10 January 2005 (12). | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT
COOPERATI ON TREATY (PCT) (19) World Intellectual PropertyOdraaHy 2863 on
I nternational Bureau (43) International Publication Date 17 January 2002
(17.01.2002) PCT (51) International Patent O assification7: C03C 1100,

(22) 1 nt or ns? PankPuteinl ab A ARL R Een Ol B BBl R i

Language: Engl i sh (26) Publication Language: English (30) Priority Data:

'oridin a ';(D‘"-q‘ N L i »
Gect gnat of Sttt S8l Bk RIS Mﬁ%ﬁmfuﬁn”nnm Ao

desi gnat ed St at eSuEx
4,1-28100 Novara (IT). (72) Invento (75) Inventors/Applicants

US only): Lcﬁwg'natl&;alﬁﬁlﬁ:atiohyaden Vi a :-/ 9%10) Tutetn 85431 lg(ﬂmon(l’?mbel( I T)
SPARPAGLI ONE, 1i\asairyRod2! (17.01H002)Vi a Corj , q%%@ M | anese
(M) (IT (10) 1| nl?gr na(t | onal )Publ i catl on Nunber%O 4 1( 74)
Agent :  WEBERern¥adi BARGGRRANSS A ASSsC kb, elcdap i giehtehwenRR ARSEH NAYETRAL,

Pat ent s andcoiB adesyevikks, Locati on Hanau ageRfn®, Patédd 4id ra&éaﬂlélto &)
(81) Designated States (national): AE, AQ ndz_:w moxAﬁﬁﬁ 6703 HansADE). BA, BB, BG,

BR, BY, In@atioBHApPBaGRNGhheCZ PCI/EP01/07027

{81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA,BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, C7,

(22} Infernationat Filing Date: 21 June 2001 (21.06.2001) DE, DK, DM, DZ, EE, ES, F1, GB, GD, GE, GH, GM, HR,
HU,ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK, LR,
{25) Filing Language: English LS, LT, LU, LV, MA, MD, MG, MX, MN, MW, MX, MZ,

NO, NZ, PL, PT, RO, RU, SD, SE, SG, SL, SK, SL, TJ, TM,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
(84) Designated States (regionall; ARTPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Burasian

S

(30) Priority Data:

MI2000A001546 10 July 2000 (10.07.20000 IT patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
{71) Applicant (for all designated States except US): NOVARA IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
TECHNOLOGY S.R.L. [IT/IT]; Via Fauser 4, [-28100 CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
Novara (IT).
Published:
(72) Inventors; and —  with international search report

(75) Inventors/Applicants (for US ondy): LORENZO,
Costa [TT/AT]; Via Roma 92, 1-27048 Sommo (PV) (IT).  For two-letter codes and other abbreviations, refer to the “Guid-
SPARPAGLIONE, Massime [ITAT}; Via Gordzia 1, ance Notes on Codes and Abbreviations" appearing at the hegin-
1-20097 8. Donato Milanese (MI) {IT). ning of each regular issue of the PCT Gazelfe.

0O O

(54) Title: SOL-GEL PROCESS FOR THE PRODUCTION OF HIGH DIMENSIONS DRY GELS AND DERIVED GLASSES

0 02/04370 Al

g (57) Abstraet: It is described a sol-gel process that allows to obtain dry gels, and possibly the corresponding dense glassy bodies,
having higher dimensions compared to similar known processes.



DK, DM Dz, EE, ES, FI, &, &, G GH GJ HR HU ID IL

KE, KG KP, KR, KZ, LC, LK, LR, LS,LT,LU,LV,NA,ND,N@PHR“WNN@QW@K NZ
Nz, PL, PT, RO RU, SD, SE, SG SI, SK, SL, T), TM TR TT, TZ, UA

US, UZwibbkos¥té ZA, ZW (84) Designated States (regio Ir)m,ﬂﬁﬁbﬁo pat ent
(GH GvM KB, LS, MW Mz, SD, SL, Sz, Tz, UG ZW, Eura5|an patent (AM
AZ, BY, KG Kz, MD, RU, TI, TM, Europegg patent (AT, BE, CH, CY, DE, DK
ES, FI, FRRL &B, &R IE IT, LU M, NL, PT, SE, TR), QAPI patent (BF, B7,
CF, CG d, CM GA ON, GV M, MR N, SN, TD, TG. Published: - wth
internatiommség?aﬁﬂ1 %gggé% For two-letter codes and other abbreviations,
refer to the il { t BOR o FHERRADUGTEQN, (0F: HIGH HIMENSIONS RE¥at t he
begi n- ning of each regul ar icEusS: aMD DERIPED Gaastke. N (54) Title: SOL- GEL
PROCESS FOR THE PRODUCTI ON OF HI GH DI MENSI ONS DRY GELS AND DERI VED GLASSES
0 (57) Abstract: It is described a sol-gel process that allows to obtain
dry gels, and possibly the correspondi ng dense gl-assy bodi es, having

