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1- 27/07/2006 DESCRI PTI ON PRODUCTI ON PROCESS OF

SYNTHETI C QUARTZ GLASS ANP.SYNTHETI C QUARTZ GLASS 27/07/2006

BODY 5 Technical Field: The present invention rel ates
to a production process of a synthetic quartz gl ass
obtai ned by heat treating a porous synthetic glass

body and to a highly heat resistant synthetic quartz

gl ass body. 10 Backgmm®dRfPTIONOr the production of a
synthetic quartz glass, there is well-knowna- process

of producing it by densifying a silica porous body ... ...

nal PROECRIGR pENcrad The YNGR O 8l i
v ougn e P R GRRhAZ GERSBRIRET NS

| arge anount of an OH group in the silica porous

body. If _a large amount of an OH group is present in
Techpsakligldieti ¢ quartz glass, the viscosity of the
syngheti c artz glass. is | owered, whereby the heat
r esfrgl? é’ﬁ%%eq}%suﬁvs pRAelakes &9 @i Iﬂ"gays:ﬂ% @ragasp @dta synthetic

oo R0 LASASHSS: SPLALTBLAPE B

higHlp hehh eessetaine epatttiyqudigs glasy bb@ybe used at 1, 000C or
hi gher. As a counterneasure thereto, JP-A-54-127914

di scl oses the preparation of an anhydrous gl ass
Bac tri ﬁ .thermally oxidizing or hydrolyzing a glass
Ciie aw material to deposit a glass formng 25

erial to deposit a glass for
i o ARrpoaeaooF  Fth ol o Gae i, P is ol pwm e

procefeofanydntieRat by GlensHoius sllcashraad bedP el obthised by
~ porous_glass sintered body to a glass foormng raw
flamephydrolisiyaf a sibinemibalidg & highotpenpelaturmt &inde o B0Gs
bt trrc.)péil’ Og(g)é: .fol |l owed by i}r&ms arent vitrjfication. As
obtapped YRLRCHG r gRaEZ r glasiabedy ahagapassef cthroughy thepflame
7 exerrpl’s}:%l?e1 gCOBgn]]gﬁ 3%%06%%%& nogealjtl ﬁ?;%%em ghe silica
porogudotly. difaskrgbladhdat dfah OH 1096 @99 PBednG8IHe 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,
SiBrs, GeCls, BBrs, POCls, PCls, and the like are exemplified.
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contains less inpurity, it has been expected as a

substitute for a quartz glass raw material nmade of 27/07/2006

natural quartz crystal as the raw material in the

sen conduct or manuf acturi ng steps, but deformation in

the 5 high-tenperature manufacturing steps has been

recogni zed as a renarkable drawback. Even if the OH

gr olinéen thdr ey attwticzq@hias Slhss 6HIRhES %BrYt}féefb\fé’%cﬁhg GrB¥ess

a dehydration treatnent using the foregoing chlorine
containe desgdmpuriter 4 headean expattedias 4 debstautefoefa quartz glass

i ncreasj ng viscosity. Though this value was slightly
rawlﬁlﬁt%‘flﬁje F“g%dﬁa 2 gl %argﬁ dsystal a6 dhesspve meaterial in the

as ' s explicitly mal L er than that of
semg&bﬁg%F%{ q%'_gp{u 52“3@%%85 . Isrqe%?ene_rh&}s“, t OFFRHER; ¢y of the
higﬁ-lﬂ@npﬁwthb@hddiuﬁﬁ&ﬁﬁ'ﬁg%t@?ﬁ 161(19 BbSE rOIR% ISR Iﬁls'kable

unit of the viscosity in present 1 nvention
drawbadk.f or the undehydrated article, 11.6 for the

dehydr at &g}a&ﬁ cl e, ,ang 11.9 or, nore for the _natural
qualven it thedDH apoub da the araaizElass teapmpletelndehydratest by
Lk ! roduci a hi ghl
2 dehQRr A rroafhiOnt ol thooREGTRe BRI HECSE, Hidlane
limiofin cvhet edloe ng idkrdi@NRy ¢fscodes OMEHIGEh Shib Waiu@%&atbogﬁ%hﬂy

there was involved a problemthat inpurities such a
largpptian thatuofian sadehwdracahsythedic @@rdl glass,as veasgaplicitly

emyvi ng, the, OH group in the porous body, amonia or
Sma[alﬁ{’rg]ﬁ%g%‘%t %fa%élag‘ga?i qgaptglaps edn %ﬁrmrag dhevigcpeity of the

] h | . . L t hi
- synifBUBUERBAESs RS HE TR Gt it o b Nibeosf ol e
- presaht elnvehespakent . 4vifhy i thieC aldeRydtifel OafiiclNH GrOUR; the
y

remai ning after the dehydration reaction, there
dehygiratad raytice, 28dcdivferai ahbratfoonthe heturedl juedz Abasa,

n&ﬁ)hcid.of solving fhe problem of the generation of
TeSPRGHYIE LD terygs ol &V 0B 0L 280%L et hod i n which a

It 3 us body . gbtained, by g heat,
 Cr TR ARRSE RSy AN SR SRl ey a0 4% sasas
disclogdeed hytlimabi Bend - Opthyehatd :
ISCt he s.ubjygct baEg%ﬂaE%igl)gn%g ?Pgbggg?ﬂéacgsﬁggsms %ﬂkdchod,
ther wgts- inendyedan preblhwathaignipwdtior stichiadanel Highurities are

t:{lre sure -3- 27/07/2006 of 500 kg/CVM2 or nore in the
con lﬁlﬁ%erature range of from 1,400' C to 2,000' C. However,

ac [ he subj ect fh since .the heatin
o e%g%(rgre%? aL %?tgr for ygﬁlgvmgn?he CtgH group in the porousg body,
ammonia or an ammonia based gas can be used in place of the halogen based

C:ﬁ

gas such as chlorine. However, in this case, bubbles are frequently
generated in the glass after transparent vitrification due to an NH groupl
remaining after the dehydration reaction, thereby allowing no
commereclalization to be realized.

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

is subjected to a high-temperature heating treatment under a high pressure
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a high pressure is required, a special device was

necessary. Al so, in the case where the heating 27/07/2006

treatment tenperature exceeds 5 1,000'C, the quartz
glass jig irregularly reflects infrared rays, and the
tenperature in a furnace beconmes non-uniform There
were thus caused problens such as the matter that the
of 50BtIeYEAY oflwddretiv 18k BrdrhfAR lof R
On the other hand, asmzlfi pr ocesfs gg Op_flg) ugf ng gﬁ@l%@éﬁoa
Howgepeprt accgrdivg to the subjectembetisod)istriverthe heaeinghtbeviéht under
nmethod of .coloring it black by adding a netal oxide
2 high uigad,

dHCERITE 3p bt despesii] glemicseval nadegearychr oni um
an di um pent oxi d

(P gt b WA B oS PRRR S50
1,0002ChQ8e Ofu ki Nglads Qiga‘iﬁ%glrﬁh?gf%gg%ets' ﬁf%’%sﬁcsldfsz%', fn % the

to obtain a conplétely ack g
temperattireren d futriaee dewomen dust-anifoRAuf ALY wege ThEBSoauksbd
i,s thought that an alkali netal such as Na, K, and Li

problemg suohoae the i matfer ihat fheumaterindf gualitnoh adsilicor wafar

bec %\/nere the foregoing netallic contam nation
I'S 1*r}%ﬁagné'froma treatnment furnace in the heating

tr e@hneet othst Handl a8 $hlb& i -

a quartz boat for saettlbng ?ﬁé’@%ﬁ%&%ﬁg%%&f&’&é@%y@s&

theredias highprteviesn khewnoatmethodt bfocolotaney dilack by adding a
lectrically fusible |owOH natural quartz or

metah{xy § fiee ﬂ%@ﬂ?ﬁpﬁ&e@, @ﬂfmﬂﬂnﬁﬁe dfm;édaq @hmmiqxglsa?@inaiﬁe,
- ials, .the foregai ng effe r vent i e
tron TBLELLRER: abd SiRER et R A2 Bl e Bevevee

accotdingnb tRE 'meThb% bf Qéind'd blabRéniRESSERL, it %ﬁ%ffféﬁlﬁ ﬁ)e(%bltgin

ainmed to provide a production®process a syn

a complately whifwsn Whickiglhss | ess inpurity, has a
hi gIh-terrper ature viscosity characteristic equal to or
morld theameamitmes in, the, seureandneton magivfeeturing stemsdlity is
V. - N ighpte ratur 0.envi ronnent, —and
thoufi B8 o ARl de il HEh B Sbels SR L i GRIGERERE o bring
bout €81 &dfedtt onda AHiB/ 2 ST |
2 Oui s free f?gmat he lé%neggﬁihgnx%%e %%%Fggﬁ;%%egéﬂ%znse?ﬁ%

cont:Beomatitinyis hroaght foend tienteninit Farnscedhnrthe HodtiigOvbsEnént
resistant synthetic quartz glass body

hj ghl.y heat
step ﬁ#]g@ﬂlqog waler) 4 quartaitabe apyl a geartz boat for setting the silicon
wafer play a role to prevent the contamination. However, 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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5 production process of the present invention, and

especi al |y a transparent o% bl ack quartz gl ass body 27/07/2006

which is free fromthe genération of bubbles, is

dense, has high infrared absorption rate and em ssi on

rate, and has an extrenely high effect for preventing

di ffusion of alkali nmetal. In order to solve the
syntRéRE QA rgsfn 0 :
Y S aeoREaS) Mol 50 B 8] hd BYENERIOR SEOTIED and i
denise. has been found that a synthetic quartz gl ass

havi ng a Iarge absorption band in the wavel ength

r eg8ROmELY.atupTEEeBt rinv¢Btion eW)almedt teepreade ree bigitly dieat
resid tr tagsn%hq%ance in a gtéaw regi gn has

ANl FERtheRiC AUREY glagsc Bodyy whic |1$1&@Sslynf>h@tm‘td by the
1™
produdine ?*3%%?%%% BDEE R, SATSBLAT) irmyat o

bladkeqedrite glass bbdy GehicROEBE fRhn Bhd¥EMPonDF PUBbIcE, is dense,
caontained in the resul ting porous body. This hydr oxyl
hasd}léh anfroved g Nr@tl@inswswtryd ohissigl sste, and hss moextremely

i PHRAS AP B SR 0 o e e
I a 2
050 b Y SRR LR AL 4l

exteg}smmnduﬂtblmm@ iostigativns. tASEGRYUK eﬁQiésrlﬂaehriﬁund that a
ydroxyl group as described previously. However,
Syntél@*é!@rwaiféz tedasashbavisigyarlatgeonbsompaiome handvin hthe wiahre]engﬂl

bas rapl e amount of c¢hlorine renmains
regiglf of %‘é‘%@“o’)aﬁmb@gie e the mearyregrentof grigrpemitgance in an
ultréﬂbfé@%bglﬁﬁ Ha\léat t%@ﬁﬂ oY regﬂgarpcreesent 25 inventors

have foun orlne remai ning in the porous

bod4lsbs sive syrabbHe q&ﬁ@\@issbﬁ%ﬁthﬁféﬂsbyyﬂféf c&ﬂ%ntlonal
quartz gl ass which has ‘been densified by a
producHaR npveeesses Hirg haccempanindimath thyﬂi'tﬂyslsl lteah‘asn badarge

NN e E
hydERT RS Wi OV RAAGE BF OF @a%m? PrefSable gs o

quartha"aﬁkenﬁaifeyia!lgtosﬁ)@puséwtm fire %%1(97&2&@@100&&15&0} Nedustry.
concentration of the residual chlorine may be | ower eo]f

Th expg)rg, there| isauswillse mpdoyedf huteigelratioyi treatrhentt g using a
chlonbog RS i Ao Bpast i Ve hipliasa s aposens bods,
the’feq’éﬁ%"é‘?igt R i ea%gﬂ'ﬁ%f IRy Fopever
acconddn@u®» ghasdelofdratidl #Featment with a chlorine based gas, a
considerable amount of chlorine remains in the porous body.

As a result of extensive and intensive investigations, the present
inventors have found that the chlorine remaining in the porous body is one
factor to lower the viscosity of the quartz glass which has been densified by a

heat treatment at high temperatures. Further, it has been found that in

~ order to increase the viscosity at high temperature, not only dehydration

may be completely carried out during a period of time of from the

dehydration treatment in the porous body to entry in the densifying step, but
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rati o of the hydroxyl group in the silica porous body

to a reducing gas. The progducti on process of a 27/07/2006

synthetic quartz glass of the present invention is a

process of producing a quartz glass having an

absorption coefficient at 245 mm of 0.05 cm 1 or

nore, which is characterized by 10 subjecting a silica
alsPOhOUSnRNGHatidh 8f £ 1. '

treatment to for m}gdgﬁ%lgﬂgﬁggéhgg%&f ﬁ?‘ﬁ?ﬁ? %@ég&ogr%avel at
whighlnciaflvencus gively tontlye viscosiy not contain a hydr oxyl

gr Oéﬁ. I%ﬁt he production process of a synthetic quartz

gl assSOftherrepeis Bpentonsvhand fmnd thatbtrrinspatens st hlack

e cary.ied out after reyi out . the 15 .

auef B eiftecRdirEdaohe Fastly, fSaik depopipoupa theappction
temipBLatRRK i ' L e, Sank

B, SRR rea R BL B IR b el 0 A Tolar
ratipaf the hydrdxy] grovpt eotHewilies pofotisthall tod tddeeid®ds. i n
whi @g the foregoing silica porous body is reacted in
vacugedrrofuglien prafess efha smdheilagugatz ghesanof the present

_ o h o .
e S, L 3T, GBS o, s
coeffitRe€SHt QM5angy 'btfh@.t)BleﬂuatBﬁ Zm%efF%h?Jh 48 ec}pdrrﬁt?t%?fztegeby

invention, it is suitable at after carrying ou
subjeotirgoi ralicse gueduo body r eataresdudiond ti@adsien®Nand a baking
t enper a%ure of 1000C or higher and 1,300'C or |ower,
treaflmanp FQfarpnp dpnspelbes bodpi ghbe famgoingtilicaCparous bady may
t oregoi ng, baking 25 treatnent is carried out at a
or Y nd Rt OSVEEIRPL 2000C or higher and 1, 900 C
or hOWR! profiftiBhehetadl o 4. Ol a 7
. or | ower?r t her egk{/ ol taéllfn%ngggpeggni%ﬂgt?gés%%@g %59%%,%
inventionhehe dakimy treatmyihdgn O belda@ried QRMCARANA9RIZBRE the
and the baking treatnent at the sane tine, it is
redushien; Eeatmpente Apithy radnetien itreatnmmperat the bekinkeGtment
' r-.and. 1l 0'C or,.30 lower. In the production
maygjreg(‘lég‘ls'lgagflt&Fggﬁﬁmit&mﬁuaytz gl ass of the present
271d ﬁﬁ@@oingﬁ‘\éﬁﬁ&ﬂi&? trddtnleht AL §lof .rpaagki@ulial}ﬁt H}xﬂﬁed but is
~foregoing baking treatnent Is carrired ou nder a
suitaldy acrdapnestsir ehids thd&regsi@gaiiien peaiE FelydRSreacted in
(sonetinmes referred to as "reaction gas"), a gas
vacug i Bgaster vwath |thgstedyping gasl iof amiatmoegpherec eomtmmningdthe
.chl ori.ne is ferabl e. Specific exanples thereof
Subjﬁcgﬁgﬁéléamﬁﬁﬁé&{ ‘?raﬁ'fr’é?r%i;z)‘}%‘?e N2W et hanol W2HOH),

CarhAhe THOAUEES GrEdess D7 %tﬁ%h@ equ(a%fglass 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,

25

30

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 lowef,
thereby obtainihg a dense glass body. Also, in the case of carrying out the
reduction treatment and the baking treatment at the same time, it is
possible to employ a reaction temperature of 100°C or higher and 1,900°C or

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

conpounds, especially vol gti | e silicon conpounds 27/07/2006

containing at |east one kiAd of nitrogen, carbon and
chlorine are nore preferable. Specific exanples
thereof include 10 silicon tetrachloride (SiCl4),
hexanet hyl di sil azane ([ (CH3)3Si]2NH), and

bGPPI RE G CH B e AR BSh b o

undegRt@dbdPpigsipgen and/ or carbon are especially
preferable. The foregoing reduci ng gas can be used

si n@isyther farag@dgi veiducimgobas (eomdBimet refreekitBdss “reaction
hereof. In the case where a mixture of two or nore
gasyi AR OREPEYIE Pt lepss onei kind cdrmieaenoparbenrd chlorine is

i 3 om d d f I ] f.
pre QBRI SBEL Tt TR SRR et B SRB0e
(NHr bﬂ{hr@mmzmn'c@r&ﬁ_{‘n:{b%oﬁﬁ%qC@Sﬁﬁgfchfﬂgglgét’m@? the

h
foLg?oi ng vol atile silicon conpound, at one 20
ki sof asorthe ulodemehg cteelticirrgomatherobitilepsitiess i &drmpemls,

a,sl' I azane, an o ganosi | azane, an organohal ogen
espegiy iihﬁéo a 95$1ﬁ§%ﬁ@¥1139%ﬂ‘11ﬁ aanIing aé kst gane kind of nitrogen,
i Lane. Ol ’ ; ’ .
carfp ot B ERE EhSle P TyaRo oot i fids shereof mgtute
. e _ e
silicandtdiexTBLAY @1@%%,33?%?@13?{_)&3&%5@ (Rbﬂgjg@ﬂgﬂfg, 5

nore preferable. ucti on process

tricldgromehiytsioer{@HeCRsSIDf the present invention, it
IS fosEi ble to %bt ain a transparent glass body by
car?YitRET AR the deregsmeysediping @ast velntile edlionsncompounds
[ ure of 100" C o hi gher, and 800*C or
conthBREE wittor AT RRIAL by rpeRit 5 Eh 000 C or
hi dies foragdind 886 | f WABhi
reduced ggdeisé ure. &gg‘gars] Ctgﬁg{ep‘g%gusg{lgigln&plﬁoceslsﬁg%‘e %f two
or meyetkieds thepeaf.t Angtlas sasef whbee priadeanie of twd d0@Ho028 ®nds
invention, it is possible to obtain a densified bl ack
therggiag é‘S?fgd@S tynlanatippig netipaxticulads diveited, andfresample a
. ' he . foregoi ng _silica roous bgdy is reacte
mixtf} ﬁp%tvegartﬁ%ﬁﬁ%é}wgﬂﬂ% B pIEBItESEsn ey and
ammbne® PLELesk@wer and then carrying out baking at
1, 300T or higher and 1,9000C or lower 5 preferably
undeecificaBguae the feegoing. vahtl silitoh henfppuedpiapdeast one
. .reguction itireatmant it is possible to produce a
kind oip faRPeRd fpleted Gpms she gipupycansisting ofeduwilargngasn

orgaﬁ&iﬁngﬁé,aén %lfg:{)r?orha%gen 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
mvention, 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
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fromO0.1 to 3.0 tinmes the nolar nunber of the hydroxyl

group contained in the silica porous body. 10 In the7/07/2006

foregoing reduction treatnént, it is possible to
produce a black quartz glass body by using a reducing
carbon-containing gas in a nolar nunber of from2 to
10 tinmes the nolar nunber of the hydroxyl group
invERAbAI B8 pb&ibiRGo LBEHAY fibd ;! @Bﬂy Lhe
' pr oduclti o% pr1 ocegé) oﬁgg Q%Stﬁﬁbeétl ?ga"gé%gib%) agsc%?’y]tl}geout

thepreduetitn tidatinewe ih ivaliich ithe ifsrapoii dilita Horelt BddYy B reacted
_synthetic quartz glass body having a very excellent
withi 3 Harhempeniainies eas @b 400 Cotmahiphier ranst 1,8005C warlowengnd

thof GrByRiE Ot s kiRt oQpHer e Hagher amdotl A00ikpoe lower
Prefel?ﬁb%oﬁﬁ%}ie{‘i?edlﬁ%ﬁﬁgeésﬂ?% udi ng a hydrogen treatnent,
| ed a

theré i's enunera a nethod in which after the
f or édey, g the Goregoiin! tedictibL Akdmlent! 185 PR&IbIRGto produce a
treatnment is carried out in a hydrogen-containing

trangpasephevartz etadsdwey lyyusagrayiatgicmg gas hakimgar number of
is preferabl e

t reat to fgrma,dense gl ass. bqdy. It _
fronp (57 WY RED ey B0l HoRRTHGT o She MEHEORH goub contained in
the BY T i ni ng atnosphere is carried out in the

ete%g%g%gg%)gnge of from 1000C to 1, 300T. 25 As a

sechnthefaopdiagabdtifttod eannkbnt iR hadiiloeh pebdifted black
hydrogen treatnment, there is enunerated a nmethod i1 n

quayfi glass hwdyobegiiing a selwting rrarboreatmiminings geain i dnolar
ut i an o re containing the foregoi hg.reducin
nunffif § 63 2RI s i3t nOPR JBPst (ol Prdis! grotp
] [ and/ or carbon, ammoni a,
o B B 0 s third

and m xtures _ gen. _
exaliptiee phodutionopR@esNEr ARGASKLtidGlietizNEas Bf/gié)ﬂgébieﬁt

. 27/07/2006 treatnent, there is enunerat eg a net ho
mvegiiogh it s dopeiblyyt elgabakispgthateaquents glassdedyilediogib vieny
ﬁgh%’ﬁf cig%n-cont ai ni ng atmgsphere, In this case, |t is
eXCeGRt AL TARBETALHES VISP eharastertabict hyeca e 9 a heating
j ' rer e of from1, 000C
treafAh B Bttorl RehBenhRIRCE e LORMSpRle 1 BpbiRe
netAod firel ugimela of tHe qg?é’%?iﬁ%%éﬁﬂ%ﬁt indh@he 4 Shydrogen
enunerated a nethod in which the silica porous body I's

treatmaert ccharptiy anvmdnaiedgagoethod anhywhidyerfiaonbaiforepying
at.nosphere, thereby . carrying out reduction treatnent
redugﬁana SRR ¢ s et t Heatmpnt t iecarried out i a

_hydrogen-contain_ing atmosphere, followed by carrying out a baking

treatment to form a dense glass body. It is preferable that the foregoing

heating treatment in a hydrogen-containing atmosphere is carried out in the

temperature range of from 100°C to 1,300°C.

