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FI ELD OF THE | NVENTI ON The present invention relates to reinforced
conposite materials, and in particular to fibre reinforced polyner
conposites. it will be appreciated that the invention is_ not
limted tot |Usﬁég§r°%5|cu| ar field of use. 10 BACKGROUND CFFAEROPGQUERII ON Any
di scussion of the prior art throughout “the specification should in no way
be considered as an adm ssion that such prior art is widely known or forns
part of the comon general know edge in the field. Fibre reinforced

pol yner conposites are knBRINFARCED GPMPAITEMATERMKI y 15 made by

reacting a curable resin with a reactive diluent in the presence of a free

radical o initiator. Typically, I n_| s an unsaturated

pol yestgr resin and the react |FJ§EB0(§#E§%I&|‘@§T]€MWI nmonomer . Rei nforcing
material s such (aﬁ}a | ass .fibre are often_included in the forpulations to
provi de di nensi TeSERLRYEREON tldes (g dripivrced compesiteypgterialy, eudiin pesiaui t es
are used in ny key industrial applications, including: construction, 20
aut onot i ve o Geredeniireed nodymerscompasitesr Howeyasit ol besprseciaied riodlect s. For
traditional glass fibre reinforced polynmer conposites, the fibre |engths
typi cal | y izegtot isget Wpded torthis partigplat Beldefisscof netres in the case of, for
exanple, filanment winding. In these glass fibre polyner conposites the
majority of fibres are held in position by nechanical friction and there
is only relatively weak bonding of the fibres 25 to the resin matri x.
Theref bt e, the perfor manceBACKIROUND GREHEINWESTI®S is largely due to
the length of the fibres enployed and in these conposites there is a

di scont i nui ty/ gapydeicusin drite dridaash@dighduhfe sp&ifibatich MR iHolvi-3tiRd i n the
resin matrix

considered as an admission that such prior art is widely known or forms part of the

common general knowledge in the field.

Fibre reinforced polymer composites are known in the art and are commonly

15 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
coméosi;ces are used in many key industrial applications, including: construction,

20  automotive, acrospace, 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

25 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 comiaosites cracks initiated in the




find it very difficult to junp gaps, therefore in these conposites cracks
initiated in the WD 2007/ 045025 PCT/ AU2006/ 001536 -2 resin are usually
arrested at the resin boundary and do not reach the glass surface.
However, traditi gl ass fibre conposites have a nunber of shortcom ngs.
For exanp|‘2,82§"t7ﬂ’?§°5%ifficult to "wet' 'the fibres with PREAVENIZG or o
curing, and even dispersion of |ong fibres t hr oughout the conposite is
difficult, especially for conplex 5 parts. In addition, such traditional
gl ass rei nfsincEe upHilly seestedatplassiesia Soardary jnrd doebt bgach theeglass purfabect i on
techni ques which generally require manual |ayering or are extrenely
limted i nHoweverhapdtionsd sleemfidire xorhyostits hdve ammibdsof shorteneingonBort hese
shortcom ngs, very short glass fibres nay be used. VSFPLCs 10 or very
short fi brexquollyneisidifibhletd twatli tle Gbrep OdilitRS rea@privr esltiging] @amigvaie W th
tensile strengths greater than 80 MPa fl exural strength greater than 130
MPa. VSFPLESpasion of LispeibsdsAlio@FhowBihY csMpbditeSsaiRGS:, taeahedror ebmprLkCi ng
fibres and pol yneri sable resins/thernoset such as UP resins vihyl
functi opal p&r@Si ns, epoxy resins or polyurethane resins. The length of the
fibres are kept very short so that they do not increase the 15 viscosity of
the liquid to ~i he Lt br LBy | S o] or
punpabl e. VSFP%@%%BbSéL{CEE% U%%ﬁfggaﬁ{qace scg %h?ﬂlﬁ gr #0?%%3{% agég%l%gégﬁt s in
open and i tcatio and. al so n be used as al.ternatives
to ther rmp]l(hggtsp ?%21 @?&r;]ﬂ %@%‘%Q %%jme %efl%rnﬁ%e@flg? Hbaméaﬁ gayFB{l%f’ kel B%B‘?ﬂl‘ﬂ?’ ng
applications, ver ., an,inprove t in the fibre-to-matrix bond is
t ypi cal | yolruenhtﬁclhr%e e%@%@dﬁ@%ﬁ’r&%&wgwgﬁ glass fibres are too short to
be nechani cal | yT" ke%ed" into.the matrix. _Coating the reinforcing fibre
with a coupli ngr AEAEORRPCISSBOTICREIRgS. ey sbod ant Thres tre be ppadr /BTG r i x
bond. For exanpl e, ogne commnly used coupling agent is Dow Corning

10" or very short fibre polymensabYe liquid composites can product laminate with tensile

strengths greater than 80 MPa flexural strength greater than 130 MPa. VSFPLCs are
suspension of very short surface treated reinforcing fibres and polymerisable
resins/thermoset such as UP resins vinyl functional resins, epoxy resins or polyurethane
resins. The length of the fibres are kept very short so that they do not increase the

15 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

20 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 Coming

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

25 as well as inorganic minerals such as the glass fibre. Whilst such coupling agents may



Z-6030, which is a bifunctional silane containing a nethacrylate reactive
organic group and 3 nethoxysilyl groups. Dow Com ng Z-6030 reacts with
organi c thernoset resins 25 as well as inorganic mnerals such as the gl ass
fibre. Whilst such coupling agents may -3- inprove the fibre-to-matrix
bond, the useful ness of the reinforced“bolyner conposite is |imted since
they are prone to enbrittlenent over tinme. A product with greater

f1 exi bi | i ingprene tHeofitgbne ssatiis bemdyetid usefihinge d€ the réinfattdpylymensompabitetio
address sonme of these shortcomngs in PCT Patent 5 Application No.

PCT/ AW/ R4R4 sinbb iRy nad f)lf?ﬁ@lto EURite AlehP8y Nem VA BRIHOBLH) gylagse  the

coupling agent was pfe-polynerised prior to coating the glass reinforcing

fibre to 4" iCise i.nt ace". The intention of the pre-polynerised
coupling g%@hﬁﬁ%%%i%3g&%§%5%%§&%nrﬁgggkg'interphase between the fibre and

the bulk resin,and thereby resulf in rodyct having.i nprqQv i npact

resi stance andABtHEmgtKas ﬁ@ﬂgmffdf?saﬁﬁ?@?ﬁi%@%ﬁfﬁﬁ%%@ﬁ%@%@ till an
issue with the above PCT. In Very Short Fibre Polynerisable Liquid
Conposi t edppliatien doe PRI7ATO1H4AS4 Hotematianeliubiicgion MedWihe2/AQ%I7) where
VSFPLCs the fibre reinforcenent’is chemcally bonded to the resin matrix

and t her ethaceuplmggapst wigirageiyitdresed pabnicandtibi thefglimsesinfdteiagfidbré i t i at ed
inthe resin matrix travel directly to the fibre surface. Al the energy

of the propagaist e iGfcdfake. STHOGIBA6N f the pPQbSlynRAséNeolliag 2pdi wdshs e, and
t he energgp?g_sufficient to rupture the F?%?e. Abunda&? e%iéence for this

can be %ﬁg{?id% rﬁfﬂlﬁeé{f :Irg&’igﬁés% b%%{e@?ﬁe ﬁf)refa?lgﬂﬂfbﬁlﬁ Yo U hn%hé%?lréédltaiﬂe

treated fi bres. especl a true r Tamnates wt exur a
strengt hs

eater. thanngog.wﬁg.ﬁgt i S an oqge t of th resent invention to
over coms YOS igk Aprofe ity restrstnge 3 REMEIL AoukVG BRI e
ahoverent i gned pri or &1L 0, Lo oM de,R sl Bl SRy, 20, D SOLOSURE

Liquid Composttes there are no air gaps between the fibre and the resin. In VSFPLCs

the fibre remforcement 1s chemically bonded to the resin matrix :;nd there are no gaps

b‘_atween the resin and the fibres. Cracks initiated in the resin matrix travel directly to the

fibre surface. All the energy of the propagating crack is focused at a point on the glass

15  fibre, and the energy is sufficient to rupture the fibre. Abundant evidence for this can be
seen on the fracture surface of composites comprising 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.

20 :
DISCLOSURE OF THE INVENTION

According to a first aspect the present invention provides a method for producing
a reinforced composite matenial, compnising: combining at least one curable resin and a
plurality of reinforcing fibres; and curing the at least one curable resin, the cured resin

25  adjacent the reinforcing fibres defining an interphase, wherein the reinforcing fibres are




According to a first aspect the present invention provides a nethod for
producing a reinforced conposite material, conprising: conbining at |east
one curable resin and a plurality of reinforcing fibres; and curing the at

| east one s dpbBushRsi n, the cured resin 25 adjacent th ' ' fibres
defining an I nterphase, wherein the re_im orcing fibres gprc{aﬁ%fo%@w&w%

PCT/ AU2006/ 001536 -4 treated such that the properties of the interphase
are substantially, equival ent .to _those of the bulk cured resin. In a
preferred %6%?% qaffl}?éﬂr?@rﬁﬁ?%félil%atem%aﬁee?ge a%faatlé&ew‘@k@éfmwerf@” a
coupling aant coupl ed thereto. The glass fibres nmay be chosen fromE-, S
or C-cl asstedulyed resie gl ass fibre length is typically between about 100
and 1000 microns and the fibres are preferably evenly dispersed through the
resin. The couphiaryetgedembodimentibs renfopfing fhres yre glasnfibies bindsg a each havi ng
a first end adapted to bond to the glass fibre and a second end adapted to
bond t o t heupbsg agenherpladribetetoPrldk etabiiyres ey be uhdsen oagen - bsC-chew Cor ni ng
Z-6030. However, other coupling agents may be used such as Dow 10 Comi ng

Z-6032,5 anglags: AhéglasStibiel lengtle Buppicdlly Rgedthsbatic 08\ead I el idsemmbehecussa and
Cronpton Specialties. The properties of the interphase which are

subst ant i afibi¢s 8@iefalabijtevi@ly iRpsBe@ihrdudf thdrehik. TS bouplBY aféht CBGPARL gal

properties selected fromthe group consisting of strength, toughness, and

bri tt| enesgurafiby AGLENS! YachMavRIdidriiQRa hddbted B BoRE RNGE LiaSSHtR YOS Physi cal
15 or chem cal properties selected fromthé group consisting of density,

e e T e s Tk s

chosen £, YRl E IS 0TAS. 81408 ) e ASLUAL%, GBS, BT © ©

enbr | t]Lt0| en@@r%ingpi%fogﬁ,aa%h%—g%. ! 11%5121‘ cio%pl(fnhgoasg%rqts Sa:ll:JeCanailable from De Gussa and
Crompton Specialties.

