1 Silicon oxide based articles The present invention relates to articles,
characterized by particular shapes, constituted by silicon oxide as such or
suitably added, and obtained by moldi@ at room temperature 5 through
sol-gel procedures. Particularly the present invention relates to articles
having a shape which is obtained by means of suitable moulds employed
within the route of a sol-gel procedure and selected on the ground of the

aimed final use, suclk aishapg alleywg the-same iq be 19utilized in many

fields: of particular interest is the preparation of preforms cut out for
optical fiber spinning. The sol-gel term defines a wide variety of
Trecessesawhicheveh being differert asforas thelwerking details of thed by

geagenisaie congemed, are charactesized pydhe following :1h:cemman-h or
operations: - preparation, of a,solution, or a_ suspension,,of a_ precursor

I Ral by 2 s A at T oo [ Bt U OF nh S b Gy oerature
teonstiftite B fid glassy- aftitie 20 Prydrdlysisa aéid dribaseratazed,
iofthe piecurser] dnsideithe sotution«as Suspension, terama MO Braups

Aaeerding t the reactiop MX, + PE20. -+ MQFIN £ AHXWHEISINXK < 1) 1 he
generally is &@n alcohol residue and n means 25 the element M valence;

e HkXides MEORSE tah BCFeptate by sStibREEAHE SFtné Bferd&mmd of
tSuchadsnetilofites orniteates patd, 4n sbmeccasespoxides.tThe obtainéd be

Jpiurecie.sq selyfion or acplloidal narricular interest is the

preparation of preforms cut out for optical fiber spinning.

The scl-gel term defines a wide variety of procesgseg which,
even being different as for as the working details or the
reagents are concerned, are characterized by the following

common operations:

-~ preparation of a solution, or a suspension, of a
precursor formed by a compound of the element (M) the
oxlde of which has to constitute the final glassy

article;

- hydrolysis, acid or base catalyzed, of the precursor,
inside the solution or suspension, to form M-OH groups

according to the reaction
MX, + nH,O — M{CH}, + nHBX

wherein X generally is an alcohol residue and n means
the element M valence; the alkoxides M(OR)n can be
replaced by soluble salts of the element M such as
chlorides or nitrates, and, in some cases, oxides. The
obtained mixture, i.e. a solution or a colloidal

suspension, 1s named sol;



10¢

15

20

25

30

suspension, is named sol; 30 WO 2004/083138 PCT/EP2004/002578 2 -
polycondensazion of the M-OH groups according to the reaction M-OH +
WO 2R4BPL3M-O-M + H20 which requires a time from few secoRE3 #EP3ei#802578

days, 5 depending on the solution composition and the temperature;
during the step, a matrix is formed called, case by case, alcohogel, -
hydrogel or more generally, gel; - gel drying till the formation of a porous
monolithic 10 body during this step, the solvent is removed through a

- sipyleeenitalied exaperationwbich-determinestheasecalteteragel toe
th£ légi:]t%% xtraction in autoclave which determines the so called aerogel;
the obtained body is a porous glass, which may have an 15 apparent
density of 10% to about 50% theqr |c density of the oxide with the
same composition; the Ytied é%l% n'be ngu rlallf%ged as such; -

densification of the dried gel by a treatment at a temperature, generally
rafig e etREBA BOOC ANBMF15FHE, d‘@énéﬁ@%ﬁiﬁe@%l SRBHRicaRYS -
catapesitibimand:ihe hrecedingtsiep procgss parametess) dutihg this step

th@ﬁ%%%%%lf%be%ﬂmg erse up; prt%magaﬁ%y OL.CeramIC. 4

- com ct oxide having the theoric density, :with a linear shrinkage equal to
56tk 569 Z%a@&o%fng?@ﬁm m 'prggéldiﬂgel%ls%égﬁ)]f@to
generally, gel;

-~ gel drying till the formation of a porous monolithic

“body; during this step, the solvent is removed through
a Slmple controiled avaporatlon, which determines the
' so called xerogel or through an extraction in
‘autoclave which determlnes the so called aelogel ihe
obtained body is a porous glass, which may ‘have an
apparent density of 10% to about 50% of the theoric
density of the oxide with the same composition; the

dried gel can bé industrially_used as such;

-~  densification of the dfiéd'gel by a treatment at a
temperature, generally ranging between 800°C and
1500°C, depending on the gel chemical composition and
the preceding step process parameters; durihg_this step
the porous gel is becoming dense up‘tovobtainja_glassy
or ceramic compact oxide having the theoric density,

with a linear shrinkage equal to &bout 50%.

