WD 2004/ 06310-5 PCT/ EP2003/ 014759 1 SCOL- GEL PROCESS
FOR THE PRODUCTI ON OF GLASSY ARTICLES The present
relates to an inproved process for th
“K%Q%?E%$€gn of glassy articles conprising: a s?%ﬁﬁ?%my““Tﬂ

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 glagsy 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 such, or the ver S%E before the synt heri zation. |t
is kﬁ@&lgﬁht Eﬁ}gﬂé Eéﬂ@ﬂ @@M&Y_

a wde field of procedures for the production of dry
gels, that, in the caseARHRChbESensified to prepare
correspondi ng gl assy bodies. The dry gels, as such,

can be enployed as catalyst <carriers, or in the

thermal insulation field, while the gl asses obtained
thereby can find applications in various

t dbh presenyiinedntiohagbldéss tominrimprovediprecespfdrdhapdodustion of glassy
sem conductor fields. Usually, the glasses are

mt@fe@%ﬁﬁﬁ R HBid) R HeXprepRati@] of wid 88l &F RRWHREEstAROmaterial
by subsequently sol i di y| ng the meI d product. On

thrct)uhg% e Qct) catled’ sof gl teaml , 2 s{epcfg € obtained gel by a pressure

heating in the presence of an inert flnid and under the critical prcsstlre'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 infermediates are aimed to be drawn% because of other applicatiom such
as, for instance, the'sol as sitch, 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, ctm 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 gIaeses 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




WO 2004/ 063105 PCT/ EP2003/ 014759 2 solutions of the
precursors of the interesting materials and avoid to
womassodshosough  nel ting steps, often out of anyp@pgehddhBiarse
control. All sol-gel processes known in the art
conprise the follow ng steps: - preparation of a
sol ution, or suspension, of a precursor formed 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 MX,;: + nH20 -> M@ n. + nHX wherein the
unknown capital |etters have the neaning hereinafter
reported. The so obtained mxture; i.e."atsolution or
a col |l oi dal suspension, is naned sol, ‘

sol IR oS Rttt el RARSAERRD PR Gl proouen

an increase of the liquid viscosity (gelation) and by
melting stepsraftamport af avypossthlawonedl. of a matrix cal l ed gel,
gel drying with the formati on of a porous nonolithic

badysol-deMirbes@ kiRvn Fathe iaﬁd:oﬁié}&is@ﬂleafoﬂﬁwh{godtéﬁﬁ
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

MXg: + nH;O — M(OH), + nHX

~wherein the unknown capital letters have the meaning hereinafier reported.

The so obtained mixture; i.e. d solution or a coelloidal suspension, is named - :

sol,
- polycondensation of the M-OH groups according to the reaction: -
M-OH + M-OH — M-O-M + H,O
. characterized by an increase of the liguid 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
03/ 014759 3 aerogel: As above said the dri

“Kﬁéﬁbggﬁpbe industrially used as such, or it d%ﬁ”Eﬁ@mm”fh9

densified by a thermal treatnment 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 characterized by higher purity.

Sol - gel processes for the production 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

? rete %% 2&; %lpeq‘w éxﬁ@r@q&f&%&ﬁ%ﬁhsmﬂy used as such, or it can

tetraethylorthosilicate (TECS). |Inproved processes,

ai mek demsifiediby azihetod tpamkit to prepaestgaandots. i nprove

the quality of the fmal product, are described in US

ey BNl e

ddi t on of silica to so] obtained alkoxydes
on glgfr SREeEmgRts Brcautc 8 & pettergangPlph @Htmoewgermefers and,
patents teaching, a peculiar care is given to the

corgeduenty, sdcayse(gichy fingldeodats which archaptdrized byriigher purity.
accordi ng EP 586,013, to the gel drying that, in a

mMebNed :0&

TR O AP UG AR B i SURTBOLS B8 psc
d. pressures above the critjcal values _of the

ar.e?ﬁ;ql,&eﬁ IRy pajeis. For mstance, US patents n. 4,324,576 Sod n. 5,076,980

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 teaehjng, 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 terperature aﬁd pressures
above the critical values of the solvent within gel.

