WD 2004/ 081311 PCT/ US2004/ 007800 STRUCTURAL AND OTHER

COVPCSI TE MATERI ALS AND METHODS FOR MAKI NG FOR MAKI NG
WOAME/OSRELATED APPLI CATI ONS [ 0001] Thi s appl i caCTmis2008/007800

a continuation-in-part of Application No. 10/ 388, 295,

filed March 12, 2003, now pending, the entire

contents of which are hereby incorporated by

reference herein. FIELD OF THE | NVENTI ON [ 0002] The

present invention relates to structural and other

conposite materials and nethods for maki ng such

mat er Keipgy @TUR%IPAN& @”ﬂ‘ R %@%FOSETE Mg

i nventton refrates
aspect, the ﬁﬁﬂz%ﬁﬁTHﬁMEﬁFEﬂ%hC%KEN@éMMMHStructura
and other conposite materials having a variety of
shapes, sizes and physical properties. In yet another
aspect, the preseuiLATEENAPPIICLIRINGS tO various
applications of invention structural and other
conp03|te materials. In still another aspect, the

e i.nvention relates .to -
t0001) £ PERE bap RAERLsBopPfiublah ey o A Eri i Plise g, filed
March 821008 hﬁﬁvf tHecenfibd @nitettSof BICKERAIMNB yGhicokpbrated by
| NVENTI ON [ 0003 Pol ymeric materials have | ong been
referenggshegeitn t he art for the manufacture of structural
el enents. In one application, a structural elenment can
be sinply formed as a solid sheet of polyneric
material, for ex&WPLP ObHYHEINVENTIONHowever,
structural elenents prepared in this way tend to be
fairly heavy (due to the density of the polymeric
[0002] MRLEd If}les}ent m@@ﬁjuogl ¥fardd 90 Etrﬁéﬁﬁrramd Sesdodiy [@1 matenals and
properties |t|on structures "a
methodb orquikieg swhpedatsiiale Bi znpzﬂfuaﬂmpecﬂi,dhapfeserﬁtnmantlomfelates to

. .._pol yneri rrat rlal s.required tao form such
building Bl do Soa G Detsab PR PP S00 brsPastalpog oher
composite Iﬁdté&il@ﬁéﬁn%’rﬂfﬂ%ﬂy 618 ?é!se dizkadd$hyRfchl é] f)ertles Inyet another

preparatlon structural eélenments I's e use
aspect, theamrergnpoveniienirelates teviridus applicitionsof mmnt@nanpd:taxal and other

ol thl e,...pol ypro £ ren
composZfriiin o PRET BE arePRgHEiionrtiegs toligmeisht hiek
strengtH £68lel Gperet Fidin Afvent®SLEtMRN R and Qtied cStpsiteUhAbrials.

el enent, and have enhanced insul ating properties, they

are

BACKGROUND OF THE INVENTION

[0003] Polymeric materials have long been used in the art for the manufacture of
structural elements. In one application, a structural element can be simply formed as a solid
sheet of polymeric material, for example, by extrusion. However, structural elements
prepared in this way tend to be fairly heavy (due to the density of the polymeric material),
and have poor thermal insulating properties. In addition, such structures also tend to be quite
expensive since a considerable amount of polymeric material is required to form such

structures.



general ly rather expensive structures to produce.
Mor eover, specifically in the case of polystyrene,
woheo4rossali t i ng foam structures have rel ati vel yPOomIS2004/007800
structural integrity. [0005] To forma structura
el ement from foaned pol yuret hane using a typical two-
conponent system a resin is mxed with an isocyanate,
and the m xture is then introduced into a nold, which
hen cl sed reacti on takes place
100041; 7 Afce eGP B BRE Y hgiahiet BRPEREOROF FAeHIral clements is
the usd'&ﬁf@zﬁlh@d 1 bﬁ@n{ | 43C
t he foarr%dgﬁlrmt erﬁ%amgg%gﬁdgsfoggﬁgﬁplf oc&? th@%?y%é%p%ene
polystyrives ¢ratodyurethane. odihile thevonptiessontagaimn stuchHessnishst, 1han an

Str t,h of e resultl el ement
equivaleAE AR Bt Raft el e SRR P DS Byt
generally rdtBerRRPQRSA YrubOredl tb Q¥aduBE. MoPstRet,aptdiatalAR "t'ﬁlat ca@é of

onpression to occur, which reqU|res t he use of

polystsfr@reg thearpiliing BRpwIUphies lran sclativalis poorctmatial @temy
expense of the structural elenent. Furthernore, as
the foamis conpressed to provide increased strength,

[0005]t heTo deamsa btyuaviiral élembaaior Sodniuel AR hSHEfsihd atypliéwtwo-
thermal insu]atiaon properties of the resulting
compoRent Sy§tEme? ESis tExebwih anisosrnpate, andihe anigtrae idben ineduced

into a HBNRHicAYStheR 810584 Tﬁéjfogﬂlﬁ %{tlr%lnﬁalge% a)la?c%ﬁﬁ'gl ehfhlg %tl(flé, and the

reaction conponent's are oduced into
voluméeff the polyherit axam:rmj 1nsthhé nm)ﬂrl moraasdsc @nce [ROGAImYSF the foamed

. th kn f the preparation of
materid] PSR A aldp SHTRIETS F B RIarb B JHHrHEcates B6aiE $i mold
1ncreasiﬂ'%\‘tﬁé E’t?e%g?ﬁ"@f tHe ?esﬁftm%’%‘i’é?ﬁ\gﬁdh{)&]dpf% geﬁfli‘ﬁ agh stfeggth séructural

ypropyl ene beads,” which are
elemensub]s @ctasshry to allen lﬁ@rrmbstmg:;al wimiouht cfaotrgpmessiolndo beandswhich

chcnthen be c to.forma structural
requiref el P 5ebF i S BofR T S bt rasihe 1B Sihsnte ofdhe
structura€ biRinieM€ | Burthefhdre, 4d thé foalPls cBAfpkdssal t%rﬂrb{vﬁé RS sed ﬁrength the
addition, the fi nal foam product is an open cel

densityqyf thecfoamds ingnersedsishibet teetbemnal @nwaqwnqgomuesgafmuesulung

it 3 B B s 05 Bl AL B ] S0

ensure f}ﬁﬂthle r€stioh B8mPeLen®d ark all gerda intd @8 nddld Hefrd tRGoaming
materials. 2 WD 2004/ 081311 PCT/ US2004/ 007800 [ 0007]

reactiomsgQIeRGest her met hod for t he preparation of building
mat eri al s enpl oyi ng expanded polystyrene beads is
described in UK Patent Application No. GB 2,298, 424,

[0006] whi Eét atbthet mstimd kaolvingh theeirglot tHehrepmation éMsmb@tdl 8BBments

filler disposed thin a rigid foanmed plastics matri x.
from fogpgd ppk PR ;5%#61%9}3% ety thedisg oA exnegded POlFYESDS of Balgpropylene

beads, Which Bf 14 iRRRhA183hd bitSed & Bl PReatifg @ hich softens the beads,

which can then be coalesced to form a structural element. While the resulting structural
element is relatively light, it is not particularly strong. In addition, the final foam product is
of an open cell structure, and thus permeable to liquids and gases. Moreover, since the
volume of the structural element is reduced as the beads coalesce, this method also requires

the use of large quantities of starting materials.



"expanded pol ystyrene" with no details given as to the
chem cal and/or physical properties of the materi al
wenpldipgexiii n the preparation of the clainmed predoais2004/007800
Simlarly, the only rigid foanmed plastics matrix
di sclosed in the 424 application is a single,
specific rigid polyurethane, defined only in terns of
one of several conponents used for the preparat|on
thereqf, i.e., .t | yur et hane enpl oyed in the 424
10007} pp SHll apptyer m&thﬁa z?fatg% repAIZHPn pEayiKiing patesials gsaployng gxpanded
polystfiSng SeaBOlbcritean U ? X301 Rol BRLHDLM Gilich Aloses

a mxture of dip I socyanat’e and’

a hghmpxghwneumaﬂyanmam@ﬁﬂaer)dlspam \mthma,lngm&mmmdqﬂaﬁhematnx The

i S P e e 251 BRP G S ek o

expa:nﬁ@ﬂ"ﬁ@ﬁ@ﬂyﬁe’n%’i withaio RIMIR JFRhek i@ theRemfhLELAD SIepI{?/‘Qlchf properties of

trade name only. [0008] Additional nethods f
the matﬁr@bqnplﬁgedsmrtb@ pmpatatmnpétheacllaemad erafesic rSineldrlyythelofly rigid

toamned B8 syt g AL i |44 oRahGHier £ B8Ry et bt | ¢
polyurétiae, 8fird)onlydnSernaéRdte odNevepal @oRmp3Rchtd ﬁléeﬁ%lt @€ ptPaftion

shaped el ement conprising a panel of a soft foamne
thereofyrpe. eﬁhre@p ywasthang eanpleyqdiin dhe ‘1436 @P@@a@m}ﬁrm@mefbﬁombwn

o T R0 9L PRSI b R
lehenﬁh’ﬁﬂtm @llmyhﬁataﬁﬂd Oﬁolﬂheﬂleaﬁhpcﬁi&ﬁtsa)d dited fenai nfakbhgsf the

eri al t ent_. NQ. 085 (directed to a
POIY‘H?PE%I}?&@I%%Y%‘H%&% R4 aaplgf@itl%ss %m@lmnléfrbtyapfemce fhen allegedly

commé?él SRilaOR terﬁ’él%gltréferéiﬁ@?d {5 of yeﬁ%ﬁ*ngl e step of

rea I'ng a polyisocyanate and a po yl'ene oxide
derivative in the presence of granules of a porous

oo SPRIABST,B8hsl, Apdn the predence 75 e
No. 4,R2!7093dipde5 6@ ﬂwtﬁ@@ﬁ?ﬂm’ﬁiﬂyﬁ@ hithiGnRER thl‘Ll%El%Hm ¥6m rigid

pol yuret hane hydrogel material matri X,
plastic Sops scaan)i HI9. )PatengNd 5,853,830 @hirgcted tnal slhap@d ehntbnivborapridisg a

apa l.e of. a mat r and.becom n i ant en
panel of B8 sgyrla ARERE 18 % <Glhraed BEwER deltning open
cells aﬂd aﬁrléb df%rb%ﬁ%ahe& Bﬁtb@ﬁl %%51 8iug 18RS @&ﬁbﬁgeﬁl Jt6kbs
umre); U. S. Patent No. 4 (directed to a

deﬁmn&é@lllﬁo@dcﬁf apleagiipne ﬁédlélotlﬂrfé@r matrenbs b [Patenh Mjoe 8,791,085

QS AN N

consistingrofa-sitighesis) @ﬂl&hctﬁfgaﬁﬁﬂyl@é@&ﬁaw ahd®a FoRathlyldnk @fde derivative in
$|aStIC f gam granul es bonded together by foanmi ng a
the pregengg,plerphyl ?ﬁa?tga PRIPET prpdedunigerapand i thepresencesd 046weight %

v o S0 SOSN8 U PRA05F frbcpypgppit woe

retentm&;u)olﬁl;rﬁﬁﬁa,ellﬁiﬁrc(gél matriabmbeixawhecktis biscnaally ikl in the dry
cond1t10n aIIPJ wﬁlcﬂ 93 capable of absorbing water and becoming pliant when wet); U.S.

Patent No. 5,885,693 (directed to a three-dimensional shaped part having a predetermined
volume); U.S. Patent No. 6,042,764 (directed to a method of producing a three-dimensional
shaped plastic foam part); U.S. Patent No. 6,045,345 (directed to an installation for producing
a three-dimensional shaped plastic foam part from plastic foam granules bonded together by

foaming a liquid primary material); U.S. Patent No. 6,265,457 (directed to an isocyanate-
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closed cell foamof a first thernoplastic, containing
bet ween about 1% and 40% of powdered di at onaceous
weandhsisiiwei ght, the extruded article bei ng fecm@g2004/007800

wi th di at omaceous earth containing no nore than about

2% by wei ght of noisture); and U S. Patent No.

6, 605,650 (directed to a process of generating a

pol yur et hane foam by form ng a m xture conpri sing

i socyanat e and_pol yol reactants, catalyst, and bl ow ng

based @@mr fogmm): S atenf o Gk K39 @%@Qtﬁ@l@%%%‘we@ éﬂvieeqoalpalsmg a
closed 19 fcganp 8t YHEE }%ﬂﬁﬁpl%ﬁf&nlor{tilﬁqug%ﬂ&ﬁr %oﬁ 213l 4% of powdered

wever, a nee UCtura materi a
diatonmbe(ﬁlb e@xﬂnbjbﬁ/el ght, tinextanidd hithd N@mgfﬁrmed\llmml”dlabmaceous earth

preferably also rel ativel nnlsture resj st ant
containipg 8 magp HHBED bt P W%ﬂ%e Wﬁ% apq o3, &’@E%&f‘ 0,088 650
ireoGEL B kbl RAILAGR, KNS Solom Bl B o ompricin

1socya1ﬁate bt p@goldedchanis datalyst, hnd blpedng am ivorclanixtucd @macts

Whj cﬂ follow .S RY THE | NVENTI ON [ 0010] In
exothexpicgty i veld g & M@“‘b‘?‘ Ragdpaphyvent i on, structural and

ot her conposite nmaterials have been developed whi ch

have superior performance properties, including hl%
[0009]co nffheesemauns,thomg@ﬂa a nhecgim the g |f¢rest@pmeaign¢ten¢1$ which can be

srons g il P ey Rt et B b o Blagg @Yot which

do not lrédiﬁﬂé"lﬁ@e axbinkts bf RafhgGRTBIAS Sirahe prep@Btibh therdolf €XHE plesent
and shear nmoduli. In addition, invention naterials can

mventlangddn@eses this andhielased geedpri the fiekd, pedstailegrry, the spesifiqagan and

r can have the added benefits of ease of
dmnmggﬂﬁ%gﬁ?ﬁke and can also be relatively inexpensive

to nmanufacture. In addition, invention materials can
be prepared at_rel ati veI | ow ten‘g}er at ures,

frequently requtPMMARY ¢ éiﬂégﬁvﬁ WON: ool i ng during

preparation. The superior performance properties of
invention materials render such naterials suitable
[OOIO]f or Iipasvostenveawitk the mtseab thvestem, siriidirk] afdosthenmyosite materials

rous adhesives can. be lied to inventi
have b Vielgpgc? iohdiAYS SHREFIOF R g%aggf‘owpﬁ@w& s bishg
compr%égﬁm]téﬁ%h h lg glﬁeﬁsétﬂelfn HD VR AR D ATBE &, @lhff'gh s-ﬂéhlsstren{gth and/or

aclilita ventlon materials to virtual
high steemgtlstor Weight mtio s ibventien mateirialsicaul ihhgwbo nxfhiby hagh ¢ompression,

’censilegﬁr g %1 ﬁaﬁ rmgluf T@gﬁ(ﬂcﬁpg‘@a tér%gn g BILY a%’sot})e sugstantlally
mmstu%@%fs%ﬁ{l Shdertfol/ hiteQA14 cAPHARR0he ﬁ&a eené\mg BO¥RE of iafufacture,

bond between invention materials and a variety of
and cag alsetbe atleisvely imskpeiisiyg to manufacture. In addition, invention materials can be
prepared at relatively low temperatures, frequently requiring little heating or cooling during
preparation. The superior performance properties of invention materials render such

materials suitable for a wide variety of end uses.

[0011] For example, numerous adhesives can be applied to invention materials without
melting, dissolving or degrading the basic structure of invention materials. This facilitates
bonding invention materials to virtually any surface or substrate, including bonding of two or

more pieces of invention materials to one another as an alternate way to generate a desired
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the bond between two or nore pieces of invention
materials) is exceptionally strong, rendering the
woesulogialg bonded article suitable for use in ACYAIS2@®EH07800

of demandi ng applications. |Indeed, the adhesion
between invention materials and a substrate can be
further enhanced by abrading the surface of the
substrate (for exanple, mechanically or by chenica
etching) prior to contact with invention materials,

shape. M@fbba}:r mer’nolndl’ole’gween iveentipn mafeatad dndl asvasighy Weuheetes @luding

appl i cation of. ester, \res
thebond Bejipen ev e gresse e G ponphs e PHEPADG MR,
rendenncrctﬁé }R0RinG BOndR SRE18YEhLIOfor @Eé"ﬁré/\@'a‘iﬁtydd)ﬂ @&aidndingpppliedions.
Invention materials w thout dissolving_ or otherw se

Indeed, &madhmmb@tg’e@mmvmﬁcm materials and 2 gubitatecan by fﬂliﬁhﬁéﬁflh%‘ﬁed by

ri ntion .
s i RO B B B S A0 Po B g o
to contag@@ﬁhﬁﬂv%ﬁmoﬂ mat¥kbisi pl e ayers, and the |ike. BRI EF

CRlI PTI ON OF THE FI GURES [00141 Figure 1 is a
scannl ng el ectron mcroscope i mage of a cross section

[0012] . aﬁ?ﬂlﬁrgfr( gﬁ%ﬁg‘f dn RIS RIVEE08 n?c?cﬁ'ﬂed {>3Q %ﬂ;ﬁﬂcaﬁ:&g&ﬂ’ l'fqugd bSly8ster

ron m croscope i na an expanded
resin coR@hgésiyiiie@ BB rerR@dthek ﬁQﬂ.lﬂ]polF)rr@@rB éleaetos Saclrs@mam ¢an be sprayed

epiction of a cross section of. a rIe
or othermgim AeriIN aPPlsa S BRI RIS T LIR4T NPTV RS CpBltSTEFe
compromlgl r%tc%r dsrtm?%lg@f}ﬁo’akﬁh tlh%oﬁﬁa%}fﬂl ng into the

bea e 4 1s a cross-sectional view
of an exerrpl ary | nventl on article, wherein |arge

beads of a por 1 are,incorpo d.into

[0013] 5 Jevepien T SCA e it & BRI S el
RoS e also sonetinmes referred to
densme%’gr ein hgl%l %f?i&%grr%r}% brand structural and ot her

conposite materials. 5 WO 2004/081311

Eg/sg-sgggfrl/ ﬁ&?@&ﬁm% exerrp ary i nventi on

article, wherein small beads of a porous rrat erl al
(11) are incorporated into a polynmer natrix
[0014] [ OGHigireH igaseanbirigselectionarisraseens iBwae obp éwswecyelﬁ of an

X ary invention article, wherein a
eXpandﬁ‘?R‘l?lﬁfﬁgreE}?g?%‘ge and smal| beads of a porous materi al
(10 and 11) are incorporated

[0015] Figure 2 is a scanning electron microscope image of an expanded polystyrene

bead.

[0016] Figure 3 is a schematic depiction of a cross section of a polymer matrix containing
porous beads, illustrating the polymer filaments or other proj ections extending into the

porous bead.

[0017] Figure 4 is a cross-sectional view of an exemplary invention article, wherein large
beads of a porous material (10) are incorporated into a polymer matrix (1). Invention
structural and other composite materials are also sometimes referred to herein as PetriFoam™

brand structural and other composite materials.
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into a polymer matrix (1). [0020] Figure 7 is a
cross-sectional view of an invention article further
woan@rossiing structural material according to PO®US2004/007800
i nvention (20) and a facing material (30) adhered
thereto. [0021] Figure 8 is a cross-sectional view of
an invention article conprising structural materi al
according to the invention (20), further conprising a
coating (31) thereon. [0022] Figure 9 is a
cross sect i onal viem10f an invention article in the
m of _a sand truct conprisin ri .
[0018] b S S e o teenaral it pEornet Bk R bl A8 Wherein
small béaﬁ§ 8f @ﬁér@ﬁé Ridterid] (18) HrfeQﬁ&ﬁﬁ&ﬁfedfiﬁtb%rp@&mér?xﬁde[@pZ3]
10 presents a graph of results of flexura
nndulus tests with representative invention

L

wherein! Mﬁ&ﬁﬂe@fldfgé gid &h4ll bdald 6¥ & FboRERGRIAT (10MnA@A 1T ki incorporated
NVENTI ON [ 0025] I n accordance with one aspect of the

into a pplyswemattixwent i on, there are provided structural and
ot her conposite materi al s conpri sing: a porous
material, wherein the porous material has a dianeter

[0020] | N Hif\Ge na@@ eraef-sectionaltviéy 0Bbanrimvemtidroartible fortied comprising

a bead density in the ran of about O.
sructurglm RGO GPREHR D TS ARGO) Hdh Go P Rt (AP persd thercto
kg/ nB up to about 100 kg/nB, and 6 WO 2004/ 081311

PCT/ US2004/ 007800 a pol ynmer, wherein the polyner is
[0021] pr emg[rets if aoms&sq:rmiloyaﬂsmvz aﬁamlrxy@nqmn@hﬁle@amﬂm@g@frucwral

materafscpiiog By PRSI @) b Remaae et B Merd ( ne

porous material, and wherein filanents or other
projections conprising the polyner extend into the
[0022] porRigsre9at e ciab-sectionaleaely of an awsatioy adiclpyn thedern of a sandwich

kill t L th
strcturg roppretshg e e e g e g O R EREES B such
1ncorpog;ﬂl%1go£ f‘en’?i%réeﬁ% Vinafepial 3¥).0f the polymer system the

hsi on of e pores 1n the porous material, the
pressure to mhlch the systemis subjected, and the

[0023] lt |h§:€ g&aﬁé?lzqelg{gﬁ?%%éf %tgreﬂigﬁg gpglgrtg gg%léggetsfs%meb&gematwe

nﬂmnu@p&ﬁﬁﬁakzable conmponent such as pol yurethane, and the
pol ynmer conprises a

[0024] Figure 11 presents a graph of results of compression tests with representative

invention materials.
DETAILED DESCRIPTION OF THE INVENTION

[0025] In accordance with one aspect of the present invention, there are provided
structural and other composite materials comprising:

a porous material, wherein the porous material has a diamster in the range of
about 0.05 mum up to about 60 mm, and a bead density in the range of about 0.1 kg/m® up to
about 1000 kg/m’, typically in the range of about 1 kg/m’ up to about 100 kg/m®, and
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substantially solid matrix. As used herein,

"substantially solid" refers to a material with
weubdsiosixant structural integrity so as to retaPaTaS2004/007800

gi ven shape absent any extraordi nary outside forces.

Wthout wishing to be bound by theory, it is believed

that the preparation of gas- generating pol ynerizable

conmponent in close proximty with porous materials can

yield a polymer matrix that is significantly nore

sol i da polymenathersin theepdymer is praparedaiere apelpheryabls component

parous material s because the. porous teri :
B e T R
the pel}%gé;rtrc;]héh’%sﬂfate% hie: 95306 BhieHalgas] wWhieth flaglkhts@k Beienpogections

croscopic and/or mcroscopic bubbles within
compriditethepohimer citead diy theepdters maferials A vepdilyegpgnized by those of

... Lntegrity. As  contenpl at.es ' g /
sl n iz Pofeivs PRl LB eRg Rl bl oRIGREY (rfghthrecs
dependiﬁ%; QRQ8&E RactoBy ENthBRIAeds Ffihgsdlgmai éyRins ttheidimensibn afithe pores
oCher conposite materials can have the idd

in the paxdwantaéayial,ghe prssnies gvhish therysiensis SEDIGEHE a gheolﬂlﬁfani c
conpounds that are released during preparation. By
virtue of such technical features, structural and

[0026] Ot ke siNRA%cIRNem®bfthe alventhas dredpaigmenis phepamdetane gas-
i nvention can be genera}ed in which the matrix is

generatBgxolymerizagly, compogent syeh RPIFUF ARG 2B¢ VI ORI
substan@i'gl%fSolglexﬁéﬁi&. "’}f]s RIRaLR0 & BsEREAysolid® BaFeR o hhatdrh with
abse suc ['s)

nce o porous materials). Since at the same
sufficiehi stctirbleinfegrious> avab esthiala given shppostisdet anylexiyaerdiiagheutside

SN e R T e T e
generatg{éq%!)"gl‘ﬁﬁ% 1t &aiPdRkAt iRilcHRE YroX@aity *iheopsiRaRitttigs caf yield a

atively I'i ghtweight yet strong. Parti al
polymep mysiic thiat isrsgreSeantiyaiare solishiiammagix puepargd i {he apsenepef such

i.al | .
o LB B BB SRR SRRt
containﬁc:)gfégﬂrﬁﬁ{ bPtha BeRited B Eish might! cllsdeivixg fotrh enamiscopic tuad/or

orous material . descri bed bel ow, terials, of
micros¢dpéc prtbdesrvithin v mptoix, thareby sesakening is srustpbiteggty. As

exhipit .superior ..
contemaratg%g}elr?lgs ﬁeﬁu{ee?r}%or\ﬁ%%%ge#lwggzgﬁ%%u%ﬁé %9%&?@92&
proces®E.NShicHReMdAs 68¢enantihgsiradtival andubtiier caglosite materigls can have the
el ectrical characteristics. I|llustrative e%ﬁﬁﬁ%%%%ﬁﬁmmed

added givehtapmobialnsias Heampini A lyolitiePrerRc SAEPRLR
during gg&g{aﬁgé 538/ e\{,jil x $& Qfn ﬁ%hll{kal' Bathf2E, ShbrurD3n8 SRR cbifosite

I ngs and descriptions provided herein,
material@fdcdttin@eidiht ipesssntanebntion ain be gerteratedinkwipieh thermaths is 5-20, 20-

art can be readily enplo in connection wth t.h .
40, 40-8P R+ 4xPFPeRi B e}ﬁﬂ&%ﬁﬁf&&ﬁ%ﬂﬁ. a5 e oy iy propared in
the absifdd &t %@hﬁg}rok s%na?t&‘fé?@d iShitbela® tHeNBmRRSE Mle pRv@tabieflalccan

range trom substantially )
provide a lightweight structure that can be encapsulated and/or penetrated by the matrix as
described herein, the resulting products can exhibit highly desirable properties of being
relatively lightweight yet strong. Partial physical ingress and/or bonding of the matrix to the
porous material can also be used to enhance structural integrity of the composite by providing

a means of mechanically and/or chemically “locking” the matrix to the porous material. As

described below, materials of the present invention can readily be prepared to exhibit superior
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rigid (i.e., substantially non-deformable) to
substantially flexible (i.e., defornmable, yet

wqgemariaidly with sufficient nmenory so as to ret BCI/US2004/007800
the original shape once the deform ng perturbation is
renoved). [0027] Structural and other conposite
materials according to the present invention
typically conprise a continuous phase (conprising the

pone BB B oS PioE  CRB e
phys1c&§feﬁh@al oI* QEC@RQF dﬂa%%?mﬁ&aslﬁustﬁ{ﬁ% Q}?arﬁvélﬁf 8 S(?lr(]:h ianna¥%1$%s ite

varley OITDpO yrrerlcsste
providedjhergin qu.dlay nell ibe apya ¢ s thosaiof sidil mgt}iela@t(;kas&@ Pa ki@t Sled

teachins 3ol AF ALY HRLIEFY hireia i seReoreadarsMemaars lewyrn in the
art can Ok r@AHIGUPIB R 1h 3bSnechiOPEEh tﬁé‘%ﬁ%c%e i3 e%nﬁ ﬂl\%@@éﬁ er

aspect of the present inventi e provi
Substagtiallysolid materiads @qchg}lng:mrtb@pne’smt mEsteatiom ban rappfrosi snhstaikially

rigid (0 5O S o aeroiBRRL P uligaliot e Wi e derambie ve0
generalﬂmwna RAffRide akniteN$é by/tol Brukd'® thaBESinaf sh"& Hﬁceothé' d?ﬁ{’fﬂﬁlg
about 1000 kg/nB, typically in th , range o

Perturbé% tsrimR&?q}B up to about 100 kg/n8, and a pol ymer,
wherein the polymer is prepared froma first
pol yneri zabl e component which is capabl e of
[0027] poI §tewntioal sl othértiompositematefials AEcRAMBYS tﬁéagrssrehﬁinve&%
oma _second pol I\l/merl zabl e conponent which
typlcallgagﬁgngpée GFOWFIH’@I“?I@ 3sg (mwgygsth@pobzn@r} andsa dlscontmuous phase
c t: r I
( omprﬁﬁlgﬁtﬁ@bbl\%hﬁg @téﬁ%’l‘?ﬁ%@%aysﬁe’gﬁﬁ a?é d%ﬁﬁl I}ér é ?Pg%Hous phase
can be lased ag any pHalvariety oS hdmomiyrmeatid sfysmhs ds w@mtag box- anldinglti-
enca sul at &s an%k{o rtially penetrates the porous

polymefig SEitene, InclEdiog Pldch capelymbeng® aopAIAITSY Hed tiedec Similarly,
the dlscbﬁﬁmﬁfug%ﬁﬁ‘éndl RYEHE {dtted AGh G V%fl@ttygﬁg) kAR natdh il C! es
havi ng a defi ned shape, excel npressi on strength

and nodul us, and a high 8 WD 2004/081311
the articles

o028 PSRN IRTRO0, Ll el EAULUS RS S LS v

cConprrsi

structurildn@rdtidr coﬁ%bﬁt@lﬁhﬂeﬁhﬂs )éoﬁi{:]h&ﬁ%m y distributed
t her et hr oug wherein | aments or other projections

conpr # 8PS Diaéerisb | whesein dhet Iwmdlsanaﬂenalshas patidmettd iy thentange of

oo SRS AG! PRS0 B BSREL Bk Bt

about 1 @lﬁskg/mél, thpicaldy inphe tdnge basboup Plkishat iPid atiolf 1 @qegm &nd
relative strength can %enerally be enhanced
a polymer, wherem the polymer is prepared from a first polymenzable

component which is capable of polymerizing within pores of the porous material, and from a
second polymerizable component which is capable of binding to polymers of the first
polymerizable component, either directly or through a linker,

wherein the polymerizable components, upon curing, produce a substantially solid

matrix which encapsulates and partially penetrates the porous material.