The properties of the interphase which are substantially equivalent to those of the
bulk resin may be mechanical properties selected from the group consisting of sirength,
toughness, and brittleness. Alternatively, or additionally, the properties may be physical

I5  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

20 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

25 preferred cured resin is able to supply fibrils in enough quantity and with enough




20 that inits cured state it has a flexural toughness greater than 3

Joul es according to a standard flexure test for a test piece having

di mensi ons about 100 mmlength, 15 mm wi dth and 5mm depth. Ideally the
cured resin having the polyner has a flexural toughness greater than 3
Joules up to 5 years follow ng productidn. In preferred enbodi nents the
cured resin is resistant to crack propagation. A 25 preferred cured resin
i s abl e tmhstepplensild firengh totBNRYURE €t drie)ahadith fhé Pro@@gmﬂl@a&k i nher ent
tensile strength to-stabilise the craze zone ahead of the propagating

crack, | t ?,ﬁ%j I

pol ynmer - rrltl)lgi:itﬁgg% Igﬁ‘?eg% ‘?rﬂ%%r??a ng% g?? gg?gﬁtg eid(%rgggﬁhe efore | ?b%gg Cp}eagc t he
surface of the i of .t he crack reaches the
ol ase 1t e Fredlstis et bnelh gip el U R oo a e Pt P BegiFace. - such
t oughened r esi ns are ideally suited to very short fibre reinforced

conposi t edeaqd af fgdrckgrachsy 81@§ ifeas ppsyfiicient caengy del ruptweitee glagefibrewi t h

age. NOTE: The very surface of the glass fibre is nowhere near the

st r engt h wifacheShdhopughcned rdsinguee ideally agtedyo dedyfsbogibrewdiforngdr at es bet ween
the surface of the glass fibre and the body of the glass fibre. This
surface icomyeisitesedaiatiflitionpiuch eebinsiRovidt ushucad embihiterenewhiragonNY TR | ook at
10 the process for making "glue-chi pped" decorative gl ass panels. The

treat ”E“tT%ﬁ@Or* sekeice i flbddrifise isSndRteRaR e @rehgﬁ%f@i?&ﬁbkhéamﬁ Hees

cat al ysati resin pol yrrerl sation in the interphase. In ane e odi nent

the t reaé;ggt(r}; gﬁf%?&h frégrragﬁg%e{vﬁéeﬂfﬂ% %drpa%e okﬁjetgnass t he deiplg Ib f g of a

pol yneri rrerl is a

nononer d Ies t han about 33‘V rmnomsr) | ow activity
unsaturatgz’{f &:9 (Ler %isnvel%e‘?sﬂ g TPQ?‘E’F?R?&PV%H@?%@X“%@M of

unsat uration. DeS| rably t he unsat ur at ed pol yester resin is fornulated to be
subst8nt |ﬂéﬁwrycwé?wﬁkmgcglumhmgﬂhé@oom}@ g penels.ne treatment applied to

the reinforcing fibres is the
The treatment applied to the fibres is preferably a treatment that reduces

. catalysation of resin polymerisation in the interphase. In one embodiment the treatﬁlent
applied to the reinforcing fibres is the application of a polymeric coating. Preferably the
polymer of the polymeric coating is a monomer deficient (less than ablout 33% wiw

15 monomer) low activity unsaturated polyester resin having only a relatively moderate
amount ofunsa‘ruration. Desirably the unsaturated polyester resin is formulated to be
substantially hydrophi-lic.

In another embodiment, the treatment applied to the remnforcing fibres is the
application of a hydrophilic surface coating. Reacting the coupling agent {coating the
20  glass fibre) with a hydrophilic agent provides the hydrophilic surface coating. In a |
preferred aspect the hydrophiiic agent 1s provided by reacting Dow Coming Z-6030 with
a tri-hydroxy compound, such as tnmetholylpropane, or a tetra-hydroxy éompound, 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

25  modified fibre 1s substantially hydrophilic.




" surface coating

application of a hydrophilic surface coating. Reacting the coupling agent
(coating the 20 glass fibre) with a hydrophilic agent provides the
hydrophilic surface coating. In a preferred aspect the hydrophilic agent is

provi ded b i Dow Coming Z-6030 with a tri-hydroxy conpound, such
as trineth§f§?%§@§§%%, or a tetra-hydro?y conpound, sucﬂﬁ%§¥306mgﬁﬂﬁ

pentaerythritol in the presence of a catdlyst, such as tri-butyl tin. The
glass reinforcing_ fibre is sufficiently coated with the hydrophilic

I géﬂrﬂiaﬁ aFPeet e thephydeapdiilici surfatd ¢nating embodimestnthc alchiyd
hydr ophilic wg 2007/ 045025 PCT/ AU2006/ 001536 -6 In a further aspect of
the hydr opt&4ss BPEUF fater Ferded Wigh emprodsioanThe themeneatedmply lesaixiidr e i s
further treated with an_enul sion. The treatment may sinply be m xing,
however co r?ﬁ&’ﬁ?ﬁiicﬁ@lppgﬂ%%lﬁ erafithd. The eenisici @afepbsf @pahlsys:conpri ses: 16. 6
parts water; 5 100 parts acetone;, and 200 parts polyner, Optionally the
enul si on conpri seslé& patsrvedércal i nhi bitors, which generally include
hydr oqui none (HQ or hindered am nes. The polyner nmay be a vinyl ester

resin, Showever th@0pattyaisesefderred to above are preferred. In
particular, the polynmer is a 10 nononer deficient (less than about 33% w w

mononer) | ow acti \ioDypatsisaimeat ed pol yester resin having only a relatively
noder at e anount of unsaturation. Desirably the wunsaturated polyester resin

| for mul gtk siasbRThLALLY Y RRNhiior) By RulLET cpodi mont - the

treatnment applied to the reintorcing es 1S the of a

15 hi nder ech phoreye OB hbEReebRle T T he M PO el Smbotiment tho

-15 hi ndered phenol s ‘or "hi ndered amnes. _ _ (
ts Lre ?;gg n;r gtgi?écﬁceﬁgﬁ 2)81 o ?ﬁ %?éé’;lc%f% gcg gt}ogzg @];el pl?‘cgf%?reclzl.sInt phagticr a?‘,utﬁtta Ip(())lgmle:p istahe total
10  monomer deficient (less than about 33% w/w 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 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,
15 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
20 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 modify 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

25  approach.




As di scussed above, very short fibre polynerisable |iquid conposites
typically require the use of coupling agents to inprove the
fibre-to-matrix bond since the fibres are too short to nechanically key
into the matrix. The present applicants have found that 20 use of such
coupling agents tends to cause enbritttément of the reinforced conposite
material over time. O hers have attenpted to mtigate such enbrittl enent by
using a bl end Withsesiisisnpiesebyundtbyl tRasy, 0 Debebibvéd@at @firag dosipligibber y" .

O her alternatives have been to nodify the coupling agent to provide a

"rubbery" ,phas o] foQHE iaggﬁ&la%c{'ﬂ'o%&?ysegﬁggggggﬁ%mﬁ%é.ﬁtﬁg&%{i 0577.

The present invention takes an entirely appr oac out

wi shing tq he hound heory, it i.s beli.eved that prior.art .coupling
agents coal €4t lrﬁgtf%f@%%eng ??'Srgéasg@r‘? %Oaélgg’atfqﬁ?gy& e ?)BP%@PEGE@W% in
the interphase, i% - the region directly adjacent the glass fjbre coating,
t her eby f BYFHHES-al by fRATPachof ths RIREEEINVEYEN isitprghemicall y mosy ¥R BIE t he
present invention is to chemcally "passivate" the 5 coupling agent
coatiny, eonpliagyagenticonipng, tleprehy atietripgiag do anyygasé kg efeohbich tivecaplipgi ng
agent may have on the fibre-resin interphase, and enabling the interphase

to have sgiashanthaad by teofibrvaétmintgpRpe/ didasmabing thesetephaidte Havk k cured
resin. However, as the skilled person will appreciate, the degree of

passi vati %s@ﬂﬁ&ﬂll)ﬁie(ﬁﬁva%ﬁtfpin?ﬂeﬁms_té ho¥k b BRR1K B¥q Bt Gl Swl- Gy thtﬂ e 0

coupling agent may have on the fibre-resin interphase whilst sti

achi evi ngsééfif%]cf a#&%cﬁgw%f&bgéc{?ﬂe,(ﬁw B%?eéc J)ib Sig%ﬁ(}tﬂp ﬁ]oet‘ld Eg<e ﬁli]%é(i:igﬂt té)r ?%Hgﬁ? licants

have foun nt ’nventi on, ichis entirely “¢con ctory to
the prior_art onmewhat surprisingl rovi des rei nforced conposit

mtert ol i T BHEh e uphts ShtmieBatea it tr-oh o mse CURBIER ¢ o
prior_art glass reinforced conposite materials whilst retaining properties
such 18s stchiyirasuifigarirheading pd thg b dathediudl B35t on t enperature. In

particular, the long-termenbrittlenment issue of prior art conposites
enpl oyi ng couplledafplivags hi'e fnondiblaythegdesepdinvention, which is entirely

contradictory to the prior art, somewhat surprisingly provides a reinforced composite
material which exhibits felatively reduced embrittlement as compared to prior art glass
reinforced composite materials whilst retaining properties such as strength, toughness

15  and heat distortion temperature. In particular, the long-term embnttlement issue of prior
art composités employing coupled fibres is notﬁbly reduced.

