,'e3e+0bl4011668TGP4 Structural conponent of quartz glass and met h6d00d3
produci ng the sane The present invention relates to a structural
conponent of quartz glass of a high thermal stability, in particular a

gquartz glass crucible, conprising a base formof 10 which at

of the outer surface thereof is provided with a stabilizati ommﬂﬂwmmmmmg
a higher softening tenperature than quartz gl ass. Furthernore, e present
invention relates to a nethod of producing a structural conpo 51558?9* uartz
gl ass having a high thermal stability, in particular a quartzmmﬂmm %””’mm
cruci bl e, by producing a base formof the structural conponen

providing at |east a part of the outer surface thereof with a st aispdogzat i on
| ayer having a higher softening tenperature than qluartz gl ass. Structural
conponents of quartz gl Stsuctueal campoment of swartzoglasgnuf act uri ng 20

processes in which high purjty is of ingortange. The tenperature stability
of Quartz glass is here é"\4 #ﬁ?ﬂ%qQEQP?'"ﬁa e?%?‘%re val ues around 1150C
are indicated in the literature as a | ower softening point of quartz glass,

However, it often happens that the necessary process tenperatures are above
said tenperature, possibly resulting in plastic deformations of the

Sul | ol PEsanL Ny ceiey tom leiial chindrneft of Wldgt SIS A hBoc ' 17
has t he{h@hﬂéﬁstgﬁgufybzﬂgaﬁfch% d fa@drt GrRisk RpudBle, s6mbtibingya Basdlfernt of gl ass

conponents sho ncreased by providi n?_ sai d conponents with a surface
| ayer olvhichiattedstla part ofthe owter shdapethareef isqrpvided avith @ stabilizatigpdayeri 720c.

30 A quartz glass cruycible of such desi a met hod of producing the
sanme arRAViRG 'Q*F%rn%%%-"mgzkéé“%%@?“f?ﬁ@ﬁﬁ‘%@é&iﬁ&t er wall of a commercially
avai | abl e quartz glass crucible is treated with a chem cal solution

contai ning substances that, acting -2 as nucleating agents, are capable
of pr onBuitherndre, thevpresent taenton wlaigsdptazmethasot prodicugabsirvetyral

Al kal i ne-earth ron,_and as.phor Al €. S

cryst al FOPRPNEM P At ﬂasgﬁﬂg'gg&@ghq%%%q%% &M bsgrgrgg%grgacﬁ%y Z dlass
Wil t gRiciBiérdyZp@diemoCa Baseférm of theadtasttumal Bompogehhand bygrevidingsatal
grow ng process, the wall 5 treated in this way crystallizes, thereby

f or m ngleast atpaitof the outer surfacesthareaf with @ stailizatiendayeshaying a 'ts'in a
hi gher negchani cal an her r h of the quartz glass crucible.
However SO WH”Q&?/’EPﬁquPéeaﬁagﬁduc#&(ﬂé ‘nner or outer wall is only

reproduci bl e under great 10 efforts because it is very difficult to control
nucl eati on - because of the distribution of the crystalli \%ﬁati Qn- pronoti ng

subst anStsictak sampenentsiof ayartz gass- argriteqtesdy vsedifal M@nHARUNIMr i ng

t tati i . : | - .
or v o1 PrieeRgn T wBEaE bully B8 BUBHE Ao g RIS Idin ety ® sty of quartz.
nor mal | ylaetis h@r@aeiaﬂbrhvﬁfm@t Mempargtiraivaluestaroond d468° @ lase indicated dn

predet erm ned nmanner, ich 15 can only be check durin se.of the quartz
gl ass cthelitgrature\gs adower Seﬂt%f\gmoilrg&fi%ﬁﬁé;q'@,s%f‘&}”{%’%ﬂdgpﬂﬁn@S‘BPS@SOf t he

. ; . S . % f
She G anih 6 teoetedly bR RERTAUIES AR BoVIAR Bmpefate, GV OF ©
conponerésiatiel inplastietisfatimations ef teosteuctaral componentseof quartzgleaswhn® 0 from
US-A 4,102, 666, this drawback js | | ided It i th
that5a Saling fompraegmenyliecha ek BBRATEm At iR bini |2t i on
of a di fafrbi%d)puée”@ |Pﬁﬁ9ﬂ?ér%gorg|r?%§ﬁ R geBleVthBHH thehhBPstabRitpergesrtont o

the outer surface on the tu by subsequently nelting the powder with
sai d suglassecoriponers shbtichoe incoersast by praviding ssidssamponents wjthaa s2rfgrass,

et oe. Gverer Sonpbedieo g PRt R Bl e LR g0 Prase. The

30 A quartz glass crucible of such a design and a method of producing the same are
known from EP-A 748 885. The vitreous outer wall of a commercially available quartz
glass crucible is treated with a chemical solution containing substances that, acting



on t he 2idBR2on of the nelting process and on the degree of the18e10.089
tenperature and is difficult to control in practice. A powder |ayer of
cristobalite which has been nolten to an insufficient degree tends to fl ake
off, and the stabilizing effect of theycristobalite powder is lost in the
case of excessive nelting because of a conversion 30 into the anorphous
phase. -3 Afurther difficulty arises fromthe use of the known
struct | ' '

