;e3ed” "ac4bPchd6dTdz.2 3 s E P 2002 Z Quartz glass crucible and p?gc%%Psﬂm
* for produci ng sane The invention concerns a quartz glass crucible having a
cruci bl e 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 trans
glass with a density of at least 2.15 g/cnmi. FurthernDre,“mmmmnmmmmmmﬁn
concerns a process for the production of a quartz glass cruci blsgedy
providing a nold rotatable about a rotational axis and having an inner
wal |') adding Si02 granulate into the nold to forma granuwmmmmmmﬂ t he
inner wall of the nold, and heating the granul ate |ayer fr memme
toward the outside while rotating the nold and formng a vitrigggd crucible
body with an opaque outer zone. A quartz glass crucible of this kind is
described in DE Al 44 401 04. The known quartz glass crucible conprises a
cruci bl e base body with an opaque outer zone which transitions toward the
inside into a snoot h, r rE§i§$an ,_dense |8perd§0ne. The t hi ckness of
the i nner zone is bet webh 1 9&nt LR AT PO%FES LLRIPGNIS2Me | cast 2. 15 g/ cn
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
| ess t ; j i ' | ] NN .
o ol eanECR e HAkaR: e Rl Rl 2 ohlad Gyl bl il el icits

obt ai ngehnidth R refitive i&gtsir;étaﬁcin'at BLahdMasthnl RARSHAS lta'f[] c@aﬁ%&aﬁﬁa‘g& agﬁ? QricA A ndifordC:

After the sintering, selected surface zones of por ous

cr uci bb@ardlthe inside tnts BWjnp6i e lobtransphitpt qlRelgidss Akh FERfthsifl of BEENR SN s AHPC and
2200C in order to transformthe 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 abovesai d opagque outer zone

whi ch Rurthesndre dhe inventian dondeensceproeessi fort the pluglustivnaf A quarraglassesicifiaby praviding a
dense inner zone. 2 3 S EP 2002 A process of the kind nentioned above is
known mheld fietaablerbogt agttional axis aath hakngan ipeer walleaqstingdRiot grenulate info theandld to
glass crucible for the pulling of a silicon nonocrystal according to the

Czochri@mRgranutatrlayerisp thanar vl of He radld.andiheatingdhe pirguiate laves Eergdne inside he
o' 1 ReBsiine ol bie s e oo b i B TR B S Sk

form ng-an opaque base body. Thereupon, in order to create a transparent,
snoot h, inner |ayer, synthetic quartz glass powder is poured in and

deposi g Juity TS er&ﬁé otk kin@is & %rilpéad%ﬁ D@?’V 4»@@{ Ga, i fhei k?\omé lqh%%eél%%gttﬁéble

dense, transparent 1nner |ayer by neans of an electric ar

gl ass &dmiHsbd & cRIcP-EE bbdy WilH &n SFHYUE loufeP ASHeSWiSictPirardlioRP BRI B8 FRIdB ALY aand
a transparent, dense inner layer that forns the inner surface of the quartz
gl ass smaunth,Wear rebistans id@héa ingern@her Thé thitknésof tHeieer zayeks bdtweea  ant RontaRat
of the base body. The inner layer is produced in a separate process step
and prthedendity isatleast2.15 gfemdy dhe quartyr glasscmuaitile isrppordiced @sa $lipaastingerirasse Doy
to the inner surface. Due to its inpurity content, the quartz gl ass

cr uci bluartagiass isyedudedite b abwdered matesial havisigea pasticlengipe ofdessitbarns?¢ emwihite watenisgh
purity..Th%#groduction of the transparent inner zone requires costly

addi t i baiag adped: The msullpe slip iypeured Heia negatke Pasteemeigieriths erusibleang thecdkdciie ght
in the visible ectrum. but is largely transparent in the infrared
(her o Piatk ehteined Bher deyinads siaterad)at e derBberatne beliban 1300t Ged 11394 nafere gaterpgm

causes opsi derabl e erature gradient ross the | 1 he

cr i b e 080 2ones ob ERBRRR IR AR raReite BB A BBE-1 9 1ferig S regtment
t emper {LNSI t cruci.bl e can_| f e

ot or regtesh £59c2 BnBBR00c T bidkr b BaFiE NG a0t ER ol bR e o nangparg
servic Lf | I L { i i : i bl ~Whi e
S vt Wi RS 5o 25 00, ARG e L 1AEUCAD) BIAG oo
process,; i i ; : Fin
et hod ) e ulER 2t oo BRI o doREFint e bR o ol e R B
inner Layel,ngnd 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., lowtransmssion in the IR spectrun) and a sinple, cost
efficient process for the production thereof. 2



Z 3 S EP 2002 The object to provide a quartz glass crucible is é%%#%%%ﬂm%n
"the basis of the crucible nentioned initially in that the crucible body is
produced from synthetic Si OZ granul ate having a specific BET density
ranging fromO0.5 n2/g to 40 ne/g, a tanped volune of at least 0.8 g/cm 3
and formed fromat |east partially porous agglonerates of primary Si Q2
particles. The quartz glass crucible according to the invention is conposed
entirely of synthetically produced Si02. Due to this highly pure starting
mat erf B'I°°?5’f$e°f ind,meytiggad abqygiginewndrog R CA§Fi 198, Wcﬂﬁ@ﬁf '?ﬁj"rth(t WOdUCthﬂ
throuqhout nmeasures are required to’ﬁﬁevent m gration_of nBurrtr

from? ﬁé?“a%ti'tais Gheiele fortha-puling of & sticantBoripalvstabanspralingde therfesoshnals WﬁéhOd by

Sé‘n‘é'r‘é%aeqsi’oiﬂ{epsgr%ﬁéé GG GP5ee. e SO PBResna SHIMAS BIRGLNbE FATEgRat | y
joined r

d b d )
e cata e G Bietra sl B eé’?:’l%?”&f'ﬂ  Bistiie SRe AR She RS o Rans F biadte
t | t t d t t
are o Bedl TR oRem fiofe o8 A Baiaiah e P Bt SRR P =libf g T he
vitri bsal rsg%ur%rdqrrsﬁéd%dtgnsvm Rl EE a8 hd O 1BEY GRER i PRI PG bt o

out war ore channels are C ose rocess and

gasesyfHs ar@hﬁmérfraﬂy@r bJ‘mEQﬁs atlaheretcrne%rcofThtetaeawasgsereétre stodt,&fa 'R?L ﬁrl}?ré? to

the greater effect of” the tenperature in the inner zone region

t enpegapkidis®f an Gpé@ﬂ%‘se B8 Arih tPATsh Adht, HESElifYR Tay8ORS thensith@Rnd squQéé?& thePr
has very few pores) so that its densrty is at least 2.15 g/cnB. This

densi duartz gla8s arciplet Tak stitidgrradeRabané inguelayet difeR%®m thAedt Bfcdizge bB&. The inner
mechani cal and chem cal properties of the inner zone correspond to those of
denselaysranmrpaucadtin §gepdrate praess stiep And pdmarty sdrgesite pleaenteddratdrr & inguities from
har dness and chem cal stability. The outer zone is distinguished by high
opaci thy base lbdry tb Regpaxtsodane. Qpacity in the sense of the invention is | ow
transparency (less than 1 % both in the visible (between about 350 nm and
800nm and in the IR spectra In the IR spectrum betmeen 750 nm and 4800

nm the transntssrbrlrtg mmthick disk is 3 S E P 2002 | ess
t han Bueo ipdaPyityePristd egwfr"ﬁ gter%é crte%r&sertﬁwm%a"gmarﬁbtedpr %Ppé\“éil’ﬁ'P%ﬁ/ed in

por oulsaagt Bk PRSP BPIGHES e b8BRRRla I BN Restiat el pedF el
U1 B0 od 618 56 SUURLAY VL bt 63k4 Ao, By By 2t

resu S I n opaqu artz ass enous ore s wel |

as w t%spa.@nt ,ntrregnf#a & ifloYeiRLdr mfé}rbdstl?ﬁgtﬁ eét&m'ﬁaaau@ar roeerrrtr,eﬁts éatramue

quartz glass produce rontnatura or synt etrc quartz gl ass granu ate with
a | owe£Res b bbhsideiati@ tetngepdtureldrddidntdbcrads the vall 8hOABbIRS HaWdvdrh@nipeh&dtRg for
distribution density is relatively lower. This causes primarily opacity in
t he viheiradigtiodpesthy uasiny\rertemp edtuss ofithd meiltl bdide tHeecragitals tan Ighdisssotteniag, bl e
according to the invention reduces the tenperature gradi ent across the
cruci Befermwdibh acidisaggingtnf e wpilé wyll, whichivan Irult freetineechseoicetitet Tinis problem is
conpensation is required such as, for exanple, by the overheating of the
mel t  Bostyipticaable intares ¢raeibles which are grmerally ug%drfeelﬁnqerﬁ eariodsihan smalleponggar t z

gl ass cruci ble obtained by the vitrification of this type of granulate is
therefore distinguished by good heat insulation and long service life. The
fi nengss of the ores in e outer zon ui red therefor s achi eved b
Usi ng 19 §Pt?2"%‘?' |Pé?“€s§\iﬂ' P ol @ pratzslase rucHe yshad “peted } gthod

porousg a onerat ar Such rrnary rt are
Dbt & REA oY BT aEficha) o44TF Sihe Tye BRDURSUEr ey PR P bR
conpoy gﬂ by hydrolysrs of organic silrcon conmpounds usrng the so-called
sol - zrocess or by hydrolysis of inorganic silicon conmpounds in a
qurd Even though such primary particles are generally distinguished by
high purity, they are difficult to handle due to their |ow bulk density.

