SiQ2 slurry for the production of quartz glass and use of the slurry
The present invention relates a 5102 slurry for the production of
-quart z gl #&s2008040615 he sl urry contai ning a di spersi on |PGUERROATICH9565
anor phous Si 02 particles with particle 5 sizes up to a maxi nrum of 500
pm wherein the |argest volune fraction is conmposed of Si02 particles
with particles sizes in the range of 1 pmto 60 pm as well as Si02
nanoparticles with particle sizes of less than 100 nmin the range of
0.2% by w. to 15% by wt. (of the entire solids content). Moreover,
the present invention relates to a special use of the slurry. 10 The
quartz glass to be produced is present as a functional coating of a

base body (cartier), oy in the, f an. o ue or. trapsl ucent
quartz gl ass 56%8 Hforftﬁ? Pﬂ'ﬂ@‘[‘% .5 qﬁ%‘ﬁﬁﬁﬁ%s EHT‘LP%‘?QE A%W0art 2
gl ass conponent. A great nunber of different techni ques are known for
t he production of plate-shaped quartz gl ass conponents. For instance,

US- PS 4, 363, 647 suggests that a 15 planar | ayer of Si02 soot should
be cont i nlibe pkgsene pusntiadreitesaBiO. slurgdpothietaradudion né geadn gass, with

o1 oduct gl SUAY EarigIniELs plepeeion i B Spmahs Sibe RAdEieR il paricle

pr OdUCiSngsigééiDP%o g'rﬂéﬁmﬂhﬁéﬁ%ﬂ(ﬁwﬂ ﬂhél‘él%ﬂ@"lﬁmekﬂy&'ﬂwﬁé fralchn isat eral
di mensi ons of late are limted by the diameter of the 2

cruci bl e. cmnpesefhg $f@a¢paﬂwfaﬁdmuuamtrcbﬁ§lzes in the rmnga el Awm émﬁ@ i, @isass

Vor cover . MEhaS e iAot ARRRART a0 hpsteniyonful i i ronBRF

met hod i SO1206 bpmstbbﬂs%mmqufmeaéﬂtin@solmmeﬂmasures for producing
or mai ntai ni ng opacity in the nolten state. cite e Uerseh 0 a 4,/

?:gj- re Fﬁoggovg?%e presen?!nventc onr ?a{tgsr.] okg %Bémalluse of tﬁe 8 u?r%7 Monchen

10 The quartz glass to be produced is present as a functional coating of a base body
(carrier), or in the form of an opaque or transiucent quartz glass component, for

instance a band- or plate-shaped quartz glass component.

A great number of different techniques are known for the production of plate-
shaped quartz glass components. For instance, US-PS 4,363,647 suggests that a

15 planar layer of SiO, soot should be continuously deposited by means of depasition
burners on a pre-sintered sand bed and vitrified by means of a ribbon burner while
producing a quartz glass plate.

Crucible pulling methods for producing quariz glass plates are also known.
However, the lateral dimensions of the plate are limited by the diameter of the
20 crucible. This may lead to corrugations of the withdrawn quartz glass plate, and
the achievable dimensional stability is relatively poor. Moreover, the manufacture
of opaque quartz glass plates in a melting method is not possible without taking
special measures for producing or maintaining opacity in the molten state.
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atose, 110 * SO WD 2008/ 040615PCT/ EP2007/ 059565 - 2 - For sone tine
conponents and | ayers consisting in part or entirely of opaque quartz
gl ass haveWsez98/0408d5 i n applications as optical reflect ®C3/EPRO07/059565
generating a diffuse reflection. These-2Zefl ectors are distinguished

by an adequately high degree of reflection at a very high tenperature
and thermal shock resistance. DE 10 2004 5 051 846 Al describes the

manuf acture of such a reflector by nmeans of a slurry nmethod. In this

process a Rpgédrie title &ﬂnpcﬁ%ﬂt@@rﬁ@layémﬁ;ttﬁ%ﬂﬁﬁﬂn bsemirepadf%ahbét
cont ai ns anor phous Si 02 particles and is a or m of

slurry | ayavaitmglasphaee besryussd @mr@at@rﬁﬁ optigal refiestprsdios g@rerating a
ticl
Dot oo PLREBH. st naih 29 SRUAGSEARH 57 B MBI g georee
particl es uf teffieptiort atcd eerglhz;bstelmpewt?rar amtgmehaalfﬁmmklesgsteaw 0o 1Dr20r?4
tent, t
20 CoUNt 5" 90b Rhah 15 s ePhes e BB S S 1 FlBoRP by ooty & ey
particles hawd. Paid §r0%85§ BighyfiRg, é@étaﬂlléag@éﬁustsmﬁryslkwrép/arééxr%t

For instance, drying shrinkage can be reduced by using rather coarse
Si 2 part i eorains poEpheys SO narticles andyis anplipd in tt@rfp@mpf asiwy layerto a

P oper | st PE R el v Bl R SR G AR 3 ) b o
known sl ur millingg8i€d, granulee add hade anraridlé sizéiiethevahbe of netoke than 500

formatlg V\:hl CB al so due to interactions arising anong the Si 02
particllf8s ¥R %@meaﬁlgleﬁmaﬁ'eo%hcf@ RZesinineange bﬁme%hqu & Mon

of the sl Uéédbuhﬁb(&forttﬁea té@%luﬁ@ﬂ‘actﬁﬂr aying, electrostatically

supported sprayl ng, coating, spinning, imersion and dispersion
coating are suggested. The slurry layer is subsequently dried and

vitrified. TigEsalps coptesdothaipadicie bige ébddherpeariste size distibUuien alite 9@z of
a shaped sjlicasabas ﬁp@&fﬁ% omh@h%@?fﬁ%gé E’Eth%fs?@ﬁ}efag o instance

dlsper3|on Accor di I'ng I one tse et e

started f rdrmngtsfrmndawearsbemedlmﬂmymsng ﬂa@h@mam@&zﬂ@@mﬂc&sﬁ?ogether
parti cI S w,th

val u nd 200 and 'l er
Dror phdfe WHes HalhepleceBiest He RadciRinAhe pe oh T yieand B TBFhaWnm
to 100 nm tg MY p f
D T T
evi ce2, Q7 nTh@[gforeJ tngtknown slurry layer can be dried and vitrified without crack
formation, which is also due to interactions arising among the SiO, particles in the

aqueous phase of the slurry.

20 For the application of the slurry layer to the base body, spraying, electrostatically
supported spraying, flow coating, spinning, immersion and dispersion coating are
suggested. The slurry layer is subsequently dried and vitrified.

DE 103 19 300 A1 discloses a method for the production of a shaped silica glass

body by electrophoretic deposition. A dispersion according to the type mentioned
25 atthe outset is here started from, the dispersion containing larger amorphous SiO;

particles with a D5 vatue between 1 pm and 200 pym and smaller amorphous SiO»

nanoparﬁcles with a grain size in the range of 1 nm to 100 nm. The fraction of the




PO, Munchen (i". P tots WD 2008/ 040615PCT/ EP2007/ 059565 - 3 - Si 02
particles formng the remainder up to 100% The filling degree of the
di sper si onWG20§8/0406ém 10% by wt. and 80% by wt., pref er ASINEPBAANE8565
50% by wt. and 70% by w., and its viscdsity is between 1 - 1000
nPa's, preferably between 1 - 100 nPa-s. 5 However, it has been found
that the fl ow behavior of the known slurry is not optimal for sone
coating techniques. Wth a highly filled slurry according to DE 10

2004 051 84 bartities fdrnﬁﬁ%anpeererﬁam@wbrta'ﬁog%.smreq'mmgrwadwe gpieor
bl ade of the slurry nmass turns out ose probl and al t hough the

urr. to ens
| ow vi scosHispergianys behweemne%r iy Wig apd 8B hnwt.1 breferably betupemn 50%dur wh
out easilyg./ $I§¥\ﬁ¢o : id Befaahed. o di
that only ?T%?Oéo | rigé'gde@%rg'gﬁ%@ |%B% po@gﬁbf[ﬁeﬂdaﬁlg%séhg ﬁlellagﬁ erélt"weéﬁ1
t hi cknesses1@@ e1Rd's0 only achi evable, which in addition tend to form
cracks during drying and sintering. Since the slurry technique as

such wouyl d LI [ ' ' . . whol e
cart s g1 StBRETo 1 Hac RGN it RIECHbP bohllict of e Rhol YRGS 16, G
dr awbacks. optimalsot fsmnefco?[mg fml;hﬂfqp_es.tWﬁfﬁ atl-h%hlp ﬁg@dasitlrry IayzeqstﬂirlgTo_tmEh 10
repare a a . flow behayi or. that has, been optinjzed wt
Peapoct + o2pibbEL BHhd o ioriraamien g moip. ot sRieading R dOPty PlAck s haing
Wi th respeglyr gndNsHung @it Pb;ﬁi @fdb@nw%%fﬂngﬁgﬁwmw-wscdm? BRpeFsion t
is the object” of th&gresen ention to Indicate a special use o

