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Heat | nsul ati ng Conposite and Met hods of Manufacturing

Thereof Field of the Invention The present invention
wambaime72t o the field of heat insulating materfiGaliBr2006/005149

Particularly, the present invention relates to heat

i nsul ating conposites, nore particularly those use for

i nsul ating high tenperatures. Background of the

I nvention Heat insulating panels are widely used in

strong f| rereS| st ant, — andnon tOXI C. Tr ad|t| onaII y
such panel s include a Ilghtmelght centre core
Fictd bPfleinSet@Sr | Si Ng pol yuret hanes and pol yet hyl ene
%r%g_m_ sandwi ched between two face sheets. This
condthe pmsémdnmmhba relafes torthetfidld afhead rsubitiagimaatérials. Particularly,
ate str%‘ﬁtu es mmay. Crac

nanely. the.la

the ek ingtlateh s hedl bR R emipg e BbihFargeylaty flage use for
msgraﬁngqrggrt@,q srankdye core structure inadequately. This

expose the core structure, which is often coated
vvlth epoxy-based adhesives to bind the face sheets.
T, ese SRE% sed .adhesives tend to burn easily and

ances when they burn. Several

at t elept Sndidatingbpaiclsegde widehrdised sint Rarigh \ddmaiss)efor example
i ncl udi glgelncreay ng the degree of hal ogenatjon_ of the

consimetion, sifes embospitalig Kealdy, 9|d?§§eléf5 aeldets lightwefght, strong, fire
c S
resSHAEPHE AOERAN.C THAHIIGS sutk PR, indllR0E lighiweight centre core
strmﬂiﬂnes:omprﬂshxgrpdl?mdthpmsyaﬂckhﬁﬁethﬁene foanswbhtvis mn;hed between
bst on heatin field of hi
wq dfs o FIEEtR o PHS GPUSETUEHON qiflep 98 Felia g avback, namely the
langﬁﬂa@ SretfiRs Say Fradkle. L NGHRP the %E'SH&?S 2 sHRLBfible to scratching if
turbi ne engi nes. However, the linit of nickel alloys
thepraaye bdhemiatohtéd coRustrughire smaaheeuawlyt Hdvsawill expdse tlee pdragtructure,

f 0
Whl“ﬁ‘r a ‘i’ueg’?”c"%t r geéis ﬁ%v?s ﬁ'é’ ﬁﬁ(fzc %t%%l%%a% cpoxy-
base@ a@l’ﬂesﬁ%@ &@ﬂ&o IButrked3RY ahd pRAVES Bk IY VbR Aeh figey burn.

10000C (183Q0F). Ceram cs have been suggested as a
possi bl e alternatives, but they are not selected for

rmng att% tsHhve k&g §8€ g)ga%dpgsk ttl{e aboye ?ss?és, %nl%uding increasing

ITDHO iC ci)r am Cs ITH ners war
theswh&h of dalogenation of the adheswes and using other types of adhesives, for

Ba

example phenolic adhesives. However, these alternatives are found to have either a

weaker adhesion than the epoxy adhesives, or evolve toxic substances upon heating.

In the field of high temperature insulation, Ni alloys remained the dominate
material in the hot sections of modern turbine engines. However, the limit of nickel
alloys may be reached. Current state-of-the-art turbine blade surface temperatures are
near to 1150°C (2100°F) while the combinations of stress and temperature corresponds to
an average bulk metal temperature approaching 1000°C (1830°F). Ceramics have been
suggested as a possible alternatives, but they are not selected for many applications
because the brittleness of monolithic ceramics makes designers wary. In the search for

improvement, material scientists conceived the idea of reinforcing ceramics with
1
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I mprovenent, material scientists conceived the idea of

reinforcing ceram cs w thconti nuous strands of
wdahiogériaseTeper at ure ceranic fiber. Enbedded contRQTUERPS06/005149

ceramc fibers reinforce the ceramc matrix by

defl ecting and bridging fractures. However this only

deals with part of the problem These conposites are

suscept i bl eep fracturin probl em
oI Siraec o B RRa e r e ke Epupedady ROGEEM: ceramic
fibbR&rei@b@Bitke EERRAS nfidx %9%?]@5&%}5’11& Brifl@hp -ftdchftes. However this
fractures at the interfaces of the enbedded fibers
onlyi deals haitle epastriof . thRapmblent hﬁmﬁacdmp@ltswmmuyce\mlbh tp “creep
tic fractur mat eri al nen ai_ns
frafipiit S Ting Pt A RS Bop PRI fetpy G5 3n which the
cerali® FibeResre NabcpEBRED WL adeires éitaﬁﬂe rlﬁtebﬁdbesoﬁf tHé:eembedded
accunul ation of "creep" strain over a ongerfperlo

fibersrweith thieiceraneignRethersthar failing pwislenly wish pgrificdfirachae, the materlal
pex@at.ngﬁf Sj?tstraJ;E %Q&f grlgnéeﬂie%oﬁ'a(}{f tl?xge 3 B?%dﬁhéﬁlgﬂﬁl\{ﬁl %pee%e&\ées not
e nater rovide insurdtion to

haﬁpegmﬁoﬁlmﬁﬁai llkﬁﬁl&lgobtlt e thd eccunittationn®f @ore¢pdi stghin over a longer
en1SS|on of, toxi c gases. There may so be a need to
raed, e tipe, ﬁ’ék&wlhﬁ%?qué¢ gat@%r&phwéyl wgof gteén%ts%lm cs in the
f| eld of high-tenperature insulation but wthout at
| east the brittleness drawback. Cbjects of the
| nv&htiefore Thereeday ehe a tneed tardewbljopcrlevofconipbsitei magartalothat can

to,provide a t-insulatin terial
prasiindiieisn fy Mhupmbraiats B Lot vhe Seiding misig of toxic
ga@§ %Erefrﬁw Blsb beta el th Aevdlbp newSnAeridl§ AW Mayl feplade 8tamics in
object of this invention to provide the public with a
thefealdl of highdémperaneringulation buthwithow ehleass therbritt entisp grapback.
this invention provides a heat insulating conposite
including: a plurality of glass particles; a binder
Objeitp 6ftHe InReht@sn f USI ng the glass particles when the
heal 1Tnsulting conposite is exposed to a tenperature
hi g&erefaranit 19@DEbigof of dhiginyentipp do greygde aahe@t Hisulating gnaterial

G B SN 258 .

a niindhun £i$ ist dmestgeadt of dhiginveritéonpo g @viddiihy pﬁbmwith a useful choice.
Alternatively, the glass particles nmay be gl ass
spheres. Additionally, the glass particles may further
Suhﬂﬁ&é@tﬁp%\tén‘i‘fﬁ sel ected fromthe group consisting
) ., BaO, PbO zZnO V205, Zr2, Bi 203,
Al 2@ comiriglyghis invention prov1des a heat 1nsulat1ng composite 1nclud1ng

- a plurality of glass particles;
- a binder composition for fusing the glass particles when the heat insulting

composite is exposed to a temperature higher than 100°C.

Preferably, the glass particles are formed by oxides selected from the group
consisting of SiO,, B,03, P,0s, GeO,, As;Os, AsyO3, SbyO3, and their mixtures thereof,
and more preferably SiO,. Alternatively, the glass particles may be glass spheres.
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of Ti, oxides of Th, and their m xtures thereof.
Preferably, the glass particles have an average
wodioagreaser2 of 0.05 micron to 1.5 mcron, nore RGATEN605/005149
0.75 mcron. Optionally, the glass particles are in an
amount of 50 to 95 weight percent, nore preferably 80
meight percent, and the binder conposition is in an

