; e3euppgs: Vs<t6t Tu{42 3 SEP ~2 3 0 AP R 2003 _. (Qyart glasscruciBlaes':’-'i‘?lo?ﬂn2
process for producing same The invention concerns a quartz glass cgﬁo%g%emn
havi ng a cruci bl e body of opaque quartz glass which is synmetrical ative
toits rotational axis and has an outer zone of opaque quartz glass which
transitions toward the inside into an inner zone of transparent quartz
glass with a density of at least 2.15 g/cmi. Furthernore, the invention

concerns a proces he production of a quartz .glass crucible by

provi ding a nold out a rotational axis and hawbswg an inner
wal | , adding Si 02 g A@Qnto the nold to forma granulate |ayer on the
inner wall of the nol&ge.and heating the granul ate Iaiﬂ m”mmm m i nsi de
toward the outside while rotating the nold and form m mud cruci bl e

body with an opaque outer zone. A quartz glass crucible of this kind is
described in DE Al 44 401 04. The known quartz glass crucible conprises a
cruci bl e base body with an opaque outer zone which transitions toward the
inside into a snoot h) r jense inne gne. The thi ckness of
the inner zone is bet vvevtgﬁa %%%éﬂﬂ: %ndopr??teee’sg‘gr?s?cﬁﬂ?'npéag‘te | east 2.15 g/cnB
The quartr glass crucible is produced in a slip casting process. The
quartz glass is reduced to a powdered material having a particle size of .

I ess tHann/inon WcEﬁts‘éﬁhﬁﬁz gﬁ??ﬁ’riuer Iean(wﬁg Iabc?_h:‘i"olé cw étiogg%uﬁ %Lﬁgr& é\a??t’ﬁi@ﬁ is

into a negative plaster or t e Ccru e an

obt ai ngshnadtic rertrwé fbgts'r&aﬁérﬁﬂ 8iLandRhasPar] SHBEIAL Bf @péa.et WBER: didsObniarhnkhiaRS

After the sintering, selected surface zones of the opaque anhd porous

cruci bibwafl tha loskieents ah jreet ssheldd trhbpabent qh&ed gladseatheadnsay ol leaeen148HC and
2200C in order to transformthe opaque and porous base material into
transparent quartz glass with a density of at least 2.15 g/cnB . As a
result, the crucible base body obtains the abovesai d opague outer zone

whi ch Furthesheredths inventiendon¢ring @ plasess fof thetpnedustiaroefa quasa glasesiusibiiy pagvitling a
dense inner zone. 2 3 S EP 200z ~ U APR 2003 A process of the kind

ment i ofiey reptable ahoulgenipionslspisprd beviog an gwerwall, grdiog Srﬂwcanut?éslntqtee mold to
produc}ion artz glass cr C|bIe forw£ uII|n a s|I|con

nonocr @élg'%%ﬁ? ﬁ'gonttge {Rer yal %fﬁ'r%trngts'r 9 tW’ % laypr C}'i'eth§éf‘5@§| | ed
pourin [ J 9cess f nat ur
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sneltlng nold and is vitrified, forntng an opaque base body. Thereupon, in
order to create a transparent, snooth, inner |ayer, synthetic quartz gl ass
powder AluaRPHhaescr BbidREtHAARAEE Ues@B el lmeoE wrer:«, 403, fﬁte khSwb gz RRRY cBBie
it is nelted into a dense, transparent inner |ayer by neans of an electric
arc. Thempisasazrgdinssasarhody blite apropdgeesuténzohb whicharansitiorstowaEiite dbidamto a
opaque base body and a transparent, dense inner l|layer that fornms the inner
sur f acemobtht Weargesistant, dgnse dnrer aoidh| The thikkness af the inpenzareris hétween 1 laed R mme pnd

| ayer differs fromthat of the base body. The inner layer is produced in a
separ athe qansiyis stlepg - raicrpT-i The uajtz glast esicible ippeaduprd iiagfliacrging grocess. The

inmpurities fromthe base bocé to the inner surface. Due to its

cont enfitalatafediog] BARer e snaLeHrpagaria o pep amithT NIRRT
e BB e P O B
subst arg anﬂlot)%u%fl%ggfqurhg dtt%}ﬁz'i Q?a Yén?p{ 24\18 ern%oeugnéf %é@ gﬁtﬂr the sintering,

transparent erefrna rred t0 as spec

Radl at IsgRols381ddh Johes Liths BERB Y BRHRE St ifBISHCEG b B TDRAMIUES reatment

gradients across t he ¢ UCIb e. wever, conpensating f

radi at iefvebAoB58E° & $006° I G dérRTRBRALM Bie Spadtfar®drodssisE endtdiR rﬁfollrféhbtb@ent
can lead to softening, deformation and saggi ng of the crucible wall, which

can resjuhkfz | Elasi RRIVE @EnsAG oV AtGEast 218 .g/chit. A @BLIE A STudiBIE baswbddy@ablirs thavabove-
| arge cruci bl es which are generally used for Ionger periods than smaller
ones. HaRl dfaque BBt 10peadhighnemesisnd ivaidfe Faduf iARthE modthaweptasdistarglaag dense
cruci ble using the pouring-in nethod also requires an additional process

st ep f anndrlkengranuf acture of the inner layer and it too is therefore costly.
The object of the invention is to provide a quartz glass crucible

di stingui shed by high purity and high opacity, i.e., low transm ssion in
the IR spectrum and a sinple, cost efficient process for the production

t her eof . .



2 3 S EP2002 ~a AP R 2003 The object to provide a quartz glaégaé*ﬁbﬂﬂze
is achieved on the basis of the crucible nentioned initially in that the
cruci bl e body is produced fromsynthetic Si02 granul ate havi ng adidpaBRfA53
BET density ranging fromO0.5 n2/g to 40 n2/g, a tanmped volune of at | east
0.8 g/cnmB, and formed fromat |east partially porous aggl onerates of
primary Si02 particles. The quartz glass crucible according to the
invention is conposed entirely of synthetically groduqed Si02. Due to this
hi ghlAyprecsse obthakindmgenianed ahove isHooyndemh CA9Z 166 ddi whieh descabesttheigiadyetiod by
hi gh ?urit t hroughout. No neasures are required to prevent mgration of

i mpuref 8A Hasmoryridle tPather Wing §52 eilicaimneciypigbracpidingge thecerpchiatpkinethed: &y n.
The cruci bl e body conprises an outer zone of opaque quartz glass and an

i nnermezBn &t the sprcaliRdRAUERS-INRIGFess: H) 1he said prRsesupdranyie lRnereY Nalirbguaizglass
integrally joined regions. .This ans that there is no precjse, defined
boundianyials lsdomeet fjaten hedmnss ballpirpiates smetihasmelg apd ' Jitiech Rerins oh opaque

d d f t het.i i 02 | ate. A t d
M e L e
|ate fill. Durli th i Al i t ptrifi i f t
041 e PR B 4P RS8R A P e
o | RSP B85S R e SRl bR ABREIAR, LIRS

Zone JRaLRRr hNbERRE daSEREHPIAY SuaREalcAN A8hsd 18R I4Y8r BT A thh et ARke 3RS

is free of pores, or has very few pores, so that 'its density is at | east

2, 15 gifappBlasd BiuSibRe Mhiktsyartirfy rgtaridl ¥t thBaineplaydrdiRfEIanehat S1URE badsedo@P.SThe inner
Theretrore the mechani cal and chem cal properties of the inner zone

cor r dapn idhro@udel 05 & separaensecess atep pad enhady serves tglpassniwhighation sfieebritie from
mechani cal strength, hardness and chemcal stability. The outer zone is

di st ithgbashtealyby theiigherepdadety in the IR spectrum Opacity in the sense of
the invention is |ow transparency (less than 1 %9 both in the visible
(between about 350 nm and 800nnm) and in the IR spectra. In the IR spectrum
bet ween 750 nm and 4800 nm the transmssibility in a 3 rimthick disk is
2 3 Pee o isdppurdy erApk e agena ¢ dyehie deser '%’”%F'@HS Bpvitakls for grplicationg
spectrum.i s, substant | al | chievyed in that the outer. zone is, prodquced from
305 GPHLS HBE PRaT mehe PibREA IR rep i reh G et S8 BPRIGSS; o2
parti n i f d : / .

Ut ri FrameRErPafis R e BTl B e ALPRR i FecluEn S60 1 o
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specific density. By contrast, opaque quartz glass produced fromnatural or

synt hgkises dWahiidergblassmgsratiet Grhdiehs labrods tHRWSIRE telchikitalr A@es e @smpéndatig ot
all, large bubbles and the bubble distribution density is relatively |ower.
Thi s tauadiatiqoriosey raisingphe temp erature létheinsaitthsdesthe ctucibia cavihenl tu Seftbnirg,

i ntended, the quartz glass crucible according to the invention reduces the
t enpedsiounaiogeadisagaingeitos srucihle walluwhiph eanvgbyit idieduced perghe fpadhisprabient ke | R
spectrum so that no conpensation is required such as, for exanple, by the
over h&¥st rjiceable indarga cruciespyhighrejogaeraih user &4 Iwenparieds Hign Sgg"ﬁ%@rﬁ‘e%-heat
shield). A quartz glass crucible obtained by the vitrification of this type
of granulate is therefore distinguished by good heat insulation and tong

servi life. The finenes f the es _in e_outer. zone required.t or
e oAt froes 1o il fieRRL G e By LGB PRor BT H e 1 AL
partialdy ' ' ' > L