hi gher di nensions conpared to simlar known processes. 10 January 2005 WO

DI NENS! CMS DRY, s AND BER JED, CLALSES The prdohr oo der e
rese nv i s about a

sol - geIC%§o?B§§u?EH§Ph 3 EE r 3% %E%% §;°Qk ﬁ Gﬁpbﬁﬂgcon oxi de of

hi gh di nensiGiensdiens, nﬁ?abemdwnb$fdembxﬁmedrnbﬁpuyumgsglamsyceman1c gl ass

bodi es havi rgreaitesnasdi pasda &&%{E dn the
fol |l ow ng gI%F%& orﬁéeran1c- gggéﬂg%erla éﬁbggles are S|nply referred

to as gl assy cal comp051tlon, in the follow;ng glassy or ceramic-

oFeRcly

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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MOH) n+ n HX (I') The thus arned m Xture at may be"a‘solution or a
col I oi dal suspension, is defined as sol; - polycondensation of M OH groups
accor di ng t@lﬁﬁefogmﬁgéeﬂi%ﬁ:an oxidic polymer, defined gel, that

takes the whole 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
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case of 18he feobduictiesn sthrgiagsFrom alkoxides are those whose .
realization is more easy, these haven’t found wide
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
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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
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conposition o
this develops strains or breaks depend from this microstructure

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:



surface of pores thus enhancing the strength of the gel 30 durin
phase. According to the process of this patent, hydroly§p§36?mV%@0§ol
takes place at a basic pH value and gelation is caused to happen by the
addition of an hydrolizable ester, for instance methylform ate, that

| owers pH at val ues bel ow 11 or even below 10. This process 35 is rather
conplex, and requires the fine control of a 10 January 2005 5 nunber 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 critigal phase in a sol-gel process is
gelation. During this phase in fact the mcrostructure of the gel is
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

problens are-t &&e\t_&ewﬁgtmzompgg@fmrs a f&%mgr;ysgai ;Ifﬁoeenl@rﬁmi%@dand an
Particul arly, I's commpnly acknow edged_ in the eld that tridinmensjonal

gel s where aWe@FJSt Relthrae ofapRrafidgsNERs s it B8Y2 AR o2 HeHPe 11

i npossi bl e t&mpoRdUEeni AN i PGkl Ce&r APREt thamd heidpredust iian eghaundfue
sanpl es and on a Fabmi ory scale. In the followng, with the definition
of big size' Y& s w13’ be neant gels having all of the three |ateral

di nensi ons greater than about 2 cm Object of the present inventionis to
provide a sol-gel process that allows to overcone the drawbacks of the
prior art, and in particular to provide a sol-gel process that is sinple
and that allows the production of big size gels with good yield and at | ow
cost, that may then be submtted to densification treatnments for



the production of the corresponding glassy bodies. According to a first
aspect of the invention, there is provided a sol-gel prd@ddauanygo0 ?%e
producti on of tridi mensi onal dry gels having all of the three | ateral

di mensi ons hi gher than about 2cm conprising the operations of: 10 January
2005 5a - preparing a conposition A conprising pyrogenic silica and an
aqueous solution of an acid, such that the nolar ratio HROSI Q2 in
conposition Ais equal or lower than 20 and its pHis equal or |ower than
1.5; 1 0 January 2005 6 - preparing a conposition B conprising silica and
an aqueous solution of a base not containing netallic cations, such that
the nolar ratio HHOSIQ2 in conposition Bis conprised between 6 and 40
and its pH is CFoRPRIFsed herweenl 1S Baganpsising gikiag ant éppagieswh C by

m Xi ng CO”D%ﬁdtQBnAo@“Q paSRNRESI ddritRiBihh RMGN 18T aht DodNabubher il ahe
rati o between silica  fromconposition A and silica fron1conp05|t|on Bis

conprised BEthiger2hbout:0151% aRdoFmpopitine PH HICEBRpOSH thedrreeni § and

conprised bej weenids and i3 aBfpEiedbatcbAli® 3AGHSIER is conprised
bet ween about 5 and 15 - ?omnng gel ation of composition C, -

substituting water present |n the gel pores and in the vessel where the

gel is contal nedrihl AdPBsPEOdn @ bydkh 81 SOpbeited M waker; - drying
the gel by evaporation or supercritical extraction of the non-protic

liquid. The (FEOSLLIeH | i PHERM iGFiRaf et H¥hACL§r bEFA PeiEachys s
operations nEeassshpodxidensl bhgadilaraokrbiecdipssgel o 0B Viseledmpri ass.

