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- advant ageous when a gas enri.ching process takes place between the.
layer forRlTF ;%?‘é\tﬁrﬁa
~the melti nriched by the at nt)sphere containing the Ii ght :
tﬂgn%kggmkg gas enrlchrrent prior to v1tr|f|cat|on the
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As a result of the synchronous{movement changes in the'gas ﬂow msnde the
crucnble are also avmded Wthh has an advantageous effect on the constancy )
and reproducnblltty of the VItrn‘lcatlon process L IR R

In a partlcularly preferred vanant of the method It is lntended that the hght gas is

o 25 blown lnto the plasma zone vxa the gas mlet of the heat shleld
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»;_I n thl s respect |t has al so tur ned out to be advant ageous when the :

”»gas ‘enrj chrer process corrprlses the supply of Ii the
el ting ol £/4691a99t he gas inlet of the heat shiel d angp@g‘g@ut/@% g

~ outer waII of ‘the crucible: base nold to a vacuum Due to the o

~application of a negatl ve pressure (vacuun) starting fromthe out er
wal |, gapaexissttuned crutttboegacﬂmlt@géo@leeﬁhané g@@telr@l@ﬁln'gﬁar@bé@s tdkesgas
exi st| ng in the 15 wall of a porous crucible base nold is sucked off
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at rrosph 1nsr de of, t QVEL '

"t e el 68 1R bR KSRl G AT e el R AR R
outer vedd. of the cruci ble base rroId 1S exposed to a vacuum- 20 o
Duri ng vitri fication under vacuum a seal i ng layer is formed in the
‘area where the plasma zone acts on the inner wall of the Si02granule

layer® Ba%ss@émtso@aw@hmné@éﬁt inygtrilieationyrthagoniantobairdand mtramum

L ayer  1eobRafE i e

~ been f ansrefiitient v@mglmtﬁdfs@.on% theenREraa§&i Srbdaasd AbthRewaYisheled
“off or reduced. Preferably, the at rrosphere containing the |ight gas

~ contai r@@&@géﬁl%buhﬂe@@*ﬁ;ﬁh 50% by vol ., preferably in the range of
- 10- 30% by vol -, and helium = WD 2009/ 146992PCT/ EP2009/ 055451 fOl’
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manufacture with a vitrification of the 10 innér layer in air can be
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o replaced wrth Irght gas through the atmosphere folIowrng from the rnsrde of the

,_}meltrng mold

: Moreover rt has turned out to be advantageous when durrng vrtrlflcatron the outer, :
, 'wall of the crucrble base mold rs exposed to a vacuum IR B

| 20‘, Durrng vrtnﬂcatlon under vacuum a sealrng layer rs formed |n the area where the :
- plasma zone acts on the rnner wall of the SIOz granule layer sard sealrng layer
"preventrng any further actron of the vacuum rnto the rnterror of the meltrng mold
i whereby the transparent rnner layer |s gradually formed As soon as the '
'transparent |nner layer has been formed the vacuum (the negatrve pressure) can

25 ’be swrtched off or red uced

i ’ Preferably, the atmosphere contalnmg the llght gas contarns oxygen not more ; .

'than 50% by vol preferably rn the range of 10 30% by vol and helrum

“ Due to the oxygen content of the vrtrrflcatron atmosphere combustlon of graphrte .
e i fand conversron to CO and COZ are observed when graphrte electrodes are used } )
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rﬁdant of the rret hod rs |nt ended that the

Ina preferred v"
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‘supply of a gas mxture. consrstrng ofglrght ‘gas and oxygen.. . The use
~of a- prevrously produced ‘gas m xture offers the advantage that the
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Cmixture |§rogugedset before by neans of a static mxer which permts
“high throughputs (e g. up to. 600 nB 1h) 20 In an alternatrve and
~equal ly preferred variant. of the method, is intended that the
~ at nospherMogavesi armﬂlflttgqetold aimosphere thajearéartafrem b@lnmmfsymgtalm@ht
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ln a preferred vanant of the method |t rs rntended that the atmosphere contarnrng s

