' AVSV TR
1 "METHOD OF PREPARI NG A SI LI CA GLASS MEMBER' This.invention relates to a

net hod of preparing a silica glass nenber. Silica glass is used for many

pur poses such as gl ass wafers, sem conductor industrial material, optical
material, 5 preforns for opticallfibres, a support tube and a phoha- )
mask substrate, and thus the demand for silica glass is expected to expartd
nore and nore in the future. So far as the nethod of preparing silica glass
at a |l ow cost ig,cQance Lt h ol - hod hag?g en proposed. 10

For exanpl e, t hit Dh§§%$§2§£§¥$éﬁégfiﬁgﬁéé'5” --~€ - Crystalline
Solids" Vol. 37, No. 191 (1980) by Nogam et al, "Journal of
Non-Crystalline Solids", Vol. 47, No. 435 (1982) by Rabinovitch et al, U S

Pat ent Application | 4 Yo' TQKj &t .al ¢ ( ondi pg. Lo

British Patent 15 ik aiggeggﬁ&ezﬁeﬁgge{bt.o 8%%3‘,020? e?%%lb%fé& a%en ca

Application SergglsdNRemfib, 527 by Matsuo et al (corresponding to British

Pat ent Specification No. 2,170,799. The difference between the various

met hods referred toginiédg1abeVes hisk8" £rtimanf PUrpbled REcROAPRASHL S Of the

sol 20 solution which is to be the main nmaterial, andthe nethods

can be cl assi fi egfdrat, OsédiRohald £y Agdbiriadr RaeTial l)optiddE maser 1,2 sol

obt ai ned by hydrolyzing a m xture solution of alkyl silicate, water,

al cohol 5and an apgfcapsi fdrec opaiedly Fibsec) aasuppatitoetbeorand agihdtroammoni a and

so on 25 (Nogam 's net hod) 2) The use of a m xture sol obtained by

m Xi ng mask substrate, and thus the demand for silica glass is C:'
i

expected to expand more and ﬁore in the future.

" So far as the method of preparing silica glass at a
low cost is concerned, the sol-gel method has been proposed.

10 For example, this method is disclosed in "Journal of Non-

Crystalline Solids"™ Vol. 37, No. 191 (1980) by ﬁogami et al,
"Journal of Non-Crystalline Sollids", Vol. 27, No. 435 (1982) (;
by Rabinovitch et al, U.S. Patent Application Serial No.
642,606 by Toki et al (corresponding to British Patent

15 Specification No. 2,140,408 and U.S. Patent Application

rf‘"' .

Yk

Serial No. 826,527 by Matsuo et al (corresponding to British
Patent Specification No. 2,170,799.
The difference between the various methods referred to
in the above literature concern the components of the sol
20 solution which is to be the main material, and the methods
can be classified into the following four groups:-
1) The use of a sol obtained by hydrolyzing a mixture
solution of alkyl silicate, water, alcohol and an appropriate
" catalyst such as hydrochloric acid, ammonia and so on
25 (Nogami's method)

2) The use of a mixture sol obtained by mixing



Slerr]. . o excellent [err]....... ... .. ... ... good -

[err] ... ... ... ... ..... satisfactory X............ ... .......

unsati sfactory. 5 So far as mass production is concerned,

Toki's method is the best of the above fod nethods, and so far as the

physi cal properties of the product in terns of high purity are concerned, \/
Mat suo's nethod is the best of the above four nethods. However, when a sol
as descri bed above is used 10 as the starting material and is only
dried and sintered, thgre are many i”C|U§L&ﬂ§eh@ the silica glass nenber so

obtai ned. In order to ®hhancé the ‘quality of the glass, Matsuo et al have

succeeded in renoving gny_inclusions Whigh,g@re |arger than a few mcrons,

by using a clean environnent, by irradiafing 15 the sol with

supersoni c waves in order, 1. 0prove, lhessisdreessqn properties by .
filtering, and by centrifugal separation. Matsuo et al have al so succeeded

in preventing bubblingxpy, cl.Qsing.the. RokRsatissbtorgly gel as a result of
sintering in an He atnosphere or under reduced pressure. 20 The

inclusionsgin the siliscasgt asSnisy erédrhishibsisacénarhyd ; @dkiied mbyhddhiis
met hod. However,it has not so far been possible to produce silica glass
whi ch does not i neheldmssi bf dhecalyseafeyr methadsi, oarsy sal faroasrhekphyddgbbl es
and so on. The silica glass which is presently available still cannot be
used in any 25  propertlids wifcthe \peryutt gh tpraisi of highrpupityedre serderasdin
the production of a photo mask substrate and a preformfor an
Matsuo's method is the best of the above four methods.
However, when a sol as described above is used
10 as the starting material and is only dried and sintered,
there are many inclusions in the silica glass member so obtained.
In order to enhance the quality of the glass, Matsuo et al
have succeeded in removing any inclusions which are larger
than a few microns, by using a clean enviromment, by irradiating \,/
15 the sol with supersonic waves in order to.imfrove
the dispersion properties by filtering, and by centrifugal
separation. Matsuo et al have also succeeded in preventing
bubbling by closing the pores in the dry gel as a result
of sintering in an He atmosphere or under reduced pressure.
20 The inclusions in the silica glass have been substantially
reduced by this method. However,it has not so far been possible
to produce silica glass which does not include silica crystals,
inclusions, micro-cracks, bubbles and so on. The silica glass
which is presently available still cannot be used in any
.25 field where very high quality is required, such as in the

- production of a photo mask substrate and a preform for an

optical fibre.



eptical fibre. 2 a solution of alkyl silicate hydrolyzed with an acid
. reagent and a solution including fine particle silica obtained by
hydrolizing alkyl silica with a basic reagent at a predeterm ned m Xxi ng
tatio (Matsuo's method). 5 2 3) The use of a mxture sol
olitai ned by mixing a solution of alkyl silicate hydrolyzed with an acid
reagent and ultra fine particle silica at a predetermned mxing ratio
(Toki"s method), ang &h,{h&, bFCafily12sEPlcaPOlRansfy 4 @idd using 10

ultra fine particle silica into water or an organic solvent at a
predetermned ratio Rav(iinovi tch's mts%gg%ionﬂﬂgcf %iH'ltf'i'?:% sol prepared by

|

each method as nent TORSHS SBGTR™T sanae?l e i a contal ner of the desired

shape and the resulérgélgggésysiqﬂa io%tgiﬂggeggg}l\yggﬂgéﬁhg sliyica 15

gl ass. Each of the as nentione rits and denerits of

its own, and the f e@fl‘ﬂ:%ivr(:?éh g6 e OEne i aheMdaek BrditRal Wiskigyi ng tabl e.

Nogam Mat suo Rabi novitch Purity of the silica glass
[err] [err]  ratibClMdtsuo's methb&®.r] 20 Cost of raw materi al

[err] [err] [err] [err] Yield

[err] s [err] [ 85 ]The use of &&fiktue %61 obtained

[err] [err] [err] [err]
by mixing a solution of alkyl silicate hydrolyzed with

an acid reagent and ultra fine particle silica at a

~/ predetermine.d mixing ratio (Toki's method), and
45 The use.of a sol obtained by diffusing
10 ultra fine particle silica into water or an organic
solvent at a predetermined ratio (Ravinovitch's method).
The resulting sol prepared by e.ach method as
v mentioned above is gelled in a container of the. desired
- shape and the resulting dry gel is sintered to yield silica
15 glass. Each of the methods as méntioned above has merits
-and. demerits §f its own, and fhe features of eaéh method
O/ | are shown in the following table. | |
Nogami Matsuo Toki Rabinovitch '
Purity of the silica glass] © © A A
20 Cost of raw material O D @) ©®
Yield o Y © @ O . ) )
. ' N
s X = @ @ A ‘
Mass-productivity . % A o @ O !
j

€ [ ..l. 0 *

- The symbols employed in the above Table have the following

meanings: - _ »



Mass- producti vity [err] [err] [err] " [err] The
synbol s enpl oyed in the above Tabl e have the foll ow ng neani ngs: 4
According, therefore, to the present invention, there is provided a nethod
of” preparing a silica glass nenber, conprising the steps of: drying a sol
contakning silica and/or a silica precuﬁ%or 5 so as to forma dry
gel, obtaining a glass or a glass precursor nenber by rempving gas from
sai d dry gel and closing pores in said dry gel, and obtaining a silica

gl ass nmenber by heating said glass or glass precursor nenber to a selected

tenperature in the 10 e between 1500 and 2200 C and nai ntai ni ng
the said glass or gl asscf)?lé%iutgéo&%lg?%’éﬁ’ P S PERSTRE. “f"i‘i‘é“:gl ehPeTh
enables a silica gka r ti aII hi gh | i t o _be produced

whi ch can be used gs a pho (g nigé l%% prrg -3 %lgsbigiﬁ?eqlc?lsﬁl‘f €%h opti cal
fibre. In 15 cofffidisth® rbhetglge r £nt invention enables the

mass- production of silica glass a so the moul ding of silica glass to be

i mproved. The sol may f&QyP&E al ped cQXtMEQ'Q’ﬂiQQ QJAFXL as'sl.xif?ﬁt %r ,;]J;owat er

and with an acid or basic reagent. t er nat
may be obtsai ned bysériag 88 fd@ch iy §e§0| ution of alkyl silicat e hydr ol yzed

with an acid reagent and a solutlon i ncluding particulate silica
obtaining a glass or a glass precursor member by removing
gas from said dry gel and closing pores in said dry gel, and
obtaining a silica glass member by heating said glass
or glass precursor member to a selected temperature in the
10 range between 1500 and 2200°C and maintaining the said glass
or glass precursor at said temperature.

The invention enables a silica glass member of optically
high qu&lity to be prodﬁced which can be used as a photo
mask substrate or as a preform for an optical fibre. In

15 addition, the present invention enables the mass-production
of silica glass and also the moulding of silica glass to be
\_/ improved. | |
The sol may be oﬁtained by hydrolyzing alkyl
silicate with water and with an aci& or basic reagent.
20 Alternatively, the sol may be obtained by mi#ing

togethef a solution of alkyl silicate hydrolyzed with

an acid reagent and a solution.including particulate silica



5 obtained by hydrolyzing alkyl silicate with a basic reagent. A further 2
possibility is that the sol is obtained by m xing together a solution of

al kyl silicate hydrolyzed 5 with an acid reagent and particul ate
silica. Furthernore, the sol may be ob%ained by diffusing particulate  —
silica into water or into an organic solvent. Preferably the particul at e\w
silica has a nean particle dianeter between 0.01 and 1.0 mcrons. 10

The pores in the said dry gel nay be closed by sintering said dry gel" in an
He at nosphere sintering the dry gel under a reduced pressure, or sintering
the dry gel under abF%’g\&éeﬁy grarelyadngraldyl, sl igate gEithpa dagden exposed to
an He at nosphere. 15 A gas burner may be used for heating
said glass or gl as&*P¥¥¢arsor nenber to the said sel ected tenperature. The

| a or gl ass precursaqr .nenber _m heagted to. i he said | ect ed
tgerr;Zr at u?e by Iron::ans o% FUR Tk P%sr%???gﬁfr Zsf%}aﬁasée hsé’_a/‘i #ﬁ% °§%§$%‘Bﬁi te, a
tungsten or 20 u Ln e i.vely, the
gl ags or gl ass pregﬂr%iggngeﬁg)rm%y% gléﬂgt{eig#e‘gf %gﬁflfle@%élé%éese?g% 1_&’6"9[
tenperagure by neagseipfandabi HhebfIMeLad PaRefALkBUAS hEAL - treating

f ur nace.

r

Furthermore, the sol may be obtained by diffusing
particulate silica into water or into an organic solvent.
Preferably the particulate silica has a mean particle W/
diameter between 0.01 and 1.0 microms.

10 The pores in the said dry gel may be closed by
sintering said dry gel in an He atmosphere sintering
the dry gel under a reduced pressure, or sintering
the dry gel under a reduced pressure after the dry gel
hgs been exposed to én He atmosphere. |

15 A gas burner.may be used for heating said glass or
glass precursor member to the said selected temperature.

fhe glass or glass precursor member may be heated
to the said selected temperature by means of a high
temperature furnace having a graphite{ a tungsten or

20 a molybdenum heating element.

| Alternatively, the glass or glass precursor member
may be heated to the.said selected temperatﬁre by means

of a high temperature continuous heat-treating furnace.



6 The gl ass or glass precursor nenber nmay be heated to the said sel ected
t-enperature by neans of a high tenperature gas furnace in which the
conbustion of hydrogen or a hydrocarbon gas is used as a heat source. 5
Spacer. means may be provi ded between the glass or glass precursor nenber
andsafsupport therefor. The said spacer ans may be constituted by carbon
powder, carbon fibres or paper-like or fabric-like material obtained by
processi ng carbon fibres. 10 The sai d spacer neans may
alternatively be constituted by a powder which is hard to sinter. Thus the
sai d powder may beThe gifsm Or zgkassnprecuwsos imembern maytlse teated mantrr of sai d
gl ass or glass precursor nenbers may be sinultaneously heat-treated while
mount ed on sai d 1552id selggied temparrturthby sweads gifasshigh témpesawec gasor
menber or nenbers nmay be noul ded by using a casting of desired
configuration, whefP2ary iJ whichthg| eeabustionPE Jydresaserria hydoecarben t he
sai d sel ected tenperature. 20 Alternatively, the glass or gl ass
precursor nmenber oF2SEftHed #hy BEASGRESRt to a desired configuration by
subj ecting the said nmegber to an external force when said glass or glass

precursor nenber is heBAFFTIHIRLTRIPE BEIVEERR Patuper the glass or glass

precursor ember and a support thérefor.

The said spacer means may be constituted by carbon
—/ powder, carbon fibres or paper-like or.fabric-like
material obtained by processing carbon fibres.

10 . The said spacer means may alternatively be
constituted by a powder which is hard to sinter. Thus the
said powder may be alumina, zirconia, or silicon nitride.

A number of said glass or glass precursor members
may be simultaneously heat-treated while mounted on said

) 15 Spacer means.

