WO 2006/ 128672 PCT/ EP2006/ 005149 Heat Insul ating Conposite and Met hods of
Manuf acturing Thereof Field of the Invention The present invention rel ates
to the field of heat insulating materials. Particularly, 5 the present

i nvention r heat insul ating conposites, nore p t hose
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construction sites or hospitals. ldeally, the panels should be |ightweight,
strong, fire resistant, and non-toxic. Traditionally, such panels include
a lightweight centre core structure conprlsln oolyurethanes and

pol yet hyl ene fHaatInswlating Gomp nd Meth: Vianqax M
construction suffers from at Ieast one dramback nanel y the Iantnated
structures may crackle. Further, the face sheets are susceptible to

scrat chi ng nﬁdQQfﬂnenvéﬁﬁnadhered to the core structure inadequately. This
wi || expose The core structure, ' Is often_coated wth Epoxy based

adhesi ves to bi ndhe B@Sffﬂéé!%’e%th’@éﬁlétes tPHE“sﬁdéﬁBk’iﬂf insplatng maeuals. Fadicilaly t o
burn easid y afigteRhOHYGRIoh Fldés 18 HER iRNGES: msﬁ:e@ Shord Particul By Gost usBdre ”pt S
have been nmade to address the above issues, ncludlng Increasing 20 the
degree of hadhwiptinghightenasferatyres. adhesi ves, and usi ng ot her types of

adhesi ves, for exanple phenolic adhesives. However,-these alternatives are
found to have either a weaker adhesion than the epoxy adhesives, or evolve
t oxi ¢ subst Hackaroun ed mgbnln the field of high tenperature |nsulat|on
Ni alloys remain h ction nodem

t ur bi ne engi nes. Wteh\eléléd(rg{)l!:n R)%‘ff Vﬁ?&lﬁ %d b v%'{?%ssgér%ﬁg eto?e%gﬁélg
Current 16t atceasmitettdmesias tor thusgitalse lldéahtethewahels eshmédr;berl@ltw@t,astmng,nﬁi&r to
1150C (2100F) . Ie t he .canbi tre orresponds
Lo an aver A PP o SR AraR: Sk eREIR e soRRTL S Rp6e chFanT oo
have been suggesiconipAsingpgloasihinics aﬁdlbellyétﬁylbnee&»amblﬂtat tdmdmc&edrhﬂtwml ected
for many applicatiqns 30 _hecause the | ene s of mpnoliithic ceramcs
akes. as, P SRELAGEtS) T EOBTRHIN e oMl B IS ADS A drnss Bt | ot s
concei ved t hgnihstedstalctura mdyoradkRY Faah@ihe Facsishdets ate susceptible to scratching if

15 they are adhered to the core structure inadequately. This will expose the core structure,

which is often coated with epoxy-based adhesives to bind the face sheets. These epoxy-

based adhesives tend to burn easily and produce toxic substances when they burn.

Several attempts have been made to address the above issues, including increasing
20  the degree of halogenation of the adhesives, and using other types of adhesives, for
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

25 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

30 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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CONFI R(VATI ON COPY WD 2006/ 128672 PCT/ EP2006/ 005149 conti nuous strands of

hi gh-tenperature ceram c fiber. Enbedded conti nuous ceramc fibers
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insul ating conposite including: a plurality of glass particles; a binder
COMposi ti%n for fusi ng the glass particles when the heat insulting 25
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gases. There may also be a need to develop new materials that may replace ceramics in

the field of high-temperature insulation but without at least the brittleness drawback.
15
Objects of the Invenfion
Therefore, it is an object of this invention to provide a heat-insulating material
which substantially ameliorates at some of the deficiencies as set forth in the prior art. As
a minimurm, it is an object of this invention to provide the public with a useful choice.
20

Summary of the Invention

Accordingly, this invention provides a heat insulating composite including:
- a plurality of glass particles;
- a binder composition for fusing the glass particles when the heat insulting

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

Preferably, the glass particles are formed by oxides selected from the group
consisting of Si0;, B;03, P20s, GeO,, As;0s, As;03, Sby03, and their mixtures thereof,
and more preferably SiO;. Alternatively, the glass particles may be glass spheres.

30 '



and nore preferably SiQ2. Alternatively, the glass particles my be gl ass
spheres. 30 2 WD 2006/ 128672 PCT/ EP2006/ 005149 Additionally, the gl ass
particles may further include nodifiers selected fromthe group consisting
of K20, Na2 O PbO, zZnQ, V205, Zr2, Bi 203, Al of Ti,
oxi des of T%Oan%% m xtures thereof. 5 Preferably, Eng?gmgsgﬁ%)art i cles
have an average di arreter of 0.05 mcronto 1.5 mcron, nore preferably
0.75 micron. Optionally, the glass particles are in an anmount of 50 to 95
wei ght percent, nmore preferably 80 weight percent, and the binder

conposi tion is i ddditionsHyuthe ghass Perticlss mayfmhvell@htdep@dé@w selepindefiom difeer abl y
20 wei ght  pegsedonsidie JPRIGEN @P@SB%O Phd, ngud% 2rORBR0, Mﬂg@? Bﬁﬁi

sel ected fromthe grodp consisfin ‘carb psum po

nitrides, cacrf&’!mdf;apﬂoﬁnambthemmdwsthetepfanat es, sulfides, zinc seleni de
zinc telluride, inorganic siloxane conpound and their 15 m xtures thereof .
Car bi des may be selected fromthe group consisting of alum num carbide,
cal ci um dar bi de, Poifgralsty,uthe @ash ipaiticleh hhivei amacaagbi dineterodfyhéte microxw a0 Bisde,

