WD 2004/ 063105 PCT/ EP2003/ 014759 1 SOL- GEL PROCESS
FOR THE PRODUCTI ON OF GLASSY ARTICLES The present

WO poogfosileh rel ates to an i nproved process for PEEEP2003/014759
production of glassy articles conprising: a step for
the preparation of the gel of the interesting materi al
through the so called sol-gel technique, a step for
drying the obtained gel by a pressure heating in the
presence of an inert fluid and under the critica
pressure and tenperature of the solvent present in
the gel pores and a final step of a thermal treatnent
in order to obtain the glaésy article. O course, the
process can be stopped at any step in the case sone
rel evant internediates are ainmed to be drawn, because
of other application, such as, for instance, the so

as s\ -GEIL EBSYFOREFHEEPRBDSIOTION OF GIASSY
is erm "sol - ge relates to and covers
a mnde field of procedur kmd he production of dry
gels, that, in the caseﬁgggg&ggﬁ%ensified to prepare
correspondi ng gl assy bodies. The dry gels, as such,

can be enployed as catalyst <carriers, or in the
thernal insulation field, while the glasses obtained
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te ol ogical fields, mainly in the optic and the
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by subsequently solidifying the nelted product. On
thtdngh deroratlyd selreel seshniguk, pster Eglswingdee obtained gel by a pressure

heating in the presence of an inert fluid and under the critical pressure and temperature
of the solvent present in the gel pores and a final step of a thermal treatment in order to
obtain the glassy article. Of course, the process can be stopped at any step in the case
some relevant intermediates are aimed to be drawn, because of other application, such
as, for instance, the sol as such, or the very gel before the syntherization.

It is known that the term “sol-gel” relates to and covers a wide field of procedures
for the production of dry gels, that, in the case, can be densified to prepare
corresponding glassy bodies. The dry gels, as such, can be employed as catalyst
carriers, or in the thermal insulation field, while the glasses obtained thereby can find
applications in various technological fields, mainly in the optic and the semiconductor
fields.

Usually, the glasses are produced by melting mixtures of suitable powders and by

subsequently solidifying the melted product. On the contrary, the sol-gel processes use



WD 2004/ 063105 PCT/ EP2003/ 014759 2 solutions of the
precursors of the interesting nmaterials and avoid to
w@aws/o6iindugh nelting steps, often out of anyP@DEB00S/e14759
control. All sol-gel processes known in the art
conprise the follow ng steps: - preparation of a
sol ution, or suspension, of a precursor fornmed by a
compound of the elenment (M form ng the oxi de which
is the goal for the preparation of the final glassy
article, - hydrolysis, acid or base catal yzed, of the
precursor, to form M OH groups, according to the
reaction MXn + nH2O - M OH) i + nHX wherein the
unknown capital |etters have the neaning hereinafter
reported. The so obtained mxture, i.e. "a, solution
or a colloidal suspension, is naned so

soRl?ilc)Mé: iy %?%ﬂ?srbrsofof ttﬁ@ iM'egﬂti%% QuSTiAS GRH divagd 1o pabe through

reaction + H20O characteri zed by
an |ncrea e of e liqu osity (gelation) and by
mglHag SR P ﬁ%B\r“a‘ﬁrI OF%LI%‘EW of a matrix called gel,
gel drying with the formati on of a porous nonolithic
baAlly solege) propessan kbewn dmthei asicconirise yheafol o Wit ersd
sol vent evaporation, which produces the so called
- preparation of a solution, or suspension, of a precursor formed by a compound
of the element (M) forming the oxide which is the goal for the preparation of
the final glassy article,
- hydrolysis, acid or base catalyzed, of the precursor, to form M-OH groups,
according to the reaction

MX, + nH,0 — M(OH), + nHX

wherein the unknown capital letters have the meaning hereinafter reported.

The so obtained mixture, i.e. ‘a solution or a colloidal suspension, is named " -»

sol,
- polycondensation of the M-OH groups according to the reaction
M-OH + M-OH — M-O-M + HxO
characterized by an increase of the liquid viscosity (gelation) and by the
contemporaneous formation of a matrix called gel,
- gel drying with the formation of a porous monolithic body; drying can be
carried out by a controlled solvent evaporation, which produces the so called

xerogel, or by a solvent supercritical extraction which produces the so called



xerogel, or by a solvent supercritical extraction
whi ch produces the so called WO 2004/ 063105
weEOABEA0D3/ 014759 3 aerogel : As above sai d tPeT/@P1003014759
gel can be industrially used as such, or it can be
densified by a thermal treatnent to prepare a gl assy
body. The sol -gel techniques, when ained to the gl ass
production, warrant advantages on the nelting
techni ques because of a better control of all process
paranmeters and, consequently, because of the fina
products which are character%zed by hi gher purity.
Sol - gel processes for the prbduction of glassy bodies,
mainly silicon oxide based, are disclosed in many
patents. For instance, US patents n. 4,324,576 and
n.5, 076,980 relate to processes wherein the
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the quality of the final -product, are described i H
USTheasadraek toshaiquas, adtenoymied 40 68 glasss PEagyciton yargap advantages
-or, in EP 586,013, wherein there is disclosed al so
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under pyrogenic or colloidal shape. According to these
atents t i . j : [ j g ity
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according EP 586,013, to the gel drying that,. in a,
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in alnost final devices, is carried out at tenperature
ar@dthcysed suneay patawke Fohmstance,i Ehipateatsue st,3%4, §16eand n.5,076,980
sol vent within gel.

