Met hod for producing a coated conmponent of quartz glass 5 Description
The present invention relates to nethod for producing a coated
conponent of quartz glass in that a base body of quartz glass is
provi ded that has a coating 10 surface onto which a Si02 slurry |ayer
is applied by spraying a Si02 slurry thereon, drying the slurry |ayer
to obtain a green body | ayer, and sintering the green body |ayer to
obtain a 5i02-containing functional layer. Prior art Conponents of
quartz gl ass ar eMedigsd FoF prediciaghl bGé‘lte'docfﬁmp%ngntquh%m #1555
manuf acture as cl addi ng tubes, bul bs, cover plates, or reflector
carriers for lanps and radiators in the ultraviolet, infrared and

vi si bl & spectral range, in chemical apparatus engi neeri ng or in

sem conduct or production in the formof reactors and apparatus of
quartz glass for the treatnent of ] ctor conponents, trays,
bell jars, crucibles, protective SPIG%CE@'?%% simpl e quartz-gl ass
conponents, such as 20 tubes, rods, plates, flanges, rings or blocks.
For sett iTihg prpeerhtahvsmtrdramtas dxp)a‘fetthers farr prbducingrar coated cohgpaiene bf
mechani cal op ical or c rfacegfropertr es, the surface_ of
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are the drmm@ttwrelutrydayerrte oebdaam|acgrelenﬂmdyyla§tercaadisrrgeﬂh@thetgr@rﬁncgner
softenin tur hem cal resistance, a reduction of

t he cont%ﬁ rﬁpbﬁ”??&% 'B')'ﬂgt HBCHAR &Rt by way of a coating
consisting of a high-purity material, and a change in the heat
insulation or reflectivity by transparent or opaque surfaces |ayers.
2 areflector layer. The reflector Ipy&ats produced by nmeans of a
slurry method in that highly filled, castable, aqueous slurry is
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of the slurry layer to th el ectrostaticall
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produced % rinding Si02 10 granul es and. have a nmean particlé
size r ange ryrs,rr@mcrblqanpr@iesqu)mletns@rwmpuasqm glass compopents, slueh as

si ze i of the 3i02 particles of the
sl urré% L@%% EF%% to?atgﬁsfiarp%e ra}’ gghq&ﬁﬁage of the slurry layer. The
use of rather coarse Si02 particles can dimnish the drying shrinkage
and t husFbhsetting lspei:ral berfAcy pripestiebr for drafrovihg theggidety nrechavidal a

si mul t aneous!ly hj content 15 5102 particles in the order of 1
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Wi t hout t ormat i on crac at t he
fl ow behemnpretely ar partiallywaith aifghdtionil |dyed adbptedytoftbe specifio pungpgehi ck
| ayer on .ar ched corg)gonen i rfaces
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t ends t otransparent or opaque surfaces layers.

30 A method of the aforementioned type is known from DE 2004 051 846 A1. The

publication describes the manufacture of a quartz glass component provided with



25 show structural viscous thixoptropic characteristics, which

| nproves the spreadability of the slurry and counteracts the fl ow ng
off fromarched surfaces. An even further fixation of the slurry

| ayer is achieved with the hel p of thelbprocess described in DE 10

aui i ary Rgstoriaery the s fedor b SRRy hERTRIT B fetBlihec
strip 30 that HigelyFilled amtamebsq@@ajse@lurrﬁw pidthicaddeat corfsiak laanpasas
nonwoven jnpregnated. 3 with the 5i02 slurry is applied to the
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or surfaces inc e'ver has e drawback that the
textile 5 auxiliary nmeans either remains in the coating or nust be
bur nt dutFdriha appliqﬂtiomaafébewhwy IagemtOpﬂwedm:hermmWapmwng;@lebthMy
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manuf acture of a surface er of quartz ass on a base body by
sinply s@uaﬁewnﬂye&n@t@ne@t@ mttnelraileratoalay@r phopague geartaflassched
surfaces or surfaces inclined to the vertical with |arge Iayer
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at | east 10% by wt. ased on cont ent
spheri calra’raancpmsasSIGiszrl}nd% carh eiminighhthe qraingi sHirmkage emdltbu:s kautisloof
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wei ght fraction between 0.2% by w. and 10% b ., based on the
total socpapacativednsmalisiryiay sannbaﬂe;modhstxt’rmsiuwﬂamrtcandperdrm ao® in
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are opposite to and exclude one another. On the one hand, the
vi scosi t yHoswavengt sas bgen dowibtiad theflowbdahavienabkiee known, highly filled slurry

