STRONG, HI GH DENSI TY FOAM GLASS Tl CE HAVI NG A SMALL PORE SI ZE HELD OF THE

| NVENTI ON [ 0001] The present invention relates generally to a building
material to be used in building construction. Mre particularly, the
present invention relates to high density foamglass tiles having a snal
pore size, which are strong and are to be used on both interior and
exterior facades of buildings. Even nore particularly, the present
invention relates to high density foamglass tiles having a small pore size
to be used on interior and exterior facades of buildings which enable such

bui | di ngs t i ; | QS OF THE
PNVENTI O [ SBOOSPoLOH TRARITY FOLM SRASS TREMAVIG AR YOGS can
nunber of terrari n government buil dings owned by the United
St ates and ngdémﬁm@%mh outside of the United States and w thin.
For exanple, in 1993, terrorists exploded a car bonb .inside the garage of
the World TF8991tent dhepsessieigveniiondnlares genegally to aéwsludmigngatr:ﬁahtg%g of life
and significant property danage. Since then, in 1995, other extrem sts
expl oded a tseddk buldisg denssfuctioe ModeparticBaily,dhe grdsentiteehtion relakatromra City,
Gkl ahoma al so resulting in significant loss of Iife and property damage. In
1998, the Unighdensityadbam gbaxbeites hasing a shallrpolkd sigd) HREH arEStrong asdmmwane al so
subject to terrorists attacks by car bonbs, each of which resulted in

signi fi cantpd @28 ofiboth theerRR BnPERRES A cAABIBERMAINYD! Bvd i tragic
events at the Wrld Tradé Center in Ncew Yor k d’% g‘ﬁﬁﬁfgdlgg%ct%g Ain

Virginia h . J . I to. devel op_and

manuf act ur :ﬁﬁ&? ?s%lﬁﬁlglgrgr%ttlcg{r%g? %J L&ﬂ}l&iﬂﬁgﬁs‘é@gﬁn@ g!ag@\%? ﬁgf%é%& slnhagl Rf{bck wave
fromcar bonb expl gsi.ons. and other sim/lar, terrorist attacks, [

00031 Tr act (16 18 S Rt s hceedes P bRldifg Bhiciaebienysn
industrial and residential areas, governnment and private sector, etc., is
commonl y meRtElHEs 18 DaYRR SERRERTJPHSIANCS tQ 1eXRIgHERT uct i on material s, the nost
used materials being cenment, marble and granite, as well as ceramc tiles
of various kind. In addition to be decorative, the construction materials
used should be functional, exhibiting the follow ng characteristics: |ong
dur abi | i t y, BAGSGROENDeOF AHEANVBNTI@N f ect s; resi stance to corrosion; inert
behavior to chem cals; thermal insulation properties, resistance to

abrasi on; apdee]di eOvaehd pare debadehOtHete Ah5O bbén ACHRARER numbr kD
production and installation costs. [ 0004] Wil e the concept of using foam

gl ass as a &aBAkd Yehb@n RlEfdine Bﬁiﬁ(}lfig# gmﬁ};}i@ UrtiRaRihl ol fnepener al |y

such foam gl ass has been used as a ure 1 nsu or and thus
seeks to mni.m ze .J.tis densi ty. weight and i.s.not _suitable faor absorbing
sufficient %"ﬁg}r‘éeg Hfg Irt%%g%{&?h(gﬁg&g\l}\égfsg%ﬁ? %ngwbtzlﬂ'eho%?ﬁ ?’olﬁsl%(?ﬁ’ to resist
an eart hquake amd/ori (i\/leéind a{;ld Q,eajt | oadi ng. _The shaortcom ngs in such
convent i ondFPEERFERIALd arar pambinside thegarpgeofitmy osd drerafepnberdetased i s now
descri bed.

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 it 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




3 [ 0005] For exanple, Pittsburgh Corning Corporation ("PCC') of Pittsburgh,
Pennsyl vani a has devel oped and marketed a product known as Foam d as(r)

I nsul ation 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 opments are directed to making a foaminsulating material, the Foam
A as Insulation Systens tile commercially sold by PCCis relatively light,

wei ghi ng 9. Ryrler/ &thzfsizle THar Hi'x%rf@?clr geﬁ(ds itd“b‘.’ev&leg és}tﬂ: H&ﬁ?ﬂa?{ué‘%?ﬁldméoe is to

be used as thermal 1nsulation, "it cks surfac eng can “be dented

very easily : . I l.ation Systens tile is of

rel atively f“&%?%gﬁ?ﬁ@%%gglg% %&g%?ﬁgﬁbochwe?veﬁ% cg; b W@P“%%?si ly
break when g%cfr ed tq, forces tﬁgi cally asserted on exterior walls to a

bui | di ng or 2% AT SPRIREERFUSt #HACSKS. such tiles are not suitable to be used
as tiling for an exterior wall. Simlarly, this foam when exposed to a
shock wave froman explosion will absorb very little of the shock waves
energy when it inplodes. A shock wave is a neasure associated with

expl osi ons {WO0EB1i s Gaaditipnaliygieresiheeontl byd thesnl akid dbftdildmgs i@dastiialas bei ng
a pressure front resulting froman explosion. [ 0006] O hers have al so

attenpt ed t gndigeeideaa s 4baS sotdrhASnsnd §@torskicn1s @di‘ﬁ’ﬂf’l@ﬁﬁf rf'?id[ebdf! I di ngs.
For exanple, U S. Pat. No. 5,069,960 discloses a thermally rnsulating foam

glass tile j > | j r hard skin to
pr ot ect theﬁgﬁ%?ﬁ%@@%&%ﬁfﬁd&rﬁ#ﬁémg ﬁ‘gg‘%‘?‘%gﬁl %12% ar gﬁ*gdc%heggt ed in
extrenely s L, Sl zes, .]. 8 cmx .18.cmx 6.cm..and the. interior foam
mat eri al V\Hl[ﬂghblenag{}ég%nﬁ{et%se“@ 1R Cgfal?lﬁgﬂ?lsaf’é?’?%?usilgn{;eh"éﬁgﬁiwnd‘? b8 | ow
density. Significantly, there is no indication that the strength of the
material di g%qo&t@’&”r" CasgRFT matasials ispd ghowd bejfuncsionak sehipiting tbm an

expl osi on, and indeed the size of the disclosed tiles would not be ideally
sui t abl e f ofollawigrdhiarasteriseips: dangrdyyabilityy tdsistanoe & weitbereefferts) oesistaticeat i on
that small size pores are being used. [ 00071Prior work by the inventors
and ot her s teavmosienghepbdhanidritodserioalsyrhkinng ifsatimog lpacsertiéd; esisednca Wi de a
variety of densities as described in U S. Pat. No. 4,430,108 that can be
used for buiolakB@Hnyahe bt BleSam¥hinic EiRild S66Pé Bx2D AR iR QS sk ! osed
were useful to manufacture then-standard size tiles of 4,25 1in. x 4.25 in.
X .25 in., AiissdiisdP&HEe does not teach how to manufacture tiles of a

| arger size, for exanple 2 ft. x 2 ft. x 3 in. Likewse the tiles

manuf act ured under these nmethods were relatively light, e.g. , less than 10
| bs., and were not manufactured to withstand the effects of an expl osion.
To the cont these . hods sought to optim ze the thermal insulation
properties ':)66%‘%\]3 m?@?@ © COFEPY RUSIHRI9EMSHATS |38 2, CORSEIAtOR TBaiEridldak er
tiles. [ 00081Wile still others have worked on trying to nmake sone

| ar ge- si ze B KAWR iy PP iigirb sgenerdlyes unlfeanb glass basalbdearused as rittighc al

di mensi ons and of lower density than the present invention and not suitable
to absorb dempbsteetinsiatanandithupfecks sminknise ite dedyitghnd Mgt and kaobodi es
associated with an expl osion or earthquake. For exanple, U S. Pat. No.

5,151, 228 danable lfes absqrbidgendiidiai: emRef aohlinl Ihck W8 -PdR QuRRpYst Shaped
bodi es of |low density by swelling, in order to manufacture |arge-size

cel lular cekamkien$ ldruct Wil &l %Eﬁ‘iﬁitf‘akﬁ?angl/or %h&ia}xﬁt?{a‘)éel%&gg.}'\?i‘ﬂe el ements

having a | ow weight. In the exanp scl oses a X 1.64 5

ft. x 2 in. i enskty of 26 Jcu. ft. and a mass,of 60 | bs. It also
t eaches to sggﬁ%ﬁﬁr}ngs ﬂb\gﬁ%eﬁgﬁvolnﬁi %raﬁ’eglafsoa%ff‘?‘?vﬁﬁ EONB'H%F%I SEIKLRE at i on.
Thus, this foqu when e(f%)%gjed to a shock wave from an expl osi on or

fredt ney

ear t hquake P& edoadi ng or stress of any kind will absorb very
little of the shock waves energy when it inpl odes.




