2140408 A PROCESS OF FORM NG SI LI CA GLASS This invention is related to
processes of formng silica glass. Since it is possible to prepare-silica
gl as___ high purity, it has many uses, such as for crucibles, bogr .
guara<z<t ubes 5 of furnaces for the manufacture of sem conduct 02£P§-8‘4%8
Mareover, silica glass is used for equippent such as chem stry beakers and
cells for optical measurenent. Further, the devel opment of silica glass ¢
havi ng fewer hydroxyl groups or having good optical uniformty permts ’
various optical uses. Especially, attention is drawn 10 to the use of
silica glass fibres for aqptEroekss @FMPURMIRG iSIALICKWIHAESr nOre, silica glass is
used as a substrate of thin filmtransistors. In this way, silica glass is
wi dely used in various fields and the demand therefor is expected to =
Ancrease still nore in future. 15 At present, silica glass is
‘mai nly obt ai ned bfhdacinyentign fig| related troPrecpsses of forming silica
( Method (1) wherein: Cleanly refined natural quartz is washed and nelted.
Met hod (2) wHéR%§-n: 20 [err] is formed from[err] or [err] of high
purity. Method (3) wherein: Natural silica sand.is | t ed i cheyer met hod
i s used, however, StAE® ridsdf 197 ‘??? iTCaPETRREE FiIER FVE &‘g\ghtpd’r W high -
temperature fcalimnly Wils! ARn as' b DRULIR Y phRSHRE dudetl tubes
manuf act uri ng process. - 2-

5 of furnaces for the manufacture of semiconductors. Moreover, silica

glass is used for equipment such as chemistry beakers and cells

for optical measurement. Further, the dévelopment of silica glass
having fewer hydroxyl groups or having good optical uniformity
permits various optical uses. .Especially, attention is drawn
10 to the use of silica glass fibies for opticallccmmunication.
Furthermore, silica glass is used as a substrate of thin film
transistors. 1In this Qay, silica glass is widely used in various
fields and the demand therefor is expected to increase still more
in future. |
15 ' At present, silica glass is mainly bbtained by one of the
N\, following methods: (
Method (15 wherein:
. Cleanly refined natural quartz is washed and melted.
Method (2) wherein:
20 SiOlis formed from Sicl4 or SiB4 of hiéh purity.
Method (3) wherein:
Natural silica sand is melted.
Whichever method is used, however, thé resulting silica
glass is expensive due to the high temperature treatment which

25 is inevitably included in the manufacturing process.



Accordingly, a nore economical process for preparing silica glass is
desirable. " In order to prepare silica glass cheaply, two approaches are
*practiced; one is a sol-gel process where netal al koxide is used as oL
mat ertal , the other is a sol-gel process 5 wherein funmed silica |
a J-aw materl al. The sol -gel process fe- economcally preparing silica
rass f'rom met al al koxi des was studi ed by Nogami and Mriya, in Journal of
Non Crystalline Solids, 37, (1980) pp 191-201. The steps of this process
are as follows: silicon al koxi de, 10 wat er, al cohol and proper catal yst
such as hydrochl ordssonéinglys umebRissoremical wrdcesyydeharepaingysildkysed.
After gelling the hydrolysed solution, the gel is dried. The resulting dry
gel is sinter®@spyls ALFEEbIfy ftﬁe"’f"éﬁp’@r Rreparet bLii6Rglaep | dgaBliass. This

| -gel process results in S|I|ca |.ass of high_ pur since 15 t he
z?kom de used¥qs*FRFRARRTSR AF &IPS 7 ISPep? i ga’crgelm%ga%rwheﬁamﬁah uring

t | h t | d heat .t t t i
cortied out AeBde'Fe S FBﬁr%EﬁvbatPaH}? EnSERHE S5 faprasiabRRRE S0l - gel
process §uffq;§%réﬂ§%meﬁasq!§£g qgeug%a gn?at@;£+110I es of dry gel tend.to

crack duri ng ng and sim ur| ng heating to convert the dry
gel to silica gl asfe &%@gtt%%ys sbe:Iée%nammpfprawihsl@mc@gassé or

ed

practical purposes cannot be obtained. So f known, "a disc of silica
gl ass of ZBmMﬁaaherammésedabw@mrrhyaﬁ@a.wrahaaadzsyi-hanl Souzaai
possi bl e at present. 25 A sol -gel process in which funed silica is

used as raw rEt Bon-Trystaldisesodeds, 87,)duesm ppfidleResr ystal I ine Solids, 47,
¥1982) pp 435-439 by E.M Rabinovich et al. Funed silica (Trade Mark:
1 N7 The steps of this process are as follows: silicon alkoxide,

10 water, alcohol and proper catalyst such as-hydzochloric acid or
ammonia are mixed together and hydrolysed. After gelling the
hydrolysed solution, the gel is dried. The resulting dry gel
is sintered by increasing the temperature to form éilica glass.

This sol-gel process results in silica glasé of high_purity since

15 the alkoxide used as raw material is easily purified. Moreover,
‘manufacturing cost is less than the conventional methods because
heat treatment is carried ocut at relatively low temperature.

\ On the other hand, this sol-gel process su“érs the
disadvantage that large articles of dry gel tend to crack during

20  drying and similarly during heating to convert the dry gel to
silica glass; Consequently silica glass of sufficient size for
practical purposes cannot be obtained. So far is known, a disc
of silica glass of 28mm diameter obtained by Nogami and Moriya
is the largest possible at present.

25 " A sol-gel process in which fﬁmed silica is used as raw material
is disclosed in Journal'of Non-Crystalline Solids, 47, (1982)

pp 435-439 by E.M. Rabinovich et al. Fumed silica (Trade Mark:



Cab-o0-sil supplied by Cabot Corp.) is mxed with water to forma hydrosol.
After the .Rydrosol has gelled, the gel is dried to forma dry gel, which is
convert 0 silica glass by sintering. As this sol-gel process uses funed
1 silica, re is the advantage 5 that the dry gel is less liable to breaking
~or cfacking during drying and sintering, which pernits the formation of

- fairly large silica glass. Neverthel ess, thg.maxi mum size of silica glass
~obtained in the aforesaid reference is at nost 95 x 15 x 5 mm-(including a”
[ 4% B203) Moreover, this sol-gel process is 10 disadvantageous in that

..bubbl es” are so EABTIFiYeTHOPLT ¥ XY HARPOMeTRFPo UL BE*HL¥EF MRTEhEr 83T ti ng
Cosili I . Th t hi - gel ' syjtabl.e far .

2ppl i cat ons redulT=REShpt FERT TP FERRPESL BAE ssdionen Miche it o |
- conventional solggel, E?‘%ﬁwi@fxeislioﬁwea@ shih ﬁIHLOF bs%'eéfxﬁa Ln

i various fields, 'since resulting silica glass I1s ndt su YiTient f | ar ge

nor of good enoyghufyalifyel ThHocRiSRBE #B¥ENY11198a SRRKS Ot QUbLSRe
i process for formng a silica glass plate of l'arge size or a silica glass

- mass of |arges Vehinhatady0gel A%t 16MLRIE €6 KrRANSRY bfNHacRi®f ety 20
' According to the present invention there is provided a process of form ng

- silica glass codpyimy a3 disperingpowhich permdts heutdrmativrepar2drhy large

" hydrolysing a netal alkoxide, 0.2 - 5 nol, per nol of the netal al koxide,

. funed silica tosdgbica diassag Ndverthelegbi dihvcmr:doun siigeces $glidee gliass gel and
~during sintering said dryégel, 25 S%L removi ng absorbed water, (b) renoving
carbon, and (c) ohtadnsg ihé&heafogesaidoreinsene’ 15\t arshRP Mytht dchl ®ic acid _
may be added into the netal al koxide and hydrolysed to a sol. Fumed silica ‘ /
(Whi te carbon sUimcipding édé% .8203). Moreover, this’ sol-gel process is

10 disadvanﬁageous in that bubbles are so easily generated that many
bubbles occur in the resulting silica glass. Therefore, this
sol-gel process is unsuitable for applications requiring optical
uniformity.

As mentioned above, the conventional Sol-gel processes are

15 . such that they cannot be used in various fields, since the resulting

silica glass is not sufficiently large nor of good enough gualigy.

The present invention seeks to provide a.process for forming
a silica glass plate of large size or a silica glass ﬁass of la?ge o
volume at low cost compared to conventional processes.

20 : According to the present invention there is provided a process
of forming silica glass comprising dispersing, in a sol solution
prepared by hydrolysing a metal alkoxide, 0.2 - 5 mol, per mol
of the metal alkoxide, fumed silica to gel, drying the gel obtained
and sintering the dry gel and during sintering said dry gel,

25 {a) removing absorbed water, (b) removing carbon; and (c¢) making
the dry gel non~porous.

‘Water and hydrochloric acid may be added into_tha metal alkoxide

and hydrolysed to a sol. Fumed silica (white carbon such as Trade



v

-4- Mark: Aerosil supplied by Deutsche Gold & Sil ber Schei deanstalt Vorpmals

Roessl er Co., Trdde Mark: Cab-o0-Sil supplied by Cabot Co., Trade Mar . C.
Silica Supplied by Dow Corning Co., Trade Mark: Arc Silica supplied °G
| nduStries Inc., and so on) are added 5 to the sol and stirred well. \"-"The

sol may be cast into a container of hydrophobic material such as
pol ywar opyl ene, pol yvinyl chl oride, polytetralTuoroethylene or glass. The
cast sol is gelled and dried to be dry gel. The dry gel is slowy heated

from room tenper ghiifeabfodd1PEGHTLES B n,(g::%ﬁl%ﬁggtagﬁﬁ ur r.‘m(;r Scﬁe?geg%%ﬁ?g' .i S

10 kept until the pores theréin ar y collTapse

silica glass. Nogafial8trctissse@BE! ﬁb@é/%agk§@asssﬁsi&h§4ﬁﬁ@¥eé %g ChBYery 1 ng
the dry gel, using a netal al koxide as raw material, from cracCking during

sintering is to freda@ AaParols. SiYidebupglebd Pynfor cBkfflg B8aNkide fhotar ge

pores of about 50 to [err] in diameter. 15 E.M Ravinovich et al's paper

above di scl oses aAtmiSidich puppdlied iyt RPG amdustinigs ardcuNEshdSbd ich) &fe haded

material, is hard to crack during sintering, and that the dry gel

synt hesi sed By hyeirtbeysfdlngnd stiredd weldoxi Thee wol hnaanhemast (Abtbcd dontaies

. porous than a dry g&l obt ai ned by hydrolysing a netal alkoxide w th acid)
is hard 20 to ©fF A¥RrWIePHF meretiadi FRFR aRESEHPEIPYRGNS heolyvaselnhlpnidant or s

proves that the hardness _of a dr el relative to intensive shrinkage
during drying i sp%é(fzﬁ?‘?ﬁfﬁ’éﬂrﬁh’f%é‘gp‘?-f' FaftRe ofbe 58St Folsht gelind apd one

crbod T o oy 59 ) MRLCof T el g O S L0,

tg\fr ack, enabl ii&wh@étﬂ&& QJ % gxeéd%t&:gni?]gd %b@ya%%re where 5th_e dry gel is

;0 kept until the pores therein are completely collapsed, to form
a silica glassf Nogami et al's paper above discloses tﬁe.way for
preventing the dry gel,rusing a metal alkoxide as raw mﬁtérial,
from c;acking during sintering is.to form a pbrou§ dry gel including
a great quantity of large pores of aboﬁt 50 to 1008 in diameter.

15 E.M. Ravinovich et al's paper abové discloses thaﬁ a dry gel,
obtained using a fumed silica as raw material, is hard to crack
during sintering, and that the.dry gel synthesised by hydrolysing
a metal alkoxide with amhonia (whicﬁ is more porous than a dry

~ .gel obtained by hydrolfsing a ﬁetal alkoxide-with écid) is hard

20 to crack during sintering. ke#earch by the present inventors
p;ovés thaﬁ the hardness of a dry-éel felative to.infenéive shrinkage
during dryin§ is determined by the pH value of the sol solution.
In one emboaiment a sol soluﬁion in whicﬁ a meﬁal alkagide is
hydrolysed using an.acid as a éatalyst ﬁo 1-2 pH value, results

25 in a dry get that is_hard to crack, enabli#g larger dry gels to

be achieved.



In the Ii_ght of the above, the present invention includes the feature that

fumed icais added to a sol solution including a hydrol ysed net al
al koxr The advant ages brought about by the addition of a funed silica is
t hat # esulting dry gel becones 5 so porous as rarely to crack during

sinteri ng and that the pH value of the sglL increases to about 2-3 so that

thte gel lfirtg speed is increased and the gel becones scarcely crackable u
during d‘ryl ng. Thus, relative |arge silica glass which has not been
obt ai nabl e heretofore, can now be obtained. In addition, silica glass

obtained 10 by a ahoaesai@aﬁetdinagab&et,heh@rpeswk ifveneioOAinbhmegood
optical quality with pores being renoved during sintering. The funed silica
i s white carborhelfeatimesl thyt [fpoled|sidlica) iSi added td aavoDxphyeiong b Tl filge
burner. The funed-silica may be that sold under the Trade Makrs Aerosil and
Cab-0-si|. 15 a hydrolysidd wetsit a&hé#desamefeﬁmdtegebl breughy dbouprhypshed
either by a wet process using a sodiumsilicate.as raw material or by
hydrol ysi ng a aédifiion| }oRi Hamednshkheanis that (kheoresuldting Aay raed pgcomes

hydr ophobi c material, in which the gel is cast, is suitable for the drying

ist ep. ) ghl i s:‘BeR?&BE% ¥Ry E‘b cragh |duging ﬁﬂ'gt‘iﬁlr‘%@?l)“Sf thatethp |P§| nal
container i thY a% 5 R P et v B TS B e Ta BRest
pol ypropyl ene, r‘t%aﬁ e'&ny?c{” %%1 er?Jm‘égt%é'ar?QE{Q HQ&&k@Ele%Q% gﬁ@xfne and

pol ystyrene is et as na or t al ner

S 2o FCH g a0 pufphisg 48 Meseadetlagie 6
has to be evapﬁéfﬂtaéoreThQa&mnwnoﬂEHin%ﬁ In addition, silica glass obtained o
10 by a process according to the present invention has good optical \
quality with pores being removed during sintering.
- fhe fumed silica is wn;te carbon ohtained by hydrolysing
sicl with an 02yh§drogen flame burner. The fumed silica may be
that sold under the Trade Makrs Aerosil and Cab-o-sil.
15 nlternatively. said fumed.silica naf be prepared'either
| by a wet process u51ng a sodium silicate as raw material or by
.hydrolysing a metal alkoxide in ammonia solution.
A container of hydrophobic material, in which the gel is N
cast, is suitable for the drying step. This is because the gry
20 gel shrinks to 70% of the original length during drying, so that
the gel must be easily slid into the container with weak affinity
therebetween. An organic polymer such as polypropylene, poly-
vinylchloride, polyethylenefluoride,.polyethylene'and polystyrene
is suitable as materials.for the container. A container-of inorganic

25 material with an organic coating is also suitable. '
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condi.tions, in the preferred enbodi nents, nmust be set up with due
consi deratioh of ‘the ratio of the area of the holes in a5 |lid of the
container in which the gel is cast to the total area of the lid, the dry
tempeTature and the hunmidity. Reduction in the rate of evaporating of t
solvent in the gel contributes to make the gel uncrackable. However, it
t hennsmay take days to manufacture the drf-gel, and manufacturing costs 10
i ncrease. Consequently, it is desired to increase yield with short
manuf act uring ti menitbr yefiegehasneer cdndieiondf bflQRgesy,! BRe tRGMESs. £f the gel.
The hi gher the tenperature is, the tougher the gel is. As a result, yield
is inproved. Motewor alcchelpdiat tv denavaporateedmhe bptitail dygngoi nt of the
solvent is so high that 15 the rate of evaporating cannot be controll ed.
The maxi mum t ERPEELLF e 18 Pheobrefdrred dnbodineats] must iwsséeap wound by
experinment that it is preferred that the gel.is cast into a nould covered
by a I'id havi f§efosidsrasiampinthnFarier I0fsthe pEPR SEoshst helrs dard ace area
on and, formation of 20 Furthernore, it is

t hereof dugin el at] dr el .