relate to processes wherein the precursors are alkoxydes, particularly

tetramethoxyorthosylane (TMOS) and tetraethylorthosilicate (TEOS). Improved

processes, aimed to minimize the production costs and to improve the quality of the

-final product, are described in US patents nos. 4,680,048, 4,681,615 and 5,207,814 or-~ - =+ -

in EP 586,013, wherein there is disclosed also the addition of silica to sol obtained
alkoxydes, under pyrogenic or colloidal shape. According to these patents teaching, a
peculiar care is given to the gelling step (polycondensation) and, particularly according
EP 586,013, to the gel drying that, in a method for the production of optical
components and in almost final devices, is carried out at temperature and pressures
above the critical values of the solvent within gel.

The final products are quite good: however, the hypercritical drying technology

needs apparata built with particular materials and moreover, can be carried out only by



The final products are quite good: however, the
hypercritical drying technology needs apparata built
wowaok/opEni i cul ar materials and noreover, can bRCT/EPI00®014759
out only by WD 2004/ 063105 PCT/ EP2003/014759 4 hi gh
energy consunptions. US patents nos. 5,243,769 and
5,473,826 disclose nethods for drying porous gels,
obt ai ned via sol-gel processes, under tenperatures and
pressures | ower than the critical values of the ge
sol vent, which conprise the gel setting, once
imrersed in a drying solvent, in a pressure chanber
and the increase of the tenperature thereof: the
former, in the presence of an inert gas saturated by
the above said solvent vapor, the latter, w thout
such an inert gas, as well as a continuous nonitoring

higﬁ eﬁé}g ESHsBApRbnP B Batefts nBOVEYAY, 764 kiRl 518¥3,826 aRclos®Methods
he s ¥vent tenperature and pressure critical val ues

i s, low and al t hods conprise the use of j
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whi ch forces the consequent use of recovery .

pressos dowes thaTihibe Apisicek spiueh 88 theogek salvent, whidincempriseethe gel
mai n obj ect of the present invention, .,. that it is

seRBSS bRtLiniiRerde ity Bran P EGI06RS if ®prdshee phadbet indnthefincrease of
gl assy articles, w thout any of the above said

dr awbacks, ..whi ¢ch,c [S€ - t nj
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tenperature and pressure conditions |ower than the )
abowe vaidtsobvent vapar. thelattss, wishars sysh #n inertyeasi hwelkaf gicogHnuous

therefrom of course, the processes can be achieved
mehis&tide0 ofif #Ranemall pressarpahaveveanithé ndesiaoni figm the solvent

I nter medi at e,
temperature and pressure critical values is low, and all methods comprise the use of a

drying solvent in the pressure chamber, in discrete amounts, which forces the

consequent use of recovery procedures.

The: Applicant has now found, which is the main object of the present-invention,

that it is possible to achieve a process for the production of glassy articles, without any
of the above said drawbacks, which comprises the sol-gel technique to prepare gel, as
well as the drying thereof at temperature and pressure conditions lower than the
solvent critical values, also with very high deviation therefrom; of course, the
processes can be achieved also to prepare and to separate any interesting intermediate,
such as sol to be hydrolyzed, or the very gel before the thermal densification. The
preparation and the separation of such intermediates are, on turn, appendant objects of

the present invention, to which they fully pertain.



such as sol to be hydrolyzed, or the very gel before
the thermal densification. The preparation and the

wa@epanedindn of such internedi ates are, on tur nPCT/EP2003/014759
appendant objects of the present invention, to which
they fully pertain. WO 2004/ 063105 PCT/ EP2003/ 014759
51t is therefore an object of the present invention a
process for the production of glassy articles
conprising the follow ng operations: a) preparation of
an aqueous or hydroal coholic solution, or suspension,
of at least of a conpound having the formula X. - M -
(OR).-mwherein Mis a cation of an el enent bel ongi ng
to the 3rd, 4t, or 5th Goup of the Periodic System
n nmeans the cation valence, Xis RlL or OR, Rl being
the sanme of or different fromR mis zero or an

