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" REI NFORCED COWVPCOSI TE MATERI AL" FI ELD OF THE | NVENTI ON

The present invention relates to reinforced conposite
wordoesawks, and in particular to fibre reinfore€dAU2006/001536

pol ymer conposites. However,1it will be appreciated

that the invention is not limted to this particular

field of use. BACKGROUND OF THE | NVENTI ON Any

di scussi on ol lRERH GEDHSMPHRHEATH RS

speci fication should in no Wway be considered as an

adm ssion that such prior art is wdely known or forns

part of the ComnFﬁrﬁ'@TﬁEWﬁmdﬁ the field.
Fi bre reinforced polyner conposites are known in the

art gand are co nl e by.reacting.a curable resin..

o ¢ iR et RO reip ko Fhlrlo e a3 bBicular

radical initiator. Typically, the curable resin js an

b et atoad PRlyMFE cpraposites; Howgyery i 0v1}1 58 appreaies i e

is a vinyl nmononer. Reinforcing materials such as

inygingies i ndsdigniteddo dfis particnlet fidd@iupe.t he -formul ations to
provi de di nensional stability and toughness. Such
rei nforced conposites are used in many key industri al
appl i cations, including: construction, autonotive,

aer ospace, narigECRUROUNICOFIsE QOVERSTONant
products. For traditional glass fibre reinforced

pol y . [ , f4 t 1=y i |y 41
R e e S S e N e
far exanple, filament winding.. In these glass fibre
coBTHRAAS B RBISFPB LT R TR Ay WOeLY KB BE0RIEmR B of e
position by nmechanjcal friction and there is only
commgwra}ia@wdg@wdhﬁée@f the fibres to the resin
matri x. Therefore, the performance of such pol yner
conptbietremfarsed polgebycomposites are known in the art and are commonly

to

made by reacting a curable resin with a reactive diluent in the presence of a free radical
initiator. Typically, the curable resin is an unsaturated polyester resin and the reactive
diluent is a vinyl monomer. Reinforcing materials such as glass fibre are often included
in the formulations to provide dimensional stability and toughness. Such reinforced
composifes are used in many key industrial applications, including: construction,
automotive, aerospace, marine and for corrosion resistant products.

For traditional glass fibre reinforced polymer composites, the fibre lengths
typically range from about 12 mm up to tens of metres in the case of, for example,
filament winding. In these glass fibre polymer composites the majority of fibres are held
in position by mechanical friction and there is only relatively weak bonding of the fibres
to the resin matrix. Therefore, the performance of such polymer composites is largely
due to the length of the fibres employed and in these composites there is a
discontinuity/gap between the fibres and the resin. Cracks initiated in the resin matrix

find it very difficult to jump gaps, therefore in these composites cracks initiated in the
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due to the length of the fibres enployed and in these
conposites there is a discontinuity/gap between the
wo piressoaind the resin. Cracks initiated in theP@EaUZ06/001536
matrix find it very difficulgt. to junp gaps, therefore
in these conposites cracks initiated in theresin are
ys r
rest ik S RSt pibd SRR AR BB B el
fibre c osites _have a nunher of shortcom ngs. Fo
Hopg St reAtipaa LS iR PO e Aot of BPEERine it
resin prior to curing, and even di spersion of |ong
exame.dbistdiifiouly o lvett Hee Hoppwithike fesindgirfor it gyring, and even
especially for conplex parts. In addition, such
dispersioi toif tomgl fitgesathsoughoutftie cadpik yndiffiadipsscialy faremplex
limted by their production techniques which generally
parfsequi re manual layering or are extrenely limted in
the shape and conplexity of the noulds. To overcone

th egfa@gt’?_cg{i %lgdﬂ t?&ﬁtion‘é?%]ﬁsssﬂgﬂﬁrg?% ﬁgl?n{ek @&ﬁgosﬁﬁﬁ’ aR8imited by

use or very ort ['ymerisable |iquid

cOo site an progduct |lamnate. wth tensile strenaths
thef RO R s RGP R e A RBird s PR TSR
. MPa., VSFPLCs are suspensi.on of very short surface
limgted i &g SP@PW@P@W&@W@%&@ BAHdE | zmeri sabl e
resi ns/thernoset such as UP resins vinyl functional
r es Tnoyewporhese shortcosringso Veuyrsboti giess fiotismeay berised. VSFPLCs
l ength of the fibres are kept very short so that they
or Wy Rhdrt fibes wdpaeridableMighitbsirhyosites tdneprbdwt laanihatewhith ensile
the resin fibre mxture is no | onger sprayable or

stre?iiég’ggé%ﬁer MBS D OBk uRe s&BAh bRafef BlaRCIS 0 NP ARRHPLCs are

e glass layouts in open and closed noul di ng
so BB Rl B8P A Akl
resRRUBREN TR £ | RECPIDH BN OHER] S Boror LR pic5 appyrethane

required since .
resins. The length of the fibres are kept very short so that they do not increase the

viscosity of the liquid to where the resin fibre mixture is no longer sprayable or
pumpable. VSFPLCs can be used to replace standard fibre glass layouts in open and
closed moulding applications and also can be used as alternatives to thermoplastics in
resin injection moulding and rotation moulding applications.

However, an improvement in the fibre-to-matrix bond is typically required since
such very short glass fibres are too short to be mechanically “keyed” into the matrix.
Coating the reinforcing fibre with a coupling agent may provide an improvement in the
fibre-to-matrix bond. For example, one commonly used coupling agent is Dow Corning
Z-6030, which is a bifunctional silane containing a methacrylate reactive organic group
and 3 methoxysilyl groups. Dow Corning Z-6030 reacts with organic thermoset resins

as well as inorganic minerals such as the glass fibre. Whilst such coupling agents may
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such very short glass fibres are too short to be
mechanically "keyed" into the matrix. Coating the
wo edonpetoes ng fibre with a coupling agent may pPOWAUZ008/01536
i mprovenent in the fibre-to-gatrix bond. For exanpl e,
one commonly used coupling agent i s Dow Corning
infsr§R38e ABR-folmbRixhdRlif B GbdmMMals G¥ihéRen bRLY ite |
IIrérj\:?rt hac?yll ate realct Ive or ganflgc gsr oup an(fﬁ%@ﬁ@? oxyg?ﬁl‘%}?Slte 18
. r.ni 76030 reacts.wth organic
111fiﬁ§¢'%§%ee &si rr]é‘ﬂegtg ev\n%t%ﬁé%ger}% ﬁ’g?rgtgﬂ?‘cArRrﬂcgfcélwéthﬁﬁﬁeras
the..glass fibre. Wilst suc oupling agents
ﬂ‘?ﬁh@lﬁiﬁn@\igughﬁlﬁssﬂﬁﬁ?@%@gwa?@i bond, the useful ness of
the reinforced pol ymer conposite is |limted since they
ar e Pr atiempigvasipade toladdisst sameeof theseshomcqningsiot PGT Phtent
greater flexibility and toughness is sonetines needed.
ApyplicatioreNpt PGS GIU81484 (steimetenad Dublicatioh INes &0 02/40577) where
shortcom ngs in PCT Patent Application No. PCT/ AUOL/ 0

thd é8dblink Rk et s iR pblyRIBisé LAtidrad cHRingWR: @?a_/sﬂ%ﬁtﬁ“gl)ciﬁ’g‘i%r@ to

the coupling agent was pre-polynerised prior
« ﬁE'I t: .S r.ej Ci i b " nl kCi S
R e R ES T IR AL FUM, Bz B At s 0
coupl i agent was.to provide a bhery interphase .
prf R PR 2 5B 2he e 2 L et Ry resultin
result .in, product having inproved inpact resistance
ProgieFt SRVIR FRProveshiaRASt resistange st sivcaathy iHawasies deng-term
still an issue with the above PCT. In Very Short Fibre
enfyitileraentdailban isspue witiCthepbeie BETt e VeraSkornBibas Polgmpssable
between the fibre and the resin. In VSFPLCs the resin

Ligsidatranposittd thelanel g6 air @apdloetiwesi the Mbkd ind BB eestd) €6V SHTE.Cs
no gaps between the resin and the fibres. Cracks

thé Ristd 18 cRGnicAIl B%clfeﬁ% the'rBih hﬁtﬁ); Qx?cﬁi!(lelefy dr€4b g%([fst RO the

fibre surface. the energy o propag ng crac

re_i:eiﬁ é\.{l&g’ %%%Qesapﬁfckg %ﬂﬁgtte d th %hp: t?e | %f’aﬁrgg ﬁrg\{?‘f glrgpﬁJﬁ glger@bre

IS SuU cren ruptu
soffe ST e <Boemk PR BrgR e Gk PIoBERAE BPO9: 0 e oot fbee,
anld %’T; Qnaeggeysis Vsmuftﬁt::ient to rupture the fibre. Abundant evidence for this can be seen
on the fracture surface of silane treated fibres. This is especially true for laminates with
flexural strengths greater than 100 MPa.

It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the abovementioned prior art, or to provide a useful alternative.

DISCLOSURE OF THE INVENTION
According to a first aspect the present invention provides a method fgr producing
a reinforced composite material, comprising: combining at least one curable resin and a
plurality of reinforcing fibres; and curing the at least one curable resin, the cured resin

adjacent the reinforcing fibres defining an interphase, wherein the reinforcing fibres are
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flexural strengths greater than 100 MPa. It is an

obj ect of the present invention to overcone or
wae®ijoeioas e at | east one of the di sadvant ages BPET/AL2006/001536

abovenentioned prior art, ar4to provide a useful

alternative. DI SCLOSURE OF THE | NVENTI ON According to

tre?te& E&c%t Qtstﬂg Eltoggltﬂi%s B ﬁl%qﬁ%rﬂhgyeeﬂy 1?.}&{ Ig(ilﬁ?/ﬁeﬁetg BRle of

uc n rernforce conp03|
h ]E£r|5|n conblning at | east one curable resin and a
t %% sy y reinforcing fibres; and curing the at

| east one curable resin, the cured resin adj acent the

r ei W1 ®DESTPRGRd grabasimentrthe revaforsing Ribiss presgless flpeshavingae

reinforcing fibres aretreated such that the properties
cowgflinghagentriosplpth tisectar dhe ghss fibites aldyybeahosandk@ntt-1 $- or C-class
those of the bulk cured resin. In a preferred

glaesYDDIGE gteey fiirh Eenlpet B fraricdlytbetwiynesdoat B00AMSIDODinbicRBis and the
havi ng a coupling agent coupled thereto. The gl ass

ﬁbfés%@ﬁre@éfbl? %v%gf afspelfsécpﬂ(ﬁl h (8 redn. Gife! Raplitl t cc}g‘&ises a

lass fibre s typi ca l'y between about™ 100 an
pluaz%i)lqg é’?] o1 ersaepa% hegfglra 1r§ na.ﬁﬁ eﬁeg e o%%ltx tﬁeﬁ?gsyﬁbre and a

¢o p
conpri ses a Iur lity of ecul Vi n
Semggfld éﬁ@%‘@&% tq Breggtia nfﬂr@ Yﬁ colfing agent i
second end adapted to bond to the reS|n when cur ed.
Doy €pmingdh? 1608 hdlewenst.i atberagupling agemsunobaised suchsddow
However, other coupling agents may be used such as Dow
Coggingi 1+022,6838 Z-6(Bt5d SImalr&upBnghgeats aro apdilably agemlesGussa and
are available fromDe Gussa and Cronpton Specialties.