According to a second aspect the present invention provides a reinforced
composite matenial comprising: at least one cured resin having a plurality of reinforcing
fibres, the cured resin adjacent the reinforcing fibres defining an interphase, the

20 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 hydrophiiic

surface coating, or a coating of a free radical inhibitor to the reinforcing fibre such that,




According to a second aspect the present invention provides a reinforced
conposite material conprising: at |east one cured resin having a plurality
of reinforcing fibres, the cured resin adjacent the reinforcing fibres
defini ng arRyhh e, the 20 interphase having propert] tially
equi val ent tg ?ﬁ@?@ﬁif the bul k cured ggqin. Accordi ng %%ﬁﬁaﬁﬁéﬁﬁggspect
the present invention provides a nethod for treating a reinforcing fibre
for use in.a conposite material i ncl ydi.n curabl e resin, the nethod
conpri si ng "PH& StCHEF P B J;?F%th&ﬁ@“g%m%gﬁgmoééﬁ&ew ipivmbpge. thedptergiasey

hydr ophi |'i surface coating, or a coating of a free radical inhibitor to
the rei nf or'@VR§ PFORSFEes Spesrntinby cqujyslon torihosesgabe iy FueR o381 001536 -8 in
use, the cured resin_adjacent the reinforcing fibre defines an interphase,
the interphase AP40idig tordperth ispectdhapresent insentionguunideslagrinfarang ibsefoof t he
bul k cured resin. According to a fourth aspect the present invention

provi des a Useig eweriosije fatsriel ndnding seuiablegednnhosinfercingtfébre Advingehaidi ng a
curable resin, the reinforcing fibre having one or 5 nore of a polyneric
coatingy amnmydpbphillyineris vodtimgen Incadphill, subfacacdadag,iong cofting dfadreradigal

i nhi bitor applied thereto such that, in use, the cured resin adjacent the
rei nf or ci ngntfibitmrepplitefl therew sath ihat, &f RSO culeh SesiniBidehaEe rdigrst )y FFeperti es
substantially equivalent to those of the bulk cured resin. According to a
fifth aspedtfitdienpitegphide, iH8VRBIHhAR LAY pAGSrths FRIsHAH O BIUE I osel O
enbrittlement in a conposite material having a curable resin and a
plurality e@fthemmlidpsriclg fibres dispersed therethrough, the cured resin
adj acent the reinforcing fibres defining an interphase, the nethod
conprising the f i |, f f ;the rei.nforcing
fibres thereby %&%&? ﬁ%%ggH%%% ggg%ﬁ%%%%lﬁégﬁggégwﬁﬁg?ﬁgﬁﬁﬁ RUHUCE  the

| Nt e PGS C ornbru AGEAY 1 Gul sif Ahehl) BHRG S oulBR LTSNS phulbfNSE O provides a

. houl ded conpos
reinforcing fibres dispersed therethrough, the cured resin adjacent the reinforcing fibres
defining an interphase, the method comprising the step of reducing the total surface area
of the reinforcing fibres thereby providing a corresponding decrease in the quantity of
the interphase.
15 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
20 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.




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“%%%ﬁisoisnventi on provides a nethod for 20 ”%HPA&%%B%%POS‘ te
the s e

conpri sing eps of providing a mxture of at |east one Cura resin
and a plurality of reinforcing fibres 2%cor di ng to the fourth aspect,
applying the mxture to a nould and curing the at | east one curable resin.
Accordi ng to a Acerrfiing$petenth dspeqh thegwesent inventioh provipdes wiliguisl carabbul ded
conposite material when produced by the nethod according to the eighth
aspect . WO:@0fh&it0 4&0R%sil R/ MPACGIBH1ORE6In and a Abeditgiofigpitforcingt fdmedsmmbpect
the present invention provides a liquid curable conposite conprising at

| east one guf,abh®, MRSuRdAh adjileds Qlid deihBicinpdibMsaletinetanf infhassuch  t hat ,
in use, the cured resin adjacent said reinforcing fibres defines an

i nt er phaseyheRefhRI Rirfeell g iR f0E Gedd fuch IRt HeoreltRALEchi® Hedphdatrd he
properties of said mterpﬁase are 5 substantially equivalent to those of

the bulk cwbggnﬁﬂ@;%ugﬁﬁg%%&g ARl Y ERLR. aspect the present invention

provides a |1 qui conposite conprising at |east one curable resin

d a plurality,of. gej Pt rising at |east o _
or mor ' or " por SRt FEOLALAHRA SR SR U ROEEINA Rl 10 1
coating of a e radi cal i bi tor wh

the 10°cur &aief R 8Lty Pl iPBrbiRg b RERLY LRl Bl Slgnace.
Bl K cur o RRaiRE Hroe ee o B! T SaPFF Tt oy SGPRBFAMZE | hr oughout
the | ke aetinG 56 cebeofadpordist My aePie SaHec-Hb ghOEETED Uh
excl usi ve or exhaustive sense; that is to say, in the
10 cured resin adjacent said reinforcing fibre defines an interphase, said interphase having
properties substantially equivalent to those of the bulk cured resin.
Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
15  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
20 “weight %7, “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 fo be limiting.




15 sense of "including, but not limted to". Oher than in the exanples, or
where otherw se indicated, all nunbers expressing quantities of
ingredients or reaction conditions used herein are to be understood as

nodified in all_instances by the term "about”. The exanples are not
i ntended t ¥93H440Re scope of the invention. In what - FETASRRI 8L hher e

otherwi se indicated, "% wll nean 20 0veight %, "ratio" wll nmean "wei ght
ratiro" and "parts” will nean "weight parts”. In describing and claimng the

present i nvent ifoudhber thielsp@ibidagol ecnerfel Gioye"whi Fible” 4t6 edbd lakacweor dance
with the definitions set out below It is also to be understood that the

t er m nol ogyclH&eHateft %ﬁd‘plhtélets%sﬁe&%veﬁu rPRSErits 48 B hbit BBy fitredHoar
enbodi ments of ~the invention only and is not intended to be limting. WO

200710450 %@ ﬁi,f%% 2 %eg mmérgl AREoURRoY Rvogggt&il{%%ﬁ IE Gl s t he terms

"fibre" res” are to be taken to 1inclu atelet and platelets

respectlv%#I ral Ese{lk‘?ﬁlgres sucgﬁogqﬁé ﬁ%ﬁ%%me%\teh% s for the invention.

However m nera as Wo sStonite and ceramc fibres my

al so be used w artl the SCO the inventi on Thr oughout
this sgem fi caﬁgﬁugﬁiﬂ‘é Cﬁi Vmsaﬁﬁppﬁﬁ? PI@EHICE Ze R g% t aken
to include typical chanlca phy i cal. apnd chem cal ro ertles of, pol yners
and  cur edelebdp fetudeg SYPIEAL B i ksl ead chmy Pronedies PEPSIREE 801 ect ad

fromthe group _consisting of flexural and/or tensjile strength t oughness,
el asti ci t FWeg{rgEng. cﬁqrymeéietmtqhﬁvcal pEettias gFfcthaseasleciofbiont the €999t ance.
Chem cal and physi.cal properties are those selected 10 fromthe group

consi st i ngoufistinernfiffeyyuralynddndersile sragl, toughnage wlastisity. msriedt dictiliénh ght |

chemi cal resistance and degree of crystallinity. Throughout this
speci fi catbirittenefreandgmpact ‘rezsaitaslcy s@lemginal 2hd @hﬁﬂlg@é atdperiles aneéhttsg stlected aken to
be synonynous with the terns "initiate" and "initiation" in relation to
free 10  from the group consisting of density, hardness, cross-link density, molecular weight,

chemical resistance and degree of crystallinity.

Throughout this specification the terms “catalyse” and “catalysation” are to be
taken to be synonymous with the terms “initiate” and “initiation” in relation to free
radical polymerization.
15 Tt 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.

20 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

25  resin. Preferably the resin is a vinyl ester resin having about 40% of a reactive diluent,




radi cal polynerization. 15 1t will also be understood that the term
"material” in the present application refers to liquid and solid forns of
the fibre/resin mxture. The material itself can be provided in cured
form uncured liquid formor as a separate conponent e.g. reinforcing
fibres and resin separately for nixing‘bh site. 20 BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON The present invention provides a nethod for producing a
r ei nf or cesticle asgpsint enonvateer Halweatrdothhemonomesimey dsdye predduchds monbhe

met hod. The nmethod conprises the steps of conbining at |east one curable

resin w taRdaipindral iuhtidtal h@VRIRRAH RittHacPfIfSs SARBmMatiNay, thd sl BEEBe ar e
substantjally evenly dispersed throughout the resin, and curing the 25

resin. Pr [ i Nl .y resj Vi % of a
Feact vo chrranet shifulofSl byl et oS B 63 A RA AR AT 7
al so be used, .such as no- and di- and tri-functional. acryl ates and

met hacr y['H&svIn 1{1@?‘[}%’? yrethpne resms, ough vingy fyngtiona] gerafic 165 Atir at ed
pol yester resins, epoxy vinyl ester resins, vinyl function resins, tough-
vi nyl 5f upéastieied tleripletnodeestes seshis, andowghbigatiogs thagerdt i onal acrylic resins,
and non 5 plasticised flexible polyester resins, and conbi nati ons thereof.
In preferred dmpodemmhérabodivents) the ébraraee glassSbiks bhassn GloosEn SF rodCE-, S
and C class glass having a |l ength of between about 100 and 1000 m crons.

However, cfakdEass hdvind A EneaGHREv@ne8ber 1 dohed 1000 thibioas OHBweadE, Abee be used.
Preferably any sizing agent 1is renoved fromthe glass fibre prior toits

LD R0 SEU 009100043l it e shac LB SO 1
o 19,75 3Ry R e OB AP G PO e B B 2t 1
ot thS ucgre er?eo %ql?){iné ggglnz%\llseDg\I;’e(go%%rgng_g&%‘ However, other coupling agents may
be used such as Dow Corning Z-6032 and Z-6075.
The curable resin may include a polymer to prbduce a polymer-modified resin.
The curable resin is chosen or modified with such a polymer to have predetermined
properties chosen from one or mdre of improved tear resistance, streng£h, toughness, and
IS resistance to embrittlement. Preferably the polymer-modified cured resin has a flexural
toughness greater than 3 Joules for uﬁ to 5 years foHowing production for a tést piece‘
having dimensions about 110 mm length, 15 mm width and 5 mm depth subjected to a

standard flexure test.

In preferred embodiments the polymef—modiﬁed curable resin 1s resistant to
20 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.

