WO 2005/116135 PCT/AU2005/000751 1 TITLE FLUID PERMEABLE
COMPOSITE MATERIAL AND PROCESS FOR SAME FIELD OF THE
INVENTION This invention relates to a light weight, fluid permeable
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entry grate and the like, without being limited thereto. In particular, the
invention relates to a curable compositiiIJn for producing a fluid permeable
composite material having high characteristic breaking strength and
flexural strength. The fluid permeable material described in this invention,
allows fluid to flow freely through the 10 structiure without impacting on the
structural integrity of the composite materrat.the fluid permeable material,

and-iltqes PEﬁMBE@%ﬂA%@ﬁ@WM HAYINGS &ﬁ@fééé%ﬁ%ﬁ@ms

the structure. This invention also relates to the process of manutacturing

the fluid permeable composite ppaiayi BBAEK ARVENNF THE
INVENTION 15 Presently, surfaces of roads, driveways, pathways and

patios areTitigvaredrtishn aslatiesytof anagerialecsgianeniina theaeamé composite
paving tiles or the like. Typically, such paving and paving tiles are made
ofatariastitiabeutdr asdéras aceaventitidcis, rilatesialsnmizitr imuiydgrate and the
blended sands, UV resistant natural oxides, optionally natural stones and
diikeewighubsingti@itetripetsio Nrarattico@iotalirventienrataies/itha curable
compostitions could consist of clays mixed with some or all of the above
meERERASIIGN e RANE R JeihRrpETeq blR AeROsIEs BRtgHIERavINg high

However these téadit'o_nal materials hav? several shortcomings. A ke

digga%ﬂ_ﬁ-{é%'& Hh SRRy 3Ed @éyfﬁ'aféfa?eﬁg- iﬁﬂf’eﬂcﬂ—lééﬁfy‘eab'e
?&E@ﬁ'ﬁ%@%ﬁ?@ryﬁéﬁ{éé‘@gﬁtﬁ%\{eﬁgﬁg RRYYS L oW freely through the

structure without impacting on the structural integrity of the composite material.

the fluid permeable material, and filters particulate contaminantion from the fluid
as it passes through the structure. This invention also relates to the process of
manufacturing the fluid permeable composite material.

BACKGROUND OF THE INVENTION

Presently, surfaces of roads, driveways, pathways and patios are
covered with a variety of materials shaped in the form of paving tiles or the like.
Typically, such paving and paving tiles are made of compositions such as from
cementitious materials which include blended sands, UV resistant natural
oxides, optionally natural stones and dry cement to bind the composite material
together. Alternatively the compostitions could consist of clays mixed with some
or all of the above materials, and fired to high temperatures o create the tiles or
pavers. However these traditional materials have several shortcomings.

A key disadvantage of such concrete and fired clay materials is

impermeability to fluids, in particular, water. Areas covered by paving tiles or

SUBSTITUTE SHEET (RULE 26)



wo 200%@1yies of pollutants and contaminants collected from tli;%m%

10

15

20

WO 2005/116135 PCT/AU2005/000751 2 1 pavers are typica_llly arranged
such that surface water is collected at a drainage point_ and Q|repted to
flow to storm water outlets and outfall waterways, carrying with it all

#%‘d%sl

surface. Upon discharge, the pollutants contaminate those out?g
waterways, 5 rendering them unsuitabfe as urban water resource, and _
unable to sustain normal marine life. Further, impervious pavements with
stormwater collection systems prevent stormwater from returning to
subterranean aquifers, which are the natural collection points for

BRI AterVRISaIlN TR RSBl ihat watace verdesfis @slidttanteanirainage
aa.uifers nd increase in salinity of the subterranean water. This renders

ROH-FRdh ALRCiRE R oY LQ Siate Mty Gkﬁlﬁﬁﬁvﬁé@rq@%bvw.erways, carrying
R BT RO S bl ot CoMseac i soimgervious
A
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ezl Bidities fgdure due to the nature of the elements in the compos_tions,
and often break suddenly under higher weight loads as can occur with

vehicul&uatier2 nieriyes tioa eimenies ait i SherHafce NIREREA d)stems

place of similar impervious composite materials, filters pollutants from

eyt Taw ik tHosmedtcinmp abuiobteheuiéalhwaieimsayswiich are the
allows storm water to return to traditional subterranean aquifers by

nRRLCHiIRRIgN Peiniaenrriatmweatehyesattingrig theedaptiziion ader levels of
salination of important urban water resources. SUBSTITUTE SHEET
W@%ﬁm aquifers and increase in salinity of the subterranean water. This
renders subterranean aquifers unsuitable as an urban water resource.

Additionally when insufficient water drainage occurs, eg. from rain water
or cleaning water, water collects or pools on the surface. Such pooling often
results in dangerous situations, including vehicular aquaplaning on tarmacs and
roads as well as various personal injuries which occur from accidents on slippery
surfaces, eg. public building entries, car parks and the like.

Further, traditional concrete based and fired, clay pavers exhibit brittle
failure due to the nature of the elements in the compostions, and often break
suddenly under higher weight loads as can occur with vehicular use.

The invention when used in the urban environment in blace of similar
impervious composite materials, filters pollutants from stormwater run off thus
reducing pollution of outfall waterways, and allows storm water to return to

traditional subterranean aquifers by flowing through the pavement, thereby

reducing the depletion and salination of important urban water resources.
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PCT/AU2 00510 0 07 51 Received 07 July 2006 3 OBJECT OF THE
INVENTION Accordingly, it is an object of the invention to provi?&ﬂmﬂ

. e
permeate therethrough and thereby overcome or alleviate one or more of
the problems of the prior art or 5 provide a useful commercial alternative.
SUMMARY OF THE INVENTION Acgcording to a first aspect of the
present invention there is provided a curable composition for producing a.
fluid permeable . composite material comprising: 10 - a particulate

material; and - a bindj @OIHQEn ; ipger; o fibre, present in

an amount of up to 25% 9 ; i R!JP 60% by weight of a

low ight. solyent.that 15 flashes off or evaporate rir

cur o A o Tt ind RGN e B A ST . toac
beagingo efinpesiteseciadchspaict) wopevateinieféstyppevidesta thewheough

an&%%@%@ﬁﬁf@%‘r’%ﬂ%@%8@5%8@%‘? | Had%tﬂén%t%% pyior art or

cpmprlsm%: - a particulate material; and 20 - a ing agent including: o

Proyige 2598f8lopaItaEiR) altegiatdean acrylic polymer based on
methacrylate; o fibre, present in an amount of up to 25% by weight; o from
10 to 35% by weightSif K MRYDOIF MEEANVERTION ate

According to a first aspect of the present invention there is provided a
curable composition for producing a fiuid permeable . composite material
comprising:

- a particulate material; and

- a binding agent including:

o a binder;
o fibre, present in an amount of up to 25% by weight; and

o from 20 to 60% by weight of a low molecular weight solvent that
flashes off or evaporates during curing of the composition to

leave voids in the cured composition.