i nf %%Ereﬁt&f@gﬁroﬂjw thd Blesént Rveridtd fRproees foy di®paydaction of

radi c aving a carbon atom nunber up to 12; b)
hydr ol ysi s ot.th@gggﬂve.sqg%;%oggpund, either in
glasdy TS COPPIHNg QVEIE ORBHMA: optain the so cal | ed
sol; ~ c) eventual addition in colloidal suspensjon of
@3 s pleperaliBOof aniyqusotis gehydrpgjcohwlicsalusion: QntsuspFnsTon; pleat least
gel pore solvent with a non protic solvent; f) ge
set t bPP chfpSul RS Ry Be EhraiLr |
Xm -M- (OR)n-m
wherein M is a cation of an element belonging to the 34 4% or 5™ Group of
the Periodic System, n means the cation valence, X is Ry or OR;, R; being the
same of or different from R, m is zero or an integer number lower than 3, R
and R; are hydrocarbon radical having a carbon atom number up to 12;
b) hydrolysis of the above said compound, either in solution or in suspension, to
~-obtain the so called sol; -
¢) eventual addition in colloidal suspension of possible M2Oy
d) sol gelling;
e) substitution of the gel pore solvent with a non protic solvent;
f) gel setting in a pressure chamber;
g) inert gas fluxing into the pressure chamber;
h) pressure chamber heating over a programmed time period to achieve

predeterminate temperature and pressure values, lower than the relevant

critical value of the gel solvent, and evaporation thereof;



g) inert gas fluxing into the pressure chanber; h)
pressure chanber heating over a programmed tine period
WO ooaobileye predeterm nate tenperature and prRBCEFEPH03/014759
val ues, lower than the relevant critical value of the
gel solvent, and evaporation thereof; W 2004/ 063105
PCT/ EP2003/ 014759 6 i) depressurization of the
pressure chanmber with vapor discharge; |) pressure
chanber washing by an inert gas; k) cooling the dried
gel and renoval thereof fromthe pressure chanber; 1)
dried gel syntherization by heating at a prefixed
tenperature to forma gl ass body wi t hout any
cracking. The colloidal solution (sol) of the step a)
Is prepared by m xing one or nore netallic oxide
precursors, according to the above nentioned formil a,
W i? h QURHE E¥iriz&on HEhE bfeddis0 BRAmbdr Wittheapier BRehEge;0f a
catalyst, either acid or base. As above said, Mis a
cation, n val enced, .of .an el enent. bel onging to G oups
3,JS 4%93313’7?8?3 & Eshine Y anﬂ@?‘?%&%’c Syst gm ° P
particularly Si, G, Ti and Al, Si being the preferred
ono. coglingthaldried gelsanidspmornalgheragfsirem the prepwire fhasmbege
groups are the preferred ones and, with reference
- 1) 2tritD ERS yitheRREfi b€ b Bbatint fragsefikad temprritiiexy form a glassy
et hoxy, propory and butoxy groups. The hydrolysis is
carried ou ) room tenperature, and the sane can
be ;?8&31 gft&?@@t B ecﬁacellilr?%’ me fromb5 mnutes to beyond 4

hours, till the formation of hydrated. ..
The colloidal solution (sol) of the step a) is prepared by mixing one or more

metallic oxide precursors, according to the above mentioned formula, with water, or
water/alcohol, in the presence of a catalyst, either acid or base. As above said, M is a
cation, n valenced, of an element belonging to Groups 3, 4 or % of the Flement

Periodic System, particularly Si, Ge, Ti and Al, Si being the preferred one. As to all

thereto, particular interest is in methoxy, ethoxy, propoxy and butoxy groups.

The hydrolysis is carried out also at room temperature, and the same can be
performed over a time from 5 minutes to beyond 4 hours, till the formation of hydrated
oxides of the cation/s constituting the colloidal solution components. Before gelling,
the obtained sol can be added by a colloidal suspension of the oxide of at least one of
the present cations. For instance , if use is made of a precursor comprising or
constituted by a silicon alkoxide, the above obtained colloidal solution can be added a

solution/suspension prepared by mixing water, possible solvent, fumed silica, an acid

W - L.

possible meanings of X, the alkoxide groups are the preferred ones and, with reference -+



oxi des of the cations constituting the coll oida
sol uti on conponents. Before gelling, the obtained so

w@ amv4boes1ezided by a col | oi dal suspensi on of thePOREBR®0ODH14759
at | east one of the present cations. For instance
if use is made of a precursor conprising or
constituted by a silicon al koxi de, the above obtai ned
col | oi dal solution can be added a sol ution/suspension
prepared by m xi ng water, possible solvent, funed
silica, an acid WO 2004/ 063105 PCT/ EP2003/ 014759 7 or
a base. The interruption or the conpletion of the
hydrol ysis, at any time befote the gelling start,
produce a tinme stable sol, that can be separated and
stored: the possible renoval of such an internediate
al so constitutes an object of the present invention.

or gﬁsﬁgfhegﬂéﬂugﬂen l@P Eh%ré!irﬁtg ettiéhl Sﬁﬁgﬁigﬁfm?@ls, at 8n§ @ikdd Wfore the

pouritng sol 1nto a nould by letting the

same stay at a tenperature | ower. than 90C over a.tinme .
ol oo MR E0ly 148 7% O dRgatokany Rlordlhe Rgssivte
end, the gel is washed, for instance by an organic
remobalexftsuchamdintdnmediate alenconstigitateantdbgecp of s préseniipiention.
repl aced by a non-protic solvent. Such a non-protic
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acet one bei ng preferred one. The gel

shape, . obt ai ned therepy, w.th the post,.pQssibl .
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pressure chanber wherein, after closing, an inert gas

fewsminlutes éol somerbowrby nitrogen, at a pressure suitable to
achi eve, at the pressure chanber tenperature

At the gelling end, the gel is washed, for instance by an organic solvent, and the

solvent inside the pores thereof is replaced by a non-protic solvent. Such a non-protic
solvent is preferably selected among acetone, dioxane, hydrofuran, acetone being the

preferred one.

