. COWCOSI TE MATERI ALS The -invention relates- to conposite material s
characterized by a substrate based on glass fibers, 5 mneral fibers or
derived tinber products' and by a nanoconposite which is in functi onal
contact: with said substrate and is obtainable by surface nodification of a)
colloidal inorganic particles with 10 b) one or nore silanes of the

general forngo@pOsITE RMAPERAREST ] (1) 15 where the
radicals A are rdentical or driferent and are hydroxyl groups or groups
whi ch can be renoved hydrol yti cal |y, except met hoxy, the radicals R
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sol, and furt si s and condensation of the nanoconposite sol, if
desi r ed, beféPbSFFaFg Bﬁéugﬁtobﬁ?énébﬁﬁabﬁ firBacremodnsiratdont 6 owed by
curing. 30 The substrate may be of very different physical fornms, and the

nanoconposi te may al so, present i.n different for of distribution. For
exanpl e, theahan088h§8§BPé ﬁﬁ?rEBPéF Pﬁétéﬁg§ﬁrﬂ?§ partially or entirely in

the 35 iIform of a continuous covering or coating or it may be present

bet ween a pl a!it§ of s gtrgaggneg o%n% Iagen%rgh §%E%h (%§anples of

conposite materia type are W nés, yarns and
sem fini shed products such as wovens, antS br ai ds and non-wovens 40
provided with.a thermally stabIeRLngieﬂngtion. _ (I)

i

15 where the radicals A are identical or different
and are hydroxyl groups or groups which can be
removed hydrolytically, except methoxy, the
radicals R are identical or different and are
groups which cannot be removed hydrolytically and

20 x is 0, 1, 2 or 3, where x 2 1 in at least 50 mol%
of the silanes;

under the conditions of the sol-gel process with a sub¥
stoichiometric amount of water, based on the
25 hydrolysable groups which are .present, with formation
P of a nanocomposite sol, and further hydrolysis and
- condensation of the nanocomposite sol, if desired,
before it is brought into contact with the substrate,
followed by curing. '
30
The substrate may be of very different physical forms,
and the nanocomposite may also be present in different
forms of distribution. For example, the nanocomposite
may cover the substrate partially or entirely in the
35 form of a continuous covering or coating or it may be
present between a plurality of substrates in lamellar
form. Specific examples of composite materials of this
type are fibers, twines, vyarns, and semifinished
products such as wovens, knits, braids and non-wovens -
40 provided with a thermally stable impregnation.



-2-*Alternatively the nanoconposite nmay form di sconti nuous or even

poi nt -shaped sites of contact between a plurality of substrates and may,

for exanple, bind a partlculate fl occul ant or fibrous substrate in a 5
matrix-1i ke manner. Specific exanples of conposite materials of the

| atter type are insulating materials based on glass or mneral fibers and
materi al s made of wood such as wood fibet 3labs, particle boards, wood core
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textiles, non-wove felts,, webs, sh
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in the presem@yxﬁg(ﬁlﬂme1ﬂﬁﬂaﬂdﬁn¢(Rﬁonﬁnnm95§3 the conditions of the
sol gel _process.

Examples of suitable substrates are glass fibers,
15 natural or man-made mineral £fibers such as asbestos,

mineral wool, slag wool, and fibers of ceramic

materials including those of oxide ceramic; materials

derived from timber in the form of cellulose, wood

wool, wood flour, wood chips, paper, cardboard, wooden
20 plates, wood borders and wood laminates.

The term fibrous substrates is taken to mean either
individual fibers, including hollow fibers and
whiskers, or correspondlng fiber bundles, threads,
25 ropes, twines.and yarns, or semifinished products such
as wovens, knits, braids, textiles, non-wovens, felts,
webs, sheets and mats. Concrete examples of these are
glass wool, glass fiber mats and mineral wool, e.g.,
slag wool, cinder wool, rock wool or basalt fibers.
30 _
The nanoéomposite employed according to the invention
is prepared by surface modification of . colloidal
- inorganic particles (a) with one or more silanes (b},
if desired in the presence of other additives (c) under
35 the conditions of the sol-gel process.

Details of the sol-gel ©process are described in
C.Jd. Brinker, G.W. Scherer: “Sol-Gel Science - The
Physics and Chemistry of Sol-Gel-Processing”, Academic



Details of the sol-gel process are described in CJ. Brinker, GW Scherer:
"Sol - Gel Science - The Physi,cs and Chem stry of Sol - CGel - Processing”,

Academi c -3- Press, Boston, San Diego, New York, Sydney (1990) and in DE
1941191, DE 3719339, DE 4020316 and DE 4217432. Here, specific exanples of
the silanes (b) which can be 5 enployed according to the invention

and of their radicals A which are hydlolytically renovable and their
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aryl and aIédk?ﬂlﬁadicﬁhsyh aFed oy ohPIrPeYEicRéhYaRaRIVaNe aPBBXI me or
ket oxi me groypgenIWwo or three radicals A may al so together forma noiety
whi ch conpl exes the Si atom as for exanple in Si-polyol conplexes derived
fromglycol, 25 glycerol or pyr ocat echol . Particularly preferred
radi cal s\ apee€kerrel- abkanplesoups, droyss t iZculvdickt haxy. Membeaypler oups

