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Sol -gel process The present invention relates to an
i nproved sol -gel process substantially based on the

wa@onrnoi4sand the determ nati on of ionic speci eBCT/EP2006/064995

specifically cationic, in aqua-gel, typically a
silicic one, through recycling the relevant liquid
phase, suitably nonitored and eventually chem cally
nodi fied for the wished final material. Mreover, the
invention relates to t Belegedi pedceeso-gel product

whi ch owns predeterm ned characteristics definable by
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ReRESnEhatAgndWd N4 Pr 0peeseRhase L&far& 1Re cationic, in
treatnents preceding the gellation. The inventive ]
pABEegs lhad P igddmal @ ifg G nCRPe fhEPYISf freycling the

gsellegghtnatiefiiad phepal atditadioperehitbrbt@elsénd eventually

DL AATDL Yo feRgln e e ECGRIELLOD o oL g2, ghacocs

reference is nade, froman exanple point of view, to

VMheeprepar dticonintestiona rgllagses, tot the krowindrdt acro-gel

%PSdEE@S%h‘i%]' e eﬁf&ﬂ@&’&r&%cﬁ %hggaQPQkiéEi‘&% OB8finable
the optical properties is a primary purpose of the

Bt ivediuatat T &lng ndhst BpMs eieeRd | 6Rg thinewn TRest valuable

Bheduehs okl nechidvddenyi ehd eyt RRydasil tc®tPol of the
38e0|allzed advanced researchéilrn1y arried out_  over

; e
BBRAFuRF by F eddePPOdfpatT e¥Cahd 3 eOT f (FOff tFRvalent bonds
maténgal dpeiing ofa vipewgcddre qHasealbeafopsi onsei ntirbatments

ggggédgggtgﬁggg%hggkigﬁsigner. The conpl ete inventory

ese’pro S'results from conventional processes

of thermal vitrification, based on
The inventive process has a general meaning in the field of

the sol-gel material preparation; however it  feels
particularly good in the preparation of silica glasses
owning determined optical properties. Thus, if reference is
made, from an example point of wview, to the preparation of
silica glasses, it 1is known that the glass doping to
achieve controlled modifications of the optical properties
is a primary purpose of the optical material industry since

a long time.

The products obtained in the field are the result of a
specialized, advanced research firmly carried out over a
century by leader companies and are, from the material
point of view, the only wvalid options in the hands of the

optical designer.

The complete inventory of these products results from
conventional processes of thermal vitrification, based on
the furnace melting of suitable formulations of solid
components, usually under the shape of finely ground and

carefully mixed powders.
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the furnace nelting of suitable fornulations of solid
conponents, usually under the shape of finely ground

waea7oemef ul |y m xed powders . The |imtations PET/EPZONG/064995

technol ogy originate fromthe fact that sone

conponents have a tendency toZsegregate fromthe

m xture, because of the decreased viscosity of the
systemowi ng to the high nelting tenperatures (22000
Thahelmltagebnpr @Fessidis ﬁdtﬁfﬂﬁ)]d:}g’yarﬂ')ﬁi?drirya‘rfavi’)m&dtﬂ@ fact
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care consrde ation an stu I es have been made of
the sol -gel. chem cal processes in order to expl oi t
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higbeature, scientific and patent, contains a | ot of
ref erences, exanples and results. However the problens

BEBE@' RhAg hH%%o'E%‘éfla ol sl @F&ac@é@sﬁ@é 95’6&891 space

nodi fi ed opti cal rtles Wi th respect to the pure
erppda byl Ak odas hERCEY | | paaﬁéfelrlvé‘dmsr\'r@mtwson mifestudies

Hﬁﬁgebebﬁem%dﬂfbﬂothgu%610@bucﬁhéﬂﬁﬁgﬁf 1 &P ol 1n order
mnth s [ -, roc sses th for Iatlon le to 1¥

el BhET ae Shastiniay S TR Bo g R o BiHE g dre of
tibpedolggels sprsqc asisEs seﬁarémcbespecﬁbelyeﬁy>uﬂaﬂrséfyactlon

Hﬁﬁgx'” hge é?&cgieﬁﬁl_gkg bnlgn tgggﬁgﬁgggﬁen? ﬁggelty

prepafa 1'on oXxi dés so
generally cared to let all precursors be uniformy

Ry arel A, 88f sat thastradsivieein! Yidesabhyed, Sqidrtddric and
baraxel dcphesk Rkt at 1gRscer rEeebidity, f 8kARLIA8Sand results.

However the problems pertaining the manufacture of sol-gel
glasses having modified optical properties with respect to
the pure silica glasses stand still unsolved. Nowadays in
the market there are not bulk optical glasses prepared
with sol-gel processes with formulation able to modify any
relevant optical property. The doping problems of the sol-
gel processes seem to be in the very chemistry used in the

sol preparation.

It is known that, in the preparation of a multi-oxides sol,
a high attention i1s generally cared to let all precursors
be uniformly hydrolyzed, or at least uniformly dissolved,
in order to avoid precipitations or turbidity formations,
which, when present, would indicate not uniform state of
the sol and, potentially, a cause of glass non-homogeneity.
However, the many precursors of a multi-oxide sol have
quite different hydrolysis times, and this fact causes a

problem since it forces to carry out compensation
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whi ch, when present, would indicate not uniformstate
of the sol and, potentially, a cause of glass

woenwloregenei ty. However, the nmany precur sor SPOf/ER2006/064995

mul ti-oxi de sol have quite different hydrolysis tines,

and this fact causes a problem since it forces to

carry out conpensationprocedures to let all precursors

be di ssolved at the sane tine . Use is nade al so of

phecpdarbydrol yisits 01t hbecoureoss abke qirselnear st i tlee same
he ones having a relatively slow hydrolysis. A very
unstabl e sol is obtained, gelling in a necessarily

short tine. The obtained gel, aqua-gel or alcogel,

denat disnsagld alto cofpbhense-divdired yesdwaladhtthe bopdedstable

b?eEﬁ?s%kE'Cal”%i“”“&heoroﬁégpl%th%%0|%§d f$@ﬁ@ﬂ€bl§r slow
In the |i UId phase inside the sane or filling the

Bﬁgéglyﬁéﬁeoﬁ~Y@%¥f%ﬂs%ép%%esﬂépéé @Q&i&&?qyﬂg%kﬂlng in a

ﬁ&ﬂéb@&kilyssﬁaﬂﬁetmﬁd nRenebedihbat ged¢ccagdhRgellOor alco-
orlt lhhe ﬁrocedures cited.jn the fi

ed
PFier BFS‘l SGP G Hponent %o ﬁ%YaL%PH%i gonded
thet@E|@Mﬂﬂcaxnmxwmrkulon samphe wmﬁﬁqﬁﬂed(nhereimw or in
ted t
g&%gan ngld\hl%%as gglsﬁi%ouﬂﬁé S%e%%vvogoaer ation the pores
ébﬁﬁap or PSi rfqmea%ouhged@ped gdlasgels p?co]cez%l f@)Yn’tﬂh%SlS is

s¥yAthesky, ofjcmMasticve tHlaassescotiind add t}@@srhéyorlty of the
demonst r abl e, provokes the formation of an unfixe

PoPREFRFESN, cifgd abt et FﬁéegrdMHRFﬁﬁt%Qﬁa dﬂ&%e§§rmUlatl°n
poapedgnes anﬂ poor s ieeatinol kbl ertibeneby;cdiesefiteion in

final Ia s obt ned haV|n un red table opti
IR T A AR T et e S R B
tqrtheerﬂgeptobbenhpegealnrnglshewaphedal ghasghs the two
EQEQESQnEh%?QV é&hﬁ@fs&’y ng, t hﬁm% h%&ﬂﬂ‘se‘ r%%t MENt §51-gel

rri e out to trans ormg Into ass.
BBSEpFed fogndthe §§D\R§Ie}31§upb%r@@félsb\]et Héalslsﬁér atThis fact,

EB§§1§0@%monstrable, provokes the formation of an unfixed
formulation, variable on the ground of +the ©process
procedures and poorly controllable thereby; therefore a
final glass 1s ©obtained having unpredictable optical

properties, as well as an unreliable product.

A further big problem pertaining the optical glasses
prepared thereby raises during the thermal treatments
carried out to transform gel into glass. It was observed,
and it 1is well supported by the 1literature, that some
components of the multi-oxide glass segregate from the
material mass and crystallize [Journal of Non - Crystalline
solids 145 (1992) 175 - 179]. This fact should not occur
in a sol-gel process, Jjust owing to that thermodynamic
advantage thereof over the corresponding melting process.
Such occurring, the conclusion 1s that the experimental
procedure used i1s not able to exploit the advantageous
thermodynamic conditions that a sol-gel process offers

unquestionably.
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conponents of the nulti-oxide glass segregate fromthe
material mass and crystallize [Journal of Non -

w@eooshed4bd ne solids 145 (1992) 175 - 179] . ThPGI/ERZNDG6/064995

shoul d not occur in a sol-gel process, just owing to

that thernodynam ¢ advantage #hereof over the

correspondi ng nelting process. Such occurring, the
conclusion is that the experinental procedure used is
Mokecabte, talexpheibeghegadyantagaousybhenmmdyﬁaﬁthhenomena

nditigns that a sol-gel pr $1Qffens
u%ques?gonabIOQQ? ove‘%3 aflgﬁ gbj?@daﬂ”§ﬁEQ%Pt of doped

spysgaﬂlmzaer@nlphenenenaSQBSenvedlab tbasegueheehygpothesis
U@e u‘hgg{l%l Ho%ﬁtlrée %01@ct1%@3%ei%ntg ein el er ﬂnQ{:ér?{if during

consistent W th the sinple hypothesis of unboun
ﬁBBlFBeﬁ@ﬁétFé§aEm@§§ﬂt in the material during the

thermal treatnent. The applicant has now di scover ed,

trhat aidpliisap@sshdd enbR MeIRE JMSt t 1ol muybﬁ;a¢és§iﬁae to

robl enms describe r art
RERaPERELAERG dORLdrartT calh hoEea ) ofni JifFiped in the
neM-yeldlepeliopedrpr bnessnbésetduessgntibaktysohiaar gégskes, by
t he - I
bBPZYSy" 40 R Hieve PoBSE) BLERERE iRy YLy on &
kBeEever thapnghhehsegavgasedbntandckigyearhpracpdnbonding of

phenonrRacabseryedrastransagdenaetofotReckhenaalel .
treat ment of doped sol -gel materials are consisftent

whit the si hypot hesi s, of un moi et |
¥reserers na R LR FPRgP oLPRsFAOL it bapRoRfEnomena

dheehppli @antcdre=qlaa eaf i zbd tm@kmdnaﬁMﬁntmﬂﬂtg@f doped
LOYEOLL VB ELERt Dok, SR RENEDLADEHPLYRE BFRL 8% Boneets
Nﬁcm@@pumﬁbté@ﬂrhhtm®seb;¢@rphesenbjé@tumhecﬁmtﬁelal during

phesentrhayeptboemand specially of High -
Radi oactivity Liquid Waste, for |ong-termstocking in

appropri ate storage sites
gp &Epl%cant hé% also realized that the same sol-gel

inventive step that can advantageously be applied to
Optics can equally well be applied to wvitrification of
Nuclear Wastes that is a further objective of the present
invention and specially of High - Radiocactivity Liquid
Waste, for long-term stocking in appropriate storage sites

for which the process is particularly indicated.

The basic procedure is the same and includes gellation
under appropriate conditions of the appropriate sol and/or
of the original liquid waste, control and determination of
ionic species present in the liquid phase of suitable aqua-
gels, recycling to the aqua-gel of the 1liquid phase,
properly monitored and eventually modified, immobilization
of the ions of interest in the aqua-gel itself, as well as
final treatments of the doped gel, its vitrification in a
monolithic body utilizing any know technique, from
monolithic densification of monolithic aero-gels, to

sintering of aero-gel fragments and/or xero-gel fragments,
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for which the process is particularly indicated. The
basi c procedure is the sane and includes gellation

waeaen1appropri ate conditions of the appropri aPEr/BP1006/064995

and/ or of the original liquid waste, control and

determ nation of ionic specie§ present in the liquid

phase of suitable aquagels, recycling to the aqua-ge

of the liquid phase, properly nonitored and eventually

ﬂedithed méIﬁﬁﬁ@lidfuiaﬁrd#gdﬂuadnmﬁbrofxbmbegeit fRagments,
%h qua, Q: sehc cﬁﬁ S fi gésége%tneq}s oés nce of

?ﬁe 8ope§ | S V|?r| Seton $1h3 nnnoflfhlép%od§

bhel iszimey any k@bmdtéchgmqueﬁ fpmmnamhﬂiqﬂﬁnﬁqﬁﬁamd mixed,

beahLon;ghi AOAGL! bLEaaela1geksyiho sintering of

aero-gel ‘fragnents and/or xero-gel fragnents,to the
nelting of aero-gel and/or xero-gel fragnents, eith

FRTt hBCapséRc&Tofclehey dita s§%éh%¥e|%e§+%%%ng%rth?héonteSt

s@nmeheaprsgkht pragAentpplpeepevhytpei ndedorndqgm xed,
or as liquid nelt relatively fluid. For the sake of

clarlty it iseaere d@hlnggrfor t@e conje st g{néd rgn a wet
present pa]i ent appﬁlca ion THe forY oW n ero-g
the porassl, dey gektobtaioed bﬁomt@amﬂl{gﬂl®y phase under

extractiqn £ {4 léﬂ?é?c?h@§8aﬂ”@§y ﬁfﬁ%%fééﬂﬁ%r equivalent

supercritical or practically equivalent to

super cri%q ciPe@rid-ig@ lias the porous, dry gel

obtained froma wet gel by evaporation of the liquid

phase- atXeélid'FQ_:ﬁepLher laG ptiesspbeoas, atdr@’ e§éL|f ®btained from a

subst ant i y Io r than su rcr|t| nol

Soro- oIl FFIaePY. BT RPERGUONS r4h; UFHS o iBrisbkease at
even nlGﬁMﬂﬂphﬂ@gcapkessorandergatsmmnaﬂﬁndIyubethhéially
process { ¢ e. theoretical val ue of
density 8{ eg'ﬁct ed' fsq%;é&ﬁre oéralr}ul ation of that

naterlal _
Monolithic aero-gel as an aero-gel without

fractures or cracks, even micro cracks, able to
undergo successfully to the process of
densification to the theoretical value of density

predicted from the formulation of that material;

- Fusion process as the melting of the material to

obtain a monolithic body of the same;

- Sintering process as the thermal treatment of
powder materials, typically ceramic or metallic,
often crystalline, to obtain a single body, often

porous;

- Densification process as the thermal treatment of
amorphous, porous gel, to produce, through wviscous
flow, amorphous material (glass), of theoretical

density predicted for the formulation.

Alternatively the dry gel can be inglobed in concrete

artefacts in the proper proportion of glass to cement.



- Fusion process as the nelting of the material to

obtain a nonolithic body of the sane; Sintering
w@emcosEsas the thernmal treatnent of powder nePET/ER1086/064995

typically ceramic or netallic, often crystalline, to

obtain a single body, often pérous; Densif ication

process as the thermal treatnent of anorphous, porous

gel, to produce, through viscous flow, anorphous

matrerd idda dtglwassivastek, t hebset ikralw dessitycpsedi Glaettes, are

}‘grﬁé ieod‘:]lcc rir(fl'lel ats'u%n'ta'g‘lcie%{,na Illé{gl y(}a{qnhengq:y lgeel u(i:alrlibzeed any

gl obed in conCrete artéefacts In e proper
pr dportheon offhglassusto beneptoRad] pastiorediasteslisgieed by

knoy @5 ucl @ Wast €ye A& %@giﬁa&%é(ﬁeéux@étéﬂﬁént and to

that can not be utilized anyfurther. They nust be
pr ot 15t ored or disposed by with all the care due
to avoi d damages to anbient and to nen ki nd.

RadiBicid ael wastves tean bansobédssolidiyl dsliefuigRsesr gases,
produc ucl ear

d nong ot hers, by | ant s, research
certetiicatl BYCPACoTEs opddY LRRPLEThe bk min ARGearch
condinttieors ,ngandl bydi wattio veotwastesyusespeciTald yttdmtment and
i quidy: i gh-radi oact i viqt: S, te
t ecr A ET 080 rbibalRILES, MU © GO Ly the
speldigliided Bophtrradsoachevetyt healsdsise prodrermte complex

ar iddithdremaper abpg18hant s iy t hgrodal eafeduitle  highly
processing 1s the need of storage for long tines |ar ge

quat§HHF's 25 | i PRHEEHRRE es EBRt aitti ndthe PFELF onProblems,
pr attictisnpf ficani Wineatad iplqut @liawds | Fogenehal hec®ar fuel
Suc@é%ége%}neng %ggs%@g&ir&co ggntrating]%pd times large
su sequenstjl yg stori ng in Sui VabP e®shT &l 585 cont%hi net's g
t hayoricidntasat edf nat el wmestes containing the fission

products of uranium and plutonium.

