; e3enmhhi k: VKOI 61 Tny2 Quartz gl ass cruci ble and process for produci ng sane
The invention concerns a quartz glass crucible having a crucible body of
opaque quartz glass which is symetrical relative to its 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
|l east 2.15 g/crrP. Furthernore, the invention concerns a prﬁﬂﬁﬁﬁ”ﬂ&ﬁﬂ“ﬂh
production of a quartz glass crucible by providing a nold r t a
rotational axis and having an inner wall, adding Si02 granul at exismo t he
nold to forma granul ate |ayer on the inner wall of the nold, and heating.
the granul ate |layer fromthe inside toward the outside whil i “e
nold and formng a vitrified crucible body with an opaque oj“M“mmwmmmmwu
quartz glass crucible of this kind is described in DE Al 44 401 ,QgepThe
known quartz gl ass crucible conprises a crucible base body with an opaque
outer zone which transitions toward the inside into a snooth, wear

resi stant, dense inner zgne. The thickness of the inner zone is between 1
and 2 nm and the densi t UpZ glass crueible 2nd pragessiior prodimingseme z gl ass cruci bl e
is produced in a slip casting process. The quartz glass is reduced to a
powdered material having a particle size of less than 70 mwhile water is

bei ng esulting slip is poured into a negative plaster nold for
the cr Eglg E‘geent{éﬁ %oﬁ%eénsﬁ ﬂ'ﬁqglgéasg I°§W!ﬁ?)ﬁ"éﬂ%‘a ugible dpdyiefyipague quagk glaes whickis a
After the sintering, selected surface
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least 2.15 g/cmi . As a result, the crucible base body obtains the
abovesai d opaque outer zone which transitions toward the center into the

snoot hFuMoﬁ%bﬁv@Mon%ﬂcé?ﬁé‘%ErdaB&S@rl g%rb?%duceﬁt &raocg%é% Pllg%seésrnfi\ﬂg w groviding a

menti oned above is known from 1 ch

ductilnotatabie 4 taio ' ihg'8i el
pr oducbtinotafabie ahoat 4 Potalonsisxifana ihalifg Eﬁ’fnnEh@alPUh%hé‘ﬁ;ed;lhrsa%u@etlhtg% moldte

nonocrystal according to the Czochral ski' net hod, by 0 So-ca
pour i nigsma gpansiate lyeriam théimneavall ¢ tECIG!, arfl HaBidiha gParurYSiay & fromdhdhake
quartz glass granulate is fornmed at first on the inner maIY of a rotating
snel t i AYarddhe outsideiwhilg ratatingithaiinokd@ndiforging a viitef @udisle GodORh anldlRGE B@Er 2dnB,
order to create a transparent, snooth, inner |ayer, synthetic quartz gl ass
powder is poured in and deposits on the inner wall of the base body where
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zone requires costly additional heat treatnent. e opaque outer zone

subst creingdddgd.oThe tesulting$ip is pouré®intd & héYdtive Plasthf MBI 1t e éricibld BAEIHY crucible
transparent in the infrared (hereinafter referred to as IR) spectrum

Radi attilank obtained attet drying B sinteretiat antarpit starecbetwssn TH80GDARA 1450RS! AfdttiR sintering,
gradients across the wall of the crucible. However, conpensating for the

r adi atselssted sudads,zanas of thgopanuetandperds eneitds biaficaraBlibjettss taderttidh Aot tragintine at
can lead to softening, deformation and saggi ng of the crucible wall, which
can r &ebyeen; 1§50CYanrsb2R096T in arderltd transfdrm the ppadulecamdi porous Hase miatetigiaftb erangparent

| arge cruci bl es which are generally used for |onger periods than smaller
ones. GYAHZ gipss with-a densite af Qt?ﬁ?éb&ﬁ alom®t e avasulf, thetonuaiblobase tpdy bbtaing thesabove-
cruci bl e using the pouring-in nethod also requires an additional process
step 581 oPRBUSRIiER 2008 which dransitiensi tawand theigenterdntd the: smanth, iweat tesistahtarel demse| v .
The object of the invention is to provide a quartz glass crucible
distiHBﬁ?éﬂEH by high purity and high opacity) i.e., lowtransm ssion in
the IR spectrum and a sinple, cost efficient process for the production

t hereof. 2 The object to provide a quartz glass crucible is achieved on
the basis of the crucible nentioned initially in that the crucible body is
produced from synthetic Si 02 granul ate having a specific BET density
ranging from0.5 ne/g to 40 n2/g, a tanped volune of at least 0.8 g/cm 3,
and formed fromat |east partially porous aggl onerates of primary Si02
particles. The quartz glass crucible according to the invention is conposed
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The cruci bl e body conprises an outer zone of opaque quartz glass and an

i nner zone of transparent quartz glass. The outer and inner zones are
integrally joined regions. This nmeans that there is no precise, defined
boundary area. The quartz gl ass crucible according to the invention is
produced from synthetic Si02 granul ate. An opaque outer zone and a ‘
transparent inner zone are obtained by vitrfication of the appropriate
granulate fill. During the vitrification process the vitrification front
advanApsocesooh thékind rieatidned aboteis kebwr s DEWC1ES7 £06072) Which dBEUIBES the drdiuctidhs ed
during the process and gases are displaced in the direction of the inner
wal | offa quaetzigasscrutibie foxthé pelling of atstiicorefmbrsdrystd] atdoedihiaNkg Gk ovhtalsknimbihed,ibyner
zone region (higher tenperature and | onger heating period) the inner zone

i s freeand ofplo sscalled pharingvire psocéssw Iptheesi)d wacdsh,at gratidatd taysr dhnatusal guiaregiads
2.15 g/cnms. This density is nearly that of transparent quartz gl ass.