The final products are quite good: however, the hypercritica; 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
wo tddqadhicul ar material s and noreover, can be | e
out only by WD 2004/ 063105 PCT/ EP2003/ 014759 4'9@5#"%3’01”59
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
imersed in a drying solvent, in a pressure chanber
and the increase of the tenpérature 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

the internal. pr ure: however, .the deviatjon from
g e et EBF HE0s Ay 43,768 238 v B S/ GGE: methods
is low, and all nethods conprise the use of a drying
fos ofiryang  parowsh egejsy eshsained ctianbasgel procdisssr ehderatmursres and
whi ch forces the consequent use of recovery

PRSRERAIWRS thah ShERBkSRM RS RRW geﬁ EBﬁeﬁQ %%i;b% né'og@rise the gel

possi bl e to achieve a process for e produc

glassy articles,..wthout an of the above said .
seﬁf‘b%nﬁé&%‘?’ﬂkﬁﬁ?%ﬁﬂ@oﬁﬁm Veitelns Prefavre chapber ged fly increase of
prepare gel, as well as the drying thereof at
the ¢demperatuwe dhenedf: (the Semres, Mot prestiscel of\@1 ifditgad Saturated by the
solvent critical values, also with very high deviation
abbPe 58l BN enP lvafRU iRGatels %viﬂl%?gﬁ&sﬁr? ince?tn RE ??%h-%eadoontinuous
also to prepare and to Separate any In S es Ing

internmediate, . _ ..
monitoring of the internal pressure: however, the deviation from the “solvent

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

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 criticai values, also with very high deviation therefrom; of course, the
prooesseé can be achieved also tolprepare 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 disclosed.



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

‘ggg@%g}' n of such internedi ates are di scl osed. WD i
53085 PCT/ EP2003/ 014759 5 In one aspect , PEHEPI03/014759
is provided a process for the production of glassy
articles conprising the foll owi ng operations: a)
preparati on of an agueous or hydroal coholic sol ution,
. or suspension, of at |least of a compound having the
formula Xm- M- (OR),-mwherein Mis a cation of an
el ement belonging to the 3'd, 4 h, or 50' Goup of
the Periodic System n neans ghe cation valence, X is
Rl or OR., Rl being the sane of or different fromR
inis zero or an integer nunber |ower than 3, R and
R1 are hydrocarbon radical having a carbon atom nunber
up to 12; b) hydrolysis of the above said conpound,

ei t hetn brie aspedt, ititsre & provided aNRBEdsefor the procllicH & t he
so called sol; c) eventual addition in coll oidal

shbsRecle®Bobrifias thdloBoWitPopshitiogt gel ling; e) _
substitution of the gel pore solvent with a non protic

=0, ey S o BT R RbeBlon, of e
- of a compound having the formula
Xm- M- (OR)sm
wherein M is a cation of an elemént_ belonging to _t];c 3" 4% or 5® Group of
the Periodic Sﬁtem o means the cation valénce, Xis R;or ORy R béing 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 tﬁe above said compound, either in solution or in suspension, to
""6btain' thie 50 called sol;
¢) eventual addition in colloidal éuspension of possible M,0,
d) sol gelling;
e) substitutibn of the gel pore solvent with 2 non prétic solvent;
f) gc;l setﬁng in a pressure chamber;
g) inert gas fluxing into the pressure chamber;
k) 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;




h) pressure chanber heating over a programed tine

period to achieve predeterm nate tenperature and
woessuwegiogal ues, |ower than the relevant criti _
val ue of the gel solvent, and evaporation therege#”WE?B“"4kﬂ
2004/ 063105 PCT/ EP2003/ 014759 6 i) depressurization

of the pressure chanber with vapor discharge; j)

pressure chanmber 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 glassy body w thout

any cracking. In another aspe6t, there is provided a
process for the preparation of a sol conprising the
follow ng operations: a) preparation of an aqueous or
hydr oal cohol i ¢ sol uti on, or suspension of at | east

f he_f
3h "}"e.@‘ﬂ’%}@%&?’a‘#ﬂﬂﬁ SRslrR Bfhen b arBRRAFR TS he

. or 5h Goup of the Periodic System n
me sP’ieﬁ%lr%ﬁlﬁ%bprwwsbmgéayaamn%Sor ORI, RI. being
t'he same of or different fromR mis zero or an

i nkpgeolingniedried sind rBRABY AL thEedP ﬁo%@??es%@rcﬁﬁﬂfbggn

radi cal having a carbon atom nunber
I) dried gel syntherization by heatmg at a prefixed temperature to form a glassy

body without any cracking.

