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Met hod and apparatus for producing a crucible of
gquartz glass Field of the invention The present
woboentésen rel ates to a nethod for produci ng apcrmedod/ess4st
of quartz glass, said nmethod conprising: a step of
vitrifying SiQ inner layer granules in a nelting nold
that rotates about an axis of rotation and conprises
an inner wall, said nelting nold having an upper side
openi ng covered by a heat shield at |east in part,
said vitrifying being under the action of a plasm
zoneMiethéd BRI A af fér protiicing ia06MucPsle G @arts glass
forma transparent inner layer on a crucible base nold
of quartz glass, at least part of the atnobsphere
containing the light gas being supplied to the nelting
nmol d through a gas inlet of the heat shield.
Furthernore, the inveplLifgr fhaligt&sid® an apparatus for
produci ng a crucible U&Lquarrz—dggss: sai d appar at us
conprising: a nelting nold that is rotatabl e about an
axis of .rotation, and.that has .an upper side openi.n
ThERBset DY asVEIBES o & melBd R pilicing s ez lass,
saidavieMddecaasriding e sfepy ovitringhg SIGS inrdhdaierRrasiis in a melting
source that is introducible into the nelting nold.
mahe: §atirptatesaboutt dreaRs|cdtrel@tion @n@ueonoprisfsadrs intven svall, sgid

m%e%%@l? hfgff)irgg ;ﬁ?\cﬁé%érgg%%ggﬁﬁgltgﬁpvgﬁg Q%Lfg%t%b?e% %t least in

pafel éé%emit?i'fyﬁﬂ?% b@ﬁ?"@‘i’der'tﬁe%‘&iién BYkLI | 8EmBBR8SS atrhBSphere
guartz glass crdcible I's subjected to high nechani cal,
contagring al ligivh das Iseramlo fooradstrénsparentinakr layer on arorucible base
itigate the corrosjve attack of the netal nelt and, ,
i of B RSl amekit A s Btesaace Contmpaithe faat gas being
bl i c I
supBIRRl (e hiEhg chodhioudhPons e oMl hERY. hou o
be as honogeneous and free of bubbles as possible. The

Furtberrateh tiee invaniparelates toreer appgratus for piroducing andcible of
uER glee P AR g TGP g Aol ghiR Aeout an
xR B s R, PRl b8 st
patthey arakai styeldohaliagd d2isOBleffamalligist gase andta pldsoedsduyrce that is
intm%g%gﬁﬁ%g}%@?m?;gt i ng base nold by neans of a

Description of the Related Art

Quartz glass crucibles are used for receiving the metal melt while single crystals
are pulled according to the so-called Crzochralski method. In this pulling process,
the quartz glass crucible is subjected to high mechanical, chemical and thermal
loads for several hours. To mitigate the corrosive attack of the metal melt and, in
conjunction therewith, the release of impurities from the crucible wall, the inner
layer of the crucible that is in contact with the metal melt should be as

homogeneous and free of bubbles as possible.

The low-bubble transparent inner layer is often formed by the following method: A

quartz-glass base mold of the crucible is produced in a metallic melting mold and
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above the electric arc. The granules are nolten in the

pl asma and flung onto the inner wall of the base nold
wopaen4dobre action of the pressure produced by POEEP2009/055451

pl asma and are deposited there and i medi ately

vitrified into the transparent inner |ayer, whereas

g RoeE B FoCplEL g Spemi 8P B Peld Rk g ar
| 1 t.. t )

R B BRIl BBURE SRS, 4R e Rl b being

sprreasli idicathelrotdiingsbasshmotd by neansyofeospraading tubedeminating

deriving fromair, may remain in the inner |ayer.
abeyg theyelerEiq arcehbe @raddesare molenpithe plashes and fiypgonto the

ik Ut RSB OB BER AP eRlod FTERRRER S SaPRETBY e

plasiuahd bes dppssitddtherd BAad sinhictvdatelBitrifictidatd thiengangpadent
~ lower yield of dislocation-free silicon single .
inner Jayes] wheteasdberhase raolggestades meadly opaagasincbatiaiiowiag, the

stopl A s GEt B tBe "RERED Hiohd ahd 283 RGpe aranules

at fressimattihle @ Fasia i§ abferédtb et “sprsRing Methde .
foll ow ng), such gases rapidly diffusing into quartz
gl ass and therefore reduci ng both bubble formtion and
Snirlissidugt Bubles Fahichmaraiatly congin mipeaen demving Aom air, may
' . ' |
rerp BN ERE Py LT ByliBEAPB TRBER Re 8P fr i Tnsag bubles

will GOV unddrethei dttich @ tamnpBrdte® afe presuesiaaevill ihallyaburst so
rotating nelting nold and shaped under the action of

that ir@gereitts endiner ismsesitigs pasadntol tbelsdicen raglérregHdingrin & lower

vielf ¥R BRI ol REM G080 hyar ogen: =P 1004 0o

A 1 discloses a nmethod and an apparatus of the

It FisMEEMEIYJestad] tHay fite giecentdited Patieco Ubises shdwld Me feptaced

quartz glass crucible is first produced in the .
witgithe gasas Welluary sidepgerptease i ipvamnlecular weighb grses will also

oe e el isineS: igoerefo el Sish B5Es el o AEHEnyp quarz
glaRS ardthansibRs redXiXaR bothBUBIRP RS rialtiodl driteoutste BRGWEN For

~inner layer by neans of an electric arc type spreading
instantaee &S 2002/0116634t Ad disclpses adanedadifat p ingga Yubgz glass

eruchué i Pt Wikl 2R 1 i Rtk RRePrah g, e ffePures
ard m@ro@ihée@irlﬂl@td RASEd et maId'8ad sEBp&d dnwbt Ha action of the

substantial ly
centrifugal force as crucible base layer and this layer is subsequently heated and

vitrified in an atmosphere containing helium or hydrogen.

EP 1 094 039 A1 discloses a method and an apparatus of the above-mentioned
type. Here the opaque base mold of the quartz glass crucible is first produced in
the standard way and SiO, spreading granules are supplied to the interior of the
crucible and to the plasma ignited there together with hydrogen (alternatively
helium and/or oxygen) for depositing the transparent inner layer by means of an
electric arc type spreading method. To this end a double-walled introducing tube

is used for granules and gas, the tube projecting into the interior of the crucible at



10

15

20

25

30

covers the open upper side of the crucible. Due to the
early treatnent with hydrogen, inpurities contained in

wo b@oapevendi ng granul es as wel |l as car bon- cont BETYEPE09/055451
conponents are to be renoved already prior to the
fusion of the granules and, together with this, the

vol une of gases entra d in the inner IS to

the %996%'@“24%30 H‘&)BT%‘?@P@&E @oveh @é’%ﬁtﬁmﬁ?@ ¥dich Slt'tPr%a”t'a”y
,ﬁ?}gq & t he hydrogen treat nent

€0 ﬂeo pre@g)ieﬁgﬂgé?gntﬁw bl% I S suggested that gas
residues in the opaque base nDId shoul d al so be

