1 VWEAR RESI STANT POLYMERS Field of the Invention This
invention relates to inproving the wear resistant

w@empesickes of polymeric materials and in partPCIAE2003/001336
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pol yur et hane and a met hod of prgduci ng conposite of
inorganic materials with polynmers. Background of the

I nvention and Prior j ' rials have
repl aced or reducedm%ggﬁfﬂﬁﬁ{)"gﬁﬁ%t al based

ferials, the general |ack of strength and wear
:Tgkqﬁgt‘)}ﬁéﬁlﬂ%??'i‘rpai red nore widespread use. Even in
eng_i neering apPI i cations where the use of polyneric _
nhhisr investien dklates ol iprevingn they Waardeesistapk properties of polymeric

a : i j . .
498129 S RN Rl R 2 R A bfng composie o
f inonyaric ymaterials witrepolghsers.n addi tion, inproved wear

resi stance woul d expand their use into other

aBakkgproud of the lisvéritidie andd®iet apd that the fol | owi ng
reference to prior art should not be taken as evidence

Lﬂgﬁvuet ;(Bjkﬂyﬁm%frierrﬁafé‘%%_lé ALV PEHIaced oF hedGEsa ML 488 Urataditional metal-

edge. n the prior art, there are numnerous
ekasgd gwatefials nthegganeramiackr dfastsengile landsweabr sesistapce have impaired
bei ng added t o, pol rs. Pat. No JP 05250666 disclose
aone Bt Prets Pifeel P80 o endifsering AbRFaTRfY, MySE e use of
agdlyterichmadéridls Youch as sHlNirefRiNROBIdvid d eobbalantage, improved
magnetic paint. Solvents for the dispersion of the
aWeasresistapee maulgh ojeathcimpreve the dyrakility of £quiprogat ewrrently made

h Wé}‘ﬁ ' ti G J0k h '

hygfngggr bons. n%t%ﬁé‘l? r"g3| ns %ﬁhﬁ?g@%g%eaﬁsée%#tgﬁég%ould expand
pthedireusebinio othair apeticatiomsl. chl ori de, pol yur et hane and

pol yester resins. Abrasives preferably include

altugitede @derstobdnthat the RilIwing Fefe@Mteaar gidieart should not be taken
chromiumoxide, nitride, titanlum oxi de and boron

od$ g¥idenge thafrtheiroterencas iormAaarboldhesiospapsiganeral knowledge.
preferably 4:8. The method inproves dispersability of
iy the iptiop Artletherarmreaburmerauss exampiase ofiigdrganid imgjerials such as

densi t nd_hi ot hness of ., the f ,.the . .
e sAEing kB0eRd siieid Pes i 4B 572868 diidsgs dispersing an
PaBRHshieNgeFRarhiel) Py BRI addihgthe elurhysecy ait @bMposition to

foans by reacting a polyol with a polyi soc%/anurat e,

aflbtain magnetic paint. Solvents for the dispersion of the abrasives preferably
include ethers, esters, aromatic hydrocarbons, aliphatic hydrocarbons and
chlorinated hydrocarbons. Binder resins for the dispersion are preferably modified
vinyl chloride, polyurethane and polyester resins. Abrasives preferably include
alumina, aluminium silicates, silicon carbide, chromium oxide, nitride, titanium
oxide and boron oxide. The abrasive: resin ratio on dispersion is preferably 4:8.
The method improves dispersability of magnetic powders and abrasives achieve

high filling density and high smoothness of the surface of the medium.

Pat. No. WO 98/51736 relates to a method of producing a rigid polyurethane
and/or polyisocyanurate foams by reacting a polyol with a polyisocyanurate, and
adding an inorganic solid finely dispersed in a liquid phase in quantities ranging
from 0.01 to 9 weight percent. The preferred inorganic additive includes SiO,,
TiO,, Fe20s, CdS, CdSe, tungsten carbide, silicon, silicon carbide and ferric
sulfide.
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, 1O, Fe O, CdS, CdSe, tungsten carbi de, silicon,
SI|ICOﬂ carblde and ferric sulfide.2 US Pat No.

i eHowr B0, {78 B eRErtiSs Sl VERRo Sike eyistant enamelied
C Yifedl thab @udinesnd RAldl¢ coafihd laydh CONESRING 8 & Mﬂi@tuc%ém an organic
-form Al 2 3 particles and y-tormAI23part|cIes

syatvest pad retoirmsAk@a pastigies gad arfarm NeDy padidesmdhe synthetlc resins

BBy oS ol BB J374 861 T R PHE. "Bolvesterimine,
Hp@lyf‘mlrw polydriicesmides pemfamidbe polysalibse spblyiehitie Weeihs or mixtures
depends on the chosen resin and can be cresols,

h%‘?ré@farBbﬁsorgéﬂl‘ﬁeﬁﬁb’ﬁnbh@ﬁ@ de@%?dfen‘?@ th@ylcéﬁ(%e" resin and can be

e I
%F%qul F' gﬁ%‘ %[‘oneam' p@%befs et one leg?, ethylbenzene, N,N-
mdxfhefrq!s fohreaniide (DMFAI N- Bwqmlayltpwlroadoaee(mmkﬂ’e)d egténsi nketones or
S riAEs Hprtol Ml o 4 S B uh SRty 20wk, witn o

Slb%?t'iclénsﬁe"ﬂang@éf okl Y1084 SRarSsaNinifRmPRispepstd By high shear

facilitate dispersion. The preferred resin are
pohiyiagi Qptionaly,c disperaast eanrbedesechtd tacilitatel disprrsionr d he preferred

a_m.xture of xvl.ene n . ne, .
%?'Bc%rrebBRQ’ "ﬁ?%‘%‘i’% %[nag'efﬁgfﬁ FH‘% ?)%‘J S*R%fsé’.“feéﬁs are a mixture of
p&?/leln@ ENMPZ i DME268 paére, Ch?@ro@@ﬁbdhs? cre@o& Fd dhenols, and
oadi ng of 5-10% However, thernoset

pipeieriegatige s for Al GB @arices 0 e PyB Mite gbadoading of 5-10%.

prior to curing at |ower tenperatures and generally
ndtowsges, ttwrmamlymgm@rpre@np@mbmrtbsw maturecfiee ¢elatively viscous

m _xi_n art t {

o6 ol airnigs A ot ARl pod Pyl ek ety dg, syptain higher
altémbélf&’!hl%% Whééfo‘ﬁ@rmﬁufd yagfduesie |hbfgefm§hﬁétbﬁéls lnto a polymeric
properties of any articles produced fromthe poly

céepBsneetahlyresedts in Hhriinglesion Qitair bugbles whieh %&rlously affect the
| e Ié‘alpglr %)eﬁgg ato?saﬁyp A&l&gge%hom¥gefrom %éj polymer composite

results 1 n poor di'spersion an
pmmrrel s addition, aettiing esft he‘évuémmopgmemarhwardsl ionligieter polymer

pr.ov nethod of pr arln ol i norgani c

pdltt 'Eﬂsé' M%@f@'épﬁ%%ﬁ OI%‘? U\%’JPP? lgSst ant

properties wthout reducing the strength properties of

t eis s ghieet ofdherpregent invartigmigepiavisie @ method of preparing a polymer

inorganic particle composite which has improved wear resistant properties without

reducing the strength properties of the polymer.
Summary of the Invention

It has been found that the addition of a small amount of a particulate inorganic
ultrafine and preferably submicron size material to a polymer at a loading rate less
than 20 wt% based on the total weight of the polymer inorganic composite greatly

increases the wear resistance properties of the polymer.