: ltlg)fg?@é ﬁbg gl%ﬁ%\%lﬁlgﬁifé E‘g{;}’gﬁ-ﬁ@'@f fl}Cﬁ)e e &fi ga%g leiected from the
grdﬁﬁlc@ﬁs&ﬁm@m Ne0eEhed BfaOOF‘bthnGr VL0O;, 7205 &%@p 190, oxides

car bi de Gypsum powder., Blakite, nitrides, clum

ofEapbrdnapéTh,cnnddb@rnmxtumahe@@f sul fides, zinc selenide,
zinc telluride, inorganic siloxane conpound and their
m xtures thereof. Carbides may be selected fromthe

gr OpRf&EARIy] $He @ﬁs@ﬁmﬁuémnaumaﬁad@mge ,digabtet SMOooE hn&an to 1.5
chrom um carb af ni um car bi de, nol ybdenum car bi de

mlerpebmmmgﬂembébeo 7§mifw@8n car bi de, tant al um car bi de,
titani um carbi de, tungsten carbi de, vanadi um car bi de,
zirconium carbi de, and their m xtures thereof.
Ni t Opelesallyayhebglasselagtidleglarkrin am tahugt o£1H0 e HS vaight ement, more
boron nitride, calciumnitride, chromumnitride,
preferably QL wetahf peeent, pag he ibindenicompgation iy, i A Amount of 50 to 5

dheir mxtures
We{grl]lépeo%t’ @f%fe@&?gg(&e&%g?ﬂggﬂ romthe group
consi sti ng of al um num oxi de, germani un(1V) oxide,
i ndj or III .0xi.d magnes,i um oxi de, | GO
o o Pebindet | compRSER AREGES S TaRPT GhpePRST: el cated Bam: thy eroup
corfsftinh WP Oarbides, GYRGRt PBwaxs, omaklb@rmﬁmeexw&mba&byﬁate oxides,
strofti um tungsten oxi de, bi smuth(l | ) ‘oxide, bisnut

titapatesnsul fidasc ainclsa}entd@ppmc telluride, lmzremlg mlomecqmpﬂmd and their

mifGiehaMeieaf o e ilss b o et B eaill BEAEIRY) g atuminun

carBided @alcHin$ Waﬂﬁd@m}@mﬂﬁm catbidg)i hathiaxd desbidbadabdlybdentim carbide,
oxi de, gold(lI1) oxide h%/drat e, .haf niun(I1V) oxi de,

mqurmcaweclq, |S}hq9;a| ebide.r featalimg cbidsytianiem sarbide.fppygn carbide,

i gt rcoln dd%euj e\é) tHdo?E Nitrides may be
ar?ic‘l o>€| e ye ?%j I um (Frfl g

selemed &bﬂsﬂ(el group Idonmstin‘g) oﬁ)b(ordﬂsmnde,l gdbdmmunmtﬁdé) chndndam nitride,
ni ckel oxj.de, niobiun(l)] ni.obj un{ | \% oxi d
erHIAgBIR Ao RAGRESR I 8 Rwaemt ) PAERTIFR Rijride, and their

miRited€hQEof (OxiB¥IMa} Be sPRbEAHoMHe! ro@xEsIRisBkE bfERiminum oxide,
germanium(IV) oxide, indium(II or III) oxide, magnesium oxide, silicon dioxide, silicon
monoxide, thallium(IlI) oxide, barium calcium oxide, tungsten oxide, barium oxide,
barium strontium tungsten oxide, bismuth(III) oxide, bismuth strontium calcium copper
oxide, cadmium oxide brown, cerium(IV) oxide, chromium(IIlI) oxide, chromium(VI)
oxide, cobalt(Il) oxide, copper(I) oxide, copper(Il) oxide, dysprosium oxide, europium
oxide, gadolinium oxide, gold(III) oxide hydrate, hafnium(IV) oxide, holmium(III) oxide,
iridium(IV) oxide or iridium(IV) oxide hydrate, lanthanum oxide, lead(IV) oxide, lead(II)
oxide yellow, lutetium (III) oxide, manganese(Il, III or IV) oxides, molybdenum(IV)
oxide, nickel oxide, niobium(Il) oxide, niobium(IV) oxide, niobium(V) oxide, osmium
tetroxide, palladium(Il) oxide or its hydrate, palladium(Il) oxide hydrate,

prasedymium(IIT) oxide, rhenium(IV) oxide or its hydrate, rhodium(IIl) oxide or its
3
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prasedym unm(l11) oxide, rheniun(lV) oxide or its

hydrate, rhodiunm(l11) oxide or itshydrate, samarium
woRele86®i | ver (I or 11) oxides, strontium oxi GRET/EP2006/005149

tantal um(V) oxide, terbiumoxide, terbiun(lll) oxide,

thulium(111) oxide, tin(ll or |V) oxides, tungsten(Vl)

oxi de, vanadiun(Illl, 1V, or V) oxides, ytterbium

xj de, zi.nc oxi,de,. zirconj l oxi de, antjmny fti .

by bl ampti i P95 “SieHE S iRy REGen R IipbRLY) oxide,
terSMdSidé rt@rb‘hhﬁ{ln) ok U S u(BI) aXide, TinfIRBATES oRRlEs,beungsten(VI)

sel ect e.d fromthe group consisting of barium ) )
oxide+ eanadigm(,, [V, oo ND iodidesi Ytienkive, oxadr] zineedxidariziceomivm(IV) oxide,

t her eof . [ i nay . b I rom.t he 0 “o
an B 00 om0 R PR SO Sab! AR aleS i preigmixcures
theddif] MDifdtatds | has bk fdeltetedafromnihe (drbup kbhsisting of) barium titanate(IV),
sulfides, gallium(11l) sulfide, germaniun(ll) sulfide,
trontig (fHenatg, )and their drixuees, ﬂlswsé-pﬁ@?f s pet B s¢legted from the group

coB PRI M e i P RERHL O ) e, s,

IILcoppershlfjdes,ugdlliata(Ilg oplfete( Igkjmainrh(lBesul idd, dadiuor(1D) $ylfide red,
NG IV TN T S
bis?rﬁlgh(llﬂg)ﬁ_%dlﬂg%, Uc%(c'u%,rlh dsglﬁcfe', g@pepe?dl)aﬁﬁlﬁﬂé'[(doﬁeﬁm E\'ﬂﬁl@?,i %oéfl(l or III)

VIT) sul si | r sulfide, sSodium su
sul§itle,oritdn(if) ssulfideje leadd) | sulfide, ) lithisrhi delfidei rhanganese(1l) sulfide,

e T S OBE L, JSL ) st

silVBr X§UHi&S  §SuRiR Odulfil¥, efiedrihy sulflde, !tmaﬁ@agzb%@ﬁd@xmﬁ) sulfide,
compound is Al'Si 2 kaolinate (A 2(Si205)(0OH) 4) .

titappm @M suifidet mengstenddn) sbfideoiing swlfideymolybdpeym(IV) sulfide, and

L ncl udes..a m.nor conponent selected fromthe group
theérorﬁgﬁlé%rffﬂlﬁregg carbi des, netals, alloys, and their
m xtures thereof. Carbides may be selected fromthe

group consi sting of tungsten carbjde, siligon rhi.de
and Preferablynihetineraanic gdoxape comppyukis fyfgolinate @?1@@12%5)(014)4).
fromthe group consisting of alum num oxide, beryllium
oxi de, magnesi um oxi de, zirconiumoxide, mullite
( Al 6pitiofi}1B), , thartdnddre¢campusittonr emyt fugthenfinclidelsad gnmay chmponent
selected fromthe group.consj sti of. tungsten., .
selggiFe FrOT RSP 4R FMSNTIng PE RGP der. Brils allgy By A (e pifyres thereof.
Cafthilds M be AEctbMElom HeXdrbiy® SorlsiiEing OF turfste@Yarbiay, sifcon carbide,
sel ected fromthe group consisting of |ow alloy o
and ttheil snixeurad nhereef. stQxddes, magsbe iselepisd fomsthesgroup consisting of
br.onzes

.and, their mxtures thereof. .Prefer , 1F .
aloRgn” ek T (RO SRSy sudf: eThdil, o, mulie
(AWSI,00), ahd tdheir mixtures thereof. Metals may be selected from the group
consisting of tungsten, chromium, beryllium, nickel, iron, copper, titanium, aluminum,
and their mixtures thereof. Alloys may be selected from the group consisting of low alloy

steels, stainless steels, cast irons, brasses, bronzes, and their mixtures thereof.

Preferably, the major component is in an amount of 70% to 80% by weight of the
binder composition, and the minor component is in an amount of 20% to 30% by weight

of the binder composition.
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bi nder conposition, and the m nor conponent is in an
anount of 20%to 30% by wei ght of the binder

wocon@pess2i on. Advant ageously, the binder conmpo®AI/ER2006805149
hydrol yzed. It is another aspect of this invention to
provi de a nmet hod of manufacturing a heat insulating
conposite including the steps of m xing gl ass
parti.cles with i nder conposi ti h that the
o1 AV aRaePup s e P AT BHITIOZE nsui i ng
conposite i s exposed to a tenperature hi gher than
1000C Brief description of the drawi ngs Preferred
enblds peother aspectiod tiis avention tw pravidsra methiod eunadsafacturing a heat

. expl ai ned of exa le and.with refer e to the .
insSEBRE RGPS MRe T TR Fin eI FRREE A " binder
co&ﬁéﬁi’ﬁ»’dxﬁ%ﬁ&ﬁtkﬁt fHer d1 844t attic 1€ ark F@sedmten the llhb@tt ins@ting composite is
osite having a thickness of 22mm when the