In another aspect, there is provided a 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
X~ M- (OR)nm
wherein M is a cation of an element belonging to the 3™, 4®, or 5™ Group

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

being the same of or different from R, m is zero or an integer number
lower thanp 3, R and Ry are hydrocarbon radical having a carbon atom
number up to 12;

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

c) eventual addition in colloidal suspension of possible M2O,




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

sol; c) eventual addition ba colloidal suspension of

possi ble MO 6a In yet another aspect, there is

provi ded a process for the preparation of a ge

conplh; ¥et ﬁ@O‘gﬁ"ea?rR@ICt diirads prowidatiagprecess)forthenirepdration of a gel

c@,qmsmgqﬁe fdifoﬁlﬂg'éﬁegﬁlo nsuspensi on of possible M2On d)
so gelling; e titution of the gel pore solvent

or o< SR BIERE 18 Bl cospebs BRlot PR ARG

pressure chanber; h) pressure chanber heating over a
pr od® a¢hEsHing ne period to achieve predeterni nate
tenperature and pressure val ues, |ower than the

r el ey subistitutioh loff €. %él ﬁbfé%gﬁfenﬁ Wfth%‘%{on?ﬂ%%ce g‘#lv‘t:’lﬁ’g d

evapor at ion thereo epressuri za

pre %eﬁ@etﬁﬂﬁgﬁ’gr{,m%gcﬁ‘l’ﬂﬁ% di scharge; ) pressure

|ng *gas; k) cooling the dried
geI and renpval thereof fromthe pressure chanber; The
coIB%FE§@3§é@ﬁﬂ%ﬁﬂﬁ%@@Pyﬁﬁﬂﬁchﬂn&ﬁep a) is prepared
by mi xing one or nore nmetallic oxide precursors,

acchy giesguricochanther iguBn TRV AN Yebch Al Aimdi IISého‘ﬁaEc? achieve

or water/alcohol, in t he presence of a cat
ert heﬁreﬁ%ﬁnﬁﬁteb%ﬁﬁiera%e gregsau!rg vahtes SloSer than the relevant

critical value of the gel solvent, and evaporation thereof;
1) 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:;

The colloidal solution (sol) of the step.a) is prepared by mixing one or more
metall’ic‘oxide precursors, according to the above mentioped formula, w1th water, or
water/alcohol, in the presence of a catalyst, either acid or.base. As ebovc said, M is a
cation, n valenced, of an element. belonging to Groups 3, 4 or % of the Element
Periodic System, particnlardy Si, Ge, Ti and Al, Si being the preferred one. As to all
possible meanmgs -of X, the-alkoxide groups are the preferred ones -and; with reference .+ - -

thereto, particular interest is in methoxy, ethoxy, propoxy and Bu‘toxy groups.



cation, n valenced, of an elenent. belonging to G oups
3, 4 or %of the Elenent Periodic System
particularly Si, Ge, Ti and A, Si being the preferred
one. As to all possible négﬁings of X; the al koxi de
groups are the preferred ones -and;-wth

reference. ., .. thereto, particular interest is in

me e Xyydreltysio Xy , caplied @4y alitd ab oo Medipie, SRd Hi8%ame can be
hydrolysis is carried out also at room tenperature,

_ rforped over,.a ti rams .
PRl AR AR AR RN BTt Tk o6 bgation of hydrated
h drg}ed oxi des of the cations constituting the
Oxiges of the cation(s canstibwingdthe molloidsk soltioy ebhipogentst Before gelling,
obt ai ned sol can be added by a coll oidal suspension of

thelobtaiuddisol aan e 4ddes by W @IRfidaltsispdREBAEhE BkidASF at 1845t one of
instance , if use is made of a precursor. conprising

r nstituted b silicen al koxi e, .the above ..
8 prsf et et indaitr  Of el oiud lce sprecumsor comprising or
sol ution/suspensi on prepared by m xi ng water, possible
copghitygagh by 4 @ﬁ@@ngtlkdmf&,, thanabaiedobnGn2d il didalgdution can be added a
PCT/ EP2003/ 014759 7 or a base. The interruption or :
sohfito R idopre HEhL atd ; : 'UQmeg : :
the gelli ngpﬁétg;r'tﬁmjg{r oducg vgﬁ?ﬁ?ﬁg@@gw@m , Iq%rtlﬁca’ an acid
can be separated and stored: the possible renoval of
such an internedi ate al so constitutes an object of the
present invention. The sol gelling, according to the
step d), is carried out by pouring sol into a nould
and by letting the same stay at a tenperature | ower
than 90C over a tinme period from few mnutes to sone
hour s. :




