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11 January 2007 1 Method for the preparation of
aerogel s The present invention is referred to 1d January 2007

process for the preparation of aerogels including an
exchange phase of the |liquid present in the wet gel
by xenon and a following 5 ektraction of very xenon.
Aerogel s are one of possible products of a sol-ge
process. Aerogels, up to now, have found application
mai nly i nMekBodt fernbheonsepariatddmtc Hraarshdls
chem cal catalysis, as well as internediate materials
Tﬂlw roducti,on of glasses and 10 gl ass ceramcs; a new
ﬁ%%§§ﬂ§n+nWﬁﬂq%9ﬂl%ﬁlﬁﬁﬁﬂr£ﬁ®dyo ai pranesssfibat the
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¥ty gedhdw c?éﬁinopr@néss efollowing

-exﬁé@@ﬂdmmgo&bvwthhemomaterlaI is produced froma 15

m xt ure of suitable precursors (called sol), such a

AdPRlRigaly el |caII a Si e or nixed oxide
elpﬁgf r% %b 5Psgd &QJRﬁB% ohtd $ota9el gprocess.
Aegggeds|. HPO@@S@@y}aheVEhéamﬂﬂ(Hﬁplﬁcafﬁwmtﬁﬁﬁnly in the
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we éawg 1’§§Gr@$§1&®s matarg\gaggﬁg:,a p;lsadhdtﬂﬁi B 7
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nhﬁ #g %F %Yo EYF%nOftHEIYbﬂéEM Eeleghyl bewutiaie in

th §aPr9du(:tnmnabf dndégragbd?eimidldgi ds, for exanple
nitrates, chlorides and acetates or preferably t hey

Eem MBS R M caf

he neta
processes accordlng to which a material is produced from a

mixture of suitable brecursors (called sol), such a
material being typically a simple or mixed oxide either as

l

Sol-gel processes are the subject of 1mportant 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.

a bulk or as a thin layer onto a carrier.

‘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 metallold atom, O-R is an
alCOhOllC radical (typically from an alcohol containing
from one to four carbon atoms) and n is the valence of M.
Among the most frequently used pPrecursors in sol-gel

_processes are tetramethoxysilane (known as TMOS) with the

formula Si(OCH;),; and tetraethoxysllane (known as TEOS)
with the formula Sl(OCHﬂHh)4. '
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al coholic radical (typically froman al coho
containing fromone to four carbon atons) andlinangary 2007

the valence of M 30 Anbng the nost frequently used

precursors in sol-gel processes are

tetramet hoxysil ane (known ag TMOS) with the fornula

Si (OCH3)4 and tetraethoxysilane (known as TECS) wth

the formula Si (OCH2CH3) 4. 11 January 2007 2 The first
Thphﬁsesbfphaselogeé §6QG§%§ Y dde PrRC WD brecursor

R T A N I
Pu§Bpaﬁlﬁn§ddeéctnrdhegcasetbé edacticlic Bolutions,
acNbrGR) + n ROH (1) This phase is

“gen ?Iygﬁg?ped %t%?o

gener a m1pH val ues: typically between

pnalt ok ﬁ%ﬁ%@r%@ﬁ CERSPE he coblnsati on of

the M OH)n species according to the foll ow ng schene:

Thi® Phékpnig MaEba11y hOHBAlPY QoM %aJ_LuJésHZQg&J idally

ext nded. to all "t he Speci

t
be%?%%?n ?$§ - eJeNE ?ﬁaQBYuPPSWeePe§§§UFo1aﬁnﬂh@rganlc

oxi di c polyner Wi th an open structure inglobating
Th%n$¢¢¢nd|pha$®rn5|theakbltbelspkbeebsoﬁsgthé|Ebndensatlon

of t N hy SlS
PSS om0l Shegle¥ Bsitanaing %o oo crp LIRSy cacheme:
To find practical application, the gel needs to be
dr iMEPH\n +cMfQEL -extQHhti OM-OFMADH) hirqti H26romits (IT)
pores. 20 A possible nethod of drying a gel is by

