STRONG HI GH DENSI TY FOAM GLASS TI LE HAVI NG A SMALL
PORE SI ZE FIELD OF THE I NVENTION [ 0001] The present
invention relates generally to a building naterial to
be used in building construction. Mre particularly,
the present invention relates to high density foam
glass tiles having a snmall pore size, which are strong
and are to be used on both interior and exterior
facades of buildings. Even nore particularly, the
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BACKGROUND OF THE INVENTION

[ 6o02] Over the past decades, there have been a significant number of
terrorists attacks on government 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




further enphasize the long felt need to devel op and
manuf acture building materials which are able to

wi t hstand the shock wave from car bonmb expl osi ons and
other similar terrorist atXacks. [ 0003]

Traditionally, the internal and external tiling of
bui I di ngs, industrial and residential areas,

feoNar BipMasiaBdrhRr [tat €l el 1o YeGelop! %&%Hﬁma])ét&@dlﬁmdmg

of natural and artificial constructlon materi a
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to be decorative, the construction materials used
anf sEher YRllryHETemakackshi biting the fol | owi ng
characteristics: long durability, resistance to

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

[ anc t

T, "o T o B Rt R B o g, mcustria
ation costs 0004 Wil e the concept of using

a?@é?ﬁ*@ff%?é ALeAs, S nétap PTHRERPGCAPT, o8-, Wedornmraplyrmade of
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relevant to this | ong standing problemis now
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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 tmaterial 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.




I nsul ati on Systens, which is described in U S. Pat.

Nos. 3,959,541, 4,119,422, 4,198,224, 4,571,321 and

4,623,585. Because the focus of these devel opnents are

directed to making a foaminsul ating material, the

Foam 3 as(r) Insulation Systens tile comercially

sold by PCCis relatively light, weighing 9.5 I b./cu.
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on exterior walls to a building or other structure.
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skilled in the art as being a pressure front resulting
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di scl osed are fabricated in extrenely small sizes, i.
easily hBatnwheth&xemed & Enresanghitdiéy iapdeetaddoon fe@dnior walls to a
mat eri al which makes wup the bulk of the material is
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ah ex%er[i)or wall SlmIISéOIEIPtI’Hg foam, when exposed to a shock wave from an

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
suitabl e for absorbing such energy. Furthernore, there
is no indication that smat| size pores are being
used. [ 00071 Prior work by the inventors and others
have devel oped nethods for nmaking foan1g|ass tiles of
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for exanple 2 ft. x 2 ft. x 3 in. Likewise the tiles
manuf act ured under these nethods were relatively
light, e.g., less than 10 I bs., and were not

f.actured to withstand the effects of an expl osion.
FBRBA" confiat okt iR et il G R Giel Resometiods for
thermal insulation properties of the material, and
makigigfaas dassitlerof d wightaesrarendofdedsiiestds descrifeddf 0B, Pat. No.
Wiile still others have worked on trying to make sonme -

Lk anger( Zigar QLY BUSisA a@@auﬂ@iﬁg%atérra@sse WiRYe ke ?ébhmques and
smalfer in critical dimensionS and of |ower densit

OBl P30 B Rt R ERGR t Slke f éﬁ@ssof’dr 25 in

t he bodi es _associated with an expl osi on or
Bardhiguakes iporthisxdisppseaire doss npateags. hayy 16 mapdacture tiles of a
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manufactured to withstand the effects of an explosion. To the contrary, these

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

thus made smaller, [ighter 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 porous shaped bodies of low density by swelling, in order
to manufacture large-size cellular ceramic structural elements, e.g., muiti-story high

wall elements having a low weight. In the example, it discloses a tile 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
density in order to optimze thermal insulation. Thus,
this foam when exposed to®a 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
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%HPMe&aH the sanples which are over 30 Ibs. in
wel ght were found to be unacceptable froma
cutability 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
$1002Q01 por Busher, stleers Rurchiie CenttabGlagatCo. Nod., of Ube, Japan, have
4,833,015, a later patent by Central d ass Co Ltd
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pur poses of the present invention. 6 [ 0010] O her
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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,

L.e., below 150 Ib./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

lb./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
pore structure and there is no indication as to their
strength. Indeed, filler taterials are used in an
attenpt to increase the strength with no reporting
data. Further, the tiles disclosed were also very
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[ 0012] Unlike the prior art discussed above, the

tiles of the present invention are designed and
constructed of various materials so that such tiles
[H/EL pr op ériflictkers haive Artameptdddeatalfedoamigl 4vs tikesdiinigshaléer pore
shock wave associated wth |arge explosions or nake a
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anot her object of the present invention to increase
4f f%ﬁ@,efailed to achieve comparable strengths and does not disclose achieving

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

[0012] Unlike the prior artdiscussed 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.,
and nore particularly over 40 Ib./cu. ft., and even
more particularly over 60 1b./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
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nore prefrerably of .4 mmor less, and e

fer Y 1: or less. [ 0016] It is a further
g{%%e%taagwqiﬁé%%ggat invention to increase the weight
of the foamglass tile to be greater than 30 | bs., and
nore particularly over 65 I bs. and even nore
particularly over 100 Ibs. [ 00171 It is a further
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foam tile that can be used in surfaces of typical

moid pamigslalybrea$otlbecadfitant age of having a rigid

structure that when exposed to shock waves havi ng

bl ast energy, the tile can absorb a substanti al

portion of that blast energy. It also has the
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objects w Il become apparent fromthe foregoing
with an average pore size of 1.0 mm or less, 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.

[ 00161 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 Ibs.

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.




description. SUMVARY OF THE I NVENTION [ 0020] It has
now been found that the above and rel ated objects of
the present invention are obtained in the formof a
strong, high density foam%lass tile having a snal
pore size which can be used as a facade on both
exterior and interior building walls. The foam gl ass

[i0@I®f the pragsent objeme@ﬁﬂh@@ré@xﬁﬁﬁmmn&e%m@ﬁgiags foam
it can al so be used as a structural nenber for
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al so be used with other material to forn1a panel or a
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or other building materials. The present invention
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The present |nvent|on has t he advant age of absorblng
a substantial portion of a shock wave caused by an
expl osion. The present invention also has the
b hge Thetseamponwrebjess stilritecomeegtabentafkes the foregoing
and/or wind and heat | oading. It nust be noted that
ﬂaﬁﬁb@bﬁs gl ass foam foam glass, ceram c foam and
foam ceram c are interchangable in the present
invention. [ 00211 One enbodi nent of the present
invention is a foamglass tile conprising a closed

re outer skin on at | east one side, having a snal
EUMPMERY QoA BERBENHON ge densi ty and a high
conpression strength. The foamglass tiles are very
§1002@ anit havaow benpfessl o she ebgld aafl BRAGd RFjects of the
(I'b./sqg. in.) or greater,

present invention are obtained in the form of a strong, high density 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 swrfaces 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




and nore particularly of 8000 Ib./sqg. in. or greater
and even nore particularly of 10,000 Ib./sqg. in. or
greater, and even nore particularly of 12,000 |b./sq.
in. or greater, and even ‘thore particularly of 14, 000
I b./sq. in, or greater. These foam glass tiles will
absorb nore energy from an expl osi on, w thstand higher
medvtoravidd asidnitka deetling Hnﬂuntﬁeefﬁotﬁﬂchatml"@:&lenﬁ@"g%§ foam, foam
The cl osed pore outer skin may either be forned
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color and texture variations which will nmake the tile
suitable for use as an exterior or interior facade of
a building or other structure. The tiles of the

i nVBaAtdobodiment afethenpessenadgevauion & zefafmlglass tile
nmmor |ess, and preferably.7 mmor |ess, and nore
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mmor |ess, and even nore preferably .4 nmor 1ess,

av e a 3 mMmor |ess.. The .
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i ncr eased fromthe commercially recommended density of
eIy stiopg/ &yl heye a compasssion stiegldr ofiens? pyi @b./betinderr greater,
30-100 I b./cu. ft., and nore particularly greater
drcbmod® phivicudarly cﬁﬁBOOO&bd’ Sa?.\dﬁnoﬂ@fegtdﬁiaaﬁd swdrdfiloYe particularly of

greater than 50 1|b./cu. , and even nore
h Gl | /
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over é and nore 35 | bs. or
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greater, and even nore part| cuI arly 50 | bs. or
gnediles wihnbsmenomrmﬁbmm axplpsioh, iidhstaord higher heat and
greater, and even nore particularly 100 | bs. or
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be formed naturally or by bonding 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 lb./cu. fr., and more

particularly greater than 40 Ib./cu. ft., and everi more particularly greater than 50