Ther egrandlalerisforrpehalrfirst ah thantnerivatiiota Fotating smetting srolsf andlievitrifiert formimg@an opaque
correspond to those of dense transparent quartz glass with respect to
mechabasediody Thergupen, innrderde createch tiansparent) smeathiinrer {ayerTsynthalic guarzogiassi s

di stingui shed by high opacity in the IR spectrum Opacity in the sense of

t he i ROVEHRrisorpured inaRd derasdp an thedyner wall of the haselbady where it is mefted intasa dense,
(between about 350 nm and 800nm) and in the IR spectra. In the IR spectrum
bet wel@NspaEhiRNelayel By means ofanelactric e the quartz giass erueible preduged ipithisimarners

| ess thap, 196. The hi [ ectrumis substanti al
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By cogiass o@qgwnﬁ%@:u;f;cegl ass produced fromnatural or synthetic quartz

gl ass granul ate wt ow specific surface has, first of ail) large
bubbl es and the bubble distribution density is relatively lower. This
causes primarily opacity in the visible spectrum Wen used as intended,
t he qDeé tzitsOmpey 66rit6ntthe qasrtgiabisiguditie &R ribdtiRbally MunsRfiabier hbfications
tenperature gradi ent across the crucible wall due to high opacity in the IR
spect requiriag high puritp.0 The prodactiah iobthe itranspaterit inbdr Zune hedquirgs tastly edaitigtatheddy t he
overheating of the nelt or by the installation of a thermal screen (heat
shi el Wgatmantg The topagiemiter@one siistantipllyilocksi lighy int the visiblerspéétuum, ibotis Fgehhi s t ype
of granulate is therefore distinguished by good heat insulation and |ong
ser vi Fansppregt infhginfraned teasaingter falerredde as IR)speeteuny uRadiatiop dpss inethailiR sppatMeY ef or
is achi eved by . usi a Si02 gra,ulate'mhkch S, present in formof at | east
par t | G459 BPURIAerals ramRaralinesradionss psrass he el otfhe Sruible, Howsyer, parmmeRssing for
parti gl .are obt.ain L.odar exanmmle L ane .hydr ol ysis, or, oxi.dation of
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granul ation) agglonerates with [arger dianeters are formed by an
aggl oneration of the small primary particles. These aggl onerates have a
pl ur afrhé ufom‘mém@fbdgamse i e anfduiire foba GuattzCgliss @RRIDISIISIEY e lpadir®@-ifp Alethod
vol une. The individual grains of the Si02 granul ate enpl oyed are forned
f rom alse requiygd anmaddiiohal protess isteptfbrethé mageafaqtarecof thal inmee ldybreargrietool Isstheérefose
di stingui shed by a specific BET surface area ranging from0.5 n2/g to 40
n/ g. cadtlg. 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 |l apsi ng.
However, the greater part of the previously open pore channels remains as a
pl ur alfhe gbjest ofthalinveationdate pevidssa auartzolassicrusiie distinguighed byorigh pwritianshhighy t he
hi gh opacity in the IR spectrum Furthernore, the |arge surface area of the
- gr anuPRAcly [l jaw ransgtissiondn hed Bsaectaum, agd pisigemie, Sesteliciert prpcess forie production
vitr~cation) which counteracts the collapsing of snall pores since the
gases“ﬁﬂﬁ%ped in the small closed pores can no | onger escape. In addition)
the great specific surface area allows an especially effective
purification, for exanple by nmeans of thermal chlorination, before the .
granulate is put to use. Inpurities are, after all, found primarily in the
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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the opacity of the quartz glass is substantially -- as discussed above-
caused by the large spec'rfic surface present as inner surface. The
specific surface of the Si02 granulate is determi ned by the BET process
(DI'N 66132) and the tanped volume by DINISO 787/ 11. In a preferred

enbodi ment the cruci ble body according to the invention is produced from
synthetic Si O- granulate with a specific BET surface ranging from2 n2/g to
20 n?/g and with a tanped volunme ranging from1.0 g/cnB to 1.4 g/cnB.

Advant ageously, the quartz glass has a netastable OH content of max. 20 ppm
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hours I'n uum o
this é%t%@tofrﬁrﬂ'ﬁ fagreinafter referred to as flrrﬂy bound

hydr ox grroups arV"S e??ﬁ'fone with a netastabie OH content 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
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bubbl e formation during use of the quartz glass crucCibl'e is reduced. These

ef f echee RARisMYPBATUrdBAAING AfueStiaRth € qUAtze&se Erubibld I8 distifguished by Aghelrityhe quart z
gl ass, and cannot escape. 5 Chemcally firmy bound hydroxyl groups do

é rmsuughomtn Nooneasardsara reaaindd tdpréveat rhibratiors ef impurtiee fropo ahid quattz gkass crucibiebl e.
&éﬁ_ferably however, the content of firmy bound hydroxyl groups is at max.
40 ppintdthe meitghntaingdtherein.gl ass with a | ower OH content has greater
viscosity than quartz glass wwth a higher OH content. Hi gher viscosity
i nproves formstability of the quartz glass crucible at high tenperatures.
Since_firmy bound hydroxyl groups can be also partially renoved at high
t enpel B ﬁP@g'elbﬁ%cmﬁﬁ?" 8”‘?6%&5\9 of BlPﬂ"é'ﬁtquﬁﬂtz S;'B%Snaﬂﬁ’)ﬁ!ﬂ'r'm Fonrg ?M"ﬁ§sl?aé€m ces
t he dan er of gre enla errent W th use @uarf gass crucMP
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from a thetic S|Oz granulate. A crucible of this kind is
parti éﬁ?‘g\; dﬁ%%ﬁ@ Li"gg Utacture. In an alternative and equally preferred
enbodi nent of the quartz glass crucible according to the invention the

opaque outer zone is nade froma first Si02 granulate having | ower density;

and t ke GUH oIS RAUCIIOABcBIIRRIAE T ifdhtortis PrudLedSirdid )hiﬂibtl@ siblraifiel Ay A

preconpacting of the second granulate facilitates the adjustient of the

requi beghud tEr zynd dnd d'ParisparRht iARdT2ond B dbaied By firifREIMCHT tFRMNEppAipribt ratuRtd Z
gl ass crucible according to the invention is one where the inner zone is

pr odutie during theavitBlidafiorgpracads aliecevivification frent ativdneasfrorp tetintatidryoutEnih 0Opeh dres

SynRthetic cristobalite. Before use) the SiOz granulate is partially

conv eAnkporeshaynelsare closed dwinglthe proeessyand gasasrare displacediathediationinb the iomeit

converting to cristobalite also results in reduction of the. OH content.

