1~1111911~ Quartz gl ass crucible and proceés for producing sanme *159159*
The i nvention concerns a quartz glass crucible having a crucible body of

opaque quartz glass which is synmetrical relative to its ' axi s
and -has an outer zone of opaque quartz gl ass which transi Hm@mmwwm t he
inside into an inner zone of transparent quartz glass wt of at
| east 2.15 g/cnf. Furthernore, the invention concerns a proced4¥!5br the
production of a quartz glass crucible by providing a nold rotatabl e about
a rotational axis and having an inner wall, adding Si 02 granulate into the
mold to forma granulate |ayer on the inner wall of the nold, and heating
the granul ate |ayer frofugRzdiasssrecible odarogessfer produsingesamiai | e rot ating t he
nold and forming a vitrified crucible body with an opaque outer zone. A
-quartz glass crucible of this kind is described in DE Al 44 401 04. The
known AHA L2 | ass cruci bl co\)r%rci_ses a crucible base body with an opaque
outer zone WAEH PR R APYHIIAsS REHCP'] haying Assrucible hedy of opaguesuarz gessrwhich is

ckness of the inner zone is between 1
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bei ng added. The resulting slip is poured into a negative plaster nold for
the crucible and the crucible blank obtained after drying is sintered at a
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zones of the opaque and porous crucible bl'ank are subjec
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porous base material into transparent quartz glass with a density of at

| east JonTe: grapyiate layepan theinneuwall ofitiemolduiandcheatitipthe ghmiiateabyentror tHd1Rsi@dove-
sai d opaque outer zone which transitions toward the center into the snooth,
wear r %"?%'gﬁ‘rﬁ‘“%ﬁ\‘?f Wilesetating the moldand forming a yirrified crucible body with an opaque outer zone.

A quartz glass crucible of this kind is described in DE A1 44 401 04, The known quartz glass crucible
comprises a crucible base body with an opaque outer zone which transitions toward thé inside into a
smooth, wear resistant, dense inner zone. The thickness of the inner zone is between 1 and 2 mm and
the density is at least 2.15 g/cm®. The quartz glass crucible is produced in a slip casting process. The
quartz glass is reduced to a powdered material having a particle size of less than 70 m while water is
being added. The resulting slip is poured into a negative plaster mold for the crucible and the crucible
blank obtained after drying is sintered at a temperature between 1350C° and 1450C°. After the sintering,
selected surface zones of the opaque and porous crucible blank are subjected to further heat treatment at
between 1650C° and 2200C° in order to transform the opaque and porous base material into transparent
quartz glass with a density of at least 2,15 g/cm®. As a result, the crucible base body obtains the above-
said opaque outer zone which transitions toward the center into the smooth, wear resistant and dense

inner zone.
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1 *@00002* A process of the kind nentioned above is known from DE C1 97 106
72, which describes the production of a quartz glass crucible for the
pulling of a silicon nonocrystal according to the Czochral ski nethod, by
means of the so-called pouring-in process. In the said process, a granul ate
| ayer of natural quartz glass granulate is fornmed at first on the inner
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body. Thereupon, in order to create a transparent, snooth, inner [ayer,
synt hetfiaqugtaglass glalss for frevmiding bisa gilwon ebnocry sl iectegingiottie Ofochhiski maascd, \wa! |
of the base body where it is nelted into a dense, transparent inner |ayer
by “meamneansfof the setceligd poviring-ip.prodees. glndhg saidjprasessca granliéte layeoa matical puartzhylass
manner consists of an opaque base body and a transparent, dense inner

| ayer graatlate isrfamnediabfinstongthe innef walkof gfrotating smeptting moldarddsvitified: fdphieg alopaque
starting material of the inner layer differs fromthat of the base body.
The i n#Sp bogyaykherqupom in eriderta cragtesa ansaptent speethdrrer ayep syntibtip ailartzrdlass
serves to prevent mgration of inpurities from the base body to the inner
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the nelt inside the crucible can l'ead to softening, deformation an
saggi nge bhsd hualy @6 Meiirepsumaké,, whi ch can result in reduced service fife.

This problemis nbst noticeable in |large crucibles which are generally

used for |onger periods than snaller ones. The aforementioned proces . for

the manufacture of a quartz glass crucible using the pouring-in nmethod

al so rupitiorits dmpurity-apatent, thexuapz geeserugible desasibed indallyasurisaitable for aplicdtions nner

layer and it too is therefore costly. The object of the invention is to

provi d@adrieg Righ pury. he rEpdystion of the teanspajentdinenzeng rpquings pestly agditanal heagh
treatment. The opaque outer zone substantially blocks light in the visible spectrum, but is largely
transparent in the infrared (hereinafter referred to as |R) spectrum. Radiation loss in the IR spectrum
causes a considerable temperature gradients across the wall of the crucible. However, compensating for
the radiation loss by raising the temperature of the melt inside the crucible can lead to softening,
deformation and sagging of the crucible wall, which can result in reduced service life. This problem is

most noticeable in large crucibles which are generally used for longer periods than smaller ones.

The aforementioned proces . for the manufacture of a quartz glass crucible using the pouring-in method
also requires an additional process step for the manufacture of the inner layer and it too is therefore

costly.

The object of the invention is to provide a quartz glass crucible distinguished by high purity and high
opacity, i.e., low transmission in the IR spectrum, and a simple, cost efficient process for the production

thereof.



opacity, i.e., lowtransmssion in the IR spectrum and a sinple, cost
efficient process for the production thereof. 2 The object to provide a
quartz glass crucible is achieved on the basis of the crucible nmentioned
initially in that the crucible body is produced fromsynthetic S 02
granul ate having a specific BET density ranging fromO0.5 n2/g to 40 n2/g,
a tanped volune of at least 0.8 g/cm 3, and forned fromat |east partially
porous agglonerates of primary SiQ2 particles. The quartz gl ass crucible
accor dTtegbjeat tolpeovide\equarte glass cracibip Gsaticesd or Bk Yasis ofhié trdeble GritntioheB irteiAd
S 02. Due to this highly pure starting material the quartz glass crucible
i s "di sthatibaicrgtible bogy isipgidupest frany synthetio 8igh grenulatdchaving auspedficBET degity asging o
prevent mgration of inpurities fromthe quartz glass crucible into the
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quartz glass and an inner zone of transparent quartz glass. The outer and
i nner gaSlpEeraeeofpimagt 3Pk partidesned regi ons. This neans that there is no
preci se, defined boundary area. The quartz glass crucible according to the
invention is produced fromsynthetic SI02 granulate. An opaque outer zone
and a fransparent in zone are obtained by vitrification of
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heat i n,gtogﬁghgﬁlgoﬁtg]ﬁedtng,%rn zone is free of pores, or has very few pores, so
that its density is at l|east 2.15 g/cnB. This density is nearly that of

transparent quartz glass. Therefore the nechanical and chem cal properties
of the inner zone correspond to those of dense transparent quartz gl ass

wi t h rEspeudible bodyneoipeisescanl outdrizemgbfiopaduer qians glassiahdcaneinmet abnesdfaiandparent The
outer zone is distinguished by high opacity in the IR spectrum QOpacity in
t he sequasz gfass.nEhe etier@nd dnner zones are integrally joined regions. This means that there is no

precise, defined boundary area.