S ngl oS YUPETRETadotts, Sre Shithe O Brorfifid hereieatis) B Qa2 6ER8 Lo o ho
a seed arisychatite. vAlkaline-parieb@nonianedplwsphioras compoands ppeduggested e mel t and

ai r ect IHEAIRHEOTAFREUAG SHTaHCH BTk Sale B oyeteitiy ngﬁewhqgggg;LE °
ef f ect ddbﬁffz g?;la§§@r‘dmﬁ€‘i’éﬁéat% Liﬂabunh tH@é\”ﬁ%@%r&Q@??Wm ptr@ct%s@et

crystal, the nelt graduall'y coo |ng epny so |d| |ng into
t he 5cortteatadu3 this yay\drygfakizes tberat;ysfpamngmmmute i Thumyys'aadbmmrt dJlfathet he

St ar o BRENAN SRR R niohBrbBEhaich) 3% FPrRlsretbi ikt b

processcrgéipper nmay anount to several hours, so that the duratlon of the
process is prolonged accordingly and the thermal and chem cal |oad for the
quartz glass crucible increases correspondingly. It is the object of the

i on 1HOBKESY. WREeH S0 o ok e RL A B P ictertp o Pledader 410
| ndioc ateffartsSheadusednid Varg dIFiadt tecoridiadcleation- BRdaLISE osméﬂduatrmluﬁtdﬁ al
conponent. As for the structural conponent, this OaJaeCt starting fromthe

above- d@gmaaekhzmnsprqmmgaﬁuwamﬁse@m thescrusile sedaee c endiaisp crystate
| nvent 'gﬂBthﬁ' O erﬁ lon! Mdngﬂph ‘?ﬁ? ahéﬁféﬁa&ﬁ é%é §k¢;- tﬁ%m cal

conpositron from Uare g ass ermal spraying.

The st rcrystamabtuwmmneﬁm aubstadce@rnay tsembbwecbff ITherefordy it Besortndigawotf or m
havi ng a253 at least a part is provided with a

f
stabili Qéﬁﬁe@ﬁ%fea‘glggthﬁﬁ|°6¥§t%ﬁ'¥at@rnstakﬁs Placedndhe @é@d%@%@@dtmann% vhigfuar t z
gl 3ss. 02%3{ | 0 15 bRPAHd kil Rffin %%rofr{ﬁé qﬁ%ﬁe}zt ertérﬁeﬂe 39 r@&vépecrfﬂglhgﬁ%c t he

stabili I"ayer 1's conducl ve STEDIT tural
conponeorily sténtssinithe @ohirseveftheryrowmgoprechss)d.e. at Alpxbcéds ﬁage&ln ihidiea -4

softeni t enper at yre an quart | ass,, and op the other hand in that the
stabiné]%%tfcoﬂgfpémépow Qﬁguarﬁz alesd criiciblednay.aligedy have Bkesplaras of the
quartz glass of the base form The difference in the chem cal conposition

has the effect that either no cristobalite phase is forned in the
st abi | ilnea Stwcthr—:eyeompmneohaydm amaéthodrafine abbvé-noentnedalypé easisckraiwn so

259 lig @ng\;gﬁgbe%] (iIh Bac’:"i?|sol];argterlly(/a a%ﬁgg ! IltI ﬁsesﬁJ geCsrtciac? %hoebrg lthétea
stablllzation layer should be produced for the thermal stabilization of a diffusion tube
of quartz glass by spraying cristobalite powder onto the outer surface on the tube
and by subsequently melting the powder with said surface. During melting, however,
amorphous SiO,, i.e. quartz glass, is normally formed at least in part from the

25 crystalline phase. The degree of re-conversion into the amorphous phase depends
on the duration of the melting process and on the degree of the melting temperature
and is difficult to control in practice. A powder layer of cristobalite which has been
molten to an insufficient degree tends to flake off, and the stabilizing effect of the
cristobalite powder is lost in the case of excessive melting because of a conversion

30 into the amorphous phase.