According to a second aspect, the present invention provides a curable
compasition for producing a fluid permeable composite material comprising:

- a particulate material; and
- a binding agent including:
o from 25 to 50 percent by weight of an acrylic polymer based on
methacrylate;

o fibre, present in an amount.of up to 25% by weight;

o from 10 to 35% by weight of a homopolymer of an isocyanate
and corresponding isocyanate polymerising agent for forming a
crosslinked polymer with said acrylic polymer; and

Amended Sheet:
IPEA/AU

. . . . . 5/000751
flexible, load bearing composite material which allows water toRreéa1 Ned 07 Jlily 2006
o}



25 and corresponding isocyanate polymerising agent for forming a
crosslinked polymer with said acrylic polymer; and Amended Sheet
]JPEA/AU PQT/AU2005/000751 Recglved 07 July 2006 4 e fromMUZOOS 1000751
60% by weight of a low molecular weight solvent that flashes oﬁRor .
. ; . S ecelvad 07 July 2006
evaporates during curing of the composition to leave voids in thé cure
composition. The particulate material may be independently selected from
various stone 5 or ceramic aggregates. Preferably, the particulate
material is Basalt. Suitable acrylic polymers based on methacrylates may
be selected from ethyl acrylate, ethyl methacrylate, methacrylate

co-polymers, nigihybmesheawyiisy Jaiyhmethasy isciasummeslght solvent that
methacrylate C%’# lymer, Preferably, | . Amended Sheet IPEA/AU

met .
WO 2005/1161 PRUSDEERTAY YRS AUERTaR! BSHERmRRSEon 0
used and is prdasent betdeantB0Yuesd &iiridosfiive binding agent. More
preferably, the methacrylate co-polymer is present between 25 and 40 %
and eljes padieunitsferabiyiassewhoindensnda ngelaciEitissrindrigsinatone

5 ol pieRenGRERGSIenRULRRIe brBa AL e i Raleretbliogy fibres

such as Glass fibre, Aramid fibre or Carbon fibre, or from natural fibres

whichul , r imi ik | ' ita i

e g O e S S WLl Fom
efbyigaerviaire etivhmptireyiate. mrihapyiateare-Balymassitanpjhianethacrylic,
butyl’ methacrylic and methyl methacrylate co—pdlymer. Preferably, methyl

Amended Sheet
IPEA/AU



fibres are present from 0 to 25 % of the binding agent. More suitably, the
10 inclusion of glass fibres is present at about 9 % of the binding agent. It
will be appreciated by the skilled person that if fibres other than glass are

WO 200gA4déh, the required density of fibre within the composHiammaydame7s1
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attained with quantities which vary fromsthe disclosed weight of glass
fibre and the disclosed lengths of glass fibre. For example when
compared to aramid fibre, glass fibre has a 15 higher specific gravity than
aramid fibre, so the required density of fibre within the cured binding

et il e Shlger KU L B Al R R S B e of the

aramid fibre. The homopolymer o isocyanate an

begvanaienD heRe RS ABIS NHO IR &f&%ﬁ?g?ﬁgﬁgﬁ?&lg&eoetween

diisocyanate 20 homopolymer (homo HDI): hexa lisocyanate

2biBry MetiyieneatiphenyldisoryapaiadgmopsmetiNsiiyiens dipheny!

diisocyanate, Toluene diisocyanate homopolymer: Toluene diiSocyanate,
Polymefrieidetfipktneselijmehy! hianyansiagtuiiepo BHREHROMBIBECmay be
Methylene diphenyl diisocyanate, Napthalene diisocyanate homopolymer:
RigsiRe drrdiisoey suste a9 Sitass SRS ELTE ik &TCRYLE 26VE? from
2005/116135 PCT/AU2005/000751 6 isocyanate homopolymer: Methyl
NEBEHNHRE P HRFRLIPCHE hoB gt dimhedstayaittgutad hemp, sisal.
§Lﬂ{r%%)cg3din isoa{gnate is HDI homo:HDI and is present between 10

Zna od/ Eﬁfgv%?g 285 diRieB et aiass ke lsngias sveytinme 0&min to

' ing jsocyana lymerising agent is present between 20
A e S o e ooy n
iiBraterahly, the.pel rigzi e oti | and ig}a:éa%}g at about 0.02 to

5.005 3 o e Binding cgen The SR il Syfiehly: the
ifBRIsA 28Ries AKBY Gl irsent at about 9 % of the binding agent. 1t will be
appreciated by the skilled person that if fibres other than glass are chosen, the
required density of fibre within the composition may be attained with quantities
which vary from the disclosed weight of glass fibre and the disclosed lengths of
glass fibre. For example when compared to aramid fibre, glass fibre has a
higher specific gravity than aramid fibre, so the required density of fibre within the
cured binding material will be obtained with greater weight of glass fibre than with
aramid fibre.

The homopolymer of the isocyanate and the corresponding isocyanate
polymerising agent may be selected from hexamethylene diisocyanate
homopolymer (homo HDI): hexamethylene diisocyanate (HDI), Methylene
dipheny! diisocyanate homopolymer: Methyiene dipheny! diisocyanate, Toluene
diisocyanate homopolymer: Toluene diisocyanate, Polymeric Methylene dipheny!

diisocyanate homopolymer: Polymeric Methylene diphenyl diisocyanate,

Napthalene diisocyanate homopolymer: Napthalene diisocyanate, Methyl
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esters including tert-butyl acetate, n-butyl acetate, hydrocar_bor_l solve_nts
which 10 include benzene, toluene, dimethyl benzene and its isomeric

; forms, ethyl benzene, cyclohexane, cumene, naphthalene, anthracene,

WO 2008H18&¥y1, cycloterpenes, terphenyl, or C1-C6 ketones. Prefetabg des:
viscous solvent is butyl acetate and is pgesent between 0 and 60 % and
preferably between 20% and 50 %. More preferat_)ly, butyl acetate is
present at about 37% of the binding 15 agent. Varlablgs such as
temperature and humidity effect the viscosity of the mixture, and the

. ' | ight solvent is adjusted according to
1 ‘E?S\Vfré?ﬁé%fe%‘?#c%ﬁ%”éﬁ}?%“ﬁéﬁ@'%&%%%@ Efa%@mw@eaa@gtﬁgnger o
i indi ' i iciently yiscous so as |
e A S e Al ek e Tty AR sasert
smReseaeibihe birdinghmeiehal Jos i moleia oot solvent

is also present to facititate the creation of maximum'Vv e

sl ke TS S L R

5 OHEENRUIE PEWDPOABALEEL3E RCHAMZOPRIAGAERh: 7 1 material

within the cured composite material and maximising the area of void

within tHerefaitsithesuipraingity agecois HEPeHOIRRdBERNEORHINATE oo

rovided a process of manufacturing a fluid permeable composite

IS N

3340 mef iR Hinding aesss of: 1. compressing the curable composition
of the figst gspect; and 2. curing said composition at a temperature of
about i@@%’%

eEPé}‘é‘“ﬁE%%%%Sﬂﬁéﬂﬁﬂ‘%cetate, n-butyl acetate, hydrocarbon solvents which

0L A RIEHE ARARMS ROMRsTareY bEthelectssiirkedC1-Co

10 include benzene, toluene, dimethyl benzene and its isomeric forms, ethyl

benzene, cyclohexane, cumene, ‘naphthalene, anthracene, biphenyl,

cycloterpenes, terphenyl, or C1-C6 ketones. Preferably, the viscous solvent is

butyl acetate and is present between 0 and 60 % and preferably between 20%

and 50 %. More preferably, butyl acetate is present at about 37% of the binding

15 agent. Variables such as temperature and humidity effect the viscosity of the

mixture, and the quantity of the low molecular weight solvent is adjusted

according to prevailing environment,

Suitably the viscosity of the binding agent should be adjusted so the

binding mixture is sufficiently viscous so as to cling to the surface of the

20  particulate material when the particulate matter has been coated with the binding

material.