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




whi ch is capabl e of being used as a building nmateri al
for interior and exterior building surfaces and
having | ess seans than snaller tiles and which has a
surface area of 1 ft. x #0ft. or greater, and nore
particularly a surface areas of 2 ft. x 2 ft. or
greater, and even nore particularly has a surface area
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of the present invention is a foamglass tile
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si de, having an average pore size of 1.0 mmor |ess,
vetenohd pafkichlirlyds00 s, 8f eRher, and conpression
strength of 6000 Ib./sq. in. or greater. The foam
glass tiles are very strong, and have a conpression
strength of 6000 psi (lb./sq. in.) or greater, and
more particularly of 8000 Ib./sqg. in. or greater, and
re b 6ireng.ahigh éensity foam glBsy Hle of phe present invention

greater, and even nore particularly of 12,000 Ib./sq.
whichois qgpeldleesf, being wedrasn® beﬂdmgrmhtaﬂaarfby irebridd aR@Qxterior
I'b./sq. in. or greater. These foamglass tiles wll
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suitable for use as an exterior or interior facade of
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present |nvent|on may have an average pore si ze of
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[ 00623] 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 1bs. or greater, and compression strength of
6000 Ib./sq. in. or greater. The foam glass tiles are very strong, and have a
compression strength of 6000 psi (Ib./sq. in.) or greater, and more particularly of
8000 Ib./sq. in. or greater, and even more particutarly of 10,000 Ib./sq. in. or
greater, and even more particularly of 12,000 [b./sq. in. or greater, and even more
particularly of 14,000 Ib./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




and even nore preferably.4 mmor |ess, and even nore
preferably.3 mmor |less. The density of the foam
glass tile of the present invention is increased from
the comnercially reconmerdded density of 9.5 Ib./cu.
ft. to have a higher density of between 30-100
Ib./cu. ft., and nore particularly greater than 40

lolne/ @umot¢ seccanidry glesn sorfhecspartecdbsed yoss eaker skiRanay have
50 Ib./cu. ft., and even nore particularly greater
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tile my be over 100 I bs./cu. ft. The weight of the
froeemtignassy hiveanfiverhge poesant of hlent arleiss agd gatferably .7 mm
than 10 I bs., and nore particularly is greater than

301dsbsand 1Bk RYRIaPREmRRSE leSULAR Eyer?’ﬁlolrg’éref@fably .5 mm or less,
greater, and even nore particularly 40 | bS. or

I
o articul arl 50 I bs.. o
AERVED R SR BB B Tl 1 naBOreetoagRbly 3 mm or less.
reater, and even nore particularly 100 |bs. or
neglcasity pf do ringhishéile ehbvdpresent iopentien pr wseensed from the
invention is a foamglass tile having an average pore

sbaenatiallp reroremehess dedsidensd 5Ybotu3R. idbhdela HigherQlensity of
greater and a conpression strength 12,500 | b./sq. in.

F m t [ r an
B PG00 00 e s PR TR e e 0BG g Yy BT R (0%, ana
rg_reater, and \?ﬂza&%/ even %Drgséjp rtic IarI(yl of 14,000

BET} SR01€ RATIG eHtaler MaR Gy gT-a%\ t§ve8smgi g [particularly
absorb nore energy from an explosion, w thstand hi gher
wrarder tedi 1 ltandL dt.ghile ner amityalf the foes. glikitle dftke present
foamglass tile is preferably a closed pore structure,

invention is preferably less than 100 lbs./cu. ft., in another embodiment of the

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 lbs.,
and more particularly is greater than 30 Ibs., and even more particularly 35 Ibs. or
greater, and even more particularly 40 Ibs. or greater, and even more particularly
50 lbs. or greater, and even more particularly 65 1bs. 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 1b./sq. in. or greater. The foam glass tiles are

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




it is not necessary. The tiles of the present

i nvention may have an average pore size of .5 nmmor

| ess, and even nore preferably .4 mmor |ess, and even
more preferably. 3 mmor fess. The density of the
foamglass tile of the present invention is increased
fromthe commercially recommended density of 9.5

leber enorefpartiqi0aitave1 4, @00I1§ e, ideasieyteadf TheIMNRAM glass tiles will
30-100 Ib./cu. ft., and nore particularly greater than

ﬁsé%gﬁSﬁeé&ﬁy ?rfjaﬁ og}g)élﬁmﬂn@{ste{n 12{1%:1)’ H'%écf f%@%ﬁng and other

reate an 60 /cu, ft V\hllethe density of the

| QLEH‘?‘?% éNJBIEG Hifeloapy glasriileiinprsienably glosed pore structure,
preferably | ess than 100 I b./cu. ft., in another
énibodit men¢ssefy. Thetipsedehe pre&manlnumnbh&ndﬁ haiéd ﬁn@ﬁxerage pore
the foamglass tile may be over 100 |b./cu. ft. The

VROt 50hnt BFIJSQaéHCQE@é?n{dré rQIferatHT le fvagl@t &R more

is greater than S., nor e %artlcu

BF%S{%IY eat e g o JEss- ﬁ%@%‘éﬁgw pé@p@?{x{; Ig%gs p{%gf tgg plrebs%nt fvention

greater, and even nore particularly 65 |bs. or
Griaateased famn eanmmensiafarerauirentyd dositshsf 9.61b./cu. ft. to have
greater. [ 0025] An even further enbodi nent of the

pregientddneNe bt bervdes, J0-10RIB. 2 ass arf%?rﬁ@i'e a‘%g;ﬁgr%ter than
one or nore strong, high density foam gla s til

[ t | i ght we
POUSARS 0,3 < BRRPS FRHb ey Qe o R BTb g o P even more
textureffor archi tectural peal, the tile has an
PREELEY Frsater Shamib.£ave [ Mﬁéledhﬁ dengki of thaéramglasatile of the
additive to make its surface appear a different col or

praent heehtibe s mefpablyilen thin L@ H y&e fr NBraother ernbodunent of
particul arly, such panels can be used to 13 make a

heaﬂgr%g&&&ﬂ%ﬁldrggm%egg@ bpaEALLAAAkaIaTROR. W ARY . £

adl ng, a enV|ron ors

IBH ildi, fn%d? from coq ?tl onal concrete
e weigltt of the foam glass tile of the present invention is greater than 30 lbs.,

and more particularly 35 Ibs. or greater, and even more particularly 40 Ibs. or
greater, and even more particularly 50 ibs. or greater, and even more particularly

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




panel s. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00261
The present invention relates to strong, high density
foamglass tiles having a small pore size which can
be used as building materildls. The present invention
may be used on the critical surfaces of buildings at
high risk for terrorist attacks, in conbination with

rﬁ@}f@@bmlémg%o@rregmﬁf tcPatirtie| A% MBER g §nd %I&Fh@a[t‘féa‘%ﬁhg and

invention may also be used on surfac ’
esen tlon t he advanta es

B, S 6 BEREFL e Sk e R v eFi s npencrete

heat | oading. The present invention may al so be used

mgelt ruct ural support menbers of a building. [ 0027]

