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-1- DESCRI PTI ON PRODUCTI ON PROCESS OF SYNTHETI C QUARTZ
GLASS AND SYNTHETI C QUARTZ GLASS BODY 5 Techni cal
Field: The present inventioh-relates to a production
process of a synthetic quartz glass obtained by heat
treating a porous synthetic glass body and to a
hi ghly heat resistant synthetic quartz gl ass body. 10
Background Art: For the production of a synthetic
quartz gl ass, there i & RIRWOMN a  process of
producing it by densifying a silica porous body nainly
obtai ned by flanme hydrolysis of a silicon halide at
hi g . b , _
syntpt%et I C qrgfart z gpgﬁéjd@gh?gﬂ?@&g@mﬁ@g@%és
flame hydpNPsESNICERTICIQUAREY, GL.ASEB@pyanount of
an OH group in the silica porous body. If a large
anmount of an OH group is present in the synthetic
uart z.. ss, the viscosity of the synthetic quartz
Tec Pg?gﬁﬁghﬁbmered, whereby ~the heat resistance is
o r:di : j.€ ef].c_quartz 2 :
ol acercRr APy Btk rLlRes (Bl L Blofi i b aplBf breithetic
quaapplacatobesinedfbybedt #eatihasspbrdas dyoiht e glass body and to a
. sem conductor industry to be used at 1, 000C or higher.
highly heaforgsigpntasutheticeunats glaw ods4- 127914 di scl oses
the preparation of an anhydrous glass nmatrix by
thermal ly oxidizing or hydrolyzing a glass formng
Badk@¥h#Rd @lkal to deposit a glass formng 25 substance
containing silicon dioxide (SiQ2) as the major
confreihie modubdon efid danestiofqmrsy gnﬁsy tM@eri8@dyell known a
thereby preparing a porous glass and exposing this
progasecd P rgfluemssit hyetaasifyoay atsdlica phess hathyminagniyasbtained by
nmater, a as,. containi a hal.ogen el ement at from 800
flanfg W5 d5BEs Phr BEG By ahaHER SRPRATEFPF oaShele, 19 thus
: al ] a t er.ial s, . Si.Cl4a Si Br4,
beEEET TREY Do WA e S nd ot B lame
hydexignid btdpgdt codtaiBisNgdatfe s5YOERE LI Gl @AMt Zro@lhass the silica

obt ai ned by the foregoin? process
porous body. If'a large amount of an OH group is present in the synthetic

quartz glass, the viscosity of the synthetic quartz glass is lowered, whereby
the heat resistance is lowered. Accordingly, the subject synthetic Quartz
glass causes deformation and is not preferable for applications of quartz
glass jigs for the semiconductor industry to be used at 1,000°C or higher.

As a countermeasure thereto, JP-A-54-127914 discloses the
preparation of an anhydrous glass matrix by thermally oxidizing or
hydrolyzing a glass forming raw material to deposit a glass forming
substance containing silicon dioxide (SiO2) as the major component on the
end faces of a supporting rod, thereby preparing a porous glass and exposing

this porous glass sintered body to a glass forming raw material gas

-containing a halogen element at from 800 to 1,000°C, followed by

transparent vitrification. As the glass forming raw material gas, SiCly,

SiBr4, GeCly, BBr3, POCls, PCls, and the like are exemplified.
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contains less inpurity, it has been expected as a

substitute for a quartz glass raw nmaterial nade of a

natural quartz crystal -as the raw material in the

sem conduct or manufacturing steps, but deformation in

the 5 high-tenperature manufacturing steps has been

recogni zed as a renarkable drawback. Even if the OH

group in the quartz glass is conpletely dehydrated by

a de‘ﬁfﬂ@@ dbeownthete mamrtusilag vhiaihod dgoithe fordgoimgerocess

ase as,_there s,a limt i,n the yvalue of
conp ABFdadl P UTiEE L HES boensugacionias o arligitis Jor pgmaryz glass

r t e ted,synt het i oy

T R B Bt A R S R P imfggian the
senfichtedwital quadhdfagt@ssg | rgtg?@,e_r ahut t NEeRaEA%d Y 4 the
~the synthetic quartz glass (poi se being used as a
highrempstature magubwituyingstehe haprlesentecogniend iasrs) rdarmarkable
d 11. 4 for the undehydrated article, 11.6 for the
ra&iﬁ§ﬁrated article, and 11,9 or nore for the natura

gua ] [ ' val,ue; o

og 75 PEH 08 QR R0 EIRTAL afs oBek T Ui Bler Bl RuiGliiled by
a dé¢tsatratiosi wbanhegt asihg (R BrdgdagIhlodhs HasEsad RLBGhs a
. of containing Al. However, according to this nethod,
limitrigy thewyalnewdlinexeaging sidcemty.nhaThonglirthis eelwustasaslightly

e B R PO E0 B Dol i i
' ' f th
om oA PISEATRSED R, 88 AgBLER: by o on

syntigstéc gabtd ghasar @olidecuniyt ixed gRNar ahRdof Bhd REs@sA$Sin the
after transparent vitrification due to an NH group

presesfimipventiont dp ihd dehydreatumitehwbetédbrartifier diyé for the
al,l owi;ng no, 25 comyercializatiagon tqQ be realjzed. As a
dehﬁg{'%gg %Ft]§bq’viaﬁé {E?eé pPHOIERTE 0f 0% h ege‘?%%‘%tii ofiugrtz glass,
: ; et hod in which a
reﬂ%#?ﬁ%g@HEg%ggﬁb%%?%g§%§§§§QP§€?§¥ﬁE "by a heating

t r edisneptodeds afipasdiith@a Kighly@hBhNBesAdtaRs RIMIE JPSA-3-83833
. baked by heating in a non-oxidative atnosphere, and
disclefes syppediodak sanonings @li s Haybjweet adedrdimg to this method,

hi gh-t.e rature heati treatyent under a high .
ther&%égdrlg’gf‘@a HPre %ﬂ BPTHESeSHGh ahengtadprinpttifies are
contz@A&¢ of from1,4000C to 2,000C. However, according

to the subject nethod, since the heating treatnent

undédso, as a gas for removing the OH group in the porous body,

ammonia or an ammonia based gas can be used in place of the halogen based
gas such as chlorine. However, in this case, bubbles are frequently
generated in the glass after transpareﬁt vitrification due to an NH group.
remaining after the dehydration reaction, thereby allowing no
commercialization to be realized.

As a method of solving the problem of the generation of bubbles,
JP-A-7-300324 proposes a method in which a nitrogen-doped porous body
obtained by a heating treatment in an ammonia-containing atmosphere is
baked by heating in a non-oxidative atmosphere, and the subject baked body

is subjected to a high-temperature heating treatment under a high pressure
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a high pressure is required, a special device was
necessary. Also, in the case where the heating
treatnment tenperature exceefls 5 1,000C, the quartz
glass jig irregularly reflects infrared rays, and the
tenperature in a furnace beconmes non-uniform There
were thus caused problens such as the matter that the
material quality of a silicon wafer becones instable.

of 7§ kglemst oremonand tha demperatieesraafgepofolituni hgl08°61tack000°C.

HoflEPho o aus by P VDo Hetbey. shen Har Botee Aroosmens under
o i Hep Bearigeare
D A R I oGS B Hfseain pent oxi de

(JP-A1s8; RD4U33asebchere tHeVBYRing AR NS b SerbiBre exceeds
nmet hod of using a bl ackening agent, it was difficult

1,009’ (obthe muarte aipbetiig yruegidorn tifkcks ghfmsed ISyisn diitk the

_ msanflma, i n.the sem conduct or nmanufacturing steps, it
temperaiyrs he fHacs PesPRIes; NeRTEIFT:h hBeIgavere ihwa aqused

' ' t ef ect a devi.ce. In
prob s SRR ot pabel AT ' Rl ol o R Water

bechmebrinsghle.from a treatment furnace in the heating
treatment step of a silicon wafer, a quartz tube and
a qur tthewaer fhomds etst & ngotdss off prahriRg anbfaek @haytzalass,

theb et BB Thes e suolhh sl sk bladk by adding
l.orine- : | - ar l.ass raw._.

e bR S5 MURISIAE B  JHE b Rl e

irorf ecgobRide, @adtwifatatiOfe@idOW P20 4B seisas uie) of ghhever,

Invention: First of all, the present invention is
accenidirpg te shepwarhad o usprad btadkeming egess ivfvaa dffitietd cbtain

I [ I [ ity, h
e et PLAGk 258 ) char act of | st ¢ equal to or
; t I d hardly .. .
ot of pRCAAEGAL, T (B8 Moo AL BB AR Btebal o 1o

thoegipecha byt Akptioduedll QRPAOCesSKOhnA hi #hhy N€&knt to bring
resistant -4- synthetic quartz glass which is free

aboft om dafectgenepatipvigeof Ibuble essandhiese denderegoing metallic
econdl y, . t.he ent invention, is ained tq provide a
Conﬁsﬂlﬂm 1%%5%“@%@5 Uhe Watment fugasean theheatmgtreatment

step'of £ Rili@reRaFY a RLA DB PYnd Igtequartz boat for setting the silicon

wafer play a role to prevent the contamination. However, in electrically
tusible low-OH natural quartz or chlorine-free synthetic quartz-made quartz
glass raw materials, the foregoing effect for preventing the foregoing

contamination was low.

Disclosure of the Invention:

First of all, the present invention is aimed to provide a
production process of a synthetic quartz glass which has less impurity, has a
high-temperature viscosity characteristic equal to or more than that of a
natural quartz glass, and hardly deforms even in a high-temperature

environment, and especially a production process of a highly heat resistant
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5 production process of the present invention, and
especially a transparent or black quartz gl ass body
which is free fromthe genegation of bubbles, is
dense, has high infrared absorption rate and em ssion
rate, and has an extrenely high effect for preventing
di ffusion of alkali nmetal. In order to solve the
foregoi ng probl ens, the present inventors made 10
synéhedpgiupatagiadsnwbndi e ficevireti ght igemeratdsn afrasiblés and is
d it has been found that a synthetic quartz gl ass
®™W8ving a | arge absorption band in the wavel ength

regi t 5.0 eV) int nmeasuy enent . of
O Bl AR o RnR TP {iaf ity s G GHONAS & Tighiy heat
Braet | Smthbtighghigsi;s e S@hidt NGE e8Y; '
e uar t ngzgllt asslesqo%lftgi Egﬁgbsoﬁe%gé%&/g%t ?%%IESF h(%ltéﬁled by the
progn@@mmromq@rﬁmmsanmmmf fmﬁra;jmﬂem?dcﬁalay ByaBkySient or
reaction, a Jarge_  anpunt of a hydroxyl group is
blagf A Geilarn bohowhidhls g son 6hs esmayatiompEbublyésieense,

- IS | scosit f _a glass, and not
hash PRI Qo RLRTOT e hartaflpBiaeS "l helchn petmsapely
highiegfedt @fr HRVE 8 ARGURFREI I GUSKRY - meddler efore, there is

usual |y enpl oyed a dehydration treatnent by using a 20
chl dniardehas edlvgahedotegadng tirolleints, wht: i reBen thivdeaxytls made

roup in.the porous bpd¥J t her eby renovi ng_the
extERRAYOLPI IR ST sbERHsRE. phevt Rl it Bowdven found that a
[ erdehydration treatnment, wih chl orine
synPdt Sl QUCHERRE ALY AR GT it Ph b o pEneth

regioh d{fithop@2AESHAABY0 e Vit KEMEakuPdmEXE 8PS ¥ EndRftance in an
i ntensive investigations, the present 25 inventors

ultragicdet rgidn hhatexchldenthhigh resisteneé.ni ng i n t he porous
body,.i s one facislor, to |lower the vijscosi téVOf the .
quartsogFRce SHYLBRtIRGudEarelastes pbiningg By theaconventional

prof ERITERbe Aol 49 ACPRTIHEN b F o fiolvtis seacuietn ghree
amdarpsr a'clhb*ﬂﬁoxaﬂ Qhro@pliy cORNAL@LH Re r@%%ﬂt?xfgmﬁn £ ge%ogiyy This

carried out during a period of tine
hydugety) dgramipo lowersathre viscosity hef paglass anadys hot gikfarable as a
the densifying step, b%%_-S- al so the concentration of
quayife Tp¥s iREEred nio Penyspyinpghe oiielde af tsemichededtontindustry.

' I.nf.| ' ' t h . ity. o
T ek IR, PVl o Beh PO Riradhaeth ¥ sysine o

chlobirackasequgdd andrasaihorieEhGRR BAre2s gtrﬁbug%ﬂéh%%rous body,
dependi ng upon the reaction 5 tenperature in a

thenebyuramening the tynlrons] gheusidsi desqribealipraviasslyor However,

accor}'g:llr?gr to the dehydration treatment with a chlorine based gas, a
considerable amount of chlorine remains in the porous body.

As a result of extensive and intensive investigations, the present
inventors have found that the chlorine remaining in the porous body is one
factor to lower the viscosity of the quartz glass which has been densified by a
heat treatment at high temperatures. Further, it has been found that in
order to increase the viscosity at high temperature, not only dehydration
may be completely carried out during a period of time of from the

dehydration treatment in the porous body to entry in the densifying step, but
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rati o of the hydroxyl group in the silica porous body
to a reducing gas. The production process of a
synthetic quartz glass of the present invention is a
process of producing a quartz glass having an
absorption coefficient at 245 nmof 0.05 cm1 or
nore, which is characterized by 10 subjecting a silica
porous body to a reduction treatnment and a baki ng
alse thatcrerrnirativorof hedmmdugl desrivedypay The ldvrredaiong level at

silica porous body may, or may not contain a hydroxyl
wh mn Iﬁelfq’?elsrﬁlﬁ%‘hé‘f ¥]6‘?1V’r§r‘38@¥3§s of a synthetic quartz
gI a f e entj o ing tr ea t
2081 U paRLEnlepk AL oy AP RSLLER1 T bl

quz{xeiithIaSQTboﬂli@afcﬁﬁnbe éarsﬂszhsbraeﬂér&tdegﬁntdﬁﬁgtw&{ tﬁ@dreactlon
the baking treatnent nmay be carried out at the s

tempiaraturEhm foresgoiiog wredtmenonf ttheatilientporsunglass or a molar
r imted hut is suitably a treatnent in
fatf%h fléﬁeﬁwﬁrpértwwrgf o YHCH HosYss bedy te 8 reduemErdsn
vac as-in
1aCUBREErERTENSE bl [P SEHBLER BRI g e prosns

inventienrisbgdptoespe bitpofubga. qhirizn8l4E Osehic08n absorptlon
rocess of a synthetic quartz glass of the present

coetfiyent iadn245t nins ofuPablem 't at nafreerwhihr yé ndhaouttetrred by
fore orng]reductlon treatment at a reaction
Sy SIS oBOTORD G R hdidartion. BHotment Fuher baking

f h C or
t g
T e RS by P o R At g B oy may
or mepebt 08nt-AAREL M1 @foidp.3000C or hi gher” and 1,900 C
or | ower, and prefera Iy 1, 300' C or higher and 1,750'C

or lovide, pradvetiobypsisess nf gsyauthetis eyugiras sloadyt tH poesent
in.the.case of carrying out the reduction treatnent

mveRi§oRnehe, Rk freeimmatimay e eawier o reefters @aurs‘lng out the

redﬁ?ﬁéﬁ% kr%%h %19 f?c'rg%%éearerd%%%]too m%‘e&%ﬁﬁn Lépflb dggl} - G eQbment

maypb@@@_ﬁﬁe@fou@a%)tﬁb@ghjé:tlmgartZ gl ass of the present -6-
invention, it is preferable that the foregoi ng baki ng

tre5ﬂweﬁﬂe@@ngawﬁme@DQUHeaUndntKanpe®ameduhmhshmnemibmt1s

fore red somet i_nes referred to as
Sultalrg&éﬁfs Li& g%&gﬁﬁég&%g r*f%llﬁ‘a'ft PPt besheisrangted in
, r fer abl
vac% (ﬁl %ég&g@&‘ Wﬁ-ﬁes tﬁer eo?iE %{ ude ar%*r%'dg E N £9% ammg the

Speci fic exanp

subjeedeagine pM2dribéd teipban@ire ¢ake 150H) ar bon
nmonoxi de (CO), and chlorine W2
In the productlon process of a synthetlc quartz glass of the present

invention, it is suitable that after carrying out the foregoing reduction
treatment at a reaction temperature of 100°C or higher and 1,300°C or lower,
and preferably 500°C or higher and 1,000°C or lower, the foregoing baking
treatment is carried out at a reaction temperature of 1,300°C or higher and
1,900°C or lower, and preferably 1,300°C or higher and 1,750°C or lower,
thereby obtaining a dense glass body. Also, in the case of carrying out the
reduction treatment and the baking treatment at the same time, it is
possible to employ a reaction temperature of 100°C or higher and 1,900°C or

lower. In the production process of a synthetic quartz glass of the present
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Al so, as the foregoing reducing gas, volatile silicon

conpounds, especially volatile silicon conpounds

contai ning at |east one king-of nitrogen, carbon and

chlorine are nore preferable. Specific exanples

thereof include 10 silicon tetrachloride (SiCl4),

hexanet hyl di sil azane ([ (CH3)3Si]2NH), and

trichloronmethylsilane ((CH2A )3SiH). Further, as the
invéntiegpitng prefirebhgtlggsthevok@idihg Rikihg efeLeMIRUBdarried out

cont ai ni na ni trogen and/or carbon are especially

eﬁeﬁda-tﬂe PTEREUNCOr egoi ng reduci ng gas can be used

Si n%% gr len adm xtgre of t 15 or m)rﬁtg(e9

t her 8o 1€ | IRTEHRANE 4& wgaa 3 lroRetireesre 55 iy reaction
gasl, BdS,s E&?tragﬁ ng 2t Pe}%g nﬁog@hﬁﬁ% ik c'a?b&?tand chlprine is

particularly mte or exarrp m xt'u of "8

prefoabbld. | Sidifie @ﬁa&gﬂ@@ lthdrelﬂ' Nin@luden @nﬁlﬂnbhﬂﬂ QNE&” d’h@ﬂrazme
carbon and, ammoni a can be used. Specifically, as the
(NFih, esbinng! (o b corbammmomnpo(), and Sllasinedid). 20
Ki n unfd sel.ected, fromthe gro ca S|st|n of
OIS R O RS TR &k BPBHle Fllatrbreopoinds,
espéélbﬂgySI iR ézﬂétﬁp@omgﬁ}uﬂflgm Hfgaﬁqce}eag‘f]%ne kind of nitrogen,

al ko ane, an aroxysilane, a SsiI1ane

carbsigandsibiafife aaBdnere PrdanoNe] YSpsdikiarganslps eheFabhi®ilude
and hexanethéld|5|lazane and hexanet hyl di sil oxane are

siligegy ée@fa@bé@m ¢ e{Sighs)| rhexrenprtyddicilasaner d6Hs):61]:NH), and
nt het guart S the present invention, it
trchl 0r8835e§ @Bﬂﬁﬁﬁ % ransparent gl ass body by

fié?ﬂfgﬁefégn%é‘#ﬂ?ﬂfe%r" D Qnding A, oIl E Ly BhanBounds
contaiwerg aftdogdreandarrropirben aué ebpddialdy @&efbr@@l@ C or

hi gher ~and 1,90Q' C or |ower_ preferably under a
r edJB?@dEOpsee@ggrredu@@g] gAY ¢e be vdad singlyprdvexkmiftuge of two

or YR BERA (BRRaEY S BR o YlB: ¢ FovBic ek LGP adsmigyrinds
thef@éf eA0Ed, N8 ﬁ}ﬁéblﬂeﬂﬁmr ﬁq’gﬁgia‘}ﬂcm% Fﬁ%gtte %Iﬁ‘foggxeﬂfple a

oregO|ng Sl a porous IS reac

mixtardofa vokittlaisilidg @ﬁﬁp@lntﬂ@&lﬁlﬂfnéﬂhﬂ?@elﬁiﬂilﬂar 38fbbn and
or |ower and _then carrying out baking at 1,300T or

3m1ﬁP§¥ﬂe¢a@hG upedoOT or lower 5 preferably under a

T SPRBIEaTS; U Ehg doiioid b B OpEeaareast one
kin@ U1 bam@bARa BORYrRY Fi5h Nehed gk SEH LM ARS (0} & HAAne, an

organosilazane, an organohalogen silane, a siloxane, an organosiloxane, an

alkoxysilane, an aroxysilane, a silane, an organosilane, and an organopoly-
silane is preferable; and hexamethyldisilazane and hexamethyldisiloxane
are more preferable.

In the production process of a synthetic quartz glass of .the present
invention, it is possible to obtain a transparent glass bbdy by carrying out
the foregoing reduction treatment at a reaction temperature of 100°C or
higher and 800°C or lower and then carrying out baking at 1,300°C or higher
and 1,900°C or lower preferably under a reduced pressure.

In the production process of a synthetic quartz glass of the present
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fromO0.1 to 3.0 tinmes the nolar nunber of the hydroxyl
group contained in the silica porous body. 10 In the
foregoing reduction treatnmefit, it is possible to
produce a black quartz glass body by using a reducing
carbon- containing gas in a nolar nunber of from2 to
10 tinmes the nolar nunber of the hydroxyl group
. contained in the foregoing silica porous body. In the
Invgnoiductti ismoseddess obfain ssgendified dlapgkaglzs Pods dyofari-hierg out

on 5Bl bt Sy oo sl poun b deacid
. It _ . . . t . H A H

i BT SR HT EEDET L LBt R o

thely dapgeng COtE d4HiAg at mesphereqr Aﬁ;ig%eﬁ" hal ?WQ: rc])?f lower

t he foregoi ng nethod including a hydrogen treat
preférabdy uandenamedated pacssetrbod i n which after the
foregoing 20 reduction treatnment, the heatin

t r et weEnin the freppiag weucHandreyianentdt ks Pewsible tipgduce a

L IVi t baki
e ESAE ) S R GA T A i o
frofh@tl {chs.of ﬂﬁﬁ%oﬁHégmoﬂ‘ﬁahhﬁﬁ)érr(ﬁaﬂﬁeﬂirdﬂ.ﬁd&tsﬁ eg%hgﬁ @8ft4ined in

contai ning atnosphere is carried out”|
thetsshpreparansebodange of from NOT to 1, 300T. 25 As a

secqnd exfané)l e of the foregoing nmethod including a
hyd OFPROARAEREUCHLOR FreatmeayyuHdp Possible Fepraskncers black

' r |ng.re i.on treatnent.i.s carri.ed
qusbfy GlaldiBoll)] IR ' LOILAR MRR ClhntRr B Lat ct mgolar
nugBsr (FofroRX TR €10 tlifed ARBIRILDG YOI 6f Thei BPMroxy] group
conmpounds contai ning nitrogen and/or carbon, annogla,

congmigiediintthedoraguéng siljcagmetony bodgen. 30 As a third
exarﬁleﬁ} of the foregoing nethod_including a hydrogen
8- enBHAuGtitey BI9cese pfl devimitbatis arama@lass ohtlehpresent

: i ' -fre ng. i s carried.oyt,in.a

invpPoA TR RIPLIRLRA Maih 5Bk IR EbC heffY elaBR et B a very

excelléttahigh-tdrapeddiard 01008k ah RAIBAsEE B/ BB inlsSut a heating
carried out I1n the tenperature range of from1, 0000C

treatanantodydergen featment) irha dydmpen -ofntaheifeoutegeipigre.
met hod i pcl udin hydrogen treatnment, there is
enurit &t EHStaeﬁ%{%ﬁ’Z‘ﬂ qfrithﬁh?%'ﬁg?% gathed wehylingbadyydregen
.5 h: a [ as. | hydr n- cont aj ni .
B e T e N R L i
redacdod b}@@aﬂiﬂexﬁﬁ,eaﬂﬂenhefﬂﬁnghQrMﬁﬂ M carried out in a

_hydrogen'containing atmosphere, followed by carrying out a baking

treatment to form a dense glass body. It is preferable that the foregoing
heating treatment in a hydrogen-containing atmosphere is carried out in the
temperature range of from 100°C to 1,300°C.