[0029] In accordance with another aspect of the present invention, there are provided

articles having a defined shape, excellent compression strength and modulus, and a high
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I ncreasing the extent of penetration, and can be
increased still further if desired by causing
woib@armsmtis of penetrating polyner to bind to elcCivustdeeno780o

and/or to surfaces within the porous naterial. Such
i ncreased penetration can be achieved by a variety of
means, including for exanple, selecting a polyner and
porous material conbination that favors interaction
and penetration (e.g., by selecting conbinations

flexural Imoduhg; mram@@ﬂ mnnsumpmlymp@mgmﬁ iaiEng pPOE matgial

substantﬁag]:gfi}wgfo & gt#{){l%g &ﬁ?re b}ogl%ﬁ ﬁgt?]l%%ntg %:f h@lr%re gro ecélons

compns‘iﬂgeth& bk kyteAll of REst PAHMITE Ento lme pobss mgtehhle The extent of
tenperature or by other kinetic or_ thernody

peneuanmmfgm perous gatarial by éolfym@r pat fesy rgadilpmogify @d@ﬁﬁgﬁﬁeﬂgfm a

t
pricuthop SRR, 25 SRgelt 5oL BefpRl B b aphae 0
1ncrea51ﬁ§ ufefbx@esn 6f§¢ﬁeﬁ1@ﬁ6r@ rhd cavbeé mbrmeﬂ il ﬁurthéluﬂ éeku@d |b|yr¢gusmg

pol yneri zati on or y for exa g(/be use reat
ﬁlmentsm{)ema@@g pﬁbﬁ@rﬂ%bm@éo ﬁ%@b@t ?1‘ F%,W 3’&‘& t Porays
material %&%ﬁ neLLALE g?né?%tlbﬂ g Bk & c%?eéfeﬁ U§% V‘%Ije@ dddahs, 1ncl§d1(rjlg for

ner system as efein can be en‘p
examplé, @elaeﬂingea/polgiml mebpdrevedsterifil coprdnmiroaith@trfavmﬁ ingeragtiqnrand

penetra’q?,%tn&r gt(,l %&e@@hﬁ?@&%@{q@ﬁ@% talxe{r na etrhggogrg aé%re sal?fgcé/ ORlgies),
by haviﬂ% Epﬁ{ppgqﬂ? rﬁ&églﬂgﬁ’a%l z)gegsglrﬁg %ﬁﬁ% bélyhesizatitnto @$ive peRGitibn, by

appl yi ng such techni ques
increasing tixovipmsity eﬁtmfpd)rm;erpbﬁsimg thavempsratyre orhy etherdeaetisror

thermo:? Lher E}l%tjlst Bt Rﬁ?‘;‘F the algtﬁlggtlé dt%o%ent jﬁe ﬁ)q' e}{etpa%oﬁalftsig glso

possibl&R e an E?ér@iﬁa‘t’ﬁfo‘x‘nd%mﬁdlﬁﬁf&tthb mvdi‘m&mt(aﬁ:hds atshffactant)
present invention can thus be prepared in which t

which rpa)y I;empludad dumng:miymﬁmqmnpr 15y fopexamplobe uged to W ‘Wt the
50-.60., 60-7 C
porous frﬁ{ega 1 fodngke %Bfug]lcu]%gy fece g%er 8% Iﬁ%ar‘@ho %hépgltyﬁgf pg?%)%fs a graft
copolyrﬁat Kled as REcrlRAiNetsn ol beghplogdd w&bhfelvaﬂssmd devel st
osites having a range of streg%ths 31 %e ghts a% b
penetratlelswhilb etithg samp imesallogtgtha exierel pamiop nh ymer matrix to be

relatlvef @ar entd Ve {galeg:?cb pot @{%(%%@f@%ﬁls chAbLRASHEYEE &Sstrength or

escri certal n enbodi ment s,
other désitablelfegumb. Bly&pplyﬁmmbh tachmiqhésoio coapobitesef tlormpresant jnyantion,

strengt hs exceedlng 2 ounds per .s i nch
filamengtg @f@ﬁ?gmry] e@t%g@éﬁ | ner|GeR red%s]g be%fb sed tggxte é Poém%ymg

L Q@nipdkites of th t
oSS B O S s

mvenuaczrdnum@wpﬁpmam wm:hom@polgmeﬂmatnmmw@ndrl -1 3 09920-30,

so-40, a6 ¢65ts, ] e 83 s B0 Pt O fner

dimensiBRY UF #S X GREAABL12A0RsREd. » StRICRIBY ABleMals and other composites

having a range of strengths and weights as described and illustrated herein can thus be

prepared, for use in various applications such as those described below.

[0030] In certain embodiments, articles of the present invention can have compression
strengths exceeding 20 pounds per square inch (psi), preferably exceeding 40, 100, 150, 210,
300 or 400 psi; compression modulus exceeding 2000 psi, preferably exceeding 4000, 8000,
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exceedi ng 4000, 8000, 10,000, 20,000, 40,000 or

100, 000 psi; shear strength exceeding 20 psi,
wonrefimsally exceedi ng 40, 100, 150, 210, 300 oPCZM82004/007800

psi; and shear nodul us exceeding 1000 psi, preferably

exceedi ng 2000, 3000, 4000, 5000, 6000, 8000 or 10,000

psi; tensile strength exceeding 40 psi, preferably

exceedi ng 80, 100, 150, 210, 300 or 400 psi and

1000 SE3bh B0 552 SS90 eSS ettt

exceecﬁﬁé Rﬁp20@|350ﬂ33@36¥]506%s? @T@k&ﬁﬁﬁo@tﬂﬁ@éﬁeedﬂrﬂg gg% nBTl pregerably

ression strength," as determned, fo
exceedqgr 410063000, 1 81080.520,@00; Ke, 000 patd.§OWhsij shearsticogth exceedmg 20

e A e 0 o B ST B 1 628

1000 p‘éi pHEFEHBIS ekbeydanf 20000 FO0RNLOGD) 5084,99006! @o@lo%nb@bo psi; tensile
onpression streng ths substanti all ﬁsln excess of ~what

Strenglbr%cmémgd‘o @kﬂ%@ﬁerahbéwmmw g0t b5G, R0 M0fasEmsie and tensile
ol SRECH o ALl SR 250 00 h Bi6)

10,0008isaindar ds and testing can be found in the
publ i cati ons of ASTM International as well as their
web sites (see, WWW. ast m or g) . [0032] As

(14 t
i I R TE  e Rph—
ASTMdaﬁyZa,cnefeys wf the nyecity ofiinvettéon mhtsrikle towithstadekposure to

i.tudi n str force the
comprisgg s Wi B F B e ERBtant DEGEIATT A heltAE TN thereof
Inventlﬁﬁﬁl%ér?dlssdlg%}ﬁf b&Yipres 808 bt ols'sh m%lg%dlglﬁp skt biaxlvhéf oh@ would

excess of one woul d expect onparing t
expect Ndlefl comparseg fortbp perforemmod propertiendf thleaimchmduairqomp@nerﬁs from

which }Rge@m Ilggltglaélﬁ \éfegérﬁgar}e %srcglﬁ ans %tfé%’ﬁ%ffﬁax{d%g% aLg testllxg can be
found 1@&h@ﬁ£ﬂli&@@onsfdiTA$PM'Iﬁﬂeﬁlatlgﬂalﬁg'Wl a8 {isbir eh Sk (L&, &Een

resi stance of invention materials to defornatlon

WwWw.asiibpeedt ed to a defined stress. Invention materials
di spl ay shear strengths substantially in excess of
what one would expect when conparing to the

[0032] per Ao eg\nﬁmyed RERAS FhighSer3fle bidehgkh)d hy dSlbiRhinsd , by
invention materials are prepar ed. 10

ASTMéééi/fG@lsstﬂh@@nam obinv g ieguateride gnyvlthgar&mngwbnal strain, i.e.,
the mafifufd Force '@3%/ %’&%)é%gﬁd re, ﬁﬂgﬁt@ opz%r%ﬁ:’n eﬂh% q}o?l%qatel?ﬁs display

exanp ers & e/ St ance g
tensile sﬂnergthm sabstamiadlyiialesceso oﬂ'&halrolﬁatw(ml‘d ot whidj @eiReing @ the
performance properties of the individual components from which invention materials are

prepared.

[0033] As employed herein, “high shear strength,” as determined, for example, by ASTM
273, refers to the resistance of invention materials to deformation when subjected to a defined
stress. Invention materials display shear strengths substantially in excess of what one would
expect when comparing to the performance properties of the individual components from

which invention materials are prepared.
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bendi ng stress. Invention materials display flexura
strengths substantially in excess of what one woul d
wexpEmsidthen conparing to the perfornance propecriuss00af07800
the i ndividual conmponents from which invention
materials are prepared. [0035] As enpl oyed herein,
"high strength-to-weight ratio" refers to the
surprisingly high strength of invention materials, in
spite of th reL‘ vel ow wei g For. exanpl e, an
10034171 &S eIovRR e %b%lh&leﬁxﬁ@l S o ietomingh fowsgrple by
ASTMWQOOfef&E to RE&idtAR of nveARAPISteRhIs P HQ%H? fv’ fh%ﬂ@:ted toa
better performance properties than eria

bendmg @@gqsa ﬂimreatlply ngtermisedisplaeflghira] ssuogthasybsfantiabxangxcess of what
ncrete.. Invention materials.can alsa. b

R S T A R e

compoféntyViain vAich Mhﬁo@fﬁﬁ@ﬁhls%@;ﬁkeﬁﬁg@a“ ng to the ratios
of materials prepared fromthe individual materials
fromwhich invention materials are prepared such as

for I |aI made ,from,a r such
100351, " ASEARRY B nLEAI™ MR St SRRl 2050 & T b high
strengthef ivaititl ateZ eI, inRpltesMhci® kelbthRily 10%ReIghe! FéBRa% le an
strength, har dness or surface stiffness (such by

mventl%élﬁ weighing adiastion of theweihief pripmart mategiels i 1s P@pabtﬁ of

b
provid bR 8 ORI R e AR O By
welght,psruohi as; tor ebdampnmkmdrw oeidrate! Invehtlod frafeials cax RR6 YePrepafed

e re ul t] product, as well as the thernal
having SBAEYETT-y PAEH HNGS (HEYChen OLesgh AT DAL Grexed Fhsspmperes o

ratios ofBia@dra® prepé?c@(? frt)fncthg 1ﬂﬁu£ lpﬂo E]fl in%ﬁﬁén ﬁgﬁnals are

absorption (i.e., uctrvrty r|c S
preparedngiich ve farexampte, ﬁmn matsrisls arude ;&ofnh apnhzhwlr stich E(SWrﬁﬁane

by oxygen index or UL flammability ratings),

shri nkage, water and water vapor perneability and

[0036] absat@itiodmateRas tdd ﬂs%@wﬁ%té&@d 119&:?1?15 oPHEl} superior impact
physi cochem cal, nmechanical, thernmal or elect r?

Strengﬂp hatsiagss s §urfﬁ¢ﬂ/%lrfﬁlresﬂr(smlarnha [Rs’)ckwalrh hhndness aelit bf a matkeial’s
cw

t t et
iy G388 AR S S5 A B b e o e
resulting peodubg ﬂmﬂnﬁﬂﬁfndﬁat[blﬁﬁmﬁfﬂh&ﬁiaﬁékﬂaﬁs@ﬁ of ﬁie"%&éu“ftﬁi product as
resistant to _npisture uptake and absorption

well as thethermal pondystivigy ahtharnad expangionyfiegely mﬁnﬂmmt Ipaﬂel_;wﬂe r

. n 0 rticl ativel
coomiff dPLRARIAT RATNACRYIR O, AL LSt B o
volumeiand laredesisthnce, élnﬁlli’ﬁlibﬁn AEVadbY Ox 1ﬂ&mr3%¥la91hablhty

, DON 53434, and others known in the

. B 0: Met hod
raungs)aﬁfnnﬂw, W@t%m“ﬁéem apqrd}enas‘(%a%b'@nd iahsespliors Apeeificgrasity and
other s&ﬁ?fg?ﬁcg&g%%ﬁaf gﬁ%ﬁ&ﬁ&g\bd?l A1 %g F%gﬁ?qygﬁ%e%e I}I’l%%ti%n materials
can be 2@l 083t disRATO WSRNY, @ﬁ&é&ﬂﬁ particulate material can be substantially
encapsulated in a polymer matrix and the polymer can be selected to be relatively resistant to
moisture uptake and absorption (for example by selecting a relatively hydrophobic polymer
or by coating the polymer or article with a relatively hydrophobic agent). Standard tests for
moisture include, for example, ASTM D570-98, ASTM 2842-01, BS4370: Method 8, DIN
53434, and others known in the art. Using ASTM D570, for example, invention materials

can readily be prepared having a range of different water absorptions in weight percent after
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24 hours, typically less than 5, 4, 3, 2, 1, 0.5, 0.2,

0.1, 0.05, 0.01 or even lower as desired for a
weoaodioswdiar applicati on. Conversely, it is al SBCT/US2004/007800

possi bl e to prepare invention materials having

relatively high rates of water absorption for

applications in which that may be desirable (such as

applications in which it is desired that a materi al

absorb and hold a | arge vol une of uid, and

24 hourpdypicalhalebsthpe b edse 2j 1, blkdk2,(G ]mQ)OS p 105 &vemlomesy as desired for
t h {
e RS OE AL PR Ty BEREE R g e b

relativeRPhivk kdtesAS witar abs&?ﬂﬁﬁ I, app€datioss Irhﬁhlch Olnt Iho:zaly tardesirable (such
effect release of fluid over tine.

as appligeteow dandichit tsiiesised halr materiakahserd @fd hPIfL }ﬂr%%‘@?l&lme of liquid,

and potgheiot P L SRl 1R LR SR FepalE R ! pFRI Ty
absorptisdngah bs keftgloyed ¢suiechni @@dmmrpmﬂ,@Cfgﬂﬁtes aral tha hﬁe)aas well as, for

pol yneri zabl e co onent, a bj ecti ng the resulting
examplgggsni hat 6pnirql QT 5 fﬁggglegﬁe Qggh%‘i R4 ner (which nay

be open or closed), to condltlons suitable to cure

the pol ynerizable component in the optional presence
[0037] of Inlacverdancagetit ye pnotivaeaspbat of tiecbredeotinngntage tefsjre arevided

method3 Y pE TGS BT A PtaT ot S AR e M P SEERPEagE)
CORbRA ousrfﬁat%ﬁmadndtaop Se8letobfyoRes! iRl st ruct ur al

materi a Where increased strength is desired, a

sahjedting the resilsing obyhimationtin e redidpoaet canaingsd Whishaagy be open

SPRFOT R A —
presenc%‘lﬁ@[lﬁﬂh@hgéiltds? vhetéyl sdidIsbiv iRy ageitid)rand anf gdsemgemmtld during
| aments or other projections Corrprl sing the
curing @)d/@w@mmselonwé theeareusmaigtials ey subptaetzdly absorhed ng‘m
t [ t
ety P P, 0SSt B .

portionBEHIRS pdymerdzapl doiEFdnealdaa be doreed &b theepa;dou%tmdttelaﬂt thenaby
addi tive selected fromthe group co S|st|ng
productgisiHearal matesjahsmprisig e ROTQUS ey W aenst Ef@ g a 581 polymer
matrix gﬁﬁ %slfh%fe% ﬁ[a eéﬁsg é}rﬁﬂ?@r% @@&%\%ﬁg hp ny}{g ﬁ@%ﬁgﬁl‘;&)&end into the
pommsmnﬁaﬁﬂal has a dianeter in the range of about 0.05 mm
up to about 60 nmm and a bead density in the range of
about 0.1 kg/nB up to about 1000 kg/nB, preferably in

[0038] ! e RBARate HRPMIN dndtrEBpdePot Re BRI iAAhtikE/ thBre aB¥rovided

formulations comprising:

a porous material,
a polymerizable component, and
at least one additive selected from the group consisting of flow enhancers,
plasticizers, cure retardants, cure accelerators, strength enhancers, UV
protectors, dyes, pigments and fillers,
wherein the porous material has a diameter in the range of about 0.05 mm up to about
60 mm, and a bead density in the range of about 0.1 kg/m® up to about 1000 kg/m?,
preferably in the range of about 1 kg/m® up to about 100 kg/m®, and
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12 WO 2004/ 081311 PCT/ US2004/ 007800 wherein the

pol yneri zabl e conponent is capable of curing at a
woenp@setiur e bel ow the nelting point of the poPOWAIS2004/007800

material, wherein the polynerizabl e conmponent, upon

curing, produces a substantially solid matrix which

encapsul ates the porous material, and wherein

filaments or other projections conprising the pol yner

SR R -
melting IR bi'YBie PBRNS ntHes | WeGein R PO AL ¢ n%gh%h% bBon curing,

accordance with a further aspect of the presen
producen ¢ ewstantially bedidemalries whiok extegsulites thelpatduemsaterial, and wherein

conpri.sing: or gus. mat er i and a | ymeri zabl e .
flamefi§ OF bInRt P YccRePic ity BF Balyid PeeRaiip Bk S pinealy Atso
conternPAAYS hklse0 uraABAd B SorflhANE hffierials ﬁlgﬁared anaehe hb&RMscribed

.05 Mmup to about 60 mMm and a bead density in the
formulptignge of about 0.1 kg/nB up to about 1000 kg/ nB,

preferably in the range of about 1 kg/nB8 up to about

100 kg/nB8, and wherein the polymerizabl e conponent is
[0039]capabionfancdwithg fiarthed abIEpef t&&ﬁfd@eﬂ&hﬁéﬂtiﬁ)ﬂ,&heﬂ@ﬁké prdgided

poi nt of the porous material, erein the
fOHHUIE%CPIVrFQMPZIQJ@E'e conponent, upon curing, produces a

subst aarﬁcjr@lﬂr}ialﬁéli, Qléfrat ri x which encapsul ates the

porous ‘material, and wherein filanents or other
pr o) ectpabyrserizabierdogippgetthe pol ymer extend into the

37{ ! gursl E}éﬁ%nat eélglstarlgétﬁﬁ!tﬂé? pa‘qc %?)%ﬁ ' a e?}frgwr P altjscg (lljiral@u%lete?ri]rij the
range GFRABYR-(IGS k] BEE abbf HBRL, 1288 %-bech@égity krpth@‘f&%/edcﬁ"lﬁgut 0.1
with a still further aspect of the present |nvention,

kg/m’ whteraboat H000kehui, gpeeferablynulthe fangs of ot 1 kizig” upatopbootk00
ke/m’ ma(ﬁeri al, and a pol yneri zabl e conmponent, wherein the
g/m,ﬁg ous material has a dianmeter in the range of about

QvHABei M4 rRerdB I BRBis 8fbR diRatnE 8NSichpeldtueBBlow th
range1 ofd@b%rg? 0.1 cﬁgﬁ%& upw?%&about 11(1)%0 kg}l%br?& ow e

melting;peintefhe porons materiah wdwrein themmlymdrizehler®mponent, wpouturing,
producgser sd%%{aﬂﬁallfyo‘iiid matrix which encapsulates the porous material, and wherein
filaments or other projections comprising the polymer extend into the porous material. Also
contemplated are structural and other composite materials prepared from the above-described

formulations.

[0040] In accordance with a still further aspect of the present invention, there are
provided formulations comprising:
a porous material, and
a polymerizable component,
wherein the porous material has a diameter in the range of about 0.05 mm up to about
60 mm, and a bead density in the range of about 0.1 kg/m’ up to about 1000 kg/m’,
preferably in the range of about 1 kg/m> up to about 100 kg/m?, and
wherein the polymerizable component is not a polyurethane, and is capable of curing

at a temperature below the melting point of the porous material, wherein the polymerizable
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wherein the pol yneri zabl e conponent is not a

pol yuret hane, and is capable of curing at a
woenp@setiur e bel ow the nelting point of the poPOWAIS2004/007800

material, wherein the polynerizable 13 WO 2004/081311

PCT/ US2004/ 007800 conponent, upon curing, produces a

substantially solid matrix whi ch encapsul ates the

porous material, and V\,her ein filanments or other

ections conprisin r extend into the
compoR R B PTIGes S0 TeS st o LA v Bch B¢ pp e g porous
terifll ART wRQEROBhkEntERE ShiAbDidkERAE st bb tend into th
Inaerlabovéwdescrlbednfornu ?¢|%n§' &ﬁkﬂs M a@ §M153§§n T e
porouswhathriad. S'tlsd torftemplaied amnmturaifanﬂrwnqn cespotiteimatendls prepared
t her formul ati ons conprising: a porous
ﬁnnlﬂﬁﬁfgy?iﬁ f%£@%¥§?£ﬁ@f§ner|zab|e conponent which is
capabl e of pol ymerizing within pores of the porous
material, a second Folynerlzable conponent which is
[0041] c ap&bdasorstanes With agtill durplesr pspecsofhe prasentfinvegtion, there are
. neri.zabl e conponent, either directly or through a
mmv@&f%%nwﬂwvﬁs?mn% % porous material has a diameter in
the ranggo@mategaty 0. 05 mmup to about 60 nm and a
bead depnsity in the range of about 0.1 kg/nB up to
about %%bP%W%ZabIWM@bﬂ which is ¢apallg egpolymesipingtwithin
pores (Jfg]{l rUﬁ’s eﬁQPUt 100 kg/ nB, and wherein the
r|z e ¢onponents, upon curing, produce a
S ubst adecad polgmedithblenmniponeidwitibh éwpatsie babdingtd palymers of

east partially penetrates the rous rmterlal Al so
th firsp Pahle Gompelest eifhet e tn At ledhosi t e
ieBtih %@p&ﬁ%ﬁt@ﬂa]{ﬂa@ NdidfetaD0 e &ﬁg@ bF B8t 0.05 mm up to about
formulations. [O Optionally, 1 nvéntion

60 mmf axdaberdi densitynaythetange oHatioai A. 1d{$n?mp toateut en(t kgimd)

t am t he §|S|ng of fire
preferspfy b e Of i | Sl U Bapant LGOR
WHekdTh SO 13he RSB ompihnast) lﬁioﬁ%ﬁﬁng,'ﬁ&ﬁice %%ﬁﬂstantlall solid

stabilizers, UV absorbers, pignents, ‘dyes, antistatic

matrix sdpdekt @capﬂum@sragldag aastspartaihltyl Ifeuetmtmﬂan perouf mlnna@}hAlso
om0 A BB i L5 BB BB e

formulgfym@ncers, fibrous fillers, sli p add| tives,
crosslinking agents and co-agents, cure ret ardants,
cure accelerators, strength enhancers, inpact

[0042] ™ IbhLi&Hry, FRER AT AnuBEshs HEy AbK Eontdil Snl Bt Skl it
additives selected from the group consisting of fire retardants, light stabilizers, antioxidants,
antimicrobial agents, plasticizers, metal soap stabilizers, UV absorbers, pigments, dyes,
antistatic agents, blowing agents, antifoam agents, foaming agents, lubricity agents,
reinforcing agents, thermal stabilizers, particulate fillers, process aids, flow enhancers,
fibrous fillers, slip additives, crosslinking agents and co-agents, cure retardants, cure
accelerators, strength enhancers, impact modifiers, catalysts, and the like. The materials can
be waterproof or water resistant, ultraviolet (UV) stable, resistant to insects, microbes, fungi,
atmospheric conditions, moisture, dry rot, and the like. The materials also generally do not

emit significant quantities of volatile organic compounds (VOCs), such as regulated VOCs.

14



be waterproof or water resistant, ultraviolet (UV)
stable, resistant to insects, mcrobes, fungi,
wabnoaggisati ¢ conditions, noisture, dry rot, an#Crhs2004/007800

like. The materials also generally do not emt
significant quantities of volatile organic conpounds
(VQCs), such as regulated VOCs. 14 WO 2004/ 081311
PCT/ US2004/ 007800 [0043] Porous materials
contenpl ated for use in the practice of the present

[0043] i nPerdusamterdals cdgemplgied forsusain thegqr@btlcﬁ IOéﬁlemrésenbmvemlon can

be rigidcseg b RIS g SHPESSID o Corg AL o § i ofRes .
beads, %ﬁﬁ@ﬁ%&@%ﬁ%@%ﬂ@éﬂ&liﬁﬁpﬂ {Sﬁnc}% dnaank live. Aeﬁeagmyzed

bse of skill Tn the art, s aped porous materials
recogmzad h;»tthese dfokitsindhnarsl sb@pad@or@wpn@% s 11f ethercSogmp Fan also be

ets, ttic t ubes C I

coptor SRS bl ST LSS B B B o
woven ﬁﬂﬁ@%ﬁ% ~vAREn Edeick, fkis, s e§}|aﬁ@ thdlils. Featatot UN&).Patent No.
963 for additiona shapes which are contenpl at.ed

5,458 %bfomgénmaleshapesmcla@rs|cp@t§mplﬁﬁ%d foR usRETEIR- {1 @APHGHONS in

r aI
which inye gﬁp}g o eéwg)s arrg F%’t%g ppabraay gfaee%é(ljé;&ggg %rfrgtgiél;]?ﬁgé %&%frlate or
shaped ﬁé&@ﬂphﬁteﬂaf Mr&ﬁckﬁpl@t iftoiheckeaf ﬂrelm:itemlam © Hecfofioedyedd later cut

to size, tf@p@lrpzﬁaﬁtg%ag; i)gr@tug ggltq;ngbpa@ enchegg ggéjoln%i ﬁﬁ Sthaterial is to be
used for regaga (%) ﬁ%ﬂ?sg%ed;cfbi%é fifidn @&ﬁ:@%ﬁhbﬁﬂlnﬂﬁf @ pbiows thaterial can

‘et or nonolith of a porous
be desirablee erﬂbxarmﬂe ﬂmoﬂ@eeftabdreprefémbl}ska rpbByed st the prepyeasios of a
can preferably b n t reparati
rsilon; o lerfF SRRRGIGP FRLCoGH PR B e Rican Paerp Raepyn fe
t n teNAGn ke fohf of Btepienltdadisof
preparaﬁglﬁ gg%k%gﬁ?fﬁgé dé@mmg%]fsggi material in t§¢1e form of
especiaip pesfereal infvestein dnbodaspeeofihe jnvgnéderred in certain
enbodi nents of the invention. [0044] Porous materials
contenplated for use in the practice of the present
[0044] | "VERbEORatehYRIcERlehp 1AV Rr Bsdialthd flacticd afhé preent intveation
cross-sectional diameter at the | argest dlnenS|on of
typlcalltylhave pgm{tuckﬂ sege 01 8. thq:e:r(pgﬁg@uq;\al digegter at s lapgesh 'gu{lglsmn of the

partlcleg B})@F rﬁnge%rp %4) aht ' ¢l ab%hé@(f‘]aﬁﬂﬂ Wi g 1295 ind the c range of

about 01, 9.270r3, DG, @500t6 6750 860 93r 18, mf, to BBoutsL5, 617, 8]9810 111412 13,
18,720, ’25, 30, 35, 40, 45, 50, qr 55 évvla% b
14, 15, BAr 25, 80e3%149e45, 50, o1 BrmBLGYith PArtigte si8es Of}, o to about

s o UL SR SO O, AN B0, L00y08 G0
about 237525.0, 3.25, 33, 735, 40,012 425 or 4.05umdr 5.0 nm). [ 0045]

Porous materials contenplated for use in the practice
of the present invention typically have a bead

[0045] ?_88%6110¥7 l'nlﬁtet[ﬂﬁ Joﬁfégﬁ)lﬁgd fRest indnd pf‘&ﬁ@@oﬂﬁe bfesakGhiention

typically have a bead density in the range of about 0.1 kg/m® up to about 1000 kg/m®,

typically in the range of about 1 kg/m’ up to about 100 kg/m’, with bead densities varying as
a fimction of the end use contemplated. Typically, bead densities fall in the range of about 1,
2,3,4,5,6,7,8,9,10,11,12,13, 14, or 15 kg/m® to about 75, 100, 150, 200, 250, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900 or 950 kg/mi more preferably from
about 16, 17, 18, or 19 kg/m® to about 51, 52, 53, 54, 55, 60, 65, 70, 80, 90, 100, 110, 120,
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typically in the range of about 1 kg/n8 up to about

100 kg/nB, with bead densities varying as a function
wofodve1xand use contenpl ated. Typically, bead #emliSLioes07800

fall in the range of about 1, 2, 3, 4, 5 6, 7, 8, 9,

10, 11, 12, 13, 14, or 15 kg/nB to about 75, 100, 150,

200, 250, 300, 350, 400, 450, 500, 550, 600, 650,

700, 750, 800, 850, 900 or 950 kg/nB, nore preferably

130, 1&@01%4%8 Efo égo 1é@or2}<§)k£@ Lo aks éséngréf%il@?f%gt gﬁ%%gl 22,
23, 242@5)%0@71123;1293@/3@%99”{0%8&% 323@» 344§5 3687, 580309 16041, 42,

80 "190 'or 200 kg/ i8, most preferably frdm abdut
43, 442@5 48147,28, 49,29, 68,40, &(5 902@10ng/11238 29, or 30 kg/ nB
to about 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

42, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90 or

[0046]1 00 PraenBy ple@RABIporsRSRRAENMs %&éﬁﬁra%a ﬂ@f)ﬁ&qferéﬁbﬁﬂ bétidther
contenpl ated for use herein can rth

charactﬁma«ée& @WI%@pa@smwfﬁgleat tp@bwbtayle@srfliof’/m?@%, 30&6, 40%, 50%,

60%, @’?ﬁ/{; y()/l@?;o o or ar( | i‘lo fz}heagqs €s %%/ eéatagg % uﬁng the

polym@ted'j@feﬁi @ﬂplupéd’hnC’ché pfa@tléé‘kﬁ thPleyerR ineyabe nhﬁdaaﬂaﬁylﬁefeh{ed

the practice of the present i1nvention. In certain

embodientsthe BOrosihotihAPATARS maraiah 2 igh dat @hl@aﬁcarm%on of the
polym%l?tf fldefibt dah @ f%&eﬁ W0 tltleg@r?l?g mhtgﬂﬁlt e ?ﬁrrézgasﬁ()e ﬁf) f)]r%ssure-

neric material can orce or ous
drivenl’fhi\xe tahdbor $apiliary floyw @assother Kihaiy, anﬂfoe slsamnedyﬁhrﬁliv @rocesses),
flow, .and/ ar cplllar flow or fr kln i ¢ and/ or
rosuling, @y THisER A & Peicadale 1}1a°f°§cé’§{ﬂ iHeRT ¢ other

prqecﬁ&g JAUER1 Ak YerlBBEHASRRPHE bb&YIf Pk?ordcds ér'f“al In addition, the

['lanent’s or other projections of the poly
ab1htypné tiet poawiisngatientldo serve ko dyesefvoirtfer gdeastis pmattoarqf dhe gdnerated gas

e B L B e e A5 S B 0038 Wi e
polym&qﬁatnﬁa!hefﬂbb%réﬁﬁigcthé Stferighh iﬁlﬁ‘déﬂb‘ﬁ%ﬁ the %@1}%6&1&%&}( Ofn

gas bubbl es that beconme trapped int pol ymer
contragtpnani- wroum@bylsuwmﬂé asli rnye sih abilitynaytdweuld aHewssQape of

t.h | t { L. mat al
substal i B8l ATl PonZhtiog B PR B by fstom

emploFedlif i practicersTabbresél idvegti@as (es) generated upon
curing the gas-generating polyner system enployed in

the practice of the present |nvent|on [0047] The

[0047]av € FF?[Q S}zc%gée p}i;cgrg %1%6 %ff 8?1%{1? ﬁ'x‘?ite 1o ' la&g@%‘ PTQBE ﬁ{ ﬁlg pgachce of

resen nven I on

the pre%gmlnﬁ,\&lnhyn isrtyplhﬁlly mnyeraige ababiut 0.03Mmitkd@is @R $esd np |t<§35150ut 1,000
up to about 000 mcrons or nore, preferably from
mlcror%ﬁt% Grore. Pieﬁ%{a@ Yiiem Ahorid)- h BHerons B tndkonh #A0 migiansyapgmore

preferd}@eﬁ&gl?%hﬁsﬁ fu,rSO ;ﬂ())algggg,t 255 85, 3&% ,gr 47%?11%1?3 uf B abolt 5650, 96, 80,
90, 100, 150, 200, 250, 300 350, 400, or 450 microns. While these average pore sizes are
generally preferred, smaller or larger pore sizes can be preferred in certain embodiments.
Likewise,ﬁ while a tight pore size distribution is generally preferred, broader pore size
distributions can be acceptable or desirable in certain embodiments. For example, where it is
desired to increase the relative strength of the invention structural and other composite

materials by causing more of the polymer matrix to enter the porous material, the number and

depth of the pores can be increased or decreased as needed to enhance or discourage capillary
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90, 100, 150, 200, 250, 300, 350, 400, or 450 mcrons.
Wil e these average pore sizes are generally

wonefimstad, smaller or |arger pore sizes can beCT/US2004/007800
preferred in certain enbodi nents. Likew se, while a
tight pore size distribution is generally preferred,
broader pore size distributions can be acceptable or
desirable in certain enbodi nents. For exanple, where

it is desjred,to increase t relative strength of

flow i, g AN IS AP SRS EPRPOSR IpaPOeERrbLiTpe Tetess nto the

porousTR4t61id] By SpPlyinbAiH sl dTRERuR ant RS Y YATBFe 18RS frﬁiﬁﬁgl during
enter the porous material, the nunber and depth of

preparative, py legrivgnhdes¢assy ofthedotymeleby sdswidgapohprdemhdtorous

_.enhance .or ~di scourage capillary 16 WQ, 2004/ 08131
materi SEORBESH0A (SRR T sClPRH otpitisral o pital it gery,
compatibleistrfdeeneROE&IbPinerhQidnNSd VAP & HREYIARE DA R IBerkddiOnamic
the porous material by applying increased pressure

procesges diad favios Higaes ol the nodymeramatsix énto dhe prepsigaterial.
preparation, by lowering the viscosity of the polyner,
by selecting a polymer and porous nateri al