Under one enbodi nent of the present invention, the

strong, high density foamglass tiles having snal

pore sizes are capabl e of absorbing nore energy from

B ARk SCRIPARNCO R HIPREREN FRSTE . UL

materials, as we i gher wind and heat

d](gﬁgé and t her nechani cal abuse. Such strong, hig
| ly RyesRY lmné@nrfﬁgﬂtwwsmch@édimtﬁfoam giass tiles

varlety of shapes, including but not limted to flat

hawriigox smatlvede shapeichreant fretsed hebsildiaggnatetials, The present
density foam glass tiles of the pr esent | nventl on are

iARARI N ARY Bk Wk &EON ShABY G4l ?ufé]a g)f gﬂﬁdl rﬁs?c% Mrorist

agents, including but not to ca ona eous

nics ar _and starch), r.bon bl ack,
iz chi ééﬁ%ﬁqasm‘fd e el oLl bl B tepisr Gl Teppesent
many possi bl e methods to fabricate ceram c foam panels
Ipyerioanoalso denised e syrfacsisoé sypieal dbudldirfzac hé présshemvention
U S. Pat. No. 4,430,108 describes various foam gl ass
has the advantages of being more resistant to earthquakes and/or wind and heat
loading. The present invention may also be used as structural support members

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




products fabricated fromfly ash and other additives
with various densities, and surface finishes, the

di scl osure of which is incorporated by reference
herein. Simlarly, co-perding application Serial No.
10/ 076,971, filed on February 15, 2002 by the sane
assi gnee, al so discloses additional processes useful

mAny F@E&ﬂlﬁl@&haﬂioﬁ tb ligbridaes estanl i Y&GH ipRRelstBRh various densities,
di sclosure of which is incorporated by reference

el.e] E : i tch Mk O htjes..can be

ST 1 SRR RS NS P NS B TIPS SR R doem slass
concentration of cellulating agents, Viscosity of
Rjgsts tpBrigaed dev it WhRby e rRItGS WiEh vaORDdARTiges, and
process. In addition, the pore structure and its

- sumfakerfinishesarke dbgbosaentof amhicthes dhsbrpobatkil dby adfdrence herein.
particle size of the cellulating agent. [0028] In

& soeadi i {8 3R J o,

S P e e P B ey 15,
| Ze.than traditional foamg|ass tiles. | )
T bourts | e F0aRFEI A0S Hisreecorddiendnricasi weful in

have a density increased from the commercially
Ineceianewidgdhdgrsiany infergion, ke Aisalostite. oft whivhvie iacorporated by
hi gher density of between 30-100 |Ib./cu. ft., and

reRSren@eRdrenil| BoAn! (WSB! vAHAR Aistdes/c8H befthbricABE by varying
even nore particularly greater than 50 | b./cu. ft.,

n nor I cyl arl reat e han 60 | b./cu..
PR RN PR B B e LB Rateon sy of glass
.enpodi ment of the present invention is preferably |ess
iy g deodnatylg paramerer dipng shetheningpeatieserdn askditior the pore
present invention the density of the foamglass tile
soayturieendves urfiinlity. dredepétidentuntctherdistabusbewWadiparticle size of
Exanpl es 3-9, the preferred foamglass 15 tiles have

88 ¢ H@%@ﬁgaggﬁ@ size of 1.0 mmor |ess, and

prefera mm or |ess, and

[ 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 Ib./cu. ft. to have a higher density
of between 30-100 1b./cu. ft., and more particularly greater than 40 Ib./cu. ft., and
even more particularly greater than 50 Ib./cu. ft., and even more particularly
greater than 60 Ib./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




nore preferably. 6 mmor |ess, and even nore
preferably .5 mmor |less, and even nore preferably .4
mmor |ess, and even nore preferably .3 mmor |ess.
(0029] Thi s hi gh density dhd small pore size nmake a
very strong foamglass tile. The foamglass tiles are
very strong, and have a conpression strength superior

th16s hR eﬁﬁéve‘r‘ reWibedF 1NRsnoFRIP ra%%?ﬂr@férac'ﬂiffeﬁﬂfnli‘ oPfess, and

around 4000 /sq in. In particula

denons Ie339 t a Iasstrle
ittt é@d%rm eI, RO ETRVEOR: B De SOAER: e even
of 6000 Ib /sq. in. or greater and nore particularly
ropregoelenrblys dqnmi or, less, agdexen morarntietarablyndmen or less.
particularly of 10,000 Ib./sq. in. or greater, and

egenglor e Tag highud @islty a6l shalIGRPe ke msske 4 Uerggfrong foam glass
greater, and even nore particularly of 14,0 .1sq.

tilQ Tﬁé fo%r? sr ﬂleg-gleesx?er%?tgé%% aﬂa%a{rﬁs 2 éﬁl@"rm?ﬁlslbqggs?r% superior

ener g rom an ex
and heat Ioadl ng and ot her mechanical forces. [ 00301
tfrfmmﬁhfg?ﬁwdrérrgmrly haha comgressiowr sresigsle of axowngl 409 1bi/se. in. In
al so have a strong tensile strength. Simlarly, as

eetivdsat, ma tlemhohytrixanpliesEdrAplet B, tloafoagl glass tilkt bethe present
have a tensile strength greater than 500 Tb. /sq. in,

1ﬂ9&%ti@{ BaRahtdy Hldlir gtrg 13?&196? ddun 9/%% )Ip c{rs%qeaﬂe? ar%d more

and even nore particu over 120
and even

even ularly 1400 I b./ e
AR oF PODBVEYSa00r Eearea anikvep g bR 10,000

enbodlnent of the present invention, the preferred

b gagningbragrsatén, end iesigr more paftasdady eﬁleOO@tlbl/ea,sm dr fteater,

x 1 ft, and nore particularly of at least { 16

and even more particularly of 14,000 Ib./sq. in. or greater. These foam glass tiles

will absorb 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 1b./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 inventicn, the preferred foam

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




2 ft. x 2 ft. and even nore particularly at |east 4
ft. x 4 ft. in dinensions, and a depth of at least 2
in., and nore preferably at | east 3 in. and even nore
preferably at least 4 in!'Such large tiles are
advant ageous over conventional smaller tiles because
the larger size allows the conposite of tiles to have

lbeg sy SeRNEnd badh I‘rﬁ)‘?%ﬁﬁﬁéﬁeﬁ’ e}g ar ?écﬁgn SE. Jse i4'f?.sinnc%imlensions and a

conventional |y used. “Such trime

t,he .st tural. int |tys se tile surface
FERIEN e & imnanfdrorohRtnals ACERY 4 B erderFoaio s ageterably
thus tend to crack. These seans are al so a neans by

whilehit deiner Suslnlapgmules are afeimitageauseovdr| conyventendltsomgler tiles
in damage froma variety of processes, such as nolds,
besagksthedadgdrhgzd nHe#e thbaityni?pﬁf%it@ of! tilek he h&ReRSs B@Ws than

cycl e, when water seeps into le and freezes it
SRS, ?\?l%ﬁll%gﬁlea%fgﬁ{}eﬁtpo%‘@y% SRS ghitg ERbmental to

shock wave  caused by an expl osion, an inproperly
§%I3%C%%W8mWaﬁl%©v3?ﬁ@s vidve tilg sustaset va Ibélﬁien@ thermal
the tiles, causing themto expl ode outward rather than

akpatshm gnd thetrateiin; edd energyd td bugk. Besediigisngetd® a means
nurrber of seans, the risk of having inproperly sealed

Aoy el p IR LB 085 KB RUEBRGAIRn « vriw
e A, S B B et AR e e
enbodi ment of the present invention, the foam gl ass

cydle, wherivaraskgphiago a tidt anbitepinsdt otaeds sKhen thaivedter thaws,
thus provides the tile wth increased strength and

I @heets thb@blichesiAgBidBhtetal 8 eradOVhBg s{ﬂﬁﬁ@t%zﬁ to BRAVEK wave
cycle The cl osed pore outer skin may eitHher

d ur, a 4 430 108
oRCRRLERY Y stnifiorssciid g UL G e e o
as taught in U S Pa
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

assemnbled, 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.