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

resin adjacent and substantially surroﬁnding each of the glass reinforcing fibres defines




properties chosen fromone or nore of inproved tear resistance, strength,

toughness, and 15 resistance to enbrittlenent. Preferably the

pol ymer-nodi fied cured resin has a flexural toughness greater than 3

Joul es for ars follow ng production for a test piece having
dinensions“ggg&?m%?%gnn1Iength, 15 nmwi dth and 5 nmm dedtH’AWPUEWEEE to a
standard flexure test. In preferred entdédi ments the pol ymer-nodifi ed
curable resin is resistant to 20 crack propagation. Such pol yner-nodified
resins proed deerpkataced teerdoimforcing Mibnds an trbatedygrior tPttefredditiby td the cpablener is a
nmononer deficient (less than about 30% w w nononer) |ow activity

unsat ur at etespcduyle Staethe pepiertich aff tha gnterphyseaare albatatistlyyeqoivdkRnblbothoseBtiat  of
unsat uration. Exanples of such polyesters are provided in the tables bel ow
Desirably bhiksercdetyestnems eaibediRieds, @phtdahfient Pplfdaas tHe TbrésSS h Polytncsidr €d to
provi de the reinforced conposite material, the cured resin adjacent and
subst ant i abdafingUThOPNY B BRE PolPhedid ' i ' jenes WO
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resin such that

fibres ar e?élg,@ﬁ@grqgghpagsgﬁbgdodbg{;@i r addition to the curable

the properties of the interphase are substantially equivalent to those of
the bulk cured I . m%ﬁgl e tneatnent. applied to the
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ies to the bul k cured resin.

in descri bed above.
75 IHE appl i cant

treated with pri t |i.ng agent ts t
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An i nt erphase

pse ViR ety gressrianksd apnserial will bawst | y

t hereby affecting the nmechani cal

different to those of the bulk resin,
10 properties vastly different to those of the bulk resin, thereby affecting the mechanical

and physical properties of the final cured reinforced composite body. For example, an
interphase having highly cross-linked material is inherently more brittle fhan the bulk
resin. During fracture, a propagating crack will relatively easily rupture this brittle
interphase and any crack-arresting properties of the resin in the interphase will
15 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
20 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

25  interphase is reduced and the interphase has similar properties to the bulk cured resin.




and physical properties of the final cured reinforced conposite body. For
exanpl e, an interphase having highly cross-linked material is inherently
nore brittle than the bulk resin. During fracture, a propagating crack
will relati iIdJy rupture this brittle interphase and an
crack-arres (?%agﬁwg‘r?sg%gerti es of the resin jn the inter phas,Pé;T\//ﬁ‘Iui”a/‘;i@1536
substantially reduced. Further, as the" Ykilled person will appreciate, the
more fibre enployed in the conposite body the greater the total anmount of
brittle interphdgeé figther empediplent, therfreatrent oy redimtion id detidtel socfagromta of body
wi |l becone. By treating the coupled glass fibre to reduce catal ysation of
free radi cake fibros.yFeeiksmpleothis migebequpiaved by subsdmenpie plablibretvwits £glase t he
effect of the coupled glass 20 fibre on the interphase such that the

i nt er phase fivashaiing d @iativelgpeigti damtter. t eepiil oC4ss Grek g,qﬁd’au LfedOh@dss
enbodi nents, the surface of the glass fibre is treate vvit% a coating of

one or nor dibkd @mfsraet esthpdsitbd Wivk AlaSnetyBéwash A UV HHOBEs. MoRGREHhe
acetone, hindered phenols and hindered am nes. The coating of free radical

i nhi bi t O ( SYplicinBHBRCAiAREr Wit usd B 1SN HHAS Babihe Hﬂﬁle&k%ééﬂbib%gisyﬁgh t hat

catal yzation of resin polynerisation in the 25 interphase I's reduced and
the interphasgchass il oI | red resi WO
5007/ 045000 Res s p R met Bka AR iRt gl W Sl Rhe B P ot e
is a reducti: i .otal. surface area of, t flLbres. r exanple, this
may be ac h?%%ﬁdegf&gg%%%bt% g ’lsgr(%’et e %V%%‘%’elglfﬁbor%?w bﬁlegﬁegﬁog?&“g FBFE havi ng
a relatively Lanmet.er., To expl.ai.n, glass fibres typically used in
gl ass 11 by EraF o TRY T g el iRt Ebin ShrBRE: Oervecitnibuet 5. 12
m crons. wever ...the 5 applicants have di scovered that use of glass fibres
havi ng di gﬁr@ﬂ?&% Tigres Ga e %gﬁﬁa“l%‘-m§§f’q’ri38?’6‘f‘?§= tHere A %@%‘Jt‘é‘?}g‘ﬁ?lﬂqr@glmﬂty | ess
enbrittlene the final properties of the reinforced conposite body,
r
HemePlee

si nce Ff REBPGHES- of gl ass fibre the total surface area is

inversely proportional to the increase in fibre dianeter. O course even
| ar ger In this embodiment, whilst the glass surface still may catalyse resin

polymerisation to produce a brittle interphase, the total amount of brittle interphase
material is relatively reduced. In addition, to provide a final cured polymer composite
with similar mechanical properties, the length of relatively larger diameter glass fibre

15 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

20 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

25 second end adapted to bond either to the second agent or the resin when cured. In a




di ameter fibres can be used than 24 m cron, however, there is a practical
working limt 10 of the fibre properties. In this enbodi nent, whilst the
gl ass surface still may catalyse resin polynerisation to produce a brittle

i nter phase,wbggm;oggo% anount of brittle interphase mat er{"%}fﬁéi"{"é’gﬂllg}ﬁi vely

reduced. In addition, to provide a finaJ, cured polyner co w th
simlar nechanical properties, the | ent 4 of relativel y | arger dianeter
glass fibre 15 used is preferably |onger than that which would ordinarily
be enpl oyed®sierred srabodupent; the Fquplisgassnd is methersylexyrepmiiaimetkoxypitens kPpwed
person woul d be aware, conbinations of the above-described enbodiments may
al so be emflosyiag ZnHB0e Hispreopdiagen. copprisesthenshejoniprodustibadwben thpfissi bl e t o
use glass fibres having a relatively larger dianeter and coat the fibre
with a 20 fges anddit-hydiomhedmpand soch sadmethhlyiprofme. Wotvava, pollgmativas
descri bed above. In further enbodi nents, the treatnent conprises a two-step
process whemdbyiniehes thghghe dopRuhdisfd e8i-hydreRpt@thohd buch &i r st agent and
then a second agent is reacted with the first agent to provide a

subst an§ i apktadtyehii@hirhé Eeastitinf Fce60MAI8GRBbBSFofdnRiCconBi&EEfAblY the
first agent is a coupling agent having a first end adapted to bond to the

fibre, andpgsdre$2a%mdatnd: aga i j ; gent or
the resin \%hén gured. flnﬂgt’V\O %%I(;/bg%%gg’%&%%@%%%%/%%%ﬁ%%Sﬁ!}%ﬁrﬂbreferred

oD 5050, THEHRIADE RAN IR MACLORNPIIRY LI TPLARKASACTE (Dow

Cor ni ng Z-6030) e secon nprises tion pr et ween
‘the first tri-hydr.oxy conmpound such as trineth i_pr.opane.
rovever i ARERF LR Bs SehpEbRE: SNRERGa BT rbliers Bbog AUH
tetra- hydroxy. co und such entaerythritol. The reaction of Z-6030
and trimet ﬁ%@f%%ﬁ@@séondﬁ%@gig@mmm?%égﬁiﬁag%@’ﬁ@é 18P rarty poptonggfly st |
such af tr'b-éju;tryl Ei n, upder appropriate reaction conditions. .

0 00 parts polymer, wherein the polymer is preferably the hydrophilic low activity

unsaturated polyester resin discussed above. The emulsion may also include a

hydrophilic free radical inhibitor such as HQ.

EXAMPLES
15 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 sarface 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.
20 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% wiw 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.




The method of treating the glass fibre according to the previous enbodi nent
further includes the step of m xing or conpoundi ng the coated reinforcing
fibre with an emulsion. The enul sion preferably conprises: 16.6 parts

wat er, 100 _parts acetone and 10 200 parts polyner, wherein the polyner is
pr ef er abl y YR&EHYH Bphi 1ic 1 ow activity unsaturated pol YK aY20pe1556

di scussed above. The enul sion may al so”}hclude a hydrophilic free radical
i nhi bitor such as HQ  EXAMPLES 15 The present invention wll now be
descri bed wi th rldpdiquisosasttben dreintdfibumthaglaseiiany lesingtiiah siilhoel witbthe
considered in all respects as illustrative and non-restrictive. Treatnent
of a glass fibreniwiurdy a hydrophilic surface coating 1. E-glass fibres were
out to an average fibre length of 3400 mcron and then mlled to an

average | ength Ghe Z06030Hedand. fib26 were e roviibjeadd @l waer fibyesryere cl eaned
using boiling water, with a strong detergent and wth powerful agitation.

The det er gent6.Waspdritely, & sal6@sh & 280300 Qas el &BwitB trind A MA: Hhne (TMP) in
met hacryl oyl oxypropyl tri net hoxysi | ane (Dow Z-6030) was™ “suspehded I n water

at pH 4s5and t hegfd =Yool I The resul ti LXture was
sti rpr ed5 Vi gor ougilfelyﬁ?gst%ﬁ‘r: 00 mecgl e%g%gg?e fﬁgﬁlﬁg?ﬁ@%gm Sﬁgqerélén.l; %tt égﬁ‘ﬁ@lﬁ% 5

fibres. | eavi ng LReSOPHTHiEpadiitlivinie visgenb e ebos Doha P eBantieieat ca
fibres were then retjk;iggaer.se in water at a pHof 7. 6. Separately, a

sol uti on of z-6830° PRUCEEARh tri met hol yl propane (TMP) in 5 the

presence of a7 “Jgge at al %(st eg tributyl tin) for 15-20 minutes at 110-120 C
to forma Z-60 -%\?1(939 8tied TTRees vsEp themfeaeted mith et Z-4BHU T MPaRingi500 eP.

Met hanol )
provide a hydrophilic treated fibre. This was achieved by dispersing the Z-6030

10 treated fibres in water and adding the Z-6030-TMP adduct to the water at a
concentration of about 2-3 wi% of fibres. The mixture was stirred together for
approximately 10 minutes. The fibres were then separated and then centrifuged
to remove excess water. The “wet” fibres were then dried, initially at 30 °C for
3-4 hours, and then heated to between 110 and 125 °C for 5-7 minutes.

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 I 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




is evolved during the reaction. 7. The Z-6030 treated fibres were then
reacted wwth the Z-6030- TMP adduct to provide a hydrophilic treated fibre.
This was achi eved by dispersing the Z-6030 10 treated fibres in water and
addi ng the%@&%&gg%? adduct to the water at a concentration of about 2-3
wt % of fibres” Th ‘Xture was stirred together for app"r%%f'ﬁéqo)’sz‘fo

m nutes. The fibres were then separat ed%nd then centri fuged to renove
excess water. The "wet" fibres were then dried, initially at 30 C for 3-4
hours, and ekl medilatavermastekosbh 1 GR. Bxdlexpml grepppt WHeld anragasebout 1308,
Separately, an enul sion of polynmer was prepared having 200 parts pol yners,
100 parts &¢%s endthgslpnedic g5dreak averagas bePrashebatlSyo e pol yner is a
hydrophilic resin such as an unsaturated polyester. 9. The hydrophilic
treated fi br ebable? shavsesimidarpo packéciowhdsh of eble Mbus hviigrbees HieAmalliniddd. evenl y
distributed in the rations of about 93 w w4 fibres and 7 w w¥% 20 enul si on.

