1 WVEAR RESI STANT POLYMERS Field of the Invention This invention rel ates
to inproving the wear resistant properties of polyneric materials and in
particul ar, pol yurethane and a nethod of producing conposite of 5
inorganic materials with polynmers. Background of the Invention and Prior
Art Wiile polyneric materials have replaced or reduced the use of
traditional netal - based materials, the geqeral lack of strength and wear
resi stance have inpaired nore mndespread use. Even in engineering
applications where the use of 1 ch as pol yuret hane
provi de a cost advant age, |nprogv h&g%ﬂbﬁ gﬁé Q%gbﬁﬂggld greatly inprove
the durabili tny?efld ngeplrmg;mghjrrent ly made from polyneric materials, In
addi tion, inproved wear re5|stance woul d expand their use into other
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In the prior art, there are numerous examples of inorganic materials such as

abrasives being added to polymers. Pat. No JP 05250666 discloses dispersing an

abrasive separately to form a slurry and adding the slurry to a paint composition to

obtain magnetic paint. Solvents for the dispersion of the abrasives preferably

20 include ethers, esters, aromatic hydrocarbons, aliphatic hydrocarbons and

chiorinated 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.

25 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

30 from 0.01 to 9 weight percent. The preferred inorganic additive includes SiOs,
TiO,, Fe:03, CdS, CdSe, tungsten carbide, silicon, silicon carbide and ferric
suliide.



sulfide. 2 US Pat No. 6,190,770 131 descri bes pul sed vol tage surge
resistant enanelled wres that outlines a shield coating |ayer containing
a synthetic resin, an organic solvent and a-form A1203 particles and
y-form A1203 particles. The synthetic resins can be pol yacetal,

pol yur et hane, pol yester, polyesterimde, polyesterimne, 5 polyimnmne,

pol yam dei m de, pol yam de, polysul fone, polyimde resins or m xtures
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temperatures. Therefore mixing particulate inorganic materials into a polymeric
resin inevitably results in the inclusion of air bubbles which seriously affect the
mechanical properties of any articles produced from the polymer composite
20 mixture. In addition, settling of heavier inorganic particulates in lighter polymer

fiuid results in poor dispersion and inhomogeneous properties.

It is an object of the present invention to provide a method of preparing a polymer
inorganic particle composite which has improved wear resistant properties without

reducing the strength properties of the polymer.
25 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.

30 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 particutate material has a particle size up to



conprising a polynmer matrix and inorganic ultrafine particulate materi al
characterised in that the inorganic particulate material has a particle
size upto 3 10 m but preferably in the range of 1 nanoneter to 1000
nanoneters at a particle |oading of 0.01 - 20 wt % based on the total

wei ght of the polynmer inorganic conponents, and the particles are evenly
distributed through the polyner matrix. 5 The applicant has found that by
using particles within the above range and St a | oadi ng |l ess than the
upper limt of particle | qading, particul aft material can be mxed into
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800 nanometers. The applicant has found that the upper limit for the particle
loading is 20 wt% and preferably less than 10 wt% more preferably less than 8%
and most preferably less than 6.5% based on the total weight of polymeric and

inorganic material.

20  The applicant has surprisingly found that the additions of lower levels of submicron
particulate material provides greater wear resistance 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

25 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
30 and silicon. Preferred materials include alumina (Al;Q3), titania (TiO,), zirconia
(Zr0,), silica (8i0y), siicon carbide, hydroxides of alumina, alumina silicates such
as mica and talc, and gibbsite. The inorganic particulate material in the organic-



30 and silicon. Preferred materials include alumna (Al 203), titania
(Ti®), zirconia (Zr), Silica (SI2), silicon carbide, hydroxides of
alum na, alumna silicates such as mca and talc, and gibbsite. The
inorganic particulate material in the organic 4 inorganic hybrid may al so
be fornmed in-situ via a sol-gel reaction using a precursor al koxi de sol
such that the inorganic domains (particles) are randonly dispersed and
covalently bonded in the pol yrrer mat r| x. . The pol ymer material is
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As mentioned above, it is essential that the mixing regime for the inorganic
particular material and polymer provides a substantially even dispersion of
20 particulate in the polymer mixture and preferably avoids agglomeration of the

particles and air or gas bubbles forming or being mixed into the mixture.

In accordance with another aspect of the invention, there is provided a method of

forming a polymer-inorganic composite article comprising the steps of:

dispersing an inorganic submicron particuiate material having a particle size

25 upto 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

incrganic 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

30 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 material in the polyner; and 30 casting the slurry in a nould
to cure the mxture. The mxing is carried out to mnimse the anount of
aggl oneration and provide a substantially even distribution of particles
in the polymer. 5 The particulate material is preferably non-aggregated
particles dispersed throughout the polynmer matrix and preferably the

i ndi vidual particles do not interact mﬁthseach other. The particul ate
material is selected to be conpatible with™ the polymer used and may be

treated with sgi Al difyi t a 'I'ze.
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The mixing preferably takes place under vacuum conditions and preferably in a

vacuum oven to ensure no bubbles are formed in the dispersion. The vacuum
oven is heated to a temperature above melting temperature and below the
20 decomposition temperature of the polymer. in both high and low shear mixing, the
vacuum under which the mixing takes place may be up to 760 mm Hg with the
level dependent on 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
25 all gas bubbles. After mixing, the particulate material with the polymer, the solvent
is removed by evaporation (by eg distiliation 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.