In
t he 20 sl uasgprdiog & BEnH03 39 80 Almasrhe pouredout easilyhi fiowaoffifrors del

obj ect ,stafti I LU tiQn at .the outset is achigved
accor dillg. CoAERsUIAGR ey Sadiot drd & Dahd BeBiblEh a8 pREbR Ay
mul ti nodal spal ldyet thickinegsel srerdifdibni9achievable, Whichtin BBition Baref totfben
size distribution in the range of 1 pmto 3 pmand a second nmaxi num
in the rangacky dwinggRyingANG$NteERG t hat the 25 solids content
(percentage by weight of the Si02 particles and the Si02
nanopar t i cspge HROSHLAYtactRidud 45 $dth wand ehhit 8B iteianS0&koducliohiogi ge
Overo ebstoer? f 8/Iggi i% IEIC?JI casfr /5c' %834i1(i rilch)%%n‘ Oplfo Hetio

exact layers and whole quartz glass components, it would be desirable to

15 eliminate said drawbacks.

Itis therefore the object of the present invention to prepare a slurry with a flow
behavior that has been optimized with respect to processing by dressing or
pouring of the slurry mass and with respect to drying and sintering without cracks.

Moreover, it is the object of the present invention to indicate a special use of the
20  slurry according to the invention.

As for the slurry, said object starting from the slurry mentioned at the outset is
achieved according to the invention in that the SiO; particles have a multimodal
particle size distribution with a first maximum of the size distribution in the range of
1 um to 3 ym and a second maximum in the range of 5 um to 50 ym, and that the

25 solids content (percentage by weight of the SiO, particles and the SiO»
nanoparticles together) are in the range of 83 % to 90%




ep 4749, TP _aqoo6P3 WD 2008/ 0Z061I5PCTT EPZ0077 059565 - 4 - Typically,

t he ‘above-nentioned highly filled and highly viscous slurry shows a

di | at ant - r hgppRxbhsoshehavi or. This means that upon nmechapGidpaFidsesss
(such as stirring, shaking, filing, disgersion coating, stripping,

spreadi ng by doctor blade) the slurry exhibits increased viscosity
(dilatancy) or that after mechanical inpact 5 the viscosity is
increased for a short period of tine (rheopexy). These closely

rel ated fl ow.pr rties of the slurr hal | .be.termed "rheopexy" or

" Fheopexi o YPRARh IS asangh Sna b aieh 0 Mo s SBRS e er
nmechani cal diggantomeopsxis bEhaviohThRviesans thah apen indchakigalcictio” (@uhagieous
when a slurry layer . is applied to and distributed over a 10 surface

. . ppl L / [
by neans oftiENgcRaking fillipgsdisprreion seating. Striping isereasing by goger blade)
stri ppi ng, l, | ; j : ey inl A IR0k, j
nown hi ohte S bl iEREIsRE visS6S AdetanC) of sk o reihablcpPmpHee
t echni qbesihenhisadsity fsaintreased éomeash orepkerivel &fi timad (rbeopeng@These dasely

"spreadi ng tor blade". . .as .it soljdifies  under the action .of. the
a0t out TRt Al ProRe e of ey 3081 66 e Ral PsRhet Sy HsooPER i 1
the 15 i nagid foflowiggdi tion it can become |iquid again and then flow
off from oblique surfaces. The photo of Fig. 2 shows the result of a
doctor blade test using a slurry as described in DE 10 2004 051 846
Al It hBds thedm BTy Rgkangaindepesbazicalaction. Bhig Aow behgvieg tuns |
change due ; Jobod 8l ]
onards 5 SPRCHESISAARE wihgpPolrr APl Alpiy i aREORRRUFLET o
of t he 18| usurfaceeni Means of & $ailf for mstamae duiring dispecsion avatingharastripiingss
(for instapce at constant stifgring rat i.ts viscasifty.is . i
Cont i nuoustg e BRIy, PBieetignlibd hy tRele, ik Rokiphfiselsiy siury i
" st ruct ur ahotMiaIrQsilebyor ihasé Bpplcasion chriuel, WhrRh\Shaft 88istyhrharilds 0
reduced due to shear, b which is not further decreasi ng_ at a 25

e

t
const ant sherginagier éﬁ@@fﬂlljfﬁé%@ @peaasling by partegbiprewapitsididiies sinder ige
the 1 o1 1 ovrrion o Sttt i6 Tt pchreklist ohiseBting ™ unfdinsft Bidh. 1 e
It_hi xo]E népi igai:ﬂiumr/;cdmﬂitmni ibcart ha_?_cqmmhquid agaorationgeh tﬁlow_hxffﬁrm&ﬂlﬂih@@f will
i quefy under shear stress._Thi roperty is conducive to.a uniform
out L ow andiitasepnEhepboial g o st e et o1y Jodaryode test s Sy
al so under g4 hesambhon DB 1@266M 051 Bs 1@ di stributing effect.

It has been found that the flow behavior of such a slurry will change due to the
addition of a small amount of SiO; nanoparticles towards a structurally viscous
20 thixotropic behavior,

.1 hixotropy* of the slurry manifests itself in that with a constant shear stress (for

instance at a constant stirring rate) its viscosity is continuously decreasing for

some time. Related therewith is "structural viscosity” in the case of which the

viscosity is also reduced due to shear, but which is not further decreasing at a
25 constant shear sfress.

These closely related flow properties of the siurry shall be jointly termed as
“thixotropy” or “thixotropic” in the foliowing.




5 The fl ow behavior of the slurry is above all defined by the solids
content, nanely in conbination with and in dependence upon the

cont ent of W& TR8M&E6Particles and the particle size di stROTHERIGI56565
t he anorphous Si 02 particles. This shatd-be explained in nore detail
hereinafter: The solids content (percentage by weight of the Si02
particles and the Si02 10 nanoparticles together) of the slurry
according to the invention is relatively high at a val ue rangi ng

bet ween 83%uand it8 Rixothdsie fivibeptliof he shitel) adcdRdifg taaeORREtionl Vil liqldTe
hi gh solids content effects a high VISCOSIt¥ of the slurry, thereby
®

cont ri but i Hgdersheanatress. hhisneropealy Sriondrele 1o unier puifloy and fertheso
t hat crackg; in i L 00 Ver i

ol i ds. 15005 ERreh e heeinp S HS] # s Glia0ely ASS, drRep R ool Jioee
possi bi | i t with aafistribetirgd effecf. even if it is mxed with S102
nanoparticles. The addition of Si02 nanoparticles creates

i nteracti o t s, S 1] T r .
thi ot r Sp1 41 SRMARGR vt B REURAF ¥ aesvE SHaRRbeT b7 oo SRR nenluio
to di m ni sbombinalide withtandnis db?éﬁwﬁetd@@nm@b&ﬂeﬁﬁéﬂﬁ%@a‘éndp@ﬁcles and
occurrence of shear forces. After om ssion of the shear forces, in
the passi viestatige gizerdigrbytion §f the agorphruscsSiOaparticlas. dhis shalibeaugment
agai n, | eading: : j physi cal or chem cal bonds between
t he anor phgjffgg'g%géﬁ E‘g)rr% 9%@;’%@#}”@%& slurry mass anong one anot her,

whi ch stabilize the inactive slurry nmass. 25 The anor phous Si 02
particl es hawe BEhersdlidsmpdidnt frercentbge by neighit of thebSi0.qrartiGecandithe SiO;

I ti I ticl ' di i\byt h t | t, two, f I
Three 9P mor o, BSPATIsIE GRS She THIE SeBordiiane Eeatihs e By
of a WO 2008/ O4ige 4bEGEIERZRGING Bo8kdEn 83% andmk. Alsd wittlBhsthe addftioh
slurry, whereby shrinkage during drsy&zggeand sintering and thus the

ri sk of crack frAneRArtsies, e kighselid ntreflestscr higpatscoeitieof the slurry,

di stributions %E%b%ﬁi’rmgﬂﬁ.ﬁgpéfggoén aﬂéioufghrﬁﬂggé%fm %aﬂggﬂeﬂss%d

al one or in conbrna nanoparti cl es¥can e.
produced by oxittiat crackcausedrhy drging antl siiterimpareceduesd iViegy bighrdalidg

conmpounds (al so called_"pyraogenjic,silica’ in the follow ng).qr. by

ol yoorfensat | GoTGRNtSaH ks A Seducene GRS Prosep B IR R bies Uhe
"pyrogenic siliggry boed$RGs mikdd Bl OIS, tdrRpBitRMIsSt ep is of ten useful.
For this purpose pyrogenic silica is preferably present in the form

of a partly solidified, 10 "tenporary” Si02 granulate, which permts
the use of ae¢stHadditioroef Siklaranapaitiols treateslinteraciiinsastwgeptheposes.