At the gelling end, the gel is washed, for instance by
an organic solvent, and the solvent inside the pores
LS replaced by a non-protic solvent.

wb%ﬁ&@%o solvent is preferably sel ected anﬁ'ﬁ&mmﬁoml4739
acet one, dloxane hydr of uran, acetone being the
preferred one. The' gel' shape, obtainddthereby, wth
t he nost possible mnimum solvent content is directly
set inside a pressure chanber wherein, after closing,
an inert gas is fluxed, minly nitrogen, at a
pressure suitable to achieve, at the pressure chanber
tenperature |ower than the gel solvent critica
tenperature, a total pressure |ower than the sol vent
critical pressure, frompressure values close to the
critical pressure values up to the deviations of
about 60% and hi gher. There, according to the step h),

or @HsprBesiotearuptiombe e emmppletion ob theshyduelysiasasdny time before the
accordlng to a predeterm ned program in order to |et

ge %% 6§ Sdue i 1iBY ARMIALSY, thAP 40 Bd/s8p34Ra and stored: the possible
P / EP2003/ 014759 By keepi ng the pr ogr ammed

er,at the i S res uri z (st
rer U OF PURe TR eSia P o BB A8 Qs of el el yshon.
operation being assisted by the fol I ow ng chanber
c| Brersioh geltihgtacoardmpetbehabiey di.ds ciredout bppowiing sgjénto a mould
After the cleaning end, the pressure chanber is

an§ 89/168ng AREAGE @fail MRntlek fHred8ivel Tan9RPC\RL: ﬁiinﬁ‘é)pé’ﬂod from

Thé obt a| ned geI I'n the shape obtained fromthe nol
£ used |n s can, according to an appendant object
W fIPREs qr?rventl on, be separated and enpl oyed

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 mirimuim solvesit conterit,”

* 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 pressﬁ:e, 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.

e A



as such, or subjected to the vetrification procedure
according to step 1). Such a procedure conprises to
wolde ry gel in. an oven, to increase the ov -
ten%gggyﬁre beyond 100C, also up to 900C, undeﬁernﬁmm)s"o147:‘"9
at nosphere containing also oxygen, that is tised
to'calciriate-the gel:"After'this treatnent,
or'duringtlte sane; gas,” mxtures can be fed
contai ning chlorine or chlorine precursors, to renove
- possi bl e hydroxides present in silica and/or to
purify- aerogel,: the oven tenperature being between
100C and 1250C. At |ast the g@ven tenperature is
increased to a value letting the aerogel be densified
to reach vetrification, such a tenperature, wth
reference to silica material, being between 900C and
1650C, under an inert %as atnDsphere t he gas being
heBY KREPIng fegpiogrammed toaperaiiee. tthe chanler iy @@%ﬁ“ﬁ‘ﬁ%@tﬁp i) to
of any oven treatnment can range fromtens of mnutes
fatititacm e Feandal ofEad 0@ Og3E0udiClY BP2peRtiod Hént aBistdieby the
advantages of the process found by t he Applicant over

1o}I3955 SRABES AcatRE HAK B Ao By BEEI Gy SRS NS are

ature and pressur eration s
than t hose clai ned by those Patents (US 5, 243 769 and
| 8 casing ad, Bedressrercharmbar isjcostade ppenedand dbpdried gel is
are to operate wi t hput drying solvent in the pressure
retbegtb@tep k). such amount which forces the consequent use
of recovery procedures.

The obtained gel, in the shape obtained from the mold used in step g) can,
according to an appendant object of the present-invention, be separated and émployed |
‘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 tc Calcinaté the gel.” After this treatment, or’ during the same; gast~+ -

: mixtut‘es can be fed containing chlorine or chlorine precursors, to remove possible
.l‘iydr'c'ixid_es present in silica and/or to pusify. aerogel-,: the oven temperature being
between 100°C and 1250°C.

At last the oven temperature is increased to'a value lettjng the aerogel be densified
to reach Vetriﬁoation, 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.