" ', v;the lrght gas rs created through a controlled supply of a gas mlxture consrstrng of

it - ;llght gas and oxygen

:»'f‘fThe use of a Prevrously produced gas mrxture offers the advantage that the gas g1 .

k 15 ’composrtron rs constant rn trme rndependently of pressure or temperature changes ', 3

or varratrons in the gas ﬂow control and that the number of the needed gas ﬂow
i f‘controllers rs smaller than rn the case of an mdrvrdual gas ﬂow control for each |
,' ;/type of gas The gas mrxture rs e g set before by means of a statrc mrxer whrch '

’ ‘;f " permrts hrgh throughputs (e g up to 600 m3/h)

‘~ . 2 O_‘ln an alternatrve and equally preferred varrant of the method rt rs rntended that
% _‘jthe atmosphere contarnrng the lrght gas rs generated by supplyrng lrght gas and

oxygen rn a controlled manner

i _The lndrvrdual gas flow control for each type of gas rs more ﬂexrble than the use of L

: ;*:f}_a prevrously set gas mrxture and permrts above all also changes |n the n
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jfy, [current vrtrrﬂcatron range or the trme phase rn th’evrtrrfrcatron process

G j '*'As for the apparatus the above-rndrcated object‘ startrngv from ‘an/apparatus
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~gas inlet are novable in a di rectl on per pendi cul ar to the axis of -
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sour ce anedcartigupiciione mvabta atdaa@dn leydiractionderpendjesias topihieyaxis of
noved cl gase to the regions of the granule Iayer to be respectively
, V|tr|f| Y these can be locally heated and vitrified by the pl asma.
~zone. 10 This will considerably reduce t he anount of .energy needed

~for vitThé tappéramrs enmhednt@tiorrsdrass i pbaiy tref Absicemtisgaetohsmbbon of N
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~detail in thet%?tol :@vﬁt‘ng Svant ageously, the heat shield and the.

eupper si de openi ng defi ne a gap therebetween. The heat shi el d cover s[’ e
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facilitates the discharge of contam nated gas or evaporated mat er| al
fromt hravmalrmm ng mJI d, and undesired deposits are prevented and
inpurities reduced. WO 2009/ 146992PCT/ EP2009/ 055451 It has turned

~out to u e an outer‘ -
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in the sub- clarms rmrtate the procedures mentloned in sub clalms regardrng the
method accordrng to the rnventron reference is made for a supplementary o
L | explanatron to the above observatrons made on the correspondlng method clarms e
: The conflguratlons of the apparatus accordmg to the mventron as mentloned rn

20 the remarnrng sub clarms shall be explarned |n more detart in the followrng

Advantageously, the heat shreld and the upper srde openrng defme a gap
therebetween ' ‘

_The heat shield covers the openrng whrle leavrng a completety or partly
, surroundmg gap relatrve to the upper edge of the meltrng mold This measure
25 permrts an. open system and thus a gas flow both wrthrn the meltrng moId and a
gas ﬂow drrected out of the meltlng mold Thrs facrhtates the drscharge of ‘
: f - contamrnated gas or evaporated materral from the meltrng motd and undesrred .

deposrts are prevented and rmpuntres reduced



-~ Brief Descr

5 hel ps to. pr oduce a low bubbl e quartz gI ass cr uc| bl e The vacuum
- devi ce: cawol:mwﬂe!bzdurr ng vitrification of the inner | ayer/Eamlg/assssu
~during a gas- enr| chrrent and" exchange ]pl’ ocess pr ecedl ng the

Covitrifi cation step. It has turned out to be advant age0us When the gas;{,’_i ,,_‘i“'},x

“inlet of %%le ‘heat Shle|dlS rovi ded wthaflewble e for
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nd of the at |east one gas inl et.
ron of tﬁgng a\guldﬁgs The invention shall now be

~explained in nore detail with reference to enbodi nents and a dr aWr ng.
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- flange oruse Zilrrmgoptrlf“caﬁon Bh&teSlmper)raWeBahd alsy @l @ ﬁs%ﬂrrchhﬂant and
central ~axis 4. A cathode 4 and an_anode 6 (electrodes 5; 6) of -

