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with at least 2.5 mol.% of at least one oxide of the group LI,0, Na,O, and K,O, wherein the ratio of alkall oxides to aluminum oxide

2 R20/AI203 IS less than 6.
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Abstract:

The invention relates to a glass flux material for applyiling

an opaque coating, which comprises at least one pigment and

a glass component with the following composition:
S102 55 - 70 mol%,
Al,O3 2.5 - 8 mols%,

B1203 0.5 - <4 mol%,

B20O3 14 - 27 mol%,

with at least 2.5 mol% of at least one oxide of the group
Li»0O, Naz0, and K20, wherein the ratio of alkalili oxides to

aluminum oxide ) Rx0/Al203 1s less than 6.
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A SUBSTRATE PROVIDED WITH A COATING BASED ON A GLASS FLUX,
GLASS FLUX MATERIAIL, AND METHOD FOR COATING A GLASS OR
GLASS CERAMIC SUBSTRATE

SPECIFICATION

Field of the Invention

The i1nvention relates to a glass flux material for applying

a preferably opagque coating, to a method in which the glass

flux material 1s employed for applying a preferably opagque

coating, and to a glass or glass ceramic substrate provided

with a glass flux-based coating.

More particularly, the 1nvention relates to the coating of

heat-resistant glass and glass ceramic substrates with a

preferably opaque coating.

P

Background of the Invention

To provide heat-resistant transparent sheets and other

products such as bottles, tubes and other hollow bodies,

('l

glasses are usually used that exhibit a low coefficient of

thermal expansion, 1n particular borosilicate glasses and

aluminosilicate glasses.

—

Examples of borosilicate glasses include Borofloat33e,

Borofloat40®, Fiolax®, Duran®, and Pyrex. Borosilicate

pra—r.
—

glasses are characterized by substantial proportions of

silica (S102) and boric acid (B203 > 8 %) as glass formers.

The amount of boric acid content has an influence on the

properties of the glass, 1n particular i1n that besides
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glasses that are known to be highly resistant (B203 of not

more than a maximum of 13 %), there are also glasses that

exhibit only low chemical resistance, due to a different

type of structural incorporation of the boric acid (B20s3

contents of > 15 %). Therefore, subgroups are distinguished

as follows:

Borosilicate glasses free of alkaline earths:

Typically, B203 content 1s from 12 to 13 %, and Si0; content

F

is > 80 %. Because of their high chemical resistance and

low thermal expansion these glasses are particularly

suitable for chemical-technical equipment, piping, and

laboratory devices.

Borosilicate glasses containing alkaline earths:

F

In addition to about 75 % of S102 and 8 to 12 % of B203,

these glasses contain up to 5 % of alkaline earths and

gre—
—

aluminum oxide. These glasses have a higher coefficient of

thermal expansion but are highly resistant to chemicals.

e

Borosilicate glasses with a high content of boric acid:

Glasses with B»03 contents from 15 to 25 %, with o5 to 70 %

of S102, and with alkali oxilides and aluminum oxide. These

glasses exhibit a low softening point and low thermal

P
prov=

for fusion fitting to metals, 1in

expansion and are sultable

partlicular tungsten-molybdenum. Furthermore, these glasses

provide for particularly good electrical insulation.

However, the elevated B;03 content reduces chemical

resistance.
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In particular for heat resistant sheets for wvarious

applications, glass ceramilics can be used 1n addition to

borosilicate glasses.

For various purposes 1t 1s desirable to provide the glass

or glass ceramic substrate with a coating, at least in

portions thereof.

In particular black or white coatings are used for

designing a frame or for applying labels.

Conventional glass flux—-based coatings are usually not

sultable, at least not as a single layer system, for

applying an opaque coating on substrates having a low

pr——
.

coefficient of thermal expansion. This 1s partly due to the

fact that the thermal expansion coefficient of an enamel

yri—

"erent from that of

applied using the glass flux 1s so di

i
—

the substrate that only thin layers can be applied, 1f any.

Therefore, 1t 1s not possible to achieve the layer

thicknesses needed for an opaque coating.

This 1s especilally true for lead oxide-free glass flux

materials. Such a material 1s disclosed, for example, in

DE 198 34 801 CZ (Schott Glas).

Published patent document EP 0 518 610 Bl (Cookson Group)

also discloses a lead-free glass flux material. However,

such a material has a relatively high softening point, so

that it has to be fired at more than 750 °C. This

temperature 1s too high for heat-resistant glasses like

pborosilicate glasses. In order to be able to omit lead
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oxides, a high proportion of bismuth may be used. However,

this increases manufacturing costs.