Dueetpltheedrlwreatmepi wity hydfdgesi, imgpgaties sorthinesl ihehe spreading

To t e d a cuum net hod rovi ded ere
orasuss Ml s ga Eﬁﬁrugpnéeams@aﬁp i %6k o De bompved akpady

pribPid he fDQl‘b f'tﬁé‘ Péndl%f ah8N@igetir&lith WM& &ﬁﬁ RBLNM&EBT gases
I nterior Jrucipr 8 't's cvacuat ed- an Fiumi's
entrapped uc’exe |hnemaybmsotot|@e rheiuced drfdebdiblé igrgpethoisdo ihase

nold wal|. After the gas exchange the cover is
minighgReat therzameitigle-wal | of the base nold is vitrified
on the surface and the vitrified i nner wall has forned

Astd@k%?é‘mbh‘?td ﬂﬂ%ern@/tdﬁg%@r‘i tr@éﬁﬁérﬁ' dtdhé %gtoveﬁ‘é %Fér{dlés affs

ype spreadi ng as expl al ned
su@géﬁl@d 424t daslredidueisas dise apéqme base vizad shouotet dled beaeplaced by

2 rRERlY 06 Hra R 38 - OGRS @veeUH TEpIad S provided
whERSRYIDDBEL G50 AN, W0UiGH LR8N BT B8\ EERYEG thE Bimation

I NSl out si de

of thephherlayen wifereupegate irgeroresistheerudible mmaumaueell drichigelium
nmold is introduced i nto an Qverpressure chamber |

is ipHPeKCed ifem Mecoueide e i pibperoggrbase reld wal. tAéJ'r'er} the gas
exCARI A B8l 1 egRg, L o2 Bl F 19 BUL SRl ARMEh e

I's evacuat ed

sutface Qﬁh ase dithiied mder mﬂltha‘sl f@rrﬂed aﬂiéﬁe@nhﬁé mneﬂflayé]%ccordlng to
overgr essure chanber. The gas present in the base nold

thg elerksicears ivme aoesra0ING: ,twwlﬂeﬂ@b@wd wall to
the outside, with the gas conposition in the

Usoﬁtsbb ‘1 gjiszzlc();# se%mrﬁ'%r%c t%'%gfh%gieﬁpﬁ&‘?{w %g@g’rtz-glass

‘e conp e gas ex ange
cruzilgen vaUUMmqgemng mbldds gged havirg agelprowaed rwutmmmntiple

through thr(])(leesI tlhiﬁgugha\r/v(ﬁ|crr]magriatlss(]lesacsanet))(eC peamng\(/eec? %’g(ren the inside of the melting
mold to the outside by application of a negative pressure. The vacuum melting
mold is introduced into an overpressure chamber in which a defined melt
atmosphere can be set. After formation of the base mold of SiO; granules the
vacuum melting mold is evacuated and the existing atmosphere is replaced by the
Lartificial atmosphere” of the overpressure chamber. The gas present in the base
mold is here sucked off through the melting mold wall to the outside, with the gas
composition in the outflowing gas stream being monitored for detecting the
completion of the gas exchange. Helium, hydrogen, oxygen, nitrogen, noble

gases, halogens, water vapor, and the like, are named as exchange gases.

In the method known from EP 0 693 461 A1 for producing a quartz glass crucible

with a transparent inner layer, a melting mold is used that is rotatable about an



10

15

20

25

In the nethod known fromEP O 693 461 A 1 for

produci ng a quartz glass crucible with a transparent
wo poven4doayer, a nelting nold is used that is rpCHERD0S055451

about anaxis of rotation amd has an open upper side

which is covered with a lid including ventilation

hol es. To formthe transparent | ayer, S Q2 . ,
axigroffafadien and @‘i?p%” PR8N UPPEREIde ‘Hﬁi?ﬁd% §°¥%r ednith gtligkinRlyding

e [

ve@@éﬁéﬁ‘%?&a ﬁnﬁﬁtﬁfgﬁgguyeﬂ?lﬁr{& Ié{lykg Sld“aé?rjanﬁ!iesaaré oplied

in @hark BEncLoVs tethal rloltatfray a:wa:tlngrmolh ar’medep@enm:aasreme inneewall of a
er. Venting.is here carried out by nmeans of the
SIQ@ 239 Hﬁ'doﬁnﬂé!@%‘tﬁ‘ﬂﬁ%%m@t%)bytrﬂﬁ@n% gka plasma source with

form Bt TRE @bgﬁgr&?®&9%h9éﬁ%ﬁ§ fPsre Jefrﬂga E)Uteby means of

erior o replace

theivattﬂéﬂicﬂeh@b@ﬁﬁ Blhet @ Wéy {ret i atgmtempieratdré gtabéatﬂ’hbe}z)here
nmet hod the manufacture of a bubble-free inner |ayer

eseqnes femghe msaoaof thelpelingrmelermnehistresiaces by dtﬁt el

o tiRE AL aka Yy of the I nventi on 11 1s the

obj ect of the present invention to indicate a nethod

In the knvavrs melthodhtrehmanafsrtire oflsaissbisie diesedineer Fayebentails a
produced with a | ow bubble inner |ayer while keeping
comﬁ@raiwebmlsh Wnﬁémloﬁpféﬂéfgjya%@r%ﬁsérgaélesz%‘dl r@@uggs high

hernore, it is the object of the present
corﬁé&\ﬁ%&ﬁ{%&wgheﬁgﬁ%r ovide a constructionally sinple

apparatus for performng the nethod. As for the

nmet hod, this objegt §tart|n f orlnth.rrethod of the
above- nent i oned t&é@—%ﬂ&@é@%&% ng to the
invention in that in a |ayer-form ng step precedi ng

It i$ Bree gbjett dithegpres@m inderttionntdl ifdicaies ndthbd ®yFhé&nd BNRAIch a
| ayer granules is formed on the inner wall, wherein

quame gtﬂS@%Clbtﬂw@arahq pre@ucashwits e lendoulije innar layemwhileekeeping
the ok FR e End At R asdPe an oSy e

Iaterally in the direction of the granule |layer during

Fuktheérribies; Iltflyltmgobjeepoﬁmegﬁ'e*s@nt\/ ihbémtion tohsrogioena tenstructionally
| ayer. The method accor ng to the invention permts

simme appACAtHS farRerEIMiNG tbMethotke t r ansparent i nner
| ayer on a crucible base nold of opaque quartz gl ass

As“i‘Qt1 {h‘:é method, this object, starting from the method of the above-mentioned
type, is achieved according to the invention in that in a layer-forming step
preceding the vitrifying step, a granule layer of the SiO; inner layer granules is
formed on the inner wall, wherein the plasma zone and the heat shield together
with the gas inlet are movable at least in a direction perpendicular to the rotation
axis and are moved laterally in the direction of the granule layer during the

vitrifying step so as to vitrify the granule layer.