between about 1: 2 and 3: 1, the pH of composition C is comprised
between 1 and 5 and the molar ratio H,0/5i0; is comprised between

about 5 and 15 ;
~ 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.



According to a second aspect of the invention, there are provided silica
dry gel s produced according to the process of present i daryasn 200 cor di ng
to a third aspect of the invention, there are provided silica glasses
produced according to the process of present invention. 10 January 2005 6a
The inventors have found that by using silica powder only as precursor
material, initially subdivided into a strongly acid conposition and a
strongly basic one that are then united in suitable ratio, it is possible .
to obtain dry gels with mcrostructural cfaracteristics that are superior
to those of gels obtained by using al koxi des; these m crostructural
characteristics are reflected in the nmechanical characteristics of the

gel s, than cEif Bevertaiméadvenietnd ftdam by wmge§lﬂﬁca/\mqwerapplbfa% he three
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prepared by mi Xi silica with an acid in aqueous soJution. Ml ar ratio
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in an excessjels dbwimém vef ugb@g d1xeali deoppasddd AfckosSttdtdriat to make
difficult, if not ng)osmble forma gel fromthis latter copposition.
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conposition cause
al %l o% gh hreenyateraei dimensions are greater than about 2 cm.



guaranteed that conposition C has a nolar ratio H2OQ Si@2_ _conprised between
5 and 15 and pH conprised between | and 15 5. As conposi {f JA"EEJ0he
prepared with a very high nmolar ratio H2OSi @2, it follows that

conmposi ti ORyHosiigrrave, for the same-nolar ratio, very | gur¥%sdesr
Dependi ng on the rml ar ratio between water and silica, conposition A may

| ook I'i ke a powder or a |iquid phase. | n7 20 particular, at nolar ratios
H2OQ' Si 2 bel ow about 0.5 the thernodynam cally stable form of conposition
A is such that the aqueous solution of acid is present as rricroscopi C
dropl ets m%{ % rface is coverefl with a layer of pyrogenic Si Q2

particl es, i 3‘ cBRBBEFRFOA™ A°F oty W on dy 5 5HSder PosRER foFar

rati o H2Q SiuE2 ias etertiheg mn’earbalislslll:g:taleff lHhE tpyx&cﬁnﬁ.dﬂ&hnﬁr agsehi on
takes place dind p Whegerobef ¥RLYES S G2 MBLADJIALID HPSHER phober than

about 1, conposition tabl e as"'a suspe ica i aqueous
sol uti on of GHPOFdtdon3psTREepRred kwmplosing cﬁi-lACsz\tltﬂﬂe dgroweidtban 1.5. In

case of 5nolaRfudoalsi @e1hiR2ObHL O2 conparatively high in conposition A, the
val ue of pH can be directly neasured with a pH—rreter while in the case of

very lowra a at ove co oSi ti as_t Ioo he _a .powder,
i n which catsbdeq%lf %a%'a' rg A0 8&§§b€ Pbﬁ/ gtopﬁH 3%an be

appr oxi mat edvigherhzatapst neuddaresnlt ati dirc emﬁaﬁmm dl'ﬂh@lpnveﬁtbhs have
verified thatigaly b%m@B@i@Ebﬂegglf?gglﬁﬂat %%?ﬁ#ﬂ&“ﬁﬂ¥fﬁgﬂl%b|§f h8tkeep the

nmol ar rati o H2CSi owest possi bl ues. In

this pref erlf'@(ﬁ’ségﬁ&?tl bR E8fPoRi FebntPemhitthis ﬁlﬁ%t%“ﬁ’oﬁl%?? linited

anount of |iquid phase. As this |iquid phase nust
10 The lower limit of molar ratio Hp0/Si0, in composition A is

not strictly fixed and it’s determined from silica
concentration and pH of composition B, because it must be
guaranteed that compositrion C has a molar ratio H,0/S10;
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



contain all of the acid needed to nake sure that conposition C has pH
conprised between 1 and 5, it will be 10 necessary to ud@Japuari@005
preparation of conposition A . aqueous solutions of the acid wherein this

