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Process for the production of nonoliths by nmeans of
the sol -gel process The invention relates to a process

wo ooosdBepr oduct i on of nonoliths by nmeans of tPeI/EP2006/050759

sol -gel process. It is known that nonoliths of silicon
di oxi de are produced by neanslof the sol-gel nethod by
addi ng a tetraal kyl ammoni um hydr oxi de, as a

stabilizing agent, to a silicon dioxide dispersion,
adpustesg Fbe theecpeotuceipni 6f hpnalliithsobyoimeans of the
anmoni um hydr oxi de or an,anine lishing a pH of
greater than 10.5, allgﬁ}nge?hgrgﬁéggrsion to gel and
drying the gel body (US 6,209,357). It is furthernore
known to produce a shaped silicon dioxide glass

article by neans of the sol-gel nethod by preparing a
silicic sol by hydrolysis of silicon al koxide, m xing
Thes188PRRL PR §PK?E6ﬁ 8PoRi BECE&PFi EPEsthgl PERARGLERB ©f

fbxbUhiehkobgeheadsybigthBesgelgesi pteteBg.t he dried
gel in order to close the pores in the dried gel and

en_heating,the sinter gel. to.a tenperatyre_of
Bt faehenBoshan e oRaghthe{Rs 521360Ag850RHE R produced
bur mkensopré khewsoflegplodatbodyhivhetidéngl ass by

' . 0_havi H e Nak

B baan aaThoR: EnoAYUPGRal 8L postanihzrns boML, to @
aLkéggsi Fapsiiat 616RAPESpaBr e2danaragdatbaséspalepgsic point
bz gatablbshod Ritnehidm8niArdx8def 8-MhAJaRigE] EE@EbIishing
the sol, drglng tHe gﬁl gnde su ercrbtl al .
8oRHi ProAge2hBAt FAG t h8-dri 841gEr e FEE disgersion to gel
badpdrgtingetat §580 body, 200 €,209a36Rhori ne gas
atnosphere and then in a chlorine-free atnosphere, in

QEdEE %BrEﬁggmggg QEB%E QS'pEESHEEhS shaped silicon dioxide
glass article by means of the sol-gel method by preparing a
silicic sol by hydrolysis of silicon alkoxide, mixing this
sol with silicon dioxide particles, allowing the mixture to
gel, drying the gel, sintering the dried gel in order to
close the pores in the dried gel and then heating the
sintered gel to a temperature of between 1,500 and 2,000 °C
(US 5,236,483) .

It is furthermore known to produce synthetic glass by
preparing a paste having a pH of less than 2.2 from
pyrogenically prepared silica, water and acid, mixing
alkoxysilane into this paste, adding a base in order to
establish a pH of 2.8 to 3.6, forming a gel from the sol,
drying the gel under supercritical conditions, heating the
dried gel first at a temperature of 950 to 1,200 °C in a
chlorine gas atmosphere and then in a chlorine-free
atmosphere, in order to free the dried gel from the
chlorine, and subsequently heating the gel to a temperature
which is sufficient to convert the gel into a silicon
dioxide glass (WO 02/074704).
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tenperature which is sufficient to convert the ge

WO 206/024869 | | con di oxi de gl ass (WD 02/ 074704) . PCT/EB2006/050759

furthernore known to produce objects fromsynthetic

silicon dioxide glass by mixiAg an aqueous suspensi on

of silicon dioxide with a silicon al koxi de sol uti on,

hydrol ysing the m xture to forma sol, gelling the so

e fier ruatwermgek, kdbyhngotpeOmategebjéetEOEnbﬂ gyythetic
LNt eri nglthe eI to_forman aob

d
9915809 ,84 Bk EhL g1 R08 BLY 98k nkoah o 0LEBLE 0L EEchEthn of

pnbdqonldmoaﬁdﬁnwmththSSbylneanslbbxuﬂe sollugébn,
99898§§51ﬁ8n?ﬁbsh9gt59§ %8'%8?&”9 §B§psge§llng th?osol to

SIS an al koxi d I N agueous SO utton'to
50ﬁvdﬁow§§agélanarabﬂgoﬁaﬁ|yeévaséraplSﬁrmoao§FVnaﬁi and

soReenihat tRB @byt Be1saperobm. aaddbheed Qhoan1986de2s) .
prepared by the pyrogenic route, ¢ . mxing of the
hydrol ysate of the al koxide with the oxi de prepared by
the pyrogenic route to forma colloidal sol, d .
optional renoval of coarse contents fromthe coll oi da
§be, ipvengébhi pgovfideheacpkboedal feol tha pradubdiof of

ABhLeRRhs! B 'ﬂ&SHE”BfoﬁhEhéoﬂagé QBEébgedchPEQSingfthe

resulting aerogel by an organi ven yi ng
frélaviBgePteRS: heat treat nent of t he drled aerogel . a

. Hydrolysis of an al koxi de in agueous sol ution Any
QESi}fcﬁd)lrgﬁiléﬁ ezl @xiﬂ&c@&mdoeuera&@tﬁm asolteial kaxifderm a

I n icu (t.etraet hox S|Ia e) can be .
e PO 1R AR T B AR Tttt o A e
hy draol oesitsradairorbeo fi ita atagd: by treati ng the

b. addition of an oxide prepared by the pyrogenic route,

c. mixing of the hydrolysate of the alkoxide with the oxide

prepared by the pyrogenic route to form a colloidal sol,

d. optional removal of coarse contents from the colloidal

sol,
e. gelling of the colloidal sol in a mould,

f. optional replacement of the water contained in the

resulting aerogel by an organic solvent,
g. drying of the aerogel,

h. heat treatment of the dried aerogel.
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et hoxysilane with a dilute acid, a hydrol ysate being
formed. The hydrolysis of the al coxide or the Dynasi
wWa00689486%€f er abl y done in the range between 21PErEPRDB6/650759
and the pH between 1,5 and 3 , but these ranges can be
ext ended up to conditions wheBe the hydrolysis
reaction is achieved in less than 4 h for a vol une of
around 30 1 and there are no side pol ycondensati on
aeacHiyapslpesadueifngnokilgoredecibi £&gdecaggl eoknates
'arge enough to clog a 10 mcron nesh. The TEOS/ Wt er
a ] d ufficient t t :

Ak GeSEres RaEhoaPRORIRY! EuB be SrBTUGeR SETEE S1koxice.
Eonphetécuhart ofFAEI dhebfraepbbyyssilphe) ccapi bei ampheyed.
case of Dynasil 40. Several acids can be used to
rhrgger bheohydes! ¥ghsbeknpyeapi¢ agids like: HA, HNO
3, H2SO»4, HF which are known in the art. Usually for
strong acids the pHis 2 . Oganic acids like: citric
acid, malonic acid, oxalic acid, succinic acid
(hydrolysis reaction for this last acid needs use of
Tiher hgdundlysdspreoekd) inifaatadi byatrdawasgatbe used

: - oduced. r_titrati ery:
ggba%Pglg%bgcgggga sgﬁgpégp?é%éhtgiﬁggkélgg%FgF%¥%ﬂgr
werredhowed that this difficulty may be overcome. The
use of other organic acids is not to be excluded. The

@H%aﬁgaggl Ei§Sngt§écalagkgaei§rth?b bbﬁaFg§U$Biﬂg

e elrachn easi | om stal nj ess ste no

Reusrobiredoar bh bROCEANGR: BELASENT Pit B The 192 the

pHnbbaveca ppbeaddafet butothéstordBgascranebeesxtended up
ef t LEro t ydrolysi .

PRECERaRLYpp fndhe L AEOITHERT ol ! FLabPholl tosi Rt Bvea in

sopatthan 4 h for a volume of around 30 1 and there are no

side polycondensation reactions producing oligomeric SiO;
agglomerates large enough to clog a 10 micron mesh. The
TEOS/Water molar ratio should be sufficient to have a
complete hydrolysis reaction in the case of the TEOS or to
complete the formation of (poly)silicic acid in the case of

Dynasil 40.

Several acids can be used to trigger the hydrolysis:
Inorganic acids 1like:HC1l, HNO;, H,S04, HF which are known in

the art. Usually for strong acids the pH is 2.

Organic acids like: citric acid, malonic acid, oxalic acid,
succinic acid (hydrolysis reaction for this last acid needs
use of ultrasound to proceed). Tartaric acid was also used
but the salt produced after titration is not very soluble
and crystals were present in the gel. Further work showed
that this difficulty may be overcome. The use of other
organic acids is not to be excluded. The advantage of using
such acids is that the resulting gels detach easily from

stainless steel molds.
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(hydrol ysate) unter conditions of reduced pressure.
a__Addition of an oxide prepared by the pyrogenic

w0 obe948k4 t he known oxi des of netal s and/ or netHEPDNE6S0759

whi ch are prepared by the pyrogenic route can be added

to the hydrol ysate as pyrogeni#c oxi des. The pyrogenic

process for the preparation of oxides of netals and/or

netalloids is known from U | mann's Enzykl opadi e der

reehhiysaebeps&henten|[ bkl papped Eneypabbpaediatet.

I ndustrial Chemstry] , 4th edition vol ume 21, pages

462 01882 CAR0Rkye hnobbe RYLROERLCOR ePAEALLOR: BLonetres,
rdes o dfof neta S, vapori zable

p@ﬁﬁ@mﬁbéy guth as, mﬁ@roeﬁaﬁpse AéhEQrtb@shydaﬁlMeis, the

Hlé@gomﬂEerﬁegoﬂgysEbbkémgééd $UGH @ﬁe B&ﬁe@ﬁ@ngbﬁutlon
rogen an oxygen-containing g such f or

éﬁﬁﬁﬁPéYséF? HHHth§°88ﬁﬁéﬁ§ﬁt§fcéﬁdPﬁ@ﬁ BéeFéHE?ed
together in a flane. The pyrogenically prepared oxides
of netals and/or netalloids can be enployed as a
powder, as granules, as pastes and/or as a dlsper5|on

%2%&&&%%3E£’ okéhf DASLES Y Pr

pul ver ul ent pyrogenlcally prepared oxide of met al s
Ahd/ shenknarhopysdpat oft Retdlspapdi gy medprbhpidacnhash are

595 g¥anphe, twat ﬁyro@eglhr eatitBgdchhenal XHHER to the
ﬁanlcal a Sui.tabl e device. Sui t abl e devi ces

EXHrBéysﬁF?rQSTBVFBQen%EtOFégeﬁ1II nanoni zer etc, The
solids content of the dispersion / paste can be 5 to
B0ewbyr&genic process for the preparation of oxides of

metals and/or metalloids is known from Ullmann's
Enzyklopddie der technischen Chemie [Ullmann's
Encyclopaedia of Industrial Chemistry], 4th edition, volume
21, pages 462 to 475 (1982).

In the pyrogenic preparation of oxides of metals and/or
metalloids, vaporizable compounds, such as, for example,
chlorides, can be mixed with a combustible gas, such as,
for example, hydrogen, and an oxygen-containing gas, such
as, for example, air, and the components can then be

reacted together in a flame.

The pyrogenically prepared oxides of metals and/or
metalloids can be employed as a powder, as granules, as

pastes and/or as a dispersion.

The preparation of the pastes and/or dispersions can be
carried out by a known route by introducing the pulverulent
pyrogenically prepared oxide of metals and/or metalloids
into the dispersing medium, such as, for example, water,
and treating the mixture mechanically with a suitable

device.