~ graphite %@h@ﬂgeagoqqsrstm@edlea ﬂB@VlFl?aflﬁaé'pncﬁthectl onal “arrows 7, are
‘novabl e insit e nelting nold 1 in all spati al . directions pr o; ect

- into the jRAeHirABAD tglbé%vﬁﬁlagbaa el the gt%ﬁ 2t of i 3#

form of a water-cool net al aVl ng ness
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e »"The meltlng apparatus accordrng to F|g 1 comprrses a meltrng mold 1 of metal |

" "wrth an rnner drameter of 75 cm the mold 1 restrng wrth an outer ﬂange on a

,,"fléhgelt,drae .

‘the melting nol'd 1 projects beyond the open upper

zb’gsupport 3 The support 3 rs rotatable about the central axrs 4"‘A cathode 4 and an ROCEE

- anode 6 (electrodes 5 6) of graphrte whrch as rIlustrated by way of drrectronal
d,.’darrows 7 are movable rnsrde the meltrng mold 1 m_all spatlal drrect 'ns prorect
s lnto the |nter|or 20 of the meltrng mold 1 F N - =

o A heat shreld V2 rn the form of a Water—coo : metalplate havrng a thlckness of 10

Wthh compnses a central through ol electrodes 5 6

-

25 ymm

.ifs?meltmg mold The heat shleld 2is cor ected toagas

let 8 for a gasmlxtu

'rlprotrude rnto the meltrng mold 1 pro;ects beyondtheopen upper srde’ of the

rp of e
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heI i um and oxygen and to a gas inlet 9 for pure heI i um wh| ch |nI ets

are confyigibstksds f1exible pipes into which gas flow PENEP Y RIs35116
(MFC) are-inserted. A venting gap woth a width of 50 nmis provided.

between the nelting nold 1 and the heat shield 2 (Fig. 1 shows this TR

di mensi on and al |- of the other dimensions of 5 the apparatus. only
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“nmold can be evacuated by - neans o vacuum devi ce, which
repr esethedrteab)shtelttEZdFrgedtahomal thisrdioension amdall Of thel mthegdrmnnmdns of
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~cruci bl e-accor gtot elnv tiron shall w be explalined in nor

“detai | motdh1raf Brcﬁ,rtlmedlmymepfrﬁécmonebbreMandﬁhe cobfdinatelidna $0. net hod; L
~step, crystal line granul es of natural quartz sand, whrch has been

TcleanedT rrean of: . hot chl ori at i referred rain size )
| 5 ShegD B By

§hBetiash e BUpRor rand e MaltaoBiieras oy
rotatingeak ept(; alra%uherféwégiw%h %%Erésent&ljﬁ%tﬁélﬁrréétldn%l‘ar‘?bwtﬁe The

~centrifugal rce and by nmeans o
“rot atodnettylgn'eoldr tadbmprises m&mgmmge@y&s (vifZiclfn ﬁ@chaaremlly y

- conpacte artz a dis rred on e inner wall t.he rreltl ng
S SRR B Bt A PRl A et O g o
- second t anul e layer 14 of syntheti cal Iy produced
quartz tﬁFarfs?gﬂpﬁvlklgl}!{epﬁre Ilﬁ?a?or med on the inner wall of the quartz sand

-l ayer - al'so by using a nold tenplate and under continued rot ati on
~ of the hlmmatrgxfantumdfaI&mc:tﬁqwamtgllaaserumblecaqmesd;n@to theelnl/arytmn 14 |s,j

: ', al SQ 12 mll] now be explalned rn more detarl wrth reference to a preferred embodlment

g _ 15 ln a frrst method step, crystallrne granules of natural quartz sand whrch has been f
L ‘cleaned by means of hot chlonnatron wrth a preferred grarn srze rangrng from 90
r , pm to 315 um are fllled lnto the meltlng mold rotatlng about rts longttudlnal axrs 4
| U-‘Under the actron of the centnfugal force and by means of a mold template a ] o
. ‘ frotatron symmetncal crucrble shaped Iayer 12 of mechanrcally compacted quartz o .
! 20 sand is formed on the lnner wall of the meltrng mold 1. The mean Iayer thlckness ?
B ofthelayer12|s12 mm | | e S V