Accordingly, the invention according to one aspect, provides a polymer article
comprising a polymer matrix and inorganic ultrafine particulate material

characterised in that the inorganic particulate material has a particle size up to
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| ess than 20 wt % based on the tgtal wei ght of the
pol ymer i norgani c conposite gre tly increases the wear

B AT MR e
PEHH@ IGéHTH{;' Sf @Q)f" -Poly iR, Bﬁ&éd XordtHe | @ @@l@t of the polymer

ultrarine particulate materi al characterlse
th@rgamngaanopants camdit thempadidled dras exeplyr t:hsctmtmtedzmrough the
uEtys 10 but preferably in the range of 1

R H%fiféPa © 1000 nanoneters at a particle |oading of

| Egmﬁn%ga@@gﬁg avitcs et LHBORAFIeR outih he atiag Tange and at a
dicd; r‘lgﬁﬁ’éds‘”s E\‘égngfvgte iR ¥B rt% [de?&md:h;za @'aiec?ﬁgtenal can be
h above

has ng partlc es wthint
r amgsd ntd the palymmdmrsg nixieg regiare whéchuppsuresino aggiémeration of the

ar Iel particulate erj.al can m xe
" RebicarewiBR hebatliRer HElRG Y By PRelSherS R0 eeries throughout
agd Qel?ﬁﬁzﬁ"nﬁ’élr&fan*d*‘@bl@{’éﬂtiaﬂ& fo aM (tnhgé‘s blsbiesliry (R article.
matri x and even di spersion of the particles throughout

s {
bgbbaf?’ginﬂ‘i@artloﬁgﬁf d §ul§%19nt$él@5é\@?\ didlrbutiBA ot gfartﬁHleQﬁrsthe polymer, it is

sint arti i ndi cati on
sprafenadithat theeidarpdirticle i distanoe i9flegmtharc ROpm, motespreferably less

EATR w Swit 488 EEFAGD NP BRpldlS sl de el SRR o dbe range of 2 um to
1@0 ahd I‘hdré?r@fé%[ﬂgg }j[ﬂt@’@gfﬁl cle distance being in
therange of mmto mmand nore preferably 2 nmto 6

MA a d?ei%rr@d%%rcﬁf%é HVErRbn! fhe uﬁb’éﬁ"ﬂﬁﬁlpﬁf tﬁé’ﬁarﬂﬁ@%ﬁze is preferably

limt of the particle size is preferably [ess t
nkassnghans 80d mancengmea eand| ynona tmeferahlge iof th®0range of 100-

BT MRIRURES, TR AR RSB Bl R e paric
P Igfda dgiE:J 20 |vﬁ$’§ah8§ﬁefb@at¥l§/9/e§§3ﬂ\%n01 @W"/@dee'pﬁé@rétﬂ?ﬂbss than 8%
8% and npst referablné eSs than 6.5% based on th

t onell magl preferably issgnianco B brred gumthe tatakweight ‘ofpolymeric and
R%eég,ﬁg %}%F'S?urp“ singly found that the additions of
| O ; ; .

submi cron particulate materi al
D e RS BBl T R TR S ek Feioyplsgt submicron
| bﬁ’rtfcufeﬂé Patdriat| rodiddst jreatdreWeapedistance in the polymer inorganic
composite than higher levels above the upper limit for particle addition mentioned
above. This indicates that the improved wear resistance is not reliant on the
addition of a more wear resistant inorganic material to the softer polymer matrix
but an interaction between the particles and polymer at the size and loading

levels.

The inorganic particulate material may be any inorganic material available in
submicron powder form including metal oxides, metal silicates and metal
alkoxides. These include oxides, silicates and alkoxides of aluminium, titanium
and silicon. Preferred materials include alumina (Al2O3), titania (TiO,), zirconia
(ZrOy), silica (SiO2), silicon carbide, hydroxides of alumina, alumina silicates such
as mica and talc, and gibbsite. The inorganic particulate material in the organic-



above. This indicates that the inproved wear
resistance is not reliant on the addition of a nore

WORM@S/08%31 st ant i norganic material to the sof t BCT/AU2003/001336

10

15

20

25

30

pol ymer matrix but an interactign between the
particles and polyner at the size and | oading | evels.

" Gragne BRNT aRGaisg heTompea st yisa spbefiagtion psing 2 precursor
| BikbiidiensbIRIch! tHaX itHE SmordhR! démairAlRitiaBs) BRS *andomly dispersed
al koxi des. These i ncl ude “oxi des, silicates and

aBRd cpudlenty banded it the pelymenmatidand sili con.

Preferred materials include alumna (Al O), titania

( Th&©pplymercmaterial & preferably a trerf@setting polymeonUseful thermosettable
car bi de, hydroxi des of alumna, alunina silicates such
2SI T1ClE €0, PoliRPtefco SR (DY FRINNGS, gad ybrids 3nd copolymers
pﬁféré&ﬁlihem@ir;agltré .g%l_cyla‘?e& hfethbEas ik éc‘é&fl’ét%%&yé’ét@l‘é,%mino resins

may al so be l 1n-situ via a sol - reaction _
us.ag aminapdasts oesing k axdlddingol €.guc blkyl@ded t ukea-ioomgidehyde resins,

d ' tjgl d ' .sed .and

o Bte BAblLEe sl FRIYHs el IR0, g Agpiates and
p ’ ) ’

' L0y , | t .
S bce, oA 60 41! S8T50a00 A6H fsly poester reis
i redctide ngethang. resihk ypleredicuresing avaledidghgde, reslagesins, novolac

R
aﬁfddo%@ée.gaodié’ﬁl?érﬁﬁ e?ib‘i}?'r%ins?‘éﬁ%ﬁk?gné” EldaliSRatic epoxy resins,

acryl ate ol'yesters, acfylated acrylics, acrylated
pepexy/uretizaney iresin, epbry/acrylateytesirea@ndi époxyisllicaney resiedisocyanate
sil i.conesd al k%d resins @uqh as uret hanﬁwal k ﬂsg[?glf" NS .
ol tR9ovRRUIHE el PrleieratinEsins Befusthd pliwlaliqdSiane resins,
I Rscfife VA FsHimgan® nlixturé € &fdréof. €si ns, novol ac resins

and phenol™-formal dehyde resins, phenolic/latex resins,

eﬁgxﬁwehﬁéhé‘é déﬂ&)eyol{ 1 oReitial B tPie MixiRBOeGiIMeS fdtSthe inorganic

al 1 phatic and cycl oal 1 phatic epoxy resins,

eparticular etraderialr epd npolyprery pravigesite substantiatly even dispersion of
visili ) . . ) '

SRS OB, SR, O BRb CofafeisBl oS8 85 bRletation of the

apYdticRlskehay air bapas HRBbRS, f_ofrﬂﬁf%f dMSeiNg Riked ffib fise Aigture.

m xtures thereof. As nentioned above, it is essenti al

t iphcddh aﬁ&é‘WﬂHl érﬁﬂhé‘ﬁaé;%cét(ﬁ‘fhé THR/ePBBh CthRé §id BEivided a method of

mat er1 al and pol ymer provides a substantially even
dfasming a golysher-inorganic composite article comprising the steps of:
dispersing an inorganic submicron particulate material having a particle size
up to 10 um but preferably in the range of 1 nanometer to 1000 nanometers in a
polymer at a loading rate of 0.01 to 20 wt% of the total weight of polymer and
inorganic material, the dispersion step preventing the formation of gas bubbles in
the mixture to provide a dispersion having a substantially even distribution of
particulate material in the polymer; and

casting the slurry in a mould to cure the mixture.