10

15

20

25

30

The di spersion and/or paste can contain a base, such
as, for exanple, NH4OH or organic am nes or quaternary

W@eoven94869 conpounds . The pyrogeni cal |y preparBCr/BRI00€650759

of nmetals and/or netalloids can be added to the

hydrol ysate in the formof granules. In particular,
granul es based on silicon dioxide according to DE 196

01 415 Al can be used. These granul es have the
shatabnerdsthedatan Beger gerparuirebe, divanetet: m251t 0

a o lZBJI_;T %urface area: 40 to 400 m 2/ g Pore vol une:

8 8 t'6%2'5 nF/g Pore distribution: No pores < 5 nm pH:
3.6 to 8.5 Tanped density: 220 to 700 g/1. They are
Bhepapéddbycdnspaksphgtpgr dgencealipy prepacedcsnl beoh to
gdpoytdesin water and spray drying the dispersion. In
addition to better ease of handling, the use of

granules has t he a?vantage that | ess |ncluded air and
her ef8PeTFeRBr 28Pf °buBBFES SPB FRAPFBAOCBJPRABO FHEN as.
sok ardmpoaseNHETH | yr abspan it adiheegebr qudigheiry ammonium
silicaon di oxi de concentration can furthernore be
acﬁPeveg by the use of granules. A s a result, the
shrinkage factor is |lower, and | arger glass conponents
¢ha bﬁrpgedwcéaanPhephéedaﬁ@léqalpﬁemetaiﬁeaadégnt of

H&EQQ?B&&@'Eanbépé&agdoﬁbd€h8fh?ﬁkéh§s§€g/95 the form of
net al | oi ds_which i s brought tog@ her Wt

H?éPBﬂ?§aténcﬁﬁrﬁécﬁéaﬁrgﬁrégu st B226dopBy SheigAR. Fhexide
sbebnkagg tacbmr1dygromg4tibeapr eddchbeolsefl.t hBegkagsanules

ﬁ?gﬁafgadgﬁgagthXl he cqntent of pyrogenically

Average particle diameter: 25 to 120 pm
BET surface area: 40 to 400 m?/g
Pore volume: 0.5 to 2.5 ml/g
Pore distribution: No pores < 5 nm
pH: 3.6 to 8.5
Tamped density: 220 to 700 g/1.

They are prepared by dispersing pyrogenically prepared

silicon dioxide in water and spray drying the dispersion.

In addition to better ease of handling, the use of granules
has the advantage that less included air and therefore
fewer air bubbles are introduced into the sol and

consequently also into the gel.

A higher silicon dioxide concentration can furthermore be
achieved by the use of granules. As a result, the shrinkage
factor is lower, and larger glass components can be

produced with the same equipment.

The amount of pyrogenically prepared oxide of metals and/or
metalloids which is brought together with the hydrolysate

[o]

can be as high as 20 to 40 % by weight.



of nmetals and/or netalloids in the sol to be prepared
according to the invention. According to the

wo pwendd48en, a shrinkage factor of 0.45 to 0. 55PCEHRP2006/050759
advant ageously be established. The oxides according to
table 1 can be enpl oyed as pyfogenically prepared
oxi des of netals and/or netalloids: Table 1
Physi co-chem cal data of Aerosil.n accordance with DI N
66d3shrhnaeger dancerwdtihi DGNchECo18duEXionJbb Khe glass can

101/.18 t.sieved) . cordance Wt N1SO 1
PR xEe kPR p8oEHE ThankeBE 08T OB R e by Pabt e PhrpA: BN des
559@@taASTWhﬂVQZO®¢taﬂSOKd51®m/ZBensaicbpdhﬁcprapahed
Q!:No!:@@n%s%o/ [Xe ARTM,\D;1208, JI'S K 5101/24 n
accordanCe with DIN 1SO 787/ XViil, JIS K 5101/20 >ased
on the substance dried for 2 hours at 105 C >ased on
fReCsdbhBTaRCethgniREENF P2 ﬁoﬁpglakai?oéécép§p@€i9#45 to
paskaghAgapireheayebgsagabastsaBbsti Bhed. A content is a
constituent of the loss onignitionln a preferred form

the i,jnvention,.the ni call repared si,Jlicon
b DEAbRE B hG e BYERERE, £%:nl RECRADTEVRY' 18

pabbgeticatdy becpapbdyediden pérmetalar anthier metalloids:
pyrogenically prepared silicon dioxide Aerosil OX 50
can be enployed if a high W/ transparency i s not
necessary. The pyrogenically prepared silicon dioxide
havi ng the foll ow ng physi co-chem cal properties which
I's known according to EP 1 182 168 A | can furthernore
be enpl oyed as the pyrogenically prepared oxi de of
netals and/or netalloids : 1 . Average particle size
(D 50 val ue) above D50 150 nm (dynam c |ight
scattering, 30 wt.% 2 . Viscosity (5 rpm 30 wt.% h
< 100 mPas 3 . Thixotropy of the T < 2



Tanped density

pH < 4.5 These

Origi nal

properties are detern ned byPeEBEP®06650759

BET surface area 30 to 60 n2/g 5 .

TD = 100 to 160 g/1 6 .

w@bysiogsexr hem cal

4 .
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600 m gl ass beaker and anal ysed at room tenperature
(statistical recording of the tenperature via a
wWOore@s094869 probe) at various shear rates. BET PCT/BP2006/050759
accordance with DIN 66131 Tanped density: in
accordance with DIN |1 SO 787/ XI, K 5101/18 (not sieved)
pH: in accordance with DIN | SO 787/1X, ASTM D 1280,
JI'S K 5101/ 24. The pyrogenically prepared silicon
di oxi de which can be enpl oyed according to the
I nvention can be prepared by mxing a volatile silicon
conpound, such as, for exanple, silicon tetrachloride
or trichloronethylsilane, with an oxygen-contai ni ng
gas and hydrogen and burning this gas mxture in a
flame. The pyrogenically prepared silicon dioxide
whi ch can be enpl oyed according to the invention can
advant ageously be enployed in the sol-gel process
according to the invention in the form of dispersions
I n aqueous and/or non-aqueous solvents. It can
advant ageously be enployed if gl asses having a high W
transparency are to be produced.In the case of
particularly high purity requirenents of the glass, a
hi ghly pure, pyrogenically prepared silicon dioxide
which is characterized by a content of netals of |ess
than 9 ppm can furthernore be enployed as the oxi de of
metal s and/or netalloids. It is described in the
pat ent _applkd cati on PE 103 42 828.3 (030103 FH) In a
preferifed &€hbodi merff of the invention, the highly pure
silicorp di exi de cangbe characterized by the follow ng
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ASTM D 1208,

>ased on the substance ignited for 2 hours at 1,000 °C
IC1 content is a constituent of the loss on ignition

.n accordance with DIN ISO 787/XI,

.n accordance with DIN ISO 787/XI, ASTM D 1208,

.n accordance with DIN ISO 787/IX, ASTM D 1208,

.n accordance with DIN ISO 787/XVIII,

>ased on the substance dried for 2 hours at 105 °C
special packaging protecting against moisture

.n accordance with DIN 66131
.n accordance with DIN 55921,



Li ppb < 10 Na ppb < = 80 K ppb < =80 My ppb < = 20
Ca ppb < 300 Fe ppb < = 800 Cu ppb < =10 N ppb < =
W@Oe48ppb < = 250 Mh ppb < =20 Ti ppb < = 2201/BP20p@E50759

= 600 Zr ppb < =80V ppb < =5 The total netal
content can then be 3,252 ppb9( ~3.2 ppm) or less .In a
further preferred enbodi nent of the invention, the
hi ghly pure pyrogenically prepared silicon dioxide can
be ehpractercdedoby bhethel Lawengicant ent pyra@éaﬁsally

Brggggeégaligcgg leXl%%OK%ggglg 6X59&r wﬁgcg 13839E§§ise

ppbted 1n0twhlppb,<can be employed In partlcular, the

pyrogenically prepared silicon dioxide Aerosil OX 50 can be

employed if a high UV transparency is not necessary.

The pyrogenically prepared silicon dioxide having the
following physico-chemical properties which is known
according to EP 1 182 168 Al can furthermore be employed as
the pyrogenically prepared oxide of metals and/or

metalloids:

1. Average particle size (Dsg value) above Dsg 2 150 nm

(dynamic light scattering, 30 wt.$%)

2. Viscosity (5 rpm, 30 wt.%) n £ 100 m.Pas

N(SRPM)
3. Thixotropy of the T; |— <
N(SO0RPM)

4. BET surface area 30 to 60 m?/g
5. Tamped density TD = 100 to 160 g/1

6. Original pH £ 4.5

These physico-chemical properties are determined by means

of the following methods:

Particle size

Measurement method: Photon correlation spectroscopy (PCS)
is a dynamic scattered light method with which particles in
the range from approx. 5 nm to 5 pm can be detected. In
addition to the average particle diameter, a particle size
distribution can also be calculated as the measurement

result.

Light source: 650 nm diode laser

Geometry 180° homodyne scattering

Amount of sample: 2 ml

Calculation of the distribution in accordance with the

Mie theory



Ti ppb < = 150 Al ppb < = 350 Zr ppb < 3 V ppb < 1 The

total netal content can then be 1033 ppb (~1.03 ppm
wWo@eoob®%869 The preparati on of the highly pure, PCT/EP2006/050759

pyrogenically prepared silicon dioxide which can be

enpl oyed according to the indéhtion can be carried out

by converting silicon tetrachloride into silicon

di oxi de by nmeans of high tenperature hydrolysis in a

Prapediupea knmmnoﬁaamepeasdouskeg hen%)aasélﬁﬁﬁﬂoduced into

tetrachl oride ha | _conte L of ess han

oS RE A SrLfer FRA - SRUBATAGRFSOP FoHS rvafitbhdaend the

mbhsuoﬁmeetrashsbardedwhwbh,mensaddeDDntabeS|pﬂaoﬁ at room

de, has the follow ng content of netals can

E@ﬁgé??gggb | ess than 1 ppb B less than 3 ppb Ca

| ess than 5 ppb Co less than 0.1 ppb & less than 0.2

BpBCceiif¥ss than 0.1 ppb Fe less than 0.5 ppb K | ess

MBaBuieﬂéthﬁetﬁéa tHaprég@@ﬂmbblbeﬁﬁebﬁ@ﬁee fopphnMpysis

bgﬁgo&B f%oapprOPer §gstgaﬂiépg8bw§%h %andggg ro%atlon

spindles is available.

Shear rates: 5 to 100 rpm
Measurement temperature: room temperature (23 °C)

Dispersion concentration: 30 mol$%

Procedure: 500 ml of dispersion are introduced into a
600 ml glass beaker and analysed at room temperature
(statistical recording of the temperature via a measuring

probe) at various shear rates.

BET : in accordance with DIN 66131

Tamped density: in accordance with DIN ISO 787/XI, K
5101/18 (not sieved)

pH: in accordance with DIN ISO 787/IX, ASTM D 1280, JIS K
5101/24.

The pyrogenically prepared silicon dioxide which can be
employed according to the invention can be prepared by
mixing a volatile silicon compound, such as, for example,
silicon tetrachloride or trichloromethylsilane, with an
oxygen-containing gas and hydrogen and burning this gas

mixture in a flame.

The pyrogenically prepared silicon dioxide which can be
employed according to the invention can advantageously be
employed in the sol-gel process according to the invention
in the form of dispersions in aqueous and/or non-aqueous
solvents. It can advantageously be employed if glasses

having a high UV transparency are to be produced.



