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dimensions, that may be densified obtaining glassy or '
ceramic~glass bodies having corresponding shape and
chemical composition; in the following glassy or ceramic-
glass materials and bodies are simply referred to as glassy"
10 or glasses.

As it is known, by the name “sol-gel” it is meant a broad
range of techniques for the production of dry gels, that
may possibly be densified to yield the corresponding glass

‘ bodies. The dry gels may be used as sﬁppoits for catalysis

15 or in the thermal insulation_field, while the glasses have

many technological applications, in particular in the field
of optics. The dry gels may only be obtained through the
sol-gel route. Glasses are traditionally produced by
melting mixtures of powders of suitable composition and

20 subsequent solidification of the melt. Contrary to
traditional techniques, sol-gel processes start from
solutions of precursors of the desired materials and avoid
passing through melting operations., Although the technigque
allows for a broad range of modifications, all sol-gel

25 processes have in common the following phases:

- production of a agqueous or hydro-alcoholic solution or, -
more frequently, of a suspension, of at least a compound
MXn, generally defined as precursor, containing a cation
M at least three-valent and preferably tetra-valent,
30 whose glassy oxide formation is desired;

- hydrolysis, catalysed by acids or bases, of the
Precursor (or precursors) in the solution or suspension,
with formation of M-OH groups, as shown in the reaction:
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materials and bodies are sinply referre as gl assy, or glasses. As
it is known, by the name "sol-gel" it is meant a broad range of techniques
for the proa’d-é"%(’i SRTBRLEPY oflan emidic melymessi defibedderdif thatto yiel d
the correspdadiesg theatiole volume originally occupied by the solution.

This phase is defined gelation;

10 -~ drying of the gel obtaining a dry gel formed of a porous
monolithic body, having apparent density (weight divided
by the geometric volume of the monolithic body)
comprised between about 1/20 and 1/3 of the theoretical
density of the corresponding non-porous oxide; drying

15 may be realized by controlled evaporation of the
solvent, obtaining a body defined in the field as
“xerogel”, or by supercritical extraction of the
sblvent, obtaining a so-called “aerogel”; as given
above, the dry gel may find industrial applications as

20 such, or it can be submitted to densification by thermal
treatment, obtaining a glassy body of theoretical
density. '

Sol-gel techniques have beeﬁ studied since long for the
replacement of traditional technigues in the industrial

25 production of glasses because, allowing a better control of
any process parameters, these make possible obtaining
higher purity or metastable compositions, that cannot be
obtaiped passing through a melting phase.

Sol~gel processes for producing glassy bodies, either of
30 silicon oxide alone or of mixed oxides, are described in

many patents. Patents US-A-4,324,576 and US-A-5,076,980

describe sol-gel processes wherein alkoxides are employed



bodi es. The dry gels may be used as supports for catalysis 15 or in_the
thermal insulation field, while the glasses have nany t&EHABNY208P
applications, in particular in the field of optics. The dry gels may only
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solidification of the nelt. Contrary to _traditional techniques, sol-gel
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industrial application due to the difficulties in obtaining
glassy bodies of medium or big size. In fact, in this case,
the result of gelation is an inorganic polymer with pores
15 of dimensions in the range of nanometers where the reaction
solvent is contained. Solvent extraction is troublesome due
to the extremely intense capillary forces exerted by the
solvent on the walls of such tiny pores, that often lead to
destruction of the dry gel. Moreover, the sols that are
20 obtained through this route have low concentration of
silicon, resulting in final dense bodies of generally small
dimensions. Finally, alkoxides are rather costly.

In order to overcome the drawbacks of the previous patents,
patents US-A-4,680,048, US-A-4,681,615, Us-a-5,207,814 and

25 European application EP-A-586013 disclose the addition of
silica to the sol obtained starting form alkoxides. Silica
may be of pyrogenic or colloidal kind. Pyrogenic silica is
a form of extremely fine silica powder, with particles of
dimensions of about 10 nanometers, genérally produced by

30 burning silicon tetrachloride according to the following
reaction:

SiCl.; + 0O '9 Si0: + 2 Cl, (III)

Pyrogenic silica is produced and sold by various firms, for
instance by Cabot Corp. under the tradename “Cab-0-Sil”, by
33 Wacker Chemie GmbH under the tradename “Wacker HDE”, by



by the geonetric volunme of the nonolithic body) conprised hetween about
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precursors o € cations whose oxide formation is desired. In the conmon

case of theégfoduction of glassy bodies of silicon oxide the nore.
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CH2-CH3) 4, generally referred toin the fie ) )
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operation to the overall process. Moreover, with these
processes too the microstructure of the wet gel comprises
extremely fine pores, so that in this case too drying of