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

discussed above.

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



In a high shear mxing, it is preferable that the inorganic material and
polynmer are |oaded into a mll and the m Il evacuated to sub-atnospheric
pressure conditions. 30 Prior to loading into the mll, the inorganic
particul ates may be conpatibilized as discussed above. The mi xture is then
mlled at a mll tenperature, above the nelting tenperature 6 resin but
bel ow t he deconposition tenperature of the polynmer resin. Polynerisation
may then be initiated by the addition of aninitiator and the dispersion

cured. The ini résm?tazm%mmw ioRnEnBRRRaRtd e d dhel RSP, vooy oo

and is used in a effective anou e polyneriz the 5
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10 um, but preferably between 1 nanometer and 1000 nanometers 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,
20 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,.

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

25 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
30 the steps of dispersing an inorganic ultrafine particulate material having a particle
size up to 10 um, 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



suitable for | ow shear mxing regines i.e. |less than Re of 1000. Due to the
i ncreased wear resistance properties gained fromthe invention there is

al so provided a nethod of increasing the wear resistance of a polyner
conprising 30 the steps of dispersing an inorganic ultrafine particulate
material having a particle size up to 10 pm, but preferably in the range
of 1 mto 1000 lumin a polyner at a Ioadi.pg rate of 0.01 to 20 wt % of the
total weight of polynmer and inorganic 7 naterial, the dispersion step
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i35 a mecr ogﬁapﬁurﬂ!ﬁer]?‘epmjlr@?rc&ﬁjétﬁﬂ@np(ddyfﬁt@g@@@f #henbrapeht g\\gte%cﬁl S'eccér:ﬁe lﬁhcg@r e
is a mcrograph o pol yur et hane po r_coptainin 5wt % Si C. | an
Figure 4 is a ﬂ;?%qr B ifﬁﬁ" o a PBYNGH é‘?ﬁé 'OBOPE)ntE? B@g‘?ré‘?%%bﬂd?@ewﬁ%and
alum na; Fi guaecompadymgrdrawp@sapivh@h: a pol yur et hane pol ynmer showi ng an
exanpl e of poorly dispersed particles; and Figure 6 is a mcrograph of a
pol yur et hane pBigyret issihowérograph of xapopheetobn®polhier cdbtathisPerseyd Daninac! es.
The preferred polynmer is preferably a pol yurethane forned froma

conbi nati on of Figomne2 ara mitreg@iph o aynalkethase pblyasr cdh@jthdbesydrscChane

di i socyanate, isophorone, diisocyanate, naphthylene diisocyanate, 4,4 -d
i prenyl netlhan@gdie 3 ey miabgragh df aeiohyrethane polyoee yamaintng 2@6wendia; and
substantially |inear hydroxyl-term nated or am ne-term nated pol yol which
is at | east ondguenrbira swdregiapt of aqgulvuhethgno pplym@nsostainig 08 wiold ylestier;,

pol yet her and pol ycarbonate, polysiloxane in the presence of a

chai n- ext endi niggargeints, a migrbgieghar sopolpattiays tpohinesreshatvidears examelenddoerlyi s

selected fromt.he . consi sting of either ethylene glycol, butanediol,
hexanedi ol , an%gﬁérgé(gﬁgwg%gt F.’EZS hydr oxyet hyl ) - hydr oqui none or a di am ne

(such as MOCA &ié&r@lé geé m{érggr%%'hsdf(as;iofyurethane polymer showing an example of poorly
15 dispersed particles.

The preferred polymer is preferably a polyurethane formed from a combination of

one or more diisocyanates such as:

dicyclohexylmethane diisocyanate, isophorone, diisocyanate, naphthylene
diisocyanate, 4,4'-diprenylmethane diisocyanate and methylene diiscocyanate,

20 and a substantially linear hydroxyl-terminated or amine-terminated polyol which is
at least one member 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.-

25 hydroxyethyl)-hydroguinone 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
30 polyurethane are viscous liquids at the temperatures which they are ideally mixed.

Due to this viscosity, addition of & solid phase material is likely to introduce gas/air



chloro, 2,6-diethyl)-aniline], para-phenyl ene diam ne, oxydi aniline,

net aphenyl ene dimaine,....) or chain-lengthening agent further contains a
triol chain-lengthening agent or a tri-am ne chain-|engtheni ng agent Mbst
polyneric resins and in particular two pack thernosetting resins such as
30 pol yurethane are viscous liquids at the tenperatures which they are
ideally mxed. Due to this viscosity, addition of a solid phase materi al
is likely to introduce gas/air 8 bubbles ithto the mixture, which in the
case of |arge articles can be renoved b application of vacuum However,

with sone sub:‘rpg?iﬁﬁs pEAdRe 1xtErfp Ao thﬁéasaé&}aég@f PRbeiee san PegRinayae by

difficult. To ayei@asR df NasulhoPlofvet NAtABBMECRMmiERYe) sIrBmB0& of the
enbodi nrent, a nethod 5 of preparing a polyner conposite that involves the

steps of for ni A@5/aF SMLPley ivexteemey st wi t h the i norgani ¢ powder to renpve
gas and particularly air pockets between the fine particles. The slurry is
then added andTRiOYEEFOME g PrEblsa. e pppliicast devaorpbipaseembedimest ganphod

material. The i d i t h e
the I ntrinste o bbayind 2 potffor SifSshe Mot FUBRGE Fi: SRpS GriomIAG g 8nd
di spersed wi t h#?lvéHewo| therdnorgadicsppedentd agmyvd gae afd giartiayasly dubisicksts A
further embodi gElecRf i i i J e
i norganic materi al eﬂéﬂ%g@ﬁ u\s{‘ﬁ@éﬁ'ﬁ:ﬁgugﬁﬂwsg&p% gérdé%\oeanﬁ? tﬁ‘ﬂﬁ‘%d QJHEH%?%@{&%
sol vent, whi | esivdpdiisgersie thantindacici oraterfalgdsiebsbbykes i$ nthent enaerexit tye.

