- 1 - Method for producing a raised marking on a glass object
Descripti,on - 5 The present invention relates to a nmethod for
produci ng a raised marking on a glass object in that a suspension
containing Si02 particles is applied to a surface of the glass object
as a pattern, and the pattern is conﬁédted to formthe marking, Prior
Art The application of a layer to a glass object for decorating and
mar ki ng purposes is 10 general |y known. Baking enanels that are
-applied by neans of a screen printing process are here often, used.
Met hods in which the pattern is transferred by nmeans-of a flat ,
carrier material to the glass surface and is subsequently fired are

al so common. The s | i i L and not
suited for produci %é@ﬁgvﬁg?ggéﬁé?@gggg gtl{r}ﬁ@{?ﬁ g‘é’@g%%%%%ﬁtod of
the aforenentioned type is known fromDE 1 596 666 A It is suggested
for the production of a gllass sheet with a raised pattern that a
suspensi on of ‘a quartz powder and a bi nder should be applied to the
sheet surface in stripes, and the stDaspeiptiopnoduced shoul d
subsequently be fused at a tenperature of 630C. Pine oil and sodium
silicate arg used as. the.binder., 20 The hi nder, contai ns substances
Chat *wien T BiEeeBCnk et ofes olRmao Tor PR At E
cont am nat i glasSemeLtih (RateNMigpRASBA LonBANSESIOASHERES B Sprfieandasutface
the glass object ‘itself or.in the materials surroundi ng the object.
Conponent s @ftheglass obifich 68 axrattest, ead the pattérors compactedite faum thasnarking.
i n sem conductor production. The known marki ng- met hod waul d here | ead
to a 25 devitrification at high tenperature or to a change in. the

el ectrical properties of a neighbori ngrigfedt conduct or material due to
contam nation by sodium - 2 -

- The applicatidn of a layer fo a glass object for decorating and markihg pufpoées is
10 generally known. ‘Bal{ing 'enamels that are appliéd by means of a screen prihting
process are here often used. Methods in which the pattern is transferred by
means of a flat carrier material to the glass surface and is subéequently fired are
- also common. The surface layers produced in this way'are thin and not suited for

producing elevated or raised structures.

15  A-method of the afo_rementidned type is known from DE 1 596 666 A. It is
. suggested for the production of a glass sheet with a raised paftern that a
suspension of a quartz powder and a binder shbuld bé applied to-the sheet
‘surface in étripes, e_:ind the stripes produced should“subéequeritly be fused at a
- temperature of 30°C. Pine oil and sodium silicate are used as the binder.

20  The bihder contains substances that; when the glass object is used at high
temperature or in a gontamination-éenéitive environment, cause unacceptable
changes in the glass object itself or in the materials surrounding the object.
Components of quariz glass are often uéed for such applications, e.g. in
semiconductor production. The known marking method would here lead io a

25 | de'v'itriﬁc_ation at high temperature or to a change in the electrical properties of a

heighboring semiconductor material-due to contamination by sodium.



Ther ef.ore, markings, such as serial nunbers, have so far been
produced on conponents of quartz glass for use at-high tenperature i.n
that a quartz glass strand is manually placed on the surface in the
formof the marking and successively wel ded. Such a procedure is
however tinme-consum ng.'and not- 5 -suited for markings wth uniform
appearance. In the nethod known fron2bE 100 09 185 Al for producing a
relief decoration on a substrate, relief-form ng noldings of glass .
frit andhepdfere, AiKBGS, Suah asefduagabert] ROROscfar bBen pritRicedlon surface
and fixed by ceramc firing. EP-1 614 664 Al describes .a nethod for
col or i ngoappaentsfof guads glase fer, userat gl eswergyiintthat @quegtzglessrit and
a col or _pi nt ..of g | Td { er, re.than ass.frit and

gl ass S&ﬁ"gﬁﬁﬁ %‘aﬁV%%a%é%}gén{ﬂ?éﬁ@%ﬁg?@ea%bﬁioﬁmeﬁgaw{g&ﬂm%ue. Upon
sof t eni Rgc@fssivel WElass. Sutsa pricedire i8 ho@kvel tirhgRenswhihg 2edwdtd t he
color pignment is fixed, DE_10 2005 058 819 Al discl.oses a nethod for
prodBci sYited fasmaskings yitbawiforg apaeasnee.quart z gl ass conponent in that
a quartz glass nonwoven inpregnated with a Si02 containing slurry is
pl aced t Eaﬁﬁ’ ' q&dp Wi £ L iof L |

particl gﬂ;trfgpﬁ?ﬁgagcﬁg@wroz@g t e?%?%?ﬁﬁaveﬁghgép% :ac %efsqb?gfét% on

di st ri batsubstradet reliaf-idsMingainoklings dgbassdriBaphcalodpigmbgts aral predoded,