The said glass or glass precursor member or members
may be moulded by using a casting of desired configuration,
when said glass or glass precursor member is heated to the
said selected temperature. |

20. Alternativeiy, the glass §r élass precursor member or
members may be mouided to a desired configuration by
subjecting the said member to an external force when
said glass or glass precursor member is heated to the said

selected temperature.



7 Preferably, after the glass or glass precursor nenber has been heated to
the said selected tenperature, it is cooled to roomtenperature in a
plurality of stages, the cooling rate being smaller in at |east one of 5
said stages than in another stage or stages t hereof. One of the nerits of -- -~
the sol-gel method is that a high nelting point glass can be synthesized
a low tenperature. In fact, if the silica glass is manufactured by the

fusing nmethod, a very difficult manufacturing 0 10 step at a
tenperature higher than F2Ferdblys afeasthe \ylath dxgleddgrebandy i f the

silica glass is manufactured by the sol-gel nethod, it is easy to

manuf act ure the gl agember dabdwenchpateslt tio ctlef sabb sk l¢ @fed] tendeaat@rgier at ure

of vitrification depends upon the 15 conponents of the sol which

is the starting mat dti &% cended ftor recm tehperagioee ial kyblurallitytof i s

hydrol yzed with an acid reagent or with a basic reagent, the tenperature of
vitrification is [eftpIehdtperedeling saéethaicpysmalien ithetshedasti ome olft ai ned

by hydrol yzing 20 . al kyl silicate wi'th the acid reagent is m xed
with fin& particle SRI} Staget £heBdlnprRYeeDISF29n grastadesstheneate with the
basic reagent or with uItraﬁéi ne particle silica, al though the tenperature

of vitrification also d&FEnTs WHEoReRits of EbRgselnord netdrdoks thae

¥Ihte“ fication 25 a high meiéin%oggin% %gas?';[ c%ntl?e %rrﬂ; tel'lssr'i._ez'\e Oawera ioman [err].

temperature. In fact, if the silica glass is manufactured
by the fusing method, a very difficult manufacturing ~
10 step at a temperature higher than 1700°C is necessary.
On the other hand, if the si_lica glass is manufactured by
the sol-ggl method,_ it is easy to manufacture the glass
at a low tperaﬁﬁre of about 120.0°C.
The temperature of vi;trificatioﬁ depends upon the v
v 15 | compénents of the sol which is the starting |
material and, for example, when alkyl silicaté is
hydrolyzed with an acid reagent of.with a basic reagent,
the temperature éf vitrification is 900°C and 1200°c, \os
respectively. When the__ solution obtained by hydrolyzing
20 alkyl silicate with the= acid reagent is mixed with fine
particle sj.l_ica obtained by hgdrolyzing alkyl silicate
with the basic ieagént:: or with ultra fine patticle
silica, aithough the temperature of vitrification also
depénds upon the mixing ratio thereof, the fitrification

25 _ is completed at a temperature lower than 1400°C. The



8a.tenperature of vitrification is highest when a sol solution is used in
which ultra fine particle silica is diffused into the solvent, but even in
this case the vitrification is conpleted at a tenperature | ess than 5
[€rr].. The use of the sol-gel nethod, therefore, enables the silica glass
to-per manufactured with less energy in c arison with that required in the
fu3|ng nmet hod. However, there are sone inclusions, defects and so 10
on in the silica glass nmanufactured by the sol -gel nethod whatever nay be
t he conponents of the sol solution These defects arise from- 1) Inorganic

matter, for exanpl etem%? Qri%%g%%%tﬂ%%gt% the gol solution,

15 s pro uce e burhing out. of the organi c

ol usi ons, 3) M crag 1GE26KS OB £ Uhidh Liea! TR QLrshalnldags 4) BUDDI es

or bl ow hol es i ncl uded at the time gel ation or uce ring the
sintering step, 20 gjffused into thé)soﬁbhﬂ:c%lﬁr ¥pdRli® %@dﬂwtﬂﬂr' ng the

sintering step (mainly, cristobalite), and 6) Silica-coagul ated materi al
which is insufficieplthYridatli6h 88 compl®ted at a temperature less than
5 1470°c.
The use of the sol-gel method, therefore, enables
the silica glass to be manufactured with less energy in
(2 comparison with that required in the fusing method.
However, there are some inclusions, defects and so
10 on in the silica glass manufactured by the sol-gel
method whatever may be the components of the sol solution,
These defects arise from:-
1) Inorganic matter, for example, dust mixed in
the raw material and the sol solution,
15 2) Defects produced by the burning out of the organic
inclusions,
U 3) Micro-cracks occurring at the time of shrinking,
4) Bubbles or blow holes included at the time of
gélation or pi‘pdu_cgd during the sintering step,
20 5) silica crystals produced during the sintering
step (mainly, cristobalite), and
6) Silica-coagulated material which is insufficiently

sintered.



In the case of the present invention the glass or. glass precursor nenber 2

whi ch may be obtained by the conventional sol-gel nethod is heated to a

tenperature close to the nelting point of silica and thus the glass or 5

gl ass precursor is brought tenporarilygto the half-fusing phase. The _

crystals nmentioned in (5) above and the silica-coagul ated materi al o/

mentioned in (6) above di sappear at a tenperature higher than that of _

silica, and even if the tenperature is |lower than the fusing tenperature,

10 an al nost Imitherease bf dthegpbassentsipreadiioetheMylasver, t he

defects of (2), the mcro cracks of (3) and the bubbles of (4) and so on

di sappear duri ng dlaes precessorofesbar whichy may beabtatpadhbydrhe gel to the

hi gh tenperature if the pores in the dry gel are closed in an He atnosphere

or under 15 convertigpall splegelimethq@ds heatpdnkte atemperature 19loseven i f

the melting point is higher that that of silica, disappears optically

during the process the giedting pginy afesiiing end g e gasw oFenperature

close to the nelting point of silica, because 20 the interface of

(1) and5the sili Ha§F REECHF APPERTPVFHE tMPOEIHPYSER itde BrifHustdss is

made uni form However, when extrenel {_I arge particles, or inorganic

mat erial s whi ch &M@sfaldet oryFters mentivred Ap| (Rle@®°¥he quality of the gl ass

is not made conpletely uniform It is _desirable 25, . 0 renove

bar 11l ee whose’ erictie S Gioprita B St qitionegoin (6 abve
disappear at a temperature higher than that of silica, and W

even if the temperature is lower than the fueiny temperature,
10 an almost uniform silica glass is produced. Moreover, the
defects of (2), the micro cracks of (3) and the bubbles of
(4)'and'so on disappear during the process of sintering by
heating the dry gel to the high temperature if the pores
in the dry gel are closed in an He atmosphere or under \u)
15 reduced pressure.
The inorganic matter of (1), even if the melting point
is higher that that of silica, disappears opticelly during
the process of sinterihg by heating the dry gel to a
temperature close to the melting point of silica, because
20 the interface of (1) and the silica glass disappears
and the composition'bf ihe glass is made uniform. However,
when extremely large particles, or inorganic materials
which are hard to vitrify, are included, the quality of
the glass is not made completely uniform. It is.deeirable

25 to remove particles whose size is larger than a few microns



by perform ng the sol processing in a clean-environnent and al so by

filtering or centrifugal separating. Since the nelting point of silicais

if this tenperature or one higher is maintained in the 5

manuf act uri ng process, the high quality of the silica glass is assured. So

farggs inproving the quality is concernt¥®, there is an adequate inprovenent

at a tenperature of 1500 C or higher. Accordingly, the high tenperature

treatment enployed in the present invention starts at a 10

tenperature of at least [err] in viewof the quality required, the

consunption of enebypezherning thrasattruocsssing n a lsd eany remyé onmep Geands |

since too high a tenperature causes violent vaporization of the silica, the

upper linit of thea]t%nﬁér%i‘tlﬁéﬁ?gs oF BRALART &AL FeRaFiacing15 As

menti oned above, the presen tlon IS abl e regaepdl ess of the
%Sea

[err],

conponents of the sol FE)‘WE\FEF me I’I%%é"‘flﬁ'é

G 1 idr §» i are cl osed,

era

At 235

the pores grow int é‘b‘l,arge bubbl es qores may cl osed by one of
g ast 15 O

the following neth

ure Or one T}g er ng pores in

the dry gﬁdel n an Hed&tagpusﬁrﬁg‘;groceé 3)&" nlt1 Qalaﬂd C %‘lgln%b or.es in the

dry gel
dry gel

to an He atm)sph

under

10

15

20

25

reduce pressu r| ng and’cl 8res in the

o Blass 14 GAUGE p%ssw &s ai&p%&v{&e eflEYo§e a3 been exposed

concerned, there is an adequate improvement at a temperature
of 1500°C or higher.'Accordingly, the high temperature
treatment employed in the present invention starts at a
temperature of at least 1500°C in view of the quality
requifed, the consumption of energy and the characteristics
of the furnace. However, since too high a temperature causes
violent vaporization of the silica, the upper limit of the
temperature is substantially 2200°¢.

As mentioned above, the present invention is applicable
regardless of the components of the sol. However, unless
the pores of the dry gel are closed, the pores grow into
very large bubbles. The pores may be closed by one of the
following methods:

1) sintering and closing pores in the dry gel in
an He atmosphere,

2) sintering and closing pQres in the dry gel under
reduced pressure, and |

3) sintering and closing pores in the dry gel under
reduced prés#ure after the dry gel has been exposed to an

He atmosphere.



In the step of closing pores in the dry gel, it is not always necessary to %
conpletely vitrify the dry gel but this can be done if a translucent gl ass
precursor is obtained. There nay be several nethods for heating a glass 5
or glass precursor nenber, after closi the pores to a sel ected P
tenperature between 1500 and [err]. First, use may be nmade of a gas bur néw’
of hydrogen, acetylene and so on. The gas burner is easily available and
t he operation thereof is easy. However, it has sonme 10 di sadvant ages
in that the control of the tenperature is very difficult and the difference
between the tenperature of the surface and that of the inside of the glass
i s consi derabl e. Mored®ethe KPR qfe FHRUNISPPRRS 40 R PEY fIRL ndk SpPeeluct i on.
15 Second, use may be nade of _.a high tenperature furnace in
whi ch graphite, taHRYScRECSASRTH IO GPRR e "Iiit%éfY $hgs@ay 8L PRE heat i ng
element. This, however, i veréjﬁégensiVﬁ and its operation is difficult in

that, for exanpl e,th’t%icé‘nf?sﬁ et USRS RS e 9P FD SBREVEFheT e there is no

oxygen. 20 wever, .an _accurate tenperature contral. i s assured and
i oh qual ity siliCHEAIRRgs TRRe SR FeTert) GE L, oo PaR e R

{erper attr o cont | RugUE RoRe L g metbfy B2Ed bt Bnl e d L P
elenents, which ig Usebblaehprature betwldBSIBOOMLE 2288, 12
First, use niay be made of é gas burner of hﬁmgen,
acetylene and so on.' Thel gas bqrnér is easily avéilable
and the operatim thereof is easy. Hoﬁevér, it has some
10 disadvantages in that the céntrbl of the temperature is |
ver§ difficult and the différenée between the temperature
of the surface and that of the inside of the glass is
considerable. Moreover, tﬁis methoﬁ is not suitable for V
mass~-production. '
15 Second, use..may be ma-,de of a high. temperature fﬁrnace
in which graphite, tﬁngsten, .li-lolybd.enun or the like is used
as the heating element. This ,.. however, is very expensive
and its operation is difficult in that, for example, this
furnace is used in the atmosphere where there is no oxygen.
20 However; an éccuréte ﬁemperature control is assured and high
quality silica glass can be manufaéturéd with a stable yield.
Fﬁrth'emore, the higﬁ temperaﬁure furnace can also be
used as a high temperature continuous heat-treating furnace

by combining the heating elements, which is useful for

25 mass production.



Besi des the above, a high tenperature gas oven may be used in which the
conbustion of hydrogen or hydrocarbon gas is used as the heat source. In
the production of a photo mask substrate, a 5 wi de square of, for
exanple, 5 inch (12.7cnms) x 5 inch (12.7.cnms) x 0.09 inch (0.23 cns) or 6
|nchv£15 24 cnms) x 6 inch (15.24 cns) x B 12" i nch (0.30 cns) is required in
addition to stable quality. To satisfy both of these requirenents, a high
tenperature furnace may be enpl oyed 10 in which graphite, tungsten
or nol ybdenumis used as the heating el enent. However, since the sanples

are treated in the half t the S es.are Ilable to be welded to
the furnace material, tﬁirgggségﬁsgﬁb cra?ﬁg TEPEF AHEF PR LY B

Therefore, it is deshtahl Gek® i OKL AP the conpuetion 88 hagbaling | aver

bet ween the furnace naterial and e sanp T6 Avol 89Tt &&ks and

transformation. Singgarst288n r@atsef.é a.{sehsasd%ﬂm yor ¥01¥zecrey stable in an inert

atmosphere, it does not react on the silica glass, ereby making it easy

to obtain amaterial of 0the proactidnlbe Wphbto mhbx Abosgplal] g9 | ayer of
powder or fibres is used, the difference between the expansi on coefficients

of the samsples and qfiagé hﬁuﬁ.ﬂé G efsm eRbmplle,| § ARIOPEGAY) t,pg g §pl acenent
of the isolating layer, thereby preventing the cracks and the

transfornation. Mor&o2er cmeyen oL bOUGRN2$0.23 cams) orde Rdkh Of5.bBeadsyol ating
| ayer of carbon powder or carbon 13
x 6 inch (15.24 ams) x 0.12 inch (0.30 cms) is required

~ in addition to stable guality. To. satisfy both of these
requirements, a high temperature furnace may be employed
10 in which graphite, tungsten or molybdenum is used as
the heating element. Bowever, Since the samples are treated
in the half fused state, the samples are liable to be
welded to the furnace material, thereby causing, cracks
and transformation. Therefore, it is desirable to provide
15 an isolating layer between the furnace material and the
samples to avoid the cracks 'and transformation.
U/ Since carbon material is chemically very stable
in an inert aﬁmosphere, it does not react on the silica
glags, thereby making it easy to obtain a material of
20 high purity. If an isolating layer of powder or fibres
is used, the difference between the expansion coefficients
of the samples and of the furnace material is absorbed by
the displacement of the isolating layer, thereby preventing
the cracks and the transformation. Moreover, even though

25 a part of the isolating layer of carbon powder or carbon



fibres adheres to the sanple, it is easy to renove it by washing or 3
burning. If carbon processed to a paper-like or fabric-like shape is used

as the isolating |layer, the handling beconmes nuch easier 5 and t he
state of the contact surface becomes befBer. If an isolating |ayer is

provi ded between one sanple and another, the sane effect as nentioned abduo

I s obtained, and space in the furnace is substantially inproved, so that

mass production is made easier. 10 If a high tenperature
furnace is enployed in which tungsten or nnlybdenuntor the like is used as

t he heating elenent,, . then jf th s car resent t he heating el enent
tends to become carBohry tﬁ*“gﬁﬁs ac?c ﬁ?ﬁ?@ eﬁ oeraﬁt’efs MiX%fore, in such -

a case, powder whic rd to.sin such a | um na,
zirconia, silicon nr{t Prde o Sh‘m Puﬁmncgéu?é 3 us 3°8% sster%egll ol ating |ayer.