17 5,069,960, the contents of which are incorporated

by reference herein. Alternatively, the cl osed pore

outer skin may be forned in accordance to the

teachings of U S. Pat. No.l74,833,015, the contents of

whi ch are incorporated by reference herein. Natural
formation is advant ageous because it does not require
3dui g, pemaltht abnitednd ofuahidly dentic@kporardl i SrelfereABF Eherein.
cost effective and | ess burdensonme. Using a secondary

I €
PSR BLL R, R e5 BB AT LRI ToFE G opgititce 1o the
various color and texture variations which wll make
ferchingseofd) ohPee dYauraP$3,04b1 Higceanyents g widigh age dpcorporated by
exterior or interior facade of a building or other
stfepmicgrierei@n dawayl ffrnmaionng adiviiregents baeluoe isdodsagmsequire
is by the use of different color additives, as is

' i ed.i .
SR o A ey L SIPRAC ! bl HOR Stk and tess
blardrriamen UPRE 3SR andsey Skt Beh BoE alsAed fentayeous because

absorbing a substantial portion of the shock wave.
Badatsshnigues ellow tesclased pargabiter din tabaor Wrimgisaolor and texture
substantial portion of a blast shock wave, they are

RaFihtier Ahlich willdHAIK BRAIUSrafRuihdl Rer&QRRIHH g?é 8an exterior

materials for interior and exterior surfaces

bui. | di.n e re.at risk of exposure to expl osi.ons,.

81 507 sile Rhaliefiafla pi PR SuBhREE ] G S kR Sitreren:
visibility/famous buildings. [ 0034] The foam gl ass
eplossugncaspeby Hesesstof differsnt eplogndduives, asHs graeratliarell known
conventional foamglass tiles. In particular, the foam

ob asssetskilesl iafthélhe. present 18

[ 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 matertals 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




invention are at least 2 in. thick, and are preferably
at least 3 in. thick, and even nore preferably at
least 4 in, thick. The increased thickness of the tile
adds to the volume and tH&refore, to the wei ght of
the tile. The increased thickness gives the tile an

i ncreased stiffness, which reduces inadvertent

{haatibhege dilda802 handtdnand A BETERLEY &Meast 3 in. thick, and even
manuf acturing, transporting or” buil di'ng. %%e {creased

thi ckness , W | so permdi, the til 1.0 absarb re

bt SRR et B BBt it ity e B s o the
heat and wi ndi ng | oadi ng, and/or other shock waves. |
poBsEe anbitheseions, ito showetdhs o sha tileuThe intreased Hiickmmss gives the
and density depends upon the use to which the tile is

tild endededsedbeiffids. witeh redacslifadvertenl §rdctd®s idiring handling,
i ntended to be used to resist earthquakes, then the

i I i : t | owest wei ght .
R T B0 R B RE or B T AplyEReq ghickness
th @kkle is jntended to protect a building or
SEN GOUPETRIE §PF SHBCIO WesPED BETSGRICHEBAFOR ERDIsIoNs, exposures to
expl osion, then the tile should be optim zed to
cacheades, et dedsiindirgnidadigt eador diBer fiorck wike. t o be
strong enough to absorb such a shock wave. The desired
thi ckness wll depend upon the proxinmty of the

exposed tile to the |location of the potentia

 on. _For .exanpl g, on the outside of a building,

f@ﬁ ckn&ls S%%SEH%PH@%& RYticklak sizent Cl&&‘éé@ﬁﬁ ‘i"WéltY depends
di stance of the tile to the nearest |ocation where an
upeAobifeetcowhichubk ti ishinesasledsiovresnady. Ber pearkple, ifGhe tile is
the other hand, in an interior of a building, such as

RSOt bec@edIy redifte Pl Yha ¢l fadRel € B log_tinﬁfed to be
i mredi ately next to such a columm, although the [ikely

F}g;lié)?\}e??\gvgpgh‘?%ﬁi&%ﬁh\(&thsjtgﬁcgtﬁ’govlélmdd Irpr%sssulfgs %?f%%ln rlalstx 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.




19 [ 00361 For the purposes of resisting shock waves
associated with an explosion, the tile of the present
i nvention can be conmbined with a rigid backing to
forma conposite panel. [ 037] In the case of a tile
to be used to make a structure resistant to

eart hquakes, a slighter lighter tile nay be used with

f 0B St FUEHE epurpbses! BRGesis@us elobly whnd am&&tea with an
mhlch needs to be resisted by these tiles is rel ated

0.,the e yeen. su ort
b, fieeiis Lt SrorR b PGS A BEicameq rdfip pigid backing
resistance and greater strength will be required from
thiormcapodosiee Ppd. with rigi d structure. The
t hi ckness/ density of the tiles to be used are
accordingly defined by these paraneters. Thus,
sel ecti on of t hese properti es should be optimzed to

Fr(ﬁ)’?; th@ %Fé cjzefﬁ HBakeqas dst ?t?!%cthpéa resistant to
arge |C|pa pressure soug t to
res roprlate saf ety ctor,, built

in
Gethglalsi b Wea@aﬁtemﬂ% Y RSn4sS ﬁu‘%Fﬁé‘ﬁlglﬁcﬁﬁ%FVe The load
tiles should be supported by a netal frame, which in
taused iby wimdpoessede bshicdt nescts uo e roes@b byshpm)triltes iofelathe to the
bui | ding or other structure, [ 0038] For aesthetic

RtaPBS&Feent E‘@pﬁdr{ RS IWhiL Brdsi rﬂhé f};‘%@aﬂeﬁycﬁé &l I:K’&Wé%ﬁdsupport
on any surface subJ ect to pu [ic view Thus, 1f only

one surface w 0S t Vi t han
PR RE St tre it e h vt Srirter Pigusdh T e TG cidm e
| ayer. On the other hand, if both sides of a

somghsite r@leb'elﬂpﬂ@tdeséwmﬂ ﬁélllplﬂw&«fdenswo%ﬁhlﬁtéﬂs f@rt@ used are
subject to a public view, than a second tile with an

agder OpkledFindd by these parameters. Thus, selection of these properties should

be optimized to provide the lightest system that can withstand the largest
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.

[ 06038] 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




finished |ayer can be used on the second exposed side,
such as the interior of the building. Alternatively,
other interior surfaces can also be used. [0039]

Anot her advantage of the 2Pl es of the present
invention is that such tiles are also heat insulating
as well as fire proof. Thus, these tiles have an added

AHNABY agRr 0hn BeiIEd Rl t8e kecdifl dgRPed SidR! Y& s tRe interior of the

[
support colum froma terrorist fire attack such as a

| t.0v cktail . or,other.sources of fjre. The use of
Prdinl QEh Ryely. peL R rVERE RS e ahb Brarety 'of t her
prevent and/or delay the destruction of such support

col ums, thereby increasing the |ikelihood that
occupants of an attacked building wll have

$WO39) ent AhbtlRr hdvaviage af the (ilcdQ40he Ar@kAemvention is that such
enbodi ment of the tiles of the present invention can

| i St il di t
O EF fisagRel RAURHE SOl L0 HobE TRE, e Bl hcgn adced
on the potentially exposed walls. If such walls are
afyasuege R idate he usgdfodrotasea sHpROK FolagnicipmgeterTorist fire
nounted directly thereon. If not, then the tiles can
beacluehtae d Moltancadipaih pr betes sougies offireuCTherwea the tiles of the
backi ng protective layer to forma panel, which in

Ei“@'s BrC@aRe o RN IR IR ki PRERR %ﬁdg@ﬂbaelaﬁ% &&m@gn of such

acking protective layer y be a fibrous conposite,

where such fibers are made of ‘hi nsile strength
ST S Shs, B i ehineaRe ate oo L HiR G CpPbiE gl g artacked
or cenmentaceous materials, which may contain portland
beihding witldiave sutederpoime amdvagiebesnt , | i me, al umi nous
cenment, plaster, polyneric material, reinforced

concrete. Such backing | ayer may be reinforced by

netal, Kevlar or other supporting naterials. A

E%r(‘ﬁ' g pr %H&th%{‘ eMboRHRER of fhe FIUE Br A% plf_’é:@?lrt 'insi/eB{ignggrqge used

oncrete 2

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




bonder adhesive-pronoter, may be applied between the
at | east one foamglass |ayer and the backing |ayer.
The conposite nmay al so have hangi ng hardware provi ded
therein, and may be mountéd in a | oad-bearing frane,
and thus be capable of absorbing a substantial anount
of shock waves and vibration energy. [ 0041] In the

porefeerddedsieahodingedt mdiiee hppledobetih@ni@SRNbast one foam glass
i nvention can be nanufactured using raw materials

| ' d e t o i)y limte t.0
0 2t Ui PR Pl aAe coBRFSS it sk ChipndiRe harcware
siliceous mnerals, alkali carbonates, calcium and