Duri ng honogeni j A h r-. 1 1L [ | ralns
w Il again decogrrrpa%@g8?%%’?éﬁélﬁén%bea%e&qé%&&%gcggﬁg‘ﬁgﬁéﬁggﬁﬁ‘f@r ces
acting t her eon.actbrdlfigtestharimiventian ibguersdimigtiagirterattoridiSetween the
corres Bndlng pr.ocess| ng techni ques by adapting the solids contents,

the mub?i nodal P PREIGESYRAD RITNERIPT Bieaa el cEhe RIS obihgshear
nanoparti cl es vrozsc@smnttﬁ§ pﬁ@éw@éta;élef falshhy Mﬁgé,ghé%elintewbtﬁar%gﬂh' be

explained in nore detail "hereinafter. Suitab rocessi ng techni ques
usi ng such a slaugment egpini Ladingriodbé fymajiod of pbysidsd] adehemitapbendsng.

As for the sta t b ni s, @a.slightly higher
content of 3103’%&%%@?%%?@2‘0%%%@%éae@%?%me’aﬁ’%”\fH]ﬂ%& qqge(g’e[o be
processed by panoting, wiieh spiiize thé ifdctive diuslpomgsst he result of a
doctor blade test using a slurry according to the invention; it can

j ust bg seen as_a uniformwhite area. ) . . o
5 » The amorphous SiO; particles have a multimodal particle size distribution.

Such a multimodal particle size distribution has at least two, preferably
three or more, distribution maxima. This is conducive to the setting of a




25 Si 02 nanoparticles are here understood to be S102 particles with
particle sizes in the range of a few nanoneters up to 100 nm Such
nanopart i cMEx2098040645 BET specific surface area of 40- 80POTEPg)07/059565
preferably between 55 n2/g and 200 n2/gb- WO

2008/ 040615PCT/ EP2007/ 059565 - 7 - At a content of |ess than 0.2% by
wt. of said particles in the slurry the nanoparticles do not have any
significant inpact on the flow behavior of the slurry, whereas

contents of norgighhae db‘;'n%t wfufeslmmmﬁe@eby%mmageadnﬁ@aw?mi of the
slurry during dr ht aggravate a defect-free él ng and

sintering. Wt hs'gtet” 9@“9:“]'1‘5? §hq skt Crackfpgnationds redipedo F ogngtan
nanaparticles cgiuibg d&ﬁgut%%%ﬁﬁméomaﬂf&rﬂlz%eﬁ A &nd 2@? Eé’rpﬁ% HSJQed

shrinkage cracks than thicker |ayers fespect to t

turned out to balopactircesrabingtiendvant ageous when the slurry contains
between 0.5 and 5 and particularly preferably between 1 and 3% by wt.
of Si 025nahbp&i®: nam;ma(r&ﬁzlesedama.gt he peoduced bs(cﬂmdﬁion@nmdtto)ysmltﬁf silicon-

Pr ef er abl t.he. Si Q2 nanoparti hayv rticle lze

50 nm - SrafenianiE aBaerTovg fsp SHfks BingBnealice” e alkding) S by
surface of pém@orweel@atn&psﬁ/pcﬂmeﬁimebmmmwrﬁ@@@dswg.@{ﬁﬂﬁ vwhéengt h of

the dried slurry as well as the sintering act|V|tf%/ It has turned

out to be [PXFegeRip silicay l%%ﬂataa@feweysw«?@ﬁw@tstmm egoosefyl. bwr. this1s
f er abl 0 |
Pher ol *PaBReE PRiopeE el profiably repdtin BRUSrfichS B4ty Bfliea,

densi t YOI n'temporrylr$iQ, geandidtat whichgmes®its &reeuseeﬁﬂa:etdndamdi rrtg cHifoyinatiorand

t been f t hat L
" opaque. TRAISES o) Flaabing ) ek aso LG 1P oG e ERIE R0ae ALDLE PURTEd

above all gmntiiaee hRiMARRGIaRN@EcomMERR! ih s@unaﬁb&imaaé bue't@&@ér?ed?ﬁde

20 spherical. In connection with a basical cont ent

spheri cal oy ees qﬁmgﬂmr@gmt has, however, aI so turned out to be of
advant age to sone applications when t he sI urry contains finely

di vided, splintery Si02 granules. Due to the addition of finely

di vi ded5 sﬁhe sluay cabibdeasipadbpied tWﬂnecbompohdm@@r@:r@@U@&échues by

enhanced sAGRBGHGE AT AR HEe rey RO PaFle S diBpR A the
posi tive eiheght derIOE‘ﬁanoﬁﬁlaQQWtﬂﬁQﬁé55’@@355’3«@9(%@:5g@ﬁﬁ 1. This'shall be
explained in more detail hereinafter. Suitable processing techniques using such a
slurry comprise spreading by doctor blade and pouring. As for the standard doctor
20 blade techniques, a slightly higher content of SiO; nanoparticles is more
appropriate for slurries to be processed by pouring.

The photo of Fig. 1 shows the result of a doctor blade test using a slurry according
to the invention; it can just be seen as a uniform white area.

25
§i0; nanoparticles are here understood to be SiO; particles with particle sizes in
the range of a few nanometers up to 100 nm. Such nanoparticles have a BET
specific surface area of 40-800 mzlg, preferably between 55 m2/g and 200 mzlg.




_ STUrry rs. € particre srzes o e finely
di vided, splintery Si02 granules correspond approxinmately to those of

t.he anor phousoRBaBdosharticles and the weight fraction of sgRjdmBb&iosesss
granules is 10% by w. at the nost (based on the total solids

content). 5 Preferably, the Si02 particles have a particle size
di stribution distinguished by a D50 value of |ess than 50 pm
preferably less than 40 pm 8102 particles in this order of magnitude

ry no. sor AhR SoRIEBSPISs el bl BE 4R S5 RafPole rGERRIBIEE i o er e
and dried pandpartities dy netbaveyany sigaifitadtiphotr arathedidwobe leaviee kof thel Slurry,

This is due to interactions between the S0 articles that lead to
the format MHRMFESS %Fﬁgﬁﬁpﬁmoﬁﬁ@“bﬁ%gy%rgﬁéﬁ neRsfiedsinkage gt ¥eand

t herefore bld b [ [ ' e -S4 (MEIRE: ;
be- mede. up o S SoAtd “Eﬁ%‘iﬁﬁbr*ﬁéﬁﬁﬁ“é‘@%gtgﬁb?ﬁ%?%@@ S eh g, e

of such&a Hlinshyryiayersavigher cefifent of 8Dt nenopatticlesciandie uded basause Si 02
particles. For t accordin f(o t he '%Bn%ent however, a

i sper si ot ihelslur 8 A" sol vent,
3 titigriaers afit lepa PIHF (Prebinkaog dacks DN hCkerJarTs

r ef er abl an_al,cohali,c basis., It,.has been, found that a dj spersion
Pl oo or i REe8ca8 ik e Mgy gt 1,68 pB Il BiSe G FheP b
behavi or. Mafrg@vataind thawdel QBjand 6@ driicURB preRsAIRy bbtvasen Nahi @90
case of an aqueaus slurry phase. This saves tine and |l eads to a

faster fixBYWorPISHOr Ranaarticles (kared asvthg eplire slids ceaterat a f1 owi ng
out on the edges is avoided. Wth the addition of a m nor water

anmount 10< BRYeRYIY tle $id, hdndBadicRRHVEPartididltiz8s of 88s RIACSF AMNY
period can be adapted to the respective requirenents. It has

turned out to be al so advantageous, particularly with respect to a

| ow aff i n Binall 5iPp nppeRArtslat keal apdaenepidale thegattensiriase of tes sepnRpsy
'3 prefer afy e RR N R e B P R REPE B e EE e

the Si 02 nastyiprticl es consist of synthe ,C.e klbersete 2: Aeyy
Hel ga Rebstock a, "I Veronikase. 15 .,,,:; 5;), \,........ 81827

5:), \
Minchen 65 hE8 tumed but to§é FRREHARY Sdvdrtdobo RN 43828%0% by wt.,

15 preferably at least 90% by wt., of the SiO; particles are made spherical.