As a second example of the foregoing method including a hydrogen

~ treatment, there is enumerated a method in which the foregoing reduction

treatment is carried out in an atmosphere containing the foregoing reducing
gas (for example, the foregoing volatile silicon compounds containing
nitrogen and/or carbon, ammonia, and mixtures thereof) and hydrogen.

As a third example of the foregoing method including a hydrogen |
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In thi's case, it is preferable that the foregoing

reduction treatnent and 10_baking treatnent are 27/07/2006

carried out at a reaction §errperature in the range of
from100c to 1,900C. In the production process of a

synthetic quartz glass of the present invention, it
is preferable that after the foregoing reduction

Skt ti treatpent .(ammnig treatnent) Ji.s
tr@%:ar i ggﬂéﬁet ?SI ] Hg%lefg%ﬁlnﬁo%egﬁ&% |’1’§ a"l"]fll’rcﬁgﬁ%?t ?ﬁ’}@ﬁﬁ’]’é‘lge, ?kmg
tred 1o drVB daie DEKE 702 hYdF el BnESiEEe BRSSO In this'cfise
. suitable that this heating treatnment in-an - ’
1t lamgvotabde dbat dihei fogeg@hpobptiapetreataant iiedadkibdi dutt BE the
: tegaper ature ‘grtagge of from1001C to 1, 300T. Also, after
CIPREALULE GRPEDHAL Pl AEATC te AP0 egoi ng hydr ogen

tre f ar-egoi ammoni a.treatyment c e

S F R e T Ml
tredthenbotHert (€ ah iR StddNa &AL ‘iﬁ'v@l‘i‘ic?ttﬂﬁ sﬂﬁ&e{/}o obis MMy is

particularly limted, but any one of them nma & f1ret
reagipd myigh a mducing gahen ohpdtogeatorrtdisimpythessiasre| tbreby

ame tine, that is, a heating treatnent

t at. th
Carrgﬁg‘iﬁ B0 ECHUPIOR SRRt oo frhsdpne teeadmendiatithg same time.
I L. an ' In.the.prodyction process of
In dERGEN A" AR e %) S RLOHELAST Bscess ol
bakingf frogfm&eRhrd EAMdINGutRa 8 1e8cFh RS mBe Y ufPY 'tﬁg q’aﬁ%e of
the foregoing baking treatnment in a non-oxidative

frompl O ptel,800%der a pressure exceeding the at nobspheric

pr%g%{e in the tenperature range of from 1,200T to
1, 1e produshiop Hesessy elst syaihety aearie igdassuef the present

: heh:d f the generation of, bubbles and is
invelfiofilid B plele iy AP 0%, B HhPeog. Fesiebon Gatmonice
heatifie fRERBMMY (HPHiIAN LERAIRDT S %Qflriéf'dad AL D 3
at nosphere containing the foregoing volatile silicon
ammunpeonthionrg aimesphene,t fobigerddndbakirgatdfim B d&nse glass

bod reaction teln'p rature of from 100T to 1, 3000C; baking
ody; s It refitable that shis beating featmoot iv anlamsonta wodtaining
re.t forma dense art ss_b ;
atmdBHUEAR AL APTSLE 1 the it e s g8 CTRadB0.
tredk@d dfferangHen 8i@sn a e und s
froma pr es;1t liire eelgggeedi ntéfgt%ﬁgﬁzltr‘5 ’mé%hgofgg%{lgs}ﬁdEO%%%
treatppe1go@nidg tiveforegdihg amenpdn atrenemeangemibd remldyed Ok

to 1,9000C. A first enbodiment of the synthetic quartz
combépgggn.b thy casgolmmrlering the both treatments in combination,

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

out, or the both treatments may be carried out at the same time, that 1s, 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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10 invention is a quartz glass body produced by the

production process of a S%I’Jt hetic quartz glass of tBg/07/2006

present invention. A second enbodi nent of the
synthetic quartz glass body of the present invention
is a highly heat resistant synthetic quartz glass body
which is characterized by having an absorption

thaf QBEl feb&ithg aleddéBoR BrQhtrfei° i&%afﬁ%& Ut P8 dMosphere
havi ng a carbon concentration, a nitrogen

contzonentthat fuaregoiagd valatiié ogiliben camesiidtdogtaihthdenitrogen

ont aLned of 10,000 ppmor less, respectively. A
and{}; Gagbendipat Aaractaen térapesatunetf froquivdt i 5860Hodyaluhg

ORIl B A Bt ] 555
s Oy 828t £ LR SO DU L 6D

is Heet coedtaiingd agf 0 gRMtAbsPIRTE @idbraaCFfdRBire of from a
concentration to be contained of 100 ppmor less. In

pressHge feyceedingg the artapespdericqpaessore | s S0y kgfchhen the
oo on by, e hi t
temBEIER el il o b Ra b atbYs "oncent rat L on to be

CONA Q€ BndbdRRe RPHT Qle %}é‘ﬁ;ﬁgﬁﬁ{&gﬂ&?@ @ga% 8{)& [ ?]g t%en{z)xoesent

~ ppmor less, respective . .

invesyiohhist & apupues glasg! bedy BesHuced b Bhé Hrbae&idd 9PbdeRs of a

tglgn_er ation of bubbles and does not form bubblés in not

synthatlg quastzeglass of el priesenti imyentiep. and the flane heating
n.this case, in or

progessi n(? stgg ds o&t | ned. {3 der
t o CoTCPRY qmBodimant o she ynthets gnartsg@assdodrof the
: - I : tiv 0t
presCAl Moo fa PP BNy R 4GRS shRhiie Dl shassy body
whidbhis dharegerined bgdusing agathsbeptién béuravRnt 5t 2a8tR|dr o5
at from0.1 to 3.0 times the nolar nunber of the OH
cm’! gromere grdahaung & cathorf oommgatragiosi, |4 oitrogmr owrscemorhtion
A fqurt.h enbodi pent of the synthetic _quartz gl ass body
and ' chiarirlg fﬂ“&%ﬂi‘?ﬂt}%&ﬂt B%nc ntameg &éki@QQPtEp@{ &8s less,
resp&@sp)pr oduced by the production process of a

synthetic quartz glass of the present invention, which

i s A thiad aafbedimest b tHeayintBetlc GaAPREISONBER! sRMH W ekont
be contai ned exceeding 100 pp% andrglo, OO%ﬁtppm gﬁﬁle

inventden is | teansparent anertacgass hedy netoduced biyathengreduction
car bgn congentration i 10_the range of from 100 _pﬁm_
procesy ¢ ,ao@éfngttﬁnﬂc duare ighatsr phrider Regsenh vgntion, which is

characterized by 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 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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foregoing reduction treatnment, a carbon-containing

gas, preferably a carbon- cont aining volatile silicor7/07/2006

conpound is used as the reducing gas, and the nolar
nunber of the subject carbon-containing gas to be
thrown is controlled at from2 to 10 tinmes the nol ar

nunber of the OH group in the 15 silica porous body.
n renains,

oo bR RropBile isriuEin i @b Ha8 s foRoUsd A Bom 0.1 t
3. D%hﬁé’s tlﬁYmHEi'rQﬂmhltJer ﬁh@@H%‘fﬁg}g FodaBss )ﬁl ﬁ)‘?eki%re og0ing silica

cylinders, plates and tubes Jrgs suc
popoas Bods e produced. These quartz gl ass rrerrbers have
rared absorption rate and 20 em ssion rate,

hi gh f
for mAa:%O‘Efr‘i]Ell pabgdimerto o theo syiathetic qwtenglaamobcmiyeof the
I syjta for he heating trea
et AR Lot sCRla Rl biart 1o el v dpied Basibegproduction
6Rdsai Hi RO t S d i sh
T s TR, Gufha® B R, BBt Ao VAR i
chamatémnzedrbaisniing a:aaﬂbcﬁdccﬁwbnﬁﬁtﬁheﬁi bé GohtdTBEd exceeding

10Beatl ng. Accordl ng to flane heat nelting, 25 carbon in

wPh REA I 00 PR ardass. s W|th a flame gas, thereby
On the

[ keiﬁ/ scl n t he enera of .bubbl e
ot het H'gfﬁe& 03%88}1‘6% A a?vom@l ‘r?]r hayng pegar Oﬁé’ﬁflf’emfratlon n
thsiraaee NFatrotd §0§f BhmbYo 'ﬁfﬂj(% &)ﬁgn{ agdi af Hﬁgokﬁntt hﬁiaqain the

current, by enploying an gas or "a“vacuu
foragfm&gphredmtmrt tirsafinest, blae daﬁbcm esttainihpe gaée%ﬁtefeﬁﬁbly a
th the gas fromoccurring. In the foregoin
Cagoadiopfﬂ%lalln%qﬂﬁtlé@sn%@an |Cﬁglpogedes aked ap bga retgwang regs, and
furnaces 11-

the Y J8F T oh b B R e Raiodes Havte 6 Fhtem s
cortbS1ATRE 838 2 A 5@ 'tlrh@s PhE MHP Ca#:&&{ﬁ}ela%g[ é‘I* 1n the

exanpl e, a member having a conp

sﬂlaamm'buﬂsbadg' tﬂiﬁ tﬂns egay, NgufficRek éﬁtbbﬁzreﬁ.ﬁm Qﬂﬁ’éﬁebﬁsan
raw materi al is preferable that a part is skived

enfélfﬁly Byn1fgr dilank gﬂ@rtZ5gleﬁaanemaﬂengl ii; diakgdanByGGsing it,

blafls RALOH1o R f1ofS SFBpGoes: Plajey aod s nedsigeeyohing auarte

bodh as&kppiRickd. 0l ass body of the present invention to
grlndlng processing by cutting out the black portion

t herBhuise aparthelasassanbérsigaar ﬁgh&b%re&%sbﬁﬁdxﬂ%te and

processing with a gas is not enp t her eby
emﬁﬁ@ﬁd}&t%g#g Hnr@éhmrelﬁunﬁormﬂmthemma rafacm arid areeextremely

sunts%)'f% et:]:llg él%é?ﬂggttzg%q%gé%tb 'go%,%gﬁggraga)pgéﬂg{envem on
Produed 1AM HY Q&8Sst Weaining 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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a synthetic quartz glass of the present invention,

which is characterized in {l at the subject quartz 27/07/2006

gl ass body has a transparent™portion having a

ni trogen concentration and a carbon concentration of
50 ppmor less, 15 respectively in its surface site
and has a bl ack portion having a carbon concentration

inldctiB HARGE R bEQM AL R QLA N LS | NSt de.

e foregoing re ucflontreatm_sn_t I'sa treatment in
whi chAlso, fny drrodytingr @ Wuareo filedifol REafiplé CA MEMDes RASNE a
is reacted with a carbon-containing gas, preferably a

cap Besied shepe Anclyay olbant hsing thiedoregath g olapk wmertAslass body

using the supj.ect carb ri-contai ning gas in a_nolar
85, A FBS MEGFTIRh dhiSPTRCTRP It Fhisa et o vedpwbdy pnnding (or
_ ! ! ° ! o .
ARG Hiflithe dhd 08 SHRIGE) py o b GROBRID Bd et shape.
Cohaetely, notly isoh v utfe @it fROMDrESNAEMIAGE LRt L1 body of

range of from 100 to 10,000 ppmin‘its inside wth
thegqyesentiinveniion $p isrimding povoessing byr anisiparenitthp ditdkoportion

f the surface,into esired. thickness by . .
th%a?%%ﬂdn@ewessa e @F%g%mﬁﬁl heqtiag papsasEIREV Bhaneps is
dthendib | e of baki ng the porous
ngI asﬁé ﬁ%%&%}’lﬁghg‘@gm@ oC r's, cylinders, plates
and tAubfth anbodingmtofthe RFntKE4RY a9 Bl Ss WBydT thSresent
. produced froma quartz glass body having a 0

Imyentaep iy @ denpoanica ghass buglyapmoiducelyby the prediotam mocess of
an%ha .carbo %% i? 07/ 2006 , concentration of 50 ppm,_ .
a g 8515,‘1‘%87;)6 S\vaItype ingesqnd ipyenier, wnich {sseharaeierized in.
isekness: .fr and a bl ack portio .
thﬁgv@ﬁgggﬁg%r gg%}ﬂzc ncsé(rjll?(%%t :E%% Ef‘ntrlr"ﬂ%parrg%e&&mﬁ Bﬁymg a

nit@Gerth OcokBeiAtiPRMaNA hl Sarbdfi EShceREtion WH KOT FhY or less,
i nfrared absorbi ng nmenber and have a transpar ent

respagtizabbam its surfacersites andnlas reblackvpoytimt hamiig at &erbon

surface port. on thereof. Therefore t hey can be
co’%?%ﬁt]éactﬂ(ggn} &%’é‘fb‘ﬁe (fflefﬁcﬁﬁ 10040 19:0 00} BRsssiay ity 1nside-bec ore

ara i-al | ] l'y. useful.and richqi.

o ocene RasgbiR, WIS FEERIR' Yo (S rlduRBRy [ ith o
hydrigdi neots-cohtdiiensy Rilket | fotar tBody) ass 2e8edl withe a

present invention, the OH group concentration to be
caghonregntaidiing gae (referablyl ya 3aybpmontiiessg soldti®r silicon

refera 10 or. ] ess. A sixth enbodi nent of the
"01@%‘% ib@; c}{?é?g gﬂ% ISHEECEEWO@?Aoéﬁ@HﬂégéEﬂH g modart hember

of %’?g@% gg rj_g)febi]gllégrtilé n%lg§ %u%glg)e%uoﬁge %dtr&?ylpér%ﬂﬁ%i 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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synthetic quartz glass of the present invention, which

is characterized in that tﬂg subject quartz glass 27/07/2006

body has a portion having an“OH group 15 concentration
of 10 ppmor less in its surface site (surface
thickness: froml mmto 20 nmm and a portion having
an OH group concentration in the range of from 10 ppm

oA AGRRATOL B0k ol RSy e OgbRel 2B "l By feurtce
tHickegei dghrhetuaii @5 20 Qﬁweaﬁd I8 b@aékr %%fﬂ?&?thalv‘ﬂ%%’gi %Erbon

a hydroxyl 20 group -containing silicCa porous
cwaetr@@ow iththe vahge of érosm 11080to dammﬁuppincmitalmsﬂg are a

[or, nitr n ontalnlng a hal ogen
“‘é‘? B?’%?fie&é%ﬂrg r F’@Fﬂ Have 2 atﬁ@nsp@mnft ke -carbon
n.iga the for
P%ﬁfffﬁﬁfé;a QopeeRine BpaTd l?‘#é’ St PP Gre0R o herefore,

thalysmn bé sibjeptedf €r a@l@ ﬂzhﬁé Hé&@lﬁg%ﬁﬂ@éé"ﬂg %ﬁﬁf]?e%‘é‘m%' 4 Gaw
has a nitrogen 25 concentration of 50 ppm or |ess

mategidiwhichds hsirenwhye ssefuhuindridf Im@rmmmmg futtmality

the f t t t t abl t

use IRERE TP Rt Sbaiimegty gﬁthws%lthéﬁaﬁﬁhﬁméﬁssd?ody of
thfarﬁf@sgnﬂ {Qerttidnt k SOW%TQHQ h%OI'fCSPg%gﬁoﬁg tgll:rq cgntained is

hydroxyl ‘group con |ned

prpferabls 31Dﬂym F0ebq andxa R ﬁreféfhb‘l}h g0 opgke the
fore o redu0|ng gas is a -13- 27/ /2006 hal ogen

el e ﬁm@pﬂim@ltwﬂ the|s[yat]$eﬂm guarte ghasundy dfitBe present
1Ilsurtf ace Sl(ﬁ] the d se q tz gl ass body obt ai ned
Wk eaq‘i?&%é ? hyothecnEediiction pocessonf a

syﬁ%tfcoql'éaﬁg %I%Qénoﬁ Bfe i@eé@ﬁt n%%ﬁpﬁgn% %]{1 ai% :;%ggacéﬂlaé%d in

ppm or “Iess

thivefthe esdbjectf quege gl 165 Bodlyahbk ey Spdrﬁ%ﬁnhﬁ%f%o HﬂdOIP-PSgroup
been thorouzhly diffused into the inside of
corgemiteatigioeb i@ pbodyy laskenriasuiface ite Mrfidmommtdsy from 1

achieved .in t he subj I nside, whereby from 10
mvpg ?8’0‘11&8 aPH%tl@—iﬁ@Yléhgpart O erep mngeatragion in gange

r eat s nmade of the thus
Of%@%allgggn%ﬁg?@ﬁ% ;igs %1 dgy Havi ng an OH gr oup inits

i nsi HetlasfordgoihgWixth@nifidemieat opﬁi‘é)%tﬁeﬂb% %tz lass body,
functl onal guart z jig having an extrenel ge??
the 4 ﬁrqum&rr@ ngbien ftremtinpmtofs an tadadtaientrrﬁt ahhfchom hydroxyl

occurrin Brief Description of the Draw ngs i
sroup” CA"’F?’J&P% hEdlica s ReRAUsg PAdY oiRt IteAeteds Wikl #r 6@@@3@ egilicon

copotff dohtsthing 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 hydroxy! group contained in the foregoing silica porous body.

For example, in the case where the foregoing reducing gas is a
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15 enbodi nent in the production process of a synthetic

quartz gl ass body of the pggsent invention. Fig. 2 29/07/2006

a flow chart showi ng an outne of the procedures of

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

20 Fig. 3is a flow chart showi ng an outline of the
hRI 1 Bi - i ' raduction
P ot My b B TS Ehods 96 Bhiee b8 Bt e
demss eptartnivglagd divdyFiobtaifellSha bhRML ARG oSNNS ement
outline of the procedures of the fourth enbodinent In
cqrenpradipmcafi form J08de 500 ppmsamd hrtOH gyoap ten@hndsgion of 10
bod¥125 of, .entpreset inpvention. Fig. 5is aflow
PRIG% leShowith§Pistimgt Fibee S teqstipn de eaded befirethe foregoing

Lit o j it oduct.i;on. pAr oces a .
Ve 30pihd s HiEn B E Ml 2GR0 The Biniden the
sibicg.poous badf,| (i edi@tionSONbNGhesdu@Uly LPRie9bd tiflethe subject
. procedures of the sixth 30 enbodimert in the
ingideg deherehy froer b8 ot tad3ey ppinetf theddHrgraugrasmifody of
resent_invention. Fig [

the -34- 27/07/ 2006 .7
gr Zp iﬁlgh"}&\/\f‘ﬂ tPEES r"’é’ldgilg% Y61 A Qﬁﬁéfénb‘?fﬁlé mpde Ircrsft ﬁ?JGnthus
i G ad th i it.v in.Ex |
otfftied &R ks o0y BRIk WC 0N} 288 i 0 iisaehas Bhg raw

materiali beosid ¥ highBt Sih@thdgainats id RERRt I hrd ]
bsgrption coefficient. Bestahl I\/bdzeﬁlgor Cargryi ng %)Jr{g&%’h%gh

- effegt Kntnrewentng diffumion of Avmlkali myetabfront odcheripgesent

i nvention will be described belowwith reference to
t he acconpanyi ng drawi ngs, but the illustrated 10

Bﬁmc?ﬁ)tﬁfélf}?f.ecﬁﬁ'm&&ih'g& shown. Needl ess to say,

vari ous ‘no i cations €an be made herein unless the

t echitigal ist hAvghhael shdveiny B8 6MHlind WaRkRBcd dures of the first
deviated. Fig. | is a flow chart show ng an outline o

emhodimest su theprasfucting frocests of entyodheBojuartzigigss body of the
r?r o%ucti on process of a synthetic quartz gl ass body of
PIPIFET IRECI M ant | nvention. As illustrated in Fig. 1,

a
denseie™ SRR TAARL 5 DO SR A o e
sedomdyembodiment in the production process of a synthetic quartz glass
body of the present invention.