ni obi um car leB tantal um carbi de, titanium carbide,

tungsten car %dm moreé’ﬁegofaﬁ Obfglpbxt:&g zi rconium carbide, and their m xtures
thereof. Nitrides may be sel ected fromthe group consisting of boron

nitride, calci um romu nitride um, ri de, magnesi um
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bi smuth(111) oxide, bisnmuth strontium cal ci um copper 25 oxi de, cadm um
" oxi de brown, cer ilb§rpingst epmppsitiop Hpelpdes i majoy compensnt selectsd fmwhy 23w de,

cobal t (11) Q:}Shéi'ﬁng PRRRdes) G?ffduﬂlepoﬁ@é?,pﬁfaﬂté )ni@eib S RalcliS REBShHEN GKdedle.
europi um oxi de, gadolini um oxide, gold(II1) oxidé hydrate, hafniun(lV)

oxi de, hol nitiinates.] splfisles, czanc sefenidgi zing F%méeeura@g@nc Fifaxane, pqrpousd jaad theirdr at e,
| ant hanq@ O)fﬁlgﬁresltﬁé‘gt(ﬁl V(’Eatﬂfﬁbgﬂlaylt%aéuéc{e}i 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. Nitrides may be
selected from the group consisting of boron nitride, calcium nitride, chromium nitride,
20  germanium nitride, magnesium nitride, aluminum nitride, zirconium nitride, and their
mixtures thereof. Oxides may be selected from the group consisting of aluminum oxide,
germanium(IV) oxide, indium(lI or IIT) oxide, magnesium oxide, silicon dioxide, silicon
monoxide, thallium(III} oxide, barium calcium oxide, tungsten oxide, barium oxide,
barium strontium tungsten oxide, bismuth(III) oxide, bismuth strontium calcium copper
25 oxide, cadmium oxide brown, cerium(IV) oxide, chromium(IIl) 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 (II) oxide, manganese(ll, Il or IV) oxides, molybdenum(IV}
30  oxide, nickel oxide, niobium(II) oxide, niobium(TV) oxide, niobium(V) oxide, osmium
tetroxide, palladium(Il} oxide or its hydrate, palladium(JI) oxide hydrate,

prasedymium(IH) oxide, rhenium(IV) oxide or its hydrate, rhodium(IIl) oxide or its




oxide yellow, lutetium (lI11) oxide, manganese(ll, |1l or 1V) oxides,

nol ybdenun(1V) 30 oxide, nickel oxide, niobiun(ll) oxide, niobiumlV)

oxi de, niobiumV) oxide, osmum tetroxide, palladiun{ll) oxide or its
hydrate, pal j oxi de hydrate, prasedymun(ll1) ium(1V)
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PCT/ EP2006/ 005149 hydrate, samarium oxide, silver(l or I1) oxides,
strontium oxide, tantalum(V) oxide, terbiumoxide, terbiun(lll) oxide,
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al um nuMsOXifiey mBAEY thérkgh OXi de, magnesi um oxi de, zirconiumoxide, nmullite
(Al 6Si 2013), and their m xt ures thereof. Metals may be selected fromthe
group 25 consisting of tungsten, chromum beryllium nickel, iron, copper,

titanium al um n?ﬁ@ferably, the inorganic siloxane compound is AlSi; kaolinate (Al(Si;0s)(OH)y).

Optionally, the binder composition may further includes a minor component

20  selected from the group consisting of carbides, metals, alloys, and their mixtures thereof.
Carbides may be selected from the group consisting of tungsten carbide, silicon carbide,

and their mixtures thereof. Oxides may be selected from the group consisting of
aluminum oxide, beryllium oxide, magnesium oxide, zirconium oxide, mullite
(AlgSi,0y3), and their mixtures thereof. Metals may be selected from the group

25  consisting of tungsten, chromium, beryllium, nickel, iron, copper, titanium, aluminurn,
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
30  binder composition, and the minor component is in an amount of 20% to 30% by weight

of the binder composition.



and their mxtures thereof. Alloys may be selected fromthe group
consisting of low alloy steels, stainless steels, cast irons, brasses,
bronzes, and their mxtures thereof. Preferably, the nmjor conmponent is in
an anmount of 9 0% by wei ght of the 30 binder co |4 d the

m nor conpoﬁgégm%éﬁ¥% an anount of 20%to 30% by meigh?pgg#ﬁ?ﬁﬂmﬁgﬂder
conposition. 4 WO 2006/ 128672 PCT/ EP2006/ 005149 Advant ageously, the binder
conposition is hydrolyzed. It is another aspect of this invention to
provi de a nethod of manufacturing a heat insulating conposite including
the steps of m xi%ﬂ@@@ggslmhqm@q%esomqswoalaimda%srzeds conposi tion, such that
the glass particles are fused when the heat insulting conposite is exposed
to a tenperature higher than 100C Bri ef description of the draw ngs
Preferred enbodi deidagothdr aspest ¢ff this dnvention/torprévide avnkthod ofympmifaskyingiahedt by way
of 10 exanp; WP e ying. frawi.ngs,_ i n. whi ch:
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tenmperature of 8Q0C . on the l.eft ha ide for 60 to 80 m nutes. 15
Detrrgi | ed Des@PP ﬁgoo%teg?eﬁaﬁlewﬁéefgﬁggo nbodi ment This invention is now
descri bed by way of exanple with reference to the figure in the foll ow ng
par agr aphs. | £ tsi tJ‘ eayres, and aspects of the present invention are
di scl osed i romthe follow ng description. It is to
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(As206 or As203), Sb (Sb208),

15  Detailed Description of the Preferred Embodiment

This invention is now described by way of example with reference to the figure in

the following paragraphs.