The quartz glass crucible according to the invention is produced from synthetic SiO, granulate. An
opaque outer zone and a transharent inner zone are obtained by vitrification of the appropriate granulate
fill. During the vitrification process the vitrification front advances from the interior outward. Open pores
and pore channels are closed during the process and gases are displaced in the direction of the inner
wall of the form. Due to the greater effect of the temperature in the inner zone region (higher temperature
and longer heating period) the inner zone is free of pores, or has very few pores, so that its density is at
least 2.15 g/crr;o". This density is nearly that of transparent quartz glass. Therefore the mechanical and
chemical properties of the inner zone comrespond 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. Inthe IR spectrum, between 750 nm and 4800 nm, the transmissibility in a 3 mm thick disk is



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 nm
and 4800 nm the transmissibility ina 3 nmthick disk is 3 less than 1%
The -hi gh opacity in the IR spectrumis substantially achieved in that the

S orsfarl Py, it gk Boadsy RIhe 5 shefinar Susdhstantaly sehisyed ﬁrﬁ%ﬁﬂ.@%'téépﬁ&;;’s
SEYER 'S . | t
i "o aes fn &0 rartiblE fnedim hrliai saEus GuSTr etor o pireon Sk AREFES 259 i t
o) 90 ke EBR berT Aiach bloe S Hely BB Yinbdio 2080 0, TRATHS il 117 ow
i fd R A .the bubbl ,
st r | gz gess i bt bodHouhors osBlifor s AR NIRRT e ¢y
the vigbhedehaRLt By BontideHpdiRE Juis 4|%§$g&%99d ﬁ@ﬁngtu%ﬁ &gslygﬁ'{e&;agﬂaggéﬂ%ﬁﬁ{ee
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conpensation is required such as, for e over ng o
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glass crucible obtained by the vitrification of this type of granulate Is
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fineness of the pores in the outer zone required therefor is achieved by
usi ng figharagitygh HieURpectim ssrthating compensation is réquirad sfichats, foragimpeaby ihal | y

por ous agglpnerates of primarySi 02 particles. Such primary particles are
obt ai rR¥B8MBgtingsahthedmealtias P thefinstaiation ol adheymplscraendidati shieldn Aoduastz lgias@cruciblel e
conpounds hydrol ysis of organic silicon conpounds using the so-calle
S0 F?geqb?’am%%@ V"B%%@P Phyiis bPs §Yg Yanyflatp rfdhgaﬁqrez:digﬁrwém by@gsat beatinsulatiorsand
f|Uid10£¥%ﬂmﬁnﬁ¥gh such primary particles are generally distinguished by
hi gh pur ¥ they are difficult to handle_ due to their |ow bulk density.
Conmpacting by neans of a granulating process is used therefor. During
granul ation, agglonerates wth |arger dianeters are forned by an
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plurality of open pore channels that forma correspondi ngly rge pore
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particles are obtained by, for example, flame hydrolysis or oxidation of silicon compounds, by hydrolysis
of organic silicon compounds using the so-called sol-gel process, or by hydrolysis of inorganic silicon
compounds in a fluid. Even though such primary particles are generally distinguished by high purity, they
are difficult to handle. due to their low bulk density. Compacting by means of a granulating process is
used theretor. During granulation, agglomerates with larger diameters are formed by an agglomeration of
the small primary particles. 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 surface area of the granulate helps to create gaseous



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 irnner surface in formof pore channels. During vitrification, the |arger
proportion of the pore volune is closed due to sintering and col |l apsing.
Howev esilicon [gside (i) during yitrificationt Whicheoantiemsts the ogllapsinmofemalt heras eihee thegasess as
a plurality of small closed pores which reflect IR radiation, |leading to
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free surface region where they are easily dissolved are renoved via the
open pore channels. The tanped volune of at least 0.8 g/cnB in the first
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S 02 granulate is determ ned by thé BET process (DN 66132) and the tanped
vol unesifacPbMsbfiQ@s Tithéf ddrfackn a preferred enbodi ment the cruci bl e body
according to the invention is produced fromsynthetic S102 granulate with
a specific BET surface ranging from2 n2/g to 20 n2/g and with a tanped
volunme ranging from 1.0 g/cnB to 1.4 g/cnB. Advantageously, the quartz

gl ass Ahespecifiesuracaisf e SP casanuiate isgletamined by theRRTpyoases (HN 66132) Red thedaraprdof
the inner zone. In general, "netastable OH content” neans that hydroxyl
group ¥ewnehRy DRHISEH787411. r enpvabl e by neans of a heat treatment of the
quartz glass. In the context of this invention, a "netastable OH content™
is defined as a hydroxyl content which is renovable by heating the quartz

gl ass In a preferred embodiment the crucible body according to the invention is produced from synthetic SiO,

granulate with a specific BET surface ranging from 2 m?/g to 20 m?g and with a tamped volume ranging

from 1.0 g/em®to 1.4 g/cm®.

Advantageously, the quartz glass has a metastable OH content of max. 20 ppm by weight in the region of
the inner zone. In general, “metastable OH content” means that hydroxyl group content which is
removable by means of a heat treatment of the quartz glass. |n the context of this invention, a
“metastable OH content” is defined as a hydroxyl content which is removable by heating the quartz glass
to a temperature of 1,000 C° over a period of 40 hours in a vacuum of 10" mbar. Those OH groups that
are not removable by this heat treatment will be hereinatfter referred to as “firmly bound hydroxyl groups.”
An inner zone with a metastable OH coritent of max. 20 ppm by weight will assure that none, or few,
hydroxyl groups are released when the quartz glass crucible is used as intended. In addition, due to the
low content of metastable hydroxyl groups, the risk of pore enlargement or bubble formation during use of
the quartz glass crucible is reduced. These effects can appear when gases are released during the

heating of the quartz glass, and cannot escape.



