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t he produc quartz glass, with the slurry containing a di Spersion

| i quid and anorphous Si 02 particles with particle 5 sizes up to a maxi num
of 500 pm wherein the |argest volune fraction is conposed of Si02 particles
wth particles sizes in the range of 1 pmto 60 pm as well as Si02
nanoparticles with particle sizes of Iess than 100 nmin the range of 0.2%
by wt. to 15% by w. (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 (carrier), or in
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consisting in part or entirely of opaque quartz glass have been used in
appl i cat Monsowst, el predent Bilvketdroraiatesrto gespromliuze of the slurry.

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 deposition

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 quartz glass plates are also known.
However, the lateral dimensions of the plate are limited by the diameter of the
20 crucible. This may iead to corrugations of the withdrawn quartz glass plate, and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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diffuse reflection. These reflectors are distinguished by an adequately high
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reflector by nmeans of a slurry method.”In this process a highly filled,
castabl e, aqueous slurry is prepared that contains anorphous Si02 partlcl es
and is applied in the formof a slurry layer to a base body of quartz

gl ass. The anorphous Si 02 particles are produced by wet mlling Si02
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according to the t mentioned 25 at the outset is here started from the

di spersi oﬂc%ﬁﬂlﬁgﬁphﬁ‘ﬂ giegtast atmmBastien.o2 particles with a D50 val ue
between 1 pm and 200 pm and smal | er anorphous Si 02 nanoparticles with a
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PeT Epzooggy?nSg;gsSI?r?nkage can be reduced by using rather coarse SiO; particles. Together
15 with a high solids content, SiO; particles in the order of 1 pm and 50 um show
advantageous sintering properties and a comparatively low drying shrinkage.
Therefore, the known 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 siurry 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 Dsg value between 1 yum and 200 ym and smaller amorphous SiO;

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




-3'Si02 particles form ng the remai nder up to 100% The filling degree of
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by wt. and its viscosity is between 1 -

preferably betmeen 1 - 100 nPas. 5 Howdver, it has been found that the flow
behavi or of the known slurry is not optlnal for some coating techniques.
Wth a highly filled slurry according to DE 10 2004 051 846 Al, for
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Since the slurry technique as such would permit an inexpensive production of
exact layers and whole quartz glass components, it would be desirable to

15 eliminate said drawbacks.

It is 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 pm to 3 ym and a second maximum in the range of 5 ym 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%




JGa~~ aU~e' ~C WD 2008/ 040615 PCT/ EP2007/ 059565 -4 Typically, the
above-nentioned highly filled and highly viscous slurry shows a

“di | at ant - MRHPERIESBehavi or. This means that upon mechanifédIERZEPT/RPSPsUCh as
stirring, shaking, filling, dispersion-éoating, stripping, spreading by
doctor blade) the slurry exhibits increased viscosity (dilatancy) or that
after nmechanical inpact 5 the viscosity is increased for a short period of
time (rheopexy). These closely related flow properties of the slurry shall
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phot o of ﬁiéyfolgé ows the result of a doctor blade test using a slurry as
described I n 10° 2004 051 846 Al. It has been found that the flow behavi or
of such a slurry will change due to the addition of a small anpbunt of Si02
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closelyrelate fl ow erties of the slurry intly terned as
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be F~ 1 - pordhditer r]f:%?thé tefth “spreading by doctor blade’, as it solidifies under the
action of the distributing force, thereby counteracting a uniform distribution. In the
15 inactive condition it can become liquid 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 A1.

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 stress.

These closely related flow properties of the slurry shall be jointly termed as
“thixotropy” or “thixotropic” in the following.
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of a force wth a distributing effect. 5 The flow behavior of the slurry is
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dependence upon the content of Si02 nanoparticles and the particle size
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I nteracti ons between the anorphous Si02 particles. The rather thixotropic
behavi or tife pdrtickel size ;zllstrdnﬁmncbfrtbetammrbboun&@ﬁ particies. dhés shalbber ni shi ng

i nter actlons pbetween th S| Q2 rtlcl es upon occurrence of shear forces.
After oni @é?ﬁwegf'”trﬂ%res 9 ef%'f’% ; in the passive state of the slurry
mass, these interactions will augnent agai n, leading to the fornmation of
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nanoparticles, the high solids content effects a high viscosity of the slurry,

thereby contributing to a uniform and low shrinkage of the slurry layer, so
that cracks caused by drying and sintering are reduced. Very high solids
15 contents of more than 90% reduce the further processing possibilities of the

slurry even if it is mixed with SiO; nanoparticies.