Spherical particles facilitate the setting of a high true density in the slurry, so that
stresses are reduced during drying and sintering. Moreover, it has been found that
spherical SiO, particles in opaque quartz glass layers contribute to enhanced
reflection, above all in the infrared range. Ideally, all SiO; partictes are made

20 spherical.

In connection with a basically high content of spherical SiO; particles it has,
however, also turned out to be of advantage to some applications when the slurry
contains finely divided, splintery SiO, granules.

Due to the addition of finely divided, splintery SiO; granules, which can be
25 produced by milling, the mechanical strength of the green body is even further
enhanced after drying. The higher strength has a particularly positive effect in the

i




- 9 - Synthetic 5102 is distinguished by high purity. The slurry is
therefore suited for form ng opaque quartz glass of high purity. The
quartz gl a® 1as8/040815 npurity content of |ess than 1 w. PEpEP20MTOELIBH
it absorbs not nmuch in the W range up-8e 180 nmand is thus suited
as a diffuse optical broadband reflector for use over a 5
particularly w de wavel ength range. For the same reason the Si02
content of the anorphous Si02 particles is preferably at |east 99.9%

by wt. Thecssd oﬂmcﬁ@mrﬁﬂb?/@:&. Th@géhurers{zéy@méﬂﬁelgwumm ivteRy Sio,
particles consists of at [east 99.9%b 2 (apart fromthe

addi ti on ogfad‘é#?&rﬁofresBP'ﬁféléPBméWﬂi?‘Mé@ ﬂmeaéiahe amgpm "Sioe partiojesrand
ded d t
needed. e obferhdin Mg Bhal Btles R0 86 HRkabofd dine

cont ent i nictdleoctds eant&ni)2 sI urry shoul d be not nore than O. 1% by Wt .
at the nost because, otherw se, sintering of the slurry |ayer

ot oni ng O coreiebll s QrBbioT T E k8% ?fgﬁﬁ%ﬁsﬁﬁﬁﬁ@%ﬁ?& Hie
turned out Dipovahge oElessithanBhumhpresérablyesoiianiddsumi t rogen, carbon or
a chem cal conpound of these corrponents that are incorporated into
N trogen aRtarridrs b e otnaeo R Ao sl b e

conponent shéhizRictinadsesmp aratitely sdwi rying Mirinkkgeso Qﬁat@aéd?r&ﬁén@lﬁﬁ%ﬁkrya

rei nf orcerrent of the quartz glass structure_and |lead to inproved
resi st ancelay®r @anchg piglereg ﬁﬂalsirled Prgiculaslyisashnwiskoutdhe foranation 10h seacks.

or sil qyanggs e Rﬁ"‘@iérﬁ&ic%'ﬁé YENMNG gbggp[aggégsgﬂ :%ga t&fﬂ% #4hhdtion bpm

whi ch a honbgeneous dopi ng of t e quar ass mss w
result in mbkeceld SiQbbésds areadyen theeslutrpenassand thmfdrerﬁadhtatmj drgingland
achi eved acc rding to the invention in that the Si02 slurry according
to the inv¥ fBﬂ is used for producing a diffusely reflecting

refl ector of quartz glass. WO 2008/ 040615PCT/ EP2007/ 059565 - 10 - A

di ffusel y Tied tispeision liqeiid el de made up o antdyeeslisibase. Fbeqolratire dfhe
invention s di stigﬁw shed by a particularly high degree of
refl ecti onNg\As-eguePaRsaBh R r?g%'H"Yﬁ??gYeha"ﬂﬁfkeffe\@t g8 digterastioneotihe to

the N gb Soid, Eaicy. 23k R siLig adlettiing 8k RREKAGH hBREYed @ didftrsion

addltlon 02 nanoparticles yre cting re ect or

i s presentligud srpréfededdhalos based beeanmrganiapolvent; preférablyi on as eltohalic
conbi nat i otF \fgth an optical radiator, a heating elenent or for

thermal shi® i ng, or the reflector is fornmed as an opaque Si 02 | ayer
on a carrier conponent. The reflector can e.g. be present in the form
of a tube,lthas beerafmmdnaatardispersh:ei quuidsemucmmatybe nsakesIif €8y tolkeep a

el lipsoi d%lxoﬁfgplcr?ltow berPawor Moreor\}er the drying process is much faster than in the
20 case of an aqueous slurry phase. This saves time and leads 1o a faster fixation of
the slurry layer on a carrier, so that a flowing out on the edges is avoided. With the
addition of a minor water amount (< 30% by vol.) in the dispersion liquid, the

processing period can be adapted to the respective requirements.

It has turned out to be also advantageous, particularly with respect to a low affinity
25 to form cracks, when the solids content (percentage by weight of the SiO; particles
and the Si0, nanoparticles together) is preferably at least 85% by wt.

Preferably, the SiO; particles and the SiO; nanoparticles consist of syntheti
\b\@e UberSeQ@}o
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10 shield, or the like. In a first preferred alternative the
diffusely reflecting reflector is used as a reflector |ayer of quartz
gl ass on aVxa2Q0B@#060% quartz gl ass. After drying and si MCI/ERIGOTHI59%6e
slurry the reflector layer fornmed from®he slurry forns a coating on
a carrier surface or a part thereof. The carrier of quartz glass 15
substantially perforns nechani cal or chem cal basic functions of the
overal |l conponent, e.g. nechanical strength, thermal stability and

cheni cal r gyhiedd S0, iemuétmgutsﬁed: gy Ih«:ght Plirity THRS S0P WHereibleysutetiifoes
the optical properties. Eéétlca t hi cknesses are in the range of
0.2 mmto @rm*ﬁg IPRAYEHY L BRSY %NEQ"‘ B%Wt_ﬁfée geaTs gasgpas H@r‘fépﬁﬂfde of

t he sane | 5&‘?(%9
parti cul ar %Atggsgg%ﬂ]sﬁgﬁ%gtﬁ:? “gi;?rt h 59%%???)1%{ %1? H’? Pm“e*@e?\b ct fp to
| ayer to t ﬁnéO na‘r ancis thnsl soited &ea diftuseudptisaldukadlzyidseflacter foir ushever a
overaII n%g e@{‘%ﬂ"}%&’avﬁe{‘ﬁé{g“ve and equally preferred use of the

slurry |s B e diffusely reflecting reflector is
formed as a carrier-less, preferably band- or plate-25 shaped quartz
gl ass conpboreihe.saferassen diie §idy gintgnt ob ecamogiheds Si0s partielesds di ng to

the inventio i ]| re t t t ers he:614 formation of cracks
caused by EW??r%&g%Re%%‘ageg%VWspemflc plate- or 421>* g Mega
Rebst ock Veroni kastr. 15 ot 627 Monche: 4Chn MO WO _
2008/ 0406l$l?é3§blﬂ%2&ﬁﬁérﬁ5ﬂ5t€éslurrﬂtbrod@hd@d.ls@ngasﬁch fHrigSs boskists ofbE
obtai ned that are di stingui shed
least 99.9% by wt. of SiO; {apart from the addition of dopant). Binders or other
10 " additives are normally not needed and are ideally not contained. The content of

metal oxide impurities is preferably less than 1 wi. ppm.

The cristabalite content in the dried SiO; slurry should be not more than 0.1% by
wt. at the most because, otherwise, sintering of the slurry layer may cause
crystaliization, which may tead to waste.

15 To enhance the efching resistance of the quariz glass made from the slurry it has
turned out to be useful when the slurry contains nitrogen, carbon or a chemical
compound of these components that are incorporated into the quartz glass

structure in the form of nitrides or carbides.

