1 2170799 "METHOD OF PREPARI NG SI LI CA GLASS" This invention relates to a
nmet hod for preparing silica glass. Various suggestions have been nade for
preparing a silica glass by the sol-gel nethod, e.g. by Nogam, 5

Nakat ani et al., Journal of Non-Crystalline Solids, 37,191, 1980

Ravi novich et al., Journal of Non-Crystalline Solids, 47, 435, 1982; ar{d
Toki et al., British Patent Applicationh No. 84/18301. In the nethod of Toki
et al., the pH of a sol solution of a netal al koxide hydr !?9 ?gitl on,
in which 10 fine particle silica is uniformy disper dj ust ed
to a value in the range of 3 to 6 and the porous dry gel which is obtained
is sintered. As _uI jlica glass (for exanple, 15cm
in width, 15cm i ' - F Ress) which cannot be attai ned
by the other two net hods 15 is pr epar ed with a good yield. Thus Toki
et al's nethod is the best of the above three nethods. However in the

met hod of Toki et algy,; t{}g,eglthbﬁqareqla@g &bgaﬁ‘{ﬁgdbyo m?gg ;ag is likely to
contain inpurities such as met I ons, cryst foa |rregularly
shaped foreign g01ica grasparticles. If the silica glass is required to be
of high quality, as will be the case if it is enployed as a silica
substrate for a photvargesk sdiggast ibndl Ri@ Besd male Ofr paépdriihge,

a silica glass by the sol-gel method, e.g. by Nogami,

5 Nakatani et al., Journal of Non-Crystalline Sclids, 37,191,

1980; Ravinovich et al., Journal of Non-Crystalline Solids, { .

47, 435, 1982; and Toki et al., British Patent Application

No. 84/18301. 1In the method of Toki et al., the pH of a

sol sclution of a metal alkoxide hydrolyzed solution, in which
10 fine particle silica is uniformly dispersed, is adjusted to a

value in the range of 3 to 6 and the porous dry gel which is

obtained is sintered. As a result, a large piece of silica

glass (for example, 15cm in width, 15cm in length and O.5cm

in thickness) which cannot be attained by the other two methods
15 is prepared with a good yield. Thus Toki et al's method is the

best of the above three methods.

However, in the method of Toki et al., the silica glass
obtained by sintering is likely to contain impurities such as
metal ions, crystals, foams, and irregularly shaped foreign

20 particles. If the silica glass is required to be of high
guality, as will be the case if it is employed as a silica

substrate for a photo-mask or as a preform of an optical fibre,



/7
-

2 the glass fornmed by the nmethod of Toki et al may not be of adequate
quality. It is therefore an object of the present invention to provide a
nmet hod for preparing silica glass of uniformand 5 high quality
which is free frominpurities such as netal ions, crystals, foans and
irregularly shaped foreign particles. ccordlngly, the present invention
provi des a nethod of preparing silica 6Iass conprising the steps of:
preparing a 10 first solution which contains particulate silica
obtai ned by hydrolyzing an alkyl silicate with a basic reagent, preparing a
second sol ution by hydrolyzing an aIkyI silicate with an acid reagent,

m xing said first and sai 0 alu S tai nya sol | ut}on,
causi ng sai d sol solﬁ |ong‘i e Qy che, 8 me'f o?n?%q.\/o\g? Ial llc‘ﬁyylmr)ltsgq’sal%j wet gel

to forma dry gel Si.NLffd,nNg said dry gel to obtaln silica glass. In
t he present |nvena'td|e§{}£’]|te qPI;q{Jdlyd material of high purity can be selected as

a starting material apd ssOehl:ordlual biject! df GheOpAsEnt dhvbse REOEHICED whi ch
does not have 20 inpurities such as netal 1ons, debris, dust and
ot her foreign pargdoGi&s a Eéafoare&l»resmngesmdaoélatslaeof RMERS FnOBn&ONPr i Ses
5 high quality which is free from impurities such as metal ions,
crystals, foams and irregularly shaped foreign particles.
Accordingly, the present invention provides a method of
preparing silica glass comprising the steps of: preparing a
10 first solution which contains particulate silica obtained
by hydrolyzing an alkyl silicate with a basic reagent,
preparing a second solution by hydrolyzing an alkyl silicate
with an acid reagent, mixing said first and said second
solutions to obtain a sol solution, causing said sol solution
15 to form a wet gel, drying said wet gel to form a dry gel,
and sintering said dry gel to obtain silica glass.
In the present invention, a liquid material of high
purity can be selected as a starting material and so high-
quality silica glass can be produced which does not have
20 impurities such as metal ions, debris, dust and other foreign
particles.
Preferably, the method of the invention comprises
the step of closing pores in the dry gel. This may be
effected in an He atmosphere or under reduced pressure.

25 Alternatively, the pores may be closed under reduced pressure after



the step of closing pores in the dry gel. This may be effected in an He

at nosphere or under reduced pressure. 25 Alternatively, the pores
may be cl osed under reduced pressure after 3 processing in an He

at nosphere. Before closing pores in the dry gel, the dry gel may be
subjected to a treatnment conprising renoving an OH group and/or renoving
chlorine or fluorine. 5 The pores may, noreover, be cl osed
by heating the dry gel to a tenperature between 900 and [err] at a heating
rate of between 30 and [err] per hour. The nean particle dianeter of the
said particulate silica is preferably between 0.01 and 1.0 m crons.

Mor eover, 10 the first and second solutions may be mixed in a
rati o of between 20 to 80 and 85 o 15 in terns of the nolar ratio of the

silica included inPFAE®F3P8tIHAR BoASRASRYTSti ons respecti vel y.

Furthernore, the sol solution be gel |l ed t its pHh been adj usted
to a value of at |east 1% ore C%gin%.p .msl'ﬁé1 ?%eaﬁf?'e%&rfeﬁf (a)d’rsfédg? this

par agr aph assi st il&agrgedlé%?%d:%dpgg %uifg{%eggl‘g,m%ﬁ%‘{gfrgﬁwn‘{‘}igg'% to be

fractured during the’sinter step era articul ate
silica in the an OH group and/or removing chlorine or fluorine.
5 The pores may, moreover, be closed by heating the

dry gel to a temperature between 900 and 1400°C at a heating
rate of between 30 and 400%c per hour.
The mean particle diameter of the said particulate
silica is preferably between 0.0l and 1.0 microns. Moreover,
10 the first and second solutions may be mixed in a ratio of
between 20 to 80 and 85 to 15 in terms of the molar ratio
of the silica included in the first and second solutions
respectively. Furthermore, the sol solution may be gelled
after its pH has been adjusted to a value of at least
15 3.0. The features mentioned in this paragraph assist in
producing a porous dry gel which is unlikely to be fractured
during the sintering step.
Preferably, the amount of particulate silica in the
said first solution is at least 0.05 g/ml. Moreover, it is
20 ~ preferable that the amount of effective silica in the
sol solution is at least 0.lg/ml. The features mentioned
in this paragraph assist in the formation of a wet gel
composition which is unlikely to be fractured during the
drying step. The effective silica is the effective part

25 of the silica in the sol solution and it refers to the amount



said first solution is at least 0.05 g/m. Mreover, it is 20

preferable that the anmount of effective silica in the sol
The features nmentioned in this paragraph assist in the

|l east 0.1g/m .

formati on of a wet gel

the drying step. The effective silicais the effective part 25

the silica in the sol

solution and it refers to the anopunt 4 of [err]

a conplete formwhen all of the silicon atons in the sol solution are

turned to gl ass.
a tenperature of between 50 and [err] at a heating 5
This assists in the formation of a dry gel

[err] per hour.

yield (i

The wet gel

a |large nunber of acceptable articles).

solution is at

is preferably dried by heating the wet gel

rate of
havi ng a good
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dry gel préf erably coﬁf)rff%oqsi‘i‘e"‘nﬁwll’ﬂgit&béwﬂbéﬂewlérofbyhhe%ﬁthingnthe dry gel

to a 10

hour

10

15

20

predeterm ned tenperature of between 20 and [err] at a
heating rate of not nifr°é‘st AantheesP] sdutigiuare Mprasd o, elass-dry gel is

pref erably nmai ntai ned at rede ernlngg erature for at |east an
. The sintering of thte',\g?"ar'gngéfe atSs 8T eélaggtﬁ‘ﬁe P¥pPratdae the wet

gel to a temperature of between 50 and 160° at a heating
rate of 120°C per hour. This assists in the formation

of a dry gel having a good yield (i.e. a large number of
acceptable articles).

The sintering of the dry gel preferably comprises
removing absorbed water by heating the dry gel to a
predetermined temperature of between 20 and 400°C at
a heating rate of not more than 400°c per hour. Moreover,
the dry gel is preferably maintained at the predetermined

temperature for at least an hour.

The sintering of the dry gel also preferably comprises

removing carbon by heating the dry gel to a temperature
of between 400 and 900°C at a heating rate of between
30 and 400°C per hour.

The sintering of the dry gel also preferably
comprises promoting a dehydrating condensation reaction.
This reaction may be promoted by heating the dry gel
to a temperature of between 900 and 1300°C at a heating
rate of between 1 and 400°C per hour. Preferably, the
dry gel is maintained at the temperature of between 900

and 1300°C for at least 30 minutes.



15 renovi ng carbon by heating the dry gel to a tenperature of
between 400 and [err] at a heating rate of between 30 and 400 C per hour.
The sintering of the dry gel also preferably conprises pronoting a
dehydrati ng condensati on reaction. 20 This reaction may be
pronoted by heating the dry gel to a tegnperature of between 900 and [err]
at a heating rate of between 1 and [err] per hour. Preferably, the dry gel
is maintained at the tenperature of between 900 and [err] for at |east 30
m nut es. 5 The above-nentioned cl osing of pores of the dry gel by
heating the dry gel to a tenperature in the range of 900 to [err] at a

heating rate of betweeRe 3borBohdrRibled lLostmngr o frEysradvamitagedys gyl be
effected by maintaining the 5 tenperature in the range of 900 to

[err] for at |easby heleig thbeddyegelirtes anenipecasdei intthe pamgredfng four
paragraphs assist in the formation of a transparent glass with,a good
yield. 10 900 to By0QTSi ay a heatfimgt vates ofl rtwiebe BlaBBY 003C

hi gh-quality silica glass can be produced which contains far less in the
per hour may advantageously be effected by maintaining the

5 temperature in the range of 900 to 1400°C for at least 1
hour.