Par 1 ceelfleR 4h BHRLGHBIRL S, 1 Ry g ol sl s b RloP e
sil i cQaggompounds, by hydrolysis of organic silicon conpounds using the
so-cal l ed sol -gel process, or by hydrolysis of inorganic silicon conpounds
in a fluid. Even though such primary particles are generally distinguished
by high purity, they are difficult to handle due to their |ow bul k density.
Conpacthen;day ofRaingerflibn & tgppdviteat quigtzpraes essibiedistvgastidudsyafigh purBuridtggh
granul ation, agglonerates with |arger dianeters are forned by an

aggl onpzaity, ba, lofv ttahemissiahlin heilRapgctipar bnd & sisnplel hes effiaigol oersa fashepreducion
plurality of open pore channels that forma correspondingly |arge pore

vol ungherébe i ndi vi dual grains of the Si02 granul ate enpl oyed are fornmed
from such aggl onerates. Due to the |large pore volune the granulate is

di stingui shed by a specific BET surface area ranging fromO0.5 n2/g to 40
n2/g. The surface is therefore not present as the outer surface but nostly
as inner surface in formof pore channels.; During vitrification the |arger
proportion of the pore volune is closed due to sintering and col | apsi ng.
However, the greater part of the previously open pore channels remains as a

o o o o - - b



2 3 SEP 2002 3 0 APR 2003 silicon oxide (SiO during vitrificatiZ)ﬁ,SEr&\izm
counteracts the collapsing of small pores since the gases trapped in the
smal | cl osed pores can no |onger escape. In addition, the great $pegaPRi2003
surface area allows an especially effective purification) for exanple by
means of thermal chlorination, before the granulate is put to use.
l-npurities are, after all, found primarily in the free surface regi on where
they are easily dissolved are renpoved via the open pore channels. The
tanped volune of at least 0.8 g/cn2 in the first place assures pourability

of t H“ﬁe%lbjafz. ?cm’geaatcg.{art |as§ ltuQ%quQ g&iiév%d %h tr%ehr?a[s%%q ﬁezcrgé'tﬁg Fneh? Ined initi '358

subst ant y -- SSed aboves " cause arge specific sur

pres i ol

et or M B boRtE! %%%Q@“%%‘“’%%ﬁ%;z#é“%@rﬁ%"%9%%5’5 OSRReENT | so
787/ Jbm 4.5 n®/gb @b eI L d 1R NRY of kbR agt 0L d/Bhe AQbrmad Femdit ﬂa‘&sttr%rt‘ah? orous
invention is produced fromsynthetic Si02 granulate with a specif %
surfae%gloﬁméglgf ri) Si0YRAMIcks. 20 n2/g and with a tanped vol une rangl ng
fro 0 g/cnB to 1.4 g/cnB Advant ageously, the quartz glass has a

net astabl e OH content of max. 20 ppm by meight in the region of the inner
zone. I n general, "netastable OH content" neans that hydroxyl group content
whi ChTHeSquaﬁﬂgbaebblelcmé aaseaﬂmgmcf tha ihveationtis earhpesed eﬂtirelty esyttatitaly pramsed $i0,t he
context of this invention) a "netastable OH content” is defined as a

hydr dXyd togishighly pwia sthrting matenielta® hearizyglase atucivde i istiogastied by lhighgutity a
tenperature of 1,000 C over a period of 40 hours in a vacuumof 10'' nbar.
Thosh@Hgbewdu pe mangtres aee W@t’" QGE'ﬁMBF‘é”’BW'@mpfsmh@é'ﬁs fremdhneyrrz@igss ciysible
hereinafter referred to as "firmy bound hydroxyl groups.” An inner zone
wi t h 8tortae mett sprtainedihetit-ent of max. 20 ppm by weight will assure that
nene, or few, hydroxyl groups are rel eased when the quartz glass crucible
is used as intended. In addition, due to the | ow content of netastable

wle ofte sEbRBey bofte® By BuebPi® TOPENTRHRRL ot iR Bor PoRER lpRAPHCD.
escapd it e e e T TR BT SRTE R,

gr oupgredile Rins£8rdalyr@Qr € enl argenent during the use of the quartz glass
cruci ble. Preferably however, the content of firmy bound hydroxyl groups
is at max. 40 ppm by weight. Quartz glass with a | ower OH content has
greater viscosity than quartz glass with a higher OH content. Hi gher

vi sco$he yuartpglassasudiide aeetditg toithe/inedntiomis pyeduced frgh systhetiaRPboranattehiAgh
tenperatures. Since firmy bound hydroxyl groups can be also partially

r enpv EBRGHE Wﬁﬁov%ﬁ%fﬂ HeRFPELNt Inar 208 Gimebtainebheyitriiestiorplithe pPRIRR IRt aR @K §|
groups reduces the er o ore enlargenent with use of the quartz gl ass
or uct B eDWWQ\}%\%WR?a“?ﬂ roaﬁasqtangwewnfa%@dmesrff@mttpawgeﬂar it fsen pBies

are pro uced . fro tic cruci bl.e this

i na” OO REREETs py ] SpdaibA presosad ot B Birbsefluthy e 8{1‘0?;1!”Py'
pr ef Ea (ﬁ% @%’%}ﬂl rEﬁttome %Qgtelqé’f%rcf:gfﬂ% tgﬁ’tﬁ?r%(uvﬂn%@mﬁgrcz%r %égbg a@ L?fwgretem erature

inventio e opaque out®er zone IS na roma first ate havi ng
| over g rmgrevheﬁﬂg pbitR) tHYNBRer 26REis el B Fore£ GPASL vanPewdsorey) ls,élh%t Raydridgy is at
hi gher density. A preconpacting of the second granul ate facilitates the
adj ustggnt.18fg/dnite ThIs @ehsig s AENithat of tarsparehtiiRitz gBBE . Therefore the mechanical and
chemical properties of the inner zone correspond to those of dense transparent quartz glass with respect

to mechanical strength, hardness and chemical stability.

The outer zone is distinguished by high opacity in the IR spectrum. Opacity in the sense of the invention
is low transparency (less than 1%) both in the visible (between about 350 nm and 800nm) and in the IR

spectra. In the IR spectrum, between 750 hm and 4800 nm, the transmissibility in a 3 mm thick disk is



The .preferred enbodi nent of the quartz glass crucible according t 3t£k[ep 2002
‘invention is one where the inner zone is produced froma Si02 grahulate
which is at least partially conposed of synthetic cristobalite. Before use,
the Si02 granulate is partially converted to synthetic cristobal jtgeaps 2003;
tenpering. It has been shown that converting to cristobalite also results
tn reduction of the OH content. The inner zone made of Si 2 granul ate

obtai ned fromsynthetic cristobalite is therefore distinguished by a | ow OH
cont &8 thaprge.i Hirehigh BP@'%FBF%FP&W%"%WW@&GWW Geevihip thahtheputer gensis
surface in the direction of éhe outer zone. It has been shown to be

advaRtosyessiieon SiQuassnuipte {oraet R LRV RIS CTSHECPPAMAR $iHaBRMIFIRS 8R of
e FBa SPea e Sifod BSua i ghod B4 BB H EENE A BOkrR.

h he obj d i bed | hi di
| e RPRF Bt AR AT E s oBRic S Rate ) uiele® HRU &Y P ARAROME BhshCartdWeh ¢ ey

the S O2 nul a i r r riial r
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Vi tr b Gkl 1O0er TARLcaBSRE8H R JpaBRYLR thel VKIS SodcBURT WHeR®isOUES Intei bl ith€quartz
formng an 1 nner zone of transparent quartz glass. The granulate layer is
Vi tridid8dniibié Actotdiey 38R ihdhtiofHdubes thb temptr AGRTFadkéht aPRGS B eQHicRile waN@usABd
a transparent inner zone are obtained in one processing step. The

Vi t 1 i Higtc@dacinftiiedIf sprdirar 66 shat ho borhbehsiatic i6l eedubedisithtasefopatpiple bithd ng t he
vitrification process. Qpen pores and pore channels in the granulate are

cl osewvetrentiiyy/of imdmglhsesy the estilaphat e thermaltsheedi(ineat shield). o qudrz dasaerucivdd | of
the form Due to the greater thermal effect in the region of the inner zone
( hi ghehitaineshipethavitrifieation®f thisyes ofrasenulaigyisplerpiory distinguishedby-aned headiosriation ped
of pores or has very few pores so that its density is least 2.15 g/crrt~.
The vicPg €2 ffen front is an indistinct boundary region between materi al
that is nelted and material that is partially nelted. The latter presents
open pores and channels while the fornmer has cl osed pores that are no

| onger, connect Wi th . vitrificat]
acvan eC MEPE Fieberds dfe SRR LorBYEAEE merarl Ay B oY bl i P Bl b Bbler

tr ansg%%&qt ih 36 diBE1e8aaRRAP SordadlidnE e D 6f SHnfary 8 ,Wakticieb! 88LH Sindry ONt
t f"the g I I

t owar e outside I1n the ditection of regions o ranul ate | ayer which

ar e shhnibled HeQbSairtthy\Mde B IE Viakid Ry &S8P ©r oxRidli6R of diRoh LaMERAIdE By HydrBsis
zone 1s obtained during the vitrification of the granulate |ayer, no

addi t bberghniv siicanfdompburais usingphe so-caigdisblegkl prohesspotyerssirdysisosf dHonganicosilicbe
invention is therefore sinple and cost effectnre. Mechanical stresses that
t ypi cabipoundpdea fidir Evey thoughl sugk drithanipaniglearee ganetadie distirkivishpd by bigh purity, they
according to the invention produces an outer zone having high opacity, or

| ow t PENGTiFWdp brndle gue tatheinlew birlkdedsity: (rAMPRSENGRYTBRANSHha Sranalating Piesessilei t v
of a 3 mmthick disk is less than 1% in the velen%h regi on bet ween

. ) [ 600
nm andsSbbeh DRFing ateuelRTk AHFIPTSFISs WS EVERT oIS fTRE! B PEpogioneTata
P ZOth’sr%lﬁ\)Eﬁna%yogg’rﬁcles. These agglomerates have a plurality of open pore channels that form a

correspondingly large pore volume. The individual grains of the SiO, granulate employed are formed
from such agglomerates. Due to the large pore volume the granulate is distinguished by a specific BET
surface area ranging from 0.5 m?g to 40 m?g. The surface is therefore not present as the outer surface
but mostly as inner surface in form of pore channels.; During vitrification, the larger proportion of the pore
volume is closed due to sintering and collapsing. However, the greater part of the previously open pore
channels remains as a plurality of small closed pores which reflect IR radiation, leading to the high

opacity in the IR spectrum. Furthermore, the large strface area of the granulate helps to create gaseous



zone'is made of a Si02 granulate which is formed frompartially popgusep 2002
aggl onerates of primary Si Oz particles and has a specific BET surface area
ranging fromO0.5 n2/g to 40 n2/g. The vitrification of such Si02 gragupat &3
provi des an opaque quartz glass with a honogenous pore distribution while

at the same tinme presenting high pore density and high specific density. By
contrast, when natural or synthetic quartz glass granulates with | ow

speci §jionSuib 368) ahHR vﬁFﬁﬁa&bﬁﬁd/hchQFurﬁér%&E ki {b@é&wgté?@,rﬂaﬁmé @@Lme@g’esg the

result is a presence of |arge bubbles and a | ow bubbl e densit

pri ”afréﬁéiéd!ir?@\g%n{aﬁ cBBRFpdrYs bdh dd¥Bnydreb&lpR. AR Nhe GHa bfeci 88adediEd DI es
produced with use of the above-nentioned granul ate are distinguished by

good hiRVsEn eshBSallyditbQRe BUickGoriod BxMRAE by Mehib df iRrhE FRARATOHNbidBehe
fineness of the pores in the outer zone required therefor is achieved by