Nor eove101i162has been found that the so-called "initiation behaw6ot0.08f the
nmelt is inproved when the coated structural conponent is used as a quartz
glass crucible 10 for pulling a crystal. The initiation process of the
crystal is prevented by vibrations of_4bhe nelt. It can be assuned that due
to a change in the chem cal conposition on the boundary surface between
base formand stabilization |ayer the vibration characteristics of the
cruci bl g figtteeralificdry ariSeS from hengie 6Mtak KndwrPsthhdlutal cOmpdneARONAAE form

vi bration could be rendered difficult or prevented and that the initiation
15 pr oc$Iasiz glags siusiles gurrg singierarystal @rewinnl accerding tothe 6zoplkralski

tabili i i I . L. pni f,.

oui 11 ng atse 1L PHE e fiod el dRer el Vit B et inhied S BAbO T Blhodp ht"

Be%i nnithg mél(t) EI;d t?ﬁh klowdy puﬁ@ap% Sﬁd_aa? chysitsl aiwlcmelt\aeefr@ﬂaﬁhb% 'tbr)'pp'sic?ef]I ion hat
enhavi ot,. I er.nore, e stapilizagion |Layer 1S characterlized In a
't o plinslons The PHERRRICNSATRYPHEETIRSIEYSIE AMA roRLbAR NS BYeFPB Apans
of L hergrakll Sftiotint BEniitds 9RBUB higdifiBilit 1 do8EReRfsta, WhTheRrarPassing the

foll ow ng est abl tec gues: ane sprayl ng, 'hi gh-speed

spr ayi rgraddaiiyoeeelingrdapn and tpereply sofidifyipg into tlge cantinusqushy groyvingisidgle | zat i on
I i t.h def i t t I t hi ck d 25 m t t

e pr odLeg B R et Rl Seod cOrIP et cin et 138 59 <alefar 2
gl ass cinigatidrepioees#Unlisnge starldSainh I PR i ifRdrvalip # m@%ﬁ@emﬁfﬁtal bel |

for use in reactors for produci ng sem conductor conponents, or tubes,
pl &Pes, Jrowig FIRSESS HPPEr7aaY 8Maunfée sevrral biouns, ge teatdhe soratproof thiel uence

the fu ' r I ural . is . therefore forned on
an apprgerey B BEndl Ao gl i e, ipRaY oRBfical chdSRELR ettt o be
of advaglhggeruciisaé indreaséLborréginddyly.ayer contains hi gh-nelting oxi des,
silicates, phosphates and/or silicides. Such a stabilization |ayer is
characterized by high thermal stability and mechanical strength. It is
possi bl e: f : LRg: b L Lon | ayer
Nth a GirelPied & in BRESE Rt Y HdeREEMRART SoetEt bLAGHIE D,

t he 5st adiass whichos dhayaotedzed by ashighl Aisthanibab andthérnial strieatth and exi de,

t ant al um oxj de, . zi rconjum si |l icate, r’rgl bdenum disilicide, rare-earth
phosphdf‘@@agﬁ P nexpgnsive methed fpredusipgisuel astiy@dutalcr acks or gaps
in a urg({]rﬁttg?‘]ﬂém_nner to the quartz glass surface, and they are characterized
by a hig ermal and nechanical stability. Ceriumand yttrium phosphate
shall be mentioned as exanples of rare-earth phosphates, and zirconium

oxi de a n exanple of a rare-earth oxjde.. 15 Expediently) the

ovabt | 5afdtahe Blefrabeapdigur s, otk SE g oy herBAvE HeseT P8 1000 pm

W by | astRictliral 66mpoRest BelcPikved éH@orcIihg téIr?é)lrIvbﬁﬁﬂriJirﬁﬂ‘rIa%ﬂIe Qtfatt)m&stion
stabilization |ayer is inadequate. As Tor layer thicknesses above 1000 pm
t her e ilgyemdifferssin itsf chigraichheproposition from puartbglasss anchthatdt iserofucatybyt age
that t il ion layer conprises a plurality of successive |ayers of
a di ffgﬁSﬁ{’gﬁ#Jh?rggl conposition. The nechanical and thermal properties of
the stabilization |ayer can be adapted to the specific requirenents by
means of a plurality of successjve layers of a different conposition.

Mor eovelhe sgumyralrwnwem%cwg\g 9 thedoendioneamprisgst 2 base doam bawingss i n

thes  gurface of which at least a part is provided with a stabilization layer which differs in its
chemical composition from quartz glass.

Said stabilization layer has two functions.