The low molecular weight solvent is also present to facititate the creation

of maximum void area within the cured composite material. As the composite

cures, the viscous sovent flashes off, thereby reducing the volume of the binding
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binding mixture.and subsequent reducing said temperature. 10 Preferably,
the process includes the step of pre-coating the particulate material with a
viscosity adjusted binding agent. More preferably, the process further

wo 2008nchides the step of coating the cured pre-coated partigglgigRadRuasyith
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the binding agent. According to a third agpect of the present invention
there is provided an 15 article of manufacture when produced by the
process of the second aspect. Preferably, said article of manufacture is
selected from a paving tile, tile, brick, floor or wall covering, retaining wall

rgl’}[d ilr‘)illemirtpco%éer F(&ratge). In one _embodiment, the article of manufacture
A Paviny Yk '8P tHR iR S AT RAS IR MAIRTE L ATISo Mimdmising theickeess of void

isa pavmI
WhA uf ty mlet pit covering to filter 20 stormwater catchment prior
rfhrcﬁsc arggg'@:%ﬁﬁ‘all waterways. BRIEF DESCRIPTION OF THE

DRAWNGSH iy 464Nl dBRPEa50LHERHEN MaN B mareeadil o icos

understood and “placed into pra effect, preferre odimeéntsof
pm@ﬁ@ﬁfaﬁ@rﬂﬂ@bﬁﬁn@'ﬂxbﬁx@eééﬁ%b% W&%ﬁ&ﬁf@%@t‘é 1y é%%ng the
reference to the accompanying SUBSTITUTE SHEET (RUL 2(5
SefISHE16135 PCT/AU2005/000751 8 drawings, in which: FIG. | is a
representative drawing looking down on the the fluid permeable
compoditeompezisinghiheingréitepeotiopdaieisnasetinl hetndgacthand
polymer encased fibrous binding material, and the voids which have been
5 creatdd W@ saidropRtsilian ahatempSi@uRistapempeciveabeve the
an inground stormwater inlet pit covering according to a preferred

embodifh@sk BROSHIRR tamBaratire & the aessikeeimaimer as present in the

binding mixture.and subsequent reducing said temperature.

Preferably, the process includes the step of pre-coating the particulate
material with a viscosity adjusted binding agent.

More preferably, the process further includes the step of coating the
cured pre-coated particulate material with the binding agent.

According to a third aspect of the present invention there is provided an
article of manufacture when produced by the process of the second aspect.

Preferably, said article of manufacture is selected from a paving tile, tile,
brick, floor or wall covering, retaining wall and inlet pit cover (grate). in one
embodiment, the article of manufacture is a paving tile or the like. in an
alternative embodiment, the article of manufacture is an infet pit covering to filter
stormwater catchment prior to discharge to outfall waterways.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention may be more readily understood and

placed into practical effect, preferred embodiments of the invention and prior art

will be described, by way of example only, with reference to the accompanying

SUBSTITUTE SHEET (RULE 26)



EXAMPLES 10 EXAMPLE 1: Binding agent composition Percentages are
expressed in percentage by weight as are all percentages herein unless
expressly specified otherwise, Part | Methacrylic copolymer, with a

WO 2003ay@naxil functional value of about 150 15 KOH/g (33.7%34) 46360669
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n-butyl acetate (33.75%). This mixture igthen added to the mixed
constituents of Part 2. Part 2 In a separate vessel, the following are
combined: n-butyl acetate (9%), 1,BHexamethylene diioscyanate
homopoiymer (HDI Homo) (approx. 13.5 %), 20 hexamethylene
ddiios.c anate (0.005 %) Part 3 The glass fibre (10 %) 3mm fibre size is
ﬁ%‘%}gﬁ*lt@tw [%'Xture of Part | and Part 2. In this binding agent

SHEET (RULE 25) WO SE0B S A UBOHEHG0BPHD Sbirda,
' I
e e T A e Rl T B

p@[}ﬁng?@?@é@%@’mﬂ%’sp%@g AR MM S0 A8d M%&:?\Sﬁ/ﬁ(geen

material not obtainable with traditional polyurethanes. In a

cralyeatisnetes medanlstaisidhgse polymers have the required UV
stable properties. Suitable acrylic polymers based on methacrylates may

be seleEted &z pensgleetivendtvaofydat @ty iyt atartateatBeacii s ering
co-polymers, methyl methacrylic, butyl methacrylic and methyl
apseMeingiae pwieiedesmbodiment of the invention.
DETAILED DESCRIPTION
EXAMPLES
EXAMPLE 1: Binding agent composition
Percentages are expressed in percentage by weight as are all
percentages herein uniess expressly specified otherwise.
Part 1
Methacrylic copolymer, with a hydroxil functional vaiue of about 150
KOH/g (33.75 %) is added to n-butyl acetate (33.75%). This mixiure is then
added to the mixed constituents of Part 2.
Part 2
In a separate vessel, the following are combined: n-buty! acetate (9%),
1,6Hexamethylene diioscyanate homopoiymer (HDI Homo) (approx. 13.5 %),
hexamethylene diioscyanate (0.005 %)
Part 3
The glass fibre (10 %) 3mm fibre size is mixed into the mixture of Part 1

and Part 2.

In this binding agent composition, substitutions of various chemicals may

SUBSTITUTE SHEET (RULE 26)



It will be further appreciated by a skilled person that while the preferred
10 embodiment describes a methacrylate co-polymer with a hydroxil

wo 2(}0{317|Hg%i§;’nal value of 150 KOHY/g, the hydroxil value may be tailored to the
r
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eacting diisocyanate such that the greater the hydroxiP¢aid&20AEgPeHter
the quantity of isocyanates are requiredyin the reaction. Accordingly,
methacrylate co-polymer having hydroxil values ranging from 15 to 250
KOH/g may be used. 15 The inventor has found that in using such
copolymers reinforced with the fibres, the resultant binding agent is

mxoeptiondilyr teughpraOMiRgiy e Hektteasie %Wﬂ%%ﬁ@@@?&g%@r 88l as

resistant properties. The mixture of Part 1 and the mixture of part e

onsslinkthinapivessel Sactd dherapoResbraiHis an AES BXEShPIRIINY and

The fibre is added once the 20 mixture is thoroughly mixed Example 2:
IeAIRII AEARRieralsrawdinetyeol paitauisile sietetalner agaISBRSIERY not
be used in the fluid permeable composite material, inclusive of various
JBaingleviiuteastinmes Pevitmiiarssk tymeititiodenfkiddgyeationates and
ranitic rocks and may be selected from SUBSTITUTE SHEET (RULE
“g’é’j‘iﬁ}@ S0BI5$8 PETRET/ARYSOlS 0GOrTECL OY Glabiee prugenietiteSuitable

hyre, Rhyofi d Rhyodacite. Al itabl
B B i pbmtes ranchec

ic i k types may be selected from
e e R e R Ve e heethacryic,

W%@‘%efﬂ@grmmqﬂ%ﬂ%%?}é%§§§§?ﬁéﬁé¥ be selected from

Hornfels, Quartzite, Schist, P reenstone. Suitably

also, SeaiNeYalyFRIKPINRSIHEeNRSRINRLS r?é’n@dﬁ'?ﬂakﬁvHﬁg % t;yrleferred
more suitably, the particulate material is Basalt.

embodiment describes a methacrylate co-polymer with a hydroxil functional

value of 150 KOH/g, the hydroxil value may be tailored to the reacting

diisocyanate such that the greater the hydroxil value, the greater the quantity of

isocyanates are required in the reaction. Accordingly, methacrylate co-polymer

having hydroxil values ranging from 15 to 250 KOH/g may be used.

The inventor has found that in using such copolymers reinforced with
the fibres, the resultant binding agent is exceptionally tough, showing very high
tensile strength and shore impact resistant properties.

The mixture of Part 1 and the mixture of part 2 are combined in a vessel,
and the combined mixtures are mixed thoroughly. The fibre is added once the
mixture is thoroughly mixed

‘Example 2: Particulate materials

A variety of particulate materials or aggregates may be used in the fluid

permeable composite material, inclusive of various rock types and ceramics.