CXRLQS tos3 temperntuyg higher 8wntl02C t enper at ure of 8000C on

the left hand side for 60 to 80 mnutes. Detailed

Description of the Preferred Enbodi nent This invention
Brieﬁdemﬂﬁﬁwﬂthedrhym@y of exanple with reference to

t he flgure in the foll owi ng paragraphs., Objects

f eaPtrfesed embodimsaisiof thy preprnt pryating W@@Wt fegfrpigined by way of

I [ ng

exdthIE WA GAD Bl RPN P HEs VB 0. i nar y

ski lFigid-el h shows dh¢ té¢rhpdratune distritsgioh off grubsatomsulaing composite

descrjption exe Iar enbodi. ment .onI and I S _not o
hayiig &REKPSRS of PAET. TR ke EPBRORIE ISepucares fr & fperatite of 800°C
onﬂi&%ﬁ%ndlﬁﬂ@%r'&ﬂo 8mhi‘ﬁtltel§r oader aspects are embodi ed

in the exenplary constructions. The heat insulating

conp03|te i ncludes a plurallty of glass partlcles

T "glass" refers to

i ncl udi ng oxi des of

a * I'TE ]
S ([ﬁis%‘)entlan(lm)desoﬁbé&@@ay c@%xéxﬁﬁ@v)mh AereAs2ah®figure in
As2CB), Sb (Sh2G3), which may al so include nodifiers,

theffeHowingrmsragraphisdes of K (K20, Na (Na20), Ca (CaO), Ba
(BaOQ), Pb (PbO, Zn (2ZnO, V (V206), Zr (ZrQ2), and Bi
(Bi 2G8) . The species in brackets refers to the stable
oXi @jdcty, featafest el aspecsspdtiai prgseit dnwmition 4oxidikefosed in or are

apparent%om the following description. It is to be understood by one of ordinary skilled
in the art that the present discussion is a description of exemplary embodiments only, and
is not intended as limiting the broader aspects of the present invention, which broader

aspects are embodied in the exemplary constructions.

The heat insulating composite includes a plurality of glass particles, preferably
glass spheres. The term “glass” refers to all materials that can form glass, including
oxides of Si (Si0,), B (B,03), P (P20s), Ge (GeO,), As (As;0s or As;O3), Sb (Sby03),
which may also include modifiers, for example oxides of K (K»0), Na (Na,;0O), Ca (CaO),
Ba (BaO), Pb (PbO), Zn (ZnO), V (V,0s), Zr (ZrO,), and Bi (Bi,O3). The species in
brackets refers to the stable oxide forms of the corresponding elements. Oxides of Ti, Al,
and Th may also be included in various concentrations. Among all, oxides of Si are

particularly preferred due to low cost and high availability. The glass spheres may have
5
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and Th may al so be included in various concentrations.

Among all, oxides of Si are particularly preferred due
wo0d/@8620st and high availability. The gl ass PKIVER2065/005149

may havean average dianeter of 0.05 mMmto 1.5 nm An

average dianeter of 0.75 mcron is particularly

preferred due to cost and availability considerations.

was .found t ho ver, gl ass chunks..havin . .
on s AT SRS a8 ol Snile SGHAS WRPEGERE 0.75 micron is
paﬂur:ﬁlaﬂyl;ﬁéfeﬁ’eartﬁe 1cAkSR M kvdiRbilft{i contiBMaAénsOMt was found that,

However, % ass spheres are found to performbetter for

howewes, glms nihhasiing nerespifesicel shapes éorprxample ewbie ﬁb pw irregular
shalphse aT's X ar}‘éxu h‘rf1 1nv9nt‘fo%npﬁ g\?er,f %la§shsI ﬁereQXfe%uR 1o esr?orm better

er conpos HST15y “the "ot a5

forrmrstimehﬁsn sk theieficre hete plrcrfeuéd thdceconposite i s exposed
to a tenperature higher than 1000C. The bi nder
conmposition may include a maj or conponent, which can

be ?ﬁé fi&d %uiéﬁ?g?ﬁ%g?%ﬁcggfgisqﬁ\%nﬁl hlaBWii u&QWHM%DgISOSItlon

or therr mxtur urngaumnumcarb
for( fusedge thaeblgjass rpapideiete when3ffe hreathjnsultieg ocompusite ds exposed to a

f - cal bi d
tenfyRp g UL AP APy Bl bt cRS Aoy, IgE HGe AaR sqpponent,
whfc‘ﬁféah %@ seleétedl 60 &R Qe tlﬁ@foﬁ%%'i%bédfnﬁdﬁnﬂﬁ RP H@Mﬁrﬁms

tantal um carbide; titaniumcarb tungsten carbid
(pr edrbidablincliding @an)lm whlddr(pmferablbr id e)O(V\cdeeféﬂabhgsh) boron

corb{lo ARHRTFAbCP. PERTEBCal i SRpP] SuBhiel ol Bl carbice

molyYdehsif &a%laé Lhithbivm | hrbigedsilicon CakBide NpriféabIYIn nanopowder);
chromumnitride; germani umnitride; magnesi um

tanglymicgebides| tifaninmnsasbide] trélgetpn eheyide (greferahlﬁaﬁb Pewden); vanadium
cargfde %ﬁ%feﬁlml? ué\ﬁeﬂ&r %ﬂj &%IBQ Qﬁ Vﬁrdbﬁ‘y }{135&39&% f orms,

a ka |es or m

crys}typhﬁnpowudesnd Brikitej ng al um num oxi de in various
forns, |nclud|ng calcrned ggomder Corupndum, fused,
p

gr amﬁrl%ﬁs ineluding Sprus Kl (pregrably;in gawdenki GHRIyIELE Rpromium

0 g m
o481 Bkl B, DA OH S TR il T bty i

nmﬁmowﬂmﬂuﬁeﬂnummnhm¢s form srlrcon di oxi de i n various

f | uding fused. in pi f d.fu
or atriru’ pPRERe o Vaoh fBESa e SRR vl oo powder,

ran8fnl d#yBtals;

oxides including aluminum oxide in various forms, including calcined, powder,
Corundum, fused, granular, mesoporous and pellets; germanium(IV) oxide; indium(II or
III) oxide; magnesium oxide in various forms including nanopowder, fused, fused in
pieces form, fused in chips form; silicon dioxide in various forms including fused in
pieces form and fused in granules forms; silicon monoxide; thallium(III) oxide; barium
calcium oxide; tungsten oxide; barium oxide; barium strontium tungsten oxide;
bismuth(IlI) oxide (preferably in powder); bismuth strontium calcium copper oxide
(preferably in powder); cadmium oxide brown (preferably in powder); cerium(IV) oxide
in various forms including powder, fused in pieces form; chromium(III) oxide in various
forms including powder, fused in pieces form; chromium(VI) oxide preferably in crystals;

cobalt(Il) oxide; copper(l) oxide (preferably in powder); copper(Il) oxide (preferably in
6
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cal ci um oxi de; tungsten oxide; barium oxide; barium
strontiumtungsten oxide; bisnmuth(ll1) oxide

wo(pnefserbl y in powder); bisnmuth strontium calRETUER2006/005149
copper oxide (preferably in powder); cadm um oxide
brown (preferably in powder); ceriun(lV) oxide in
various forns including powder, fused in pieces form

o kb5 S e 5, ) BB S

oxidey é&l@{lﬁ oﬁ%q{fdﬂtéz )héﬁ?ﬁhQRIV}:@}BB@ (ﬁr@ereﬁﬂj’ Ge powder) holmium(III)

(préferably in powder); copper(II) oxide (preferably
oxida dprederably 1113%9@%52&%4@%, d@dluglq}\amx;dq ox iimdum(I'V) ox1de hydrate;
efera 8 dol i ni.u OXIde
By g et e ceed s VO GRRRIEDD b aPlydep fuetium
(IIl%noﬂQMﬁ{ah adé@éém UI[[( bir V) Ookliglé; (rﬁél%@e’rﬁhi(l'v) l&xﬁﬁ Hekel oxide;
0,844-2); "iri oxide or iridiun(lV) ox
qbym(élt)eoxnd%nmnb )(pwéle Inéémm«)‘j) oxidedn vaéw@§|fp)1ns including

lung&s gr?d )bﬁll@engﬁavn'gé gg? TS%I, c%) | 1u1!nnt 13X &%llzlcﬁlﬁrgl ugl dle%:,lo:{% tWydrate

palwdhldﬁ(ll)rbxﬁ&ehyd}meﬁ 15rasd§tl}@1|ill1ﬂi(fIII)| dxmbslrtiﬁuum(lot)l oxidd o its hydrate;
oxi de; ni obi um'V) ide in varjous forms_ including

thdﬁﬁﬁgnb%lldﬁ 6F S bzdrAte sAnagHIm g¥ide aweré?%fsena%mcludmg powder and
! | d d
sl AT D)o RS Bhoh Sy A mp) badk ity in oo