LT ARTn NG BLay Uo mpdinged] diia waddaniggplame, and thus be

sodium silicate, borax, glass powders (such as cullet)
anpdbfeoaiatngrizgg atssibsthneal frnahng shgebtvaoan ahe vilaheachegergy.
from car bonaceous organi cs such as sugar and starch,
carbon bl ack, silicon carbide, carbonates, sulfates
and other like materials. [ 0042] In an alternative

odi,ment_of the. present jnventjon, the foam glass,
EBB3d 11y vl the pRrls e s moip Al the sl e R gicg) can be
wires or alternative support structures as described
inanufagturPdtusitgosiw mara®ly s8ichin8BEeAbEl ate 887TnO28sarAndimited
4,992,321, the contents of which are incorporated

RS Shidk, Yy boh evenssic A ldgarBMacdiR &neh haNBeodsh®SSerals, alkali
additional materials may hel p strengthen the resulting

foam . qalass .til on_the.other hand, they.al sa, can

e niheln fipd e BuTh Jilnef A0 5o faRBS Fihd aypsum,
tile of the present invention, various nethods can be
Wl silicasndb@rboglppepewdendsueinnt rallet andneemingrgents. The
make the tile are blended together with water to form
f@ahﬁﬂ%@%ﬁﬁﬂ&aﬁlh&r salected frofstcabimmot@st bRghi®varhZd sugar and
t hough the preferred nethod of mxing is wet,

2onst Rehssoladl ¥ilRbARG G, T8 R8tes, sulfates and other like materials.

[0042] In analternative 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 incorperated herein by reference. While on

the one hand, these additionial 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




sel ect ed depending on type of raw materials used in
foam gl ass formul ati on. For instance, when gl ass
powders (soda-line glass cullet) is used as nmjor raw
material, the gasifier cafd?be dry blended in a
conventional mxer, such as a ball mll. Wen wet

bl ending is used, the solid content of the slurry is

RReGE! ! prefdrpidveeth Do BRiMb F4s wei choe e i
P on 5070wt 56 S0%a] ogh s we ry PRINCE BiRh¥ing may be

entli I r. su a_spray.dryer to produce
e B0 R L R R PP s R st BB Ean. Por
aggregates are ground to formdried powders. The
RS Emas; igheroedass ypowderscisora-lime glasal aillesd is aised as major raw
tenperature at which the viscosity of the resulting

eaarigl abs ghsfipr efrebakiry bldietevann dliveh8oAPmPRIrsSuch as a ball
nore preferably between 105 to 10" poise. Calcination

i i educi ' t .
B0 AR Heiths oF (88 CRLAGL SR WIRAL, Sty g grgferably
ar bon ainin onpounds. | n the case of silicon
Eartrae G ab et %ggaﬁmyre@aﬁ%lwrbsﬁv@%n ey’ betarri ed
out in a neutral air atnosphere. \Wen gl ass powders
are used as mgjor ingredients in the foam gl ass
formul ations, calcination step is the sane as the

TarmMAp St §he sfhk fRdd Qe EhM &gﬁw_eﬁﬂﬁﬁ%ilecﬂ%r’@y%t}d'hrhﬁ% spray dryer

rotary kiln, in stationary nolds in a ki

fludizied.bed reactor heated primarily by a,hot gas.

10 Seadt B ar ATk T aiacE sl P EtiB 6 i sBeFaRes are
if calcination for instance is carried out in
sratndivdeymrasiagspoveitrei hag resnlting Fdwdiry grbdnctiayherotalcined to
require pulverization, if particles do not

aggheeaiest ivhitheht lvigozied obede rdfigtidd fosal Gla3eds preferably
powders are screened preferably through 100 nesh

BELEE 10M6°10? poise, more preferably between 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 puiverization, if particles do not agglomerates in the fludized bed. The




preferably through 200 nesh screen to renove the
coarse particles. [ 0046] The powders are then nol ded
into desired shapes, in a netal nold. The preferred
metal s are stainless steel?and chromi um cont ai ni ng
all oys such as |InconelT" Inco Alloys. Inconel T" type
alloys are preferred, since they can resist thernal

elcihed, pandexidatteandet greferhbigntabaghl B3 @kgelsereen, more
Mol d rel ease agents are preferably used to ease the

: P i the
A e S
cracking in the finished foam glass product. The nold

rel easers should withstand the peak firing

tenperature, as a result inexpensive refractory

boi0dkéd suchhapowidghs st ltheramuldet mks deditaghshaipesi ina metal mold.
m neral powders such as di atonaceous earth, silica,

P pYAEHRU S ELaRY SreCRRINDG s Uk an%%ﬁ&ﬁﬂ'%?ﬁ go%iirﬂﬁ alloys such as
s] ag ]l ? he

Ing or surface coating can be applied over
| ded, t oam,..gl ags powder precursor, t.o produce )
Baanes oo Alfadac Rl SR HTEHL AR hretrrPaanice ey con resis
[ 0047] The nolds are then transferred into either
sleemif ¢yslesy agdexidiatied britenghantsheinlesasicels c dintd dakeasd gents are
nolds with a tenperature uniformty better that 50 C

%@E@%EIyﬂﬁ)éddb BRfshe MeGholdng: pRkess AR As®hBhBRRBlaMhesion of the
etter than 20 C. The heating rate is selected based

t hi;ckne and product, | oadi .
Be] ot R BRT W SR el PR s ) iished foam
between 2-10 C/ mn., and preferredly between 3-5
s prodaet. ¢ hee poikrelemssingionéhpithatandehe meak dhgglemperature,
viscosity is between 105 to 103 poise. The soak tine
ata tdhhaltpeatpehkive nefraaopes:dtey sicHepapdis 2 moteraBechibBaimina
gl ass di nmensions. The soak tine also effects the

B drRG5WHA%s06h 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 produce additional surface effect in the finish foam

product.

{ 0047] The molds are then trans ferred 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




t hi ckness. Longer soak tinme results in the formul ation
of thicker surface glaze or skin. The larger foans
may require longer soak tines to ensure tenperature
equi | i bration throughout tihe foam body. [ 0048] During
cooling cycle to roomtenperature, thermal stresses
across the foamglass need to be mnimzed to ensure

oR Ger aeh plR6ukhehtiens. offheesiattuaine 4166 TafRltsSteesEoRe dglazing
As a result the cooling rate around the annealing an

HEPLE, AEFACL LETBRL PG ) PGAA PNl Mhpge e o

relatively slow, between 1-5 C/min, preferably between
shing Idyendagger Aple MadurHBIBWANEES spalapisReR [r enpwiggemperature
dependi ng on the foam di nensions, the average cooling
enaltbrador tlomughd® Gerfoam,badyef erably 3-5 G min. [

0049] The anneal ed foam glass will be de-nol ded, and
trimred on its sides if needed. Trinmng can be done

by various neans such as grinding and cutting.

ing Wi th, an ahrasivye resistant blade such as
AEDS D SR OO iperath sl Fresgsacross the
dust than grinding. It should be noted that the foam

feirasgasfuseed so berinmmnmiked cormposedactrongnpiodyst dtdel oferesidual
silica, which is nmuch I ess harnful” than crystalline

thbmAadSds, U ranlC@RUelifg dHed ardund0PRlanHealho3MY strain
gl ass board produced can be used as a stand al one

ti r...ne. us i.n_fabrication of .foam gl ass

bl BlesdP i kP Rl P g R e S grnas pb0 ™ o
during the final step will be ground and added to the