usi ng ganSafdZs gitad ub@t itnpofitictharé,sattpr &S Bhd bimarmy Mg fréd suras tegAMHerd thdy are
porous aggl onerates of primary Si02 particles. Such primary particles are
obt ai eesly Rissdosd asasmbvediviashe opardicé yisarmer oxi dation of silicon conpounds,
by hydrolysis of organic silicon conpounds using the so-called sol-gel
process, or by hydrolysis of inorganic silicon conpounds in a fluid. Such
primary particles are handled only with great difficulty due to their |ow
bul k deatimped velumeand el Ingst By8 gremhio thyf firat pacerasbares pourphilly ebtbe iSO smalildtewhile
handl i ng. During granul ation, agglonerates with larger dianmeters are forned
by an thappasiteefite @rargmiashés sywalantialy rragrdiscyaryadi aboess— caused by Higdroreretiliss have
a plurality of open pare channels that forma correspondingly |arge pore
vol undurageresant of B0 SUWAch ns of the Si02 granul ate enpl oyed are forned
from such aggl onerates. Due to the | arge pore volune, the granulate is

di stingui shed by a specific BET surface area ranging fromO0.5 n2/g to 40
n2/ g. f kS t ; r t r

st y ePEi iR Eihs SR ROk iR ARERby R ortr bR RS S o e
the | a506f BIORAEHI78A19f the pore volunme is closed due to sintering and

col | apsi ng. "However) the greater part of the previously open pore channels
remains as a plurality of small closed pores which reflect IR radiation,

| eading to the high opacity in the IR spectrum Furthernore, the |large

sur f acie agirefarred erbadiraérnhd atieblb @bpsadcordiigaatie igaseauis psédutediforn xyrdieetic Si0)
during vitrification, which counteracts the collapsing of small pores since
t he gawesulate ayithedsperific BET swrtdck raighwdrpd méky te 8t milg and mdb = tespedelunhairanging
addition, the Iarqe specific surface area pernmits an especially effective
puri f i &xe il Qr/cr’op 1d@epl-e by means of thermal chlorination, before the
granulate is put to use. Inpurities are, after all, 8 REPLACEMENT SHEET z
~ s E P Zooz 3 Q APR 2003 found primarily in the free surface region from

which th ily. d [ [ .
S TR A A Ak 5, R SR e
e LB PR g SRR it b U g A 1

f or med AsovhBk 8 Rdns b d R redthRnSd e cjldaaz 3HEd. apenOborkd®@ oRhmvaRRRALs at e s
determ ned by the BET process (DIN 66132) and the tanped volune by DI N1SO

787/ 11*métastablp OB enkett isredfined aoh hpdroge eckitag whikhas fetndvasle by hesting el itz Sida
granulate with a specific BET surface ranging from2 n2/g to 20 nk/g and
Wit h atd arspesranak wig 00@ G bveg afpredod df. 40 pucn@ atvacudundofgOc @b ar STisdsetGtirpedps that
vol une has been shown to be particularly well suited with respect to

pour abiafd nof remalablady this héat trebiment wil e hepminefter neterred & asaifirmip bowntehydraxglaseups.”
use is made of a Si02 granulate in formof at |east partially porous

aggl onémndnnes zofe Wwith armelasibEO apntert| ob Mawi 20Hpahbyaweigigdl assyee %Pt noassorfavan su
m Such primary particles are obtained in the so-called sol-gel process b

t he hydwenrydigeups atsrigleared whan e AUaTrPensriauciple is usad as tntadad. %eﬁdéﬁﬂn'é’éiﬁé? V%f(
preferred variant of th rocess) use.is made of a Si 02 granulate in form
of “at | IE L ey DBy oS SEPanEr e/ Pore BT RAPS el bR m IR PR AU fr o
aver ag article size of less than 0.2M m _ Such rogeni c_prjmar artjcles
ore Tonneaasy stk iR TR endelh Fnersrcr MRt Sl rRER b b oo
The pri . rticl r anor phous due to a low devitrification
tendenéggg%¥ﬁﬁaa@%??%F%%gpggﬁﬁﬁﬁ%g%%Fh variants of the process, the prinmary
particles are distinguished by a large free surface. Aggloneration of a
plurality of such-particles due to physical or chem cal binding forces
forms granulates in the sense of the invention. Known granul ati on processes
are enployed, in particular build-up gfanul ation (wet granul ati on process)
or extrusion of a mass containing the primary particles. Especially



9 23 SEP2002 30 APR 2D03 the primary particles gained by wag D&EPhaE2
sol -gel process are densely packed in the granulate since they are largely
and preferably spherical. The free surface is reduced by the conéaqﬂ,
surfaces of adjoining particles; however, closed pores may devel op é‘&g%n
the individual primary particles during vitrification, as discussed above.
Due to the fact that the primary particles have an average particle size of
|l ess than 5 m the resulting pore distribution is correspondingly fine. The
average particle size is determ ned according to ASTM C1070 and is
descreheslcalg e beaadaFulRl draslddeiot ABUIERRRE &ldryerfstitiaahh£iheLad bl 1AL quirer

use in the process according to the invention has been shown to be one of

Si 02 giagstoradilets. Pavdralgy homdverigesantsht deindlytbpuekd BidiéxyUdroors igatimwk, b ppm bynner
region of |esser density being at |east partially enclosed by an outer

r egi oweigiit. Gruaett glassiwitls aiower Threcantetit iasigre@btegvisovgihyelhan udrtraglapsavithl stiigher O
called Si02 particles here and hereinafter, while the totality of the

par t i cdngsnt.i Kigbel Visedsityhimpgrvenicrm stabilifroé theghinhggenaousbld ehlsigh tentesiturebusinoa
makes it possible to trap gases in the inner region where they cannot
escap@miyrbayiad hpdrioyy! peaup$ adn be alse apdialyueinapdtah bigh tamperatyeesiina vaqubons a lower
contributing to pore formati on and opacity of the quartz glass. This

densi egntelt §t suchiy Aieny! igroups Feduigahibe dlapgey @f aerRicsleaement yiyeusenglde quage glass
conprises a hollow space. The specific surface and the tanped vol une of the
Si 02 GHERGIMYRCUMD: particul arly easily adjusted by thernmal treatment which
conprises sintering at tenperatures ranging from800 Cto 1,450 C. Hi gher
densities are also achievable in the outer region, for exanple by

mai nt & ni r.adi . i her [ nt,. .\ a
Ferpen o P ARSI Bo REKHeFL s 10N st Breb U Wi 1 SR R0,

pr ef eabliétd. T GBI (OGS BartkBEASRY & mhAfadiddl vi dual particles, i e. in
the outer region. The latter thus eveyops a density that is higher than
that of the porous or hollow interior region. The thernmal treatnent of the
Si 02 granules is stopped or interrupted before the initially established

t enpenman aitergdtiosiard gy petdrddienbodient sfage quarathst BRicibi&dcord@gite thel ifvention
equalized. This is easily acconplished by for exanple passing the granul ate
i n a dcondpagueaster zonetib madg from dfesttSiQgaranuiate hSuodlowet denséty,aind thee ignadiosstroms
easier to establish with larger granules than with smaller granules as wl|l
be ex# sEcorRdSOa grﬁﬁm@tqmvmhiq%@r density.0A prerPRPATFYENTTe SpERT gargiate facifitalzgdize a
0 APR ~, A nethod of proceedi ng has been shown to be of advantage wherein
the t RSsHTent PERE RIS BRRSHY g\ége HB8t3ME i n a chl ori ne- cont ai ni ng

at nosphere. Treatnent in chlorine containing atnosphere renoves inpurities
that formvolatile chlorine conpounds at the treatnent tenperature, and OH

orm vol . .
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cont ai Jy,B% SrbaReh Rehta SO LAINRIERhION isRele8BHaRlalf i dsBE ofF MR ERtobaed
pure quartz glass in the sense of the invention the contan nation by Li,

Na, K, Bédbre us8, th&8i0,@anufete isMartially cordeiteddb syithalcsoribebaitd ParRmpefnd RbhddYbeen
wei ght. Dopants are not considered to be inpurities in this context. In a
pr ef er srednniedtito dvedtingno odeashlitecs!isd resultshve redattiohrobtuer@H torgemtp Ths msehmat imegleaf
t he porous aggl onerates at between 1,000 C and 1,300 Cin a nitrogen

cont ai Hi0pgranulabsspifiained frord symhatihesrigiplealiteris therdffore glistioguishEdebyeriow GH ¢andant.
surface of granul es obtained by neans of this variant is nitrogen enriched.
The addition of nitrogen is facilitated by the presence of carbon which
volatilizes. It has been shown that addition of nitrogen raises the

vi scosi £%/nNBer 2R PERIRIRRYY SYPRLSUP 18 2NGIiToTy the Bapt prirce @Itg%d'é"é’ﬁi”éﬂ?fé?? Aitereoge:
granul ate which consists of Si Q2 granul es doped with between 5 ppm by

wei ght and 20 ppm by wei ght of alum num The doping is acconplished by

finely,distributed.nangscal e AhO arti.cles. This. assures.a ho u

ai ot r BeS BRETiFReCBE A el B PRes s Bl titl rRoH S R AR R
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conventional Si02 granulates are used. That is so because the added dopants
are only able to settle on the granule surface so that after vitrification
they are concentrated in the region of the previous granul e boundary.
Pyrogeni cal |l y manufactured Al z03 particles are particularly well suited due
to their large specific surface. It has been shown to be advantageous to
avoid small granule content of particles under 90m when a Si Q2 granul ate

wi th an average granul e size between 15m and 800umis used. For this

pur pose, granules sized under 90/u mare renoved fromthe granul ate or
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11 '2 3 SE P 20D2 3 p AP R 2009 gradient within the granule and g2&8asEp 2002
conpacting in the outer region and thus favors pore formation during
vitrification, as discussed above. The small size of finer granules, on the
ot her hand, makes formation of such density gradients nore difficuBtyo APR 2003,
prevents it so that the small particle content does not contribute to pore
formation. Furthernore, the small particle content affects shrinkage of the
quar t AsGhadScofledrhdithe GRd ded P Tha1Ebjedt dbdifib PO BSove aaiMEvEd BB rdTRKRShé fnvERIGE on the
difficult to maintain predeterm ned di nensi ons. Advantageously) formations
of t h&adidloetheXAG\EN pidded o stilitalrat HRNhsEaK Gt Pledi®, draiMig Dssdis R rid¥d HEM &t least
heating of the granul ate |ayer using an electric arc, with the tenperature

i Nt healtaneporamaydgicrgsrates bEsatheticalli PRAuéd primisy 8i0g ppricidsiahd bas ®@§pddliie surfatRr
and outer zones can take place cost effectively in one cormmon step. It has
been HBEWireh earigimgdforra@ls artigetg @0 tré/grmidregainhed yilume bicet a8 y/cind. ahé hegiag & ur e
of 1000 C before the heating. The preheating takes place below the nelting

t enpereffected sadh thitea \Grifivatibratrent addhne 4 fat thedmsida/tewatighe pulgide iwhdeltproing ah irever

t hi ckness of the granulate. It can be of advantage here if the SiQ2

gr anulzzne of kansparendyuapaidisgspartial ly vitrified in the i nner zone region.
This facilitates the devel opnent of the required density during the
subsequent heating stage. The opaque outer zone is preferably produced from
a first Si02 qranuLate of | esser densit and t he transgarent i nner zone

f rom al NScBREtSIaySr i§VEfiaH drEnashe hegiRgr Dhlnaintsyprocrs ap PRABIRRAA iZRB 879  he
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the inner zone pro rom Si 02 granul ate containing synthetic

cryst abiohfePtHefmal iehdt HOHE $aHfsh &Yh@im'\é?‘é’oﬁl‘l(ﬂkﬂmi Rfperatide and Iohg& h“éaﬁ’n@@?%dﬁ\h@
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APR 200 In this respect it has al so been wn to be advantageous If t
seconds&n @éheticrbinkatree usiled ehak Rerylew doiet isothadfts ddreity BNedst 206€/dns.