15 the gels is troublesome and a not-negligible percentage of
the dry gels thus obtained show cracks or breaks. Patent
US-A-5,240,488 discloses a process wherein it is formed a
silica-only scl kept at a very high pH (for instance, pH
12, obtained by addition of an excess of

20  tetramethylammonium hydroxide) to stabilize it against-
sudden gelation, and to the sol it is added at least one
polymeric compound and a polyalcohol. The polymer is
preferably nitrogenated, and more preferably it is a
polymer chosen among polyamides, polyethyloxazoline,

25 polymethyloxazoline and polyacryiamide, while the
polyalcohol ispreferably glycerol. These additives, that
are then removed during subsequent thermal treatments, have
the function of modifying the composition of the inner
surface of pores thus enhancing the strength of the gel

30 during drying phase. According to the process of this
patent, hydrolysis of the sol takes place at a basic pH
value and gelation is caused to happen by the addition of
an hydrolizable ester, for instance methylformiate, that
lowers pH at values below 1l or even below 10. This process

35 is rather complex, and requires the fine control of a



realization is nore easy, these haven't found w de industrial ggllcatlon
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and from.distribution of porosity in the gel.

These problems are the worse the bigger is the dry gel to be
produced. Particularly, it is commonly acknowledged in the field
that tridimensional gels where any of the three lateral
dimensions exceed about 2 cm are impossible to produce in
practice, apart from the production of unique samples and on a
laboratory scale. In the following, with the definition of big
size gels it will be meant gels having all of the three lateral

dimensions greater than about 2 cm.

Object of the present invention is to provide a sol-gel process
that allows to overcome the drawbacks of the prior art, and in
particular to provide a sol-gel process that is simple and that
allows the production of big size gels with good yield and at low
cost, that may then be submitted to densification treatments for

the production of the corresponding glassy bodies.

According to a first aspect of the invention, there is provided a
sol-gel process for the production of tridimensional dry gels
having all of the three lateral dimensions higher than about 2cm,

comprising the operations of:



In these processes too hydrolysis is carried out at values of about 2-3,
and gelation is favoured by the addition of a reagent tA9t/2P4a¥280%he pH
These processes, while solving 10 the | ow productivity problem of the
previ ous processes, still inply the use of high-cost al koxides and add an
operation to the overall process. Mrreover, wth these processes too the
m crostructure of the wet gel conprises extrenely fine pores, so that in
this case too drying of 15 the gels is troublesone and a not-negligible
percentage of the dry gels thus obtai ned show cracks or breaks. Patent

US- A-5, 240, 488 discl oses a process whereig, it is formed a silica-only sal
kept at a very high pH (for instance, pH 12, obtained by addition of an
excess of 20 tetranet hyl anmoni um hydroxide) to stabilize it against- sudden
gelation, and to the sol it is added at | east one polyneric conpound and a
pol yal cohol . The polyner is preferably nitrogenated, and nore preferably it
is a polynmer chosen anong pol yam des, polyethyl oxazoline, 25

pol ynet hyl oxazglriepea rang &@oﬁ%@eytﬁdﬂ d:(e,commigm@g;y&@lggaigosmllclasaﬁ@fﬁ{ ably
gl ycerol . These addltlves are then renove durlng subsequent, therma
I

treatments, HHRAEUSt ABLELHEY i0dnaBradisti FYChgthhe PSR ? e 10anER
surface of p@fn@ﬁas&hﬂ&ne}mh@’l@qﬂglt@ﬁ ISweenghln ofo thet gek S0 1d£iJre|<;{[l§l dsyi ng
phase. Accorglng: g the rocess of this patent, hydrolysis of the sol

t akes place "< hagfc ﬁg val ue and gel ation is caused to happen by the
addition of an hydrollzable ester, for instance nethylformate, that

| owers pH at val ues below 11 or even below 10. This process 35 is rather
conplex, and requires the fine control of a 10 January 2005 5 numnber of
paranmeters, such as reagents concentration and timng of the different
phases. Fromthe reading of the cited patents, and in particular the | ast



one, it results clear that the nost critical phase in a sol-gel [ocess is
gelation. During this phase in fact the nmicrostructure &F Jafaryépos s
formed, and as gi ven above the nmechanical resistance of such a gel and the
possibility of submitting it to subsequent treatnent of drying and
densification avoiding that this devel ops strains or breaks depend from
this mcrostructure and fromdistribution of porosity in the gel. These
probl ens are the worse the bigger is the dry gel to be produced.
Particularly, it is comonly acknow edged® n the field that tridi nensional
gel s where any of the three lateral dinensions exceed about 2 cmare