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

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

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

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

embodiment in the production process of a synthetic quartz glass body of the
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preferably a hydroxyl group -containing silica porous

body (step 100); <carrying. %t a reduction treatnent 27/07/2006

(step 102); and then carryi out a baking treatnment
(step 106). 20 As the foregoing silica porous body, a
por ous body obtained by name hydrolysis of a silicon
hal i de and a porous body obtained by a sol-gel process
pFRBnPRvesedy Prior to subjecting the foregoing silica
porous body to a reduction treatnent (step 102), it
i s priéigeraisl € orhph dhb®isghe Gllsidrstd BREWES: BRIVMbESption
2? preheated in a reduced pressure atnosphere in the
cop{figipnt gt oine andhthe wiscositymie Examples The thal-6gii mahich a

o FEYCTeh D1t the vareos T8 i plolied asiget & s heof he

abRryEsY Bodhicidhgh tenperatures or a treatment in which
the silica porous body is reacted with a 30 reduci ng

gas in an atnosphere containing the subject gas is
suitable. The -15- 27/07/2006 foregoing step 102 is
Bestd¥ledenfom\Cazaping Qut the Invepsioat ure range of from 1000C

1008 e neGlE FTrigFra0E oh A bieRgRt HeR AT s described
el pOR RS 01 S b FIREV G, (RIS B e fpstrated

examyies atedxegadeslc ghtwhni Neellidsk ageshy, 3@ {Ms FRUMRAtions
are nore preferably enunerated; and volatile silicon

caphepBada desoin: wlesh shatechoiead thodgh oftthehmresenieinvention is

degsaneg&i ally preferably enunerated. In the foregoing

St ep 102, by using a volatile silicon conpound 10

cont i ' QL e | ONe §aSe

an S Dol Y8R SIRRE RSN R Db P @R
enttedimintin tHepRidncEohpp6tdRe of A&yNtEASkhyrtz Hadshddy of the

gl ass body after densification. Incidentally, in tl%re
Presead 1gvenisomg 4s illustaatddeins Fig.chm denpsunighhs hehe resistant
vkt agti on as]], a, hydr ox§l Er Qup.-containing .silica
MR G BP%‘@&% e pRhtaiped by ageaRge & shica perouabody,
refBRIG  of Q 0Up.ha. b tained j.n t .
P for eg%i %ghggilﬁ?@g g%drjfgus t% )}ﬁgsszﬁl{éﬁf ?Igoﬁ%nﬁogﬁf 1(%5%)5380)’
carrgig 000 ppotludiien ftosggtintg(stad atoeant! (1N cEANROENRL a

cont ai ni ng nitrogen and/ or
baking treatmegnt Hstep 06).

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

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

The foregoing reduction treatmenf 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 is reacted with a

reducing gas in an atmosphere containing the subject gas is suitable. The
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carbon is not particularly limted. Preferred exanples

t hereof include silicon cprlrgc_)unds containing an Si-87/07/2006

bond, such as silazanes and“20 organosil azanes;

silicon conpounds containing an Si-O bond, such as

si | oxanes, organosil oxanes, al koxysil anes, and
aroxysi | anes; silanes; organo- hal ogen sil anes;

fgregsin l o
cogn%ogﬁltéﬁmg%m g{%@%ﬁg@g ingfgl%ﬁben@é%ﬁdrje %886 of from 100°C
th&880eC hyhdlnirt pzefaeallnG00P0aRAEEheXan@ 3, L @ower for 30
hexanet hyl di si |l oxane are nore preferable. Especially,
HﬂnﬂﬁﬁdﬂﬂﬁﬂﬂMAth an 25 organosilazane such as

hexa Bﬁ silazane i s. SU|tabIe because it nostly
easi |n‘§ F?%?Pé% IeAuSnENeBH EPJASHNY ga84S eemtajingoparbon,

h | f
ol R Phleginer Btk o6 ARty PRARlr ket A0, ShnBlnibeSippeen
andfoentaboni rokudsorei lprefngbly( frunexan®l;e.ardl SHdIAZRN&ilicon

and I sil azane), organosilazanes (for exanple,
%%B@Wéiﬁhypmaémngz Hifgogers s eainhonli aviel ageeveally preferably

1{11% afog yl sil azane, triethylsilazane,
pr g@IS|Iazane -16- 27/07/ 2006 triphenylsilazane,
ggi(gggl: E%‘% gglgg‘g%ﬂeét r%g(gf"zlg)?g bgz using a volatile silicon compound

conéxiadt hyliteygdotntifirl @2BO® as the reaction gas, an Si-N bond or an
oct aet hyl cycl otetrasil azane, and

Slh@)bﬁﬁﬁéﬁf?@%%d ot the tine afuee)actmng tineriehy @gléuansmgaﬂESméécmty

t
B T I ———
Voﬂtﬂﬁoéﬂlb&?tc@ﬂﬁbéﬂ]@% tHeogé%{c 10 é C‘ﬁl 1k'03| ﬁroup containing

nmet hyl di chl or 0 ane pheny -t

stlitqpperoyks diodk|is pespdedein the foregoing step 100. An amount of the
trifl uoropropyltrichlorosilane,

hyl‘i‘@‘b’fﬂdg@éfﬂ t8r belewoptaimedhiroribsi fameoingndilica porous body is

IR e o oo

¢ : S |

(1 or 7o fokedihy wilcainy A0fon, PELAGHA el pliepfhdparor

catetoh dx yar partyduleilpyliddirddret Pyéfstﬂean@xalﬁpua@n PRdreBN §clude
(for exanple, nethylsilane, tetranethylsilane,

.511¥09Pn€9ﬁ5ﬂ09ﬂd§yp@ﬁﬂami@g sa IS?J Nr ibwetlhy#sih aave, silazanes and

or AR RHTT o) 50%@%%2%3&%&%5%%@%3”6 such as
Sﬂhexaprglt)@y%r%igfsul} ag{r% K eny |h§:alf 8)232511511163 filanes; organo-

halhgtapibmekc yrgambeilaﬁés |0<’1¥§§!)0p AL BRS! laﬁﬂoélﬁcdﬂcﬁéompounds
exanpl e, trinmethylsilanol and diethylsilanedi ol

Orgﬁmﬁé}aﬁwe% sucfh 88 h@ﬁ%mﬁbhﬁeldmﬂfa@aye axy)@ghnosloxanes such as

: he%%ﬁ@pﬂ%{ﬁ@p :al%rglﬁrg I‘SeI Iln? I%erab‘il dﬁ?éprelm {ytlal ?éaltc%%% with an

.or% R %ﬁ{ SUchy h e&%ﬁh%aﬁgfta?&i%gaie i#Nitable because it mostly

easily constitutes an Si-N bond and is effective for i Increasing the viscosity.
Specific examples of the volatile silicon compound which is used in

the present invention include silazames (for example, disilazane and

trisilazane), organosilazanes (for example, .hexamethyldisilazane,

hexaethyldisilazane, hexaphenylsilazane, triethylsilazane, tripropylsilazane,
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sil oxanes (for exanple, disiloxane and trisiloxane),

organosi | oxanes (for 20 exappl e, hexanethyl disil oxane7/07/2006

hexaet hyl di si | oxane, hexapropyl di si | oxane,
hexaphenyl di si | oxane, octanethyltrisil oxane,
-decanet hyl tetrasi | oxane, dodecanet hyl pent asi | oxane,
hexamet hyl cycl ot ri sil oxane, octanethyl -

I‘g%l?éa h%%/ §l| Lﬁ@??‘g@’?@)@ﬁ%ﬂl&z xc}:](l, Ue slirsnleihy)igync‘fdtetrasﬂazane

hmnpltcmb@mmhﬁeﬂ pent asicttAPRY cloBltkashhanes (forgng
exanpl e, 25 tetranethoxysil ane,

h@?&ﬂb@nﬁbxyh@uh@ﬂmﬂehne orginmehhlogguli neilayksi | 4foe, example,
t hoxyphenyl si | ane,

met hax |SI| e, tr|
ﬂl&grﬁ@g%%,@nﬁ Renyl sFhigpdrime yﬂg&%xys,qrg:h@)romethylsﬂane

e

trichilovetiiany hex distidngtdichlobsdiRiR0XY hgXh sob Al trichlorosilane,
trimet hoxydecyl'sil ane, triethoxydecylsilane, trifluoro
he\ma@@@@dlot@dmﬁltmhim‘pwm and tris(2,4-pentanediketo)silicon{IV)
b %oé%decgt riflu rodecyl trimet ho]yjy3| e) 17-
9SG SBBEOD A %tﬁysqrg%%ﬁemws fof, ‘example, acetoxytri-

méﬂHyT@Iemél) P @Q@&Ylﬁfc ?(ﬁ(gl) %ll?ﬁ)éfg P Se'xl ans ar box ! Iﬁ:e a(fisﬁane

for exanple OpiohT &

aﬁdr itniilaye)s (eyh@x;tcm@y@ﬁﬂedhyl)@w@ﬂgﬁéﬂsa{eet mg%%sﬂéﬁ&; (for
exanple, tri- nethylsilanethiol), organosilicon

exﬁ%ﬂ?anatré%tho’ﬂs;lar@xanpteéramethyémhns| i tnmeﬁhylpropylsﬂane
d il
Ay FE ARG Lndfhsilena éf?t’r”a(e'fcﬁﬁcﬁ%%pﬁ@ethylsﬂane and

tofieh i C ny silicon
e irsggﬁﬁﬁﬁ)}gfrl{g)f e@ah%gblﬁggﬁffﬁﬁg(ﬁreze% ay %néect?l lcflsllane,
hehexthiybdibildsl si | t héape ]ﬁﬂﬁxsllane hexaphenyldisilane, and
t et r amet hyl cycl odi si |l thiane), and organosi’| net hyl enes
octepbengies t@ramlmleé,nergmmu]anblml(ibyl exempleg trimethylsilanol
t hyl ene) . he foregm ng 10 vol atl l e

an@?f ?ﬁ‘ﬁ%ﬁ%&? i by~ bEmed byl (erfluespmath RRcewfivAei) ilrne,

d ihe f
ity O RERS EERerb Db, | AR By Rtane,
(ethukydambenyliietHy DBsmathysiies, e W@bisﬂrmeﬂﬁdmmbﬁhfde

.containing the fore?m ng vol atile silijcon conpound
siloxanesg(farmaxaimplad désiloxaseennd tSsikixper),corganetilaxamss (for

exaiq'iﬁl@s?@ﬁ%"' ”ﬂﬂﬁ@ai,oxagauheat Rhiktisl b mbephareyiisugcane,

_ heﬂ: RSN ade ed Ugs %%et%g]ﬁfl%élggg}.ﬁ her idegée tth¥f£?tr§6110xane

npe ature rahge
dodﬁcﬁﬂieeh‘y on BN RPxandd S%ﬁﬁie%ﬁyk?cl@tﬁﬁ!l‘dﬁ%et I ealciRiethyl-

step 106), thereby obtaining a dense quartz glass
cye grasﬂoxane, hexaphenyleyclotrisiloxane, octaphenylcyclotetrasﬂoxane
and octamethylspirel5.5]pentasiloxane), alkoxysilanes (for example,
tetramethoxysilane, trimethoxymethylsilane, dimethoxydimethylsilane,
methoxytrimethylsilane, trimethoxyphenylsilane, dimethoiydiphenylsﬂane,
tetraethoxysilane, triethoxymethylsilane, diethoxydimethylsilane, triethoxy-
phenylsilane, diethoxydiphenylsilane, trimethoxyhexylsilane,
triethoxyhexylsilane, trimethoxydecylsilane, triethoxydecylsilane, trifluoro-

propyltrimethoxysilane, and heptadecatrifluorodecyltrimethoxysilane),
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20 Also, after carrying out the step 100 and the step

102 in the sane manners as},gescri bed previously, by27/07/2006

carrying out a vapor phase téaction in an

ammoni a- cont ai ni ng at nosphere (step 103) and then
carrying out a baking treatnent (step 106), it is
possible to obtain a dense, highly heat resistant

.G quart z ass body. 25 In the_ste 2, it is
aé)fdg%%?lﬁa I(Ielgst 0 use(fgIL vol at ieﬁén&’ f con c?ﬁﬁ%ﬁﬁ‘ﬁﬁlémxﬁﬂaﬂe)’
A& A4 G B Ay1 R ARA] A UxaGRIBOfr ARt BNGITIP G ibAR 438 and

| i kewi se the case as described previously. '
trimethgdsildbuyyriac caeid},ng organdsiknptioiglessfal vwardtple)  tri-
t&%ﬂ ,itep 102, it is_not necessary to further add .
merbmlangtdiolh ererpesiliern isasganatesi ey exrmpls; dyonetlylsilicon

AR 5l AR FIROH b bR S
(feonbdnphg tteRndtOKRIRERD 13%%17110;%%:51%@20&}@1 }f)ﬁbﬁﬂskhl?cton tri-

si_l i con conmpound and anmoni a. Is preferable tha

ispthdodyameti nyesieplthiblies sfke praipld, hisextaenthyhtisilthiane and
tel SRty s elogb e o e, easrncoimatbrignag oder ¢ feamiple,
i . t 02). d i .
S PBCBERNTED, 4, 634 6RoBIR Y RHLADEREE P Phceing
vollesler dilesh cbMPoth8fndPdHeanchd lé‘i%lgﬁ‘ %E iﬂ%n{m%{m%ﬁgns oE two or
n the case e

carried out at the sane tine. ere t

méxsrlggds thetend steps are carried out at the same tinme,
rrying, out the step 100 in the sanme nmanner as

ft
desc AP EBe reating sy, 102, Heismsatareblerthat dhe meattioints ehreied
i ied.out at 10 ti ..
ouf A BB AP b B Rrfitiok A rPabgphRrcariining the
fokcpeirgbyolafily &ilibéh oleHSEd Bhdss RONonid RAISE Bhikto.

obt ai ned by the production process of a synthetic
quar Aftergbagdetadn vhehgfoesgring heatinii teatinserst, symphwetisdbody

. uargr (Lassth viscosity at the tine of a high ]

18 &éﬂﬁ 3 P@O@rreaﬁp%imr%%ea%@?omeaﬁ OéqFanelrt@aélortrgdumng
1 : , T

sab ptpofondhey keflf L5 BEPer Cudy 3ot M o S REG & Timo

forl 801 MBS hrafdrdagn aRIbERE ith B Y alkPn Y tﬁlelrﬁ}r@?eé) A %06),

absorption band in the wavel ength region of abou

themeby ®bthinifg & nehbequastaglssnsnly. of a transmittance in
an ultraviol et region. As shown in :Exanples 1-1 to
1- 6 4lsoqadter israing syt theestep gl007and the séemdBR in the same

R SRR DBAS. L ArBARLEY S (it D Hacton i

an ammonia-containing atmosphere (step 103) and then carrying out a

baking treaﬁment (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 reacﬁon 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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wavel eng-th regi on of about 245 nm and the viscosity.

When the synthetic quartz. géass body of the present 27/07/2006

i nvention exhibited a viscostty of 11.7 or nore at
1,2800C in terns of log Tj = 11.7 or nore, a value of
the absorption coefficient was 0.05 cm1 or nore. The
absorption coefficient k at 245 m 25 (5.0 eV) is a

: ] r i the foll owi ng expression
V({l%l%@ﬂv\iﬁl&gE&lngsggla%&taoﬂ%@%ggggseddue to an Si-Si bond
as arltax pgsforatdé Ithateui@fordgoﬁﬁ@steﬁuﬁﬂié I@p8ss the' tempBora@ure
. . .. .30 .19- 27/07/2006 [In the foregoing
raggsrad deame A 001§ to F,3005Cder R0 snianttenoemoaé.
When

the POFbo g 1 oBaue tGE G5 S ARRAG Ahe Fetjahion reatment
HeBUEP 6 | ;
"SGR 205, ond e Perif Dut the JARARE plchefhon (2B ARHA been

ddsoritred, thielasey 202 antiehe 3teeT0B AG 18] RFFRE oY &h tRS same time.
ni trogen,_ carbon, and chlorine remains in an anount

Ingtheeeatieriherecidiet faregoing two skénsharet creietgowtomicid, same time,
rked .| oweri f .vi,scosity and the generation.
aff(t B%Pgsouér@gcgg%éﬂs 1%&38&&%115&}1!&@? as eﬁ%{zﬁﬂf BERViQusly,

the ORidiRtioh e B | €, GALDYE
ook e e A PR A ok At oMk oy at

reaetidmaitempetatene 06f 108%C dreBRRl| ¥6d Y1,96090 @ Revdr0 thBRby
foregoi_ng production process of the present .

foxminene dense glass bodpssi bl e to produce the highly heat
resi gtant synthet.ic.quartz | ass body of .the present
i nv eﬁ?’ieo%uaﬂﬁ%/f) %ﬂﬁﬂd g%%‘? mrpgﬂct&%mf@ﬁ% Rf agy ni};@?lc AHprtz
1045 dF- - ' . .
Bt ane PTGty BRtifh 309 AR RuER ahibs the viscosity at the
timélobni mghcengerhtdel driwhiehldaceastaidad @fual %R0 RRAT of a

or _less, respectivel a/ The OH group concentration in
natweal iahestioglegs Spamiabt lag n qual.forghess abdBB0PE), whereby the
eferably 30 ppmor .l ess,, and nore eferably 10 ppm
hegf; egy ‘r.m(%len 13 Hgg)%‘i"ga@lcﬁl‘inh%? g@égs C%&Elﬁn% ntnhdeve a large
. : _ . LoR, _
o T hane e RO e of QUG 200 B Y BIPA the
meab@ENaS o2 NH tesndnigtneduizi Ag ﬁlﬁaﬁ@lel?erl &t ajstddwn in

reaction gas wll be described in detail.
Examples 1-1 to 1-6 as described later and Fig. 7, it has been confirmed that

there is a positive correlation between the absorption coefficient in the

| wavelength region of about 245 nm and the viscosity. When the synthetic

quartz glass body of the present invention exhibited a viscosity of 11.7 or
more at 1,280°C in terms of log 1 = 11.7 or more, a value of the absorption
coefficient was 0.05 crm! 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 . . .(1)
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First of all, tetrachlorosilane, is hydrolyzed to

accunul ate silica fine pa[%%gl es therein, thereby 27/07/2006

preparing a silica porous body. This silica porous 25
body is set in a quartz glass-made furnace core tube
provided in an electric furnace, and the tenperature

is raised to a prescribed tenperature. At this tineg,

Tinf the S ' ; -
B Sl o b ST MonBRe St En R AP ol Bnge; and
direptelsents tlnckyezf(ciohd reaction tenperature for a
certain perjod of time. 30 Next, a _
hexan¥tgp1dhei foxegmune v agbrcing gaowwonibinimg doitrigeny carbon,

nitro thereby reactin

it.h a . 20-, 27/ Q7/ 2006 en gas,
C}%@‘ﬁ’&tﬁnﬁ Wﬂﬂdﬁaﬁa AnE Hhe ﬂﬁar%egnl_@ﬁﬁ Bodis I95eRIgHaRGEY Abthe
SS51 b&H ROFoPHR AP O Wbt Vel NG ER SRl ﬁ% é&g{i%%% LA nitrogen,
range. At this tinme, It 1's considere at ‘reacti‘ons
carbp.es@dt elllobinet hembold omi g ambent Qﬁdce@iiﬁglezi St@Bsin( Yhlue
and (2) take place. 5 Si-OH + [(CH3)3Si]2NH -) ~
W@Eogj g?m,.gd;]qglﬂgdﬂ.a mkg{i.l@@{;pg of the viscosity and the generation
o3 e (B et sl 3,06 kot i 5B 32 Kifgen
cofbaittrhtibe S 1 cmﬂu&)tn%eﬁfrai?lioh?'iandsﬂ.lfel\lthltﬁ"ihg’(;fo +&hGon at
are forned. The quartz glass starts viscous oW I'n
certaen vehpsratlose reqgictivelyf 900' C or higher, and its
viscosity is rapidly |lowered as conpared with that at
the AFBPUHESt Ehpdieatforegoimh eproduetjonngredeseeokithds poksent
- duct.s.do ngt, ,cause viscqus, fl.ow and. becone .
in oot it i PRsRiPle S Protupe 488 Mgl ey Tesistang Brithefde arertz
gl¥dsSERHS of {Mfgsehb?n@éﬁft%r?hﬁbﬁ?aﬁ'bg?@?% &Mfricient at 245
preventing a |owering of the Viscosi rom
nnoou@.0Bngm 1Abr tlivre andehavilg &/icaeiR yn@ntfd@dh, a nitrogen
tenperature and the absorption coefficient at 245 nm
copeantrafaeihandfa ehlogpe cantentr@iionsito beredhtdine@ of 1988H0tipre or

correl at.i on. SO he viscosi has. a ak positive .
leorbeativaly %‘Pﬁ ‘Pﬁ[eg%@omqeahya&w i1 Ehederegpin aynfhetic