JP 2012085752 A discloses a pharmaceutical packaging

p—

consisting of a glass ampoule which has an i1nk coating with

P

a defined composition. The composition of the coating

contains 0.5 - 30 wt% of Alx03, 3 — 25 wt% of ZnO, 20 -

I

40 wt% of S10,, 3 - 15 wt% of B203, 1 - 5 wt®s of Na0, 0.5 -

F1)

5 wt% of Li»0, 3 - 10 wt% of BaO, 10 - 25 wt% of B1203, and

further oxides for coloring purposes. Due to the relatively

i

low S102 contents of 20 to 40 wt%, there are drawbacks 1in

particular in terms of acid resistance.

+

Published patent application DE 10 2011 089 045 Al

discloses a syringe made of borosilicate glass and having a

cone coating which 1ncreases surface roughness. This

document describes two glass systems which serve as a basis

for suitable glass flux materials for coating. The first

one 1is the Bi203-B203~-5102 glass system: This glass system

B

includes 40 - 65 wt% of Bi1;03, 3 — 20 wtds of B203, and 10 -

30 wt% of S102 as main components forming the glass

skeleton. The high contents of B1i;03 are favorable for

lowering the firing temperature, as they lower the

softening point Ew. A drawback of these high contents 1s an

increase in the coefficient of thermal expansion.

Therefore, this glass system 1s not suitable for coating

low expansion glass or glass ceramlic substrates, because 1t

only allows for thin layer thicknesses and there 1s a risk

iy

of flaking of the layer. The second glass system described

1s the Z2n0-B203-510; glass system. Maln components are 15 -

48 wt% of ZnO, 8 - 40 wt% of B203, and 8 - 52 wt% of S51i0.

With this glass system 1t 1s possible to obtain
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ﬁ
p—

comparatively low thermal expansion coefficients of

5 * 10-6/K, measured between 20 and 300 °C. However, the

F

high minimal content of ZnO of 15 wt% 1s disadvantageous 1in

terms of the chemical resistance of the coatings obtained.

Finally, good chemical resistance 1s desired for glass flux
materials, especially to acids, bases, and alcoholic
solvents. As regards hydrolytic resistance, this 1s

g—

important under the conditions of autoclaving above 100 °C.

Furthermore it is 1mportant for glass flux materials to be

casily processible. In particular in the case where

substrates are printed only 1n sections thereof, spraying

processes are not very sultable. Therefore, the glass flux
material need to be suited to produce a printable paste

therefrom, in particular a screen-printable paste.

Alternatively, organic and hybrid polymer coating materials

(sol-gel) are used to provide opaque coatings.

Application of such organic materials 1s usually cost and

time consuming, 1n order to provide an opaque coatling they

pr——

often need to be applied as a multilayer system, and for

many applications they do not have the necessary mechanical

S
—

stability in terms of scratch resistance and insufficient

thermal and/or chemical resistance.

Object of the Invention

Therefore, the invention 1s based on the object of

providing a lead-free glass flux material for substrates
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having a low thermal expansion coefficient, which

preferably allows for opaque, scratch-resistant and

chemically resistant coatings.

In particular a single layer coating should be provided

P
—

which i1s cost-efficient and which can be fired at a

temperature below 750 °C and in particular below 700 °C.

For glass substrates that tend to deform during firing,

such as for example glass contalners with a thin glass wall

thickness, the firing temperature should preferably be

below 660 °C.

H

Summary of the Invention

The object of the 1nvention 1s already achieved by a glass

flux material for applying an opaque coating, by a method

for coating a glass or glass ceramic substrate, and by a

glass or glass ceramic substrate provided with a glass

flux—-based coating according to any of the independent

claims.

Preferred embodliments and refinements of the invention are

P

the dependent claims.

specified by the subject matter o

The 1nventlon relates to a glass or glass ceramic substrate

provided with a preferably opaque coating which 1s coated

using a glass flux material, 1.e. an enamel.

The glass flux material 1s 1n particular provided in the

form of a glass frit with added pigments, a powder or a

paste, especially as a printable paste. The glass flux
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material 1s also referred to as enamel. The material to be

fused 1n particular contalns the ground glass frits.

In order to prepare a printable paste, the glass component

1s ground. In particular, the glass component is ground SsoO

as to have a particle size distribution with a dsp between

0.5 and 15 uyum, preferably between 1 and 5 um, more

preferably between 1.2 and 2.5 pm. This means that 50 % of

X

the particles have a size below the dsg value and 50 %

above the dsg value.