pr ef er abl egt hg‘ﬂ‘gﬁfgtéﬁlcc’gﬁgjtnﬁrni’? HRLER g Fer 1§;%ﬁgg;%éh§eq:téa_%aﬁé I 0\|/vI a
tenperature a ssible revent generatio - bu es therein. rmal |y,
bugBI es are a%f"p%(? éé’gé:%g_r%lyé'ﬁg&ﬁm reaeté%' ad’? 1?]?? ?‘H‘é‘.‘*iﬁi’erface bet vve;aﬂ t he
sol and the 25 isner LatiqQn_te rature . s, the
fewer bubbl es ar e%ggélﬁigtseﬁ t\;/;\Egrthl%\gf teé’grﬁ%%g%'ﬁé é’gi %ﬁegggg‘feé% f’hé‘lﬁeGOOC,
bubbl es gener gee doRtalniRes to make thedddl LAGatRhsie. AfddRbysd Ny, these

bubbles remain in the silica glass and optical quality is inferior. On the
otbér hand, whan take days to manufacture the dry gel, and manufacturing costs
10 increase. COnsequently, it is desired ﬁé increase }iel& with
| short manufacturing time. Drying temperature influences the
toughness of the gel. The higher the temperaturé'is, the tougher
the gel is. 'As & result, yield is improved. However, a.temperature
which exceeds the bqilihg point of the solvent is so high that
iSI the rate of evaporating cannot be controlled. The maximum
tempefature is preferably about 120%. 1t hés been found by
.expefiment that it is preferred that the gel is cast into a mould
covered by a 1lid having apertures amouﬁting to less than 50%
i_i of the surface area thereof during gelation and férmation of
20 dry gel.
| Furthermore, it is preferable that the sol cast in the éontainer
should be gelled at as low a temperaturé as possible to preventc
- generation of bpbbles therein. Normally, bubbles are apt tb be
generatéd in the sol or in the interface between the sol and the
. 25 ICOntainer. The lower the gelation temperature is, fhe fewer bubbles

are generated. When the ﬁemperature is greater than 60°C,

bubbles generate in almost



t he gélling tenperature is too | ow,

manuf actx i ng

practfgal” purposes. The practical tenperature of gelation should be

betwed®’5 C and 60-C. After gelation is conpleted, the rate. of increase of
tenperature fromthe gelling terrperature_,to t he dry| ng tenperature shoul d
pre‘f*erabl‘y be relatively lowin order to Obtain good yield, while it shoult
be'hi gh ‘i.n order to decrease 10 the manufacturing tinme. A heating rate”
fromthe tenperature at which the sol

fumed silica,

rate of gelation of gells and the
cost increases. The m ninumtenperature 5 Is-[err] for

Y oned condi tions. As stated above

dn Znk Oottred M6a30eheng a

solution is gelled.to the tenperature

at whi ch the wgh)Gfle k&1l | ﬂ&éiaifixh?e:kﬁ?s thB& phbbyes féodkin i TRAL TBITNELY g€l

of 10cmis obtained under the above nen
the pH val ue 0144 258l optscaNGuadsed 161 Divetlor. _ Ry
with the result that a tough gel can be obtained which is
uijcr ackabl e evehe Wdellidte temperasiuve ishtddlege rdve iofygellatiag.ofAgeRrsge dry

gel may be obtained by increasing the pH value with addition of a base such

as amoni a. Pr ahértiel yatufacpitiof ewitdisoteases. ut Ton mintiurd egperhtuteuned
is adjusted to 3-6 by adding a basic reagent. Thus, in a
process acgor ditAgs o feherpreiralt PYIPpEnt i ofhe IRragtical| tempegatrs e gebation
obt ai ned by adjustmnent of the gH of the sol solution. Said basic_ reagent

silica 20

may be ammoni aSBeHi PBrPetHﬁﬂbﬁ"l S P& 601G emraﬁ*%iﬁ? i§oF?H316F|e‘%rf

triethyl am ne,
of aniline.

lon e.g. sodi u%%derh%em%ngem%%rtaésgeug})
glas

formng a silica

e J4WS L 1AL E {0

siI'nce ca .ons rema

the conposi ti OpeasHOWEYL 1 efidlChnilk &E%&%ﬂ& Cbebﬁfau _'i§ ord_er to decrease

10

15

20

25

thg mangfacturing time.  A heating rate from the temperature at
which the sol sqlution is gelled tq the’tégperatu?e at which the
wet gel is dried may be less than‘120°c/h. a maximum.dry gel
of 10cm is obtained undér the above mentiqned conditions.

As stated abgve_the PH value of the sol is increased from
1-2 to 2-3 by adding a fumed silica, with thé'result that a tough
gel can bg obtained which is uncrackable even with the intensive
shrinkage during drying. _A large dry gel may_he obtained by
increasing the pH value with addition of a base such as ammonia.

Pfeferably the pH of said sol solution including the fumed silica

is adjusted to 3-6 by adding a basic reagent. Thus, in a process

according to the present invention, large silica glass can be

obtained by_adjustment of the pH of the sol solution. Said basic

~reagent may be ammonia solution, ammonia gas, triethylamine or

_solution of triethylamine, pyridine or solution of pyridine; aniline

or solution of aniline.

ridine or solution of r|d| |I| or sol ution
chg rarh o APFERAse S .%P@% e%%x CPHIIEAG SETREFSHEA | kal | ne
rbl

4148 and change v

o/



5 suitable for nmulti-conponent glass such as a soda gl ass. Next,
conditions of sintering to obtain a silica glass of high quality in a d
yield will be discussed. Preferably the process includes, during sinté&rng
said dry gel, (a) renoving the absorbed water, (b) renoving carbon, and (c)
I-ng the dry gel 10 non- porous. St-® (a) influences the yield during
sirnferimg.: Said gel is heated to a predetern ned tenperature between 20 -
and [err] at a rate of less than [err]/h and naintained at | east once at
sai d predeterm ned_tenperature for nore than one hour to renpve absorbed 15

“water. Abrupt ris&ndfontEafeat HRAFoppic PE?R)\?-F‘HWHQ aBetahadkyldrer nakes
the dry gel rack easi ulting in po faore,. the heating
rate shoul d 8 1B |?1°%7¥'He1? %fb g‘f‘%%ﬁg éﬁmﬁef‘“‘l"ﬁémrfeg?fng rate
froul d be hi gh nsi derni. n n f ct ri costs nunlheatlng rate
I's preferabl % ﬂ)ﬁ’gc?h%tucg %3’5% s%é‘acgo%aag? ﬁmain i‘él g’em”&i 16 Bt ep (b) is

carried out %&Qn& Jélgonﬁ,pr §_a,] oh. geﬁwg@gr'bg?gpg}l%,gg_.%cpg germ ned

tenperature betvveen 400 a arate o mal nt ai ned at
| east once abub@itde PFRURhRIITCORhHetRARSE Win & aNBdaa bhar.3 hours to
renove carbon. The heating 25 rate during this heat treatnent also has an
i nfl uence on yi el dNet,eBodditlighs REt sHitelitid) taSorthed A 8)licAl gldie sanme tine

when t he -9- pH value is adjusted, basic-acid reaction products remain
in the dry gbigh Goabityelf ectipod yiehdsdlbass dismisded captefmraplyodhets are
deconposed during renoving the carbon.” It is desirable to

: © process includes, during sintering_eaid dry gel, {(a) removing the
ih;- absorbed water, (b) removing carbon, and (c) making the dry gel
19 non-porous.
Step {(a) influences the yield during sintering. Said gel
is heated to a predetermined temperature between 20 and 400°C at
a rate of less than 400°C/h and maintained at least once at sa;d
predetermined temperature for moxe than one hour to remove absorbed
15 water. 2abrupt rise.of temperature for removing the absorbed water
makes the dry gel crack easily, resulting in poor yieid. Therefore,
the heating rate should be low in order to give good yield. However,
Loy the heating rate should be hieh considering manufacturing costs.
_The maximum heating rate is preferably 400°c/h to give a reasonable
20 yield:
Step (b) is carried out at 400°c;1100°¢. Said gel may.be
heated to a predetermined temperature between 400 and 1100°¢C at
a rate of 30;400°c/h and maintained at least once at said predetermined
temperature for more than 3 hours to remove carben. The heating |
25 rate during this heat treatment aleo has an influence on yield,

even though not so much as step (a). At the same time when the



Iengthen the time the gel is maintained at the predetermined 5

terrper e. In step (c) preferably said gel is heated to a tenperature
betvvee )00 and [err] at a heating rate of 30-400 C to nmeke it non-porous.
A tranSrent silica glass having the sanme near infrared spectrum Vi ckers

hardness a bulk density, etc., as 10 silica glass on the market is-

ogn”ed Q'Y“J’TB.I ntaining a dry geI for a prgaeterm ned tinme at a terrperaturew

re any pores collapse. In this case, if the dry gel is maintained for a
relatively long tine at a tenperature exceeding the above after the pores

are conplely cghlapgeds Raflieed, %%i@%cih%&%t%ﬂ%&@é&@s r&RIR A kRD 1S

of bubbles is due to the water remaining in the silica glass after

col | apsi ng of &Ae gRBI €0 Bl LrasEiveR! Blesiebddle-sdildl Sdackl a8 probltts! €SS

bubbl es are generated. Water content in a silica glass is a function of the
atbunt of funedreldbtmoaddaﬂmiwtﬂmcﬁmgemd:aMt|wzefdésﬂraﬂlsltb| ca, the
wat er content is decreased so that 20 bubbl es are hardly generat ed.
Therefore, a | 2emgthemthhet tigfe fbelaelf ismdistdined adts tha\rsedetsrpidad
preventing generation of bubbles. On the other hand, the yield of dry gel

i s reducedd wi t hempezatur®i-t i on of | arge anounts of furred silica. In order to -

" generate few bubbles- and obtain a good yield, funmed silica should be added
so that 25 t he nﬁeﬁteal (Qx PERfezAblY &ﬁ%‘a gel| iz heptsa 8 3 FePPRFAEEF? 0 nol

of 1:0.2-5. heoth o hand, .there is a se rec stalllne
material such ﬁ%t"(‘?FT‘s’t ha‘?’ﬂ é4 (5: FFI%W‘[’ gaF%“gB%Z}Qaf‘%& ®lica glass

after sinteri NG mlnééra;ug_ a sp_;ans f?r%j Vi %{I fi CPatﬁlsoQa jﬁlIgtmpeassantl)eeelréa; ound \- ;

that a non-honbgeno I'Spersion PEESi n
infrared spectrum, Vickers hardness, a bulk density, etc., as

10 silica glass on the market is formed by maintaining a dfy gel
for a predetermined.timeuat a temperature where any pbres collapee.
In this case, if the cry gel is ﬁaintainéé for a relatively long
ﬁime at a temperature exceeding the above after the pbres are
complely collapsed, bubbles are apt to be generated. Generation

iSl of ﬁubbles is due to the water remaining in the silica glass after
cellapsing of the pores. Themless water in tﬁe silica glass,
the less bubbles are generated. Water content in a silica glass:
is a function of the amount of fumed silica added. With increased
addition of fumed eilica, the water content is decreased so that

- 20 bubbles are hardly generated. Therefore, a large amount of added

fumed silica is favoureble for preventing generation of.buhbles.
on the other hand, the yield of dry gel is reduced with the addition
of larce emounts of fumed silica. In order to generate few bubbles
and obtain a good yield, fumed.siiica should be added so that

25  the metal alkoxide and fumed-silica may be in the ratio mol of

1:0.2-5,

o/

o



5 sol and/or a very small anount of inpurities cause devitrification.
U trasonic wave vibration and centrifugal separation is effective for g

lmprovi ng di.spersion. Small anounts of inpurities are renoved by the
centfifugal separation, preventing occurrence of devitrification. 10

As,descrj-hed above, t he present inventiolltan provide large silica glass of
abbyt. 158 x 15 cmwi th nore than 90% yield and with much | ower cost than :
conventionally. Furthernore, a multiconponent glass such as bor05| licate

o 200 D R TR, o s Y B0y el
manuf act ured ik LOW.GQ8dndY e gsa%doénhbsi&r S36 Henb BURA! 1Y ﬁ'll:.-ig#ﬂ\ég”t i on

is of great advantage to sati t he exacti ng Tica gfass in

exirsting and ngpgeyi E:Lrﬂ:irix@ This is a EBft @fa&éﬂg:rlﬂd&ii&@t e& 43§ been
neéar-infrared spectra of silica glass obtained by a process according to

the present ingsmdi enataBthdi-hbfiyedbs 310583168 bebyumRacoimentirend process.
25 Exanple 1 280 m of 0.01 nol/l hydrochloric acid was added to 208g (1
. nol) of pwifissl eodrter ai vdryysmaldi sndvine e Wyppwtiltieditcause devitriifbedtioni rring
ahd the material was hydrolysed. 72g (1.2 nol) .5 of funed silica (Trade
Mar k: Cab- 0- si Vitraponis weve yébrakien and cerrydfygalgsenagpticadipefCegrdveCor p. )
was added to the solution with stirring. The pH of the resultant sol was
adj usted to 4. juprRay SisBRRiPPoN SBRLD 2BOWHS PL AHRBFitdes A6t FHRVeder et 0.

The
by the centrifugal separation, preventing occurrence of

N devitrification.

10 ~As described above, the present invention can provide large
silica glass of about 15 x 15 cm with more than 90% yield and
with much lower cost than conventionally.

Furthermore, a multicomponent glass such as borosilicate
glass, soda glass, sillca/alumlna glass, alkali-proof glass of

15 _Sio2 lko group, and low-expansion coefficient glass of 8102 -

'I'io2 group may be manufsctured with low cost by use of the present
invention.
This invention is of great advantage to satisfy the exacting
~ demand for silica glass_in existing and new fields.
20 The drawing illﬁstrates the near-infrared spectra of si;ica

glass qbtained by a process according to the present invention

and silica glass obtained by a conventional process.

25



sol was cast to a thickness of 1 cmin a cubic container of poly- 10

propyl.g having the width of 30cm the length of 30cm and the height of
10cm é@ he contai ner was seal ed. The casting was pernmitted to stand at a .
tenperatiure of [err] and was gelled in 30 mnutes. Further the gelled -

casting was mai ntai ned overnight. Then the cover of the container was
re l.aced-Ry a lid 15 W th apertures E%Tmting to 2% of its surface area
theseasting was heated fromf[err] to [err] at a rate of 2 Ch. The. ger/
was dried at {err]for 7 days to yield a hard dry gel 19cm x 19cm x 0. 6¢cm
which did not exmaple 1 at roomtenperature (20 C).  .In an experinent, the
sol prepared as descri bed above was cast-into 20 simlar 20 cont ai ners
and dried under the £80rmlcefidi-O0f omal/1 BydrachlsirieOagidl wass eddest teR08gacked
and 18 were perfect, ﬁgl Vi ng a yield of 90% The 18 sanples of dry gel were
t}gen heat ed fridn?io ted GPEmersisbhnevailahle AtbyLTildeaty Hithd

ntai ned at 200 C for 1.hour: to renpve absorb wat er. _The s Ies t hen
were heated 2810len} sEtxEing apq ﬁi‘%wefjélr‘]'%a‘yﬁﬁ‘?%ﬁ?heaz g Yior 18

ST R AR g, T S, 0
sanples becamsopqi? ROLQUS 30! EARAPRESN 5l 18ed8e 4RSS, LG X 15Cm

X 0.5cm were e aboveé sintering process cause cracking

of any of 18 Q‘Eiﬁ:in@ The pH of tHE re8&ltanbf {Ar Gds SASGILRA &6 4.Beppilica
gl ass prepared in accordance w th the above process (indicated by reference

nuneral 1) andrsiwiisedadiiasén 0¥ 661 @610 aBndiilaS Bo RRKbR| theReto L fhe and -
prepared by a nelting process (indicated by reference nuneral 2) are shown:® /
in the drawi ngol was eést ausa fuhdekridse of dwemdn BodubibosemtalnmaxsSte poly- o/
101_ propylene having the width of 30cﬁ, the length of 30cm and the
height of 10cm and the container was sealed. The casting was
permitted to stand at a temperature of 2Q°c'and was geiled in
30 minutes. Fufthgr the gelled casting'wés maintained overnight.
Thgn.thé cover of the containér was replaced by a lid
15 with apertufeé amounting to 2% of its surface area and the casting
was heated from 20°c to 60°C at a rate of 2°c/h. The'gel was
dried.at 60°C for 7 days to yield a hard dry gel 19cm x 19cm x 0.6cm

which did not crack at room temperature (20°C). In an experiment, :.J
.the sol prepared as described above was cast into 20 similar
20 containers and dried under the same conditions. 2 out of 20 gels
so formed cracked and 18 were perféét, giving a'yield of 90%.
The 18 samples of dry,gél were then heated from room
temperature to 200°c at a rate of 60°C/h and maintained at 200°C
for.l hour to remove absorbéd water. The samples then.weré heated