As a second example of the foregoing method including a hydrogen
treatment, there is enumerated a method in which the foregoing reduction
treatment is carried out in an atmosphere containing the foregoing reducing
gas (for example, the foregoing volatile silicon compounds containing
nitrogen and/or carbon, ammonia, and mixtures thereof) and hydrogen.

As a third example of the foregoing method including a hydrogen
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In this case, it is preferable that the foregoing

reduction treatnment and 10 baking treatnment are

carried out at a reaction tgnperature in the range of

from100'C to 1,900'C. In the production process of a

synthetic quartz glass of the present invention, it

is preferable that after the foregoing reduction

treatment, a heating treatnment (ammonia treatnent) is
tregamentdtlout isnediimbda@ANMRNRthED Thalhidly tAkMSORANS, baking

foll owed by baking to forma dense glass body. It is
treaymenblscarfigd QUi ig hbudiaggnt cordimene dtmasphareronirathis case,

.. containin at posphere is carried out in the . )
it Fonyor dEuFEeT 4G eloBF T PEnb ABmBC RRTReROisCeamie, out in the
tenfidrbuld I BRI AM bOBAL BEAlged-pe Toregoi ng hydr ogen

treatment and the fdyego! ng anmonia treatnent can be
enplAy edfoiupth 2&aeqibidfaficoftreddink @ ERSE iREluAMRY aYhA%ogen
the both treatnments in conbination, the order is not
tregfapents jhara 15 enwnesatedoa tmetipdomewdfich bleensitiop perofis tekly is
rrie out,, or the.both treatnents.nmay be carried
real 4 1 F¥uelia BAE 1 oh by PR o @i TG R SR thorchy

TPV Rt GRS SN AL a ! L -
Carfhsgldrgogen. and {almmarllﬂlﬂg\?ﬂ;%ﬁ{l n@gﬁlgﬁ&?t orgggk{n?laﬂ ag%}&_% sag eopme.
In shisyedseetit ds opuafembié adat ahet RgepbREeBEdudtiHEREd A ey and
further heat treating a dense gl ass body obtained by
baking treajieayt aip mmﬁow ehmesction wrmperaduiaa ithe range of

at er r a pressure exceeding the atnospheric
fro%rlerasbég:}g ﬁﬁﬂ{fﬂ(‘z tenperature range of from 1,200T to

1, 99QT, ' P gt thet rsZod 858
5 R L5 S QUL o
invelener, itsisobtefenslsle fliati sftevithafoeegdingthdiuctibg treatment, a

foregoing reduction treatment is carried out in an
heagingp s hresr eltfont(%ﬂinﬁlil(iffglat hérdadmegdl ngsvotatried sidti cam  an

T
| | - - 7500C .
il RSBS00 by PSR o AR

atmaspheleiseattied, outha tHens@pauainirs rahas 1 besly 100sCheat300°C.
treated in an inert gas atnosphere under a pressure of

fromlee, pHeessuthe e jomg trhetmenbs pier i bregasgurlydrogen

- meatfiRontll B, Fhe O caRanes rorhaeay Ure aypakred in

com®Bi 8850R00W Ghe A& Bf &3 Mying the both treatments in combination,

~ the order is not particularly limited, but any one of them may be first carried

out, or the both treatments may be carried out at the same time, that is, a
heating treatment may be carried out in an atmosphere containing hydrogen
and ammonia. |

In the production process of a synthetic quartz glass of the present

~invention, by further heat treating a dense glass body obtained by the

foregoing baking treatment in a non-oxidative atmosphere under a pressure

exceeding the atmospheric pressure in the temperature range of from

1,200°C to 1,900°C, a highly heat resistant synthetic quartz glass which is

free from the generation of bubbles and is dense is obtained. It is suitable
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10 invention is a quartz glass body produced by the

production process of a synthetic quartz glass of the

present invention. A secondgenbodi nent of the

synthetic quartz glass body of the present invention

is a highly heat resistant synthetic quartz glass body

which is characterized by having an absorption

coefficient at 245 nmof 0.05 15 em1 or nore and
thapailienfpregerd spdecnoereathent; i. aartiedgent in an atmosphere

oncentration and a chJor| e concentration to be

Cong%lﬁﬁl%% n@tﬁ PTEgPLBB 0V Ao r sibisen Comﬁgbaét W@ﬂa}nl% mtrogen

and/ {)}1 Eﬁb%m%déﬁrg 0L a&ﬁoﬁ Iﬂeem P&ﬁeé 826 e ar Q) S@ 8@6% Sbaklng

present I nven atr

is th@ﬂ)ﬁa@fl@duﬁﬁ:datbﬂrohi‘q SUOD@JEH E%O°@Oulﬁ’&&‘:§§%dﬁr:e(?p ressure to

synthetic quartz gl ass of the present inventio
formsa dhmsaqtierizzgld sbpolipvind therddftagehe dence Iqhaatzl glast Gody
. e contaiped of 100 ppm or |ess and a carbon
is Refcbieted ilBnaRolnsat s atmesrkgrel @ndepm direpesrs. of from a
f ' nspa uartz Ia S of the, .
prebolfe SRR IhETAREL TRl Sebforger e APTRSgdwem? in the

tenﬁ@@@ﬁﬁ%r@&ﬂg@qumntlhgowﬁpm ggascconcentratl on to be
contai ned at 50 ppmor less, and nore preferably 20

ppnu“oflri*pfe@sbodﬂs@ntof thed yyn&elhlcgma/rth edtss eedys bhtie present
nt hetic rtz gl ass_body, which is free fromthe
IHV%%%%? dbidl F—'%@i!)%‘-is O%Sh@ra@‘é%ednbﬁf ther prodwiiians pirpcasstof a

synPMtYe gﬁgrﬁ'@%ggbfﬁ{e }Eﬁggnp% and the flame heating

processi ng Starhed. th s case, in order

to @ORbEG tehﬁb@dﬁ%ﬁts Pfth%e§yﬁﬁ}@t1cn'q§llﬁ99&e%l§& #Bdy of the

carbon at 50 ppmor |ess, respectivel
Pl’e$€l‘1}$on§‘@mt1drha$ a Meghiyl aeafl Gesituibie synthdthe duaregglag body

red ot th trolled at fromO.1 to
whih G Chialerigd P sha Y 2 b1orpRENCIIeghaps b guki Hadr 0.05
4 n.t I [ d A fourth
o B ahrrenr S Che” e hffon ARG B0 20 Bt sonqapgration
and5 aprcdd@iihe | Mﬁﬁhltﬂitldrﬁ @ MeaGknfHAEAZ 08! BEBO0BOHYmM or less,

produced by the production -process of a synthe I C
resppgdively. gl ass of the present invention, which is

Contuitigue éi%@i%«egg%%”%@?ﬁé%egﬁpﬂq%%&%éﬁi%? of ései’ﬁresent
bS8 PG TR BB M oo
prodeds 060 apRFthdtid SqudWLr §1aRk éfn%ﬁe | PrdsBRt invention, which is
characterized by having a nitrogen concentration to be contained of 100 pPpm
or less and a carbon concentration to be contained of 100 ppm or less.

In the foregoing transparent quartz glass body of the present
invention, by controlling the nitrogen concentration and the carbon
concentration to be contained at 50 ppm or less, and more preferably 20 ppm
or less, respectively, a highly heat resistant synthetic quartz glass body
which is free from the generation of bubbles and does not form bubbles in not
only the electrical heating step and the flame heating processing step is
obtained. In this case, in order to control the amounts of residual nitrogen

and carbon at 50 ppm or less, respectively, it is important that the molar
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foregoi ng reduction treatnent, a carbon-contai ni ng
gas, preferably a carbon-containing volatile silicon
conpound is used as the redugi hg gas, and the nolar
nunber of the subject carbon -containing gas to be
thromn is controlled at from2 to 10 tines the nol ar
nunmber of the OH group in the 15 silica porous body.
In this way, sufficient carbon renains, whereby an
nemibier ef vhaifurt goimghledakimpugdd to 18 As®wai dRiteslial ai fom 0.1 to
baked. By using it, black quartz glass bl ocks,
3.@yimae he molpanuanbkarpiithidd upigatsmed iashefardgning silica
boatsﬁ re produced. These quartz gl ass nmenbers have
PHCGR Pﬁ?rared absorption rate and 20 enission rate,
form i r Al I SQt . ' n re
xt e oL B Eh R B, B0 SEhMR ¢ MRl A5 Yy of the
presebnc aversier $s anblacReyhd e glddssBody Hro@€csP B @k production
obtai ning a quartz glass body having a desired shape
PY9Gesfp (08 # gSﬁrﬂﬁh§tMa@JﬁlﬁB&Ze gilads, of tthies psesdreblievdritadn,t wdich is

' ' i.ed out by electrical It )
Rk eR AR Sring € G e aehbriifi b somEneb e ding
10 pﬁ'o@%wgﬂd@}ﬁr&%@ with a flame gas, thereby
¥

I '’Kel'y causi ng e generation of bubbles. On the

ot herInhanldr tagroddiag ratv elfetinl %'v_iﬁ? htcarb8RlcbRGntration in
since heat transfer by infrared radiation is the nain

theurawar of yomedpoppag tanl(.ABPt pyas ibrisaimporiamt that in the
RS Gy BT 5 b Sy «
ca]?b&i‘f%ilﬁéﬁhlﬂ?%lagﬁe Eﬂ%h%xwgg{}lﬁ% gé }1&% ROBhe Q?%%édggggﬁ’ and

urnaces, ohm c-resistance ur naces,

thheatolag nfumbec e$, thandubjeet | dakboicenTRiY s & 2. thfbwn is
producing a quartz jig, for exanple, a nenber having a

copbipdterlcalt E9ms Hape 19 tdmeashe molar weinhgr tdfeheodEhgrow in the
: K tz gl bod T terial, it i

S B T8RN R L e Sy an
erPes i bR ket 28 o dupAtba (2R CRY Bing it

blsdofeattizigasdiblobks agdinterb)| pakeuad t8b& 258 ji%%cﬁfas quartz
the present invention to grinding processing by '
boatg trnprastcetihe bl ack portion thereof and then

Gae. s et LBl ne BRErL B3 MR (ARG TEY Wsbuttion gaig and
enfikiol 10 GEEABM oRfird 196, SYD &l e AHA] %%glg*]g%zd ggegéxﬁgmely

the present inventioh is a dense quar
supbthufredheyhdadim ptredunknobf pilReaspafels andshatiigs.i c

quartz glass of the present invention, which is

char déb@rinzhp case of obtaining a quartz glass body having a desired
shape by molding this raw material, it is suitable that the heating means is
carried out by electrical melt heating. According to flame heat melting,
carbon in the black portion reacts with a flame gas, thereby likely causing
the generation of bubbles. On the other hand, according to electrical melt
heating, since heat transfer by infrared radiation is the main current, by
employing an inert gas or a vacuum atmosphere, it is possible to prevent the

reaction with the gas from occurring. In the foregoing electrical melt

heating, general carbon heating furnaces, ohmic-resistance heating furnaces,



10

15

20

25

30

that the subject quartz glass body has a transparent
portion having a nitrogen concentration and a carbon
concentration of 50 ppmor |g$s, 15 respectively in
its surface site and has a bl ack portion having a
carbon concentration in the range of from 100 to
10,000 ppmin its inside. The foregoi ng reduction
treatnment is a treatnent in which a hydroxyl group
indwrtiaal heatgngifiineceponndshodike e arephiyved. wi th a
carbogﬂconlainiﬁg. as, preferably a carbon -containing. '
vol at 1 s PESHISBE b iithe By fon sexaguplee & apgmber having a
[ i [ | ar. pumber f from2 to
ORGP AN 408 ols R fle RYERSe PTart %R e boay
as bl e tmatihidlC @ ROpRUS NG hat b pértra%%%%&ogf’ b&f%ﬁ’ﬂ&ﬁlg (for
a quartz glass body having a black portion having a
exampdn NOmrendingtirahGiChgtihdingrgel afsehilsdod 10@ort® a final shape.

C%)O,OOO ppE1in its,inside with ease. It is possible to
BETR Y e Onba tepsr dntutpesting the forpgoing blagks aewrti relassabody of

TR BHEH AL IIER S0 BV rPb Hrb MMl by RHbRe Bns {BE SR bortion
thakbhgnl hBeAURUMbIINSSre RAGY, aQMHdA i ﬁf’&:e@éi&h&ﬁ%@ a gas is

c%linders, | ates and tubes and jigs such as
npoemploxda, ¢heraby prepduseda fimeanbar. quart z gl ass body

havi n 30 transpare portjon having a nitrogen
conc tf?fébieé%b%ﬁaleéltcﬂéf%rﬁmfbeﬂe siveeta ekass hwdgfofshe present
: [ Lh 1ts;surface site urface
R B L5 e ARER MELYRLAL Lo TR B e S I s of
a RGWEtRE @ qRakhA Blass VIGRBLY RLL AN kb Atheh eRRe Rf ?ﬁzﬁ'%%erized in.
100 to 10,000 ppmin its inside, are a uniforny
thaif the evitabgonbany ghesebody chdrave teahgRASAANRITtion having a
| om-carbon 5 portion as a non-reactive portion in the

NUEPESTe COpERRTIERIONh 8NEoR. CarlaTef@nesntraiop eAnbheppm or less,
i d: | heat | i d b
LG SN SR RS0 AR AR B o

cqueenessioigid thet4mnadt frym 100 t€0/000S8phaAniitd dkide.
enmbodi ments of the synthetic quartz glass body of the
pr esehbe| faregeingn rethetior treatynendnient rathttnetd ie which a
hg$ntained is 10 preferaply 30 ppmor |ess, and nore
PHEOFE aFfTQURTFORBMUARE | c8HCA A ROIQUH hsydi Mentreatteflhewith a
o r al f the present. inveption ...
ce0h b ot b PRI (3t ByPiRRE iR rPRIS silicon
cOMi PEESS, OByals_iﬁ% thBehibfe @UBbén YbABANY ¢ LRE iRTLHRNMLr number
i nvention, which is characterized in
of from 2 to 10 times the molar number of the hydroxyl group in the subject

silica porous body, it is possible to produce a quartz glass body having a black
portion having a carbon concentration in the range of from 100 to 10,000

ppm in its inside with-ease. It is possible to form the transparent portion of

- the surface into a desired thickness by adjusting the degree.of vacuum of the

atmosphere and the treatment time in the step of baking the porous glass
body.

Quartz glass blocks, cylinders, plates and tubes and jigs such as
quartz boats, which are produced from a quartz glass body having a

transparent portion having a nitrogen concentration and a carbon
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that the subject quartz glass body has a portion
havi ng an OH group 15 concentration of 10 ppm or | ess
inits surface site (surfacejshickness: froml mmto
20 mm and a portion having an OH group concentration
in the range of from 10 ppmto 300 ppmin its inside.
In the foregoing sixth enbodi nent of the synthetic
quartz gl ass body, the foregoing reduction treatnent
coreattatéat En30 ippiahorc e, pdpootyvely 2 @fObBrface site (surface
-containing silica porous body is reacted wwth a
thigkness' elrem jlc smmc bomFdl mme o di millgek ardrtionahdiorg a carbon

nitr n _and .cont ai ni ng.a hal n_ elenment, preferahly
e iR ot HRor Risheo” S D" RasguR epeihrice ade) ere a
GEPEAN At [ 0 1 ng r Sj ' )
BRI A0 bR OERARIN N AL 4 s Frent Towcarbon
pprtefrenalkl rot rahictivie pbeti@g oh MHe SuifReH oIt RSe®. Therefore,

ni trogen 25 concentrati on of 50 ppmor less and/or a
thesr grsh beonitipttedttioorsustl homp dmasimg peecessing ahé become a raw

TP WP e Sl rich i Pascascrperanstions iy
0.1ty hdald &H%n@@#cﬁ&eﬂw@%ﬁe %&%aﬂbgtbép%gésﬁ)é%ss body of

group contained in the foregorng Si

tiz0 proserex anpéietion,n theeOFRSEoWpecentdiBriQ6£9Q) & contained is
reduci ngogas is_a 13- hal ogen el enent- contai ning

pRedeuably sOhmm sgress mpdumere phefesablyallbppint e kst he

dense tz glass bo obt ai ned by baki has a

hal og%%ye e‘?‘%ﬁ? m&%rhtc(gﬁ\gtl}%gagﬁn&ﬁew (1%’/‘1@6% ﬁg‘%stb8§g,0éébe present
inReAtiBRAC r | bn)
RBRcoR 4.0 U PESTGLIR B (12 BB i e o
symshegoi quprdz wiihed of ehsipresont ¢covmeing Rasceerharacterized in

thoroughly diffused into the inside of the silica
WL dnertreskessobedys hest at horidoyhhaviagheeved group

;
cofPb I BHPHER) pohite e M el BB R0 2P o 1
. t i t

80285 B 0P TR LI O LS, oA S U e
of foomekeppal tcb2O®ppraithitghhyidbunctional quartz jig

having an extrenely high effect for preventing

di f f U fgw foregaingiskethi embediméntorh thecumthege qBaref glass body,

Pt f the Draw .. Fi | i fl t

SRR o8 BT o kSt b HHERTS pyarons
ere B dniBRink Nsfilkg %ﬁg%%tlﬁcﬂﬂz RE0GESSGRl wAtSY R B6klifie silicon

gquartz gl ass body of

compound containing carbon and/or nitrogen and containing a halogen

element, preferably trichloromethylsilane, and the halogen element
concentration in the foregoing surface site is preferably from 100 to 5,000
ppm. Also, it is preferable that the foregoing surface site has a nitrogen
concentration of 50 ppm or less and/or a carbon concentration of 50 ppm or
less. |

In the foregoing reduction treatment, it is suitable to use the
foregoing reducing gas in a molar number of from 0.1 to 3.0 times the molar
number of the hydroxyl group contained in the foregoing silica porous body.

For example, in the case where the foregoing reducing gas is a
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present invention. Fig. 2 is a flow chart show ng an
outline of the procedures of the second enbodi nent in
t he production process of a-ggnthetic quartz gl ass
body of the present invention. 20 Fig. 3 is a flow
chart showi ng an outline of the procedures of the
third enbodinment in the production process of a
{nthetlc quartz gl ass body of the present invention.
hpjogenselpmeatidoniniviag voktidwisgeamcanpbing, dfe sirdace site of the
ocedur S fou th e %dlnent in the production

dE%ece%a f %%%?ni'ﬂé% EPtURrtz DY Aekimdalyas 28 balogre element

Ej fl t sh
AT PRAT AR D 5O i e
phReoPIGRUCtAtOthiPaEESwheh ﬁlesi’é}:{ctﬂﬁ)tn' s &H?ercf E?@k@%ﬁ% fort'egoing

body of the present invention. I's a
velagile stlicom oupoumed &nhstl:leenpﬂme&dgﬂﬂ@&h@fhsb@ éntd Wdinsdde of the

nbodi nent t producti on Erocess of a synthetic _
i voropratedioly Biacthe 1980l ghesamhy nierh n A, subject
|at hi t th
A5 TPLEY RO B 0o bak! RERHETRG Cebdy 1

ExanmpPeged -aind Quﬂ»e@,arﬂdn%l\g@'éﬂ&haas RoA%E tH?)@'t& zﬂétlléf'%f the thus
(log il) of the viscosity is plotted agal nst

Ob@gmdtmmrm gtdss badabsonpgian QHI’GT%]M(;@I antits Pmﬂe Modehe raw
| t E t
ol SriGT e £ ieh e Sun oAk TH g | dus erbsaaely high
d but
oW %i‘ﬁ‘%&%ﬁﬁ%ﬁ%};%ﬁ%ﬁe%ﬁéﬁi"g%ﬁrﬁﬁ% Egtifgen ™

Needl ess to say, various nodifications can be made
herei n unl ess the technical thought of the present
Brigl &tescoptios ofdbeiDusedingBl g. | is a flow chart show ng
an ou the procedures of the first enbodi nent
inth Igpﬂd&?cﬂ%’r? bebewing ag wyhnpefithe @nmetdzlrgas afthe first

eﬂﬁg&rﬂgmf ﬂ?thelé oQﬁlec%lﬁ)p yp o@(\-,( N4 9 g]l;xgiettl g/ﬁ??r}jféa glass bty of the

1, a dens Pesi

-pmsant memss . body can be obt ai ned by preparing a

silica porous body, preferably a hydroxyl group
- contBighihiés @i flowaciportotlsovbiogy at stwfink06) the procedures of the

second embodiment in the production process of a synthetic quartz glass
body of the present invention.

Fig. 3 is a flow chart showing an outline of the procedures of the third
embodiment in the production process of a synthetic quartz glass body of the
present invention. '

Fig. 4 is a flow chart showing an outline of the procedures of the
fourth embodiment in the production process of a synthetic quartz glass body
of the present invention.