Thi s invol ved trjtio il rocess. Whi i_npr i si.on..and
can be utili se%vrap(])é%tﬁér?t I;S%Iés gﬁg]t(% é%h{égggptﬁ(rét'ﬁ@\ne sﬁébeo.e h‘gﬁ/ﬁ}%xﬁ%'g%%o@%@é
need not bd0at ervingdhe moldendisbatsesheitiinl theé polamier gimdshubatantittyi frge pf ackss t o
attain di sperslin%b.’esl n both cases, the mxing is conducted under vacuum
conditions at a préssure of typically less than 900 mllibar (gauge) to

i Sper o1 on. EXAPLES S Eanet 8 WieRTBE il Beartterng eha SPe g
exanpl es. It iisotgankematenidenshogehduglyathpeghane skiyhieediithout the uaetof tilsatvehhese
‘i‘xa”p' es do nof, Rl 8¢SaRgine B RESRr YBs HLBoREERE e MEEIE! s iAvorBATR! ©
15 attrition milling process which improves dispersion and can be utilised to control
and tailor particle size. The mixing process need not be attrition milling but should

be a high shear mixing process to attain dispersion.

In both cases, the mixing is conducted under vacuum conditions at a pressure of
typically less than 900 millibar (gauge) to limit as far as possible the introduction of

20 gas bubbles into the dispersion.
EXAMPLES

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.

25 Example 1

To demonstrate the effectiveness of this method sub micron alumina having an
average diameter of 0.72 pm 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
30 Orica Chemnet was used. The polyurethane material was a two-part resin

consisting of the materials shown in Table 1.



To denonstrate the effectiveness of this nethod sub m cron al um na having

an average dianeter of 0.72 pmwas mxed with a solvent.
to be m xed with pol yurethane,

slurry was
conpati ble with pol yurethane.

mat eri al

was a two-part
1. 9 TABLE 1: TWO PART RESIN USED TO FABRI
Manuf act urer Specificati on ERAPOL E93A Era Pol yner
diisocyanate pol yest er-based pol yuret hane

resin

consi sting

As the resulting

t he sol vent needed to be
Theref ore PGVA (Propyl ene d ycol
Mononet hyl et her Acetate) from 30 Orica Chemmet was used. The pol yuret hane

MOCA Era Pol yner

% the materials shown in Table
CATE POLYURETHANE WMaterials

Pty.Ltd. Tol uene

Pty. Ltd.

pracessing m?‘EAEKF??fa@P?%é@?ﬁ@“ AR Bal %“?&48%@% EORRREBAGE et nane

is described EF93AT Fed—hA—a moverRat UQC gatH—F uanl—rg
st opped (for 1 F:als Al-tH 'E' Ea,cftggﬁ Was ec'. t" ed—+ o J] M—f—h—c-PGMA—
usi ng 10mm al um na m Pﬁ rang 73 t:”'%ﬁte gpuj ecﬁgcy?’ﬁaee 8? ‘?Slleyr"b\ﬁ/gs pI aceg

I T OUITI l. IIU
é(;r;éoﬁéhly on a hot

on a vibratin He—f-ot : efr i
slurry. The Wu??‘y was thgﬁlJré gdaﬁ% ﬁtgl‘ g%cﬂchﬁg ?aei[\;aet

pl ate using a magnetTc stiTrer—umtTtatt-tiheadded—PGv—was renoved

(normal |y overnight). MOCA was nelted at 110C prlor to mxing. Mxing of
the MOCA and t(g Sitid Yrelidr prdBb¥liHh oG IdAabihid 0L 4tGnio EBnRRUAE! )
was carried out "using a nmagn Pcs ITrer ?o reven the Rt ion o air

bubbl es in $he m xtnoherethFhe isdesatibechbelmivkt ure was pour ed [ nto moul ds
(Teflon nmoul ds and greased glass containers pre-heated at 100C overni ght).
The sanpl es wer eERGAschsdteat@DB & vaculinhovanat 8i6ninibkrning sidpped FOC o). 20
16hrs in a vacuum oven. Pol yurethane speci nens were cast in different

pr eheat ed noulAlsming bewdsedas ball-miildd &areith wita P GMAI wsirgn témandiumdadh ariilioal
property testsmegﬁg particular, two

e After milling, the slurry was placed on a vibrating table for 5 minutes to remove

10 air bubbles from the slurry,

e The slurry was then added to ES3A and mixed thoroughly on a hot plate using
a magnetic stirrer until all the added PGMA was removed (normally overnight).

» MOCA was melted at 110°C prior to mixing.

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

air bubbles in the mixture.

