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1 DESCRI PTI ON  PRODUCTI ON PROCESS OF SYNTHETI C
QUARTZ GLASS AND SYNTHETI C QUARTZ GLASS BOD

fechoical 7 The mosent vert o0 o AN
obt ai ned by heat treating a porous synthetic gl agg9s*

body and to a highly heat resistant syntheti

gl ass body. 10 Background Art: For the pr oduﬂﬁl"’@m@@ @M"mm
synthetic quartz gl apRSeREPeIOR Wel | known A

of producing it by densifying a silica porous botf®

mai nly obtained by flanme hydrolysis of a silicon

halﬁgd i gh tenperatures. Since the thus 15

op B RN TN RECHES Br°Siaditbgag QAR Gl

t hrough t I | ysi , contains a

Iargegammbﬁngﬁp@ﬁg‘?ﬁgAmﬁ@Agé B. Yporous .

body. If a large anount of an OH group is present in

the synthetic quartz glass, the viscosity of the
Techayertlaelds quartz gl ass is |owered, whereby the heat

resjstance is |owered. Accordingly, the subject .
syn h"‘eﬁ)ir%sedﬁa‘ﬂt’ﬁngn geledes tadsew t-lonrmtocml efhal syathetic
t oreferable fpr applj.cations of quartz . glass jigs
quatd elfis ntatedhy Bearentinga PQroug SHHthRtielaes bp@n@@%dp a
iohi Crr@%_l{ 0, JP-A-54-127914

hlghgil ggﬁ%ﬁ%é’ﬁtaﬁéwgﬁﬁeeggr t o%%g%gg%(ﬁghhydr ous gl ass

matrix by thermally oxidizing or hydrolyzing a glass

form ng raw material to deposit a glass formng 25
Backgmoungdr¥’ cont ai ni ng silicon dioxide (Si02) as the

' . on .t he nd faces of a supporting rod,
ot SRR BRERHRE b s Srmyfetis BESRlasexiseh Ay Wl hicgowh &
. 7t . Tr ‘r . .
procas OGSt R SRURRO0 S0, 2Bl ARSI LI v
flanteoh 0@ of el kidived uiidd Eﬂﬂﬁ?l@ftéﬁipe‘x‘aﬁdmﬁ.' Cidd@Nthe Bhus
the glass formng raw material gas, Sid4, 30 SiBr4,
obta@@@y@bﬁgp roZ1?, ghdis; hodanhasheasbéd threugh the flame

hydrec))fj\/eﬁg ls'té;l),egt.' cozntains a large amount of an OH group in the silica

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 (SiOs) 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,

SiBry, GeCly, BBr3, POCl3, PCls, and the like are exemplified.
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Since the synthetic quartz glass obtained by the
foregoing process contains less inpurity, it has been
expected as a substitute_?qr a quartz glass raw

mat eri al nade of a naturaf quartz crystal as the raw
material in the sem conductor manufacturing steps,

but deformation in the 5 high- tenperature

manuf acturi ng steps has been recogni zed as a

re €., ack, .Fvan_if.the grpup._ in the
quatt s S s R P oc oh ARt da 56 Rat ol process
by
cont RSN AR n ST | L0010 SELKIAE: sl
raw InAeseal niglevoBgosdtuyal dharigherdybisdl aathe radsmsitedAl by the

10 larger than that of an undehydrated synthetic
semigumaitctoryl agsynuifactmamgex pktepist | ybus naldeformdtaon t ham ofthe

. . a natural quart | ass. In general, the viscosity of
hlgh'ttw@epeg%arﬁé%%uféa%rﬂ%g grepshagbrederasepniedas ayngrkable
draw%%k% of the viscosity in the present invention) is

.4 for the undehydrated article, 11.6 for the

deiydnaft elfe OH ged itk ddafz @lad¥ikofnletehe dslay diiadbd by
quartz glass, 15 respectively in terns of a val ue of

a dehyslyationgireatm@oOising tge gorsgesse olilopimedeasedgas, theyel was a

1 . heat revs:lsta t glass, JP-A-3-83833 .discl os1es a mshhﬁci

imiton (A1 AG IAFTeARIBReVISFOSIRE c oY RAURY HRYSt¥RINe kRt aEEhELY

re . ' ., at itiLe e,

1argetr¥g?1§1?1 a3 o'f%;ﬁoﬁfftfé% 135&?%%%?@ %‘f%’gi&s%a Izt \gé{'é:g gx %Fly

Inpuritires are cont-al ne

small@fhamehdthst LOhb 8@V ubaftzt S18sPOr RS RAdY., theadABRRIF Hthe
an amoni a based gas can be used in place of the

synthetiogenrtragbbs gassesbeimgassehlasr i neit HMévidweeriscosity hnsthe
case, buhbles are frequently enerated in the_ gl ass

preseqi éPV??%ﬁ%)p&ﬁeAf%ifWiﬁweca%nf%?%y tiatedo aghiclan él-gugor the
S ining: after it ehydratjon. r tion,  thereh

deby SR AR Snd J.0rBY SRS r T SR8 b2l B agiags

resp8&IVA iRfeiRL ¥F AFaliteoPlogh &M @Bothe generation of
bubbl es, JP-A-7-300324 proposes a nethod in which a

ni thogerodoped ppodwisg bdughlobeat resisthyt glassad Py 3-83833

. treatnent_i n ammoni a- cont ai ni ng at nosphere |s
disclggesea Wth@g@? §REHDENG Y- oI aTErvoVe 28R0KBE & dhisampthod,

. Ls subi eche ' o .‘
o e NS0 43 B S5 e i e
contpigisure 3 of 500 kg/cnR or nore in the tenperature

range of from 1, 400C to 2,000C. However, according to

t heAbuobjascta ges Hod, resnodegt thee KEHt Eraopgt rieathee ntorowusl drody,

a high pressure i s required, a special deyice S
amrp‘@géggag%yammonia base %as can be useg n pallace of the ha\ﬁlggen based
gas such as chlorine. However, in this case, bubbles are frequently
generated in the glass after transparent 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 1s
baked by heating in a non-oxidative atmosphere, and the subject baked body

1s subjected to a high-temperature heating treatment under a high pressure
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Al'so, in the case where the heating treatnent
tenperature exceeds 5 1,000C, the quartz glass jig
irregularly reflects infrgted rays, and the
tenperature in a furnace becomes non-uniform There
were thus caused problens such as the matter that the
material quality of a silicon wafer becones instable.
On the other hand, as a process of producing a black

= 9 . t hj r e 9, o
of 508 48 0 T3 g ths' AR DADEACHBET ABPF % apoe.
How&lea@sr$9RR8heXubfbct MRtU8ALS Bcs tRXheLin S RF TRt u,néier

sesqui oxi de, iron sesqui oxide, and vanadi um pent oxl de
a highJtefeure254430ired] £ specikbievies wasatwosshrpg to the

met hod of using a_ bl ackening agent, it was difficult

t 0 Ad#n, dinntheacasgnwphereethe hantfiogrirediaenigteasperat8re axededs

Lo, K SROMELS! RN, 21
te mp'teaat&lﬁe ghe g%trnﬁ(t?eh g@f‘(ﬂﬂes %%ﬁ“ﬁni%gﬁ ie(ghep@ werd W ECeadddd

e case where or egol ng met contam nat1 on

problesndsatighls thomacter eRhtehe hutdidglequalityhef hesilicogl wafer
treatment step of a silicon wafer, a quartz tube and
becomeguastiebloat for setting the silicon 20 wafer play a

e Sl 5 B B st s,
ther& a%r]!lﬂﬁélft% ee ﬂhl(}\%l' g Iﬂgf}{otdz' gl%rﬂl%a{tt 61tacﬁlﬁ§f§adﬁ?l¥\é a
materrals, the oregoing errec or preventi ng he

metfl@xePOs it a€edppRMoRald, Qﬁhﬂ%ﬁlés@\&ioﬁaeg}ﬁﬁhﬁ_ﬁﬁf SeRfuidhge,
Invention: First of all, the present invention is

iron gesguioxisiep podi hnaaliupr peltoriden(dh-c€€54483 aetsynt Fhriaver,
artz gl ass i ch has SS | urity, .has a... )
accof 16 6 4ffs Srctninl peuttce Pl ke eralt L ¥ s Biffinltg ogtain

acoxg@ieetef\hﬁﬁifg)ﬁﬁ‘tblé’ék glas atural quartz glass, and hardly
orms even in a RAigh-tenperature 30 environnent, and

especitié Infesntiimedus tthensdih Read sctdk ﬂahhﬁdtﬁriﬁh%aéteps, it is
resistant 4 synthetic quartz glass which is free from
thoughé thehemaslikad ofethubindless dva, Ks anddnisi asetamdhy to thireg

present invention is ainmed to proyide hi ghl y, heat ,
aboyte g gﬁﬁw &yt Hevice- qﬁlalr fthe (gases WHEEY i orepRinga gnetallic
al - oduct i of
B SAREE U0 SRS P85S IR 3R
stepifad §iticgh ascfed Gdyuati Gibé Snbr£uhFtomoab foedteingt thensilfon
bubbl es, is dense, has high infrared absorption rate
wafeinglastriassolertor prevenarttie hemtaminatioeneHpwever, in electrically
fusible 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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hi gh effect for preventing diffusion of alkali netal.
In order to solve the foregoing problens, the present
inventors nmade 10 extensi,ve and intensive
i nvestigations. As a resuﬁt, it has been found that a
synthetic quartz glass having a | arge absorpti on band
in the wavel ength region of about 245 nm (5.0 eV) in
t he measurenment of a transmittance in an ultraviolet
, ' S ent. i [esi . 0, 1SIRAGE .
ot A AR S e o SRS LG e RS L O e i
densd5 production processes are acconpanied with a
hydrol ysis reaction, a large anount of a hydroxyl
gr Gepondlyc ol Prosshti invieheionesubimad tpopansddeditighlhilseat
_hydroxyl group lowers the viscosity of a glass and is
resispint syethetablgieatz glagudrady wehichaiecaailyt obtaened duy i the
dtqg field of ﬁniqond ctor &ndustéy. Therefore, there
prodpgtion prodass af e PEEFSRtBRGEHAE: oRd FrReRAR® BYnsRRgt "
blaclgguﬁﬁlz 144D ﬂl(@zﬁl% RO b 5RaL %@'xe'rgﬁi%to@ b‘il%gles, 1s dense,
hydr oxyl group I n the porous body, thereby renoving

has high infearedydbsgrptipn aatelaadrdhdioy emepdabyhadBnexefomely
. ,according to the dehydration treatment with a chlorine
highpdfestifoyareventing faffusionmf @lsad oratabf chl ori ne renains

B T L B koL L Y
exte@ﬁ\’fg a&lﬁqﬂgeﬁéqi?é iﬁ\}é‘%tigglcﬁﬁé.n CAE QMRLNNG lﬁ% }5@3?1 {B%ﬁ%at a
od act or y 0 he

y i's one 0 lower the visctosi

syntherde t@iagtagsasshhetinas loegn abeasitidreaby i theadtavelength
treatment at hlgh tenperatures. Further, it has been
regiqroefhrbatiat4s mm GrQieY) tothamesasremént of & tesismitnchiiglhan

e SRS B UL R, Y D coml ety
deh ' ; it - t '
SeTNR52 8, LEFALIET 0o 05,00 S RO Gyl flona

produld€iohesitodbiedes CAMeO hédien peied SwltBVE N6 B sfs E¥&lorBta large
whi ch no influence is given to the viscosity. Also,

amothé op pdyEroxyngrempos sohtaieed ounbie rhawltirgapsas dodyan@his

bl ack uartz gl ass .bodi es gan be easjly obtainped

hy gyl RIPHE 1GBGH £he HERELYoR As2lpehsdrhisingt ieterable as a
d [ - fathe silp r - r .

auaf ST ALATELTRL gt 0F 8 BER OF AP ARoE flusn

The o) scheoslys g uallyesiipldie ddadehldea bR AWed inddh PHPCRHSe a
of a synthetic quartz glass of the present invention
chlorinedased gassindfrepetdgdt withathpulaydroxyl gesiphiavibegocanus body,

thesfl FORIER R EHAFISE crPvace byloror bebjeEoNg b dHev e
, JRBEVIoNGDa dHowewe
acco?ﬁfr%ustobﬂqé/ &&ﬂrﬁﬁgﬂcue%@mteﬁ%ampta Mok akh H% 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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treatnment to forma dense gl ass body. The foregoing
silica porous body may or may not contain a hydroxyl
group. In the production_g[ocess of a synthetic quartz
gl ass of the present invéntion, the baking treatnent
may be carried out after carrying out the 15
reduction treatnment, or the reduction treatnent and
the baking treatment nmay be carried out at the sane

. . The f ' [ f { toi t
also B Boncira i PRI ERaeHatal Ribmyie Moty ireRiren level at
whichHCR ARG CE ?ﬂ'ghncg tﬁbldi&%sf’cg.roys body is reacted in
vacuo or reacted wth the reducing gas in an

at ns@hdieeprahfifvditobd favdFosHR) @6k @asspdredt and black
prescri bed tenperature range. In the production
quarpz @tesss bofliea samtbeetasilyquhtainedl dsperafing hepgr ehenteaction

invention, it is suitable that after carrying out the
tempeEAEYS; Wgd redueion Areatmantnentheasiliga mogens ghss or a molar

.t rat ;of . 100 r _higher an 300C. or. | ower
ratio, G REHTHD Sy rodB R B i ghEioBidody dBaceBhelBEts. e
f orgaoinRed BRI Grace sk e NRRkhdte Qﬁfa’itze d14t oPth& 6)1*esent
reacti on tenperature of 1,300C or 'higher and 1,900C
inventioh ases , pranesspotpeodibting 1a 3N0CEtDrelhsgghevimndnl aB&aEtion
or. | ower t herehy obtaining a dense gl ass body. Also,
coeffiienth@tc3de Bm ©Ar0-PPngmduer tmere.r @dughiléncbﬂ@&iﬁ‘fﬁﬂd by
.and the baking treatnent at the same tinme, it _i,s .
subiftnd oF MR Moty W ole i ohtVefiir e eifEens hndoe Bpline
treafth8R€fo R édggg&ﬁpcfs_s%dkﬂov‘@he le)fég{)ng% oiied lf)%%t?éqbod}%may

process of a syntRetic quartz glass t he "present

or miagwertconrainid hydroxyekenghl e t hat the foregoi ng baki ng
treatment is carried out under a reduced pressure. As
t heltf Breegrrdugtioadprdcass ghe yashetic mperizeglass of the present

. "reactjon as" a gas_containing, at | east one kin

invegfiER7 EhEbaR®RE disshedcmn b i s ofiE et Bgmg out the

: i ol t o ' :

T R B Shanor (e TER Mk sreatment

may(KeQarradcowthd tathienanfdtidje. Al so, as the foregoing
reduci ng gas, volatile silicon conpounds, esPeqiaIIy '
vol Bh¢ Iferegping sructippotrdtmenhiainat ngrideulaskstimotasl but is

. kind of nitrogen,,.carbon and chlorine ar re .

suitghllr Phagtt e g B Ot ik ol eung RGP Or oM Ry Hgreacted in

vac® bk GeAcleat waahkRrE 'r@ﬁu@i%!gcgﬁﬁ ’inhe?ﬁ(%'ﬂﬁltol_gphgfes bdf%aRRe the
([(CH3)3Si ] 2NH), and trichloronethylsilane

subje¢tCeRCly 8 PireHeritedrtehegeratsret fagleor egoi ng reduci ng gas,
vol atile silicon conpounds containing nitrogen and/or
car Bokhapsodugeen aregespoéfaesyhetic 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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The foregoi ng reduci ng gas can be used singly or in
adm xture of two 15 or nore kinds thereof. In the
case where a mxture of two or nore kinds thereof is
used, its conbination is not particularly Iimted, and
for exanple, a mxture of a volatile silicon conpound
containing nitrogen and/or carbon and ammonia can be
used. Specifically, as the foregoing volatile silicon

. onpound, at l.easy one .20 kin f. conpound sel ect.e
1nvench}q§ﬁql'f }%pbeﬁ‘g{?ﬁ% gﬁgg g%q ﬁgegwng%qcklgg éﬁ%tl%qpt 1S carrleg out
unde?ra%ﬁﬁ@éd gﬁ%@ﬁre an or ganohal ogen sil ane, a sil oxane,
an ‘organosi I oxane, an al koxysilane, an aroxysil ane, a
si A@nghe %‘e@éﬂ%ﬂpﬁd@ﬂg,ga@n@oﬁﬁtﬁﬁgﬁ@@%@kéﬁ t81dAPRalcBion
preferabl e; and hexanet hyl di sil azane and
gas” ) hexgasetomphdiing |aoXaast ore dimbpé npreger,atirbon 2,id chlbhime is

productj on process, of a sypthetic quartz f the
prefegablee nSpepiceptargples; thargdhsagnde eamal%@g{ﬁﬁg hydrazine

: S d R u he f oi ng
(e SRIRRUTCLHEOHR RE0 BYp BT, Bh bl RIEPToo0c
or Al8,9hercan qkm%%gﬁl% rrelQWRYs 304 tRBRileatil¥bAdcOMbounds,
baki ng at 1,300C or higher "and 1,900C or | ower
espeqinBf enddilly silicher comp@ciutsecnpaesag ne le3 oe Kihd of nitrogen,

production process of a synthetic quartz glass of the
carbep agdphloring geemes, preterableosmasific examplesi thegeof include

. densifi bl ack. ss bod arrying t

sitieqff Rt ST eI e AR R SRR, and

trichROBUS hORIM e (CHCH G W th a carbon- contai ni ng gas
at 400C or higher and 1,300C or |lower and then
carfPwither, cag thakoregomig te 306 ogad)ivgherileasidicin @A @rnds
| ower 5 preferably under a reduced pressure. Al so, in

contaieng gilegsehgnaen sarbynate esrasealty praferablpossibl e to

Featits FrsBaablei A s WAL PO f Shheld Y o hatgiior two
or ndrBBEnHESHERIAT TWIREARE Wiltge Y HiQKWe O WD oFORbAl RS

in the silica porous body. 10 In the foregoing
thereefivaisednits c@@bimition istndtp areisaldilelibdtdl, achdcfor axhngtk a
~quartz glass body by using a reduci ng car bon-
mix@yatcdiariohgtitessilicon eompoand contavemgofittagem and/er ¢rbon and
tines trb?e rmlcfr nunmber of the hydroxyl group
ammMANE AR MY he foregoing silica porous body. In the

pr ogpstifiont ,_réécﬁr%sfo%gcﬁngy\rglgﬁfei SR b A 2®flehdtCone
present 15 invention; 1T is possible to obtain a

kinds yifit deetpeumliaselattgd dssmbolkly dravpneprsisteny ofercsildznte, an
hi gh-tenperature viscosity characteristic by carrying

orgaRpsilazaestathgreanchalogen 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 body 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



10

15

| Av]
(w3

30

treatnment (hydrogen treatnent) in a hydrogen-
contai ning atnosphere. As a first exanple of the
foregoi ng nethod including a hydrogen treatnent,
there is enunerated a nmetHod in which after the
foregoing 20 reduction treatnent, the heating
treatnment is carried out in a hydrogen- containing
at nrosphere, followed by carrying out a baking

e Lol L R R ek S g S

i i , i C i ST h .