Al'l above said and further operative details wll
appear nore clear by reading the follow ng exanples,
' [/nto illustrate the invention wthout an '

w}’yiflhgﬂ(]ué;?]ldg‘n to the purposes thereof. Exanple fci)é‘:,l’i‘“’_l}m“ﬁf’

of 0,01 N HCO were added, under stirring, to 9,41 of

TECS. After about 60 m nutes of continuous stirring,

a transparent solution was obtained. 5 kg of powdery
~funmed silica were added under strong stirring. The

conmer ci al product Aerosil OX-50 was particularly

i doneous to be added there accordingly. The m xture

was honogeni zed by a very sfrong nechanical 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 .

affihonpdvantageousf thel process, founds dyhthen Appbeant Qver wWlOER Process

the time to pour the very WO 2004/ 063105
oparin ERCQAR3LAdA (ahitid® Hb $RBPShARe bt Hrebiife GBIREAMA still Jower

vessels. The treated di spersion was poured into nmany

e e SRRV S AR

hei ghts of 500mm and 1100mm respectively. The )
cyih iaddirien weary othes edivaatuges ntretoccopaate tvathpwi dfying solvent in the
pol ypropi |l ene pipes with 6nm dianeter. After 24 hours

Ritet BEngRk | ihNehch OMRbEH RRich foilchd %é“@%ngeb@éfiﬁdHSﬁ of recovery

prt hrough the <cylinders and the interconnecting pipes,

Pm%téd%egrrfl/m nute rate, which conprised a

- All above said and further operative details will appear more clear by reading the
following examniples, wﬁich aim to illustrate the invention without any limitation to the
purposes thereof.

Example 1 -

26,11 of 0,01 N HCl were added, under stirring, t0 9.4 1 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 Acrosil 0X-50
was particularly idoneous to be added there accordingly. The mixture was
homogenized by a very strong mechanical stimring 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



wat er/ acetone m xture. at a conposition of 100% wat er
at. the very beginning but tinme ranging till to
wobP8so§m 1 &nhydrous. acetone within 48 hours.
flgﬁgggﬂanhydrous acetone i s maintained t.|P§?h§L”%yﬂ“Tw
wat er concentration, in the outlet fluid is standingly
lower than 0.1% even if the flowng is stopped over
nore than 48 hours and then started again. Two
cylinders with 24mminternal dianeter, contanig gels
treated as above said and nanmed wet gels, were put in
an autocl ave having 413 1 internal volune, together
with a vessel with 4 1 acetgme. Once the autocl ave had
been seal ed and heated up to 80C, nitrogen was fed
till tolet the inside total pressure be 48 bar. Then
the tenperature has been increased up to 225C, at a
.h rate, to.let the au Iave ner as escape, in a
dispEsnipn drtoctesyatan eiel a0 foent Fpesiolp e dmaed into many
becom ng higher than 50 bar. The acetone partia
cylipdegs sunteinary] wheeein db® gelation focuirs, haine ira¢rmalediameters of 24mm
continuously were |lower than the critical ones so

r nder non WO
2004/ %%%%%ﬁ%%f%gg%%%%ﬁ%ﬁo%& iie%ﬂe(z:érﬁlifhjéal -condi tions.

22 t ha au ocl.ave .was de U d tq, 1 bar,
o st et Cldte BHi B roRmsh MR oSl dgpcs with 6mm
opened and the two sanpl es being renoved, such
diamsiepl Afteh24 hgumend dhy gellbpycongletion, geflid waniowed, through the
aerogel s, of cylindrical shape The aerogels were put
linBeRNar 1Y irkt&8ofERhin
s lvvag raised to %OOC 0 p %?Qﬁ%ﬁl{i@ fragéggwﬁgﬁ &[c]fpmed a