2" excess VERGESRRECRATYt AR YR pr BEEE g B nEler et T, "
nanoconposi t én3PpamstmijulamndClcand gBre, relioognpésnt gartdmiiler E€enposite
ngterlals m‘59k5§§9ff%%dﬁ“ JA‘”%EHA&§X n-propoxy, isopropoxy and
butdxy), aryloxy (in particular Cg-ijp—aryloxy, such as
15 phenoxy), alkaryloxy (e.g. benzyloxy), acyloxy (in
particular Ci-g—acyloxy, such as acetoxy and
propionyloxy) and alkylcarbonyl (e.g. acetyl). Radicals
A which are likewise suitable are amino groups (e.g.
mono~ or dialkyl-, -aryl- and -aralkylamino groups
20 having the abovementioned alkyl, aryl and aralkyl
radicals), amide groups (e.g. benzamido) and aldoxime
or ketoxime groups. Two or three radicals A may also
together. form a moiety which complexes the Si atom, as
for example in Si-polyol complexes derived from glycol,
25 glycerol or pyrocatechol. Particularly preferred
radicals A are C,.4—-alkoxy groups, in particular ethoxy.
Methoxy groups are less suitable for the purposes of
the invention, since they have an éxcessively high
reactivity (short processing time of the nanocomposite
30 sol) and can give nanocomposites and/or composite
materials with insufficient flexibility.

The abovementioned hydrolysable groups A may, if

desired, carry one or more usual substituents, for
35 example halogen atoms or alkoxy groups.

The radicals R which are not hydrolytically removable
are preferably selected from alkyl (in particular Cji-4-
alkyl, such as methyl, ethyl, propyl and butyl),



Theabovenenti oned hydrol ysable groups A may, if desired, carry one or nore

usual substituents, for 35 exanpl e hal ogen atons or al koxy groups. The

fadi cal s R which are not hydrolytically renovable are preferably sel ected

fromalkyl (in particular (Jerr]- alkyl, such -as nmethyl, ethyl, propyl and

butyl), -4- al kenyl (in particular C[err] al kenyl , such as Vi nyl, 1-

pr openyl , 2- propenyl and but enyly,4 - al kynyl (in parti-cular
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is 0, 1or. ,harlaargtérpulaam&dxw efaidity, Grdmol od tegokidles guyferable if x =
1in at least 60 mol% in particular at |east 70 nol % of the silanes of _
the fornula (1). In particular cases, it may be even nore favourable if x =
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Particularly preferred radicals R are substituted or

15 unsubstituted Ci-4-alkyl groups, in particular methyl
and ethyl, and substituted or unsubstituted Cs-10—azryl
groups, in particular phenyl.

It is also preferable that x in the above formula (I)
20 is 0, 1 or 2, particularly preferably 0 or 1. It is
also preferable if x = 1 in at least 60 mol%, in
particular at least 70 mol%, of the silanes of the
formula (I). In particular cases, it may be even more
. favourable if x = 1 in more than 80 mol%, or even more
25 than 90 mol% (e.g. 100 mol%), of the silanes of the
formula (I).

The composite materials according to the invention may

be prepared, for example, from pure methyltriethoxy-
30 silane (MTEOS) or from mixtures of MTEOS and

tetraethoxysilane (TEOS), as component (b).

Concrete examples of silanes of the general formula (I)
are compounds of the following formulae: )
35
Si (OC.Hs) 4, Si (O-n—-or iso-C3H7),, Si(OC.Hg)4, SiCl,,
Si (OOCCH3) 4, CH3—SiCl;, CH3-Si(OCzHs)3, C2Hs-SiClj,
CzHs—-Si (OCzHs)3, C3H7—51i(0CzHs)s, CeHs—Si-(OCaHs) s,
CeHs—S1 (OCzHs) 3, (C3Hs0)3~Si-C3He—Cl, (CHs)2SiCl,,



tetraet hoxysilane (TECS), as conponent (b). Concrete exanples of silanes of
the general formula (1) are conpounds of the follow ng fornulae: 35 Si
(OJerr]Herr])[err], Si (On-or iso-Clerr]Herr])[err], Si
(CCferriHerr])[err], SiC[err], Si (OOCCH err])[err], CH[err] SidJ[err],
CHerr]-Si (OJerr]Herr])[err], Cerr]Herr]- S|CI[err] Cerr]Herr]-Si
(OJerr]Herr])[err], Jerr]Herr]-S T err]H[err])[err],
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(G err]ifherr])[err], n-Clerr]Herr]-CHerr]-CHerr]-Si 0
(G:[err]H[err])[err],
n-Clerr]Herr]-CHerr]-CHerr]-Si(OCerr]Herr])[err],
(derr]H errrefser r 51 ahésl eran )ber rpréptddr bly- [ enoyn hetHwede; siclfanes can

be prepared mety No e nd l,Oogi e
der Sili coﬁ%" lﬁF’%&m st :&3‘%2%3 Tec ﬁlol olgry oflotl(éggg: i gg%es] l@e%lgg% 15
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(b) is uié%al I%gle t’'o 951?/311%1 V\}/e%i)eg preferabl y prom 4033,[0 90% by

wei ght, 20 and partl cularly preferably from70 to 90% by wei ght, expressed -

as polysi | oxang bhe £RE Mrsvemetdddd Wi an'eattaor (@ﬂ,l n(kB)heand
condensati on. The SI | anes of the ‘?fneral formu used di n%025 to
0
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expressed as polysiloxane of the formula: Rx310(2_o,5x, )
which is formed in the condensation.