The method according to the invention permits the manufacture of a bubble-free
transparent inner layer on a crucible base mold of opaque quartz glass while
consuming a comparatively low amount of energy and material. This is mainly

possible due to the combination of the following measures.
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the "electric-arc spreadi ng techni que"” as described in
detail above is not used for form ng the inner |ayer,
as is the case in the generic nethod, but a procedure

iQn (he.gnahangdithef gllegtrlco@rcaqqrea@mg tegpmgyet@s gﬁgcrlbed in detail
]\C’ét}orv'e |}%1?1%i L,88q SIBC?rq‘BrmF?'l pt%‘?Hﬁer%géWla% i W@Eaéé“{ PeBeheric
romthe 1 nner Tayer gr anul es d Tay

Fnbsedubot & proddduré idséd whieeeivifirsti dfiatiat. eoprl@rt telctheﬂitﬂflcatlon
formation of the glranul e layer fromthe SiQ2 inner
I%?@ra gPEMS @angle lener 'ﬁrfﬁ'é’f‘e‘\"}vﬁpm the ipaer laygr granules and said

B S e R T S

agj‘rdh@l"e Id?&eﬂrOMHﬁe@@b Mhepfia T)@ﬁr&:}/rtahaléts% teiiheet Wall is carried out
melting nold is rotating ranul e layer is applied

&pr ui@tarmer@cuwgtaotemmaﬁerméme@amof wehiemiensner Wgeﬁgr@ules

%{Fg)?r?%%eaﬂ%go%e ||?]n<?rhv¥al ?pé{o ﬁ?r bas togs%fd qrﬁglt%mt%whlle the

irﬁél@ihg'rﬁdl@ﬁs %t@ﬂHb eﬁhé@Fé@l@%%rﬁé‘QpﬁWéﬁ%ﬂdlﬁadﬂﬁl toHife inner
cruci bl e base nol opaque quartz gl ass and

fwalhat thermelting hmoldrmréo tm@yrmercwallt@f@swrtéatbaqe@ncold already

R BiohBre IR an TR ol Pl i el dhyer GRfles serve
J6th e ﬁ%@?acﬁéré‘oﬁﬁ@r@@é@@ H)é’se@’n%’fc?@ﬂ@é’ﬁlﬁad L&958lass and the

granul e layer or as an at |east partly si ntered 0
viotrmatioredf thel idneiglager &f 2ngpaaant esart: gkassnMe\Aaﬂ;tl-meatloned

R
g%géntaasog Hé&%nﬁallggﬁ? H?a(ﬁ@c”oo‘s% g%ﬁ%ﬁ& ﬁ@ &t least

i nner |ayer gr en VI into
tpaacthys pantened ornntenﬂedayeldmg of $u®mansles Wwda fnridravall is defined
'spreadi n? t echni a shorter nelting period and

vtM & Straight gr F:H(/V@Id rﬂ’ta §idegnmalt §9d iadrafisdiiryaied pefiween
HBARRAIYRE S w %aheAﬂc I%gpz% I’? d?{ oﬂh%ﬂ@éﬂﬁ%ﬁa  pros (oNERId with the
ede

havi'ng a pr erm ne ness

&S Uitirgeri |hy érsgriantisdatl thrent\hmfi@enht@othequswar@wttmnémyer. In
invention that the plasma zone and the at | east one .
FRMpaisen with thee"speeadisgitetiniave’ arelMeremeling period and with

AR Iy RO AR e cbedif h ogb R b e pyfnifion of

theagsparehelayay Raviag d prRgietarfted thickness.

As a further measure it is intended in the method according to the invention
that the plasma zone and the at least one gas inlet of the heat shield are
movable in a direction perpendicular to the axis of rotation of the melting mold
and are moved during the vitrification of the granule layer at least once
towards the previously formed granule layer. The gas inlet serves the supply
of light gas or of a gas mixture containing a light gas into the melting mold.
Owing to the movement in horizontal direction plasma zone and gas supply
can be moved close to the areas of the granule layer to be respectively vitrified
(i.e. bottom, side wall or transition area), and these are locally heated and

vitrified by the plasma zone, which also reduces the amount of energy needed
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towards the previously forned granul e |ayer. The gas
inlet serves the supply of Iight gas or of a gas
wooobus@drontaining a |ight gas into the neltipgr/Epiody/nss4s1
Oni ng to the novenent in hofizontal direction plasma
zone and gas supply can be noved close to the areas of
er to be respectively vitrified

b‘g?tf‘%ﬁltr }l"gel £$5% Horna‘i'f§Pllai06WeQF Qg he @ﬁamlaﬁé’@@ %{?%'n the
Fe%lt b éﬁ?ﬁé F‘@lﬁﬁm ast %dcmtobp%llegm&ft%ﬁ@ent“@ b68sible

SO reauces e armun ener gy neede

\dungf\yltrm@apomoéﬂ&a grtdmte Hyspl Attertiontmoét hdre e paumathat due to
zone also in the direction of the rotati on axis,

dhe setatigntad the celaiigal &%%ﬁ&m'n@d Mtkﬂo@t%‘rq’fﬁ@e plasma
Vio'hr '%ﬁ gﬁﬁulgpvﬁﬁlfléég%n%@g Lﬂ%ga&ﬁ‘){l obqtta r%'&‘ihgpcg?f%%bqlseplaced

rota e cru

ahrddgm @b@desmrmmgdnpm@lr@ ahd mrtward rﬁévérh@ntrﬂfaﬁmlasma zone
zone an annular vitrification area i s each tine

spesithewhoiainneswalle The sligriaeement &iba Piasos ze8p6ARiLey

REBIRARASs WREDY A e e R inc et BEIFR @S5 Aferating

Z086rédes, by tReTPMe élebredéoobgvay srané @ﬁ@wglﬁmolued to the
novenment of the pl asma-generating el ectrodes, by

téleetrodes he el ectrodes or by way of the energy
supplied to the el ectrodes What is also inmportant is

+ AL 50 AeDBEREEARLEY BTGBl B e Yoo

dﬁj‘rlz@ﬁta| %ﬁbvénﬁeﬁt%aﬂl‘%ﬂlé@% fdﬁ)led Watéral gekégtiont il #RsioRb®ing),
to nove the gas inlet for gg@t gas close to the

pmfaghmnal@ﬁselt pessibledo maee th@gas foathenlight geal qlqse to the

JREa Fhae st dratdf BRG! od ede BE0GstaRip 1§ The Pspectively
duriehit SREifietRINCI . TR |@&a|tsh®d|y Sﬂéctg%spé‘r$|€gl’arl§/ré@f(9@b{t
reduci ng gas consunpti on. heat shi el he gas
iedpénitadioa ofdloe ligbt dad Lsed ttherebyrredumnwgaa Gonsalmpmn The heat

1e . d th trif ti
SPUATE A G il U Mpcr o PR e UTB FirkieaTiah Zaggduring
ﬁg?ﬁltﬂflg&mﬁteb @Qﬁ%n‘é?ﬁﬁgtﬁr‘ﬁ‘#ﬁa&g M?ﬁln%hglg g ﬁ?‘h\‘?\llme to
dinbe.oFhe heaﬁ@leldrtg)vem the speanappeld&deruflt@ melting mold not in a
|east fromtine to

fi t . Th .
Vi v Bt SreBhan ey thnts BPalby 8! 188 maing mokhs enabled
Whh Vit CEYSH BFleast from time to time.

The vitrification step is preferably carried out in an open flow system.

The open system permits not only a gas flow within the melting mold, but also
allows a gas flow directed out of the melting mold. This facilitates the discharge of
contaminated gas or evaporated material out of the melting mold. Undesired
deposits are thereby prevented and impurities are reduced. An open flow system
is e.g. achieved in that a gap through which gas can escape from the melting mold

remains between the upper side of the melting mold and the heat shield.