In a. second method step, a granule layer 14 of synthetrcally produced quartz ' l =
,glass powder lS formed on the rnner wall of the quartz sand layer 12 also by |
| ‘ 'usrng a mold template and under contrnued rotatron of the meltrng mold 1 The

25 'mean layer thrckness of the layer 14 rs also 12 mm

' "ln a thlrd method step, the alr contarned ll‘l the granule layers 12 and 14 rs ,‘ .
enrrched with a hellum contarnrng process gas To thrs end the heat shleld 2 IS ,
v posrtloned above the openlng of the meltrng mold 1 and the alr rnsrde the meltrng |
mold 1 rs pumped off by means of the vacuum devrce 17 via the gas permeable -
'30 granule layers 12 and 14 in that rt rs drawn off through the granule layers 12 14 to ‘
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__In a th| rd rret hod step, the air contar ned in the granule layers 12 s
“and 14. |swemmwmwzwth a hel T um ‘cont ai ni ng process gaSPCT/@PIz(lwmsaﬂﬂ '

“the heat shi el d2is posrtloned above13t he opening of the nelti ng ol d]*,',
1 and the air lnSIde the neltlng nmold 1 is punped of f. by means of the -

W”vacuumd ice 17 vja the ermea ranul e layers 12 and 14 in
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~ process a constan ‘ed 'Stream of tr ure o
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“interior 20, a stable gas flow is generated, which shown . i-n Fig.
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Claims 1. A nethod for producing a crucible of quartz glass, said

met hod conprising: a step of vitrifying Si02 inner |ayer granules in
a nelting nold (1) that rotates abou‘tsan axis of rotation (4) and
conprises an inner wall, said nelting nold having an upper side

openi ng covered by a heat shield (2) at least in part, said
vitrifying being under the action of a plasma zone (13) in atnosphere
cont ai giiggne |1 ght gas, nanely heliumor hydrogen, so as to forma
transparent inner layer on a crucible base nold (12) of quartz gl ass,
at least part of the atnobsphere containing the Iight gas being

supplied to,the ltin Id (1) through s inlet - ,9) of. the
ent il el dABFIEaF BhADBrDat e & Alaf S8, Baifimttiod shupiighd®s
precedi ng t bepvoft VitrfiylhBiSt herdagsragraheleb ay er nielthg efold (9 thaDrthteser
| ayer granules is forned on the inner wall, and wherein the pl asma]
zone (13) aRAOHrAN REAHOISRIRPR (2pne dipenitises an finenavallagaifefing gnolg)
are novabl enajing @AlppeP site Hpefifll @NeRRY REAKELREI Q) b1Ba&tah Palt0Baid
axis (4) and are noved laterally in the direction of the granule

| ayer (14) ditifying bei wider tHeaqignf epplasinazone (13) in anosphereggaatriniag

