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WD 2004/ 083138 PCT/ EP2004/ 002578 Silicon oxi de based

articles The present invention relates to articles,
webanagiies i zed by particular shapes, constit uP€mEPR3004/002578

silicon oxide as such or suitably added, and obtai ned

by nol ding at roomtenperature 5 through sot-ge

procedures. Particularly the present invention rel ates

to articles having a shape which is obtained by nmeans

of suitable noul,ds enpl oyed withi tha oute of a
sol -gel proced@d1goF ?é%‘g?t\g@ HEFEHShd of the

ai med final use, such a shape aIIOMAng the sane to be
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coxydes repl ac by sol ubl e salts of
the element M such as chlorides or nitrates, and,
ThgnBotages, t6%yi de§ineReaopi den¥arirkyuPrs, Rrogesses Which,

e§ehUbkOAg ogiareekhei dal fofUsRe RSO Forks ndamRad s8idls 40 the
Zogééggségg ESEQEE%Q 4/g9%52garacterized by the following

common operations:

- preparation of a solution, or a suspension, of a
precursor formed by a compound of the element (M) the
oxide 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;O0 - M(OH), + nHX

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

suspension, is named sol;
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2 - polycondensazion of the M OH groups according to
the reaction MOH + MOH MO M+ H20O which requires a

W@ 2ov/083188n f ew seconds to sone days, 5 dependPCIYEPR2904/002578

the solution conposition and the tenperature; during

the step, a matrix is forned2 cal l ed, case by case,
al cohogel , hydrogel or nore “generally, gel; - gel

drying till the formation of a porous nonolithic 10
body; during this step, the solvent is renoved through
-a sPphyeondanrakied efapbrallir8H, JWRIER deCOLAiTEs thehe

so gaktedoxerogel, or through an extraction in
aut ocl ave which determ nes the so call ed aerogel; the

obt ai ned body is_a poro as | ch have an 15
appar ent densityb%?ﬁﬁd@§§6ggﬁb§kdgﬂ%?ﬁ The theoric
density of the oxide with the sane conposition; the
driedigel regnikesi adushei &rbyp dewd seasoggish;to some days,

dencifioat : ; P
rendepsfifing" o chiP Okl Lol R IRAL I Be T g
1500¢mperatependidngiog the §&EPehenmmedr iconfosteymea

andcati heqpr eeedi BY $hee, PLAEBHSRAl, AMRIERIcHe W Nibre
this step._the paorous gel is becom ng dense up to

obt 4PRe434H¥ss¥el6r cerami ¢ conpact oxide having the
theoric density, wth a linear shrinkage equal to
—abogt150%y 12 Adddr diheg foambhe cabafe ssaiakdws monolithic

PT OEBANY € el oS (PSS iska'eg t @y, PrRAALE yONol RS Of {fougn
interesting materi a by ‘pouring” Sol onto a suitable
moukdsioplei lcesntined Uey so@pongtdein ontd cha dqlfeamines the

subghr abgg e Refns of tepeA i Relsrd@0ion Wi h

"
specific reference to these latter, it is kpown that

30 SUERCRENEr YUKy JALP RISy &S (7 @l led asrogel; the
t el ep@EIMRICAId/N 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 be industrially used as such;

- densification of the dried 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; during this step
the porous gel is becoming dense up to obtain a glassy
or ceramic compact oxide having the theoric density,

with a linear shrinkage equal to about 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 films too by pouring sol onto

a suitable 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
“mantle”. A difference ranging about from 0,1% to 1%
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~dianeter and a mantl external di aneter o

. RISt Litwiert dnt apeﬁlaarﬁe?%rcqliﬁ SRR LY hel flapnt §xéfeadoped

field, are constituted by a central portion, the so
called "core", and by a couting around the core,

w@eoensdiBy nanmed "mantle". A difference rangi POI/EPI®O4/002578

fromO0,1%to 1% WO 2004/ 083138 PCT/ EP2004/ 002578 3

t between the core and the mani{le refraction i ndexes
let 1light be confined in the core. Such a difference
in the refraction index is obtained through different
hem cal ~_conposition of the core and the mantl e.