Conpaghé Bgjelof memnma‘n iStOsraNgd ablide JMRBGEARId Sstihgaidhdd sy m@mrsumparrd High
granul ati on, agglonmerates with |larger dianeters are forned

aggl oupacy, i@ 16 trardenissien ih tHe IREREMrUP@ fahtl @lskeple, Ebawcegg;bremsactreﬁe praetion
plurality of open pore channels that forma correspondingly |arge pore

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

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

o o o b



The tanped volune of at least 0.8 g/cnB in the first place assur esé 3 SEP 2002
"pourability of the Si02 granulate, while the opacity of the quartz glass is
substantially -- as discussed above- caused by the | arge specific surface
present as inner surface. The specfic surface of the Si02 granulate is
determ ned by the BET process (DIN 66132) and the tanped volune by DI N1 SO
787/ 11. In a preferred enbodi nent the crucible body according to the
invention is produced fromsynthetic Si 02 granulate with a specific BET
surface ranging from2 n2/g to 20 n2/g and with a tanped vol une rangi ng
from I : t e

ot ast SO CEf Provhers e ek AGKR BTN o nd i Rle S ERBnliRB B,

zone. thhgeHIeibRbody [Krehica®trsm SYhthQfisi! g"rar'itﬁ’éigﬁa\;ilﬁbaé ﬁ.meﬁhe @@fldegfigggnéf tent

which is renovabl e’ by means of a heat treatnent of” the quartz g n the
cont endm 05 3 ® 40MRS) alt&ipe Pvoluimd Gt @Qétea.af%j_crﬁq%s Pdrmedl frol @t veaﬁ%atﬁaaufporous
eat i 0 a

hydr oxyl content which is renovable by h ng the quartz gl ass

Those B g sape  hat o a¥aec s Enovabl 6 by thi s heat treatment vill be
herei nafter referred to as "firmly bound hydroxyl groups.”™ An inner zone
with a netastable OH content of max. 20 ppm by weight will assure that
none, Thay quaet/glasy diuoiblel acgording $o thieénveetioadseinpuised eithely qLsynthztigiipsiddadadsio]. e
is used as intended. In addition, due to the | ow content of netastable

hy dr oRyd todhis bigsly pureestartis meferipidhe qeatizgiage renibleds distinguisbed by high parity dur i ng
use of the quartz glass crucible is reduced. These effects can appear when
gasesthipugheud) Nadraaseigs arryepuieedie araver) ragrationeof fupuritios terathe quarziglasmetaeible
escape. 2 3 SEP 2002 Chemically firmy bound hydroxyl groups do not

r esul Ptoithe pskt eotained Werditht during the use of the quartz gl ass crucibl e.
Preferably however, the content of firmy bound hydroxyl groups is at max.
40 ppny?y reight. Ciuarfz glasfhmjtﬂ_ahlomer H fon:enh_hﬁs gr_eater_t

Vi scosi Jan quartz. gl ass w a. hi gher ontent. .Hi gher SCOsSi

mor oTL SRR BoRi Btk 87 Suioia i el aude B en 1R Pte o KASRRIAr os.
Cenped S Hidke; THE BV ARG, RS (RPN R | b SRS Binch e
the dgraggs, dfindBdRinga argement with use of the quartz glass crucible in
vacuum The opaque outer zone and the transparent inner zone are produced
fromthe sane synthetic SiQZ granulate. A crucible of this kind is
particularly easy to manufacture. In an alternative and equally preferred
enbodimeqianafgldsk erugibée daczoglingss therimentidnds prodocedi frogn $yoitHetie SiO) geanulabmn Arhe
opaque outer zone is nmade froma first Si02 granulate having | ower density,
and t praquaeeter zonearidraimangpaieniontkr SpFargohiainedtby vitridieatiog ohihgapprogeaats igrapula
precongacping]ot_the second granul ate facilitates the adjustnment of the

r Iequi fl cPLw'_@gl q\gﬁrrﬁcﬁtlzwovewﬁ &ie igrstionrint givanees feam @ﬁwmq:@raw&- PRRD R t Z
Bt oduBBLPHP SHe 59 P T B AP LTS RES Ee S8 opared Be TEBRBSLEE 19"
synthetjc .cristohalite. Befor S he Si.02.granul ate is .partial

convenehs 8 /oEhnBRatd o oeled st Bfine InhemiesPhg e bone BoBE e Rb e ereaye
converf i : L Le I I i i : .at The
ner b4 AfocrhsBlngieaRhe o e LR drpolel drFa il A Bired 18 R ERNAT ot

t her efee {8 gkmgm@a&% % rRatPHalrrafbaritt quali§ids8N §heéRAEINE HRLRAARY ¥nd

extends up t0 2 mmfromthe inner surface in the direction of the outer

zone. chdmibaprdiRfids SNMPBihnePzdR Rf¥Iha ELPbse dfUeREOVAréBartehtqUaita QRBS MR Feshedier
zone with an inner layer of transparent quartz glass. The inner |ayer

pri matd myctAlcdatrehgth/ iRdrdiess ard thwnipafabittyl ar i nner zone.

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



2 3:S E P 2002 As far as concerns the process, the object describg% g@p%ﬁm
"is achieved according to the invention on the basis of the known proCeéss
described at the onset in that the Si4z granul ate used is formed from at

| east partially porous aggl onerates of synthetically produced primary Si QZ
particles and has a specific surface BET area ranging fromO0.5 n2/g to 40
n2/ g and a tanped volune of at least 0.8 g/cm. The heating is effected

P R A e R R P
T RS B B Bl B0, 0. SRR S

one AR L BB PREPTEnE FGBes g SERAN Th
Vi 11 EpreRfle PP @R RN o AT BRGdAT, rhcHlEk & i oRs it ol

I i dn. ' L f t | wal | of
Che. 1 arare B e R et BRoRe b ok vt S B Bore SPe LI NGET 2 ome

(i ghgacthicaRRipt %%o%ﬂ&ggﬁi q%@??hﬁ?pﬁ@ﬂée&@orﬁ %ué%rq?gtg\%%z&ﬂﬁg?gl?%sr '; ree

of pores or has veéry few po its density 1s | r-~.

The Virbhildh GithiaQsly 6p&iMo shilacthas IS b oAU AN RO PBICRRIMERGH BEHLRY k2!

that 1s nelted and material that is partially nelted. tter presents

open Re#iesdy BWEr. v ddisss pivhdrily dpasitfif tHERisidl@SpeetrOME WHRALSSY Ld'RtendsE th quartz

| onger connected with the outer surface. Because the vitrification tront
advangiass drudiste bbmrdimgiodRe inderitibe redutss tHe tenfiedtiidjraddre abraBsihi thRbledk &l due to
transforned into the gas phase and driven before the vitrification front

t owar kigh beaciyiindhel iR spectrire sdithat 0¢ comparsationgs crysired suchasgonddamptechy tger whi ch
are still porous and where they can escape. Since the transparent inner
zone ¢vsrhsigting efdp malk Py theinstailation of 2 thermoal sofeen (featyshieid) 4t quartaglass cmoible
additional vitrification step is required. The process according to the

i nven®Ri@Red &y thaxirication ofthigsyre of granulata is dferefers diginauighedbyioeat heatinsslatien anvat
typical | aggear during |l ocalized heating are avoi ded. The process

