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Method for producing a raised marking on a glass object

Description

" The present invention relates to a method for preducing a raised marking on a _

glass object in' fhat a suspension containing SiOz particles is applied {0 a surface
of the glass object as a pattern, and the pattern is compacted to form the marking,

Prior Art

- The'abplicaﬂo'n of a [ayer to a glass object for decorating and markihg pu}poées is

generally known. Baking enamels that are appliéd by means of a screen priri'ting
process are here often used. Methods in which the pattern is fransferred by

means of a flat cartier material fo the glass surface and is subéequenﬂy fired are

- also common. The surface layers produced in this way'are thin and not suited for

producing elevated or raised structures,

Amethod of the aforementidned type is known from DE 1 596 666 A. ltis

. suggested for the production of a glass sheet with a raised pattern that a

suspension of a'quartz powder and a binder should be applied to-the shest

‘surface in étripes, s:md the stripes produced should"subéequeritly be fused ata
- temperature of 630°C. Pine oil and sodium silicate are used as the binder.

" The binder contains substances that; when the glass object is used at high

temperature or in a t;ontamination-senéitivé environment, cause unacceptable
changes in the glass object itself or in the materials surounding the object.
Components of quartz glass are often used for such applications, e.g. in

semicondhctor production. The known marking methad would here leadio a

de'vitriﬁqation at high temperature or to a change in the electrical properties of a

neighboring semiconductor material due fo contamination by sodium.
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Therefore, rh'arkings, such as serial numbers, have so far been preduced on

, components' of quartz gtaes for use at high temperature inthat a quartz glass

strand is manually p!aced on the surface in the form of the marking and
successwely wetded Such a procedure is however time- consumtng and not

_ suated for marklnge with untform appearence

In the'.meth_bd known from DE 100 09 185 A1 for producing a relief decoration on
a substrafe, -relief—formthg meldings of glass frit and color pigments are produced,
placed on the subétrate surface and ﬁxed by ceramic firing.

EP 1614 664 At descnbes a method for colon ng a refief glass. Here ona giass

' substrate, glass fnt and a color ptgment of a hlgher fl nng temperature than glass
‘ fnt and.glass substrate are applled by means of a pnntmg techmque Upon

softening of the glass substrate ina rel:ef type meltlng mold the color plgment is

‘ﬁxed

DE 10 2005 058 819 A1 discioses & method for producing a reflecting coating on
a quartz glass‘compohent in that a quartz glass nonwoven irnpregnated with a

' Si0; containing slurry is pteced on the eompbnent surface, dried and vitiified. The

SiO; particles of the sturry used therefor have a pariicle size dlstrlbutlon with a Dsg

value of around 8um and a Dgo value of around 40 um. .

: Technicai obie'ct

It is therefore the ob;ect of the present inventlon fo prov;de a method enabhng a

' cost—eﬁect:ve productlon -of an opfically appeahng and unlform marklng on an

object made of quartz glass, the marking bemg also smted for applications at high

temperature orina contamlnatlon-eensmve envrronment such as in

eemlconducter productlon

Starting from a method of t_he afdrementiorled type, this objéct is achieved

,according to the invehtiort in that a binder-free suspension is-used to create a
_markmg ona quartz glass object, said suspensmn oontatnmg a disperetcn liquid
'and amorphous SIOz particles havmg partlcle sizes of up fo a maximum of 500

um, of_ whleh are between 0.2% by wt, anid 15% by wt, SiO; nanoparticles having -



10

15

20

25

30

_3...

| partrc[e szzes of less than 100 nm, and the solids content thereof ie. the welght ;
_ '_proporhon of the SiO; partlcles and of the SiO, nanoparticles together |s in the

range between 60% and 90%.

| n the method according to the invention a suspension is used fcir_ producing the

pattern, the suspension being free of binders. Constituents of conventional
binders, such as alkali or alkaline-earth compdunds, which may cause a reduction.

of the vié.cosity of quariz glass and a devitrification of the qt.iartz glass object, are

thereby avoided.