This nEbRCERb et SHARE 801 B11 LB, Hpmngelsngepgduces

is, known as a "Xeroge

- or e iPFeSRNG i1 solwkion, 1eads to an inorganic

oxidic polymer with an open structure inglobating within
its porosity all the solvent originally present or
generated during the hydrolysis. The inorganic, gxidic
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
destructlon 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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production of xerogels is extrenmely difficult because

of the strong capillary forces produced by tHd January 2007
solvent on the 25 pore wall: during evaporation, that
normally lead to the destruction of the gel. An.
alternative nethod for prodBcing dry gels is the
supercritical (or hypercritical) extraction of the

sol vent . [Xy gel s produced by this technique are

DutkingywtiRs W enariaged 1 é—.ﬂyﬂﬁ&uﬁﬁys@@@ihlé Q‘d%b'&ﬂaUé% the
11491 reriti dﬁﬁ{ng g sui tabl e autocl aves the
dﬁ ep‘ireéﬁ'e & e et S i SuRiBrEedelot Balupse §Lof
medﬂfﬂﬂﬁmrﬁﬂﬂa&xégé&%jﬁhéhéri[:'ﬂ:laqakralues
or uj
spARIE £l T Dalid e ot ot Phei HopRgsd i
volung RﬂSSeauﬁﬂam|uhexﬁ1¢muddphadethe tehated capillary
Suﬁé¥5¥¥%ﬂd%§!qﬁilé€ rgfrVé?qféigeégré%gniﬁggy'%b&b%g inside

hvalue to the re
& RS idecegasg finpm |the slls:otaabl vetuet he thet reduices

Valﬁih’iiﬁ:c@fert RE TR SSifeRELPRNCE) | PRIFS. tfg %Q Bef f B%0ided
ro uced by evapor at 1 ons dur

the, %ﬁ Tvee G Be et Lofas quikesence inside the

poxtmom;rxam tiisC allwaest b&@dﬁécﬁfbﬁ ¥ 4%&%%&%& Zdﬁfhngs the

pr R 8 o o e o Mo P ﬁeww‘% P} Hpgoexgritical

extracdioguefi & tlignid dotom s5 del nbd | JegxeN6ad, | Bokhe

exdﬁ?le peres have critical pressure Pc typically above
0 bars and critical tenperatures Tc above 250C.

Us grch critical values nmandate the use of autocl aves of

~Gh 45és PSbakc FSaAd 5 -3A%8 Gk yThe gtaicorolbemowvith this
techhigbe §el the?dWlitoh®ld) normally present in the gel

pores have critical pressure Pc typically above 60-70 bars
and critical temperatures Tc above 250°C. Such critical
values mandate the use of autoclaves of high 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 circﬁit), 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 mlght be not compatible
with all the applications predlctable with aerogels;

~moreover the exchange of an hydroalcoholic liquid with an

hydrocarbon, because of the non mixibility of these liquids
would rgquire an additional exchange with intermediate




20 the formof filmon support (for exanple in the
case of a dielectric insulating filmon an i rtlelgnuanedo07?

circuit), the critical tenperatures of alcohols and
esters mght be too high and not conpatible with the
support or with other materfals present onit. 25 A
wel | known technique to overcone the. problemis
3‘.thréugh the liquid exchange in the wet gel before
MRVHEF cRPri £8F eXempde i ermetwnd, awlh bhuittheoicomreruent

expanstehl efcthll ploczANHAUYN San Lkl Eﬂ'ea%'o%rto‘coﬂ Ftyeling

is possible to use hydrocar bons,

C r.exanple, it
th%—soﬁgﬁ?ﬁﬁesgﬁaeﬁ@?ane, that 30 have criti cal
tenperature in the range of 200C. Even in this case,

St%@théhepﬁeswiudw’ gt_fﬁ &%é"@‘t’h?ﬁ&@a%@ iﬁydﬂotallcoholic
14 ppl ians predictable w aer ogel §;
l(?rkor%ovgt[:ﬁt (Bé&é;?hg@@e ggaﬁn dPo M ¥ohof 3 ¢0FaledTR value
(abEpt hyhlr Gtar Bdap bbdauddqufid hendresvetxi bl hby Afiscible
1 th eS8 &4 084, 8S d qui_re addi t | onal _exchange
b o nE o tPhe RIS o 5 thbErReeiste GHenange
. |RceleReondn RPLR chAsSScodsEqEntsubkphbei becabise, if
mixdik v tle eBBqh i Aecend 0 ' t he
hyr 8N c. soﬁgltént S. ., tiﬁe%%gfﬁe?‘:pg%sﬂaﬁ%éy{lﬂ?t 0
YER eyt het Tas bat eBhoffc 1l ppsisibie ntoivsed &92an
inadaedizte aeeNahGdol 2hed]C 1ol 1 dAhte Ao0(E; 8188 in
thilhis dd qL{%kg %ol\é&\;er |ﬁ-not mscrble "wth water an
FequlTds the GROLF srchapgendacatons dharsfer amylagetate
-afteggt oresquines rpgocas§7tiﬁen@kcé@!sti&*fﬂl%( besay Sor i dn
i 6d revents it fromentering, ﬁ
indloxed it Wrdodht et infest Fable boulam equeling ansts.
i nter.medi ate exchange |iquid, isoanylacetate; but,
The,ppplipant has now found that it is possible to prepare