- The gel'shape, obtained thereby, with the most possible minimum solverit content,” " -

is directly set inside a pressure chamber wherein, after closing, an inert gas is fluxed,
mainly nitrogen, at a pressure suitable to achieve, at the pressure chamber temperature
lower than the gel solvent critical temperature, a total pressure lower than the solvent
critical pressure, from pressure values close to the critical pressure values up to the
deviations of about 60% and higher.

There, according to the step h), the pressure chamber temperature is increased

according to a predetermined program, in order to let the gel solvent evaporate.



| ower than the gel solvent critical tenperature, a
total pressure |lower than the solvent critica
w@e@sseries from pressure values close to the cPCT/ERENN3/014759
pressure values up to the deviations of about 60% and
hi gher. There, according to the step h), the pressure
chanber tenperature is increased according to a
predeterm ned program in order to let the gel solvent
evapor ate. WD 2004/ 063105 PCT/ EP2003/ 014759 8 By
keepi ng the programed tenperature, the chanber is
depressurizes (step i) to facilitate the renoval of
gas and vapor, such as an operation being assisted by
the follow ng chanber cleaning that is preferably
carried out by nitrogen. After the cleaning end, the
pressure chanber is cool ed, opened and the dried ge

i v i il SusiraP@tep i) t
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to an_appendant object of the present invention, b
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vetrification procedure according to step 1). Such a

fopswing dhambearigmisethat is ppeferablyecadnsd gubyimtregenoven, to
i ncrease the oven tenperature beyond 100C, also up to

90 - CIRhEHr e Bsbl&, sdatdaBe dried gel is
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treatnent, or ' during the sane:,-gas,.-- mxtures can
repaveddgtep taining chlorine or chlorine precursors, to

renove possi ble hydroxides present in silica and/or

t Tlpupbtajnedegdgat the Neapsvebtainedfeonat the empld pgpd in step g) can,

according to an appendant object of the present invention, be separated and employed
as such, or subjected to the vetrification procedure according to step 1).
Such a procedure comprises to put the dry gel in an oven, to increase the oven

temperature beyond 100°C, also up to 900°C, under an atmosphere containing also

oxygen, that is'used to calcinate the gel. After this treatment, or during the same; ‘gas««" -

mixtures can be fed containing chlorine or chlorine precursors, to remove possible
hydroxides present in silica and/or to purify aerogel, the oven temperature being
between 100°C and 1250°C.

At last the oven temperature is increased to a value letting the aerogel be densified
to reach vetrification, such a temperature, with reference to silica material, being
between 900°C and 1650°C, under an inert gas atmosphere, the gas being helium,
oxygen, chlorine, and the like. The duration of any oven treatment can range from tens

of minutes to many hours.



bet ween 100C and 1250C. At |ast the oven tenperature
is increased to a value letting the aerogel be
walemgiobilesl to reach vetrification, such a tenpPer/aP208(14759
with reference to silica material, being between 900C
and 1650C, under an inert gas atnosphere, the gas
bei ng helium oxygen, chlorine, and the like. The
duration of any oven treatnment can range fromtens of
m nutes to many hours. WD 2004/ 063105
PCT/ EP2003/ 014759 9 The advant ages of the process
found by the Applicant over those process operating
at subcritical conditions afe tenperature and pressure
of operation still lower than those clainmed by those
Patents (US 5,243,769 and US 5,473,836). In addtition
clearly other advantages are to operate wi thput drying

SG[lh\éeQav Pobd%r MECHRINES EAMIPBY ihe Auphcaatuvet thbiec |process

forces the conseque t use of recovery ~procedures.

above said an t.her o erative
opgiEs &) BErigiAL e R ipr s lrd e ipe%mﬁﬁaﬁ@“ lower
aimto |IIustrate the invention wthout a [imtation
thanathbdeeclaipied pyghasetaemeofUS 5:243:36% and BIS, 514713y $16)0, 01 N
HC1 were added, under stirring, to 9,4 1 of TECS.

At elidBRGY L8Py oficPUliPmtfies GENtJ BRERALS veithiput dndng solvent in the
t ranspar ent gl@Yut i on vvaségobt ai ne?&S kg of powdery
pressure chamber in such amount which forces the consequent use of recovery
procedures.

All above said and further operative details will appear more clear by reading the

following examples, which aim to illustrate the invention without any limitation to the

purposes thereof.

