlte d N\

partlcles.f An example of an agglomeratlon process is
disclosed. in Us patent 4 133 774 whlch descrlbes a process
where a compos1te partlcle is produced with a magnetlc core

15 and another component around the core. The surroundlng
component bullds up on the core by an. agglomeration
process where discrete partlcles collect around the core,
This process, does not produce a d1spers1on where the
partlcles are stable agalnst flocculation and

20 agglomeratlon.
'_We have now found a new mechan1sm wh1ch prov1des a posxtlve,
'thermodynamlcally-drlven route leadlng to the productlon of ' k;)

comp051te particle dispersions and which allows formation of
.composlte partlcle structures from a wide varlety of
25 components. '

'STATEMENT OF INVEﬁTION

'According to the invention, there is provided?a'process for
preparing a dispersion of:composite particles“which'process
comprises mixing first particles with a 11qu1d d1spers1on of
30 polymer particles, the polymer particles belng stable
against partlcle—partlcle flocculation and agglomeratlon,



25 .conponents. STATEMENT OF | NVENTI ON Accordrng to the invention, there is
pr ovd-ded sa process for. preparing a dispersion of conposite. partrcles whi ch
process conprises mxing first particles with a liquid dispersion. of 30
paymer. particles, the polyner particles bging stabl e agai nst
particle-particle floccul ati on and aggl onerati on, - 3- mherern_the m Xi ng
takes place at a tenperature above the operative -glass transition.
tenperature of the polyner particles and under a condition where [ERR] 5
wher e [ery I_n rf e f_th C o
surface/l|quﬁ%erﬁﬁer?gce%i ﬁgr?LkSB QXF%te%fgc?g#Béﬁgﬁﬁgé %ﬁ?ﬂe ?hrst
particle surbpesagdivenglagsr traheitionr tewpergture of the P°l¥@$¥] is the
interfacial gaetqriet hha pakvrer Banhithienswhbage/liquid interface [err]
and [err] represent the relative volunmes of, respectively, the average

pol ymer particle and the average first partlcle 15 2+

with [err] + [err] = ﬁ.&d gLe the %St partr'cI'GS @re able to make
contact with the surFaE§§_§T_Tﬁ_-poly particl esy¥o that when contact

occurs between first partictes and pol yner partlclés the pol yner particles
spread/oser where Yl 3 is the interfacial energy of the first

particle surface/llquld interface-
i _ : ' '¥y-5 is the interfacial energy of the first
' " particle surface/polymer particle
- _ interface ' _ | _ _
O 10 ' B Yo_3 is the'ihterfacial energy of the polymer
' | : ~ particle surface/liquid interface
Vp and ve represent the relative volumes of,
o respectively, the average polymer
- particle and the average first particle,

15  withvp + vge =1

and where the first particles are able to make contact
with the surfaces of the polymer particles so that

\J when contact occurs between first particles and
' polymer-particles, the polymer particles spread over
'20_ the surfaces of the first particles to create a
.dispersion of composite particles which have stability

-against partlcle - partlcle flocculation. and
agglomeratlon.

Because the first particles and the'polymer particles are

25 produced separately, the reaction conditions for production
of the particles themselves can be chosen so as.to be '
optimum for production of the particular particles desired.
~Particles which have stability against flocculation and
agglomeration do not coagulate and do not form aggregates of

30 a permanent nature. The particles may however, in some
applications, show weak non-permanent flocculation such as



20_" the surfaces of the first partieles'to create a djspersion of

conposite particles which have stability against particle -
floccul ation and aggl onerati on. Because the first particles

particle -
and the

{:polyner particles are 25 produced sepagately, the reaction conditions for
production of the particles thenselves can be chosen so as to be optinum
“for production of the particular particles desired. Particles which have
" stability against floccul ation and aggl onerati.on do not coagul-ate and do

not form agoieaales proddcd BeruBEGPL 13!Ubfe IO 96&&55&2?;.1“;35( however,
some applications, show weak non-pernanen o) tron Suc -4- is-

. used to p?GHE&SmgﬂFUEquEerﬁ°§Bﬁ§lba| ?rEQﬁb9§|%nohhe biquidnmediwh t he
~conposi t eipanbieles hattbecluaeapl aﬁdlﬂafylécbeweysrtﬂ&tdéﬁsiw na AOE ”By
~occur if the de?sLﬁé orlsrze of H%? gartlc es is sufficiently ‘great.

" This proc8&SwPf sﬁi’f thteRelf oPHEFOHeBELBaPFPA Ly or whol |y engul fed

.. or encapsul ated particles and, under preferred conditions, in the:
~ formmtion S e re a_first icle (al so
O onelecprGaLLEC e o;lELL BRT RS ESrUELS b RSt e PRI Le (2

| ayer of ﬁb?&hﬁrengﬁbfﬁér?rceegapﬁhbateﬁupdrhedlea1am@ tmnderocess W,
condi {1 onprikbtrbher ebaeiEns R AU ko bhaL LN Uglod g | aci al, ener oy
. for the core-shel s .in-the I|gU|d med |un1|s ' ess than the total.
|nterfacrﬁ?r%n§ fB?rrh% %pﬁ?%f%l? irst particle (also referred :
0 to hereln as a core partlcle) 1s wholly encapsulated by a T
10 layer of polymer. S
The partlcles, the llquld medlum and the process conditions’
_ w1ll therefore be chosen such that  the total interfacial
energy for the core-shell particles in the 11qu1d medium is
less than the total 1nterfac1al energy for the separately
15 dlspersed first partlcles and polymer particles in the
. medium, .
ReferehCes'to'the-polymer particles spreadind over the _
surfaces of the first particles include the cases where the hd
N -first particle is COmpletely encapsulated by'the polymer
=29 ‘particle as well as cases where the first partlcle is only
'partlally covered by the polymer. N :
o :\J_:

The liquid medium is preferably water or an &queous

medium.

By "aqueous medium", we mean water or a water-miscible

liquid (which may be a mixture of water with other -
25 lqulds)

In connection with- the process of the invention, it
important to consider whether the particle surfaces

is
are of a

hydrophoblc/hydrophlllc character (where the process takes.
place in an aqueous medium) or of a lyophoblc/lyophlllc

30 character (where the process takes place_ln a;non-aqueous

)



15 di spersed first particles and polynmer particles in the nmedium

Ref errences to the pol yner particles spreadi ng over. the surfaces of the

flrst particles include the cases where the first particle is conpletely
apsulated by the pol yner 20 particle~&s wel | as cases where the first

partlcle is only partially covered by the polyner The liquid mediumis

preferably water or an aqueous medium By "aqueous nedi uni’,” we nmean water

or a water-mscible liquid (which my be a m'xture of water with ot her 25

lthw dS)OI Inn@a&hmﬁgt It ﬁedMauta,ﬁhenahe?ee&behWe kA¥ERBEAB, hi Brd/: thP@L t ?nt_
o consi der er artic urf aces .ar Lo iC rophilic
character ( mﬁ%&% Sﬂ@ &ﬁeg CpPEEE 13qﬁ§8§gfﬁgﬁgbﬁf Sggbf a
Iyophobic/lyaphdpu:wm@re ahanacbscl@ﬂhérbythhepconEexttahyérpphoblcnla ' ’
non-aqueous. o BRAuAer stbogUY 1l ddenyeh fBphbkic! antﬁg px%ﬁeeh@@c

and hydrophlllc w | e used int |s speci tlon an
excl uded by ﬂﬁeh@bﬂméﬁFStﬁﬁéréﬁhéBFéuﬂénEolﬁépbhééFstood as |nclud|ng
| yophobi ¢ and hydrophlllc is 5 ' to be under st ood as including |yophilic.

Preferably the s the rticles rem
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process. In mmqrqunhmuﬁLgbbhlﬂipomhanttpeosarfaeelofatheraanse with 10

the |nvent|o r g t han 0. 5 and may be greater t han
@artﬂéiég ddylng Q%e %&%E%

. ©

- -In many commercially important processes in accordance with

_ \1'10 " the invention,_ Yh3~—'ﬁ.z will be greater than 0.5, and

Yl-!

may be greater than 1,

When the polymer particles are dispersed in a non-agueous
liquid medium and the first-pa:ticles.have a lyophobic
sufface in the liquid medium, then the polymer particles.
15 have a surface composition-which includes oligomer or-
polymer or polymer components soluble in the liquid phase
sufficient to give these particles a_lyophilic'surface.

‘The first parﬁicles may be dispersed in a liquid medium.
prior to being mixed with the polymer particle dispersion.
20 The liquid medium of the first particle dispersion is then
preferred to be miséible with the_liquid'medium of the
 polymer particle dispersion. '

Similarly,_when the polymer particles. are dispersed in an
agueous medium, the first particles should have a
25 hydrophobic surface and the polymer particles should have a
serface cdmpdsition which includes oligomer or polymer or
: polymer-components_soluble in the liquid phase sufficient to
give the polymer particles a hydrophilic surface.

ere i1t Is .



When the pol ymer particles are di'..sperséd in a nOn-aquéous i quid nmedium ahd

. the first. particles have a |yophobic surface in the.liquid medi.um theén the

pol yner particles 15 have a surface conposition which includes oligoner
~-or polynmer or polynmer conponents sol ublg.in the [iquid phase sufficient to
~-gi ve these particles a lyophilic surface. The first particles nay be
di-spersed in a li qui d medium prior to being mixed with the polymer partlcle'

di spersion. - The liquid. medi um of the first partlcle di spersion is then . -

preferre 0. b SCIb|e h u f h icle
di spersi g# ﬁ‘l arlﬁppﬁgeﬁlét %‘ghgo'll'ﬁg égs ar’?riLéj r? a‘I'Fe %érés%e ?é\é an .
- aqueous rmdrumvemielwrshapaaww@hymmw t'kﬁlell%e@a-‘-o Mkﬁﬁ]obl c surface

and the pgby rpﬁéﬂféfésspﬁwmmvs &Méa&fsmtéprw@l ch includes
ol i gomer or po ner -or yner conpponent s soluble |n th 1§Ebd ase:
out Prer erotired Vet e [k Tk Vel L e.on SR, f 't
- wilk be W@ﬂivé r@mébetfhassitmmom:qiet&m:pé oi:e.SSomfls)uﬁodmulm 't hat
~any poly sed OVId ol vng, ar t.icl.es provided, a
G Spbrs) v TS HRSH o e Y SitbeEa e TR R0 i€ HOREERE I
the 5 @perate@e grlaesmlmtmm inchedetor ccomprige sbumonmrw:to bevw/
| ower tha{'nhf@e?eﬂ@erééi-yﬁ@ta&‘mc&t{ﬁy pé@@@ﬁssﬁc%t&t}ﬁe ated. The

..polyner may | ncl ude or rise, but is pot ted to, acr I|c aC|d or any
ot or sucREERIRRS nye et et te oy prory ) aney Lot epyrited \adgeta :

”_acrybate 2-ethyl hexyl acrylate, glycidyl acrylate- methacryllc ac1d
_or any ester such as methyl methacrylate, ethyl o _
: methacrylate, propyl methacrylate, butyl methacrylate, a N/
lauryl methacrylate, cetyl methacrylate, stearyl
methaérylate; ethylene glycol dlmethacrylate, _ _ .
'_15 tetraethylene giycol dimethadfyiate,_glycidyi methacrylate,
- N'N-(methaCryloxy hydroxy propyl)-(hydroxyalﬁy1) amino ethyl
amldazolldlnone-'allyl esters such as allyl methacrylate'
itaconic acid, crotonic acid or esters- malelc acid or
esters such as dibutyl maleate, dioctyl maleate, ‘diethyl
'20 ‘maleate; styrene or substltuted derivatives such as ethyl
: styrene, butyl styrene, d1v1nyl benzene- monomer. units which -
include an amine functionality such as dimethyl amino ethyl
. methacrylate, bﬁtyl‘amino ethyi methacrylaﬁei monomer units
_ which include an amide functlonallty such as acrylamlde or
25 -}methacrylamlde- vinyl ethers, v1nyl thloethers, v1nyl N
alcohol, vinyl ketones, v1nyl halldes such as vinyl i
chloride, vinyl fluorlde, v1ny11dene chlorlde, v1nylidenef
fluoride, tetrafluoroethylene- v1ny1 esters such as vinyl
~acetate, vinyl versatate; vinyl nltrlles, for example
- 30 acrylonltrlle, methacrylonltrlle, diene monoﬁer units such
 as butadiehe;'isoprene:"allyl_ethers such as allyl glycidyl
. “ether. Alternatively, the polymer may be a polyoxide such
" as poly(ethyiéne'oxide), poly{propylene oxidé) a polyester
such as poly(ethylene terephthalate), alkyd:; polyurethane-
35 polysulfonate- poly51loxane such as poly(dlmethyl 31loxane),




10 2-et hyl hexyl acrylate, glycidyl acrylate; methacrylic acid or any
ester- such as nethyl nethacrylate, ethyl nmethacrylate, propyl nethacrylate,
butyl methacrylate, lauryl nethacrylate, cetyl nethacrylate, stearyl

hacryl ate, ethylene glycol dinethacrylafe, 15 tetraethylene glycol
di tret hacryl ate, glycidyl nmethacrylate, N, N-(nethacryloxy hydroxy
propyl) - (hydroxyal kyl ) ami no ethyl anidazolidinone; allyl esters such as
allyl methacrylate; itaconic acid, crotonic acid or esters; maleic acid or

esters such gglgngEXEeq&bSQQ?gcQEQQEME)?absi Bul€bRbNYpoZPsul PRoRahEde;
styrene or subsTituted derivatives such as et Xl-st rene, bu rene,

_ t st
di vi nyl benzeRdyamdAsnspchnaesPRAYERAPRELAGE2RA, aRP X?FﬁﬁE?Fﬁﬁﬁ}?? such as
di net h\;llvlh -aLn' aaii@tahubermtbagw#nahe; pollyuraat nhetehygbyobibapoyymée; suemoner
units ich iinclude_an am de .functiognal ity,such_as.acrylam de.
et hacryl ani 88 POLGyRPYERYFIaLyRn, PORRvEbYRoPEPSTABRRIREE, SR Eatry
ket ones, vinybcparﬁdespgmyheassubhyBSCnabnrdb,rubh9r:f9eb§tﬂe;_vinyIidene
e oride, v BUEbAROABIUOBLAR abCbedihiBpact ArkeDeceYilibogp! ors such as
vinyl acetate, vinyl versatate, vinyl nitriles, Tor exang e 30
acryleni t ri | @olyepnkepateni prilvanhyisidespRrok¥rlliAnessighhagsebay benene,
i soprene; al ptopelileaes copoymeral | yl glycidyl ether.. Alternatively, the
pol.ymer may be a pol yoxi de such as pol y(et hyl ene oxide),  poly(propyl ene
oxi de); a polyester such as poly(ethylene terephthal ate), alkyd, -
pp[yurethaneEhQSfirpmlpawhﬁcﬂesemayobymprdsane:smnhlaéephhqtdanéchyl
siFoxang): orghnic or polymeric materials. These include but in no way
\~ - ' are limited to the polymers and polymer components listed
' above and pigments, fillers and extenders,_fbr example, -
titanium dioxide, iron oxide, silica, alumina, lead oxide,
lead chromate, zinc oxide, Calcium_carbonate,'magnesium
15 catbonate, barium sulphate, calcium sulphate, magnesium
ox;de, algminium silicate, dolomite, talc, china clay, '

bentonite or mica.

Dispersions of the polymer particles in a liquid phase are

used in our process and provided the particles do not .

20  dissolve in the liquid phase and remain stable, liquids may

", be selected from a very wide range. Liquids which are

espeéially suitable include, without any limitatidné to
these, water, methanol, ethanol, propanol, ethylene glycol,
propylene glycol, glycerol, ethoxypropanol, propylene glycol

25 methyl ether, ethoxyethanol, butoxyethanol, pentane, hexane,

 heptane, octane, nonane, deqane, dodecane,. tetradecane,

'cyclohexane,'décalin'and'high-boiling pataffin mixturgs.

The dispersion of polymer particles is preferably a latex .
which may be synthetic or néturally.occurring._ The polymer
30 particles méy include or comprise'oligomers or polymer-
precursors'including monomers. Additionally, the polymer
particles may include an organic liquid residing at least



~polysul fide; poly(acetylene); polysulfone;- ponsquhonan1de;.polyan1de such
as poly(caprol actanm), poly(hexanethyl ene.adi pam de); polyim ne; polyurea;
heterocyclic polyner ;such as pol yvi nyl pyri di ne, polyvinyl pyrrolidinone;
(naturally 5 occurring polyner such ag-natural rubber; gelatin;

car bohydr at e ‘such as cel |l ul ose, ‘al kyl cellul ose; ponQarbonate o
pol yanhydri de;" polyalkene such as. ethyl ene- propylene copol yner. The flrst e

partlcles may conprise or include inorganic, I grganlc or polynerlcd
: rs_an
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- sul phat e, hat xide um ni um si | i-cate
talg chi N3 @%2 5% Sgséf nﬁ sﬁBFgFgﬁgnoPrtﬂ@YpBPVﬁeP°H3rt|cles
in a5I|unGhBFa§§e£Fé ﬁyegtnnnouhepr&hessompdsptevpdedltmesparelmheé do not -
.20 di sgel wgeldd the liquid phase and remain stable, liquids may be '

sel ected froma very w de range. Liquids which are especially suitable ,
i'nclude, without any limtations to these, water, nethanol, -ethanol, o/

pr opanol , Teta¢heaeegtueohecasear&eﬁarah&meLpaakyeQéOLtasib9£yp&fpéﬂe'
but oxyet hanol , pentane

- I methyl e 0X
propy enceBiygal gare Tl a2NShy ShieXgELhanel, DU oipel anel Cpen!
cycl ohexahke, uaedal|Hoandxamgheboahmqglpareﬁtionﬂtxtubﬁsloﬁbe drsperslon of

pol yRBI - pﬁbi%ﬁé§§c'§uP?§EEEﬂstm§¥|ﬂ%eésgﬁlﬁﬁeﬂa¥ggeggY2ﬁQ nggbfﬁaturallyf |
~ oceurring Eon s s nthet c latex, InnC|ua ti larl blgners )
" or p0|ynEdlspers is a sy i atex a particu Y suita
stabilization mechanism, . oligomer or polymer_cha1ns which
are soluble in the:liquid medium are covalently attached at
"the polymer particle surface. Suitable synthetlc latexes
_15-: may be pre-formed prior to the process of thls invention by
any ‘of the well known preparatlve technlques such as
dispersion or emulsion polymerlsatlon technlques at ambient
or elevated temperatures and pressures; by polymerlsatlon in
a wide variety of ligquids (which need not be water
20 ddllutable), or by emulsification, micellisation or ' s

micro-emulsification techniques.

Where a natural latex is used, then th1s will be naturally .
_stablllsed. 3 o : : : S ' ' SJ_Q

The core particles may or may not include a surfactant. _ -
-25_ They may have a surface layer of relatlvely hydrophobic |
- material which may be chemlcally linked to the particle _
surface or may be physically adsorbed at the surface. Where
a hydrophoblc material is physlcally adsorbed, then it . .
should be ensured that it is not readily desorbed durlng the
30 productlon of the comp051te particles.