Ti less than 0.5 ppb Zn less than 1 ppb Zr |ess than

0.5 ppb Silicon tetrachloride having this | ow netal
wa@onwbemMseran be prepared in accordance w th DEPADOPRI6/050759

251 or in accordance with DE 100 30 252. The main

process for the preparation dfl pyrogenic silicon

di oxi de starting fromsilicon tetrachloride, which is

reacted in a mxture with hydrogen and oxygen, is

kﬂomhefbaﬁeUbEnpanleﬁzykngpang ﬁat1t§CBQQS¢hements of the

Qn, Vvg 464 el

o155y a higfiny, kiPe orBkibBsfipabig piegat g picon

dco@ndenghuohthe theeatteniksdi hyt hecppirenangé matals of
?8%9 EEQHb9 EﬂebanTEErEMEQQSEbCBE'¥mﬁi8?éae% sSthbCBRide of

I OXi can accor
mﬁvéhﬁléﬁd/§ra@@5ﬁﬂé@é6§slitsaﬁtﬁﬁﬁérﬂg?dthé the patent
pppduebt@Bn0bESPEGi ab gbassegoBavbngrayt st andi ng
optlcal propertles . The gl asses produced by neans of

e_sili OX| ccording . to the i vent| hav

e 1 BP APy oRPRaSoTBRT oR el FEhaoPBRELOAr alde. IYRRTY Pure
hughbynpduexpveoganlbalbyapaeparededlbycbhedfoXﬂdwlng

ap<b oyed according to the invention can
gghggggaggdﬁe?gggexanple by vaporizing 500 kg/h Sid 4
haV|ng a conposition accordlng to table 1 at approx.
90 C hhd tramRPerrfrig it0into the central tube of a
burner of known construction. 190 NnB/h hydrogen and
326 N8/ h aiPPRavi hg”an®dxygen content of 35 vol . %
are a?dltlonally |ntrod%@ed into this tube. This gas
m xture is |%% t ed* and rns in the flanme tube of the

wat er ¢ 8ool edp&gr neg._15, N8/ h

Ca Ppb < = 300
Fe Ppb < = 800
Cu Ppb < = 10
Ni ppb < = 800
Cr ppb < = 250
Mn ppb <= 20
Ti ppb < = 200
Al ppb < = 600
Zr ppb < = 80
v ppb < = 5

The total metal content can then be 3,252 ppb (~3.2 ppm) or

less.



hydrogen are additionally introduced into a jacket jet

surroundi ng the central jet in order to avoid caking.
wWQ2dodpB6h air of normal conposition are nor eoRET/EP2006/050759

additionally introduced into the flane tube. After the

reacti on gases have cool ed, t¥& pyrogenic silicon

di oxi de powder is separated off fromthe hydrochloric

aci dcont ai ni ng gases by nmeans of a filter and/or a

myCEOﬁertﬁhe pyedgened ShbbdmmedtONEdEhéomdeént$on, the

ed Wt mater va r and_air deaci
.cgﬁ.gnpuﬁﬁtpy Q?Enyggp?Fegron1a n ledee can be

hydrechbonzedabvdth§héOhéDahngonDehestapé mepabduced
intable 2 . Table 1 : Conposition of Sid4 Al B Ca Co
Cr Cupfe K Mgojyh Mo Na Nf Ti Zn Zr ppb ppb ppb ppb ppb
ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb <1 <30 <5
<0, w9, 2 <Op¢b<0,5 <1 x4 <0, <0,2 <1 <0,2 <0,5 <1
<0, 5Table 2 Metal contents of the silicon dioxides
(ppb)KExaanppBa [ppb] 30 0.8 < = 10 Na 68 < = 80 K 44
=80 My 10 < = 20 Ca 165 < = 300 Fe 147 < = 800 Cu 3

< = 10gN 118pk = 808 (k047 < = 250 Mn 3 < =20 Ti 132

< = 200
Ca Ppb < = 90
Fe ppb < = 200
Cu Ppb < = 3
Ni ppb < = 80
Cr Ppb < = 40
Mn ppb < = 5
Ti ppb < = 150
Al ppb < = 350
Zr ppb < = 3
v ppb < = 1

The total metal content can then be 1033 ppb (~1.03 ppm) or

less.

The preparation of the highly pure, pyrogenically prepared
silicon dioxide which can be employed according to the
invention can be carried out by converting silicon
tetrachloride into silicon dioxide by means of high
temperature hydrolysis in a flame in a known manner and
using here a silicon tetrachloride which has a metal

content of less than 30 ppb.



Al 521 < =600 Zr 3 <=80VO0.5<=5851,257 ppb S =
3,255 ppb = 1.26 ppm= 3 .2 ppm A pyrogenically
w@e@pasesed si |l i con di oxi de powder known from WPCT/EP2006/050759
2004/ 054929 having a BET surface area of 30 to 90
nm2/ g, a DBP nunmber of 80 or |lss, an average aggregate
area of less than 25,000 nn2, an average aggregate
circunference of less than 1,000 nm at |east 70 % of
rheaagge€egared bavobddmaneci beunher encenefiohess shafcon
00 can fucthernpore _ he used, accordin 0. the .
by SRe ol RS HF ooBnredrryBhr sBarou saf ublpragn1oride,
hesathandpbloningt abhbedt| nfamprefer ced kabedpheped:
the BET surface area can be between 35 and 75 n2/g.
Val ueg) bet ween. 49 ang, 6P n2/ g,gan be particularly
preferred. The BET surface area is determned in
accorgance W thsH dhHH131. | b preferred enmbodi ment,
t he DBP nunber can be between 60 and 80. In the DBP
absorpsi on, thespovesnupt ake,pgly the torque (in Nm ,
of the rotating paddl es of the DBP neasuring apparatus
on addotion ofesleftmad @nbuntmpmf DBP is neasured, in
a manner conparable to a titration. For the silicon
di oxi de whi chleas beaendldyedrdzcording to the
i nvention, a sharply pronounced maxi numw th a
subsefHent drb%s%tt%a%aQtlcuH§ﬂ>addition of DBP
results here._In a further preferred enbodi nent, the
silicBR di oxi HeSPowde? %hh? ch RR¥h be enpl oyed accordi ng

to thﬁ inventiggsc n

an 1 ppb
Mg less than 1 Ppb
Mn less than 0.1 Ppb
Mo less than 0.2 Ppb
Na less than 1 Ppb
Ni less than 0.2 Ppb
Ti less than 0.5 ppb
Zn less than 1 Ppb
Zr less than 0.5 ppb

Silicon tetrachloride having this low metal content can be
prepared in accordance with DE 100 30 251 or in accordance
with DE 100 30 252.

The main process for the preparation of pyrogenic silicon
dioxide starting from silicon tetrachloride, which is
reacted in a mixture with hydrogen and oxygen, is known
from Ullmanns Enzyklopaddie der technischen Chemie, 4th

edition, volume 21, page 464 et seq. (1982).

The metal content of the silicon dioxide according to the

invention is in the ppm range and below (ppb range).



have an average aggregate area of not nore than 20, 000
nn2 . An average aggregate area of between 15, 000 and
wQ@e0se?2 can be particularly preferred. ThePCT/EP2006/050759
aggregate area can be deternined, for exanple, by
i mage analysis of the TEMingdes. In the context of
the invention, aggregate is to be understood as
nmeani ng primary particles of simlar structure and
$héepyhbghnhaue1§upedphegathen;cbhedsuxﬁaéewanea 0&n be
SPOvLS REESEhIAD Lhe R AL hRaL,oL t heyundl
|38 ar'e I mary Ba Bri I mary par rcres
andeabﬂeodoastheanrnQUpanDncbéssmhbéhlagéaSﬁeslthyng
batERdnhinbNEoLeaSY! pRoparLEY Orow together to form
gregates”in the further course of the_ reaction. In a
? ?tﬁ pspeaf BEPEHCeRhBY REARS PRetBP| FEdACAPoiaE1de
Q@@G@Hlﬂ@lﬁb €8 havenplexedadecar ghhgitQlbhey low
Eventlon canlggve an verage aggregate circunference

SPEREIPRaA" 108601 Ath UAnTal8Fage aggregate
ci rcunference of between 600 and 1,000 nm can be
Phaet hé¢ghdyl pupeepgrrgdnithélaggregaredceitunmbar dhogide
[ ' e al ysj t
A s e e R
parpPpeafar F9rpespapdpl ybut vheasi z909%6f kiéh SiCl, having

agebﬁgag§§1Bavsceo§a&ﬁgnésrgagﬁeoﬁ besspbhan. 1930@cnghd
can be preferred. In preferred nbodlnen

SFRPESRTATBRI d& bBRBthﬁhFéﬁtééﬁ BE 8nﬁﬁo9eéu5866r8ﬁnbnown
toentheutnyent i ﬂ)BOCHm3,&$Sh,IynBJ:oqéh adn A RES U ks RENS iheR,ing

a_degree _of fi ng.o o 90 wt The an

Bt ekiea0tahbehh "0 55 Bal Chodpd endbrarns 1 ifoPBrpaguoed
IhEOdEhesntnbeloﬁhgﬁ ghe maxtpnﬁ1degngelpédfahdlhg;nﬁ in
?EgaﬁﬂﬁﬁéstgbéPSEstﬁg atERLELE QUL Y -NCREPRR L NY

hydrogen are additionally introduced into a jacket jet

geous&y

surrounding the central jet in order to avoid caking.

250 Nm’/h air of normal composition are moreover
additionally introduced into the flame tube. After the
reaction gases have cooled, the pyrogenic silicon dioxide
powder is separated off from the hydrochloric acid-
containing gases by means of a filter and/or a cyclone. The
pyrogenic silicon dioxide powder is treated with water
vapour and air in a deacidification unit in order to free

it from adhering hydrochloric acid.
The metal contents are reproduced in table 2.

Table 1: Composition of SiCly

Al B Ca Co Cr Cu Fe K Mg Mn Mo Na Ni Ti Zn Zr

ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb

<1 <30 <5 <0,1 <0,2 <0,1 <0,5 <1 <1 <0,1 <0,2 <1 <0,2 <0,5 <1 <0,5




powder into water in portions by neans of a dissolver,

wi thout the addition of further additives
woreoosowmssdegree of filling is reached when
an increased stirrer output,
is taken up into the dispersiln,
remains dry on the surface of the dispersion,

The

.e. the powder

i NPGPEPWOOO50759
either no further powder

or the

di spersion beconmes solid or the dispersion starts to
ffabmel pepRetdhecshteaon dfoxhdesponden whoghdean (bpb)
enpl oyed according to the invention can furthernore

have a viscosity

14

of less than 100

based on a
r e nof B

Wt @ﬁanQﬂHQ d

[gyBhutions/mn

ut

pprcinn at_a
e. In particularl

ypreferred

EITDodT MEMtS, T
Fhe pH of the s

€
il

Vi SCTOST Uty camnm De
i con di®xd de pow

ess tiham 50 mPas
ler whichA _é&8n be

30

fgn be enpl oyed

B etntaqueous [drspororim—can e betaoon 6 and 5
K The silicon di ¢xi de poader which can ke=e8fpl oyed
according to the |nvent|?n can belenployed In the fform
¥ an aquequs di<pprqinn OThp aqueaus dﬁqﬁpgginn wihhi ch
ggn be enpl oyed accordi ngzg o the ifnventdi an g@n have a
comntent of ST iTCcym dr oxi de_powder [of betweernm 5 and|80
®e . % . Dispersions havikfy a cont gnt of< st 1§&bn
g'oxide powder off between, 20 and 40 can<bgp§ ticularly
preferred—TFheserdi-spersions—haveta—hgh—stabity
With a conparatiVely lowis3ructurg. A &ispes® on of
approx. 30 Wi . % can be very particularly preferredg.