25 to 950°C at a rate of 180°C/h and maintained at 950°C for 18 hours

to remove carbon and ammonium chiloride. AaAfter further heating



10 the sane near infrared spectrum Moreover, the silica glass of this
Exanpl e has the sane properties as the silica glass already on the mar_k;@
such as a bulk density of 2.2, a Vickers hardness of 792 and thermal '
expansi on coefficient of 5.4 x [err]. Therefore, the silica glass of this
Exaghpl e i's~regarded to be the sane mateff41 15 as the fused silica glass
oni:he narket. Exanple 2 280 ml of 0.01 nol/| hydrochloric acid was added

oo o T Bl TR UL B bt gt
o fumed 111 4okl 45 ipkied bUokle 2208 S’ SR RE LB Shall SOCS5

Corp., .di anet elgapf) DAL KC1dch + O3th WaS a51Aded O FHE apObd!lsi Bl linkh
sterring and ultrasonic vibration was applied. The pH of the resulfant sol

was adj usted t @rdeesshiid ot EHuBRRxEsH okl & 8F & Let! /| ammoni a
solution. The sol was cast to a thickness of leminto a cubic contai ner of

pol ypropyl e;e havi ng the neathimfpiredOspactirhcod eRgidilnéa Ylase ppepddeda hei ght

of 10cm -13- and the container was sealed. The casting was pernmitted to
stand at a tenpersdcordamie vith theradbove prgees=sdindicdOedribyuteferetee niygralhe
gel l ed casting was nai ntai-ned overnight. Then the cover of the container
was repl aced by)eaang gibica glass mprketed &y SinarsuiSekied M. 80%té: WePseRarade
area and the casting was heated from/[err] to [err] at a rate of 2 Ch.. The
gel was dried & 3 @elfindprocesgq{indicatadopy refpzanseqpupegal 2)8a%s #hq8em x

0, 6cm whi ch dig not ¢rack at room,¢tenperature. In an experinment, the sol
plei')ar ed as dedBrPifed=aH0de AEsCREEPS| % graingy both have almost

10 the same near ipfrared spectrum. Moreover, the silica glass of
this Example has the same properties aé the silica glass alreaﬁy
on the maiket, such as a bulk density of 2.2, a Vickers hardness
of f92 and thermal expansion coefficient of 5.4 x 10-7. Therefore,
the silica glass of this Examplg is-regarde& fo be the same‘material
‘15 as the fused silica glass on the market.
Examg;e 2 | | |
280 ml of 0.01 mol/1 hy&i:ocnioiic acid was added to 208 g
(1 moi) of purified commercially available ethylsilicaﬁe with
; violent stirring and the material was hydrolysed. 25;8 g (0.43 mol)
20 of fumed silica ﬁTrade ﬁaxk: Nipsil E2§0A whicﬁ is obtained by
wet process using sodium silicate és the raw material'supplied
by Jﬁpén_Sekiei Industry COrp;, diameter of particlé is 1.5um)
was added to the.solution with stirring and.ultrasonié vibration
was applied. The pH;af'the resuitanﬁ sol wés adjusted to 4.5 by
25 dropwi#e addition of 0.1 mol/l ammonia solution. 'Thé sol was
cast to a thicknéss of lcm into a cubic container of polypropylene

having the width of 30cm, the lehgth of 30cm and the height of 10cm



10. - containers and dried wunder the same conditions. 3 out of 20 gels so
f or met acked and 17 were perfect, giving a yield of 85% The 17 sanples
of dr- | were heated fromroomtenperature to [err] at a rate of 60 C/ h
and pmintained at 3000C for 2 hours to renpve absorbed water. The sanples
then were heated to [err] 15 at a rate_of 180 C h and maintained at 9500C
fop.18 hdws to renove carbon and ammoritidm chloride. After further heatipg
tov11200C at a rate of [err] and maintaining at 11200C for 1.5 hours, the
sanpl es becane N; POr OUS d ent,. si_li | as X 1b5cm X
0.5cm were obt%flwr)\ga? "'Iﬁfl'!#lajh%r}t ﬁéeg %?%?%{rl %he; r %%:geigﬁggw%o%g%f]%%‘?} %’f S?ﬁg 17
sanpl es crackeg (Otuddatu 8E L% b 2k Ad 98 30 Bibdid SRERHEHM Of L he
silica glass prepared 1 n accordance Wt t%l s Exanpl e was al nost 1 dentical
to that of silikdqelfsS caaWngwdBaifialiféa oVeFQKel, the silica glass of
tims Exanple has the sane properties as the silica glass on the 25

mirket, e.g. a bulk ceeaitne ebvex 38,tnd ckmaindnidscrpleéed’ 89 anda- 7 ther mal
expansi on coefficient of 5.4 x 10 -14- Exanple 3 280 m of 0.01 nol/I
hydr ochl orisc acitth upertaderGmbontidg ¢p O18Wwf) thd sprfdcel are andethei eddtying
-available ethylsilicate with yiolent stirring and {he material was

hydr ol ysed. A wesxheatedofrdm 20°Q £on70 &7 a3/ raberdi 3 &/l utthengell ¥agerr] of

et hanol and 200 m_ of wgter was added to the sol ution of 800 nl of

et hyl si | i cat e ¥1@d32Y 7Pef rfprol2 sdaparisl Yierd 3tharfcdrmget dBemt e H8sPat Or8m The

stirred mxture was_|eft overQi ght and then powdered silica was recovered

under reduced ‘ﬂ?j‘&gsﬂ?"%.mﬁ‘ff&‘f, t & IEREFEE e e a THad” | BPEXIH 1 and

the sol prepared as described aboée'was cast into 20 similar w

10 cont&iners and dric3 under the same coﬁdiﬁions. 3 out of 20 geis
so formed cracked and i7 were éerfect, giving a yield of 85%.
The 17 samples of dry gél Qere ﬁeated from room.iemperature
to 300°c at a raté of 60°c/h and maintaineﬁ at 300°C for 2 hours
to remove absorbed wa#er. Thelsamples theﬁ were hé&ted to.950°c
-15 at a rate of 180°C/h and maihtaiﬁed at 950°C for 18 hours to remove
c#rbon and ammonium chloride., After further heating to 1126°c
at a rate of,180°c/h and haintaining at 1120°c for 1.5 hours,
the samples became non-porous and tiansparent sili&a glasses
15§m x 15cm x 0.5¢cm were obtained. During the sintering'process,
20 2 oﬁ_t of the 17 samples cracked, giving a yield of 88.2%.
H The néar—infrared spectrum of the silica glass'prepared
in accordance with this Example was almost idc_entiéal to that of
silica éiass now on the markét. Moreover, the silica glasé of
this Example has the saz. propgrties as the silica glass on the
25 market, e.g. a bulk density of 2,18, Vickeré hardness éf 790 and

thermal expansion coefficient of 5.4 x 10-7.



0 10 at 200 C under nitrogen all night. 60 g (1 nol) of powered silica
obtained in this 'way was added to the hydrol ysed solution with stirring:
wtrgsonic vibration to obtain a sol with better uniformty. The pH of t
resul tant sol was adjusted to 4.5 by drgpwi se addition of 0.1 nol/I anmdni.a

solut.i on~hereto. The 15 sol was cast®fo a thickness of lcmin a cubic

contigj nér. of pol ypropyl ene having the width of 30cm the length of 30cm and
t he hei ght of 10cm.and the contai ner was seal ed. The casting was permtted
to stand at [eEX®Bled3was gelled in 30 minutes. Further the gelled casting

rep aced by & 11 d wit %%3&?%, e8! BB (h RGP T AL kaglﬁ#ﬁcs‘?o"%?é‘ériﬁdwas
i.ca at 60 C R oy TRl Polep Bl Modaf @ Sefiiolyitdle 8O0 100

di d not crack gioid@NLi PR AH' éhe h&;@aafm%rh{m;a&ysédle £ hixtuiFbg Pr epar ed

as descri bed above was cast into 20 simlar con ners and dri ed under the

sane condi §i ong4 ol 08t 26Af amibrigl Solutdsdeto & ocdNéthhiolRn AR heWs wiied Ng a
yield of 85% The 17 sanples of dry gel were heated by sintering fromroom

t enper at ur e t owheradiediitoatlicditselationess [soarsl bEiethglsiidcate [apari.4f or 3 hours
and further heated to 3000C at a rate of [err] 5 and nmai ntained at [err]
for 5 hours toof eatarol laad aiisoredctvwedcar tenpetatureanithes stireedweixguteat ed to
[err] at a rate of 180 C/ h and nuai ntai ned at 9500C for 18 hours to renove
carbon and amm¥®s Jeft Mvernight ang tthen fogrderad sEkcRNRs gefaterpd pnderrat e of

err]/h O S
[. ] reduced pressure. Then, the powdered silica was left to stand

~ 10 _at 200°¢ under nitrogén all night. 60 gl(l mol) of powered silica
obtained in this way was added to the hydrﬁlysed.solﬁtion wiéh
sﬁirring and ultrasonic.vibration to obtain.a sol wiﬁh better
uniformity. The pH of the resultant sol was adjusﬁed to 4.5 by
dropwise addition of 6.1 mol/l ammonia solution thereto. The

15 sél was éa#t to a thickness of lcm in a cubic containér of
polypropylene having the width of 30cm, the length of 30cm and
the height of 10cm and the container was séaled.. The casting
was permittéd to stand at 20°C and ﬁas gelled in 30 minutes. Further
thg gelled casting was maintained overnight;

20 | Then the cover of the.container wﬁs répiéced by é lid
with apertures amounting to 1% of the.sﬁrface area and the'casting
was heated from 20°C to 60°C at a rate of 2°c/h. The gel was
dried at 60°C for 7 days to yield a hard dry gel 2lcm x 2lcm x 0.7cm
wﬁich did not crack At room temperaﬁure. In an expériment, the

25 sol prepared és describea above was cast into 20 éiﬁilar containers

and dried under the same conditions. 3 out of 20 gels cracked



and nalntalnlng at 1220 C for 1.5 hours, the sanple becane non- 10 por ous
and t {ransparent silica glasses 15cm x 15cm x 0.5cm were obtained. The
si nt g process caused cracking of 5 of the 17 sanples and 12 perfect
gel s, were obtained giving a.yield of 70.6% Moreover, all of the obtained
silifca glasses were free of-either devitrification or bubbles and proved to
bewpf higha 15 quality. The near - i nf r&ted spectrum of the silica glass _ .
prepared,in accordance with this Exanple was al nost identical to that of

silica glass n t he mar [ eover i.lica glass of this Exanple
has the same p?%pﬁt‘f%? %%réé f’t cggbb’l‘gagsyioeﬁl %Salﬁérket e.g. bulk density of

221, Viekers har dnesaecly Shto oA I ey MRADBISYORRELI G0 Of 0.6

(1 mol) of prfJohegeuYéé@Hﬁifé %Izboaaaatl abiaeceewwo%}ﬂ Qaa)em%tchn\eaownt |

stirring and the material was hydrol ysed.

gilica (Trade 2Pk Ay 9ShdurP*akl sabane séartfeéce: @b@% lat 2 2QeBf g0%ayp! i ed

by Aerosil Corp.) was added to the solution with stirring and ultrasonic

vi bration was aaphanﬁuhbs&esmv?cefdzesomds to réfiovd rthe) ddsersed wateyl by
centrifugal separation to obtain a sol of. bgtter uniformty, The pH of the
resul tant sol ThassamblestEent verk Sesteddto[9F0Se axddi tatenoHf180. °a/tmehd | anmoni a
solution. The sol was cast to a thickness, of l1cminto a cubic container of
pol ypr opyl ene nedotaiped at P50P¢tfierois Jours tg remeyehcarbog (R amppnjumei ght  of
10cm and the contai ner was sealed. The casting was pernmtted togstand at 20

C and was gel IdoFifB0 MhfF ESTtheRehgiredoc RAtndsT3E RE A8%ce/B

and maintaining at 1220°c for 1.5 hours, the sample became non- ;;)

10 .porous and the transparent silica glasses 15cm x 1Sem x 0.5cm
were obtained. The sintering process caused cracking of 5 of
the 17 sanpies and 12 perfect gels were obtained giving a yield
of 70.6%. Moreover, all of the obtained silica glasses were free
of either deVitrification or bubbles and proved to be of high ‘

15 quality. The near-infrared spectrum of the silica glass prepared
in acoordance with this Example was almost identical to that of
silica glass now on the market; Moreo#er, the silica glass of
this.Example.has.the same properties as silica glass on the market,
e.g. bulk density of 2.21,_Vickers hardness of 811 and thermal

20 expansion coefficient of 5.6 x 10-7;

Example 4 _

| 280 ml of 0.01 mol/1 hydrochloric acid was added to 152g
{1 nol) of purified commercially available ethylsilicate with
violent stirring and the material ﬁas hydrolysed. 90'9.(1.5 mol)

25 of fnmed silica (Trade Mark Aerosil OXSO;'whose surface area is
50 m2/g snpplied bf Aerosil-corp.) was added to the solntion with

stirring and ultrasonic vibration was applied. Masses were removed



overnight. Then the cover of the container was replaced by a lid with 10
apertures anmbunti'ng to 0.8% of the surface area and the casting was heate
fromJerr] to 70%C at a rate of [err]. .The gel was dried at [err] for 7
days ‘'to yield a hard dry gel 20cm x 20cm x 0. 7cm which did not crack at

rogm. tenperature. In an experinent, the-$& prepared as descri bed above was
castxnto, 20 simlar containers and dried under 15 the sane conditions.
None of the 2@rgelthecsclnitédn hy ventyifugalesebaghtid)de SHtei®(r selipifebeterdry
gel were heated fromroomtenperature to [err] at a rate of [err] and

mai nt ai ned at wRdPBityr The@F 9f thecremmipants sphadrswedinskeditted4iob800 C at a
rate of 60 C/ h and mai ntai ned 20 at [err] for 5 hours to_renove the
absor bed wat efropviises¥adision &F Qek aoi(l ammenifesplugiony oFhe Eoitwas Fatte of -

1 h and maintained at [err] for 18 hours to reno carbon and ammoni um
chboride. Aft :§P 3 {]:lhl"ﬁ]é‘?esﬁL%‘g[ il]r‘fﬁ tnre13 %z?nga’r’ﬁfe‘\’%??@? nge Baving |

mai ntai ning at 12 C.far | hqur..th e A 0r nd the
transparent 28 ¥* ?%a?%ﬁ?asas §" c%gxﬁ%gggnq%ia&eégﬁ?ﬁe}fgo%otag#f%. The
sintering pro i t e cki of 0} Lving a
100% yi o, NPTy Be? Y sEPHAC SRTAlTNG el Herlp B 8 PIN TR,

ei ther devitrificaki gMmiea PBB! SnuRBs. PRy el1i& REsOfnghiah rltiaddihka -17-

The near-infrared spectrumof the silica glass prepared in accordance with
this Exanpl e weérmlgh®st identical to that of the silica glass now on the
mar ket. Moreover, the silica glass of this Exanple has the same properties
as silica gl ass omrhehehécovernpbkcthe eomtainehwhé xbplacdd/bpfa 2:d%itHi ckers
hardness of 771 and thermal expansion coefficient of 5.8 x 10
A 10 apertures amounting to 0.8% of the surface area and the casting was
heated from 20°C to 70°c at a rate of 5°c/h. The gel was dried at
> 70°¢ for 7 days to yield a hard dry gel 20cm x 20cm x O.7cm which did
| not crack at ioom femperature. in an experiment, the sol prepared as
described above was cast into 20 similar containers and dried under
15 the same cénditions. None of the 20 gels cracked, giving a yield
.of 100%;
‘The 20 sampies of dry gel were lheated from room temperature to
200°%¢ at a rate of 60°C/h and maintained at 200°C for 3 hours. The
 samp1es then were heated to 300°C at a rate of 50°c/h and maintained
20 at 300°c for 5 hours to remove the absorbed water. These samples
were'fﬁrther heated to 950°C at a rate of 180°C/h and maintained at
950°C for 18 hours to remove carbon and ammonium chloride. After
further heating to 1230°C at a rate of 180°c/h and maintaiﬁing at
1230°c for 1 hour, the samples became non-porous and the transparent
‘26 silica glasses 15cm x 15cm x 0.5cm were obtained. The sintering
process did not cause cracking of any of the 20 samples giying a 100%

yield. Moreover, all of the obtained silica glasses were free of either

devitrification or bubbles and proved to be of high quality.