30 On the one hand, the stabilization layer is conducive to the thermal stability of the
structural component. This is achieved on the one hand in that it has a higher



2 5 co4d101dB@nt of expansion of quartz glass and an outer | ayer 16f10.08
stabilization |ayer through one or nore internediate |layers. It has here
turned out to be particularly useful that the stabilization |ayer conprises
a layer of nmullite and a further outery,layer of A/203. Millite is a

chem cal conpound of 30 silicon dioxide and al um num oxi de which has a
coefficient of expansion |ying between that of quartz glass and A/ 203.

-6 As f B i | j t he

above- e RbRad B4R, SRS ARF G Ehe e bile B 1 "t hat

st abi | istabilizatidrelager diffieeindits Elmsraicahcormpositionifiont tietf tise Huarnz Glaw sfuart z
gl ass ig appl i.ed b¥ spraying as a 5 stabjlizing neans. According to the

i nvent iR Pasedfapny T badifiienes B theschamicaleprapositien has the pHpetigabaitherat

| east : ; t: f | ' of

| ayer s 15 Bistoflitb e forritd] e Statibate e bE ol sl i dieat

per i t scristebalite duclei, o thht drack fompatesreand weakgninyesf thgsfruttuee bgnd uni form
| ayers of &b{ljgher softening t r’g)erature than quartz glass on a quartz

gl ass sHifsteralite ¢paversion are -sprayi ng" enconpasses the foll ow ng

est abl i shed techni ques: flane spraying, high-speed flane spraying,
detonation spraying, plasma spraying, arc spraying. 15 The stabilization

| ayer iMosmver,dtihdy beapfound that dye sg-calied “infiationtbehasior T efctheahelt ise
structural co ne al rea before the first intended use of the,

St r uct ARrOEHBBRBANe SpatakStryrdih foranphiSiused 4R GALE GHSSTHEIIE 21 ng
ef fact ki | oR: i ' j t i t he
ot rct PLPUBa S Eystal 2R iAot s b e et e I O & ot hoc
- only theandelal It ganlbeiasgunss that tbe te trahaingean ti2e 6hemigab cemposition @af frect s of

the stgbilization |ayer on the thermal pility and on the "initiation
behavi ou I ry Iﬁl'-l ?r‘é?%/’e{ﬂﬁ‘?rh gl a'?q]étsai’.ﬂa'}zlahl?'ﬂl aMergl'(‘)‘?rM@ﬁ%tl'ﬂ” lisl aI quiartz
gl ass %Hﬁb&bﬁsﬁ&véf AR uEKR é’fb%ngge‘{ﬁ suBh F0h&y fleft ahé b\ﬁ'ltlcﬂ-LL‘lgrdfffaer ence to

the structural 25 conponent acc 1g to the invention. | s turned out
to be aésananipdbrationtoonld be rendaretidificulbor preventedsang thatdhe tnitialiorout er

sur,f.ace_havin nean _surface r ne Ra of at, least. 10 Nm This effects
o Loor rgce dnBentlsreriaf Sl PRaaT e Shes the RbIRalehTRYer Rirt ace: and
ensure ' t Inkyl ' i base
Form T B B et ol AN PR {85t Yty Rhvafihdebfes

bl ast i reffedatihakeady obsetged aétheebegioningyof the pullingtprhcess, wittieh iscdecisise y
surfacef r&\u hq(eaish however, may also follow fromthe process during the

pr oduct'Pb %'In'{ 12 i¥rm The value for the surface roughness

20  Furthermore, the stabilization layer is characterized in that it is produced by thermal
spraying. Methods for producing layers by means of thermal spraying are generally
known, said generic term encompassing the following established techniques: flame
spraying, high-speed flame spraying, detonation spraying, plasma spraying, arc
spraying. Stabilization layers with a defined structure, layer thickness and

25  microstructure can be produced by thermal spraying.

The structural component is e.g. a quartz glass crucible for pulling crystals from the
melt or a quartz glass bell for use in reactors for producing semiconductor
components, or tubes, plates, etc. The stabilization layer should in general not

30 influence the function proper of the structural component and is therefore formed on
an appropriately suited part of the surface.