[0048] contriinaibd poss{bds tonsRaiblby b peafBedply@rdradstParia Whidid gfst pblymer
to provide sim|lar or Qoqﬁatible surface energies for
compopeE gaydisinspferertialiepelysriged thipinggssi of thengpreys material, and may

o e O TREUE TR PREREEE L KOGl BB

(either dirsatlypmrsghiobgle oh@orempiedynkar giobdctiles)op @l spamid ol gienedniponent

... which a firs ol ymer conponent y be preferentially

which g5 (i arslafively BoRttgns BETH oS R BeTONa PR, Agddesult of
, I o . ool

cmplo RS9V o SRONHBAR lite e

desireddpyed of pgnetratiomebihg ipormie nwateriab,rvehile thik eecond pebymez spmponant can

v e B B BRRRE ol e SO oS S

physicdchetaidal, ThermRlc@MicADoBMEE: Roprés MhelrBRilfind StucRRhYAR other
conponent can be selected to facilitate the desired

compositeuaiteiddls panexhikit supsriof prohertippby vistugef greirdompisings pdientially

o R RS PSR R S S B BT Ty
strong bR matehls IThe eailfirpah ecHahRANEId/oreh&6idal MddrldRkin@loT®atrix and
roperties. The resulting structural and ot her

porous g&ﬁﬁ‘?j‘@é Faecopgiilarte ta sibstantidrimpireved psenaries qfitbprestitias siycture

- X E . ' | S [ I.ght wei
materia S48 51 £ 02 SRS 8y R Thbtrul BB
modulysefieturatsadngdil and podetis) aid tynsils tstremgh aRd friodulB! Bsingltwo

The resultin chani cal _and/ or chem cal _interl gcking

polymeg ComRpRanis heign agwRRe TRalleying caghunl temtp bsgelativdy
eSS, PSP REEL gk o {7
conpression strength and nodul us, shear strength and
[0049] In the case of a graft copolymer system, preparation can be via a multi- or one-
step polymerization process. For example, in a multi-step process, the first polymer
component can be allowed to polymerize within pores of the porous material, after which
porous material with first polymer may be subjected to additional steps in which a second
polymer component is joined directly or via linkers to the first, to form a matrix that both

encapsulates and penetrates the porous material. In an exemplary one-step process, the first

17



nodul us, flexural strength and nodul us, and tensile
strength and nodul us. Using two pol yner conponents
woaaso4msiadvant age in all owi ng each of themto BeET/US2004/007800
relatively independently optimzed to maxim ze their
respective functional properties. [0049] In the case
of a graft copolyner system preparation can be via a
mul ti- or one- step polynerization process For
exanql in | ti-ste cess, f rst . po
polym jangraet otinfofiben 3 R BUREGET M T MrthofnHIE of
prefewhﬂgllﬁﬁirﬁﬁ&d@l&i/ﬁhh Fho ptd S th¥Bbols nReTRY §nd@1% QEdAld g ﬁﬁ\er is

first polynmer nmay be subjected to additional step
selectedior otraduswkivrdnanyst hatreseltmipdhesecond pplymeetieidg pmfeﬂemlally

pantitiigd HPice SR8 onveces Bt nOnRladbiereBl ot RS RS HAS iBr rapithou
linker hBleBile§)4S ARyt 0PREcesH &P %ﬁ!ﬁ%éﬁﬁst ahd8ecbhd Bblyhér mlponents to
2004/ 081311 PCT/U82004/0 7800 polyner is selecte or
each othgk.r oduced in a manner that results in the first
pol ynmer being preferentially partitioned within the
pores of the porous naterial and the second polyner is
[0050]sel Betoasl nﬁterllamdoﬁféuqﬂﬁed foraiseBABEY cah batfinftles thidclefiz4d 8y the

second ner bei ng preferentially Bartltloned
Surfaceoaaﬁ%iha@otaf YIH%alb’oF CERIGAR & @@rrawqfra @it 0a} up fmabout 500 m/g”
|
we colfpREEL 8 LB AR e op P RLERH G hSenty

1neknp®lyner conmponents to each other. [0050] Por ous
materi als contenpl ated for use herein can be further
characterized by the surface area thereof. Typically,
[oos1] Sur A@@@adﬁp 8&dghied By%ﬂfo@@ 813 1@@1@% @m%haiié 4 &Q@ﬁ&%n of
are_contenplated, with sufface areas in
porous maﬁgreal @mpkbfodu in the ppactioe abthetprasent mtrgmoprces bathrjed so as to

povia B4 A s 0 G OB o 25 S nd

densitidit B gchleraTRE SUAEr ithe phEcIBE aaploGed, Fhe ﬁl@ﬁerﬁﬁ@ 8&hpression
i nvention can be varied so as to provide a finished

seengtsbastrongth g o i <phiisg Dkl Gaweisel, (s er the

pril 0 ¢ ALA0A e g b B EP B el

obtameao fwiitle s@Fam to particlo dbhsitys iesdnefl, rtﬁ@mtgher tﬁél aeﬂsetlyqiﬁhégamcles
resul ting product. Conversel é’ | ar ger
employséftbp bleher BasPEpEgsion shaEA Ishearls elrﬁh and W@)éhbpﬁthe resyifing
[
product. elgirg%sfm?tghélgsﬁ{:ﬁﬁ @lgsetgxg;lﬁ? wo?fehw&e;hﬁéﬁg&?fo ﬁ%hﬁ}%t{l}% rpolyoleﬁn,
or othet Imldsl emnsbd mamifactthﬁsdpm whiielsaiensidepinaydet to ket thegb@firehidats of a
. ressi on tr%n gt h, ﬁhear strength and wei ght of the

specifig g%qlstel aﬁghcatmn or example, various densities of expanded polystyrene or other

beads can be obtained in a variety of ways, e.g., by adjustment of the quantity or type of

et

blowing agent employed in the preparation of the bead precursor.

[0052] In accordance with the present invention, porous (particulate or non-particulate)
material typically comprises in the range of about 50 up to greater than 99 volume percent of
the volume of the finished article. Preferably, volumes fall in the range of 50, 60, 70, 75, 76,
77,778,779, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99

volume percent of the above-described formulation, with the preferred volume percent
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product. Porous material such as pol ystyrene,
pol yet hyl ene, pol ypropyl ene, other polyolefin, or
wotharosisads can be manufactured in vari ous deR€TAHISE®4/007800

in order to neet the requirenents of a specific

end-use application. For exanple, various densities of

expanded pol ystyrene or other beads can be obtai ned

in a variety of ways, e.g., by adjustnment of the

quantity or type of blow ng agent enployed in the
dependipg @epahatridorse gbntemplates dF g esarupleokigh¢rametiqulatp contents are

ccor dan th the pres I nv
preferre ey BB Dby nsan: BAER Luabien e s s, sempsres
ﬂotatlol‘f BéRHéésS &8cki hold)@nd ﬂ[&lﬁ(ez fovladpeditlo R paptidi0atg rceﬁbﬁls atd‘;ﬁaferred
vol ume percent of e volunme of the finishe

where hagh $tmcenalnn@g@vyaa rsauitgd| Geeerallyla mplgriglavingag éeaétf abggt 90%
by Volug;g poge)is %%én%és prgge?reglx?iifg %9 Ie@%%bg%%é@ 97898 Sg ﬁ@%%%ﬂ Volume

being es%ci\aggz %P@‘er@&f gestioutd bd heedtiny encethe mhdmmlhmyr’nd sabjeotrtp

e preferred vol une percent } vq%2004/08131 1
compremm @]gmgmpmqtg@@ as @@g@h@ﬂ Iheémgnth{s raluggpt japut porous mafteria

my b SPRNTRLF L R FUPCO e RS e ergmianton
volumeé @ea@ﬂy eR®deinigall 8, F2o) 13(5;6140;115:00&6&, 17§ut$(}gda®,d%£)0 220, 240, 260,
tation device doc s, .and eas
280, 30D ARG Spare fe o B0LERTEeH oL TeolRepERF st malil or
structural integrity is required. Generally, a
mat eri al having at | east about 90% by vol une porous
[0053] matRmnthat iri mamgefrd;mmnmampl@a candwsieséiihed dn wns géthewrcent

compregfigjabieb Hean PRV R G R vy CRaeR It

med1atéd°oy FBARLEROA] c’pirsitth GHRP RIrliaBion vﬁﬂnﬂ@ﬁ@ﬁﬂrﬁddpace (such as
rein, the volune of input porous material my

a mold)smrbﬂctogmquallyl applipdetatacgas tgieneratinpor Ghen 1oy e ﬁyﬁfénwonf%d within

o BB Lt o LR By g

compregggns F24 11t 5-26 QolumeBfércedf) vithdddnprbdtbns pptte ambeideeding 80
O percent of the volune of the finished naf ria

or 90 vplunmr@m ecnésmplated gtein cgapaTessipRARthorngs pf ouEoclfhls, 20,
scrib f
25 or (R pfREHsagHE wp R LTS 0, K SRS AT TEBETE IR peftent ae
present@oﬁiﬂfe@&alfema@ﬁﬂatbﬁs 1mwﬁlchtaadn@/oﬁ1hgwascd stremgtiosails desirable.
expansi on of the fornulation within a confined space
(such as a nold) or exogenously applied to a
gas Yt @ Habmad tion of
s RSAAL LT <GS Lok RS T rcuion.
1nvent1p1|i éranidtions), porous auvtertdl typacé}yl ca)mpmayhdhg tivgee @lzput & wt % up

o abong DSRS0 85 e i et P oB g it bl
varym%?e[seg Bﬁ ttﬁegébh?eﬁlimlﬁteg B d64C IPRefefaDYPIhE $BIAS ndtdtidl bempﬁmabout

10, 12, 15, 18, 20, 25, 30, 35, 40, or45vW:96toaboun50 55, 60, 65, 70, 75, 80, or 85 wt. %
of the formulation. In certain embodiments, those of skill in the art recognize that higher or
lower volume percents, and/or higher or lower weight percents can also be acceptable or

desirable.
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25 or 30 volunme percent up to about 35, 40, 45, 50,

55, 60, 65, 70, or 75 volune percent are presently
wonredfimstad for applications in which a range oPCT/US2004/007800

i ncreased strengths is desirable. [00541 In ternms of

the relative weight of the conponents enployed for the

preparation of invention fornulations, porous

naterial typically conprises in the range of about 5

% u of the fornul ati th
1005S1ye; K g’iﬂgﬂ’g% Yenanes g froowlatign pd erieliening BF et i ol spa
thermaY slﬂaﬁgn bas @&nﬁx‘%sstl‘lﬂbestféﬂgﬁleﬂpb%%mme fé%ﬁtresp Jf%fngfn%@rﬁﬂ

porous material conprises about
Satlsfaz’@ry Qcﬁnplte&w@@eng@], caprredise vite hl%lﬂmochbi)ﬁmct@@ of ﬁfﬁ, acsyhc due to

85 wt. % .of t
weightJ34dqite kbR b e tet e gt Al DeRimants o g ian By Way Of

111ustra'h%ﬁ %9 Bhchent i odith&ktethe Pbrous %na‘l RAMBRpREE BNMHS range of about
/ or huiler or | ower m5|%g ercents can al so be

40-80 Wb&é,mraf@r vin the ganige gbplout -2 00 ot o®T3MEferably at about 60 wi.

o PCT/ U 007800 ex

% (usifid (RATor S ot yaallet ReholeBh RAR IR s e P B3RSy s gna

polyettiyl&ie Bradd) et @fihalnieasiey CRABPHES SIS Hhrf @b food! eAlkaidiively,
esirable features of the material. Satisfactory

when usggr dseduetion of angioardsalt iy @u@@thah@enﬁwémrmme@u%be lightweight

sed
i 250, g VL Bl et ph e Ay s
polyurWhyneCﬁoarm IB}UWEY af illastrafonsod @ijblﬁm ﬁﬂlbnﬂim' faﬁm’ghe Iioi‘@lspmtgxﬁm can
can_he e range of a o
be presgpt mo&il e af el 37 7 btie i Byt B IEnSOOEROu 10 gﬂwt 7%, or
Y ] 0f I r
more pgc%feféglfﬁc}t %PG@?BOQM Yo g.lg n%glo? F‘H@Q%ea (':\ivslth 3 fiﬁ'a"‘l ’d@ﬂm JF BBM F
poundyyedrysbigrfect Asdnothed aftetrtayivenehdnamdd forvprbducaoﬁ loﬁ ad>nstructlon

maten%; tréqt%qlf: I)@f&}é’é’ Hg}\‘}@zygpg%u g]gcﬁhlﬁﬁ Irs’rr%#,J Cd g‘{}ﬁg%lfcs are desired. By way

of 111us$ﬂdﬁ&*i’9ﬁ§déﬁ aan'e¥nHo§1n‘i’§1$ 'tﬁ@ﬁoﬂoﬁﬁna{éﬂﬁl fs@24tchi 1ﬁgh@faﬁgé‘8f about 10-
be [ightweight and have a strength éxceeding that

40 wt. 8o, podferahky lduthesm@gmﬁab@u( IL‘BBQ viotoyathabogt 130wul. %b@ng] areeently

prefene (s Saré bl |21l 0 R SuBFene pfPRE TS Popmas per

cubic faggut 30-70 wt. % preferably in the range of about
40-60 wt. % or nore preferably at about 50 wt. %
(using 1.2 nmbeads with a final density of about 3

1005610 R RREy GBI RAL coftSn BIOLIVRE y8l {SEOBLENES o thEfresent

use Ion O ruc

inventioR irhid polyolsfindgelgl, @bﬁd&&iogﬁﬁqsmrgqaomyegiylatd p@]gplla)pylene
characteristics are desired %ﬁ% ﬂﬁ Iustratlon
Gy thgfeo

polystygehcs dedhharh kg A5 h@%ﬂnxt@rﬁ%mmrcﬁwo sfselsdother
sﬂma—Hathcf @thbgfg%%a&fbfg@so Séraﬂ'ﬁ)cs% LHlte/ "@eﬂ{tg flg[ gkb;glﬂg/&% g' ash,

unburnpd e&énh | agtivated carbon, and the like, as well as mixtures of any two or more

thereof. In view of the many porous materials contemplated for use herein, in certain
embodiments of the invention, the use of porous materials other than polystyrene is

contemplated herein.

[0057] INustrative porous materials contemplated for use in the practice of the present

invention include expanded polystyrene (and other polyolefins) having a particle size broadly
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preferred (using, for exanple, 1.2 nmbeads with a

final density of about 10.5 pounds per cubic foot).
wOQOEBR1FHXenpl ary porous naterial s cont enpl at edCTwIS2008/807800

in the practice of the present invention include

pol yol efins (e.g., beads conprising pol yethyl ene,

pol ypropyl ene, polystyrene, and the |like, as well as

m xtures and/or copolyners thereof), gravel and ot her

silica- based mat eri al s, gl ass beads, ceram
in the GagaPEAROE 44, g A sRtly 1 FAoBsS HGROR § 7ai6A Ib/AY; with

expmd@a]%ﬁﬁgq ﬁrﬁ%g%blgﬁ&gﬁé’&?%ﬁ@ fn tﬁé‘ﬁﬁgé‘ &¢ %Bo‘ﬁfo 7§315 mm, and

WO Or nore reo
a densit§ irt the rargef pbow 7 ¥80 arith I\A&thq‘meﬁeﬂﬁp batfeded @srpanlml polystyrenes

havmqh%%ar el’IB? (5] J@? bfﬁ r@:{gé%rqfél' Odl ﬁ %y%ﬁpnbgiedpé? Y e]glh. c Fﬁélge O? about

0.75-16 MYREMBLGhS %%ne's hhdhsdd tﬁBéeVl%vQ %ﬁ)%ﬂfcle smeh in the

materi al s conte Iat d for use in the practice
range @i abseing.4- thantandra denmtwdeh@wpwdmbogbl 28120 Exﬁ@ exprarded

polystRBo b A H S e nech OO OREAROR. O - el ey iR he range

of abo@tbloSIB (plbfh32é<ﬂ£ﬁhe@1?’tﬂy§y1@ﬁ@ﬁé¢1%g h ﬁaﬂu% ﬁ@lﬁ@h@fang@@pébout 0.7-

75-60 | b/ ft3: expande yrene preferabl
1.1 nnhmndmgieasmamth@ ramgsof @bcmﬁ 1ixbS rlldﬁgeexmn@d@u styré?rsﬂmsmg a

psictf o 0 SRR 1 0507 OEORL RS S0y By 50

Ib/ft, a@\ahm C}ﬁ)lﬁ@ﬁ%ﬁ@h@lﬁg Zpaﬂtlﬂletsbz% ih @rgangd odbout 1 (1) 17(5nﬁa@ and a
ensity int range of about 0, 75-10

density 1/the @ngE?Eﬁliﬂ“éﬂ)P b2 %{ﬁdeeéfpmﬂeQ@PW@ﬁ@? hayine roeartiels sige in the
range m%gu@l Pard %{1& 'a%i%n ih e raﬁé'ep Rl ?@?‘Jg EQJE SQp%ded

and a dens e range o abou
polystjrrbﬂé ha%ranﬁa(pﬁndkedmepn Itb&-:sﬁaygeedsfeabbm\/(b #9.65 pat, ahd b demssitydn the

e s LR, et B s
about (?}?n\ﬁ. %ﬁé ag%% wedSrySh 4% ﬂaﬂ%é &3%69@9@% foOt BAsY E)%QmZed Polystyrene

sity“in the Tange of abou
having dydrti@e siex ﬁxathﬂamef)abmytr(le’?ﬁel Bamnnglcha dq;m:rty irc the rangeef about
of ab

d
1254 i xRk e PR vinep Pty icgan dspeh ytbgpEna 075
mm, akBy | H&Q;lt? upﬁlretrhﬂéeeotsdbé@t 1 %5 Q@Qb/fﬁr@{%aﬁ(ﬁeWyrénéhélvnﬁg a

m’n and enS|ty|nt erangeo about
particl¢ pizé irgthe eaqgam)d aboy 662 aneaﬂdawiemglt}allp@mrme@f gbqté 1;1.5 2.0
t he e
102, pibas O e e i h R Akt Rt & 41 G and o
dens1t§hﬂl\/ch@ﬂ1n§e pRABJE 1 8551.8 &v/fth) ekﬁﬁlde&pal@s@fer@ bﬁuﬁlgta fhn@bl@&ze in
nd a density in the range of about

the ranlgapf @@ut 8:8phA @y, ansl 3, dangitw ethp zapiga 9T abgyi 0:9-£36 Ift),expanded
polyst);rgl?e ﬂa@ﬂggea S:Iﬁlcle size in the range of about 1.3-1.6 mm, and a density in the range

of about 0.75-1.15 1b/ft%, and the like.

[0058] An exemplary polyolefin, expanded polystyrene is typically made by heating
crystalline polystyrene, referred to in the trade as “sugar” because of its similar appearance,
with a blowing agent, such as cyclopentane, which has been entrained in the crystalline
polystyrene during the manufacturing process. Crystal size is controlled to yield a final bead

size distribution of the desired modal diameter. Under controlled heat and pressure
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about 0.6-0.85 mm and a density in the range of about

1.25-4.0 I b/ft3, expanded pol ystyrene having a
weoaniiosixaisi ze in the range of about 0.75-1.2 ROT/USZM@4/007800

density in the range of about 1.25-4.0 Ib/ft3,

expanded pol ystyrene having a particle size in the

range of about 0.375-0.75 mm and a density in the

range of about 1.35-2.0 Ib/ft3, expanded pol ystyrene

having a particle size in the range of about 0.65-2.0

conditipms, t}gmgyséalggﬁ@r}sta}ad the b]ﬁymgﬁgj@t gAs1igs olormingmicposgopic gaseous
bubble% ﬁ/’/ét{l %he ?&E@Pﬁ’@aﬁr p&%é/r}h%ﬁcgé}ﬁ sgﬁéﬁ tl?e ﬁgghtgil 1% le@erﬁhglﬁre' n

transfofraaDIey &épllﬁiﬁ}b fdrcds idtor alsIﬂlehbdlfsh@e erxth an dﬁdnjabktymitme enmpnsmg a
having a particle _size in_  the ran of 8Pout
honeycgmb 1dq¢dseand@ﬁ%gqnaﬂy AlospBadka gellder Swgtre @nie"éaﬂ insglarly
I At p I re
e s PR O M TR, LS i) o
the readit&ih@&ssetbfo sadmagé f(ﬁ cibng.. The béadfis Boolahgraﬂhdly tiokeevehOE@dsion

exenpla ol efin, ex n
of the h%ﬁ%réaqey o @a¢ P?Jéapsng}gﬁaF 3 i &ﬁw&%lowmg
agent cE)fftfl 5 ?djoi*f %aé Bt a{tﬂl%sﬁﬂeﬁ@%r@&ues YN suﬂﬁﬁ&ﬂ%o@ied‘ e bead
S|n1 earance, wth a blow ng agent, such as

retains a:ty sphmeaﬁt sham thwirwh]asclt@wnhehatme hwa peadie The external

Lin rene, dur.i,n nuf act
sppearfich a5 e b ra et S ERRIar i BBt Hedie b B p Figure 2.
The peﬁ%ﬁﬁge 8f AL inxphhdddoliyrehe bdads thaghicatly MBadabo ¢ a7m! echnical
Under controlled heat and gressure 21 WD 2004/ 081311

feamres’@fmumo@mtbm@i@nabélmcam memploped ay parowus matsrials s coppction

he bl.ow ng sifie Iy ' i G .
with b e 1Y AR IngR AT by 2\ e BB AR fided following
the Ex&hipled 6dlewt softening, the crystal is eventually

transfornmed by capillary forces into a spherical
shape, with an internal structure conprising a

hon c | ul ar
o0 AR g AT e R
polypr@p@ﬂ%rﬁ:, othsr piﬂjmlgﬁll? dr 0ﬂheﬁrr>1cgdmsanitenﬂfs te desenbahherem, arglhe the art,
ead i s renmgved from .the reaction vessel to s
are thopQuehly Rixeg Withraesigeaeraiias PYFMEHPGFYaTE |uP§ert°8nBPﬁ?f£$F?‘%m°nS
such tHgP?ach Sdd ﬁfbeﬁtﬁ] 331FF§QI V\Eéq” WAk ﬁle' | i AndRix, Qﬁ@ﬂie%h@ﬁ@lzaﬁom

apseo the c e the “entrai ned bl ow n
reactioa@egihs toootcim tiesliquid pblyngasambe Mrcedgplioghe mtmcnr:s@uct@re of the

vt b SR o ok S bctons

voids lﬂiefhg bhRt bf&ﬁug&fﬂkﬁthe BB@n@éﬂzﬁﬁ&ﬁéhenﬁém Q@efcﬁﬁﬁ &heh tﬁeﬁﬁass is

Bead”i s rough irregular, with craters and ridg
constraamedde picased mqhd POgtm@llzf additienappreswine e@)éd be applied; tﬁ Torce

AT
somewhBethoaRnQEMSRHAI0 YWHeRSodded Sdsculdd, € rﬁicSosipole gianaeaits onother
projections harden, becoming rigid, while the polymer remaining on the exterior of each bead
acts to hold the molded structure together in a more or less uniform matrix. Depending on
the choice of porous material and polymer, some filaments or other projections may conjoin
within the spherical expanded polystyrene bead while others do not. A cross section of a
polymer matrix containing porous beads is depicted schematically in Figure 3. The beads

include portions into which filaments or other projections of polymer material have
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with the present invention are known in the art, see,
e.g., the references provided followi ng the Exanples
woeb@aws1100591 When porous nmaterials, such as, PEDUS2004/007800

exanpl e, expanded pol ystyrene, pol ypropyl ene, other
pol yol efin or other porous materials as described

herein and in the art, are thoroughly m xed with
gas-generating polynmer precursors under controlled
conditions such that each individual bead can be

penetrated} asadelmsporouseargﬁsltbzaféravmb@oﬂmdcgaﬁ%@eﬁéﬂaﬁ@ﬁo@&ﬂn% While

stk GRS bR BB BT ob by BRL SR B

proj jectibhd ﬁﬁﬁledl kg Oliy birrtlbe ﬂyﬁﬂahﬁ@p@%@ué cdeehbpthe dfhgasiah of the
surface inperfections and, voids by the gases produce%
polymengzattqmeremowé FEQRENPEY epdifleand/ Ty AP BRI NHERS I $RePT PHE Torees)

con‘mbléta e ﬁ%gﬁé«%& g& IQ aftl Swﬁﬁ%g%eg?f &@ér%t%%é%mals when compared

res re co o force
to convasthinki ﬁﬁ'@hal@ﬁ&ﬂmﬁﬁg tHe propottien of ebtpanﬁehbpq:lmleﬂns (e.g., polystyrene,

material, thereby resultln |n aﬂiron but a1
polyethglsnenirdts Wesp &0 96l mmarean 1 A & FRPSE o gfiterials

that are sprgggaﬁd g&g ‘ﬁ%fmf e%f@%%@%pe@&%ﬁrto k] 8CthhiORS significantly

['ymer remai ning on

heaviertane eeedegingbr stmfngaathhn baaentiaci ﬁoanmdtwﬂyjn@rhé thep$ageeciensity.
structure together in a nore or |ess uniformmatri x.
Dependi ng on the choice of porous nmaterial and

[0060] poI XH@&em%%ﬁtbﬁﬁ%%ﬁl@ to M N8velioR) iB6IrpSBEnFRYge beads (10)

n the spherical expanded pol ystyrene
ina pollyﬁmdm&tmd @) ot dvpicteddswhematicallydn imire éc Ain(gafe@plagy material

scort BB B A S ol e BT s gpid

hematiBh1® WHiShe ki | BBRUDH1AY nRit&red apdRiliag té ﬂi&ﬁnﬁfntmﬁ In)miﬁioratmg a
schematiCalty #1 glﬁave N o a s 04! 007800

mixturpefetgedeads, (18sandeimaleagorldyen apelamer Aaihdl & dpidebed

gener ted upon curing. Wile not wishing to be
SChemagifi%ﬁamt d8%Ky- particul ar theory, it is believed that

the filanments or other projections forned (e.g., by
control |l ed hydraulic pressure caused

the off
[0061] gasgcplmemabaq@mwmﬁs{epn@awﬂ%w 1o es anaﬁe BPC%%%@H%B’?PV“
e
can be Re@pevith@se of mofslblntwn:glagmtsehmag sureh asTweld aspalhexjsystems Such
convent i onal mat er lﬁg Var F t h pr 81%0 tion of
systemg ﬁ%‘?ﬁo@& e gy Yavs, Fufr bl Bry p e
v150051§; ar b gﬁiﬁ)mér&aﬁ tc@inp@ﬁ&ifﬁ@d’nt&ﬁﬂlaﬂeﬁ%r 08 hefeddltylpRally have a

ange o erials that are strong and very
viscosityl ng°© in the eargefaboit2®0spec abarnS0P0aertipases withatiscasities in

significantly heavier and excegedin S ron r .th
the range,pf2hout HEP oRRBHE GO0 sRufipgise gﬁeg gaqy%%n }%ﬁ?d Witk

especially preferred viscosities falling in the range of about 800 up to about 10,000

centipoise.