* The addition of SiO; nanoparticles creates interactions between the
amorphous SiO; particles. The rather thixotropic behavior of the slurry
according to the invention is due to diminishing interactions between the

20 SiO; particles upon occurrence of shear forces. After omission of the shear
forces, in the passive state of the slurry mass, these interactions will
augment again, leading to the formation of physical or chemical bonds
between the amorphous SiO; particles of the slurry mass among one

another, which stabilize the inactive slurry mass.

25 e 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
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during drying and sintering and thus the risk of crack formation i1s
reduced. For instance, particle distributions with D50 values of 2, 5, 15,
30 and 40 pm can be used alone or in conbination. 5 The Si 02 nanoparticles
can e.g. be produced by oxidation or hydrolysis of silicon- containing
starting conpounds (also called "pyrogenic silica" in the follow ng) or by
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deconpose into Si02 nanoparticles due to the shear forces acting thereon.
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up to 100 nm Such nangpartijcles have a BET )
granulate grains will again decompose into SiO, nanoparticles due to the shear

forces acting thereon.

15 The slurry can be easily adapted to the corresponding processing techniques by
adapting the solids contents, the multimodal particle size distribution and the
amount of SiO2 nanoparticies within the ranges indicated in claim 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
S10; 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 m?/g, preferably between 55 m?/g and 200 m%/g.




IR —

specific surface area of 40-800 n/g, preferably between 55 n2/g and 200
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said particles in the slurry the nanoparticles do not have any significant
| npact on the flow behavior of the slurry, whereas contents of nore than
15% by wt. lead to intensified shrinkage of the slurry during drying, which
m ght aggravate a defect-free drying and sintering. Wth 5 thin slurry

layers a At ghehtdit f84s Bhng. 9% Wﬂ?ﬂﬁrstaiiﬂvﬁﬁicfé%ﬂnt?ﬁe'éﬁﬁﬁbtlﬁécaus_e t hi nner
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Smal | Si 02 nanopar | s seal and ¢onsol i date the out’er” surface of the green
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granul es. Due to the addition of finely divided, splintery Si02 granules,
whi ch canghgyil Sio, nanoparticles seal and consolidate the outer surface of the green body

and thereby increase the green strength of the dried slurry as well as the sintering

activity.

It has turned out to be particularly advantageous when at least 80% 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; particles 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

e




25 produced by mlling, the nmechanical strength of the green body is even
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The dispersion liquid may be made up of an aqueous base. The polar nature of

the aqueous phase of such a slurry may have an effect on the interaction of the
15 SiO; particles. For the slurry according to the invention, however, a dispersion

liquid is preferred that is based on an organic solvent, preferably on an ailcoholic

basis.

It has been found that a dispersion liquid of such a type makes it easy to keep a
thixotropic flow behavior. Moreover, the drying process is much faster than in the
20 case of an aqueous slurry phase. This saves time and leads to 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 SiO; nanopatticles together) is preferably at least 85% by wt.

Preferably, the SiO, particles and the SiO, nanoparticles consist of syntheti
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25'to formcracks, when the solids content (percentage by weight of the Si02

~particl esw@%gb?&‘e@ 02 nanoparticles together) is preferlan-gb-heags 85%
Iy

by wt. Prefera , the Si®2 particles agd the Si 02 nanoparticles consist of
synthe Uberse4,, o0 a. Helga Rebstock “Veronikastr. 15 P 81827 Munchen n
"9 m WD 2008/ 040615 PCT/ EP2007/ 059565 -9 Synthetic Si02 is distinguished by
hi gh purity. The slurry is therefore suited for form ng opaque quartz gl ass

of high purity. The quartz glass has an inpurit content of less than 1 wt.
ppm wher Sypthetic &0 ihdistinguiaiied by highputly. Thegairnpisttberefe® suiteghfori s t hus

suited as;a diffuse optical , broadband r.ef tor. for_use over.

pglrt I cul aqug“R'}ﬁ 855%\3@’%%9!‘?%%‘?%3@% EBP& hﬁgsc&%tzrqﬁ%%ﬁa% ﬁﬁ '@i%('.‘)@tycont ent of

t he anor phemtenbbPlesB A 8 VRS ppn, WHeRélY ARIb¥oRls h@ahlicth 7% DY rahge Tpgosol i ds
content of the sl urr%/r(produced by using such particles consists of at |east

