WD 2005/ 047612 PCT/ US2004/ 023033 STRONG HI GH DENSI TY
FOAM GLASS TI LE HAVI NG A SMALL PORE SIZE FIELD OF THE
wo bMENTIGON [ 0001] The present invention rel at B6T/US2004/023033

generally to a building material to be wused in
bui | di ng construction. Mre particularly, the present
invention relates to high density foamglass tiles
having a small pore size, which are strong and are to
be used on both interior and exterior facades of

Stke G oo m NI GRCEARETIF ralilVgrhSaili pore size

having a small pore size to be used on interior and
EEID Odr THRINWEN TGO NbuUI | di ngs whi ch enabl e such
buil dings to have a greater resistance to expl osions.
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gecades, theré have been a signiticant” nunber

terrorists _attacks on ver nment. bui |.di ngs owned b

et B P B BEER R SR PR AatY) LE BESeolPehottn gtares to
the United States and within. For exanple, in 1993,

high densiyJoamdlegadeshadng pomall prse giget whiQadrggeropg and are to
the World Trade Center located in New York Cty,

besiéd bndothint@ss a@ld dxtérfordachdes ghbtildiaps. Pveap@btyparticularly,
damage. Since then, in 1995, other extrem sts

i dea I O
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significant. loss of life and roperty. d e. .|

$650 henasednpt BienpneRd erpres PeeleToRBiUBRS ikicpgpable such
Es Sal aamwere al so subject to terrorists attacks by
baildingnivs havaalgredtenhdsthancegolexptbsidns. si gni fi cant | oss

of life and property damages. Mire recently, the

tragic events at the Wrld Trade Center in New York
City and the Pentagon in Virginia has WO 2005/ 047612
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[ 0002] Over the past decades, there have been a significant number of
terrorists attacks on g.ovemment buildings owned by the United States and other
countries both outside of the United States and within. For example, in 1993,
terrorists exploded a car bomb inside the garage of the World Trade Center located
in New York City, resulting in loss of life and significant property damage. Since
then, in 1995, other extremists exploded a truck outside of the Federal Building
located in Oklahoma City, Oklahoma also resulting in significant loss of life and
property damage. In 1998, the United States embassies in Nairobi and Dar Es
Salaam were also subject to terrorists attacks by car bombs, each of which resulted
in significant loss of life and property damages. More recently, the tragic events

at the World Trade Center in New York City and the Pentagon in Virginia has



2 further enphasize the long felt need to devel op and

manuf acture building materials which are able to
wonrdsstmnz t he shock wave from car bonb expl osPONES2004023033

other simlar terrorist attacks. [ 0003]

Traditionally, the internal and external tiling of

bui | di ngs, industrial and residential areas,
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SRURLE FRI D Bl (e PSR o dovelds i RRALIRBE itding
nost .used npterials bej cenent, marble and granjte, .
ARAGHRS Vg@'gﬁélr% o WiBStaRd ohF FRARK WRYRITOMhCacleaTp giplosions
to be decorative, the construction materials used
shdudtbethemilan cerroristl gttaskhi bi ti ng the follow ng
characteristics: long durability, resistance to

weat her effects; resistance to corrosion; inert
behavi or to chemi cals; thermal insulation properties;

res nce.ta abrasion: and.at.,the s L i, . .

03T a7 < Jradelaafit e ineBif o AterB B Binasf Dufdipss, industrial
installation costs. [ 0004] Wiile the concept of using
fpdesjlerdalageas, gonsuent d pritase sadtor,setcwdd forRmemy made of
in the prior art, generally such foam gl ass has been

maedabsn darkifighl coetnetiahuiaectial Whahosst apel natsi 868K cement,
to mnimze its density and wei ght and is not

S bRPLR EPAniAPSe rdeéavﬂ ds %Q{aﬁﬁisitﬁes oFREHNis fla&g.n o $hfon to be

wave from°unexpecte expl osions or to resis
art hqguake and/ or wi nd and heat | gadj nhg. .The, .
QRGPS R MssCoTORSEAN TBiFE i‘&ﬁQIS%PHléﬂg%If‘é%@oa@l’ exhibiting the
relevant to this long standing problemis now
deldowingetiaraae20057 1043 cllpatilify, US2aadd0R308aheBeffe@@Q%bistance
For exanple, Pittsburgh Corning Corporation ("PCC') of
b £6:98816 8 inert behavior to chemicals; thermal insulation properties; resistance
to abrasion; and at the same time it should also be economical in both production

and installation costs.

[ 0004] While the concept of using foam glass as a construction material is
well known in the prior art, generally such foam glass has been used as a high
temperature insulator and thus seeks to minimize its density and weight and is not
suitable for absorbing sufficient energy from a shock wave from unexpected
explosions or to resist an earthquake and/or wind and heat loading. The
shortcomings in such conventional foam glass as relevant to this long standing

problem is now described.



Pennsyl vani a has devel oped and marketed a product

known as Foam d as(r) Insulation Systens, which is
waoeasnitserl in U. S. Pat. Nos. 3,959,541, 4,119, BCRUS2004/023033

4,198, 224, 4,571,321 and 4,%23,585. Because the focus

of these devel opnents are directed to nmaking a foam

i nsul ati ng material, the Foam d as(r) Insulation

ile co reiakly .sald.by -PCC is relatixel.y.
LEHE5T el oFregbe. Plilputart Lot Ghinmrpfioh Lty f S bisbureh,
the purpose of this tile is to be used as thernal
iResnsydvamia, hast develepesd sndfmarkesed anprasduchkaiovan apdoam Glas®
dented very easily. Because the Foam d as(r)
InsNh@dn SHstEBt SFEcH id @edcgibetl indl 8t PuelNod. @WSLBKilf %,119,422,
e.g., 9.5 1Ib./cu. ft., such tiles wll easrlybreak

mﬁgggw 8% 691 gﬂa%% 83 B o AR LR AL Bnents are

urI I'ng’or "ot her structure
les are not suitable to be use s_tili an
diregiado g 245 R ABylgng Raeriab Rt F r@qg@d%&aﬁaﬂ gystems
shock wave froman explosion will absorb very little
afle t dvenmlendklywaobs NGy inretativelyi dighodesighingsBdckb./cu. ft.
wave i s a neasure associated with explosions which is

FR$iHeYmUbd e fdeand ﬂufpo&ér@ﬁﬁmshlé is @6 HeNusel®sahbriAgl insulation, it
bei ng a pressure front resulting froman explosion. [

her e al.so d.to use f )
Tt L AR B FREE el e FRRGHR BiFFoam Glas®
exanple, U S Pat. No. 5,069,960 discloses a thernmally
ilnguaten Aystemailels o selatively Iavadensityc 0 gt 8¢b B fau. n such tiles will
out si de surface to make a hard Skl n to protect the

@abib) Becald whebuétadtalto Thees ity gisally s@basall oar €xterior walls to a
fabricated in extrenely small sizes, i. e., 18 cmx
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of absorbi ng WO 2005/ 047612 PCT/ US2004/ 023033 4
explosion will absorb very little of the shock waves energy when it implodes. A

shock wave is a measure associated with explosions which is easily understood by

those skilled in the art as being a pressure front resulting from an explosion.

[ 0006] Others have also attempted to use foam glass tiles as the outer skin-
surface of buildings. For example, U.S. Pat. No. 5,069,960 discloses a thermally
insulating foam glass tile that is coated with an outside surface to make a hard skin
to protect the outside of a building. The tiles disclosed are fabricated in extremely
small sizes, i.e., 18 cm x 18 cm x 6 cm, and the interior foam material which makes
up the bulk of the material is generally of a low density. Significantly, there is no

indication that the strength of the material disclosed is capable of absorbing



sufficient energy froman explosion, and indeed the
size of the disclosed tiles would not be ideally

wa@ niosaliee2 f or absor bi ng such energy. Furt her noper/Usives/e23033

is no indication that smal4 size pores are being
used. [ 0007] Prior work by the inventors and others
have devel oped nmethods for maki ng foam gl ass ti I es of .

a e a vari of densitie cri be

PaticRpC el ot She AR OB el hlse b dipeigeed tiles would
materials. Wile the techniques and nethods discl osed
weotebeddéeally suvitaklaufoabspbingenclk tenetdgr.d Rirdeernidrestiufre is no
4.25 in. X 4.25in. x .25 in., this disclosure does

nﬁﬁld&ﬁ@ﬁhhb@%él@ m'ZE'jb@?@SCzir@rlﬁelﬁg Lgsi.of a larger size,

for exanple ft. ft. x 31n. Likewse the tiles
nanufactured under these nmet hods were rel atively
light, e.g., less than 10 I bs., and were not

manufactured to wi_thstand the effects of an eeﬁql)osno
Tb 00 Ic ont Prips/worines the ingemomsarbogiers hevefirvelenas mgghods for

thermal insulation properties of the material, and
t imaRingeddemsgiads [tides, ofla wyitleer vaaiedy mé@émmdsldsele.scribdanﬁ&] S. Pat. No.
Wiile still others have worked on trying to nmake sone '

| 2196 15(38Z ChaP&PHe Lﬁ@&‘@@ldbgﬂgfn g{é}?ﬁfoWHi?e glg lEechmques and

smal | In critical dinensions®an nsit
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t he bodi es associated with an expl osi on or
eartdigimake 25Ror, thisatipilesure).does Pat reddb. hdy 16 ma@angacture tiles of a
descri bes a process for nanufacturing |arge-size

Sigehdpeskanosle ostt of 2 fow Tensiikewly thyveldsi mdnufabtured under
er to manufacture | arge-size cellular ceram c
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discloses a tile 8.2 ft. x 1.64 WD 2005/ 047612
prnuketoed go3eihstand the effects of an explosion. To the contrary, these

methods sought to optimize the thermal insulation properties of the material, and

thus made smaller, lighter and weaker tiles.

[ 0008] While still others have worked on trying to make some large-size
porous shaped bodies, these have been smaller in critical dimensions and of lower
density than the present invention and not suitable to absorb a substantial amount
of a shock wave which impacts the bodies associated with an explosion or
earthquake. For example, U.S. Pat. No. 5,151,228 describes a process for
manufacturing large-size poroﬁs shaped bodies of low density by swelling, in order
to manufacture large-size cellular ceramic structural elements, e.g., multi-story high

wall elements having a low weight. In the example, it discloses atile 8.2 ft. x 1.64



ft. x 2in., with a density of 26 Ib./cu. ft. and a

mass of 60 Ibs. It also teaches to obtain a | ow
wa@lensiots1t n order to optim ze thermal insul atipor/USivs923033

this foam when exposed to 3 shock wave from an

expl osi on or earthquake or heat or wind | oading or

stress of any kind will absorb very little of the

shoglo yavRR ea”@érg;l/tg % 1 bt /cul Hpmiis%%as[s ogf%%% leﬁl@'teaches to

others suc d'ass
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Ib /cu. ft.) as disclosed in U S. Pat. No. 4,798, 758.
Theposed 8o aphodnwaexfybai arsexlation pr eamkquake ordieat ohevind loading
foam gl ass stronger, an outer layer is also added

Wbt etredtast anydRitgll Will hbsdrb Q/e?a[l&@e of th@sﬁ@cklwﬁvgé CHerdMvhen it
and a thlckness of 1.5 to he exanpl es

SHR the sanples which are over 30 I bs. in

mere found to be unacceptable froma
curablllty and i npact resistance perspective, for
anong ot her reasons that the surface had appreciable
breaki ng and soneti mes cracking, thus not providing a

c[ @aP por eFsithénoeherfuniches Ceti@l GRat .CaNdtd., of Ube, Japan, have
4,833,015, a later patent by Central d ass Co. Ltd.

eéﬁéﬁ?@i theake '?&iljn & da%E S cgensi?i%'é i figd gcg{g%roftmg 59,6 g/cu. cm

surface of the til SCI‘I In the Pat ent was
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Even after putting a third layer to inprove the
sPatengexplains that ipoodirce makes the eam glads stmongey, A0dGter layer is also
Patent, the best tensile strength achieved was bel ow

28@ded Whl@l%aslartlensﬁ?% fiekdafge bf .gusUT Ak @nf 8fid a thickness of 1.5
pur poses of the present invention. WO 2005/047612
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were found to be unacceptable from a cutability and impact resistance perspective,
for among other reasons that the surface had appreciable breaking and sometimes
cracking, thus not providing a closed pore surface. Further, U.S. Pat. No.
4,833,015, a later patent by Central Glass Co. Ltd., explains the tensile strength
perpendicular to the surface of the tile described in the ‘758 Patent was very poor,
i.e., below 150 1b./sq. in., thus making it unsuitable for purposes of the present
invention. Even after putting a third layer to improve the strength of the product
as described in the ‘015 Patent, the best tensile strength achieved was below 200

Ib./sq. in., and making it unsuitable for purposes of the present invention.