subj ected to dehydration prior to use to bring the OH content to max. 40
ppm by weight and if the granul ate dehydrated in this manner is
subsequently vitrified.
The vitrification front is an indistinct boundary region between material that is melted and material that is
partially melted. The latter presents open pores and channels while the former has closed pores that are
no longer connected with the outer surface. Because the vitrification front advances from the inside to the
outside, sublimatable impurities are transformed into the gas phase and driven before the vitrification front

toward the outside in the direction of regions of the granulate layer which are still porous and where they

can escape.

Since the transparent inner zone is obtained during the vitrification of the granulate layer, no additional
vitrification step is required. The process according to the invention is therefore simple and cost effective.

Mechanical stresses that typically appear during localized heating are avoided.

The process according to the invention produces an outer zone having high opacity, or low
transmissibility, in the IR spectrum. The direct spectral permeability of a 3 mm thick disk is less than 1%

in the wavelength region between 600 nm and 2650 nm. This is substantially achieved in that the outer



Advant ageousl y) the second Si 02 granul ate has a nmetastable OH conte@ﬁ;ggpgmz
max. 20 ppm by wei ght. Regarding the terns "netastable OH content” and
"firmy bound hydroxyl groups" reference is made to the aforementippapr 2003
definition. An inner zone with a nmetastable OH content of nax. 20 ppm by

wei ght will assure that none or few hydroxyl groups are rel eased during use
of the quartz glass crucible as intended. In addition, due to the | ow

cont efne & mBgd asatabl srahmereqxsméh erfarh@a iroﬁm%rtfahﬂﬁar&fs Jggroae@akasﬂﬁr%w signd a

bubbl e formati on urrng use of the quartz glass crucible is reduced. fThese

ef f ecﬁﬁl&@brﬁlﬂﬂ@@spwﬁ‘BBﬁ§%c@Va¢ed @hﬁa@ ﬁ&n@lﬂmﬂ?to%%‘W@vrthfﬂ:%tr%%&&r
gl ass and cannot escape. It is true that chemcally firmy bound hydroxyl

gr oupsiog granalate @evidids dropRQue qeatzadigrvathta fimdgagoussRradisttibgiof waile at 1@k 8&fie
cruci ble. Preferably however, the content of firmy bound hydroxyl groups
i s attifi@preséfingPrghiporasdrghy an@igh bgecfic@sasiy B contlagy@hefhatoenbesyntHaéSquartz
greater viscosity than quartz glass with a higher OH content. Hi gher

Vi scoglasy/graniiatey edth fow spestiiaburface\aref art lneed)(f@rekamgb dsiswaliaimie bdueatad lirhit) gle
tenperatures. Since firmy bound hydroxyl groups can also be partially

r enovedulais dprgéence nlergathubbles and a lonaleubbig degisityomech romririeadsito spadity imtte oxy|
groups reduces .the danger of pore enlargenent during the use of the quartz
gl assVigiblespiten. Quarzatasaerucitiessprpdiced with ase 9f the afayemesitipradgsanubdte are
proceedi ng, an inner |layer of transparent quartz glass in produced on the
t r ans pighngshps hreeo%themmbmﬁb'awwesp mhgapanm"a&he I spestifle rot ati ng nol d
where it settles on the inner zone and is vitrified by an electric arc. The
i.nner |ayer of transparent gquartz glass prinarily serves to reinforce the

| nner ThaNTeneg PR BFes e AUERERa RETSH FareoEr gﬁurvgﬁivwav AR d&bh
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tically shows i'n Fig. "1, an €nmbadinent of the quartz glass crucible

accor drdghic MicbR BorhFRAS LSRG tHd Sd- 8% Sol L3 rb&as, Ar b lﬂgrrerw@ bhhagmé kiliconn Fi g.
2, a first enbodiment of a Si02 granul ate suitable use in the process
accor domgotiaistiine fltisv&rhipoimanbyantidas & handiedaty sigcdreandiftfuitpabué dhali [Ewalik
granule, and in Fig.3, a further enbodinment of a Si02 granul ate suitable
for usensity. tGepartigdyanearsof digraputating preceswignsedder, hapylingaydushg grappietie,
section of an individual granule. .1 schematically shows a cross
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region and the transparent region 4 are integrally joined so that there

IS No @nRed Srnnélel Doftd Viakbater, YnsSidige SR porfibreofQtapdra vallins & dddedidb & dittering
manuf actured fromsynthetic Si02 as explained in nore detail bel ow by way
of exaans edlapsifte Havanesmp tireagrbateegpriont the previdusyeopeh pperobannals rdmeamsars auourelty ot o
the extent that it has a density of at least 2.15 g/cnB. This density is
near | ysmahelossld poresrvdicty refhect ¢t eadiakiony|legsiing tTtfwerhidhornacityl in thentBcipasiiural Futhdrmore,
chem cal properties correspond to those of dense transparent quartz ?Iass,
such abheflage ék%ﬁ?ﬁ lagea pf the grasyelethetps t%@ﬁt&rﬁaé%ﬂusﬂ"ﬁ%fh@t' (i) dyaprgiviB8eglionng

chemical stability. 14
which counteracts the collapsing of small pores since the gases trapped in the small closed pores can nho

longer escape. In addition, the large specific surface area permits an especially effective purification, for

example by means of thermal chlorination, before the granulate is put to use. Impurities are, after all,



REPLACEMENT SHEE1 ~ 3 Sip 200 3 0 APR 2003. By contrast g egi on 3
is distinguished by high opacity, or |ow transm ssibili Rgpl’%eEhENk gHEET
spectrum The transmssibility of a 3 mmthick disk is |less thanal %pmghe
wavel engt h range between 750 nm and 4800 nm The low transmssibility is

achi eved by smal| pore size with honogenous pore distribution, in 30 APR 2003

conjunction with high pore density and high specific density. The pore size

in th@uﬁ%{)&ﬁﬁ%lﬁm@f{éeeﬂlidg&hﬁe aont‘n%shquimm XreRBLNG ER o a&ad%qie%gr@&vmﬁe

quartz glass crucible I's therefore st 1 ngui shed by good heat ation
and aodedMdreianh&s, | i fe The process according to the invention for the
manuf acture of a quartz glass crucible according to the invention is
described in nore detail below by way of three exenplary enbodi nents. F~ Ip
a 1: Pyrogenic Si02 with a specific BET surface of 70 nR/g is granul at ed,

dri edTigemped Vagmabt anedshe.saghh Agrmarinfasdure § poarbmitnes 188 Sicf gramnas caie 1A 203

powder. G anules ranging in size from 160~,~mto 840~t.t mare purified at
a rat epaefty 6KBé Quartz dlassyid subdtantaly asoirad y aodirbusabd AbRR0- By the ghedy 3pediicsudac of
Cl ~/HCl, with OH groups being renoved at the sanme tine. Subsequently, the
el enmewnhicie &foremdd asfinternal dafack, My, Ca, Fe, Cu, C, Mn, Ti) and Zr is |less
than 10 ppb by weight for each) or |less than the neasurable limt. The
total content of these inpurities is |less than 150 ppb by wei ght. The next
step is thermal treatnent for the desorption of chlorine groups. The

gr anulFae epasiicsiviead of the $iPs graariaters Aetermainedipitibel BESIPIeresHDIN 661¢2)and thmt@mped
BET surface of 15 mZ/%:;. The granulate is added into a rotating nelt form
and d¥pyBRLERMNYIPR ¥87/Thner wall to create a crucible preform The preform
is heated by an electric arc to about 1500 C up to a layer thickness of
about 8 mm The individual granules are thereby further conpacted into

t Hems% %{ gﬁeféwetd rﬁqu%ci é)f!adr?c%\%giﬂ ,tuse slpr%\g&ie &\(;sgﬁtﬁ%tﬁfs%ggg rgﬁﬁ%%lvg el tecﬁllg Bg'(l:'isgﬁcya

t enperat Ure gradi esor 1 on ases, €S

of hy%%lfrcgﬁ HPR to 18 mz/g%amge%ﬂe ?anain&frgma .@8&3\‘@0 94@%%32%9@1

tamped volume has been shown to be particularly well suited with respect to pourability and ease of

handling.

In a preferred variant of the process, use is made of a SiO, granulate in form of at least partially porous
agglomerates of primary SiO, particles with an average size of less than 5/um. Such primary particles
are obtained in the so-called sol-gel process by the hydrolysis of organic silicon compounds. In an
alternative and equally preferred variant of the process, use is made of a SiO, granulate in form of at least
partially porous agglomerates of primary SiO, particles with an average particle size of less than 0.2 M-
Such pyrogenic primary particles are formed by flame hydrolysis or oxidation of inorganic silicon
compounds. The primary particles are preferably amorphous due to a low devitrification tendency during

vitrification.