the FAEALAR IR e Bhbeifis Wi Bt dody ig reacted

withseegrsbrexaitaieingf gdshgr hooay ek ndghet had 1 BObUTiRdoRer and
hydrogen treatnent, there is enunerat ed a method in

thenwhaolyin g eodtobagogoatr g3 Coror highatrmamnt i19M@REY ioedlower
out.in an atnpsphere contai ning the foregoing reducing

pref@d@ Iy nBfera Fpgneed PHFESRER-egoi ng vol atile silicon
co ds.,co Lnin ni.t rogen. and/ oy .carbo nmonj a
e R R b o R SPGB ¥ R Bl R e

tranSyERk uektd fR st Obeg %'y%iﬁ@tah&‘éiu'c[}f‘% %ﬁ‘é 119 a dn e REEPeBof
treatnment, there is enunerated a nethod in which the

fromf Qrletpod Agtitnelsi thg motaranwmber iof tharhyideoxydugroup @ntained in
hydr ogen- conf ai ni ng at nosphere. In this case, it is

the %li/}Fff BEFY'S M4 t he foregoing baking treatnent is

e G Bt e Ly ARRABMUER o 95D AP

quaftBtdads ibdal uey nkide Ny de@I8A ddrBah MhAtaintdeRsi & a molar
enunerated a nmethod in whi cﬁ the silica porous body iIs

numbeacifefrowi thta Iledicénghganolar aumbdrogethe domtrexyli Beoup

at nrosphere, thereby. carrying_out reduction treatnent
contaipedainythe eyesnasHigapous Bedgame tine. In this

cas it is.preferable that t .0r egoi ng, redycti on

Cr ot Hat R By of Aot Bt B THA S P st
inveh@RE! HOR JREMAE 8 Uh&ih A SHRhEAPYRaPlz glhEORdPAGVE ;
o 1, 900C. I% t he pr oduét i or? pr ocegsaofZ ga synt(??gt I C iy a very
excedleat hzglytemperdturbeigoeisprharactedstic by,cairtyihg out a heating

preferable that after the foregoing reduction

treatment YRyATogan trraiimany) it advidangen apRtoRRIR S AEAPBALY. | s
carnpie i 1 ni a- cont ai,hi RO._a spher,e
corRsedl L AT, ATORG SRRl BB TR S i grgeen

trea$iieh@PlRetdaé dritirfeRad | HIMEAIGRE TRNwhidh 3@ PRE Bregoing
containing atnosphere is carried out in the

reduaimper dteatmenmangehof hbatimgl O@€atment, 30 CeaBMlisd, oatt én a
the reducti.on treat t he foregoi ng hydrogen

hydrogezy sRIPINIRE taﬁélofaggg%%i ftloemnPy crEtR@nPUEaf deking
tresHRIQYRIrth 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 1s 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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20 conbination. In the case of enploying the both
treatnments in conbination, the order is not
particularly limted, butgqny one of them may be first
carried out, or the both“treatnents nmay be carried
out at the sane tine, that is, a heating treatnent
may be carried out in an atnosphere containing
hydrogen and ammonia. 25 In the production process of

wreatfiyiRin iBEih §s WGt F ol b@ﬁzvﬁgéf‘ﬁﬂ cofYarHbg bykine
treattnnﬁlt 1f< ‘35?199& B t l?x?lé'l{p}girBéﬁ?'Emtmi Q#h%)fé dafﬂ Ylﬁs case,

m)sphere under a pressSure exceédin e atnospheric

it isphesshleettian the forsgoeiatbakeng aﬁ}gz@tr@éntf ﬁ@r@arﬂleao@lﬁ iR the
1,900C, a highly heat resistant synthetic quartz glass
tempetragtrerange of fesen fly@iA°Chie 8ABIGL i on of bubbles and is

d d bl 9 f
oate ] BHRtY EXUmON oF She 4Piaesn grethad dhclitieg on by rogen
trea G A ALNY; é}fuﬁlgf&%a g7e\£ﬁl>@ﬁh'vall%h'eh%0&18 LuBeN dbodx is

cont ai ni'ng boninat ar

reacted@ethah kaedu@fngf g%nlrl QOky i@ gbn30EHinkAK aRfhosp Betd) Qﬁerebw
carried out at from1,300C to 1, 750C under a reduced

carrpmgsam@dmotlsnftmeannaerdem aohaelnng tgéatsserjoatytheasmine time.
hereafter, se_quartz_glass bo I's heat
In fllrses%%ed 1 rfSaWei W@ﬁ e dhat é’ilﬁo@ﬁﬁ%‘?lég tignpreatmpeat gmd
ur. LGP eRsure Lo r
bakipg By B3 R R A AR Ph AR T ePpo R e
fromt DOACOPCI0¢ | rst enmbodi nent of the synt hetic quart y4
gl ass body of the present 10 invention is a quartz

gl alssthdyoduratiucprbebys bha sgmd;haﬁt iqurartr ghss ofatheapresent

heti.c quartz gl ass e present invention
mves%l@and t dspaaienahle thatt ﬁges;ﬁh@ rﬁgregpla&aﬁdﬂc@mastéem@nt a

hi t
hea@e, nferBERET (o VAR Dot ofintin L ERter @l ol pypn

ameYiaRSnafindRs At RldsPRe O TbNbwl &My BhkiddStoBrRf aodé}{%elgﬁass

cm1 or nmore and having a carbon concentrati on,
bodyi tlt ogenitebhc emitr dtik dreatimgdtraathbnt im ancamcn&ntlaabnanmng
to be contained of 10,000 ppmor |ess, respectivel
athSR’}FﬁrPdS EXBIRA pRhIn Bre tempegg Fitteatinge @i £1f0tnz 1§P2s80 8

gl asgS o&%’ség?g ulcg\é mgl(?rhne%elagajlf&i 0 are %&0&853?‘29@%9“

tres$mithifehh g Hl&@rﬁ)ie%i ﬁ%sa&fméﬁlﬁ Preassiht E‘é’l?nﬁé Wnpyedhin
is characterized by having a nitrogen concentration to

Cornbma[tmn ai Imetheofask0ff emppioyirg ttesbotdntdeatmantxoim combination,
centration to be contained of 100 gpm or | ess.

the or er 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. Tt is suitable
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In the foregoing transparent quartz gl ass body of the
present invention, by controlling the nitrogen
concentration and the cargqn 25 concentration to be
contai ned at 50 ppmor |ess, and nore preferably 20
ppm or |ess, respectively, a highly heat resistant
synthetic quartz glass body which is free fromthe
generation of bubbles and does not form bubbles in not

ly. the.el ectrical heating step and the flame heating

that SR Yok ctdychln BRRbmRgn S TPt oBfda, APnabRauntte
0 0 - ot; [ (NN 15 - o

comt A b OB TR B HIlER, TRy CPRhidihe Hlrogen

and/dr@bbah at hateactionrehaferathbrensfibern 10 Che 1,806Y01 hking
_ reducing gas to be thrown is controlled at fromO0.1 to

1s then @arﬂmg@ut- la¢ frohal, 300HDEe 1oT5Q%KEeudieyroed uceh paeseare to

in.the foregoing silica orous body. A fourth
form g eRpengnrt fgl%%?ef?@flyn Bk ther ﬂﬁ%ig@dﬁg@ewwoglqsﬁ@ody
s p 1N ' [ I d
o DGR 4 YR chS AgHlAs,0UBLIG, 8 PR5SRAETNS from o
pres@iifar bZcdldass e tRPRPREAB prd¥eand | @N.10MOEkd/Em2 in the
characterized by having a carbon concentration to be
tempeoatmemadgexd émdi AR00POXophaDa@HE 10, 000 ppm or | ess.
I n order t roduce, a raw paterial having a carbon

cort BhttrempeRiment algthenwnthnate iRt siiss dodpwinthe present
~ MNP t in the . f '
e R 38, S el SO DA e gy of

robon -c

syntResé guablylass sRHagMeseRNiricntig, vol atil e silicon
compound is used as the reducing gas, and the nolar
nurbesecafd tdmbediment of ahbosyntheniainartg gasstloode of the

thrown is controlled at from2 to 10 tinmes the nolar
presepiBayension g aolighlyupeah resistary synihesicpapatie Blggs.body
hn this . ffici.ent carbon, .renai : er ¢ an -
whidhfisihafo e i BEUER b TP g BB PRip e 7Y i ot 0.05
cm1 Rk Bre BhduBhPhe hscarBbRGknBliRrhGo8! 8SSitRigeeksncentration
cylinders, plates and tubes and jigs such as quartz
and boatlslosine povchnteatio hies dequantaingll ast Ited®Erspmave less,
hi gh infrared absorption rate and 20 em ssion rate,
respeefiYRlsin entirely uniformisothermal region, and are

ext Ly i.table for th eati ng treatqrent of

S A TR BRI s AR b A FRLOERL e present
inve@Riodl 14 AOtrAngbRfnd QTS ALY bBaY I fYdacHE Yy eb p3h@R&ion

by nolding this raw material, it i's suitable that the
proceeatdifng meathetics quastzr ighabsoof thy presenti nadennieht which is

heat |, neg]‘.: cording.to flame heat nel thg, 25 éfrgon in
chatageeTpfeslcRy harineon nidases copteRieatiombesentainey ebyl0 ppm
or le!s'ska%ldy a E&H Wncentration 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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the generation of bubbles. On the other hand,
according to electrical nelt heating, since heat
transfer by infrared radiation is the main current, bv
enpl oyi ng an inert gas or_ﬁoyacuun1atnnsphere, it is
possible to prevent the reaction with the gas from
occurring. In the foregoing electrical nelt 30

heati ng, general carbon heating furnaces, ohnc

-resi stance heating furnaces, - 11 induction heating

nuﬁHéPm’fom1ﬁ$?%dﬁ&ﬁg %?5 t@ﬁpltﬁycﬁgn iég:or?e&ﬁ%lgér}i at from 0.1 to

produci ng a qua ]ig; “for exanple, aving a

3.0¢0A tieakethshan®es UEtha@S FRgRAR cdithiitbd etHefoBERII NG silica
bl ack quartz glass body as a raw material, it is

porpuebednbl e that a part is skived out by grinding (for
5 exarrfpl e, NC grinding and GC grinding) and assenbl ed
to ForiRbEtly iemodimepe . of thacweilbriic owhsizsglass kgdy of the

B R PR P T SRR B oo

proéédd iofGa OlinthBAC bl @&k 7 POIL OfF thbepRRENANAVEREPN. which is

assenbling are taken, and heating processing wth a
chagastergzedniot hewph® yechrbohetoategnpraeipar tnbe acomeaired. exd@eding
fifth epbodi nent of the synthetic quartz glass body of

104 pemyzied dR{U00 pRB#Eiless i s” a dense quartz gl ass body

roducti on ss. of a,syntheti

by th . .
uar o0 e el SRLL BB REBRT G it iEkbbeation in
theﬁ'i‘éﬁé@to?rfréﬁfj 100 phhaks tIE0SH I HA! igﬁigltritrl%%(glﬁgﬁts tRRY%n the

as a transparent” portion having a
foreguingntrednétion atdasment,ben eaborrbhadindiy 0faH0 ppeferdbly a
| ess, 15 respectively in its surface site and has a
carhpaenpoini RS Holdile sylcenceontraind isnesadt astheoredusinggas, and

f f 0Q t 0, 00O i i.ts i ide., Th )
o B h A SR e s et T
corrolHEOHIm Y PHRVCER R theNSofly LGRALRP PYS t@ﬁ%gﬂoﬁ in the
d mnﬁﬁ a Fera y 8

reacte carbon-contai ning gas, pre

silicar parusohddy. niIng th atdyl eusfitibaoaZbot aRpOUAL,. wWBlereby an
using the subject carbon- containing gas in a nolar
eniigiyennifomhlogk 2uarta @lasseawt matemphis bakbdr By ubing it.

hydroxyl grouyp iin the subject silica porqus body, it
ol Y g oo iEnderR! Bhites R sEBe D8R0 Thea il s duartz
ipn having a carbon concentration in the
bo%ﬁ%& A 10,000 ppmin its inside with

easeThkte haapesgdhld ednmbdrerimviehigighriafisrad eisopRfidn @fte and
of 25 the surface into a desired thickness by

eNHEFIOB IRy fore ancaptarslpinilatmuseidermad regioroantere extrdmely
L XS T AL R T R e

and WaGeSnad ¢4 QSoSiRRiIARe 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,
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quartz boats, which are produced froma quartz gl ass
body having a 30 transparent portion having a nitrogen
concentration and a carbonqy .12 concentration of 50
ppm or |ess, respectively in its surface site (surface
thickness: from1 mmto 20 mm) and a bl ack portion
havi ng a carbon concentration in the range of from
100 to 10.000 ppmin its inside, are a wuniformy

inqlﬂtloﬁr t R p% %@bﬁfe 1A v lpi’o Jlganspar ent

OW- car portlén as non-reac e portion in the

surfAake, ﬁﬁrpﬂcﬂmciﬂgeraeqﬁarﬁhﬁgef&f exambleya GABmPRr having a
subj ect ed to usual flane heatf 23@ processi ng and becone
corap Heave dreiape isach isi achod tsussrg thenddng gosef hllachqhartcglasn body

as BrgotrRebialon e nge bAblothal %EEF{ i hissd avdy erindings (for
BRIy PSS BLOUB SONEEIE 1 0 S e
CoBERftelabhl sthPs Rﬂ@u%jec'tﬁl%sthepfo%%ﬁlﬁ s HIRABRL, Shst BBdy of

synthetic ‘quartz glass body of present i nvention
the presema ms‘eextmm tzgghdsse pradecad dycutinm gpaatdihet blask portion

3 g synthetlc quartz %Iass of the present
thf?fﬁ@ And dRen\gspembling @rartake s apd deptingtnacesshes sut) eqas is

noggﬁ{cptelﬁﬁ %ﬁgre%gci}/rfgg %g{eltnlé@n havi ng an OH group 15

con ration egInItS surface site

(' sur AaGRhtdth bdd1afht Jfrtams,%mtmﬁé QuiftzBTh s ARG oP?ﬁe% pgér%ent

~having an OH group concenfration’in the range
Invdhtppms o d80Ee ppartizrglagsbodysprieluckd biyhihef rodgoting process of

Si xthh enbodi ment of the synthetic quartz gl ass body,
a $He ﬁ@ﬁé@&lh@gwéaﬁtth@rpneswt Heention, svhiekds eharagtarized in

) 158, b Bl sl Gl 041%%'331'&}1%8%%%8%@“}?%1@ a
mﬁ%%ﬁll &&gn%&pﬁn 20/01, gl:)(;r{ Q@)ﬁ@ 9t188”h§'5d xﬁ‘ or less,

halogen el ement, preferably trich ronet yIS|

respattivedy hial mgesmfdoenamé arebheeni f‘tﬂtablorpdrthohhﬁavmg a carbon
foregoing surface site is greferabl y from 100 to 5,000
copprRtratign injthe range ef &pable0 thad. 00k B BH ﬁ@l@drf ace

{ { f 50
nar s Blebid SRR aPRER TGP st dbrrBrhPBsan (e
hyldexflor eeiyneotiasiiell OBIchCaaRAL, bddy SisuibaAES (fith a

use the foregoing reducing gas in a rnolar er o
caﬁb@nn‘nc@nthmmgi% gnd i pesferdidynod acarbburdatainfing heolatile silicon

r oX oup contalned in_the foregoing silica
Com%wiy b(ﬁ{v usBR thyr sexasiprarbonreonbeiniag @aginre mdar number
fo B ¥td %rt%%é’ i ngoﬁar .num%er o?f 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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hal ogen el enent- containing volatile silicon conpound,
the surface site of the dense quartz glass body
obt ai ned by baki ng has a higqgen el enent

concentration of from 100 5,000 ppm and an OH group
concentration of 10 ppmor less. At this time, when
the reaction is ended before the foregoing 5 volatile
silicon conpound has been thoroughly diffused into the

ol o 20 R, Bl 5 SR BB
. 1 [ .. Pl at
AR (80509 DA Wl B AG8UR RIEL Y T o

coricBHSratRRl & ARE auattof @bas300ady1H8v0 HHANnOHs ISR, iafe a
its inside as the raw 10 material becone a highly

uniformoly onfrhreguabserbing memibag wml &eve enetandpiagbnt éw eatbon
for preventing diffusjon of an alkali netal from

PO%&%?? ian@f?n'é?%g%%vedé%'mnpm the Seripsrepertarn ereof gTharefore,
IS - | | f 1k C res_ ...

thaspody b BULFIAL] 15 1RMaNMA, BhbindSoRbodstfe PERCRENERS 8 rav

matérial SR dxaramalyt dscfhipafd RAWYindprocbinPFEs&Mnality.
invention. Fig. 2 is a flow chart show ng an outliné

of thetlpr Gragdorfefh embdlem eses ofitheesratie tie npuairty. glags body of
production process of a synthetic quartz glass body _
the tprefntydpgeion.nibat Pbh 8Topp FRepcegtiagion ftpobhe cemtained is

or PR B kS sBhREs BRIEFOHESD ime It et

quar AZigls@bbaENef o thR sytBS8AGuhPeNhEPBodTbfthétpiekent
a flow chart showing an outline of the procedures o?

Inyemgionf purt dersebpai e glasnprdtbigeddouche rognaias profesa of a
synthetic quartz ?Igss body 25 of the present , _
SYRIRFSHSE ABAT Fé"l@.ss BT jtae prepell ARARtIIHoWRKE Hnchatacterdzed in

. he fifth _enbodi in th
08 shicr RGO AR B P aBadhtied rCPROM Fyihl AR CEt groue

coh S tr PRGOS BP0 ITHME 1108k i 1t9-suPfdce Fuel dsAWMaEhanicLSHAeW Rgm 1
an outline of the procedures of the sixth 30

mintiod2{} men} and atpgeetipnddivdh g an QHogesp ohcentydtivhdhithe range
uartz gl ass body of the -14 present invention. Fig. 7
of {romy 1905k te BONINRAGR dmatsriasie onshi p bet ween t he
Lent ,at. 245

abso i effi.c : nm,and the .vi scosity i _

e amit b8 org Bl SEbE Bt Bhi AR SRRy aTGEP ¥ Boay
thel RFeddihgOfedt@ion $FQThionti & Rl ebdRethAGAIDSEhRh a hydroxyl

| ogarithm of the
group-containing silica porous body is reacted with a volatile silicon
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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5 absorption coefficient. Best Mdde for Carrying Qut

the I nvention: Enbodi nents for carrying out the

present invention will be_dgscribed below wth

reference to the acconpanyirig draw ngs, but the

illustrated 10 exanples are exenplarily shown.