The polymer partieles will in most cases have surfactant at



precursors including nononers. ‘Additionally, the polyner particles may

I nclude an organic liquid residing at |east partly inside the polymer "

partlcles The organic liquid may be water-nmiscible or not, and nmay for
nple serve to alter the operative gl ass2transition tenperature for the

polyner or may serve to assist in filmformation or may have sone 5

ot her useful function when the conposite particles are nade or used. To

achi eve the necessary particle-particle stability of the polyner particles,

any suitabl etneabulifaeei €6 peokadestheanebessacy. paEatcesapafelcnelonuc

Lioni I _ N
ol yimar part PEPEratsPer ohn Boul B LY, SHFRAFARERS B Bfs SfcllE "
sui tabl e st abemaiasi dankedhaai she shrgeqerdorlpglyherpcheems Dedanser it
soluble int Sn'bQBdeQE@PH”}éEG%EQKQ Fg%%&s%&&gﬁgfglé%et$ffﬂoéy§§{llty

particle surfacer Suitab et'l Xes pre-forned prior
to the. §roce§§aéPthf§°FﬁVéﬁFF8ﬁ 59daﬁ996?mﬁﬁétkﬁplaRﬂoﬂﬁ“%%Edeh }ve

technlques suﬁbraasélaaerﬁyaaoghlﬁmulﬁaeﬁrQObfnenéSQatﬁacée@hﬂﬂﬁyes at

e O FLeNohed bATRR-Teb Shar a8, £3SHAGTne RoBRe B RS pog L e W
enul si ficati @The pt&mhkys&hnon1on ofctheesurfattanti e techainmtedn there a
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particles may or nclu e a sur have a surface
| ayer o pore|5pk§§|yohyapéghgbpcpresence of excess surfactan during the

process to avoid adsorptlon of the surfactant onto surfaces
o of ‘the first particles. - '

Where the core particles include:surfactant et'gheir surface
and the surfactant remains linked to the core'surface,-there
15 may be cases where this surfactant will reduce the
* hydrophobic nature of the surface and -this must be allowed
forlwhen selecting a system where the polymer particle is
: intended'tq have a more hydrophilic surface than'the core
material. '

20 In order for the process to operate,:it is necessary that
| the polymer particles be able to contact the surface of the
core particles. 1In order to achieve this, a condition |
should be identified under which the core particles have no
or reduced stability to flocculation with the polymer
25 particles and under which the polymer particles retain full
stability against flocculation with their own type. It may
be best to slowly add the core particles to the dispersion
| of_polymer particles. It is convenient if the core
particles themselves are in a liquid dispersion and the core
'30 particle dispersion can then be added to the polymer
- particle dispersion.

<

In order to control the relative stabilities of the



mat eri al whi.ch nay be chemically Ilnked to t he partlcle surface or. - nay-be
physi cal | y adsorbed at the surface. \Were a hydrophcblc mat eri al !s B

- physical |l y adsorbed," then it shoul d -be ensured that it is not readily "
"desor bed during the 30 producti on ofjpbe conposite particles. The pol yner.
particles will in nost cases: have surfactant at the surface to provide
~the necessary particle- particle stability. It is usually advantageous if
the surfactant remains linked to the surface during the process because it

c ai nst
Moot PRrtiELe8ruhha 0 CR0P0SRLEPAURD o G it HIGBLE Ut dsSa 480
nat ure ofC?ﬁéléb?ﬁacenothth@oﬁbiyﬁ@rdpapersien nayl béizlteredivimtageous to

the procegsy JWRECRIMBLY éaaettﬂ&eé SH{ERES e MRI Ntain the
stablollty thecflnl 3 osite arxt.%gl? C%ea% dr'E e 10 taken to

avoi d t he f)?'é%léhc?es% t&c e BYff ‘F%n‘?fdﬁﬁ‘? ngtakke ;ﬁ%bé%%rto avoi d -
adsér pt i opantld:ltessurTlaetemhd:bni@nsucaimpeﬁoﬁfeiirﬁpiéI She FHiItt.éfe@% ‘\Where

h ctant at,their surface, and_the surfactant
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|ntended to ave a e h dro hilic.surface t t e "COrf e ertal. 20 In_ .
order forSPHA ?’bc ke Pﬁr’i’s"qﬁ%e‘%@a* WQY&tW‘H@%IW -

partPcI esstnbal:ﬁ.'ey.to cont act the surface of the

In other cases the necessary condltlons can be generated by - “&(
'us1ng a 11qu1d dlsper51on of the core partlcles which. 1s :
unstable to dllutlon with another liquiqd,. and then slowly
- adding the core partlcle dispersion to a dlspers1on of the _
15 polymer partlcles in the other 11qu1d Alternatlve control
mechanisms may 1nvolve the elevatlon (or reductlon) of
temperature or pressure to vary the stab111ty of the
'partlcles, or the use of agltatlon or shearlng technlques in
the dlsper51on.:

o/
20 In yet other cases the necessary conditions can be generated :
u51ng core particles which are solely’ ionically stabilised _ '
and polymer particles which have some steric stabilisation Ld

'and'adding_cOmpounds teg'surfactant molecules or polymer)
which carry an'opposite'charge to the ionic stabiliser.

25 Alternatlvely an electrolyte compound could be added. This
method has advantages in that the compound of! oppos1te
charge is only requlred in very small amount and may be
- selected to increase the hydrophoblc nature of the core
'partlcle which 1s advantageous for the process.

300 1t may be desirable to provide different stabilisation
mechanisms for the two types of particle:'for:example
the polymer particles might be sterically stabilised whilst



core_particles,- In order to achieve this, a condition should be i dentified
under which the core particles have no or reduced stability to floccul ation
wﬁth.the-polyner 25 'particles and under which the polyner particles

ain full stability against flocculatiopwith their -own type. - It may be
be t to slowmy add the core particles to the dispersion of polymer
particles. 1t is convenient if the core particles thenselves are in a

I'i qui d di spersion and the core: 30 particle dispersion can then be added
to the poly particle ersion..ln.o rt tro the re e
stabi i1y Epel pare berhiaRer afr AOREEEEY effiad) e St
energi es, thpacbidiesomight bheccbnbnnedlﬂysgéabibmsméyamm the ecaxte i n any
way which wibLreause tQﬁxﬁRiSai?gfté%ﬁﬁ{ o8SCOf dsnd Aidi Setbdd the

he con

presence of e sta ~ part Itirons can, for
exanpl e, be &peeiay e?daaaves ofr ofPerial r%ﬂi%%‘i%ﬁn CoRALHLIGRS dTAY 9% &R d
such assnethggqﬁlgédethanol to the dispersion, on the basis that the
polymer particles will retain théir stability in such a solution whilst the
core particles will have reduced or no 10 stability. I n other cases the
neceSsary comHet rebattaa bEzgenenatedlbyluelmglmmésqufdthbsﬁmrston of the

core partiol g3 whlebe! sni"ehabbs1tAel! LULLEDIIL g0 LN Sko | ddil thodll 4N

slowl y addin core | spersion o
polyner partaecegdancehelbbheheliqmedtlonuté?hexpv@ce%mt¢6lthe invention

_works satisfactorily when the ratio of polymer partlcles to

‘ 10 first particles is approximately 1 1. However other ratios
N\ may be used, and it is preferred that there be more first

particles than polymer particles. In many cases the polymer

particles will be larger than the first particles. In some |
cases, more ﬁolymer particles than first'partiCIes'may be

15 used w1th the intention that some polymer partlcles will be .

left as 51mple particles and will not form composites.

According to a second aspeet of the-invention there is.
provided a procéss for preparing a dispersion of composite
particles in a 1iquid phase, the composite-particles'beiﬁg

20 stable against flocculation and agglomeration, whi¢h process-
comprises mixing first pa:ticleé, which particles are not |
stable against flocculation and agglomeration in the
process, with a liquid dispersion of polymer particles where

- the polymer particles are stable against flocculation and

25 aggregation;'wherein the mixing takes place place at a

' temperature above the operative glass ttansition'temperature'
of the polymer particles and where ' ”
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mechani snms may i nvol ve the eIevatlon (or reductlon) of tenperature or,

pressure to vary the stability of the-particles, or the use of agitation or
'_agearlng techni ques in the dispersion. 20 .In yet other cases the

cessary conditions can be generated using core particles which are soIer
ionically stabilised and pol yner -particles which have sone steric
stabilisation and adding conpounds (eg surfactant nolecules or polymer)
- which carry an opposite charge to the ionic stabiliser. 25 Alternatively
~an el ectrolyte conpound coul d be added. This method:has advantages in that -
t he conpound of opposite’ charge |s only required in very small amount and

selected to increase droRhoblc naj rg gf the core particle -
o B8 1

' '_\C/i\h:cci’fﬁiesr%dﬁa JouSTRorr LRf lBPB e¥QIUAES PRC ersTr‘éd)l 2 f ovi de.
- e;ang'fteé}f%e qog1 y %t g’ﬂ‘{mq aé{}wlg? r&abcget;gg *Ttttvé;l '#%//&gla% e‘lﬁﬂé\hl . st O; _ Lrhe
o1 e Pl Pt el 00 £ L shobbhagd:cbr! BRePSYTER BRELECRESAT N Do
sone M@@%l&@%@l tﬁédsﬁthéeoéoﬁBSEiﬁioﬁgbfai:h@“fi?&é' tions ‘may n(?stJ

- -be 5 " required. The relative sizes and relative volunes of the first

'part|§3f§1@1§b1he pol ymer partlcles have to be considered in accordance
with the invention. The process of. the i nvention works satlsfactorlly when |,
the ratio of polymer particles to 10 first partlcles IS apprOX|nater
1:1. 'However other ratios '

The 1nventlon extends to a compos;te partlcle dlspers10n made

by any of the processes descrlbed above, either 1n an aqueous o/

medlum or 1n a non—aqueous medlum
- DRAWINGS

Various aspects of the invention and’of-this_spebification

require reference to the accempanyihg drawings, endsthese

. o/
- drawings are listed below. The drawings are given by way of
example and do not limit'the scope of the;invention. In the

Figure 1 shows first particles and poiymer,éarticles

before composite particle formation;



may -be used, and it is preferred that there be nore first particles than
‘pol yner particles. In many. cases the pol yprer particles will be larger than.
the first particles. In sone cases, nDre_Eonner'particLes than first
pfrticles may be 15 used with the intentdon that some polymer particles
will be left as sinple particles and will not form conposites. According to
a second aspect of the invention there is provided a process for preparing
a di spersion of conposite particles in a liquid phase, the conposite
particles being 20FigarabReshgaesnat cbhpositat papt bole agispers fbh ofm ahich
‘process -conprises /iX|.6 i - paLti jch.partficles are.not stable -
agai nst flocculatig%éggg égé?%ﬁe?ét%§%8?ﬁa$€% %%ggeéég ﬁﬁY%ng} ﬁhuid '

di spersi on of polyner particles where the polyner particles are stable-

agai nst floccul ati pagapd 35sho@99£eﬂ§}£991I%Tgégﬁffégeffiéirﬁhff%@f?PlaCé

place at a tenperatuife above the operative transition tenperature of
t he pol yper particles and where and ' . [ERR] - -12- where '

&Err] and [err] ﬁrEigﬁnetAoanbwsOhUGﬁﬁpéﬂfbetﬁ@itiﬁif]W¥eiﬁré]nfhﬂeﬁ”&k
ere [err] is the terial of 0 ro
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surface conpositioﬁaﬁtiFheffirst“particles. The invention extends-to a .
conposite particle dispersion nmade by any of the processes described above,

ei'ther in an-aqueous nédign1or in a non-aqueous mnmedjum .
_ Figure 5a shows a standard composite particle; -

iﬁ, ' _Figure 5b shows an inverted composite parﬁicle;,

. Figure 6 shows a structure achievéd_éfter loss of the
10 liquid medium; ' ' |

,Figﬁre3'7a and 7b show apparatus for use in the Test
Method; '

_ - Figures 8 and 9 illustrate_the results of the
— ) Preliminary Test: ' ' '

15 Figureé 10, 11 and 12 show alternative possible
| ‘results of the Test Method; and = °

Figure 13 shows apparatus for use in carrying out the
Examples. '

Figure 1 shows first particles 1 and polymer particles 2
20 dispersed in a liquid medium 3. In this Figure, the
_particles are present in a 1l:1 rétip, but this is not
 essential to the invention. The particle number ratios and
particle volume ratios will be discussed later in this
specification. | ‘



DRAMVNGS Varlous aspects of the invention and of this speC|f|cat|on reqU|re
‘reference to the acconpanyi ng draw ngs, ‘and these drawi ngs are listed e
bel ow. The drawi ngs are given by way of exanple and do not linmit the scope
(pf the invention. |In the drawi ngs, Fr34re 1 shows first particles and _
ol ymer particles before conposite particle formation;: - Figure 2 shows a
conposite particle dispersionin aliquid nmediumin accordance with the
“invention; Figure 3 shows a partially engulfed first particle; Figure -4

shows a CQHPE%hEQlQQrttﬁeep3@9h@rapaﬂﬁbele§f25w111 1n1t1£nn§tbea&hlcles are

Somos: + cShapLPcASERRATFE B ERSAE EHBi F0crhBa - LMRASPRLE o1 ol e. i gure

6.shows a structure achieved after |oss of the 10 : quuid medi um

- Figures 7 an?ﬁgnghg tggggra%gﬁ tﬁr“ugﬁaFad%engeiﬁeNgi Bgrs gs 8 and-

9 illustr S0 Pés 10, 11
~and 12 shﬁﬂlxmﬁerRéFFVéls§s§F§herré§upﬁ§téﬁuﬁ§§eT§§thh9no§5 HﬂHtFpéure 13

shows' apparaeeanhogtusselalséskxaea BBthBStEﬁaﬁﬂkéiesFlgure 1 shows first
particles 1 and pol ymer partlc es

Once'the first particles are in the dispersion with the SJ
poiYmer particles, it ie_necessary_that there'be no barrier
to contact between the first'particles and the polymer |
particles. Where the first particles are added in® : B
10 'partlculate form, they may be unstable as soon as they enter W/
"~ the liquid phase.. If the first particles are 1n1t1ally in '
their own stable disperslon, then they may become
destablllsed by v1rtue of the interaction between the two
. '_11qu1d mediums, ie the lquld medium in whlch the first
15 _partlcles are dlspersed and the llquld medlum in which the
' polymer partlcles are dispersed. 1In a ‘third’ alternatlve,
the dlsper51on of the first and polymer partlcles may remain
-stable, as shown in Figure 1, until a further component is
‘added to the dlsper31on which has the effect of ' \J'
20 destabilising the first particles. | o

Once destabilisation has occurred, and provided the o -
conditione'in accordance'with the invention for production -“J_,
of comp031te particles are present, then composite: partlcles.
4 will form dlrectly to produce the' comp051tes shown in
- 25 Figure 2 where the polymer_partlcles wrap around the first

* particles. The process is thermodyhamiéallY&driVen. There
is_however.no significant difference in thenmodyhamic terms;t
between a composite particle where'theffirsﬁ particle is

~ 'central in the composite (as at 4a) or where the flrst

30 partlcle 15 off centre (as at 4b).

Dependent on the size and characteristics of the first and



20 dispersed in aliquid nedium3.- In this Figure, the particles are
present in a 1:1 ratio, but this is not essential to the .invention. The .
particle nunber ratios and particle volume ratios wi.ll be discussed |ater

i nfthis specification. -14- In practicgg-the polymer particles 2 wll
inttially be in stable dispersion on their own in the liquid nedium3. The
first particles can then be added to the dispersion of polyner particles
either in particulate form or as part of 5 a second stable dispersion . -
of first part] . fi - AYNe LN e_di rg) Lth the -
polyner_part%gﬁgg?riggﬁglkgggés%§§p9%%%gthg?gggge%océgr??Eﬁgfo§%§ﬁtﬁ%t' o
bet ween the Bheyn par Filgrss gmdorhpapsisheengul frentscan\peeer(ae shown

particles argnagdgdren3}Oor Ranhinbekabe EQEEY HEPYiEB¥sbRaynséabl e as soon
as they enter the |i Ulg ghase. Iﬁ-the first gartlcles-are initially in
thei r own stSBFQPBP%géF i 3R, OPReROL¥EGE nBIF bLEORe2BBRAWR | 1R HLFYT i %t ue of
the -interaction between the two liquid nmediuns, ie the |iquid nmediumin
which fhe fi : articles.ar. ' S ' e | jqui d: pedi | i ch
the pobymer BAPERSFgRobliEs 18 BydbIBReced, BRtalilg LhibbeLEE Larti 1L
di-spexsi on oBiVER Ri FPECARACPELYALr PREtiritesanBperifidrnPalymer PAEtERbAN
in Figure 1, auat bl spebykibenigaiBOnea i unScaddsd h8ckbeafhéd@chyi @Be WECh has

hae Sceorr edenaneptobeabaa, esaribsa 1hBrPI! LRLS spsBERETRIGR! 100 O
However if a negative result is given by the Test Method,
10 then Composite particle formation may still be'achie§éble by
a) modifyihg the surface of one or the other of the
pafticles‘with an added component, or

b) modifying the liQuid phase to encourage
destabilisation of the first particles or to

'15 | - change the interfacial energies in the system.

The factors to be considered in choosing the added

component or liguid medium modifier WiLl_be apparent to the
skilled person from the following discussion of general
principles. ' '

N

20 DISCUSSION OF GENERAL PRINCIPLES

- When polymer particles have contacted the surface of the
core particles, it is necessary that the polymer particles
can spread over the surface of the core particles and that.
the polyméf particles can at least partially encépsulate_the

25 core particles." The particles must have surfaces which,

-in the liquid medium, provide such interfacial energies that

- the encapsﬁlation leads to a reduction in the total
interfacial energy. The detail of this is discussed below



conditions .in accordance with the invention for production of conposite
‘particles are present, then conposite particles 4 mﬁll formdirectly to
produce the. conposites shown in 25 Figure 2 where the polynmer particles

'{ywap around the first particles. "The recess i s thermodynam cal | y-driven..
There is however no significant differénce in thernodynami ¢ terns between a
conposite particle where the first particle is'central in the conposite (as _
at. 4a) or where the first 30 particle is off. centre-(as at 4b). Dependent - -
-on the size and characteristics of the first and pol ymer particles,

conposi't e Yfa

i IRRETAR &t abh Fheersiomnd thriisgbheory @mravideisalan

. engul f rentexpRnatdon @ Heowhe RNdiHionE Widedr WHIRS pafrtfiiddhParticl es
may be-en

?ggq I ted ol yrer tigle as shown in Figure 4. 5
Whet her o -no;i.cﬁ‘t %st%gg‘sﬁﬁoe été(Sl p?reptff?d 16‘&%0& te particles given a.

specific first particle, a specific polynmer particle and a speC|f|c l'iquid

”Ed'U”‘Caﬁnb%nﬁiﬁpof%dﬂﬂjémbd&%ﬁégk,%&et,%§5rgﬁgggdogegg%kg%$g|%t inthis

speC|f|cat However . if a negative resu rven

RBv hod; 10

‘theR co igid medivgy dg WateraPrsan) aqyeoashsgmbnenbyna) with
~ nodi fyi ggthlis dindde mefliare ier ishpreteered thae Rfk! gsh ghey th an addechs

conponent
of the f|

urage. destabilisation

9&1§?chPg§Qo%ylggf%%% whith' gﬂ%ﬁgﬁtgﬁgggﬁpéFFScFHPneﬁbﬁgles in

the syst efurfpeef &t $he corgepestdcdesed Thishmeansgthhe gHded conponent or- -
l'i qui d ﬁEdhE@tEﬁéhBUeén@&by Q@raﬂﬂérgﬂterﬁakgebetween the polymer
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' partlcle surface and water or aqueous solutlon 1s less than o
the interfacial energy for the interface between the core

.Allowance must be made for the presence of surfactants at

~

partlcle surface and water or aqueous solutlon. cOnversely

it can be said that it is preferred that thelcore particles

have a surface which is more hydrophobic than the surface of
the polymer partlcles. Particles with surfaces to meet this
condltlon can be selected by considering surface tension

" data and by ensurlng that the polymer partlcle surface has a

surface tension nearer to the surface tens1on of the water

or aqueous solution compared to the surface tens1on for the

w

- core particle surface.. Presence of water-soluble ‘polymer,

oligomer or polymer components at the partlcle surface will
increase the hydrophilic character of the particle surface.

the particle surfaces because surfactants w1ll usually
increase the hydrophlllc nature of the surface. This is.
likely to be advantageous to encapsulation when the polymer
particle retalns surfactant during’ contact and encapsulatlon
and when the core particle has surfactant thch is removed

or is rendered ineffective or is made hydrophoblc at the - g

area of contact with the polymer partlcle.

Under this preferred condltlon for the relatlve hydrophlllc/
hydrophoblc nature of the particle surfaces, the polymer
partrcles may be smaller than the core particles and in



skilled person fromthe follow ng discussion of general principles. 20

DI SCUSSI ON OF GENERAL PRI NCI PLES When pol yner particles have contacted the
surface of the core particles; it is necessary that the pol yner particles
_c;P spread over the surface of the core_ggrtlcles and that the pol ymer
paticles can at |east partially encapsulate the 25 core particles.