In both variants of the process,the primary particles are distinguished by a large free surface.
Agglomeration of a plurality of such particles due to physicat or chemical binding forces forms granulates
in the sense of the invention. Known granulation processes are employed, in particular build-up

granulation (wet granulation process) or extrusion of a mass containing the primary particles. Especially



In a next step, the crucible preformprepared in this manner is vitrified
zone by zone using an electric arc, in that a vitrfication front 22 0ERcER
fromthe inside outward while creating the one transparent regi on 4 having
a radi o! extension of about 1 nmmand a vitrified but opaque outer SBehjABR 2803
Due to the greater tenperature effect in the transparent region 4 (higher
tenperature and |onger heating time) this region becomes pore free, or |ow

on p%\@ﬁﬂmbg ptai:(félers %ngQQ b?tv;’:l% Eglhé @E'Ieg{el r%@@ss(a% d«%}r&e%t}t C%Iﬁ ere Q@}latb tsl%ce they

density | east By co trast er reg |o
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This is substantially achieved in that the S 02 granul ate enpl oye

f or meghidi@mhBRéVer 2l dskd Peres W %%I@@smbmh@ﬁndarduawrvna% P4 fed bl SRireRdnhas
a relatively hi gh specific BET surface (15 nR/g). The quartz gl ass cruci bl e

pr odugeglsdussédasovBR DB the 148 PREina plival F'e’% lc@g%b@éwaﬁa\}éyadal rERicRLiZd of le'sa@hdw gh
opacity (lowtransmssibility) in the spectrum The pore size in the

opaqus eW RS reb@HgQibré SisPibehan ear&sbyndimjlwmn The allagdpartide Siistdeteghmes
crucible is produced as described in Exanple 1. Thereafter) the transparent

r egi oacobrdirgg toeiSTMOC CETD dnd i$ Bescapgl actak isoealidd [y, vialuanspar ent i nner | ayer 2.
The Si 02 granul ate used for this purpose has been obtained by the extrusion
of a Na silicate (water glass} whose specific BET surface is 700 n2/g and
whose tanped volume is 0.45 g/cnB. The size of the granules is between
250umParsaPBiriv syitableedranlate frituee indhp racesserscoitingdaine imfentinst hastiesn ishewn orbeat
1200 C and is thermally conpacted. Al kaline remants are reduced to | evel s
bel owPRRaitiPaBpHcles ’Pﬁ"t"él “O'FH%’“%Q%'BP? #?!‘SBE‘I“S%'BPtf%@é‘d (P @rARner [egiatetf lepesr er)

of the r anulj ate extru t hereafter and the tanmped volune is
T 11" GpEae o o leesthihC adese bV 85 OPuis0em LIRS STt 0 HOMBSd aluES o

(or' s TP R ore o8 M P ERRRE R oL oM G 4§ Bashosics Bt ©
t hi t {
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t r ansRMefIthey 8818 edtapé BCERAMI AN b RBE Hulily 8K DB FiSatloB, tAOs contributing to pore

formation and opacity of the quartz glass. This density distribution is for example also achieved if the

inner region comprises a hollow space.

The specific surface and the tamped volume of the SiO , granulate is particularly easily adjusted by
thermal treatment which comprises sintering at temperatures ranging from 800 C° to 1,450 C°, Higher
densities are also achievable in the outer region, for example by maintaining a temperature gradient
during the thermal treatment. When a temperature gradient is established, the pores and pore channels
shrink preferably in the surface-near regions of the individual particles, i.e. in the outer region. The latter
thus develops a density that is higher than that of the porous or holiow interior region. The thermal
treatment of the SiO, granules is stopped or interrupted before the initially established temperature
gradient between the outer region and the inner region is equalized. This is easily accomplished by for
example passing the granulate in a continuous run through a heating zone. Such a temperature gradient
is easier to establish with larger granules than with smaller granules as will be explained in more detail

below.
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overall 3 mm The inner layer 2 has a honobgenous StrUCtU@EPUACEEMEWSHEET

ion content of 20 ppm by wei ght. Wen used as intended, no
recrystallization nor pore enlargement are observed. A quartz gl28sSEP 2002
cruci ble is produced as described in Exanple 1. Thereafter, the tri Z%arent
region 4 is reinforced by the application of a transparent inner | @ R22003
fFor this purpose, the sane 5i02 granulate as used in the production of the
guart i { Lt f r . i .

ot adr 3B 8E §fbckeaB b beth bidu ke chboveplal b Blopt e hlina Ot R %6 0ret  ca

ar anylad® iR% che @E&rﬂ&gﬁlataﬁgéls%ﬁé‘ﬂémﬁéatrﬁgﬁt% gﬂ?@rrne%'aqtaﬂ'\g@?art{gg hBreetidlest ©

create amn | nner ayer 02 granul ate pretreate I'S manner 1S

addegmpiigs ifaeioftH b ke Shiafte CnptuRiLatie FBARENAEMELIBIURD 4hd DM REQSETRisand is
mel tedbtlloyl Zn eloect ri cear c. A so-cal Iaed ?/acuurr? barlrglse tgst (1600£C%25Iﬁ:s

Vacu%})roﬁ@s}/ﬁ@'p_@ﬁky Reihk RPaqIROGRINE IgRIsE,Taiges tha visBaKkg RAY tHeRfication tendency is
recrystallization. The Si02 granul ate used in the process descri bed "above

Wi |1 fianed esducbd eThd dhidhibe @oftaindigl atedpharaddonitims dforifb Bnd/8r chidride c8mpounds. in a
schematically represents a single preferred granule 21 of the granul ate
enpl gyeslquatzey&phethieGahsgofanalingerdibn te atRMRIAN 6F LNFAOS MG, €aSF 02\ @ NS, ITeS
and has a central region 22 of |esser density, surrounded by an outer

r egi camd2Z3 taéls hesg e 25Opbtby . weighhieDdpanss arg riohcdrisigleraante be inggirioes inshisbauéxt.40%
of the density of transparent quartz glass while the outer region is about
60% as dense. The boundary surface between the central region 22 and the
outer region 23 is fluid. The granule diameter is 420 m the thickness of
the oftgelergemetmdiol praseriting 8§1e thermaltreatmem camprsaghestisgaf the porgiss p 2002 3
0 APft ; The production of the granulate is acconplished by nmeans of the
conv et EREIRIeRat DIERL TG00 G apd SEBUS" 1 4 FIvPHRD RIRNIG Simdsaliere AbY BiReERENe

i is for. f h I ic Si i
o o8R8y T fRe T RS P PaTes er e S et P ufoe B e e Trece
of 60, 4kl 3 fMPr'oa%r’r‘irs‘? diifatE EEPHEDrd LR &Q%rb%ﬂ%?c}&svo%'d&%g.nﬁ'hgg'b%ﬂ\ds%row%QH tant
mi xi ng until it I eaks up Pht'S P& grainy nass. After drying, e specific

BET sgﬁgiﬁﬁeofﬁﬁmbgg, A M BsBPLdGfhrt, Qidsbl s manner is about 50 nez/g and

t he spherical granul es have a ‘dianeter ranging from 160~umto 840 m The
Si 02 granulate is then thermally preconpacted by being passed through a
chl ori ne containing atnosphere at about 1200 C. During this step the

gr anuldtigh viscosityse ajpa aciieved)with & drasiiatemhivd qousisth iof 8K, @raninteis rig pedwith betlvasrd §
effective since the surface of the Si02 particles is accessible to the
puri f Ppatbyoreigihend A pphdy p@ight chalvmieie. Ahel detieg igasewopisheruy finelyekistriuted
easily renmoved. Hydroxyl groups are renoved at the same tine. The treatnent
t akes NPNeRcaeiACa PRUFIGEy ThiBIAFT e LR BYBOGANRES disHEUaR G thgHIPREN Duede [g/use of the
During the treatnment a tenperature gradi ent deyelops.in the inpdjvidual . .
el % R T e e e e AR v R e
and the outer region 23. .T ' n te. N this pr e nt
nas o (oo Al OB R, T ol S8R oo Pl SR8 et Mg B BT

The a | i i i ORDM
oial OrCASE (38 A SoBATRl O B8R TordBleSuliod SR B MG ey |
Presenfre bt ehPatbd tHB Y A U fi8vious granule boundary. Pyrogenically manufactured Al,Oq

particles are particularly well suited due to their large specific surface.

It has been shown to be advantageous to avoid small granule content of particles under QO/Mm when a
SiO, granulate with an average granule size between 15C}Mm and 800/um is used. For this purpose,
granules sized under QO/M m are removed from the granulate or their formation is prevented already in the
production of the granulate. In a larger granule, a temperature gradient develops during the vitrification of

the preform or during thermal treatment for the precompacting of the granulate, which leads to a density
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met hod - before use in the production of opaque quartz glass. Li, &3, S6e 2002
My, Ca, Fe, Cu, C, M, Ti, and Zr totals |ess than 200 ppb by wei ght. The
granul ate produced in this nmanner is conposed of anorphous nanoscal e Si Q2
particles and can be used for the manufacture of the quartz glass crucible
according to the invention as described in Fig. 1. Because the inskykgwqmm
granules are formed by the agglonmeration of a plurality of prinmnar

par t i grh@entafithany gfiblel anaagrréat@rlc@m%hamg irPth6 @UleP ARRAGNA S 1AJREp &8 dbrmation
honogenous pore distribution is possible during vitrification as expl ai ned

i N modRing @kdichtichlad Mesusebiibovel §he sEIRUACENENTgrattidsl oRthd othdr hBnd 3R&kes O APR
2003 Fig. 3 schematically represents an extru5|on granule 31, typlcal for
ext r uirdtiog lofsuthefensiliwadixits trOdifiguitedn pteved itis tian trRgG I PRkle& onfenddesTbY
Si2 particles. It has a holl ow space 32 which is surrounded by an outer

| ayer ca®ibuldte potd fermdtiaye Fudidnna®, tie small phrticie ootemizifedts sipimkagd of tive etz @Vss
channel 34 into the holl ow space 32. The outer dianeter of the extrusion

gr anutigingXkollapsmp@iithe3©0s chanaeld ahthmakéd itonessifiait té meintin Eedétaymned dmatxirts.
100 m Production of this extrusion granule is described in nore detai

bel ow. Hi ghly pure pyrogenic nanoscale Si02 primary particles with a
specific BET surface of 70 n2/g are dispersed in deionized water. 12 ppm by
wei ghfidemtagegrsi dermakiorsorf theofutesyzong and e Knepaoredakagdtase tmﬁ@g%m@y#m} is
adjusted toaliter weight of 1380 g/l. The slip viscosity is 450 nPas.

