WD 2004/ 007368 PCT/ EP2003/ 006606 Met hod for the

preparati on of aerogels The present invention is
woeb@yoesdst 0 a process for the preparation of paempg®BEM06606

i ncl udi ng an exchange phase of the liquid present in

the wet gel by xenon and a follow ng extraction of

very xenon. Aerogels are one of possible products of a

sot-gel process. Aerogels, up to now, have found
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materials in production of glasses and glass
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%. he .nost fregyentl used precursors in so
materl 1 being typically & simple or mixed oxide efther as

a bulk or as a thin layer onto a carrier.

Sol-gel processes are the subject of important published
patent documents and are described, for example, in the

following patents: US-A-4.574.063, US-A-4.680.048, US-A-
4.810.674, US-A-4.961.767 and US-A-5.207.814.

Water, alcohols and water/alcohol mixtures are usually
employed as solvent/diluent for the starting solution, the
precursors may be soluble salts of metals and/or of
metalloids, for example nitrates, chlorides and acetates or
preferably they may be compounds of the general formula
M(OR)n, where M is the metal or metalloid atom, O-R is an
alcoholic radical (typically from an alcohol containing
from one to four carbon atoms) and n is the valence of M.
Among the most frequently used precursors in sol-gel
processes are tetramethoxysilane (known as TMOS) with the
formula Si(OCH;); and tetraethoxysilane (known as TEOS)
with the formula Si (OCH,CH3)a-
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processes are tetranet hoxysilane (known as TMOS) with

the formula Si(OCH3)4 and tetraethoxys i |ane (known
waneds8sswW t h the formula S i (OCH2CH3) 4 . WBCT/EP2003/006606

2004/ 007368 PCT/ EP2003/ 006606 2 The first phase of a

sol -gel process is the prec#sor hydrolysis from

wat er that nay be present as solvent or be purposely

added in the case of alcoholic solutions, according
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its porosity all the solvent originally present or
generated during the hydrolysis. The inorganic, oxidic
polymer so produced is called gel.

To find practical application, the gel needs to be dried by
careful extraction of all liquid from its pores.

A possible method of drying a gel is by simple solvent

. evaporation; the dry gel so produced is known as a

"Xerogel”. As it.is known to the experts in the field, the
production of xerogels is extremely difficult because of
the strong capillary forces produced by the solvent on the
pore wall: during evaporation, that normally lead to the
destruction of the gel.

An alternative method for producing dry gels is the
supercritical (or hypercritical) extraction of the solvent.

Dry gels produced by this technique are known as
“Aerogels”.
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supercritical (or hypercritical) extraction of the
solvent. Dry gels produced by this technique are

wanowvozss 3, 0 " Aerogel s". WD 2004/ 007368 PCT/EP2003/006606
PCT/ EP2003/ 006606 3 Durlng the hypercritical drying
in suitable autoclaves the 3liquid present in the ge

is subjected to values of tenperature and pressure
that exceeds the critical values specific for that
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dielectric insulating filmon an integrated circuit),
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gui d exc an e in the wet gel bhefore
an% %5+E+g@fcggmper tures Tc abovg 250°C. Such critical
values mandate the use of autoclaves of hlgh resistance and
relatively high cost. Moreover, if the gel product is in
the form of film on support (for example in the case of a
dielectric insulating film on an integrated circuit), the
critical temperatures of alcohols and esters might be too
high and not compatible with the support or with other
materials present on it.

A well known technique to overcome the problem is through
the liquid exchange in the wet gel before hypercritical
extraction, with a liquid of more favorable critical
constants, particularly of lower Tc. For example, it is
possible to use hydrocarbons, as pentane and hexane, that
have critical temperature in the range of 200°C. Even in
this case, however, the Tc value might be not compatible
with all the applications predictable with aerogels;
moreover the exchange of an hydroalcoholic ligquid with an
hydrocarbon, because of the non mixibility of these liquids
would require an additional exchange with intermediate
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extraction, with a liquid of nore favorable critical
constants, particularly of |lower Tc. For exanple, it
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exanpl e, acetone, wth the consequent expansion of
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i 1S ?W%c%ﬂ?ﬁﬁa , according to a preferred embodiment,
through a hypercritical extraction step carried out at
moderate pressure and temperature values which,
furthermore, does not need long times in the preceding
liquid exchange in the wet gel.