to a tenperature of 1,000 Co over a period of 40 hours in a vacuum of 10"
nmbar. Those OH groups that are not renpvable by this heat treatnment wll
be hereinafter referred to as "firmy bound hydroxyl groups.” An inner
zone with a netastable OH cortent of max. 20 ppm by weight will assure that
none, 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
hydro grou the risk of pore enlargenment or bubble formation during
use of EHN tk°“@1’ hydrogyt grepps @0 7t resulingRoee e“fﬁég'ﬂe’érdf‘@'&@e H%dé'iﬁp@ﬁ‘lnzv\hen
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pore enl argenent with use of the quar ass cruci ble in vacuum
opaquecrgeibie in vdemen.and t he transparent inner zone are produced fromthe sane
synthetic SI02 granulate. A crucible of this kind is particularly easy to
manuf acture. In an alternative and equally preferred enbodi nent of the
quartz glass crucible according to the invention the opagque outer zone is
made f Thenopaqbe pwer 28N6 2ng therianspasert innenzpne aveeproduned from thesaing $ythein8i0, zone
from a second Si 02 granul ate having hi gher density. A preconpacting of the
secondgigniiatel Atceucibieeefithis Wnels papisulaggasy inBaulaurehe required densit- in the

i nner zone. The preferred enbodi nent of the quartz glass crucible according
to the invention is one where the inner zone is produced fronra Si 02
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crist OE%'obL&eb&ﬁtér%P&.’fs'th%e frun m S%zed?anulate having lower density, and the inner zone from

a second SiO, granulate having higher density. A precompacting of the second granulate facilitates the

adjustment of the required densit: in the inner zone.

The preferred embodiment of the quartz glass crucible according to the invention is one where the inner
zone is produced from a SiO, granulate which is at least partially composed of synthetic cristobalite.
Before use, the SiO, granulate is partially converted to synthetic cristobalite by tempering. It has been
shown that converting to cristobalite also results in reduction of the OH content. The inner zone made of

Si0, granulate obtained from synthetic cristobalite is therefore distinguished by a low OH content.
The inner zone preferably extends up to 2 mm from the inner surface in the direction of the outer zone.

It has been shown to be advantageous to provide the transparent inner zone with an inner layer of

transparent quartz glass. The inner layer primarily serves to reinforce the particular inner zone,



shown that converting to cristobalite also results in reduction of the OH
content. The inner zone nmade of Si02 granul ate obtained fromsynthetic
cristobalite is therefore distinguished by a | ow OH content. The inner zone
preferably extends up to 2 nmfromthe inner surface in the direction of
the outer zone. It has been shown to be advantageous to provide the
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whi |l e fzgﬁ&fqgngﬂgraﬂggém%&ge of transparent quartz gl ass. The granul ate
I ed dur

| ayer i's vitri Ing the heating. During this process an opaque outer
zone and a transparent inner zone are obtained in one processing step. The
vitrification front advances fromthe inside toward the outside during the
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cl osed hereby and gases are displaced in the direction of the inkier wall

of t he tfapsparerDinmet Lonblage oaieed iaone hexessingsfidme Ctheivitrifichtionfrogt askanses frem thenner
zone (higher tenperature and | onger heating period) the said zone becones
free ofingiErtewamthdadside dyringdhe yighcatiorsrrogasa:r Oper peren and porp shanagls in the geanulate
g/crr?. The vitrification front is an indistinct boundary regi on between
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advances _fromthe inside to the outside sublinmatable i |1 are
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toward the outside in the direction of regions of the granulate |ayer which
are still porous and where they can escape.

The vitrification front is an indistinct boundary region between material that is meited 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



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 sinple and cost effective.
Mechani cal stresses that typically appear during |ocalized heating are
avoi ded. The process according to the invention produces an outer zone
havi ngohe pimasject A S0, granulatavwvhich isriermied §owmi nertialy pareus aggloprraesee PrvAY SiPe
direct spectral perneability of a 3 nmthick disk is |ess than 1% in the
vavel emgiclesiand hama racific 85 T GUTAeAeh@nig Biom %S Mg to 404niq, pheyidficationpf such
achieved in that the outer 7 zone is made of a Si 02 granul ate

L or medSiPr gRMYate PIaYIdes ap BPARE WHH SRS INANBIOIPERT Ol Lrtepision aif!t]%tgﬁtlee%as"éﬁnd
Ve PRSP M aete dar 207 Bah AR RebIT By caniiet dntEnaltal ¥ sYndSuars |
H pr bt i ! . £ 91 A
Genei tgoet arn s R bhetshRac a8 lusod For 3 Moin bk Y MaRldoRiril 48, POT €
uartz a , I i itk i
xanp B HUF B HRAR R BAGT bl ah G SPGiteld GerS G Enin I GUE 10 5RE hMe
bubbl e\ﬁsitﬂggp%trl.lHWQgggjélgssngIésypr%ﬂcﬁawﬂﬁ LESEA thy abdvi ?%nfi&e@%}?&éﬂﬁge aB the

vi si bl e spectrum ass crucl bl es produced w use 0O

above- el GRfyoRH W AUt WlHiopaaY ne Wi ol i nul aton due

to hig pacity’in the IR spectrum The finéness of the pores in the outer
zone required therefor is achieved by using a Si02 granulate which is
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agglomerates with larger diameters are formed by an agglomeration of the small primary particles. 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 area is therefore present not as the outer surface but mostly as internal 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 refiect |R radiation, leading to the high opacity in the IR spectrum. Furthermore,
the large surface area of the granulate helps to create gaseous silicon oxide (SiO) during vitrification,
which counteracts the collapsing of small pores since the gases trapped in the small closed pores can no

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,



pore volunme, the granulate is distinguished by a specific BET surface area
ranging from0.5 nm2/g to 40 nR/g. The surface area is therefore present
not as the outer surface but nostly as internal surface in form of pore
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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 m. 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 inarganic 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 physical 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



alternative and equally preferred variant of the process, use is nade of a
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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 hollow interior region. The thermal
treatment of the SiQ, 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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The specific surface and the tanped volune of the SiQ2 granulate is
particularly easily adjusted by thermal treatnent which conprises
sintering at tenperatures ranging from800 COto 1,450 C. Higher densities
are al so achievable in the outer region, for exanple by mai ntai ning a
tenperature gradient during the thermal treat ment. en a tenperature
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proce een shown to be of advantage wherein the thernal treat nent

conpr 'a?t@?r tdisigtebSithah R5@ pEBIbORAIGR: OBPArid Aretat 6dndRISiIA%S Be impuRtisihls doRtext.
chl orine contal ning atnosphere renoves inpurities that formvolatile

chl orine conpounds at the treatnent tenperature, and OH groups. This
“inproves the purity of the opaque quartz glass, raises the viscosity and

t he dawiatpréférrerhéethod bigmeberding,itise thémmal eatmertdomprses Teetinghdf theipomusont ai ni ng
at nosphere contains chlorine and/or chlorine conpounds. In a pure quartz
gl ass agglontesateatdetvedentN90iGhaod 30 & inea viiegeardontairinaratngsphire axd in ke Piagendea,
Fe, Cu, C, M, Ti, and Zr totals less than 250 F pb by wei ght. Dopants are
not consamendhetentingdep marfmetqf ganylps eipinecbpeas of s ‘Q"ﬁ?‘é’ﬂ‘ %'(99@6 eRE4NSEd Tha
proceedi n t he ther r nment co S he