The silanes of the general formula (I) used according

25 to the invention may be employed wholly or partially in
the form of precondensates, i.e. compounds produced by
partial hydrolysis of the silanes. of the formula (I),
either alone or in a mixture with other hydrolysable
compounds. Such oligomers, preferably soluble in the

30 reaction medium, may be straight-chain or cyclic low-
molecular-weight partial condensates (polyorgano-
siloxanes) having a degree of condensation of e.g. from
about 2 to 100, in particular from about 2 tb 6.

35 The amount of water employed for hydrolysis and
condensation of the silanes of the formula (I) is
preferably from 0.1 to 0.9 mol, and particularly
preferably from 0.25 to 0.75 mol, of water per mole of
the-hydrolysable groups which are present. Particularly

40 good results are often achieved with from 0.35 to 0.45



30 ‘reaction nmedium may be straight-chain or cyclic | ow nolecul ar-wei ght
parti al condensates _ (pal yorgano- siloxanes) having a degree of
tondensation of e.g. fromabout 2 to 100, in particular fromabout 2 to 6.
35+ The: anobunt of water enployed for hydrolysis and condensation of
the silanes of the formula (I) is preferably from0.1 to 0.9 nol, and
particularly preferably from0.25 to 0:7 +ol, of water per nole of the
hydrol ysabl epgnowss ywhi&h geg ﬂb%eetf d??étnyd%@wyaﬂé QQQGpée%HE.EE are
often achieved with fromO0.35 to O. -6-" nmol ‘of water per nole of the
hydr ol ysabl e 3RoBFESfRitch are present. Speci fic exanpl es of coll oida

I norganic particles (a) 5 are sols and pomders di spersible at the nano
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€ conpone nt

(c), is usuarlllw tfq ohoe o 609 hyavelghlarky epeefprabiyompl 0t 0580%mdy
wei ght, and PO6S ) cﬂ_@{l yzﬂbﬁf ep&% fyam 1&dad),,208ady, Wehght lrlggir
pr epari ng the nanoconposi te, I'ti ves' in anounts of ug to 20% Db
wei ght, preféﬂ&@?ﬁlu9¥(JQEﬂh%W mé?@ﬁ?on nelaek paprPlcuPERPHA LR - 5%}By
wei ght, Yy RRrdd camy oedi®s optional conponents (c); exanples are

curing cat aI ysts, such as netal salts and netal al koxides (e.g. alum nium
al koxi des, .titanium al koxi des or zirconium al koxides), organic binders,
such as pol yntienyl propakthbal , of pébmponght ¢t at based stamch,th2s

pg:.)_'-l.-;_yet hyl ene cogrlxﬁlo%oelntsanfiapym(gr)aQn% ((p)i’gnEQt ESuaﬁl.X.gs’from 5 to 60%
by weight, preferably from 10 to 40% by weight, and
15 particularly preferably from 10 to 20% by weight.

For preparing the nanocomposite, other additives in
emounts of up to 20% by weight, preferably up to 10% by
weight, and in particular up to 5% by weight, may be
20 employed as optional components (c); examples are
curing catalysts, such as metal salts and metal
alkoxides (e.g. aluminium alkoxides, titanium alkoxides
or zirconium alkoxides), organic binders, such as
. polyvinyl alcohol, - polyvinyl - acetate, starch,
25 polyethylene glycol and gum arabic, pigments, dyes,
flame retaidants, compounds of glass—-forming elements
(e.g. boric acid, boric acid esters, sodium methoxide,
potassium acetate, aluminium sec-butoxide, etc.), anti-
corrosion agents and coating aids. According to the

30 invention, the use of binders is less preferred.

The hydrolysis and condensation is carried out under
sol-gel conditions in the presence of acid condensation
catalysts (e.g. hydrochloric acid) at a pH of

35 preferably from 1 to 2, until a viscous sol is
produced.

It is preferable if no additional solvent is used -
‘besides the solvent produced in the hydrolysis of the



flane retardants, conpounds of glass-fornmng elenents (e.g. boric acid,
boric acid esters, sodium nethoxide, potassium acetate, alum nium:
sec-butoxide, etc.), anti- corrosion agents and coating aids. According to
the 30 "invention, the use of binders is |l ess preferred. The hydrol ysis and’
condensation is carried out under sol-gel conditions in the presence of
aci d condensation catal ysts (e.q. Hydﬁdbhloric aci d) at a pH of 35
preferably &al&oxyl gromps2, Ifirdedired, \hwotesr, solcohslpe odotedntst is

preferable | o] ddj g, % [ d i t he Lven
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solvents,  gSHERny1 FdSmamilde! & ur 1, fofl AR
dinethylfornan#’e r butyllglyé§$¥g#o eggﬁ%?ef ngy be %E,éﬁpﬁga d?eln