Crdi@toRrSRethaltiess of the interphase which are
substantially equivalent to those of the bulk resin

nmay 'Ikl]l@ tp?(ﬁ%?lg%g o(f"ﬁlle B % i Sa% gL%S?& Blgsp%lﬁflﬂeﬁﬁ:g HRse of the

consi s St reng ness, eness.
bu%giglglgat I B/eelglgdhamcala;grgpet:rtlgsn & Ilec¥éd Itr tl?er é’l%ﬁlg tcones%stmg%f ggength,

toughness, and brittleness. Alternatively, or additionally, the properties may be physical
or chemical properties selected from the group consisting of density, cross-link density,
molecular weight, chemical resistance and degree of crystallinity.

The curable resin(s) preferably includes a polymer and is chosen to have
predetermined properties including from one or more of improved tear resistance,
strength, toughness, and resistance to embrittlement. Preferably the resin is chosen such
that in its cured state it has a flexural toughness greater than 3 Joules according to a
standard flexure test for a test piece having dimensions about 100 mm length, 15 mm
width and 5mm depth. Ideally the cured resin having the polymer has a flexural
toughness greater than 3 Joules up to 5 years following production.

In preferred embodiments the cured resin is resistant to crack propagation. A

preferred cured resin is able to supply fibrils in enough quantity and with enough
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or chem cal properties selected fromthe group

consisting of density, cross-link density, nolecul ar
waowdoghssoexzhem cal resistance and degree of PCT/AU2006/001536

crystallinity. The curable ¢&sin(s) preferably

i ncludes a polynmer and is chosen to have predetermn ned

inFrORQERSTIE StrbrdEh A1 RELRDE z8e e{afi‘r%g(?optfheicmk,ol\fﬁ?gfg%r

resi _St ance, strengt h, t oughness, ( _ reS|hst ance o
prR i e enrt SLPLARL i A R S PR iR oo

reater th 3 .Joul es according. to standard_fl exure
o B Bt T B B AR s ot G o Grefphead of
length, 15 mmw dth and 5nm depth. ldeally the cured
the @@glﬁ rqgghasitbe glags ipbasineuiiipigat energyetpunpiure the glameSbre surface.
greater than 3 Joules up to 5 years foll ow ng .
Sugh telwghenatresihmnansriddatly sededetobedy stemt Sbre heinfurceidongisites. In
is resistant to crack propagation. A preferred cured

addigi®n/such rédseprboAids wRRbdd éhbritibsehwRR S0 INOTEN THeWeAPEirface
W t h enoughi nherent tensile strength to stabilise the

of PAGsAIE i AR P leal R sﬁjéﬁ‘gth 85 ngT}i/lgr%: Etgel? BulloS0ASY bt rent

the  propagati on of a crack.

I r-mpdi fied curab resin.arrests. the ac .
ool RS, PRk B uitho? Rt i BRLAT g byfablhe Bfsse s, This
if the craze ahead of the crack reaches the glass it
su{ace 15 YERYTaRiey Bipturedh hogilustents that erechaspalygiodeek 4tithe process for
surface. Such toughened resins are ideally suited to
makéng/“deoehipp¢dirdscoreiivd grssqunelsnposi tes. In addition,
such resins provide reduced enbrittlenment with age.
NOT Ehe Heatmvent ypslisditacie fifred Rraterds; 4 irbdtchSthaceheses
near the strength of the fibre itself due to vastly

RSy B AL U e e

o 55 Y 53 MR o B AL et Bty e
ol R B e e e B

reduces
monomer) low activity unsaturated polyester resin having only a relatively moderate

amount of unsaturation. Desirably the unsaturated polyester resin is formulated to be
substantially hydrophilic.

In another embodiment, the treatment applied to the reinforcing fibres is the
application of a hydrophilic surface coating. Reacting the coupling agent (coating the
glass fibre) with a hydrophilic agent provides the hydrophilic surface coating. Ina
preferred aspect the hydrophilic agent is provided by reacting Dow Corning Z-6030 with
a tri-hydroxy compound, such as trimetholylpropane, or a tetra-hydroxy compound, such
as pentaerythritol in the presence of a catalyst, such as tri-butyl tin. The glass
reinforcing fibre is sufficiently coated with the hydrophilic surface coating such that the

modified fibre is substantially hydrophilic.
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catal ysation of resin polynerisation in the _
i nterphase. In one enbodi nent the treatnent applied to
wa b@7oeiorf orcing fibres is the application of BCT/AU2006/001536
pol ymeric coating. Preferablg-the polynmer of the
polymeric coating is a nonomer deficient (less than
abouh 2 33theMa¥pIPHOME 'hildﬂomﬁﬂi@ Ghitdel c%.aHH? 91&185@51%9‘% the treated
pol yester resin having only a relativefy n? erate
: .4 0N, I ra the unsaturate .
SATAYE s R B o#r?un?%iniialg Pt §1§B€Tﬁ¥m?*§%ﬁﬁ{ ? mixing,
hydrophilic,. I n angt her odj pent, the treatnen
ho&%‘é‘fri °§81PPBH‘PH% 151'@?’%?8&'0 }l‘ﬁ% emp%@@rpgerqh%c%mqeé:at i on
of a hydrophilic surface coating. Reacting the
coupliﬁ§6§§@%vﬁ@5oating the glass fibre) with a
hydrophi I'i c agent provides the hydrophilic surface
coat i nil0 pantsacgtond;@ended aspect the hydrophilic agent
is provided by reacting Dow Corning Z-6030 with a
tri-h spolpsyind, such as trinetholyl propane, or a
tetra-hydroxy conmpound, such as pentaerythritol Tlhn t he
| - e
OrFDARENGE Lot Sl Sh o L PRl At bl Foce
such that the nodif]ed

. o !

byt B ORI Sndotd F5e b A ReEr P e ercaeet
dr ophi | i f ti mbodi ment, the

ho P B PRVHSE TP 1 4o G REEP I ioda e B polymne i

ermul si on. The treatnment may sinply be m xi ng, however
mogemsbisftiieny (less tharélaut 83% Wivemenuinsi)dowpcedisr ashyrated
conprises: 16.6 parts water; 100 parts acet one; _and
polzederpasih hapiak pabra reltvelgnaddeyatt BfoRALSSInRMuABBR! DEGiSably the
free radical inhibitors, which generally include

undingated o Ieser fesiis RirmillARb @ sBHAR Ly W38 pRI¢Mer My

be a vinyl ester resin,
In a further embodiment the treatment applied to the reinforcing fibres is the

application of a coating of a free radical inhibitor, such as hydroquinone acetyl acetone,
hindered phenols or hindered amines. In yet a further embodiment the treatment applied
to the reinforcing fibres is the reduction in the total surface area of the reinforcing fibres.
As discussed above, very short fibre polymeriséble liquid composites typically
require the use of coupling agents to improve the fibre-to-matrix bond since the fibres
are too short to mechanically key into the matrix. The present applicants have found that
use of such coupling agents tends to cause embrittlement of the reinforced composite
material over time. Others have attempted to mitigate such embrittlement by using a
blend of resins whereby at least one of the resins is “rubbery”. Other alternatives have
been to medify the coupling agent to provide a “rubbery” phase surrounding the fibre,
such as disclosed in WO 02/40577. The present invention takes an entirely different

approach.
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however the polyners referred to above are preferred.
In particular, the polyner is a nononer deficient

W@ b@3s4302Bn about 33% w w nononer) | ow acti vi t PCT/AU2006/001536
unsat urated pol yester resinfpaving only a relatively
noder ate anmount of unsaturation. Desirably the

Subst Eﬁ%iﬁf@%ﬁéﬁﬁﬁwuﬁ?B?‘.tﬂﬁd;afé %@Eﬁ%%ﬁdj@%ﬁa%@?ﬁgﬁeu@ang
o S T o AP et Bt alson L N i Sy Rgptase, i

such as hydroqui none_acetyl acetone, hindered phenols
thegregipmiecty adingonbthe glass jibre, therehnt foamingduiilerimierphass over
treatnment applied to the reinforcing fibres is the
tinree dUset dpproach of the presentl insentioadetastemiailyt pessivaitatfthe coupding
fibres. As discussed above, very short fibre
ag@alcphtid, ety ditetiptifle COMPOSId 85 dRPisGAiLY tHe@BUpl®: 438t may
use of coupling agents to Iinprove the fibre-to-matrix '

haOB iR itz E.rdsfieintd a%&_raﬁﬁﬁ%n&lﬂﬁgstﬂé’ ‘iﬁterﬁ)?%sgﬁg Eé’ﬂa'aélgh tiallaf

key into the matri x. e present app oun

J of. .su coupl ing, agents.tepnds to cause, .
calffent BPpflint e3Pt R SPEHfib BB Reld A8 Relpa person
.Quer tjne,. hers have attenpt to_mtigate such
will 3Eprepiaice FP@%@%W ofi gp3sgaHon aidd g@ svfﬁgxeﬁgf%m%wa@ffects
| east one of the resins is "rubbery". O her
whieh e sauplingsghatveaiplass ongherfiltietsesintinternbasd WhigstatjBachieving
provide a "rubbery" phase surrounding the fibre, such
sufifciaht bohdisgalf the W0 02hdBak fesidhe present invention
takes an entirely different approach. Wthout w shing

to behpphichninat @R thittthd ﬁre%ﬂt RRGo, RHictPTsieRfiredy t

coupling agents coated to the glass fibre act to
. ] | .
R 5SRO YR R s ) FLT g
f ' i.ttle.int h time. Th roac
e B RS S B B e B R e s
the coupli agent coating, thereby attenpting to

relﬁ%?%@@% BRFEal VI FRiRRg PEQREptiqs sy chgfevitengy toughness

and heat distortion temperature. In particular, the long-term embrittlement issue of prior

art composites employing coupled fibres is notably reduced.

According to a second aspect the present invention provides a reinforced
composite material comprising: at least one cured resin having a plurality of reinforcing
fibres, the cured resin adjacent the reinforcing ﬁbres defining an interphase, the
interphase having properties substantially equivalent to those of the bulk cured resin.