for producing thick layers and layers on arched component surfaces or component
20 surfaces inclined to the vertical is not suited for all application methods of the
slurry layer. To improve the spreadability of the SiO; slurry, DE 10 2006 046 619
A1 suggests the addition of SiO, nanoparticles, namely with a weight fraction in
the range of 0.2% by wt. to 15% by wt., based on the total solids content. Due to
the addition of SiO, nanoparticles the flow behavior of the SiO, rather tends to
25 show structural viscous thixoptropic characteristics, which improves the

spreadability of the slurry and counteracts the flowing off from arched surfaces.

An even further fixation of the slurry layer is achieved with the help of the process
described in DE 10 2005 058 819 A1 in that the slurry is applied together with a
textile auxiliary means in the form of a quartz glass nonwoven or a cellulose strip

30 to the surface to be coated. For instance, a quartz glass nonwoven impregnated



the spraying operation itself as well as a uniformdistribution of
the slurry layer, which is pronoted by a | ow solids content. On the
ot her hand, such a flowoff of 5 the slurry layer fromthe surface as
wel |l as the formation of cracks during %ryi ng of the slurry |ayer

shoul d be, .avpi ich is or ed a,high soljds content.that. is
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t he aboveimterdd.oned four conponents suppl enment one another as regards
sprayability and adhesion of the SiQ2 slurry, which permts the

manuf acture al so of thick 10 horm]geneous s| ur rry I_agers by spraying a
Si 02 sI urlys Rraasgyre RaYMits the manyTasiygofsaagvely thigk dayess onrached e
body tha i i I :
spl | nt or 3 5635 oF SEpocs bRl IMEerife] bR aSnesl bRkt ind g e |
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spl i nt er yoaliddidrRsyEEaNIes t &yards a nore
di | at ant (;w behavi or. % Idgthganﬁcd)%eér%ﬁlﬁ%%g@ I%ﬁﬁ#ﬁé%ﬂgn i ncrease in
viscosity at increased shear forces independently of tine. It has
been found that the desired effectoQhidg sl ati on and adhesion

i nprovenent presupposes a specifi distribution with a 050
val ue between 3 pm 20and 30 pmand a content of at |east 10% by wt.
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dryi ' I d | i th D5
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whi ch al simglgEpraying eserbon anslumg 1828 efbodlihthe ©asBIof AKSER] sifacksvei ght
fraction of [ess than 10% by w. the contribution to denticulation

and 25adBEERees ingfined inthe verticalindthslange {avesihicknessegaand whigh satisfies
splinter i sl est way by grinding,
prefer ab?@gﬁ@ﬂt\ﬁeﬁ%ﬁ%gﬁﬁw%ﬁgkE%&Iaaéeggﬁ%ry is a conposite slurry
whi ch, apart fromthe splintery SiQ2 granules, also contains a
propor t i Startihg dreon threatoremieationed nEitioed ghist dkjeets's athevedgreordihgto the
proportion of. spherical particles is,_the higher can the solids
andia fveBliol Y st sty oy e wbkang A epRafia 2udBpaian.
this coupgggacts the formation of stresses during drying and
sintering. The spherical Si Q2 particles have a particle size
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avai |l abl e. surfactant r ace tension of
slurry, thed8b\pyiwicriessidmn tHeetotal sobids tgnienér eof at | ow shear
stresses. The addition of the

(¢) SiO;z nanoparticles with particle sizes of less than 100 nm with a weight fraction

between 0.2% by wt. and 10% by wt., based on the total solids content,

25 (d) a nonionic surfactant with a fraction in the range of from 0.005% to 0.5%,

based on the volume of the dispersion liquid.