In general terms such a treatment consists in
concentrating and subsequently storing in suitable
shielded containers the concentrated material until
radiocactivity is decayed to safe levels. In particular
for 1liquid nuclear wastes of high radiocactivity,
originating from the regeneration process of spent
nuclear fuel, the residue after concentration and drying
are stored in suitable containers and eventually housed
into underground deposits, properly shielded by thick
concrete walls for long-term stocking sufficient to

decay to safe radioactivity level.

A problem connected to such a program arises from the
large fraction of contaminated salts, their consequent
water solubility, the associated mobility and the high

potential for spreading radioactive isotopes.

The remedy to the problem should be the immobilization
of the dry material into a solid monolithic body

characterized by high chemical stability and adequate
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radi oactivity is decayed to safe levels. In particular
for liquid nuclear wastes of high radioactivity,

w@edogiorasdi ng fromthe regeneration process of BEERP2006/064995

nucl ear fuel, the residue after concentration and

drying are stored in suitabl e’containers and

eventual | y housed i nto underground deposits, properly
shi el ded by thick concrete walls for long-term

st ad g sufnfddtiagritcatlo d&@a)istt(an&@f e ratboactiei t ytypically

level . A robl em sonnect ¢ e Q ;suc grogram arise
£ oI af e THEET o L hnt R e G cat e ferpe high
corssgduentcamdteart ,sol ulm | | tgyenetrfad,asso@ at ed m)beSIttayle to

an%’é?iﬂlégkﬂﬁﬂfﬂgdﬁﬂeﬁﬂgoﬁﬂﬁ*ﬁgkﬁgﬂr@gi9§€£ifﬁ a solid is
I sotopes. The renedy to th em shoul d
i mstiad 2 i b BrPahkowrgf N’h@%rfhﬁeim puldspifgd solid into

mrf{:&a@@u@gaygaegr@eﬁtﬁmg@ﬂi @Y%BsghTﬁaer@m01ency of the
111t an a tet herno mac anl c res| stance:

g e doter 18, MERT At e fr | AT Sthe  salt
booticeﬂ:eri-bwiesletrhé hieowe gh. sad ta coat eat, of nfgenesallt, i sven if

t t .
on SRSl 0,4 "LILEE! |00 PROVERLAROSA PPLORE U, o e
sulﬁdﬂd&jedlest@dqrdi i pfo dheadetpas e ands winstigadaf,aset  the

The, gffd &l engy Qﬁet heatOpgsierm i Q%E‘}Zbaﬁbf?ﬂt' Std heche water
hi ghest, when the salt content is l'owest. A's

matd e Gt f ddttedal tdlsé@éﬁ’%nfglﬁ&lol%&laéf&sl hPEhghgesa porous

r et roherhaal lwifor eixgendo the @drcf%déet week afoudr®l the
gI ass and con titutes, at the surface e materi acto more

WeHIE Pttt Ofo the WAEESat TRTR P ¢ ed| 8B vI'Ag
I edwebrdpghi Inidc aatgoradus. network that will extend the
surface area toward the interior of the glass,

OpeRidng, i&@? dger t¥ay HtaFREKe ALAORINd G At t AcKsy
The ori g]|: ﬁe pro Itrem rests ups?&eanﬁ n %g © process
pr cdeszpent - fuel treatments that depend on dissolution of

the fuel in concentrated mineral acids.

The high acidity of the original 1liquid waste 1is
partially controlled +trough a stage of evaporation
and/or a successive neutralization by soda, but the

result 1s more contaminated solid mass.

For these reasons the high salt content is a general
obstacle, commune to many techniques of wastes
inglobation, from conventional vitrification by fusion,
to sol-gel vitrification, to inglobation in concrete, in
polymeric materials, as well as into bitumen. High
radioactivity, the formation of the radicactive splashes
of hot wvapour, the poor thermal conductivity of
crystalline salt encrustations contribute additional
difficulties. Of course the problem of long-term
stocking of liquid nuclear wastes was extensively faced
in search for solutions. Among methods and techniques
used 1is worth to mention concentration of solutions

exploiting the thermal effect of radioactive
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of spent-fuel treatnents that depend on dissol ution of
the fuel in concentrated mneral acids . The high

waedodiotwsof the original |liquid waste is partiBET/EP2006/064995

controlled trough a stage of evaporation and/or a
successive neutralization by 8oda, but the result is

nore contam nated solid nass. For these reasons the

high salt content is a general obstacle, comune to

marde da@gdu iqlies ;of unest esnatigl pbakiveralf n@ars are required

o 5%“%8?%'EQ%ﬂHﬁ#ﬁ?Iggnﬁg%dﬂég(¥%s£ tgp!_%%her methods
vitrificatronm, to ingl obation In concrete, in
polwearesy iropsrd allsyt ashekr | apslintoidnt nemaingi ghnfined to

radiQactdyiddnid he fioy natdon indhe dainachive

spl ashes of hot vapour, the poor thermal conductivity

of crystalline salt encrustations contribute
addq¥hdihfiS i cul ties. OF course the probl em of

| ong-term stocking of |iquid nuclear wastes was

ext ensi Blegy dAaceidesEare wdtadr sl wld knsconAratd blocks:
nmet hods and techni ques used is worth to nention

Concethég%fﬁ éﬁt%%géﬁ'gpstgxg-giﬁggg Qﬂ? 5@@{%?Lmetals and

effect o adi oactivedeconposition; unfortuna _
sever al Sueages siree rasghd readt Qs tdfi Shechmdprts obtained;
produce results. O her nethods were proposed, but

t hei r_ appldgctd @bd erBi neewrfd ngdqgt asyeduced,scahg18bation
to experjinmental condition.” Anobng these: Use of

radi oactiV & t%r to nake concrete bl ocks : Zeolite
treatment to fix ions of active netals and successive

cal ci natisens aff tdeenparsdduuct acobt-gicied; thvapeaat i antbo pores

dryness r%ncgiosa%ccci esi Ve |]_f}.LgE{lo,bati on in glass; Use of
conposi te aero-gels T rap ‘i nto pores radi oactive

mat eri al ;
- Evaporation to dryness in metal crucibles

maintained at relatively low temperature;

- Sol-gel vitrification of 1liquid nuclear wastes,
either of low radiocactivity, or of low

concentration of radioactive isotopes.

All such methods maintain connotation of onerous operations
difficult to controls, need of specially equipped space for
managing huge volumes of products and consequently high

transportation cost.

The applicant, in the PCT-application WO 2005/040053 has
described and claimed a sol-gel process, that includes, in
a succession economic operations, an accurate action of
mutual disposition of two non miscible 1liquids for the
control of gellation and an accurate regulation of ph
during the hydrolysis and gellation stage, that when
applied to the gellation of the liquid radicactive waste,
could allow to obviate of all the inconvenients in the
methods described in the previous art, offering potential

reduction in the cost of separating the non-radioactive
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Evaporation to dryness in netal crucibles maintained
at relatively low tenperature; - Sol-gel vitrification

w@booziogus4d nucl ear wastes, either of | ow radi OBCL/ERI00§064995

or of |ow concentration of radioactive isotopes. A

such met hods nmi ntai n connot aPi on of onerous

operations difficult to controls, need of specially
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aéBEEC nt., fr F PCT aggl cation @D 2005/040053 has

a 1ve 150
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th
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WmShoot sapﬂwaaimgIWHelmwn fadiicacdi el awgut dtbr croghidmre the

?Ekébeg?oac@”s prf%&ﬂ&d'”pk&? eWagl-gnang; peﬁhg"¥aﬁﬁ8gbtive

tive I sotopes mtation o
bﬁ@é@@@sfoﬁnaébﬂléb@lMﬁrﬁéuﬁuépéaplﬁéépésvpff?FEdabVoﬁquld

wastes | 8gknhof éoH€§h§8h§”hﬁ@ﬁtﬁ@ﬂbhanuﬁhéd@@hé&doﬁhase to
ui d ghase to the optinmm conditions f

EHEHW al - Bt F@Fe%&ﬁm%ﬁﬁ¥cﬁﬁQg%%%t8ﬁtI&ﬂQWﬁPt cat-
mbnglnai svasde h@twmmdejnetmnékgbn tihe gek. pltkiadid by the
such Vi sion LS def'cuI nto.a h ve 1the : d
FSSXSe?y oFOSgﬁ auudaﬁH%s%e ron1a|F“?E¥ Saloliepiygring an

appropesaten maldi fiilve tiam owus tbemmxﬂuudﬁphﬁﬁawpxb$@nted by
%hgubg ﬂﬁé&ﬁ% ofSHRA éuEQEBE”#QﬁénédQ?b§359918ﬁ the

[ qul ase to optinum con I ons

chen1ca|-bond|ng of relevant cat )
With reference™ to the general meaning of a sol-gel

procedure, the term gel means a rigid or semi-rigid colloid
containing remarkable amounts of 1liquid. The particles of
the gel are 1linked into a tridimensional network that
efficiently immobilize the 1liquid: therefore the gels may
be considered solid substances, more or less plastic (non

crystalline).

It is known that the gel formation is generally carried out
through the transformation of a colloidal dispersion via,
for instance, a viscosity increase because of chemical
reasons, or initially physical reasons, such as an increase
of the concentration thereof through the solvent partial
evaporation; a more common use 1is made of the sol-gel
techniques, which mean a wide variety of chemical processes
wherein an oxide 1is produced starting from a colloidal
solution or dispersion {(called “sol”), such an oxide being
simple or mixed under the shape of a tridimensional solid

body or of a thin layer on a carrier.
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ions to oxide network in the gel is now provided by
the recycle through the aqua-gel with anal ytica

worenwrhoussag and appropriate nodification of thBCT/EP2006/064995

| i qui d- phase presented by the applicant of the current
patent application. Wth referlnce to the genera

meani ng of a sol-gel procedure, the termgel neans a

rigid or sem-rigid colloid containing remarkabl e

amnugé$ Ofpddc@usise.s Thﬁ:eparthél esbgkcthe el seeetahkegatent

tidinensignal_network that eff|C| nt | .
uEQ%cF£1othe | % (fr%hgfe oreXFﬁgl 3% ﬁ%?ed in the
tohdpdéngd J8i d, §Gl§s@éﬁcesUS nor, & 8, 0I4@ss @S as4t,|8d0(, ;7 US

gryghahkhneys. sl bohsgkpown that the gel formation is
generally carried olt through the transformation of a

col l oidal dispersion via, for instance, a viscosit
TRer eadeepécfifset® eharidarn ﬁ@é&ﬁ%@n%nlﬁrﬁ%?%}ly selected
PhYAGCaka f €A 0NSl cShETs ason hiyiiease o 1tike mixtures. The

EORROTAPFonT-K Hor BoEBmbh. U851 LopdaRoBPoEReoabF2gepuch as

héthatqees chwbirdhesgpanmca tattes , vanicet yi fof tlohemdcal common use

dyg
ol i oo bron o P She T epPadaofiGon -
ghesride Beity dihepl éle@ﬁlm Qéd ruw@ll@h@ staper of R 1S an

LhdhBRnS Qaallcﬁql i G sRRAY Orf fm aard haﬂcémrarc@ntgmmg from
carrier. Sol - gel rocesses_are the object of several

BaEer pﬁfﬁ‘m C%?]F P, 25RES Ar @7Fon e%(%mﬁpé yedericsePs - The
mhetfﬁkEQMEﬁg1yUSséd5ﬁéeeﬁﬁsoH§ 4re80c048imeUboxyorthosilane

810 074, US 1,767; .US 5,207, 814. The solv of
%HnowPartlng s%¥%$|ongayéngsua$?y séFE%Flﬁ‘aw%ﬁSBEHﬁ4 and
wateacthbgyhotboeilhpdr dkaloowhol s cTEDRY uhes/infhethe formula
ggqﬁgﬁsgﬁg ,my be nmetal or netalloid soluble salts,

such as ni'trates, chlorides, acetates, even if the

nore conmon use i s nmade of conpounds haV|ng t he
Egﬁer%}rqtbrﬁmagqv(oélq)amso -gel process Is the precursor

hydrolysis by water, that may be the solvent or be added in

the case of alcoholic solutions, according to

M(-OR), + nH;O — M(OH), + nROH
(1)

This reaction is generally favoured by low pH values, lower

than 3 and preferably ranging from 1 to 2.

The second phase is the condensation of M(CH), previously

obtained

M(OH)n + M(OH), — (OH)p-1 M—O-M(OH) -1 + Hz0
(IT)

The above reaction, covering all M(OH), species being in
the solution at the beginning, produces an inorganic oxide
polymer having an open structure, whose porosity contains
the starting solvent and the alcohol obtained under the

reaction (I): this inorganic polymer is defined gel.
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wherein Mis the netal or netalloid atom -ORis an
al coholic radical (usually froman al cohol containing

wo ewmoonss t o four carbon atons) and n is the VERABRE®0€664995

M. The nost frequently used precursors are

t et ramet hoxyorthosi |l ane (knownl as TMOS) having the

formula Si (OCH3)4 and tetraet hoxyorthosilane (known

as TECS) having the fornula Si (OCH2CH3) 4. The first
shagedefr at@Obeg@lpppfl@EESSni shthenaprsdeuds sprady dmahysasture,

r. tha he, sol vent o e add t he
Pl 05T IPEOnaTI B L8nuPoRS SECEPArIG L BIMIGR) UL Phase
pE26efit) IMsOHfe hhe pREEIS(D This reaction is generally

favoured by | ow pH values, | ower than 3 and preferably

bﬁ@@dﬂyﬁifnhétﬁdels-WE%S%QQQQDQh%%%ﬁéki{@bn a_ dry gel
condensation of kErewously obt ai n

rPERf nRd (rt)he(fehoy nls R egorgelip T(% q4ﬁ Lad,geople
kﬁ?ﬁ: ittt caxtqﬁr ngg:oanle_ll\/(ﬂ'bdlﬁlcdﬁﬂ@@l es hettgendl § halfflcult
sol. uti on e_begi nni n roduces_a an
BB e onEbP ng SR beR=Be HBF i 5L T ERBERE poPHeFpy Rt drives
ocont@&ienspbhe starls ngusdahgeruheandvaperatu:oholtlruakii aspmdtimes
ggggkoghghée?gglon (1) : this inorganic polyner is

gerl.

ef1 ne n order to be applied in the nassive
glass manuf acture, the gel nust be dried by the
Q?r@@@ﬁén%}qeﬁqﬂ¥4WQnW%Vpﬁ%s@r9ﬂ6§@n@er9Qﬂ§t%% based on

Eﬁée%ol%@tdrsﬁp&:dﬁttﬂ@éll Sod @id@ﬁl(ﬁﬁlﬁp@k@ié@ﬂloﬂ dry
?( obtaldg%%reb Is.called "xgro-gel" di
Ri-PI & %hatTEhEPREPo-el  PTH u%?}%n |§CC°r 1ng

ewtthﬁehypdrﬁﬁncmbhlodmygngothhegSEVpbab tapulibaly brought,

?hé?ﬁgthss&¥€aﬁf Veﬂéuéﬁé¥§§e§” the pore vl I3, dusiig  ang

e evaporation that sone
temperature values higher than the critic ones.

Consequently all liquid volume passes from the liquid phase
to the supercritical fluid phase, and the capillary
pressure 1inside the pores gradually passes from the
starting value to a reduced value, so avoiding the meniscus
destructive tensions, that are caused by the evaporation,

typical of xero-gel production.

The solvent supercritical extraction technique is
described, for instance, in the US patents No. 4,432,956
and 5,395,805. The main problem thereof is given by the
fact that the alcohols, usually present in the gel pores
after the formation of the same, have critical pressures
(Pe) generally higher than 60-70 bar and critical
temperatures (T.) higher than 250°C. These critical values
force to use extremely resistant and costly autoclaves;
furthermore, when the gel i1s shaped as a thin layer on a
support (for instance in order to produce an aerogel
dielectric layer as one phase 1in the production of
integrated circuits), the alcohol and ester critical
temperatures may be too high, not compatible with the

carrier or other materials thereon.
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destroy the gel. One other alternative way to produce
dry gels is based on the solvent supercritical or

why@encuss i cal extraction: drygel s obtai ned t heeEBp2086/@4995

known as "aero-gels". According to the hypercritica

drying the gel pore liquid isl%drought, inside suitable

autocl aves, till to pressure and tenperature val ues

hi gher than the critic ones . Consequently all liquid

nolwaye passesrtonm tdhe |pepbemphasastetshén exchanging the
upercritical flujid phas and.the capill.arypressure .. .

THERAE" bire 5 @2t BT T 5 BabbEs FIOAT O aft Thet 1iauid

baviegt d avereducedi val uepnsbaavoi dipeg ttilma lmedivscus lower Te.

98§Irfﬁgﬂéﬁbéﬁnﬁkon§s Al i@he Cays epypéﬂganﬁe(lr hexane,

evaporation, typical of xero-gel production. T
§bPYERE Supertiesiehl 2RREF ad0V of- t RchAFEORT| §xchange may be

deserbhedout oryifist afice,i duerdtRiildS Ppatiarfus 0. for instance
4,432,956 and _5, 395, 805. TTe mai n robleg1the eof is 1
§FGER By Phe fACT EhdF"thelaPESRGRE Sushaf| 9eﬁ)r89éﬁtso vent

in theegel ypexedbaaigker wid faoormmat imrotoic t el sane, bhdvee any

[tica es (Pc) generally higher than 60-70
égkagﬁdgggggﬁggﬁ'tenperatures (T c) higher than 250 0C

. These critical values force to use extrenely
pastst At andt cdseisf autdckFheeLPian hef ndr elowmhéampReature

geh thsasharedaas idnt hithd avercnia StPOite (588 temperature
i nstance in _order to produce anzfeéogg% diele
fon .