According to a third aspect the present invention provides a method for treating a
reinforcing fibre for use in a composite material including a curable resin, the method
comprising the step of applying one or more of a polymeric coating, a hydrophilic

surface coating, or a coating of a free radical inhibitor to the reinforcing fibre such that,
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have on the fibre-resin interphase, and enabling the
i nterphase to have substantially equival ent properties
wao o0ovke®es of the bul k cured resin. However, asP€Tiau2006/001536
skilled person will appreciag8e, the degree of
passi vation should be sufficient to mtigate any

in glge{,)?rﬁet&ré’&ﬂeﬁ!ﬂ aliee Qﬂ@fééﬂigﬁfcﬁgﬁﬁ&e %ﬁn&%ﬁn&%ﬂa@é the interphase

re-resin | nterphase st stil achi evi

sufficient bondi.ng of th ibre to. ¢ | k.resin. The

ha et e sHETEM P R be! S PR e R
which is entirely contradictory to the prior art, .
someMisardiag o Oélrth@FRFCbﬁ’GW?fé%%/ IRVFREORIBY VdeF oS ingdibre for
material which exhibits relatively reduced

use itz tampasite materinl dephphing e crrgblsrpon, the reigfospirg fibre having one or
reinforced conposite materials whilst retaining

maeofepblyasrswohtiag adiydesphilie, sutfacgtvatiag, aracohtag of a free radical
di stortion tenperature. In particular, the long-term

inlgBh6: dpbliedBRtetd sehanA! infisk Othe dliled GO4HP A hde@S tHRFBInRIFLIRAG fibre
coupled fibres is notably reduced. According to a

SR EEPARREAREL AR AERSETLHOURILIED BEAUIARY ohuyaent g s
ured, resi.n having a plurality of reinforcing fibres,
Ofgli‘Feb‘g{ﬁf"ér&drr%sér?'n adj acent the reinforcing fibres
defini ng _an interphase, the interphase having

P ] .
pr opscording ) mifth asnest thy peesemtvinyeion pEvidRssanehod fg reducing
bul k cured resin. According to a third aspect the

enprgtentnt iime eompositegnaviial dwvingrastunabde fesin andegtlimabtysof
reinforcing fibre for use in a conposite materi al

reinfitingifibgesaligierlltRerétBfdugh, th eurddtrbuidl adiacank theirsigfdrbigg fibres
step of applying one or nore of a polyneric coating, a

de?%ﬁ{g%%{ih%el&[&aﬁ?ﬂ tHAGEHEE @Bﬂn?lg?iﬂg EhePstGPH bt tha ﬁétﬁles%rface area

'tor to the orcing fibre suc
hat

oo LAl AR BT B L gt o

roperties substantially equivalent to those of the
th‘gmt%?ﬁarﬂeed resin. According to a fourth aspect the

present invention provides a reinforcing fibre for )
According to a sixth aspect the present invention provides a moulded composite

body according to the first aspect of the invention.

According to a seventh aspect the present invention provides a treated
reinforcing fibre according to the third aspect of the invention.

According to a eighth aspect the present invention provides a method for
moulding a composite comprising the steps of providing a mixture of at least one curable
resin and a plurality of reinforcing fibres according to the fourth aspect, applying the
mixture to a mould and curing the at least one curable resin.

According to a ninth aspect the present invention provides a moulded composite

material when produced by the method according to the eighth aspect.
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use in a conposite material including a curable resin,
the reinforcing fibre having one or nore of a
w@olog/etoex coating, a hydrophilic surface coatP@IAURN06/801536
coating of a free radical inpibitor applied thereto
such that, in use, the cured resin adjacent the

|t e ayPHE s BEren kGl NERSyinsy Simrio s

to those of the_ bul k cur resin. Accoydi toafifth
comBpHicCOrREISHESE 5ast NG\ fleo‘ﬁSlBraBé Aaquaality alisiatpreigg fibres such
reducing enbrittlement in a conposite material having
tha, io us@ hecurediesinadihcantsaid rgirfoneingf fires deifines an interpbases
di spersed therethrough, the cured resin adjacent the
whegdimfdd edinfrdind fibkes def trantodgsuah than therprbpates dffsaidniatengithse are
conprising the step of reducing the total surface area

sulkarkiBBy EQUIP4185Gh MthsE bPIRDullhEEPYesR, OVi di ng a
correspondi ng decrease in the quantity of the

i _ _ .
| v eV oRtEs SRS Fu i ASPREI Bt BB cureble
coélggé%?qq{r%%t@&%% ?q%gtt (Bl[%fé: Lh e %eﬁﬁb:agﬂﬁrﬁﬁ%&%g@?%&n% fﬁl)res, said

treated reinforcing fibre according to the third
reinfoseing fibresthAwing ope At Meke OfcRYyaETig Coating, & hydrophilis swdace
the present invention provides a nethod for noul ding a
coatingp osa teatingmyd nifsde mgditdl entsbiepsappliedthoreta sund thatpivkhemewed, the
of at |east one curable resin and a plurality of

cufedirBdiR h&jubtht 48 EinfoaEAL Bt dEInes al Ertdrphistsabdbd@gphase having
applying the mxture to a nmould and curing the at

préq%?éés sﬁﬂ&alﬁiéﬁg Qgﬁivﬁﬁﬁf tta'th&.%??rﬂgé. Bk tored r&iMt h aspect
t I hv e

he present ntion provides a noul ded conposite

mat eri.al when,produced by the neth accordi n
o o O B fedtiret A, AroBORRR HielshBuloiand the
invention provid li id I

claims, the Iwordsp‘ cor\rlliorisee%, ‘%omllagsl:'ilrlg’, (e:uEilcE t%% lﬁce are to be construed in an

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

Other than in the examples, or where otherwise indicated, all numbers expressing
quantities of ingredients or reaction conditions used herein are to be understood as
modified in all instances by the term “about”. The examples are not intended to limit the
scope of the invention. In what follows, or where otherwise indicated, “%” will mean
“weight %”, “ratio” will mean “weight ratio” and “parts” will mean “weight parts”.

In describing and claiming the present invention, the following terminology will
be used in accordance with the definitions set out below. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments of

the invention only and is not intended to be limiting.
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conposite conprising at | east one curable resin and a
plurality of reinforcing fibres such that, in use, the
weeed430esi N adj acent said reinforcing fibres PeEf/ATZ®6/001536
an interphase, wherein saidjgeinforcing fibres are
treated such that the propertles of said interphase

are_subst anti ui v nt t, t he
cur BEOPEATh B SeRebiT e (6 SR AopSCaT fes tken t
) E@gsent I nventi on prOV|des a liquid curable co osj t
inciderplateletrpgd afatelets sespesitvebi r%bﬁ%tgbrégﬁlﬁ tagBnogt L 15|ﬁib€f§ﬁ for
reinforcing fibres, said reinforcing flbres havi ng
the Gme:ntmn nHpwewdr othep otiyieral fires evhi asgyollastoyide amhédrimic fibres
surface coating, or a coating of a free radica
may BldbWietugéd iRdut Adpdrtieg Gbm thesbopeltdithe inhanionur ed, the
cured resin adjacent said reinforcing fibre deflnes an

| nt > Fe 29
L SERAERE SO ITS FOANATEnln harg 8l o

A P
e T, 5 oot S B WS 3Ll B e o

excl usi ve or exhaustive sense; that |s to say, . in the
consisting obflexuralgindir tepsile srength, toughnesselagicity cplpgicity ndyetility,

in the exanples, or where otherw se indicated, al
britilendss mad expace sSistgeeu @hémichbzﬁldqﬂ1yEMQIImdp@ﬁt$me those selected

reaction conditions used herein are to be understood

froﬁlsthg%ﬁhfp' Bfsibtthgdf! dehﬂ%I AREASssharob ekt Esndity abeldtular Wéight,
exanpl es are not intended to fimt the scope of the

chéln?éﬁrpé 1§’[gl‘wela@d‘ﬁgv\§xfeﬁ o?lné@fﬁ'ﬁlm r where otherw se

ght %, ratio w || mean

o b e g PO T A RO e o

follow ng term nology will be used in accordance wi h
takem o bresynapY oWl theggrmy dnigigie” phd {igutigtiop” ihrepgion to
under st ood t hat
radical polymerization.

It will also be understood that the term “material” in the present application
refers to liquid and solid forms of the fibre/resin mixture. The material itself can be
provided in cured form, uncured liquid form or as a separate component e.g. reinforcing

fibres and resin separately for mixing on site.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention provides a method for producing a reinforced composite
material and the composite body produced by the method. The method comprises the
steps of combining \at least one curable resin with a plurality of reinforcing fibres such
that the fibres are substantially evenly dispersed throughout the resin, and curing the

resin. Preferably the resin is a vinyl ester resin having about 40% of a reactive diluent,
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the term nol ogy used herein is for the purpose of
descri bing particul ar enbodi nents of the invention
w@ndog/oetes i s not intended to be |imting. Thr ouRtIDATU2006/001536
this specification the terng("fibre" and "fibres" are
to be taken to include platelet and platelets
e ] | or t t i
sutfEPEEFlofpth Mriel, Mheahlirhhs FRE Bt Spstpnagono-
ch as .wol l astonite and, ceram ¢ fibres nay al.so he
and 9 it BRRIORRATYIF RS A BT e pultaRatiRl: FiRvERE Feay be
Throughout this specification the terns "property"” and
chogendpan ppssdrraiged @otygsteresiReapory vinyt Puieresippivinyl function resins,
mechani cal , physical and chem cal properties of
toyghl wingrfenctivhaburethdne esinsstougovingkfmptienal aeghareisia) and non-
properties are those selected fromthe group

plasEBEES HbHpleqfolfdsRX tsis, afiidlopibihRidak kier&dfr engt h,
toughness, elasticity, plasticity, ductility,

bri trj, k)geﬁégéd SR diRAS! the ?ﬁ?ire%ta?@ gllﬁss %Sg"%ﬁiﬁlen ﬁgﬁh E-, S-and C-

physi roperties are those sglec rom the gfoup

consi sting of densi,t har dn .G - l.i nk nsity,

ol B byt @ lop St et AbORERR e 51200 ity BB igk: ibres
crystallinity. Throughout this specification the terns

havw‘\éﬁ%ﬂg}@egre%féﬂth@% APUT macxpnssian ajsodberysedhePrefiahly ppy pigng agent
synonynous with the terns "initiate" and "initiation"

is jemaviet] oo thetghask fibee printite ik tpaimentwithahs envplibg agent(s). The
al so be understood that the term"nmaterial" in the

préfees@ adupdipplaberttis Dowr@draing 4-6030. b wewnbtBal dodpliy Afnts may
of the fibre/resin m xture. The nmaterial itself can be

beREEY 5B ts Dbve UbRfind 2I60B2 YAERLGH 5! i quid formor as a
separate conponent e.g. reinforcing fibres and resin

sep t el 1.l it . )

oo TR sk Rhe (RSBl el MR i GG RO Red with
q;thod fog groduqingnﬂ rei nfor.cedq conposite )

such'a polymer to have predetermined properties chosen from one or more of improved

tear resistance, strength, toughness, and resistance to embrittlement. Preferably the
polymer-modified cured resin has a flexural toughness greater than 3 Joules for up to 5
years following production for a test piece having dimensions about 110 mm length, 15
mm width and 5 mm depth subjected to a standard flexure test.