10surfactant thereby al so changes the rheology of the slurry. It has
been found that the Si02 slurry in the quiescent state and upon
i npact of small shear forces gets relatively solid, which counteracts
a slipping off of the slurry layer on d ched surfaces and al so

facilitat th f act f relatj | t hi ck I, .. Surfactants,
however . SrPLAY STt sl eoviemeply el ateopRosiErE 41 itk 9ngi ng
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I nproves the action of the 30surfactant. In this respect the Si02
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and usual ly have a BET specific surface area in"the ran from
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during drying, which shrinkage may aggravate a defect-free drying and
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quartz gl ass may be transparent or opaque
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flame, by neans of plasma or arc or "by neans of a |aser ing a
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contain a 20 ¢o nent that  absqrbs.the workin vel ength of the
| aser or mpégt&}écr%)cg@ﬁﬁgie@ﬁ!esgyaty grfrp]cgngre%{plr&qrﬂglé(\é@ ‘Hﬁtrg’ﬂﬁng'
densification is short in time and is locally restricted, and plastic

def or mat ¢ orhetspraf&lurit iseAeThpesitdsIukisrHIBh, SidrefefstheadpliBery SiO,
predom nantly avoi ded. The conponent which preferably absorbs the
pl asma or |F@RYes aalsacPBifingsa ropeidpniof amaiphows sphencsl Sidr padickss. of

a chem cal T%%%Bﬁé“h%rbroportion of spherical particles is, the higher can the solids
30 density be set in the slurry layer after the spraying operation; this counteracts
the formation of stresses during drying and sintering. The spherical SiO,

particles have a particle size distribution with Dsp values between 1 ym and 50



25 differing from S102, or doped anorphous Si 02 particles, or
boundaries on which the plasma or | aser radiation shows diffuse
reflection and i s thereby absorbed. Depending on the application, the
sintered functional layer is transpare or is conpletely or partly
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tendency to cracking o he slurry layer or the green y |l ayer on
t he ot her Haatthe1SiQarslumy i thespéescent piaiecandr epdininpad of smmalleshesnt t o

be advant a r . rical amorphous Si 02 granul.es are

recent "t Tarikm S ety SRR (RD RS Sl b B sBlGdaver,
the total sgi bethed®irRites amricdalb EaciRBRYY thalmantaphes of FIHvay Bk es
have a grain size distribution with a D50 value in the range between

5 pm and 4daygrs. Surfastants, EWaver reftereomRrREgaRuibiesi rardisulon|alkadis
' ble. TOn AR RS o
Phat 1S a oRDuniRdmBiindd! vheh AiapBHiast s rBtes By SHIAIEC o

when the Siddhceatrations otsush alkali poepenhdaieffact\@icghtalflizativn whilé forinivey
range of 3-8% b%l_wt. hased on the total solids content. A net hod
vari ant is Ge@eaitef cisiphals Toreaten fubresintering,pliberlury fayes may,
fraction i = Q0419 I f the
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Nanoparticles consist typically of a bond of a few thousands of SiO, molecules



15 the slurry layer and to cracks. The organic solvent with a | ower
boiling tenperature than water is preferably a | ow boiling al cohol,
such as ethanol or propanol. Suitable m xing ratios have to be
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di stributions. 25 The sinple spraying of t urry nodifre
accor di ngseoradiatiomisean adaitipain theufosm| of perides at alcheatiesl coneposition
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the range of 300C to 800C. The slurry layer is here applied to a hot

coating surface, e.[g]. to a base body which is heated in a furnace, or
to a st rBrEcEHAESN esprbsationwine sintaras wngtional dayer dsiragspareeé ssist r om
a crucib i f ody
e o sy BE ST iy DS STReR) e 8 R o

count er acraska ahtidyi high etihesiontdrethel quiariz glass of HeehaRpbodAtlh @8 ppbpérdies

30 it can be modified by simple method modifications, e.g. the sintering temperature



10Enbodi ment The invention will now be explained with reference to
enbodi nents. 1. Preparation of a Si02 basic slurry with splintery
Si02 granules For a batch of 10 kg basic slurry (dispersion liquid
consisting of 70 vol. % of dei oni zed ter and 30 vol. % of ethanol +

Caw mat o 4 Rl ofoRaR RSP Ain e S, o PR B OB B
are ni xedn eirficchduck® righwfacasd onet E{mgﬁénd réastdr fldnufdctuef | ess than
3 pSinadrumtype mll which is lined with quartz glass and has a

2 hot - chITER: Slta Brefist e i nenaahiariepr o Begaim of Bdet %gearnggt "
cri Stwa'nﬁéfa%@ﬂa@@ éoﬂ%trg‘%@& fdr[{?sbé{fdﬁctloﬁal r’trbMHér@od'a ork ggﬁr%)é]

means of grinding uartz glass on er suppor
for a perm thitkehingwreebdags to such a degree that a honpbgeneous basic
slurry with a solids content of 75%is formed. In the course of the