The i wakef thefesmnBye tathe greater effect of the temperature in the inner zone region (higher temperature
and longer heating period) the inher zone is free of pores, or has very few pores, so that its density is at
least 2.15 g/cm®. This density is nearly that of transparent quartz glass. 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. Inthe IR spectrum, between 750 nm and 4800 nm, the transmissibility in a 3 mm thick disk is



Si 02 granul ate obtained fromsynthetic cristobalite is therefore

di stingui shed by a | ow OH content. The inner zone preferably extends up to
2 mmfromthe inner surface in the direction of the outer zone. It has been
shown to be advantageous to provide the transparent inner zone with an

I nner | ayer of transparent quartz glass. The inner layer primarily serves
to reinforce the particular inner zone. 6 As far as concerns the process,
t he obj ect descri bed above is achieved according to the invention on the
basi sl€8$ thapd % nterhigh erasitsin thesRrsppettmis substantisticachiaved IndbattiveeouBirdone is

granul ate used is forned fromat |east partially porous aggl onerates of
synt hBfoAbead ftem,3iQy granyiata tprmgdfrom) pestialy, perous agglernerates<f primane 8iQ j partislesfand
BET a%ea rq¥ﬂ%%ﬁgfron10.5 nz/g %& 40 n?/ g and a tanped volune of at |east
0.8 gl'tHBsP ariagp hetwesny &3 pe/g and AAmi/ana Vitrificatiop of sych I oaranylataresmts iinces

fromthe inside toward the outside ile form ng an inner zone, of )
trans B%efaé‘ﬁtqua'?faﬁ“?? Vé'ﬁh% @9"“19?@0'@% RA®, \fgg{"@”tl'%W?"sas\)’Y'iheri'tP% densily apghigh
Zone. S TEHPT, B B FRBuEBuere GaEe afpeusor T et e bRSS dea st ances
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few pores so tha ensity Is e Vitrifi
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\erial that is partially nelted. atter presents open and

channeleshesking 6f thdimeft oF BiEthe ihataligtion e tHarhAScidan (hat Snigg). |0 B BREHRA
with the outer surface. Because the vitrification front advances fromthe

i nsi debtained byethewitrificatinn of thid typebfajrdrtilsteris uhidrbforsdistinguibhed s gooaBeat indufatib 8nd as
phase and driven before the vitrification front toward the outside in the
di r eclongsenvice lifegi ons of the granul ate | ayer 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
isr egl%\“ red. The process according to the invention is therefore sinple and
cost &19 ineppsaof thaparesindhg outerz08e Eaquireditherefariisaghieyed by using a SiQsmpnutstevhighe d
heating are, .ayoi ded.. The process according to the jnvention produces an
out er PPETRERHA I i aet Bptlaliprous 0RO e < e B B 958 iRy
spect T ' I} .ty Oof 3 thick disk, i ess
SO bed D8 oG8y SRl AR Blenh o TRoATMorthdl p Py S5
Subst gfHryaHid shiceh BbRNGdS Usihy e doltauddSdtbel 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 therefor. 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
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7 zone is made of a Si 02 granulate which is forned frompartially porous
aggl onerates of primary Si 02 particles and has a specific BET surface area
ranging from0.5 n2/g to 40 n2/g. The vitrification of such Si02 granul ate
provi des an opaque quartz glass with a honogenous pore distribution while
at the. sane tine presenting high pore density and high specific density.
By contrast) when natural or synthetic quartz glass granulates with | ow

;Do (o Hide SR Ry Pl fedtB i ou AR o PP I Bl Apeeaieed 1"
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by hydrol'ysis of organic silicon conpoun
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  othe3drhped VoRARAS at lREstiDY8 GEAPM thé first [JacRHabdbs F&hr%iﬁi? 8ffe 5O, ¢RMIate) While
handl i ng. During granul ation, agglonerates with |arger dianeters are forned
by an tesjopanitesfahe quartzigldss és substahtighy e discnegddi ebb@s- callsed by the Hrgascriies have
a plurality of open pore channels that forma correspondingly |arge pore
vel unmsurfddecpresent as inned sugfaed.ns of the Si 02 granul ate enpl oyed are forned
fitdm 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
m2/g. The surface area is therefore present not as the outer surface but
nost | hasPesiicsurfase <fithe 8i0e granuials isdeterpibedby-tha B psocess (OIN §6132) and thedemped
t he Iargertghﬁ&@%éign ﬁf the pore volune is closed due to sintering and

: Ff” 'e 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
surfa : | at ¢ S . s_sllicon oxide.(Sk0)
duri ngﬁ\a}i%[e??rfeﬁieé% ébglr?% "mléccﬁscgb(:l)gﬁé ragéﬁgﬁé ?\ogtkg 6&?@%@ ililsn%r%% °e§ ?r'ﬁf"l Syﬁtggtécs§gF nce
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pur ~CafohPNo gfch® t&Xagidn®. by neans of thermal chlorination, before the
granulate is put to use. Inpurities are, after all, 8 found primarily in
the free surface region fromwhich they are easily renoved and carried away
via the open pore channels. The tanped volune of at least 0.8 g/cm 3
pr i marAdvgntagenusiy sthe quartdyglassthas afmétastatde OB apnentidfaniax, 20 pprh by tvlightap thei regiom bf
the quartz glass is substantially assured- as di scussed above -- by the
gr éat thpibnerzopeslivgenetal. ineteptable C{I-bqamt’aseanﬁtﬂmt hydroxyligrouip eontam avhishésef i ¢
surface of the Si02 granulate is deternm ned by the BET process (DIN 66132)
and t Hempvabley wrﬁrﬁ»gabyatmmwfﬁbqn@z giassq Inthe peritexd @t thistnyertians a
proceedi n use . is made of synthetic Si02 granulate with a specific BET
DL T acefadisbleeH prrafa daingoas Iy iy FoRiAEr WROHS Serrotpley Deriae e alpss
from1.0-0/c to.l. ,cnB. Suc ed vol une h een shown be
b 11 do LgimRTeuter 0p s Sipra pered oL &Tetes (el PE1p” ko 268 1 atbies e,
in a r rl f S u I S.m f. 102 granul.ate in
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obtained in the so-calle ol -'ger process Si's of or'gan
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procegg, USe 1% made o?gua g‘i& 02 granutate In ?Sr meo? at | east '
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.