Fig. 5 is a flow chart showing an outline of the procedures of the fifth
embodiment in the production process of a syntheti'c quartz glass body of the
present invention. |

Fig. 6 is a flow chart showing an outline of the procedures of the sixth

embodiment in the production process of a synthetic quartz glass body of the
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carrying out a reduction treatnent (step 102); and
then carrying out a baking treatnent (step 106). 20
As the foregoing silica porou4-body, a porous body
obtained by flame hydrolysis of a silicon halide and
a porous body obtained by a sol-gel process can be
used. Prior to subjecting the foregoing silica porous
body to a reduction treatnment (step 102), it is
P#ﬁ@ﬂ@ﬂ@mﬂnﬁwmnu the subject silica porous body is 25
prehe dgln are resgure at.nosphere in the

vicin f%/ iS5 herg pwﬁng th ﬁp‘&l%‘ﬂ%@“—lpﬂ’@“f%ﬁe&ﬁ afsorption
cdebehi ot ﬁi@\%ﬂ é d kﬁ‘e T in ihCik odé hM t89- ,tlé]dw%lch a

treatnment 1In I ca” porous y'is Tea
ldgarithetio valudilgh n)tdfﬁm@ R@éd@béﬁ§ 1@31&@&1 aahimta 13a¥heDof the
the silica porous body is reacted with a 30 reducing
bwpitwnamve igid8bher e contai ni ng the subj ect gas is '

sui table. The 15- foregoing step 102 is preferably

kept in the tenperature range of from 1001C to

- Bdst3OR S fo R0 RS (ﬁ{ueglgé i nu?(%) C or higher and

1, 0000C or | over €s or nore. As the

f or egBnit@ die@ducs ig: (ﬂaﬁymg&ﬂiﬁh@@r@é’&ﬁ:sln%ﬁh@h'%l'ﬂpbe described
carbon, 5 nitrogen, chlorine, etc. are preferably

b@ﬁWﬁ@ﬂﬂ@ eltﬂifelg?a@%st%@]m amomg:ajmmmg)ghlawmgsi,/ but cdebdbustrated
aregeo referﬁlbli/y Hurreraéﬁe and vol atile silican
Gnde &58h o SHPPPogdieedlento o saFbyariene modifications
f f.0 n
Ca?s‘éﬁ%é‘&% HPB PR S Yo FORHTRLAL Bftuath df 3o gficGERk Bhention is
dexoatead.ni ng ni trogen and/ or carbon as the reactl on gas,
an Si-N bqnd or an Si-Cbond is forned at the tinme of
reactiign ! lﬁraeﬂ@wh@mhah@whg theoutlincofichy pr@fedmes of the first

S bod) fter densification, Incidentally, in
Iﬂhg R %m(ﬂwrﬂﬁﬁ RTaceYy ¢ ﬁy%}%mrég gﬂenv‘es body of the

preSaft hl‘i"iz;brgﬁ'&l aAEXﬂ{l%éltecg ru? %gf Gont %rrfslzen 15%13712}%3’5 Rpsistant

porous I's preparé ot €goi NG’ s

sya:lthelnt: q@fartmglaw bbiidcaxWe ditaud By @eﬁ%ﬁ'ﬂﬁ?'&rﬁﬁcd ﬁofdiﬁs body,
ing silica _porous body is sufficiently fromb5

Plieg‘!rﬁ 02 p pflropsyd B‘mlt{gomm@unm&talhea spbiazen b@dypéswe;j 100);
oA 24%{1? S5 Ranphea (Hebedp2ingrgalien carsing’out o
baking treatment (step 106).

As the foregoing silica porous body, a porous body obtained by flame
hydrolysis of a silicon halide and a porous body obtained by a sol-gel process
can be used.

Prior to subjecting the foregoing silica porous body to a reduction
treatment (step 102), it is preferable that the subject silica porous body is
preheated in a reduced pressure atmosphere in the vicinity of the reaction
temperature.

The foregoing reduction treatmeni: 1s not particularly limited, but a
treatment in which the silica porous body is reacted in vacuo at high
temperatures or a treatment in which the silica porous body is reacted with a

reducing gas in an atmosphere containing the subject gas is suitable. The
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silicon conpounds containing an Si-N bond, such as

sil azanes and 20 organosil azanes; silicon conpounds

contai ning an Si-0O bond, sueh5as sil oxanes,

or ganosi | oxanes, al koxysi |l anes, and aroxysi | anes;

sil anes; organo- hal ogen sil anes; organosil anes;

or ganopol ysi |l anes; and silicone conpounds.

Organosi | azanes such as hexanet hyl di si |l azane and
fregainsssienxdiiels wetirably kepkanthdidmpsidtoxanenge of frone100°C

-able.. Especiglly, a reaction with an 25
18 R B PRl aer Rerterab In S OGRE ay Pigher IARahOOnEC or lower for 80
Hgﬁhg@@bleng%‘ause it nostly easily constitutes an Si-N
on

and 1s effective for increasing the viscosity.
Speci Aisctlexdrrlgsn®frcligineobat i k&edgdihk-C 0
whi ch is used igﬁ t%:e pr es\éé‘r)]flg i nvent ilo% %bgﬁugﬁe}ﬁuﬂﬁng carbon,
ngfirpgerarddoriner etexarppefeditdy lcazanersaed; gdses sohedane) nitrogen
orgﬁnosi azanes (for exaﬁglg hexamet hyl di si | azane, .
aBHOL CREPHY | BFSi FFandrelrtRblhetimeraipdneand  volatile silicon

. " . yLsi)az 16
e TR T, e eopgeially preforably
encinzpetdiy| cycl ot etrasi |l azane,

hexaet hyl cycl otri sil azane,

oct aelmyihey fonsgeingstérazile, bunasing a volatile silicon compound

hetxa henyl es/el otri,silazane), arganohal ogen silanes (fo
contg |lé1’t1' gquapgfqriqﬁg‘ CIES P aeaction gas, an Si-N bond or an

' ' . £Q hyl.si | ape, .5 ) .

Sp oot SR T 4L B G F LTSy By 6B 8ncitg the viscosity
ofiretid gl aiC bbéy adftdrafensiPbetivh: ThéiAPheN1BS I halR case of using a

di phenyl di chl or osi | ane, .
velatile soiespr epypponnd Mot irbaotion gas, a hydroxyl group-containing

i?egt adeca&l Hor.odecﬁ@% ri chl.orgsilane, and

SIICR HOB0YS BRHY AR PEPRMES & The lfereane sepn Afb) Arjamesn of the

9&&%@. gapnopce i S | ;- .
haceto}<y $%?)2gt yI%?ﬁéﬁgf?qﬁeFé%ﬁ%?%ﬁ@ﬂgcg%?aspPgﬂggbody 18
syffiofergksafihe 50010300 ppsh. di silane, 10 and trisilane),

(et hoxgcar bonyl net hyl )tri net hyl sil ane, organosil anes

(f or Thadpptasingrsobtilsi sitinen coetpanet hyhtsiihanepitrogen and/or

| sil ane,

tri et hyl Lsilane, allyltyigeth
cafPiie iy IR6F) BREICHar v alimged | Eretereed cvitymelopatiereghdnelude

siliedk aﬁ&ﬁ%}ﬂg}ﬁ% agﬁ%?aiﬁﬁrggéeﬁ?gﬁ-ﬁ ngpﬁa, ($@h ea{(sanaiffz'anes and

hexamet hyl di si | I si'T"afe,
ortgexapil ol skilieoe, cdsxgpaﬁﬁa@yb&ita&ﬁﬁfge,arﬁ@QS bond, such as
.oct aphenyl cycl otetrasilane), organosilanols (for
Sl@@m@ﬁe?rﬁaiﬁoﬁﬂt)h@m@, ledk@iysilangs dived ybxydikmed! silanes; organo-

RO SR A e

OBYENRUTaZARES ¥l:8h bank: st i
'?%t hoxyg ar bonyl mgt hyl atn%eith %dﬁys/lllasllzﬁl%en%fld organosiloxanes such as

- haxambits disilort hy l-g| mbragetRrhbR,. Bipeexanes fd%ion with an

exanpl e, disiloxane and trisil oxane), organosil oxanes
orgpgpsilazane such as hexamethyldisilazane is suitable because it mostly

easily constitutes an Si-N bond and is effective for increasing the viscosity.

Specific examples of the volatile silicon compound which is used in
the present invention include silazanes (for example, disilazane and
trisilazane),  organosilazanes (for example, hexamethyldisilazane,

hexaethyldisilazane, hexaphenylsilazane, triethylsilazane, tripropylsilazane,
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20 exanpl e, hexanet hyl di si |l oxane, hexaet hyl di si | oxane,
hexapr opyl di si | oxane, hexaphenyl di si | oxane,
octanet hyl tri sil oxane, decamgghyl tetrasil oxane,
dodecanet hyl pent asi | oxane, hexanet hyl cycl otri si |l oxane,
oct anmet hyl - cycl otetrasi | oxane,
hexaphenyl eyel ot ri si | oxane,
oct aphenyl cycl otetrasi | oxane, and
tophemelistiybsine,rlod:-Lubd heidaditrdiRRahe, attheethiyl FoRserbllazane,
exiggge, 25 tetranet hoxysil ane, _
hexaqtiowelatsistarant.ane,  di mstaebhydivelathizasilhaaee, and

net hoxytri met hyl sil ape, trinmet hoxyphenylsil ane
ha%%&%%%qgﬂé%%@ﬁﬁ ne,°F i*&gq%&xys%@l%%ﬁ (for  example,
j ; ilan L ek i | sil .
USROG | e RALIRLTY ) LR pomettylstane
btamhoetmexiyyleiyhs) liadetrimethysliany hexytisiliab@orosilane, phenyl-

trimet hoxydecyl silane, triethoxydecylsilane, trifluoro
trgdllﬁrqﬁ;]}aqer, i mdmﬂ&@h@roaﬁ@ne, trifluoropropyltrichlorosilane,

h d i £l ltri h L , A7- . .
D B b PR EIERE, S e g hniaRpdilsesplsiliconTV)
bRIAARYS IS RARE alBAXY! '&gﬁﬁbgﬁet&(%éﬂa%a%n@o?’ example, acetoxytri-
trimethyl'si Iyl propioni'¢ aci d an

- methylstlapksi mptdmitivici scidcisdhneor(@anesimanet RioabSii4AQr disilane,

exampl e, tri- nethylsilanethiql), organosilicon
and o b5 aikeRes Qeﬁb@xmahmsquthwf?ﬂlmﬂtbmﬂ@m sorganosilanes (for
' anat t.riphenylsilic | spcyanat e). .
e%a?%%e(jsi I ?%egﬁn%g’}sé{ﬁ% oc.zg%tg?g’se%ﬂﬂ%]l%%x arrpﬁ)éf.,nefhylpr(’p?lalane’
az_flﬂtﬁ%émwﬂdﬂé?ndiﬁ@ﬂ@l%@?&@tﬁ@%}ﬂ&%ﬂéﬁ lt%ib&%lsﬂ&hé, and
i sot hi ocyanat e), organosilthianes or exanpl e,

tettexainetyilanes) | tiganpobndlanes (for example, hexamethyldisilane,
tetranet hyl cycl odi si |l thiane), and organosi | met hyl enes
hexapthyldigdere,  hbseanzopyldipdanert hyheraplanyldisilane, = and

odf bR GhbEc T S abanTeroly) YonrTEsniithae orailanol
A8 CWRSYIIRAR SIS UBBHEAN1(HI 5l SEEROL N AHBR silane,

102, it 1§ preferable t the reaction 1's car
tromethyl(aenhylebioyatamt, nospldeteneehplsilsney aycabirspiesieilane,
contai njng the oregoi ng volatile silicon conmpound

f
(e egrhomdmethybgdmeathuldleae, 15 NPrbis(eonpthsilbidn agetamide,
. f ' ting..t t L. th body .. i
B SOE L, DSGEAE PO TR e o
exdiBple, Aaka@cth§HHSI16%h n &) Ase B IRSIRING [Boan! Sgﬁeéhﬁlf%{}ﬁ%igﬂoxane,

- tenperature range of from1,300°Cto 1,

heraphteeyldisilopare, ansttsmefkerktedilbpage,bakdagnidtdgaiteerisiloxane,
tep t her eby obtaining a dense quartz gl ass

a4 9?39%856%%?5%5%9@9, car hgkagedhyley tletrisibgrarp0  andctameethyl-
C}%io%emja%%oixgné,hﬁexsa%l}l%nylcyclotrisiloxane, octaphenylcyclotetrasiloxane,
and octamethylspirol5.5]pentasiloxane), alkoxysilanes (for example,
tetramethoxysilane, trimethoxymethylsilane, dimethoxydimethylsilane,
methoxytrimethylsilane, trimethoxyphenylsilane, dimethoxydiphenylsilane,

tetraethoxysilane, triethoxymethylsilane, diethoxydimethylsilane, triethoxy-

. phenylsilane, diethoxydiphenylsilane, trimethoxyhexylsilane,

triethoxyhexylsilane, trimethoxydecylsilane, triethoxydecylsilane, trifluoro-

propyltrimethoxysilane, and  heptadecatrifluorodecyltrimethoxysilane),
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manners as descri bed previously, by carrying out a

vapor phase reaction in an anmonia -containing

at nosphere (step 103) and themn.carrying out a baking
treatnment (step 106), it is possible to obtain a

dense, highly heat resistant synthetic quartz gl ass

body. 25 In the step 102, it is preferred to use a

vol atile silicon conpound containing nitrogen and/ or
acyphysilarest he redfdn on gaseddosl, se t hetgasehphenoxysilane),
described previously. Incidentally, according to this
opgeapsdeseenrbasylic acrly Hor espappleozrimathyksilydpropionic acid and
necessary..to further .add ammoni.a to, an atnpsphere _
tlﬁB’r‘?ﬁﬁYﬁ?%bb‘%tﬁémf oraéa@sng QF 8L Sél%mqq%on Snpsaaple,  tri-

] 90 I - t the . reacti 1

iyl 0 OSSN 1< SALLY (81 SRR ytsiticon
isotBanatel ahtl eriphéhgellieanp@épsnand, InBPNRicdd ibSthiocyanates
fpreferable that the foregoing step 103 is kept in the
(tpenpepmnlee trimmgbybilitromisobicynoale 360dC pbeng@ilicon  tri-
.maoutes orsmore. Also, in Fig. 1, ile the e .of .
QPR sl St s ulanieS or sxgialp hexpueshs o thinge and
ttPem e BRFILYIRGisPlth; bakig i 1089, h
been_eﬂ?és%ri blesg[, 1t e?’st ?&dfoz“tr gﬁgb eggﬁé%ﬁ%%G%rr%ry %%ample,
hezamitiy]disiiméthylens ame btt@aethlytridibnegstenbler T €oregoing
foregoing two steps are carried out at the sane tine,
velptide stligonycompound they dree psdd Ginglyt dreirs aombiemnens af two or

descri be reviously, the reduction treatnent and the
mﬁ’ﬁﬁﬁ{ﬁﬁ&t ﬁé‘%@ﬂgnt are carried out at a 10 reaction

t enperaig 680 HY: | t ! i

thereby for %g%gs%gﬁgogj glﬁgbgér%&e %gt qﬁlﬁl??%&w Is carried
owbimimnetixby dareafnnogpledrcoforpPCAES a@f atnsyidIet édhtaining the

guart z g[;I ass of the present invention is a synthetic
fogpgeing vplatle sikheow rempsnng havingemmonin afded bhegeto.

hat  BitekGuRletthh B th SrERs it Gha e magg thy borous body
is,]tlﬂaﬁsi%hé'&)féﬁo %treaug&g 'gf%ssu\f‘@?ﬁ;ﬁmégh?% %ﬂqgﬁ&nélﬁ%{a%te&%ﬁucmg

is inmproved and has en confirne ave a

gahatmpsplosreb &gt in thbeenwiyaheng fai@gbdfrodd 12800AC 24H3,900°C

nm (5.0 eV) in the neasurenment of a transmttance in
fox 3@ mingiies| at mozgi end sebjetiedntd @ bEkampbestmentt step 106),
thle' 6, as, descri bed% | at er gndl Fig. .7, it has been

SIRPY PREH e d555¢ QUAEY & agsg’Bth i ve correl ation

bet wegno! B eRRSQH-Phiz0fuC Rl k& | €

regi on 8f at?out 2@5 grm aﬂgg %‘h@ Spgcéolgq %@g S\tléﬁ\g%?h%gme same
maymiche tis described previously, by carrying out a vapor phase reaction in
an ammonia-containing atmosphere (step 103) and then carrying out a
baking treatment (step 106), it is possible to obtain a dense, highly heat
resistant synthetic quartz glass body.

In the step 102, it is preferred to use a volatile silicon compound

- containing nitrogen and/or carbon as the reaction gas likewise the case as

described previously. Incidentally, according to this progress of work, in the
step 102, it 1s not necessary to further add ammonia to an atmosphere
containing the foregoing volatile silicon compound, but it is also possible to

carry out the reaction in a mixed gas atmosphere containing the foregoing
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quartz gl ass body of the present invention exhibited a

viscosity of 11.7 or nore at 1,280 Cin terns of |og

Tj = 11.7 or nore, a value ofgthe absorption

coefficient was 0.05 cm1 or nore. The absorption

coefficient k at 245 nm25 (5.0 eV) is a val ue

determ ned according to the foll ow ng expression (1),

which is said to be caused due to an Si-Si bond as an
valryide il oehicongruand anfl kenmouast z glass. T = e-kd . .

30 _1?1 [In the fore%oin expression (1), T represents

an 1 nttap papferphblestaatitanderesning st HpF tskentdinghe temperature

. i+ ; ; i
e TSR A B ERODOG e RO HRiie PRERRT ™ s bonded
to 0 Alsot heFaslar th Qb gﬁ@ f_}%@bff ce@ri\;ﬁfgﬁ&l% ddb¥tiSh t+8Sment

£
5 Si-Si bond is forned. wever, a reduci ng
(sttedRl andctheascaniryimgyent tharhading apehishdiar (step NOGRIKAS been
in an _anpunt exceeding a certain value wthout being
dessrehed; the wepkky %dvéﬁe GEPTO 06 Freayhe swied ouhat theesame time.

e A

- afieF PARyERN ‘éﬁf‘ttﬁé“s?:éiﬁ 10@']H| thiesaahé %éﬁﬁef&%@@é@rﬂ?&d gfbargiously,

at 10 certain values or |ess, respective Accor
theo redvectior dgedtmgernpr addc thorbaking eigsathehheirpr eseidd out at a
invention, it is possible to produce the highly heat

t
reagkiogt Eﬁmpgllsﬂﬁvﬁ@tqfc 103 tor haghers anddy, WO Cher plossanthereby
foEﬁl‘{thi 3%, 0, 2R, absor ption coefficient at 245 nm ‘
of O

chr B or nore and havi ng a carbon

concenhé Al olstathéd 8gethelPrFRREBASAEL QY LAR ngﬂthetic quartz
chlorine concentration to be contained of 10,000 ppm

glass of tlss presespeovéniaby is Theynthege quartogleestthatvissosity at the
.the éore oi ng synthetic quartz glass body is

tipreepler ApEY tempspRt e ofcxbichanerenses toran eaupl Jeved toghat of a

| . h ducti f '
nfurbP St iy RREUE IR 2357 PR aliner i 280°EL arpprsby the
h&dft aBsigtdndi rRENinpidved hexamathybdh sidAzan&d to haﬁfg a large

[(CH3)3Si] 2NH as the reducing gas to be used as t
alyspaptipnrbayab imithe waveldegihr rbgdni of aledwti 245 Fm sB.0&V) in the
all, tet rac?l orosilane is hydrol yzed to accumnul ate .
megagurement, gt a transmittance in an ultraviolet region. As shown in
Examples 1-1 to 1-6 as described later and Flg 7, 1t has been confirmed that
there is a positi_ve correlation between the absorption coefficient in the
wavelength region of about 245 nm and the viscosity. When the synthetic
quartz glass body of the present invention exhibited a viscosity of 11.7 or
more at 1,280°C in terms of log 1 = 11.7 or more, a value of the absorption
coefficient was 0.05 cm™! or more. The absorption coefficient k at 245 nm
(5.0 V) is a value determined according to the following expression (1),

which is said to be caused due to an Si-Si bond as an oxygen deficiency in the

quartz glass.

T=gkd - - . (])



10

15

20

25

30

particles therein, thereby preparing a silica porous

body. This silica porous 25 body is set in a quartz

gl ass-made furnace core tubejgprovided in an electric
furnace, and the tenperature is raised to a prescribed
tenperature. At this tine, it is preferred to renove

noi sture adsorbed on the silica porous body by

keeping the silica porous body in the vicinity of the
[Imedet fopegdingpapasssien {D; T wpeesdrits mupBitkOghlofrahimeitadle; and
Next, a hexanethyl di sil azane vapor is flown while
dappiasents aithickness demp t rogen gas, thereby reacting

t he h anet hyl si | azane h the OH grou bonded to
the SIS (G GEEBNS FHHORE pEas chIaL g gureaRe carbon,
chidbofe. eﬁ@ i qalahae tgg?) *%hb ?]]él%?’;% LAk %%dghgtlaééeangﬁéﬁt?% of the

represented by t

SaBd boRj ik Eﬁiﬁn@ﬂ aCHO“%Ve%heh(ﬁﬁilﬁ}ﬁlé 2Ninert such as nitrogen,
SI-O-SIIS{ 3+ 2N-SI-(CH3)3 . . .

hen, @ qhdm';p@ 1TemagissiinSAn( CRBNRL ex@Cdng SQdAtain value

L T R ML EA N M—
ORRBEES NS DVIKLE B LB ELON A mitroen

coricentisition, i ther eqpbdhycdrentiedias nolphs ehlwihd dohsénidhtion at
t he anbi ent tenperature. The foregoing three kinds of
cytiaivalyed or Aets, resnestivelscous flow and becone a

i scouterling o' dufheite hEShiRar payesmae! the Bresent
i QYRR iNQ I%SSJHM’% tpﬁlgdﬁée ‘% hoh3¢ Aght ¥e§1§ﬁ%:hsynthet1c quartz

occurring. At th e VIscosit

glheaedst afr idheapek stehe 1abeoiph ihevieg ehf Albsaptiont coddbcivft at 245
(an anount of a so-called Si-Si bond) have a positive

ngopef d-8eian’! o seoret padvhavisg ﬁycmnacowmth fveitrogen
cdifeh sttt Sad Sy et Bhaten Srhorotiaied st AP om or

| ower an baki n
qmrthlgdnm hadyd islp8dBr4Abler3d pyer or idaer ehy rﬁbﬁ@pfﬁf@ﬂﬁﬂy 10 ppm
dense, highly heat resistant synthetic quartz gl ass
§. As described later, a transparent quartz gl ass.

depent f mReRE i BRatsR Y, sPBieaRl fa it HAER of the presen:

nfv%ﬁ@ffohonaﬁaéxﬁ’ﬁlp‘l@eof VP USth b Ofirh B f@éﬁ%ﬂ%@xaﬁa%thmlsﬂazane
of the caseS, the H2ZN-Si - (CH, 3) 3 remai ni hg

[(CHs)sSl]zNH as the reducing gas to be used as the reaction gas will be

| lek§, aﬂ?s&ﬁ%@é’ly’ e ea0H gﬁiﬁglg gﬁfﬁaﬁﬁn%ﬁ?ﬁ@ I?&re gr&; %zﬁthetlc

- described in detail.