302, 20 G BEWDR S RAGRES We MRk an o PHT bR b es

the quar Talegf@é‘emtgt amight fdctiop§inahs PAndy 6f 3060REbaRd., haved dndpkitbel e
size distribution that 1s distinguished by a Doo val ue of about 8 pm

and by aSpids gamtgst, ndawben thﬂaswmtervreéﬂ@msﬁ@z gyampiles hoksl aj gratmsize
way Shov‘%lﬁfllﬁlﬁdﬁltﬁ? B a%ud i eggﬁg%:bgéﬂ%?%éﬁn sheeRALAL i on of a

3107 basiCc slTurr herl ca nanopartl cles with

di anet ers of about 40 nm (aI so called "pyrogenic silica" hereinafter)
and cdromghei athoustrTet ih&egrairasim lFsbritsutRirOef tparstpiliuieeys gearelles xmbtittmmoara
di spersion |i gw d consi st rlge 70 vol . % of Sﬁ zed vva r . an

vol . 9% ofPBIRNRLS GPMPLoR! tW&ﬁBé@Rf‘%‘éed“?’bt | QS‘PU@[ Pt%{ y 8

slurry. fhesiep)es d}'/é?rftln SR RYS] gh82 SRt d&iPy a%ﬂﬂgﬁ%@%@ﬂ)le as well as
synthetically and are present in standardi zed particle size

di stri bugissnall tﬂl‘ldﬁn%@ oucking affthe sfiny layeper thecgrean doedy4ayqmn thee
particle istribution is each tinme distinguished by a relatively
narr ow nﬁﬁieﬁ}#gf the size distribution in the range of the
respective 10 D50 val ue and by a secondary maximumin the range of
about 1% pmthid r@mtaiprd:mjmemabimm turhedlolut 0 baredantagaoheivhere the

chl orination. process hgg&onta nati on content of the Puri fied

r aw- nat ePPRENIC ARATBRPYS POz dranulesre Rregent atR weloht dastiom ihthe fange of
ppm  Espapidol, hytire HRHeH tr%fto(ifli%gliétiigbﬁ%ﬁ ch%%g%r.FQI%om

raw mat eri al corrponents are use ovm n ation, each
raw 15 n&i@s geinubnipavecagraisising dietibytianedthava g valaellettrn@ran@eamtwwn
respecti gemeSa%th% Hf% as appendi x: Formul ati on: R30250 g R15 5009

20 As for a drying shrinkage that is as small as possible, and a contribution to the
.activation” of the surfactant that is a great as possible, it has turned out to be
advantageous when the SiO, nanoparticles are present at a weight fraction in the

range of 3-8% by wt., based on the total solids content.

A method variant is preferred in which the surfactant is present with a fraction in

25 the range of 0.005-0.04%, based on the volume of the dispersion liquid.

Owing to the relatively small amount of surfactant in the dispersion liquid, a
contamination of the SiO; slurry layer with impurities is prevented. In connection
with the additional addition of SiO; nanoparticles the relatively small surfactant

concentration effects a fast solidification of the slurry layer after spray application



20 R5200g Pyrogenic silica: 50 g wwth BET surface area of 60 nR/g
These raw materi al conponents are di spersed in deionized water having
a conductivity of less than 3 pS, resulting in a solids content of
75% by wt. The basic slurry produced i this vvay shows a thi xotropl c
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raw material and of the second, rather thixofropic, basic slurry with

amor phoudVifig BBy €56, t3 thenkasechody syiaga by MeSINGOf spraying xatgodst i o
depends primarily on the 12 desired thickness of the functional

layer 10 g ﬁhF@&FﬁQte?%d% bifan e %ﬂ%tﬁgﬁq\ﬁ{eﬁc‘ﬁcﬁhﬁgtérﬁﬁéﬂaﬂﬂi&éo” of

the coating surface reater t esire
i nclined preferatdy@naalcmfg)lslrﬁrafmaugdjsedeasgheaiimerbmntllqald)r oportion of
the first basic slurry. 5 In the enbodi nent a functional Iayer IS

produced gy I t hi ess of 2 mm.on e outside o

fone- shapt o Bt S Sle etbier S oere MoRBHed B B BRAE Sivdhypeving a
pr ocessesowdr 56 EIlbS aRireRhal Wadtén @ueTtbethgu@wte.zbahﬁg ferh Fél%‘t% thas
an outer dianeter of 420 mm a height of 800 nm and t hi ckness

of 4 nm skFy isKiried; gittba gameakiquid anprus ererestieity than muthgtcasagf @ purely