The features mentioned in the preceding four paragraphs
assist in the formation of a transparent glass with a good
yield.

10 By using the features described above, a high-quality
silica glass can be produced which contains far less in the
way of impurities such as metal ioms, crystals, foams and
other irregularly shaped foreign particles in comparison
with the glass produced by the conventional methods.

15 Moreover, by closing the pores as described above, the
foams and irregularly shaped foreign particles included in
the so-obtained glass are further reduced. Thus such closing
of the pores assists in eliminating small foams of a diameter
of less than 1 micron and assists in elimjna ting spaces

20 caused by foreign particles which are likely to be produced
-when making the dry gel vitreous. In this way, an extremely
high quality silica glass can be obtained which may be used
for purposes such as a silica substrate for a photo-mask.

Furthermore, by combining the following features

25 with the above-mentioned features, an extremely high quality



way of inpurities such as netal ions, crystals, foans and other irregularly
shaped foreign particles in conparison with the glass produced by the
conventional methods. 15 Moreover, by closing the pores as
descri bed above, the foams and irregularly shaped foreign particles
included in the so-obtained glass are further reduced. Thus such cl osing of
the pores assists in elimnating small foams of a diameter of |less than 1
m cron and assists in elimnating spaces 20 caused by foreign
particles which are likely to be produced when making the dry gel vitreous.
In this way, an extrenely high quality silica glass can be obtained which

may be used for pur es such as a silica substrate_for a photo-mask.
Furt hernore, by coﬁglf)iﬁanﬁfﬁf’eaf’ 14 8%F ehtagy grtisgl fibre magy by t he

above-nentioned fe [ extremnel y, hi qualjty 6 silica glass and a

E)rl)ef or ngf ant opti ?g‘%]pafl%ggaﬂ?a? ?@qg?%?gig@e\é\ﬁzziégﬁﬁﬁgoﬁgdsﬁt 3|b| ebg g:c d: -
e materialgy o .

hi gh-purity and thgi;)smal ? ar?gbélf a&? %fust?'ean(fsg and the secpad SOIREIMt i cl es

shoul d be el i mi nat ggba¥ 6 i hialpap; gL%rtgigi gggl(lea%unitno@ dust L &lq Whose
holes are of a dianeter of not nore than 0.2 mcrons) and so On.
5 foreign particles should be eliminated by distillationm,
filtration (e.g. in a filter whose holes are of a diameter
of not more than 0.2 microns) and so on.
(2) The steps before the casting of the sol solution
into a container as described hereinbefore should be
10 performed at a cleanliness not less than class 3000
and preferably of class 100.

Preferably, the first solution is subjected to a
centrifugal force of between 50 and 10,000 G, and the
obtained supernatant liquid and the second solution are
15 mixed together.

Preferably also the first solution is filtered at
least once with a filter having a fineness of not more
than 50 microns, and the resulting filtrate and the second
solution are mixed together. Moreover, the said second

20 ~solution may have been filtered at least once with a filter
having a fineness of not more than 50 microns.

The sol solution may be filtered at least once with
afilter having a fineness of not more than 50 microms.

The sol solution may be subjected prior to gelation

25 to a reduced pressure.



(2) The steps before the casting of the sol solution into a container as
descri bed herei nbefore should be 10 performed at a cl eanli ness not
| ess than class 3000 and preferably of class 100. Preferably, the first
solution is subjected to a centrifugal force of between 50 and 10,000 G
and the obtained supernatant liquid and,the second solution are 15

m xed together. Preferably also the first solution is filtered at | east
once with a filter having a fineness of not nore than 50 m crons, and the
resulting filtrate and the second solution are m xed together. Moreover,
the said second 20 solution may have been filtered at |east once
with a filter having a fineness of not nore than 50 m crons. The sol
solution may be filternrdsel dogasionOREE bal pé1iafdl WhEle Babidtging fitneness of
not nore than 50 mcrons. The sol solution may be subjected prior to

gel ation 25 to a demtdifupdlchikcer 65 didteeen 507arkdh808®] sol ution may be
gelled while subjecting it to a centrifugal force of between 50 and 500G
The hydrol ysis of theheebphlgelisitoforharaycdrel ebleciondnay be effected

while adding at least 20Z alcohol by weight with respect
10 to the alkyl silicate.

The method of the invention may be one in which the
sol solution is introduced into a container prior to being
gelled therein, and in which the container has openings which
collectively comprise not more than 107 of the surface

15 area of the container.

The wet gel is preferably allowed to shrink prior to
the start of the drying. Thus the wet gel is preferably
allowed to shrink by at least 87 in length prior to the
start of the drying.

20 The sol solution is preferably maintained in the
container at a temperature of between 10 and 50°¢.

The inner surface of the container which is in contact
with the sol solution may be of hydrophobic material.

The sintered silica glass produced is preferably

25 transparent.

The invention also comprises a silica glass member
when made by the method described above. Such a glass
member may be a plate, or may be cylindrical or may be

tubular.



whi | e addi ng at | east 20% al cohol by weight with respect 10 to the

al kyl silicate. The nethod of the invention may be one in which the sol
solution is introduced into a container prior to being gelled therein, and
i n which the container has openi ngs which collectively conprise not nore
than 10% of the surface 15 area of the container. The wet gel is
preferably allowed to shrink prior to Bhe start of the drying. Thus the wet
gel is preferably allowed to shrink by at |east 8% in length prior to the
start of the drying. 20 The sol solution is preferably maintai ned
in the container at a tenperature of between 10 and [err]. The inner
surface of the contai 7@ ¥WHePhiPR ispitbistastedaby hthehéotisivisel uti on may be
of hydrophobic material. The sintered silica glass produced is preferably
25 transpareﬁ ?“%ﬁé'invention al so conprises a silica glass nenber
when made by the net hod descriq%j %bove. Such a glass nmenber may be a
plate, or may be cylindrical or 2§Lﬂ4[tubular. 8

T

1, Preparing the first solution

5 704.8g of refined commercially available ethyl silicate,
376éml of anhydrous ethanol, 225.9ml of ammonia water (29%)
and 243.8g of water were mixed and the mixture was violently
stirred for 2 hours. Then the resulting solution was
maintained still in a cool, dark place overnight to grow

10 fine particle silica. The solution was condensed under the
reduced pressure to 560ml and the pH thereof was adjusted
to 4.5 by using 2 normal hydrochloric acid to yield the
first solution.

The first solution included 203.9g of silica particles

15 whose mean particle diameter was 0.14 micron. {(The calculated

amount of silica in the first solution was about 0.33g/ml).

2. Preparing the second solution

199.5g of 0.02 normal hydrochloric acid was added to
576.6g of refined commercially available ethyl silicate and
2
© the mixture was violently stirred to carry out the hydrolysis,

and thus the second solution was obtained.

3. Preparing the sol solution and gelation

The first and the second solutions formed as above were

mixed and the pH of the mixture was adjusted to 4.7 by

25
using 0.2 normal ammonia water and water and the volume



The invention is illustrated by the foll owi ng Exanpl es. EXAMPLE | 1.
Preparing the first solution 5 704.8g of refined comrercially
avai l abl e ethyl silicate, 3766m of anhydrous ethanol, 225.9nm of anmonia
water (29% and 243.8g of water were mixed and the m xture was violently
stirred for 2 hours. Then the resulting solution was maintained still in_a
cool, dark place overnight to grow 10 fine particle silica. The
sol uti on was condensed under the reduced pressure to 560m and the pH

t hereof was adjusted to 4.5 by using 2 nornmal hydrochloric acid to yield
the first solution. The first solution included 203.9g of silica particles
15 whose nean particle dianmeter was 0.14 mcron. (The cal cul ated
amount of silicatherédie wks ratjusoédittioons0tad adotikeld. tegknl )soldtidir.epari ng

t he second sol ution 199.5g of 0.02 normal hydrochloric acid was added to
576. 6g of refinedTbonmrecenttdtioavef lefibéatigehydlicr| ircdthe soid s0ution t he
m xture was violently stirred to carry out the hydrolysis, and thus the
second sol uti on was @®33dgred.. 3. Preparing the sol solution and gel ation
The first and the second solutions forned as above were m xed and the pH of
the m xture was adj usthédseb splptign pgs cast into &P RPIGPLORYIERRBI armmoni a

wat er and water and the vol une
5 containers (of 400mm width, 400mm length and 100mm height)

by pouring and each container was sealed with a lid. In 45
rinutes from the time when the pH was adjusted, the scol
was gelled and a wet gel was obtained.

4, Drying

10 The wet gels formed in the manner described above were
aged for 2 days while being maintained in the sealed
containers., Then the lid of each container was replaced by
another lid formed with apertures which covered 0.4% of the
surface area of the l1lid, and the wet gel was then dried at GOQC.