Needl ess to say, various nodifications can be nmade

herei n unl ess the technical thought of the present

i ' i ‘gt s ' h i n
hab SN0t Syt S Suody LoD AL SO P

dende tgherps odusd imyprdmgﬁ@dOfbsﬁ.Mﬁhgghw fudhlozedl @%Sment
body of the 15 present invention. illustrated in

corfeegtrationaofdersel 0thiagh PO ppat. andsirs Odhgraymtdeentration of 10
quartz gl ass_body can be obtained by preparing a _
PPR] 0% E8Spofbubipbime, Wherthe apagtion tﬁy@m@e«g pefore the foregoing

ol PR shte thabhis PP PhOTRBR ek Rnboyhe inide of the

sih%geﬁbr%ﬁﬁ rBARY R tredctibRKE Nehit fﬁ%‘gggmy Q@El%pe&qg%%ezgubject

the foregoing silica porous , a porous

1nsodx, ai nexe big\frdh alrlfep p iytdr 30ysp e offtha GHlgroap rbalaide and
a porous body obtained by a sol-gel process can be
usedPlasps gnd subempadtiigyy supk FoofABaBiZNBoasS| mede pofr thes thus
ody-sto a reduction .treatnment.{step 1.02) .it.js )
obGIEYL dsfti B bRD LOFRRARCDH ESBerButs doside as the raw
e FIAE HeBSmb Na ShibRAY F@ELtRIRY SU At AT RRDR]L ahNet ' hi
mviclinity of %hégrgéctign t enpera E?e. %ﬁgaho?%gg?ﬁg’}“gh
effeedioe preverttirat ifbution 8f antalkali maval &fony obduririred, but a
treatment in which the silica porous body is reacted
in vacuo at high tenperatures or a treatnment in which

t ilica body is reacted with a 30 reducin
Brbe!}?)%:gr]gﬁm p‘%@%ﬁ%@’%@:ﬁt ai ni ng th\évI subj ect gasui Is °
it ool < [ - ' :
bopt TPt jel Aorehd PLRORLN0A R ERROBE ke BIALALAN f gho first

enshudlinene iprké @rabhatioNTroeesdd O eynitiedicly 0L BIss 128 1of the
for 30 m.nutes or nore. As the foregoi ng reducing
Prggant 1pgeRidP_g gases contai ning carbon, 5 nitrogen,

hi i. etc. f bl r at ed;
R T O T
se BRI R8m oA dnVlAbld Butidn Q&esﬁl‘%gp%régﬁ%&g{‘&%ﬂz”&lass

nitrogen and/ or carbon are especla era
bodguwifehapedsent 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 synthetic quartz glass body of the
present invention.

Fig. 6 1s 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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In the foregoing step 102, by using a volatile silicon
conpound 10 containing nitrogen and/ or carbon as the
reaction gas, an Si-N bond.or an Si-C bond is forned
at the tine of reaction, th reby enhancing the
viscosity of the glass body after densification.
Incidentally, in the case of using a volatile silicon
conmpound as the reaction gas, a hydroxyl
roup-containing silica porous body is prepared in
P”%ﬁ%tQBPQEQPng step 100. An ampunt of the 15 hydroxyl

groug .t @ he [ i e..f19reqoi ) d I Ot
ody s T Bop IR I p e R BGR Ao R aBGiption
coefficiegoia @4s0hat hhé thiel visesigomlkaeghwleatlal tbrge, in which a
nitrogen and/or _carbon is not particularly |limted.
logprishexie salusxdempnbefl threvisossitnis plattedsigainge tagapohmsf the
bcongﬁining.an Si - N bond, such as silazanes and 20
AV PRABSOPESAHEs; silicon conpounds containing an Si-O
bond, such as sil oxanes, organosil oxanes,
al koxysi | anes, and aroxysil anes; sil anes; organo-
BebtaModerfos Changag Mitgeokiveati®s; or ganopol ysil anes; and
silicone compounds. Organosilazanes such as
hexaltltodiniests foraaeryang out ghmpsédenk amesntsacwilhde described

exanmet hyl di sil oxane are nore preferable. Especially,
belg“f é?‘élé]ili’cy?ﬁe%in@ﬁ tonthe; asEymRaRYING drawings, iyt the 1llustrated

| di.sihazaneyi.s . sui bgcauyse 1 I: TN,
L e
can hermade t@réimeunless @hé tychniSeouicht ©F 8AP pessedft ihkention is

vol atile silicon conpound which is used in the present
deviayedht i on i ncl ude silazanes (for exanple, disilazane

and trisilazane), organosil azanes r examl e, , .
PexaBif 1t Do N iane SHOBEIER S0y G Ch RERARRRES of the first
e SRREHY S AR LI BEIM o | BBy quarts lass body ofth

pré@maneiextieC| akrillvist:@4808n Fig. 1, a dense, highly heat resistant
oct anet hyl cycl ot etrasi | azane.

syhtheget qyd ey glassrhicslyl canaseegbtained by preparing a silica porous body,
og& ethylﬁﬁc otetrasil azane, .and . .
priferabWerdy | BXAIORY Y i TOPBFAREAINIRG giHehaPoyRY Sodunétep 100);
. e I 0 j | , _
catp@hg SR, feduotiod SYATRE Wl 1835 and then garrying out a
balkingetdatiRnbYstepl @8R, | odotri net hyl sil ane,

met hyl di chl orosi | ane, phenyl- trichlorosilane, dip he
nyl difshther psegaineg silicd poromsdmdypgiporoehbodpsbtained by flame

h adecaf | yorodecyl trichlorosi|ane, and tris , 4-p
gl e t§o8 4 TP PoBpBbAR) ODEIRFASH medig Ftocess
CESﬂgﬁﬂgﬁgetoxysilanes (for exanple, acetoxytri-

net hyl'si'l ane), netasilicic acid, silanes (for exanple,

nmonostlienee sdibfctidigethel @orapdiner bidichap@bus body to a reduction
(et hoxycar bonyl met hyl ) tri met hyl si | ane, organosil anes _
treamen@%&ﬁpl1@,2),métllsym§f¢rahlﬁ thait tharenbyecs isilimaeporous body is
plterhlea etJ] Yl’ll %rl%%ﬂcgé lp%gses'ure atmosphere in the vicinity of the reaction
temperature.
The foregoing reduction treatment is 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 i1s reacted with a

reducing gas in an atmosphere containing the subject gas is suitable. The
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allyltrinmethyl silane, dinethylsilane,

tetraethyl silane, triethylsilane, and

t etraphenyl si |l ane), organopol ysilanes (for exanple,
hexanet hyl di si | ane, hexae Eyldisilane,
hexapr opyl di si | ane, hexaphényl di sil ane, and 15

oct aphenyl cycl otetrasi | ane), organosilanols (for
exanple, trinethylsilanol and diethylsilanediol),
trime thyl (trifluoro nethane sulfo nyloxy) silane,

forégdinBLRY (OBLOYIBEDIP KD en tBE tARPLIRED YA SEL BPFom 100°C

cycnotrinet hylsi | ane,
to 1,800} yoad by lprefdryb)t 500PE by hidHeanad 1,000°C or lower for 30
N, O bis(trinethylsilyl)acetam de, siloxanes (for
miexgespiranork.si | oxane and trisil oxane), organosil oxanes
(for 20_exanpl e, hexanethyl di sil oxane, o
hexadé Hyredforegorgntedusang aspyrdneingogases, containing carbon,

S IR TR TR ——

anfR¥ BN Cyfd OhbisI E@@f@olyo‘éhﬁﬁﬁiﬁi’éd;_ and volatile silicon
cycl ot etrasi | oxane, hexaphenyl cycl otri sil oxane,

coropoumhe rpntgicliog enrtasddnoxeanidor candon are especially preferably
oct anet hyl spi ro[ 5. 5] pent asi | oxane), al koxysilanes (for
CnPerAted- " 25 tetranet hoxysi | ane,

et ko B PRy PEAC10% TRL RIS SR 80 compound

cortbafBipOX M eb Anl ! 3RBon atseﬂfeaféé&%ﬁséis?% Si-N bond or an
tri et hoxynet hyl si | ane, di et hoxydi net hyl si' | ane,

SitG bend ox formpedenyhes tinamef retatomxhdiahyemt aidiagehe viscosity
tLiggthoxygexylsilaneh triethoxéhex | sil ane, _
of the rglasn PPaEAfte fanslicatiper hipgdertpllyi 1athe easerofugsing a
Rr rj axysi |,ane nd . ; . .
voR P gk FhPERURSRLUR Foadifogga ¢ dnronyt mpup-containing

siledayhOPeYSiHoARES frbphreXAHBhE fork Féi@g%t@ﬁ'l@'@?n%yﬁﬂo%@l%)of the
or ganosi | anecar boxyl i c acids (tor exanple,

hydroxwt gydwi 1tpl peopirgaimedadhdtlandoregoing silica porous body is
u%gLnEthylsiu¥lbutéric acid), organosilanethiols (for
sugaipptlE rem;ia0 teet.HOP PManet hi ol ), or ganosi | i con
I socyanates (for ex I trinethylsilicon. 5 .
| ooy nal B atind vSARRsforh BT Mt PRk nitrogen andior
ca@h@2N8Shbi GRRticEREY ApMaARa! €PreldPEd CX@IRPRs thereof include
trinmethylsilicon isothiocyanate and phenylsilicon tri-

siligt htcgpanatse)condagangs aht HidNedohflprswbangd esilazanes and
hexanet hyl di si | t hi ane and

organpy FoyRle SOMMURGs) contdnig AbsPi Retaprenayh as
: : hyl di si | met [yl and . . .

s AP LR A SR BBy slraes opean
halbbé® @ila@egPeIEANBBYNAE drsfHosIlPdl Rl and GREB36MPBENds.

of two or nmore kinds thereof. 1n the foregoing step
Otgmosiliazagepredheasberampshyldislazeae taindnorgenosilosiaews such as

b B S atE e SR o
o&%\ﬁiogﬁam Ql'l(% %gq'?eq{atrrpeec ?’ff(ﬁ'silazane 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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15 After conpletion of the foregoing heating
treatnment, the porous body is transferred into a
reduced pressure at m)sphe[E Qr an inert gas or

reduci ng gas atnosphere, %pt in the tenperature
range of from1,300C to 1,900C for 30 mnutes or
nore, and subjected to a baking treatnent (step 106),
t hereby obtai ning a dense quartz glass body. 20 Al so,

.gf ter .carryi t 1t he. : nd the step 102 in.
el it A P A e bR BER P e b S R M it ageme
hex24thAcYABHsiPLAsR, I €act i OfcthBthydfy ABERFHsAmERAE I NI NG and

at nosphere (step 103) and then 'carrying out a baking
hestapdehyboyclotsisdpzad) , btgdmbhmdegirbl estlanebt ailfora example,

dense, hi ?hly heat _resistant synthetic quartz glass
flupredyimetbylsilaige st egplayprimeathylsilanes er r daichiporgzmethylsilane,

orcf BBt Bu OGRS AR Bt bR Bom
triclfdsilaed, Pr eyibREAT MicHIpridenkal | VoriBesaopthiattionlbisSlane,
progress of work, in the step 102, it iS not

hemtmdesa;ﬁwyrodecﬂtmﬁﬂlnlerosﬁ%ea mamdi aris@, 4apentdmukhbée)@licon(IV)
contai ning the foregoing volatile siljcon conmpound, o
brospide)t silicom oeetpsesiobganeasesmRysHARgs dier terammacacerpxytri-

B R oA G B B o LSS0 i

an@' efisnabl)e (hRExycBEbdRRRh MY ShEPh 032 hS, KePAndNanRE (for
tenperature rarnge of from100C to 1, 300C for 30

exampld,es anethylwland so, tatnafieghyldilank; | e trhmetdadproplylsilane,
carrying_ out the reductjon treatnment 5 (step 102_2 and
allyHepne@wisiiang, otime iy Htanem gtetracihylsitanes t Bpethodyilanes and
bee escriyped, the step 102, and the step 106 be
tetF PenflERahe Bt StetntDalisThnke” (B eingrlt o deaRmsiESlane.
O st , 1 out : i e,
heAfeaRRneY ° SPRCRYREIARE 1 bR R A Rahe T2, and
octigfenybsdlqpeausiduat)y , orgahesil@tblet (fon dxaeaslap rtrimethyisiganol

baking treatnment are carried out at a 10 reaction _
andenpehgthurleilenediodC ortrimgrurl(tafinoropeolcaeesulfmeioxy)silane,
t here orm.ng..a dense. gl ass body. The quartz .
B e b P afuc e B P e sptn. <R HeEpgthylsilane,
(e SR EArb oy BB 810/ thiBe tHyES Bt n\t@,@-bﬁ(‘trhﬁe%y%’ﬂ&lz@ée't&mide,
quartz gl ass the viscosity at the tinme of a hig
silogapes dfar examplhi disiloxaneased tmsitrxameliabrgsmosilokanes (for

that, of a 15 natural quartz gtl ass (nanely, log r) .=,
expmpeonerpmethyldisibgany, horratapldisiexanse fNexppEonstlastlexane,

g RS 2SS RR e L, BVl Psigrane
dSHBchArePh E¥bnt dsifREne, hexamethylcyclotrisiloxane, octamethyl-
cyclotetrasiloxane, hexaphenylcyclotrisiloxane, octaphenylcyclotetrasiloxane,
and octamethylspiro[5.5]pentasiloxane), alkoxysilanes (for example,
tetramethoxysilane, trimethoxymethylsilane, dimethoxyvdimethylsilane,
methoxytrimethylsilane, trimethoxyphenylsilane, dimethoxydiphenylsilane,
tetraethoxysilane, triethoxymethylsilane, diethoxydimethylsilane, triethoxy-
phenylsilane, diethoxydiphenylsilane, trimethoxyhexylsilane,
triethoxyhexylsilane, trimethoxydecylsilane, triethoxydecylsilane, trifluoro-

propyltrimethoxysilane, and  heptadecatrifluorodecyltrimethoxysilane),
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measurenent of a transmttance in an ultraviol et
region. As shown in Exanples 1-1 to 1-6 as described
|ater and Fig. 7, it has bgzn confirmed that 20 there
IS a positive correlation bétween the absorption
coefficient in the wavelength region of about 245 nm
and the viscosity. Wien the synthetic quartz glass
body of the present invention exhibited a viscosity of

e nore age 1, 280C | of | = 7 0L
Euy#%?@ﬂgge3alue ogb%he abs%?% ﬁ%%s coef ﬁg%%g§h&%§m6§%%and,
org@ibdilPhe 3P SxylithgcidB Pt BAp O SIS MilHpAdpidaie A¥TH and

25 (5.0 eV) i's a value determ ned according to the
trifhethydwilviduexic es aicoh, ( 19rganobilghetlsolsai dfdro becasapleed tri-
due to an Si-Si bond as an oxygen deficiency in the
megplsilangitdeld. omganogilicoplisocyararps 3fpr-gpple, tthignethylsilicon
. foregoi ng expression (1), T represents an internpal
isop A P G EIIGOR P RS SoeRPeRGRs effiopyanates
(foM@Ratiife f OLEERIREISNIRANCT RELIABSY HREAI AT pHehi RIBMN  tri-
carbon, chlorine, etc. is bonded to O 1n the quartz
isogh@ssady,, orpanasdthiguant(fdryexdmphe héxadhethiyldieilthiage and
formed. However, when a reducing el ement such, as
tetgpmeslydaycledisbohianghd enfor preancsilmatdylenesn Hapunexample,

he%&%@%’lﬂﬁﬁgﬁéﬁ%en ta\l{? | éﬁgggg%l?&%%#g%tﬁgles% -ng_ng gfﬁregoing
P AR PR R ESIPLIRNY o gt FEL B o

m@enaas thédcofi, and the chlorine concentration at 10

certain values or |less, respectively. According to the
f or efoithe fpregding step Hi2odeisspusienahde phatsdhe reaction is carried
invention,, i

It ig possi ble to .Eroduce t he t}{ﬁhl heat ‘h
ouf d8i SrRRF s A PPEO R FPPHPUE Aoy one GPELdie the
fofggﬁgxf%{é&ﬁtiﬁ@ﬁ'lﬁgn%Bnﬁ%ﬁgﬁmdﬁﬂg %%Bhga e Ptheadtn. NM

cm1 or nore and having a carbon

concéftaradonopietianftthe dere gbn cChewtng tadatfienantheaporous body
_ chlorine concentration to be contained of 10,000 ppm
1s gransierged intospeeduopdipresstire abMagpbaTe ebae err1t Al On rpducing

t he foregoi synthetic quartz glass, hody is. . . o
e e Ao O Pauetvadie wipdS 5 BRa dufyn cotao0-C
r L ; 1.C(ot
0Bt Byl ol SHUPLLOR IS5 1l BRA ey 100
thetel@nolerabeigicne dénsistigrth ekassdidiyl di si | azane
[(CH3)3Si ] 2NH as the reducing gas to_be used as the
r eactdlsn, glsr wRr1yipg out the step 100 and the step 102 in the same
manners as 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 is 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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described in detail. First of all, tetrachl orosil ane
is hydrolyzed to accunulate silica fine particles
t herein, thereby preparinglg_silica porous body. This
silica porous 25 body is Set in a quartz gl ass-nmade
furnace core tube provided in an electric furnace, and
t he tenperature is raised to a prescribed tenperature.
At this tine, is preferred to renove noi sture
volZHROLiREGh 86k @Bgngl AdCAnRRNANS body by keeping the
ca por ou V|C|n|ty of the reaction

t enrleﬁ@ﬁwf@ratk% that dﬁe”foaeg’olﬁgfslt@;ﬂ 108 i¢ kept in3thdNextiper@ture
hexanet hyl di si | azane vapor is flown while diluting

rangetdf feor@(0L00° CrtogedO A fortHemebyteseaconpryy t he
hexapet hyl |Iaza wi.ith the OH group bonded to the
si | i480pBr Bifs Lo & 1%@%%@8;9#@%@%%8% EhpEdictios treatment

(st 192, aflHoB) Sk i SRR R Eehl Steb i ¥ peen

des@ﬂﬂ)eﬁzﬁhé %Lég Woagd ti stehl THa e Pe3artidMdut 3t the same time.
SI-O-SI- 3 + HZN-Si-({CH3) 3 (1)

In 8{16(:&@ ﬁlhe(‘@lﬂié Fdregdirg] Bie Ste;(s&-ﬁ}) &Ar ried3@00a b+t IEChigme time,

(2). After such reactions, |arge quantities
aft6¥ Cﬁlfréfél%Pgt éhe 8fepsl00 & the samegmanpgy @@cdesswée@@rrﬁ@ausly

thei qu\%@(%ﬁ Ztrgét?ﬁgnts bl ﬁbe\ég)%%%gc‘ t&éz&\gf}éﬁ talpee carrled out at a

ure region o and

rea\@t%@émemu&@mmwo*@w vy aﬁap@@@dw @xh hwa@f ﬁierebw
the anbi ent tenperature. The foregoing three kinds of
forprioguc denstoglass bodwuse vi scous flow and becone a

stopper in the quar gl ass, thereby 15 inhibiting the
Vi scohs Tl ebtatlﬂ%é éaar#wzpr@l ggglomrﬁcwoc& & fgathetic quartz

glagsgco\éﬁg% Q‘gseZ}t 1{1&@‘5{1{)3% %f In'%ﬁe\}i& 21%8?1% %g gl% viscosity at the

Phe vi's dodi
tlrh@'ﬂSP%rl@ﬂgﬁrt%nﬁ%i‘ahﬁh% SOFRIGH irRReSRRf o a?rh @ahamevaﬂ%o PRAt of a
(an anount of so-called Si-Si bond) have a positive
nataraled writoiglashl (sametly\doglrse ddi. T yr hasreaat WEER°Posilidreby the

correlation wth the absaorption coefficient at_ 215 nm

heag n%staaﬁwé Haayom énde d9s| eeBncarinmrd teabevenai arge

oHS GRS bR, s RMERBREIH ol TR B i e
mbagh@mefmdoﬂa9ﬁ%sﬁﬁtﬂa@a@rm hhetiRPyvielt adaplicil aAde®mvn in
hi ghly heat resistant synthetic quartz gl ass body. As

Extewpldsbled thdrems dascmbcahk«nar antl E}gaﬁt it hyisdwenbodyirared that

bl ack t I b d 25 d di.ng .
thapBriot heoUUAES | DR aHpRr BatHeB Tk ANETHEAE COOMICIY &p the
w%ﬁ%e g?él?rg'pé)a%%}%%%aﬁ&nalg@%hel 1%%' ltVOf \Kt}{b% ﬂ?ésgV?‘nthetm

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 eV) 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

30

in the porous body partly fornms Si-N or Si-C, thereby
contributing to an increase of the viscosity. Next,
in the production process_gé_a quartz glass of the
present 30 invention, an anpl e of an enbodi nent
usi ng hexanet hyl di si |l oxane -21 [(CH3)3Si]20 as the
reaction gas will be described in detail. First of
all, likew se the foregoi ng case using