00091Further, others, such as Central dass Co. Ltd., of Ube, Japan, have
attenpted to nake foam gl ass using densities in the range of 0.3 to 0.6
g/cu. cm(or 18.7 to 37.4 Ib./cu. ft.) as disclosed in U S. Pat. No.
4,798, 758. The ' 758 Patent explains ghat in order to make the foam gl ass
stronger, an outer layer is also added which has a density in the range of
.8 to 1.7 g/cu. cmand a thickness of 1.5 to 20 nm In the exanples shown,

all the sa ich_ are over 30 Ibs. in weight were found to be

unaccept ablme)f &?Q)ﬁ]a cﬂ‘?re?&?‘lnipfeypgﬁh‘lﬁg Bing Eorporaitrie(“Ber I Piwsbarsty or  anong
other reasons that the surface had appreci abl e breaki ng and soneti nes
cracki ng, t Hesnsbani bas devrjored rud axirkased asprofdace kndwm taseFqamUGhas@at . No.
4,833,015, a later patent by Central dass Co. Ltd., explains the tensile
strengt h peripaationu$arerns vittieh suddsaisedoih UlSe Pht. INdsI8 IGHsaad 4i 1 9t4p0, ' 758
Patent was very poor, i.e. , below 150 Ib./sq. in., thus making it

unsui t abl e fQT9PWNATTI, I 20 S, 423SBENBedal¥ M FSHs ofHER £ft 109 a
third layer to inprove the strength of the producs:? as desc@?g@g&%@t he ' 015

Patent , the digslakoRaldng athdd BLRAAC AR HEPBELRNEAO0 LR, Shieht! . aNd

making it unsuitab purposes o0 mhe present 1nv 1O her

efforts by tral (.ass a L att t. 10 ke higher density_glass
tiles, such “g GrEETBaty ﬁ%gd by Bg§l§2f?aqﬁf8%€1§£€ YRS, g‘gt igt%igdﬁu-ngt appear
to be a dosed pore structure and there is no indication as to their
strength. | BrmArE) fiRce thg R Paget shis tlgsis do bg used as thenpel insulpvier, dase t he
strength with no reporting data. Further, the tiles disclosed were al so
very thin, 3®kesifage stremgin and can bo deqedivety exstipr Bedrawetiat FempGRd® 0 nake
foamglass tiles with smaller pore size. For exanple, in US. Pat. No.
5,516, 351, Hisalatehdysens ks of repaively iz defisity] € | FTBID. F €6 et sidH tled wilShown i n
whi ch the best pore size is always greater than 1.0 mm éim’larly, t he

density is ahygysreh®Sthenh@rrtkd dobfob@y rypikatlyabitref i |1 pore
size and | arger dgnsiti es, such ag u. S ngtPal\bgt.EEijrgé%t,é%%gwéﬁgti, 58, 538,

failed to aghjigy S : -not disclose achi.eving a
cl osed pore ou?egog%ﬁg@%gg !?rsebfrégsg%kg;ﬂ%%e g?gsz%t%@eitﬁ\%ﬁf?dzﬁt&'ﬁgfoﬂ Unl i ke
the prior ar [ ssed abov he . tiles of the present invention are

desi gned an cegj'ﬁez}% &“&%‘ﬁedﬁ%‘@&r? aWaf”z\ﬁf‘aquO%etﬁl o hask e gIr%@ Fave
properties which are ideal for wthstanding the shock wave associated with
| ar ge expl o§?‘6‘ﬁ§‘°8rv“]rlr§g§”g VB little 9§ thersheeln wiaves engeguwhen Bdmplages. Ao

eart hquakes. ( 0013]Thus, while the prior art is of interest, the known
met hods and skgskarayeissa measuseassptianed amith qxplosions whinhds edsilyiumiiemtdodiby whi ch
the present invention seeks to overcone. In particular, it is an object of
the present thaseekilledin the apr as\bete a pressure front resulting from an explosion.

o

[ 00066] 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
smallsizes, 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




7 a strong, high density foamglass tile with small average pore sizes

whi ch can be used as a building material. [0014JIt is another object of the
present invention to increase fromthe comercially recomended density of
9.5 Ib./cu. ft. to have a higher dengity of between 30-100 Ib./ cu. ft.,
and nore particularly over 40 Ib./cu. ft., and even nore particularly over
60 I'b./cu. [ 0015]it is another object of the present invention to nake a

foamglass tilg . with an_.average.pore sjze of ,.1.0 m r less, and re
preferably o‘f“f&%e%‘?f‘@fgylﬁé)&?n%W&‘%é%ﬁn%ﬂsﬁe‘{)ﬁ‘ﬁf@?%gﬁﬂ@@tﬂ?ﬁ‘ﬁ?“l ess, and
even nore preferably of .3 mmor less. [ 0016]It is a further object of the
present i nventt bmideally fuitablecfor pbserbingntuchfenergy. f Furthepmars, there it @obe
greater than 30 I bs., and nore particularly over 65 | bs. and even nore
parti cul arl yindicetiorl it kinall size @ofcs]alr¢ being asddur t her obj ect of the present
invention to provide a strong, high density foamglass tile which can be

used on the critical surfaces of buildings at high risk for terrorist
attacks, in conbination with cement, steel or other building materials. |

0018111 1S af 8B02N ODbAGE wokk bheRNRARIN ahd AR e LRy fiEnBaglgss foam

tile that can be used in surtdces of typica I ngs

cavant e ot Beryblh SR LS HIRL R RARBR A Rl

D o 0y kb B e b SeBl KELA8R PhaRS D MRS S ELBAERs 504
methods disclosed were useful to manufacture then-standard size tiles of 4.25 in.
x 4.25 in. x .25 in., this disclosure does not teach how to manufacture tiles of a
larger size, for example 2 ft. x 2 ft. x 3 in. Likewise the tiles manufactured under
these methods were relatively light, e.g., less than 10 Ibs., and were not
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, 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 pO[‘OL.lS 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 a tile 8.2 ft. x 1.64




[ 0019] These and ot her objects will becone apparent fromthe foregoing
description. SUMMARY OF THE I NVENTION [ 0020] 1t has now been found that the
above and rel ated objects of the present invention are obtained in the
formof a strong, high density foamglass tile having a snmall pore size

whi ch can be used as a facade on both exterior and interior building walls.
The foamglass tile of the present invention is strong enough that it can

al so be used s Ainsiieh WeilinB1TRa0 LOT: AnRUlhalsng co The 11 Irtiais § Qlenbfh, Pr esent

invention may a so have a pore structure ass can

al so be used eri,al to.for os te. The
present i nver?ﬁ g%{%b'b%d%ﬁﬁmf)ﬂgn%ﬁﬁ?ﬁuﬁﬂwl%ag PR VAL at hi gh
risk for terrori st attacks in conmbination with cenent, steel or other

bui | di ng mat EXPeIed o FHhockmaye From aeRision or&yrtafukelns haatr wWind adingces of
typi cal buildings either alone or in conbination with other materials. The
present i nvewrisgasshisny Hénduithabwgle verly litls of bisshakswiredseamergd whem i on of a
shock wave caused by an expl osion. The present invention also has the
advant age of ilaplodgs.nore resistant to earthquakes 9 and/or wi nd and heat

| oading. It nust be noted that the terns glass foam foam glass, ceramc
foam and foam ceram c are interchangable in the present invention. 002110ne
enbodi ment of the present invention is a foam gl ass ti le conprising a

dosed pore oyt Ki n o t i-ng I verage pore
size, a lar gg (gienggr ty ané@} Gltﬁ&% su&pgsrgésrg?%#%\f’[rdénl‘ fag%ﬂtaig? &ss tiles
are very straog e & ressign stren th of 6 113./sq. in.)
or greater, ﬁgf’wg‘tﬁ%ﬁ‘é%/‘h H%,u%ag g%&lqsﬁﬂ Yo bt 43 0981% gﬁ)eﬁaé &M CBnd even
nore particul arlg of 10 000 Ib /sq.. in. reater, and even nore

particul arly (@1 794 P ic) & d’é‘rl"sﬁfléat $. Paindoe¢er?8is8e g t758ul ar | y
of 14,000 Ib./sq. or greater. These foam gI ass tiles will absorb nore

energy from £ﬁt6®k@mn@haﬂw0mﬂ‘tﬂamk¢tﬂgrfmﬁbas steongeniandutepfayieniy asnd ot her
mechani cal forces. The cl osed pore outer skin nmay either be forned

natural |y or aligedwhidh has adensty imtbeeaseedgiarly7 gl as smautiakenes be1.gosed

pore outer skin may have various color and texture variations which wll

make the til @ 30hindlthend Ofampsd sRSwANIRKS Sinfés Which BtePs0 fH3GA rg{
building or other structure. The tiles of the present i nvention y have an

average por e gi-ZfRulf to]beQJrﬁ@ae Eab eel% e R el treg?trm}esﬁerxéﬁ%%ﬁt/e and

more preferably.6 rnmor even re pr era ess, and

even nore pr I en nor refer 3 _.nmm or | ess.
The density g%r%%rﬁogxgh% ¥ r%%?g ssthﬁtﬁgg%r? Iﬁlggﬁ‘?%@elﬁ&epbﬁ ad‘ﬁlspgl i eased
fromthe comercial ly recomended densrt of 51b./cu. ft. to have a

hi gher densi E5*ER%LEIUSER BIRVIRE Rrclpsed. pqrp Sm@ﬁﬁ nBEhgsa s -cRataliay gr eat er

than 40 I b./cu. ft., and even nore particularly greater than 50 | b./cu.
ft., and evefh83810d5palaterpatentiby Gangat Glass Garltd0 ekplainsithe tansild breengeh ght  of
the 10 foamglass tile of the present invention is over 30 Ibs., and nore
parti cul ar | yp&pehdisulao the aafaee of duadiledaorivaria tpat768 uleat Wis rﬁe@ybb@r, or
greater, and even nore particularly 50 I'bs. or greater, and even nore

par t It cul arly; §5bélb-1501b I5€ 3 £ thus 3kigV R RnbREDIO BTt e HbsRE by thtQReddds. OF
greater.

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.