order to a€RPdP¥eda favourable sol particle norphology and so

Vi scosity, t he resul tant nanoconposite sol is preferably subjected to
a special 10_ post-reaction step in which_the reaction mxture is_heated
to tenperatut@s o?T¥ebm 40 toaﬁlﬁg?%‘?r] é ov@?v%uf)%gf%d &°Lk r oRPELAGABer of
hours to a nmstpholdioggays.anteci aolpr ef eietceitg, 9i vaohd 0 stes@geaher one
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nanoconposi te~so erably
from 5l0toposiGTeactRan, paepi cin amhichr etheabteadtion 1GuikEB® nas. The

viscosity of jieetd! c6an ahooratlr oo, henadaystel oo t i val ues
or the specific applicatio y adding solvents or renoving
si de- product ®erdPd tofe Fremt PoRUmbey. Af dafiers) toThRe yher c@€t A8 Sat ep may
preferably alspadialc i fsrandd) st gdveh Ab OitéP€ge for one day at
room temperature or heating for a number of hours at
15 from 60 to 80°C. This gives a nanocomposite sol with a
- viscosity of preferably from 5 to 500 mPas,
particularly preferably from 10 to 50 mPas. The
viscosity of the sol can also, of course, be adjusted
to suitable values for the specific application by
20 adding solvents or removing side-products of the
reaction (e.g. alcohols). The post-reaction step may
preferably also be coupled with a reduction of the
solvent content.

25 "Theﬁproportidn'by wéight:of the nanodoﬁpdsite in the

' composite material is preferably from 0.1 to 80% by
weight, in particular from 1 to 40% by weight, and
particularly preferably from 1 to 20% by weight.

30 The substrate and the nanocomposite or nanocomposite
sol are combined after at least initial hydrolysis of
component (b} and in any case before final curing.
Before it is brought into contact with the substrate,
the nanocomposite sol is preferably activated by

35 feeding in a further amount of water.

The contact can be brought about by any means known to
the person skilled in the art and deemed to be useful
for the particular case, e.g. by simple mixing of



sol vent content. 25 The proportion by weight of the nanoconposite in the
conposite material is preferably from0.1 to 80% by weight, 1in particular
from1l to 40% by weight, and particularly preferably from1 to 20% by
wei'ght.* 30 The substrate and the nanoconposite or nanoconposite sol are
conbined after at least initial hydrolysis of conponent (b) and in any case
before final curing. Before it is brougft 1nto contact with the substrate,
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such  as 105,3F,0@si | aReetreRMnt,| aneg, gfLZES ?ﬁgﬁafrO”Higéﬁﬁgagr

silicones, conplexing agents, surfactants ore final curin
drying step S€9rS3MiDGhper abtHPRLBERE| | gRHLR el eRaiBATBenperdidte (@Sg. up
to about1d5 ahGhesili@he®By dporindellakes, Emeeactmaae CfiFdril Js @4 réhPlo@cur i ng

can be carried.qut at room L_Le erature but raqa% heat treatment at
t enper at ur es SAFFFETEGe [FTE. e%‘é“lge ﬁ%é%[aé’r e./ﬁT
part|cularly preferably at 150[err]C or above The maxi num
Before final curing, a drying step at room temperature
or slightly elevated temperature (e.g. up to about
15 50°C) may be undertaken.

The actual curing or a precuring can be carried out at
room temperature, but preferably by heat treatment at
femperatures above 50°C, preferably above 100°C and

20 particularly preferably at 150°C or above. The maximum
curing temperature depends, inter alia, on the melting
point and/or the heat resistance of the substrate, but
is generally from 250 to 300°C. With mineral
substrates, however, = significantly higher curing

25 temperaturés are also possible, e.g. from 400 to 500°C
and above. Curing times are generally in the range from
minutes to hours, e.g. from 2 to 30 minutes.

Besides conventional éuring by heat te.g. in a

30 circulating air oven) other curing methods may be used,
for example curing with IR beams or laser beams. If
desired, the composite prepared may also be subjected
to a shaping process before curing.

35 The invention also «relates to the use of the
abovementioned nanocomposite for the coating and/or
consolidation of the abovementioned substrates. The
term “consolidation” is intended here to include any -
measure which is suitable for providing the substrate -



curi'ng tenperature depends, inter alia, on the nelting point and/or the
heat resistance of the substrate, but is general ly from 250 to
300[err]C Wth mnefal substrates, however, significantly hi gher
curing 25 tenperatures are also possible, e.g. from400 to 500[err]C and
above. Curing tinmes are generally in the range frommnutes to hours, e.g.

from2 to 30 minutes. Besides conventrofatr curing by heat (e.g. in a
30 circul atijpg aténsagﬂaaeéaer S&d/d¥y Neémeslst8BY FRrused, adQ@r erypl e
curing with IR | aser beaﬂs If desired, the_co osM% prepared nay
al so be subj &Y ??'a EREpi FATR tRes STRFRGRAtIon ngf de TRYPSERALSt i on

al so rel at ewitio naﬂecompesmé el eaald wemedi | ened submaegRosihtof rar the
coating and/qQ consolldatlon of t%¥%:abovenent| ned. substrates.. The t