Furthermore, it has turned out to be advantageous when the light gas is supplied

to the melting mold continuously as a controlled light-gas stream.
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The open systempermits not only a gas flow within the

nmelting nold, but also allows a gas flow directed out
wobowhesopel ting nold. This facilitates the di se¢lHER®OY55451

contam nated gas or evaporated nmaterial out of the

mel ting nold. Undesired deposits are thereby prevented

oo Yo BBl S BheolER 4P Bpencen
scRB8RSy ] A K28 TR 9 31 % e B i o
furthertreeu ctioresf the daascdnsunesdionuThisoadsies dopsal g de possibteciurther
the light gas is supplied to the nelting nold ,
gagemEuRRIIRGSOy NG S ellios MOIG vis:the Meanshisld: BoF BsHANGss drTiag
e ral | i aht.- . ' . ptian- ..
Vit Efin 428 bbRem 483 TR ISR RHsRh 1@ G0kl risk tha
Sio) %)rfdnfuiebaﬂhiao aredhaitdhecompeattedasrernlowhiswaycomidritheteetion of a
a further reduction of the gas consunption. This .
gaggpeaes acyuallangasstiar ipesirad theee thasiasthegipaiodthe side wall.
the. mel ti ng rrpl d Vi a the heat shield. For inst ance,
Pref419, e ekt Rhisi s Shehrdd B AP heBBerigh WbehiHibe the

meftiranthoRs rérhaihs doeelerr disy uponpa Htec| detedtiopver theeat shield.
under the action of a gas stream a snaller gas stream

is desjred. there than in the area of the side M, .
Th@j@@éﬁhlﬁ? IS '?Fﬂé?rﬂéﬁ'ﬂ t P@PH'”SSOféB%m%W%BW%‘gc‘W%SF will

: i Lt | . _
aMels HERES pEYOTH BRI, 0o PRELTE it BROR O TREREL Fhe maimum
defiéxdtrindof the Teat bhizld ¢drithe djaissnlety that istrebsvanihé preeticadollows

of the melting nold, so that it will always project
frogeiigrdistenee @88@?9%?%0%%%@ %%‘Be@%“@ﬁﬂfé@ mting mold,

0 R, gl 0 ol S B e
extemegionstores gabeniee (detitrarbsition dndnsosiiisleabaled tf side

the nmelting nold, i.e. the opening radius of the .
wadl} thei epen veperesige ¢fithemeltminmelc A tPh view o8 thadest shield,

re 0Si t | as, i nl et . I L
| e e [
rerA S TRTe RS A SBBE M P BRI 9° 1 T BhELnsBa i Rhg outof
thedineltitg Bl i ng nmold, in a top view on the heat shield,
remai ns covered, a stable and reproduci ble gas flowis
ensured within and out of the nelting nold. In this

In fhiss prspect it hagIS0 Bened opbip b@uadvanu@s%au%a\me@g@@@awa@one
ané?ﬁe ﬂ?@%@ﬁ@o&% Roeld it %cfﬂ?&]iis%hl eld are noved in

ync

As a result of the synchronous movement, changes in the gas flow inside the
crucible are also avoided, which has an advantageous effect on the constancy

and reproducibility of the vitrification process.

In a particularly preferred variant of the method it is intended that the light gas is

blown into the plasma zone via the gas inlet of the heat shield.

The blowing of the light gas directly into the plasma zone results in a particularly
efficient exploitation of the expensive light gas because said gas is supplied by

the pressure of the plasma directly to the area to be vitrified.
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As a result of the synchronous novenent, changes in

the gas flow inside the crucible are al so avoi ded,
wobkioh4dsas an advant ageous effect on the constpODyPENg055451

reproducibility of the vitr8fication process. In a

particularly preferred variant of the nethod it is

i ntended that the I| as is 5 blown into the plas
It has S@F‘H”?H&Ué&%b?rﬂ Eﬂ%ePHéVH&ﬂaQﬁﬁénﬂ'C NAYPTOCEHE @(es

z ts

pisth M@S???@%lﬁ%ﬁ%'ﬁ? o e S e e Al P ehe
atmame\rrethe gleltingasolktisarsichedily thesatmdspbpm c@taipyng the light

the pressure of the plasma directly to the area to be
gagitrified.lt has also turned out to be advantageous

when a gas enriching process takes place between the

ThbﬁN@fo e gﬁé‘%nﬁ&ﬁrﬂe f‘rgrrérht% \Xﬂrﬁrbé{ oﬁ I, MHe ToRR: t\M?%Lre(iaHﬁ nitrogen,

e at nosphere In t ting no is enric
reepien:ns@l;r)emethecslmlgnan@etlaysed is gbduges sothanthe use oﬂ"llght gas is

gas enrrchrrent & or, to vitrification, the content of
mqge,e %Wrtﬂgo‘ﬁ H'CaF'%%r@Q@tth%éT%r '?Y\ertFPf@ %@'%%Wﬁé shows a

@%bq that the use of light gas is nore
paé@{’%::”y'é?}“; uring vrt ification and the inner |ayer

produced in this way shows a particularly | ow bubble
In thes sedpect it maslalso tuese@ out td béasivahiegebus mddnothe gas dreichment
advant ageous when t enri chnment proces ri ses

PrQqess &8 F3eaithe SYRP RIJOnhG8S (1o TR MATVEE ST VA Retgss inlet of
thedRSar idlh i SfsAabr 3 iothdl BRoPHRISHERI o il & o

the ase nold to a vacuum
va@pphi cation of a negative pressure (vacuum, starting
fromthe outer wall, gas existing in the granul e |ayer

and .opti opal | sothe as exis
DUg5 468 Seplierisneoia St Ehres St iadur. SIpR Fgmiie outer
I
wall %@éﬁ@pe Pfe r%ﬁrgfe]?lra 8?9 g”oltpﬂgb%g}"'élfs%ﬁeb%%mbhﬁ the
watmjfdx pdrbue@mmrblel basleaaotdrsrwdkedrbfftcbrdnﬂyadwrwba@&tmand is
when during vitrification the outer wall of th
repiacrd wite |Igg§gaﬁmr9ug§ ths 68@%@@5950%1’&'09 rfrormtm H@'de of the
meYﬂrﬁg{rnf ||d:at| on under vacuum a sealing layer is forned
he area where the

Moreover, it has turned out to be advantageous when during vitrification the outer

wall of the crucible base mold is exposed to a vacuum.

During vitrification under vacuum a sealing layer is formed in the area where the
plasma zone acts on the inner wall of the SiO, granule layer, said sealing layer
preventing any further action of the vacuum into the interior of the melting mold,
whereby the transparent inner layer is gradually formed. As soon as the
transparent inner layer has been formed, the vacuum (the negative pressure) can

be switched off or reduced.

Preferably, the atmosphere containing the light gas contains oxygen not more

than 50% by vol., preferably in the range of 10-30% by vol., and helium.