i npossi ble to produce in practice, apart fromthe production of unique
sanpl es and on PrePRabRT &t GryPsehtion BncpheripincowilhAgsa vinch anhad@edihi ti on
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prior art, anfdnd iPArgd GWl abmpPi P Yelfedn SAl -Hehgpigcess that is sinple
and that allows the production of big size gels with good yield and at | ow

cost, that may then be submitted to densification treatnments for the

product i on of tiiene G r £sRRRdsNgieh assy ROFI LS. coﬁ@@gﬁm&g A @na first aspect
of the invention, there is provided a sol-gel process for the productlon

of tridi mensTHREPIEFP dolig SH‘é’@/l%gra&Illo 6hat h‘éhet I‘Froéérl s Pedrghstionsa

hi gher than sheutoRsssitiCRNRAr hed NG 1tike epek atdnpds ief on 1D ﬂsmuapylg&% 5a -
preparing a coqp05|t|on A congrisinﬁﬂpérogenlc silica,and an ueou,
a

sol ution of BEF"EERJ2P{cH *t hat Pt he perBE i BRSSP ER 9T © &8 ?@ﬁﬁﬁﬁfﬁ A
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January 2005b%ut prepar ng a conposition B conprising silica and an aqueous

~ allowing gelation of composition C;

— substituting water present in the gel pores and in the vessel
where the gel is contained with an non-protic liquid miscible

with water;

- drying the gel by evaporation or supercritical extraction of

the non-protic liquid.

The process of the invention may optionally be followed by the
operations necessary to densification of the dry gel to yield a

glass.

According te a second aspect of the invention, there are provided
silica dry gels produced according to the process of present

invention.

According to a third aspect of the invention, there are provided
silica glasses produced according to the process of present

invention.



solution of a base not containing nmetallic cations, such that the nolar
ratio H2O'SiC2 in conmposition B is conprised between 6 ah@JanpragePs ts pH
is conprised between 10.5 and 13; - forming a conmposition C by m xing
conposition A and conposition B in such a ratio that the nolar ratio
between silica fromconposition A and silica fromconposition B is
conprised between about 1: 2 and 3: 1, the pH of conposition Cis
conprised between 1 and 5 and the nolar ratio HOSIQ2 is conpri sed

between about 5 and 15 ; - allow ng gel &3 on of conposition C, -
substituting water present in the gel pores and in the vessel where the
gel is contained with an non-protic liquid mscible wth water; - drying

the gel by eNgpordererrohagaperetd tihaal Pextsas isdhien PQYHE INORIBrat i c
liquid. The j¥LREesSr Qﬁaﬂet}%a&nvﬁﬁﬂl%ﬂl@a)iug@f\h%@l EMt@ea fl do@ \3@9 byid he
operations necessary to densi fication of the dry gel yi e gl ass.
Accor di ng t FHPSEEBHEN et SHFORHY PAVARL Ph, thekerEe a‘ifltfrbrué‘\}fcﬁ%dln silica

dry gels progdueadiacenridi,ngtt 0s thasahacess raihesagptgelNARKI on. Accordi ng
to a third aspect of the _.invention, there are provided silica gl asses

produced acdBrdCAGTIG e FRoERSe G tirastat Aty ERREBIRT £0 FARY&rSE 2005 6a
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gels, than can be obtained in the formof bodies in which



all of the three lateral dinensions are greater than about 2 cm _10 January
2005 WD 02/ 04370 PCT/ EPO1/07027 7 For the preparation 3P J88568P@3on A it
is only possible to wuse as starting naterial silica of the pyrogenic kind,
such as ewggopdf 0si| 0X-50" of the firm Degussa-Huls AgCT/E%ﬁmM
corrp05|t|on |s prepared by mxing silica with an acid in aqueous
solution. Molar ratio HROSI Q2 in conposjtion Ais |lower than 20, as
hi gher ratios would result in an excessive dilution of the final
conposition C, such that to make difficult, if not inpossible, to forma