The particles nust have surfaces which, in the liquid medium provide such
interfacial energies that the encapsul ation |eads to a reduction in the

total interfacial ener e detail- af, this di,scysse I 86- in
the section S9MS t9akf %0137' Vit tsmag‘lt FECHE arﬁrcio#dg‘%a%og% ?’\gﬁgtlc%n as to
the conditions under which particul ar particle structures can be obtai ned.

In an 'nportﬁptored'gp%&e@heo rtct&sty e leat‘éursa't&‘é%@t%a.l it tbe

l'iquid nediumis water or an aqueous sol dtion and wth t u|d d| um-

it is prefemeagpasary tthatpdhedolymney Qfthepolymer, P&Eé%l c ke 8P

hydrophilic Echaébrté?ﬁi DV fsurtFacOIcE pave icolres par'ﬂﬁc&erream haze the
interfacial ener or the interface bet n the %pl I particle

surface and SR YRGS R BASPAYS esa§°t arf the | nt er fnam al energy
for the int etrérmimimmhid‘te w0 e fiEay tucclm s:hﬁ%@@emldl\mepno“a&beous

sol ution.. Conver Se‘}%laifaév:ﬁim%%é%l%& Qﬂéma;r ird é‘g&r gﬁan t Fmelrle a@ee

particles hSRE % 'S nore ic t surface of 15 -
thé polyner qpetdtive glaasg thransitdam *ﬁmﬁ‘%@één‘teo MaYe & H‘-n"é* same as

the glass transition temperature normally associated with
.10 ~ the bulk of the polymer particle, or may be made lower than
N the glass transition temperature (Tg) either by modlfyzng
the polymer structure or by including liquids or other
coﬁpounds in the polymer partiCIe-which_produce'allowering
of the glass transition temperature. '

.15 An adequate guide to the operative glass transition
temﬁeraﬁufe can be obtained by measuring the minimum film
"forming temperature (MFT). Measurement of the MFT is a
technique known to those skilled in the art and one example
' of this technique is described in the Journal of 0il Colour
20 Chemists Association, 1984, vol. 67, no. 7 page 197.

We were surprised to find that the process can be operated
at a temperature which is only just above the operative .
"glass transition temperature, at which temperature the
internal viscosity of the polymer particles would be

f“f25 expected to be very high. '

It is desirable that the polymer particles are not
gel-particles and do not contain substantial internal
crosslinking.

Although it is an important feature of the process described
30" that composite particles can be prepared without the



_condltlon can be selected by considering surface ten5|on data. and by
ensuring that the polynmer particle surface has a surface tension neareér to
the surface tension of the water or aqueous: sol ution conpared tothe
"surface tension for the 20  core parjgcle surface. Presence of

‘wat er - sol ubl.e pol ymer, ol i goner or polynmer conponents-at the particle

~surface will increase the hydrophilic character of the particle surface.

‘Al 'l owance must be made for the presence of surfactants at the particle:
~surfaces bec 1se su rease the hydrophi | ic

f .
nature of ?Yfé i 3vim e E aEt%?'gl?gilfﬁ%F 1?%3 b%raﬁ?/iam'ﬁﬁeﬁﬁg ?B encapsul ation
- when t he pbélyneal preactiens ahay nse susééciﬁrﬂesiimedngtcocﬁamgeaude

‘encapsul agj, eghﬁ 0-fhe1 691 e p@ftéﬁ&sg QS fyr%gf %%&Qif | §,4emoved or

i's rendered n ve or IS rmade h obi ¢ area of contact’
“with the HofyHE? pamporerts hereme hllsnlﬁﬁ f@r%%lcbcmmﬂ ofuring tthe rel ati ve

* hydrepphi | ESfmEy 6w PO bEKe r@émgs@spée t ﬂs@reféiégl &r ssﬁﬁeé@@eniﬁe RO Y{Er
particl es_may, be snallir%%ae e core parti 17- sone cases
r

may be veryy tII%I‘F Lohp os‘f‘ﬁ%e%‘b?’ét p%‘?t?%‘f‘@s*fne o?%"e‘i'lqjcﬁ t he -pr ocess
to operatéoslaatmract@r|pqumer|eommmar§'h¢mm bérecpnds nkinkdd t he pol yngy

particle peebheeh® %pf hOVEE £ sgrgﬂc&&t é%&merﬁ‘gédf \e&“ e have 5

found that this can be achieved above a transjti ure

refer to }pclyfed sphthin cthe FrmRosike RaAFeicley (fek exampks thibn
‘t enpgy at wmmgtmpﬂ,mngf@@eﬁ@wﬂ(&gl ass tran5|t|on terrperature may

be the sanme as
;Where the"composite particles haVe been prepéred to include N/
a 31gn1f1cant 11qu1d content, it may be des1rable to
cross-link the polymer component or to 1link the two
_ components by sultable chemical bonding s0 that when the
15 liquid component is removed subsequently, 1nterna1
' ' re-arrangement of the compos1te particle is lnhlblted.
Alternatlvely, the glassy state can be used to inhibit or
reduce  internal re—arrangement of the polymer component(s).

In many cases, however, it will be desirable;that.internal : \J_[
20 re-arrangement be possible.

_ Under the preferred ‘condition for the relatlve - R
hydrophlllc/hydrophoblc nature of the partlcle surfaces, o \J
composlte particles with a wide range of ‘the two components
can be made.  Where Vp and vg¢ represent the relative volumes

25 of, respectively, the average polymer particle and the
' everage.first particle, such that vp + ve =1, then we
believe that engulfment can proceed if

Vo=V =% o
. = | v"’ '
-3 . <

where y is interfacial energy and where

S 1-3 denotes the ‘interface between the first particie



the glass transition tenperature nornmally associated with 10 t he bul k of
the polyner particle, or may be made | ower than the glass transition
tenperature (Tg) either by nodifying the polyner structure or by including
(pnds or other corpounds in the polynecygarticle which produce a lowering
the glass transition tenperature. 15 An adequate guide to the
operatlve glass transition tenperature can be obtained by neasuring the
m'ninumfilmformng tenperature (MFT). Measurenent of the MFT is a
t echni que known to those skille n a of this
techni que i s described Fﬁrgﬁ%eJ%ﬁén +b§¥ ?% g%g?our %ﬁgy%§En1sts
Associ ation, 1984,1vpl .dédotes. the pimeetface \Between stherfismt tpaftiwle hat
the process can be opera&séféaeaaﬁ@r@ﬁé%aiﬁnwlﬁéuﬁcwlohdfyssulafma@ the
operative glass transition tenperature, ‘at which tenperature the interna
viscosity of3ffle p2+ynefepatres cthe ipterfare Jetvwesn the PQWMRE very hi gh.
It is desirable that thpapoiylerspaface! £nd aretawtogadqPsdis debatish do not
contain substantial internal crosslinking. Although it is an inportant
feature of the process described 30 that conposite particles can be
prepared wi tbnderttieis prefervedeconditidwsni cal reactions or
pol yneri sation, chem cal reactlons nay be used if desired to change t he
conposite particles. Forv X2 ggy be desired that the two
conponents becone |inked to each other uring the 5 fornation of the
conp05|te partlcles or subsequently, or it '

_ and the expresslon for interfacial energles in the condition
'\f’ . (1) may be expected to have a value in a range up to and:
| exceeding 1. For example where Yj.5 is relatively small
10 and/or Yga_3 is very small, the expression wilthave a value
greater than 1, and it can be seen from condition (I) that
encapsulation can proceed even if'vp is wvery small, Where
'71,2 is significant in valueland the interfacial energy
expression has a value less than one, there will be a lower
15 iimit to Vp (and'en upper limit to-vc)'fbr encapsulation to
proceed; and if the value for the expreSsion_decreases, the

N
‘lower limit for vp will increase.
If the liquid medium is water or an aqueous solution and if
&,) '~ the polymer particle surface is more hydrophobic than the

20 core particle surface ( 7263 > Y;.3) then it is preferred
that vp 5> ve. As stated abbve we believe that encapsulation
can proceed in this case also, according to condition (I)
‘above, but the interfacial energy expression in condition
(1) will in this case have small values, much less than 1.

25 This indicates that for encapsulation to proceed, the
expression for fractional volumes in condition (I) must have
a small value, ie it is probably necessary that vp » vc.
However if Yj_5 D Yji_3, the interfacial expression will
have a value less than 0 and encépsulation will not proceed

30 even if v vc. | '



. may be desired that subsequent to conposite particle formation, a polyner
-conponent 'should be cross linked within the particle or that a further

conponent shoul d be included within the conposite particle; for exanple by

"10 - addi ng -and pol ynerising a- nononer,, Where the conposite particles have

-been prepared to include a S|gn|f|cam:q|qU|d content, it may. be desirable

- to cross-link the polymer conponent or to |ink the tmn conponent s by

- suitable chem cal bonding so that when the 15  |iquid conponent is renoved
subsequently, internal re-arrangement of the conposjte particle is

i nhi bit edtt A& Ay nediye if R FPERAL WM PariePn Salnhidan or reduce
~i-nternal tisemrivnige prdfairédiechay Y mémﬂa(ls)endmgyw GheeS, -

. h t

poeell e dsshtd e DAL Vife BoldE YA i il T .
hydr ophi Inediwmirbo m;-ta)c imtlgss (ﬁhatmetl}mrltntarefawlf arergy digrotitee -
.partslclesm/uéir@cémmwéme;ﬁé t&zﬁ:é%mr&@%ﬂ&éwa% @fua V\hefe Lerrl

.and [err] - re esen relatlve vql unes 25 , respectlve

: avergge ’ﬁﬁ‘b grlt-r t%%éﬁ?fﬂ@éﬁmiﬁrﬂqr&’@ %tﬂ?f’ﬁ?&( vp + vc 5
= t hemméjﬁﬂtm}t rnayopangwd e et phecentd fpdritiidleMairEalcy 1] |
o nterfaC| gb?hg:b]i -denotes the interface between the fi rst i
tparticLe ‘er or aqueous sol uti on : :

‘Under thls preferred cond:.t:.on where. \'1 3 ) 72_3 we
10 ﬂbelleve that. encapsulation can proceed as dlscussed above . SO

‘that the relatlve proportions of the two components could be SJ |
varied w1th1n a very w1de range. ' :

.- Where “2 3> ’1 3 then it is preferred' that vp» vc. and as
dlscussed above it is believed that for encapsulatlon to .
'1'5 : proceed 1t J.s probably necessary that Vp > vo. Further we
belleve that if the interfacial energy expression is less
than 0 ( 71—2 b 71,3) then encapsulation w1llgnot proceed
even when the_core'particle'is relatively very small.

Often it iS'coﬁvenient to operate the process with very
20 '.approximately equal numbers of polymer particles and core
' particles so that one polymer particle can encapsulate one Q}

‘core particle; The resultlng composite particles then have _ T
an average total volume which is very approxlmately equal to
the sum of the average volume for a- polymer particle and the v
25 'average volume for a'co:e.particle. It will be appreciated
that for_each particle type, a distribution of particle
" sizes will exist. By using a very approximate lzllratio'of
- particle numbers, the average Volume content bf each
component in the composite particle will be directly related_'
30 to the average 51zes for the two dlss1m11ar partlcles used -
~ in the process. ' ' : - |



1:2 denotes the |nterface between the first particle surface and the

pol ymer particle (not surface) and 2-3 denotes the interface between the
pol yner 5 . particle surface and water or aqueous sol ution
Ungler this preferred condition: [ERR] andajhe expression for interfacial
energies in the condition (1) may be expected to have a value in a range up
to and exceeding 1. - For exanple where Terr] is relatively small 10
and/or Y2-3 is very small, the expre55|on wi Il have a value greater than 1,
and it can b@ en fronrco d |on é that . ﬁncag % on can rocee even
T err] s SEPSEORATOS Merhel SP) SiEsarstrr, BRRE PRSI FAE BRASPRY-
interfacial Energyamp@ﬁesslmayhbs gonabneenessOtnaargne theeprogess with

| ower B lex-dskChle] poiffhed”pupREE1LET { 1hBrECEbhS §8i¥ﬁéfapsu'at'oh

to proceed and I T the value e expressi on ecrease lower limt
for [err] w PRIticlesscempin yithpyti §oxpangnrrapRaite BRriichgfectiis
solutign: andmh& blee tpdleyaredpatt ek ausﬁeableSfanrehbydﬁﬂahabaCeﬁaaﬂséhe

20 f th

Corr]osor) oF Kbe BRRERed8s, Ran i5arPe, cCPREPS2HE BERFACEER PARLBTROER i n
t hi s \case al $banacoer dore partandetnnnlgdpdamayebebdesnhedrnt%héacraI

ener gy eXprei%b%%d%g %%Q% ?5?E3%2§f£§5rh yﬁysnSESSoQ ¥EcaRitnYA! LRS

much 1 ess than encapsu atlon to proceed, -
t he expressrEﬁlﬂﬂﬁrfpé6ﬁﬂ8ﬂﬁﬁ el frE® PnléSEGFtFBﬁeFF?lnﬁgﬂahave a -smal
value, ie it is probably necessary that vp > vc. * However if [err] >
[err], the interfacial expression w

th
encapsiPati ol uePRen 52 SBRoEBRo6 eeaﬁlriefeﬁ?fuissﬁiﬁﬁ]wﬁere e

total volume contributed by core partlcles is larger than

. the total volume contributed by polymer particles and such

" that when the liquid phase is lost or removed they can
undergo re-arrangement so that the core particle material

15  can coalesce to form a matrix or continuous phase 10 (Figure

" 6). 1In these cases the core and the shell material should
,noﬁ'be intractable, hon—fﬁsible solids nof glassy polymers
under the conditions of use. : .

~ In some such systems, the poiymef particle component may
20" fofm a continuous or matrix phase also, whereas in_qther
- such systems, the polymer particle_component 12 may form a
'\,/. disperse, ie non-continuous phase, as shown in Figure 6.

The expression

' Yl-S —.Yl-z | e [ - V:”
Vs | '2> "

is'definitive of the conditions under which the process bf'

(1)

25 this invention operates. However there are considerable
practical difficulties in obtaining quantitative individual



-20- If the l'iquid nmedi U-mis a non-aqueous |iquid or solution then it is

preferred that the interfacial energy for the interface between the pol yner.

_particle surface and liquid medium [err] is less than the interfacial

[energy for the 5. interface between_4he core particle'surface and liquid

“medium [err], that is that the polyner partlcle surface is relatively

| yophilic and that the core particle surface is relatlvely | yophobi c.” Under"
- this preferred condition where [err] > [err]-we 10 'believe that

- encapsul atlon can pr ceed as, di scussed_above so that the relative '
propor t i oL s tFRF tho cHpolRIREIRGIAY PRexaYi ckPRANtienIAR y wi de range.
Wher.e [eridterf&méé then it is preferred that [err]>> [err] and as

di scussed above it is bel i eved t hat for . encapsulation:to 15 = proceed it is

_probably necessary t hat [err] > [err]. Further we believe that if the
| nt er f aci Eereunatglyxphene ok i s knowh tekatignship rhetwden rfhe t hen
encapsul A edk Mhdia D UndF PLEL UL VENNFED dp St R did G J el atively

very small. O'ten it.is, convenient to operate the process wth very 20

appr oxi rra‘f‘??%}a"é"quﬁaﬂg]rﬁlrﬂfér@‘

one . pol yrmpm&e&lwmermmwpﬁé asuatnionparticle. The resulting \o/ .
"~ conposite particles -then have an average total volunme.which is very

appr oxi mat el y equal to the sum of the average volune for a polyner partlcle,_

~and the JBre ¥RunenfURts RauFion rekatemrtd of ¢hrae mpommmmmt ed
._l,that for @acdhdal tif| Bidue 1@ dirdrd d Wb ;i?::"f.lzl.c.‘:lé3 surface 38 is

A, the polymer 34 is B and the llquld 36 is C. Then -

o/
Yh-c ""'XA-: : = cos ® = for b°<_o < 180°
Y;?c__.
10 Wher @ is in the range 0 to 90°, cos 0 varies from 1 to 0.
If @ is greater than 90° (es in '-Figur_e '12), then cos ® £ 0.
The Young-Dupré equation’ is therefore a- useful tool for C
obtaining a quantitative value for the entlre left hand side
of condition I. The value for the right hands1de of
15 condition I is obtained by substitution. The method for \;J'

doing this and assessing whether the condltlon I is
fulfilled is discussed in the subsequent section - tltled
“Test Method".

THEORY-.”

20 In order to be able to predlct and explaln when and how
composite particles can be formed in the manner - descrlbed
here, we have produced the follow1ng theoret1ca1 analy81s of
‘particle formation.

3t PR paiciRalatiensie g ticles so t hat



sizes will exist. By using a very approximate 1:1 ratio of particle
nunbers, the average vol ume content of each conponent in the conposite-
particle will be directly related 30 to the average sizes for the two
di@;inilar.particles'used in the process=23- -21- O her ratios of the two
dissimlar particles may be used. For exanple it may be convenient to
operate the process with an excess of- polynmer particles. Were sone pol yner
particles remain wthout form ng conposite particles, this may be tolerated
or even deS'&ﬁQ'%hLBE ! Beqlateaded 8Rdi Hagalioh N COROPEARIRRI LI Cl €S-
Conposite particles Xvun more than one core particle 1ncluded may be
desired. TheePEEE&GEd core partlcles may or may not coal esce within the
pol ymer particles to forma larger internal domain. 10 In sone cases
conposite pag ticl are desired otal _vol ume co i but ed by. core
TPl os PakbLEuTl BRATARE BopaRal S bRewhoher a  hE BREERLIS PHISE 1L s
and such t hamiwkdnwiihb hngthdrppasticiel bgpeob Lanavkdquhéyme@uumﬁﬂeagb
re-ar angenep «3@ Eﬁ@tlh@€r§9 @aﬁa%%é%éfegaéfé'ébeﬂ5t% ~can coal-esce to.
forn1a matri x or continuous phase I gure ese cases the core
and the shell material should not be intractable, non-fusible solids nor
gl assy pol ymers- under the conditions of use. In sone such systens, the
pol.ymer particle. conpdhent gay 0 forma continuous or .matrix phase

al so, whereas in other 3u€h systén, the polynmer particle conponent 12 nay
fonna - ' g '

R\ This condition will arise if, for example, the.liquid medium
is water and the particles 6 are more hydrophilic than the
particles 5.

A eomposite particle 4 having a core 5 encapsulated by a
10 shell 6 in a liquid medium 7 (Figure 5a) may convenlently be

deflned as a standard core-shell particle.

A composite particle having the component 6 encapsulated by

e the component 5 in the liquid medium 7 as shown in Figure 5b
- may be defined as an inverted core-shell particle.
, ']5:' The standard core-shell particle has interfacial energy
e N given by

- Lpn[rf X,__G + ':; xs-v] (1rn)

For the 1nverted core-shell partlcle, the 1nterfac1al energy
is given by

E;“‘".;'L"“[r: .- + 3 s—v]



di sperse, ie non-conti nuous 'phase, ‘as shown in Figure 6. The expression

‘[‘ERR] +is definitive of the conditions under which the process of 25 this = -

invention operates. - However there are considerable practical difficulties
(fin obt'ai ni ng ‘quantitative individual -24-22- values for -, the interfacial
~energy, for particular interfaces. Fortunately, there is a known

rel ati onship between the interfacial energies in a three conponent system:

-~ and a 5 cont act angle in that systen1 ghl relationship i's expressed
by the Yqun Yy e. gt,u-n ug 26 jation.relates to a'three
corrponen;ilts%sg;m as s O\t/'\"n?‘%r%n Eh J0, wh& e the core particle surface 38

d i's A the polyner 34 |s B and the I|qU| 6 is C- We ERR] 10 When
[err] isi'nthe ra [L,—S(‘.osr var|+e

greater than [err] - as m%f‘j Qe-"lZ) 5‘55[er

equation is theref ofe a usefut tool for obt aining a quant| tative value for

The Young Dupr e

the entire left hand side of condition |I. The value for the right handS|de'

f 15 d _The hod .for d
iy L U B A S JO bR 12 1
subsequer‘?ﬂ'lesé@ttlemfatqlﬂlet?nereaft %W@'ﬂ bYHEORY W

Esep""’"[rx _ +(r _. 3)#3).']