density glass tiles, such as U S. Pat. No. 4,992, 321.
However, these tiles do not appear to be a cl osed

w@oeos/ostenzict ure and there is no indication as POT/URBI0$/023033

strength. Indeed, filler naterials are used in an
attenpt to increase the strength with no reporting
data. Further, the tiles disclosed were also very

thj 3 in.) l~Stidlli others have .
a‘? {’QHS? ed %&%k%fogga% gq eggxgal R’ﬂ%%ssc\%’ tlﬁds ﬁt‘FP’é’? tﬁo]?l(—azke higher
size. For exanple, in U S Pat. No. 5,516,351, the

density glashillesosupiyae Ush. Raty Jo. 4982341 r Hemerver, tthesestiles do not
shown in which the best pore size is always greater
tapppardtobe ariosél poteastiuerurelamddbess it yoiisdiahtiery ss todeir strength.
than 12 I b./cu. ft. OQher efforts to use snmall pore
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strengt hs and dpes nhot., di.sc|] ose achievin a ¢l.osed .
360 St o iaRES i ier SREIPRR] wRRe Ay wedh i avaRt (o 1.3in.).
[ 0012] Unlike the prior art discussed above, the

tiles of the present invention are designed and
constructed of various materials so that such tiles

eo®@1 P opersiilksthetha¢l ageptétb@lmales fowntd1adsanel with kMeller pore
shock wave associated wth | arge explosions or nmake a

i | di r h rACt Jr e cresd ni, t .
o R PaS oHE" ot 515 35 Pt R RuleDEy B Biee size 0
known net hods and apparatus of the prior art present
4B repitiyty dg shaven ihwdiich Hie baseper sizeiscagh srepieikdan 1.0
to overcone. In particular, it is an object of the
pne@s eSitnilanlyetiid density ipalnweiyd éedd®h2003/164¢6.12. Other efforts to use
PCT/ US2004/ 023033 7 a strong, high density foam gl ass
i : g . Ceh
sl g&}{ 5%@5}1@1&%@' &erF»?c’i& SHERSas MY §. pfgﬁmgg 3958%32 and

as a Ing matertal 00_14] I't is another object
9{, 7%&%3&%%1%33 Eo écr}l\{gx;g éo?rrl]pgrgbfens%rre%gt % Jnrdo oets tﬁ%t disclose achieving

a closed pore outer skin as disclosed by the present invention.

[0012] Unlike the prior art discussed above, the tiles of the present invention
are designed and constructed of various materials so that such tiles have properties
which are ideal for withstanding the shock wave associated with large explosions

or make a building or other structure resistant to earthquakes.

[ 0013] Thus, while the prior art is of interest, the known methods and
apparatus of the prior art present several limitations which the present invention

seeks to overcome. In particular, it is an object of the present invention to provide



commercially recommended density of 9.5 Ib./cu. ft. to

have a hi gher density of between 30-100 Ib./ cu. ft.,
wa@pahsowtee2 particul arly over 40 Ib./cu. ft., anPCEUS004/023033

nore particularly over 60 Ib./cu. ft. [ 0015] It is

anot her object of the present invention to nmake a foam

glass tile wth an average pore size of 1.0 mm or

E3op AR LTS B L U558 g can v

preferably of .3 mmor less. [ 0016] It is a further
oBjeskas %PW%@S@%@@% invention to increase the wei ght

of the foamglass tile to be greater than 30 | bs., and

nore particularly over 65 I bs. and even nore

particularly over 100 Ibs. [ 0017] It is a further

opjorfrtatof t tH: td IOV :

PO AL i 1 PSR S e rborR ¥ ord o3 i 3R84s, from the
critical surfaces of ildin t. high risk for. o
Cthier e ReREe e doREnTa Sib Pt conie & bigher density of
or other building materials. WO 2005/047612

PeTingsaci% 1 02 Ap.33u. §t.[ aldd t8jre Ipartisulatly ®van 46bjbettu. 6f, and even
the present invention to provide a glass foam tile

t hake E@ﬁid@@ar@ﬁ@@eri@ Burdiages of typical buildings and
has the advantage of having a rigid structure that

when exposed to shock waves having bl ast energy, the

tile can absorb a substantial portion of that blast

eperqy. It also has the advantage of being nore

r EeQP%alnt t16 IeziatheieiNed of g presontiavenitphieamakeadoary glass tile
[ 0019] These and other objects will beconme apparent

f wirho dnheevetageggmiengze af@SEmnpbt 8s, and more preferably of .6 mm or less,

and even more preferably of .4 mm or less, and even more preferably of .3 mm or

less.

[ 0016] It is a further object of the present invention to increase the weight
of the foam glass tile to be greater than 30 lbs., and more particularly over 65 1bs.

and even more particularly over 100 Ibs.

[0017] Itis a further object of the present invention to provide a strong, high
density foam glass tile which can be used on the critical surfaces of buildings at
high risk for terrorist attacks, in combination with cement, steel or other building

materials.



SUMVARY OF THE | NVENTION [ 0020] It has now been found
that the above and rel ated objects of the present

WO noosfoticon are obtained in the formof a stroneCT/Bm04/023033

density foamglass tile having a small pore size
whi ch can be used as a facade on both exterior and
interior building walls. The foamglass tile of the

|nv [ ' : t. C S
Z EL o B R Ao e s PR bRl o O Rls™ glass foam
le of the present |nvent|on nF ?Iso have a cl osed
pa}eeﬂs%trq@@tlzﬁr BsedTHéS‘FJé%‘%ﬁSg? d¥Bica g@l diggp andshapehe gdyantage of
with other material to forma panel or a conposite.
Thevipg asiyid structventhaowhenexpesadtedhock wheesdiavingbllast energy, the
surfaces of buildings at high risk for terrorist
ahl@@ifﬁabsbfb &9&6%&5}?&&{1 %Brt%ﬁ 5t $GrBRke erdrg! It%ﬁsoqﬁefleche advantage
[ ding materials. e present |nvent on nmay
in surfaces cal, bui | th
i BeinRa s SRcant o ARty &t Sindhid Bealoding”
i nvention has the advantage of absorblng a
substantial portion of a shock wave caused by an
expl osi on. The present invention also has the
ag\gogpe ofThesd agd BEe digedts Walltbdeconrasphaeak#sm e foregoing
2005/ 047612 PCT/ US2004/ 023033 9 and/or w nd and heat
I leﬂg It nmust be noted that the ternms gl ass foam
fgam gllogss ceram c foam and foam ceramc are
i nterchangable in the present invention. [ 00211 One
enbodi nent of the present invention is a foam gl ass
tile conprising a closed pore outer skin on at | east
ofEMIMARY GRUHIGINVENEION aver age pore size, a large
density and a hi gh conpression strength. The foam
9'[43@2@1]' eSI@h&s n¥&f Meé{ FQR (RRdhBaRvE LRIMR A2 &ﬂects of the
strength of 6000 psi (Ib /sq in.) or greater, and
er

2,8126% eﬁﬁ‘rwegté?le Fu&%qb%% 18(adp the formqof a srt]rong, h%heél tIlslt’y foam glass tile

having a small pore size which can be used as a facade on both exterior and
interior building walls. The foam glass tile of the present invention is strong
enough that it can also be used as a structural member for a building. The tile of
the present invention may also have a closed pore structure. The foam glass tile
can also be used with other material to form a panel or a composite. The present
invention may be used on the critical surfaces of buildings at high risk for terrorist
attacks, in combination with cement, steel or other building materials. The present
invention may also be used in surfaces of typical buildings either alone or in
combination with other materials. The present invention has the advantage of
absorbing a substantial portion of a shock wave caused by an explosion. The

present invention also has the advantage of being more resistant to earthquakes



10,000 I b./sqg. in. or greater, and even nore

particularly of 12,000 Ib./sq, in. or greater, and
weyes/onwie particularly of 14,000 | b./sqg. in. BPET/US2004/023033

greater. These foam glass 4iles will absorb nore

energy from an explosion, w thstand hi gher heat and

wi nd | oadi ng and ot her nechani cal forces. The cl osed

PR ®/ RWHRH Sid HeafRYadBhd NRImudtdel R5eB Qhé‘%lért@hh¥ﬁpiss P¥am, foam
bondi ng one or nore secondary gl ass surfaces. e

cl,osed por.e.outer .skin nmay.have various.co] or and . .

¢ Bt e AUHF FOm BRGTRAM CFAS ATC IR EHEAbls I he B esept invention,
for use as an exterior or interior facade of a

buil ding or other structure. The tiles of the present

i nvention may have an average pore size of 1.0 nmm or

| E9021nd pOat esrabddiment o Qe besent aebrtieis a foam glass tile
preferably.6 mmor |less, and even nore preferably .5

L nref er VAR .
R APy ER s IR FURTLURE SR & B cone SR B E I3l average
of the foamglass tile of the present invention is )
PReslzced HTEBACEHY Ahmbia CamBFessépIHRRBdl etean glags tiles are
9.5 Ib./cu. ft. to have a higher density of between
30eryBarong, drwdihatd a compdessivnetrepatht b€ 6000 Ipgi gbead an.) or greater,
than 40 Ib./cu. ft., and even nore particularly

OfrfRiRie bRAuRRly dBA0BUD. A in. 8FEreaNEN i
parti cu(legrl yugr eyater than/fsgoml b. cu.eerf ?ﬂ@_%_ﬁ%nnm}eoirgﬁtartg%ulaﬂyof

10988/ RE B Gisetin ot e b T2 /sq. in or

more particularly 35 | bs. or greater, and even nore
perieaterufRd eyenmdrp pardeulgile af #0060 aein. rargreater. These foam
particularly 50 | bs. or greater, and even nore

pglatsd glek avillwbbdrblhsre @tergy fahean eapldsiody AcH¥e4R] higher heat and
particularly 100 | bs. or greater. 0022] The strong,

A 0589 By L5 NSRRI PO Oy i
flger fgr%ee Illgtrurglli]}g or 2[%7 roln {ng one or more secondary glass surfaces. The
closed pore outer skin may have various color and texture variations which will
make the tile suitable for use as an exterior or interior facade of a building or other
structure. The tiles of the present invention may have an average pore size of 1.0
mm or less, and preferably .7 mm or less, and more preferably.6 mm or less, and
even more preferably .5 mm or less, and even more preferably .4 mm or less, and
even more preferably .3 mm or less. The density of the foam glass tile of the
present invention is increased from the commercially recommended density of 9.5
Ib./cu. ft. to have a higher density of between 30-100 1b./cu. ft., and more

particularly greater than 40 lb./cu. ft., and even more particularly greater than 50

1b./cu. ft., and even more particularly greater than 60 Ib./cu. ft. The weight of the



bui | di ng surfaces and having | ess seans than smaller

tiles and which has a surface area of 1 ft. x 1 ft.
woroognemster, and nore particularly a surface apeBESDN4/223033

ft. x 2 ft. or greater, andl even nore particularly

has a surface area of 4 ft. x 4 ft. or greater. More

particularly, such tile may have a thickness of at

| east I Ky . i.cul t_least 3 in.
3500 g T TR P AL 1 phE ARl Balteny o5 s
Anot her enbodi nent of the present invention is a foam
gPlaSECREY, eAN¢ GRS BING RAEicBledy A0 r18soor egregtarn asd gven more
| east one side, having an average pore size of 1.0 mm
opartieskylyss WHisght gofatdif) aht e@venmaye gatrtdculadn@s Ibs. or greater, and
conpression strength of 6000 Ib./sqg. in. or greater.

The. f ' e trong, and have a
8¢l ABFR géﬁﬁﬁla{rh}g?ﬁo g%s. 8% gfeﬁtér,

conpression stre O psi (Ib./sq. in.) or

greater, and nore particularly of 8000 Ib./sq. in. or
greater, and even nore particularly of 10,000 Ib./sq.

in. or greater, and even nore particularly of 12,000

| bO0O221 i n. The syovat bigh derdityfeamnglass tipapf ithalpaedent ohvention
14,000 I b./sqg. in, or greater. These foamglass tiles

Wvhichal S@pRbIRDEEbeiRRei@y ds' @ BuafirgXPhesiA for Miehist and exterior
hi gher wi nd | oadi ng and ot her nechani cal forces.