"consol i dat i glr?t | RE e REPHE § n@F udE S Fehr 5w BRI s @ abI e
for prOV|H|n@uhﬁtnaﬁESrareplecéB of sodsdalaite@ateiith andhocompogiaet.ed

form = and i |aghudes,yd OoeXapl e ddPEsonationial she: pupplpate with

nanoconposi t €, ing o strate into a matfi x fancconposite or
cenent ati on d?arlﬁlfﬁaﬂi rfgrdq?m@%%ﬂb%t?%‘t:%]%s‘élaﬂ@%e@foﬁ substrate with a

nanoconposi t qandorgddl t£ 0l Nbrdex t AL didMBhiisN Rablitcahd, agartial
or conplete encapsulation of a subst{r ie mnth a napoconpagsite in order to

give this suft§<a®, Hhepretes P?HE+%B ar BrPPeLFAfS: pr SBEr t EF&mMP Ly,
erarrplheb_lo st ikt ivh ressssgaﬁee,f [FasaEner aiarmb y hyRyapsphobier olr

ol eophobi c ara t rdne neabi trical_or
thermal i nsul o%Ilhce fSﬁF’éﬁﬁcﬁﬁréxaﬁé%ﬁSﬁ't he?'lxﬁb??%%?l?hi%gi’he pﬂ’resent
15 |nvent|omledtrid&ifmﬁlthexmplnanan&tlonhe silica sol enployed is an
agueous silica sol from BAYER ("Levasi

The following examples further illustrate the present
15 invention. In the following examples, the silica sol
employed is an aqueous silica sol from BAYER (“Levasil
300/30”) with a solids content of 30% by weight and a
particle size of from 7 to 10 nm. The following
abbreviations are furthermore used in the examples:

20
MTEOS = Methyltriethoxysilane
TEOS = Tetraethoxysilane
PTEOS = Phenyltriethoxysilane
25

EXAMPLE 1

A mixture of 65 mole% of MTEOS, 15 mole% of PTEOS and
20 mole% of TEOS (or, alternatively, of 80 mole% of

30 MTEOS and 20 mole% of TEOS) is vigorouély stirred with
silica sol and hydrochloric acid as catalyst in oxrder
to prepare a nanocomoposite sol by hydrolysis and
condensation . of the silanes. The amount of water
introduced by means of the silica sol is such that 0.8

35 moles of water are present per mole of hydrolysable
group. About 5 minutes after the preparation of the sol
the above silane mixture is added thereto so that the
total water content of the resulting mixture is 0.4 -
moles of water per mole of alkoxy groups. The silica -



. 300/30") with a solids content of 30% by weight and a particle size of from.
7 to 10 nm The follow ng abbreviations are furthernore used in the

exanpl es: 20 MTECS = Met hyl tri et hoxysil ane TECS =

Tetraet hoxysi | ane PTECS = Phenyl tri et hoxysil ane 25 EXAVPLE 1 A

m xture of 65 nol e% of MIECS, 15 nnle@bgf PTECS and 20 nol e% of TEGCS (or,
alternatively, of 80 nole% of 30 MIECS 9nd@ 20 nol e% of TEQGS) is vigorously
stirred withseill igaceehtanddydabolhitorl4 adi.® asfcatled yttotial osdaddso
prepare a naggﬁggggosite sol by hydrolysis and condensation of the silanes.
The amount of water ‘i ntroduced by nmeans of the silica sol is such that 0.8
.35 noles of water are present per nole of hydrol ysable group. About 5

mnutes aft ekohhewlhgPad aboaR-2kakhe o0l pHd s 2BeVaiidang Mpd e Lg added
thereto so that the total "water content "of the resulting m xture is 0.4

mol es of hat EPPertFMMFIHUZR ko¥F L 8F ods. addrd stei the akove migsprgccount s
for about 14iwt a¥% Gimduier twhdth Seebdstsonhen! .tdtdll avdtdr acHREnt €3¢t i ON

phase of abo 12 hours_at roomte rature, water is added tg the above
mxture in aﬁhgrmﬁﬁ \/\?\Fcho'rssbsﬁﬂ"%si ggg t%?é?fv\é?eé E'tﬂi‘teenp%of KeX¥ol of
0.5 nol es ofgwaups.p@mtareahdumJ&omyngtesp$heAhﬁmmua@MﬁsSrGhdytfarthe“

mxture is rﬁggy for use. 10 The ready-for-use mxture i s sprayed onto
danpened gl ass "wool through an atom zing ring and cured for
10

The ready-for-use mixture is sprayed onto dampened
glass wool through an atomizing ring and c¢ured for
about 5 to 10 minutes in a circulating air oven at
about 200°C. Thereby an elastic insulating material

15 showing highly improved flame properties in comparison
to glass wool bonded with phenolic resin is obtained.

EXAMPLE 2

20 68.7.ml of MTEOS (corresponding to 80 mole%) and 19.2
ml of TEOS (corresponding to 20 mole%) are mixed and
half of said mixture is vigorously stirred with 11.7 ml
of silica sol (corresponding to a proportion of 14.3 %
by weight of silica sol) and 0.386 ml of concentrated

~. 25 - hydrochloric acid. Five minutes later the second half
of the silane mixture is added to the run, whereafter
stirring is continued for a further 5 minutes.
Subsequently the resulting sol is subjected to a post-
reaction step (allowing it to stand at room temperature

30 for 2 hours). Thereby a storage-stable precondensate
having a SiO; solids content of about 300 g/l and 0.4
moles of water per mole of hydrolysable group is
obtained. By concentration on a rotary evaporator the
solids content is adjusted to 60 wt.%.