However, any povvdecpuPskcﬁk%nggr&ri%eétigdwzg |Issega£g renove. If the

gl ass or glass pre e sel ected

tenperat ure between J1500; 8N4 0 i glmlegm%gc and easily
transforns. One of f%egneg?ts%éQ tﬁ% sol - ge thod 1s t%%e ease mﬁth whi ch

the producg maybe rmulelﬁ&ls%stét@f th&%&taeels%w& bE G diC bED R, is also
possible t0 nould the gel during the high tenperature treat ment .
For exanpl e, 14 1¢ an 1solat1ng layer is provided between one sample

and another, the same effect as mentioned above is obtained,
and space in the furnace is substantially improved, s
so that mass production is made easier.
10 If 2 high temperature furnace is employed in
which tungsten or molybdenum or the like is used as
the heating element, then if there is carbon present, the
heating element tends to become carbonized and accordingly u
_ deteriocrates. Therefore, in such a case, powder which is
15 hard to sinter, such as alumina, zirconia, silicon
nitride or the like could be used as the isolating layer.
Hewever, any powder which adheres to the sample is hard \.J
| to remove.
If the glass or glass precursor member is heated to
20 the selected temperature between 1500 and 2200°C, the
sample becomes soft and easily transforms. One of the
merits of the sol-gel method is the ease with which
the product maybe moulded at the time of gelation.

‘Furthermore, it is also possible to mould the gel

25 during the high temperature treatment. For example,



when a |l arge square silica glass plate is to be manufactured, its flat
shape is not always maintained during vitrification even if the gelation is
carried out in a container such as a flat plate casting. Wen the 5

sanple is placed on a furnace plate having a flat surface and is heated to
t hexbfgh tenperature, the sanple is flatdned by its own wei ght. This nmkes
It suitable for subsequent grinding. If a casting of a desired
configuration, whether flat 10 or not, is used, an extrenely
preci se nmoul ding can be produced. It is also possible to apply pressure to
the sanples by a press device provided in the furnace instead of depending
upon the weight of tY&eBaRi3EIr3q¥aFe giliga Glasg PIAtests tegb®dr a tube is to
be manufactured, 15 be nore efficient to use a_ring

it would > X
burner or a ring heat¥P ATt nd tEchtIaPFPRS tFoPPORLYRE PEL A e8be i s
heated to the high te ratyre. with both en f the rod . or tuhe_fixed, by
subj ecting both ends %gf’%ﬁ' Fﬁh,lﬁaﬁéméteygf’ggf ﬁggsgegf’tf‘?fé PR BT i s
i nproved. 20 .. Th hod nentione boye is_very ipgportant when
the invention is used™ % %onnn%ré o gr‘?c}\?\ﬁ%at leaatp%?ﬁectcf"(s)%"%f ﬁeen %’sz orm and

t he supporst t ube of BPé ii%a%g%ée?éﬁgéffuma%%é?gée ggi%gzﬁ% ecur sor

menber is~heated to the“selec erature ween t[err] 25

and cool ed down rapi ¥ea 4_1%,,53%%@5@&@% e OR faGpkrad D€, Sl Ca gl ass.

Therefore, either the cooling
sample is flattened by its own weight. This makes

~ it suitable for subseguent grinding.
~If a casting of a desired configuration, whether flat
10 or not, is used, an extremely precise moulding can be
produced. It is also possible to apply pressure to the
samples by a press device provided in the furnace instead
gﬁ;. of depending upon the weight of the sample itself.
If a silica glass rod or a tube is to be manufactured,
i5 : it would be more efficient to use a ring burner or
a ring heater. When the central portion of the rod or
-/ tube is heated to the high temperature with both ends
of the rod or tube fixed, by subjecting both ends to
tension, the straightness of the rod or tube is improved.
20 The method mentioned above is very important when the
invention is used in connection with the praduction of the
preform and the support tube of an optical fibre.
If the glass or glass precursor member is heated
to the selected temperature between 1500 and 2200°%
25 and cooled doﬁn rapidly, the internal stress remains in

the silica glass. Therefore, either the cooling down



after the high tenperature treatnent may be gradual or there may be

anneal ing after rapid cooling. Thus, in the manufacturing process of the

gl ass, at | east one step of cooling down the nmaterial gradually from/[err]
to 5 room tenperature should bq i ncl uded. The high tenperature
treatnment according to this invention i3 basically different fromthe
fusing nmethod. The mmjor differences between the present invention and the
fusing method are as follows:- the bulk of the silica glass itself 10

has been al ready noul ded by the sol-gel nethod of the prior art, the length
of the high tenperature treatnment being even | ess than that of the fusing

met hod and al MoSt, @ WOk nii §n QHBEE Sl t1QRnbht a9 pdiggiah eMer at ure
treatment. A heat-treatnment 'is simlar to an annealing treatnent 15

to renpve di'stor téieiel dayba8SSancdng hEtet Fpiat dolihg. moEs] daflehs a
treatnment for renoving inclusions in the glass. As expl ai ned above,
according to the mpineFarduringepiidceds ¢ thapflased £ heast ghasstegenber of high
quality and high nmoul dability, which cannot be nmanufactured by the prior 20
art sol -gel met haskt coahirye dpwndiheecsaterial hpvagually rasarboPawent i on
provi des such a silica glass at a |ower cost than in the prior art.
Furt hernbre, a mucomctenrewehures ehpeld deatncladed. as, for exanple, an
al kal i - proof glass of the [err] series 25 or a l'ow thermal expansion
coefficient glass of The high{{emperature treatment according to this invention
is basically @ifferent from the fusing method.’ The major \/
differences between the present invention and the fusing
method are as follows:— the bulk of the silica glass itself
10 has been already moulded by the sol-gel method of the
prior art, the length of the high temperature treatment
being even less than that of the fusing method and almost 3
no work is required at the time of high temperature treatment. o/
! A heat-treatment is similar to an ahnealing treatment
15 to remove distortion in glass, and therefore, this is regarded
as a treatment for i'enoviﬁg inclusions in the glass. as
explained above, acéording to the present invention, an
improved silica glass member of high quality and high
mouldability, which cannot be manufactured by the prior
20 art sol-gel method, can be produced. Further, the present
invention providés such a silica glass at a lower cost
than in the prior art.
Furthermore," a multicomponent series glass such as,
for example, an alkali-proof glass of the Sioz-z:::o2 series

25 or a low thermal expansion coefficient glass of the



[efr] series may al so be provided with high quality and at | ow cost by the
use of the present invention. As previously indicated, an optically high 5
quality silica glass which can be used as a photo mask substrate and as a
preformfor an optical fibre can be supplied at a | ow cost in |arge
quanyities. The invention is illustratedigy the follow ng Exanples. 10
Exanple 1 440m of ethyl silicate and 360m of 0.05 normal hydrochloric
acid solution were m xed together and stirred violently to yield a water-

| i ke transparent uniformsolution. The pH of the solution so obtained was
adj usted 15 to 4.2 wwth 0.1 normal ammni a water and then the

solution was filteged through a f‘!{aléu’:.?%ﬁ?h%is‘p ggalg%s‘ﬁi%()se di ameter was 1

m cron. 500n of the2xési@ting so §hcontai ner made of

pol ypr opyl ene (who i | QDS [ [ n_w in | ength and
10cns 20 in ‘%‘gﬁlgﬁ?f% %Eelo\sﬁfg?ifzgﬁngv\}éés ugs\g: ?Eeghgg%re%rg?%d for ten days
at a tenperature of J&ktl in the said container which was covered with a

lid with openings anmounting to 0.5%of the surface area of the lid, thereby
obtaining a water-1Ii keﬁr&r&ggﬁgﬂt iﬂ&i’caﬁl%l;,- a%%pticauy hig];he dry gel was

placed in a gas displacerent furnace

5 quality silica glass which can be used as a photo mask
substrate and as a preform for an optical fibre can
be supplied at a low cost in large guantities,

The invention is illustrated by the following

Examples.

10 Example 1

440m1 of ethyl silicate and 360ml of 0.05 normal
hydrochloric acid solution were mixed together and stirred
st violently to yield a water- like transparent uniform

sclution. The pH of the solution so obtained was adjusted

15 tc 4.2 with 0.1 normal ammonia water and then the
solution was filtered through a filter having holes whose
diameter was 1 micron. 500ml of the resulting solution
was poured into a container made of polypropylene (whose
dimensions were 20cms in width, 20 cms in length and 10cms

20 in height). The solution was gelled and dried for ten days
at a temperature of 60°C in the said container which was
covered with a lid with openings amounting to 0.5% of the
surface area of ihe lid, thereby obtaining a water-like
transparent dry gel.

25 The dry gel was placed in a gas displacement furnace



and the tenperature thereof was raised to [err] at a heating rate of [err]
per hour. Wen the tenperature becanme 7000C, pure heliumgas was introduced
in an anount of 1l/mn into the furnace, the tenperature 5 was
raised to [err] at a heating rate of [gfr] per hour and the dry gel was _
mai ntai ned at [err] for one hour. As a result, the dry gel was nmade intoe
cl ear gl ass nenber whose specific gravity was 2.20. The size thereof was
8cmx 8cmx 0.5cm Only a fewinclusions in the nmenber 10 havi ng a
di aneter of a few mcrons were detected. By use of a gas burner, an

oxy- hydrogen flame was applied to both sides of the silica glass nenber so

obt ai ned. When t he i £rRer 8dnfe® abhrd HBesedf aae Rfiskbassi7b0%m agl ass nenber was
at least [err], the silica 15 gl ass nmenber was maintai ned for nore

than ten seconds géatikigSritemper W et Mburhewndiot ke Henbersrurker eof was
heated to an al nost uniformcondition. As a result, no inclusions were
detected by a m cresaepecodfn, pgra madgon fgasavaoinofod@d i tadmough t he whol e
surface exhi bited 20 distortions. After the silica glass nenber had
been mai nt ai ned atmdwertr £ f i/mdneidizuthe t fiwnaenpshattempenatureoner ed at a
cooling rate of [err] per hour ip order to renove the distortions. The
silica glsass menbeas smised 2in800eS ati arhegatdngjzatedof 100CP]Y B9YT nenber of

2mm 25 in thickness and then collimated |ight froma |anp was 18
and the dry gel was maintained at 900 C for one hour.

As a result, the dry gel was made into a clear glass U
member whose specific gravity was 2.20. The size thereof
waé 8m x 8cm x 0.5cm. Only a few inclusions in the_ member
10 having a diameter of a few microns were detected.
By use of a gas burner, an oxy-hydrogen flame was
applied to both sides of the silica glass member so
obtained.When the temperature of the surface of the >
silica glass member was at least 1800°C, the silica
15 glass member was maintained for more than ten seconds
at this temperature and the whole surféce thereof was
heated to ar almost uniform condition. As a result,
no inclusions were detected by a microscope having a
magnific_ation of 100, although the whole surface exhibited
20 distortions. After the silica g_:_Lass member had -been
maintained at 1200°C_ for one hour, the temperature was
lowered at a cooling rate of 100°C per hour in order to
remove the distortions. The silica glass member so
obtained was mirror-polished into a glass member of 2mm

25 in thickness and then collimated light from a lamp was



directed onto it so that the illunination was 50,000 lux in a dark room
However, there were no reflectance points. Exanple 2 5 440
of, ethyl silicate, 900m of ethanol and 360m of 0.1 nornal ammoni a water
were mxed unifornly and were naintai ned for one day at roomtenperature.
Thest€sul ting enul sion sol was concentrat®® to 440m in total vol ume by
using a rotary evaporator. The said 10 sol was filtered by neans of
a filter having holes whose dianmeter was 1 mcron, and 440nm of the

resulting solution e f m_i nsi |.aneter, and
30cm depth) nade of m%%f%?é;%l en%phs%vfc'fr?\cjllg %F %uﬁ.m ﬁgé EnYaffggSa unting to