10. The compminaedhdinblleaeablyHerddintdng hE1 0878 foh 8 BoldedIbasbhe base resin
at approximately 10-45%fibre-enulsion to 90-55%resin. Table | provides

[ exurss SEoanakh ol § Bofnd Gl e PaSkacO IR SQUIELAAA LY avall abl e
the resul t S TRNET Bi071B 15048 B4 ke bR 586" eron Baora byl us
aver ages abaut g}ql GPa tll[g)e flexural stress at yjeld averages_about 120
MPa, and t RETEl BRYEYT e Songtionet arak E@@PWW@W halyste mepning thahtheaap) e 2

shows simlar test panels to those of Table 1 but having been thermally
aged. PanBfuelshaye ssiantipliy cralyetiedyith aenelorstediegipeit at 108 C for two hours
follows b

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

Test Panel 1 2.98 112 4.9

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

10 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 § 3.20 123 3.6
Test Panel 9 3.20 127 42

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

Ester Resin.




5 controlled cooling to below 40 C over about 2 hours. As can be seen
within experinental error, the flexural nodulus and flexural stress are
about the sane post aging. However, the elongation at break has

appr oxi mat meani ng that the panels have substanti al
enbrittledgﬁy?ﬂ%ééﬁgierated agi ng. Conposite Fl exural Nﬂﬁﬂpﬂgmﬁﬂéﬁﬁﬁa
Stress at Elongation at (GPa) Yield ('l\}ﬁa') Break (%9 Test Panel 1 2.98 112
4.9 Test Panel 2 3.12 119 5.7 Test Panel 3 3.11 123 5.6 Test Panel 4 3.28
132 6.0 Tabl e Table3axoridés fexprehsfrdngthatata foorgaimed dlean castpeel)Darbleae casts of
Der akane 411-350 10 Epoxy Vinyl Ester Resin. Conposite Flexural Modul us

Fl exur al Stpeysviayl eBleorgatwitnvaaious pciipapr AMdéticds (dRakseBhelky).( Xk cadBst 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. 2@nl@8 r&uBingTRatraPaneiludavdradls o0t 4.325Pal 8RRl fRexdral flt@xr@digst rengt h
data for aged clear casts of Derakane 411-350 Epoxy Vinyl Ester Resin. WO

2007/ 04502&vdrEzes ALRRAGS QORDL 3@ the bibngaliinit Brelk QVeralRS bihR¥MERut k6 ¢ngth data
for aged cured clear casts of Derakane epoxy vinyl ester resin with

vari ouss poCyiphrifsthe el RBSidntaB eS8 181e0Wand A%t GABeRen that the various

polymer additions have substantially reduced aged embrittlement.

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

Test Panel 10 + polymer 1 3.20 132 6.7

Test Panel 11 + polymer 2 3.20 131 ' 4.9

Test Panel 12 + polymer 3 3.30 136 5.7

Test Panel 13 + polymer 4 3.50 140 6.0

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 wi% of a polymer additive.

10 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 djester groups. These
15 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).




seen, the resulting flexural nodul us averages about 3.3 GPa, the flexural
stress at yield averages about 135 MPa, and the el ongation at break
aver ages between about 5 to 7% 5 Conparing the el ongation data between
Tabl es 2 a%%oiﬁa%%%n be seen that the various polyner acjrdilgi ons have
subst anti al'l y“reduced aged enbr i ttlerreniﬁ Conposi te FI exdr&tVRIe%dg
Stress at Elongation at Mdulus (GPa) ¥reld (MPa) Break (% Test Panel 10
+ polynmer 1 3.20 %82 6.7 J’ st Panel 11 + polyner 2 3.20 131 4.9 Test Panel
12 + pol ymer 3 3 3otergund-pottqmed flgsksapipnal with o pgdrie stirre, tAObAG!E, & Test
Panel 14 + polynmer 5 3.60 146 6.6 Table 3: Flexural strength data for aged
cl ear cast 09t Easdrlgkandeoulenangizn cigstiioyhesiing nantkes t e cResficetioavéastiod2- 15 Wt %
of a polymer additive. 10 The polyners provided in the tables are the
condensat i oYfrpeeueied iro? staggso| e lfirst atage evadicacting, thd keupel yeilis & &essdi aci d' s
conprising each polyner are provided in Table 4. These polyesters are

general | y ghephradihssctvadtsiapg vappacixd oty the audiieh 8f tha (R4RL Sed 9fiadi ol and
acid at tenperatures in excess of about 200 C for periods of about 4 to

about 32 lodirsnaiding biyoblst Tie MAGETWER] WawESHE BSOH, B8 stamaggmgisest er
groups. These 15 pol yesters have acid nunbers in the range o om about 15

to about 25verd adied ¥Gicede ensatetfiCibdsbOr ' roxi de
needed to neelrfﬁal i zeeongﬁgr@g%%ol%saesanp el%]é.Sé%\D 206%%%%%@%%& 6/ 001536
-18 A 3-1it4 O i it ddl ti ,

t her monet :ar1 % 31}1({ i ner%hg%gs in efétl“agﬁg&%%{i E@fgg\%n‘%ﬁg‘gﬁéﬁﬂ?’%ﬁéﬁ%&% 'i?"%ﬁ mant | e.

The esteri fg}e%%}{h%ﬂ ggg&f:tl ons

During the next 2-3 hours the temperature of the mixture was raised to 240 °C.
10 The mixture was then cooled to 105 °C and blended with inhibited stytene. The final

polyester resin contained 80 percent by weight of the unsaturated polyester and 20

percent styrene.




were conducted in 2 stages.
acids in excess
addition of the unsaturated acids 5 and renmai ning glycols.
hed between the stages and gl ycols
The mixture was heated to betRdeN204EHIHAd 170 C
inlet tenperature was

vessel

was meH%
conpensat e OFVEM T 0sses.

such that water was |liberated and t he -d8rdenser

gl ycol,

The reacto

The first stage was reacting the saturated
and the second stage was carried out with the

r

were added if needed to

greater than 95 C. During the next 2-3 hours the tenperature of the mxture

was rai sedPolym40 C. 10 pblyel m xt ure was dideéh cool ¢d imicldzafarated tbl ended
with inhipited styrene. The final |polyester resinjcontai ned 80 percent by
wei ght of {the unsaturated pol yester and 20 percent stygsefifatedci307/045025
PCT/ AU200p/ 001536 |-19 Pol ynmer polyol diacid ratio|of saturated to
unsat ur at eelogETATs | BRIYIERE elb AT OPY] eAGHHERliqd telaphthalic acid 2 3 2
nol es, MPrdiol 1.5{noleés, |sopht alic nmoles acid 1 nole, fumaric acjd 2
nol es Pol ynmer 2 dlehﬂgsegﬁ,gbypgl bn%c% ﬁﬁﬁ&ﬁ@|lc acid 3 3:2. Also, fa 0.5M
excess nples noles uharic acid 2 yco was nai ntained at noles the
commencengnt of the ﬁﬁcond st age a Xger Béﬁﬁg&hylene gl ycol 6
1, 4-cycl opexane 4: 38 les, MP-dio % fumaric acid nol es
acid 2 moles
Polymer 2 | diethylene glycol 5.5 | terephthalic acid 3 3:2. Also, a 0.5M excess
moles moles, fumaric acid 2 | glycol was maintained at
moles the commencement of the
second stage
Polymer 3 | diethylene glycol 6 1,4-cyclohexane 4:3
| moles, MP-diol 1.5 diacid, fumaric acid
moles
Polymers 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 § | neopentyl glycol 6.25 | 1,4-cyclohexane 4:3
moles, propylene diacid 4 moles,
glycol 1 mole furnaric acid 3 moles

Table 4: Polyesters used to modify the Derakane base resin in Tables 3 and 5.




Pol ymers 4 Nuplex 316 / Tere and 7 phth 50/50 blend Polymer 5 neopentyl
glycol 6.25 1, 4-cycl ohexane 3:2 noles, propylene diacid 4.5 noles, glycol
2 moles fumaric acid 3 noles Polyner 6 diethylene glycol 1, 4- cyclohexane
3:2 diacid 3 nole fumaric acid 2 noles Polyner 8 neg en&x coI 6. 25
1, 4- cycloH@&Hﬂ@“ﬁﬂQD nol es, propylene diacid 4 noles, P§3@1 WM%BSgSfUHBFIC
aC|d 3 nol es Tabl e 4: Polyesters used-#8 -nodi fy the Derakane base resin in
Tables 3 and S. WD 2007/ 045025 PCTI AU2006/ 001536 20 Table 5 provides

f 1 exur al strengTﬁﬂ@émaﬂﬁ®$fb@@mhkan@h@pwxyrDﬂﬁ#@ﬁﬂ%@%ﬁvmmiﬁﬂmiﬂ@W|ng t he
stated ratios of resin to glass fibre (in brackets) wherein the glass fibre
is treat edawuy the wiateld ratives F+r6DB0 glasa fibrenin tigekts) viompotietgiaskibrelis al

Fl exural Stress Elongation at Mdulus (GPa) at Yield (MPa) Break (%9 Test
Panel 15 (fededlonlPw@ tAA-d038¢oultiag afamel 16 (2:1) 6.70 129 0.70 Test
Panel 17 (1.91) 7.50 135 0.63 Test Panel 18 (1.7:1) 8.10 142 0.60 Test

Panel 19 (EofipHi 00 149 058" TG F PRICAHFSERI0 MERALASPk aped
Z-6030 treated glass fibres in Derakane 411t 350
Modulus (GPa) at Yield (MPa) Break (%)

Test Panel 15 (2.3:1) 6.20 124 0.87

Test Panel 16 (2:1) 6.70 129 0.70

Test Panel 17 (1.9:1) 7.50 135 0.63

Test Panel 18 (1.7:1) 8.10 142 0.60

Test Panel 19 (1.6:1) 9.00 ' 149 (.58

Table 5: Flexural strength data for aged Z-6030 treated glass fibres in Derakane 411-350
5  epoxy vinyl ester resin.
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 | FElongation 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 3.4

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

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




5 epoxy vinyl ester resin. Table 6 shows flexural strength data for aged
test panel s of Derakane epoxy vinyl ester resin having about 12-15 wei ght
% of a polymer additive as descri bed above and 45-50 weight % of a treated

gl ass fibr iNng to the present invention. Conposit

Fl exur al Sta? esg%gja]g%gati on at Mdulus (GPa) at Yield (Nﬁﬁ%’@@gﬁz&?‘% Test
Panel 20 + polyner 5 6.10 136 2.6 Test?!Panel 21 + polynmer 6 6.20 133 2.2
Test Panel 22 + polynmer 6 5.90 129 2.9 Test Panel 23 + polyner 7 6.00 134
3.1 Test Pehvefingzo thepesqrdnvegtin theredsihg tipatmpsf eonaprises dedwdiopbilicengt h dat a
for aged Derakane 411-350 epoxy vinyl ester 10 resin having 12-15 wt % of a
pol ymer adéirfdopeoating ad the epgsified palymdr.gl ass fibre WO 2007/ 045025