accor AM9geY8e Re i nvention produces an outer zone having high opacity) or

|l ow transm ssibility) in the IR spectrum The direct spectral perneability
of a 3 mmthick disk is less than 1% in the wavel ength regi on between 600
nm an 1 S.d: i j d_i t.he er. 7 3 S
b o pERed S ik hcted § B AGhS ol il R acn e ks Bk Shanfiereafsh
por ou s RS i i Ha IR T
T e B o e A TS T O LM
Si 02 garBews @b @bRInYILY S6r SAMPRAMIE: KdRdIfsts &H RristioN dfBilicor QNRBEARUBy ARI8ysis
distribution while at the same tinme presenting high pore density and %lgh
speci bficzgahinsilicoy corByounds isiag the sofvaliedsl-gelgdroess, sy BY hgdrbigsis| uiindrgardd sifcon
granul ates with [ ow specific surface area are used (for exanple bel ow the
meas ueerhpoangs ima fluid. Heyen 8wugh sich pimanosetindss a6 gbrargly distibgligeddydigh dudty, they
bubbl e density which primarily |eads to opacity in the visible spectrum
Quar t 2regificyd tehandieyiuedo Hieldeye éldk dpnsity.uSempdcting by Hisanecifegienubatiod piacasribat e

are di stip uji shed by good therpal insulation due to high opacity in the IR
spect VARt ‘%ﬁfé"-f Swgw&ggnugﬁmm?@gbm%eﬁ Yt IRkep ipmptesuie fermgd by 6B cgolemern 4
part i B BlHaY PalieBmdr e AS0 S oER T s G5B paAPPEpEs P At A §
ti 5 i r Ol i i dat i f
1 cEopdisihabedSie it RIRERAG) bR Br GG Eh g s Tt
' - Lys) : e oai L q

0" C P SyEPAq e BE0CBEG1 1 Wi INUAELS Bin AP AR R
due t gutdgiafed rgﬁéﬁim&n densid %-4ogﬁ?ﬁ?aﬂ'{ei NBadis WRAGSreQot ﬁre_gérﬂ'aly hRtdung sargsess

is used for handlinhg. During gr ation, agglonerates wt ar ger

di amebeirhosty as nAeN&aby inddimAd gbRBRRAIHIN D@Hng bRi@icatIBA| the rh & ohoRdhld: HlePore
These aggl onerates have a plurality of open pore channels that forma

cor r es@amne isrupsgd das Besimenrgy andlcoltedsingh elowakrthe g/datey hait Bthe breliaasiypbPeh pore
granul ate enpl oyed are fornmed from such aggl onerates. Due to the | arge pore
vol uneharnble rgmainsibsé eluralitydif smalhgosesipadkshyhieh et iR recliaBér, |sadingac thedigha
ranging fromO0.5 n2/g to 40 nR2/g. The surface area is therefore present not
as t hepamity évthe (R $pectruiu fFumhesmbre, the large surfesk asaar df theegranuldte helpofo queate gaseous
channels. During vitrification, the |larger proportion of the pore volunme is
cl osed due to sintering and col |l apsing. However, the greater part of the
previ ously open pore channels remains as a plurality of small closed pores
which reflect IR radiation, |eading 4o the high opacity in the IR spectrum
Furthernore, the large surface area of the granulate helps to create
gaseous silicon oxide (Si0) during vitrification, which counteracts the

o o o o o " _ L o



2 3S E P 200 found primarily in the free surface region from whi chztdpay 2002
"are easily renoved and carried away via the open pore channels. The tanped
volune of at least 0.8 g/cnB prinmarily assures pourability of the Si02
granul ate, while the opacity of the quartz glass is substantially assured-
as di scussed above -- by the great specific surface which is fornmed as
internal surface. The specific surface of the Si02 granulate is determ ned

o of Ln ey SR] Gub 3 Maker AR ColrtEraL ARRECIARIATER sty PG GO GASRS, "
Wi th ga.m% frleGnialr Lioséy Eyd?f@?(i&rﬁr'&gl'oﬁébrfeééﬁﬁe? Aﬂ%ﬁé&héﬁ&%%cﬁ@%ﬂc% Br

tanped volune ranging from1.0 g/cnB8 to 1. t'anped vol une has

been s b &pbQalyaibétis baricktiot tor exdmiies) Wedky &t BRRAA hioAnABH R tHey and
ease of handling. 'In a preferred variant 'of the process, use is nade of a

Si 02 granllteat putitd ud&r IMpafiticatard, &Ret alPRUAA Bhrhatiyif trRlifecdBisth I RGIBH QReithdy drgBar Y
Si 02 particles with an average size of less than 5u m Such primary

parti ehgly dRsevabdrairerBeledniatthe opdr gord Ligthnsie) - gel process by the hydrol ysis
of organic silicon conpounds. In an alternative and equally preferred
variant of the process, use is nmade of a Si02 granulate in formof at |east
partially porous agglonerates of primary Si02 particles with an average
parti dhetammed volimeed st ledsh A.80Q/@M imtheSustiplaog regiees poupahiliaofithe i, igenekteamaile
formed by flame hydrol ysis or oxidation of inorganic silicon conmpounds. The
pri mathe qraciy of thesquarta géﬁefsauaﬁnayﬁﬂmm [isgssed @bove ecaused kicthi fargd speaifi¢ on
tendency during vitrification. In both variants of the process, the primary
part i GPERCepresent axiNPRIPUEA®] by a | arge free surface. Aggloneration of a
plurality of such particles due to physical or chem cal binding forces
forms granulates in the sense of the invention. Known granul ati on processes

are empl oye i articular buj| d- r.anpl at i wet j ON, prqcess
o * excPasteses Rtk s LORBratleege HReFT e BET P FestlTHLEs B Ao fledimesd
SEP } particles gained by way of the sol-gel process are
denseWéﬂgéé&gﬁNﬁﬁbt 4¥Branulate since they are largely and preferably
spherical. The free surface is reduced by the contact surfaces of adjoining
particles; however, closed pores nmay devel op between the individual prinmary
parti Gh 8prefatfddtnbodinidnt ihedkicile by Adb&iEiHg stle AROMRN idPprBdicRd Bm yAwbtid 1o

the primary particles have an average particle size of less than 5 m the

r esul tgrangilgtowith aspdalfictBETI surfatsradging &sm@at/nl 30 rhi/gand Witrea avred gaupardngiige
size is determ ned according to ASTM C1070 and is described as the

so- calflogd . Ogieal’ tret.4 Afem@speci al |y suitable granulate for use in the process
according to the invention has been shown to be one of SiOz particles
havi ng nonhonbgenous density distribution and with an inner region of

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

gr eat etVARAITILSYY. tﬁ*ﬁg“?'ﬁcﬂ"i‘ﬁsdﬁala eRtagian'e SHarontentol iexn el BR by weigbtn thedegipp of
ti h dh i,naf t il , t | it f th ticl [

Cal | ed"E RBSTGoR, P Aeaerar B R ARG LRIERL erare es e eistl BRethaig s +

possi blg \Fa%f AR AR A &b&t?e'%ﬁn it Bfth E;E%lzﬁ eI § %&%&n%@{ﬂﬁ%e porCRE Or can

only partiaily escape during the VIR T Icatton, TRUS contTi by ing to pore

for mat4 QcaRlt GRaGAEM" B;deﬁm 4P ol @ant WhikiSis f&heUabié tine bfirigtkd hm%iﬁgasé or

i
exanpl e al so achieved if the inner region conprises a hollow space.

speci fth G teHpdraer FRDobIR daBEstiod @ 4#6TRoRé intd\icRirR o 70 GhB&tUTALR OIS groups that
particularly easily adjusted by thermal treatnent which conprises sintering

at t ergye hatirdmevabletyahis et tARnIEHY will Betheleiddf@r fefertddgdias “finan Dolihciy dedx@l ROHR."
achi evable in the outer region, for exanple by maintaining a tenperature
gr adi e inAlerrdong with a nidiastatid OHroaatenestmax\V¥teppraby waipktrvelll dssairgthatchonntorifew,

est abl i shed, the pores and pore channels shrink preferably in the

sur f acydrmegirgroupgiconelasised iveen theiquadziglhspandible Isaspd as gteridadt meaddtibmrduedgihen.
The latter thus devel ops a density that is higher than that of the porous
or hol Ibwwontaotef metastabls hydroxyirgsounsethaibk efrrosa enlargersention bulthiefpratian durng ysg of
stopped or interrupted before the initially established tenperature

gr adi ethe auertagdess ofyrbleistreduceegiopse £ffacts Ran arnear whenygasas pee relgasad 4eing theni s
IS easil¥ acconpl i shed by for exanple passing the granulate in a continuous
run t hiestighotthe auaniziglss o cagielieseAR®enper at ure gradient is easier to
establish with larger granules than with smaller granules as will be
explained in nore detail bel ow.