Usi ng haating ﬁf/@‘ﬁtﬁ'ﬁh‘éﬂte E‘X?’r‘ifé’lgc?r'i‘ ?ﬁ‘?‘i"@ra"f w‘ﬁéhmmer%h wrtaemﬁwnsyew @?Yh'ﬂ%e

suspe ext ruded  at air te rature of 38 pressure
o 801800 Tyl parciBn oflbe rer BT BRHHoPaT ehiake nca et e AR neconmor
di ametgr of 330~~m and a residual noisture of 0.3% The specific BET
surfadéris 54 n2/g and the fill volunme is 0.6 g/cnB. The granulate is then
pudrified and thermally conpacted by being passed through a HCI/Cl Z gas
nocture at a rate of 6.1 kg/h and a tenperature of 1200 C. The specific BET
sur f agea8fkeR sﬁawrstottfeecmamtagleso Bﬁmﬁé GrantiBe 1hydr ko ¥ RHPERathE of 1 GodHcowBicte 8
the tanped volune is 0.91 g/cnB. The snmall particle content with a di aneter
under h88irg. MhieprérRAMVEBKEY placcChtdvdhe mdlinghempsartiueof@ie dratulie @6e sfédigartieVenng
the extrusion granulation. The total content of the inpurities Li, Na) K,
My, Céheatitey thiGughddt theNthickiléss ohind granutats. dt ean bess ativeatag2 0@ repipine 190 yegriglidte isThe
granul ate produced in this manner is conposed of anorphous, nanoscal e Si 02
part i @readyhrinecraitialy $iyifipe intye innpozonetegiomniiisiasiiiptes dte cteN@loqruamttOi thg|regsred
cruci ble according to the invention as described in Fig. 1. Due to the fact
that t48SITHIDY NFRUPESIUCOLNANYPIRAY es are fornmed by the aggl oneration of a
plurality of primary particles with a very small particle size) a
correspondi ngly fine and honogenous pore distribution is achieved during

vitri f'l‘h%ac%ague ot?t-gr' fon!eqs érléfetr%bg%pr Qﬁéeld'frtoﬁvt ﬁjrst' dlot @gﬁul%tg%yﬁ%%?%leng grllcythe

encl os une I's crea IOM/sb |ns at
least RALpARM idhdr2bACHord 'é@e@&d’@nbr biah@adel R Righ&t dendity3 TRe BrddoBBding of the second

granulate facilitates the development of the required density in the inner zone region.

Advantageously, in the inner zone use is made of a SiO, granulate which has been at least partially
transformed into synthetic cristobalite by means of tempering. It has been shown that transformation into
cristobalite also brings about reduction of the OH content, Therefore, the inner zone produced from SiO,

granulate containing synthetic crystallite is distinguished by a low OH content.
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3 0 APR 2p03 because the trapped gas can only partially escape durih§ SEP 2002
vitrification, thus assisting in the formation of the pores and the

opacity. 20 Cl ai n8 REPLACEMENT SHEET 2 3 SEP 3 0 APR 200% i 1. Priok&fR 2003
for the production of a quartz glass crucible by providing a formrotatable
about a ' rotational axis and having an inner wall, adding SiQ2 granul ate
-into the formto create a granulate |ayer on the inner wall of the form

and hﬁ%@& gggﬁt r%rsaarg%'@e%ﬁ hé\xﬁ(o lIJch]ﬁﬁtgged&@%hq€s%l%%kgSmuaﬁe US%E%”P@ the

orm an vitri |ed crucl uter

Char a?rtoaﬂét%ﬁ% fh@ nHéﬁEor‘en? s%}&%ecglroacﬁﬂg fo {QZLEQ t# ﬁnrsJ %Moﬂfelﬁt tg%ax a?&)

made from at eas parti al por ous rates etica produced

S|02 Kk fromOSnQ/g
5 et b s s sty | (01

t aki ng place such that a vitrification front advances fromthe inside
toward the outside while formng an inner zone of transparent quartz gl ass.

2. Pr %@@eﬁﬁag%%ﬁgf] dhé8edofd SI@i diankilate FARE Meta@fabBeOH tontbitat max Jobprokanegdt € 1S
enpl oyed whi ch has a specific BET surface ranging from2 n2/g to 20 nk/g

and aHegamRg tholer® raagame O amteht'@ng/ filytooudd By @by IGrouss” rileRaess made to
according to claim1 or 2, characterized in that a Si02 granulate (21; 31 )
i S usdtk aftiieateniionedniefigiion ¢n ianerlzess witparetaatdble Qla contsnta glag ey mpnelsy wéighdivialp
primary particles with an average particle size ranging fromO.5umto 5u m
4. Pr ceeys that oonaldonfgwhpdraxy) gonies efe releesed dring uge pighg quartzighasa ctusitilz aglinfended.
that a SiQ2 granulate (21; 31 ) is used which is in formof at |east

part i &M rYditinsy Buastodg lowrrenientaf restastplie hysrexvherpups the risk @& PaiR eRlaggement and a

bubble formation during use of the quartz glass crucible is reduced. These effects can appear when

gases are released during heating of the quartz glass and cannot escape.

It is true that chemically firmly bound hydroxyl groups do not result in pore enlargement during use of the
quartz glass crucible. Preferably however, the content of firmly bound hydroxyl groups is at max. 40 ppm
by weight. Quartz glass with a lower OH content has greater viscosity than quartz glass with a higher OH
content. Higher viscosity improves form stability of the quartz glass crucible at high temperatures. Since
firmly bound hydroxyl groups can also be partially removed at high temperatures in a vacuum, a lower

content of such hydroxyl groups reduces the danger of pore enlargement during the use of the quartz

glass crucible in a vacuum,

In a particularly preferred method of proceeding, an inner layer of transparent quartz glass in produced on
the transparent inner zone by pouring SiO, granulate into the rotating mold where it settles on the inner
zone and is vitrified by an electric arc. The inner layer of transparent quartz glass primarily serves to

reinforce the inner zone.
A further improvement results when a vacuum is generated in the inner wall region during the heating of

the granulate layer. Excess gases are removed quickly due to the vacuum and the melting time is

shortened.
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average particle size of less than 0.2u m 5, Process accordi ng to2an§EBrEN2
of the clains 1 to 4 , characterized in that a granulate (21; 31 ) is used
of Siparticles with a nonhonbgenous density distribution where an inne
region (22; 32) of lesser density is at least partially enclosed P 3nﬂm3
outer region (23; 33) of higher density. Process according to any one of
the clains 1 or 5, characterized in that the spec'rfic surface and the
tanped volunme of the Si02 granulate (21; 31) is established by thernal
treatment which conprises sintering at a tenperature ranging from800 Cto

1, 450.C.. 21 2 ~dAPR~~ P di
o ol HPSTHRR I O SFPBEAN o 260 RESHRY YRS PIT AL AT O RUBRE G08 2HEAthg

a Ch'ﬂ(é&}gwm cﬁér{ll tfgg"ya%q%?Were 8. Process according to claim6 or 7 ,

characterrze hermal treatnent takes place at a tenperature

bet Ween. 11 B%anggmqt étl’?@@: 'fésgc c*bf %&dﬁ‘@% %Wfﬂﬁ@h %}%Z#Eggﬁioﬁo%q@i’en the

presence or car roc CCOI’ Ing to any one o

chara%ggle;,@ﬂ ,én that a SiQ2 granulate (21; 31) is used which is doped with
between 5 and 20 ppm by wei ght of alum num 10. Process according to any

one Of; ti‘%fﬁét%‘rr%dn%eh?of% $035amuRE &ﬁgbléfbrw@tn tRe proBessHcBEHIng tt@th(a?ﬁlvennon?’l)

i
is used of particles having“an average particle sﬁloe rangi ng from 150umto

800U By WagbedYross®ctioPaf dniifdiRgudlgishiig, ahdiarticl e size of less than 90,t m
are avoided. 11. Process according to any one of the clains 1 to 10
char afgiges; b2@ther Bmbéikheittea 500 M@rbhate @litdbReror use in the process according to the invention,

by way of a cross section of an individual granule.
Fig. 1 schematically shows a cross section of the wall of a quartz glass crucible according to the invention,

The quartz glass crucible consists entirely of synthetically produced SiO,. It has a base body, overall
designated by the numeral 1, and an inner layer 2 of quartz glass granulate. The base body 1 comprises
two regions that differ only in respect to their opacity, or transmissibility, i.e., a opaque outer region 3 and
a transparent region 4, The base body has an overall wall thickness of about 5 mm. Of that, the opaque
outer region 3 measures about 4 mm and the transparent region 4 about 1 mm. The outer region 3 and

the transparent region 4 are integrally joined so that there is no precise, defined boundary surface.

The quartz glass crucible is manufactured from synthetic SiO, as explained in more detail below by way

of examples,

The transparent region 4 is free of pores, or low on pores, to the extent that it has a density of at least
2.15 g/em®. This density is nearly that of transparent quartz glass. Therefore, its mechanical and
chemical properties correspond to those of dense transparent quanz glass, such as for example with

respect to mechanical strength and hardness, and chemical stability.
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outer zone (3) and the inner zone (4) is acconplished thr ﬁg ctric arc
heating of the granul ate | ayer zone by zone, with the tenﬁ lt- C ENtThS EET
inner zone (4) region reaching above 1,900 C. 12.. Process accorel;-n EID%
claim 11l characterized in that the granul ate Iayer is brought to above 002
1,000 C before the heating. 13. Process according to claim 124 %h@;fﬁﬁsrl zed
in that the Si02 granulate (21; 31 ) is vitrified in the region

I Nnergyz@RRadtihe ditet fegiohdas BRe dgu%ed b higRloB&&RS SordeE RaREMISkIiIRY, wmem%p@&ruﬁhe
cl ai ms 1to 13, characterized in that the opaque outer zone (3)

pr odugrdrahs@iEbiBilfyiof &8 neh HclONisb et 819 RIBEWa tH PangéBletivBén vwﬁmraaa ent
i nner zone froma second Si 02 granul ate of higher density. . 15. Process

accorqoo@ni. aheliéw fadshisdisitantahicraby smdlipate dibewiseeamshehbéPpdae antibatieh, (R 1;
31 ) is subjected to a dehydration treatnment before use, with an OH content
of meconjuAioppriththghyirg denditg iangd high tspédificsteasitya Tht Iperesstaeain tHenepaqas dutehagioh e
granul ate (21; 31 ) dehydrated in this manner is vitrified. 22

REPL ACEMENTarBiyEEN 62n 5 13n En®40002 T quarip gesscradblersdihargfdre distirgumh@8 by good
characterized in that the sedond S102 granul ate has a~-ne~sta~e OH content
of meheat Pulplinm angya lorg sgvice eocess according to any one of the clainms 1 to
16 , characterized in that in the region of the inner zone (4) a Si02
granul ate i s enployed which is at feast partially transforned into
synthetic cristobalite by tenpering. 18. Process according to any one of

t he chéﬁ Rfgcesstasearding ‘Q:W&r"é(&t"éc}’i fztetae Manyiagiire ah ajouaAds Q'F%PC"?'EFCWd'”Q tothe
trans, art .z ass ed on he tra i nher zone (4) by
e ans A i eat et PRtk B Haheg exerigy FEERBBos  { od on 1 he

i nner zone (4) and thereby vitrified by nmeans of an electric arc. 19.
Process according to any one of the clains 1 to 18, characterized in that a

vécuuMeat ed in

Pyrogenic SiO, with a specific BET surface of 70 m%g is granulated, dried and sifted after the addition of
12 ppm by weight of nanoscale Al,O, powder. Granules ranging in size from 160/um to 840/L1 m are
purified at a rate of 6kg/h in a cylindrical rotary oven at 1,200 C° in a gas mixture of Cl ,/HCI, with OH
groups being removed at the same time. Subsequently, the element content of Li, Na, K, Mg, Ca, Fe, Cu,
Cr, Mn, Ti, and Zr is less than 10 ppb by weight for each, or less than the measurable limit. The total
content of these impurities is less than 150 ppb by weight. The next step is thermal treatment for the

desorption of chlorine groups.
The granulate obtained in this manner has a tamped volume of 1.1 g/cm® and a BET surface of 15 m?/g.