ar ound 4?) pg] TEchn' cal, obj.ect 2 %_'t | s therefgre the object of the

pr esent PG 9 IBR SHBSIFE sHHaCR AR PXREDLAEIBMIGETI8- cost - ef fecti ve
production of an optically appealing and uniform nmarking .on an obj ect
made of ERUABYZ 664 AddeschBed B MidtRE R IcBrinh Torefit Ji8sk. Hre aePhighads ons
at high tenperature or in'a contam nation-sensitive environnent, such
as 10 sewhgaiemasgs fripaod acoianpignentsif ghighey firingiempatstiredhan glass

af or emepf,i /NE.. i S ject .i.S. achi ing. to the -
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mar Ki ng sefferfingl ofthezylgdosihstrafetiita refiel §fps WEMRSION theRbRr Pidited is

di sperston |iquid and anorphous Si02 particles having particle sizes

of up t8*ed-maxi num of. 500 | ' : -
DE 10 2005 058 819 Al discloses a method for producing a reﬂecting coating on

15 aquartz glass'compohent in that a quartz glass nonwoven iinpregnated with a

SiQ, containing slurry is placed on the Compbnent surface, dried and vitrified, The
Si0; particles _é)f_ the slurry used therefor have a particle size distribution with a Do

value of around 8 ym and a Dy value of around 40 pm. .

- Technical obie'ct

20 Itis therefore the obj"e'c’_: of the present in\;rention to p_rovid‘e Ié method enabling a
cost-effective production of an optically appeafing and uniform marking on an
object_ made of quartz glass, the marking. .be_iin'g also suited for applications at high
_tenipér;ature or in_'a contamination-$ensitive environmenf,' such.asin
se_micon_ductor'production.i | | |
25 o | o
Starting from a method of t_hé aforementioned type, this object is aphieved
according to_th'é.invéntiqh in that binder—'fréé suspension is used to create a
_marki‘r_lg on a'q'uértz' glass object, said suspension containing a dispersion liquid
o ‘and amorphous S0, particles ha\}ing particle sizes of hp to a maximum of 500
3 0 um, of which are between 0.2% by -wt. and 15% by wt, SiO; hanoparticles having -



30 pm.. of which are between 0.2% by wt. and 15% by wt .
Si2nanoparticles having -3- - particle sizes of |less than 100 nm
and the solids content thereof, i.e. the weight proportion of the

Si 02 particles and of the Si 02 nanoparticles together, is in the
range between 60% and 90%: In the net hog according to the invention a
suspension i s used for. producing the 5 pattern, the suspension being
free of binders. Constituents of conventional b| nders; such as al kal i

or al kal i neRHFIEIPIZESRIdRASdE2N WRP R, AEY f%@@@&'&ﬂﬂ&iﬁéﬁqr@w bf thpaveight
t
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proportion mﬁgebemmmmdﬁoe’& and the Si02 10 nanopart i cI es
t oget her) of the suspensi on |s relatively high at a val ue between 60%

d 90% d t effect >
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dryl ng or S|nter|ng crac s Is reduced he ot her . and such
highly fil Imddascsmsaalhalngr dlgalmrmrﬁrmramwnder whith mdscause areduation.

means. ¢ hat "o RCRNR B S AP UL e 7 e uaia Rlasg Oblect, are

filling, dltﬁgmlmﬂe@atl ng, stripping, spreading by doctor blade,
sprayi ng) the suspension exhibits increased viscosity (dilatancy) or

that after nechanical inpact the viscosity is increased for a short

period of tThﬁaso{‘ﬁdﬁé@ﬁiﬁ(\J«ﬁhaﬁa thewsight prepeginaeidhe Sidxearéeles aod e Sif:
to be disa bﬁﬂﬁ‘: oé?@@ S)to*?gné%\fs%bﬂgloﬂﬁs I'é%ﬁ\% ofﬁ‘gﬁ%?'a'\%ﬂ; r&,g

surface of e quar y spra I'spersi 5 e |ng

(al so: st riguyagd G00RVEH fiigh sdltmm@t esrer:tapa Iﬁigh “fieehibody deAsiby” @ifithe
Vi scous suspen5|on Is not suited for these application techniques as
it solidifi¥¥® '@ﬂ@éF‘eth@%Yﬁ?Y gpntabutingdo R ‘é'i'foi”&ﬁﬂdrigS’ﬂkaé%nt Sthﬁék%ﬂﬁlcf
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condition i

_On the other hand, such highly filled SiO;-containing éuspensions are very
15 viscous ésa rule énd_- typically show a dilatant-rheopexic flow behavior. This
means that upon mechanical action (such as stirring, shaking, filling, dispersion
| . c_:oatirig, st_rippiﬁg, spreading by doctor blade, spfaying) the suspe‘hsion exhibits
increased viscosity (dilatancy) or that after mechanical Impact the viséosity is

increased for a short period of time (rheopexy).