0. 015 vor VbR b alipkifo phef SRREbHRTSica IR the ST e oraveo

sur f actcaioh. Thisdlddesl td a fastes firatidruofetheAldrey layerage sutdce) whith obt ai ns
a spray slurry which is distj ngw shed by the follow. ng properties:

conponenpokﬁter@\‘éﬁﬁfﬂo“f"ﬂa&ﬁ efrih ?tﬁ!@'@ﬂladﬁr tHirnas eaguigentshigbdiaeist ) of
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CO”porl%nihé@urr‘éﬁé*%ﬁarfd RCdrbeKks. (Tl?%s&@aﬂl?: ddigerit it a fhddSoif Wéraﬁjre

Si 02 20nanopar Wth particle Sizes of about 40 nm
conponenthamwatﬁuﬁ autfarably a Imﬁ)wlmig alcginelssuchoas etl“caﬂql qu pd)pambune of

t he spra r 0 nt i,spersing agen 30
vol . b cenlable Mlind GRS TRV Be AuBBirie St Ety. i the ase of lpancl
done- shapgiaisle Prdgordbas ard ﬁamte%ng of g3 &olglysiéﬁtrfeetet?él %mn$e of the
introduced into a spray ubsequent t he outer wal

conpl et efigpgraign Hawdd, @aﬁ@ptarlb/cnfe@rablarl@éw%mrarmd@etwmnt%evojn%eam d@' vot.
t he reaceor, with a 5102 slurry layer of a thickness of about 4 mmin
successi Ve

It has also turned out to be advantageous when the solids content of the SiO»
slurry is in the range between 70-80% by wt., preferably between 74-78% by wt.

A solids content that is as high as possible contributes to a uniform and small
shrinkage of the slurry layer, so that drying and sintering cracks are avoided. At
25 solids contents of less than about 10% by wt., drying cracks may easily occur. On
the other hand, the sprayability of the slurry requires a low viscosity and thus a low
solids content. At solids contents of more than 78% by wt. the sprayability of the
slurry is restricted. It has been found that at a solids content within the said ranges

the sprayed-on slurry layer can be dried without the formation of cracks.



13 order by spraying of the spray slurry. A spray gun which is
continuously fed with the spray slurry is used for this operation.
The slurry layer applied in this way is slowy dried by allowing it
to stand in air for several hours. Cornﬁete drying is carried out by

[ iator Jn.air. The 5 dried -body | ayer i o
subsequertiy G Runen FRs GmdRfona aF Paflciip AP eiraY Flirt 89.99% by
t enper at wite This ia it fol BBIHHes fhbtety 1510, Gfdifilled BAE th& SpRERRF SIS, Si 02
reflector |ayer of opaque rguartz glass with a density of about 1.6

g/ cn8. ThatidesEeseidsoontart oidbe sluranpiogsiced ibydsing aschSiO; particles
subst ant i ) ' o W . o

"noses" tcﬁl'é'% Pégér@f %:tﬂég%tje%x g?/ /‘i %é%{bﬁﬁﬁ% %@@nghsgé)'ggﬁ '%E) gﬁ%&?? %Le Eatr ved
surfaces ifleaded yThaoohtest of metalli¢ impurithatis ohefctlsg tdssSBaatrat. ppm. This
transm ssion in the wavel ength range between 200 nm and 2500 nmi s
bel ow 5%StaNBe M3ErighdQss PIRLSe[f corfariinationeer, cryslallizatien riskethes of
the surfag i i ._al t r

descri be%ﬁg oégmb%/ﬁ]%gbﬁg]& H%?a”r?%l%@r? | € rgrégjé esenolﬂ-&ﬁh%bg@a% PH{? r"t]cétst
15 obt ai thednbre thainnd 1%hbyg wal becausendtheiwise; thatalkzmiohnoay ests durlry
other slurry.conposjitions are listed in Table 1. Enbodi nent Table 1
No. Ki K?”’l%’"?&t chpayfead tggomppnent fejects.

10 In a particularly preferred method variant it is intended that a plurality of
successive layers of the SiO; slurry layer are applied for producing the functional

layer.

Particularly thick functional layers and functional layers with specifically adapted

properties can in particular be produced in this way.

15 In the light of this, preference is given to a procedure in which neighboring layers

have different compositions.