Li.c

VayBrSastohl2 phas et ¢ #PE Rl B bYu iﬁ’t‘@g?it@d At these
chladgbt $he diecnl cohol cartktesicari gr itdgabe carried out at
%engeéa%urgs ngg be too high, not conpatible with the

E3rPi &FBPE8FHEP - mat eri al s t hereon. A way to overcone

the problem consists in exchanging the |liquid of the
Bbeegedsefiiorehy he esupcastiidrcal t xhracqupd lodvitiye aquagel
hQWek oClhjct icelr iGN ANt R | CathPE L ¥t @rd VBT £ Chrevent in
For instance, it is possible to use pentane or heXxane,
multioxides aquagel segregation of one or more components
which would lead to nucleation and crystallisation during

the subsequent thermal treatment (densification).

The advantages reported are substantial in preventing, or
at least 1limiting segregation during the supercritical
drying, when temperature is strong co-factor together with

the liquid phase, of the molecular species mobility.

For clarity sake, we should recognize that the temperature
required to get complete vitrification of a gel,
essentially silicic are such as to cause crystallisation
into samples containing mobile dopant components as, for
example, unbound molecular species. Crystalline titanium
dioxide, for exemple, either as anatase or as rutile, is
frequently obtained in the densification phase of gels
derived from sols containing titanium alkoxides; however
the extent of the dopant nucleation is substantially

different depending on drying conditions: it is maximum in
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showi ng Tc val ues of about 200 OC . A further exchange
may be carried out with an internediate liquid, for

WO pwvamises acet one, or, froma general procedurBCT/EP®06/064995

gel pore solvent is directly exchanged with a non

protic solvent before anydryilny operation. Last, but

not least, is the option of a |ow tenperature critica

extraction. The critical pressure and tenperature

uakuegemfd€§8daae Bespecthvehy m2n9mamminagd13d@Ged At room
se vglues tse sup CLitic extr ctlon

em er e01 edn§ MES
carr at"room Xpera?ure 9The reason V2 a

supercr[tlgal extraction of the aquagel has to be
garelgdibuisapossdm eetpefal ipw pemeoophevenptinns to carry

HHU' Q?Héjessﬁﬂ@i‘gﬁhtf‘ﬁ@gﬁeg%ﬂﬁr}lg})f BR8P’ MY&  favourable
onponent s whi | ead t'o nucl eation_and

EPQ@%&PPPéatﬁ@ﬁ &mﬁﬁﬂ?qqﬁa%@bgéaﬁénPUFhéﬁﬁmsame in liquid
kéﬁahnaablbqe@aﬂ%udaﬂldaﬁdltiaﬁ%znm@ﬁnmmm@ fepoent&fle than

B cfaTPan aar i 11y THE St | aPeLtcaFPHg StinaRDd/ 0244323

hanpegatheetuSlstFMaghod fact bhet pgepheatwbhhofheero-gels”.
FSHthEBREG’ £Qbm! hﬁa?gé‘éc%ﬂ%vég?ﬁhat : bi LLh¥isFQht  with

arit shou recogni z e tenperature
P@G@ﬂ?éélﬂﬁ d@@xﬁbngpéﬂécat@pnﬁuddiu@ﬁr@rgalgeliFor example

efsontihal by Hindd GarensSHed- Sl S £AUSEd catalysis fields,
crystalllsatlon i nt.o sappl es contai ning nobil e dopant
e8mpGileht 8Sasat féfﬂé%bngﬁ%er%%%bﬁﬁﬂs cEF%rI§$%i§%E9OD of
Glystakl bie gllatsanicematiies;d&u ftdie rexarl the i ¢herb@sused as
anatgs s rutile, .is fre uentig& %) ned in the

AA3LERELRY, Raveuk oBvipt SIS A HEIOEErLE fstant in

tbatarndngtuonanﬁumnabkoatddsplhoueVer t he extent of
the dopant nucleation is substantially different

ﬂ@ESBQhHQ QQJdEMén@é@@yﬁﬂédnﬁktﬁédéfo@?xh%unis furthermore
i naer 0-gel dryed , It 1s mnimumin gel

BPyedAe F6bn9¥%ﬁﬁ%?af%ﬁq911é§§edV%|P?tﬁﬁeééﬂaggé?aterlal by
goliedngntEPsol into a suitable mould, or by making of film

by pouring the same onto a suitable carrier, or also of
composite pre-forms for optical fibres. In this case, use
may be made also of suitable doping agents that are added
to the base composition in order to achieve a suitable
difference 1in the refraction indexes among the many

components of the same form.

A sol-gel process can be also utilized to recover and to
stock the radiocactive wastes such as, for instance, the
ones described in US patent No. 5,494,863, or in the WO
2005/040053 according to which aqueous effluent solutions
of radicactive substances are gelled and then suitably

stored.

With reference to the above application, to the optical
glass widely described case as well as to the most of the
preceding utilizations, the gellation phase does appear

very important, since the gel microstructure is formed



10

15

20

25

30

35

Surely it is possible to foll ow sone other options to
carryout the supercritical drying under nore

wo aontabl e conditions: for instance, to carryPOUEPI0h€064995

same in liquid xenon having critical conditions also

nore favourable than CO2, accotding to the patent
application US 2005/0244323 having the title "Method

for the preparation of aero-gels". Indications from
gaeketinsuavayi ngear eectenshst esbmpbkhtpohentbakkeypbraadously

3BRLESENLPNS Of, Q8L0: 06l o0 FOL EXAIDL P, § Y, 680, Dengucerial
arned a &r b- acolstic dhd cararyst's as elP
aseat obei agnphe ersedli li®es iaftdre prheductivdmaoof ogl,asdés any,

85n95§§§a€§5ﬂn1&ﬁeriﬁgéﬁernﬁfe EheMDSQH Q§uﬂ§th§§ gelation

I nsul ating layers having a very |low dielectric
EbisEant | ALTREtPFBducERBReSf FAtegFBfedsSempcufigctionality

?ﬁ@?ﬁdkng tadt hQ_sdleS;G:trliiﬁeﬁlgthQd(&rﬁlgélr%%é ISr to suppress
r er nor e 0SS e ro C nonol |
FﬁY@PE@EFﬁg %E?Saito §hgoEP§ﬁaqPﬁ8t38F°§HFBs Therefore it

sdiyt i e fubdathenara Ibythaki ntheof ghilllmtbynpolmvapvése all the

g‘f}gglg_ m% ?—\.osr lllll ta:p]fll eFﬁgr rh J:‘oll(g/rs z?ﬁljls}%u‘% C?HB%SIatte t}Bee very

optica case use )
hEQenaugg,ofogultaﬁleaﬂﬂﬂdmgqxﬁnﬁ@alhmt h@@eaddb@ tprovide

EB@cQ@%@ ﬁ?HB@§tEantbntﬁéd§5n59 BeBHE%E 8nduthabl Bo one of
ference in the refraction i ndexes_anong the many

éBﬁBoﬁEﬁFéeéfb?héeéﬁﬁéeﬂo?ﬁPmAtgﬁlg@élSEFB€§§§ecaHeEéuse of

ali speut lﬂllgbedcdrcbéraﬁmOra,ndoto tsboGhdhe sesbogeioNetimes,
wast es sugﬂgr for inst he ones desc bed |n u

Bat itY N3 4GR3EET P 1n VO D5 oh fails to
gtver dcogttrobuhioh agoeotbeef Flinemt gbhssiopsopértles for

ERQ‘CQQSE %ﬁ%@ifﬁ'har&%%s oS em%&é' 8¢ and t L S té‘%]}’e doping

store erence to t above ap I catl on,
eHenspti cAke dlegss off dé\\ﬂyclue@,@ml%euré%@r@@lwewmagomse the

bbepaPetc8f bheor the radioactive wastes that, if going out
from the gel network, could provoke strong environmental
damages; in the peculiar case of the optical glasses, an
underlining has been made on the problems affecting the
current sol-gel processes with reference to the preparation
of massive, doped, optical grade glasses, whose problems
are the reason why the very sol-gel techniques fail to

produce commercial grade optical glasses.

The applicant has now found that it is possible to carry
out an improved sol-gel process that, in the specific case
of the optical glasses, avoids the abovementioned problems,
as far as the doping agent loss during the aquagel liquid
phase treatment is particularly concerned, and that allows
to prepare gels having a composition quite corresponding to
the wished purposes, for instance comprising all doping
agents foreseen to obtain a high refraction index and low
dispersion glass, (high ™“Abbe” number), or to obtain the
optical fibres core, or also to obtain glasses comprising

all radiocactive isotopes in the case of the radioactive
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preceding utilizations, the gellation phase does
appear very inportant, since the gel mcrostructure is

wo eoomed4ber ei n and the rel evant conposition  PCT/EP2006/064995

cont enpor aneously consolidates in view of any future

utilization, industrial use drSsinple storing, after

the drying or, if any, densif ication operation. It is

known that the gelation fixes a structure, causes for

whetsamerdamedritgnak ot to heseofe and iﬁeﬁdhidl:&lraﬂﬁloactivity
nhan or, o s ess advanta es .derive

EoRSoqaen ieopagee AREHAARN A VEE Fln e o the

ehaurphmegellatlon invol ves all the speci es present in

the hydrol ysis phase just at the very begi nning, or,

Tﬁe?ggggeevgﬂéuabk¥sEﬁEer159eﬁ£98hder§@§€bg'Cto a sol-gel
properties to the final product and that no one of

EE@ﬁe§5eéPe§’hB€hr HNEaRAF IR tIR! gl @R lucetreange and the

getauss iely eﬁéweeabh:gedcwmeraf@ét oA, c@rrdetm shetitoring of
tion n,an

EBhoeBuairry L TRRsapnaty o2 Chec AT PRE AR onoETY, pig s o e
ﬁhnaltgbasalara@mpunﬁntécﬂf|tméamnegrmmmedoﬁocmulbelon are

QSVSESEngOEEkgé' ElPES 989 ggggﬁe prthe lack of

|ch coul d”irreparably conpr operties, or
of the radioactive wastes that, i f %plng out fromthe
fel sHer Wor Kiwdd dPhe e ok BtGghg SERGMEonhentegemplified in

dagagesi,i phtheipeeyki akqeasesof the optical gl asses,
an underllnlng has been made on the problens affecting
%P curr sol - rocesses wth reference to the

SIS rgQﬁl &-Coped, optical grade gl asses,

whose probl ens are the reason why the very sol -ge
Eé@tquartml# abrreaongpdoducea commersi dlo gbadeiowﬁi Caiside the

q%&gﬁ: Ahe applicant has now found that it is
possible to ‘carryout an inproved sol -gel process that,

in the specifjc case of the optical glasses avoi ds
Phel sy erRM oMUY pPBbIERT  asrearchindhe dopi agmpling” -
ageryr#'gss during the aquagel liquid

4) Outlet wvalve;

5) Acid resistant pump;

6) Connection;

7) Inlet valve;

8) Reactor rapid opening flange.

Of course the scheme of figure 1 1s reported by a mere
exemplification, to be used on a laboratory scale. To scale
up the same to an industrial use means to use a more
technological one, comprising suitable mixing zones after
the inlet(s), that may be located in different points, as
well as some analytical sensors on line and an automation,

that may be also throughout. In the case of utilizations
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phase treatnent is particularly concerned, and that
allows to prepare gels having a conposition quite

waeenrespendi ng to the wi shed purposes, for i NSPEIER2006/064995

conprising all doping agents foreseen to obtain a high
refraction index and | ow di spersi on gl ass, (high

"Abbe" nunber) , or to obtain the optical fibres core,

or also to obtain glasses conprising all radioactive
EﬁobmpﬁﬁgiBaﬂheaca$ee0ﬂsbhepéadiﬁﬁétﬂ§ema§tﬁill be suitably

EE n80.1 moﬁgﬁgggtala 1L S|dual radi oactivity
ron1 A qU| gseand’ preventlng it toreturn to

the environnent . Therefore the present invention .
FePamesitorangobfgeheprauagsli hlwhidhrrheepdssibreggélation

ﬁ@h!@%geéﬁﬂéegﬁtﬂﬂ1E/h€oH§hs%)’bﬁg are carried out
after a“careful nonitoring of the aquagel 1iquid phase

inthe gellation mould so as to be sure that al

Cofp AT 0% hé ph ot Hmed For Wit adisdr agrién mould to an
| r reanednsd i ystfdgeedd idthernviatey taguagelpodA tsiomltthereof,
quuid phase recycle schene is exenplified in figure 1

. A d :
aue: gl S Srvanged 1 8 ser s 16 be Gobed. | nerge " 0
I edutVITEL Moge) SHirtedlsos¢endht sons clier "tleryemmagilization

"sapldHY 3 qua gfglf "imeJ:)eSQJ_Ltr{getld{'?ié/es el d
resi st ant punp 6 ) Cbnnectlon 7)) InIet Val ve; 8 )

React or ra |d 0 n|n Ian%% course the schene o

Fi dur enge ﬁzp?rct %659 r & 1&0e b1 §9 i AL APPIRY béea‘Ctor

usedi lan tehd aiw:aiem yeaga €t ikbn sicaledghddie sanme to an

i ndustrial use nmeans to use a nore

- If needed, adding to the medium a suitable concentration
of a hydroxyl-derivates of the element constituting the

sol precursor,
- If needed, further adding doping agents,

- If needed further analyzing and recycling to the aquagel
phase and so on till the effluent resulted to be
suitable to the after gellation treatments, from the
point of wview of a suitable correlation between the
recycle liquid chemical composition/concentration and
the final product wished ©properties: such final
materials are of course a second object and an integral
part of the present invention, they being doped gel
products having predetermined characteristics definable
by values setting the same among the known most
valuable ones. Such values characterizing the quality of

the valuable dry gels generated by the process are:

- Analysis of the relevant metal dopants present in the dry
gel in the concentration required, that in cases, 1is

well in excess of 10% by weight of metal;
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technol ogi cal one, conprising suitable m xing zones
after the inlet (s), that may be located in different

w@einbsi4sas wel | as sone anal ytical sensors onP¢T/RE20861654995

an automation, that may be al so throughout. In the

case of utilizationsinvolvingadi oactive isotopes,

the device will b e suitably shielded and renote
controlled. The nonitoring of the aquagel Iiquid phase

Fn The gekkahing noekdsngtiabst anbival byacenskitly oho -metal

transferring liquid fr the .gellation mould to.an .
eSS a0V 1 o et erdhe. ERECEomIGS: tiTh T hatedy | testing
| f gveetigdiommdi fying the sanme |iquid conposition to

ensure nore suitable conditions for the i mobilization
95r£@€u§39§%eEﬂé“§¥é§éﬂ@gih@@hﬁiéﬁe%bQ§teS o Ng@deflproved
recycling the liquid to the dopln% reactor till the

gedrPed E6RHEBEFt FEMPFsSEBEchBE, follPwhBEdeRETaHAPRG T o

the medi um a suitabl e concentration of a
hydrorykpdeatvahes fofant heped@mendr chpdtbiUtbnglibessdlition,
precursor, - |f .needed, further adding dopin gent.s.,

D REeHF RIS okl v ndcang e cr T PBe R ving the
aquagébrphdése and so on till the effluent resulted to

b e suitable to the after gellation treatnents, from

t he pai pt —of oghew of a suitable correlation between

the recycle liquid chem cal conposition/concentration

and the final product w shed propertjes: such fina
mat'BIS %8 M at of CBburSB 8fsélorfdob] ect *andigh © Groups of
i;ﬂﬁ%?%ﬂ%dﬁﬁﬁi;ﬂeﬁi??iﬁEﬁﬁﬁﬁe%ﬂV@hiéOﬂgeth&y—behngalence, m
oped g pr.oduct s _havi ng .predet erm ne
ché?%%tgfisPVcsEde?Fna e)gyl€hlgés %%tf?ﬁg tHe ¥afe R are

andngtdm fmownradicaval uddle eams. BucHifékuest, having a

Chat AGLE| i 2idM T auahidy ©fyd he valuable dry gels

generated by the process are:

b) optional addition or mixing to the solution of the
desired dopants in the form of solutions or as
soluble powders containing the desired metal
precursors in hydrolysable form, selected from the set
of 74 elements of the periodic table identified as all
elements of groups IIA, IIIB, including the Lanthanide
and the Actinate series IVB, VB, VIB, VIIB, VIIIB, IB,
IIB, continuing with those of group IIIA, with the
exception of Boron, to reach Germanium, Tin and Lead

in group IVA.

c) Hydrolysis of the above said compound to form the so
called sol;

d) Possible addition of the oxide MO,,, under the shape of
a suitable morphology fine powder, in which “M” and

w I{4

n” have the same meaning sub a);

e) Sol gelling;
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- Analysis of the relevant netal dopants present in
the drygel in the concentration required, that in

w@2me®17456 wel |l in excess of 10% by wei ght of PEL/BEP2006/064995

The Leaching Tests that show practically no netal

rel eased by the gel under thel&pecified testing

conditions . Particularly the present invention

relates to an inproved sol -gel process conprising the

f olf)opfagropertad i opguaged ) Geepatadnon «ofd ancageedtisation,
or hydrgal ¢ohol ic sol yt.ion,, or. suspen3|on f at | east .