thehaerogels without no drawback among the ones belonging
to the known art and, according to a preferred embodiment,
through a hypercritical extraction step carried ?ut at
moderate_pressure and temperature values which,
furthermore, does not need long times in the preceding
‘1iquid exchange in the wet gel. |

As a matter of fact, disclosed herein.is

'a method for the preparation of aerogels comprising the
exchange of the aquagel liquid phasé 'with xenon, the
extr_a'ct_ion of xenon and the pdssibie recover thereof;
particular 'advantages._, are achievable by carrying out the
"exchange with liquid xenon and the éxtract_ion thereof under

supercritical conditions.




this case, the doubl e exchange (acetone first,

anyl acetate after) requires process-tine exceklsiapghy 2007
long for an industrial process and undesirable

sol vent-recycling costs. The Applicant has now found
that it is possible to prepare the aerogels w thout

no drawback anong the ones Bal onging to the known art
and, according to a preferred enbodi nent, through a
hypercritical extraction step carried out at noderate

d_t t | which, furth
AceldLRAbY - nBeli fohg CPHEE PROTHASHr BCBHPRESS | Fgbi e
pregéggﬁﬂgﬁ bR 5@?0&@&5gfﬁ%%ﬁgaﬁgg?£%§;e9£h£§§é'of th? liquid

I scl osed herein’i's preparation o

phaBer egetBecognabsiNgithexeyshange okt het 8g¥age! xenon and
liquid phase wth xenon, the extraction. of xenon and

thet hespbs$ebkrecpgepnyetheéheo£of; particul ar advant ages.
are achievable by carrying out the exchange with
l'iquid xenon and the extraction thereof under

itical diti .11 J 2007 4 ,
B SGECUP P AGES® BEPTTS a8 pREPCRT Dy GBSt A ph BRRSEF 7 116

corPyEpar L ghosh o ol oc ) LR O EXCHERS®, Lo

pha X1 & ACH{ QR0 B 5 XEPEAN@EWs at \6n POESEIRL e EEOVEL Yprecursor.
thereof. A second aspect provides a process for the

preparation of aerogels according to the first
aspect, including a previous phase of

A thied cryRe St coneendas | arpoicehe Soi t Bl epperrtAsorn oA
third asgegé provi des a process for the preparation of

ST LY eFSCAELLR i Ty toP tHREAE P eshectleHhetk® t he

hydp%g$$i¥§é$égggg§@fgﬁI££Bé€§gﬁIf@ égrﬁfgéléﬁk(%%arting from
S rng from

an alkoxyde precursor of the formula: X-Me (OR),-i, where the

suitable precursor is preferably tetramethoxysilane,

tetraethoxysilane.

A fourth aspect provides a process for the preparation of
aerogels according to the second aspect, where the
hydrolysis/condensation reaction is carried out starting from
an alkoxyde precursor of the formula:

_X—Me(OR)wi,where the hydrelysis reaction is accomplished in
presence of an acid selected among hydrochloric, nitric or

acetic acid.