Due to the oxygen content of the vitrification atmosphere, combustion of graphite

and conversion to CO and CO; are observed when graphite electrodes are used
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pl asma zone acts on the inner wall of the SiOQ2 granule

| ayer, said sealing |ayer preventing any further
wa@edomameei the vacuuminto the interior of thepOEEP200g055451

nol d, whereby the transparent inner |layer is gradually

formed. As soon as the transparent inner |ayer has

heen forned, vacuum the ne a{we }Eressure) can be

forJghitie e 8@”@% fé%ﬁj@%%” @t G H1y Mavhiea s A SFMani@geous

e T ST

prodhiced. and helium Due to the oxygen content of the
vitrification atnosphere, conbustion of graphite and

conversi o bserved when gr hte
MAEPaLaT 8Baling 804 SGEOeI S TR GPeHd N I S Gartains
t
endisH ﬁ%ﬁ\“??@*eﬁ@ﬁ‘égﬁ‘% P08 a0 AN AR, o that
regpinatorirhasksata ofirer diadetyd mddsuzey gor irstarade a pgpcuslscthamber

at mosphere that, apart fromhelium also contai
prc&ﬁ@@@ﬁ%&&@%ﬁnwé@mﬁ@ L apRA Y agcammedaing the rnglélag &rold,

arean$tr G U tﬂ@%nvfanH%ﬂE f ﬁ'r%nr'n"eﬂﬁﬂgocess rgﬁ)zeer?b%'ess

neasur es or |ns ance

pamr@étem ekehrfiom tcbavemormnn:&meanainufaemré With a vitrification of the
accommpdating the nelting nold, are not needed in the

'nr@ﬁﬁy%n'ﬁréﬂtc%‘qu ﬁ@oh@ldtaﬁdgamtéd @ieeRARY; process
parameters taken from conventional crucible

In E‘Eafé‘ﬁeﬂ‘“ebt{fa%a‘{*ﬂtbhtr% Oﬁdd‘ n‘%?'irjggﬂd% tﬁé‘t“‘th{g%ﬂ‘ﬁ?ﬁb@é(r%rcdn‘ﬂaining

can be adopte adap nor e easl
thepligteyased cveatedthroughtaheomtesd|leadsuply oba lglatsemt&ﬂetdoatsisting of
t he at nbsphere containing the light gas is created
lightrgasuid @x¥afttrol | ed supply of a gas mixture
consisting of light gas and oxygen. The use of a

ThERY! d?‘ésbﬁgéggj’%gpn%r%‘éu%é ﬁ'ﬁb%&f[ﬁe‘?{ffe‘% fhé B@vé}ﬁé{&é‘ﬂ?&%e gas

that the ositrom 1s constant in

connpdemendsnbhstaof mplrraesmd@emdehdyfnépeéssluee oh&rgpsrature changes
variations in the gas flow control and that the nunber

or wn@twsrf@éa%@a@é@w e s het Bresnyrgbenal thernaaded gas flow
coﬁﬂ?&lé?@?sesﬁlfalléﬁw’aﬂqh\fﬁg HQ%e %?ﬁnflﬁ&\’){dﬁgpééglﬂowocfon%?'Fbr each
type of gas. € gas mxture'ils e.g. s bet ore by
typeesigasoTha @tgggmur@'r:x @1 g Vet Defgreroy ieahs oh atstativiginetahich
t

per(mltsghlgl#)thrc?ughputs (e. g) up to 600 m/h).

In an alternative and equally preferred variant of the method, it is intended that
the atmosphere containing the light gas is generated by supplying light gas and

oxygen in a controlled manner.

The individual gas flow control for each type of gas is more flexible than the use of
a previously set gas mixture and permits, above all, also changes in the
atmosphere composition inside the melting mold in response to the position of the

current vitrification range or the time phase in the vitrification process.

As for the apparatus, the above-indicated object, starting from an apparatus
comprising the features of the above-indicated type, is achieved according to the

invention in that the plasma source and the heat shield together with the gas inlet
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In an alternative and equally preferred variant of the
method, it is intended that the atnosphere contai ning
wo b@olikg@bt gas is generated by supplying |ightrgBEPENg055451
oxygen in a controll ed manner. The individual gas flow
control for each type of gas is nore flexible than the
use of a previousl se Xt ure and mts bove
arg;penTigyred t Eﬁrﬁ’@%‘éat%ﬁ Reten EGFR%@W'%WQ tﬁg,aa%s of
rothfign el ting nold in response to the position of the
current vitrification range or the tine phase in the
vitrification process. As for the apparatus, the
Thelzpparatndiof thethvebfiet senssaotpantprin thm apovep|hasteated method. It

. C I‘ISIn he features of ve- i ndi cat

s SPReHAly st ai R e to Tia paRTa 0 Pwet@faqd thefacat shield

witH'tﬁé.’é? esé%‘%ﬁg anetF%re‘?rﬂfv n-:lﬁ'éjd[;? anTbu'iéPQO the axis
gas |n etare configured to em)va eat ast In a

of cbtatbari obinepreiegdnoldl, ae. harizdmealbxise tbat thetpiasma solihee and the
apparatus of the invention serves to performth

Plaghta eane prpducsd &y ihadd dee 9ps SP§p|é’lﬁ5§tr%‘?|Y6?daP|P§e {6 the regions of
SRR By 8 AR BHIGPGERR) o anc

vitmifiscaby €he plagntd z@rwd.i on per pendicul ar to the axis of
rotation of the nelting nold, i.e. horizontally, so

that the plasm source and t he, pl asma zon roduced by
Thiswij cons r%%'g r§§k5?ﬁ? {heREoRBLRLERgeY feede Sﬁgr Y'EB’IC@HQ” and

orfil L DoAY SuLBIPE 8101 SPRECIHYBpY oS e Mdrea
detdilasboveawitte refélarteviol the distsissienalfltlye negthoe acberdmptonthe
of .energy needed for vitrification and entail a

invgat®Ncul arly efficient exploitation of the Iight gas,
as has been described in detail above with reference

Ad.(/Qnttaﬁ%ogé 3% bQﬁ 1ok ahgﬁ%dggél Begorﬁ %Bgn\t/éhtfdﬁeoecome

i nvention. antageo gns o e appar at us
appartetmnt ﬂ'orrgtrteosuthelalmsrelnsofan abaooiiguetivas @ithdé appatdtes indicated
ub-cl ai ns. far as configurations of the apparatus

in ﬁhﬁoﬁttba@lém e 166 b1 QrclLTes A RNETTR SUBIGREBgE NG the
&@ hBE&‘i’n B |ﬁv@é¢tf6§1 F@@?ér%e”ug rhgﬁof@;d“eﬁpﬁ&ﬁ]%hgwg

e |nv er énce

ex;slepah@ﬁrmtwafbmmvamﬁ madbe:rathe\@rmehdar@i rdBthod claims.
made on the correspondi ng nmethod cl ai ns.
The configurations of the apparatus according to the invention as mentioned in

the remaining sub-claims shall be explained in more detail in the following.

Advantageously, the heat shield and the upper side opening define a gap

therebetween.

The heat shield covers the opening while leaving a completely or partly
surrounding gap relative to the upper edge of the melting mold. This measure
permits an “open system” and thus a gas flow both within the melting mold and a
gas flow directed out of the melting mold. This facilitates the discharge of
contaminated gas or evaporated material from the melting mold, and undesired

deposits are prevented and impurities reduced.
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The configurations of the apparatus according to the
i nvention as nentioned in the remaining sub-clains
WG babl14dve2 expl ained in nore detail in the follped/EB2009/055451
Advant ageousl y, the heat shield and the upper side
openi ng define a gap therebetween. The heat shield

covers the opening whjle | eaving a .conpletely or
It n@értymﬁdswtrteﬁws&%u'gﬂbem 81'AGHE @'%V'F?ug? Y p on an
' JRi s measure permts an "open
OU@QﬁfttgﬁgngﬁhgmaO'gas flow both within the nelting