Sen Ry COGThiaTst it Wﬁaﬁﬁf%ﬂtl%el%%es let
mggnmrbe' gonFdmsdd tit ethdbyvcxr gl amsayh corei fpepedchyin the

oxi.de doped .ger ium oxi de_ [ Ge02-
AR et g lPaals AT | et eragt kit
QnmpqaﬂtuhnbeﬁStaKE<mﬁralaadnﬁh&nudamtlaind, bei ng
characterized by one only allowed optical path. 10

ke ifd Rek gz%ﬁfﬂ{ale&&i@%@e Cé’ifﬁd‘éﬁ@da él?guxqbst common is

125um

Hy t@%’rmafhltd?rﬁ d}&c%/a(fHeCthSll@@} §adi-pgnaet, b\yﬂlaclajlla%sy Si0,

t.0 I| ht a sorb a di f f usi
I i W LG 2 o0t FhgmpRpmodal
](ldBi Krl)eln% dl'hﬁ:asddléﬁlecécpégplcméﬂmmly Wliadedgopticad path.

tranS|Jt| on %n%mlgfl ons FQtt t‘pletﬁa% Qn§ &aalglqgter and

present Int
aviand ishe xRyl ijlangter ohuidbyndue to the
absorption by -OH groups which may be 20 in the glass

T ﬁ%%bfitgnﬁwtﬁt '@%ﬁ%méﬁe/ﬁ%aébaja@&@éﬂﬁﬂé eam@w of a
ween IS M ue
oo e S T | IRARRT TS  hat - ks Gt EBrRainly
du&ieacesljk@ﬂﬁamﬁbjtﬂge @@&E_ﬁml[@:[‘mganéd:haplﬁms_ bhée is
rgééﬁ{fe% rl%‘?t C,elkgef c% o‘%{‘e g&’@?%ﬁ tions in the
cor e- nant ace | bl es or

breaks, or |npur|t|es |nglobed within the fiber
Rurihfy tiiel lnddranoh 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 coating and rod
diameters 1s equal to the one between the mantle and the

core diameters in the finale fiber. Hereinafter, the words
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process. The optical fiber are prepared by bringing a
preformto tenperatures of about 2200C. The preform
WO 20020838688 i nternmedi ate in the fiber producti onPCT/BPI0R4002578
by an internal rod and an external coat correspondi ng
to core and mantle of the f&nal fiber. The ratio
bet ween the coating and rod “dianeters is equal to the
one between the mantle and the core dianmeters in the
finale fiber. Hereinafter, the words._ WD, 2004/083138
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mantl e of the prefornms for the comercially avail able
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a cvlinder rier which is then
aﬂ@nﬁ@@d RFCOTGEL N t%lt@@nﬁ@@Qélo%ﬁto the i nner surface
of a silica cylinder carrier which is then processed

to fermfhp nardl@)otl. tdie, (29 #inatibider. The) CVD
basedegrocesses ar% SU|tabIe to Brgﬁu? opt|&f£)

Ly (g) + - Gela2(s)
The oxydes produced thereby can be deposited as particles
onto a cylinder carrier which is then removed or, as an
alternative, onto the inner surface of a silica cylinder
carrier which is then processed to form the mantle of the
final fiber.

The CVD based processes are suitable 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 achieve 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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fiber with 0,2 dB/ Km m ni mrum fadi ng out (for
transmtted light with 1,55 mwave |ength), and are
wo b@4psHse of the art in the field. 25 Even iPCT/BR®E4/002578
produci ng nmethods are quite satisfactory as to the
performance of the resulting fibers, the yields are
limted thus increasing the %roduction costs. It is
al so well known that, during the thermal treatnents
to achi eve the conplete densification of the dry ge
catsed t@Om@qsse$¢m¢t:ncbheygebtbehenﬁeapfpﬁhﬁf|cat|on