[ conposition, 10 Thelower limt of nolar ratio

gel fromthis |atter
H2O'SiC2 in Fz’&rr% $i PrER2AaFEon ot SPRRRIItion Yedtardd A1y BepEiRifckOf r om
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prepar ed wi tIPMROFEEGOR| B REERATSE doy onipimosisddida g @Rsat?h‘ét ln

conposi t bon susyishaveutien, the sane-nolar ratio, very |ow val ues.
Dependi ng on the nol ar ratio between water and silica, corrposition A may

| ook |ike a e L gui d phase. r rat.ios
H2O Si 2 belb%\(/iv\g%bouggf} (é/a% (gt A&r ﬁﬁﬂ?ﬁﬁﬁfﬁ%ﬁ?% 17 aJo l?ﬁrbfZ% fffosi ti on
A is such t H‘e%lghetrhéraaq%ouguédl veswht ofn aui cbxczesmae&erdllattmncpﬁs‘cbpl c

dropl ets mcraeaquebﬁeesheleﬁveregu&at{h@t Iy 1&1‘ dMﬂ 'tC \Aﬁ
particles, mnaki ng g@@ nposition A Tooking as a en rml ar
r

ratio H2Q SiEPOS tRefpFBYR 0%R) yfr?j‘i‘ Vi g |1rﬁ13ctera C'@“W&Flf’ﬁanm tion
takes place until when, for values of the nolar ratio H2O Si Q2 hi gher than
about 1310 cdiiq@oiiowbmnlm&t ef abbkansrat busheSion bf sohpestiiont Be isaqueous

sol uti on of fghe sa¢ide130rTR8aPkhA" ; £OIMOSIdiihd Bin A hqger than 1.5, In

case of
concentration and pH of composition B, because it must be

guaranteed that composition C has a molar ratio H,0/Si0;
comprised between 5 and 15 and pH comprised between 1 and

15 5. As composition B may be prepared with a very high molar
ratio H,0/Si0;, it follows that qomposifion A may have, for
the same molar ratio, very low values. '

Depending on the molar ratio between water and silica,
composition A may look like a powder or a liquid phase. In

20 particular, at molar ratios sz/si02 below about 0.5 the
thermodynamically stable form of composition A is such that
the aqueous solution of acid is present as microscopic
droplets whose surface is covered with a layer of pyrogenic
810, particles, making composition A looking as a dry

25 powder; when molar ratio Hy0/S8i0; is over the previously
given limit, a gradual transition takes place until when,
for values of the molar ratio Hy0/Si0,; higher than about 1,
composition A is stable as a suspension of silica in the
aqueous scolution of the acid.

30 The pH of composition A must be lower than 1.5. In case of
molar ratios Hy;0/S5i0; comparatively high in composition A,
the value of pH can be directly measured with a pH-meter,
while in the case of very low ratios as stated above |
composition A has the look of the a powder, in which case



nolar ratios H2O Si 2 conparatively high in conposition A the value of pH
can be directly measured with a pHnmeter, while in the d8danudry¢edy | ow
rati os as stated above conposition A has the | ook of the a powder, in which

case 10 Jany 5 WD 02104370 PCT/ EPO1/ 07027 8 its pH
appr oxi mat ed to%’()%g‘gt of the starting acidi.c solution. g’%ﬂﬂ@% have

verified that it.is operatively sinpler,_ and thus preferabl e, to keep the
nolar ratio H2OSIQ2 in 5 conposition A af the I ovest possi bl e values. In
this preferred condi tion corrposition Awll thus contain a very |imted

anount of ﬁég{ﬁ)hase this |igquid phase nmust contain all of the acid
needed to md Exhhe CERpBEIFRbAICERathRH ebnihe serdmmeasidiand 5, it

will be 10 swlodgsisar.y to use in the preparation of conposition A . agueous
solutions of the acid wherein this Iatter is at very high concentration.

t be, t f HC
PR o e s MR SRR I A0 Wi

possi bl e st &81% Wik &trrabﬁeof tackﬁepsﬁ}é% Ia@liher%tjllmtﬂz@nsl in
wat er at 532%dmpasditgiin of adCtHe Dowbbe 1§@éyﬂ>p@ vé)luéﬂ\l%ﬂ '%h‘i@t er at 65% by

wei ght of a t osrtro onl roduced usi ng

pyr ogeni ¢ SCE} i ca%d’ %ﬁ%‘%&é Wg?ﬁﬂgﬂs l%%n%o‘%ﬂfa% qté‘l 28 J6&¥ible to

use any for gt bl jaanosinti o r‘lmqpmdrdphas\et M@amisclhsqud gihasesimoss | ower

than 100 nMedipaimn$hanes tht abaPASSAOLCcd Guiiee é&}ge $4lLg pyrogenic silica
ai'ne

of corrposrtlon hut al'so col ica o0 precipitation, as
long as thi <& Sﬁﬂ:é'oéhlct QBFePBuPPJPer%d NpPEWeemt} @IFIQ@’:Sll@ZWFLﬂrl be

conposi LDon iRaempsayy donpses ¢4 th@t%E@paﬁa@I&lA&f ddm;fc@m&:lnt pon B it is
necessary tQpishs 35104085, POFRLPLE: § vlrllzsg?efrchr Olgs.l.la%ter J.rsmal’coS bel ow 6

very high concentration. Optimum acidic solutions have

resulted to be the aqueous solutions of HCl or HNO; at pH

lower than 1, and in particular those at the highest

15 possible stable concentration of acid, such as the solution
of HCl in water at 32% by weight of acid, or the solution
of HNO; in water at 65% by weight of acid.