0022] The strong, high density foamglass tile of the present invention

whi ch is capable of being used as a building material for interior and
exterior building surfaces and having | ess seans than smaller tiles and

whi ch has a surface area of 1 ft. x } ft. or greater, and nore particularly
a surface areas of 2 ft. x 2 ft. or greater, and even nore particularly has
a surface area of 4 ft. x 4 ft. or greater. Mre particularly, such tile

may have a thi Ss at | east in.. and, nore particularly, at |east 3
in., and evéﬂb‘ﬁ;ﬁ paa{}le&ﬁ ﬁsajyaﬁeﬁl%%}s@la% o, Lid-oRitesmtsy Wél?‘/e 8di ment of
the present invention is a foamglass tile conprising a closed pore outer
skin on at |deasity gaw tegsuchas, Uiy Pah Nev 41993823 o Hoveseves, thesertiles domor | ess, a
wei ght of 10 | bs. or greater, and conpression strength of 6000 Ib./sq. in.
or great er. aphearftohanrgloasdparelsgsicareankihyreds noinglicasiod ab evhelr scemgrthessi on
strength of 6000 psi (Ib./sq. in.) or greater, and nore particularly of

8000 | b./sqIndded, Blleryhertials, ard e UL BREQPPES tricfaib@the/ steingliDw@@lhd b. / sq.
in. or greater, and even nore particularly of 12,000 Ib./sq. in. or

greater, andeey@R Hhhe FRARLS B ALl disQbsed dyP08sd forf Bln, 4 BeAber. These
f oam gl ass {1 es Gill absorb more el%ersgey rom an rgxpfl’osslqgrr??(ro\gmgt?ﬁg‘?énd
hi gher wi nd | oadi ng and ot her nechani cal forces. The cl osed pore outer skin
may either be formed naturally or by bonding 11 one or nore secondary

gl ass surfacges he d d, pore outer skin y. have various caql or and
texture var f[g}qlcﬁs mﬁ@&t&%ﬁ@awwmdﬁm%@ém g F%‘f"“fi%‘@al% PSFF ext eri or
or interior facade of a building or other structure. The tiles of the
present i nvélei 39T eEIMBlgy & Hid. ab Mg e, pbm 85 b the relationgiipmef perel ségssto and
preferably .7 mmor |ess, and nore preferably.6 mmor |ess, and even nore
preferably thermal oasitivityss shomd imvwehichmolieebgst pbrersidal iy alwlhaymgreakerithas 1.0and even
nore preferably .3 mmor |less. The density of the foamglass tile of the

present invemhi Ghnil&ly, bt éaseg i Aeayd be GMMBICI@. Fy OecprIBRISIudensi ty of
9.5 Ib./cu. ft. to have a higher density of between 30-100 Ib./cu. ft., and

more parti culgn! Yorgr §ad aﬁ?txg%g%%néiaeé,%chfafs-u.sélrrialt.emsa 895 £ sRArdrqcul ar ly

greater than 50 1b./cu. f d even'nore particularly ¢gredter than 60

| b./cu. ft. i & d BE ' 0 ile of.th esent

i nvention i é\’/%;rséfgegl’ g%?%eg?({]%dslﬁséﬁeﬁé%&?%atq Sggszhgégggﬁé %1543 19 dg%%?%%?ueg%odi ment

of the present invention the density of the foamglass tile may be over 100
| bsicu, ft. a‘Fﬁn‘ﬁEQ\EPﬁan‘?utﬁrfs Thes ‘?%"”Z?ﬁe bydhe PTEF%‘“df‘Vf"t%WQ“pr esent invention is
greater than 10 I bs., and nore particularly is greater than 30 | bs., and
even nore particularly 35 I bs. or greater, and even nore particularly 40

| bs. or greater, and even nore particularly 50 | bs. or greater, and even
more parti cllol2] 65 Undike thw pripreatdiscpssad dbmepihe tbesef griprésent iavéntich00 | bs.
or greater. [ 0024] Anot her enbodi nent of the present invention is a foam

glass tile hedsgnanarienagecpdbeyvsiotemaferial sdTha@Eudh@Ess have PRSIt Oof 30
| b./cu. ft. or greater and a conpression strength 12,500 Ib./sq. in. or

greater. Thenieadr Haabhrinvi =1s : &g% i on
strength of ffé 500 I b./ Srzﬁhiﬁﬁx-nﬁg%tlgﬂ?é%(;[cg?fagg%ﬁsoﬁ%%dh@ﬁ%ﬁ%r psgc?ﬂt%i cularly

of 14,000 | i r gr hese. f |l ass tiles will absorb nore
energy fr omggéﬁg‘giﬁlbgg?@ﬁ ,Og\?\nﬂ?ekg{r%%%rﬁsegﬁgﬁﬂvg %ﬁq&%%?shg and ot her

mechani cal forces. Wile the foamglass tile is preferably a cl osed pore
structure, it is not necessary. The tiles of the present invention nay have
an average pore size of .5 mmor |ess, and even nore preferably .4 nm or

| ess, and ed@P¥ddre prws.evhide he Priomast is| efsisterqtietheekriwy methadi@nfloam gl ass
tile of the present invention is increased fromthe comrercially

r ecomrended apparaius pf gfe [@iob atttprécans séveral timitadurs whithghe predandntantiohl bet ween
30-100 Ib./cu. ft., and nore particularly greater than 40 Ib./cu. ft., and
even nore paddik M@Edomegﬂﬁghﬁfcuialﬂﬁﬂisﬁﬁ obRet dFdhe prlesentHRENAYETD prBURe
particularly greater than 60 I b./cu. ft.” While the density of the foam
glass tile of the present invention is preferably less than 100 | b./cu.

ft., in another enbodi ment of the present invention the density of the foam
glass tile may be over 100 Ib./cu. The weight of the foamglass tile of the
present invention is greater than 30 | bs., and nore particularly 35 | bs. or
greater, and even nore particularly 40 | bs. or greater, and even nore
particularly 50 | bs. or greater, and even nore particularly 65 | bs. or
greater, and even nore particularly 100 I bs. or greater.




[ 0025] An even further enbodi nent of the present invention is a foam gl ass
panel conprised of one or nore strong, high density foamglass tiles which
can be assenbled into a |ightweight building facade. Particularly, the

cl osed 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 particu used t 13 make a buil di ng nore
resi st ant toil gterg!r)%{g‘lc%ﬁ ﬁﬁ@e’ggﬂg‘%@} g%gsn‘g[%é'ﬁ ?{Bﬂfa‘feé%&ﬁ PRy SH Wc;'ﬁ‘ﬁ’e‘rag be
environmental factaqrs, than buil di ngs made from conventional concrete

panel s. DETA‘I“i_eéIZ?SB%%’éQW ®BRF®E THE | NVENTI ON 10026] The present invention
relates to strong, high density foamglass tiles having a snmall pore size
whi ch can be used as building materials. The present invention nmay be used
on the critical surfaces of buildings at high risk for terrorist attacks,

i n conbi nati beCIMih cénbrinptiet @bjecobf dicheresdiyithebnfidnatiaedeats frofh@epr esent
invention may al so be used on surfaces of typical buildings. The present

| nvent i on hagridercadlyaaiortiaendld RakRgoMsabya2ie gt @ 1A Rangl Sy and/ or
e use

wi nd and heat | oading. The present invention may also as’structural

t i i i t .of th t
vent i on. | CREVSEY 800G O, et e RRERRE PRI, F e pore
Sizes are calggllgelné 1318%5?3?%%653,3?&?. energy from an expl osion than

cont enporary | s, as well as w thstand hi gher w nd
and heat | oads and ot her nechani cal abuse. Such strong, high density foam
glass tiles nay be fabricated in a variety of shapes, including but not
limted to flat and/or curved shapes. Further, the strong, high density

f oam gl ass thP@ESDHf t Hds grosheymbjachnofshe poasemtrievemtide té make 8 fddne glasssileat eri al s
and gas form ng foam ng agents, including but not limted to carbonaceous

organi cs (e.with asagargapateskzanthp mmat kes) aht atdte padfbiabBIofCEF% Sless
carbonates and sul fates. There are 14 many possi bl e nethods to fabricate

cerani ¢ f oarargasiveh snokk bfefatabliy @0 AN 1bdsesnd Sleh &S0 i ni shes.
U S Pat. No. 4,430, 10 desc:’yi bes vari ojs foar% gl arg:?ﬁ&el%bw &8 nlch B

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 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.




products fabricated fromfly ash and other additives with various
densities, and surface finishes, the disclosure of which is incorporated
by reference herein. Simlarly, co-pending application Serial No.

10/ 076,971, filed on February 15, 20@2 by the same assignee, also discloses
addi ti onal processes useful in manufacturing the present invention, the

di scl osure of which is incorporated by reference herein. Foamglass with

vari ous density can j i K onposjtio d type and
concentrat i o?%td(?? S‘gc]el I Jfgt"‘.flﬁg‘{d a‘éﬁ%{%gf% é@%ééitg}% e%ﬁg%foaggov&e s ﬁ@ss%ﬁ{rhat i ng
paramet er dur,jng the foam rocess, In djtion, the pore structure and
its unifornmi P!f &p&c% %Ha%fﬂﬁ* g‘f‘&ﬁﬁ%"ﬁﬁ@#@f%ﬁ#é%&s 5‘?’1@31 hag the afeansagesofof t he
cellulating agent. f 0028]In another enbodi ment of the present invention,
t he foam gl aBaving pEgidstrgetuge iagaen erposed tp shock waves havingblaet siergy, thean
traditional foamglass tiles. In particular, the foamglass tiles of this
embodi ment  htileeran abigm’ b sybstamiaé peeidniof dra blaet eergyencilsd has the agvmended
density of 9.5 Ib./cu. ft. to have a higher density of between 30-100

I'b, /cu. ft., ofisngiioee R8istdn b adrkhquAkesdrRl/of Wi 4 Hedr [dadingd t - . and even
nore particularly greater than 50 [ b./cu. ft., and even nore particularly

greater than 60 Ib./cu. ft. Wiile the density of the foamglass tile of
this enbodi mrent of the present invention is preferably |less than 100

| b./cu. ft., (i ot h odi nent, of the present inveption the density of
t he foam gl ak Ig Iibt]’?:]e na%&e%gg%g%?‘%@eﬁs .WI@LP%C?W? PR ERE ,Omaglesfﬂ‘@\%ﬂmign
Exanples 3-9, the preferred foamglass 15 tiles have an average pore size
of 1.0 nm or4¢S6EBUOThng preferably .7 nmor |ess, and nore preferably.6 nm
or less, and even nore preferably .5 mmor |ess, and even nore preferably
.4 mmor less, and even nore preferably .3 mmor less. [ 0029] This high
density and small pore size nake a very strong foamglass tile. The foam
glass til es SWEMARYOE {IHING VEATIONave a conpressi on strength superior to
typi cal cenent which has a conpression strength of around 4000 I b./sq. in.