‘Example 1

26,11 of 0,01 N HCI were added, under stirring, to 9,4 I of TEOS. After about 60
minutes of continuous stirring, a transparent solution was obtained. 5 kg of powdery
fumed silica were added under strong stirring. The commercial product Aerosil OX-50
was particularly idoneous to be added there accordingly. The mixture was
homogenized by a very strong mechanical stirring for about 60 minutes and, then, by
ultrasounds for about ten minutes. The treated mixture was subjected to centrifugation
and then set in a suitable glass container. This dispersion was added by a 0,01 N

ammonia aqueous solution, in such an amount to warrant the time to pour the very



fumed silica were added under strong stirring. The
comerci al product Aerosil OX-50 was particularly

WO danmesst o be added there accordingly. The nmPRI/EBPH03/014759
was honogeni zed by a very strong mechanical stirring
for about 60 m nutes and, then, by ultrasounds for
about ten mnutes. The treated m xture was subjected
to centrifugation and then set in a suitable glass
contai ner. This dispersion was added by a 0,01 N
amoni a aqueous solution, in such an anobunt to warrant
the tine to pour the very WD 2004/ 063105
PCT/ EP2003/ 014759 10 di spet&ion into the gel ation
vessel s. The treated dispersion was poured into many
cylindric containers, wherein the gelation occurs,
having internal dianeters of 24mm and 80mm and

di%@{s%ﬂ 8 fthe QML ANEsdIHOTHE tegedatidpeysidry wakhgoured into many
yl'inders were closed and interconnected with

0 ropi.l ene pipes.wth 6mm di apngel.er . .
ey FaRer; HEeEEh AR Spofls Gk intping Highibidt6 8F 4mm
through the cylinders and the interconnecting pipes,
and 80enb anid Indighus of PAAram apdi IdROBBHEPSPEEVeYY- wat er / acet one
m xture at a conposition of 100% water at the very

bepidjilinge Wert tidBed srah@itdreorinetied ndthhmipprepierteydpesusith 6mm
acetone within 48 hours. The inlet flow of anhydrous

.acetong. i i nt aj I r ' '
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if the flowing is stopped over npre than 48 hours and.
cylihders smndr the dintesepanACHTEBINES #indleYBY/NUEE 53Fmhile FoiPrised a
di aneter, containig gels treated as above said
water/acetone mixture at a composition of 100% water at the very beginning but time

ranging till to become anhydrous acetone within 48 hours. The inlet flow of anhydrous
acetone is maintained till the water concentration, in the outlet fluid is standingly lower
than 0.1%, even if the flowing is stopped over more than 48 hours and then started
again.

Two cylinders with 24mm internal diameter, containig gels treated as above said
and named wet gels, were put in an autoclave having 413 1 internal volume, together
with a vessel with 4 1 acetone. Once the autoclave had been sealed and heated up to
80°C, nitrogen was fed till to let the inside total pressure be 48 bar. Then the
temperature has been increased up to 225°C, at a 5°C/h rate, to let the autoclave inner
gas escape in a controlled way, such to avoid the total pressure becoming higher than
© 50 bar. The acetone partial pressure and the autoclave fluid temperature continuously

were lower than the critical ones so allowing the process to be carried out under non-



and nanmed wet gels, were put in an autocl ave havi ng

413 1 internal volunme, together wth a vessel with 4
wQa22@emtane. Once the autocl ave had been seal edPEr@EP2003/014759

heated up to 80C, nitrogen was fed till to let the

inside total pressure be 48 bar. Then the tenperature

has been increased up to 225C, at a 5C h rate, to |et

the autoclave inner gas escape in a controlled way,

such to avoid the total pressure becom ng higher than

50 bar. The acetone partial pressure and the autoclave

fluid tenperature contlnuou§hy were | ower than the

critical ones so allowi ng the process to be carried

out under non WO 2004/ 063105 PCT/ EP2003/014759 11

critical conditions. At 225C, tha autoclave was

depressurized to 1 bar, over 24 hours, and nitrogen
crivRshepdhrmher At IEsoay t}mpmmﬂia\&ndast dn@rdismmedrtp |1esar pevem @4 hours,

reaned such sanpl es being now dry, very porous
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SVWeT e ven, the oven cl osed and
theterrperature was ralsedto OCo 4
saygplasebaingo AP drynBeY ROFOHS 95 eEe A ErSReRy of ARG shape. The
After 12 hours nore at this tenperature and under

ach@lclsweiel pwiingn dvbe; themen atasrobosed snd die tthpegaturE3g@aised to
at 10C mn rate. The tenperature is kept at 1390C for
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e oven V\BS and cooled t O r oom
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cracki ngs and a yllndrlcal shape.
1390°C at 10°C/min rate. The temperature is kept at 1390°C for 10 minutes and then
decreased to 800°C, at a 10°C/mih rate, when the oven was shut off and cooled to
room temperature, still under nitrogen atmosphere.

The resulting samples were two glassy bodies having no crackings and a

-cylindrical shape.