The mixing is carried out to minimise the amount of agglomeration and provide a

substantially even distribution of particles in the polymer.



particulate in the polynmer m xture and preferably
avoi ds aggl oneration of the particles and air or gas
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accordance with another aspect of the invention, there
I's provided a net hod of form ng a pol ynmer-inorganic

Cﬁh ﬁﬁbtgfg,qfagé' Cl “ iérgféé%‘lgt i’\toﬁjgé%qregppeﬁjze;)e%@iic%% dispersed

PRFdugHoRIt Sthéepanrﬁe? imatm( bard [prefeeatsibl the ndiligubPpafticles do not
of 1 nanoneter to 1000 nanoneters in a polyner at a

| ipterngigvitaeach otivero Theparticwiate material is §e@ptenbt<z;he cgmpatible with
t
e B SohB9E Mty BB BT B8R foBRyrg agents o

" teormpatibiliie msalumgamcqmarhelesn@ﬂatmbatmn esdrffao%vmdlfymg agents

dlstrlbutlon of particul ate rmten& in the

dnay Ofstelegied e rgmﬁrrtpe.narﬁcl%ahaav ¥ "BeiePelAE rﬁf@twa%ess polar or
aggt%né}rgﬁ géla‘f'a itSS'Iel%g}rf @lT%?%gEFFS AERIYE n&H-alcohol or non

n and prov sta y even
darstne dromatic sm‘lvq:rﬂswmhl@@MMbeimg pefeyrest. . 5 The
particul ate material is preferably non-aggregated

PHiNd | ralxirsy dtepeprefstablyr iugidey rhillimgp the/ nEartiowiatd Xmatedal with the
preferabl y the individuyal 3,rt| cles do ;?t I nteract
vWQ lymeh dRASE NapuumpRonshtianse Jing: @ixig Sanpe carmied agt iBga low shear

; ggﬁeg9%8?w ALGi nyb% hREhe 1@%%@% tﬂgﬁ%h@éﬁj r’gg}fn%’qyplcally having a

SUI e surface no i ng agen

cReyadld®nbimber hinech highgathiah 1G00Li cl es with the
pol ynmer. Surface nodifying agents may be selected to

rgnider shBgr RaxihgC tite pRrtRiulae! Matdiie gy Ve coeledt biv tle¥ted with an
| ess polar or relatively non polar. Suitable surface

neRMtye mptag e Bydrephelicitien ﬂa@ paRislesowith éhe palyimer. The surface of
%8%&8 §94 Ylﬁﬁstf tdhto DAL ﬁ'{eeéﬁé@ﬁgl n&fiffe of the surface to
preter a i Al baes

m Xi'ng &f ep

ptaetpatyrhat matmx formeld mlot & shuney With ;anﬁ@emm\gragerﬂ uum
conditions. The m xing can be carried out in a |ow

steaimikipgl preférabiyCikey plaveé Rtder RacqurhO8shdifioms lahafbreferably in a
shear regine typically having a Reynol ds nunber nuch

Hagheim ONGR teoesure N@Wubkias arm mrnged !ﬂwéhﬁ:‘)ai*?tp&fﬁl'pat dhe vacuum

R, S B, RoRiribe B’ BRRE kel Bty and below the

pddoomposifidretehupérateeasft thé@ot}@xﬁén o Beth lsighhard lowesiest mlxmg, the
to Cog_'FatlbIHZ t he chemcg nature of the surface t
tYROUNBI YRERT MG he BiNBE takes PR ayyb&iupnto, 760 mm Hg with the

de5RCHSPEUEHIEH the viscosity of the dispersion. Hence factors such as the
temperature of the dispersion, nature of the polymer and particulate loading need
to be taken into account when determining the level of vacuum required to remove
all gas bubbles. After mixing, the particulate material with the polymer, the solvent
is removed by evaporation (by eg distillation or oven drying) from the dispersion

and the dispersion is cured to form a composite substantially free of gas bubbles.

In a high shear mixing, it is preferable that the inorganic material and polymer are

loaded into a mill and the mill evacuated to sub-atmospheric pressure conditions.

Prior to loading into the mill, the inorganic particulates may be compatibilized as

discussed above.

The mixture is then milled at a mill temperature, above the melting temperature



The m xi ng preferably takes place under vacuum
conditions and preferably in a vacuum oven to ensure
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oven is heated to a tenperaturegabove melting
tenperature and bel ow the deconpositi on tenperature of

SR BBl BetHebribe i ey it RRE T A Bhffhesislp.

¢ RonTeRAtEnomay. 'evt?%ereﬁgﬁe”d?? ”\??2 deffiofe Fp i fitglor and the

Olispleesich Sxﬂﬁéé' TRe Rdfatdenttly bBeamplinitiBe apFropriate for the polymer
particulate | oading need to’'be takKen into account whe

dused,manidndp tusedl évea effectineuamousduior @romote maweeazatlon of the

ﬁ%%“]ﬁb' dupsat R CaBPoahiR R kieCHiRLy Wl Sahydepending upon

patdfamitialoy ard tHe sholetdbr weight oammratom g) from
the I spersion and the dispersion is cured to forma

COROshdtivesicAS ahti %tdth é?fts Q‘ﬂ@rzblﬂ?é’rh@ﬁts BpfchlitHyhteners and
shear mxing, it is preferable that t'he i nor gani c

mid\e brightenets mﬂyyheractﬂe@l with@eadeparting figm theiavaniien. The precise

Thalur 46 A0 & e e aﬁg&‘ﬁfﬁ?er Wy qeesjgég;y 3BBLIR: the person

pakille@ it tHeesrt. My be conpati bilized as di scussed above.
The m xture is then mlled at a m || tenperature,

appyfRradlp tH’@be{yPrQarﬁ@ Hﬂﬁé@ﬁé'éeﬁﬁné Eély%é?tﬂn&l‘hb%rh@estep includes the

deconposi tion erature of pol ymer resin.

Perditieniol ani lamatmyartdﬂiwvw@g ﬂiﬁ pplmﬁy tpgurere addition

of an initiator and the dispersion cured. The

i hi aceordanoeywithea dnsthenaspexttetheperio provided faomethad of dispersing an

oate e ieue et sReBnlbidian SaduY in”an golymer, the

EHRR)‘EIIa*té PRafeAdl E:Bﬁs@m?gi@%séﬁtldllyV&'rp/arﬂﬁ%ﬂfﬁvi&] H%thcle size up to
e of Initiator and the ndl ecul ar wei ght™ of

| ﬁthrat but p&fneablmdv@twee@ﬁ paemeteraand 190@tnaﬂoa@@tﬁt%at a loading

ot e PR G138 Bl TR rraft ot g partiouiate and

| peBMidromaterie, theefigtifod ToHipRisiit tiss efiEhsObf thMBing the particulate
additives would be readily apparent to the person
skiatedal and a pewsler of M%p@l§mrwm% syBratmespnerig pressure conditions,

t Eﬁ gBﬁmBH iag tﬂe% Tille ¢3¢ attgﬁefﬁﬂéfu?& a%’tbﬁg t%%mérirgﬁé ttc%)r%erature but

Ion o an 1n For an
cbelw meadecodmmsmom temperature Im‘rthespelytnerttbefoemi 8 dispersion, and

PLOVASHb gy O di spersing an

In one form of this aspect of the invention, the particulate material is added to a
solvent carrier to form a slurry prior to addition to the polymer, the solvent carrier
being evaporated from the dispersion and the milling is conducted at a pressure of
typically less than 900 millibar (gauge). The addition of the solvent is particularly
suitable for low shear mixing regimes i.e. less than Re of 1000.