A a preferred efbadi nenf’! an aqugous di <p an wihi ch

according to the ifnventicon wpth 30 |wt

—9of —sTHTCcom dirgxi de powder cam flave a Vi SCOoSTty
Bmich is less 132 < = 200
Al 521 < = 600
Zr 3 < = 80
Y 0.5 < =25
S 1,257 ppb S = 3,255 ppb
= 1.26 ppm = 3.2 ppm

A pyrogenically prepared silicon dioxide powder known from
WO 2004/054929 having

a BET surface area of 30 to 90 m?/g,

a DBP number of 80 or less,

an average aggregate area of less than 25,000 nm?,

an average aggregate circumference of less than

1,000 nm,

at least 70

o

[¢]

circumference of less than 1,300 nm,

of the aggregates having a

can furthermore be used according to the invention as the

pyrogenically prepared oxide of a metal and/or a metalloid.



than 150 nPas at a shear rate of 50 rpm The range
bel ow 80 nPas can be particularly preferred. The

waouenusedi sper si on whi ch can be enpl oyed accopdi/RERIDE050759

the invention can preferably have an average particle
size of the aggregates of thel&ilicon di oxi de powder
which is less than 200 nm For particul ar uses, a

val ue of less than 150 nm can be particularly
phetepredertba dinbpeatisenn, wohehBEanshefeopl ayed can be

ordln st th |ny nt i can be st abi zed b
gw? ron of Baszg or %aﬁ%%h e d?tners %9 E uﬁ%% iumh? <8n
balPsrbncalariyupeeﬁércad|oﬁhe BBEyﬁergaaﬁdaabanuﬁlum

aé£&§m95eachﬂsaccgeaSﬁcghggbhcBmNb@6@§$|Oyed are

amoni a, amoni um hydr oxi t et ranet hyl anmoni um

hydr oxi de, prlnar% secondarﬁ or tertiary organic
5ﬁ1ﬁe§ref€rredNP% Rg1BENEneth§dPBPyREMEe6f CRRePe Petween 60

ah&oxodelmnthetbspoxbsarpte@a;edhéypbh@rpmpeeealcOr the

te to, dal M ft
ESHibey dubolB) 2, R kR oEPaaCn rAd 8% b6 bRenBRR) <
aadsoringtappardSuprepaaddlbyohhefp@eﬁ@eadcamouhéscaﬁ DBP
Eg h?gdouﬁan ﬁghhbglEXméQEEB?gckggatgﬁtéatﬁon For the

satelntot e mxin esse
éxﬂaéonoéﬁpéhQE|yhﬂﬁhtﬁ@nfbenﬁmplaygﬂsﬁéﬂgrdhngth|ﬁge

ohvEheiBydr al ¥§§gp§9| ?EbﬁBchEB £8Q1ABRORH th( BUBBHsequent
oxi de) can be erser _or other neans

don d
PR fhed oBFéE%FUéaFoaﬂé%téoﬁoﬁégBﬁgoE@PylaFsb%F%ed
liquid and asteps w thout producing too many
agghofmarahes, ppééé@kablymbbddmehng nbeagdlldoenatiésxatie

R S B IR R L R
bavecan b¥c2age aggeegatbuarpaebérabtympﬁethbaﬂaa@eOQO nm”
kA gsegége aggregate area of between 15,000 and 20,000 nm?
can be particularly preferred. The aggregate area can be
determined, for example, by image analysis of the TEM
images. In the context of the invention, aggregate is to be
understood as meaning primary particles of similar
structure and size which have fused together, the surface
area of which is less than the sum of that of the
individual isolated primary particles. Primary particles
are understood as meaning particles which are initially
formed in the reaction and can grow together to form

aggregates in the further course of the reaction.

In a further preferred embodiment, the silicon dioxide
powder which can be employed according to the invention can
have an average aggregate circumference of less than

1,000 nm. An average aggregate circumference of between 600
and 1,000 nm can be particularly preferred. The aggregate
circumference can likewise be determined by image analysis

of the TEM images.



The m xi ng device can preferably be a device of the
Utra- Turrax type, as a result of which breaks in the
w@edocaseeadvant ageousl y reduced. A coll oi dal sPCT/EB2006/050759

obt ai ned by m xing the hydrolysate with the
pyrogeni cal |y prepared oxi de f the netal and/or
nmetalloid. Mxing of the hydrolysate with the
pyrogeni cally prepared oxi de of netals and/or
Aﬁtahbeddaeﬁhomhdwpﬁeﬁeaabnyabe earpyeﬁaeutcamahlyhat

hono gﬂe gp ergpon gL @, ho Togensous . is
Bﬁ?a Ponal feRbval ot e5ares con?ents from
checumﬁboedab sﬁllesﬁtthﬁugétBeﬁ omnCBB bpt boaékkyed.

carried out in order to: obtain a nore honbgeneous so

@Q' E9e95¥§eé EﬁbédﬁﬁgﬁgengﬁéssQ@H@Bh0818&98§3 o#88rayhich
has better charaCteristics for the next steps

§éBaP§t@mE%@M?GaPCEQFﬁPEEe%OpFB§ehPV?HtﬂH8 s8R fRgpme, in
ganaghi¥euki 8€sperknpHy i &i @sgikBet BE g@nlehgnbﬁahp to

gr gat es t hat _hav een_praduc y_logal gelation

B OHEe2e a5 PP DR CPaPRBNAT: o 4B “FespEPd: BFe or
paktdautentgnprateonedr ot her reasons, Ilke physi ca
or chem cal fluctuations (slom1polycondensation) ,

%ﬂétdQEQHﬁﬁﬂ?gHBhnSprﬁé'ﬂH§1ﬁhﬁpée§EeEh8pr9§§ ?TQE an

conditions of centrifugation time and_ centrifu
papeeuri digpeshdandipecatehethatttnbYmbPECTRAA SDQIth@b

pBwHEQ mater wakekSiw Fgﬁg@?saﬁ ﬂéﬁﬁ@r@?lﬁ A9sBBl@er,
S CO Ol_da n cont al
UnGBOREabhE 2adrbaoRapt, CHEbnaRi eRaes o Paadhg maximum

tdeboaegeneiftil@sngnithecgkbhsd bhdy, Thespite of an increased
stirrer output, either no further powder is taken up into
the dispersion, i.e. the powder remains dry on the surface
of the dispersion, or the dispersion becomes solid or the

dispersion starts to form lumps.

The silicon dioxide powder which can be employed according
to the invention can furthermore have a viscosity of less
than 100 mPas, based on a 30 wt.% aqueous dispersion at a
shear rate of 5 revolutions/minute. In particularly
preferred embodiments, the viscosity can be less than

50 mPas.

The pH of the silicon dioxide powder which can be employed
according to the invention, measured in a 4 per cent

aqueous dispersion, can be between 3.8 and 5.

The silicon dioxide powder which can be employed according
to the invention can be employed in the form of an aqueous

dispersion.

The aqueous dispersion which can be employed according to
the invention can have a content of silicon dioxide powder
of between 5 and 80 wt.%. Dispersions having a content of

silicon dioxide powder of between 20 and 40 can be



I nhonogenei ti es cause trouble above all if the glass
is to be used for the production of |ight-conducting

w0 26031869 The renoval of the coarse content freor/EP®06/050759
col l oi dal sol can be carried out by centrifuging the
col | oidal sol. The particles Mhich are larger or have
a higher density are separated off by the
centrifugation. The centrifugation step nay be
pdvantageely prkelbbbankd.arkete bespéedmCﬁd havethehlgh
%¥ gugtkon of, 0 tcggla a{tgres fr mthgr I0|da oL crsion

fer-thé Hy o yS|spoF aVKOX|de andror “af ter Fﬁ

afidepponxef 30hwte%i denpbepueed bgrtheupgprogenrefeoued,
the al cohol forned during the hydrolysis of the

ahkgxjpdefesueh @ﬁboﬁ@ﬁeﬁﬁangheaqﬁéeﬁgohlsﬁ@?s?@n which can
evaporated out of the solution or mxture._ The ethano

@@asapépveﬁ pscasféngotachieyvanyenrting ESkRi BPoRt - &

s@&@hoglu@oalgelpbhaérhaandﬁaVéablelpe@p@tyleﬁléﬁrlbheess
like f ster Ivent-EFchan e

G8horup! BEPuofchosnret ante Gk, S0 LBRy  FE, 2R HSe RRTow 80

mBanotaanbacpekeiatilenlygf prhepokycondensati on
reaction. If done in a rotating evaporator, the vacuum

§HQUBQPQSu§051§BePbQBnmﬁhEShpEQHUBQ Qﬁg '?Qdmﬁb88r8§ﬂg to

brin IQUI I N zones ere th evapor cannot act
5 ABFEnbAORhEATARACABEABEYSHAVE 6 pECHBgepPatEicap size

ber thheapyrpgsessobrt hRce¥aperahi BNoxANIS @oﬁdé%twhlch is
ndlcgblon hEe evapor ation.can _be done up g RE % h
?ﬁﬁn apcoRleRtr af PEnPaTFhiEHE2EoPEEPON |¥a BPoff 1088 than

W6 0- mpraui dedpthat ctihertgnpeafearedn of silica in the
qution remai ns | ow enough so that no cl ogs or

gé&g§oﬁr$h§EH”E%HeBQSE% %EBdaEBoEE§n§°£Ht£HQ
erev poration urther eva I on can

pp@@pgégntﬁa@ be stabilized by the addition of bases or
cationic polymers or aluminium salts or a mixture of

cationic polymers and aluminium salts or acids.

Bases which can be employed are ammonia, ammonium
hydroxide, tetramethylammonium hydroxide, primary,

secondary or tertiary organic amines.

c. Mixing of the hydrolysate of the alkoxide with the oxide

prepared by the pyrogenic route to form a colloidal sol

Mixing of the hydrolysate of the alkoxide with the oxide of
metals and/or metalloids prepared by the pyrogenic route

can be carried out by initially introducing the hydrolysate
into the mixing vessel and adding the oxide, optionally in

the form of a dispersion.

Mixing of the hydrolysed solution with the Aerosil (fumed
oxide) can be done with a disperser or other means with the

objective to get a homogeneously dispersed liquid and a



if there is a formation of aggregates in the form of

cl ogs or flakes, they can be elimnated by filtering
wo@eooeoMssd f ugation . e  Gelling of the resuPCT/RBR006/050759

colloidal sol in a nmould The triggering of the

gel ati on can be done either 9 increasing the

tenperature or increasing the pH Tenperatures and pH

to be achieved are chosen so to change the real part

etephewytﬁcotepasﬂhclhgsponsmaﬁynaggmnmeﬁathe spke€ekably

neasure mn%haanlgsg%akator Tioneter from bel ow of

8t eanglﬁ gg f'o vartes a%ove 500 Pa and

preferably above 10000 Pa in a period of tinme between

Tew himpesstund ad wbieht hha ROxhodr ef wWherexife with the

gaybﬁPEQtéagﬁhﬁoEaEthaQ98§h8§f§Q éagﬁhedcéhk'egnoﬁe 2 to
e co can be initiated ﬁ a shif n the
0

Bﬁ “¥nePPH PARTSKRPLEJIReFBeDY2REEI L ﬁoo?5a.%ase I'n
a preferred enbodi nent of the invention, aqueous
ahﬁnmhalﬁgldébmaecaanbpraﬁdedbng bBeacaklotcdabfsehe Ultra-

add b
SHACA%RER3E ARy TS0t oS RHasl BRYSIR  hotfE g T are

aduedtapgehuesdmsraducsdirri ng, | ocal inhonbgeneities in
the distribution of the base in the colloidal so

RebegléYeh@egol|HEOHngﬂﬁbB'B? thEHS ghétﬁy995l98a95 with
he base can have the effect [oc of too severe

55ﬁ|PﬁaogsﬁaCFhéyepaﬁsarﬁﬁapﬁhéﬁtOéft?ﬁemﬁaﬁégéﬁ@/Py

mﬁtbFeosal Hixg8b. okt tABYhiHesel,ohecbriadvantaggedgehfically
the | oc

t f t di t f th
BAgBeGoBsORONc| A5t T bAG°oNBUGN"(GoGBAPALE PBOARS
gekeétrahlyl heacprefiedr edtembodi hbat afhbmegeneenslon,

HE QLLORE IR AL CIPREALYE Bl 2801156 6BRaRRCARI Nt al ned

d. Optional removal of coarse contents from the colloidal

sol

Centrifugation can be optionally carried out in order to:

- obtain a more homogeneous sol able to give a more
homogeneous gelation process and a gel that has better

characteristics for the next steps

- separate eventual particles present in the sol that can

give rise to impurities in the gel

- eliminate aggregates that have been produced by local
gelation triggered by particular conditions of
temperature or silica concentration or other reasons,
like physical or chemical fluctuations (slow
polycondensation), that occured during previous steps of

the process.



colloidal sol during the addition of the base. If the

paraneters of the addition of the base are nmaintained,
w@2@eld4sny phase of several hours can be est abPCBHRRING/050759

This gelling phase may be necessary to prevent

premat ure condensati on of the&ol outside the noul d.