terbivindexide; tetbsurh{H) @keie tl'hrlldeHI)I dxide; aini(ld @rdV)ldxi;ies (preferably in
samari u xi de, in various .forns i ncludin .
mﬁ%\ﬂﬂ?ﬁsand %@a%l oisfe( | (psierpbly 3R gawders mogs | Bigferably in
arfpoter)! @Qxﬁa@h&ﬂ@lm 19X bH &) ( 8L AR urh NoXi¥TPAA¢ oxide in various
terblun1OX|de erbiun(11l) oxide; thuliun(lTl) oxide;

formsn(1¢ludmg nowdenﬂndl@spréf@raiﬂse maidppwidar, rmdtypmem@mum(w) oxide

tun V1 eferab nor e
in LR B eh i Bpb e BafuaPur R RowdR ofy syphatea forms,
antibke Stin Y bkigé b (pteTeeatilglein Zmdﬁ@p@‘)édéfﬁ ifonyRAT)| %t&ief Qpreferably in
i ncludi ng powder, nore E&eferabl nanopowder,

nanppameen; yttmum,@HD oxide (pretoxabde in PANGREWEETS dalsiwe oxide (preferably in
owder, nore preferably nanopowder, and
ant o Holidep | T oxi -

orms; antinony tin oxide (preferably in
nancpoa@er jncludingn (Hakityn axhge(( Yy edrenmiptiymi nitanate (preferably in
nanopowder); yttriunm(lll) oxide (preferably in
nmﬁ&ﬁ&ﬁ%@der) cal cium oxi de (preferably in anhydrous

Pouits HAGIRE ot SR DML AEIBAELA ), imons
pentamﬂﬁrtﬁ ragtixabnur(mh sulfd¢ {praterdhdy of powddry, drsenge(HnlUla0r V) sulﬁdes
ga11 @II) tJlde germamum(ll) sulfide; indium(IlI) sulfide red; phosphorus
pentasulfide; phosphorus trisulfide; selenium sulphide; barium sulfide; bismuth(III)
sulfide; calcium sulfide; copper(I) sulfide (preferably in powder, more preferably
anhydrous); copper(Il) sulfide (preferably in powder); gold(I or III) sulfide; iron(II)
sulfide; lead(II) sulfide; lithium sulfide; manganese(Il) sulfide; mercury(Il) sulfide red;
palladium(II) sulfide; platinum(IV) sulfide; rhenium(VII) sulfide; silver sulfide; sodium
sulfide; strontium sulfide; thallium(l) sulfide; tin(II) sulfide; titanium(IV) sulfide
(preferably in powder or anhydrous form); tungsten(IV) sulfide (preferably in powder);
zinc sulfide (preferably in pieces); molybdenum(IV) sulfide (preferably in powder);

zinc selenide (preferably having coating quality and/or in powder);
7
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pentasul fide; antinmony(l1l) sulfide (preferably in

powder); arsenic(ll, 1ll, or V) sulfides; galliun(lIl)
wos0bé/ide72 ger mani um(11) sul fide; indium(l11) PATFERIE06/005149

red; phosphorus pentasul fide; phosphorus trisulfide;

sel eni um sul phi de; barium sul fide; bisnmuth(I11l)

sul fide; calciumsulfide; copper(l) sulfide

(prefe |y, i.n_powder, .nor re e anhydrous);

cop s (it PreRGEAY bR S SR B Gorac ! or

|11 Inowgnfi¢ SlRixahé &nﬁ;bddndwélﬁmg AlBB atdéllida)te @M&(fslzdg?(omo

[ithiumsul fide; manganese(ll) sulfide; nmercury(ll)

sul fide red; palladlun(ll) sul fide; platinumlV)

suI e Vi Si d y j .

L R N L YL
pamictnléﬂy Jpré&feiréd.d 1stfbtuahthatr(tﬂe\/hea$-llﬁsiﬂﬁﬂg (cprplositea fdryhet 'with AlSi,

powder or anhydrous form; tunapfen(l sul fide

kaqlma@r &y H151 ajos ommesent: of thecbinden pemapPSHicH & lest Priftle and more
bl
ho@ggﬁgﬁd affPis %] {B(\LMA i) 1{ rab@sﬁmfé y in

zinc elenl avi ng coating
quality and/or in pomder) zinc telluride (preferably
and i nor

X e Dty - |
cgvrr'f? Rh P AP FieldrooBBneRE ob b er SeBpoesipm) additional

saﬁlnl:luﬁfn tf:‘ﬁbﬁ@@‘iﬁclﬁ@iﬂ@%ﬂgﬁen Abide ) Qﬁ’& %ﬂlcon carbide
I2 Si 206) is particularly preferred.

(Si d»uwddcswatcludn@ Ia inpmseoxide i(Ay Qs pnpsogliitm ﬁmndm(&e@l),t magnesium

ol AYsE AR PRk (G bR RARREPE  Bhelschr Due Tpgen (w0

chrofhi@a (@?), ehetylliint (B 2RdkéEll GNIR T irdre (RGS aépﬁeES(Cuptth@xﬁmm (Ti) and
than the above mmj or conmponent of the binder

alugpipa <A and abews inflyding leryr@bayrmels, ﬁtaurdeﬁSrﬁgeeéSalcbstdws brasses
and( @%@?&l lé{}%& eSRERIE ﬁhr(é n?fn tﬁ%g&s’*é&hg&mn as the

es I'nNc ud I'ng a
mifEr gddlpomfnoxﬂthe lﬁrB@):e ofaxgmemmtm axn Nb@)y further enhance the

d Z [ 1 I
FurRAU 1. (6 GET08 LOONeERy G GRATIRE) thop SIOPKING Ampaafures and
preegu%‘se bf ¢ }esult ngnhéa'fq)lsumﬁ%peamﬁ&w m5§/ tbanéﬁ;ml&eﬁl ) }ﬁwever it

al um num ( loys including I ow alloy steels,
shagildiberhats $he$ tleaeprss,encaef thison®r cionperas may e bptiordly, and

their m xtures thereof nmay al so present in the binder

conmposi tion as the m nor conponent. The presence of

t hi $heMgNRE paRRFRANAA! theBYndet IcbMPbsiBHH A5 Ehd HPany desired amounts.
functlonallty of the m nor conponents, for exanple

| e
Tymlh@llmmglﬁgjs spherse may (heds anamopneelsif @9 5omarp preferably 80, weight
per h tﬁ]egbi{ﬂﬁél cdrﬁ?o%ltﬁ)w %SRRI b So Q@g Rl%ree&l'e@glﬁg 20, weight

percent

It was found that, surprisingly, when the heat-insulating composite of this
invention is heated above a certain temperature, typically over 100°C, the binder
composition and the glass particles “fused” to form an insulating ceramic-like structure.
This reaction is found to be endothermic, and more importantly, the resulting ceramic
composition is found to be highly insulating and not brittle. Typically, the composite of
this invention may be formed as a layer on the outside of an object to be protected, and

the heat will first attack the outer surface. It was found that as the heat progresses from
8
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shoul d be note that the presence of this m nor
conponent nmay be optionally. The glass particles and

WO 20e6/186ter conposition may be in any desired PAUTORI065/005149
Typically, the glass spheres may be in an anount of 50
to 95, nore preferably 80, weight percent and the
bi nder corrpositi on in an anount of 50 to 5, nore

prefera was f und t.h
the o e 1 e, B R et s B PP Aol SHpBLT T siructures are
forf3H Swhithehhy aSidtSfuRR&H RAindNE; theCiRfat. AlTMetSHRAY 2HSE laminated
typically over 1000C, the binder conposition and t he

cergizs ke sirudtaree gre’ faveddd heorubbembikenart ﬂl@tf’é@ﬂenl@})t brittle. Figure 1

shOézﬁsatﬁm eémlﬁ::r% ure %atnﬁaﬁéne b h' S i ea@%ﬁrfgﬂcdn?pcfg F?xawag abtﬁlckness of
2266Y, e thOBHRA siiﬂeQB smtgeétew ttda teinpeatliegdtl 900°0 Dl tht 1€ hand side
and not britt Typi cal | y, the conposite of this

forj GvieritG minutesy Bee fagiple Had thegmplasgasors inseried @mr%@ru%ls of 4mm and
theaI{é{rlgg{( ﬁ[}% othEh%) RilR rv%s ﬁé&ﬂzﬁdaﬁ\?\i}adsoh¢ounﬁg tﬁéa tslaméferﬁrgs introduced.

er surface

Detilatsudts gy ¢osesasffoldiowde outer surface to the inner
surface, plurality of |lamnated ceram c-Iike
structures are formed, which may assist further in

p 4 the heat. Interestingly, these | am nated
Af%efsglrlnﬁlté 'iggke structures are found to be rubber-1like

Sudagt teinperafune & 816tdeprees cdndigraddegure 1 shows t he
5 ten gé ture distribution of the heat-insulating
“‘E‘b%:g PRS2 t hi ckness of 22nm  when t he