%g ﬁé%étal?i@é&P?é&EQoﬁée§£§995§ %Eeb§oﬁgsﬁbWﬂ%dﬂéd TMOS

e adva romt orosit to carry out
an@AshERY) opes awaebhsas i MR ERE/ gagéé%uﬂah%@upﬁ driddrsq go the

cLEIONE O UeMd Cod IPHEE L beg, VWr20046883488metal atoms.
ECT/EP2004/OO 78 5 caused to be present in the ge
ecau of the ta ecursors (as t
GBReqt bib rihF| BT THCEL ARECTEBS TOHEGarT 36 ergrined
thydﬁghuh gabupﬁatnnhedatmleueoutabyoﬁéownnghQQynx1dl21ng
agm eoroQ SﬁlgﬁdaggsathBOQEe ér?eggﬁalhy'té ratures

npurities is ob roug
loabclhh&no&oaaﬁvlEarﬁuﬁuﬁyrﬂWohﬁﬁgeéﬁ &%i0d iz AT 50
at nosphere (oxygen or air) into the dry gel at

ThepPehsiHiess Waver, tB?@r%QQ@ g&@hbbcﬁh@rﬁﬁdﬁﬁﬂwﬁﬂ1metals
350C and 800C.  Th

| _qr
igngatndedi PEE Rt iﬁ%gli@ it ecg 8r8&t %Syyﬁ\i&“??cﬁégﬁf &h2r
Hg&lo@oce$4bei$é@m&ﬁlby ﬁﬂﬁturé&lwbthCIhértegeﬁB@md%/
m_xtures wi N a i.tro
TS RBEPR GreCobrikeR tabo I S S SO T s f0 C and
80Pecation is usually a washing treatnent, carried 15
out with inert gases |like nitrogen, heliumor argon,

THR lta%ttalol@é r2@HRYE 1%h h@riane Xora GO G e g carried
gases from the gel pares. At the end_af these
op;egﬂ§@nﬂ§er§ega|§s llke nitrogen, helium oY argon, to

totally remove chlorine or chlorine 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 “theoric
density”) by heating at temperatures higher than 900°C, and

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

The above described treatments are quite suitable to purify
gels so that the resulting glasses are suitable to be
largely used (generally to build optical or mechanical
parts). However, it 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 give rise to microscopic bubbles which
become fracture starting points, thus causing the fiber to
break and the known processes to be not suitable to produce
optical fibers.
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densified to the corresponding glass, totally dense
(hereinafter such state will be designated al so as

WO pive08i1as 20 density') by heating at tenperat UPEBFEP2004/002578
hi gher .than 900C, and wusually higher than 1200C,
under a helium environnent. The above descri bed
treatnents are quite suitabl € to purify gels so that
the resulting glasses are suitable to be |largely used
(generally to build optical or nechanical 25 parts).
THewevesenitt ihasnbéen fddowst frate Hrsge natdammenf spreforms
sGayse1khe Pk %ﬁnegtefcag_asf&%sfscmww@,ﬂﬂé thsoFd nghi g
glass. I'n case of processing the sanme in the

drapacksur suchngébefrs 1eydngo chrorchay oitders tee-avto and

sbhethinBer fii ghlkesengas eas one@MRAUNIG YA HPiveahis S6f the
tao m croscopi c bubbl es which 30 becane fracture
CYPa NG O s HOPRES SCausiit HIRE F1 ber 19 - K bake lakeS tor

alclre risnemn tior ec essesl trednd mot e treddpem tad jsrodeiCearticles

‘ h?l;xﬁfé.in altl'lfei %%%ﬁ)&e\r%gs%g%g ﬁ.gl\?\érgét agcc_%{rﬁ%qgf'/ 199@2 g)?J?naf use,

resent 1 oNn ) reparati on
comestdritmd eds bivt siile con spildeoptascaudh g sswiktdely t he

RAVE v3il, H ARG SURh HldPelh-Ravddy optical fibers
characteristics equal to _and  sonetines higher than