18t awill bryratagivaly slpw, pgtween 1-5 °C/inin, preferably between 1-3 °C/min.
Above and below this temperature range, depending on the foam dimensions, the

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 abrasiv‘e 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




materials. In addition, any product reject, such as
broken tiles or panels will be ground and recycled
back into the starting raw materials. [ 0051] It wll
be understood by those ski*fled in the art that the
foregoing nethod of making the tiles of the present
i nvention could be nodified or other nethods of

rhABRRRATH A R, gt@%@auw Uty U8 Q@rﬂrbﬁ@%ftﬂ&%rt Bhels will be

splrlt and scopé o the i nvention

d abov as f the prese |nvent|on 'S
g?#] ﬁ%qYS%d%&& t@kq?ﬁ EEffﬁtngrrlg“é'l a{egxa? e foam gl ass
t|Ie. Exanples 1 and 2, beIOM/iIIustrate t he

application of portland cenment as backing material.
These exanpl es denonstrate that pozzol ani c bondi ng

[opg®1] nat ot ahll YeaindehRobdterthasesiafled e thoam Whass foregomg
tile and the cenment containing backing |ayer. 0053]

nﬂt{ﬁa R i @ hETon RGBS RIRMACEIDLRBAM gr other

al's ca ove

ﬁaglaﬁdthlckness preferably initially as a_ paste
Wihe APrifai e Fan e aseéiowataowafmaﬁ@ng fean Slﬁﬂﬁ@?‘-ré;(hﬁlope of
be made into a nultilayer structure, where linme or
thoitveatidncenent will be the adjacent layer to the

foamto devel op pozzol ani ¢c bond, foll owed by other

cement aceous over layers. The cenent backi ng

mat eri al s can be reinforced by addi tion of fibers of

raphi te, .ceram Cs, rs su
[RUFEER os 0 Rl SRt an ain ot W progh fybaipn s thednclusion

al so possible to join the foamglass tile with other
ofbreking mpeedaly fatheafopni ginngilcobpampies IFand 2istlawdbystrate the
appropriate contact adhesives can be applied between

a Eﬁ&tﬁﬁin stfporahad cément e asaardig, BUGH ca8heMdMBmonstrate
at can be used with
that pozzolanic bonding occur naturally at the interface of the foam glass 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
fhe 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,




al um num sheets is a silicone based adhesive. O her
exanpl es are application of a polyneric foam between
the foam gl ass and anot her backing material to protect
the polymeric foam Pol yur¥thane foam and cement board
are exanples of this type of nmultilayer backing. The
advant age of pol yurethane foamis that, it can be

FUs4P | N1k are posdiBledoysan tp@ﬁd&ﬁ@gla@s WleSviRR StitdrapRd layers via
foam gl ass board and a sSheathing back |ayer.

Foaioh b PBAM S PSR A Bk T BT e optiea

and nore so of the cenmentaceous |ayers. The_ backing )
bgieeerasiiesd af mickl guddpanalasay@ne sueh adasive thescan be used with
bonded together with cenent, polyneric foans or other
ehnhiaein sithees isvesilicdndObell allhesit@attigtrasgnbek argapitation of
be selected to have different density than the nmain

; ] . : _ v
S SRR PO TSR, 8R0S D B IR A prove
orma ly |s_glazed as di scussed pefore. However, a )
i Paé’ﬁqrmﬁ%ﬁif%ﬁw%m D 6F PR PR pe proseriag of this

invention to inpart additional protection and

agst dietiitil aypgrdsmckinge The ad hentegnpio potyaréthame dgbas $s that, it can be
structure. The surface finish can be applied before or

gggﬁéd 191 RackiNY dBYBESvRRE g}@ag&ﬁhbﬁéd T&ﬁn_f%a\éssgbard and a

be a'textured ctenentaceou d/ or pol yneri
overl aye tq._di spl for. i.nstance a bri.ck facin r
SFB A bt dapuar dneoi iy arndtictariutiel daareduce
in place over the foam|ayer or be adhered to the foam
dagmeseyiatoé thehbdtthd hayevs aueh sontcast Padseand enoere go of the
cenent layer wth pozzolanic activity. These WO 200

Eéz&ént'éﬁeduszia?e?rs. Thabatiesy Weut thalywpatdin addiipledagérs of foam glass
architectural appeal to the foam gl ass conposite

bonded together with cement, polymeric foams or other contact 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




structure. In addition, colorants can be used in
surface finishes to inpart desired colors to the
WO 0Lttt e. Fibrous materials can be added to the
surface finishes to inpard additional reinforcenent
and to reduce fragnentation upon shock wave
reception. Various WV protecting conmpounds can be

figehdads Lol ﬁngwc haegionahawhectutdl aggsilredhe [foﬁﬁ%@iss EB&iposite
t hi ckness of both backing | ayers and the surface

%%I%Eﬁ?%?ﬂéaﬁfélﬁé@{ Xp14RER, ORI S kHRE tRARs co impart desired
lication of a surface finish maybe unnecessar

§P EBiq Hie HENQNES YPesisgasHialsan Heoxddag) r@s@emnéne Agishes to

fired may be aesthetically sufficient. EXAMPLE 1 |

QRbat oA dithennl gbassrceivkeat wad tmé&u@yfrbgm@dtdtg)rt figor aMock wave

materials set forth |n Table 1 below. Fly ash

Qééggiggfgfag%ﬁg?uﬁ §% t u o'uﬁ?sl %ﬂlﬂ% a%%%?t@%heg%g@aﬁghmshes

%5{%) r% Pot assi um carbonate O Borax O sugar 120 g
&Sitd415 g TABLE 1 28

[ 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




[ 00581 The resulting slurry was dried, and the powder
m xture was calcined at 950 C for about 45 minutes to
react the raw materials, and deconpose sugar to
finely, and evenly disper3&d carbonaceous phase. The
cal ci ned product was ground to fine powders, placed
in an Inconel'" nold, and was foaned by heating to

[abe8] 850 Theansllangklesryalad dradd, hadpies pdweer hdtture was calcined
approximately 30 mnutes. The resulting foam gl ass
a - o]

OO LS Pl PR TP ) My S A Bepg By sugar
ft., a dark greenish color, and a conpletely glazed

tg dineho én%rr%‘@%ﬁépgf%eéﬁa@b@%ﬁ@uwm@r m B¢ eaciped product was
average pore size of about 2 mm After trimmng the
geolgedtd fige povderaglaediimend$h@medt malgpaokivimiteded 6y heating
in. x 12 in. x 3 in. [ 00591 The foam gl ass-concrete
B e T G L

around its sides and s, framed wth strips of

BB dOHTORE S BRI, Bt TP HemRsrgiiss dad derrolded. The
faced down, leaving a gap of about 1 in. above the

requléng paneglesveadedenmity ofabpor 13 bntucknantark grastnishxeolor, and
(Quickrete sand m x) was prepared according to the

anenyflaetfiated AstAcHCT lﬁ@?oreﬁhx%cftﬁ‘é s i ASFoPRSKRh Rhaeefhge pore
over the exposed face of the foamwhich was In

SEAEShL oo SO AR, ISR, orion o

the conposite tile. The concrete was allowed to cure
apBroxaletRly 28 ifoxidd inpeBdRe being renoved fromthe

form The interface between the foam and concrete

| ayers were conpletely sealed indicating a strong

cement aceous pozzol anic bond formation. 29

[ 0059] The foam glass-concrete composite tile according to the present
invention was made by the following method. The foam was trimmed arcund 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 recejve 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.