Objects, features, and aspects of the present invention are disclosed in or are

20  apparent from 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.

25 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 (Si0z), B (B;03), P (P20s5), Ge (GeO3), As (As;O5 or As;03), Sb (Sb203),
which may also include modifiers, for example oxides of K (K>0), Na (Na;O), Ca (Ca0),
Ba (BaO), Pb (PbO), Zn (Zn0), V (V20s), Zr (ZrOy), and Bi (Bi;03). The species in

30  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




whi ch may al so include nodifiers, for exanple oxides of K (K20), Na (Na20,
Ca (CaO, Ba (BaO, Pb (PO, Zn (ZnO, V (V205), Zr (Zr02), and Bi

(Bi 203). The species in 30 brackets refers to the stable oxide forns of the
correspondi . Oxides of Ti, A, and Th may a -ncluded in
vari ous conc@gﬁtﬁlr)[’g{]?sg#:. Anmong all, oxides of Si are pa%??%%ﬁ%o%l‘%referred
due to | ow cost and high availability. The gl ass spheres may have 5 WO
2006/ 128672 PCT/ EP2006l 005149 an average dianeter of 0.05 mMmto 1.5 nm An
average dianmeter of 0.75 micron is articularly preferred due to cost and
avai l abi | i tyal’c%i’ﬁéqgﬁéliaﬁte%% 0.05y mippgte ﬁ%m tAHaiveragn sligaedsr of ) Bs Bicser itk s

havi ng non- splghlfiR! preRARE Sue @ o@XRAPIVEIGHRY CoRbid@MRAs. I BAUIARY RIRAPES,
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any one of the follow ng conpounds, or their m xtures: carbides including
al um num car bi de Thp heit ersuelbliing domppsiteddthis n8@Biomekh jncludes obindar @pinpabition

(preferably dn po -cal ci.um carbi de;, chtom.um car bi.de; haf ni car bi de;
ol ybdenum 2t R ) paRCpitF, SR OF  neab S GRopecis. Pl T, %
nanopowder ) ;tempemtuelhighecthab] (08C. Thd Binded cvmpositiot enaytinuhgietaanajoiedolripdgent,
(preferahbly in.powder): vanadi um 13 carbide (preferably.in, powder);
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chromum nitride; germaniumnitride; magnesiumnitride; uminum nitride
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powder,  Cor@irltimcamidee Hitaniyma prsbide:, tupgstaapwriides (aeferablyl in oy deeyaradian | V)
oxi de; 118di Whblde (Beferably in powder); zirconium carbide (preferably in powder);

Gypsum powder; and Blakite;

nitrides including boron nitride (preferably in powder); calcium nitride; chromium
nitride; germanium nitride; magnesium nitride; aluminum nitride (preferably in
nanopowder); zirconium nifride;
20 calcium carbonate in various forms, including low in alkalies form, powder,
random crystals;
oxides including aluminum oxide in various forms, including calcined, powder,
Corundum, fused, granular, mesoporous and pellets; germanium(IV) oxide; indium(II or
ITI) oxide; magnesium oxide in various forms including nanopowder, fused, fused in
25  pieces form, fused in chips form; silicon dioxide in various forms including fused in
pieces form and fused in granules forms; silicon monoxide; thallium{Ill} oxide; barium
calcium oxide; fungsten oxide; barium oxide; barium strontium tungsten oxide;
bismuth(IIl) oxide (preferably in powder); bismuth strontium calcium copper oxide
(preferably in powder); cadmium oxide brown (preferably in powder); cerium(IV) oxide
30  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(ll) oxide; copper(I) oxide (preferably in powder); copper(ll) oxide (preferably in
6




I11) oxide; magnesi um oxide in various forns including nanopowder, fused,
fused in 25 pieces form fused in chips form silicon dioxide in various
forms including fused in pieces formand fused in granules forns; silicon
nonoxi de; t I ) oxide; barium cal cium oxide; e;
bar|unIOXIdgﬁbggﬁﬁgﬁfstrontlunItungsten oxi de; blSﬁUth??ﬂ?:ﬁQ%ﬁ 49
(preferably in powder); bisnmuth strontium cal ci um copper oxide (preferably
in powder); cadm um oxide brown (preferably in powder); ceriun(lV) oxide 30
in various forns lncludlng powder, fused in pieces form chromun(lll)
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7 powder); nanopowder); yttrium(IIT) oxide (preferably in nanopowder); calcium oxide (preferably in

anhydrous powder);
titanates including barium titanate(IV) or trontium titanate (preferably in
20  nanopowder);
sulfides including aluminum sulfide (preferably in granular form); antimony
pentasulfide; antimony(IIT) sulfide (preferably in powder); arsenic(ll, IIl, or V) sulfides;
gallium(IIl) sulfide; germanium(Il) sulfide; indium(IIll) sulfide red; phosphorus
pentasulfide; phosphorus trisulfide; selenium sulphide; barium sulfide; bismuth(III)
25 sulfide; calcium sulfide; copper(l) sulfide (preferably in powder, more preferably
anhydrous); copper(Il) sulfide (preferably in powder); gold(I or III) sulfide; iron(Il)
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(I) sulfide; tin(Il) sulfide; titanium(IV) sulfide
30  (preferably in powder or anhydrous form); tungsten(IV) sulfide (preferably in powder);
zinc sulfide (preferably in pieces); molybdenum(IV) sulfide (preferably in powder); '