Ra i s' detteri@2ned according to DIN 4768. 5 A procedure in which t1Be0.03
stabilization layer is produced by plasma spraying has turned out to be
particularly useful. The production of |layers by neans of plasnma spraying
is an established technique by which Iayers of a defined density, thickness
and structure can be applied to the base formin a sinple way. 10 In an
alternative and equally preferred variant of the nmethod, the stabilization
| ayer is produced by flane spraying. Defined |ayers can thereby al so be
produced in a reproducible way on the base form the starting material for
t he st dbhas beendoundiyebe mhndhantagbdhat theestabilizatippvdper containsehiglomeltimg t he
case of flame spraying. 15 It has heen faqund to be of advantage when a
b |19URG SRS PRUAPBRISS AgO Eem LN & SIaPFaten RB& hat o6,

silici j : ' Vier i | 203
and! or SerpteREedy Hon Mt Sty SE riddliidiedt SRl RiEposeBiLP el

nol ybdesfitheanali dprayidg to paoduceasudhn abtabjilizatios layeavatheadefined isttasturdhese are
hi ghnmel tin suf(bstanc s contributing to the thermal stability of the

st abi | i'%?'igtbh’ NESR AN INIGrQSIYCIHEphosphat e (mel ting poi nt 2056C) and yttrium
phosphate (nmelting point 1995C) are preferably used as rare-earth
phosphates. Expediently, a stabilization layer is produced at a | ayer

t hi cknd3referablyl, the stabiizatioptayes cootEingAl.Oataral/orapaliite, hadkinesexide, | ess t han
50 Nm ,the,stahi.lizing effect of t 5 stabilization | I _is_not

ot cedBNEaIT o ki §ka e Malidaniet Hlds Triciarf thospRaisiands s o
monRg t haiddd) Budiapeshdarche appliéd RitABlt &rhErRs _éﬁglaﬁé‘lﬁw aURifotrA ndaktHdritethe

di sadvant ageous under econom c aspects. ParticUlarly preferred is a variant

of the quartzoglasssuriace, andcthey@se chamoierzed by adigh feronal and reecharical

g betab B REFLE alifviiGaoftanaf @bl e e bR R e s RS oY
and  pHbsphiate, dpd AmtopRind oxRIeAIamekamiphd of 8 vavedsarthexiget side. It is e.g.

possi bl'e by way of such a shield to use a substance as the first inner
material that, otherw se, would sublinme during plasma spraying or flame

cdinl ety Ble pRSTRaRPn it 598 lebBh k8 Fofoihg R S0 MBe "t o b of
parti cu{ @0 gl YVitin s enietkidsses ddlow B0 |Fh athkl d18billBihg IeffecB obfhea di f f er ent
chem cal conposition are used for producing the stabilization |ayer. The

cheni caitabiizglion leyehisdnadeqiale: As ferayercihickarasemabovanl 08G umudbers istthes of

t he staghi fZﬂ’:leI,l ayer can thereby be varied in a particularly sinple way.
For inglitigellén(l():e, éﬁ]a‘lfgr adient can be set in the coefficient of expansion. It

has turned out to be of advantage when a plurality of successive |ayers

with a different chem cal conposition are ap_ﬁl ied to the outer surface for
pr 88ucilhas heesfaund tg heiod advariage that therabilieationdpyeceempeses a plyrality
coeffi ci ; B’ﬁ%? z gl formand a
furt herdﬁl{c\%%%l% oc%tt8 28 a%%ﬁ?glﬂéyhc’é?g?ﬂgg%lﬁlg gt ?ﬁ% nlﬁ)%cyﬁea?&céi%ﬁguccessi vel y
be bri dgermblypropesiesasfithatstalfilizatientaydrazan thé abaptedutortrd speatifico be
parti cul arlg useful to produce a\ rru%l ite Ia\l)/er whi ch i_? surrounded_br?/ an
Al 203 |'gglEiréments by means of a plurality of successive layers of a different compositiort.
Moreover, it is thereby possible to successively adapt the differences in the
25  coefficient of expansion of quartz glass and an outer layer of the stabilization layer

through one or more intermediate layers.

It has here turned out to be particularly useful that the stabilization layer comprises a
layer of mullite and a further outer layer of Al;0s. Mullite is a chemical compound of

30 silicon dioxide and aluminum oxide which has a coefficient of expansion lying
between that of quartz glass and Al;Os.



2 0 The10iéati on shall now be explained in nore detail with reflgr0® to
enbodi nents and a patent drawing. The drawing is a schematic illustration
showing in detail in: Fig. 1 a section through the wall of a quartz gl ass
crucible with a stabilization layer; 25 Fig. 2 a partial section through
the wall of a quartz glass tube with a stabilization layer; and Fig. 3 an
apparatus suited for carrying out the nethod according to the invention.
_g_ The stabilization |ayers which are essential for the invention are

hi ghlighted with respect to their thickness in Figs. 1 to 3 for the purpose

of a clAsforithé nsdthatlj the; alidve-mehtistedibbject starting fremetherabovetmentiendd scal e.
51n Fi i to a ¢ i ble on the whol e.