Do) oriehgh o tifossais Balteted By Begreanien o satror YHE ozt JL R 380 St

at nosphgre apd in the r < THE entlrefree surface' of

gr anul FEMSRLLTKRgeNIAIS rﬁ?é%é'g% %f%fl(?%e(\?/"garrtlgg 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 SCOSh high Qfscdhf isCisd dchiedddARith a granulate which consists of SiO, granules doped with between 5
ppm by weight and 20 ppm by weight of aluminum. The doping is accomplished by finely distributed
nanoscale ALO, particles. This assures a homogenous distribution of the dopant. Due to the use of the
granulate described above, composed of nanoscale particles, the dopant is also evenly distributed within
the individual granules. This is not possible when conventional SiO, granulates are used. Thatis 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 granule boundary. Pyrogenically manufactured Al,O,

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 90 mwhen a
SiO, granulate with an average granule size between 150 mand 800 mis used. For this purpose,
granules sized under 90 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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A high viscosity is also achieved with a granul ate which consists of S102
granul es doped with between 5 ppm by weight and 20 ppm by wei ght of

al umi num The doping is acconplished by finely distributed nanoscale A1203
particles. This assures a honogenous distribution of the dopant. Due to the
use of the granul ate described above, conposed of nanoscal e particles, the
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90 m granul'ate wth'an average granule size between 150 m and
800 m §iiny éaﬂpsi@sf thé) pSreRHAMRE N nkaditneFe ffidfdo ARG HBddRMirRdrdtnansies.
fromthe granulate or their formation is prevented already in the
production of the granulate. In a larger granule, a tenperature gradient
devel ops during the vitrification of the preformor during thernal

t r eat nRttanfageouslycfopnativaspitbe butgr zwhe nha:thgrirnen kertedakesipiach threughsone byzefensi t y
11 gradient within the granule and greater conpacting in the outer region
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The smal | size of finer granules, on the other hand, makes formation of
such d&908°Cy Thrathieanedsictiosy @ the infer apg puterZoppe eI AKe Placetyst afigptively in ipghommon
particle content does not <contribute to pore formation. Furthernore, the
smal | P8Pticle content affects shrinkage of the quartz glass during
col | apsing of the pore channels and nakes it nore difficult to maintain
predet er mi ned di nensi ons. Advant ageously, formations of the outer zone and

the in BE\%% é&egﬁshtg% S‘ES bd L?a%aﬁtg%qy %HQ%@Q sreérﬂrglafeqaeer 1§ RhipBtRé of 18909E BBtdtethe

| ayer ric arc, erature in the inner zone region

reach ﬂgating.g?pe Stehddting t4KaS plREE BAIGK tHandMingtERpdratRY of BiRCyranildté addERStsCArvémke
pl ace cost "effectively 1n one common step. It has been shown to be of

aﬁvant A8&inh ShrBighott the thidkhessLuf Botyrarayesd. It cancbel ot Bphantiiga heredfthd O10) gErblefeds e
t he

already being partially vitrified in the inner zone region. This facilitates the development of the required

density during the subsequent heating stage.

The opaque outer zone is preferably produced from a first SiO, granulate of lesser density, and the
transparent inner zone from a second SiO, granulate of higher density. The precompacting 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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heating. The preheating takes place below the nelting tenperature of the
granul ate and effects an even heating throughout the thickness of the
granulate. It can be of advantage here if the Si02 granulate is already
being partially vitrified in the inner zone region. This facilitates the
devel optyYespct it R dibdeh@Howll Rsd ddvaitdddond if tHecseaoMBSIQLGAkUIAIE BéddTor thé age.
The opaque outer zone is preferably produced froma first Si 02 granul ate of
| esserpratiriation of thedivibr zbise is sulsje@bto eiebydratioa priantn @sd todning treait noht&it @max. 40
granul ate of higher density. The preconpacting of the second granul ate
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regi on. Advantageously, in the inner zone use is made of a S102 granul ate

~which has been at least partially transformed into synthetic cristobalite

by means of tenpering. It has been shown that transformation into
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with a neta OH"content ‘of nmax. 20 ppm by weight will assure that
none Ogask&wdeREsetydurigy AsdPg af the Gedreasad add campt bsvapef the quartz gl ass
crucible as intended. In addition, due to the |ow content of netastable

hydr oxyl groups, the risk of pore enlargenent and a bubble formation

during use of the quartz glass crucible is reduced. These effects can

appear It ishiee thay abarsically Smale beund dwidrgad Dregphdanotresulin pete eglamementgluirgusemi the

cannot esca It is true that chemcally firnmy bound hydroxyl rougSEgnc‘)
i
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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 resulits 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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by weight. Quartz glass with a | ower OH content has greater viscosity than
quartz glass wth a higher OH content. H gher viscosity inproves form
stability of the quartz glass crucible at high tenperatures. Since firnmy
bound hydroxyl groups can also be partially renoved at high tenperatures in
a vacuum a |lower content of such hydroxyl groups reduces the danger of
pore enl argenent during the use of the quartz glass crucible in a vacuum
In a %Bﬁdng,oﬁWiIYbeoéx?Faﬁ% fméve B bQBwFBQ%g%fjéﬁgxplawﬁemM%er*%ra &@rbwing.
transparent quartz glass 1 n produced on" the transparent inner zone by
pour i qg,eg}ag@ndggcﬂg*\g@aﬁyghewi,{ he rotating nold where it settles on the inner
zone and 1s Vitrified by an electric arc. The inner |ayer of transparent
_quart Zglh 8§ SerRbddifdrit bithé qiaregIdse crutietcesreing td1ee invarttion romerosshsektiort dféire

i mprovenent results when a vacuumis generated in the inner wall region
dur i ngnidve Wapid ng of the granul ate | ayer. Excess gases are renoved

qui ckly due to the vacuumand the nelting tinme is shortened. 13 The

i nventriQm, sMilst erbioditngnit ef 18I0 , igranpiatessuitatlefor usseindhe Asgcasa pcesrdirgde s iayeption,
enbodi nents and a drawing. The drawi ng schematically shows in Fig. 1, an
enbodi byewdy obf ctdse sepian panghdigduat graouiel addccor ding to the invention in a
cross section of the crucible wall, in Fig. 2, a first enbodi nent of a Si O
2 gr arfig-atafugerebbdimentof g0 ; granyiate spitRbleder use (bia PrR§eSALHENg ﬁ?/‘g‘ﬁf’?"SH‘P”' by
way of a cross section of an i nﬁii vi dual granule, and in Fig.3, a further
enbodi tveray Q@ czpssisestion gf aHipdiyeual g@ W e for 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 gl ass