zine selenide (preferably having coating quality and/or in powder);
. 7 _




titanates including bariumtitanate(lV) or trontiumtitanate (preferably in
20 nanopowder); sulfides including alum num sulfide (preferably in granul ar
form; antinony pentasulfide; antinmony(lll) sulfide (preferably in
powder); ar [ J11, or V) sulfides; galliun(lll)ps

ger mani ung | Is‘)%s?%fllﬁsge i nd| un(111) sulfi de red; phosphor ugﬁdgﬁeiﬁ?sal‘s%l fi de
phosphorus trisul fide; selenium sul phide; bariumsulfide; bisnuth(lIl) 25
sul fide; calciumsulfide; copper(l) sulfide (preferably in powder, nore

r ef er abl anhydr ous r(ll) sulfide , ferably in powder ol d( I
or 1) sulf i dey 71“?”&?4%@#5?%?8‘%{3& d%"mgé%?aleﬁﬂ§ ’é)ﬁi‘mdde Y\ thium sul)fl ge (
manganese( | 1) sulihdrighic iBKka i éﬁndﬁhﬂlﬁdx?AfSﬁ%ohrﬁ@é daagsi gmgédﬁ) ul fide;

plati nun(1V) sul fide; rhenium sul fi silver sulfide;
sul fide; strontiumsulfide; thalllurr(l) sulfide; tin(ll) sulflde

titaniun(lV) sul fA:ﬂ&]gSQu(af ﬁlfeeab'b%ycdn{boaﬂd&d%sgrka%m&@r@ sl?@{)(ﬁH)g is
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Anong all of the above conpounds, AlISi 2 kaolinate (A 2(Si2B)(OH)4) is 5
particularly preferred. It is found that the heat-insulating conposite
formed with AlSi Z)tkadhimﬂieeabase infagor nevmponand wf lee binderf cdriygpsitiondadditional
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steel s, 16astand bRges; RdABGLHixhRePMerebl ANRZAS pradet ih R BindBr ¥bHp&RichRAS RO may

al so present in t he bi nder conposition as the
minor component. The presence of this minor component may further enhance the

functionality of the minor components, for example, the working temperatures and
pressures of the resulting heat insulating composite may be enhanced. However, it
should be note that the presence of this minor component may be optionally.
20
The glass particles and the binder composition may be in any desired amounts.
Typically, the glass spheres may be in an amount of 50 to 95, more preferably 80, weight
percent and the binder composition in an amount of 50 to 5, more preferably 20, weight
percent.
25
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
30  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




m nor conponent. The presence of this m nor conponent may further enhance
the functionality of the m nor conponents, for exanple, the working
tenperatures and pressures of the resulting heat insulating conposite may

be enhanced.ywhoyeNa%72 it should be note that the pr esep@ﬁEﬂ(Mpﬂhgﬁgm nor
conponent may be optionally. 20 The glass particles and the binder

conposition may be in any desired anounts. Typically, the glass spheres
may be in an amount of 50 to 95, nore preferably 80, weight percent and

t he bi nder conposition in_an anount of 50 tq. 5, nore preferably 20, weight
percent. 25 P OWgLsUigemip baduner suitase. Rlvraky \pf lapigried Famicaike; sHuibes freg
conposi te of folfddS which REY A3t fuBhéIGRALRIMAL e Heageﬁﬂt&béiilngﬁrﬂ%E@IaHﬁ&ted

typically over 100_0, the binder conposition and the glass particles
"fused" to fosramigrhke pieugtusesi ave feuad denbe rubhielike pre thgyefore nqﬂqblstﬁ?-e%gqrerl i's
found to be ] e ] 1 ; i 1 & 30
conposition s?xg‘gfﬁgg?ﬂe@ﬁﬁ%}rgﬁfn?#f@ﬁ%ﬁ Pﬁg‘x"é’?}%&ﬁg’? g%ﬁaﬁngg.tﬁl%%iggggﬁ ly,

t he conpdsi t2myf, whehitke ¢omposite is subiesjediie aftemperaturesof 0043 e thedeft handmidesi de of

bj ect t , i i .
cur Tace. 1t ToR8 R BMRS, TRE ook Fad ilimal bonsor sBitedie A ph 0B Al Bl )
PCT/ EP2006/ 06 fea@eratune of thedrilnswasf sabilized at RE0°Crireare sher faspls, wpd intratliceq. of

| am nat ed ce[?]gan]'nc-lti ke ?ltructﬁuhes_are formed, which may assist further in
insulating t ' rgﬁﬂl.safens SYREYC %‘ﬁ] these lam nated ceramc-Iike

structures are found to be rubber-like and therefore not brittle. Figure 1
shows t te erzat ure distribution of the heat-insulating conposite having
a thi ckn¥ss Mfer308MEes: \hen the conposite is subjected to a tenperature of

900C on t he Juethée taapdattiiedes] Sidepre@eentigrd: M nut es. The sanpl e had t hernal
sensors inserted @6 interval s of 4nmand the tenperature of the kiln was
stabilized AMBOSRY feFessaeiigBd€anpl e was introduced. Detail results are

shown as f olg s 25bQepetsendidenut es: Surface tenperature = 815 degrees

centigrade .
10 mm = 122 degrees centigrade

15 14 mm 66 degrees centigrade
18mm 30 degrees centigrade

22mm = 22 degrees centigrade

After 60 minutes:
20  Surface temperature = 825 degrees centigrade
2mm = 500 degrees centigrade
6 mm = 250 degrees centigrade
10 mm = 130 degrees centigrade
14 mm 75 degrees centigrade
25  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

30  property of the composite of this invention.