I n particul af poagldendniiy abwthden folied BxaThE @80 fhd tdMrell QMR SRt i | es of
the present invention have a conpression strength of 6000 Ib./sqg. in. or

t , d . .1 . / L M.
greater, an ﬁn@%rﬁ iRRhkbLL gxlggfb:t%in% 1(:11&99 Ryrhdor assﬂ-on%,g?gkpﬁaer?gf@%a%{ ﬁloagsgﬁe even

nore particularly of 10, / In. or grea ) _

b 1- 000 | trfting sl ke B bt o 18" R i BNV BoRieRiRRE abb or o
ener from.an expl asion, wthstand higher, wind and heat | padi ng and ot her
rechani cal | FHIEES %”?‘%6@3‘61*1% Qﬁmafém%s;m@ of e BrFEET IpBFI 1 StpBEm gl ass

tile also have a strong tensile strength. Simlarly, as denonstrated by
Exanpl es 3- NOUER thasdheag asasbe ysed s pebracuralanemnber fax 2 buidding greaileof t han 500
| b./sq. in, and nore particularly greater than 900 I b./sqg. in., and even
nore parti cuhamprssenvievertR@0mepaks havd aclosahpore sernctors. eTpafolaincglhanily 1400

| b./sq. in., and even nore particularly over 2500 Ib./sqg. in. 16 2 ft. x 2
ft. and evercanmise beassed withathet raitetigastiordn bipandt off akbmpbéiredi THRYpFERAS, and a
depth of at least 2 in., and nore preferably at least 3 in. and even nore

preferably ghvdRR8Im4y belisePBatnd éﬁt&%}}%ﬂr{a@és @bﬁil@iﬂé@é&flﬁ%&éﬂ?fo?i/&foﬁst

conventional smaller "tiles because t arger siz the conposite of

tiles to havg,] ] composites of, snaller tile nventional |y
used. Such sagténcgss’ @a%ﬁgéﬁaé{eo? %Yq%cﬁﬂq%natsgeef WeOtg?r:I’Eléglag gfat?rﬁaﬁﬁgﬁfetwe?f‘ﬁce seans
inatile surface \Aeakegﬁg)ue t8 t herfmall exgy%nsi on_and contraction, and thus
tend to cradRVerfQBsBa% A5AP e dansoriacstediney PRl Riildings\aities: dame peibt rat e
behind the tiles, resulting in danmage froma variety of processes, such as
nol ds, i nsecPgbinagniwish prhes matetialsy The lpeesenninvhetidr bavthetddaantage b, when
water seeps into atile and freezes it expands. Wien the water thaws, it
contracts t tebsabingcassbstantiahportunesi akhddk wadctausathby anudypesiond Tige a shock
wave caused by an explosion, an inproperly sealed seamw || allow the wave
to penetrat groeht ivehtich hlkd BEs teHdvhndgd PERAS nB¥P er than
absor bi ng tﬁ)e desired energy. Thus, bygr eﬁﬂ%‘%‘%g thte@%ﬁaﬁr%gé\é%;cﬁideag%1 t he
risk of having inproperly sealed seans will be reduced. The larger tile
surface also has the further advantage of reducing |abor at the |abor site,
by requiring | ess pieces to be assenbl ed, which in turn reduces | abor
costs. f 00321l n another enbodi nent of the present invention, the foam
glass tile




preferably has a closed pore outer skin, which thus provides the tile with
i ncreased strength and protects the tile against water, and the freeze,

t haw cycle. The cl osed pore outer skin nay either be formed naturally as
taught in U S. Pat. No. 4,430,108 or gnechanically by bonding a secondary

gl ass surface as taught in U S. Pat. No. 17 5,069,960, the contents of

whi ch are incorporated by reference herein. Alternatively, the dosed pore
outer skin ; j [ . No.
4535, 015, 1 RAOE v FRE KL IBRARE SRR bOnbish hAARE AT hon Yo 07
Natural formation is.advantageous because it,does not require additional
abor and. qUEITT IO PB SRRGAY R Gy e RO ISR e PRRE T ePHes
burdensonme. Using a secondary gl ass surface nmay al so be advant ageous
because such techniques allow the closed pore outer skin to have various
color and texture variations which will nmake the tile architecturally
attractive f&r00%ld as Qne exbediment of thetpresent ifwenside isfa dodmi gidsndleor ot her
structure. One way of making different color surfaces is by the use of

di fferent cokempeisidgtickaead page dwendireorkt awaire sidohavihg alshegkavelddel €d in
the an. [ 0033] Anot her advantage of the high density foamglass tile of the

present i nvegbﬁe%&ei §1a%§@den\.eﬁ;%dém’gﬁc&ﬁﬁﬁﬁgﬁﬁ@t@hﬁéfméﬂgg@s eggécfﬁeit s

capabl e of absorbing a substantial port shock wa ause these

tiles are ca I [ jal i of. a. bl ast shock wave,
they are par ??r?us g?%’yﬁggl\%’%lta gg%}gﬂ%ﬂglzE%ﬁéﬁ@%?@:‘%ﬁ%&%“ﬂi ’IS'I?J P65l s for
interior and exterior_.surfac f. buil dings which are at risk of exposure
to expl osi ongfla(gllﬁ’&%p%fgc‘éﬁbépﬁ@ﬁtwgiﬂ'I“Hioﬁ AT R LRNeB QR ARt garly of
visibility/famus buil dings. 0034] The foamglass tiles of the present

i nvention ar 08088 {34 Hk&F graar. awshtran: merfaparfisdarlyphi32,000llgsq. im or
particular, the foamglass tiles of the present 18 invention are at | east
2 in. thick, geeateragnsl eyesfmersiyayticodarlyeefsi4, @@ . /st hinc kr geeackreVhese fosae
preferably at least 4 in. thick. The increased thickness of the tile adds
to the vol unglasyiles Wil sifsortemotecerels fréh @htexplosivhewlithdcend kel REkaaged

t hi ckness gives the tile an increased.stiffness, which reduces inadvertent

fractures dugimbobdingbhhdesheyhrtitefical fof?é@sﬂ?ﬂé‘@l%’s‘%_ drBQutdr sRASRYY éih%g or
s

bui l di ng. The increased thickness w also permt the tiles t'o absorb nore

energy from [ _ f : r 1. ndi | oadi ng,
and! of of ner P ReREt el 8P UBHRINE ofiloh HElE SEnadS P la S T

t hicicness a ensjty depends on the use to which the tile is intended
to be nade. Qgsre% xoé?‘rﬁﬁ%ef > ’FWeH%eIV@nPES foi?remfle‘i?’q‘ge BRI ‘I’Ib‘di? é‘gﬁst

ear t hquakes, tpe the tiles should be optimzed to be the | owest weight
that can wi t FeE&HE HewiRplcdoriise a5y extenyr o rerarfacaderof pihaildinger pdher nt ended
to protect a building or structure from shock waves associated with an

expl osi on, tﬁé#?tllrhe'fg¢ tites ohdhel ptessat ippentivinzeay havei ancvemge potessizeafsli.é y and
decrease its pore size to be strong enough to absorb such a shock wave. The
desired thi cinessless) hihd geferably Upom bhiesp aod iriré preférablys gxposiesk, taide to the
| ocation of the potential explosion. For exanple, on the outside of a

bui I di ng, t hevehlmerspeserapub @y R, Anti Ak&h inBEOpRESMIP4 I oMiest gnge of the
tile to the nearest |ocation where an autonobile or truck wth expl osives

b k - i K f i, di ng, h
Comport ool coven RpldGreBirafl S3lar IS THEMAHLOr e BaB bind 8o 3E", 5° e
a colum, altho likel

he |. i Ci | 0Si I I
subst ant i al |1§}‘efe‘u§g§1_vtent?on is incr asgcp }rclnglt ea éoerr(ljmgzz(cpaﬂ(})/%écvo?nmgx?d%dvﬁgsigy obfec).s
Ib./cu. ft. to have a higher density of between 30-100 lb./cu. ft., and more

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

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




19 [ 0036] For the purposes of resisting shock waves associated with an
expl osion, the tile of the present invention can be conbined with a rigid
backing to forma conposite panel. [ 0037]In the case of a tile to be used
to make a structure resistant to earjhquakes, a slighter lighter tile may
be used with a rigid structure. The | oad caused by w nd pressure which
needs to be resisted by these tiles is related to the area between support
colums. Thus, the eater the area between support columms, the nore

resi stance aRAMGHasH &r"%gier%rﬁ@eﬂ'ﬁuwepp‘“b’é OY@Wﬁ?WWPH@C@@WéﬁnP% tile
with rigid structure. The thickness/density of the tiles to be used are
accor di ngl y aegieatad, byd tevesepig padtictaly 40Ubs. ergeatérprandf evdne swre
properties should be optimzed to provide the |ightest systemthat can

wi t hst and t hgartiad@ép50 &t br greatezdand evédn piicrs partizubolyd@st 1bs.oreeatasasded with
an appropriate safety factor built in as is typically done in the
construct i oneyed Gtk Pirtichlilyt 100815s. P Qéflede supported by a netal frame,
which in turn is supported by structural netal supports of the building or
ot her structure. [ 0038] For aesthetic purposes, the tiles with a finished
| ayer can be used on any surface subject to public view. Thus, if only one
surface will pos to publ.ic view .than only that surface needs to
have the ti I%@S#Th a%g? ﬁfrgﬁ%gnggfg}“.ltyé?a‘?‘hgaﬁtﬂ rOfHSﬁ(?,re%ePt BYERYSR des of a
wal I sought to be protected by the present invention are subject to a
public vi ew, whishis gapableopfabeing aisod en adwildingrapieriak for interipr and g8@rPAyer can
be used on the second exposed side, such as the interior of the building.
Al t er nat i vel uildingsarfatastaaditaving lesk sezass thamsrakléay tibes andevhiclf h6GE8F Aot her
advantage of the tiles of the present invention is that such tiles are al so
heat i nsul atiragofibfovelllft. as ghdater, piddore pirdsulatli@3arfide #eashef\oeft.an2 added
advant age of being able to be used to protect a support colum froma

terrorist fig&ratbAakd st mese SarBli®y hasQGatAd areRbf PENSL B RWLERS0f fire.
The use of the tiles of the present invention can thereby either prevent

and/ or del ay. : t L,0n of I ere [ asi ng
the |ikeli hol\é[é&teﬁg‘?‘%%%g i S&Sf‘ﬁg’ﬁm%?%ggﬁggnﬁgi#gﬁ%“& f %éfl/’e‘q‘%‘fefi ci ent
time to evacuat.e, 0040 ot her, enbodi nent. of the.tiles of the present

i nventi on ca%ar%‘émfl‘iye&gf%l'rf"g{”r’oﬂ ev@?ir%otrfeH@r%ﬂ{afléiiaﬁbe?%‘?“bt her structures.
In particular, the tiles can be nounted on the potentially exposed walls.
If such walls are already sufficiently rigid, then the tiles can be nounted
directly thereon. If not, then the tiles can be nmounted on an appropriate
rigid structlif@281 babkrothgr pmbodinnéniefthe presens ifiventioa iparfetn ghsseile i n turn
can-be mounted on the exposed wall. Appropriate hacking protective |ayer
may be a fi brommismgrgpdsiedieporahatee skinain dtildeet sneayide, Madmgah dvegigetpensi | e
strength materials, such as graphite, Kelvar and/or fibreglass, or

cenent aceoussiBirar mnor MY, & Rvei@i of Q01RI &t P4kt and cSRPRRSion S@dRtiRbeed
portland cenment, line, alum nous cenent, plaster, polyneric material,

rei nfor ced camR 8L, S MRRkE Nehd RURY oABVuRE LE\ALPLESH DuanBlaly Kevi ar

or ot her supporting materi-a (0] pronoter or a Ive, sucn as

Bl mer®s pro c%?n%?es%%plcstr:ree}lgem of 6000 psi (Ib./sq. in.) or greater, and more particularly of