- 20 Thts flow beha\nor however, furns out to be dlsadvantageous when the
suspensuon is fo be apphed to the surface of the quartz glass object by spraymg
or dispersion coatmg (also: stripping, troweling, dressing, scraping, filling). A
hlghly viscous suspensmn is not suited for these application techniques as it
sofidifies under the action of the dlstrrbutmg force, thereby counteracting the

| 25 | umform dlStl‘lbUt!On thereoi. In the inactive conditicn it can however become liquid

again, so that the pattern Imes applied to the surface expand and get blurred.

It has been found that the flow behavior of a dilatant-rheopexic suspension is
* changed by the addition of a small amount of SiO, nanoparticles to show a rather
- structurally viscous thixatropic behavior. "Thixotropy" of a suspension manifests

30 itselfin that with a cbnstant shear stress (for instance at a constant stirring rate)



again,, so that the pattern lines applied to the surface expand and
get bI urred. It has been. found-that the flow behavior of a :

di | at ant - r heopexi ¢ suspension is changed by the addition of a smal |
amount of Si Q2 nanopartlcl es to show a rather structurally Vi scous .
t hi xotropi ¢ behavi-or. " Thi xot ropy of a suspensi-on mani fests 30itself
in that with-a constant shear. stress4(-f or instance at a constant
stirring rate) - 4 - its viscosity i.s ‘continuously decreasing for

some ti nigs viBedsyad cofBiuubiyhictfeaskigruesothalime. Retsed ineréwith e case . of
whi ch the viscoSity i's al so reduced due to.shear, but which is not

further e&ee@a@.woeﬁy dn dhmeaseral whtiehainesdiscosily isxdee rerfusgd duertne A
| nventi og, 1, %@‘{@@8{‘@%% %rr B8Fe§sr§§’bg eagpgrgﬁgee %s/" by wt. 5 and

15% by nanopar €5 "W es of 1ess than 100
nm 5102 nanopartlcl es are here under stood to be SI.C21 particles

havi ng pacdarding te tireisvemtianitbe saspmsion thefeforencomtairs betwesh WR% oy 400
nm preferably bel ow 50 nm Such nan par I.cles have a, specifi-c BET.
o B bk oy SR B T SR e S Ssedn g S ol 6w .
The Si 0

nyar ol i S hR eI %”gﬁfeé%%?%?ﬁ?’ﬁé%g?‘sﬁ”@% Birtesifu il SN in g
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| 5102 t he Si O2 - d
o o A A A s BT Acas e en A AL %5, 7 Sréaypens. on
on ‘the vmrveeﬁeé 94 8R4 29@%2@0rrrets.e?neﬁo;r&weé§eén gly eagﬂ%

bonds between the anorphous particles anong one€ an
occdr enpddationgitdwydrdlysis eésrhmntammgeaiam oompauedajﬁhermnefkermgso :

[ ﬁZ“'sL'eQr%"fe@re@sge%“%fiﬁé*)biﬁg.e yobpderisapR e eod mepen %ié_?”t hese
i nter actdmmglrsm@mnt again, ther eby stabilizing the inactive
suspension mass.. B .
The Si0, nanopartrc!es cause rnteractrons between the amorphous SiO, particles |
of the suspension on the whole and effect the formation of physrcal or chemical
15 bonds between the amorphous SiO, partrc!es among one another. Upon
ocourrence of shear f_orcee these_lr_r_teractrons_ are ,drmrnrshmg, resulting in a
“liquefection" of the suspension After' o'miSSion of the ehear forces, in the passive
state of the suspension mass, these rnteractlons wrll augment again, thereby

stabrllzmg the mactlve suspensmn mass

20 -The knoWn applicetion'techniques are, suited fo'r applying the' sospens'ion
especially also the removal from a carrier on which an image of the pattern is
_present (decal), a suepensron with a par’ucular!y high sohds content bemg here
preferred. However a method varrant is partrcularly preferred in which the
‘ suspensron s applled by spraying or drspersron coatrng

25 DBuetoits structurally viscous thrxotroplc f[ow behavror the suspensron used in the
method accordmg to the invention ilquefres under shear stress. Thls property is
conducrve to a uniform outﬂow and to the dlstrlbutron of the suspension mass over
the surfac:_e under action of a force w1_th a drstrl_butmg' effect, such as during

‘dispers'ion ooating or Sp'r_aying, and eneures, on the other hand, a rapid



20 The known application techniques are suited for applying the
suspensi‘on,- -especi al Ly also the renoval froma carrier on which an

I mage of the pattern is present (decal), a suspension wth a
parti.cul arly high solids content being here preferred. However, a
met hod variant is particularly preferreﬂ i n which the suspension is
appl ied by spraying or- dispersion coati*hg.- 25Due t0o itS structurally
vi-scous thixotropic flow behavior the suspension used in the nmethod
accor di ng stabilizetiomotine syapensior ppRitedin geeassenchiinest ofdle patierndo be .
property ignﬁﬁgggcive'to a uniformoutflow and to the distribution of
t he suspensior Ss over the surface under actibn of a force Wth a

di stributing effect, such as during dispersion coating or spraying,
and enSur eén thercasbef oehehigh golitls @ntents df morédthan Ealhé woatdbility of tHehe
suspensi on ‘a Iied'inlaregs and lines of the pattern to be produced.