35
Prior to the application of the binder, 3.0 ml of
titanium isopropylate and about 2.5 ml of water are
added thereto in order to reach a water content of 0.5
moles of water per mole of hydrolysable group. The



about 5 to 10 nminutes in a circulating air oven at about 200[err]C.
Thereby an elastic insulating material 15 show ng highly inproved flane
properties in conparison to glass wool bonded with phenolic resinis

obtai ned. EXAMPLE 2 20 68.7 ml of MIECS (corresponding to 80 nol e and
19.2 m of TECS (corresponding to 20 nole% are m xed and half of said
mxture is vigorously stirred with 11.-71#H -of silica sol (corresponding to

a proportlonnﬁfxtlﬁ:eB thby paiePalred 53| mERe80IWi AN Iw8od8&HpLfin an
concentrat ed _25 hI ori c aci Five még tes Jater the second hal f of
the silane mSH ﬁ‘&%d tr(?sﬁjrg SruntR wherdaf O sHR®r | FEMPESddACRNnUed

for a furthelcdiusmsmitr@ o&iubs&q»uenwgbsé@mretslytlm S@ordp?)sﬁ_lﬁl]&pt]?_@ t(2) a
_ t- t I t 00 eratu or

ey o BRpRieP s d A0 bAdod 0a2 ! B0 01 262N RIRRESLES Hrml 31 2

content of alsb@peRDPAY. aTlhleOehyrral @ila@fedv\mmy pee s et Bimnd hyd:bﬁilmpgabl e
i,ds

group is obt gw&d B SANLEIRG ALLRR O AL P! #LY BN, O whienSRoag®

content is adjusted to rror to eap i cat’i on
3.0 M of titl§m AYaNRT o B 2R e W HBleRNt 20Bganicf biader . afbeaddathet her et o

in order to peRpertiwd ebfCANt EOErOspOn@in®! 8120k VLT SB hl’f‘?&‘in
hydr ol ysabl e m Xt ur.e t% ﬁ@ 9?'ed IS m xed % gychl ps

The
in an anount laﬂﬁr&%’erdesd1nt s GHPRIhSAn ¢ Ffé? c&ﬁﬁ §8i t Pén é‘on§P§f"ﬁﬁ§1@Pal
Si g er r]10 Sulgdegpeshtilnsulla: iconpasids dodri.bonded in a hot press at

180[err]C for 10 minutes to forma 5 shaped body. Thereby a shaped body
resenbling a common glaced insulating press board is obtained, which body
i's, however, prepared w thout organiEX&HPERr3 The flane properties of a
corresponding plate are significantly
l. Preparation of the sol
15 172 ml of MTEOS are mixed with 48 ml of TEOS. 29 ml of
silica sol and 2 ml of sulfuric acid (35%) are added
thereto with wvigorous stirring. Five minutes thereafter
an opaque sol has formed which is allowed to post-react
for 4 hours at room temperature. Following the addition
20 of a further 3 ml of water with stirring the mixture is
ready for use after about-5 minutes.

2, Application of the sol
2.1 S _

25 100 g of wood chips are mixed with 60 ml of sol and
molded under a pressure of 7.1 mPa in a press mold
having a diameter of 12 cm.for 10 minutes. Subsequently
the molding is pressed in a heatable press (upper and
lower mold heated) at a pressure of 2.6 mPa and a

30 temperature of 100°C for about 3 hours. Thereby a
mechanically stable shaped body having a wood chips
content of 82 wt.% is obtained.

2.2
35 300 g of rock wool granules are mixed with 10 ml of the
~ above sol and are pressed at a pressure of 4.4 mPa in a
press mold having a diameter of 12 cm for 5 minutes.
Subsequently the molding is exposed to a temperature of -
80°C for 8 hours in a circulating air dryer. Thereby a



i mproved in conparison to those of a conventional 10 glaced insulating
press board. EXAMPLE 3 1. Preparation of .the Sol 15 172 m of MIECS are
mxed with 48 mM of TECS. 29 ml of silica sol and 2 ml of sulfuric acid
(35% atre added thereto with vigorous stirring. Five mnutes thereafter an
opaque sol has formed which is allowed to post-react for 4 hours at room
tenperature. Following the addition 26 18f -a further 3 m of water with
stirring thega e r t o] t ld cation
of the dol 2Ty CptubLS *‘?%%@%r e e R R A o

mol ded under TRGK &0l grgmules oy 1 Wtg Yiss obkaiiaeshvi ng a diameter of 12
cmfor 10 m nutes. Subsequently the nolding is pressed in a heatable press
(upper and | ower nold heated) at a pressure of 2.6 nPa and a 30

tenperature of 100[err]C for about 3 hours. Thereby a nechanically
st abl e shaped body having a wood chips content of 82 w.%is obtained. 2.2
35 300 g of rock wool granules are mxed with 10 mMl of the above sol and
are pressed at a pressure of 4.4 nPa in a press nold having a di aneter of
12 cmfor 5 mnutes. Subsequently the nolding is exposed to a tenperature
of 80[err]C for 8 hours in a circulating air dryer. Thereby a - 12 -
mechani cal | y stabl e shaped body having a content of rock wool granules of 1
W . %is aobtained. '