6 nsiA P deBrdes coMprafet ed to a tenperature of 9000C on
the left "hand side for 60 to 80 m nutes. The sanple

10 e =t I28rdeatees eengigrasdei nserted at intervals of 4nm and
eratur.e af the kiln was stabilized at 8000C
14%?8&21”5%5 %eélﬁﬁfg was i ntroduced. Detail results are

18fﬁhpde?$eéchbh@gﬁde After 30m nutes: Surface tenperature

815 degrees centigrade 2mm = 500 degrees centi grade

22W2dzg@ewgﬁls@§ecemu grade 10 nm = 122 degrees
centigrade 14 nm 66 degrees centigrade 18mm 30 degrees
centi grade

After 60 minutes:

Surface temperature = 825 degrees centigrade
2mm = 500 degrees centigrade

6 mm = 250 degrees centigrade

10 mm = 130 degrees centigrade

14 mm 75 degrees centigrade

18mm 35 degrees centigrade

22mm = 25 degrees centigrade

It can be seen that a large portion of the composite of this invention is still kept at
a temperature below 100°C. This demonstrates the effectiveness of the heat-insulating

property of the composite of this invention.
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22mm = 22 degrees centigrade After 60 mnutes: Surface
tenperature = 825 degrees centigrade 2mm = 500 degrees

wocsné/izgsrde 6 mm = 250 degrees centigrade 10 rMOTAEPRBEG/005149
degrees centigrade 14 mm 75 degrees centigrade 18nm 35
degrees centigrade 22mm = 25 degrees centigrade It can
be seen that a large portion of the conposite of this

invention is still kept at. a t erature L aw 1000C.

i SV et it sy b P o) BREGL g b Ris Hvetion T found to
be Roat HefsUindhdalnRIARE )t &f etpiBed ARRShEE tBhpéhtites once. The

i nvention.Wat is even nore advantageous is that the
langinatpd seramiodike liractiigs dompeshduring biarfist exposurete highe temeperatures
are el RAC DA e o PRSI K Y lsfing the objectto
be piotettddfre@n Hea: med during the first exposure to high

tenperatures are itself heat-insulating in the first

pl ace, which assists further in insulating the object

t e BHER e MRl ARHBRIGED N SHPoARS tis invention
comparéiy to ahe biadgaorithgglass dphereb,) whieh actras chmtralb.ass

spheres, which act as controls. T Conposite Binder

Al one 30" Material Thickness (mm (0C) T 60" (0C)

Thi ckness (fdm) T 30 (0C) @o,ﬁgbsi{eOC) 0 820 820 0 815

Birﬁi%? Alone 30’

Material
Thickness (mm) — (°C) T60'°C)  rpickness mm) T 30'(°C) T 60' (°C)
0 820 820 0 815 825
2 750 750 ) 500 500
6 450 550 ¢ 250 550
10 275 350 10 122.6 130
14 220 300 4 66.8 7
18 180 260 8 303 3
22 140 200 27 22.1 25
Solid Glass Time Composite with Bigger
Spheres Alone 30 Glass Spheres Time 30" T  60'
Thickness (mm) (°C) T60'(°C)  Thickness (mm) °C) O
0 820 820 0 815 820
2 750 765 2 600 625
6 420 550 6 300 350
10 260 340 10 150 220
14 199 250 14 140 190
18 140 200 18 100 150
22 120 180 2 50 70

10
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2 750 750 2 500 500 6 450 550 6 250 250 10 275 350 10

122.6 130 14 220 300 14 66.8 75 18 180 260 18 30.3 35
weRod86200 22 22.1 2 5 Solid G ass Tinme Conp@imEP20061005149

Bi gger Spheres Alone 30' d ass Spheres Tinme 30' T 60

| OU( ) Thickness (mm (0C) (C) 0 820 820 0 815 820

2 750 765 2 600 625 6 420 550 6 300 350 10 260 340 10

150,220 14 199 250 14 140,190 18 140 200 .18 100 150 22 .

To0 TheqBigeERTp SRboTex; Bydrin Vet Eder oS Ao having

an@x_l;h‘i’é(& digater 6@6i§éerﬁ9ar9d).?§§1r§.pheres having an average
di anmeter of bigger than 0.75 mm The conposite of this

i nvention can be used in various occasi ons where high
degree of heat jpnsul.ation is required, for exanple, in_ ..
bui IThF SgmPPsiEs. PEERS irntign s b€ ied diyeriys SSERQIE; yhete high
degree of heat insulation is required, for example, in building fire-resistant panels, or

even space shuttle.

Other than the heat-insulating properties demonstrated above, one may realize that
the composite of this invention may not evolve toxic gases when it is heated. Further, the
composite of this invention may be manufactured relatively easily as non-toxic

substances are involved. Additionally, the materials required are relatively cheap.

Examples
Example 1

Composition:

e 75g SiC (400 mesh)

e 150g Al Si,; Kaolinite powder (Al;Si,0s (OH)4)

e H,0 approx 100ml. (*the slurry should be of medium viscosity.)
e 675g of glass beads (75-100 microns)

The resulting samples can be cured at room temperature however stronger
ceramic bonds are formed at high temperatures. E.g. via arc-plasma flame surface

treatment

Mixing Kaolinite Al (Si;Os) (OH) 4 powder and silicon carbide = 25% H,0
hydrolysed to make silyl silicon emulsion thixotropic polysiloxane ceramic slurry which
act as the binder in the samples. Hydrosilylation occurs with the methyl silane surface
primer on the solid glass beads particles which flocculate (clump) and settle quickly in
the saline water. e.g. Me3SiOH(OH,), the interaction of complex oxides and non oxide

silicates silica and oligomeric methylsiloxane surfaces.

11
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O her than the heat-insulating properties denonstrated
above, one may realize that the conposite of this

Wa 0em8sn may not evol ve toxi c gases when it ACI/EP2006/005149
heated. Further, the conposite of this invention may
be manufactured relatively easily as non-toxic
substances are involved. Additionally, the materials

Egﬂ%béfsl%ﬂiagglasrg %at?/%lr g%?&ﬁ%éﬁ&sa %St E)s(% Iese of the kaolinite
Al%??b%)@)ﬁ% RAVEER End Sllidsth &5Bide Fdkfing ﬁ%lﬁ@@ﬁso%h%ggfg oglfler part is

(*the slUrry shoul d be of nediumviscosity.).
redgitabged dadeeightbutio® surfocodwmotdgues.edhé tethyylsdorny evrfacen groups

be .cured at room t enper.at ur owever str er,ceramc.
forfg ot e By g e ety g i B GipE mE Ry Riloxancs
surfdces Rb@RMBS(PLadren plakina FRinte QRFAIE Reatithetit 1Y tl!@ﬁishla'tihg thixotropic
Al2 (Si20) (OH) 4 powder and silicon carbide = 25%

cerp® ¢ryapasitioned crestardkaw ployity.si smeash seades high micro hardness and
hixotr.opi ¢ pol ysil oxane ceram c slurry which act as

fra% & P%‘H%Ps'i n the sanpl es. Hydrosilyl a%/i on occurs with

the nethyl silane surface primer on the solid glass

beads particles which flocculate (clunp) and settle
Exgpleld y in the saline water e.g. Me3Si OH(OH2) 4 the

interaction of conplex oxi des and non oxi de silicates

ind ol i goneri c met hyl sil oxane surfaces. The
solid glass beads surface cross links with the

s.ur&ggﬁ&cgjro&trg%hyaol inite AL2(Si ) (OH)4 powder and

siliC formng silanol |oops while the other

par 1508 Al 8#ikdolihitel pealdérq AMSi ghyOINiNg sur f ace
honol ogues. The net hyl sil oxy surface groups forned at
reoofrtié glesy beads (0. ¢ammURderaRiedur t her reaction with the
ot her net hyl sil oxanes surfaces above 2500C or a pl asna
flame surface treatnent of the insulating thixotropic
cer Fht eesabingGamplestah be cudivéa induciorpar eeuiuy, thanmhooéns where
surface,  high mcro hardness and fracture tou hnesff.

stronger ceramic bonds are formed at high temperatures also via arc-plasma flame surface

treatment.

While the preferred embodiment of the present invention has been described in
detail by the examples, it is apparent that modifications and adaptations of the present
invention will occur to those skilled in the art. Furthermore, the embodiments of the
present invention shall not be interpreted to be restricted by the examples or figures only.
It is to be expressly understood, however, that such modifications and adaptations are
within the scope of the present invention, as set forth in the following claims. For
instance, features illustrated or described as part of one embodiment can be used on
another embodiment to yield a still further embodiment. Thus, it is intended that the
present invention cover such modifications and variations as come within the scope of the

claims and their equivalents.