In the cas8UBHENBIGDWEHOLIRIAYES ObHISPRISIOHFOHRELS PAYRVYTIRCTeaRiNg

wor.kabi ki t ; ' LN O N |0
Coat tngi s RIS BN IHTREER R s ibetiElnd: mpR U Bk nbp Bt M e,
i's m xed wcbhtest Oesainapd.2%dyest. that namopartichsst hafe neesignifibant eife2foiy

wt. the nanoparticles have no significant effect on the flow behavi or
of the sus%@fﬁ@?%h?g‘%@réége éB?R‘%’%P@ SERASCONERARS QTR haR 15/ebY Wead
to an incr g : X VA I e
o vory o figadl anifRAtasRl ARk othe patbm MLt ilg. Iinb RESEBRE

can be usedefObidayers (€6l hmhgyeehighar @nteart ©f Sidneartopastivléandags osat ks
than thick,lL.ayers,. In this respect.it has turned out to be -
par ti o ar PSCAHSANNGEs SraIRSS Hvee BURERes Fachn LA bick @yers.
nanoparticles between 0.5%by wt. and 5% by w. , preferably between
1% by wt. anthis3éspctt had @éstodio b pafitiufdriysalvaftagedns Wheh the I n
a preferred nethod variant, the marki nsaleconm sts of sim{lar or

speci fic mavEREIOM®NIRINN SKaspAnopatisiastetyaen 05%bxvd. @] s%iby wt,
- preferably between 1% by wt. and 3% by wt. (based on the total solids content).

Ina preferred method variant, the marking consists of similar or specific material
15  with respect to the quartz glass object. | '

“Similar material” means in the present context that the SiO, coritents of marking
and quartz glass object differ by not more than 3% by wi. from one another. This
eccomplishes a very good adhesion of the marking on the Obiecf and ensures a

h'igh thermal shock resistance of the composite.

| 20 Depending on the requirements, the marking is opaque, translucent or fully
| traneparent. With an appropriate temperature control the risk of crack formation
'~ during compaction of the pettern can be reduced. Compaction is carried out by
way of sintering (e.g. in a furnace) or by vitrification‘ (e.g. by means of a flame). In
a first _prefe‘rred method variant, the dried pattern is compacted at a comparatively
25  low maximum temperature m the range between 1100°C and 1600°C, preferably
~ below 1450°C. |

Puring compaction the low maximum temperature prevents a rapid compaction of
the outer surface areas of the pattern. Such a compaction would impede the

further progress of a vitrification front due to its heat-insulating effect, thereby:



"Siml.ar material” nmeans in the present context that the Si 02
contents of marking and quartz gl ass object differ by not nore than -
3% by wt. fromone another. This acconplishes a very good adhesi on of
the marking on the.object and ensures a hi gh t her mal .shock resi stance
of the conposite. 20 Depending on the requirenents,. the marking is
opaque, translucent or fully transpafent. Wth an apprrprl ate '
temperature control the risk of crack formation.during conpaction of
t he pat trenderirga bempteatﬂercmipa@mmpﬂ(ﬂticlcer layers anare difficuit. AS)a ndg, ofe -

sinterin in_a furnace itrificat |on nmeans of a
7l ane) . GBS A oeRqde of bRRdtsen debappiamsin b Ratopsis orn 1 s
conpacted at a conparatively 25 |'ow maxi rrumterrperature in the range
bet ween AslASierngtive QOFmpaBIich 6T tAB pkithel ioWaikHeQsut JPdrtbmgefRRAHGVEN
the | ow maxi mum tenperature prevents a rapid conpaction of tthe outer
surface 18P8¥s. of the pattern. Such a conpacti-on woul d i npede the.
further progress of a vitrification front due to its heat-insulating
ef f egt, ction of thlcker
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transl ucent or di‘aphanous marking in this process. -As an. al ternative,
conpact iloresdfirnedeoytdo berusefid when rtlneeeusmmsm mappherbbyamaes abaweask
1600C. n ansparent quartz

gl ass. ?hqt '%Blsac?ﬁloﬂéheéﬂﬁg?%a'b(ipt@g%r 'W%éﬁepﬁé ®lspension is applied
by nmeans of .a mask that is placed on.the surface and predeternines

the pat tTeemasktecipeikohsdngs atunifors appearandendi the PatipfeR RNp®dated.he
pattern to be produced. - The thickness of the marking nmay be up to