In preferred embodiments the polymer-modified curable resin is resistant to
crack propagation. Such polymer-modified resins provide reduced embrittlement with
age. Preferably the polymer is a monomer deficient (less than about 30% w/w
monomer) low activity unsaturated polyester resin having only a relatively moderate
amount of unsaturation. Examples of such polyesters are provided in the tables below.
Desirably these polyesters are hydrophilic.

Once the resin is cured to provide the reinforced composite material, the cured

resin adjacent and substantially surrounding each of the glass reinforcing fibres defines
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mat eri al and the conposite body produced by the
nmet hod. The nethod conprises the steps of conbining at

wo e@sp4oee curable resin with a plurality of PCT/AU2006/001536
reinforcing fibres such thatothe fibres are
substantially evenly di spersed throughout the resin,

an 2@?1’8 asee%t?i aei}rllfﬁ)lécné% ﬁg{egf&%g abalft tr?oZr a‘{{): Iiln hddftich t b éurable

di | uent, such as st ne nD onmer. Howey

res R hfaRfoRfrEEs $iohe Suerphass e a@%ﬂ%&mﬂ%‘fﬁ% Rythose of the
tri- functlonal acryl ates and nethacryl ates. ) )

bully quegdrrasiny dn gne emeodimsnty theedteabmensiappless! tortamiibres is a polymeric
unsat urated pol yester resins, epoxy vinyl ester

coategl Mhe polymydr of ltlm;idljzmeni@sdaﬁﬁg i prafpnably thel lofvactivityomadaturated
uret hane resins, tough vinyl functional acrylic

poryggbmsmqggcrfb@@ab@@tl cised flexible polyester resins,
and conbi nations thereof. In preferred enbodi nents,

the o Rlciseedtoll Ahotd DIEAREIOBE BBuld OFEpry e %@gﬁam

Ccl ass gl ass havin betvve and

m cr, es..havin th reat.er
belifig t%eé% s Rrigt @i’ %Lavh&g@ae&w@? &ﬁ%l%egﬁvn
sizing. agent_ is renmoved fromthe glass fibhre prior
polymerisation theisby (@reang ﬁ.’élﬂé@ﬂ]@qsp ﬁlgvlag éﬁl?s(c@)nall}rﬁ erent propertles to
preferred coupling agent is Dow Corning Z-6030.
theHole vered resith eAn cdenphassdaaiperitighlpreyoskhdinkedkuatriehwakhadew
Corning Z-6032 and Z-6075. The, at |east one curable
propReidl vagy diffetent® BofadfthEbulkirssis hbseby sifediag itlid @echanical
with such a polymer to have predetermined properties

and PRyEEA P Ef EHREBS Bl R Sured rdiARFRUEBnipBsite BRE To Q}@E@nple an
rengt toughness and resistance to enbrittlenent

llrpﬁgs%r %]Q h1 q @Posy IITEI(GC{TR\Q{G[‘I leg %&é\xj&q yr Iﬁg %nl?t?esth% thof: bulk

q—l-

in

exur ess g rea
ears .fo Iomnn roductlon for est p| ce haV|n
ret qRRP RS0t PrOPEEH R ek Tl eVl i wp%afhs

. depth subjected to a standard flexure test. In

intewplAserand @NE sissliaresiing RIABCTHEY §irthe rosisinithe interphags vall
resin is resistant to

substantially reduced. Further, as the skilled person will appreciate, the more fibre

employed in the composite body the greater the total amount of brittle interphase will
result, and the more brittle the composite body will become.

By treating the coupled glass fibre to reduce catalysation of free radical
polymerisation, the applicants have been able to reduce the effect of the coupled glass
fibre on the interphase such that the interphase has similar properties to the bulk cured
resin. In other embodiments, the surface of the glass fibre is treated with a coating of
one or more free radical inhibitors, such as hydroquinone or acetyl acetone, hindered
phenols and hindered amines. The coating of free radical inhibitor(s) is associated with
the surface of the glass fibre such that catalyzation of resin polymerisation in the

interphase is reduced and the interphase has similar properties to the bulk cured resin.
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crack propagation. Such polyner-nodified resins

provi de reduced enbrittlenent with age. Preferably the
w@odog/et02s s a nononer deficient (less than aboRtT/30%06/001536

w w nmononer) |ow activity ungat urated pol yester resin

having only a rel atively nDderate amount of

S A8 O DO 0 R o
YA 0 b S

acent and subpstantially surroundl ng each of the
ﬁlsz Ja@,@ng arelptaredy lagearidinraatery diq srodan gl dibpasdupicallinese f glass
reinforcing fibres are treated prior to their addition
filtre reiforasd catnpesites diave diauisterhbetwetreatpuo p2trniesonsf Holveever, the
i nterphase are substantially equivalent to those of

appli€anihadve disceteré@ tabuse of plaze fibre3dd g tiamdthe befvrah BNt 15-
applied to the fibres is a polymeric coating. The

24RR1 YRS rwldés@?gﬁﬁ&mqes% e d}8ert $o ﬂfe%fn%r ﬁ%gé’rtiEg‘Sfﬂh@W

act|V|ty unsatur at ed po yester resin descr d above.
b d

re@oergér:cf& eo%g% g&%y %i c eI Ll %/eér% W{%%iaq?gfaglgsskbfeoée r{gttap%srface area
. Wth prior art co I|n cts to _catal yse re3|n
18 H%YleVﬁg’ Rrepqrignal éo BledBg ?St?q?rﬁ?ﬁe %ﬁmFWF -ePhRAYE Fuehilprger

substantially different properties to the bulk cured
digraeteifibrancamiestss e Hamicnen, oghysy, theessis aiprastied working limit

material will have properties vastly different to
ofttloBkreplopeéesbul k resin, thereby affecting the

nmechani cal and physical properties of the final cured

r ei Mhakis efhbeGIRRAS ivig1sP8R)lask QhirfR% AR Bay @l RtBsiRhase
having highly cross-linked material is‘inherently nore

pog)y thiridaBord o&ﬁb%kabr%,fmhﬁf ﬁlgir:pg%sei%'z] kS Jtﬁ h Yk Bliltﬂ% 1nteﬂ3hase

ropagatin crac y eaS| y rupture

I.t.t.I e interphas rack Stln
mprig e Sl BN T @@ﬁ%fhi% B aﬁgv%ﬁ% oy cofiposite
reduced. Further, as, the skilled person wl]
gbﬁp%]élr ngp%‘hanfq:f}bplﬁa@[énétlep,| the ]@ngth of relatively larger diameter glass fibre

used is preferably longer than that which would ordinarily be employed for the relatively
smaller diameter fibre.

As the skilled person would be aware, combinations of the above-described
embodiments may also be employed where appropriate. For example, it would be
possible to use glass fibres having a relatively larger diameter and coat the fibre with a
free radical inhibitor, or coat the fibre with a polymer as described above.

In further embodiments, the treatment comprises a two-step process whereby the
glass fibre is firstly coated with a ﬁrst agent and then a second agent is reacted with the
first agent to provide a substantially hydrophilic surface-modified glass fibre. Preferably
the first agent is a coupling agent having a first end adapted to bond to the fibre, and a

second end adapted to bond either to the second agent or the resin when cured. Ina
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the coupled glass fibre to.ngduce catal ysation of free
radi cal polynerisation, the applicants have been able
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BRI 12 HS b eSS S BRI verae e

W th a coating of one or nore free radical_inhibitors, .
agentend a &ri-hydnosy gpmpaendotuch esirjmethelyinsorane hHomsy et in alternative

phenol s and hi ndered am nes. The coating of free
embadihwats thahydiokpcgmpoinsl ias saic-atdeokydrpaung sselrdsace of

the glass fibre such that catal yzation of resin

peit@dryHieito1S athk @hctibn bNE-003D @h Rasethbl1greptneescaiddctetion the
i nt erphase has simlar properties to the bul k cured

pres T R R e RO TP N bR T Rhet | Endjions.
o adbe Pl G Ane B @ BN e uBhg bt Pty blfgaiment

| arger dianmeter. To explain, glass fibres typical )
furtheg gnqlyes hessten o fgpiingor AogmoERdiag ﬁlﬁo@a’eeésl:exﬁﬁ@ng dltfe with an
di anet ers between about 5-12 mcrons. However, the
emafspin. CHret s sive prtifereblyeoeyprisermil 6 Ggmrts fvagfrak) gartsragetone and
havi ng di aneters between about 15- 24 mcrons provides
206 batd Holgmsi, yhekedis thegioldyrhértik praferublyahd helrdplikd low activity
properties of the reinforced conposite body, since for

un@tethiahoNrRk@ tesHf difludSd abb s, eThIEnlihoa mS HIdAGeIuaE aa
I's inversely proportional to the increasé in fibre

' t ey . . er dianmeter fibres can be
hy%ﬂgggﬁ]t%ﬁgeﬁ r%célng%glgﬁ?re%gﬂv\g%/eﬂ there is a practical
working limt of the fibre properties. In this
enbodi nent, whilst the glass surface still may
catal yse resin polynerisation to produce a brittle
i nterphase, the total aredMIFEEDrittle interphase

The present invention will now be described with reference to the following
examples which should be considered in all respects as illustrative and non-restrictive.
Treatment of a glass fibre with a hydrophilic surface coating

1. E-glass fibres were cut to an average fibre length of 3400 micron and then milled
to an average length of 700 micron.

2. The milled glass fibres were cleaned using boiling water, with a strong detergent
and with powerful agitation. The detergent was then rinsed from the fibres.

3. 1% w/w of methacryloyloxypropyltrimethoxysilane (Dow Z-6030) was
suspended in water at pH 4 and the fibres added to the suspension. The resulting

mixture was stirred vigorously at room temperature for 60 minutes.



material is relatively reduced. In addition, to

provide a final cured polynmer conposite with simlar
wore@hasioeal properties, the length of rel ati vePgT/AHRYED01536

di ameter glass fibre used i-s|5preferably |onger than

that which would ordinarily be enpl oyed for the

rgl afﬂe\’lgt\;il)ﬂ% ngg \?\é@%@r@érﬁ liyd %}Qgs%ibrég }éabﬁigstﬁérhlsﬁﬂ wet with the

per son conbi nat1 ons
abovgrgﬁgcrlbed enbodi nrents may al so be enpl oyed where
approprlate For exanple, it would be possible to use

es havi a relatively |arger dianeter and
g%atsﬂ}er?e E@%%F%ateﬁl fires WereBeR Befisparser NRPBIcE a2 PIOf doat
the fibre with a pol ynmer as descri bed above. In
f & tSeppratelib adohisionf 7608 Otwasarantert with ipmethelylpopane (TMP) in

two- step process whereby the glass fibre is firstly

5 coattkelpmbdnite af & tib Thtadgey taheyl MefoRl 520 aiduRISNt1 L0 °C to
reacted with the first agent to provide a

sub Eyﬁw r

fi bfﬁéﬁﬁléza? era é?ﬂﬂbtfﬁla% Léla\];len T{'ijéﬁogl ggz | ﬁ%ﬁ)a edlYIethanOl
havi.n fi adapted to bond to the f| bre, and a
secd%gvgﬁﬁhéﬁgﬁﬁgﬁr?%¥l nd either to the second agent

or tQ} re when cured. |In apreferred enbodi nent, the
couphe @6@%

gatedsfibres Waaerty%s@@gﬁé it the M%QXWP|aéﬁ@ct to
(Dow Corni ng Z-6030). The second agent conprises the

r eatplfq)‘ode phpdhaphilib éteated fibrd €1 His wes actgevret] bartisparsing the Z-6030
tri-hydroxy conmpound such as trinethol yl propane.