P 3HSs aachi Sraihe iy rmeddilist e GAR t2eh#oT ogy.
themepeaiant N@nd es)t dewieldd ab el ajesd tin tlaecondhngal
tgvgﬁgyoad meani ng, thgﬁp eparation of tic,\lresr s
IRRATRS Y HE hape Fedit &89 n T I G 1H 1 net FTR3F
rrselucteo rptpdiotted! Bt Adnrcdehing degoas such as

suitably additivated, and conprising the above said

TR - | B8l g}%s@@a‘ o ety fAADSS 180 pdAiBularly

safety contain transparent (and not)_ devices to
S&@H%ﬂ\é@nmqw ARtV R BYF ator i et ekdRd s2S afigch or
Jregsnefdd 1 vhvatdd e QS pfFdus) snenpoidit e 2dom
furnishing too. T ereforqi the(gresent i nvention
qggﬂﬁ%ghqﬁ%xﬁqqqﬁﬁ%ﬂq);o he process comprising the

following operations:

- preparation of a sol starting from a silicon alcoxide,
or from a silicon alcoxide and at least a precusor of at

least one of the additional elements:;
- hydrolysis of the sol obtained thereby;
- addition of colloidal silica;
- pouring the resulting mixture into the desired mould;
- sol gelling and fast removal of the solid product;
- gel drying;

- gel densification by means of a thermal treatment at
temperature ranging from 900°C to 1500°C.

Preferred silicon alcoxides are tetramethylortosilicate and
tetraethylortosilicate. When one or more additives are to
be added, the same are selected by the people skilled in
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such or suitably additivated, prepared by nolding at
WO o@asiasper at ure according to the process cop@I/EB1004002578

the follow ng operations: - preparation of a so

starting froma silicon alco§|de 20 or froma

silicon alcoxide and at |east a precusor of at |east

one of the additional elenents; - hydrolysis of the

sol obtained thereby; - addi tion of coll oi dal silica;
thepauti dgoehdenbbyl BPAY BIRt GiEalnPY IPRESdesithied Preterred
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pon’the final purposes, the preferre
t@néhEepﬁgleﬁéséﬁbeﬁoﬁgetfﬁéne'er?ém dTofE LY 14 £5 |57, Some

o%ﬁer bbggabhgbem oGewps of the Periodic Table. Even
t e mould will e selected by the people skilled in

t d tI th
P P o BRBE S 0S8 M 1S Blad s
tllli\z.en:lhleorVerlyo med 1 nki mrtel e ttiee s e, &y erqdve @meﬁm’éure;
tﬁ'l%p?_;gtle%xqu E?] Q:lé%ebje ?J%réfto(}ntélf aRidcalpdidertical or

as to sone other possible
sevpsiroyIReRtL. QH@@M@MQ@? -above nentioned sol - gel
procedure, all operations till the very nolding are
carried out at roomtenperature; the gel drying can
be perfornmed under ipercritical or
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W@eaouo8338 constituted by silicon oxide, as SurtiI/BP2004/002578

suitably additivated, prepared by room 5 tenperature
nol di ng according to a process conpri sing: -
preparation of a sol starting froma silicon al coxide,
or froma silicon alcoxide and at | east a precursor of
at | east one of the additional elenents; - hydrolysis
Céfife sol obtained thereby; 10 - addition of
colloidal silica; - pouring the resulting mxture into
the desired nmould; - sol gelling and fast renoval of
the solid product; - gel drying; - gel densification

e U o 1ebhe 5e Reprkrse-Edeardrag 0"
t hexpleceds nguch abm 3ol bablzedddétipreedr nprepRIERe PY room

optégddr{E PEE BPLMMPIacorlihCtesaapeardsag chapidiifg:
2 characterized by a shape having a section sel ected

fromthe ones reparted i.n 20 figure 1. 4. Articles ,
ACCOPHRG TS 10Fa h # Gy St i P el con alcoxide,

sel ectred oo thi6 ianes aleporidd dnd falgureask a precursor of
at least one of the additional elements:;

- hydrolysis of the sol obtained thereby:

- addition of colloidal silica;

- pouring the resulting mixture into the desired mould;
- sol gelling and fast removal of the solid product:

- 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 the optical fiber spinning.

3. Articles according to claim 2 characterized by a shape
having a section selected from the ones reported in
figure 1.

4. Articles according to claim 2 characterized by a shape

selected from the ones reported in figure 2.