3Bt T jon. qf e B [
e PRI PEREAI 30 SR et Pa S b AR U0 o
or 13 nmHg or | ower and heated for baking at 1,3000C

or hjgher and 1,900' C or |ower, thereby obtaining a

densBT thepgedyctipagpracess of amyngheiit quatizcglass of hapgesent
a..tra

iy im, B BB faPb ol ReLnG Bty bape betdmkEay tistiazane

- [(CH3)sSil:NH 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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25 dependi ng upon the reaction tenperature with the

reaction gas or the armun_ts?é)f_ the reaction gas. In 27/07/2006

all of the cases, the H2N (CH3)3 remaining in the
porous body partly forns Si-N or Si-C, thereby
contributing to an increase of the viscosity. Next,
in the production process of a quartz glass of the

s Anat b By AR RESIRL Gy Rl 256 PRE HBOH group
bdrdad3da3tid 2licapdrbes bede tih thegR®siibdd Bonpestiidesnsd) At
detail. First of all, Iikew se the foregol ng case

this i AgRen dx awe eonaidered| thatneeactionsi répmseuoiedudy btity fodowing
}%r epay ed, and auBex n@}h Idif%x: | oxane vapor is then

CHOPHRR G EIRS iﬂw@ { LHESPIFCEr ogen gas, thereby
reacting the hexanmeth 5 yldisiloxane with the OH group
bonded to the porous body. At this time, it 1is

Si?calfﬂ:ls-r dQEQSSiMH®&@4§id@FS%Of EﬁFﬁS?@lgks’)_st ga ----- (1)
oll ow ng expressi on aKes ace. I - +
SIBpCRB| R S SHEH0R 1O OMDIS FZROD « - -+ + . ()

(3) 10 The porous body after conpletion of the
reaction is transferred into a reduced pressure

at nosghsgr f _ ;L .
baki ng at&f,ﬁff(e) 8%0%5?1%{%h£r Ig%téésge{%géﬁggtgrﬁf%\%éf ’EQN, Si-C,
ett.haedbymedt ai ni ng a dense, highly heat resistant

synthetic quartz glass body. As described later, a 15
t r andper ewartyelres stirss yidvody flowd in hicatdmperature gégiss of
pdy ar.e_obt ained . dependi ng. n the reaction_ |
90@%@?&%%% 115 ipROS I ds FRBI NG avesPd pREOMBABRIAYYidY that at
td I Nl | : : [ Sj
thl R fortbed e, o B e E LHPS Tighy Drap ) ot
catiberabyusofiowl bulli bgoite an sthisf@ane the §hgrtzVEREGSSithyreby

.°20 .1 n the production process of a synthetic quartz
inkabigne dhe tvircops denof thevgearizoglass meaihdyalyoamd preventing a

Lo GiHBE o1 2 KLY BiomnBncitoinsb oot thin i (e GamgitEitdieh
tepetdifird GARE 'tgg'a g%?pt'&?rcgaﬂﬁic@é}ﬁy at Szcﬁiuﬂ%‘fg(taﬁdaﬁ%unt of a

evacuat | on under reaucea pressure In

soteltpd Sitdirmndaige can @osithacsitesintivndeASdd, ithd AkcoRity has a
tenperature of from25 1,300 to 1,900T, thereby

wegktRasHEvRycaarelation peith the ghaonptiogl cos Hidbeh/athddd ng. a

Ple;;'?gg gogoqggfo%k%eiroc%ngp e 1%11%?%3 irQaec?:io%f is]iggnﬁgrmre?irinto a
reduced pressure atmosphere of 1 x 103 mmHg or lower and heated for
baking at 1,300°C or higher and 1,900°C or lower, thereby obtaining a dense,
highly heat resistant synthetic quartz glass body. As described later, a
transparent quartz glass body and a bl_ack quartz glass body are obtained
depending upon the reaction temperature with the reaction gas or the
amount of the reaction gas. In all of the cases, the HaN-Si-(CHs)s remaining
in the i)OI‘OIlS 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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concentration to be contained of 100 ppmor less. In

the foregoing reduction tregjnent, when a 27/07/2006

carbon-containing gas is used as the reaction gas and
the heating tenperature is about 400'C or 30 higher,

the reaction gas (for exanple, a silazane gas and a

si | oxane gas) -22- 27/07/2006 remaining in the porous
[,k Odacomneaeon GiekaRbodRALFREA W9 aBie! g amount

of |iberated carbon, the berated carbon stil

r ermai Ifigst of alh élkglvxasssthebﬁ)d@gomg tde wibg dguenttinddldiagane, a

under a rg &ced pressure, and the resulting quartz
S@F%é@r?‘és 8flBriePreparad, andendimxasmmthyldisidosanel vapor is then

r I 5 hayving a carhon conce trat
AGH A RIE AR Sl o B G g 6T, GOt R hexameth-
ldeskxahd &hfle tha N . n |
" ihe reaction temgﬁﬁﬁgﬁﬁwﬁg@g%ﬁ%ﬁ% r%gtﬂrlr% fme, it
ishepmsidesed tthet comeartioratémesaitetihby theallodingaspréibn (3)
a:khe EF nmount of the reaction gas and the reaction
Sture may be properly chosen according to a

deS|red transparency. 10 The OH group concentration in
the foregoing transparent quartz glass body and bl ack
28it@HtZ 2[CEERShledy @slpo;#e{(@q&)ys%rmm or less, and. (3

nore preferably 10 ppmor |ess is preferred

to control the chl orine concentration in the quartz

gl ass, bod ss_than 30 ppm_. A so, in the
pr od@@? iRGROY BQ‘@%% 6’f C%nﬁkﬁﬁloﬁé}ﬂtbe q‘e@@tﬂm il tagsfovepyl info a
re&?(gaéit ée s?ﬁ?cﬁ%gfrn fo ?‘me%ac arrhyﬁngr (lJJ\tvera ah%ailegt%d for

bakye SOE, BOOﬂL‘lbﬁhﬂth& aﬁﬂd"P@Qb“ﬂ‘ Br ld\ﬁer‘ ﬁléﬁ%ﬁ? 'oBteﬁnIrg a dense,

obtain a synthetic quartz glass ving a

hl@lﬁ&’ehtﬁ@nremastghttsymmheiad: Wuerid gba:sm b(ydy cher det@ibet i Izﬁ:er a
show ng an outline of the

2 .is a fI t
.trf’&sgéﬁ?}ﬁr Qe sl Doty §@éoﬁhb @kb%l@lﬁv@ rélagmbedse are obtained

ti c f hl.y. heat |sta
ABERINE Lo, s ?éa oo Pt e, R ReSthinne dapop the
anﬁit@ﬂ: 08 thé réadtion) gsharlh 160N ¢
procedures of t\tlw\ge t hi rd&l enbod elr}%gﬁ%‘ t;ﬁ% [tﬁﬁgggﬂ%%%}ﬁammg n
thepp@twels dodf partlydhims Sedl, thesdbgt@ntributingabish Gedsdss of the
g ?S body of the present invention. Fig. 4 is a flow
VisEositt showing an outline of the 25 procedures of the

hi gy B Rk et o RUNflerh aPad® Gi3aCor, B pigpsent

: mvfehemﬁ[ QE@rfbrégﬂjY@@trbaﬁetld:ﬂ Qresnlcht R %a}xﬁ.’@r{]}:gﬂg SQ%E@On

an outline of the procedures of the i ment
temperature of from 100°C to 800°C, and after completion of the reaction, the

porous body is subjected to evacuation under a reduced pressure in this
temperature range and subsequently densified at a temperature of from
1,300 to 1,900°C, thereby obtaining a transparent quartz glass body having a
nitrogen concentration to be contained of 100- ppm or less and a carbon
concentration to be contained of 100 ppm or less.

In the foregoing reduction treatment, when a carbon-containing gas
1s 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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t he production process of a highly heat resistant

synthetic quartz gl ass bod_\é22 of the present inventioR7/07/2006

30 As illustrated in Fig. 2/7a dense, highly heat
resistant synthetic -23- 27/07/2006 quartz gl ass body
can be obtained by carrying out the step 100 and the
step 102 in the sane manners as descri bed previously;
reéiRA YA S n t I
- cont a?ni gﬂé{ea??r%g%h%r e %itﬁ ggdlﬂ%ﬁ%ed gﬁgr%%&&%gﬂg 3 garee
ampotnt ob a‘iilbiemgteﬂr(mbmnm'e( Ebeptddehrbdn btillteenshepn 102 glass
Q(;{ﬂFit%}' 2, referred to choose the foream ng
ee‘sléqsrfﬂ%w I HE ?Wtrhdmeﬁk/p@@svman the resultmg

e FE oo ?”ﬁqgﬁ BebS Pthaints o bpsR dufirkg efie body
haﬁqﬁg aClarBbh b&%n&%mwadoet&nﬁamﬁ%&c@élﬁﬁg 168%@&:& 984 10,000
the hydroxyl group -containing silrca

pibody. ledhe nlxichdertetiychlackeningaddpents ipokOnéa bﬂlyeﬁhe,o ddaction
i n a hal ogenated_ silane -contai ni ng at nosphere, the

teF’éseF%lUJdP hifteo gedngtioactreaiment du S@Q}bﬂ agagentgation mf the

TSR, S ke AR e Lo, o
teﬁf;fébe'@tdr@ rﬁéf‘ Be tp'iﬂﬁe'e é’hds@ﬂ’%@b%ﬁ@ %o 4! REHRH t¥apatitcy.

quartz gl ass a tine h” t enper at ur e.
Accoﬂ}ihen@lH/ grnnptdmcenﬂx&tmﬁ mathe/lfdi@gmttg tthendpyastgquartz

ng Giﬁ is preferred to use a_volatile
&7 bedin aanplagh st aliss by & Predeispin 2omm s, ant

LN GRS Nt
corediRPatiorf H t1RO H&ﬁﬂtg?a?ssq{o t9ess Vﬁ%gbﬁ(g}ﬁ or egm ng

hydr ogen- contalnlng atnDsp ereis 20 a

gas édpaih echebrghntivatirogedsydrogenhsee E}uéﬂ@@@@bddy&ff the
such as a . mxed gas of an inert gas with an H2 gas
Pr%r’??dlt\}\}a’t’féfrtl% purcartrags oama heating reatmenie(hydbogamdatment)

ethat the step 104 i.s kept .at t heatin
n‘gﬁ% ur eontFHllpﬁeet ge]fﬁ" lidﬁd@sg}bl?n (ﬁ)?camaﬁds rlhﬁtm
uﬁfﬁf 2! WoaPOhGvi, Qﬂ% eRd1leht 3 Q% f¥9dcosi
1 30 m%lilwt esoo%) m)reg 1 25%,;fter gonpﬁl(e%thl gn %éfr%;é\ﬁlga viScosity
chéxacteyostng heating treatment, the porous body is
trangferred i to reduced pressure atpnosphere or an
i ner {18y 1R axhy shgwang empepies of e m@medumea né the

PSS T B B b s

sytt®@tic quartz glass body of the present invention. Fig. 3 is a flow chart

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

production process of a 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. 5is

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, hig'hly heat resistant synthetic
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t hereby obtaining a dense quartz gl ass body. 30 Al so,

as illustrated in Fig. 3, a?gense, hi ghl y heat 27/07/2006

resi stant synthetic .24- 27707/2006 quartz glass body
can be obtained by carrying out the step 100 and the
step 102 in the same manners as descri bed previously
and then carrying out a baking treatnent

Ghresl dlage ' ' e '
SR A0ERE) Kbl SOLRLARY R TIAL LAY 60 LRA e
192 enethebszme mtnhdre &4 dos@ib@bpievikenty; arrihie beehi Réhting
tenperature in the tenperature range of from 1,000 C
tregtupenbomc & divdzosen pentesnios mbmespieret fgep 384); and then

' trated i.n Fig. 4, de hi ghl y heat resistant
ce{sljf;k#‘rsge(iuﬁca Q%]%Pﬁ%rgﬁt%tgs@ynm- be obtai ned by

car r yinhgh® ey ,rl@2sf)1e P08 s hherFAE +IRABG. ﬁ’?e foregoing

descri bed previously; Carrying out a vapor reaction
volatite gilicérheorhipowgb(wigh pedvied thagabaldzehbt o G1e@ak B9cluded)

hydr ogen-.cont ai ni ng at nosphere (step 101); and then
CORARIYIE ubregen Bukom gaxhomaasdhe feardpn 1996) and tsubgecting the

ita hat t he regoi ng step 101 is carried out at
S o b 95 8P bR B e v By
Uy AnBaRiRE BRG0P0 btolaﬁ T URSR 1 r(\a/\c;]uct'o treatment is
hydr ogen-cont ai ni ng at nospheric gas to TR e
cafped goingn redudogepaged , silkmeploat £indid Vattosphatd, | e residual

ilicon conpound (with proviso that a hal ogenat ed
hf’i?%‘%ih@%c&s ¥ %Jhlééﬁ)og@@ wedite femn.for e&@mpleaﬂrg@lm’r HErwbareby
2 BB ATE ori i8 eP et Py Bt arfius dhe Bydroxy!
i f T 1 ) ' 1
erbupremabhs/ tﬁ@fe‘b:ngw@ﬁhgac'he ﬁ%&g&yé@‘@gggh&& g?%sfégﬁ the time

Moreover, as illustrated in ense,
of hegh tempesttane. AEcosyinghetinchguakt of ghasmdbody tlkahyBeogen

obt ai ned by carrying out the step 100 in the sane
tre AR, éfslsd%“g?#rﬁé&om@va Jiedatjleasiticeh spmpanngiaxglusive af a
[ reat ment sinmultaneously by a heating
ha?‘?%é’tg?}%dn%ﬁ?lﬁe'a. m xed gas atnosphere of the foregoing
hydr ag&))-i¢ ot aidTb R 1&tRAE PiBRr T&egfﬁgt Ste '.l?ﬁ‘ ikMCept in the
foregoing reducing gas, preferabBly®a volatile ST con
tempapdune rgmgd 6f foomvi 09 Ct el 000 LS fdrHOHENeE br hdrdne i s

excl yded) containing nitrogen and/ or carbon has been
added etk By Togegoing thydgoganseartabniagtaiatospheresiselD0L Y7 Hs or

o 4 S5Ph1@} BRFRERY Bhob TR Bl RS e
ga;ggg rﬁ{l ;ﬁgxl'tgés% ?@m 1. ad H&d W{RQPG%&{] tRE 863 %RlctPcan be
obtained. Itis suitable that the step 104 is kept at the heating temperature
in the range of 100°C or higher, and more preferably 500°C or higher and
1,300°C or lower for 30 minutes or more. |

After completion of the foregoing heating treatment, the porous body
.is transferred into a reduced pressure atmosphere or an inert gas or reducing .
gas atmosphere and kept in the temperature range of from 1,300°C to
1,800°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 sYnthe_tic '
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30 present invention, an exanple of an enbodi nent in

whi ch a hydrogen -25- 27/ O_7é%906 treatnent is carri@f/07/2006
a

out using hexanet hyl di sil azahe [ (CH3)3Si]2NH as the
reaction gas will be described belowin detail. First
of all, after preparing a silica porous body in the
sane manner as descri bed previously, the hydroxyl

Wiey RIRRNRY &9 BNEbRMUQLS i '

qhexa%et hyld?si | azane in th%kag%ﬁ O%ﬁ%}%ﬁg@bg@g\%ﬁ%%e step

1% svitheshye Mamnpos esslebadhediprevioasdymimt then ofriyives out a
ferred into a hydrogen-containing

reaction is tran
b%lﬁ%&ﬁ%ﬂ@@nﬂm@&wuﬂmbm beping tneptmendt irethe fonegoing
3 e t.he heati t | is kept i h
SR AITE AR MR S H b SP ho
109 kest 9f thP HRatk! ﬁarn%) & 1P IO ek 81(’1#{1{?1?{: '¥88ge of from
ody | erred info a

treatment, the porous s trans
1,0@0RGttd1,pOBYS fureB0 atinuispheroey. the Eke and kept in
t he fég‘ erature range of from1,300 to 1,900 C for 30

ni nu v, gy dlusbratgdr in diig. daka gnsendiglly beatairasistant

| bpod A di t.o th ' .
LR TR KRR
thé et @RhnsY 8 BEIckheAYRbY 8RS ar ' negﬁl%% 'V%ggﬁreaction with

ni trogen concentration to be “cont ppm or
the deregaimg redoeaingoges inohedbregting hytimden-watdiainedt@bsphere

10 I . Al'so, the hyd I

(stgB OB $h6R PTG 1% oA EAEIROE (BeRURz gl ass
-bodyr,i d | . d )
or ef D SR AR bEprie Rlom fiB 5 RGP R EHE 26 from 100°C

to ¢AUOLO5:280 BfinhifosH hakd h 4 BSSed géé"at?iﬂo o OF 8% forPeoing
the heating treatnent in the hydrogen-contai ning

hydromeapheteining atmesphsdc wherte whizhhidat forgediagnedatingegas,
¥§é§§;t inthe tenperature rgnge of from1,000C to

prefeyyiyy ca rplataly gilicopeomapoynst dwith previse| thet po dlpgenated
: a i:ng_ sSimultaneously the subj eqt

s SPLEN D BN WL AT OB Lyl B A Sltea. e

stelp2N6Snay BdDa3rie e Wk th BBe Lsﬁmter}ﬁaﬁﬁéloét@d@&gil\lbed é)r_eviously and

efficiently fornms a | arge quantity of Si - C or

18 18ief@iabhy cararedyduig tdndmal36®°C to B80OMAt and contri but es
to I NCr ease ,ﬂf t he vi, scosi g Accor di”?ﬁ% to the
f or YTy epr B diysigated an phigs dhta idehept highly shepdntesistant
i i St ant nthetic quartz S bod .
syr%gxlegih %}Jgﬁépg@% 'Pgﬁ* t%%gri)e 0 talne“?'lt ny cgrrymg og{ %ﬁ’e spep Y00 in
the same manner as described previously and then carrying out a baking
treatment simultaneously by a heating treatment in a mixed gas atmosphere
of the foregoing hydrogen-containing atmospheric gas to which the foregoing
reducing gas, preferably a volatile silicon compound (with proviso that a

halogenated silane is excluded) containing nitrogen and/or carbon has been

- added (step 107). It is preferable that the step 107 is kept at the heating

temperature in the temperature range of from 100°C to 1,900°C for 30
minutes or more.
As one example of the production process of a quartz glass of the

present invention, an example of an embodiment in which a hydrogen
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-26- 27/07/ 2006 generation of bubbles and does not

form bubbles in the el ectrjg%_ heating step is 27/07/2006
0

obt ai ned. However, in order obtain a highly heat
resistant synthetic quartz glass body which is free
fromthe generation of bubbles and does not form
bubbles in not only the electrical heating step but
trahfifeht®s arfrl ' ; -

o o B B A R B P ((CHSSaNH g the
refalction ghamtilldteoddsopibad beldw iméetafl. t he procedures of the

Si xtBEei enb%(ﬂarrent' in the production process of a
synt Het§tolplbraterqrensringay sibica eeoupbedsent thawane impmnner

' trated kn Fig a, highly heat resistant ,
aﬁﬁééﬁg{%ﬁcpre& {05y te gg%%{a{/ %ﬁ‘?‘b%’opgeﬁa rtaether BeRousbody 1s
edeRdr 3#itRNh 18R 1QnebLgipe antyyng. .
Ot R ot oo 400 S I G Uh8 R Btk Horibed
presipmslanners as described previously to forma dense

quar gl ass body and then further carrying out a
heat i'f§ R9F8YE E%f%f a?tﬁr sompleting efdheveastionmipivensfertaddato a