T R e R

or nore secondary glass surfaces. The cl osed pore
otficadof didt ik dly O yeatel; AndgnerepAarsiculanly a axtaseeareas of 2 ft. x 2 ft.
variations which will nmake the tile suitable for use

asr gireaterxhed Boen moré pheidubarlyf leesaderfakce ardsiofl 41ftng 4oftt. or greater.
ot her structure. The tiles of the present invention

%raaaé%tlan%ﬁm@%fugmﬁaysgﬁg 9 thi'ckgeﬁ"bpﬁ%;l&ﬁ? 2 #%nd, more

preferably. ess, nore preferably.6 nm or
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preferably.3 mmor |ess.
[ 0023] Another embodiment of the present invention is a foam glass tile
comprising a closed pore outer skin on at least one side, having an average pore
size of 1.0 mm or less, a weight of 10 lbs. or greater, and compression strength of
6000 1b./sq. in. or greater. The foam glass tiles are very strong, and have a
compression strength of 6000 psi (1b./sq. in.) or greater, and more particularly of
8000 1b./sq. in. or greater, and even more particularly of 10,000 Ib./sq. in. or
greater, and even more particularly of 12,000 Ib./sq. in. or greater, and even more
particularly of 14,000 1b./sq. in. or greater. These foam glass tiles will absorb more
energy from an explosion, withstand higher wind loading and other mechanical

forces. The closed pore outer skin may either be formed naturally or by bonding



The density of the foamglass tile of the present
invention is increased fromthe comercially

wo ewsowsned density of 9.5 I b./cu. ft. to haveCHUS2004/023033
hi gher density of between180-100 |Ib./cu. ft., and
nore particularly greater than 40 I b./cu. ft. and
even nore particularly greater than 50 Ib. /cu
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invention the density of the foamglass tile may be
oestericd@r linysrioe (acafle of a Puddingi gratherf struveuteo dhegilas of the present
tile of the present invention is greater than 10 | bs.

anghdiRioR Ray hhedhi a{/&agé Eaf@ﬁt@ bf 1 aAm36; lebs andqﬁéferably 7 mm

even nore partl cul ar | Yy or greater, and “even
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partl cul arIy 65 I bs. or greater, and even nore

pandieyan aarg preferally -4 gym gr dess eand gvegoRare pEesensbly .3 mm or less.
enbodi nent of the present invention is a foam gl ass

t iThe ddmaity g the feare gkge tiieobE tisd preseht inventivlis ik$6ased from the
density of 30 Ib./cu. ft. or greater and a

é%iaﬂp r%&ﬁﬁﬂ]@nﬁe&%eﬁg& bPg /5513 ./cliNfe, & hg&ee ch%her density of

oam gltass ti trong, and

a?? AL B bt B BB ., an

particularly of 14,000 Ib./sqg. in. or greater. These
f esem gherssparticekuly greatexbthanbs by rfer gwidf evem mrore particularly
expl osi on, w thstand hi gher wi nd | oadi ng and ot her

meedae; gidn 601526, Mivhae the dteam &t @sFohinl @a!ssstlle of the present
preferably a cl osed pore structure it is not

n E&%%g@éylg ptgigéégiﬂlk §&ss 0&1?111 H@Oﬁ@? 6 u1 eIS SH Sy eerveé'ﬂggrgii%ent of the

pref er abI y .4 mmor |ess, and even nore
present invention the density of the foam glass tile may be over 100 Ibs./cu. ft.

The weight of the foam glass tile of the present invention is greater than 10 Ibs.,
and more particularly is greater than 30 Ibs., and even more particularly 35 Ibs. or
greater, and even more particularly 40 lbs. or greater, and even more particularly
50 Ibs. or greater, and even more particularly 65 lbs. or greater, and even more

particularly 100 lbs. or greater.

[ 0024] Another embodiment of the present invention is a foam glass tile
having an average pore size of .5 mm or less, a density of 30 Ib./cu. ft. or greater
and a compression strength 12,500 Ib./sq. in. or greater. The foam glass tiles are

very strong, and have a compression strength of 12,500 1b./sq. in. or greater, and



preferably.3 mmor less. The density of the foam gl ass
tile of the present invention is increased fromthe

weomsmsmial |y recormended density of 9.5 | b./ceCT/U52004/023033

have a higher density of between 30-100 Ib./cu. ft.,
and nore particularly greater than 40 Ib./cu. ft.,
and even nore particularly greater than 50 | b./cu.

g I | . .
fibte PagILY OE@@é’bﬁgP/?ﬁ it %%%?ﬁégmﬂg*?{é@% plass tles wil
of th resent i.nvention is refer ess . th 100
" 5opei mPre STy Sihdt AR EVBias0a HAHEUGH NighEr B ding and other
|nvent|on the density of the foan1g|ass tile may be
ove¢chao@al fortesu. While theTfoamnglasgtileds prdferabiiaanchisad pore structure,
tile of the present invention is greater than 30 |bs.

amdis Rk QleE@sVsbf}ﬁ UTRE biYesBF thEpre@int dhiwrakdh maphat¥ af average pore
m)re partlcu arly 40 I bs. or greater, and even nore

o3 ) o B e Y PRk oy A SR s, and evem more
partl cul arIy 100 | bs. or greater. [ 0025] An even
f prefeeabli fhdan siless. ckhedrasity ekdiefoammgbass tklmmf the presgafinvention

gl ass panel conprised of one or nore strong, high

dénisicteaséd dongtires®nimbasalyhiecbmaamnded deasisgobd 6dbi/atoft. to have
a lightweight building facade. Particularly, the

cl,gg erp@irﬁiq%ﬁcwﬁmnego SobW ML e Spd e ﬁgﬁ?@gﬁﬁf%{egter than

appe as an interior portlon a

ski Iudes an additive to ace
o dbdhy 2 B pRGpUAit R B CHi H T B b Fb K gAdspren more
the tile. More particularly, such panels can be used
t pandRadBeaTETRaPCT IS0 Fu MiRBO3R densityrakehedoam glass tile of the
buil ding nore resistant to earthquake danage, w nd and

hepésehn@ aflienfion 3N Pref&abB e &MtYihh A00BRY k. f.afi ﬁ&h&f‘@{ﬁbodlment of
bdi | di ngs made from conventional concrete panels.
DRI prLe%eDnPl%\S/e i0 Tl[he den51t-}|;Ho'1:ethel\%%|r\nrrgp\l ass tile may be over 100 lb./cu. ft.
The weight of the foam glass tile of the present invention is greater than 30 lbs.,
and more particularly 35 1bs. or greater, and even more particularly 40 lbs. or

greater, and even more particularly 50 lbs. or greater, and even more particularly

65 Ibs. or greater, and even more particularly 100 lbs. or greater.

[ 0025] An even further embodiment of the present invention is a foam glass
panel comprised of one or more strong, high density foam glass tiles which can be
assembled into a lightweight building facade. Particularly, the closed pore
structure is textured for architectural appeal, the tile has an interior portion and
the tile outer skin includes an additive to make its surface appear a different color

than the interior portion of the tile. More particularly, such panels can be used to



[ 0026] The present invention relates to strong, high
density foamglass tiles having a small pore size
wohishiman be used as building materials. The PCESSIUIN4/023033

i nvention may be used on the critical surfaces of
buil dings at high risk for terrorist attacks, in
conbi nation wth cenent, steel or other building

j ; r ' ' I e ed.on;.
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has the advanta%e of being more resistant to )
éﬁ?‘%&ﬂ&ﬁ%@mﬁﬁ’&ﬁ oflsaCW%Gh?dh UHdHIgs m@ﬂ@ifﬁ@m qweptiesahconcrete
invention may al so be used as structural support
memest s  of a building. [ 0027] Under one enbodi nment
of the present invention, the strong, high density
foamglass tiles having small pore sizes are capable
of absorbing nore energy from an expl osion than

r e il ilals, as well as
Sﬁt@@ﬁdﬁﬁgﬁﬁ]ﬁmg?iﬁ Wms and ot her
nmechani cal abuse. Such strong, high density foam
i @364 | esThesprebentfiaventivatrethtentostroag, bigh densithidpas glass tiles
including but not limted to flat and/or curved

_ a siallt e, sizd@hsd @itbe Qb@hadBasding heaMalg! AR present
tiles of the present invention are nade fromsiliceous
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and starch), carbon black, silicon carbide, carbgnates
zﬂi@cg% R 8?%?%”@@8?’@%‘%%“% e esheybpilding materials. The present
PCT/ US2004/ 023033 14 nany possi ble nmethods to

finberitioat may elsabeaistd amspefaedsofwipibaltaiidong. ddegiresees invention
sizes, and surface finishes. U S Pat. No. 4,430,108
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of a building.

[ 0027] Under one embodiment of the present invention, the strong, high
density foam glass tiles having small pore sizes are capable of absorbing more
energy from an explosion than contemporary cement building materials, as well
as withstand higher wind and heat loads and other mechanical abuse. Such strong,
high density foam glass tiles may be fabricated in a variety of shapes, including but
not limited to flat and/or curved shapes. Further, the strong, high density foam
glass tiles of the present invention are made from siliceous materials and gas
forming foaming agents, including but not limited to carbonaceous organics (e.g.,

sugar and starch), carbon black, silicon carbide, carbonates and sulfates. There are



Simlarly, co-pending application Serial No.

10/ 076,971, filed on February 15, 2002 by the sane
waseisgwre? al so di scl oses additional processespOr®52004/023033

in manufacturing the presamt invention, the

di scl osure of which is incorporated by reference

herei n. Foam gI ass with various densities can be
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conc Ihg agents. VI SCo

gl ass |sth natln par amet er duri gthefoamn
FieBoand § %ed@w"in UnEipaTe 4489008 fedcrbis vareous Hoam glass
unlformty are dependent on the distribution and
panodiuctsefabrizatedffrorhfly ashl dnd athengddgams .wikh @8#81is densities, and
anot her enbodi mrent of the present invention, the foam
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size than traditional oam gl ass til
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recomrended density of 9.5 | b./cu. to have a
M YRerbyddhei tame ofssigaeoe @lso3distboes bad!ctmonalt proegsses useful in
nore particularly greater than 40 Ib./cu. ft., and

evenufaefgingathel prebaitl ijiveiteat ehe dbalbsatk: bbwhedh isfihcorporated by
and even nore particularl y greater than 60 | b./cu.
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esen I nventi on |s prefe
than 100 | b./c in another di ment of th
JPESEMPOSIPBAY Lé&mﬁléd%wemrw% of ??él FHIR AFeRES Vigepaity of glass

may be over 100 Ib./cu. ft. Further, as shown in
Bx ahpldesnifatng pheametef eurieg the afmagﬁng Pro@s20n54addi7n6t2the pore
PCT/ US2004/ 023033 15 tiles have an average pore size
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[ 0028] In another embodiment of the present invention, the foam glass tile
is of a higher density and smaller pore size than traditional foam glass tiles. In
particular, the foam glass tiles of this embodiment have a density increased from
the commercially recommended density of 9.5 lb./cu. ft. to have a higher density
of between 30-100 lb./cu. ft., and more particularly greater than 40 lb./cu. ft., and
even more particularly greater than 50 lb./cu. ft., and even more particularly
greater than 60 lb./cu. ft. While the density of the foam glass tile of this
embodiment of the present invention is preferably less than 100 Ib./cu. ft., in
another embodiment of the present invention the density of the foam glass tile may

be over 100 1b./cu. ft. Further, as shown in Examples 3-9, the preferred foam glass



[0029] This high density and small pore size nmake a
very strong foamglass tile. The foamglass tiles are

wo esnp/0stenbng, and have a conpression strength BOp®s2004/023033
to typical cenent which hadsa conpression strength of
around 4000 Ib./sqg. in. In particular, as
denonstrated in the Exanples 3-9, the foan1g|ass tiles
of. e t
ﬁleéggﬁg{rggx‘;&tage F&\é slgiré ogﬁegﬁ%“rr f)?le%grgfn{)d?pgr%f ]3/ Z rﬁ Plrgless and
of 8000 Ib./sq. in. or greater, and even nore
papre prafarably. @fmq_lcprde@, an% eyeymore Preferaflia BYn oplngs, and even
even nore particularly of 12,000 Ib./sq. in. or
gnesd preferabiyd.dememnoniess qual dvieauhard preférably, BGAm br lesq.
in. or greater. These foan1g|ass tiles wll absorb
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eat | oad er ne anl cal or ces.

de Slt and snal | size foamglass til
aq'flg The S S84 1ilea R4 wig Vo B 5 & coftte by stregth superior
denonstr at ed by Exanples 3-9, the foamglass tiles
Havgpizat memtevhmhéwgtawogrpeassmn sthengtb 00 atdunds400Q Ib,./sq. in. In
and more particularly greater than 900 |b./sq. in.

apdtievian dilethdRtrataiindhé Examgr s B20Ght bodrﬁ 4lash Alles oAbk present
even nore particularly 1400 | /sq |n and even nore

r 0 q [ n_anot
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foam glass til es have a surface area of at least 1 ft
xpartielarly of §RY0IbpsAt it GF Sregrenfans eveaggprepparticularly of 10,000
2005/ 047612 PCT/ US2004/ 023033 16 2 ft. x 2 ft. and
dbefaqnior er gaedte uindrdvenahoregasticdlafly of X 24064 1b./sq. in. or greater,
di rrensi ons, and a depth of at Ieast 2 in., and nore
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east 4 In es are adva t ageous over

smal ler .tiles
o' & sor more energy from an explosion, withstand higher wind and heat

loading and other mechanical forces.

[ 00301 This high density and small pore size foam glass tile also have a
strong tensile strength. Similarly, as demonstrated by Examples 3-9, the foam glass
tiles have a tensile strength greater than 500 1b./sq. in, and more particularly
greater than 900 1b./sq. in., and even more particularly over 1200 Ib./sq. in., and
even more particularly 1400 Ib./sq. in., and even more particularly over 2500

Ib./sq. in.