First of all, tetrachlorosilane is hydrolyzed to accumulate silica fine
particles therein, thereby preparing a silica porous body. This silica porous
body is set in a quartz glass-made furnace core tube provided in an electric
furnace, and the temperature is raised to a prescribed temperature. At this
time, it is preferred to remove moisture adsorbed on the silica porous body by
keeping the silica porous body in the vicinity of the reaction temperature for
a certain period of time. '

Next, a hexamethyldisilazane vapor is flown while diluting with a
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in the porous body partly fornms Si-N or Si-C, thereby
contributing to an increase of the viscosity. Next,

in the production process of2g-quartz glass of the

present 30 invention, an exanple of an enbodi nent

usi ng hexanet hyl di si | oxane -21- [(CH3)3Si]20 as the
reaction gas will be described in detail. First of

all, likew se the foregoing case using

niegzerehyl theiobazaneting the hexampthpyiabasy wish the OH group

BRSO BB S T,
GRS I DIPTSR Bhowin

cleqri fdadl @k B e dshiois @) L@ACD) QAlkd Epg[c%sent ed by the
follow ng expression (3) takes place. 2Si-OH +

2[ (CH3) 3Si]20 -> 28i-82 +f|(cm)3s:]2_+ H2f. S
1

st @ngﬁfﬁﬁ%?ﬁé'ﬁﬁﬁﬁfgr ﬁ%@Pﬁ@géugef- SR

O SR S S R 8693 Shsb oo fhver - - - @

t hereby obtaining a dense, highly heat resistant
synthetic quartz glass body. As described later, a 15
t r anspéeesuchuanctzond, dasgdguynitids af biradicty wiiXi BigBadg Si-C,
bod re optai ned depending upon the reaction

mFeﬁ%%&g with the reaction gas or the anount of

the rfﬁgtdﬁ}tgﬁgsé Etfllt!s xﬁg%)t)}lgglgﬁ%f’gls %tgt(ra I;J%ngge%?&rses%gzlon of

remai ning 1n porous bo

900TEr @bl 4h®ilsi ViBcdsPydl rhpfdIsasRerdd hOBompLs&PRiil that at
20 In the production process of a synthetic Quartz

thel asdient thmperebmet They éneome thed hirdoiofigproducts do not
reducti on treatnme is carried out at a reaction

t
AYpSIROUF cllGF ARARPIGIRE 4 HLBODEI ina ke agwattz glass, thereby
: & or ous 0 | S .
BRS80SO RS b0 3 A SO A prsventing o
loteiring bRt TRCOsiey FangcameissbSLEYRIY {ihJGRS ivﬁécg)si@tat high

a tenmperature of from25 1,300 to 1,9000C, there
tegmreziafityry aad: thespaoeptioguerafficightisst 2ddy nhabngamount of a

el i KR e e Ya e BRIA e be Slin Ahnadsespity has a
Wé\g%%ﬁ@%’f%%{ dgﬁél%%lﬁ%lgyﬁﬁﬁtgfeé%%g%ﬁ&l CEGIdA S £RL TNt

The porous body after completion of the reaction is transferred into a
reduced pressure atmosphere of 1 x 103 .mmHg or lower and heated for
baking at 1,300°C or higher and 1,900°C or lower, thereby obtaining a dense,
highly heat resistant synthetic quartz glass body. As described later, a
transparent quartz glass body and a black quartz glass body are obtained
depending upon the reaction temperature with the reaction gas or the
amount of the reaction gas. In all of the cases, the HaN-Si-(CH3)s remaining
1 the i)orous body partly forms Si-N or Si-C, thereby contributing to an
increase of the viscosity.

Next, in the production process of a quartz glass of the present

invention, an example of an embodiment using hexamethyldisiloxane
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I's used as the reaction gas and the heating
tenperature is about 400'C or 30 higher, the reaction
gas (for exanple, a silazanezpas and a sil oxane gas)
-22- remaining in the porous body is deconposed,
t hereby generating a large anount of |iberated
carbon, the |iberated carbon still remains in the
| ass _body in the subsequent heating under a reduced
Kg&éﬂ#ﬁké)aamhewhmmﬂnsgaghﬂ@kmqhﬁmﬁbegﬁashtaﬂ.colored
bl ack,.. t here y,ﬁbtainin% a bl ack quartz glass body 5
havi nfjitst ehabolikewiredheriaregoing sasrusom kixsagethyldisilazane, a
exceedi ng ;10 m and 10, 0 m or .| ess. :
SRR KO BY Refltefly waha Rt Bb s isape cywpor is then
C r f ugt, t : ;
e L Ry, B A Pl 2EME b Hxameth
vidnsilmtanef withetlree@¢ goouhsndad t6 ke poactd bady. At this time, it
.tenperature nmay be properly chosen according to a
isgeiiderady Ahabayr sadjlon pemisse ¢ dybyuphe dpldewineerpression (3)
uﬂ&% ﬁg5§going transparent quartz glass body and bl ack
quaﬁ%z gl ass body is preferably 30 ppmor |ess, and
nore preferably 10 ppmor less. Also, it is preferred
to control the chlorine concentration in the quartz
25-035 +H9Hat:Sile®s—t 2Rin030 [0PH:)Aliko; Fion the -« - - - - (3)
production process of a synthetic quartz gl ass body of
the 15 present invention, by carrying out a heating

treat netreat t N a _hydrogen- .
o N OERRP AR SBLIRdy of By NS B rnforned imio o

reiRbAeh iR sufl At inbsPhass oPady. 1a¥i RGEVEF YoRdC eldeRbated for
hi gh-tenperature viscosity characteristic. Fig. 2 1s

bakihigaww LAAOTC shdwgng and @1R00° Geordibwterethprobe dhitsinf a dense,
20 second enbodghent in the praoduction process_ of

I s
highly Jie) FRsstanésTatthALc yaktregiass st 2 Aq descwerd later, a

B SO0 SRl s AR g biaoes

déEiRdh geiboh NtHeh @eadtid Ue i RPa BERC 58h Ofhed rBAGMY SRAbr the
resi stant synthetic quartz glass body of the present

ainpuehof ohe réagiorgas alrf hbwf tharchssh)dahe MOCHRBilt Fémeining in
of the 25 procedures of the fourth enbodinent in the

ther pgousiody agelsorers - Gi pharpby centriputingitamm increase of the
. hetic quartz gl ass body of the present invention.

“%%Sﬁag is a flow chart show ng an outline of the

pr ocelu s pebdhdieor bkédesemodbRitetiNquiite Ha9JWEth®Dresent
_process of a highly heat resistant synthetic quartz

inyeasionbgby fopégiing mdestion treadmiendns carried out at a reaction
temperature of from 100°C to 800°C, and after completion of the reaction, the
porous body is subjected to evacuation under a reduced pressure in this
temperature range and subsequently densified at a temperature of from

1,300 to 1,900°C, thereby obtaining a transparent quartz glass body having a

nitrogen concentration to be contained of 100 ppm or less and a carbon

* concentration to be contained of 100 ppm or less.

In the foregoing reduction treatment, when a carbon-containing gas
is used as the reaction gas and the heating temperature is about 400°C or

higher, the reaction gas (for example, a silazane gas and a siloxane gas)
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30 As illustrated in Fig. 2, a dense, highly heat

resistant synthetic -23- quartz glass body can be

obtai ned by carrying out the2step 100 and the step

102 in the sanme manners as descri bed previously;

carrying out a heating treatnent in a

hydr ogen- cont ai ni ng at nosphere (step 104); and then

carrying out a baking treatnent (step 106). 5 In the
reypaping2irotheinprons bodyi 5 deedroppedl, t thechlop genehating a large

f or egoi volatile silic conpound (W th proviso
PRSI 3L h Eatbu | el PR ey SULbRIBRIInER the elass

r n - .

gt FO9R0 DG RIS DO PRDE A EAGK) 0788, Bdhd cho resulting
qeaaseglhed st icolvrvl tilathethdhe Xt taitiheuR b0 RPN Glass body

silica porous body. Wien the reduction treatnent is 10
hgwimg @daxhen domcentratiogeodicechrenframiexeoding Hhgpm and 10,000

at nosphere, the re idbLial hal ogen reacts with a .
PIPI%%E%%?- gd&e ﬂﬁj%ﬁafn AEKERMENPPRENGSCHPER 14, Oplfiethepyeaction
te%ﬁéﬁdcﬁ:ﬁﬁé/ loft; Qg@uﬁe u%tifoﬁr %gtfn%n‘f Omegﬁs%t ﬂgéq c{)ﬂ(,@ern%;g{ibn of the

s, the hydroxy group rémai ns, er eby Towering

rdateioni $2@si 4iyd othd hemauakt af oflRs Sreaktibhe ghls "Bnd 0thdi 8dhction
tenmperature. Accordingly, in the case of carrying out
temmperajiro ey hsproneatynehesen accosdimeeoer desired tregmparency.

vol atid e silicon compound exclusive,.of a hal ogenated
o1 1 anbh® AL <F P (@TBrERart: & rihd: RS EGBRAG S puaTte

| S K ' a - 0
A8 JPa Y Mol PIBRGALAA £ JROR AL SOTAA0CUR, and
mbyel poefpeablyc b b Yesat MAIBH R 85 pPe bt Pad ool 8% hlorine
gas capabl e of generating hydrogen upon deconposition,
cogehtragion m Nedquarts ghissodsnet tesgdabanidthpiam. H2 gas
and er.v?ﬁo , Jhe same effegts can be obtained. |t

r
is suitpie %B%OC{%%%WW 3 SRBHCtf TUMEZ 1Rdats bryly of the

i - ' | r
pURELAH o 15 B HTGE oA Bl ARG 4,304 [Bhmen
in3@ hidtdces-@ntaniifg din2SspNeirer iic ploetib tofobthih a synthetic

foregoing heating treatnent, the porous body is

QyaEhs slasse doilnt bagine ducedypressslient dighdohuresaturearviscosity

Ciner{ée gst%s or reducing gas atnosphere and kept in the
}}aéfﬁﬁ Fatur e range of from1,300'Cto 1,900 C for 30

m nut - r I My QL j¢mg .t
Topy % 2L Aok ooBat st S S0 BEPLITR L BheR o o

sefbrd, eaboidirhest iatge prodidion.pracal@nsta Righlyyhbgatresistant
resistant synthetic

synthetic quartz glass body of the present invention. Fig. 3isa flow chart

showing an outline of the procedures of the third embodiment in the

production process of a highly heat resistant synthetic quartz glass body of

the present invention. Fig. 4 is a flow chart showing an outline of the

procedures of the fourth embodiment in the production process of a highly

 heat resistant synthetic quartz glass body of the present invention. Fig. 51is

a flow chart showing an outline of the procedures of the fifth embodiment in
the production process of a highly heat resistant synthetic quartz glass body
of the present invention.

As 1llustrated in Fig. 2, a dense, highly heat resistant synthetic
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-24- quartz gl ass body can be obtained by carrying out

the step 100 and the step 102 in the sanme manners as
descri bed previously and thep3earryi ng out a baking
treatnment simnultaneously by a heating treatnent in the
foregoi ng hydrogen- containing atnosphere (step 105).

It is preferable that the step 5 105 is kept at the
heating tenperature in the tenperature range of from
qeaoEosless body @80'He dlmidel biymatresngrourthe. stEpritdifesnd ake step
Illustrated in Fig. 4, a dense, highly heat resistant

189 bnehe éaai?amaﬂr’@rf%ﬁ dewyikeshpbevionels tetrsipe out a heating

[ 1 0 th
SRR BT R B B oo v
cdﬂrﬁrihgl@uﬁ Q%a&%ﬁ%a’ﬂ&e&ﬁq% ngpe@as in the f oregoi ng

hydr ogen- contai ni ng at nosphere (step 101); and then
car rylmgheustep BRI ofgFig.edf iens i{refeeped G6) chddsei the foregoing

tabl.e that the foregoing step 101 _is carried out at
g8tpor COPH’W@O@‘”@% PEPVIZ0 thﬁh athedogamated sllaneas excluded)

he f
T T

sﬁl%@@@%hl‘il@aﬂ QAU RN DA, a19apsLiAlRR! Yoftd alithCthe hydroxyl
silicon conmpound (with proviso that a hal ogenate

gwidpacntiasnigngc bﬂdmdpoc@m diadiyng Wihkehoglesn wddicoionC afdid@ment 1is
has pbeen adde The step, 106 may be carried out in
cagieds og i dndelogenased rallame-gdainag ytlaﬁ@pherrg, the residual

nGBERGARL 5 0 bu e o B Ry, whereby
a NBalrok s Efd AN tls @&y th @ik o rBdichZ (1 a%s. b‘I%hsC 3Re B8rdroxyl
obt ai ned by carrying out the step 100 in the sane
gmmmmamsd tharebpddwpreng dusstigeanity tfde qaartyishgssoat the time
§ Ki n reat ment  simylt aineousl y by a heating
eli UEE-i ReRPTEHR E Wolpherse olgarrrig eeles hydrogen

tllf%}igﬁlggf" nltclgr‘g%T&Jrgg t%t ﬁ?es Bh\‘? la&lt%%ﬁlcg %crrgﬁijpxé& I}ﬁc %%ﬁe of a

uci n era

h@]@g@ﬁgﬂ;ﬂ §iMdd provi so that a 25 haI ogenated silane is
excl uded) contai ning nitrogen and/ or carbon has been

addedAlst ép ikOpjeferable stiprtetler dbtagoihatstehe1®2 ap kOt in the
IS kept at the atin °tengeraturelnthe tenperature
tel%@f@tkﬁe mlaﬁﬁ qiglyorm { &BUfgriongo rmnnrfe@@r gpore.

o VIR SHRPRLE Bluk 0k RUGHADBTRFERR, L1 5 o
a@as&ﬁp@ﬁt@@f Qﬁﬂérdtmgf\ﬁyﬁfb@ﬂMﬁél@Qi%ﬁom%ﬁsﬂlon, such as a mixed
gas of an inert gas with an Hy gas and water vapor, the same effects can be
obtained. It is suitable that the step 104 is kept at the heating temperature
in the range of 100°C or higher, and more preferably 500°C or higher and
1,300°C or lower for 30 minutes or more. '

After completion of the foregoing heating treatment, the porous body
is transferred into a reduced pressure atmosphere or an inert gas or reducing
gas atmosphere and kept in the temperature range of from 1,300°C to
1,900°C for 30 minutes or more to carry out a baking treatment (step 106),

thereby obtaining a dense quartz glass body.
Also, as illustrated in Fig. 3, a dense, highly heat resistant synthetic
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treatnment is carried out using hexanethyl di silazane
[(CH3)3Si]2NH as the reaction gas wll be described
below in detail. First of al$4-after preparing a

silica porous body in the same manner as descri bed

previ ously, the hydroxyl group bonded to the porous

body is 5 reacted with hexanethyldisilazane in the

same manner as described previously. The porous body
quprtarglagmpodt can hef ohthened bip tchorying outdhsfeep d@0i midtle step

drogen- contai ni ng at hosphere and heated. In this.
1 e s hanpery S dRehPed P aHreT: Ao i furrving out a
i S.: ' e I r e.of 10 .
ERRCUSA MR Sy DS TR ORI oreoing
hgdrigeatdodnadfing e nitephiond (sfehbed BN i§ hecRIABUS tIRAMhe step

is transferred into a reduced pressure atnosphere or
1@has (hepe atnthkbpating tdepeetpes abwhe teanperadfiréd range of from
1@ @Qﬂixﬂ dﬁiﬁﬁ; for. 30 mnutes or nore to carry out
O o L Iobt BIRPHS & M@Ehse quartz gl ass body.
Accor ] o,th I E CeSS, 4.k 1S siple to..
15 prg{aﬂtglg}’a a%| gﬁ@gﬁ%_@t Tl?eg{ 't%n gye/%%%_e%ll%?l Hug?%tz resistant
syglthesichpdirthaldsath@ly Pl bedfiaHRIACKNLARAIRR Ju® the step 100 in
contai ned of 100 ppmor |ess and a carbon
theosprapmannemas dedseitespmiviespf cakr®Pingprnton vhpssreaction with

Al t.he hydr. I ent [ in the.
e PERIE EUHE RS 52t ths Sropaed Bulipera captaieins pjmgephere
(s@e%ﬁ’fl@i)l; @ 3iSoh e AN, PP RS Eﬁﬁﬂlgiytsrégtrﬁegt)?%};e#el%;). and

the chlorine 20 concentration sul t €ss t han

30 ppihisAusabld thiththdRatidagtsieatloent chfribd@ut at from 100°C
hydr ogen- contai ning atnosphere, in the case where

tot héOREafomy) minpeesaeumere én kepixedrgashwmespheee af theforegoing
range of from 1,000 C to 1,900 C.for 30 m nutes or. .
h@%@iﬁ?ﬂ%@ﬂﬂ&% égmﬁégbﬁﬁice%%t% X h&g@ gﬁ%ﬂﬁeg reducing gas,

IR L Ly e e —

sifroteoissestvdade d)efohit girgAg Initioge Aa@l/b A E & otUBAS bb¥n @fdded. The
Si-N, Si-Cor Si-Si by carrying out an H2 treatnent
stgpd O8oney itsutaasiedpunni herssase ngfnndreas/dessodiedypreviously and

BB Rl S B3G) RORFESE g8l Br e
synt habi&ovavank Zilﬁs%ﬁ%gﬁggly 5‘,?%-' gh d ﬁeﬁ&@ehf%@g‘uiégfte é'esistant

-26- generation of b oes not 'for

| symthetie qelaetd glagalbdigatdmbe obtained by carrying out the step 100 in

the same manner as described previously and then carrying out a baking

treatment simultaneously by a heating treatment in a mixed gas atmosphere

of the foregoing hydrogen-containing atmospheric gas to which the foregoing

reducing gas, preferably a volatile silicon compound (with proviso that a
halogenated silane is excluded) containing nitrogen and/or carbon has been
added (step 107). It is preferable that the step 107 is kept at the heating
temperature in the temperature range of from 100°C to 1,900°C for 30
minutes or more. - |

As one example of the production process of a quartz glass of the

present invention, an example of an embodiment in which a hydrogen
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step is obtained. However, in order to obtain a highly

heat resistant synthetic quartz glass body which is

free fromthe generation of- #ubbles and does not form

bubbles in not only the electrical heating step but

also the 5 flame heating processing step, the

follow ng process is suitably enployed. Fig. 6 is a

flow chart showi ng an outline of the procedures of the
trepimnant antsedriedmuti nsingehpxanathyldisilazanes¥Chi)s8ilsNH as the

t het i t l. bpdy.of th toi ti .
regiom gy vl B dentePet belovhin gl neat resistant
synt heLise of QP?%E%gﬂzlr@ﬁiriB%gﬁe/ s%'aggquoﬁs fbg)%gfyifn(r:t :gr %ﬂr}:ﬁ% manner

generation o es” can aine
a®ulesttibed tprpviRQly, tthe By @R 02raif BiRledt ep thBGdrdut NRdy is
sane nmanners as described previously to forma dense
repeted 7wifha dexsousthahdisiloheme f ur tther seare yinagneut aa described
heat i treatnment in a non-oxidative atnosphere under
p%ﬁ@?ﬁﬂgure exceedi ng the atnospheric pressure in the
t enp . p (04 .
108) T Te PR GAEGaRpr cRMCHEEDE fod St e efiEPipginto o
hydrogentcounseing atedisphare Phédwutad.i nid feistiem@MBidhement, in
range of from1,300'C to 1,7501C for 30 m nutes or
theptase Whersnthe bgetinghemperabiretis ksptdorthai teetpdmtuteerange of

reaction o enumer ated above form Si-N and $i-C i
5, 00 PR RET: B RIngt et BBy ligr comnlegen oF the heating
] e [ It be b r emaj f
B A g B i
atrhespdieye @endicalike gnidubdb s tHOikem peeariratiadFedf from 1,300 to

bubbl es is remarkable in the case of heatin% at o
1,900%9 for 010 npingthes or Angre tormenrheatt bakingd thyrebygabtaining a

flame he, |l i herated nitrogen or . liberated carbon .
AnE et Hrssl By a%&%%{@ngﬁo 585 T 8O RPFOERAS 1 hds Possible to
prdukacs Rishigonkbhe &Eﬁ%&np%sr%th&ﬂgr Nrt?! gldsgr |lo}ﬂdy having a

generating bubbles. I'n order to pre et 't Ae generation

nivfogenbbbesrftroiivw doubé i d@tainkd o0Q80t gpal asSleb9dind a carbon
after baking is further heat treated in a
CORSHLGREWR Fo/ke cantidnphof d00miun o lesesshl, dhe dwdiroxyl group

o PERRTBERT RS BGRRY SrifhBennRREEh ot i by 50

masPRREe difd PRRLer SRV Aly | N8 bpBASy: 3Bk eaRACKAL | Yhiorine
pgglis preferable -27- bé%auge ?tbﬁas ﬁhe %Slgaestltﬁ‘l3 ¢hlorine
conoavenmitencs.sulteblplessihae 3G ppast preferably from 500

kg/CM2 to 10,000 kg/CV2 with respect to the effect. o

Howevalso, gin  the heating treatment in the hydrogen-containing
atmosphere, in the case where the heating temperature is kept in the
temperature range of from 1,000°C to 1,900°C for 30 minutes or more, it is
also possible to carry out baking simultaneously by the subject heating
treatment.

In all of the cases, HeN-Si-(CHs); remaining in the porous body

~ efficiently forms a large quantity of Si-N, Si-C or Si-Si by carrying out an Hs

treatment and contributes to an increase of the viscosity.
According to the foregoing process of the present invention, a dense,

highly heat resistant synthetic quartz glass body which is free from the



10

15

20

25

30

pressure exceedi ng the atnospheric pressure and up to

10 kg/CVM2 is actually desired because the effect is
confirmed and the productiompgs the easiest. 5 The
treatnment time may be properly chosen dependi ng upon

the pressure and tenperature conditions and so on.
Concretely, it is preferable that the step is kept in

the foregoing tenperature and pressure ranges for 30

ganaraties obbubbles. and dore motafupie bobbldweiprbedrdedtoval heating
rtz gl ass of the 10 present

SRy i P swneanqgﬁam%rf%r o &% %ﬁ@dph@w AnDigE hhede resistant
SRR B UL IR OR R IR Ry RS K Bes ana

débsOAst tf&'tﬁeolﬂﬁcﬁ@s 3 ﬁd’ceoz'i ?aﬂ{é @IchﬁéaN‘hleéuﬁg &@ﬁ%tbﬁﬁo the
below in detail. First o , after preparing a

flginlei losa tpog pn@:ebamh;g stapt the ©Howingprecessis sastatibs emipbeckd.

previ usly, e hydroxyl group baonded_ to the porous
body ﬁcﬁ‘é‘ﬂ Cﬁ@%‘s}r@&wmwﬂﬂ%@ P%*@zlwqcemglﬂw W 4he sixth

d .C revi ous Ror ous bo f t

TR P N P HEA OB B A o

pFREHE BTt RFH UT £s ALURSHRATQ Pl b, X }ﬁgh% H@&igregisthﬁw@ynthenc
and heated at a 20 reaction tenperature of from

qua13@0slass ob(?dy75'ﬂ‘lld’l fSofl"e@Xﬁmmh ethel g6f6rTiomMhd bubbles can be
ohighel by GeBRPag N e dectoth 3%‘%83 302 §nd dfe sser 106 in the
sa{lhp %ﬁﬂﬁ&srﬂ éi%g?ﬂ)eﬁ lelvfﬁ%r y ‘?% cf%%ns%u%liltzf é‘ll sg %de and

Feac Wth

t PR S8t trYink A804 ﬁehﬁng(tﬂ(yeﬁfnﬁenﬂ M & 12308 a{PP2 atmosphere
thereby formng fine air bubbles. 25 Wen the thus

- undeapnprbsgiieg @Xb@fﬁlmgstlszu bjreos@bitio psheperedef thedeingrerature

rBibiaE Bebn s & el %éﬂfplié’ Fhe rosul ting of ass.
roasan T Grives ARt AR R AiChoo 3 hebPShder g reduced

pRsERRY in tmﬁtéiﬁp@i*a‘%ﬁﬁe reﬂﬂl §f f@@ﬁ‘:y 1J390PCaS ST 5FECIfA3Pminutes
pressure exceeding the a nospheri c pressure 30 and up

onnyo1®, 000 kg/ CV2 in an |nert at nosphere in the

tenp ture range qf -28- fr m1,20Q" C to 900" C,

there sﬁ‘?g%‘:iﬁeﬁg ApAcc Bl &% C%@l&?ég@ &hef#eﬁléﬁon gas as
eMQ#e&%d a %e f‘% ?t%ftlttfbneéﬂa‘% uﬁsfin%ously

resu eat reS|stan

m@k@iﬂae\t@t@iﬁnﬂ:%ﬁ@i agd ﬁb@rﬁed@a&b@@ @éﬁﬂa‘i’ﬂttd) f&m a gaseous oxide
at the time of forming a glass body, thereby generating bubbles. This
generation of bubbles is remarkable in the case of heating at 1,750°C or
higher. Also, when heat melted by a gas flame, the liberated nitrogen or

liberated carbon reacts with the flame gas or oxygen in air on the surface of

the glass body, thereby similarly generating bubbles.