[0062] As readily recognized by those of skill in the art, there are many polymer systems
known in the art which are suitable for use in the practice of the present invention. For
example, homopolymers, copolymers, block copolymers, graft copolymers, and the like can
be employed. Exemplary pblymers contemplated for use herein include polyethylenes,
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[ 0060] An exenplary material according to the
i nvention incorporating |arge beads (10) in a polyner
worbwi081311) i s depicted schematically in Fi gur eC#/US2094/007800

exenplary material according to the invention

i ncorporating small beads (11) in a polymer matrix (1)

is depicted schematically in Figure 5. An exenplary

mat erial according to the invention incorporating a

m xture of | arge beads élO) and small beads (11) in a
polyvnvbte,smrpqmrppxlel(@)(hmb and pove dewsityy, aivsfeniirdedbipdiene-styrene

re 6. 006 PoI abI e ] t
(ams) FB S RO GpHIBE R S SP TGN ER: SRR hor
thereof] éb%h b&ﬁﬁl @@bﬁi@te Métaﬁa@omuﬁdplg@mn@bpe@aﬁ upon
pol yneri zation thereof, or which can be treated wth
one or nore bl ow ng agent s during cure, as well as
[0063] Chgﬁroﬁ%?r} Hﬁn?ngggﬁl\? é)?gs%{lﬁ%?rﬁi%ﬂ Q @or&ﬂﬁﬁﬁ&{ %fppfolymeric
componcditEnte enfiftdyed tvicsatakd pofouﬁmateﬁbl ﬁldﬂbhwmpcﬂ;mbblemamx Thus,

conponents contenpl ated for use herein typ %ﬁ 11E \{
in one ggpesf; & B pplymst cnes fRAPIPHe foaglth PORE At ( %1“981‘ yalow
e
v1scos@ﬂﬂh't‘én%ﬁ1agg% Lﬁb%ggée?t%l ?}i)fo‘g'é% of %qggﬂghgleﬁltelké& |%§ﬁ%g|n% é:oatmg
of the m@&&nﬁtbyalmndﬁwesadntowm pnresﬁpmlt)a hﬂl@/tlpreaﬁelr, theedcoated particles
cosities fallin he ra of about
can be st coreobvibarserpel OB BT Rorrat Py sy s e
matrix BY thtetﬂ?ﬁ&le@fartﬁk\al |ﬂftﬂerﬁ1§tr‘z§1d%%§ondtﬂb?§1ﬁeﬁd RaftBaN ROsIEBREd
systens known in the art which are suitable for use
properl[ynupdms:upfr af;etaph pokytner sestam.abetwo pelymet pystemswill also react with

o TR R o AR o SRR e

functioEX§FBpeids dFahy fmf Siffern gd)l?in@ Sktdn®y refgfedne abd v dai Gedmbined
pol'yet hyl enes, 23 WD 2004/081311 PCT/ US2004/ Q07800

ina smgtﬂ, gmfﬁfgﬂpo}y@gqr,rsglch But g peidionlof thesereRicgpolymgr wihhave significant
t
i SR ST A PR By B gy s

matrix GpsEWRa!L | ons of any two or nore thereof, each w t h
specific pre-cure and post-cure physical properties.
[0063] In one enbodi nent of the present invention, a
conpj | l

onse "SP4 A5 ACLYTEELS 1 TSR SuE RuE AT Pithy

preferréﬂip(BIMer S¥atesns contentpigted Sgranse in the practite pf)ﬂhy essentdnvdndion are

o TR et bt ] ey o o,
the pre Qﬁf%ﬁoﬂﬁb@l{tioﬂl matélli‘ﬁg el dEagdly bichdrhsc Qﬁ%ﬁm&r‘f)ﬁﬂfch&r

ous material and ingress into the pores thereof),
convenatmde ihthe eadnuiciure bémetesinkshcpadingdd ¢ present invention in that they do

not require that heat be applied to drive the reaction, and yet do not generate so much heat as
to melt many of the materials contemplated for use herein as the porous component of
invention structural and other composite materials, or potential additives thereto. In presently
preferred aspects of the present invention, lightweight, high-strength materials can be readily
and cost-effectively produced without the need for exogenously applied heating or cooling
during manufacture. However, for certain applications and where more rapid cycling is

desired, it is possible to apply exogenous heat and/or cooling to facilitate processing, as is
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can be further contacted with a second pol yner, which,
upon cure, substantially forns the matrix of the
woim4gediarticle. If the first and second pol PaEMmISE004/007800
materials are selected properly, upon cure of each
pol yner system the two polyner systens will also
react wwth one another to further enhance the
properties of resulting article. In another aspect,
the functional properties of the two different
known mathyeer systens referred to above can be conbined in
a single, graft copolyner, such that a portion of the
graft copolyner will have significant affinity for
[0065] t h %dﬁfg ﬂﬂﬁm@iaéﬁfe'nﬁl oendift Jab8s pAFBE MERNriRL pfo‘%@ssg{mﬁflé some
pol ymer™ wi | orma strong ~matrix upon cure. [0064]
polymesmmmneqmge me@dém@e of axternakilowanrgagsntsndf whivh there a.re a wide

varicty G iRy B b st E et e g PP e e giozide,

nitrogen, @M@ fHd 10¢E) 2 RE redBighBed b bndBORKI ALY 28X BloRSigThgentsSAn be
t hat onléﬁm ni mal heating and cooling are required in

mtroducteldeexmqu ax theii cart be aensratedi sutdaring psspanaigs o4 ingfeption
matenafsﬁg. ﬁg{u@f)glg?é/sﬁlog%? tﬁ) o%usgﬁﬁtgﬁﬁ%ﬁg;h n‘fz%ﬁcon’! ng g%sreeengllegﬁped

ure actor

therein)l Po@hdrdation of thatabbedesdibed s btefisqih becdrfm:ﬁh vheéay obe
applied to drive the reaction, and yet do not generate
temperaggesnsemerimgs expseding 1AR1G; suelhprosessesiomekimssiagg earried out at

elevatec&;c: eg %{né)soaﬁggglf Sg uh%scﬁ spx? G;ﬁ'bflﬁ:fAst cﬂ&u@?ed%’e%elﬁ Hprggﬁ%gé th%f

ventl conposite

pressurd@irgiy praparaiiish & Meehtiohefr&&tural hid @ﬂh@ﬁ@ﬁﬁﬂ)dﬁlte ﬁfaeefralsr@ﬂ be used
aspects of the present invention, lightweig

to both mrgnacé fheecﬁgtmnﬁ&tﬁ erenfcanddn dpxe pdditiona) poafmfr atri into the
interior §P e %E'&.%%étgﬁiﬂy eaf?:g%g G 10hds"8 léfrerltxé:ln : ggerslﬁlﬁ%lg product. The

exogenously appfie |ng or coo
amountmﬁpte‘smré t ‘Be amﬁwﬂ\mepr,efefraiﬂy seffit@hitodpreisoniciingrsssaif qbolymer

re nore . r ycling is desired, S SSi
into thetper% phajerdal \ggh%iewgéP Zarbiroto G qq%lgp%eooffaa@gﬁt?%al gortion of

the ponﬁfs%a%é?dl” ?’hg@i’réﬁh@ﬂla}égf% ﬁ%ﬁg % i S/ g{%ﬂ%&ﬁ%ﬁﬂ%d for

nown in OMe po ms genera
use hergjasn asrtga remboﬂlmdms afithe pigsqut mnaon whe uE o @ae genEatinger

re t he addltIO ernal | o
polymeaéyéfms orht it RoPRRRS s coR et By ALPrEA AR, et
copolyn‘i’é P&e&@ taPby &hﬁﬁ,lge& Bahakdtdht %Mb‘ﬁ dfehdgraft rasﬁélgﬁl@r is
opent ane, on dioxide, nitrogen, and t
preferentxaﬂa)locaksedr withigrthe porobymetssiabandsiiottier pnrtlon@f gt graft copolymer

ts. ¢ introduce ter. naI
s profegnfiy R B R s s pr SRR R pES PP gl 0 cbPtYmer
comporefi¢Eithed Qiredthf G thﬂiugh dlﬁk@ moledt] &) RS &i @ﬁo@ﬁs inBrial core that
porous material, é contain gas entrapped
is substantially encapsulated w1th1n and penetrated by a polymer matrix, resulting in
structural and other composite materials that are of relatively low weight and yet high

strength and structural integrity.

[0066] Preferably, polymerizable components employed in the practice of the present
invention are stable to temperatures of at least about 50°C. This facilitates handling of these
materials, and minimizes the occurrence of premature curing. In addition, it is also

frequently desirable that polymerizable components employed in the practice of the present
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therein). Polynerization of the above-descri bed
systens can occur at a variety of tenperatures,
woeaomiosmas exceedi ng 100C, such processes SONePCTES2@1007800
carried out at elevated pressures as well, e.g., up
to several bars. As discussed herein, increasing the
pressure during preparation of invention structura
and ot her conposite materials can be used to both
i _conpact the conmponents_ thereof, and to drive . .
inventicach §9hIA SUGBISPRSITGAE gk, ARASPRFE OXYRERTEeT: gpd thy dike, which
. derlal g i ch tends to strengthen the
amlnmggggg?Fﬁg&g%g%%GFsﬁ%ﬂgQ&gﬁghnt of pressure to be
applied is preferably sufficient to force sonme ingress

f pol ' . ial ., with bej
ot 5 B B B S i AR B B 6
materia%@l& gglﬁfﬁiéﬁz;ﬂﬁé 8/ dtdth(s) Edh BE @Np16Yed iﬁQhé‘ﬁlr&Mtice of the present

enerating polyner systens contenplated for  use |
inventidrerleiselecting sétableicombiratidinsyene shayd take ige egeonnt the compatibility

i nvention, the use of ,gas;generat,.n ner. t
ofthe 155 KPR TRRIE BOTYHEPRENERR COOND A B By tych ST BBhvcen
the mo%ﬁﬁbﬂ&ké,\ﬂ@é Shirfag€ adnkion @8 BR! poIRher$yblctsyBicfti]di®e to the porous
enpl oyed such that one portion of the graft copol yner
material, she pore Sige@h of hieipprus aedteriebdhoramilary radiup ek the gores of the porous
. material .h ' f t . .
e P R O 0 e RSBl ohBRRATR o i

As will e tappreaiatedycthp<d oTiskil iafthd 1€ viawing syl agpats cabdrepsediat Ater
. (either directly or thr ougih i nker nol fa?‘m es) resul hsn
the “weitgbifityp s s porapempteriabasveclt arpltering the gslafiyp prigiyapon of the
. | - t.
pt T P A Gy BB S SRR ot el
composife} & deatsbddiateiar Fhebbilie)l tateasibt yrofiow aveiriphy ofditffesent materials

. high strength and structural integrity. [0066] .
having ProppRicRBP Y581 K oUs BE B G arseRioy e Siemifips

I; he present invention are stable to
advanta%é%ggﬂrlg?p ré%cthbf at | east about 50C. This facilitates

handling of these materials, and mnimzes the
occuyrrence of enpture curing. I.n. addition, it |
(00681 | SHie BTPRegHERETLG T EHROP S FEerer HEmESS (G P eshploy E gas-

t M s R beadfor Bx drhsle RirPdilsb & anafes ! L tHRBERIMtiodDf a
R e o e N S e et e

polyuretiang nartriex Fbe awing efsliispeyianate hanihe praefi of bripgsHNDIRe@csHITing at

d | i ich o . h i it /
or avonf ot sl Rers50ed SRR S L7 1P chioe BRehS
modera@Tea® fuiskd dhke poRynidizatitn of the FERALANUE, Bocfinartandpslyol. As

) porous material plus_polynerizable systems) can b
discussedrphaypetieigas genergpdduingciginsichi bp pesttially Aosorsddhy the porous
aTel ecting suitable conbinations, one should take into
account the conpatibility

materi

[0069] Among the advantages of invention formulations based on presently preferred
urethane matrices is the fact that these formulations emit substantially no volatile organic

compounds (VOCs) upon cure, unlike many conventional gas-generating formulations.

[0070] Presently preferred gas-generating polymerizable components contemplated for

use in the practice of the present invention include polyurethanes, substituted polyurethanes,
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of the two conponents, with reference to such
considerations as the contact angle between the two
woanposexits, the surface tension of the polynmePCTaisk@4/007800
systemrelative to the porous material, the pore
size(s) of the porous material, the capillary radius
of the pores of the porous naterial, the pressure to
be applied upon processing of the selected
|nat on, .and the |ike. appr.eci at ed
and thg ﬁ‘ggés Bl gk mitires o RBY &ye or mafeyﬁhﬁrgog ugﬁlsa\g E%‘%%Vrblé]rfh%éﬁ
polyuré'tﬁ%%stcgn Bt fn%'bareﬁl?ﬁ a \Qﬁétg%? Ied ol incRfdj ﬂ%‘x‘? iBHHS flexible foams,
material as well as altering the re e penétration
solids, afth¢shess, qudltlgmhkel nto the porous material (and thereby
potentially increasing strength of the resulting
conposite) as described herein. The ability to easily
[007 l]p r od4eeaddly Yedoeizd %gi 1t hesIgNtin MRLRY, h3tide vARH BBdiisocyanate
roperties optimzed for various part| cul ar
and po bstaﬁmgumﬁtgnal@ cavhaiesplaysd fon il aparatiadefpolaygethates useful in

LT TR e —

can be @ﬁﬁbﬁfy@& | shgh pg) |M@{arr§ﬂ§ e PherRBme diisdan B, %ﬂl&byléih@ d11socyanate
, diisocyanates, for the preparation of a h‘g yur et hane
4.4’ -dighgnyimethansadisosyanatcol.4dpiviese giipeayantia s, 3 hdimsénd#id - of

r o> e ure

ipherEhP G5 TR, RG0Sk, O AR LT SRS e

4.4’-diplndnyl suifocie ldal;cg;yhﬁmt: @utdlp@riyh etthdhmeyaina&t biphe®fleriehe
reactants, jsocyanate and polyol. As discussed above,

diisocyapaie, g3 ngpif Jé ‘2‘1588}’4113@ gt ihRdikean be substantially
absor bed by the porous material. [0069] Anong the
advant ages of invention fornul ati ons based on

[0072] pr eS'muitdr}y predevaratly ofpdydiateetimpinateciels arssititablef factise in the

gse f or mul at(%ons mt suhstanti al I%gno vol atil e

t hat
propargibg i b YUERARGR AR UeEs e BErS ARt BT IOp e lene glycol,
1,2—pro%91‘ﬂéﬁ?d]t 1, 2akanga1, aeneyabidand@s1Myatb NS 4- bh@ﬁ&%l trimethylol

resent’y preferred gas-generating pol'yherizab
propane,qrobyimisiyt slcelml), papladly drdfodyzed gsldulpse achtatey ami:thedﬂceoﬂ?lre

T R T N———
1ncorpcﬁ‘§i&1 WedR04y 4t %@B/mé%ﬁﬁtl&Q&cbfdﬁ@g toAfie PREéntdFveaRtish Ur €S

any two or nore thereof. As is well known in the
art, polyurethanes can be prepared in a variety of
[0073] or Fﬁse rdtalrdarmatorgemplgted fooesesn cértan etnbediineatssof theplebas,

ves, and t 71 ead] recognj. zed
inventif Rl & p SRRy vl Rt e hyofipestion aF il Sucgres. for Sxample,
butylatgutrﬁ)«gg]yﬁ@,ﬁb@ha@ngjmp@lwﬂ& starting materials can be
enpl oyed for t he preparation of polyurethanes useful

in
[0074]  Flow enhancers contemplated for use in certain embodiments of the present

invention include any compounds which reduce the viscosity and/or improve the flow
properties of the formulation, such as, for example, 2,2-dimethyl-1(methylethyl)-1,3-
propanediyl bis(2-methylpropanoate), and the like.

[0075]  Plasticizers (also called flexibilizers) contemplated for use in certain embodiments

of the present invention include compounds that reduce the brittleness of the formulation,

27



the practice of the present invention. For exanple, a
w de variety of aromatic diisocyanates can be
wenpldipgexiy such as, for exanple, m phenyl ene PCT/US2004/007800
di i socyanate, p-phenyl ene diisocyanate,
4, 4" - di phenyl net hane dii socyanate, 2,4-tolyl ene
di i socyanate, 3,3 -dinethyl-4,4"- biphenyl ene
di i socyanate, durene diisocyanate
4, 4' dlphe

B I T AR ) P —
i

tempe f@@gT%ﬁ'tf %%f%ﬁgﬂ%lﬁ?ns g%%ﬁg%@éﬁ%rs dﬂélh&é’??xﬁé?@ﬁ?le ?olyethers

polyesSirayipbhthiyls, lewuu”aiee,amdahqhbé Elabt;&md:erstvdwemeng)l@wdemaj/mcally

are suitab use, ) h r,ati.gn of :
presenfiayij¢ Fisgh ah e S0 oA HEP IoeHE G PRt Heoamyleen

i ncl udi ng et hyl ene glycol, 1, 2-propanediol,

1, 4-butanediol, 1, 4-cyclohexanediol, glycerol,

[0076]1, 2 Cawepugtondratsy Gablo knpwnme el Fiak re@iacma Qe quenshipg\Agayts)

art al | I d Ll 0se acet.a
contenfi & Ripkise B et et il YE AR et i8Rl Shailtcppfmas
which Fetheiatithls OF 16 rdabtidty, sechasX for@xihble, §iEsdd)sutfactbite Yedh@thlly),
be incorporated during or after polynerization
and thelik®r ding to the present invention. [0073] Fire
retardants contenplated for use in certain enbodi nents
of the present invention include any conpound which
[0077]r et @uesadcblerasre pﬁg&hbh[EdCﬁ)r ﬁéer ia cesain knbedinhants efktaaptesent

butyl ated triphen phosphat and the Jike. | 074]
inventipp digluda ramporady K@é rphatce eriafe Qlsure of tﬁ%{;%ssipﬁ er system,

such a& T ﬂ%‘fg e t 1&5’1@' £i68 Blkkeriald) W] eﬁfath@kaéjde any

donmpou uce the viscosity and i mprove
t he now propertles of the fornulatlon such as, for

[0078]&)(2'556 h ﬁgﬁ%g%gg%ﬁa&e l et r%}télg%ﬂﬁ:@éﬁg%ﬁ? cr)]{3 t?le );/)resent
1nvent1'8h %%lﬁ@e' Hipdubd® WRick %dr&ﬂe Eﬁeeﬁgrf%hlnhﬂc%rp% GO GRS pé19Fheric

use I n certain enbodi nents of the present

matenatlrtv svhi¢hothey aeladdes, serhpasy frat sxerple, ereshlimbsingtagents, and the like:
brittleness of the formulation, 27 WD 2004/ 081311
PCT/ US2004/ 007800 such as, for exanple, branched

[0079]PO! YA} f@BREor Eorﬁélhfﬂ%te’d%ﬂtﬁb%ﬁn ba@dm eRBBdinidnes &ltAS present
transition tenperature (Tg) of the fornulation. Such

1nvent1|9n analuds compoundrcwhigh abgogh 1 @@pu]éravmlﬁt (gD sgdiation, thereby
reducn%o %%éaﬁ gﬁ&v\}ée 3 Cgll e%poﬂl% R Hjle re%ﬁ Bt Bgl&gle{‘ stém lfo 1ch the

oyed, are resen
protecolBad tesag adalffd Fhe laQy S Whrotdéters 1ﬂd]?uc&hﬁ$(ll 231}6 \ﬁtpenﬁénmfthyl—4-
the formul ation. [0076] Cure retardants (also known as
piperidinyl) sebpgate, sligan.aagrdst mefglisrmnguadie Ard the like.
contenplated for use in certain enbodi nents of the
present invention include conmpounds
[0080] Dyes contemplated for use in certain embodiments of the present invention include

nigrosine, Orasol blue GN, phthalocyanines, and the like. When used, organic dyes in relatively

low amounts (i.e., amounts less than about 0.2 % by weight) provide contrast.

[0051] Pigments contemplated for use in certain embodiments of the present invention
include any particulate material added solely for the purpose of imparting color to the

formulation, e.g., carbon black, metal oxides (e.g., Fe;Os, titanium oxide), and the like.
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which formradicals of |Iowreactivity, such as, for
exanple, silicone surfactants (generally), and the
wOib@/08j0077] Cure accel erators contenpl at ed f 8CTWS2004/007800
certain enbodi nents of the present invention include
conmpounds whi ch enhance the rate of cure of the base
pol ymer system such as, for exanple, catalytically
active materials, water, and the like. [0078] Strength
enhancers contenplated for use in certain _enbodi

When pogsent pigmranseaie tymiepllapresent indlg rasc ebhowhAd vin %to about 5

EEE nce properties of the polyneric
'%’W%glgF ﬁwbqge I'C ﬁgﬁlg'y are added, such as, for

exanple crosslinking agents, and the like. [0079] WV

rotectors contenplated for use in c %Fln enbodj ment s
[0052] of Hifers preadleneontymRiatsd feise A pertrin E@gﬁ i ARRIRvention.
Fillers &?1336 1Rtr6m LAGRD illehfidViy ?Jpﬁfaug ARl nidhe 6?@&5 followmg
e negative effects such exposure on
propertfe@sddmpiésspﬁi @mgthsgkshmﬁnehgthy\phaﬂmhﬂyhmtemalm&fﬂfﬂtarme (hm’ul for

b dded. . Exenpl l
examaplg oy hoIghnz Tile. SSEa AL KR VG Rty PS4 fasagty fre
reswtan?%l dg@i&%&lﬁ’@éﬂ‘gﬁ{c% de‘i%E&h'deﬁsﬁP aeQEnds derﬁﬁ? dlaghé 1ik& - Fillers

es contenp ated for 'use in certaln
contemplatnd:ﬁormmm ceftain lsmbpdiesmtst of thegmeseohinyerglondeclude metals,

i GRS e S0 B, B SRR GRe

conducﬂ(@(é‘i@c%ncfa’lly%nd/o@ﬂﬁﬁﬁilﬁz)| E3sctrli iy coR@wtive fi ilef’é)d@ﬁtemplated for
wei ght) provide contrast. [0081] Pignents contenpl ated

use in cegpinepebadimenss ofaﬁhn peasgdnYrRaES ialudes forsiayBle; transition metals

(such a§81¥ 26?’;}{1&56# goﬂ 'b g(glipegfrafunual at %lg\%g% ;[téd"‘ aﬁ?lhgéagnckel-coated

graphlté Q1 agé 8f e mefalg. and ey 1) abbvan lss nﬂf&h&ltalowcﬂas gfaphite,,
Fe203, titani um oxide), and the |ike. 28 WD

conductingnelystess anpir/llsoouanictrenot anBie o5 mee Hereqf; Botinpevder
[ %

1 i B P58 U RO PR et %

PreferabB thel fadkie Gas a [HI6324s dEiaIbb&WZSnMrensad)ﬂessgwﬂh@ﬂqmlaadimbnﬁ'mns of
use in certain enb di ment s E- t he |nﬁ§ i on. FiIIer% b

about 204p 2bRuti23RISEARE e flake £BPIOYd RetedhPiebiaRlY Bpg diteiacg arca of about

n I 0
R A
flakes ofrmffemai sme&ssu&sfaaﬂ areay, andafapl dentities mey dagitably Beoemployetl. nlgis
and t r abi

present{pisfie o dep cainloan e B g g Bl gyl & Bdmeter of
about 0, ﬁﬁf %ﬁﬁlo&e rI?blteE’ent C{ﬁé: ﬁﬁéist?ﬁlcgﬁﬁ Sbrhyrised ieltHelign e' dﬁhbout 5 vol.

| ers contenp ate for USse in certain enbo
% up toibauh 85 pok Seof the fareriition, pretirals 10et w28, or 25 Vol % to about 20

vol. % of the formulation, more preferably about 30, 35, 40, 45, 50, 55 vol. % to about 60,
65, 70, 75, 80, or 85 vol. % of the formulation.

)

[0083] Thermally conductive fillers contemplated for use in certain embodiments of the
present invention include, for example, aluminum nitride, boron nitride, silicon carbide,
diamond, graphite, beryllium oxide, magnesia, silica, alumina, and the like. Preferably, the
particle size of these fillers will fall in the range of about 0.1 up to about 100 microns,

preferably about 0.5 to about 10 microns, and most preferably about 1 micron. However,
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m nerals, natural fibers, synthetic fibers, and the
like. Such fillers can optionally be conductive
woebamsriical | y and/ or thermally). ElectricallyPCT/US2004/007800
conductive fillers contenplated for wuse in certain
enbodi nents of the present invention include, for
exanple, transition netals (such as silver, nickel,
goI d, cobalt, copper) al um num sil ver- coat ed
kel hite, alloys of h . .
orser 8B Pl AL e L g i
is used%%ﬁhlefr gt is frﬁ@ﬂéﬂ@@tﬂaﬂﬁ iPPAs¥iveed byalddh&entd tdiforr@N doating (e.g.,
m xtures o two or nore thefeof. Both powder (%
silica, ¢1 thk&kéorns of filler may be used in the conp05|t|ons
of the present invention. Preferably, the flake has a
t hi ckness of about 2 mcrons or less, with planar

[0084]di MeREbRAE), efillcAhRiie 126d tat AlRither2h dIE@FH I or fhkakS conductor.
| oyed herein preferably has a surface area of about

Such ﬁd)lglgwan beglegirabdy t9 mpart soma pthes REIPELLY o maf@n}mn formulgponsesuch as,
for exaf] p?%j trecﬁztc?d g{eﬁﬁal éx@ar?s? & @f e £R8 %arl}%{]atl redud: effgctt% constant
art ensi

eren ace areas,

improvéé soughhéss, imereasmll }g)jdﬁljlhoblbltyﬁandﬂhe Heat Exzarmlaa‘ &ff Juckl ﬁllb@tmclude
powders_enployed in the practjce of the _invention have
Synthe%P @@@ﬁ!@%sswaas fepgtaAmmic.periioraiedddipsarbop pehmant |

oo 5 bt 55 AR 5 AR, By o

terephthal&ﬁxeleaﬂlbqrg]]a@s, gﬂ@hltaﬁheso graﬁﬁltevﬁbers Stlan, aywng re@@cled/pd)lymers

recyclegdzoflgfgl ?%?s £ 1@%5:#%3@81%@@55{?{: g%a%%@ggggﬁet 5re-g@un%ph1ps
flaked &ﬁpé’ Powd¥%, PhpdrNuin®! AIbat gI%Qs hbﬁ%%ly-ﬁli@rb@ﬁﬂ ¥Yolid polymer

conductive filiers contefnplated for use in cértain
beads, boltayd glassnb@de,fSOilﬂ glaS@b@sle,rﬂcraprglwt neowlcmmmmmnmngles

recyclegélls}g%) h’t tecy&]]eglﬁ%#@gr%%tétb ftrgcyc glr%?ppge{ﬁ,[{wiﬂgg tlres carbon as well

as a vanBgREStHRr p&itlih@dstria bk Pdstdondmebr titd 4R oti¥rehREFAS, Yand the
the particle size of these fillers will fall in the

like. Frlbr@@ncﬂiscammle patyraliy ocelrapg matartds, shdy asnfor example, mica, fumed

sitcs, Bh AP R kP RSkl BN Bl oo

husk ﬁb"@? /sﬂﬁi&ﬂﬂéb/réh@ge%%hmﬁo@ffgﬁf papers p?dﬂ p@@édm@llg?‘egﬁtéﬂﬁme seeds,
n be_enployed in_certain enb ment s um num

shredd?ﬁam“aféberﬁ §e.&s Bamgicegwheat|og parley), gnd the like ap stellias spixfuges of
any twéé ?”f ﬁ%?éfhgxraefot?ﬁlg?gérs%}f@{%g%%or ﬁg&g %?3%1 ﬁcﬁ?% { %%gr}]e case

of porohe ﬁilersdthta patymeicraattinef 1railen‘ed>reniatmamlmmxtéﬂchntm bs well as,
tor uch fil|ers n desirable to i npart
ar °und§B ?fﬁé?’lerﬁlg B@WW{YOCCEHH&%‘H %'Hﬂ?eé sheneh foipyeniipomaterials.

for exanple, reduced thermal expansion of the cured

material, reduced dielectric constant,
[0085] Invention structural and other composite materials, sometimes referred to herein

as PetriFoam™ brand structural and other composite materials, can be made to have superior
compression moduli (as desired), which can fall in the range of about 8000 psi up to about
10,000 psi or higher. Depending on the desired application, materials of the present
invention can be prepared having compression moduli exceeding 2000, 4000, 8000, 10,000,
20,000, 40,000, 100,000 or higher. In addition to the superior compression strength of

invention materials, these materials are capable of withstanding compressive pressures
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i nproved toughness, increased hydrophobicity, and the

i ke. Exanples of such fillers include synthetic
worb@rosedis, such as, for exanpl e, perfluorinat @dT/US2004/007800

hydr ocar bon pol yners, thernopl astic polyners (e.g.,

pol ypr opyl ene), thernoplastic el astoners,

pol y- par aphenyl ene terephthalimde, fiberglass,

graphite pIies graphite fibers, nylon, rayon,

recycl ed polyners, recycled SO|Id materials, solid

exceedingrdp, 19 # (b@pg@gelr?{,(l,()om @tenduighes befape iﬁi@qtlg]e Indeed, exposure
ofinveh iR RS S Bigng L1 A66HoR RS P YERL P AR reebl BRsures

gl ass ow o

(but sh@t@ € Sracthied) bmp@idaﬁéatbmdl%,m&péﬂlﬁn@dMngﬁadS scrap
gl ass, recycled conposition shingles, recycled
asphal t, recycled roofing materials, recycled

[0086] co nﬁ1r ?ﬁt?or* il ﬁlg%tlea?ldtoltﬁe‘f %gmé?srlt%%ateﬁ'ﬁs WellalsodRive superior

ost-1n - consumner
res1hemb %tmmumd,dfoﬁbktﬁnplaﬂi}eme ﬂleﬁurahmddmlhe of 4 sdogple. FShd:lematenals are

usefl G vy ShERAPIOE SPREhon 86 1odh 1 Sl gk 1gpioE By mvention
matenacléﬂgfehaﬁlﬁﬂpai tmocﬂt‘it@svﬁllnch gﬁ?ﬁ (HRIGNEIH B ouCl, 6@ psi B WPabout

coconut bers,” shrinp carcasses,
14,000paindadnglidrb Even bimber ﬂemmi amdmluspmtcmln caylp elgained b tireeyse of

cutat PR oS sshle Ao B Rl b6 W ytons by
1ncorp6r\é.\@n%3’ﬂe)ﬁpl%%§t&%1§ Qich aF'ﬂekMegplﬂﬁiés B bk FhidOE e Bdm
i vely non-porous. In the case of porous fillers,

recycladimatpiidls,rs wedl asetharsflesfbls metstielson material s may extend
into, as well as, around such fillers, thereby
potentially contributing further strength to invention

[0087] Mt RdibRal deERAHS ?»rdp@i«t%@ twihdh @hrbéfc;irwlaéd B Ghvehthey materials
corrp08|te mat eri a SOI’TEtIITES referred to herein as

includePRperiT RIS RIABCTEES, (Al Tegistaleg DEeRTatcss BRAsEYE phserption

e

proper By AU RE TR AR BURTH iy SO S84 s ot
substar@dlisito 812G Mbrigshal Yhape@fidbingact) 1oD@sipahce radar ghsexption, and the
i Dependi ng on the desired application, materials of the
like. present invention can be prepared having conpression

nmodul i exceedi ng 2000, 4000, 8000, 10,000, 20,000,

40, 000, 100,000 or higher. In addition to the superior
[0088]c onpr @slsodiments fof tgtihveadftion iwhesndupenomnsiteagthab 8 desiteddeature of the

IO ST
smalleﬁé‘a%ﬁfég 0% ik Q0 MmirE0 @G s&@toag endddHRéht, Qﬁlaﬁ)‘fﬁf‘ and preferably

before fracturée. |ndeed, exposure i nvention
at leasm BOJ 405 500, 80, 81D, OB% mmumfewhtye&wbmﬂalb’caﬂ of the gas

evated co SS sure but short. of

senerafF{IGUPOE EYTRANL F GREIY i ORPEEL b O ROHOBTAAIS g and & quantiy of
the pol§inef b efaborial Q%@terdmy ftdddftosthe Y6dy6the pBFbS bld@srial. The

conposite materials may al so have superior
resulting polymer mairix is preferably relatively solid, except for those portions occupied by
the porous material, and filaments or other projections of polymer extend into the body of the
porous material. While not wishing to be bound by any particular theory, it is believed that
the combination of a relatively solid polymer matrix with polymer filaments or other
projections extending into the body of the porous material contributes to the exceptional

properties of invention materials, including strength, flexural modulus, and compression.
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resilience, as neasured, for exanple, by the flexura
nmodul us of a sanple. Such materials are wuseful in a
woani@syziof specific applications, as set fortRCTWS2004/007800
detail below. Typically invention materials have a
fl exural nodulus which falls in the range of about
10,000 psi up to about 14,000 psi or higher. Even
hi gher flexural nodulus nmaterials can be obtai ned by
.. the use of.,  suitable fillers. For_ex le, flexihjlit
While & gelatie et idROMIMFHIetEiF Benerally HEFiasn SES#R cRbodiRaenis where
soeng TS0 PRURLLAA S W BRI G dentEat, B bl il snc
can be meddetoi gahsratedhtee b atersal odriwkeat aflbexi daise materials. [ 0087]
Addi ti onal desirable properties which can be provided
by invention materials include superior insulating