2mm = 500 degrees centigrade 6 nm = 250 degrees centigrade 10 nmm = 122
degrees centigrade 15 14 nmm 66 degrees centigrade 18mm 30 degrees
centigrade 22nm = 22 degrees centigrade After 60 mnutes: 20 Surface
tenperature rees centigrade 2mm = 500 degrees, 6 mMm =
250 degrees Vggﬁ‘t%?’é%g 10 mm = 130 degrees centigrade %Hz‘o&ﬁﬂ?egr ees
centigrade 25 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 jenperature helow 10QC. This dermnstrat es

ef fecti veness of . Iy fyeh mprsadyantagrops IsBaline prsRoyitest ﬂi“ﬁé“’é’éﬂi’ﬁd%foﬂ-‘%d@f this
i nventi on. %ev@eﬁQﬁﬁér]igaﬁthinRﬁ[{nFP?QO@ dPesbd % Mbatd 'ténlféYa@Lﬁ'em& The

advant ageous is that the conposi his invention is found to be even

better in hdamimaied sramiclke ﬁﬁmmlreﬁ Sormed swiepg ths festesxpoer todhphe fempgratisesonce.
The —lam nataﬁsingeﬁfr@mlﬁsdmulﬁg 1§ﬁ1€'ﬁ?§t‘ﬁa@§ »I/}Rél%ﬁst&" lﬁ&th@gm lﬁﬁuetﬂng %ﬁe SbydepguUre to
high tenperatures are it heat -1 nsulating in first place; which
assi sts f%rthwotﬁﬁedﬁf@mh%ﬁtl ng the object to 5 be prot ect ed from heat .

Tabl es bel ow show the tenperature distribution of the conposite of this
invention conparing to the binder or the glass spheres, which act as
controls. T Conpdgblesbel®dy slebav thiatempera@0e diviibutionadf thith¢askposisesof(thimjnve@jonT 60°

(C) Thicknes %mﬁaMg tI tl?é%md(egr tﬂ-c E]st sf)l%-es which act as controls.

T

Composite
Binder  Alone 30' Material
Thickness (mm) ~ (°C) T60'CC)  mpiness@mm)  T30'(°C) T 60'(°C)
0 820 820 0 915 835
2 750 750 ) 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 8 303 35
22 140 200 - 1 »
10
Solid Glass Time Composite with Bigger
Spheres Alone 30 Glass Spheres Time 30" T 60'
Thickness (mm) (°C) T 60'(°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 22 50 70

10



0 820 820 0 815 825 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 22 140 200 22
22.1 25 10 Solid dass Tinme Conposite with Bi gger Spheres Al one 30' d ass

Spheres Ti Thi ckness (m) (C) T 60° (C) Thi | (O (O
0 820 820 gp‘gég‘"’é’%‘%z 750 765 2 600 625 6 420 550 6 3%‘35%’%‘%’“&%60 340
10 150 220 14 199 250 14 140 190 18 140 200 18 100 150 22 120 180 22 50

70 10 WD 2006/ 128672 PCT/ EP2006/ 005149 The "Bi gger G ass Spheres" used in

the above tests refer to 8I ass spheres having an average di aneter of
bi gger than 0. 75 Thm Bigger l@mpme wed ihibg abewgdents wher éxalagsesphereihavingyar i ous

occasi ons Wn%ras,g g&ﬁamécm € t{ﬁin@%ﬂ nsul ation is required, for exanple,

i n building esl st ant even space shuttle. O her than the
heat-i nsul ati ng properties denonstrated above, one may realize that the

composite of thY s INGRLSET(TRY MG Oh'Se LA \IBSES 0RAARY Lnde® Hi2 o0,

Further, the 10 °CoO Ion my acture atively
easily asS nodegtee xoif dleatsmhéattmnoeseqaxrai iforv efavpdk, m\dtdlldmg)ﬁad -teyistanthpanalat @r i al s

required are relati ¥ cheap.
even space s u

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
10 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

15 Composition:

o 75g SiC (400 mesh)

* 150g Al Si; Kaolinite powder (Al;Si;Os (OH)s4)

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

20 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, (8i;0s) (OH) 4 powder and silicon carbide = 25% H,O
25  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. Me;SiOH(OH,), the interaction of complex oxides and non oxide
silicates silica and oligomeric methylsiloxane surfaces.
30 '

11.



Exanpl es Exanple | 15 Conposition: 75g SiC (400 nesh) 150g Al Si2
Kaol i nite powder (Al 2Si 206 (OH)4) H20 approx 100mL. (*the slurry shoul d be
of medi um vi scosity ) 6759 of gl ass beads (75-100 mcrons) 20 The

resul ting sapg be cured at roomtenperature ho""ei‘@fmﬁzws%ﬂﬂ%

ceramc bonds are ornmed at high tenperatures. E.g. via arc-plasnma flanme
surface treatnent Mxing Kaolinite Ale (Si206) (OH) 4 powder and silicon
carbide = 25% H20 25 hydrolysed to nake silyl silicon enulsion thixotropic
pol ysi | oxane ceramic slurry which act as the hinder in the sanples.