.10 * REPLACEMENT SHEET 2 3 S E P 2002 A nethod of proceeding has bggngsh@e
to be of advantage wherein the thermal treatnent conprises heating in a

chl ori ne-cont ai ni ng at nosphere. Treatnment in chlorine containing atnosphere
removes inpurities that formvolatile chlorine conpounds at the treatnent
tenperature) and OH groups. This inproves the purity of the opaque quartz
gl ass, raises the viscosity and the devitrification tendency is further
reduced. The chlorine containing atnosphere contains chlorine and/or

chl orine conmpounds. In a pure quartz glass in the sense of the invention

A onmpol . N T |
| oo SReAEY Ry o yroxlRrodSh ot el ore'ShierhmerVdurinkl tho B8fotdhe dhd . |
this gagd&¥divle Pre?er%lffm&kév%ﬁ theRddnesht BffirRIy e@Rtytbxyl PoudsREaTRAx, &6 B5th BF N

conprises heating of the porous aggl onerates at” between 1,000 C and 1,300 C

in a Wbi%;ﬁt@ QRIAME ?&E@Wﬂh B Gowatlr OPEEUMEINEhas ledtBr VidtR s tRSEaGRtz Afass Nith ahightheH
entire free surface of granul es obtained by neans of this variant 1s

ni t r og@tter®.NHighbegscodityampiailéd fomn stabilith iof the @eartd Gladsapuditié atHagh tinpératirdy. esmjace
of carbon which volatilizes. It has been shown that addition of nitrogen

r ai sefimiyiisunt igdrekyll groops tdrebegales partigly assoved ahhightevipaegres in d acalm & loedi eved
with a granulate which consists of Si 02 granules doped with between 5 ppm
by wetagtknt ahshichbydnoxy! gyoupe reglatestthe dhnger nipore ghlergdmpntrwgjth e attherphitsdgiess by
finely distributed nanoscal e AhO3 particles. This assures a honpbgenous

di st r eygibledmvasiumhe dopant. Due to the use of the granul ate descri bed
above, conposed of nanoscal e particles, the dopant is also evenly
distributed within the individual granules. This is not possible when
conventional Si02 granulates are used. That is, so because the added dopants

are onN§ORAAUE OLtsr Z31a 3N 13 ratRRag LN $ 8% PR eduSad trAmthesams SYIheHs PiCe at i on
they are concentrated in.the reqion of the evi ous granul e boundary.

Pyr ogg'f‘?inﬂlﬁf%r f%ﬂ@?&gwﬁ:}gﬁ’ 'ﬁ??ﬁg‘%&re?%ﬁoégar@fa@mb%rti cularly well suited due
to their large specific surface. It has been shown to be advantageous to
avoid small granule content of particles under 90m when a Si 02 granul ate

with Harfdlitet e Qﬁﬁﬁyggy @%ﬁgepg%w)g@cﬁﬂeﬂtw& a@%@%@r érﬁciHE%gcorgﬁ)%ﬁottm fvention

pur pose, granul es r mare re om the granulate or

thei r fedpaBLd Bitel FonBliEMETE B aliFsE81Y, ghdhuldhehaUngdidrideRsiff artdRe Bhanignatem ! N
a larger granule, a tenperature graélent devel ops during the vitrification
of t ha spe@idBi0), Grandltte Haging higheradensitye a precdmfaeting 41 ehedee 6rgracdiata gachifatéd tae
granul ate, which leads to a density 11 2 3 S EP 2002 gradient within the
gr anulagjushmenofele rquicesihgemsity inthe innerzeneput er regi on and thus favors pore
formation during vitrification, as discussed above. The small size of finer
granul es) on the other hand, nakes formation of such density gradients nore
difficult or prevents it so that the spall particle content does not

cont r iThaPesferEEdRmRodimant alithe Auarz glash sfusblecaccending dptieinvegtiqn ig pae wRgre i inner
ffect hri ft t | ' .col | i f th .

O e SARRT S o 5, BHB0AE Bo Sd PRe  BBERR S B o

Ad I . i . , o I

T RN e O D

Wi th thewh Wé?@{rﬂg%ﬁtd é}isfoﬁgmé 936 Festiitd récﬁﬂfi&?{‘of'ir?eaéﬁ'ceﬂteﬂ@ Qe tnned U2 rhddR of

producti on ner and outer zones can take place cost effectively in
one CEBHDiramhIfB oblaincdddmGRihefid @dbbhiRe Ren&bforiambagfed 1§ PloWEH Edient.

granul ate | ayer to a tenpérature of 1000 C before the heating. The
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 Tduaitr 2g preferablyf exténds Bp (22 aifrafirom ik tnnesswatace adtyie kisédtign pithé batkt zone.
vitrified in the inner zone region. This facilitates the devel opnent of the
required density during the subsequent heating stage. The opaque outer zone
is preferably produced froma first Si02 granulate of |esser density, and

t he t ribmasgeeenshowmtedre adyartageovataprodetie tisneparetinmer zane with aniignes layeetisi ty .
The preconpacting of the second granulate facilitates the devel opnent of

t he r etpnsparentduiagz glass. nTherener Y Er Primsnly SeR/gp fhreinforce the particular inner zone.



Advant ageously, in the inner zone use is nmade of a Si 02 granul ate WRisc§r 62
been at least partially transfornmed into synthetic cristobalite by neans of
tenpering. It has been shown that transformation into cristobalite al so

bri ngs about reduction of the OH content. Therefore, the inner zone

produced from Si 02 granul ate containing synthetic crystallite is

di stingui shed by a ow OH content. 12 2 3 SEP2002 Inthis respect it
has al t | - | O |

for 1P ERreciitihe fofs My B0a3RHBol buhlaT AEFARY aHeindb AW At ot 57 s
use t [ t : : [ if:

oy SEa e A ERd Stonb el dble orClh TINEL I, 8, e lECecd s kel ke

seconﬁiaﬁgﬂf R%@QH@ Rerdfs oasy@%eea%aﬁ?lo%uga ﬁ%ﬂ%@ﬁ{pfszfani%é an89ﬁ§p r @;W&Bt :

Regar e ter met ast ab ontent™ and irmy boun

gr OUPSEET Bfe@TEHYRR fhoPn TBHER/J 18 4bne/Pdrr-AaRpEd WNGRe &t léastta.gpcnﬁnmé\ﬁ@erﬁn gne
with a netastable OH content of max. 20 ppm by weight wll assure that none
or feveffay@e@ust thet Dupficalic S frétlagafires tlath tHiOndidetoWhird the oGtside whildioRhifg 6K IhakD! €
as intended. In addition, due to the | ow content of netastable hydroxyl

gr oupszonkhetranspkiredf qumzglagsl ar genent and a bubbl e formation during use of
the quartz glass crucible is reduced. These effects can appear when gases
are rel eased during heating of the quartz gl ass and cannot escape. !t is
true that chemcally firmy bound hydroxyl groups do not result in pore

enl ar gBmegranwate laygr ia sitrifiedl duting the heatingg Patng thispeodebean Pragfueatsr gortecanseer |,

the content of firmy bound hydroxyl groups is at max. 40 ppm by weight.
Cauar t Fangparest inperzoee ai@abtaingd ig one RIREeSsig stpre dihevitificatiopdiopladvhrges doartbe
glass with a higher OH content. Hi gher viscgsity inproves formstability of
the quiaries tqyasdheoutsidesluangtheryitgficaionRseress-uren Paspsard porp ﬁP?“'B@d%H‘engﬁll

eratu acuu

e e e O e
o SRR Bt Dkl LR B ST R
quart z, g 35% Be’&orﬂ&?ﬁé’&%o?é& erﬁabéﬁW%r@Eo {h'aﬁ?sr de%gi'&ﬁﬁ RGsPOYE gk, Si 02

granulate 1nto the rotating no ere It settles on e Inner-zone and is
vitrified by an electric arc. The inner |ayer of transparent quartz gl ass
primarily serves to reinforce the inner zone. A further inprovenent results
when aTNaguificatibs frgf iedraihaistiichbdundaiyiagion betivberd @gierial tihtid meitddhmd hetdriangané
the granul ate | ayer. |=xcess gases are renoved quickly due to the vacuum
and t hparfialytmettgd.t Theelaiter ppéeentsarped pork3 and 2héhn8lskvifle 30 midrdas nlosatt paves thet dre
be explained in nore detail below by way of exenplary enbodi nents and a

dr awi nge loTiger agnasdtethwitivthe woter swfdcy. Beeanse the vittifigation franh advabersi frasmithe ifsidefiethe
quartz glass crucible according to the invention in a cross section of the
cr uci bPésigal qublimgtakte gnpuitiesaretiagsfomasdetp tagasdihase apdriveq Pafqia the wtriligatipn fpw

fsg(r:t iuz}e?v\éPd %E%p%{ﬂ%&rﬁ E\%ﬁgéﬁrg% Pe%iotng ﬁgtrt]\g rglrar}\\lljgg lla)?er} ’wh? avrvggtiliogoro%scarng %v?\ere 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