Suitable rock types include Acid igneous granitic rocks and may be selected from

SUBSTITUTE SHEET (RULE 26)



While the particulate material may be regular or irregularly shaped, the 10
material is preferably elongate so as to provide an increased surface area
to which the binding agent may coat and an increased surface area of

WO 200¥81t6t between the particulate material. In addition topitTe srenisuslys
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listed materials which are suitably used @s the particuate material,
suitable particulate material may also include shards or pieces of broken
pottery and/or ceramics, inclusive 15 of, but not limited to, silica and
titanium carbides, aluminium silicates and oxides and glass.

anufactured solid materials, such as fired clay or cured cementitious
QMo TP 6 B HeBle TSR0 b1 oné AR BRE HRIERRFHnges
from 1 o g%i aODEnrgr% d may be ]f'ail.ored to suit the purgose of which the

composité” material is w“rétneée_c?%? RBRINE "RAE W5 ﬁ?e’B%YtR%ISﬁ@Cted
ARSIk PORARIA2w RS, RN 159:5Héfgu\évmggkf?gr%%?ﬁa;ﬁﬁ%égiected

example, non-slip pool substrates and non slip pavihg

fmgsswwrea@tqﬁaMﬁ;@tam%ﬁ,%ar&%%%%%@@ﬁ&&ﬁgpgmme

from 10 to 20 mm are most suited for use In stormwater Tiltration

appicaiietanenshio duskig/RROEGAIPRY BBASIOHNDFEABRIYL, Quartzite,

panelling, tarmac, road and bridge surfaces, footpaths and entries

SBUSSPIITE ShiEsTaRUGE631@. 2000 bA6aB8D, PSeHIdRR0H/ R bes
11 where non-slip surfaces are required eg. hospitals and schools and the
SHKE. a8/ Riveiafsr auarl seayHem EeanStibveova saibkbigpihle atidivinzselaterial is
draining retaining walls, and some stormwater and sewrage filtration
Bﬁcations. Degree of permeability of the composite material is

determ by the 5 size and shape of the particulate material. Rounded
media %\/ﬁ?&&&f@ﬁ%‘%i?@iﬁ{@b FE&YePD EPRIdAD Mty TRaH aRY-SftrReedhe

N R A S 0 RS o
V\mf&? oS E?er?HS a&feﬁﬂtﬂﬂé?/ '@S:S[tea%ch %Wﬁ’ggriteeased surface area of contact
between the particulate material. In addition to the previously listed materials
which are suitably used as the particuate material, suitable particulate material
may also include shards or pieces of broken pottery and/or ceramics, inclusive
of, but not limited to, silica and titanium carbides, aluminium silicates and oxides
and glass. Manufactured solid materials, such as fired clay or cured cementitious
compounds may also be used. The size of the particulate material ranges from
1mm to 50 mm and may be tailored to suit the purpose of which the composite
material is intended. For example, fine aggregate particulate material of 1mm to
5 mm is suitable for use when formed into, for example, non-slip pool substrates
and non siip paving for areas where people walk barefoot. Medium-sized coarse
aggregate materials ranging from 10 to 20 mm are most suited for use in
stormwater filtration applications, and industrial applications such as sound

reduction panelling, tarmac, road and bridge surfaces, footpaths and entries
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material at a thickness of 50 mm. 10 It will be appreciated by a sk_illed
person that the size, shape and compressive strength of the particulate
material will determine the strength, porosity, filtration and sound

WO 20@hbserpgion properties of the fluid permeable compositel{gq.;gﬂgllosmom
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EXAMPLE 3: Manufacturing process of fluid permeable composite 15
materials A fluid permeable composite material is produced by the
following process using the binding agent and particulate mate_rlal.s of
Examples 1 and 2 respectively. The selected particulate material is

Wa naeg] to rc?move.all foreir%n matter 20 from the surface of the particulate

material This prefarsbre sfﬁﬁﬁ‘ﬁgpe%mg%‘ﬁn@%iﬁ@hﬂ@%at‘eiﬁm%ﬁke.
l'ate ci,ut unwanted foreign

M@%@ﬁéﬂ@%&f&%@v Qﬁa%rf(%%i rﬁ%\i/tetr?{gsteg%gpfm igation n,ssiidrgiRing retaining

matter. After removing all foreign

RamcuatemAtelRlmRNcRss MRIYR/S eq}{ﬁgﬁg%hné eépgﬁ%%giculate material

) .
surface by drainage. The particulate nraterial'is Ca rotary drier

until S%&E@@T&%ﬁiﬁﬁ%ﬁg%W&ﬁ%oﬁ@@gﬁ% drﬁterm&e& by the

PCT/AU2005/000751 12 1 it has a moisture content of less than .
Sre aniecnzptooiate matetalds eealem:lo REIMMAP Aedrs GeLMS: Themm

cooled, dry particulate material is then pre-coated by'placmg the m terial
370 hastamajairnamathbilimehanred Guansaef bindlintesnoMAR nRdia of
has the viscosity adjusted to about 130 cps. This is achieved by th_g
HBBARIROFRARGRICeRy ATt e eigierim e ONitmgootbvelatitityiregular
uch gs C1-C6 esters_eg. tert-putyl acetate and n-butyl acetate to thg
Sfﬂﬁafh REECANRAIY of BR l5ariearaeoordame sohreeereoatbmdesite

RERHERY R BRis pl materials

it will be appreciated by a skilled person that the size, shape and
compressive strength of the particulate material will determine the strength,
porosity, filtration and sound absorption properties of the fluid permeable
composite material.

EXAMPLE 3: Manufacturing process of fluid permeable composite
materials

A fluid permeable composite material is produced by the following
process using the binding agent and pariiculate materials of Exampies 1 and 2
respectively.

The selected particulate material is washed to remove all foreign matter
from the surface of the particulate material. This preferable washing step
involves immersing the material in water and vibrating or agitating it to separate
out unwanted foreign matter. After removing all foreign material from the surface
of the particulate material, excess water is removed from the particulate material

surface by drainage. The particulate material is then dried in a rotary drier until
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surface has been uniformly coated. This pre -coating step establishes a

uniform 10 mechanical bond between the particulate material and the

binding material. As the particulate material is generally porous, and as
WO 200f816idling material shrinks substantially during curing pestaptisésng es:
uniform mechanical bond between the particulate material and the
binding material should be achieved as a preliminary process.
Advantageously, this precoating also seals the surface of the 15
particulate material and ensures moisure does not re-absorb into the
ig%rticulate .material. After precoating, and until thzﬂgﬂre-coat is dry,

ARiC ORGP e Bh kdRssetiaicAil¢ te- prae
' h oth [ ity of bindi f
émgqg%lg@ &/03%38 %%c{)é f?:%ﬁf%grﬁfrox'mate quantity of binding agent o

VIScosity CpSto Sterial for the pre-coating process is

Qﬁe@@é@d&ﬁ@rm ggrial is

tio of 1 jculat terial. 20 when th ticule si
o R R R em St i gt the

ide; jni 7 ; le t t bindi terial to,
m&&@@:é@ﬁrﬁd@n&ﬁﬂéﬁﬁ%ﬁiﬁm %@%g?r%?aeé ‘:tlﬁé%%? % o?' ) %pmﬁaﬁ%?ﬁew%fch

cure. Subsequent to IS again mixe

5  tsding vgestityhiahses m@ﬁmﬁxwi’@@%?@%t@a@ﬁi@@gﬁi% HdUldion of

low SUBSTITUTE SHEET (RULE 26) WO 2005/116135

PYIENL OGN0 EEEr WblgmSevalar WEIHBRONEAHHHSIRG HeC1-C6 esters

approximate binding agent to particulate material ratio of 440 ml of

Hindiadenacstate landof-patyt estateate riak videdingh enaastisl | MEEIgisthe
10mm to 15mm. While this embodiment describes a ratio of binding agent
RE'HerRIg sRetesial aedithe PISreatdindeshecars cantid dterphrtitigtatmatirial's

be.appreciated by a_skilled person that this ratio will vary according to the
i

oGS R TR AR A afdlmiPsR ripatioa SiRp estabisbethe uatiorm
10 B A BRI B A EI R ekl Snd e Biming sttt As

the particulate material is generally porous, and as the binding material shrinks

substantially during curing, establishing a uniform mechanical bond between the

particulate material and the binding material should be achieved as a preliminary

process. Advantageously, this precoating also seals the surface of the

15 particulate material and ensures moisure does not re-absorb into the particulate

material. After precoating, and until the pre-coat is dry, particulate material is

shaken periodically to prevent precoated particles from bonding to each other.