Hydrosi |yl ati on dd@uioldvglash hepds susfapg cross |linke vathy ﬂﬂﬁc@rfaﬁﬁsufﬁefrhedﬁotim@ sol i d
gl ass beads RE(S‘:;'CE (éﬁ%‘gﬂwa?r inldgﬁﬁb%]@z&ﬁdé GhiAIRY siRRS léﬁkt&lﬁe% Stidr part L he

sal i ne water. e interaction of conplex oxides and non
oxide sili Cl‘aﬂlétsl uted |t@aleahbmminggwf@¢q domelozngss ﬂ‘h@xmﬂevls KY sudace goups] WO

2006/ 128672 k
-wWth the sur@%éff%g&%g%%éag% Al ted%%f%ﬁgkge)%?n(ﬁ) 4 po Me{ﬁﬁl% fsﬁ@ég%s' e
car bi de, S_forsmrfn@ps&bbwarﬂﬂm(l: o0 p lasing [flame verfoteHeatopat of the mw@dinslﬂnxtbwtpe:d to
" oom t emper SeTPE: EERPRAR/CaUFE R Lo PorPaiyet PR G REIBERict) Rl L o

met hyl si | oxdireturStoaghiessces above 250C or a plasma fl ane surface treat nent
of the insulating thixotropic ceramc conposition to create a | ow
porosity, a snmooth surface, high mcro hardness and fracture toughness.
Exanpl e 2 1CE@ampkasi tion: 75g SiC (400 mesh)

10 Composition:

e 75g SiC (400 mesh)
e 150g Al Si; Kaolinite powder (Al;Si,0s (OH)4)

e Solid glass beads (0.75mm in diameter).

15 The resulting samples can be cured via induction or vacuum thermal ovens where
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

20  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

25  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



150g Al Sit Kaolinite powder (Al2Si206 (OH)4) Solid glass beads (0. 75mm
in diameter). 15 The resulting sanpl es can be cured via induction or vacuum
t hermal ovens where stronger ceram c bonds are fornmed at hi gh tenperatures
also via arc-plasma flane surface treatnent. Wiile the preferred

enbodi rrent of t he present invention has been described in 20 detail by the
exanpl es, is apparent that nodifications and adaptations of the present

i nventlngﬂ WI || occur to those skilled in the art. Furthernore, the

- embodi neff¥"$f the present invention shall not be interpreted to be
restricted by the exanples or figures only. It is to be expressly
under st however , that such nodifications and adaptations are wthin
t he scoge o'F'e?HBS'ﬁﬁg%@ﬁ@mﬁﬁlé&‘}t"ﬂ@hdmaﬁ pletalifyorfiglasspéittielesandanbindec| ai ns.

F 25 t ed t of
embod ment . posIfciRichEsing e 068 bkt T et hesiling Gampesiedner
enbodi ment . exposed to terheriatires $ashet fiain 10‘03’0 ﬂvH%W@iﬁQﬁé ‘éepﬁgf:(ﬂé’s %Févrﬂr arpuch

nodi fi cati ons and varl ations as cone within the scop alns and
their equi VYR SPto @oavaight nerceptaand theiiadenaproposition isdn anrashautitng 540

plurality [ c d a _binder .c osition for fusing the glass

particles \C/ﬁ]oe‘%é@ﬁ%%%eb{ i Hé%sq 'i‘? i 95} 'P@nB%S AdRAIBE EAMPENe R PBIRASEFe s

hi gher t haress@ni@ilywi¢tzpiinatea) 8] ] ?Q?di 0 tO 95
wei ght percent anc‘imtfhe bi ?]Feg[r 2?%'????))& t?%ﬁﬁ{j?srpﬁ{ozr?bg}@ﬁ 3 gﬁetrﬂfajo

wei ght per CEAIPONEALISHN FAcHMeWMSE 0t faoBD weight percemt nﬁlfwbinderpmm;msﬂmm)osed

essentially of Kaolinate [Al 2(Si205)(COH) 4] and a m nor conponent and the
maj or conponent is in an anmount of 70 to 80 weight percent of the binder

conposi.i oea? msl:l@ihgldmmﬂcfsﬁtemﬂ CRAAPIO SR &ref tisd R'aB]ﬂate%ﬁgﬁn'anf 88 56333} 5nat
conmponent is to 37.5 welg ercent of the wh te mater .
Heat i nsul é’tei'g% PEEFRRL OF the W OI@IC‘@mﬁqSltﬁrmEEeﬂaherel n the gI ass parti cI es are

in an anount of 80 wei ght percent, and the binder conposition is in an

amount of 20 wei ght percent
3. Heat insulating composite of claim 1 or 2, wherein the glass particles are in an

amount of 80 weight percent, and the binder composition is in an amount of 20

weight percent

4. Heat insulating composite of the preceding claims, wherein the glass particles are in
the form of glass chunks or glass spheres.

5. Heat insulating composite of claim 4, wherein the glass particles are in the form of
glass spheres and have an average diameter of 0.05 micron to 1.5 micron.

6.  Heat insulating composite of claim 5, wherein the glass particles have an average

diameter of 0.75 micron.

7. Heat insulating composite of the preceeding claims, wherein the glass particles are
formed by oxides selected from the group consisting of SiO,, B2Qs3, P20s, GeOy,
As20s5, Asy03, Sbo03, and their mixtures thereof. '

8. Heat insulating composite of one of the preceding claims, wherein the glass particles

further include modifiers selected from the group consisting of K;0, Nay0, Ca0,

13




4.» Heat insulating conposite of the preceding clains, wherein the gl ass
particles are in the formof glass chunks or glass spheres. 5. Heat

i nsul ating conposite of claim4, wherein the glass particles are in the
formof glass spheres and have an average diameter of 0.05 mcron to 1.5
m cron. 6. Heat insulating conposite of claim5, wherein the gl ass
particles have an average dianeter of 0.75 mcron. 7. Heat insulating
conposite of %{Se preceedl ng clains, wherein the glass particles are forned
by oxides séf ek ViS5, GrouBigOn Alsdd, ngides oBIT0 2xide0SK TH e th&ie O2,
As2(b, As203piy l%t?gsoﬁ‘re their mxtures thereof. 8. Heat insulating
conposite of one o e preceding clains, wherein the glass particles
further include nodifiers selected fromthe group consisting of K20, Na20,
CaQ 13 Ba%e PbO . ZnO, V205, Zr 2, Bi 203, Al 203, oxides of Ti, oxides of