latter is %Bé)y’ﬁe hi gh concent rat ion. Optinmum acidic sol L&ery&]’? e L

resulted to aqueous solutions of HO or HNG3 at pH

and in particular those at the highest 15 possible stable concentration of
acid, such as the solution of HJ in wabfer at 32% by wei ght of acid, or
the solution of HNO3 in water at 65% by weight of acid. Contrary to
conposition A, that may only be produced using pyrogenic silica, in the
prepar ati on Of° c?g'ﬁﬁ(?ﬁ éeoﬁlp rpgipatedotyokhah of the st amhindoreidicsol i d
silica in powlarcimrt.h particles of dinensions |ower than 100 nm For
instance, it 1is possible to use the same pyrogenic silica of conposition

A, but also I o] b e at i on Qn s.this
has the SUIt§ﬁ§ iﬁﬁ%ﬁtd%é f%%ﬁDQEEigggd ¥¥§%¥§?Cﬁé era 03| |oﬁ%ﬁiﬁ§y be
conprised (¥t 36%34@ len Benkespttom IBDlerlsatrﬁeicé{QQéSyoi dmpush as

much as possidipssitiicea Bhydr ehysi swedt Isaéépélée&mé &irf fdngyl ti es are met
formation at.es than can affect

with sili ca
homogenei ty 7an e&! neﬁéharﬁoggl%§8ncﬁ3?88?éﬁ'g?|Zgg‘gbfgtws’f iGPRtaYE 2 WRFVe at
rati os hi gherimitiesh aspunite ofahbapidbpkase arks netiof 1 ididifd @.hla’rsegmhatl on of

conposi tion c@nteeizpraqw %‘fSItKedQEEQ' Redad! o IELEL AR [ lkhe  preparati of
of conposition A gre erably, such ratio is conprise ween about 8 and

30. 10 Janudr® RO G’ZP@)%PB PepEPeRd oreveen Gorpusityi dF Biild basic due
to addlﬂDonnﬂbasdmmyetbhake daeshet p£OPs 2h iRt &Y | ddingetiitQRs, asuch as
ammoni UM 30necus solutions of the acid wherein this latter is at
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.



hydr oxi de or a aqueous solution of organic am nes such as nononet hyl am ne,
di met hyl ami ne, et hyl endi ami ne. The pH of 5 conposition B1PdaaeatpePeled

bet ween about 10.5 and 13. At pH values |lower than 10.5 the hydrolysis
rate of silica is: practically negligible, while pH values higher than 13
woul d requit8Y%¥BB7hi gh anounts of acid in conmposition A PHERBROD! f eri ng
advantages in silica hydrolysis in 10 conposition B. For the objectives of
the invention, conposition B has prefer@bly a value of pH slightly higher
than 10.5. Conposition A and B prepared as herei nabove described are m xed
to formconposition C, in ratios such that the nolar 15 ratio between
silica com rPHasRtdenpBsisibasix (ded ero ealdididm dftha bekkowhaty al so as
Si2(A)) andicddrga ook NPQS] 4AHN fer “ta in the

foll ow ng al,so, as ., Si Q2( B)ﬂéﬁ‘iégé%%ﬁ%ru sejﬁéllf)%t V\%e(%{ ‘;agogt %:ntZL&élnd 3:1. At

val ues of tHEEHCS Srcp(Agvepes (#1wele abardaniz sRangsosEsh 8

prf)ducti\éi t yndrenerthy lboine whillwettiy T @hins, f’éc’:cg'fﬁreﬂdﬁaﬂliﬁél Tlhaepki ggl dry
gel resukts epye osl.tl.0n St €.a r I O
B0 o oo el RERN LonffRET i Ehgp M T onaP8 dpe At B
di fficul ti eValieshiavarnghaenbehethy hydeolymis tiace CfwstAi2E degati ve

consequenceprittikaiTechagl calpLdAr el B8 I 5l I vS1 s nilGek! 'Eﬂ'ta ggks, while
at - hi gher rakd1Q there afe "difficulties IP gel ation. Fina Py, conposition
C must have 'a FERISTEORPP i 19 HROYRER Af ARES 180 FopPerdFaBhy Apet ween

1.5 and 3. Aiyew0 offkuisg| adwantdges | in tsikicanegelssaypikoitse a great
amount 19f RayRJQtAGhNE. Syt el;at L on. I has thus little
ef ficiency, while _é‘?%‘a ungJﬁigh%rJ)ﬁ%‘%&S@%sglga ﬁ%% g?lgr%%rtalgf‘i’ cal | é

i mredi at e~ attTRESHSARRt Bobasi RFaemrbkonmpositue s RHasdiBhtdy hhghert s
not possi bl eeHam hanes. -