PCT/ AU2006/ 001536 -21 according to the present invention, wherein the
treat nent conpr st comparvpd od izi flaxaral date bavsicd datatigs and Thble 6eiruhisbd | ed
polynmer. In the conparison of the flexural data provided in Table 5 and
Tabl e 6, i tecnalmthiee tesigpaneli DOD4 bbrdiag to hapssnt 20eRBorARRA Kb TEahwy t he
present invention have significantly 5 inproved the el ongation at break for
aged pajel snpprheVindicRigaionet bk @t doBd paRt, pRWkigd leenm@idh in dgdd € 7 provides
flexural strength data for aged test panels of Derakane epoxy vinyl ester
resin havi ggptifiRnshated ratios of resin to glass fibre (in brackets)
wherein the glass fibre is treated with a nononmer deficient resin. Test

panel 25 15 Uncoaied. ARdickdcRaplitndfh dafh BPadiitest BRI LS chiy N0 the

coated gl ass fibre show significant
vinyl ester resin having the stated ratios of resin to glass fibre (in brackets) wherein the

glass fibre is freated with a monomer deficient resin. Test panel 25 is uncoated and

10 panels 26 to 28 are coated. Panels having the coated glass fibre show significantly

improved toughness. |

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.
15 INDUSTRIAL APPLICABILITY
The present invention is useful in a wide variety of industries, including:
construction, antomotive, 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.




i nproved toughness. Conposite Flexural Flexural Stress Elongation at

Modul us (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 (&&g 3.60 118 4.0 Table 7: Flexural strength data for aged test
panel s of WARE %11- 350 epoxy vinyl ester resin havitifd’alz9e0/4p

treated glass wherein the polyner is aZdononer deficient resin. 15

| NDUSTRI AL APPLI CABI LI TY The present invention is useful in a wide variety
of industries, Ahbduglithginverdiondtas bednidestribad titiotiewace eepedfiaecemptes, itne and
for corrosion resistant products. The reinforced conposite material of the
invention piioYe APsecidd By BEsd MillEdtie (Y AARERANE Bdbntiodh cddn@idtanpared to
traditional glass fibre reinforced materials. W 2007/045025

PCT/ AU20064001 586 forrd2_ Al t hough the invention has been described with
reference to specific exanples, it wll be appreciated by those skilled in
the art that the invention may be enbodied in nmany other fornms. 5 -23-
CLAIMS: 1. A method for producing a reinforced conposite materi al,
conprisyng: coating a plurality of reinforcing fibres with a coupling
agent, conbining at | east one curable resin




with said coated reinforcing fibres; and curing said at |east one curable
resin, the cured 5 resin adjacent said reinforcing fibres defining an

i nt erphase, wherein said coated reinforcing fibres are treated such that
the properties of said interphase are substantially equivalent to those of
the bulk cured resin, wherein said treatnment is a polyneric coating and/or
a hydrophilic surface coating applied t@p said coated reinforcing fibres,
wherein t l.ymer of said polymeric Coating is a nmonomer deficient |ow
activity unsaturated 10 pol yester resin and said hydrophilic surface
coating is prepayed, by reacting a vinyl functional silane with a polyol.

2. A met hod"for Fﬂéﬁt"ﬁﬁ‘g‘ RlodusingradrRforEpdropBpasifedrateriad, GOMPESIEG RaEIL
material including a curable resin, said nethod conprising the steps of.
coating a rRAVARYCEEFgOraRg ey vitha sourding pgeng cagbiminga deasippk piableaesin eat nent
of a polyneric coating conprising a 15 nononer deficient |ow activity

unsat ur at edgotaydbenated reiafoireing frds;and quringdwigptt ldastons wnfableecsi; datdurg  pr epar ed
by reacting a vinyl functional silane with a polyol, to said coated

rei nf or ¢ ngesin pjecegiral rehdtreing fibusdefiting ac intephas€ SitRretljaad enatedsai d
reinforcing fibre defines an interphase, said interphase having properties
subst ant i alréiyfoecing fibrleeat: tteatetl hahighafthd fiepertislof sl iREpERS bk suB@andiallyA Mt hod
according to claiml or claim2 wherein said fibres are unsized. 4. A

met hod accenuivaigntito tesyofthebek ctrke r@ie oBalentafd diafBenthies Rilfng Rl daguP! | ng
agent is a vinyl functional silane. 5. A nethod according to any one of the
precedi ng th&bﬂ‘@hjﬂﬂ@ﬁﬂidhuﬁﬁ&&o\éﬁi%’é i RGhIdRAed $4ihBREnd Frrselielgd from the
group consisting of Dow Corning -(%)30 25 ‘ ’

T T
(vinyl -for i ﬁ&l?@éi‘ér‘i‘é‘élﬂ andSdald@R@Yophilic surface coating is prepared by reacting a vinyl
- functional silane with a polyol. | |
2. A method for treating a reinforcin_g fibre for use in a composite material
including a curable resin, said method comprising the steps of: coating a reinforcing
fibre with a éoupling agent and applying a treatment of a polymeric coating comprising a
15 monomer deficient low activity unsaturated polyester resin, and/or a hydrophilic surface
coating prepared by reacting a vinyl functional silane with a polyol, to said cbaied
reinforcing fibre such that, in use, the cured .resin adjacent said reinforcing fibre defines
_ anAinterphasc, said interphase having properties substantially equivalent to those of the
bulk cured resin.
20 3. Almethod according to claim 1 or claim 2 whereiﬁ said ﬁbfes are unsized.
4, A method according to any one of the preceding claims wherein said coupling
agent 1s a vinyl functional silane.
5. A method according to any one of the préceding claims wherein said vinyl

functional silane is selected from the group consisting of Dow Corning Z-6030

25 (methacry[oxypr0pyltri1nelhoxysilane), 7-6032




6. A nethod according to any one of the preceding clainms wherein said
polyol is trinetholylpropane. 5 7. A nethod according to any one of the
preceding clains wherein said reinforcing fibre is glass fibre. 8. A

met hod according to claim7 wherein the length of said glass fibre is

bet ween about 100 and 1000 mi crons. 9. A nethod according to any one of

t he preceding clains wherein said propejgies 10 conprise nechani cal
properties - ar : .St th,...toughness, and
Dr 111 eness” oy FERElab ot AR R GAREL SR At A BS g 8 I Tone of

t he precedumg?ﬁlains wherein said properties conprise physical or chem cal
properties selécted fromthe group consisting of density, cross-link
density, chemc resi,stance, nol ecul ar wei ght and degree of crystallinity
or a 15 cgﬁbing%Fﬁ OPWQFE%PgF”WYPH%Dﬁ@Fﬁﬁﬂ“ﬁ@%@?@@ﬁ@“%%ﬂ&ﬁ?P@H@1%{ t he
precedi ng cl.ai Therein said hydrophilic surface coating further includes
treat nent %P?ﬁgéhfﬁﬁﬂ¥§ion. 12. A nethod according to claim 1l wherein said
enul si on_conprises about 16.6 parts water, 100 parts acetone and 200 parts
pol yner .? 20- 13. “AMFH0R derosdiedioging gne of the aensding dains|vdicrain suidvrerfecings ai d

enmul sion conprises at |east one free radical inhibitor. 14. A nethod
accordi ng tidreisglass fBrewherein said free radical inhibitor is hydroqui none,
a hindered am ne, acetyl acetone, hindered phenols, or conbinations

t hereof . -25- 13 mgthpeedrodlizroatdnfgvicoeianye lapeh of satdas|fibid s bdtwked 0 14
including the step of conbining a polynmer with said at | east one curable
resin to perbdudélanddddpmercromedi fi ed

9. A method according to any one of the preceding claims wherein said properties
10 comprise mechanical properties selected fmm the group consisting of strength,
toughness, and brittleness or a combination thereof.
10. A method according to any one of the preceding ciaims wherein said properties
comprise physical or chemical propeﬁies selected from the gfoup consisting of dcﬁsity,
eross-Iink deﬁsity, chemical resistance, molecular weight and degree of crystallinity or a
15 combination thereof.
il A mefhod according to any one of the preceding claims wherein said hydrophilic
surface coating further includes treatment with an erﬂulsio n.
12. A method according to claim 11 wherein said emulsion comprises about 16.6
parts water, 100 parts acetoﬁe and 200 parts polymer. |
200 13. A method according to claim 11 or claim 12 wherein said emulsion comprises at
" least one free radical inhibitor. |
14; A method according to claim 13 wherein said free radical inhibitor is
hydroquinone, a hindered amine, acety! acetone, hindered phenols, or combinations

thereof.




resin. 16. A nethod according to claim15 wherein said polynmer is conbined
with said at 5 |least one curable resin at between about 5 to 50 %ww. 17.
A nethod according to claim15 or claim 16 wherein said curable resinis
nodi fied with said polyner to have predeterm ned properties chosen from one
or nore of tear resistance, strength, toughness and resistance to
enbrittlenent, wherein said properties are relatively inproved when
conpared to an unnodified curable resi-#-10 18. A nethod according to any
one of clailds 15 mothod agdeeding te anfiencoftbelclriosilh a4 inchuding thabtep olighness
greater than about 3 Joules when tested in a standard flexure test, the

t est pi ece chabinng dpaiena witls sakbatléasl @ cormblenediegirbduct & potyned nwidified and 5
mmin thickness. 19. A nethod according to clai'm 18 wherein the cured
conposite nafireri al has 15 flexural toughness greater than 3 Joules for up
to 5 years. 20. A nethod according to any one of clains 15 to 19 wherein

sai d pol ynge. of AsadHod RMMRY foClRak viredl sakBpdlyRQ! 1Y FlthbiH&editk idRdi fy said
curable resin is a nononer deficient |ow activity unsaturated pol yester

resin. 2. 1A:RERAALRCESH 6 Bwden Bbitish 20 4Ry ei n sai d monomer content of
said polymer 20 is between about 5 to 30 %ww 22. A nethod according to

cl ai m 20 0111 Aih Ao IS il Sl 93PLUAI AL ROLNESL L L | S provi ded

by reacting a polyo acl d, salrd polyo ei'ng chosen fromthe

g oups. CONSlald Rl b QRYhENS N Selc LI YloopoPAed oLy cegpenty! ol veol

and diethyleneglycol, whérern sai

cons! oL 10, Pt SN B s OB €yl e RIS 0

- saturated %r%)plélr%gs? zErlél ; gt?v%lyagxilp?'m[e tvirh%n %nga% toea?l mnﬁodiﬁe‘d curable resin.

10 18. A methﬁd according to any one of claims 15 to 17 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.