15 In 14 days, 9 dry gels which were notfractured even at the
room temperature were obtained with a yield of 90%.

5. Sintering

The 9 dry gels were placed in a sintering oven and
were heated from 30°C to 200°C at a heating rate at 30°C
20 per hour, were maintained at 200°c for 5 hours, were
heated from 200°C to 300°C at a heating rate of 30°C per
hour, and were maintained at 300°c for 5 hours to remove
the absorbed water.
Then the gels were further heated from 300°C to 1050°C

25 at a heating rate of 30° per hour and were maintained at



9 thereof was adjusted to 1600m to yield the sol solution. (The
concentration of effective silica in the sol solution was 0.231g/m ). The
sol solution was cast into ten pol ypropyl ene 5 containers (of
400mm wi dt h, 400mm | engt h and 100mm hei ght) by pouring and each cont ai ner
was sealed with a lid. In 45 mnutes fromthe tinme when the pH was
adjusted, the sol was gelled and a wet1@el was obtai ned. 4. Drying 10
The wet gels formed in the manner descri bed above were aged for 2 days
whil e being maintained in the sealed containers. Then the |lid of each
cont ai ner was replaced by another |id fornmed with apertures which covered
0.4% of the surface area of the lid, and the wet gel was then dried at

[err]. 15 & y 9 d el s_whi ch re_nptfractured even at
the room t enper at uried}’\g\’eréeg%b?gi%len&uv(\nst 5 ge?ﬁvgl a0 anWf Bt er i ng The 9

dry gels were placed,ip;& %&;F;ﬁ ;pQgB&‘éeQ Md%%%gﬂggﬁﬁ(;tsg&m [err] to

[err] at a heating rate at our, were naintained at
[err] for 5 hours, mgreideated fromf[err] to [err] at a heating rate of
[err] per

The gels were then heated at 1250°C at a heating

5 rate of 30°C per hour and were maintained at 1250°C
for 30 minutes to close the pores in the gels and were then
heated to 1400°C at a heating rate of 60°c per hour, and
were maintained at 1400°C for 1 hour to remove the pores. As
a result, 9 transparent silica glass members were obtained
10 with a yield of 100%.

By polishing opposite sides of the silica glass
members so obtained, silica glass plates of 18cm width,
18cm length and 2mm thickness were obtained.

It was found that, in preparing the second sclution,

15 if the hydrolysis was carried out while adding at least
20% alcohol by weight with respect to the alkyl silicate,
the reaction progressed more uniformly and accordingly
the viscosity of the obtained second solution and
consequently of the sol solution was lowered, so that the

20 " handling of the sol solution was facilitated. However, in
this case, the transparent glass member which is obtained
is a little smaller and so whether this feature is used

or not will depend upon the cost.



hour, and were maintained at [err] for 5 hours to renove the absorbed

wat er. Then the gels were further heated from/[err] to [err] 25

at a heating rate of [err] per hour and were naintained at 10 [err] for
30 mnutes to renove carbon and amoni um chloride and to pronote a
dehydrating condensation reaction. The gels were then heated at [err] at a
heating 5 rate of [err] per hour and were nmaintained at [err]
for 30 mnutes to close the pores in the gels and were then heated to [err]
at a heating rate of [err] per hour, and were nmaintained at [err] for 1
hour to renove the pores. As a result, 9 transparent silica glass nenbers

wer e obtai ned 10 W th apéield of 100% By polishing opposite
sides of the silica glass ne bt ai ned, silica glass plates of 18cm

wi dth, 18cm |l ength and 2nm t hi ckness were obtained. It was found that, in
preparing the second solution, 15 if the hydrolysis was carried

out while adding at &ﬁ%tdegot@ %EQQé’gO'thQYcé%igmnsV\&écihreépﬁ:t mE.Q:.rIghe al kyl

silicate, the reaction progressed nore uniformy and accordingly
a silica glass member of the same size as those of Example 1

with a good yield, the various experiments were conducted
and the results are shown in Table 1 below. From the results

5 of these experiments, the following features are shown to
be desirable;-
1) The mean particle diameter of the fine particle silica
included in the first solution should desirably be between 0.01
and 1.0 micron.

10 2) The concentration of the fine particle silica included
in the first solution should desirably be 0.05g/ml or higher.
3) The first and the second solutions should desirably
be mixed in the ratio of between 20 and 80 and 80 to 20 in terms
of the molar ratio of included silicon atoms.

15 .4) The concentration of the effective silica content in the
sol solution should desirably be 0.10g/ml or more.
5) The sol solution should desirably be gelled after
adjusting the pH of the sol solution to a predetermined value
of at least 3.

20 6) The wet gel should desirably be dried in a container
covered with a 1id having openings constituting not more

than 10% of the surface area of the 1lid.



the viscosity of the obtained second solution and consequently of the sol
solution was | owered, so that the 20 handl i ng of the so

solution was facilitated. However, in this case, the transparent gl ass
menber which is obtained is a little smaller and so whether this feature is
used or not will depend upon the cost. EXAMPLE Il In order to assess the
conditions required for making a S|I|dé gl ass nenber of the sane size as
those of Exanple 1 with a good yield, the various experinents were
conducted and the results are shown in Table 1 below. Fromthe results 5

of these experinents, the followng features are shown to be desirable;- 1)
The nmean particle dianmeter of the fine particle silica included in t he
first solution sg uld g$5|rabl he bet ween m cron.

d 1.
2) The concentrdtion™ ‘f?fe"? nﬂmﬂj‘é?t‘?e@lléa@lyl Pﬁanﬁiﬁél%é‘aaﬂf@t BB first
sol ution shoul d (}e5| rﬁ%gké%és):%r gf)?é&/e% 2y gé'?gr%?:a u.rSe) beth?e% g%r 4 and the

second sol uti ons “SAou y be 'mXe e ratro of ween 20 and

80 and 80 to 20 %erarzsaqieaftbﬁ Larod a.tatomoqfe ERG] ygeek Shlipop atoms. 15
? he e ?% %Lthe )

4) The concentra i on of ctive silica content
8) The dry gel should desirably be sintered to form a
5 transparent glass member by the following 5 processes:

(i) removing absorbed water
(ii) removing carbon
(iii) promoting a dehydrating condensation reaction
{iv) closing the pores in the gel
10 (v) making the gel vitreous.
9) The absorbed water should desirably be removed by
heating the dry gel to a predetermined temperature between
20 and 400°C at a heating rate of not more than 400°c per
hour and, if necessary, maintaining it at this temperature
15 for at least 1 hour.
10) Carbon should desirably be removed by heating the
dry gel to a predetermined temperature between 400 and 900°¢
at a heating rate of between 30 and 400°c per hour.
11) The dehydrating condensation reaction should desirably
20 be promoted by heating the dry gel to a predetermined
temperature between 900 and 1300°C at a heating rate
between 1 and 400°C per hour and, if necessary, maintaining

it at this temperature for at least 30 minutes.



sol solution should desirably be 0.10g/m or nore. 5) The sol sol ution
shoul d desirably be gelled after adjusting the pH of the sol solution to a

predet erm ned val ue of at |east 3. 20 6) The wet gel should
desirably be dried in a container covered with a |Iid having openings
constituting not nore than 10% of the surface area of the |id. 12 7)

The wet gel should desirably be dried by heating it from[err] to a
predet erm ned tenperature between 50 and [err] at a heating rate of not
nore than [err] per hour. 8) The dry gel should desirably be sintered
to forma 5 transparent glass nenber by the followi ng 5 processes:
(i) renoving absorbed water (ii) renmoving carbon (iii) pronoting a
dehydrating condensation reaction_(iv) closing the_por in the gel 10
(v)  making the ¥ vitThSoBSTeFhTR éﬁ%’rﬂ?&g Parcd s%"ﬁg’&’l Qe?}éé‘ﬁr ably be

renoved by heaiiréhthe dry gel to gﬁgredetirginedttegq%%%ggg%o et ween 20
and [err] at a heHhs AgY r¥ftle 82 FFEIRLT R PRATERFI-her hour - and, if
. N . . 5

necessary, maint aé:pdl rigob‘;c %Ec ; 'e%t’ix?gpr%cgtéjf %etween 30 and 400 C

per hour and, if necessary, maintaining the dry gel at this

5 temperature for at least 1 hour.

13) The dry gel should desirably be made vitreous by

heating the dry gel to a predetermined temperature and

maintaining it at this temperature for a predetermined

period of time.

10



15 for at least 1 hour. 10) Car bon shoul d desirably be renpoved by
heating the dry gel to a predeterm ned tenperature betvveen 400 and [err] at
a heating rate of between 30 and [err] per hour. 11) %bf%’y%r ting
condensation reaction should desirably 20 be pronoted 589 t he
dry gel to a predeterm ned tenperature petween 900 and [err] at a heating
rate between 1 and [err] per hour and, 4 necessary, maintaining it at this
tenperature for at |east 30 m nutes. 13 12) The pores shoul d
desirably be closed by heating the dry gel to a predeterm ned tenperature
between 900 and [err] at a heating rate of between 30 and 400 C per hour

and, if necessary, nainjakloingthe dry gel ot this § tenperature for
at least 1 hour. 13) Tgegj v gel sholil d desi ralibly e maddg vitreous by
heating the dry gel to p @regdefermined [enpdratuje an i ntjai ning:it at
this tenperature for a pr8dg ef mjngd&efi&d jof@t |nta 10‘8 g ° |
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2170799 14 [ERR] 15 [ ERR] 16 [err] I's the nean particle dianeter of
fine particle silica included in the first solution. [err] is the
concentration of fine particle silica included in the first solution, 5
1/1+ 2 is the nolar nunber of the silicon included in the first solution
with respect to the nolar nunber of the silicon included in the first and
second solutions, [err] is the concenta tion of effective silica in the sol
solution 10 pH is the pH of t sol solution Opening ratio is the
ratio rate of the total area of the openings in the lid with respect to the
surface area of
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the Iid * The drying conditions and the sintering conditions were the 15
sane as in Exanple I, ** Various conditions were exam ned. 17 EXAVPLE
I1l In order to assess the conditions required for obtaining an extrenely
hi gh-quality silica glass nenber, various experinents were conducted and
the results are shown in Table 2 below. Fromthe results, it is proved to
be 5 preferable to enploy sodf or all of the follow ng conditions
for econom c reasons:- 1) The closing of the pores in the dry gel may
be effected: (i) in an He atnosphere; (ii) under reduced pressure; or 10
(ii1) under reduced pressure after processing in an He atnosphere. 2)

The first and the second solutions as the starting materials shoul d
desirably be of high-purity and smal | anDunts of debris and foreign

particles should deS|r ly_15 noy b | ation or
filtration. 3) @ The ;t)}’r%@%asns Sl eodé ete fe(%ﬁeé/spoair%éo* Ution is

silica included in the first solution.
él is the concentration of fine particle silica included
in the first solution,

5 1/1+ 2 is the molar number of the silicon included in the
first solution with respect to the molar number of the
silicon included in the first and second solutions,