12
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Exanpl e 2 Conposition: 75g SiC (400 nesh) 15Qg Al
Si 2 Kaolinite powder (Al 2Si206 (OH)4) Solid glass
wamadest. 75mm in dianeter). The resulting samuiTaEP20@mM05149
be cured via induction or vacuumthermal ovens where
stronger ceram c bonds are forned at high tenperatures
al so via arc-plasma flane surface treatnent. Wile the
C preferred enbodi nent of the present invention has been
—ldgiggqbed in detail by the exanples, it is apparent

1. thas geRdinkiuRahy Biipad idialh@t | ons of ‘the present

invention will occur to those skilled in the art.
Fur t her napdyralityef glasopamtieles;sandf t he present invention
shall not ,be interpreted to.be.restricted by, th . .
exafl oob Bt BB G {pr ng Weiilisseakiiissc¥iut] fre heat insulting
under st 0gsmpNeey Stposéddta ehipbratire higheAthap ne0°@d
adaptations are within the scope of the present
i nvention, as set forth in the follow ng clainms. For
i ns . es |1l Hust or, L r f

2 e R M b L RS IO B3RO o omed
yi ebdl oftidet stlectédi flofe theegrbos comisting DASIO,,i B,035 P, €redBd As,Os,
that the present invention cover such nodifications
andA9% §B¢%§n‘5’§‘el’,‘6’h‘ét‘“ﬁ%tﬁ?%°§he scope of the clains
and their equivalents. CLAIMS: 1. A heat insulating
conposite including: a plurality of glass particles;

3. andThe heatdesulatorgpasnpdsiae of olaith( iwhgrdin ¢hgyplassparticles are formed
pargi gl s when the heat insulting conposite is exposed
to & b(ﬁ"’per ature higher than 1000C. 2. The heat
i nsul ati ng conposite of claim1, wherein the gl ass
particles are formed by oxides selected fromthe group

4. condhe theatgingla®igOrompRsie, ofrclam 2cadereimdixOBlasppatgles are glass
Sb2 and their mxtures thereof. 3. The heat
i nsth fﬁshg conposite of claim2, wherein the gl ass
particles are fornmed

5. The heat insulating composite of any one of claims 2 to 4, wherein the glass
particles further include modifiers selected from the group consisting of KO,
Na;O, Ca0, BaO, PbO, ZnO, V,0s, ZrO,, Bi,03, Al,O3, oxides of Ti, oxides of
Th, and their mixtures thereof.

6. The heat insulating composite of claim 1, wherein the glass particles have an

average diameter of 0.05 micron to 1.5 micron.

7. The heat insulating composite of claim 6, wherein the glass particles have an

average diameter of 0.75 micron.
8. The heat insulating composite of claim 1, wherein the glass particles are in an

amount of 50 to 95 weight percent and the binder composition is in an amount of

5 to 50 weight percent.
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by SiQ2. 4. The heat insulating conposite of claim 2,
wherein the glass particles are glass spheres. 5. The
wohmed/1286Rul at i ng conposite of any one of cl ai PECT2RR2006405149
wherein the glass particles further include nodifiers
selected fromthe group consisting of K20, Na2Q, CaQ,
BaO, PbO zZnO V205, Zr2, Bi 203, Al 203, oxides of Ti

oxi des. of .Th, and their mj S here 6.. The
9. { e hSbriig Rt ERssorposke BF Sfait B WIS Ak pakclgy St 3 amount
par bf 80 %lgﬁﬁr&ﬂt %@rtﬁg%lrﬂieﬁ%&ﬁésﬁ(ﬁn % PPalThmb@Mt 6020 weight
.5 mcron . The heat insulating conposite of claim
6, mreemdi n t he gl ass particles have an average
di ameter of 0.75 micron. 8 The heat insulating
conposite of claiml, wherein the glass particles are
100 N @Ehe Q%Uﬁiulﬂfngﬁ%n{;ﬁ)sﬁé ofvelaghtl, Méfeﬁﬂblrﬂeﬁcdrﬁ@)sl&ﬁdiﬂmbludes a
conposition is in an amunt of 5 to 50 wei g
per geifr. commpnenh slecteds foen ithy &zwﬁaﬁnwlw Oé | earbadgs, Gypsum
t u [
per@ {fe,r, anala?%eﬁlg-licﬁg,e%lguﬁrp a:%fhoﬂ% I'E)gudl%frs] %Qan\ﬁf‘e gg{llﬁdgs zinc
20 yeerghd, zpertekuride, ﬂrﬁrgaﬁﬁ@sdb&aﬁe ¢comspduatiiang thbcmmosm&ethereof.
of claim1, wherein binder conposition includes a
mej or conmponent selected fromthe group consisting of

car bj,dgsa II%(IP{:ﬁ H}t’ﬁﬁtﬁrte o158 i@ Yl?ﬁéélﬁ'tﬁeeéarbﬁ% e J,cted from

car bonat e, OXI anat es, zinc sel eni
zi nthet grolipi rcbdsastlngmﬁ glammumldadxdme:ahmmpmrbidar@rommm carbide,

C1 AP RSB TR IYbAEn E EPlgs e B D B T VD PR, antalum

gr opRbiIRNGlaffulnlBarBide 2AunBiEN BB RIDL AR i vt b&biR) EiREdNidlR carbide,
chroni um car bi de, haf ni um car bi de, nol ybdenum car bi de,

ni omnd theis anitstudes, thetepf.con car bi de, t ant al um car bi de,
titanium carbi de, tungsten carbi de, vanadi um car bi de,
zirconium carbide, and their m xtures thereof. 12. The

12 heatrhé Reatliadul AAthgCmpesité 6f olhint 18] Whdr@in thB aiiteides rleaselected from

nitrides are selected from
the group consisting of boron nitride, calcium nitride, chromium nitride,

1

[

germanium nitride, magnesium nitride, aluminum nitride, zirconium nitride, and

their mixtures thereof.

13.  The heat insulating composition of claim 10, wherein the oxides are selected from
the group consisting of aluminum oxide, germanium(IV) oxide, indium(II or III)
oxide, magnesium oxide, silicon dioxide, silicon monoxide, thallium(IIl) oxide,
barium calcium oxide, tungsten oxide, barium oxide, barium strontium tungsten
oxide, bismuth(III) oxide, bismuth strontium calcium copper oxide, cadmium
oxide brown, cerium(IV) oxide, chromium(IIl) oxide, chromium(VI) oxide,
cobalt(Il) oxide, copper(l) oxide, copper(Il) oxide, dysprosium oxide, europium
oxide, gadolinium oxide, gold(Ill) oxide hydrate, hafnium(IV) oxide,
holmium(IIl) oxide, iridium(IV) oxide or iridium(IV) oxide hydrate, lanthanum
oxide, lead(IV) oxide, lead(Il) oxide yellow, lutetium (III) oxide, manganese(lI,
III or IV) oxides, molybdenum(IV) oxide, nickel oxide, niobium(ll) oxide,

niobium(IV) oxide, niobium(V) oxide, osmium tetroxide, palladium(II) oxide or
14
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the group consisting of boron nitride, calcium
nitride, chromumnitride, germaniumnitride,

wonmgsresszm nitride, alumi numnitride, zirconi (PAT/EP2006/005149

14

16.

17.

nitride, and their m xtures thereof. 13. The heat
i nsul ating conposition of claim210, wherein the oxides
are sel ected fromthe group consisting of alum num

oxi de,

g PR Sy Oy dhire ey BumlSh oRidse fheniumv)
t habkl‘dh‘ 156 keh ) e, ﬁ?oduﬁﬁ(ﬂw Bk iR lo? iitd My @rated Sam AriE Dk Ed2, silver( or

oXi e, bari um oxi d e, bari um stronti imt ungst en oxi de
bi s kiokides, |S)roouumeox1¢n samtalhm§Y) oxide,uarbierh eixide tﬁ@bpm(ﬂl) oxide,

e S48 il oS gL M Een s Sk rappfioma, 1v, or

OXi U8 ,0xEdRPPREerbilimO%i € ziOPRaE, (AidcdniQit éli@ oxﬁ&é RIhAfodMNtin oxide,

oxi de, europi um oxi de, gadol i ni um oxi gold(IIl)

oxi iren@ypxide, ytisamilbheids, caleiuge oxide) and their mixtugssithrseof.
iridium1V) oxide or iridiun(lV) oxide hydrate,

| ant hanum oxi de, lead(lV) oxide, lead(ll) oxide

yel Tawhedtuhilatihy ((ohiplo)sltcmif ¢leim m&nglamaaehé htanhﬂei; arseled)ed from
oxi des, nol ybdenumn( oxi.de, nickel oxi

ni og}etgpppp yowstldlg ofrf:?aélg,lfrhH{apty)e(lé{)),| %nthlﬁl gbﬁ}n@m @51(1 their mixtures
OXi g egpsM um tetroxide, palladiun(ll) oxide orits