| ayer (14). 2. 4, [ clal j Vit fying
Stop 'S oar FiE0" Goy T epnBREDof hihobh e oS BallbrdhEntthrier ik
to claim1 on @2cmiciiteebase hwld i( 1)t ofgasarizsglass @tileast tpartt dfethesdtimosgherel d
(1) continu ly.as.a contralled gas flaw, 4. The neth ccording_to
by of the. Braetif R R s el i g m I FRER T SR GR n s
mﬁl t ihng mlhmlﬁ(ﬁ; B;mathaashem\shmﬁ (%)L sbanapt;;nisad litrest ain afim‘ybsﬁirhmg gtfap
t he heat shie 2 5. . The met hod according t n e precedi ng
cl'ai e wher Blése0hg. fheghiryne Sepbiodier s s Q4L e St o drvarne
heat shi el dgidHutes!iBorit dsdrtheaAger(Wa), an8 whErEin iRd pRgmaCHAE]H Baridthany
of the preceding clains wherein the plasma zone (13) and the heat
shield (2) heat peldd(3)oggihenMithi B gasénlet (8D aAist Mewablecdr @pplgint 8
any of the [ j j LERi ' i
Wi ch the af reaenap arEndblEr R Rabraso 1) ol o ARRERIPANA) e
gas- cont ai nditgctmnnefstbhegranile layesil dedutieg treevitrifying Istapeso hertaivityfy the
nmet hod step t vist,ti fying method step, wherein the gas
enri chment 8?%@%%‘29%%4%% ses supply of light gas into the nelting
nold (1) via the gas inlet (8; 9) of the heat shield (2) and exposure
of an aguter I i b. 2) . V., ,
met hodaaccor I r?b]etﬁ éd tg%orggn lét& h? '%?‘eﬁgg‘feﬁ%'l‘ g?%}]nr?r%fy'b\ﬁesr &l '%C‘%%dn‘g“ i 8f
vitrificati opet lewsystem.wal | of the crucible base nold (12) is
exposed to a vacuum (17). 9. The method according to any of the
precedi ng clainms wherein the |ight gas-

3. The method according to claim 1 or 2 wherein the light gas is supplied to the

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

4. 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).

5. 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).

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

(13) and the heat shield (2) are moved in synchronism.



cont ai ni ng at nosphere contains heliumand not nore than 50% by vol .
of oxygen, preferably in a range of 10 to 30% by vol. 10. The nethod
according to any of the preceding clgins wherein the |ight gas-
cont ai ni ng at nosphere is generated by a controlled supply of |ight
gas and of oxygen, or the |ight gas-containing atnosphere is
generated by a controlled supply of a m xture consisting of |ight gas

and  gen. The mReARRBLANS /By HRYUCLANR CLH BhEH a W'diching

gl ass, said appara us conp

rot at abl e abperatlam mmhmhoﬂheraitmlspbereandhe haeltnhlgasnddl (Upisegnrichde by the
openi ng that ,can ov.er e | east r eat s |el d h g
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characterised in that 5 Iasma soyrce (13) and the heat shield (2)
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The appar at us according to claim11l wherein the heat shield

t he upper sfd@vagéming define a gap therebetween. 17 13. The
apparatus according to claim 1l or 12 wherein a gas flow controller
(16) is pI’OVI ded which supplies the light gas into the nelting nold
(1). 18 Théhappethadiacse itagany ainyhef Presedipp arigng 1whereins during

wherei n ¢ heviRbsHR 6hiélalane dfie Bhod RIEIAR bifkol o ade0HG°

to project beyond the upper side opening o
in case of &l7Materal defl ection of the heat shield (2). 15. The
apparatus according to any of the clains 11 to 14 wherein a vacuum

device is pr ovi ded which produces a vacuum (17) on an outer wall of
t he mePti ng h@met@gy according to any of the preceding claims wherein the light gas-

containing atmosphere contains helium and not more than 50% by vol. of

oxygen, preferably in a range of 10 to 30% by vol.

10.  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, or the light gas-containing atmosphere is generated by a controlled

supply of a mixture consisting of light gas and oxygen.

11.  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, namely helium, or hydrogen, and
a plasma source that is introducible into the melting mold (1), characterised in
that 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).

12.  The apparatus according to claim 11 wherein the heat shield (2) and the upper

side opening define a gap therebetween.



13.

14.

15.

17

The apparatus according to claim 11 or 12 wherein a gas flow controller (16) is

provided which supplies the light gas into the melting mold (1).

The apparatus according to any of the claims 11 to 13 wherein the heat shield
(2) has a lateral dimension that is adequate to project beyond the upper side
opening of the melting mold (1) also in case of a lateral deflection of the heat
shield (2).

The apparatus according to any of the claims 11 to 14 wherein a vacuum
device is provided which produces a vacuum (17) on an outer wall of the
melting mold (1). '