During the gelling phase induced by a base, the

col l oi dal sol can be introduced into a nould which

detecshaesibhe bfnaknshapagetibhetimsobhhtihceAtrifugation

%enFer%tu of 25 2 C can bghnglntalned gHrl QPdWB _s of

i'ng o fh%hﬁolgd Furthernore. °f mPFln
ehetevttdrsathishuithdrbubbbed mreftoehdd. n¢hmonautuan 5
l;tsebf can be produced from pol ytetraf | uoroethylenes,
pol yet hyl enes, pol ycarbonat es, polynethyl

nethacrilates or EolyV|nyI chl ori de. orous materi al
thoseRot i 8hfiehesy 096n06ﬁ§F§ﬂPn5néﬁséFé het 802gppi PBRtLCLes

ﬁﬂﬁbhd@antﬂéaﬂldﬁ1@ﬁhbmdgeDEMBgébemnCahél§$a§Bdbody These

es thereof can yi. el
TbhiHeFRah TEEER | refChalaPrhls pRRVRealyarfonhd ST588%s o
bbassedsfoglahs,pnedabtlbnboégﬂaght coadedtmngaf;bres.
ceram ¢ and wood. Plastic can be: polystyrene,
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pl astics, such r exa ,
§ﬁP|@énéaFHbB@rOU?h@YsGﬁﬂﬁééféglﬁﬁetﬁﬁupéléﬁéGPé pel. The

§HBQ§Blebfwhm@hnﬁﬂbdlh@gBEOQHCEQVErthﬂb§§§ dehskisy are
adV|sabI§ Q £ % t he surface with a treatnent
S6BAratedcRThsPYr bPeeks gﬁEéﬂBI or a long-chain
mhganéntaﬁEdgaéhonhstSpwmayhbeaadbaneagboysdiﬁrblanks are
to be produced for the production of optical fibres from
the colloidal sol.

After the hydrolysis of the alkoxide and/or after the
addition of the oxide prepared by the pyrogenic route, the
alcohol formed during the hydrolysis of the alkoxide, such
as, for example, ethanol, can be evaporated out of the

solution or mixture.

The ethanol evaporation is done to achieve gelling
conditions which give a gel that has desirable properties
for the rest of the process, like faster solvent-exchange.
The evaporation is done in such a way that during it there
is not an acceleration of the polycondensation reaction. If
done in a rotating evaporator, the wvacuum should be not so
high as to produce boiling which can bring liquid in zones
where the evaporator cannot act any more on them and not so
small to be not practical for the purposes of the
evaporation. As a first indication the evaporation can be
done up to when the ethanol (concentration) in the solution
is below 10 wt.-% provided that the concentration of silica
in the solution remains low enough so that no clogs or

agglomerates are spontaneously formed in the solution under



Undecanoi c acid, for exanple, can be enployed as the

| ongchain organic acid. These treatnent agents can be
waledoaheded n a m xture withf _ Optional repl aceneeit/ERP006/050759

the water contained in the resulting aquagel by an

organi ¢ solvent. Replacenent 2% the water in the

gell ed sol is necessary because water has too high a

critical point. At the tenperature of the drying

phaperavnabvear Eantheraggapsshveobothntbmaddﬁe;upkpvmdéd that

S%egh and, tomarQ%mgge §IC%2 StEgCt re Of %Ee ? of clogs

r|ng ?he repFacenen? of "t AdIna 9er w th a’So vent El
thefdakeent tham benaUdedlbmlantedchan@elpeocegsprthe
exphangg RE9cgsSs being ended when the water within the
%een conpletely reduced to a |l evel of no

damage to the gel in the drying phase. Solvents which

can be used are ketones, al cohols, acetates and

al kanes . It may be advantageous, if a solvent which

&S g8 Iski) & fMtHe Wadsrl tdisngisedl. 1 Ackilons i nirpad taailldr

can preferably be used. It may be advantageous IT the
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shri nk age can grevented One enbodi nent of

tReereRrONPRARA Qﬁa PewtRcg™ Péﬁﬁééﬁcéﬁ?PSPF@nfBPCthD of the
geet gae, lﬂeasﬁkéHUW@tﬁfaﬂﬁbgblﬂmétaﬁ§t@H@om@ﬁ@r?oﬁksﬂtbelow

f wl t d 30.% vat t
gt geefone, shpul d ot exceed S0 e S WA S PRLEN 1y

aboupt L90DOwaadsnzer pediipdngft héme between few minutes and

no more than 20 hours, where the resulting sample can be

considered a Gel.

Gelling of the colloidal sol can be initiated by a shift in
the pH. The pH can shifted here by addition of a base.

In a preferred embodiment of the invention, aqueous ammonia
solution can be added to the colloidal sol. The addition
can be carried out dropwise. It can be ended when a pH of 4

+ 0.3 is reached.

The base can be added with constant stirring, local
inhomogeneities in the distribution of the base in the
colloidal sol being avoided. Inhomogeneities in the
distribution of the base can have the effect locally of too
severe gelling, and therefore impairment of the homogeneity
of the sol or gel. It may therefore be advantageous if the
local concentration of the acid on addition of the base

does not last long enough to generate local gelation.

In a preferred embodiment of the invention, urotropine



repl acenent process. However, as soon as the water
content of the exiting acetone/water mxture is |less

wo ban/ogaseund 2 % , the replacenment can be contPEIIEP2006/050759
wi t h anhydrous acetone. The process for the
repl acenent of the water by @#tone can be carried out
in individual vessels. It is also possible to arrange
several vessels in series in an array and topass the
Aixémperatumatef aad+atefQoneasubeessivebhyntlr augbhthe

ofe ecte Vess . not her enbodl t f the
gge urg |si SuFerngg togﬁégéoa |rsF ax of mthe
HarametsaHEO@Fﬁbﬁdaﬂdmpepatqfethﬁ bheegekeamauhea@ned a

ysedihg bBFQQGBfQEE@EkQT hEH?Q EEE BE 8Etéﬂﬁléﬂé8'n9hls

vwater rs s brought to I's optional procedure
psldne PBaﬁak@aMuPefP@ﬁ?ﬁﬁérﬁBF@rPéﬁﬁ@ﬂ@eﬂr?ﬂaFHéege

tbaasakhsibhabrmapecadseoutbinet themyadd. nucl eation
centers during consolidation giving or|g|n to

tob t d t t
Fka08nor ey 05 Lol Aor "6 aRpBUHIE thaY BaRarretBFi GPRLPRIa1
Bopucahebei inthedficadl igtass. mGuidenhiphodessrafiaetsthe

?%ngfcgﬁggéngftgﬁenggg %%Bh an acetone/water solution

ose acetone concentration keeps increasing wth ]
A rempFratiwkgsosf 28otng fRecsasl bennaérehinge dunipe filling

erasgbfhed1bn twechavhbies. rIheiRHOsaEUN 8SHEL AR F¥RRAdASUCh
Egemflc concentration of water iS reached and it does

ftchangEPElGRi fFeanPFPedfter a period of rest. There

are several procedures of exchange which can be done
The. mautdnt teadfischhukeoprbdlibednpiygmpr ocedur e.

ST o LV b pro o s v i
aadyeezbyl Thetheerghetes or polyvinyl chloride. A porous
material chosen from the group consisting of graphite,
silicon carbide, titanium carbide, tungsten carbide and
mixtures thereof can be used, if the drying to xerogel is
desired. Further materials can be:

various plastics, glass, metal, fibreglass, coated metal,

ceramic and wood.

Plastic can be: polystyrene, polypropylene,
polymethylpentene, fluorine-containing plastics, such as,

for example, TEFLON®, and silicone rubber.

The surface of the mould should be smooth. If the mould is
produced from glass, it is advisable to treat the glass
surface with a treatment agent, such as, for example,
alcohol or a long-chain organic acid. Alcohols which can be

employed are:

Undecanoic acid, for example, can be employed as the long-

chain organic acid.

These treatment agents can be diluted in a mixture with

aratnAna athannl Avr nthar nrAran arrant e



concentration in the flux increases wth tinme. Usually
many sanpl es are connected in series. The flux val ue
w0 g006hosen in function of the size and form of P€EP2006/050759

sanple. The criteria is that the flux should be not so
small as to last a very long 43 ne naking the procedure

i npractical but not so fast as to consune a | ot of
solvent. In practice flow can be started fromfew m/h
anwp ticsreds et ik dandren o OreHundreds @inyd ined id dhee

wat er qﬁ:centratloq_%; the exit .. T r 7 I, nrr T 1 nv

e A IS o Fercast

esu or¥ganic -solvent.
t t rature

shoul d not be too high so as to i nduce excessive gas
Rephaceoantnofhehsowgéar andtbpeokrdleg pBatoisheegebsary

Bargssangabal 89s! ewoagibA gl ewidownit Beiael VRRL the
transport process. In practice the tenperature range

F%mEﬁéééﬁrﬁyog EP%C@HMF@gtHBFS§taWF§eﬁAFﬁnrgénﬁggreSSlve

benpetaldkasanrdstpropti pteed bydi Beweadsnghet swoensthecture
r? g of c ange in water concentration decreases by one

8 Peo gnitude or nore. This occurs in the |later

st ages of the process when water concentration is
bekrongathkeasplB0etenh vél bhe waBer Wikh- Enpbyvehibi dthe

iBevennl ghAChS UHAER bPCafANRLASNAECOERBLELNCENA! Exchange
N wth solvent at a given ac e concentration,

PepcetRepeliafdenred Whene ?l@étﬁﬁdﬁﬁtééﬁuFB?eael has been
@bﬂp&@ﬁ@&? rdBfceantai pensvaneothas aembiykl €d whehgel in
E er . soluhlon at hi gher acetone concentration. This

g 5ceGur-B9i BPP8Beat ed several times . Criteria to

choose the frequency of changes are given by the fact

thaventsi shéohveanheht tieedoakesketpequentlchhnyes buttates

Lhe Q%LESESUC?t'Ha§088e98535£8§e88E“5§@ bhgoneuhbathicn s
and the actual acetone concent

miscible with water is used. Acetone in particular can

preferably be used.

It may be advantageous if the replacement of the water
contained in the aerogel by an organic solvent is carried
out at a pH of approx. 4. By this means, washing out of
Si0, oligomers which have not yet condensed completely and

too severe a shrinkage can be prevented.

One embodiment of the invention can start with a low

concentration of acetone in a mixture of water and acetone.

[o]

The content of acetone should not exceed 30 %.

The water content of the mixture of water and acetone
should not tend abruptly towards zero during the
replacement process. However, as soon as the water content
of the exiting acetone/water mixture is less than around 2

%

; the replacement can be continued with anhydrous acetone.

The process for the replacement of the water by acetone can
be carried out in individual vessels. It is also possible

to arrange several vessels in series in an array and to



nmeasure has to be as high as possible. This has to be
conpatible with the fact that too high a difference
wa@2meiomsere tensi ons that can damage the gel . PEI/EP2006/050759
practice a 20 s difference is suitable but even 40 %
coul d be supported. Criteria2%4 choose the tenperature
are simlar to the ones described in the previous
section. C. Stop signal - water content The usually
pekkovkd pieceder eff eaeseeantihatetbrewatietessively through
ggncgg%ratko renalglng in the gel before going to the
y'ng s?ep Shétrd né close to 0,5 %in order to avoid
t hesanpl es (gel tubes of 160 mm di aneter) do not crack
éuepnpohenatrpodoneant pat tbaspiracedere- 4syprafgeable to

Raset g bersai dithatragound 1£3cat LhReSBhvEAL @éﬁﬁé?ggure
time Is spent in |lowering the water concentration from

anf efieoded BRetBe5odrsBECHof At trFEPERePROAEION: KASD the PH
beeah@bﬁasmedgthatekh@sdb$bwn§Ubk@agﬁt tbe7vwatBlis optional

trat it .
SRReElERctaeblRhE bhEeohn: PR rsit MiserarPPardRgetn
bHEMgem_the samtenthatlmayneasaeedifnnbhersmoﬁade and
thEFSt&BBeEQREeEﬁrhuQHD 9@%198Q¥ oﬂegﬁOQQHQOQQgEHeto

e Sl ze an art ar roce ure
ﬂrhaﬁﬁgglsﬁ@%ﬁphaﬁnﬁavpngeQUﬁﬁﬁemﬁéﬁﬁgéhe@gg homogeneity or

etﬁékleahpeanaantﬁstaéahHQQQEaakleﬁnheglmﬂparheéel@Mekhe
water. So in practice Sanples with high water

EBHEénEFQF?ons of 4 % or above in the gel can be
suitable to go to the drying step if enough tine is
Cetteho pkbowsa boapgenbgatkohaofingt ehecwatent wathoan

' t I ' h
LS B E TRl s oLl apbrSER IR B0 o goes
teaperatogewath Simel alheowalie gﬁe§0degcthbe60ﬂnenhe

BLEMLAYS S8Rt HBNclassified in two families. The procedures
stop when a specific concentration of water is reached and

it does not change significantly after a period of rest.