Due to the increased wear resistance properties gained from the invention there is
also provided a method of increasing the wear resistance of a polymer comprising
the steps of dispersing an inorganic ultrafine particulate material having a particle
size up to 10 pym , but preferably in the range of 1 um to 1000 pm in a polymer at a
loading rate of 0.01 to 20 wi% of the total weight of polymer and inorganic



inorganic particulate material substantially
honogenously in a polyner, the particulate materi al
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size up to 10 m, but preferably between 1 nanoneter
and 1000 nanoneters at a loading rate in the range of

oietetidh 3he "ushORT i lPxp R W BReon’ o gas bubbies in the

cefipurs i 160 pgrbgidet apgispersionbhaving aheupstdntialy aéwen distribution of
material and a powder of the polynmer under

s gprtipuiaie gRaterial py tespelymesnand icasting the dispersiaatin gmould to cure
bmé}gog‘p{éred at a tenperature above the nelting

t enper re but beI ow t he deconp05|t| on tenperature of
of SPBBLIERUeS bR Bl SRANRGES, o s Pefedif wvehtion become more
ia

Fpatermnfrotrheth@afdubw@t@egmbﬁbnabf | thea@@sidried @mbodiments and
vent carrier to forma slurry prior to addition to

tﬁéC%Wﬁﬁ'ﬂQ drawings|ipaviicltarri er bei ng evaporated from

the dispersion and the mlling is conducted at a

pFégigariesaf micrpgraphl of 8 pelyuratban®polymaridoptaining.de}% alumina;
The addition of the solvent is particularly suitable

f &igure\ iseemnicrographgofraepolyeethare pblyswertdoataifagd. 1wt% SiC;
1000. Due to the increased wear resistance properties

g&igued Jisenmidregtaphedstta polyulethane polhssr qohtihilgRR5wt% SiC; and
met hod of increasing the wear resistance of a pol yner

CETqUre S iBG fiGo§iapisofdf polysREhSnd BoRfdrrOneRAing 1.3 wt% alumina;
ultrafine particulate material having a particle size

Up; O%lﬁe g)lsrgr}mcrl%bﬁaﬂﬂ 6f & g@R}uYet’thE%lfrﬁ@tg%&fnn& 4R é?ample of poorly

min a yner at ng rate of 0.01
P&p@fsedwpamote@t angi ght of pol yner and i norganic?
material, the dispersion step preventing the fornmation
oF Jo1]: Gomknb hdsrograghef aipotyurethboe pobuedeskowing T example of poorly

yln s@?t antially even distribution of
erial in the polynmer; and casting the

dIS erS| on in a nould to cure the polyner. Further

f Jﬁﬁmr@f,erretﬂop@bwrawr@‘emw agealywrethane farmeghirom a combination of
[ Bﬁg%tr'n%'re &&?H?%ﬁmégg?&p%gent fromthe foll ow ng

descri ption erred enbodlnents and

;92:’233%5%9@%@%5%3& g ite. leBBhSichel iBagyanate. naphthyiene

WHtscdyamiats; 44" «ﬂlﬂr@nﬁmah@éﬂcﬂfs%fl@ﬂheoén@ methylene dnscocyanate
pol yur et hane pol ymer containing 6.1wt % Si C, Figure 3

ang arﬁ%bsignww lsveas hyergu-tarminateg praminecterminaiet golyol which is
20t hstooi“methbler selected from the group consisting of polyester, polyether

and polycarbonate, polysiloxane in the presence of a chain-extending agent,
initiator or catalyst where at least one member is selected from the group
consisting of either ethylene glycol, butanediol, hexanediol, and 1,4-di-(.beta.-
hydroxyethyt)-hydroquinone or a diamine (such as MOCA [4,4'-methylenebis-(3-
chloro,2,6-diethyl)-aniline], para-phenylene diamine, oxydianiline, metaphenylene
dimaine,....) or chain-lengthening agent further contains a triol chain-lengthening

agent or a tri-amine chain-lengthening agent

Most polymeric resins and in particular two pack thermosetting resins such as
polyurethane are viscous liquids at the temperatures which they are ideally mixed.
Due to this viscosity, addition of a solid phase material is likely to introduce gas/air



Figure 4 is a mcrograph of a pol yurethane pol yner
containing 1.3 wt%alumna; Figure 5 is a mcrograph

w@booa/opsshy ur et hane pol ynmer showi ng an exanpl e pET/AU200B401336
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di spersed particles; and Fi gure86 is a mcrograph of a

poI yuret hane pol ymer showi ng an exanpl e of poorly

d ticl h f d i
© bEBBleasinte e otites Gla 1 1054 PhATHCE BAtliles: ¢ambsremoved by
oasp%atmhr 8f YhERARY RN SRr SURR e dé,db‘{ﬁbggﬁpﬁbvﬁ@w?é}ﬁoval of the

di i socyanate, Isophorone, diisocyanate yl'ene
dgaslauylwbhl@ |s4e>¢trerdelprcMﬁSZUItret hane dii socyanate and
net hyl ene diiscocyanate, and a substantially |inear

hﬂ'ﬁr@)erbemerthisrmbbténmrthemmcammm;mﬂ imobiy® embudient, a method
is at | east one nenmber selected fromthe

cSﬁQF%Rqu@ 8P 9"9@?’@P°S%It%t'H%?'V%ﬁéh%é?%%g%@ﬁm"& a slurry of a
PEbieht Wi €hd Nnd : Ca@g%%? tof re?’nﬂ@'qéseéhﬁnﬁémgul nglgralr pockets

agent, initiator l'yst where at ast one
i bebetar thal fihe artities.gf beslwonis 8tenngdddd andimaixed with the polymer

%syblepc{ (gﬁ'i{é.}%g W%ﬁ'g%‘%’ﬁ%wa anej'lh,en&qgvr%t is then removed by
db@ﬁb&%tl(}ﬁu% @5 P tHarfge 'ﬂﬁ?é hittrdRP bfodetty of the polymer matrix

chloro, 2,6-diethyl)-aniline par a- phenyl ene di am n

ﬁgbﬁ l.engt heni ng agent further contains a triol
eIsengt heni ng agent or a tr| ani ne
cZ;eu n-| engt heni n yneric resins

Ao g 8 Hhe B enfih Jallss & Hiitesin that "disperses the

PoryasichaaRrial ﬁoMb?éﬁ@@sli/ *tl%bugfj thé pbliendraiBfiid ke 88e of a solvent,
whi ch they are ideally m Xed e to this viscosit

audilei Ml@ﬂgdhgdmr@dtmtmdhﬁ@%rhuéblasSlnto ke ynixigre. This involved an
¢ BFAGY Ry PaSEALESS WHSH FptdVed diberigt HhE qal b8 Uilided to contro

s 'can renoved

aQﬁHlteﬁdn partiole iz UKhe n1ﬂcm§\pe®cesu e ADEDES lahﬁmm @illing but should
powders removal of the gas/air bubbles is extremely

dibf3fq bightshepg ”@V'@gdﬁﬁﬁeﬁ%ﬁosattﬁ"&ﬁﬁéﬁs@ﬂe appl i cant

devel oped in one enbodi ment, a nethod of preparing

pb1 Patl casedbe reixingals dandoctassunder wicsen eondions @g agpressure of

b#gé%lyq%gé" 34 %@Qb‘"ﬁh?bﬁayag %okrg@%ecfgpggﬁ%ga{g)?q the introduction of

fgag u@j@btesc;h&jsthengp@’swﬂy is then added and m xed

wth the polymer resin to disperse the inorganic

mMEDEAMPILESThe sol vent is then renoved by

The invention will be described using the following examples. It is to be
understood by a person skilled in the art that these examples do not place any

limitation on the present invention.