hydrate, palladiun(ll) oxide hydrate, prasedym un(l11I)

oxi de, rheniun(lV) oxide or its hydrate, rhodi un(l 1)

gi: %Eg %@Itl;l%ﬁﬁht dr %%t}%oa)zg o é‘l:qijng} ﬁXi er’ei&xt:ha éulﬁgiﬁ us:ffle)cted from
oxi % grofp RoHetddd of QP&hgﬁumtéﬂ}ﬁdeu %ﬂulnbﬁy %hﬁﬁllﬁ&é r1z(n|t1h1ony(III)

or V) oxides, tungsten(Vl) oxide, vanadi un(l
or Wlﬁd%l autmw(ilt Hé,rcm Yiswfidese gabliumfIIbxsudfade, germamum(H) sulfide,
nt.i no

ot ST ¥R . PP ot s, Pessa it seteniom

m xwpmaet beneekulfilld, bishatHiEB sulfide, lcalciung sﬁl@'ﬂdﬁ OSd;iper(Ibf sulfide,
claim 10, wherein the titanates are sel ected f

gr o 6PReEIR i sylfideg gelld(lb%ﬁr [Dnsulfides iepnd) splfide, rlé"l‘ﬁ(ﬂb ﬁ‘ﬂﬁde lithium
ti t AHE; nﬁﬂga&egé’(!u{) é”t%ér Eﬂgﬁ? tfidkd redTpléalsuﬁJ%]?( 1) sulfide,

i nsu atlng cONpPosi ereint
ar ephéhem(ldd tolfwef I”rhexgum(MImomﬂﬁdds | mj;vemf salffidaj rsodium sulfide,

sul fide, antipony nta ul fi sul fide,

ar s SFeu | sqlf}ge,, &fa? dy ?L}lg& tl@ ﬁﬁer |§- g}s, sulfide,

ger ERigsAGVY Jsufiidel ZER: sulfide, molybdenum(IV) sulfide, and their mixtures
thereof.

The heat insulating composite of claim 10, wherein the inorganic siloxane

compound is AlSi, kaolinate (Aly(Si;O5)(OH)y).
The heat insulating composite of Claim 10, wherein the binder composition

further includes a minor component selected from the group consisting of

carbides, metals, alloys, and their mixtures thereof.
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indium(I11) sulfide red, phosphorus pentasulfide,
phosphorus trisul fide, selenium sul phide, barium
wosubd/ime72 bi smuth(111) sul fide, cal cium sul fi d&€T/EP2006/005149
copper (1) sulfide, copper(ll) sulfide, gold(l or I11)
sulfide, iron(ll) sulfide, lead(ll) sulfide, lithium
sul fi de, manganese(ll) sulfide, nmercury(ll) sulfide

d [l ad [.fi [ .fid )
181 e RE Rraumioptaliye ool gt aimolt PRGN Y ahthidesart redssting from
St f%tg HFSéUnEisﬁ' thﬁhkét&ﬂfchﬁblwl sﬁhaﬁ cdrbl¥e! lahd their mixtures

sulfide, titaniu stl fi de, tungsten(lV) sulfide,
zi nthegaoff i de, nol ybdenum( V) sulfide, and their

m xtures thereof. 16. The heat insulating conposite of
cl ai m 10, wherein the inorganic siloxane conpound is

19A STRe kgl ihsiddtihg( Angfosite OB klath)14) whedeln thehexilie@ddre selected from

| nsul ating conposite of Cl aim 10, wherein the binder
e sEroNB reongistipg: of j alemingay oxide sy lbwRpOHdnt magnesium oxide,

e SFgh 20 BB PRESSOTS LS Ffahilgr

heat i nsul ating conposite of claim17, wherein the

carbi des are selecting fr t he group . consi st
20t und ¢ BrAtdBTIRTEG, CoMRIHS ot el e!ﬂrsi IJSW%SFF&“ theometaly ate &F'@gted from

T L T

c ontitaatunmglhohinaiy endtheironixdees therepf.| i um oxi de,
magnesi um oxi de, zirconiumoxide, mullite (Al S 2G 3),
and their mxtures thereof. 20. The heat insulating

21.CONMpRS 'hEﬁ iRbulstt iy éﬁrﬂ-gosn@'f&)?rcﬁduﬁi theviardialthe aNéyssak 8eledd from
fromthe group consisting of tungsten, chromium

ber fhiel gnonp evingisting ofrlow, ableystaels, tskainlassuateelal gnatnions, brasses,

and, t hei r tures. thereof . 21. The heat insul ating
conBrc%lF? a%gfeh }réﬁnfflmﬁﬁilﬁﬁgfel n the alloys are sel ected

fromthe group consisting of |ow alloy steels,
stai nl ess steels, cast irons, brasses, bronzes and
224 heilhe heattngulatingtromaesite obclaimpd 7 nwhereinghe rraﬁwrrf@mponent is in an

co | aj 7 e [
COMRRLC 0708 &y YL B, IS, P PR e
conpaspdrieatis iman alnbentmfr?@% to 30% by weight of the binder composition.

23.  The heat insulating composite of Claim 1, wherein the binder composition is

hydrolyzed.

24. A method of manufacturing a heat insulating composite including the steps of
mixing glass particles with a binder composition, such that the glass particles are
fused when the heat insulting composite is exposed to a temperature higher than
100°C.

25.  The method of claim 24, wherein the glass particles are formed by oxides selected
from the group consisting of SiO;, B,03, P20s, GeO,, As;Os, Asy03, SbyO3, and

their mixtures thereof.
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conponent is in an anmount of 20%to 30% by wei ght of
t he bi nder conposition. 23. The heat insul ating

woconpesst2ze of Claim 1, wherein the binder conmPEIVER2006/005149

26

27

28.

9

30

31

32.

33.

34.

is hydrolyzed. 24. A nethod of manufacturing a heat
i nsul ating conposite including the steps of m xing
gl ass parti cles with a binder conpositi on such that

e T CRR G T

1000C 25 The nethod of claim 24, wherein the glass
particles are fornmed by oxi des selected fromthe group
con$hemethpdaif chilm25, Bhewin the@bass partigles Are ghass spheres,
Sb20 , and their mxtures thereof.26. The nmethod of
clain125 wherein the glass particles are forned by

Si OFhe Alethddef aRy lbad offcldmai 28 #527 Wikéreinnthehdag! Wﬁcles further
particles are glass spheres. 28. The nethad of _an

of Hchidsgmodifiers seiectaghisomi the tgﬁélpg‘FQi’§§tlp&|°f |1<ezpe,=§ﬂaz26 CaO BaO,

fur r I f h

conis)Pgt |er118)c \?“%% g} @Kla?%@t:z% O%%Jlgb%ﬂr& %‘ 9{72@ Th, and their
Zr CahixtBie @eredfl 203, oxi des of Ti, oxides of Th, and

their m xtures thereof. 29. The nethod of clain124,

wherein the glass particles have an average di aneter

Of %h vvg Thethdd ;zl4 5wl'i@r€1'hQHf gk Qﬁgﬁjﬁ@legﬁﬁb@% QlerGielidineter of

erein t ass partic ve an average
dlaﬁﬁ%enwuﬂnﬁIZSHmncmon 31. The nmethod of claim 24,
wherein the glass particles are in an anmount of 50 to
95 wei ght percent and the binder conposition is in an

302MTRE nRkhodloft Qaith P21 WhdreiRahe @iss padicled MBvé A BOta®S diameter of
claim 31, wherein the particl€s are in an anount of 80

ME|@H§I@@KEEnt and the binder composition is in an
anount of 20 wei ght percent. 33. The nethod of claim
24, wherein binder conposition includes a najor

CoNPas aftthied fatdigo24, wetvréih ehg glasopaelss siel inGnaimount of 50 to 95
car bi des, Cypsun1pomder Bl akite, nitrides,
weight percent and the binder composition is in an amount of 50 to 5 weight

percent.

The method of claim 31, wherein the particles are in an amount of 80 weight

percent, and the binder composition is in an amount of 20 weight percent.

The method of claim 24, wherein binder composition includes a major component
selected from the group consisting of carbides, Gypsum powder, Blakite, nitrides,
calcium carbonate, oxides, titanates, sulfides, zinc selenide, zinc telluride,

inorganic siloxane compound and their mixtures thereof.