: owed, at a S51/mnr . After 12 hours
Wategaee%one ixtate at a compos{ntlon ofa fo%% water at the very beginning but time

ranging till to beceme'anhydrous. acetone within. 48 hours. The inlet flow of anhydrous

acetone is mainfained 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 autoclaire 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-




nore at this tenperature and under heliumflow ng, the
tenperature was raised to 1390C at 10C/ mn rate. The
tenperature is kept at 1390C for 10 minutes and then '
Wod%’gﬁgﬁéé@d to 800C, at a 10C/min rate, when t RCIGKRI03/014759
was shut off and cooled to roomtenperature, stil
under nitrogen atnosphere. The resulting sanples were
two gl assy bodi es having no crackings and a
cylindrical shape: Exanple2 Two wet gels, produced
according to the preceding exanple 1, were put in an
autocl ave having 413 1 internal volune, together with
a container of 35 1 acetonejjOnce the autoclave has
been seal ed and heated to 80C, nitrogen was fed to | et
the autoclave inner pressure reach 9 bar. Then, at
5C h rate, the tenperature was increased to 225C, to
et the autoclave inner gas escape in a controlled wa
crigepd lsonditiensoifd 2268C.1the autocwgmépﬁéwwﬁ & hibghoves %?glours,
32 bar. WD 2004/ 063105 PCT/ EP2003/ 014759 12 The
anduitApka Veashéd befops BEifg opedetlah® fHRCHAL sHngpleOobdihg waueved, such
were lower than the acetone critical ones, i.e. the

bt BB 35Sl B, ARG PE RS,

the autoclave is depressurized to 1 bar pressure, )
aerggelp VRie FBLINsan ayrd e P ugeanalonet ambihsriampeiaie gige daised to

and the two sanples being renoved, such sanpl es being
S00FTY\o b 4 NREYWRIDE Ras aif BAE Heidg TREWIISat 208 /min rate. After 12 hours

more at this temperature and under helium flowing, the temperature was raised to
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°Clmiﬁ 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

=-cy]jndric_aﬂ- shape:-

Example2
Two wet gels, produced according to the preceding example 1, were put in an

autoclave having 413 | 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 Iet 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.




cylindrical shape. The aerogels were put in an oven;

the oven was closed and. the tenperature was raised
wa mo80wover 24 hours, while bunb air had bei -

flowed, at a 5 I/mn rate. After 12 hours nDiS(gT’IEFZO0:’"’0147:’9

this tenperature and under heliumflow ng, the

tenperature was raised to 1390C at a 10C mn rate,

still -under heliumflow ng. The tenperature was kept

at 1390C for 10 minutes and then decreased to 800C, at

a 10C/ mn rate; when :'the 'oven was shut off and

cooled to roomtenperature, -under nitrogen

at nosphere. The resulting sbfples were two gl assy

bodi es having no crackings and a cylindrical shape.

Exanple 3 Two wet gels, produced according to exanple

n.1, were put in an autoclave having 413 1 internal

% I

| P kA S L AR Cetpby T S Tow ko the

nitro was fed to let.th ut ocl ave V\D 2004/ 063105
acelit) GRS Snoh A Psdhe S9id ISUIE TEces 30Ees edlof gy Msaprocess to be

Then, at 50C/ h rate, the tenperature was increased to
carfis0 @)t unget Bon-tiica ebnditiane AtrpSPCohs aaschive id depessurized to 1
controlled way such to avoid the total pressure

barDGEQHH) BBt RS oukd) %ﬁtr@é’{n wzg}?etdﬁg%ﬂ%hgéﬁggl% | Cgqgnd the two

essure contlnuous y was~ [ ower one,
al.l owi.ng the o ss to bhe_ carried out under
samples baing F%@V tPBIRies Deneoyedry, ety porous, named acrogels, of

‘cylindrical shape. The acrogels were put in an oven;:the oven was closed and. the
 temperature was raised to 800°C over 24 hours, while bumb air had being flowed, at a
5. l/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 fbr 10 minutes and then decreased to 800°C, at a
10°C/min rate, wheiy 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.l, 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




autocl ave is depressurized to 1 bar pressure, over 24

hours, and nitrogen washed before being opened and

t _sanpl es being renoved, such sanples bei ng now
Woozliﬂg“,"sﬁ\\%ﬂr"y porous, named aerogels, of cyl i ndrfHEEP2003/014759

shape. The aerogels were put in an oven; the oven was

cl osed and the tenperature was raised to 800C over 24

hours, while room air had being flowed, at a 5 I/mn

rate. After 12 hours nore at this tenperature and

udder heliumflow ng, the tenperature was raised to

1390C at- a 100 nmn-rate;, sf4ll under helium

fl ow ng. The tenperature was kept at 1390C for 10

m nutes and then decreased to 800C, at a 10C/ min

rate, when the oven was shut off and cooled-to room
_tenperature, still under nitrogen atnosphere. The
IRAESPHessURR resaingl/ dearwd hen,t aloSQICAs sate bibhdi tesiplranira gvasoincreased to