1 | t tq the ab 0 d b tignal method, th
et mod BEdnb el ok BRI UFBCT miSdn S rieaub e sh act ur o

of pgrt ueetrﬂrédycotn%nmm Kietod, Qweﬁethoera%tcef tthetrﬁYérﬂli\‘i)ﬁral o

t hi cknesses I n-the range between 0.1 nm an urned out
to be uwluatem’aleetrrfanufadm’ep}f@dumuiadm thif marklngdayeragarafesabtgemﬂ'l laper s
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It has turned out to be usefut when for the productron of the markrng a suapensron
is used in whlc_h Si0, particles with particle sizes in the range between 1 um and
15 60 um account for the largest volume fraction, with the SiO, parttcles* showing a
| multimodal particle.size ctietribution'with a first maximum of the sii_e distribution in

.. the range of 1 um to 5 pm and ei eecond maximum in the range of § pm to 50 um.

The amorphous Si0Oz partrcles show a multlmodal particle size d|str|but|on havrng
~ at least two, preferably three or. more distribution maxima. This helps to set a high
20 sollds densrty in the suspension, whereby shrmkage during dryrng and

compachon and thus the risk of crack formation are further reduced.

A particularly advantegeouscompromise'between a pattern showing alow
tendency to form cracks on the one hand and an easy processmg of the
‘ | suspensmn by spraying and dispersion coatlng oh the other hand is achreved
25 | when the suspensmn has a solids content in the range between 70% by wt. and
| 80% by wt Parncutarly preferabty, the solids content is at Ieaet 75% by wit.,

It has turned out to be partrcularly advantageous when at least 80% by Wt
- preferably at least 90% by wt., of the SiO; partrcles are made spherical.



15 60 .pm account for the largest volune fraction, with the Si02
particles showing a nultinodal particle size distribution with a
first maxi numof the size distribution in the range-of 1 pmto 5 pm
and a second maximumin the range of 5 pmto 50 pm The anorphous
S102 particles show a nul tinodal particke size distribution having at
| east two, preferably three or nore, distribution maxi ma. This hel ps

to set a hi- 20 solj.ds denpsi-ty.in.the suspensio er eby shri.nkage
dur ng dryi SRPeRal Rashiiae Ao a6he (iASATRS CRRSRY Bithe SR POl SBRo e
further redierg -dringahticerpattion %W%HE@@%!@PQIPB%%OQE&M%% dte

pattern showi ng a low tendency to formcracks on the one hand and an
easy procedsadspfericRk suspension by spraying and di-spersion coating
on the other hand is achieved 25 when the suspension has a solids

o of or abl y b0 s OB RERiER e aara@P S P En v sk
out to lze pard DeWaiid yf [@gy Brinaglegvsprefeabiglof leeathaBabo iy, W .
preferably at |east 90% by w., of the 6102 particles are nade

spherical. _- 7 - Spherijcal particles help to set.a high solids
donsi ty. i n.SiRe Partiglasyn this orger xbibi ALY ARG ¥ 8 RO AT ERHRhct i on

are reduced, ' : bk ( I L :
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i s di sti ngyisiesdcdn by deedaadwampaciel] Hastisilareeasi( withpuptheffemadiion of f

| ess than 40@&{;\. 'Si 02 particles in this order exhibit advantageous

si ntering- & rtrification properties and conparatively |-ow '
shrinkage during drying, so that a corresponding pattern can be dried

and conpactied digsdrspuliRuld/magsbhiistif ahQiduebis bhos.MHd gilaoiataredsttte 10
The ‘di spersion ' liquid may consist of an aqueous base. The pol ar
nature.of t3Micaysebase phiuss HIUSPGEHOR MAYIRMeANINIAS) OR daintearactinraat

Cocor i ng. ShE SRl e SRRl e Bh o 18 UEGEY BBusroion ¢ ne

form of a niquidisdonenst sdadia thé fomisfra mnglratohsiefigpof waebue ah,
preferably based on al cohol. 15 The aqueous proportion in the

di sper si on inerganig selvept prefestiy Pasedon AICRBRI opi ¢ 1 ow behavi or and to
set a desired viscosity. The al cohol amount of the dispersion liquid

accel enat esrHlr y; Fo;fd?ﬁ@? o\idperaioh AQUE HefstoBRER) ixbfopic.
saves 'tl?’me and qdééggg %t a arsntelgr ‘ﬂ;élﬂ)%lr ng gﬁmt he&)pat ter nﬁ)gﬁihf']xyﬂjgélrcfﬂg(%
of the quarbehagibnasd thieica desred istosty.cdw algotuol anteeng dijive disparsien
pattern is . r ECHJCEd The vi.scosi tal of . . . .
liquid accelerates drying, as compared with an aqueous dispersion. This saves
 time and leads to a faster fixing of the pattern on the surface of the quartz glass
' object, so that bleeding on the edges of the pattern is reduced. The viscosity of
20 - the suspension on the one hand and its drying behavior on the other hand can

thus be o;ﬁtimized by setting the amounts of wéte.r and inofganic solvent (alcohol).