According to the above said la procedure, it is possible to
prepare monoliths of the interesting material by pouring
sol onto a suitable mould, or f£ilms too by pouring sol onto

2 suiltable substrate, or preforms of optical fibers too.

With specific reference to these latter, it is,known that
such fibers, largely employed in the telecommunication
field, are constituted by a central portion, the so called
“core”, and by a couting around the core, generally named

“mantie”. A difference ranging about from 0,1% to 1%
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prepare monoliths of the interesting material by pouring sol onto a
suitable mould, or films too by pouring sol onto a suitable substrate, or

wo 2k of optical fibers too. With specific reference to thqsgrll,qﬁ%ﬁ%{m—,g

is,known that 30 such fibers, largely employed in the telecommunication
field, are constituted by a central porgon the so called "core”, and by a
couting around the core, generally named "mantle". A difference ranging
about from 0,1% to 1% WO 2004/083138 PCT/EP2004/002578 3
ehdbeligenihe cotg and e mantigdeiiadiondadaxes Jel, It b confingd

in the core. Such a difference in the refraction index is obtalne

L Ofifterafit EH&ﬁﬁcﬁpﬂoﬁfboEﬁi%n%ﬁﬁe cOMECEnFthe e B e et ﬁ?éﬁy
refgombinationsialesevaluated, 2 he edostitommadn idicofestituted byienglassy
cogese farmed by-silicen exide dopgd« Ry gpHpRANiYM oxide (Ge02-SiO2)

surrounded by a glassy SiO2 mantle. The widest used optical fibers are

tfiq_- " %%éﬂ%%tq% cha}rgcgerizEd akf){( Sope or}y aIIovvg%ter gg}g{gl N ois

path. 10 Su nera owns a core with a4-8pm diam

fcor}ﬁ&ﬁt@é%rﬁéf e F%ﬁ’l%ﬁ FRERRSL Pﬂpo?ﬁalrﬁ@aran%%éﬁﬁ) doped

by eyaiuate thenqualityief aGHoer-s the) retavamb@@ttﬁatifaldylgao%lwbgb 1$10,

inl to i ing Ldiffysi echani n
oo

eople know,
f &ﬁ&%u?gﬁﬁéﬂﬁf&&@@tﬁg aB86phEt By ﬁ*?elé’éﬁ%g)s?%%r?e’ll path.
Sucransitiorometat reatiohs ypreeest ia the fibewddre, white therd Rfadingteit and

a namaiRlyduede ihe ahsarpier bysPH gequps which may be

The most important parameter to evaluate the quality of a
fiber is the relevant optical fading out, which is mainly
due to light absorbing and diffusion mechanisms and is

measured in decibel for kilometer (dB/Km).

As the skilled people know, UV fading out is mainly due to

the absorption by the cations (as the transition metal

_cations) present in the fiber core, while the IR fading out

is mainly due to the absorption by —-OH groups which may be
in the glass. The fading out of light having an
intermediate wave length between UV and IR is mainly due to
diffusion phenomena caused by fluctuations of the
refraction indexes because of the glass unhomogeneity, of
the fiber structure defects, such as imperfections in the
core-mantle contact surface, fiber bubbles or breaks, or
impurities inglobed within the fiber during the production

process.

The optical fiber are prepared by bringing a preform to
temperatures of about 2200°C. The preform is an ,
intermediate in the fiber production, formed by an internal
rod and an external coat corresponding to core and mantle
of the final fiber. The ratio between the cecating and rod
diameters is equal to the one between the mantle and the

core diameters in the finale fiber. Hereinafter, the words
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20 in the glass. The fading out of light having an intermediate wave length
between UV and IR is mainly due to diffusion phenomena caused by
WO Hgdtifsléhs of the refraction indexes because of the glass PCT/EP2004/002578
unhomogeneity, of the fiber structure defects, such as imperfections in
the 25 core-mantle contact surface, fiber bubbles or breaks, or impurities
inglobed within the fiber during the production process. The optical fiber
are prepared by bringing a preform to temperatures of about 2200C. The
rodrafaincisan 30, Intemediaie prtheifiberprodusfioniformee:fyarinternad

rndog.and.an externat coat.caresponding.tg corg-and mantie i the figal; 1 o

fiber. The ratio between the coating and rod _diameters is equal to the one

Ehe, dReen’iRe Fahtid ahd the dbFedidiRetersihdRé finkldSiner FRYEMAMEAT C
el thewards WO 2004083038 R TVEPZROAMIZ2EES 4 rod and core will be
respectively used with reference to the inner part of the preform and the