2% of the surface 151ux in a d&&v\/ﬂ?ﬁ d?‘g"elvle? akter e e sql q:n had been

dried at [err] for ten days, Was obtal ned. y gel so
obt ai ned was pl aced pHimdsyacuum furnace and the tenperature was raised to
[err] at a heating rate of [err] per hour. The atnospheric pressure 20
in the vacuum furnacexampiel DWered to less than 1 Torr by using a rotary
punp and then, while maintalning the pressure, the tenperature was raised
to [err] ab a heating ra#eomif ofestrylpsilicats, 9bbhEloft BEndlY &0 3\6%1
mai ntai ned at the tenperature of [err] for one hour, 25
vitrification of theofiOy1geirmatcamoetla whter peei lfxixédgﬁﬁlﬂo&ﬂl}} hﬁtﬁeOf was
2.20 and a silica glass rod was obtained, the dianeter and | ength thereof
being 2.5cm were maintained for one day at room temperature. The
L resulting emulsion sol was concentrated to 440ml
in total volume by using a rotary evaporator. The said
10 sol was filtered by means of a filter having
holes whose diameter was 1 micron, and 440ml of the
resulting solution was poured into a container (of 5am
inside diameter, and 30cm derth) made of polypropylene
4/ having a 1lid with openings amounting to 2% of the surface
15 area of the lid. After the solution had been dried
at 60°C for ten days, a white dry gel was obtained.
The dry gel so obtained was placed in a vacuum
furnace and the temperature was raised to 900°C at
a heating rate of 60°c per hour. The atmospheric pressure
20 in the vacuum furnace was lowered to less than 1 Torr
by using a rotary pump and then, while maintaining the
pressure, the temperature was raised to 1200°C at a
heating rate of 100°C per hour. After the dry gel was
maintained at the temperature of 1200°C for one hour,
25 a vitrification of the dry gel occurred. The specific

gravity thereof was 2.20 and a silica glass rod was

obtained » the diameter and length thereof being 2.5cm



19 and 10cm respectively. Wien the silica glass rod was exposed to the

i rradi ation of |aser |ight whose wavel ength was 0.633 [err], the light was
scattered everywhere. The rod was fixed on a glass |athe and was heat ed by
5 an oxy-hydrogen flame whil d%otati ng. Wen the surface
tenperature was at |east 2000 C, the rod was maintained at this terrperattmé
for at | east 30 seconds and then the rod was heated uniformy by sliding
the burner along it. Wen laser light was directed onto the silica gl ass
rod 10 again, no scattering of the |light was observed. Example 3
440mM of the ethyl #id toad e reSpéytiveliy.t WaesithensilizadgBaBntodwad. 1 nor nal
anmmoni a water were mxed uniformy and were nmaintained for one day at room
tenperature. 15 exposed\fticeth¢ higradtatibnnof dimsesildghts othokedvdvedength
concentrated to 440m in total volunme by using a rotary evaporator, the pH
t her eof was adj ust echst 0.63mbytaidight Wad scattared edeupiiiesei ¢ aci d

sol ution. Separately fromthe above, a water-white transparent 20

uni form sol uti on was obThke wed was Filued om 9 %kqssrlc'ﬁ@eaamﬁ yearkeaged 4001  of
ethyl silicate and 360m of 0.05 normal hydrochloric acid solution. This
sol uti on as uni f oran PxFihESACGE 1flape “é’%lleo‘fﬁt&lth% e &hantni@se t hen
filtered by nmeans of a filter havin ol es whose_ di aneter was
[err]. The pH of t HETPEF PSR Sta iﬁé:téﬁoq (5:'4t13e WPEREF BaHAtEPd anmoni a

wat er
at this temperature for at least 30 seconds and then the

rod was heated uniformly by slidihg the burner along it, \J
| When laser light was directed onto the silica glass rod
10 again, no scattering of the iight was observed.
Example 3
440ml of the ethyl silicate, 900ml of the ethanol
and 360ml of 0.1 normal énmioni_a water were mixed uniformly
"and were maintaihed for one day at room temperature. |
15 After the resﬁlting emulsion sol had been
concentrated to 440ml in total volume by using a rotary
evaporator, the pH thereof was adjusted to 4.0 by u
adding 1.0 normal hydrochloric acid solution.
Separately from the above, a watef—white transparent
20 uniform solution'w'ats. obtained by violently stirring a
mixture of 440ml of ethyl silicate and 360ml of 0.05
normal hydrochlorié ac:i.d. éolﬁtion. This solution was
uniformly mixed with the sol obtained above
and was then filtered by means of a filter.h'aving
25 holes whose diameter was 1ium. The pH of the solution

ﬁas adjusted to 4.8 with 0.1 normal ammonia water



20°and then 1,000m of the resulting solution was poured into a container
made of TEFI ON (Regi stered Trade Mark), the.container being 6cns inner

di aneter and 40cm |l ength and being sealed with a stopper. After setting the
sol in the container on a revolving 5 device and rotating the

cont gi ner. about the central axis of theggaid device at a rotational speed
of 500rpm for one hour, the container was left at rest for two days. After
taking off the stopper of the container, the dry gel was renoved fromthe

| atter and pl acesdi thenoi,0Gniconttheneésullfing solitflitainwas Gidured Saitol £ngt h,
15cm hei ght) nmade of pol ypropyl ene which was then covered with a lid, the

| atter havi ng opentaigsramadm bif NTERION] (Beafi st dyedsTrddec Magk)oatbé doneained. \When
the dry gel 0 was dried at 60 C for ten days, a tubular dry gel was

obt ai ned. The t bedharéasyinyelr dbmmetbaced APam leagthirnf ibeingesenigd\ieithl 5
heated to 800 cat a heating rate of 60 C per hour. After the atnospheric
pressure in the a gterpar: ubfkeresektingethe Bohdimethe crontTiner op 3 gsyoiminghe
tenperature of [err], pure heliumgas was passed over the gel at 1ll/mn in
the furndce. Thdehien AReFItatppe hgr eontaipee apgut hef genra@d Mle Péviheed to
20 1 Torr or |ess again and then, while nmaintaining this pressure, the
temperature of SRA\ZRYEGH FuPnERAtH832) SPeed afoSPuEm| fof ogepRiin.nEhe at e of
[err] per hour.After the dry gel had been maintained at the tenperature of
[err] for one hSAPtaFE ¥R 15%}'— FaLest thort PBHaYFe specific gravity thereof
was 2.20 and the 25 rqgluctf%/v%gei n the f r‘r:’r;lof a glicaﬁel%%s; gtetibe

\/\h\()j.e outer di amet erl,tfter Pakl g o stopper o e container, t
was removed from the latter and placed in another container
10 {10an width, 45am length, 15am height) made of polypropylene
which was then covered with a lid, the latter having openings
anounting to 1% of the surface area of the lid. When the dry gel
was dried at 60°C for ten days, a tubular dry gel was obtained.
4 The tubular dry gel was placed in a vacuum furnace and was
15 heated to 800°c at a heating rate of 60°c per hour. After the
atmospheric pressure in the vacuum furnace had been lowered to
1 Torr or less at the temperature of 800°¢ , pure helium gas was
passed over the gel at 1%/min in the furnace. -
The atmospheric pressure in the vacuum furnace was lowered to
20 1 Torr or less again and then, while maintaining this pressure,
the temperature of the vacuum furnace was raised to 1200°C at a
heating rate of 100°c per hour.After the dry gel had been
maintained at the temperature of 1200°C for one hour, the dry gel
was vitrified. The specific gravity thereof was 2.20 and the
25 product was in the form of a silica glass tube whose outer diameter,
inner diameter and length were 3cm, lcm and 20cm,respectively. When

this silica glass tube was exposed to irradiation by laser light

whose wavelength was 0.633jim, the light was scattered everywhere.



i nner dianeter and | ength were 3cm 1cm and 20cmrespectively. Wen this
silica glass tube was exposed to irradiation by |aser |ight whose

wavel ength was 0.633[err], the light was scattered everywhere. 21 The .
silica glass tube was placed in a gragftite heating furnace vertically and -
after the introduction of N2 gas in substitution for the original -

at nosphere, the tenperature therein was raised to [err] in two hours and 5
was nmaintained at this tenperature for ten mnutes. The tenperature was
then lowered to [err] at the rate of 1000 C per hour and was then further
| owered to roomtenperature at the rate of [err] per hour. Wen the silica

gl ass tube was exposed ¥ge igin 6k af1a88 tibe| Weplade@lin & Graphite very
little scattering of the |light was observed. Exanple 4 440m of ethyl
silicate and 360M fat@n®rurnasdivebytenakl &id after dheintirbouctias of ¥gd
together and stirred violently to obtain a water-like transparent uniform
15 sol ut iges inlaigtotutilonr forf ithe qrdginal etsodpheze( Adweosi| OX- 50)
was added little by little to the water-like transpgrent uniform solution
and t he sol uti on wasmpbratws théfdioi exs rpisethitg BP0 Gokn &xporayst apd

i rradiation by ultrasonic waves of 28KHz for two 20 hours at a
t enper ature of [eras matntained at this rtepperaturefor 6¢n PoLteSvadhappl i ed

for ten mnutes to renove |arge particle silica, the sol Was filtered by
temperature was then lowered to 1200°C at the rate of

1000°c per hour and was then further lowered to room u
temperature a'f: the rate of 100°C per hour. When the silica
glass tube was exposed to irradiation by laser light,
10 very little scattering of the light was observed.
Example 4
440ml of ethyl silicate and 360ml of 0.05 normal
hydrochloric acid solution was mixed together and stirred u
violently to obtain a water-like transparent uniform
15 solution. 150g of ultra fine particle silica
(Aerosil OX-50) was added little by little to the
water-like transparent uniform solution and the solution
was stirred sufficiently. This sol was exposed
to irradiation by ultrasonic waves of 28KHz for two
20 hours at a temperature of 20°C, and after a centrifugal
force of 1500G was applied for ten minutes to remove
large particle silica, the sol was filtered by
means of a filter having holes whose diameter was 1 micron.

The pH of the highly homogeneous sol -

25 obtained above was adjusted to 4.2 with 0.1 normal



means of a filter having holes whose dianeter was 1 mcron. The pH of the
hi ghly honogeneous sol 25 obt ai ned above was adjusted to 4.2 with
0.1 nor el 22 ammoni a water. 500m of the resulting solution was poured
i'nto a container (20cmw dth x 20cm | ength x 10cm hei ght) nade of
pokypropyl ene having a |id whose openi ng® anounted to 1% of the surface
area of the lid. 5 When this sol solution was dried at a
tenperature of [err] for seven days, a white and porous dry gel was

obtai ned. The dry gel was placed in a gas displacenent furnace and heated
to [err] at the rate of [err] per hour. When the tenperature becane [err],

pure helium 10 a a rate o /N s,.introduced into
On&. %a@ér . Eb?n\é! d 0?08[8 fre%u.’(a“:tTn on

the furnace and the dry gel was hea err PHE 5T SFs[err] per

hour. Wen the dry %% rg@gn | DeBhPsd 3t (i Py ¥l xo%hg%%gsté‘t Qe

vitrification of th y gel was conpleted and a silica pl ate was

obt ai ned whose specijpis Height) made oﬁ%@!ﬁ%p‘?%%\ezhgging Ihgm[swsTé)f the

silica glass plate was 10cm x 10cm x 0. 5Cm | usi ons an err

cristobalite crystalopeddiRse abtdiBE o WaSoARGN!t sulikabh drel JEpedpifcted to a
smal|l extent in the silica glass plate. Carbon powder was placed on a

graphite plate 20 when this(d4&CBoXutivauis iikdtat a eapebatiireabpo®trm The
silica glass plate was nounted on the carbon-covered graphite plate and
this assenbly was plfogeskven dayy,aphwHi®e and porous dry gel was obtained.
. The dry gel was placed in a gas displacement
furnace and heated to 1000°C at the rate of 60°C per
hour. When the temperature became 1000°C, pure helium
10 gas at a flow rate of 1&/min was introduced into the
furnace and the dry gel was heated to 1300°C at the rate of
30°c per hour. When the dry gel was maintained at 1300°c
4 for one hour, the vitrification of the dry gel was completed
and a silica glass plate was obtained whose specific
15 gravity was 2.20. The size of the silica glass plate was
10cm x 10am x 0.5cm. Inclusions and B cristobalite
crystals whose diameter was about 10 micron were detected
to a small extent in the silica glass plate.
Carbon powder was placed on a graphite plate
20 (15cm x 15cm x lam) to a depth of about lmm. The
silica glass plate was mounted on the carbon-covered
graphite plate and this assembly was placed in a graphite
heating furnace. After the furnace atmosphere had been

replaced by N2 gas, the temperature therein was raised to

25 1800°C in two hours and was maintained at this temperature



heati ng furnace. After the furnace atnosphere had been replaced by N2 gas,
the tenperature therein was raised to 25 [err] in two hours and
was naintained at this tenperature for ten mnutes. The tenperature
was then lowered to [err] at a cooling%ate of [err] per hour and was then-
further lowered to roomtenperature at a cooling rate of 100 C per hour. &
There was no fusion between the graphite plate and the silica glass plate
and the flatness of the silica glass was excellent. The silica glass plate
so obtained was mrror-polished into a plate of 2nmthickness and then the
collimated light froma |lanp was directed onto it 10 so that the

I ntensity of the i EbunieratniontesasThd) téffedature waa tierk lowaxrad towever, no
reflectance points were detected. Optically, 3 very high quality silica

gl ass wit hout crysfiaP& Gatds sogdingrrahesodHi00d 1feder boarphmi yag Sthen

250g of ultra fine particle silica (Aerosil 200) was scattered into 500m
of pure water and £hrthezplovgred| te Ispopatenpepature ab & cealing rate by

ul trasonic waves of 28KHz for two hours at a tenperature of [err]. 400
of the slurry whi cRENHRP & BegHe¥scosity, was poured into a 20 ~

contai ner_(5cminner dianmeter, 30cm degt}?r%_ made of pol ygropyl ene and havi ng
alid with openings a F? MpS: 8o 28psipniesveen ftheeszapbite Plake a4, Wen

this slurry the silica glass plate and the flatness of the silica

glgss was excelJ.ent. The silica glass plate so obtained v
was mirroz_‘—polished into a_plate of 2mm thickness and
then the collimated light from a lamp was directed onto it

10 so that the intensity of the illumination was 50,000 lux
in a dark room. Howeve:_r, no reflectance points were
detected. Optically, a very high quality silica glass
without crystals or distortion was obtained. o/

. Example 5

15 250g of ultra fine particle silica (Rerosil 200) was
scéttered into 500ml of pure water and this sol-
or slurry was exposed to irradiation by ultrasonic waves
of 28KHz for two hours at a temperature of 20°c. 400ml of
the slurry which _had a high viscosity, was poured intb a

20 container (5cm inner diamet_er ¢ 30cm depth) made of
polyp:opylene and having a lid with openings amounting to
2% of the surface area of the lid. When this slurry
was dried at 60°C for ten days, a white and porous dry
gel was obtained.