Nitrogen and/or carbon and/or one or more compounds of said components are
20 added fo the slurry. Nitrides or carbides effect a reinforcement of the quartz glass
structure and lead to improved resistance to etching. Suitable start substances,
such as silazanes or siloxanes, are particularly evenly distributed in the slurry,
from which a homogeneous doping of the quartz glass of the glass mass will result

in the end.

25 As for the use, the above-mentioned object is achieved according to the invention
in that the SiO; slurry according to the invention is used for producing a diffusely
reflecting reflector of quartz glass. '
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honbgeneous quartz gl ass |ayer of a predeterm ned thickness, which
may be opaque or transparent, depending on the correspondin

Si %terl ng ﬂ@rﬁbﬁ’ﬁ’ﬁﬂ%"% and duration. Qpaque plates are pr&T@%3m7§P59535
obtained at sintering tenperatures 5 b en 1200C and 1350C. These
are particularly suited as diffusely reflecting reflector conponents.
At higher sintering tenperatures or with long sintering periods
transl ucence or even transparence is achieved. For obtaining a

speci fi c r afdifudeiprefleetiay raflectol ngde fdorh thes sluyry retorenig toghe afvieatidrois i t

h t d t t.o ad { hat t
oo o e RS pe S Rl R e o dsR ok i eclioh Putr S pide WeysieTa "
glass in thmgel trh%wsahgjmecvtc&béwbae%thermglaésni:issmﬁéﬁt%ftﬁeaagﬁy ahge

slurry is preferably used fpro uci ng diffusely reflecting
refl ector paﬂlcuiaflvlt@w%ddlfém¢oﬁioeﬁaﬂﬁréawea;avm ength range bel ow 240
nm A high reflection in the UV wavel ength range (e.g. of nore than

90% down tge %I?ffd@!é}&qu Hgsreﬁééwﬁﬁ &R B I%Qﬁ&lé}i&ﬁ%ﬁt femaEtor Eoﬁ‘tﬂgnent

ultrahigh purity o artz glass. Purity is guar ant eed
t hr ough t hwhighds @se@mm@bmamn wﬂpaambe@l radigtor, a\hea@go%leme@uoafdry a

| ow degr ee,of t T

content of ﬂ'\%@ﬁmﬂ%“&\ébg"%\N'J?B%ab}]@f%ﬁ)ﬁﬁégﬁgb %&58&? 'Sg%r or[]ﬁgﬁrr%
W . ppb. 26ombenéntvEné reflectdrakh d@\bd}ﬁemhmmﬁ)rmmfmubedﬁllmé WI th
reference to errbodl s and adravvlng' i n. whjch: gure 1 shows

phot ographc?"PPﬁ@mﬁﬁi E ster'i’w'-";‘ shedgirherpalor ellipsgidabsearn 'ﬂ%@tplq}g'l%ﬂeﬁt

sl urry qaccomidigngr {1 (ikBe 1 nventi on; Figure 2 shows a phot ograph
which illustrates the result of a doctor blade test 25usi ng a slurry

according to the prior art; k) bersetz . t) n-6 n n | ga
Rebst ock r HLa fifst peaferredh altermrtivethesdiffusely reflecting eeflectos lsawd asygoreflector

2008/ 0406 1pBCTAFEREO0 HIQ°R03 carrikf of quartz glass.

After drying and sintering of the slurry the reflector layer formed from the slurry
forms a coating on a carrier surface or a part thereof. The carrier of quariz glass

15 substantially performs mechanical or chemical basic functions of the overall
component, e.g. mechanical strength, thermal stability and chemical resistance,
while the reflector layer considerably defines the optical properties. Typical layer
thicknesses are in the range of 0.2 mm to 3 mm.

The reflector layer and the carrier are here made of the same material or at least
20 of similar materials, which has a particularly advantageous effect on the adhesion
of the reflector layer to the carrier and on the thermal shock resistance of the

overall component,

An alternative and equally preferred use of ihe slurry is characterized in that the
diffusely reflecting reflector is formed as a carrier-less, preferably band- or plate-

25 shaped quartz gtass component.

The use of a highly concentrated slurry according to the invention will prevent the
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Figure 3 shows a diagramof the 3i02 particle size distribution of a
raw material conmponent for use in a slurry according to the invention
(prior to weemddsdsi®n of 8i 02 nanoparticles); and Fogverecel/05bEBss
a mcrograph of the Si02 particle sizeiistribution of the raw
S5material conponent of Fig. 3. 1. Preparation of a SiQ2t-ry Figure 3
shows a particle size distribution of a raw material conponent. This
is a multinodal particle size distribution with a relatively narrow
maxi mum of '&aﬁtz]@ i il i B ue) and
with a secgﬁ%‘f}h maxi agné ?Eral&ltaﬁgﬁr %S@Eg%lrﬁe:;%@&&fﬁ?%ﬁggw mat eri al
conponent WPMeganNedG guatzeglass Bepehspredeteppined thising0 whishanapbeer .

can be seontenu OEdReRi U AR Bt e itheRoRlpd siRiiod GlkaraRty od
spheri cal . difatibar Ophgudplapsy arei pefeaibly bistafledrat wirémel tehierambey | al

conponents _are used that have a D50 value at 5 pm_ 15 pm and 40 pm
and t he SpaPgwaes gogtéo(ﬂr@tﬁiuéi m\%seo?rem'ad‘%&%?ﬁéﬁ\ﬂ@@e&i 'iﬁ%ﬁgtl'”gc 0

the ones shgidrRoRipdhent. ﬂf‘ﬁiggerQﬁi%‘ﬁﬂﬁ”télﬂ%&%tﬁrﬂéfbl‘gﬁﬁ%aﬁséaﬁﬁ%finbhese

raw material conponents are I gnated”as R5, RI5,
r espect i vepgriodsdicansidcenie or avemirarspaieneoigpohiened. are first cl eaned
in a hot 20 chlorination process at a tenperature in the range

bet 60 ) _ i . A
of around 30 Pini3 SpebRE RKkElion lct T REHIASF etictily SRR ae,
form of a &irGd sot to bEhadyaptaggpens evhenld garmy & destddhpr eains ase ar peorel vy

solidified,"te rary"” Si 02 granulate that | re-treated b .

sinterilly 4PPaTF Dot GEREEIS Pafte ARseThlion Iy Brdiessole e Uisytelelnysible or

partly 25 p@ape sskritfrdrget hi s process. For setting a high purity the

pre-treatnment is carried out in a chlorine-containing atnosphere. On
Uberset >, , e

f_th | | [ i cl [ , b i
ST Lahegualnk bl ekt kiubetas Sl Shcingiateots racition
WO 2008/ 04Qmd 'H{nﬁﬁgww@géﬁ@ﬂ?ﬁ%ﬁ Re,ggﬂz h. the granulates the

conparatively | ow tenperature ot chlorination is sufficient.
Duri ng honogeni zati on of the suspension the granul ate grains
deconpose Adéghrefigeiioraindhe hihvwpeglengthsangrie 9. ofmreredhemP0Yd dews to

acting 48n {h&fkngths around 180 nm presupposes opacity and ultrahigh purity of the
quartz glass. Purily is e.g. guaranteed through the use of synthetically produced
SiO,, where particularly a low degree of impurity with lithium oxide should be
noted. The content of lithium is below 100 wt. ppb, preferably at less than 20 wt.

ppb.

20 The invention shall now be explained in more detail with reference to
embodiments and a drawing, in which:

Figure 1 shows a photograph illustrating the result of a doctor blade test using a
slurry according to the invention;

Figure 2 shows a photograph which illustrates the resuilt of a doctor blade test
25 using a slurry according to the prior art;




The TOrTOW g Tecr pes nave turned out to be userul. Recipe 1 R30

500 g Ris 200g R5 200g Pyrogenic silica: 135 g with BET surface area

of 50 n2/ gwdlshodhsoesai d components are di spersed in pur Cqﬁémg@,lms%%
yi el ding a solids content of 85% by w.qQRecipe 2 R15 R5 395 g 549 15

Standard Si 02 sal with tetraethylorthosilane (TECS) as the 8102
degassing material in an anmount yielding a SiO2 weight of 6 g. The
said solids conponents are dispersed in 111 g pure ethanol, and Si 02

sol is m XEngrgt:io sthrg)%lshé) H%%?anrﬁ %?%edér%geprasrtllc?él size distribution of a raw material
component for use in a slurry according to the invention (prior to the

addition of SiO, nanoparticles); and

Figure 4 shows a micrograph of the SiQ; particle size distribution of the raw
5 material component of Fig. 3.