Example2

Two wet gels, produced according to the preceding example 1, were put in an
autoclave having 413 1 internal volume, together with a container of 35 1 acetone. Once
the autoclave has been sealed and heated to 80°C, nitrogen was fed to let the autoclave
inner pressure reach 9 bar. Then, at 5°C/h rate, the temperature was increased to
225°C, to let the autoclave inner gas escape in a controlled way such to avoid the total

pressure becoming higher than 32 bar.



Exanpl e2 Two wet gels, produced according to the
precedi ng exanple 1, were put in an autoclave having

wd 1®4/06310% er nal vol une, together with a cont ai PEF/ERP{003614759
1 acetone. Once the autoclave has been seal ed and
heated to 80C, nitrogen was fed to | et the autocl ave
i nner pressure reach 9 bar. Then, at 5C/h rate, the
tenperature was increased to 225C, to let the
aut ocl ave inner gas escape in a controlled way such to
avoid the total pressure becom ng higher than 32 bar.
WO 2004/ 063105 PCT/ EP2003/ 014759 12 The autocl ave
fluid pressure and tenperatufe continuously were | ower
than the acetone critical ones, i.e. the fluid inside
the gel pores, allowing the process to be carried out
under non-critical conditions. At 225C, the autocl ave
| SThdeqpites s ﬂﬂﬁd%&guﬂe atBteneesate eontimvonslP 4veno lowser than the
and nltrogen washed before bei ng opened and the two

ac&éﬁ@ A8 A& 1 @"igg ‘Tﬂnd “}Hﬁ%ﬂe ﬁféngéleétir@@'ﬁﬁ)“nﬁg’vt@ %HOCCSS to be

por ous, 'nane I ndr1 cal

The aero el's were put jn an ove e ov
cagife oo B0 ST WCE O AN ot 39 Rolged to
whil e bunb air had being flowed, at a 5 1/mn rate.
baAhteesurd 20veal4s homs earat nitdoigsn twewsipet htforebeing apedet and the two
heliumflowi ng, the tenperature was raised to 1390C

sa glegl Q‘g rgfngvéd"‘ts ch %ﬁaéle 196818%5? g,UJ'anir h@i‘@u@ %am-'eiaeaerogels of

re vva§ utes and then
decreased to 80 OC t a 10C/mn rate, when the .
cylipdricah shanst {Theneregsly 3@1¢ 8U% BbAT Wk st AYed: Wak glgped ind the

temperature was raised to 800°C over 24 hours, while bumb air had being flowed, at a
5 1/min rate. After 12 hours more at this temperature and under helium flowing, the
temperature was raised to 1390°C at a 10°C/min rate, still under helium flowing. The
temperature was kept at 1390°C for 10 minutes and then decreased to 800°C, at a
10°C/min rate, when the oven was shut off and cooled to room temperature;: under
nitrogen atmosphere.

The resulting samples were two glassy bodies having no crackings and a

cylindrical shape.

Example 3
Two wet gels, produced according to example n.1, were put in an autoclave
having 413 1 internal volume, together with a container of 4 1 acetone. Once the

autoclave has been sealed and heated to 80°C, nitrogen was fed to let the autoclave



ni trogen atnosphere. The resulting sanples were two
gl assy bodi es having no crackings and a cylindrica
W@ bapoe3iExanpl e 3 Two wet gels, produced accorPCTEP1003/014759
exanple n.1, were put in an autoclave having 413 1
internal volunme, together with a container of 4 1
acetone. Once the autoclave has been seal ed and
heated to 80C, nitrogen was fed to | et the autoclave
WO 2004/ 063105 PCT/ EP2003/ 014759 13 inner pressure
reach 47 bar. Then, at 50C/ h_rate, the tenperature was
increased to 250C, to |et t e aut ocl ave i nner gas
escape in a controlled way such to avoid the total
pressure becom ng hi gher than 50 bar. The autocl ave
acetone pressure continuously was |ower than the

ielelr tpr&s@hreABEch 4 RIbhOWIHG, thSORT/MGARS tHeOtehthefRlifd Rl Mbreased to
undér non-critical conditions. At 225C, the autoclave

i=So I uri.zed to 1 bar pressure, oyer 24 hqurs. a
25iCaB e Vet tu Pl B e PHE B au Rl vk Bl e R the total
sanpl es bei n%. renmoved, such sanpl es bei ng now dry,

pueseyre bpenmaing highendunadrlgel s, of cylindrical shape.

The aerogels were put in an oven; the oven was closed

andriehutb&RRE hadtbhiee py@sureaddntitlud BB GG 1ower tRéh lielkftical one,
while room air had being flowed, at a 5 1/mn rate.

f h .t hi . o
A B DS TP o PRI B, o
at

,.a 10C/mn rate;, still )
autoclave is depressurized to 1 bar pressure, over 24 hours, and nitrogen washed before

being opened and the two samples being removed, such samples being now dry, very
porous, named aerogels, of cylindrical shape. The aerogels were put in an oven; the
oven was closed and the temperature was raised to 800°C over 24 hours, while room

air had being flowed, at a 5 I/min rate. After 12 hours more at this temperature and

under helium flowing, the te'mp'erature'was raised to 1390°C at a 10°C/min rategstill » - = -

under helium flowing. The temperature was kept at 1390°C for 10 minutes and then
decreased to 800°C, at a 10°C/min rate, when the oven was shut off and cooled to
room temperature, still under nitrogen atmosphere.