[0089]P" ORESIEER pro@ice btrhQftad Eﬁd‘&tﬁeﬁ&{h{ﬁﬁfské ﬁlliterﬁ[kq{ﬁﬁlg even greater

absorption” properties (optionally including excellent
structunad imgegrity fhidable for wheinedmevien wader remgemdfipotdntipkappdicaians, one or

substantially to their original.shape after inpa
more sffige s SrughibS oo Fpo B B ViR HAreatiph hatgrE Eemplary
reinforb &0&R Imdtéti AR B Al Fbetsh §/mit R Hbe) sNBL bescd URAEHAE, or
strength is a desired feature of the resulting

other sguetyrssiasayelhastcopibanations of anypiverf ermerd thaseal. Syeh peinipresment

. G rijse d | .
e e SO 08 b B, QIEGL MBS L Ui
suitablp dih&@isipk ¥f argt added séinfcentdht malrial) def@ding@n tBO en®lkse

95, 98% or nore preferably substantially all of the
contemplated fosthgmatedalduri ng curing of the polymer is

absorbed by the porous material, and a quantity of

the polynmeric material is preferably forced into the
[0090]bodysah attéraative tolusclndihe bnabr méhereinfesantntis) ip olventen materials,

X trix is preferably relatjvely solid, except. for. :
or in a@ﬁﬁa%top%lﬁle SHHSIONe £ P%@Oﬁfampg Bl R fieg igygption
materi%lh,l PEBRUIE Rip1QYilgs sBItaH18 GaleRRS rPlteR)] MBS vEY B er B G coat,

e body “of the “porous nmaterial. Wiile not wshing to
as needed. Howit \ayieymf facing inmtdrals drb ewitaple for such hepiseypthtabdor
he conbi nat.i.on of .a relative o] . d pol ynmer matr.i x
exammpl, Fig T35 POMBHSInE PR R B SLF P BB PUE ey
syntheti® fiBerk " Bal0Yarkic, EXHRANAET PURISHRHQEIeBhs, GRMTHEI1IKe! £5wEIPas
‘the exceptional "properties of invention materials,
combinatiohsof any tworosmeirh thef¢afx drdditionsbitaring materinle evnpereplofedfor use
. 31 2004/ 081311 PCT/ US2004/ 007300 i | .
herein }%Q%I@glﬁré{ys%ﬁcwwgﬁgas gsautcb 2% ffg’ge)bagwé?,a qo@), synthetic sheet
materifl§ Gfuek b€ dor dxAmpRY, hédylic ehdP HiatRial)SniRl 6r syBitHetio GidVet Athterials
be reduced, a matrix having cavities can

(such agderepranmie 2 Kavlasywaavele and tisilikes Wil 91113? ilbggaiﬁé i Eigyra bas
being whHaes & Sne! ¥ 1Ghe Hﬁteﬁt%rﬂnﬁteﬁgﬂ fﬁﬁngainlit%ﬂ@lrs ca®88 bonded to a
plurality of faces of invention materials (e.g., top and bottom of invention materials may have
a facing material applied thereto, all faces of invention materials may have a facing material
applied thereto, as well as other variations which will be apparent to those of skill in the art).
Such facing materials can be in the form of a solid surface, a porous surface, a surface that
can be chemically etched, a chemically etched surface, a surface that can be physically
abraded, a physically abraded surface, and the like, as well as combinations of any two or

more thereof. In a particularly preferred embodiment, a length of bamboo is filled with

32



[0039] In order to produce structural and ot her
conposite materials having even greater structura
wonv@Egsixly suitable for use in an even wi der raagasefo4/007800
potential applications, one or nore reinforcenent
structures can be incorporated within invention
materials. Exenplary reinforcenent materials include
natural fibers, synthetic fibers, silica-based
materials, or other structures, as well as
inventiqrombierial, yishing? stong swstusel membershatdefor usg ith e.g., construction
matenaF eﬂg{c%hg@{lm tngfeeardh l1}§? HaN n?ﬁ chlte atg‘d fof use Flat'ﬂfs aspect of

e of s e ar can readi

the preR&f BYEARA indltdd glolxsf dl?é%@r@ nerydics anythatdadibbers, cyanoacrylates

rei nforcenent materia dependi ng on the end use
and thedifat @ﬁwlh%%@mmatwﬁé Oﬁmmf\f%l’r m*[’l@%@@?o fas an

alternative to including one or nore reinforcenment(s)

in invention materials, or in addition to such
[0091] | NCAm®hOthe AARentaeswdireychtion Etgldm’amﬂdaiﬂser@ampbsit@mpieﬁeld is the

to invention _materials, optionall
fact th ek GT A S Ve RRED! 19 At asi BB BT etspak stgotural
and othEEBmposhE pRREARE copotli oSl ik f2pmrl A GBS
formuldt®@k.ngs conprising netal, polyners, cloth, plant fi ber

or other natural fibers, synthetic fibers, glass,

ceram c, expanded netals and screens, and the like, as
[0092] Vel a@%ord%ﬂ?&ét AASthef erﬁﬁﬁﬂlﬁl‘éﬁ’t d}‘fthé”}?é&nft [iB/%e8@bn, there are

e

Additional facing materials contenplated for use
prowddden@hqu ofohaldieg statctirall and agasr somipagjtameteritla havipg germpssssion

moduluégf at %qupgiz%%\ﬁg8 ggcm‘/ 2 Q}i\#'@l&{lg’@?selﬂta % é 8¥ gbc‘q‘clf 16 t600 psiup

to about YALOEthe mevaRomtisingal s  (such as for exanple, a
Kevl ar’ weave), and the-like. Wiile only illustrated in

r:mgbmngzpcagus méﬁGﬁgl Wit 8 ges-gencerimgmabandrizapleconpeasit Hil
n’Btchrtiqaglttg}e Befs&%mg cro]i%‘:) hg}l o &ﬁltp)%s ?@Pa?)g%o a?loaf the pola/menzable

SVGY |nven on m
compohd tcﬁ%l?ﬁi@h@f ]Dtﬂ’llr%"thb pﬁlyﬁ’f&irﬁﬁmcai Froo@y ubiay @ substﬁr&ml‘llyg:losed or
mat eri a thereto, all faces of i nvention

pressurizge Sy §temss mﬁékyea Lofithe BREeRgiad 1ap 305%5‘1 L) ePH@PéP&?‘teﬂal

sk s AL e B hetly obecgumtispici,

be in the formof a solid surface, a porous surface, a
surface that can bﬁv?gen1call .etch hen1c

10093] oy CFakIoosu piag ComAmE LR L UERBYSTEGH THE Khiga BE ARy o in o
Vanety%l?'{x&agf dF%Ige g% il day- Qéﬁ@x@pcﬁ?ﬂsﬁ%le &bt dd4Be porous

natlo s of any two or nore thereof
materidl (nml mraddxtmhdrdomppneﬁe corgemplateddone specific usehgmbamxed then
is filled.with 32 00/0813
the gasriORPORI DAVDGT SO CTTRNE Sl L Behdr Inppe pRpgggnt of the

presentSh{ QRRnSthe Wkl iMRstRREd Bid b )€ thomokB&oded; arfl the gas-
construction

generating polymerizable component is allowed to set. In another embodiment of the present

invention, the mixture is introduced into a confined space and compressed to a volume less
than the original volume of the starting components. The mixture may, as another
alternative, be prepared in an open system, or may be sprayed or otherwise applied onto a

surface. If additional strength is desired, it may be cured under compression such that the
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materials, or scaffolding. Suitable adhesive materials

contenplated for use in this aspect of the present
wonvarsixan i ncl ude epoxi es, pol yesters, acryli e6T/US2004/007800

ur et hanes, rubbers, cyanoacrylates, and the |like, as

wel | as conbi nations of any two or nore thereof.

[ 0091] Anong the advantages of invention structural

and ot her conposite materials is the fact that these

. AR R R O I R TN

polyméFat &irbél Sito BEPEEY 6Hh¥ pbRRS ndté Bpar ed errpl oyi ng
gas-generating fornul atl ons. [0092] In accordance

with yet another enbodi nent of the present invention,
nmet hods, of struct.ura

h
(000415 " §fheRifresRbR Yorfeiileting i Wﬁgﬁ‘ it LUl he e

thereofl'B %hélﬁangé oBprebRdstcan e léin hgﬁicallyaﬁﬂhé ratdg%%@éut 1upto
modul us In the range of a out 1 t o about

about Ipsddwt higher pressttsy G@@ alsp bs |amghedd6 d@ﬁm@d rﬁ@pMFl@m@lalwely higher

erla erat il neri z
seengtf Sl e ST G ARE RS RAg Bl oy heipugpvec
1nven11bﬁ? f@lﬁnﬂattdn@ ﬂsn B@tﬂra@ilﬁa tenfidlet opuckRe R khe@iéZakbitR is of reduced
nponent to_pol yneri ze, Durlng$the pol ynmeri zati on
Volmnepﬁeéa&@@éo ths; vedumae a{ths srnZmMpiprials o Yedrmas redmatm i theaange of

t N lenO t
sbout Y Fp&Tbn ORI AL, 2040, BLisoEho bPBaRRR, GORERG) B8 chfemplated n
the prapiideyofethe prepatt @nvieatiocan be forced into the body of the
porous material. [0093] The conbi ning contenpl ated by
the invention nmethod can be carried out in a variety
[0095]OF  WENt arfoRfer B4BBBLRAt biRe FRZGS] 3 b bl e @%Xﬁﬁ%ﬁ% Srticles
conponent and the porous materi al It1onal
in a majd hpaohésves: specifie sipipat &tdld‘auhzcai §xmdd1n®b¢oqk§ syruciares loen be

I 1T MR TN

inventiBh GfeHald CMDRELHy atiﬁ&eﬂ"td%ﬁhr Shotifer B 9AHERE allRlPvePmaterials
nmol d, the nold cl 0sed, and the gas- geénerating

such asp finyerempleabrethasespperdes, andtheilikewed to set. In anot her
enbodi nent of the present invention, the mxture is
introduced into a confined space and conpressed to a

[0096] VO! Pegerhisl§ sSwhérhidB pblyenepizhisle Batpyiitnt (SacRbs 4 FunsdbBd pdlP@lerizable
conmponents. The m xture may, as another alternative,

compopgathjis PERpeEad from amEPwemPPBeE (s.2o 8 tvaroBpOBERt hHsteNs the porous
matena‘i’%%fs”nﬁfed%@le& 9 g@ B?‘%h% rtr)a%efrﬁ%ﬁle ca&gglqﬁ r‘t 'bgﬁ)% 1ntroduct1on of

cure nae npr essi

the secsmttdsnrhﬂitﬁfent Jlnﬁ) B3 radtti 2 O €18 IBik %emy&%}ﬁdﬁﬁﬁ&ﬁ@porous
. gener at ed s, are sybstanti aI |y absorbed by the
matemg 1% b6 TiREG PR TheareYIea0Us Ahihe seReoBRM(Y sicihe bvo-component

system. For example, the surface of the porous material can be substantially completely
coated with a precursor of the polymerizable component. Alternatively, the surface of the
porous material can be only partially coated with a precursor of the polymerizable

component.

[0097] Alternatively, invention articles can be prepared from a one-component monomer
(e.g., polyurethane), wherein all components of the polymer are combined with the porous

material, and cure of the polymer is commenced by addition of water thereto. Copolymers
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polynmer is forced into the body of the porous
material. [0094] When invention fornul ations are
weuhj4msixd to pressure to reduce the vol une tReTas2G04/007800
wi de range of pressures can be enployed, typically in
the range of about 1 up to about 10 psi, but higher
pressures can also be applied if desired to produce
relatively higher strength conposites. Alternatively,
wi thout regard to the pressure that may be invol ved,
can alsp fag RPLAFAf Bichas Blackerelamere notiish themmatrix i bs dgsigned to
. . r.ii i f
incorpGtBR3fio T8 m@i ik PR A ol i ad Ch B cpYSIAER such as
the copdbmureystentiudssicand to facilitete pangemaferiabbpowtratonl & qescritedtabove.
up to 20-40, 40-60, 60-80, 80-90 percent, or higher
are contenplated in the practice of the present

[0095]! NVRMHh& bor og)ggxﬁgr%]c € %f)%ﬁéd 13 NRkN86n SRR ib%o@fciﬂgrfﬁcings

B :
I nvention, er than repare rnvention articles 1In

and/or aoativigd irtto tlacibktefae dpaeadtion ixipe js istradutad diddiethatively,

. "building. block' structuyres can . prepar.e d
facings /s 838 Gt bGP DR db ot e i ErRe of the
present-rih'{fél_tiio‘ﬁ 8288 tEhRrRgfeatSBterihR\(Qthia M@l rlcBhds, EAmReor silica-

readi |y adhered to one another using standard adhesive
based matenals atestiles acothersfabiies; ribkamphéthellike) tvahe :101@ pogs eproduce an

integraglgqg hcr%ld liniéag?er’éal.g %I%%glﬁ%%ce%ee lrijcgﬁlngdsf aémegg%élg%pécle according to the
presentiay diRhi ARl faiapROReTH httdched fRpad &brbsediadan Figure 7.
mul ti-conmponent (e.g., a two-conponent) system the
porous material is first mxed with only one of the
0ol . . . o .
009915 KI5 SARLECOMANEAL 1 BEURL S E0LHGH el e
naturaltjeoesuatihymategibBr(suetl abHat exdneplpovands bambes owdthéd pladt-deeived.
m xed. with the nore viscous of the gconponents, qf the
fiber), eyREDLisEpEFIaRRicTialy Stehds, F¥rexamRlee P Yli¢ ek BAteRAY, Rptwiphwoven
. ] C .
mtr 0T ol SRS AR MobOrR ek s o
exampleo KiEMIcAR well ¢, avaanes ofelayipud syatlwtic fivers soth ahearb@n igophite, glass

mat eri.al _can be. onl artially.coated wit precur sor.
fvers, B Tt ApHReRs 1A R Breshized gt oG Rafe Yeitgeine
materid VG Hd BhdRA td EAES LABraNE P BRAFVeh@Fh Aaterials (e.g., the top and

one-conponent nononer (€.g., polyurethane), wherein

bottomafatesed mpemting satdriaisreaypbdvierfacing materiatarppdiad ierdio.tallefaces of

inventi§§ %’%g%}all%}? b%\?%{;@g %ﬁi 5 lratist %)]_cplit&li W@%ﬁ’g%ﬁ er{‘Txr/Eaplgt?gns as
are appaPdidbad dr RAT(1482@Ay/ 007800 can al so be enpl oyed,

such as bl ock-copolynmers, in which the matri x can be
designed to

[0100] As readily recognized by those of skill in the art, a wide variety of coatings can

be applied to invention materials. Coating materials contemplated for application to
invention materials include Portland cement (typically applied as a slurry in water, or with a
silica-based material, imparting fire retardant properties to the treated article), gypsum, gel
coat, clear coat, color layers, non-stick coatings, slip resistant coatings, adhesives, scratch
resistant coatings, metallized coatings, and the like. Figure 8 provides a schematic depiction
of invention material having a coating material applied thereto. For some coating materials,

it is beneficial to enhance the ability of coatings to adhere to invention articles. This can be
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i ncorporate two or nore different functional polyner

groups, and/or graft copolynmers such as the copol yner
weoeysi@msixdesi gned to facilitate porous naterial PCT/US2004/007800

penetration as descri bed above. [0093] Facings or

coatings can be applied to invention articles by

i ntroducing facings and/or coatings into the nold

before the reaction mxture is introduced.

Al ternati vel faci ngs and/ or npl di ngs pli.e
accomplishgd I%V%ﬁq% of Ways, Such) aofaRicKHIRLS ‘PﬁéP@@&Fﬁ@ 3/1% ehemwﬁly
etchin fh%%ﬁﬁﬁce' JTEA LeR1k OTRAD 28 B1REAEE ﬁ&%ﬁi tlg?;s;ugfgbé‘hl%a b HErticle

l'ic meshes, ceramc or silica-
to whmshaa ecratlag 35 totlmapphe@ car bedintreasefl atherebs improyiey abilitydf threcoating

i ke t |l d so as to produce an integra
materigldp ﬁ%liﬁr @dttﬂﬁﬂ{t%lﬁf bying %e%t?:‘ﬂermt i ¢ depiction of an

exanpl e article according to the present invention
[0101]haVi WleRfAcRp MSteAME Qhd/8t catihgriedo b 8pfled th %%hﬁ&?ﬂh%ﬁals

in Figure 7. [0099] Facing materials contenplated fo
the surfgeplof Bwtinvention maigred t¢ whichakefcmgsmilios coging is to be apphed can be

subj ec‘%@& I%Ls:,ﬂ%%%‘é O{crhlg;n Jieaélhﬁ ltos glgc{e\%gé%the 1pof)osgt% o%ﬁla @hsetfate and

enhancBREAIHREILE T Bctn g BHeHalkand/bPEoANAEesto. aEdSlyé)daﬁlpw @etinvention
mat er i al )b natural woven materials (such as fo
13

materigly g#phesubiestaddn serdiiastipg andlgrgheaical ewamrprrahfaérqnép gbrade the
f S
,surfacé Elet?el%cf: ?ﬁ%erﬁ?gqgéa%ﬁfaacgalgré&%&mﬁﬁ ma\lﬁﬁ'?ﬁ ﬁﬁ)é? geé:éﬁwqu
applica‘tiohenf sﬁacmgmatehelslan%} coaaingds theesonl IIR cen@eﬁn E:E]bdihlments of the
rec%&nl zed by f’yb'é of skill llég/ the art, facin dg
presentyny rpion; %nec%ﬁli‘ aBE Fige drategiab ARd/gy c%tlﬁgﬁi? sither yidgof p gERROTt-
Such a%t)nﬁg\}f%ﬂ B'Hegﬁkﬁrécﬁérﬁatfc%ll in Fi Fe 9 op and bottom
face I nvention materials have facing materials
applied thereto, all faces of | nvention materials may
[01 02] hav el“lfo@g bf‘ﬁ(lfﬁﬁ fie 'a?ﬂ can FERY lg%igtehgﬁfe%%ﬁd 1i31s m#albleafﬁ a low the
variations as are apparent hHose 0 skl
gas- genehetng dr)athdr@bDherfxablecadipbyent eﬁ@@mezlé)ﬁrdxytd Iistﬂﬁmemfe Typlcally,
a wde vari et

- skjll in the a ti ngs
such copdHqns §OrpTIsH e(icfwg BRlyFRsHEng gpent t H@’“FP&%@H% gpous Shaterial
| I
and pr&gggoﬁ ggﬂh%g@g 2 éat nénot@ﬁé(:pelémﬁ 12 zal;l@‘gg i Ib{g%ht a”%tnglrag la}f?ryabout
room tempevaiues. , Thors, thietheating aid doobndeseiiemente of tle 1nvempan foravgss are

fire retardant properties to th ted ar
minimgly B 1 S BroEsReah Giecll D pkpImROSh e Srgyrarle Ry Nlinghe
vessel Gé}ﬁﬁthl%%)or&is'rﬁatéﬁﬁ' prleaitborcTdhd S¥SyendANBS oY Sther &ﬁ%ﬁihble

resistant coatings, netallized coatings, and t l'ike.
compof¢rgané e el vverieing aget iremadistsiefrr dutrashiction of mlmm@ng agent
thmetnater'al having a coating nmaterial applied thereto.

°For some coati ng materials, it is beneficial to
enhance the ability of coatings to adhere to invention

articles. This can be 35 WD 2004/081311
[0103] PCT/I@JSQ‘GUQ?I@@ Tathocertain embodiments of the present invention, up to about 25,

30, 35, 40, 45, 50 wt. % or more of the porous material employed can comprise recycled
(ground) structural material as described herein. As readily recognized by those of skill in
the art, even higher amounts of recycled invention material can be employed, depending on

the material being recycled and the end use contemplated therefor.
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acconplished in a variety of ways, such as, for

exanpl e, by physically and/or chemcally etching the
woeuodsasesiof such articles. Thus, as il ustratedCheiSeion007800

the surface area of the article to which a coating is

to be applied can be increased, thereby inproving

ability of the coating material to adhere to the

article being treated. [0101] When facing materials

and/or coatings are to be applied to invention

[0104] nat &r acgbrlance wish guethemaspert of the nreseahinveionathers g prayided
. . which the facing and/or, coating ., s_to be applied can
amdesl@i’éepageﬁikﬁc%%rfhélé t?ghep%ﬂ?éj%igfc@ﬁ%f’%gﬂo?ﬁ'em cal abrasion to
i ncrease the porosity of the substrate and enhance

the adhesion of facing materials and/or coatings .
[0105] t heireacsordanee with ! another asneaielihe Brescipwnfign dhgg reaovided

. bj ect tQ ] ing ' ' r .
s PSR BT AR SHPE L DATDR o RS superor
comprek8HEISFdnRth dldemsdutigesd off desinel, b mygnfléxmmal mddiisal Surh rgicles can

receptive to, _application of facing mat er%?l stﬁand/ r
comprigsceafléseipls of Heidsestymermatghy saniit®BRROHS faterif syfstantially

unifomg% gfs%utéﬁ}{lg%gﬂrgﬂgh OGN, ARALYndve %hﬁ@l&?‘%ﬁﬁ%ﬁé&lﬁe grop erties

or coatl to either side of a suppor o
that rendenthe@uniible fori aswidle piattiyd f applermtions ahh yspeniaBy geefel gpplication
. [0102] Those of skilJl in the art can readily.det.erm ne
of inveRliRAHICAS ol APR B Aoms BTG ot S BRERGR TR gE Bk or
exposu%g 1{8 QEishR! ATRIL) 2 Bgéa%lsg ARG 2 R ARl QYL HatteduRh MidtOstrength and

ynmeri ze. pically, such conditions conprise ]
other destidblegpromriess(irichiding superivr stoictiral ddastibity and memery)pairdrghatively
teri and ecursor of .th s-generatin .
low w t,);fl%ﬂoivalgpgleg grggﬂ?{apeg éﬁ% Fetg%?%}re %{epgfe% até%%frgﬁlrlg %ﬁmbej Ected to
seismid SFRE! Fhid, fvelfidiS matdialsRaé bavicalaty degtabigproperties for use in a
requi renents of the invention process are m ninmal,

varietysfi constringtion dpplipaicysss can readily be acconplished, for
exanpl e, by vibrating the vessel containing porous
material, precursor of the gas-generating or other

[0106] PO! VRS- &ahhaiveaanppaemiplenst thdreidectayienr éfzipplicaganfor which
. _|nned|atelgqafter i ntroduction, of polynerl%lng ggggt
inventipm artistes cant Da eployad aweyidehberein (RvEEPR Artirles AT AF TRtned as
of, th ' ' .to about 25, 30, 35, 40,
Empmmﬂg?aggwaﬁgggg%Pkﬁ%ﬁghggﬂgﬁga%orous mat eri al enpl oyed
can conprise recycled (ground) structural material as

descri bed herein. As readily recognjzed bg tho%? of I
gRrraft/aeospaerddedense/ eWEh SHICHHIOR (o ATP NG FORRRFIS, fpmotely

o ST ATRLEH S, 8B o, anpodod st

t her efshields3fcké R0 £ BB, 14 cSTYi¢sSatiiarodpaes kit planes,
ultralight planes, aircraft security/stealth components,
lightweight/strengthened doors, aircraft furniture, panels, homeland security
structural protection systems, wind-power-generation propellers and blades,
water power generating wheels or blades, turbines, supporting structures for
solar power generation, wings-in-ground-effect craft, radar absorption
materials, aircraft engine cowlings, aircraft propeller blades, aircraft flaps,

aircraft rudders, aircraft fuselage, aircraft ailerons, seaplane floats, hang

gliders, insulation for rocket motor fuel tanks, and the like),
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[0104] In accordance wi th another aspect of the

present invention, there are provided articles
wonrepasexiiaccordi ng to the above-descri bed net ROUAIS2004/007800

[0105] In accordance with yet another aspect of the

present invention, there are provided articles

fabricated frominvention materials. Such articles can

have a defined shape, superior conpression strength

and nodul us, and if desired, a high flexural nodul us.

ggapularel(eige #lanh Arotectrp pnd plagters, vesioek f5pders. glegtric fencing
pol yner ' L1 ous materi al

subst r??‘?’g\iﬁ‘{e)%%ﬁ%?%s?%&gi%t i buted therethrough.
lyapdRtvinaprdenticthasichivel/ srepdtoness (par, idogheses feeding and
properties that render themsuitable for.a wde |

var i etNAFMEBHIc cheliEn and aanopsdenaris, slerpgtg mats, animal
appl i [ ' j rd - LS B A | on
ahor o R cofts, LOYEHY LARCAE LA LBt Rl AR RE . 7R
expos Uawen,tperche gandie, patibj andtthe liBcdecomtivevagmanels and screens,
materials can have such high strength_and . other b
desi r AEPEBYHERPINES 51 FEP U AT, P FOF b PsRaafubes;

el ast iyaidsy1aantnARARIN fouRiitls, ool dhio¥enientd 19 WrNE afd the like),

very |low nonentumis generated if a structure prepared
tefeetrefice (a. §. stebogbinsumantipns andeingsricebleagedd s sabiEhiays, battery boxes,

i nventign terials have rticul.arly desirable ..

pr opei?ﬁ%‘é’rg?%?geﬁ‘%kﬁ’ Rﬁ%to"@g‘\“f’ SEVMIg %W%i"r%eé’?‘i‘co‘?{mg raceways,
appl i galigke)[ 0106] A non-exhaustive |ist of exanples

of the wide variety of applications for which
iapplanceoie-swrhausehedd epnliapeesesiish @y sxftiperatore dihaasheas, aanges,
I nvent j . [ S 1ed ' : :
o 110 SRePR TR WA R AEE 1k RAVEREL R RidgYor various
ai r cr apphagegsiacs) defeamsplepbyinggfentlaidions, ¢cemputers, CRTs,

ai rpl ane, conponents, . renotely piloted vehicle

ConpoBAINESS IRICHIISE, TRIEQYIELVeRS [dishwashess. dapwdry washers and

heat el k . . : [ BT
R 5l pat Ol o/ Oi6RS O HEARERSE Ehumicir,
ai r cr glottatsle huatetsydrist thallikl), conponent s,

B O P20 ey kb P bovrge
Syst enBejeld BSidRAVE Hﬁg?%% %&a{ueﬁl REDPR! I8 SerABd rdilraPBeight

wat er power gener at | Weel s or bl ades,” turbines,
supporceisnige bunkars, weefer trajters, seffigerapomesugtorranditonlike),

4003 0 B P £ SEl ST ahl coradar ABSOLPLLO r components,
pr opeldbfpultk2 @svisidh tompbiientd, 8dsphond, bplahte MotiREsSand

aircraft "fuselage, aircraft ailerons, seaplane floats,
hang cgsingte electricakioplst ¢leetrany casetaskragks, and hadike),anks,
rl]lgld}n%eanld iclél%)mlct%gn—any application which can benefit from materials

impervious to mold, termite infestation, and the like, such as, for example,
swimming pools, swimming pool covers, hot tubs, hot tub covers, cooling
towers, tub and shower units, bridge decks, bridges, overpass structures,
seismic reinforcement structures, highway signs, freeway energy absorbing
barriers and acoustic absorbent side walls, insulated structural panels, home
building construction, panels for commercial building construction,

architectural details and facades, sound attenuation barriers, insulation,

38



WD 2004/ 081311 PCT/ US2004/ 007800 agricultural (e.g.,

pl ant protectors and planters, |ivestock feeders,
wehewtosixif enci ng posts, |ivestock pens, and t ReTUSk®)/007800

yard/ | awn/ gar den/ pet/ horti cul tural /greenhouses (e.qg.,

doghouses, feeding and watering dishes, shelters and

canopi es, kennels, sleeping mats, aninmal shipping

cages, dog and cat beds, cat scratchier, plastic

furnitur .g., for Iamn por ch, garde atio, and

the | itvl?ét)%rp(rgﬂé%&%%’fg%ls mwrﬁgenf@rrgs awgmggke@ﬁgu facturing forms and

decor

Dovas o R PRt Bl M Rl Mighway

gar dendabimpsomsnpratsanudzansied Aoohes Ipee-malneyapumécb@ﬁﬁcm highway

(e.q. ,.tele ni cati ons antennas, cabl els, cable

{Fays, i R on camery sa g Bigruin ook Santers, S0,

phot OVﬁ’édrﬁingd ?l Jldblr @é’mﬁaﬁie@ %@&iw&k eahinhes VM1ﬁ1bﬁ‘£onal lumber and

raceways, l'ike), appliances (e.g., household

appl i ek, dlsaﬁtﬁm aa@ nnbtfary-@amwéwlrtg shhliersransary waste

ranges m.cr and t

| PR Sygeduing BABR e Boresh BOSPReR sud obeiing bt Heap gpms

as, f omdaxsimtbies, QedctnitA8inh@én hidldydsSbARBoused) LSRR storage
CRTs, busi ness nachlnes m Ccrowave ovens,

di shweshldings, itshees ;nemhaib? offgea, warFleusss. voukihaps andyehicle
freez erégptekglflé’el b%glg;&? cl%m}ﬁllté} SR rgbrg; efﬁﬁml'urek tz}bles, doors,

dehu I ers, ters,

ref ri garpidrietangeds,Gtretcharls deoffing, deds, Ruibagd a@s, insllawy dgnking
buckets, ice huckets, beverage coqlers, condenser
drip e capg) IRsylafed perishable foedgqntaiasratineplptad ﬂv%yark for

freig kljieatlﬁélgtr?d aik- ‘c‘:&}cﬁﬁ'&hﬁé 8nitd, GRIRE f&b&@?ﬂl(ﬁ‘{)ﬁld construction of

refrigeratton insulation nd the usi ness

equi premiesginshseigeaffrcos) |tcempc(rerygluartempfccamﬁuctmmmmgqlocks and
conput.er .conponents, conputers, |S|on

c o%o 2101 B Sapioer! ol or Rgngfrpolystyrene foam

casin %rm@d Rédskd, ?éﬂlaéeﬁf%hﬁfor Sl R4 oM Br GARS % RANIndiRS Kifaces,

and the Iike), Bui'lding and“constructi on-any
appl i catntsrtoph; itabiictom nichignps, workreonh sefases,dtis boards, sash,

i mperv ous to..nD term i, nf st i on, .and th

e O gD e LB S i s,
cover Sdoo@tdoéﬂﬁkaﬁkes h@lhdbwtﬁa@&éeﬁﬁula@e @hdl Bﬁuct@u@lf\ﬁ{(ﬁng hals,
and shower units, br i dge decks, bridges, over pass

st r uctraiagng wells, sighoveightmpourlkle velitwaysrand persesnel hridessay
S| gns’decﬁ%ﬁ, Mln%pfengé/s, %9(%9 g Ql"rglg carports, awnings, mud mats for heavy

equipment, crane rigging mats, automobile and pedestrian barricades, traffic
cones, guardrails and posts, caution and safety signs, cab and bus stand
shelters, farm buildings and storage sheds, portable buildings, prefab
structures, pre-engineered buildings and structures, cabanas, canopies,
wallboard, portable classrooms, clean rooms, cofferdams, construction forms
for placement of cement and concrete, contractor mixing pans, composite
dimensional lumber, various types of sheeting, engineered lumber and beams,
extruded sheeting and shapes, cast fireplace mantels, roof and floor trusses,
insulated doors, insulated roofing systems, laminated veneer sheets, sandwich

honeycomb panels, noise barriers, pedestrian bridges, garage doors, roofing
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barriers and acoustic absorbent side walls, insulated

structural panels, honme building construction, panels
woéano4msmrer ci al bui |l di ng construction, architecrms204/007800

details and facades, sound attenuation barriers,

i nsul ation, 38 WD 2004/ 081311 PCT/ US2004/ 007800

wat er proofing materials, concrete forns and nol ds,

manuf act uri ng forns and nol ds, structural fram ng

systens, pilings, sandw ch conponents hi

ghwa
del i neshees, §°°%m&sw &% aeadsrssattoldiressysisms. %ﬁe%&&wﬂﬁse%?una
of fic
racet e 8 Katnh BOOE s R BRI flafs, sub floors,
roorumguwsgﬂum@ehﬂaor Ian1nates, woodwor k Ian1nates
dlnenslonal | unb nels di saster an
Afysinglje-ge ﬁtﬁaargaﬁvﬂ ngshy §fﬁ§§1§f@msenc Hice 3R9) syRbappand traps,
procesgjoRg ekt [&ﬁm%%ohl%n&ﬁtesh%%si gﬁs%:el%nﬂbes light fixtures,
operating roons, cleafl rooms and | aboratorie
decontczilingghn bladm; iafrdiiffigers, bantihohesesrs, faf lnougmga,t\eh;bels vanes,