A fifth aspect provides a process for the preparation of
aerogels including the exchange of the aguagel liquid phase

with xenon according to the first aspect where such an




an al koxyde precursor of the formula: X-Me (OR)n_1r

where the suitable precursor is preferably 1 January 2007

t et ramet hoxysil ane, tetraethoxysilane. A fourth

aspect provides a process for the preparation of

aerogel s according to the sggond aspect, where the

hydr ol ysi s/ condensati on reaction is carried out

starting from an al koxyde precursor of the fornul a:

X-Me(OR)n_1, where the hydrolysis reaction is
excﬂﬁﬁ@éphBSQQSOMﬁllQﬁé&eﬁﬁﬁhoﬁ1§ﬁléck€n§ﬁ|§ﬁ&eﬂhé”8ﬁﬁractlon

hydrochloric, nitric or acetic acid. Afifth aspect
thepeo¥i ilssaacpnpteseflountibe puppacal tboadf comdiogehs.

i ncludi ng the exchange of the aquagel |iquid phase

wi th xenon according to the first aspect where such an

anuar 2007 b exchan e is accoggllshed W th

A Sf%ﬁﬁ ASRBHbrP LG (e BxPras ?Fﬁn fofnEhgopreraration of
aeréggfgvihébgahﬁgd€ﬁeSgQSﬂga tﬁgngg Ionfgﬁiétghase

ect provi r 6Cess he "pr.epa
w1tﬁe£838h3at86£&9h@9téh@héxfbﬁggeaﬁé fbﬁtﬁqg§§§&téqu|d
phase w th xenon according to the first and fifth
chaBspeet Szed hi ach#t | Zedcompthaesi 41s0Mprxeesn atCodering
xenon recovering phase at the end of the extraction.
phasheatgulagesnprepatize i ontcant benmade fol | owi ng one of
the preparative process reported in the state of the
~art; for exanple, by hydrolysis of a suitable
The RgUagSsr PrERarptioncass, behaasie ikl awing ione ok the

preﬁéﬁétﬂ’v@ai)}éoébgﬁ PEpobYaBOkiYS ke YA B YhetaFt | Nfor
mthe Suita , precursor,. 11 January 2007

example, by ydroly51s of a suitable precursor. In this
case, the process will involve a preliminary step of
hydrolysis/condensation starting from the suitable

- precursor.
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5 A peculiar enbodi nrent of the present invention is

the preparation of the aerogels including: a)llJanuary2007
hydr ol ysi s/ condensation starting froma precursor; b)
exchange of the liquid in the gel with xenon 5 c).
supercritical extraction of gxenon d) possible xenon
recovering. The netallic precursor undergoing the

hydrol ysis reaction rmay be whatever conpound known in

a b@@ufiar 6§£H fit B%efggp¥u%%egﬁd§ %Pl s S S

such or |ns ance frates Ior| es and

prﬁE@?%Pbenn%febhéraeﬁ@ﬁeéén1@@1m@d@g according to the

best carrying out, of alcoxydes or. alcoxyde mxtures
RVhPp@rd sﬂ@ﬂ@éﬁheﬁ@&&ﬁbﬁ:sgay%in om Sl dbr;
is a metal of the 3rd 4th and 5th oups of ‘the 15
gﬁ ah Perlog c, System Me valence;, Xis R or
, SRR PR cFR®a R‘?P:'-F]a&inca‘-lhe Giede 3t HMOR hed,
having a carbon atom nunber up to 10. The hydronS|s
i saperedioital nekheaprésanosd eknan cat al yst,
preferably of the acid kind, and water nmay be the 20
I bP y o t he precursor al coholic
§§|%§€%% %H%é?aﬁeggﬁ?econgitlons and procedure are
re orted in the known art such as, for instance, the
Thereetabl i@ SPRRERREOT cudepaoing e hyOr Ve it ceRas fien
may%mnatewfz BHHHBLNA! RnbRmCakS Eﬁ% ¥ alrHAYPore, use

ﬁgg ure and. 25_preferred aci catalysts are

may e Rf Sohpbiecsalid sNEh aset FOTadMB LA

nioxates, dm?&ydésl aﬁdnat@ﬁtﬁﬁe Cﬁt&g:@@veiﬂd%é @dree made,
ed_so no e pro erti er eo

ac@bERME 3 Xnd TafBF, CHrrutnBl 3BT o0 a1 B Ssr o

- alcoxyde mlxtu:es having the general formula:

X-Me- (OR) g-1

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
réported 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

preferred 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 liquidrpresent_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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The liquid present in the wet gel is exchanged

wi th. xenon 30 having critical tenperature, Td1zanuary 2007
16,6'C and critical pressure, PC = 58,4 bars, over

very short tinmes. Once the 11 January 2007 6 exchange
is conpleted, xenon is easiky extracted wi thout any

use of autoclave suitable for high tenperature and
pressure. Xenon, as known, is a gas at atnnspheric