PR RE SRR TOBBATC IS RERRNSEs el i

- thd @83e whord Bhdheatif tbﬁ:%)le At €iSLap & E}f;b:fetﬁel aPLRPraiR of

is kept under a reduce pressure int erature
frarad§@ tof1,80076 for3MnEntiteslor/n0rd d#far cdhpibtivh @ theheating

nore. The nitrogen and carbon to be contained in the
treatmentothgadPorgus ehomer wt daanyfoueds drta Si - KedunedSipressure

f ' d.simylt 20
atfilopferk ¥ G0k AR e R BP T is At rem BaPho
1,90006sRO U Xindedbr thrd Ednéaf_ll%'i é@tr BhiRthe 8 ﬁec’cg,} BRMning a

t hereby generating bubbl es. generatio

densmhihartz ighassdrogiyk allceoriding tretlrafoee@fing pasdeng i8hs possible to

1. 750" C or, . hjgher. Al so, when heat nelted by a gas
produggea highly; herarasisiant spethedic quppar glass gadbg}mavmg a

. ' he flane gas.or.oxygen in air, on the
nitp G BotticmirdilShy o W B8R, SR o B deriang®a carbon
corgRAtraaion® balbhi@sned Bf PEBhnt Or RSV Rl i
of bubbles from occ%r ring, 9?he qusgrtgﬁsgl’ ggg%ggg@m 2up
congentnativakimthe forkgoinigesyrithatic guaateglass bady is preferably 30
non- oxi dative atnosphere under a pressure exceedin

PP 0T o{658s e iBoxsy dusfarablyn i0h@pm eompdess urad r theyechdorine
corchifelipa S shtaBhCles Thtg S8hpMier i gas, "and especi Bl 1y,

Ar 1 41sB] eirer B € hedting2 trOdtn?O0 in the hydrogen-containing
atmosphere, in the case where the heating temperature is kept in the
temperature range of from 1,000°C to 1,900°C for 30 minutes or more, it is
also possible to carry out baking simultancously by the subject heating
treatment. ' :

In all of the cases, HaN-Si-(CHs)s remaining in the porous body

efficiently forms a large quantity of Si-N, Si-C or Si-Si by carrying out an Hy
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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because it has the highest convenience. The pressure

is nost preferably from 500,kg/ CVM2 to 10,000 kg/CVM2 27/07/2006

with respect to the effect. wever, a pressure
exceedi ng the atnospheric pressure and up to 10 kg/ C\ve
is actually desired because the effect is confirned

and the production is the easiest. 5 The treatnent
géﬂefﬁtiaﬁyofhﬁlme@%hyd@%@cnfo@g%ﬁ%m PR, EGtrical heating
pressure and tenperature conditions and so on.

st€pnisr ebiliged.i t Hovgweef a1 alrer tthabbtale a shighly hekeplesisbant

t hﬁ f.or egoi ng%at enper at ure and Er essure ranges for 30
SYAtAgt e guasz fapebodswhirh isaemirennvthe gengrabiduof buhbles and

Sy ?S“ES%%{ biﬁg@%é@tﬁé? | B8 oo plsGrical ety tepnbhalso the

flAeB IR afuar ' ¥ | &6
S e o AR AU R R g S
a gadigob bea fsedlast thevingaat owdingast the prodedudessirihbetkih
bel ow in detail., First of all, after preparing a

enabedipgng an she Predyction nuseessafer ssenthetic querersgldesbedsbefithe
i t he hyd I, . bond he . .

peBh iaEhlon 1 8s MGk TG P Pl Hab MvRERE SRathetic

QU @a RS he@s Ghhidadis Etre_%vfrgﬁf'lt}iea%%feraﬁﬁlgué‘f Bﬁgglegf ¢ be

conpletion of the reaction is tr erred into
obtwigeddyy errepimg entatheostph €108, ofe dtop 102 3ndriHe «6p 11086H the
and heated at a _2Q reaction tenperature of from

sapegggnperos dessgibed rreviouskyniel ferm e doesequuarteglass body and

e R EARLT SRl BBt teaBFenhrg moton Bigeiee gimosphere

- unldeber predupé txREaIne thkl ﬁ%%&)ﬁ%g@?%{%%m"‘m ¢hHe A Eture

15

20

25

30

reacts with SiQ2 inthe gla rom
rangpobitbmal 209°C t2AM0C°CdsteprndB)t into NO2 O CO2,

thereby formng fine air bubbles. 25 Wen the thus
- obt af%ﬁ‘"dgg‘ﬁ,a%sls paalerakiestihist dbe ater d06Ha dept amsiers rashiced
' by handl i t 7500, hi h [
oS0 B PRI bl T LB s

or ¥ is no |l onger useful as a product. For that
reason, prior to the heating treatnent at 1,750 C or
“hi gh®he niteogeht ahdechrbgh asshbadntiinedr fs$He i ®adtioh s as
ressur.e exceedi ng .the atnospheric pressure 30 and up

en}e@eiﬁedcﬁﬁowe/f@m 1N and; Sids after vhe phectéon and genultaneously
e S i A0 6 0 ot
at fthBetime of forming a glass body, thereby generating bubbles. This
generation of bubbles is remarkable in the case of heating at 1,750°C or
higher. Also, when heat melted by a gas flame, the liberated nitrogen or
liberated carbon reacts with the ﬂamé 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



10

15

20

25

30

bubbl es. The smashed bubbl es do not again expand. As a

result, a highly heat resj §%ant synthetic quartz 27/07/2

gl ass which contains SiC or " SiN contributing to an
‘increase of the viscosity and which does not form
bubbles and is free 5 fromthe generati on of bubbles
in the tenperature region of 1,750 C or higher is
b&hak e has GROhHHAAt kOntdifehQ. UM GrRLAFESS mddt preferably
synthetic quartz glass body having a nitrogen
froon 568 thgltmdriot 1), 660 el aeth ofspkdt @0QGhppiffucor He®sver, a
and a carg_on concentration to be contained of 10,000

PYSSES exceaaingsthgraimasplierivpeessortpadonyto Y bglom? is actually
d sg%ypééaa&g? g@glr %{%c&;h e}g&%r o gﬁéé th%ﬁﬁﬁqgérg L2 t%le Coasiest,
The efartaltnt t1RePRAY We b%ﬁi}ﬁ%éﬂedeﬂd%%énﬁﬁﬁlstge pressure

concentration is suitably I"'ess than 30
anhtendpasdurpeonditighasadodn. proshigetklit iprafsedle thonthe

rocess of a synthetic quartz glass of the present
stepiekeRton, theyforegringoiempryaturs anbprassppyeanges for 30 minutes
Orclﬁglfcegntrati on and the carbon concentration on the

surface in the subject quartz glass body in the range

of SQPPAR RkahR3S of IRE PHBABCHINE §irBER! of 2\%‘%&’{9 Blass of the

| ess, respectively, it is possible to pro e a quartz
prgferfsinvbotiynwim emainpld pfen fonshodivengénevisth ohe dbnse quartz

bubbl ) b ryi t t I |l ectrical |t
EIRSaDP G bR eS oo fbistem dRB! Wine thapanEsbRblipzane
f [ duct i f a.
(Rl el 8 BORL0P R TREVELL B0 BIOGAES: Bheibed betow
inldexaiet hyldi sil azane [(CH3)3Si]2NH as a gas to be

used _as the reaction gas will be described below in
det alFlirst lofi adl, futen acepaxing atgiliea poromsi ddyansibei e@ne manner

por ous hody containing 200  ppm of an OH group and )
as Cﬁgeg H%F&“SiﬂrltchlWrW]gﬁfOW banded; t¢ $he arorpus dody is
Weh of .a hexanet hyl di si |l azan .
re%%ﬁ%f s f %X\ﬁm%“é\:\tﬁ?’}dgmi‘*ﬁ%?tei g ?ﬁ‘i HeanG | TGRSR @%s&escrlbed
pré#ienelpy reacting the OH group bonded to the porous
body wi th hexanet hyldi sil azane at a reaction

t enp&hatporeusbodyr afterl@@hsletion of tBOBO4Etidnois texadforred into a
00'.C. At this ti , it is considered that the

requesd; Pisasuree piaguicsn ayl knd0t srwdis Ay lewer endi berted gt a
B 85 P S E BB
oot Oy UL SSEAR 8 SRS LR o
highez tongentraits lfreapted astrogen e Tibeeged ngrbon, which further
reacts with SiOz in the glass body at from approximately 1,200°C to convert
into NOgz 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/’(rzm2 In an inert atmosphere in the temperature range of

006
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exanpl e (specifically, the volatile silicon conpound

in a nolar nunber of fromd&,1 to 3 tines the nolar 27/07/2006

nunber of the hydroxyl group contained in the 5 silica
porous body), a transparent quartz glass body in which
no OH group is present in the whole of the quartz

gl ass after sintering and the nitrogen concentration

framd] 206 C a6 1IDCONERN bR tdnPALIARE tRO bRBBLR at! 8RSstage of fine
respectively is obtained. Wen the anmount is |arde,

bulidesnrBeecsedslsid hubbles denmitregaas eapawdr bdm acesphpadighly
and the inside of

in the inside of th body,
hea] gesiotnd bheti i 15 BARCERIsGpnsams At comgributing
. ar e D : _
tofeSf TR Basc¥r HiH PeRiMOLRN W ieR) doeS Hop HRAR BB A is free
frovh tHe gBiehaon of BBl dhBednifratile Mdibe HIPPHEHEC or

body, a quartz glass body having a transparent portion
highett gphtemednt rati ons of nitrogen and carbon in the

range, of 50 ppm.or | ess, 15 respectively. and a bl ack
por t Acsouding ﬁg thec Epegtingapiaspsora cxpthstic guarte lesndwdy

o 98 PR PO SR 0 s e G

cabladycdreentragion 18 belBakaifbabf 209085 rP 8 Yess is produced. The
I ncidental Iy, blackening depends upon the reaction

hydeermd reroup eoneemdrativn imbhoufitregding lsenitadtat dherts iglissdndy is

C unéipand the reaction tenperature may 20 be
pr%t,%g VI RIS &8 1g8b ot igoteo PEelaahly i) pPamopdessicgnd the

: . nthetic quartz gl ass body
Ch%}ﬁéeh&?‘g%%%ﬁ%@n Q%ig@tg}?fygg% g%j'rﬁ Eﬁgﬁfq'ng to an increase
of tAsoyiificRl H¥naGuwkiCBldss BddBLplddPed UM the production
generation of bubbles especially’in the prdcessing
prorgeglioh@ sstdhetin etz glasparfahensresegi nveatioh, B50bnorolling
thhi g{}rer i s obt %i ned. 25 Al so, by adjusting the amount
SETTREEY SPUSIE AN pREFhEOFAIBOR FoRBRIHEAtION KBWbhes gErage in

[ t ' | havi CH
the sBblcRt Uit ek NG, o B henedl 80RO 1SRG Bk ipg more
préfesilde 209 pabbaldsedres ey ek iH1ORS Bavilg avflAts bRiss

silicon conmpound such as trichloronmethylsilane is

bodps sthi¢hh ipfree fran theegdrexation by babbldsananehy icariying 30t not
asi | repare quartz nmenber having a

Onlg%z%!ftgjlcg]f ’tﬁ‘%g’( %ﬁ}r}/g,\ﬁwcﬁlso ame mpelt hopBNEEHR-ai ns a

1 B LA P o SR o UAD s
an example of an embodiment using hexamethyldisilazane [(CH3)3SiloNH 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 setina
weight of 5 kg, 8.5 g of a hexamethyldisilazane vapor is flown while diluting
with a nitrogen gas, thereby reacting the OH group bonded to the porous
body with hexamethyldisilazane at a reaction temperature of from 100°C to
1,300°C, for example, 500°C. At this time, it is considered 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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5 The present invention wll be described belowin

more detail with reference. §9.the Exanples, but thes@7/07/2006

Exanpl es are shown for the Tl1lustrative purpose.
Needl ess to say, it should not be construed that the
present invention is limted thereto. (Exanple 1-1)
10 About | kg of a porous synthetic quartz gl ass body

ins@Hicgsy Rhe GARESAL s 2B m3A0PED siiFfade %%Hiefi‘i}ﬂ 504 he OH
d by ane

havi ng a di aneter of 100 mm as obtaine
gioydrronasnsimthe ietsidec h Whes thaamowas isptopen a8 iguhe faregoing
| ass- made_furnace cqre_tube (dianmeter: 200 nm)
e¥hakla) (FBerifiralkn Greralatile sishavapaung in tthanalas ingeahstr of
: e _was ev ate heated at 15 ..
SRR 10 B S hE rRE URRR A Ge} B 5 Shpe m v
silfenpbess bblg), @afrhfbpareh® qLEFRESLbAIVBSWhRISRS O ot dif) is

reaction tenperature, and a hexanethyldi silazane
Preagrdr invelke frdblaof aheeqedrite rglgss aftbi [stntdivingt hnd thei ditrogen
an N2 gas, tlgtgeeby reactin% wi,ith the OH group in the
coRGHERtiay apdie carhem cppcegtiation,ats 50 Phan Be dedsniespastively

: : t £ t t 20 shown _in

io SOIinES: el tpE dma SR 18k, ARERRRS S g B dintatanas o

catbote cegpoan@riasaed ihdigs Qiffthe! Pt Mdly! ¥ind! i inside of the
supplying rate shown in the following  table is shown

suprect ahartzflass Hddywshdadkemkedt he N2 gas contai ning the

react] on as. After conpletion of the reaction, the
treat 8l eﬁ%‘gaf& by HRINGA; Vﬁﬁdﬁrsﬂ&conz&n@%gi Bodynelas number
f.er o v fLur the t erat ure .was .
of BRI 2 16 sl hemeRe MUl 07 88 KV AF L TREHS (bt in
thd Gilkcanpbien@r bodwed quatfd 8lask GRillyNHatRl N8R £
tenperature was fur_qt her rgétissed Ityo %,1630' C, 2 %rregb?%r 1o
hagbiz¢ancantratiden of hitrdgey anfl et itwninettezrayigass. 5088 m or less,

27/07/.2006, Table 1 Reacti on Supplying Reaction )
re%ﬁ’@ﬁg{’?lé{na@%ﬁ 3&%%%% g @ earcerizationopd Krybopnins the

raull:-é‘efe‘éﬁl tEml1ch édei‘@lﬂﬁb B}Shgissélaltglznaee c %8@0, :%i lg)la%k p%rléligg lis s]g'l'ved
out from the resulting quartz glass body to obtain a black quartz glass body.
Incidentally, blackening depends upon the reaction temperature, and the
amount of the volatile silicon compound and the reaction temperature may
be properly chosen according to a desired transparency.

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

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

When a halogen-containing volatile silicon compound such as

trichloromethylsilane is used in place of the hexamethyldisilazane, it is

possible to easily prepare a quartz member having a special function, which
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Exam 1, Examle j12 Hexanethyl disilazane 500 0.5 3 E

6xanpl e 1-3 T~i chl or onet hylﬂlane 500 1.0 3 Exarrpl e27/07/2006

1-4 Ammonia 500 1.0 3 Exanple 1-5 Ethanol 500 1.0 3

Chlorine 500 0.5 1 3 Experlmantal Exanple 1-1 '

Chlorine 700 1.0 3 Experinental Exanple 1"2

Hexanet hyl di si | azane 1100 3.0 3 Exp -inental Exanple

cohtBinkid holkean a@ndnOsudh a(sEé}ﬂHth%nlﬂ% duleds@dfact A an OH

experiment was carried out in the same manner as in
giBupnpltke idside. except for changing the reacti on between
a porous body and a reaction gas as shown in Table 1,
t hereby obtai ning densified synthetic quartz gl asses.

E@Mﬁ;ﬁgrl mental Exanples 1-1 to 1-4) As Experinental
e 1-1, a dehydration reaction was carried out

usi Nt ﬁ%\éﬁﬂﬁh@é}ﬁhori? Wlﬂrwﬁe&ég)eﬂ%él% [ Adrk bt BASwith

In Experinental Exanple 1- ehydration reaction
refwsnoataﬂdeMpba:s huttigise tRenpeylat are shawd fat tir iugtrative
concent t on usi ng hexanet hyl di sil azane. Experi_nent al

PYBO#a lgss tpssaghat | shopd awtbbk i Q‘?@SB’I‘mdh@lﬁéoﬂ@m present
m§é§{ﬁ$}ﬂgﬁ ?&éart(héregcloass body was carried out in a

rogen a ere. Other treatnent conditions are

(Ekhmpwwl)as in Experinental Exanple 1-1 and shown in

Table 1. Incidentally, Experinental Exanple 1-4 is
one Ahouhiktka ofiat proabugsanthetic qysirtd gles badw dOFE droup

ol SO T35 LBl B e Pl B SR
or SASHOP B I S FRBRESI R, i B uare
glé’s%lrﬁid@(}ﬁ@nace 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 a hexamethyldisilazan_e vapor was fed as a reaction gas while diluting
with an Nz 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 N 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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1-1 to 1-4 were neasured by the infrared spectroscopic

anal ysis and the nephel one rli_c chl orine anal ysi s, 27/07/2006

respectively, and carbon and nitrogen were neasured
by the conbustion-infrared absorption analysis and the
wat er vapor distillation-neutralization titration

anal ysis, respectively. Further, 5 the synthetic
’Iqmaert[z gI ass was heated at 1, 280" C and |ts Vi scosHy
dl llldl TPl ature—was nmeastt Ul ATl [N
met hod. Mpr eoveg,hhgs absof pttéﬁ?;glﬁlggfflmféggt“g Hfi o
nm was neasured by a transpttanme andl yzemn 1N the
Wxhhi@y1-0l Pt HeghOmdisiR@nd/| SEOSI T yoowas ghowno I n [t er ng
Ofxarnflei-2 | pgaHextuhethyddisiadape (| 0g T60 in Tabl es2. [These
Haamgle 53 of o Eniphdgpemptkdddlapend 10 shbifn i n |Tabl® 2 | Thed

B hﬂ*‘”*m%ab;ox—pt—!wn—eoai—f—l—&em' —at 3|

|
:-5'1 ad +hn 1\ I i Evam| a
o—t T u t —c

3

Emﬂﬁf,apt m 901hﬁnnn¢moent rati m ©o110Miat i b 3

; ponat 1280f C coeffnent—=Pmj Wi —Wi—00git)
mrel Exanp‘i{eéa’&eﬂfld@fa@% 1:)0 80114%. 4 2.519° Exanpl®
Exzriménts130 100 O 11.8 0.5D %nple 1-3 El 400 400
| Bgamiple 195 1. 000 EXAfBte 1-4 <1 <3010 520 12°0_1-500 "
Exanple 1-5 <1 <30 1000 10 11.8 0.440 <1 1000 60 10
11.7 0.090 Experinental <1 2300 10 10 11.6 0.100
Exanpl e 1-1 Experinmental < Exanple 1-2 1 <30 2800 3000

11.7 480 | mal Experinental I~~le 1-3. 250 <30 10
(ELW@EI% b2dod- 6‘)Experl ment al Exarrpl e 1-4 (Natural 170
. 1gn Q:pje%m?enqc S caxarrlé 111]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 1, thereby obtaining densified synthetic quartz

glasses.