25 This dry gel was placed in a gas. displacement



was dried at [err] for ten days, a white and porous dry gel was obtained.
25 This dry gel was placed in a gas displ acenent 24
furnace and heated to [err] at the rate of 600C per hour. Wen the
t'enperature becane [err], pure heliumgas was introduced into the furnace
at @sflowrate of 1l/mn, and the dry gejy was heated to 1400 C 5

at the rate of [err] per hour. Wien the dry gel was nmaintained at [err] for
one hour, although the silica glass precursor rod which was so obtai ned was
translucent, the specific gravity thereof was 2.20. The siliga gl ass
precursor rod was pl #aedase aadhrepted 1 1100°C at theypatarodr €0 das f ur nace
vertically, and heated to 1800 C by a propane gas flane gnd was nai nt ai ned
at this tenperature fRSF P&H-n¥hRR ég? temperatirer pecame Wl Enateowered to
[err] at the rate of [err] per hour and was then further |owered to room
tenperature at the r3tedipt 9p§ was introdycgd jntgethe, fyrnacesah 3 £dgyirate

transparent silica glas gjo,d was ogt aj ned wi t hout bl owhal ﬁﬁg The di aneter
and length of the tr sf) MaRr 79 tBe Yivagel M3§ MeatEdatmidhl ©4cm

respectively. Wen th% ansparent, 6l 1ic | as rog was exp sed to the 20
irradiati on of |aser 9 |%{ﬁ '\ﬁﬁﬁs%fn\tﬁgvdélp@ﬁ}%‘ﬁaghﬂ? §§n$ryn gé”é‘tst ering of
the light was observgd, B3Rl & §400°% for one hour, although the silica
glass precursor rod which was so obtained was translucent,
\_/ the specific gravity thereof was 2.20.
The silica glass precursor rod was placed in a high-
10 temperature gas furnace vertically, and heated to 1800°c
by a propane gas flame and was maintained at this
temperature for ten minutes. The femperature was then lowered
to 1200°C at tﬁe rate of 1000°C per hour and was
then further lowered to room temperature at the rate of
15 - 100°C per hour.
As a result a transparent silica glass rod was
obtained without blowholes. The diameter and length of the
transparent silica glass rod were 4cm and 24cm, respectively.
When the transparent silica giass rod was exposed to the
20 irradiation 6f laser light whose wavelength was 0.633m,
no scattering of the light was obéerved.
Example 6
Zifconia powders were laid on a tungsten plate
(15cm x 15cm x 0.2cm) so that the thickness thereof was
25 about Imm. A silica glass plate obtained by closing
the pores in the drxry gel by the same method'as in Example

4 was placed thereon and the assembly was introduced



Zirconi a powders were laid on a tungsten plate (15cm x 15cm x 0.2cm so .

that the thickness thereof was 25 about Imm A silica glass plate
obtained by closing the pores in the dry gel by the sane nethod as in
Exanpl e 4 was placed thereon and the asggnbly was introduced 25 into a.

tungsten heating furnace. After the furnace atnosphere had been replaced RQy
N2 gas, the tenperature therein was raised to [err] in two hours and

mai ntained at this tenperature for ten mnutes. The tenperature 5

was then lowered to [err] at a cooling rate of [err] per hour, and was then
further lowered to roomtenperature at a cooling rate of [err] per hour.
The tungsten pl at gneasa Reingstrr thettiny Ehenavel | kel 0%S tRtmice and t he
flatness of the silica glass plate was 10 excellent. The silica

gl ass pl at e obt ai nslostitere had beeh!Xeplpcéd DREEl tgasprihel demperptate of 2Mm

t hi ckness and then collimated light froma |anp was directed onto it so
that the intensityhekrein wasi yreitsedntavd 8068, A00twalhours andasdintgimed However ,
no refl ectance points were detected. 15 Optically, a very

hi gh-qual ity sili @ ghis Senpepture fdyroten miputed.sThe tgmpexaturen was

obtai ned. Exanple 7 1760 nl of ethyl sflicate, 2690n of ethangl and 670ni
of 1.0 nofnal ammvidisathen dewekadete 3808 Gratt 8r eraiingrakeref 1Q00°C

mai ntai ned for five days at roomtenperature. After 400m
per hour, and was then further lowered to room temperature

at a cooling rate of 100°c per hour,
The tungsten plate was not fused with the silica glass
plate and the flatness of the silica glass plate waé
10 excellent. Thé silica glass plate 'obtained above
was irror-polish_ed'to provide a plate of 2mm thickness
and then coll_ima_te_d light frcm. a lamp was directed onto
it so that the intensity of illumination was 50,000 lux oo
in a dark room. However, no refleu_::tance points were detected.
15 _Optically, a very high-quality silica glass member without
crystals or distortion was obtained.
Example 7
1760_ ml of _ethyl silicate, 2690m1 of ethanoi_a.nd 670ml
of 1.0. npmal ammonia water were mixed uniformly and were
20 maintained for five days at. room temperature. After 400151
of pure water had been added to the resulting emulsion,
the sol was concentrated to 1000ml in total
volume by using a rotary evaporator. The pH of the sol
was also adjusted to 4.0 by adding 2.0 normal

25 hydrochloric acid solution.



of- pure water had been added to the resulting enul sion, the sol was
concentrated to 1000m in total volune by using a rotary evaporator. The pH
of the sol was also adjusted to 4.0 by adding 2.0 normal 25

hydrochl oric acid sol ution. 26 Separafely fromthe above, a water-1|ike

t ragsparent uni form solution was obtained by stirring violently a m xture
of 760m of ethyl silicate and 250m of 0.02 normal hydrochloric acid
solution. The resulting solution 5 was uniformy mxed with the
sol obtained above, and then filtered by a filter having hol es whose
dianeter was 1 micron. After the pH of the solution had been adjusted to

4.2 with 0.1 normal a | I ng,cifugal e f 0.G pas
appl }Med for ten m nut ?;E%%&F\eé@n%efr?% the %vfe'lirwggg%)gﬁkgcﬁréggﬁﬁecgé The

resul ting sol ution wasetd1hidehes Rgal fedd¥ r&a&lﬁ&q véoiédttlfr havi ng
hol es whose di anmeter was 1 mcron. 1100m of ¥he resulting so %aV|ng a

hi gh degree of homgeRutey oFasem@AUSEbthl Osid 1M @nAI50m30sMXoB0cm 15
x 1 5cm hei ght nmade of pol ypropyl ene, the container having a lid with

openi ngs anount i Ng ricamB1 HeaebcK1de 16 WchiaCso 1k €6n.0frnk N shill € ngBsTutiiBhS SOl
was dried at a tenperature of [err] for twenty days, a white and porous dry
gel was obBtained (3@emumifR2eby nifedadkh tHe sol obtained abd¥g resulting dry
gel was placed in a gas displacenent
and then filtered by a filter having holes whose diameter
was 1 micron. After the pH of the solution had been adjusted
to 4.2 with 0.1 normal ammonia water, a centrifugal
force of 1500 G was applied for ten minutes to remove
10 large particle silica.
The resulting solution was then filtered again by means of -
a filter having holes whose diameter was 1 micron.
Y . 1100m1 of the resulting sol having a high
degree of homogenity was poured into a container (30cm x 30cm
15 x 15cm) height made of polypropylene, the container having
a 1lid with openings amounting to 0.5% of the surface area
of the lid. -When this sol was dried at a
temperature of 60°c for twenty days, a white and porous
dry gel was obtained (22cm.x 22cm x 0.9am).
20 The resulting dry gel was placed in a gas displacement '
furnace and dry air was caused to flow over it at a
flow rate of 22/min. The dry gel was heated to 700°C at the
rate of 60°C per hour and maintained at 700°C for twenty

hours. Helium gas,instead of the dry air, was introduced

25 into the furnace at a flow rate of 28/min, and then the



“furnace and dry air was caused to flow over it at a flowrate of 2I/mn. .
The dry gel was heated to [err] at the rate of [err] per hour and

mai ntai ned at [err] for twenty hours. Heliumgas,instead of the dry air,

was i ntroduced 25 into the furq?pe at a flowrate of 2l /mn, and.
t hen the' 27 dry gel was nmaintained at [err] and [err] for ten hourss
respectively. Vitrification of the dry gel was thus conpleted and the size
and the flatness thereof were such as to yield a silica glass plate 5

of 15.5cm x 15.5cm x 0.6cm and 2nm respectively. Carbon paper, (e.g.

KUREHA carbon fibre paper) as thick as 0.3mmwas laid on a graphite plate

(20cm x 20cm X 1CMyy Hag wid hegnidsg 4 @b@dmaowt ¢foddeenfign and the
assenbly was placed in a graphite heating furhace. After the

furnace at mospher ejjra@cbesn teRPhaiEadr E3pelie e, tmrti%w&rl%usﬁ dhgerei n was
rai sed to 18500C in two hours and nmintained at this tenperature for five

m nutes. The tenpedat ge was thieohpYeted ahd® ther sizeitind 10k fhelsgt € Of
[err] per hour and further, |owered 15 to roomtenperature at a
cooling rate of [ethdrepErwdreusuciiae ¢ ajileldea Rhiaiea WasssIateised with the
silica glass plate and the flatness of the silica glass plate was accurate
to 0. 1md or | ess. dhdfshim calfl Hss xp dice , Wwmd Rmmasespectbiediyned was mnrror
polished into a plate of 6 inch 20 (15.24 cns) x 6 inch (15.24
cns) x 0.12 inch and 0¢&bon paper,. (e.g. KUREHA carbon fikre paper) as
thick as 0.3mm was laid on a graphite plate (20am x 20am v
x lem). The silica glass plate was mounted thereon and
the assembly was placed in a graphite heating furnace.
10 After the furnace atmosphere had been replaced by
N2 gas, the temperature therein was raised to 1850°%
in two hours and maintained at this temperature for five
minutes. The temperature was then lowered to 1200°C o/
at a cooling rate of 1000°%¢ per hour and further, lowered
15 to room temperature at a cooling rate of 100°¢c per hour.
The graphite plate was not fused with the silica glass e
O/
plate and the flatness of the silica glass plate was
accurate to O.lmm or less. The silica glass plate which was so
obtained was mirror polished into a plate of 6 inch
20 (15.24 ams) x 6 inch (15.24 ans) x 0.12 inch and 0.3
cms and then ccllimated light from a lamp was directed
onto it so that the intensity of illumination was 50,000 lux
in a dark room. However, no reflectance points were

detected. When the transmittance of ultraviolet light through

25 the silica glass plate was measured, for a wave length



crs and then collimated light froma lanp was directed onto it so that the

intensity of illumnation was 50,000 lux in a dark room However, no

refl ectance points were detected. Wien the transnmittance of ultraviolet

I'i ght through 25 the silica gl ?% pl ate was neasured, for a
wawvglengt h 28 of 200nm or nore, the thansm ttance was constantly 90% or

nore and no specific absorption was observed. Exanple 8 1150m of ethyl
silicate and 620m of 0.01 nornmal 5 hydrochl oric acid solution

were m xed toget heg?g%%aﬁg# Sgﬁ%' %g a%éséu el 1S NN LA J[ 584

transparent uni f or F5aRe partircle 5| Y & (Reol osi |

QG- 102) were added l;i»thrE JolV/} Bbtéﬂe%ﬁ?c E?gg?lla%%ggy‘;% UbiQRewi th stirring and

this sol was exposed 1 Irra u trasonl ¢ waves of 28KHz
for two hours at a E%Eagure of 20 C. After a centrifugal force of 1500G
had been applied fo utes to renove the large particle silica, the

sol was filtered by nmeangs@fi a8sfddny@rsiaatd hal 62omhes® . di aehel Was 1 15
mcron. After the pH of the resulting solution was adj usted to 4.2 with

0.1 nornals ammoni a Wa§drochldia cCadild sbugdbonfwreemOted] POGLEneRSar@PP! i ed agai n
for ten mnutes and the sol was filtered by means of a filter having hol es
whose di aneter was &tidrefdoniocl2ftly to obtain a wht@bPuikef triaaspeeuntti ng sol
havi ng a hi gh
uniform solution. 300g of ultra fine particle silica
U (Reolosil QS-102) were added little by little to the above
solution with stirring and this sol was exposed
10 to irradiation by ultrasonic waves of 28KHz for two
hours at a temperature of 20%. After a.centrifugal
force of 1500G had been applied for ten minutes to remove
the large particle‘silica, the sol was filtered
N by means of a filter having holes whose diameter was 1
15 micron. After the pHE of the resulting solution was
adjusted to 4.2 with 0.1 normal ammonia water, the
centrifugal force of 1500G was applied again for ten
minutes and the sol was filtered by means of a
filter having holes whose diameter was 1 micron.
20 1100m1 of the resulting sol having a high
dégree of homogenity was poured into a container (30am width
and 30cm length x 15cm height) made of polypropylene having
a 1id provided with openings amounting to 0.5% of the
surface area of the 1lid. When this sol was dried

25 at a temperature of 60°c for 20 dé.ys, a white and porous

dry gel was obtained.



degree of honogenity was poured into a container (30cmw dth and- 30cm

| ength x 15cm hei ght) made of pol ypropylene having a lid provided with
openi ngs anounting to 0.5% of the surface area of the lid. Wen this sol
was dried 0 25 at a tenperaturggof 60 C for 20 days, a white and:- -
porous dry gel was obtai ned. 29 The dry gel was placed in a gas o
di spl acenent furnace and dry air was introduced into the furnace at a flow

rate of 21/ m

n. In the course of being heated to [err] at the rate of [err]

per hour, the dry gel was numintained 5 at [err] and [err] for

t hr ee hours,

el y.
dry air at a flow rat% e%“él?%ﬁaﬁ

mai nt ai ned at

Vitrification of

respecti Hel i um %)g \Ags then |gtroduced I nstead of the

A2 1% AR EOFRIATEEPY gel was

d f
[ef{“%nafoand &y [Cl]err;s m tufﬁ %Efgr?b}f ectlveg %o pr oduce

a silica glass pligg & Nhasse ﬂl ggﬂ%{z‘}(ﬁ)ﬂt )? ?;g%#eodﬂf aper as thick

as 0. 3mm was

| aid on-a grap eplat e silica

glass plate was mgyPs e &ﬂ@&e&e aflckobee%&ss,s 'm%y tf ?ﬁi&ﬁ%ﬂé&&ﬂe

graphite 15
resul ting sil

heati ng furnace wh ‘eated to
i ca gl 8P| 86 aaa BotEakdednide thB{Es ! GERpLAlivegy for ten

m nutes, the silica glass plate was noved into a col d “chanber and cool ed to

roomtenper at

10

15

20

Ur €pgelium gas was then introduced instead of the dry air
at a flow raﬁe of 2£/min and then the fesulting dry .
. . o o | o o o/
gel was maintained at 700°C, 900°C, 100_0 C, 1100°C and
1200°c for ten hours, respectively. Vitrifi_cation_ of the
dry gel was thus completed so as to produce a silica glass
plate whose specific gravity was _2.20. “
Carbon paper as thick as 0.3mm was laJ;.d on a graphite
plate (20om x 20am x 1cm). The silica glass plate was u
mounted thereon and the assembly was introduced into a graphite
heating furnace which was heated to 180d°C. After the
resulting silica glass plate was maintained at this
temperature for ten minutes, the silica glass plate was o/
moved into a cold chamber and cooled to room temperature
in 30 minutes. Since distortion was found in fhe silica
glass plate, the silica glass plate was heated to 1200°%
and maintained at 1200_°C for one hour and then the
temperature was lowered at the rate of 100°%¢ per hour in
order to remove the distortion. 'I_‘he flatness thereof was

accurate to less than 0.I1mm.