The granulate is added into a rotating melt form and deposited on its inner wall to create a crucible
preform. The preform is heated by an electric arc to about 1500 C° up to a layer thickness of about 8 mm.
The individual granules are thereby further compacted into themselves but the fill is not meited overall.
The development of a temperature gradient allows desorption of loosely bound gases, especially of

hydroxyl groups.
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the region of the inner formwall during the heating. 20.R I
crucible with a cruci ble body of opaque quartz gl ass, nanu?%% E?\?FSHEET
according to the process of claim1, symetrical relative to an 23 SEpf2002

rotation, with an outer zone (3) of opaque quartz gl ass tranS|t|on|
radially toward the inside into an inner zone (1) of transparent u%éki‘m

-glass with a density of at least 2.15 g/cnB characterized in that the

I L.S; f t BET
curt e A Gn e ol gREGoD) pRp i\ e e BR LR 2t oy S8R frog
g/ cnBinqng fmtsﬁortftdmatant@saﬁm PRNtdidY dufw RS cegﬁ}tgﬁﬁs ﬁéns%rettt {gRh Y%

Si 02 particles. 21. puartz glass crucible according alm

char agdviig Z@did Bxtddsidn diRBo@MURhRhE aRAEEd bld ofadudBaEer @Bloﬁ 3s m@h@tﬂeg;réat@

gr anul ate with a specific BET surface rangi ng between n2/ g and

and Wehiperutbrares Wt*h%‘tlr%'ﬁsﬂaaétﬂlrégﬂorbﬁg@@ﬂte @rafiudré BRd %ﬂéer]heétlrgjtﬁﬁ@thlg?eglon

Quartz glass crucible according to ai m2 or 21 characterized in that the

quar t Be@naspofdBed) ohBvast fl< irQhe edhiinedl thedhndiasne @9 tdXREeR¥NMMBAIGE dehdity 1@
region of the inner zone (4). 23 REPLACEMENT SHEET 2 ~ S E P 2002 3 O

APR ~lecaum13 g/cgP.ass cruci bl e according to any one of the preceding clains,
characterized in that the quartz glass has a maxi num content of firnmy
bound hydroxyl groups of 40 ppm by wei ght.
By contrast, the outer region 3 is distinguished by high opacity or low transmissibility in the IR spectrum.
This is substantially achieved in that the SiO, granulate employed is formed from patrtially porous

agglomerates of primary SiO, particles and has a relatively high specific BET surface (15 m?g).

The quartz glass crucible produced in this manner is especially distinguished by high purity and high

opacity (low transmissibility) in the IR spectrum. The pore size in the opaque outer region is

predominantly between 5 and 40 /ut m,

Exampte 2

A quartz glass crucible is produced as described in Example 1. Thereatter, the transparent region 4 is
reinforced by the application of a transparent inner layer 2. The SiO, granulate used for this purpose has
been obtained by the extrusion of a Na silicate (water glass) whose specific BET surface is 700 nf/g and
whose tamped volume is 0.45 g/cm®. The size of the granules is between 250/um and SOO/L(m. The
extrudate is purified by means of hot chlorination at 1200 °C and is thermally compacted. Alkaline

remnants are reduced to levels below measurable limits.

The specific BET surface (Brunauer-Emmet-Teller) of the granulate (extrudate) is thereafter 38 m?/g and

the tamped volume is 1.11 g/cm®,

In the next step the extrudate is transformed in a second thermal treatment from its amorphous structure

into a crystalline structure (cristobalite).
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24. Quartz glass crucible according to any one of the precggh i
characterized in that the opaque outer zone (3) and the traﬁﬂmaﬁn&HEET
zone (4) are made of the sane Si02 granulate. 25. Quartz gl ass ?@‘%EP'Z@UZ
according to any one of the clains 20 to 24 characterized in tha

opaque outer zone (3) is nade of a first SiOQ2 granulate of |esser density

and the inner zone (4) is made of a ' second Si 02 granul ate of h|

density. ' 28. Quartz glass crucible according to any one of the preggd@%
clains, characterized in that the inner zone (4) is made of a Si02

gr an%s%é;lethigtcrlétgﬁaﬁ& Qﬁrén'eﬂa&égl £8 mﬂé@gn By mfé}iﬁ% gﬁtﬁl ﬁmﬁrlr\ E@Q&%l dntd%ec{nc%?c

ass cCr UCI I'e ‘acco 0 any one e precedl ng cl

char ag{ gl 3@Qcﬂn&etan§§ertr£|ﬁ’foic@ﬁ%ﬁt ofmeltraa@ﬁ'ae&ﬁ)eg.eefaqn&éa% ﬁ\IQ I%Jmcf(ﬁé%@té be

i nner sur ace Int direction of the outer zone (3) artz gl ass
crucibruassarding to any one of the preceding clai ms characterized in
that the,inner zone (4) is provided with an inner Iayer (2) of transparent
quartz glass. 24 .A e.A3;

AF. A3. A3. AA A AF. AY. Ah. AFF. A A Ah. AY[ Y. A3. Al I . Al 3. AL A Al . AE. AY3y. AQ'/

8vt , 3fhesimal lagl 2 Bhs ahembgaiouakradtwraland rdgtifiosyliaedonadne of 20aipeabhcadiimalvehcal ¢
aJ cal] ca] ca] ca] ca] ca] ca]c<aV]c<a]caU calcalcaln!)'."J' &) ))***+g++w/// D222
4b6, 78 Bs intprrdedr mhotifistadizatihoal park ealacgenoan} e abadmwad.ca] ca] ca] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! j >>E???[ @aaal\V\K\ K} KKKLI L
LLbM MNP&QQBS8SGSTSUX\ \}xsni d_Z] ca]]ca]ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca]ca]c"a] ca] ca] ca] ca] ca] ca]calcalcalcalcal\\\\_ad3fffff
f hj k?ExampgB ot oot r u\ vvsw wswrw wr mhe”X] cU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]

cajc kca] ca] ca] caJ ca] ca ca] cal ca ca ca "al 7TwQwy z
ul | | aR@U§I=dlass arugipeysgy %refh‘?‘% @ 'lc’ifl'{? ‘L '{f‘é J@ﬁ BHpEHpPEY &'Sa ca
] LL} cagc \f(}]@@ (F G #at]BESSa ca|] a] ca] ca? ca{ (%?]%grcal cF\"]e CHL‘J\Nm] R~{
vl gb]%ﬂ ?f}%dag @f a*]%‘ﬁ%”c% aczf}”é%%f%%] %’}ff %U] ca] caU] ca] c"a] ca] ca] ca] ca] ca] c
aJ ca] ca] ca]cal ca]ca]ca] ca]ca]c"a]ca]ca!] +8S Jd{vql gb] X] c] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c$a] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]

ca] Caksﬂhlsiﬁg%g]tg%/%%@%@ @’ﬂ a#él&é?@ééa% falradcad s altad %&g&&%ﬂkme s vitified

ajcaJca]calc cal cal]’ca cal ca] ca] cal calca]ca]calc cajca!' VrkE ,
DLOG- (¥ Inetidrerah et hiemldectedaMetdsetlCocnd Rl lmtl 6@intadiadis plicdd 6ad erahe aU
ca] ca] caU] ca] c"a] ca] ca] ca] ca] ca] ca]ca] ca] ca] caQ'/fH", &10YB& () - s$109B& () -
@1 0Y&itkifieg gifdadBs/ tenpering3d @ ¥ERXBRAL(10-Inibel @YH@EOE) 2B ' 109B&' () -/

In order to create an inner layer 2, the SiO, granulate pretreated in this manner is added into the quartz

glass crucible by means of the pour-in process and is melted by an electric arc.

A so-called vacuum bake test (1600 °C, 4 h, vacuum) revealed neither pore growth nor a tendency

toward recrystallization.

The SiO, granulate used in the process described above will be described in more detail below by way of
Fig. 2. Fig. 2 schematically represents a single preferred granule 21 of the granulate employed. The
spherical granule 21 is composed of nanoscale SiO, patrticles and has a central region 22 of lesser
density, surrounded by an outer region 23 of higher density. - The density in the inner region is about 40%
of the density of transparent quartz glass while the outer region is about 80% as dense. The boundary
surface between the central region 22 and the outer region 23 is fluid. The granule diameter is 420/u m,

the thickness of the outer layer 23 is about 100/44 m.
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8i K, &109B& () - sS&L0%&' ()- 3&10%&' () - &10%& () -

* & 109& () - 10B10BLOB@' 1098& () - 8vf[ PE, &109B& () 10 10 REPLACEMENT SHEET
101 : 10%&' () - f 894.0%&' () - 2$10%%' () - 0$10%& () -/ Yd0%&' () -t , dE[ PE, &R0BBEP(I08210
08 ()- T$100&' () - | &10%&' () - ?2Fsf &10%&' () - &10%&' () - &10%&' () - 3kl MdYNC, &109B&

10 10 10: 9409 ()- 89A0%& () - C6&LOYE () - #&LOY& () -

T09&' ()-n!)' + ,'-'."J' xnbC, &109B&' &3z109%Z& ()- 10 10 10>s10%&' ()3-G@APR 203
&109%&' () - 38&10%&' () - Yd0%&' ()-J' &) ))***dEnhC, &109B&' 3109Z& () - Sy&10%&Z& () - 10%
7& () - #109Z& () - &10%Z& () - YYL0%Z&' () -*+g++w-//// dYNC, &10%B& 10Z 10Z

10Zf 9RRINGER4i6n of the gRFBEA&akdompléhed by means of th tional wet Jati
10928 (;I‘S-? KL e ??90/&0%2&' ()-/"7%}{ D027] AAEYNG, &100B& o e drandiaion process

T&10%GitH the G d 8P 8mfxbr. \An?&gn%«hs( %u ° 'sQc)rm'ég/‘irgr?{&n{o}mr%'uéggﬁ‘?ése%l‘e pyrogenic SiQ,

[4b6, 7777779 _@ &10YBF@10%}| & ()-m
particles produced by the flame hydrolysis of SiCl, and having a specific BET surface of 60 m?/g.
Moisture is removed from the aqueous suspension under constant mixing until it breaks up into a grainy
mass. After drying, the specific BET surface of the granulate obtained in this manner is about 50 m?/g
and the spherical granules have a diameter ranging from 160 /\/1m to 840/4,( m. The SiO, granulate is then
thermally precompacted by being passed through a chiorine containing atmosphere at about 1200 °C.
During this step the granulate is also purified, with chlorine purification being particularly effective since
the surface of the SiO, particles is accessible to the purification gas via the pore channels and the
gaseous impurities are easily removed. Hydroxyl groups are removed at the same time. The treatment
takes place in a rotary quartz glass pipe. The throughputis 10 kg/h. During the treatment a temperature

gradient develops in the individual granules, which results in the differing densities in the inner region 22

and the outer region 23.