8000 Ib./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




21 bonder adhesive-pronoter, nmay be applied between the at |east one foam
gl ass layer and the backing | ayer. The conposite may al so have hangi ng

har dwar e provi ded therein, and may be nmounted in a | oad-bearing frame, and
t hus be capabl e of absorbing a substianti al amount of shock waves and

vi bration energy. [ 0041]In the preferred enbodi nent, the tile of the
present invention can be manufactured using raw materials which include

(but are notoneeesfseiskoonduty §led suefacsl | IMha cldskd 38 our& Q@R infaydsdve
di at onaceous earth, siliceous mnerals, alkali carbonates, cal ¢i um and

magnesi um mi gﬁi&k%ﬁﬁyﬁﬂd ﬁe?flg?;vglgéntgﬁ? v RUREAD ch S &ﬁ}gﬁgagig'r%&c@ée% afor ax,

gl ass powder such as ¢ oam ng agents. ng agent can be
sel ected from carbonaceous 0O ni.cs,,such as sugar and starch,- carbon bl ack,
211 con car prueIonaRerat Be e PR Rean sy R s et e 5 o802 1
an alternative enbodi nent of the present invention, the foamglass tiles
may be rei nf BVRRYCIHAY, BRVRANAVEEASSIPORR TS ¢fd, O MR af less, pad prferablye? muni ve
support structures as described in U S. Pat. Nos. 4,798, 758, 4,833, 015,
4,987,028, apnless, agbmareipreferabl 6 mme ot kssspandyieo mare ereéfacblypdmah edleksr ei n by
reference. Wiile on the one hand, these additional materials may help

strengt hen thel ewsauhbdiengeferdin glmmsoriés andeed heropfgirabigns mmh Bepsal so can
make it nmore difficult to cut. [ 0043] To nmake the tile of the present

i nvention, vekd Qé&i@@@@aﬁﬁﬂaﬂ%ﬂé%ﬁ&e ér@séﬂfz‘ﬁn@ﬁﬁ@ﬁiis”ﬁt@!;eraséchﬁ?xﬁttﬁéti ng raw

materials to nmake t rile are blended together wth water to forma

h : : . f d

met hod of m st P AR B O o BERR 7 Fo bl P B dE B °
dependi ng on,_type r terial ed in fpam gl ass f at jon.  For
ingt ani:e,g mhn.%?{:}'/"%fa%gél&g%gﬁ?%?ié %%1@“!@‘?% @Gg‘ieét%;a“r‘géwé?&' %s aidj or raw
material, the gasifier can be dry blended in a conventional mxer, such as
a ball mill.S¥RRcHOGePaHreAdy sgeater WeB PO breust) iaadceisnemereopartindady urry s

preferably between 30-80 wt %, and nore preferably between 50-70 wt% |
0044] The sl ugtegter shatheh lifdquett- Whila tho dersty obriel fodmyglassgile bf de mespray dryer

invention is preferably less than 100 Ibs./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 Ibs.,
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
50-1bs. or greater, and even more particularly 65 1bs. or greater, and even more

particularly 100 Ibs. 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 b./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




to produce dry powders. If a static dryer is used, then the dried

aggregates are ground to formdried powlers. The resulting powdery product
is then calcined to a tenperature at which the viscosity of the resulting
foam gl ass is preferably between 107;5t 0 102 poi se, nore preferably between
10= to 102 poise. Calcination nmay be carried out in a reducing environnent
to effectively pyrolize organic gasifiers to nicroscopic carbon cont ai ni ng

corrbounds ide as f a ent,. cal.cingtion may
be carri ed ng{ér{‘xﬁogéaé ? é#flpgq(r%@s)gﬂelpeorgﬁﬁ% sdlgs Willised as
maj or i ngredi |nthef formyl ati caIC|nat|on step is the
same as the Pﬁ%ﬁ’ﬁg APTS FRPSY %Qp’d%h?’f Wl%ng@taégg'ﬁ‘gt@G vdud lqadling fﬂtﬁ‘&ﬁ? r kil n,
in stationary nolds in a kiln, or in a fludizied bed reactor heated
primarily bymechaticaerces Vﬁkullﬂa*}ﬂﬂﬁ@ar@alaes tleds prefedally armdnsed pque stexcture,

pul verization if calcination for instance is carried out in stationary

nol ds. Cal ci itds notndayssiabyuditratileoof theypresent iregniidre mayha@é b ale@Be pbie
particles do not agglonerates in the fludized bed. The 23 calcined powders

are screenedsipé of €3 alth Yor 13§, Qitdevi Gnére e REHBED mPfPB?Ia?sr %ﬁr \Agym&ty ough

200 nesh screen to renobve the coarse particles. [ 0046] The powders are then
mol ded into érra ) [ I are ,
st ai nl ess st Slg oﬁlﬁﬁsr% gg%%lgfs%?ng{ﬁglf&m%ﬁ%&%‘é g%gﬁﬁpg?rﬁt& Al | oys.

Incone! " typﬁngér &?%ﬂ‘pr eferre si nce tg can r tt) cycl es,

d oxi dat ; Pl Sey Srhfehdqli G e pER ST 4ok B e

gpef g)r(:ab?yl 85 d.to ease e-nol di ng praocess, and also mnimze adheS| on
g

of the foam @g&*@f fensigof hetveen @i 108 L 47 Saped npremartlashagrateythan t he

fini shed foam mss product. The nold rel easers should withstand the peak
firing tenpeft@ibyed fragndeveagudre perisxpelygraatentbin 3@ thofop. fox hukksvesuméreas hi gh
silica mnerals, high alum na m neral powders such as di atonaceous earth,

silica, and pmmladygfayaﬂwﬁdib /st Wﬁ&&b@d@fsﬁy@ﬁﬂﬁﬁo@h’glél;ﬁﬂe@fth%urface
coating can be applied over the nol ded foam gl ass powder precursor,

produce addi pﬂe@étEt'ln\SdﬁhBﬁ@sg:r@tfefMlekﬂhhﬂQOé iH)cahef apmdRRadelo dkrhfzqucoo 7] The
e

nol ds are then transferr into either electric or gas fired ns that can

acconmodat e t, 50 C across
i mens onCar TR hg s e HERRG A Sl UARHI by BELLE 0 et & g
rate is sel d on_t he gss thlckness and uc oadlng

i nsi de the Efﬁ&eewe%g§§€ﬂe3°¥ﬂ§1aﬁ%§{n(%é ¢ RRESCTRDvEEion li)glfe\%geéﬁg@ éQ) B¢/ mi n.

and preferredly between 3 gﬂ . At the peak foanm ng r’rPerature the foam
gl ass Vi scos‘?rfcijl”ﬁoge B%‘F\ﬂéléﬁy B9 wrl&;satﬁb@@é e"%éﬂ@édléﬂéﬁ% vat0 dbfe opeak
firing tenperature depends 24 on the foam gl ass di nensions. The soak tine
al so ef f ect sSTEREn.ARdicxeR Mgrapdrtgulaty 8R sser greamyend svak morapartieslatlys in t he
fornmul ati on of thicker surface glaze or skin. The |arger foans nmay require

| onger soak 45 Ipesortgreams uné evanmerapartieuley i 00 tsabt grateéhr oughout the foam
body.

[ 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




[ 0048]During cooling cycle to roomtenperature, thermal stresses across
the foam gl ass need to be mnimzed to ensure a strong product free of
residual thermal stresses. As a result the cooling rate around the

anneal ing and strain point tenperatuges which correspond to an approxi mate
viscosity range of 1012 to 10 will be relatively slow, between 1-5 C/ mn,
preferably between. 1-3 C/ mn. Above and bel ow this tenperature range,

dependi ng o ' s verage cool.i teis.from2-10 C
m e pr ot orities xRSO EAAT ra AR B8RaEE P B Bl togiind, B

de- nol ded, agg trinmed on its si&gg i f needed, Trinmm ng can be done by

vari ous neafSSuTIEQEmsaral fretarsahan duidingg meds fioRy conventignalatangeste

resi stant bl ade such as carbide blade is preferred, since it produces

| essdust th®angsi nding. It shoul d be noted that the foam gl ass dust is
primarily conmposed of non-crystalline silica, which is nmuch | ess harnfu
than crystalline silica dust, such as concrete dust. [ 0050] The foam gl ass
board produced can be used as a stand alone tile, or be used in fabrication

of foam gl agETOMBI®BESERIGNCNDF PHE [iventiaon™ ng and dust col | ected during
the final step will be ground and added to the starting raw 25 materi als.