Depending on the composition of the respective slurry layers and the treatment
parameters, such as the temperature during sintering, one can produce functional ’
layer portions of different porosity or with different property gradients over the

20 thickness of the functional layer. For instance, it is possible to produce an inner
layer of high porosity that has reflecting properties and an outer layer that is
transparent and leads to the sealing of the coating surface. Neighboring layers
can particularly differ from one another in the amounts of splintery granules,

amorphous particles and nanoparticles and their size distributions.

25 The simple spraying of the SiO; slurry modified according to the invention
particularly also facilitates the production of relatively thick functional layers, so
that the method is preferably used for producing a functional layer having a layer

thickness in the range between 0.1 mm and 4 mm.

The coating surface of the base body can be heated during spraying of the slurry

30 layer, for instance to a temperature in the range of 100°C to 1000°C, preferably to
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a temperature in the range of 300°C to 800°C. The slurry layer is here applied to a

hot coating surface, e.g. to a base body which is heated in a furnace, orto a
strand-shaped base body which is drawn in a drawing process from a crucible or a
preform. Due to the high temperature of the base body the dispersion liquid
evaporates relatively quickly, which counteracts a flowing off of the slurry mass.
The application of the slurry layer and the drying operation for obtaining the green
body layer are carried out substantially simultaneously. The temperature of the
coating surface can even be so high that a certain thermal solidification of the

slurry layer or the green body layer occurs immediately.

Embodiment
The invention will now be explained with reference to embodiments.

1. Preparation of a SiO; basic slurry with splintery SiO, granules

For a batch of 10 kg basic slurry (dispersion liquid consisting of 70 vol. % of
deionized water and 30 vol. % of ethanol + SiO; granules), 7.5 kg amorphous
quartz glass granules of natural raw material with grain sizes in the range between
250 pm and 650 um are mixed with 2.5 kg deionized water of a conductivity of
less than 3 pS in a drum type mill which is lined with quartz glass and has a
volume of about 20 liters. The quartz glass granules were cleaned in a hot
chlorination process before; attention is paid that the cristobalite content is below
1% by wt.

This mixture is ground by means of grinding balls of quartz glass on a roller
support at 23 rpm for a period of three days to such a degree that a homogeneous
basic slurry with a solids content of 75% is formed. In the course of the grinding

process, the pH is lowered to about 4 due to the dissolving SiO,.

The Si0O; granule particles obtained after the grinding of the quartz glass granules
are of a splintery type and have a particle size distribution that is distinguished by
a Dsg value of about 8 pm and by a Dy value of about 40 ym. The basic slurry

produced in this way shows a rather dilatant flow behavior.
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2. Preparation of a SiO» basic slurry with spherical SiQO» granules

SiO2 nanoparticles with diameters of about 40 nm (also called “pyrogenic silica”
hereinafter) and commercial, spherical, amorphous SiO; particles are mixed into a
dispersion liquid consisting of 70 vol. % of deionized water and 30 vol. % of

ethanol, and are homogenized to obtain a further basic slurry.

The spherical amorphous SiO; particles are produced synthetically and are
present in standardized particle size distributions with Dsp values of 5 um, 15 um,
30 uym and 40 um. The particle size distribution is each time distinguished by a
relatively narrow maximum of the size distribution in the range of the respective

Dsp value and by a secondary maximum in the range of about 2 pm.

The particles are first of all cleaned in a hot chlorination process. The
contamination content of the purified raw-material components is small and is all
in all fess than 1 wt. ppm. Especially the content of Li;O is less than 10 wt. ppb.
These raw material components are used in the following formulation, each raw
material component being designated with the letter R and its respective Dsg value

as appendix:
Formulation:

Rso 250 g
R1s 500 g
Rs 200 g
Pyrogenic silica: 50 g with BET surface area of 60 m%/g

These raw material components are dispersed in deionized water having a
conductivity of less than 3 uS, resulting in a solids content of 75% by wt. The

basic slurry produced in this way shows a thixotropic flow behavior.

3. Preparation of a spray slurry

A spray slurry is produced by mixing and homogenizing proportions of the first,
rather dilatant, basic slurry with splintery granules of naturally occurring raw
material and of the second, rather thixotropic, basic slurry with amorphous
particles of synthetically produced SiO,. The mixing ratio depends primarily on the
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desired thickness of the functional layer to be produced and on the degree of
curvature or inclination of the coating surface. The greater the desired thickness,
the more inclined is the coating surface and the greater is the proportion of the

first basic slurry.