[ 0031] In another embodiment of the present invention, the preferred foam

glass tiles have a surface area of atleast 1 ft x 1 ft, and more particularly of at least



because the larger size allows the conposite of tiles
to have | ess seans than conposites of smaller tiles

waeosesteional |y used. Such seans can be detri neet/ab2000023033

the structural integrity silnice seans in a tile surface
weaken due to thermal expansion and contraction, and
thus tend to crack. These seans are also a neans by

ich er_can penetrate bhehind,the tilesg,.resultin
"% fardas bl Tr ety ALt 4t £ B altsrgns, and 2
insects, and the freeze-thaw cycle. In the freeze-thaw
cylepth oktidpasiatiar, asdepereipveferablyjaf leasindlin. aadyen more preferably
expands. Wien the water thaws, it contracts thereby
causeRg4tinge Smihelar@d tile9 3¢ aekantAbesusongracin®entiond smaller tiles
shock wave caused by an expl osion, an inproperly
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absorbi n he desired energy., Thus, by reducing the
nGABEOSEFS %ftééfi%gfflﬂf’é copegntallysed St rqagﬂ%&égvaalemal to
seans Wi ll be reduced. The larger tile surface al so

hake tshmictural iitegrigdviane sgemosfinr ediilei suyfd@bweaken tdue to thermal
| abor site, by requiring |less pieces to be assenbled,
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enbodi nent of the present invention, the foam gl ass
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protects the tile against water, and the freeze, thaw
c Pé PEOCETIRS, Bichsanolgyinsests; and she freeagsthaive euste. ga the freeze-thaw
formed naturally as taught in U S. Pat. No. 4,430, 108

Orcyctecwhen eadtensebys onditilg aad sreeassdaeypgidas Wistt fhaceater thaws,
as taught in U S. Pat. No. WO 2005/047612
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penetrate behind the tiles, causing them to explode outward rather than absorbing
the desired energy. Thus, by reducing the number of seams, the risk of having
improperly sealed seams will be reduced. The larger tile surface also has the
further advantage of reducing labor at the labor site, by requiring less pieces to be

assembled, which in turn reduces labor costs.

[ 0032] In another embodiment of the present invention, the foam glass tile
preferably has a closed pore outer skin, which thus provides the tile with increased
strength and protects the tile against water, and the freeze, thaw cycle. The closed
pore outer skin may either be formed naturally as taught in U.S. Pat. No. 4,430,108

or mechanically by bonding a secondary glass surface as taught in U.S. Pat. No.



teachings of U S. Pat. No. 4,833,015, the contents of
whi ch are incorporated by reference herein. Natural

wo ooosmticon | s advant ageous because it does notPCEUSI00€023033

addi tional |abor and qualitty control, and thus is nore
cost effective and | ess burdensonme. Using a secondary
gl ass surface may al so be advant ageous because such

t ' S I 0 ' ;
VER6E0 e | GERE DIPIRSERE, Bifefboied &P #iEpce herein.
t tile architecturally attractive for. use ,as an

o ermarielty then f8reth porescliss S a,PF dpiCommoeidance to the
structure. One way of making different color surfaces

i sednhingseofUs.S. Bht.dNd.f48238016pther cadentsiofeghichsare sncorporated by
generally well known to those skilled in the art. [
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tile of the present invention is that when it iIs

ex ed a bl ast shock wave it, .S _capabl e of .
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Because these tiles are capable of absorbing a

sbsdensome. Pong asacotdagy iglass sudhescravalse, ba aipniggeous because
particul arly advantageous as buil ding construction
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tiles of the present_jnvention are also_thicker_than
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thick, and are preferably at least 3 in. thick, and

ey thoddykaldr @f tpealpty at least 4 in. thick. The
i ncreased thickness of the tile adds to the vol une

and therefore, to the weight of the tile. The
i ncreased thickness gives the

[ 0033] Another advantage of the high density foam glass tile of the present
invention is that when it is exposed to a blast shock wave it is capable of absorbing
a substantial portion of the shock wave. Because these tiles are capable of
absorbing a substantial portion of a blast shock wave, they are particularly
advantageous as building construction materials for interior and exterior surfaces
of buildings which are at risk of exposure to explosions, such as government

buildings, embassies and high visibility/famous buildings.

[ 0034] The foam glass tiles of the present invention are also thicker than

conventional foam glass tiles. In particular, the foam glass tiles of the present



tile an increased stiffness, which reduces inadvertent
fractures during handling, whether from

woevshawiur i ng, transporting or building. The PeTUSAS€MR3033
thickness wll also permti8the tiles to absorb nore
energy from expl osions, exposures to earthquakes,
heat and w ndi ng | oadi ng and/ or other shock waves. |
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i ntended to_be nade For exanple, if the tileis

i s peeferablyat leasdt i thigki Eltie BsFeased Hkekness pé she ke adds to the

tiles should be optimzed to be the | owest weight

t halunesan drittelsfoas) do thewsight of clessler elheByncoepéd asickndsk gives the

the tile is intended to protect a building or

Shi#&ﬁ 1l &eddelBr? Hl%gé‘ %ﬁ%‘eaﬁfegqg%%éﬁttfﬁﬁﬂres during handling,

exp osi on, thent shou e optim ze
se. its densit and decrease its si.ze to .
PSR dHODGRET S A5y Ceehr a S ki, Thedbearedickness
th| ckness w |l depend upon the proximty of the

expldséad permet the tihes toektorbmarte ¢nwrgydtamteaxplosions, exposures to
expl osi on. For exanple, on the outside of a building,

t BErthfhed ehsar Rl Windael daling! ake/ drndtBeASitQUNNatde

di stance of the tile to the nearest |ocati on where an
aut orobile or truck with explosives nay be parked. On
the other hand, in an interior of a building, such as
a support columm, the proximty anticipated could be
3t el yTheﬁﬁleﬁ%O%QEﬁleaP@@IC tlen sizg, thiskpesstaiy! densayydepends
antl ci pated expl osive |oad would be substantially
| @pen tNOUROOEWOLHGH? tRETY X0/ 102R0BAde 1 Fof eROABB]e, Fbthe tile is
t he purposes of resisting shock waves associated wth

g@tggifn%! %Zlbé’ﬁsedhtldereillkdgeiearﬁ{qadagi@sn gﬁ&?gféttglreﬂlé’lg&gg%o 1'?nlzed to be
PaLE fo’west weight that can withstand the wind pressure. By contrast, if the tile is
intended to protect a building or structure from shock waves associated with an
explosion, then the tile should be optimized to increase its density and decrease its
pore size to be strong enough to absorb such a shock wave. The desired thickness
will depend upon the proximity of the exposed tile to the location of the potential
explosion. For example, on the outside of a building, the thickness would have to
take into account the distance of the tile to the nearest location where an
automobile or truck with explosives may be parked. On the other hand, in an
interior of a building, such as a support column, the proximity anticipated could

be immediately next to such a column, although the likely anticipated explosive

load would be substantially less.



[ 0037] In the case of a tile to be used to nake a
structure resistant to earthquakes, a slighter

wo c@hbeTs1ti l e may be used with a rigid struct urer/u3ive4/023033
| oad caused by wi nd pressupe which needs to be
resisted by these tiles is related to the area
bet ween support colums. Thus, the greater the area
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wi thstand the |argest anticipated wind pressure

sought to be resisted wth an appropriate safety

factor built in as is typically done in the
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structural netal supports of the building or other
seambquakes, § sigizey lighter sde nan beugedrpiib estigidigrudties  The load
with a finished |layer can be used on any surface
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be exposed to public view, than only that surface
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2005/ 047612 PCT/ US2004/ 023033 20 finished |l ayer can
beompesiteouletwich sigbmdicewyeo Thd tsickieess larkitpsf thegiles to be used are
interior of the building. Aternatively, other
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vant a of the'tiles of the present invention'is
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anticipated wind pressure sought to be resisted with an appropriate safety factor

built in as is typically done in the construction industry. The tiles should be

supported by a metal frame, which in turn is supported by structural metal

supports of the building or other structure.

[ 0038] For aesthetic purposes, the tiles with a finished layer can be used on
any surface subject to public view. Thus, if only one surface will be exposed to
public view, than only that surface needs to have the tiles with a finished layer. On
the other hand, if both sides of a wall sought to be protected by the present

invention are subject to a public view, than a second tile with an appropriate



advant age of being able to be used to protect a

support colum froma terrorist fire attack such as a
wobdosovieenckt ai |, or other sources of fire. TheCT/®E82004/023033

the tiles of the present i2divention can thereby either

prevent and/or delay the destruction of such support

coI ums, thereby increasing the likelihood that

BE@ZS e(r)fc e t@@ﬁetﬂgt gégf{dd%gﬁ)a%a Aﬁlgth %’Xﬁ% as the interior of the

eanQ|nent of the tiles of the present jnvention can
peuildiag. Alernatively, athesinsetiosustacearayalsebegtsedr
structures. In particular, the tiles can be nopunted
on the potentially exposed walls. If such walls are
already sufficiently rigid, then the tiles can be

gg%nﬁ]nd' r RGbther taa%ﬁ'&ge of fhd'Ges o'f Ii‘ﬁé‘ PI’&%& {lv8Rti6A%s that such

ted on an appro rlate r|g| ucture or

backi n tective | ayer P whi ¢h

i R S M T O &a’fﬁus ABpicodes lige an added
backing protective |ayer rmy be a fi brous conposite,
whédvantsgredt Heimgalsle a0 be meatttogirotdcg h suppors coleins freng terrorist fire
mat eri al s, such as graphite, Kelvar and/or fibreglass,

oatta&@srﬂ%ﬂta@%%ﬁomcm@lo% otlYdis6lir B WS ﬁfwtm@umﬂth@&%s of the
cenent, reinforced portl and cenent, |inme, alum nous

gg%?}& lgp’egé“é,% harbﬁh Wgel }é%}—gg?&ﬁév%gg/égiﬂ li gessructlon of such

metal, Kevlar or other supporting materials. A

bR Colast Bierehy Herrasingthedikelihged @%mccy}p@f@ obgRcttacked
concrete WD 2005/047612 PCT/ US2004/ 023033 21 bonder
athitding eviflr lvetsafficiemytihe tapphduade.bet ween the at | east

one foam glass |ayer and the backing |layer. The

conposite may al so have hangi ng hardware provided

t herein, and nay be nounted in a | oad-bearing frane,

aE %ﬂﬁgﬂi wa@‘é‘gt n\% a}rgﬁl r]g(ln@&éﬁ;f tsnlilabpsi'te?el}lt 1nven%1lg)% canbe used
to retrofit existing buildings or other structures. In particular, the tiles can be
mounted on the potentially exposed walls. If such walls are already sufficiently
rigid, then the tiles can be mounted directly thereon. If not, then the tiles can be
méunted on an appropriate rigid structure or backing protective layer to form a
panel, which in turn can be mounted on the exposed wall. Appropriate backing
protective layer may be a fibrous composite, where such fibers are made of high
tensile strength materials, such as graphite, Kelvar and/or fibreglass, or
cementaceous materials, which may contain portland cement, reinforced portland
cement, lime, aluminous cement, plaster, polymeric material, reinforced concrete.

Such backing layer may be reinforced by metal, Kevlar or other supporting

materials. A bonding promoter or adhesive, such as Elmer’s pro bond concrete



[ 0041] In the preferred enbodinent, the tile of the
present invention can be manufactured using raw

wortsnimis whi ch include (but are not necessarPEyUS2004/023033

limted to) silica, fly agh, vol canic ash,
di at omaceous earth, siliceous mnerals, alkali
carbonat es, cal ci um and nmagnesi um m neral s such as

. tes ' (41 r | ass
SR Rl AR ;) PR bedhtn, SR Piopll AHiroam glass
foam ng _agent can be sel ected from carbonaceous
oy ahAed tge dackinigdlayer dRhE COMRQSHR, MaRAkonhdreaBanging hardware
silicon carbide, carbonates, sulfates and other |ike
nptowideal sherein, Gdi2inalrbeama@irted natd leadedzotligniamepfand thus be
the present invention, the foamglass tiles nmaybe
r tﬁ%% 5€5bsBYbiHg IaNGibStaMBLPAMBEAL bGhocREIRles WnH83bRkion energy.
al ternative support structures as described in U S.
Pat. Nos. 4,798, 758, 4,833,015, 4,987,028, and
4,992,321, the contents of which are incorporated
herein by reference. Wiile on the one hand, these
abl@0dildnal etheprefiesredeeyniinslimest, thaglendthe presersinveintien can be
foam glass tile, on the other hand, they also can

Nl Aufdcruied QisHig fave Hlateridls GiHich incAE3(bul arérBsenéi@sarily limited
tile of the present invention, various nethods can be

used,.:. i t4k t i W, i al. .
B0 B Refap 2 HTE by BRaBRRA o SRS Bl etk
a honogenous slurry. It must be nofed that even WO
2erIBPRt e Saleim @adopagResgBImineyalsh3ishnas AelmiEs eand gypsum,
nmet hod of mixing is wet, nonetheless, dry blending nay
bsrdisml £litaed, bepengiasgpowdeysp@udi as aullemtard flasming egents. The
in foamglass fornul ation. For instance, when gl ass

PRUAERE dR012ah Psatass Rith! AbdorRelSCArAmiaRdRh AR Wigar and

mat er | the gasifier can be dry blended in a
conventi gnal

Cal g e Sicnd 4GRS ol SHqtke Aaq P kg materials.
preferably
[0042] In an alternative embodiment of the present invention, the foam glass
tiles may be reinforced by using a metal netting, metal wires or alternative support
structures as described in U.S. Pat. Nos. 4,798,758, 4,833,015, 4,987,028, and
4,992,321, the contents of which are incorporated herein by reference. While on

the one hand, these additional materials may help strengthen the resulting foam

glass tile, on the other hand, they also can make it more difficult to cut.