In order to prevent the generation of bubbles from occurring, the
quartz glass body after baking is further heat treated in a non-oxidative
atmosphere under a pressure exceeding the atmospheric pressure in the
temperature range of from 1,200 to 1,900°C (step 108). The non-oxidative

atmosphere is preferably an inert gas, and especially, Ar is preferable
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to an increase of the viscosity and whi ch does not

form bubbles and is free 5 fromthe generation of

bubbles in the tenperature rggion of 1,750 C or

hi gher is obtained. According to the foregoing

process, a synthetic quartz glass body having a

nitrogen concentration to be contai ned of 10,000 ppm

or less and a carbon concentration to be contai ned of
ba@ywee0itphas dhe |lghests cprothiceck. THee Y@ebsideokymogt qupferably
con synt hetic quartz gl ass

h
g 00s kst i aefqo%%g%%%"%ﬂ% a¥ibecirie He effect.” However, a

and t he
RS PR O b5 ERPrp B2 5 i 0L SO ddgme i ectually
dédieedlaRReguELI ARt ZfH-ASS &%@anopqﬁaeﬂléom&\&tw@@y%b Uhsiest.
rocess of a synthetic quartz glass of the present
Tﬁﬁv@ﬁatmant bime angy del pruperls chbeemidepogding upon the pressure

centration d .the carbon concentration on th
2 B ST R IO M B A1g sk 93 o 85l i e nhig that the

o SRR S 3R A 1Bty BRI 2 e

oghﬂﬁs body which is free fromthe generatlon of
bubbl es even by carrying out not only electrical nelt
heat i 4§ Mgt espmple of Ithﬁeprtdlumtlbeaprcrmgsstoépa qRAartasghse of the

DERARL BT ok Ak SRRND 6 ABrOTRO SR Fombiel tch% dense quartz
gl'&%é j{fﬂ%fghi’i @ﬁﬁhle?zs%@) edtb ) 1;’ Sé!t%é I\#)Sﬁisnﬁ 31%%6 ?ldlsﬂazane

e reactlo gas W escri
[(@Hgéusl]sz o d RADache GREQ alsUDR el chbh Gasavisi bd aéscnbed below
por ous body containing 200 ppm of an OH group and
Hh@vﬁﬂb a total OH group weight of 1.0 g is set in a

vapor FHESt of analif pgearfigding! {kﬁtxr?p?‘gﬁg‘épﬁ'gé'a' Geme manner
%E‘%}%@r\?\%% gﬁig%g%ﬁ %ﬁg%%%&? eg%ﬁsekgol{cﬂe P& +Re" Vidus body 1s

a reac ron
relaetgbr |i iy %@Janiét@ﬁl(ﬂ;@ﬂgﬁéﬁ@ inl, 3 R0QGmd Ohma®%aPPhe, described
500'C. At this tinme, it is considered that the
Piea4slpns represented by the f oregoi ng expressions (1)
when the anount

nd t ake pl ace. .30 At t
gf t ﬁ@% PSJ&? a(fyga%%r £H8 '15%0% @ reaedignyisdrapsiersedeinto a
reﬂuc@é%&%sé&recgﬂﬁ%@qefe of 'ﬂex Sl ﬁ’&%ﬂ%o{y%'l&ger %?1;& h8%ed at a

group remalns t he nS| € anoun

reprtiperteaspdratifefifenadobogrC ecmrvmoec( ﬁﬁﬁé}dafxﬁﬁl@' hx;oobae The
volatile silicon conpound in a nmolar nunber of from

fopegoing r3odueteils nawelyrsicampesedén the temperyiarergkiogrdifHO°C or
hlg% atonggntlarnatehl?berated nitrogen or liberated carbon, which further

reacts with SiOz in the glass body at from approximately 1,200°C to convert

- into NOg or COs, thereby forming fine air bubbles.

When the thus obtained glass body is subjected to shape deformation
processing by handling at 1,750°C or higher, the air bubbles become larger,
whereby the resulting glass body is no longer useful as a product. For that

reason, prior to the heating treatment at 1,750°C or higher, the obtained

- glass body is pressurized at a pressure exceeding the atmospheric préssure

and up to 10,000 kg/pmz 1n an inert atmosphere in the temperature range of
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5 silica porous body), a transparent quartz glass body
in which no OH group is present in the whole of the
quartz glass after sintering&nd the nitrogen
concentration and the carbon concentration are 50 ppm
or less, respectively is obtained. Wien the anount is
| arge, the unreacted silazane remains as a carbon

conﬁound in the inside of the porous body, and the
frpps L FZH0SE tonk 900 silbjreby squasttingghassuljddy at $he stage of fine

RS under S REr AT A S B APORA- 1015 R ABSE highly

héB! @i AuAP §§nﬂ'{$tf§;‘c’?u%¥g E‘?&é’é wﬁﬁ&u&r;gcg%sa%f@ Ay 'gTIgT Jo;]l%ributing

silica porous bo artz glass avin

tot aarapamestofphetvistsifianhAgvBRRCEMS A6t g BLbBIds Q9&Rs free
and carbon in the range of 50 ppmor |ess, 15
frpms phe t gansirgtiandofa babhlge porthieotethperatgra region of 1,750°C or

concentyat.ion of carbon in the range of from 100 to
h%%@ﬁé%OE%ﬂP?‘ obtai ned. Also, a black portion is

SKi Veslaeo? h Lot art : t
obt ot n g B Tk orb il btolloh ihEES fRMa' flass body
hiliagke nitnggeate pends triidon thdercatiined dfermed@ipphne or a8k and a
the amount of the volatile silicon conpound and the
carBgR CPBPERIEABOR 4 beaontginedofHe, ¢ bppm gr lehoseproduced. The
accorgding to a desired.transparency. result, a :
i RY E ek ST B i ST TGRSR botherie CItoRl s ody is
iF, ' i [ t ' f e .
prefeoly T RRAT GRS, RHLB0RT JRELERES 18 pbBCor lesys and the
chiatibk esneapeatiah iy siftabheleps ahea FSongpmp! di ng step in
the tenperature region of 1,750 C or higher is _
obt ai‘he8. 125hy denshyusdts lassy bode redwaed diy tthe production
volatite siljicon conpound to.be thrown such as.a .
Pré’?%f%sz%%%_,sya?% E iaE §lis o E?%@ge%wimeaﬁ%bymﬁoﬂmg
theCRRt@idH BEhdRRE4(9h QeI %8%(99561‘1&'?1&{’&(%1]?% | B%d dBrface in
i s obtained. Wien a hal ogen -containing volatile
thei filgient qowpbugthssubddasn thd ehhge afeStypsh | @néedss and more

ug%erd L‘P 8| ace of the hexanethyldisilazane, it is 30
prsbaebhy 20 ppeatilesy. prepeatizely Huamogsibbarbepravade agiearts glass

bEBERERn LBRb o ) B0 P LB 2y hPAB Shering o o
orfPH el @ LRl inré|11i|c H%aﬂ'iﬂé b€ al X NHRRESm et EQ&cjﬁggﬁgﬂf ith

i nvention w e described below in nore
r ef erdenore epatiipde BK tinpies goingt piddest oo esofal quartz glass,

ans Qgg\gpieogf glrl]%nilklnc!dlilrsnte;l%tds\:{r?g hexamethyldisilazane [(CHs)sSil:NH as
a gas to be used as the reaction gas will be described below in detail.

In a furnace core tube in which a silica porous body containing 200
ppm of an OH group and having a total OH group weight of 1.0 g is set in a
weight of 5 kg, 9.5 g of a hexamethyldisilazane vapor is flown while diluting
with a nitrogen gas, thereby reacting the OH group bonded to the porous
body with hexamethyldisilazane at a reaction temperature of from 100°C to
1,300°C, for example, 500°C. At this time, it is considered fhat the

reactions represented by the foregoing expressions (1) and (2) take place.

At this time, when the amount of the silazane to be thrown is
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pur pose. Needl ess to say, it should not be construed
that the present invention is limted thereto.
(Exanpl e 1-1) 10 About | kg 28 -a porous synthetic
quartz glass body (OH group content: about 300 ppm
in a colum formhaving a dianmeter of 100 nm as
obt ai ned by flanme hydrolysis of tetrachbl orosilane was
set in a quartz glass-nade furnace core tube
ingsdifaerentrt ezsdamr)e insoasimadi m sne euetteei portiar, ok the OH

Next, the i.nsj th urn ce core tube was
ZROVRITRRAGS lﬁé§€ éHSléi]@ 3‘5{1 @:awtplﬁ éﬁ’@a@reas in the fregoing

reafter
%aqﬂfgera urlgk]\%lgl ?ge ;Ueééfﬁfe £ chla‘rﬁe crflp%mtlelﬁ‘pgrlgtomr number of
frandoa foex anRé vl LA adtharaTehe WBRIrb A %%u% (fo@ﬁﬁfﬂe%lnm the
%s while diluting with an N2 gas, thereby reacting
81

2 pordies Bplxr adpanspaeat porotsgspabhdyic wijehmeOH group is

piksaat i ﬁt?{ w}gfwﬁ%‘ 20UEH 5 lobh ~Fi BN TiRE| otk dbpi MgroEen
&{%@ﬁtfa% nCI tl'iflg cfaﬂ)of? c{)ﬁ@eq{t!rgﬂ ﬁ'aqu ﬁﬁ?%]%xtﬁrr Fessgegestp'g]ectwely

ereln enta 2 supp ing ra

isfobithinsidng Whablthe laSn(ﬁhW\i!@ lbfed, ehamrRtadetll QM za Ak Seffaing as a
the N2 gas containing the reaction gas. After

cagbap| empeiued inhidher dagite oof, théhporowmbedy,panduthe inside of the
nt het i rt.z s body was transferred into a
S‘%‘E‘J‘Lﬂﬂ‘r’fr? %?@quﬂe‘st ﬁ%@r gre was raised to 8000C,
and thg t% ? V\?ﬁné% ﬁﬂlet 1111:05 c@i% %uﬁ!['&“{%é’ olar number

| ower. plng one our tenpera ure

offaen Arth ey t1ﬁr@és§ﬁfb trpldr GRGnKer oﬂﬂﬁﬂf BhYrail %rﬂtﬁg:oﬁtamed in
densified synthetic quartz glass. 30 -31- Table

thre sdicroROWSPPYd i p Rewats @hassRbady |1reawggsa ttearpﬂréateut gportion
le 1-1
805 S Shpd el 5 BT kg o750 pom or less

re_'lé_lﬁlété%l'iﬁlg%’%l?r&e {%Wﬁ‘?{? g]&gm} ggs%ﬁ%ﬁrﬁh n,of, carhon in the

raa}@ df.f00:@ 100 to 10,000 ppm is obtained. Also, a black portlon is skived
out from the resulting quartz glass body to obtain a black quartz glass body.
Incidentally, blackening depends upon the reaction temperature, and the
amount of the volatile silicon compound and the reaction temperature may
be properly chosen according to a desired transparency.

As a result, a bubble-free synthetic quartz glass body which contains
SiC or SiN contributing to an increase of the viscosity and which is free from
the generation of bubbles especially in the processing molding step in the
temperature region of 1,750°C or higher is obtained.

Also, by adjusting the amount of the volatile silicon compound to be
thrown such as a silazane, a synthetic quartz glass having an OH
group-containing portion or a black portion in the inside is obtained.

When a halogen-containing volatile silicon compound such as
trichloromethylsilane is used in place of the hexamethyldisilazane, it is

possible to easily prepare a quartz member having a special function, which
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Exanpl e 1-5 Ethanol 500 '!2 Chlorine 500 65 3
Experinental Chlorine 700 1.0 3 Exanple 1-1
Experi ment al Hexanet hyl di si-l&zane 1100 3.0 3 Exanple
1-2 Experinmental Nitrogen 500 1.0 3 Exanple 1-3
(Exanples 1-2 to 1-6) 5 An experinent was carried out
in the sane nmanner as in Exanple 1-1, except for
changi ng the reacti on between a porous body and a
corgagts ahalqgen demsdvchrasTedpring ont ther ebierchirfiosi agl an OH
densi fied synthetic quartz glasses. 10 (Experi nental
SRR e 151G 5 1. 4) 'As Experinental Exanple 1-1, a
dehydration reaction was carried out using a
conventional chlorine gas as the reaction gas. In
EERAEPLMNt al Exanple 1-2, a dehydration reaction was
carried out at a high tenperature and at a high
concehk¢ @reegntuiegtinax aggtlbﬂ/ Idéssitbed detow Experestdtall with
5 Exanpl -3 is one in which baking of the_porou
el e b o arrIDIsRaset it I s e dhogi Frihg Hlustrative
i ge pher ke t It
PP SRR Eon Ak g ALRMTRE' oSEhlA JBREPBR prosent
inTahtienls linhited dhataabl y, Experinmental Exanple 1-4 is

one in which a natural quartz crystal was converted
(Exemepls jdhrtz gl ass upon melting by an oxyhydrogen 20

fl T d chl orj i ni i
{or egbPIH dy henal i vegtus = igha cdaise ¢ hen iy (OH group
co%&ﬁ@'a%ﬁ)u%'%d Pprh) EnaDdo1RhRe F&F]IF{? 'Haﬁ)'ng‘gla@%ﬁéte? A0kt as

1-4 were neasured by the are ectroscopi c
olnaledsity dhdné heydndpdiel ofvebtdaehtdibeilane waal ¥& Sn a quartz
respectively, and carbon and nitrogen were neasured _
glags madlec Srsinsei entei titheatdiamesesr POG onmdnialsyalled andan redectric

wat er apor. di.stillation-neutralization titratio
A o N b dB ity b8 HiPitie cors ke vg%?ﬁ%&qaée&_ heated at
5(5{3“’@{, tﬁgtd%l%ﬁéa’d@ﬁa@ﬁ?&%r@ﬁer@lt&&oﬁgﬁ(ﬁﬁ%h&%. viscosity

Thereafter, the temperature was raised to the reaction temperature,

and a hexamethyldisilazane vapor was fed as a reaction gas while diluting
with an N gas, thereby reacting with the OH group in the porous synthetic
quartz glass body. The heating was carried out at the reaction temperature
shown in Table 1 while keeping that temperature for a reaction time as
expressed therein. Incidentally, the supplying rate shown in the following
table is shown in terms of a flow rate of the N2 gas containing the reaction
gas.

- After completion of the reaction, the treated porous synthetic quartz
glass body was transferred into a vacuum furnace, the temperature was
raised to 800°C, and the pressure was reduced to 1 x 108 mmHg or lower.
After keeping for one hour, the temperature was further raised to 1,600°C,

thereby obtaining a densified synthetic quartz glass.



10

15

20

tenperature was neasured by the beam bendi ng net hod.

Mor eover, the absorption coefficient at 245 nmm was
measured by a transmttance-&hal yzer in the
ultraviolet region. The viscosity was shown in terns

of its logarithmc value (log ij) in Table 2. These
results are summari zed and 10 shown in Table 2. The
,f?igahi onshi p between the absorption coefficient at

. m and the viscosity in Exanples 1-1 to 1-6.1is

Fig. 7. Table 2 CHanne Xzastiom Y| &@upnyivsty Reaction

9l\/UP HorrEerger at m anc AERETFSN conedhnaban tare
mation =Dn- ( nnr(;eé? ~Drﬁ hhl )'—'\r (hTS)

o dieyaetyKhslagane 001 06" 1500 5 £ho 8 ol

T2 0" o Hexamethyldisilazans ~ 1™~ 500 _
mple 132 0N i OO0 Exgppie—t
Jﬂkaﬁﬁlehl UUU — EXaiRh& 1-4 <[ <3Uzgp) o2Vl 1Z. 4k U
Bappkesl{o <1l <3400 10 11.8 05440 Exanple 1-6 <
T60RArLA-610 11. 7 @WhRYR: Experi msnt abo <1 2800 g0 1Q 11.
OExp&bhenkxanpl e 1(1%101 Exper| ment al st <30] 2800, 3000

Q

[xaifplp 148 "§ 2 Expetinmental 250! <3010
@P@“@ng@o @me@h ifns;iaﬁxperl ment glop Exanpl e3gl- 4 3
!

F_170-<30 1“ 10119 0.-000—arti-cl-e)-15-AHl—of
t%ﬁé;%%@tl C quatitraeq| asses| obt absoed | n| Exanpl e 1- 13
LU 1-0°O ITau a VI SUUSI ly at—the lI ITe UI AL LL
tenperature substantially the sane as the viscosity
of the natural quartz glass made of a natural quartz
crystal as the raw material (Experinental Exanple 4)
@ YALe 108Es g def or med even in  the high-tenperature
envi ronnent. These nunerical val ues of the viscosi ty

An experiment was carried out in the same manner as in Example

shown i n

1

n
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1-1, except for changing the reaction between a porous body and a reaction
gas as shown in Table 1, thereby obtaining densified synthetic quartz

glasses.

(Experimental Examples 1-1 to 1-4)

As Experimental Example 1-1, a dehydration reaction was carried
out using a conventional chlorine gas as the reaction gas. In Experimental
Example 1-2, a dehydration reaction was carried out at a high temperature
and at a high concentration using hexamethyldisilazane. Fxperimental
Example 1-3 is one in which baking of the porous synthetic quartz glass body
was carried out in a nitrogen atmosphere. Other treatment conditions are
the same as in Experimental Kxample 1-1 and shown in Table 1.
Incidentally, Experimental Example 1-4 is one in which a natural quartz
crystal was converted into a guartz glass upon melting by an oxyhydrogen
flame.

The OH group and chlorine remaining in the foregoing synthetic

gquartz glasses obtained in Examples 1-1 to 1-6 and Experimental Examples
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-33- exhibited a positive correlation with the

absorption coefficient at 245 nm. In particular, when

the absorption coefficient w2 -taken in terns of a

| ogarithm there was exhibited a positive correlation

(Fig. 7). On the other hand, though the synthetic

gquartz glass obtained in 5 Experinental Exanple 1-1

had an absorption coefficient at 245 nm of 0.100 it
Jhédth Tehvaenmessheashbyatheomn@ared specipasopiel analysis and the

f th h
e tonfBal ch i Sl e hs bR R gfthok S plffeip were
Ih@&%@.r byerialofrEnba- 1£f1%r§?1hélpécﬁ?ﬁoﬁnaﬁéﬁlsisc bhlYthe water

 ow value” of the viscosity at
xtaqmmedasﬁ:ﬂka&uasnemtmhzetiom tibrathen matally sk, i&mau‘anre]gr Further,

nd had bsor tlonceffl at .245 nm of
b ﬁﬁrla|flyar%2 B TRR e . 1,276, A3dAfs vitcosity at that

d e as
BT nea%%ég%&fb&%}haﬁa%ﬁlgbﬁﬁ&ﬁsgg%&ﬁé% Ml e
@f?] blﬁ cb@ﬂ’tcléﬁtdataM@ aed ey mbasGRsl Bp ashanBmintahe®hb@alyzer
ereby obtaining densified synthetic quartz

1gl abseslltrﬁamlﬁ FeBunct i dhegagsRedyt ivors tdmyer aturterms of its
i ng React te ti (ol /-hr)
LRl v %Qﬂ%eﬂ%%%%‘? Padan %-‘Eﬁ)l“?LS‘ét% ar%%%m@med and
cl I
Fisgl e PORNEY. O TS 1BERRMSAY Lhrkodn (KSR Epfion coefficient at

mmlaﬂd 3he BxResiItHEA M arkhleari-Neo 108 1sls1@ov6n ifwppt e
2-1 Experinental Trichloronethylsilane 500 1.0

Exanpl e 2-2 Experinmental N trogen 500 1.0 3 Exanple
’Eéb%e%o (Experi nental Exanples 2-1 to 2-3)

Hlydroms Chlorine Carbon Nitrogen Vistosify Absorption
gmtq)ﬁm concentration | concentmtion | concentration at1280°C coefficient
{opm) {ppm) (pprm) {ppm) (og n) (245nm)
Example 1-1 <l <30 100 B0 12.4 2.510
Example 1-2 <1 <30 100 100 11.8 0.500
Example 1-3 <1 400 400 10 11.9 1.000
Example 1-4 <1 <30 10 520 12.0 1.500
Example 15 <1 <30 1000 10 1.8 0.440
Example 1-6 <1 1000 60 10 11.7 0.090
EE’E’;;;S:T? <1 2300 10 10 11.6 0.100
%’g’a?;‘:?_gl <1 <30 2800 3000 11.7 2,480
Experimental 250 <30 T 10 11.5 0.000
Example 1-3
Experimental
Example 1-4 -
X?ﬁﬂfml 170 <30 10 10 11.9 0.000
article)

All of the synthetic quartz glasses obtained in Examples 1-1 to 1-6
had a viscosity at the time of high temperature substantially the same as the
viscosity of the natural quartz glass made of a natural quartz crystal as the
raw material (Experimental Example 4) and were hardly deformed even in

the high-temperature environment. These numerical values of the viscosity
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As Experinmental Exanple 2-1, a dehydration reaction
was carried out using a conventional chlorine gas as
the reaction gas. As ExperinBiAtal Exanple 2-2, a
dehydration reaction was carried out using -34-
trichloronethyl silane as the reaction gas.
Experinental Exanple 2-3 is one in which baking of

#%}E@fi BB P FOAEPRoNTathe DRI Gy SORBEIEAT Gt 245
Igl gf’ﬁéul\é’?r S %]ég sfolfgﬁg)h E&ﬁ‘ﬁ;ﬁ?ﬁ LSRN in 5terms of a

Itirons as in except or

I@Mﬁlrﬁgt}idi@ vv@@@ihmﬁteﬂeﬁ pegnveheradaaus (Badynand the
reaction gas as shown in Table 3. As a natural

arti cl@n tbaeothar iindh thowahy e saaﬂmt'zc auﬁgft?aglaﬁasobtained in
t |
e S fufi h A &g SutnkBefn ol ¥ F, pm of 0100,

i£ ARaeNE KBl boneBh @438 &@9@@&)&)% LAl exbWiRAD a low value of the
concentration and nitrogen concentration remaining in

ismwsitgsat tiheg topardfzhigh demmmdtutee VIkeogimthedt quartz glass

128OC re measur int esarre ers as._in
0 etny ﬁpewta eteop Ehibiiegars £xplisdly Yo value of
w aFH' Th Ietl{llg@botrglxegh F tural
%%CI W itexﬁipe A FRbE 1%1%}19 natura

di.s
1496 HES lﬁﬂp\é!ﬁ amsdrgam @Hefﬁ&l%nt Qgagis i GfV@lbdRantially

R G
Yia%@z@
|l o 1). Table 4 alm e Ca~ Nkopn gow neentrabm

zemnm abm moEntratimat 12W Ck, cmcntratm (PPM

)PnD qvnD gl gr~ V K- KW\M e 2-1 1 <30 | hnTant
éiazﬂpie% 11 &54,@ 06 9~ ~'1 41 MP-rit < 1 <30 200

B oo At S il RO ARDsdybiminlol

111,5%91)@ 30 chdnfindWhlsteaction between a porous body and a reaction

gas as shown in Table 3, thereby obtaining densified synthetic quartz

8 m Example _

Example

glasses.
Table 3
. Reaction temperature Supplying Regction
Reaction gas C) rate time
{mol/hr) (hrs)
Example 2-1 | Hexamethyldisilazane 300 1.0 3
Example 2-2 | Hexamethyldisilazane 500 1.1 3
Example 2-3 | Hexamethyldisilazane 700 0.9 3
Example 2-4 | Hexamethyldisilazane 1000 1.1 3
.| Experimental .
Example 2-1 Chlorine 700 1.0 3
Experimental . .
Example 2-2 Trichloromethylsilane 500 1.0 3
Experimental .
Example 2-3 Nitrogen 500 1.0 3

(Experimental Examples 2-1 to 2-3)

As Experimental Example 2-1, a dehydration reaction was carried

dehydration

out using a conventional chlorine gas as the reaction gas.