In the embodiment a functional layer is produced with a desired thickness of 2 mm
on the outside of a dome-shaped quartz glass reactor, as is used for etching or
CVD processes in semiconductor production. The quartz glass reactor has an

outer diameter of 420 mm, a height of 800 mm, and a wall thickness of 4 mm.

For this intended use, 1 proportion of the first basic slurry is mixed with 2
proportions of the second basic slurry. 0.015 voi. % (based on the volume of the
water) of a nonionic surfactant is added to this mixture. After homogenization one

obtains a spray slurry which is distinguished by the following properties:

» component K1: weight fraction (based on the total solids content) of splintery,
amorphous SiO; granules consisting of natural quartz glass with a grain size

distribution with a D5 value of 80 um: 33%

» component K2: weight fraction (based on the total solids content) of spherical,
synthetically produced amorphous SiO, particles with a grain size distribution
with a Dsg value of about 15 um: 63.5%

e component K3: weight fraction (based on the total solids content) of SiO;

nanoparticles with particle sizes of about 40 nm: 3.5%

+ component K4: surfactant: 0.015 vol.% (based on the liquid volume of the
spray slurry)

¢ component K5: dispersing agent: 70 vol. % HO / 30 vol. % ethanol

solids content: 75% by wit.

Coating of a dome-shaped guartz-glass reactor

The quartz-glass reactor is introduced into a spray chamber. Subsequently, the
outer wall is completely provided, except for a flange arranged on the underside of

the reactor, with a SiO; slurry layer of a thickness of about 4 mm in successive
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order by spraying of the spray slurry. A spray gun which is continuously fed with

the spray slurry is used for this operation.

The slurry layer applied in this way is slowly dried by allowing it to stand in air for
several hours. Complete drying is carried out by using an IR radiator in air. The
dried green-body layer is subsequently sintered in a known manner in a sintering
furnace at a temperature of about 1200°C to obtain a crack-free, homogeneous

SiO, reflector layer of opaque quartz glass with a density of about 1.6 gfcm?®.

The homogeneity of the layer manifests itself as a substantially uniform layer
thickness without the formation of “noses” that are created by the slurry flowing off
from the curved surface. Opacity manifests itself in that the direct spectral
transmission in the wavelength range between 200 nm and 2500 nm is below 5%.
When the green body layer is sintered, the constituents of the surfactant will

disappear almost completely.

The slurry described above by way of example and the results of the coating test
obtained by using this slurry and of further coating tests with other slurry

compositions are listed in Table 1.

Embodiment
Table 1
No. K1 K2 K3 K4 K5 »R* | ,,H*
1 33/8 63.5/15 | 3.5/0.04 0.015 1 25/(70/30)| ++ ++
2 20/8 63.5/15 | 3.5/0.04 | 0.015 |[25/(70/30)| + 0
3 15/8 63.5/15 | 3.5/0.04 0.015 |25/(70/30)| O -
4 33/8 40/15 3.5/0.04 0.015 |25/(70/30)| O +
5 33/8 3515 3.5/0.04 0.015 | 25/(70/30)| - 0
6 33/8 63.5/15 0 0.015 |25/(70/30)| + -
7 33/8 63.5/15 | 10/0.04 0.015 | 25/(70/30)| - +
8 33/8 63.5/15 | 3.5/0.04 0 25/(70/30)| O -
9 33/8 63.5/15 | 3.5/0.04 0.015 | 33/(70/30)| - -
10 | 33/8 63.5/15 | 3.5/0.04 0.015 | 20(70/30) | + 0
11 | 33/20 | 63.5/15 | 3.5/0.04 0.015 |25/(70/30)| O ++




3.5/0.04 0.015 251(70/30) 0 ++ 14 1233/863.5/40

3.5/ 0.040. 01525/ ( 70/ 30) 0++ Expl anations regarding Table 1:
Conmponents K1, K2, K3: concentration dgta given in w. % (based on
the solids content of the slurry) [ e i partlcle S|ze in pm (D50

val UE) 1] et K4 t ot X— 100 H—vo—%
(based on tkeﬂFiqmjleléé\Svobgr%Z i| B 6‘961’ hy 0§15 r $5 @fﬁ%neﬁt Kt
wei ght fraction of the dispersion liquidinw. %/ fractions of
wat er anoE)a:llamﬂt'tn:lnS(r'egami:rhg T%)lﬁaked on the total volune of the