C, 1is the concentration of effective silica in the sol
solution

10 pPH is the pH of the sol solution

Opening ratio is the ratio rate of the total area of the
openings ir the lid with respect to the surface area of
the 1id

* The drying ccnditions and the sintering conditions were the

15 same as in Example I,

** Various conditions were examined.



cast into a predeterm ned contai ner should desirably be perforned wth a

cl eanliness of not |ess than class 3000 and preferably of class 100. 20

4) After applying centrifugal force between 50 and 10000G to the first
solution, the obtained supernatant |iquid and the second sol ution should be
m xed. 5) After filtering the solution at |east once using 18 a
filter having a fineness not nore than 5G mcron, the obtained supernatant
liquid and the second sol ution should be m xed. 6) After filtering the
second solution at |east once 5 using a filter having a fineness
not nore than 50 mcrons, the obtained filtrate and the first solution
shoul d be m xed. 7) The sol sol ggaMepE Shigul d desirably be filtered at

| eastonce using a filter having a fineness not nore than 10 50
m crons. 8) Before the gelation, the sol solution should desirably be
processed at | east once under reduced pressure., 9) The sol sol ution

shoul d desirably be cadn ¢rder &opgssdes cvhei nemtlitdonsnireeuizeddfgel | ed whil e
applying a
: obtaining an extremely high-quality silica glass member,
various experiments were conducted and the results are shown
in Table 2 below. From the results, it is proved to be
5 preferable to employ some or all of the following conditions
for economic reasons:-
1) The closing of the pores in the dry gel may be effected:
(i) in an He atmosphere;
(1i) under reduced pressure; or
10 (iii) under reduced pressure after processing in
an He atmosphere.
2) The first and the second solutions as the starting
materials should desirably be of high-purity and small
amounts of debris and foreign particles should desirably
15 be removed by distillation or filtration.
3) The processes employed until the sol solution is
cast into a predetermined container should desirably be
performed with a cleanliness of not less than class 3000
and preferably of class 100.
20 4) After appl&ing centrifugal force between 50 and
10000G to the first solution, the obtained supernatant
liquid and the second solution should be mixed.

5) After filtering the solution at least once using



15 centrifugal force of between 50 and 500G 10) Bef ore cl osi ng
the pores in the gel, a step of renoving an OH group and a step of renoving
chlorine or a step of renoving fluorine should preferably be included.

19 [ERR] 20 [ERR] -21- *1 1000G 1 hour O [err] processed X
unprocessed *2 pore dianeter of final filter (menbrane type) X - -
unprocessed *3 50mHg 2 minutes 0 [erf] processed X [err] unprocessed
5 *4 200 G about 45 minutes O [err] processed X [err] unprocessed *5
nunber of foreign particles per 1 inch square:-

a filter having a fineness not more than 50 micron,
the obtained supernatant ligquid and the second solution
should be mixed.
6) After filtering the second solution at least once

5 ‘ using a filter having a fineness not more than 50 microns,
the obtained filtrate and the first solution should be
mixed.
7) The sol solution should desirably be filtered at
leastonce using a filter having a fineness not more than

10 50 microns.
8) Before the gelation, the scl solution should desirably
be processed at least once under reduced pressure.,
9) The sol solution should desirably be cast into a
predetermined container and gelled while applying a

15 centrifugal force of between 50 and 500G.
10) Before closing the pores in the gel, a step of removing
an OE group and a step of removing chlorine or a step of

removing fluorine should preferably be included.



O(0O~1), [err](1 ~ 10), X (> 10). *6 The light of a condensor |anp was

shone onto the 10 container and its scattering was observed by the
naked eye. [err] . . nothing was seen O . . alnost nothing was
seen A. . a flickering was seen X . . seened hazy *7 A . .

excel lent quality B. . extrenely high quality 15 C.

hi gh quality D. . nagmal *8 After renoving OH group, and
renoving chlorine, pores were closed. 20 22 In this enbodi nent, the

detail ed experinental conditions are omtted fromdescription. However, the
same conditions as in Exanple | are used. The step of renoving the OH group

and the step 5 s jlof rjemoMing |chldring and fl Jorine ane
perforned as foll ows: 3 r gt i g delydy gt ivd @ridangatl gn
reactionin the sane way" & J Ml Exdnpl d |, {t he [gel |was |cooljed down|to [err]
and mai ntai ned for 3(q m ayte
[ ]
ikl
geii sl x| Q9|0 ]O | x| x|@|0O} 4
00 08 C
s A D
5 -1
- -
ERE
signg_ffo|of[o]Jofe]Jofojo]o
5885
51
ggg q 0] o O o ) O o O
k]
B olojojo|4|lo|lojo]|o
— Ml SO PO S U ——
' _3"
~ g?:.i'lo x | x| x| x| x| x| x| x
b.-
a s _
: ga-a. (o) X X X X X X X X
h B&w
st 222 2l2]2]2]x]2
¢
sl ls]z]s
E st Tt =l ==f{=sl=2l=!=1!=1=
Land (-] o (-] (-] (-] (-] Q (-} (-]
L ¥
f§E8]]lojojojo|o|o|o]|o]|x -
Uh
3 2o | 3o |3 |32 |3 2 20 |3g
Dg a2 |58 138 |48 X8| X |32 |38 |28
J um | um v m um o um U™
=2 '
| £3 olo|lo|lo|x]olo]|o|o
:A—
.y |2 35| 3
é K oul 2158 l+359 2 2| a8l 2
C ne SR 1285
g - ~ < - | ;] w [ L] o<,




10 while a gas consisting of a mxture of 2 [err]/mn of He
and 0.2 of [err] was passed over it. Then the gel was heated at [err] at a
heating rate of [err] per hour while He gas only was passed over it, the
gel was maintained at [err] for 1 hour while a gas consisting of a m xture
15 ' of 2[err]/mn of He and O.2[err]/mn of [err] was passed
over it, the gel was further heated at [#r] at a heating rate of [err] per
hour while He gas only was passed over it, and the gel was nmintai ned at
[err] for 1 hour while a gas consisting of a mxture of 2[err]/mn of He
and 0.2[err]/mn 20 of [err] was passed over it, thus renoving

any CH group. Then, by heating the gel to 1000,C at a heating rate of [err]
per hour while a gay egprsiss{i nd of ja mjxtuje off Heland]|[erf] iph a ratio of
2[err]/min to 0.4[erfr g8 @& s pBsde® qvlr |i P, |tfie| g8l | b&i hg®nhi nt ai ned at
1000 C for 1 hour, 235 chiqr+t ~i"l"E*luch. 2311t is to be
appreci ated t hat the_g&?géﬂi I qventli on}i s gppl jcable npt oply Bo t he
production of a purd.#3dLca g£as regber 4but callsg 10g2a| s | ass nmenber
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1. Preparation of the first solution 1678.0 grans of ethyl silicate,

3585 mli-litres of unhydrated ethanol, 109 mli-litres of 29% amoni a
wat er and 580.6 grans of water were m xed and the m xture 10
was violently stirred. Then the solution was maintained still in a cool,

dark place for one night to age the silica particles included therein.
After condensing the resulting sol utiosemnder reduced pressure, the al cohol
in the condensed solution 15 was substituted by water in
order to inprove the yield in the subsequent drying step. The pH of the
solution was adjusted to 4.0 by the addition of 2 normal hydrochloric acid
in order to pteu@APGabrwpr Yel atPrnreased et i mmpwhessstele sol uti on woul d be
m xed with the 20 hydrol yzed sol ution. The resulting solution
was filtered by PaRraedinngher (9f féralgittete (melragentedns to obtain a silica
di spersed solution containing silica particles whose nean particle dianeter

was 0.18 micron& 25 unprocessed This solution is referred to as the
first solution. 24 2. . Pr egar ation of ghe second sol utj on
*3 50xmBg 2 minutes » - processed X + - unprocessed

5 *4 200 G about 45 minutes O - - processed
X - - unprocessed
*5 number of foreign particles per 1 inch square:-
0o (0O~ 1), A(1 v 10), X(> 10).

*6 The light of a condensor lamp was shone onto the

10 container and its scattering was observed by the naked
eye.
(3. . nothing was seen O . . almost nothing was
seen
A . . a flickering was seen X . . seemed hazy
*7 A . . excellent quality B . . extremely high quality
15 C . . high guality D . . nomal

*8 After removing OH group, and removing chlorine, pores were

closed.

20



950. 0 grans of 0.02 normal hydrochloric acid was added to 1372.9 grans of
ethyl silicate and the solution was violently stirred to make the second
solution. 5 3. Preparation of the sol solution and the
gelation thereof The first and the second solutions were m xed together and
the pH-.of the m xture solution was adjasted to 4.69 by adding 0.2 nornal
ammoni a water and water and the volune thereof was adjusted to 4000m to
obtain the sol solution. 10 (The effective silica concentration of
this sol solution was 0.220g/m.). The sol solution was cast to a depth of
2000mminto a cylindrical container of 50mminner dianeter and 2100mm

hei ght. After elim nati nglmithi$ gmb2dinentt etheuddeailgdpexpesimentsdl of
50 torr, the container was covered by a |lid and seal ed. Gelation occurred
40 m nutes after the qeHddfianseaxspionittad iform Wescxiditicr edcdekra ke gel was
obt ai ned. The above steps 1, 2 and 3 were perfornmed in a clean room whose
cl eanl i ness was of c|s#®§ qUUitiRpst ReripEEamRlgel 2gre used. ethyl silicate,
et hanol and wat er enpl oyed had been refined by distillation, and the

hydrochl oric acid and amDifi & SRuCEr TR hei AR 1FqER ¥ Fmet§Plittle in

the way of netal ion inpurities, the latter having been filtered off by a
menbrane filter as fi%g?%f?vdf’? ThiCF o7 and Fructine dre erforned as
follows:

After promoting the dehydrating condensation
reactionin the same way as in Example I, the gel was
cooled down to 700°C and maintained for 30 minutes

10 while a gas consisting of a mixture of 2 £/min of He
amd 0.2 of C22 was passed over it. Then the gel was
heated at 800°C at a heating rate of 60°C per hour while
He gas only was passed over it, the gel was maintained at
800°C for 1 hour while a gas consisting of a mixture

15 of 2%/min of He and 0.2%/minof CL, was passed over it, the
gel was further heated at 900°¢C at a heating rate of 60°c
per hour while He gas only was passed over it, and the
gel was maintained at 900°C for 1 hour while a gas
consisting of a mixture of 2%/mn of He and 0.2%/nin

20 of Clz was passed over it, thus removing any CH
group. Then, by heating the gel to 1000°¢c at a heating
rate of 60°¢c per hour while a gas consisting of a mixture
of He and O, in a ratio of 2% /min to 0.4%/uin was passed
over it, the gel being maintained at IOOOOC for 1 hour,

25 chlorine was removed.