EXAMPLE 2 |

bl endi ng
bel ow. F
2000

Sodi um Car bonat e

the raw naterials set forth
y ash (calcined t
3

00601 A foamglass tile was nmade by

in Table 2

pe F) 2000 g Silica flour
0O g Sodiumneta silicate,

Hydrate 800 g Potassium carbonate 320 g Borax

400 g

cal ci ned

ﬁﬁWaﬁEthEI%W’ and deconpose sugar
even

sugar

130601 Ng A foahy vRss dld s made

120 g Water

y ‘dirspersed car bonaceous phase.

t
and
The cal ci ned

A8Sset forth
he

1370 g TABLE 2 [_ 00611 The
HyheRONE @he PhXtHAR
at 900 C for about 30"m nutesS to react
to finely,

product was—ground-to-fine formpowders. was placed
in an | nddpesT{¢alened tyrenid) was f oane(R008yg heat i ng tfo
about 86-3—.ﬁw'gi—h—aﬁ—avepage—heat—4+rg—' 3.5
Cmin. THGHESH ting foam was annealZ¥%% room

t enper at
density

ded.
./cu.

rhe foam
ft..

SR P

a g

ad—=a
reent sh col or,

and

a conpl et®iduglmerdilicus, fircea hydeweoraosg ruct ure was
uni f or m Wt+h—an—-average-pore-size-ofitabout 1-2 mm
After tr{HARTFHULKATL@GES the til e haB2® gi nension of
appr oxi oeriaj\( A I PR QR V7 I ) PR e 40[{’}'g

sugar 120 g

Water 1370 g

TABLE 2

[ 00611 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 Ib./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

12 in. x 1.4 1in.

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

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




[ 00621 The foam gl ass-concrete conposite tile

according to the present invention was nade by the

foll owi ng nethod. The foamwas trimed around its 30

sides and was framed with3&trips of plywood around its
spresiamdtves frmid tich grigs of plysurddamre ufid is gediovmrer (vidvhaglazed
a gap of about 1 inch above the tile to receive

sGEABNfaced Aol [eakB¥ey %ﬁj: of FbBRE 1$ndH %ﬂo@%“&ﬂe ﬁg@@grgg]givicemem.

bonder adhesi ve-prono was applie to t

il a nt, norfar,mx (Sakrete rtar m x) was i
DPURARRY o ETRGr s PRLb e Birbrorarin et B etmibier ores applied
The resulting paste was placed over the exposed face
tofthe feamr dnpertiapdrmegiens snartdremisn (S dkeetel radrtaihiis) was prepared
the face in contact wth the firing nold, and was not

abedralmgctotthe erap@setiife iketdetish ! TRE %s%lthﬁ{ PAsBe wARK]REd over the
the conposite tile. The concrete was allowed to cure

ef.ore..bej r d fromthe .
KMo R R DS o BB PR LR LA O i comac
l.ayers were conpletely sealed indicating a strong
vl HEBUBolo 276l WAb d10bSHIMMed tongrpots a1 celEsuvpuEs before
3-9 [ 0063] The foamglass tiles in Exanples 3-9 were
mgdieg e ddrepaiiregtileh®he cancrawt was allswséto terd for ubdear 28 hours,
Conposition in Table 3 below. Exanple 4 56 7 8 9

bERIFP ik rehovel] Ho%@%’%f’fggng%qe {#PerBReRH0e A Bannddoticrete

Ash (g) °0 20 20 2

layers were completely sealed indicating a strong cementaceous pozzolanic bond

formation.




Fe20OlL (g) 3.4 Sodium Silicate, 5 H20 (g) 30 30 30 30

25 25 30 Borax, 5 H20 (g) 25 15 25 25 30 30 25

Aluma (g) 5 Sugar (g) 2 3 3 3 3 32 Witer (g) 25 25

24 25 25 25 25 Batch Sizé!Factor 20x 20x 60x 40x 50x
BOxiBOKS 3Rrocess Information Cal cination tenp., C 970
970 970 970 970 970 970 Calcination tinme, mn. 30 3D

30 30 30 30 30 Foarning tenp., C 810 800 790 810 795
7086810 Hdwnfoam glassetilepiimExaroples 3t9 wigre 10adoby blending the
Foam ng mesch size 100 100 100 100 100 100 100

reematdrily &dkif6shberist Con{gdeion3a BH142 o2 65 69
Bubbles/cm 12 i8 12 20 13 18 29 Characteristic length

(m) 0.8 0.6 08050380603 ubble size xx-hig
BP40%- bi g big bid méd. [snéll | Corptessioh strehgth | 2
(PSI') 2078 2400 4300 6000<a@HE®n12500 14600 Tension
sticenagidh (PSI) 775 930 [9608d250 44D0 2&D &oazed glop 50
@@rﬂsﬁl@ .Ye\S YES YES YES YES3pn VeSS ¥Eh (&d DSedPpre op 50
Wb Sk 34
Sodium Silicate, 5 H,O (g) 30 30 30 30 25 25 30
Borax, 5 H,0 (g) 25 15 25 25 30 30 25
Alwmina (g)
Sugar (g) 2 3 3 3 3 3 2
Water (g) 25 25 24 25 25 25 25
Batch Size Factor 20x 20% 60x 40x 50% 50x% 20x
Process [nformation
Calcination temp., °C 970 970 970 970 970 970 970
Calcination time, min. 36 30 30 30 10 30 30
Foammg 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 03 0.5 0.8 R 0.3
Bubble size xx-big big x-hig big big med. small
Compression strength (PST) 2078 2400 4300 6000 | 10500 12500 14600
Tension strength (PSI) 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 batéh 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 beern used for a mold 8 inches x 14 inches x 4 inches.
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material is used the normalized conposition weight is

mul tiplied by an appropriate batch size factor, as
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@5 bhei nd hegenlting plussyanp dieds apa thapowdeemizurowapealcined
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and the powder m xture was calcined at a tenperature
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i ndicated in the process, section of Table 3, _to react
Fﬂ@ﬁge g’aW FRRCEHSTYY BAGTdSe Shp slseoBngs S‘ﬁ%?ffqon%flleﬁiﬁ Ykbevenly
evenly dispersed carbonaceous phase. The cal ci ned
dispetisctcaneenageousphase. The ealpiowd ereduct pragedund tafine powders,
I nconel TM nol d, and was foaned by heating at a

PlEREEA ah M@nRPt WRaA, antbRt: foamA®G heafing ré@'ia‘é@h?@raimﬁ}etﬂ%?ween

process section of Table 3, and Soaked”at tha

r for..between 10 to 60 m nutes I ndi cat ed
o R IR e s BTG g prorBin e Sh st pil R G thae
gl ass was anneal ed to roomtenperature and de- nol ded.
tgmpessureTive berreeicl @t §Pirigusss, ehimdicssed in Hp preanss section of
glass for Exanples 3 to 9 are indicated in the

Tebky acThe irshiloagonin glasOival aphealdd tdh@ohesehbeRgufcoam de-
glass had a density of about 30 and 70 | b./cu. ft.,

n@oﬁd&ﬁ‘.di cated in the characteristics section of Table
, and a conpletely glazed surface. The pore structure
was uniformwth

[ 0066] The charactertstics 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




average pore sizes as indicated in the characteristics
section of Table 3. As Table 3 shows, tiles with

snmal | er pore sizes, high density and uniform

structures provided have %he greatest tensile and
actmplyebadadntlst sanpleh. Thuprfdam glassdbloeksiviget fie into cylinders
strength of the sanples of glass foam prepared, an

tetfvetd 1 WRsndRYend s ikl aNe b hghd @sﬁfgﬁﬁrﬂn %gﬁ?ﬁ%ﬁﬂe@ression

procedures for concrete. However, because

roved to be. subst ant'iall ronger Qncy et % the
“E? cgeristics

. y.S . than
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the sanples in order for the equi pnent used to 33
p@ﬁlmp%abhe%mhe lvempaapiassirdigns of Eaampdtag® weockser 10,000
were cut into cylinders between 1.0 and 1.5 inches in