1. Preparation of a Si0O- slurry

Figure 3 shows a particle size distribution of a raw material component. This is a

multimodal particle size distribution with a relatively narrow maximum of the size
10 distribution at about 30 um (Dso value) and with a secondary maximum in the

range around 2 um. This raw material component with a Dsp value at 30 ym shall

be called Rjp hereinafter.

Figure 4 shows the particle size distribution as a SEM micrograph. It can be seen

that the individual SiO; pariicles are made round and spherical.

15 For the preparation of the slurry other raw material components are used that
have a Dso value at 5 ym, 15 um and 40 ym, and the patticle size distributions of
which are otherwise similar to the ones shown in Figs. 3 and 4. Depending on their
Dso value, these raw material components are designated as Rs, Rys, and as Ry,
respectively. Each of the raw material components are first cleaned in a hot

20 chiorination process at a temperature in the range between 600°C and 1200°C,

Moreover, SiO; nanoparticles with diameters of around 40 nm are used in the
form of ,pyrogenic silica®, or in the form of a SiO; sol. The pyrogenic silica is here
present as a partly solidified “temporary” SiO; granulate that is pre-treated by
sintering at a low temperature in the range of 600°C to 800°C and partiy

25 consolidated in this process. For setting a high purity the pre-treatment is carried
out in a chlorine-containing atmosphere. On account of the small primary particle
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Recipe 320 RISZ7TU U B35 0 Pyrogentc stTrca 4 g with BET surface
area of 50 n2/9 These conponents are dispersed in 70 g pol yvinyl
butural i nyeiddgnfsis The highly filled slurry prepared iggpyigbgoMBYsss
shows a thi xotropic ?)ehaw or. The 25 slygries are therefore
"spreadabl e" and that is why they are suited for processi ng . 0.
v6.Oersetz er, Q.., tc.?: -¢,0 Ink = kielga Bebstcc' co. :
23..a.:30 8\cesrovni kmaci snuc. ;!:a 1., to/4r ihi aI 10 At Ia \ \ WO
2008/ 040615PCT/ ERP2007/ 05 SQﬁ - 14 _t @g ues s L | at

o ocesses. SPe BhiR araptAEY e coPiberay Bl BET e RHEe shnd 2Bl RbioPhdtiR

great est Vgl duffriértablting hemobBsizgticnel tBe suspension the granulate grains

decompose again into SiOz nanoparticies due fo the shear forces acting on them.

The following recipes have turned out to be useful:

5 Recipe 1
Rso 500 g
Ris 200 g
Rs 200 g

Pyrogenic silica: 135 g with BET surface area of 50 m%/g.

10 The said components are dispersed in pure ethancl, yielding a solids content of

85% by wt.

Recipe 2

Ris 3959
Rs 54 8]

15 Standard SiO; sol with tetraethylorthosilane (TEOS) as the SiO; degassing

material in an amount yielding a SiO, weight of 6 g.

The said solids components are dispersed in 111 g pure ethanol, and Si0O; sol is

mixed into the homogeneous dispersion.

Recipe 3
20 Ry 270 g
Rs 35¢

Pyrogenic silica: 4 g with BET surface area of 50 m*/g
These components are dispersed in 70 g polyvinyl butural in methanol.

The highly filled slurry prepared in this way shows a thixotropic behavior. The
25 slurries are therefore “spreadable” and that is why they are suited for processing




The .slurry which is exclusively produced with synthetically produced
spherical 8i02 particles of high purity is free of cristobalite and
I-s di stingWostesnddgia |ow 5 inpurity content of | ess th&CTERARNQ7/Q5PFAS
Figure 1 shows the result of a doctor -bdade test using the slurry

according to recipe 1. The | ayer produced thereby is continuous and
exhibits a uniformlayer thickness so that the photo just shows a

honbgeneous white area. By contrast, the photo of Figure 2 shows an

i rregul ar gRBRiqtks suERHE ueato%taheqﬁééessag lh%e@aseaeﬁe teOgRatPEieas bawdy
doctor bl ade of a rheopexic Si02 s| urr% according to the prior art. A

sinilar re8@Mm aecoyt farikeloweiest VAN, %%}@fﬁ'l‘&f"'%? prasviless onitted in
recipe 1. 2, Preparation of quartz glass using the slurry according
to the inveps iR E%Iﬁ@ﬁ)iseex%lusWeﬁp&babe&ﬁwﬁﬁ s?hthembbrécﬁfc\eﬁféphaﬂcal
surface areas on a carrier A’spreadable SI02 slurry accord g?

t he i nvent Stk pasticlesaf highduetyns fiee ofictistopalits andye dlsttegtpﬁlafemmea
nmeans o c supply mass of the slurry in a
nmeteri ng) ar@@ﬁgk&&#?&r{%&n{g%ﬁgrw?ﬁe supply mass is either

accunul ated on the surface of the carrier, or it is contained in a
reservoir memmsithewmlwsaedacmonbiad@test Ueingﬁlua Slanre acl:dem tohe

mechani cal _di styiQuti ng action he dressin

Conbinat | ofFclAg 1 TiR=Bd TR Bpratyis GRETIo0S a5 HxhBE a hifprm layer
accor di ng fhiekhBSs b6 HRN RO PhdtBGustishERS iat HorhEgdrRBUS AfhiteWie & By contrast,
facilitates outflow and propagation of the slurry on the surface of

t he carri ethe phete of Eigsse duidiows argrregdiar easadissiowionavitiglelsr as issues

h ' - 9ol ,
noroaeage o SEoda by SREHEbBHET bR SHESES, sy FREIREIS HPphs
surface, | sn.f}bmrmrmrem.cbtés abthireddowhdxh aﬂaq)}trogzémc silicdn isaemidgtet dn r@ipne ally

rotating rod, a roll, a shapi ng tool, or the like. It is essential
that the déei,m ng_t ool ced- . ). .
Rebst eck%?* Velroh IQJLQ'{QUB a8S g5 Mehchet 1 C =9 VO

2008/ 040615PCT/ EP20071059565 - 15 - fromthe surface of the carrier
at a di st aBxampler T ereddratipnwit diffidedy teileclimesarfade dtbes bawerartier be
formed. Preferably, the slurry supply mass is present on a gap forned
ng \Qlteie\r/] et %3@@%b%g§i@gslur%n§cctopcﬁn§ ﬁartrh'eelﬁventronq's uséd %e?é’ nefhg glurry

15 layer is produced by means of a dressing tool acting on a supply mass of the

slurry in a metering and distributing manner.

The supply mass is either accumulated on the surface of the carrier, or it is
‘contained in a reservoir from which it can pass to the carrier surface. Under the
mechanical distributing action of the dressing tool and in combination with the

20 thixotropic properties of the slurry according to the invention the viscosity is
reduced, which facilitates outflow and propagation of the slurry on the surface of
the carrier. This is conducive to the formation of a uniform homogeneous layer of

a predetermined thickness.