. 30 mnutes. Since distortion was found in the silica 20 gl ass
plate, the silica glass plate was heated to [err] and nmaintained at [err]
‘for one hour and then the tenperature was |lowered at the rate of [err] per
hour in order to renove the distortion. The flatness thereof was accurate
to,less than 0.1mm 30 The resulting®ilica glass plate was
mrror-polished into a plate of 6 inch x 6 inch x 0.12 inch, and then
collimated light froma lanp was directed onto it so that the intensity of

illumnation was 50,000 lux in the 5 dark room However, no

refl ectance points were detected. Wien the transmttance of uItravi ol et
light through the siliqaedldsstPhdls: s Yh etk TRk R MRYELEG of 200nm
or less, the transmttance was constant fngA) or nore and no speC|

absorption was obserned. pibke of 6 incRRBPh e oMY tﬁcﬁn%aoew dry gel
(22cm x 22cm x 0.9cm ob?al ned by using the sanme net hod as in Exanpl e 7 was

placed in a gas di a&iﬁﬁaa@mtnfgufnﬁ% aNtm@l YasA @i réeal ShtcPducssl that 0 t he
furnace at a flowrate of 2I/mn. The tenperature in the furnace

was raised to [errin@tintbfsityt efOillbﬂit!iétxaﬂdvdéﬁsomonla* nedené the
tenperature of [err] for 20 hours. Heliumgas instead of the dry air was

i ntroduced into theafkirbanse Wiveted,| aw reflectdncd| potints @k deeectdae
tenperature in the furnace
When the transmittance of ultraviolet light through the
silica glass plate was measured for a wavelength of 200mm
or less, the transmittance was constantly 85% or more and no
specific absorption was observed.
10 Example 9
A white and porous dry gel (22cm x 22cm x 0.9cm)
obtained by using the same method as in Example 7 was
\_x piaced in a gas displacerent furnace and dry air was
introduced into the furnace at a flow rate of 2&/min.
15 The temperature-in the furnace was raised to 700°C at
the rate of 60°C and was maintained at the temperature
of 700°C for 20 hours. Helium gés instead of the dry air
was introduced into the furnace at a flow rate of
2%2/min, and then the temperature in the furnace
20 was maintained at temperatures of 800°C, 900°C and
1000°¢ for five hours, respectively. When the temperature had
fallen to room temperature, a white and porous dry
sintering gel wés ohtained whose size was 18cm x 18cm x 0.7cm.

Carbon paper of a thickness up to 0.3mm was laid

25 on a graphite plate (20cm x 20cm x lcm) and the said



20 was mai ntai ned at tenperatures of [err] and [err] for five -
hours, respectively. Wien the tenperature had fallen to roomtenperature, a
white and porous diy sintering gel was obtai ned whose size was 18cm x 18cm
X 0.7cm, Carbon paper of a thickness ug;to 0.3mmwas laid 25 on a .
graphite plate (20cm x 20cm x 1lcn) and the said 31 sintering gel A d
obt ai ned by heating to the [err] was nounted thereon, the assenbly being

pl aced in a graphite heating furnace. Wile nmaintaining a reduced pressure
of not nore than 1 Torr in the furnace by using a rotary punp, 5

the tenperature in the furnace was rapidly raisedt &gr] in ten mnutes.
The tenperature VWHSCRERS _rgﬁils%‘:atlﬁeflé& Peg‘flflg ﬁ%aﬁl}eng°$%tcel’8? TORPEEA per

hour and was nmi ntai ned at the t erature_of [err] for. .one hour. At this
tenperature, [errfPSFESRadds ﬁf?%’gﬂgge?ﬁﬁqtﬁlq% ?ﬁr%%?%ﬁt?ﬁwgl y, the 10

tenperature therein being. raised .t err] at a heating rate of 600 C per
hour and mai nt ai nEF afet hjhllg?tnéa}"n?g%ﬁ'é’rg]a?Lﬁeguf:Scs.pfﬁs ﬁeuf’gs’.‘c’tl'he resul ting
transparent silica gl ass pl ate_was ved into a cold_ch r d chilled to
Foom Lonper at ur e ezt easn 1 Fbfe 8 iR fienk L By il o*PARG Bl 11 Lo

pl ate whose size was t&%%e S D %ggma@h%d}ﬁgzn @Rt 'qgg?df@d no

observed fractures or I nce distortion In the silica

glass plate, the §ldeGanfhass. Plief cdifirieASdat el FaifAdedBIFoboE Ned at

[err]
at a heating rate of 300%¢ per hour and was maintained at

the temperature of 1300°C for one hour. At this temperature, N2 ~
gas was introduced into the furnace continuously, the
10 temperature therein being raised to 1750°%C at a heating rate
of 600°C per hour and x'naintaim_ad at the latter temperature
for 30 minutes.
The resulting transparent silica glass plate was u
moved into a cold chamber and chilled to room temperature
15 in 30 mix:lutes. The transparent silica glass plate whose
size was 15.5cm x 15.5am x O.6cm which was so obtained
had no observed fractures or crack_s'. Since distortion
was found in the silica _glass plate, the silica glass
plate was heated to 1200°C and maintained at_1200°C
20 for one hour and then the temperature was lowered at the
rate of 100°C per hour .in order to remove the distortion.
The resulting silica glass plate was mirror-polished
into a plate of 6 inch x 6 inch x 0.12 inch and then

collimated 1igh£ from a lamp was directed onto it so that

25 the intensity of illumination was 50,000 lux in a dark room.



20 for one hour and then the tenperature was |lowered at the rate of
[.err] per hour in order to renove the distortion. The resulting silica.
glass plate was mrror-polished into a plate of 6 inch x 6 inch x 0.12 inch
and then collimated Iight froma |lanp was directed onto it so that 25
thesimtensity of illum nation was 50,00032ux in a dark room 32 However,
no refl ectance points were detected. Optically a very high-quality silica
gl ass plate was obtained without crystals and distortion. \Wen the
transmttance of ultraviolet |ight through the plate was neasured, for 5

t he wavel ength of 200nm or nore, the transmttance was constantly 90% or
nore and no specific absorption was observed. Exanple 10 Ten pi eces of
silica glass (15.5cnBRWeMeIschp xefpectance pognge Werghdetamtddboptioslillyy pores
in the dry gel on an He atnosphere according to the sane nethod as in
Exanpl e 7 were prepaPetfryrpigguatidy §ilich SdasHPpake Wassebtaized wishoFem x
17cm x 0.93cm and five silica glass plates were arranged alternately on a
graphite plate of 206R/SE23§cM% distRrting. hsprthe thragmdtharcengfint ed on f our

graphite props whose m, _Further, five silica glass plates and

ei ght 4
five pieces of the c8 %roa%lﬁé%%ﬁl Tt FIEBETR S RIRF e Py AEHREeofP n the
same vay  as sdescr | begn2RaYg: eddin! B SOBRY oot 5rd Cnl! EXSSnPleaSlcl 53 01 35S
constantly 90% Or more and no specific absorption was

N observed.

Example 10

en pieces of silica glass (15.5cm x 15.5cm x
10 0.6cm) obtained by closing pores in the dry gel on an He
atmosphere according to the same method as in Example 7 were
prepared. Five pieces of carbon paper whose size was
17cm x 17cm x 0.93cm and five silica glass plates were
arranged alternately on a graphite plate of 20cm x 20cm
15 x lem. The graphite plate was mounted on four graphite
;\/ props whose height was 4cm.. Further, five silica glass
plates and five pieces of the carbon paper were mounted
alternately thereon in the same way as described above.
In this way, the ten piecés of silica glass were set
20 in position. After the furnace atmosphere had been
replaced by N2 gas, the various silica glass plates were
moved into a graphite heating furnace having a temperature
of _1800°C and were maintained therein for fifteen minutes.
-The silica glass plates were then moved into a cold

25 chamber and cooled to room temperature in 30 minutes.



20 In position. After the furnace atnosphere had been replaced by -
N2 gas, the various silica glass plates were noved into a graphite heating
furnace having a tenperature of 1800 C and were naintained therein for
fifteen mnutes. The silica glass plategswere then noved into a cold 25
chanber and cooled to roomtenperature in 30 m nutes. 33 There was no “w
fusion either between the graphite plate and the silica glass plates or
between the silica plates thensel ves. The flatness of each silica gl ass

pl ate was accurate to less than 0.2mnm Since distortion was 5

found i n the pl at eschekbewdsahb efussenceithient betveen athe graghifter pate hodir and
then the tenperature was |owered at the rate of [err] per hour in order to
renove the distortivne sbhidda gladshelateulori betweehitte ghilier plates was 10
mrror-polished into-a plate of 6 inch x 6 inch x 0.2 inch, and then
collimated |ight frunemaelvespy Phes flateesscdfoprcd: Filing gheas pRate ntensity of
i1 lum nation was 50,000 lux in the dark room However, no refl ectance

poi nts were detect oths @ptuxage| to \less thaghOedmm-i fince Piekrrfiqrsvass

pl ates without crystals or distortion were obtained. Wen the transmttance
of ultraviolet |ighfounfrbrdhet pkatsisat Bhe atten ¥ere Mintained hvel ength of

200nm or nore, the transm ttance was constantly 90% or nobre and no
absorpni on was obse¥3PEgC for one hour and then the temperature was

lowered at the rate of 100°% per'hour in order to remove
the distortion. : v
Each of the resulting silica glass plates was
10 mirror-polished into a plate of 6 inch x 6 inch x 0.2
inch, and then coliimat_ed light from a lamp was directed
onto it so that the intensity of illumination was 50,000
lux in the dark room. However, no reflectance points
were detected. Optically very high-quality silica glass
15 - plates without crystals or distortion were obtained.
when the transmittance of ultraviolet light through
the plates was measured, . for a wavelength of 200nm or more, W/
the transmittance was -constahtly 90% or more and no
absorption was observed.
20 Example 11
2200m1 of ethyl silicate and 1600ml of 0.02 normal
hydrochloric acid solution were mixed together and
stirred violently to obtain a water- like transparent
uniform solution. 600g of ultra fine particle silica

25 {(Aerosil 0X-50) was added little by little to the water-like



20 Exampl e 11 2200m of ethyl sili.cate and 1600m of 0.02 nornal
hydrochl oric acid solution were m xed together and stirred violently to

obtain a water- |ike transparent uniformsolution. 600g of ultra fine
particle silica 25 (Aerosil OX-50) was added little by little to
t heswater-1Iike 34 transparent uni form3l ution and the sol uti on was

stirred sufficiently. This sol was exposed to irradiation by ultrasonic
waves of 28 KHz for two hours at a tenperature of [err], and after a
centrifugal force of 1500 G5 was applied for ten mnutes to
renove |arge particle silica, the sol solution was filtered by nmeans of a
filter having hol es whaspadertmetifcrwasolntiporad. thé tseilutioe wpié ctitded
resulting solution had been adjusted to 4.8 with 0.1 norrmal ammoni a

wat er, t he sol was fiseEficdetsdyactins gbl awa® exposed to ifrradsatideavi ng hol es
whose di aneter was 1 mcron. 3770m of the highly honbgeneous sol solution
obt ai ned above was pbyirdgrisandcawavsst af 7 Kisdori tirehowsgEt®r, 150cm

| ength) such as an al um ni um tube coated with TEFLON (Registered Trade
Mark) and the cont ai HeRpergture of 20 Cppand; @ftex anFentraiugapfierce aft00 6
setting the sol in the container on a revolving devigce and rotating.the
cont ai ner @bout its E%t@&ﬂ"%ﬂ(ifgraﬁena‘“’r'&i’tt&ﬁ%gﬁm%‘ﬁe&ar%‘? P3O ForBne

hour . the contalner yee 611 k103! B1cb0 RIS o W RIEPELRLY ©

holes whose diameter was 1 micron. After the pH of the

~ resulting solution had been adjusted to 4.8 .with 0.1 normal
ammonia Wéte!.the sol was filtered by means of a
10 filter having holes whose diameter was 1 micron.
3770ml1 of the highly homogeneous sol solution
obtained above was poured into a container (6cm inner
\/ _ diameter, 150cm lengthi such as an aluminium tube
éoated with TEFLON (Registered Trade Mark) and the container
15 was sealed with a stopper. After setting the sol in the
container on a revolving device and rotating the container

about its central axis at a rotational speed of

500rpm for one hour, the containef was left at rest for

four days at room tperatt.xre.. After taking off the stopper,
20 the tubuiar gel within the container was removed therefrom

and placed i;'x another container (lodn x 170cm x 20cm height)

made of polypropylene. The latter container had a lid whose

openings amounted to 0.5% of the surface area of the 1lid, the

above-mentioned gel being dried 'thereiﬁ at 60°c for 30

25 | days, whereby a tu_bular dry gel was obtained.