one c%%%%%na havfng t#eqPOrnuﬁ %%$§ ter meoe
Wher ecthisodledt - vohune tétpheeesdre4th aﬁdlsahle?oapsernal

of th?eE&SﬂE”prﬁﬁboghﬁa§¥§t?ﬂhuﬂdiﬁh&E@)?at'i0”

valence m can ORI, R and
are hydrocarbon radi cals, the sane or_different,
haﬁin@rénégﬁﬁoﬁ aﬁ&%l%ﬁﬂﬂ%dfﬁ%ﬁﬁ]FQ&)Q%ﬁh%ﬁgﬁm?Uld or the

opti oaablagdh:tee@no@r fAoX ity dr@lﬁﬁ§oéwp o ®f debeérmine the
desired dog g n thghfornhof ﬁg utions, or as s?IubIe
powdefSTBBHT ﬁﬂPn@“?h desFreYd>het P“ﬁ?%&ﬁ?%é?gs

hydrol ysable form selected fromthe set of 74

el éneRbssoblehe npatiifadiad itcabl eof demrhief | exhres akbpncentration

elenEEEEeQRlHESUD§nHAﬂKLH%ldﬁ%&uqkpgékg%r%anRQQQ'dgultable
e Actinate series | VB, B, VIB, VIIB, VI|IB B,

HB, cBAPARGIAGSW £ATt Hose JMRARiE A3 oMW (of t k&e analysed

exceptbancokpBenen, ihotheaghu émamty clnmyaegti@aﬂc),
in group VA c ) Fydroly3|s of the a ove sa

ound to-formth al | ed sol
oo PRSP LE G Bithe” Noh Shendartdith tRapdtoragiagel (step
SU|tabbé,mmmﬂtﬂ&ggaﬁenehpowdmmosmt3Mnc&eémﬁ andppropriate

to the desired final products;

j) Possible addition of a suitable concentration of an M

hydroxylderivate to the medium;

k) Possible addition of an appropriate concentration of
suitable derivatives of metals or anionic groups, in
order to modify or to complete the formulation, such
additions being selected from metal cat-ions of the
elements identified in the set of 74 elements

described in the step b);

1) Possible repetition of the steps f), g), h), i), 73J)
till the analysis of the aquagel effluent matches the
the parameters foreseen to obtain a final product

having the required characteristics;
m) Possible substitution of the solvent in the gel pores;

n) Gel drying; i1f under supercritical conditions the dry

gel is an aerogel;

0) Possible further treatments of the dried gel.
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"n" have the sanme neaning sub a ) ; e ) Sol gelling;f
) After the aquagel gellation and consolidation,

wadaroimams of a liquid (i.e. typically water) iPCHEP2006/064995

controlled volunme (to ensure a suitabl e external

recycl e of the aquagel |iquid%$hase) ; g ) Transfer of

the liquid fromthe gelling nould, or the doping

reactor, to an analysis step (to determ ne the

conpesirtian ad tihe fevenandncancamiarsat ic@ns)comfipdund having

Po?si bl ¢ nodi fication of the sanme concentration
ormula . . . .
determned in the liquid to ensure nore suitable

conditions for the imobilization of the anal ysed

ionic species in thé&aqudyel (OR)picakly cationic) ; i

) Possible recycle of the liquid to the aquagel (step

f) ks | laddies cagerhhe LyMQRId | Ofc SEERNBcANAPRELGRHIAE to a
to the desired final fr oduct s; Sjélﬁ) Possi bl e addi ti on

of SRS PAN €TcShcenttatidh of PROSY @08 dets vdpRants as

t 0 deelfe neediimms dep HHosdidde iaddiddion oflopanappsoputdbrs, or
concentrat.ion of sui.fable.derivatiyves of netals or
CASSRLLELORT One Dbl epRantigtf A8 BydlBndisist ofe the M
f ocwumpatindn ansluchibaediventngebdiang osekaet ed readm peeskent .
cat-ions of the elenents identified in the set of 74

el %%%Btr_%li%%s%bbet%é n ithe nstieR bih is%el%, %Ss'h@d%ol,ysis is
repetition of the steps f), g% , h) CI&T)ésC o).t

t hé’%%ﬁs@ s 35 ¢ Recafbage defPYueht SRt t B8 h¥igorous
parsiet ey fadapeate teo obime Ny asédpapht Hr oHYChyhayifigis from
th req%ii reo]c.characteri stics; m) Possible

subdts (4t 'sh- S t he sol vent in the gel pores; n ) Gel

drying; if under supercritical conditions the drygel
i sAagoadiogelto the invention the compound undergoing the

hydrolysis preferably is a silicon derivative.

According to the invention the added 1liquid in a

controlled volume, in the step e) is preferably water.

According to the invention the hydrolysis is carried out

at a pH ranging between -2 and +1.

According to the invention the Aero-gel is characterized
in that all the relevant properties are predetermined
and have the best possible values in connection with any
possible wutilization such as pore volume equal or
superior to 6cc/g, specific surface equal or superior to
1200m?/g, silanol concentration equal or superior to
ébm.e.q./g, Jjoined with adequate mechanical resistance
equal or superior to 5 Newtons/m? to compression and
optical properties rare in an amorphous material, like a
perfect extinction to polarized 1light at 90° angular
intervals, observable in slides with thickness of the

order of few millimetres.
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0 ) Possible further treatnments of the dried
gel . According to the invention at | east one conpound

whanornog4sormula Xm- M- (OR) n - mis added WCTIEP2006/064995

vi gorous nechanical stirring to a solution, or a

col | oi dal suspension of the ddpants as defined in step

b ) where in such dopants sol utions, or dispersion the

pH condi tions for hydrolysis of the M conpound and
sulizseguehingel Itat | onhar e dhnready opr eseh. Adeebdiged,t 0 when
t hecolnnsvteiq:tulc}:oegd ! nbit egogrbogggr o!p\{ISJ’SIeS Issi]tpi.rceocnedegigggde, is
acconpani ed by a Specrtic and vigorous Stitrring
adefguatax ttar tdarklby separat e the hydrolysis fromthe
gellation. According to the invention the conpound

under ggi gy LBehydi gh¥SksoRr 8f eEabl ¥oi § acphlicon
derivative. According to the invention the added

liquid in a controll ed lupe, in the step e ) is

pr ef ePEBF§Chat &R ﬁE@HréBHgtPolgﬂg M{@ntion the
hydrolysis is carried out at a pH rangi ng between -2
and- +thydréggdr dcogctatrheibnvénbimod thelAemomgék/gs
characterized in that all the relevant properties are

pr efet er i ped and have, heabesh POSELBLE Al UESAN ains o
connection W th any possible utfliZation such as pore

voIHﬁ@%aloRﬁi%%ergbﬁsﬁ%sﬁcct@? spetitie shppade aquagel

eqURAImfY s ISURS | 08 h8a 120082 9tepl kanolLancedd@ié 0 of Al
equal or superior to 6me.qg./g, joined w th adequate
mecHadic e 8@ st Gve equal or superior to 5 Newt ons/m

2 to conpression and optical properties rare in an
anrquuotdsi mat epi athe | iikecatpenf ext sdxtiiqact gbasso doped with

Wﬂé@dﬁ%§%¢ﬁ9h£sa&eﬁgnégggk85 S t%ﬁ%@&>e opse %f@%@s'@alues

slides w t hicknéss o e order "of “Tew mITTnetres

. Actior diafgraas-itee  ilmgdent | owwasiveeter @tgelthewnépdium d-line,
(587,56 nm.), consistently equal or above the figure of
125% with respect the wvalues of conventional glasses of

identical formulation.

The solution or colloidal suspension of the dopant as
defined in step B) can be introduced as a modifier of
the liquid phase of the aquagel as in step K) and then

processed according to step L).

According to the invention the compound used in step a)
is a suitable silicon derivative, preferably a silicon
alkoxide, and the solution, or suspension, comprises
metal salts in the presence of free mineral acids at
concentration 2 0.5 mole/l, when applied to the
vitrification of 1liquid nuclear wastes to safety store
the same by ensuring a very long period stability

thereof.

Further subject of the invention are glasses produced by
the vitrification of liquid radiocactive wastes

containing metals, including radiocactive isotopes, as



10

15

20

25

30

constituted by non-doped pure silicon dioxide, is
characterized by: - total pore volune from2 cc/g to 8

wa@evog/o1Hssur f ace area from 300 to 1300 nR/ g, -PCHEPIIRY64995

concentration from2 to 11 mnole/g. According to the

i nvention, since the sane aimlto produce optica

gl asses, the silicic based aquagel conposition is

nodi fied [step K)] by the addition of Al or La

derdxfatds/es peAcoosmting thwhdiei 1 iwedt | b atsél i ghass oxide

glas doped th_ Al_um ni.u s denonsirated on Exanpl e
T Vhi s 0F it ok ol B Ry of
Somhﬂndlasaecqﬂﬁ§huﬂaUnnm ofondiestrentd s eqondl, grainly, of

abaug theyfd Iéggf%éﬁ th respect the val ues of

conventi ona asses of '1dentical fornulation. The

sol ution or coIIO|daI suspensi on of the dopant as
Hefthes FHb§?§5 S e P IHISHRER 3525 eddVReRr oBFained

bbemlelaqusl d)ﬂJhtah?@ ohptbeecagqyagelyeas gridcisep dcdoddithg to the

d t Accqr.di
LR RIER e BESrna Tt aShe®, el 35 Y %A Oene £orm
sfii txabfe-2l, comr deflv%naquurfptekemabbyla svtlcﬁh fractured
%Fgf@gf QHS' the 59l yfi g . or Pans! %%}ﬁl%%%%r'éﬁ%her by

salts In the presence o ee mneral acid _
eofipenndanpoit Oishmsl eonveitapredplIleab s ;erthenelting it in

yi tfﬁfﬂ&%"’@)@fbiﬂ%ﬁg‘i%&ﬂﬁ@' vast e d;séas%qtylﬁﬁ@rea low

t he sane by ensuring a ver¥ g ﬁerlo stabilit

VheFest LY Furerér j eEPNBENERRIEhy eGSR ar €79l a‘%ﬁéesprol’er

@ﬁQMUBEdle hhecumdﬁdﬂdxﬁnuﬁfaﬁté|1nuthéaﬁrop@tlpeoportlon
stes_co talghngtnetals i ncl udi ng radi oactive

|5090p & “8s6Xi"ges, permanently inmobilized in the

gl ass oxi de
The metal precursor undergoing the hydrolysis reaction may

be any compound suitable thereto, according to the prior

art.

Therefore use can be made of soluble salts such as, for
instance, nitrates, chlorides or acetates; furthermore it
is possible to use alkoxides or alkoxide mixtures according
to the above general formula, and this is the preferred
embodiment. Among the others, particulary suitable are the
silicon alkoxides such as tetramethoxyorthosilane,

tetraethoxyorthosilane and tetrapropoxyorthosilane.

The hydrolysis is carried out in the presence of an acid
catalyst, and water can be the solvent or it can be added
to an alcoholic solution of the interesting precursor: more
about hydrolysis, the conditions and the procedure are the
ones described in the prior art such as, for instance, US
patent n. 5,207,814 according to which the hydrolysis is
carried out at the ambient temperature and the preferred
acid catalysts can be hydrochloric acid, nitric acid,
sulphuric acid or acetic acid. Metal oxides and

particularly silicon oxides can be emulsified with the sol



10

15

20

25

30

35

net wor k, which are characterized by the honogeneity of
the glass concentration of the netals and, mainly, of

wo b@7nedsoact i ve i sot opes. Further subject of PEEEP2006/064995

invention are gl asses when obtai ned by neans of the

i nproved sol -gel process accatdling to the invention,

when the dried doped gel is either in the form of

xero-gel, or of fractured xero-gel, or of fractured
peepaget ahdrabgoﬁelmbhﬁﬁybedy pSoﬁéhtﬁéedaEbbhaﬁnbyto, for

oundi ngi t cen pal .glags L Ng
ngn a fu?%a %%A Q @y Shéﬁ g?lng ﬁ opeg éF ls carrled
autowtwtéxeosamlylmsi ttehpeonventi oatl aglpélssraloxe beyqual to or

BE@E@EehEg'%' PRl ”o&@ngh%tr%c% k4t @L‘ﬁ L8 the PEABSEquent

Eortl on of g ass to cenent. he net precursor
aRd P§BPRYCPRECRFAE&PY 8| FaNGAEG ofﬁf%y %etgny”c-on’ﬁ%nélh‘?lce

syl tabl eut hﬁé’lﬁi@,lﬁcﬁﬁédtﬂgkt@ft R&ePrdian 1&d man who has to
Theiefore S can nade soluble sal ts such

FOR L RnEp aHERE AR e YLy s Dt St apabt ted but under

ﬁdhdhéinnsecnbsestpOSBebgelnatmse ahkexi des or
al koxi de m xtures according to the above genera

Bﬂ; ﬁér%‘}ﬂﬁ Sch'eis W28 PR cﬁ{%ﬁ%?"?gﬁ%é@{é t}‘ﬂS’DE%tem is

iculary suit e sSi
éepéxu@l@@eSuc‘hl%\@r%%ra?n@tlfmé}a)rttrmsuqaméully “Control the

Hetpaethoxyant hosdd anes ape et ahtapHRPOXYSF 1 HOShESNE gelation
The hydronS|s is carried out in the presence of an

aéi Bheafalyst, and water can be the solvent or it can
be added to an alcoholic solution of the interesting
mneeuchoa:wmqreaﬂunﬁrdﬁghkﬂy$i@btaime@omﬂVim@nphgsﬂcal and

th |b Lor_ar
bASRBAQESTLAALELIR SR SRgel Dot (IF BELOD A e,
atcbedi by tf@lmwmgt Hérehyahroterdiionasl ceay i @ budralysis and
Lhe1aebbant diemelat urgg andohhecphaker r8mples 124,  (the

stirring purposes to accelerate the hydrolysis by more
contacting two immiscible liquids such as, for instance,
silicon alkoxide and water), or by following the single
“hydrolysis—-gelation pH condition according to, for
example, the WO 2005/040053. 1In the 1latter case the
stirring has to be adjusted to avoid the instantaneous
condensation of the sol mass. It is surprising by vigorous
stirring to obtain timely spaced hydrolysis and gellation,

which would otherwise occur simultaneously.

The second process type, i.e. hydrolysis—-gellation
occurring without pH change, 1s particularly aimed at
producing an aero-gel having physical and chemical
characteristics peculiarly corresponding to the present
invention target, such as the total volume of the pores and
surface areas both at very high values, and more important,
the hydroxyl content, specifically silanol, that reaches
unusual high values expressed in moles/g of material. When
use is made of a chemical modifier in liquid phase of the

aquagel, such as a hydroxyl-derivates, a preferred
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acid catalysts can be hydrochloric acid, nitric acid,
sul phuric acid or acetic acid. Metal oxides and

w@a20oviocubarly silicon oxides can be emul sifi edP@u/EP20DEIG4995

sol prepared thereby to nodify the properties according

to, for instance, US patent N3 5,207,814. The

hydrolysis is carried out at the anbient tenperature,

at a pH value equal to or different fromthe one
ehBbachent ziofg the theesesequeshtion does refer to silicic

el. l.ati.gn/.condepnsati.on, ranging.from-2 to +1 - the
dance dPpe REY andines MR i i Twt gy the
pkolhad topevatomt dagwst herf t hbehydeohys$s afs ttdhiebeanalysis

i [ i ti QN . . | Lati .
COEELEN St MGG AL AORE Lot I0aP 21 LRD gelling
Phassy ffdmuantkepThandera Misjor 08§ sthe rph§lesnt during the

ganefidll yheonat kohst hesduppeESEANd] Nadr d8Ect0aPhEMENthat the
tHe Lngtant neous gelat|%§v$; t he soI.Aén such a ma¥

GACREPE el (FIMBBE AT hRY M pSAAI G e SRecHghni C3F one
charattedlhgdi cs mavdr fouwhrek i n thiengri or msitereat her wished
QM Fg%kg@ﬁggiﬁge ?ogventional way of hydrolysis and

ge? a I'stihct "pF

Ion pH condi ti ons exanples 14, (the
stirring purposes to accelerate the hydrolysis by nore
contractieigl el d nageebltéelieq@irgs Huckomss $pecies supposed

| NSEANGL, 1 1SddJ N 13l K Ol 13N MBS Jthe HquBgel;
followi ng the single "hydrolysis-gelation pH condi tion

accaqrdi to, for exanple, the WO 2005/ 040053.. In the
Foitis Dlguti et F PaY ha 08 et 4tk L oeBa LB gol P allow

t heceHensfantageass thadensaitd oppetithe tsol thassaqudgdls oxide

surpri si b [ tppri 0 i Nty
spég§g§]§%ro(?%iggég%ﬁaélFé%i%%kaﬁ%g%%&%ﬁ%gqaﬁkw5ﬁs%he pH
ocEReSig tiamedusiyzatfmnisecond process type, i.e.

hydrol ysis-gel | ati on occurring without pH change, is

parficul aphy 1abredmat PEHAMICT RG AR 1RANG 9L ABNEAY in  the

physi cal, and chem cal ) )
immobilization of the questioned metal cat-ions to the
hydroxyl groups, specifically silanols, of the aqua-gel
oxide network, in order to be able to consider whether

to add, or not, further species.