The dressing tool, which performs a relative movement with respect to the carrier

25 surface, is for instance a doctor blade tool, such as a horizontally rotating rod, a

Helga Rebsiock

Veronikastr, 15




5 dressing tool and carrier along tne carrier. The di stance bet ween
dressing tool and carrier fornms a gap on which the slurry supply mass

t.0 be di st (ydortngdadsss posi tioned and the width of which cRfigSHSNESsds0
the thickness of the slurry layer to hesorned. As a rule, a constant

| ayer thickness is desired. As a result, the gap has a width 10 that
is predeterm ned by a nmechani cal guide el enent al ong which the
carrier or the dressing tool is guided for performng its relative

ol emont . e P sbreke oh 1 confdhe i Eelb2 BorBalAT IR g FlofebeBrine,

carri ed oufayer tdbé fremeel p of a nechani cal guide el enent which, on the
one hand, coordinates the relative 15 novenent and whi ch, on the

ot her hand redet erm,nes th ap between, carrier. an [£SSi t ool
o Mot 1y oprath R, B0 sty SRR<0E biRER: 67 &' debl rofted BRI Do
carri ed oUHres8ingQDSItARE thearir divhich & mdeabig gl réiative Abvearyit beveekhi s
may e. be a guide rajl along which the_dressing tool nbves_ across

the car Bi ofesTHE toelATR errien long ecaryers ahe sjstatie hafiern dissing oAband
gui e a1 | ofificl RARESLAY R WtrShe SRR s GRIRELER BOARiLAR 4RSHAE

tool. The slurry supp mass 1s pre ontained In are Vol r
whi ch i s aandttgedidtnof Which cewsspandsdo ltheatidckineas of thel diyrrclayeriotkesd t o

t he gap. T&e sl.urry supply nass passes continuously fromthe
reservoir r'gx'eghe gap to the surface of the carrier. The reservoir is
part of the dressing tool and ensures that slurry mass is always 25
present onAsbBaulpap cacstans ldybethidkokss pagesived: As a\Nesuit, thengambae a width

g R SR 453 R bt ke o
2008/ 0406 15RGre &R B 8&d for Berformihgdts rElaBve hdReARAtL. TR GirfdaRRIf

adapted to a coating surface of 'the carrier. This is particularly
useful in €dehegsispbe 4aed paHyngdide cigmemr, the coating surface of
which is not flat, but conprises, for instance, curved or obliquely

ext endi ng ' i - i i rection.
dressing t%?@%ﬁﬁ@gg%@gﬁdgg rgé‘%\()d %‘!’g’égi‘lﬂ? z;l%g%prég icfg%gfa?ﬁﬁmctg%rh% r
and it is ofemesharinsiguids elatent baidgapn thelohe handwesrdinatas die exativen

tranSVﬁése to the di eﬁt 'bon f rtﬁl afji v m)(ieeirrent LS constant. |n.the
enbodi nthH%mEPh?ﬁlf{/W ELoPRMRCPE b pEePtP N8R G 4P RFTYEERi Ry
refl ector hgyeresSifngdodlduédiiner haitctiyons ekt vittlratherelalivd AR vERTEMt Rf
a so-called "twin tube" made of quartz gl ass. )

carried out, a constant gap width can be dpheld in an easy way. This may e.g. be

a guide rail along which the dressing tool moves across the carrier. The gap width

is directly set by the thickness of the guide rail or indirectly by a stripper connected

20 to the dressing tool.

The slurry supply mass is preferably contained in a reservoir which is arranged on
the dressing tool and fluidically connected to the gap. The slurry supply mass
passes continuously from the reservoir via the gap to the surface of the carrier.
The reservoir is part of the dressing tool and ensures that slurry mass is always

25 present on the gap across the whole gap width. With a movable dressing tool the
reservoir is also moved with the dressing tool.

Veronikastr, 15
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10 The twin tube consists of a cladding tube which is forned as an
ei ght when viewed in cross section and is made of quartz gl ass, the
tube bei ngWsLA94P/04088% by a central web into two corrpartrf’@ﬁfﬁf?—OQ?éRfJ%%
serving to accommodate a heating coil -16r t he upper side of the

cl adding tube that is oriented away fromthe main propagation
direction a reflector layer shall be formed in the form of an opaque
15 coating of Si02 for diffuse reflection. The production thereof
shal | be e&@laahlwmmgﬁ@ha@étsﬂapeEhepﬁedrtfﬁa(xma(nf\gBbﬁa&a\bﬂhéldamérsThis is
cl eaned with al nin_ 3%

hol d dr of | d.f | '
ot her - our { BRGCHRENPERLE the SPee BL I F  Oa A e H et ekng s Tags phhich
conpounds. js s fiE¥t I:b'rl%néés tr&qﬁsthﬁé@rch%dl d}tdbnaua%&fyndmgaaeageVI ce.

Sai d device 20 cdnsists of an el ongﬁ_ carrier for supporting the
twin tube, edegdingdn longitudinal diregties.s hﬁ;sh&@@lof\m drasstgdealie dest adapted
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profiled iviewadhn a divegtiérhiénsverseiiorthaiditectiondofaslatige gagveafend is oosdtant.
width of 2 mmrelative to the upper side of the twin tube. The

reservoir s, fluidigally,.connected t he and i ewed
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front thergfibctoflgRs offa é|£@dm@mre faf 8¢ IR tadifi@r ivhe forhef hikalcalied 1A
to be coated are covered with a sheet. The slurry is filled into the

reservoi r Whg Mededrfassitaglassol is drawn of f swi ftiy and uniformy
via the guide rail along the twin \Acp (berseteei "Hel ga Rebstock7t
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2008/ 040615PCT/ EP2007/ 059565 - 17 shear force that due to

t he t hi xotviewed irf Ciors peots agd tsfmac&@ofsqwtzwlamase tupezpeing subdivided by
a central web into two compartments, each serving to accommodate a heating
coil. On the upper side of the cladding tube that is oriented away from the main
propagation direction a reflector layer shall be formed in the form of an opaque

15 coating of SiO; for diffuse reflection. The production thereof shall be explained

hereinafter.

The surface of the twin tube is cleaned with alcahol and then in 3% hydrofluoric
acid for eliminating other surface impurities, particularly alkali and alkaline earth
compounds. The twin tube is then inserted into a doctor blade device. Said device
20 consists of an elongated carrier for supporting the twin tube, a guide rail and a
dressing tool with integrated slurry reservoir which is displaceable on the guide rail
along the twin tube. The dressing tool comprises a stripper with a bottom side
profiled in such a way that it maintains a drawing gap of a constant width of 2 mm
relative to the upper side of the twin tube. The reservoir is fluidically connected to
25 the drawing gap and, viewed in the direction of displacement of the dressing tool,
arranged in front thereof. Areas of the upper side of the twin tube that are not to
be coated are covered with a sheet. The slurry is filled into the reservoir and the

dressing tool is drawn off swiftly and uniformly via the guide rail along the twin
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decrease T VISCOST LY S0 thnat . tne Srurry 13 arstriouted between twin

tubé and stripper and exits in a uniformway and at a constant

t hi ckness Wdidzo‘éélozldé?s drawi ng gap is here acting on the §chrgpgod7yb5gggg

area of the draw ng gap. The viscosity4f the 5 slurry applied to and
resting on the coating surface increases again due to thixoptropy

I nmedi ately after application, so that the coating does not

del i quesce, but nmainly mint ai ns its form The cover sheets are

renmoved. ubgt ant i II C t hi ness

of "about Tt ReTEnbfuss R Areite Behobe ehavRRedeal B Subtede E
twin tube, dédtBasiSm \ﬂécdsh? sd edtahe Bluages dritivteed Petd@enbintiiBe and
thixotropic slurry according to the invention permts a uniform

coating of Stﬂﬁée"s@ﬂq axits 'Wat’-Fﬂ'@FerW%y ﬂ"lﬂ/%tra CQWﬁéﬁ"&iBK}'C@Pﬁ»ﬁ?rQlﬁ@f ther drawing
dryin and t

es%/hetgi cal %%gl%ugé gﬁgﬁé&&ﬂﬁgﬁ@ﬁ%ﬁ:&gﬂg&@ﬂ@?}?hI cknessﬁ%?p@ 8
mm Due5t oslutrg appligd tamnct rgestnh@oh #}eecoailngcswfaf:e dursases dgan dlie tavi ol et
wavel engt h,, r an e bel ow aque ector. 15 | ayer,i.s al so
ol e P or tri0RHSoy EnBeaplcly ke dificaRal $haihe hRlind doppsl daifudscy
reflectiviby MainyBaiRRAGR!IRs fRi, TREQOVvEBSHRtS R Herrrmd bR sawbﬁmﬂ@d in
nore detail with reference to the reflection curve o ure

5 shows t hecrnistantdayer dhicknassaf dre gurry layeapf el Tram @dh@e%ps laﬁblﬁ‘ta'

according to Exanple 1 in the formof an opaque | ayer of opaque Si02

layer in th ﬁ M@vc%bgsaggﬁarc@r&wfwl@%enmé &@Qﬂﬂg@&to?'&%déeﬁ\% of

reflection on the reflectivity o pectral on
pl ot t edDonandhef hedkixetromid stuny agsordimhigt the iavshtion peopits aviniigrm aolatmg afn

in nmon the x-axi .Therfle ivity is.detgermne S
Ubrrent DRSS R Sk Blne Tenthl i feRURY N Ehe the 20
of an opacfeembgoresf a1 ogmqyﬁo%g&@&wﬁdle@thémmw@@@éamfg &hahuem W th
the sinteri Nng process el ng carri ed out in a sinteri n%btlb'lur nace at

1280C ( 3h)EflRctyr fayenwith arthisknessdsf Q%@?ref%%io thbigh rositoipgdarerialiper of
undoped 8 ISwOssy r ' of
around 95]}%%@‘?%%&2\5}3 ene?ﬁ)ar ang QM g% aboutﬁﬁogﬁﬁpﬁ%gﬁﬁw{%&&
6%er seflld_ laglig@lsblsuted doﬂlm@tel&&t%&mpﬁS@?emmbmwtha 1000°C.