T 8 8 B0 i gm0 v,
bui | di Iﬁ&?ooxﬁQ 'Hﬁl&t@i (r6:RAbIe @hd/oP By clabMl, Paldie Box ! ARHRSAd doors,

door s, alrg ane hangers, stretchers, coffins, beds,
gar bag@rleag arricadas) mrbmg@mhsmqogl diwislers; sepdgand benches, shelving,

i nsul at e foo ntal I t

duct wo ISP Fﬁleﬁ‘ga%%” S%‘gb o O80T %ﬁsf ree%. né Sﬁ’m frays, and the
on- S|ug3§abr|cat|on and constructlon of hones,

housi nﬁ of fices, orary quarters, construction

Hodustiiad dinprsdeigs bHHFdC lileé kigers gnd sygiem.raiioad ey limers, closet
inter r égk a Y

for ms\gl ﬁkﬁ%é{%gﬁ erH e g}:%%e g?l)é%f g(gcﬁgbfgg%%ﬁj d'it'éﬂ% n%’ ise

til ed doatrdl eiglssures pa@she likg)unt er t ops, tabletop
deskt ops, wor kbench surfaces trim bo&e%q, sash

SHINUET .- cyrdiofiered furifyrs Famss.denehes; ChRalp FRpTSatipols,
or na”%fd?lllr]gsgqi’h ApEStan1ed AFise %ﬂ'ﬂﬁ&flﬁr %g@ﬁle Wendow
frames ra

ated and struct I ng panel s,
redhaimerragd iedustrial badkapingipgdtuctsdetea rbasevedikauagrs andithte boxes,
personnel brid decki n railing, .fences, gates
Cor 1165 BRSS! cORRP LB A el 15, Raiagt: fsdble bores
equi p%ﬂtshlp%ﬁ@ \Onidiat, %&té@%&ual%ﬁﬁé'%us@le&ﬂg recyclable
pedestrian barticades, traff cones, guardrails and
post s,packaging mpackiug gt gippisg gwmalnclabcmﬁiemwgulé&, aartons,

EEIE‘: Ejler §§t f% y rgnl?lg)%ls | c%lrt% ge ggxdessa}a R ASunt Stli]oen oxeb %ragkasbang barrels,

collapsible boxes and shipping crates, oceangoing shipping containers,

corrugated plastic containers and packing, custom molded plastic boxes and
housings, drums, egg cartons and cases, instrument cases, folding boxes,
cartons, garbage cans, grain bins, retail store fixtures, shelving, molded cases
and boxes, countertops, furniture, and the like),

signs and product displays (e.g., bulletin boards, erasable boards, changeable letter
boards, clipboards, display boards, boxes, cab nets, cases, fixtures, panels,
racks and stands, tables, trays, light boxes, picture frames, military targets
(land, sea, air), outdoor advertising signs, stage scenery and props, tradeshow

booths and displays, and the like),
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structures, pre-engineered buildings and structures,

cabanas, canopies, wallboard, portable classroons,
wolemrstnons, cofferdans, construction fornms POT/US2004/007800

pl acenent of cenment and concrete, contractor m xing

pans, conposite dinensional |unber, various types of

sheeti ng, engi neered |unber and beans, extruded

sheeti ng and shapes, cast fireplace nantels, roof and

fl oor trusses i nsul ated doors, insul ated roofln

goaedional 50995 kg e BParsraRiPISHE 8K ClubsneANRGES, CREFRISy éalﬁﬁment

oo s SopBBh, SAHTROEES HoBEr B MU S A DR s otes
sheet aind bords, nptabydighelmetsy b'mglslﬁ hshadt§, @itichr Bgorssy/isdimats, elbow

ki o ang BRFOPRISF ST et es B4 R s gpdy oAt ncluding shoes

cabi nef,g boétggslﬁtxs" QicAtkiifrdd BN i % b@llerk Sriffes, slﬁt Iﬁgl%volver stocks,

bui | di ngs, resistan l'osures and systems and
traps, forehmnsj decayandreenbocs| ndidg nglddeso smyw slads, @sq the like),

SR s W79 Tt covlen oSS Bk sFil it FrgBores, toy
wheel ghedt@ReBboxcSRTRIE RHks CANRIL to{y’s ﬁﬁsébag& safety seats and

cabi nets, safety guard covers, paletfe wap
mai | bom@mtpmmsqm@ah@bwbam ¢hairs, caby Gib% b@ds sandboxes,

pal ette_.box, o erhea ars ark i ng_bar.ri

Dot ki P s PR E R RGR Y enicBE 4 bl SEE Spring toaded
shel Viriling alidlals) BEBYS Hohécs) 1[dEking ROMWE] anditte HRENT oom

stalls, reels and stool s, trays, and t he like),

|onagspn1r%ﬁlstmtr¢eul@n(e@t (-2 IHuROR-BRRVENTie equipfaen, WARiewater
syste r{?e?tn[l%t oocﬁlgtscﬁﬁ)u If'tt&eg:s Salbo% %gglta% aid ﬁlﬁfeggg?%dnstorage tanks,

types coat I'ngs, I rri
di t ch pubipisNghntdingrs, andez@nbmsaéquqmérm sisddein, thactbntiba processing,
like), furniture (e.qg., hol stered furnjture franes,

benchd®lp/panss BraspssigaAng ol iRQustrigs ooif §0d BaSPARVRYY i inent,
t abl e%he%ﬁﬁhﬁis%%&faféﬁoge?%h'tﬁé ; and the like),

consuner ustri ‘packagi ng’ products (e.g.
rebdotrical/cleotranio equipment (eqt,hobsing and craodbrpales boxmt paaline
cont ai

ulL.tra-light airfrejght containers
s aPERs e RiRs SRPEHOY HEb PO O S ks, substation
buri al éﬁ@% g e,lé?&ﬁ%ﬁf&'ﬁ*éfﬂ%vav%%ﬁﬁﬁﬁbﬁéﬂt@ eldR B PG Nhures and

packin shi ppi ng containers, cenétery vaults,

car t orlghting enclosures, 3D boards, polyester panel boards, and the hke),

marine (e.g., yachts, boats, jet skis, canoes, marine docks, personal watercraft and
moorings, naval boats, ships, racing craft, commercial ships and component
parts, including marine equipment and motor covers, marine vehicles that
operate in ground effect, marker buoys, mooring buoys, channel,
instrumented, scientific buoys, weather buoys, fishnet buoys, life rafts, boat
fenders, rigid hulls for inflatable boats, dock storage boxes, dingy and water
tenders, floatable paddles and oars, water sport toys, diveyaks, crab and
lobster trap markers, hatch covers, composition boat anchors, dock steps,
swimming platform floats, boarding ladders, pontoon boats, steering consoles,

portable and built-in galley ice chests, refrigerators, galley tables and

cabinets, fish cleaning stations, cockpit tables, life preservers, life ring buoys,
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cani sters, cannons, cartridge boxes and amrunition

boxes, casks and barrels, coll apsible boxes and
wehb@msmyicrat es, oceangoi ng shi ppi ng cont ai neP€T/US2004/007800

corrugat ed plastic contai ners and packi ng, custom

nol ded pl astic boxes and housings, druns, egg cartons

and cases, instrunent cases, folding boxes, cartons,

gar bage cans, grain bi ns, retail store fixtures,

For s 1P 7 a0 SRS Bt Pl sy gotopsive
(€. 9. ,bdatsl p&Hitbéh BRPALEs, dagge%ehﬂs laﬁ@hdﬁiers%agbg%%%ouseboats

letter boards, cllpboards di spl ay boards, boxes,

nets, heabans ship h{tﬂisqu éﬁeg)omﬂbqardm aok $hediie) st ands,
t tar)
B g, KL A it b SRR M bers

stage c&ﬁ@ﬁ@i Yowdis, sPEIRRS, hahdllﬁﬂedib fldAeoFIbatiR Horage docks for
di spl ays, and t he like), 40 VIO 2004/ 081311

PCT/ USPDeierany pd Ogrsopal avaiererafinand Yodidis) (e. g., sports

SRCRTERbn O by Bt <SATRERS: iBATRS JuT Pt Bherors,

bow i ngcresfidnphestticle (RVE Sompd’iﬁnﬁpfaﬁ&mgfﬁllﬁmﬁﬁém | imper
hel met s, blcycle hel mets, .other sports hel mets, el bow

and kHEBfQsPeRE: YlsImppchiriRiorcaNe Siractaia ew@ncwwt%tsa@ty
foot V\Eegﬁllp(ﬁj‘({bﬁt Wi BY SEJB?I?%CPE@&G%O %u?l coﬁ{ﬂo subway

skat eb canpl ng ers

revol \oempsnmtksboxcirsx,roempnmte mdmagdsies smowsdyolm scbotﬂrsn g
saddl es Qowsl andthellk%wghllde )

L oys/ YRy Papglsippeaaue igeesseiics, prllfsaghicls pgorcements,

seat s préthh A8act SARERR P ectioR ¥ront RESERd ARFhRONRSfires, front and

bU|Id|ng bl ocks, al phabet toys, passenger safety seats
and  meafbuaipetss new provuctioeveudbs sl backHitthg@df existing fleets,
chairs rlbs

dbox t abl
o cruefiRR R iaatny dr SR Ry GRine 68t e it enbancing
spri ngriAREe dondsidekidas, MUk the ubiREY b&BF $165 rigi@ flablng

horse, and the |ike corrosion-resistant equi pment

(e. g. vehisles te withstgn h@h@ﬁ lmpaetq withewhlosingstruetwenl antegrity, tire

d
LLS{; gﬁ'l?{é%hr%&sg%ﬁfg%glf Ic Iglents éclo{ﬁ%gg to t%l%:llli h 512 11155% he tire,

var i obstveg tiRnEmt andedtactrdad Suahedlef @ linglOeBissé fibome to a safe
pul p/ paper proceSS|ng and oil /gas I ndustries, oil and

gas r StpNAiey tiesiai e DlowagherEinghiciesnarsg, lssaeiossover,
and thgg thﬁr)&r, and eliminating the need for a spare tire), sun visors, steering

wheels, collapsible armrests, wheel covers, running boards, thermal and
acoustical automotive insulation for firewall, roof, hoods, doors, floorboards,
occupant interior cab impact absorbers, pillars, door panels, roof, dashboard,
backside of front seats, seat frames, lined rear fender inside panels with
invention materials, trunk lid and floor, backseat anchor panel, around gas
tank to help stop frame point anchor penetration ruptures and fires and absorb
the energy caused from rear end collisions to the vehicle, side impacts, side
intrusions, truck and vehicle bumpers, automotive and commercial, industrial
equipment, cab bodies, floor mats, railroad cars, car stops and chocks, armored

cars and trucks, custom trailers, vans, vehicles, dashboards, aircraft, boats,
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el ectrical/el ectronic equi pnent (e.g., housing and

circuit breaker boxes, pole line hardware, electronic
woamm@siilons and insul ation, rods and tubes, SBOTHUARG08K07800

equi pnent, el ectronic m crowave conponents, electrica

encl osures and [|ighting enclosures, 3D boards,

pol yester panel boards, and the like), marine (e.g.,

yachts, boats, jet skis, canoes, marine docks,

per sonal tercraft and noorin naval boat :
raci ng&&?s\gal’c‘p 518]:9%@? cqvars. app gad g% el Siaesst ca %18? Ofa cars,
i ncl udi,penEehAs) eneidiREENt and notor covers, marine

vehi cldrgs ?gg oré)er atfekré?n ground effect, marker buoys,
rmlvirbmgelhtalé\yale\m*canlm@tmenu (agt, n,mmralefcb,ndqmlrtahlemémmldary spill
buoys, at er et buoys, life rafts

£ on oy SNBSS Tl At tion ) ascideSis oo dicontanination
St or agRaLBANRIntatiAEH sPEmNaIRfing tARUSS floAtiRacdbelagoon
paddl es and oars, water sport toys, |veyaks crab and

| obst eroversapodulekienks, fhiates sluos gites, webrgatssi stop fogsofeating

anchor ock e platformflo

poar a1 dr5 gt S BBaES R L bt 2og ath. Bresp R hecisigs and

por t abjoRe@Nehultas] tdoling vaal Higystércenie®@eidStunnels, field erected storage
refrlgerators galle tabl es and cabinets, fish

cl eani tAgkssfigh fasmug t@d@ fshpopds|flegts fof eid spiflaseavenr systems,

[1Te RGBS g ME 2094 ARG PCTEHS2004 QTR0 vl

rigid sal ' boat's ing balt an
Iures mﬁMﬁmhhﬁﬂders col I apsi bl e boats, pontoon and
dec ger boards and rudders for ai | boat s,

{ﬁ Care§: Case @vaﬁ ReAmes for mr@s Blftagupment, orthopedic

, a| | b p%l‘i’l? TorX;
f ol di ;%fvﬂ:%s tab &EE dlé %Able %qmoél te ﬁﬁct)ogrl Epg%d soon.

tlnbers canoples covers shelters, handrall d|V|ng

I tin cks f.or ra
01071 O SR S DRk ik SPLATE: Sotcen

thereb§ ﬁlcﬁlde ?éﬂa%‘éﬁ'o&‘ﬁuﬁtﬁﬁ@?&%ﬂ %‘z‘ruétﬁféﬁ‘en?f%i;b%meﬁ%ét Soulr@PRofing,
tperl ors recreational vehicle (RV) conponent s,

lnsulatfcms Wﬁt@goreqﬂmg; nemtﬁrtwmnnmmglmbbr seimening popliesviersp swfboards,

rcenment, .structur cenent,s,

hot tubgglaﬂq aﬂ%%o(versbgg(oéglg tgﬁﬁrﬁpﬁaﬁlétug% aﬁ% ?{éllxgts sliqrggen%a}gks, automotive

compoftH YREvh A, wa‘ié&’@%con%ﬂé@t@ efdshe fRXCAr s, CO“’DOSi te -
railroad ties, notorcycles, scooters, autonotive

panel s, appearance accessori es, police vehi cl e
[0108] rel %%Ecco?g%& Svith additional embodiments of the present invention, the above-

described articles can be further modified in a variety of ways, depending upon the end use.
For example, a fireproof coating, a non-slip coating, a wood facing, an acrylic layer, a woven
fabric facing, or the like, can be applied thereto (see, for example, Figures 7, 8 and 9). The
article can be formed into a predetermined shape, or the article can be subjected to sufficient
compression energy to reduce the thickness thereof. Desirable shapes can be cut and/or
drilled into the article, the article can be ground up for total recycling, sanded, planed,
shaped, drilled, compressed, routed, or the like.

[0109] In accordance with still another embodiment of the present invention, there are

provided articles produced by any of the above-described methods.
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prefab inpact units for protection fromrear-end

inpacts and fires, front and rear bunpers, new
wonodosiiion vehi cl es and back-fitting of existPagus2004/007800

fleets, reinforcing nonocouge body designs,

rei nforci ng cages design and enhancing crunpled zones

desi gns, nmaking the unitized body nore rigid, enabling

vehicles to withstand hi gher inpacts w thout |osing

structural integrity, tire doughnuts, wth

rei nforcenents according to the invention inside the

tir nd _cont act ead surface
(01301 ¢ T pocEAIEE B Al AR RY oA oF IS iaP Eion, fege axe
providddahéittib® shmaMiovaticnralvedtoing cbj bSiteEmBWRAN hBGing lARMIced
crossover, and rollover, and i mnating the need for

propeﬂ@Sslﬁﬁlﬂlém&arc@}‘ﬂpr%ﬁﬁwn\m@,@ﬂ@ of gt &f@ﬁﬁ 2%00%@1:1@ a flexural modulus in

o) n|n . boar ds,
the ran (gra%gﬁﬂ ac oﬁ &% i C é#\kﬂ b t | v ﬁftfr’%% & or
tombindigd porommhatehmlanlﬁh a gaoperdting@obaaértiable cOfifpeRaiitio

interiqr cab |npact absorbers, pillars, door panels,
produc 3 Bre-PIYRRMEAPE MXhacksi de of front seats, seat

EiRoR R thd gﬁ%oﬁﬁﬁ‘fngaﬁgﬁ iih 'théddlqlﬁloglggﬁllta?olé/\{ot low the gas-

I nvention ter frun oor, backse

generatinggiodymeamble, coapouerd tgaslynicaink, thacbeppdatiag afchadeticle, and
oi nt anchor penetration ruptures and fires and absorb

thereafipy o oner gy caused fromrear end collisions to the

Mﬁﬁﬁé&llhg’thesétﬁié‘d hRBRGb Som ?fe@ﬁon ngs&hlé P rrgfgretb%b&ﬁ% 10, 10-40,

bunpers, autonotive a comrer Ci i ndustri al
40-80, &Lo% ri@ﬂ't400£:4509 8 80-1600,d6003808,, 300813000 ad 5QR0-30,08Gpsi or

d , car d truck t
nigher B} 8 BienGE 76 ye ARERLE o blf B itieed MRS RALA EDo BN
42 WO 2004/ 081311 PCT/ US2004/ 007800 shi ps, ship hole

ick covers, auto and boat battery cases, cable
[0111] gona?btpsa of gkidl in theoart eam eadily, detereninheonditicats suitable to allow the

s AR PSS ol B
upon thb ez lod pulyniveizelle 3bmeigdnt efboyad dP IS ERMaABI, &t dx@fple, once the

materi al contai nnent systens, floating t ank tops,
various CoRReReHE %fé\/ﬁﬁléurﬁta@éfowm@é@ eqrsbinge wyilldypicalidgitiats enve st

relative Igz}\% ferr?d%?a%zlief & 1}1 gl?ebr%g%soit ﬁyg)u} %%Biate{r{;?gra i{ﬂa gadaéngSOC) up to

about 76€9spool s, cisterns and covers, chutes, cooling vats,
di gester tanks, wi nd tunnel s, field erected st or age

{0112} In accordance with yet another embodiment of the present invention, there are
provided methods of making structural and other composite materials having a compression
modulus of at least 20,000 psi, and a flexural modulus in the range of about 10,000 psi up to
about 14,000 psi, the method comprising:

subjecting a pre-polymerization mix comprising particulate material, at least a portion
of which is porous, and a foamable polymerizable component to conditions suitable to allow
the foamable polymerizable component to polymerize, thereby producing a cured article, and
thereafter

subjecting the cured article to compression pressure in the range of about 5-10, 10-40,
40-80, 80-100, 100-400, 400-800, 800-1600, 1600-3000, 3000-5000 or 5000-10,000 psi or
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tanks, fish farm ng tanks, fishponds, floats for oi
spill recovery systens, I|agoon liners, |andfil
woOioErs31oi | spill recovery systens, sol ar col PETUS2004/007800
panels, and the like), nedical/healthcare (e.qg.,
casts, fittings, casings for nedical equipnent,
orthopedic devices, prosthetics, disposable splints,
furniture, and the like), and so on. [0107] Presently
) preferred applications of invention nethods and
higher fort4 tithe suffieisatios the artide ébgehiswel theidesived phyueal gronsttics.
bui | di ng panel s, structural reinforcenents,
soundproofing; insulation, waterproofing,
[0113]COouITh@Eé@dsce SMhngtilIN@othed tdbodimcATd Mfe paséntdmwation, there are
_surfboards, _ hot tubs, hot tub covers, cooling towers, .
providgrhmgthers of Waline stregivebandsqtherrgamosiix Bategiglsdging Acompression

o | : t s, ;
o YNGR 00200 AL LB ORRERFan oA 100 e
about 0f,000hei,phesethbdicomeritingn, the above- descri bed

articles.can be further nodified in a variety of S

depeHbicREPEBeTrEhartiglido GemPresHgR PRSI Pl_ze’fheam}v%eroefﬁ% 10,
10-40, gg%tg RE.108 109N0d! hib-86R 18008608, MRRB 0L (19-500 o@%gmno,ooo

yef, a woven fabric’facing,” or the like, can b )
psi or kigindrifeda time seffisichs & the aticletarghieve the desied physigalgpneperties,

9). The. articl .be formed into.a predetermned .

shapdereip M aifed fEleds Prendisd by shPleRitk s P T PR Rp mix
comprigMIYa ARl AEARERD Yt felst h§duEch sMehith isHoress a2 F@dable

Desi'rabl e shapes can be cut and/or rilled into the

polymegizabls| compohentae eonslittons shitatde i dlavethgdodraeble pelymerizable
recycli sande | ane h . drilled,
°°mP°8%%ﬁ%? Bét&%g?%?’gﬁ?rdbd‘}f 19r8 ?“?lﬁ% tl}eis’%ge%e%mlggi I n accor dance

with still another enbodi nent of the present
i nvention, there are (frovided articles produced

. . \ S P by
[0114]any Bre ipyratign ovill ngwderdepaibedar gerater dgnilyyloisdurips 18 the
/ 0110] In accordance with a stil
:mﬂowggi@ﬁgﬁggﬁggg%%@%% gf thL present invention, there are
provi ded net hods of naking structural and ot her
conposite materials having Enhanced properties,
i ncluding a conpressio Lof at least 20,000
psi, and a flexural nodulus in the range of about
10, 000 psi up to about 14,000 psi, the method
[0115]c onBevsrahpolyceitana forupeions sverepreparad favibléndimg with porous

materi fil]za o aita %wQ ttﬁ%}'}g)é%er& %nz‘%{t}){%ﬁ?% gg&%&? ¢ tu?atiog,r ﬁijfill%%d?ents (of
each cdﬁ%@érﬁzﬁb%é ARIILERY o $10scaastichd ABEnSHUt! ABh Blch@edhdyw

gas- . . .
constant agitation for 1 to 2 hours, depending on the batch size. No heating was required to

carry out the curing process.

Formulation 1 (BLACK/Fire Retardant)

Wt. % Range
Component A — Isocyanate:
Diphenylmethane Diisocyanate (Polymeric MDI) 88.5-94.5
Trichloropropylphosphate (Fire Retardant) 5.5-11.5
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generating pol ynmerizabl e conponent to pol ynerize,
t hereby producing a cured article, and thereafter
weubj4msiiing the cured article to conpressi on pPETAISLE4/007800
in the range of about 5-10, 10-40, 40-80, 80-100,
100- 400, 400-800, 800-1600, 1600-3000, 3000-5000 or
5000- 10, 000 psi or higher for a tinme sufficient for
the article to achieve the desired physica
properties. [0111] Those of skill in the art can
Companeg kyP@Eﬁern1ne condltlons suitable to allow the

G ”h; c%ew%;é;% IR R R TR 53 %

npl oyed Pol yur et hahéd2-5 or

LEXARY &g various conponents of a 0.1-2.50
ot 3@@1%%%@@ (DMEG“%( Gatilsed, will typical §35-1.2
i Wpter dblewingrfge) relatively mild tenperaturesdgil.®e.,
isli¢dme Suafacfentof about room tenperature (about @BELP.up
tBiackabignient’/@CPolyEthéARYIydIndigeesisilance wi th yet @mqtyer
enbodi nrent of the present invention, there are
provi ded net hods of naking structural and ot her
conposite materials having a conpression nodul us of
. 000 psi, and a flexural nodulus in the
Fomul?g%%g%ﬁ‘%gut 10,000 psi up to about 14,000 psi, the
met hod conprising: subjecting a pre-polyneri zm.o;gmée
onp articulate material, at |east a portion
COH@OS’nWL j 8 a%rous, and a foamabl e pol ymeri zabl e
SR REEN ions suitable to allow th
foarrgb nBﬂf/:{r%rg?@%bl e component to pol yneri 2300'00
t hereby producing a cured article, and thereafter

subj.ect the cured article to conpression pressure
ComPOPﬁ“qjtﬁ‘E) g’%be of about 5-10, 10-40, 40-80, 80- 100,

PQ%/B&QQPO

50

Qp(sg%se/%oj‘ﬁ%db%%gsooo’ 3000- 5000 or
B Op§ 9% lb?j 5 333' glh% for a t,ll’frélsuffi Ci e@lz'sg?r‘s
glc ar g% 0 ach 8 desi red physi cal 5-13.5
rog%?y ¥ 113] .In cordance with still afdihkp
fsLsjer txmf"f?e(ba\’l égiﬁa? W$ntion, there ar@®35-1.0
¥ ded met hods of maki ng structural and ot h&20-1.3
eigps Aminaiiatalysl s havi ng a conpressi on  nodol25s].pf
rganearfagenio@0o p8iMoland a fl exural nodul us i 0.35he7
range of about 10,000 psi up to about 14,000 psi, the

nmet hod conprising: subjecting thecured article to
conpression pressure in the range of about 5-10,

Formulation 3 (NATURAL COLOR)

Wt. % Range
Component A — Isocyanate:
Diphenylmethane Diisocyanate (Polymeric MDI) 100.00
Component B — Polyol:
Sucrose Amine, Hydroxyl # 350 30.5-42.0
Sucrose Amine, Hydroxyl # 530 45.0-60.0
Amine Polyol, Hydroxyl # 600 2.8-9.0
Water 0.20-1.3
Silicone Surfactant 0.35-0.7
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10- 40, 40-80, 80-100, 100-400, 400-800, 800-1600,
1600- 3000, 3000-5000 or 5000-10,000 ©psi or higher for
wea 2481 Bufficient for the article to achi eve PO®US2004/007800
desi red physical properties, wherein the cured article
is prepared by subjecting a pre-polynerization mx
conprising particulate material, at |east a portion of
whi ch is porous, and a foanmable polynerizable
conmponent to conditions suitable to allow the foanable
pol yneri zabl e conponent to pol ynerize, thereby
I%nnu&h%ﬂﬂp'ng the cured article. [0114] The invention wl|
ow be described in greater detail with reference to
the follomnng non-1limting exanpl es. EXAMPLE Wt[ BRAlge
Sever al uret hane fornul ati ons were prepared for
COKWQﬂ%ﬁﬁ% a%/‘W'porous material in accordance with the
hnbﬁ;\éﬁélbh%byaﬁa% (EAghehOfmhation, all  100.00
|ngre ients (of éach conponent) were |ntroduced into
a cl osed systen1n1X|ng pot, then bl ended under
C conﬁﬁqg% a itation for 1 to 2 hours, depending on the
OmpaysH 19 No heating was required to carry out the
qqglrohmcg:rowqg drb@fisagsat i on 1 (BLACK/ Fire Ret a3deusd)o
W1yt RadR 7@1‘%01@1@&)393&1%%81#37@ phenyfdeikane

meric NI
E@Q Eﬂek%sphate (Fl re Ret ardant) 5. 5- (%84%05 45
%%{g%m 00 Conponent B 4 35.1.0
ose/ d ycol Bl end
B“%Aﬁ?}ﬁ 73 1 93.4 Pol yol Pol yet &t
6@ Hydr oxyl # 265 8.4-12.5 Tertiary Am ne 0415
(Catalyst) 0.1-2.50 Dinethylethanol Am ne (DVEA)
(Catalyst) 0.35-1.2 Water (Blowing Agent) 0.4-1.5
Silicone Surfactant 0.08-2.2 Black Pignent (in

FormuRoby &t(0ae (Raipoakntdicspelasiveyd) 0.3-1.5

Polyol Polyether Triol, Hydroxyl #34 42.0-50.0
Diphenylmethane Diisocyanate (Polymeric MDI) 42.0-50.0
Plasticizer 10.0-20.0
Diamine Catalyst 0.01-0.2
EXAMPLE 2
Performance Properties
[0116] Several polymer systems useful in the practice of the present invention were

prepared and the performance properties thereof evaluated, as summarized herein.

[0117] Formulation 1 described in Example 1 was used to produce a two component,

rigid, water blown polyurethane structural material. This material provides superior

performance for applications requiring a hard or tough surface, and is a cost-effective

replacement for wood, thereby finding use in a variety of industries such as the furniture

industry (e.g., for manufacture of furniture, cabinetry, and the like) and the picture frame
47



Formul ation 2 (WH TE) W. % Range Conponent A -
| socyanate: Mdified Mnoneric MO 100.00 Conponent B
wo 20alogad1l  Pol yet her Pol yol (Sucrose/ d ycol Bl eqd)usERd4/007800
Ti p, Hydroxyl # 375 to 400 82.5-91.5 Polyol Polyether
Trial, Hydroxyl #250 5.5-13.5 Silicone Surfactant
0.08-1.5 D nethyl ethanol Am ne (DVEA) (Catalyst)
O 35-1.0 Water 0.20-1.3 Tertiary Am ne (Catal yst)
I
busines G 44 B 419 ARV GOS0 o oSG i

e R T B A

presentdddn @ahle 1# 350 30 5-42.0 Sucrose Am ne, Hydroxyl #
530 45.0-60.0 Am ne Polyol, Hydroxyl # 600 2.8-9.0
Water 0.20-1.3 Silicone Surfactant 0.35-0.7 46 WD
2004/ 081311 PCT/ US2004/ 0Q78390y Fornulation 4 W. %
Range Conponent A - Isocy'am'e D| phenyl nmet hane
Di i socyanat e (IBOPNKEL PEYINCAT FROEN

(For Compeonents) TEST METHOD Component A  Component B
Viscosity, cps ASTM D-2393 100 - 200 1000 - 1400
Brookfield LVF,
Spindle #2 @ 12 rpm
Specific gravity ASTM D-1638 1.2 1.04
Weight/ gal. 1b 10.0 8.68
Mix ratio by weight 52 48
Mix ratio by volume 50 50
(For Cured Material)
Density, 1bs./ft.? 10 (other densities also available)
[0118] The cream time of the formulation was about 30 to about 60 seconds, and can be

modified by adjusting process conditions or through the use of additives. The rise time was
about 2 to about 4 minutes, and can be modified by adjusting process conditions or through
the use of additives. The shelf or storage life of Component A (isocyanate) and Component
B (resin) can be maximized by maintaining the materials at a temperature of from about 65°F
to about 85°F. Protection from moisture and foreign material is afforded by keeping storage

containers tightly closed.