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



10 January 2005 WD 02/04370 PCT/ EPO1/ 07027 10 honogeni zati on of these two.
In the indicated pHrange, gelation rate is higher the APdAeyary80¥H It is
preferable that gel ation does not take place too quickly after m xing of
conpositions A and B, such-that 5 there is tinme to reach pH honopgeneity

t hr oughout wonpesiti on C, a gel ation of conposition C noteadmxroi/eme? after
its formation also allows evaluation and adjustment of parameters such as
Si @ concentration or pH As'a consequggce, it is preferableito operate in
such a way that 10 conposition C at the nonent of its formation has a pH
conprised between about 1,5 and 3; once it's been verified the obtainnment

of a homgertﬁsmeﬁ%HQ%ﬁIQB fheddl . b chacRanakaedat gl yalale comrised

bet ween 4 and .5 1% sl ow I on and un stirr e.g. NHAOH,
thus 15 all o%lr"f‘& apmt‘ae?ﬁt?bﬁhe%n?l%ﬁﬁﬂé‘te?o% BY- far descrl bed for the

preparation of conpositions A, B and C may be carried out under ultrasound
stirring, tﬁﬁtlﬁapéﬁﬁeuabberth@h gaththienngeriszabt ohaké pSﬂe@enamons or

sol utions of qEidki§aakRe AAMERUS TBE AR é?ltgggg'ﬁ'gﬂé giv ?orﬁ@¥ For

conp05|t|on t aken together,” are u ef1'ne exatt ation of
conposi t iPonsTTEEEndS BIBEFO| FeRehcRl hamogengdkyi Bhrovahputase where a
conp03|t|cn1cqanmastbeanCprepgékmhﬂwﬂfbfidambaéltabhOCFB6£5E68 fds20 and 25

oo/ 81 0 1 & e L8 FARRIELOL M ce FLISE EEEMAELE) ‘BhATeq R 10 s
of silica wi?i PRéegesersnsrel % HiRecongaatast o myt e ofAsvat er will come
from consequence, it is preferable to operate in such a way that
10 composition C at the moment of its formation has a pH
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.



conposition B, it will be necessary to use a conposition A 30 in which the
molar ratio HHOSIO2 is equal to 10. On the contrary, iA0caseary@dPdsiti on
A is obtained froma concentrated acid, for instance HNG3 at 65% by
weight, it can be approxinated that all of the water needed for
conpositionwWQ@oszo initially be present in conposition B. pdDEBaiwmary 2005
WO 02104370 PCT/ EPQO /07027 11 O her exanples of mxing ratios of
conpositions A and B as a function of tfie desired conposition C can be’
easily simlarly derived fromthose skilled in the art. Anal ogously,

cal cul ations for obtaining a pH value in 5 conposition C conprised between

1 and 5 (or,ouEmaOkHangpled ofhfiRifl ¥t LHIOUMMYs1 tASHERNarda 3 and 3) may

be easily perfqrned by those skilled in the art, once known volunes and
pH val ues ofaec%ﬂrr"ﬁor{gioﬂ Srﬁs t%eaﬁasﬁ?e‘gsc%%]ttéﬂ?atq w&n beokpstlyYions and pH

val ues of comFddiarilionsiesized Brohathd: nikidd egi ie rihee atr@.a conposition C
of desired characteristics, may be enpirically derived with trial tests.

In order to meMidghusae],athaeunat ol FATRARIARGC S bif $a188584 bl € 10

operate,sapQ%%”QEp .0n pH, al sgQ on tefmperature. ation rate is in fact

the highér ther |§#’1§1"nt e COPRAPEPALRF 'SR Ta 36h e Pdnc 8CCPRIRD it er r ed

enmbodi ment dthe tire feroeds smbbdiinent Nusrtiviesn, IcGRosi B)omayAbe Beaid C ar e

kept at a t gimedciny cﬁﬂe/o‘ﬁﬁ'bshhgﬂii'ﬂeé:’irg%eor%qr R %fnowﬁbQﬁunQe C upto
o] 0 an(? an dt

t he monment of 'pﬁ_llon conpositions A subsequentTy during all
the tine nee"ﬂléﬂ Y S obr EOPRAELERRsO S @reh BC AP REnvdERRRIEIVE this
way all chewingaisitdacisi ansl pHEvSLaye b @dhpoaid iichsPal bhaUb a¥hat
pol ycondgnsahiiy 1,839 B9 L0 +gel, Lgrfllg%agft%%n WIE Gesired

characteristics, may be empirically 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.