-13-" CLAIMS 1. Conposite material, characterized by a substrate based on
glass fibers, mneral fibers,or derived 5 ti nber products and by a
nanoconposite which is i'n functional contact with said substrate and is
obtai nabl e by surface nodification of a) colloidal inorganic particles with
10 b) one or nore silanes of the general fornmula (1) Rx-Si-Alerr]

(1) 15 ‘ where the radicals A-arl@ i-dentical or different and are’
hydr oxyl groygstyMs groups whi ch can be renoved hydrol ytically, except

met hoxy, the radicals R are identical or different and are groups which
cannot be renoved hydrolytically 20 and x is 0, 1, 2 or 3, where
x > 1in at lleast Crhpts Yool mbltersal gnesharatesriied condi i grndirdie '
sol -gel process w.th %ibelom#stoic%ionetric,anougt:gj wat er, based on the
25 hydr ol ys&3d gPBuFd2SHhi tHPeLF e MEPEZEAt £1P&ES noF odedivee of a
nanoconpo8i t e sol ,timed prdducthydand yisysaandnooconposateonhatht e in
nanoconposite sol ,g.i | red, . hef 3 0 ts e S ht_jntQ contact, wi.th-the
substrate, foll owefdh{)cyﬂﬁ%al{fa 9 Jtagg.te kii}oﬂrlrlpogat%e@nastugrslteﬁa%aeccm nd‘st o]
Claim1, charac- tatadabble thiatsurkace mctif ieakifocanf on has been carried
out in the presence  of an acid condensation catalyst at a pH of
froml to 2. 35 3. Conposite material according to Caim 1l or 2,
characterized in tﬂathm%c@ﬁ)‘&qﬁi’é FArHelerariBubj ect ed, over a
period ofofrom a nunber of

b) one or more silanes of the general formula (I)

15 where the radicals A are identical or different
and are hydroxyl groups or groups which can be
removed hydrolytically, except methoxy, the
radicals R are identical or different and are
groups which cannot be removed hydrolytically

20 and x is 0, 1, 2 or 3, where x 2 1 in at least
50 mol% of the silanes;

under the conditions of the sol-gel process with a
below-stoighiometric amount of water, based on the

25 hydrolyéabié groups which are . present, #ith
formation of a nanocomposite sol, and further
hydrolysis and condensation of the nanocomposite
sol, if desired, before it is brought into contact
with the substrate, followed by curing.

30
2. Composite material according to Claim 1, charac-
terized in that the surface modification has been
carried out in the ©presence of an acid
condensation catalyst at a pH of from 1 to 2.
35

3. Composite material according to Claim 1 or 2,
characterized in that the nanocomposite sol has
been subjected, over a period of from a number of -

A




- 14 - hours to a number of days, to a post-reaction at tenperatures from

room tenperature | Conposite material according to any one
of Clainms 5 n“““mnm“muml acterized in that the colloidal

i norgani c particles (‘a) tar® stlected fromthe group consisting of sols and
di spersi bl e powders of nano-scaled SiJerr], Ti(err], Zr(err],
Al[err]Qerr], Y[err](err], CeJerr] -Sr‘ﬂq-err] ZnQ, iron OXIdeS or

carbon. 10 5.  Coimess t goNat afuindeRCSLT BhHY, t AW ?BEtQEeQE%EL@E Lo
characterized in that, for preparing the nanocorrp03| e sol ,_other a dltlves

(c) have been usedSMPSYATULSS NI 1AM dfmReRaiyrs £o 126 ani c 15

bi nders, pi gnent s, dyes, flame retardants, corrpounds

gl ass- for ni n cOrrasig ents and/or cotl alds 6.
Conposi t e rratqlerl aIc‘eé@g%%dtfengﬁgééﬁﬁﬁfoﬁscﬁgﬁlg c@'
characterbzed in thattérodm 5 chagaéteyinedghin pth&trahhyz f b lidal 40% by

wei ght, and parti cuax oé%/ :Péefﬁxac_bié’ é‘é{ om 0 taq:ezofgp la%écvé%éghgfro% %brgoonent

(a) have been enpl oye preeparing anoconposi osite
mat eri al accor di n@#@lﬁtnyoaﬁésﬁﬁ-n@ eﬁfmssqlSo apd chbspereibled dawddmt from

20 to 95% by wei ghds Ragbesahh¥df 153,40 1@ 90%:@}{ weihghl, 2 ,paéébCU' arly
. preferably from 70 to 90% by we |ghtr@j‘2 o2 corrgogn',ent £\@30 dr essed

as pol ysil oxane of SR%pa Z5CruliFon %E-ﬁe(ﬂ &kt Farﬁé’\‘?e been _enpl oyed for
pr epari ngot he nanoconposite. 8. Conposi te rrat erial according to any one
of d ains 35 ract rized_i.n

20%
wei ght, pref & abl y %’gqo%ifée ﬁriﬁ Bf/c%fiéﬁg %gn?iioliya?‘?‘frlgu%’%r Irz:)}aﬁflbsf erably

not more than 5% by to 4, charactérized in that, for preparing the
nanocomposite sol, other additives (c) have been
used, for example curing catalysts, organic
15 binders, pigments, dyes, flame retardants,
compounds of glass-forming elements, -anti-

corrosion agents and/or coating aids.