In this connection the skilled people are able to select
the most suitable procedure and instrumentation. In order

to make a simple exemplification, it is possible to quote:

- Control of the hydroxyl content available 1in the
relevant aqua-gel “at start” of the doping process. It
is done on aero-gel: a properly dried aero-gel is
assumed as relevant model on which to determine
experimentally the hydroxyl content. The number of the
aero-gel hydroxyl content can be evaluated in moles/g
by the gas-volumetric analysis. A second direct
method, to be used to check the first one or as an
alternative thereof, 1s +the hydroxyl quantitative

analysis wvia NMR. A third direct method is based on
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characteristics peculiarly corresponding to the
present invention target, such as the total vol une of

wo b@7poues and surface areas both at very hi ghPOBEP®S6/064995

and nore inportant, the hydroxyl content, specifically
silanol, that reaches unusualZ24i gh val ues expressed in

nol es/ g of material. Wien use is nade of a chem ca

nodi fier in liquid phase of the aquagel, such as a

hydr oxyk- deriigrat esosa puefiagr edethedhaentt retild@t from the
present invention does refer to shhbtic.acid Si 4:

Phe® adar i E0ReBnrFapEsRtiElebd) RPeh- byREna=BRl PRLftust be
oper atarcbadéyd ofrepheedesid tegngfire hehahaltysi siaciahti etioss is
out dybLngol BRcBALLORLAGORRE! 3kl NoRhahARE UBLLERES have to
phase effluent. The analysis of the e Fluent during . _

t he gBP| PG VPIraSd Yai FRNOWRd ablve sEfbtakte askerhararagative

_thaz htbéaﬁiﬂém:$t lrt)hte(rﬁom@@) s'tatﬁh:t@ngafmd/r@lrs cedtac%t l&ﬂﬁd}ﬁlﬂrl re-
is ne _cqrre in ) in rial w she

char acraresercend 61 cehlcndlyl diftp et coihete g ero be
no i1 onemospdciadesupposead ko belibrevedstbhperature with an
i mobi; || Ny - . he Liquid_phase st _
under&éggﬁgggné%%%g%%%%g%II%%?%%E %#x%hgsogﬁiﬁg§i€%$caero
speci gelt oisheragdiagefooxi dhenehdrkxylor thasmangeavhmetric
best yghyesiglevant to the pH specific inmobilization;

- The equilibriumstate eventually reached in the

i mobi li zati on of the questioned netal cat-ions to the

Ry G GHouf  Spectff c4lARA Y | 8AGPES ofeYHbr In general
aqueegel mpdale det-visrks dinrarederigloy bei-add eid cche aqua-gel.
consi der whether to add, or not, further species. In

DU SSTSEIAED 415811 50860 £cpre abh oy Bysetfitanatic
or cava tyvs imkef atbenplacwdanpl i futdt eaferivri $pokke brguagel
:gg&Hﬂkﬁ3 @Rt r abcpbakhe Hydroxy! GRRNM: BRI RBieg Nagent
concentration in the solution means a potential
immobilization thereof 1in the aqua-gel. In the next
step, the aqua-gel 1s apparently doped: the recycle
liquid phase 1is drained and substituted by a suitable
volume (equal) of bi-distilled water. A first recycle to
get the liquid phase back to equilibrium is
characterized by a minimum concentration of doping
agent, typically equal to or lower than 1%:2% of the
value potentially reachable from the aquagel enrichment.
The recycle, prolonged over hundreds of hours too,
typically outlines a null increase of the relevant
concentration in the liquid phase. The result can be a
sufficient proof in order to state that in the aquagel
there is a permanent immobilization of all doping agents
now missing in the 1liquid composition (the mass

balance) .

The conclusive evidence 1is reached by the analysis
(destructive) of the aquagel as far as the specific

doping agent. The mass balance quantitatively shows the
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rel evant aqua-gel "at start" of the doping process. It
is done on aero-gel: a properly dried aero-gel is

was®anedsas rel evant nodel on which to deter nmi PEI/EP2006/064995

experinmental ly the hydroxyl content. The nunber of the
aero-gel hydroxyl content car®he evaluated in noles/g

by the gas-volunetric analysis. A second direct

nmet hod, to be used to check the first one or as an

al termadritve dthereod, ¢stides hytroxyérgilahyi tainked to the
anal ysi s V|a NVR, A third direct method i s based onthe

melg]%(qoss dhrlng a thermal treatnent fromthe

envi ronnent tenperature to 800 OC . The aero-gel nust
Béseattefukipdpodpdhed dapieres EFethat s t ¢leo 9@ ghy Fbesskilled

ﬁéoﬁyé i t BenRBEY 1 BYArR@OH £hAl gDl ¢1h8%1 dU8Sound. In
ave to be previously rempved by a suitable

PREFRD-Gki BaY PvE Iridat Fre AP RerPXHEP Her dngérafdsnyo in the

bas@r @Eeﬂpflb%hy@ldﬁésa@dlﬁﬁtﬁsé&em cehd yradsgebede optics,
IS tcx%% @nnved under h t callbrated b

m}gr ARG AT AF 4P ol égec Shy kS L hpoic base

BQusgpblntompesaEnogelcaa rbadymbdnfubGAhyﬂwozyP+ La’*  to
%HSEnggrﬂﬁl fﬁé%?gﬂsiﬁdexE¥B8Egb@at' néﬁetg@her hand,

opi ng agents in general terns metal cat-ions
Fh?evédgﬁbp?nfb%eéOWﬁr@ﬁebaan~gel A relatively
sinple procedure starts fromthe systematic anal ysis

ohet Ny | Aguidd sdsefddorih 0 thie @&t@ﬂ@i pakd.of this

The decr eas of the interesting dopin ,
BOEEhE 1 SPPLICT PG DAL, D HRATL Alidigmiiion in doping

giaebekj zatiohet hef eof ﬁhetlpnﬁmumegeﬁf bbtbheaingxt innovate

?%ggfza&hﬁna%%ur%aqul 6]?‘ ?8961 6§t C%?l@l}eo%&lbltkeatrloqu Iglasses

ase 1 s drained a’suita
06l undegegably QbmbpnanéslpﬁewaﬂEE§r. A flrst recycl e
to get the liquid phase back to equilibriumis

All the metal cat-ions are susceptible to form oxides and
to be bonded covalently to a solid network of oxides,
particularly silicon oxides, wunder proper conditions,
particularly proper pH and adequate proximity. They might
make an exception to this rule only the elements of group
IA in the periodic table of the element. The 1list of the
metal cat-ions addressed by the invention starts with those
that can be obtained by the elements of group IIA (Be,
Mg..etc), follow with those from group IIIB, including the
lanthanide and actinate series, IVB, VB, VIB, VIIB, VIIIB,
IB, IIB, to continue with those from group IITIA with the
exception of Boron, to reach germanium, Tin and Lead in

group IVA for a total of 74 elements.

As said, the process according to the present invention
allow to obtain final products having predetermined
characteristics, these all being at values setting the same
among the known most wvaluable ones in connection with the
purposed uses, and these products, thus characterized by

such a property whole, are an integral part of the
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characterized by a m ni num concentration of doping
agent, typically equal to or |lower than 1%2% of the

wo2a00a@1@et ential ly reachabl e fromthe aquagel PCT/EP2006/064995

enrichment. The recycle, prolonged over hundreds of

hours too, typically outlines2@ null increase of the

rel evant concentration in the |iquid phase. The result

can be a sufficient proof in order to state that in

ﬁheeaqmagelahﬁeredraya pesIrarenttd Nl | | demieat dhgal kights
n gents n m1n133|n n.the liquid GO: S|t|on

??E£ Qn gbaloancée) % caric Eﬁgiv %gff:eng%] well as to

tbacﬁeduby Cheraﬁabygﬁsg(uesenUStlve) of the aquage

as far as the specific doping agent. The mass bal ance

ﬂH@nEhBQE'F§BMu§BQWB tgecgﬂE@EEn@Eaﬁm S@EBQ §ls as well as
irreversib I'inked to the aquagel rk. o the

Q?Haeofg%ﬁés%pu% et iRy cissEn ‘Udiﬁattﬁé‘%kutheedsamer are
@Eaﬂb@téﬁlﬁéﬂnbg’t llﬂi’iqut ipﬁdr%mlsémd FonainsoaResNdoriginal
I n 8rder to ave é g, exanp l,e indication, in fant
PHeRRSE ?e%%ﬁ% 5‘1%38 “Ea Fposéd f’o the CactTggrtan

eprucspral iproposstide ﬁﬂunﬁnﬂean that sdrmee bégg nmindgue and
¥  ommosition. can. be. modi

FusSif1aBee B0 AdEL SOTROSPLI AT BR0 B LHE ShRET LY, foe. 1n
6hishec iRt Hahd andheh ¢ rriea e be thewer edrey meporfigd the

iayasti %mfa%tdl s6USseduh b hed eaekbegepardp©fiddd Sthrough
atent a lication, has a broad utilization in db&
%tgo the

Pgssere° %héﬁ'fBPetﬁE“ﬁﬁ¥Bb &NYENEBPRY ni AP FH
epttedlcaateni afsthe follseiHgeckpBpbinkhzali escthion.
gl asses of undeS|rabIe conmponents of wastes. All the

. . _ ggm oxi des and to
------ covatet —& St retwor K of oxi des,

part|cularly S|I|con OXIdeS under proper condltlons,
Pore total volume 6.20 cc/g

Surface area 1250 m?*/g
Hydroxyl concentration 10.53 m.mole/g

The above referred aero-gel owns characteristics already
being in the starting aquagel, which are particularly
favourable to the Applicant process as described in the
present patent applied such as the high hydroxyl content
(silanols) which seems to be active in the metal cat-ion
immobilization during the recycle step, or the remarkable
total porosity which allows the liquid flowing in the same

recycle step.

From a general point of view an advantageous embodiment of
the inventive process stands when use is made of aqua-gels
that, in the non-doped state, give rise to aero-gels having

the following characteristics:

IA

Pores total volume 2 2 cc/g 8 cc/g

\%

Surface area 300 m?/g < 1300 m?/g



10

15

20

25

particul arly proper pH and adequate proximty. They
m ght nmake an exception to this rule only the el enents

w@boogooups | A in the periodic table of the el eneeit/EPZDN&064995

list of the netal cat-ions addressed by the invention
starts with those that can belobtai ned by the el enents
of group HA (Be, Mj...etc) , followwth those from
group IHB, including the | anthani de and actinate
Hedresyll ¥Bnc¥Btr¥tBonVI I B, VI I PB2 kBmoB,/qt € dank.made/g
mﬁth those fromgroup IHA with the exception of Boron,
h . n a Y/

%‘}? d%% ;&IH L&H% 5gTél 8@8‘ Bg %Oﬁl%l%regfclééﬁss é;ctglg% déeferrlng

P@lﬁheﬂgre@@ﬁteVﬁieﬁtﬂ@n mﬂcm@¢od@bﬁd|@amqngels, in which

EE@dUﬁ&8r6§ hng Rhedeler Aded characiery St'&ﬁsoth€§§ micro
bei ng val ues setting 't he sane anongbthe known

ﬁB§chéFéém(3Qﬁﬂ£9q terbtink?t i onakiet h tReIphitpdsed PY the

usRsbi andatheseppbedyst 65 Bbpsnghagaateri zed by such a
property whol e, are an integral part of theinvention
ta t.he domlwtln [ hts

n bel on ertaln n
050, Feoptestht Hadn Mot  cdticoniah o 1T (BnpRaYization
pubqeescofrebpomdtag patemnbss. 1$heVﬁdﬁabe9rbﬁucpmparlson of

thé éHQ§%@Bék§££¥cae&£IQ§és(§§ wel | Rsslepse %E%%%esdoplng

obt ai ned ost-treating the sane, are ¢ racterlze
B?OGﬁﬁéuetﬁkdﬁ§?tPééglFég NﬁéﬁﬁﬁbéDfoﬁﬁQ?néD¢ﬁh @%pé@ro gel
Berergelspang Charactariizeth hyidhiee hiP@spadt acro-gel) the
structural] properties that |et t?e s?ge be uni que and
ePaL¥F{FaBY ePRECRATEFFAI $SoPERHi £8H t8St RBYEBEE!fi ¢

use. In this connection and hereinafter, there are
Bepocbeddiheidal aesorgkdvafnterotha pnedepedoder o- ge
obt ai ned through the process of the present invention,

§ﬁﬁ8£§i99a£?ohh8f3pec'f'Cat'?@ 8% thebg g%?g&ggalaminium

experlnenta section. Pure silicon dio ndope

aer o- % Por e total vol ume 6. 20 _cc/g
Pore total volume 3,34%

Specific surface 436

The same type of aero-gel, Al-doped silica, can be suitably
densified [step n) of the inventive process] to form an
optical glass having high optical homogeneity, high Abbe
number, high chemical stability, and a characteristic whole
set of physical properties such to classify the glass as
innovative and the relative quality at the highest wvalues
according to the commercialization standards. Just to make
an example to illustrate an optical glass obtainable
through the process post treatments, this one can be as

follows:
General formulation SiO, : Al,0s;
Molar ratio 6.52 : 1

Refraction index nd 1.52
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Surface area 1250 n2/g Hydroxyl concentration 10.53
m nol e/ g The above referred aero-gel owns

waebaracuesi stics al ready being in the starti ngPEIyERZPES/)64995

which are particularly favourable to the Applicant
process as described in the ptesent patent applied
such as the high hydroxyl content (silanols) which
seens to be active in the netal cat-ion inmobilization
dupengithberseoycl e75tep, or the remarkable total
porosity which allows the liquid flowing in the sane

step. Fro eneral point of view an
ﬁég%ggeous enbogzgggt of the inventive process

stands when use is nmade of agua gels that, in the
hbA- depédgsiat Brogeve rpseor la@rotbslslﬁa@nﬁQOﬂhealmed to

Eka@ﬂ&EQ %ﬂﬁﬁﬁ&&ﬁ&isth%l Banes t é%sé@'qﬂﬁ bgsgg/gnl the
Surface area > 300 n2/ 1300 gHydr oxy

EBHEég%ratFBﬂ ztﬁ?nolQ?BerTigﬁFﬁﬁPe/gofhe ﬁ8ﬁlaopeaPeCles,
apeoigebatan betconscderadths hheapgée;rthgopghnthenrecycle

alua on_of the doped_aer o- gel mhlc
ﬁydrgéyl cont ént % 2 qﬁég gﬁ Se’alsglFﬁe %ic monlgored and
sveptuatadly mhdnécedrl§D|theaperpodefledebyStmede of special

b ati d ng @gant s ificatio -
égﬂgrP%%é |n8$%g£§g§§§28& eq?hnoblllzath%ggrogégs 0P§OVlde

EHECRELARAdath] B Vied U deficetl WP ebmsaricsen roftt ime  total

pbaeacielimbi 6nMakpesief cagragro-gel after doping
process to the original values of sane type of

BB o Paorr e it y &M BoBF L hER oot 4 et HofOdhato the
xtpoSethStlu¢omnbumda&asyﬂtemﬁﬂlqﬁimmobi&n;mtm@ssof large

QE?SF Féllégtl €p££t§659¥6QM1 Hgﬁ%d@fg? nh%@bﬁgrethrough
chemlcal - bondlng to the oxide network of the gel.

This process opens the door to diversified, far-reaching
applications, like more and better optical glasses, as well
as to long-range stocking of radiocactive nuclear wastes,

permanently trapped into special sol-gel glasses.

EXAMPLES
Example 1: Doping at sol level (conventional)

A sol was prepared as follows through an hydrolysis at pH 2
and titration at pH 2.5, 1.60 molar as TEOS, doped with
1.06 molar Al%'.