AR s b o
dr{dr@%ht‘é’%i{}ﬁcﬁﬁééét(bﬂﬂ.]wm a nitrogen gas, thereby
e

acting the hexameth 5 yl disiloxane with the OH group

bond¥FHehothhefpogeing kodycindt gabi somfai®ing tnitdogen, carbon,
consi dered that a reaction represented by the

chléxink pgiicnips lexptagsti Onin(tde quatiteglgrsdealy, adargaHyuantity of the
Rl 13Si]12Q --> 2Si -2 + [ 3Si]2 + H 3
Sl'gib&e%_g 1%%&?@- bddgV &Y ¢'e P"’}te&‘n% ?é&?l%ﬁg&ﬁemﬁet FE%‘&P?SIH%H%G“’
nsf.err I red her 1
carBAl Sl (Bl be Mo RECHE S BRI S amAp e SaBn ghlue
withiogh®eirgnborld ) AGnarkédWrierihif of ey viebédiynangd the genseation

highly heat resistant synthetic quartz glass body. As
of Hubblepbang taused; Aceordinglyspareneqyged tt2 ¢nasd Bwdpitrogen

BRSSP SO T R P SRR o

ion gas. In all of the cases,
ceégglf%%gé?ggg%Z}r ﬁgﬁg?lg in the porous body partly
for Mac&rdng theridly fempoinduptodagictionaprotceasetlid prgent
~viscosity. 20 In the production process of a synthetic
incpodiarz igisasnssifle th er@fweuhe highlseheatoresisthat fpnidwsicrguartz
re ucti%ﬂ treatnment is cartied out at a reactign. o
glassinsiyapluthle BYeSERbARMIHEOR JAEHACAnARORRHER CRBMSIAT Pn24D
nnf foft 6]%5r &aa6t b P rf‘ﬂoxteh gngpﬁﬁxglﬂg Q ONbbs . &)lﬁ%hﬁﬁ‘ta%nt, Q nitrogen
evacuati on under ‘a reduce ressure’ in this
coh@Medadn ha dr a6 rardconebsaauent foybdesigtain o1 0,800 ppm or
tenperature of from25 1,300 to 1,900C, thereby -
lesshtrasprchiyely. t (Tres P&F @mouprancentghtion ibodhe Faeeeigegasynthetic
ni trogen.cqncentrati.an be conptai ned of 100 or.
TS S0 PRTE 4 BORCTERINCURPPE: PO IPSF o B R R o 10 ppm
Or&ggippn1or | ess. In the foregoing reduction treatnent,
en a carbon-containing gas is used as the reaction
gas dadhehgrddeatioNproespesfad wyathatiafoaitz Aa0Cobthe Phesent

hi gher, the reaction gas (for exanple, a_silazane gas
ingeudtionsidoxensnplespf an embodiment using hexamethyldisilazane
[(CH3)3SileNH as the reducing gas to be used as the reaction gas will be
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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-22 remaining in the porous body is deconposed,

t hereby generating a |large anount of |iberated
carbon, the |iberated caer still remains in the
glass body in the subsequent heati ng under a reduced
pressure, and the resulting quartz glass is colored
bl ack, thereby obtaining a black quartz glass body 5
havi ng a carbon concentration to be contai ned

nit%%ﬁﬁ%ﬁé?QP% ypféagccke% 0% grggaén gl[i%lggl%&aﬁ% wit t.hehOH group

borfdedctol €He sﬂlﬁﬁﬁﬁﬁ@hbﬂﬂﬁd?fmtﬁ% p%ﬁé@ﬂ)leﬁfteh[ﬁﬁbﬁ@fet rdie. At
al so the concentration of the reaction gas, and the

thisnooet 10fist hensidexdd dthagaxseaahdns heepresattednby the following

t enper at ure may_.be perly chosen according to a
ch eé'e‘§ﬁlr%>ﬁplieﬁ§ﬁ§bgpeﬁfé‘£?2%1 E‘?Wéa@-l group concentration in

the foregoing transparent quartz glass body and bl ack
quartz glass body is preferably 30 ppmor |ess, and

Si-O% ¢ [@Hfi)%Sﬂp*\H JaDSp@ﬁSP(CH@%Sh HANSSi-(CH5)hS PF of er r ed (1)
to control the chlorine concentration in the quartz

8[SyiCrss- (Bbhys] av Sl85Si-{EHYBO 36Da + AED, +i2dHdhe «+ + - - - (2)
production process of a synthetic quartz gl ass body of
the 15 present I nvention, by carrying out a heating

trea en treatmnent d

SRR LOLSARN, 1ASRLIEI el & BIEIO0REES S s
etcsgfg hatddd. quartz gl ass body having a very excellent

hi gh- tenperature viscosity characteristic. Fig. 2 is

a f | 'Ohe cheartz ghaww sgpran voscolus nidowfint tie pemperhings region of

toh(ﬁ 20 second enbodi ment in the production prqcess of
90@° G py highateand HSSIsqosHY 1S§91atdrlréﬂwer@daar°tcprrgwee Wwidhyphat at

RN WE IR g A

caQEPQMiMRAL bR Liha bQ&d%ﬂé’Cé'&Bpﬁéxo(iﬁs%é)quﬁrm ahhys, hadbreby
resistant synthetic quartz glass body of the present

1nh1rmwteng|the visdogs fllow ofaht | urchgidsssiham fmgdammlupfevreetmg a
t he procedures of the fourth enbodinent in th
10%%5&&? .tbﬁ Vw@éegér@fl OSCHIIGREy 4 hélars ﬁa@@r gheyNiscosity at high

BRI RO Ao 055 (B bR of o

soRAPeB AN 85 LehAN HQVJ 'aff)(ﬁ‘mﬁﬂ@‘%@kf@@ﬁmﬁn Aldae tRE QE4eEIt9Mas a
process of a highly heat resistant synthetic quartz

w egatlapssmaelycorueﬂamdnewpt}eslmrabsmpenh|ooafflcmhtﬁast 215 nm.

illustrated in Fig. 2, a dense, highly heat resistant
synt Hed porops beds after gompleemp! &%rwtw 1githepsipyred into a
arr Qut the

reliha e AulSerbuPe oot 30 ofafiE e M foblfeared for

bd8AkIaRA,300°C or higher and 1,900°C or low e1, theleby 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 HoN-Si-(CH3)s remaining
in the porous 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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treatnment in a hydrogen- containing atnosphere (step
104); and then carrying out a baking treatnent (step
106). 5 In the step 102 ofgfig. 2, it is preferred to
choose the foregoing volatile silicon conpound (W th
provi so that a hal ogenated sil ane i s excl uded)
containing nitrogen and/or carbon as the reaction gas
and subjecting the subject silicon conpound to a
[(CM3Rs].0hastereastibBavivill Bh@e doyihedXyl detail.
group-contai ning silica porous body. Wen the
r eddirstaot dll, ékemesd thesfolOgmaprcaed uelitg hoxan dtdlybdisilatete, a
si | ane-cont ai ni ng at nosphere, the residual hal ogen

siliez poreusvboly dshyepetrth aa® & bexamethyldisioxansl eapomas then
or wher eb a dr oxyl roup {s fornmed in

08 A EHE AL GHE FEF BRI rYRES EAoh EnFARIF OIACHg: Ghfp hexameth

g L 0S oo | i ' ' th : :

yldgﬁffg)ggﬁgt“ 1%&%5@.@@ %‘*’9?511. : del&omRegbhy bafy. §I qﬁl?sr&ﬁle, it

e tinme tenperature. Accordingly;
is tohdideredagieatof wattiyhn@peuseritbé hydhodelodng resptesiin (3)
it is preferred to use a volatile silicon conpound

takegallags.ve of a hal ogenated silane. Also, it is

preferable that the foregoing step 102 is kept in the
tenperature range of from 100C to 1,000C for 30

2SITDILOA(OH, VSIS0 Whe-ofe [omogalng taydrogen- . . . . .

cont ai ni ng at nosphere 1Is 20 a gas capabl e

of generating hydrogen upon deconposition, such as a

m xed gas of an inert gas wth an H2 gas and water _.
vapot he pegogabedieafter cemplaticneo! distigaagean i transierred into a

ui t.able that the ste 4 | ept .at the heati
reqiroPtRaRE ST OPRBSTRAbS 61 TOGRIBIE Mrglelt ahg Brgted for
o : I . s L:Q0
baRRfE 20000 B0 i e WA TI00RPE qraonBR ehBtelOMRta O =¥Fence.
higldet hagr tresiatamnéyntheeicp@linus gady bods. t Aandéwerited later, a

Into a reduced pressure atnosphere or an inert gas or .
transpase g qugtly slase dedsrandadbleebtauartz wtassehgsbr arepbtained

range of f 1, 300C t 1, 900C for.,,30.m nut
depEndin gty e ERFHRR « aBlaRARTTS SHEY 5} oAtk en, O the
L0 0 A RDES 01514 I0R3E SR YA b
the orbed bedy prtdudsings Bi-&5 shbedy watribatiagttaiarethchyase of the

carrying out the step 100 and the step 102 in the
VigesEYmanners as descri bed previously and then carrying

out aking, treatnment sipmultaneously b hea

T eatere PHUEORGIOGETY © YAl BUen L8R EAR R the present
indbARSANeRE f@?ég%?n%%ﬂucﬂngn ItSe S A abkertidRioulthet St ffiction

5 105 1s kept at the heating tenperature in the
tenepgratateusfersrandgd° 6ftofa00AC, 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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1,000C to 1,900C for 30 mnutes or nore. Further, as

illustrated in Fig. 4, a dense, highly heat resistant

synthetic quartz gl ass bodygcan be obtained by

carrying out the step 100 1n the same manner as

descri bed previously; carrying out a vapor reaction

with 10 the foregoing reducing gas in the foregoing

hydr ogen- contai ni ng at nosphere (step 101); and then
rentAhig B e parRRKHOGy 1§ SRCIRNosES! BRréBf)gerlekatifie a large

sui tabl e tha? the foregoing step 101 is carried out at
ambuntmofOberdtedlcd3D0L, tlor liB@ratedutsabonrstitbremainsa imitkedlass

(g‘a‘s at nrosphere of the foregoing hydrogen-containing .
bodat ipdpshettiseagast heavnBomdene rolegBintgsyeguenAghgagsulting

it RISy i apionth bl bethy bPFARE B WRCk fHunye elass body
haﬁ%gtaaé%‘gﬁﬂ cBh%ér&ggﬂoﬂ@Q'EQrcoﬁ%ﬁBQﬁ e?!ée?ed*?ﬁ&'ioég) e an&®,000
step 106 may a

e carried out In the sane frann S

ppaieseiddeed Ipsideh Bl bladkbnihg depehds aljon aar bhBdtheltreattion
from1,300C to 1,900C. Mdreover, as illustrated in

termperatsre af dbaswedugtighl treaaent dsit salamtthe 2xpnsgnimasioncof the
uartz gl ass, bgdy can be obtai ned carryi ng, out the .

rell5 50 o (P <SRBI or a0 TR et el | s g etion
. reyi { | NG : ,
tePerde N0 bRl DY bAb A clfhcBRYcdlrdink 16 Wilired transparency:

at noThbeD&l gobup hentenegtongimhyte ogeszoingniranspargnt quartz

at nospheric gas to which the_ foregoi ngb reduci ng g@s,
glagsechadvapng hlagk|ararte gkags body tvppolerablyws® Prg ovi ees, and

BRSPS 55,51 0S5 SEEAHSE, ST A o
N R L

100CAl 6, kn 380 @rb@iictdsh pficasd 66a @§nilyte: ?&t@ Bt RXVIR! of the
of the production process of a quartz glass of the 30

prpseganventiventy orrry g exampbetiog teaterdsdhrgrgentreatment)

. whi.ch, a hydrogen. - 25 treatnent .is carried t.usin :

inyie BHEDROT QPR R ALPP e oS [oRISDIE 8 oRfRiE Syptbetic

' e961iR8 A DELAW dxteflehal highFehfler@fud lviscosit

a ?%%%%‘%B@%S‘%@% ?cgbgoréoﬂl}g body 1ign te@eéarr% VISCOSIY
chameacteristid@s descri bed previously, the hydroxyl group

bonded to the porous body is 5 reacted with
hexarfighyl Wi 8iflow obart showeng ameowdinfepl 48e qweeqduzeq of the

st PO HE REF a6 R ab g Gl B ga: BPR Rsistant
sy RRERRRLS AR L 8RHG f the frBicntNeREhignt F #984 N a Adk 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. d1s
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 illustrated in Fig. 2, a dense, highly heat resistant synthetic
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the case where the heating tenperature is kept in the
tenperature range of 10 from 100 to 1, 300C for 30

m nutes or nore, after congéetion of the heating
treatnment, the porous body“Ts transferred into a
reduced pressure atnosphere or the like and kept in
the tenperature range of from1,300 to 1,900C for 30
m nutes or nore to carry out baking, thereby obtaining

[ o cQr di to 0 i n
ey SEISOMALE DL BER RS BREOEIIOHO IS PR e
107 88118k adm S YRAREEICadlWREEBbE F8viRREN; rl%‘ﬁ*}‘lﬁgaout a heating
nitrogen concentration to be contained of 100 ppm or
trehggsniana a dardropencontaningtitamsphebe Gosy aitwd ofid then

100 ppmor |less. Al so, the hydroxyl group
cargpieeittraabaing We@melﬁbéé@biléé-synt hetic quartz gl ass
body;. i r r or. le n re .
or ef & §%$y8%§§ %%m%éﬁgge%g n& and® ]fer?gerrgﬁl rgor Eﬁ%osezbhe ffnegomg
volG BIE SMHcb A bR ols d Wi AP 14 L& t TR 08 MR 51 BINSAs ekBluded)
the heating treatnent 1 n the hydrogen- contai ning
corghmagheirteggennahter casbomier chd reatieat igag 4mdpabadating the
is kept in the tenperature range of from1,000C to
subjjedpediqosr campendt 68 Drvarsrephpse jreactps owpds $he| bydepxyl

oSSR B RISl SR PSRAOS o

catrfdRiot NG 1aN hhreRQFQH SRR Ye0n élfn'lﬁ%ei’c&ﬁdépfh@fémt}?e residual
'large quantity of SI-N, Si-Cor SI-Si by carrying out

hahigeHZeattseatthrenhy duogen @at to orne sfor examplaydd €ase HA, wheeeby
vi scosjty. Accardi ncg_t o the foregoing process of the
a BYQOERt ST it fomed Ly caawensatoR; iergione at hResiha Brdroxyl

et e PRl B R EOSR O b PIEGS B cpgime

of i @etémpatatieat | Alcoralfifly, % QR &lRedt calfVBY¥ut the hydrogen
order to obtain a highly heat resistant ~ synthetic

traptarant, ¢ asprdiedygdwioi ake asvdlatée tilmont dvengenet akelasivef of a
bubbl es_and does not form bubbles in not only the
hadpgenated silaneat i ng step but also the 5 flanme heating

' fol | ,ow [ i t.abl ,
2 or SR B SR ARSNGB ielhen o
tefipehBuRAREE VY 630 0bNE 15 /10dbe COBPEY xBRltel Br bilte.

production process of a synthetic quartz gl ass body of

t he VWheseht foregeinig bpdro&entdontisini ag edmionp ke, 1s6100% H- or
hi ghl y heat resistant synthetic gquartz glass body _
a gh# caPRilerofegeneraiing Hy dyesrsr appBiesPmpepbids stgh dsea poixed

btai Lyl t
SBESPRPYI  $0 SO TLERAEE co
ota@Mdoudt Ys §@itdlsle that e s@paLi isZkept 33 ThB oY tidpdemperature

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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then further carrying out a heating treatnent in a
non- oxi dati ve atnosphere wunder a pressure exceedi ng

the atnospheric pressure iggthe tenperature range of
from1,200C to 1,900C (step 108). 15 In Fig. 6, it is
preferable that the step 106 is kept under a reduced
pressure in the tenperature range of from 1, 300C to
1,750C for 30 mnutes or nore. The nitrogen and

quaged pnsthodbeaadsy abireded bytdaeryiﬁ%@dtct%egﬂeﬁp 490 and the step
enuner ated above form Si-"N and Si-C after the

102r gnthé samenmhaginens wandesgsibpd e viralsdy lankdettaredarrying out a
nitrogen and | i‘ﬁgrated C rboqherenai n to forma gaseous.

baking JEeafimqHesiny Weato Uty Hyng Beagins srassmpnttimethajoregoing
by JFERE PRt POl e AERT R Bk ProdblsPhdthe step

105{‘i£§€ﬁt afl 15, hoief: Q@ﬁbe?@ﬂdr@cbbﬂleat%gﬁeﬁtﬁ?@’rahgtghof from

i berated nitrogen or "|iberated carbon reacts w
1,000 £ 2y9006@Fo0BO axyyeas bnnaire. on t he surface of 25
the gl ass body, thereby simlarly generating bubbles.
I'n ‘&'éﬁe‘& oapridvsietedang Eigr 4t iaorﬁl%@ﬁe’b@%hlé's heaprresistant

syt o Afe, o8y SEHZIR P RGBT badek Stined il e 100 in

thell¥FeE ndh iHBR SRR cAbEE PILPBuERS cafg@ﬁ@ b&f h%@%ﬁ% Aliforl With
the tenperature rangé of from 1,200 to 1,900C (step
the1fo8ygoiipeedracing)gadani the 36 gl mp byHergen-omrafiag albinpsphere

in .gas, .and especially, Ar is preferable - 27
(St%iébs ndithggcarpangiogh @shakips e teray. (Sterel Wessur e

i V.. f 500 ka/ . 10,,00 11400
o R0 SRUEDR! AP RECHR SL O Gut R AGKEH tooec
to BRO6EU mgzlsa REnatdmsPisrd i PSRy rg%fs %raglogﬁhél% HIhK Gh

is actually desired because the effect Is confirne
hy drge hvenpaindng titorwspletiberagawi which Shd Hercigoagt pedhicing gas,
ti}g}gmay be properly chosen dg(ipe_ndi ng upon the _
preferandy & volpdle HFeRatURBOBBAdWIt D MRTONIRY $hatm halogenated
. C it is.preferable that th tep, i s kept.i
<0 bt vl RpBh b ERe il bltPon it 5780 "o
stefl TOB 8y Y cA@{edl oASInOIhe ARl dshiesPFiBEE b PBusly and
process of a quartz glass of the 10 present

1s preferablpnarmed extapfronof, 390°6tbddd0Reat. i n which the
dens uartz gl.ass body.is.further subjected to a .
st epﬁﬁcgsowr 7§ Hbssirte y}ruisfég-| §z§néenf%cbﬁ§§8il}ezlﬂl—r9§é5tant
the,re i w Il be, describ .
oo U S8 SRR LUFOBRREL L0 SPGB BESTLAPTSh i
thé&idainfd mpHrdSad adycrited Bee a8y B hen carrying out a baking

treatment simultaneously by a heating treatment in a mixed gas atmosphere

ng

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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15 as described previously, the hydroxyl group bonded
to the porous body is reacted wth
hexamet hyl di si | azane i n thg- sanme manner as descri bed
previ ously. The porous body after conpletion of the
reaction is transferred into a reduced pressure
at nosphere of 1 x 10-3 mmHg or | ower and heated at a
20 reaction tenperature of from1,300C to 1, 750C, for
I , :
tre econ‘pgsse In t 1t m ré)g%g %regg}@mg#%op lggg%%gll]xNH as the
1eahﬂlgﬁgﬁsmllw@s@meam@mhﬁ@eﬂaﬂrogen or liberated
carbon, which further reacts with SSiQ2 in the gl ass
bodyFiast ¢fradin afper prepaeine 9! sili@op@ove holyvier the $athe nNGRner

as Sher ik BFAEGUgrades HoayOR eg@a;eg Beed 80 dhageorous body is
1eag€ef or\{)ﬁhl Axafe Q%ﬁb%% 1&&&% gl}lé NGAL 1151%(1: Q5 ﬁeseubed
e alr econe

arger, ereb
;mewaﬁuﬂilng gl ass body is no | onger useful as a product
For that reason, prior to the heating treatnent at