_ If a standard core—shell arrangement is consldered where the o/
5 "proportlon of the core is steadily increased (and the _
proportlon of the shell is decreased), a composltlon may be
- reached where further 1ncrease in the core proportlon would'
lead to the inverted core—shell having less total
- :.alnterfac1al energy than the standard core-shell particles.
- 10 - At this tran31t10n ' :

Ecs = Einv (see Figures 5a andISB)%

oy
.From equatlons (III) and (IV) it can be seen that at this
transition . '
| _ - .
| _ o 1 : 3 3\
: .'KS-'? - Ub""- = Me - (‘fy "r») (V1)
5-6 . :

- If the voiume'of the core-shell is V and if the fractional
volume of component 5 is »ng and the fractlonal volume of
15 component 6 is vy then

If [err] is



20 In order to be able to predict and explain when and how conposite
particles can be forned in the manner described here, we have produced the
followi ng theoretical analysis of particle formation.  -23- The theory
rgfui res a consideration of interfacial ergies. W will consider a
condition where a one particle type 5 is mxed with another particle type 6
inaliquid nedium7 and 5 where the interfacial energi eg are such t hat
[ERR] This condition wil] arige if, for exanple, the Ihyﬂ d\f&di umis water -
and the particlesy6 are dbydr ophi I%& t hanet he_ paft s osite
particle 4 having & Coregyencapsul ate %y' a Eﬁ shelthp i a liquid -
‘medium 7 (Figure 5a) may nveni ently be defined as st andard. core-shell
particle. A conposite particle having the conponent 6 encapsul ated by the
conponent 5 in the liquid nedium 7 as shown in Figure 5b nay, be defined as .

an inverted core-shell pqrfri.else. 15 The -st andar df ca8g- s ] particle has
interfaci al gnergy gia/e&-bg-_-[-‘ERR] For &am@ i nvént ed - || parnix) e, the -
interfacial energy is gived by [ ERR] J n o :
~10 _ | - o .
From equations (VI), (VII) and (VIII), where Eqg = Einv
N o, 33
s Jm sl L G (1-w)
Y - Ts-e o -
.By'definition vi + v2 =1 and 1vy =vy (IX)
20 : |
25. When Ecg =lEinv _
| 65-1 = X‘-v_ = V"IS _ v:l:_ ‘ (X) '
40 : . § _
56 |
J
- 35
At the transition where
40 |
' Ecs = Egep
it can be seén from equations (III) and (V) that
45 -
2 3 3
Vs.q = 5-6__ I‘)’QJ"‘)

"

R IR S B



-24- 1t can be seen that - [err] [ERR] For separate partrcles whi ch have -

not formed conposites, the interfacial energy i's given by [ERR] If a -

“standard core-shel|l arrangement is considered where the 5 proportion of

g the core is steadily increased (and th proportron of the shell is
~decreased),” a conposition may be reached where further increase inn the core

“proportion would lead to the inverted core-shell having | ess total

i nterfacial energy than t he standard core shel | partlcles 100 At this

 transition [err] = err% é f gur 5a apd 5b) Fromequations (111) and
(1V) it cahn ErgﬁeﬁqPﬁ Rt t?% fY?B% If. the volume of the
core-shell is Vang if the fractional volune of co onent 5is [err] and
- the fractional wvol Ty of UL? " corrponent q r.s(her.p']) -25- [ERR] and .
[err] _ AN (o foprt _-——fﬁ*tﬁ%—&e—Frontequations- (v1),
(vrr) and (VI11), \Aher&.[prr] ferr] v, |
_ and from equatlon (Ix) that when Ecs = E sep
. o/
i T i' -
_ o R s _
} Sga=Voo . 1-¥% i (X1).
. | I | -
' Similarly at the transition where
o |
"
B A N L i (X11) w
20 | = Yy |
e L
L - J
- | | | NS
It can be seen that if the core mater1a1 is C and the shell =
25 material is P in a 11qu1d medlum L, then from equation (XI)
(and from equation (XII)) that at the trans1tlon from
_coreéshell to separate particles ; '
o S . :ﬁs' | .
30 Kc-,, V..o 1=¥ (XIII)

|
|
I
} A
L | |

I




[ ERR] Ll%y' definition [err] + [err] =1 and 1 [err] = [err] (_IX).--... :

20 When Jerr] = [err] 25 [ERR] 35 At the transition where 40 [err] = [err]

it can be seen fromequations (I1l) and (V) that 45 [ERR]- 50 -26- and
f(rg)m equations (VII) and (VI11) that [ERRjsand fromequation (1X) that when
[€¥r] = [err] 5 10 [ERR] Simlarly at the transition where
15 ' [err] = [err] it can be seen that -[ERR] It can be seen that

if the core material is C and the shell 25 material is Pin aliquid
medi um L, then from equation ( d fromequation 1)) that at the

Xl ] .
transition fF8h BoP¥SERB F°Fo"”§é%ﬂ§ gﬂ% pERREEFLECR ?xlgé :

Ecs = Egep
5 an increase in the fracti_onél volume vp (and a decrease in
- the fractional volume vg) beyond the fractional volume at

the transition, will give a decrease in the total
interfacial energy for the core shell particle and this
decrease will exceed any decrease in interfacial energy for
10 the equiValenﬁ separate particles. It can be seen that the
- core-shell particle will have lower interfacial energy than
R the sepafate particles if o

[ _ 1
A ] )
15 Ve | orow® | (xIV)
IR |
_1 J
20
- ,._vzf! .
Because -_:.',L" —» | as vo —» 1 (and vp =»0)
V.3 - o ;
S €
)5 R o
_ xc-:.‘xc-r”

then if

> | the core shell particle will

-_have lower total interfacial energy than the separated
30 .particles for all values of VP (and vo) and the transition
composition will not be found. '

v:/!

Because ] - 0 as Vo =» 0 (and Vp 1)

35



[ERR

=27- "F_.or- a s_ystem'for whi ch the transition exists: [err] =Terr] 5

an increase in the fractional volune [err] (and a decrease in the . :

fractlonal vol ume vc) beyond the fractional volune at the transition, wll
(gl ve a decrease in the total interfacigd.energy for the core shell particle -

and this decrease will exceed any decrease in interfacial energy for 10 '

"the eqU|vaIent separate particles. It can be seen that the core-shell :
particle will hav Iomerxlnterfa0|al energy than the separate particles if
[ ERR] 20 BRecaus c;[erg}r err oa‘é’é '\%er@r‘! ->J.T(11% 5 then if
Lerr] i Jhé cor g, snel] pﬁrt el PN T é]laf; TR i M3YS al
ener gy than the separ gd 30 partlcles for all values of [err] (and:
~[err]) and the transition conposition will not be found. Because [err] as
~lerr] ->0 (and [err] ->1) 35 -28- then if : [err]- < 0 the core
sheII partlcle wi Il have" - ' ;
hlgher total 1nterfac1a1 energy that the separate partlcles
5  for all values of vp (and vg). ' _
The transition will exist where
O ( YC-L ‘rc.-b o < l
o The range of compos1t10ns (vc vp) which can be used in core o
shell particles is increased and the thermodynamlc driving
force for engulfment ‘is increased if '
. 15 , . :
' xﬁ?k — _c-» is increased, and this
'YP—L
- can be achieved by increasing “c-l L
20 and/or  decreasing Ye-p ™
S and/or decreasing .Yp_l.
TEST METHOD .
. | .
25 The test method described here is a method of:determining; |
for a particular three component system, the value of the A
expression -
" | Yl'—s - Y2
%o | |
30 from Condition I

In this test method, reference is made to Figures 7 to 13 of
the accompanying drawings.



hi gher total interfacial energy that the separate particles 5 - for all
val ues of -[err] (and [err]). The transition will exist where [ERR] 10 The
range of conpositions (vc:vp) which can be used in .core shell particles is
in(’r eased and the thernodynam c driving fgeee for engul frment is increased
i f 715 [ERR] IS increased, and this can be achieved by increasing [err]
20 - and/ or decreasi-ng [err] and/or decreasing [err] TEST
METHOD 25 The test nethod described here is a nethod of determning, for
a particul ar r SWB‘&- t ;e e expression [ ERR] 30
fromConditi gtrl?lgl G'ir:arllﬁ hi se’?ésteaxr%{tﬁgh, EFrge-\({f?(!glrﬁ?lgcgeitishrgnatole to Figures 7 to 13
of* the acconpanyi ng draw ng -29- The Young-Dupre equation is expressed
as [ERR] It therefor e‘bgcmr}s—mecessary: to=npag® g the angle [err]. To :
neasure [err], a suftace pepresenting the first particles of the invention
must first be prepared Wn\’,:r, can be placed in

| ' r 0'< 8, < IS0 | | o

It therefore becomes necessary to measure the angle 8 p*

To measure 9.p', a surface représénting the first patticles_of
the invention must first be prepared which can be placed in
5 the correct liquid medium and on which a droplet of polymer
can be placed. The £est needs to be on a scale.such that the
_\7{ ' contact between the surféce and polymer sample can be
visually observed and the contact angle measﬁred; The test
also requirés that the polymer sample reach an equilibrium
10 position on £h¢ surface within a reasonable time interval.

In the test, polymer particles are used together with any
surface active constituents attached to or adsorbed at the
surface. However it is necessary to proVidé the poiymer in a
liguid state with a sufficiently low viscosity to ensure

15  that an equilibrium condition is reached within a feasonable
time interval. '

‘To prepare the poiymer,'the-polymer particles are taken

together with any surfactants or éovalently attached liquid-

medium-soluble polymer or oligomer chains. If the polymer. at

-.20 this stage is in the form of é powder or solid or a viscous

' liquid (viscosity greater than 10 stokes as measured using a
bubble.tube), then a solution of polymer is prepared. If the
polymer itself cannot be obﬁained'in a suitable liquid form,

it may be possible to avoid or reduce the solvent liquid by

25 preparing and”using oligomer or low molecular weight

pdlymer. o



.5 ‘the correct .liquid nmediumand on which a droplet of polyner can be.
pl aced. The test needs to be on a scale such that the contact between the
surface and pol ymer sanple can be visually observed and the contact angl e
measured. The test al so requires that30ke pol ymer- sanple reach an
~equilibrium 10 position on the surface within a reasonable time |nterval
In the test, polynmer particles are used together with: any surface .active’
constituents attached to or adsorbed at the surface. However it is

necessar WhEQeDEOEbQthlﬁe190r¥qaﬁ.rea #oki @HedrehabRsebl 2ofthf hpbeal!y low
Vi scosi t ensur r|un1 ndition is reached wthin a

| reasonab¥8 Plﬁepfﬁ?éW63FryTgeB§eﬂégg #ﬁe°ﬁ5F§ r OUEnEOpdReREL EPaRticles are -
‘taken togelifentwwhiichnyiddr haveathe eameosareacéyeaergyhed thqui d- :
medi um s p r chai I yIer this:
st age |SB#¥9#§r PLXHE qugkagﬂgﬁ%? gglggcgrgageig af?qgﬁﬁg(§FSCOS|ty
gr Bat er shanldo stokes as neasured usi ng a bubbl e tube) then a solution of
~polymer is prepared. If the polymer itself cannot be obtained in a suitable
liquid form it ma ossible to avoid or reduce the solvent liquid by 25
prepari'ng -and B%lné 0P|§8ﬂ§r38FVFBﬁ/ﬁBFeEbPaP°%¥F§ﬁf polynmer. - -30- Wagye

a solvent is required for the reasons set forth above, then a prelimnary

e ety BV Y SIS R e R T

surface energy as e poly eqU|re
that |t phase of the process in accordance with the
~ invention;
10 L c) have. no spec1f1c interaction w1th the surface of
' the first particles; and
a) satisfy-theltwo-Stage preliﬁinary test set out
. below. . ' |
' Both the Preliminary and Main Tests will be conducted_using
15 @ beaker 20 filled with water or another liquid medium 22
' and with a buoyant sample holder 24 floating in the liquid. o/

'The sample holder will have a sample surface 26 fixed at one
_ end and either one end or the other end of the holder will

be weighted (eg with lead shot 28) so that the holder floats.

200 ~ either with the sample surfacing faclng downwards (Fig. 5a) o/ ;
_or upwards (Fig. 5b). : |

PRELIMINARY TEST

Two eurfaces'263in the form of plaques or'fiiﬁs are.prepared
which have the same composition as the bulk of the polymer
25 '3partic1es_ie the'interiorlof the polymer particles with any
surfactants, other surface-active components or
liquid-phaeefsoluble components being excluded.



5  should a) be a good solvent for the polymer; b) have a |low or very
|l ow solubility in the |iquid phase of the process in accordance with the

‘invention; 10 - c) have no specific interaction with the surface of
tife first particles; and d) satisfy thesgjwo-stage prelimnary test set out
bel'ow. Both the Prelimnary and Main Tests will be conducted using 15 a

'bgaker 20 filled with water or another |iquid medium 22 and -with a buoyant
sanpl e hol der 24 floating in the liquid. The sanple holder will have a

npl e f & d A f
SATPLe S SRl e P SRAAY S ISR B WiBEATECRd ©
floats 20 9isMe Hdrlmy “taﬁié-%m dosgr Pfcised veati 8y dddmentdsotFby. 5a) or
upwar ds (Fi @ryallg tRREPIWMRY ah@Shrbdicitg AC 91 adbel 'Byt G‘émi:?&@s@f:np' aques

or -filns areopre ared whi ch have the sane comp 03|t|on hé bul k of the
pol ymer 25 Tl & etv%qdnttgﬂp&ra&prtehé S‘P?FFQPI'EJ&FFVCI es wWith any

surfactants, other surface-active conponents or |iquid- phase- sol ubl e
ol Ut 15 or 1 e SLAEY Gigisre PRETBANGE O oF Pod8 3 BBsEnelort
dilueat, or 2% dm@pichg ArSR SOy M sszidepﬂodﬁcmcsdpbathebyucﬁﬁpeesm on
o Where the solvent is less dense than water, the surface w111
- be 1nverted so that the drop remains in contact with the
surface (Figure 7a). The behaviour of the drop on the |
. 10 surface is observed-immediétely-to see whether the drop |
./ forms a contact angle with the surface or spreads completely
‘over the surface. This is illustrated in Figure 8, where the
“contact angle ¢ is shown. |

In the second stage, the test above is repeated, but this

15  time in air 32 rather than in water (Figure 9). The
‘behaviour of the drop is again observed and any contact
angle @ is measured. | |

o~ To be suitable for use in the Main Test, the solvent 30 must
‘either spread completely:on the surface 26 in both the watef
20 and air mediums set out above, or must spread almost
K,/ . completely produc1ng a very small contact angle (less than

'10°). 1If the solvent does_spread in this way, then it can
be assumed that the surface energy of the solvent is the
same or substantially the same as that of the surface 26.

25 MAIN TEST

The main test involves a three phasg system with the first
'particles (which are intended to form the core particle of a
composite particle), polymer particles (which are intended
to form the shell of the composite particle) and the liquid

30 " medium in which it is desired to form compqéite particles.



moul-di ng, at elevated t enperature i f approprlate 5 In t he first stage,
one surface 26 is held in water 22 at [err] and a drop 30 of solvent is
pl aced on the surface.. Where the sol vent is |l ess dense than wat er, the
surface wi'll be. |nverted so that the dgfp remains in contact with the
{,surface (Figure 7a). The behavi our e drop on the 10 -surface is .
observed inmedi ately to see whether the drop forms a contact angle with.the"
surface or spreads conpletely over the surface. This is illustrated in =
Figure 8, where the contact angle 0'is shown. In tFe second st t he test
above is Theckest, isucarnied 16ut wsipgipokymens34 $S1pLy, (I;l:hsgﬁjt =

(Figure 9), Jhéoi’@mlQ&Ie@ée&h@sddéﬁctfbe&af@romeryﬁdlmﬂhw contact
‘angl e 0 i s neasure SUé abI forduse gn t he: f Tefé %h@kéolvent
30 must eF?ﬁE}'sﬁP%aﬂlﬁbhglﬁ? Fym tﬂ% sArPARRUS O nEhHF 3% H2E W

and air nedigespaetiolésabove, or nust spread al nost conpletely producing a -
very smal|l contact angle (less than 10). |If the solvént does spread in '

this way, then it can be assumed that the.surface energy of the solvent is
t hegsane Thesfibimaoti plaguehadssmustabavaas simiharsenffaee2s. 25 - MAIN

TEST The H@hﬁosfﬁiohnteltﬁé Bubbree Bhaﬁﬁe5!5r3ﬁ1§br€1ébﬁsflIﬁtoﬁ@éflC|65J
(whi-ch are

ended formthe core 8art l.cle ﬁ ggpoglte %IC|€)
pol ymer phPt sémgdatenthe SRELRRECAEBRCEHTIGR P hE €h fPRRELCHRBbSI t e
particle) ianflayyhBel hguedsaby tdEdcundiﬂlmhFChhetkamdQSlphdque bmrn1
Conp05|te R&r%sgbgs'n solutions of. (a) any component whlch would be . 5
'10 present on the surface of the first partlcle and (b) of any - w
'added component to be used in the partlcle formatlon :

”process.

The test is conducted by immersing the film or pladue'in the
selected liquid phase 36 at a specific temperature which may

15  for example be 25°C. Care must be taken-.to av01d air bubble

' formatlon on the test piece. A drop of the llquld polymer or

polymer solution 34 is allowed to contact the surface of the - _
film or plaque 38 under the liquid phase 36.E Where polymer .HJ
solutlon or liquid is used which has a den31ty less than the

20 dens1ty of the 11qu1d phase, then it is necessary to invert

 the film or plaque, as shown in Figure 7a.

The drop of polymer is observed through:a gohiometer after '
30 mlnutes'and after 1 hour._If the two readlngs are
different, another reading w1ll be taken after a further

25 hour has elapsed. The contact angle is determlned for both
sides of the droplet and the mean is taken as the contact
angle QP‘ Where the droplet has spread and no contact angle
is discernible (as in Figure 11). then. the angle is

consldered to be zZero.



-32- The test is carried out using polynmer 34 (possibly dissolved in a

sol vent sel ected ‘as described for the prelimnary test), the liquid medium

36 and a plaque or film38 of the first particles. 5 The filmor plaque

Birrust have a simlar surface corrp05|t|o§13_to the surface of the first
ticles. -I'n order to sinulate the surface conposition of the first

partlcles it may be necessary to "condition" the filmor plaque by.

imrersion in solutions of (a) any conmponent which would be 10 present -on

the surface of the first particle and (b) of an added_co on nt_ to be -used -

‘in the partlls¢©°t@mmt@nﬂb‘?ok’é‘é%ntq% t briRR « ERF £ £ he
filmor plagugmpdsite %@f@ﬁpéisligw d phase 36 at- a specifi c terrperature
whi ch may for exanple e [err]. Care nust. be taken to avoid air bubble
formati on on the _test(xpl ece. ,A drop of the liquid polygrer or pol ymer
solution 34 is alloweduyp 'comt-at:t t he.surface oﬂ hpfil mor pl aque 38
under the liquid phasE 36, Wiere pol ber solutioReeg liquid i's used which .
has a density less than tNQ- density of the Il¢quid phase, then.it is
necess@y to invert the filmor plaque, as shown in Figure 7a. The drop of
polyrer is OQﬁ&rveébgbieughna IRNEREEY Singl bepr 80edhtics, ansl edher 1 hour.
If the two readings are ferent, another reading will be taken after a
further 25 - ©XRb§ sh‘é‘é"%l%ﬁsed The cont act angle is determined for both
sides of the droplet and the nean is taken as the contact angle [err].
Where the droplet has spread and no contact angle is: dl;’?CEI’ nible (as:in
Figure 11), then the angle és considered to be zére= vy

10 . cos P 7 ' .'V"S

The value of (l-vpyh)/vcy’is'calculated using the mean
diameters for the polymer particles (Dp) and first particles
15 (De). 'The mean diameter can be measured using a particle
s1zlng instrument, such as a Coulter Nanosizer, which'can
examine a large number of partlcles and produce a mean
particle diameter. The values_of vp and v are then
calculated as below: o - '

' Vp = DP and vg =1 - Vvp
. = 3 =3 . _ .
b + D,

95 It can be seen that values for (1-vp”)/vc3 will always be
in the range 0 to 1.

'Ife = 0, cos Gp =1 and composite partlcle formation would
occur. Thls is what happens when complete spreadlng is seen
'30 in the test as shown 1n Figure 11. '

On the other hand, if ©p » 90° as in Pigure 12, 'then_ cos Op
will be lees'than'zero and composite particles will not
form.