di spersion |4 tive peasure o

detected cra P‘g'l)’%tf" K?f %ﬂ P?%&atéqrh 9'\& WE r}f
qual i tative g%ﬁ?'éte WL@‘ ?)P% ?aﬂeﬂa&qlﬁé' ﬁﬂt‘ﬁﬂ '6? t he dried

slurry | ayerGomgamentadd: %ﬁceﬁtré‘f% &f [Mit&n X EOTARRAY. a%'(M%ﬁ@H%@ﬁqmd
Synbol s5 of Lk BF tHAEp4G shFpASSTent ++ very good + good

accept abI e é)oor
omponent K5: weight fraction of the dispersion liquid in wt. % / fractions of

water and alcohot (in vol. % based on the total volume of the dispersion liquid)

- ,R"is a qualitative measure of the visually detected crack formation of the
dried slurry layer.

10 - “H%is a qualitative measure of the visually detected homogeneity of the dried
slurry layer.

- Samples nos. 3 and 5 to 9 are comparative examples.
- Symbols of the qualitative assessment:++ very good

+ good
15 0 acceptable
- poor

The qualitative results of Table 1 demonstrate that when using a slurry layer with
the composition according to sample 1, one will obtain a quartz-glass component

20 with a particularly homogeneous and low-crack SiO; surface layer.



The qualitative results of Table 1 denonstrate that when using a
slurry layer with the conposition according to sanple 1, one wl|l
obtain a quartz-glass conponent 20 with _a particul arly honogeneous
and |l owcrack Si02 surface layer. 15 Patent clains 1. A nethod for
produci ng a coated conponent of quartz glass in that a base body of
quartz glass is provided that has Rateabtiaimssurface onto which a Si 02
slurry layer is applied by spraying a Si02 slurry thereon, drying the
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(b) spheri cal slarrpiqferis oBitdid spgreendody layerh and sintering thesgen body layer
distribution with a o.value.i.n the range between, m and 50 pm

W e a et gnetradlef ooy caftainits Flssonlioyer, whsisednBiRdecogels te
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laim1, ch teri in that th | 0 h Si 02
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w. to 60% by w., based on the total solids content. 3. The nethaod
according to @ sPhericalamorphaus HiPe Paticles With RRarticle siza digtrbujion with a
n S 02 . . : . . . _
VAU T h the rasgL teEan i Eribebatbss! £EnfyR Soph, Al Mkeight faddion of

to any one of t htlgastéeti hgwtl based cohhe dotbbsolidsdcanmenthat t he
spherical anorphous Si 02 granules are present with a weight fraction

in the range (ef SA0mbyopdrticles vidipdricit sizedasieds dari 180 ndt alithsolierht
content.
15 fraction between 0.2% by wt. and 10% by wi., based on the total solids

content,

(d) a non-ionic, alkali-free surfactant with a fraction in the range of from

0.005% to 0.5%, based on the volume of the dispersion liquid.

2. The method according to claim 1, characterized in that the splintery
20 amorphous SiO;z granules are present with a weight fraction in the range of
20% by wt. to 60% by wt., based on the total solids content.

3. The method according to claim 1 or 2, characterized in that the splintery
amorphous SiO; granules have a grain size distribution with a Dsg value in

the range between 5 um and 20 pm.

25 4. The method according to any one of the preceding claims, characterized in
that the spherical amorphous SiO; granules are present with a weight
fraction in the range of 40% by wt. to 80% by wt., based on the total solids

content.



16 5. The nethod according to any one of the preceding clains,
characterized in that the spherical amorphous Si02 granules have a
grain size distribution with a D50 value in the range between 5 pm
and 40 pm 6. The method according to 4Ry one of the preceding nethod
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8. The method according to any one of the preceding claims, characterized in
that a mixture of water and an organic solvent with a low boiling

temperature, preferably an alcohol, is used as the dispersion liquid.

9. The method according to any one of the preceding claims, characterized in
15 that the solids content of the SiO; slurry is in the range between 70-80% by
wi., preferably between 74-78% by wt.

10. The method according to any one of the preceding method claims,
characterized in that a plurality of successive layers of the SiO; slurry layer

are applied for producing the functional layer.

20 11.The method according to claim 10, characterized in that neighboring layers

have different compositions.

12.The method according to any one of the preceding method claims,
characterized in that the functional layer is produced with a layer thickness

in the range between 0.1 mm and 4 mm.