Approximate quantity of binding agent of viscosity 150 cps to particulate material

for the pre-coating process is ratio of 200 ml 1o 11 kgs of particulate material

20 when the pariicule size is 10 mm to 15 mm.

When sufficiently dry, the composite material is set aside for a minimum

of 48 hours to enable the precoat binding material to cure.

Subsequent to this, the composite material is again mixed with the

binding agent which has not had viscosity adjusted by addition of further low
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The uncured composite material is transferred to a contained space, 10
such as a mould or area defined by forms and is vibrated until it ig
uniformly distributed throughout the contained space. This vibration

wo 200641(}&@8 also encourages flow of binding material arout§Telpeliicenzie
material throughout the preformed masg; The dense fibre inclusion allows
the binder to flow readily around the particulate material but to collect at
the joins between the particulate 15 material. Advantagequsly this alloyvs
build up of fibre at the points of contact between the particulate material

I mation of the largest possible area of join at
e BN S e ARG SR Bt faderiouas
] it fal i c ressed in.two stages. The
By e PR oM el egrharnen
trdgestiiaereassitndHe ©realgst surface area of contact between ‘
material at the edge of the contained space is achieved without crushing

the partmmmammﬁabarn@swIaégaﬁe@érsdgﬁgaﬁs%?tﬁrﬁ&ha%%ﬂ%fﬁtagicmate

particulate material. A secondary stage of compression iS carried out by

5 ragsymeinoton ! SURS SEUIE QHEET (RULEIRS)IMM H0FEHARRd by a
PCT/AU2005/000751 14 1 pressure over the total surface area of the
Sibstiaeess thanipiession wilbpptip oot dingimuthecutdatbeineent the
the total mass of composite material is achieved, again without crushing
%’Z‘Bﬁt‘ﬁ?ﬁ:m@?ﬁﬁbﬁﬁm HEadIRY [AMamg gt fasin pbinisdihgoagentt of

' [ ' turing process
%\év&%emat r%@ 5 It will be appreciated that the manufacturing p

p?(i)r paversrgﬁ% OteqTiFe SR '§t§6’8§5‘|‘§3rﬁﬁfr‘é§s}f6n as the end
Condiion bl e IR R SRR o sEmag © & conaned space,
10 such as a mould or area defined by forms and is vibrated until it is uniformiy
distributed throughout the contained space. This vibration process also
encourages flow of binding material around the particulate material throughout
the preformed mass. The dense fibre inclusion allows the binder to flow readily
around the particulate material but to collect at the joins between the particulate
15 material. Advantageously this allows build up of fibre at the points of contact
between the particulate material and subsequently the formation of the largest
possibie area of join at points of contact between particulate material.
When Adirected to pavers and tiles, the composite material is then
compressed in two stages. The primary stage is the application of uniform
20 downward pressure on the edges of the mass until the greatest surface area of
contact between material at the edge of the contained space is achieved without
crushing the particulate material or displacing binding agent from between the
particulate material.

A secondary stage of compression is carried out by applying uniform

SUBSTITUTE SHEET (RULE 26)



However, when the composite material is poured in situ for roads, paths,
10 retaining walls and the like, wherein at least one of the faces is
supported, eg. the bottom, and the product is not relocated from the point
WO 2008t inbiufacture, a single stage (only) of compression overile:taaloaren
of the top surface is undertaken. This is fypically carried out as a
simultaneous vibration/compression 15 phase, by a flat vibrating plate
dragged across the surface whilst exerting some downward pressure.
When directed to pavers and tiles, the composite material is "cured' by
1 slowly raising the temperature in an oven to ca. 80 C for several minutes,
REPSRILDIO HniRR it i Tsea e o hR matssRitresanGoBRIsssion is

thq. 28 I SS transition temgerature of 70 C of the crosslinked polymer
2HBLE |b% RIS AR B@?ﬁ’@ﬁ@ﬂﬁ%&%l MEge Rt pRsitRaigHg! is

i ifi I linked palyr hich has been
e e SR U108 PR CRH R SR EHRLR SR ARG
a@@ﬂﬁ?&){ﬁgj&ﬁﬁ@g%@&hg&%@%a{&% mperature is then cooled to

about 10 C lower than the glass transition SUBSTITUTE SHEET (RULE
5  26) WO3NN%é HpbiecknddGiAHE 0Rariéed ;E]Fﬁtﬁggg%r‘?{n%ﬁ%r@&ld tiles

before removing from the oven. Once removed f e ove

requirpssiteorsaigeabisoopaiessiioi ms AREIEARDIB RAIPMAE B I SupCHRE Sides
may be achieved by blowing air across the surface of the mass with a

afghisUnait@asb v soitiiat epabrete endiiedsciayionateialmdbe ittithosition for
permeable 5 composite material of the present invention does not shrink

Ug88ring curing. and retains the desired dimensions and weight. Where the
composite material is poured in situ, the material is cured by heat from a

source SQYRMRIWhAbIE FrRMPaSIERI Maisiallisaminedtiesiterfpesdse mhths,

1 the materiad to abave glass transition temperature.
0 retaining walls and the Tike, wherein at least one of the faces is supported, eg.

the bottom, and the product is not relocated from the point of manufacture, a
single stage (only) of compression over the total area of the top surface is
undertaken.

This is typically carried out as a simultaneous vibration/compression

15 phase, by a flat vibrating plate dragged across the surface whilst exerting some
downward pressure.

When directed to pavers and tiles, the compaosite material is ‘cured’ by
slowly raising the temperature in an oven to ca. 80 °C for several minutes,
preferably between 10 and 30 minutes. This temperature range is above the

20 glass transition temperature of 70 °C of the crosslinked polymer described in this
example. A person skilled will understand that the curing temperature is specific
to the actual crosslinked polymer which has been formed, and the effect on the
glass transition temperaiure of the fibrous and solvent inclusions in the polymer.

The temperature is then cooled to about 10 °C lower than the glass transition
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10 Although not wishing to be bound by any particular theory, the present
inventor reasons that the unexpectedly high strength of the cured fluid
permeable composite material, once formed, is attributed to these

wo 2085¢Esges. 1. the mechanical bond formed between the particulate

10

15

20

material and the binding agent during the pre-coat proc&§3/ALH0SpI751
reinforcement of the binding material by the dense fibrous inclusion into
the binding mixture. 3. the establishment of the largest surface area of
contact between particulate matter during the compression phases. 4. the
establishment of the largest possible build up of cured binder 20 at the

fiepe @tmm%%ety!ﬁ@”%ﬁ&%ﬂ%?ﬁ@e%hp%@ %V%Rf%ﬂ@&?eﬁgvgﬁ e the

: i
compression phase. It may be appreciated by a skilled person that the

ahaye enyoeapisic K BAMAEELHI SFGRANMMNCEFHIVRNRUD BORRF %30 °C.

conditions such as temperature and humidity which may influence

Sohibilitiemyvitie ratidersdtioseblowiid S BorbssSHE Bl LdE #8) W3S with a
2065/116135 PCT/AU2065/000751 16 1 Advantageously, the fluid

Bermiiniite eonveosicaahatntatts sultstinetiatiayligiesrialsyaightithamermeable
traditional composite materials. For example, a square metre of concrete
FRIVEASEE SnataTiahiheeRiRS @Y INsRienvines ashsbyimkrdurinereuningneand
fluid permeable composite material of 50mm thick weighs ca.66 kgs. 5
BRI RS IRSIERR RIMEBSIOMRARRWSIBMSids within the permeable mass.