[ 0043] To make the tile of the present invention, various methods can be
used. In one embodiment, the starting raw materials to make the tile are blended

together with water to form a homogenous slurry. It must be noted that even



bet ween 30-80 wt % and nore preferably between 50-70
w% [ 00441 The slurry is then dried in a

w@osestesional dryer such as a spray dryer to peDUSIE4/023033
dry powders. If a static drger is used, then the dried
aggregates are ground to formdried powders. The
resul ti ng powdery product is then calcined to a

t %g&?%l‘f{gl;égﬁiegér{)grg‘e et ac{#@f %E}&{f £ \R/X& gxf?n%:&ﬁei%s%sala} i)lrégding may be

rmre preferahly between 105 to 103 poise. Calci nat| on
magleseddapendiigRn s o raweéﬁeﬁ@lsewﬂrlarfmg figs formulation. For
effectively pyrolize organic gasifiers to m croscopic

c andvance; omhen rglisy ponpersn@edallimné fassasdlenj isidsedom major raw
carbi de as foam ng agent, calcination nay be carried

0 e e
a?%a%@sp he %?r%?%fr B be ST BRI AN “%%%@S%@W >ch as a ball
tlons |nat|on st,ep is.the sa
Sl Wit it 8pEn T SRk sl BRIFEPT e iy is preferably
rotar klln |n stationary nolds in a kiln, or in a
f Ib@dwze:reaOJ@@dwt%e gotonoteepieéetaplyi eawieby 5@y7(évxrt8f¢ gas.
[ 0045] The cal ci ned product nmay require pulverization

if calcination for instance is carried out in
stationary nolds. Calcination by fludization may not

r j pul ver.i [ ' '

daroiE b SR L Ahed oA A SRR e s prey diver
PCT/ U82004/ 023033 23 cal ci ned powders are screened
prefEPants dphPevders1fon mstis drekeisiisedprien HiedBedppgregates are
t hrough 200 nmesh screen to renove the coarse
paroumd esforin difetbpodlerspOhe exssltargepdinderynmiodeadt isnhen calcined to
desired shapes, in a netal nold. The preferred netals

araete?ﬂﬁérﬁitﬁésatsﬂkﬁi%h BBl df'fh@%ﬁ Itl?llﬁlnﬂ)a%lllg@ 3 is greferably

such as InconelTMInco Allo I ncone type a

et (ggﬁt %Jm 1OZS[|)oqgee Iglgr%ypr%?er}alglgzl%etween 10° to 10° poise. Calcination

may be carried out in a reducing environment to effectively pyrolize organic
gasifiers to microscopic carbon containing compounds. In the case of silicon
carbide as foaming agent, calcination may be carried out in a neutral air
atmosphere. When glass powders are used as major ingredients in the foam glass
formulations, calcination step is the same as the foaming step. Calcination can be
carried out in a rotary kiln, in stationary molds in a kiln, or in a fludizied bed

reactor heated primarily by a hot gas.

[ 0045] The calcined product may require pulverization if calcination for
instance is carried out in stationary molds. Calcination by fludization may not

require pulverization, if particles do not agglomerates in the fludized bed. The



thermal cycles, and oxidation better than stainless

steels. Mold release agents are preferably used to
weams/ottse2 de- nol di ng process, and al so m ni m zZBCT/US2004/023033

adhesion of the foamglas23to the nmetal which can

cause unwanted cracking in the finished foam gl ass

product. The nold rel easers should w thstand the peak

fihkngat t : [ Si

r%%l&lﬂgd SREER W screBiied ;Lrl‘éé%hlgly ﬂ%ﬁ%ﬁ 106 meslhischeen, more

ractory oxi des such as l1ca neral s,
alunmin i ner.a owders such as di atomaceous earth,
pieteaDly. el pofl Sty weian hmoe She COGSE paesse
oxi de glazing or surface coating can be applied over

the nol ded foam gl ass powder precursor, to produce
addi tional surface effect in the finish foam product.

[ F 004d] TheTh®bew dafscaretRén HioAd&d B @esikdd Shaek Nidra metal mold.

electric or gas fired kilns that can acconmodate the

AT Betihe Brb@TER el sboel Bl Fsp g Aoy such as

better than 20 C. The heating rate is selected based )
ohcpnel ™t dzga Hllaxs lneonatiaype adlots prodirieredadingg they can resist
inside the kiln. Normally the heating rate nay fall

bétepeahcydds) afid oikidatioamdtter efaerstddleys steelswadslddetease agents are
C/mn. At the peak foam ng tenperature the foam gl ass

vi . . _ . o .
L RARSh LR oD IERY DA, AR S on o e
PCT/ US2004/ Q23033 . 24 on the foam gl ass di nensi ons, .

THETLGERS £ e HEGs "ORPoCES CTe B A4es CEicaTg: the finished foam
t hi ckness. Longer soak time results in the fornul ation
oflashpwiderct. sTihé endd gélaaseroshoudd withsTinsl therppak firegreemperature,
may require longer soak tinmes to ensure tenperature

ey Fdshiahbgredsieqeahadty bged QrRMR O silicPRFSdraluhighthlumina

cooling cycl'e to roomtenperature, thermal stresses

# h . - .
asitel Igox?rders such as diatomaceous earth, silica, and various clays can be used.

Secondary oxide glazing or surface coating can be applied over the molded foam
glass powder precursor, to pro‘duce additional surface effect in the finish foam

product.

[ 00471 The molds are then transferred into either electric or gas fired kilns
that can accommodate the molds with a temperature uniformity better that 50 °C
across any dimension of the mold, more preferably better than 20 °C. The heating
rate is selected based on the foam glass thickness, and product loading inside the
kiln. Normally the heating rate may fall between 2-10 °C/min., and preferredly
between 3-5 °C/min. At the peak foaming temperature the foam glass viscosity is

between 10° to 10° poise. The soak time at the peak firing temperature depends



foam gl ass need to be mnimzed to ensure a strong
product free of residual thermal stresses. As a

wo easlot7eihe cool ing rate around the anneal i ng POTUS2004/023033

strain point tenperatures2dhich correspond to an
approxi mate viscosity range of 1012 to 1016 will be
relatively slow, between 1-5 C mn, preferably between

-3 ' e [ r n :
S Bel gl RURERdtnG? 1B A BICbTRES Tl R0 face glazing
rate is from2-10 C mn., preferably 3-5 mn.
oloiglspesth & ongRAkd IS A7 US43 §h@qur|1m3éu%9%vlalga, s[uaﬁ@ee glaze or
trimmed on its sides if needed. Triming can be done
kiinv &ftieoleg ger doans uedy asquird fudigeg saakl thned tm@nsure temperature
Cutting with an abrasive resistant bl ade such as
gﬁ{lflib‘iiﬁri&h ﬁ%ugﬁo@tr Blegbhgitbhodg! Nce 1t produces |ess

st than grinding. It should be noted that the foam
glass dust is primarily conposed of non-crystalline
silica, which is nmuch less harnful than crystalline
silica dust, such as concrete dust. [ 0050] The foam
dieR48boar Dypingheelisg exdle rogseigmpsraiuss, thgrmsl sigesses across the
tile, or be used in fabrication of foam gl ass

FoarRoglnisenpehed e Mihiniined tchidiFUAY adviebfuptod el fte@ChbPdesidual
during the final step will be ground and added to the

SO, B IRAIE 2 B PRSP0 g g nd s

broken tiles or papels wll be ground and, recycled 12
PRAK ERRSTINEESSY RIChiCAF esRAR Ry dRATeXimaty yisepsipy rapse of 107 to
be understood by those skilled in the art that the

flor eyill bg relagvdipdloof, betkeeny 11 /mihepredérabhebgmesearit-3 °C/min.
i nvention could be nodified or other nethods of

f ARk GRHIRML W &ils BEmpPeReu M rhhal tdepheRais dHrherfe it difensions, the

spirit and scope of” the invention.

average cooling rate is from 2-10 °C min., preferably 3-5 °C/min.

[ 0049] The annealed foam glass will be de-molded, and trimmed on its sides
if needed. Trimming can be done by various means such as grinding and cutting.
Cutting with an abrasivé resistant blade such as carbide blade is preferred, since
it produces less dust than grinding. It should be noted that the foam glass dust is
primarily composed of non-crystalline silica, which is much less harmful than

crystalline silica dust, such as concrete dust.

[ 0050] The foam glass board produced can be used as a stand alone tile, or
be used in fabrication of foam glass composite panels. All the trimming and dust

collected during the final step will be ground and added to the starting raw



[ 0052] As discussed above, an aspect of the present
invention is the inclusion of backing nmaterials to

wo beshemm gl ass tile. Exanples 1 and 2, bel ow PCT/US2004/023033
illustrate the applicationsof portland cenent as
backi ng material. These exanpl es denonstrate that
pozzol ani ¢ bondi ng occur naturally at the i nterface of

f'%ﬁm l()%%ﬁ?tl% lta&yrpg‘gdg hg%e% %ﬁx a}s 3‘ mt@gs 89 f)gnegwﬂl be
cenentaceous backi ng materials can be applled over
tHeuRG and geasted bacét 10 degsitingdavhinglertds, preferably
initially as a paste which will harden to a solid
backi ng. The backing can be made into a nultilayer
structure, where line or portland cenent will be the

bonggsﬁol | a 14 Wéll e ur{d%?st(ﬁa m¥t Byt PoGEVRNIRR iR Qﬁ% atafl ¢ thei_ﬁoregoing

er ce taceous over ayers.

nt. bac can be reinforced b
get. smglf‘ %ﬂﬁaﬁ %Jr%ﬁrﬁrteéemd@i”ﬁml%% co %ﬁ‘r%{léﬁ Rr other
as ceIIquse nmetals, Kevlar or alike. WO 2005/047612
PChoS2 00 abeiz 3083 carpbe [is@D&thoiit dépardhg dropo slsé fhisit and scope of
join the foamglass tile with other solid layers via
&hé dhing@nconpound. For instance, appropriate contact
adhesi ves can be applied between a sheet of netal and
foam gl ass. One such adhesive that can be used with
al um num sheets is a silicone based adhesive. O her
exa les are application of a polyneric foam between
[HOP2hm glAsskiscapsedaber Ban aspeioh gl epiessntanvensioristhecinclusion
the pol ymeric foam Pol yurethane foam and cenent board

af backiagphasrialk tb bhsfoahy plasofilemBxtirpeel ahdekbelgw Mhetrate the
advant age of polyurethane foamis that, it can be

i
g ar% gf r"f‘i d c@%m%n%‘a&ﬁ&cl@% ﬁ%@{}a%k?pgsfg&%&ﬁﬁ@?&%onstrate
tﬁaty Igrc?zrzb anic Con nqg %Eceur%%rtltlrlaﬁlyjfla%[clllg inter ;(l:.le| o t‘l?lerfgadm g?ass tile and

the cement containing backing layer.

[ 0053] Alternatively, other inorganic cementaceous backing materials can
be applied over the foam glass tile to a desired thickness, preferably initially as a
paste which will harden to a solid backing. The backing can be made into a
multilayer structure, where lime or portland cement will be the adjacent layer to
the foam to develop pozzolanic bond, followed by other cementaceous over layers.
The cement backing materials can be reinforced by addition of fibers of glass,

graphite, ceramics, polymers such as cellulose, metals, Kevlar or alike.



fragnentation of the brittle layers such as foam gl ass
and nore so of the cenentaceous |ayers. The backi ng

wo agsn4Tery contain nultiple |ayers of foam gl aBeI/US2004/023033

bonded together with cenent¢ polyneric foans or other
contact adhesives. [ 0055] The foam gl ass backi ng may
be selected to have different density than the main

fﬁ%é&]ass Ptq &hso 851}5'1@)1% néla?srhlg ﬁ?8ﬁf§r\§\@1‘f§1ayers via

ergy The ron ace o ass a er
normally is glazed as dlscussed before Fbmever
SAIPIAINE FQTAPSRNeRPIHBSERER, | AT ARIGVIE FORAT dhRE VY é%leht? applied
invention to inpart additional protection and
abstvhein acsheppefmarat and fodrhglasonPos steh ddiwesivgl thascan be used with
structure The surface finish can be applied before or

mEHtes}%@é(isgagnl' i DRI $asBd Gdhbdivd abbedt ex %lgé RteSbplication of

can e a textur cenentaceous and/ or polymeric

over er | ay, f anc k facin

PO Epio gy fusfesiite oo atiss fif el Shckig sileg protect
in place over the foam ayer or be adhered to the foam

atheapelyprrit foams Hedyureryne faam awhcerentabipwsi ate eramples of this

cenment |ayer with pozzolanic activity. These WO

2805/ &ﬁﬁllﬂaﬁ@ﬂabﬁ%@oﬂﬁ@a@%ﬁa%@gf poRuse®En¥EedA is that, it can be

| rrpart addi tional architectural appeal to'the foam

SLAR TR i BP0 Do e P AR e

to the structure. Fibrous materials can be added to
t eeathingaback ilayrhePAlymeripphackingdare irswirularly useful to reduce

rei nforcenent and to reduce fragmentati on upon shock
wéragmeneatapt iof nthe Viariitleu $ayldys puch est foagh @dagpoamd anosn so of the
be added to the surface finishes if desired. [ 0056]

TB@mE a%g&‘?sslﬁ &, PR Ba, 198r IBYebftAA tf1BleSHyERGE foam glass
b R

fini shes can ary upon eS|gn s eC|f|cat|o
requir erqy..absorption and tren
%gndede togenherg\%ltﬁl ceme % polymenc oamis 8r other Ontact adhesives.