interdiffusion of solutions that allows obtaining a 25 honbgeneous pH
~throughout the liquid volume is not slowed down. Tenper 3 Jaruamay@0®hen be

l et naturally raise up to anbient one, or it is possible to introduce the
container of conposition Cinto a |aboratory oven, kept at a tenperature
general |y cWR#EP48EH bet ween 30 and 50 C. 30 The thus obt aPCREPOMETO2Gel S

t hen subjected to an operation by which water present in the pores is
changed with a liquid that is non-protig but m scible with the sane water,
that may be a keton of | ow nol ecul ar weight or tetrahydrofuran; preferred
solvent for this change is 35 acetone. 10 January 2005 WD 02/ 04370

PCT/ EPO1/ 0702 k1lThesgdlingsftdm righd r«phudift s0ichantecxssh angeisiaiy gy dri ed
by nornal at.J S8, bl [ it.Jin a.container. with a_ wall
per neabl e-tgy%%lst(ﬁv\% f?trg\%%{é ,O%“J'alpglt}{]g) SR DIE A FoRIGHEN tion
rate so as td WEdubergeaplm be nths timlvent slarsirshr caksble thewsld a '
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case, iteis i carry, out supercritical extracti 0 e,

non- pr ot KRR qui \;%\nrteﬁ?(\fhilgh }G\%t%‘?ls'h%feoééﬁ?bﬁé’pl Xaggl?g:}ﬁﬂﬁ fﬂﬁ%e\?esr be
preferabl e tPRHEEd ovit sypkyerbeicaldghanige tfis haseenitOlprmidscidliequi d of
the previ ousexehangeud slpaBcATPRNL o RURAUYDL JF GHLIndAlddst dd N,

showing | o r valctles f hsugercrltl cal pressure and tenperature, of which

supercriti cat* BT FH o LER BT L e SRIGrsr edt B et thi s

purpose i s dihypredisetitle, thavany cnit i durtfhdrerpehahys eof e amsh-cri ti cal

pressurag ( Rodi€SA8GL%e y d 8 er liquids

sui tabl e forﬁqt hle al %%if &?hgﬁ?fﬂer?{lﬁjo%%gﬁzg%% F‘T?%Pl ?’?i% gaé‘(()}nés.'t ants,
compound, liquid in its turn, showing lower values of

supercritical pressure and temperature, of which
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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US- A- 4, 806, 328, that can be 30 referred to for details on this technique.
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C, for the r@ggM@I u fs fers of organic soly

possibly leff in Eﬁ£¥hg é%%gg¥%éu%ﬁ%éf%§ﬂ%?caﬁn xF?ﬁ%F?%ﬁ g%???%gﬂ%é%t up
to about 3800ti%sY I’Fr&ﬁ BeRbshhete SEYLS o1 AT @QWogpntchtempdea‘mra_sD

car bon tetranm'awcmte,soor "Ppsssbl nonebidessy %ﬁ%ﬁ&nédb‘fuﬁﬁ‘g in an inert

nater or -orl paiiliend of R aan B8 TR ey R B ds LeRa Shnb BeSHE oobnt |
the gel, sudi a%lp@@éritb@@llfwtrmtm:ea rEysateant WS- Yo 4aB4Tt 6880 15 and
US- A-- 4, 426, ﬂiﬁdl%mnéthﬁspﬁeféeﬁﬁr@ﬁﬁof&hé(3H§a§oggﬁn§hibf§&éqgrtenperature
of abouﬁ013cgééﬁo te%ragﬁiorfgg, or possibly one of .these gases

diluted 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



flow, e.g. helium or of an inert gas containing slow percentages of
oxygen. The invention will be further illustrated by the1Pdpntaty 2805 20
exanpl es. These non-limtative exanples illustrate sone enbodi nents meant
to teach to the experts in-the field how to practice the invention and to
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EXAMPLE | It is prepared a conposition A conprising silica in an aqueous
acid solution, adding 333 g of pyrogenitdsilica "Aerosil OX-50" of the
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of a solution of 30 HO of concentration 0.62 Min a glass flask. After
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stirri ngf3 tf)hﬁ }r f%‘l é? 593&1:[1: él%an 0 @Ea?ggghc‘gﬂ?r% oJrFO 3 Min a
gl ass flask.Stdrapdefosisi ‘e‘larfaw thadrf adiobgeandohpéetedouglie abla i s
stirred for ﬁkmbutéhﬁfeh@ffaﬁbﬁENU ?ﬁ“ﬁﬂéaiﬁgbﬁﬁéghia§k fn & TSI AHNGS

about 0 C pl th ab rator refrigerator., The who] é volune
of conposit |%(r;?l %8 aﬁ?ﬂ:t e ‘{’}l‘i?:]ﬁm BCPWPQSSB?'%r%p’y? éﬁbltt‘?éJaker
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is thus forned conp05|t|on IS br
ture is maintailned under v1gorous stirring during five