The adyantages of this Iig t dv%(%i}%hi material are ease of transportability

and workapity, ard L 18l B e i el tscmalssias igrenisdl by
IR sHe 3 REIng Wals Sound R TG BEHIE S AR ssing the
temperature of the material to above glass transition temperature.

Aithough not wishing to be bound by any particular theory, the present
inventor reasons that the unexpectedly high strength of the cured fiuid
permeable composite material, once formed, is attributed to these processes.

1. the mechanical bond formed between the particulate material
and the binding agent during the pre-coat process,

2. the reinforcement of the binding material by the dense fibrous
inclusion into the binding mixture.

3. the establishment of the largest surface area of contact between
particulate matter during the compression phases.

4. the establishment of the largest possible build up of cured binder
at the areas of joins between particulate material by the vibration phase, and the
compression phase.

It may be appreciated by a skilled person that the above composition

may be varied to accommodate various processing conditions such as

temperaiure and humidity which may influence solubilities within the mixtures.
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10 Fluid permeability The fluid permeable composite materig! has unique
and advantageous physical properties as compared to traditional

WO 20&991%%3%‘9 or other composite materials. Significantly, the present invention

10

15

20

provides a highly porous and fluid permeable composité’@r’fa"t@ﬁ@ﬁfwmw
allows water to flow freely through the 1f,composite material. Typically,
water flow rate is 30 litres per second through an area of 1 square metre
at 50 mm thick constructed from an aggregate of 10 mm to 15 mm
particulate material. In an example of an application using the fluid

P G Al B B B e A ey

porosity. The pavers wer aluminiu

RftaerohthreRaMelsar aHARMNAY &3@?5&% 4R aL0 th%?f%%%)%‘ r\];?ae%%gare

!
of the paver. Water was then flooded onto the top surface pa

toeimepoivoncfisty paieesd LIESIRRPRGERRShO Rl Ak Y0 RIAE S yuare

area of 370 x 370 mm. The porosity of the paver was gréater than this

metve afdhzslievitieacedayctoeranisnt parstiag 0o 5DAMNEIENBEIhS ca.66 kgs.
SUBSTITUTE SHEET (RULE 26) WO 2005/116135 PCT/AU2005/000751

e iighdeemeighids. dueetfiitepereacableicsmitsitemeateriaalivmass. The

drainage through the paver greater than what would be obtained with a

SHFRIRORS rain iisorigtto WRAGH Madkeristrasiy eaeelldh Erospsmdbifity and
intensjty for a 5 minute 5 duration given in standard AS3500.3.2 -

"r!%’%é‘f%ltlﬁ?cﬁﬂ RSl SHRPRYhsaeisRe ﬁréﬁ@ﬁiébGM:egmmd level such
, i lal exhibits ductile failure in either

%ﬁ?%ﬁé%)%ﬁ%ﬁ%@ﬁ?ﬁ%& 'ﬂée’gg\mg%:,ﬁquéa%g@for reinforcing.

Concre@(mﬁ@gp@r@m@&%&i@% ssteel reinforcing exhibit brittle

failure. That is, at
Fiuid permeability

The fluid permeable composite material has unigue and advantageous
physical properties as compared to traditional concrete or other composite
materials. Significantly, the present invention provides a highly porous and fluid
permeable composite material, which allows water to fiow freely through the
compaosite material. Typically, water flow rate is 30 litres per second through an
area of 1 square metre at 50 mm thick constructed from an aggregate of 10 mm
10 15 mm particulate material.

In an example of an application using the fiuid permeable composite
material, three pavers were prepared and tested for porosity. The pavers were
sealed with aluminium flashing around the edge of the pavers. The flashing
extended 50 mm above the top surface of the paver. Water was then flooded
onto the top surface of the paver up to maximum flow rate of 1.6 litres per second
over an exposed surface area of 370 x 370 mm. The porosity of the paver was

greater than this flow rate as evidenced by the lack of ‘ponding’ or pooling on the
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10 the point of fracture, it breaks immediately and fails totally. Concrete
with steel reinforcing still exhibits brittle fracture, but the reinforcing steel

WO 200 5?ﬁives_the structure ductile properties. In contrast, the cured composite

10

15

20

Hkfal at the point of fracture, does not immediately REEFaiaed/d0t51
rather, it commences to fail and will still gnaintain many of its properties.
Failure is rupture rather than brittle failure. 15 Typically, a section of 350
mm x 100 mm x 100 mm constructed from an aggregate of 10 mm to 15
mm particulate material and supported 25 mm from each end, displays

pg@gméggd of 6050 N before failure. Also advantageously, the fluid
permeable composite material achieves high tensile stress in outer fibre

construgtinsi;e aWs%&BFéVSBH%%'i_t%Oﬂ{é%ﬁ raﬁgvvﬁfgéﬁéﬁ%}%{%u%}hthe

structure is flexible and has substantial flexural streng

pisveesinaieAsipravifas W R uelUse 9 cas mmhsrﬂ%%wc@mfa% or

section of 350 mm x 100 mm x 100 mm constructed from particulate

7Rideadhr OTHIO purositd & el andsaseriosieshd S AT £t 5 minute
displays deflection at rupture value of 0.98 mm, elastic modulus of 1740

dxipHoaneivabdulstaodanp hESS00B SHTIYEE. SHEET (RULE 26) WO
2005/116135 PCT/AU2005/000751 18 1 1.83 mpa. The fluid permeable
compodieciiiretrisdaigiresrritd ighighirngbsmedieexisting like
composite materials. Typically concrete pavers and the like, weighs ca.
110 kgilfa%ﬂeeﬁafém?é&ea@%w$mmﬁé@ﬁgmdmm_itg fodtecimbhither
Cé e%séiite mageria], when copstructed from media with specific gravity of

, Weig escg %%”B&@{iﬂéﬁ%‘?ﬁ&ﬁé‘{&%‘@bfﬁnﬁ fiek. fwmfﬁg:mgeﬁ@ﬂ.cre’te
<L RO IR e s SRS e,
tHESEINNBraRsaRe PIAReIeRHRSGIRES ARV Rl totally. Concrete with steel
reinforcing still exhibits brittle fracture, but the reinforcing steel gives the structure
ductile properties. In contrast, the cured composite material at the point of
fracture, does not immediately break and fail, rather, it commences to fail and will
still maintain many of its properties. Failure is rupture rather than brittle failure.
Typically, a section of 350 mm x 100 mm x 100 mm constructed from an
aggregate of 10 mm to 15 mm pariiculate material and supported 25 mm from
each end, displays maximum load of 8050 N before failure.

Also advantageously, the fluid permeable composite material achieves
high tensile stress in outer fibre construction, i.e. unlike conventional concrete or
fired clay, the structure is flexible and has substantial flexural strength. Flexural
strength is desirable as it provides the structure to carry higher loads. Typically,
a section of 350 mm x 100 mm x 100 mm constructed from particulate material

of 10 mm to 15 mm and supporied 25 mm from each end, displays deflection at

rupture value of 0.8 mm, elastic modulus of 1740 mpa and modulus of rupture
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10 Storm water collection pit covers Advantageously, the fluid permeable
composite material has high structural integrity and therefore can be used
both supported and unsupported for many engineering applications, such

WO 2005/aBt&adways, retaining walls and stormwater entry gratessrmgiteois In

10

15

20

an alternate embodiment, the present inpgention provides a means of
filtering pollutants from storm water runoff as water passes from paved
areas into the storm water collection system. Currently, storm water
collection pits co-exist with paved areas such as roadways and car
arking stations. Water is collected on paved surfaces during 20 rainfall
1-GRdMRRws to the lowest point on that paved area. It is intended that runoff
water from paved areas be collected before pooling to avoid flooding.