nold and a gas flow directed out of the nelting nold.
Thehiasutisadevitafarditates the exbbange of ged froemiheattetiogas thor melting
or at ed terigl fromt Ltin | d, and :
MBI BB G GBle fias e e bEATG OB e Sistarandls layer, and it
he@%%?‘?gdlhée Bﬁ’éw-tb‘d!b‘c‘)?éjﬁé?éﬂrttz ﬁ%s@%rb‘éﬁfé? at \%‘&Pﬁnﬁ&&ﬁeg‘can be
evli ce produces a vacuum oh an outer wall of the
usee during vittfichtiohhef thedninegn ldger aed bsoi duriraf 2gat lemrichment and
exchange of gas fromthe interior of the nelting nold,
ex¢lnaRapIocess 8rﬁce@mg:m WtrifigatonsiaP-and fromthe Si 2
granul e layer, and it hel ps to produce a | ow bubbl e
o bdD e A B oo B MITLAETHECONTR [RRr shiRf is
pralidedyith agiesxilelerpipd fargupphdng tod Aglifegas. ocess pr ecedi ng
the vitrification step. It has turned out to be
advant ageous. when the gas, inlet . of e heat shield i
Tha RIS AR Sl e S lote sprBLSesh ol BBl ghigib anf giihe at
Iea%@?ne 8 iflexi bl e pipe sinplifies the |ateral
efl eCtion of the heat shield and of the at |east one
gas inlet. Brief Description of the Draw ngs The
i nvention shal | fEsigf hesekiptien aéthe Brawingsdet ail with
reference to enbodi nents and a drawing. As the sole

b i A Bt fed RLMoRg aRRREH et
embodisier@tdrena dRaLiag! Ad tReseld juren of the Invention

The nelting apparatus according to Fig. 1 conprises a

nelting nold 1 of netal . .
Figure 1 shows a melting apparatus suited for performing the method of the

invention, in a schematic illustration.

Detailed Description of the Invention

The melting apparatus according to Fig. 1 comprises a melting mold 1 of metal
with an inner diameter of 75 cm, the mold 1 resting with an outer flange on a
support 3. The support 3 is rotatable about the central axis 4. A cathode 4 and an
anode 6 (electrodes 5; 6) of graphite which, as illustrated by way of directional
arrows 7, are movable inside the melting mold 1 in all spatial directions project

into the interior 20 of the melting mold 1.

A heat shield 2 in the form of a water-cooled metal plate having a thickness of 10
mm, which comprises a central through-hole through which the electrodes 5, 6
protrude into the melting mold 1 projects beyond the open upper side of the

melting mold 1. The heat shield 2 is connected to a gas inlet 8 for a gas mixture of
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with an inner dianeter of 75 cm the nold 1 resting
with an outer flange on a support 3 . The support 3 is
WO odoatiaddbe about the central axis 4 . A cat hodeCHERIU9/055451
an anode 6 (electrodes 5; 8} of graphite which, as
illustrated by way of directional arrows 7, are
vabl e inside the neltin in all gatlal

e ande Ao Bas iere Tt ugy Y Bk iSisdre ng
colﬁ@lgea 3 atég&ﬂ% \Pﬁ‘ﬁr}éselhfio h'i %&eﬂé rc%ﬂ%@rsm MF@?%L@%serted.

A amtipyi gegswith eemdthabf 5m1rmug¢1prm,hcmd betowegm thiiméltingenold 1 and
el ectrodes 5, 6 protrude into the nelting nold 1

theghepteialdiediond SRaWS Ja dmsewoglam 3t ot e ataet dimensions of
th%?éﬁjar%tus-r&ﬂy '%Eﬁ{gm%‘t‘ib&l ;ﬂ q%t 2 G812 f’ﬁhé Aeft gﬁ\ad é".sF-‘t

or a gas-m X ureo man

honztbrﬁtallﬁrrfcﬁrebwm xhehd ynairetdtionl ir thiee;blanen@cat@@tabgveﬁ@b melting
as flexible pipes into which gas flow controllers 16

moqu/ﬁ@s # eutlined jbydae dixegtional rjrayspand the goqidinate plamsp10.

mmis provided between the nelting nold 1 and the heat

Thé@ﬁ%l:g g%t\&gérgthelsW3%'dsth8 rﬁaﬂﬁg%a%n

nensi ons ara nl'y sc |ca

mexdis dframadmmsde{neb, whiog |b¢e|bre3bhtédd3y2the8d|I‘E§Utllohehér&tb‘l/vy1 7. The
novabl e il n x- y-direction) in the plane | ocated

meé‘}if&/@o_!% Cﬁ@]ﬁrlsﬁg WF'@'elpaﬁ%lQ% Tdumwhiefetn big. { rase only
Sy@%éﬁfeédo'et m%eb%ﬁt{oﬁﬁgﬁseaéag%tﬁotuﬁgwf?éﬁ'vﬁguﬁmp(%a% ct?,{o& me;rcie?l.ﬁ&de of

the@oRY Aol 8t thside. nreans of a vacuum devi ce, V\,hl ch is
represent ed by the directional arrow 17 . The nelti ng

1 conprises nmultiple passages 15 (which in Fig
Thgrr@araﬁegtuge, rbaI4Sziegh |Wa!"ﬁe€l|%%ﬁ eoieiRle @ayomg)tfgmmvewlon

sh%{lﬁéﬁ\&gec%gﬁted‘m rﬁ(?-ur § ﬂvﬂﬁ igfererl?ﬁe %{é‘feh%dte?ﬁbodlment

nuf ac
cruci ble according to the invention shal | now be
In ailmtahe&wdisteprmrgswﬂirmgrawUItels ofefaturahqeatto san@xwhehrm been
iment. In a first nmethod step, crystalli

Cle@f‘ﬁﬂ l!ﬂye@e@'ﬂs ﬁ&h%%ﬂ'%@%ﬁ% VaRy Pr%ﬁrr@ﬁ Fay S’dé%ﬁanglng from 90
unf o%gr’rp%r@ﬁﬁé@ i gﬁ%megtg{%otr@dﬁ@m%'bbgtr @s ﬁnﬁftggfn%fiams 4.

I'ze rangi ng

Unuet the Aetioredt thegemblifdgabloatd agd Bhoneand 6f 4 atdd terdplased, a
axis 4 . Under the action of the centrifugal force and
rotgljorrsymenelfical Grorigle-shpned layen 12 &f atedanisaironiragted quartz

a@% Léﬂo?%gdsc;ﬁat%%qnh@ly whll g)?thoef m@ﬁ%%o%a .l Phé %%%?& thickness

of the layer 12 is 12 mm.

In a second method step, a granule layer 14 of synthetically produced quartz
glass powder is formed on the inner wall of the quartz sand layer 12, also by
using a mold template and under continued rotation of the melting mold 1. The

mean layer thickness of the layer 14 is also 12 mm.