99. 9% by B0 nor asH 02 thuspatritedrasoadiffuseaentical brpasibandpafiegtor Biriseravasm ot her
10 addi:tiyves. are, nor,nal | ot,,. needed and are ideally not contained. The
conten opgﬁ%[aéllyV&'Q‘F%a\?/erlr%aﬂthtrg'&e'i s preferably less than 1 w. ppm The
cristobalite content in the dried Si02 slurry should be not nore than 0.1 %

by w. aFottre saraé regsenit® SO somésieof the RintdrongueBiDhpagiclegig | ayer may
cause crystallization, which may lead to waste. 15 To enhance the etching

r esi st ancpreferaheatieast 99.9/ab¥ Wiade fromthe slurry it has turned out to be
useful when the slurry contains nitrogen, carbon or a chem cal conpound of

the. 1 or m ores0y s faRterf el ARrY Prifed B Ashd Ry Bords B8R O or “ror e

conpounds|ezist 981994 byWOBESIG, @part fZémaddadditiont dfedoplamt). Bindérs ror ddiseror
carbides effect a reinforcenent of the quartz glass structure and lead to
i npr ov8d pdditivesateneenalchetiieedsgi anthate ideally neierntaineds The septerd of

st azanes o 3 62 AREicY 1€ PEferby IHd thaf Rk Yprsth st 1 buted in the slurry,

The cristobalite 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

crystallization, which may lead to waste.

15 To enhance the etching resistance of the quanz 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 to 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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from whi ch a honbgeneous dopi ng of the quartz glass of the glass nass wll

result i3 RRaBRsk1525 As for the use, the above-nmenti oneghrdH-861045865
achi eved accorgi ng to the invention imnghat the Si02 slurry according to

the invention is used for producing a ditfusely reflecting reflector of
quartz glass. to Ubers Hel ga Rebstock Veronikastr. 15 81827 Miunchen 6 WO
2008/ 040615 PCT/ EP2007/ 059565 -10 A diffusely reflecting reflector mde

fromthe slurry according to the invention is distinguished by a .
parti cul afidiffusely refiaptiss reflecter mastei fipmdbe slinweerordingdrdhginventigde. This

par 1 cul apeyneBSpRE By siaREBLY hbe gL AR oVl B o ey Bl
reflecti nearigefl Mo igrassainfdicedaid das tethd higepRiids ktbntesit lof teosiuegrarenent  whi ch
is used in conbination with an oBtlcaI radi ator, a heating elenent or for

t her mal sPRBICHIal, todhe additioarafediPenangpradiciisd as an opaque Si02 |ayer on a
carrier conponent. The reflector can e.g. be present in the formof a tube,

bul b, , | ' ' nt, a
iate, 3 RRERAGSE, fefidtfhy reffectbr & Meseni R Itipelipft IerBeQrcBmpRIE |
di f f usel ywhed igatsiedgn cefibdedtion with asexptizal eadiatbl, echeating algarendforforart z gl ass

on a carrier of quartz glass. After drying and sinterjng of the slurry the
ref I ect or thesyay S'F”@H:Y%@ qritherefretar igfegned %lsr?é’ PP Piep 1BHEHOR FrGATELT Sur f ace

or a pa”f;érglﬁb@gﬁt. .T-FlléereggﬁtroirE?n%fq.%@érte%?aﬂt firthe f&ﬁnﬁf%ﬁ%ﬁ%? b@bl ¥ perforns

mechani ca em cal "basic Tunction overa onent, e.qg.
nmechani catosipaengit, bélhseniishetl adpHerica! anellipdsidalcsBgmenti atpdateea heslti | e the
reflector |ayer considerably defines the optical properties. Typical |ayer
t hi ckﬂ@ssé@'eﬁ@fﬂfﬂ\e{”ﬁ% range of 0.2 nmto 3 nm The reflector Iayer and the
carrier are here made of the sanme material or at least 20 of simlar

rrier are h e o
The rof| ol S BTN REhaRE B di e e AR e e O FEanefenee”  ©

t he over kyer obgpaneglassAm akhatenaf quartamteszqual |y preferred use of the
slurry is characterized in that the

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 overali
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 the slurry is characterized in that the
diffusely reflecting reflector is formed as a carrier-less, preferably band- or plate-

25 shaped quartz glass component.

The use of a highly concentrated slurry according to the invention will prevent the

formation of cracks caused by shrinkage. To be more specific, plate- or bal
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diffusely reflecting reflector is fornmed as a carrier-less, preferably band-

~or plat e-v\%ﬁqu%ﬁlgg squartz gl ass conponent. The use of a@ﬂﬂzﬁ?ﬁ%ﬁ;rat ed

slurry accor o the invention will prevent the formation of cra

caused by shrinkage. To be nore specific, plate- or ~~~\/a\9/~e
Ube~rrse~~\~]P~ D L~ d. Helga Rebstock 23 veror,*astr.|5 ,p 3,827 Minchen
53 ~d ~ma fI 5 WD 2008/040615 PCT/ EP20071059565 -11 shaped quartz gl ass
bodi es are obtai ned that are distinguished by a honbgeneous quartz gl ass

| ayer of ahapesiauvaizpless hosiesassehtaineddhahaie distingfishgkby®e t r anspar ent ,