partially porous agglonmerates of primary Si02 particles with an average
particle size of less than 0.2~ m Such pyrogenio primary particles are

formed by flame hydrolysis or oxidation of inorganic silicon conpounds. The

primary particles are preferably anorphous due to a |low devitrfication
tendency during vitrification: In both variants of the process, the primary
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
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t he invention has been shown to be one of Si02 particles having

nonhoghgdiedbsadlepsi ty distribution and wth an inner region of |esser

density being at |east partially enclosed by an outer region of greater

density. The individual granules of the granulate are called Si02 particles
erJe and hereinafter, while the totality of the particles is called the

gr anulThe epadliesoutas zhneranstthe transparest inpertions ardoproduned fraketbe samp spdhetit 8iQ,0 t r ap

gases in the inner region where they cannot escape or can only partially

escap@ranylates A emeibleiof thiskindds paiticularly gasy tormanutasturag t o pore formation and

opacity of the quartz glass. This density distribution is for exanple also

achieved if the inner region conprises a hollow space. The specific surface

and the t ed, volune qof the Si0 ranulate is particularly easily adjusted
byt hdt ARARTTRNY Fadh ol pietege smbedire ot erquatz BESs eripbie acterdes et Mgen om
800 C,to 1. 450 C _H gher densities.are also, achievable in_t outer reqgion)
For eYisermale it ool it FaR otal Sichalri i OVt derly” et Fe e gqe o
treat n i i i e
1 kond ok NG Mo el i Sr A B dhcoh 06T
parti GlRstment Shthd Rqlifé QINSE/ in HiRGh zoddle | atter thus devel ops a density
that is higher than that of° the porous or hollow interior region. The
thermal treatnent of the Si02 granules is stopped or interrupted before the
initially established tenperature gradi ent between the outer region and the
i nner The@referredsendispdinhent efthe qinrz glass earible/acaodimgyid thetimantion ik one ekenaptheeinner
passi ng the granulate in a continuous run through a heating zone. Such a
ti-e.jrpe izavaiis proguged fsormn aiSiOsgranuiate whichds atlidast partially lcoinposssirof gyrihetic eristolalite. Wi t h
smal l er granules as will be explained in nore detail below. 10 A nethod
of pr Gekaseisry theSiOp aanulsiedspartialy senverted tpsypthatiecrigtnbalite by teveperingr krhgs been
treatnment conprises heating in a chlorine-containing atnnﬁghere. Tr eat ment

in chisBevmhaberrvarting iapnsioRaite Alse reskilsipyeductionfthe PEcoptent T inAeygangtmade of
hl ori t . the t tm t d . Thi
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the devitracation tendency is further reduced. The chlorine containing
at nosphere contains chlorine and/or chlorine conpounds. In a pure quartz

0,753 TB P eyl R i PR g B e gl . 2,

not considered to be inpurities in this context. In a preferred nethod of
proceedi ng, the thermal treatnent conprises heating of the porous

aggl onEfRles vh%vu%eaavén@#% $1hide RY trahspahor® inhf ZENAGTNGRAM ek by B0t
atnnsgﬁire aﬁg&?n t he prese cg éﬁﬂcér pn.aﬁﬁg en{ire free surfaég~of
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addition of nitrogen is facilitated by the presence of carbon which
volatilizes. It has been shown that addition of nitrogen raises the
viscosity of the quartz gl ass.



A high viscosity is also achieved with a granul ate which consists of Si02
granul es doped with between 5 ppm by wei ght and 20 ppm by wei ght of

al umi num The doping is acconplished by finely distributed nanoscal e Ah03
particles. This assures a honogenous distribution of the dopant. Due to the
use of the granul ate descri bed above, conposed of nanoscal e particles, the
dopant is also evenly distributed wwthin ~ the individual granules. This is
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gr anu'eﬂ‘%&e@%ucﬁw ﬁ+tra ﬁtﬂ[c%ﬂﬁﬁfh&aﬂé{s\‘fw fd ildeq8Wardith 6&§d@%ﬂ@’l‘8&ﬂiﬁ‘arﬁﬁnérhe
ate. I'nalarger granule, a te

~granul arger nperature gradi ent devel ops during the
Sviktrit) i m or during thermal treatnent for the
pr ecor%gg%{){lt%gsg%reﬁt@agirglfra]g{'ate, which leads to a density 11 gr adi ent

wi thin the granule and greater conpacting in the outer region and thus
favors pore formation during vitr'rfica~on; as discussed above. The small

si ze ghelgraifiatdiagérys Afifie®8uringehdhddiihg. NDiRthg thid kRBesDaMBaq0e otter Zomelandansi ty
gradients nore difficult or prevents it so that the small particle content
does R@hspaitlinrer zénd dre Pblathel orf od processing stebe Mhavikificdtion frontediansas froro the
{gjitent af fects shrinkage of the quartz glass during collapsing of the pore
channahsidetodranttke sutside rinrirg the Vitrification prazessi Open pores atiase chianoels it the geanulate.
Advant ageously, formations of the outer zone and the inner zone takes pl ace
t hr ougine ziosed lerelnoans dases areglisplaced in the diredtion ef thejinger wall of thederme | Ruateithe ar c,
with the tenperature in the inner zone region reaching 1900 C. Thus(,y%r

pr oducdreaer thermsheffachindhe regign shitheinnepzrne (Bigheritepeerplusganddgrger BeatingPeted (e
one common step. It has been shown to be of advantage .t ri ng the

gr anulsgidzongpesornes free of PR OF NpLVESY ki’(ﬂ%“@%‘ﬁ?‘dﬁsé}epﬁg "ﬁ@ﬁ?’i%ﬁﬁ. g/';I"If}e
preheating takes place below the nelting tenperature of the granulate and
effects an even heating throughout the thickness of the granulate. It can
be of _adv age i f. 1. i . i j jal ;
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is pr roma tirst Si02 granulate of |esser density, and

t he t @ \sRddr eBhndcibagiithaRd ButbF Qiiftade. SBEKANSL the WRrifigatiniifont sdvancesifiginahe theids itd the
The preconpacting of the second granul ate facilitates the devel opnent of

t he r esiidids dublpnaatley impuritidsearé frassformeddnto i gas phash/amt diiyen befbrg;the vitrifidation fientr
zone use is nmade of a Si02 granul ate which has been at |east partially

t r ansftowaricthé nttside jymthhelirection of mgiohs.bi the gtapulatedayer whichargpetilipatpus pnd whsreiasyn
shown that transformation into cristobalite also brings about reduction of
t he Ortancascepd.. Therefore) the inner zone produced from Si 02 granul ate
containing synthetic crystallite is distinguished by a |low CH content. 12
In this respect it has al so been shown to be advantageous if the second
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definition. An inner zone with a nmetastable OH content of nmax. 20 ppm by
wei ght will assure that none or few hydroxyl groups are released during use

of theTﬁéjé\ro%és{sgucgg in rtﬁg'fgqﬁ\}%nﬁosn gﬂrg&f‘é&g%ﬂ ouﬂepzm&inemighdiéa?iﬁy%ftlm | ow

content © ast abi oxy roups, the risk of pore enlargenent and a

bubbl ey L ATBSIRY ifih6lIRSpdkifam 'Trolifro 4G Al pérBBLIRY W Dfn ihickidiecist thainese
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ef fect S can app€ar when gases are rel eased during heating of the quartz
gl ass ﬁ\ﬁﬂe %m&{gtﬁ%@%ﬂ%ﬁléen' 600 nt/éhd J68b nAl) it kliystaritialiyl schikoediel tiat tHeoouyer
groups do not result 1 n pore enlargenent during use of the quartz gl ass
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 gl ass vvi7th a higher OH content. Hi gher
viscosity inproves formstability of the quartz glass crucible at high
tenperatures. Since firmy bound hydroxyl groups can also be partially