19. A method according to claim 18 wherein the cured composite material has

15 flexural toughness greater than 3 Joules for up to 5 years.

20. A method according to any one of claims 15 to 19 wherein said bolymer of said -
polymeric coating or said polymer used to modify said curable resin is a monomer
deficient low activity uﬁsaturated polyester resin.

21 VA method.according to claim 20 wherein said monomer content of said polymer

20 1is between about 5 to 30 % w/w.

22. A method according to claim 20 or claim 21 wherein said unsaturated polyester
resin is provided by reacting a polyol with an acid, said polyol béing chosen from the
groups consisting of propylene glycol, methyl propénediol, neopentyl glycol and
diethyleneglycol, and wherein said acid is chosen from the group consisting of

25  terephthalic acid, isophthalic acid, fumaric acid, and 1,4-cyclohexane diacid, said




about 1.2:1 to 2:1. 23. A nethod according to any one of clains 15 to 22
wherein the sane polyner is chosen to: 5 a. nodify the at | east one
curable resin to produce a polymer-nodified resin; and/or b. coat the
reinforcing fibres; and/or c. used in the preparation of the enulsion. 24.
A nmet hod according to any one of the preceding clains wherein the flexural
10 nodul us of the cured conposite nater&gy is greater than about 3.5 GPa

25. A net hod accordi to any one .of the preceding c]aims wherein the
Frexarar  SoFROEREEbilrhete iR o RRs0E p seUTR Gy P T S AABEY of FRbout 120
MPa. 26. Azggthgg_acgording to any one of the preceding clains wherein the
el ongati on ut ééﬂﬁﬂf the cured conposite nmaterial is greater than about
2% 15 27. A method according to any one of the preceding clainms wherein

sai d treatnent 4 &ithodsceosding {esayionn obelaimssliSrio g& wpereini thasamsrpalymarhie

i nt er phase when conpared to a fibre not treated according to the present

i nventi on. <#8senfonet hod according to any one of the preceding clains
wherein said treatnment reduces enbrittlenent of said interphase when
compareddto a fibre modifytlest &dstaeeendblgesi?td grodiche pplyssenbdifiedent i on. 29.
A nmet hod according to any one of the preceding clains wherein said fibre is
sufficiently coupl edrésin;aed/6ék resin to reinforce said resin. 30. A _

rei nforced conposite material conprising: at |east one cured resin having a

plurality of reinfar¢bdighefreiafRsing Botetentickh a coupling agent, the cured
resin adjacent said 25 reinforcing fibres defining an interphase, wherein
the coated reinforgi Rgdfih e§tep@ffion & the emulsion.
24. A method according to any one of the preceding claims wherein the flexural
10 modulus of the cured composite material is greater than about 3.5 GPa.
25. A method according to any one of the preceding claims wherein the flexural
sutress of the cured composite material is greater than about 120 MPa.
26. A ﬁlethod according to any one of the preceding claims wherein the elongation at
break of the cured composite material is greater than about 2%.
15 27 A method accbrding 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.
28. A method according to any one of the preceding claims wherein said treatment
reduces embritilement of said interphase when compared to a fibre not treated according
20  to the preseni invention.
29. A rngthod according to any one of the preceding claims wherein said fibre is
sufficiently coupled to said resin to reinforce said resin.
30.  Areinforced composite material comprising: at least one cured resin having a

plurality of reinforcing fibres coated with a coupling agent, the cured resin adjacent said

25 rewmdorcing fibres defining an interphase, wherein the coated reinforcing fibres are




treated such that the properties of said interphase are substantially

equi valent to those of the bulk cured resin, wherein said treatnent is a
pol yneric coating and/or a hydrophilic surface coating applied to said
coated reinforcing fibres, wherein the polyner of said polyneric coating
is a nononer deficient low activity unsaturated polyester resin and 5 said
hydr ophilic surface coating i's prepare by reacting a vinyl functional
silane wt po : rei rC|n flbre for eina co

mat eri al n&elaffcﬂl Sﬁﬁﬁlg‘a%‘&? BWEHIF%%{]S‘H’ lgtﬁfp &Y WB‘P’&?% eﬂFIPﬁ‘!E“tB‘é 6" oat ed
with a coup t and _having a treatnment of  a yneri ¢ coating

conpri si ng % Hﬁhaﬁrgﬂ TERIH EEESHR SaFdoWage?nit\‘ﬁatEP ﬂﬁ%ra:twgwe@dﬁm%%rpewlqo resin
and/or a hydrophilic surface coating being prepared by reacting a vinyl
funct i onal SuEfqeg9ating aplied oridsated pmfpring fHues whersticthe polamer ¢fivaidse, the
cured resin adjacent said reinforcing fibre defines an interphase, said

i nt er phase Helymaniy coniinecs & imesogabdsfiaient laivl agtivigourisstatatett polyestehesie asf  t he bul k
cured resin. 32. Areinforced conposite material according to claim30 or a
r ei nf or ci ngaiflihydephilis sadgercdatng it prepdred by Sactidger ehyl fomitidndl isiame svithrae

unsi zed. 33. Areinforced conposite material according to claim30 or claim
31 or claimpoBBl.or a reinforcing fibre according to claim32 wherein said
coupling agent is a vinyl functional silane. 34. A reinforced conposite

material aceor disngirferchizdibie 3usina co@poMi@RAG fdchiiy L2rAeCesiishg t o
claim 33 wherein said vinyl functional silane is selected fromthe group

consi sti ng rghfokg Goreeing c&atPRh & BBH % ér@éﬂ@ﬁ@lﬂiﬁéfrédﬁﬁéﬂi%é{& l'ane),
Z-6032 (vinyl benzyl am ngect hyl am noprﬂgﬁglafgrl nmet hoxysi | ane), and Z-6075

(vinyl -tri $6B6RHEXYAtingEbindshe a n%ﬁoméﬁieﬁ@leﬁﬁbﬂfa‘éﬁﬁ%ﬁm%' dofeGBL eri al

according to claim30 or any one of clains-
10 resin and/or a hydrophilic surface coating being prepared by reacting a viny! functional

silane with a polyol, applied thereto such that, in use, the cured resin adjacent said °
reinforcing fibre defines an interphase; said interphase having properties substantially
equivalent to those of the bulk cured resin.
32. A reinforced composite material according to claim 30 or a reinforcing ﬁbre
- 15 according to claim 31 wherein said fibres are unsized.

33. A reinforced composite material according to claim 3d or claim 31 or claim 32 or
a reinforcing fibre according to claim 32 wherein said coupling agent is a vinyl
functional silane.
34. A reinforced composite material according to claim 33 or a reinforcing fibre

20 according to claim 33 wherein said vinyl functional silane is selected from the group
cdnsistingr of Dow Corning Z-6030 (methacryloxypropyltrimethoxysilane), Z-6032
(vinylbenzylaminoethylaminopropyltrimethoxysilane), and Z-_6075 (vinyl-tris(acetoxy)

silane).




34 or a reinforcing fibre according to any one of clains 31 to 34 wherein
said polyol is trinetholylpropane. 36. A reinforced conposite materi al
according to claim30 or clains 32 to 35 or a 5 reinforcing fibre
according to any one of clainms 31 to 35 wherein said reinforcing fibre is
glass fibre. 37. A reinforced conposite material according to claim36 or a
reinforcing fibre according to claim Wwherein the length of said glass
fibreis b en, about 100 and 1000 mcrons. 10 . A reinforced conposite
mat eri al a(;c’tcS\c/)Vre di ‘?‘.5’“%“81} 8?%?%%‘38?39“61‘*5?%%“’% tPGi]éﬁﬁ§§Pf 4y PEOREIBIRS Hyof i bre
according to any one .of clains 31 to 37 wherein_said properties conprise
mechani cal ProFerfoLng éﬁ@@ﬁ@‘adﬂgdmwe@rf Slapredintei 34 erhstribiaidkealiglds h,

t oughness, and brittleness or a conbination thereof 39. A reinforced
conposi te rEEEMOMIPIaREEr ding to claim 30 or clainms 32 to 38 or a 15
reinforcing fibre according to any one of clainms 31 to 38 wherein said
properti es 36¢onyk feddonspd edrmprsite matselviccedingrio pleint B@ sr daims 32 ¢xl35 ooan t he
group consisting of density; cross-link density, chem cal resistance,

nol ecul af welnffcing Rbredegrdmg 06 amy yretodiklaiond 3lyto®S weherehosdid ratfhromgtives eof 40.
A reinforced conposite material according to claim30 or clains 32 to 39 or
a 20 reinfioglessnighré.i bre according to any one of clains 31 to 39 wherein
said hydrophilic surface coating further includes treatnent with an

enul sion. 47. . Aﬁemmémmsﬁ@m@sanaec&a&ﬁ% BhinSE O HeMortilg Gibad M 40 or a
reinforcing fibre according to claim40 wherein said enulsion conprises

about " 16. 6 apardisg VRdlim 361 WRrPRathSlen@k 8F Qe RAKGHEOR tRRES 2R YO®Ing _29- 42.
A reinforced conposite material according to claim40 or claim4l or a
1000 microns. '
10 38. A reinforced composite material according to claim 30 or claims 32 to 37 or a
reinfb_ltcmg fibre according to any one of claims 31 to 37 wherein said properties
comprise mff:cham'cal proiaerties selected from the gfoup consisting of strength,
toughness, and brittleness or a combination th{;rebf_
39. A reinforced composite material according to claim 30 or claims 32 to 38 or a
15 reinforcing fibre according to any one of claims 31 to 38 wherein said properties
comprise physical or chemical propertiés selected from the group consisting of density,
cross-link density, chemical resistance, molecular weight and degree of crystallinity or a
combination thereof,
40. A reinforced composite material according to claim 30 or claims 32 to 39 or a
20 reinforcing fibre according to any one of claims 31 to 39 wherein said hydrophilic
surface coating further includes treatment with an emulsion.
41. - A reinforced composite materiai according to claim 40 or a reinforcing fibre

according to claim 40 wherein said emulsion comprises about 16.6 parts water, 100 parts

acetone and 200 parts polymer.