10 Howeeated fibfesah tveitdrainid wediapined? /e080-T M eddiedtootky water at a
conmpound is a tetra-hydroxy conpound such as

pentagihirfiod Of abohDe-3ea6bi 8ieOf TKs ﬁ’xﬁ)gtgre% stirred t?gether for

trimet hol yl propane i s conducted I n presence o

rencPRofab HEAGAR ekt B i sUAR Ry R gtifuged

flbre according to the previous enbodi ment furth
i ncl %f‘é%o‘ier?écw it i iPxWﬁb fres waishemidning, tm@alb’oﬁﬁéﬁc for

reinforcing fibre with an enul sion. The enul si on
pr ef3et hinlry, andnipen Isased td betivepan 16 andil 25 °C 16O -Pafitnsgtes.

acet one and
15 8. Separately, an emulsion of polymer was prepared having 200 parts polymers,
100 parts acetone and 16.6 parts water. Preferably the polymer is a hydrophilic
resin such as an unsaturated polyester.
9. The hydrophilic treated fibres were then compounded with the emulsified resin
until evenly distributed in the rations of about 93 w/w% fibres and 7 w/w%
20 emulsion.
10. The compounded fibre-emulsion mixture was then added to the base resin at
approximately 10-45% fibre-emulsion to 90-55% resin.
Table 1 provides flexural strength data for cured clear casts of the commercially

available Derakane epoxy viny! ester resin 411-350 (Ashland Chemicals). These test

25  panels were prepared according to the manufacturers specifications and the resulted in
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Test Panel 2 3.12 119 5.7
Test Panel 3 3.11 123 5.6
Test Panel 4 3.28 132 6.0

Table 1: Flexural strength data for cured (un-aged) clear casts of Derakane 411-350

Epoxy Vinyl Ester Resin.
Composite Flexural Modulus Flexural Stress at Elongation at
(GPa) Yield (MPa) Break (%)

Test Panel 5 3.30 117 3.0

Test Panel 6 3.40 121 3.1

Test Panel 7 3.10 131 4.1

Test Panel 8 3.20 123 3.6

Test Pane] 9 3.20 127 4.2

Table 2: Flexural strength data for aged clear casts of Derakane 411-350 Epoxy Vinyl

Ester Resin.
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fibres were then conpounded with the enulsified resin
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W W fibres and 7 w we enul sion. 10. The conpounded
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Derakane epoxy Vi nyI ester resip 4.11-350 (Ashl and

Chemi cal s). These| tMetubs{6Pa) wer e Yigld (M) a¢coftrealy (%)

to the manufacturlers specifications and the resulted

Testritanelk Ut Apolyowullus averhdes abolt 3.118Pa, the 6.7
flexural stress at yield averages about 120 MpPa, and

TebtTanel Dngabiyaier at| breaks ayer ages bet wesn abouf 5 to49
6% Table 2 shows| sinmi|ar test Janel s to those of
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Test Panel 14 + polymer 5 3.60 146 6.6

Table 3: Flexural strength data for aged clear casts of Derakane 411-350 Epoxy Vinyl

Ester Resin having 12-15 wt% of a polymer additive.

The polymers provided in the tables are the condensation products of a polyol
and a diacid. The polyol’s and diacid’s comprising each polymer are provided in Table

4. These polyesters are generally prepared by heating approximately equimolar amounts

. of diol and acid at temperatures in excess of about 200 °C for periods of about 4 to about

12 hours. Most of the unsaturation is present as fumarate diester groups. These
polyesters have acid numbers in the range of from about 15 to about 25. (The acid
number is the milligrams of potassium hydroxide needed to neutralize one gram of

sample).
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Vi nyl Ester Resi aving 12-15 wt % of a pol ymer

thN 6. ovi ded . i.n th t abl
B
poly s and diacid' s conprising each polyner are
SIS "H\e%ﬁ TG Table 4. These polyesters are generally
prepared by heating approxi mately equi nol ar anmounts of

di olDwafig the hekt@t 3 hed eHebihpeStir® o £he @Sk tuds W@@E&&Hed@@%@%
for periods of about 4 to about 12 hours. Mst of

10 THIRTRRHE bt Bitn oDoRATS 0% o nd HABHAL ViR shfeh the final
&{on1about 15 to about 25. The aC|d nunber is the
POlyesiFs i roniEnad 0 d&%?eahbw@r@k phheyasatagted pofesier and 2@
one gram of sanple).A 3-liter, round-bottoned flask
peequfisapere-wi t h a paddle stirrer, thernoneter, an inert
gas inlet and outlet and an electric heating mantl e.
The esterification reactions



were conducted in 2 stages.
reacting the saturated acids in excess glycol,
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age was
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In the conpa

draving 12-15
treated gl ass
wherein the
flace coati ng
rison of the

fl exurdI™m@i§¢ a provided jn Table 5 and Tdble 6, it can
Po?y?ners 4 | Nuplex 316 / Tere
and 7 phth 50/50 blend
Polymer 5 | neopentyl glycol 6.25 | 1,4-cyclohexane 3:2
moles, propylene diacid 4.5 moles,
glycol 2 moles fumaric acid 3 moles
Polymer 6 | diethylene glycol 1,4-cyclohexane 3:2
diacid 3 moles,
fumaric acid 2 moles
Polymer 8 | neopentyl glycol 6.25 | 1,4-cyclohexane 4:3

moles, propylene

glycol 1 mole

diacid 4 moles,

fumaric acid 3 moles

Table 4: Polyesters used to modify the Derakane base resin in Tables 3 and 5.
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seen that the test panels 20-24 according to the

present invention have significantly inproved the
webongstozon at break for aged panels, providi NBCHAU2006/001536

reduction in aged enbrittl empnt. Table 7 provides

flexural strength data for aged test panels of

Der ajanes GRS i Ylt géﬁja &?e‘ilg{lu{)?asfo?d% ‘QaHQ E%&@)ﬁé\ﬂteggr resin

ratlos or-resin ass rac

fib t .
ham&t e 584 s nr bl it (el e b Sl e i
re coated. Panels haV| ng the coated glass fibre show
tre§tegmnbf vihithe 20030 sudingsegiiness. Table 7: Fl exural

strength data for aged test panels of Derakane 4

Cdiip@5€@ epoxy vinyl | est dlexwzal n havFlegueal Stitegsrgr Elongation at
treated gl ass wherg¢in the polynen is a nononer

deficient resin. | NDMUIWW(GIRHL! CiBlield (MPhY |Pr Bk (%)

|nvent|on is useful in a wde varlety of indudtries,

Té .éflhgl on_sr raction, T oMotV d SpaC . mar
asm gzor 0Ss1 on eSI St g%tU pr odd Ct S %e rel ﬂf or CG%IQ?

nnr aveoadd

TR W T o cbi o oBalt oo domer B tor ™" 0%

traditional nl ass tibre reinforced materials. Althouah
TeshRaneh{26t%9n has been déd8ribed|with #2ferende to 0.63
specific exanples,lit will be appreci ated by tlhose

TeskPadebtl8 (17:H)he art |that 816 invention @y be gnbodi €40

in many other forms. CLAIMS: 1. A|nmethod for prjoducing

Tedt PRIDT O( LG Conposite nmgipgri al, [conprisy ng. gonbi npRY
at | east one curable resin and a |pl urallty of

Ta'bfe 5"'P‘fé>§hral%trvng"qlﬁﬁfa fg%'ﬁei%:‘d -é t?éaéted C%l §s fgogé's dm erakane 411-350

bl'é " re cur

rel nforcing fibres defining an i nterphase
epoxy vinyl estertesin.

Table 6 shows flexural strength data for aged test panels of Derakane epoxy
vinyl ester resin having about 12-15 weight % of a polymer additive as described above

and 45-50 weight % of a treated glass fibre according to the present invention.

Composite Flexural Flexural Stress | Elongation at
Modulus (GPa) | at Yield (MPa) Break (%)

Test Panel 20 + polymer 5 6.10 136 2.6

Test Panel 21 + polymer 6 6.20 133 2.2

Test Panel 22 + polymer 6 5.90 129 2.9

Test Panel 23 + polymer 7 6.00 134 3.1

Test Panel 24 + polymer 8 6.20 135 34

Table 6: Flexural strength data for aged Derakane 411-350 epoxy vinyl ester

resin having 12-15 wt% of a polymer additive and 47 wt% of treated glass fibre
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15

wherein said reinforcing fibres are treated such that

the properties of said interphase are substantially
weowresdoent to those of the bul k cured resin. BPCT/AU2006/001536

method for treating a reinfagicing fibre for use in a

conposite material including a curable resin, said

acggargigngO Ql%rH}Egeﬁ{ ﬂlgeﬁttb%éﬁﬁg%ir?{ eﬁ%ﬁ{rﬁfén@ g?rggﬁseg rth{]ﬁ));cﬁoﬁ{ilic

yneri‘c coatl ng, rophilic sur e coating,” or
coati.ng of .a free.radi.cal inhibitor to said
Suﬁ%*H?@hggﬁ@{WFﬁpgﬁﬁﬁ%ﬁpﬂﬁg?? in use, the cured resin
adj acent said reinforcing fibre defines an inter?hase,
saj dnithg emaisen pkihe Algxwiabgaip provided ip diblets and Jable 6, it can be
equi valent to those of the bulk cured resin. 3. A
segrethhioitie dest pangi i -2 acionding to the pedsantrimienition hadi signifieantly
step of coupling a coupling agent to said reinforcing
impidveé thedelodgativh Aobreale &@raged partels, ptovidihg a wWiRicBbminSapied
coupling agent is a vinyl functional silane. 5. A
eniBpidlfegccordi ng clainms 4 wherein said coupling agent
is selected fromthe group consisting of Dow Corning
Z-6 - - . A [ 0
2y ole BpRPEs PRRBaERRAC oot ol BpoRE B DeRabEepory
.reinforcj fibre is glass fibre. 7. t hod .
vty POy HESEAF SRR ACThED F16Ssdithe B Desekglsyphesin the
fibre js between about 100 and 1000 microns. 8. A
glass fikeris dreaise avidue menemer dafisicnt rasiie Tasepangl AYyisaingpated and
wherein said properties conprise nechanical properties
pasdb 26 t@ 28 ireaontelie Pandsipavinmnthesbated ghiks fibresshgivisignificantly
t oughness, and brittleness or a conbination thereof.9.