302.2 g of bidistilled water were weighed in a 1large
“duran” glass laboratory cup and 0.3 g HNO;, 70% conc, was
added thereto. A laboratory mechanical stirrer of the type
RW20 IKA-WERK was set on the cup with the rotating anchor
dipped in the 1liquid inside the cup. At the starting

experiment time (time 0), the mixer was activated at a “1”
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Specific surface 436 The sane type of aero-gel,
Al -doped silica, can b e suitably densified [step n )

w@boovher4sssrvent i ve process] to forman optical BECEHEB2006/064995

havi ng hi gh optical honogeneity, high Abbe nunber,

hi gh chemical stability, and ZP characteristic whole

set of physical properties such to classify the gl ass

as innovative and the relative quality at the highest

vali yuesngceetdi sgubd tbeaboumneptdakymat The stghndaedsd liquid

ust to,mke_ an I o illustrate an,opti
DBk aE R AR P T A S Lo Re DR ER TR Y P14 g of
AhéHQa: b¥Has Worfd oaddedGaertaie f diqulidti dimeSi GPRrring rate

O-ﬁ r iq @-52‘%?1 £ i -ﬁ .
?%%Zibgggégégeﬁg[oﬁ.$7 Densf?gffg%%iT e(go qggeo?t 500 z/m
Bhecesgiatesedi hgavhe CAVBAYRBHTGI B8 £8 Ear 8fuffijpe 10, the

Bbg@ﬂgiQgﬁﬁﬁitéd@%tﬂ@ngkﬂéﬁeéomﬁl@@éﬁﬂ Qndﬂuﬁmp&%fﬁﬂre was
the_determ nation of iQnig species, specifically

2§tF0niE?eirﬁq*ﬁf%&&afﬁél,qr rougﬁt?he %Ecy%ygaogu%heand a
tehpeaatukequoitd 2pliase,1 0duilt ablBEQDNidx edtanded to be added

I i f | th . ' i
EHEER B TP Sl ofnBeSPRRE s BpkS, BBLfe increasea
ppoVide exceptional high values of silano

concentration, total pores volune and specific area.
ThRePLOCESSd i Soan iTayat 1981 efos0l - geindeeGtnelogYot 0 27°C,
the extent that it grOV|des systematic i mmobilization

of large Yuaht+29es2b? Hopant’s 52Vehe? nol ecul ar | evel ,

t hrough chem cal - bonding to the oxide network of the
Oéhe Thist@npeessuopens 2heC dootttasdiveérsasi ednoval.
far-reaching applications, |like nore and better

QEhécébzgééﬁﬁgéatééemﬁk'52°c, degasage end, cup into an ice
bath.

Time 110: temperature of 21°C, pH 1, titration start with
1.52 molar NH;.

Time 115: pH 2.51, sol gelification. Total volume of added
NH; of 175 ml.

The aquagel was covered with 100 ml bidistilled water and
hermetically sealed in the container. After 48 hours, the
volume of the upper water was replaced by an equal volume
of bidistilled water and analysed. The aluminium content
present in the first washing water, (100 ml) measured at
ICP, was equal to 29.6% on the total of the sol.

This example 1 shows that a substantial amount of the
doping agent contained in the starting sol and gelled
through a conventional process, according to US patent
5,207,814, was lost from the aquagel by the first washing

water.
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as to long-range stocking of radioactive nucl ear
wast es, pernmanently trapped into special sol-gel

w@b@s®ers4 EXAMPLES Exanple 1 : Doping at sol | BUBEP2006/064995

(conventional) A sol was prepared as follows through
an hydrolysis at pH 2 and tit¥&tion at pH 2.5, 1.60
nol ar as TECS, doped with 1.06 nolar Al 3+ . 302.2 g of
bidistilled water were weighed in a |arge "duran”

0! aExdnmpiay & 0oy atd €b13 IgevdNO3(s ikifber P ,commki tion)
added thereto A | aboratory nechanical stirrer of the

S TRD LT ISt ST S U8 WATAGE 1,06 nolar

AﬁL th@om@xthdglrekyeﬂsmndtgﬁélﬁm’elon) aqqcvefdmnxgerto the
W@m@gghgjat ed at a "1"stirring rate equal to about 250
r m The regi stered I|qU|d terrperature was 33 0C .
%er 5 mnutes (tine 114. 1‘? Al(HC>3) 3, 9H20 Y
eSadtedtt ob%%Jes‘HJq]tﬁ‘d ARETStVFFE ng gn a “Duran

gmaseaaedotrﬁtloewelc' A ZJQDM eeparflem3t,o 7o Wy SPOiGHE) were

Tgcei e%hgtrgr{__ed II%UI asttulrrerevrvaso 2‘% OC la orai:ory type
, opi'ng age |on Wwas conpl e
READ e IEPrVERKa v a2b m om hehst icapi nyg. tat th_l_e SStIarengAanchor

EhHS 49K3aﬂg élaeQEﬁl Eyﬁﬁioinzﬁhgc(36%01A% QjﬂgchFerlment

wer e started to be added through a I ng funnel,
BepipnARIr dtdmeeidig ita cas¥RIr t B2 2setTiake asratnd bf equal

TEOS58deHoki. O:T'hetq RSt E{feﬁn s r 20QC wa§ti]£é¢'ji§‘ﬂef@<ﬂeat 36°C.
t at_leve Hus t erature o

BEER 0 Gund it Srarbaie Wire L7s Lt chmeitat b (101 529%5@ were

stdegasage badaddagd,i hhe ahxeeebbahl. ati aerdte: 3.

tenperature of 21 0OC, pH 1, titration start with

#1%@ EB'aE%@E§¥atJ}QEa%1§7 @FIghéldo§9£g9§5EBtlgahﬁegon was

otal “volu
completed. A suitable container with melting ice

positioned around the cup.

Time 125: temperature at 12°C, 100 g TEOS were started
to be added through a dipping funnel, mixer rate
at “4”7.

Time 130: temperature at 19°C, TEOS addition was completed

and the mixer speed “4” was maintained.

Time 140: rate “0”r (off), the cup was set under
degasification by wultrasounds, and the cup was

cooled into an ice bath.

Time 155: sol was completed and poured into a cylindric
mould. The gelification occurred about over 15-17
hours. The aquagel was covered by 100 ml
bidistilled water and sealed. After 48 hours the
volume of the part of the water was replaced by an

equal volume of bidistilled water and analyzed.



10

15

20

25

30

NH3 of 175 ml. The aquagel was covered with 100 n
bidistilled water and hernetically sealed in the

weonvainses . After 48 hours, the volume of the BQPPEP2006/064995

wat er was replaced by an equal volune of bidistilled

wat er and anal ysed. The al unidli um content present in

the first washing water, (100 ml) neasured at |CP, was
equal to 29.6%on the total of the sol. This exanple 1
$h§W&lmhah1®nsuhﬁﬁaﬂﬁiaﬁr@ﬂ@M@tlﬁfthhe:ﬁmmﬁﬂgw@ghﬂﬁg water,

gn&ebneda%%r%%%n%tartln%330| qu {P?ougspect to the
gonvent onal process, accé?&‘n pé?
59281,8m4tha350ﬂost from the aquagel by the first

washi ng water. Exanple 2 : Doping at sol |evel (single

@ﬁ%cgggggi@nh Anspk %ﬁﬁtpéeQﬁﬁggah91g%méﬁoﬁnﬁnbﬁrthe doping
npl ar_ Al 3+ ed, hydrolysis and gelif

?EQFFOF?OD&Y@GM N t Bh?hétieéltllé\ﬂ n@gl 273dg gglded through a
Bhdg$él|kﬂﬁ m@éﬁdl@@éﬁ waiydiied yisA sa "ié!fﬁﬂciﬁf@@ process

aboratory.c 2 0%
SRRGEAT AR, &P0 Eoe L naRP R4PICDER  ERCorhale b by gauacel
bypéh&MilﬂstKﬁaMERKgmmstset on the cup with the
stirring anchor into the liquid contained in the cup.

AtEkQﬁpﬁépsf'BBEingthnEbmglé%éﬂEthh a ngﬂgléeﬁrwﬂédure

set at"a rate gual to 250 rpm The
tenperature was registered at 360C . After 5 m nutes

ftiSed 5735 1aZeRaFedf 1A HNGeR)3 M8 Qe lararEP tanpedoped
addrd] . pBempiiyer abéft, ngacéliOJ_ac(ljirﬁj et thdl ﬁ@r&é_om_ethod reported
tenperature e dopi ng agent additiqgn was

B S OLS  Lapl BTNt B nBP I AF nEPTPAGLPRe o 90 mn
posmetenedyaiodad mheldapweTentil2bd aedpeealade at 12

0OC, 100 g TECS were started to be added through a

@h@mlgéffmﬂfl'p9$5§53rak%d@££852 over 15 hours. After

gelification, the two aquagels with the washing water were
transferred into a column set to be an aquagel doping
reactor, according to figure 1. The column liquid was
increased to a 1000 ml total volume by the addition of
bidistilled water. The recycle pump engine was activated at
“zero” time and the liquid recycled through the aquagel was
monitored in function of time as to the pH values and to
the Al concentration, in whatsoever form in the solution.
The liquid phase monitoring was carried on by a periodic
sampling through a suitable drawing point, as from figure
1. After pH measurement, the sampled liquid was again fed
to the recycle through the same valve, but a low fraction
retained for analysis via electrochemical methods Al
determination, i.e. through a destructive analysis (DL-50,
Mettler Toledo).

The collected data are illustrated in figure 2, in which
the pH values are in the right scale and the Al connected

values on the total weight percentage in the left scale:
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Time 130: tenperature at 190C , TEGCS addition was
conpl eted and the m xer speed "4" was maintained. Tine

wdd@rorase "0 (off), the cup was set under dePEBEP2006/064995

i cation by ultrasounds, and the cup was cooled into an

ice bath. Time 155: sol was cbhpl eted and poured into

a cylindric nould. The gelification occurred about

over 15-17 hours. The aquagel was covered by 100 n
bodhsimcdued swadrer phot sedl edaiAbterci4d , haitt Shéhes, reported
Xglggg of the part of the water was replaced by an

equa ortife-of bidistilled water and anal yzed. The

Al um ni um content present in the first washing water,

dhe| Ebgneasdr dabat cukdsneqthbhtt et3r7t39gwnihriespedt tdotted

ihgeh ot @hai N1 HR: $Phm  TheE Sl d%ﬁﬂﬁﬂ@%§i"yid% at the
substanti al ampunt of the dopi ng agent contalne

brelepangi 1Yldly arenpeined tjﬁ‘r o‘a@% geEPAghe pﬁi—}ffused from
ﬁﬁédlatqlu@@;eflyd:rcﬂ|3/§¢§,‘ﬁcw|liqu.ﬁ@t pBASepEOCeSS aSEEdJof any

%gFgggaéf%%ﬁS%/04§0%%§y Iost fron1t€§ Q@&s ?u{%Veénce he

bhthnaer@aychehpemedduaéum;smhmmas phepaeegcila HNG3id phase
6 I R d d tdnol. a

e RGeS epeaeitn” oSBT 4 b 2P, R R Bty ogsinie

vatnee -t hdhsol dgdsimeonpaied, thw@ 90 Umdedi anEter example 3

ékbéBﬂﬁénﬁﬁm|g§nH@E§oBb||€He§8da§ akede1 hgrgeglnag maximum
process occurred over 15 hours. ter geli catlgn

A
Phe Ao AqERaRdis A% hlPhet}WasﬁHHQg%t &n%?é”
tobansfienred into a colum set to be an aquagel doping
react or, according to figure 1 . The colum liquid was
gﬂ%?gggﬁg %O %999 dtghglnggugﬁrggd%hﬁn89g|%k8ﬂ gge two
1"di st wat er € recycl e punp engrne was
pcevianed axampies: t ime-anthehesbilquildpirgychednt 1is not

hBreugh -t he adHR®8h YRS in the consequent aquagel, but it

leans to diffuse into the washing water.

'free in

Example 4: Doping at the aquagel level with a recycle

procedure according to the present invention
The conditions were the same set in example 3.

One the equilibrium was obtained during the recycling, one
of the fundamental parameter has been changed in the
recycled liquid: in the present case it was pH. Through the
inlet 7, at time 160 hours, concentrated ammonia was
added to increase the pH value in the aquagel liquid phase.
Slowly add ammonia, 70 cc (30% NH3), corresponding to 1.099
moles. The pH change caused, at the equilibrium,
substantial modification of Al*" concentration in the
liquid phase. The collected data are reparted in the figure
3 wherein, in the right ordinate there is the pH value, and

Al*" concentration by wt % is in the left scale both

amounts are plotted against time, as hours, reported in
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nmonitored in function of tine as to the pH val ues and
to the Al concentration, in whatsoever formin the

waelahiams The |iquid phase nonitoring was carPCEEPIING/064995

by a periodic sanpling through a suitable draw ng

point, as fromfigure 1 . Aft¥f pH neasurenent, the

sanpled liquid was again fed to the recycle through

the sane valve, but a low fraction retained for
ababySBSeV|aﬂeﬂe@ém@tﬁ@@m@aulﬁethgdqﬂAlrdﬁéesnwmat[xnu, the

| &hgggghe eges ructive analysis (DL-50, Mettler
8 The €orl eCtBd data are illustrated in figure
2 , in mhlch the pH values are in the right scale and

BRteal thanetnieelr viapueen orpf hethteot @xpwaiigien tperdenraggcling

Hﬂlbgﬁ H% En%cahﬂuboéﬁuQ@@PQt§a§f%er%%%%®A%&@JDSEO glasses
tinme, ours, reported in absciSsas he figure 2

aatzar@}aflgu ned t Hde stséﬁPFiﬁédeFP%e‘éEF%S(do]t ted (Ghgepoh the
abdvahun ni shahgef s (coudddwouUsid i ne)dryiatg t he and oven

L t di ff
dedL IR Be 08 LaT o B BeDR e Te bt THged sad [ Elementary
ahségeésof(dasy rpettisebatticorddtwunti thet tval anegenvealuminium;

§9e10<9t1tﬂgyr C J%ch éh%eqf%l aagﬁs‘gﬁﬁea(:h{:gvﬁgflasag umtrllllelf@by a

I'n_the recy ui d phase touch a concentrati _
éqElaFlV@lSS%i@ﬂS?heghﬁgﬁest\’apos§bbﬁén9dl ués - 4$hedaatse|ﬁrv in

ABAPsribah, wHBHeEhEh§1§568H|@lgsgxﬁéhbHEQték 2.20) having a
conditions, .there apg gntly are a 12% naxi mum of Al 3+
a

FRIBBPEL2Bd1NASENS and 88% Al 3+ free in

sol ution. The exanple 3 confirnmed the data al ready
khewnifnem Bhdataoopteévheushexanpl es: i.e. the so
doping agent is not necessarily imuobilized in the

Qﬁﬁﬂﬁﬁﬂ&ﬂ@quqlel’tﬁgt 'Ee &S tq_q#aﬁyse h%%% thgollution
I ng wat er e ag agel | eve
Witk taaesic el or d@@éaaéeac@o‘ft&rngtlﬂ% eReopiaserddition (pH

I NI Okation) ;

- the washing of the doped aquagel by bidistilled water,
prolonged over further 200 hours, does not provoke any
increase of the aluminium concentration in the recycle

liquid phase:
AAl = [Allsgo — [AL]300 = 0;

- apparently, at the experiment stop, a substantial
fraction of the starting aluminium, equal to 60%, was
missing from the liquid phase solution and did not come
back to solution after further 200 hour washing the
aquagel by Dbidistilled water. The proof that the
aluminium amount lacking in the 1liquid phase was truly
immobilized in the aquagel was obtained Dby the
elementary analysis of the aerogel obtained Dby
processing the aquagel. The results of the relevant

analysis are in Table 1.
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The conditions were the sane set in exanple 3 . One
the equilibriumwas obtained during the recycling, one

w@boovhersfaundanent al paranmet er has been changedPCTIEP16/064995

recycled liquid: in the present case it was pH
Through the inlet 7 , at tim3460 hours, concentrated
anmoni a was added to increase the pH value in the
aquagel liquid phase. Slowy add ammonia, 70 cc (30%
NH3) , TablesponHlngoheehtf@f8ionkesn. rébgchdl thaquids
caused, at the equilibrium substantial nodification

+ n n_i e liguid T
EQEIec{egggggaﬁggékgeggiykg in 9 e fgg §e§ gﬁé?@?%,
in the right ordinate there is the pH val ue, and Al 3+
eBhEentr ahronehycal @@|§hﬁngﬂﬁbaﬂeﬁpl§maléV%oVE 7850 ppm
anounts are plotted against tinme, as hours, reported
iRabREi s8aet i AhereeptiBUQEuLNevayaph refers o gphAl ],
the dotted one refers to pH. After the |nterrupt|on of

t he per i rec ng.,driv I ng,

s Saat brocms et et 1ogdiaddll nedrdd grro

t he standard procedures, i.e. through the sol vent
sxwvhhadencsupéteri NHe allgitmgpantVbiven densiZoSi8capinon
An aerogel was utilized on an elenentary anal ysis
iQ@ﬁEE&CAEV§% {9 9€t€ﬁg‘88u£ﬂ§b9£ﬁﬁeﬁktékuﬂhy4Mﬂlpbﬁe
ot her aerogels were densif ied to glass, thereby a
relatively dense ass . was obtained (2.45 density in
&Bnﬁﬁ?l§6ﬁSRnWﬁSF%QgSFFHEbﬂ gl ass density o%

having a refraction index of 1.52. The figure 3 data
out kheewabhatihg- 1ahuirdnafitern20behveaeycl e | i gricdpphase
sol ution substantially decreases after the amoni a
ﬂdégk8 o{pH nodi fication) ; - the washing ofgst he
ope guagel by bidistilled water, proIonge over

further 200 hours, does not provoke any
in aerogel (correspondlng to ppm in V1) 6160.6 ppm

in glass 11.3% wt
in glass {(corresponding to ppm in V1) 4313.1 ppm

The data collected in the Table 1 mean that the model
cation (Al*") has, under the process conditions, migrated
from the recycle liquid (7100 ppm at the starting balance)
to the aquagel: 4442 ppm of Al lacking from solution after
the NH; addition which match the 4160.6 ppm of Al measured
in the aquagel, or the 4313 ppm of Al measured in the glass

corresponding with.