25 4. Drying 10 wet gels obtained as above were aged in seal ed containers
for 3 days and then each gel was noved into a respective rotatable
cont ai ner havi ng openi ngs constituting 5 0.2% of the surface
area. Each wet gel was dried at 600C as the rotatable contai ner was rotated
at a rotational speed of 0.1 rotations per mnute. In 17 days, 9 dry gels
wer e obtai ned which were stable enough so that no fracture occurred even at
roomtenperature. Thus the yield was 9 ;6 3 10 The vol une density
of the obtained dry gel was 0.72g/[err]". Then the 9 dry gels obtained as
above were placed in a sintering oven and heated to [err] at a heating rate
of [err] per hour, nmaintained at [err] for 5 hours, were further heated to
[err] at a heating rate of [err] per hour 15 and were mai ntained
at [err] for 5 hours to renove the absorbed water. The gels were heated

from[err] to [err] q% a hearing rate oa&[err per hour :and were, maintai ned

at [err] for 2 hours to%effol® LEFBOTS BAF R or P YRR tARY dspapplicable
accel erate the de r afi.0 d i Lo s ass el s were
%g Iy Po Crfg.lg mtc{:%}x beag UQF sg.égc% %1 s Bnbem-l.b_gg g9

then cool ed down to 8 Ca re nmal ntal ned a or m nutes whil e

[err] was passed qyeraidiem af $917d ks mbfers AHR1AY hoin¥ahcRagS ed over

Ti.
5 EXAMPIE 1V

1. Preparation of the first solution

1678.0 grams of ethyl silicate, 3585 mili-litres of
unhydréted ethanol, 109 mili-litres of 29% ammonia water
and 580.6 grams of water were mixed and the mixture
10 was violently stirred. Then the solution was maintained
still in a cool, dark place for one night to age the
silica particles included therein,
After condensing the resulting solution under
reduced pressure, the alcohol in the condensed solution
15 was substituted by water in order to improve the yield
in the subsequent drying step. The pH of the _
solution was adjusted to 4.0 by the addition of 2 normal
hydrochloric acid in order to prevent abrupt gelation
at the time when the solution would be mixed with the
20 hydrolyzed solution. The resulting solution was
filtered by a membrane filter as fine as 0.6 microns
to obtain a silica dispersed solution containing
silica particles whose mean particle diameter was
0.18 microns.

25 This solution is referred to as the first solution.



2 litres per mnute, the gels then being heated to 9000C at a heating rate
of [err] per hour, nmaintained at [err] 25 for 1 hour, heated to
[err] at a heating rate of [err] per hour and naintained at [err] for 3
hours to renove any OH 26 group. Then with [err] gas flow ng over them
at 1 litre per mnute, the gels were heated to [err] at a heating rate of
[err] per hour and were naintained at | ?r] for 30 hours to renove
chlorine. Thereafter with only He gas being 5 passed over them
the gels were heated to [err] at a heating rate of [err] per hour and were
mai ntained at [err] for 30 mnutes to close the pores in the gels. The gels
were then heated tg.[ergrbpatatdoNadd kRE drbla Ho18Pidn Per hour and were

mai nt ai ned at 14507CTor I hour, as a resart of which the 10 gel s
became non-porous. Thiugso%0 GtlahBdss ©Ab2 tHoRRSP ARG cHIbASS RBADAISS wer e
obtained with a yield of 100% The dinensions of each gl ass nenber so

obt ai ned were 23. 2gaaeaiter 132apentinsasnst R2§D18i1e84eh and ttheWed Jhttiobei ng
862g. The yield of the material was al nbost 100% 15 The

obt ai ned transpar erts gtizdentiys spiarredi techake fte efcardi $wluwiqual ity and of

the sufficient clarity when observed by the naked eye.
5 3. Preparation of the scol solution and the gelation thereof

The first and the second solutions were mixed together
and the pH of the mixture solution was adjusted to 4.69 by
adding 0.2 normal ammonia water and water and the volume
thereof was adjusted to 4000ml to obtain the sol solution.

10 {The effective silica concentration of this sol solution
was 0.220g/ml.).

The sol solution was cast to a depth of 2000mm into
a cylindrical container of 50mm inner diameter and 2100mm
height. After eliminating air for 2 minutes under a pressure

15 of 50 torr, the container was covered by a lid and sealed.
Gelation occurred 40 minutes after the pH of the sol solution
was adjusted and a wet gel was obtained.

The above steps 1, 2 and 3 were performed in a clean
room whose cleanliness was of class 100. Furthermore, the

20 ethyl silicate, ethanol and water employed had been refined
by distillation, and the hydrochloric acid and ammonia water
employed included extremely little in the way of metal
ion impurities, the latter having been filtered off by a

membrane filter as fine as 0.2 microns.



Mor eover, by drawi ng the transparent glass so obtained and using a fluoric
pol yner as a cladding, nore than | Okm of optical fibre of 200 mcrons in
core dianeter and 300 micron in the dianmeter of the claddi ng was obt ai ned
for every one transparent glass nenber. The transm ssion | oss of the
optical fibre was | ess than 4dB/km at a wavel ength of 0.85 m crons and.1 hus
this optical fibre was denonstrated 235 to be satisfactory in
gquality as an optical fiber for LAN 27 Furthernore, the transparent

gl ass of this Exanple has a very good |light transm ssion property in itself
and so may be used as a light transm ssion silica bar of a diameter from

sonme hundred mcrons to sonme centineters as 5 it is or as a Q
fibre. Such a |idht P¥¥®ni ssion silica bar can be used for iIIuninating a
farmin a space station or an under - anch. EXAMPLE V

sol uti on, whi ch was pr’eopé’leédgea?ss PRE®ETS T’sea%?/’ Gre aged in iﬁ&%“-ga | ed by

rotating a gellin ans a t.ubul ar. wgllgail lgpgnhgut glaneter 25mMm
i nner di anet er rf%’ geﬁ’(ﬂﬁﬁ] ?%%33( ARSI EX! 251 WE° 5T d8F2 Uri ed and
sintered by follQu.pa g ST BIERSrETiAY RATY spén\fnegdcgn@@&&qng
5 0.2% of the surface area. Each wet gel was dried at 60°C
as the rotatable container was rotated at a rotational
speed of 0.1 rotations per minute. In 17 days, 9 dry gels
were obtained which were stable enough so that no fracture
occurred even at room temperature. Thus the yield was 90%.
10 The volume density of the obtained dry gel was O.7Zg/cm3.
Then the 9 dry gels obtained as above were placed in
a sintering oven and heated to 200°¢C at a heating rate
of 30°C per hour, maintained at 200°c for 5 hours, were
further heated to 300°C at a heating rate of 30°¢ per hour
15 and were maintained at 300°C for 5 hours to remove the
absorbed water. The gels were heated from 300°¢ to 920°C
at a heating rate of 60°C per hour and were maintained at
920°C for 2 hours to remove carbon and ammonium chloride
and to accelerate the dehydration condensation reaction.
20 . The gels were then cooled down to BOOOC and were maintained
at BOOOC for 30 minutes while C22 was passed over them at
0.2 litres per minute and Be was passed over them at
2 litres per minute, the gels then being heated to 900°C
at a heating rate of 60°c per hour, maintained at 900°¢c

25 for 1 hour, heated to 1000°¢C at a heating rate of 60°C per

hour and maintained at 1000°C for 3 hours to remove any OR



<

transparent glass nenbers were obtained wwth a yield of 100% 15

The transparent gl ass nenber so obtained was of 23.2mm outer dianeter,

11. 6mm i nner dianmeter and 928mm | ength. By drawi ng the transparent gl ass
menber so obtained and by using a fluoric polyner as a cladding, nore than
8km of an optical fibre of 200 m crons core dianeter and 20 300
m crons di aneter of cladding was obtai f&d per gl ass nenber. The

transm ssion |l oss of the optical fibre so obtained was 4dB/ km at a

wavel ength of 0.85 microns_and thus the optical fibre obtained was
demonstrated to be TR®:asTER Bhth Lal9asi Sf‘é"lF‘SrmL%KNT—h% at 1 litre

Mor eover, since the érr%rj]rsl ar.enfi | ass elrg?g\r%er 3° obt ai hed 28 i s tubul ar,
it is suitable for B EBpeTS t eo%eﬁf)rw atg J%ﬁ:l&épot%béto? heaking eform
o, b vare b B 4% MRLPUR 0 R 1 Lclnet gt L
gl ass so obtained iRElUdES ALELVe lchidls e\.l\@'fh%rreﬁ’teécsw;&a%nlo% b 3 sych a
transparent glass can be usegx> or produting an extrenely i gdﬁgéugﬁellf’?
optical fibre. EXANRIsEeYlover them, the gels were heated to 1250°C at a heating
rate of 30°C per hour and were maintained at 1250°C for 30
minutes to close the pores in the gels. The gels were then
heated to 1450°C at a heating rate of 60°C per hour and were
maintained at 1450°C for 1 hour, as a result of which the
10 gels became non-porous. Thus 9 cylindrical transparent glass
members were obtained with a yield of 100%.
The dimensions of each glass member so obtained were
23.2mm outer diameter and 928mm length, its weight being 862g.
The yield of the material was almost 100%.
15 The obtained transparent glass was perceived to be of
uniform quality and of the sufficient clarity when observed by
the naked eye. .
Moreover, by drawing the transparent glass so obtained
and using a fluoric polymer as a cladding, more than
20 10km of opticél fibre of 200 microns in core diameter
and 300 micron in the diameter of the cladding was obtained
for every one transparent glass member. The transmission loss
of the optical fibre was less than 4dB/km at a wavelength of
0.85 microns and thus this optical fibre was demonstrated

25
to be satisfactory in quality as an optical fiber for LAN.