Th, and { heiffeat msidl«’%ﬁ'ﬂe@mf@rsé@fof th;e Featedingscliats, mehereinrisiadérecapipdsiton
-precedlng o t her includes one or nore

conponents se i‘é@?&gne rom ﬁ'l Mg(ﬁ{) OSItéIFg'ﬁﬁtegflﬂorEéh%igﬂé‘& capiiiggionder
Bl aki t e, n| t:anbd:m Gyﬂbnmtﬂnvﬁwrbgpagﬁ@ nl@l@bgecsalcrﬂmt@d??&ﬁi% Oﬁﬁé% itﬁﬁi&ﬁ? éi nc

sel eni de, r‘ﬁtellurlde and their mxtures thereo ting
conposi te 0? fe8. #ins selpridei zing tedudde, ndthenniixisied ethioeeoff r om the  group
consi sting of alum num carbide, calcium carbide, chrom um carbi de, hafnium
car bi de, nol ybdenum car bi de, ni obi um carbi de, silicon carbide, tantalum

car bi de10. t Heafrinsutatiray bordposite ors: oni um
car bi de, and thei tmngxt rpgssl therégg?g Cﬁq@bl—ggpe:tﬁgg é%‘ﬁ}-}%@%lgbﬁﬁ fmﬁﬁ'g% claim
9, wherein YAEP ﬁPE‘?'?tH&OI’a@'EW@@ﬁ&HG realbiurh earlideuhromish shtbide, MHafiiafon
nitride, c itrid er.nani um, nitride, magnesi um
nitride, a%t??}!\b lﬁglnqﬂ E%P?@umct%rg% U] 3 E@@ silicen cadide, ﬁ?&tﬁ&#"éé‘arb?dﬁer eof .

12. Heat i ri¥aniamicagbidenungstehamrisifie o i ected
fromthe %?'XEF‘? ?’SSI Sti ng of alrumen%ﬂagﬁg%#ﬂféﬁ?ﬁﬁw&%ﬁ%’ gé(,?tﬁé?'l'

indiun(l |

11 Hgat insulating composite of claim 9, wherein the nitrides are selected from the
group consisting of boron nitride, calcium nitride, chromium nitride, germanium

nitride, magnesium nitride, aluminum nitride, zirconium nitride, and their mixtures
thereof.

12.  Heat insulating composition of claim 9, wherein the oxides are selected from the
group consisting of aluminum oxide, germanium(1V) oxide, indium(!l or II) oxide,
magnesium oxide, silicon dioxide, silicon monoxide, thallium(”l) oxide, barium
calcium oxide, tungsten oxide, barium oxide, Abarium strontium tungsten 6xide.
bismuth(lif) oxide, bismuth strontium calcium copper oxide, cadmium oxide brown,
cerium(lV) oxide, chromium(lll) oxide, chromium(VI) oxide, cobalt(ll) oxide, copper(l)
oxide, copper(ll) oxide, dysprosium oxide, europium oxide, gadohmum oxide,
gold(lil) oxide hydrate, hafnium(1V) oxide, holmium(il!) oxide, iridium(IV) oxide or

irdium(IV) oxide hydrate, lanthanum oxide, lead(1V) oxide, lead(ll) oxide yellow,
lutetium (i1} oxide, manganese(ll, lii or IV) oxides, malybdenum(IV) oxide, nickel
oxide, niobium(ll) oxide, niobium(iV) oxide, niobium(V) oxide, osmium tetroxide,
paliadium(ll) oxide or its hydrate, palladium(il) oxide hydrate, prasedymium(”l) oxide,
rhenium(1V) oxide or its hydrate, rhodium(lll) oxide or its hydrate, samarium oxide,
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magnesi um oxi de, sil icon"di oxi de, silicon nonoxide, thalli um(i 1) oxide,
barium cal ci um oxi de, tungsten oxide, barium oxide, bariumstrontium
tungsten oxide, bisnmuth(lll) oxide, bismuth strontium cal ci um copper

oxi de,. cadm um oxi de brown, ceriunm(lV) oxide, chromun({Illl) oxide, _
chrom um(VI) oxide, cobalt(ll) oxide, copper(l) oxide, copper(ll) oxide,
dyspr osi um oxi de, europi um oxi de, gadoliniumoxide, gold(lll) oxide
hydr at e, hafpi I oxide,. holmun(l1]) oxide, iridiun(lV) oxide or
iridiun(lV) S@&#@é‘” Ki)d’?‘&ieé Sirantium AHe otantalum(\dberids) tethiimegxides derbium(lbxi de
yel low, | ubgideufAulili() @Xxideet; qliacg ltund Iy b 01 de

mol ybdenun(| V) oxi de, (ni)ckel 'hgli 29)1%2?@%%[}%4;#58@{!&8%& @ﬂ%ﬂ‘sﬂ{m(\w Iéfxpﬁe,

ni obi un( V) dXPYides olirrbivm exidexide oxidpatitaaium(IVh bxigsi seirény s oler at e,

pal | adi un(1- i .%y t prasedym un(111) oxide,  rheniun(lV) oxi de or
its hydrat e!ré)?@@aclg;ﬁ ’Iﬂr@"ﬁm)ﬁé%ts?r C%/’P'é'"h ¥ifat and thetemixdures iereof.t t sil ver (|
or I1) oxides, strontiumoxide, tantalunm(V) oxide, terbium oxide,