There are several procedures of exchange which can be done

i.e. a continuous flux or fill-empty-procedure.

fﬁ_Continuous Flux

A continuous flux of solvent washes the gel. The rate of
the flux is a function of shape and size. The acetone
concentration in the flux increases with time. Usually many
samples are connected in series. The flux value is chosen
in function of the size and form of the sample. The
criteria is that the flux should be not so small as to last
a very long time making the procedure impractical but not
so fast as to consume a lot of solvent. In practice flow
can be started from few ml/h and increased up to tens or

hundreds of ml/min if the water concentration at the exit

ciAda aftar hasrina Fliiw wachadY +ha camnlaflel e



In a preferred enbodi nent of the invention, a
purification step can be carried out between the
WO o9 senl vessels in order to renove any gel PEGDEP2006/050759
particles present in the mxture of water and acetone.
This purification step can bé%arried out by neans of
a filter. g _ Drying of the aquagel Drying of the
aquagel obtained can be carried out in an autocl ave.
Therdeying.cOndi teApsrasued akopldasautebandoo high so as to
tenperature, can be a?b%%% do£ole| Eer syger%r|£acg cciall
or sPoRESFPET¢al 9981 185MTAPY roce ure oﬁjec? Ps Y
totdr $hehgegeponpeshant nntradu¢DWgﬁsntpeaéDngDwnstbﬁ
gBlbgﬁtgekahgggreaprsbggsorta'5rgetgeeckﬁe05emﬁgegeesé
In this or t owm ng steps elther in the dried ge
5RNPR fReCHPASS. b$aﬁpP§§08ﬁér?théHuééérFﬁ Yighosegm
e@mpakaeﬁrbhahdcaa §pamﬂ1§é§S§FrQn@ﬂdab@ﬂ@eﬁatwhén the rate
Eﬁ{gan aut ocl ave. Eventu

ﬁ g glven anﬁunt of d £
§f 1P hB255heCRAFGRE 351 PReIBhECPPESeRY PRt REDST ©
gegnmouds bs added ThitheccanbainetheThetamoehtges of the

@PS%S S%h R &8t8§tcEH§ﬁ9§§g£§9an§S§858w'Q%'?8?E965o % in
ose con ai ner e maxi num tenpera

vpépmeion i s achi eved. The pressure is first increased

by introducing a chemcally inert gas. Nitrogen is

used for econom c reasons. The pressure to be achieved

is a function of the desired maxi numtotal pressure,

mhigﬂ can bhe EEOVE or even below the critical pressure
Be i ' he gel. It has to be high enough so

as to get an integer gel wthout cracks at the end of

The ppotesserfhwheakbueheseamhpyessarakenntaibedf ewet 6illed

sevarabibens 9t Daps.BRdaLBLBRY EBREChS DELBW, thEft there
and then are emptied under saturated atmosphere. The
containers are then re-filled with another solution at
higher acetone concentration. This procedure is repeated
several times. Criteria to choose the frequency of changes
are given by the fact that it is convenient to do less
frequent changes but the difference in concentration
between the new bath and the actual acetone concentration
measure has to be as high as possible. This has to be
compatible with the fact that too high a difference can
induce tensions that can damage the gel. In practice a 20 %
difference is suitable but even 40 % could be supported.
Criteria to choose the temperature are similar to the ones

described in the previous section.

C. Stop signal - water content

The usually followed procedure foresees that the water
concentration remaining in the gel before going to the

drying step should be close to 0,5 % in order to avoid the

r~al ~rvraclbinea T+ hae haan ~Ahecaritad hAawatsrary +hat ecAma 1avrca



critical pressure of the solvent in the gel. Higher

pressures may al so be used. Once the pressure has been
WO pwreeserl t he tenperature is rai sed even up tBPCWEPAES050759

above the boiling point of the solvent enbedded in the

gel for the pressure present 3¢ the container. It is

recomended to achieve tenperatures in the range of

the critical tenperature of the solvent in the gel but

bhmbaésaRgélbeebeShOﬂn16bammiﬂlhhétéﬁmddbiﬁﬁs etatheeven
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+-
%r8stl PPABtdry gel is not cracked. Then the sanple is
left for a few mnutes at those thernodynam c
cardhtirRbgepndtt hes bh@npbBS§uv@dlShaeleaéedlsﬁb@bﬁatan of

g% relgase IS chgsgg to be f tgnougg tor duce

er 87 Spr 6EBSS T lBBtlHS% gs¥ as“t0 ?a@HlFﬁe
gehodogeheotieo (8bpohgopeessdee gfauegntisudasdidéfehence
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emat | ca cat e | owi n E ere
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at zLeagh 2R8 FabulicUsHal byoted3s8)C ThEr esaHk Bgs show that
achiieved i s usuall 58 bar. It has been observed fhat

gpgbnar§lﬁareaﬁomo eneous distribution can be as 1mportant
as having a low level of water. So in practice samples with
high water concentrations of 4 % or above in the gel can be
suitable to go to the drying step if enough time is left to
allow a homogenisation of water concentration inside the
sample. To achieve this there may not be the need of
fluxing. Criteria to choose the operating temperature are

similar to the ones described in the previous section.

In a preferred embodiment of the invention, a purification
step can be carried out between the individual vessels in
order to remove any gel/sol particles present in the
mixture of water and acetone. This purification step can be

carried out by means of a filter.

g. Drying of the aquagel

Drying of the aquagel obtained can be carried out in an
autoclave. The drying conditions, such as pressure and
temperature, can be adjusted to either supercritical or

below-critical wvalues.



be done at 30 bar (see applicati on NO2003A000001)
Pressure is released at 5 bar/h. It has been noticed

w0 bab/0v48e9 sol vent in the wet gel undergoes cher@TEP2006/050759
reactions in the autoclave producing hi gh nol ecul ar
wei ght organic noieties (a bldktk/ browning tar) which
can also remain inside the dried gel. It is convenient
to mnimze the anbunt of such noieties to reduce the
anmunproﬁedakéiaagéeﬁsvbolbetdOEEyaﬁHetbelawmunbuef

SR kg RS A1, e Dehs3eh) 0 LHBI Gt D Ve agdve

boligdow hg heachStpeabnenkadas|mg tbhslnattbﬁ foilpwsng
Q€§§ﬁ09§95¥§d Bhﬁherﬁgyghng ihSrnﬁﬁ'HH€1 @HEEraEHﬁﬁles are
reached to below 2 everal C can Significantl
tefgedusaehinorefiiesed %Pﬂéﬁlﬂﬁﬁ phrassare ﬁEaP@dBé@ésure
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absbabaen wpphi ehebuexphotmeheughrataresefcepesation is
goepekydg on yields. The dried gel is called aerogel.

Heat treatnment of the dried aerogel The process is

usually divided into three stages. 1 ., Calcination_ in
ORGgBREEBHFSI APNGLaEhospRERESE EyséﬁﬁF@dPngEaéeah?ﬁlcally
therevegas. ANyaeugahlssappbdeﬁoandcbhemlanrexygﬁﬁ The

atnos her The Eﬁ ture | %89 g g g ggrgd
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maximum total pressure, whlch can be above or even below
the critical pressure of the solvent in the gel. It has to
be high enough so as to get an integer gel without cracks
at the end of the process. The value usually is taken to be
few to several tens of bars and in any case is below the
critical pressure of the solvent in the gel. Higher

pressures may also be used.

Once the pressure has been increased the temperature is
raised even up to values above the boiling point of the
solvent embedded in the gel for the pressure present in the
container. It is recommended to achieve temperatures in the
range of the critical temperature of the solvent in the gel
but it has also been shown that if the conditions of the

original wet gel:

- water concentration homogeneity
- residual water concentration in gel
- low tension in the wet gel

- strength of the wet gel silica network

are suitable the temperature to be reached can be several

Aarvrance ¥ 1Aawar +than t+ha ~+ritdicral Ana and e+4i11 +ha



due to burning products which can cause pressure
i nside the gel/aerogel with the consequent cracking of

wo bmcaetsepel . Several cycles of vacuum oxygen BEEEP2006/050759
applied. 2 . Dehydration/Purification. Done in a
chl ori ne contai ni ng at nospher28 at 800 C (HCO or/and
SOC 2 using He as carrier gas in concentration He: HC
around 10:1). This cycle |lasts several days for the
kFaegestin§0dmn geassst ibescradkedConsol i dati on. Done in

168 Eianthbif, {aott P05, dcteh nlhubEt 2P EAENE

mhehmpﬂynamecoﬁovdcuMnnduandgthhe hbat hreseataent, rageased.
@ﬁéCEéggdofnrgﬁéggg §Qpbh8§ghoeoNEEOQAQQOQQQQght90 reduce

avoid (dimnis b formati on I n gl ass I es
Eaﬁfﬁé IEFP?eﬁﬁngW@nEéFaPGFeSBuEéﬁésaéuFPngrEGFIFH@ gel

aheopbi €ab EtbbR§ prEUELREr geadt BaLBr 96858eCARcbarfogel
zs f0||$¥5 A vacuumis created in the oven where the
pl

arpPec aced. Then at roomtenperature a m xed
at nosphere 2/ HCI is introduced. The proportions are
chosen to be first richbut at the sanme tine to have
HC introduced in the aerogel pores fromthe

BEgi BRkREntT eBsEBecBﬁHEEEBBHrSrstEﬂbﬁSglbﬁl§ vehah cated

steps to tenperatures below 800 C, applying vaguun1a
tRosBei hPdlA¥dPEt e tenperatures and then introducing

m xed at nosphere Q2/HCI with increasing concentration

of NCatmbispakky When the taiperadwre Teachas iy at

o B dIb A T o por nes /A Fawtre 18855 4P Shobr B

dependlng on the sanpl e sizemldnd wverledCd.n@Preatsarel f

the oven chanber, where tighfgvégﬁﬁsi&%ually 58 bar. It has
been observed that also drying can
be done at 30 bar (see application
NO2003A000001) . Pressure is
released at 5 bar/h.

It has been noticed that the solvent in the wet gel
undergoes chemical reactions in the autoclave producing
high molecular weight organic moieties (a black/browning
tar) which can also remain inside the dried gel. It is
convenient to minimize the amount of such moieties to
reduce the amount of calcinations to be done and the amount
of energy liberated by such reaction inside the oven and
the amount of gas (CO, CO;, H;0) produced in the following
heath treatment during calcination. It has been observed
that reducing the maximum temperature reached to below
250 °C by several °C can significantly reduce such

moieties.

After the pressure is reduced to atmospheric pressure
vacuum is applied to withdraw as much adsorbed organic gas

(residual solvent and eventual reaction products formed in



heat treated, has cold zones or other zones, where H20
is present, a substance, which reacts with water
w@emdoeisny a gas that does not condense at | OWPCT/EP2006/050759
tenperatures, like SOC , is introduced. In this |ast
case the tenperature is redut bel ow 600 C and
preferably below 450 C to avoid the occurrence of
undesired reactions. The oven chanber is again cl eaned
Wbl howaagubyandtibgant heshenper @ahtisewashi agSpdoupdtiee is

above, 1300 C in .at nosphere _plus optionally, o n
PEB e el Pae kiR TG BRSEE PPl BB L8 ¥y P EEng
datesi on ekcehssofygPe’Gsh bmtdwert2l dwr28idwuws 14 h have
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on dont

onger ) an ‘the oven characteristics. By inproving
¥hardét efhst fEscef Ieheldvenlilpea8868Phg down/ heati ng
up tinmes and reduci ng cold zones, where water can
condense, the overall duration could be reduced
further. The previous procedures can be further

{I—E%ef 'tedcrteoat"’r‘ﬁ:ehﬂ eyoef sc me rhiaer céeerrol setll c variations in
rved that the

use of oxygen at 8001C before the heating up to
abhi pvecesnAsdFi davrbhyaddrodethéntsetbfea FeATs3-
at nosphere during consolidation can give variations to

i he caat-ehibali opr 9pebki/gen RehidiiRGnghbEhesphese0SithE sample
| ower refractive indéx better behaviour during

dr adnEFRECFedtl F8CsREG - hAt VERE Uisd SofPBAEFS g8d then an

chl ekiygahi agmagehrat. 80Q Cehprrgitvecaigl ass sadt ebi 800 °C

with Iesslligh% di%p%rzion. Tbl_ei eat treatnent of %h% tion
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si ndeeedogbassibgdprbdowtshehpehogen cause pressure inside

the gel/aerogel with the consequent cracking of the

aerogel. Several cycles of vacuum/oxygen are applied.