(Experimental Examples 1-1 to 1-4)

As Experimental Example 1-1, a dehydration reaction was carried
out using a conventional chlorine gas as the reaction gas. In Experimental
Example 1-2, a dehydration reaction was carried out at a high temperature
and at a high concentration using hexamethyldisilazane. 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



15 Al of the synthetic quartz glasses obtained in

Exanples 1-1 to 1-6 - had a_\%és_cosity at the time of 27/07/2006

hi gh tenperature substantially the sane as the

viscosity of the natural quartz glass nmade of a

natural quartz crystal as the raw nateri al

(Experinental Exanple 4) and were hardly deforned even

1-b tot het hiegh Th@R@ERHY Eh&AMIrb ATEPdctrobi6sie AMHTPEIkCAd the

val ues of the viscosity .33- 27/07/2006 exhibited a

nsedicldmeirohleliae analywis, resprstizblboapdicenbanend indiregen were

at 245.nm Jn particul ar,. when .t he absorption

R RR B R A P e bsprasion a&aﬁsﬁ% And; Hg gvater

T P P 6, GOt b PRole aPmbively, OFurther
5 thbtsynheetid guadzlaer was talte®aarip280°C; hnldads atiscosity at that

absorption coefficient at 245 nmof_0.100, it _had a

TRRPSFAtEe Yo BRasHIebRY ofhexben anding dnebherdhi Maregver, the

| u .1 he Lscosity at_the.time of hi.gh '
DS B bEa ST RET Pl fBp e Bl oo lifage palyzer
X | iRRhAleREME 1 The® WML FOwAR BRI Cld | forh@Wof its
value of the viscosity at the tine of high
logarpdmait waduadlogonpam ébhble th tHesaatwukb a0 snmntarized and
| ass. a oefficient at 245 nm of

10 BoEcinirbe g Das Sclagiepal bewsen t abarpaien coethciont at
25 e YRo0EE £ B Pileh Tt Rt BIESPARRIR RS neen

a porous body and a reaction 15 gas as shown in Table

3, thereby obtaining densified synthetic quartz
TgblsZes. Table 3 Reaction tenperature Supplying

£

Reaction q@@&ﬁiﬁg as (10 ratetime(mpt7 try—hrs)—
Exanpl e 2- 1ghigxa t(%E‘I"‘f_ sill aZ¥re 300umEp 3 ‘i%pl eAlpapgim
Hexanet hy| chesitonz STETEET | 1orgoighon E)Eﬁ%‘ﬂ" 2-3 coefficent
Hexanet hy| dieei| a;'ang’p 0010 Exa e P- 400?‘8)( 066
Exqmpde 1-Fy perfimental <6h| oni nd0¥00(1. BO3 xanp2é& 241 2.510
Example 1-2 <1 <30 100 100 11.8 0.500
Example 1-3 <1 400 400 10 11.9 1.000
Example 1-4 <1 <30 10 520 12.0 1.500
Example 1-5 <1 <30 1000 10 11.8 0.440
Example 1-6 <1 1000 60 10 11.7 0.090
Experimental .
Fxample 1-1 <1 2300 10 10 1.6 0.100
Experimental
Example 1-2 <1 <30 2800 3000 11,7 2.480
Experimental .
Example 1-3 250 <30 10 10 115 0.000
Experimental
Example 1-4

" Natural 170 <30 10 10 11.9 0.000

article)

15 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



Experimental Exanple 2-2 Trichl oronethyl silane 500
1.0 3 Experinmental Nitrogegg500 1.0 3 Exanple 2-3 20/07/2006
(Experi nmental Exanples 2-1 to 2-3) As Experinental
Exanpl e 2-1, a dehydration reaction was carried out
~using a conventional chlorine gas as the reaction gas.
As Experinental Exanple 2-2, a dehydration reaction
evhibitedr a ipeditowet carselagion3¢ith2the0@bd@ption coefficient at 245 nm.
trichloronmethyl silane as the reaction gas. )
Ieypratices arhen 4hg) absorpties ensEiqientyias, talsn 45 Brmshef a
r L 2 . at ere
IR R ALY MY SRS Bk ABehR REES <
gl asses M erHeRtIAME khowgHEThet §gmthafle u28t BBiNs obtained in
conditions_as in Exanples 2-1 to 2-4, except for 5
5 Egharigiengak Reampieciilohabenwdenritinn greffacienbatii4aman phe.100,

R B PR A0 e IR L e o e

di1 : n t .
v Lol i B (Saesieer TRo bR Mhartn elass
obtigah td &lxipefim etk FHxaensle nics rixhiiita an caipbeftly low value of
concentration and nitrogen concentration remaining in
. theheispess at tap e oz high teseperatunenas ¢orsparsid yitdy the natural
1,280.C were .neasured in.the s ners as in .
10 apgdf e sh0 TG AN FURTRGND CORPOING s Aip) dluibsantially
sMsually discrimnated. The results obtained are
shown in Table 4. Incidentally, in Table 4, the 15
(Bstzgaples 2yl v@3-4hown in terms of its |logarithmc value
(log il). Table 4 Hy&wB4 Chl =e Carbm M f~ V] 9MV 90OW
oonmtAvb GHPRRHBIEEYh Wah eatried pthin the eamecmennenwdgrimaBrample

| < 1, <30 40,50 12..1 M E=4AeH <30, 100 ..
g5t RRARETSREIR5oH0R P e 3067005 bpSy SHokEsRATtion
15 gas las<S0wnr O 21%%1&%’», 31:}@1'%3! obtaining densified synthetic quartz

glasses.
Table 3
. Supplying Reaction
Reaction gas Reaction (t%n)aperature 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 Chlorine 700 1.0 3
Example 2-1 :
Expertmental . .
Example 2-2 Trichloromethylsilane 500 1.0 3
Experimental .
Example 2-3 Nitrogen 500 1.0 3

20 (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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Ewmenbi < 1 2300 10 10 11.6 Mm xwent Exanple2-1

Ewebnentai < 1 Emm&2-2 500.§@-1O 11.9 Trmspner & 27/07/2006

Evhmmt al 250 <30 10 10 11.5 awgwent Nabiral ardde 170
<30 10 10 11.9 SMMWt As shown in Table 4, all of the
quartz gl asses obtained in Exanples 20 2-1 to 2-4 had

a viscosity at the tinme of high tenperature higher
tfibRlordmethylsidaosid theofeattien gas.ur Bkpatmehzali@anple 223 is one
natural quartz crystal as the raw naterial and were

i 3y ek hﬁjsfl@g 9 dheviearons, bee wag parréstberhinran Ngmatmosphere

7/2 th th h h
LS B, ST, T L g P e
u‘hﬂ@f ‘@HQ RhiedgRYfihah€conditioRads anEﬁmbE@ gy 2-4, except for

concentration of chlorine; and though the quartz gl ass

changingethiemeeaciion Brtwgsinetie Dovers tbhgyoirghlthe reaction gas as
eh draj‘fagil it was confirmed to have a residual 5
SEOWRARL LS 8n of chlorine of several hundreds ppm In

th ot
hy S , g{%s H éﬂragh?'&slf g%cle Eéﬁ% ngn?gﬁ@{a aE)ﬁad@RILaq @'% itz &?ﬂ:al was

camutdd aftoWhigeiaraglash ARYieheltshd @let éﬂ dxgh@aﬁ@enmﬁne was
viscosities at the tinme of high tenperature of the
uepthrt z gl asses obtained in Exper| ment al Exanpl es 2 1

to 2- a value a OXI the sa as
o Wit gfouis coRs TRt Olaine yCongEaatiag, arbon
coﬂ?:@i’i‘&abﬁn-rﬁ?& ‘ﬁlt‘l‘o%eﬁ E&{b%ﬂﬁra%fbtn fblffi‘éﬁﬁn% Hﬁ?ﬁe gg%ﬂ%ﬁg quartz

wer e tal ned reacti on tenperatur

](aEs aﬁﬂlthe Zridcpsith OR'124(PCampleemdadiredrid theGaad iaamprLas in
respectively; and a black quartz glass body was

E@@m@ﬂ&h 4. atAlgodeciolaof the aperiatglaes whs viopdlycliseriminated.

The SBFRIES ahtaisisnt Dk ShEva 0 g EPIA -l f‘»ﬁﬁegéaﬁgdm Fapfged, the

V30 B8R0 98 ihenFYBRLebeckinASR vafaulbe )1 21| of

SOrptiton cos f|C|en of 0.05
cml or nore was obtalned (Exanmples 3-1 to 3-11) An
experinment was carried out in the sanme manner as in

Tebladpl e 20 1-1, except for changing the reaction

DET WEEN| a tpdd@Us DOody and %reactl an ga‘ S _shown in
Tabl e 5] thepeby OBt niing %I fi t he quartz
(opm) (Epm) {ppr) Gogn)

Example 2-1 <1 <30 40 50 12.1 Transparent
Example 2-2 <1 <30 100 80 12,4 Transperent
Example 2-3 <1 <30 200 100 12.3 Fransperent
Exarmple 24 <1 <30 1500 220 12.3 Black
Experimental
E e 21 <1 2300 10 10 11.6 Trensperent
Experimental ;

| m 1699 <1 500 40 10 11.9 Transparent
Fxperimental :
E 693 250 <30 10 10 11.5 Transparent
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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gl asses. -36- 27/07/2006 Table 5 Reaction Fee

Reaction Reaction gas tenpggature rate tine (cc) 27/07/2006

(mol /hr) (hrs) Exanple 3-1 HomreffiyOk% oxane 300 1.0

3 Exanple 3-2 500 1.1 3 Exanple 3-3 110~~ 700 0.9 3
Exanpl e 3-4 Hexaneffi Al i sdoxane 1000 1.1 3 Exanple

3-5 1btmmefl xwj.sLne 700 1.1 3 Exanple 3-6
earahinexyneOnythel dher 180d,1thbugh theampires glads of Experimental

E‘{Wme”l s ny~S| b d 70%@Y1]a§ﬁyé;%2gfeltgslgad a high residual
SRR oy, ETRAR 238 o Bopg

Ekam?plé 2-7Q8s lh&ro@gﬁ[? déhydtrhtd REfihaBReh Rl m AMEPRERVY & Qesuiual
1.0 3 no Exanple 3-2 Experinental Exanple 3-3

copgengratioroof th@r@e(éqg@emiémradreéﬁm eslmgthe gua@z:glass of

Ex | dehyd
Egenitionn LEednt s Fedosfl, BRoRaRe BRALFR LS §king in
vA&ud, RBe LeRAH LT WIRSh wdb, BoRRVEIRN:Atly 16k © Wicdvistosities

dehydratl on reaction was carried out - usi ng an ammoni a

apathe démbhef r bgght |tempgmurExpﬁruhmermmlrtzE>@a$ﬂee 8bthined in
one i n whjich baki rous hody was carrjed

Egperimengal E@a@alaesgﬁg A &igghx%meﬁwvalugua@@rw@ately the same
"bBearhan tadertaing dieee G Guiln i BEnnT SrRE n Table 4
NSRS Riaktd Blads bhdic® W OR! oftQindd 809 1BSctidiE temperature of
300°C (Example 2-1), 500°C (Example 2-2) and 700°C (Example 2-3),
respectively; and a black quartz glass body was obtained at a reaction
temperature of 1,000°C (Example 2-4). Also, in Examples 2-1 to 2-6, the

absorption coefficient at 245 nm was measured in the same manner as in

.Example 1-1. As a result, in all of these Exémples, an absbrption 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 guartz

glasses.
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as shown in Table 5. As a.pgtural article, one in 27/07/2006

which a natural quartz crystal was converted into a
quartz glass upon nelting by an oxyhydrogen fl ane was
used. 15 The hydroxyl group concentration, chlorine
concentration, carbon concentration and nitrogen
Tbbhﬁ@ntratlon remaining in the resul ting quartz gl ass

amd—the—viscosi ly at 1, GU kReM\&_:‘i[)IF llj‘dbl,”l;(-e‘éh T lHRea%ME

manners as i NRe..ExaRl el -|1. Mhefiurd hel colet of [thetime
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akiildred ar eHeshamiislizme Tdbl e 6300l nci dentakby, iln Tabl e
Exangtecs-2 37 - i ' i
difkannled d o )
BEamplad-d . §
a,mple,ﬁ 5“#!’

gample 36, | Thmethoxymet N

Fample 3 TP culpl c
%amlp.edgglv EXAnpi e 3708 <L I3
WM id £ 1 ) =& <1 31500 220 VB BKK
Exaim)zlﬁoS-S <Imetside 200 (100 178 - M algwat 1.1 Exanpl e 3-6
E1ampB0-1200 1 08nMidsbieyvadent  Beanpl € 3- 71.€k1 <30 200
EQQrih@Bal Vanvva%lqn%Exan'pl e 3-8,;51 <30 200,400 123
| Prempt3-1 E anpl e 30 ?ﬂ?) 100..11?23 Q Mnt | Exanple

gmfem@%h <p0o 20@ma@9 12,3 Ufffigomt {Exarmpbe 3-11 <3

xampl 100123 Een i nt Al 1_292nAlin 1n
UU—IZO J., u\pC| HYenRtaon I 200U XU IU

Peniiclohat mtmspl e 31 Exp®eimentjal <L0<30 |10 1600
V\L|~ t Exanpte 3-2 Experimental 100 =So 1010
115 angwea

==

(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 réaction gas. Experimental Example 3-3 1s one in which baking of
the porous body was carried out in an Nz gas atmosphere without using the
reaction gas. Densified quartz glass bodies were obtained under the same
treatment conditions as in Examples 3-1 to 3-11, except for changing the
reaction between the porous body and the reaction gas as shown in Table 5.

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

The hydroxyl group concentration, chlorine concentration, carbon

- concentration and nitrogen concentration remaining in the resulting quartz

glass and the viscosity at 1,280°C were measured in the same manners as in
Example 1-1. Also, the color of the quartz glass was visually discriminated.

The results obtained are shown in Table 6. Incidentally, in Table 6, the
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in Table 6, all of the quariz.gl asses obtained in 27/07/2006

Exanples 3-1 to 3-11 had a viscosity at the tinme of
hi gh tenperature higher than the viscosity of the
natural quartz made of a natural quartz crystal as the
raw material and were hardly defornmed even in the
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and the tenperature was raised to 800C and kept fo
one hour. while flow ng_1 nole/hr of an H2 gas.

Ther &4 shawn imdaple8sall o \the qw@uglégsq%oma;@ezbﬂsﬁlﬁﬁmyles
. ) and.the te ture rai sed to
33rtg $LB baGF VisdSing 4 Uhr oot diey EBrraty e HleRhiban the
Vléﬁﬁﬁgr(ﬁ{tﬁﬁ%atu}—gpgﬁaﬁﬁ@%n&%‘%f Qtﬁa&khﬁlﬂjq@ax‘%% ey dtheds the raw
tranSparent quartz gl ass. 15
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 gquartz glasses obtained in Experimental

Examples 3-1 to 3-3 exhibited a value approximately the same as or lower
than that of the natural quartz. Also, transparent quartz glass bodies were

in Examples 3-1 to 3-3 and 3-5 to 3-11; and a black ‘quart.z glass body was
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Table 7 (a) Reaction Su 1 rate Reaction Reaction gas

temperature ( Sing tine Qggollhr) (hrs) Exanple 4-27/07/2006

HownedwM st | azuie 500 1.1 3 Exanple 4-2 Heranme 500

1.1 3 Example 4-3 Bexaneffiylffistdazme 500 1.1 3

Experinmental Ihlome 700 1.0 3 Exanple 4-1

Experinental Exanple 4-2 plane 500 1.1 3
o&am@éd e Mkedmpleadpl. e f‘ﬂlséﬁ, N Fxageled@01 X003-31, the absorption
Experi nent al Exanple 4. lgz3re 500 1.1 3 39-
cEfiopnbed 645 () WA nea fn the Fampmanger petrBrample 1-1.

AFl o8 Ehn %ilé%éflﬁsesﬁlbamég 1)1 g%ﬁgrg)%l&%dg)eﬁﬁcﬁgrgt o]f (}09 cm’! or

m%%@%dsmgﬂedaanpl e 4-1 Exper| ment al Exanple 4-2 800
Experimental Exa ple 4-3 800 Experinental Exanple 4-4

(Eﬂmmelébl)ﬁl 2) As shown in Table 7, the experinent was

carried out .in the sane mannéasm Exanp |e4cﬁ}
exceptl feFPeTIEIeRy ‘ﬁ%@(éﬁ’érﬂfﬁgpﬂ’? i thg same mangpsr agdnchxample

I%ﬁ%xbﬁatpﬂog%ﬁaﬁ 11%'1%9%@%}5 gL&) | adfF06s Y889 and a reaction

ere
gas as shown in Table 7(a), thereby achieving the reaction of the porous body

and the reaction gas. .Thereafter, the treated porous body was transferred
into a heating furnace, and the temperature was raised to 800°C and kept for
one hour while flowing 1 mole/hr of an H» gas. Thereafter, the pressure was
reduced to 1 x 10 mmHg or lower, and the temperature was raised to
1,500°C and kept for one hour, followed by cooling to room temperature.

There was thus obtained a densified transparent quartz glass.

Table 7
()
Reaction Supplyine rate Reaction
Reaction gas temperature I)(I:;;ll?fr) time
(°C) (hrs)
Example 4-1 Hexamethyidislbzane 500 1.1 3
Example 4-2 Hexamethyldisiloxane 500 1.1 3
Example 4-3 Hexamethyldislazne 500 1.1 3
Experimental Chio
Example 4-1 700 1.0 3
Experimental .
Trichloromethylslane .
Example 4-2 500 L1 3
Experimental
Example 4-3 Nitrogen: 500 1.0 8
Experimental - . :
_Example 4-4 Hexomethyldialazane 500 11 3
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densified transparent quartz glass. (Exanple 4-3) As

shown in Table 7, a porous. fipdy was reacted with a 27/07/2006

hexanet hyldi si | azane vapor i n the sane procedures as
in Exanple 4-1, and the treated porous body was
transferred into a heating furnace. The tenperature
was raised to 1,500 C and kept for one hour while
M owing 1 nole/hr of an H2 gas, followed by cooling
toToonTtenperatjure. ipjere was —thus obtai ned a
densified transparent BiEPFY gl ass. | 15 (Experi nent al
Exanpl e 4-1) As |Experipental. iEanple 4-1, a
dehydration reactiopcwas | @adli@dmpout using a
rnn\/gnfi nz:ll chl nrigoz gas as *hTQrﬂaCti‘on gas. A
allar fsample 4ol had\ s ot 21 naditnd :
G gl aae— bady il opraried padpr the Same @ hat
=Lflhgig;gela%6.4}3\JII\I:‘|I :I UIII%O \"D‘ 1 Ill ;(J.Iltl:!-gzéd= y d h p ¢
o erimettal Brample 21 v'ﬁEcu_ the porgus—] y and the reaction
ARl LR A [CT Bt ap show N Tabl e 7_ and t hat
EiHerh LEA LNl 48 LT _adp 2| Jqs [Wagg npt carried out.
R pelk el 4a8XANpl € 4-7) -Efperinental Exanple 4-2 is
-one in which a dehydration reaction -40- 27/07/ 2006
was carried out using a trichloronethylsilane, gas as
(B8npigacdy on gas. A quartz glass body was obtained
under the sane treatnent conditions as in Exanple
4-1, Axeshpinfior Taklery, tlg exgeriinent eact caynedetwiean thdbeame
por ous bod and the reaction gas as shown in Table 7.
mynpex g6y nBxeEpledbpercent Jor mepy haswngthydisilorang as the
I.S,.one in i ch ki,ng of .t he.porous bod was car.ried
rogiOf ol T PG RE e Biesh ERRRIAHE VABPY gffy Hibliifg o
ddrf#fdd 89ndpsrent Guldefz lng@t nent conditions are the same
as in Exanple 4-1 and are shown in Table 7. 10
(HxExpeeidn@nt al Exanpl e 4-4) As shown in Table 7, after
reacting with the reaction gas in the sane- procedur_e]?l
as | MExEWE m 2Tablke &1 datR¥OPSr QY bBWp Weacted with a
transtery.ed into a vacuum furnace, and the
helapEIdindgils vdhor 4 8 oty RReGauRlihs B Expppple 411, and
thR! BRAME PHRsud G FalOtrhnbfehPod MBI Hoake FurBRE. The
the tenpérature was
temperature was raised to 1,500°C and kept for one hour while flowing 1

mole/hr of an Hs gas, followed by cooling to room temperature. There was

thus obtained a densified transparent quartz glass.

(Experimental Example 4-1)

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

(Experimental Example 4-2)

Experimental Example 4-2 is one in which a dehydration reaction
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15 further raised to 1,500 C and kept for one hour,

followed by cooling to roomygtenperature. There was 27/07/2006

t hus obtained a densified transparent quartz gl ass.
(Experinental Exanple 4-5) As Experinental Exanple

4-5, a quartz glass prepared by nelting a 20 natural
guartz crystal by an oxyhydrogen flanme was used. The
whapdearxigd @riougingom denhloxbmethylsibdmr cae asotheerdactibnogas. A
carbon concentration and nitrogen concentration

IRakE §rergbedy Pae q@gmedi weflegudier samae frpadmend copditions as in
E\f('afiﬁﬁg '4% ae?r%feét %&%agﬂ;ﬁ@rgeo %?e%&i&g btetz](ﬁeg‘l‘?l [Eﬁ% gam%lfs:ﬁody

as I'n resu ained are'’s

aRakhe réactioncia Sdwh i Talle 7Tabl e 8, the viscosity
was shown in ternms of its logarithmc value (log 11).

(Emimquwmleﬂa@l e 8 Hydroxyl group Chlorine
conc et hEHEd BReARP R in OB 1 Beutba s R eyt Pody

. . 1 . - . .
AT 103 o S ot 4 o o

O1RetGtrebtpett ¢oRiditadns<dre23RGaite dDinlBxompxapirel drelshown in
Experi mental 135 <30 10 6 11.6 Exanple 4-2
Tahlgeri mental 100 <30 30 4 11.6 Exanple 4-3 1
<1.<30,,100 80 12.4 xperinental Exanple

(R Fimeias G ena i article) --Flo 10 11.9 Al of
the quaLh #v9 h@%ﬁﬁee@,gmémgcﬁﬁ% S APAE Pe fbtibnl $asdindhBdd me

a viscosity at t Ine o h tenperature
pexcpdineks tals in Hxginepleth antHehtee sied @osdiyybody whs tihmsfiated aito a
V% i%taqurl%?:g, a?xid ?hg ?énl:{{)glll'atagea\r?vtzé rg{s)éﬁttglw%%(f h%‘hre?ggifter, the
pressure was reduced to 1 x 103 mmHg or lower, and the temperature was
further faised to 1,500°C and kept for one hour, followed by cooling to room
temperature. Th_eré was thus obtained a densified transparent quartz
glass.