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

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

s The samples were cured at 100°C for 1 hr and then post-cured at 70°C for
20 16hrs in a vacuum oven.

» 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

25 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.



types of teflon nmoulds were used: the first was 30x7Ox3mm thick for slurry
pot test, the second was 40x80x3 mmthick for tensile test. In addition, a
gl ass 25 container coated inside with thin vacuum grease (100 mmdia. X
5-7mm thick) was used as a nmould for erosion jet and dry sand rubber wheel
tests. 10 Scanning electron mcroscope (SEM was used to exam ne the
structure of the specinen. A mcrograph of a specinmen containing 6.1%

al umi na prepared according to the nmethod &@tlined above is shown in Figure
1. Gains of alumna gﬁi ghter col our% in the pol yurethane (dark col our)
vere wel | di spefdENg BERHPRGNSTIsconR dREMIoYafaHsed porMemineathe goiciuieafiiae

al so appeared 0Qd i Vipu L L RABESS  Rai eg 4@ in
the structure %rcgﬁ?%u%d.m’agﬁéﬁ‘eog %’hgeﬂésbgﬁée as @%R@Qa%lé @E‘@ﬁ{%qﬁ‘g&%
exception t hata¢ae&dipgde dathmethaiiputiived waeve ishshavire irohigerd i c Gmaioaobiaéianina
powder havi ng ' ' { f . LCr Yol (NN IR
shown in Fi gur@aal.%ylecﬁf&%ﬁpgﬁ ﬁécﬁéﬁgfgg?%%cgdarrgncgeéﬂ B@n’% ﬁ{%l'}ﬂu%éﬁ%%%% gg\aﬁ@ﬁgan
aver age i nt ér pzetwieeh endigatignpewdérsappd goiyweetbhye Atso Boaspled B PhegeaheNas

. I S ‘ ; pit g o d
added at a oad BB AR Bk eFbr e R B AR AR B ur e 5.
15 Interparti cll_:ﬁ%,g'l;&tz?mce ranged from0.5mto 5mw th an average

interparticle e of approximately 2.3m Exanple 4 The sane as in

Example 1 wit [ e al j L ) CF
al um na powcle:1T %gargé%ggh aE% Bg{ qh]%gﬁ E%gtthe\C}JgPB&c}#nCT%gg\ieoj)nxfg@ g:? %%r |\|?ec\?3§s SEB
di st ance r angeticforosiidm tasbiti® mowideh havinaee cagmgertagtighadisinudter ofic6 ant SH

approxi mately 5m mle 5 In this ex | e t he t hod of oduci n
hor gant of 10! yRBoERN B Fadviah FTe 2 RiBig8aF < BhiR e eel BB fivddo B
M11ing nmedia Jith amadéageiRerpéficidalsiahte WebgplotasiRdyigphe an attrition mll,
foll owed by polyner and al um na powder having a particle size of 720 pm
The mlling goaimpleey was evacuated (850 millibar, 0.5h) before conmencing
mlling. The

The same as in Example 2 with the exception that the sub micron silicon carbide

was added at a loading level of 20.7wt%. SEM micrograph is shown in Figure 3.
15 Interparticle distance ranged from 0.5um to 5um with an average interparticle

distance of approximately 2.3um.

Example 4

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
20 distance ranged from 1um to 10um with an average interparticle distance of

approximately bum.

Example 5

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

the use of solvent is outlined.

25 Milling media (5 mm diameter YTZ balls) were loaded into an attrition mill, followed
by polymer and alumina powder having a particle size of 720 um. 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

30  mixing took place under vacuum conditions, all bubbles were removed from the
polyrer/inorganic material mixture and it was heated and maintained at 80°C



m xture was then mlled for 2h at 130rpm nmaintaining mll tenperature

below 70C. The polyner/alum na m xture was then separated frommlling

media. As the 30 m xing took place under vacuum conditions, all bubbles

were renmoved fromthe polyner/inorganic material m xture and it was heated

and mai ntained at 80C 11 before polynerisation was initiated. In this

exanpl e, the TDl pol yurethane/alumna m Wi‘_gre with alum na present at a

| oading of 1.3 wt% of total conposition, m xed with MOCA for 3 m nutes

and the result tu [e was cast The eci men, was

cured at | 100C FpPreuidEsAER i pielib T i Sitrnig, e HERoNERngRS phna

m crost ruct ur emddurehaitpallyuingt frasehtatuaiRIiP PO Wi & t@fm)wamp@sstﬁn.gwae 4.
out o enerat ed specinens to

A range of mechani ca s.were carrie

det er mi ne t hei PXGEaY f‘r@éf%ifm #TEBM?I? @58 the 6"’5‘@ \e DUFRYEEEEPShiRtR &eHliar d
unnodi fied matphd 8hssimérstdd theieéledat CRIPTC &6 PHtarkdntheR Pst-aie8 M 14°CABSIM
10 net hods | ncl ude%@il urry pot (ASTM Gl05), jet erosion (ASTM Gr/6), dry

sand rubbe? Sﬁ*mﬁc%@yosfrpéﬁ%? P&th§tﬁoé5ﬁ’@‘?tﬁa’('Q’(Q*PM”EBSB’Y‘QH%H%‘&@HH@%”
nmeasurenents (AgIM42240 00). 12 RO r OE U'cU mwEo s NO O
Oomz o