The selxds content (that is the weight proport!on of the SiO; particles and the SiO;

"nanopartlcles together) of the suspension is relatively high at a value between

60% and 80%. The high solids content effects-a “high “green body density” of the

- applied pattern, thereby contributing to a uniform and insigniﬁcant shrinkage of
~ the layer applied, whereby the risk of drying or sintering cracks is reduced.

_On the other hand, such highly filled SIOx-containing éuspensions are very

viscous as a rule and typically show a dilatant-rtheopexic flow behavior. This

means that upon mechanical action (such as stirring, shaking, filling, dispersion

. (_:oatirig, strippiﬁg, spreading by doctor blade, spraying) the suspe'hsion exhibits -

increased viscosity (dilatancy) or that after mechanical impéct the visf:osity is |
increased for a short period of time (rheopexy). -

Thts flow beha\nor however, turns out 10 be dlsadvantageous when the _
suspens:on istobe apphed to the surface of the quartz glass object by spraying
or dlspersmn coatmg (also: stripping, troweling, dressing, scraping, filling). A
htghly viscous suspensmn is not suited for these application techniques as it
solidifies under the ac’uon of the dlstnbutlng force, thereby counteracting the
unzform dtstnbutmn thereof. In the inactive condition it can however become liquid

again, so that the pattern lmes 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 émall amount of SiO; nanoparticles fo show a rather
- structurally viscous thixotropic-behavior. "Thixotropy" of a suspension manifests

itself in that with a constant shear stress (for instance at a constant stirring rate) _
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its v:scosn‘.y is contmuously decreasmg for some t[me Re[ated therewuth Is

"structural wscosxty in the case of which the vnscosny is also reduced due to
shear, but which is not further decreasing at a constant shear stress.

According to the invention the suspension therefore contains between 0. 2% by wt.
and 15% by wt. of SIOQ nanopartlcles with- partlcle sizas of Iess than 100 nm Si0;

.nanopartlcles are here understood {o be Si03 partlcles having parhcle sizes in the

range of a few nanometers of up to 100 nm; preferab!y below 50 nm. Such
nanoparticles have a specrﬁo BET surface area of 40~800 m/g, preferably
between 55 m*/g and 200 mzlg The Si0, nanopartlcles can e.g. ‘be prepared by
oxidation or hydrolysrs of srlrcon-contalnmg start compounds (heremafter also .

called “ pyrogenlc smca") or by polycondensatron of poiymenzable sahcon '

"compounds (8102 sof).

The SiOz nanoparticles cause interactions betmréen the amorphous SiQ; particles |
of the suspensian on the whole and effect the formation of- physacal or chemical
bonds betwaen the amorphous SiO, partfcles among one another, Upon
occurrence of shear forces these mteractrons are drmmishmg, resulling in a
"l|quefactron" of the suspens:on Aﬂer omnssnon of the shear for¢es, in the passive
state of the suspension mass, these lnterachons wnl augment again, thereby

stablllzmg the mactwe suspensmn mass

- The known application’ techmques are, su:ted for applying the suspensron

especially also the removal from a ¢asrigr on whlch an image of the pattern is

‘ present {decal), a suspensron with a particulany high sohds content belng here

preferred. However a method variant is part[oularly preferred in which the

‘ suspenSIon is applied by spraying . or drspersmn coatmg

Due to its structurally viscous thlxotroplc f[ow behavror the suspensmn used in the
method accordmg to the invention hque’r" es. under shear stress, Thls property is
conducwe to a uniform outﬂow and o the dlstributlon of the suspensron mass over

“the surface under actlon of a force w1th a dlstnbutmg effect, such as during

dlspersaon ooatmg or spraymg, and ensures on the other hand a rapid
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, stebr!rzatlon of the euspensron applied in areas and lines of the pattern to be

produced

ln the case of very high eollde contents of more than 90%, the workabr!rty of the

. suspensron by way of spraying or dispersion coating is however decreasrng

considerably although the suspensian is mixed with SiO; nanoparticles. At a
content of less than 0.2% by wt. the nanoparticles have no significant effect on
the flow behavior of the suspension, whereas contents of more than 15% by wi.