Contrary to composition &, that may only be produced using
pyrogenic silica, in the preparation of compesition B it is

20 possible to use any form of solid silica in powder with
particles of dimensions lower than 100 nm. For instance, it
is possible to use the same pyrogenic silica of composition
A, but also colloidal silica obtained by precipitation, as
long as this has the suitable purity.

25 Molar ratio Hp0/SiO; in composition B may be comprised
between 6 and 40. In composition B it is necessary to push
- as much as possible silica hydrolysis. At ratios below 6
difficulties are met with silica hydrolysis, with formation
of aggregates than can affect homogeneity and mechanical
30 characteristics of the final gel, while at ratios higher
than 40 the same problems are met of difficult gelation of
composition C as previously described with reference to the
preparation of composition A; preferably, such ratio is
comprised between about 8 and 30.
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Composition A and B prepared as hereinabove described are
mixed to form composition C, in ratios such that the molar

15 ratio between silica coming from composition A (referred to
in the following also as S$i0:(A)) and silica coming from
composition B (referred to in the fbllowing-also as
S$102(B)) is comprised between about 1:2 and 3:1. At values
of the ratio Si0;(A)/Si0,(B) below about 1:2 the process

20 productivity becomes low, while at ratios higher than 3:1
the final dry gel results fragile.

Moreover, composition C must have a molar ratio H,0/SiO,
comprised between 5 and 15: at lower ratios there are
difficulties in obtaining homogeneity in composition C with

25 negative consequences on the mechanical characteristics of
the final gels, while at' higher ratios there are
difficulties in gelation.

Finally, composition C must have a pH value comprised
between 1 and 5 and preferably between 1.5 and 3. At pH
30 values lower than 1 it is necessary to use a great amount
of base to bring sol to gelation and the process has thus
little efficiency, while at values higher than 5 gelation
is practically immediate at the moment of mixing of
compositions A and B, so that it is not possible to have
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e A S L
‘ comprised between about 1,5 and 3; once it’s been verified

the obtainment of a homogenecus composition C, pH may be

then raised to a value comprised between 4 and 5 by slow

addition and under stirring of a base, e.g. NH4OH, thus
15 allowing rapid gelation..

Any operations so far described for the preparation of
compositions A, B and C may be carried out under ultrasound
stirring, that favors dispersion and homogenization of
suspensions or solutions of silica in aqueous medium.

20 Conditions given above for composition C, taken together,
are used to define exact formulation of compositions A and
B.

For instance, let’s consider that.cése where a composition
B has been prepared with a molar ratio H,0/S10; of 20 and
25 the preparation of a composition C is desired wherein the
molar ratio Hy0/S8i0; is equal to 15 and with ratio
8102(A) /Si0,(B) 1l:1. As two moles of silica will need 30
moles of water, and as 20 moles of water will come from
composition B, it will be necessary to use a composition A
30 in which the molar ratio Hp0/Si0, is equal to 10. On the
contrary, in case composition A is obtained from a
concentrated acid, for instance HNO; at 65% by weight, it
can be approximated that all of the water needed for
composition C must initially be present in composition B.
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the invention sitions
characteristics, may be emplrlcally derived with trial

tests.

In order to control gelation rate of composition C it is
possible to operate, apart from on pH, also on temperature.

15 Gelation rate is in fact the higher the higher the
temperature. As a consequence, in a preferred embodiment of
the process of the invention, compositions A, B and C are
kept at a temperature lower than 10 °C, and preferably of
about 0 °C, up to the moment of mixing of compositions A

20 and B and subsequently during all the time needed to make
sure that composition C is homogeneous. In this way all
chemical reactions are slowed down, and in particular
polycondensation leading to gel formation, while
interdiffusion of solutions that allows obtaining a

25 homogeneous pH throughout the liquid volume is not slowed
down. Temperature may then be let naturally raise up to
ambient one, or it is possible to introduce the container
of composition C into a laboratory oven, kept at a
temperature generally comprised between 30 and 50 °C.