The SiO, granulate obtained by this pretreatment has a specific BET surface of 25 m?g and a tamped
volume of 1,18 g/cm?®, The average granule diameter is about 420/4 m. Care is taken to remove smaller
particles with a diameter under 90 m — even though these are not present due to the manufacturing

method ~ before use in the production of opaque quartz glass. Li, Na, K, Mg, Ca, Fe, Cu, Cr, Mn, Ti, and
Zr totals less than 200 ppb by weight.

The granulate produced in this manner is composed of amorphous nanoscale SiG, particles and can be
used for the manufacture of the quartz glass crucible according to the invention as described in Fig. 1.
Because the individual granules are formed by the agglomeration of a plurality of primary particles of very

small particle size, a correspondingly fine and homogenous pore distribution is possible during vitrification

as explained in more detail further above.
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11 10% 4| & ()- 10 10

10S7" 109%&' () - D2@10%&’ () -' @L0%& () - E9B<A>j >>E??dE @&10%5221_9@@5545;)}759@9
10%1| & ()-y. Z900%| & ()-f+10%| & ()- @ &10%| & () - @ &10%)| & ()- -
27 @aaEEEs C, &109B&I10%& () -' F109%& ()- 104| 104 23 sep M

104 90/<100/4¢| & ()-7940%| & () - 69! 10%| &' () - @WKYKZK] K\ K} KK_@ 8108 1600l
- Y109 ()- 10 10 10, >s10%&' () - s&L0%& ( 003

| g&g%g%)s( Qck%gééw{e%%@fﬁjem@ é‘%{%‘&él@ﬁl%spo%rggules The extrusion
igég érﬁnule 3@%%&{' ?é@é%’x S&%éf?&‘é% th‘g‘g-g%&o/@‘v} ?Sacgf&%éuc{\)ns SLil’bOUi\SGd by

10, >Sér9c/lﬁcer(|)aye@§§@ﬂé’o/&e'(l)ayé%b\h\a&ah\rt?&e@e%géﬁ?@eﬂ%eﬁé n'drdék dhhnidel 34 into the

hollow space 32. The outer diameter of the extrusion granule 31 is about 300}\m and the thickness of

the outer layer is about 100}\,\ m.
Production of this extrusion granule is described in more detail below.

Highly pure pyrogenic nanoscale SiO, primary particles with a specific BET surface of 70 m%/g are
dispersed in deionized water. 12 ppm by weight of aluminum in form of pyrogenic Al,O, is added. The
suspension is adjusted to a liter weight of 1380 g/l. The slip viscosity is 450 mPas. Using a conventional
extrusion drier (Type D400, manufactured by Dorst) the suspension is extruded at an air temperature of
380 °C and a slip pressure of 10.5 bar, The obtained extrusion granulate has an average granule
diameter of 330/1/1"‘ and a residual moisture of 0.3%. The specific BET surface is 54 m?g and the fill

volume is 0.6 g/em®. The granulate is then purified and thermally compacted by being passed through a

HCI/CI, gas mixture at a rate of 6.1 kg/h and a temperature of 1200 °C.

The specific BET surface after this treatment is 20 m?%g, the fill volume is 0.8 g/cm?® and the tamped
volume is 0.91 g/cm®. The small particle content with a diameter under 90/«,\ m is removed by a cyclone in

the course of the processing during the extrusion granulation. The total content of the impurities Li, Na, K,

Mg, Ca, Fe, Cu, Cr, Mn, Ti, and Zr totals less than 200 ppb by weight.

The granulate produced in this manner is composed of amorphous, nanoscale SiQ, particles and can
also be used for the manufacture of the quartz glass crucible according to the invention as described in
Fig. 1. Due to the fact that the individual extrusion granules are formed by the agglomeration of a plurality
of primary particles with a very small particle size, a correspondingly fine and homogenous pore
distribution is achieved during vitrification. This is further facilitated in that additional nearly enclosed gas

volume is created by the hollow space 32 and it remains at least partially intact during vitrification
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and creating a vitrified crucible body having an opaque outer zone, characterized in that the SiO,
granulate utilized is a granulate (21; 31) made from at least partially porous agglomerates of synthetically
produced SiQ, primary particles and having a specific BET surface ranging from 0.5 m?%g to 40 m?/g and
a tamped volume of at least 0.8 g/c-ma, with the heating taking place such that a vitrification front

advances from the inside toward the outside while forming an inner zone of transparent quartz glass.

2. Process according to claim 1, characterized in that a SiO, granulate is employed which has a

specific BET surface ranging from 2 m?/g to 20 m?/g and a tamped volume ranging from 1.0 g/cm®to 1.4

g/em?,

l

i

3. Process according to clam 1 or2, characterized in that a SiO, granulate (21; 31) is used which

is in form of at least partially porous agglomerates of SiO, primary particles with an average particle size

ranging from 0.5/44 mto S/M m.

4, Process according to any one of the claims 1 to 3, characterized in that a SiO, granulate (21;

31) is used which is in form of at least partially porous agglomerates of SiO, primary particles with an

average particle size of less than 0.2/4 m.

5, Process according to any one of the claims 1 to 4, characterized in that a granulate (21; 31) is
used of SiO, particles with a nonhomogenous density distribution where an inner region (22; 32) of lesser
density is at least partially enclosed by an outer region (23; 33) of higher density.

6. Process according to any one of the claims 1 or 5, characterized in that the specific surface
and the tamped volume of the SiO, granulate (21; 31) is established by thermal treatment which

comprises sintering at a temperature ranging from 800 °C to 1,450 °C.
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8. Process according to claim 6 or 7 , characterized in that the thermal treatment takes place ata

temperature between 1,000 °C and 1,300 °Cin a nitrogen-contairiing atmosphere and in the presence of

carbon.

8. Process according to any one of the claims 1 to 8,, characterized in that a SiO, granulate (21;

31) is used which is doped with between 5 and 20 ppm by weight of aluminum,

10. Process according to any one ofthe claims 110 9 characterized in that a SiO, granulate (21;

31) is used of particles having an average particle size ranging from 150/4m to 809u m whereby small

particles having a particle size of less than 90/4,( m are avoided.

11. Process according to any one of the claims 1 to 10 characterized in that the formation of the

outer zone (3) and the inner zone (4) is accomplished through electric arc heating of the granulate layer

zone by zone, with the temperature in the inner zone (4) region reaching above 1,900 °C.

12. Process according to claim 11 characterized in that the granulate layer is brought to above

1,000 °C before the heating.

13. Process according to claim 12 characterized in that the SiO, granutate (21; 31) is vitrified in the

region of the inner zone (4) during the heating.

14, Process according to any one of the claims 1 to 13, characterized in that the opaque outer zone

(3) is produced from a first SiO, granulate of lesser density and the transparent inner zone from a second

SiO, granulate of higher density.
15. Process according to claim 14 characterized in that the second SiO, granulate (21; 31) is
subjected to a dehydration treatment before use, with an OH content of max. 40 ppm by weight being

established at the same time, and that the granulate (21; 31) dehydrated in this manner is vitrified
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OH content of max. 20 ppm. by welght.

17. Process according to any one of the claims 1 to 16, characterized in that in the region of the

inner zone (4) a SiO, granulate is employed which is at least partially transformed into synthetic

cristobalite by tempering.

18, Process according to any ane of the claims 1 to 17, characterized in that an inner layer (2) of
transparent quartz glass is produced on the transparent inner zone (4) by means of pouring SiQ,

granulate into the rotating form, deposited on the inner zone (4) and thereby vitrified by means of an

electric arc.

19. Process according to any one of the claims 1 to 18, characterized in that a vacuum is created in

the region of the inner form wall during the heating.

20. Quartz glass crucible with a crucible body of opaque quartz glass, manufactured
according to the process of claim 1, symmetrical relative to an axis

of rotation, with an outer zone (3) of opaque quartz glass transitioning radially toward the inside into an
inner zone (1) of transparent quartz glass with a density of at least 2.15 g/cn®, characterized in that the
crucible body (1) is made of a synthetic SiO, granulate with a specific BET surface ranging from 0.5 m%/g

to 40 m¥g, a tamped volume of at least 0.8 g/cm?® and formed from at least partially porous agglomerates "l

of primary SiO, particles.

21. Quartz glass crucible according to Claim20 characterized in that the crucible body (1) is made of
a synthetic SiO, granulate with a specific BET surface ranging between 2 m?/g and 20 m?%g and with a

tamped volume ranging between 1.0 g/cm® and 1.4 g/em®,

22. :  Quartz glass crucible according to Claim20 or 21characterized in that the quartz glass has a

metastable OH content of max. 20 ppm by weight in the region of the inner zone (4).
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25, Quartz glass crucible according to any one of the claims20 to 24characterized in that the opaque
outer zone (3) is made of afirst SiO, granulate of lesser density and the inner zone (4) is made of a

second SiQ, granulate of higher density.

26. Quartz glass crucible according to any one of the preceding claims, characterized in that the inner

zone (4) is made of a SiO, granulate at least partially composed of synthetic cristobalite.

I
27. Quartz glass crucible according to any one of the preceding claims, characterized in that the inner ‘l

]
A

zone (4) extends up to 2 mm from the inner surface in the direction of the outer zone (3).

-
<

28. Quartz glass crucible according to any one of the preceding claims, characterized in that the inner :

zone (4) is provided with an inner layer (2) of transparent quartz glass.
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