1, 750 peravisdisly, afterecomnpletinacdf the asscthadis transferred into a
ressurized.at a pressure exceedin tnospherlc
hy BER(FPRIAIHIG ALMASR rfcﬁrtsbﬁe@é@ﬂ AR 1t1eatment in
0
h I ERE el BRBLALMES 1L RRBCHP I EinbLAMTupe £3RE of

fro@dC 100 Re 1, 30000 RS- BOTHﬁ’nﬁf@Sd}eﬁoF@ bﬂ‘ttﬁsc&ﬂp]@@fona(ﬁaih@ heatmg

expand. As a result. a hi ghly heat resistant
tregymehst ithequarews gbedss shitchnsfertedi natSi € oed®edd pressure

R o A BN 100
LB S0 AP SRgLS  RSaEPTRTISRARE. R A0 Bhaining o

deh & @IRHH @wscm@s AcSpAhpes kke @d@gsﬁlgqh@é@ssbﬁdﬁé possible to
having a nitrogen concentration to be contai ned of

prady@0@ phpghlyr hleesStearsdjamt syathetic cprerent glats omodyo Haering a

cont ai ned of 10, 000 m or Iﬁss i.s _produced. The 10
nigRE D 6P RO BREOB dc BhiGORERSRT o ARB TBPegotey and a carbon

co?é@'?lttmtiénrg td Iﬂ@ Bﬁtaﬁ%x@&st%"q%%y@rﬁ orPIEL. er@ﬁ yt}?’eoh?ﬁfgx%ﬁ group

, a mor 1 ess;’ and

cond¥mf A tien Qﬂrtﬁerfbf@édlﬂ@ siyftlsdtid qtihiy‘tz| €188s tbbéﬁ 1§Q)r@fé@‘hbl\ 30
Also, in the dense quartz gl ass body produced by t

pppE el desonangr mgspoeffeealﬁyntlﬁeppm cpraness; ghnad stlof q}ﬂ@une
ent. i nventi controlling 15 the nitrogen
Coggﬂﬁé%??%ﬂwﬁﬁmﬁ ]Fﬁ%t é@ﬁpébncentratlon on the
surf i Rt hg,su q ass b r o
[0t s U e U Lo, DY L OaLY! 0ining
athﬂ)%ﬁhefeesﬁle(thé V&ls¥, wheré ShRORSARhE fednFuravhele ig JaAr irZ the

te?nlp?afgture 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, HoN-Si-(CHj)3 remaining in the porous body
efficiently forms a large quantity of Si-N, Si-C or Si-Si by carrying out an Hp
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
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body which is free fromthe generation of bubbles even
by carrying out not only electrical nelt heating but
also a flame nelt heating ggep. 20 As one exanpl e of
t he foregoi ng production process of a quartz gl ass,
an exanpl e of an enbodi nent using hexanet hyl di sil azane
[(CH3)3Si]2NH as a gas to be used as the reaction gas
wi Il be described belowin detail. In a furnace core
genbidigor D Wiikble agtll desz pOT @isn ndibleO N ahvi dlgct228] HRMing
of an OH group and having a total OH group wei ght of
sterl.i® gbtiasnebt However5imedmgler tof obtiig, adhiglyyoheat resistant
hexamnet hyl di.si | azane vapor .is flown while dilutjn
synipethc auﬁrttng%@éﬁwb@%éwmﬁweﬁ e feyB thA genpeatapn gf bugbles and
bonded to,t orous, body, w th hex t hyl di silazan
doed i Poairt prBRIBoirp 8Pk B thY AR EbBeATbe SeBgge afg, the
flaiR¥ @ﬁﬁ!\:ﬁmg 0 asiAg std, $hé S Fowinl Ibl%céééni%'s%@tfa%% _EHﬁﬂo;‘JEP.
reactions represented by the foregoing expressions (1)
and Ki2) 6timkdlopt eleart shOwAhg bihi aitlineef thdprodedaresafithie sixth

of the silazane to be thrown is 29 insufficient, the
emBpdigpentdn; thequieduaen progase of arachetie Aupsir, slapybedeof the

OH . group. remg| ns, i N the.inside. ‘the ampunt i s
preStBL AR e PRy b s MRS SRl Ry ypRaetic
qudy a%l'a%@ Ridy GAclE GRPAYBAEHA, ‘%hgo%éi{erﬁﬂﬁﬁeﬁ BhubbidOhn be

0.1 to 3 times the nolar nunber of the hydroxyl group
obtadméchbpedriving it Sheidter d 000t he1stdpo 92 and theagstepal(®@in the

quartz glass_body in which no OH group is present in

sampangpetts asf desqeibgd@reviogrlysty fafmer denss enintg s hady and
nitrogen concentration and the carbon concentration
thdh b S T b R BBty i Sut BRAEEN it obere
untiBbe :2pRbrd xb&ddRg ﬂféeaﬁﬁéﬁﬁférf‘cdpﬁs!sﬁ%@ﬁﬁ THRTBMpeTure
a carbon conmpound rn the inside of the porous body,
raageof frem h2062C 06 1t1909°C1GtegubPBct quartz gl ass body is
bl ackened. For. exanplehbgg using a volatjile silicon
a

conpbuddsi 6 ¥ lsdirgierab t dte $tepnl 06 1okewt npfes arreduced
ool 1P BB Rt bofl 2980ECR) 200 g o imutes

oridasparent portion having concentrations of nitrogen
and carbon in the range of 50 ppmor less, 15
r espdtici netrygandciral bhetwdn poriid eonteivedginathe reaction gas as
concentration of carbon_in the range of from 100 to
enpgmeBtedphevesian: ai Reand Ridoaftar phagragism aph sjgultaneously

skived .oyt .fromtheg hesultin uartz.glass bod :
Y N L R i i s
atbtiee ek NG daReRES aUPIRRS LKLy QRetdIAN gbBENAIRE WidbléNd This

the amount of the volatile silicon conpound and the
gareagtion ft wpdeatis renrakabROibehpraperdfyhedtosgmt 1,750°C or

accor dj tqQ a desired transparenc :
hig‘fler. APS%, when heat me?ted gy apgas Ig’la);ne, 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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As a result, a bubble-free synthetic quartz gl ass body

which contains SiCor SiNcontributing to an increase

of the viscosity and whichots free from the

generation of bubbles especially in the processing

nol ding step in the tenperature region of 1,750 C or

hi gher is obtained. 25 Al so, by adjusting the anount

of the volatile silicon conmpound to be thrown such as
becBuSd i 8HARSheah BHAEDRbhGeMieatd Z ThaShebanens AfbsOreferably

group -containing portion or a black portion in the

fromn500&kd/andhid ai(nedd K¢han? avibhalresgectnto clanteffieni. ndHowever, a
vol atile silicon conpound such as

pregpyrehXseedmighipesd tnaenp hiegicpyedsune prdiop tofl( kg/cm? is actually
hexapet hyl dj,si | gzane, it.is .30 Sible to easily :
desies By ieeqihir Eororber Grhg sl ChSarar f iRt es o casiest
b&hm ! a{fs . r .
o, CB BS08 RShRNE FLETEIR AR, RpoR e e
an®E¥ANBeESurd cohéditipresend so pvientUoarrately, ibes prderddedhat the
belowin nore detail wth reference to the Exanples,
stepus kepbiretieciprpgengaempsenatirefand pressird rastgestipy 80 minutes

gﬁ; ose. Needless to say, it should not be construed
Of T4t the present invention is linited thereto.

( Exappl £,o1a - u Y, i Q
(e TB et 0o gl ubarng BUUIgH g of e

prasena icedntion, far exdapla gf an dnslmetierendfin MRichmohasdense quartz
obt ai ned by flanme hydrolysis of tetrachl orosil ane _was
glasetbady # farthey sugiested fade step HaSeusimgehexamethyldisilazane

(ST a7 R b e BB il LSR8 beto
in Q¥agyat ed, heated at 15 500C, and preheated at that
tenperature for 60 m nutes. Thereafter, the

t enp @it wf alvastet Preparihg 4 Lidich grebuoboldeipehalkdi® manner
and a_hexanet hyl di sil azane vapor was fed as a reaction
asgdescyibe epngiviapsingthewhy droz] rowahondiedr wbyhe @ateungody is
wth th roup in. the porous.synthetic quartz y
regitads iy PeHBe AN 080, Bhr oo Bl Mendhp & described
pre®Rekiyon tenperature 20 shown in Table 1 while keeping
that tenperature for a reaction tinme as expressed

t her dihe. pdroak dedy alftey ,cottypdetsonp pf yha geacaion ishoamsierredhato a

following table is shown in terns_of a flowrate of
reflgeed\pregeare gisnbate ohd xeHtt mmHeg s lower énd heated at a
re%é(})ﬁg%z%n%ng)g gﬁr{a E?frro%i,tBjO%QC 1:%) q%gd’°%§tf()erde a%rlp e‘,c’ 1,600°C. The
foregoing product is partly decomposed in the temperature region of 800°C or
higher to generate liberated nitrogen or liberated carbon, which further
reacts with SiOs in the glass body at from approximately 1,200°C to convert
into NO= or COg, 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 pressure

and up to 10,000 kg/em? in an inert atmosphere in the temperature range of
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25 gl ass body was transferred into a vacuum furnace,
the tenperature was rai sed to 800C, and the pressure
was reduced to 1 x 10-3 mggg-or lower. After keeping
for one hour, the tenperature was further raised to
1,600C, thereby obtaining a densified synthetic
gquartz glass. 30 - 31 Table 1 Reaction , Supplying
Reaction Reaction gastenperaturerate tinme | (C)(nol/hr)

frorh NIr, 800EX 86| IR It iy h sl isig] a@a@@m@& a9 tBeEXag® o€ fine
1- 2Hexamet h |1 di si | azane5000.5 | 3 Exanpl e

bubblesTr iTdte mnaabedmbubbleanhﬁn@aagam &ramol. e As a result. a hlcrhh
1- 4Ammoni a5001. 0 3 Exa “’%HSI'&E hanol 5%@ 0 3. Exanp

heaj rggstagHi syasbedc gugrizy éﬁ$ PEHIEERS RE7 0D P @nmbumng
er| nt al He a 003

to 42} BifRpEeq o6 U B PR A RIE IR 8o Gy M BIRHE g e free

frorﬁ%@eﬁ@xa@m@n oS H-u@le5 ﬁnt}?é(ﬁﬁﬁl'p@?@ttur\é’aﬁeg@&ﬁ rgred 786¢C or
in the same manner as in Exanple  1-1, except for
higbbamgobtgindie reacti on bet ween a porous body and a

reaction_ gas as shown in Table 1, thereby obtainjn
densPcPEdngy t e ierefring Progrsss sae§‘ n&lt?t(CEﬁBéﬂiZnéwtsm body

o R i P b TR TR TR g i
car%@ﬂ‘é@ﬂ&érﬁ?é’tlloﬁ' b BEIcHRtAAEI 88 10 @@O&rﬁ}gﬁ o 98sd@%rodficed. The

Experi nental Exanple 1-2, a tion reaction was

hydmxyl grbuqutoraenéaratiayhirt dn;pftnagmng syanhletdt qaahtizgtiass body is
concentration usjing hexanethyl djsi| azane. Experi nent al
preferablymsl #prm 9rilesynand mmorq @heﬂsa&blnglgfpnmeorpéﬁ%u@n the

SRR LSRR PSS S ol 3

Also, in the dense quartz glass body produced by the production
process of a synthetic quartz glass of the present invention, by controlling
the nitrogen concentration and the carbon concentration on the surface in
the subject quartz glass body in the range of 50 ppm or less, and more
preferably 20 ppm or less, respectively, it is possible to provide a quartz glass
body which is free from the generation of bubbles even by carrying out not
only electrical melt heating but also a flame melt heating step.

As one example of the foregoing production process of a quartz glass,
an example of an embodiment using hexamethyldisilazane [(CH3)3SiJoNH 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 gis setin 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 hexamethvldisilazane at a reaction temperature of from 100°C to
1,300°C, for example, 500°C. At this time, it is considered that 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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the same as in Experinmental Exanple 1-1 and shown in

Table 1. Incidentally, Experinmental Exanple 1-4 is

one in which a natural quaggz crystal was converted

into a quartz glass upon nelting by an oxyhydrogen 20

flame. The OH group and chlorine remaining in the

foregoing synthetic quartz glasses obtained in

Exanples 1-1 to 1-6 and Experinental Exanples -32 1.1
instfficlertt, WRE SiBRARHNE CoR¥uIM (N HhAIREFRREFEHRTEORE the OH

anal ysis and the nephelonetric chlorine analysis,
grougspmainyal the anidde arWoenahd amonogemprepereas iease f@dgoing

by the conbustion- infrared absorption analysis and
exantde igpesificyldy gihedvelatile silienn comporari agi Belar number of

titration analysis, respectively. Further, 5 the. o
froyhi By B ary P s SohES el o Sistie coptainadsin the
YT i t ._ g .
R o ol ey hoyar FARDIBARAEfh Mo D aroup i
presoef in chenvhale @#bhanjuaas: ghasuifeer Bintaringansdi thieaniteogen
analyzer in the ultraviolet region. The viscosity was
congpigation and pige efrhonsconcggbuatiomate DAPRE OF depsl Iysnagtively
. bl e 2. Fhese results.are supmarized and,10 shown .in
is offfingas IR Fud Rt % ik TRa fRE LU R ik s o

carPBBf donTh Qd 8h the4 <R %Mh%?&fbhé%}?d’f YarldN 1 @8ABIdE Sof the
1-1 to 1-6 1S shown in Fig. 7. Table

subljecmgines ghaEdods ib bMdkehgdn Vi scosit yAbsorption
~~concentrati onconcentrati on concent abon at

12800netxamdple; by ordedarvalitole(phegy ppnpouppay a(mekpr number

.. ) (345 : anpl e 1-1<1<301008012, 42. 510 Exanpl e :
of o 8 3T s tE B ST BRI The SR OBHDBRIPLCSeGRRS,
thé %A Borot<hsBPIDRLIE, %}%as%ogo&?(%%ﬁ a_transparent portion

1-5<1<30100010171. 80. 440 anpl e "1- 6<11000601011. 70. 090
hatgpetanrentraltiohx afplieroged 4had30R@BOA 01 the@ahBO of 50 ppm or less,

Experi mental Exanple 1-2<1<3028003000 11.72.480 _
respegEvelyeapdl 2 black portion having a concentration of carbon in the

range of from 100 to 10,000 ppm is obtained. Also, a black portion 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 1s

possible to easily prepare a quartz member having a special function, which
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Exanpl e 1-3250<301010 11.50. 000 Experinmental Exanple
1-4 (Natural 170<301010 11.90.000 article) 15 Al of
the synthetic quartz gl assgg-obtained in Exanples 1-1
to 1-6 had a viscosity at the tine of high
tenperature substantially the sane as the viscosity
of the natural quartz glass nade of a natural quartz
crystal as the raw material (Experinental Exanple 4)

contdiéls Weliglobar dlameef aidteds eRiiridon the obiighniréaqeesad UheOH
envi ronnment. These nunerical values of the viscosity -
groBp 1néhhm$1ded a positive correlation with the

absorption coefficient at 245 nm |In particular, when
the absorption coefficient was taken in terns of a

B kg shm there was exhibited a positive correlation
X‘( On the other hand, though the synthetic

qual’ll‘}Ze gk@@mom@hﬁ@ﬁ will be &deeibletEndlad @(ﬁfﬂijeedétaﬂ with
had an absorption coefficient at 245 nm of 0.10

reféradca te bhoExampden dantthasé Bxanfples 360spmm dmndthe 111ustrat1ve
exhibited a | ow value of the vi scosue/ at the time of
T

PUROgE; t eYRsEresfut® savhet sPAtkemot brigepsirgedsthatophepysgent
inveRtiEXR ﬁfnﬁ%?&?ﬂtl gxanpl e 1-3 exhibited an expl icitly

Iowva Ue o eVISCOSIty at the tinme of high
(Edenplerature as conpared with the natural 10 quartz

gl ass and had an absorption coefficient at 245 nm of

subsAbont dl kg of er por¢iExayptletio-quarte 2ldds hody (OH group

coﬁgﬁg@ntgwggwggg;aeg@ag@hw Bavitha Bameron b a0 faem as
Tabl e

ob iRl B2 R, VARt P Raah Byt P00 L T

gla3k 38 5€S fulideCocte Ra At (cﬁanie%&pez@s %ﬁ$qa@£a>11eragﬁﬁ%t bRRtric

Reaction gas (Qratetinme (nol/hr)(hrs) Exanple
furratéiex Newt, ft)hlednsﬂeazfa;heffﬁﬁné.ce&'ﬁ)r@tahp leasZevicuated, heated at

50558 2t Bare S@A A ot Hr 60 minutes.

Thereafter, the temperature was raised to the reaction temperature,
and a hexamethyldisilazane vapor was fed as a reaction gas while diluting
with an Ng 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.
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Exanpl e 2- 4Hexanet hyl di si | azanel10001. 13
Experi nent al Chl ori ne7001. 0~ 3 Exanple 2-1
Experi nental T' ri chl or onet Hy?lls“l | ane5001. 03 Exanpl e 2-2
Experi ment al Ni trogen5001. 03 Exam |l e 2-3 20
(Experinental Exanples 2-1 to 2-3) As Experinental
Exanpl e 2-1, a dehydration reaction was carried out
Taﬁiei g a conventional chlorine gas as the reaction gas.
perinental Exanple 2-2, a dehydration reactian
was carri ed OUEBEUSi ng -34 tpri geﬁPBGWt@rret wyhwplyane d@tacttihe !
H ig Tatuze 1 I, 1 lme
b Dok ng ot o naroubbody e oatr A DL nlEh
INomple tibs bhe gramarhyidisilazane o oo i 50D - Q g
l.

xample 12 _ & ?&mlﬁh&mﬁmﬁmﬁ Y l”%ObFabﬂ'U“ &gD'Ll 3
{ Hﬁla hBelU q%[‘,b (ﬁ‘or&'tlﬂﬂ’sﬁm_ WCII © Ugdl meu UlTgdit  UTE SglTe
B LEAL TENMT CONdl KLQARS, as 1 N [ExanpiegS 2- 1 10:¢- 4, [ eXcgpt
E@hple 18hangi Nng fm@nsieacti on bet ween the ponous podys
Badpk e feactl omhgase as  shown isoTabl € 3. 0As a 3
Dabdbiatal article, one in which a paturall quartz ctrystal
Wagplegddnverted into a quarty glass upon neltfinglby an
W@ﬁrﬁgen}f&mmﬁazay@ed 10 file hydroxyl group 3

tion chlorine concentration carhaon
- oh,—chlorlhe—cohcehtratt-oh,—carFboh

I.
i
|
|
|

f’%‘ﬁ% ‘i“‘ffa%l tion angwded rogen concemdor ati on remwai ning Bn

PR esut ting—quartz—gtass—and—the—vi-scosity—at
1, 280C were neasured in the sane manners as in
Exanple 1.1. Also, the color of the quartz gl ass was
visually discrimnated. The results obtained are

( s -23Qhegd. I ncidentally, in Table 4, the 15
viscosity was shown in terns of its logarithm c val ue
(1 0g Ah.exbablreedt why coAfiednoutei@ationbhineoganyesas int Example
| gi oupconoentrat oncencentrati onoonoent nti onat

Liwegoeptr for dhsmeimg ithe¢ ppation bewgsinea Doreus body and a reaction
1<30405012. 1~

24331 5 8@7{12_12_%&%%; :éﬁgrﬁe@ye O?B_tazliing 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. Experimental
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 Example 1-1 and shown in Table 1.
Incidentally, Experimental Example 1-4 is one in which a natural quartz
crystal was converted into a quartz glass upon melting by an oxyhydrogen
flame.