Runoff Watd P EEMeARL AVRREEEDATESBR the/lgheteisbh Arridliag ass
e S R B SRR S M e

. ine, S T LE 26) W .
AR BRI IS R TR MR e o
piAiEEHRN B bURIEIRALBASE 31RO BRI RS AN HEHE W RANSHR G ic

and installed across the flow of runoff water, below the surface level of

grifvenpayeaipsigh sefkyaiss ianiae tewael dovonaimtsniskpaved areas,
drops into the collection boxes. 5 Collection boxes have two types of

entry, Wipilevihd amebside entiyipdigsoniud exiplidaidiher stmdilayel@sibgble
pavement and are protected by metal grates strong enough to support
corapassavegisriahih vie tyoniopdsare enduiijbs fathequpdiceditns are also
capture. However, these metal grates have been shown to be unsafe for
CORiRRRIRRIAHRE) I §RFiFABIQ PERRANiRE BRspIkae aloians of
Storm water collection pit covers

Advantageously, the fluid permeable composite material has high
structural integrity and therefore can be used both supported and unsupported
for many engineering applications, such as roadways, retaining walls and
stormwater entry grates and piis.

In an alternate embodiment, the present invention provides a means of
filtering pollutants from storm water runoff as water passes from paved areas into
the storm water colleciion system. |

Currently, storm water collection pits co-exist with paved areas such as
roadways and car parking stations. Water is collected on paved surfaces during
rainfall and flows to the lowest point on that paved area. It is intended that runoff
water from paved areas be collected before pooling to avoid flooding. Runoff
water is collected at various points on the paved area and directed through a

system of under ground pipes to outfall areas where water is discharged into

waterways. Runoff water fransfers from paved areas to the underground pipe
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10 pollution filtration, i.e. existing metal inlet grates do not fliter pollutants
from stormwater as it enters the collection pits. Side entry openings are
vertical openings, usually built into the side of gutter drains, and are

WO 2005d6\8red. Protective grates or pollution filtration coverscaremoisasaiisble
for side entry openings. As storm water yynoff travels across 15 paved
surfaces, gross pollutants, eg. cigarette butts, plastic bags, paper and leaf
litter are collected and deposited into collection pits. The inventor
anticipates that the fluid permeable composite material may be used to

T R R R AR e BB SR A S bos
i i . ' inFIc 1. T
s fecniy onelel EATHERHIER SR e B e ke

Beamethd supmansinsmay %@r%Q%BW%QM%eth ﬁﬁ%ﬁpgw rg,?oin’[s

shape of stormwater collection pit entry opening eg. w opening

irs pangroancke tibgrl (sideheriayebipg baxagf traffic which normally
transverse the collection pit, if any, and SUBSTITUTE SHEET (RULE 26)

5 WO 20081685 RREALDOOIHOAYHEs 26F Temayer SgRIUIIremidreiie tntry.
of the collection pit. Advantageously, use of the fluid permeable composite
IReseamsl antRids whihglsaBedirehdstoenpavateetn anteateaprbtiraied by metal
through the surface. Gross pollutants, such as plastic bags and bottles,
JERiPREIFORMARAHE bR SURRPIE ¥ S!S Weidkfan tNéhsofabingeidrgeneaough

micro cc&)egéaminants a;]ch as hydrocarbons, heavy metals and carbon

RAGROKIERS SURIRS ST Epdl Wstveh tRESSemRiPhBIEAR:88\6T Rasr ipuaite be
R T R N

10 gEAMEIRnRRRITRI W Sexisting metal inlet grates do not fliter pollutants from
stormwater as it enters the collection pits.

Side entry openings are vertical openings, usually built into the side of
gutter drains, and are uncovered. Protective grates or pollution filtration covers
are not available for side entry openings. As storm water runoff travels across

15 paved surfaces, gross poliutants, eg. cigarette butts, plastic bags, paper and leaf
litter are collected and deposited into coliection pits.

The inventor anticipates that the fiuid permeable composite material may
be used to filter pollutants from stormwater prior to entry into the collection
system by providing a stormwater cover at collection box entry points. An

20  embodiment of a typical storm water cover is shown in FIG 1. The cover 10
includes the fluid permeable composite material 12 housed by a steel frame 14.
Dimensions may be varied according to the type, size and shape of stormwater
collection pit entry opening eg. whether the opening is in-ground or Lintel (side

entry) type, type of traffic which normally transverse the collection pit, if any, and
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10 The inventor further anticipates that the fluid permeable composite
material may find application as an effective sound reduction material.
When sound energy is directed at the fluid permeable composite material,

wo 200somswill deflect from the facets of the irregular compgsite SWiass @Rd
some will enter the voids and be absorbgd within the composite material.
Typically, a composite 15 material of 50 mm thick of 10 mm to 15 mm
irregular shaped particulate material provides considerable sound
reduction, eg. from 25 db to 40 db. Effectiveness as a sound reduction
composite material is determined by the size and shape of the media,

T v SR B SRAHEEEE Bt othaaliaclien PB-permeable mass. Iregular

media ghape and greater percentage of void within the mass, increases
the oA UHBIET Mo IS0, RAEp AP ARRRRLBatoral m tis

[ | would find application in large commercial premises,
coméﬂosne materg rS,[Bapaﬁ 2 o] p

RN B AT AT e il e, PR e doer e Tagen Gross
el B A By SRR R 55 e oot pags and the ke
5 FOUAINSIONNISE 28 pronerties, Ll be appreciated by the skiled

person t e present invention 'is ! Do
' [ [ in, jety of .other embodiments ma
o AT eh oA, S A RPN P B Sieesie

Pt SRIRE A MSENE IR R, Warky e%gering outfall systemns is therefore pre-

filtered before entering outfalls, with obvious benefits to the environment
Sound reduction applications
10 The inventor further anticipates that the fluid permeabie composite
material may find application as an effective sound reduction material. When
sound energy is directed at the fluid permeable composite material, some will
deflect from the facets of the irregular composite surface and some will enter the
1 voids and be absorbed within the composite material. Typically, a composite
° material of 50 mm thick of 10 mm to 15 mm irregular shaped particulate material
provides considerable sound reduction, eg. from 25 db to 40 db.
Effectiveness as a sound reduction composite material is determined by
the size and shape of the media, and by the percentage of void within the
20 permeable mass. irregular media shape and greater percentage of void within
the mass, increases the effectiveness in reduction of sound. It is anticipated that
the composite material would find application in large commercial premises,

such as indoor pool complexes, auditoriums, roadside sound reduction panels

and in dividing walls between higher density commercial and residential
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SUBSTITUTE SHEET (RULE 26) LLOYD WI SEE PCT/AU2005/000751
Received 07 July 2006 22 Claims: 1. A curable composition for
producing a fluid permeable composite material comprising a

WO 200pa@iticsdate material; and - a binding agent including: o ;go é‘%
present in an amount of up to 25% by wejght; and 10 o rom % by
weight of a low molecular weight solvent that flashes off or evaporates
during curing of the composition to leave voids in the cured composition.
15 2. A curable composition for producing a fluid permeable composite
material comprising: - a particulate material; and - a binding agent
Arapediieg: d fndiro25npESipteddt thevskigbt giarsorciivbe ) HebEREnvention
_based on methacrylate; o fibre, present in an amount of up to 25% by
Isveqg imitetdntl@ eonBEtihsnisaigiscabadmbnalymesiof andigegyanatfety of
and corresponding isocyanate polymerising agent for forming a
resSnkediments may be contemplated which are nevertheless consistent with

the broad spirit and scope of the invention.
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25 polymer with said acrylic polymer; and o from 20 to 60% by weight of a

low molecular weight solvent that flashes off or evaporates d! ring LLOYD WISE
Amended Sheet P,::E 'A.I'"ti. LLOYD WISE PCT/AU2005/000751