(Experimental Example 4-5)

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

The .hydroxyi 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 ).



10

15

20

and were hardly deforned even in the high-tenperature

environnent. On the other. Lﬁand, t hough the quartz 27/07/2006

gl ass of Experinmental Exanple 4-1 was thoroughly
dehydrated, it had a high residual concentration of
chlorine; and in the quartz glasses of Experinental
Exanples 4-2 and 4-3, OH renained. 10 The viscosities
Talletghe ti rre of hi gh terrperature of the quartz gI asses

ac A

aht ad ar
UIJL Cll IICU IIH 5} IOIlIlCI ClIIPI < N“{ - VlSCOSlt
exhi bited 3 géﬁérg@ \I;VE con&J t1J'nh Q:Bncglﬁratngnh coﬁ:@itfﬁ at 1280%
quartz. Theg visggasity [at ¢he tijme @fm)hi gh t@ﬁp)er Ulh€n)
PlambldG-1 JuartZ gh,ass gpt alpEd TN EXRErT NENt alg EXalph£s
frathpR ¥Rl DI [[€d a Mal ue [Towefp trjan tgaoSe pf The quartizs
Btaaps @3 obtlal necku n EXanpkses 4-[1 tow4-3.]{ Als@, inj 1526

Eyatgdnes 4-(1 to 4-3, tihe Qgta§orpti on_locoeffi ciﬁ)nt at %]165

 Brampld-lneasured in tHe sane mAnner as.ip Exanple
E@ﬂaﬂe{ﬂ@éul ti, ingd!| ofl these EXanplgs, @an alBsorpti ane
-JFQEJP h :2| gnf af 0O AL e~ nmrla _wnoe skt ing A Al

Fal
> UL T LAY T U UJ OTir 4L Ul moT|C VIO \vawaY T TTC U, ~uiouU,

Fﬁmﬁtﬁa f tlhe cas® whdre tbe rgactid®n and hedtingl 116
B JENT (were carrigd out 1 nja m xed gas at nosSphere
male B@xangt hyl dilsi | agane <¥aporl  2d°nd an H? gas| adt*
Lheidakl Ng [treat nent vias then darried ouf under @
Eweapleed prgssure’@and tlhe e3se whereiot he feactd on, | t hes
H¥atniahgytidlo dat ment and |- 42- 27/ 07/ 2006 baki ng
treatment were carried out in a mxed gas atnosphere

of a hexanethyl disilazane vapor and an H2 gas,

synt gl iof theaqtiartgl glases bleaingl én VEisonpldsy4dt t6 Fe3 had a
time of high tenperature higher than the vi scosHy of
Vlﬁ(ﬁ’éltﬂﬁttbﬁglmq&élhﬂﬁ h tergpexsture expligidy haghen aéﬂ;l@ﬂarscosﬁy

of s puiineg mite 60 BecheA dlf formta Lt Ha o ofpefal
arﬁyﬁveté‘ hhﬂﬂﬁs&é}‘ﬁmﬂ@@ RSEn 38 the h@%‘ﬂ&hﬁeraﬂtu}e eﬁ’&ﬁ%ﬁhaefn@r On
changi ng the reaction between a porous body and

theagbér handgélsowgsh shwynaita gladd ef Bxpelriareatiyl Elxampie dgl avas
densi fi ed S(irm hetic quartz glass.. 10 Thereafter, the

thamahiy dehxdratedyithed 2 haghsresidual qoncentrapionsd ghlorine; and

in, 136 01 el %ed P eRBent Eramifes FRRAE itk QitfEmained
THerkﬁséUsﬁ?fMﬁﬁéﬁﬁm%%f ?%:gﬁéinﬂex%@@ré‘&’l ueit? Slasses obtained

keepi ng for 2 hours, system was cooled to room

in tRxypeiméntad Fangnples il nadebdsixhiiieddi nnedut dowethan that of
at nospheric pressure, and the quartz ass 15 body was

the gleduralquartae TBe NiBGosHY fathes tighe of %bghi;temrature of the

qu%rtzvélggg o{)tameg 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 cbefﬁcient 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 reactioﬁ and heating treatment
were carried out in a mixed gas atmosphere of a hexamethyldisilazane vapor
and an Hs gas and the baking treatment was then carried out under a

reduced pressure and the case where the reaction, the heating treatment and
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_ nmeasurenents. (Exanple 5-2) An experinment was carried
out in the same manner as iLggExanple 5-1, except fo27/07/2006

changi ng the reaction gas condition as shown in Table

9, 20 thereby obtaining a densified quartz gl ass

body. (Exanple 5-3) An experinent was carried out in

the sane manner as in Exanple 5-1, except for

bakanyi mrgaﬂﬂnmﬂorvmsu caziely dutead neninitahdidsi abmagshieist of a
t he i f] quartz gI ass_body as shown in Table 9,
hemamehyy gk Zﬁpﬁgaaor ond @anHp gaéoﬁyqx!ihe&lQ qyreizlnwey having

T ctin
AR i, S B e Ruie o, ot ZRE VS Hkify of the
nS8ie:] R RE e AR 65aidhtEXa Pl tp chystaDd a@rﬂi@ "i-'aar fdSeridNere
anNZi;as were fed at a flowrate of 1 e/ hr,

Ob@p@@ kewise Exmaplasyd-Bdodad.ryi ng out t he treat ment at

CI % hours. After conpletion of the -43-
P12 d reaction, a baking treatnment was carried

out 'Rntéis&)&ﬁﬁ‘&l%ﬁ@%ﬁns}\gd o #PtAIRAE il de in Bxample

pressuri zing treatnent en carri ed OL

lelgretcéptofor ahashnthidrebabibs Hbtwhee mepyroebihad |Eﬁﬂ & reaction
densified quartz glass body. 5 (Exanple 5-5
g@ﬁ@%ﬁhmn 1 Wablec%\ rtheredyobtaining helegarfmdr@mmhtatnaquamz glass.

ThES: hf}ied AR baﬁiwa?éﬁgdﬁ e nﬂgiﬁtota ProssIEs fprnace.
1PhnaAr ?gﬂgﬁ%ﬁe&a%&%g{p‘ﬂ% Ao e g&ﬁﬁg tt8”1 &6@06‘519 100°C/hr,

m xed in Ta th ere

aniéngi fhedaquatinge gtlas préndye #as (I'Ei@%ﬂptcﬁ 150@ k@fbnﬂ After
exper i nt was carried out in the same manner as in

kesping| or B-housy cdbst sysiem avaﬂsezmiedhgoldpgml teaperajuze and
iR Bararas it the B din aa%ﬁré’rfaﬁd;%e quartz glass
bd(dgiﬁ%@btaké’@bﬁ't ni PHe é}e&ﬁ!’:‘ﬁﬂ ol 4t P A A0 DGV ded Tor the

anpl e 5-7) An experine t was
meagrefdNter as in Exanpl e

(Example 5-2)

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

9-1, 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
9-1, 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 N2 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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5-1, except that a trichloronethylsilane gas was used

as the reaction gas in plage.of the 27/07/2006

hexanet hyldi si | azane vapor as shown in Table 9,
thereby obtaining a densified quartz glass body. 20
(Experinental Exanples 5-1 to 5-5) As Experinental
Exanpl e 5-1, a dehydration reaction was carried out

réiftiog, a bokingntieanabnt NNy taeidasunsntihe $086thaAngass in
In Experinmental Exanple 5-2, a dehydration reaction
Evampdards isad »mressirigna inentizerdswahdhen eacripdwugasmderrihe

Experi nent,al  Examplies o-.3 and 5-4. .a dehydration 2
coriiibn O v i TR soet ey hiaimiRe rar Berlaguiie lass
bédke reaction gas. Experinental Exanple 5-5 is one in

whi ch baki ng of the porous body was carried out

(Kstarmplet5-8si ng t he reaction gas. Densified quartz

gl asses were obtained under the same treatnent |
condi4R SFReHEENG EBHAFIEedsout pfhe samer Ranpneyas in Kxample

L

1 bedie/me of AR AnPheaRUSdZw A9 fdd £atHEERE ctidd pad 408 1hikeAGs shown
was not carried out. (Experinental Exanple 5-6) As

inERyJde intimaraby Bktaiping 5 dénsifieduaratrtz glassbody epar ed by
Egqtelti n\%’z@ natural quartz crystal by an oxyhydrogen
( ®Wa® used. 5 Table 9 (a) Reduction treatment -

e e e m e mmm e mmmm e i '
supp( b RRSLECB AL IREO 0 i 0 el ol Ipeomolc

5-%,- gﬁcrﬁgt/tna% a Mg&a%aeeﬁyld@imga?@ gﬁg Jv%a%O@Es),(eu Qsl ﬁugresa’@%i%ﬂpéa% in
plaé@mtét g(ha:asneaeiwa_mselt]g;lgiesil}izgge vépor as showa:angneTal-Jle 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 53 and 54, 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 pressﬁrizing treatment



500cC Exanple 5-4 Hexaneftl 1i sibzare 500 1.0 3.0 3

hour s

Honmedw! L- Ume 500 1.0 3.0 Exanple 5-7
Mkbl ommret hyl sflane 1 500 1.0 3.0 Experinental
Amywns

1.0 3.0 Chlonne Exanple 5-1
500 1.0 3.0 Exanple 5-2 Experinental

Experi ment al

Exanpl e

whie mot t4iryebido . azane 500 1.0 3.0 . Experinental

. Hexanet hyI
(sxpsermental

i sfl
KaARE

: e

800 1.0 3.0 Exanple 5-4
500 1.0 3.0 Exanple 5-5 Pressure

Exanple 5-5 500 1.0 84 0 +ammtnma Exanple 5-6 27/07/2006
1 500

5-3

(i <)% EimeFIPREAT YA Fatd B35 Mttt Rlact keb S0P psiine o

nZturEK @RI E cBysdall¥P On 3x$Ry dfosanBlagndSwis 1464. 1000

Table 9
()
Reduction treatment
Reaction Supplying | Reaction Ammonia
Reaction gas temperature rate time treatment
C) (mol/hr) {hrs)
Example 5-1 Hexamethyidislazane 500 1.0 3.0
Example 5-2 Hexamethyldislazane 800 1.0 3.0
Example 5-3 Hexamethyldislazane 500 1.0 3.0 . -
500C
Example 5-4 500 1.0 3.0 3 hours
Example 5-56 tammonia WS 500 1.0 3.0
Example 5-6 Hexamethyidisiloxane 500 1.0 3.0
Example 5-7 Trichloromethvlsilane 500 1.0 3.0
Experimental .
Example 51 Chlorme 500 1.0 3.0
Experimental A . 500 1.0 30
Example 5-2
Experimental .
Hexamethyldislazane . :
Example 5-3 500 1.0 3.0
Experimental .
Example 5-4 Hesamethyldislazane 800 1.0 3.0
Experimental
Examplo 55 Nitrogen 500 10 3.0
)
Pressure treatment
Temperature Pressure Time
(C) (kg/cm?) {hrs)
Example 5-1 1400 1000 2 -
Example 5-2 1400 1000 2
Example 5-3 1400 9 30
Example 5-4 1400 1000 2
Example 5-5 1400 1000 2
Example 5-6 1400 1000 2
Example 5-7 1400 1000 2
Experimental Example 5-1 -
Experimental Example 5-2
Experimental Exanmple 5-3
Experimental Example §-4
Experimental Example 5-5




2 Exanple 5-5 1400 1000 2 Exanple 5-6 1400 1000 2 .
ExaLngl e 5-7 1400 100 Expegjg rental Exanple 5-1 27/07/2006
Experi nental Exanple 5-2 perinmental Exanple 5-3
Experi nental Exanple 5-4 Experinental Exanple 5-5
-45- 27/ 07/ 2006 The resulting quartz gl ass body was
measured for the hydroxyl group concentration,
chlori ne concentration, carbon concentration and
concentration remaining in the subject

ni trogen
quar tﬁhegmy%ti% gueria slassdwsdywasaneagupddgothe hydnoggl group

sane nners-as _in Exanple 1- 1, A bubbl enerati on
oREReragst \lotng Aol gt tier obaR: ApcanGangnoa Merogen
cohc8RRafiohOFe RARIAO UL (He VAGER qaRezVaiaualdnd eRnkidealiBg at
bubbles as newly generated in the inside of the
5 128030 en dhe samehmaneets. asTheExesple - bbtAbobbleaganesiaibom test

|nyTable 10. Incidentally, in Table 10, the vjscosity
( EHOGHTIN 08 P UAting sygBle ath kPO Qéﬂwwhm Bgracuo

1 R g
ol b St b D ST e R SRR 0B Y of e
sadh ¥l afeRDERt @sdt. (PREQesEEMbtabidd (ARMEh&RENIn VA(BIle 10.
Exanple 5-1 <1 <30 10 10 12J 1%bubble Exanple 5-2 <1
IncBipnigily idAable 10, tebubédsity Exasipiven 5n 3exms of&s 1@gardthmic
33!2. épr)bubbl e Exanple 5-4 <1 <30 10 400 12.2 No
10 vadpe P& M Exanpl e 5-5 <1 <30 10 400 12.2 Nobubbl e
Exanple 5-6 <1 <30 10 10 12.1 | Nbbubble Exanple 1,1 1
<1l 1500 10 1 1%bbubbl e

Table 10
Hydraxyl group Chlorine Carbon Nitzogen Visoosity Bubhle
concenbation | concentratim | conentratim | concenfrafion | 8t1280°C | geperationtest
{ppm) {ppm) {ppm) {ppm) oz n) VAC
Example 5-1 <1 <30 10 10 12.1 Nobubhle
Example 5-2 <1 <30 1000 400 12.2 Nobubble
Example 5-3 <1 <30 10 10 12.2 Nobubhle
Example 5-4 <1 <30 10 400 12.2 Nobubble
Example 5-5 <1 <30 10 400 12.2 Nobubble
Example 5-6 <1 <30 10 10 12.1 Nobubble
Example 5-7 <1 1500 10 10 11.9 Nobubble
Experimental <1 1900 10 10 115 Nobubte
Example 5-1
. Vigorous
%’;‘;ﬁ‘ﬁ:ﬁl <1 <30 10 520 12.0 bublie
E i al V Bubble
xperiment
Example 5-3 <1 <30 100 80 12.3 generation
EE’;P;;;I’;I‘E’?_:I <1 <30 1000 400 12.3 bubble
; j
xperimental ‘
Example 55 100 <30 10 10 11.6 Nobubble
Natural 170 <30 10 10 1.9 | Nobubble
article

All of the quartz glasses obtained in Examples 5-1 to 5-7 had a
156 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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xpeEe7nta~l T Experinental <1 1900 10 10 11.5 No

bubble Exa le 5 1 Examle g1 Experinental vtmum 27/07/2006

Exanple 5-2 <1 <30 10 520 12.0 bubble Experinental <1
<30 100 80 12.3 Bubble Exanple.5-3 gnffabun VWXOUS
Experimental <1 <30 1000 400 12. 3 bubble Exanple 5-4
genenban Experinental Exanple 5-5 100 <30 10 10 IL6

exMrbiwﬂtd BighNanfieththigetdngiRnindht<30nltheléthbi hAnNothoigh the
of the quartz gl asses obtained in Exanples 5-1 to

q@arxz gkabsaf Expevinsads] Eyample frd Wamﬁmﬁumhlgtdehydrated it had
eratrur X1 mat e ual t her.than t

2 b qepttel PR RAReH of ChiARR, ahddBdp B kishoah: (18 the

qﬁéﬁ%t%lagééésBﬁlE rithd}ital A ARPREI §lo, (£5Pghl nBat %hou%h the

e 5-6) and were hardly deforned -46- 27/07/2
vm@@mtyl washmmpgiabﬂcem@eshat woif ethennamn'ahtelmnartm nimenhetr hefr air

bbb atert HoPeTRIRTL B D BEE BIHAcH! B gRoRty Tl

T .

sl?g?ﬂlﬁicﬁvex{ebo !alﬁh thBeviSeokity GRgd 1ot Waﬁls(éoﬁpfﬁﬁbhﬂeé 6-1 hats-7,
the natural quartz, a nunber of air bubbles were

thyeatesomtam caafficient ahém nar wasghemssired nEkpesime mmatner asin

le 5-5, OHremai due to baking ip vacuo,
E’é&iﬁgg%léf W51 2 FeSHs 10 ﬂﬁwgimse Examp wmag\%@@@n@ cient

Vi SCQsi t in Exanples 5-1 to 5-7,

of (s SSSPambEs WA abfilbedin: ac ' 245 i was neasured i

(Exgglﬁ@rq;el)rmnner as in 10 Exanplel-1. Asa result, in

all "of these Exanples, an absorption coeffl cient of
0. 05 At 1dkg ofta poncas body af neglar{zExlaspbedys(QH group content:

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

Thereafter, the temperature was raised to the reaction temperature,
and 1.9 g of a hexamethyldisilazane vapor was fed as a reaction gas while
diluting with an N2 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 N2 gas is 1 mole/hr. After completion of the reaction, the treated
porous body was transferred into a vacuum furnace, the temperature was
raised to 800°C, and the pressure was reduced to 1 x 103 mmHg or lower.
After keeping for one hour, the temperature was further raised to 1,600°C at

10°C/min, thereby obtaining a densified quartz glass.
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About 1 kg of a porous body of a quartz glass body (OH

group content:

27/07/2006

200 ppm in columm form having a
ey by 15 flame hydrol ysis
in a quartz gl ass-made

di aneter of 100 nmm as obt ai
of tetrachl orosil ane was set
furnace core tube (dianeter: 200 nmm installed in an
electric furnace. Next, the inside of the furnace
T&Rlel it ube was evacuated, heated at 5000C, and

that t~ er-atuyr-e for 60 - m.nput-ac
Pl A2l | \tul CITTUT LAY} CTTAT O o LAY A | T T ITOuv UJ,

Ther eaf t ¢r, Rdaeion spelgiegliconwmpoyrd sed to the reactj on
tenperatyre, 20 and 1I&a@o:ofA}aarHa@(@nEtﬁ’5?Fe€ﬁ“§thaélféne

nr aha +Qr~| at
A\ v

vapor was f Bekctirs gas r daetrentrghs amprnk e | di | ut$hg wi th
an N2 _gas. _therehy raactf@g with (E)hp MH.aroup in th

BRLBUS 1 bq@%me@h@azﬁﬁ at i ngyovas| caryg ed | Girmegeltp
raar\f| on nnr‘nnrn Hretas ShO\."v‘.". ln Tahl e tion
keepi ng that t enper atjure for B hours. Ef&f’ %ﬁ a
Etagule 62a{ Hegfretishide® |gassios 1| molies hr i jlg‘jj{;jftlgﬂ

conpl eti on of the regction, the treatergé B RERMS body
WasS transferred INtoja vacuum I Ur Nace,| Mk deenper atur e

tigggrlefgi s ant’t he| pr 838 ur ¢ neasHbIeQehssash | O
- '%F:'E I ower fter k i ng Flage mekigz-hour |,
%ﬁmp%g4 nperature urt?woér rai sg]' t 0 | No6UDle@er@tation
n @@Mm&pt ai niggg a| densj f i edlageaeltizeyl asps.
%%m%g]? 7/ 07/ 2006  Tahl éeﬂﬂ“ ge:arclrsa: on Mo pepble gengragipn|

FiamRelalélm—an -
le gepe

arpte ar:)}]]mlnmﬁainulmane 50G.01. 9 E“ﬁ’ré“e‘ﬁﬁ?u ng| No
. Bubble generation A
1T al.l UTI EI Cbl.l I bdl nmertTrTiy

1T C Al
YERRIhYM siMimemr e 500 8.0 No bubeeFF%f%E%ﬁeggon
' tTng- Bubbi & generatron —Exa

Hommet hyl I si | azare 600 15.0 Flame nmelting No bubble
(ES3 R 1ed 5YYo 6-5)

As shown in Table 11, a hexamethyldisilazane vapor or a

heatipng

ture |—&

%%PFWWI conpaupgls Pracessing
t act

l_.t.eannar
TS

LLE “AA

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
In Experimental

out using a conventional chlorine gas as the reaction gas.