i ates arn8hobRaeGdt 3BT MRty U b SMRERS GRS e LR RV 1260 and
1350C. Thepgqws er frahsparehtrdepepdirgesh tfe brrdspriding ﬁnﬁté?ﬁfd teghperafureanar

conponents. At higher sintering tenperatures or with long sintering periods
t r ansl| ucedu@tion. Gpaqueriaiep are peeferably ohtained at siotertig: termmeaigtuses peci fi c

refl ectio ehav; hE flecti refl ectof.it h .urned out
o be. RdvaRpaady [0qReahd Taphicy Piese A pFfiboay sblrf s Hitlesy Adiestiy™
dopant s tfb’#’le_cﬁﬂrt%fn%(ﬂwém&'Nﬁigﬁ&sﬂh@rﬂngﬁeme%ﬁfégo%ﬂﬁ%ﬂ sihtegirgf travi ol et
visible or infrared spectral range. The slurry is preferably used for
produci ngpariedd fraggllgencd peevemtjansareoceis adhieved.fuse reflection in the W
wavel engt h range bel ow 240 nm A high reflection in the UV wavel ength range

.g. of ; 09 :
opaci ty andl orefe gresfiBuseion BeNEE) SRR AL RNRaJEUSGEPKRBRIT
t hrough t ignegeuefo by adhahtagably whepcuisRery iSiuddd thdtedahtaias toneUbrafbe a | ow
degree of inmpurity with lithium oxide should be noted. The content of

|i t hi dfh i dopamtsihatogengrateppmticababseipdipnyn guarta giassHadhegltigviolelpisible®@rThe
I nventi Onin?%%é sBSX‘(rQ%ﬁé&.‘ ained in nore detail with reference to

The slurry is preferably used for producing a diffusely reflecting reflector for diffuse
reflection in the UV wavelength range below 240 nm.

A high reflection in the UV wavelength range (e.g. of more than 90%) down to
15 wavelengths around 180 nm presupposes opacity and ultrahigh purity of the
quartz glass. Purity 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 result of a doctor blade test

25 using a slurry according to the prior art;
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enbodi nents and a drawing, in which: Figure 1 shows a photograph
illustrating the result of a doctor blade test using a slurry according to
“the i nvenNO#P08KHf1Ee 2 shows a phot ograph whi ch iIIustrﬁ(géEF{zﬁ%”?@@@ﬁt of a
doctor blade test 25 using a slurry actording to the prior art; Cbersetre ,
e O. Helga Rebstock veronikastr. 15 61877 Munchen a' a ~m ~J' %ell0 s
auQ@ a WO 2008/ 040615 PCT/ EP2007/ 059565 -12 Figure 3 shows a diagram of the
Si 02 particle size distribution of a raw material conponent for use in a
slurry acppfife® $owd8 didyram bPhe(HI0. PartiSletsiR diddmbiutibAdf &f rad Mdterial
nanoparticles); and Figure 4 shows a mcrograph of the Si02 particle size

di stribution of téempanentorusein alsiwonposwdingdd the dnvedtion (pPpetsathgt i on of a

Si 02 slurry Figure, 3, .shows.. article size distribution of a raw materi al
conponent. This i@d‘iuo %’ﬁbﬁﬁpo%ﬂ%gﬁéi'@ i ze distribution with a

relatively narrow maxi num of the size 10 distribution at about 30 pm (D50
val ue) anfigures asﬁ@ﬁ@@dﬁrc)[f%gmpsh Bithe BidpartiarRosiz@ bstmsLitdrosh théhb® r aw

mat eri al conponent with a D50 value at 30 pmshall be called R30

herei n&fter. Fi gumateriajigompanest phfid &l e size distribution as a SEM

m crograph. It can be seen that the individual Si02 particles are nade
round and spherical. 15 For the preparation of the slurry other raw materi al
conponents are used that have a D50 value at 5 pm 15 pmand 40 pm and the
particle $iPreplrafion BAISIOS sRirry Whi ch are otherwise simlar to the ones
shown in Figs. 3 and 4. Depending on their D50 value, these raw materi al
conponent s_are desi gnated as 5, and as R40, respectively. Each of the

raw nat er Fig Ur@cﬁrﬁb‘h\@!ﬁﬁ§9d?i@efﬁli?$e’s@i§élb@éﬂﬁéd3f iaray matera) cenpenenkhi Ti% 1SR ocess
at a tenpgf ib8al &:\r{i&'@ sﬁfé@ﬁtrl%%i\’ﬂﬁ%thﬁsg Qé;raﬁ\'?gy 1202 maximum of the size

10 distribution at about 30 um (D5 value) and with a secondary maximum in the

range around 2 um. This raw material component with a Ds value at 30 pm shall

be called Raq hereinafter.