. may lead fo an increased shrinkage of the pattern during drying. In the case of
~very thin Iayers (< 0.1 mm) a higher content of SrOz nanOpartlcles can be used

because thm layers are less prone to shrrnkage cracks than thick [ayers

, [ n thrs respect it has turned outto be partrcuieriy advanteg eous when the
' suspensron contains SlOz nanoparticles between 0. 5% by wi. and 5% by wt

preferably between 1% by wt.-and 3% by wt, (based on the total solids content).

' Ina preferred method variant, the marking conersts of similar or specific matenal

with respect to the quartz glass ob;ect

*Similar material” means in the present context that the SiO, conitents of marking
and quartz glass object drffer by not more than 3% by wt. from one another. This
accomplishies a very good adheslon of the marking on the object and ensures a

h'igh thermal shock resistance of the composite.

Depending on the requirements, the marking is opaque, translucent or fully”
transparent. With an appropriate temperature control the risk of crack formation

" during co_mp'acti.on 6f the pattern can be reduced. Compaction is carried out by

way of sintering {e.g. in a furnace) or by vifrification (e.g. by means of a flame). In
a first preferred rnethod variant, the dried pattern is cdmpected at a comparatively
low meximum temperature rn the range hetween 1100°C and 1600°C, preferably
below 1450°C. -

Puring compaction the low maximum temperature prevents a rapid compaction of
the outer surfacé areas of the pattern. Such a compaction would impeds the
further progress of a vitrification front due to its heat-insufating effect, thereby:
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obtains an opaque or translucent or draphanous marking in'this process

As an alternatlve compactlon of the pattern is carned outata temperature above
1600°C. '

‘ As a rule,' this yields a marking of transparent quariz glase.

It has turned outto be useful when the suspensron is apptred by means of a mask
that is placed on the surface and predetermmes the pattern

The ma'sk helps to obse_rve .a uniform appearance of the pattern to be prcduced .

-The thicknese'of the m'arking may be up to 1 mm. In contrast to the above- :

described conventionat method the method according to the invention also -
facrl;tates the: manufacture of parttcularly thin marklng Iayers preferably with layer
thrcknesses in the range between 0.1 mm and 0.5 mm.

it has turned ot to be . useful when for the production of the marking a suspension
IS used in whlch Si0; partic[es with particle sizes in the range between 1 um and
60 Hm account for the Iargest volume fraction, with the 8102 partrcles showrng a
multimodal parttcte size d|stnbut|on with a first maximum of the size distribution in

- . the range of 1 pm fo 5 um and a second maximum in the range of 5 ym to 50 um.

20

25

The amorphous SiQ2 partrcles show a multlmodal partlcle size dlstnbutton havmg

_at least two, preferabty three or. more distribution maxima. This heips toseta hrgh

SOIIdS densrty in the suspension whereby shnnkage during drymg and
compachon and thus the risk of crack fon‘natron are further reduced.

A particularly advantageouecompromise'between a pattern showing alow
tendency 16 form cracks on the one hand and an easy processmg of the

' sus;aensron by spraying and dlSDEI‘SIOI’l coatlng on the other hand is achre\red
when the suspensron has a solids content in the range between 70% by wt. and

80% by wt Partrcutarly preferably, the sofids content is at least ?5% by wi.

It has turned out to be partlcularly advantageous when at least 80% by wt

' _-': preferably at least 90% by wh., of the SiO2 partzctes are made spherical.
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d urmg drying and compactton are reduced. Ideally, all of the 8102 particles are

made spherical.