Fig..3, a further enbodiment of a Si02 granulate suitable for use '”ZHPQEPZWZ
process according to the invention, by way of a cross section of

i ndi vidual granule. Fig. 1 schenatlcally shows a cross section of the wall

of a quartz glass crucible according to the invention. The quartz gl ass

cruci ble consists entirely of synthetically produced SiOz. It has a base
body, overall designated by the numeral 1, and an inner layer 2 of quartz

gl ass AL maga Gt a %g gltmﬁatmﬁ'ixh L 1SR %@eqi.nraypm Qdaﬁorﬁe%as gi’JrJ'r}%é(r Qgly in

respect to their op y, Oor transm ssi paque ‘o ré ion

3 and pamelaeams%pﬁmgser s&ﬁaczrﬁe@eﬁ@egﬂgm ohﬁﬁz/ R '+hewﬁihdcaﬁdl+ &%G&SS

of about t he opaque ou regl on neasu es about

the t e&g}sg@a{m rroegwéh Gpeae Yliark §18s withea mmcfg@nmqao%\démau%nwe Bﬁg@ §£ﬁ£ ent

regi on are integrally joined so that there’is no precise, I ne

boundgmy prdsehigehi dghTmﬂe ety awh;?ﬁ SpéoiidAchdig. B compidl, ARbN h&Erd b IPhmIE Rk C

Si 02 as explained in nore detail bel ow by way of exanples The transparent

r egi oglads granlilaRe with IgW0ERSBific Slrfdce\drédlarp QB&S (forteRarhfle beNsi ey mbAsiradid infifithed

density of at least 2.15 g/cnB. This density is nearly that of transparent

quar t zesylt &sspreddree ef large, bubbles ard b dow inbleadttisighetidHCgimanly0gRisitd efaditpinrtes pond

to those of dense transparent quartz glass) such as for exanple with

r espevisibtespeetoimanQeartz gldss engibesgmdduced dite ssg ofdimdalmivementdnesitgpdriulate gre 14

REPLACEM~~r SHEET ~ 3 SAP Q002 By contrast, the outer region 3 is

di st i digtingirked by ghochthenpahinsuiationotueltoWgh oaacitirinstbe R spectyumi n the | R spectrum

The transmssibility of a 3 mmthick disk is less than 1 %in the

wavelength range bet ween 750 nm and 4800 nm The Iom1transnissibi|ity is

achlevg Bore size with honogenous ore di stributian

conj urlee fﬁ“?\ B SuPe cHeheneyeaiad HsyHo ﬁmeva@ RY H8iD9 Pt %%I‘r%at%WE‘éh in
t he opague uter redonlnant bet The quartz

ol as oiteRerb ISR P sPis P S elerS o B0 Floapanfist SYRmaNG o

| ong }%{ll\éfeg Gr c(bftaefnethpy%oPé)ﬁ%ﬁwg?esﬂaﬁ\%%?'g%h/ 2 o‘ QXI%A]Sn o{' |I%o c n gu%rd t gef'\ydrdyms of

manuf crucl ven

descr'ob&%.aa.cgpso%n&%ag b%ggeihew R P %ylpré&% £o g;}ﬁ;;w %sf&g,g&%{eﬂkén

Exanpl e 1 v Pyrogenic Si a spec
gr anulcginBeunddiin & fuidElich bfifas paficRs atrmna@@IJnIyWh@frea?earrﬁaQrgir L1 twegm\w smk

nanoscal e Al 203 powder. G anules ranging in size from160rl1 mto 840~ m
ar e puenditye Coaipaetingdly encahs 6kgglanilatirg eyddss driseafor hahdliny. DUy g&hnLﬂatBBO C in
a gas mxture of C 2/HCI, with OH groups being renoved at the sane tine.
Subs e qagelntmieratest with leigendiametesmre frirmed by an adglomcatiovpf tt@smeferimaxy, paicles Mihessi |
and Zr is less than 10 ppb by weight for each, or |ess than the nmeasurable
| i mi t .agFlemefatesdhave arplusalty efforempare chamnels thatdern & cqreespondingly lame ppfsuvolsyne. The
wei ght. The next step is thermal treatnment for the desorption_of chlorine

gr oupé”d"’!‘?@' geian gl the é‘%ﬂ' aue emRloy e aredeyAge °Wa?§°’éa$9é?fﬁ%fate§opﬂ?r€’ tge lajge
/cnB d BET f Th I dd t{ at
el T AP e e sl o U e SEFfic BB eile ares 1EPRICY bE arraf/q?»o%o' The
f
FL?CE:{? Sn{é s?lbgéjet epré %Qheer%iﬁpe [Sre%en"f‘l:\%tuaasﬁhe Q&grt u%gceob& n’{%ﬁ él}’ esbla'tefn Lhrface in form

ran es are

Compach el il ew%mﬁévmc%h th farddr ohoplofiof Bt th B BbACSA LS ?Ib%ed d[% sintering

devel opnent rature gradi ent esorption o oosely bound

gas eS,arﬁ%Bﬁ‘éHsﬁnb' }‘Ioﬂfevé?)’tﬂé grester BaRBfARe preliously 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 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,



REPLACEMENT SHEET 2 3 S E P 2002 In a next step, the cret f
“prepared in this manner is vitrified zone by zone usi nﬁgﬁE}éﬁmEW g]HEETn
that a vitrification front advances fromthe inside outward whil®3 gppaighd
the one transparent region 4 having a radial extension of about 1 mm and a

vitrified but opaque outer region 3. Due to the greater tenperature effect
in the transparent region 4 (higher tenperature and | onger heating tine)

Zone 1 e e eReuianar oo iy FhuaRg B ihdvBE ofFElrRch Blaf et nrer

contrast, the outer region 3 is distinguished by high opacity or |ow
transﬂ*?FEEPrﬁiq%FP'ﬁ?‘n the IR spectrum This is substantially achieved in that
the Si02 granul ate enployed is forned frompartially porous agglonerates of
primary Si02 particles and has a relatively high specific BET surface (15

"2/ g)¢ Tgﬁﬂgdﬁ%?ﬂg st 8 G/che rirﬁiérg HERFbd ghubdbliify THY®O, braneiaRewhiR) thy

. ‘The
di stingurs purity an opacity (lowtransmssibility) in the

IR sp %Eiy’&'thT R R B KB staRtidiy 8sRPRALES AstuBEed /BVON byShgreaispecifind
betvvecg’n an ﬂ%um% A quartz glgss crucible is produceug asgdescri bedd??le

Examplgichlis iRl @8fifteinal suficd. r ansparent region 4 is reinforced by the
application of a transparent inner |ayer 2. The Si 02 granul ate used for

this purpose has been obtained by the extrusion of a Na silicate (water

gl ass) whose specific BET surface is 700 rr~/g and whose tanped volune is
0. 45 PheapReinid b@tash pethefSid heragiiata is deserinined dly WeeeBE DBO0eas{BIN 6913dhendrthe tamped
extrudate is purified by neans of hot chlorination at 1200 C and is

t her nedidnye by DINUSCeTB7/W. kal i ne remmants are reduced to | evels bel ow
measurable limts. The specific BET surface (Brunauer-Emet-Teller) of the
granul ate (extrudate) is thereafter 38 nz/g and the tanped volune is 1.11
g/cnB. In the next step the extrudate i

s transforned in secon
{7 eat imRriena oS eRRES. St BiterE Pyt S i BEPRA el e
crist [ . I\/l§|1\IT .
(cris ra?\g%glf;[oe 2 m;/g to 25 EE;IQQ%M a taSr7|1_||3Ee volu%ne?’rar%iﬁg #)orgQ.%?g/cmsto 1.4 g/lcm®. Such
tamped volume has been shown to be particularly well suited with respect to pourability and ease of

handling.

In a preferred variant of the process, use is made of a SiO, granulate in form of at least partially porous
agglomerates of primary SiO, particles with an average size of less than 5/(,4m. 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 m.
Such pyrogenic primary particles are formed by flame hydrolysis or oxidation of inorganic silicon

compounds. The primary particles are preferably amorphous due to a low devitrification tendency during

vitrification.