reinforcing fibre according to claim40 or claim41l wherein said emulsion
conprises at |east one free radical inhibitor. 43. Areinforced conposite
material according to claim42 or a reinforcing fibre 5 according to claim
42 wherein said free radical inhibitor is hydroquinone, a hindered am ne,
acetyl acetone, hindered phenols, or conbinations thereof. 44. A reinforced

conposite material according to any one,pf clains 40 to 43 or a
to 43 including the

rei nforcinggfibr i any one of..clains 4

step of 'con%%'ni n§ rgigﬁ)g%ﬁqfﬁg}pgé\?\}et%é{%%l accgfdl?ge%s‘tlm%#g o G fEo%&sin to
produce a p -modified.resin.. 45. . A reinforced conposite nateri al
accor di ng t%%h%@ie %?Co'éfh?ge‘ioﬁpa&flégr‘?b"lﬂnbflb“’hérééléﬁﬂi%l%@‘@WWS@A wher ei n
sai d pol ymslr§ its é:ﬁnbi_ged ]ﬁlﬁjh said at | east one curable resin at between
about 5 to S0 ONFH 2462 BOPEIINf or ced composite material according to claim
44 or claim45 or a _reinforcing fibre according to claim44 or claim45
wher ei n sai @ curabieforsd campesite mpgrigbeticeiding teiclaim 42ioda paifyming fihee have
predeterm ned properties chosen fromone or nore of tear resistance,
strengt h? t3ERHEEdS claiva 42 sderstnanlefideoadiodd inltibitce tetyidroquie ne airsiaied
properties are relatively inproved when conpared to an unnodified curable
resin. 47. 3nupgjapdtphacetdne dirglosd iphenuid, er canbinibas dierrgf t 0 any one of cl ai ns
44 to 46 or a reinforcing fibre according to any one of clains 44 to 46

wher ei n t hetcur edraideicad baspidBe hrxiniraatortibg 36 R8s BT ERIAT 40(haAY sahout 3
Joul es when tested in a standard flexure test, the test piece having

di mensi ons reibfutind GBrerardrding engtytine bBclamRs 4D 19i49 b hag: Be HH Bf‘kon%b'&ijﬁr#”ess-
48. A reinforced conposite material according to claim47 or a relnforcing

] o ol ¥ anahoge o SR oAl o b S SR ESARAEL BafBs e

10 45, A reinforced composite material according to claim 44 ora reinforcing fibre
accordiné to claim 44 wherein said polymer is combined with said at least one curable
resin at between about 5 to 56 % wWiw.

46. A reinforced composite material according to claim 44 or claim 45 or a
reinforcing fibre according to claim 44 or ciaim 45 wherein said curable resin is .

I5 modiﬁed.with said polymer to have predetermined properties chosen from one or more
of tear resistance, strength, toughness and resistance to embrittlement, wherein said
properties are relatively improved when compared to an unmodified curable resin.

47. - A reinforced composite material according to ahy one of claims 44 to 46 or a
reinforcing fibre according to any one of claims 44 to 46 wherein the cured resin has

20 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. |
48.  Areinforced composite material according to claim 47 or a reinforcing fibre

according to claim 47 wherein the cured composite material has flexural toughness

25  greater than 3 Joules for up to 5 years.




49. A reinforced conposite material according to any one of clains 44 to 48
or a reinforcing fibre according to any one of clains 44 to 48 wherein
said polymer is a nononer deficient |low activity unsaturated pol yester
resin. 50. Areinforced conposite material according to claim49 or a
reinforcing fibre 5 according to claim49 wherein said nononer content of
sai d polymer is between about 5 to030%wy. 51_ A reinforced conposite

t - | d- B. . a i . - - . . . b
according Lo o o ag ar g e bty bR Bl er resin
[ i ded ' lyol W id, i d pol.yol bei | h
{rom Che 100 ouee khna Bl S3by e gy RinE i e FhcoBEn PolpPeanedi of

neopentyl g ol and . di.et hyl. enegl ycol, and wherein said acid is chosen
fromthe gr%%%“%%%%g?F%Aﬁw ”“9@3@%WPWQPP eHEG IS sopht hal i c acid, fumaric

acid, and lﬂﬁ-cxglgggxane diacid, said unsaturated polyester resin

conpri si ng 4" sat‘uF gt gompesie matriakacseidinerta clabn 49 obereidemsingdtbouit 1. 2: 1 to
2: 1. 15,52. Areinforced conposite material according to any one of clains
44 to 51° or?egordpgity Flaim A wherenr seidpenswet neptens ofsnjd prlpmerfis bétaicersabbét 5 0 51
wherein the sane polyner is chosen to: a. nodify the at | east one curable
resin to pﬁBéQé@“@Wpolyner-nDdified resin; and/or 20 b. coat the
reinforcing fibres; and/or c. used in the preparation of the enulsion. 53.
‘A rei nf or ced- codfpistiftreedretrapdsit matcalradtardink oo chiai 49 &Qkoim Vlaiams 32 to 52 or
a reinforc&gg fibre according to any one of clains 31 to 52 wherein the

fl exural no

ouging fibreheprding ewlclainngsoa dismrst etierad sdiGuBaRBLET pdiaR, about 3.5
qaa- 3 resin is provided by reacting a polyol with an acid, said polyol being chosen ﬁom the
10 groups consisting of propylene gly(-:ol, methyl propapediol, neopentyl glycol anci

diethyleneglycol, and wherein said acid is chosen from the group consistiz.lg 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 1-2:17to 2:1.
I5 52 A reinfor.ced coﬁposite material according to any one of claims 44 to 51 ora
* reinforcing fibre according to any one of claims 44 to 51 wherein the same polymer is
chosen to:
a. modify the at Jeast one curable resin to produce a polymer-modified
resin; ahd/or
20 b. coat the reinforcing fibres; and/or
| c. used m the preparation of the emulsion
53. A reinforced compésite material according to claim 30 or claims 32 to 52 or a

reinforcing fibre according to any one of claims 31 to 52 wherein the flexural modulus

of the cured composite material is greater than about 3.5 GPa.




54. A reinforced conposite material according to claim30 or clains 32 to
53 or-a reinforcing fibre according to any one of clainms 31 to 53 wherein
the flexural nmodulus of the cured conposite material is greater than about
3.5 GPa and wherein the flexural stress of the cured conposite material is
greater than about 120 MPa. 5 55. A reinforced conposite material according

to claim30 or clains 32 to 54 or a rejnforcing fibre according to any one
%ln'_at break of the cured conposite-

of clains 3§1to g4iﬂgerﬁin_the el ongat1 1

material is”gredt SYHPHEA CABBUc Soferggaccarding tafcisire 86 oF elpisisi2tte Spat er i al
according to.clajm30 or clainms 32 to 55 or a reinforcing fibre according
to any one 'GHICEERbreaaccpidinggo apepns of clamnsid t et wientin tisdlezes] modulus

catal ysation of resin polynerisation in the interphase when conpared to a
fibre not t3idht eHchramnogithyatedaltiherepteriemsbound 6 iiHacind whizreinthe @enfrar ced
conposite material according to claim30 or clains 32 to 56 or a _

r ei nf or ci ngtessnidhearet cimpysitcomatayalongreatr thimabzat 80 MPa56 wherein said
treatment reduces enbrittlenent of said interphase when conpared to a
fibre nof t¥Seat edreafoedtorgpdsite tohriallfcRURE e Elaind VOB digifs 338 sfof £ nf or ced
conposite material according to claim30 or clains 32 to 57 or a

rei nfor ci ngeihfcheing A6@aicelirigys tOadBhe @FClahs 7l BIsTRVN i Be WbniIRN 8L Hresei d
fibre is sufficiently coupled to said resin to reinforce Said resin. 59 A

net hod for offetidl dliddGomp6SRRAELS i BEREd tBin £80PIY;,SI NG the steps of providing
a 20 mxture of at |east one curable resin and a plurality of reinforcing

fibres prodgced Abyirddiged é@ﬁﬂagl% AEANEAG ke tfﬂééir%lﬁ?rocﬁai% §h Bs 25,29

applying the mxture to a nould and curing east one.curabl e resin

(E:Sloal ﬁ m;gl g?gfgmta@cM§foi Ay AP SPIRHRAYGEYs %c}egesa%EeQQHan?%e%gée%i ng to

10 catalysation of résin polymerisation in the interphase when compared to a fibre not
. treatea according to the present invention.
57. A reinforced composite material according to claim 30 or claims 32 to S6ora
reinforcing fibre according to any one of claims 31 to 56 wherein said treatment reduces
embrittlement of said interphase when compared to a fibre not treated according to the
15 present invention,
58. A reinforced composite material according to claim 30 or claims 32 to 57 ora
reinforcing fibre according to any one of claims 31 to 57 wherein said fibre is
sufficiently coupled to said resin to reinforce said resin.
59. A method for moulding a composite material comprising the steps of providing a
20 muxture of at least one curable resin and a plurality of reinforcing fibres produced by the
“method accm;ding to any one of claims 2-29, applying the mixture to a mould and curing
the at least one curable resin. |
60. A moulded composite material when produced by the method according to claim

59.




6L A liquid curable conposite conprising at |east one curable resin and a
plurality of reinforcing fibres coated with a coupling agent such that, in
use, the cured resin adjacent said reinforcing fibres defines an

i nterphase, wherein said coated reinforcing fibres are treated such that
the properties of said interphase are substantially equivalent 5 to those
of the bulk cured resin, wherein said ty,eat ment is a polyneric coating

and/or a hydrophi.li.c surface caating.dapplied to sai.d caoated reinforcing
FTbr as, “wnetler o4 liabid B0 D P SR MR O R 25 A REY

defi ci ent qw .a ti.vi unsaturated polyester resin and said hydrophilic
surface coal'fHBre s é‘ﬁaF‘?—fﬂe Vith & Seuplingagent susl that. gy Hees the sredg¢ane with a
pol yol. 10 62. A liquid curable conposite conprising at |east one curable
resin and @dgeeitapidaginfoseing Ebies defaionan mtepphase, cdarciusaid wated reiofopdinang agent
said coated reinforcing fibres having a polyneric coating conprising a
nonomer deffibEgseane treased sush ithar the porissetics p btasinpophpesire substaeially eqnovalent a
hydrophilic surface coating prepared by reacting a vinyl functional silane
wi th a .pbl yolhosapitht bakichedetdn, suheteit ait reanhan iscUpcdgneridwatiy ad/grasi n

adj acent said 15 reinforcing fibre defines an interphase, said interphase
havi ng pr opgdtopbific sutfse ansting dpyliedo Wil abaed relnfort e $breaf whdrein e k cur ed
resin.

polymer of said polymeric coating is a monomer deficient low activity unsaturated
polyester resin and s_ziid hydrophilic surface coating is prepared by reacting a vinyl
functional silane with a polyol.

10 62. A liquid curable composite comprising at least one curable resin and a plurality
of reinforcing ﬁbres_ coated with .a- coupling agent, said coated reinforcing fibres having a
polymeric coating comprising a monomer deficient low activity unsaturated poiyestcr
resin and/or a hydrophilic surface éoating prepared by reacting a vinyl functional sifane
with a polyol, applied thereto such that, when cured, the cﬁred resin adjacent said

15 reinforcing fibre defines an interphase, said interphase having propertieé substantially -

equivalent to those of the bulk cured resin.