: -Pr'eferably, the _Sioé parﬁdles have a particle size distribution that is distinguished
’ by a Dgp vé!ué of less'than 50 um, preferably of less than 40 um.

: .Sloz partrcles in this order exhibit advantageous sintering and vitrification

properties and comparatlvely low shrmkage during drying, so that a correspondmg
pattem can be dried and compacted parficularly easily w1thout the formatlon of

- cracks.

-The drspersmn fiquid may consist of an aqueous base The polar nature of the

agueous phase of such a suspension may have an Jmpact on the interaction of

- the SIO;, particles. For the’ suspension accordmg to the invention a dispersion

liquid is however used in the form of a mixture consisting of water and an

inorganic solvent, preferably bésed on alcohol.

The agueous proportion in the dispersion liguid helps to observe a thixqtropic flow
behavior and to set a desired viscosity. The alcohol amount of the dispersion

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, 50 that bleeding on the edges of the pattem is reduced. The viscosity 6f

- the suspension on the one hand and its drying beha\nor on the other hand can

thus be ophmrzed by setting the amounts of water and inorganic solvent (alcohal).

Preferably, the SiO; particles consist‘ of nafurally occurringSiog raw material and
the Si0, nanoparticles of synthetic Si0,.

- Naturally accurring SiO; raw material is comparatively inexpensive and is

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

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

SiO; particles is pi'éférably at least 99.9% by wt. -
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The SO[]dS proportron of the suspensron produced by usmg such particles consrsts
of at [east 99. 9% by wt. of SiO; (apart from added dopants, e.g. for colorlng the
markcng) Binders or other additives are not needed and are not contamed m an
ideal case, The markmg of “srmrlar material” E‘Xhlblts a partlcularly hrgh thermal

shock resistance. N

Embodiment .

The mventron shall now be exp[arned in more detall wuth reference to

embodlments and a drawmg, whlch shows in detall in:

_ Figure 1 a diag'ram of the SIO; particle.size dis’cribution of a raw material

componen't suited'for: the preparatlon of a suspension for performing
the method aocordrng 1o the invention (prior to the addltlon of Si0,

nanoparticles) and

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

fube is provrded with an |dent1ﬁoat|on in the form of a raised marking

The dlagram of Frg 1 shows a partlcle size dlstrlbutlon of a quartz glass powder,

.w1th a first maxrmum M1 of the size drstnbutron at about 30 um (Dso value) and

wrth a second smaller maxmum M2 around 2 ym. The quarlz glass powder (with a
Dep value at 30 pm) shall be called Ra hereinafter ' '

Fo’r preparing a s’uspension for producing a marking, further guanz glass powders

- . are used havmg Dsu values at 5 um, 15 m und 40 um and having particle size

distributions otherwrse similar to those shown in Flg 1. Sald quartz glass powders
are calléd Rs, Ris, of R4o, dependrng on their Dgo value.

The quar’rz glass powders ng, Rqs und R are dlspersed and homogenlzecl in the
quantltatwe amounts 500g; 200 g; 200 g (ln the sequence of their nammg) ina

mrxture consrst:ng of 7’0 parts by werght of ethanol and 30 parts by werght of .
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" - ultrapure watér. 135.g°of pyrogenic silica in the form of SIO, nanoparticles with
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diameters of around 40 nm wath a SpeClﬁC BET surface area.of 50 mzlg are added
to the. homogemzed slurry, resu!tmg ina suspensmn with.a solids content of 75%

bth

_The parncle sizes be!ow 60 M account for the largest volume fraction of the

solid. The suspens-lon that is exclusrvely prepared with synmetacally produced
spherrca! Si0y parhcles of high purity Is free of crystalline constituents