A range of mechanical tests were carried out on generated specimens to
determine their wear rate and mechanical properties compared with standard
unmodified materials. Testing methods carried out in compliance with ASTM

10 methods included sturry pot (ASTM G105), jet erosion (ASTM (76), dry sand
rubber wheel (ASTM G65), tensile strength (ASTM D638)and hardness
measurements (ASTM D2240 00).
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COowZC OdCN Ooo=Nyo'Sw( OO0 0Oy m0OO0O tow (UN a
J'" VOO=zayuUyY'SCOO OLLIisCo0OOO NolL) 99 a aor"o ao M2
d? wa~*sEE1Ei JE F1r YNNMI10? o~ mro <Ccs co o (o (o (h
COcopt CE~~a i- to ~~ otcoo o,-0oivo ro oivo mf e~ o< 13 The wear

rates for the polyner containing inorganic1§articles I's divided by the
wear rate for the polyner without any parti'cles (terned Control), such that

Wear Rate Nor Lzed to,Coptrol = (wear rate of conposite)/(wear. rate of
control) A vgﬁJng %?aror%éesf Eorr tﬁﬁemg}é@?r ARG WQWE’E{'E%I p?B'céﬁnisr@Y'dﬁ@ﬂsg’Fhat
the conposite waahese dorehd pbliynidnevitvear ariyabticiés (tbenedTbh®bi),|duck dptbe seen
fromthe results that a small anmount of submi cron size particulate

materi al addedWenr ity doehhieel tgrG&aitloy = i(wpaowesoft duenpte )/ (vesir s4ta g eomtfolf he
original polynmer, As stated previously, it is envisaged that the invention
can be appli ed vausaoh@bifet redlepoRytENsimalized tl Cogtroheeans et tHdcangbsite

: : : : t
';rgterem)g: 25}[ Iﬁgl ﬁg? ﬁﬁéﬁgmlfglse’wggrdra?e (r)]HHB%EJnt%I nanoparticle size refractory

it can be seen from the results that a small amount of submicron size particulate
material added to polyurethane greatly improves the wear resistance of the
original polymer. As stated previously, it is envisaged that the invention can be
applied to a variety of polymers, including thermosetting and thermoplastic
10 polymers, and a number of nanoparticle size refractory materials including metal
oxides, metal silicates and metal alkoxides. Alternative processing methods such

as injection mouiding and extrusion could also be utilised.

Figures 1 to 4 are micrographs of polymer incrganic composites in accordance
with the invention. it can be seen that even at loadings of 6.1 wi%, the particles

15 are evenly distributed with littte or no agglomeration. Figures 5 and 6 are
micrographs showing poorly dispersed alumina particles with agglomerates of
3 um and 20 um respectively of 0.72 um particles.

A broad loading range of particulate addition was employed to address the two
possible models for improved wear resistance. These models are the formation of
20 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

25 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.

30 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 propertiss may make the



oxi des, netal silicates and netal al koxides. Alternative processing nethods
such as injection noulding and extrusion could also be utilised. Figures 1
to 4 are mcrographs of polyner inorganic conposites in accordance wth
the invention. It can be seen that even at |oadings of 6.1 w% the
particles 15 are evenly distributed with [ittle or no aggl onerati on.
Figures 5 and 6 are m crographs show ng pogrly di spersed alum na particles
wi th aggl onmerates of 3 pmand 20 pmrespe ?ively of 0.72 pmparticles. A

posel bl o mae ETar EnoR bRk e APt MR TamEER e Sl bRt [ 0

formati on of Q@heagpdiydigcEmpesri er on the wear surface against an abrasive
envi ronnment, which can be achi eved through the use of high additive
| oadi ngs, and. Tedhémggaing tbscrib@Esthe ptintiples o thaf plebentialeiitin, bid aiddiffcations,

i nprove the wear .resistance,. which is achieved by the use of very |lo
additive | oadi® vgws&aﬁﬁweoﬁk%er“g‘@ tgﬁé\rﬁ' cg ﬁﬁ?acg?‘?‘emt?ﬁ%‘?‘Pthmﬁ’ﬁﬁ/H?@waﬁl y
subm cron partsapkadfethalicvamiont Al plcyuhedinenprahl dRddeemad tweRy within the
resistance great|y |n excess of the original polyner. In addition, inproved
wat er resistan@nb¥8%@?ﬁ¥@¥eﬁﬁ§@“3@€n observed, and it is expected that the
addition of ultrafine and preferably subm cron particles to polyners wll
greatly inprove other mechani cal properties such as rebound resilience,

el asticity, fatigue and hysteresis. 30 Such conposites of inorganic
materials with polyners have a wide range of potential applications,

i ncl udi ng bul k solids handling and any surface where wear 1is a critical
factor. Qther inproved nmechani cal properties nmay nmake the 14 conposites
suitable for applications where hysteresis effects would be effective,

such as spring danpers. The foregoi ng describes the principles of the
present invention, and nodifications, obvious to those skilled in the art,
can be nmade thereto without departing fromthe 5 scope of the invention.
Al'l such nodifications shall be deened to be within the anbit of the above
description. 15 CLAIMS 1. A polyner article conprising a thernosetting