1t final filberawhilgshewrdimantieavill becusedipdadieate tieextemal part

corghleL ot e preforms ar of the finers, {is known that Ineymande otine. 41 nq
preformsTo the comﬁweruaﬁ’favaﬂ%%le optl_caFfibers?s pro‘duc_ed

to gredidingab imodificafiorbef feoyradnaitpeinial ddppsifohproreggrocess

frdront ke vapephase {ketiaskpown ag dwherisal \apanDepdsitiaposr

DeiE AN 6o C i A SesRes AR, A1 rale e ORRe Al ng

e of gaseous mixtures comprising oxygen ( d silicon ¢ e
ErqucdVy o g ERBRChIdIH eSS Cf4) TR TSRy drBE &S &FRENEG 181 1g
oxpreduce$)02ind silicon chloride (8iCl,) or germanium
chloride (GeCl:) into an oxy~hydrogen flame to produace Si0;

and GeO, according to the reactions:

SiCli{g) + Ox(g) — Si0:(s) + 2 Cla(g) (I)
GeCly{g) + Oz(g) — Gelz(s) + 2 Cla(g) {II}

The oxydes produced thereby can be deposited as particles
onto a cylinder carrier which is then removed or, as an
alteruative, onto the inner surface of a €ilica cylinder
carrier which is then processed to form the mantle of the
final fiber.

The CVD based processes are sultable to produce optical
fiber with . 0,2 dB/Km minimum  fading out {(for transmitted
light with 1,55 um wave length), and are the state of the
art in the field.

Even if these producing methods are quite satisfactory as
to the performance of the resulting fibers, the yields are
limited thus increasing the production costs.

It is also well known that, during the thermal treatments
to aéhieve the complete densification of the dry gel, it is
possible to carry out chemical purification thereof.
Through such treatments it is possible to take advantage
from the dry gel porosity to carry out washing operations

in the gaseous phase in order to remove organic impurities
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and GeO2 according to the reactions: SiC14(g) + 02(g) S02 (s) + 2 C12

(9) () 15 GeC14(g) + 02(g) Ge02(,s) + 2 C12(9) (II) Theoxydes produced
wo 2thenghysgan be deposited as particles onto a cylinder carrigigwhighuisAligEhs

removed or, as an alternative, onto the inner surface of a silica cylinder

carrier which is then processed to form the mantle of the 20 final fiber.

The CVD based processes are suita'\aole, to produce optical fiber with 0,2

dB/Km minimum fading out (for transmitted light with 1,55 p.m wave

ngth), and are the state, of the art in the field. 25 Even if these producing
%15605 R &ﬁ%?ﬁgfaﬁorghdes © réhgb gecr%lrrsn%n%é 0 %hee resulting
orgfibersetirlyigldsrare dimitatt thusarcrehsingthe provcliemEdsis eigisTaIss
andévﬁwgpwnatga:}eﬁiyﬂng &ﬁg@@% H@@t%d§ tg:achieve melg@lrapke@e the
ensification of the dr L possible to carry out chemica

cat o Erebe TGO Sich Bbatiaes e Solbla fo farer

advantage from the dry gel porosity to carry out washing operations; in
GengiefddsboutPhasttit Bidertd réh8Fe bfgame ifpdrites wd ©ortained
thr2004/083138 PGTARP2004/8025 78! Sordused tbbeviragenrttin thelgélzing

atme%/?ﬂ@feof the yrganemetallic precursors éasithe pyevious mestigReditures
] TMOS and _Tlé ), as well as Watgr-, dgoxulfﬁr%gﬁ%kedg?% oc
OWEiGHEIH tHe YelriethORE oF Uhdesived fetaAtoms 5 Genarally  the- *
removal of organic impurities is obtained through a calcination carried out
Th@b?ﬂ@ﬁﬁﬁﬁa@éxﬂﬁﬁﬁfr hydroxyl groups and undesired metals
is carried out by letting the gel pores be flowed by Cl:,

le
cail

HCl or CCly, eventualliy mixtures with inert gases as
nitrogen or helium, at temperatures between about 400°C and
800°C.

The last opération ig usually a washing treatment, carried
out with inert gases like nitrogen, helium or argon, to
totally remove chlorine or chlerine containing gases from
the gel pores. At the end of these treatments, gel is
densified to the corresponding glass, totally dense
(hereinafter such state will be designated also as “thecoric
density”) by heating at temperatures higher than 9200°C, and

usually higher than 1200°C, under a helium environment.