The cr dﬂ?mog |§%%g{?g/g§?a§%§ ralB%&@i ?‘Mgﬁf“%’?E?t?‘@bﬁ_(ﬁ%biﬁﬂ?gmzlawra‘é@%ose out er
wal | i 5d|ﬁé|%"|hq|l§%He'ﬁ1|$:QIec6?ﬁéc5§f% fréfh Glféa&i%ﬁlgﬁﬂsgggﬂ)lfeaye Qgrﬂgwgcf hggside area

with a tight, crack-free 203 ayer a nmean

t hi 6kn&ab|b2|nglmean$00 pm 10 An enbodi nent of the nethod according to the
i nvention shall now be explained in nore detail with reference to the
production of the crucible 1 according to Fig. 1. In a first step of the

et hod, AGLHRE th e RerkiBR ABbZatirByeF [aios HynRrANGSS) AECHE RO O

t he known net To th en granu quartz ‘ar into
15 a ndeastla palrha‘f themut!er\mrfahe obthe basefarot. Th&apmlm'atlarh oflayers bypdnearguar t z

l el i f f f |
on"t he e ipsAghE s, h RstabIRBRG esnstae whidh rarotB 65 rbadfetitohy ' Forces:
oniphe domisietaninteg r%mh igapiPéé anawﬂafmqwﬁrswguﬁ%ﬁ@rtééfté?rhd)térﬁsémur@f an

arc which is Iovvered rom above into th quartz granule
| ayer itbaniqeedB\glans erp qwmmgssawfmérheotenmtrwmlapm in Fig. 1. The

char actaloRuBSELIAE folfowibl RstFBlshes G, AME et Bioh Beied "rhe ' °
out er Wﬁinhe@br  RRSEn 4. 5;9raymgf p@@ﬁwafép}ayﬂghafd éftagingl t z granul es and

t hen ground, su 't ng in 25 a nean surface roughness Ra of about 50 pm 1In
a second step of the method, the Al 203 |ayer 3 is produced by neans of

P35 ¥ B4 Ve bGP uloh PTG O TRBERR iR AR o0

the cr wtidth@ral cem@ohenBlirdntyai sfbrecthabfiret inféhddd Gsebf thetfudiival as Wi I | be
explained in nore detail further belowwith reference to Fig. 3. Al1203 is

spr ayecFosmpenamelt istherehnensyedtbaltbedhernal stahifizing mﬁf@ptphﬂhepﬁtablhaaw ay
t f th
o1 2o 18yer 8 A 8)eibhUl iy B W the Stic kA @S ab g A B o
openi ngharthove-raentienetlesbvay methyd - vely grabuanpderingl ise ep#ie stgudtatrial is
20 component.

The effects of the stabilization layer on the thermal stability and on the “initiation

behavior” of the melt during use of the structural component as a quartz glass

crucible have been explained above in more detail with reference to the structural
25 component according to the invention.

It has turned out to be advantageous when the stabilization layer is applied to an

outer surface having a mean surface roughness R, of at least 10 yum. This effects a

toothed engagement of the stabilization layer with the outer surface, and ensures an
30 excellent adhesion of the stabilization layer on the base form. The outer surface can

be roughened mechanically, by grinding or blasting with sand or CO, pellets or by



suppl i efixid6Rhe nozzle in the formof finely divided Al 203 and 16.10003 zed,
evaporated or 5 nolten by neans of the plasma gas (argon with an addition
of hydrogen) in an arc discharge at current densities of about 100 Al nm2,
and sprayed at a high speed towards the_outer wall of the crucible. The
tenperature inside the plasma reaches val ues around 20, 000C, but rapidly
decreases to the outside. The evaporated, nolten and ionized particles are

flung ean f cruci bl e
wher g (HeFEoThEnebBsAY AtRBTATMES biGeldl Fiay AshRotof o i) “Fonng i n
i t sel f.prBbess@udmg thd poductibn bétheobadaftenh. Thesedue fisr the sapfate Xough rdss

uni f or I,a;r/fgtﬁt hi c nessg{gf the Al 203 coating of about 500 pm has been

reachedla ¥ iRipegd apeqeding i BPIN 4{880r ding to Fig. 2 conprises a base | ayer
5 of opaque 15 quartz gl ass which encloses the inner hole and which is
surrounded by a nullite layer 6) the latter being surrounded by an A1203

| ayér 7A piteedunt in waidnetherstébitizetion lahercik preducdd bY plasmaagpralying hag/ er