30 The thus obtained wet gel is then subjected to an operation
by which water present in the pores is changed with a
liquid that is non-protic but miscible with the same water,
that may be a keton of low molecular weight or
tetrahydrofuran; preferred solvent for this change is

35 acetone.
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supercriti caupexdarddtioal peesalird ethd WempHie: tRiref,ebkeghich
supercritical extraction is carried out. The preferred
solvent for this purpose is ethyl acetate, having critical
15 temperature (Tc) and critical pressﬁre.(Pc) respectively
equal to 250.4 °C and 37.8 bars. Other liguids suitable for
the aims of the invention, and their critipal‘constants,

are:
Methyl propionate Tc = 257.4 °C Pc = 39.3 bars
20 Propyi‘foimiate Tc = 264.9 °C Pc = 40.1 bars
Ethyl propionate Te = 272.9 °C Pc =_33,0 bérs
Propyl acetate Tc = 276.0 °C | Pc = 32.9 bars
Methyl butyrate Tc = 281.0 °C Pc = 34.3 bars
n-pentane Tc = 196.6 °C Pc = 33.4 bars
25 n-hexane Tc = 234.2 °C " Pc = 29.9 bars

Conditions of solvent supercritical extraction are well
known to the experts in the field of sol-gel and described
in a large number of patents, among which for instance
patents US-A-4,432,965 and US-A-4,806,328, that can be

30 referred to for details on this technigue.
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br esent 10" (e teEaERiatiots Y P Uty moeaRbcthRparRtes
US- A- 4, 317, 68gluted in an inert gas such as helium; by this treatment
are removed the possible traces of water or —OH radicals
and the metallic impurities that may be present in the gel,
such as described for instance in patents US-A-4,317,668
15 and US-A-4,426,216; finally, a treatment up to the
densification temperature, of about 1300 °C, in a inert gas
flow, e.g. helium, or of an inert gas containing slow
percentages of oxygen,

The invention will be further illustrated by the following
20 examples. These non-limitative examples illustrate some
embodiments meant to teach to the experts in the field how
to practice the invention and to represent the best mode
contemplated for realization of the invention.

25 EXAMPLE 1

It is prepared a composition A comprising silica in an
aqueous acid'solution, adding 333 g of pyrogenic silica
“Aerosil 0X-50” of the firm Degussa-Huls AG, slowly and
under mechanical stirring, to 0.5 liters of a solution of

30 HCLl of concentration 0.62 M in a glass flask. After silica
addition has been completed, stirring'of composition A is
continued for half a hour and then the composition is
brought at a temperature of about 0 °C placing the flask in
a laboratory refrigerator. Separately it is prepared a



15 and US- A--4,426,216; finally, a treatnent up to the densification
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br ought minutes; it is thus formed composition C, that.is brought

to pH 4 through addition of ammonia of concentration 0.05
. M. Stirring is then interrupted, the beaker is extracted

15 from the refrigerating bath and its content is poured into
four cylindrical teflon dies 6f diameter 9 cm, reaching a
filling height of 4 cm in each die, and then the
temperature of the sol is allowed to naturally raise.
Gelation requires about 3 hours. After gelation the wet

20 gels are subjected to two exchanges of the liquid in the
pores and in the container, by substituting first water
initially present with acetone, and then this with ethyl
acetate. The thus obtained wet gel is supercritically dried
in an autoclave with inner volume of 9 liters wherein it is

25 realized bre-pressurization with nitrogen at 50 bars.
Supercritical drying is carried out by bringing the inner
of the autoclave at 280 °C and 50 bars. A dry gel of
cylindrical shape of diameter 9 cm and height 4 cm is
extracted from the autoclave. The dry gel has good

30 mechanical strength and it appears homogeneous and with no
defects at visual inspection. '

EXAMPLE 2

A dry gel specimen produced in example 1 is subjected to a
densification treatment for the obtainment of a silica
35 glass, according to the following schedule:
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800 C during 3 S 5 ing..of th a e d t erat u for 2
hours in a flg\%gg?ﬁhg?%h %%%’?%ér%qﬁg gg}o g%v%%lsjjrére@%ﬁ%% y roﬁfg&H(ﬁ: ;-
heating from 8B&PES®®7 1350 C during 3 hours in a heliumflow, and keeping
of the last tenperature for 10

10 - natural cooling down to 300 °C, and extraction of the

specimen from the oven.