The resulting samples were two glassy bodies having no crackings and a

cylindrical shape.



under helium flow ng. The tenperature was kept at

1390C for 10 m nutes and then decreased to 800C, at a
wQ0@453105 at e, when the oven was shut off and PODERmO3/G14759

roomtenperature, still under nitrogen atnosphere. The

resulting sanples were two gl assy bodi es having no

crackings and a cylindrical shape. WO 2004/ 063105

PCT/ EP2003/ 014759 14 dainms 1. Process for the

production of glassy articles conprising the follow ng

operations: a) preparation of an aqueous or

hydr oal cohol i ¢ sol uti on, or §ﬂspension, of at | east

of a conpound having the formula X. - M- (ORn_m

wherein Mis a cation of an elenent belonging to the

3rd, 4t, or 5th G oup of the Periodic System n neans

the cation valence, X is Rl Qafgg, Rl being the sane

of or different fromR mis zero or an integer nunber

| ower than -3, - R and- Rl1- are, hydrocarbon radica

having a carbon atom nunber up to 12; b) hydrol ysis

of the above said conpound, either in solution or in )

susbheRspasas for othe bpraitvctione of oglesslyl efices| comprising the following

operations:
a) preparation of an aqueous or hydroalcoholic solution, or suspension, of at
least of a compound having the formula
Xm - M- (OR)nm
wherein M is a cation of an element belonging to the 3“1, 4th, or 5% Group
of the Periodic System, n means the cation valence, X is R; or OR; R;

being the same of or different from R, m is zero or an integer number

lower- than 3,R ~and 'R;- are: hydrocarbon radical having a carbon*atom - -«

number up to 12;

b) hydrolysis 6f the above said compound, either in solution or in suspension,‘
to obtain the so called sol;

c¢) eventual addition in colloidal suspension of possible M20n

d) sol gelling;

e) substitution of the gel pore solvent with a non protic solvent;

f) gel setting in a pressure chamber;

g) inert gas fluxing into the pressure chamber;



c) eventual addition in colloidal suspension of
possi bl e M20n d) sol gelling; e) substitution of the
w@edo4foaries sol vent with a non protic solvent; PQT/§R1003/014759

setting in a pressure chanber; g) inert gas fluxing
into the pressure chanber; W 2004/ 063105

PCT/ EP2003/ 014759 15 h) pressure chanber heating over
a programred time period to achieve predeterm nate
tenperature and pressure val ues, |ower than the
relevant critical value of the gel solvent, and
evaporation thereof; i) deprggsurization of the
pressure chanmber with vapor discharge; |) pressure
chanber washing by an inert gas; k) cooling the dried
gel and reanaI thereof fromthe pressure chanber; 1)

dri ed nt h b heatln at a prefixed
t enpe tEﬁe U ﬁf’ eﬁ}ﬂ%@yﬂbedy tigygy period to achieve

cracking. 2. Process for the production of glassy
arti cl epredet@ndinaig t¢roperhvirg red guessgrecvaues, lowerwthiag lthe relevant
the precursor in the step a) preferably is a silicon

al koxi deyitial va'ﬁ!ieoéﬁ:ﬁé gél%hteaﬁ 2Bl ed%mtﬁﬂl tRéreBt, aSSY
articles according to clains Tin which, in the

pesenis oL Lle, S ) e sol L gt B g s e
]) pressure chamber washing by an inert gas;
k) cooling the dried gel and removal thereof from the pressure chamber;
1) dried gel syntherization by heating at a prefixed temperature to form a
glassy body without any cracking.

2. Process for the production of glassy articles according to the preceding'élai;la
in which the precursor in the step a) preferably is a silicon alkoxide.

3. Process for the production of glassy articles dccording to claims 1 and 2'in
which, in the presence of the step c), the sol is added by a mixture comprising
fumed or colloidal silica.

4. Process for the production of glassy articles according to claim 1 in which, the
gelling according to the step d), is carried out at a temperature lower than
90°C.

5. Process for the production of glassy articles according to claim 1 in which the

gel solvent is substituted by a non protic solvent, preferably selected among

acetone, dioxane, hydrofuran.