t hi ckness of the Al 203 |layer 7_is_300 The mullite | ayer and the Al 203
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Particularly preferred is a variant of the method in which a composite powder is used
30 as the starting material for producing the stabilization layer. The composite powder

may e.g. be a powder in which a first material is enclosed by a second material and
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fl ame-spraying technique. The mullite powder is here nolten by neans of a
powder conveying unit wth a conveying gas in an acetyl ene oxygen flame and
is accel erated by the expansion of thegacetyl ene oxygen m xture created
during combustion, and is flung 30 onto the tube surface to be coated. The
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st abi | Iéﬁ)" @1 %@/er (3; 6, 7; 38) contains oxides, silicates, phosphates
and/ or 2 3d 15 3. The structural conponent according to claim 2,

characterized in that said stabilization layer (3, 6; 7; 38) contains A/ 203
and/or nullite, hafnium oxide, tantalumoxide, zirconiumsilicate,
r apé- ea‘an]lryﬁagghghgg noy:heexplpineddninaere detail with reference to embodiments

and a patent drawing. The drawing is a schematic illustration showing in detail in:
Fig. 1 a section through the wall of a quartz glass crucible with a stabilization layer,;

25 Fig. 2 a partial section through the wall of a quartz glass tube with a stabilization

layer; and

Fig. 3 an apparatus suited for carrying out the method according to the invention.



4. The Zt0fuéRur al conponent according to any one of the precedi ng 1esns, 2
O characterized in that said stabilization layer (3, 6, 7; 38) has a |ayer
t hi ckness ranging from50 pmto 1000 pm 5. The structural conponent
according to any one of the preceding glains, characterized in that said
stabilization | ayer conprises a plurality of successive 25 |ayers (6;7) of
a different chem cal conposition. 6. The structural conponent according to

claim S | ayer
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. The nethod according to any one of the edi ng net
char act®rihecfl.On layeit3 Bas @ rseamthickressof ab@yléfSOOIBl)‘nl s produced by plasma 15
spraying. 10. The method according to any one of clainms 7 to 9,
characterized in that said stabilization layer (6; 7; 38) is produced by

flage spi ayibe@imaAt dflthe MethuRt ARdrding @6 @hé\ﬂwbﬁtlérﬁ‘)éhglmﬁowfbé B§o|arn%@1qﬁl ng
met hod cl ai s, characterized in that a stabilization |ayer , 38)

cont ai AL detgh with refergneritade Rratustion of theacsisiblergseadiog, to &ig.iti des is
produced. 12. The nethod according to claim 11, characterized in that said
stabilization layer 2 5 (3, 6; 7, 38) contains Al 203 and/or mullite,
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a uniform thickness is formed by means of a start template on the inner side of the

melt mold and is stabilized by centrifugal forces on the inner wall, and is molten

under continuous rotation by means of an arc which is lowered from above into the

melt mold. The quartz granule layer is thereby molten forming the base form 2 as
20 shown in Fig. 1.

The base form 2 produced in this way has a dense inner surface layer which is

characterized by a high mechanical, thermal and chemical strength. The outer wall of

the base form 2 is freed from adhering quartz granules and then ground, resulting in
25 amean surface roughness R, of about 50 um.

In a second step of the method, the Al,O3 layer 3 is produced by means of plasma
spraying on the outer wall of the base form prepared in this way. To this end, the
crucible 1 is mounted on a holding device which engages into the crucible 1 and is

30 rotatable about an axis of rotation, as will be explained in more detail further below
with reference to Fig. 3. Al,O; is sprayed onto the outer wall by means of a
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A further embodiment of the method according to the invention shall now be
explained in more detail with reference to the production of the tube according to Fig.
2.

25
In a first step of the method, crystalline granules of natural quartz with a grain size of
90 to 315 um are purified by means of hot chlorination and filled into a tubular metal
mold which rotates about its longitudinal axis. Under the action of the centrifugal
force and with the help of a template, a rotationally symmetrical hollow cylinder is

30 formed from the feed on the inner wall of the metal mold. The hollow cylinder has a
layer thickness of about 100 mm in the feed and an inner hole in the form of a
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10%6&' (Molfanzweeyise hyrmesns of pn are1stestigig(fyom the inner hole. To this end a pair
10w & éf)eleﬁgoé)és ls(u)mtr @J@%ﬁo%%ﬁﬂﬁecr hole, starting from an end of the hollow
cylinder, and is continuously moved to the opposite end of the hollow cylinder. The
granules are molten by the temperature of the arc. A maximum temperature of more
than 2100°C is reached on the inner wall of the hollow cylinder. A melt front which
10 progresses to the outside towards the metal mold is thereby formed. The melting

process is completed before the melt front reaches the metal form.