cruci ble according t W\ i I i sirvbrition.
ent ey GEnepRAl Byb AR SR e (R oft Hidrt dRfSRclcbAuRo KRS

desi gnated by the nuneral 1, and an inner |ayer 2 of quartz gl ass

granul ate. The base body 1 conpri ses

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 quanz glass. Therefore, its mechanical and
chemical properties correspond to those of dense transparent quartz glass, such as for example with

respect to mechanical strength and hardness, and chemical stability.
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two regions that differ only in respect to their opacity, or
transmssibility, i.e., a opaque outer region 3 and a transparent region
4. The base body has an overall wall thickness of about 5 mMm O that, the
opaque outer region 3 neasures about 4 mmand the transparent region 4
about BY contrast,ite auéraegite isalistiguistebd by Inghtapacity parremtransergssibiiity} inthe 1R spteetgural | y
joined so that there is no precise, defined boundary surface. The quartz

gl ass Thetrahdrhiesibility nen® frarcthiok disk isessitisanitoh intthe wai shgtierapgepbetverrd” SOmmande
detail below by way of exanples. The transparent region 4 is free of pores,
or | oW86& nmoThe jow transimissibiitydnachieved by smafporexsizeewith homagleneits poggdstribytiongn
g/crrB This density is nearly that of transparent quartz glass. Therefore,
Jits nsehigndtionwith high petecdensity arﬁﬂq@@veﬁ@ﬁ%\w é@ﬂ@ﬁ@ K28 19 m@ﬁa‘aﬁe QeRfSegion is
transparent quartz glass, such as_for exanple respect to nechani cal
st r engrefomirantnbeivesns ArANd e rinc &e Qyasp i9|aF§ SJUC'E'& 'ﬁfﬂ?e’@f?ﬁ‘i figtinguisherbyqacd,
region 3 is disti ngw shed b¥ hi gh opacity, or lowtransmssibility, in the
| R spdtegtinsHlationzad 2/ongSeviceids: | 'ty of a 3 nmthick disk is less than 1%in
t he wavel ength range between 750 nmand 4800 nm The low transmssibility
is achieved by snall pore size with honpgenous pore distribution, in

conj ungt 'rngc&\éMs 85 0 %\orﬁ%’ ifiveRBOIS ol the FAPLTALY 9{5 &E%@é\éﬂe ity a%g%gaq_ﬂfe size

in the on 1S predom nan m and

quartz @hﬁoﬁﬁsﬁ&é&lb%ﬁ rdte t:i@tﬁi‘ BAIGK By Qla?Bft%U'eﬁQﬁ'ﬁ'ar@)énﬂ@&lﬁtent?eat i nsul ation
and a ?ong service he process according to the invention for the
manuf acture of a quartz gI ass cruci ble according to the invention is
described in nore detail below by way of three exenplary enbodi nents.
Exanpl exatipldr ogenic Si2 with a specific BET surface of 70 n2/g is
granul ated, dried and sifted after the addition of 12 ppm by wei ght of
Nanos cRyregehic2SI0,, with\al epecifiGBEM sudacerch i mif is grasilated fdriedrandeiited after B4@ddition o
purified at a rate of 6kg/h in a cylindrical rotary oven at 1,200 COin a
gas mi 3 ppnebyWeight of hai@iscaleAL@. Iwdegr Gwpglebéansggrlreﬁiﬁ/fmﬂn é@o { &0 S4themErere.

Subsequently, the elenment content of Li
qpum‘ied g/t a rate of 6kg/h in a cylindrical rotary oven at 1, 2dO é<°' in Ig%as mlx’ture of CIOIiICI 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 melted overall.
The development of a temperature gradient allows desorption of loosely bound gases, especially of

hydroxyl groups.
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Cr, M, Ti, and Zr is less than 10 ppb by weight for each, or less than the
measurable limt. The total content of these inpurities is |less than 150
ppb by weight. The next step is thernmal treatnent for the desorption of
chlorine groups. The granul ate obtained in this manner has a tanped vol une

of 1. In@/reRrBstén)thexcritfible prefoird peepafed ibthiEsdhnerli8 Oitrlib @ BoHelyezohs usitlfigdelediicOara
rotating nelt formand deposited on its inner wall to create a crucible

pr ef orimthal Beitrfication front ativdreas dom ithe iasidedewandiwhilaceatirg thd ond trakspateft region © a

| ayer thickness of about 8 mm The individual granules are thereby further

-conpachasuhgiaradialt dxteamsieh vibabobut mnremdfa Vittified duheraque botexregive BaDlue to thégreater

devel opnent of a tenperature gradient allows desorption of |oosely bound
gases, temppratire pifact iptthe trangpasrgti regierof frighel Bmparature ead logges heatingdime} thisi regien

'preform prepared in this manner is vitrified zone by zone usi n% an electric

arc, besommaror figet 9rilqw emperesh i the fediiorf iedarer zermid todhe Adert Enabitr densty IGAt | e

creati ng the one transparent region 4 having a radial extension of about 1

mm and'e@st@ 5r9/6Med but opaque outer region 3. Due to the greater

tenperature effect in the transparent region 4 (higher tenperature and

| onger heating tinme) this region beconmes pore free, or |ow on pores, in

| cast By et g ooy Fllon s B Geh o b B PR 97 henaimed TG @%‘E&Pﬁ“’
OPaC {0l B STi5l Pt ty 4B, BAFULS FRREE WRmeTiES deich RSN al 'y

achi eve r anu orne m partl a

POr OUS agebralet bfbrita édorhﬂ‘aéy .%»%am_rw 6 BBT SufRb s M y h' gh
speci fIaC BET surof ace rP1|5 r?fz ).aThe quaratlzévg?%s?%grum bl e prgduczé(;} inthis

manner is especially d| stingui shed by high purity and high opacity (Ilow
transmssibility) in the IR spectrum The pore size in the opaque outer

r egi onThe quapzatesicrneibte prodiebdvnahis hhaanat isiéspeviallpdistipg@sted Ay highmurdty @hdibigh
crucible is produced as described in Exanple 1. Thereafter, the transparent
r egi onopadity (low transmissibility) in the IR spectrum. The pore size in the opaque outer region is

predominantly between 5 and 40 m.