2. Dehydration/Purification. Done in a chlorine containing
atmosphere at 800 °C (HC1l or/and SOCl, using He as
carrier gas in concentration He:HC1l around 10:1). This
cycle lasts several days for the largest 80 mm glass

tubes.

3. Consolidation. Done in He plus eventually a slight

amount of oxygen above 1300 °C and below 1450 °C.

These processes are done with the use of vacuum during the
heath treatment, as described in patent application
NO2001A000006, to avoid (diminish) bubble formation in
glass bodies, particularly high temperature bubbles during
pulling of optical fibres.

Further on the process can be done as follows:
A vacuum is created in the oven where the sample is placed.
Then at room temperature a mixed atmosphere O,/HCl is

introduced. The proportions are chosen to be first rich



aerogel object. The heat treatnent can conprise the
followng four steps : A . renoval of the residua
waedogemsezont ent s whi ch adhere to the aerogel PYT/RPAN&050759
of calcination, B . purification of the aerogel, c .
consol i dation of the aerogel 3® obtain a glass body, D
cooling of the glass body. The heat treatnent can be
carried out under a separate gas atnosphere, it being
passkbl ehtosambetgms abnhspbeHelt dnasstatetihén the aerogel

articul ar rppse. of .the eps, pf the heat treatnent .
R i R e
Eavendédstepsetvetetwpeeabvueeshbebryahll 30l vapp bylimarvacuum

Q@ EﬂB5begn@HEmgaggEeageﬂg¥9§Eu§Egoﬁﬂaeﬁﬁeﬁtiﬂtroducing
tenperature of 550 Cto 800 C. This calcining step can
BéxeAdainaRBRers Purihlerviil| iR¢rresinCoorcaprjision of
detectedal1Thewnehi theatbppeebttibe aeskhesek aeeqhdi BOoteC the
s%eg B % can take ph@ﬁe using a chlorinating agent.
FhURSPPBFCexanBPEe ; Cl2, SOCI2 and others can be

used as the chlorinating agent . If appropriate, a

fibbl evgasllsdohaasonf of exahpl ep hel thig pamnt is a few to

Lt.Len us arri f r [
PHOL OO0 PRaRaSobh, Shedehumyd ! p20ET QR B
heahspar spgg,; Eéénphet eveaahglpabesn wherfether dgepgel is

gapberachteMednhy €81HYLBHcQULrt BEnBYN kbheal | ARk ﬁﬂa is
anhydrous atnosphere. In a preferred, enbodi ment of the
PRGERPFON2 FHESEGPFFVCKPFSH E5AChE ¥aFPi Batsht Ppgducing a

geanshet 8&€k2nat aondense at low temperatures, like SOCl,,
is introduced. In this last case the temperature is reduced
below 600 °C and preferably below 450 °C to avoid the
occurrence of undesired reactions. The oven chamber is
again cleaned with vacuum and then the temperature is
raised up to above 1300 °C in He atmosphere plus optionally

oxygen to consolidate the aerogel to glass.

The overall duration of this cycle is between 21 to 28
hours depending on the size of the sample (the larger the
longer) and on the oven characteristics. By improving
characteristics of the oven like cooling down/heating up
times and reducing cold zones, where water can condense,

the overall duration could be reduced further.

The previous procedures can be further modified to achieve
some characteristic variations in the glass properties. It
has been observed that the use of oxygen at 800 °C before
the heating up to achieve consolidation and/or the use of a
He/0O, atmosphere during consolidation can give variations

to the material properties including:

higher wviscosity
lower refractive index

better behaviour during drawing



tenperature of 200 to 600 C. A nore extensive purity

of the glass and higher transparency, in particular in
wo bmelod4ssange, can be obtained if a pyrogeni caPCHEP2006/050759

prepared silicon dioxide Aerosil(r) VP EG50 is used

as the starting substance . Bfe consolidation of the

aerogel according to step C) in order to obtain a

gl ass body can be carried out under a noble gas

ahm)sshenes shoh aBatfoheexaspbe, Sbe[LingsithR)Jfﬂrxdwmg

with ox (§ bei n ossnt;{efor t he.
RS S IR e A et gtith less light

déSparB&ed out at a tenperature of 600 to 1,400 C
During the heating up phase, vacuum can be applied in

%Qeﬁehg E%ggxﬁeﬁeyo?uwgeaﬁ@at Qb?@&e&nléhéai‘%@aebut in
This heating up phase is particularly suitable in the

Péﬁﬁér 5PuPéOF’Hﬁ@eaf FoRF6069t 81866 BCATHETgRt GAF Porous
aeasgbadab_n@etphaﬁ@ ganatberkAtihkatedaw tbmphesheahieng

#8% 60?t08 Cto a tenperature of 1,300 to
268"E9i fOPhei*68BPAg possible for this tenperature

range to be retained for a sufficient period of tine.
Cool i Ag refmotted. rogs uihts e sgldamsl tﬁmiweam:mcaiu@giuso vdtigh

D) can r t r t

900 C. Exarrpl es Example 1 To 100 m_ (0, 44 nol es) of

t et r Bt RAGAIESIe &tfe HPFEGSTOgSd radded, under
vigorous stirring, 80 m of a solution of Ha, 0.01 N
, 1 N yatensAfitaart iabouws Ghanaurnae®la dd muthisolaitgless
is obt aibrg)ecfly To

D. cooling of the glass body.

The heat treatment can be carried out under a separate gas
atmosphere, it being possible for the gas atmosphere to
assist the particular purpose of the steps of the heat

treatment.

The calcination according to step A), which is intended to
serve to remove the organic solvents, can be carried out
under an oxygen atmosphere at a temperature of 550 °C to
800 °C. This calcining step can be ended when no further

evolution of CO or CO, is detected.

The purification of the aerogel according to step B) can
take place using a chlorinating agent. Thus, for example,
HC1, Cl,, SOCl, and others can be used as the chlorinating

agent.

If appropriate, a noble gas, such as, for example, helium,

can additionally used as a carrier gas.

If appropriate, if the glass body to be produced is to have

an IR transparency, complete dehydration of the aerogel can



this solution are added 57.8 g of colloidal funed

silica powder (Aerosil OX50 - Degussa) , prepared from
W@ 2006091864 et r achl ori de by oxidation at high  PCT/EP2006/050759

tenperatures . The m xture obtained is honogeni zed

usi ng a hi gh-speed ni xer work@%g at 10000 rpmfor a

duration of about twenty m nutes, and then the

solution is centrifuged at 3,000 rpm The honpbgeneous

Hésaehséoadobyabaedyﬁﬁgpeutedhénpormyﬁbadﬁbﬁaﬁn an

coH alners g gg§emnth a dianeter of 5.0 cm and
of 2-"8°8ny “Which are hermetical l'y closed,

placed in an oven The tenperature is slowy rai sed
andat heafauradapmbddamesd cf. tTheidueation, ofhehi s

%ﬁ§3f9€§E§Bh08athéfeﬁﬁgléa BQHfﬁy Eggngebf wBEeh hasy
een obtained, is suitably washed with acetone and

SapRegaERERyCdr R0 A éHOau?ocﬁav@rateét?eﬁﬁ@?aPaFéthof

2h8 §1apd 5Adbarghdhetauhephasvacks hhepa@teaamaksed the UV

wi th nitroggn a% roon1te%perature UE gl Eress re. y

bFI86” pSPD THeCRE&EIRY of £hBYAQPGELGE VsPF gpred silicon

diaxtidd, Aeanbsli1®h¥Pt BAp&hatiar esefl 260tkei steeacthed.

Wt h éﬂgéeasing tenperature val ues, the pressure

|nS| e autoclave increases up to 60 bar, and such
pressure value is t constant by acting on the .

WEﬁtCQBEQéédaV@PH Pﬁetﬁénﬁ@FQEGﬂeaﬁépﬁ§l§glFP REpP C) in

eenstkanb @btgﬁﬁ & gh¥sacbbhg eant be MQBElé@'Mﬁt thaer a
g gisure in he autocgave | t hen caused h g
8er&adesdd OFB P66m prE8sire, f8f EKA™BHEed5f 148 in a

haxkthear witTheosgheant icohtahgedosnsbile fhe auntookayen

L3nkBys -Leumieds Ioe,! B8t ot Lacs. ok oRuch; Aasobyenl ang
r enov 'ng t he "autocl ave
GﬁAréeﬁ get ageﬁetamp?KQEUtedO§e6©@et0|é é6BParffied. The

gel is noved to an oven where it is calcinated at a
baPpegatHECheating up phase, vacuum can be applied in order

to remove any bubbles contained in the aerogel. This
heating up phase is particularly suitable in the

temperature range from 600 to 800 °C.

The actual consolidation phase can be initiated with the
heating up from 600 to 800 °C to a temperature of 1,300 to
1,400 °C, it then being possible for this temperature range

to be retained for a sufficient period of time.

Cooling of the resulting glass body according to step D)
can be carried out at a rate of up to 5 °C/minute,
preferably 4 to 1 °C/minute, in the range from 1,400 to
900 °cC.



of 800 Cin an oxidizing atnosphere. During the

heating, the residual organic products comng fromthe
woe@wabymsed i n the autocl ave are burnt. The di SkRCDEP2006/050759

silica aerogel, after calcination, is subjected to a

stream of helium containing B3%of chlorine at a

tenperature of 800 degree C and for a duration of 30

mnutes to renove the silanolic groups present. The

aeangebsdi sk is finally heated in a helium atnosphere

to a tenperature of 1400 degree C for the duration of

pne Eggrlso that the silica reaches conplete densif

After cooling, the disk reaches the desired
final dinensions (dianmeter 2.5 cmand height 1.0 cm,
ﬁﬁlh@ﬁlﬁﬂnéoa4ﬁoﬁﬁﬂﬁéﬂl@frE?Féaﬁﬁhﬁlpﬁéhpéﬁhﬂ@ﬁt?héTEOS

hBéthaheaeranérdeﬁﬁBHbﬁgdsEYrkmﬁﬁ|an'ﬁh geubdscIflRion of
densi f g? nmat eri al has the sanme p yS|cochenlca

ghar a8t Bl Yri &8 ¥&BRe silica gl ass obtained by other
processes . Exanple 2 To 9,4 1 of
peteaethyghor 6hosihicatea( TE@Bjdaseladded, iandbtained. To

: irring. ey
SheS SHEpSLbh hod Bt dden FioPt: SofEhthal shRkfogiyica
powdaft éRcabeiil 685R nuPeguaski npbdepakadi fnoinssilicon

QQEﬁbEﬁ@orIQetByso§QBHEh8H §E9h§ Hegeé 59a9£r&9"@hga
fumed siljca, powder (Aerosil OX5 L gussa AG |,
0

ﬁFéEHF%dOPF6HP§ﬁIF€o OW@E?aéﬁﬁérPaénEy ﬂagrﬁsﬁeﬁtmlxer
hbghihgmper abonesrpmTHernbxtiuketobhabnedbbst twenty

honogeni zed .usjn hi gh.speed m xer rking.at,k 100
POARPEr” 2t BhPOnCBE SBO0FSEhenty ot ThhBEdosnps000 Kpm.
di spersion a solution of amoni um hydroxide 0.1 N

The homogeneous dispersion obtained is poured into

cylindrical containers of glass with a diameter of 5.0 cm
and height of 2.0 cm, which are hermetically closed, placed
in an oven. The temperature is slowly raised and then
maintained at 50 °C. The duration of this last operation is

around 12 hours.