The obtained sample does not show defects, has density of

2.2 g/cm® and has good transmittance in the visible, UV and
near IR range. ‘

15



m nutes; 10 -- natural cooling down to 300 *Cr and extraction of the

speci mnen fromthe oven. The obtai ned sanpl e does not shoWldefeay200has
density of 2.2 g/cnB and has good transmttance in the visible, UV and
near | R range. 15 10 January 2005 WO 02/ 04370 16 CLAI Ms PCT/ EP01/ 07027 1
Sol - gel prowW@92/04339 t he production of tridinmensional dryPgBERIIRA2TNG al l
of the three lateral dinensions 5 higher than about 2 cm conprising the
operations of: 10 - preparing a conpositlison A conprising pyrogenic silica
and an aqueous solution of an acid, such that the nolar ratio HOSIQ2 in
conposition Ais equal or lower than 20 and its pHis equal or |lower than
1.5; - prepa¥¥EM3 conposition B conprising silica and an aqueous sol ution
of a base not containing netallic cations, such-that the nolar ratio
H2O' Si 2 in conposition Bis conprised between 6 and 40 and its 15 pHis
conpri sed between 10.5 and 13; form ng a conposition C by m Xing

conposi tion A an £9 03|t|on B_in such a ratio that the nolar ratio

bet ween silica f%om "Hirp SECELER Koﬁnibh%l?’r”%‘?%‘cftr% oirpdeineanionak
conpri sed bet vveerdl’abcﬂﬁlﬂhavang alD &f 1thé hehyr afat@@amoameﬁgl&lss

conpri sed bet weer g?h@nckhgnaggoﬁgez areg f “@nﬁﬁé‘r‘%%ﬁaﬁ%g” sg

bet ween about 5 an 'ow ng gelatior

= Preparing a composition A comprising pyrogenic
silica and an agueous solution of an acid, such
that the molar ratio H,0/5i0, in composition A is
equal or lower than 20 and its pH is equal or lower
10 than 1.5; ’

~ Preparing a composition B comprising silica and an
aqueous solution of -a base not containing metallic
cations, such.that the molar ratio H,0/Si0O, in
composition B is comprised between 6 and 40 and its
15 PH is comprised between 10.5 and 13;

- forming a composition C by mixing composition A and
composition B in such a ratio that the molar ratio
between silica from composition A and silica from
composition B is comprised between about 1:2 and’

20 _ 3:1, the pH of composition C is comprised between 1
and 5 and the molar ratio Hy0/SiO» is comprised
between about 5 and 15;

‘- allowing gelation of composition C;

- substituting water present in the gel pores and in
25 the vessel where the gel is contained with an non-
protic liquid miscible with water;

- drying the gel by evaporation or supercritical
extraction of the non-protic liquid.

2. Process according to claim 1 wherein the molar ratio
30 Hp0/8102 in composition A is lower than about 0.5.



- substituting water present in the gel pores and in 25 the vessel where
the gel is contained with an non- protic liquid msciblelQiJapuana2eds -
drying the gel by evaporation or supercritical extraction of the
non-erotic liquid. 2. Process according to claiml1 wherein the nolar ratio
30 H2C¥SiCﬁngﬂ@6Hbosition A is lower than about 0.5. 10 PGHERMATE2005 WO
02/ 04370 PCT/EPO /07027 17 3. Process according to claim1 wherein
conposition Ais prepared with an aquedds solution of an acid chosen
between HC and HNOG3 having pH lower than 1. 4. Process according to claim
3 wherein said solution is 5 a solution containing 32% by weight of HJ in
water. 5. PrdcesPrasessdorgordingaton Slatherleivhesalid sompbsasibs aaisol ution
containing 65% byp:upiagats ELheR baudBlelsoiln 1R0EES8nA5EALALAG,LE Cl Al m 1
IS

wherein the nol ar E@tlo i [ n_conposit ri se ween
about 8 10 and 35tweehpHy e§§daE%%?JPﬂ§nﬂoP§IéP%@H.V%ﬁ# n conposition B

is prepared with an aqueous solution of a base non containing netallic
cations. 8. @rocé§§0&@§oﬁébngdingctaj¢aé&mmmeMﬂemeﬁhesh&aesb$ut15naﬂﬂDniUm
X o ot | e RRuReea dofifalPylc 8 byRESHR bBRHBRSEn ! SarghoOden
anong nononet hyl am ne and/or dlﬂEt% am ne hylen Fahfne:

Process accoigln%mo% aiml ggereln at the nnnent of 20 its fornatlon

conposi tion T has & pR°cBREPTELEI bk? vEEH- MG et ednafgid. sedut bppyclss
accordi ng to cl aianstduisiheneconthin iy 0853 dywedighitob £ CHNG; riat sectdief ore
gelation at a val ue

6. Process according to claim 1 wherein the molar ratio
H,0/8i0; in composition B is comprised between about 8
10 and 30.
7. - Process according to claim 1 wherein composition B is

prepared with an aqueous solution of a base non
. containing metallic cations.