Isli/eqreh & faqdr besertNaRiked iheh@spradsiod &%er%gﬂ}%ffgaﬁ&% (4,000

nmeasurenents w thout the gl azed ‘surface. ndi cat ed

' char risti artion, of Tabl.e 3, the
1 Do S SRR LS il 3bihe BapcTbfe Bulet abTei 3, the
Ib./sg. in., a factor_of over 21/2, tinmes the

t%fb%ﬁ{ﬁr%@e@ig&h ok Examples 0P vegrcver 264 logeq. inh.a &gtoriaf.gver 2v2
Simlarly, as indicated in the characteristics portion

tinfesTihel tendle sthangth efisbheresd (RO sof EXaTRhED] 948 Rnsile
over 1250 I b./sg. in., a factor of over 21/2, tines

j t r.engt Ih./lsq. kn.).
e R R PO i s g coperete.
a factor of 5 tinmes the tensile strength of concrete.
[ 0067] Now that the preferred enbodi nents of the
present invention have been shown and described in
dqei(tﬁnid), various nodifications and inprovenents
[ n wiiow Bt she predaaed pymimdinents of she possents kivehgdn
inthe art. Accordingly, the spirit and scope of the
hpvebeat shioweahd desdrbeddnhietgignatious thodifi @by -aad

limted only by the appended clains and not by the
ithBFRBRINGs 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.




specification. 34 CLAIMS 1. A foamglass tile

manuf actured fromraw materials conprising silica
cont ai ni ng conmpounds and foam ng agents, wherein the
manufactured tile has a closed pore outer skin on at
| east one side, a density between 30 Ib./cu. ft. and
70 I'b./cu. ft., and a compession strength of at

| east 6,000 Ib./sqg. in. 2. The foamglass tile
according to claim 1, wherein the conpression strength
is 8,000 Ib./sqg. in. or greater. 3. The foam gl ass
tile according to claimgdga rein the conpression
strength is 10,000 Ib./sq. Tn. or greater. 4. The
foamglass tile according to claim1l, wherein the
conpression strength is 12,000 Ib./sqg. in. or
greater. 5. The foamglass tile according to claim 1,

pher e habhh gla SO LSRR R BTN Hw h?’ate%s 099, 4i8n %§1‘ﬂica
in. or greater. 6. The foan1g|ass t| e acco?d

contain?rlgatiom ?’9? dééﬁﬂg #éntfwﬂ%%a% & %gﬁ%c{ure { At ?osed
di t I 1, ,wh t he, t has
pore oG T fele s oaf e 1 ¢ Befutan B oo Bndbend b 10 e fnand a
foamglass tile according to claim1, wherein the tile
compraggign §rengtd of gk leastd 004 lbgsating east 4 feet by 4 feet.

2. The foam glass tile according to claim 1, wherein the compression strength is

8,000 lb./sq. in. or greater.

3. The foam glass tile according to claim 1, wherein the compression strength is

10,000 Ib./sq. in. or greater.

4, The foam glass tile according to claim 1, wherein the compression strength is

12,000 1b./sq. in. or greater.

5. The foam glass tile according to claim 1, wherein the compression strength is

14,000 Ib./sq. in. or greater.

6. The foam glass tile according to claim 1, wherein the tile has a tile surface

area of at least 1 feet by 1 feet.

7. The foam glass tile according to claim 1, wherein the tile has a tile surface

area of at least 2 feet by 2 feet.



9. The foamglass tile according to claim1, wherein
the density is between 30 I|b./cu. ft. and 40 I b./cu.
ft. 10. The foamglass tile according to claim1,
wherein the density is between 30 Ib./cu. ft. and 50
I b./cu. ft. 11. The foamglass tile according to claim
1, wherein the density is between 30 Ib./cu. ft. and
60 I b./cu. ft. 12. The foamglass tile according to
| ai wherein:the tile has. a.thickness of at .lea
- Prohibe oSkt A othinl 18R VU GEOFER 1 18 aitgffitace
}, mhgge'n the tile has a thickness of at Ileast 3
area atjeashgleet 9y 4 fa8fe f oam gl ass tile according to claim1,
wherein the tile has a thickness of at |east 4
inches. 15. The foamglass tile according to claim1,
wher el e R glagsdilpaccogdipgitgpiainpt, wiereindhederoty ipbetwigen 30
The foam gl ass tile according to claim1l, wherein the
Ib./cu. ftjdnel Hdb./aukei ght of at least 35 Ibs. 36 17. The
foamglass tile according to claim1, wherein the tile
has a weight of at Ileast 40 | bs. 18. The foam gl ass
10| e Bocfondi glgsstide adcarding ro sihiet &iwhdrbim theldendigss Between 30
wei ght of at |least 50 | bs. 19. The foamglass tile
Ib./cu. RGEArTI IBGct.Gr.cl aim 1, wherein the tile has a weight of
at

11.  The foam glass tile according to claim 1, wherein the density is between 30

ib./cu. ft. and 60 1b./cu. ft.

12.  The foam glass tile according to claim 1, wherein the tile has a thickness of at

least 2 inches.

13.  The foam glass tile according to claim 1, wherein the tile has a thickness of at

least 3 inches.

14.  The foam glass tile according to claim 1, wherein the tile has a thickness of at

least 4 inches,

15, The foam glass tile according to claim 1, wherein the tile has a weight of at

least 30 lbs.

16.  The foam glass tile according to claim 1, wherein the tile has a weight of at

least 35 Ibs.



| east 65 | bs. 20. The foamglass tile according to
claiml1, wherein the tile has a weight of at | east
100 I'bs. 21. The foamglass tile according to claim1,
wherein the tile is assenbled with at |east one other
tile of like construction to forma panel, the pane

is used as a |ightweight #&uilding facade. 22. The
foam gl ass tile according to claim1, wherein the tile

kS US C . bui |.di ng t.0 A i, ] .
gﬁ'bst gget goglnl @@tég? gécg F@ n? go dainy %‘q"ﬂ%ﬁf@lnﬁgﬁﬁ%ee}}asfswe’?h'é(ﬁ at
amglass tile according to claim1, wherein the

oufer skinis a gl azed outer surface of the foam
glass tile. 24. The foamglass tile according to claim

i wh?r%%n the c] osed pore structure is textured for

$-chi t Bceamaglass sibeagcordigg torplaing baumhegeicthe tilq kas a weight of at
according to claim1, wherein the tile further

least 5Gtl9Apri ses an interior portion and the tile outer skin
conprises an additive to make its surface appear a
different color than the interior portion of the tile.
BY. Zbhe fohe davatilgh@ssdinf keclaicc bvehiargintthe el amakyeight of at
wherein the manufactured tile has a tensile strength

least 670bsat | east 900 I b./sq. in. 27. The foamglass tile
according to claim26, wherein the tensile strength is
1,000 Ib./sq. in. or greater. 28. The foamglass tile

26.COrtheath Gl &5 &l R cBrdiMB &S Ghith 1 Rerd-BRAThE BN Bhd oF at
1,200 I b./sqg. in. or greater

least 100 lbs.

least 4

21.  The foam glass tile according to claim 1, wherein the tile is assembled with at
least one other tile of like construction to form a panel, the panel is used as a lightweight

building facade.

22.  The foam glass tile according to claim 1, wherein the tile is used to construct

a building to make it substantially resistant to earthquake damage.

23.  The foam glass tile according to claim 1, wherein the outer skin is a glazed

outer surface of the foam glass tile.

24.  The foam glass tile according to claim 1, wherein the closed pore structure is

textured for architectural appeal.

25.  The foam glass tile according to claim 1, wherein the tile further comprises
an interior portion and the tile outer skin comprises an additive to make its surface appear

a different color than the interior portion of the tile.




29. The foamglass tile according to claim 26, wherein
the tensile strength is 1,400 Ib./sq. in. or greater.
30. The foamglass tile according to claim 26, wherein
the tensile strength is 2,500 | b./sq. in. or greater.

37
26.  The foam glass tile according to claim 1, wherein the manufactured tile has a

tensile strength of at least 900 [b./sq. in.

27.  The foam glass tile according to claim 26, wherein the tensile strength is

1,000 ib./sq. in. or greater.

28.  The foam glass tile according to claim 26, wherein the tensile strength is

1,200 [b./sq. in. or greater.

29.  The foam glass tile according to claim 26, wherein the tensile strength is

1,400 1b./sq. in. or greater.

30.  The foam glass tile according to claim 26, wherein the tensile strength is

2,500 Ib./sq. in. or greater.