pol ymer matrix and inorganic



ultrafine particulate material evenly distributed through the pol yner
matrix characterised in that the inorganic particulate material has a
particle size up to 10 5 pmat a particle loading of 0.01 - 20 wt % based on
the total weight of the polyner inorganic conponents, wherein the polyner
article is substantially free of gas bubbles. 2. The article of claiml,
wherein the particle size is in the. range of 1 to 1000 nanoneters. 10 3.
The article according to claim1, whergign the upper size limt of the
particle is |less than 800 nanoneters. 4. The article according to claim1,
wherein the particul ate materi al hasci€ﬁ' e range of between 100-800
nanoneters. 5. The article according gﬁ? one of clains 1-4, wherein the

upper particle 15 loading limt. is 10 wt % based on the total, wei of
D orer e dnd’ i ARIRE A e miemass hmoserr g Roaperalt i BRI °t e

i nterparti ghefifiShanraldaet wasmial &enpardidteb@edi srbegs thbapofem amwmdtit he
average interparticle distance is_in the range ,OL 2 pm tcg 10 pm ZH)?. The
article acChbri@ciRgised it fratiha inojgrnieparticyatls malyRhnes B ITLF4e &Pi8t &t i al

I'S an | npr ganhea FakRId @bd@p@jfloahlth}_ﬁ}vtwtbé@e@r&ﬂtmwﬂemigmmtr@rpcayrpeecu_r sor
to said inorganic particulate material, selected fr mtheygEoup d ncl udi ng
metal oxi dérdanistEmraneniaderandtheeball Mar 1sGIe s suBstaRhRIVA FEF §ieas
accordi ng 4Qu6kai M7, wherein the particulate material is an 25 oxide,
silicate and al koxide of alum nium titaniumand silicon. . 9. The article

according ©o cl gh@afhciBer@in 1t WBeRM HLHABER diBS RIihahe Fgngeedfectedood rom
the group consisting of alumna, (Al12G3), titania (TiQ2), zirconia (Zr2),

silica (SiN@PymMesarsi con carbi de, hydroxi des of al unina and al um no-
silicates. 10. The article according to claim1, wherein the tB{grti cul ate

materi al¥ i $- coat B8 artige greerdvgttedlaiim h wheiPegap 4iPhg" Bgeimt Y et Yhe

hydr ophobi G4 fe¥s ®fard 560 RAdh&eRs With 16 the polymer. 11. The article
according to claim1l, wherein the polyneric material-is a polyurethane;.

pol yester, ghybr irfle Qitidt®BOENEREG th REAMOL, wherein the particulate material has a size
range of between 100-800 nanometers.

5. The article according to any one of claims 1-4, wherein the upper particle
15 loading limit is 10 wi% based on the total weight of polymeric and inorganic

material.

6. The article of claim 1, wherein the interparticle distance between the
particles is less than 20um and the average interparticle distance is in the range of

2 um to 10 pm.

20 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,

mletal silicates and metal alkoxides.

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

25  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, (Alz03), titania (TiOy), zirconia (Zr0y), silica
(Si0y2), silicon carbide, hydroxides of alumina and alumino- silicates.

10.  The aricle according to claim 1, wherein the particulate material is coated
- 30 or treated with a dispersing agent to match the hydrophobicity of the particles with



12. A method of form ng a polymer-inorganic conposite article conprising
the 5 steps of: dispersing an inorganic subm cron particulate materi al
having a particle size wup to 10 pmin a polyner at a loading rate of 0.01
to 20 wt% of the total weight of polymer and inorganic material, the

di spersion step preventing the formation of gas bubbles in the mxture to
provi de a di spersion having a substantially even 10 distribution of
particulate material in the polyner; anggcasting the dispersionin a nould
to cure the mxture. 13. The nethod of claim 12, wherein the particle size
isin the range of I to 1000 nanoneters. 14. The nethod according to claim
13, wherein,the mxing is carried out to 15 mnimse the anount of
aggloneratf@ﬁ‘%ﬁwﬂﬁ%persed particles and provide a substantially even

di stributiop of particles in the, polyner. JJhe et o i Lo,claim
14, wherein the %iaﬁ@'%tae‘-’ﬁoiﬁ%‘% i ﬂn@ﬁef?ﬁe“‘% SPMARCHLRDY Lo ol & T
t he pol ynerpaipgethasieb palyesiephgbicocandiymartsered6. The met hod of cl ai m 15,
wherein the mxing is carried out in a |low shear 20 regine having a

Reynol ds nutther A essthbdah famirna aolytreritf@anit7cormsitretrice composiay the 5,
wherein the mxipng is-carried out in a high shear reginme having a Reynol ds
nunber chStGP%Q‘er than 1000. 18. The nethod of claim 16, wherein the

ticul at terjial i e Wi ' ' : tch
Phe. hydlr ophob ci L5 SPBrE Bacer ereua e eBlt MafirbhEEahaE FAURT o2, O
clai'm 18, whetel® hhen di spensi aig loadiognptatafifi.o1 &i Ay witderithd wialyetighitodd from -
the group consistin £0. The

of non-al cohpl,, or,.non_.am ne ] ol v .

met hod of - ayY'Sfik 383 BPHARE ngelﬂgﬁfg? qﬁ?@f%% stt%%gﬁc{%ﬁhh (t)i'(?:ectorrg’%g?n under
vacuum condgdd bosblee iansurmixtve bollpbdwde ar gispersitedhaving reswhisdqrdiagly enen 17
21. The t hod., of. any one of clai.ns 12 ta 19, wherein the m xi ng occurs
under ziggr%‘§§¥5’PE§O’BP¥P%@§Ul?{‘?dﬁatgh@ ‘Ehﬁ)%%y]@% %ngeenlsure no b)ljlbblges alrJe
formed in the dispersion 22..The neth of i or 21, wherein the
mxing is conduccta@ﬁn?J ih%gﬁa%rat?ﬁn‘“ %_nb%ﬁgoa?urgqb%hnggra%ure above nelting
tenperat ur e13?1_nd ﬁ%l %Vf\étﬁgoe og%%?mm%,s'\/vﬁwleperfn the particle size is in the range of 1 to

1000 nanometers.