4. Process for the production of glassy articles
according to claiml in which, the gelling according

wo eootloe318t ep d), is carried out at a tenperat UPET/EP2E3/014759

than 90C. 5. Process for the production of glassy
articles according to claim1 in which the ge

sol vent is substituted by a non protic sol vent,
preferably sel ected anong acetone, di oxane,

hydr of uran. WO 2004/ 063105 PCT/ EP2003/ 014759 16 6.
Process for the production of glassy articles

according to the preceding cdleaim in which the sol vent
repl acing the gel solvent preferably is acetone. 7.
Process for the production of glassy articles

according to claim1l1 in mhich according to step a),

the inert gas is f uxed res ure s di 1
achi dhracesgfor thegr @%P e?éﬁ‘ﬁ?éflf 3Péﬁ? Bigpding claim
than the gel sol vent crltlcal tenperature, a tota

pr essiurhitiothe solvimtreplaeing ¢he gallsolyant meferdbdnls asetonsur e,
from total pressure values close to the critica

pr 9551*%@9?& %xuﬁé BBl Rioh s Qﬁé’s‘yafhh@l% ac®rdidBaBtcl8RPa i which,

Process for t producti on of gl assy artlc es

Sgg ° ngslg(prg}{ggtpiﬁpqe Ségnﬁpﬁg%rg gas i§ ?'luggpg) 8&% qus%urre ngable #4 achieve, at

production of glassy articles according to-claim1l in

whi chthe hpresoper ctainbes  woperatineg lowert Iteansttbp ggl, splyent critical

carried out at tenperatures ranging from
temperature, a total pressure lower than the gel solvent critical pressure, from
tota] pressure values close to the critical pressure values up to the deviations
of about 60%.

8. Process for the production of glassy articles according to the preceding claim

in which the inert gas preferably is nitrogen.

9. "Process for the production of glas“S’y articles according to-claim 1 in:whi‘ci'"i““the T

operations according to the step 1), is carried out at temperatures ranging from
900°C to 1800°C.
10. Process for the preparation of a sol comprising the following operations:
a) preparation of an aqueous or hydroalcoholic solution, or suspension, of at
least of a compound having the formula
Xm- M- (OR)nm
wherein M is a cation of an element belonging to the 3“1, 4th, or 5% Group

of the Periodic System, n means the cation valence, X is Ry or ORy, Ry



900C to 1800C. 10. Process for the preparation of a
sol conprising the follow ng operations: a)
w@e@pasavi on of an aqueous or hydroal cohol i c sSPCT/EPZING/014759
or suspension, of at |east of a conmpound having the
formula Xm- M- (ORn-mwherein Mis a cation of an
el ement belonging to the 3rd, 4th, or 5th Goup of
the Periodic System n neans the cation valence, X is
RlL or ORl, R1 WD 2004/ 063105 PCT/ EP2003/014759 17
being the sane of or different fromR mis zero or an
i nteger nunber lower than 317 R and R1 are hydrocarbon
radi cal having a carbon atom nunber up to 12; b)
hydrol ysis of the above said conpound, either in
solution or in suspension, to obtain the so called
sol; c¢) it ] j dal. '
ossi bl ANECY it o Bl 53 %48 15 MAPERSh ARl pomber
conprising the follow ng operations: c) eventua
addi ti olPWex the PoReand éﬂsﬁén@fdé‘?fwél?o% ah havipgcy casbon atom
sol gelling; e) substitution of the gel pore sol vent
wi th a nenbgrgttod2sol vent; f) gel setting in, a
pressure chanber

b) hydrolysis of the above said compound, either in solution or in suspension,
to obtain the so called sol;

c) eventual addition in colloidal suspension of possible M20O,

11. Process for the preparation of a gel comprising the following operations:

c¢) eventual addition in colloidal suspension of possible M20y

d) sol gelling;

e) substitution of the gel pore solvent with a non protic solvent;

f) gel setting in a pressure chamber;

g) inert gas fluxing into the pressure chamber;

h) pressure chamber heating over a programmed time period to achieve
predeterminéte temperature and pressure values, lower than the relevant
critical value of the gel solvent, and evaporation thereof;

i) depressurization of the pressure chamber with vapor discharge;

j) pressure chamber washing by an inert gas;

k) cooling the dried gel and removal thereof from the pressure chamber;



g) inert gas fluxing into the pressure chanber; h)
pressure chanber heating over a programmed tine period
WO ooaobileye predeterm nate tenperature and prRBCEFEPH03/014759
val ues, lower than the relevant critical value of the
gel solvent, and evaporation thereof; i)
depressurization of the pressure chanber with vapor
di scharge; ) pressure chanber washing by an inert
gas; k) cooling the dried gel and renoval thereof from
t he pressure chanber; WO 2004/063105 PCT/ EP2003/ 014759
18 12. Process for the prepamation of a gel according
to the preceding claimin which according to step g),
the inert gas is fluxed at a pressure suitable to
achieve, at the pressure chanber tenperature Iomer
than the gel solvent critica era tot
pr & JUPeEst BWdhe PERATIRE °§a) oL BrcPRHRE I ey e H}ge%lm in which
from total pressure values close to the critica
pr es scadingl tosgepuy), the indregatay iflakedatsa prebsuad switab&O8h achieve, at
13. Process for the production of glassy articles

accorgli ng e§s91ré h&aBibRE e@hﬂ)@ra@ﬁ@' BwerN il Ghe tHE kA&dt critical

gas preferably 1s nitrogen
temperature, a total pressure lower than the gel solvent critical pressure, from
total pressure values close to the critical pressure values up to the deviations
of about 60%.

13. Process for the production of glassy articles according to the preceding claim

in which the inert gas preferably is nitrogen.