2-2. &

reaction was

carried

As Experimental

out using
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Emmpl e2-2 FkPe=ntal 250 <30 10 10 11.5 M Ep~t Exanple
92-3 NatL~m6de 1 170 <30 10 10 11.9 Swipant As shown
in Table 4, all of the quart24gl asses obtained in
Exanples 20 2-1 to 2-4 had a viscosity at the.tine of
hi gh tenperature higher than the viscosity of the
natural quartz nade of a natural quartz crystal as the

raw material and were hardly defgrmed even 'En ]t%lgﬁ )
trichlorpmeplylstlape agghe apostiomgant . EepenmeniphExamgig 2-3 is one

.1 h . qu I f i I xanypl - .
ATHER U658 Ui, S5, Sl PRGBSO G Anhospere
vEeReeNukRid @he Qfea@ﬁbﬁr%m; Boflsifieaughaktheglauadd vgbasi®ained
of Experinental Exanple 2-2 was thoroughly

uaeley dhatssane itreatae dorsfiditieds 16 imalisamples2olap 254, except for
oncentration of chlorine pof several hundreds m.:In
PRBEGH RS rsSen Rt de PR HogtpraastE BRRliod gas as
Ry ar oY TaEauUp renai ned due to baking in vacuo, the
Sa?ﬁmunt o?" whi ch was, however, slightly [ owered. The
Vi scogist henatwatal t neidlé menof inhimghich esrpextatral ejuafrtd leeystal was
quartz _gl asses obtained in Experinental Exanples 2-1
copvertgd apky 5 guarts glassangmewlingt ky wot ey gan fgme was
or .l ower than that of the natural quartz. Also, as
Whdwn in Table 4, transparent quartz glass bodies
wer e qifoaihhashal %r(ﬁﬁﬂ%BhéEhﬁ'ﬁﬁBﬁr hWren@fconddP@Gtion, carbon
(Exanpl e 2-1), “500' C (Exanpl e 2-2) and 700' C (Exanpl e
c2n@ntraties paxt hitebgen camendrdiiac kexpaaning gl desréndiing quartz
was obtai ned at, a reactioon tenperature of 1,000 C _
shovigrosipy ab 1.490°Exwape Beasured pn phe samegnagners as in

&

bsorptj.on ef f.ici ent 245 nm was suy iLny:the, .
SRR REh R, S8l fi DR R SR Mo minated.
THhe $& A Bl A8 ed 3y caBROK R Ir0 TapReHS | ‘Ih@iﬂbnt&ﬂ%y, O0n0%Fable 4, the
em1l or nore was obtained. (Exanples 3-1 to 3-11) An
vésgoeity mend shasn datermd ofuts logatrillemsavelwesldoen).as in

Exanple 20 1-1, except for changing the reaction

bet ween a porous body and a reaction gas as shown in

T'é%ié & 5 thereby obtaining densified synthetic quartz

5ses, -36-
Hydrog] o : .
£ ition ooncentration | concentration | concentration at 1980°C Coler
o) (ppm) {ppm) (ppro) {logm)
Example 2-1 <1 <30 40 50 12.1 Trangparent
Example 22 <1 <30 100 80 12.4 Transparent
Example 23 <1 <30 200 100 12.3 Transpaent
Example 24 <1 <30 1500 220 12.3 Black
ME le;-hi‘l <1 2300 10 10 11.6 Transperent
EI - 022 <1 500 40 10 119 Transparent;
EI ]e‘;gl 250 <30 10 10 11.5 Transparent
Natural artice 170 <30 10 16 11.9 Transparent

As shown in Table 4, all of the quartz glasses obtained in Examples
2-1 to 2-4 had a viscosity at the time of high temperature higher than the
viscosity of the natural quartz made of a natural quartz crystal as the raw

material and were hardly deformed even 1i1n the high-temperature
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Tabl e 5 Reaction Feed Reaction t, Reaction gas
tenperature rate ine (10 (rml/hr) (hrs) Exanple 3-1

|l ex~xaa@ 300 1.0 3 Exanple33:2 Hexat net hyM_ghone 500

1.1 3 Exanple 3-3 Hsxanet hyJdi sd=nme 700 0.9 3

Exanpl e 3-4 Hexamet hyMnhl axans 1000 11 3 Exanple 3-5
T~tnrreffivwvs| ane 700 11 3 Exanple 3-6

egﬂg%ghm no| é}j ngi%lgﬁojc alr_aLd,313110%%31:%I :qlgaléz glass of Experimental

E}z%%lé;'h%:lghglﬁ a‘%h%/ ﬁ.\%@:l}?%lgﬁ aE=p! & 3h3d 2.8 high residual

1 3  Exanp
coaeidtyiio®e of00hlbrine3 aﬁ&%ﬁﬂgbﬁnhg Qfuslrtd @ass of Experimental
Experi mental Chicane 700 1.0 3. Exanple 3-1

EisageplerdsAtvens Vhﬁ?ﬁﬂghh’ dewy draped it magraepéirgiegl to have a residual

c?gertlrgﬁcgrtﬁ ?olglc rrlﬁ %8&&1 Qu%d%@é@%xpz?athe ?u?rtz glass of
HpRihenfd Exmgwﬂzetx aﬁieoﬁy(ﬂﬁﬁ@l lo@FupasnGahed ehe B BHking in

using a conventional chlorine gas as the reaction gas.
vhnu@xiher amennalof wibiahmy s, howevar.ddighibatdveeredeadihicoriscosities

e S B % SRt
b Wi e -

aQUGY 1&val asn ROQkesy YRS RabbiAdl pesktindalsd, hes shewnlih Table 4,
treatnment conditions as in Exanples 3-1 to 3-11,

texogpre b nuehiangliasg bodees Weea:t)btmnbétamaeneadtmrptﬂmpsrature of
0 DPcampiel £ 1 om0 TRFEREIE nlrabd qlipi Epotale 219
r@&?ectively; and a black quartz glass body was obtained at a reaction
temperature of 1,000°C (Example 2-4). Also, in Examples 2-1 to 26, the
absorption coefficient at 245 nm was measured in the same manner as in
Example 1-1. As a result, in all of these Examples, an absorption coefficient
of 0.05 em! or more was obtained.
(Examples 3-1 to 3-11)

An experiment was carried out in the same manner as in Example
1-1, except for changing the reaction between a porous body and'a reaction
gas as shown in Table 5, thereby obtaining densified synthetic quartz

glasses.
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converted into a quartz glass upon nelting by an
oxyhydrogen flame was used. 15 The hydroxyl group
concentration, chlorine concéétration, carbon
concentration and nitrogen concentration remaining in
the resulting quartz glass and the viscosity at

1, 2800C were neasured in the sane manners as in

Exangle 1-1. Also, the color of the quartz gl ass was

i Ily discrimnated. The results obtained are
shown in Table 6. Incidental |Bepctiom Tabl e Bgedt he |- 3Feaction
VISCOSIty was Brhdgisnedsn t gr mgemIeratyrg IogarFﬂﬁnlc valgm)

(loa i) "<f\/(r@ﬂMlﬂ)
Pl Iq’ . cannat®- o 2 AP
%mpgiﬁﬁgﬁ?g-zé o cennatir at L2e or oot
AN g-g,, FPTTY f(ﬁfb”/" O~ I)A’WAE € o= 1
%kaaﬁg&gu Xanmpt ﬁ,oﬁs-L <IT <350, 100 80_1‘9§_'
AN MBS 3072685 100 1723 Umrwent 3
Eaipb €6 3- 20 1276 Bkk [Exanpl e 315 <13
<Fx@mpR00710 Exanphe 3-6 <1 <301 200100 3

TZa3pltMB Tt Tiftaiyberdad/ (<1 <300200 100 121.8 _Umniaxenst
Beamplp 89 3- |8 HedmedRlfisd@@lend 00 12, 300N 9~ Exaimle|3-9 21
&@mpiﬂﬁrlﬂ Q 17'ihe|t‘rﬁa]&mf Exam | é93_.10 <1 <30l 2001100 R
et <30 2007900 1213 Unkbarmd

T [— =

x@gﬁﬂh al <1(ﬁiﬁﬁ£) 10 10 | L67d@anspafet &xanplle 3- %
S EiEntat—<t—<~o—t0—1000—+ZO0-MMgM - t—Examte—3=2
Ryl pentjal 106mm® 10 10 |L57%ang--f Exbhple|3-3 3

Experimental

Example 3-3 Nitrogen 700 1.0 3

(Experimental Examples 3-1 to 3-3)

As Experimental Example 3-1, a dehydration reaction was carried
out using a conventional chlorine gas as the reaction gas. In Kxperimental
Example 3-2, a dehydration reaction was carried out using an ammonia gas
as the reaction gas. Experimental Example 3-3 is one in which baking of
the porous body was carried out in an Nz gas atmosphere without using the
reaction gas. Densified quartz glass bodies were obtained under the same
treatment conditions as in Examples 3-1 to 3-11, except for changing the
reaction between the porous body and the reaction gas as shown in Table 5.

As a natural article, one in which a natural quartz crystal was
converted into a quartz glass upon melting by an oxyhydrogen flame was
used. .

The hydroxyl group concentration, chlorine concentration, carbon
concentration and nitrogen concentration remaining in the resulting quartz

glass and the viscosity at 1,280°C were measured in the same manners as in

- Example 1-1. Also, the color of the quartz glass was visually discriminated.

The results obtained are shown in Table 6. Incidentally, in Table 6, the
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Natural 170 'So 10 10 11.9 a-Taleat article 5 As
shown in Table 6, all of the quartz gl asses obtai ned
in Exanples 3-1 to 3-11 had3a-viscosity at the time
of high tenperature higher than the viscosity of the
natural quartz nmade of a natural quartz crystal as the
raw material and were hardly defornmed even in the

hi gh-tenperature envirgnnent. On the ot?er and,
VISeEBIGH Yateshivar 03 tefimas of ¥p legathmgvalve dpganpl e 3-1
was thoroughly dehydrated, it had a high residua
concentration of chlorine; in the quartz gl ass of
TERxpesi nental Exanpl e 3-2, a nunber of air bubbles

wnrn nnnor at oo and 1.n hao
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t he
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3hpyH 3-1 PiHaEVe didsEOaltl 11@ tiend ODHIdIEBRADatdtRe hidhef €han the
was thus obtained a densified transparent quartz
vigcasgy ofFhe natural quartz made of a natural quartz crystal as the raw

material and were hardly deformed even in the high-temperature
environmeht. On the other hand, though the quartz glass of Experimental

Example - 3-1 was thoroughly dehydrated, it had a high residual

‘concentration of chlorine; in the quartz glass of Experimental Example 3-2, a

number of air bubbles were generated; and in the quartz glass of
Experimental Example 3-3, OH remained due to baking in vacuo, the
amount of which was, however, slightly lowered. The viscosities at the time
of high temperature of the quartz glasses obtained in Experimental
Examples 3-1 to 3-3 exhibited a value approximately the same as or lower
than that of the natural quartz. Also, transparent quartz glass bodies were

in Examples 3-1 to 3-3 and 3-5 to 3-11; and a black :quart.z glass body was
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Table 7 (a) Reaction Reaction Reaction gas
tenperature Supplying rate ( tinme (1C noUnr) (hrs)
Exanpl e 4-1 Fl exanet hykhi |l azd#®e 500 1.1 3 Exanple 4-2

. Hexaneth klisilooxane 500 1.1 3 Exanple 4-3

Hexanet hyl ai si l azane 500 1.1 3 Experinental Chlorine,
700 1.0 3 Exanple 4-1 Experinental Txhl omret hyl nl ane

- 500 1.1 3_ Ex I 4-2 EX [ tal 1~ 00.1.0,3 .
0%@%&@4%@@%5#%@?03@{(' hlead g st odie, apSapption

Le 4- ~ (h) TBAL o 5 A Adr Ae tn Teiinle 1-
oot 4t s s wrlmre OGN TR ooy 1y Boanele 111
Ak}, iBxapf thebe 1:800ples] 20 alExapipbe cdefficBOR of (10Hcm™?! or
Exanpl e 4-3 1500 1 1.0 Experinental Exanple 4-11 - - -
nExper asrehtaahedxanpl e 4-2 1 800 1 1.0 Experi nental

anple 4-3 800 1 1.0 Experinental Ex (Exanple 4-2)
(ﬁga?ﬁ&ﬁﬁ)n Table 7, the experinent was carried out in

t he rsﬁrﬂi‘exﬁer‘i‘ﬁﬂ%ﬁ% v @S chiridk 3R 8 relsaBXGBRANEL s USRI B¥ample

hexanet hyl di si | oxane as the ,
1-1, except for changing the reaction between a porous body and a reaction
gas as shown in Table 7(a), thereby achieving the reaction of the porous body
and the reaction gas. Thereafter, the treated porous body was transferred
into a heating furnace, and the temperature was raised to 800°C and kept for
one hour while flowing 1 mole/hr of an Hz gas. Thereafter, the pressure was
reduced to 1 x 103 mmHg or lower, and the temperature was raised fo

1,500°C and kept for one hour, followed by cooling to room temperature.

There was thus obtained a densified transparent quartz glass.

Table 7
(a) _
Reaction Supplving rate Reaction
Reaction gas temperature I)(I;E;L’}:i ) time
{"C) {hrs)
Example 4-1 Hexamethyldialazane 500 1.1 3
Example 4-2 Hexamethyldisoxane 500 1.1 : 3
Example 4-3 Hexamethyldisilazane 500 1.1 3
Experimental Chlons
Example 4-1 700 1.0 3
Experimental ]
Example 4-2 Trichlormomethylsdane | 500 _ 1.1 3
Experimental
Example 4-3 8 500 1.0 3
Experimental - .
_ Bxample 44 Hexamethyldisilazane 500 i1 3
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reaction gas in place of the hexanethyl disilazane
vapor, thereby obtaining a densified transparent
quartz glass. (Exanple 4-3)-28-shown in Table 7, a
porous body was reacted with a 10
hexanet hyldi si |l azane vapor in the same procedures as
in Exanple 4-1, and the treated porous body was
transferred into a heating furnace. The tenperature
(as raised to 1,500' C and kept for one hour while
flowng 1 nole/hr of ag,tH2:.gas, folljowed by cooling
to roomt enper at ur-e-—Fhetr-e-was—t-hus-obt ai ned a
densi fi ed transparmengerguar Tz Aesratel5 ( Experi ment a
Exanpl e 4-1) As Expef@nent dkrs)Bx omph2 [4-1, a
ulcilyt.lgxggl;lghl_ll eact O §es —gar red Lgoot using a
conveiL L opah Thtaringggas [as tjhe rgEacti on gas. A
guar tzaghass Dbody Wage obtlained urnder| t he sane :
THxpalbeill m.eRpdisfiilons as 11 Exanple 4-]1, except that
therineaGt Baapbetveensdche porious biody |and t he reaction
daserivastaPikagak #ided 0880 as |sho i Tabl e 7 and t hat
{Byeerimentat Brpmpleidt h an- H? gas was “not/ carried out.
(Experinental Exanple 4-2) Experinmental Exanple 4-2 is
one in which a dehydration reaction -40- was carried
(Busmpdé AePla tri chl or onet hyl sil ane gas as the reaction
gas. A quartz glass body was aobtained under the sa
tr oat Aenth@ERdn J‘F%W@ gsgh% eXPRHmATE Wag cagried pul g the same
' -ou eact | e h d

R B R bBB1E P SRR ek BRI BRI B s e
rEX@IR @aériﬁﬁlféép&rﬂﬁé%}éﬁmgﬂﬂﬂmisﬁaéaﬁe WapeRehbreWWbstaining a
baki ng of the porous body was carried out in a
densogeiraaspospitensmrdd ghesst using the reaction gas.

her treatnent conditions are the sane as in Exanple
(Bxample4:3)e shown in Table 7. 10 ( Experi nent al
Exanpl @ 4sh®wr'ﬁsix§hq‘é@hé N7 Tabl & ofoudf h&dy " GAG! '1%%9!’14& Nyith a
the reaction gas in e Sane “procedures as in anpl e
%xﬁmétﬁ?ldiéi@a?ﬁa&ﬁ AUs HRdyamaprotedsiardseith Erbede 4-1, and
vacuum furnace, and the tenperature was raised to
tBOOtr€atétharoerafis dvodit veas transferred into a heating furnace. The

temperature was raised to 1,500°C and kept for one hour while flowing 1
mole/hr of an Ho gas, followed by cooling to room temperature. There was

thus obtained a densified transparent quartz glass.

(Experimental Example 4-1)

As Experimental Example 4-1, a dehydration reaction was carried
out using a conventional chlorine gas as the reaction gas. A quartz glass
body was obtained under the same treatment conditions as in Example 4-1,
except that the reaction between the porous body and the reaction gas was
carried out as shown in Table 7 and that the treatment with an Hs gas was
not carried out.

(Experimental Example 4-2)

Experimental Example 4-2 is one in which a dehydration reaction
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pressure was reduced to 1 x 10-3 nmmHg or | ower, and
the tenperature was 15 further raised to 1,500 C and
kept for one hour, followed #-cooling to room
tenperature. There was thus obtained a densified
transparent quartz glass. (Experinental Exanple 4-5)
As Experinmental Exanple 4-5, a guart z glass pr epar ed

by nelting a 20 natur qua ryst al
“ﬁﬁyﬁyaﬁﬁg@H ﬂF%%%*%é@fﬁkﬁ ?H?d¥§la%ﬁg%dﬁaCUon—gaS A

%g%e%]{ : tho(aﬁ ng lo%%%iﬂl%dclﬁg&eexnﬂ{eagérﬁg tr&ﬂrﬁ&@t condltlons as in

once at1on and Fogen concent ration renalni ng

HsaenilesaHlt bRepURE tearrghgssutattd thetinSbasvdan e porous body
1,280 C were nmeasured in the same manners as in

apdlie| reagtign gﬁﬁ@SrSéWItgla‘Bb& ‘hed are shown in Table

(E. InC|ed feﬁ 5 Table 8, the viscosity was
ﬁ%%ﬁmlﬁl? | ogarithmc value (log il). -41-

Tabl eEgctp'éﬁ‘ﬁiﬁ@ﬁ(ﬁéll E{aﬁﬂﬂleqﬂ?,qg lone iFarRRRA IMKIH8ERhe porous body
Vi scosi concentration concentration concéntration

mcaamgmbuo nnad iP@Qe at(nptpnﬁhe(rg) pmithépp m)sn(g) phy reholgon gas.
71 Exanple 4-1 <1.<30 20 12. 6 Ex%?ple 4-2 <1 <30 30

Othep t@at@n&wnwmq@r%ﬂmféae A AR & Xazp .@3%5@ aqygl quy shown in
'Ilf\é167 Exanpl e 4-1 Experinental Exanple 4-2 135 <30
%'11.6 Experinmental 100 <30 30 4 11.6 Exanple 4-3

(ﬁﬁp@ﬁh{&rﬂwﬁ:xéﬁlﬁéq 400 80 12.4 Exanple 4-4
Experimental Exanple 4-5 170 <30 10 10 (Natural

arti clAe)shalvin of Tahke Guaiter refdchssewithbtl®i readtion gas in the same

p%())(cae ulrgss ag 11]1' EtX%néllpI% 4h %dthe treated porous body was transferred into a
vacuum furnace, and the temperature was raised to 800°C. Thereafter, the
pressure was reduced to 1 x 103 mmHg or lower, and the temperature was
further raised to 1,500°C and kept for one hour, followed by cooling to room
temperature. There was thus obtained a densified transparent quartz
glass.
(Experimental Example 4-5)

As Experimental Example 4-5, a quartz glass prepared by melting a
natural quartz crystal by an oxyhydrogen flame was used.

The hydroxyl group concentration, chlorine concentration, carbon
concentration and nitrogen concentration remaining in the resulting quartz
glass and the viscosity at 1,280°C were measured in the same manners as in

Example 1-1. The results obtained are shown in Table 8. Incidentally, in

Table 8, the viscosity was shown in terms of its logarithmic value (log 7).
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viscosity at the tinme of high tenperature explicitly

hi gher than the viscosity 5 of the natural quartz

made of a natural quartz crystal as the raw materi al

and were hardly deforned even in the high-tenperature
environnment. On the other hand, though the quartz

gl ass of Experinental Exanple 4-1 was thoroughly
dehydrated, it had a high residual concentration of
Tehleo%i ne; and in the quartz gl asses of Experinent al

anpl s 4- 7 aadxd-cdup cep@dned. dfnohhe [Visigesht | [@%scosity
at the tine |okonhingatidne Npercatititien Dfonten@atipu g reoreenglaties|es 1280°C
obt ai ned i n_Expgeymbnent al ®xanpl es_4erk) and 4-(pem) (log o)
Exdmddd 42d a |val uesll ower| t hagdot hat of 20t he [nat uBal 12.6
a2 The lvi scadity t 180t i ne of 3high itenpérat urel2b

iEanpiond-3 r‘IIlnrf7 al %pé&lz%p£ al Exa%| 912-6
PiEbi t €

PpTIER] dad | ue |jowe t han thase of| t hewquart z 11.
. rﬁ;iékl ol 1§ Vg £300 Qs loquar 11.6
(s}

A [

Ixaéé%io S0t i-ned—+n—Ex lpI es—4—trto4-3—Also; 1
%;g%,g[ﬂg§ 4-1 to 438, the ab$drpt{on dbefficienf at 4318
R Masn@Easyr ed i n- the sang_manper as i1 n [exanpl e 1F 1.
Asampld €3Ul t,| in all of thes<§0ExanI e§? an _absorption 1.6
Eeekitdestalent |of 0.05 cm 1 or re| was,Qbt aijned. SO
iEmamegld 4Hf t he r‘a;g wherle fh<§H?pn"fi n}\&nnd hem‘ai;(ﬁlg 124

tressiretat Were carried out in almxed gas atnpsphere
@E;”%‘“I?E‘Eiaﬁt hyl dit&{ | azane vdPor |20 dfid an H2 Has apd *°
¢ phatural article]

©

t-Ae—HaKt 1Y treatrent—was—then—carriedout under—a
reduced pressure and the case where the reaction, the
heati ng treatnent and, -42- baking treatnen re

carri 84l g6t nqaalfﬁzxg@sg%% bimpeinar Sxmmgles T to 43 had a
hexanet h i,sil n I . . t] . .
VATASTS o] thE Bhe AR g VRRG B A P Ria BTG b viccosity

of NP @t bi18y i1 3Reha BB IR ot AL MaS ¢RSIrEY cBfsthhgs thatrdt@aterial
quartz nmade of a natural quartz crystal as the raw

amdtwerehawyeddovbediaved in fewhigh Brapptadyrd cnvironmeait. On
SR g bV B REES 152 el B 1 vas
I DRI BB BEA e b1 8 anc

118 ¥hé Retarez gHasbZ of rindéhthh €l:eah pRE, 4-Phend1vad,t@H remained.
gl ass body was transferred into a pressure furnace.