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:



to pH 4 through addition of ammonia of concentration 0.05 M Stirring is
then interrupted, the beaker is extracted 15 fromthe reflPi/geyaty 2885 bat h
and its content is poured into four cylindrical teflon dies of dianeter 9
cm reachi n‘% a filling height of 4 cmin each die, and then the

t enper at ur eWEBP2P4& sol is allowed to naturally raise. GePGRKERMOTOIGUI r es
about 3 hours. After gelation the wet 20 gels are subjected to two
exchanges of the liquid in the pores am8i 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

aut ocl ave withheahéngvbiomeredm kdnpeensunbetei BOOt °C sdbidea hoeds

pre--pressurizati § Lhendd ragen bars p itical..drying is .
carried out by:an]r ?ﬁg%{\%% fﬁ%&'i nner &%P%Heg%u %% %vgégﬁééé%nglgﬁéngo bars. A
dry gel of cyPPR&RYCRINRWEDE of dianmeter 9 cmand height 4 cmis.
extracted fromthe autoclave. The dry gel has good 30 nechanical strength
and it appearshhetbgentoos 200 W tdo 800 def datsngt 3 vihowsd, iaasipect i on.
EXAMPLE % A dr pegei ! i X le. |l is-subjected to a
densification ﬁa gg{”ﬁén‘tgffg?r?@t%e&%#%?%ﬁéntge@?mﬁgg}lﬂe C%o%? 3.1053‘1%? , “8cor di ng
to the foll owi hd¥chEdiediun ocommidaing?b@5bN070Rmnea 37D PdIydERas BZ027 15 -
heating fromroomtenperature to 500 C during 6 hours in an air flow, and
keepi ng at thebeatangefroomndid i thto d36DONJC8dhvimg; 3-hdead iimgaf rom 500 C to

800 C duri 3 S 54 | 1g..af Skh s ned. f 2
0L, PnaetR, 206, Sl AR ol ERbATLoL SRS GICERLUAB, T Of

hours in a flow of hel Yo BY VO nhydrods
minutes;

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



- heating from800 Cto 1350 C during 3 hours in a heliumflow and
keeping of the last tenperature for 10 minutes; 10 -- ndfuyenatay@dPPng down
to 300 *Cr and extraction of the specinen fromthe oven. The obtai ned
sanpl e does not show defects, has density of 2.2 g/cnB and has good
transm tt anWe fdi"he visible, UV and near IR range. 15 1BCUEPL&NG272005 WO
02/ 04370 16 CLAI M5 PCT/ EP01/ 07027 1 Sol -gel process for the production of
tridinmensional dry gels having all of tie three lateral dinmensions 5
hi gher than about 2 cm conprising the operations of: 10 - preparing a
conposition A conprising pyrogenic silica and an aqueous solution of an
acid, such ¢PaIMShe nolar ratio HOSIiO2 in conposition Ais equal or
| ower than 20 and its pHis equal or lower than 1.5; - preparing a
conposition B conprising silica and an aqueous solution of a base not
containing nmetallic «cations, such-that the nolar ratio HOSIQ2 in

conposition S npri.sed between 6 and 40 and its 15 pHis conprised
bet ween 10. 5§énd ﬁo} G0 MERGES cHMhokhe | RFPRIGRAR Bifn§TaEApessional A and
conposi tion B in duitlveds davénghalltde i arhread ilatekal Waenegibga from

COMpOS LiPN A anchild: &rfahOlbokPOSh! | Q11 PR’ 354, RE1 RN, Apout 1: 2

and:
= 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.