-33- ACcording to the invention, the condition for production of conpdsite

particles is [ERR] 5 and, substituting in the Young-Dupre equation, we can
express this as [ERR] The value of [err] is calculated using the nean

di aneters for the polyner particles- [-ey4d and first particles 15 [err].
The nmean di aneter. can be neasured using a particle sizing i nstrument, such
as a Coulter -Nanosi zer, -whi ch can examine a |arge nunber of partlcles and
produce a nmean partlcle di aneter. The val ues-of vp and Ve are t hen

SPvaye bt - /e oqdd AP " VeI Lo

partlclerﬁmqmmﬂn§¢dmﬁhaﬁ G@@uﬂetﬁﬂm;nathNMapfﬂa@peﬁsrwmsntednpheheat
spreadi NQ dastSeeBbtHer ddldtiBnLHf dheSpWymet Padti®ikl eRent g ot her

“hand, if Jerr] > [err].as in Figure 12, thén coS [err] w !l be less than
Ste C;?é%"ﬁ |

zero and naréén\ﬂq |anlq0tea1c6|r paving a v1scos.1ty less
' than 10 stokes. Values for the contact angle can then be
.5 plotted against rec1proca1 concentration and the best f1t _
| stralght line is extrapolated back to 100% concentratlon to E o

glve the value for Qp. .
EXAMPLES |
EXAMPLE 1 - S NS

10 A-dispersion of polymer particles in water wa? made. The.
' polymer particles'eohprised methyl_methacryla?e - butyl
methacrYLate_COPOIYmer (47 - 53 w/w).with-metboxy
'poly(ethqulate).methacrylate at approximateli'2000
molecular weight to constitute the surfactant. The
15 particles had beeh prepared by polymerising aémix of the
' ‘monomers in water ﬁsing ammonium persulphate as initiatér,
The particles exhibited steric stabilisation and-they were W
stable agalnst flocculatlon and aggregatlon. - The particles

had. a mean. diameter (Dp) of 670nm (nanometres) { number

20 ) average) -as measured u51ng a Brookhaven dlsc centrlfuge. The
minimum fllm—formlng temperature (MFT) for the partlcles was
. 53°C.

_The core partlcles were used as a dlsper31on 1n water and
~comprised poly(butyl acrylate). The partlcles had been
L prepared by emuls1on polymerlsatlon using dloctyl sodium
' sulpho-succinate as (anionic) surfactant and ammonlum
persulphate as initiator. The partlcles had a mean diameter
(Dc) of 95 nm (number average) as measured using a
.Brookhaven disc centrlfuge._



-34- \Were [err] and [err] have simlar values, it is recomended that the
determnation of [err] is repeated with at | east 3 other solutions of the
pol ymer particles each of different concentration and each having a
vifscosity | ess than 10 stokes. Values for3%he contact angle can then be 5
plotted agai nst reciprocal concentration and the best fit straight line is
.extrapol ated back to 100% concentration to give the value for [err].
EXAMPLES EXAMPLE 1 10 A di spersion of polynmer particles in water was

made. The pO&Mnsfeﬁafélébﬂﬁosﬂaam;afdlarébyltnetﬂaLI¢Wﬂm@ préocéys was
met hacryl ate co

4 th th | .at
nethacrylate°8? é?o??%ﬁ?erezﬁﬁﬁa %%%ufggwﬂgi ht~$'9 %o ?Yt1§?%ﬁﬁ§
surfactant. Zbewab plaaeﬂlthea betirbedishr4Raparthy @blyQQrwsthmV%¢%Nx of
t he nononer '

Sﬁhﬁ,te%gr?gél gg“ﬁhuﬁ‘ﬂsaﬁg%géﬁ% ﬁfeflhétﬁﬁéie 49 The

“particles ex er| I satl o g were_ stable a alnst o
flocculatlonbanheagyﬁégsPVGHGd whthpplastieised PYC i dfnet YO err] of

670nm nanonsyeeﬁée(puﬂpsr46950 a&eéaasédaaonaasyveﬂ usmenenfﬁookhawen
di sc centrifuge

e _
particl es wa$ P&FPFS $h2£ 8r gﬁf|gﬁ§8“ §ég 3&3?%% %%Q?n wat er
‘and conprlsedhﬂobyhbphylfagmylawhk cahEepastofIEBehheabeenweﬁe spiepeded by
SR PIRNIR L 'gaﬁagaeuibngf,i;]e&w 58001 #LSuLRPeraLGELNhE Mn{estedi C)

surfactant and anmmoni dm persu ate as initiator.” The particles had a mean
dlaneter [erW}tbfaQBrﬁhﬁ(ﬁﬁnber average) as neasured using a

* 10 _ Parts by Welght SOlld Content
o/ ' ' _
A: dispersion of polymer particles 126 : 12.3
B: dispersion of core particles - 1 - 0.43

C: dodécyl tri-methyl ammonium

rbrbmide:(DOTAB) in water 1.4 0.043
_ 15 (ratio of core partiéles: polymer particles o4 12:1 by
— number) '

- Component A waa charged to the beaker and covered by the
-plasticised film., The temperature was raised and held at
AN '_ approximately 65°c_and_the beaker contents were stirred
| 20 throughout the process. 'Using separate feed lines, B and C
were introduced to the beaker at a constant rate over one
~and a half hours. A fluid dlsperslon was produced with
partidles stable against flocculation and aggregatlon,

The dlsper51on was examined us1ng a Brookhaven disc
25 centrifuge. Partlcle floccs were not detected. The data did
- not include a peak correspondlng to the original core
particles. . The data indicated that the flnaL mean particle

. size was 780 nm.



C

Br ookhaven di sc centrifuge. -35- To prepare conposite particles t he
f-ol | owi ng process was. operated using the apparatus shown in Figure 13. A
beaker 40 was placed in a petri-dish 42 partly filled with water and this
was pl aced on a magnetic-stirrer-hotplgfe 44. The beaker was .covered with.
plasticised PVC film46. Two 5 syringe punps 48,50 were used to deliver
conponents to the contents. of the beaker through nylon tubing 52,54 pushed
t hrough the fllnl The contents of t he beaker were stifred with a magnetic

_foll oner 56. Th er nit Wi t.h r obe

Parts by fﬂe. gh(f n%;; d?%oer’&en o s‘%gem S or{’toféﬂgqi/r?é?latpqzaerql H4%

126 otherwiseB thie quroce sm wﬁs (npe_rqtasd ia8 defore. The result 0.43 -
C. dodecx,} d 1d ‘JEid AEPY BP0 $OARN Ll ' 1.4
-0. 043 15 (ratlogo%/ core. partlc ersﬁdigeolyrrer artlé/i?ies bgrrﬁls 12:1 by
number) vide IRBAKRALS FR BRENdG %ﬁ\d’%ﬁﬁ/eﬁ%ﬂﬁw the’

pl asti-ci &ﬁ.ctédﬁéa an-ﬁle.l.ti GRS [GONE FudiEts 11 5 Athel lBbhe | gh i Y edat el y 65C

and_the beaker ¢ ents -were stirre t hroughout 't he rocess UBlng
Sopir ar e TRRINTRALIRELIY GdAtdst AR (P (R ReBRASARICD ANs an
rate overthmie conpasits fpdmhicles hdd nak (baq:rerrsnaﬂucmi;. pr oduced With -\
particles stable against flocculation and aggregatlon The dlsperS|on was

exan1ned

10

usi ng a.Brookhaven disc
The test method was used to assess the relatxonshxp
._.yl_s-_lxl..z - S - VP.‘/af | | o
| - 7 0ty )

_Preliminary Test

A copolymer with theisame"compbsition.as theépolYmere

.particles was made except that the su:factanﬁ precursor .

' (methoxy poly(ethoxylate) methacrylatej'was dmitted. " The

- 15

polymerlsatlon was carried out with butyl acetate as a.
solvent. ' '

Films oflthé copolymer ohismell'giaSS piatesfwere produced

 by evaporatibn'of the solvent at elevated tempefature. To

20

.1dent1fy a sultable solvent liquid for the next part of the

test, a number of 11qu1ds were examined as recommended.

Toluene gave complete spreading ;n air, and qnder water
produced a small contact angle (7°): toluene was suitable

_ undef-the'pther_critéria also and was selected as the liQuid

solvent,

 Test Method

.25

' Supported films of'poly(butyl'acrylate) were conditioned by
15 minute immersion in 1% dioctyl sodium sulého—succinéte



25 centrl fuge. Particle floccs were not detected. The data did:not

i ncl ude a- peak corresponding to the ori ginal core particles. The data

i ndicated that the fi-nal nean particle size was 780 nm -36- In a.
ogpar ative experinment, conponent C was a@itted, but otherw se the process
wasS' operated as before. The result was a stable dispersion. However when

‘exam ned by disc centrifuge, the separate core.particles were readily.
détected and it was concluded that the core particles had 5 r et ai ned

e not beos Aot 64,35 BARRE AARFRTR005 P 1 BbrS RRT I RGRT i

[ ERR] 10 Prelimnary Test A copolymer with the same conposition as the

pol ymer parti C'1)‘30% %ﬁ.u@%ﬁa?%)c Q\%s td@ﬁtedt g‘élirﬂx[?%a%%&cﬁlégcﬁhs eb16ARENGXY

pol y(et hoxyl a acry nmerirsation was carried -
out with but prepedest d viscesisy —sé| 9eﬁﬂ=°kﬁ8| i B‘Paﬁﬁé’eéoﬁﬁl #nkBbbhesnal |
glass plates ﬂWeQ prqdiecquaem%ausea qh thBetSQItVﬁiBEhaa ohsvahedr
terrperature c}‘@%t lbey a _suit.abl 2{50' enta qui, g'ﬁng th% next part of
the test, a TSNS LY S é’a §§ 8’& R3L8"€20  Tol uene
gave \aonpl ete spr eadi ng |n air, and under water produced a small contact

gglg'eg . [GSr ;!S tﬁ%‘ ‘é%%%lgfi%n%‘& tt%%lte p1de" Whlke mdliekaC ihiBrk8a A0 ABYaNBYe
11qu1d phase and a droplet of the polymer particle solution
introduced to the surface of the test-plece, and the contact

angle .Observed,

/ .
10 | = _ o .. O p . Repeat Sample
Immediately ' ~ 120° 120°
~after 30 mins : 25° . 28°
after 1 hour .. 1e* . 20°
_ after 2 hours. ' : 11°. 8° .
15 = after 3 hours ' o 11 g°
U o - . . '. ' o
The value for 9p was considered to be approximately 10
" This shows that the relationship in claim 1 was easily.
o fulfilled because '
- 3’,-3 - Yl—z - = cose-p.' o2, 0.98
20 . | ,,‘..3 . .
: Ys
and - % ' =0.10

c



solvent. Test Method 25  Supported films of poly(butyl acrylate) were

condi t-i oned by 15 minute imersion in 1% dioctyl sodium sul pho-succinate
~ -37- solution and 15 minute inersion in 0. 1% DOTAB sol ution. A 10%. .
{:solutlon of the dried polynmer particlg % in tol uene was prepared (V|sc03|ty
= 1.9 stokes as neasured in a bubble t % The |iquid phase used in the-

test nethod was water 5 whi ch had been preV|oust saturated with

t ol uene. The conditioned test pi ece was nmount.ed inverted in the above

|l i quid phase and a droplet of the polyner particle sofution introduced to

the surf JEXAMFLER® test- piece, and the contact angle observed. 10"

Repeat Sanmpl e Innedlately 120 [err] after
.30 mns after 1 ho

[erf] A le%$$Tl%?t%? pp}xmﬁg partlcles in witer was usTé;r]The

[err] aftpolzmemupgrtlcles .comprised methyl methaqrylate -[butlehe val ue

for [err]adpp) £08SES5E Bfne P OF2 / rvf]&wﬁtf'é’u%%éiax?@ %&,‘?foé hat the

relat|onsh| in clarm I was easi ecause and
[er?] col prlslng methoxy poly thoxylate) methacrylat
approximately 2000 molecular weight (MeOPEG2000 Ma) and a: /

non-ionic surfactant (nonylphenol + 20 unlts of ethylene
-oxide) was included.' The partlcles had been prepared by
polymerlslng a mix of the monomers in a dllute solution of

10' the surfactant using ammonium persulphate as 1n1t1ator. The' .

B partlcles exhibited steric stablllsatlon and they were o kj'[
~stable against flocculatlon and aggregatlon.§ The partlcles | '
had a mean diameter (Dp) of 125nm as measured using a
Coulter "Nanosizer".

15 - _The MFT for the particles was 40°C.

'_The core partlcles comprised polystyrene. Tﬁey had been
prepared by the same method as for the core partlcles in

Example 1 and were stabilised by anionic surfactant.- The A
mean diameter (Dc) was 100nm, as measured us1ng a Coulter
20 - "Nanosizer".. ' '

- To prepare composite particles, apparatus was used as in
Example 1. The formulatlon used wass:

Parts by weight Solids content

A:  dispersion of polymer

e particles | - 46.5 . 24,2
B:  dispersion of core'partioles 10.0 o 4.2
C: DOTAB solution . 16.0  0.49

(ratio of core partieles: polymer particles ?:: 1:1)



-38- EXAMPLE 2 A dispersion of polyner particles in water was used. The"
pol ymer particles conprised nethyl nethacrylate - butyl acrylate copol yner
(72/28 ww); a surfactant- precursor 5 conprisi ng net hoxy poly

(efhoxyl ate) methacryl ate of approxi nat ek§92000 nol ecul ar wei ght
(MeOPE&000 Ma) and a non-ionic surfactant (nonyl phenol + 20 units of

et hyl ene oxi de) was included. The particles had been prepared by

pol ymerising a m x of the nononers in a dilute solution of 10 the

surfactant usjng ' er t i t t .
exhi bited stgblghggnggkﬂgggfoﬁfgﬁge eaéﬁegg&é& gééAa;€§n€$gf#ééé§ﬁa ?Eﬁ
and aggr egat FahsedTardpheldcptséha@- a Heuﬁsdaéﬁﬁ@e¢vfér¥ﬁ hpunesnifhe

measur ed usi BgoduERUWLS! a" Mas?alaféper350n Jbeleviaéosb@yp@ﬁél cles was
40C. The core gartlcles co ri sed g g érene They had been epar ed by

the sane et igRtairef popge Sﬁ}ﬁmﬁ t gRitpapticiesng i sed
by ani &i c susiagtanalschenﬁraﬂudeaﬂnﬁﬁeaﬁeﬂrthuapréﬁamﬁe o8 émmpnsfxb :

- Coul _ s
apparatus webshssqles HORS EEBEcy IRqFRGRE FofdiRERy SobEibaftfRies.
wei ght Sol i ds cont ent A di spersi on of. polyner 25 - partlcles

46.5 In a coﬁﬂagaglvedéﬁﬁgf§heﬂt0ftﬁQrﬁrBQéééC$ﬁ§ féfh&iatlon was
4.2 C. DOTAB so] ution 16 0. 49 .
as above except that the temperature was held at 25°C
o throughout, that is below the operative glass trans1tlon
_ 10 ~ temperature for the polymer particles. The product was a
-\ low viscosity dispersion but examination by disc centrifuge
showed clearly the presence of flocculated particles,

polymer particles and core particles.

In a further comparative experiment the proceés was operated
15  at higher concentration by adding solid DOTAB to A instead
of using DOTAB solution. The temperature was maintained at
25°C. The product was very viscous with a cream like
appearance. Examination by disc centrifuge shqwed'that.it
comprised mostly flocculated particles.

20  EXAMPLE 3

-A dispersion of polymer particles was used as in Example 1.
The mean diameter (Bb) was 670nm.

The core particles were as used in Example 2. " The mean
diameter (Dc) was 100nm.



- (ratio of core partrcles polyrrer particles [err] -11) ‘ -39' In this

- Exanple, all. of .C was added to A and the tenperature raised and hel d at .
[err]. B was added over [err] hours. The product was a fluid dlsper5|on of
‘| ow vi scosi t'y but contai ned some agglog@rated or grit particles.
"Examination 5 = using a dissc centrifuge indicated the presence of -
conposrte particles, some floccs and sonme renaining core particles. In a
conmpar ati ve experinent, the process and fornulation was as above except

that the tenperature Was hel d at hr out, that,is belowthe . - .
operative glass transition: 10 EL&K{A ! y‘t he mmes. The

_product was a |low viscosity dlsperS|on but exanination'by di sc centrifuge

- showed crgarlaigég&§{5§e@§ pdiyhdPccul ated particles, ‘polymer particles and
. core particles further corrparatrve experi ment t he process was

‘operated 15 P EHFHPRr concentration by addt¥y solid DOTAB ¥Q A i nst ead of
using DOTAB sol ution. The tenperature was nalntalned at 25C. The product

was very 1¥' sc&a%%ﬂt_%{l?g §f egsgé éar@f@f Exam nation by d‘lssscz'0

centrifugée shov conprised m)s occul at ed partrc
EXAMPLE 3 A dispersion of polyner. particl es was-used as in Exanple 1. The/

mean di an@f erpdeis | sdbgefiynm The core partgcdes were as usegl, dfb Exanpl e
2. ~The nean dlaneter [err] was 100nn1 _

_ (ratlo of core partlcles- polymer partlclesrags 1)

The process was operated as in Example 1 andgthe temperature -
was maintained.at 65°C. E |
' The product was a fluid. dispersion where theéparticles were
Q1Q' -stable against flocculation -and aggregatlon core particles
. 'and partlcle floccs were not detected in any slgnlflcant'
, number,us1ng a disc centrlfuge.

The Test Method was used to assess the relationship

_ Y-3 = V12 _ I — v /s
_ . vl

v

15 . : . Yl'3

Test-pieces were made by eastihg a solution'df pelystyrene
| in ethanol and styrene monomer mixture onto emall glase
plates and drying at elevated temperatures. The test'pieces
_ were conditioned as in Example 1. The 1iquid phase and the
20 solution of polymer particles were prepared end used as in
Example 1. The'contact angle'was observed and become steady
at approximately 11° after 1 hour. '



-40- Parts by wei ght Solids content A: dispersion of polyner particles
110 -~ g . 10.7 B: - dispersion of core particles 0.4

0.18 5 . C. DOTAB solution S 0.6 . -0.018
(rQﬁio-of core particles: polynmer particlgpg-[err] 5:1) The process was
operated as:in Exanple 1 and the tenperature was nmaintained at [err]. The
product was a fluid dispersion where the particles were 10 ~ stabl e against.
fl'occul ati on and aggregation core particles and particle floccs were not

detected in gny significani.nunber usin isc.centrifuge. The Test Method
was used to gﬂ%e%EgYﬁer?g?éf?%ﬂ h?ﬁwT?}é%fﬁiiigﬁﬁkﬁﬁgpﬂ%re.nade'by casting
a-solution of polystyrene in ethanol and styrene nononer m xture onto small
glass plates and drying at el evated tenperatures. The test pieces were

condi tioned as in'ExggEIe_lx’ The liquid phase_and the 20 _solution of
pol ymer particles _Pr 1 | used asCPhPExamde 1.9+%%e cont act
angl e was observed -and be‘one steady at approximately [err]-after 1 hour.
-41- The above.relationshlb’%as fulfilled because [ ERR]

o “and

S - | 23
=%

2
.VEIS
EXAMPLE 4

A dispersion-of polymer particles in water was used. The :
polymer particles comprised.methy1 methacrylate - ethylhexyl
10 ' ac;ylaﬁe - methacrylic acid (54.6/43.4/2.0 w/w): a mixture
of sddium carboxymethyl cellulose, non-ionic and anionic
surfactant had been used in the preparation of the
particles, with ammonium persulphate as initiator. Octyl
mercaptan had been included during the particle preparation
'15 to avoid or reduce the_internal-gel content which is ndrmal
~with this type of latex particle. The particles were stable
against flocculation and aggregation. The particles had a
mean diameter (Bb)'of 300nm. The MFT of the particlés was
- 17°C. The particles remained stable if diluted with 1N KCl
20  solution. = | ' ' '

The core particles were similar to those in Example 2 except
that the mean diameter (D;) was 137 nm. These particles
flocculated if diluted with 1 N.KCl solution. '



and [ERR] EXAMPLE 4 A dispersroniof pelyner particles in water was used.