[0119] Formulation 2 described in Example 1 (IPS 3001-10LV) is a two-component
rigid, water blown polyurethane structural material. This material also provides superior
performance for applications requiring a hard or tough surface and can be used as a cost-
effective replacement for wood. Parts can be easily molded out of urethane—based materials
that otherwise would require labor intensive carving or lathing. Typical physical properties

thereof are summarized in Table 2.
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Component B - Polyol: Aromatic Polyol, Hydroxyl # 350

37.0-60.0 Pol yether Polyol (Sucrose/dycol Blend),
weélzdmsidil# 370 60.0-35.0 DEG (Diethyl ene A yeoir)us2004/007800

1.5-4.0 Silicone Surfactant 0.08-1.5

Di i net hyl et hanol Am ne (DMEA) (Catalyst) 0.35-1.0

245(a) HCFC (Blowi ng Agent) 0.4-1.5 Witer 0.4-1.5

Formul ati on 5 (One Conponent Formul ation): W. % Range

Pol yol Pol yether Triol, Hydroxyl #34 42.0-50.0

Di phenyl met hane Dii socyanate (Polymeric MDI) 42.0-50.0

Pl asticizer 10.0-20.0 Dlahleie Catal yst 0.01-0.2

EXAMPLE 2 Per Tamiarde PRIl BROKARBIESever al

pol ymer systens useful in the practice of the present

(For «,bﬂ?%ﬁ&ﬂ@ were prepgrednangatohe peré¢enpenas 4  Component B

Visc ties thereof evadpgtredzons summappzedoher ei n2400 - 2600
Formul ation 1p %ﬁéfd |n Exanple 1 was used
to produceatvvoc d wat er bl own
| yur.et hane struc égf ! Thi's eri al
Speﬁ #9485 superi or for appl r[g%ti ons 1.04
Wei &%erlﬁ a hard or tough surface and i12% 8.68

Mix xatiet - ef fecti ve repl acEewigitor wood, the¥eby finding 43
use in a variety of industries such as the furniture

(For Cunetlbfatsrigle. g., for manufacture of furniture,

Densttgfliiyeftt.y, and the |ikeB5add the picture frame 47 WO

ShoreDAdt&Rss311 PCT/ US2004/ 00[(BO0 busi ness. Parts can be
easily nol ded out of urethane materials that would
ot herwi se require | abor intensive carving or | athing.
Typi cal physical properties of the cured material are

[0120] pr eskhetnsicttire cAinbd kant. mikad wathia jiffy mixer (3 diameter) at 1,200 rpm.

The cream time of the formulation was about 180 seconds, and can be modified by adjusting
process conditions or through the use of additives. The rise time was about 60 to about 70
minutes, and can be modified by adjusting process conditions or through the use of additives.
The shelf or storage life of Component A (isocyanate) and Component B (resin) can be
maximized by maintaining the materials at a temperature of from about 65°F to about 85°F.
Protection from moisture and foreign material is afforded by keeping storage containers

tightly closed.

[0121] Formulation 3 described in Example 1 is a two component, rigid, water blown
polyurethane structural material. This material also provides superior performance for
applications requiring a hard or tough surface, and can also be used as a cost-effective
replacement for wood. Parts can be easily molded‘out of urethane materials that would
otherwise require labor intensive carving or lathing. Typical physical properties thereof are

summarized in Table 3.
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TYPI CAL PHYSI CAL PROPERTI ES ( For Conponents) TEST
METH( DI D) Conponent A Conponent P Viscosity, cps ASTM
wO2089813100 - 200 1000 - 1400 Brookfield LVF, pSpiuseioa/007800

#2 @12 rpm Specific gravity ASTM D-1638 1.2 1.04

Weight/ gal. Ib 10.0 8.68 Mx ratio by weight 52 48

Mx ratio by volunme 50 50 (For Cured Material)

Density, Ibs./ft.3 10 (other densities al so avail abl e)

[0118] The creamtinme of the fornulation was about 30

to about 60 seconds, andIabl¢e e nodified by adjusting

process condi TVBREASr PHNSOGAM PROAERTIES addi ti ves.

The rise time was about 2 to about 4 minutes, and can
(For CR@pbRéity ed by adj uSEIWMETHESs Ccombrmponmtor t Taugnent B
Viscdsf? ,dg@e of additivesaghhg rshedd or staqoageodife of 1000 - 1400

Co nent A (i socyan@ogkﬁgai\@monent B (resin) can

be maxi m zed by ma . terials at a
Speci eg{per.ature of fro%%ﬁé@? ?é%tngaabout 189F. 1.04
Pe.CIEF Fion from nois hd%Fbr ei gn mféial is '
Weight gal fod by keeping storage. containers g%l ghtly 8.68
Mix 5gfigsed. [01191 For nul aP¥8#'8 descri bed i1 Exanpl e 1 43
Mix Hi®S 3001- 10LV) is a tWovels@sonent rigix® water bl own 39
pol yur et hane structural material. This material also
(for cupebmiatkatallsuperi or performance for applications
Densftgdbd /i ng a hard or 10¢obr dousitiac alsanvhilzble) be used as a
cost- effective replacenent for wood. Parts can be
easily nolded out of urethane-based materials that
(0122 0! N AREV ML B BRI RatiGPRhs MthPASERAE AN I bOModified by
. lypi ca

| at hi ng physi cal properties thereof are
adjustisg pooeess zentitionsTaiheugh tht8ise\of 20ty8 e tise time was about 14

inaeg Gy RS0 Tl 2 TP A A A RO e

The shelf or storage life of Component A (isocyanate) and Component B (resin) can be

maximized by maintaining the materials at a temperature of from about 65°F to about 85°F.
Protection from moisture and foreign material is afforded by keeping storage containers

tightly closed. Fire retardant can be added to the formulation.

EXAMPLE 3
Making an Exemplary PetriFoam™ Material

[0123] As discussed above, the proportion of ingredients in the reaction mixture depends
upon the desired physical characteristics of the end product and hence can not be specified in

detail without identifying the final application of the material.

[0124] Invention process can be carried out in both batch and continuous mode. Batch
mode can be carried out as follows. An amount of porous particulate material (e.g., expanded
polystyrene beads, or polyethylene beads, or polypropylene beads, or mixtures of any two or
more thereof) sufficient to overcharge the mold volume by ten to twenty percent is placed in

a mixing vat. A resin (e.g., isocyanate reagent) is mixed into the beads with agitation until
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Viscosity, cps ASTM D-2393 200 - 300 2400 - 2600

Brookfield LVF, Spindle #2 @12 rpm Specific gravity
wOSTMoBR31638 1.2 1.04 Weight/gal. (Lbs.) 10.0r8T&82004/007800

Mx ratio by weight 52 48 (For Cured | aterial)

Density, Lbs./ft3. 35 - 40 Shore D hardness 10 [0120]

The m xture can be hand m xed with a jiffy mxer (3"

di aneter) at 1 200 rpm The creamtine of the

f or mul at t.180 d can be f
cach ingly 0] bag g Do b SEL N ARG BF S oL ipesroele @fing)
reaoentqg ﬂieh'aﬁ@&i togf?@re"si all 'ngﬁf | e%ncﬁz;l e B4he RQoh@maki] # glycol has

nut es, can justing process
been emnoﬂmtnbmlsd drroughouugie rhixaires Eh@polamﬂzmmeactmh@ogmmes

BT R NN —
which ﬁa@ %eéﬁ?&@a‘ié@\kfﬁh akuifati S FRELALEHNE iR bn bLUNIRRA Lf&sh@o'iﬁota@sure

about Protection from noi sture and foreig
sufﬁmenaWerklw tlmg ferf filling e phyts kEbpinradd snidorags. ddisr gheﬁgqalg is filled, it

s ctose Qe RSl LR b B s s
The md¥@ béﬁ%@éﬂb@@@ afbér A6 HUTBhp 15BEbRGE 30 minkiéss défRhmigalpoa hefre of the
provi des superior performance for applications

mixture aflihe aﬁgleaprnva@tanairprmm Eherfraesss camidor he reeaisd prprepare

aadiiolf % & it G e e SRNETRET lred B IBhicE

charactlwﬁﬂ,ﬁhcd aftert db@ﬁwmtyf fauhoers) ahecuring poséss eat be uéartpraied by

at hing. Typical physical oper ies thereof are

adding supRlemeraldicr{o i s ander GIPLFSA!S- ,
PCT/ US2004/ 007800 Table 3 TYPI CAL PHYSI CAL PROPERTI ES
(For Conponents) TEST METHOD Conponent A Conponent E

[0125] Vi sOMlsért wsingeths oASTdhpbRBORHORtion, 206 pho@edure islsl®Btantially the

same up to the point where the resin has been mixed with the porous particulate material. At
that point, a stoichiometric amount of water (to effect cure) is sprayed into the agitated mix,
the final mixture is added to the mold as described previously, and the mold is closed with

compression.

[0126] Preparation of invention materials in continuous mode can be carried out as
follows. One or more storage tanks are provided containing porous particulate material, one
or more tanks are provided containing the components of the gas-generating polymerizable
component, and one or more tanks are provided containing any other components to be
incorporated into the finished article. Each of these components are metered and fed to a
mixer extruder, either in a single mixing step or in stages (e.g., the isocyanate precursor of a
polyurethane resin can be blended with suitable porous particulate material, then polyol
subsequently added thereto). The mixed blend of components is then delivered to the site

where formation of invention material is desired.
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Brookfield LVF, Spindle #2 @12 rpm Specific gravity
ASTM D-1638 1.2 1.04 Wight/ gal. Ib 10.0 8.68 M x
woabimsisiiwei ght 52 48 M x rati o by vol une 50P&0/USEF0@007800
cured material) Density, Ibs./ft.3 10 (other densities
al so avail able) [0122] The creamtinme of the
formul ati on' was about 4 seconds, and can be nodified
by adjusting process conditions or through the use of
additives. The rise tine was about 14 mnutes, and
can be nodified by adjEB¥AMBLBAocess conditions or
through the use of additives. .. The shel .St or age
life of ﬁé&‘ﬁ%ﬁ%‘*ﬁ? roperiies i JaTeRtigy %§H8t%%%%%%% B
(resin) can be nmaximzed by maintaining the materials
at a tenperature of from about 65F to about 85F,
[0127] Pr oStustimhnfatesialsmosrared accarding ©rihe Given@QeYFig supiscted to a

. .. afforded by .keeping .si.Q . ' [ 2
variety §f 58556 Ity B RH BT SGRRE %) Suplid M Table 4. The
material @bEplephic@NsinE¥AMRAE] Bolyblytdng bandstueingl adiymBet of F6amiidnd an
Material [0123] As discussed above, th éﬂro ortio%p%£
IPS urethage suktars GOv-% Ha0 Méae) Méh @@plhl@k&ég BEctardap The
' or:1 Rkt | endnBied
beads VAFERES BIHESHGTR of G BREL Q5T df e PiphEr PREBLY e tsts
were condaéttd fvideardahe Withh Almeajoph Soeitiydior Béstingendddatenials (ASTM)
0124] Invention process_can be carried t in both
standar wmlmlﬁﬁ@mm@m@mww%%%@%%w LFray
. out as faol |l ows. .An anpount. u ' ™
sy g s O, S 0 G R B HAEY bl omm b
structurBPhf @AM WRe cRgadsd foR ooy mice phiraderifieaddatiny to thermal
m xtures of any two or nore thereof) sufficient to
conduc@vity, otriergesistacenpged styanetivdatigreresistang ey RERCyrepisiaaesnd sound
" ﬁlaced in amxing vat. Aresin (e.g., isocyanate
attenua %%gent) is mxed into the beads with agitation until
50 WD 2004/081311 PCT/ US2004/ 007800 each i ndividua
bead has been substantially coated with the resin. The
macr ogl ycol (curing) reagent is then added to the

resin/bead m xture and m xing is continued until the
gl ycol has
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been evenly distributed throughout the m xture. The
pol yneri zati on reacti on commences wth the first
wadadi4tosai1 of the glycol. Preferably, the mater Pai/uiSs004/007800

noved to the awaiting nold, which has been coated

with a suitable release agent, in an expeditious

fashion to assure sufficient working time for filling

all parts of the nold uniformy. After the nold is
filled, it 1is closed toéﬁéfql#e conpression of the

m xture as the polyureth Xt ure generates gas.

The rord canmsfmpenegnafsmm PROPERAINT S0
L T d
arti c%om&% Ler| a‘(’g&grepare{gS f !‘e processﬁt:sgn then be

d).:\ nnnnnn a Hienal—artilcles—or nmateri al

re e C |2 U AT C I L9 A= < .
Anpart ‘?5?@‘3’?%01’9% eé]igg}ly fuI‘Af*%/TMl}r@% to fidid physi cal
char 4di 8% ¥F3WsPHAf t or about twent y-flour _hours. The
cur i nd-preesssen Madulbe accel/YEYIdG2by  ad@boQ
suppl|@sental heat to thg forns and/ ¢r the liquid
conpqriiatisal Niodhidad, pWihen |usi AETNIGo0ME 16,00P-00000
f or mjlm&hen. SitRgthpphcedyr e ixxT3HBSH ANt 1 ghdy7§ne | same
up tQ el R0kl IOET € THE T A g [0eeT T Xed W th
MUY DT i Vo T TP L W
Spr ay hrﬁ’lﬁsﬂlﬂﬁR@ﬁQ I d-m e thelfi n:-'nIO xturk is
added ReEsiREbIR) d as dedcri hed previlousl y0-5and the
nol d |ilhegnddeanduptivity*corpr e Byi Bourief 0126] 0.082par at i on
of invention materials ijn continNumwa$ node can be
carr i| 64 Watér ASsorftidinliaws.| One or nopé stor@age tanks are
proviigadigi@st ai ni ng porqus particul ate material ,| one
or MpRf@RgAT € Provi ged containi g the TRon nts

of t %aﬁgl?eﬁ&]sﬂrﬁ%*”g EU ymerizabte Lr,‘uupugucm; and

one ¢t _fof KRS are frovi-ded—eent-p-A-hyg her
COﬂ'p( mpactt‘izfeﬁls *ﬂﬂCO::F orated intolthe ?I%Eﬂ%

arti ISWMﬁﬁnwloﬂ ese donponents are net e@gHend fed
to a RTREPERPTBHEF™ either in a single mxing step
or in stages (e.g., the isocyanate precursor of a

pol yur et hane resin can be bl ended with suitable porous
parti culate material, then polyol subsequently added

thereto). The m xed bI end of conponents is then
[0128] d el |T‘bé tastireswlts preseateddn Tahlerde andtheelaxoral ofodithws end campression

tost resq Rt el iR Rt e e S Rt Bafhimomrs g ssuctyrel

material s PoSidsk Sipesiof pétothhcdeHalctsficd Skifdpetibd Ciy é\lﬁs ary tests
material s 5_51\& ared according to the i nventl on

conducigd ppcdededdd 621, “Compression Testing of Rigid Cellular Plastlcs ; and
ASTM 790, “Standard Test Methods for Flexural Properties of Unreinforced Plastics and

-+ -

Electrical Insulation.” These tests show that PetriFoam™ brand structural materials have
many times the compressive strength and flexural strength of most polyurethane foams and
styrofoams. Typical polyurethane foams have a compressive strength in the range of 40 psi
to 100 psi, while typical styrofoams have a compressive strength in the range of 5 psi to 30
psi. As demonstrated by the data provided herein, PetriFoam™ brand structural materials can
be made to exhibit conclusively superior materials that can deliver exponentially greater

strength characteristics than conventional materials.

53



variety of tests to determ ne the physical properties
thereof, as summarized in Table 4. The material was
wonrepasexdi usi ng expanded pol ystyrene beads havPag/ua2004/007800

dianeter of 1.5 nmand an |PS urethane m xture (50
w.%/ 50 wt. %9 with carbon black and fire retardant
added. The beads were added to the nold at an excess
(115% of the volume of the nold). These tests were
conducted in accordance with Anerican Society for
Testing and Materials (IRSAMPLES? andards to deternine
the strength and <Gy LiEoamiM br and
structural matePR B By EIJI'eﬁlél’s:ressi on, flex,
strain and shear. Additionally, PetriFoamlIM brand
structural materials vverg eval uat ed. f or. perforpance

[0129] ¢ ha rARICEFRIGHENEIS VYoEE BIEPAIGY (Rt 585 SRItISUESHA becmplgxpd with
t ! e .
standaMB 8115, (Rt 3RA th? §%E@fﬁ§ﬁ‘ﬂ§?@ﬂﬁ@ﬁl‘fﬁ%@d fr%%%@%ﬂﬂ%%arry a

i Mpact resistance and t enuat’i on.
fabric QOBUGREGRVETTHSRDOLTCcO PABE 0 Combritmnd]l pRRSIE AreSTohsDATREN out of

L NN R R —
L O

AssemBlingalythe papsiis lJASTNh 286 vE 8t &1H ex@insavien Also, Bhippingeas e®pensive
. SIM 790 4 Shear .Mqdul us §)si NET 5611869%185
since s ISk RANES AT G I IoRsaY PR IBIESOn Bt B PaRRly Shgh as by
nonnaﬁ%ﬂg lﬁg&ﬁpyﬂgt, ¥ausBY tHeQafticdbolrdd3 dweliand e N8l 8" PAREY B dr&from
in

materials according to the preferred embodiments exhibit superior water resistance, weigh

less, and can be inserted into conventional frames using conventional fasteners.

[0130] A mold was fabricated with suitable inside dimensions using one inch Douglas
Fir plywood as the base, two inch angle iron welded in the corners for the sides and four
pieces of 1°x2’ steel plate hinged on the one long dimension of the angle iron to make the top
side of the mold. The free sides of the top sections were configured to be bolted down
against the opposing angle iron to keep the material mixture placed within constrained as it
polymerized, expanded, and cured. The form was filled to the top with expanded polystyrene
beads, and then a small quantity of additional beads was added. The beads were then
transferred to a container and mixed with Part A of a urethane using a substantial mixer (a
mixer similar to that used to mix mud for finishing interior walls) until the beads were
thoroughly wetted with the resin. Part B of the urethane was then added, and the resulting
mixture was mixed for two minutes. The formula used was 48% Part A with 52% Part B by
weight of the mixture (corresponding to 37 oz beads, 100 oz A and 115 oz B). Three panels

were prepared.
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24 Hours* Peel Strength* Superior Fatigue Resistance*

Superior Inpact Resistance* Superior Sound
wanb@Ermsetii on* Superior * Estinmate based upon 8CHAIS2004/007800

testing [01281 The test results presented in Table 4,

and the flexural nodulus and conpression test results

presented in Figures 10 and 11 denonstrate that

Pet ri FoamlM brand structural materials possess

superior performance characteristics and properties.

The primary tests condieAMELER| uded ASTM 1621,

" Conpr essi on Testig@ 8f§ﬁig1ﬁ éﬁ?ﬁlisar Pl astics"; and

ASTM 790, " Standar FI exur a

Properties of Unreinforced Plastics and Electrical

I nsul ation." These tests show that Petri FoanlM brand

[0131]st r u‘kﬂ@l‘b‘l’*’aﬁﬁb@lﬁ?«tﬁd §v1ﬂslawde diaepsiopsak 1y d2 oehvprids der and
bottomfs%érﬁg) ﬁqﬁlgﬁll)e F 1r c?%fa{x})pg’ o)flgﬁf‘eti Ql Q’q&ﬁg?et Q@tﬂesldes

ane oans have

compr@m%@”’ﬁfeﬁ&lé/ﬁreﬁ&ré@ !ﬁ@)&ﬁkﬂt fdotvh@”kﬂi’nﬁﬁcl@f THEvESI/8” ineh bBMs with
whil e typical styrofoans have a conpressive

Washezsx uop ayd hottam,t through tlaebaitons spi@ﬁ, angd t@pat tbg four sgrners and midpoints

ot SRS BT, e e 55 L e

cut frofQRR pIHiviEd V2 sdiperd OhidkBleE bRled inftaé nﬁ)Mltcﬂﬁry vies thickness of the
exponentially greater strength characteristics than

final p@éﬁgtea %ilo dy Yat 8eilahrson®Pagio Wap wep gmployed as the form release
PCT/ US2004/ 007800 EXAMPLE 5 Preparation of Structura
Panel s [0129] Structural panels were prepared that

were configured to be enployed with st andards, rails,

channel, and ot her st eel parts that |de rigi
[0132]f  anARKIUR ‘tlréa‘?@d]f"i‘tﬁnﬁs Ve ipceddR ﬂB"’(Iﬁ ‘?,IS rag‘a élPEi/‘%IX%”Ie'

SuperiGOMREGS 8F 'e%Sv atef;%rlx %Bo‘a Yr (RAAGleBaPWEs observed for all

constructe or par | cl eboard and both
covem‘igstrtémﬁmoaﬂﬁngsﬁn@h@ dvosidtvienddAKEVIAR™, andhnethl mssh. Half-inch

finished with padding and fabric or other decorative
matenﬁwpwrﬁd\mthdw&mwg ‘twps exegedingly sEop alt resistant to

nbl
tor51on ﬁgiftc%)g S %IS% Bealaglﬁ ac%etpﬁgfm?rgiagsgg@n §elt (?ora\’?{ ﬁg@rbt%e\eéﬁﬁ?ﬁl surface

with a fﬂlﬁhﬁﬁhﬁﬂurﬁbﬁﬁiﬁco% Cesfiediiley iealy sﬁmhed@implei ner si on
of the panel, such as by

agent.

EXAMPLE 7

Effects of Bead Size and Incorporation of Surface Materials

[0133] Different bead sizes and varying amounts of resin were tested to affect different
final weights of the sample board. The proportions of the A and B components were
maintained relatively constant at their optimized proportions. Quantitative studies indicate
that the smaller the bead size, the stronger the board. Also, increasing the proportion of the

total resin regardless of bead size strengthens the board.

[0134] Cure times to opening the mold were relatively constant and at two-inch
thickness or less, and the heat generated by the exothermic polymerization reaction hardly
warmed the exterior of the wooden mold.
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normal fl oor nopping, causes the particleboard to
swel | and degrade. Panels prepared from materials
waceanding to the preferred embodi ments exhi bi PCT/US2004/007800

superior water resistance, weigh Iess, and can be
inserted into conventional franes using conventiona
fasteners. [0130] A nold was fabricated with suitable

i nsi de di nensi ons using one inch Douglas Fir plywod

as the base, two inch angle iron welded in the corners

for the sides and four pieces of 1'x2' steel plate

hi nged on the one | ong_di n of the angle iron to
make the top side of E%éﬂ@@ﬁ%g The free sides of the
top sei-eR DI PRAE SERMHNH dhdcesbrhttorbel hipfice ddenidls

agai nst the opposing angle iron to keep the material
m xture placed within constrained as it polynerized,

[0135] |y ? %&g’egdﬁ@éﬂo@g{ég{r Tag‘%iefﬂbe erg%@%n%%%ﬁlcfzﬂ%%e 132:12% ?%acer on
the mm&’f‘ﬁ@ﬂhé %dlp tefaua%%% L2B% pheagds 10861, aleesorelérthd GHds theaneld, the

ansferred to a container and m xed with Part A
optlmumfanwuut diplondiog uppmbead Serndanbscarenticompragon gf hgmixture. The

ar to that .us
R L B P
polymehE&dn%@édﬁon Rasfided %@*cﬁr@@nﬁl ropéﬂnﬁg aaniSo bX@Bd ad tleuk; oranate. If
he resulting nixture was m xe

t
openedﬁ);ﬁrmﬁtm@l}g thegmelgsal gas [, SPoREYaap ngt gﬁpnzé yg%;aebsl%{lgqﬁ:fore
. u -

e b BuTgE o RLNMRILO0 e il i (50 dpiuin
the pref2RDfy O8v-&lthe BOTULERADOAhO AibBAMI. EXAMPLE 6 Use of

Surfacing Materials [0131] A nold was fabricated with

-|n3|de di mensi ons of 12"x12"x2." The top and bottom
one | S 6K

[0136] | 5. TofiChals AIEY >Esﬁ’k<9 BB%E%gg%%eﬁag I1Eb¥%lﬁ§eggbéaﬂm§édded to
the mold! £IBAE ﬁ@lthfmam cmutretﬁﬂw?aZt"Az&hd g0 og lof ufbiteine aB/B" Thewshulting .

bolts wth washers, bot t n1 thro%%h thg
block i Ul SlAnSA.TSch HREIH BndEs e oTPUT RO REPERSRg Srength

m ngI nts of t Ee sides, were used to secure t he top

and constraip. the e 2l
[0137) ¢, o[ﬁst(%ﬂ?sﬁ: of| g\}\olgghié@ @)’Iﬁi ulg&emt)étb% Q- o\?gflgﬁ@{aggc};\gésﬁﬁptt@&fg and

111ustrafm4 ékahg)lééq&&wﬂb@héﬂaim ﬂmssae afnutrﬂber ofkrmm zﬂteumbjlwes ",
/2". SC Johnson( r) Pa

oot St SSRGhIoAnt) CooLe W u6e STPLOYEE. B o
the preﬁni( P’lVCl%.JlO%l WEE fhebd ﬁ%%ggdlﬁl}; %Mp%léﬁ?é‘n@é@bﬁMﬁ%al B&nponents.

Numerous technical references describing such alternatives, and methods applicable to the

preparation and/or testing of such alternatives are available. For example, references
describing various plastic polymers, additives, composites and related systems and processes
include the following: Plastics Encyclopedia, by Dominick Rosato, 1993; Physics Of Plastics:
Processing, Properties and Materials Engineering, by Jim Batchelor et al. 1992; Reaction of
Polymers, by Wilson Gum et al., 1992; Plastics for Engineers: Materials, Properties and
Applications, by Hans Dominghaus, 1993; Reactive Polymer Blending, by Warren E. Baker
et al., 2001; Plastics Additives Handbook, by Hans Zweifel, 2001; Guide to Short Fiber
Reinforced Plastics, by Roger F. Jones, 1998; Coloring of Plastics: Fundamentals, Colorants,
Preparations, by Albrecht Muller, 2003; Plastics Flammability Handbook: Principles,
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Superi or adhesion of the covering material to the body

of the material was observed for all coverings
woesd@dd31i ncl udi ng acrylic, wood veneer, KEVLARTFUS200d/007800

metal mesh. Half-inch material covered with

i mpregnat ed KEVLARTM was exceedi ngly strong and

resistant to torsion. The materials also readily

accept fiberglass-type gel coat to yield a beautiful

surface wth a mninum nunber of coats, especially on

Testmg,&RéguIldtlyon skl dypprovad iyl J@rgemmwwh,éfqﬂécwcever%d’dﬂmf%téanes

Konrad 1€e{b§§t BB@#@W% ?Hrfa |ng am)u %I% ’]r%ré)’c%ss

ApphcahSﬁ tﬁgpérﬁeﬁiagi@int&@dcr@! a9d4; Iﬁtrﬁ@.hctmlt@ l[licﬁls@i‘al Pblgmers, by
board. The proportions of the A

Henri medpéa%aq tPerfpgmencerdPhastith gy W idpldErogpy, %Q)Q—Qs Bélﬁ?loai’ of
Polymefi GygRe DUTERe R LM B 10hs Al ooy STt Potcrmines
i Ot L g o e
Elastonmmaml Cc[r@p_@ql}%s rJ@aq—M*@lgel Q@a@@é &t eﬁe gé@e(ﬂcg{‘i nens }\/ial%enals
Techno{oggalgrox é(s( #%"%Bg%}hesa@ Pt 1ck ”ﬁégo Ebhipkaieda Mblding, by

énérate éxot herinic
Bruce IRQisyd1aL, 2003, Riastice @ailme Gl @]a}@se awgl Preventios, @(Wenﬁzrmg 1996;

e et T A P
Underst?ﬁ& Pq&l%ct]vgﬁ(f haldS bl SRR} MenBined 1965, %Wﬂer%@r@é@?@&@cdure and

ded a one Inch thick spacer on_the
Strength, ﬁ:@yl Riehayfl Pt N%odlp&%oPallyhmv\Eﬁgnqu@Pmmlmp%@yr]?gchp{@c,

ProgelhaRgiate | ek ERUTRY MBUTE b dr AT o A anBR | ™
Compaﬁﬁﬁ?ér@sﬁée@ RAn@BehbiBis M BS IRy Bl Bgﬂﬁs BURRhiroDattneull. a1 996

aracteristic of the material and the heat gener at ed

MateridbyScibreeaf Boheners bor Fnginas: by fepiarMenges: PR Batriiog Tpuetion

Motding 5y Ghybenhep Sne Rirepy (T3S e AR Bl Ol 1IN

Beaum@ﬁ’cd:t AO2082 "Rt mlm ﬁtfmaﬂsookrbg mﬁb@ammmhm(g; Matlér
he thi ckness of the shortest di mensjan

Engmeam& by AlerbastRpese 3002 Ml Making Handhegk fog tﬁfe Piﬂshé?seﬁ%wf by
Gunteréﬂ S ﬁg&%pl;ogzﬁ&a'hgsf‘h% ess Bl ﬁﬁ"].@lectlc{n%%gi]mg-[@ JosephM

of nmaterl 110% by vo
Gordorfr. ?ﬁ@Q SAgﬁes&ddzﬁﬂ AdhesiveeTeahindlogg] oy g IpkionsusM. Rmcutsf 2002
urethane Part A and 20 oz of
Performansg Ephﬁg:ement in Coatings, by EdwaréJ {)\?.t n1e99|§a£’1tastlcs ang %oatmgs by
Rose Ryntz, 2001; Advanced Protective Coatings for Manufacturing and Engineering, by Wit

Grzesik, 2003; and the like.

[0138] As those of skill in the art will appreciate based on the detailed descriptions and
illustrative examples provided herein, the references cited in the preceding section are
considered particularly pertinent to the extent that they relate to components and/or processes

as described or illustrated herein as well as to alternatives of such components or processes.