In a third method step, the air contained in the granule layers 12 and 14 is
enriched with a helium-containing process gas. To this end the heat shield 2 is
positioned above the opening of the melting mold 1 and the air inside the melting
mold 1 is pumped off by means of the vacuum device 17 via the gas-permeable

granule layers 12 and 14 in that it is drawn off through the granule layers 12, 14 to
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sand is formed on the inner wall of the nelting nold

1. The nean | ayer thickness of the layer 12 is 12 mm
wo pooa/1s@epnd net hod step, a granule |ayer 14 oPCI/EP2009/055451

synthetically produced quansz gl ass powder is forned

on the inner wall of the quartz sand |layer 12, also by
sing a. nmold tenp|l ate and under conti rotatlon of
thet%tsﬁ’& ﬁtmfﬁ%m& tne, 1eh BixeEROf g W@HB%@(@%V%” {shigtroduced

LER

it M npcror .8 0 FRIUFEImbR £ Qbéﬁsd@éfé?%ﬁfﬁ%hs%?@h'e'd 2
Aftennipehied ofidboua 10ehinutes; tmé shncigg [processswigiashe felidrhi s

end the heat shield 2 is positioned above the opening
corfaining PretassEAsIBIlerMinaled. t he air inside the melting

nold 1 is punped off by nmeans of the vacuum device 17

I .
In ¥ redfibo BRATRRC S RIE R eFs 124 S5 D Adpe Bfbone
Tottblsmsndaam(i; after thatcarhpletian®ef thergas an ncmhen‘epr@fcebse ltheuaiectrodes

and 20% oxy%en is introduced into the interior

5; @ Ree irirqduesdnipraual theLangal gagningiqfithg hgpt ?W@lqﬁ%éﬂto the
mtérhérei(ﬂ #nd afEl e%'irlc?alrbew‘?ﬁw Rfm %Htln:ll_-q%n:‘ Bgttﬁ Platcs@gészone 13

ing process wth e he I 'uncont

as @dsares slhemm agdiest. a grayebdekgrdindres I‘g)ﬂtesltlﬂlwe‘ehehe electrodes 5;
granule layers 12 and 14 are vitrified zone by zone.

6 "T(thQ Reltinghinoithatragsriiere Iﬁ?@né'@H@g ef h@hu@fand@y@% In this process

@ bl TR E 3eaL i g i Bl SR 3 $Gpies to
the id€ericttey V|Qrth8$eedinrﬁ’e enlrfslldié?tﬁd idtetior,20Mal sthbleSgd i@ tb
pl asma zone 13 as an area shown

geég@teétwmc@n%shmemgﬁ@ ichy s dfec et mediinout of e
e RGOS Ko T Al P b Sk esyhn e oflefE 23gl Beting moia 1

constant and controll ed stream of the He/ 02 m xture of

FoB0frifying theigrasulenbyed 12 14hia thoteea of tkDside avdlh@efteed shield
line 8 . Inside the interior 20, a stable gas flowis

2 toeelapawdth, thelgastinies 8amewhe: eleFrepes15 iy armeraugt erao a lateral

opblfias SpafuE i e hbefle i icd® R e Bl el3 7 in

theFareavdftthe oottaeh, the habaswibr) » tﬁerl\ﬁnth e gasthet @rﬁr’hoved into
of the side wall the heat shield 2 together with the

a qgayal poeition, withl thehelegtrodes 6cfebe@g gFsamovedontghad central position
teral S|t|on(as shown in Fig. 1) . For the

I
ang?q\/ygqedc VYQ)VH “the granule layers 12; 14 in

It is thereby possible to reach all areas of the granule layers 12; 14, i.e. the
bottom, the substantially cylindrical wall, and the curved transition area between
bottom and wall with both the plasma zone 13 and the process gas (80He/200,).
The movability of the heat shield 2 permits a horizontal adjustment of the gas
supply 8, which enables the process gas to be blown directly into the plasma zone
13, whereby the process gas is optimally exploited and the reproducibility of the
method is improved. In addition, the gas stream can be adjusted freely, which
permits a stable gas flow inside the melting mold 1 and out of the melting mold. It
is thereby ensured that the supplied process gas reaches all areas of the granule

layers 12; 14 in which vitrification is in the process of being carried out.
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the area of the bottom the heat shield 2 together

wWth the gas inlet 8 is noved into a central position,
wowdoa/1dve2 el ectrodes 5;6 being al so noved i nt OPEI/EP2009/055451

central position and | owerad downwards. It is thereby

possible to reach all areas of the granule |layers 12;

DuRbVi e SaINGIPNET Ih RS ORF B8 BeielBrebstTas of the
e PP S A T e R sy el ortbA e
crysisleviatl feorindhe atmbepherd)in shererdltimg ndie irgedors2Bisic® the gas

whi ch enabl es the process gas to be blown directly
mixtHEgyot MRliun a8xyere s still pREPer\oft WéOLﬂﬂfbH&Bor@% grgnule layers

12%21%@'&! Pfegfé(tR)egbrteggur%r@f até%%t b8 rrﬁt?%‘ aIBstl'utt%() iah ﬁﬁ%?ateg As a

colshgirined, éﬁ@ﬁbE inéri g rnerrmnﬁed Whﬁiﬂfaéﬂcm/sgaarow amy bubbles and
_inside the neltin and out of the nelting nold.
is thergfere tiansna eghd i|eet<|31lrt aad NnERdrangmerericegtiog é%xsergdych covers

ind AR hrBE ESRO R re iy AOHBT BT ogor bip bibepsafy e

aciht oWl plgsmiat 13 &t least ifpart a8@kd tminAY&d complaad@lydif hecessary,
formng on the inner surface of the granule |ayer 12,

at $hei endsebineripanafpeiurigprioaess gy way eicandeiastingor t i ons

of the crucible wall fromthe atnosphere in the

Asrg%iohuégtgﬁg} t‘?meg |ﬁﬁérq5¥%lgn?ssp%%§gg%e E%)&tf %B?H% 5 mm, the

sutiirPespAitguiliee VayQirn devicnt7 recdicBeIad b \tieropie88IVe €not
of about 200 nbar (absol ut ez is generated. As a

shewndrfigeriodo sHcli@nsxtenirtbat h@meswefm’enekﬂnwm e araassof the

ordtiié aei 2 iR besiF 8 Gk FoRR RE 6 innd18bsolute
préd@rd ) arnérg@"seﬁéede@nfe? tHlébﬂElda?eeé Sgﬂk‘:@%rlyﬂ‘rér’ﬂ%é HthhénF 20 of
course of he process e action of p asnma

thealmeltmsmoldﬂ Jeom vrahndh ut@etsutlmiqw@hethe cmiwmettem preas of the
ne sar he e of th ri e b
ordfS e 1201 4 L PHEN e PebgfalB RA S Hig FRICHRinFRe Sbs
comP¥8tioRas tH@ﬁSH%’séﬁ 5?@3"3“&‘%(@ lgﬂ‘?éntﬂ@%m@ 1@ I°r2nca'hhtﬁus be
suction capacity of the vacuum device 17 i s reduced
adjistechvia hhetatmespfmreen timeintshon?0 untilfhgse Breasaseuglsodused into
extent tha ure revaljlng in the as ,of
ODFHGE Gharte oo BR 10 DiSees WH HRccerBpletis BT g msk front
redPlsTtheFd Ay APGr FRIeliAESALLLE Pressure) . The gas
nee or |s originates particularly fromthe
interior 20 of
The inner surface of the quartz glass crucible produced in this way is thus formed

by a smooth, vitreous and low-bubble inner layer of synthetic SiO, which is firmly
connected to an outer layer of opaque quartz glass. The inner layer formed in this
way is moreover distinguished by a low bubble growth when the crucible is used

in the intended way.
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conposition in the non-fusad areas of the granule

| ayers 12; 14 can thus be adjusted via the atnosphere

in the interior 20 until these areas are also fused

i nto opaque quartz gl ass. Ghamgelting process will be

conpl eted before the nelt front reaches the inner wall

of the melting nold 1. The inner surface of the quartz
8U@ﬂ@<ﬁj@ﬂa‘§|h|¢10f Auartzalpsss said sethedmampising: a