Exanple 5 280 m of 0.01 nol/| hydrochloric acid was added to 208 g (1 nol)
of \ ed commercially available ethylsilicate with violent 10 -stirring
and t¢&gJmaterial was hydrolysed. 73 g (1.22 nol) of fumed silica (Trade

Mar k~—~Rer osi | OX50, whose surface area is SOn/g supplied by Aerosil Corp.)
was added to the solution with stirring and ultrasonic vibration was

apphi ed./ Masses were renoved fromthe sdfution by centrifugal separation w
obtain atsol of better 15 uniformty. The pH of the resultant sol was
adjusted to 4.5 by dr ] adoi L] LAL et ol,.sol ution of
triethyl am ne. The so%%%%a%ﬁr%%; -s?%f%?%e‘g}s) "/ohf %c%gign%lgsg %rﬁg?f:edo

container of pG| YPLARAMhENS 1 BANIG Rxabptll RvaQl a BRSH 1 dink 804! Bo AfLa80g#Mm and a

hei ght of 10cm and the contai ner was Seal ed. The casting was permtted 20
‘to stand at 40He aMhc4Rg1438! h&H ohNtHd) mBEiut! € MortbPeriethe L1888 ighdsyas _
mg nt ai ned overni ght. Then the cover of the container was replaced by a lid
W't h apert ur esofAHRLE ExafplcOnddothe sdie Pibredtfesnagasidida tdlassani thg Was
heated from[err] to [err] at a rate of 5 Ch. The gel was dried 25 at
[err] for § daaskéo, e.¢l ca dulladansity g£12.18, Stickerd dabdmass 6Ff G3¢namnthi ch di d
not crack at roomtenperature. In an experinent, _4he sol prepared as

decri bed aboveheasal aspansicn X@Ificdentrof §p8 % A0r s. -18- and dried in the
same way. 2 out of 20 gels cracked and 18 were perfect, giving a yield of
90% The 18 s&xamele &f dry gel were heated fromroomtenperature to [err]
at arate of 60 Ch and maintained at _[er and further

r] for 3 hours, 5
heated to 3000C at a ?%R'é‘lo?fébobl‘??léﬁd‘yﬁél’?ﬁ]&ﬁ‘écfﬁﬁ vas pfdedFoR%o8rs to

renove t he abs(qutl?oeﬂ Vo\@tz?urfif Qf cggm@rlcgglly available e_thylsil_icate with violent

10 stirring and tl.c material was hydrolysed. 73 g (1.22 mol) of fumed

silica (Trade Mark: Berosil OX50, whose surface area is SOm?/g
. supplied by Aerésil Corp.) was added to the solution with stirring
and ultrasonic vibration was applied. Masses were removed from
the solution by centrifugal separation to obtain a sol of better
15 uniformity. The pH of the resultant sol was adjusted to 4.5 by
dropwise addition of 0.1 mol/l ethanol solution 6f triethylamine.
The sol was cast to a thickness of lcm into a cubic contaiﬁer of
polypropylene having a width of 30cm, a length of 30cm and a height
of 10cm and the container was sealed. The_casting was permitted o/
20 to stand at 40°C and was gelled in 10 minutes. The gelled casting
was ﬁaintained overnight.
Then the cover of the container-was reélaced by a 1lid
. with apertures amounting to 1% of the surface area and thelcasting
was heated from 40°. to 70°C at a rate of 5°c/h. The gel was dried
25 at 70°C for 7 days to yield a hard dry gel 18.Sqm x 18.5cm x O.65cm
which did not crack at rocom temperature. 1In an expe;iment, the

sol prepared as decribed .above was cast into 20 similar containers



then were heated to [err] at a rate of 180 C/ h and maintained at 900 C for

9 hours to renove carbon and ammonium chloride. After further heating to,
[err] at a rate of [err]/h and maintaining 10 at 1220 Cfor 1.5 hours-,@
t he sanpl es became non-porous and the transparent silica glasses 15cm x °
150m.x'0(5qm wer e obt ai ned. The sinterinut8rocess did not cause cracking of
anﬂ@‘- thg-18 sanples giving a 100%yield. Mreover, all of the obtained
silica glasses were free of either devitrification or bubbles and proved to-
be 15 of hi gfPY8aFTd ¢» e SARSMAY nf PaPBY °5 ptt OF i TRCKSTe 28 | 18 ¥eHR ass
prepared in accorf%a cewth thjf.\%gtEéglr% e was al nost identical to that of

the silica gl REIESw AVt réover, the silica glass of this

Exanpl e has t he sane p %'ﬁﬁ{ Sk Sid4i ' _
e.og a bulk density ot%%%rts |ce%rg£%d 4&3@%%@5%%%@58?&@%%%%?%
coefficient ofed260% be £%ae! S8 8028M hnd®malntblnb®!dt! 2607 @6HI0hbGACI d was
-added to 208 g (1 nol) of purified comercially available ethylsilicate
with viol est 24na £6itiHeki Rgateaded BooTmiaerd Aateat bYW/l Meedainthdngs (1. 22
mol) of fumed 2 silica (Trade Mark: Aerosil OX50, whose surface area is 50
m /g supplied dy30eTmsbr Thvpry toasempatdcthet abddibed Glatikt ONTHe tdamplés i NQ

and ultrasonic vibration was appl ged. Masses werge renoved fromthe sol ution
by centri f ugaltheapesxst heatedote (P08 @ at astAteodf HEOT@fh and fmadintaiped Tdte pH of
the resultant sol, was adjusted to 4.5 by dropw se addition of 0.1 nol/l|

et hanol sol ut iR 695y PiRAUEE thaemeve carbophand grmepismcghderide.g Aftefkness of

lcminto a cubjc container of polaé)ropy_l ene havi a wdth of 30cm a
| ength of 30c urther hea;ing to 12207C at a rate of 180 C/h and maintaining
o’ '

10 at 1220°c for 1.5 hours, the.samples beééme non-porous and the
transparent siiica giasses-15cm'x 15cm x 0.5cm were obtained. The
sinteriﬁg process did not cause cracking of any of the 18 samples
giving a 100% yield. Mcreovér,.all of the obtained silica glasses
were free of eithe? devitrification or bubbles ahd proved to be

15 of high.quality.

| The near-infrared spectrum of the silica gléss prepared
in accordance with this Example was almost identical to that of
- the silica glass now on the market. Moreover, the silica glass’
of this Example has the same properties as the silica glaés on

20 the market, e.g. a bulk density of 2.2, Vickefs hardness of 790

and.thermal ekpansion coefficient of 5.6 x 10-7. “
Example 6
| | 280ml of 0.01 mol/l hydiochloric acid wés'added to 208 g
(1 mol) of puri?ied commerdially available ethflsilicate with violen;

25 .stirring and the matérial was hydrolysed. 73 g (1.22 ﬁol) of fumed

silica (Tradé Mark: Aerosil oxso, whose surface area is 50 m2/g

supplied by Aerosil Corp.) was added to thé solution with stirring



a hei ght.of 10cm and the contai ner was seal ed.

The casting was pernitted

to sta 5 C. Then the cover of the container was replaced by a-lid with
apert u anounting to 1% of the surface 10 area and the casting was

heated Yrom[err] to [err] at a rate of 5 C h. The gel
yield a hard dry gel 18.§?T€_1_x 18.8cm x 0. 65cm whi ch did not
nt, the sol prepared as describe

for ‘7 days to

crack at/“roomtenperature. I.n an experi

atﬁﬁle was, cast into 20 simlar contai ners and dried under the sane
conditions. 15 _ 3_out of 2 el s cracked apd 17 were Ee’rfect- %i ving a

“yield of 85% ¥eUi¥FasqRbf FaPHFTIPRWaf REP

to 2000C at a

mai nt ai ned at
wat er. The sa
mai nt ai ned at
After further

o MRSPEY “erD Ferews
tained.at ,200 C.for 3.ho

dpirl sd QaafLRRUSS 0.9 SRV ErHRREY Wd13HbrR BE ORI A L kREIAS.
heating to [err] at a rate of 180 C/'h and nai ntai ning at

12200C for sl. 5rHe0E6 S wakheastasp| £TnbQGREE d0Ncn Anto PRUBLS cofthinde _
transparent silica glasses 15cm x 15cm x 0. 5cm wer e obtained. The sintering
process as aboafe pdlybroeller@uBavitigas kiidgh df a0gm Oaclaigth et 2Tcm amgl es,

giving a yield of 100% - - ' -20- The

was dried at [err]

&

&fPerature

: f h Jai The d
gels were furt'}[’fg% gﬁ@%’?&?”@ﬁ?ﬁ’%ﬁﬁ?!‘ 5ef%zfar °‘ét#°a°]r°%15ti€ 3ot %#lrb%ﬁtfﬂean(rjy

AT, CmOURLS Bk IR S8 Ao 51 445700

0 .

near-i nfrar ed = petgtuwtofOcmhand ithecepnyhiner paeseadell.i nThe costinacwasith this
Exanpl e was al nost identical to tgat of the silica glass now on the market.

Mor eover, the Bfirpittedgtasstapf athSsCEx Thph dhraeeviefcet She qonspinear ¥as as t he

silica glass on 5 the market, e.g. ‘a bulk densitélo of 2.2, Vickers

har dness of 76:Gplaced by a 1id with apertures amounting

10

15

20

25

13 of the surface
area and the casting was heated from 5°c to 60°C ﬁt.a rate of
5°c/h. The gel was dried_at 60°C for 7'days to yield 2 hard dry
gel 18.8cm x lé.8cm x 0.65cm which did not crack at rdom témperatpre.
In an expgriﬁgnt, ﬁhe sol prepared as described above was cast
iﬁto 20 similar containers and diied unﬁér the same conditions.
3.out of 20 gels cracked and 17 were perfect, giving a yield of
85%.. | |

The ;7 samples of dry gels weré ﬁeated.from room temperature
to ZOO?C at a rate of 60°¢/h_and m&intained éﬁ 200°C for 3 hours.
The dry gels were further heated from 200°C to 30b°c at a rate
of 60°c/h and maintained aﬁ 300°c for 5 hours to remove the absorbed
watér. The samples then were heated to 900°%C at a rate of 180°c/h
and maintained at 900°c for 9 hours to remove carbon and ammonium
chloride. After further heating to 1220°%C at a rate of 180°c/h
and mainﬁaining at 1220°¢ for 1.5 hours, the samples became non-
porous and the txansparent.silica glasses 15cm x 15cm x 0.5cm
were obtained. The sintering process as above did not céuse

cracking of any one of the 17 samples, giving a yield ofIIOO%.

W/
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and thermal expansion coefficient of 5.6 x 10 Exanple 7 280 nml of 0.01
nmol /1 hydrochl ori'c acid was added to 208g (1 nol) of purified comrerci aI\I
avail able ethylsilicate with 10 violent stirring and the material was
hydrd)l y‘sed 60 g (1 nol) of funed silica (Trade Mark: Cab-o-sil, whose ’
surface grea i-s 200 n2/g supplied by Capet Corp.) was added to the sol ution
W tikriing and ultrasonic vibration was applied. Masses were renoved
fromthe Solution by centrifugal separation to obtain a sol of 15 better
uniformty. The pH oThd¢ mearsisufrazedt spettruasofathelstidica gldss phypdrelbl i ng a
m xture of anmmoni a gas and nitrogen thereinto. The sol was cast to a

t hi ckness of 1é&m 29rosdanceunith &bis Fxauplowap ailppstopdertricahae ke wi dth of
30cm a length of 30cm and a hei ght of 10cm and the contai ner was seal ed.

Thig casting waSfsthe shticsi slass pov SPakke &Pr’%ec%a%s tes sd4iean odess
mijutes. Then coye f the_container laced_ by a_ lid with
apertures armun%lkﬁﬁ %Wg%fhalshté‘gsﬁﬁaﬁi‘?pﬁ\f,\%zf the SLLLER i HF5PL heat ed
from[err] r g d at for 7
days t o vyi e d %ﬁim]aﬁﬂdﬁ §1 Q‘Z%élr#)% élfj'ér% ;rge% i\ﬁﬁlgc%g' s °f6(r‘){g crack
at roomterrperawtsemaln Maﬁrao@?ﬂmmeofs@' gpeh ed as described abové

was cast into 20 simlar contai ners and dri ed under the sane condition. 5

out of 20 gel sg ked and 15 were perfect, giving a yield of 75% -21-
The 15 sanpl es o% %ry gel were heated fromroomtenperature to 200 C at a

rate of 60 c/h and nuiaot Al red0201 200/ ChidvocRidiasiagid Was &zaen! €5 2084 €
further heated to 3000C at a rate of [err]/h and maintained at [err] for 5
h(_u s to renovél avdbrdfegurified. comikecially available ethylsilicate with
10 violent stirring and the material_was hydrolysed. 60 g (1 mol)
of fumed silica (Trade Mark: Cab-o-sil, whose surface area is
200 m’/g supplied by cabot Corp.) was added to the solution with
stirring and ultiasonic vibration was applied. Masses we?e removed
from tﬁe solution by centrifugal separation to 6btain a sol of
15 . better uniformity. The pH of the resultant sol was adjpsted to
' 4.5 by h:bb]inga mixture of ammonia gas and nitrogen thereinto.
Thg sql was cast to a ghickness of lcm into a cubic container
of polypropylene having a width of 30cm, a length of 30¢m and
&_; a height of 10cm and the container was sealed. The casting was
20 permitted to stand at 30°C and was gelled in 30 ﬁinutes. Then
the cover of the container was replaced by a 1id with apertures
amounting to 5% of the surface area and the castlng was heated
from 30° C to 60 C at a rate of S_C/h. The gel was drled at 60 c
for 7 days to yield a hard_drx gel 2icm x 21cm x O.7cm which did
25 not crack at room temperature. In an experiment, the sol prepared
as deséribed_above.was cﬁsﬁ into_zo similar containers and dried
ugder the same cqndition. 5 out of 20 gels cfacked and 15 wére

perfect, giving a yield of 75%.



5  sanples then were heated to 950 C at a rate of [err] and naintained
at [errl.for 18 hours to renove carbon and anmoni um chl ori de. "After further
heati n 1220 C at a rate of 180 Ch and maintaining at [err] -for 1.5
hourss \He sanpl es becane non-porous and the transparent silica glasses
15cm x 15cm x 0.5 cm were obtai ned. 10 The sinter4 .g process as above
di d. not £ause cracking of any of the 15&anples giving a yield of 100% N2
Mﬁ_eover;,_ all of the obtained silica glasses were free of either
devitrification or bupbles an roved to - be of  hi uality. The
near-infrared spectrdnfof tsﬁ‘épd]s | '?%frﬁl %%szﬁfeeﬁ’ﬁ?g% %5“' r°.¥'ﬁ SRR e
with this Exanpl il i ecal I 0f cthe,sid i ¢ca_ gl now on
t he market. %hg?qﬁlég,atr%éesoﬁeleéa&@ aéés)mtg?’?%ﬁ%%d I%I%a%%qg%g%%tﬁé Sane

properties as ﬁgesédal'eg%algamaeztmt@@%eﬁeo% g Pybie Q@néd%yhoinaz 19,
90. an I

Vjckers hardness of 7 -7 thermal expansion coefficient of 5.4 x 10 20

anpl e 8 180 gilin€1nda02 WObP¢ oy 08 GplikprtcCrativi WRsBalflGdsn 208 g (1 Ml )
of purified comercially available ethylsilicate with violent stirring and
the materisal wasphaedthéy sete Hddleq tof 99¢liccat andadd of {d0%Wh, anaf miintached
silica (Trade Markerrosi | OX50, whose 2 25 surface area is 50 m/g
suppl i ed by Aet0%330 cCoop.1f hasrsatio ermbve tdagbsoland i aamond wrhcslanideng and
ultrasonic vibration was applied to obfain a sol of befter uniformty. The
pH of this solAffiex farther heating tqHR2QG akos zagstoft $80 a/hi andhasintainingm

into a cubic contaiger of polypropylene having a width of 16cm a |ength of
16cm and a heiaé;h%ZZO C for 1.5 hours, the samples became non-porous and the

transpareht silica glasses 15cm x 15cm x 0.5 cm were obtained. ' ;;)
10 The sinter: .g process as above did not cause cracking of any of
the 15 samples giving a yield of 100%. Moreover, all of the obtained
silica glasses were free of eifher devitrification or bubbles
and proved to be of high quality.
| fhe near-infrared spectrum of the silica glasé prebared
15 in accoidance with this Example waé almost identical to tha£ of
the silica glass now on the market. Moreover, the silica glaés
of this ﬁxample has the same pioperties as the silica glass on the
market, e.g. bulk density of 2.19, Vickers hardness of 790 and
thermal expansion coefficient of 5.4 x 1077,
20  Example 8 | | |
o 180 ml of 0.02 mol/1 hydréchloric acid was added to 208 g
(1 mol) of purified commercially available ethylsilicate with
:vioient stirring and the material was hydrolysed. 100 g'bf water
and.so g (1 mél) of fumed silica (Trade Mark Aerosil OX50, whose
25 surface area is 50 m2/g éupplied by Aérbsil Corp.j'waé added to
the solution with stirriﬁg and ultrasonic vibration was applied

to obtain a sol of better uniformity. The pH of this sol was 2.15.
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of 10cm and the contai ner was seal ed. The casting was permtted to stand at
[err] and mai ntained overnight. 5 Then the cover of the i :
c¢ont gi.ner was replaced by a lid with apertures anounting to 0.1% of the’ -
surface area thereof and the casting was heated from20 Cto 60 C at a r'@
of 2 C7h/~',|'he gel was dried at [err] fo#245 days to yield a hard dry gel
11¢8¢cm x+11. 5cm x 0. 7cm which did not crack at roomtenperature. In an 10