Example 2

A quartz glass crucible is produced as described in Example 1. Thereatfter, 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 n/g and
whose tamped volume is 0.45 g/cm®. The size of the granules is between 250 mand 500 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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reinforced by the application of a transparent inner |ayer 2. The Si Q2
granul'ate used for this purpose has been obtained by the. extrusion of a
Na silicate (water glass) whose specific BET surface is 700 nz/g and whose
tanped volune is 0.45 g/cnB. The size of the granules is between 250 m and
500 m The extrudate is purified by nmeans of hot chlorination at 1200 C
and is thermally conpacted. Alkaline remants are reduced to |evels bel ow
meas un akHgenis crstdtaliteTAEinAd Gajef 2 & nRitEd SH b eand Bitkepairin frotest adetbleatrid aref t he
granul ate (extrudate) is thereafter 38 n2/g and the tanmped volunme is 1.11
- g/ cnB.sniefling fLachR¥é a SyBreintucetidnt ofdiRd ansparentarBgibn4 edeasingahs lagaridcknles el
treatnent fromits anorphous structure into a crystalline structure
(cristwbal8tm.. 16 Using this cristobalite, an inner layer 2 is nelted on
by neans of the pour-in process and electric arc snelting to achieve a

| ayer reinforcenent of the transparent region 4, increasing the |ayer
thickness to an overall 3 nm The inner |ayer 2 has a honbgenous structure
and a Tpdmexiayer 20rascommogenays spoctierang @ hydiogyiion aaptent of@Q @ng’y weighb B8N no
recrystallization nor pore enlargenent are observed. Exanple 3 A quartz

gl ass usedias intendpd, ngreelysialization nRE Sere; aNARIeHENER@ASFYVAd: Thereafter, the
transparent region 4 is reinforced by the application of a transparent

i nner layer 2. For this purpose, the same Si2 granulate as used in the
producti on the quartz glass crucible is vitrified for 1 hour at 1420 C
in hy >~ Metastabl e OH groups are renoved i medi ately prior to use of
the wvitrifi | t i ng ' i C.
| - or ety s SBIE € pfaaldea S TREIR | Bl HHRICBer e haltRerfigah Y,
manner ' BR ofHhad i dvepei bl e by nmeans of the pour-in
proces%hgw%QﬁSQW%ﬂ%gﬁﬁggoan éﬁéﬂfﬁ?@ﬁgfg_ A so-cal | ed vacuum bake test
(1600 C, 4 h, vacuun) reveal ed neither pore growh nor a tendency

For this purpose, the same SiO, granulate as used in the production of the quartz glass crucible is vitrified
for 1 hour at 1420 °C in hydrogen. Metastable OH groups are removed immediately prior to use of the
vitrified granulate by tempering in a vacuum at 10 mbar and 1000 °C.

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 meited 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 SiQ, 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, particles 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 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 outer layer 23 is about 100 m.
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toward recrystallization. The Si02 granul ate used in the process described
above will be described in nore detail below by way of Fig. 2. Fig. 2
schematical 'y represents a single preferred granule 21 of the granulate
enpl oyed. The spherical granule 21 is conposed of nanoscale SiQ2 particles
and has a central region 22 of lesser density, surrounded by an outer

regi on 23 of higher density. The density in the inner region is about 40%
of .t herraisducorOdt the Graspae Rccorpishdd 15y msdns\Whthe@ohvbaticHal wét g f@llaBbn procéssout
60% as dense. The boundary surface between the central region 22 and the
-out er wigthe 0se2X a raixérl Winchquddia sgspemsioe isttommaeitiem arsorgiilis manoscéle pylopekan®i€s of
the outer layer 23 is about 100 m 17 The production of the granulate is

- acconppartidescriducee ynthediime hpdrolpsis e BiClo aad having appanit BET enfape oci¥ss®/g.wi t h t he
use of a m xer. An aqueous suspension is fornmed from anor phous nanoscal e
pyr ogeMpistusi iSpemqyad fromitesaqueokisuspensiont under oaptentydng Hytis it Bregks &anto,a aiAgy
having a specific BET surface of 60 n2/g. Misture is removed fromthe
aqueoumassu Aftendryiog, the sracifie 8RS suracepf shersgarwmq obtaipedyp ghik@anijer jsrabgutp0gn 49 ny
mass. After drying, the specific BET surface of the granulate obtained in
this neffibe spherigalgranuiss hﬁ’ﬂ? ydiamater fanging A 1FG oM B@QHUI%STW%Z granHlaiprs;ten

from 160 mto 840 m Th t then th
or oconBAEIIPEgBER b m@aefﬁ%aﬁgo%ageﬂ?%ﬁawﬁtah%magﬁﬂﬁpnare% ISERCN

preco

bout 1200 .C.
e R B RSP ekl Sl e
the S fR% s ?lh%%.o péﬁ&e%ﬁéswess.met&ths p&%atfdnga& Vahdite mﬁnsuesnm@e
channel's akeous inpurities are easily renoved. Hydroxyl groups

are re ‘é%@h ﬁtpulénma av@BEsily kdioved. h|e¥< 6XyB4rBBLare Fe’hlr’cﬁﬁd B A& Sarhdtirfle, I THeAFeInGEHRT T Z
gl ass p| pe. The throughput is 10 kg/h. During the treatment a tenperature

gr adi etikesigined inRTotaly duarz blask pipel LUEHe taroaghpueis,10Wdihc Durisgihb treatment dtemperature
differing densities in the inner region 22 and the outer region 23. The

Si 02 gyadiehtdeselopd initmeiddiigual biagulps, athichaesults in tha differingteosifieson BEThrenredgnd2of
25 n2/g and a tanped volunme of 1.18 g/cnB. The average granul e dianeter is
about aodtheou@nregion®3t aken to renmove smal |l er

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 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 SiQ, 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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particles with a dianeter under 90 m- even though these are not present
due to the manufacturing nethod - before use in the production of opaque
quartz glass. Li, Na, K, My, Ca, Fe, Cu, C, M, Ti, and Zr totals |less
t han 200 ppb by wei ght. The granul ate produced in this manner is conposed

of  ampNH QLKFerbRBA FéHrEserisah dRBididrrdrafuidBf tfidal foPextiiSiBA gfaPlies Mehd@dtUSiast ur e
of the quartz glass crucible according to the invention as described in

Fi 9. LranuRRenay e agdiéméra@dior pithay SW,paHikcRs. Rh&s & AsIBRcGspaye $hehiolgBlsanBunakd ep of
a plurality of primary particles of very small particle size, a

.COr r esputdr b33, IThe oarediaherasdas an intdkercendliviich bpetisiima nasow oiEsinbll 3 intatieng
vitrification as explained in nore detail further above. 18 Fig. 3
schenbllawaspage B2 Ths enérdiamstendf thesixtousiayr granule3 Bik,abbytf800 alm drairthethicknesis @h
~granul es. The extrusion granule 31 is an agglonerate of prinmary Si02
parti dhesuterllayehgsabauti®l| aww space 32 which is surrounded by an outer |ayer
33. The outer layer 33 has an intake cone which opens in a narrow channel
34 into the hollow space 32. The outer dianeter of the extrusion granule
31 is about 300 mand the thickness of the outer layer is about 100 m

Pr odudirpdistien ofithis extairiop geanylg iyfesaiied in MoRAstiiieloy. i n” more detail bel ow.