SRRV ity B RE Fnd Pub YN .4 B 6RO anpiotates

layrit abfaxePanrativia(4)zard @shpriddtean iRk waal ehidf rﬂémhg mold
inthis way i s noreover distinguished by a | ow bubble

draxinhanmweret Bislecopariing eovereddyda haat shieichtZe mdégpst in part, said

S s TR Hefina & BB e Ta St EpigseRere
\dontaihighd) lightFad §8185 td RIPH a AFamRBBhEtiifhet (BREL diE PBtiBle

( 1) that rfotates about an axis of rotation (4) and
dmagerelels(1an of guartz gidsis, atlgiadt patt of the athasphere egntaining the

1RREbef refe SoPd SINE el gRud TRk it & ok infét (&,9) of the
Heeft sRIcAS (B 2A0REein, ]}r?’)a b ferRioiRHR] 8P p?reeéé’ihﬁitﬂé vﬁri%ngastep, a

I'1ght gas so as to forma transparent inner~|ayer
qraculel leyéradd ) bttt §iQ2ipnef layeagtanugsssiprraed lomabe inner wall,
par f the atnosphere ntaining the |i as, bein
B0t 16 HESTHA 01D oG heat spisle) R )40g80er Widthe

- ) iel i i in,. .
(G et 8, O o fBvotd of st # iR RicrpedbiByiar o the rotation
gnds (4 )earidagrermbidq latérdlligen Snéd@irectiver of theegragulenayers(1i4s during
formed on the inner wall, and wherein the plasnma zone
(thﬁyjt”fé/ﬁ%g Bige Freas t%M'itrngh% Qj"a'ilﬂéé@mr(m\)-t h the gas
inlet (8 9) are novable at least in a direction

PRSI D PR BRI hAY TS Ao

Irection o
cdpennftpw Bestent.ri fyi ng step so as to vitrify the
granule layer (14). 2 . The nethod according to claim

Ibergla, Lhe MLTHNLNG: B SRuhreRRlHe i5he RS 080 ea to the

melting mold (1) continuously as a controlled gas flow.

The method according to any of the preceding claims wherein the upper side
opening of the melting mold (1) remains covered also upon a lateral deflection
of the heat shield (2).

The method according to any of the preceding claims wherein the light gas is

blown via the gas inlet (8; 9) of the heat shield into the plasma zone (13).

The method according to any of the preceding claims wherein the plasma zone

(13) and the heat shield (2) are moved in synchronism.
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3 . The nethod according to claiml or 2 wherein the
light gas is supplied to the nelting nold ( 1)
w@ooitmeorsly as a controlled gas flow. 4 . Thecvepivogioss4si
according to any of the praceding clains wherein the
upper side opening of the nelting nold ( 1 ) remains
covered al so upon a |l ateral deflection of the heat

7. SMeehéttad) accordinghe drst dfade aecesding @ldimsaimerefn 4 as enriching

preceding clains wherein the |ight gas is blown via
taRerglien Imiveich(tbe agmosphenganteameltingnwld (t)osemeiched by the

HioB® BRa @iy bidmeeps B RO RE sREERET VRN 1l grethod
tdiep BAatthe Nitalyshd Aeti®sEstdved in synchronism7 . The
met hod accordi'ng to any of the preceding clains

wherein a gas enriching operation in which the

8. akhfoeisthadaceording teedlaimg whergin(the gasi enrishmesi eaoesss

A BRI P TN TP 1 P50 et o) o
\thé el 5RigIdTEL)BAd exbBBureofn odtee waltdiake apaMieigiGetrold (12)
claim7 wherein the gas enrichment process conprises

dappyacupim. i ght gas into the nelting nold ( 1) via
the gas inlet (8; 9) of the heat shield (2)and

0. SO QoA B Rl g ek bRe LS R Akl (

t o a vacuum 0O any O

tieifip&esre tHeguter alatofWhe EridbleWdsedmadld (124 I9 éxpuriedad a
the outer wall of the crucible base nold ( 12) is
asa6998u(1t7d- a vacuum ( 17). 10 . The nethod according to
any of the preceding clains wherein the |ight

c e . .
10 R AR oS BB, G RO M &g ke e TR gas-
teontdiaing dtthospaeed oorttaind heghim aad noenidenthag 50% by vol. of

at nrosphere contai ns oxygen in a range of 10 to 30% by

VYg€and helium 12 .The method according to any of
t he preceding clainms wherein the |ight gascontaining

' . ly: .
1R RIRC AL AFREE A B MePLngl gauRshaifho®
atmosphere contains oxygen in a range of 10 to 30% by vol. and helium.

12.The method according to any of the preceding claims wherein the light gas-
containing atmosphere is generated by a controlled supply of a mixture

consisting of light gas and oxygen.

13.The method according to any of the preceding claims wherein the light gas-
containing atmosphere is generated by a controlled supply of light gas and of

oxygen.

14.An apparatus for producing a crucible of quartz glass, said apparatus
comprising: a melting mold (1) that is rotatable about an axis of rotation and
that has an upper side opening that can be covered at least in part by a heat
shield having a gas inlet (8; 9) for a light gas, and a plasma source that is
introducible into the melting mold (1), wherein the plasma source (13) and the
heat shield (2) together with the gas inlet (8; 9) are configured to be movable

at least in a direction perpendicular to the axis of rotation (4).



20 13 . The nethod according to any of the preceding
clains wherein the |ight gascontaining atnosphere is

w@eosnadoerl by a controlled supply of |ight gaspendpmh9/oss4si
oxygen. 14. An apparatus fon7produci ng a crucible of
quartz gl ass, said apparatus conprising: a nelting

| d 1 h bl b
1500he S6PATRMS AordRoLB ST ITL} funGgeRithG NeRL B BlchAend (6 upper
ty eat shield having a ga
gtbsgﬁ%g‘ié?‘% ggPpﬁ%@bgg%@er{;nd aSp: asma s\élurge t%af

is introducible into the nelting nold ( 1) , wherein
1 6tThe apmsméing tm&)aiarnﬂﬂ phé Shvdegresha glad flpR) controller (16)

th the ga 9) .are configured to
%ﬁh H‘%V,'%ﬁt gaesa@?o ﬁW e |ni9é@f’¥doeq)per pendi cul ar to
the axis of rotation (4).15 . The apparatus accordi ng
5 17%&&%&%% ORI 8ind tb%mqhe%mmsohm@memﬁ th BBt shield

de opening definé a gap therebetween.
a(ﬁbhaatade&aabd:@nsg)rt ihat issddedquateto pBaJattdweeﬁqmdathgamper side

fl ow. con IIe i.es the i 0 the
rﬂﬂeﬂ'%OfT{hed"ﬂe ity ik, 3) Bl st Bterabdsscliphas the heat
Q he cl ai ns 14 to 16 wherein the heat shield (2)
has a Fateral di mension that is adequate to project
beyond t he upper side opening of the nelting nold ( 1
18)The sppanatusagecanding tbaryreflthe efdimst idoio bf whiseein@aracuum

1o e proRuCatya sRE R &) o i BE el e Bt meis 1)

vacuum ( 17) on an outer wall of the nelting nold ( 1
19)The dfparth® a&dsrd E% ABLSHE RhiG _No P whidkeif tidé &8s inlet (8;

14 to 18 wherein t as inlet (8; 9) of the heat

Shiaditie hept stleMﬁt\)ll%etDWdeWﬁhfa sdtileepipe pepBlyig thierdight gas.

the light gas.