crackings and a cylindrical shape. WO 2004/ 063105
250€TT| (H20M3/a0AA1R99 inrkf gabbaialB ida cEﬁtﬁﬂfbﬁ%ﬁ}%ﬁ%ﬂ’tﬁﬁga}dﬂ%e total

production of glassy articles conprising the fo

e B e URTEh 0, *Sudpensd on. of at 1 east

of a conpound having the formula X. - M- (OR)II_m
whEk@ipptocleve agetont ippessufe aontivenslnt whe lomngi tgnt thet drtical one,
3rd, 4 a, or 5 Goup '
allowing the process to be carried out under non-critical conditions. At 225°C, the
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 2 5 ¥min rate. After 12 hours more at this temperature and

under helium flowing, the t‘e'mperature'was raised_:to 1390°C at-a 10°C/min rate-};s.sti—ll-"-- v

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 oveﬁ 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.




of : the Periodic System-n neans the cation val ence,

Xis RL or ORi, RL being the sane of or different from
w®&2004M0639s2z€ro or an integer nunber iowerthan ‘ _

3,,Rand-R1- are hydrocarbon radical having a PCT/EP2003/014759

car boi natom nunber up to, 124 b) hydrolysis of the

above: said conpound, either in solution or in

suspension, to obtain the so called sol; c) eventua

addition in colloidal suspension of possible MZOn d)

sol gelling; e) substitution of the gel pore sol vent

with a non protic solvent; f)4gel setting in a

pressure chanber; g) inert gas fluxing into the

pressure chanber; WD 2004/ 063105 PCT/ EP2003/ 014759 15

h) pressure chanber heating over a programed tine

period to achieve predeterm -e tenperature and

pressure val ues, |ower than the evant critica

val ue of the gel solvent, and evaporation thereof; i)

depressuri zation of the pressure chanber wi th vapor

dlgéharge j) pressure chanber washing by an inert

gasl, Rjoceswlfonght hprodizcish osf r I

the pressure chanber 1) drleéﬂﬁg §?§¥%e??z tIO% BEPQ%HO“wng

heatl&&ngﬁmﬁ_preflxed temperature to forma

a) preparation of an aqueous or hydroalcoholic solution, or suspension, of at
least of a compound having the formula
X -M-(OR)sm
‘wherein-M.is a.cation of an-element belonging to the 3%, 4%, or 5% Group
~:-of the Periodie System, 1'means the cation: valence, X is Ry or ORl', R,

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

lower-than '3,R -and-Ry~are: hydrocarbon radical having a carbom=atom - - »

nutnber up to'12;
'b) hydrolysis <;f the above said compound, either in solution or in suspcnsion,‘
to obtain the.so called sol;
¢) eventual addition in éol!oidal suspension of possible M,0,
d) sol gelling;
e) sgbstitution of the gel pore solvcﬁt with a non protic solvent;
f) gel setiing in a pressure chamber;

) inert gas fluxing into the pfessure chamber;



gl assy body wi thout any cracking. 2. Process for the

production of glassy articles according to the

preceding claim in which the precursor in the step a)
WoreHOsHBty is a silicon al koxide. 3. Process POA/HAPR##3/014759

production of glassy articles according to clairiis 1

arid 2'iri which, in the presence of the step c), the

sol is added by a m xture conprising fumed or

colloidal silica. 4. Process for the production of

gl assy articles according to claim1 in which, the

‘gelling according to the step d), is carried out at a

tenperature |l ower than 90C. 15. Process for the

production of glassy articles according to claim1l in

which the gel solvent is substituted by a non protic

sol vent, preferably sel ected anong acetone, dioxane

hydr of ur an. 004logg 05 PCT/ EP2003/ 014759 16

Process ¥&1° “F‘h& APBELBEHE oYer gf SROFTERMEE | lEge PErloa to achieve

according to the preceding cla|n1 in which the sol vent

repl aci mpgedeiengedte s$ohpenturg red aredsine vaues; doweee thal. the relevant

Process for the production of glassy articles

accor di RegikA Y dFtEe b S0Rich and eeﬁf&maﬂrhkﬁo%t ep 9),

the inert gas |s fluxed at a pressure suitable to

achi eve sure cha er te erature ] ower

than e%%epg%ﬁs OB T sy o Yaper digchges|

pressure | ower than the gel solvent crltlcal pressure,

f r om j) pressure chamber washing by an inert gas;

k) cooliﬁg the dried gel and removal thereof from the pressure chamber;
) dried gel s;mtherizatibn 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;‘lai;l

_In which the precursor in the step a) preferably is a silicon alkoxide.