BRI AR LIRS SS9  Sly

anykv%ﬁsﬁh@m$p¢kﬂ¢g,suntabbéaforahngh tem@eﬁaﬂumaxaﬁdn
préd@ifg oduction of U V. radiations, to excite |aser
cavities, for ionization chanbers, in the bubble
chanber or the detection of 10 elenentary particles.
TG tar%%ﬂ}?"ﬁ'bse‘sg Fd 9®%e 2br AEMESPheSAC DY esshiaex &nsh

temLSenﬂ:&iﬁ -al il?doél dté’:V' Eﬂe p&? §§Hr %fa IEHée sed cﬁl@.@’é rare

ga%gl ure b ferab é bel ow
: T s+%nuE+%é§§§eén. AipRBarEgy 1@ﬂ|§4$asem
solgxn rfuaannme ith qrte Bdmpist 8oL, tn@ngﬂoaa&ﬂ@bm e pshiyoul d

t
raQiaitnd® of ot M adel v ibRGn: EHs AERIGATIPR ne
chanhenati dm @qarlnﬂﬂwb@nyhmmlrm Ebrsyhtedetibat opr of de

elddi@htd18F 4 %(ﬂf ecXenon at the end of the extraction

process possi bl e schene of this type of system
|s i ndi cated in Flg 1, to which we here refer nerely

LEhe niganes S dheli Gireent rsventione the xenon is
mamﬂimlnw atlcﬁfid Wi PLeduFb Jatold 98, @XBHPFeaﬂH

rocess of rcritically drying an aquagel usin
t |gg%é§i é C, prgfergblg belo% 18 %avor

“interdiffusion processes in the liquid phase within the

pore structure, xenon temperature should be not as low,
usually not lower than 0°C.

. . ] ' o
Considering the high cost of xenon, the method of the
invention is preferably used with systems that pfovide the

- recovery of xenon at the end of the extraction process.”

A possible scheme of this type of system is indicated in

Flg 1, to which we here refer merely as an example
excludlng any restrlctlve con51deratlon

System A of Fig.l is an example of process of _
-hypercritically drying an aquagel using exclusively xenon.

The system includes a reservoir of licuid xenon 1,
connected through a line‘z 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

bores (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 whlle
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25 The systéemincludes a reservoir of liquid xenon 1,
connected through a line 2 to at |east one, bufl January 2007
preferably several noulds 3, (Fig.1l shows a system of

3 noul ds) containing the original aquagels. The

noul ds are connected wth ¢ scharge lines 4, for the

i quid exchanged in the 30 pores (water and/or

al cohol ) and gaseous xenon at the end of t he

t
xesoipel €rihi €RE eX4HAG bﬂ'tgaglr g%g%ls Iexatm ; e5 aq_v\nat hte&%%r&ture

be ‘gnver%? ‘g m#g one sui
e e Wi chéfater Fimaldlvc olodll earteors @ iib
comed:teedltdaauﬁeyeﬁﬁ@zr € ¥8RORHES Heldd R;fébo t g’éﬁan t in
u

cet QR EXATRL o " oftq R oF RS Femes sipeatonst d -a Thes emifiem is
supp¥ied tureth e«zpmxebbsxeaoaawaat maant%&teal RsRASIS Fig.1,

th&@%ld?‘gﬁié hs%spﬁfopen clsgé%‘gieﬁf"ﬁ?a O(H%ds t??@@&@ny iaf the

- SYSheq Intaddipienvi den sthecline Rnbefatiorach ayild 3,
' thefmé”fmmerﬁe ‘Eoﬁﬂlfctéd/sff@érﬂxgtggg %" ogﬁngg{ﬁé %tleI xenzon '

£1 hef.ore %§§h € can be’c
%t o q1ldi tegack enqehdnisf borneatedch prelsdure

gade Fadiy roudckd® HAUAGEYA BAERSHER1A0 gage P to
r .

control pressure in each noul d e 1 n general,

Mox! enon at terrp ratures between 0C and 16C can
e e' q?‘i %ﬁ?‘ ﬁ'% & YL G 2 otemBpereturaRe bptyern 0°C

andome'g.Cna:amy hﬂ)rﬁla:lmnecirﬂndéla&hél XQHAGELL t6 eeb%eedthe
Lialie AU, SR A kA &) vl B cobhadnea.