The vscoaties abiphones; of Inghttemperatwresofdis qusirsedlasees obtained
A0S et 35 A BT R P B B o
tROW:RurdNGuS¥S! ePNAT;CO8LE Gtt e AMB LEHRER AL 18P of the

quartz glass obtained in Experimental Example 4-4 exhibited a value lower

than those of the quartz glasses obtained in Examples 4-1 to 4-3. Also, in
Examples 4-1 to 4-3, the absorption coefficient at 245 nm was measured in
the same manner as in Example 1-1. As a result, in all of these Examples,
an absorption coefficient of 0.05 cm™! or more was obtained.

Also, in all of the case where the reaction and heating treatment
were carried out in a mixed gas atmosphere of a hexamethyldisilazane vapor
and an Hs gas and the baking treatment was then carried out under a

reduced pressure and the case where the reaction, the heating treatment and
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simul taneously returned to the atnospheric pressure,

- and the quartz glass 15 body was taken out. The

resulting quartz gl ass body-4ds provided for the

nmeasurenents. (Exanple 5-2) An experinment was carried
out in the sane manner as in Exanple 5-1, except for
changi ng the reaction gas condition as shown in Table

9, . 20 thereby obtaining a densified quartz gl ass

bekine (EAEWSRE Wen§ R SitmiRt andeiXedr R daigResyhere of a
' I -1 t "

TR RANE S, BT, B st BIRGR W slpvig havine

d Bcodepai fthedige aft gl Resp HradirabightoWhannthkabls€oddty of the
t hereby obtaining a 25 densified quartz gl ass body.

netreapheaszanads dhowatiral Tamgz Srysifal ers theatawngaterial were
r.ou ody. a a X thyl s disilazane vapor in the
Og)g e@@t%%’&?@%‘a&%%ﬁ%g&ﬂﬁ% 5-1, an amonia gas and

(BRahG19asimere fed at a flowrate of 1 nole/hr,
respectively, thereby 30 carrying out the treatnent at
500C fAai elpbrutenit Wht eardedphetinotheobambemadder as in Example
reaction, a baking treatment was carried out in the _
Ishnexaerbdier changmg theargrickion befbea poozews beilngnd a reaction
treat pent wa arried out. under t.he, condition as

eah Gt o b Fab 8 Ut RaF sy B i et P RTS8 5 elass.
HeReStte LAY qRaktZX AR Body hadl o e ' .
out | net’he s%n% %géﬁner gsyi nal Ex%%ﬁfgf egﬁlﬁo‘gégﬁﬁﬁg?mace
Innaadd ttmnspleitehahbexarmirbydidl siasazdsel vapQ40C tabel00°C/hr,
N2 gas, 1 nole/hr of an anmonia gas was fed as_the

andadtitde gamealaney e prgssHewWas) roiradl© 3,000h&gkmy®. After
ai ni densi f.i ed artz glass;b . .10 (Exanpl
KBRS B8 DA Eh e il el B30I Wraodn P RiREpre amd
sBR ultanE¥ ARl ftuPndd t6XRERIintdipheicheRERINMAY Bid QARG glass
gas was uséd as the reaction gas in place of the
bodyames hykeli sutazThe reapbingguahionglaiss bbdlpl wa® provided for the
t hereby obtaining a densified quartz glass body.

measurements.
(Example 5-2)

An experiment was carried out in the same manner as in E}iample
5-1, except for changing the reaction gas condition as shown in Table 9,
thereby obtaining a densified quartz glass body.
(Example 5-3)

An experiment was carried out in the same manner as in Example
5-1, except for changing the pressurizing treatment condition against the
densified quartz glass body as shown in Table 9, thereby obtaining a
densified quartz glass body.
(Example 5-4)

As shown in Table 9, after reacting a porous body and a hexamethyl-
disilazane vapor in the same procedures as in Example 5-1, an ammonia gas

and an Ng gas were fed at a flow rate of 1 mole/hr, respectively, thereby

carrying out the treatment at 500°C for 3 hours. After completion of the
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15 (Exanple 5-7) An experinment was carried out in the
sane manner as in Exanple 5-1, except that a
trichloronmethyl sil ane gas wa43 used as the reaction gas
in place of the hexanethyl di sil azane vapor as shown
in Table 9, thereby obtaining a densified quartz

gl ass body. 20 (Experinental Exanples 5-1 to 5-5) As

Experi nental, Exanple 5-1, a dehydration reaction was .
reatiqrede Raking dirpatmenrt Kasneaped ot By the sgae Jeappgr as in

[ .. L.n Experi I I -2
Efg%%&%]';ag 9882 Q%SS(I).I%l ru'lgPt%E?tme%Etx gvu ﬁlse?lnaararﬁer% r?iug uansder the

Ton reactl was carrile

chhd@itioneas tdhonrgas Table EXAdkikésMmNbBtaibk@i Rl @snSifidd ajithrtz glass
5-4, a dehydration 25 reaction was carried out using
bhéxamet hyl di sil azane as the reaction gas.

eriment,al Exanple 5-5 is one in which baking of the
G*E%f?%’lgggay was carried out without using the
reacti - | fd gl.ass i;
e MRS ORT L ARGl i 5t a1 Bl
Hekaspbpt thtint dAdlitieaabiths hsaweshyldieil porousaiadyy endN, gas,
the reaction gas was carried 30 out as shown in Table
1gngledhy ploan gmmapnisagasiyas fedapithe seaqtidmgas ardonizad as shown

.- 445 s,,hot, carri.ed out, ri ment al anpl e 5-6)

i d SRl R E bR s Gsrb ML Hh R 2 BT cpar ot

By hd & a natural quartz crystal by an oxyhydrogen
(flgﬁg vvaggused. 5 Table 9 (a) Reduction treatnent

React AmneSupimyinh gvaRearié¢dout Annei sam&eashhenagda Example

treatnent. rate tine liir_m_llbr) (lira) Exanple 5-1 ]
5Hoxaxeapt bleat # deranmpbyldiglaxane g@aamgsaimdms the reaction gas in

P cégﬁg%:i Sg%%?ﬁ%%ngHe%z@%g?’ggpop é?}snps&l%w%_ ?fn Table 9, thereby
obtaining a densified quartz glass body.
(Example 5-7)

An experiment was carried out in the same manner as in Example
5-1, except that a trichloromethylsilane gas was used as the reaction gas in .
place of the hexamerthyldisilazane vapor as shown in Table 9, ‘thereby
obtaining a densified quartz glass body.

(Experimental Examples 5-1 to 5-5)

As Experimental Example 5-1, a dehydration reaction was carried
out using a conventional chlorine gas as the reaction gas. In Experimental
Example 5-2, a dehydration reaction was carried out using ammonia as the
reaction gas. In Experimental Examples 5-3 and 5-4, a dehydration
reaction was carried out using hexamethyldisilazane as the reaction gas.
Experimental Example 5-5 is one in which baking of the porous body was
carried out withoﬁt using the reaction gas. Densified quartz glasses were
obtained under the same treatment conditions as in Example 5-1, except
that the reaction between the porous body and the reaction gas was carried

out as shown in Table 9 and that after baking, the pressﬁrizing treatment



500, C Exanple 5-4 Hmet hyl di sl azane | 500 1.0 3.0 3
hours Exanple 5-5 Hexanethyl disilazane 500 1.0 3.0
Exanpl e 5-6 Hexamet hyPi sil axhkke 500 1.0 3.0 Exanple
5-7 j2d~thyllane 11 500 1.0 3.0 Experinental Chlane
500 1.0 3.0 Exanple 5-1 Experinental Ammonia 500 LO
3.0 Exanple 5-2 Experinental Exanple 5-3 .
Hexanet 1w ffi gl azane 500 1.0 3.0 Experinental Exanple
WS NOBEREHER O¥8i sf| azane 800 1.0 3.0 Experinental 500

O [ xanple 5-5 (b) Pressure treatnent
(]%xepr%‘gl%lg?adﬁeﬁ%ﬁgﬁ{ebssu e Time (kg/CV@) (lira) (10

""" As Experimental-Example 5-6, & quartz-glass prepared by melting a
Exanpl e 5-1 1400 1000 2 Exanple 5-2 1400 i

natural quartz crystal by an oxyhydrogen flame was used.

Table 9
(a)
Reduction treatment
Reaction Supplying | Reaction Ammonia
Reaction gas temperature rate time treatment
(C) {mol/hr) (hrs)
Example 5-1 Hexamethyldisilazane 500 1.0 3.0
Example 5-2 Hexamethyldisilazane 300 1.0 3.0
Example 5-3 Hexamethyldisilazane 500 1.0 3.0 -
iy 500°C
Example 5-4 Hexarnethyldislazane 500 1.0 3.0 3 hours
Example 55 Hexamethyldisliuzne 500 1.0 3.0
Example 5-6 Hexamethyldisiloxane 500 1.0 3.0
Example 57 Trichloromethylsilane 500 1.0 3.0
Experimental Chlor 500 1.0 30
Example 5-1
Experimental A . 500 10 3.0
Example 5-2
Experimental ..
Example 5-3 Hexamethyldislazane 500 1.0 3.0
Experimental .
Example 5-4 Hexamethyldisilazane 800 1.0 3.0
Experimental
Example 55 Nitrogen 600 1.0 3.0
(b)
Pressure treatment
Temperature Pressure Time
{C) (kg/cm?) (hrs)
Example 5-1 1400 1000 2
Example 5-2 1400 1000 2
Example 5-3 1400 9 30
Example 5-4 1400 1000 2
Example 5-5 1400 1000 2
Example 5-6 1400 1000 2
Example 5-7 1400 1000 2
Experimental Example 5-1 .
Experimental Example 5-2
Experimental Example 5-3
| Experimental Example 5-4
Experimental Example 5-5
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1000 2 Exanple 5-3 1400 9 30 Exanple 5-4 1400 1000 2
2 Exanple 5-5 1400 1000 Exanple 5-6 1400 1000 2
Exanpl e 5-7 1400 1000 2 Expgrinental Exanple 5-1
Experi mental Exanple 5-2 Experinental Exanple 5-3
Experi mental Exanple 5-4 Experinental Exanple 6-5
-45- The resulting quartz gl ass body was neasured for
t he hydroxyl group concentration, chlorine
concentration, carbon concentration and nitrogen

and. chbe e TRl LR ey bt MR BB B Bog o

coibeBXATRIE dhlbrind BURRBrA8HEr ek LeStedtYAGHn VASd nitrogen

carried out by treating a sanple at 1,800'C for one
chentratioracamainng v sihel bybjeonfguamtn glansbbhdsthas viscosity at

VB B S8 o0 WSt SR, SRS SRS, o
L3 5B B 0, BEORARC PEMY h vao

ahbl d¥igu¥1ly %@@nﬁﬂg%hﬂ@le%@%ﬂ@r%@&@ﬁt@d Sﬁ_Oﬂiet Yirside of the
Bubbl e cenentation concentrati on concentration

szopbemiteat ithn &est1280e graralts ohtaimst aver) siePM) i PRNle 10.
I&g%qaﬂyg _91% T\é@f:%%a%g%sgéﬁ%tﬁ%{ag %%gérgbé}oge]i%lsl 0 1tts) Lfggballrei‘thmic
value (log ).

Table 10
Hydroxyl group Chiorne Carbon Nitwgen Viscosity Bubble
concenfrafion | concentration | congentration | concenftration | at1280°C | generationtest
(ppm) (ppm) (pprn) fppm) (ogn) VAC
Example 5-1 <1 <30 10 10 12.1 Nobubhle
Example 5-2 <l <30 1000 400 12.2 Nobubhle
Example 5-3 <I <30 10 10 12.2 Nobubhle
Example 5-4 <1 <30 10 400 12.2 Nobubble
Example 5-5 <1 <30 10 400 12.2 Nobubble
Example 5-6 <1 <30 10 10 12.1 Nobubble
Example 5-7 <1 1500 10 10 11.9 Nobubble
Experimental <1 1900 10 10 115 Nobubtke
Kxample 5-1
. Vigorous
Experimental <1 <30 10 520 12.0 bubtle
Example 5-2 )
generation
Experimental Bubble
Example 5-3 <1 <30 100 80 12.3 generation
. ) Vigorous
Experimental <1 <30 1000 400 12.3 bubble
Example 5-4 .
generation
Experimental 100 <30 10 10 - | 116 Nobubble
Example 5-5
Natural 170 <30 10 10 11.9 Nobuble
article

All of the quartz glasses obtained in Examples 5-1 to 5-7 had a
viscosity at the time of high temperature approximately equal to or higher
than the viscosity of the natural quartz made of a natural quartz crystal as

the raw material (Experimental Example 5-6) and were hardly deformed
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Exanple 5-3 <1 <30 10 10 12.2 No bubble Exanple 5-4

<1 <30 10 400 12.2 Nobubble Exanple 5-5 <1 <30 10 400
12.2 No bubl k Exanple 5-6 <46 <30 10 10 12.1 No bubbl e
Exanpl e 5-7 <1 1500 10 10 11.9 Nobubbl e Experi nent al

<1 1900 10 10 11.5 No bubble Exanple 5-1 Experi nent al

vw~ Exanple 5-2 <1 <30 10 520 12.0 bubble generat an
Experinmental <1 <30 100 80 12.3 Bubbl e Exanple

eynén Ahehigh- tm@ératn@"meammmg Eaihe @tlsemh&&ddi@ugh the

000 400 bubbl 0
asarzeiass o Repummeete R EARRE: 5w i REOTER E4anTdratat it bad
é%lt 2 %@@élecoﬂeh‘t&{t?or}%@ cﬁhéuﬂé tﬂaehgaaa 18w RSR8S. In the

I n Exanples 5-1 -7 had a 15 viscosity at
thhﬂ;zt ghessod dfi fixpeeimpartal UEEampﬁHSO)BI Prabed yarehual, tthoogh the

gher than the SCOS t he nat yr al uart z
Vkﬁpoﬁt%é%ﬁ &Pnﬂl?é’ﬁ fi’f‘% ade tnﬁémfaj r iaaiﬂlun%er of air
I
b pERE VR %&%@@ﬁ%ﬁdﬁgﬁ%& TR -
5‘3 feH ﬂ@&m@ineala%gia Hdk@n%waﬁ&ﬂo ghassn@inExPehiceRhal however,

Exanpl e 5-1 was thoroughly dehydrated, it had a high
shghﬂmlavsrewhcm theiGacositycwisrlowe adeo, madEaanml.es 571 to 5-7,

t%%ﬁqusrig% Sehcigny AH040 B pYRR g M ﬂ'gec”%%?;nmer asin
ESRIRRA0LS A8 A BIR s BRSOAAL BaBHARL Zn AbDHIRGR Bbfficient

eSS \Rere generat quar
0?0 OB@eN oFenbr wh dBPAifed5-5, OH remi ned due to

baki ng i n vacuo, the anobunt of which was, however,
(Example 6-1)

About 1 kg of a porous body of a quartz glass body (OH group content:
200 ppm) in a column form having a diameter of 100 mm as obtained by
flame hydrolysis of tetrachlorosilane was set in a quartz glass-made furnace
core tube (diameter: 200 mm) installed in an electric furnace. Next, the
inside of the furnace core tube was evacuated, heated at 500°C, and
preheated at that temperature for 60 minutes.

Thereafter, the temperature was raised to the reaction temperature,
and 1.9 g of a hexamethyldisilazane vapor was fed as a reaction gas while
dﬂuting with an Nz gas, thereby reacting with the OH group in the porous
body. The heating was carried out at the reaction température as shown in
Table 11 while keeping that temperature for 3 hours. Incidentally, a flow

rate of the N2 gas is 1 mole/hr.  After completion of the reaction, the treated

porous body was transferred into a vacuum furnace, the temperature was

' raised to 800°C, and the pressure was reduced to 1 x 103 mmHg or lower.

After keeping for one hour, the temperature was further raised to 1,600°C at

10°C/min, thereby obtaining a densified quartz glass.
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slightly I owered, and the viscosity was low. Also, in
Exanples 5-1 to 5-7, the absorption coefficient at
245 nm was neasured in the s manner as in 10
Exanple 1-1. Asa result, in all of these Exanples, an

absor ption coefficient
(Exanpl e 6-1) About |
a quartz glass body (OH group content:
Tableuth form having a di anet er of 100 mm as obt ai ned by

obt ai ned.

4= 1

of 0.05 cm1 or
kg of a porous body of

nor e was

200 ppn)

in a

190 11 dlle

gquartz gl
i nstall ed
the furna

oAl ny ol

Tydrotysis, of

s R vith yekaile

tetT

achior OS& e
s

sHiggn compogn

(.di

e WadS S¢€l

g

in an el ectrli
ce “arEmEHDe

at ard A+ + hnat

i Fepiemac

e Thisiee |
unth e

1at

q

A I‘E)C%SSUI %eagm
t Lhsi de® o

at ed at 500' C,

)
f

CATTU P T

TFhengadl e

“ut vy ut CTTUAL

I Hetalnghyltidmpe r

T bll’J\al (%t

at up® waq

"
UI A>3 \v A}

rait.ged

1

JFla' 16 1 'U'lim
fﬁ:%le ,generatuon

3

tenperatu
vapor was
arenee §as

porous b

€,
fed as a rea
3
bdy. The heat

20—and 1

9-gof
ction gas
cti AY wit

i Nng was (

hexamnet
whil e

arried o

h tRd oH

[

‘Eieé’dqéa'l IMET4:

Hivh bbb 1 Geniha 1&
gLk peltiRsb he
I Butdite shiv@ation

RAGHL 09

keepi ng t

t %%!ﬂ%ﬁiéﬂ%e G

enper at

S s?&mi
re tor 3

n igabble
hours. |

Tlhmwipeligz—
n&lp Hiebhle gérlexatio

fﬂx%le §atp

e ']9&1]01&519@13&%5 ¢

t he read

as ks | n

ti-on t h
AV Al L LA™

ol ehBr .

traated
LA AL A

nfiame melting—
rag

compl-etio
cOp+-etH

\MSn;ﬂé’ 615] sf

Iefefaﬁdlyﬂlﬁlﬁxﬂlea

4+ (aYaVal Vel

vasaum f

P )

ur nace,

f

g bublle g

E}’.m Y
o bub

@?”étc.u r
energtion

s’

vu U OUU ',

mHg @kt ower|.

armrua tT1Tref

Bt er

pr TSSUT T

ame me

kee Fﬂon g f SIE h&ﬁ% geréyatibn

<<

lff,zsem EHHE
1069,

aturewas f

tHrepaiyiislae 5

rther rai

i ni AY a d

sed to 1]
lensPfi ed

PiHe
QU@Eetg%neQitﬁ§ S.

abl e 11 React
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Ion wth

volatilTe

$laknk 6OMing

‘ﬂﬁlperﬂn%ntaﬂ 0
CRApQERES] . L. R~~CP¥%~- |1~hl "0; W 4 No bubble generation

Processng heatrrg Reacti on gas tenperature anount test

(O (9) Exanple 6-1 Hexamathyl ffisilazane 500 1.9
(Fkan®1&eb1d Rosp bubbl e gener tion Electrical

mel ting- Exanple 6-2 HemmeffiyMr azane 500 15.0 No

bubbl dsgestevati om Table 11, a hexamethyldisilazane vapor or a

trichloromethylsilane gas or hexamethyldisiloxane was used as the reaction

gas in a throwing amount as shown in Table 11. Also, especially in Example
6-3, in order to make 5 mm of the surface as a transparent layer, an
experiment was carried out in the same manner as in Example 6-1, except
for raising the temperature from 800°C to 1,600°C at 20°C/min at the time of
vacuum sintering, thereby obtaini.ﬁg a densified quartz glass body.
(Experimental Examples 6-1 to 6-3)

As Experimental Example 6-1, a dehydration reaction was carried

out using a conventional chlorine gas as the reaction gas. In Experimental

Example 6-2, a dehydration reaction was carried out using

hexamethyldisilazane as the reaction gas in a throwing amount as shown in
Table 11. Experimental Example 6-3 is one in which baking of the porous
body was carried out without using the reaction gas. The reaction between

the porous body and the reaction gas was carried out under the condition as
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Fl ame nelti ng- Bubbl e generation Exanple 6-3
Hexanet hyYi RLwaa 500 15.0 Flanme nelting No bubble
generation Flanme nelting- Et&nple 6-4
T3di | aronet byl s[ knme 500 0.5 No bubbl e generation Fl ane
mel ti ng- Exanpl e 6-5 Hexanet hyl dnbxane 500 1.9 No
- bubbl e generation Experinental Flane nelting- Exanple
6-1 CHcnile 500 100 No bubbl e generation Experinmental .
skpwrannErile g apdaptebaskmg deapdiadh e ir aswes sogeghgained

Bubbl ' Exper.i. l. R i ng- Ex I
a3 ke PR L b B o R AR E S dndr SRRl Mexampl o6 6. 2
(ELp&iRlenfl ERGMpDLE B-Pabl e 11, a hexanmet hyldisil azane

vapor or a 5 trichloronethylsilane gas or
hexandshiiptismeokanExample et maguaite gleas prepareddy imelting a
a, throw ng anount. as showndin Tl;gﬁle 11. Alsp, -
nakweadioaaryz Fryseshmp e oxghydrogenslame Was Bagt 5 nm of
the sy ty, | rent
carr; SqBageRidp doBIUIAE e RHEE culfly AARCDHIRE, (fPSurface
sB¥CEeRirfadeolepdi:siroth thanhepepat tire) fam@dmBOOnCetl site were
1,600'C at 20'C/min at the tinme of 10 vacuum _
resnectiviehy coli¢nteémndbmedsirad far dbashydreaylgaeur cghaeriration,
dy. (Exper, nent al anples 6:-:1 to 6- : .
Bifflia HoPSH Ry 1B CRCBHIR B AUGErBCYRgEnTTation
LLEL : us|| epti.Qn l.of 4 . a e
PR nE e T g SRR BB o Ao s 58, 280°C wore
noeitydedt ironheeagieomayasereansi d ximydd NG115 With respect to
hexameté]iél di sil azane as the reaction gas in a throw ng

g hdesk partigmpias skivedropédiom thalrepsling quartg glass

by Fh RO g che st SHEGHE The dRrmal i of LS plack
qRELWeER ss Ry POFALS 20te ARy G HE Qﬁ%lrité) B1H43% d’é@sx_vls_fgks) | vélsuaﬂy

carried out under the condition as -48- shown in

distrimichtaflt efhbalkcisnlts aeamdd ade ghawnzirgTabket2wele Table 12,

obt ai ned ) ) ) )
the viscosity was shown in terms of its logarithmic value (log ).