8. Process according to claim 7 wherein the base is
15 ammonium hydroxide.
9. Process according to claim 7 wherein the base is

chosen among monomethylamine and/or dimethylamine
and/or ethylendiamine.

10. Process according to claim 1 wherein, at the moment of
20 its formation, composition C has a pH comprised-
between about 1.5 and 3.

11. Process according to claim 10 wherein the pH of
composition C is raised before gelation at a value
comprised between about 4 and 5.

25 12, Process according to claim 1 wherein composition C is
formed by mixing compositions A and B having a-
temperature lower than 10 °C.

13. Process according to claim 12 wherein said temperature
is about 0 °c.



conpri sed between about 4 and 5. 25 12. Process according to claiml
wherein conposition Cis formed by mixing conpositions AlaaauByR&0Png a,
tenperature |ower than 10 C. 13. Process according to claim 12 wherein said
tenperature is about 0 C .10 January 2005 WD 02104370 PCT/ EPO1/ 07027 18
1.4. ProcesWORBH®i ng-to claim 12 wherein the tenperatur BCT/BPOEHPOSI ti on
Cis raised, before gelation, at a value conprised between room
tenmperature and 50 C. 15. Process accor@éng to cl'aim 1l wherein said
non-protic 5 liquid is chosen anong | ow nol ecul ar wei ght ketones and
tetrahydrofuran. 16. Process according to claim15 wherein said non-protic
liquid is ackton@rotéssProecessimgcey diidgind A.2C waeFeinWaBECtBmpdedin: 10

supercritical exty ' . Sa on-protic liquid is .substituted fromge
pores and contai tﬁef?%\%hgggl?%ég glfs i]’rsalcsoer?t'ai&)%g Wi Fﬁlggﬁf)am #o"’r” gani c
conpound chosen VaABRgCREPRYFeRrioptwIrn &0 Geybetainiat andebhyTC.

propi onate, propyl acetate, nethyl butyrate, n-pentane 15 and n-hexane.

18. Process llafi:.comi:iongsBan?ai:ﬂiﬂJlMeiﬁSﬂm tiheh@ekins séiiefdonbyrotic
supercritg cal extyraction_o i | qui r i.C_.conmpaun 9. _Process
according to cl ailr%%%&gu%hglrlgg%%paﬁ?osl%SLO% %%q'fgutlﬁgmgﬁgﬁife%?ﬁ%%?sfor t he
densi fication of e tgtyahuiredurame. correspondi ng gl ass. 20. Process '
according to claim19 wherein said treatnment conprises the follow ng

phases: - trk&t miroce8saBcesy@efy Ofoc atYail AW Whewehi 00828 heApsretite up to
a tenperature Oflﬂ%ﬁgg ?goagétone.

L]

17. Process according to claim 1 wherein, before
10 supercritical extraction, said non-protic liquid is
substituted from gel pores and container where the gel
is contained with a liquid organic compound chosen
among methyl propionate, propyl formiate, ethyl
propionate, propyl acetate, methyl butyrate, n-pentane
15 and n-hexane.

18. Process according to claim 17 wherein the gel is dried
by supercritical extraction of said liquid organic
compound., ' '

19. Process according to claim 1 further comprising a
20 thermal treatment for the densification of the dry gel
to the corresponding glass.

20. Process according to claim 19 wherein said treatment
comprises the following phases:

- treatment in an oxygen or air flow from room
25 temperature up to a temperature of about 500 °C.

- treatment up to about 800 °C in an atmosphere of
chlorine, hydrogen chloride, carbon tetrachloride
or one of these gases diluted in an inert gas;

- treatment up to the temperature of densification to
30 glass in a flow of an inert gas or of an inert gas
céntaining little percentages of oxygen.



- treatment up to about 800 C in an atnosphere of chlorine, hydrogen
chloride, carbon tetrachloride or one of these gases di ldteauans 2885i nert
gas; treatnent up to the tenperature of densification to 30 glass in a
flow of an inert gas or of -an inert gas containing little percentages of
oxygen. 10 WaHe4390 2005 WO 02/ 04370 PCT/ EP01/ 07027 19 21.P¢¥BRIsE#H2accor di ng
to claim 20 wherein the inert gas is helium 22. Silica dry gels produced
according to any of the clains from1l i@ 18. 5 23. Silica gl asses produced
according to any of clainms from19 to 21.

21. Process according to claim 20 wherein the inert gas is
helium. ' '

22. 8ilica dry gels produced according to any of the
claims from 1 to 18.

Silica glasses produced according to any of claims
from 19 to 21.