6. Composite material according to any one of Claims
20 1 to 5, characterized in that from 5 to 60% by
weight, preferably from 10 to 40% by weight, and
particularly preferably from 10 to 20% by weight,
of component (a) have been employed for preparing
the nanocomposite.

25
7. Composite material according to any one of Claims
1 to 6, characterized in that from 20 to 95% by
weight, preferably from 40 to 90% by weight, and
particularly preferably from 70 to 90% by weight,
30 of component (b), expressed as polysiloxane of the

formula: RyS10(2-0.5x) have been employed . for
preparing the nanocomposite.

8. Composite material according to any one of Claims
35 5 to 7, characterized in that not more than 20% by
weight, preferably not more than 10% by weight,
and particularly preferably not more than 5% by
~ weight, of the other additives -(c¢) have been -
employed for preparing the nanocomposite. -



wei ght, of the other additives (c) have been enpl oyed for preparing the-
nanoconposite. 15 - 9. Conposite materi al accordr‘rmmmm

Clains 1 to 8, characterized in that the radicals A ’"Iﬂnﬂ
Clerr]-al koxy groups, preferably ethoxy groups. 5 10.” Cnpésite

according to any one of Clains 1 to 9, characterized in that Rin forrrula
(1) is an unsubstituted or substituted &berr]-al kyl group and/ or

substituted oqr U CoRpdiite Q@ateci[ﬁﬂr]aé‘édfdﬂlgg to an@rQH'RT Pr%fl‘&ﬁﬁlgly a
met hyl , et hyl g/ Eenyl roup. 11. ConposSite maferial according to any
one of Claims 1t harsha Wﬁitﬁat thaty thenrriicals sA14n

0, 1 or 2, prefer&blm\ﬂaor (L) 1ZrdonpRs+d Bkdily er §abupspor giragerabaly one
of Clainms 1 to 11 Bt ar cterlzed in that at | east 60 nol % and preferably at
| east 70 nol % of &3 is silanes of the formula (I)

where x[®rr]1l, and preferably x = 1. 13. Conposite material according to

any one of Ch msclamﬁ)to%ltjez (fﬂ%ﬂ.raaic'[ﬂ’:&%fgln% Eot Q?%' gérpee o£ S¥nhage 25

nmodi fi cati on has been carried out usi rom pre ST abl y
fromO0.25 to 0.751lnmd1c & chasackerimedeinf thodr & Wsabf@rrgmb@pilx)\hueh are

present. 30 14. agorraagubgtﬂeheéaal fw%&ﬂ&d&&nmo&%ﬂé gl El to
13, characterized in fhat t roportiqQn by weig noc nposSite is

from0.1 to 80% b{P™i%ht 2 pF‘Eg%F bpried, OWF 1 U&FW%WW grﬁﬁ—loa'ﬁd?yl
particulBoly pref erahlp;, fpoetdrabl#0% buetiydht . ethyl and/or phenyl
group.

11. Composite material according to any one of Claims
1 to 10, characterized in that x in formula (I) is
15 0, 1 or 2, preferably 0 or 1.

12. Composite material according to any one of Claims

1 to 11, characterized in that at least 60 mol$%

and preferably at least 70 mol% of component (b)

20 is silanes of the formula (I) where x21, and
preferably x = 1.

13. Composite material according to any one of Claims

1 to 12, characterlzed in that the. surface

25 ‘modification has been carrled out us:Lng from 0.1
to 0.9 mol, preferably from 0.25 to 0.75 mol, of

water per mole of hydrolysable groups which are
present.

30 14. Composite material according to any one of Claims
1 to 13, characterized in that the proportion by
weight of the nanocomposite is from 0.1 to 80% by
weight, preferably from 1 to 40% by weight, and
particularly preferably from 1 to 20% by weight.

35

15. Composite material according to any one of Claims
1 to 14, characterized in that the curing is

. carried out thermally, preferably at temperatures -
from 50°C to 300°C. '



35 15. Conposite material according to any one of Claims 1 to 14,
characterized in-that the curing is carried out thermally, preferably at

t enper at ur es from50[err]C to 300[err]C - 16 - 16. Conposite materi al
accordirng to any one of Clainms 1 to 15 in the formof a substrate coated
wi th the nanoconposite, a fabric inpregnated with the nanoconposite or a

shaped article conprising a 5 sob&brate mat eri al consol i dat ed
with the naaococbﬁpbbgtelhatéﬁ%lofa@cmc@ MPeSkhg ¥neleds ngdainsC ai s
1 to 13 for coatl g anﬂ{or cansol datl of substrates 10 based on
gl ass fibers, r&P '?W t3 StrafeRictQated with the

nanocomp051te, a fabric impregnated with the
nanocomposite or a shaped article comprising a

5 substrate material consolidated with the
nanocomposite.

17. Use of a nanocomposite as defined in Claims 1 to
13 for coating and/or consolidation of substrates

10 based on glass fibers, mineral fibers or derived
timber products.
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