- . 't , t . . i . . |
contai nors artieiPeb Al PncE SAFRElER, 20 URA £B5 HALED o Toioc

sane conditlons. -

and 12 were PailyBeioy18hy 1 i1Ag X ak&rpafﬁx%%e..,@ae%%rfggp;s%ﬁ Gla d'esghl ver e

heated fromroomterperature to [err] at a rate C/ A an I nt ai ned

at 2000C for S o ndOtHe contdifegtlas ¥&I1Ra( Ul eashend adsea000G at a
“rate of 60 Ch and O maintained at 300 C for 5 hours to renpve the absorbed

ér. The samgplseand hen20fer endi@atpehined [ciekhight.a rate of 180 C h and
mai nt ai ned at 9500C for 3 hours to renopve carbon and amoni um chl ori de.
Aft er furtsher heati nGhem thg(Ofov@radf the atamtaindrewad @eblaned bwnianlid ni ng 20
at [err] for 1.5 hours, the sanples became non-porous and the transparent
silica gl assedthsapertyres sugentiing sknPx10 ofchhasnefasst aasctherrRE andove

sintering process did not cause crackigg of any of the 12 sanples giving a
yiel d of 10096heNpReidnervasyheated frpm §?|<;gd=a e s FatR #r%@r}gf &heher

devit_rificatio or %g?{%)e%%gﬁ Erov d 25 vgo be: of p‘i h qual i ty. Th_e _

near - i nfrar ed%sp8 25 R SR 03§ p‘4"§§3r€d ?%5 cﬁg&a*t:'éc%th this

Exanpl e was 3l q?%qﬂ qe@tfcﬁ%hi:[c?a a:}.]cfi'ﬁog fcrtagf at réozm?’-temperature. In an

hed 10 experiment, the so; prepared as deseribed above was éaét into 20
similar containers and driea ﬁndei the same conditions. 8 out
of 20 gels cracked_and 12 were perfect, giving a yield of 60%.

The 12 s;mples of dry gel were heated from room temperature
to 200°C at a rate of 60°c/h and maiﬂtained at 200°¢ for 3 hoﬁrs.

15 The gels were further heated to 300°C at a rate of 60°C/h and
maintained ét 300°C for 5 hours to remove the absorbed water. The
samples then were heaﬁed to 950°c at a rate of 180°C/h and maintained

* at 950°% for 3 hours to remové.éarbon and ammonium chloride. After
further heating to 1200°c at a rate of 180°C/h and méintaiﬂing

20 at 1200°c,for 1.5 hours, the samples beéame non-porbus ahd the
transparent silica glassés as large as 8cm x 8cm x 0.5cm were obtained.
The above sintering process did_nét cause cracking of any of the
12 samples givingﬂa yield of 100%; Mofeovef, aii.of the.silica

!glas;es were ftée of either deviﬁrificafion.or bubbles ana préved

25 vté be of high quality. | “

The near-infrared spectrum of the silica giaés prepared

in accordance with this Example was almost identicél to that of the



silica glass
has :the, same
densi ¥y of 2.
of §76.’x 10 5

now on the market. Mreover, the silica glass of this Exanple

properties as the silica glass on the market, e.g. a-bulk
21, Vickers hardness of 790 and thernal expansion coefficient
Exanple 9 180 ml of 0.02 nol/|l hydrochloric acid was added

to 208 g (1 nol) of purified comerci akpy-~available ethylsilicate with

viglent STirring and the material -was hydrolyzed. 100 ml of water and 73
fumed.silica (Trade Mark: Aerosil OX50 10 whose surface

area is 50 M /gq1SeiRhASH nB¥ ALREi darkt D Mo¥BiveraddRdsi chhgiasgl 4 ion with

(122 mol ) of

stirring and ultrasonic vibration was applied. Masses were renoved fromthe

~solution by c

uniformty.

30cm ale

seal ed. The casting was pernmtted to stand at [err] and was gelled in 30
Then

20
t he contai her was replaced by a lid w.th apertures anmounting
87 e ffd gt oo FRAHE8 C t o

m nutes. The
t he cover of
to 1% of the
600C at a rat
hard dry gel
In an 25 ex

cracked and 1

10

15

The pH of the resultant sol

RALE iHxdgple RPN safe pRoPdMtAes & ERE sAfiidgRafieoheate

theimadf e@Prnsiondoeffitdight of 51®cemi@nd t he cont ai ner was

asting was nmmintai ned overni ght.

surface HEPL%%ee YREOEhlorif pGig sy

was adjusted to 4.5 by dropw se
addi ti on of Omirked,/ | e agimanbulkl Bensizgl off 2021, Whekedsohardhlees xfl 79@andast to
a{Lhickness of Icminto a cubic container of polypropylene having a width
0

3101 SH P TR Aooont TRt tiog Phier ot ur o
3 2 | SRR ture.
Simlar  cont aveeBegeetaring e, ShE HRLEA ouddl BAs el O Yo MiSaF U3t 0]

EndlBf38 gPf [29Cho1)0b¥ Alhed 2118k8 Qa8 Wark: me2dsil oxso,
whosé surface area is 50 m?/g supplied by'Aerosil Corp.) were addel
to the soclution with stiiring and ﬁltrasonic vibration was applied.
Masses were removéd fzom.the éolution by éentrifﬁgal separation to
obtain a sol.bf moré perfect uniformity. The pH of the iesultant

sol was adjusted to 4.5 by dropwise addition of 0;1 mol/l ammonia

solution thereto. The sol was cast to a thickness of icm into

a cubic container of polypropylene haﬁing a width of 30cm, a length

of 30cm and a height of 10cm and the container was sealéd.. The

casting was permitted tb stand at 20°c and was gelled in 30 minutes.

The gelled casting was maintained overnight.

20

25

Then the cover of the container was replaced by a lid
with#aper;ures amounting - to i%:of the surface area thereof and
thé.casting ﬁas héated from 20°¢ to §0°c at a.raté'of 2°c/h. The
gel was dried at so°c for-. 7 days to yield a hard ary gei'zicm x
21icm # O;7cm.which did nét crack at.room temperature. In an
experiment, the sol prepared as described above was Casﬁ ihto.ZO
similar céﬁtainers and dried-under the saﬁe condition. 1 out of

20 gels cracked and 19 were perfect, giving a Yield of 95%.

\o/



The 19 sanples of dry gel were heated fromroomtenperature to [err] at a
rate of [err]/h and nmaintained at 200 C for 3 hours. The dry gels were @
fiurther heated to [err] at a rate of 60 C h and naintained at [err] for

hours to renove the absorbed water. 5 The sanples then were heated to
[err]. at/a,rate of 180 C/ h and nai nt ai iéd-at [err] for 18 hours to renove
ca,g%(_)j] and ammoni um chl oride. After further "heating to [err] at a rate of
180C/ ' h and nmi nt ai ni ng_at #err for_1.5 hours, the-sanples becane

non- porous and t he tr2Meph? STPPLES PEAry| Sek ¥EE9 IEAFSE F5TMTROM SSERFZAGUTS yer e
bt ained. Th [ [ b di.d t Ki f f

obalned " heust ket 00, g8cas e A0RuE g Nl RUSRY ek o an

-silica g asses.fﬂga@gy%qu @4 reCiel il AREES 1ol §66900: Y rsf%’gkes%??ﬂ proved to

be.of high quality. e near-infrared spectrum of the I ca gl ass prepared

157 in accor dagr fathidinkdlist FOGPEPES: ORoRlsNES Lrendd he Hbsbfbdahedl, t he

silica glass now on the market. Mreover, the silica glass of this Exanple
has the same priepeeipRs tferd hersheata §baFEs°eat! Rerdtr &£1180% /& ams bul k
density of 2.2, Vickers hardness of 800 and thernmal expansion coefficient
of 5.5 x [err|m3@taifedanp|a5070 @@0181hoats Goltentire/ tarbysirandhiniontuwnci d was
added to 208g (1 nmol) of purified conmerci al Ig@gvai | abl e et hyl sci’l icate with
viol ent stirrisgoghdes hattrr Snither\eatingirtel $2200¢c 80@ rpteSofideP ofh f uned

silica (Trade Mark: Aerosil OX50, ,whose surface 2 25 area is 50 m/g

suppl i ed by Ae¥9sPRIFLPING dEsl2290@ Forol «Shaowrs .uthe Fappias Bedamei ng and

ul trasonic vibration was applied. Masses were renoved fromthe solution by
R-POTQUS and the transparent silica glasses 15cm x 15cm x 0.5cm

centrifugal sé}: |
bt 10 were obtained. The sintering process as above did not cause
cracking of any of the 1§ sampie#, giving a yield of 100%. Moreover,
all of tﬁe obtained silica glasses_were free df either devitrification
or ﬁubbles_and proved to be of high quality. | |
The near-infrared spectrum of the silica glass prepared
15 in accordance with this Example was almqst identical to that
of the silica glass now on the market. koreover; the silica
glass of this E;xample has the same propérties as the silica glasé
on the market, e.g. a bulk densiﬁy of 2.2, Vickgrs hardness

" of 800 and thermal expansion coefficient of 5.5 x 10-7.

20 Example 10
280 ml of 0;01 ﬁol/l_hydrochloric_;cid was added to.
2089.(1_mol) of purified commgrcially available ethylsiliﬁate
with-violent stirriné and the maferial was hydrélysed. .300 g
(5 mol) of iumed silica (Trade nark: Aerosil 0X50, whose surface
25 - area is 50 mz/g supplied by Aerosil Corp.) was added to the
solut;on with stirring and ultras§nic vibration was éépiied.

Masses were removed from the solution by centrifugal separation
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ain a sol of better uniformty. The pH of the resultant sol

was

4.0 by dropwi se addition of 0.1 nol/1 amonia sol ution-thereto.

cast to a thickness of 1cminto . a cubic container of

ne having a width of 30cm a 5 | engt h of 30cm.and a hei ght of
10cm and the container was seal ed. The_ggsting was pernitted to stand at 25

elled in 50 mnutes. The gelled casting was nai ntai ned
Then the cover of the container was replaced by a lid with

fromroomtenperature to 60 C at a rate of The gel

did not crack at roomtenperautre. In an experinent, the sol prepared
descri bed aboseivescn anetetiont ortie) ssi Masacastond ai mRicknassl ofr iad inBot he sane

cendi tion.

15 5 out of 20 gels cracked and 15 were perfect, giving a
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the cas+’ng was heated from room temperature to 60°% at a rate

" of 2°C/h. The gel was dried at 60°C for 7 days to yield a hard

ary gél 21cm x 21cm x O.7cm which did not craék at room temperautre.

In an experiment, the sol prepared és described above was cast
into 20 similar containers and dried in the same condition.
5 out of 20 gels cracked and 15 were perfect, giving a yield

of 75%.

Thé 15 samples of dry gel were heated from room temperature

to 300°% at é rate.of 10°c/h and maintained at 300°C for 5 hours
to remove the absorSed water. The s#mples then weﬁe'heated

to 600°C at a rate of 320°C/h and maintained at 600°C for 9
hours to remove carbon and ammonium chloride. After further
heating to 14OQ°c at a rate of 320°c/h and maintaining at 1400°¢
for 6.5 hours, the sémples became nén-porous and.the transparent
silica gla;sé; .1.5cm X iScm:_:O.scm were obtained. The sinteriﬁg
proééss as above did not cause cracking of any of the 15.sappies
giviﬁg a ﬁield of 100s. ﬁoreovér;.all of the obtained silica
glaésés were free from bubbles in sbitg'of high.température

treatment at 1400°C

% The sintering
b I
o d of 10508 B eyed S s7p R 05?82%3 st el d TRES vere

;‘;



-26- The near-infrared spectrumof the silica glass prepared in accordance
with this Exanpl e*was al nost' identical to that of the silica glass na
the market. The silica glass of this Exanple has the sane propertie
silica gI ass on 5 the market, e.g. a bulk density of 2.18, Vicker
har dness of+ -7 760 and t her nal expansi on-2seef ficient of 5.8 x 10 Exanp
180('FIL of ,0.02 nol/1 hydrochloric acid was added to 208 g (1 nol) of
purlfled comercially available ethylsilicate 10. with violent stirring
and the naterial was hue okgedafrarkdOsprctohm it the shiick? glpssOrtepawkd of
fumed silica (Trade Mark: Aerosil OX50, whose surface area is 50 m/g
suppl i ed by Aed8st¢coripise) Wikt éhh’ii@éamﬂf va® adopsh identiicah tet £hat ng and
ultrasonic vibration was agflled to yield a sol of better uni formty. The

pH£of 15  t he°FethA shkicas %ﬁa?’éd’j“u?ﬂee&aflbe% CFhsy sHHGBPRESaRfdi ti on of

0. [./1 ol ut t Th t. t hi ck f 1
‘nto a cub??rg?}h?f% Py Bot 6, iR BRPREYTSh a5 S BHHSB IR o 1 engt i of
30cmand a pei %’ﬂ& #&?C@. nd H08 %&F&ﬂ%% 248, %@.@LS%}}J%SQSJE ng was

permtted t stand. erff" overni e cover of the

contai ner was egglﬁgegh‘g%ag A:Jp%ﬂotnhcé’él%ﬁﬁ WRSoAHENE i1Rg7t 0 0. 8% of the

surface area thereof and the Casting was heated from[err] to [err] at a
rate of [err]/Bx %@ gasting was dried at [err] for 10 days to yield a hard
dry gel 18.0cmX .ocm x 0.6cm which did not crack at roomtenperature. 25
In an experiment, the a0l mproxparemas/yagafdchesribayil was aaded tont o 20
simlar containers and dried under the sane conditions. 10 out of 20 gels
cra{s{ked -and 1008wy d1 perl) ecf ,pugifmeldgcampraailyfa\ﬁ@%ble ethylsilicate

e 11

10 with violent stirring and the material was hydrolysed. 100 ml
of water and 12 g (0.2 moli_of fumed silica (Trade Mark: Aerosil
0X50, whose surface area is 50 m?/g supplied by Aeeosil Coxp.)
were added to the solution with stirring and ultrasonic vibration
- was appliee to yield a sol of better uniformiﬁy. The pH of
15_ the resultant sol was adjusted to 3.0 by_droéwise addition of
0.1 mol/l ammonia solution_thereto. .The'sol was cast to a thickness
of lcm into a cubic container of polypropylene having a width
of 30cm, a length of 30cm and a heighc of 10cm and the container _
s was_sealed. The casting was pe:mitted to stand at 5°C overnight.
20 Then the cover of the container was replaced by a lid
with apertures amounting to 0.8% of the surface area therecf
and the ces;ing Qas heated from 5°C to 60°c at a rate of éoc/h.
The casting.was dried at 60° fcr 10 days to yield a hard dry
gel 18.0cm x 18.0cm.k 0.6cm wnich did not crack at rooﬁ temperature.
25 In an experiment, the sol prepared as described above was cast
into 20 similar containers and dried under the same conditions.

10 out of 20 gels cracked and 10 were perfect, givzng a yield of 50%.