Example 1

To demonstrate the effectiveness of this method sub micron alumina having an
average diameter of 0.72 um was mixed with a solvent. As the resulting slurry was
to be mixed with polyurethane, the solvent needed to be compatible with
polyurethane. Therefore PGMA (Propylene Glycol Monomethylether Acetate) from
Orica Chemnet was used. The polyurethane material was a two-part resin

consisting of the materials shown in Table 1.



evaporation so as not to change the intrinsic property
of the polyner matrix | eaving the powder dispersed

wowdokiossethe pol yner and substantially free of BET/AU283/001336
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bubbl es. A further enbodi nent of the invention

i nvol ves a process that disperses the inorganic

mat eri al honogenously through the polynmer w thout the
use of a solvent, while avoiding the introduction of

a??\%’?n‘?m AN 4 JHF%E!@&Z@% PItvURETHANE

nd-—can-be ut sed to control rt|r~|p

\Vlﬁlerlahim m ;( @"Hf&ﬁtw@& need rﬁneqlf.kca! ition mlling

HERABRSUEBAe | ErnPemenBLid X ?%:%\ed&'é@@aﬂateancmsw-based

Hi spersion  nlbhoth cases the uethare conduct ed

IMEGA vacuum ¢ErriPelyoRsPhiLig: greunsure 4dkMetylenalBis
ess than 900 nillibar (gauge\ (pehochigreaniling) ar as

possi bl e the introduction of gas bubbles into the

di spersi on. EXAMPLES The invention will be described

uéAng The ;ﬁrefércard proassing aethed its fabritate utheeinstgarde pmposite of
a person ski|led.in th rt that these exanples do not

pl ace BRYUr§tARRe:is 6@#%@6@@ IWesent invention. Exanple

1 To denonstrate the effectiveness of this nethod sub

n? c B Awasiheatedin ayaguumaveagt 80°emntib foarning, stopped (for 16hrs).
was mxed with a solvent. As the resulting slurry was

t Alureinai pewden whs dalliymilletfand Shtwigh $8§Ménusingetfidmt alumina milling
be cpnpati ble with pol yurethane. Therefore PGVA

(EIB t ene d ycol l\/bnomet hyl et her Acetate) from Ori ca

Chemet vvas used. The pol uret hane material was

t ho AfEtMillng, the éh@ryswaw a5R0;qea iraina table Herd MiRutes to remove
Tab RESI N USED TO FABRI CATE
AR NRE o BN

s’ Manuf act urer Speci fication

it G50, 465 1 o B ThATARA s e usin

Sun@ﬁ%fgnétlésfvﬁéhl\{htﬂ% tﬁe:‘adﬁeﬂtﬁ@mw waga@mbve@)(népﬁ)any overnight).
The preferred processing nethod to fabricate the

| ponge £ waRMatdd 5t £10°C prior to mixing.

e Mixing of the MOCA and the slurry (i.e., mixture of E93A and inorganic
powders) was carried out using a magnetic stirrer to prevent the formation of

air bubbles in the mixture.

e The resultant mixture was poured into moulds (Teflon moulds and greased

glass containers pre-heated at 100°C overnight).

e The samples were cured at 100°C for 1 hr and then post-cured at 70°C for

16hrs in a vacuum oven.

e Polyurethane specimens were cast in different preheated moulds to be used
for different wear resistance and mechanical property tests. In particular, two
types of teflon moulds were used: the first was 30x70x3mm thick for slurry pot
test, the second was 40x80x3 mm thick for tensile test. In addition, a glass
container coated inside with thin vacuum grease (100 mm dia. x 5-7mm thick)

was used as a mould for erosion jet and dry sand rubber wheel tests.



pol yur et hane is descri bed bel ow. ¢ E93A was heated in
a vacuum oven at 80 C until foam ng stopped (for

WA Bhs®3s64Al um na powder was ball-mlled for 16ACTAURN03/001336
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PGVA using 10nm al um na m'IIingI media . « After
mlling, the slurry was placed h a vi brating table
for 5 mnutes to renove air bubbles fromthe slurry

THEARNING releqisan mmigtpssaned SEMEYEA used i %awmﬁ)ﬁm@ﬁpgture of the

t |
Epekifih, PA ottt BrTaOSpeninet dohint®) 6.1%, giiia prepared
V\aecdrdingetlzb tie memdd)outlloe:h abcwgf Isésghmlx\vn ngthurehle Gf2aifs of alumina
a ur.r ure 0 and i nor
ol S5o0H0 Pathe BalvulRhats g8tk FabNel Mere(wel Sisressed. Bonding
PhEMRIEN Hlﬁgéﬁib”ﬁéW@BrsOfanﬁ' polQurlth&se idlsd hﬁysﬁ’é(dfréé#‘{tgnbé good. No

The resultanht m Xture was poufed into noul

nobvidgs aridrogmeacsepongsay othendefeeisrn the structarewene faoal.
C overnight). ¢ The sanples were cured at 100 C for 1
hExamplé Ren post-cured at 70 C for 16hrs in a vacuum

oven. <« Pol yurethane speci nens were cast in different

PTBS sahwr agin Exaniple Hewitls éte rcestidn @iaefiie WRRHanic additive was sub
reS|stance and mechani cal property tests

pBNEPe & @P” qaneidepavdeshaving @haﬁ%rlﬁ9§s°%?|g diamgterqi®.6 um. SEM
f 0 f
ElGke = S I ol % PlesP=itEl apinckSngghFom 1um to Gum

a@ﬂhtalnctiveragéﬂi #1616 Widi8hces OPaGStokingateR Ihrhh thin
vacuum grease (100 mmdia. x 5-7mmthick) was used as

aEggH]# fRor erosion jet and dry sand rubber wheel

canning el ectron m croscope (SEM was used

g?hg ’é%mé“‘és%‘ %X%H[H& iy gﬂifﬁ%?é ie ng{g% Erée ’%u'@ d;‘ﬁfc?cgﬁ E:mt.l,on .carbide

specl en cont'alr ni ng
awaeraﬂidegl 4toa ideding tidnadl otﬁlﬁ()l Tvatesl. SEM/mlcmgsdimMs shown in Figure 3.
?ure . Grains of alun nav\él [ ghter colour) in the
waéttql\%rﬁast@aa@ kraeeequm OEMAP | SN sWRP sy average interparticle

Bﬁ%%*n%%p@ BTV G5 R ‘obvi ous. m or o/ macr o por es

E ot her defects in the structure were found. Exanpl e
2 xamge

The same as in Example 1 with the exception that the inorganic additive sub
micron alumina powder was added at a loading level of 1.3wt%. Interparticle
distance ranged from 1um to 10um with an average interparticle distance of

approximately 5um.

Example 5

In this example the method of producing an inorganic/polymer composite without

the use of solvent is outlined.