inaddition,mprodﬂfe{? j r |4l es or .-panels will be
ground and r[ecycI]ed bac rlfe%'!tngﬁ}tvﬁ% (Ssjrf%%zglsntgsgéﬁgnt%%he%ngﬁg@%f“glﬁgf}mﬁ will be
under st ood .1hos killed in.the art that the foregojng nethod of making
the tiles OBXYIh%%pS%E@eWmisﬁ\?evgl?li:%ﬁarbé%flﬂa‘g%s 48 @89 Sot H‘g? PR¥ERods of
fabrication, can be usgd W I hout departing fromthe sgiigri'g and scope of the
i nvention. [PV6BY2] RY gf Seersduideshbel sudaces opbuiidings at highgiskJertertoristent i on i s
the inclusion of backing materials to the foamglass tile. Exanples 1 and
2, bel ow i | RGa%ks dneomhimagppwithsemeont, geelpoptieabuildngmateriass. Hhelprasgnimat eri al .
These exanpl es denonstrate that pozzol anic bondi ng occur naturally at the
i nterface ofnveheor mapnalyb s ssdd dresuafadestdfeyeNBaElding Tk PrognPRckitg | ayer.
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 orgamnics (e.g.,

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




[ 0053]Alternatively, other inorganic cenentaceous backing materials can be
applied over the foamglass 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, iathere line or portland cenent will be
the adj acent |layer to the foamto devel op pozzol ani ¢ bond, followed by

ot her cenentaceous over |ayers. The cenent backing materials can be

her cement aceous . t backing materials can |
cuch a6 cel IR0 BB Rihde G bt PAGRAE e TS tepledoci bt o

h as cel It s Reviaror arTke. e
For' | nat ance“apBbgrrast EEhft Al Rabnie: a0, R Uetingt Frdodrmaties o Shoot

of netal and foam gl ass. One such adhesive that can be used with al um num
sheets is a @Oﬁpefé%%brtfégeédﬁ%ﬁhfsaswm@mﬁéradés@afﬁf)wgél weuadpnsides, iand of a
pol yneric foam between the foam gl ass and anot her backing material to

prot ect thé ypufagerdinishes,odn difddsyor of hdinh fscianoranchtak g niefdrerdedherer. exanpl es
of this type of nmultilayer backing. The advantage of pol yurethane foamis
that, it carSingladpptd-pehding phplicariomberid MAPLHOYROPN Medldd RbTudkoed foam
gl ass board and a sheat hing back |ayer. Polyneric backing are particularly

useful o reshime vl aaTeahal Lognel Lite BEdd] SAIRKALD UGhiaS aamig! ass and

nore so of the cementaceous |ayers. The ayer nay contarn multiple

| ayers of f her with. nt ol,yneric foans, or other
cont act adhﬁﬁ%&ﬁéﬁgﬁgséﬁgﬁﬁ 8%%%?&%?’%“%&5@?&%@?8@@ bhave
different density than the main foam gl as anel for _paxi num absorption of
shock wave €ﬁgﬁr§’§/ﬁe hergng Fopm glllaéﬁﬁmgf"a?‘ﬂ%s ﬁi’d‘gﬁieélc%l‘sge fabyispted Hyvaring i s

gl azed as di scussed before. However, a surface finish may be applied

accor di ng t dhe FRMppdd@rng tipednd wacangratianafecllulagng pgavas. Viscosisofigtass and

aest hetic appearance to the conposite foam glass structure. The surface
fini sh can He tpdbinbutibefparanaer ddrimyr tHehfeatnngk progess alreaddidor, thesfosd | ed. The
finish can be a textured cenmentaceous and/or polymneric overlayer to display

for instancetmchireakd fraahifgnaty Aabseadennm B RBMRRRaSnde6Qe tiz8bshes can
be nolded in place over the foamlayer or be adhered to the foamas a

separate shqg&h&ngmﬁ%g%%ngontact adhesive or a cenent |ayer with pozzol anic
activity. These WD 20051047612 27 finishes would inpart additiona
architectural appeal to the foam gl ass conposite structure. In addition
colorants can be used in surface finishes to inpart desired colors to the

structure. Hi materials can . be added to the surface finishes_to inpart
addi ti onal rﬂe‘ﬁé#%fcen@n?mg}hﬁ ef‘@”?‘é’lfﬁ‘&@ ‘?‘Fé’é??@ﬁ?‘&f’?‘m?nu OM%S%e
reception. Var] okllgg@uv protecting conpounds can be added to the surface
finishes if Rek# figher fempyendsaalla paasizs than padiionaldRamglassytides bnd t he
surface finishes can vary upon design specifications, required energy
absor pti on @agiatarethgtfhamBhass tifpplof dut ¢robodifneat savefaadensity hicsdnsedfrole
unnecessary since the natural glazing of the foam gl ass panel as fired may
be aestheti ah¢ tommefdally reedmmended density of 9.5 1b./cu. ft. to have a higher-density

of between 30-100 Ib./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 1b./cu. fr. 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 Ib./cu. ft. Further, as shown in Examples 3-9, the preferred foam glass




EXAMPLE 1 [ 0057] A foamglass tile was made by blending the raw material s
set forth in Table 1 below. Fly ash (calcined type F) 2000 g Silica flaur
2000 g Sodi um Car bonate 600 g Sodium neta silicate, penta hydrate 1600 g
Pot assi um car bonate 0 Bor ax 15

tiles 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.

[ 0029] - This high density and small pore size make a very strong foam glass

tile. The foam glass tiles are very strong, and have a compression strength superior

to typical cement which has a compression strength of around 4000 Ib./sq. in. In

particular, as demonstrated in the Examples 3-9, the foam glass tiles of the present

invention have a compression strength of 6000 [b./sq. in. or greater, and more

particularly of 8000 Ib./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 Ib.(sq. in. or greater. These foam glass tiles

will absorb more energy from an explosion, withstand higher wind and heat

loading and other mecharical 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 1b./sq. in., and even more particularly over 2500

1b./sq. in.

[ 00311] 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




0 sugar 120 g Water 1415 g 28 [ 0058] The resulting slurry was dried, and
the powder m xture was calcined at 950 C for about 45 mnutes to react the
raw nmat eri al s, and deconpose sugar to finely, and evenly dispersed

car bonaceous phase. The cal ci ned proguct was ground to fine powders, placed
in an Inconel” nold, and was foaned by heating to about 850C and soaked at
that tenperature for approximately 30 m nutes. The resulting foam gl ass was
anneal ed to roon1% nper at ure and de-nolde?. Th res&l;ing foam gl ass had a
density of aBdht* 25- pRd c¥en mofe particdarlk afidshnt Sh Xcbltolr, diEsasiant 6hfidet el y

gl azed surface. The pore structure was uniformw th an average pore size of
about 2 mm Aeptsrofar leastiig., ahé metgpreferhlly af least34d- anddiver meire praférably
approximately 16 in. x 12 in. x 3 in. [ 0059] The foam gl ass-concrete
conposite tikeleaschidi Sgct largehdlepaeseivhniagemntdven cova@ntionkd shalleheilésol | owi ng
met hod. The foamwas trimed around its sides and was framed with strips of

pl ywood ar ouggeduss tike [drb@t 1 WidWy fHRecHhFBRE of HIERES hARCRE i tlpavi ng a
gap of about 1 in. abové the tile to receive cenent. A pordand cenent sand

mx (Qui ckr et g 5a00, B SlaINe BB LERANAGAG SO 0N L DE TR AGLIER,

i nstruction, resulting-paste placed’over the expose

whi ch [ tact wi.th the .nold dur] firing, d t [ dt
expose the Ui SR ARSEBEr B ARG AriecRBbL et AE PHUCEBACY et o

was allowed to cure faor about 28 hours, before being renmoved fromthe form

The i nt er f ac EXRABSIRBSACABIAGIOM AKIEbFEAS eracley Eese jeares #8 d¥P&tTBENSs eal ed

i ndicating a strong cenentaceous pozzol anic bond formation. 29 EXAVWPLE 2
by which water can penetrate behind the tiles, resulting in damage from a variety

of processes, such as molds, insects, and the freeze-thaw cycle. In the freeze-thaw
cycle, when water seeps into a tile and freezes it expands. When the water thaws,
it contracts thereby causing the material to crack. When subjected to a shock wave
caused by an explosion, an improperly sealed seam will allow the wave to
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.




[ 0060]A foamglass tile was nade by blending the raw materials set forth
in Table 2 below. Fly ash (calcined type F') 2000 g Silica flour 2000 g
Sodi um Car bonate 320 g Sodium neta silicate, penta hydrate 800 g Potassium
carbonate 320 g Borax 400 g 17

5,069,960, the contents of which are incorporated by reference herein.
Alternatively, the closed pore outer skin may be formed in accordance to the
teachings of U.S. Pat. No. 4,833,015, the contents of which are incorporated by
reference herein. Natural formation is advantageous because it does not require
additional labor and quality control, and thus is more cost effective and less
burdensome. Using a secondary glass surface may also be advantageous because
such techniques allow the closed pore outer skin to have various color and texture
variations which will make the tile architecturally attractive for use as an exterior
or interior facade of a buﬂding or other structure. One way of making different
color surfaces is by the use of different color additives, as is generally well known

to those skilled in the art.