[ 0055] The foam glass backing may be selected to have different density
than the main foam glass panel for maximum absorption of shock wave energy.
The front face of the foam glass layer normally is glazed as discussed before.
However, a surface finish may be applied according to the present invention to
impart additional protection and aesthetic appearance to the composite foam glass
structure. The surface finish can be applied before or after the backing layers are
installed. The finish can be a textured cementaceous and/or polymeric overlayer
to display for instance a brick facing or marble type appearances. These finishes
can be molded in place over the foam layer or be adhered to the foam as a separate

sheathing via a contact adhesive or a cement layer with pozzolanic activity. These



application of a surface finish may be unnecessary
since the natural glazing of the foamglass panel as

wo poosd4Temy be aesthetically sufficient. EXAMPLECT/UB2004/023033
0057] A foamglass tile wag7made by bl ending the raw
materials set forth in Table 1 below Fly ash
(cal ci ned type F) 2000 Silica flour 2000 g Sodium

r
CERAEP o SRy 3 ol A g compose
Water 1415 g TABLE 1 WO 2005/ 047612 PCT/ U 4/ 023033

2 U PCEBS I a%ﬁiétl?%ﬁ QAR @r&ﬁaweaag sHFtege gnﬁglﬁs fqampart desired
powder m xture was calcined at 950 C for about 45

mcolorew the steattiret hEbreaw matieeinlsadas, beaatt edetootiiessieface finishes to
sugar to finely, and evenly di spersed carbonaceous

V\Bﬁrt aﬂa@tl&?ell%ﬂﬁgrcgﬁgﬁ‘e' Ghd \Q@%dgéé)%gmteﬂtétid?ﬁugon shock wave

ers, placed in an Inconel TM nol
O C and ked at .
: i%&@?lg{lu?/@ﬂpsﬁ OibistiacompoubinRtpdeddqdlo the surface inishes

resulting foam gl ass was anneal ed to roomtenperature
atfdlesiredol ded. The resulting foam gl ass had a density
of about 25 Ib./cu. ft., a dark greenish color, and

[ 0056] The thickness of both backing layers and the surface finishes can vary
upon design specifications, required energy absorption and strength. The
application of a surface finish may be unnecessary since the natural glazing of the

foam glass panel as fired may be aesthetically sufficient.

EXAMPLE 1
[ 0057] A foam glass tile was made by blending the raw materials set forth

in Table 1 below:

Fly ash (calcined type F) 2000 g
Silica flour 2000 g
Sodium Carbonate 600 g
Sodium meta silicate, penta hydrate{1600 g
Potassium carbonate 0
Borax 0
sugar 120 g
Water 1415 g

TABLE 1



a conpletely glazed surface. The pore structure was
uniformw th an average pore size of about 2 mm
wa@basn4tenz mri ng the edges the tile had a di nenBCDUSDIN4/023033
approximately 16 in. x 12 i26. x 3 in. [ 0059] The foam

gl ass-concrete conposite tile according to the present

i nvention was nmade by the follow ng nethod. The foam

50581 mmq"h%rrgH.gﬁg% Wgse&i@c{‘ dn¥aBe b6 @,tﬂﬁplfl%&'g? was aalcined

strips” of pI yvvo t's perineter

sur .l eavin of about 1 in. above

BhaSB dof by vanuf&ﬁéﬂtrgact,&ﬁ% B¢ Il mand despRpose sugar
n1x (Cy|ckrete sand m x) was prepared according to the
afirfedi; tandeevendy dispetdedncaritreaceesuphasey Phe tcelcpiesicprbduct was
over the exposed face of the foamwhich was in

%?8&1?@ to ﬁ'hé Bowa%rﬂléieg h 'aﬁgnédrfewgnolangm‘l\@a‘fas #84med by heating
tri med exposé the cell structure before naklng

%Eﬁbé"r%%s"é%anf&?@%ed 8@@&?@6’%&%@“@%@&%%%@@ ifives. The

form The interface between the foam and concrete
Irasdeing ierm glepphMersednnestes & roomi mpesgturg and gagnolded. The
cenment aceous pozzol anic bond formation. WO 2005/ 047612

PEIKIER 08 QRSOBEI a A8ndiXANRbEUR2$ 0G0 . A daRRr&rasscolor, and
tile was made by bl ending the raw materi ‘al's set forth

§nﬁ @l&%ﬁgﬁﬁég%\[brfﬁeyg %P %& l%%g/%/ée \gﬁ%d:r}n v%gﬂgmgaverage pore

net a i cate, pen drat e
size o aljout 2 mnﬁ) er t imming t e egges the tile had a dimension of

approximately 16 in. x 12 in. x 3 in.

[ 0059] The foam glass-concrete composite tile according to the present
invention was made by the following method. The foam was trimmed around its
sides and was framed with strips of plywood around its perimeter with the glazed
surface faced down, leaving a gap of about 1 in. above the tile to receive cement.
A portland cement sand mix (Quickrete sand mix) was prepared according to the
manufacturer instruction. The resulting paste placed over the exposed face of the
foam which was in contact with the mold during firing, and was not trimmed to
expose the cell structure before making the composite tile. The concrete was
allowed to cure for about 28 hours, before being removed from the form. The
interface between the foam and concrete layers were completely sealed indicating

a strong cementaceous pozzolanic bond formation.



Pot assi um carbonate 320 g Borax 400 g sugar 120 g

Water 1370 g TABLE 2 [ 0061] The resulting slurry was
waleooed476and t he powder m xture was cal ci ned apCP0820€023033

for about 30 mnutes to reagt the raw materials, and

decouppe2sugar  to finely, and evenly dispersed

carbonaceous phase. The cal ci ned product was ground

(3,881 o R BRUEES, e PLECEDy BB LIREIE TR e ot

aver age heatlng rate of about 3.5 Cmn. The
r é8 Ji |a8 belodfh was anneal ed to room tenperature and
de- nol ded The foamglass had a density of about 52
| b./cu. ftplyaahgégggﬁeghﬂg@ppr and a (“mmj gtel y gl azed
Surface_ The DD[P structure was unifao h_an
aver age pﬁlbcasﬂ@er of about 1-2 mm AiEQQO gri rrm' ng tlhe

edges t he e 1 a—di menston—of—=a frat-et +—Hn.

x 12 in. $Pdi (?"?{bofla%&] The foa%vﬁg%g conérete

conpositedq 1&m%69i§11&&et1%rft5‘%r¥8fa%§e Moo Envention vas
ow ng nethod. The f oal

made by the m was trined
around it P saffatbitit® PCT/ US2004/ (2BD83 30 sidgs

and was f anpnd vt h cfrl pc n'F p! y\vnvcod arnnnrl |'l'c

CATTIC U L AL S =AY

perimet er RFEK the gl azed surface fafdd 8own, I eavilng
a gap of @pbg I nch above the tite D CEelve
cenent . NI | ayer of Elner's pro bond°®concrete
bonder adhestere- pronoter was applied |137¢08e foam A
portland cepent nmortar mx (Sakrete pbriar mx) was
pr epar ed

TABLE 2
[ 0061] The resulting slurry was dried, and the powder mixture was calcined
at 900 °C for about 30 minutes to react the raw materials, and decompose sugar
to finely, and evenly dispersed carbonaceous phase. The calcined product was
ground to fine form powders, was placed in an Inconel™ mold, and was foamed
by heating to about 860 °C with an average heating rate of about 3.5 °C/min. The
resulting foam was annealed to room temperature and de-molded. The foam glass
had a density of about 52 1b./cu. ft., a greenish color, and a completely glazed
surface. The pore structure was uniform with an average pore size of about 1-2
mm. After trimming the edges the tile had a dimension of approximately 17 in. x

12in. x 1.4 in.

[ 0062] The foam glass-concrete composite tile according to the present

invention was made by the following method. The foam was trimmed around its



according to the manufacturer instruction. The
resulting paste was placed over the exposed face of

wo besinmned foam glass tile and | evel ed. Thi s raBUST84/023033
face in contact wth the B0ring nold, and was not

tsid IR W& BARRE SvitNSripRIof pHivdld Ao8nk F{S?\ﬁgﬁnéﬁkw}ﬂl the glazed

the conposite tile. Thé concrete was a to cure

for. abput ,28 hours bef or e ,bei rrenoved,fromthe .

SRS At ARy Kabina DR oPR: TN AEHG tbe s ta @leive cement.
| ayers were conpletely sealed indicating a strong
detindars i £imer's orahbrd penmetefismeer indhesivipromoter was applied
2005/ 047612 PCT/ US2004/ 023033 31 EXAMPLES 3-9 [ 0063]

tbehé deamglapsrttdndeskment et 83x 8S&kraRy RofRdenikY was prepared
bl ending the raw materials set forth under

it ' : : 3 4 9
CErmom {eRe e el ath fon TRER G gy g iatelgrer the
Ash 0 20 20 20 20 20 50 Fe20 3.4 Sodi
@PP%‘% face sp fhedrampgd g@ﬂg@laseotﬂsgmége‘(@ggcé Jhiggspsshic B fresontact
(g) 25 15 25 25 30 30 25 Alumna (g) 5 Sugar (g) 2 3
3vigh 3h& Ringvodd, dig) w2 126 tPidn1REd 26 expo@bthdBatlt btrGicmee before

Factor 20x 20x 60x 40x 50x 50x 20x
making the composite tile. The concrete was allowed to cure for about 28 hours,
before being removed from the form. The interface between the foam and concrete

layers were completely sealed indicating a strong cementaceous pozzolanic bond

formation.



Process Information Calcination tenp., C 970 970 970

970 970 970 970 Calcination tine, nmn. 30 30 30 30 30
wW@00030476fkDam ng tenp., C 810 800 790 810 795 7P&T/841004/023033

Foaming tinme, mn. 10 10 16110 10 10 10 Foam ng nesch

i 100 100 100 100 100 Characteristics

%eépg\([#g@% é@) 32 36 41 46 62 65 69 Bubbles/cm 12 18

12 20 13 18 29 Characteristic length (mm 0.8 0.6 0.8

q 60833 0. GH2. f&amBglbh;l t@le§ﬂ1¥ExéémEIEsg3 Divgerk-1hade by Blddiding the
smal | npr essi on strengt (PSI) 2078 2400 4300

s, 3 o0 O AE TERESTRNEL Vs Vs

Yes Yes Yes (closed pore outer Skl n) TABLE 3 [ 0064]

|Exouptter to make 4 ugsefyl éomparssop, ¢he{wefgh{f of | 9
tthe COﬂ"pOSI tl on was nor rmlcbla@gu@ssum ng wth the
f “Sih@d saﬁltau”[ ST bcgofl us 8(]) I Yy dgdl equsb J.UUgO N 80: 50
[t : TYeTe pie PhghersypuntyplmRiet tatd b5
lf:fezgh(‘g)annr apri m e lhat ﬁ :I ze flactaor unc ihdi cat =Tr; LN
Tapdien Slicaes B edunt £ 3P [t he3%ize 8% [the3tpl d Belng 25 30
JgFedx SEeP (sgxanpl e,| a Batlch 1&ize #a¢tor2bf 50%0 | has30 25
heeminuggd for a nyl d 85ijnches|x 14 fnches|x 4 ipches.
\WuZP@p/ 047612 PCITUSZRU47 023033 3 3 3 3 2
Water (g) 25 25 24 25 25 25 25
Batch Size Factor 20x 20x 60x 40x 50x 50x 20x
Process Information
Calcination temp., °C 970 970 970 970 970 970 970
Calcination time, min. 30 30 30 30 30 30 30
Foaming temp., °C 810 800 790 810 795 795 810
Foaming time, min. 10 10 10 10 10 10 10
Foaming mesch size 100 100 100 100 100 100 100
Characteristics
Density (PCF) 32 36 41 46 62 65 69
Bubbles/cm 12 18 12 20 13 18 29
Characteristic length (mm) 0.8 0.6 0.8 0.5 0.8 0.6 0.3
Bubble size xx-big big x-big big big med. small
Compression strength (PST) 2078 2400 4300 6000 10500 12500 14600
Tension strength (PST) 775 930 960 1250 | 1400 | 2500
Glazed Top Surface Yes Yes Yes Yes Yes Yes Yes
(closed pore outer skin)
TABLE 3
[ 0064] In order to make a useful comparison, the weight of the composition

was normalized assuming with the total amount of silica plus fly ash equal 100.
Thereafter, to insure the proper amount of material is used the normalized
composition weight is multiplied by an appropriate batch size factor, as indicated
in Table 3, to account for the size of the mold being used. For example, a batch

size factor of 50x, has been used for a mold 8 inches x 14 inches x 4 inches.