Also, with respect to each of the resulting quartz glass bodies, a
processing heating test was carried out. A processing heating test by flame
melting is one in which a glass body sample is irradiated with a flame by an
acetylene gas burner, thereby confirming the generation of bubbles in the
glass body: and a processing heating test by electrical melting is one carried
out in vacuo in a carbon heater heating furnace. The results obtained are

shown in Table 11.
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under the sanme treatnent conditions as in Exanple 6-1.
(Experinental Exanple 6-4) As Experinental Exanple
6-4, a quartz glass preparedidy nelting a 5 natural
quartz crystal by an oxyhydrogen flane was used. Wth
respect to each of the resulting quartz gl ass bodies,
the surface site (surface depth: froml mmto 20 nm
and the internal site were respectively collected and
Takleslit ed for the hydroxyl group concentration,

ftorTme concentTat T pNg rfgon_concentyati qn and .
ni trogen cgpcent gati pn gg?renaﬂfﬁ)}g i he syﬁlﬁ@ it
quartz gl ass and the \?’F&%&gi ty egab 1| 28@mC Vier @pm g )
Rreasttret ;Sbﬁfécé' MeEToeT S~ as5 T exanpte [ ip Wit
r BSHEEt 1 Xl B- Z,<1 4 Ol acko PO T an WS Ski VEF 121
oWl fe0m tShiee riesBit i ng quartiz _gilss| bd¥y and Aeasyred?
for—the Slmﬂér\o By ol andle h i rnhl t A inf A 122

J AT ot T ST I ) S T AT A 122
bEaekés qugrtz1grgss bodyy ~Furthgg;—theggot-ar—ofy the 5
quart z gl asg&. DOoeRs Visuallly &b discribm nated. The us
r EEHEYS [olthai Netnaie | Shan T Tabl €| 12,01 n [Table 17, iis
gmpggﬁscoéﬁiww vEpsseemih own. din.. tier.ms0.of Lit.sel ogari-tZhm.¢...... 121

t By
wal ye (llg Tepepawns | i<t h racp'go‘i_' o.-g8ch lof tzhe 121

r B ey N s = RN D D AT A AP 1.
N Al 1 UID%I‘JHBT’ ,m gl DAUélIUI 97 m [J: UL;CLBDI IIU II%Q.L I_IIU 315
tBSh S Gak L | A ProCeSSIHg heatjng €Sk DY 192
f EarmRe2 e lidetd) (| Tl € | 1 WhilCh &0 gl ass ody; saepl eli s 122
i Frpegrahithit| e dhetae t e My _an. 2 acetyl.gne.jgas-Zourner., 3
+ ek, Loy ippecsthe d¥norlat i BN of bubbl s A the—10
g%%ﬁ)cdwn%&%m%i nﬂ heaging tegt %; 0 119
Lektecal nelting 1$ one carried out in viacuo in'a

carbon heater heating furnace. The results obtained
are shown in Table 11. 25 -49- Table 12 Hyd"w chhrm

Cm bDp sN&E3AT in Yhb 19MM ohtNVuaisd Sabdd dithiadibm Bkamples
120C w-trabm Wi~ (Ppcf Q@g 0 _T~ Tcli- (Ppd (Ppr@
69l 1tp b had samidupsity at. the time .of high temperature approximately

qgilrigbcrf&tﬁlbai&p%mw ‘material (ExperimentZNRERIGH: 6-4) ahd were
hardly deformed even in the high-temperature environment. On the other
hand, though the quartz glass of Experimental Example 6-1 was thoroughly
dehydrated, it had a high residual concentration of chlorine and had a low
viscosity. In the quartz glass of Experimental Example 6-2, though the
viscosity was comparable to that of the natural quartz, a number of air
bubbles were generated after the processing heating test by flame heat
melting; and in the quartz glass of Experimental Example 6-3, OH remained

due to baking in vacuo, and the viscosity was low. Also, in Examples 6-1 to

- 6-5, the absorption coefficient at 245 nm was measured in the same manner

as in Example 1-1. As a result, in all of these Examples, an absorption

coefficient of 0.05 cm'1 or more was obtained.

Capability of Exploitation in Industry:
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I ntm~I gh~~t <1 <30 10 10 12.1 sw am Bl VW <1 <30 5M

2D 199 - - B _ =~ - -- - -- 630 - -

- - 26 - - - - 11 .:50-pb 6-3 <1 'M 10 10 199
an- Blwk <1 <30 ~w E~anp| e&4 Swf am ghnspawt <1 500 10
2 1L9 ... . w-fo IL5 SMBP~t <

<30 10 2 121 .. .. .. .. ....... e T T

_____ In the light of the above, according to t}wmmd%waplxegs of a
sthe%c quartz ﬂarsns %%%ixei)lre%gr%) 11:}‘%11%1011 1t zsgossrble-tcr easily and

efficiently produce a syﬁthe‘tlc %ﬁartz glagss which -has less - 1mpur1t£7 has a
............ Exm hitmal WQ ~t <1 1900

h@bﬁan@ntaﬂur@) Vﬂshmmt)SehaﬁQ:t&ﬂﬁtlc Enall €820t mbo@ than that of a
am Twent < < 30 20 1 ﬁ M!MI\{U suf ~ ahns~ﬁ%1w2
mipray APz &lass nfRB| F - eforpls even 1n a high-temperature

By Betehy P AN BRI Tt 260t RERTiarEy wy e elass
wWsicBho Wl fﬁoﬂaﬂiee%eliéraﬁbh Fhubbieccual iszdéllls'iﬁses
obtai ned in Exa 6-1 to 6-5 had a viscosity at

t he t idegostingitgl eeﬁpén@ttmﬁ@aﬁp@l@sa bmbfed»fythean@qeuaﬂ invgntion,
Ol SRS RSP BBl ARG es whin
A A, BTl T Sy e

ri@rdthihaugh dfhe ekl qahess shissPapdr haediallefoxaPbeen in a
6-1 was thoroughly dehydrated, it had a high residual

hegindenmpena iuon etrfvusdﬂmenheamh dspradaldy Iaowammglssﬂ)bod}y which is

fRolighr ThS Sepr st ) R rinalsar e e T nBRreh gibsorption
rAgd lé&ﬂ' gﬂ@%ﬁ)ﬁ rzﬁ nlzﬁﬂehagfar’?'e& rdthid 'ﬁfghw%“f% ff?% l%?eventing

generat e fer the processi ng eat|
difationrFlllksnlgmevad. i n the quartz gl ass of Exper| ment al

Exanpl e 6-3, OH renai ned
In the light of the above, the present invention is useful for a quartz
glass jig to be used in the production steps for carrying out a heating
treatment of a silicon wafer or forming a CVD film on the surface, and
especially, in recent years, since a synthetic quartz which i1s lowered in metal
impurities and suited for a high-temperature treatment is desired as a raw

material, the present invention Complies with an expectation of the

industrial field to a great extent. -
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due to baking in vacuo, and the viscosity was | ow

Also, in Exanples 6-1 to 15 6-5, the absorption

coefficient at 245 nmwas negpured in the sane manner

as in Exanple 1-1. As a result, in all of these

Exanpl es, an absorption coefficient of 0.05 cm1 or

nore was obtained. Capability of Exploitation in

I ndustry: -50- In the light of the above, according to

t he production process of (d.AIMEhetic quartz gl ass of

the present invention, it is possible to easily and
efficiently produce a synthetic quartz gl ass which has

| ess | [ .ghs r ' '

Tehar abr ariian daSefte AV ABERE Lt Rl SGPRchis a process of
pheduniag aqgadttz ghesBodahdvigy ah ywhdefoiom cen@inidnt @ 245 nm of
hi gh-tenperature _ environnent,_ and especially a highlg

OH¥pemi o3 imere whigh i eharackrrased by paRISCliRg; o $i11c8 PPF@ies body to

BAPROR G BHLR R AR LEhBRpeaP DRE et ErRat Py
2! nventI‘ih%rbrOdhE:ﬁ.bﬁ PRO&SIRIFS dyhtREAYI {8y %Ia%@%%@(ﬁﬂ%g to claim

and bl ack synthetic quartz gl ass which 0 has less
1i mqhich iy chhgsteribe @ in thapeiatredectiis Cesitinent is carried out at a
characteristic equal to or nore than that of a natural

reffdtary tgmpesatyrdohdO8ry erefugher apdn 1i3p0EC or lower, and the

hi gh-t.enper.at ur e. envi renyren and especi al | quar.t o
bk bRl 2 oL X8R ar R SGBR i Beckaftaf 81 1. J00C or
hbstol 8581 1ig0densifowrastHir-8by bhidialffa ¥as0E BldRmodyat e

and em ssion rate, and has an extrenely hi gh effect
3f or plkegnoidngtiod prdedsbudizosyndhetic lkplartmetamls ackordihe to claim
Iiggwt of the above,_ the ent invention is useful

1§ gyhigh jggharactrymed éhf%%ﬁé rgdugtipy rRatpeelded the baking

Bl PP B LS Brnd 7 TR perarune of

180€C o@%ﬁmﬁﬁéﬁhﬁ&al,9%°@@ﬁﬁkve&¢ar s, since a synthetic
quartz ich is [owered in netal 20 inpurities and

4sui t edhkgrrodubtigh-pecpser of arsgnthe@t npuwairti glabssiacerliag to any

ar .material, the present jnvention conplies with _
OHf Ogﬁ B¥Sak for Wb’bquh’é Chaﬁae@meéunft:hélt dbe gedugfiaytreatment is

oo REREPPE T P e YR E R YRR T oy g 1 an
aglgl@gﬁlgélﬁ n(?)'él?&ﬁliﬁg@ﬁid] gyt Y adfreabisbé DtéAPcEReih iraheat

5. The production process of a synthetic quartz glass according to claim
4, which is characterized in that the reducing gas is a volatile silicon
compound containing nitrogen and/or carbon.

6. The production process of a synthetic quartz glass according to claim
5, which is characterized in that the volatile silicon compound is at least one
kind of compound selected from the group consisting of a silazane, an
organosilazane, an organchalogen silane, a siloxane, an organosiloxane, an
alkoxysilane, an aroxysilane, a silane, an organosilane, and an organopoly-
silane.

7. The production process of a synthetic quartz glass according to claim

6, which 1s characterized in that the volatile silicon compound is
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50.05cm1l1 or nore, which is characterized by
subjecting a silica porous body to a reduction
treatnment and a baking treatggnt to forma dense gl ass
body. 2. The production process of a synthetic quartz
gl ass according to claim 1, which is characterized in
that the reduction treatnent is carried out at a
reaction tenperature of 100' C or higher and 1, 300'C or
hlegaerethglidsildmm ) baki ng treatnent is then carried out

at a r actiaon tenperature of 1,300 C or her

81, 900’k O IHEPD nRS aoﬁf%ﬁ%%‘?’ﬁgl%f&%ﬂteé%g‘ﬁca%@qng to claim
bo on_pr S f t

oo R, QLRSI G5ES gl BISIBLIGHEG, UlibRna i

Hehameﬁ;hglcﬁglmrieon treatnment and the baking treatnent
are carried out at the sane tine at a reaction

% errpeﬂ“éleup@dofcti@spm@@sa:o%a dyinghetic avdrtz ghps@cgprding to any

opPATEIaiisol i Ao Taln e RE S B e TA go St it b ont is

caPRERGLE AL Zaeﬂaacﬁohrf@hlﬂé?ﬁtﬁ%dd{q(b@@ & E@Iﬁ?@nd‘ 800‘@ or lower,

treatment for reacting the silica porous body w

folésived gy drking @n 1,30070s phehgheondad nl,0Q0%ai at ga;sen, nthereby
a prescribed tenperature range. 20 5. The production
OEF@@&%a&ﬁ‘aESWﬁpﬁéﬂ&ﬂﬁ kpdar t 2 gI ass accor ding to claim

racterlzedln t..th er
19 o T RiREEAT S Bt haoklRbuf At A B Baftaid to any
ofif QJfQ:‘Ial‘;fﬁé RoR. 8 szhi@ﬁelspé}%ﬁﬁﬁér%dpﬁloﬁ?ftstl@f gifica porous body i8
synthetic quartz glass according to claim 5, which
sabfcead ed hzeductiot h,aéaﬂnlnmwb)jr atadténgs whitlc ama@bmmunthmmg 2as
at | east one 25 kind of conpound sel ected fromthe

agrlep %bﬂ%hqrn@n@fl %0% q alz émfer dnllewgdrios bpkihat 1a#00°C or
h?rlganObonggfqle or I%an o oe)](f)‘%sy logpamlng gocfe%raoe esd {)Pac% gqass body.

ane, ane

191 9anqyjel pRfluctidd Fibcesdsnapsinthetic! ARBtz élas-ghz?ccordmg to any
production process of a synthetic quartz gl ass

‘oaecali diamgst b tol 0mwi8ch G oldsirabtarszedhar dhtierdfadtha reduction

that the volatile silicon conpound is -52-
tWﬁ%ﬁﬁthﬂ heaing Fredment Iﬁﬁ@rﬂﬂe@d@é‘i [203) ﬁnp@%@@%”ﬁ cgntaining

HIOAS dngER S PNEESRE G bR e e dbefBrBbiednine o
d@gg@gﬁ{g@yﬂdﬂ ysi | oxane. 5 9. The production process of a
synt tic quartz glass according to any

The production process of a synthetic quartz glass according to any
one of claims 1 to 11, which is characterized in that the dense glass body is
further subjected to a heating treatment in a non-oxidative atmosphere
under a pressure exceeding the atmospheric pressure in the temperature

range of from 1,200°C to 1,900°C.

13, The production process of a synthetic quartz glass according to claim

12, which 1s characterized in that the dense glass body is subjected to a

heating treatment in an inert gas atmosphere under a pressure exceeding

the atmospheric pressure and up to 10,000 kg/cm? in the temperature range

of from 1,200°C to 1,900°C.
14. A synthetic quartz glass body produced by the process according to
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one of clainms 1 to 8 which is characterized in that
the reduction treatnent is carried out at a reaction
tenperature of 100' C or highgy-and 800" C or | ower,
“followed by baking at 1,300 C or higher and 1, 9000C or
| ower, thereby obtaining a transparent glass body. 10
10. The production process of a synthetic quartz gl ass
according to any one of clains 1 to 8, which is
anh@macﬁegﬁnﬁﬂltmlﬁhat the silica porous body is

bj egt ed duction treatment b ct ith a. .
1327 hot- TN G AN SBHRE AR ARG op Tech. is

liérg%gé[i‘éﬁed b lﬂ%g Y e:g&b?%naéoe%ﬁéggt gt Q45 Hinggﬁﬁ O%néim ior

omer taining a nsified bl ack
ng@lrassnddtyving S J:ﬂxrbdliheomield:matmnn apniteesm obneentration and a
Fnthetlc guartz gl ass accordln% to any one of clains
ch mq@n%t@ﬁlqnst%bﬁae@ttﬁmdz eH10,R0pmatm & degs, repectively.

d
150 A SRR RS s P g iohy R Baann by elass
bé&PJp%&Mé@ }53@ tRe B@&e@g gké(?x@liﬂg b angfrlﬁ{ee@ﬁ/clgﬁﬁé'lmor@ afd 11 to

dense gl ass The producCtion process of
18 ywhinet 1scc1mractengldaﬂstlmﬂ: condrogprt eoraaytrasivn @f be b(mmned 18
1 to 11, which is characterized in that t he dense
@Oa\:sxgnwadlw sand gr gepn Sepreriagionstoabh sgntaiged is 100 ppm or
1treatment in a non-oxidative atnosphere under a
essure exceedi ng the atnospheric pressure in the

17 empenabusehthedR0guettzl RN 1h@BP' decd Rlidg W0 clain? 361 3which is

The production process of a synthetic quartz gl ass
ch&nmtehln@itmnclt@am the, mitiagden scoh@niciern zadhd nthehatrarbon

t he dense % %ss body i s su ected to a heating
CeRCERLIRMRN Ih ﬁﬁOPF?éP?d @§§ Rﬁi@pﬂ%’elﬁés Jﬁﬁléf?ctﬁ’egi‘ essure

202 B, TSSO NEMAF PO 8,80 e v
pﬂocﬁ%d@ay $Re Moce‘éssa\éﬁbﬂﬁhg%o?égg bﬁe HrRBSnP Mo QdHCEH to 13,

by the process according any one of clainms 1
wihocH 8 cHbrackereghinythagat carbsnspanensytiphdbibe gnaained exceeds

| ass body ch is . characterized by having an
1 %@@%@Pgni%%éppm ehlesit 245 nmof 0.05 cm1 or nore

1900 A0, SOBRE TR VARD 3. I LA g, s o
pEaticadigd teé ptOcdd@Gicpprdifl toessy ohesifetiinvel o 46ndALO to 13,
synthetlc quartz gl ass body which is a transparent

wduielr tiz ¢hayesterized in that the quartz glass body has a transparent
portion having a nitrogen concentration and a carbon concentration of 50
ppm or less, respectively in its surface site and a black portion having a
carbon concentration in the rangelof from 100 to 10,000 ppm in its inside.
20. A synthetic quartz glass body which is a dense quartz glass body
produced by the process according.to any one of claims 1 to 13, which 1s
characterized in that the quartz glass body has a portion having an OH
group concentration of 10 ppm or less in its surface site and a portion having
an OH group concentration in the range of from 10 ppm to 300 ppm in its
inside.

21. The synthetic quartz glass body according to claim 20, which is
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body produced by the process according to any one of

claimse | to 9 and 11 to 13, which is characterized in

that a nitrogen concentrati opgto be contained is 100

ppm or |ess, and a carbon concentration to be

contained is 100 ppmor: 10 less. 17. The synthetic

guartz glass body according to claim 16, which is

characterized in that the nitrogen concentrati on and

chheadaribed indbat ehermmdiuctiondrbatgent & addeaimeeB0bpmenacting a

or. | ess, respectively. 18. A synthetic quartz gl ass .

By P SORVHRY. kR DUPHS s Dihy Vih By Jaitaly silicon
p - [ y of,.ql aj 1

Gyolfop §OTEAAELHAROE0H RAIRRY Dol el Epffuibild f dlogen

etanerttamd the Habodrn clemaitheatheextesis ol 0 ppriagadite is from

10, 000 @€n1or | ess. 19. A synthetic quartz gl ass body

Lf)Ki terp.PQ0 Rpgense quartz gl ass body produced by the

roce accordi.ng to _any,one,of cl ai 110 .8.and,;10 ... .
1S ThS SRR bR Re Py i R ing, b kBl v icn s
cHhRsGe P8y iN2Babthd FG18RAE flicoR Qo Ui tRekhAowtirh 610884 lane.

concentration and a carbon concentration of 50 ppm or

A3ess, Thesgpadhetielguarte gtessdurdivammording tandhiaobé af klaims 20 to

éﬁﬂtion having a carhon concentration in the range of
oWleD 1% charagerigsem ith ithat i thy gaulagy salesyhisepi gitrogen

uart.z gl as d ' IS dense, quart b
S FaleBt o P Fheh Bel §aRHEN bl EREn A Y0 pom or
1&d@ains 1 to 13, which is characterized in that the

gquartz gl ass body has a portion having an OH group
2elonc e Athreadyirghe it ql@rppglase bodgsiccording te anfase of daims 16, 17
and partiqn havi an OH_group congcentration in the
@Qin%@ by w@wﬁos SE%’F%QSE%@d PPriAfh 1R {8e Tedupiien taeptment, the
Sy.N ' tz dj,ng '
iRl st 3 o p B0 By Bh FEESEEL T BT AR e molar
ureBé 8Mihel By drokyPaidNtottpina@hit tHgsidica b axybdgr oup
-containing silica porous body with a volatile silicon
26onpo e gorthaiinigvgriv ghegdvdarattordingrtbotiand8 or 19, which is

ontai ni ng .a hal ogen elenment, and the hal ogen el enent .
CBaFRARTIZER 1B gt HRCTedePaBotTeRITBeRk 1f AotFeatmepb hyoreacting a

YRR e B R o SBEAE PURNE e Bk coptpipe e

anfdet VO baki drcsrtai 6oy SAMMOWREd % a molar number of from 2 to 10
trichl oronet hyl sil ane.

times the molar number of the hydroxyl group contained in the silica porous
body. ' '
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23. The synthetic quartz glass body according to any

one of clainms 20 to 22, which is characterized in

that the surface site has a mptrogen 10 concentration

of 50 ppmor |ess and/or a carbon concentration of 50
ppmor |less. 24. The synthetic quartz gl ass body
according to any one of clains 16, 17 and 20 to 23,

which is characterized in that in the reduction

treatment, the reduci ngABSTRACISed in a nolar nunber

of fromO0.1 to 3.0 tines the nolar 15 nunber of the

hydr oxyl group contained in the silica porous body. :
25. T Y, ti u ]1ags cor di ' .
I8 or T it (e R pEoBl@Rcs 1AMBERRT Hdsd 816l BMthetic
quaduciglass wideah nesd less dndpugatyidiis by higlgCémpgrature viscosity
hydr oxyl .group -containin%bsilica porous body with a

caaradptishateuuRl g gasnoreshan Hhatphannatasal Auarky gdass, and

h?s §§8qmin aggq{arép g%&feofefqgg12 Rp 10 Zottiqfs thq 1
r%ii_ r “RUADEY ©O1 thé SRS Contalhed™i w1 frePeriatly @
pPhdhQRorPRERMSs 0P AMighiP ReaRITEAGT sFhiBdtiOfuatiz glhBeHich is
is provided a producti'on process of "a synthetic

fpeaftem gtiss genkiratiohasf [bedbléspud ty, ddas. a Secondly, there is

hi gh-t enperatuyre viscosity 5 characteristic equal to _
pEPo e RrNY theat rgpishapapYRiAetiguktarsz glasssbodghwhich s easily

ol RS oG psofir Yo SRELT o O Rp il
tFBadpakant oﬁjb[ﬁc*keghért% hb&Z b@%ﬁﬁﬁhﬂéﬁiig HrdeSfrobd €Be fgbABYation of
the generation of bubbles and is dense. Secondly,

bubbtes, is depsgviaeHigh hfghted hbsirptiesi sttarind gntibsbn aate, and

Pl ke ik S eSSt S b The
i.al | . ) .7, al

PSRRE 1 e R IABILET: R PO 38038 s oy

hdense anhabsdip@ion pddfatReht as 2UPtHANT 8105 amel 8FnSSieQhnd the
rate, and has an extrenely high effect for preventing

stlidaf prgoos bofly atdeaduibjewtiedl to dltealucpiondesstmenta fplloved by baking,

- of producing a highl eaf resistant quartz glass body
therehy ﬁ@l%@%aa%?gﬂ@%;ﬁl%%hbfe%éffici ent at 245 nmof 0.05

cml or nore, and the silica porous body was
subjected to a reduction treatnent, followed by
baki ng, thereby form ng a dense gl ass body.