Preferably, the SiO; particles consist of naturally occurring SiO, raw material and
the SiO, nanoparticles of synthetic SiCa. '

- Naturally accurring SiQ, raw material is comparatively inexpensive and is

25  distinguished by high viscosity. Synthetic SiO is distinguished by high purity.

It has turned out to be advantageous when the SiO; content of the amorphous

SiO; particles is preferably at least 99.9% by wt. -



20 the, suspension on the one hand and its drying behavior on the
ot-her hand can thus be optim zed by setting the anounts, of water and
I norgani ¢ sol vent (alcohol) Preferably, the Si02 particles consi st
of naturally occurring Si02 raw nmaterial and the Si02 nanopartlcles
of synthetic Si02. Naturally occurring Si02 raw material

conpar ativel y inexpensive and i's 2508 st i ngui shed by hi gh V|5005|ty
Synthetic 3102 is distinguished by high purity. It has turned out to.
be adv?n'hegleb@s pmpemams tte 6@spemsionrirodiicadhsy asing pbeiupaditR? qasists! es
is prefera

st 99, The oI | d roportijon of
t he susBEﬁ%‘?éﬂ %gr%% A Bﬁ/gﬁil(ﬁﬁa@ff@ﬂ’ﬁfiﬁqup@@ %‘p leingihel east
99. 9% g the
mar Ki nggﬁ Wﬂl %dfeBrl@]eg% of eﬂ%? égt@d?%gf %%gﬁgrn g@ﬁ%@%ﬁ%gﬁa got cfogﬁ%{ﬁ%l ﬁ{ %H ,
cont ai nafkal casen Theeadrkingsd “siffilar matddaigxbibitssd partieulariphighi tabfmal
exhi bits a particularly high thermal shock resistance. Enbodi nment
The ? nvEPRGKIRSSEINE- now be explained in nore detail with reference to
10 enbodi nent's and a ‘drawi ng, which shows in detail in: Figure 1 a
di agram of the Si Q2 particle size distribution of a raw nateri al
conponent suited for the preparation of a suspension for perforiing
t he nmet hod according to the invention (prior to the addition of Si 02
nanoparticles); and 15 Fiigure 2 -a quartz glass tube for use as a
reactor in solar cel'l production, which tube is provided with an
identification in the formof a raised marking. The diagram of Fig. 1
shows a particle size d| Stl’l bution of a quartz gI ass povvder

Embodiment
‘The lnventron shall now be exp[alned in more deta|l wrth reference to

- 10 embodlments and a drawmg, wh|ch shows in detall in:

~ Figure1 a diag’r'am of the SiO, particle size distribution of a raw material
component sulted for the preparatlon of a suspension for performmg
the method aocordmg to the invention (prior to the addltlon of SiQ,

nanopartlcles) and

15 Flgure 2 a quartz glass tube for use as a reactor in solar cell production, which

tube is prowded with an ldentlflcatlon in the form of a raised markmg

The dlagram of F|g 1 shows a partlcle size dlstrlbutlon of a quartz glass powder,
lw1th a first maximum M1 of the size dlStl’lbthlOﬂ at about 30 um (Dsu value) and '
with a second smaller maximum M2 around 2 pm, The quartz glass powder (with a
20 D50 value at 30 Him) shall be cal[ed Rao here[naﬁer

-For preparing a s'uspension for producing a marking, further ouartz glass powders

. are used havmg D50 values at 5 ym, 15 pm und 40 pm and having particle size
distributions otherwrse similar to those shown in Flg 1. Sald quartz glass powders
are called Rs, Ris, or R4o, dependlng on their Dy value.

25 The quartz glass powders R3g, Rss und R; are dlspersed and homogenlzed in the
quantltatlve amounts 500 g; 200 g; 200 g (1n the sequence of their nammg) ina
mlxture consrstrng of TO parts by welght of ethanol and 30 pafts by welghl: of



with a first maxi.mum ML of the size distribution at about 30 pm (Dm
value) and with a second smaller maxi num M2 around 2 pm The quartz
gl ass powder (with a 20D50 value at 30 pn) shall be called R30
herei.nafter. For preparing a suspension for producing a marking,
further quartz gl ass .powders are used h ving D55 values at 5 pm 15
pm und 40 pmand having particle’size di'stributions otherw se simlar

to t-hose shown. in Fi . Said uartz |.ass powders are called RS
R15, - or. Radilt r%%@wgrg@ﬁgtqi@w OIEB6 %ﬂgﬂ%uet ez% e %Qapelzow%é@s with