H ghly pure pyrogenic nanoscale SiQ2 primary particles with a specific BET
surface of 70 n2/g are dispersed in deionized water. 12 ppm by wei ght of

| uni in f f Lo A1203 i s added, The. i Q0| | d
Fo"n THieRY Pugb BuaSiis RarioBEe 5. PHARY epiel Wis sicifio st ARERM A 2o hele U5 ©

. | . . i dii . f
S oy o Hitefi in Gi0AtD a2 B WRGHES AReni R il MO} hadede The
of 10.gshéHsion [5G Pro %%Lr@)_é(f?w&i@@o 1. aHal shb ﬂs&b@@, BA584Ha806sifg 8dshantional

di ameter of 330 mand a residual noisture of 0.3% The specific BET surface
IS 54 gx@lgornaer (Type D4bd, marotadiied ty Bbrél) Bbcusbendibe isgsxtrodddadt @n ial ténfperature of
purified and thermally conpacted by bei ng passed through a HC/Cl2 gas
m xt ur380aC andracip pebsifie bf 103 baraiitle abthioag extausion granllale?!(s® 28.avatage gaedef i ¢ BET
surface after this treatnment is 20 n2/g, the fill volunme is 0.8 g/cm 3 and
t he t adigreater of 330 m and a residual moisture of 0.3%. The specific BET surface is 54 m?/g and the fill

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

HCVY/Cl, 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 mis 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 giass 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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volume is 0.91 g/cnB. The small particle content with a dianeter under 90 m
is renmoved by a cyclone in the course of the processing during the
extrusion granulation. The total content of the inpurities Li, Na, K M,
Ca,"Fe, Cu, C, M, Ti, and Zr totals |less than 200 ppb by wei ght. The

gr anulbetausenfeivapdd gas &dn c&mmﬁnm? edcapé ARHYSAficationAiFS Qé’&?éﬁﬁg mﬂﬁ@%ﬁﬁéﬂoﬁ ol 02
particles and can also be used for the nanufacture of the quartz gl ass
cruci bhepaes andthagpadtyt he i nvention as described in Fig. 1. Due to the
fact that the individual extrusion granules are fornmed by the aggl oneration
-of a plurality of primary particles with a very small particle size, a
correspondingly fine and honogenous pore distribution is achieved during
~vitrification. This is further facilitated in that additional nearly

encl osed gas volune is created by the holl ow space 32 and it remai ns at

| east partially intact during vitrification 19 because the trapped gas can
only partially escape during vitrification, thus assisting in the formation
of the pores and the opacity. 20 Clains 1. Quartz glass crucible with a
cruci bl e body of opaque quartz glass, symetrical 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/crrr', characterized in that the
cruci ble body (1) is nade of a synthetic Si02 granulate with a specific BET
surface ranging from0.5 n2/g to 40 nR/g, a tanped volune of at |east 0.8
g/cnB and fornmed fromat |east partially porous aggl onerates of
primarySi 02 particles. 2. Quartz glass crucible according to Caim1,
characterized in that the crucible body (1) is nade of a synthetic Si02
granulate with a specific BET surface ranging between 2 n2/g and 20 nR/g
and with a tanped volune ranging between 1.0 g/cnB8 and 1.4 g/cnB. 3.
Quartz glass crucible according to Claim1 or 2, characterized in that the
gquartz glass has a
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met astabl e OH content of max. 20 ppm by weight in the region of the inner
zone (4). 4. Quartz glass crucible according to any one of the preceding
clainms, characterized in that the quartz glass has a maxi mum content of
firmy bound hydroxyl groups of 40 ppm by weight. 5. Quartz glass crucible
accor degghst 0 any one of the preceding clains, characterized in that the
opaque outer zone (3) and the transparent inner zone (4) are made of the
same Si,02 goaand st criibld i & gruaibis BeaE sfphillecquaRE §asd, RPminetricd] Yel &€ tddn Hie
claims 1 to 5, characterized in that the opaque outer zone (3) is nade of
-a fir séf rélatiba, gitttanubaérezonéd (3) @ssRaquel gusrtzidlass idnsilimingtadisly Zoned (he)indids in@@&A Of
a second Si 02 granul ate of higher density. 7. Quartz glass crucible

accor dinnegy zboe @) gf teameparéntiqoartpglessadihydansity ofet leadt2r 1803/ @’ crachctanizédiathat the
inner zone (4) is made of a Si02 granulate at | east partially conposed of
synt hetriugible bpdy (Abialmade of @ syréhetiQSid tararylates wittca sprctic 8EA sudaagirangingfroang.S orig of
the preceding clains, characterized in that the inner zone (4) extends up
to 2 nim40raa, eempadyelums of tdeast P.§ g/amre’ andfermed famat lepstadialieporeusragalosiprates
Quartz glass crucible according to any one of the preceding clains,

char ac®!@¥imMaBSIOaParlicias. t he i nner zone (4) is provided with an inner |ayer
(2) of transparent quartz glass. 10. Process for the production of a quartz
gl ass crucible by providing a formrotatable about a rotational axis and
havi ng,an i pner | | din i ragulate into the formto, c te a

or anulate | 20ar e udie aRgrma R, v R e b B et

| ayer hevdh Nsi i ' j M 2 ' :

Vit ¢ eSO R R ELicb D SRiilid ifuc o i 6 il g
the _Sl%peQCé\ﬂHL?énﬁinPtbeeéﬁqd Sord® dHdaiyehe (21, 31) made fromat |east
partially porous agglonerates of synthetically produced SiQ2 primary
particles and having a specific BET surface ranging fromO0.5 nR2/g to 40
n2/g and a tanped volunme of at least 0.8 g/cm 3, with the heating taking
pl ace 8uch Quattz glass drudilfie eetordimg tb Qlawh 1 a@ychacaeterizedimthat thei quaitziglasstveaarad t he
outside while formng an inner zone of transparent quartz glass. 11.

Pr oc es metastebleddhh gortent of md2Q opmbi aveight ibithezredion af theinneszoBe ). gr anul ate i s
enpl oyed whi ch has a

4, Quartz glass crucible according to any one of the preceding claims, characterized in that the

quartz glass has a maximum content of firmly bound hydroxyl groups of 40 ppm by weight.

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

opaque outer zone (3) and the transparent inner zone (4) are made of the same SiQ, granulate.
6. Quartz glass crucible according to any one of the claims 1 to 5, characterized 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 SiO, granulate of higher density.