10 A sol solution prepared as in Exanple IV was introduced
to a depth of 80mMminto a Teflon (Regi stered Trade Mark) contai ner of 200mm
square x 100nm i nner di nension and then gelled. By drying and sintering the
gel so obtained at a ratio slower than in Exanple IV, a silica glass of
92mm 15 square x 37mm t hi ckness was obtained. Since this silica-

gl ass passes ultraviolet and visible Iight well and even passes light of a
wavel engt h of 200nm such a silica glasS'can be enpl oyed as a phot omask
used in the manufacture of an ultra |arge-scale-integrated circuit 20

of nmore than 1Moit. Furthernore, because the silica glass of this Exanple
was thick, the glass could be nade into a lens or prism The |ens obtained
could be used in the manufacture of 256Kbit SRAM 29 EXAMPLE VII 1.
Preparation of the first solution Ethyl silicate, ethanol and water al
refined by distillati oirtrerhogearttiet ecshsparem glasd yraviid ahaep129% S
anmmoni a water were filtered by a nenbrane filter having hol es whose

di aneter was 0.2 givrmngoahdigbt ecranzeibdgionfmroperty in itself and so

may be used as a light transmission silica bar of a
diameter from some hundred microns to some centimeters as
S it is or as a Q fibre, Such a light transmission silica bar

can be used for illuminating a farm in a space station or

an under-water ranch. —

EXAMPLE V
A sol solution,which was prepared as in Example IV,
10 was gelled by rotating a gelling means and a tubular wet
gel of 50mm outer diameter, 25mm inner diameter and 2000mm
length was obtained. 10 wet gels were dried and sintered
by following the same steps as in Example IV and then 10
transparent glass members were obtained with a yield of 100%.
15 The transparent glass member so obtained was of 23.2mm
outer diameter, l1ll.6mm inner diameter and 928mm length.
By drawing the transparent glass member so obtained
and by using a fluoric pelymer as a cladding, more than
" 8km of an optical fibre of 200 microns core diameter and
20 300 microns diameter of cladding was obtained per glass
member. The transmission loss of the optical fibre so obtained
was 4dB/km at a wavelength of 0.85 microns and thus the
optical fibre obtained was demonstrated to be used as an
optical fibre for LaN,

25 Moreover, since the transparent glass member so obtained



-the conpositions shown in Table 1. After being violently stirred for 4
hours, each solution was maintained still in a cool and dark place for one
night to grow fine particle 10 silica. Each solution was condensed
»and its pH was adjusted, and it was then filtered by a nmenbrane filter
havi ng hol es whose di anmeter was 10 m c2®ns. The resulting sol ution was
referred to as the first solution. 15 The first solution A
B C Ethyl silicate 44.1 litres 44,1 litres 41.1
litres Ethanol 67.2 litres 67.2 litres 67.2 litres Water
16.0 litres 15.6 litres 15.0 litres Anmoni a wat er 0.8 litres
1.2 litres 1.8 litres 20 - 30 - The nean particle dianeters of the
fine particle S|I|%a

l_ude n tin flrst ) ions A, B and C
were 0.15 microns, §§5h16rgh§sas %6£§b%lrc? ﬁ?p°? od %t TGP 2,
preparation of the §§ Wl %%xeform used in the VaDndth g&ec%oof 0. 02

nor mal hydrochl oric”aci tere nmenbrane filter having | es whose

di ameter was 0.2 Fhergdp m@&@dd@ﬂgeléa%l%gltéﬂeeﬁs 18t iy réal irC@he refined
by distillation, and the m xed solution waS violently stirred

method.

5 Particularly, since the transparent glass so obtained
includes very little water (less than 100ppb), such a
transparent glass can be used for producing an extremely
high-quality optical fibre.

EXAMPLE VI

10 A sol solution prepared as in Example IV was introduced
to a depth of 80mm into a Teflon (Registered Trade Mark)
container of 200mm square x 100mm inner dimension and then
gelled. By drying and sintering the gel so obtained at
a ratio slower than in Example IV, a silica glass of 92mm

15 square x 37mm thickness was obtained.

Since this silica glass passes ultraviolet and visible
light well and even passes light of a wavelength of 200mm,
such a silica glass can be employed as a photomask used in
the manufacture of an ultra large-scale-integrated circuit

20 of more than IMbit.

Furthermore, because the silica glass of this Example
was thick, the glass could be made into a lens or prism.

The lens obtained could be used in the manufacture of 256Kbit

SRAM.



for carrying out the hydrol yzation. The resulting solution was 10
referred to as the second solution. In this Exanple, three second sol utions
were prepared. 3. Preparation of the sol solution. The first solution A
and one of the second solutions were m xed and the solution was filtered by
a nmenbrane filter 15 havi ng hol es whose di aneter was 0.8 m crons.
The solution was referred to as the sok9solution A Simlarly, the first
solution B and one of the remaining second solutions were m xed and the
m xture was filtered by a nmenbrane filter having hol es whose di aneter 20
was 2.0 mcrons. The solution was referred to as the sol solution B.
Simlarly, the first solution C and the remai ni ng second sol ution were
m xed and the m xture was filtered by a nenbrane filter having hol es whose
di aneter was 3.0 microns. The 2EXAMPLE VIIresulting solution was referred to
as the sol solution C. The pH and the liquid tenperature of the sol
sol utions obtaingd ag, g@la/,\pgg éhed £2Psk [Bhhdiont €SPECt I Vel y. 31 4.
Gel ation and dryi olution A was cast into
Ethyl silicate, ethanol and water all refined by
distillation, and guaranteed commercially available 29%
5 ammonia water were filtered by a membrane filter having

holes whose diameter was 0.2 microns and were mixed to form

the compositions shown in Table 1. After being violently

stirred for 4 hours, each solution was maintained still

in a cool and dark place for one night to grow fine particle

10 silica. Each solution was condensed and its pH was adjusted,
and it was then filtered by a membrane filter having holes

whose diameter was 10 microns. The resulting solution

was referred to as the first solution.

15 The first solution A B c

Ethyl silicate
Ethanol
Water

Ammonia water
20

44.1 litres

67.2 litres

16.0 litres

0.8 litres

44.1 litres

67.2 litres

15.6 litres

1.2 litres

¥l.1 litres
7.2 litres
15.0 litres

1.8 litres




50 containers (300mm square x 100m height in inner dianeter) and, after
sealing the containers with lids, the sol solution A was gelled to yield 50
wet gels. 5 In the same way as above, 50 wet gels were forned
respectively of the sol solutions B and C. Then the so-obtai ned 150 wet
gels in the sealed containers were aged at [err] for 3 days and thereafter
the lids of the containers were replaced by other |ids having 10

openi ngs constituting 0.4% of the surface area of the lids, and the gels
were dried therein at [err]. In 14 days, dry gels were obtained which did
not fracture even in the atnosphere3and which had the yield showmn by Table
4. TABLE 4 Sol sol ution used Yield (9 Sol solution A

62 Sol .sol ution B The mean particleygigpetess| of itha fine particle silica 84

32 5. Sintering The three kinds of_dry gels obt ai ned above were placed in a
sintering oven i mYARR 1BF tho raAnl tidweinett selytions [Rer B]andoC[eane] OalS5 a

heating rate of [err
9 [mfé ns, 0.25 microns and 0.40 microns, respectively.

2. Preparation of the second solution

5 6.15 litres of 0.02 normal hydrochloric acid filtered
by a membrane filter having holes whose diameter was 0.2
microns was added to 1B.9 litres of ethyl silicate refined by
distillation, and the mixed solution was violently stirred
for carrying out the hydrolyzation. The resulting solution was
10 referred to as the second solution. In this Example, three
| second solutions were prepared,

3. Preparation of the sol solution.

The first solution A and one of the second solutions

were mixed and the solution was filtered by a membrane filter
15 having holes whose diameter was 0.8 microns. The solution
was referred to as the sol solution a,

Similarly, the first solution B and one of the
remaining second solutions were mixed and the mixture was
filtered by a membrane filter having holes whose diameter

20 was 2.0 microns. The solution was referred to as the sol
solution B.

Similarl&, the first solution C and the remaining second
solution were mixed and the mixture was filtered by a membrane
filter having holes whose diameter was 3.0 microns. The

25 resulting solution was referred to as the sol solution C.

The pH and the liquid temperature of the scol solutions

obtained as above were 4.5 and 20°C, respectively.



5 per hour and were maintained at [err] for 5 hours. Then the
gels were further heated from200 Cto [err] at a heating rate of [err] per
hour and were nmaintained at 300 C for 5 hours to renove the absorbed water.
The gels were heated from[err] to [err] at a 10 heating rate
of [err] per hour, were nmaintained at 700C for 20 hours, and were then
heated from[err] to [err] at a heating_rate of [err], maintained at [err]
for 10 hours, further heated fron1[err]3fo [err] at a heating rate of [err]
and maintained at [err] for 10 hours to renove carbon and amoni um chl ori de
and to accelerate 15 t he dehydration condensati on reaction
Wiile He gas was flowng into the sintering oven, the tenperature was
raised to [err] at a heating rate of [err] and the gels were naintained at

[err] for 2 hourséto cdedakigmangedryéngn the gels. 20

Further, the gels were heated to [err] at a heating rate of [err] per hour
and maintai ned at [er$90-méilirliexas ofitdhe £pk sgdPtidiedatid® S8Rt PdtBus and 30
transparent gl ass _nenbers were_obtained with a ﬁield of 100% 33 B

: § Ol , y
pol i shi ng opposi t 8%seANaERRr sof 3%, sgpanenx 10y feighy in inner diameter)

and, after sealing the containers with lids, the sol solution
A was gelled to yield 50 wet gels.