The gel, which has been obtained, is suitably washed with
acetone and subsequently dried in an autoclave at a
temperature of 250 °C and 59 bar. The autoclave is then
pressurised with nitrogen at room temperature up to the
pressure of 50 bar. The heating of the autoclave is then
started, until the temperature of 260 °C is reached. With
increasing temperature values, the pressure inside the
autoclave increases up to 60 bar, and such a pressure value
is kept constant by acting on the vent valves. With the
temperature being still kept constant at 260 °C, by acting
on the vent valve, the pressure inside the autoclave 1is
then caused to decrease down to room pressure, at the speed
of 15 bar/hour. The solvent contained inside the autoclave
is thus removed. The last traces of such a solvent are

removed by washing the autoclave with a slow stream of



i s added dropwi se under stirring, until a pH of about
5 is reached. This colloidal solution is poured into

wo 20060086yl i ndri cal contai ners of glass w th BCT/EP2006/050759
di aneter of 8 cm and height of 50 cm which are then
closed. After about 2 hours t3% washing with acetone
solutions in water can start. The drying of the gel
and its subsequent densif ication are carried out
aacatgiggltOgéheranmyedHEEedesetbbem iB emaamhedl The gel

nglg 3 To éOO%egfwBetrae%hxlort903|I&c (TEgS%perature
4 Cufider vigorous Stirrin Sof ac i

maam&mmmmm@ adtmdmdl@e@n added HA to
reach a pH of 2 . After 60 mnutes a linpid solution

bﬁr@gﬁatﬂédhelﬁgn?0|thoﬂeb§dhﬁﬁregﬁﬁﬁgc'Br@dﬁ@%@tbeﬂlng
evapor at or of I clent capacit he evapor ation

ﬁé@@stbﬁtFF635@99t12n1tBF éuﬁP?@éVﬁ g8FewatErtand

ethanol are withdrawn fromthe solution. To this

shkutlieR aresadded 5e80§glofaﬁebkobdabiﬁuﬁﬁdnsihbcaubjected
gomdertgAer03|l ussa red frg

D AQ)
sPI fcdn ?e?rachbo%lam SyXBX| iPFof °t°ﬁ Eﬁorlne
temperaturesof ¥Aé diegreee’®limd nkalr iz @@ﬂn@gmnzeﬂ 30

H§hﬂge§ EbgPeﬁesédFﬂbX§£1&HBKheggéBuﬁQOQQeéeﬂkfOﬁhé aerogel

dur ati on of ort m nut es he resul tlng m xt ure
ﬁéskuﬁﬁhéﬁnﬁéhﬁgéﬁﬁﬁéé by AehAsiBm atmpeRhABAL LOf @

senpeabtapref 8F 12001 AEGeEcaNT ﬁ@ﬁnt@QYdéﬁéﬁiéh of one hour
SSIbl ntai ned.in e solution are
2B 0aE BhCoah it ropterBRsaEoRPasher danFarifipoiof.

di spersion a solution of amoni um hydroxide 0.1 N
After cooling, the disk reaches the desired final

dimensions (diameter 2.5 cm and height 1.0 cm), maintaining
a homothetic ratio with the form of the initial aerogel

determined by the initial mould.

The densified material has the same physicochemical
characteristics as the silica glass obtained by other

processes.

Example 2

To 9,4 1 of tetraethylorthosilicate (TEOS) are added, under
vigorous stirring, 14,5 1 of acidic water to which

previously it had been added HCl to reach a pH around 2.

After about 60 minutes a limpid solution is obtained. To
this solution are added 5 kg of colloidal fumed silica
powder (Aerosil OX50 -by Degussa AG), prepared from silicon

tetrachloride by oxidation at high temperatures.

The mixture obtained is homogenized using a high speed

mixer working at 10000 rpm for a duration of about twenty

mininitac



i s added dropwi se under stirring, until a pH of about

4 is reached. This colloidal solution is poured into
wa@ylosngsszal contai ners of glass with a di anmet BeT/BP2086/050759

cm and height of 100 cm which are then closed. After

about 12 hours the washing wi3%h acetone solutions in

water was started. Initially an acetone :water (1:10

in weight) solution is fluxed at 10 mM/mn through the

sanphés. dTbpeeomoantr abiionioh bhieammehons hgdgbaddalbyl N

£Q°5885$d %”“w'lsg’hﬁn Ly Deeded Lo wthdraw Lurther v s is

PPUx PH acdstone €6l Ut on |spal?erna9 5
weehhpdri ods of no flux. This treatnent was stopped
when the concentration of water in the flow out from

@H?sséﬂph818@§ congtaBh! YsPehawel. 3n¥l DaWebglt cyThRdrical
ngles are then introduced into a closed contai her

GﬂB%Fév@f EEéFScHhtﬂﬁFh@ﬂéﬁ@tEFe§§u§e§man§thPéggF of

60 ba; andceBanrgothent empeeatures of at |east 260 C .
The autoclave is then pressurized with nitrogen at

n1te erature u t he DL essur of 5
hoo EBBRLRUREHHS FhoMEaR i fEo AP PheBlofRl splifions in
wetrper aeur etakt260 C i s reached. Wth increasing

tenperature val ues the pressure inside the autocl ave

Tﬂér@§§§ﬁ?u9ftQhéoggﬁranangt§uSﬁb§e8ﬁ§ﬁ§u3§n¥§kﬂgat§on are
kept consfant acting on the vent 'valves . W

Féﬁﬁé?ﬁtaPE BéFﬁﬁdéﬁgl Okéb? EBH§?§HFeaﬁe§GBléﬁﬁyln example
acting on the vent valve, the pressure inside the

autocl ave is then caused to decrease down to room

pressure at the speed of 15 bar/hour. The sol vent

contai ned inside the autoclave is thus renoved. The

| ast traces of
Example 3

To 10 1 of tetraethylorthosilicate (TEOS) are added, under
vigorous stirring, 30 1 of acidic water to which previously
it had been added HC1l to reach a pH of 2.

After 60 minutes a limpid solution is obtained. The
solution is introduced in a rotating evaporator of
sufficient capacity. The evaporation lasts until about 12 1
of a mixture of water and ethanol are withdrawn from the

solution.

To this solution are added 5.8 kg of colloidal fumed silica
powder (Aerosil OX 50 -by Degussa AG) prepared from silicon
tetrachloride by oxidation at high temperatures. The
mixture obtained is homogenized using a high-speed mixer
working at 10000 rpm for a duration of about forty minutes.
The resulting mixture is further homogenized by means of a
treatment of sonication for 15 minutes and then any silica
agglomerates possibly contained in the solution are removed

by centrifugation at 3,000 rpm.



such a solvent are renoved by washing the autocl ave

wth a slow stream of nitrogen for about 5 m nutes and
wagioagoasezuum i n al ternati on with the nitrogenP@EEPINE0S0759

for a fewtines. It is then obtained an

aer ogel . Exanpl e 4 The aer ogel36 obt ai ned as di scl osed

in the Exanple 3 are gradually heated in air up to the

tenperature of 400 C at the heating speed of 2

ﬁbnthmbedaﬁﬁeaseoﬁahnbanﬁedoatofhammeﬁmemahydeOgﬂdéoo.1 N

C for fSM/hours Thegevac %9}1% apgnkeg and th%n ? 4 is

oxygen rs’In tce fhe oven P ef ﬁea?ed u 0

g6aclted. At such tenperature vacuumis applied follomed

by the introduction of oxygen. This |last procedure is

Tﬁ@gaﬁgﬂlélﬁgm’Ebﬂﬁﬁlohblskg%ukgdalﬁéB' ey10ndriBal
volunme is fluxed in the furnace, e tenperature

Fenkappesf 8609&aSSAVLER & ﬁéﬁmﬁBﬁFsofhé quinﬁshelght of

sboppRd a’ndchhenrevasetntissagpl ied. After the |ast
procedure is applied several tines a flux of He is
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eristics anal ogous to those of fused
§ﬁmpé98PaFEﬁtcena?ﬁﬁrithPr@£e§§eféﬁetﬁéepﬁédaé@ﬁéﬁléy

maRekhtha bMcieapseaf ithaesakdgeb REEEASSW @QHEhé§IWQter
rolysis of an al kaoxi d

b cchun o utnanabeteBenalib APl §Sare aRBS6RE Bagh periods

e¥apor align Thisptisutmeonceastr atbppedf whbe shee, b
3A4LLLRDA0E AN OX 98P ERALRE BY L NELRYERYE L e Q¥hB1e was

constantly below 0,3 % in weight.

The samples are then introduced into a closed container, an
autoclave, that can withstand pressures of at least 60 bar
and can go to temperatures of at least 260 °C. The
autoclave is then pressurized with nitrogen at room
temperature up to the pressure of 50 bar. The heating of
the autoclave is then started, until the temperature of

260 °C is reached. With increasing temperature values the
pressure inside the autoclave increases up to 60 bar, and
such a pressure value is kept constant by acting on the
vent valves. With the temperature being still kept constant
at 260 °C by acting on the vent valve, the pressure inside
the autoclave is then caused to decrease down to room
pressure at the speed of 15 bar/hour. The solvent contained
inside the autoclave is thus removed. The last traces of
such a solvent are removed by washing the autoclave with a
slow stream of nitrogen for about 5 minutes and using
vacuum in alternation with the nitrogen washing for a few

times. It is then obtained an aerogel.



c . mxing of the hydrolysate of the al koxide with the

oxi de prepared by the pyrogenic route to forma
waeodbodssd sol, d . optional renoval of coarSePCDEPBNE/E50759

fromthe colloidal sol, e . gelling of the colloida

sol in a nould, f . optional 3&placenent of the water

contained in the resulting aerogel by an organic

solvent, g . drying of the aerogel, h . heat treatnent

akaipeedni ed aerogel, characterized in that the coarse

content Ts renoved fromthe col loidal sol . 2

FRE°E850621 o B 06 RdNCLL0R: 0L, Rag § L DY IEARSOh are
€ SOl -gel process accor
ohadueil éyi hedted ﬁhaaiknuﬁtép shy thephydrcokgsafedP§ °C at

PRssgdathhgugBeaqf bt 8r oc BninlFOCL3$ 4L ddentained at the
roduction”of nonoliths by neans of the sol-ge

eueesatyeeordi AGOL of cfar n#qw hwes acte?} Z7RFT ¥ t hatapplied
aha gekhi pgrenosygpndi}k i §teaanted. otheWolrBnais further

ea eéage £a0%86 Q; 0 453£éh teé%erature vacuum is applied
followed by the introduction of oxygen. This last procedure

is repeated a few times.

He:HC1l in a ratio 10:1 in wvolume is fluxed in the furnace,
while the temperature is kept at 800 °C. After a few hours
the flux is stopped and then vacuum is applied. After the
last procedure is applied several times a flux of He is
applied and the temperature is raised at 2 °C/min to 1380
°C.

Such a thermal treatment causes the sintering of the
aerogel and produces transparent, glass-like bodies of
2.2 g/cm®* of density and having characteristics analogous

to those of fused silica.
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Patent claims

1. Process for the production of monoliths by means of the

sol-gel process, comprising the following steps:

a. hydrolysis of an alkoxide in aqueous solution to form
a hydrolysate and optionally evaporation to optimum

concentration of the same,
b. addition of an oxide prepared by the pyrogenic route,

c. mixing of the hydrolysate of the alkoxide with the
oxide prepared by the pyrogenic route to form a

colloidal sol,

d. optional removal of coarse contents from the colloidal

sol,
e. gelling of the colloidal sol in a mould,

f. optional replacement of the water contained in the

resulting aerogel by an organic solvent,
g. drying of the aerogel,

h. heat treatment of the dried aerogel, characterized in
that the coarse content is removed from the colloidal

sol.

2. Process for the production of monoliths by means of the
sol-gel process according to claim 1, characterized in
that in step a) the hydrolysate is passed through a
filter.

3. Process for the production of monoliths by means of the
sol-gel process according to claim 1, characterized in
that the gelling in step d) is carried out with a
shrinkage factor of 0.45 to 0.55.