20 3:1, the pH of conposition Cis conprised between 1 and 5 and the nol ar
ratio HO'Si2 is conprised between about 5 and 15; - allfdanyasy ged%ati on of
conposition C, - substituting water present in the gel pores and in 25 the
vessel where the gel is contained with an non- protic liquid mscible with
wat er; - dr¥yPAM3HL gel by evaporation or supercritical RSKEEROTOBh of the
non-erotic liquid. 2. Process according to claiml1 wherein the nolar ratio
30 HRO'SI2 in conposition Ais |lower tA3dn about 0.5. 10 January 2005 WO
02/ 04370 PCT/EPQ /07027 17 3. Process according to claim1l wherein
conposition Ais prepared with an aqueous solution of an acid chosen

bet ween HO &nd HNGBelsaveagopiihowee ¢hmim 1L wherBiacesspasdteiodhng i® claim
S wherein said sqidpaved fith anSabulen LORLACH B FMRYaveghl, of HO in
wat er. 5. Procesimaégordhng to claim 3 wherein Saird solution 1S ~a solution
cont ai ni ng 65% by kEGHt 56 AREENMs Msvéng BH bewesstharcbrding to claim 1
wherein the nolar ratio H2O SiQ2 in-conposition B is conprised between
about 8 10 4nd FrocesspPeocerdingcbe ditmin B ehairaih whedekpladiprsidi on B
is prepaed wth adia u i o n_:C ai.nin tallic
cations. 8. Process acggggi%gﬁ?%y%+§§h$%°aﬂ23%§ﬁﬂ?h8fb§§% s " g%hnnniun1
hydr oxi de. 9 Prqﬁ%%§saccordi§? to clajm7 wherein the base_is,  chosen
anong nonone?hylanlng Sn8FGPTAr N8t hy I Sk 3 wherein said solution is

a solution containing 65% by_weight of HNQs; in water.

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.



and/ or et hyl endi am ne. 10. Process according to claim1 wherein, at the
moment of 20 its formation, conposition C has a pH conprliPsledusdui2@een about
1.5 and 3. 11. Process according to claim 10 wherein the pH of conposition
Cis raised before gelation at a value conprised between about 4 and 5. 25
12. ProcessW8®8#33¢ ng to claim 1 wherein conposition C i SPCEBPHOA2BY i xi ng
conpositions A and B having a, tenperature |lower than 10 C. 13. Process
according to claim 12 wherein said tenpggature i's about 0 C. 10 January
2005 WO 02104370 PCT/ EP01/07027 18 1.4. Process according-to claim12
wherein the tenperature of conposition Cis raised, before gelation, at a
val ue conprikkd RPebwess aooordEnPeidicii-Anand HBeeihSthBr eemsoraeQ ding to

claim1l wherein i - lc. 5. 1jauid i osen ng, | ow npl ecul ar
wei ght ket ones zﬁﬁggggggﬁégégf%r%ﬁLféhfeqPr%@ sgeagggggﬁﬁﬁ’t%éciajn115
wherei n sai d nonVgisei eompyisediketiran moon tenpeyossseasndr 89 nCio claim 1
wherein, before 10 supercritical extraction, said non-protic liquid is

substi t ut ed I5.0mEgekepsr egcapdigntdidiedinnerdetreéngehidi fosoptetied with a

liquid osganic c d.ch n_._amon t hyl .propi_onate r |_form ate,
et hyl propionatggaggg %% §§§?%?é¥8%éﬁ[%%w SF?Fgﬁgf H?ﬁgﬂgaﬁggoﬁ%?and

n- hexane. 18. Pr&¢€s§eskabrdragurancl aim 17 wherein the gel is dried by
supercritical extraction of said liquid organic

16. Process according to claim 15 wherein said non-protic
liquid is acetone.

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.



conmpound. 19. Process according to claim1l further conprising a' 20
thermal treatment for the densification of the dry gel td0wReuany2PBspondi ng
gl ass. 20. Process according to claim 19 wherein said treatnment conprises
the follow ng phases: - treatnent in an oxygen or air flow fromroom 25

t enper at ur V0928457 t enperature of about 500 C. - treat nePETVERINY2About 800
C in an atnosphere of chlorine, hydrogen chloride, carbon tetrachloride

or one of these gases diluted in an inefldt? gas; treatnment 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 January 2005 WO
02/ 04370 PCTAEPO1FWOTEERS BgcRrdiRgotesslaine @Wiwig:ded.rC kdiemiA8rvhgs€i 1k t he
inert gas is helpdmuy@2. Silica dry gels produced according to any of the
claims froml to 18. 5 23. Silica glasses produced according to any of

cl ai ms fronbé? té&f%%a dry gels produced according to any of the

claims from 1 to 18.

5 23. silica glasses produced according to any of claims
from 19 to 21.