- The pol

| yner particles conprised nethyl nethacrylate - ethyl hexyl 10

~acrylate - nmethacrylic acid (54. 6/ 43. 4/ 2. 0 ww,; a mxture of sodium
“car boxynet hyl cel [ .ul ose,” non-ioni c ‘and 4301 oni ¢ surfactant had been used

“t he preparation of the particles,

Cctyl

mer capt an had been included during the particle: preparation 15

in:

mnth amoni um persul phate as initiator.

to

~avoid or reduce the internal gel content which is normal with this type of

polymer particles, as used in the process of this example,
were dissolved in ethyl acetate at a concentration of 30%.
The viscosity was less than 2 stokes.

IN
2

core

o

latex particle. . The particles wep e g fgle aggrnst flociulatron and
aggregation. The particles had [err] e MFT of -
_the,partrcles was [err]. The particles rennined stablehgged:huéign%1éh
_ ESLeE? that t%igﬁergb§n08£ f%%#?ieaege;g7shg:la;hegetpartrcles
floccul ated iPagtietes with 1 N KA solutionl00  -42- Parts by5he|ght
Solids content A drspersron of polymer particles g
100 . B: - di spersion, of core fartrcles 2011
4.85 ¥ 9?§PeF§}°%o?ﬁt? e particles. 1500 37 4r&tio of
partrcles to polynmer particles: [err] 1: 1) Conponent A was charged to a \
 beager, Wasﬁt@'der?cf‘”g'oix*}&on : se0 37 |
(ratio of core particlesdto polymer partidleé &= 1l:1)
‘Component A was charged to a beaker, C was edded and'the
temperature was raised and held at 50°C. B was added at a-
steady rate over 1 hour. The product was a stable
10 dlsper51on showing no 51gn1f1cant aggregatlon or
settlement.
"The final dispersion was examined using a diéc eentrifuge;
No 51gn1f1cant number of core partlcles was detected.
Examination by election mlcroscopy showed that the final
15 ~ particles were spherlcal, that the core: partlcles were no
' longer apparent and that there were no clusters of
flocculated core partlcles. '
The Test Method was employed. A solution ofipolymer was
_'made to comprise methyl.methaerYlate - ethylﬁexyl'acrylate'
20  (54.6/43.4 w/w) and films were produced by casting the
solution onto small glass plates and'éllowing the solvent to
evaporate. The prellmlnary test was operated and ethyl
acetate was selected as a suitable solvent 11qu1d for the
test. It showed complete spreadlng on the polymer fllm in
25 air and under water and fulfilled the other criteria. Dried



tenperature was raised and held at [err]. B was added at a steady rate
over. 1 hour. The product was a stable dispersion showi ng no significant
aggregation or settlenment. The final dispersion was exan ned using a disc
Eggtrlfuge, No significant number of corggparticles was detected.

dami nation by election mcroscopy showed that the final 15 particles
were spherical, that the core particles were no | onger apparent and that
the{e mgre 2? c:usters of floccul ated core particles. The Test Mt hod was
“enpl oye sol ution of polynmer was_ made,to_co | sg te -
et hyl hexyl aZe§tapieges. we(swsmeradma/) infx nﬁ% &e ‘b%/o'{j‘ﬁ%‘géo‘?)b‘ﬁ")'d*‘gI
casti ngtthe gekut b@ﬂd@ﬁienaaaby U5 afsnpt et famensian | imr@ smmwm to
evaporate. . I m.pary t e h
sel ected as glgﬁgygbﬁ8d§8pvgﬂﬁpﬁ?qU|ﬁgggég he %Sﬁ / B 61 ﬁ%l%ﬁ% -
spreadi ng onwabeOp?l WreKCli satinafsd with ahUYLnﬂﬁetﬁb?er and fulfllled t he
other criteria. Dried pelyner particles, as used in the process of this
exanpl e, were dissolved in ethyl acetate_at a_concentratjo 30%
V|scossty wad feep eplathe PPINBET partagleng}uE}gEegaae+gt5?%53$é;t%s in
EX?HF'B f the ?&%EaQEEOESthBreesﬁnﬂtécenaddby tbenliguidi phasei omndn 1%
solution o QcC i um e s o] e u e wa
0.2'N KQ sEP8 SPREAA ANGLR, Pag. SPEREVERT R*’ﬂ% N
SO|UtI0n was angfleowascdteady at aPPrOX1mate1Y 1° '

-~ o N =V = cos © ;™ cos 21° = 0.98
10 o - haa
and . .
. _ |
| — v, 78 = 0.30.
2 S
AL

In a comparative experiment, the same pblymer particles and
15 ~ core particles were used in the same ratio, but KCl solution
was not used to dilute the partlcles. When the final
dispersion was examined, the core partlcles had remained in
stable dispersion and were readily detected both by the disc
centrifuge and by electrqn microscopy.

20  EXAMPLE 5

In this example very dilute dispersions of polymer particlés
and core particles in water were used so that the particles

 and the final composite particles could be examined by
eleétron hicroscopy without any further dilution.

25 The dispersion of polymer particles was similar to that used

in Example 2 except that a tertiary amino methacrylate



“the surface of the test piece under the liquid'phase -and the contact angl e
was observed. --After 1 hour, the contact angle was steady at approximtely
[err]. [ERR] 10 and [ERR] I.n a conparative experinment, the sane pol yner

{ particles and core particles were used4«-n the same ratio, but KO solution

" was not used to dilute the partlcles ‘Wen the final dispersion was

“exami ned, the core particles had remained in stable di'spersion and were
‘readily detected both by the disc centrifuge and by electron m croscopy. 20 =

EXAVPLE Siolribrietl @ BB 14i0add Wit e R <23t 18 8% 4Ry partiocl s and

"core particles . in water were used sq that "th art ‘the fina

. conposi't ®3FEACLESes g@ﬁlélﬁgegf&ﬁpné&cﬁydéﬁeépﬂﬁnsﬁﬂ@ﬁé§@oﬁylmﬁﬁﬁout any
~ further wwu dncldetha diigndicantoquashting oFart-aalias . Wagnei pul &€ to
t hat useq %gggg é %t that a tertiary amno nethacrylate = -44--
nonomer rncilde durlﬁg preparation of the particles. The. '
dlsperS|on |ncluded sone sol ution polyner which included a significant’

quagtity e oz@d @%rtizﬁ%sp@ %r&@%ddbéggrikgggga 64 ? F%gpp}% core

particles conpriséd | ystyreng as in exce e particle
si-ze was ﬁgﬁg@rtpgg thetpérF&EﬂS size was larger (as in the Table ~

below). If mixed with the dispersion of polymer ‘particles,
gross flocculatlon occurred This could be av01ded by |
dllutlon of the dlsperslons before mixing.

10 The dispersions were-diluted approximately 10,000 fold to be R,
sultable for examination by electron mlcroscopy w1thout

_further dllutlon._

Solids Content

At dispersion of polymer particles = 2,93
" 15 o _e-B; t_dispersion of core particles : % 4.20
A and B were mlxed and shaken briefly at 21 C. The product
was a stable dlsper31on._
The dllute d1spers1on of polymer partlcles, core partxcles -"\-?;'

and final particles were examined by electron microscopy. :
_'20 ' By meaeurlng diameters for several ‘hundred partlcles on_the _ _ ."E
photomicrographs, the size of the particles was determined.
Also the particle sizes were measured using a, Coulter
. _Nan051zer. )



below). If mxed with the dispersion of polyner particles, gross

fl occul ati on occurred. This could be avoided by dilution of the

di spersions before m-xing. 10  The dispersions viere diluted approximtely
10000 fold to be suitable for exam nati-@gg-by el ectron m croscopy w thout
furthér dilution. Solids Content A: dispersion of polyner particles

2.93 15 _ - B:  dispersion of core particles 4.20 A and B
were m xed-and shaken briefly at [err]. The product was a stable

di spersion. The dilute dispersion of.poI%gEksﬁgggjclgﬁ, corgygparticles and
final particles were exam ned by el ectron mcroscopy. 20 . - reasuring

di ameters for several hundred particles on the photoﬁpmﬂogréﬁﬁﬁ,-the si ze
of the particles was determned. Also the particle sizes were neasured

using a Coul ter Nanosi zer. -45- Nanosi zer . _EM M[e [err]
pol ymer par (RHY@ST particles - 477 13T 108%0r ¢ Békticles_
132 143 corel fadtidlesparti cl es _ 132 - 1432 14657 = 160
Range for zf(:n ﬁs%rg{%(%lejs _ 157 13%2 1454t heongpi cal (
cont acbs si Ze _ +assum ng all : : .
\/ o : _ _
s, ' "Range for (*assuming 1:1 157 133 ;45
' theoretical ( contacts
g size  (
N ' (+assuming all '
10 '~ (particles included 157 170 - = 174
.*theoretical'size assuming composite particles were produced
from 1:1 polymer-particlesz core particle COnfacts, leaving
residual (excess) polymer particles . ' ' ' .
+theoretical size assuming all polymer particies were
"15 involved in'éomposite particle formation.
~ o
h Further, it was observed that the final particles were
L ‘spherical; that they were as monodispérse as the original
. _glaSsyépolymer.core particles and that they appeared to have
-\ a soft, non-glassy surface composition.
+ 55 EXAMPLE 6

‘A dispersion of polymer particles was used as in Example 1,
except.that the mean diameter_(ﬁb) was 754 nm.

The core particles comprised titanium dioxide pigment which
‘had been treated with a silane compound by the manufacturer

25 to make thé.pigment hydrophobic. The hydrophobic nature was
readily confirmed by adding some of the pigment to water, it



10 . SR , (parf icles included 157 170 - 174 *theoreti cal
si ze assum ng conposite particles were produced from1l:1 pol yner partlcles
core particle contacts, leaving residual (excess) polymer particles

e +t heoretical size assumng all pol ymejgegparticles were: 15 i nvolved in

conposite particle formation. Further, it was observed that the final

~ particles were spherical; that-they were as nonodi sperse as the original
gl assy-pol ymer core partlcles and that they appeared to have a soft,
non- gl ass surface Q n | S I‘SI ol ymer.
pars Lot e PAm e S P B et drCea e B B

754 nm  Repeosdqracs dhes mmrpmtsem twatm msmn@dedemlagmad.tl-mldh had

been treqfad,gn O%@cy&' |58 P TRAYD S il R THORES Y et anionid make the

. pi gnent - hydr oph The hydr ophobi ¢ nature was r_ea y contirnmed by

addi ng s@Wrigctans pi henmaan pardicle diameter (do)nyasu@2Ped™y the wat er |

and5rerra|(ra%d1s(1rtyt h=e4sm5f)a.ce A di spersion of the p| gment in water was nade
-in a ball-m1l, using dioctyl sodium sul phosuccinate (DOSSS) as anionic

- surfactant. - The mean. particle dianmeter [err] was 223.nm 5 (density =

4.05). T&mw&miﬁmmwms.ammmwm&as inExanpl e &/
The formgx%&kg@ ﬁ?edfﬁ$5f&%ﬁﬁT%éideﬂéﬂa3wasSO|'d Cont ent VE|ght

Parts by Weight Solid Content

- Weight _

10 A: dispersion of polymer particles 100 9.6

' B: dispersion of core particles _ 26.5 0.90
. C: DOTAB solution, equivalent |
_to anionic surfactant on core 23 - 0.056
particles. '

15 ‘(ratio of core particles: polymer particles o 1:1) b _
The process wés-operated;asﬁin-Example 1l and.ihe température
‘maintained at 70-75° throughout. The;productéwas a fluid |
dispersion with particles stable against flodbulation and _.\,J?
aggregation. '

20 " The fihal dispersion was examined using a disc centrifuge:;

some .core particles Qr-particie flocds.were'present'but most
-,particles'appearedeto-be longer or/and denser than the
original polymer particles. |

The Test'Method was employed to assess the_reiatiohship for
25 - engulfment.. Test pieces were mady by forminggsmall plaques
of the titanium dioxide pigment in a press. These were

err] was



10 A di spersion of polymer particles - 100 9.6 B
disperS|on of core particles. 26.5 - 0.90 C. DOTAB sol ution,
equi val ent to anionic surfactant on core ' 23 0. 056 .
aftlcles 15 (ratio of core particles: ﬁolyner particles [err]  1:1) The
pr ocess was operated as in Exanple 1 and‘@ B. tenperature maintai ned at
70-[err] throughout.  The product was a fluid dispersion wth particles
stabl e against flocculation and aggregation. 20 The final dispersion was
exam. ned using a disc centrifuge; some core particles or particle floccs
were present shitabbgt mpantiedl ss ahaeatkd SQrbacéoogetherteﬂﬂ piosercolbd
the ori gi nal ,gohyggr 1RgELLChCanadPoudeat . Vb 000 csgmgy& cdfafesingg L N
rel ati onship Test pieces we formng
pl aques of t B¥ iﬁt&hPHﬁFdFﬂwﬁaéiBth%n? 1% ﬁ°bﬁ§§@n thésbmﬁkhbl -47-

sui tatalé rmgah@draelnaaé fhHenepthaccand tﬂentfﬁi—me@ceo&@ywo@@d@édm
i nverte un

e # pL eces e condi.tf one ﬁ ut e i mrer si on
in a 1% sol ut¥8fiPof }rlni ﬁyhlgﬂFSr ??3n§nﬁnthﬁpf3 éthﬂﬁ ?Eeﬂp*xmfﬂer
condi ti oned partmcfnanpéeelpreﬁbeeﬂlqudduaéés&ndnﬂhéhEesthEtEWEOf pol ymer

part el es wepBopoeRa’ e In%pisftand. | NonbCabnlE ggg'nggsrg&sg?@g?ﬁgeﬁaﬁp' e

1. The conta e was o ser cane urs
The relatlonghﬂpb¢9§meng§¢§ﬁrn§tméé f%ft?tl%dh%@cause

The relationship for engulfment-was'fulfilled because

10 Yios = Tis o2, cos 34° = 0.83
LEP
and '
33
=V =  0.20
) 3
U vc_’!

_ 15  EXAMPLE 7

A dispersion of polYmér partiqles was used as in Example 1
except that the mean diameter (Bb) was 675 nm,

The core parﬁicles comprised titanium dioxide pigment; the
surface of the pigment included some silica. The pigment

20 was hydrophilic. A dispersion of the pigment in water was
made in a ball-mill using DOSSS as anionic surfactant. The
mean diameter (D) was 248 nm (density = 3.75)

To prepare composite particles; apparatus was used as in
Example 1. The formulation used was



C

[ERR] and [ERR] 15 EXANPLE 7 A dlsper5|on of pol ymer partlcles was used as. -

I n Exanpl
particles
I ncl uded

e 1 except that the mean diameter [err] was 675 nm The core

conpri sed titani um dioxide pignent; the surface of the pignment
sone silica.- The pignent 20 was hydrophilic. A dispersion of

the pignent in water was nmade in a bakksmi || using DOSSS as ani onic
-surfactant. The mean dianeter [err] was 248 nm (density = 3.75) To prepare

conposite particles,

‘used was

particles

6.6
0.24 5
“particles

tenperature mai ntained at approximtely [err] throughout.
a fluid-.dispersionwith particles stable against 10

apparatus was. used as in Exanple:1. The formul ation

-48- Parts by Wi ght Solid Content A: dispersion of polymer

100 - - 9.9 B PQk%Bebg ngﬁﬁtcorgoﬂiatCShEEnt
1.7 C. DOTAB sol-ution

to anionic surfactant (ratio of core partlcles pol yrer
A[eaﬁbpbrkhoﬁhefppo&gme:m@arnmenabed as100 Exanpl e 1 agdat he

-The product was
flocculatlon and-

aggregat i 8a. dEﬁRﬁrﬁaPDoﬁfoPOFHeP#FﬁapléﬁsperS|on6b§ dISC centriluge showed
that sone core particles or floccs were present. but nDst partlcles o

correspondedtind 3eifetdd %t RMVIE" 66 0.6

5

to anlonlc surfactant

(ratio of'COre“particles: polymer'parti¢1es éaa'lnl)_

_ The process was operated as in Example 1 and the temperature

_malntalned at approxlmately 65 c throughout.; The product

- was a fluid dispersion with particles stable agalnst

10

flocculatlon and aggregation.

Examinatiqn of the final dispersion by disc centrifuge.

~showed that some core particles or floccs were present but

. . most particles corresponded to a size and/or density which

15

20

was greater than the polymer_particles-alone;

The Test Method was employed to assess the relationship for
~engulfment. Test-pieces were made as in Example'G-and;were

conditioned as in Example 1. The liduid phase and the

solution of polymer partlcles were prepared and used and the_

Test Method operated as in Example 1.

.The contact angle was observed and became steady at 33°

after 1 hour.

The relationship for engulfment was fulfilled because

iy = Bioa
V.,

0.84

a2 cos 33°

o



was greater than the polyner particles alone. 15 The Test Met hod was
enpl oyed to assess the relationship for engul fment. Test-pi eces were nmade
as in Exanple 6 and were conditioned as in Exanple. 1. The liquid phase and
th 'sol uti'on of polyner particles were prepared and used and the Test

10d operated as in Exanple 1. 20 The4®ont act angl e was observed and
becane steady at 33 after 1 hour. The relationship for engulfnent was
fulfilled because [ERR] -49- and [ERR] EXAMPLE 8 5 This is a
conparative exanple in which the relationship for engul fment: was not
fulfilled. Panarer particles and titani um.di oxide core partigcles were as
used.in Exanple 7 except that the nmean size for the polyner particles was
754 nm The polynmer particles 10 - remmined stable if diluted with
ethanol . The core particles flaggculated if diluted with ethanol. Conposite
particle preparation was ak f‘e?ﬁ’t ed Parts by" Wsuglmt 24 Solid Content A
di spersion of polyner partlchﬁ TO0 9.6 15 B: -
di spersion of core partlcles 25 1.14 C ethano
50 0 (ratio of core partlcles pol ymer particles [err]

0.9: N~

EXAMPLE 8
5. - This is a comparative example in whlch the relatlonshlp for

,engulfment was not fulfilled.

Polymer particles and titanium dioxide core particles were
as used in Example 7 except that the mean size for the
polymer particles-wés 754 nm. The polymer particles

10 remained stable if diluted with ethanol. The core particles
flocculated if diluted with ethanol. '

Composite particle preparation was attempted

Parts by Weight Solid Content

As dispérsion of polymer particles 100 S 9.6
15 . B: dispersion of cofe particles . 25 ' 1.14
' C:.ethanél ; ' : - 50 | | . | 0
(ratio of core partiél_es: polymer paz_'ti'cles o 0.9:1).
Component C Qasladded to A and the temberature faised and
held at approximately 70°C, and the mix was stirred

20,' throughout the.proce5s; Component B was metered in over 1

hour and 40 minuteé..'



Conmponent C was added to A and the tenperature raised and hel d at _

- approximately [err], and the mx was stirred 20 t hroughout the process.
Conmponent B was netered in over 1 hour and 40 m nutes. -50- The produ

* gave ‘sone -sedi ment .whi ch appeared to %ﬁpprlse flocculated core particles.

“ Exami nation by disc centrifuge shomed
particles and sone core particles.

. not 5

| et

ro

“stinct peaks for the pol yner

i ndi cated. The Test Method was enployed to ‘assess the
rel ationship for engul fnent. Test pieces were made as-in Exampl e 6 and
were condihe aredust DRvie memes sediiento vhichpeppsaseryticosoppyisgnd 15
m nut es Ims%rew%&ém c%rJe w&rlcletshan@:lxammta%%n bJ"@iLe cehitdyirdgahase and -
the solution of i cl 3@? ared and ugﬁ? and the Test Met
oper at ed S4oWed | th‘@ . 3‘3’8‘%?5‘5 rr&t"gl vOF80 but co
- not be ohsamvgarnnmpemky IThea presient @ Yomposdite! partikdesdwas hot
met ing qf

%

he st -pieces at all and it was not possible to prevent the
ing over .the surface of the test- piece. The relatlonshlp fo

-engulfnent was not fulfilled because [err] 20 -  and [err] < -1 an
The Test Methda W3 np1oydics RY Ssdesdf thd Y¥atARhshibeEoRas used

as |n Exa
_ Inédifhent. Test pleces were made as in Example 6 and were

-[err]

10

15

20

prepared and used and the Test Method operated as in Example ~
1.
' .The contact angle was.epproximately 180° but @ould not be

~ observed properly because_the:polymer solutioh showed no

wetting of the'test-pieges at all and it was'pot_possible to
 prevent the droplet rolling over the surface pf the test-

piece. '

-
The relatlonshlp for engulfment was not fulfllled because :
o, & |%°
?
_ o . _ o an L
. .and 'rldL'- rf—'z : é - 1 and | - Vp (R = 0,22 '
Taa %

25

condltloned by 15 minutes 1mmers1on in DOSSS 'solution (1%)

and 15 minutes 1mmer51on in 2:1 water: ethanol mlxture._ The

llquld phase and the solutlon of polymer partlcles was

EXAMPLE 9

A d1spers1on of polymer partlcles was used as:in Example l,
where the mean diameter (Dp) was 754 nm. The MFT was 56°C.