The above described treatments are quite sultable to purify
gels so that the resulting glasses are suitable to be
largely used (generally to build optical or mechanical
parts). However, 1t has been found that these treatments
cause the presence of gaseous compounds in the final glass.
In case of processing the same in the temperature range of
1900 to 2200°C in order to draw the fibers, those gaseous
compound traces gilve rise to microscopic bubbles which
become fracture starting points, thus causing the fiber to
break and the known processes to be not sultable to produce

optical fibers.
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atmosphere (oxygen or air) into the dry gel at temperatures lower than

900C, particularly between 350C and 800C. The removal of water,

hydroxyl groups and undesired metals 10 is carried out by letting the gel

pores be flowed by C12, HC1 or CC14; eventually mixtures with inert

gases as nitrogen or helium, at temperatures between about 400C and

800C. The last operation is usually a washing treatment, carried 15 out
ith inert gases, like nitrogen, helium or gr on, to totally remove chlorine

]

ToFeHidriHe Bontaihiing hases fiom” tite §eIpares TAMRAG Bhd SHih&s& T orms

Arddtpehts, igel i densified s the ehrasponididgpylass Hetallycdensea 1d

%B@@@@@,S%hcﬂaﬁwﬁﬂf %@ﬁi@@g@é%%@@%@& %tEI%”@F&I% 85 d@ﬁ@mm and
eating at te eratur | than na _us Igher than

P0G et B BRekr e et The SHOUS HRXead raSresniS ars e

CGlittetstitante Ppurif/ C§e1s sdthaf the resaiifd §lassesale stitabléddbe o,

dargetyitised {generaltytoibuileboptical ot mecharicak2h parts) Howeverles

HL0as peen found that these treatments, Cauise the, presenge of g; hﬁ%sse,

compounds in thefinal glass. In case of processing the same in the
SRitipetataré farte 6f 18660 25666 in Srdet 6 uraw the fibérs- those
sgaseousatempoand traces giveinse tommicrascopicshubbleswhichl3E ibers

rhecome, fragtire S%QQ&@QT}%’ thys,Gausiag ﬁ&@b%&ﬂt@@%ﬁnd the
.known processes to be nt%gs itable to prtod ce optlcgl fibers. 6 The . :
HresSREinvEntior Afows the preparation of L&?@foﬁ%@ sditabté'to ST
Lapticaktiverssfitholt e dbovesaid more generally, vitreous
products aprointed at furnishing too.

Therefore, embodiments of the present disclosure refer to
particularly shaped articles constituted by silicon oxide,
as such or suiltably additivated, prepared by molding at
room temperature according to the process comprising the

following operations:

~ preparation of a sol starting from a silicon alkoxide,
or from a silicon alkoxide and at least a precusor of at

least one of the additional elements;
- hydreclysis of the scol cbktained thereby;
- addition of colleoidal silica;
- pouring the resulting mixture inteo the desired mould;
-~ sol gelling and fast removal of the gel;
~ gel drying;

- gel densification by means of a thermal tTreatment at

temperature ranging from 900°C to 1500°C.
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drawbacks, such fibers having characteristics equal to and sometimes

higher than the ones achievable by means of the 5 CVD technology.

Moreover, the present invention relates to, according to a broad meaning,

the preparation of articles having the ghape desired in relation with the

final use, constituted by silicon oxide, as such as suitably additivated, and

comprising the above said optical fibers 10 preforms and, furtherly, liquid
safety containers, transparent (and not) devices to be used in the ) :
Iehemical ot atoties; veskels ahtl, ord Yenerdlly vitrels Prodacts® ™ 5o
rappoirtedrat flwanishing toc dtieiefore; embodimentsoof thegpresert reported
sdisclosyresefer tgn, 13 paticularly shapedharticles constituted-by: silicery

oxide, as such or suitablxlargditivated,{Jreqared %@oldin%%t room d b
Semperaturé éggdrd?nfb tothe p?gcessuslcoarﬁp%siﬁg e 18 owing prepare Y
Iopetaticns e préparation bl arsb| stariigiiom & silieoh afikoxide, C2OBELs1ing:
from a silicon alkoxide and at least a precusor of at least one of the

additignad eteraentsn- hydrolysisl ofsthe :sot ohtaineditherehy; i cadditidrokide,

colloidal silica;,- pouring theresuling fmixture intg the desired mould;; 235 o
sol gelling and fast removal of the?gr%léj- gel dri;lng' (%fgel densification b
|

mean§ of A TREmal treatmeht &t TSHperatire rangiiig from dooeSfe” == O

1500C.i6a dnradirstagpect, there isprovided artiiéés ehdragterised by ab,
shaperhaving a sestior selesteckfromthe ongsreperted 1 ements;
- hydreolysis of the sol obtained thereby;
- addition of colleidal silica;
- pouring the resulting mixifure into the desired mould;
- 2ol gelling and fast removal of the gsl;
- gel drying;
- gel densification by means of a thermal treatment at
temperature ranging from 900°C to 1500°C.
In a second aspect, there is provided articles as defined

above to be used as preforms for optical fiber spinning.