As a matter of fact, an object of the present invention is
a method for the preparation of aerogels comprising the
exchange of the agquagel liquid phase with xenon, the
extraction of xenon and the possible recover thereof;
particular advantages are achievable by carrying out the
exchange with liquid xenon and the extraction thereof under
supercritical conditions.

The aquagel preparation can be made following one of the
preparative process reported in the state of the art; for
example, by hydrolysis of a suitable precursér. In this
case, the process will involve a preliminary step of

hydrolysis/condensation starting from the suitable
precursor.
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liquid exchange in the wet gel. As a matter of fact,
an object of the present invention is a nethod for

woOheo4moedear at i on of aerogel s conprising the eRCIARYDI/006606
of the aquagel |iquid phase mnth xenon, the 25
extraction of xenon and the p033|ble recover thereof;
particul ar advantages are achi evabl e by carryi ng out
the —exchange with liquid xenon and the extraction
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wherein Me is a metal of the 3%, 4 and 5 Groups of the
Element Periodic System; n is Me valence; X is R or OR, R
being acid alkyl radical, linear or branched, having a
carbon atom number up to 10.

The hydrolysis is carried out in the presence of a
catalyst, preferably of the acid kind, and water may be the
solvent, or it may be added to the precursor alcoholic
solution; the relevant conditions and procedure are
reported in the known art such as, for instance, the one
corresponding to US patent no.5.207.814 according to which
the hydrolysis is carried out at room temperature and
breferred acid catalysts are chloride acid, nitric acid and
acetic acid. Metal oxides, mainly silicon oxide, can be
added to the prepared sol to modify the properties thereof,
according to, for instance, US patent no.5.207.814.

The liquid present in the wet gel is exchanged with xenon
having critical temperature, Tc = 16,6°C and critical
Pressure, Pc = 58,4 bars, over very short times. Once the
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bei ng acid al kyl radical, linear or branched, having a

carbon atom nunber up to 10. The hydrolysis is carried
wouabo4in7deke presence of a catal yst, preferabl pCofEPd8/006606

acid kind, and water may be the 20 solvent, or it nay

be added to the precursor al&oholic solutlon t he

rel evant conditions and procedure are reported in the

known art such as, for instance, the one
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Considering the high cost of xenon, the method Qf the
invention is preferably used with systems that provide the
recovery of xenon at the end of the extraction process.

A possible scheme of this type of system is indicated in
Fig.l, to which we here refer merely as an example
excluding any restrictive consideration.

System A of Fig.l is an example of process of
hypercritically drying an agquagel using exclusively xenon.
The system includes a reservoir of liquid xenon 1,
connected through a line 2 to at least one, but preferably
several moulds 3, (Fig.l shows a system of 3 moulds)
containing the original aquagels. The moulds are connected
with discharge lines 4, for the liquid exchanged in the
pores (water and/or alcohol) and gaseous xenon at the end
of the supercritical extraction process. All lines 4 are
converging into one suitable collector 5, with proper
temperature under which water and alcohol are solid while
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hi gh cost of xenon, the nmethod of the invention is

preferably used with systen¥ that provide the

recovery of xenon at the end of the extraction

process. 20 A possible schene of this type of system
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10 gage P, to control pressure in each nmould. Mre in

general, liquid xenon at tenperatures between 0C and
waa4marseke fl own i nside the aquagels to repl aeeTER2003/006606

liquid originally contained so that a xenongel is

obtai ned. The xenongel is Bhen subjected to

hypercritical or 15 supercritical drying at a

t enperature above 16, 6C and pressure above 58,4 bars.
Clagm2004/ 007368 PCT/ EP2003/ 006606 8 Cains: 1. A

process for the preparation of aerogels including:

1. at b@o@é‘é@arﬂﬁ: afhd R-ddam i phase &éréggléqrﬁafgfa%bb

xenon,; -the extraction of xenon and e possl
recovery t her eof focess for the preparation of
aerogit s ”é%%%?%?n@ftBhecfém%r‘@ Phaseu@ing e FBAEIsds with

phassamdn hydr ol ysi s/ condensati on of the suitable
precursor 10 3. A process for the preparation of

aer

yar g S 2FECEELAE OF xEpBachRg, tPE' Bosiide GReovery
st artheweefom an al koxyde precursor of the formla:
X-Me (OR) n-1 15 in which Me is a netal belonging to

2. bherdicds Atdbandh Sty efd UPSoPf o £ h§eﬁ>ﬁ§?§t 8865:8%1& to
System. n.is.infeger and  represents the val 6nce o
ain ilg éqq%%dlf@aorprqlmr@a@ 5 an al koxyde

biydup 19=d s /R drideris L0 iGaN OF El@é“@@itébl‘éabré&ubééﬁ(?hed
with a nunber of carbon atons 20 up to 10 :

r for epar at.i qn. eIs ccordrn
3. B SERe e b S B ST odeTf cRbraiing to
clalm 2, where the hydrolys1s/condensatlon reaction is

carried out starting from an alkoxyde precursor of the
formula:

X-Me (OR) n-1

in which Me is a metal belonging to the 3¢, 4% and 5%
Groups of the Element Periodic System; n is integer and
represents the valence of Me; X is either -OR or -R
where -OR is an alkoxyde group and -R is an organic

radical linear or branched with a number of carbon atoms
up to 10.

4. A process for the preparation of aerogels according to

claim 3 where the suitable precursor is preferably
tetramethoxysilane, tetraethoxysilane.

5. A process for the preparation of aerogels according to

claim 3 where the hydrolysis reaction is accomplished
in presence of an acid selected among hydrochloric,
nitric or acetic acid.

6. A process for the preparation of aerogels including the

exchange of the aquagel liquid phase with xenon
according to claim 1 where such an exchange is



t et ramet hoxysi | ane, tetraethoxysilane. 5. A process
for the preparation of aerogels according to 25 claim

w0 20d30e68 he hydrol ysis reaction is acconpl i shedT/EPm003/006606
presence of an acid sel ected anong hydrochloric,
nitric or acetic acid. 6. ASprocess for the
preparation of aerogels including the exchange of the
aquagel liquid phase with xenon 30 according to claim

é%%egp %gfﬁgggg%%hc haega d S{é&ﬁgd% QEhHTEG&ctractlon
CC. shed Wt | xen
DRHeERE ot ACCROR L IEHErb GRS Rt TAHEA R e eions.
supercritical conditions. 7. A process for the
7 . pRepavatisen fufr &@EO@QEPamEHMQhrQﬁt&Er¢9¢h$6thQ¥@lnﬂet0

%é?%ﬁﬁ? % ?{hlete%e PHed WA & ALY 18518 atr:ﬁé egquagel

_ | xenon at t erature ween
16 56 cerrg.eda wWirtde dsSIufidgii athexeneip At t%tﬁp%?aia‘é% g%PEWeen
agcemdl A% te occl aim 6 where the hypercritical
extraction of xenon fromthe wet gel is carried a

erature higher than 10 16.6 C. 9. A process_for
3.t Ro PR i 1o BRI Ut i acredelR SFnpEathy to
mhﬂbamt&aWnarHWﬂﬁé|hypenndxﬁnnalwex¢raennan|ef xenon
c ie SUI erqt
p%g{:ess r‘%tﬁegeér Leips:r a %lné%fggg?% %P?{F]%I %g%rngrt ﬁrelan
13 6excifdhge of the aquagel 1iquid phase with xenon
according to clainms 1 and 6 characterized in that it

9 oy %‘Eﬂf@ésf' B0 A RENHLFLEDVESH NGF PRaS8gal st Becerdify to
éi;?&réu@ﬁégg the hypercritical extraction of xenon is

carried at a pressure higher than 58.4 bar.

10.A process for the preparation of aerogels including the
exchange of the agquagel liquid phase with xenon
according to claims 1 and 6 characterized in that it
comprises also a xenon recovering phase at the end of
the extraction.