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

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

15 For the preparation of the slurry other raw material components are used that
have a Dsp value at 5 ym, 15 um and 40 ym, and the particle size distributions of
which are otherwise similar to the ones shown in Figs. 3 and 4. Depending on their
Dsp 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 800°C to 900°C and partly

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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Nbreover Si 02 nanoparticles with diameters of around 40 nmare used in the
formof "pyrogenic silica", or in the formof a Si02 sol. The g ogeni c
-silicais 8/0M6dEent as a partly solidified ' tenporar@CT§W@Q AgR at e
that is pre-treated by sintering at a 1w tenperature in the range of 600C
to 900C and partly 25 consolidated in this process. For setting a high
purity the pre-treatnent is carried out in a chlorine-containing

at mosphere. On account of the small primary particle Uberse4 Hel ga Rebstock
Ver oni kasjped f 1 GAuIAES BRScaBalatNO,2BRACRISARIEUHFEAA0CHRAARAS - 13
sizes of the granulates the conparatively |ow tenperaturé during hot

chl ori nat :smufﬂmsnhmun@ temeogamizatian thfdhﬁ@eﬁpzasnpoﬁhafgramdaWQmm on the
granul ate,grains__deco ain i Si 02 n rt| eto shear
Por ces actreinBics AGAN Mens CorBRanreePs a8 te st e BrEs aid & facer i
5 Recipe 1 R30 500 g R15 200 g R5 200 ¢ Pyrogenlc 5|I|ca. 135 g wth BET
surface aTﬁéf@lfovﬁﬁgfﬂ@élFes havd h@nsdiolit eoBeQIeRils are di spersed in pure

et hanol, yielding a ids content of 85%by w. Recipe 2 1315 395 g R5 54
g 15 Standard Sj 02 sol with tetraet hyl orthosilane (TEOCS) as the Si02
degassPngRea@ectial in an anount yielding a Si02 weight of 6 g. The said

sol i ds co&gonents aggbgispersed in 111 g pure ethanol, and Si 02 sol is

m xed into°t he honogen&ous di spersion. Recipe 3 20 R15 270 ¢
R15 2009
Rs 200 g

Pyrogenic silica: 135 g with BET surface area of 50 mzlg.

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

85% by wt.

Recipe 2

R15 395 g
R5 54 g

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

material in an amount yielding a SiO2 weight of 6 g.

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

mixed into the homogeneous dispersion.

Recipe 3
20 Rys 270 ¢
Rs 35 g

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




R5 35 g Pyrogenic silica: 4 g with BET surface area of 50 n2/g These

‘ conponent\ﬁlc?{o%s/gju%qgrsed in 70 g polyvinyl butural in m%'&%@zooﬁ%%@ ghly
filled slurry prepared in this way shqvx*s4_a t hi xotropi ¢ behavi or. e 25
slurries are therefore "spreadable” and that is why they are suited for
processing e bersetrer/UwL-" G Rebslc) Helga erooikastr. 15 - Mincheo
1 1827 al10 s aua . WO 2008/ 040615 PCT/ EP2007/ 059565 -14 techni ques such
as doctor blade processes. In each recipe the grain sizes below 60 pm
account figchnigeegsashas: dacioublede paecessesoln earh mcirithesgrarhsaizes below whi ch

I's exclusiyel Lo | nt heticall I C erical Si02

particl esé(gﬁr%?g o%ﬂﬁ?ﬁ@;‘g: érg?ﬁ%ébf}@%? ﬁg‘f’%‘f{g?fﬁ‘g %%Haﬁg di stingui shed by a
low 5 inmpurity content of less than 1 wt. ppm Figure 1 shows the result of
a doct or Thadtrtyewhichds egclubeld prodvced edthdiynthdtieally eradueedl. sphiaeichhy er
produced thereby is continuous and exhjbits a uniformlayer thickness so

that the Pl RAIGes of el puritydsrigerd stistahalitesang &d'sﬁw@%m¢ B¥@ lowt he phot o

of FigHre. i | stribution with clots, as issues 10
from sgr eagﬁ?%gﬁg@n%&oﬁe%gﬂh%é 1g@é§pﬁt‘eopexi c Si02 slurry according to the
prior art. Asimlar result is obtained when the pyrogenic silicais

om tted iRiguweitshdws the reRudpdradocior bibdedesttusing tessluay mgeoidingtair ry
according to the_invention Exanple 1. preparation of diffusely reflecting
surface afesiRe bnlhe el pspdycesitherryys £ostingous apd $XBBHS _iMPTTblayRE

I nvent i ong: i | bAr I i E of a
dr essi ng EH(l)%ﬁnléggg P&é’ggﬁ‘% SCE[QEL@ sllnj‘?(a)g\psé ao?’ é?ﬁggﬁé?llﬁw&ltg$§§‘%?épﬁﬁ§§§nd

di stri but ihegphgto tE FigUfee2 SHBRL YanReguisd neadd@istrdctisnwit sotsoastisguesur f ace of
the carrier, or it is contained in a reservoir fromwhich it can pass to

t he caPriBemsspreadieg hyndestor blade of a rheopexic Si0; slurry according to the prior
art. A similar result is obtained when the pyrogenic silica is omitted in recipe 1.