e o o



In a particularly preferred nethod of proceeding, an inner |ayer of
transparent quartz glass in produced on the transparent inner zone by
pouring Si02 granulate into the rotating nold where it settles on the inner
zone and is vitrified by an electric arc. The inner |ayer of transparent
quartz glass primarily serves to reinforce the inner zone. A further

| nprovenent results when a vacuumis generated in the inner wall region
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t he i nvention. uartz glass c

pr odugegiedpeBtrun. t QliE g?asb@ﬁféilbmq;ved&u@fvm Liserlst h Datihv 8 thdPoridagyratiiRe ale 1. and

an.inner layer 2 of quartz glass granul ate. The base body 1 conprises two

r egi odmtindufshed by h6dd tBeimal inulahiRBto high bp&dity intA& M pectr@i. t ransmi ssi bi f dy,
I.e a opaque outer region 3 and a transparent region 4. The base body has
ap.overall wall thickness of about 5 mm O that, the opaque outer region 3
é&sur es about 4 mm and the transparent region 4 about 1 nm The outer

r egi offh&fizandss bithe pares jnthe otter zzpe oequired therefortieaehddvied by asing d Si), gréradatd Whicke
i's no precise;, defined boundary surface. The quartz glass crucible is

manuf écrresestiinfferonef oy leastpartielyPacuscaggiomerates efprimannhPiOe padiclas.| Suahl psimalyy  way

of exanples. The transparent region 4 is free of ques, or |ow on pores, to
t he eRa@ifes prppbtqinediydorexampleifipge hydralysis @pexidation ot sijiceRgommenngs,dy iy drolysis of
nearly that of transparent quartz gl ass. Therefore, its, nechanical and
cheni 4an{GSHi $qmeRoupds 4 ﬁﬁ°‘f’6"°%ﬁ8§%e' Bocess, SLby hvdrrlysis of iporganic silisony| asss,
such as for example M th.respect. to C i cal .stren n ar,dness nd
chon £amPRingg T Py Slh Brsy BBfibies 8re Fergd 510 ot ok ineu e Lo TR o
by hi agd L S Skt | ' Chlok .

DY . 8 Elbocii el it 1 BhSiBllordots eiekdfor kB AE OB odion,
range gbabyefios Wi I&Eb@d?gnégrg(&ré‘f&mgd‘ﬁy 4P didn?di 8tBnoF tH! snialpritnaryHahticR¥ S fhdks
snal | pore size w th honbgenous pore “distribution, in conjuncti'on wth high
por e @ggiembiatedHavé b plurdifest bpén pR8 Shanhels th& f6HAY £cditeéPoridinglylarge paURIuiel The

region 1s predom nantly between 5Mm and 40~r,, m The quartz glass crucible

I St hénddiduabgrains bi the) 8iCs lyeshulste gnpidyed 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 reflect IR radiation, leading to the high opacity in the IR spectrum. Furthermore,
the large surface aréa 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, Impuriies are, after all,



heat insulation and a long service |ife: The process according to the
invention for the manufacture of a quartz glass crucible according to the
--~invention is described in nore detail below by way of three exenplary
enbodi ments. ~~. Pyrogenic Si02 with a specfic BET surface of 70 n2/g is
granul ated) dried and sifted after the addition of 12 ppm by wei ght of
nanoscal e Al 203 powder. Granules ranging in size from160/"mto 840 mare
purified at a . rate of 6kg/h in cylindrical rotary oven at 1,200 in a
s PRIty foihe foa suribeg regPrfiogIaRah e o Fa (b N ChEiSd WY Vi i
Subseqyentl t he el ement content of Li, Na, K M, Ca, Fe, Cu, C, M, Ti,
and ZP%W?°F£ nPelSn 10 ppb by weight for each) or |ess than the neasurabl e
limt. The total content of these inpurities is | ess than 150 ppb by

wei ght. The next step is thermal treatnent for the desorption of chlorine

92Ut AR08 .00 S RA P RSP REr Pt ESBE S RATToR
T R, 0805 B Mo ShL g R AR e T

thic : (# i ndi vi dual granul es are thereby further
conpggﬁggsﬁé ot gﬁg% veuéfZ ut the 11l is not nelted overall. The

devel opnment of a tenperature gradient allows desorption of |oosely bound
gases, especially of hydroxyl groups. 15 In a next step, the crucible

pr ef ofig §HcRMAE saiFhcedf sl IO NEraARALe isSdetériineld! U?%@BE‘P?Q&S_%QD!N 861320 aithe ket C
arc, in that a vitrification front advances fromthe inside outward while
cr-eat ydhgné BEDINIBC yemeRar ent region 4 having a radial extension of about 1
résand a vitrified but opaque outer region 3. Due to the greater
tenperature effect in the transparent region 4 (higher tenperature and
| onger heating tinme) this region becones pore free, or |low on pores, in the
r egi olm epprefeimed methexd of prose¢ding, Lse ishmadsyaf eyrthetin S0, granuiptewith @ specifigtBETeausface
2.15 g/cnB. By contrast, the outer region 3 is distinguished by high
opaci tapging fiom mf/a ites 29 m&oiend witly atampadvolurnespeging rom 1:-9i0/ani te 14 @animychl | y
achieved in that the Si02 granulate enployed is formed frompartially
por outdmpgd velkEr has been SW'&QW patigylan well suted with tespegt ta;pqurabiity Jnd sasgofy,
specific, BET surface (15 n2/g). The quartz glass crucible produced in this
mannef@M¥N&speci al 1y di stingui shed by high purity and high opacity (Iow
transmssibility) in the IR spectrum The pore size in the opaque outer
region is predom nantly between 5 and 40~ m A quartz glass crucible is
pr oduce. i i = f i i 4
ool RARARREA B NG BroSatt 80 € rfad EPESRE drluiad ot &M A Bl BN
graﬂ'uhgdlé‘fnélr%fééoffarimw'ﬁo riRResSvithosn dVBRIGe @lzbat I8SshBY 514Me - SeokipriHfanOsariesa Na
silicale (water glass) ose specific BET surface is/700 n2/g and whose
t anpegrevébtalid in thédscEallgd So1gel Processiby ehedity dirdhsisist arganiesilicon bempunads. 2b@m and
500m The extrudate is purfied by neans of hot chiorination at 1200 C and
i‘s.’t hatternative and enaally pecferdddealiam f the proess; use s matbnf a$i@ pgrianuiate i foah ofat least
nmeasurable limts. The specfic BET surface (Brunauer-Emet-Teller) of the
gr anu partielly(Exeusiaggtomeratss ofprimanf $i0; pa¥clepwih amaverage pagigecsize ofllasthand. 2,
g/ cnB. )