Milling media (6 mm diameter YTZ balls) were loaded into an attrition mill, followed
by polymer and alumina powder having a particle size of 720 pum. The milling
container was evacuated (850 millibar, 0.5h) before commencing milling. The
mixture was then milled for 2h at 130rpm, maintaining mill temperature below
70°C. The polymer/alumina mixture was then separated from milling media. As the
mixing took place under vacuum conditions, all bubbles were removed from the

polymer/inorganic material mixture and it was heated and maintained at 80°C



The sane as in Exanple 1 with the exception that the
i norgani c additive was sub micron silicon carbide

w@owd®esseavi ng an average particle di aneter ofPOr/AUWB/001336
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SEM m crograph is shown in Figune 2. Interparticle
di stance ranged frommto 6nmwth an average

interparticle distance..of r.oxi nat el | 3 .
B BLE R R e P B e R SN PRS0 Blndheratumina
SkhixtiieS 'viath aiurhig@npreabRt 8 aWwaadingded 13 wid @ﬁf&tﬂgcomgosition, was
| evel of 20.7wmt % SEM m crograph is shown in Figure 3.

| mixadowith iINOE Adfart 3 Ayeutesrajsbither st iashmixtareswas wiash into a mould.

aq, aver ' rpart j r pxi [ 0
SPEBERe N, L b A 100 B0l BTl at 75°C ror
exgieBENoftthaimithstiveturg afitite pdiyutetlienefalurminaradiposite is shown in
al um na powder was added at a | oading |level of 1.3wt%

| RigEF®4rticl e distance ranged from Inmto 10mmwith an

average interparticle distance of approxi mately 5mm _
FRafge ®fnmeashanisphrigbls wasensativd out pprodaenergtesh specimens to

 SEAGHRler 1B e, RAETEN ol roBBol egaPed it standard
vereotifiedeshateridls amesting i iethodsi thrriedoloubvirdcdyipliance with ASTM
mer and al unj na powder _ha a particle size

pol¥ ¢ vin of

7P6thRds nedad sluy eehiAPhd GIB) oiftcerasian (A56M G76), dry sand
L b a 5 0 0 j N 1 dihi e 4§\

esbep S el PLASTE! °5B5Te TEER oty JASTMC e hardness

t mepouEnerds KASIM DR240T00y. pol yner/ al um na m xt ure was

then separated frommlling nedia. As the m xing took

pl ace under vacuum conditions, all bubbles were

renoved fromthe polyner/inorganic material mxture

and it was heated and maintai ned at 80 Cl1 before

pol ynerisation was initiated. n this exanple, the TD

pol yur et hane/ al um na m xture, with alum na present at

a loading of 1.3 w% of total conposition, was m xed

with MOCA for 3 mnutes and the resultant m xture was

cast into a nould. The specinen was then cured at 100

C for and then post-cured at 75 C for 16h. SEM of the

m crostructure of the pol yurethane/al um na conposite

is shown in



Figure 4. A range of nechanical tests were carried out

on generated specinens to determne their wear rate
wanasoessiani cal properties conpared wth standetTAU2003/001336

unnodi fied materials. Testilag nmethods carried out in

conpl i ance witi=ASTHM-rethods—ifnectudedtsturry pot (ASTM
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(Control has no inorganic material) 0.72 mO0.67, 0.60
Al Oat 1.3 w%3 The wear rates for the pol yner

w@oens@asseng i norganic particles is divided by pPCEAURMB/001336
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rate for the polymer w thout arllli particles (terned
Control), such that Wear Rate ?malized to Control =

ar rate of caonposite )/ (wear. rate of control) A . .
VATt §als: GF BRcpolimbr (SRS BTl firisih s divided by the
NRaF rifedfor tRepSI9IR SiftRdub afy Partidied ftefriéd GMtrol 2kaciPthat
the control t can be seen fromthe results that a

2 g’ggédr RARUNbrRAIIZEERD C6MRF0IH Efedi3bid &Mﬁgoé]m@g%ak rate of control)

to polyurethane greatly 1 nproves

SSUBLETN.51or HE EoPEORL \PBIEEG BN ikans o composte
apkicrd half thewasaretaye of theotontmls, i ncl udi ng

t hernosetting and thernoplastic polymers, and a nunber

ofit enepadancirémsthearesahs aedtQl ¥riamtshbahtsof SBrHRYAY size particulate
metal oxides, netal silicates and nmetal al koxi des.

Amaerak iaddegr toc obiuigthaaeh etratyu RPRYep nihec wass resistance of the
Y . . | %0 b v . _
OB £ Y18 M) R0l ) 8o can e
i appﬁe@r}dﬁra:e/awbtwfdtfhpoiymasl iiﬁdudhgcﬂ'ﬂel,rh&)seﬂmg tdmf thermoplastic
even at | oadi ngs 6.1 W% the particles are evenl ]
aPolmers, 880\ HHMBer f anoPARicle, siZentsiiacion Malesiciuding metal

apgidesahtotdl SlGAESRINY FRe élﬂ?ﬂ@é’é.'A(Ité?hémfé nﬁ&%e%%iﬁ@ M@thods such
particles wth agglomerates of 3 mand 20

r @spejectior moutding ang extpusian cowld alse e otilisddoadi ng

range of particulate addition was enpl oyed to address

t rigures Ppos sl btee mivbgrspHoof ipolynosreihovgatic roiemmmsa'n accordance
These, nodel s, are the formation of a physica rrier i
ORI e BYP RS T Can R eae At Gsrmal (ECkIGR PbArcHis the particles

W& he ey Qﬁgﬁ‘i%m&:" &t Mot hie a?@%nﬁgraﬁbﬁ.h F‘?@Lﬂ%&i ¥€and 6 are

| oadi ngs,” and. changi ng the m crostructure of the
pohigragraphs showing goonlgr dispetsed akumina egartickescwjthwagglbmerates of

TS558 N el SRR U2 g v o2 nos,

S B BB A o R A i hEB ] Bepdiss e o

PPb¥EBIe models for improved wear resistance. These models are the formation of
a physical barrier on the wear surface against an abrasive environment, which can
be achieved through the use of high additive loadings, and. changing the
microstructure of the polymer in order to improve the wear resistance, which is
achieved by the use of very low additive loadings. Addition of a small amount of
ultrafine and preferably submicron particulate alumina to polyurethane provided a

wear resistance greatly in excess of the original polymer.

In addition, improved water resistant properties have been observed, and it is
expected that the addition of ultrafine and preferably submicron particles to
polymers will greatly improve other mechanical properties such as rebound

resilience, elasticity, fatigue and hysteresis.

Such composites of inorganic materials with polymers have a wide range of
potential applications, including bulk solids handling and any surface where wear
is a critical factor. Other improved mechanical properties may make the



n addition, inproved water resistant properties have

been observed, and it is expected that the addition of
wabdosasieme and preferably subm cron particl es POI/AU2003/001336

polymers will greatly inprove oﬁ?er nmechani ca

properties such as rebound resillence, elasticity,

b BB SePuc U GRORSE el SRR po orectve

ag@th 6aspAR§ dahipdrgdi ng bul k solids handling and any
surface whefe wear is a critical factor. Oher

| TREURaREBenL iRt PECRTCIES o RSBt ki, ang mocifcatons.
ebbeious tohose Sldlled frettte ant,, casubé ‘e estherety widingmerdeparting from the

The foreqoing describes the principleg of the presen -

5 | oen Phe Anveo: Aicsws medtigiioBschal v shefiad ¢ b within the
ignﬁmQﬁqﬁéabgagdggcmgﬂﬁLthereto wi t hout departing from
the scope of the invention. Al such nodifications

shal | be deened to be within the anbit of the above
description.15 CLAIMS: 1. A polyner article conprising
a polymer matrix and inorganic ultrafine particulate
material evenly distributed through the polyner matrix
characterised in that the inorganic particul ate
material has a particle size up to 10 mat a particle
| oading of 0.01 - 20 wt % based on the total weight of
t he pol yner inorganic conponents. 2. The article of
claim1l, wherein the particle size is in the range of
1 to 1000 nanoneters. 3. The article according to
claim1, wherein the upper size limt of the particle
is less than 800 nanoneters. 4. The article according
to claiml1l wherein the particulate material has a size
range of between 100-800 nanoneters. 5. The article
according to any one of clainms 1-4, wherein the upper
particle loading limt is 10 w % based on the total

wei ght of polyneric and inorganic material. 6. The
article of claiml1, wherein the interparticle distance
bet ween t he



particles is |less than 20mm and t he average
interparticle distance is in the range of 2 mmto 10

wo0s/d3s6dhe article according to claim 1, whereCTAUR®3/001336

10

15

20

25

30

i norganic particulate nmateri al 1 an inorganic
material available in subm cron powder form or a

pr@@r to said inorganic particulate materi al,
sgl fromthe group including netal oxides, netal

silicates and netal al koxides. 8. The article

adcor dfngoene Arifle, CRRNYING 8neolyHlar Mt enehiapragnic ultrafine
It F)taﬂfbu%é Qﬁ%teziH Ié%ﬂl? dggﬁq;ﬂlglﬂqm&grﬂ‘he%él?@?h gr‘fﬁttgx characterised in

ani um an con’ article acco
cthdtm the wheorganict hpagimutate ul siatenadt ehasl a s metidet esize up  to

framthe group consistin al yi Al O) titanja .
(1RO S, el BarEs 0P ot S shE pasedian gie 18 Seight of the
Cgb@inﬁ’&,inbbg%rn@(&&ﬁﬁoﬁéntél um na and al um no- silicates.