-27- The 10 sanples of dry gel were heated fromroomtenperature to [err]

~at a te of 10 Ch and maintained at [err] for 3 hours. Next; the sanples
Were@'a(_ed to [err] at arate of [err]C/h and maintained at [err] for 5

hour sS\¥e-'renove the absorbed water. 5 The sanples then were heated to 600
Cat a rate of 20 G h and O maintained at 600 C for 18 hours to renove

car bon and anmoni um chl oride. After fofther heating to 1000 C at a rate of
[6r ]C/'h,0 and maintaining at 1000 C for 1.5 hours, the sanpl gs bgcige

non porous and trans t sil |ca |l asses 14.0cm x 14.0cmx 1 cm
wer e obt ai ned. Durl'ﬁ ﬁﬁ s?‘"ﬁf‘%r‘i n§Fh 6L LT e e atisd Eromsronn te‘gPetrﬁléu@
sanpl es crac d VI iy | el.d 0% re t heoobtai ned silica

gl asses vvereiégr eoed?| r om f 85 1ev§f4Z 7“%% Sgﬂ%‘{j 3F0$0036 ?ﬁ":nat’é‘%“‘“‘é:1 [erlr]
whi | e bubbl e n t Q0 ¥ &o1$66°, rare e of . the silica
g{l—jass pr epar ang@‘ %5,@ ;‘aq. %%:%%ancga\?\nl % ﬁ‘l?ds dEx{rrpl"'g‘g'ie °2 g‘t Z}Pa 4 al | y

enti cal tomamaiaaa e s60d 8 @ ASErae Rlobb&Phllneg Tge! | i ca gl ass

of this Exanple has the same properties as e SI ica glass on the market,

e.g. a bubk dReTahpled tRed Verindetes HRA6IRSa: of 480 2NSHDRM 4R expansi on
coefficient of 5.6 x 10 20 Example 12 280 m of 0.01 nol/l hydrochloric

aci d was addeslintaiié® ag ¢d0°al Yo f18PHbUrEi € reRPvE Caivtn ¥nd \W@hb@ite
met hoxi desilicate with violent stirring and the nmaterial was hydrol ysed. 90 .
g (1.5 nol) ehidnided ifkex Futfhanibedting; tcAd008Td 266 GatavEseoymf ace 2
and maintaining at 1000°c for 1.5 hours, the samples became
non-porous and transparent silica glasses 14.0cm x 14.0cm x 'Q_)_
10 0;45cm were obtained. During the sintering process as above,
3]put of the 10 samples cracked, giVing a yield.of 70%. _ Morxeover,
,the obtained silica glasses were free rrom bubbles even if maintained
for 30 minutes at 1200°¢C, while bubbles generated at 1300°c.
The near-infrared spectrum of the-silica glass prepared
is in accordance with this Exanple was substantially identical
to that of the.silica glass now on the market. The silica giass
of_this Exampie_has the same properties as the silica glass
on the narket, e.g. a bulk density of 2.19, Vickers hardness of
780 and thermal expansion coefficient of 5.6 x 1077,
20 Example 12 |
280 ml of 0.01 mo1/1 hydrochloric acid was added to
152 g (1 mol) of purified commercially available.methoxidesilicate
with uiolent stirring and the material was hyéroiysed. 9 g
(1.5 moi) of fumed silica (Trade Mark; Aerosil 0X50, whose surface
25 area is 50 nz/g.suppiied by Aerosil COrp.j were added to the
solution with stirring and ultrasonic vibration was applied

to yield a sol of better uniformity. The pH of.the resultant sol



25 area is 50 m/g supplied by Aerosil Corp.) were added to the solution
with stirring and ultrasonic vibration was applied to yield a sol of begtter
gniformity. The pH of the resultant sol . -28- was adjusted to 6.0 :
dropwi se addition of 0.1 normal ammonia sol ution thereto. The sol wasse#st
to a.thiekness of lcminto a cubic cont##8mer of polypropyl ene having a

W C{F\Q of ~30cm a length of 30cm and a hei ght of. 10cm. ang t he coln]t aijner was
sealed. 5 The_cas}.in t 0 S C an vva elled in 10

m nutes. The é’?FI%‘% g%%/v%ﬁ \%g} %ﬁen rﬁfgﬂ PHGver of the
cont ai ner was rg&:.l_i%?leg}h%)étﬁel que ey w?so%gsﬁ t%segﬂgg%é ng%%q 2% q:f t he

surface area there |ng was heat rom at arate.

of [err]/h. 0 al8ubiEhEoftadhid GBS \%ﬁﬁﬂﬁ% ﬁ%i&fo;,tg rrlg¥S3dR, Y4 el d a hard

dry- gel 18.5cm x 18.5cm x 0. 63cm not crack at room fenperature.
an experi neghgtd be Reh MMERIKEGhE o206k A8 kRDONA MAer GRS sdaibg, 20
simlar containers and dried under the sane condltlon 20 sanpl es of dry
gel were obt arhedsasting Ngs dpetmettbdoto H2AMA at55°C and was geilfe@ 20 sanpl es of
dry gel were heated fromroomtenperature to [err] at a rate of [err]/h and
mai nt ai ned at 1P awimptésr Bhéigedled Mestingt hes saimiadsed@veriiemted to [err] at
arate of 400 Ch O and nmaintained at 300 C for 5 hours to renove the
absorbed water. The sEhepl tke cheer Wértheheontadnen waerrdplacedh byas didf 400 C h
20 and maintained at [err] for 8 hours_to renove carbon and anmoni um
chloride. Aft¥&th aP?ﬁfé?eﬁm&ftgotm%o%t&’ﬁ sunfare aéﬁa[’?ﬁff?ﬁ 8 d

mai nt ai ni ng aghi e astjfn%rwas ea Lg%ran gec to I@S a?:ea rate of 5 C/h.

Ao

.10 The casting was dried at 65 (o] for 7 days to yield a hard dry gel
18.5cm x 18.5cm x 0.63cm which did not crack at room temperature.
In an experiment, the sol prepared as described above was cast
into 20 similar contaxners and drzed under the same condition.

. 20 samples of dry gel were obtained, giving a yield of 100%.

15 The 20 samples.of dry gel were heated from room remperature
to 200°C at a rate of 60°c/h and maintained at 20600 for 3 hours.
Next; the samples were heated po 300°c at a rate of 400°c/h
and maintained at 300°c for S hours to remove the absorbed.weter.'
The samples then were heated to 1000°C at a rate of 400°C/h

20 and maintained at 1000°¢ for 8 hours to remeve carbon and ammonium
chloride. After further heating to 1150°C at a rate of 400°C/h

~and mainteining at 1150°% for 1.5 hpurs, the samples became
mon;poreus and the-transparemt siliea glasses 14.5cm x 14.5cm r 0.5cm
were obtained. Durimg‘the.sinrering process as above, 2 out

25 of the 20 samples cracked and 18 were perfect giving a yield

of 90%. Moreover, all of the obtained silica glasses were free



non- por ous .and the trénsparent silica glasses 14.5cm x 14.5cm x 0.5cm were
obt ai ned.- . During the sintering process as above, 2 out 25 of- t he- 20

Yl

sanpl e ‘acked and 18 were perfect giving a yield of 90% Mreover, all of
t he ob@ued silica gl asses were free -29- from bubbl es even if.

mai ntaived for 30 mnutes at 1200 € while bubbl es generated at 1300 C. The
near-infrared spectrumof the silica gl prepared in accordance with thi's;
Ekea\npl e was substantially identical 5 to that of the silica glass now on

the market. TP' S{%tl:.}i:b%.%sgévae sipfmagg{%l??éa?gng? Fgﬁgﬁ%aﬁg%\‘}%%m%es as the

silica glass on e narket, e.g. ,_ Vi ckers hardness

of 780 and t hgphal aPsieaNa£agbh?ci ent of 5.6 x 10 Exanple 13 10 -
280 m of 0.01 nol?le&ﬁydroc':h?ori c acid was added to 208 g (1 ol) of

purified commercial | yhavidaraDhraebd Wpsttheabe tiet £l Mica! Siks Shrebaiey and the
material was hydrolysed. 75 g (1.22 nol) of funed silica (Trade Mark: -

Aer osi | OX50, invaessrdansel rfizhetifiseBximple Gras sgpstappidleg iaenfisaasi | Corp.)
was added 15 to the solution with stirring and ultrasonic vibration was
appl i ed. Bhsstes thet ofr tho\sdlida giesd oo cinuthemapbkets.enThe shiyida gépsy ation to
obtain a sol of better uniformty. The pH of the resultant sol was adjusted
to 4.5 by dr opfinitbés Exarplonasithe, saneppropextiemics the 6ilin? gkasset 0. The sol
was cast to a thickness of 1cminto 20 a cubic contai ner of

pol yt et r af | uSHEMMAREKEE N &Y BnG BUHF JERsiFY SHAMIS a VAEKSEH PAFINESEM and a
hei ght of 10;:ﬁr% gﬁ%é@?ﬁ%ﬁg?é@gﬂm& gggﬁgierlhgfcsaﬁt}i‘ .%-W?S perm’tted to

stand at roo
Example 13 ' ' ' ' o
=x=ple 22 | W/

10 280 ml of 0.01 mol/l hydrochloric acid was added to
208 g (1 mol) of purified commercially available ethylsilicate
with violént stirring and the material was hydrolyéed. 75.g |
(1.22 mol) of fumed silica (Trade Mark: Aerosil OX50, whose
surface area is 50 mz/g suppliedﬂby Aerosil COrp;) was added

is to the solution with stirring and ultrasonic vibratioh was appliéd.
Masses were removed from the solution by cehtrifugal separatibn
to obtain a sol.of better uniformity. The PH of the resultant
sol was adjusted to 4.5 by dropwise addition of 0.1 mol/l ammonia
solution theret§; The sol was cast ﬁo a.thickness of lcﬁ into A

20 | a qubié contaiﬁer of pdiytetrafluoroethflené having a width
of 36cm, a iehgth of 30cm and a height of 10cm and the container
waslséaled. The casting was permiéted to stand at room temperature
and was gelled in SO minutes. Further the gelled casting was
maintai..ed overnight.

25 Then.the cover of the container was réplaced by a lid
with apertures.amounting fé 2% of the surface area thereof and .

the casting was heated from room temperature to 60°C at a rate



and was gelled in 50 mnutes. Further the gelled casting was naintai ned

overni ght. 25 : ~ Then the cover of the contai ner was repl ace a
| kd with apertures amounting to 2% of the surface area thereof and t /.
casting was heated fromroomtenper aturg,4 o 600C at a rate -30- o/

[err]C h./~The gel was dried at [err] for 7 days to yield a hard dry gél’
2lecpa x, 21lem x.0. 7cm which did not crack at roomtenperature. In an )
experTnent, the sol prepared as descri bed above was cast into 20 sinilar
cont ai ners andofir?’eghundee dellewss dstedeat EOJCtfan?.da3@ peyfient adry gel s
were obtained, giving a yield of 100% The 20 sanples of dry gel were

heat ed from r oband dmpegedt 2@ xo2icar ¥]0.3rm Fhigh didf ndtecricd Bt aredmnai nt ai ned
at [err] for 1 hour to renove the absorbed water. The sanples then were
hegt.ed 10 t ot¥PRITELURS.5 TLPR BPEFEISUE) HrhenBohRraRaredetr desgibed for 18
how-s to renove carbon and amop um chloride, After_further _beating to 1220
0C at a rate o?bctvérﬁﬁcﬁs’éﬁd‘tﬂa‘%nfﬁ%aﬁg?%taf%‘?rﬁ] andy Aried; updex £hey e
sanpl es becane_non- nd r Si Li | asses_.15cm x 15cm x
0. 5cm wer 'ecggbtsél e 8‘9%%#??153 -t%GeQ’%R&Q??F?eqr%?%gweﬁreo"g%ggn%; above, 1 out of
the 20 sanpl es, Gj;ek &k gbw.ng a yield of 95% Moreover, all of the obtained
silica glasses Wwere free of either devitrification or bubbles and proved to

be of high quality. ThfefRsahfidsob@z§PRA! (eF8 Bhaddae £8dd rech HedSSraRlidar ed
20 i n accordance with this Exanple was substantially identical to that of

the silica gl ass 300% @t &hateeskaso®c/hhens nhitaigéase sdo°chise kxanpl e has
the sanme properties as the silica glass -
' hour to remove the absorbed water. The samples then were heated

> 10 to 950°% at a rate of 320°%c/n and_maintained at 950°%c for 18
hours to remove carbon and ammonium chloride. After further
heating to 1220°C at a rate of 320°C/h and maintaining at 1220°C
for 1.5 hours, the samples became non-porous and the transparent
silica glasses 15cm X 15cm x 0.5cm were obtained. During the

15 sinter;ng process as abo;e, 1 out of thé 20 samplgs cracked
giving a yield of 95%. Moreover, all of thg obtainea silica
glasses were free of either devitiification or bubbles and proved

_ to_be of high quality. |

g_ﬁ The near-infrared spectrum of_thg silica glass prepared

20 . in accordance_with this ﬁxample was sﬁbstantiélly identicai
to that of fhe silica glass ﬁow on fhé market. fhe silica glass
of this Example has the same properties as the silica.glass |
on the market, e.g. a bulk density of 2.2, Vicke;s hardness

of 800 and thermal expansiun coefficient of 5.4 x 1077,

25 Example 14
| 280 ml of 0.01 mol/l hydrochloric acid was added to

208 g (1 mol) of purified commercially available ethylsilic;tg



on the market, e.g. a bulk density of 2.2, Vickers hardness of 800 and
t her mal expansi on coefficient of 5.4 x [err] 25 Example 14 280 ml of 0.01
ey drochloric acid was added to 208 g (1 nol) of purified commercially
e ethylsilicate -31- with violent stirring and the material was
ged. 120 g (2 nol) of funed silica (Trade Mark: Aerosil OX50, whose
surface 2 area is 50 m/g supplied by'ﬂ@Fosil Corp.) was added to the e
spl.ution with stirring and ultrasonic vibration was applied. 5 Masses
were renoved fromihe solytion by .centrifu separation to gbtain a sol of
better uni for’fﬁt?‘y‘."lquﬂ'é ﬁ%’ﬁ’?ngt a rtg’gﬂﬁtﬁﬁgssd'lasvﬂﬂlﬁfgt ed?094. 3 by
dropwi se addi Lj of_.0, L] ly@ utjQn 0..The sol was cast
to a thi cknesgs“’ g b &k fiﬂegoélﬂéﬁ %ﬁt}%&sﬁér#gf’ s%??é‘géw%’g%e SHTHEe was
coated with V§ ; | | w dth o C | engt h of
cmand a h%ﬁti%}fsbl%c/r% gn I?E%q%ogﬁgé%greoﬁépségl é%%g %etigasti ng was
permtted to sphatbraivitietirang ARE uitdsedid F1BPatToRUlLS apgdlieage! | ed
casting was nuaintained overnight. Then the cover of the contal ner was
repl aced by Mabsés Ware dtmbled [Febt WheSsaliRISH bPJcdritrifadall s&arstidnice area
t hereof and the casting was heated from20 Cto 60 Cat a rate of 2 Ch
The gel was d¢piebkain §GoC é6Hbetteapsifarmityl dThe il df dihg gedulfdmm x 21cm x
0. 7cm whi ch did not crack at-room tenperature. In an experinent, the sol
prepared as @edcrashadivasesctands3 divsirawise|afditim of R.llamok/Gnemionéas and

dri ed under the sane conditions. 1 out of 20 gels cracked and 19 were
per f ect , gi\MSHbugiqyiE»qfeto. The sol was cast to a thickness of 1cm into

a cubic cohtainér of glass whose surface was coated with poleinyl
10 chloride having a width of 30cm, a length of 30cm and a he’ght
of.10cm and tﬁe containér was sealed. The casting was'pgrmitﬁed
to stand at 20°c and wés gélled in 30 minutes. The gelled casting
was maintained overnight. |
Then the covér of the container was replacéd by a.lid
is with aperturés'amountihé to 2% of the.surfaée area.thereof and
the casting was'ﬁeaﬁed from 20°C to 60°C at a rate of 2°c/n.
The gel was dried.at 60°c for 7 days to yield a hard dry gel
2lcm x 21cm x 0.7cm which did not crack at room tanéerature.
In an expeiimeﬁt, the sol prep;red as described above was cast
20 into 20.sihilar contaiﬂers énd aried.under the same conditions.
1.ou£.of 20 gels cracked and 19 were perfect, giving a yield
of 95%. |
Thé 19 samplés of dry gél were heated from room té;perature
“to 200° at a rate of 60°C/h and maintained at 200°C for 1 hour o
25 removed the absorbed water. The samples thern were héated,;o 950°%
at a rate of 180°c/h and maintained at 950°¢ for 9 hours to removed
carbor and ammonium chloride. After fﬁrther heating to 1280°¢ |

at a rate of 180°c/h and maintaining at



of 95% The 19 sanples of dry gel were heated fromroomtenperature to
[err]at a rate of 60 C/h and maintained at 200 C for 1 hour to 25 r enpy-ay
tthe absorbed water. The sanples then were heated to 950 C at a rate (’3‘
C h and mai ntained at [err] for 9 hours to renmoved carbon and ammoni u

chl oride. “After further heating to [err32at a rate of [err]/h and

may {g A ni.ng at -32- 1280 C for 1.5 hours, the sanples becane non-porous

arld.'t he transR?éQ-nt silica glasses 15cm x 15cm x 0. 5cm wer e obt ai ned.
Dur| ng the si ft&t§ °’E)rloée%°§‘r§s ‘3190%“9135 RECMY NPPRZPOFRUS /08| B cr acked,