3. Process for the production’of glissy 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.



total pressure values close to the critical pressure
values up to the deviations of about 60% 8.. Process

roduction of glassy articles according to the
Wé%é‘!:“é@ﬁ?o cI aim in which the inert gas prefer%BT’?P%"Qm”h"
nitrogen. 9. “Process for the production of glassy
articles accordi ng 'toclaiml in which the
operations according to the step 1), is carried out at
tenperatures ranging from 900C to 1800C. 10. Process
for the preparation of a sol conprising. the foll ow ng
operations: a) preparation of an aqueous or
hydr oal cohol i c sol ution, or éﬁspensi on, of at | east
of a conpound having the formula Xm- M- (OR)n_m
wherein Mis a cation of an el enent bel onging to the
3 s, O, or 5th G oup of the Periodic System n neans

the HidrSofl RheoBn2 09 MO LMng cf
pch ehses, A Eaasaydidrtoliiafy ities Rk PHCPSIHg clain

fromR zero or nlnte unber r than 3,
R o Shersplvest semlening %@iﬁﬁﬁw.m@fe@%ﬁwaﬁma? om
nunber up to 12; b) hydronS|s of the above said
coffpoRindessefiot leg provustion taf griasey akticleua@endingno cldim 1 in which,
obtain the so called sol;
according tostep g), the inert gas is fluxed at a pressure suitable to achieve, at
the pressure chamber temperature lower than the gel solvent critical
- 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%.

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 productiofi of glagsy articles according to-claim 1 in-which'the - -

operations according to the step 1), is ¢arried out at temperatures ranging from
%00°C to 1800°C.
1.0. Process for the preparation of a sol comprising the following operations:
aj pr‘eparzition of an agueous or hydroalcoholic solution, or suspension, of at
least of a compound having the formula
Xm- M- (OR)pm
wherein M is a cation of an element belonging to the 3%, 4™, or 5% Group

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



c) eventual addition in colloidal suspension of
possi bl e MZO, 11. Process for the preparation of a ge
conprising the foll ow ng operations: c¢) eventua
wagm+#iedrdsi n col | oi dal suspensi on of possi bl e WROEPA)03/614759
sol gelling; e) substitution of the gel pore sol vent
wWith a non protic solvent; f) gel setting in a
pressure chanber; g) inert gas fluxing into the
pressure chanber; h) pressure chanber heating over a
programed tinme period to achieve predetermnate
tenperature and pressure val ues, |ower than the
relevant critical value of the gel solvent, and
evaporation thereof; i) depressurization of the
pressure chanber mﬁth vapor discharge; ) pressure
chanber washing by an inert gas; k) cooling the dried

%8&?322‘%@%@%&?@2&‘%@%%Q{si’%sﬂ?ﬁaées?%r Gl gumber

preparation of a accordi ng to the preceding cI aim

in whi clPWedBaR & a@@ Ky are Bydrogashon mdigal raying;a carbon atom
fluxed at a pressure suitable to achieve, at the

pr essur pumbandyeto I2enperature | ower than the gel

solvent critical tenperature a total pressure Iovver

R E R R S
up tot tz)eobctigx\ﬁlﬂ?é éoocl?aslled sol;

c) eventual addition in colloidal suspension of possible M0,

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

¢) eventual addition in colloidal suspension of possible M>O,

d) sol gelling;

€) sﬁbstitution of the .gel pore solvent with a non protic solvent;

-f) gel setting in'a pressure chamber;

g) inext 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;

1) 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;



of about 60% 13. Process for the production of gl assy
articles according to the preceding claim in which

W69&4}093e15§ gas preferably is nitrogen. PCT/EP2003/014759

18

12. Process for the preparation of a gel according to the preceding claim in which
according to step g), the inert gas is fluxed at a pressure suitable to achieve, at
the pressure chamber temperature lower than the gel ‘solveqlt critical
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.