The tube of opaque quartz glass produced in this way is removed from the metal
mold, ground and then etched in hydrofluoric acid and elongated in a hot forming

15  step under reduction of the wall thickness (third step of the method). After the
elongation process, the outer diameter is 245 mm and the inner diameter 233 mm.
The outer lateral surface is blasted with frozen CO; pellets and a surface roughness
Ra of 50 um is thereby produced. This tube forms the base layer 5 of opaque quartz
glass in the quartz glass tube 4 according to Fig. 2. Especially with such thin-walled

20 tubes as in this embodiment, the stabilization layer has a particularly advantageous
effect.

In a forth step of the method, the tube pretreated in this way is provided by means of
flame spraying with the mullite layer 6. The coating process is carried out by analogy
25  with the procedure explained above in more detail with reference to Fig. 1 so as to
produce the Al,O; layer 3, but use is made of a conventional powder flame-spraying
technique. The mullite powder is here molten by means of a powder conveying unit
with a conveying gas in an acetylene oxygen flame and is accelerated by the
expansion of the acetylene oxygen mixture created during combustion, and is flung
30 onto the tube surface to be coated. The mullite layer 6 produced in this way is
homogeneous and crack-free and is characterized by a high mechanical strength.
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Fig. 3 schematically shows an apparatus which for applying a stabilization layer to
the outer wall of a quartz glass crucible 31 is mounted on a clamping device 33

10  which can be rotated around the central axis 32 of the quartz glass crucible 31.
Outside the quartz glass crucible 31, a flame spraying nozzle 34 is fixed on a holder
35 which is movable in horizontal and vertical direction. In addition, the flame
spraying nozzle 34 is tiltable so that it can reach each position of the outer wall of the
crucible. The flame spraying nozzle 34 is connected to a supply means 36 for

15 acetylene and oxygen and to a feed line 37 for Al,O3 powder. The stabilization layer
38 is applied by means of the flame spraying nozzle 34 to the outer wall of the quartz
glass crucible 31 which is rotating around the central axis 33. Stabilization layers of a
predetermined thickness and of different starting materials can be produced without
any great efforts by means of the apparatus which is schematically illustrated in Fig.

20 3.
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6; 7; 38) differs in its chemical composition from quartz glass, and that it is
produced by thermal spraying.
10
2. The structural component according to claim 1, characterized in that said
stabilization layer (3; 6, 7; 38) contains oxides, silicates, phosphates and/or
silicides.

15 3. The structural component according to claim 2, characterized in that said
stabilization layer (3, 6; 7; 38) contains Al,O3; and/or mullite, hafnium oxide,

tantalum oxide, zirconium silicate, rare-earth phosphates, rare-earth oxides.

4, The structural component according to any one of the preceding claims,
20 characterized in that said stabilization layer (3, 6, 7; 38) has a layer thickness

ranging from 50 pm to 1000 um.

5. The structural component according to any one of the preceding claims,
characterized in that said stabilization layer comprises a plurality of successive
25 layers (6,7) of a different chemical composition.

6. The structural component according to claim 5, characterized in that said
stabilization layer includes a layer (6) of mullite and a further outer layer (7) of
AlyOs.
30
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thermal spraying.

8. A method according to claim 7, characterized in that said stabilization layer (3;
10 6, 7, 38) is applied to a surface having an average surface roughness R, of at
least 10 um.
9. The method according to any one of the preceding method claims,

characterized in that said stabilization layer (3) is produced by plasma
15 spraying.

10.  The method according to any one of claims 7 to 9, characterized in that said
stabilization layer (6; 7; 38) is produced by flame spraying.

20 11.  The method according to any one of the preceding method claims,
characterized in that a stabilization layer (3, 6; 7; 38) containing high-melting

oxides and/or silicates, phosphates, silicides is produced.

12. The method according to claim 11, characterized in that said stabilization layer
25 (3, 6; 7, 38) contains Al,O3 and/or mullite, hafnium oxide, tantalum oxide,

zirconium silicate, rare-earth phosphates, rare-earth oxides.

13. The method according to any one of the preceding method claims,
characterized in that a stabilization layer (3, 6; 7, 38) is produced with a layer
30 thickness ranging from 50 um to 1000 um.
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16.  The method according to any one of the preceding method claims,

10 characterized in that a plurality of successive layers (6; 7) of a different

chemical composition are applied to said outer surface for producing said
stabilization layer.

17.  The method according to claim 15, characterized in that a mullite layer (6) is
15 produced which is surrounded by an Al,Oj; layer (7).