20 - t he tubular gel within the container was renoved therefromand -
pl aced i n anot her container (10cm x 170cm x 20cm hei ght) nade of

pol ypropyl ene. The latter container had a |id whose openings anounted to
0.5% of the surface area of the |lid, the above-nentioned gel being dried-
therein at [err] for 30 25 dadys, whereby a tubular dry gel was °
obt ai ned. '35 The said tubular dry gel was placed in a gas displ acenent
furnace and dry air was introduced into the latter at a flow rate of

2l /mn. The tenperature in the furnace was raised to [err] at the rate of 5
[err] per hour and was nmaintained at this tenperature for ten hours. A gas
m xture conprising helium (1.8l./mn) and chlorine (0.2l/mn) was introduced
into the furnace insteatheobaidieutinYaraidrytdedr eas , plandd tirca gde t enperature
in the furnace was raised to [err] at the rate of [err] 10 per
hour. [err] gas wdisplacenduk drpate anfedfymhaomsatintrdduoed rimte of 2|/ min

i nstead of the said gas mixture, and then the tubular dry gel was

mai nt ai ned at tenp&hatlatdsr ot [eefigw sate[af 2L/Migr. The tepperaturespecti vel y.
Finally, He gas (2l/mn) instead of the [err] gas was 15

i ntroduced into thdnfthefeEnagenyas Headisefiete JRAIQrRtdEYe FateveEs nai nt ai ned at
tenperatures of [errd and Egr'r] for ten hours, respectively. Although the
resultiny silica gP9sS BfFe ?%&Pdrfé?ﬁ)é‘PlWéPsmF#aﬁ'ngt%rﬁ?“Pﬁﬁ%ﬂgﬁeci fic

gravity thereof m%ogltms Ei'sz.oh EQS' lm?.xE:QrGe comprising helium (1.8%/min)

and chlorine (0.22/min) was introduced into the furnace u
instead of ﬁhe dry air therein, and then the. temperature in
the furnace was raised to 1000°C. at the .rate. of 30°%
-10 per hour. 02 gas was introduced into the fuinace at
a flow rate of 2%2/min instead of the said gas mixture,
and then the tubular dry gel was maintained at temperatures
of 1000°C and 1050°C for ten hours; respectively.
Finally, He §as (22 /min) instead of the 62 gas was
15 introduced into the furnace, and then thé tubular dry
gel wa-s maintained at temperatures of IOSOOC, 1100°¢ W/
and 1200°C for ten hours, respectively. l.Although the
resulting silica glass precursor member was translucent,
the specific gravity thereof was almost 2.20, while the
20 outer diameter, inner diameter and length wgfe 3cm, lom and
75cm, respectively. The degree of ovality of the silica
glass precursor member was 0.1% and the bow was 2.0mm/m.
- The silica glass precursor member so oi:téined above
was fiJ.:ed.at both ends in a vertical disposition and was

25 moved into a ring heater in which graphite was the



20° outer dianeter, inner dianeter and | ength wére 3cm 1cm and
75cm respectively. The degree of ovality of the silica glass precursor
menber was 0. 1% and the bow was 2. 0nmm The silica glass precursor nenber
80 obt ai ned above was fixed at both ends in a vertical disposition and was
25\ _/4 moved into a ring heater in yhich graphite was the 36
heating el enment. Wile the argon gas was caused to flow around the ring
heater, the tenperature therein was maintained at [err]. The silica glass
precursor nmenber was noved so that the upper end was noved at the 5

rate of 3cmimn and the | ower end was noved at the rate of 4cnmimn to the
vertical direction. Next, the resulting silica glass nenber was placed in
an electric oven andatinfleledentsi Whilk ghéSegoR gaer wadicaiBedital ned for one
hour therein at a tenperature of [err], the tenperature was 10

| owered at a cool i lowadround fier ringpdeatnt)r the teapevsturbetiiretiorti on. The
outer dianeter, inner dianmeter and Iength t hereof were 2.6cm 0.87cm and
1m respecti vel y. Aasroaigitad hesi @egzcw@ Of Theabilircanatass p¥eagsbn, the bow
was-inmproved to O.lmim 15 Wien the silica gl ass nenber was
exposed to irradi amepbehwasamaesed &g ltthattiee upparciesd as mevwed) a83Berr], no
scattering of the |light was observed. Mreover, when the wat er cont ent of
the silBca gl ass mawberofidsnfmizs andthsylonexsend wgsinavedhat rthe prteof

2.72[err] wavel ength light, it was | ess than lppm
f 4cm/min to the vertical direction. Next, the resulting

/ silica glass member was placed in an electric oven and
after the silica glass meprer was maintained for one hour
therein at a temperature of 1200°C, the temperature was

10 lowered at a cooling rate of 100%¢ per hour to remove
the distortion. The outer diameter, iriner diameter and
length thereof were 2.6, 0.87@ and lm, respectively.
Although the degree of ovality was 0.1% again, the bow
was improved to O.lmm/m.

18 When the silica glass member was exposed to irradiation
by laser-light whose wavelength was 0.633um, no scattering
of the light was observed. Moreover, when the water content

of the silica glass member was measured by measuring its

absorption of 2.72um wavelength light, it was less than lppm.

20 Example 12
440ml ofethyl silicate and 360ml of 0.05 normal

hydrochloric acid solution were mixed together and stirred
violently to obtain a water-like transparent uniform
solution. 150g of the ultra fine particle silica

25 (Aerosil OX-50) were added little by little to the



20 Exanpl e 12 440m of ethyl silicate and 360m of 0.05 nornal .
hydrochl oric acid solution were m xed together and stirred violently to
obtain a water-1like transparent uniform solution. 150g of the ultra fine
particle silica 25 (Aerosil GR-50) were added little by little te
t he 37 water- |ike transparent uniform solution and the solution was \/
stirred sufficiently. This sol was exposed to irradiation by ultrasonic
waves of 28KHz for two hours at a tenperature of [err], and after a
centrifugal 5 force of 1500G was applied for ten mnutes to renove
the large particle siliﬁae, the sol was filtered by neans of a filter having

hol es whose di an¥EEFFwas ~1 THRBFRAT enfherifermsalfbith GRAVENfoRBLRHIEBUS sol
obt ai ned above was_adj.usted to. 4.2 thqhg.l ormal ammnia water. 10
700m of the resdPfi® r§8$Lﬁ'ﬁfgﬁ°’v€é‘§ Pourad Tt 528 TREEFner (30cm i nner
di ter, 10 hei.ght I v/ ' lid wth i
amount i ng to- 19 P tTRCARE R ey e kRArRE BeS AR (RS el s gl tod
and dried at a tm% aatfﬁget% e%%{‘{r]gb%f)_rzosgyg%ddgyéer a é&gfl d porous 15

dry gel was obtaine e dr ai ne ove was place a vacuum

furnace agd the LEpperal ys®Agss (@bteds e: Ud0nErilles! DG Jelbbe Qnel 111 per

hour. The at nospheric pressure | e vacuum furnace was [owered to not
nore than 1 Torr jRYqdaRi e QiPfk, the sol was filtered by

a

means of a filter having holes whose diameter was 1 micron.
The pH of the highly homogeneous sol obtained
above was adjusted to 4.2 with 0.1 normal ammonia water.
10 700ml of the resulting solution was poured into a container
(30cm inner diameter, 10cm height) made of polypropylene
and having a 1id with openings amounting to 1% of the surface
area of the lid. When this sol was gelled and dried v
at a temperature of 60°C for seven days, a white and porous
15 dry gel was obtained.
The dry gel obtained above was placed in a vacuum furnace
and the temperature was raised to 1000°C .at the rate \)
of 60°¢ per hour. The atmospheric pressure in the vacuum
furnace was _ lowered to not more than 1 Torr by using a rétary
20 punp and thermn, while maintaining the pressure, the
temperature was raised to 1300°C at the rate of 100°c
per hour. After the dry gel was maintained at the temperature
of 1300°C for one hour, vitrification of the dry gel
~ occurred. The diameter a.nd the. thickness thereof were

25. 15am and 0.5cm, respectively.



20° punp and then, while maintaining the pressure, the tenperature was
raised to [err] at the rate of [err] per -hour. After the dry gel was

mai ntai ned at the tenperature of [err] for one hour, vitrification of the
dry gel occurred.  The dianeter and the thickness thereof were 25 15cm
and_©.5cm respectively. 38 The siliga glass plate so obtained was |aid
on a concave graphite nmenber having a radius of curvature of 30 cns, and
this assenbly was placed in a graphite heating furnace. After the furnace

at nosphere was replaced with 5 N2 gas, the tenperature was raised
to [err] in tw hours, and the tenperature was nmaintained at this

t t for t L nutes. The t L h d t t
cooring rate of [orr EPROR RE RIS PRARAFRE ADAE TR Ror 1 ower ed o
t t ' f .10 A uni f

roomtenperature erca&ﬁg%géps e nikBe? }Iaa&rgn% av\é?%h@sggf%mgt@ugf. unirtorm

silica glass ne ape was | ass was obtained. There

were no bl ow hol g gd gpf itﬁg% leééfmﬂ( el dlakedi 44 Qagﬂip@ﬁ%i%%t ai ned.

Exanple 13 A silica gl'ass p 15cm di arreter, 0.5cm thickness) was 15

sintered in a vaguicburiaee tie ltiens@aciBidRere JRsi fefPagB® i th: 2 and was
I ntroduced into a graphite crucible and heated therein. The silica gl ass

plate was then phacad,ithe tepsathituee WRat atkchUts aseoPAinNgws Hoak®) ess
mechani sm After {he furnace.atnnsphere was replaced by N2 gas, the
tenperature and the temperature was mairtained at this temperature for ten
U minutes. The temperature was then lowered to 1200°% at a
cooling rate of 1000°¢ per hour, and the temperature was
further lowered to room temperature at a cooling rate of
10 100°¢ pexr hour. A uniform silica gléss member whose shape
was like a watch~glass was obtained. There were no blow holes

and optically high quality silica glass was obtained.

N Example 13

A silica glass plate (15cm diameter, 0.5cm thickness) was
15 sintered in a vacuum furnace by the same method as in Example 1.2
and was introduced into a graphite'crucible and heated
therein. The silica glass plate was thenplaced in a graphite
heating furnace having a hotpress mechanism. After the
furnace atmosphere was replaced by N2 gas, the temperature
20 was raised to 1850°C in two hodrs and this temperature was
ﬁaintained for five minutes. After this, the silica glass
plate was pressed to a pressure of 10kg/cm through
graphite members, the temperature was lowered to 1200°C
at the rate of 1000°C per hour, and was thereafter lowered to

25 room temperature at the rate of 100°% per hour.



20 was raised to 1850 Cin two hours and this tenperature was ’
mai ntai ned for five mnutes. After this, the silica glass plate was pressed
to a pressure of 10kg/cm through graphite nmenbers, the tenperature was

| owered to [err] at the rate of [err] g%er hour, and was thereafter |owered-
to 25 roomtenperature at the rate of [err] per hour. 39 An
extrenely high-quality silica glass nenber was obtai ned whose shape was
like a crucible. Exanple 14 A silica glass plate (15.5 cmx 15.5cm x 0. 6cm
obtai ned 5 byarc egtrexplyhkiqiogeslity ailiicp gldssi memberHwaat nosphere by
the use of the nethod of Exanple 7 was placed in an electric furnace and
mai nt ai ned at aobeajpedawhese shapemap lijke 30crucibles. The tenperature was

|l owered to [err] at a cooling rate of [err] per hour and further |owered 10
to room tenper aEsampiet 14 cooling rate of [err] per hour. Wen the resulting
silica glass plate was nmirror-polished to forma_ plate of 6 _inch (15.24
cms) x 6 inch (15.24 cidjck 93239 RIRA (P-30 A6 15-3F Ki el ®d PHEAIPRr om a

| anp was directed onto it so that the intensity of illum nation 15

was 50, @00 | ux ibh elefdPE FRROPPTIhds Pl 10h 981 44k 2B B &asPheRE&P%xani ned in
this light to see whether there were any inc usionf i %he silica glass

pl ate whi ch woult®esPRAvCEptis Behked §FFXP8i hi"8SF139%Ght™ %Bone smal | points

of lights were detected wth {08 NAKGHFUS L & REnsdlh 8C€ of 1600°C

for 30 minutes. The temperature was lowered to 1200°c u

at a cooling rate of 1000°¢ per hour and further low_ered
10 to room témperature at a cooling rate of 100°c per hour.

When tl:xe resulting_ silica glass plate was mirror-polished

to form a plate of 6 inch (15.24 cms) x 6 inch (15.24 cms)

x 0.12 inch (0.30 cms), collimat_:ed light from a lamp .

was directed onto it so that the intensity of illumination \v‘
15 was 50,000 lux in a d_ark room. The si]_.ica glass plate was

then examined in this light to see whether there were

any inclusions in the silica_ glass plate which would show

up in the form of points of light. Some small pc_oints of

lights were detected with the naked eye in the surface.

20 Example 15

A silica glass plate (15.5 cm x 15.5am x 0.6cm)
obtained by closing pores in a dry gel in an He
atmosphere by the same method as Example 7 was placed in
a graphite heating furnace. After tl_\e furnace atmosphere

25 was replaced by argon gas, the temperature was_rai_sed to

2100°C in two hours and was maintained at that temperature



20 Exanple 15 A silica glass plate (15.5 cmx 15.5cm x 0. 6cm
obt ai ned by closing pores in a dry gel in an He atnosphere by the sane

nmet hod as Exanple 7 was placed in a graphite heating furnace. After the
ff'ur nace at nosphere 25 was replaced by argon gas, the tenperature was
raiksed to [err] in two hours and was mafftai ned at that tenperature 40
for one mnute. The tenperature was |lowered to 12000C at a cooling rate of
[err] per hour and was then further lowered to roomtenperature at a
cooling rate of [err] per hour. 5 The size of the silica glass
pl ate was reduced to 14cm x l1l4cm x 0.5cm by vaporization of silica. The
silica glass plate was mrror-polished to forma plate of 2mmin thickness
and then collinmated light froma |lanp was directed onto it _sg that the

intensity of illufPhaTofiage. The tefperatyreoids| IWerRILEHAPRC Dom However,
flect i_nt det ect ed. fol l.ow h Ex | , |

o 1l cluine b0, 113 vt doyeriohofin Lol bow e s Samplgs, raml

given for conpari é_ggelpe‘ér @g?%%?@% 'ez%éurcf Bt cgt):(f{% Cadd o2 PodocCa 9l ass

|
plate (15.5cm x 15.°5€Cm X arne cl/0SThg pores’in a dry gel in
an He at nosphere %%rﬁQﬁu?a”E met hod as Exanple 7 was placed in a furnace

5 The size of the silica glass plate was reduced
to 14am x _14an x 0.5cm by vaporization of silica. The
silica glass plate was mirror-polished to form a plate of
2mm in thickness and then collimated light from a lamp
was directed onto it so that the intensity of illumination
10 was 50,000 lux_in a dark foom. However, no reflectance
points were detected.