[ 0033] Another advantage of the high density foam giass 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 forinterior 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




sugar 120g Water 1370 g TABLE 2 [ 00611The resulting slurry was dried, and
the powder m xture was calcined at 900 C for about 30 mnutes to react the
raw nmat eri al s, and deconpose sugar to finely, and evenly dispersed
carbonaceous phase. The cal ci ned proguct was ground to fine form powders,
was placed in an Inconel' nold, and was foamed by heating to about 860 C
with an average heating rate of about 3.5 C mn. The resulting foam was

anneal ed to room tenperature, and de-nol ded., The fogam gl ass, had density of
about 52 | b. J¥gntqn ace aé?f’@%zm- ¢ &@P@eaﬁeﬁgg’ﬁgﬁéfgllﬁr thickranfl QU ace.
The pore structure was uniformw th an average pore size of about 1-2 nmm
Af ter trinm mgre prefesalpjy gt leass 4 inl dhickadha ingrensedthickness ofpphe tile adds &3 thel7 in. x
12 in. x 1.4 in. [ 0062] The foam gl ass-concrete conposite tile according to

the present vd(meiaddshasfdreyas terascight ofithditikt Mhpdnatasel yhiokiksagi@enthel t S
perimeter with the glazed surface faced down, |eaving a gap of about 1 inch

above the tiHR dOintRESIMVRIMHBIE Mhickrdddbdd ihakRiehf iR durPlzhdands concrete
bonder adhesi ve-pronoter was applied to the foam A pordand cenent nortar

m x (Sakr et ewgg&teﬁ'frolfﬁ {ﬁ%nm&uﬂpg,%rggg a%gcgcﬂuﬂgin%o ’ltﬂéem%%gﬁg:clﬁég% ¢ the

i nstruction. e res ng pas over “f he 'expose

framed foam%ﬁgg tile, aﬂd .L#evel %tg bThi S was tHe facpz i.n contact with the
firing nold, RESTRGE P8 AP Y PeRBTS T He OBy FXRIPYQRS: GFRPSHES dPe maki ng
the conposite tile, The concrete was allowed to cure for about 28 hours,
bef ore bei ngeaEifyakes, heasand mendias deading apdfasotkershpet waes: t he f oam and

concrete layers were conpletely sealed indicating a. strong cenentaceous
pozzol anic bond formation. 31

[ 0035] The selection of the particular size, thickness and density depends
upon the use to which the tile is intended to be made. For example, if the tle is
intended to be used to resist earthquakes, then the tiles should be optimized to be
the lowest 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 examiple, 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 colurun, the proximity anticipated could
be immediately next to such a column, although the likely anticipated explosive

load would be substantially less.




EXAMPLES 3-9 1 0063] The foamglass tiles in Exanples 3-9 were made by
bl ending the raw materials set forth under Conposition in Table 3 bel ow
Exanple 3 4 5 6 7 8 9 Conposition Silica sand (g) 80
19
[ 0036] For the purposes of resisting shock waves associated with an

explosion, the tile of the present invention can be combined with a rigid backing

to form a composite panel.

[ 0037] In the case of a tile to be used to make a structure resistant to
earthquakes, a slighter lighter tile may be used with a rigid structure. The load
caused by wind pressure which needs to be resisted by these tiles is related to the
area between support columns. Thus, the greater the area between support
columns, the more resistance and greater strength will be required from the
composite tile with rigid structure. The thickness/density of the tiles to be used are
accordingly defined 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.

[ 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
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finished layer can be used on the second exposed side, such as the interior of the

building. Alternatively, other interior surfaces can also be used.

[ 00391 - Another advantage of the tiles of the present invention is that such
tiles are also heat insulating as well as fire proof. Thus, these tiles have an added
advantage of being able to be used to protect a support column from a terrorist fire
attack such as a Moltov cocktail, or other sources of fire. The use of the tiles of the
present invention can thereby either prevent and/or delay the destruction of such
support columns, thereby increasing the likelihood that occupants of an attacked

building will have sufficient time to evacuate.

[ 0040] Another embodiment of the tiles of the present invention can be 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, whichin turncanbe 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, Kevliar or other supporting

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




Fe203 (g) 3.4 Sodium Silicate, 5 1-120 (g) 30 30 30 30 25

21

bonder adhesive-promoter, may be applied between the at least one foam glass
layer and the backing layer. The composite may also have hanging hardware
provided therein, and may be mounted in a load-bearing frame, and thus be

capable of absorbing a substantial amount of shock waves and vibration energy.

[ 0041] In the preferred embodiment, the tile of the present invention can be
manufactured using raw materials which include (but are not necessarily limited
to) silica, fly ash, volcanic ash, diatomaceous earth, siliceous minerals, alkali
carbonates, calcium and magnesium minerals such as dolomite, and gypsum,
sodium silicate, borax, glass powders (such as cullet) and foaming agents. The
foaming agent can be selected from carbonaceous organics such as sugar and

starch, carbon black, silicon carbide, carbonates, sulfates and other like materials.

[0042] Inanalternative 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




25 30 Bor ax,
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22

though the preferred method of mixing is wet, nonetheless, dry blending may be
selected depending on type of raw materials used in foam glass formulation. For
instance, when glass powders (soda-lime glass cullet) is used as major raw
material, the gasifier can be dry blended in a conventional mixer, such as a ball
mifl. When wet blending is used, the solid content of the slurry is preferably

between 30-80 wt% , and more preferably between 50-70 wt%.

[ 0044] The slurry is then dried in a conventional dryer such as a spray dryer
to produce dry powders. If a static dryer is used, then the dried aggregates are
ground to form dried powders. The resulting powdery product is then calcined to
a temperature at which the viscosity of the resulting foam glass is preferably
between 107 to 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 pulverization, if particles do not agglomerates in the fludized bed. The



Sugar

(g) 2333332 water (g) 25
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calcined powders are screened preferably through 100 mesh screen, more

preferably through 200 mesh screen to remove the coarse particles.

[ 0046] The powders are then molded into desired shapes, in a metal mold.
The preferred metals are stainless steel and chromium containing alloys such as
Inconel™ Inco Alloys. Inconel™ type alloys are preferred, since they can resist
thermal cycles, and oxidation better than stainless steels. Mold release agents are
preferably used to ease the de-molding process, and also minimize adhesion of the
foam glass to the metal which can cause unwanted cracking in the finished foam
glass product. The mold releasers should withstand the peak firing temperature,
as a result inexpensive refractory oxides such as high silica minerals, high alumina
mineral powders 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 produce additional surface effect in the finish foam

product.

{0047} The molds are then traps‘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




25 24 25 25 25 25 Batch Size Factor 20x 20x 60x 40x 50x 50x 20x
24

on the foam glass dimensions. The soak time also effects the surface glazing
thickness. Longer soak time results in the formulation of thicker surface glaze or
skin. The larger foams may require longer soak times to ensure temperature

equilibration throughout the foam body.

[0048] During cooling cycle to room temperature, thermal stresses across the
foam glass need to be minimized to ensure a strong product free of residual
thermal stresses. As a result the cooling rate around the annealing and strain
point temperatures which correspond to an approximate viscosity range of 10 to
10" will be relatively slow, between 1-5 °C/min, 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 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




Process Information Cal cination tenp., C 970 970 970 970 970 970 970
Calcination time, mn. 30 30 30 30

[
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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 will be understood by those skilled in the art that the foregoing
method of making the tiles of the present invention could be modified or other
methods of fabrication can be used without departing from the spirit and scope of

the invention.

[0052] As discussed above, an aspect of the present invention is the inclusion
of backing materials to the foam glass tile. Examples 1 and 2, below illustrate the
application of portland cement as backing material. These examples demonstrate
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
tﬁe 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.




30 30 30 Roam ng tenp.,
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[ 0054] It is also possible to jéin the foam glass tile with other solid layers via
a joining compound. For instance, appropriate contact adhesives can be applied
between a sheet of metal and foam glass. One such adhesive that can be used with
aluminum sheets is a-silicone based adhesive. Other examples are application of
a polymeric foam between the foam glass and another backing material to protect
the polymeric foam. Polyurethane foam and cement board are examples of this
type of multilayer backing. The advantage of polyurethane foam is that, it can be
applied in place into a gap between a pre-positioned foam glass board and a
sheathing back layer. Polymeric backing are particularly useful to reduce
fragmentation of the brittle layers such as foam glass and more so of the
cementaceous [ayers. The backing layer may contain multiple layers of foam glass

bonded together with cement, polymeric foams or other contact adhesives.

[ 00551 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

C 810 800 790 810 795 795 810 Foam ng tinme, mn.

10
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finishes would impart additional architectural appeal to the foam glass composite
structure. In addition, colorants can be used in surface finishes to impart desired
colors to the structure. Fibrous materials can be added to the surface finishes to
impart additional reinforc;ament and to reduce fragmentation upon shock wave
reception. Various UV protecting compounds can be added to the surface finishes

if desired.

[ 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




Density (PCF) 32 36 41 46 62 65 69 Bubbles/cm 12 18 12 20 13
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[ 0058] The resulting slurry was dried, and the powder mixture was calcined
at 950 °C for about 45 minutes to react the raw materials, and decompose sugar
to finely, and evenly dispersed carbonaceous phase. The calcined product was
ground to fine powders, placed in an Inconel™ mold, and was foamed by heating
to about 850 °C and soaked at that temperature for approximately 30 minutes. The
resulting foam glass was annealed to room temperature and de-molded. The
resulting foam glass had a density of about 25 Ib./cu. ft., a dark greenish color, and
a completely glazed surface. The pore structure was uniform with an average pore
size of about 2 mm. After trimming the edges 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 abour 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.




18 29 Characteristic length (mm) 0.8 0.6 0.8 0.5 0.8 0.6 0.3 Bubble size
xX-bi g big x-big
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EXAMPLE 2

{ 0060] A foam glass tile was made by blending the raw materials set forth

in Table 2 below:
Fly ash (calcined type F) 2000 g
Silica flour 2000 g
Sodium Carbonate 320 ¢
Sodiwm meta silicate, penta hydrate {800 g
Potassium cérbonate 320 g
Borax 400 g
sugar 120 g
Water 1370 g
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 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

12in.x1.41in.

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

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




big big nmed. small Conpression strength (PSI) 2078 2400 4300 6000 10500
12500 14600 Tensionstren(P I) 775
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sides and was framed with strips of plywood around its perimeter with the glazed

surface faced down, leaving a gap of about 1 inch above the tile to receive cement.
A thin layer of Elmer’s pro bond concrete bonder adhesive-promoter was applied
to the foam. A portland cement mortar mix (Sakrete mortar mix) was prepared
according to the manufacturer instruction. The resulting paste was placed over the
éxposed face of the framed foam glass tile and leveled. This was the face in contact
with the firing mold, 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.




930 960 1250 1400 2500 G azed Top Surface (closed pore outer skin) Yes Yes
Yes Yes Yes Yes Yes
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EXAMPLES 3-9

[ 0063] The foam glass tiles in Examples 3-9 were made by blending the

raw materials set forth under Composition in Table 3 below:

Example | 3 | 4 E | s l 7 L E
Composition

Silica sand (g) 80 80 80 30 80 80 50
Fiy Ash (g) 0 20 20 20 20 20 50
Fe,0; () 34

Sodium Silicate, 5 H,0 (g) 30 30 30 30 25 25 30
Borax, 5 H,0 (g) 25 15 25 25 30 30 25
Alumina {g) 5

Sugar (g) 2 3 3 3 3 3 2
Water (g) 25 25 2% 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
Roaming mesch size 100 100 100 100 100 100 100
Characteristics
Density (PCE) 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
Bubblesize 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
{ 00641 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 bafch 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.