impravell heikhagsgor di ng to any one of the preceding clains
wherein said properties

Composite Flexural Flexural Stress Elongation at

Modulus (GPa) | at Yield (MPa) Break (%)

Test Panel 25 (2.3:1) 6.20 124 0.87
Test Panel 26 (5:1) 3.80 120 4.0
Test Panel 27 (5:1) 3.50 115 4.0
Test Panel 28 (5:1) 3.60 118 4.0

Table 7: Flexural strength data for aged test panels of Derakane 411-350 epoxy vinyl
ester resin having a polymer treated glass wherein the polymer is a monomer deficient
resin.
INDUSTRIAL APPLICABILITY
The present invention is useful in a wide variety of industries, including:
construction, automotive, aerospace, marine and for corrosion resistant products. The
reinforced composite material of the invention provides improved long-term mechanical

properties compared to traditional glass fibre reinforced materials.




conprise physical or chem cal properties selected from
the group consisting of density, cross-link density,

W@ b@moesabs r esi st ance, nol ecul ar wei ght and degP@EATL006/001536
crystallinity or a conbinatpepn thereof. 10. A nethod
according to any one of the preceding clains including

R s s R

A nethod ordlng 0 m@ereln sai d po .
will BRIt DR 1a0sF aklilﬁd ﬁaé IOX BRI BY he %Ryigec{le& mn
bet ween about 5 to 50 96MIM/ 12. A nmethod according to
mapy ather fc@msr cl ai m 11 wherein said curable resin is
chosen or nodified with said polynmer to have
predeterm ned properties. 13. A nethod according to
claim 12 wherein said properties are chosen from one
or nore of tear resistance, strength, toughness and
resistance to enbrittlenent. 14. A nethod according to
any one of clainms 10 to 13 wherein the cured resin has
flexural toughness greater than about 3 Joul es when
tested in a standard flexure test, the test piece
havi ng di nensi ons about 100 nmin length, 15 mmin
width and 5 mmin thickness. 15. A nethod according to
claim 14 wherein the cured conposite nmaterial has
fl exural toughness greater than 3 Joules for up to 5
years. 16. A nethod according to any one of clains 10
to 15 wherein said polynmer is a nononmer deficient |ow
activity unsaturated polyester resin. 17. A nethod
according to claim 16 wherein said nonomer content of
sai d pol ymer
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IS between about 5 to 30 %/ w. 18. A nethod accordi ng
to claim16 or claim 17 wherein said unsaturated
w@oloyestoes resin is provided by reacting a pol BOI/AWRMB/001536
an acid, said polyol being.ghosen fromthegroups
consi sting of propyl ene glycol, nethyl propanediol,
CL@WNW glycol and diethyl eneglycol, and wherein
acid is chosen fromthe group conS| sting of
ter phthallc ac SO hal.i c aci, ric acid
ROt ama g f Gmiosed cameqt s R phyadtial: Sbining
reS| n conprising a saturated to unsaturated acid ratio
at lgastiae wrebleapvin end a plurality of reinfordng fibuep: and Fusiag stidiahlpast one
to any one of the preceding clains wherein said
cutableatsinthe bwred rgsid ydjgrent saideetinforriagfibice defiing an éhterphase,
reinforcing fibres. 20. A nmethod according to claim 19

whehss §difd réidfottiRe FilsFes hredtkeatdiesupl kAl Eel fRose2Biéd dTaldSinterphase are
nmonomer deficient |ow activity unsaturated polyester

I one of clainms 1
Sugsaigllﬁiﬁlg%ﬁggl % ?gg{%r@%&r&@réﬁydr ophi lic surf ace
coatln lied .to said rei
ot Ao B Boraiaghe s Rtirtiih W% e U i B os 8 et
surface coating i s, prepared hy reactin
inchedinga pwabl)@}rﬁﬁlw}q methad ﬁ@g@gﬁlpgﬂg: kR % applying one or more of a
trimethol yl propane. 23. A nethod according to claim?2
polynwricaioating, 2 hydivphiicrsusfacaicdajidg.ophi dopidng of & feeradisal inhgpitor
further includes treatnent with an emulsion. 24. A
to §Ed Reafoade®fibiers@cli thaglifiuse, 2% avhed ekin aslfcantesaid sindorcing fibre
conprises about 16.6 parts water, 100 parts acetone

deﬁﬁ‘& a%qgteﬂﬁfaEeS sﬂﬁlﬁtgﬁihasezl?avn& f)é}ﬁgs ABSRhGAIRGedupvaldntkdihose

or claim24 wheréin said sion conprises free

of {h%%u‘flgkure(ﬁ] Pishi tors.

3. A method according to claim 1 or claim 2 including the step of coupling a

coupling agent to said reinforcing fibre.

4. A method according to claim 3 wherein said coupling agent is a vinyl functional
silane.
5. A method according claims 4 wherein said coupling agent is selected from the

group consisting of Dow Corning Z-6030, Z-6032, and Z-6075.

6. A method according to any one of the preceding claims wherein said reinforcing
fibre is glass fibre.
7. A method according to claim 6 wherein the length of said glass fibre is between

about 100 and 1000 microns.
8. A method according to any one of the preceding claims wherein said properties
comprise mechanical properties selected from the group consisting of strength,

toughness, and brittleness or a combination thereof.
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26. A nethod according to claim?25 wherein said free

radi cal inhibitor is hydroqui none, a hindered am ne,
wa@e@rphsoat et one, hi ndered phenols, or conbi nat P@RAaU2006/001536

thereof. 27. A method accotding to any one of clains 1

to 18 mherein said treatnent Is a coating of a free

rad|cal h|b| ed Al e
9. fi b(%e%l a%f:oﬁe cé:%r (ft tng t%eddéﬁ él%{rﬁlgsr o#lé}g " Salrrspr%emes
to 27 mherel the ane 0l ch sen to:
comaese&hyamleorrcégmw awa?&e belessed fomigs s#oapégnﬂ%m&/%rdfe}{sm
. used in the preparation of the enulsjon. 29,
crqseihhb densityoeheinienl resisiangeoneleotlac waighsand de@r@s)fwrﬁéﬂﬂféllwty ora
said treatnent is a reduction in the total surface

coabmatio theedofl rei nforcing fibres. 30. A nethod
according to claim?29 wherein said reduction of said

10SUr 726 8that @8cdr8inp t@¥hyeieik dhth@pleBédingclatits bRl thestepof
said reinforcing fibres. A met hod according to

31.
coﬁ'bﬁh%égﬁolg@l%f] Wltg sSidlaf leqlstrﬂf?fé e 35if 18 #de?ﬁl@g 2 ?Xllymer-modlﬁed

i ncr amet er rei nforcing
and/ or reducing the |length of sald reinforcing fibres.
A nmet hod according to claim31 wherein the

di aneter of said fibres is between about 15 to
11 cAomsthodgccordipatp elgina d B oyhersiy said palyines h?ecqslflblf%wﬂh said at

preceding claims wherein the flexural nodulus of the
leasuorecbucanipesin at batsteen eboutiSsogPdamveéw. t han about 3.5

GPa. 34. A nethod according to any one of the
12pr egefliethdd abedriingwh elairh N 0ol €lafth @X wvlgkein said curable resin is chosen
or modified with said polymer to have predetermined properties.
13. A method according to claim 12 wherein said properties are chosen from one or
more of tear resistance, strength, toughness and resistance to embrittlement.
14. A method according to any one of claims 10 to 13 wherein the cured resin has
flexural toughness greater than about 3 Joules when tested in a standard flexure test, the
test piece having dimensions about 100 mm in length, 15 mm in width and 5 mm in
thickness.
15. A method according to claim 14 wherein the cured composite material has
flexural toughness greater than 3 Joules for up to 5 years.
16. A method according to any one of claims 10 to 15 wherein said polymer is a
monomer deficient low activity unsaturated polyester resin.
17. A method according to claim 16 wherein said monomer content of said polymer
is between about 5 to 30 % w/w.

18. A method according to claim 16 or claim 17 wherein said unsaturated polyester

resin is provided by reacting a polyol with an acid, said polyol being chosen from the
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stress of the cured conposite material is greater than
about 120 MPa. 35. A nethod according to any one of

wao b@7psweedi ng cl ai s wherein the el ongati on aRChAB2A106/001536
of the cured conposite mateygal is greater than about
2% 36. A nethod according to any one of the preceding

cl ai ms, wherein said treatngnt reduce ' f
o RSt HSSErS HEPPRET R PRES| e raLe e Coredhad
. to a fibre not treated accoyrding to.the resen%
diettileaplyen.,  WhergBsISRCKCE SRORCAGTAD thergfouhernsistipg af
preceding clainms wherein said treatnent reduces . .
terephihalit ttidnisophtbdliosamidd fimare gsichsad ifeey cdehepanediadid, sid
fibre not treated according to the present invention.
uns3firatéd pElybet rasiaebalipfiging @ satyatahte wikatirtatedoroéd edip g between
clains wherein said fibre is sufficiently coupled to

abo%@il.@:lrﬁsizﬂ to reinforce said resin. 39. A reinforced
conposite material conprising: at |east one cured

resiyn Vi N . j ' ' f. ran’ :
1905 e B Aol U @ dnk o it L LR VRLER spli Teatment i
an interphase, .said interphase.having properties
2 palypstiq SPRIS 3PP i ACROPE 8 AEE of 1 he bul k cur ed
resin. 40. Areinforcing fibre for use in_a copposjte .
20.mat Arthethod aedording ¢p elaiay ?%mhéreiré%qlﬁpolga}ea of e pPHRG g Foating
fibre having one or nore of a polyneric coating, a
is dyioiand defficieatiiofvaadivity atsatgrated polyestontasing of a free
radi cal inhibitor applied thereto such that, in use,

21t he AcHEREd beRrdingddh aseite cFlms @itofl 8 fdierdn failitieatment is a
defines an interphase, said interphase having

f
hy@bBRAL bhidihe MR ARIRN b sRIHIMBLER] fibs! hOSE of the

cured resin: reinforced conposite materi al

2270 &b etareR i g1 Marfl il RiBphiE raegetuen
pre%gr%glbingac?i%g rgltletﬁgclilygllc»%gpropyltrimethoxysilane with trimetholylpropane.
23. A method according to claim 21 or claim 22 wherein said hydrophilic surface
coating further includes treatment with an emulsion.

24. A method according to claim 23 wherein said emulsion comprises about 16.6
parts water, 100 parts acetone and 200 parts polymer.

25. A method according to claim 23 or claim 24 wherein said emulsion comprises
free radical inhibitors.

26. A method according to claim 25 wherein said free radical inhibitor is
hydroquinone, a hindered amine, acetyl acetone, hindered phenols, or combinations
thereof.