The following three Examples, namely Examples 16-18,
are not within the scope of the present invention and are
given for comparison purposes only.

15 Example 16

o/ A silica glass plate (15.5cm x 15.5cm x 0.6cm)
oktained by closing pores in a dry gel in an He atmosphere
by the same method as Example 7 was placed in a furnace
and maintained at a temperature of 1450°C for 30 minutes.

20 When the temperature was lJowered to room temperature,
the surface of the silica glass plate became white by
crystalization,
When the resulting silica glass plate was mirror-polished

to form a plate of 6 inch (15.24 oms) x 6 inch (15.24 cus)

25 x 0.12 inch (0.30 cns) collimated light was directed onto it



and mai ntained at a tenperature of [err] for 30 mnutes. 20 When t he -
tenperature was | owered to roomtenperature, the surface of the silica

gl ass plate becane white by crystalization. Wien the resulting silica gl ass
plate was mrror-polished to forma plgte of 6 inch (15.24 cnms) x 6 inch_
(15.24 cns) 25 x 0.12 inch (0.1§18l cns) collimated |ight was directea

onto it 41 so that the intensity of illum nation was 50,000 lux in a
dark room a light spot was clearly visible. Mreover, reflectance points
of various sizes were visible in the glass. 5 Exanple 17 A silica

glass plate (15.5cm x 15.5cm x 0. 6¢cm obtained by closing pores in a dry
‘gel by the sanme nethod as in Exanple 7 was placed in a graphite heating
furnace. After the furnace atnosphere had been replaced with argon gas, 10
t he t enper at ur essvethat atise dntensA390o £ inaphilatd 65 drdshem, dooweaednt 0 room
tenperature. There was little silica glass left in the furnace. Exanple 18
A white and por audarttr yogml ackightnspbtowadr §gleaglpwikbble. Morédversane net hod
as in Exanple 4 was heated to [err] in the atnobsphere so that a.transparent
silica gl ass pl aafienasnabpaimad ofivdons 7#izeaSwekecmisiblechn xhe. 5cm

| ncl usi ons whose di aneter was about 10 microns and bl ow hol es were
glass.

5 Example 17

A silica gl.ass plate (15.5cm x 15.5cm x 0.6cm) obtained W
by closing pores in a dry gel by the same method as in
Example 7 was placed in a graphite heating furnace. After
the furnace atmosphere had been replaced with argon gas,

10 the temperature was raised to 2300°¢ rapidly and then lowered to
room temperature. There was little silica glass left .in the .
furnace. _ =/
Example 18

A white and porous dry gel obtained by drying by

15 the same metl;xod as in Example 4 was heated to 1300°C in the
atmosphere so that a transparent silica glass .plate was
cobtained whose size was 10am x 10am x 0.5cm. IncluSions
whose diameter was about 10 microns and blow holes were
detected in the plate. The silica glas.s plate was placed

20 in a graphite heating furnace. After this, the furnace
atmosphere was replaced with N2 gas and maintained at a
temperature of 1800°C for ten minutes. Since violent
bubbling occurred in the silica glass, the volume of the

glass was increased threefold.



detected in the plate. The silica glass plate was placed 20 in a
graphite. heating furnace. After this, the furnace atnosphere was repl aced
with N2 gas and nmintained at a tenperature of [err] for ten minutes. Since
viol ent bubbling occurred in the silica glass, the volune of the glass was
i ngreased threefol d. 42 As nentioned ghbove the present invention
provides an inproved silica glass nenber so far as its optical quality is
concerned, the glass or glass precursor preferably being heated to [err] to
[err] and maintained at this 5 tenperature for a predeterm ned
period of tinme in the sol-gel nethod. It is desirable to close the pores in
the dry gel in an helium atnosphere under the reduced pressure in order to
prevent bubbling. However, the present invention 10 is_ not limted

to a particular net hodﬁ?fmf)’?teiﬁgﬂimﬁeﬂ?op”%?ené PRFIEEP ROMLI%od of

heat Furth t hi t b dt ticl f
Chapes. The pr esont HREIRDPSFianen eS8 PREEF |40 201 S0 dERARE 60" ( he ool - gl

met hod to be used not nl the silica,2 substrate of_ a
Thsk o o cuppory AL Yel@inckBfed, LhETER: or gjess BYOSHLBL Rl Bld

for the mother rodyfphs 3 EL&&"toCP%BS"E' £819086°¢ 1066541 rRAInEP a8 thi s
5 temperature for a predetermined period of time in the
sol~-gel method. | |
It is desirable to close the pores in the dry gel in
an helium atmosphere under the reduced pressure in
order to prevent bubbling. However, the present invention
10 is not limited to a particular method of preparing the
sol or a particular method of heating. Furthermore, this
invention can.be applied to articles of various shapes.
‘The present invention enables even silica glﬁss made
by the sol-gel method to be used not only for the silica
25 substrate of an IC Mask of a support tube for optical
U/ communication fibres but also to be uséd for the |

mother rod for optical communication fibres, and so on.



43 CLAI MS 1. A nmethod of preparing a silcia glass nenber,
conprising the steps of: drying a sol containing silica and/or a silica
precursor so as to forma dry gel, 5 obtaining a glass or a

gl ass precursor nenber by renoving gas43ronlsa|d dry gel and cl osing pores-
in said dry gel, and obtaining a silica glass nenber by heating said gl ases
or glass precursor nenber to a selected tenperature in the range between

1500 and [err] and mai ntaining said glass 10 or glass precursor at

sai d tenperature. 2. A met hofllad 21%iSved in claim 1, wherein said sol

I s obtained by hydrolyzing al kyl silicate with water and with an acid or
basi c reagent. A nmethod as clainmed in claiml, wherein said sol is
15 obt ai ned1 by b uetgod sfePrrBaTing @ LG (8113%17 member 4 comprising

hydrol yzed with an acid re gent and a solution including particulate silica
obt ai ned by hydrdﬁ?z?ﬁ@? silicate with a basic reagent. 4. A

nmet hod as clained in ai d bt ai ned by
m xi ng together a soI ﬁ’fya%'ﬁ ofs‘ﬁ/n aqnfs' f"ig‘hy rng ?/rzéq"ds%\nfjf% an acid

reagent and parti g;goglsklgsato f°1414 Sdry gelA met hod as clainmed in claim
1, wherein said §'

5 . obtaining a glass or a glass precursor member by remov1gg

gas f;om said dry gei aﬁé closing pores in said dry gel, and
oﬁtaining a silica glass member by heating said glass k.)

or gléss precursor member to a.seleéted temperatpre in the
range.between 1500 and 2200°C and maintaining said glass

10 or glass precursor at said temperature.
2. A method as claimed in claim 1, wherein said sol is
obtained by hydrolyzing alkyl siiicate with water and with _
an acid or basic reagent. =/
3. A method as claimed in claim 1, wherein said sol is

15 obtained by mixing together a éolution of aikyl silicate
hydrolyied with an acid reagent énd a solution including | W,
particulate silica obtained by hydrolyzing alkyl silicate
with a basic'reagent. |
4. A method as claimed in claim 1, wherein said sol

20 is obtained by mixing together a solution of alkyl silicate

hydrolyzed with an acid reagent and particulate silica.

_

O



obtained by diffussing particulate silica into water or into an organic

sol vent. 6. A nmethod as clained in any of clainms 3-6 in which 5

t-he particulate silica has a nmean particle dianeter between 0.01 and 1.0
ficrons. 7. A method as clained in ?ny preceding claim wherein the
pores in said dry gel are closed by sin @ring said dry gel in an He

at nosphere. 10 8. A nethod as clainmed in any of clains 1-6
wherein the pores in said dry gel are closed by sintering the dry gel under
a reduced pressure. 9. A method as clainmed in any of clains 1-6 wherein
the pores in said dry gel are closed by sintering the dry 15 gel

under a reduced pgessurg Qicheh e ng0fl 333, DECnEXAASE d R e
at nosphere. 10. * A nBthod ase alneg I'nany pfecedfng c?alnl erein a

gas burner is usegfqheHq3t ggﬂftﬁikﬂg%ﬁfmﬁﬁx‘g' Sgrﬁ%rﬁﬂer poer to the

sai d sel ected tenperature. met as clarnmed in any of

clainms 1-9, whereifd g &g%ﬁc%lgg@@_s precursor nenber is heated to the
sai d sel ected tenperature by neans of a high tenperature furnace having a

graphite, a tungsgen ora GuefRbd RECEYIMAREAIA Ry O£ WRins 3-64n WRich A
method as clainmed in any of clains 1-9, wherein the glass or glass
precursor snenber tige hastfG1bOe td1@1ca has a mean particle diameter between
0.01 and 1.0 microms.
7. A method as claimed in any preceding claim, wherein
the pores in said dry gel afe closed by sintering said dry
gel in an He atmosphere. |
10 8. A method as claimed in any of claims 1-6 wherein
the péres in said dry gel are closed by sintering the dry
gel under a reduced pressure.
ks;' 9. A methbd as claimed in any of claims 1-6 wherein
the'pores in said dry gel are closed by sintering the dry
15 gel under a reduced pressure after the dry gel has been
exposed to an He atmosphere.
10. A method as claimed in any preceding claim, wherein
a gas burner is used for heating said glass'or glass
precursor member to the said selected temperature.
20 11. A method as claimed in any of claims 1-9,
wherein the glass or glass'precursor member is heated to
the said selected temperature by means of a high temperature
furnace having a graphite, a tungsten or a molybdenum heating

element.

R

T,



said selected tenperature by means of a high tenperature continuous >
heat-treating furnace. 5 13. A nethod as clainmed in any of
claims 1-9, wherein the glass or glass precursor nenber is heated to the
sai d selected tenperature by neans of 4,4 high tenperature gas furnace in _
whi ch the conbustion of hydrogen or a hydrocarbon gas is used as a heat ‘ww/
source. 10 14. A nethod as clainmed in claim1l or 12, wherein
spacer neans are provi ded between the glass or glass precursor nenber and a
support therefor. 15. A nmethod as claimed in claim 14, wherein said

spacer means is constituted Q%}carbon ggmﬂer, carbon, 15 fibres or
paper-1ike or fabh-c-|i CeDFER 25| SIPER i 2By F Setmg Ag®caMSERiRi bres.

16. A method gs claimed in claim14 wherein said s er_nmeans is
Consti tuted by o ORGSR HLE RISOREERt GRDeT 1peaced B8 eHE S 1S Lo
as claimed in claim,/16 Jn ich the sald powder is alum.na, zirconia, or
silicon nitride. sald4%e]|f§.tg@ tﬁmﬁeefﬁ% eagyc ezgllnﬁe%‘é iang'}i%y tS?P%ﬁagluﬁ% 14 to 17
wherein a nunber of : $ait.0 S ursor menbers are

&tnP ? r eatsehé‘?/\iit%a%io nt§ le"g’;aec%

si mul t aneously hea on sai d spacer neans. 5

ass phcur or vy PAeRARY PIERRH 09 G oL, habethas o
the glass or glass precursor member is heated to the said
selected temperature by means of a high temperature gas .
furnace in which the combustion of hydrogen or a hydrocarbon u
gas is used as a heat source.

10 14, A method as claimed in claim 11 or 12, wherein
spacer means are proxlrided between thé glass or glass
precursof member and a support therefor.
15. A method as claimed in claim 14, wherein said ..y}
‘spacer means is constituted by carbon powder, carbon

15 fibres or paper~like or fabric-like material obtained
by processing carbon fibres.
1e6. A method as claimed in claim 14 wherein said o
spacer means is censtituted by a powder which is hard
to sinter.

20 17. A method as claimed in claim 16 in which the said

powder is alumina, zirconia, or silicon nitride.
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by -using a casting of desired configuration when said glass or glass
precursor nmenber is heated to the said selected tenperature. 10

20. A nmethod as clainmed in any of clains 1-18 wherein said glass or glass
precursor nenber is noulded to a desired configuration by subjecting said
nmekbgr to an external force when said gl4ss or glass precursor nenber is
heated to the said sel ected tenperature. 15 21. A nethod as
claimed in any preceding claim wherein, after the glass or glass precursor
menber has been heated to the said selected tenperature, it is oooled to
roomtenperature in a plurality of stages, the cooling rate being snaller

in at | east one of said 20 stages than in another stage or stages.
22. A nmethod of pfgpariifbtodidd Eﬁaﬂﬂé&%n & c'i‘é*i!ﬁé qqt taliy as
described in any of the Exanples 1-15. 2 A silica glass nenber

when made by the netiiRGefh 2AM¥mbéeeedsiic @h@ésﬂbr glass precursor members
are simultaneously heat-treated while mounted on said
spacer means.,
5 19, A method as claimed in any preceding claim,
wherein said Qlass or glass precursor membexr is mounlded
—/ by using a casting of desired configuration when said

giass or gléss precursor memker is heated to the said

selected temperature.

10l 20. A method as claimed in any of claims 1-18 wherein
said glass or glass precursor member is moulded to a
desired configuration by subjecting said member to an
external force when said glass or glass precursor

! member is heated to the said selected temperature.

15 - 21, A method as claimed in any preceding claim,

U/ wherein, after the glass or gléss precursor member
has been heated to the said selected temperature, it
is cooled to room temperature in a plurality of stages,
the cooling rate being smaller in at least one of said

20 stages than in another stage or stages.

22, A method of preparing a silica glass memker

substantially as described in any of the Examples 1-15.
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23. A silica glass member when made by the ﬁethod of

any preceding claim.
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