powders R3% rﬁét@ré’&darggn@ﬁg i %ﬂ?é%@@gﬁt@@ﬁ]ﬁ 'aﬁf@éjof 50 b8 are added

quantitative anounts t he sequence aof their
nami ng) intathg Immogemmdssistry,rr@suitmqm @ansgsertsgonmutglatsotuﬂs etritantodf 7896
30 parts b>&¥ ight of - 9 - ultrapurelNater. - 135 g of pyrogenic
silica in W% orm of Si02 nanoparticles with d| ameters of around 40 .
nmwi th a specific BET surface area of 50 rn2/g are added to the

honpbgeniszedhgl pt{rt'éie STRSWeldwW 80 Lifh &:c0URPRAfHePRArgdst Dolumeseidtigh of @it ent
of 75% by wt. The particle si.zes bel ow 60 pm account for the -

| ar gest volsalie: Th@&u&p@nsm thatds sxalusively peeparep aitbisynthetieally produced

ar 1 ol o5, SPURTGH Sk PegpoieR el e e iR R ePho flns *

(cri st obal iérmstolsile tquar@nend & dstiiguigled HyeslidycanthRiNaton cantoniiegs
content of |ess than 1.w. ppm The bi nder-free suspension shows

t hi-xot r opi éhaneﬂ\atm RIMMahiee bigdenires sesneasionyshomisttarokepic pebawasamis
chemeloai t o biRsTRER Mo e 00, SRR A g e BrgPppiion

suspensi on,coarnng he form of a seri al nurrber on the outer jacket of a
quartz glass tube 2. The quartz glass tube 2 is .intended for use as a

reactorin solar cell pr oducti.on, (phat ovol t The rking is
produced i g%ﬁc@WWmS%?Wm?%”ﬁ'@”S&P'&!%Iuﬁ &r”sﬁ‘@rs{ﬁ%een

punched ou r@ﬁéﬂ' r
above- desc%l Bb%'nsg%rggﬁgnué;@gﬁgb ?g%é&ngll ?d ?&@% ack@?ﬁf % qug 1assh
the hel p ofiuke 21 Enelquatizgloay tubet2 iséntended fox usma‘scn reactorém smhr célhess

has been achi ved that appr oxiat el y.corresponds, to the sh
thi ckne8s @0 SRso S ol T BaNig 5T BRGREELIS that anshogtarom which

i nut es th%@éﬁ% ﬁume;?rmag%@enggﬁé ot BHSST o HRURS BB URREOUS

'Si 02 (green | ayer) 1s exp n the formof the serrlal
The green B‘d)ﬁyaﬂoarszeiescsbdi 5if2) susperision oill anspriaged shto thisumask Wi’niethe

~dryi ted of an | dj a The, d .
oy T aper TE 9 MEDIBK SRy Bt TRuES et ab Al biBss 6% nft fudisr "
mm It is %hﬁ%sa%‘ﬂ%bﬁéh?éoﬂéégbh&éﬁﬂth@%h@@ﬁ{h%k%sépy trandrogen bur ner

at -a terrperature of about 1500C to obtain the ful sparent

mar ki ng 1.
%0 ; After a pre-drymg process in air for 10 mmutes the sheet is removed, whereby a

pattemn consisting of porous SiO; (green body layer) is exposed in the form of the
serial numbér. The green body layer Is dried in air for another six hours, The
drying' process is comp!eted by use of an IR radiator. The dried greén body layer
is without cracks and has a mean thrckness of about 0.17 mm. It is subsequently
25 vitrified by means of an oxyhydrogen burner at a temperature of about 1500°C to
~ obtain the fully tfransparent marking 1.

_‘ Raised markings of uniform appearance can thereby be prod ucéd ina

‘reproducible manner on quartz glass components. -



Rai sed mar ki ngs of uniform appearance can thereby be produced in a
reproduci bl e manner on quartz gl ass conponents. Patent clains 1. A
met hod for producing a rai'sed marking on 'a glass object in that a
suspensi on contai ning 5102 particles i.s applied to a surface of the
gl ass Object as a pattern, and the pattern is conpabted to formthe
mar ki ng, characterized in that a birger-free suspension is used to
create a marki ng on a quart gl ass -obj ect, -said suspension contai ni ng
a dispersion liquid and anor phous '5i 02 particles having particle’ .
sizes of up to a maxinum of 500Patentelaimis ch are between 0.2% by. wt.
and 15% by. wt.” Si 02 nanoparticles having.particle sizes of |ess than
100 nm and the solids content thereof, i.e. the weight. proportion -of

e oo bot Mook e AR eBlucitrs e BRARS B eCaR AORE RRad 3 10 1
characteriz eéhéitp_ﬁnéfbﬁtco?\_rl‘bﬁniﬁgl SIS \5drBeleh fs aniedad Ju(rRE Y thglass

di spersion coating. 3. The nethod according to claim1, characteri-zed
_in that the chjegasst patteronard e aittem isaeppraciedioderm the merkagge - of

e peer, O S Vet 4 Qinthr R SR ARIVISUEEHTR Brehid Riptking™™
- accor di ng t%@Qhu@ﬂgQlﬁéét({gédﬂrééﬁ?ﬂiﬁib@n@ibﬂicﬁﬁtaitﬁihg%&ﬁi‘;ﬁrhiéﬂdiqhﬁi t hat

the pattern- i-s conpacted at a tenperature in the range between 1100C
and 1600C, paref @matphpusdiiGneadisioehasingnesticle si7ed chup & aimgimymeaty one