In both variants of the process, the primary particles are distinguished by a large free surface.
Agglomeration of a plurality of such particles due to 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



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 rei %dSEenitin
of the transparent region 4, increasing the |layer thickness to an overall 3
mm The inner |layer 2 has a honpbgenous structure and a hydroxyl ion content
of 20 ppm by wei ght. Wen used as intended, no recrystallization nor pore
enl argenent are observed. A quartz glass crucible is produced as descri bed

i f f i i inf by. th

B el ISy S K0t 0L, I PSSPl Dy,
i d ! I i bl 1,.S. .

o ) R 0Pl U R R

| T 1, i b Ll AR S LIRS 4080 e

Si 02 g& aikiisdbg absvel TRAUS theitabt tHat ﬁe@@g@;pa%geg’\g@éﬂa,} %\éegagtg nméa{aiezof Hs8%3in

cruci bl e by neans of the pour-in p an ne an electric arc,

A so- galrh, ek MaGHMGTPIHEKRIbESRN i§ 4GRRpERdithy ineY R Hmraéib’aggéleegz@@id%ﬁﬁin@@r e
|

grow h nor a tendency toward recrystallization. The granul ate used in
t he paceedisg BeSSTM Deo7BaME dedchibedas e s64chikad,.jvaiuepr e detail bel ow by way
of Fig. 2. Fig. 2 schematically represents a single preferred granule 21 of
t he granul ate enpl oyed. The spherical granule 21 is conposed of nanoscal e
Si 02 particles and has a central region 22 of |esser density) surrounded by
an oufarespeniflip suidleodramilajh éor useinghe procddseacdarding to/thie invehtenihan ®een stpiwdito bs
about 40% of the density of transparent quartz glass while the outer region
i s abene 6% particlemavingTioahdroraetiavs/dengity distebision aee with ke inventegiah of legienn 22
and the outer rePi on 23 is fluid. The granule dianeter is 420 m the

t hi ck§8Rsy beingiablegslnaptiaflugnsiosodby an augiregienof grpaterdensine FIRORNEIVR! SEEETS of 3
S E P,2002 htgéfr%ﬂuqc]%j on of tFe %éanul ate is acconplished by neans of the
convefls $AAfagate aled 5iCa PrYHe Pee&Ld hafeinztenwhirdhe tntally oftheparides iy calsd the
suspensi i s.faornmed from anor phaus, nanoscal rogeni c Si 02 particles

or oduSEHUBYF- £ e Ao Bomode b 1S e P ST o WRRTERER  PRIRAIRS iePgBaes 1P 1B '&4i91 ace
of 60 i i S. i 0 ant
i xi e Pyrpt st or RBHA baa bec e AHE U BHERE) TR Lol g TSP
BET swdfrafich &d dpae ua At ' iExFi ‘ ' and

t he spheri cal g%dgnmtﬁgﬁhﬂavyg@%i erﬁe?ste %ﬂsﬂaﬁﬁ'ﬁ‘é’@% ?L)lgg‘ pfégéf %%%Ci%\’g@} geSi 02

gr anulirefrdgfontddmprisdees mamblv ¥padecconpact ed by bei ng passed through a chlorine
cont ai ni ng at nosphere at about 1200 C. 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 purification gas via
t he pdhe sperifitrraifaceaand thérempad #duwe iofpa SIQ 1 @renulate isqaestidularly easily ediustely ty oxy|
groups are renoved at the sane time. The treatnent takes place in a rotary

quar t Z2heymakieeagnent which sompiises §intiing iaktempetayres rapging frgmBQe 0? tehtpRAt. Higher
tenperature gradi ent devel ops in the individual granules, which results in
{he. diderefes Ao alshepaipiabie i Mermutar sralin. fos GYasmple By mABIATIRG BlsropTaeg PEdIet.
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 SiO, granules is stopped or interrupted before the initially established temperature
gradient between the outer region and the inner region is equalized. This is easily accomplished by for
example passing the granulate in a continuous run through a heating zone. Such a temperature gradient

is easier to establish with larger granules than with smaller granules as will be explained in more detail

below.
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~The Si Oz granul ate obtained by this pretreatnment has a s

of 25 n2/g and a tanped volume of 1.18 g/cnB. The averag%ﬂ%ﬁ@%iﬁg%
is about 420 m Care is taken to renpve smaller particles wth @ 8lisgre20sxr
under 90um - even though these are not present due to the manufacturing

met hod - before use in the production of opaque quartz glass. Li, Na, K
M) Ca, Fe, Cu, G, M, Ti, and Zr totals |ess than 200 ppb by wei ght. The

or A P S b Ty TRSFG L SRIBRS TR AR AR S) 7.
acco rl“lrlzI Ig%frnceé c%hlfb(?lnb gxgrgfnlnﬁ%trﬁés ﬂ@r%c Fﬁr&?rqerl\t gﬂl&rnejcontﬁﬁﬁ'rg%ﬁﬁ s&)hgre rQr%\Yésd ual

granules or me e ag Ioneratron a plura

par t i igl6tieQfthal &k vsrmucmeﬁré é&muﬁaszaqh@n%%mwﬂmmn@ ¥nd ¢ ong; arsbgl Thi

honngenous pore distribution I's possib ring vitrificatro expfained

i N MoRRrales el pufitydi theropaa §uartk Glass, %Q&%%B&r?@ﬁ@-ﬂe?de%rﬁcﬁoﬁ) tetd@%cyfid 9- 3

schematically represents an extrusion granule typical for extrusron

gr anupfiser rddiRe@XtHd/&HIGHheGoRAIMND afhodphe@ boRGHsQUNRKIAE Snddér dRloHRBESMpIURMs. In a
particles. It has a hollow space 32 which is surrounded by an outer |ayer
33. Thee quirer glasyyie theI3nkeof tRdlink éritiak theGRBMMAELISH bPRIENS, K, M CaaFd, O, ChamnNel

34 into the holl ow space 32. The outer dianmeter of the extrusion granule 31
i s aband Zr3@8ksnesanichnt 250 fpbiby lkvedgs. Dbpantscare mbesonkidyred to be mipartiiesif hiswontext.
Production of this extrusion granule is described in nore detail bel ow

H ghly pure pyrogenic nanoscale Si02 primary particles wwth a specific BET
surface of 70 n2/g are dispersed in deionized water. 12 ppm by wei ght of

al uni Wlﬁﬁfﬁfﬁ"ﬁ'@)mﬁ*@ﬂ obprp@gefrrgctwtbz%val teeatmers gommires Seaiered therPoraisad] ust ed to
a liter weight of 1380 e slip viscosity is 450 nPas. Using a
conve®dd'Upeiptes 7t 'P‘%MP%W g?@ er a'cdry peo %4@@ mmmfcaerawrn@cﬁtrng»spbereanﬁ i We presence
suspensi is extru an air tenperature of nd a slip press

of 1o<>f5°c‘1ﬁnaor1 L BB e A R L R o
dranet al noi st yre of ecrfrc face
5”5 a0 L ATSBHES Facreki e breBBty e R Wik biglaie b s et B {1 e
and t I ough a HCl/Clz gas m xture at a
rate g%hER(hﬁm ﬁg@%&k@ﬂlgﬁﬁgg ?ﬂp§4§§ﬁ€§%gic- The specific BET surface
after this treatnment is 20 n2/g, the fill volune is 0.8 g/cm 3 and the
tanped volune is 0.91 g/cnB. The small particle content with a di aneter
under AMHhWidgEosity i$ 815D ¥elevidl with @yFaraiRe Which Bengidis 6EEROPFrahines PopRadtRibagvedHISi NQ
the extrusion granulation. The total content of the inpurities Li, Na, K
My, Capmlibg welght arid 20 pfm by weighinat aliamiriund. el tee dopig is hasompihep pip filly distrighted The
granul ate produced in this manner is conposed of anorphous, nanoscale Si O-
part i phrescaladLOapartitles Tis assdtpsfagromagenersrdigtaution of the depasnt. q@tasr pzhtgri%escé the
cruci bl e according to the invention as described in Fig to the fact
t hat sr?eurar?one\%hférabe&q CREPYTPdPf BpnAseale ppdcley thdrrspt ip ﬁeo &w'xbwer'%&t%w'tm a

| | | h |
e
Vitritilcatl | S ur a I N a a | I
Ul obattss B st Bopdns steien aols}S spiué b eoW%%%%‘ﬂ’aﬁ% 5% ia® Afee v REiol ey
| t th
{rao ahPldnk@italod IR bl R oterold bafide ilindel. Pfocboielly AAHFATERARS, | 1°

in theahiekgBld ghicfany Vel BB HuBREkhEP R spebitiy surfile.