Such pyrogenic primary particles are formed by flame hydrolysis or oxidation of inorganic silicon

compounds. The primaty 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



In the next step the extrudate is transfornmed in a second thermal treatnent
fromits anorphous structure into a crystalline structure (cristobalite).
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 |layer thickness to an overall 3
mm The inner |ayer 2 has a honbgenous structure and a hydroxyl ion content

O 2SRy s S o o8 Rt ard Seresb ok b g Sk B oc
by S IRapY A PUeEhY 3P Erlc A9 E98 SURRRIS TPOERR by thersgntapt fLeieetn b a8nngng
same Si ranul ate as used in, the production,Q he quart, | ass crucj bl e
o Do opBySHCasd Poces may s veioh RERSHT b iyl rvall Farbdes G wEietoR
Irer;i/d.i i ’Il ri,o 0. use,. of .thz vitaified r anul at .%l-}.rteis eri,ng in
L oe B sTEESl Bbe) ot fre 1 2EenS i, il el AVt Hatcl s oS5 i
Si 02 i N .1 hi ’ j ' he .

or uoi B o RyeYeBugberE Akt d RorsPRMIY 3, T8 Sfhupct bl srb Bebbrinde S,
A so- ﬁ@oh%%?@ﬁ?b?%aﬁq?geécﬁé&pasCi}\ o-QalH&?%,%[FEé reveal ed neither pore

gromh n endency toward recrystallrza Si 02 granul ate used in
t he process descri bed above will be described in nore detail bel ow by way
of Fig. 2. Fig. 2 schematically represents a single preferred granule 21 of

t he gpaRYHEtidhy SHRIbRYGEnuIRE for BB Rthe Blocelisabring lo thd ifvBRRAHRS bBEn SRAMIE 8L
Si 02 particles and has a central region 22 of [esser density, surrounded by

N 0UbAY off SIQL, patticlés Iedvingi rgRRsmetRAGUS JensifydistelButidh tayid With tah thneNfdgion lof1gsseR | S
,bj)ut 40% of the density of transparent quartz glass while the outer region

i s abdersity B8ing atiedstipartiallyldrzidsad bylan yuternefian of greatecdensity) cThedndividual gragulegof22
and the outer region 23 is fluid. The granule dianeter is 420 m the

t hi ck theggannfiate ae alledSiO, paricle® Bere sind beneinat@Dwhile thé totalilyhnd ther paticksiisocrlled thehe
granul ate is acconplished by nmeans of the conventional wet granul ation

pr ocegmnyatey Theaopbemaegenpusdansity digtributign sakes & pessiistodrapigaséson thednmer gegion
anmor phous nanoscal e pyrogenic Si02 particles produced by the fl|ane

hy dr oMpefeshey cannet epcaproreal oAl Pariajirscapsduring r"‘iea‘d'é'ﬁ‘iﬂbfﬁé“ﬁ@P@tﬂbWB 209 is
removed fromthe aguequs suspensign under .constant, m xin ntil . it breaks
ip b e R he ety Dars (i STRE ASBRRONS taEsperinih dhiadpievtaBine
granu i i ' ner is about 50 ma/g and the spherical
granuF@%ﬁﬁ%&e‘%gagﬁ%eﬁ&@%\rﬁg% hg from 160~Nn to 840 m The Si 02 granul ate
is then thermally preconpacted by being passed through a chlorine

cont ai ni ng at nosphere at about 1200 C.

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 easiiy 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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During this step the granulate is also purfied, with chlorine purification
being particularly effective since the surface of the Si02 particles is
accessible to the purfication gas via the pore channels and the gaseous
inpurities are easily renmoved. Hydroxyl groups are renoved at the sane
time. The treatnent takes place in a rotary quartz gl ass pipe. The

t hroughput is 10 kg/h. During the treatnment a tenperature gradi ent devel ops
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quart b ing to

for the manufacture of the z gl'ass cruci ble acco e | nvention
as d [ L R D6 tHe WD hidhitmbn BY &N f d
aggl g’?rtgé g?iﬁ%né%‘s 'gmp?l %P P ?ﬁ@éj@?eﬁgrgﬁmng%hpartl érl' g%abﬁ‘dé'\e/‘gr 'gﬁhﬁ' r‘%‘é???“cr{’ Z’re
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during vitrification as explained in nore detail further above. 18 Fig. 3

schematically represents an extrusion granule 31, typical for extrusion
granul es. The extrusion granule 31 is an agglonerate of primary Si Oz

%St i Inlagsrefetrad ethod ohpriobeatirgyp theehaidaltaatrhent sompriges heating dbtheapaoraust er | ayer

3J) The outer layer 33 has an intake cone which opens in a narrow channel
34 i naggldnneraties kt lnetwegrat,00B2° afidhE30UCtin adiittogeneontainingratmespheresandrin the presence3 1
is about 300m and the thickness of the outer layer is about 100 m

Pr odueftcathenofhe eritite feoa sufeceof gganulasl abtdinpdchyJuedns ofithisivariantds nitsegenienticiiedwThe

H ghly pure pyrogenic nanoscale Si02 primary particles with a spec'rfic BET
sur f agddition of pitraggnys facilitated bydhe presence of Aargen Which uelatijzese it hasbegp shewn that ght
of alum num.in form of pyrogenic Al1203 is added. The suspension is adjusted
to a Pddition afpitrgern rgises HisryisgPsity ofthe w0188 cosity is 450 nPas. Using a
conventional extrusion drier (Type D400, manufactured by Dorst) the
suspension is extruded at an air tenperature of 380 C and a slip pressure

of 10, %; L LUsl r A An

i anch B oss e HRb ALiERa T m PUrRb PhAEH s S G BN LS ipal i Weffeen s
is 54 i [ ] " i ified
and (P oL MR AR poh o B s, e gl b et RpIheY By b AR o
rate findacdle KQOhpatidles? THYERNIRE WHINRGedaldQiskibulib® okhe 8bpant. Biue o wd @seeof &fet er
this treatnent 1s 20 mZ/ g, the fill volune is 0.8 g/cm 3 and the tanped
vol ungrahdlate. décribedaBove] bempdsel lof patiobéate particlas, ¢d dopiahtis alsdievenbi distributetbwitted J u
mibs removed by a cyclone in the course of the processing during the