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

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 6-4 Tad*met hyl sdane 500 0.5 Flane nelting No

bubbl e gener tion Exanple.gg5 500 1.9 Flanme nelting27/07/2006

No bubbl e generation Experinental Chlnne 500 100
Fl ame nelting- Exanple 6-1 No bubbl e generation
Experimental Flanme nelting- Exanple 6-2 '
Hommef fi yivnli mm 500 6. 0 Bubbl e zenerati on

shospenn Mablal 1, Fmedeftee bhking:, dexsifipd epﬁrﬁz NagogerneOfbtained
I\Ia bubbl e generation (Exanples_6-2 to 6-5) As shown
upgerdly me tregtmenrh ferdijionr ¢p iaFaamplafol or a 5

(ﬁ%ﬂ gﬂhgﬁ%ﬁ:@@)& ST I6a gas or hexamet hyl di si |l oxane was
€

gas in a throwi ng anount as

shownaé Exﬁaﬂhﬁerﬂt&l Eﬁhﬁﬂﬂe esp e @ty ngsFﬁs@?me% bPmdlting a

in order to make 5 mm of the surface as ranspar ent
nhtiyiet quartz cexqiat bmmommdnmemfbdn@ wasiusetthe sane

t enpg\ivéftahﬁeép??%xo%r%ﬁ qtsTis et sty e podios Hhe surface
sit r@u}fcfge 3 qBar % Si %E{) 58 92(% t§1§15 ebYq Oéﬁteai%%ﬂgalasite were

ensi ass erinental

rdspéctivelp-cd)lledisd Eamia rmm&@d X el hg dfoxdil @rodp rﬁ()ﬂ&éﬂﬂr@ﬁon
reaction was carried out using a conventional

Cfdhﬂ@ﬁl eraicgairagion; arbemcwnoentgation | andoapigragenntaicentration
| e.6- a (dehydration react. was carrie
rea%ﬁl glsn e aRBURGH AMaTZaslans 2ad Ohfeva%a@e:m% 33@3% were
u S 1S a per
6 T o R Bhux R s Rl PAPCOWERN Wipoct o
E)A@J&pﬁaaﬁﬂl adﬂ@clt pOEH$I0 wita s Udkivg] 61it€ﬁ'6ﬁaﬂiel RRuBASg iRz glass

reacti on between the porous body and the reaction gas
bq/da’sa@férmeaﬂlrgdqtfou rth@rswfae:eoa;tmﬁtnddﬂaeamteml site of7 tlrobback

PR A ERE CEREeRahan el b e it e bty WH8Vishally

Lo EXx
dlgﬁnl?ﬂlﬁéi%g)s( pgﬁe%ﬁﬁ?%%n@fi]arg a&@éﬁ‘?ﬁ uar?’;@é?a ARLBle 12,

therdgmeitd wis sidvit DY térmSofhiag ldfgahtﬂﬂﬁé valw st g). by an
oxyhydrogen flame was used.
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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Wth respect to each of the resulting quartz gl ass

bodies, the surface site (gprface depth: froml mm 9/07/2006

20 nm and the internal site were respectively

col |l ected and neasured for the hydroxyl group

concentration, chlorine concentration, carbon

concentration and nitrogen concentration 10 renai ning

Ta}ﬂetllge subj ect quartz glass and the viscosity at
o np ad + ha

_L, 20U U VWCT T Imocasung © I I (] IIC OClII IIClIIIICI ClD | ||

Exanpl e| 1-1. Wth resp tlo GiExanp| &8 21 Hitgh ack Vel

portion| wi® ski V&t oubefebom resmng (Wéﬁmz gf%@gs,}s

body—and-—ppasted—for CHe—gu-a6e s+t-e—an
| Frmgytiha Iﬁém!;lii; e %mt: un(_‘p.u\ ql@f‘t‘z ‘g‘ré}:a udﬁg E
f—}grtht%?r ddae Coleat Of [<ne quardkz gl asso body was 122
| y Heald] s@eck mi nat<ed. | Thedr egul t 0 obt ai #kbd ;arpﬁ

Mﬂ‘a _____S_F@H_ l.olapgparent § y  Th | 1.9%0 tlhe. ¥ cohci 8, e
§1IUV\AI3: rJ|r Inmm;l‘ Blﬁki ; ikr;::uki ;’?30' (_.t ;/I:li fc:\“(IJ;IgL F) : Z\i <7
5 . ,
RSt Suis || P Tansprent | > '<P'9 so' v Vel 2! T
e Bnksiie 1T Olgy UM TEHUITII MY qual tZ grass s
dies, [ osuhbl Deesma] Reat Ing west| wam carried out. 1A
I

gWe _ nel 9 naglis nelinil
Viksitednel ol glube s | Bt s angsl e | 9% adi.at.&d. wi-th 2 flamds... .
Ml 2 wi' lr N <L||r h lm h -

ah £ 2. 1 . %

A | L. m: |}lmC_EIC Jao.‘:tu.u :I ’<m.L T T CUXO CUTIT 1 Imll IIU [0 |
mt G T | R BS T thegh-ass—bgdy;angy a 122
i S| rm@eaimﬂﬁm estwbylelemtri|cal 2nelii ne 1 S|oneas

n
processi roendeafeinpentt est<l by i f
Q
e

e

Chppikith d Pengemwt 1J0 2R A raﬂ@nn heater heats ng 15
frigppe e sultsogained shown nTbIel.
M- 2%7%@@“‘ Table 12 C)d Acm Nt(\?vVOsL
Site C J° . =I'Xubon oxi er grabon wncentr IT bon

atl 28~ arratratonV\h Wi un) Konpl e6-1 Swfbm

j b_nTy E 2 ~ 9 - <
W S B R s e S
6-1-to 6-5 had -a viscosity -at-the- timre- of high tempbiditralapBroknrately

<0 500 20 1?2 Bwnple&3 --- Suf~_. Mmn atat <1 <30
equal 1®on hzherthmmihB vitkcosity ofitlbe oatupad 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 glass of Experimental Example 6-2, though the
viscosity was comparable to that of the natural quartz, a number of air
bubbles were generated after the processing heating test by flame heat
melting; and in the quartz glass of Experimental Example 6-3, OH remained
due to baking in vacuo, and the viscosity was low. Also, in Examples 6-1 to
6-5, the absorption coefficient at 245 nm was measured in the same manner
as in Example 1-1. As a result, in all of these Examples, an absorption

coefficient of 0.05 cm™! or more was obtained.

Capability of Exploitation in Industry:
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_Hxo- .
W--- ---- 10 SuRface Tr <1°IW10 2 V-1 -- -- -
--------- i E - hd4crmal aw Twrt <1 <30 DpwrenW St uf ace
% rM <1 LCM 10 2 n5 & fnpb6-1 Infacrol Mkym-t <1

io 2 n5 Bperi-A-M.... SL~_ MnrTarent <1 ~W40 20 -
----- In -the-light of the AB@ve, -aceording e -the -produetion preeess of a
----------------------------- mph(1ld hitai~

sYRthfsienguartz glgssoofrghelpresent pnvantion, swr aossibigeerasilycand

el ) Byl h SUpP A oS whim s s oes o
h%l?%tnbé‘ra-fﬁﬁé %Iskgsltﬁ|cha9§ctbﬂ§t19 WALLE t8!RS28%e RLAIRET of a

i n Exanpl e -5 had a viscosity at the time of
nhtytalt sz ag]lause, appir bardim deforms everalint @ (hllglhteghperature

t han t he VIS osi t ft ural quartz a
SRR GREE DG 3R f%ff%@ﬁ.‘ma g@ﬁ:ﬁ@l@ﬁéﬁﬁ%ﬁa@ﬁ mthotic quartz glass
wﬁﬁ%‘l? ' def or ned

even I%Q;@ﬁ‘oﬁ%tﬁ@é@rﬁ%@gfﬁ%}) glgglne%n?nm%% gé)clh t he ot her

hand, Atheddly ﬁo%e%ﬂtﬁeﬁ;lcg@m&z gfas@bl@dj? of ey presbBifVe@tion,
6-1 was_thoroughly dehydrated, it had a high residual
itci messibleato mevise & Haospare tdraddHldcla syathetic quastmglnasywhlch

haf lﬁt§§ A tY«fﬁl@S&iﬁ%ﬁ%@ %ﬁﬁ”eﬁ?}égclr%t& ngieristiorogual to or
nfd2d Yhdh i ﬁaPcfz %&E?‘ie&?& qlaq‘? gy‘ﬁﬁgt)rmfsl even in a

generated after t e pr CESSI

hfg&ﬁtemp@htmﬂégen\&ﬁﬁam@nﬁ hgrdoskpetiml gl @ﬁ&a@ﬁz @é@@ bbdxe W’lﬁbh is

Exanple 6-3, OH remained due to baking in vacuo, and
free érqmib@sgetnpra\h@n lofwubpleso is deangex drasl igheinfrared ‘_e&)sorptmn

he .absor pti on ffICI ent at_.245 nmwas neasured
fﬂﬁﬁ ind SBisEoRtAtE, 2ndohas, aB g Hppmely i‘lg e} dax, preveniing

dﬂfdsuﬁfoitfﬂﬁﬁﬁ HX@fp!l es, an absor ption coefficient of
cml or nore was obtained. Capability of
EXpl Qint el 10ghti of theditleythe Bfkser/ iéh2i886s 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 éomplies with an expectation of the

industrial field to a great extent.



In the'light of the above, according to the production
process of a synthetic quartz glass of the present 27/07/2006
invention, it is possible to easily and efficiently
produce a synthetic quartz §lass which has |ess
inmpurity, has a high-tenperature viscosity
characteristic equal to or._ npre than that of a 5
natural quartz gl ass, andgﬁﬁﬂﬁy deforns even in a
“high-tenperature environnment, and especially a highly
h eat E)l%ﬁﬁc%naﬂ?&cey&‘é ket &Mﬁi §|§ss%@§r§ces¥‘€ﬁnﬁ:h5|hg‘5 free
fromthe generation of bubbleS and I's dense. According
t 0 t QiBjebinp bdibdd gorodsi Bédy To Pletmtordynenf antl bdakingesetntent to form a
invention, it is possible to provide a transparent
denselglaésdotty: synt heti ¢ quartz gl ass which 10 has | ess

i mpurit has a hi gh-tenperat cosi
o s e Benes aPoY 158 By e B R 20 Sospretinyeapfiegt o

zﬂy%h&%ogkgsgrmgggngardly deforns even in a
I'gh-tenperatur € environnent, and especially a quartz
gl asgneRfbiie MBI treatmdnt i€Q tr@étﬁ&’uttdﬁ feagig GHeaitlitaoporank body with a
bubbl es, is dense, has high infrared absorption rate
redmthgeyas is S eimosEiee containidg sridsgagin @meacewélt%mnﬁrag-ﬁe @f'seeé'td
for preventing 15 diffusion of alkali netal h
whargjhthe fugingepag iscvelatiie filicop FRIASHRY SORGIIRG veen ey drhpn
for a quartz glass jig to be used in the production
steps for carrying out a heating treatnment of a
2SIl iHfQ Bro\ﬂ@ftlaf pridesd RHHRG oIt WhibleM tR Tedudfontébimaates carried
and especially, in recent years, since a synthetic
oufl I b Zctidvter@ Perittire oM@ 0@ d té N3008C,ahd 6 bakingUiebtmeatss therdeartied out
suited for a high-tenperature treatnent is desired as
ata rézRtion temyieedtirairom 1 380°0 e G 200C, ithevebp bhtaining o dqrse glassiiotin
an expectation of the industrial field to a great
extent. 27/07/2006 51 CLAIMS 1. A production process

of a synthetic quartz Ias Ces onprisi
3.oubj BEPTHLFIEN RipserraroRio aiSfbi:ﬁlF (S BT Patmeht B the
tnen and | [
S T L R A et
1&?Q%s body havi ng an absorptlon coefficient at 245 nm
' .05 cm' or nore, and wherein the reduction
treatment is a treatment for reacting the silica
porous body with a reducing gas in an atnosphere
4.CONtTae plotgtiegirctegma:cordingtopnegerf tdaus il éadh whigh i charagiaigrd in -

and
that the volatile silicon compound is at least one kind of compound selected from the group

consisting of: a silazane, an organosilazane, an organchalegen silane, a siloxane, an

organosiloxane, an alkoxysilane, an aroxsilane, a silane, an organosilane, and an

organopelysilane.

5. The production process-according to any one of claims 1 to 4, wherein the volatile silicon

compound is hexamethyldisilazane.



wherein the reducing gas is a volatile silicon
conpound contai ning nitrogen and/or carbon. 2. The 27/07/2006
production process according to claim1l, wherein the
reduction treatment is carrpP®2d out at a reaction
tenperature from 100 C to 1,300C, and the baking
treatnment i s then carrjed out t.ar
ggaiems 1ﬁer & herdin the volatlle allscon

6¢ errpE?ean qfpglion PrgtRse aeseing oY o V- obt a
n 3. The production process
cP?m&a %$%g%$i wherei n the reduction treatnent
7. and Tﬂ%%rodb@llkh Prdcdst Bcxbidig to aay encCd tidied 10wd, whbrein e reduntion
time at a reaction tenperature from 1000C to 1,900 C
trédatmekin catiathut dtisoeacfiondeessatae rom A00HQ tot 890%h folleyred bypaking from
claims 1 to 3, which is characterized in that the
1.8¢0°G td 1.290%3, tﬁe@@nommmtmsnasenaslaaséa@t one ki nd of
compound sel ected fromthe group consisting of., a
silazane, an organosilazane an organohal ogen sil ane,

gd Si Jgox A dtlon Drocedd 9&5‘8% WG Bfe of @I mah lfcpé( %érleiﬁ He-siliédporous

8ar ox eWé a silane, anosi ane
by %%‘[]G]Q&éd%é l’&%ﬂ&lon @eatnTé?u?bﬁ[e&q dh%_rba%ﬁ)em"@cg@@frﬁm Y°C
any one of clains to 4, erein the volatile

to&'dob@fauo“%@ BYPR4KING frbif: 1 heoea et B0kl itisrdbq obtaiaing 2 déridTédNa8
52 The production process according to any one of

m&habﬁs | to 4, wherein the volatile silicon conmpound
i s hexanet hyl di sil oxane. 7. The production process
according to any one of claims 1 to 6, wherein the

5. orpPAFH4o] FOTPII0 e B BOUE ! FAT & s "B IRl g recucton

tretaferem a %eﬁﬂ? tr%trhé}lt & ’cgrﬁgao&t mtah gfnﬁzg%e%%ﬁtbﬂin@ Bydfbgen, followed by

ransparen ass The production process

suBfeEHRAG & J&kﬁ@v@dﬁyer@ l’!ﬁerdbf,( olsthifing!® ddnsé glags, bodher ei n t he
silica porous body is subjected to a reduction

treatnment by reacting with a carbon- contalnlng gas

from 4000C to 1,3000C, followe
101, 3009 Erogesian RPRSERACoNHRS Bi59Y m‘gF"ﬂ%ﬁg b e pleganee sese
bo?y)ls urﬁr/aer%H bjec ?(P(o F}‘é&tlgg tiégn'ﬁengﬁlgq%:-&l&ﬂv tmsﬁﬁére Q&fé% FHeidre

wherelrn arter
ex[:@eq}rjlﬁ ‘He%ﬂnos%l{eﬁ@ﬁr@?gﬂkun e RARLIaREL rEﬁg%%ﬁielrﬁOO"C&o G,@DG"CEd
out n an atnosphere containi ng hydrogen, followed by
subjecting to a baking treatnent, thereby obtaining a
dense gl ass body. 10. The productlon process accor di ng
11t 0 dhy potetiafpredess amsording to cim hehespin the ensgglaaebagy eubiccted
body is further subjected to a heatin

1o A OFAIOK FeAT8 SRR SR SPIAB LFEe5S BP U Eo0Bs PR Sl e

t he at ppsph ressure in.the teme r from
preeom IR D 1L I i ot G Ao BB

according to claiml0, mhereln the dense gl ass body is
subj ect ed
12. A synthetic quartz glass body produced by the production process according to any one

of claims 1 to 11.

13. A highly heat resistant synthetic quartz glass body, wherein the synthetic quartz glass

body has an absorption coefficient at 245 nm of 0.05 cm™ or more and has a carbon



to a heating treatnment in an inert gas atnosphere

under a pressure exceedi ng the atnospheric pressure27/07/2006
and up to 10,000 kg/CMV2 in tge tenperature range from

1,2000C to 1,9000C. 12. A synthetic quartz gl ass body

produced by the production process according to any

' | bé& Esntafiled B 10,000

BfErlon Sl oo e e e

Mar legs, Bspeeivelypody has an absorption coefficient at

45 nmof 0.05 cm 1 or nore and has a carbon

27/ 07/ 2006 53 concentration, a nitrogen concentration
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pro producti on process according to any
c@:ﬂ:%nt%ftmr% Bb BEntalneli @ 160 ptelordedsCand b caibbetodtdntration iotbeagrained is
concentration to be contained is 100 ppmor |ess, and
160 prr iogssconcentration to be contained is 100 ppm or

| ess. 15. The synthetic quartz glass body according to
cl ai m 14, mherein the nitrogen concentration and the

b t
?‘2239“%*@@ A BT TR FfTE BhBm BRIVET

@Et.é,r?ana ! @Bbn Snddnirdtion kssolairyG 40& Swispatst 13y, réshectively.
producti on process according to any one of clainms 1 to
6 and 8 to 11, wherein a carbon concentration to be
cont ai ned exceeds 100 ppm and 10, 000 ppm or |es &7.
18 syAisyndhetic qupdiagless bgﬂwgchmvamuw glags Body ewg'écea Baire 2

gl ass body uced t ductiqn, pr
PEOEUYPRIPTALS St Cafﬂ'yg Bty e o Pl 4 S 440 17 4RGSR S qon
cXHESﬁt%h th Bgcowté el xcabS80 prRPShA 10280 rﬁ bradkspar ent

a nitrogen concentration and a carbon
concentratlon of 50 ppmor less, respectively inits
surface site and a bl ack portion having a carbon
1T.0NCABrtatic quart giasstbady whishdrea defnsé quary glad bpdy H@umyﬂﬁm

t d 18. A t het { d
s b it SR ) RPN i

duct i process accor,
b«g@% &?@P?{ r? ca‘nu g 1 gZa mP&é@g %n%gﬁﬁ ogggﬂgag%gﬂ c,?ug&néﬁtrélhoﬁ gr 50
: Hﬁ‘w 188, REbetel frQl RurkRO SR hd abﬂaé]d'boﬂfon ALirgRIEa®bn doRGStration in
ts surface site and a portion having an OH group

th@@é?@eﬁtffoatmoubwwoohmn mats geidé.r om 10 ppmto 300 ppmin
its inside. 19. The synthetic quartz gl ass body
according to claim 18, wherein the reduction treatnent

a treatnent by reacting hydr
th
1oy oub SEURICT G PP RO T A S ko Ry e
pr%’:hlllcltzgnopr}ocezg accérgl%)lg ang%‘he of claims 1 to 11, wherein the quariz 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 from 10 ppm to 300 ppm in its inside.

19 The synthetic quartz glass body according to claim 18, wherein the reduction treatment is

a treatment by reacting a hydroxyl group-containing silica porous body with a volatile silicon



conmpound cont ai ni ng nitrogen and/ or carbon and

contai ning a hal ogen el enent, and the hal ogen elene@7/07/2006
concentration of the surface,site is from 100 to 5,000

ppm 20. The synthetic quar?% gl ass body is according

to claim19, wherein the volatile silicon conpound is

c%rg%@n& 9&%&& I'I]I}{IIO%GIH%H&OF c@rbon ;rtbeooﬁt)ﬁlﬂﬁ@@ Eél&geﬁ Hightd, 28k 88 halogen

accordrng to any one of clains 18 20, wherein
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ppm or | ess and/or a carbon concentration of 50 ppm

or less. 22. The synthetic quartz gl ass body according
to an ne of clajns 14, 15
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roxyl group contained in the silica
porous body. 23. The synthetic quartz body according
to claim16 or 17, wherein the reduction treatnment is
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2 to 10 tinmes the nolar nunber of the hydroxyl
p@??f% contained in the silica porous body.

22. The synthetic quartz glass body according to any one of claims 14, 15 and 18 to 21,
wherein in the reduction treatment, the reducing gas is used in a molar number of from 0.1 to 3.0

times the molar number of the hydroxyl group contained in the silica porous body.

23, The synthetic quartz body according to claim 16 or 17, wherein the reduction treatment is
a treatment by reacting a hydroxyl group-containing silica porous body with a carbon-containing
gas, and the carbon-containing gas is used in a molar number of from 2 to 10 times the molar

. number of the hydroxyl group contained in the silica porous body.