The OH group and chlorine remaining in the foregoing synthetic

quartz glasses obtained in Examples 1-1 to 1-6 and Experimental Examples
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E | e2. 3< 1<30200 j 10012. 3Than , nt Exanple 2-4<
1<30150022012. 3Bl ack Experinental < 1230010

~1011. 6han~nt. Fnele 2.1 Ex®@rirentai < 150040101

11. 91 | ar ~sparent Exanple 2-2

Expet ent al 250<30101011. 5" 11ar~t E.anple 2.3

Nat ural arti del70<30101011. 9Transparent As shown in

Table 4, all of the quartz gl asses obtained in

1- Ex@n]biflegveleornzaauned by 4thieath franeids speitrascapict mealysiseand the

tenper ture higher than the vi scosity of the
et Iéﬁj ilr’f?a%l%a jBlSa repeGHHE 3q3§atcﬂr}69r§/§flﬁlmé‘é’g@ﬁéﬂele

I
mﬁMhre b Pl AP-UREE NARELY (R REARY YRR e wates
ddistMRHDh - h&e U3k {idn Hidssiod! aEXRAId, RRpadtivdkanPhether,
-1 was thoroughly dehydrated, it had a high residual

theosioehetiatquartoiglats wak dwated @ttlhas@ﬂ@ t4rel gwaviseosgiyass that
of Experimental Ex le. 2-

tegRRRIAf Ao F2S| FleRgEr y.%ﬁezﬁ"ﬂt roul%@%‘?{%aﬂlewover the
f h
oA BN o E ST 05 RIS RUER UGS S R e

i eO XM tra@idlep fe@it. NnedTHiue/i§@shigkivig ishowtAGHO tefhe of its
amount of which was, however, slightly |owered. The

logagitbsiie wedue dlog he ini Fablef2.hi Eheseen@ﬁeﬂ@t ere summpeized and
t t d
8755 BRESEs AR UL RS SRR ofidene o
q f t
225, 5 870 CHRlsdo Ry (XSRS R %0 WY Som i i
were obtained at a reaction tenperature of 300C

(Exanmpl e 2-1), 500C (Exanple 2-2) and 700C (Exanple
TabB)2 respectively; and a bl ack quartz glass body was

obtal ned algaheact .on tenperature_of 1, 00QC U:x mpie
2-4). Al slo, i Exanpf®e 2L 1 Ggmo. \E“P%“ 15 al | éﬁ’m"“
) centration mn(entl'dﬁ?l oon Uﬁn
coef fi ci entnoaai@A "N} Yids| 1T ed “TH 1 e saﬁ&g) oY
as in an'p(bml)1-1 Asa result n_.a of [t hes
3 | an=absorptF¥n chef fl‘i”qr‘l ent 989f 0,05 12“11'n. 1!lor2.510

r*.Fﬂ‘ia Hare) bt &tned (Eanples1® 1 o 3001y 1118 0.500
ﬂﬁf}me, b ek eake: AW N1 TIANG L [ o 0T f L 19 ] 1000
I:E am‘p e| %Ilﬁn 4< 4\.’(1 LI E:\)rtl \UAW]| 1 IIJLQI LAY Oulé& IIU.IIIICI]-Z. inl LILI 1500

%Hl}ﬂ etl-o U J<'1J., y)\bgw f J1 _lfddelllgl 1T U ]!.:‘0 I 1 ca\.ﬂ Ut 0.440
DELWERN 63| POTQUS POUYhoaNd|[a Tgaction i, 11.7 0.090
Experimental

K)
Example 1-1 <1 2300 10 10 11.6 0100 |
~ |

Experimental <1 <30 2800 3000 117 9.480
Example 1-2
Experimental 250 <30 10 10 11.5 0.000
Example 1-3
Experimental :
Example 1-4

x?ﬁ;‘ijral 170 <30 10 10 11.9 0.000

article) l |

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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gas as shown in Table 5, thereby obtaining densified
synthetic quartz glasses. - 36 Table 5 Reaction Feed
Reacti on Reaction gas tenperature rate tine (C) (hrs)
(rmol / hr) Exanpl e 3-1Hexaneth |disil oxane3001.0 3
Exanpl e 3- 2Hexanet hyl di ssi | oxane5001.1 3 1 Exanple

3. 3Hexanet hyl di si | oxane7000. 93 Exanpl e 3-4Hexaneth

exggtgltrezi ?12%35? ggocéﬁl i%tég%gﬁltﬁg,th@x%mlBt1§n6coeff1c1ent at 245 nm.

7=i y
In P ERL Y VAL EREOSG efaP Sy, SAEHATG gy of =
lo@@afmh,et}i’exaHea@@s&hbmbdlaspdgiﬁtzhybmtakﬂﬁa (Fig. 3. Exanple
3-10 Meth 1. Lane700 | 1.1 3 Exanple 3-11

Hexarﬁem ﬁheontbpr drarodhorsB theEsyrihiefisngeartz gags obtained in
Chl 700} - 001,

el Bl 10 an A PRUGRR U Te T Bhain G100

it %)((lpfiil!ll ﬂfeaéon%ézﬁsltl%ﬁ @2136@pgndandex R SERY %lglue of the

dration reaction was carried
v1§§dsﬁl@ at ciev eithe asfahigihltempereagae. asThhaynelaatid quagss .glass
I n Experi_nment al
obtained in Experimental Example 1-3 exhibited an explicitly low value of
the viscosity at the time of high temperature as compared with the natural

quartz glass and had an absorption coefficient at 245 nm of substantially

Zero.
(Examples 2-1 to 2-4)

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 3, thereby obtaining densified synthetic quartz

glasses.
Table 3
T - 5
I . Reaction temperature Supplying Rea}ctmn
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 Trichloromethylsilane 500 1.0 3
Example 2-2
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
out using a conventional chlorine gas as the reaction gas. As Experimental

Example 2-2, a dehydration reaction was carried out using
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Exanpl e 3-2, a dehydration reaction was carried out

usi ng an ammoni a gas as the reaction gas.

Experi mental Exanple 3-3 irS$4one in whi ch baki ng of

t he porous body was carried out in an N2 gas

at nrosphere wi thout using the reaction gas. Densified

guartz gl ass bodi es were obtai ned under the sane 10

treatment conditions as in Exanples 3-1 to _3-
trieklospmetlarlsidnan gf the reretionesas | d??‘ﬂfétfﬁé’é?ﬁltﬂi@%ﬁko%§ 1s one

nd .t he action g as _shown.in T

in R aR Sl ol B BRESTBaN BraCHRA Al e Nk Jafspnere

, ar 1 o8 G Btained
R A L it
urkienc@Btdaaté mfeatﬁfelrmrdolndmmmemtmdfxamplersaz Boto 2-4, except for

concentration and nitrogen concen% 8t|on r nalnln
Chﬁﬁén‘rgesffhPtlleﬁ@tlaﬂali’ﬁtti”ee@l PRFRRS Bedyi Abop Eyregcu n gas as

ZSOCSW% nmeasured in the same manners as in
" Also, the color of the quartz glass was

vi Suq&é ¥ dbgerd MhARaledone Tihe wigshl 4 51:00F4 fadr@r @wbtal was
shown in Table 6. Incidentally, in Table 6, the -

coniveredi inyo waguahtawglaisa tpennmmedfing thyy hng@mmﬂmg}emﬂaw was

(log 11). Table 6 Hydroxyl Chlorine Caron Nitrogen
sneity " i gmtrp oonoentration concentration
conc

tr ion I, at 10C Col ar once ratian ) R
oo Th¢ Hi ) Bhodi s faf8RC SRl B 3BaBATka R carbon
cdrREAftatioRamd %iﬁo%&ligﬁéﬁﬁg&lé{zgem%@&%@ imetHe féé@'ﬂﬂi’h@ quartz
3-3 1<1<30200100123 Txanspa~ent Exanple 3-4<1

g3 hhdah20A&eoBitly Bl hE&O‘ES(W]Dé eehebirdd in the same manners as in
<3020010012 3'Ilan npl e 3-6<1<30200100

Expmple Ighs oblsat t @(%939‘{ of dhereatrs glss wopBegellY discriminated

TS Sk Bnd R R P s B Jnb 00 166 s nsat i Pablent

the
@ggﬁgy Grad s %W&Qlﬂso&% B RansRaRLLE @sPhR 3- 11<1I
0 10012 I 'anpar ent
Table 4
I
Hydroxyd Chlorine Carbon Nitrogen Viscosity
mg:g on ooncentraton | concentration | concentration at1280°C Color
(ppm) (ppm) (ppm) (ppm) Gogn)
Example 2-1 <1 <30 40 50 12.1 Tansparent
Example 22 <1 <30 100 80 12.4 Transparent
Example 2:3 <1 <30 200 100 12.3 Transpaent |
Example 24 <1 <30 1500 220 12.3 Black |
ﬁ?peﬂiig? <1 2300 10 10 11.6 Transparent
; i
EEM;?E <1 500 40 10 11.9 Transparent
%?pajﬂzﬁﬁ? 250 <30 10 10 1.5 Transperent
Natural article 170 <30 10 10 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 in the high-temperature
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Experi nment al <1230010 | 1011.6 liai"patent. Exanple 3-1
Experi ment al <1(c) 010100012QTr at >spat ent Exanpl e 3-2I1
Experi nent al 100 <30 1010113§”Ilanspate-nt 11 Exanpl e
3-3_ Natural 170(c) 0101011.9' Il ang~arent articlel 5 As
shown in Table 6, all of the quartz gl asses obtained
in Exanples 3- 1 to 3-11 had a viscosity at the tine

of h te e aher, t f the )
enfisotie . p e g et bRl Al GV RS bY FRgtitfental

r rig@alg a ha r ngd Nyl € resi
AP A R A A g

cotdtaughridhefqtidotiheglass thbugx peei qaattl gldsbExdpiperBadntal
was thoroughly dehydrated, it had a hlgh resi dual
Exeomgle - 2 avdsomospugiiy slehyerated, ithwagoen ped 4 fapep a residual

Expertﬁgewgtogtcg?gnggae Sﬁv?lﬁéwg@er Of a ! t}?ej%?llaltz glass of
E Qﬁﬁéﬁtﬂalﬁgm%‘e tﬁeany&?ﬁle FgPddbGPerﬁﬂﬁxetdOdQ@Kb Nhkifg in

acuo unt of which however, slightly
vacawettedambhat o sdosh tiaas haWet/hE stlllgmaly]lﬁwtefreclu ghhe viscosities
tenperature of the quartz gl asses obtai ned i

atmbertmteﬁ BRafpmpsTaiuret 8 20 eI « 89SEes hsained in
Bl?%tl{%@fafrgpﬂ%iiﬁa%ﬁ%%%@n o ae PRl syt P same

ass

as‘é‘ﬁacﬁwa‘ tﬁéﬂr@a%sofe’tﬂe L9 tdrad (?ti‘éﬂt@ SAL®, %sléhov@ﬂﬂqnaTable 4,

quartz glass body was - 38 o btai ned in Exanpl e

trandparding Quairt gheanodses3wird obBrifdd at hEreaim;mnmenqreratule of
coefficient at 245 nmwas neasured in the sane _nmann

3@&°G r{Eznamz}e e21)1.5008¢ AExemple 2-2h and ?90°Q1é5é<amp1e 2-3),
absor pti on coe f| t of C
P RNER GBfn Bk B s b A BpEFPREG Hhgeaction
te‘tﬁ’}gela%g OUF 116D (BAMRpRANGT a3ed, rlnEEﬁﬁrﬁlp?es 3-1lo 2-6, the
Yor changi ng t he reactlon béet ween a porous body’
ab@ﬁpﬂtohe@fefﬂlcﬁént gaL4dsnahows meadabeldein’ tifaksanteharaeingr as in

achi eving the reaction of the porous bod
Example 1-T. As a result, in all of these Examples, an absorption coefficient

of 0.05 cm'! 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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and the reaction gas. Thereafter, the treated porous
body was transferred 10 into a heatlng furnace, and
the tenperature was raised 3o 800C and kept for one
hour while flowing 1 nole/hr of an H2 gas. Thereafter,
the pressure was reduced to 1 x 10.3 nmHg or | ower,
and the tenperature was raised to 1,500C and kept for
one_hour, followed by cooling to roomtenperature.
Tablfede was thus obtained a densified transparent quartz

| glass. 15 Table 7 (a) React RenReactijon Suppl yijngReatier |
React i on |gastReaperas ur elw rré!m(mmulehr) 11 I@9‘3( hrs|) time
anrml e 4-1 111Hexanethlldi silS (mql ppl_ghrs) |
My b &X s 5@0;%1)3 E;zanqp! e 1.0 3
%—%ﬁ%é\x h 2‘:{‘; - usxbﬁm.. 1\3‘8‘6 EXp"l i ||cb|bai chhi-ne g ||
xz’? 2.3_23 E"%Bm%dﬂﬂﬁhﬁe pert gl at—st a|161:1>001 33 I
Al oereth g Rade 2- |EXPET fgdent al NiringgnS00L. 035
EXAPPE€ 4- SnkxpehidyERkal HexXamaphyl disiTazane5001. 1 3
B=XapPhe 4. 4 TimedPorpRans . ( 700..... ... Lienper at ure
Hhafifle 3-8. FPEmaﬁ&ﬂMmm@kﬁ(krs) (1ol / hr) 1.1 3 |
Example 3-9 Hexamethyldiglmethylene 700 1.1 ] 3 |
Example 3-10 Triethylslane 700 1.1 3
Example 3-11 Hexamethyldisilane 700 1.1 3
Experimental ) - 1
Example 3-1 Chlorine 700 1.0 3
Experimental . -
Example 3-2 Ammomia 700 1.0 3 |
Experimental -
Example 33 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 Experimental
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 N2 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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Exanpl e 41 8001 1.0 Exanple 4-2 8001 1.0 Exanple 4.3
15001 1.0 Experinental Exanple 4-1 -- | - Experinental
Exam |l e 4-2 8001 1.0 Experidfental Exanple 4-38001 1.0
Experimental Examle 4-4- - (Exanple 4-2) As shown in
Table 7, the experinent was carried out in the sane 5
ganner as in Exanple 4-1, except for using
examet hyl di si | oxane as the actio S i | ace of
vische t) S5egrAON} H} I efniés lpaa@!é%t RO ; s 8B MAi ﬁi ng a
densified transparent quartz gl ass. (Exanple 4-3) As
shown in Table 7, a porous body was reacted with a 10
Tagﬁg.nethyld|3|lazane vapor in the same procedures as

transferrei?i[y o' a daead i Ng Cﬁaﬂaﬁnna eNmEae lte\frqnﬁrat
was rais upu?;? ﬁ@@@uaml mmmm1 precfrolr WEPTe Cdor |
fl ow ng fman | H2 PEls, |f olPBwed by*edool|i ng
E)&H{p QI (ETpar at UT 6. 5 Nele Wap U NUS 50Dt & Red1 8 | Trpaem
ShSid3EU Transpar enso quart ziogl ass. &b ( Experknment aknspaen
FEx.aaimlﬁ 4-1)<1As Expewd nent al 20&xanpl elod- 1,1 g 123 Transparent
defnpiirdat | on rleacti onhas carfPed | ouusiing B3 | Bk
Erxampda i onal <lchl orin8%gas as? he |

L ot
greapeles Gl ass< body we obt ai BBd yndetVt ha safd Tansparent
ht coiditi nno<3Qo iln 0 o109 n\,n% § 41 lAnsparent
AL D WRNAC: O R AL A =
lea\fm IleCL Q"‘ Ir\UI < c!. v Mghtre pu: S qumallu Lllcuaedlbl T arent
A apl U—CgfTTeu oL as STIGHT T 1T Tl A T TA fangparen
Jch?n }e 3€lcfl e, W TiT agg, F2 [gasyjgas | Nojycar I €6h30UT| Tangaent

=901 : Mpte 4=2) EXperimental BExanpl e 4FZ 15
cmemlglpg.y\m ch<h dehyd®®tion rédaction W2 tfeatifent| Mt
%x)?:;:ﬁ;n;tjl. cegg gy ~ © 0 40 1000 120 B "
Experimental
Example 3-3

Natural
article 170 <30 | 10 | 10 119 Transparent ||

100 <30 10 10 115 Transparent

As shown in Table 6, all of the quartz glasses obtained in Examples
3-1 to 3-11 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 in the high-temperature
environment. 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 quartz glass body was
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was carried out using a trichloronethylsilane gas as
the reaction gas. A quartz glass body was obtai ned
under the same treatnent ¢éRditions as in Exanple
4-1, except for carrying out the reaction between the
porous body and the reaction gas as shown in Table 7.
5 (Experinmental Exanple 4-3) Experinental Exanple 4-3

is one in which baking of the porou dy, canri i ed.
o] S el atﬁg@p%rﬁxw%pm%s-ﬁzpwihe
actian [ t
coe gmleﬁt t 291% 4\% 2%?‘2& ggl\%glgﬁl% 1%3 %Fér %EQT Oﬁ'»?axﬁf)‘féel 1.
As(ExRei, riﬁréitllad)f t@é@@'@x&nﬂpl@é AS abEawbionncobflidientof @DBesn ! or
reactlng with the reaction gas in the same procedures
mas was éxtampéd 4-2, the treated porous body was

tranzqerred into a vacuum furnace, and the
(Ei‘%i%’ thdre was raised to 800C Thereafter, the

?rhgs [ Sx meﬁg%cﬁdiz%xq% urt fL(Pn %h?‘gg‘%\eoﬁﬁrﬁy&ras ﬁ'{"@xample

ure was to 1,500C and
1- Ke@iceb@ffmoﬁl@axﬁ%ﬂg ,thkalelhotied H@}lw@@@lal peroue bodgnand a reaction
tenperature ere was thus obtained a densified

gasrasrshpavrent Toblart(@), theeahy, aqtEryiogi thémeactl@( aﬁﬁneepmoy)% body
o PRI St S B 000 120l 5 RLATR e
1n%(¥®éqrt?%t 155 o WaseUsferdAfie YA AX¥Ld 9(!' 88 C and kept for

concent orine caoncentration, carbon

or@w&hﬂblm iagd miotd/bgehas Ghogt r éﬂheﬁreal‘l‘teﬂmha ipRgssume was
the resulting quartz glass and the viscosity at
refluzsdGonkre IFasunély ion lower.sand fr}’@nﬁféflﬁe@swm was raised to

The results talndar vvnln
1,§00‘I’T<?caruﬁﬂaear|9r ong e 4B eV o g.ltoy%[empewtme-
ke b
Ni trogenVi scosity concentration concentration
concentration concentrationat 1280 C TPm (ppm (ppm