Received 07 July 2006 23 curing of the composition to leave voids in QT./AUZOOS/OOO%I
cured composition . 3. A curable composition as claimed in claim 1 or ~~eceived 07 July 2006
claim 2 wherein the low molecular weight solvent is present-in an amount

of from 20 to 50% by 5 weight. 4. A curable composition as claimed in

claim 1 or claim 2 wherein the low molecular weight solvent is selected
fremE1 to C6 esters, hydrocarbon solvents, or C1 to C6 ketones. 5. A
curable composition as claimed in claim 4 wherein the Cl to C6 esters 10

are selected from tert-butyl acetate or n-butyl acetate, the hydrocarbon
solvents are selected from benzene, toluene, dimethyl benzene, ethyl
benzén&Ebisns@RBOEliiPRNE NapBthatiTE, anfhrsiceperrbiadignylcomposite
cycloﬁﬁmsc@ﬁqp@m@enyl. 6. A curable composition as claimed in claim

1 or claim 2 wherein the 15 particulate material is a stone aggregate or a

ceramic aggregates paRisuiERblenc@srROsHIQN as claimed in claim 2
wherein the acrylic polymer based on methacrylate is selected from ethyl

acrylate, ethyl -methaienyliadea geethaenyiaiegcopolymers, methyl
methacrylic, butyl
o a binder;

o fibre, present in an amount of up to 25% by weight;
and

o from 20 to 60% by weight of a low molecular
weight solvent that flashes off or évaporates during
curing of the composition to leave voids in the
cured composition.

2. A curable composition for producing a fiuid permeable composite
material comprising:

- & particulate material; and
- abinding agent including:

o from 25 to 50 percent by weight of an acrylic
polymer based on methacrylate:

o fibre, presentin an amount of up to 25% by weight;

o from 10 to 35% by weight of a homopolymer of an
isocyanate  and corresponding isocyanate
polymerising agent for forming a crosslinked

polymer with said acrylic polymer; and

o from 20 to 60% by weight of a low molecular

weight solvent that flashes off or evaporates during
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methacrylic and methyl methacrylate copolymer. 20 8. A curable LLOYD WISE
composition as claimed in claim 7 wherein the acrylic polymer is methyl
methacrylate copolymer and it is present in an amount of from 25 to 0% A112005/000751
by weight of the binding agent. 9. A curable composition as claimed Received 07 July 2006
claim 8 wherein the methyl methacrylatg copolymer is present in an
amount of about 30% by weight 25 of the binder. 10. A curable
composition as claimed in claim 1 or claim 2 wherein the fibre is selected
from glass fibre, aramid fibre, carbon fibre or natural fibre, 11. A curable
composition as claimed in claingl0iwtieretothediiie is glaksibredhaying the
a length ranging from 0.5 0,6mm fibre length. Amended Sheet
MEAJAL LLOYD WISE PE a‘{%ﬁ 320857000751 Received 07 July 2006
412 n . : i1 . o
e T o) St 996 o i b 3, e fow
curable!eeHMoW RN ASeI¥RRE (iR @aRA I IWABréM e hohiopolphde 60% by
the igpgyanate and the corresponding isocyanate polymerising agent 5 is
selected from hexamethyiene diisocyanate homopofymer: hexamethylene

4diisoAywmﬁem@hwgﬁﬁiﬁipégwb@ﬂwwafﬁfn hp@O@llgwm@rv]m@MQHs low
diphenyl diisocyanate, toluene diisocyanate homopooymer: toluene

diisoty a{ﬁgtjza:rp}&@%a}éi'é &Hgl'én%elﬁﬁ%voﬁs%ay@né% ReFiSpAyrRerarbon
polymerientethyenedipBamtioitsocyanate, 10 naphthalene diisocyanate
homopolymer: naphthalene diisocyanate,

5. A curable composition as claimed in claim 4 wherein the C1 to C6 esters

are selected from tert-butyl acetate or n-butyl acetate, the hydrocarbon
solvents are selected from benzens, toluene, dimethy! benzene, ethyl
benzene, cyclohexane, cumene, naphthalene, anthracene, biphenyl,

cycloterpenes and terphenyl.

6. A curable composition as claimed in claim 1 or claim 2 wherein the

particulate material is a stone aggregate or a ceramic aggregate.

7. A curable composition as claimed in claim 2 wherein the acrylic polymer
based on methacrylate is selected from ethyl acrylate, ethyl
methacrylate, methacryiafe copolymers, methyl methacrylic, butyl

methacrylic and methyl methacrylate copolymer.

8. A curable composition as claimed in claim 7 wherein the acrylic polymer
is methyl methacrylate copolymer and it is present in an amount of from
25 to 40% by weight of the binding agent.

8. A curable composition as claimed in claim 8 wherein the methyl

methacryiate copolymer is present in an amount of about 30% by weight
of the binder.

10. A curable composition as claimed in claim 1 or claim 2 wherein the fibre

is selected from glass fibre, aramid fibre, carbon fibre or natural fibre.

11. A curable composition as claimed in claim 10 wherein the fibre is glass

fibre having a length ranging from 0.5mm to 6mm fibre iength.
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methyl isocyanate homopofymer: methyl isocyanate. 14. A curable LLOYD WISE
composition as claimed in claim 2 wherein the homopolymer of the PCT/AU2005/000751
isocyanate and the corresponding isocyanate polymerising agent ifeceived 07 July 2006

h

10

15

30

present in an amount of between 10 and 50% by weight of the binder. 15

15. A curable composition as claimed ip4claim 14 wherein the

homopolymer of the isocyanate and the corresponding isocyanate
olymerising agent is present in an amount of about 25% by weight of the

1 hindercd BRoASHRPERS IO AUt '8 iR Peth A EBnmpodiierein the

matgrials inshading ibesstepsef Maidineraewiabieconmpesitieras claimed
in any 20 one of the preceding claims, compressing the curable

18ompasitionl arebousimgitibe eenspdsitianiatcidiempenatcreioftadndradtolymer

aboye fhe fI3sSransition (emperature ot e binder, and subseduenth o
reducingethe t 7K proc%ss as%lél%ggﬂ%‘(ﬁa?%yﬂ REIGIRISD

mperatar
the rocessantiudesftbenstepearotpirglenatingiife peatietdate matepalymer:

with, a Vviscosi justed.bindi gent Cess. laimed.in claim .,
17 fﬁ‘??ﬁéﬁ%%f%ﬁ% cozﬁll'r?ék gﬁ?é%’ preﬁgggggﬁgarticadﬁaﬁg%ﬂatergig evclz%anate
the bipchageyest: 109Ahdt pedineabld cdinposieattatdoiomaddifonyanate
(he eRmpRRpRGS 30 LM EHEL AR, OISR midndese ndishe
Sheet PEA/AU ! ’ p‘é’ﬁ‘) f % sny!
diisocyanate homopolymer: polymeric methylene dipheny! dilsocyanate,
naphthalene diisocyanate homopolymer: naphthalene diisocyanate,

methyl isocyanate homopolymer: methyl isocyanate,

14. A curable composition as claimed in claim 2 wherein the homopolymer
of the isocyanate and the corresponding isocyanate polymerising agent

is present in an amount of between 10 and 50% by weight of the binder.

15. A curable composition as claimed in claim 14 wherein the homopolymer
of the isocyanate and the corresponding isocyanate polymerising agent

is present in an amount of about 25% by weight of the binder.

1€. A process for manufacturing a filuid permeable composite material
including the steps of providing a curable composition as claimed in any
one of the preceding claims, compressing the curable compesition and
curing the compeosition at a temperature of about 10°C above the giass
transition temperature of the binder, and subsequently reducing the

femperature.

17. A process as claimed in claim 16 wherein the process includes the step
of pre-coating the particulate material with a viscesity adjusted binding

agent.

18. A process as claimed in claim 17 further including coating & cured pre-

coated particulate material with the binding agent.

18. A fluid permeable compoesite material made from the composition as

claimed in any one of claims 1 to 15.
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