Cenper at ur @ 402 TR0EN £ bERReB AR TR POk OB of the o

precedi ng cliingharttisd REKRY pa6icisivestdiadss then T08pRNSINAthe Sofdw! | ed
via a mask whi.ch predetermnes the pattern and js placed on the
sur f ace. content thereof, i.e. the-weight proportion of the SiO; particles and of the

SEOQ hanépar’ticle_s tbgéther, is in the-rangc_a between 60% and 90%.

.21. The method according fo claim 1, chérac_terized in that the suspension is

applied by spraying or dispersion coating:

3. The method acﬁording to claim 1, characterized in that the s‘ﬁsbension
coritéins Si0, nénoparticlés in the range of between 0.5_% by wt. and 5% by
wt, preferably between 1% by wt. and 3% by wt., based on the total solids
content. - o

. 4, The method according to ahy dne of the preceding claims, characterized in
that the pattern is compacted at a temperature in thé range between
1100°C and 1600°C, preferably below 1450°C.

5. The method écqording,to any one of claims 1 to 3, characterized in that the

' pattern is compacted at a temperature above 1600°C.

~ 6. The method according fo any.one of the‘pr_et:eding claims, characterized in
. that the‘s;uspénsion is 'appi_ied'via a mask which predetermines the pattern

“and i placed on the surface. :



7. The nmethod according to any one of the preceding clains,
characterized in that a marking is produced with a | ayer thickness in
the range between 0.1 mmand 0.5 mm 8. The nethod according to any
one of the preceding clains, characterized in that S102 particl.es
with particle sizes in the range between 1 pmand 60 pm account for
the greatest volume fraction, the Si02-particles having.a multinodal
particle size distribution with a first maxi num of the size :

di stributi-on i7n Themetmgeaobrdingto 4y dnepoi the ¢recesirupdinma xhanautdrizeti e

range of 5 pmto, 50 pm 9. The nethod accordjng to any aone of the
precedi ng cl ai nstf‘a(:%ﬁ'laé‘é'ﬂ@ﬂ?f progured v lgyRs tg'ﬁg'ﬁ)"‘é?nﬁp fRIgeedypey -1
content.in the rrﬂﬁ%@?"‘s n 70% by wt. and.80% by wt. 10. The nethod
according to.any one of the preceding clainms, characterized in that

at least 80% by wt., preferably at |east 90% by w., of the Si02
particles are8natie mpthedi arabrding fo ameoneefitbe paeassing elgims, charactatizedfin
t he precedi ng cl.ai characterized jn.that .the Si 02 parti,.cles e a
bart 1 cle si 6 aitGet SIDRPROIF A Faalebyit i (b Certs; SelfBRh Vet ang B0
I ess than 50 pmadeb@htabAteYgrehtesEasiumbHachdh RAR SIE, pdineleB®iabRg a
according to any one of the preceding clains, characterized in that a
m xture of wat ermafichodél partidegizms distgbliemwith prisstanaximymbeidbe sine

al cohol ," i s used,as, the dispersio iquid. 13. The nethod.accardi ng
foany one of -t HESEPLETPIEE Gtk 1 bl Sk Ang Aeclht AR S
particles consi shn@d oy Rldyupccurring raw material and the 3i02
nanoparticles of synthetic Si02. 14. The nethod according to any one
of the preceding clainms, characterized in that the Si02 content of
t he anor phous?9Si i paifod @cearding e anyeang ofdhe gueasging claims, characterized in.

that the_su'spension has a solids content'in the range between 70% by wi.
and 80% by wt. ' |

10. The method éccording to any one of the preceding claims, characterized in
that at least 80% by wt., preferably at least S0% by wi., of the SiO, particles:

are made spherical.

11. The method according fo any one of the preceding claims, characterized in
 that the Si0; particles have a particle size distribution that is distinguished

by a Dsy value of less than 50 um, preferably of less than 40 pm. .

12. The method according to any one of the preceding claims, characterized in
fhat a'mixture of water and of an organic solvent, preferably based on

alcohol, is ﬁsed as the dispersion liquid.

13. The method according to any one of the preceding claims, characterized in
that the SiO. particles consist of naturally occurring raw material and the

Si0O; nanoparticles of synthetic SiO..

14. The method according to any one of the preceding claims, characterized in
that the SiO» content of the amorphous SiO, particles is at least 89.9% by
M. .. ' ’