Example 5: Difference between aquagels obtained by doping

at sol level or at aquagel level, respectively

A remarkable structural difference among doped aquagels can
be outlined by 1letting the gel undergo an evaporation
process under atmospheric pressure. The atmospheric
evaporation process 1is well known to the skilled people in

order to produce the so called “xerogel”. The =xerogel, a
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i ncrease of the alum nium concentration in the recycle
liquid phase: DA1 = [AI] 500 - [AL] 300 = 0 ; -

wappanensd y, at the experinment stop, a substanPCEEP2006/064995

fraction of the starting alum nium equal to 60% was

m ssing fromthe liquid phase3sol ution and did not

cone back to solution after further 200 hour washi ng

the aquagel by bidistilled water. The proof that the
gbmm'cnilm amodst  beaksplethct beelisquied phaseosascbnohycally

bilized in the aguagel was optained
e emeni:ary ana]i1y5| sa% Sthe aeroagLeI St all%eémbs allow — the
prepessimngnt héhageadel .arthe ombyl t $nof thiee rcasea/ancpf those

Qﬁﬁﬂéé%léhg 'd?;m &1k - J2bhe the ﬁn§°ﬁ€ﬁ1‘1tt%%b%s of the

Inrecycle liquids (M = recycle liquid vol une; g
aaaag@wepépfaﬁépnmrp@rema -hddY i 3PS HL fHe ‘@@%%aP aquagels

¥eky 19%@}5@)1 RO Ghdt i e 4 arﬁhé‘@atﬁ@éﬂ@h@ritkadssure
\/Iﬁ% 9V@gmlnthe eqU|I|br|umIlrecycIeI|n%6:|d(\/I)d%g

% REG-BAParkeC T Tor B qHAL LRGN T VIEF thierence

batkeag Asoln Mvedt themedaickdbr sampaés erale—Bé@h&g@pm level

' sh g 3 [ t [

hga%lpga{é% ers%%(sf)b%gurﬂéy 42 pp%z'ﬁcﬂﬁaer &5’1@%13&%%\%?% nmethOd

aerogdingcopr é8pohdbPhgcantppresanyl yngEB01i6NPpPM i n

glass 11.3% w in glass (corresponding to ppmin V)

ﬁﬁés-le&P@kIﬁ%n@atacﬁﬁkJ%ﬁkﬁﬁ i g he JahbspepEaN tBakssure

t he nodel cation (Al 3+) has, under the process
BYRBPERBASY AFYrafedor ShRate & FEBAGIS 1 | ff PYFAvEEPphy the
abn’(fhﬁt.‘&bﬁall e tleb@nca)d t ahicheoafgeagebne 44kgyadf by the

n%FXﬁ kln%&&g@“‘%%Lﬁ&%gm&ifhgggtp%%htﬁeaggﬁgég onafhsample
(sample 1) was the one described in the example 1; the
sample doped by the recycle method (sample 2) had the
formulation of the example 4. Under the same evaporation
conditions, there was no possibility to evaporate sample 1
under the atmospheric pressure since the contained doping
agents, coming out from the aquagel body formed a very
large inflorescence body having large sizes with respect to
the starting gel. On the contrary the sample 2, doped at
the aquagel level according to the Applicant process, could
be dried up to a good quality glass, as Jjudjed by visual

inspection and, above all, without any inflorescence trace.
Example 6: Vitrification of an acid salty solution

The formulation of high radicactivity liquid nuclear wastes
is very wide, depending on the same nuclear place or on the
industrial process treatment undergone 1in the preceding

stabilization path:

However some general characteristics are common to all high

radiocactivity nuclear wastes, and these are:
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in the aquagel, or the 4313 ppmof Al measured in the
gl ass corresponding with. Exanple 5 : Difference

whedeensaquagel s obt ai ned by dopi ng at sol | eRel/EP100&064995

aquagel level, respectively A remarkable structura
di ff erence anong doped aquagei® can be outlined by

letting the gel undergo an evaporation process under
at nospheric pressure. The atnospheric evaporation
pr atesspirgsswakk kodbwrrce thenskalll ettipeople dalbowtdar mole/1
to grogucg.the o) c§llgg "xe£ogel"..ghe xerogel , age

on ncr 10n rev en N1LtryCc aclidy .

ried" undef atﬁnspﬁerlc ressuré&, can’be economcally
attractive when the general conditions allowthe .
pr épw atpopsemes eopfandesnlly igrttilsascaset of rehasevely high
éBHEbEéEbQ@én?OE?BEthﬁy“%EBuEhQ%”EQVwEE&hE?t'OnS of
the very preparaiion process. In the speCific case of

aquagel s strqongly .doped by netal nitrates, the, ) )
atﬁ3§bhéFP@l&ﬂ%§§&P€ e@apoFti df R b &SI odty | hBOFIANLC
semackabl/pidefifigr anceabeswaenaseblkgvebntenauhated of about
égngle%eangtaquagel | evel formul ated sanples by the

Pund pﬁgse'recycle nmet hod according to the Applicant
present invention. The experinment consisted in

at Midspher¢eepeesslir & aghiapstdvicon rtydmes + weeepably nuclear

aguagshspreAfcREePaEedeby 1B coAveRtkapabnaet bodidRdrivity
t he ot her one grepared by the recycl e nethod. The

FEFREFRPNEANSf tPhe BORVERLPBnEaPRSaRpFatieanple®1l) RR®:. The

%ﬁﬁyg@ap&a&@Fﬁbadquflﬁa&m?ﬁngq?%ﬁifmf §?ﬂptﬁeddéﬁﬂnitive
ne.recycl e _net sanpl.e ad the formulatjon

S bR L RN Er e, MBd e Qe B tr 1 0h OF EhEE waste

gondi tians, hhsed vas nhvgossithillfiitoattiorevapieratie a salty

saTpLeoh wden;the atpspheric P£§§§<$&et% NCenlifi€te a high

contai ned dopi ng agents, comng out fromthe aquage

badyopeEnEdty Veapldr gecilagrorvastence body having

| arge sizes with respect to the starting gel. On the

CONIQ M trlien SRP| -1 .1 Sopesbadr HNO;;

- Metal cations at 2% b.w. concentration consisting of

aluminium nitrates;

- Salts concentration of 28% b.w. constituted by aluminium

nitrate;

- Radioactive isotope traces, chemically sumulated by Ce*"
and Nd*

under nitrate shape, at a concentration of 10 ppm.

respectively.

A solution was prepared having the previously described
general characteristics of a high radiocactivity liquid
nuclear waste: 275 g of bidistillated water were added by
30 g HNO3; 70% b.w., in a suitable Duran glass reactor
equipped with an adequate mechanical mixer. The mixer was
activated in advance and at an adequate intensity, before

the addition of doping and chelating agents. Slowly the
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t he aquagel |evel according to the Applicant process,
could be dried up to a good quality glass, as judjed

whyoovios4sd | nspection and, above all, w thout BEEEP2006/064995

i nflorescence trace. Exanple 6 : Vitrification of an

acid salty solution The formidation of high

radi oactivity liquid nuclear wastes is very w de,

dependi ng on the sanme nucl ear place or on the

Fotusiihgl mﬁ:dsreaéﬂentadmﬁgrgmetm téeder: 115 g Al
ced| ta zatio : r genera

gﬁ Pact & (itlgs%%re cd%%gﬁh? Fﬁ(f A'ra |oact|%|Nd (NOs) 5

AHed ear mastes, and t hese are.- The presence of free

m neral acid at about 1 nole/1 concentration

@E@V3b§@b5¥ea't5b§u€§bg reEB@dQE@éenEﬁeOfcﬂ@ﬁ@bal general
cations at relatively g_ concentration: typically,
aTh

shaGechoFrbytwesghet - il | iR RAT of "aPee net With  the
gahih0asibA bﬁoﬁgﬁnppmsakhﬂﬁobfﬁuﬁa|ﬂ6dﬂ¢@§ﬂe§e@ie§ented by

kit t f
SPes it 167 i odor Vet TEorapee L generarig hng) sgproducing
fhesi omept cglctasf, fiati tyer y akowrddngent o attitoms literature (T.

ﬁé?gﬂ?%&'véﬁﬁ C?E@@ﬁgond@f6§7f3f%é”L“d%Hd%“ C1 Vol. 2

concentration e ‘many supranational
Ratrodafl ppegrans, fEdlﬂ érqbfuhrﬁuqélytaapﬂvzapuoh3ahé
the very long termstoring of this waste kind, are

basedoontibg ¥ekhilateahi RBs HeEekp1dohahyY sol uti on
innitric acid was treated to sinulate a i gh

BT 1 ol B SMBo T R et Aok W

concentrati on consisting of alunlnlun1n|trates
Bafts concent PaBildnmofleZ8% b. w. dSHSL wed by

alumniumnitrate; - Radioactive isot ope traces,
ebemi cal |y sugubayed by, Ce3~0-3 10 ppm

mole/1
Nd>* 0.0693 X 107 10 ppm

mole/1

The solution was gelled as follows:

the liquid temperature was set to 10°C by melting ice on
the reactor external. The rate of the glass
stirrer/homogenizer was suitably increased and the addition
of 100 g tetraethoxysilane (TEOS) was added by a dipping
funnel. The total time of the sol preparation from the

ready solution was lower than 30 minutes.

Once TEOS addition was completed, a clear 1liquid was
obtained, apparently monophased. The gas was properly
eliminated from te liquid (sol) wvia ultrasounds treatment
over 10 minutes and then poured into polycarbonate

cylindrical moulds, equipped with hermetic sealing.
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and Nd3+ under nitrate shape, at a concentration of 10
ppm respectively. A solution was prepared having the

w@e@vioousd y descri bed general characteristics pET/BPIODEO64995

radi oactivity liquid nuclear waste: 275 g of

bidistillated water were addetB by 30 g HNGB 70% b. w. ,

in a suitable Duran gl ass reactor equi pped with an
adequat e nmechani cal m xer. The m xer was activated in
adyaneampded @il a0l @adegaah erédt enskt W5 bhefurs thiee aquagels,

diition,of doping and chel ating agents lowl Y, « .,
PREPSI | Do "8E o tadtts S0kt L alea? By  heSorter pigigtilled
gappr( HAEX8 roHMAD hoQ@r$8aiy ChreNO3B1B8HIG anerd. 40angferred

yﬂt&NC%)s £E£§%1i%¥e Pégggéﬁd SQE%FEB@nbepﬁgﬂucgﬁethﬁresent

chem cal general aracteristics of a liquid nuclear

HhA¥EBLIGNt PEHEL QUSRS EH RS OP0 ppRE rERFvake i wrocess was
E8RbOBESAr B8R eRentad din 103 A NdSH aglded RE,Natradbe. The
salts, adequately re roduciqﬂ:IQSthegii?I affinity, .
LEC¥PUPNP LTI | VePartlE Yot Cabinf oL G dotafer i ding to
PhecexbmpleCdndesclipsspnVol . 2 Extended Abstract,

Edi nburgh, 1-6 July 2001, pp. 13-14) . The solution

3%40 a?&r%%%%slo. 3%]&%@ 3 430%’1‘2\%%%‘9%% ol e  ICP-Nass
TReiserinPokhRaeElutePrasof obhewse ank Niggpacentrations.

rpApPeraigy A s Sefatko QQCHY nBhtingiinge othd healuminium
reactor external. The rate of the

.gl ass
§PPF?8FFﬁBﬁ8§eH@?@Ft%&§ §J}t%%?ylF%EF€a§@&S§hdﬁ¥H% 7300 ppm
addotiooppaf. 10@ T4 elddatdoxystd@irea  IdiS) reaascaddadder the

By, a.d gelng, fuanely cThe total time of the sol
eparati romthe

After the recycling phase, the aquagels underwent the
solvent exchange, supercritic drying and glass
densification. Very compact glasses were obtained normal at

the eye inspection, having a density of 2.481 g/cm®.

The example 6 clearly shows that the technology, developed
to dope silica glasses with substantial metal ion
concentrations permanently immobilized in the glass oxide
network, can be applied to the vitrification and the safety

store of liquid nuclear wastes.

Example 7: New material Synthesized with the procedures of

the invention
The experiment was conducted as in example 4.
A glass containing 11.3% Al by weight was obtained.

The formulation of the glass at 587,56 mm. was measured

accurately and resulted 1,52.

The Abbe dispersion number was determined 77.
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ready solution was |ower than 30 mi nutes. Once TECS
addi tion was conpleted, a clear liquid was obtained,

wappanensd y nonophased. The gas was proper| yel POT/RP10861064995

fromte liquid (sol) via ultrasounds treatnent over 10

m nutes and then poured into 3l ycarbonate cylindrical

nmoul ds, equi pped with hernetic sealing. The sanple

gel ation occurred over 15 hours; the aquagels, three

By deweheyeach thre ey etk dyratl waondd ©liséddl | Wvesl 2,45. The
M%ESE' ﬁfgeaaﬂS qué§t§gl %Qgggrg u§ge£ﬁemeggss roduced in
franst Bryad“fnt B aprecycFing reactor. accoP I'ng PECPRE
presphe i'hveatrcorcqumriaglistdesdra ppiroperThesr exfyckbemmercial

d di L. 9 .
ﬁﬁ§98§s e e?%@@h@gf |§XaEE§s9r§Qﬂéktéé 'Fyontﬁ%lygegklnent

H3 at 30% The recyc procedure was anal ytica ]
forrsRedTrGccof8f nCYPI RS TRanfle FGes&rilgiran. FRéractive

anakyt il usiat aswegengener akreg by, arnbeP- M@ssesents on the

noni.tori ng the evol uti.on of e Ce and Nd
SBH&EﬁF?agiX&ﬁs re ﬁﬁ"‘é?téi’;‘?er}rrﬁia]n‘fe%%t cgr i ef ‘on® (f4 and on
the Albsuimisam copnaephntabitdpnsedftt AbjOsl N inhepdrcpntd weight.

: p 0 310: T, a
CIAEEaHbaT; GAd°Bhtg TharRth 'HE, Fea” Gty T value of
theeblapst deschébedcynl thg phasplet helagaupgeksmposed to the

HadgruenintihessehMenhtexphang@argUReLEEitic drying and
gl aSs densif ication. Very conpact gl asses were
obtai ned nornal at_ the eye insgection, havi ng. a

dEnsPt GL6RT 2148 GlhenfatdnscRRahpreB EfgafrytBRbushe glass
tibatrtbedt eahnekagy] cdevelogpeths o cdopersi | igaegt888€S has a

U5 172 caornoeia s abaioki duReuar R 3an b appl 118 nY
gbathe vift riskimeat icomparsd tive safengristdreiof thequi dertinent
ﬂHE%?QEuS@@SBESFi '.54"2‘”?118 Zofnﬁ’é'?WsBHt ebi-aknaypEheshARdvalues
w th the procedures of the Ihvention

of material density is done in Fig.5 in a similar way:
Relevant density wvalues are on the ordinate axis and
concentration of Al;0; in percent weight are on Abscissa.
The density wvalue of the glass described in example 7 is
superimposed to the diagram and is indicated as a dark
cross. It is clear from the data reported in Fig.4 and in
Fig. 5, that the glass described in example 7 of the
current invention, has relevant physical ©properties,
experimentally measured, substantially different from
reported glasses of identical formulation. It is reasonable
to conclude that the glass produced with process described
in example 7 constitute a novel form of aggregation of

matter.