I f 94. 7% f. th bt a d5 I I
v fraor & %’rhsser%rtvs%#”’ S b%’bmi B PR SR o Bl o
quality. The B ﬁg&?&g I' fggé fa%ﬁ qr egar g_g in
y i

acecordance wt arrp e S su stan i cal of the
oK1 ca Ol 855 BaGa, taei ok Gle1dTBE 94, btcaMGJ:é’o%%rleaﬁfof m@ 3 damle has the

sane properties as {he silica gl ass on the nmarket, enS|ty of

2.2, Vickers baritacgFassés Ger80freanst téaenémhe@maﬁamoﬁt&f fmsmegt of 5.5 X
10 Exarrpl e 15 280 m of 0.01 nol/l hydrochloric acid was added to 15 208

g (1 nol) of pudipkbesdl cormeneimighyqealatyabl e ethylsilicate with viol ent
stirring and the material was hydrolysed. 73 g (1.22 nol) of funed silica
(Trade Mark Aerosil ORE(earhinfraped fsaeetrumeef ithe 1 1ied glseyp priepakedy Aer osi |

Corp.) was added to the solution with stirring and ultrasonic vibration was
appl i ed. in accordance with this Example was substantially identical

. to that of the silica glass now on the market. The silica glass
~ .10 of this Example has the same properties as the silica glass
on the market, e.g. a bulk density of 2.2, Vickers hardness
of 805 and thermal expansion coefficient of 5.5 x 10-
Example 15
280 ml of 0.01 mol/1l hydrochloric ac1d was added to
15 208 g (1 mol) of purified commercially available ethylsilicate
with violent stirring and the material was hydrolysed. 73 g
(1.22 mol) of fumed s;lica (Trade Mark Aerosil 0X50, whose surface
area is 50 m /g supplied by Aerosil Corp.) was added to the
&_& sclution with stirring and ultrasonic vibration was applied.
20 Masses were removed from the solution by centrifugal seoaration
to obtain a sol of better uniformity. The.pH of the resultant
sol was adjusted to 4.1 by dropwise addition of 0.1 mol/l ammonia
solution thereto. The sol was cast to a thickness of lcm into
a cubic container of glass whose surface was coated with polyvinyl
25 chloride having a width of 30cm, a length of 30cm and a height

of 10cm and the container was sealed. The casting was pemmitted

to stand at 60°C and was gelled in 10 minutes. Then the cover



20 Masses were.renmoved fromthe solution by centrifugal separation to
obtain _,_sol of better uniformty. The pH of the resultant sol-was-adjusted
P} " dropwi se addition of 0.1 nol/l anmmonia solution thereto. The sol
was-ta¥t¥t o a thickness of lcminto a cubic container of gl ass whose
surf.ace was coated wth polyvinyl 25 chloride having a width of 30cm a
| ength of 30cm and a hei ght of 10cm an®3he contai ner was seal ed. The w
ca?{-\i ng was permitted to stand at [err] and was gelled in 10 nminutes. Then
the cover o83nd bobtlfineP a3 PES12088 HyCR| BGeH: 1Y afedtudedidrdsapert ures
whose area was 0.5% of the total area of the. lid and the casting was heated
from60 C to [ages Jwadt 0Be" 8t ecref td@1harealbe gl 1B andrimedcastihdOwds for 4
days to yield a hard dry gel 2lcmx 2lcmx 0.7cm5  which did not crack at
room t enper at heeted Erom602x per 1267 at tdeaselofp2lqya. edrims géb wasi deddabove

. cast into 20 siom'-l ar containers and dried under the sane condition. 6
oult of the 20agel29 cr fwkdddansdta vigdd ea perd gloy, gefi ¢iom xa2idmwexd0 ofem70% The
14 sanples of dry gel were:heated fromroomtenperature 10 to 400 C at a
rate of [e¥r] Fhich@idaenatt aFarkd 2htroggotempesituren o ditsal #XPEFREBLL he absor bed
wat er. The sanples _then were heated to 1100 C at a rate_of il[HI(I;;nrlé%lh and
mai nt ai ned at HPRrEP PEAPaZER AF SesFiPedniPave MR8 oS intP i AB it | ori de.

Af t furth heat.i ng_t : t. t f /[ h ar [ | ni t
lerr] 15 foFoteasnngeBal frih Bask L% 3adh Rbiteas, ok oBRH RY' ranepar ent
o | °) ~NON=por ot e

o ocess as abaled SrieRed dhg1§ il plrebl Molphy padld SER0R %ot Te. 6%
The near-infrared spegld i Qhpldle ot i Jeflite Ra0Q & fdeCE&Eéii‘E&ﬁ:eWithQ

this Exanpl e was : B
10 to 400°C at a rate of 60°C/h and maintained at 300°C for 5

hours to remove the.absorbed water. lThé samples then were heated
to 1100°¢ ét' a rate of 180°c/h gnd maintained at i100°c for
3 hours to remove carbon and amﬁpnium chlo;ide. Aftér fﬁrther
heating to 1220°C at a rate of 180°C/h and maintaining at 1220°C
is for 1.5 hours, fhé sampleé became non-porous and the transparent
silica glasses 15cm x lsém x 0.5cm were obtained. ﬁuriﬂg the
sintering process as abo#e, 3 out of the 14 samples cracked,
giving a yield of.78.6%. The near-infrared spectrum'of the
silica glasé prepared in accordance with this Examplé was o/
20 substantiaily identical to that of the.silica'glass now on the
mark;t, .Thé siliéé glass of Ehié Example has the same properties
as the silica glass on the ﬁarket,'e;g._a bulk density of 2.2,
Vickers hardﬁess of 800 and thermal expansion cdefficient of
5.5 ~ 107, |
25 Example 16.
280 ml of 0.05 mol/1 hydrochloric acid was added to
208 g (1 mol) of purified commerciaily'available ethylsilicate

with violent stirring and the material was hydrolyéed. 73 g



20 substantially identical to that of the silica glass now on the market.
The silica glass of this Exanple has the sane properties as the silic
gkass—~on the market, e.g. a bulk density of 2.2, Vickers hardness Ofn@
and thermal expansion coefficient of 5.5 -[err] 25 Exanpl e 16 280

0.05 nol /I hydrochloric acid was added t®4208 g (1 nol) of purified

co LCiéI.I_y avail able ethylsilicate with violent stirring and the materi al

.hydr ol d. 7 -34- (. | f funmed. silj Mar k:
naroal | oo hete o1y fe ArmedpElate (lgan, Bk AP LU B ASPRET I Cor p. )
dded to th | ut | ith 8tirri | ' i brati
appl fed.  MaosedSRERS PR oy eer sty Ao B ) S et on 5
to obtain a Soltoott.hebggivﬁ:rioﬂmi{fgr EQMm?T Egainﬁr%%? g Jﬁi'ﬁl::[d’?ﬁ}:a§q§ﬁx\?%ér ot o

adjmsted to 5.0 by dropw se addition o ammoni a sol uti

The-sol was Caphsdds ReidlirekRRASsfin LA do1hOich By RieatfiFibal RRbafdtion
pol ypropyl ene having a width of 30cm a length of 30cm.and a height of 10cm

and the cong ai Rerobtasn acallosE bébter BHRfcIAStY NUTNEDH o tHe deddltamtst and at
[err] overnight. Then the cover of the container was replaced by alid

Wit h apert ur es salmwst adipsted 3096 &f byhdrcpwidcaaddition ¢fh6r tafol/ hrahmbinia
casting was heated fromJ[err] to [err] at a rate of 120 C h. The gel was
dried at [err] sebytipn therste.o Fhelsglavdsarcastdty yahickness oD iemintes 0. 7cm

which did not crack at roomtenperature. In an experinent, the sol prepared
as described aBoWbifiaeentaines Af POMYPEFRYILERS havHihANEIAEhPR FRed under the

same condition, 16 _out .of the .
length of 30cm and a height of 10cm and the container was sealed.

10 The casting was nermitted to stand at_5°c.overni§ht. Then the
cover of the container was replaced.by a 1lid with apé:tures
amounting to 50% of the surface area thereof, and the casting
was heated from 5°C to 20°C at a rate of 120°C/h.. The gel was
dried at 20°c for 22 days to:yield a hard dry gel 21cm-x 2lcm x

15 0.7cm which did not crack at room temperature. In an experiment,
the sol prepared as described ;bove was cast into 26 similar
containers and dried under the same condiﬁion. 16 out of the
20 gels crgcked and 4 were perfect, giving a yield of 20%.

- The 4 samp;es of dry gel were heated from ﬁoom ﬁemperature

20 to 200°c at a rate of IOéC/h and maintained at 200°C for 2 hours.
Next, the samples were heated to 300°C at a rate of 10°¢c/h and
maintained at 300°C for 2 hours to remove.tbesabsorbed water,

The samples then Qere heated to 950°C at a rate of 180°C/h and
maintained at'950°c for 6.hpgrs to remove carbon.énd ammonium

25 ' chloride. After further heating to 1220°% at a rate of 180°C/h
and maintaining at 1220°c_for 1.5 hours, the saéples_became

non-porous and the transparent silica glasses 15cm x 15cm x 0.5cm



cracked and 4 were perfect, giving a yield of 20% The 4 sanples of
egbawere heated fromroomtenperature 20 to 2000C at a rate.of

6§ mai nt ai ned at 2000C for 2 hours. Next, the sanples were heated

300080 at a rate of [err]/h and maintai ned at 3000C for 2 hours to renove
the absarbed water. The sanpl es then wee heated to [err] at a rate of

[err] C/h:vand maintained at [err] for 6 hours to renbve carbon and anmonitm

2% c_hTQride. After further heating to [err] at a rate of [err]/h and Nt
Mei ntai Ni Ny @lrd Sbtdide@! lrme BPitetind PRos¥EPLeSrbecHIA AANcREEHLUS and the
transparent silica glasses 15cm x 15cm x 0.5cm . -35- were obtained. The

sintering presaidngSomlnyondi 65 e fRdSHpIEsagiving 9fyiang cmneomy. the 15
sanples giving a yield of 100% Moreover, all of the obtained silica

gl asses wer embrepeenf adiltdirthdecobttainéd salicn gbassies bidres foewl ofreitddzrt o be of
h(gh quality. 5 The near-infrared spectrumof the silica glass
prepared i n dedérifirasion tdr bubkleExandhbrowedsts Hesehiitighl qualitientical to
that of the silica glass. now on the market. The silica glass of this
Exanpl e Has the Sheenegroirirared spectme of (the sidilsa glaasiBrePAEket, e.g. a
bul k density of 2.19, Vickers hardness 10 of 810 f\nd thgrmal expansi on

coeH i c} ent hB’F agcgrdaneR with,fhis, Exsupleqwan sgpstentiahly) f4eRFAFRLN| ori de and

20 t dded . t 08 1. f ified Ter.cial |

Svall abl e ot R IRUPE L Be Shics; s delroel T syRYG, B SitTF RS Y
ffici | . L1 the_F ( kSe -EN ' f d sili .

(Tr ade Nor i 2Einss ShBIE s il Spuld dhBaitl fe ok 6 Blallel quiddDC B F0

After ultrasgQivgeVhdiidt] W) g.Sa aRitki fhstef oROIDYSNY £ikags tgasadsIt ion
10 of 810 and thermal expansion coefficient of 5.4 x10 ",

Examgle.17
180 ml of 0.1 mol/l hydrochloride and 20 ml of ethanol
were added to 208 ¢ (IImol)'of'purifiea comﬁercially available
ethylsilicate. The mixture waé stirred for 30 minutes sufficiently
is to conclude the hyarciysis. Then 40.g of fumed silica (Trade
Maik Caﬁ-o-sil) was added to the hydrolysed mixture with sti:ring.
After ultrasonic Qihration is applied for homogenising the solution

for 30 minutes, large masses of Cab—o-sil'(Trade Mark) or other

foreign particlés'were removed by filtration. 0.1 mol/l ammonia . o’

20 solution was added dropwige to the homogenised sol to adjust
the ﬁﬁ of the solﬁtion to 4.4. The soi was cast to a thickness
"of lcm into the container of'polfoépylene (23cm in inside diameter)
énd-mainﬁained. The casting was gelled in 30 minutes. Further
tﬁe casting was maintained for 10 days at r§om temperatﬁre,
25 the résuiting white dry gel of 1Scm was obtained with, shrinkage
of ﬁhe.gél. Subsequently, the dry_gél was heated to 1150°%

at a rate of 180°c/h, so that the dfy gel becomes transparent. As

4
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for 30 mnutes, |arge masses of Cab-o-sil (Trade Mark) or other foreign
particles weré rerroved by filtration. 0.1 nol/l anmonia 20 sol ution
added~dropwi se to the honogeni sed sol to adjust the pH of the solution &4
4.4. The sol was cast to a thickness of laminto the container of

pol ypr opyl éne (23cmin inside dianeter) =3fd nai ntai ned. The casting was
gellad;in 30 mnutes. Further the casting was maintained for 10 days at

roem t enper at uf %Fsﬁﬁte' ate%fuggs: atsgn(gq %|£ﬁgr%ﬁqg&¥h&50m was obt ai ned

with shrinkage ubSequent I'y; ry gel -was heated to 1150 C
at a rate of 180 C'h, o§9 iHaka Id1@sEohtdBhed 8h VRS émgﬁpa{agnta b -36- a

result, a silica glass of 10.2cm[err] was obtained. The silica glass

obt ai ned in tm@s&ﬂml 2. a91iekdvd| KardBss lof 860 and. su¥bcdRigifiakdeess of 800

ang_ substantially the same near-infrared spectrumas the silica glass on
the market. 5 danenjpdar-18fs5Ared | spect ombusnfHec siiical@lasel o fth@. darket / |

hydr ochl oride and 20 ml of ethanol were added to 208 g (1 nol) of purified
conmer ci al by Rambdd|18 ethylsilicate with violent stirring and the materi al
was hydrol ysed. 50 m of water and 60 g of funmed 10 -~ silica (Trade Mark:
Cab-0-sil) were added Simikaretes @xanplen 1vi t480snl ofi hd ety lubhydzechbidnide

vi bration was applied. Masses were renoved fromthe solution by centrifugal

separation to ¥t &0 Mlac§ Atharoh¥pre2dded rter 798 §. (rmeli At aexifded| ed under
Lhe sae condl Lol L SXPIS M 16 ALy SL UBS.a1 UL 2L, 12000C 1.9
O e 02E gk AT B QRS et 10 "5 bl S W nf b o LG 2N
e 10 silica (Trade Mark: Cab-o-sil) were added to the solution with
stirring and ultrasonic vibration was applied. Masses were
removed from the solution by centrifugal séparation to obtain -
" a sol of better uniformity. The sol was gelled under the same
condition as in Example 17. The dry gel was sintered at 1200°c
15 - and then the silica glass of 3cm ¢ was obtained.
The silica glass thus obtained has the same properties
as the silica glass on the market and similar to that of Example
17. |
e Exémgle 19
20 . Similar to Example 18, 180 ml of 0.1 mol/l1 hydrochloride
and 20 ml of ethanol were added to 208 g (1 mol) of purified
commercially available ethylsilicate with violent stirring and
the material was hydrolysed. 400 ml of water and 140 g of fumed
silica (Trade Mark:.Cab-o-sil) were added to the solution with
25 stirfing and ultrasonic vibration was applied. Masses were
‘removed from the solution by centrifugal separation to obtain

a sol of better uniformity. The sol was gelled under the same



17. nple 19 20 Simlar to Exanple 18, 180 m of 0.1 nol /I
hyd oride and 20 m of ethanol were added to 208 g (I nol) of -purified
co ally available ethylsilicate with violent stirring and the material

was ‘hydrol ysed. 400 mi of water and- 140 g of funed silica (Trade Mark:
Cab-o0-sil) were added to the solution wth 25 stirring and ultrasonic
vibration was ‘applied. Masses were renmoved fromthe solution by centrifuga I
separati-on to obtain a sol of better uniformty. The sol was gelled under

t e sane comditiepsiiesi BYAOPie 1 aRp Fise aﬁ'&ecﬁ"iyeﬁel YRe HoFeErdr was
sintered, so that the | ass _o 030m obt ai ned. The silica gl ass
t hus obt ai ne8°Hg* t{}@z #ec ?)%srffe£° §® {478 3 iBﬁégl ass on the mar ke'?. 5