supercrit

The, regongels B@/éﬂ'@k zsl.ﬁ:awex:téd tariwasyr2Dfic8l or

_supercrltlcal drying at a temperature above 16, 6 C and

pressure above 58, 4 bars.
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Clainms: 1.A process for the preparation of aer\%els
including: -the exchange of the |iquid phase drfapuary 2007
aquagel with xenon; 5 -the extraction of xenon and

t he possible recovery thereof. 2. A process for the
preparati on of aerogels accgrding to claiml,

i ncl udi ng a previous phase of hydrol ysis/condensation

of the suitable precursor. 10 3. A process for the

Claimgpar ati on of aerogels according to claim?2, where

1.

t he hydrol ysi s/ condensation reaction is carried out
t f al koxyde precursor of the fornula:
% %‘E’%{‘% £‘%’)’i ?@e HrﬁB%Eﬁ‘ ten; of; aexiogelse| ongl wding:
the 3rd 4th and 5th G oups of the Elenent Periodic
Sysrtélm epchenget ederttand. iqend gseds dhecnal a&aegefl with
Me; x¥nbs;€i ther -OR or -R where -OR is an al Koxyde

group and -Ris an organic radical |inear or branched

wi th.a nunber of carbon atonms 20 up to 10. 4. A
proEB@seFSFaFﬁéoﬁr@ﬁamananaﬁdenhemnbssﬂbrerﬂeogveey

cl athedephiere the suitable precursor is preferably
tetranethoxysilane t et raet hoxysilane. 5. A process

tion of aerogels according to 25 claim
: %% ee‘“‘? h@%ry@?%l%‘?@ai‘:éﬁétmoﬁfl sexogeds iacwarding to

Crilra@snerice iofclard ang da S8 €61 66s apRAGhy@r ochl oric,
Idrd 1 S acid, 6. A process for the '
%gepa§%trg%%ﬁd DS ?ﬁcFﬁ%r%ﬁlFﬁgleeﬁeﬁ&%§§Qﬁ t he
%yagel liquid phase with xenon
rocess for the preparation of aerogels according to
Cclaim 2, where the hydrolysis/condensation reaction is

carried out starting from an alkoxyde precursor of the
formula:

in which Me is a metal belonging to the 374, 4th ang 5th
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, '

53A process for the preparation of aerogels according to

claim 3 where the suitable precursor is preferably
tetramethoxy51lane, tetraethoxysilane. o

A brocess for the preparatlon of aerogels according to

claim 3 where the hydrolysis reaction is accomplished
in presence of an acid selected among hydrochlorlc,

- nitric or acetic acid.

a process for the preparation of aerogels 1nclud1ng the
exchange of the aquagel liquid phase with xenon

- according to claim 1 where such an exchange is
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30 according to claim11 where such an exchange is ---
------- - s-ee seee---------- 11 January 2007 11glanuary 2007
acconplished with Iiquid xenon and the extraction

t hereof is acconplished under supercritica

conditions. 7. A process f@r the preparation of

aerogels according to claim®6 where the exchange of

the liquid in the aquagel 5 is carried mﬁth quuified

xanonmpnlbhéneWchrglggg@eg@ndhzth]§h
Fﬂggééffor t he 5 ﬁ aratlon of aerogel's accor ?o
clarm 6 wher 8“FREP 5 & biden %9&@%&%4%#?&% G@ﬁd#ﬁlons-

fromthe wet gel is carrled a tenperature higher than

. 18 pPBOGeEs gorAtpeopeepaﬁ:auUme df @fcdd 1 &cording to

I d ere ;the hypercritica
oL PaR B AacpelEhd bRentufeTiol, Y 2 {0 e asincel
th%ncggrleﬁawltholﬁgpnﬁmeﬁsxtmmuth& reepes i tinre etween
a@reee!l gsi pcbgding the 15 exchange of the aquage
l'iquid phase wth xenon according to clains 1 and 6
characterized in that it conprises also a xenon

gﬂﬁs%h%tpit-’ﬁ%ﬁréﬁaoaf oft peregelsctaasprding to

claim 6 where the hypercritical extraction of xenon

- from the wet gel is carried a temperature higher than

10.

-16.6 °cC.

- A process for the preparation of aerogels according to

claim 6 where the hypercritical extraction of xenon is
carried at a pressure higher than 58.4 bar.

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