2. Preparation of gquartz glass using the slurry according to the invention

Example 1: preparation of diffusely reflecting surface areas on a carrier

A spreadable SiO; slurry according to the invention is used, wherein the slurry
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

o
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mechani cal distributing action of the dressing tool and in conbination with
the 20 thi xotro&ic properties of the slurry according to the invention

t he
“vi scosi t yM&2008Q40R/J&d, which facilitates outflow and propad&h28R/19%8he
slurry on the surface of the carrier.” Whis is conducive to the formation of

a uni f orm honogeneous | ayer of a predeterm ned thickness. The dressing
tool, which perforns a relative novenent with respect to the carrier 25
surface, is for instance a doctor blade tool, such as a horizontally

rotating freh the surfide ofahée kapiditttzodibtanee doniatirewith the thickaresidfahet hat the
dressing tool is spaced ,,9p berse D a. Hel ga Rebstcck Veronikastr 15
81827 Munt@yento-beifpropaghf ~o~5 WO 2008/ 040615 PCT/ EP2007/ 059565 -15 fromthe
surface of the carrier at a distance correlating with the thickness of the

et 0PRSS b it 0B s el on o oo

formed be e carr I's novabl e by
rel ative dmssimniocbahavtieancarridresichds traniabinbly eslativemorbmemt beéveamri er. The

di stance between dressing tool and carrier forns a %&E on which the slurry
suppl y 2radEsehGioolpae pamﬁr@dpragstfﬁo%arﬂ%ﬂﬁ@ diginceretwean fregsing ey and
corresponds,. i . of r Ftal : ule, a
const ant ?%vﬁg?fcﬁﬂfscéﬁg?éﬂf ‘E’ﬁk‘f@s‘f‘%gﬁﬂéﬁ éﬁ, ¥(|ra]% tt,0 %}Qgg%ﬁéd;?%oﬁmd 10

that is pasdé¢tendthed whiclacomesiporidsato theithiekedsnsintheadlumg layier edibehe carri er
or the dressing tool is guided for performng its relative novenent. The
carrier if®ed. “can here also be used as the gui de el ement. The rel ative
novenment of dressing tool and carrier is here carried out with the help of

a mechani gal | 16 ; ; ' el ative
5 movemeas e o ey B R D R Ao ool e AR as R
carri d0 atithtds peesietgrniinet! b¢fiar mechgnical guide rederhent aldag avhiels tha caieeor t he

| ati toi
retattve t evgrré%gingl tgol is guided for performing its relative movement. The carrier itself

can here also be used as the guide element.

The refative movement of dressing tool and carrier is here carried out with the help

of a mechanical guide element which, on the one hand, coordinates the relative
15 movement and which, on the other hand, predetermines the gap between carrier

and dressing tool directly or indirectly. As a result, when the relative movement is

carried out, a constant gap width can be upheld 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.

“+e Ubers
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cafried out, a constant gap width can be upheld in an easy way. This may

_e.g. be Cg}bio%ﬂfd&q' | ‘al ong which the dressing tool noves$ 3488448855
@ gt h ge rail

carrier. The gap w is directly set;dy the thickness of the gu

or indirectly by a stripper connected 0 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 nass
passes continuously fromthe reservoir via the gap to the surface of the
carrier. ATRguledbe gaprhassa phape aflapied taraeeeating swhaceeithemaniers Thigis sl urry