7. 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.
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specific BET surface ranging from2 n2/g to 20 n2/g and a tanped vol une
ranging from1.0 g/cnB to 1.4 g/cnB. 12. Process according to claim10 or
11, characterized in that a SiQ2 granulate (21; 31) is used which is in
formof at |least partially porous agglonerates of S 02 primary particles
W th @ avengge girs ktivelbR dtbdrding toayidng of theprddeingrlaimsbetiaracistizedin tleae & inner
according to any one of the clains 10 to 12, characterized in that a SIQ2
gr anulzahe (4) 3ktends3dp toi2amid frenl tdiinadr sudfaderin fherdirection af the eatet zqrar(8)i. al | y por ous
aggl onerates of S102 primary particles with an average particle size of
less than 0.2 m 22 14. Process according to any one of the clains 10 to
13, characterized in that a granulate (21; 31) is wused of S 02 particles
Wi th @.nonhQuargeagtass Srugibfesacegrdimigde anyneichhepireneding nlalmen eiraraciefizedin(tat thegpner of
| esser density is at |east partially enclosed by an outer region (23; 33)
of hi ciepe (4léswroviged with arpinras dayer @L efdiensnaent auatagiaite of the clainms 10 or 14,
characterized in that the specific surface and the tanped volune of the

S 02 granulate (21; 31) is established by thermal treatnent which

P 06 et acCBIRAPITo1IGS BIOHGHPT S 4 Gtale dlasa P B reraiale & R (R e Ba ren
Ises heating |n .a chloring- i : 17

accbr PR & A ievird s rrsr wal 2pde B snsh BT RRANon e e BFHRRts e on

takes pl 368 \?éll & the' (6 %@%ﬁ%@g%%%@rlﬁf#t%ﬁggﬂrog {RB thsibie SURatd h/@ke.arotating the form

ni trogen-contai ni ng at' presence of car 18." Process

accor dér[l%r%@i&'awgﬁaﬁicgicibkrb?dg\hﬁjiﬂﬁsarﬂ&aﬁﬁ’e dufer N8 hafaRlechiZ0n iHat hBaloa S 2

granul a _ use Ich' i's doped with between 5 and 20 ppm by

vei ght gghuiath Uliz8H B a drinuiite @216 39) rMsdediom &edsDpatialy porous hgdidrRerates ofsynthetidally

18, characterized in that a S 02 granulate (21; 31) is used of particles

havi ngpraducad SiQMRimasy paridled #hid hevingia gpatfic BETTsud& ranging BHO 0Mmiietoeioyngarid|
a tamped volume of at least 0.8 g/cm?, 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.

1. Process according to claim 10, characterized in that a SiO, granulate is employed which has a
specific BET surface ranging from 2 m2/g to 20 m?/g and a tamped volume ranging from 1.0 g/em®to 1.4

g/cm®,

12. Process according to claim 10 or 11, 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 from05 mtoS m.

13. Process according to any one of the claims 10 to 12, 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 lessthan 0.2 m.
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particles having a particle size of |less than 90 m are avoi ded. 20. Process
according to any one of the clains 10 to 19, characterized in that the
formation of the outer zone (3) and the inner zone (4) is acconplished
through electric arc heating of the granulate |ayer zone by zone, with the

t enperg@t ur eploBedsRcdr@ing fo £ HRe Gfthe ERMSOTY th 88 CdhafteREEAIME thht 8 GRinllatedd1; 31) is

Process according to claim 20, characterized in that the granul ate layer is

br oughlseli 8f SiBR ¥ artidlePRith EndihoMogeridls dBsiy diRBibutbh whére &l iIREGTSgIGE (221 3B) Biedser
claim 21, characterized in that the S 02 granulate (21; 31) is vitrified in

-the r egineity i9ht bl partiaiyrenzioss Hybn aiterireyort (28; 3Bpathighgr d@Bity.Pr ocess accor di ng
to any one of the clains 10 to 22, characterized in that the opaque outer
zone (3) is produced froma first SiQ2 granul ate of |esser density and the
~transparent inner zone froma second SiQ2 granulate of higher density. 24.
Pr ocests. ac cBrodesstactarding 40 anyXhe of tha ckinseq ordd, ¢haractesized indhat thecpeciigipptace
granul ate (21, 31) is subjected to a dehydration treatnent before use,

wi t h aandGhe tapipied Nolume ofths SIQL@raate)(211@t) ifrastablished by dharmplitiestmadnt which he sane
time, and that the granulate (21; 31) dehydrated in this manner is

vi t ri f ¢amprisessintpyingcal aderperatits rAROINGITM 8P 1.4505Fact eri zed in that the
second S 02 granul ate has a netastable OH content of nmax. 20 ppm by

wei ght. 26. Process according to any one of the clains 10 to 25,

characker ol Sl B 15000l P M Peb B i a

cristo | L€ . 27. Process according to any one of the clains
10 to %%r\n%ﬁcgﬁ%@in?%&eég ?rr?°that an inner layer (2) of transparent quartz

gl ass is produced on the transparent inner zone (4) by means of pouring
SiC2 granulate into the rotating form deposited on the inner zone (4) and
t her ebyz Vi t Prddeeslad¥rdifiRas slaifd 1596y 166¢REddtdrizedinGhat the thermal treatment takes place at a

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

carbon.

18. Process according to any one of the claims 10 to 17, characterized in that a SiO, granulate (21;

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

19. Process according to any one of the claims 10 to 18, characterized in that a SiO, granulate (21;
31) is used of particles having an average particle size ranging from 150 mto 800 m whereby small

particles having a particle size of less than 90 m are avoided.
20. Process according to any one of the claims 10 to 19, 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.

21. Process according to claim 20, characterized in that the granulate layer is brought to above

1,000 °C before the heating.
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28. Process according to any one of the clains 10 to 27, characterized in

that a vacuumis created in the region of the inner formwall during the
heati ng. 24

22, Process according to claim 21, characterized in that the SiO, granulate (21; 31} is vitrified in the

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

23. Process according to any one of the claims 10 to 22, 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.

24, Process according to claim 23, 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.

25, Process according to claim 24, characterized in that the second SiO, granulate has a metastable

OH content of max. 20 ppm. by weight.

26, Process according to any one of the claims 10 to 25, characterized in that in the region of the
inner zone (4) a SiO, granulate is employed which is at ieast partially transformed into synthetic

cristobalite by tempering.

27. Process according to any one of the claims 10 to 26, characterized in that an inner layer (2) of
transparent quartz glass is produced on the transparent inner zone (4) by means of pouring Sio
granulate into the rotating form, deposited on the inner zone (4) and thereby vitrified by means of an

electric arc,

28, Process according to any one of the claims 10 to 27, characterized in that a vacuum is created in

the region of the inner form wall during the heating.
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