it has been shown to be advantageous to avoid small granule content of particles under S0 /Mm when a
SiO, granulate with an average granule size between 15(}Mm and BOO/um is used. For this purpose,
granules sized under 90 i m are removed from the granulate or their formation is prevented already in the
production of the granulate. In alarger 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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'REPLACEMENT SHEET 2 3 S E P 200 Clains 1. Process for the producti @ $P 4002
quartz glass crucible by providing a formrotatable about a rotational axis
and having an inner wall, adding Si02 granulate into the formto create a
granul ate | ayer on the inner wall of the form and heating the granul ate

| ayer fromthe inside outward while rotating the formand creating a
vitrified crucible body having an opaque outer zone, characterized in that

t he SigR:icHt @Mt ﬁﬁeebréﬁdlé hricglebter contpatialifinR dutkl regioh) an@BIR tRYRIDAL fdrdaidn

partially porous aggl onerates of synthetically produced Si 02 prinmary

par ti glmsg Aftabieh, b disdussR@abbveC TREEmaNSita6/@inbagtahuNE, bh 8 dthed hBhd/nthkk® 40
n2/ g and a tarrped vol unme of at least 0.8 gJcnt, with the heati ng taking

pl ace fathatiort dtalictedansity gradiahtsomoré Gigivlit APyaeae S sonvatid@ndilpaitide comanr dbek et
outside while form ng an inner zone of transparent quartz glass. 2. Process

accor dortgbudte taccpané farrhationh Fuabdrebiear the snall phaitle 2odeiatfgitashinkage dfshequana yhrds
whi ch has a specific BET surface ranging from2 m2/g to 20 n2/g and a

t anpedunmy coffepsirgafthegpdre oartheB agd orakes it mode diffigitcorBaingin fredetemsnaldmentiong. t o
claiml1 or 2, characterized in that a SiQz granulate (21; 31 ) is used
which is in formof at |east partially porous agglonerates of Si02 primary
particles with an average particle size ranging fromO.5umto 5um 4.

Pr oced$vategsoashhdormstions of dhreowder zone aed thieinel Zeng takes pigeatiyev@rioredyzene hat a
SiZ granulate (21; 31) is used which is in formof at |east partially

por oudealfigl %FP@rgi?@éathaYSi YEINGAN HeAtNP %&M“?‘é'l‘%@”\RﬂaH"%W tﬁ%@ﬂ&'g@"ﬁé?&'?"b‘leécmgze

of les han_0. 2um Process accordin on th

char 58] FE eTsiRg reglictog SR mrEATAUSRongs CaMiaaiie roos SipoMaN T areomiTarh
a nonhpnngenous density distribution where an inner region (22; 32) of

| esser® &%n5|ty is at least partially enclosed by an outer region (23; 33)

of higher density. Process according to any one of the clains 1 or 5 ,
characterized in that the specific surface and the tanped vol une of the

Si 02 g¥ 3 We@h Shdwnlto b%Jof)ad\»a%taﬁgatt@mdg&h@erahmaiehsgem a fehP@lallRe bt mb@b before the

conprises sintering at a tenperature ranging from800 Cto 1,4 21

REPLAGBMEN] Thelprdhedti takds actidlow the melting temperature of the granulate and effects an even
heating 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
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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Process according to claim6 characterized in that the thermal tregt3mggp 2002
‘conprises heating in a chlorine-containing atnosphere. 8. Process accordi ng
toclaim6 or 7, characterized in that the thermal treatnent takes place
at a tenperature between 1,000 C and 1,300 Cin a nitrogen-contairiing

at nosphere and in the presence of carbon. Process according to any one of
the clains 1 to 8. , characterized in that a Si2~granulate (21; 31) is

2Pt R e T TS o T AR
' 1, 31) .i i ' icl
e
ti ' . 9 . ' di
0o g R 5% AR BB A SR SRRRE 0 1O Lo, o

zone (3) and the inner zone (4) is acconplished through electric arc
heating of the granul ate | ayer zone by zone, with the tenperature in the

i nner A@Agﬁg@éasg, grg&; s%ggﬁfgi@lgh@ut B8 amcl08affe olfconfdrPGiinsc gﬁ?;% &, WRigh

claim ar a e granulate layer 1s brou to above

1, 000 - Heads . ' ik Molete i zed
R%Qﬁl@&@fe b ARl oﬁ%pntgg@;aﬁqs SR BN HYBro gFdupsMele? &Eg.ﬁﬁ@@ ze

in that™t 02 granul ate (21; Is vitrifiéd inthe region o

| Nner yaQRGemétiod behitioRe AR Gritel Rdhe withh mEtaS1aBIS DHESHI bNBa. 20 P bP MRIghE willhe
claims 1 to 13 , characterized in that the opaque outer zone I (3) is

pr oduggslird thanheheldr Févk hyRiré¥ goagedrat@eaahd dasmpusedd tai quartagidss trecible as frpardedt

I nner zone froma second ' Si02 granul ate of higher density. 15. Process
accor ¢ augition, dileao thelldw chiateatatf enetaztiiel hydidrgigraupe, tbe deinef pSrdénlaygemernt anda( 21;
31 ) is subjected to a dehydration treatnment before use, with an OH content
of makubkidfoppationyduvieg gée of ties quprta glaabbivsihieds epducdde Thwaeeffdctascanangearivdent he
granul ate (21; 31 ) dehydrated in this manner is vitrified. 22

REPL ACES¢ENTTe Kilgased during heating of the quantz glass and cannot escape.

It is true that chemically firmly bound hydroxyl groups do not result in pore enlargement during use of the
quartz glass crucible. Preferably however, the content of firmly bound hydroxyl groups is at max. 40 ppm
by weight. Quartz glass with a lower OH content has greater viscosity than quartz glass with a higher OH
content. Higher viscosity improves form stability of the quartz glass crucible at high temperatures. Since
firmly bound hydroxyl groups can aiso 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 setties 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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~ 3 SEP 2002 16. Process according to claim 15 characterized in th2t3 86 2002
second Si OZ granul ate has a netastable OH content of nmax. 20 ppm by
wei ght. 17 Process according to any one of the clains 1 to 16,
characterized in that in the region of the inner zone (4) a Si02 granul ate
is enployed which is at least partially transformed into synthetic
cristobalite by tenpering. 18. Process according to any one of the clains 1
to 17 , characterized in that an inner |ayer (2) of transparent quartz
gI ass is produced on the transparent i nner zone (4) by neans of pouring
anulater to t rotatin r osi ted nth inner z and
theregbeW?WPPl“@ GRFP Hé“ @P’eé%taé%ég%”r 8’9 3 SXg5pRIIL €T a‘éf@artaraﬁ atdbaa’ﬁgr‘ﬁr one
of thﬁ'h(:l aims 1.to t18 haracterized in that a vacuumis created in the
regio B ErMNg SShRBAYALE HOWSIM duri ng the heating. 20. QJartz gI ass crucibl e

br oceLl b ffhe GPA Sl Ry $Bilo R BRI 78 LR BrtolR 48

out er ﬁ%ﬂfe\‘gﬂ) mof opaque quartz glass transitioning radial I y tovvard the
i nsi dé I'nto ah'inner zone (1) of transparent quartz glass with a density

of at r t made
o 2 PR B 1 EHLIA I e Dk oS RS e
e/ g 40 wh ortgé&sseect.am% rHQthur@ Rhut adsggst 0.8 g/cm 3 and formed from at
| east partially porous aggl orrerages of primary SiOz particles. . 21. Quartz

gl ass Fig 3 cititier ameedifientdt bGid] %rbﬁm&eebﬁmretrseznefﬂrelﬁaoaebehcaohﬂn@bw ietisody
(1) is made of a synthetic Si 02 granulate with a specific BET surface

rangi g wagbhe erns sedtibg obardn@@dwdl ganatled with a tanped vol ume rangi ng between
1.0 g/cm and 1.4 g/cnB. 22. Quartz glass crucible according to O ai nR20 or
21characterized in that the quartz gl ass has a netastable OH content of

max. 20 ppm by weight in the region of the inner zone (4). 23 REPLACENMENT
SH; EEFi@ 13cienmatipalyGhowe 3 craga sectiongf thegvay ofie abare dass srugibigaacordingyio thednvehtianhe
preceding clains, characterized in that the quartz glass has a maxi num
content of firmy bound hydroxyl groups of 40 ppm by wei ght 24. Quartz
glass crucible accordi n to any one of the receg gcgpt? characterized

P(/ t|hﬁ‘ﬁ€r

in theTthetqH%‘Voﬁa%“%‘?J?é nsishhentirely ofanptheira ’aﬁ‘é“'ﬁ base heaye ayeralr

made %fesn E{eg %‘%e numer qagn%l a%trr?ner 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/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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25. Quartz glass crucible according to any one of the cl g to
24characterized in that the opaque outer zone (3) is nadea%EbEEOEME

granul ate of |esser density and the inner zone (4) is nade of a gNir SﬁEZET
granul ate of higher density. 26. Quartz glass crucible according to gﬁﬂ?ﬂﬂne
of the preceding clainms, characterized in that the inner zone (4) is nade

of a Si2 granul ate at Ieast partially conposed of synthetic cri stobal ite.