32 [ 0065] The resulting slurry was dried, and the
powder m xture was calcined at a tenperature between

wO0@Soamsd2 1100C, as indicated in the process SBCL/USI004/023033

of Table 3, for between 5 B® 60 m nutes, as indicated

in the process section of Table 3, to react the raw
materi al s, and deconpose sugar to finely, and evenly

di spersed carbonaceous phase. The cal ci ned product was
draeesl] t o flheeepdtidg slsyry whsdréet, and alme povwdeeinixtoed was calcined
and was foamed by heating at a tenperature between

%@QQefn%e Qe b é M REedhd Mdode, & i?l‘&?c%% ﬁ?%ﬂé’gre&gss section

abl e and soa at that terrperature

ut es, icated in.t oce S section
& ToBlgppotor eﬂavgepim b Gt e RS asiogs s tion of
roomtenperature and de= nol ded. | 0066] The
dhblead er resct the sdwthateriebylani nigcomansybaga todiinely, and evenly
Exanples 3 to 9 are indicated in the characteristics

Riyplers2d c@tboralbeusphabBe The &Mhﬁieﬁ@rf)@@df\v@elsaﬁéuﬁ@@o éine powders,
denS|ty of about 30 and 70 | b./cu. as i ndicated

oSy SRR Bl VA oy AR Bre b

uni fo rm W|th aver age pore Si zes as indicated in the
TRBIGES 3006 e e dn Lo PresBreseStiomg! Fablees, a@dss@@hsd at that

tiles with smaller pore sizes, high density and
wernperanust fou betwesn pd ov Bdeﬂinutay as iritbcaged &t elsd proiasd deetion of
and conpression strength. In order to determ ne the

%%B%Wgt IFh@freEJIﬁn?aﬁ?}rfglagsf wak aﬁﬁxeéﬁgr@opfcﬁ)?ﬁ”t@ﬁ efdture and de-

fort was made ow the standard ASTM t stlng
pnga %ures for concrete. However, because the sanples
to be substantially stronger than concrete, the
procedures had to be nodified by reducing the size of
the sanples in order for the equipnent used to WO
2005/ 047612 PCT/ US2004/ 023033

[ 0066] The characteristics of the resulting foam glass for Examples 3to 9 are
indicated in the characteristics portion of Table 3. The resulting foam glass had a
density of about 30 and 70 Ib./cu. ft., as indicated in the characteristics section of
Table 3, and a completely glazed surface. The pore structure was uniform with
average pore sizes as indicated in the characteristics section of Table 3. As Table
3 shows, tiles with smaller pore sizes, high density and uniform structures provided
have the greatest tensile and compression strength. In order to determine the
strength of the samples of glass foam prepared, an effort was made to follow the
standard ASTM testing procedures for concrete. However, because the samples
proved to be substantially stronger than concrete, the procedures had to be

modified by reducing the size of the samples in order for the equipment used to



33 actually break the sanples. Thus, foam gl ass bl ocks
were cut into cylinders between 1.0 and 1.5 inches in
waolc@seemi2 and | ess than 5 inches tall for conpPerssmN4/023033
measurenents w thout the gl3azed surface. As indicated
laRrdall BRAKAGHEEAShIES THRA! fbAR AhssTBRICRs Iverkh@it into cylinders
conpréssion strength of Exanples 7-9 were over 10,000
L b, /sqg. in. factor of over 21/2 ti .t he .
Ersr L 0Giesf aRis in BlaotiEt afdieftrale inf S el for prypression
Simlarly, as indicated in the characteristics portion
dReapabgraents witbout s iglaged tsustageh Ast irdiearpd d the chagacseristics
over 1250 I b./sqg. in., a factor of over 21/2 tinmes

gbetiéﬁe B8 Thbles3, the @b peésstanar@igeh O GRahlplés d-9 Werd over 10,000
anple 9 has a tensile strength of 2500 Ib./sqg. in.,

fact.or F ne. il ren oncr
P 48E AdhePrht TP Ml &l Ban AL e Bl AL e o000
resent invention have been shown and described in
E‘ét’%llp-)\fa&il@l?ﬁ}’r’r@é ilndigatied dpdha sharackssissige perien of Table 3, the
thereon will becone readily apparent to those skilled
itendileesteength oAEramgiesdl-9,wéreeovepil250 1bnvdq simope faatort dfeover 2V
present invention is to be construed broadly and

hinfiesl @6 @Rbive Qi‘er#g{ﬂﬁ JiRBAAdEd (%@%ﬁgﬁ%n Hxal¥plt Behas a tensile

foregoing speciftication. WO 200
PCT/ US20 033 .34 t i lained is:, 1. Af
SRS, o1 2o Qb e IR sderipss Mo sl Skichedhoponcrete.

| east one side, having an average pore size of 1.0 mm
or less, a density between 30 |b./cu. ft. and 100

| b./cu. ft and conpression strength of 6000 |b./sq.

in. or greater.

[ 0067] Now that the preferred embodiments of the present invention

have been shown and described in detail, various modifications and
improvements thereon will become readily apparent to those skilled in the art.
Accordingly, the spirit and scope of the present invention is to be construed

broadly and limited only by the appended claims and not by the foregoing

specification.



2. The foamglass tile according to claim1, wherein

said average pore sizeis .7 mmor less. 3. The foam
w@b@sm41eiit e according to claim 11, wherein sai dPemesRg€023033

pore size is .6 mmor |ess344. The foamglass tile

LR E Rk el @im 1, wherein said average pore size
IS é mmor less. 5. The foamglass tile according to

claim1, wherein said average pore size is .4 nmor
| ess. 16. Thefchonglagl Glescomprising e atated got® oateiskirl on at least
wherein said average pore size is .3 mmor |ess. 7.

bhe sieamgingss ax}érg%@f&%rs@iéﬂgf }.9 R Meds, av\ﬁ@{sﬁg;bteg?legn 30

conpr essi on-streng s 8,000 I b./sqg. in. or gr

B Teong LA b St - 38n6Bisted! fhepod /g, T or
greater. 9. The foamglass tile according to claiml1,

gheatei.n said conpression strength is 12,000 | b./sq.
in. or greater. WD 2005/047612 PCT/ US2004/ 023033 35

sai d Jconprdedrh MtvdigeR TemgtdaT b Migrein AL dtage

greater. 11. The foamglass tile according to claim]l,
BhEs sz isdimm pf keshas a tile surface area is at |east
1 feet by 1 feet. 12. The foamglass tile according to

cl ai m3'1, \M}%{? berl]msg 5st ik Ia%cohr Tc'ngato claim 1, wherein said average

pore size is .6 mm or less.

4. The foam glass tile according to claim 1, wherein said average

pore size is .5 mm or less.

5. The foam glass tile according to claim 1, wherein said average

pore size is .4 mm or less.

6. The foam glass tile according to claim 1, wherein said average

pore size is .3 mm or less.

7. The foam glass tile according to claim 1, wherein said

compression strength is 8,000 1b./sq. in. or greater.

8. The foam glass tile according to claim 1, wherein said

compression strength is 10,000 1b./sq. in. or greater.

9. The foam glass tile according to claim 1, wherein said

compression strength is 12,000 Ib./sq. in. or greater.



tile surface area is at least 2 feet by 2 feet. 13.
The foamglass tile according to claim1, wherein said

WO Rdos/okms2 a tile surface area at | east 4 feetprdiyug2004/023033
feet. 14. The foamglass tid3fe according to claim1,

wher ei nQsai $helensh tg¥ask Sile 4€dr@ingqH-cldifn 1 OWhEFRRLEH.
15. The foamglass tile according to claim1, wherein

i R U

density is 60 Ib./cu. ft. or greater. 17. The foam

gl ass il e TEEGb4th sk @il€ hadomiihg tohedinl 1, whkekif ki@ dlathas a
a thickness of at |east 2 inchés. 18. The foam gl ass

tid e r.di [ ein said tile has a
tﬁie&ﬁga?g agéglgta&ﬁ%%st? fgkﬁ%mgg&'lg The foam gl ass
tile according to claiml1, wherein said tile has a

thi cknggs ofhafodrdtdss 4ilé AEddR&ingd8.claifel f WhBteGh 888 tile has a
tile according to claim1, wherein said tile has a

PGB iRt B dleRo o ofacs ti o

according to claim1, wherein said tile has a weight

of at LBastTBéfdds gl tild hecordiam ol ki 1 Wherss odiditilg has a
to claim1, wherein said tile has a weight of at

| §RSturfleldPEa at least 4 feet by 4 feet.

14.  The foam glass tile according to claim 1, wherein said density is

40 1b./cu. ft. or greater.

15.  The foam glass tile according to claim 1, wherein said density is

50 1Ib./cu. ft. or greater.

16.  The foam glass tile according to claim 1, wherein said density is

60 Ib./cu. ft. or greater.

17.  The foam glass tile according to claim 1, wherein said tile has a

thickness of at least 2 inches.

18.  The foam glass tile according to claim 1, wherein said tile has a

thickness of at least 3 inches.

19.  The foam glass tile according to claim 1, wherein said tile has a

thickness of at least 4 inches.

20.  The foam glass tile according to claim 1, wherein said tile has a

weight of at least 30 Ibs.



23. The foamglass tile according to claim1, wherein
said tile has a weight of at least 50 | bs. 24. The

wo oasiogicass tile according to claiml, wherei nP6BUS2004/023033
tile has a weight of at Ieast 65 | bs. 25. The foam
gl assqotil e [ [y oy ' j 46
2 “oeroht - SREZOAT ghs kle S ik Lo URREN BBt ShidR R @
accqr di n% to gg im1l, wherein saidtile is assenbled

tAf at desst S-other tile of like construction to

forma panel, said panel is used as a |ightweight
bui I'dpng faﬁl@qgam?ﬁas_s e at @ring! 1B Faik 1 SwREASH $hiddilktas a
cl ai m 26, erein said building facade is assenbl ed
i nt ast gmgorti on of a building so that said

at. |
¥&g AL 403 ui 1 ding will be substantially
resistant to earthquake damage. 28. The foam gl ass

tile agcor ghpgodR ggés@itm: gleco\f\@ﬁ@eﬁbmaﬁa{ g wﬁafelﬁn §Kiiéigtilieshas a

a gl azed outer surface of said foamglass tile.

The fo | ass . tile according to claim1, wherein said
(‘f‘feb@go‘%%?%aﬁgprlb%t ure is textured for architectural
appeal . WD 2005/ 047612 PCT/ US2004/ 023033 37 30. The

f oam ghass ThilfgaR ek Ao dcdRdilgabmldim Wehetdin Sailddile has a
tile further conprises an interior portion and said

tile o r,_ski onprises an additive to nake its
e tcoélagéﬁaesglﬁgégsdi fferent color than said interior
portion of said tile. 31. A foamglass tile conprising

a cl oged pahe festhelassile adddraingl teagdim PNEhetcde saidailertts a
an average pore size of 1.0 nmor |ess, a weight of 10

W12t at least 100 Ibs.

26.  The foam glass tile according to claim 1, wherein said tile is
assembled with at least one other tile of like construction to form a panel, said

panel is used as a lightweight building facade.

27.  The foam glass tile according to claim 26, wherein said building
facade is assembled into at least a portion of a building so that said portion of

said building will be substantially resistant to earthquake damage.

28.  The foam glass tile according to claim 1, wherein said outer skin is

a glazed outer surface of said foam glass tile.

29.  The foam glass tile according to claim 1, wherein said closed pore

structure is textured for architectural appeal.



greater, and conpression strength of 6000 Ib./sq. in.

or greater. 32. The foamglass tile according to claim
wW@lg0sokmsiei n said average pore size is .7 nmmPCT/U8884/023033

33. The foamglass tile aceédrding to claim 31, wherein

sai d aveg ageThdRiLn gla@ tilSaccBrdify @b cl89St, vgﬁergﬂh%ia R Further

glass tile according to claim31l, wherein sald average

pore size is. .5.mmor. less. 35. The foamglass tile....