( cnstobahte quartz) and is disﬁngwehed by alow oontaminauon cortent of less
" than 1 wt. ppm. The bmder—free suspensaon shows thixotropic behavior and is
' excellenﬂy sunted for processing techniques such as spraying or dispersion

coatlng

' Fig.-2 schemaﬁoally shows a raised marking 1, produced by_ using the

suspension, in fhe foFm of a serial num_oer on the outer jacket _of a quarlz glass
tube 2. The, quartz glass tube 2 is intended for yse as a reactor in sotar ceil

nmduction {photovoltaics). The rnarking i5 produced in that a eheet, from which
the serial number has been punched out, is placed on fhe outer jacket surface,

- The above-described Si0; suspension will be sprayed onto this niask with the

help of a standard spragf botile until a uniform layer thickness has been achieved

that éoproximately corresponds to the sheet thickness {0.2 mmy).-

Aﬁer a pre-dryin'g process in air for 10 minu‘t'es the sheet is re'moveci, whereby a
pattem consisting of porous Si0; (green body layer)is exposed in the-form of the
serial number The green body layer is dried in air for another six hours The
dlymg process is completed by use of an IR radiator. The dried green body layer

' s without cracks and has a mean thickness of about 0.17 mm. It is subsequently
. vitrified by means-of an oxyhydrogen bumer at a temperature of about 1500°C to
_ obtain the fully transparent marking 1.

; Raised markings of uniform appearance can thereby be produced in a
‘reproducible manner on quartz glass components. -
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Patent Claims

1. A method for producing a raised marking on a glass object in that a suspension
containing Si0; particles is applied to a surface of the glass object as a pattern, and the
pattern is compacted to form the marking, characterized in that a binder-free suspension is
used fo create a marking on a quartz glass object, said suspension containing a dispersion
liquid and amorphous S$i0; particles having particle sizes of up to 4 maximum of 500 pm,
wherein the suspension contains between 0.2% by wt. and 15% by wt, Si02 nauoparticies
having particle sizes of less than 100 nm, and the solids coatent thereof, i.e. the weight
proportion of the Si0; particles and of the $i0; nanoparticles together, is in the range
between 60% and 90%,

2. The method according to claim 1, characterized in that the suspension is applied by

spraying or dispersicn coating.

3. The method according o claira I, characterized in that the suspension contains SiQ;
nanoparticles in the range of between 0.5% by wt, and 5% by wt., based on the total solids

content,

4. The method according to claim 3, characterized in that the suspension contains Si0;
nanoparticles in the range of between 1% by wt. and 3% by wt., based on the total solids

content.

5. The method according to any one of claims 1 to 4, characterized in that the pattem is
compacted at a temperature in the range between 1100°C and 1600°C, '

6. The method accoxding to any one of claims 1 10 4, characterized in that the suspension is
applied via a mask which predetermines the pattern and is placed on the surface.

7. The method according to any one of claims 1 to 4, characterized in that a marking is
produced with a layer thickness in the range between 0.1 rom and 0.5 mm.
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8. The method according to any one of claims 1 to 4, characterized in that SiC; particles
with particle sizes in the range between 1 pm and 60 pm account for the greatest volume
faction, the SiO; particles having a multimodal particle size distribution with a first
maximum of the size distribntion in the range of 1 pm to 5 um and a second maximum in

the range of 5 pm to 50 pm.

9. The method according to any one of ¢laims 1 to 4, characterized in that the suspension

has solids content in the range between 70% by wt. and 80% by wt.

10. The method according to any one of ¢laims 1 10 4, characterfzed in that at least 80% by

wi. of the SiO; particles are made spherical.

11. The method according to any one of claims 1 to 4, characterized in that the $i0.
particles have a particle size distribution that is distinguished by a Dgg value of Jess than 40

.

12. The method according to any one of claims [ to 4, characterized in that a mixtore of

water and of an organi¢ solvent is used ag the dispersion Hquid,

13. The method according to any one of claims 1 {o 4, characterized in that the Si0;
patticles consist of naturally occurring SOz raw material and the SiO» panoparticles of

syathetic Si0>.