10. "The article according to claim1, wherein the

pel ynmef F B helard said i-ag: POl YRk

224 ol ae SR Fliar 1, WIRER® e paRIRY S ls in thPange of 1 to
na080 in@hometers6 pol yur et hane, pol yester, hybrid or

copol ynmer thereof. 12. A nethod of forming a

pal y meTherartigeactotding s ictatmat t whémire ¢ uppemnsizé ienit of the particle
steps of: dispersing an inorganic subm cron

pis lese tnan e0%wasPMeteBavi ng a particle size up to 10 m

in a polyner at a loading rate of 0,01 to 20 w % of .
t He t off BF atliclgraccerdipg tg saimahavhersinythe pamtigulete material has a size

th%n ' 3P§ét§0eﬁzﬂ Fd(ﬁ?%@ﬁ%gmeité}g. the formati on of gas

eS ITn the m re provi de a di spersion having

a.substantially even di,stributio f. particul ate .
Tt or: A0 HOeReEGoRar dhaonadt Tyt 4 L e prper particle
algadimgl lintit G311 W% Basédiréh the bl nRéigad di’fp(ﬂi/mbﬁbl%%d inorganic

wherein the particle size is in the range of 1'to 10
ndwfB@lers. 14. The nethod according to claim 13,

wherein the mxing is carried out to mnimse the

afount Toe agipleomir albimnl owhdirgipe the dniesparticlee slisdanice between the

provi de a substantli al | en distributiaon of. particl.e
RS B SRR oG e Bl il pistifce S f The range of
whqirRitd 10henmm xi ng step includes mlling the
7. The article according to claim 1, wherein the inorganic particulate material
is an inorganic material available in submicron powder form, or a precursor to said
inorganic particulate material, selected from the group including metal oxides,

metal silicates and metal alkoxides.

8. The article according to claim 7, wherein the particulate material is an

oxide, silicate and alkoxide of aluminium, titanium and silicon.

9. The article according to claim 7, wherein the particulate material is selected
from the group consisting of alumina, (Al.O3), titania (TiO3), zirconia (ZrO5), silica

(SiOy), silicon carbide, hydroxides of alumina and alumino- silicates.

10. The article according to claim 1, wherein the polymeric material is a

thermosetting polymer.

11.  The article according to claim 10, wherein the polymeric material is a
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16. The nethod of claim
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in a | onCEFAB203/001336

regi me having a Reynol ds nunbe\rl\%é ess than or equal to

1000.

The net hod of claim,

erein the mxing is

cri. [ n.a.high shear ' i a Reynol ds
CBhbbrnas, A Bt RO RSB RRS 2o ol

{22t o8 PIPLOL UG Arep HBERIN b aHig SHTpRRe aricle comprising the
hgfypgrgfpbi city of the particles with the polyner. 19.

The nmet hod of claim 18, wherein the dispersing or

co at il zi i r . d . . .
cons: sARer g B dASRan|c R BaticalEte Htgliafaving a particle size
sap\ertO. urd0in dlpelymeehatda tdadiny rateef &0 ttal@witoofithe total weight of

wherein the m xing occur t ynder .vacyum condi ti ons )
{ BOWMST, &G, inaRBLeDatanals fie BiFPErsion SleR Speventiig the formation of

THSs BRILHRS H 1R ¥nikiike ab ﬁb@id@at&sé&sid’f‘hﬁéﬂnge& h&ibstantially even

nm xI ng occurs under a pressure of less than o
atistripHioncoftparicidateenaterial vbthespalymet,@nded i n t he

di spersionl7 22. The nethod of claim20 or 2 , wherein

t he m gasting theatisphreiondniamauldsiouture dve mistiure

tenperature above nelting tenperature and bel ow t he
desonpPhetmethddeshelaih Ty wierkelre thwlpartile s&® isTethe range of 1 to
nmet hod of any one of clains 12 to 22, wherein the

mi QPAGaparetenst ace in a vacuum up to 760 nmHg with

the | evel deg%ndent on the viscosity of the _
dil4per $henmethod Fpeorginghial clgimel @i mheeeinviher BlixingHe carried out to

parii ' i ' R . 50l t DL :
PRI BRREL Y, BBomhiatih B DR el e provie =
cbabstadtallwéasredistribition of particlésinrthepobin iy

evaporation fromthe dispersion and the dispersion is

Cy5athe PettidacedstaifBas d&ins W siRsidiRtHe/ mixieg s&fp BRfides milling the
bubbl es. 26. The nethod of claim 17, wherein the

i partigyldte metetialowitathe pelyeer andes sub-gepsehierigcenditions.
polymer by mlling the particulate naterial and
pd6y el hatmathaod! of ¢laimpdibatwhereinatheymixing isrelatriedy out in a low shear

PR HaViSg hReyhold nbRbeMesShas 5P ERAS! ' 1o,
17.

regime having a Reynolds number much greater than 1000.

The method of claim 15, wherein the mixing is carried out in a high shear

18.
treated with a dispersing agent to match the hydrophobicity of the particles with

The method of claim 16, wherein the particulate material is coated or

the polymer.

19.

selected from the group consisting of non-alcohol or non amine aromatic solvent.

The method of claim 18, wherein the dispersing or compatibilizing agent is

20.

under vacuum conditions to ensure no bubbles are formed in the dispersion.

The method of any one of claims 12 to 19, wherein the mixing occurs at

21.

a pressure of less than one atmosphere to ensure no bubbles are formed in the

The method of any one of claims 12 to 19, wherein the mixing occurs under

dispersion



tenperature of the polynmer resin at a pressure bel ow
at nospheric pressure. 27. The nethod of any one of

wW@b@sn0ss612 to 26, wherein after the m xi ng st epCT/AU2003/001336
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pol ymeri sation of the polyner i1s7initiated by the
addition of an initiator and the dispersion cured. 28.

(2t 58 rothef B s ALoCel Wik I Find BGdiucba in @ vacuum

conen st ianteraperdfire icld merR tenpériatirer snd BetVe #hé& decomposition
optical bri %hteners and UV brighteners are added to

t lRMpRragge At dhe polymex. net hod of di spersing an

inorganic particulate naterial substantially

hddongehbeshgthod of any gmeof claies Jar to 22 wheraimthee miing takes place

consi sting essential |l f particles having a particle .