[0139] The above description discloses several methods and materials of the present

invention. This invention is susceptible to modifications in the methods and materials, as
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bl ock is fully skinned, which results in increased
torsional and conpression strength. [0137] As those of
wekbd4osiziit he art will appreciate based on therdewazdoedorsoo

descriptions and illustrative exanples provided
herein, there are a nunber of known alternatives of
conponents described and/or illustrated herein which

can be enployed to practice aspects of the present
i nvention, and these are reqularly being suppl enented

well aspjteraigns odhs fabsisapyneatheds and fasigient; Sufthnedifications will be
| .

sppareh i ERSFACH TP He o Mot 3O AR Rl A, QL8 or e
inventiah daclatd hasinaGonaamichtdy liteis nbointeed edriilaethis b entemdedimited to

descri bing varjous plastic polyners, additives, ;
the spegdigsiodaRents displapest gl ﬁ}%%merparlﬁ@e@@%m@ﬁeﬂ algmatives
coming Juiihe S Sebre b HITY, FRRATHROEH Agbqc RO bithed claims
All patBnte,ppplicamns rend Mitee réfatescdErnged bereimaye hoxeby imoRatrathé bgr

et.a%“ 1992; Reaction of Polyners, by WIlson Gum et
referenge in theisgBUTER a5t j cs for Engi neers: Material s,

Properties and Applications, by Hans Dom nghaus,

1993; Reactive Pol ynmer Bl ending, by Warren E. Baker

et al., 2001; Plastics Additives Handbook, by Hans

Zwei fel, 2001; CGuide to Short Fiber Reinforced

Pl astics, by Roger F. Jones, 1998; Col oring of

Pl astics: Fundanental s, Colorants, Preparations, by

Al brecht Muiller, 2003; Plastics Flanmmbility Handbook:

Principles, 56 WO 2004/ 081311 PCT/ US2004/ 007800

Testing, Regul ation and Approval, by Jurgen H

Troitzsch, 2004; Discovering Pol yurethanes, Konrad

Unhlig, 1999; Pol yurethane Handbook: Chem stry, Raw

Mat erial s, Processing, Application, Properties, by

@Qunter Qertel, 1994; Introduction to Industria

Pol ymers, by Henri Urich, 1993; Performance of

Plastics, by Wtold Brostow, 2000; Rheol ogy of

Pol yneric Systens, by Pierre J. Carreau et al., 1997,

Plastics: How Structure Determ nes Properties, by

Geza Guenwal d, 1993; Polyneric Material and

Processing: Plastics, Elastoners and Conposites, by

Jean-M chel Charrier et al., 1990; Conposite Materials

Technol ogy: Processes and Properties, by P.K Mllick,

1990; Conpression Ml ding, by Bruce Davis et al,

2003; Plastics Failure CGuide: Cause and Prevention, by

Meyer Ezrin, 1996; Failure of Plastics, by Wtold

Brostow, 1986; War in Plastics Processing: How to

Under stand, Protect, and Avoid, by Gunter Menning,

1995; Polyner Interfaces: Structure and Strength, by

Ri chard P. Whol, 1995; Polynmer Engi neering Principles,

by Richard C
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Progel hof et al., 1993; Polynmer M xing, by Chris
Rauendaal , 1998; Polyneric Conpatibilizers: Uses and
weeomiogixmi1i n Pol ynmer Bl ends, by Sudhin Datta ePC&US2004/007800

1996; WMaterials Science of Polyners for Engineers, by
Georg Menges, 2003; Reaction Injection Mlding, by
Chri stopher W Makosko, 1988; Successful Injection
Mol di ng, by John Beaunont et al., 2002; Injection
Mol di ng Handbook, by Paul Gramann, 2001; Mol d

That whehisdeimedgs: by Her bert Rees, 2002; Ml d Making
Handbook for the Pl astics Engi neer, by Qunter
Menni ng, 1998; Total Quality Process Control for
linj ectd grudMahOhRgrialdnteemigh M Gordon, Jr., 1992;
Adhesi on and Adhesives Technol ogy, by Al phonsus_V.
Poci ug,poroBanateriyd; WherpmtbepEonamatanshhas sdiassicr Hyde rage of

wou B0 B 03, o0 PG CBROLrEBE BB PR wp o
about 1%0&@%9@ wid ng and Engi neering, by Wt G zesik, 2003;
and the like. [0138] As those of skill in the art wll
appr e@relengayaercayihe palyeet i nreppred Hop Hpelpmsrizhle component
. . . I . . .
capablq ikt ¢ K RHAIER (REAPEH A BERPL e b By $Aercin
the polyaeit comprizes ¥ syatdntiniyntolidanithie vehitleadcaphditet the poraels aagerial,
to.cqnpponents and/ qr processes s descri bed .ar
and whefejt et PrRUIeS PP SRSIORE PR R D ROLYSR g 1P thgRprous
Inﬁmm%pnponents or processes. [0139] The above description
i scl oses several nethods and materials of the present
invention. This invention is susceptible to

di ficati [ h t.hod d. i.als,. 57 VO
3004/ OeSFOBEHRASI b Ju7bb0" IR0 gEtz s Gimupdront
compﬁ%ré'%aeai é@%dl?ﬁ%ﬁ%lé@ﬁﬁ%@nﬁﬁlﬁc@ Ma?ﬂlﬁs of pSlyhiRerizing within pores of

ications will be apparent to those skilled in
the porowsematetialf purdra second poldmesizada canpensing whichds eangble afibinding to

ract i of .the. jnvention, di.sclesed herein .
polymes Gk st olimirizab I CFpoTol. i ARETy M kMo tnksron
RehetdifticgsblieriZabR RBOhELS, L?ah QaHAE Predudt aclibsadially solid
_herein, but that it cover all nodifications and
matrix ghichrensensylates and periiglliperatvatasiibe porgus maispial- and spirit
of the invention as enbodied in the attached cl ai ns.
Al'l patents, applications, and other references cited
Ber ei Mharsaubtarat Matdriat of glaitml edhetym thegloeswanasterial is fdéated from

entirety. 58 WD 2004/081311 PCT/ US2004/ 007800 . That,
the groyp reusisting of aplyelefing  gravel, glass beads, ceramics, vermiculite, perlite, lytag,

pulverized fuel ash, unburned carbon, activated carbon, and mixtures of any two or more

thereof.

4. The structural material of claim 1 wherein the porous material comprises
polystyrene.

5. The structural material of claim 1 wherein the porous material comprises

expanded polystyrene beads.
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1. A structural material conprising: a porous

material, wherein the porous material has a dianeter
wonodvsiiange of about 0.05 mmup to about 60rPamUS200d/007800

a bead density in the range of about 0.1 kg/n8 up to

about 1000 kg/nB, and a polynmer, wherein the pol yner

is prepared froma polynerizabl e conponent capabl e of

curing at a tenperature below the nelting point of the

porous material, wherein the polynmer conprises a

$ubst dritei saupijirad atetiahaf elasm Wwheheie teapd yiharizble doenponent is

terial. . in fil t t her .
selecte SR ReBNG BnisHnel rp VT e, TP BRY GRS PRUS Y hgsins
acrylorR@118¥atadBRE Bfvkétles, pdlyulérBarkk! Ml HExAlredBE A1y tho Rimdit MdRof,

1, wherein the polymerizable conponent conprises a

first polynerizable conponent which is capable of

P Lot APy BF BBt vt TR Rl POt s

polyurdth&@l ng to polynmers of the first polynerizable
conponent, either directly or through a |inker,
wherei n the pol ynmeri zabl e conponents, upon curing,

roduc ' | | | . .
hoapoural SHIB A PLORER 1 S Heb Yl s prepared from
at leastromb@rdradtic Bisodraatstselecttd fdin e teesupadonsikting &f mphenylene

... ___Wherein the porous materjal. is selected. from t
diisocyghe B TCER idﬁgocaﬁnaa%|4y%r4éphw§n@}ﬁ lisogyaRas, ggz}a@}eﬂe
s R SR B8 Lyt e LIS g

4,4’-diph@nylj$ce3sop)ﬂidamwdifmyanatenﬁ,;4édipﬂlhaylesuffonefldiisﬁhmate, 4,4’-diphenyl
structural .material of cl|ai wherei n the porous

ether e, eniR e Bisofumple oo ha eghielra disdiapin end atleas

one polB! §lldctdd Pbm Fhbiduf cH@ARL B bikgldRe rggkél, W%b@ﬁediol, 1,4
compri ses expanded pol ysfyrené beads. 59

butanedioh 4 /oeyciihex metidlspeelo b2 golutag:triqlh insethylot progine, poly(vinyl
terial .of claiml erein the polynerizable
alco}lo@?ﬁ‘gé’ﬁghatlg’ihgﬁgoz}'zeegtcglgﬁf)?eo?ﬁe{a#e group consi sting of

pol yet hyl enes, pol ypropyl enes, pol yvinyl resins,
acrylonitril e-butadj ene-styrenes, pol yurethanes, and

@ xt urlds sepotara) maigsiabef ¢eine] firthes spmprising pleast ope pdditive
selecte(ggtrﬁg{) fr}%g l%{&{psc%glﬁkﬁﬂg]bfvﬁb% gﬁlﬂm’:&?, ;Hgt%%fs', élﬁ‘g Ir@tardants, cure

accelerators, strength enhancers, UV protectors, dyes, pigments, fillers, and fire retardants.

10.  The structural material of claim 1 wherein the diameter of the porous material

falls in the range of about 0.4 mm up to about 5 mm.

11.  The structural material of claim 1 wherein the porous material comprises in

the range of about 80 up to about 99 volume percent of the structural material.

12.  The structural material of claim 1 wherein the porous material comprises in

the range of about 15 wt. % up to about 40 wt. % of the structural material.
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pol yuret hane. S. The structural material of claim7

wherein the polyurethane is prepared from at |east
woneod@s@mat i ¢ dii socyanate sel ected fromthe grPOTS2004/007800

consi sting of rn-phenylene diisocyanate, p-phenylene

di i socyanate, 4,4'-diphenyl nethane diisocyanate,

2,4-tolylene diisocyanate,

3,3 -dinethyl -4, 4" -bi phenyl ene diisocyanate, durene

di i socyanate, 4,4'-diphenylisopropylidene |

di3i sochhersiuetural mpterigl phelpim 1 shetein shegiongsespipianedulus of the

4.4' - di phe t il socyanat e, biphenyl ene
Stmcm{fflP?&Wiﬁa#é%aﬁaaﬁo&nﬁ%@r#a%ht hal ene diisocyanate, and at
| east one polyol selected fromthe group consisting

of ethylene glycol, 1,2-propanediol, 1,4- butanediol,
144 cyHiectasiard magarial gf glaian dwhereip the qompassstionjigpdulus of the

Li . i . C .
srucruf e DERERE prRBp AR s Tl SRR o o
structural material of claim1 further conprising at
| east gne additive .selected fromthe_ groyp consisting
d0- £ | MreestMEHEd Pga,ter&i G5 phn 3 arlieretp eIl mpdilis of b o
PEs Bogphancers, UV protectors, dyes,
s&uﬂu%ﬁ%%%ﬁ%@?ﬂ%?$?€%§? and fﬁ?e retardants. 10. The
structural material of claim1l wherein the dianmeter of
the pgrous material. .falls in.the range of about Q.4
op 15 St et o cloipn 4 Whercin o B R s e
structufd] 3R ria] WIRNE R il FQbEHS 0)BESSsi 8) +& auE 15,060 p&. the
range of about 80 up to about 99 vol une percent of the
structural material. 12. The structural material of

L5 1 BB TS B TREL  Ry per o

thickn&k bpsitigssaB. material . - 60 WO 2004/ 081311
PCT/ US2004/ 007800 13. The structural nmaterial of
claim11 wherein the conpressi on nodul us of the

Sk e P 35 B ol

reinfor6 @RIt @& aEt0Res BOMUINES wathit. he structural material falls
in the range of about 8000 psi up to about 10,000 psi.
15. The structural material of claim1l wherein the

fdgexur . ¢ ' j o1

2 s R gl BB M Bl Bl i

selected |faintht grdngr @insistilieof hatural Aiberssyuthetic fbersrnd combinations of any
structural material falls in the range of about 10, 000

two or gagre thered. apout 14, 000 psi .

20.  The structural material of claim 1 further comprising at least one facing

material applied thereto.

21.  The structural material of claim 20 wherein the facing material is selected
from the group consisting of metal, polymer, cloth, glass, ceramic, natural fiber, synthetic

fiber, and combinations of any two or more thereof.

22.  The structural material of claim 20 wherein the facing material is selected

from the group consisting of a solid surface, a porous surface, a surface that can be
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17. The structural material of claim1l wherein the
materi al has an R-val ue per inch thickness of at
woeasi0sB1118. The structural material of clai mPadT/US2004/007800
further conprising one or nore reinforcenent
structures contained within. 19. The structura
material of claim 18 wherein the reinforcenent
material is selected fromthe group consisting of
~natural fibers, synthetic¢ fibers, and conbinatigns of
chemicglly etchegh 2ghetisplly ¥ichrEmtacocn surfiee B ot b e Sral e Apred.
: r [ ci ng
Pyt B o ) G P er al
of claim 20 wherein the facing material is selected

fromthe group,consjsting. o tal . polyner, cloth, .
GRass Mesturib SRar of finb L et ineBob e ol Hinies
substafiRiVihpFL 8RS of any two or nore thereof. 22. The
structuraf material of claim20 wherein the facing
material is selected fromthe group consisting of a
lid. surface, .a porous .surface, .a.,surface that, can be
voboimaaes fetee PTash ) AEG Bt bl b
etched, a chemcally etched surface, a surface that
can be physically abraded, a physically abraded
2ar f adde stmeturdpistarial pbelsinol vdheyein s mities Beidher eof .
23. The structural material of claiml wherein the
structural material emts substantially no off-gases.
26, Thhestructafal hakerimhbeélhin 1 ofheedia it strustuedl @nateridiés essentially
matrix is flexible. . 2 e structural rial of'

. 25. Th mat
water pEpef, FVistaile el substantily resistand to degradagign C*F‘FF@‘G‘ by esReTIrS o
. L8l ' r.ej e structural material is
]n“mmggégﬁbﬁgfﬁ%’&kg#g%%%ﬁggf?h@ﬁbgfable, and substantially
resistant to degradation caused by exposure to
i nsects, fungi'r, nmoi sture, ,and at nospheric conditions.
: ALSEFIRTArRACRBE MBS Ronpr i sing: a por ous
mat er 'a%oroﬁmﬁﬁtﬁﬁﬂ, %,Héreﬁpﬂhe g&dﬁ@'ﬁ?ﬁér?all hiAS didnite? WethR range of
in the range o about 0.05 mmup to about 60 mm an
about (0PHeadup trabiotiy60 mut, led ndegddafsitybothe tduge dgbo® UWbkg/m” up to

about 1%%8111(%/&3? ggd kg/ n8, and

a flexible polymeric matrix, wherein the polymeric matrix is prepared from a

gas-generating polymerizable component capable of curing at a temperature below the
melting point of the porous material, wherein the polymeric matrix comprises a resilient,
substantially impervious matrix providing a dimensionally stable structure which
encapsulates the porous material, and wherein filaments or other projections comprising the

polymer extend into the porous material.

28. A material comprising:
a porous material, and
a polymer, wherein the polymer comprises a matrix which substantially
encapsulates the porous material, wherein the matrix is substantially solid, and wherein

filaments or other projections comprising the polymer extend into the porous material.
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a flexible polyneric matrix, wherein the polyneric
matrix is prepared froma gas-generating

weoabogrosritizabl e conponent capabl e of curing at BCT/US2004/007800
tenperature below the nelting point of the porous
material, wherein the polynmeric matrix conprises a
resilient, substantially inpervious matrix providing
a dinmensionally stable structure which encapsul ates
the porous,. material, and wherein filanents_ or other

ptdj ectngricle baving & defgnadiibaps, sxqeHert eRBpgignAisngthand a high

nexar B R THRSERAL oy TARFIIn RO Ep 0 pa RN
substaatigibt urdiformty diktributedtthsrtiheduglt, whaeapSlamahis or blier pojations
material, wherein.the matrix is substantially solid,
comprigng (s @pFT oKlend itn fhe RSFOBHRFENHr oj ecti ons conpri si ng
the polyner extend into the porous material. 62 WO
2004/ 081311 PCT/ US2004/ 007800 29. An article having a
d2d.i nethsirtiple,of elate20evlicreio iy @ngiressict medigtihisan tbast about
high fl exural nodulus, the article conprising a
Bbl ymer matrix containing a porous materi al
substantially uniformy distributed therethrough,
wherein filaments or other projections conprising the
p3l.y nethextiels@fichiro 20hvehepein dhescomspiressical moddus Fhibe structural

arti.cle,of clai in.th ' dul us i
i 5l AT g SRR, o v

wherei n the conpression nodul us of the structura
material falls in the range of about 8000 psi up to
about The gticlepdiclairg 29 whescia thq @exaradmedudysis ableagi abeytd 0,000
the flexural nodulus is at |east about 10,000 psi.

33. The article of claim?29 wherein the matrix is
rigid. 34. The article of claim33 wherein the article
is selected framthe group .consisting of a building
pahel , The atielsof gleam 29 svheren Sasvpatix is B8 pr oof i ng,

i nsul ation, waterproofing, a countertop, a sw nm ng
pool, a swi mm ng pool cover, a surfboard, a hot tub,
a3sot Thaarticeerf claim 88 ovliengin tlmneticle ds sphichddufiiomahsrover

consisﬁlgé é%l%fiﬁ:{'}é{ ]gq%g}, %l?S?I}l(letHﬁaE B%U Oge})ngeln{esourgcﬁ)qgggfglj 1irisu a?lgn,a

waterproofing, a countertop, a swimming pool, a swimming pool cover, a surfboard, a hot

8000

psi.

tub, a hot tub cover, a cooling tower, a bathtub, a shower unit, a storage tank, an automotive

component, and a personal watercraft component.
35.  The article of claim 29 wherein the matrix is flexible.
36.  The article of claim 35 wherein the article is selected from the group

consisting of soundproofing, insulation, waterproofing, an automotive component, furniture

padding, and impact absorption barriers.
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35. The article of claim?29 wherein the matrix is

flexible. 36. The article of claim35 wherein the
wanbimseslis sel ected fromthe group consi sti ngCofUS2004/007800

soundproofing, insulation, waterproofing, an

aut onotive conmponent, furniture padding, and inpact

absorption barriers. 63 WO 2004/081311

PCT/ US2004/ 007800 37. A nmethod of nmking a structural

erial, 1h t hod conpri sing:. . conbini ng porous
2g%erigﬂ“@#ﬂfggg%gyﬁéﬁﬁﬁgﬁﬁi (fenethod ompEFBEL | ng
t e hbidig neReM [ at di tions
s%k?ltﬂ{algﬁlg p?o cur ea?ﬂgﬁ f S%PWE%Z%EPE&E) gltrlf%lcg’?}%%t , Wher eby
aswpjagtisg thegesvdiing exnbinationy ircamiohd) tacendstibstsaintblatd gure the

absor bed by the.porous materi al d.wherein a porti.on
polymgre Rl CORASy rHREPE 4B fn eriorited PR Bmere Sintially
absortRA L Wik FHRb®Y thdferial BES SRYreRf bR ef Eﬂé?f)ﬁg{i&%%%!omgonent is

material, wherein the structural mat conpri ses

forcedtinte throparows matesiel, fherenupduding thd simctarad ntastrmhtwierdiy the
lid .palyner trix, and wherein.filanments or. other

sructufgner i 2 BREcaTR by BREBDFY R Bramisatfiafetiia
polympambtria| dnd whdreint fllemet @4 stheBhRfdciibns Ruprisie; KB %B%e?fextend at

claim 37 wherein the resulting conbination 1s further
least paigiatly inte the noreys matseelond pol ymeri zabl e conponent ,

wherein the first polynerizable conponent polynerizes

substantially within the porous material and the

S3 ondlpahytived of elhing 37 e g trequdlind @ mieation is further contacted
.. Substanti al .Ig out si de of the porous nmaterial, and
with a ecopd PRIYMEEZable SompaRent.SdsHa tolihRR yRaHERb e enrpRmEht S
1 L o ' [ I ugh
polm Q250 R A A b RSyl UL Rt R,
componsntpohuarizesisubsthatialiy oulsitle ofithe pohmrsalytersal patdanhérainltie first and
o.foam | enerated in the solid, po]yner trix 4Q.
secondlyRelihle BIROREHLE PaPTHHEHSR o ERFHHAPAN FIhE O e through a
linker.SUbstantially conpletely coating a surface of the

porous material wth a precursor of the polynerizable
conmponent. 41. The nethod of claim 37 wherein

di t4.ons _suitahl e |l ow the . polynerizable . .
Ehpordens BB o2 Rerstirind s ndigted iry aditonn
wheret305RBStaktIl/ R foRITH biRkAteindthe BAIPHSyiet fkirad  and
precursor of the polynerizabl e conponent.
40.  The method of claim 37 wherein combining comprises substantially

completely coating a surface of the porous material with a precursor of the polymerizable

component.

41.  The method of claim 37 wherein conditions suitable to allow the
polymerizable component to polymerize comprise adding a polymerizing agent to the

combination of porous material and precursor of the polymerizable component.

42.  The method of claim 41 wherein the combination comprising the porous
material, the precursor of the polymerizable component, and the polymerizing agent is

vibrated after introduction of polymerizing agent thereto.
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42. The nmethod of claim41l wherein the conbination
conprising the porous material, the precursor of the
woaboposiiizabl e conponent, and the pol ynmeri zi ngragaiskoois07800

vi brated after introduction of polynerizing agent

thereto. 64 WD 2004/081311 PCT/ US2004/ 007800 43. The

nmet hod of claim 37 wherein the polynerizabl e conponent

has a viscosity in the range of about 200 up to about

50, 000 centi poi se. 44. The nethod of claim 37 wherein

t he pol ynerizabl e conponent is stable to tenperatures

.
e ei He O ALY e pOREE s P scost

inthera:mge&)fabﬁutm@elpmtaboutSxﬁ)ﬁooolcanlmpcﬁ% further conprising
applying a coating to the structural material,
wherein the coating is selected fromthe group
9QnSi Stk ngkrRdd @fémlfneﬁ Qfﬁéremctﬁ@bbl@rﬁwn%aﬁlé ESmp S f&asmble to
coating, a non-slip coating, a wood facing, an acrylic
temperdfitacss of at laaxd aboutd®9€n f abric facing. 47. The nethod of
claim37, further conprising formng the structural

material into a predeterm ned shape. 48. The nethod
5. cl gy nod & (BRI 3 FAREInSuB SR Gl 4R asfeQ?Jf' %nerated upon
structur material to conpression-energ I ent

cure. to reduce a thickness of the structural material. 49.
The nethod of claim 37, further conprising cutting the
structural material into a defined shape. 50. The

o8t hodHeindhe & cddim I HidARE c6RPRSihS Iaﬁgyﬂl@al do'aﬁﬁg ﬁ) the

defi ned shape into thé structural naterial
structumbmwabﬁvlmrcan thexpatip@isselgctad foanthe @oqum@hngwf a ﬁeeproof

coating) @ S R bBi0d, 8 9o SN Soeihet S 808 i 0 S8 Eopinar gnd a

woven Pbkie@stigg. cl ai m 37, further conprising grinding and
recycling the structural material.

47.  The method of claim 37, further comprising forming the structural material

into a predetermined shape.

48.  The method of claim 37, further comprising subjecting the structural material

to compression energy sufficient to reduce a thickness of the structural material.

49.  The method of claim 37, further comprising cutting the structural material into
a defined shape.

50.  The method of claim 37, further comprising drilling a defined shape into the

structural material.

51.  The method of claim 37 wherein at least a portion of the porous material is

recycled (ground) structural material.
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53. The nethod of claim37, further conprising
subjecting the structural material to at |east one of
wohemiosadi1 et chi ng and physi cal etching. 54. Thecmeiskmdo07800
of claim 37, further conprising subjecting the
structural material to a conpression pressure for a
time sufficient to increase the conpressi on nodul us of
the structural material to at |east 20,000 psi, and
to increase the flexural nodulus of the structura
At er The meghogh ofj cdaimt3 75 Bisther a@nprRBng srindipe apd rasyehng the
14 000 psi. 55. A nethod of making a structura
“ﬂmuuﬁéngpg?, t he net hod conprising subjecting the
conbi nation of a porous material and a gas-generating

pol ymeri zabl e conponent, in a c¢losed.nojd, to .
edndi Themethad elaim Yo fthepcapRrigiag susriingthegructural material

to at le;%ﬁ%%(é@ éhéﬂlk?éag eﬁ:ﬁﬁ%%ﬁg E%x sica aFchﬁ%Y gases gener at ed

ng curing are-su nti y “absor bed by the porous
material, and wherein a portion of the polynerizable

conponent is f d | th . terial, th b .
57 o0ud et LT BrtRebARnE SHARERE fi gttt Haterial
toa coré%feékgérﬁﬁgsu?@f& Litfhe SPAREAISS IndrEiRe AR Qddprediinghbdlius of the

capsulated in a solid polynmer nmatrix, ‘and wherein
structurfal nateeint © abteast 205000spjad toé marcase beflexuiahmodhlas pbihgrpgmctural

i S T RS TR S e o

claims 37 to 55. 57. A fornulation conprising: a
porous material, a gas-generating or other

551 y méy ingthioll @ f ewsirarfestiructuzal anaterial ethe meghnd eompprisingesubjecting

elected fromth f ISt ,
e corfFAGFh ST s SE TR BB ARG o
closed @blE Rgédhd@iviRRaRIe toldvre e Ghegbmeratingydgmeriiahieervingponemt,
fillers, wherein the porous material has a_dianeter in

whereby igases geprraisrl dapBg cunDBe sbstptiely abwubed bothgpprogs makerial, and

o TR Ryl OB, WA, ey

produciﬁ@[fﬁ&ﬁﬂﬁﬁﬂél?ﬁit%ﬁﬁl, whixeirethe sﬂrdltﬂulgbma@eilabccanpﬂxgs tre poirdnesr
.polynerizabl e coppqonent is ca e of _curing at a . ..
materia) GRGgERHRIaH &0 T GhINEaTBRE Mg ROB e TR P FBgEProjections
.0RL Q. ' ' er
R S e i o

substantially inpervious solid matrix which

3pcapsul ates, Lhe, pRLous. Mot Al AN ARSTEL o 55

57. A formulation comprising:

a porous material,
a gas-generating or other polymerizable component, and
at least one additive selected from the group consisting of flow enhancers,
plasticizers, cure retardants, cure accelerators, strength enhancers, UV
protectors, dyes, pigments and fillers,
wherein the porous material has a diameter in the range of about 0.05 mm up to about

60 mm, and a bead density in the range of about 0.1 kg/m® up to about 1000 kg/m’, and
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conprising the polynmer extend at | east partially into
the porous nmaterial. 58. A fornulation conprising: a
woaomesiamat eri al, and a gas-generating or ot hePCT/US2004/007800
pol ynmeri zabl e conponent, wherein the porous nateri al
i s not expanded pol ystyrene, and has a dianeter in the
range of about 0.05 mmup to about 60 mm and a bead
density in the range of about 0.1 kg/nB8 up to about
1000 kg/ nB8, and wherein th? gas-%gperating,or O%Per .
Feheyeta thesast esnegHpB Hetthen RolyR ORGP capablepf curing at
. O r‘ .
n tempyEFRE LD W', BEKEY ol of i Ao S HaC WA g Bencratng or
other ppBhyiiaablz abngonatpgoa ptiringpoodicas & Rghstantieldy tegeraious solid
matre ppaP R HE PO 0 oGP A1He i L YR aahther projections
£4 j [ IsShdigidihe pol yner
S e S
59. A formulation conprising: a porous material, and

gas- generating or .ot her polymnerizabl e conponent,
er ei‘%? W??}@P%ﬁ@pﬁﬁlpgri al has a dianmeter in the

rangezﬁgngggﬁmﬁgmpgxnn1up to about 60 mm and a bead
density in the range of about 0.1 kg/n8 up to about

1000 lagasenemting ahetheri pelyherizghie @amengt ng or ot her

RO POh AP R B SRR BB e

range dTQbot 005 MCuP ey oGt GRined,iagl a bewd deith i te range of about 0.1
gas-generating or other polynerizable conponent, upon

kg/m® wpfo _ ut b‘? ws ad substantially i npervi ous solid
TRl LT ROGARS M FhEhd iSRRI mBIEN! i8 baps® b curing at

erein or other”projections conprising the
a tempgatiyerbeloenthe nitltaty dodaf thegydrowd myterial evhtitetn the rzastgenerating or
mat er j a%lie 67 WD 2004/ 081311 PCT/ USZO[;OA'/ 007800 60. A..
other PREIIMELF20IE CREBPRSALHPOR FUHRS, PEPBICED AShsnFigLn pperyiops golid
. . . r .
matrix i Qe TR pproE ol Al L R o phfections
comprisingtiee polyiet esrtemt & lenst perhiagty imtofheporassnatengds i si ng t he
pol ymer extend at |east partially into the porous
material, the nethod conprising applying a fireproof

oat i Ng fEMRARRA comphisiys! 1 P coating, a
a porous material, and
a gas-generating or other polymerizable component,
wherein the porous material has a diameter in the range of about 0.05 mm up to about
60 mm, and a bead density in the range of about 0.1 kg/m® up to about 1000 kg/m’®, and
wherein the gas-generating or other polymerizable component is not a polyurethane,
and is capable of curing at a temperature below the melting point of the porous material,
wherein the gas-generating or other polymerizable component, upon curing, produces a
substantially impervious solid matrix which encapsulates the porous material, and wherein
filaments or other projections comprising the polymer extend at least partially into the porous

material.
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wood facing thereon, an acrylic facing thereon, or a

woven fabric facing thereon. 61. A nethod of nodifying
wano@vosizlie conprising a flexible or rigid pol pOEMSE004/007800

matri x containing porous material, substantially

uni formy distributed therethrough, wherein filanents

or other projections conprising the polyner extend at

| east partially into the porous naterial, the nethod

conprisin forn1%g the article into a redeternlned

ring asicleyonprismgaraxitle ommdrpoémgic

ik T

filamembor eﬂhar prioj dcamﬁmpﬁrsmgtthe polghey eLteh® hisle £ ptiaHi, Elﬁo tHeporous
tend at ?st partially into the porous
mateﬂfﬁa@l@ .Hﬁeélpo W%&?@a R IrreRf cabnebercap a mo-gi ¢eotiag, 2

wood (e B Bl o g E%?h%@%%{bﬁo%y%‘*feﬁé%%ﬂ%?fé?lﬁatt%ﬁeon-
article conprising a flexible or rigid ponnF{ic
t us er|al ubst anti a
1 orh PR SR RUOBtE AEREE RPBREANE A hor Forasbmeic
matrix eameﬁlhpgp&&sy Iﬁ%hé]n&b@ﬁﬂﬁéll}sﬁrﬁ%&ﬁd@ﬂbﬁr@rthﬁ)éfh‘?&%#agrherem

| east partially info the porous teria
filameng® eppthel prgjcctionsi mglpalﬁm,gahe poliyivker egentbatileabpatistiyapes the porous

matenal nthg melﬁl crotrﬂp%isﬁlg f6 orming the article into a predetermined shape.

;—4

62. A method of modifying an article comprising a rigid polymeric matrix
containing porous material substantially uniformly distributed therethrough, wherein
filaments or other projections comprising the polymer extend at least partially into the porous
material, the method comprising subjecting the article to sufficient compression energy to

reduce the thickness thereof,

63. A method of modifying an article comprising a flexible or rigid polymeric
matrix containing porous material substantially uniformly distributed therethrough, wherein
filaments or other projections comprising the polymer extend at least partially into the porous

material, the method comprising cutting and/or drilling desirable shapes into the article.
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