ext r uthedmdividuahgraagles nThisliseot pdsaibleoshenaonventiondl SiQ rgranulatéscare used. NEhat i€ soMy,
Ca, Fe, Cu) C, M, Ti, and Zr totals |less than 200 ppb by weight. The

gr anuberagsethechdded dopantshare oniyahierto seltle omthegsanulg sutiae phthataften vilifeatian thegi C-~
particles and can al so be used for the manufacture of the quartz gl ass

cr uci Bleccopeentiatadigthedegiomn of the Risvipwsdraaula beyndane Fyregenicglly manufgeiiredAkfle  act
that the individual extrusi 83 gra ules are . orr&ed by the aggl oneration of a
pl ur aPatigles,preparticiady walt syited dus tg thelr larapspectigaiiacyarticl e size) a
correspondi ngly fine and honbgenous pore distribution is achieved during
vitrification. This is further facilitated in that additional nearly

encl osed gas vol u is.created by ft. I S i i t

oast R DR PUTE ne BofiieRte b SR teRie SBAGR ofBafiBls Lhcdr ST \indta
SiO, granulate with an average granule size between 15(}4,1m and 80()/Mm is used. For this purpose,
granules sized under QOM 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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because the trapped gas can only partially escape during vitrification)
thus assisting in the formation of the pores and the opacity. ZO dains
1. Quartz glass crucible with a crucible body of opaque quartz gl ass)
symretrical 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 [east 2.15
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max. In the region of the Inner zone . 4. Quartz glass
cruci bl e accordlng to any one of the preceding clains, characterlzed I n
that the quartz glass has a maxi num content of firmy bound hydroxyl groups

of 40A9ﬁﬁﬁté1?é W, Itnatibns SPUAY duterGbAé Bndothd inkdl fordaskes Hlaad tHroughrone bg zore t he
precedi ng cl ai ns, characterized in that the opaque outer zone (3) and the

t r ans paatmgtof thardnufadd Ry 6ri)sirg e gtz =06, with ehestamperdiuti inghainnéradose rdgionQaacting

gl ass crucible according to any one of the clains 1 to 5, characterized in

'(c{]at 19@0 WhaThus tivaipreduction of thd Jnnesantbalgergbnes ¢anrtake maaz:ogtreihwvamm offe ¢opuBwY
ﬁsﬂy and the inner zone (4) is made of a second Si02 granul ate of higher

densi step. 7. 4uartz gl ass crucible according to any one of the preceding

clains, characterized in that the inner zone (4) is nmade of a Si02

granul ate at |east partially conposed of synthetic cristobalite. 21

It has been shown to be of advantage to bring the granulate layer to a temperature of 1000 °C before the
heating. The preheating takes place below the melting temperature of the granulate and effects an even
héating throughout the thickness of the granulate. It can be of advantage here if the SiO, granulate is
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
i ? 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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8. Quartz glass crucible according to any one of the preceding clains,
characterized in that the inner zone (4) extends up to 2 mmfromthe inner
surface in the direction of the outer zone (3). 9. Quartz glass crucible
according to any one of the preceding clainms) characterized in that the
‘inner zone (4) is provided with an inner layer (2) of transparent quartz
gl ass. 10. Process for the production of a quartz glass crucible by
providing a formrotatable about a rotational axis and having an inner

wal | , Indbigirerped thmsgisorheen showmiodberaduantagaeus i thersegenrd Si0ygranviataiused foythe on | -
~ the inner wall of the form and heating the granulate |ayer fromthe
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body having an opague outer ne; characterized jn that the Si 02 granul ate
ut il i PR by Yelghhandfihggranuiste ﬁwd')at%\'a@%rwmeéts spsequeptiy vitrified; | po?ous

aggl onerates of synthetically produced Si02 primary particles and having a
speck BET surface ranging from0.5 mZ/ g to 40 n2/g and a tanped vol une of
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dacgording to any one of the clains 10°to 1% characterized in that a Si02

gr anubaifte forhatioh burihg ussstthe\fiarl giats bricibRNisealicsd Thess sy danabpearMMEAUS
aggl onerates of Si02 primary particles wth an average particle size of

| ess ghsas dle PeleBsed duringlibatiny oftiis Guaaiz otass and cdrmobescapae of the clainms 10 to

13, characterized in that a granulate (21; 31 ) is ' '
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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used of SIOz particles with a nonhonogenous density distribution where an

i nner_region (22; 32) of |lesser density is at |least partially enclosed by
an outer region (23; 33) of higher density. 15. Process according to any
one of the clains 10 or 14, characterized in that the spec'rfic surface and
the tanped volune of the Si0O 2 granulate (21; 31 ) is established by
thermal treatnent which conprises sintering at a tenperature ranging from
800 Cto 1,450 C. 16. Process according to claim 15, characterized in that
the thermal treatnent conprises heating in a chlorine-containing
atnmosphere. 17. Process according to claim15 or 16, characterized in that
t he tTherineention willbewexplainedkiadngse detail helow by siay of exemplanhembediments awba drawing.
1,300 Cin a nitrogen-containing atnosphere and in the presence of carbon.
18. PFhecdrawing selamptingllytsbowsip one of the clains 10 to 17, characterized in
that a Si02 granulate (21; 31 ) is used which is doped with between 5 and
20 pphigoly anembrdimsnt of thaquaitaglass grycibleaserdiag ip-thg wﬁ@nt"ba Sii95s Spctonpf the,o
clainms 10 to 18, characterized in that a Si02 granulate (21; 31) is used of
parti¢velemalliing an average particle size ranging from 150 nto 800 m

uber SRk 2 53 ahB b K Ao A o 1 8 b b 68 M ion
characterized in that the for Lpion of the outer zone (3) and the inner
zone PyYay & agregsAsel g&"t"ﬁﬁ’b‘ﬂ‘g BYe AN a1 ¢ heating of the granul ate

I ; b W th t t [ ' Iy :

r encrRg: aBeer Sgsttct o4 SRy SRELELHee it 5B B BcedOR ol of B8/ BAmcn. ,
'g t W@g&aéw,k@stsee li&'}'&ran'ir?qi\;?étﬁp%ﬁulgp above 1,000 C before the heating. 23
422. ocCe 8|ngtoca|m ,

Z Ss accor characterized in that the Si02
granulate (21; 31 ) is vitrified in the

Fig. 1 schematically shows a cross section of the wall of a quariz 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
atransparent 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/cm®. This density is nearly that of transparent quartz 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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region of the inner zone (4) during the heating. 23. Process according to
any one of the clains 10 to 22, characterized in that the opaque outerzone
(3).is produced froma first SI02 granulate of | esser density and the
transparent inner zone froma second Si 02 granul ate of higher density.
~....24. Process according to claim23, characterized in that the second
Si 02 granulate (21; 31 ) is subjected to a dehydration treatnent before

e
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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 compactéd 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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becomes pore free, or low on pores, in the region of the inner zone (4) to the extent that its density is at

least 2.15 g/cm®.