5 In the same way as above, 50 wet gels were formed
respectively of the sol solutions B and C.

Then the so-obtained 150 wet gels in the sealed
containers were aged at 30°C for 3 days and thereafter the
lids of the containers were replaced by other 1lids having

10 openings constituting 0.4% of the surface area of the lids,
and the gels were dried therein at 65°C. In 14 days, dry gels
were obtained which did not fracture even in the atmosphere

and which had the yield shown by Table 4.

TABLE 4
15
Sol solution used Yield (%) —
Sol solution A 62
Scl solution B 78
Sol sclution C 84




silica glass nenbers, silica glass plates of 152mm square x 3mmt hi ckness
were obtained. The silica glass of this Exanple included no 5

aobservabl e foreign particles and was proved to be of extrenely high
quality. Moreover, the spectral characteristics of the glass over the ultra
violet and visible range were flat. Acgordingly, the obtained silica glass
was of satisfactory quality for the photomask substrate 10 used
in the manufacture of integrated circuits. EXAMPLE VIII 10 of each of the
three kinds of the dry gels obtained in the above Exanple VII (30 in all)
were sintered by followi ng the sintering programe specified bel ow. The
gels were heated from[err] to [err] at a heating 15 rate of [err] per

hour, were maintai ned &interirdg for 5 hours, and were then heated from[err]
to [err] at a heating rate of [err] per hour and were naintained for [err]
for 5 hours to renove alTherUemenkirels. o2(iry gels obtained alXext wetdie gels were
heated from 300 Cto 700 C at a heating rate of [err] per hour, were

mai nt ai ned at 7000Cplared?2@n hosistemicgeorrratindyroupsndfelflandowpeer| at a
heating rate of [err] and were intaiqu at [err] for 10 hours to renpve
carbon and anmmoni unhetiedr Fxen 3AACtYe 26CET atar dephin@Zate of 60°C dehydrati on

condensation reaction. o
5 per hour and were maintained at 200 C for 5 hours. Then

the gels were further heated from 200°C to 300°C at a
heating rate of 60°C per hour and were maintained at

300°C for 5 hours to remove the absorbed water.

The gels were heated from 300°c to 700°C at a
10 heating rate of 60°C per hour, were maintained at 700°C
for 20 hours, and were then heated from 700°c to 900°¢
at a heating rate of 60°C., maintained at 900°C for

10 hours, further heated from 900°C to 1000°C at a heating
rate of 60°C and maintained at 1000°C for 10 hours to

remove carbon and ammonium chloride and to accelerate

15 the dehydration condensation reaction.

While He gas was flowing into the sintering oven,
~ the temperature was raised to 1200°C at a heating rate of
60°C and the gels were maintained at 1200°C for 2 hours
to close the pores in the gels.
20 ) Further, the gels were heated to 1300°C at a heating
rate of 60°C per hour and maintained at 1300°C for 1 hour.
Then the gels became non-porous and 30 transparent glass

members were obtained with a yield of 100%.



34 Then the gels were cooled down to [err] and were maintained for 30

m nutes while subjected to a flow of He at the rate of 20 litres per mnute
and of [err] at the rate of 2 litres per mnute. The gels 5

were heated to [err] at a heating rate of [err] per hour and were

mai ntained at [err] for 5 hours to renove any OH groups. while subjected to
a flowof [err] gas at the rate of 20 litres per mnute, the gels were

mai ntained at [err] for 1 hour and were3heated to [err] at a 10 heating
rate of [err] per hour and were maintained at [err] for 20 hours to renove
chlorine. Wile subjected to a flow of He gas at the rate of 20 litres per
m nute, the gels were maintained 15 at [err] for 1 hour and
thereafter heated to [err] at a heating rate of [err] per hour, naintained
at 1200 C for 10 hours, BYiRaliehinm 2PRePits 3wHfeces af Saﬁ}éé’tfi My raERMGPI err]
per hour, and maintained at [err] for 1Q hours to close %q_ ores in the
gels. 20 silica glasp menphersersilire YESS rREALE] § F%ﬁ%]sqﬁ?rﬁi

heatin
g % 3mm thickness were obtained.

The silica glass of this Example included no
5 observable foreign particles and was proved to be of
extremely high quality. Moreover, the spectral

characteristics of the glass over the ultra violet and
visible range were flat. Accordingly, the obtained silica
glass was of satisfactory gquality for the photomask substrate
used in the manufacture of iIntegrated circuits.

10
EXAMPLE VIII

10 of each of the three kinds of the dry gels obtained
in the above Example VII (30 in all) were sintered by
following the sintering programme specified below.

15 The gels were heated from 30°c to 200°C at a heating
rate of 30°C per hour, were maintained at 200°C for 5
hours, and were then heated from 200°C to 300°C at a
heating rate of 30°C per hour and were maintained for 300%¢
for 5 hours to remove absorbed water.
20 Next, the gels were heated from 300°C to 700°¢
at a heating rate of 30°C per hour, were maintained at 700°c
for 20 hours, were heated from 700%¢ to 900°C at a heating
rate of 30°C and were maintained at 900°¢c for 10 hours

to remove carbon and ammonium chloride and to accelerate the

25 dehydration condensation reaction.



rate of [err] per hour and was maintained at [err] for 1 hour. Then the
gel s becane non-porous and 30 transparent glass nenbers were obtained with

a yield of 100% 25 By polishing opposite surfaces of
t'he gl ass 35 nenbers, silica glass plates of 152 mm square x 3mm

t hi ckness were obtained. No foreign pargjcles were observed in the silica
glass plates of this Exanple and so the silica glass was 5 proved

to be of high quality. Additionally, the spectral characteristics of the
gl ass over the ultra violet and visible range were flat and suitable for

use as the photonmask substr@ﬁ l‘!__%gd d‘édre ggc?#fdagig %oogodd&tgxgc{at ed

circuits. Moreover, any CH group I Nt ass was 1e8% 10

than | ppm and t he gI asme\/i@s %xqg:r NLe gqn‘%t[ee%gﬁgﬂee%b%c% a‘hvm ,de range

fromultra violet to rare ccor ng ' ass produce as a

qual ity which is satisfaglofy bt USR §§té‘o‘ieﬁé llgfeé’gék%ﬁuké% of

chem cal, biological, physical and optical experinent
of C£2 at the rate of 2 litres per minute. The gels

5 were heated to 1000°C at a heating rate of 30°¢C

per hour and were maintained at 1000°C for 5 hours
to remove any OB groups.
While subjected to a flow of O2 gas at the rate
of 20 litres per minute, the gels were maintained at
10 1000°C for 1 hour and were heated to 1100°C at a
heating rate of 60°C per hour and were maintained
at 1100°C for 20 hours to remove chlorine.
While subjected to a flow of He gas at the rate
of 20 1litres per minute, the gels were maintained
15 at 1100°C for 1 hour and thereafter heated to 1200°C
at a heating rate of 30°%¢ per hour, maintained at
1200°C for 10 hours, further heated to 1250°C at a
heating rate of 30°¢ per hour, and maintained at 1250°¢
for 10 hours to close the pores in the gels.
20 The temperature was raised to 1400°¢ at a heating
rate of 60°C per hour and was maintained at 1400°C
for 1 hour. Then the gels became non-porous and 30
transparent glass members were obtained with a yield of

100%.

25 By polishing opposite surfaces of the glass



36 CLAI MS 1. A method of preparing silica glass conprising the
steps of: preparing a first solution which contains particulate silica
obtai ned by hydrolyzing an alkyl silicate with a basic reagent, preparing a
second solution by 5 hydrol yzi ng an al kyl silicate with an acid
reagent, mxing said first and said second solutions to obtain a sol
solution, causing said sol solution tg forma wet gel, drying said wet gel
to forma dry gel, and sintering said dry gel to obtain silica glass. 10

2. A nmethod as clainmed in claim1 conprising the step of closing pores
in the dry gel. 3. A nmethod as clainmed in claim2 in which the closing
of pores in the dry gel is effected in an He atnosphere. 4. A net hod

claimed in claim2 in which the closing 15 of pores in the dry gel

is effected undermemddusecipiesylags flates ofAlRRtninEqasreCkatm@d in claim 2
in which the closing of pores in the dry gel is effected under reduced
pressure after prideckn¢sry were abtpned.nosphere. 6. A net hod as cl ai ned
in any of claims 2 to 5 in which, 20 before closing pores in the
dry gel, the dry gel ¥3 fogpierPasticies vexeaphesnvedohprtihei siglicenovi ng an OH
group and/or renoving chlorine or fluorine. _
glass plates of this Example and so the silica giass was
.5 t proved to be of high quality. Additionally, the spectral
characteristics of the glass over the ultra violet and visible
range were flat and suitable for.usé as the photomask
substrate used in the manufacture of inﬁegfated circuits.
Moreover, any OH group included in the glass was less
10 than lppm and the glass was guaranteed to be transparent
over a wide range from ultra violet to infrared. Accordingly,
the glass produced has a quality which is satisfactory

for use as a cell for various kinds of chemical, biological,

physical and optical experiments.



37 7. A nmethod as cl ai ned in'any of claims 2-6 1in which the pores are
cl osed by heating the dry gel to a tenperature between 900 and [err] at a

heating rate of between 30 and [err] per hour. 5 8. A et hod
as claimed in any preceding claimin which the nean particle dianeter of
the said particulate silica is between 0.01 and 1.0 m crons. 9. A

met hod as clained in any precedi ng clai ®in which the first and second
solutions are mxed in a 10 rati o of between 20 and 80 to 85 and 15
in terns of the nolar ratio of the silica included in the first and second
sol utions respectively. 10. A method as clainmed in any preceding claim

i n which the sol solution is geLiédéalﬁbﬁ Its pH has been adjusted 15

to a value of at least 3.0. 11. A nmethod as clainmed in any precedi ng

claimin which the annunt of particulate silicain the said first solution

is at |east 0.059/n. %e:h?? et h? aqirclsaillgggl 1as§ %mg FCfdl PG claimin
0 §16°301°7€0

whi ch 20 t he anDunt ect Bon'1s at
least 0.1g/m . steps of: preparing a first solution which contains

particulate silica obtained by hydrolyzing an alkyl silicate
with a basic reagent, preparing a second solution by

5 hydrolyzing an alkyl silicate with an acid reagent, mixing
said first and said second solutions to obtain a sol solution,
causing said sol solution to form a wet gel, drying said wet
gel to form a dry gel, and sintering said dry gel to obtain
silica glass.