14.  The method according to claim 13, wherein the mixing is carried out fo
15 minimise the amount of agglomeration of dispersed particles and provide a

substantially even distribution of particles in the polymer.

15.The method according to claim 14, wherein the mixing step includes milling the

particulate material with the polymer under sub-atmospheric conditions.

16. The method of claim 15, wherein the mixing is camried out in a low shear

20 régime having a Reynolds number less than or equal to 1000.

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

regime having a Reynolds number much greater than 1000.

18. The method of claim 16, wherein. the particulate material is coated or
treated with a dispersing agent to match the hyd_rophobicity of the particles with
25 the polymer.

19.  The method of claim 18, wherein the dispersing or compatibilizing agent is
selected from the group consisting of non-alcohol or non amine aromatic solvent.

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

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



tenperature of the polynmer. 23. The method of any one of clains 12 to 22,
wherein the mxing takes place in a vacuumup to 760 nmHg with the | evel
dependent on the viscosity of the dispersion. 10 24. The nethod of claim
16, wherein the particulate material is mxed with a solvent prior to

m xing with the polynmer material, with the particulate material, the
polymer material and the solvent formng a slurry. 25. The nethod of claim
24, wherein the solvent is renoved by eyaporation fromthe di spersion and
the dispersion is cured to forma conposite substantially 15 free of gas

bubbl es. 2621 TheTimetdeﬁtbdodf ably @ingncl élaimbdeo n o hﬁermt@amxmggmcwscmmmfe
material is sperse mlling the artlc eri al
and pol yner agye %\Sp ?estseﬁﬁ'eroﬁgﬁt%?s%éeot%éu%f‘?|bH l?%r%eé ed 'matbgl n but
bel ow t he desp@rfscmtl on tenperature of the polynmer resin at a pressure

bel ow at nospheric pressure. 20 27. The nmethod of any one of clains 12 to
26, wher ei n2af t €fhd hﬁthﬂ@@fm@tmmmr o hWyeesin stad hﬁbﬂng)fs ddnéu@eﬁ%mwablsum
initiate bé d|t|o anlnllﬁlator %}r%ag g er Si ncure

The et hdd Y%ﬁﬁ/a ﬁH‘F’S’fa ‘?br?é’elrﬂe B9 SBTPRIEYS %“da cPE0E 8”b°[°ﬁ 'P“

addi tive sefcoqicedtuis Omhtehﬁlygﬂewp consisting of anti static agents, fillers,
pi gnents, 25 optical brighteners and UV brighteners are added to the

di spersion. 229. Feaidiodd @tfar@i @mdsfsdmgwsam itcnQﬁgahéxfesrpmetmmﬁgamEeMtaeei al

bstanti al ] h
consi ot | ng. ELRACHA o &7 7pamp g dehiiBe: be s BRPERE o Uik, BREEM bR e om

a | oadi ng rakpersn he range of 0.01 to 20 wt % based on the total weight of
the particulate and polynmer nmaterial, the 30 nmethod conprising the steps of
.conbi nihr’lg_ t be parid mdt!@:bdglofra!eem i18] meeb;%pevmfcumé rhieriplok ywixedusitlel sub
at nospheric sure . conditio conbi nat a
enper at ur cSAEIPTERAS Rufbs Wi Tespaba = Blel BaPdiF PR AL BRIt o

t enper at ur ep@fmehena@haizrg tosdi@niiandhgpenghon, and curing the

di spersion. 30. The nethod of claim?29, wherein the particle sizeis in the

range of 1 2® SrHDatkthenofrelah 24, wherein the solvent is removed by evaporation
from the dispersion and the dispersion is cured to form a composite substantially

15 free of gas bubbles.

26. The method of claim 17, wherein the in'organic particulate material is
dispersed in the polymer by milling the particulate material and polymer at a mill
‘temperature, above the melting temperature resin but below the decomposition

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

20 27. The method of any one of claims 12 to 26, wherein after the mixing step
polymerisation of the polymer is initiated by the addition of an initiator and the

dispersion cured.