' By contrast, the outer region 3 is distinguished by high opacity or low transmissibility in the IR spectrum.
{A) This is substantially achieved in that the SiO, granulate employed is formed from partially 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 /,( m.

Example 2

A quartz glass crucible is produced as described in Example 1. Thereafter, the transparent region 4 is
reinforced by the application of a transparent inner layer 2. The SiO, granulate used for this purpose has
7 } been obtained by the extrusion of a Na silicate (water glass) whose épeciﬁc BET surface is 700 n#/g and
whose tamped volume is 0.45 g/cm®, The size of the granules is between 250 Mm and 500/{4'm. The
extrudate is purified by means of hot chiorination 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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The inner layer 2 has a homogenous structure and a hydroxyl ion content of 20 ppm by weight. When

used as intended, no recrystallization nor pore enlargement are observed.

Example 3

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.

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 invhydrogen. 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 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 SviO2 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 ﬂ m.

17



10BF9?109B& () - +@109B& ()-!' 0@ &10¥BB&' () - | =" aTcQeTeUeVeWe} "SH=9S& 10/ 10/
10/ &?10% & ()-3S&10% & ()-'q0,)"' 10%/ & () -

F'&10% & ()-s!~)10%/ el & ()-fWeegg3hhsjjaBSH=9S& 10' $10% &' () -

&10% & ()-y!)10% /& () - @10% & () -

"$10% & ()-&10% & () -j >kkm m' m#Entbm nuj _ @®S& 13%40% & () - 10/ 10/

10/ ?10% & ()-/S&10% & ()-1+10% & ()- '@-)10% /& ()- Yl npbs~stuuu}[<1@

10/ 1 L?10% & ()-'K 7' 1092/ 2/ & ()--f&I0% & ()-! @ 10% /& ()-9&10% & ()-3
1'(10% / & () - Muuuv8vvYwwiN@ 10/ 1 L?10% &109B&' () - &10%&R' ()- &109& ()-F

109B& () -Z3109B& ()- 1 10/ wwf x0zz< N -109B& () - +9d09B&' () -

K Z&lﬁt(ygggaﬂdswegﬂpn of é@@@%giﬁ%ﬁ%‘gﬁib Jr%e}anslc\:l h%%nvlegti{%%l v(vg.t gra{l&u(l)at/fg‘% pr(o)cess

- with the use of a mixer, An aqueous suspension is formed from amorphous nanoscale pyrogenic SiQO,
particles produced by the flame hydrolysis of SiCI4 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/\/\m to 840/4/( m. The SiO, granulate is then
thermally precompacted by being passed through a chlorine 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, particies is accessible to the pufiﬁcation 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/,( m. Care is taken to remove smaller
particles with a diameter under SOM 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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Fig. 3 schematically represents an extrusion granule 31, typical for extrusion granules. The extrusion
granule 31 is an agglomerate of primary SiO, particles. It has a hollow space 32 which is surrounded by
an outer layer 33. The outer layer 33 has an intake cone which opens in a narrow channel 34 into the
hollow space 32. The outer diameter of the extrusion granule 31 is about SOO}Am 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 weighf 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 extrus_ion granulate has an average granule
diameter of 330/1/1m 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

HCI/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 /u 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 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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because the trapped gas can only partially escape during vitrification, thus assisting in the formation of

the pores and the opacity.
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Claims
1. Quartz glass crucible with a crucible body of opaque quartz glass, 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/cm?, characterized in that the

crucible body (1) is made of a synthetic SiO, granulate with a specific BET surface ranging from 0.5 m3/g

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

of primary SiO, particles.

‘2, Quartz glass crucible according to Claim 1, 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/cm®,

3. Quartz glass crucible according to Claim 1 or 2, characterized in that the quartz glass has a

metastable 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 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 a first 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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8. Quartz glass crucible according to any one of the preceding claims, characterized in that the inner

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

9. 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.

10. Process for the production of a quartz glass crucible by providing a form rotatable about a

rotational axis and having an inner wall, adding SiO, granulate into the form to create a granulate layer on

_ | ) the inner wall of the form, and heating the granulate layer from the inside outward while rotating the form

and creating a vitrified crucible body having an opaque outer zone, characterized in that the SiO,
granulate utiiized is a granulate (21; 31) made from at least partially porous agglomerates of synthetically

~ produced SiO, 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/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.

11. Process according to claim 10, 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®,

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

rangingfrom0.5 mto5 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

avef'age particle size of less than 0.2 m.

22



U 9?710% U&' () - $eeaBbCL '
10/ &2409& () - $FU0%& ()-&10Y& ()-!' X @ 10%<& ()- S&L0Y& ()-f#10% ()-:' dEb
CL 10/ @$109%& ()- 39%A0%& ()-/10%& ()--9%40%& ()-+z&10%& ()-(S10%& ()-(bCL
10/ @0% U& () - @10% U& ()-%10% U& ()- 10 10
103" ?109&’' () - 37&10%&' ()- MeEaBbCL 10/ &10% U&' ()-%40% U& () -! @ 10%JU&' () - mL0%
U& ()-"10% U&' ()-%$10% U& ()-EM I aBbCL 10/11$10% U& ()--10% U& () - +Z%40%
U& ()-10f)" 10%JU& () - $%40% U& ()- 10%
14. Process according to any one of the claims 10 to 13, 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.
15. Process according to any one of the claims 10 or 14, characterized in that the specific surface
and the tahped 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.

r) 16. Process according to claim 15, characterized in that the thermal treatment comprises heating in a

=

chlorine-containing atmosphere.

17. Process according to claim 15 or 186, characterized in that 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 § 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 than90 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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23. Process according to any one of the claims 10 to 22, characterized in that the opaque outerzone
. (3) is produced from a first SiO, granulate of lesser density and the transparent inner zone from a second

SiO, granulate of higher density.

o,
Y

) 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 granuiate (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 least 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 SiG,
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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