The so obtained powder 1s mixed with pigments and 1is
processed 1nto a screen printing paste by adding a screen
printing o01l, 1n particular on a pine 01l basis. For

example, an acrylate-pbased screen printing oil with

additions of solvent(s) and additive(s) and with a
viscosity adjusted through the composition thereof, which
1s sultable for screen-printing processes, can be used.

gp—
P

In order to ensure optimum processability of the glaze raw

materials, wvarious auxiliaries, additives, solvents,

thixotropic agents, etc. may be added, depending on the

coating method. The necessary usually organic additives

will evaporate during firing.

g
—

In particular haze effects are achieved, for example, by

adding so-called fillers, e.g. Z2r0z, T102, ZrSi0Q4, etc. It

F
—

should be considered here that the addition of further

components might also alter the use properties of the

glaze, starting with melting and reactive behavior to

chemical resistance and strength of the decorated

substrate.
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F

Homogenization of the paste may be performed in a three

roller mill, for example.

For the pigments, commercially avalilable pigments can be

used individually or as a pigment mixture, which may

already be available i1in form of a powder.

Preferably metal oxides are used for the pigments. These

may in particular include: cobalt oxides/spinels, cobalt-

aluminum spinels, cobalt-titanium spilinels, cobalt-chromium
spinels, cobalt-nickel-manganese-iron-chromium
oxides/spinels, cobalt-nickel-zinc-titanium-aluminum
oxides/spinels, 1ron oxides, 1ron-chromium oxides, 1ron-
manganese oxide/spinels, iron-chromium-zinc-titanium oxide,

copper—-chromium spinels, nickel-chromium-antimony-titanium

oxides, titanium oxides, zlrconlum-silicon-iron
oxides/spinels etc.. Moreover, any concelvable absorption
plgments may be taken 1into consideration as the pigments,

in particular platelet- or rod-shaped pigments. In

particular white or black pigments are used. A preferred

embodiment of the 1nvention therefore relates to the

P
—

production of composite materials which are provided with

an opagque white or black coating.

However, 1t 1s also conceilvable to use colored pigments

and/or effect pigments.

The pigment content 1s preterably i1n a range from

10 to 60 wt%, preferably from 15 to 55 wt%, based on the

sollids content.
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In the case of a printable paste, the viscosity of the
paste 1is preferably adjusted to a range between

1 and 7 Pa‘'s by adding an o1il.

1

Essential for the glass flux material 1s the composition o

the glass component.

The glass component which 1s used comprises from 55 to

g
fp—

70 mol%, preferably at least 58 mol% of silicon oxide, more

preferably at least 60 mol% of silicon oxide, and most

F

preferably not more than 65 mol% of silicon oxide;

i

from 3

to 8 mol%, preferably from 2.5 to 6 mol% of aluminum oxide;

i

‘rom 0.5 to less than 4 mol%, preferably from 0.5 to

3 mol%, more preferably from 0.5 to 2 mol% of bismuth

oxide; and from 14 to 27 mol%, preferably from 18 to

25 mol% of boron oxide.

These composition data do not relate to the entilire glass

flux material, which as stated above further contains

pigments and optionally substances for preparing a paste,

but to the glass component that 1s used, which preferably

F
p—

is provided in the form of a powder and which 1s in

particular prepared from a glass frit.

Furthermore, the glass component comprises at least

2.5 mol% of at least one oxide of the group of oxides

comprising lithium oxide, sodium oxide, and potassium

oxide, and the ratio of alkali oxides to aluminum oxide,

that means the sum R»0/Al1;03, 1s less than ¢. Preferably,

this ratio is less than 4.5 and 1n a further preferred

embodiment it is less than 4 and 1n particular less than

3.5. Preferably, this ratio 1s greater than 1.
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In a preferred embodiment

10

of the invention, the proportion

of bismuth oxide 1s less than 3.5 mol%, preferably less

than 3 mol%, and more preferably less than 2 mols5.

Preferably, the content of

lithium oxide 1s between 0 and

15 mol%, the content of sodium oxide 1s between 0 and

12 mol%, and the content o

and 4 mol%. In a preferred embodiment, the proportion of

F

-~
i

potassium oxide 1s between 0

-
—

alkall oxides 1s at least 6 mol%, more preferably at least

pr—

8 mol%. Preferably, the sum of the alkalil oxides 1is less

than 18 mol%, more preferably less than 16 mol%.

P

A particularly preferred embodiment of the invention

P

comprises between 60 and 65 mol% of silicon oxide, between

2.5 and 5 mol% of aluminum oxide, between 1.72 and 2 mol%s of

bismuth oxide, between 20 and 25 mol% of boron oxide, and

between 5 and 15 mol% of lithium oxide, and a ratio of

g
—

alkali oxides to aluminum oxide 1s between 1 and 3.5.

With a glass flux material according to the 1nvention, an

opaque enamel may be provided which has a softening point

Ew of less than 680 °C. It was in particular possible to

achieve softening points below 650 °C.