movabl o QPaERRE SRR Thine Patel B A7 BIHRE ohrif AH8 cpRB sl bR ot Which 51
~~~\a%t e idheitdat, butkdehiris8ebir asdtanes, Wurkas bf obliquelBdRéndMygaiees 9 ~ ~a WO
2008/ 040615 PCT/ EP2007/ 059565 -16 As a rule, the gap has g shgggagdapt ed to

a coat i ngeXtendingdn dengitugingl direstion. THhesshape phihe drgFsing oals case

corpr i Sesto g ourftergtre e SR Bl BERRHSl e lsER B For i g i n
| ongi t udi Falvediih ecditétlion thhsyBaRetothetdi@ clb s 95 FdlativOmovemditrie candringd 5 to
the surface profile of the carrier and it is thereby ensured that the gap

width, viewed in a direction transverse to the direction of relative
novenent , IN hecsnbedinent the, siuiy aseeslingdaresipe 298 WSEY falcROYcing @ o reci pe 2

radiator ToTeEiE Wi L EIMERar AR AR h P B Pl 1o
The tw n tupee ntisosgsaref glass! addi ng tube which is formed as an ei ght when

viewed in cross section and is made of quartz gl ass, the tube being
subdi vi ded ng,a central web into two conpartnments, each serving to

accomtBdaf Be PEfPNStsts P a cdding tyhsarhish defsmedas an&@tyeiube that is
be.  or mec L ReRR ot e bnsbis3A%E bt Qlaft: GERS: R BybEaGhabal@eany ™!
refl ecti oa.cemtral webdwtottivercdnsarenénghabkth Benengptaadssnmodate 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 alcohol 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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hereinafter. The surface of the twin tube is cleaned wth al cohol and then
in 3% hydrofluoric acid for elimnating other surface inpurities,
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inserted into a doctor blade device. Sdi‘d device 20 consists of an el ongated
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 conprises a stripper with a bottom side
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reflects in the ultraviolet wavelength range below 200 nm. The opaque reflector

15 layer is also suited for use at elevated temperatures of more than 1000°C.

The reflectivity of the opaque reflector layer shall now be explained in more detail

with reference to the reflection curve of Fig. 5.

Figure 5 shows the refiection behavior of the diffuse reflector produced according
to Example 1 in the form of an opaque layer of opaque 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 opaque
25 SiO; with a thickness of 0.8 mm, with the sintering process being carried out in 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 95% in the wavelength range between about 300 nm a [




D

reflects in the ultraviol et wavel ength range bel ow 200 nm The opaque

reflector 15 Ig)/ is also suited for use at el evated tenperatures of nore
“than 1000¥0 2PR&04®MPectivity of the opaque reflector | ayEFCTHREPI7MSWEDe
explained in nore detail wth referencto the reflection curve of Fig. 5.

Figure 5 shows the reflection behavior of the diffuse reflector produced
according to Exanple 1 in the formof an opaque |ayer of opaque Si 02 |ayer
in the 20 wavel ength range of 250 nmto 3000 nm The degree of reflection
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a sintering furnace at 1280C (3h) in air. As can be seen therefrom the
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reflection R of around 95% 1 n the wavel engt h range between about 300 nm a
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is prepared with the help reci . The slurry is used for producing a
quart z g|@fstﬁeﬁhesptromf@mb@h@vmbp&a@ sieidtess. A slurry layer with a

t hi ckness of 5 mmis here produced on a carri er. This is only possible on

account NPl A i t rying of the
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t r anspar esintased Jpaperdigg an sinigring demperiuen aeg duration, a thin' plate of
transparent or opaque quartz glass is obtained.
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~J~/rra7 O 2008/ 040615 PCT/ EP2007/ 059565 -19 ' 1. A
" Si02 sl urr%rgﬁe producti on of quarté_gl ass, containing ?%P@[’)%lrggél%on
liquid 5 and anorphous Si 02 particles W|th partlcl e sizes to a maxi mum of
500 pm wherein the largest volunme fraction is conposed of Si02 particles
with particles sizes in the range of 1 pmto 60 pm as well as Si02
nanoparticles wth particle sizes of less than 100 nmin the range of 0.2%
by wt. to 15% by w. (of the entire solids content), characterized in that
the Si02 particles have 10 a nultinodal distribution of particle sizes with
a first maxi numof the size di strpgu%dtqg fn'?sthe range of 1 pmto 3 pmand a
second maxi mumin the range of 5 pm 6 pm and that the solids content
(percentage by weight of the Si02 particles and the Si 02 nanoparticles
together) are in the range of 83 %to 90% 15 2. The slurry according to
claim1, characterized in that it contal ns between 0.5% by w, and, 5% by

wt ., pref &r aBISOpSlukBRier heprAustion £ uasz Blask CO“@F”‘@@?'SMﬁ%ﬁW@I es (of
the enbire taidhnifbhéls SR E8fibiesuuThenplobinds RESHIAG B SHALM

characteri ze nanopar ave ar 577845 1 ess