The core particles_comprised calcium carbonate which had

: been'surface treated with stearic acid by the manufacturer

ct

The present of conposite particles was

hod
ul d

;
d



V\/nére t-he nean di amet er [err] was 754 nm The MFT was [err] 25 The core
partlcles conpri sed cal ci um carbonate which had been surface treated with
' {Sarlc acid by the nmanufacturer to make the filler hydrophobic. A

persion of the filler in water was made in a ball-mill, using DOSSS as
anionic surfactant. The nean particle dTHet er [err] was 202 nm (density
= 2.6 gm[err]) 5  To prepare conposite particles, apparatus was used as
in Exanple 1. The fornulation used was Parts by Wei ght Solid Content A
di spersion of polyner particles 4,8 B: dispersion of

‘cor e partlcl%% make the fikler hydrophohnqg_;ﬁ)dlspenijquﬁﬂuhe(ﬁ;ller

equi val ent . tin water was 3fade in a baXl-G439 a'ﬂé?ﬂi D%sré@%tsa idhjeore -
parti.cles (rat|$ of core&grhclesgol ner partlc erig 5’ 4:1) The -
process was ATRPRS | t%re"ﬁﬁ R8d  at

lerr] - [errqunﬁ-ngmLR 6'|§m<prtﬁjhct was a f|UId 15 dispersion with
particles stable against floccul ati on and aggregati on. The final. di spersion
was exam ned using s disc centrifuge. The data gave a broad peak.

~corr espondi P tRF RAHFMPILE @antiglies s Grpanste wasaused es dnd sone
coren20 - pEtdnplrs.1. Theie mmila SididddRiagiumer of particle floccs.
The Test Method was enpl oyed to assess the relationship for engul f nent.

Test pieces were made by forming small plaques of the cal ci umcarbonate

fi[ier in a press. The test pieces Parts by Weight Solid Content
';\;;' Az;dispereion of pelYmeﬁ partic;es _ 50_'“ | - 4.8

B:.dispersion of eore particles 25 0.51

._10 C: DbTAB solution,’equivalent to 25 0.0139

anionic surfactant on core partieles
(ratio of core particles: polymer'particles > 2.4:1)

?he process was operated as in Example 1 and ﬁhe tempereture'
- maintained at 70° - 75° throughout. The product was a fluid -
15 dispersion with partieles stable against flocculation and
aggregation. . | ' ' | .

‘The final dispersion was examined using s disc centrifuge;
The data gave a broad peak correspondlng to composite |
. _particles with some polymer partzcles and some core
20 - particles. There_was no significant numbe: of partlcie
floccs.

The Test Method was employed to assess the relatlonshlp for
engulfment. Test pleces were made by forming small plaques
_ of the calcium carbonate filler in a press. The test pieces
25 were shitably mounted so that the surface could be held
inverted under water. Test pieces were conditioned by 15



25 were suitably nounted so that the surface coul d be held inverted under
Wwat er. - Test pieces were conditioned by 15 . -52- mnute inrersionin a 1% -
sol ution of stearic acid in heptane, and then further conditioned as in
(Exanple 1. The liquid phase and the sol ution of pol ymer particles were.

- prepar.ed and used and the Test Met hod ~S@erated as in Exanple 1. The

. contact angle was observed and becanme steady at approximately [err] within
20 mi nutes. -The rel ationship for engul fment was fulfilled because [ERR] 10
EXAVPLE 10 A dispersion-of pol yner paticles in ethanol was used. The
particl es nfiigte a@ﬁq&@;yﬁi wrerae m@ﬁwleﬁe dﬂ)Wr,ldMaIdidNﬁGDEG 2000 Ma to

consti tut t e surfa artlcle ad J8en . rgpare % ner|3|ng.'
a nix of tif&® 6P P?roﬁ ARy EXREBLS -
Conver si orhtquqsiolp}wae wmsi rtche @@rbmtetoer Osfomldﬂﬂetrh@arré-si-lcd-ml mnorrers -
resi ded i fhle@ RAY tind QNP IRAhS TR 'ﬁettl?lpodd'dp‘é‘i‘:@teﬁh%§ein ERempakt i cl es

S were- stabl alnst fl occul ati on and ag ation. The partlcles had a nean.
di arget er [lerr?t W& GaIRcXo angd s, a8 >ye @RGnPepimenisteRd®H A m forming

t enper at UrappddximatRa ypSisowwithin ﬁmenﬁawﬂeel e surfaces included

L polyethoxylate fromthe surfactant.and were hydrophilic. The core partlchﬁw

- were used as a dispersion iin a mxture of 25 hexane :and hept ane (b0|I|ng
poi nt [a}’qe] )rela'm@npﬂmp diags engulfment was fulfllled because _

Yl-s - Yi-2 ‘"w coOs 35° = 0.82, ‘and : ';"Vp fs = 0.18 .

_¢.
10  EXAMPLE 10

A dispersion of polymer paticles in ethanol was used. The
pa:ﬁicleS'compfiSed polystyrene and styrene monomer, with
MeOPEG_ZOOO Ma to'eonstitﬁte'the surfactant.e The particles
| had been prepared by polymerising a mix of the monomers W
15 ~ using azodllsobutyronltrlle as initiator. Conversion to
. polymer was not complete, some of the residual monomers
resided in the particle phase and some in the diluent
phase. The perticles'were stable against flocculation and N
aggregation. The particles had a mean diameter (Dp) of very
20 ,'approxlmately 410 nm, ’
The minimum £ilm forming temperature (MFT) was below 20°C.
The particle surfaces included polyethoxylate from the
- surfactant and were hydrophilic. :

The core particles were used as'a-dispersioﬁ in a mixture of
' 25 hexane and heptane (boiling point = 80°C). The particles

comprised methyl methacrylate/ethyl acrylate (50/50)

eopolymer and had been prepared by non-aquebus dispersion



conpri sed nethyl nethacryl ate/ethyl acrylate (50/50) copol ynmer and had been
pr epar ed by non-aqueous di spersion -53- pol ynerisation using : o
~pol y(hydroxystearic acid) nethacrylate to constitute the surfactant. The
pgfticles had a nean dianmeter [err] of v.approx 590 nm The particle .
surfaces conprised pol y(hydroxystearic ac®3) and were hydrophobic. 5  To
prepare conposite particles, apparatus was used as in Exanple 1. The.
formul ati on used was Parts by Wi ght Solid Content A: dispersion of

pol ymer particles . - 46.6 - 4.34 in ethanol 10 © styrene #
6.5 B d'SpeﬁélfﬂePisEQianaéih§|§§lyﬂhydroxys€5h£hc acid) ﬂe&ﬁhcrylate
‘hexane/ hept ane m xt 1

53.
(ratio of coF® ﬁ%?f?t?%ge 5B?yﬁ%§f?ﬁﬁ??51eaTheJPﬁfFﬁE}es had a mean
very appr oxi mméyér#('ﬁ@b ofyv emppuas $20 timi orfthl lpaniekrle eayfsgeser and

the liquid p 5P é"{j?@;d; AN hide, leérng;@!t HopiRi nt ai ned
at 25C. m%ﬁ g% V\ggfgm err‘}q?]our’; and t%]e 2 dc'#sperm on was
stirred throughout the process. A fluid dispersion was produced with .
partickes stadl prépat@séonpOstté apaPPiElEls AGYPEHPdt . was used as in

— _

- Example 1. The formulation used was

=

- Parts by Weight Solid Content -

A: dispersion of polymer particles 46.6 4.34
in ethanol
10 styrene '# A . 6.5
"B:.dispersion of core'particles in°©  20.0 - 1.47
hexane/heptane mixture '
W C: ethanol . o | - : 53.1
(ratio of core partlcles. polymer partlcles = 1:10
15 ' _ o very- approxlmately)
/

# The styrene was partitionéd between the polymer and the
liquid phase. :

Component C was added to A and the temperature maintained at
25°C. Component B was added over 1% hours and the

20 @ dispersion Was stirred throughout the process. A fluid
dispersion was produced with partlcles stable agalnst
flocculation and aggregatlon.



- -54- EXAMPLE 1| A dispersion of polynmer particles in a mx of hexane and

~ heptane was used. The polyner particles were:simlar to the core partlcles
~in Exanple 10 and conprised methyl -5 nmet hacryl ate/ ethyl acrylate
(XSO/SO) copol ymer.  The particles were stable against floccul ation-and
“aggregation. The mean di ameter was 5985&m(nunber average) as measur ed
‘using a disc centrifuge wi.th a high boiling paraffin-as spin-fluid. The
MFT was |ess than [err]. The particle 10 surfaces:conprised _
pol y(hydroxystearic acid) and were |yophilic. The core particles mere t he.
same as-tBRampLENEL particles-in Exanple 10 and conprlsed pol ystyrene as a. .

~ dispersion in ethanol with styrene present also The particles had a nean

15 di anmeter (Dc) of very approximtely 410 nm ~ The particle surfaces
conpri sedapaigpereiphadé polymerephybphdbscinFar mikaoEchex@aet andy Vélght

Solid Cbnﬁﬁgi?ﬁb HL8PEESEON ?gep Bigﬁérpﬁﬁrhibﬁés weré:- fimilar to ghé

_in hexane ane m xture ersion core particles. in :
. 0.82 (ethﬁﬁﬁ? Pgrypgﬁgs#ln Examp e 10 and compr1 ed m&tbg C heptane

73.4 25 - methatkglategetnypantirglase 060yB0) pepblghes. =Thé: 1 very -
apprOXInat6|¥§cles were stable agalnst flocculation and aggregatlon. _'.\J
' . The mean diameter was 590 nm (number average) as measured

uslng a disc centrifuge w1th a high b0111ng paraffln as

_spln-flu;d. The MFT was less than 5°C.. The: particle

10 surfaces eomprlsed poly(hydroxysteerlc ac1d)_and_were_" o
lyophilic.-- - : A A
The core partlcles were the same as the polymer particles in
. Example 10 and comprlsed polystyrene as a dlspers1on 1n
ethanol with styrene present also. The partlcles had a mean
15 ' diameter (Dc) of very approxlmately 410 nm. The partlcle '
- surfaces comprised polyethoxylate and were lyophobic.
Formulation: . = . T _ , o W,
Parts by Weight . Solid Content .
‘A: dispersion of polymer particles 73.4 5.4
20 in hexane/heptane mixture : : - <
"B (dlsperslon of core partlcles in - 8.8 0.82
(ethanol _ _ |
(styrene § _ - : ~1.2§
C: heptane - - 73.4
i 25 (ratio of core partlcles. polymer partlclesi=_ 1:1

very approxlmately)



# The styrene was partitioned between the polyner and the |iquid phase. The
appar at us” and met hod of Exanple 10 was used. A fluid di spéersion was
‘produced with particles stable 5 agai nst floccul ati on and aggregati on.
THe di spersion was exam ned using a disc centrifuge with high boiling
paraffin as the spin-fluid. The data indTeaTed that conposite particles had
been produced. No significant nunmber of particle floccs was detected. 10
EXAMPLE 12 A dispersion of polymer particles was used as in Exanple 1. The
mean particle size [err] was 666 nm The core particles were used as a

di spersion i h Fheestyneneowpsi pardtpbignedt beteeen Ttize ppolynéeesamddttieeen

pr epared by Qiq@gaf?ﬁ%gggr'using anionic groups to give the particles _
stability. The partTcles had a nmean diameter [err] of 124 nm Fornul ation:
Parts by Weight Solid Content 20 A: dispersion of polymer particles
205. 3 The apPatabBusdafi@chétROd0bfCRkEmPBEtic!WSs used. 2.5

1.0 C. DOTAB sol ution . , 2.5 : 0.077 (ratio of
core particles: polyner particles [err] 8:1) -56- The apparatus and .
met hod was uBefilagdi disgenpienlvaanprodecednpithat partickesestdlslened at 65C.

g ‘against flocculation and aggregation.

The dispersibn was'examinéd using a disc ceﬁtrifuge with
high boiling paraffin as the spin-fluid. The data indicated
that composite particles had been produced. No sighificant
‘number of particle floccs was detected. |

10 EXAMPLE 12

A dispersion of polymer particles was used as in Example 1.
. The mean particle size (Dp) was 666 nm.

The core particles were used as a dispersion in water and

W comprised polyurethane. The particles had been prepared by
15 a manufacturer using anionic groups to give the particlgs
‘stability. The particles had a mean diameter (D;) of
124 nm. '
,K/’ |

Formulation:

Parts by Weight Solid Content

20:. As dispérsidn of polymer particles 205.3 20.1
'B: dispersion of core particles = - 2.5 1.0

C: DOTAB solution 2.5 0.077

(ratio of core particles: pblYmer particles & 8:1)



The product was a f|UId dlsper5|on W th partlcles st abl e agai nst
fl-occul'ati on and aggregation. 5 The di spersion was exam ned using a dISC
centrifuge. No trace of the smaller core particles could be seen. No :
particle floccs were detected. The or i i hal pol yner particles, core
particles and final particles were charXct eri sed using a Mal vern-4700c
particle sizer, which 10 - gives a distribution of particle size.

Hi st ograns of frequency versus particle dianeter were constructed. A
 conputer programe was. used to predict a hi-st ogram for the final particles
assuni ng @ ennaratug ik mdthpbaas pastiaal 1y Exanple dar tind ghe

conbln1ngﬁ@ﬂgbggﬁayénngg:Hglnﬂgﬁﬁédﬂg% 6sFere was a reasonabl y good ﬁatch
‘between this prediction and the actual size distribution nmeasured for the

final particles. EXAMPLE 13 A dispersion of polyner particles was. used as
i n Exanpl ertle pifbductharss tahef Insiah dli spetsion arirgh waar tirl esnsthidecor e

Ny particles ﬁéﬁ%é%&é&i@&’w q,mhcggﬂq?eg | n‘g}ley had been prepared in an .

‘aut ocl ave ynmerising vinyl a dilute solution of an anionic
surfactant. the nmean particle dianeter [err] .-was 470:nm (density = 1.2

gm[err]) The ﬁ%;:éi%mﬂ MdPExdmfired %1\9@ gﬁhlsé@ét&t@%’iﬁ@s"t No =

‘di spersion o 0 r particles - er si on of
'&_Corg part it qgéjoé”ni R snal ler core pq;gagles could be. seen. %

partlcle floccs were detected. The orlglnalgpolymer '_. T
particles, core partlcles and final particles were
characterised using a Malvern 4700c particle;Sizer, which _
1@  -giVes-a'distribution of particle size. Histograms of N\
- frequency versus pértiéle diameter were COnstructed; a _ '
computer programme was used to predict a hisiogram_for the
final particles assuming composite'particles;had beeh' '
. 'broduced by & core particles-combining with 1 polymer
15 partlcle. There was a reasonabiy good match'betweén this
o prediction and the actual size d1str1butlon measured for the
- final particles.

EXAMPLE 13

A dispersion of polymer particles was used as in Example 1, o
20 where the mean diameter (Ebl was 754 nm. . 5‘2'
The cpre'partigles comprisedipoly(vinyl cthride). They had -
been prepéred in an autoclave by polymerisiﬁg vinyl chloride
in a dilute sdlution of an anionic surfactaﬁt‘. the mean
particle diameter (Dc) was 470 nm (density = 1.2 gm.cm®3)



5 -~ C acidified am no random 6.9 - 0.094 copol yner .
‘in ethanol * (ratio of core particles: polynmer particles ~ 1.6:1) *
Conponent - C conpri sed et hyl ‘nmet hacryl ate/ butyl o o '
‘hacryl at'e/ di met hyl ami noet hyl net hacryl ate (38/42/20) .10  which had
been prepared in ethanol using azodiisobbffyronitrile as initiator (1% on
mononers) and primary octyl nercaptan (1% on noneners) as transfer agent.
After preparation the pH was |lowered to 4.5 by addition of hydrochloric
acid. 15 The process was operated as in Exanple 1 and the tenperature
‘mai ntai ned odnR{ldtions €rr] throughout. The product was a fluid
dirspersion wth particles stable against flocculation and aggregati.on. The
final dispersion was exanined using a disc centrifuge. 20  The data gave
only one peak. There was no peak corre@aontdi by Weighe or Sgilidl Cpokener
particles. There was no significant nunber of flocculated particles. In a
conparative experinent, the process was repeated except that conponent C
was omitt ed AT spaxfian \of ROMYMAY] pArticlEssper sil@Q with parti &8s stable
agai nst” fl occul ati on and -58- aggregation. However exam nation with a
di scacentrifuge gave data show ng -two .,peaks; one cqrresponded to_t
ori gi nal polBAmeh 2% L5 PG Lo onded to%t'ﬁ’e ori gi nal 3OB§

particles. |t was concluded that conposite particles had not been
produ%ed.'_cg acidified amino random : 6.9 0.094

copolymer in ethanol *
B (ratio of core particles: polymer particles 1.6:1)
* Component C comprised methyl methacrylate/butyl
'methacrylate/dimethylaminoéthyl methacrylate (38/42/20)
" 10 which had been prepared in ethanol using
| azodiisobutyronitrile as initiéto;'(i% on monomers) and
primary octyl mercaptan (1% on.mdnomers) as transfer égent.
After preparation the pH was lowered to 4.5 by addition of
\_ - hydrochloric acid. '

15 The process was operated as in Example 1 and the temperature
maintained at 70° - 75° throughout. The product was a fluid
Y dispefsion with pérticles étable against flocculation and
aggregation,. o f
The final dispersion was examined using a disc centrifuge.
20 The data gave only one peak. There was no peak .
corresponding to the original polymer particles. There was
no significant number of flocculated particles. '

In a comparative expériment; the process was repeated except
that component C was omitted. The product was a fluid
Y  dispersion with particles stable against flocculation and



EXAMPLE 14 Cbnp05|te partlcles as made in. Exanple 4 were used. An
“addi tipnal and cross-1linked: pol ymer was |ncorporated by the follow ng :
process:- 10 - parts by wei ght

A Exanple 1 dlsper3|on conp03|te partlcles ' - 100 B: (butyl acrylate:
9.5 (allyl nethacrylate : -58- - 0.5 (t-butyl ~
perbenzoate _ o 0.4 15 C. . ascorbic acid

0.4 Conponent A was placed in a round bottom gl ass flask with refl ux
condenser and a magnetic stirrer. The tenperature was raised to [err]; the
~dispersiog éfagaeeenstaﬁb evEPnEﬁHﬂﬂh&tBoMBWQtﬁddedlscAééﬁtrBBuqenutes C
was added g enper at ur a furth Qogﬁg The nononer
was pol ynBpveedats FBPHFQﬁ &Hﬁl??ﬁﬁﬁf 8PSS§°FFﬁ§38n Fyner Wthin the
conp051teopagﬁnanepoliherppadumcleasaadsoabl90drepposdeﬂ t® theposite
particles n e tioral o] 9-.
EXAMPLE 1§w§9395%e?é¥%n98 #gﬁer ggrY§% Sén%%ﬂgﬁﬁ]gﬁ%¥”€g§gﬁglgﬁd ‘hept ane.
was sused Rartactggnpré mot ﬁ@ rEQAUBSAricle dianeter (5p) was 590 nm
The particle surfaces conprised 5 pol y(hydroxystearic acid).and were
lyophilic. The core particles conprised titaniumdioxide as in Exanple (",
A dlsperS|on of the particles in ethanol had been '
' EXAMPLE 14 .