27. A method according to any one of claims 1 to 18 wherein said treatment is a

coating of a free radical inhibitor applied to said reinforcing fibres.
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thereto. 42. A reinforced conposite material according

toclaim4 1 or areinforcing fibre according to claim
wa2@7okeeei n said coupling agent is a vinyl funct/avemb/001536

silane. 43. A reinforced copposite material according

to claim42 or a reinforcing fibre according to claim

2027 AL o BB R g 3.0 ST b Btmer s

Z-6075. 44. A reinforced conposite material according
chasgnty one of clains 39 to 43 or a reinforcing fibre

according-to any one of clains 40 to 43 wherein said

rei nf ar civodify ither @ratde gises snd/iobr e. 45. A rei nforced

conposite material according to claim44 or a

rei nf @y, ceig tiid fisres;a@gEdi ng to claim 44 wherein the

|l ength of said glass fibre is between about 100 and

1000 i cr,Qn8n ¢ reﬁa mamaiﬂhg%ﬁmﬂoos' te material
accor ngtoa claims 39 to 45 or a

r e' t@?ﬂ 9% cgn%F acfnér n%' Jdids %QX lg%eggm gél& 'tﬂgﬁtmdeglt fsQ

2945 |es conpri se nmec

propertjes selected from onS| sti ng of
redgetiQahigt et@%@@ﬁﬁ%ea Cfo‘iep’ttg e%r a conbi nation

thereof. 47. A reinforced conposite material —according,
3010 dnyetbod acfordinaiinelade 29 svhersinpaid reduchenplsaitsurfage area is

according to any one of clainms 40 to 46 wherein said
prapidedeytaliesing thetdimendomyofisail physicigl fitwes. cheni cal

properties selected fromthe group consisting of

31dengj h¥hod %@&ﬁdlhg K c1dRA 30 Wherdih S4TH @herlsis Stcddlteged by
ol ecul ar wei ght _and degree of crystallinity or a

inc%‘éza(ggflg:?g# 5191916{6:? F&Rh elﬁf(?)rc:lé%)ﬁgfeg Hﬁ/%?ﬂidﬁ %g‘?t?éolteﬁ h grf s%id

accor |ng {3 any I"al s

reinforcing fibres.

32. A method according to claim 31 wherein the diameter of said fibres is between
about 15 to 24 microns.

33. A method according to any one of the preceding claims wherein the flexural
modulus of the cured composite material is greater than about 3.5 GPa.

34, A method according to any one of the preceding claims wherein the flexural
stress of the cured composite material is greater than about 120 MPa.

35. A method according to any one of the preceding claims wherein the elongation at
break of the cured composite material is greater than about 2%.

36. A method according to any one of the preceding claims wherein said treatment
reduces catalysation of resin polymerisation in the interphase when compared to a fibre

not treated according to the present invention.
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reinforcing fibre according to any one of clains 40 to
47 wherein said at | east one curable resin includes a
w@eioyoe3023 0 produce a pol ynmer-nodified resin. BEOI/AB2006/001536
reinforced conposite materig _according to claim48 or
a {elnfor0|ng fibre according to claim48 wherein said
pol ymer i ncl.uded at bet n a out .5 to .50 .% w
37.50, K otbodsssPEie Rompour et raresone c&%#&l?eﬁants@d&fewm |
48 or claim49 or a reinforcing fibre accordlng
redugesiombiiiement & bl dgeghateayengamparsdria BIOr? 8ef tFpated according
chosen or nodified with said polynmer to have
to the prbséretrinvendon.pr operties. 51. A reinforced conposite
material according to claim50 or a reinforcing fibre
3g.ac CArrﬁetﬁgd h&ofding 0 & serehdpreaddihgddlgiper whesinand fibre is
chosen fron1one or nore of tear resistance, strength,
sufﬁg%g{ff sﬁﬁsﬂeﬁhwﬁa‘fnﬁ)&e%ﬂdﬂrrbﬁﬁl ement. 52. A
| a.”m iposrTe marerial cccbruing (o any one of
9.C
39.any A wecg?cgpp%sltz natefial C‘i%%ﬁ% % li)"Ata%[eg}f:eu ?%gi 1?‘%3 h%vmg a
hasfl exural toughness greater than about 3 Jou
pluradgy ebrqinforcing %‘%re&rtae FII%EQ [Rstn gdiacent sagbrefndereing é‘erss Wmng an
havi ng di mensi ons about 100 mmin |length, 15 mmi
intevphiask, sdiinEerphmse having pkopesiss saisstantially eqwielentde those of the bulk
conposite material according to claimb52 or a
cure@irgi9rcing fibre according to claimb52 wherein the
cured conposite material has flexural toughness
4097 e%? I%{nffnl%ﬁ{é ffrd BH RS i 8 Emﬂﬁosﬁt@ Rat¥®Aifoludiflg aBurable resm said

rel orced corrp05|te mat eri al accordi ng to any one of

SRt i é%n%fo@w{rg' LA e, 25600000 e

COQD@;?&EJ %‘%%fn[ﬁ\%%g %@i}%épgg ﬁhﬁ ! %%hglgah ElitsFef&he cured
to claim54 or a relnforC|ng fibre

resin adjacent said reinforcing fibre defines an interphase, said interphase having

properties substantially equivalent to those of the bulk cured resin.

41. A reinforced composite material according to claim 39 or a reinforcing fibre

according to claim 40 wherein said reinforcing fibre has a coupling agent coupled

thereto.

42.  Areinforced composite material according to claim 41 or a reinforcing fibre

according to claim 41 wherein said coupling agent is a vinyl functional silane.

43. A reinforced composite material according to claim 42 or a reinforcing fibre

according to claim 42 wherein said coupling agent is selected from the group consisting

of Dow Corning Z-6030, Z-6032, and Z-6075.

44. A reinforced composite material according to any one of claims 39 to 43 or a

reinforcing fibre according to any one of claims 40 to 43 wherein said reinforcing fibre

is glass fibre.
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according to claimb54 wherein said nononmer content of
said polyner is between about 5 to 30 %ww. 56. A
wo edonfoeioeed conposite material according to clBETABZ2006001536
claim55 or a reinforcing fopre according to claimb54
or claim55 wherein said unsaturated pol yester resin

IS provi.ded ctin ol yol . with acid ~said
45.p0l rsmé%r.cacbc%ﬂ%%s il v e sty 42 PR o o
propyl ene g nmet hyl propapedi ol , neopentyl 0

acogFdngIioclfix é%@@?sﬁmhe Iengh QieikglAssSHirg 1RetwesTa b@ﬁbﬁ@%
fromt he group consisting of terephthalic acid,
1000smjundrizal i ¢ acid, fumaric acid, and 1, 4-cycl ohexane
di aci d, said unsaturated pol yester resin conprising a
46.sat Arein@srcbd® cornpaiitd hadtethl acioddihg to anyodnebeficletme 38bodd or a
1.2:1to 2:1. 57. Areinforced conposite materi al
rehﬁ%ﬁ:@x? PR dcBorih 888y Bhe 6f @hitl R%0UG vier&h s@d properties

orcing fibre accordlng to any one of clains 40 to

56 .wher
oIk HaicR ot IR @%eogox}gg&s S8 shoth
composi t terial accar dl n | aim 57 or a
tougl%m%ﬁnéemgﬁ?l}eﬁ%wa%%@a% ‘ai m 57 wher ei n said
pol ymer of the polyneric coatlng IS a nonone
47 def iAcietforced wompesitpimafenisl sacqiriag el al@op%%fi%almé&tﬁ 46 ora
59. A reinforced conposite naterial according to any
reifoecing fibteadcosrddfl than$8neof aaines 44 tordSi wigeréinlsaid properties further
according to any one of clainms 40 to 58 wherein said

cothpB& pRRIcal & chehyeil Eﬂﬁbbftie§ selbdtEdEomaBa oty capgibtiptoftdensity,
said réinforcing fibres. 60. A reinforced conposite

crofBhifik S%Sé@? & bﬁgesg%m%?%meéglaPW f §ﬂd"(f1é§ié7é S%rdidlliRity or a

accor arm erein salg ydrophi lic surface
1‘&@ repar ed by reacting
co propyl trimethoxysilane with

trlnetholyl pr opane.
A reinfoiced composite material according to any one of claims 39 to 47 or a

reinforcing fibre according to any one of claims 40 to 47 wherein said at least one
curable resin includes a polymer to produce a polymer-modified resin.

49. A reinforced composite material according to claim 48 or a reinforcing fibre
according to claim 48 wherein said polymer is included at between about 5 to 50 % w/w.
50. A reinforced composite material according to claim 48 or claim 49 or a
reinforcing fibre according to claim 48 or claim 49 wherein said curable resin is chosen
or modified with said polymer to have predetermined properties.

51. A reinforced composite material according to claim 50 or a reinforcing fibre
according to claim 50 wherein said properties are chosen from one or more of tear
resistance, strength, toughness and resistance to embrittlement.

52. A reinforced composite material according to any one of claims 48 to 51 ora

reinforcing fibre according to any one of claims 48 to 51 wherein the cured resin has
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61. A reinforced conposite material according to claim
59 or claim60 or a reinforcing fibre according to
W@ @7/ or cl ai m 60 wherein said hydrophili cPGAD2®6/001536
coating further includes treatnment with an emul sion.
62. A reinforced conposite material according to claim

o SR L TR AR e o
ter, 100 : d, ol y.ner . .
S O B3 S PR A0 R PR R G

or claim62 or a reinforcing fibre according to claim
thigkngssor cl ai m 62 wherein said enul sion conprises free
radical inhibitors. 64. A reinforced conposite
53.mat & iegifoieed osrdposite tmatediancndbdingto elaire SAfopr ceinfpréing fibre
according to claim63 wherein said free radi cal

acdofdthPtd Qhink 52 RHEFDOHRARA cotpBbiRRRRH BINHs TRxuAS Bfughness
acet one, hindered phenols or conbi nations thereof. 65.

r.einf | terial according to any one
gre%er@}a%iﬁo%geg f?%@@%o%ee‘%\g?ei nforcing fi brg accoréi ng to
any one of clainms.40 to.56 wherein said treatnent i.s a
4 gont R ORed CPBRSE B Al SPAMTBE CORTARIN YT dp g of
reinforcing fibres.66. A reinforced conposite material
reipfoecing fikty aceotding t9may ene ef drims Maordd wherein sgid polymer is a
reinforcing fibre according to any one of clains 48 to
maBbmeh defidient idve astivity wohtpraed payeshargesint o: a. nodify
the curable resin; and/or b. coat the fibres; and/or

55C.  USRhfbitell B8mPpoGRANALTf Ac@Irding@o eliith SH@M a réiAforéing fibre
rei nforced conposite material according to any one of

acﬁr&’ihg?o Sirh 94 IheRin &id monomer content of said polymer is between about 5

to 30 % w/w.

56. A reinforced composite material according to claim 54 or claim 55 or a
reinforcing fibre according to claim 54 or claim 55 wherein said unsaturated polyester
resin is provided by reacting a polyol with an acid, said polyol being chosen from the
groups consisting of propylene glycol, methyl propanediol, neopentyl glycol and
diethyleneglycol, and wherein said acid is chosen from the group consisting of
terephthalic acid, isophthalic acid, fumaric acid, and 1,4-cyclohexane diacid, said
unsaturated polyester resin comprising a saturated to unsaturated acid ratio of between
about 1.2:1 to 2:1.