Exanple 20 Simlar t 0] |__hvdrochl.aride and 20
mM of ethanol were a@‘&eﬁgfg 3%” %ﬁus fé)i purggillée C(xj Yor et Al Ty
avai | abl e et hyl.sil ariek!Ting and the material was a
h\‘ydrol ysed. 3% e gf%tcg %iggaﬁ‘léqi‘go g o#’ fumed 10 _silica (Trade Mark:
Cab-o-silg WaL&, ddﬁi to the solution with stirring and ultrasonic

vi bration wa . Masses were renoved fromthe solution by centrifugal
separation to obtai rsiaiset tof eaipher1g)nié®wli 64 0. The 190! hyaascgrRiriad under
the sane conditions as Exanple 18 and dried. The dry gel was sintered, 15

so that the andi20amylcfsetininol Ovedenadd=dr to g8 @bilamolkidof Therisied ca gl ass

t hus obtai ned has the sane properties as the silica glass on the market.
commercially available ethylsilicate with violent stirring and

the material was hydrolysed. 800 ml of water and 240 g of fumed
10 silica (Trade Mark: Cab-o-sil) were aﬁded to the solution with
stirring and ultrasonic §ibration was applied. Masses were
removed from the solution by centrifugal separation to obtain
-a sol of better uniformity. The sol was gelled under the same
éonditions as Example 18 and d:iéd. The dry gel was sintered,
1S _so that the silica glass of 10.3cm ¢ was obtained.
Thé silica glass thus obtained has the same properties
as'thg silica glass on the market.
Exmaple 21
1800 ml of 0.1 mol/l nydréchloride was added to 2080 g v
20 (10 molf of purified ethylsilicate on'the-market. The mixture
was stirred for 30 minuteS'sufficiently to conclude hydrolysis,
to which 1000:ml:6f_water was added. Then 750 g of fumed silica
" (Trade Mark: Cabfo—sil)'was added to the hydrolysed mixture -
with stirring. After ultrasonic vibration was applied for 30
25 minutes to Hoﬁogehisa the solution, masses of Cab-o-sil (Trade Mark)
or other foreign particles were removed b& filtration, 0.1 mol/l
ammonia sélﬁtipn was added dropwise to the homogenised sol to

adjust the pH of the solution to 4.4. The sol was cast to a



Exmaple 21 1800 ml of 0.1 nol/I hydrochloride was added to 2080 g 20 (10
mol ) of purified ethylsilicate on the market. The mixture was stirred {£&
30 minutes sufficiently to conclude hydrolysis, to which 1000 ml of wat £
was added. Then 750 g of funed silica (Trade Mark: Cab-o-sil) was added to
the hydrgtysed m xture with stirring. Af T3~ ul trasonic vibration was
applied for:30 25 m nutes to honogeni se the sol ution, masses of Cab-o-sil
(Trgde Mark) Qhiahnlst J0i& QRedaHel SoRILUEN %fr%m}ﬁ?&:ﬁ¥né'(b§£@tihon- 0.1

nmol /b amoni a sol uti on was added dropwi se to the honpgeni sed sol to adjust
the pH of theissiaé afdmekr. 4The@hé AMolVids &asted o Rxamine3Bow t1BhgKkNess of
lcminto the container of polypropylene (23cmin inside dianmeter). Then the
sol was tested timecwasriraguired foxndorminigmel Meas §iagsi anddhdworthé grimil@g sil i ca
glass and how the yield varied with the aperture rate (area of apertures as
a percent age wériedewitly the @aparture bite (hieh of amestexsst a$ epexmedtadee dryi ng
tenperature as indicated in Table 1.- Table 1 shows that there is the

maxi mum of t hef dbher surface Areal PHBt K of o0heyFAtaingn And tHBIXYdRYi ng
tenperature. Nanely, the aperture rate nust be |l ess than 10% at a drying

t enper at ur e oFe’TWﬁ“.‘reTFﬁrﬁ"&é?%tﬁf’ &2 5ebL® Jfiass is obtained by sintering any

of the thus obtained q'raxleqql shows i:éagf t;eAJI:?’eLES élhe maximum of the aperture

rate to obtain 100% yield with proper drying temperature. ~ Namely,
the aperture rate must be less than 10% at a drying temperature
N of 30%. Transparent silica glass is obtained by sintering any

of the thus obtained dry gel.
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(% {4

5 4

2 . 6

5 ) 4
3 7

1 8
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-40- Exanple 22 The sol

into the container

aperture rate) and muintained for a predeterm ned 5°
Then thgggasting with the same Iid or with an

'wmmtamaaUHetoshnnk

alternative lid
heated to the p
predeterm ned n

under the condifi

B
i ons 410 shoyn in Table 2} '8 100
60 5. 4 290
§0 4 5 8o
60 2 6 100
60 1/ 8 100
50 5 4 40
50 4 8 90
5 0 3 .7 100
50 2 7 100
"5 0 1 8 100
40 10 6 20
40 7 8 1eo
40 5 10 100
30 12 8 70
30 10 10 L lo0

aperture nalntalnance i nance tenperature ([err]) rate
yield (Z 70 2 .6 - 100 60
20 60 5 80 60
00 60 1 8 100 5 0
4 0 50 - 5 90 5 0
10 0 50 =39- > 7100 5 0 o
00 4 0 10 6 20 4 0
100 40 10 100 3 0
70 3 0 10 10 . 100

obt ai ned by the séne process as Exanple 21 was cast
having a lid of a predeterm ned aperture rate (first
nunber of days at

was

am ned

F



Table 2 teaches that the dry gel can be forned with a 100% vyield by being
once allowed to shrink at |ow tenperature and subsequently be heated to a =
hifgh t.enperature, even if the aperture rate was |arge. Sinultaneously, t'
‘time needed for 15 formng the dry gel can be decreased. TABLE 2 firs

Second perture mai nte- aperture -40- drying drying yi el d nance
rat e\é% days rate (% tenperature days (%9 2 0 . 6
(-\ 80 2 8015 6 15 90
90 7 10 90 2 9020 .
3 > VEdable 22 4 901 5 2 |
I 8 05 6 1 ]-f%eobeh Sbtained by the same pnoé%ss as Exaﬁbi@ 21 51
3 8 0 was cast 4nto the célntQi.\Qer MV%aEAaWHEaZ&eIE&ﬁﬂhed)bt ai ned by

th€ same process as Exanple 21 was dried to nmake the white dry gel of

15. 0cm by t he emsxrterd iranal (fiesthagertizrestaren and dainteird tdre adpyedgetrmiaed
heated fromroom5 tenperature to a first naintenance tenperature at a rate
of 180 C/ h Jandnymbientefi days fagr roomf tmrﬁmrntMahc@lqi fhent the fasting

mai nt enance tenperature. Subsequently, the g was heated to a second
mai nt enance te\qg-'é’r abﬁrsematlia ?rat"étlbfan[%*tre]‘l‘#iaﬁd%i’ﬁtaaﬁﬁ%?frﬁb‘i a second
mai nt enance tine a second nai nt enance tenp

aperture rate (second aperture ra.te) was %eated to the predetermined
temperature and maintained for the predetemin‘ed number of days
\/ , to produce a dry gel. The yield was examined under tﬁe conditiormns
10 shown in Table 2.
Table 2 teaches that the dry gel can be formed with

a 1008 yield b'y being once allowed to shrink at low temperature

and subsequently be heated to a high temperature, even if the'
aperture rate was large.’ ‘Simultaneously, the time needed for

15 forming the dry gel can be decreased.

TABLE 2
Lg%ﬁ&ze ' L:ainggze a_SE%‘E&?e drying drying | yield
rate () days rate (%) :emperaf{:r;tt::% days . (Z) l

: 20 .6 20 80 2 80
18 ] 15 80 ' 2 990
.10 7 - 10 90 2 . 9 0
20 2 2 70 4 90
-18 1 2 70 ] 100
10 1 2 80 5 100

5 1. . 3 890 4 90

3 1 3 80 4 100




10 Simlarly the gel was further heated to a third maintenance tenperature
andlﬁg'ntained for a third maintenance tine. Then, the gel was simlarly
¥&¥ to 11500C and mai ntained for 3 hours, and the silica glass was

prepared by sintering. It has been shown that the silica glass obtained in
15 thi's Exanple is free frombubbles eyen if heated for 30 mnutes at -
[err]. /In the case where the sumtotal 0f nmaintenance tine is equal, the%j

| onger “t he mmi ntenance tinme at high tenperature, the |ess bubbles

ggnerated. 2 :42- TABLE - 3 first maintenance . . second

nai nt enance gEEEE#%é#d mai nt enance enperature tinme - tenperature

time tenperature pne soll bbEainb& vyl the samé!Process as Example (21) - (h)
([err]) h) 950 18 1000 6 105
0 3 a8 dried to makéSthe white dry del0of) 15.0cm byOthe conventiofhid O
Q__950 S I 0 00 6 1050 3950
6, 1 néthod. as shon in Table B,0the @ry gel was Giefted from room 6 _
1000 -3 1050 3950 3 1000
2 51 (zebpérature to a3fixs% Paintenance t@mperature ayj a gate ®f 2

1050 019-50 9 1050 3 1100
2 950 180 ¢/kg and maintaimpdsfor a first maintenance {ime gt first 3950
3 1050 4

maintenance temperature. s]ﬁbsg'guoently, -the ge51 was heated to
a second maintenance temperature at a rate of 180°c/h and maintained
- ' for a second maintenance time at a second maintenance temperature.
10 similarly the gel was further heated to a tﬁird maintenance
temperature and maintained for a third maintenance time. Then,
‘the gel was similarly héated to 1150°é and maintained for 3
hours, and the silica glass was prepared by sintering. -
It has been shown that the silica glass obtained in
.15 this Example is free from bubbles even if heated for 30 minutes
at 1300°C. 1In the case where the sum total of maihtenance time
is equal,. the longer the .‘maintenanc‘:e time at _high temperatu?e,

the less bubbles generated.

20
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-43- CLAIMS 1. A process of formng silica glass conprising dispersing,

in a sol solution prepared by hydrolysing a netal al koxide, 0.2 - 5 nol .,

per mol of the netal al koxide, fumed silica to gel, drying the gel obt aii,@
and ‘sintering the dry gel, and during 5 sintering said dry gel, (a)

removi ng:absorbed water, (b) renoving cggbon, and (c) making the dry gel

.noNyper aus. 2. A process as claimed in claim1 in which the funed silica
is E’lte carbon obtai ned by hydrolysing [err] with an oxyhydrogen fl anme
bufner. 10 3. A process as clained in claim1 in which said funed silica

i's prepared either by a wet process using.a sodiumsilicate as raw materi al

or by hydrolysi ng a rret al aI kOOXI dmam anmodi a sol ut| on. 4. A process as
clained in c . 3 ;

s sed in
sai d sol solltign by;ii S| 3 c oD
process as c} aittEdc il ERCRR &’E&% aAf - =nance ol ed
by centrifugpl t @kn%r ap ghad mpd.d | ai m
i'n which theguﬁseg &Ir%d 50 §ol |.8§I udin ht? f st ed
20 to 3-6 py S ng a'baF eagent &Sro : m 6
i n which sai mpasrc regpgent 1 s fammonra solufion, armenla gas, tfriet hyI m ne
or solution pf triethyjam ne, pyridine or sélution gy'l’ldl ne,| anilink or
solution of hni9®Bn8. 25 188 A prdc@s® &s ¢l aifhed|i SpPecefdi nd clhim
in which sai sol sol UFIOI’I is cast into a mpuld co ered by a lid havinp
apertures 8540 18 1600 6 1050 6
000 & 1050 3

“ ss0 | S 100« |

950 & 1000 & 1050 | &

S50 6 1000 3 1050 -3

9S50 3 1000 2 1050 3

9540 '3 1000 2 105¢ 1

950 9 105¢ | 3 1100 | 2

850 "8 1050 3 1100 3

950 3 1050 4 1100 | 5

—

C



-44-_anounting to | ess than 50% of the surface area thereof duri ng gel ation

~and-fg tion of dry gel. 9. A process as clained in an ceding claim
in v«@asaid sol solution is gelled at S—Wﬁ’t‘hﬁﬂaﬁ at 20-[err] .
to 5 mthe dry gel. 10.. A process as clalrred in cl vvhicha '
heafing rate fromthe tenperature at V\/mcht M s gelled to __
the tenperature at which the wet gel isy4 r|e n [err]/h. 11. :
process as claimed in any preceding claimin whl (:h said 10 gel is heat eﬁj
to a predeterm ned tenperature between 20 and 4000C at a rate of |ess than
[err]/h and mai ntained at | east once agrazssd predeterm ned tenperature for
nore than one hour to renove absorbed Water. 12. A process as clained in
any preceding claimin which said 15 gel is heated to a predeterm ned
tenperature between 400 and 11000C at a rate of 30-[err] C/ h and naintai ned
at | east oncd.at Psa:wdcspﬁsedétfamimm@lﬂ.mqwﬂ-asmrcemémsmmrdaspémina. hours to
renove carbon. 13. A process as clainmed in any preceding claimin which
said 20  gelini 3 sndapeRtion PRCEATRS BV hvSrBiYHaend FE08L &llcfer] at a rate
of 30-[err] to'make it non-porous. 14. A process as clained in an

precedi ng cl &- %ar?dmghbﬁérﬁ‘?]aPFyﬂ&smﬂ?r]ePhk‘H‘égEr ifyeed \fiithcd &Pe¥®hce to the

Dxanpl es. 15 1) (R USSRt QLB AL LR 5558 258 RRY 11 2 2

5 sintering said dry gel, (a) removing absoreed water, (b) removing
carbon, and (c) meking the dry gel non-éorous; |
2. A process as claimed in claim 1.in which the fumed siliea W/
is white carbon cbtained by hydrelysihg SiCl4 with an oxyhydrogeh
flame burner. |

10 3. A process as'claimed in claim 1 in which Faid fumed silica
is prepared eithei by a wet process using a sodium silicate as
raw material or by hydrolysing a metal alkoiide in emmonia solutien.
4. a process as claimed in claim 1 in whlch said fumed silica
is homogenously dispersed in said sol sclution by applying ultrasonic

15 vibration thereto. .
5: A process as claimed in claim 4 in which masses of fumed
silica are removed by centrifugal separation.
6. A process as claimed in any preceding claim in which the
pB of said sol soiution including the fumed silica is adjusted

20 to 3-6 by adding a basic reagent.
7. A process as claimed in claim 6 in which said basic reagent
is ammonia solution, ammonia gas, triethylamine orlsolution of
triethylamine, pyridine or solution of pyridine, aniline or solution
of aniline.

25 8. A process as claimed in any preceding claim in which'said

sol solution is cast into a mould covered by a 1id having apertures
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20
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I

-44-

amounting to less than 50% of the surface area thereof duiing
gélation and formation of dry gel.

9. A process as claimed in any preceding claim in which said
sol solution is gelled at 5-60°C and then dried at 20-120°C to
form the dry gel.

10. A process as claimed in claim 9 in which a heating rate
from the temperature at which the sol solution is gelled to the
temperature at which the wet gel is dried is léss.than 120°C/h.
11. A process as claimed in any preceding claim in which said
gel is heated to a predetermined temperature between 20 and 400°c
at a rate of less than 400°C/h and maintained at least once at
said predetermined temperature for more than one hour‘to remove
absorbed water.

12. A process as claimed in any preceding claim in which said
gel is heated to a predetermined temperature between 400 and
1100°¢C at a rate of 30-400°C/h and maintained at least once at
said predetermihed temperature for more than 3 hours to remove
carbon. |

13. A process as claimed in any preceding claim in whiéh said
gei ig’ heated to a temperature between 1000 and 1400°C at a rate
of 30-400°C to make it non-porous.

14, A process as claimed in any preceding claim and substantially
as herein described with reference to the Examples.

1S. Silica glass when formed by the process as claimed in any

éreceding claim.