The experinent was conducted as in exanple 4 . A glass
containing 11.3% Al by wei ght was obtained. The

wo eoomolas4 on of the glass at 587,56 nm was NEBSI/ERIH06/064995
accurately and resulted 1,52. The Abbe di spersion
nunber was deternined 77. The 4density of the gl ass
accurately neasured was 2,45. The above physica
properties neasured in the glass produced in exanple 7
were conpared to the properties of commercial and/or
SR tal gl asses reported by the pertinent
l[iterature. The conparison for the relevant refractive
i ndex tvad des i dAddné& i n Fitg/4h, that reppBsents on the
ordinate axis refractive indices at | = 587,56 mm and
on the abs@ ssa concentrations2of Al 203 i n5percent
wei ght. | ndividual ypalues areipndi cated bysred dots.
The val ue 1@f the glags describgd in thepexgnmple 7 is

superinposgd to thegdi agram apg is indicgtg by a dark

cross. It 4 clear fghomthe dapa reporteg jn Fig. 4,

that the glass described in 66np|e 7 oflfge current
X

inventioqj has a valge of re %gctive i nd

substanﬂﬁ%qy highiP t han an | ass of s§h%
§ ég tinent litefature of

conposi ti 0 report 4% n the
Fig. 4 . e conpa U9n for rel evant°v@l ues of

material “?®hsity is®done in EP§. 5 in a 2ifilar way:
Rel evant “dénsity vaPles are on the ordinate axis and
concent r 00on of Al 208 i n percent wei ght are on

Absci ssa.30Dhe density val ue of the glass described in
exanpl e Bd0os superinposed to the diagramand is

i ndi catedoas a dark gross. It is clear fromthe data
reportedsgsam Fig. 4 and in Fig. 5, that the glass
descri bedggn exanmpl e37 of the current invention, has
rel evant pfpysi cal praperties, experinentally measured,
substantially different fromreported gl asses of
identical fornmulation. It is reasonable

Figures 4 and 5

Density at

Code Glass Author Year Al,O, Sio, 20°C, glcm3 ng at 20°C
340 21455 Astakhova V.V. 1983  8,199127 91,80087 2,141 1,468
1979 9059 Namikawa H. 1982 0 99,27631 2,214 1,458
1979 9060 Namikawa H. 1982 0 99,16574 2,213 1,459
2038 5318 Nassau K. 1975 1,417159 98,58284 2,208 1,459
2038 5320 Nassau K. 1975 4,497192 95,50281 2,223 1,463
2038 5321 Nassau K. 1975 4,578907 95,4211 2,217 1,463
2038 5322 Nassau K. 1975 9,976205 90,0238 2,251 1,469
2038 5323 Nassau K. 1975 10,45904 89,54096 2,257 1,47
3160 1499 Thompson C.L. 1937 5,08982 94,91018 2,231 1,468
3160 1500 Thompson C.L. 1937 8,8 91,2 2,253 1,474
3160 1501 Thompson C.L. 1937 13,07385 86,92615 2,28 1,48
3160 1502 Thompson C.L. 1937 16,8 83,2 2,308 1,487
3160 1507 Thompson C.L. 1937 21,5 78,5 2,341 1,493
3160 1400 Thompson C.L. 1937 26,4 73,6 2,381 1,56
6626 38647 Gan Fuxi 1959 6,603778 93,39622 2,27 1,473
6626 38649 Gan Fuxi 1959 18,79196 81,20805 2,36 1,487
10972 44449 Demskaya E.L. 1983 1,047595 98,95241 2,204 1,459
10972 44451 Demskaya E.L. 1983  3,808572 96,19143 2,214 1,463
10972 44452 Demskaya E.L. 1983  5,149352 94,85065 2,222 1,462

10972 44453 Demskaya E.L. 1983  6,024143 93,97586 2,216 1,465



to conclude that the glass produced with process
described in exanple 7 constitute a novel form of

waggregasi on of matter.Figure 3t / h [A] % tP¢T/RPPbBL/@54995
02542010 0, 6 10 44 70 0, 55 20 60 140 0, 4 40 80
160 0, 4 80 98 200 1, 5 100 99 260 2, 1 120 100 300 2,
2 140 100 300 5, 6 200 67 500 5, 2 250 50 300 40 300 3
360 3 400 3 440 3 480 3 500 3 Figures 4 and 5 Density
at'087de 434 DamskRyR Blear 199209 H18H ?@@@8199/crr§2r4a 1,47
at24960C 13999321 45%20hd ¢ akhodP1V. 1556603 $44520677 1,492
9R4a60877960841 1Ya®d- 197928159 RelZldand 4188786082 (?313 1.5
9G407E5311796021 4 1Ya®8. 197928160 RAMORand11843082 (245 1,481
Foampls7 4  FOTHEPHICAHON 20382818 Ns¥au K.78$675 1, 444459 15226
98, 58284 2,208 1,459 2038 5320 Nassau K. 1975 4, 497192
95, 50281 2,223 1, 463
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2038 5321 Nassau K. 1975 4,578907 95,421 1 2,217 1, 463
2038 5322 Nassau K. 1975 9, 976205 90, 0238 2, 251 1, 469

wQoBd05828 Nassau K. 1975 10, 45904 89, 54096 2, PEIWER204d064995

3160 1499 Thonmpson CL. 1937 5, 08982 94,91018 2, 231
1,468 3160 1500 Thonpson CL. 4937 8,8 91,2 2,253 1,474
3160 1501 Thonpson CL. 1937 13,07385 86, 92615 2, 28
1,48 3160 1502 Thonpson CL. 1937 16,8 83,2 2,308 1, 487
3160 1507 Thonpson CL. 193m7amMs 5 78,5 2,341 1,493 3160
1400 Tho son CL. 1937 26,4 73,6 2,381 1 5 6626 38647

1 df58 3008 001 S0RFA B 2o 15500, B0

Denskaya E.L. 1983 1,047595 98, 95241 2,204 1,459 10972
A4491PDeRBKAVACE. P PO BIYDBS 72T 9byd0aa8l 0obaliq agiution

10972544452 fLeskaya o Latlgﬁgnﬁi16%%5208Hp§@@§5h%V%A the
1, 462 _10972 44453 Denskaya E.L. 1983 6, 024143 93, 9758

2, 216T9r#8%30972 44454 Denmskaya E. L. 1983 9,991811

90, 00819 2, 243 1,47 24078 179603 Yagi T. 2001 15, 56704

84, 43296 2, 276 R 49M 240OR)LZ9604 Yagi T. 2001

25,11212 74,88788 2,313 1,5 24078 179602 Yagi T. 2001

2006 3151 95756 % P ol e oSS adl b ocesd S
conpr $5PHBSt RE fidld W eewipeParionse ayFtﬁmeparawiohhe cat-

of anjgguequsnek;hydriq- a,cohobicosokutiisORk,a8r OR;; R and R;
suspensi on  of at | east one co ound havi ng the for.nul a

Xm - fF€ (Eﬁ?rﬁcﬁ¥Rﬁ%rerﬁPF§aé cat HP'8n B@%%ngPﬁg figtferent,
t he 3ndvidAfhaasdrbbh &:onpsu@bethepEtenent Peri odic

Systen1 nis the cat ion valence; mis 0, 1 or 2 ,

X
r carb t
I‘@ OP E] %?ér en Cﬁ aVI ngéaq%lg%/q{oqﬁ i’%{DOFOhJ}.li‘lél‘JI'I‘gos;l_altrq’l_b{l rbef the
12 bd?sépEdon@¢P@@ﬁ$tlOﬁﬂorthﬁXIﬁQKMO Qfmasqﬂunmqnﬁ ofor as
the so1uble powders containing the desired metal

precursors in hydrolysable form, selected from the set
of 74 elements of the periodic table identified as all
elements of groups IIA, IIIB, including the Lanthanide
and the Actinate series IVB, VB, VIB, VIIB, VIIIB, IB,
IIB, continuing with those of group IIIA, with the
exception of Boron, to reach Germanium, Tin and Lead

in group IVA.

c) Hydrolysis of the above-said compound to form the so
called sol;

d) Possible addition of the oxide MO,,, under the shape of
a suitable morphology fine powder, in which M and n

have the same meaning sub a);
e) Sol gelling;

f) After the aquagel appropriate gellation and
consolidation, addition of a 1liquid in a controlled

volume;
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desired dopants in the formof solutions or as sol uble
powders containing the desired netal precursors in

whyarolpwsabl e form selected fromthe set of 7HECT/EP2006/064995

el enents of the periodic table identified as al

el ements of groups HA, |HB, i4tluding the Lanthanide

and the Actinate series IVB, VB, VIB, VIIB, VIIIB, IB

HB, continuing with those of group IHA, with the
excppriransoérBarfon;hd olfiqacl Gfomaniien géimiagd deedd to an
in grgggllgé. %té Hydrol ysis of the above-said

conpoun Y8 form¥the so called sol; d ) Possi bl e

addi tion of the oxide MIn/2 under the shape of a
suilt)aBpesiblphomegy ffiicag ipowdexf, ithewhi edm®l andnaehivations

the sgre-pPREALAY $HD @hd 1f)iFolcPeldisiGe f mbrAfi t8hitable
t he aquaggl appropriate gellation and consolidation

addi t FBRIGEIQNPF| qbiPE iHha demARIiER VATUMeSg Fhe relevant
Transfenief spbeikkquhdcheoaytibgegel 1ing mould to an
anal ysis step; h ) Possible nodification of the sane

concentrations determined in the li.uid to.ensure e
cutabPetBRA: teGhE For ot nb ot 1S ot PO By TRSeT © (step

con € I'nmobt 17 zatri on of
rel ev@nt ;i oni c species in the aquagel; i ) Possible
recycle of the liquid to the aquagel (step f)); | )

P°§9i95§s§Q@EtEQBiQﬁoﬁ ¢ tahlg cancentdatd o of i 30 M an M
hydroxyl -derivate to the nedium k ) Possible addition

of anl¥PpPEpLidesi¥dheehPr ARPORCEL &Y t abl e
derivatives of nmetals or anionic groups in order to
nodi)f poesiblecaplietien hef f ah malptdoptiasieChconcentration of

suitable derivatives of metals or anionic groups in
order to modify or to complete the formulation, such
additions being selected from metal cat-ions of the
elements i1dentified in the set of 74 elements

described in the step b);

1) Possible repetition of the steps g), h), i), 3), k)
till the analysis of the aquagel effluent matches the
desired parameters foreseen to obtain a final product

having the required characteristics;
m) Possible substitution of the solvent in the gel pores;
n) Gel drying;
0) Possible further treatments of the dried gel.

2. Sol-gel process according to claim 1, where at least one

compound having the formula
xm—M_(OR)n_m

as defined in claims 1, is added with wvigorous
mechanical stirring to a solution, or a colloidal

suspension of the dopants as defined in step b) of the
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addi tions being selected fromnetal cat-ions of the
el ements identified in the set of 74 elenents

waleweniaed in the step b ); 1 ) Possibl e repetPCT/BP2006/064995

the steps g) , h) , i ), j), k) till the analysis

of the aquagel effluent matches the desired paraneters
foreseen to obtain a final product having the required
characteristics; m) Possible substitution of the

solseeat i@lihe gelheperesinn )sued dappagtso )sdlassidilse  or

furiige Lreal enLs of LGIAEL S 0oty 20y B0hg8l of the
process accordi ng to clraim ., Where a eas one
cogpopedndavindg sube elioemtl geXdatibn- afeRplready gyesent.

defined in claims 1 , is added wth vigorous

gecani gl BLbEELERY 4 QA SHP EPRimOr aoe0ld 0i dal which the
suspensi on of the_ dopants as defined in step b ) of

t heSiR ©)ai AvdRet¥sia stithPISFEdes sendt i yreomanied by a
di S&ﬁ_ﬁicSiidﬁl’t gh@n@gH e@@dirb'u@lnls sfear riydr olacséc@,}jaa{e theoM timely
conpound .and_subsequent gell.ation.are eady present.
SRR e BEd e kaTh raol di ot S PR ERing o
t heelstiep Io. ) hydrolysis is preceded and acconpani ed by

a specific and vigorous stirring adequate to tinely

separal e 1t he ydial ysis o loRyt heogel] atfom accor difdch  the
toclaiml1l © 4 . Sol -gel process according to claim1l

. IGPRRAEH t REQAITROUE  urRer gy REPtRel hydPBRRrably 1s a
pr eferaddy des-idraddd«<con derivative. 5 . Sol - gel

process according to claim1 , in which the added

iquidin acontrolled volune, in the step e ).i

5 ety Ritares @SSP e, B1alE eclparhiytiothe added
cl diimguid iim wia cltantterolled volume, in the step e) is

preferably water.

6. Sol-gel process according to c¢laim 1, in which the
hydrolysis i1s carried out at a pH ranging between -2 and
+1.

7. Sol-gel process according to claim 1 in which, since the
same aims to produce optical glasses, the silicic based
aquagel composition 1s modified [step K)] by the

addition of Al or lLa derivatives.

8. Sol-gel process according to claim 1 to 6, in which the
solution or colloidal suspension of the dopant, as
defined in step B) of claim 1 1is introduced as a
modifier of the liquid phase of the aquagel as in step
K) of claim 1 and processed according to step L) of

claim 1.

9. Sol-gel process according to claim 1 or claim 2, in
which the compound used in step a) is a suitable silicon
derivative, ©preferably a silicon alkoxide, and the
solution, or suspension, comprises metal salts in the

presence of free mineral acids at concentration 2 0.5
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hydrolysis is carried out at a pH rangi ng between -2
and +1 . 7 . Sol-gel process according to claim1l in

wokiock174sé nce the sane ains to produce opti cal PQI/BBRE&)64995

the silicic based aquagel conposition is nodified

[step K) ] by the addition of> Al or La derivatives

8 . Sol-gel process according toclaiml to 6, in

whi ch the solution or colloidal suspension of the

dopedlts / 18S d&fdnnedppmlétiepta ) tiod O\h&imi]ﬂldaﬁ:lon of 1liquid

introQ¢ced as glfler q§ | i qt ghase of the
nuc was S b ensurlng a
aguagel - as 1n s e dl ai m andeproces d
acoc&KMrkpng)pﬂﬁmpd_%taﬁlkﬂtﬂrhhbredf Sol - gel process

according to claim1 or claim2 , in which the

¢onrayRdgHsed dHy @R Jed S @nsSUidl € ghhicahe relevant
der|vat|ve preferably a silicon al koxi de, and the

sol BFPBﬁrtéﬁssé§6eﬁ§e§ﬁte€6\+ﬁﬁdsé’§q“ré%aa‘{e sEne Sb?ﬁtt Rgssible

presama@soﬁnfk@&m@dmmaﬂ vAlCdH0 Sa raf ﬁ@@@ﬁ@léahtﬂﬂlzatlon such
0.5nmole/1 mheqya%pl o the vitrification of, |iqui

nucPBarPWelst & sa?%? sf%ﬁesPRSrégﬁé by e ﬁfngSBelelc
veryukﬁageperew@abtabni|t¢upbenemf 16. Ab?@ﬁmﬁﬂg, silanol

Chag@ﬁ&SEtES ibA @l Al l rthSuFSk%?”t el 1LY Arey5ined

predet erm ned and Ve the bes 033|b val ues
conﬁééhuéﬁeqp@heam§0bé§spbﬂeraﬁpstza@eOﬁqgaéhoassaﬁeélor to

Vol gNBcQ@bals /af SBPRLhRrcl@ i8eC/dhd SeCidd L SHbb@BEies rare
equal or superior to 1200n2/ g, .silanol concentratijon

equal &~ R%W%@@ﬁ@ﬁ”gﬂ?&ﬁaﬁﬁ?ﬁ%ﬁ%%ﬂ@im‘to
nmechabkeakecdestighanee emumangurﬁﬁxﬂmtmrwaué Newtonsaihle in

2 to,¢ ressjon and g tlc erties.,.r Le |n
amorbhOCS. Farar ParcipPRe SPoePrcBPotk PhCEFEnrt b inetres.

pol arized |light at 90 angula[ interval s, observable in
s$li.desonpeh ehicokdésg d¢fo tHeigr deét idf ewhem| Epnetibgted by

non-doped pure silicon dioxide, characterized by:
- total pore volume from 2 cc/g to 8 cc/g,

- surface area from 300 to 1300 m?/g,

- hydroxyl concentration from 2 to 11 m.mole/g.

12. A silica glass doped with Aluminium, as demonstrated on
Example 7, exibiting wvalues of refractive index
measured at the Sodium d-line, (587,56 nm.),
consistently equal or above the figure of 125% with
respect the values of conventional glasses of identical

formulation.

13. Glasses produced according to «claim 12 Dby the
vitrification of 1liquid radioactive wastes containing
metals, including radiocactive isotopes, as oxides,
permanently immobilized in the glass oxide network,
characterized Dby the homogeneity of the glass
concentration of the metals and, mainly, of the

radiocactive isotopes.
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11. Aero-gel according to claim10 and, when
constituted by non-doped pure silicon dioxide,

waebaracuesi zed by: - total pore volune from 2 BCT/BP1006/@4995

cc/g, - surface area from 300 to 1300 nR2/g, - hydroxyl

concentration from2 to 11 mé4fle/g. 12 . Asilica

gl ass doped with Alum nium as denonstrated on Exanple

7 , exibiting values of refractive index neasured at

tLthe @bﬁ$@@$da&&@ﬁd1ﬁ@8€o561@ﬂm)13CQH§thBﬂhhMe&Qb§|mééns of

abovehthe fHere of O}ZS@’mnth res e%%c%h%ﬁvalu@s Clalm‘ 11,

conven?lon§1 Iasses of |déﬁi|cé? f Sl a

€] agd@snptb@u@ededcdopddnge101slanhhez by the form of xero-

v'tr¢$1caéfoafoﬁrgegakgdrngeagéiveowaskeﬁrseeaeba'agro gel
i ncl udi ng radi oactive fsoftopes, as oxides

pernﬁ%@n@lWomﬁﬁ%hh+?z%@dYnl§h@cbﬂaggdoﬁﬁaéeﬁebﬁo?Rmpoundlng

char aet efi@ed by cbhgchereganei §yask t@ﬁdQ'r@@ﬁtlng it in a
concentration of the ne a s and, |m

r adi DACEFVR’ | £5t dpes 11410 5&%‘83 F%Pﬁgi t%emcl afthP1d 1ow
whenvobtas heg e lneans otohhentmpnaWengm$sgekm@rmgesproper
acco . claim11, e ' ed .ge
elthégé?%béﬁé #orgbof%ég§¥béglo?£%$g??§gt % ﬁﬁé propet
xeropg@pqrb¢0@f0fr@ba@$e@Oa@¢@e@@l and a nDnollthlc

body is achieved either by conpounding it with a
conventional glass and nelting it in a furnace, or by

i ngl obating the doped gel into a |ow viscosity nelt of
conventional glass, or by proper inglobation in

concrete artefacts in the proper proportion of glass

to cenent.