Tablenj (1 og, ) Exanple 4-1<1 <3020 812.6 Exanple 4-2<1

<3030112. 6 Exanpl e 4-3<1 <3010712.6 Experinental <1
(#300101011. 6

!7 l Reaction Supplying rate Reaction \
Reaction gas temperature (mol/hr) time
C) {hrs} :
Example 4-1 Hexamethyldisilazane 500 1.1 3 '
Example 4-2 Hexamethyldisiloxane 500 1.1 3
Example 4-3 Hexamethyldisilazane 500 1.1 3
Experimental . -
Chlorine 700 1.0 3
Example 4-1 '
Experimental Trichloromethylsilane 500 1.1 3
Example 4-2
Experimental L0 : 3
Example 4-3 Nitrogen 500 ) ll
Experimental Hexamethyldisilazane ~ 500 1.1 3 l
Example 4-4 ’ } |
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Exanpl e 4-1 Experinental Exanple 4-2135<3010611.6
Experi nent al 100<3030411 6 Exanpl e 4-3.
Experi nent al <1<301008012 43Bxanpl e 4-4. Experi nent al
Exanpl e 4-5170<30 101011.9 (Natural article) Al of
the quartz gl asses obtained in Exanples 4-1 to 4-3 had
a viscosity at the tinme of high tenperature
explicitly higher than the viscosity 5 of the natura
Qﬂquartz nmade of a natural quartz crystal as the raw
material and m#re harglyaidefor mred even in the high-
t e rrp er at ure env %ron I’Tﬁ'nt| O] . th e Ot'] er h an d , t h ou g h

the quartz gl as T@ﬁpeEX\pe'Timegﬁ?&Lerxarrpl e 4-1 was

thoroughly dehydrat&d, it ®had @Wirgh residual
eeoReentrationrof—chigrrmeramd— ™t he quartz gl asses
"ampi" il_%nt al adigtdi esT4i2 ang 43, OH remained. 10

The Ezlalﬁ psEtiestat § time of Rhipgh|tenperature of the
b Oh Aok e 10bt al ned 1 n Bxperinental Exanples 4-1
| Bhdinfndl Bexhplibed asoeal u¢ hover ihan that of the
| Bxpérifental Buasple2:3 | ThesMi scosilty atl.othe tinme of high
| Rxperpenat Brepbfi-stlhe  quartz -gliass” obtai ned in
Experi mental Exanple 4-4 exhibited a value [ower than
those of the quartz gl asses obtained in Exanples 4-1
(Bxanfpld.4-A so, in 15 Exanples 4-1 to 4-3, the
absorption coefficient at 245 nm was rreasu_r&d in the
sane /Aushevnan TablexAnphe experimentawpsggriedgiitan thy same
t hese Exa es ap .absorption _coefficient . Q.
mERRET G bR e Bia e ros S heF st R as the
re‘%ﬁ%ﬁ ngtalgem.rﬁﬁgé bPthREx 18BN NG it 15880 8%8bor, WRER WSS thBfng a
out 1 a mxed gas at nosphere of a
déesifis tiwdhaséhoganez\vdper 20 and an H2 gas and the
baki ng treatnent was then carried out under a reduced
(Bytasmpler£34nd the case where the reaction, the heating

d -42 ' ' '
LR el 10 S R TR T S
hYeRRL AN A zERe 93P or $H ThOShhfe SHREEEr ASSEEXAMYIOA-1, and

the treated porous body was 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 He 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 Hz gas was

not carried out.
(Experimental Example 4-2)

Experimental Example 4-2 is one in which a dehydration reaction
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a viscosity at the time of high tenperature higher
than the viscosity of the natural quartz nmade of a
natural quartz crystal as t#e raw naterial were 5
obtained |i kewi se Exanples 4-1 to 4-3. (Exanple 5-1)
An experinment was carried out in the sane manner as in
Exanple 1-1, except for changing the reaction between

a porous body and a_ reaction as shov%n Table 9,
washeateisyl oBt aSHINg il aeams iy Slneager s roacionsgas. A

aupfiz PR BouE wal PECANRE kAR DAY WSl RIBLASH as in

ressure turnac ere

Exb@per £ UeRcairsiof @bsBang dut, t‘h@Q@a@tmﬁQQ@vbén thangbratis body
the sane tine, the pressure was raised to 1, 000

anmgken@acﬁbngﬁsakeépmngufﬁabm’hours t he systen1mas
cooled to Eoon1&egﬁgrature and sinultaneously
(Exgexirfarial Bxapwladr spheric pressure, and the quartz
gl as h Lt
o1 as SRt bR 3k opRdf IEZH Hhlchk BERR forous body
whEXAPREE ovt Zh AhifeRehl zmhliﬁsp\lﬁﬁe Gatho @ ueiie the t&ection gas.
same manner as in Exanple 5-1, except for changing
Otlee tresion érorcogasticonaid thenssase shonxampigbl- & agd arg@hown in
t hereby obtaining a densified quartz gl ass body.
T% dnple 5-3) An experinent was carried out in the

Eﬁﬁ)@lm?@)& n%lg f_gi)arrple 5-1, except for changing

€ pressurizi treatment condition against the

densi A eHoWHaAabdé dsaftbPdyacdtnSWOMtHerehatibg gds in the same
thereby obtaining a 25 densified quartz glass body.

pYderAngHse Sl x dwmpihéin the treabe & porovefliosy wastmaingéeraed into a
porous body an hexamnet hyl - di sil azan n

vw FHBR G P@g t§§ teRRREXaiecv as 1aisg taﬁﬂ@é% Eﬁ@l‘e%ﬂ’ the

pres Blé% ?v?a.\sls Vg%ru%?(% e]g; ]%) Jln%\ﬁ{r a&lelogxI tr ?EE tﬁé I'H:z lPeer'ilture was

carr |ng ou rea

fRRREr t8lsed thU5@0°GAEh@ﬂ\e‘§)©ﬁM ehé ousffollb®ed43 cooling to room
reaction, a baklng treat ment was carried out in the

teaperamnaer Thsre nwagxdms| ebthinedda alquseldedlirtiransgarent quartz
reatnent was then carried out under the condition as
8sHdwn in Table 9, thereby obtaining a densified quartz

(ﬂ%ggﬁme%?gﬁﬂxém%@(g@ le 5-5)

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 ).
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An experinment was carried out in the sane manner as in
Exanple 5-1, except that in addition to the
hexanet hyl di si | azane. vapedlby the N2 gas, 1 nole/hr
of an ammoni a gas was fed as the reaction gas and
m xed as shown in Table 9, thereby obtaining a
densified quartz gl ass body. 10 (Exanple 5-6) An
experinment was carried out in the same nmanner as in
Tabkex@&npl e 5-1, except that a hexanet hyl di sil oxane gas
Was used asgfiheyikRacll othigas 1'n Rlrkee OT Nidd@en Viscosity
hexanet hyl| dc@tdnaziane | vapoltradis [Sda@etiratipn Tebtetr@ion | at 1280°C
t her eby _ obt ailmimig_a |derisitii ed qua@pky qll assrbody. Q&n)
Ex{dpleapl e 5-7) Am experinedi was cae¥ied' out & n the 126
| Exgepied-Pranner as <in Exdnpl €30 5- 1, exd®pt fhat 1a 12.6
Examiled or gt hy|<di | an 3 usedlhs the rebctiaqn KA
Expggimepiabce |of the hexamet lgbdi si | azane vapor 18s shown g
Expmpleriibl e 9.t hereby—lobt-ai-ni-ng-a—densi-Hed—guart
Spraeahody. 20 1gExper|i nendal  Exanphes 5{1 tos 5-5) Ass
Fx a ral—Exanpte 5= 1, _a depydrationm|reaction was
exeapll k-ed  qut usthg a [convéhtiopal éhlorilne ghs ag tHe
Exp@ahtadn das. |11 Expel| msg%al Exanpl e 5- 2, 124
Exdeblydratiadn reaction was carried ouf usiing ammonila as
Expéramentagact|i on gas. |n| Experi nent al Exam:rl es 5-3 Td

A Aanc: £

Exgmple 4§ dehydr atlfdn 25| reaefi on! was Barriled d@t usi ng!-®
(Wbt 4l si | azane—as—the—rehetion—gas-
Experi mental Exanple 5-5 is one in which baking of the
porous body was carried out w thout using the

reachll oof ghes quBkiTs Bldsses gbsaimedgiradswanmler ed-lotn & hdird a
e O R A BR BT R RN S
of tgﬁenéﬁfi}%l A omatBheGAhht 1%81519‘&2 cARLENAEL @a&a@a%erial

and that" a aki ng, the pressuri‘zing treatnen

and 4/bradsarddt deformeddevaut in tiEXpET-tepeltuxanapirenmemt. On
As Experinental Exanple 5-6, a quartz gl ass_prepared

6 .
thepgthesi handy thoughttbeatuapiamiasscol Bxperipeninl Exprmpde dgérvas
thofrloggﬁlym@eshyudsrggéd, Eit -}rlgglaeh?gh l(eas)ldl}eﬁec%%%éIllt%gtito{aeo%tcrﬁonrtme; and

in the quartz glasses of Experimental Examples 4-2 and 4-3, OH remained.

The viscosities at the time of high temperature of the quartz glasses obtained
in Experimental Examples 4-1 and 4-2 exhibited a value lower than that of
the natural quartz. The viscosity at the time of high temperature 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 Hy 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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Suppl yi ng Reactiontreat nent Reaction gas tenperature
rate tinme (C) (mol/ht) (hrs) Exanple
5- 1Hexanet hyl di si | azane 5001. 03. 0. Exanpl e
5- 2Hexanet hyl di si | azane 8001. 03. 0- Exanpl e
bakmgz Hesatmee iy | Vet rsi cartip@ SO0 IN03. Onixedagpseatmosphere of a

5-4 mef hyl di si |l azane 5001. 03. 0500C. 3 hours Exampl e .
hexBTgE A A ! CPPB S RN IB0D 2% 3 BLICEi AT 4 Eangp o ving
5~ X I.di si _ . o
PPy P ar SPmBE P ST s scprigy of ghe
natbrdl ity neadd 01 a0BafiraExpariientsed /Aaaehe aahOthtdrial @@re
Exampl.e 5-2.. Experinentall HexanethyUsil azane
obtaped ldeevoseksapmmdes 43l Bder i nent al Hexanet hyl di al azane
(B 8001, 331)0 Exanpl e 5.4 Experinental Viftogen 5001. 03.0
Xg?é)ﬁ% €’5-5 (b) Pressure treatnent

-+ - ‘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

R .. Tinme Temperature Pressure
gas as shown in Table 9, thereby obtaining a densified synthetic quartz glass.

Thereafter, the quartz glass body was transferred into a pressure furnace.
In an Ar atmosphere, the temperature was raised to 1,400°C at 100°C/hr,
and at the same time, the pressure was raised to 1,000 kg/cm2. After
keeping for 2 hours, the system was cooled to room temperature and
simultaneously returned to the atmospheric pressure, and the quartz glass

body was taken out. The resulting quartz glass body was provided for the

measurements.

(Example 5-2)

An experiment was carried out in the same manner as in Example
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 Nz 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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(hrs) © (kg/cm) Exanple 5-1140010002 Exanpl e
5-2140010002 Exanpl e 5-31400930 Exanple 5.4140010002
Exanpl e 5-5140010002 Exanpl3e 5- 6140010002 Exanpl e
5.7140010002 Experinmental Exanple 5-1- Experinental
Exanpl e 5-2. Experinental Exanple 5-3 Experinental
Exanpl e 5-4 Experinental Exanple 5-5 .45 The resulting
quartz gl ass body was neasured for the hydroxyl group
reactivme entrdingireafimentti wasceweedt put ilprthecaamenmanner as in
concentration and nitrogen concentration remaining in
Exafle cLibjab e QRIS A AR oY (tEBPEyeq 0 Wnggnehe
bn: th S +h B - .
condfiohs MR LB 8T thndEi et e PR Gunrte glass
bodganpl e at 1,800C for one hour in vacuo and visually

confirmng bubbles as newy generated in the inside of
(Examgle §aﬁpl e after the test. The results obtained are

shown in Table 10. Incidental I.%, in Table 10, th
vis P%@P%néﬁ%%c%l&t PG 1A DE (Same FHanRey A 10 ample
. V o . / . " ; T
R L v R G
1 moibenf fakinoneaiiceds whao fiaDao eid faldtidn @is shfDdeaat sRown

t est log ;;)v. AC Exanple 5-1
in Taue01 Da0eby DRAIDAR deBRird Gisiy Blace body.

<1<30100040012. 2Nobubbl e Exanple 5-3 <1
(Exé%ﬁ@]fo >. 2Nobubbl e Exanpl e 5-4 <1

<30M%Q§31-1M%Qé €af&IBLE iR-tAesame manner as in Example
<301040012. 2Nobubbl e Exanpl e 5-6<1 <30101012. 1No

5-1peddeipe that a hexamethyldisiloxane gas was used as the reaction gas in
place of the hexamethyldisilazane vapor as shown in 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 hexamethyldisilazane 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 without 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 pressurizing treatment



Exanpl e 5-7<1 1500101011. 9Nobubbl e Experinmen tal

Exanpl e 5<1 19001010 i 11. 5Nobubbl e

Experi ment al Vi gor ous ExanpgHe 5-2<1<3010520 12. Obubbl e

| aeration Experinental Bubbl e Exanpl e

5. 3<1<301008012. 3Rener ati on Experi nental vi gor ous

Exanpl e 5-4<1<30100040012. 3bubbl e nei ati on

Experi nental Examle 5.5100<30101011. 6Nobubbl e Nat ura
WaSéW@ﬁéﬂé@#9290101011 9No bubble Al of the quartz

(Ex 1~a Sefl?f thn ExanplesSlto 5-7 had a 15
é%%%% P e ms of high tenperature

appA@Em&ﬁhan@gt&Laﬁlme% ehaahelrts BaRstHRPYISLRS 'ntié/ltﬁ’l

the natural quartz nade of a natural quaer crystal as
natitaé quantnetyerdldly {iExpehydregenlflaixamplserssd6) and were

hardly deforned -46 even in the high- tenperature

envi ronnent. On the other hand, though the quartz

ﬁss of Experinental Exanple 5-1 was thoroughly

ehydrated, it had a high residual concentration of

(a) chlorine and had a | ow viscosity. In the quartz

gl asses—of _APCI —-rental EAouupl es—5-2—7F5-3 and 4 |
though the % viscosity Redicteomsaimatii e to that of the |
natural quaftz, a nunber Bfacainr | Hipblpihes Reatten ém?onli
gener at ed; zEncRelaﬂwt!k@ quempzragleass o Experbnental”
Exanple 5.5 OH rennj npd di$d t o Hﬁll?llfhﬁ)m [I n\h%'ﬁil(‘l:n' the
e [l 2y, 2 maley = a a[](i
¢ Eﬁamp'lefwasi t )EHB}I ‘mm Mﬁ‘w ® A sdgoi A—Exalpled-50 to 5.7
L fixample 5-3 ldléﬂazane= 300 4 ~ O G X .
the—anso ptitotcoef T 1 ctent—at—24phfrwas Hreastt 56(1'°C
t Beangdaipd rrarhﬁ%‘ﬁm@sldlﬂwnio Exf@ﬁpl e{ 1-10 A3 adlesuf ty, 11
al I—of thes H@g@gmm%man apsorption cogfficien
Example 5-5 ; 500 1.0 3 0
Example 5-6 Hexamethy]dlsﬂomne 500 1.0 3.0
Example 5-7 Trichloromethylsilane 500 1.0 3.0
Experimental . : -
Example 5-1 Chlonine 500 1.0 3.0
Experimental .
Example 52 Ammonia 500 1.0 3.0
Experimental iy
Example 5-3 Hexamethyldisilazane 500 1.0 3.0
Experimental .
Example 54 Hexamethyldisiazane | 800 1.0 3.0
Experimental
Example 5-5 | Nitrogen 500 1.0 3.0 |
(b)
| Pressure treatment
' Temperature = Pressure Time
C) i  (keg/em?) . (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 i 1400 3 1000 2
Experimental Example 5-1 ' -
Experimental Example 5-2
Experimental Example 5-3
Experimental Example 5-4
Experimental Example 5-5 l
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of 0.05 cm1 or nore was obtained. (Exanple 6-1) About
1 kg of a porous body of a quartz glass body (OH group
content: 200 ppm) in a edbumm form having a di aneter
of 100 nm as obtained by 15 flane hydrol ysis of
tetrachl orosil ane was set in a quartz gl ass-nmade
furnace core tube (dianmeter: 200 mm installed in an
electric furnace. Next, the inside of the furnace
core tube was evacuated, heated at 500C, and

ted.at that t t f 60 m
e Ba e g s SRS DAY WascRear Gel] 6 UG byiteet epapo
co R i oA ekl ol AR Ky Afoeen

con@fhtMi@ase maleigbyn rbacéubigetvytifirtizngla®kl HHDWRe i Nstdity at
orous = body. The heating was carried out at the
1,28086cm; die tashparanngts assinsBsample L rapfdubblevgpneration test

7 in hat npger.at.ure for hours i dental | a
VAL S bR e e BBl [y 7 LRt G5 Bur fh vBeuo
andCOERAEY QhfRimihBehaBRAGE AN nelite deneriRd AP tROTAYRIP8HYhe

was transferred into a vacuumTfurnace, the tenperature
sammds after sthd test800The aredultise optaiasdr aravashomadueedable 110,

X 10-3 n r_lower. After keeping for one hour, the
In@éﬁf@fsambxﬁaé% the Heeosili wag shewn, woeemst of itplygarthmic
Valth@r eb{ obtaining a densified quartz glass. 30 -47
YabP® ™1 Reaction with volatile silicon compounds

Table 10. . ... .. ... . . _ _
....... | Hydrog ot I - - e * | Cafhe ISR LU JRL oA myie) Bubble
Pr oces'sjﬂrhg&’%ay N GrbiBAE! || oS | QEBALAS U £1RNOU b
test ( L) (@ mel ti pgw Exanplgn (ppm) (og 1) VAC .
EfmblEexaliret hyl nc~I [ azgnab00- >10I. 9, FT ajie NO DDDI € Nobuboe
Egenpersst 1 on El ectri cabo nellti nge Exanpbe 12.2 Nobubble
Egnppldxanmet hyl di il ar sf®@50015. ® No| bubi®l e gener2at | OBobubble
Eimpies-drel t | ih=- <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
Example 5-1 <l ' 1900 10 10 11.5 Nobubble
. ; Vigorous
Experimental 8o
Example 5-2 <1 <30 10 520 12.0 bubble
generation
Experimental Bubhle
Example 5-3 | <1 <30 100 80 12.3 tion
. ) Vigorous
Experimental
Example 5-4 <1 <30 1000 400 12.3 bubbl.e
generation
Experimental
Example 55 100 <30 10 10 11.6 Nobubble
Natural
article \ 170 <30 | 10 10 11.9 I Nobubhle

All of the quartz glasses obtained in Examples 5-1 to 57 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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Bubbl e generation FI Exanple 6-3HexanethylrlicilazanP
50015. Oane nelting - No bubbl e generation Exanple
6- 4Tadi ronet hAsdane5000: 86l-ane nel ti ng-> No bubbl e

gener ati on Exanpl e 6. 5Hexanet hyl di sl oxane5001. 9Fl ane
melting--' No bubbl e generation

Experi nent al Chl ori ne500100_ Fl ane nel ting-- Exanple
6- 1No bubbl e generati on _
evensindiq %‘@W@ﬁ@%%@épwgﬁ%o@@. fhemthae hapd; thepeh the

| | i o . 7 r 0.