57. A reinforced composite material according to any one of claims 39 to 56 or a
reinforcing fibre according to any one of claims 40 to 56 wherein said treatment is a

polymeric coating applied to said reinforcing fibres.
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reinforcing fibre according to any one of clains 40 to
58 wherein said treatnent is a reduction in the total
waeanace2ar ea of said reinforcing fibres. 68. PCT/AU2006/001536
reinforced conposite materigl_ according to claimé67 or
a reinforcing fibre according to claim67 wherein said

reduct.i f f
38. 1 neA aF HEHS GRE OSBRI A GICAPERIE R og 2 ROl 18

reinforced conposite materi al accordln to, cIa|n168 or
accardime tnfctaimi i?gwhqr@néaldmbﬁmrﬁg” ﬂ@"oPQ:lV@PWF eeatingds & mPreEicy
di mensions are altered by increasing the dianeter of
defisiintlloveadivity ensuuhicdrpedyeatedfesin. r educi ng the | ength of
said reinforcing fibres. 70. A reinforced conposite
59, mat ghkiafor&dCdntiodfle fRtefinPdd¥oREn®lo d@ylotiedff ofaihnO td $8 er a
accor ding to cl'aim69 wherein the dianeter of said

reml,f r%sfﬂré %treﬁﬁg e (;f%léulﬂ s4f t6n’5§ WhRSein datd trfatment is a

orce 0 naterla accor ing to any one of
] to 70 or in according to
hydé?@“ﬁ‘?@“%@ 8?%{}%531’2@ ([‘g) %gs f1 exur al °

nodul us of the cured co 05|t na
60.1 ha raEUECdCIISHE MAETIhaGaT %ﬁ: i a%%as%?%f%mg fibre
mat eri al according to a one of clalns 39 to 7 or
accosding oraaimys$ whexenmaablnﬁ;@@m@sqfwe GARIngfis preppred bme%mg
7 1 wherein the flexural stress of the cured conposite
metRES1d:dbrd é)?ltﬂfrﬁﬂio&ysilahami’ahﬁmahblﬂpf@ana& A
rei nforced conposite material according to any one of

61.C! alRinfS Fé@fﬁﬁggﬁw A&l hopding td Elaing 596€ Blatth B6Q ok @
any one o al to 72 wherein the el angation at

re1rgfé5cmg gé/reta%eror }lilrgr g clair TRO%: tcfalrﬁ%b%ﬁé?ém s%dQ{yﬁ?Jpﬁhct fce

ced conposite naterial

accaording to_any one of.. clai 39 to 73 or a
Coqilé‘grff“@i“’élnﬁd“‘iqsﬁ\yﬂéﬁ%’éW%Har‘i‘genfr{gﬁ%y one of clains 40 to
73 wherein said treatnment reduce

62. A reinforced composite material accordmg to claim 61 or a reinforcing fibre
according to claim 61 wherein said emulsion comprises about 16.6 parts water, 100 parts
acetone and 200 parts polymer.

63. A reinforced composite material according to claim 61 or claim 62 or a
reinforcing fibre according to claim 61 or claim 62 wherein said emulsion comprises
free radical inhibitors.

64. A reinforced composite material according to claim 63 or a reinforcing fibre
according to claim 63 wherein said free radical inhibitor is hydroquinone, a hindered
amine, acetyl acetone, hindered phenols or combinations thereof.

65. A reinforced composite material according to any one of claims 39 to 56 or a
reinforcing fibre according to any one of claims 40 to 56 wherein said treatment is a

coating of a free radical inhibitor applied to said reinforcing fibres.
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catal ysation of resin polynerisation in the interphase
when conpared to a fibre not treated according to the
wEe@3mesto2s nvention. 75. A reinforced conposit ePCEABLG08/01536
according to any one of clakpe 39 to 74 or a
reinforcing fibre according to any one of clainms 40 to

d nb
Lo AR B AIER SR S R g3
accordlng to the present jnventjon. elnforc
reiplorsyes fibe %ﬁ@rémgép QY. 0BF e ﬂ@%%%ﬁﬁdﬂ@rﬁn @@ner is

to 75 or areinforcing fibre according to any one of
chasenitors 40 to 75 wherein between about 5 to 50% w w of

treated fibres are added to said resin. 77. A

r ei nf of. c atbdeyosirtite mesigandlor accor di ng to any one of

claims 39 to 76 or a reinforcing fibre according to

any ong ggatqh@ﬁmésdagd}og 76 wherein said fibre is
sufficiently coupl ‘ed to said resin to reinforce said

resin. 7 rittlement in a
corrp05| tglse(ﬁper [ %@8%5@5%6%8%& g%(ﬁ{mr esin and aI
SN B WL P

reinforcing fibres defining an |nterphase sai d et hod
reipfonging Sbrepceerding te sy pne @ﬂa@mﬁgm tioe> St weEpIn SeidtEratmert dna
of said reinforcing fibres thereby providing a
reduotioefptha ttalgudecr @es ef sand sdifdropgpfibies.y of said
i nterphase. 79. A nethod according to claim78 wherein

68sai A feefbfdel @OmPbsieahslesalat&siindlt€ alairh 6PopMireiatbrbiyig fibre
altering the dimensions of said reinforcing fibres.80.

acc%rﬂ'iﬁg tﬂ@glafhg %Z hheRh Efd ?éd%bﬁ%r? Sr Whesehile §1%b o ?ﬂomﬁ 9 Aftering

are dltered by |ncrea3|ng t I amet er of
reinfarcin I reduci ng the Iength of said
o Gt fopaid iR ts.

69. A reinforced composite material according to claim 68 or a reinforcing fibre
according to claim 68 wherein said dimensions are altered by increasing the diameter of
said reinforcing fibres and/or reducing the length of said reinforcing fibres.

70. A reinforced composite material according to claim 69 or a reinforcing fibre
according to claim 69 wherein the diameter of said fibres is between about 15 to 24
microns.

71. A reinforced composite material according to any one of claims 39 to 70 or a
reinforcing fibre according to any one of claims 40 to 70 wherein the flexural modulus
of the cured composite material is greater than about 3.5 GPa.

72. A reinforced composite material according to any one of claims 39 to 71 ora

reinforcing fibre according to any one of claims 40 to 71 wherein the flexural stress of

- the cured composite material is greater than about 120 MPa.
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8 1. A nethod according to claim80 wherein the
di aneter of said fibres is between about 15 to 24
worR@ros®2s 82. A nethod according to any one ofPCI/aAU2®6/001536
78 to 8 1 wherein said redugtion in the total surface
area of said reinforcing fibres reduces the total
amount, of catal ysation .of resin polynerisation, i e
73. A RRER RaHR Y FarHal ey ey nge ohgains 39 8 Ha
_enbrittlenment of said interphase. 83. A nethod for
reinfioroingifitge accootipes 0 any angtod cladns 4872 Bihagin e elonggiionyt break
providing a m xture of at |east one curable resin and
of the @ired admpysitefmaterial fisogreategthtn bbag 286.0duced by the
met hod according to any one of clains 2-38, applying
74.t hea Rixtd#E&l donposii®matbrialngbcbidind 1@ dnf@ndiof tRass 3PRET3 or a
curable resin. 84. A noul ded conposite material when

reir{ﬂl;rggl:ég?nge BY, oﬁﬁeﬁﬁg g@n%gg& agCRisl 08 14 93 Ghdfel 83d tr8Rmeft reduces

c
ura I'te conprising at |east one

urabl e.resin.,and.a.pluralit f reinforcin i
catelyfefion R e it 0eriSh R HE B lteBase el Qi gl not

reinforcing fibres defines an interphase, wherein said
treatest aeroNdéngg the present #entiPeat ed such that the

properties of said inteyghase_are subst anti al
75.equi reinforted conprsite meferishaccoudiig taansdoneds chimg 89 74 or a
liquid curable conposite conprising at |east one

reirfftcatyl Bore@sdordiagdo anypbny &l ddiyns @l 6 4 nfterein said ticktreest reduces
said reinforcing fibres having one or nore of a

emﬂ‘?ﬂtl%éfﬁ%ﬁﬂ & SaRA {e?ﬂaas@whmlé&ﬁﬁur&a fo SHPlcdRe el hatdrdifs toithe

coahl n% of a free radical inhibitor applied thereto
su that, when cured, the cured resin adjacent said
p“?%ﬁﬂ?@?@?%g fibre defines an interphase, said
i nterph [ [ i [
76.t o {X[;Fg grE@ @ac;/{lgg gi Eg? qur Iacecsorcfiﬁg% grpyt (I)naelolf%la?%lsjgg?(l) 24 to1ra

reinforcing fibre according to any one of claims 40 to 75 wherein between about 5 to
50% wi/w of treated fibres are added to said resin.

77. A reinforced composite material according to any one of claims 39 to 76 or a
reinforcing fibre according to any one of claims 40 to 76 wherein said fibre is
sufficiently coupled to said resin to reinforce said resin.

78. A method for reducing embrittlement in a composite material having a curable
resin and a plurality of reinforcing fibres dispersed therethrough, the cured resin adjacent
said reinforcing fibres defining an interphase, said method comprising the step of
reducing the total surface area of said reinforcing fibres thereby providing a
corresponding decrease in said quantity of said interphase.

79. A method according to claim 78 wherein said reduction of said surface area is

provided by altering the dimensions of said reinforcing fibres.
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80. A method according to claim 79 wherein said dimensions are altered by
increasing the diameter of said reinforcing fibres and/or reducing the length of said
reinforcing fibres.

81. A method according to claim 80 wherein the diameter of said fibres is between
about 15 to 24 microns.

82. A method according to any one of claims 78 to 81 wherein said reduction in the
total surface area of said reinforcing fibres reduces the total amount of catalysation of
resin polymerisation in the interphase thereby relatively reducing the embrittlement of
said interphase.

83. A method for moulding a composite material comprising the steps of providing a
mixture of at least one curable resin and a plurality of reinforcing fibres produced by the
method according to any one of claims 2-38, applying the mixture to a mould and curing
the at least one curable resin.

84. A moulded composite material when produced by the method according to claim
83.

85. A liquid curable composite comprising at least one curable resin and a plurality
of reinforcing fibres such that, in use, the cured resin adjacent said reinforcing fibres
defines an interphase, wherein said reinforcing fibres are treated such that the properties
of said interphase are substantially equivalent to those of the bulk cured resin.

86. A liquid curable composite comprising at least one curable resin and a plurality
of reinforcing fibres, said reinforcing fibres having one or more of a polymeric coating, a
hydrophilic surface coating, or a coating of a free radical inhibitor applied thereto such
that, when cured, the cured resin adjacent said reinforcing fibre defines an interphase,
said interphase having properties substantially equivalent to those of the bulk cured

resin.