'-Comp051te partlcles as made in Example 4 were used. An
addltlonal ‘and cross-llnked polymer was 1ncorporated by the

 following. process:

parts by weight

A: Example 1 dlsper51on composite partlcles g ' 100
B: (butyl acrylate - ' K - 9.5
(allyl methacrylate ' : : ' 0.5
- (t-butyl perbenzoate L o - 0.4
15 'C: ascorbic acid _ : 0.4
Component A was placed in a round-bottom glass flask with-
reflux condenser and a magnetic stirrer. THe temperature W,

was’ raised to 50°C; the dispersion remained stable.”
_Components B were added. After 30 minutes c was added and

20 - the temperature held for a further 3 hours. The monomer was
polymerised to form an additional cross-llnked polymer
w1th1n the compos;te particles.

The product was a etable dispersibn of eomposite particles
which included an additional cross-linked polymer.



prepar ed by baI F-mlli ng the. pignent in ethanol with MeOPEG2000Mu/ et hyl
acryl-ate (-50/50) graft copolyner as 10 pol ymeric dispersant. 10 parts of
graft copol yner to 100 parts of pigment by weight had been used. The nean
pa(/l cle size [err] was 240 nm The particle surfaces included

| _

pol'yet hoxyl ate and were hydrophilic. FormPation: 15

Parts by Wight °~ Solid Content A: dispersion of polymer particles

100 ~7.36 in hexane/ heptane m xture B: dispersion of core particles
in 4. 86 S 1.12 ethanol 20  (ratio of core particles: polyner

particles [emXaAMPLE 16 prepare conposite particles, conponent B was added
to conponent A over [err] hours at [err]. The product was a fluid

di spersion with particles stabl e against flocculation and aggregation.

-60- EXAMPLE Al gligptirsiens iodh pellypery par tisdeisc liss anad xuoédhggang Erdnple 1,

except t hat tﬂ&t@@v&é@tﬂs@dea%l 4@ \E&%miii@ nm, I;'hGUthaﬁDBQBEiélénd uding a
di fruncti onal nonomner that after

% ncor por.at ed |&&% t he pa
conposi te patdcﬁa(‘,‘leé‘qror Y oﬁ’asp% meM*sa npé‘b'&ll&lﬁesf"ﬁiﬁesﬁ FE™BFdffde a
third and cr @my(mymmtmmmn ahda wem‘poaybphmaﬁ.bl.cl es. ‘The core
partw) es were.as in Exarrpl e 2 and conpri sed '

' The core part1c1es comprised titanium dioxide as in Example
7. A dispersion of the partic;es in ethanol had beed
prepared by ball-milling the pigment in ethanol with
MeOPEG2000Ma/ethyl acrylate (50/50) graft copolymer as-

10 _polymeric dispersant. 10 parts of graft copolymer to 100
' parts of pigment'by,Weight'had been used. The mean particle

size (56) was 240 nm. The particle surfaces included
polyethoxylate and were hydroph;lic.
Formulation:

15 d' ' o Parts by Weight Solid Content
‘A: dispersion of polymer particles 100 - . 7.36

in hexane/heptane mixture '
\ B: dispersion of core particles in . 4.86 1.12
. . ethanol '
20 (ratie of core pafticlesz polymer particles e 2:1

To prepare composite particles, component B was added to
component A over 1% hours at 25°C. The product was a fluid
dispersion with particles stable against flocculation and
aggregation.



10 polystyrene.. The nean particle dianeter was 113 nm . For nul ati on:
~ Parts by Wight = Solid Content A: .dispersion of polyner. particles 100

10.4 B:{(butyl -acrylate - . 1.24 (tetra ethyl ene glycol
{dlnethacrylate 0.31 (t-butyl perbenzoate 0.016 C

~di spersion of core particle - 860~ .. 0. 16 D: DOTAB sol ution
7.8 ‘0. 0024 E: ascorbic acid 0.016 20 F.

NbCPEGQOOONh/ethyI acrylate graft. copol yner (50/50) i n-ethanol .0.5
0.05 (ratio of core particles: polyner particles [err] 10:1 ) - -61- The

appar at USEXAMBLRBat6as i n Exanple 1. Conponent A was charged to the beaker

and the tenperature raised and maintained at [err], with constant stirring.

Conponents B were pre-m xed and added sl owly over .1 hour. Conponents C and.
" D-were adGeGl§Pﬁﬁﬁﬁﬁﬁe6ﬁsp9lﬁﬂ?rtE#éﬁgﬁIGSfWeﬁenﬁeﬂeee inbBxawpde lerr]

hours. A akeapauaahﬁ eﬁenméaagﬁarﬁmalbUBbhedwaer990hnhhe ﬁl?uﬁ@d ?O”Pﬁ”enz _
' a ut er

- E was added. gaa nai nt&ég gt agﬁrOX|natel L

. hours. PoPoﬁgpegssbPF AEAfE & uBghgn dm?ﬂgmﬁFs%ﬁ 8i bcarpPetRte? o cool .

: Thesproducntmasha phuticliespepstbatoaftenpoempespret pateschbi ch were stable
agalnst fEBEﬁahﬁbhOnp6m9m399§§9§5h080u1d be induced to produce a S

- third and cross-linked polymer w1th1n the compos1te '
particles. ' '

The core partlcles were ‘as in Example 2 and comprlsed _
10 ' polystyrene. The mean partlcle dlameter was 113 nm., o o/ :

Eermulation:'

Parts by Weight - Solid Content

A: dispersion of polymer particles 100 | 10.4
B: (butyl acrylate : ' g 1. 24 o
15 - (tetra ethylene glycol dlmethacrylateo 31
(t-butyl perbenzoate : C 0.016 -
. Cs dispersion of core particle - 3.7 - 0.16 | \;J
D: DOTAB solution o : 7.8 - 0.0024
E: ascorbic acid | 0.016

20  F: MeOPEG2000Ma/ethyl acrylate graft - |
. copolymer (50/50) in ethanol . 0.5 .0.05

(rétie'of core pa'rticles: polymer partieles &2 10:1 )



-62- CLAIMS 1. A process for preparing a dispersion of conposite
parti‘cl es,’ which process conprises mxing first particles-with a liquid
di spersion of polyner 5 .particles, the polyner particles being
st §bl e agai nst particle-particle floccul gEilgn and aggl oneration, wherein
the m xi ng takes place at a tenperature abOve the operative gl ass : _
transition tenperature of the polyner particles and under a condition where
[ERR] where [err] is the interfacial energy of the first particle = .
surface/liquid interface [err] is the interfacial energy of.the first 15 :
particle sur{Ti€APpPaFRsusyased. Was| ateinaESapple] lirs CRBPPAEBEfACYAP energy
of the pol ymyhaidjeld &of thiel baakler dnad thet eehpetakaie] raidelicahl represent - -
the relative volunese%L, 2% o c \ resgectivelx the.gverage..
pol yrer par t MAIRERIREEL AL, Par Gye Withs COBEERRL| BELRF RS or FPOROPEPFE B 1 and”
wher e the fi meirepprie-alixedaandablddero siawdycoveacl houk.t hGompohenes ©f the:
POl ymer . par t gl SRrNAaeR simultantlBEBIGOBLECNOERYRS aREERECHL ELSE
partlcl%s and po yner- particles, conpositeparticles’ dare produced as_a
di.spersion i FUHeS IGVESE éﬁol’?&é’é‘,s't hd §drw SrePlNaPtngisragepi vysalgabhied
part ikcl e- par tthiloaghl ehelndix @hdakdmponent E was added. The mix was.

maintained at approximately 65_'- for a further 4 hours.

- Polymeric surfactant F was added and the dispersion allowed
10 to cool. . -

N " The product was a fluid dispersion of composite particles
which were stable against flocculation and aggregation.



..aggl oneration. = -63- 2. A process.as clainmed in Caim1, wherein the

val ue of [err] is greater than 0.5. 3. A process as clained in any .
- preceding claim wherein 5 ' t he surface of the polymer particles
 remains nore hydrophilic/lyophilic than the surface of the first particles

“during the process. 4. A process asé2+aimed in any preceding claim

wherein the polymer particles are dispersed in a non- aqueous l'i quid medi um.
and wherein the first particles have a | yophobic surface in the liquid
medi um and the polynmer particles have a surface conp05|t|on whi ch incl udes
ol i gorer ' er.apakymer or pol ynmer conponents sol uble in ‘the: liquid phase

sufficieMmto grve these particles a 15 . ~ lyophilic surface. 5. A .

- process as clained in any preceding claim wherein the first particles are
'dlspersedlun a Algnodesadfqn1preparingbe|dgspexeﬂonnoﬂ toeppsiyeer particle

di spersi on.. pa@tlcleé p?ﬂEEﬁs ?SCQEQ'EEH Q%ahﬂlﬁn%“@ﬁESf” the Iiquid

medi um of . the fTrst partlc ersion_Is le wt |qU|d medi um
of ‘the pol ymer PaFtielesdwiplrai bhquid dlsEFﬁ?b%%s@faBO%Y@?ﬁed inCaimb5

or &laimé, wheperalaies, the polyRefi psi—tﬂawscteﬁngngtaﬁreaaégiﬁaet ant in
- order to nalntaﬁgr éﬁéé lcfeskfgégu'Qtioglanélgggf%meratfon, o/
| whereln the mlxlng takes place- at'a temperature above o
" the operatlve glass transition temperature of the

polymer partlcles_and under a condltlon_where

e Y..‘é_-'-'v,-,.. N ML v

where [ 1- 3 is the interfacial energy of the flrst
particle surface/liquid 1nterface
o rllz is the interfacial energy- of the flrst
1 ' _ particle surface/polymer partlcle
' interface - _ |
'_¥2;3,1s the interfacial energy of the polymer
partlcle surface/llquld 1nterface - N
_ vp and vg¢ represent the relatlye volumes of,
20 . respectively, the average?polymer
B ' particle and the average first particle,

with vy + voe =1 | _ - w

3and where ‘the first particles are able to make contact
: with the surfaces of the polymer partlcles so that
25 : when contact occurs between first part;cles and
polymer particles, composite particlesﬁare produced as
a dispersion in the liquid phase, the particles having
stability against;particle#particle flocoulation and
agglomeration. ' |
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8. A process as clained in any one of Cains 1 to 3 or 5to 7, wherein .
t he polyner particles are dispersed in.an aqueous medi um -64- 9. - A
process as. clainmed in Claim8, wherein the first particles have a _
hw?rophobic surface and the pol yner particles have a surface conposition
whtch includes.oligomer or polyner or pot§3®er conponents soluble in 5

the liquid phase sufficient to give the polyner particles a hydrophilic
surface. 10. A process as clained in any preceding claim wherein the
first particles are pignment particles. 11. A process as clained in any
one of Claing,l top9rdless as claihédein ¢igihi1stwiardin! Gse a1 dd |dPr or
ext ender particles. 12. A process as clained in any one of Clains 1 to 9,
wherein the first p?rtlc s. are polyner particles. 13 A process as :
claimed .in O aim12]1-ahef#ian thegpedyerrthan 0.5.° particles. are made by
an enul'si on polynerlsay1on process. 14. A process as clained in any
precedi ng claim wherei’®“3 he pol ymer particles include an organic liquid
residing at |east partly inside the polynmer particles. 20 - 15. A
process as chai medai praaésaresedwgmshaim awepfeaeamgld:mxﬁi divtsews i on of
polyupr partlcles a na%urall ccurr nat #gsstabll | sed Iatex 16.

procéss as clal |ﬁu5 9°ﬁr8 Pﬁgpg#%ﬁﬁ¥ remains mo

hydrophlllc/lyophlllc than the surface ‘of the first
particles durlng the process.

4. A process as claimed in any preceding claim, wherein
- the polymer particles are dispersed in a non-agueous
' 10" ' liquid medium and wherein the firstlparticles have a
' lyophobic surface in the liquid medium and the polymer
‘particles have a surface composition which includes
oiigOmer or polymer or polymer;components soluble in
the liquid phase sufficient to give these particles a
15 . lyophilic surface. '

. = 5. A process as claimed in any preceding claim, wherein
the first particles are dispersed in a liquid medium
prior to being mixed with the polymer particle
dispersion. ' ' '

20 6. A process as: claimed in Claim 5, wherein the llqu1d
' ' medium of the first particle dlsperslon is miscible
with the liquid medium of the polymer partlcle

dlsper51on.
7. = A process as claimed in Claim 5 or Claim 6, wherein
25 : - - the first particles-include a surfactant in order te

maintain the particles stable in their liquid medium.

8. A process as claimed in any one of Claims 1 to 3 or 5
to 7, wherein the polymer particles are dispersed in
an agueous medium. '
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(

. first particle sta

the flrst partlcles are added sIomAy to the dlsper5|on 25 . of

pel ymes particles. -65- 17. A process as clainmed in any preceding
claim wherein a further conponent i's added to the mixture of the first
particles and the polymer particles in dispersion, the further conponent
‘being effective to alter the 5 -64-stability of one or the other or
both of the particle types in the dispersion or to vary one or nore of the
“interfacial
16, wherein the first particles arein a liquid 10 - : - dispersion, which

- di spersiop,is upspbbeskoadi uhimeawihhcaaeiher, bheubdn and Ehespol yner -

particles are in

energi es. '18. A process as clainmed in any one of Claims 1 to

€S

clainmed in Clalﬁlffsgaﬁ grnl?ﬁz I ngﬁ E}FIEP agfeapﬁleglgggconlcally

stabilised in tpeanmﬂesehaNe aheupﬁayeepopppsuches ‘whécht ihedudlepart|y

sterically Stabb"%%ﬁxsat?O#Bﬁgﬁbg ég ?ER?HQ@ QBm&BBQﬁkEesBEGEQFIEH the

e mxture to desta se the

firbt particl estheoliandd phasg, guéfdcient| &PngdventheaPRIYPeInherein t he

first partIC|ESpa&Q1bnbhla|hydr@phiahbysﬁtibbblsed in:the mxture. and the
~polyner particles are at |east partly sterically stabilised, and mhereln\gn
el.ectrol yte conpound is added to the mixture to destabilise the

10

15

20

25

10,

11,

12,

13.

14,

15.

16.

A process as claimed in any preceding clalm, wherein
the first particles are plgment,partlcles,

A pfocess-as claimed in any one of Claims 1l to 9,

o whereln the f1rst particles are filler?or extender
partxcles. o :
A process as clalmed ln any one of Claims 1l to 9,
whereln the first partlcles are polymer particles.
A process as claimed in Claim 12, wherein the polymer
particles are made by an emulsion polymerisation .
process. S : : <

A process as claimed in any preceding Elaim, wherein
the polymer particles include an organlc ‘liquid
residing at least partly inside.the polymer partlcles._ 'k~Jl"
_ . N
A process as claimed in any preoeding olaim, wherein
the liquid dispersion of polymer particles is a
naturally occurring, naturally stabilfsed latex.

A process as claimed in any preceding'claim, wherein

the first particles are added ‘slowly to the dlsper51on
of polymer particles.

O



'25 _ - charged first particles. 21. A process as clained in Caim19,
wher gi n the conpound  of opposite charge is selected to increase the

hydr ophobi c. nature of the first particles. 22. A process as clained in
C3?|n121 wherein the conpound 30 - : of opposite charge is a

factant. -66- 23. A process as: clgsaed in Caim2l, wherein the
conpound of opposite charge is a polyner. 24. A process as clained in any

one of clainms 17 to 23, wherein the further conponent is a polyner which 5
i ncl udes the sanme polyneric coimponents as are present in the polyner

parti cl es. ?/F{ér P aPbR6RE8 s 2 C LR TREq Qnagxgpgesegamgceeam WoRE £é In thie -

ratio of pol parP €s to first part r oXi mat el
26. A process asfgrshgEdcPRPRR§nEN&SoRAEry; kR EhFomQﬁt“ﬁﬁe?é %h?hgﬁﬁﬁﬁfe
nore first particl garthameaohnaethaapbmyhes pa¥ticléspincaispassionj nelde i n

gy preced no ol & B, gt oL 0oL U5.Rg YR oPREELELEDS LS hTLEE ek (e

_ prépari ng a dispersion of
conposite particl estabidityqoifdopease, theeotbrpoort bophr efctes B%Fﬁbcb?able_

agai nst floccul atig p@leﬁgQﬁQgﬁEhPerﬂbﬁh oB £66%arGOBRE S8SmELEi 88 £héSt
20 , .~ particles; which particlfes are not stable against
R 1nterfac1al energies.

18. A process as claimed in any one of Claims 1 to 16;
" wherein the flrst particles are in a liquid
10 dlsper81on, which dispersion is unstable to dilution
with another liquid, and the polymer particles are in
dispersion in said another liquid. |

19. A process as claimed in Claim 17, wherein the first
particles are initially ionically stabilised in the
15 mixture.and5the polymer7pértic1es.are at least partly
sterically stabilised, and wherein a' compound of
opposite charge to the first particle stabilisation is
S ~ added to the mixture to destabilise the first

particles.

| 20 = 20. A process as claimed in Claim 17,'wherein the first
W ' particles are initially ionically stabilised in the
mixture and the polymer particles are at least partly
sterically stablllsed, and wherein an electrolyte
compound is added to the mixture to destabilise the
25 - . charged first particles.

21.' A process as claimed in. Claim 19, wherein the compound
of opposite charge is selected to increase the
hydrophobic nature of the first particles.

22. A process as claimed in Claim 21,.wherein the compound
30 of opposite charge_is a surfactant.

A



floccul-ati on and aggregation in the process, with a liquid dispersion of

pol ymer particles where the polyner particles are stable against’

floccul ation and aggregati on; wherein the mxing takes place at a 25 .

; tenperature above the operative glass transition tenperature of the polyner
~particles and where [ERR] and = =66~ - [ERR] ' -67- where. [err]

. and [err] represent the relative volunmes of; respectively, the average

~ polyner particle and t he ‘average first partlcle with:-[err] + [err] =1 and,“
“where [err] is the contact angle made by the material ,of the polyner '

~ particles28n anAeprocesseas oclaimed| iguCliajpnagk, awhereimf the epmpoulds t he

surface conp05|5gog?ﬁgsigg £h5§%?p§£téc%g§%T %i A conp05|te particle

di'spersi on mad € process aims 1ito 28. '31. A
di spersion of conposite particles as claimed in daim30 in an aqueous

medium 324, A A Qséésenaefcfamealmdsﬂytbﬁéeéfa?wiﬁsnmi t& Caim30, in
2, DON- BqUEOUS Mol Ul orein Ehe “urenér L3REERLRE L SOPBEFhLE BRILAC! e° @
.5 S 1ncludes the same polymerlc components as are present
in the polymer particles. o f _ o’

:25, - A process as clalmed in any precedlng clalm,
wherein the ratio of polymer partlcles to flrst
. particles is approxxmately 1l:1.

10 26;_ A process_as claimed_in any one of Claims 1 to 24,
wherein there are more first particles than polymer
particles. - o

- 27, A process as claimed in any preceding claim,'wherein
the polymer particles are larger than the first
15 - particles. '

29. A process for preparing a dispersion of composite

particles in a liquid phase, theycomposite particles
'being stable'against flocculation and :
aggregation,which process comprlses mlrlng first

" 20 o particles, whlch particles are not stable against

o flocculation and. aggregatlon in the process, with a

- liquid dlspers10n of polymer partlcles where the

polymer particles are stable agalnst flocculatlon and
aggregation; wherein the mixing takes place at a

25 temperature above the operative glass tran31tlon
temperature of the polymer particles and where
9,... & 90° |

and _ .

. ' | — Vk’/)

Cos °r 2}
c ¥s3
o V;
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Clai m.32, in a non-aqueous nedium _67_

L]

(X
s 32.

where v, and v, represent the relative volumes of,

| respectively, the average polymér particle and the average

first particle, with v; + v, = 1 and where Op is the

contact angle made by the material of the polymer

- particles in an environment of the liquid phase at a

30.

31.

'.surface which has the surface composition of the first

particles.

A composite'particle dispersion made by the process of'any'

one of Claims 1 to 28.

A dispersion of composite particles as claimed in Claim 30

in an aqueous medium.

A dispersion of composite particles as claimed in Claim

30, in a non-aqueous medium.

—_—
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: —66- :

34, A dispersionfof composite particles as .claimed in
 Claim 32, in a non-agueous medium.

A
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