S8 Gagulth B3°6 260 o B I 1S, nehgfy BRghegrigepsity of the
t gispBraidrye based on the total weight of the particulate

and polynmer material, the nmethod conprising the steps

04 CoMph i HEthodCof8iajrh C18, lkerd tid Phrttilfhte MARSRI i®mixed with a
t he pol yner under sub atnospheric pressure conditions,

t belvenhpiiordoinixingavithy the polymheatmatetiahper at ure above

the nelting tenperature but bel ow the deconposition

t B&per harmetifodt of claihy2dr whereim the ssothethas Semovednibly evaporation

curing the dispersion. 30. The .nmet hod of claim?29, . .
WHerbihe dReSisi ot dhe RperSon S CHESS oA oriddsite substantally
1688 oraBeMRbeles. 31. The nethod of claim 30, wherein

the particulate material is added to a solvent carrier

t??.f Of hg FHethdd/ oqrélgrmt??,a%ie?égﬂntﬁeo iﬁ(ﬂ'gaﬂf%' égﬁfculattgematerial is
sol'vent carrier being evaporated fromt I 'spersion.
3dispérezdiet thedpaymer dynm3lingthe3 pasticalade mateeiahrahd ippdymer at a mill

PR B R 140, b B Sompostior
r @YhSérdse Jithé pBRMEFRESHOSR pres8ard Bsiow fRfospheric pressure.

di spersing an inorgani c submcron particul ate materi al

hayi ng iyl i ' y i
B0 e AR & 17 Boel Gefs, 2102 WFREreh aer the mixing step
ppblymerisatidn i af dthgapolgmentierinitibtedt by tHe saddiioronf Arejpitiator and the

pr.event. i ng the formati on of gas bubbles in the m xture
t SISPPERIPHEVEEd; sper si on having a substantially even

28. The method of any one of claims 12 to 26, wherein at least one other
additive selected from the group consisting of anti static agents, fillers, pigments,

optical brighteners and UV brighteners are added to the dispersion.

29. A method of dispersing an inorganic particulate material substantially
homogenously in a polymer, the particulate material consisting essentially of
particles having a particle size up to 10 ym at a loading rate in the range of 0.01
to 20 wt% based on the total weight of the particulate and polymer material, the
method comprising the steps of combining the particulate material and a powder
of the polymer under sub atmospheric pressure conditions, the combination being
milled at a temperature above the melting temperature but below the
decomposition temperature of the polymer to form a dispersion, and curing the
dispersion.

30. The method of claim 29, wherein the particle size is in the range of 1 to



di stribution of particulate material in the pol yner;
and casting the dispersion in a nould to cure the

w@oeilognste4B84. The met hod of claim 33, wherein tPher/AU2003/001336
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particle size is in the range o{ 1 to 1000 nanoneters.
35, The nethod according to cl a8m 34, wherein the

di rsin tep is carried out to mnimse the anount
oFSQ@&PBH&]ﬁi‘?ﬁ%n of dispersed particles and provide a
substantially even distribution of particles in the,

o 3ymer he gmethach olaiot S8 AR R e DEEIAISSTIBIAr és radded to
¢ Con el b ; ! .
| SOUBK A 16 RS0 k19 BGHRR BEINALE the soivent carier
Theingssvaporateddtaan the3dispetstorei n the mixing is carried

out in a | ow shear regi me having a Reynol ds nunber

| 82s tMhe metisldf ¢lgind BP.or381, Wheraidt tred neiflingl B @bnducted at a
36, wherein the mxing is carried out in a high shear

r BEAsSEreal tyRiradly tespribpa S0RuURar{gaugdek eat er t han

1000. 39. The nethod of claim 37, wherein the o

padt i cHl methathoéincipasing dbat wean resistaace dfvia PRIvaner comprising the
d'tse?)gr§i ng agent to match the hydrophobicity of the

particl'es with the polyner. 40. The nethod of claim

39, wherein.the dispersing agent is PGVA. 41. The. . ,
1ot hodSBPeHIE BRI GBBBIE R SN BedigUIA Bele il Taving a partcle size
MU it6 9 00GAU irfa Pohfnernaled losmy rate @1 @01 &0 taYe B thettotal weight of
no bubbles are forned in the dispersion. 42. The

meelaercandiiyorgagicomatgrialnthesdispersion sigremseyenting the formation of
gpér% 5 b%?&éjir? tﬁjé]qﬁg(tu?e %E‘E@g{d% gfdiE;?é’l%ic}rhga}/ﬁate%esubstantially even

erée to ensure ho €s are rorne
ddisprigutioprof4sairtidliatervahtesidl inf thel polyméd;, amd 42, wherein
the mxing is conducted in a vacuum oven at a

t enper gadtiry) MHeVISpdrBion iNG hMBREAdUE ¢hapalyhsdrow t he
deconposition tenperature of the polynmer. 44. The

mgihodTRE ABMJANGF Shirk! B, Bhedir %é?artm@rs?ﬂenist iﬁ?tr}? range of 1 to
760 M Hg wit

m xi ng takes place in a vacuumup t

t he00 eaebnwderendent on the viscosity of the

di spersion. 45. The nethod of claim 37, wherein the

pab6} i clhatmetmdeacarding toi olain \84t, lwreerein the dispersing step is carried

out to minimise the amount of agglomeration of dispersed particles and provide a

substantially even distribution of particles in the polymer.

36. The method according to claim 35, wherein the mixing step includes milling

the particulate material with the polymer under vacuum conditions.

37. The method of claim 36, wherein the mixing is carried out in a low shear
regime having a Reynolds number less than or equal to 1000.

38. The method of claim 36, wherein the mixing is carried out in a high shear
regime having a Reynolds number much greater than 1000.

39. The method of claim 37, wherein the particulate material is coated or
treated with a dispersing agent to match the hydrophobicity of the particles with
the polymer.

40. The method of claim 39, wherein the dispersing agent is PGMA.

41. The method of any one of claims 33 to 40, wherein the mixing occurs at



solvent prior to mxing with the polymer material. 46.
The net hod of cl aim45wherein the solvent is

werapossated fromthe dispersion and the di sperBCDAU2®3/001336
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cured to forma conposite subst@ni ally free of gas
bubbl es. 47. The method of claim38, wherein the

Lﬁﬁé%ef'cﬁv%iﬁévé‘ﬁ'g%% R R AR M prson

m.| | ur e, nel ting. . ‘

p@%p ety 05@1"65 E’bﬁw%gg‘? gp eEsip dha Mixiag securs under

r@%t)’r@eéf leSs 'tﬁ‘aﬁ“on@ % hospHEfe R?leﬁ!‘?l%t FB é<€are formed in the
ssure. The net ho any one o ai ms 3to

4d|,spwr&wre| n after the m xi ng step pol ynerisation of
the polynmer is initiated by the addition of an

i nBI i aThe nagttiot fod cﬂailmpe'r or 42, whereth thEOmixihg |sn”6cbriitmtt@d |n a vacuum
one of clains 33 to 47, wherein at | east one

t he
28 Ry geén%%r@étbref@bﬁﬁet MetnSD igmieeiafiresane befaw the decomposition
Sfeﬁ‘ﬁ aftHe e Eb;]"?é’s pi gnents, optical brighteners

and brighten are added to the di spersi on.
44.  The method of any one of claims 33 to 43, wherein the mixing takes place

in a vacuum up to 760 mm Hg with the level dependent on the viscosity of the

dispersion.

45. The method of claim 37, wherein the particulate material is mixed with a

solvent prior to mixing with the polymer material.

46. The method of claim 45wherein the solvent is evaporated from the
dispersion and the dispersion is cured to form a composite substantially free of

gas bubbles.

47. The method of claim 38, wherein the inorganic particulate material is
dispersed in the polymer by milling the particulate material and polymer at a mill
temperature, above the melting temperature but below the decomposition

temperature of the polymer resin at a pressure below atmospheric pressure.

48. The method of any one of claims 3 3to 47, wherein after the mixing step
polymerisation of the polymer is initiated by the addition of an initiator and the

dispersion cured.

49. The method of any one of claims 33 to 47, wherein at least one other
additive selected from the group comprising anti static agents, fillers, pigments,

optical brighteners and UV brighteners are added to the dispersion.