Preferred silicon alkoxides are tetramethylcrtoszilicate and
tetraethylortosilicate. When one or more additives are to

be added, the same are selected by the people skilled in
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in figure 1, wherein said articles are constituted by silicon oxide, as such

or suitably additivated, prepared by 5 room temperature molding

according to a process comprising: - preparation of a sol starting from a

silicon alkoxide, or from a silicon alkoxitle and at least a precursor of at

least one of the additional elements chosen from the group consisting of

groups llia, IVa, Va, lllib, 10 IVb and Vb of the periodic table of elements; -
drolysis of the spl obtained thereby; - addition of colloidal sjlica,; -

Ry e rESTR o Tt B 2 861 peling ARrBsE T

¢emovaleithelyel s ageldtyinge - gerasisifcatibn Bysméansiof dVa, Va,

thermal treafment at- tempperaturerrangingiftem Q008015006 N Bhe mould

éfsﬁn%gse%%me%%;gg%d@dg 1igles andafined aRovelo e used g ,

preforms for optica spinning. 20 Preferred silicon alkoxides are

e ametiyionosiiate Ah¢ tetrasthyttifosiicatd SVAR dhe BF dres -
Adtitvesare te keradged; the Santezanersetected bythe people skilleckin
iimecawe@@@dge%yp%mﬂ@M@%ﬁ%st%g@é%%ﬁ Qnedeingde 1 as
chosen among the elements of the llla, IVa, Va, IlIb, IVb, Vb Groups of

tHe PaFiodR Taisle. Eveirthe hdhi Wil bglgglelcfédfﬁ)g%epgoﬂé skiflegeme
P Ererait cagaih bedepyantentip wipon the aimed use of the final article.
lllustrative examples of the present invention, no way limiting the same,

ate the:sections reparted iz figyrell-as ltothe opticaldibes prefopaszancns
ﬂQﬂgu%%%a§é9§oﬁgﬂding are carried out at room temperature;
the gel drying can be performed under hypercritical or

subcritical conditions.
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other possible employment. 10 In the above mentioned sol-gel procedure,
all operations till the very molding are carried out at room temperature;
the gel drying can be performed under hypercritical or subcritical
conditions. s Claims 1. Articles charactgrised by a shape having a section
selected from the ones reported in figure 1, wherein 5 said articles are
constituted by silicon oxide, as such or suitably additivated, prepared by
room temperature molding according to a process comprising: -

ptépdtation of a sol starting from a silicon alkocide, or from a silicon

alkoxide and at least a precursor of 10 at least one of the additional
klefenis-chesertfiomdhe group consistimgrebgroups dlieg 1¥a s¥atliibnlVb
and; Mb-ef-the periodic table at.elements:-hydrelysis of the sol obtaiped
therebyC'i - adcditiqn of colloidal silié:a' 1% -(E)ogrin$ tl;e resultin}g,mixture into_mh
the desired modid® 2 S%Faefﬁﬁél San%jtfﬁst@remd@a o t%%ogrél;o- daedryiﬁﬁ; Fue
geldensifichfion by anedns k4 dtbrnial freatmmentat tepaperagiretanginge
fromcIQ0Gitp 32Q0C20,3. Adicesaccosdingde:tha precegling claim to be
used as preforms for optical fiber spinning.

- preparation of a scl starting from a silicon alkocide,

or from a silicon alkoxide and at least a precurscor of

at least one of the additional elements chosen from the
group consisting of groups IIla, IVa, Va, IIlb, IVb and
Vb of the periodic table of elements;

- hydreclysis of the sol obtained thereby;

- addition of collioidal silica;

-~ pouring the resulting mixture into the desired mould;
- so0l gelling and fast removal of the gel;

- gel drying:;

- gel densification by means of a thermal treatment at

temperature ranging from 900°C to 1500°C.

2. Articles according to the preceding claim to be used as

preforms for optical fiber spinning.