I Ll I A S

a higEx@aphed @néehrabod) of\shiohRieNahd hkabhelokl vikosity. In the
exanet hyl di si |l azane vapor or a 5

quattei ghiseeomét hypeiimenéalydécamnpleexaiet iyl dingdi b ol aheughs the

. used as the reaction . gas.i athroYVin anmount a .

viscQR Bl 9 CTEBREAAIE. AP OLBECRATTp! [ Pearpeimber of ai

bubFBs Q& ﬁéﬁelﬁ%ﬁ . é’lm e LireY rggz?s%e(%faﬁx xﬁﬁl%ﬂ%ﬁafﬁg}nple
ayer, aR  experiment was tarri out’ Th the sane

5-5,1BHemaAfed dubxamaken®mlva@i; €hé anfdit lofineiitly wiai€however,
tenperature from800C to 1,600C at 200 mn at the tine
slightly lo@eved tamd sheitvesdoryy whedewy AbtoaiiniExpmphensilfioed-7,

e T R S M Bl TR S 2Pl

cafri US| V j ' :
Exaff9eCBEL) S0 QULILH B2 SEVERL LD, SR04 05e e
of OdEhydriatrimorg wasbbouineds carried out using 15
hexanet hyl di sil azane as the reaction gas in a throw ng

(Example6-Hs shown in Table 11. Experimental Exanple 6-3

o D R L DB 0
200D o RGN B0 AT B b
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
diluting with an N> gas, thereby reacting with the OH group in the porous
body. The heating was carried out at the reaction temperature as shown in
Table 11 while keeping that temperature for 3 hours. Incidentally, a flow
rate of the No 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 108 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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-48 shown in Table 11, and after baking, densified
guartz gl asses were obtained wunder the sanme treatnent
conditions as in Exanple-@&7l. (Experinental Exanple
6-4) As Experinental Exanple 6-4, a quartz gl ass
prepared by nelting a 5 natural quartz crystal by an
oxyhydrogen flanme was used. Wth respect to each of
the resulting quartz glass bodies, the surface site

Tableslik f ace depth: from1 nmto 20 nm) and the inter nal

[ Site wefre R£§:§Pnevﬁhno1§£1¥s£°' Lecte anﬂ nmeasured for |the
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remai ning 1A ’tc’ﬁéa“suH)J ek, quart mo)‘ ss and the

ViSTOUST Y at 17 2806CTwere—rneasured—n
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Expmpl¢ 611 Ex dpphadyidislgace W t h5%espect ¥® E ame[)me = am@
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Exgm}?eg‘? r‘?ﬂ,}é?.g,y JTea UIregDOforJthe1 gur f ateusild @nanghnt he
site O

er na black quartz gl |[eRsndodyng—
Fur.t hpri, the calar |f the quartz gl as 1hbld yengiagon
Wi I nat The rgsgul t sFlee mélvrsd ar e
ExMinSIbigh | I—ﬂa)'émﬂlyﬁgﬂzénm %. . P_ 1%?hp R Ddistngienifal
| ggar i { hmi g5 val LUd2ps Byete
b v ccrman +S ,\?@h I; »,@5 NQKUbblgge.ne{t.)amon
l 1T I Capcut U cacTl U1 l II.C I UD Fl m t]_u
Exginglsﬁ 5b die@sreﬁly@sbxplecce_ssﬁong hfeaJt Lag tg Objggggenera mn gd
processSTng neat Ty test oy trang BT
Eﬁﬁ%ﬁﬁl phi chCtlergl ass| bod¥ sanpl el®s i r&?@l itgl:nerv%m a
Edpb &Y an ZU acetylene gasjburner, ﬂ?ﬁ@ﬁlé’ltm
EGaBk biem Eeigererat i 6% of bub@)Pesb gulit,; @ene glnallss
Ebathyntaind a processi|ng ating test Flememtltihga
ﬁmge Ig&) F T/No bubbla gddeation |

Exmmbleiriglis one-carriied “out i'n vacuo
heat er heating furnace. The results obtained are
shown in Table 11. 25 -49 Table 12 Exanple 6-2

(Exxapipk 662 §0 Bgpri nental  Exanpl e6-1 Spemnm ) tenple
6- 2 Evennent Ed

As shown in 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 obtaining 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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Exanpl e 6-3 Experinental Exanple 6-4 Natural article
) Internal llang]azent. Sucfam Black Internal Bl acl:

Surface ............ ... 48.-. .. .. I nt ernal Bl ack
Surbm Tian parent. Intam 'Il nc ent Suaa
.. .. ... .. ntenal

shown in TAbIe 11, and afle? tikiag in e EadeTa HoraY ore guianed
undéxa AP G0 el tmdHt c%ﬁkt?ogssgyirﬂiﬁg&nm 103
(Experimental Example 6-4)

As Experimental Example 6-4, a quartz glass prepared by melting a
natural quartz crystal by an oxyhydrogen flame was used.

With respect to each of the resulting quartz glass bodies, the surface
site (surface depth: from 1 mm to 20 mm) and the internal site were
respectively collected and measured for the hydroxyl group concentration,
chlorine concentration, carbon concentration and nitrogen concentration
remaining in the subject quartz glass and the viscosity at 1,280°C were
measured in the same manners as in Example 1-1. With respect to
Example 6-2, a black portion was skived out from the resulting quartz glass
body and measured for the surface site and the internal site of the black
quartz glass body. Further, the color of the quartz glass body was visually
discriminated. The results obtained are shown in Table 12. In Table 12,
the viscosity was shown in terms of its logarithmic value (log n).

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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20122 <1 10 10 122 <1

20199 500 <110 . ......... ~11.9 102115 <1 <30 10
Table 12
‘ Hydrool Chixine Carbon Nitrogen Viscosity
Site Calor mrrilgtlrp;l&m onentration | ooncentration | concentration at1280°C
(opm) (o) (pm) (ppm) ] (g 5)
Example 62
Examplke 6-3
Example64
Example 65
Expermental
E‘xampr 1
Example 62 Inemal | Transparent <1 <30 50 20 122
Experimental | Surfee | B T <0 2 2 .. LA
Example 63 120 <30 2 2 115
Example 64 Whoe | Transparent 170 <30 10 10 ns
(Natursl i) | |

As shown in Table 12, all of the quartz glasses obtained in Examples
6-1 to 6-5 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 6-4) and 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 gllass 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™! or more was obtained.

Capability of Exploitation in Industry:
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212 1 <1<301.0121 <I. 1900 10 2 I1.5......... 1
<1190010211.5 <1 502011~9 <1 2 11.5........ I 21 L5
170<30101011.9 As shown i®0Table 12, all of the quartz
gl asses obtained in Exanples 6-1 to 6-5 had a
viscosity at the time of high tenperature
approximately 5 equal to or higher than the viscosity

of the natyral,quartz made of. a natural _quartz
cr yt’t &he jbg%{th‘éf ﬁbﬁmahﬁ‘f%rﬁ‘cépr‘slﬁﬁp@r Fhee Rredugtiomprecess of a
, - I i-n the high- erature
yn@Rfieifee PG AE) B Y Eouhith, Bhe B AITE TERLBI o
efficidadp pebdingardymghént qmaatmris6-vthisashid dauighdyrity, has a

_ dehydrated, it had a high residual concentration of
highcropersuandiseadita ¢chanateristicegialyto bn mhee ghamtthat of a

| ass of Experi nment al anple 6-2, thaugh the
natlgqagcggfuﬁ; ﬁigessscoﬁ‘?dj‘aﬁ‘aaﬁggy {T‘gef?’ﬁﬁi‘ ofen Ha ﬁa&’%&ef}if“emperature
0k Al U , - 1ie

et ol £ gy RO el AR s
whiahds free tfiem ghardene g tass oDbulbpe nindestdahs&Exanpl e 6- 3,

OH remai ned due to baking in vacuo, and the viscosity

was Aceding sothe pymbhatsiwtnrez glase bedy ef the prasent invention,
.. . absanption coefficient at 24 m,was sured in the . .
it iSRRI A Br6ide (o BBt Apd PlA Son L qunrrs Slase ghich

: hes. . DU :
s LA L85 FRICRIARLER, RS AT L AT o
motenthadudtt yof a Stithralt §eattzgfiasef ahehaddy elef@GEOGEAGN a

1o the production process of a
high-temperature environment, and especially a quartz glass body which is
free from the generation of bubbles, is dense, has high infrared absorption
rate and emission rate, and has an extremely high effect for preventing
diffusion of alkali metal.

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 is 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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synthetic quartz glass of the present invention, it is
possible to easily and efficiently produce a
synthetic quartz glass whbth has less inpurity, has a
hi gh- tenperature viscosity characteristic equal to or
nore than that of a 5 natural quartz glass, and hardly
deforns even in a high-tenperature environnent, and
especially a highly heat resistant synthetic quartz
glass which is free frGbMMe generation of bubbl es
and is dense. According to the synthetic quartz gl ass
body of the present invention, it is possible to
proyi 1d+ . [ 1.t
L R ORRRL Dt o PR P Fh o p LRSS o
produicieDaiduareh glaas thedy Hdving Guahbdo@p tibn rBEficidianat Had nef of
a natural quartz glass, and _hardly deforns even in a
0.05tmyh of exper whittelseharadinrgatl byl esprta alliop porquabedy to
| ass body which.is ree fromth ener ation of
a vefyfiin S¥armt R3¢ Rakini GRATRPM AR ATENA BT shes bage
and S$SH Q8 I ' : :
R e S R A SR A T
1, whiighis cataeeradealvi thdtether eslertiohnyentm et isscarsetuwut at a
for a quartz glass jig to he used in the production
reacdicah demperatare yoind00is & hisherngndt k.88PHerrr rwer, and the
siljicon wafer or form.ng a CVD filmon the surf o
bakfiig bEG0RER] & 1 (ROt R Al d Rl 4EfBpo-C o
higBHAAE 1190050 drolHEhBHHy B fin20ql HRUEILEL 853 AN
suited tor a high-'tenperature treatment 1s desired as
3. a r e prataciiah prodess pf assmithétiv qubitrglassmtdoeding tdclaim
an expectation of the industrial field to a great _
1, welichnis, charggterged) wsthat phepreduetionirentoranisand the baking

o BRI B a8 B 60, W oL SRR pppgca of
100@Gerfﬂigh€f‘Bnét1,§(ﬁﬁO"6@Bfwe'é. 0.05 cm' or nore, which is

characterized by subjecting a silica porous body to a
4. redddte product@annervcesndf a dyakhetde yuaatznglaks taocdrdimg a0 any

dense gl ass body. 2. The produyction process of a _
onegfieliats t todamiizchyisaharastesizgriyg that tharefuctionyparment is
4 tSharacterized i.n tt:ﬂat .t.he reduci}i gr; treatment 1S :

EATIE TS0 TCAE e SRR R T ERpEPEY Yot TEBpEing 8as in an
atniisPhere Botaln 380G0 ak MR predfidhl deerhBeRAKkOGange.

tréatnment is then carried out at a reaction

5. t enfBi@prodicoionly@066G ara symtdleic qradtd gBGOGcosrdinges claim
t hereby abtai ning a dense %{ass body. 3. The _ -
4, pihaghicsi oharsetreees or thadyaaefduciggaray 1§ aswolatile silicon

corf RIS S b i oot 7o 1
6. The production process of a synthetic quartz glass according to claim
5, which 1s 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 organohalogen 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 is characterized in that the wvolatile silicon compound 1is
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treatnment are carried out at the sane tine at a

reaction tenperature of 15 100C or hi gher and 1, 900C

or lower. 4. The producti®©B -process of a synthetic

quartz glass according to any one of clains 1 to 3,

which is characterized in that the reduction treatnent

is atreatnment for reacting the silica porous body

Wi t reduci ng gas in an atnosphere containing said
hex@%gaﬁﬁdﬁﬁﬁﬁég%ribed tenperature range. 20 5. The

ro [ FQCESS /nthet | rtz gl ass;. :
5. B cLBaHEN I ER R o PV BNl GhBR G iR ime cpaloim
6, wheeH educhaga@asized anVehat | iR SVdlhERN sitiesRouddpound is

cont ai ning nitrogen and/or carbon. 6. The production
hexpmetlsddissfoxaneynt heti c quartz gl ass according to claim

5, ich i,s characterized in. that the volatile l'icon

[ i
9. CompBarIOASCEPn REALES Gl SHBhAtaTHATEE Flpt PR DInECoRny
one foT antng & 9UPn g 'cﬁ‘éfe{@ﬁﬂ%e@iﬁ‘ Itlsz?tlzteh%eredﬂ@tiop treatment is
organosi I azane, an organohal ogen silane, a SiI | oxane,

caridéd etiganasiehepan Qer_n?@ra@'rk QXY 0P @1e higiNe1od BX B0 @BE JowWer,
silane, an organosilane, and an organopol y- sil ane.

followhed gryobakingatpl 30686 of hagheymtamet iLOAMIEr b 1gWasstheréby

according to cl ai 0.6, which is characterized in
Obt?lﬂé‘?gf‘ﬁégwaé"ﬂlﬁg%ﬁ °8¥%n conpound is -52

hex t =Y < X - i,0 . ,
10. 10H R aBbh 80k oy FHERAICHHEL H1aRK BERTRIAY, o ams
oneddfasl@ict eitaes] whichhiatchiahgcteelzad ithehat lthe eiliGopPRUwRhJIdY is

hexamet hyl di si |l oxane. 5 9. The production process of a
subggeheh 6o Acreduation tygatsrenddoraticting withny cadre-omteirngsas

& 8, ich is characterized in that the reduction,
at fobS: f behS and T RECHT 10 S Al b ©hipr i beeBOZE or
100 | 8 f : ' ,
nugh0Pn g LY RS hRHlne  IObbUR R IRy
11.0bt &'ly pgoductioansRREENLL 8l F2shbReuatty ¢ss Heording to any
production process of a synthetic quartz gl ass

onegetslaiimiglt® aAy wlink isfcharattesizedtin Shatafteh the reduction

characterized in that the sili.ca porous body.is .
treg PR o e tng FRURIRTTION SRERIEH by WA o R aiing
=T Taly! [ : > QT i - :
b e Bt P P b PG e R, Ty T ufthe o
derlse9fl86s body. ower, t hereby obtaining a densified black
gl ass body. 15 11. The production process of a
12.synt hle¢ peodieiary pepcgss ohecamihatic toiaatey glasseaceprdingitasany

onef,l 8% gl@%ﬁ%(gr}m@ol ‘ilf, \i;v%ic%hlasrc C&r%[:%ezrlez%di T %hha%tth%f&eer{setagss 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 is 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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treatnment, a heating treatnent is carried out in an

at nosphere contai ning hydrogen, followed by
subjecting to a baking tregt-nent, thereby obtaining a
dense gl ass body. 20 12. The production process of a
synthetic quartz glass according to any one of clains
1 to 11, which is characterized in that the dense

glass body is further subjected to a heating
any oneaf tbnms htaldon- oxi dati ve atnosphere under a

1 PSSR PR, Smaper € Bosgur L0 he L
T tj Qr : et tz gl g
e DS BN IR B g QUPLOSL B U1 1098 o o

morkhgndlansenglasaradohenitdi®et £thitgan AaRbhfGition and a
treatment in an inert gas atnosphere under a pressure

chlosyseenicagtrativa @t roepitemes @ 56800 ppandr lesst w@spoctdady.
kg/ cn i he tenmperatuye.range of from1,200C to

16. 1 Jodorsnthetie MU e HE HoPPdY qUACE Aogh AANBEAG R ATAT Cealass

i : . . l.ai

o e O R PRS- e ek f A PR Al FAEnd 11 00

13, gilasls ibdthracidrizdd insthat hafiaedgeni coade RiraBiavi tdbeaddntained is
absorption coefficient at 245 nmof 0.05 cm1l or nore

100gppmherviens and ar tobosowaeanirationro ke nontadyehis 100 ppm or

1 concentration and a 5 chlorine concentration to be
€5%ont ai ned of 10,000 ppmor |ess, respectively. 16. A

synthget i t d [ j r angnt_ . .
1T SR Sy DR R g & SR o
chatrgctafiye@ndnof tigltai e | niteogkrandordcknttick3, awli cthel Scarbon

characterized in that a nitrogen concentration to be
congeiiratinadoibs cont@inegrarers0 e, ordask, aespadiively.

trati to b t,ai ped.i.s 100 m.or 10 | ess.
o SSTCRRISLED Lo BE oMl et 5 100 pomer 1o Less.
pro@lﬁce&“ﬂ?%e!ﬁoc@ﬁaﬁ&%}(@ﬁﬂgf gaﬂnp ohB &k cﬁﬁ%@it'ﬁﬁcﬁgggg 10 to 13,

concentration and the c n - concentration to

whivhnk @haesttarieedOn pipnd ®cat@asconeesiracion\elbe. consain®d exceeds
synthetic quartz glass body which is a black quartz
10 peesandd),000pmrealessd by the process according to
clainms 1 whi ch |

19-3%@2% Pt B gleds wBDaTEh ne dnbiF ARt GaED lase body
PSR EAERERE PR 00 A BSBBATIOD 4508 100 1
whidlass dhadyctepizoduee dhbhy thbeguures efasadedydhag 4 @raidparent
por?:?oen %;vfrllgaianﬁitl*oge% gor?cggt}a%iotno agﬁ’ a carbon concentration of 50
ppm or less, respectively in its surface site and a black portion having a
carbon concentration in the range of 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 is
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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20 which is characterized in that the quartz gl ass
body has a transparent portlon havi ng a nitrogen
concentration and a carbob4concentration of 50 ppm or
| ess, respectively in its surface site and a bl ack
portion having a cafrbon concentration in the range of
from 100 to 10,000 ppmin its inside. 20. A synthetic
uart z dy h a_den uart z bod
char§5i oot Henes i foe. GeAubEnting FhAdaghORE drcting o
t [ a h
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and a portion having an OH group concentration in the
elemreqrigendfthier brtogen phement soacembration jof she jspsfage sigois2from
100%%§éﬁxpthetlc quartz glass body according to claim 20,
P54 characterized in that the reduction
22. U7 CRhOERnchStiR GRS BBLs WoabCARDEMGA w0 RIARD0A, which is
group-contal nin [ita porous body mnt a vol ati
chamictérgosl incdrmahn dzod:aimlteamhcmgcdmpmmg@m amdﬂommatrkb%lane.

and_cont ai ning a hal ogen el enent, and the hal ogen
23. el ekBasYBbRIEhaRarizaass bedie aseorfstosane ong of chrmss20 to

0 | ynt het | uar | ass bod
22, SRBISTO Ry CPArARaAsS 1in WLt ohe “Sutfafbiopts, Bad° R, Mittigen
condd@r#9b2bE 5O p?ﬁrh'oci‘qﬁs§ QHHRH@ chrbon concentration of 50 Ip m or
trichloronethylsilane. 23. The synthetic quartz g g
lessbody according to any one of clainms 20 to 22, which
is characterized in that the surface site has a
24. ni t Mbgey nibe@@ﬁéérmrgla%hmr agurding toranyeere aﬁdﬁunqdﬁi 17

conc tlon of. ess
and3f, B 28 S B sdoy Boruiig Ry Bhp GRement. the
redfi ﬁFr@aslg ué|e7c1 d@ﬁdmggnt RuitPer Whi ﬁfiﬂ'@lctg 845565 286 thBlar
t I'n the reduction treatnent, C|ng gas is
numbedof theshyndrbay! grouiperonodirfedam t(he]sﬂtmia Bofduksibods. t he
nmol ar 15 nunber of the hydroxyl group contained in
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silica porous body with a carbon- containing gas,

and hke carbonecomnEiaing gas gasised insednolar anumber oﬁlﬁmer ob 10
from2 to 10 20 times the nolar nunber_ of the hydrox

timgsdhip reelar avieben of thedhgdrorpheissioipsntamedyin the silica pgrous
body.