10 2. A method as claimed in claim 1 comprising the step
of closing pores in the dry gel.
3. A method as claimed in claim 2 in which the closing

of pores in the dry gel is effected in an He atmosphere.

4, A method claimed in claim 2 in which the closing
15 of pores in the dry gel 1s effected under reduced pressure.
- 5. A method as claimed in claim 2 in which the closing

of pores in the dry gel is effected under reduced pressure
after processing in an He atmosphere.
" 6. A method as claimed in any of claims 2 to 5 in which,
20 before closing pores in the dry gel, the dry gel is subjected
to a treatment comprising removing an OH group and/or

removing chlorine or fluorine.

R



13. A nethod as cl-ainmed in any preceding claimin which the wet gel is
dried by heating the wet gel to a tenperature of between 50 and [err] at a
heating rate 25 of [err] per hour. 38 14. A nmet hod as cl ai nmed -
in any preceding claimin which the sintering of the dry gel is effected by
renovi ng absorbed water by heating the dry gel to a predeterm ned -

tenperature of between 20 and [err] at 2 heating rate 5 of not nore
than [err] per hour. 15. A method 35 clainmed in claim14 in which the
dry gel is maintained at the predeterm ned tenperature for at |east an

hour. 16. A nmethod as clainmed in any preceding claimin 10 whi ch
the sintering of the dry gel is effected by renoving carbon by heating the

dry gel to a tenpgraturg &fthbetavwemaﬂm @mn%esf]da&m@ Agatingpigt e of
between 30 and [err] per hour. od as clainmed in any preceding

claimin which 15¢he pored mee%msealssg h@&:irtge:ﬂéydrgegep%pm%%e%mtI ng a
dehydrati ng condensatlon reaction. nmethod as clainmed in claim 17
in which the between 900 and 1400° C at a heating rate of between 30 and
400°C per hour.
5 8. A method as claimed in any preceding claim in
which the mean particle diameter of the said particulate
silica is between 0.0l and 1.0 micronms.
9. A method as claimed in any preceding claim in
which the first and second solutions are mixed in a
10 ratio of between 20 and 80 to 85 and 15 in terms of the
molar ratio of the silica included in the first and
second solutions respectively.
10. A method as claimed in any preceding claim in which
the sol solution is gelled after its pH has been adjusted
15 to a value of at least 3.0.
11. A method as claimed in any preceding claim in
which the amount of particulate silica in the said first ~
solution is at least 0.05g/ml.
12, A method as claimed in any preceding claim in which
20 -the amount of effective silica in the sol solution is at
least 0.1lg/ml.
13, A method as claimed in any preceding claim in
which the wet gel is dried by heating the wet gel to

a temperature of between 50 and 160°C at a heating rate

25 of 120°C per hour.

A 0RO L



dehydrati ng condensation reaction is pronoted by heating the dry gel to a
tenperature of between 900 and [err] 20 at a heating rate of between
1 and [err] per hour. 19. A nmethod as claimed in claim18 in which the
dry gel is maintained at the tenperature of between 900 and [err] for at

| east 30 m nutes. 39 20. A method as clainmed in any preceding claim
in which the first solution is subjected8to a centrifugal force of between
50 and 10,000 G and the obtained supernatant liquid and the second
solution are m xed together. 5 21. A method as clainmed in any
preceding claimin which the first soution is filtered at | east once with a
filter having a fineness of not nore than 50 mcrons, and the resulting
filtrate and the second solution are m xed together. 22. A nmet hod as

claimed in claim2i,in Wi eRehdl€ agaéthikdd in any preeodthgSelald @A has been
filtered at least once with a filter having a ¥|neness of not nore than 50

m crons. 23. AiRhh ke a3nEéANES itheady gebCRdeNfectledl B) irdmyviingh t he
sol solution is filtered at |least once with a filter having a fineness of

not nore than 50 nakgo@Bed whter by heatdhg the drp gElt boch p3eddtaradned N any
preceding claimin which
temperature of between 20 and 400°C at a heating rate
3 of not more than 400°C per hour.
15. A method as claimed in claim !4 in which the
dry gel is maintained at the predetermined temperature for
at least an hour.
16. A method as claimed in any preceding claim in
10 which the sintering of the dry gel is effected by removing

carbon by heating the dry gel to a temperature of between

400 and 900°C at a heating rate of between 30 and 400°¢C

per hour.
17. A method as claimed in any preceding claim in which
15 the sintering of the dry gel comprises promoting a

dehydrating condensation reaction.
18. A method as claimed in claim 17 in which the
dehydrating condensation reaction is promoted by heating
the dry gel to a temperature of between 900 and 1300°¢C

20 .at a heating rate of between 1 and 400°C per hour.
19. A method as claimed in claim 18 in which the dry
gel is maintained at the temperature of between 900 and

1300°C for at least 30 minutes.

T



the sol solution is subjected prior to gelation to a reduced pressure. 25.
A nethod as clainmed in any preceding claimin which the sol solution is

i ntroduced into a container prior to being 20 gelled therein, and in
whi ch the sol solution is gelled while subjecting it to a centrifugal force
of about 50 and 500G 26. A method as clainmed in any preceding claimin
whi ch the hydrolysis of the second solution is effected while addi ng at

| east 20% al cohol by weight with respec %to 25 the al kyl silicate.
40 27. A method as clainmed in any preceding claimin which the sol

solution is introduced into_ a container prior to being (gﬁlled therin, and
in which the cont&Pner ﬁa%e%‘ﬁén?%géamdcﬁ“dﬂyl BEQGePdPE Frﬂr’r“sé’ tR nore

than 10% 5 urface area of,the con A net hod

A med i n ol aths 5Pt PRGN AR eBhnEre R Bt ERicen  ho ary
gel is maintai nedopt, Jg,§ SOPELALY, ob k. D6 13096, 2:n 90004490, C for at

| east 1 hour. 10 ai ned in-any recedlng

claimin which the;yaly g8 dne e&éoq.\eegofuqisbrJr@kmﬁ{edOEogahw.e start

5 21. A method as claimed in any preceding claim in which
the first soution is filtered at least once with a filter
having a fineness of not more than 50 microns, and the
resulting filtrate and the second solution are mixed together.
22. A method as claimed in claim 21 in which the said

10 second solution has been filtered at least once with a
filter having a fineness of not more than 50 microns.

23. A method as claimed in any preceding claim in which
the sol solution is filtered at least once with a filter
having a fineness of not more than 50 microns.

15 24, A method as claimed in any preceding claim in which
the sol solution is subjected prior to gelation to a reduced
pressure.

25. A method as claimed in any preceding claim in which —
the sol solution is introduced intc a container prior to being

20 gelled therein, and in which the sol solution is gelled while
subjecting it to a centrifugal force of about 50 and 500G.

26. A method as claimed in any preceding claim in which
the hydrolysis of the second solution is effected
while adding at least 207 alcohecl by weight with respect to

25 the alkyl silicate.

Ay



of the drying. 30. A nmethod as clainmed in claim29 in which the wet gel
is allowed to shrink by at |east 8%in |length 15 prior to the
start of the drying. 31. A nmethod as clainmed in claim?25 or claim27 or
in any cl ai mappendant thereto in which the sol solution is maintained in
the container at a tenperature of between 10 and [err]. 20 32.

A nethod as clainmed in claim25 or clai @27 or in any clai mappendant
thereto in which the inner surface of the container which is in contact
with the sol solution is of hydrophobic material. 41 33. A met hod as
clainmed in any preceding claimin which the sintered silica glass produced
I s transparent. 34. A nethod as clainmed in claim1l of preparing silica
gl ass, substantially as here|nbefore described 5 %¢ﬂh reference

to any of the Exanpl €5 A method;psclaiged do ﬁ‘é’hﬁ’é?cﬁ?@ﬁ FubeFPESR ¢ he
met hod clained in any Wpe\r,ﬁ?f °?ﬂg 'ahg]eim%ggd\gfe& ?to al gg;tntg | ass pmfor gr, as

cliamed in claim 35
being gelled therin, and in which the container has

openings which collectively comprise not more than 10%

5 of the surface area of the container.

28. A method as claimed in claim 7 or in any claim
appendant thereto in which the dry gel is maintained
at the temperature in the rarmge of 900 to 1400°C for
at least 1 hour.

10 29, A method as claimed in any preceding claim in
which the wet gel is allowed to shrink prior to the start
of the drying.

30. A method as claimed in claim 29 in which the

wet gel is allowed to shrink by at least 87 in length

15 prior to the start of the drying.
31. A method as claimed in claim 25 or claim 27 or in
~ any claim appendant thereto in which the sol solution

is maintained in the container at a temperature of
between 10 and 50°C.

20 - 32, A method as claimed in claim 25 or claim 27
or in any claim appendant thereto in which the inmner
surface of the container which is in contact with the

sol solution is of hydrophobic material.

R



10 37. A silica glass nmenber as clainmed in claim35 in which
the nmenber is cylindrical. 38. A silica glass nenber as clained in
claim35 in which the nenber is tubular.

41

33. A method as claimed in any preceding claim in
which the sintered silica glass produced is transparent.
34. A method as claimed in claim 1 of preparing
silica glass, substantially as hereinbefore described

5 with reference to any of the Examples.
35. A silica glass member when produced by the method
claimed in any preceding claim.
36. A silica glass member as cliamed in claim 35
in which the member is a plate.

10 37. A silica glass member as claimed in claim 35
in which the member is cylindrical.
38. A silica glass member as claimed in claim 35

in which the member is tubular.

* [ L M $ *