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,
25 optical brighteners and UV brighteners are added fo 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 um at a loading rate in the range of 0.01
to 20 wi% based on the total weight of the particulate and polymer material, the
30 method comprising the steps of combining the particulate material and a powder
of the polymer under sub atmospheric pressure conditions, the combination being |



31. The nethod of claim 30, wherein the particulate material is added to a
solvent carrier prior to addition to the polynmer to forma slurry, the
solvent carrier being evaporated fromthe dispersion. 32. The nethod of
claim30 or 31, wherein the mlling is conducted at a 10 pressure of
typically less than 900 mllibar (gauge). 33. A nethod of increasing the
wear resistance of a polynmer conprising the steps of dispersing an
inorgani ¢ submcron particul ate materialighaving a particle size up to 10
pmin a polymer at a loading rate of 0.01 to 20 wt % of the total weight of
15 pol ymer amfled N&Y gaNePngBR4BFd Bhhovenandi $REMR ABmpERRuRS aYR@NbeRe the
formation of gas bubbles in the m xture to provide a di spersion having a
subst ant i al FFCeMERSieH arpealure @f dfe pammes Updean ratispeision. @ndnelrhel Yifer ;
and castingdidpergbspersion in a nould to cure the pol ymer 34. The net hod of
claim 33, wherein the particle size is in the range of I to 20 1000
nanometers. 385. The mMahb@f aRGA T NehdrBinCthal fartde sREEah thé hengh opersi ng
step is carried out to mnimse the anount of aggloneration of dispersed
particl e® alf0pravemetess. substantially even distribution of particles in

t he pol yner. 36._The nethod accordi n% to claim 35, wherein the m Xxi ng step
i ncl udes mi Plli ngThesnethed 9hdaiey pat W REdiR tha Palicipte meatpdplyigerddidd i 2vacuum

condi tions. sdientl&gridEbMRdo @lidfbAI RS polyhRY &b Forkhg syl Bk bSive@rdakfg out
in a low shear regine having a Reynol ds nunber | ess than or equal to 1000.
38. The net RBWISVaRPHieH e thhdisepisiathe nixing is carried out in a high
shear regine having a Reynol ds nunber nuch greater than 1000. 19 39. The
met hod of cPai m 87 TRpBP@ic] $'AE o of ctl avkerpiat e ANlING i gnddcse 2k Peat ed

Wi th a diospgfesisie: GaghtallyQesBihah dobenilydr Qpigb). city of the particles with
t he polyner. 40. The nethod of claim 39, erein the dispersing agent is

PGVA. 5 41. 33he meaha@ddAf id¥aORg tRE Wd=Al B5isBBck fbf‘boiaowﬁﬁerr QlofhgrRfgnihgi Ng
occurs at under vacuum conditions to ensure no bubblesS are forned in the

di sper si on. steps ofhe net hod of any one of clainms 33 to 40, wherein the

m Xi ng occurs under . . ) . ) . . L
g glspersmg an inorganic submicron particulate material having a particle size

up to 10 pm in a pdlymer at a loading rate of 0.01 to 20 wt% of the total weight of
15  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 dispersion in a mould to cure the polymer

34.  The method of claim 33, wherein the particle size is in the range of 1 to

20 1000 nanometers.

35. The method according to claim 34, wherein the dispersing step is carried
out to minimise the amount of agglomeration of dispersed particles and provide a

su'bstantiafly even distribution of particles in the'polymer.

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

25 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.



a pressure of |ess than one atnosphere to ensure no bubbles are forned in

the dispersion 10 43. The nethod of claim4l or 42, wherein the mxing is
conducted in a vacuum oven at a tenperature above nelting tenperature and
bel ow t he deconposition tenperature of the polymer. 44. The nmethod of any
one of clainms 33 to 43, wherein the mxing takes place in a vacuumup to

760 mMmm Hg with the | evel dependent on the viscosity of the 15 dispersion.
45. The nmethod of claim 37, wherein theqparticulate material is mxed with
a solvent prior to mixing with the polyner material, with the particulate

material, tBe pPhy MBstho@teEr tigim @Td Wﬁ\ﬁemo‘cﬁéeﬂért‘bglﬁam hgataridl i4r yatedor The
nmet hod of cL{al m 45 wherein the sol vent i s evaporated from

di sper si on 4RACHNEtHASHNESIBA 398Nt IR @?ﬁt?tbm%PmrapM%?ft @%Qﬂf@é%‘ﬁf"i'@l ly
free of gamenpiMphes. 47. The nethod of claim38; wherein the inorganic
particulate material is dispersed in the polyner by mlling the

parti cul at e4gat eThdneand FIRIAMET0, dhefeifitild dish&EPE AUt B, P@RRVe the nelti ng
tenperature but bel ow t he decorrp05| tion 25 tenperature of the polymer resin.

at a pressuse befvnaiiioespheny onpresgaint. 33 & 4theharihask afixiagwcone @f
claims 33 to 47, wherein after the m xi g step . polynerisation of the
pol yner is P'Pﬁ"?r VLRI PERENS HRYPR TSR Neu Hzeﬁ’rﬁr? fArsr 1 4 dReeSINs per si on

cur ed. 49 t hod  of one of i 3 47, wherein at | east one
i her 30 skt 1| Ut Ser e i A G R Al Rp i e e s TR o
filler S pl greadsire o@mgsetabn liheodiireRBR&reaB bridVrdhb BUbBREI Fedbenaddethet O t he

dlsperS|on
dispersion

10 43, The method of claim 41 or 42, wherein the mixing is conducted in a vacuum
oven at a temperature above melting temperature and below the decomposition

temperature of the polymer.

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

15  dispersion.

45.  The method of claim 37, wherein the particulate material is mixed with a
solvent prior to mixing with the polymer material, with the particulate material, the

polymer material and the solvent forming a slurry.

46.  The method of claim 45 wherein the solvent is evaporated from the
20 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

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

48. The method of any one of claims 33 to 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
30 additive selected from the group comprising anti static agents, fillers, pigments,
 optical brighteners and UV brighteners are added fo the dispersion.