terbi un&l 1), oxide, thuliun(lll) oxide, tin(ll or IV) oxides, tungsten(Vl)
oxi de, Vanadlaakinsuiating\coroposite)of olaird s wherdinrthé ttarexésisre idtSe@Kofethe

zi rconi un( | Lde. .antipony tin oxide iron(lll) oxide, yttriun(Ill)

oxi de, cal CQ%H?)SJQH%'E’F'RQ%Bgﬁléprtﬁ%ai?eb%eyoﬂﬁ@ﬂé natezangHiheir mixureathergof.
conposite of claim9, wherein the titanates are selected fromthe group

consisting of bariumtitanate(lV), trontiumtitanate, and their m xtures
t her eof 14.” faeatipyilating eomppsitp dfolaiosd, tveharbindthaisuiRiesvdre seictidd Worfuhé | des
are sel ect f . consi st.ing of alum num sul fide, antinony
pent asul fi e?uégﬁér{ogﬁﬁ {Jﬁd?r@m"ﬁ PH’@S’G’ AHnyhentasylfide, antimpnydll) sulfide,

gal | i (1| arseré(i i or 9rsARles Il i, deRAEHTRN doigdbibhEiG A,

phosphor us Ee_nt asul fide, phosphorus tri'su barium
sul fide, bisyiidered phosphorisiesntasiliide; phespliorde trisuifides seloniu istiphie,

copper (11 fi e LLEY sulfide, iron(ll) sulfide, |ead(ll
sulfi d(e, |) P?ﬁ%ré‘@'ﬁ‘f%%%ﬂ&*hﬂﬁﬁﬁl&h‘é%&@fqﬂjms%ylfﬁedét?rgm)ﬁo\, gelide. gopper(l éle 3 ed,
al I adi um( biilfids ugdidder 1P i _ fi r iU fide, silver

gul fide, mgodliﬁum'.l%ul i delfpj stﬁﬁﬁﬁ(\r@ssg@ibhrg,ga“phgﬁ |en%?q$§3ﬁa{ede, tin(ll)

su: fL ge, t (eagAnegelh sgiﬁdejd meLcury(Hbsulﬁdﬁ radg, pﬁiﬂdlcﬂi'u?ﬁll) Qilfﬁeﬁﬂdgifm&ﬁrw |

no enuny ki) j ndt.hei.r m res thereof. 15. The heat insulatin

corr%;osi t e”%?f%(‘%ﬁ-;fﬁlﬁfl@?'ﬁ%@ngflﬂemqﬁlgewﬂﬁcgq, sedinm stkfidsnstrantivaesulfide, 9
thallium(l) sulfide, tin() sulfide, titanium(iV) suifide, tungsten(iV) sulfide, zinc sulfide,
molybdenum(lV) sulfide, and their mixtures thereof.

15.  The heat insulating composite of Claim 9, wherein the binder composition further
includes & minor component selected from the group consisting of carbides, metals,
alloys, and their mixtures thereof.

16. The heat insulating composite of claim 15, wherein the carbides are selecting from
the group consisting of tungsten carbide, silicon carbide, and their mixtures thereof.

17. The heat insulating composite of claim 15, wherein the oxides are selected from the
group consisting of aluminurm oxide, beryllium oxide, ma’gne‘sidm oxide, zirconium
oxide, mullite (AlsSi20i3), and their mixtures thereof.
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i ncludes a m nor conponent selected fromthe group consisting of carbides,
metals, alloys, and their mixtures thereof. 16. The heat insul ating
conposite of claim 15, wherein the carbides are selecting from the group
consi sting of tungsten carbide, silicon carbide, and their mxtures .
thereof. 17. The heat insulating conposite of claim15, wherein the oxides
are selected fromthe group consisting of alum num oxide, beryllium oxide,
magnesi um oxi de, zirconium oxide, nmullite (A 6Si 20 3), and their mxtures
t her eof18.1F hedeatrmsulading donmmnpdsite iofi glaim rtBpwhemin the itals bk sabeediffon e

metal s are ected fromthe, group consisting of tungsten, chrom um

beryl i um gﬁqﬂ&%‘%“,s‘%“PSr??]f@Eﬂ%%%,C?‘F?m'éﬁm, iy uRickelmroRrrePPRBtitaniinmt ur es
thereof . 1Qumikemhaad tHdismhaliledqn&epposi te of claim 15, wherein the alloys
are selected fromthe group consisting of low alloy steels, stainless

steel s, cast irons, brasses, bronzes, and their mxtures thereof. 20 The
heat i ASul 4b¢ hgatipawsting sompositaphelailn 1ahehaiem theeallogs are selopeddimitise i n an

anmount of 4.t 9 i ght qof the binder conposition, and the m nor
conponent 5@@&8(5{%8@@!}“65%3"05039@8, %@Qﬁ'ﬁ? S\R%éiéﬁaséfmt" TBF$Rse PrONZES,
conposi ti oand kir Mixteboaskrebs manuf acturing a heat insulating conposite,
contai-ning glass particles and a binder conposition, according to one of

t he prﬁéed{_ng clains, such that the glass particles are fused when the
heat iASul theeatdnpiaiingcospasitesimhaiod! 4, oviereindhpengjorcempomgrdis innan 100C

16 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.

21. A method of manufacturing a heat insulating composite,'containing glass particles
and a binder composition, according to one of the preceding claims, such that the
glass particles are fused when the heat insulting composite is be exposed to a
temperature higher than 100°C
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