TABLE 3 [ 0064]In order to make a useful conparison, the weight of the
conposition was nornalized assuming wth the total anount of silica plus
fly ash equal 100. Thereafter, to insure the proper anmount of material is
used the normalized conposition weight is nultiplied by an appropriate
batch size factor, as indicated in Table 3, to account for the size of the
nol d being used. For exanple, a batch size factor of 50x, has been used for
a nold 8 inches x 14 inches x 4 inches. 32 [ 0065] The resulting slurry was
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for the equi pnment used to 33 actually break the sanples. Thus, foam gl ass
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of the present invention

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




have been shown and described in detail, various nodifications and

i nprovenents thereon will becone readily apparent to those skilled in the
art. Accordingly, the spirit and scope of the present invention is to be
construed broadly and limted only by the appended clains and not by the

foregoi ng specificatio 314 | | e manufactured, from
materi al s cgﬁ%?ﬁ%%ﬁ &ﬁ o= Sﬁtﬁn’r‘l‘f %]a%og]%%%gmaWSrq SHAERy %,
wherein the manufactured tile has a cl osed pore outer Skl n on at | east one
side, a dendFtWesdrharhl §on¢11§sxr&}a1nﬁteralamsm@nﬁbnqh@ataﬂrf@rcormrdssspn

conpression strength of at least 6,000 Ib./sqg. in. ;:2 i The foam gl ass
tile accor dimmgstremengd mithounhier glianect klﬂfarenpﬂssemgicatedsm thegthlrdceerBtiQ00
| b./sq. in. or greater. 3The foamglass tile according to claiml| , wherein

the conpresgbaibrséNRbE ) the cdRpRAOoh Brkagth of Bxafpldd 720 ke ofer. 10000 f 0am
glass tile accordl ng to claim wherein the conpression strength is

12,000 1b./ gg/cq. meffact%%%@arr 2 éﬂfe@‘t’l’xeoéb% eﬂ[o%%?@hﬁ&%%fwﬁcr%%a@égiolass tile

accordlng to wherein t conpre |on stre b./sq.
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tensile strength of Examples 7-9 were over 1250 Ib./sq. in., a factor of over 2V,
times the tensile strength of concrete (500 Ib./sq. in.). Example 9 has a tensile

strength of 2500 1b./sq. in., a factor of 5 times the tensile strength of concrete.

[ 00671 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.




the tile has a tile surface area of at least 1 feet by 1 feet.

. (previously presented) The foamglass tile according to claim, wherein
the tile has a tile surface area of at |least 2 feet by 2 feet.
-g(previously presented) The foamglass tile according to claim., wherein
the tile has a tile surface area at I®Hgst 4 feet by 4 feet. 35

The foamglass tile according to claim1, wherein the density is between 30
| b./cu. ft. and 40 Ib./cu. ft. 10The foamglass tile according to claiml ,
wherein the density is between 30 Ib./cu. ft. and 50 I b./cu. ft. .The foam
glass tile according to claiml , wherein the density is between 30 |b./cu.
ft. and 60 I b./cu. ft. The foamglass tile according to claimherein the
tile has a thickness of at |east 2 inches '

[- A foam glass tile manufactured from materials
comprising silica containing compounds and foaming agents, wherein the manufactured
tile has a closed pore outer skin on at least one side, a density between 30 1b./ éu. ft. and
100 Ib./cu. ft., and a compression strength of at least 6,000 lb./sq. in.

o« ' The foam glass tile according to claim [, wherein
the compression strength is 8,000 1b./sq. in. or greater.

3. The foam glass tile according to claim | , wherein
the compression strength is 10,000 1b./sq. in. or greater.

4}. i The foam glass tile according to claim - | , wherein
the compression strength is 12,000 1b./sq. in. or greater.

E . (previously presented) The foam glass tile according to claim | , wherein
the compression strength is 14,000 Ib./sq. in. or greater.

é . (previously presented) The foam glass tile according to claim | , wherein
the tile has a tile surface area of at least 1 feet by 1 feet.

[.  (previously presented) The foam glass tile according to claim | :, wherein
the tile has a tile surface area of at least 2 feet by 2 feet.

8_1. (previously presented) The foam glass tile according to claim | i, wherein

the tile has a tile surface area at least 4 feet by 4 feet.



13. The foamglass tile according to claiml, wherein the tile has a
t hi ckness of at least 3 inches. 19-The foamglass tile according to claimJ
, Wherein the tile has a thickness of at |east 4 inches. (5The foam gl ass

tile according to claimLl j. wherein tile has a weight of at |east 30
| bs. 14. The foamglass tile accoPkding to claimj , wherein the tile

has a weight of at |east 35 |bs. The foam gl ass
tile according to claim, wherein the tile has a weight of at |east 40 | bs.
|s. The foamglass tile according to claiml , wherein the tile has a weight

of at least 50 Ibs. 36 rt.The foamglass tile according to claiml 1| ,

wher ei n C] . The foam glass tile according to claim | ) wherein

the density is between 30 Ib./cu. ft. and 40 Ib./cu. ft.
[0 . The foam glass tile according to claim i , wherein the density is
between 30 1b./cu. ft. and 50 Ib./cu. ft.
[ ’ The foam glass tile according to claim ’ , wherein
the density is between 30 Ib./cu. ft. and 60 lb./cu. ft.
iQL The foam glass tile according to claim : | , wherein
the tile has a thickness of at least 2 inches.
3. The foam glass tile according to claim ‘ ; wherein
the tile has a thickness of at least 3 inches.
’17L The foam glass tile according to claim - ] , wherein
the tile has a thickness of at least 4 inches.
5. The foam glass tile according to claim ~'  Wherein
the tile has a weight of at least 30 Ibs.
I;(, . The foam glass tile according to claim l , wherein
the tile has a weight of at least 35 lbs.
i 7 . The foam glass tile according to claim | 5 wherein
the tile has a weight of at least 40 lbs.
16 : The foam glass tile according to claim I , wherein

the tile has a weight of at least 50 Ibs.



the tile has a weight of at |east 65 |bs. The
foamglass tile according to claiml , wherein the tile has a weight of at

| east 100 | bs. The foamglass tile according to
claiml )wherein the tile is assenbl ed h at | east one other tile of |ike
construction to forma panel, the panel is used as a |ightweight building
facade. The foamglass tile according to claim
l.) wherein the tile is used to construct a building to make it
substantially resistant to earthquake damage. a3 . The foamglass tile
according to claiml|l wherein the outer skin is a glazed outer surface of
the foamgl a tile. .2f The foam.gl ile. j . i erein

t he dosed pojg'structure is text l}?lggg'%%%iags?%%i%?g%gﬁgg E%B%‘eﬁlv%érew

The foam,glass tile accordin claiml) wherein the tile further

conpri seg]%éﬁe ﬁ?ﬁaeY"Flg t%%’??‘?"é%%ﬁ& the tile outer skin conprises an additive
to make its rface appear a different color. than .the interyjor, portion of
the tile. TheVfoamglass tile ac'(,Ig’Fg?%gaﬁs Ellea?‘F?ﬁrim,gt%]gF’éiln’ Wheremn

manuf actured tile has a tensile strength of at |east 900 Ib./sqg. in.

' The f oathegilabas 3 veighbelasleishiP®18s-cl ai m 24, , wherein the tensile strength is
1,000 I b./sq, ;in. or greater. ) _ The foam gl ass
tile accordigddg-to claim2e, wherdihg f@ﬁ@giaéﬁ‘éﬁelaéc%@%ﬁ@ﬂﬁu?sj iwbgein b. / sq.

in. or greater.
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.

Q). The foam glass tile according to claim | ;. wherein
the tile is used to construct a building to make it substantially resistant to earthquake
damage.

13 . The foam glass tile according to claim | , wherein
the outer skin is a glazed outer surface of the foam glass tile.

_21-’- . The foam glass tile according to claim ] ,, wherein
the closed pore structure is textured for architectural appeal.

.).5 " 1 The foam glass tile according to claim | 5. 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.

06 . The foam glass tile according to claim I , wherein
the manufactured tile has a tensile strength of at least 900 lb./sq. in.

) )7 . ) The foam glass tile according to claim 26,)_wherein

the tensile strength is 1,000 Ib./sq. in. or greater.




c)?The foamglass tile according to claini 26, wherein the tensile strength
is 1,400 Ib./sqg. in. or greater. 30.The foamglass tile according to
claimi, wherein the tensile strength is 2,500 Ib./sqg. in. or greater.

91, The foamglass tile according to @aimI| wherein the materials further
conprise one or nore of the followng: silica, fly ash, volcanic ash

di at omaceous earth, siliceous mnerals, alkali carbonates, cal cium and
magnesi um m neral s, sodiumsilicate, borax, and gl ass powders. 32, The foam
glass tile according to claiml , wherein the foam ng agents conprise one
or nore of the follow ng: carbonaceous organics, carbon black, silicon

car bi de, carpgnates and sul fates. . < .
ng . : ©s The foam glass tile according to claim 26, wherein

the tensile strength is 1,200 lb./sq. in. or greater.
99 . - The foam glass tile according to claim26, wherein
the tensile strength is 1,400 1b./sq. in. or greater.

30. + The foam glass tile according to claim26, wherein
the tensile strength is 2,500 1b./sq. in. or greater.

3 j o : The foam glass tile according to claim I ; wherein
the materials further comprise one or more of the following: silica, fly ash, volcanic ash,
diatomaceous earth, siliceous minerals, alkali carbonates, calcium and magnesium
minerals, sodium silicate, borax, and glass powders.

2. The foam glass tile according to claim ' , wherein
the foaming agents comprise one or more of the following: carbonaceous organics,

carbon black, silicon carbide, carbonates and suifates.