than 50 nm RRAerkin Telasgestvnians fadtiog id corapesed bf Sm@pmtwslwmd ln that at
| east 80% by wt. preferably at |east 90% by wt., of the Si02 part icles are

made spher i cR@rticis S l§|tnerr9n%@f)ﬂ o 68 ET s il aér%lpadta@ppeetw §h that it

contains fi | dah rdi ng
to claim1l, %Lp{rp éérilgfzzg étsﬁh?ﬁ%‘lr(])? @%dgl’t H'{r% ;{"ng U@S‘Y%Og‘r:tfyocl e
si ze distri byt i(enthe @ttireguh@@edntbyit)acmctalzed mfthéteﬁé Sidapabitigethave
preferably | ess than 40 ~e&, ke Wbers, ~P
10 a multimodal dis rlbutlon of particle sizes with a first maximum of the size
distribution in the range of 1 ym to 3 um and a second maximum in the range
of 5 um to 50 um, and that the solids content (percentage by weight of the
Si0; particles and the SiO» nanoparticles together) are in the range of 83 % to

90%.

15 2. The slurry according to claim 1, characterized in that it contains between 0.5%
by wt. and 5% by wt., preferably between 1% by wi. and 3% by wt., of SiO;
nanoparticles (of the entire total solids content).

3. The slurry according to claim 1, characterized in that the SiO, nanoparticles

have particle sizes of less than 50 nm.

20 4. The slurry according to claim 1, characterized in that at least 80% by wit.,
preferably at least 90% by wi., of the SiO; particles are made spherical.

5. The slurry according to claim 4, characterized in that it contains finely divided,

splintery SiO; granules.

6. The slurry according to claim 1, characterized in that the SiO, particles have a
25 particle size distribution distinguished by a Dsg value of less than 50 ym,
preferably iess than 40 pm.
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Ca a, Helga Rebstock Vercnikastr 15 81827 Munchen ~~~ as WD 2008/ 040615
. PCT/ EPZO%b%ge‘jggbms— 20 7. The slurry according to claim %CT@B%@%% '5zed I n

that the dispersion liquid is nmnade up @n_ t he basis of an organic solvent,
preferably on an al coholic basis. 8. ‘? e slurry according to claim1,
characterized in that the solids content (percentage by weight of the Si02
particles and the Si 02 nanoparticles 5 together) is at |east 85%by w. 9.
The slurry according to claiml1, characterized in that the Si02 particles
and the 'éi Obhenalweyaaceedieg te slagnst, charagiernzast indhat the, dispersioveliqidis y

aror phous. SBSCEAPI HECBH4E BFahERdarE sl PEreratlg A SRonglipfis

according to claiml1, characterized in that it contains nitrogen, carbon or

a chem ca. cTimpsiuny arfcosding te olairanie tharddiatizeal @ thatthepsulidsednterito  t he
quartz glass, structure in the formaof nitrides or carbides. 12. Use of Si02
slurry accor@ergntage Ry waightaf the HiGe particesiang Hie %@d’lﬂﬂq{@rﬁdeﬂi ffusely
reflectging r f { lL.ass. 15 13. Use according to claim 12,
characteri zetgb{eﬁ%{r '%taqtl%éegfggsf/?t?ge y reflecting reflector is formed as a
reflector layer of quartz glass on a carrier of quartz glass. 14. Use
accor di n@.t offed slumylatconding &z tlaimzie ¢dharadiézed inghdt fhieuSi€yparttles @nidng

reflector is formed as a carrier-|less, preferably band- or plate-shaped
quartz 20 dhﬁé@@@ﬁ@ﬁéﬁpﬁﬁl@”sﬂﬁ@?é&ﬁ&eﬂp 8?-0 claim12, characterized in

that the diffusely reflecting reflector for creating a specific reflection

behavi or gpntid 8% cBFdiNB S clafiRPRIthar &6 RAhaNHRPSICE AlorR@StRBLON i N
FI ul travr ol et [)

quartz glass in't , Vvisible or 1nfrared spectral range. ~\a9-e
Uberse Hel gam&ghwiiecHO; particles is at least 99.9% by wt.

10 11. The slurry according to claim 1, characterized in that it contains nitrogen,
carbon or a chemical compound of said components that are incorporated into

the quartz glass structure in the form of nitrides or carbides.

12. Use of SiO; slurry according to any one of claims 1 to 11 for producing a
diffusely reflecting reflector of quartz glass.

15 13. Use according to claim 12, characterized in that the diffusely reflecting
reflector is formed as a reflector layer of quartz glass on a carrier of quartz

glass.

14. Use according to claim 12, characterized in that the diffusely reflecting
reflector is formed as a carrier-less, preferably band- or plate-shaped quartz

20 glass component.

15. Use according to claim 12, characterized in that the diffusely reflecting
reflector for creating a specific reflection behavior contains one or more
dopants producing an opticat absorption in quartz glass in the ultraviolet,

visible or infrared spectral range.
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PCT/ EPZOQMD%QQQ 615 21 16. Use according to claim 12, Ch%bﬂéﬁ:ﬁ@iﬁ&%ﬁfi’sn t hat
e

“the diffusél’y reflecting reflector for 1d_iffuse reflection in
wave-| ength range is used below 240 n ~~ {| berse~~ Hel ga Rebstock ',

Veroni kastr. 15 co 281827 Munchen

16. Use according to claim 12, characterized in that the diffusely reflecting
reflector for diffuse reflection in the UV wave-length range is used below 240

nm.
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