char oo ok, M bufar el Sis UkRGINRA o igh o ordon L BRTRERGROIT o fh BB,
sur f apigs ddhshiiQivilty GGtd A 1Rk LiBeis ML MarZCR R thévayeldfith faH56 bawldbA$sSo %%ﬁa bl e

according to any ‘one of the preceding clainms, characterized in that

i nner 4gg@en.( e Ibw tRhSVisEiBiRy Y4 ddhic?8d byNIR4l do?é’@lﬁe (vza haﬁogternaurhsmé QREribOtH, InZ
gl ass. 24 .Ap. ANR Al . AL. AF. Ah3y. AF. Al . Al . Aa. A3. A

?. Al . fofjuntlith ikyhigh porlidéndity .afd Aghepésitdidensity. Rh@'{prsnze in the opaque outer region is
{qu gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calJca]caU

] ca] cpedahinatycdetedenc flh&hdga L ea UTteaduadz glady ¢ruéibike s thetetdpé islirg(RR46 By igdot\7 9;
>>>>>??@upkf a\ W ca] cé] ca] cal‘ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] chdat ijsclalicradrabd lbag serjicalifea] ca] cal] cal ca! @ @@-@CJJ KKKKKgLLL

MFNUPPQ QRRRR( U/ X@ F\ X\ Z\ g\ / _a| wr ngb] X] ] ca] ca] caU] calc"a] ca] ca] ca] ca] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c"a] ca]ca]ca]ca]calca!adefff,

f - hvi Hkkl kI mml nn- oqdt u&vvvvvx g4| Al }{val gb] X] ] ca] ca] ca] ca] ca] ca] caU] ca]c
a] ca] €hg prapess] a&aqrréapéa]f@ar}vaaqafeﬂrct  owufartueg]of ajavanzglipesedrecitle eedocdipatgjtean] cal
H)% }z} iventipryisisserheshin Wprgetal kelqvely way ofthipe axRmRle PRRPRIEEES] ca] ca] ca] ca] ca]
ca]c"a]ca] ca] ca]ca]c”a]ca]ca] ca]ca]caV]ca W] ca] c$a] ca! Hz;

ouu. &&/ m&, . 9] wr | gb] X] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a] ca] ca]

caj cakca! ga!!_caU] cajc"alcalcalcalcalcalcalcalcalcal YW)s{(1lv<n}xsnid Z]]]ca]c

a] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca]

?Zg)\igkgﬁégﬁ% 5@2%?%’ eé/ CB Ts ’f:aa c ca cg]I o ?:%'1 tS%]dé'S &a ?:’5 %%1 T ('t:'gn fca]
Y394
Soate 3 PP TRYIE @gﬁ%@ “fd L Sl FRTDE R (P fed dmhatagRm -

purified at a rate of 6kg/h in a cylindrical rotary oven at 1,200 C° in a gas mixture of Cl ,/HCI, with OH
groups being removed at the same time. Subsequently, the element content of Li, Na, K, Mg, Ca, Fe, Cu,
Cr, Mn, Ti, and Zr is less than 10 ppb by weight for each, or less than the measurable limit. The total
content of these impurities is less than 150 ppb by weight. The next step is thermal treatment for the

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

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

hydroxyl groups.
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/'1bC %Qﬁg(tdao\?'r@%aﬁaﬁ frcﬁ&g%cég ﬁon*@u@ir?s@ﬁ outward while creating the one transparent region 4
having a radial extension of about 1 mm and a vitrified but opaque outer region 3. Due to the greater
temperature effect in the transparent region 4 (higher temperature and longer heating time) this region

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.
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
been obtained by the extrusion of a Na silicate (water glass) whose specific BET surface is 700 m#/g and
whose tamped volume is 0.45 g/cm®. The size of the granules is between 250 /(,(m and 500/4,(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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smelting to achieve a layer reinforcement of the transparent region 4, increasing the layer thickness to an

overall 3 mm.

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. Thereafter, 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 in hydrogen. Metastable OH groups are removed immediately prior to use of the
vitrified granulate by tempering in a vacuum at 102 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 SiO, granulate used in the process described above will be described in more detail below by way of
Fig. 2. Fig. 2 schematically represents a single preferred granule 21 of the granulate employed. The
spherical granule 21 is composed of nanoscale SiO, 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 m.
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with the use of a mixer. An aqueous suspension is formed from amorphous nanoscale pyrogenic SiQ,
particles produced by the flame hydrolysis of SiCl, and having a specific BET surface of 60 m?¥g.
Moisture is removed from the aqueous suspension under constant mixing until it breaks up into a grainy
mass. After drying, the specific BET surface of the granulate obtained in this manner is about 50 m?/g
and the spherical granules have a diameter ranging from 160/\Nn 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, particles is accessible to the purification gas via the pore channels and the
gaseous impurities are easily removed. Hydroxyl groups are removed at the same time. The treatment
takes place in a rotary quartz glass pipe. The throughputis 10 kg/h. During the treatment a temperature

gradient develops in the individual granules, which resuits 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 42°/J m. Care is taken to remove smaller
particles with a diameter under 80 Mm —even though these are not present due to the manufacturing
method — before use in the production of opaque quartz glass. Li, Na, K, Mg, Ca, Fe, Cu, Cr, Mn, Ti, and

Zr totals less than 200 ppb by weight.

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

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

as explained in more detail further above.
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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 SOOf\m and the thickness of

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

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

HCV/CIl, 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 m is removed by a cyclone in
the course of the processing during the extrusion granulation. The total content of the impurities Li, Na, K,

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

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

volume is created by the hollow space 32 and it remains at least partially intact during vitrification
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the pores and the opacity.
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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 utilized 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/c;'na, with the heating taking place such that a vitrification front

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

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

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

g/cm®, |

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

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

ranging from 0.5/4A mto 5/4,1 m.

4, Process according to any one of the claims 1 to 3, characterized in that a SiO, granulate (21;
31) is used which is in form of at least partially porous agglomerates of SiO, primary particles with an

average particle size of less than 0.2/44 m.

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

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

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

chlorine-containing atmosphere.

8. Process according to claim 6 or 7 , characterized in that the thermal treatment takes place at a

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

carbon.

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

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

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

31) is used of particles having an average particle size ranging from 150/4m to 8091,4 m whereby small

particles having a particle size of less than 90 ) p(m are avoided.

11. Process according to any one of the claims 1 to 10 characterized in that the formation of the
outer zone (3) and the inner zone (4) is accomplished through electric arc heating of the granulate layer

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

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

1,000 °C before the heating.

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

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

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

(3) is produced from a first SiO, granulate of lesser density and the transparent inner zone from a second 1

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

established at the same time, and that the granulate (21; 31) dehydrated in this manner is vitrified.

22



10m  10%&' ()- 10 U 10 U 10 U3=10% U& ()-y1&10% n& () - gL
T -10% U& ()§)<VaBan 10m s 0=y RERE ENT SHEET

%409 ()-M 109 ()-1"109%& ()-Yf&10%& ()-Yf&I0%&' ()-!H ! 10%&'%:3 SGPrRAhC
10nB1&$109& () -f/$10%R' () - x- YA 0%& (2 - &10%& ()-5 &10%Z& ()-5!'&10%& ()-5R
! 0_@y &0 “ﬁ%@g@‘%‘c@rai'ng to cléigo/"i"é'@ﬁe(rééteﬁzed in that the second SiO, granulate has a metastable

OH content of max. 20 ppm. by weight.

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

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

cristobalite by tempering.

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

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

electric arc.

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

the region of the inner form wall during the heating.

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

of rotation, with an outer zone (3) of opaque quartz glass transitioning radially toward the inside into an
inner zone (1) of transparent quartz glass with a density of at least 2.15 g/cm?®, characterized in that the
crucible body (1) is made of a synthetic SiO, granulate with a specific BET surface ranging from 0.5 m?/g
to 40 m?/g, a tamped volume of at least 0.8 g/cm® and formed from at least partially porous agglomerates
of primary SiO, particles.

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

tamped volume ranging between 1.0 g/cm?® and 1.4 g/cm®.

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

metastable OH content of max. 20 ppm by weight in the region of the inner zone (4).
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24, 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.

25, Quartz glass crucible according to any one of the claims20 to 24characterized 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 SiOQ, granulate of higher density.

26, Quartz glass crucible according to any one of the preceding claims, characterized in that the inner
zone (4) is made of a SiO, granulate at least partially composed of synthetic cristobalite.
'1

27. 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).

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

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