D CRERBTES AR T on g saith e Gen JaR sgrP et angrigiive to
is .4 mmor less. 36. The foamglass tile according to

cl miake 83 suripes appeas i diffgvantaglor thap saidlipteriag pagtigmodsaid tile.
| ess. 37. The foamglass tile according to claim 31,
wher ei n,sai d, .conpressi.on strenath .i s 000 | b./.sq.

e or SFea OSBRI PaRirrE Rt b e Loaizcunsr Hiliag at leas
claim 31, wherein said conpression strength is 10, 000

| borissgjde; having apeearage. poze sizgieé L am ¢r dess, & Wedght of 10 1bs. or
according to claim31, wherein said conpression

st greatirhand cdpPeionkstieagth bN6000 llgyRAteror Méhter.

2005/ 047612 PCT/ US2004/ 023033 38 40. The foam gl ass

tile according to claim31l, wherein said conpression

st rengt$2i s The twen glass side ageprdisg tgckadinet 1, wiherefrhgaid average
foam gl ass tile according to claim 31, wherein said
tiperehde ia .7 mmerdeysf ace area is at least 1 feet by 1
feet. :

33.  The foam glass tile according to claim 31, wherein said average

pore size is .6 mm or less.

34.  The foam glass tile according to claim 31, wherein said average

pore size is .5 mm or less.

35.  The foam glass tile according to claim 31, wherein said average

pore size is .4 mm or less.

36.  The foam glass tile according to claim 31, wherein said average

pore size is .3 mm or less.

37.  The foam glass tile according to claim 31, wherein said

compression strength is 8,000 Ib./sq. in. or greater.

38.  The foam glass tile according to claim 31, wherein said

compression strength is 10,000 1b./sq. in. or greater.

39.  The foam glass tile according to claim 31, wherein said

compression strength is 12,000 1b./sq. in. or greater.



42. The foamglass tile according to claim31, wherein
said tile has a tile surface area is at |east 2 feet

woyood/ofimert. 43. The foam glass tile accordi ng POT/TKZI0H23033
31, wherein said tile has a8 tile surface area at

| east fe : f ol j ;
acoor di%g t bhefoghn pgEt ulgceoldiig OIS, FEMALILH said
density 40 Ib./cu, ft. o reater. 45. The foam gl ass
t¢qrap1§éalenétrﬁ§8§blsa+4a999 g)l,sq\v\ﬂ’eroéi&’ie%tﬁf'd tile has a
density 50 Ib./cu. ft. or greater. 46. The foam gl ass

12 S5 A M g 8 eyt e

density 60 cu. rea oam gl ass
ti]Je according to claim 31, erein said tile has a
tﬁiec%ﬁc%§ agga létatﬁ"éaé§t1 f?e‘ilﬁ(:il’lgg?t- 48. The foam gl ass
tile according to claim 31, wherein said tile has a

thi ckngss oi"h@tf?%ﬁ 2’?43.3 ﬁi}l%?{%\?@g?‘{g -dé{ﬂﬁ%‘f,%ﬁé&h@%d tile has a

tile according ern saild tile has a

t hj ckness of at Ieas; 4 incE&g. 50. The foam gl ass
t flesSugRACE liehE A4t £ifrF8aY 20fdr ei n sai d weight is at
| east 20 | bs. WD 2005/ 047612 PCT/ US2004/ 023033 39 51.

The foad gl @55 f&%dtl %I1£§ P& Q%da?%iglg t6lcBif} 3L, whbRELEAd tile has a

said weight 1s east 3 52. The foam gl ass

L BRI G, Qo) RIS e oTn sald vl ght i

44. The foam glass tile according to claim 31, wherein said tile has a

density 40 1b./cu. ft. or greater.

45.  The foam glass tile according to claim 31, wherein said tile has a

density 50 1b./cu. ft. or greater.

46.  The foam glass tile according to claim 31, wherein said tile has a

density 60 1b./cu. ft. or greater.

47.  The foam glass tile according to claim 31, wherein said tile has a

thickness of at least 2 inches.

48.  The foam glass tile according to claim 31, wherein said tile has a

thickness of at least 3 inches.

49. The foam glass tile according to claim 31, wherein said tile has a

thickness of at least 4 inches.

50. The foam glass tile according to claim 31, wherein said weight is

at least 20 Ibs.



at least 35 | bs. 53. The foamglass tile according to
claim3l, wherein said weight is at |least 40 | bs. 54.

wab@shomm gl ass tile according to claim3l, WheCEUS2004/023033

said weight is at |least 5091 bs. 55. The foam gl ass

tile or dy ' i i ' ' oht
| east 65 1 o g §lelt Hledeeotlii € ot B, 40habln (dd vRight i
claim31l, wherein said weight is at |least 100 | bs.

st leati U lham gl ass tile according to claim31, wherein

said tile is assenbled with at | east one other tile

ket ST B Bl RPLEnPRRSlin B Pl e

glass tile according to claimb57, wherein said
i leaitAp Ibfacade is assenbled into at |east a portion
of a building so that said portion of said building

will begysu ' 2S] t s oht i
56, THEYT oat Gl blas LFEa&bAihg 0 B S NPH et Ml Rycight i
said tile is assenbled with at | east one other tile

ot lepst et Bst ruction to forma preassenbl ed

structure, said preassenbled structure is a col um,

panel a T loThs@ rilpd b R i 35 cUEIUE B - wiein said weight is
D o05) 0o T ISR s L 4ok digRb Il By il giass 8
tile according to claim 31, wherein said outer skin

i & lgag 2008 outer surface of said foamglass tile.
55. The foam glass tile according to claim 31, wherein said weight is

at least 65 Ibs.

56. The foam glass tile according to claim 31, wherein said weight is

at least 100 Ibs.

57.  The foam glass tile according to claim 31, wherein said tile is
assembled with at least one other tile of like construction to form a panel, said

panel is used as a lightweight building facade.

58. The foam glass tile according to claim 57, wherein said building
facade is assembled into at least a portion of a building so that said portion of

said building will be substantially resistant to earthquake damage.

59. The foam glass tile according to claim 31, wherein said tile is
assembled with at least one other tile of like construction to form a
preassembled structure, said preassembled structure is a column, panel or a

floor in a building structure.



61. The foamglass tile according to claim31, wherein
said closed pore structure is textured for

wa@ewmbismer ur al appeal . 62. The foam gl ass til ePCT/US2004/023033
according to claim31l, whedein said tile further

conpri an~i nterior rt ity r ' .
SO 368 o] PR FEAELS Qo SRRl sk
different color than sajd interior portion of said

t ii & glezpd gutehsitfagefsad foamnglassdlean aver age pore

size of .5 mmor less, a density of 30 Ib./cu. ft. or

or “or oty B PARLEREAR REEERE o R ot bl s dped

63, wherein said average  pore size is .4 mmor |ess.
6ROTTSH UCBE i Tease edi PR ABREF Y HFNPS2L| ai m 63, wherein

said average pore size is .3 mmor |less. 66. The foam

ai d_ave e size is s. 66. The foa
ompr e-on S ERGTAe Aoty | LRLE ), SRichein sgjd e further

67. The foamglass tile according to ¢l ai m63, vvhergi n.
S HOENRTISES ARABTEAIOTHATEOR gRfl 4ald TP LIPSk cprpsises ap gdglitive to

by 1 feet. 68. The foamglass tile according to claim
63nakd s eirfasaambearr laedifferena color ithars saifl dneerr geriisn af said tile.
| east 2 feet by 2 feet. 69. The foamglass tile

accor di to c¢claim®63,. erein said tile has tile

sur f aceé] r ea"\g‘?am§ f Uﬁgvg@é‘flg@? ayefaeg&porw@o%sﬁda%grzless, a

PCT/ US2004/ 023033 41 70. The foamglass tile )

acdarsity g 30dbelcri fin GBgrentrsrasidra eemhpredsingistiengsh 12,500 1b./sq. in.
or greater.

64. The foam glass tile according to claim 63, wherein said average

pore size is .4 mm or less.

65.  The foam glass tile according to claim 63, wherein said average

pore size is .3 mm or less.

66. The foam glass tile according to claim 63, wherein said

compression strength is 14,000 Ib./sq. in. or greater.

67. The foam glass tile according to claim 63, wherein said tile has a

tile surface area is at least 1 feet by 1 feet.

68.  The foam glass tile according to claim 63, wherein said tile has a

tile surface area is at least 2 feet by 2 feet.

69. The foam glass tile according to claim 63, wherein said tile has a

tile surface area at least 4 feet by 4 feet.



40 I b./cu. ft. or greater. 71. The foamglass tile
according to claim®63, wherein said density is 50

wo boosowe1ft. or greater. 72. The foam gl ass tiPer/US2004/023033
according to claim63, whedein said density is 60

I'b./cu~4t. ﬂ%gl %%%?%1%53 tiv\%gacc Rend AAPGh 335 WHelréin said density is

accordi'ng to erein said tile has a
ness of at |east 2 inches. 74. The foam gl ass

thic
ti"r%ﬁa/&é‘oﬁdioﬁ&?aéelbl ai m 63, wherein said tile has a
thi ckness of at least 3 inches. 75. The foam gl ass

tile acgordifg fo%n{:gl%'kmi%cc&ﬂﬁﬁgg@clﬁﬁh &3t WiRrbidSsad density is

t hi ckness of at 1easSt 4 1nches. The foam gl ass

fmie%e a}cordi ng to claim®63, wherein said tile has a
Qi/ B T Er BESALET- 20 | bs. 77. The foamglass tile

according to claim63, wherein said tile has a wei ght

of at |past : i o i N
b ol ol 0, PR g QA i) eyt i teniy i

l e 5 1.bs. 79. The foamglass tile according to
clgfh%'gcél; FVREBETHeSai d tile has a weight of at |east

40 I bs. 80. The foamglass tile according to claim 63,

wher ei nypai drifd fRnh gﬁlsﬁtilé"ﬁcgfﬂingﬁo altairh &3S twthPeinbmid VR has a
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thickness of at least 2 inches.

74.  The foam glass tile according to claim 63, wherein said tile has a

thickness of at least 3 inches.

75.  The foam glass tile according to claim 63, wherein said tile has a

thickness of at least 4 inches.

76.  The foam glass tile according to claim 63, wherein said tile has a

~ weight of at least 20 1bs.

77.  The foam glass tile according to claim 63, wherein said tile has a

weight of at least 30 lbs.

78.  The foam glass tile according to claim 63, wherein said tile has a

weight of at least 35 Ibs.

79.  The foam glass tile according to claim 63, wherein said tile has a

weight of at least 40 Ibs.

80. The foam glass tile according to claim 63, wherein said tile has a

weight of at least 50 lbs.



81. The foamglass tile according to claim 63, wherein
said tile has a weight of at |least 65 | bs. 82. The

wo oasiogicass tile according to claim63, wherei PCT/D82004/023033
tile has a weight of at |e@ast 100 | bs. 83. The foam

I | . . . ’ . e
aseenbrb whip o s G AR R ol RAEPED, PHfrdth Sid' e has o
construction to forma panel, said panel is used as a

I W@Fﬁ}%@f@ﬁ&%EgﬁdP%g facade. 84. The foamglass tile

according to claim83, wherein said building facade

i S ass | egh.] t : i i

e *S370 TR e SRR 30 3, DMLt B s
subst ant i al | resi stant to earthquake damage. 85. The

f BisighfIof 8 1?%4 éséélésor ding to claim63, wherein said
tileis assenbled with at | east one other tile of

LS SRR iA o R 09 Shghe i

sai d preass ructure 1s ane

floor .in_a huilding structyre.. . 86. The foamgl.ass tile .
LESOTIE, S 5P, b of 1 o tRaLT S8 p ], said
pore structure. 87. The foamglass tile according to

cpaneh i Gisedvhea dightweight buildingd&dade. i s a gl azed outer
surface of said foamglass tile. 88. The foam gl ass

tile agcordi to clai m386, erein.sai g,closed pare.. ..
struct gg‘e i éﬂ ﬂg EQTMELRFSHBF bR ABO rid ggpwg‘§¥§ln\7\%% building
2005/ 047612 PCT/ US2004/ 023033 43 89. The foam gl ass
t facadadcarsdmbied inte kaians8s poriiet ef a bullilimgtso at sridipertion of
said building will be substantially resistant to earthquake damage.
85.  The foam glass tile according to claim 63, wherein said tile is
assembled with at least one other tile of like construction to form a

preassembled structure, said preassembled structure is a column, panel or a

floor in a building structure.

86.  The foam glass tile according to claim 63, wherein said tile has a

closed pore structure.

87.  The foam glass tile according to claim 86, wherein said outer skin

is a glazed outer surface of said foam glass tile.

88.  The foam glass tile according to claim 86, wherein said closed

pore structure is textured for architectural appeal.



conprises an interior portion and said tile outer skin
conprises an additive to nmake its surface appear a

waledosesmmnt col or than said interior portion of P6EUS2004/023033
tile. 43

89.  The foam glass tile according to claim 86, wherein said tile further

comprises an interior portion and said tile outer skin comprises an additive to

make its surface appear a different color than said interior portion of said tile.