2008/ 040615PCT/ EP2007/ 059565 - 18 - 2100 nm The degree of reflection

S A e, 8BS T 10 el

I nst ance iwith leferdvcdits thef ieflectiom aged of Fig. 5.

Figure 5 shows the reflection behavior of the diffuse reflector produced according
to Example 1 in the form of an opaque layer of opague SiO, layer in the

20 wavelength range of 250 nm to 3000 nm. The degree of reflection "R" in % based
on the reflectivity of “Spectralon” is plotted on the y-axis and the wavelength A of
the operating radiation in nm on the x-axis. The reflectivity is determined by
means of an Ulbricht sphere.

The curve shows the reflection progress in the case of an opaque layer of cpaque
25 SiO, with a thickness of 0.8 mm, with the sintering process being carried outin a

sintering furnace at 1280°C (3h) in air. As can be seen therefrom, the SiO,

opaque layer of undoped SiO; shows an approximately uniform degree of

reflection R of around 85% in the wavelength range between about 300 nm a
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Exanpl € 2. production ol & quartz grass prate b A honogeneous slurry
is prepared with the help of recipe 3. The slurry is used for

produci ng quasrbashdosgs ass plate in a doctor blade processcifersbiidsdsss
| ayer with a thickness of 5 nmis here qwoduced on a carrier. This is
only possible on account of the thixotropic flow behavior of the
slurry. After drying of the layer, which on account of the high
solids content and the 10 al coholic base of the dispersion liquidis

carried ou Sl e .l S, Si_nkered. endi, ng, .Qn
it ering tinbithiTnp defer Bt felerin et A Sr S BB peer HEBERE A o
%pgque Eugh@h rgflection if::s tfltdavah/ggdgf;e pbgmilgﬂzat?esl\jé? oﬁ@omgoge?afoaéed' inHRisga
ebst oc ,. eronthaslr r chen r

, <l 1- - - 2caBY.487 instange in {ip EJM@'%’PE"@Q"AFW" 1. A Si02 slurry for the
productlon of quartz glass, said 8102 slurry conprising: a dispersion

[ C]UI d anderampRBysofididnAaidueiriesa¥stglatearticl e sizes up to a
maxi mum of 500 um wherein a ngj orlty (ﬁ the volune of the Si 02

slurry i.s osed o0 artlc cl.es i

ange o 1A RGeBE0 SIS Biaparer N 54 DeIP 6L AR pid Sl i FSast o
I ess than 3fRRub é?fz&ﬁ@é’g late hhﬁd&t&%lédﬂé‘ fotekd AskAYS adhl PN 0N
t he range of iRy Ii2’1\9/0 S to F:JLS% by wt. (of aE ere1t| ressg? %rg(content
of the Si omr@maw 95 nwnés Bere prAdUGdHeN paerries| By kaonly aoasiPlei arparoount
di stributi f st maxi num of the size

di stributi gﬂth?rt\hl?ﬁtéédrngk‘l&g%oﬁﬁilo%{i{ﬂeasénjr and a second maxi mumin the
range of 5 gmto 50 um and wherein the solids content ( as a

per cent ageAlier dmingtef thud layhe V\Bﬁ@?orpaccdmt eftherigh belidsi @mtertreoddhei cl es

0/
toget h%) algohcﬂl t haesero‘fflnrgeedf%per83?’on qud isocamed out within a few hours, the layer is
sintered. Depending on sintering temperature and duration, a thin plate of

transparent or opaque quartz glass is obtained.




2. The slurry according to claim1, wherein the slurry contains
between 0.5% by wt. and 5% by wt. of Si02 nanoparticles (of the
entire total solids content). 3. The slurry according to claiml1,
wherein the Si 02 nanoparticles have particle sizes of |less than 50
nm 4. The slurry according to cl ai mi2- wherein at |east 80% by wt.
of the Si02 particles are spherical. 5. The slurry according to
claim4, wherein the slurry contains finely divided, splintery Si02
granul es. i T‘gf Q{d?'”y according to claim1l, wherein the Si02
parti cl esThA¥E GEATYPI ¢l e size distribution distinguished by a D50
value of less than 50 um 7. The slurry according to claiml1,

wherein the solids content is at |least 85%by w. 8. The slurry .
accor di ng''t o oh i }TY&%@P&WMW@ ok Bafsy 0 50 iy omesg ) dspersion
nanopar t i §dueSand @aBiphbuseSO Ltk ticds [withGartisRizBEl © aShddnum of 20 ym, wherelhe
slurry accardi ng.to .cl ai . erein the Si content .of the . |
2ror phous e opa Prneld iy RS koo pOuRte il pbclE e p e
accor di ngratge &l lajum td 60 whe raed 1$i@,henglatitcley withniaiclesizas 6D Epohan0fim are
conmponent s_conpr.i Sd. ni trogen rbon.or _a c p.cal ¢ d

contai i R R GseOar PRl a8 e S ot O EkBome fpLer
ar e i ncorquoreastladt comieng of theSiGu alptry), ghass thetSiQyqhuicles have & haltfodahdsiribution
nitrides ar b : ' 0 ' '
the. si ur rd) PASERESAn o Semd B bHAE o SEREELEM i Ty IR Bl
nanopar t i ¢taad ngkinupen ghetringe of pemlito Sbihdwd whereia tite solidsZontdy € assd pergetage
accor di ng,t Qi g Bk e Sio AR Andifhe |S83STanHRAMRY 10fbtherPls ih AR naldd2r 83 %
particles ytar‘:"elgl-lspheri caz}l\é.él C13. nTLg s??zura}u?}gagcor%? rﬁ;r?tso1 I(E:}I%arl ,%915 % to
wherein t¥&-slurry contains finely divided, splintery Si02 granul es.
14. The slurry according to claim1, wherein the Si02 particles have
a particle size distribution distinguished by a D50 val ue of |ess

t han 40 p?m The slurry according to claim 1, wherein the slurry contains between 0.5% by wt. and 5%

by wt. of 810, nanoparticles (of the entire total solids content).

3. The slurry according to claim 1, wherein the SiQ, nanoparticles have particle sizes of less
than 50 nm.

4. The slurry according to claim 1, wherein at least 80% by wt. of the SiO, particles are
spherical.

5. The slurry according to claim 4, wherein the slurry contains finely divided, splintery SiO,
granules.

6. The slurry according to claim 1, wherein the SiO, particles have a particle size

distribution distinguished by a Dsq value of less than 50 pm.

7. The slurry according to claim 1, wherein the solids content is at least 85% by wt.

8. The slurry according to claim 1, wherein the SiO, particles and the SiO; nanoparticles

consist essentially of synthetic SiO,,



15. The slurry according to claim1, wherein the dispersion liquid is
made up on the basis of an organic solvent on an al coholic basis.

-20 -
9. The slurry according to claim I, wherein the SiO; content of the amorphous SiO,
particles is at least 99.9% by wt.
10. The slurry according to claim 1, wherein the slurry contains a component or components

comprising nitrogen, carbon or a chemical compound containing nitrogen and/or carbon and said
component or components are incorporated into the quartz glass structure in the form of nitrides

or carbides.

11. The slurry according to claim 1, wherein the slurry contains between 1% by wt. and 3%

by wt., of SiO; nanoparticles of the entire total solids content.

12. The slurry according to claim 1, wherein at least 90% by wt. of the SiQ, particles are

spherical.

13. The slurry according to claim 12, wherein the slurry contains finely divided, splintery
8i0, granules.

14. The slurry according to claim 1, wherein the SiO, particles have a particle size

distribution distinguished by a Dsy value of less than 40 pm.

15. The slurry according to claim 1, wherein the dispersion liquid is made up on the basis of

an organic solvent on an alcoholic basis.