The method of claim 33, wherein the carbides are selected from the group
consisting of aluminum carbide, calcium carbide, chromium carbide, hafnium
carbide, molybdenum carbide, niobium carbide, silicon carbide, tantalum carbide,
titanium carbide, tungsten carbide, vanadium carbide, zirconium carbide, and their

mixtures thereof.
17



cal ci um carbonate, oxides, titanates, sulfides, zinc
sel enide, zinc telluride, inorganic siloxane conpound
waoexvde/1286d2r m xt ures thereof. 34. The net hod ofPCal/ER2006/005149
33, wherein the carbides are selected fromthe group
consi sting of alum num carbi de, cal ci um car bi de,
chrom um car bi de, haf ni um car bi de, nol ybdenum car bi de,
ni obi um car bi de, silicon carbide, tantal um carbide,
titani um carbi de, tungsten carbi de, vanadi um car bi de,
3521 I §RAI HEME@TdY 88im a3 Wh&kin HeXhitfi€@s hResqedtedFronl Ne group
met hod of claim 33, wherein the nitrides are selected
f r oponsksging of prromnmdst i:adgum‘ nitsigep phnamivn chétride agesmgmum nitride,

nitride,.chro . mani um nitei
mgPERHT Sdte, Saplh e, PraETe piEHF, apd their mixtures
5 nit fHeedf and their m xtures thereof. 36. The net hod of

claim 33, wherein the oxides are selected fromthe
group consisting of alum num oxide, germani un(!V)
oXi ' I S

363 I ?g%n&léﬂégir%c# klaﬂﬁ ﬁ%o%]vhrgr%hgih%e 9{% %&”&ézﬁt?f)ﬁom the group
OXi Génsidpiag| ¢ﬂmluﬁinmm roxidd, drmbninggIonoxide, dm,dubﬂQ‘II wnIIl) oxide,

O R 2 AL U LNl e e, BT I kg i
OXi gﬁcﬁﬁf%ﬂec%gé{% deO)B%JqFT &H&@rﬂaﬁm E&antﬁgﬁl ?tﬁlgsten oxide,

chro cobaf oxli de, copper ( oxlid
co p psmuth(JINoxkdle, bibpsph omounumx caiel,urre GOPREr UOR1dK | cmi,mlum oxide

oxi BT Piloesatiemturtf Githy s RoRiuarG oiae, Cobala)
Io:(: giéfdg( top e?ﬁl% @%l&é}’@'&)ﬁﬁé’r(lﬂ @Rm?e?%r@ﬁhﬂeoxﬂdéa@ﬁﬂo‘gﬁum oxide,

oxi d [ow, lu fum (111 oxi d

rrang@dtéme(mloxxdq: | g@id(ll o>@d¢ deslratmhgﬁmmﬂ |<vald€exfl@l§uumall)

1 2: gléggﬁa?l){(;)ddlg’;{ 8% gl% :'r% Pm;ﬁ\g xd&]é ﬁ%dr%%&h%ﬁ%%de lead(IV)
OXi Gﬁld@flehd(ﬂ) faxdreqteﬁowpaitétadm (mI) |o|x)de91ﬁad§ad&yé{ﬂa[1¢ or IV) oxides,

prasedyni unf I\-}) oxi de, . rheni um oxide or it

hydmbéodenma Un@¥ife.) nigkeldexige, mcémnpﬁpap@des BibiyTRY) oxide,
P ablor clbg 5 SRR BATIP Xl o gy e
thubalwaiﬁdmm) @mddexydtaltd',\ (ﬂrhsedymlmﬁ(lﬁ)( iodite, rhaniga(I®N(dtide or its

oxi de adj, u |V,
20 hydrate ?hodlum III% oxide or 1ts hydrate samarium oxide, silver(I or II) oxides,

1

(=)

w

strontium oxide, tantalum(V) oxide, terbium oxide, terbium(IIl) oxide,
thulium(III) oxide, tin(Il or IV) oxides, tungsten(VI) oxide, vanadium(III, IV, or
V) oxides, ytterbium oxide, zinc oxide, zirconium(IV) oxide, antimony tin oxide,

iron(III) oxide, yttrium(IIT) oxide, calcium oxide, and their mixtures thereof.

25
37. The method of claim 33, wherein the titanates are selected from the group
consisting of barium titanate(IV), trontium titanate, and their mixtures thereof.
38. The method of claim 33, wherein the sulfides are selected from the group
30 consisting of aluminum sulfide, antimony pentasulfide, antimony(IlI) sulfide,

arsenic(I, III, or V) sulfides, gallium(Ill) sulfide, germanium(Il) sulfide,

indium(III) sulfide red, phosphorus pentasulfide, phosphorus trisulfide, selenium
18
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V) oxides, ytterbium oxide, zinc oxide, zirconiun(lV)
oxi de, antinony tin oxide, iron(lll) oxide,
woy2006/i286m21 1 1) oxi de, cal ci um oxi de, and their PGDERI@H05149
t hereof. 37. The nethod of claim 33, wherein the
titanates are selected fromthe group consisting of
bariumtitanate(lV), trontiumtitanate, and their
8., .The

t t.h f f
 he ol g silgd irBanD Al GRtpT Age<topRgH By sultide,
al UEG;E)EF(IH whffade %olﬁ(lt 6rnHDy uﬁ?d&t) ‘?rg)ﬁfﬁ)' ﬁﬂ’ﬁd@n&dd(‘nmﬁlﬁlﬁhé) lithium

sul fi arseni ¢ , des, gal
sul $ulfide, genganesa(y |su)ﬁ®,1|m¢mery(llhc$u1ﬁ¢(el reld) malllladuudéll) sulﬁde

ggfiglﬁf)hosg% lggl g,gté ?@%Lﬁﬁ} %éfo Fon us trlkﬁ%:" Mo 38im sulfide,

sul §tr@iunt adutfiden ﬂmluiuxﬁk@) SOBRET ﬁhon)s hffidde, titanium(IV) sulfide,

copper(llgI sul fi de, g or III) sulfide, iron(ll)

suI tunggten(l¥ ) gulfidy, gl@pf ¢, Imqlybdsmne(i V)i guifide, and’ their mixtures
ﬁggﬁﬁe(ll) sul fide, nercury(ll) sul fide red,

pal rum(l1) sulfide, platinun(lV) sulfide,

rheniumVI1) sulfide, silver sulfide, sodiumsulfide,
strontium sul fi thal Il ium(l) sulfide, t|n(II)
39.9ul fherancthed @ﬁ.ﬁqﬁn > $irereiny éﬁe fRpIgIHe rilPygnes eompepnd is AlSiz
Zi nﬁa(ﬁﬁ‘lla{e( @z(sgpls))@ﬁ%un( V) sulfide, and their
239!

m xtures thereo The nmethod of claim33, wherein
t he i norgani c sil oxane conpound is AlSi 2 kaolinate

403 b5 FEATRE B33 SRS TN cOMERSHAL s npludes a minor

M N mFEHERPBER ted ef}o%ttﬁéi gthpMd MRS VFReafNBS Thdthlg, QIﬂoys and
car bi des, netal s, | oys,” and their mxtures ther eof

41. ththenmtﬂ)tdie@bfcl aim 40, wherein the carbides are
sel ecting fromthe group consisting of tungsten
carbide, silicon carbide, and their m xtures thereof.

41.42. THbenétRédh o ddincha] Mhéfin Whe lcatbiddshare Osel¢dtifig afiém the group
sel ected fromthe group consisting of alum num oxide
ber §nsistifg eﬁméstehﬁgh&%b sileexeagaide.And dhsir Bivrtyses d}éereo
mul lite (A 6Si 2013), and their mxtures thereof. 43.
The nethod of claim40, wherein the netals are
42 sel €h¢ adethod mft blaimyr 40y pwhanm she rgides drangdeoted from the group

chrom u [ 11 u ni. ron o] titani. ) )
conmsﬁlng Ofr Xlummuql]i OXI c, eberylilum OXI% pglagnesmm 0X1 e, zirconium

oxide, mullite (AlgSi;0;3), and their mixtures thereof.

43. The method of claim 40, wherein the metals are selected from the group
consisting of tungsten, chromium, beryllium, nickel, iron, copper, titanium,

aluminum, and their mixtures thereof.
44.  The method of claim 40, wherein the alloys are selected from the group consisting

of low alloy steels, stainless steels, cast irons, brasses, bronzes, and their mixtures

thereof.
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alum num and their m xtures thereof. 44. The met hod

of claim40, wherein the alloys are selected fromthe
wopoosesensi sting of | ow all oy steels, stainl @CI/EP2006/005149

steels, cast irons, brasses, bronzes, and their

m xtures thereof.45. The nethod of claim40, wherein

the maj or conponent is in an anount of 70%to 80% by

wei ght of th i.nder conpositiaon, and the. minor

45 o B o T IR AGTAT D 9% EamBRnsRb s MR ghovgt of 70% to
t heg i, NEle kv HITTSthE | 3Rder ABmpbBRioHE AP thO ifdratdmpdhent is in an
further ‘including the step of hydrolyzing the binder
conposuntiod 0% to 30% by weight of the binder composition.

46.  The method of claim 24 further including the step of hydrolyzing the binder

composition.
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