The softening point 1s also referred to as dilatometric

softening point at which lg(n) = 7.6 applies. It can be

determined according to DI

N

ISO 7884-8.

With the i1nvention, a layer thickness of more than 4 pum,

F

particularly preferably of

more than 5 um can be achieved
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even on glass or glass ceramic substrates having a

*
—

coefficient of linear thermal expansion o (at 20 °C to

300 °C) of up to 5.5 * 10-%/K, preferably of less than

4.5 * 10°°/K, more preferably of less than 3.5 * 10°%/K. The

laver preferably has a thickness of up to 30 um, and

especially up to 10 pm.

In the context of the invention, linear thermal expansion

1s determined as an average over a temperature range

between 20 °C and 300 °C. The determination can be made

according to DIN ISO 7991.

—

The coefficient of linear thermal expansion o of the molten

glass flux material is less than 7 * 107%/K, preferably

less than 6 * 107%9/K, and in particular less than

5.5 * 107°/K.

The inventors have found that the following rules apply 1n

the glass system described above.

— ﬁ
—

Silicon oxide reduces the coefficient of thermal expansion

and 1ncreases chemical resistance. RBut at the same time

silicon oxide 1ncreases the softening point of the glass.

Aluminum oxide has a positive effect on chemical stability,

but also increases the softening poilnt.

Bismuth oxide lowers the softening point. However, 1t has

been found that in the glass system described above a

bismuth oxide content of less than 4 % 1s already

P
p—

sufficient to obtain softening points below 650 °C.
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Boron oxide lowers the coefficient of thermal expansion and

may increase chemical resistance, at least to a small
extent. Furthermore, boron oxide lowers the softening
point. Contents higher than 27 mol% are unfavorable 1in

terms of chemical resistance.

Alkali oxides 1ncrease the coefficient of linear thermal

expansion but are assocliated with reduced chemical

resistance. Furthermore, alkalil oxides reduce the softening

point of the glass.

It will be understood that the glass of the i1nvention may

contain further components, 1n particular, as contemplated

"

according to a refinement of the invention, up to 2 mol% of

zirconium oxide and/or titanium oxide may be added, and up

P

to 3 mol% of a respective one of alkallne earth oxides,

especially magnesium oxide, calcium oxide, barium oxide, or

P

strontium oxide, and/or up to 3 mol% of tin oxide.

Zirconlum oxide and titanium oxide have a positive effect

on the chemical resistance of the glass, but are associated

P

with an i1ncrease of the softening point. These additives

are particularly useful when the glass flux material 1s

used as a coating material for glass ceramics, since on a

glass ceramic the glass flux material can be fired at a

higher temperature. Particularly suitable for this purpose
is zilirconium oxide. Alkaline earth metals may 1n particular

be used to optionally adjust the viscosity behavior of the

glass flux material.

Further possible constituents preferably amount to a

P

proportion of less than 5 mol%.
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With the i1nvention 1t was made possible to fire an opaqgue

F

coating at a temperature of less than 750 °C on a substrate

F

with a coefficient of linear thermal expansion of less than

4.5 * 107°/K, preferably less than 4 * 10-%/K.

The material can be easily applied by a printing process,
in particular by screen printing or pad printing in case of
curved substrates. Other coating methods, such as through a
wheel that rotates in ink slurry, pins, dispensers, oOr
recently i1nkjet printing are likewlse possible with pastes

—

or slurries of appropriately adapted viscosity.

For an application on curved substrates, the glass flux

material may as well be processed into a decal and then be

applied as a decal onto curved substrates, in particular

areas, rods, or tubes.

Further applications include tempered and non-tempered

glasses, 1n particular heat-resistant glass sheets.

In this case, a glass flux-based i1nk has the advantage that

r—

1t can withstand thermal processing steps of the substrate

glass. Depending on the employed glass or the employed
glass ceramic 1t 1s also conceivable to apply the glass

flux material prior to bending or prior to the ceramization

F

of a substrate.

Another application 1s the use on multilayer laminated

glass panes.
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—

These are laminated by means of polymeric intermediate

layers to form a composite material.

P

In case of such laminated glass, 1n particular bullet-proof

laminated glass, 1t 1s also conceilivable to apply the glass

flux material prior to lamilnation. The glass flux material

may even be disposed between two layers of the laminate

without getting damaged 1n a lamination process. Here the

glass flux material according to the i1nvention benefits

from its high mechanical resistance.

Furthermore, the coating material 1s particularly useful 1in

the kitchen area, for ovens and stoves, for fireplace

windows and fire protection doors, and for pharmaceutical

-

prackaging made of glass.

The 1nvention further relates to a glass or glass ceramilc

substrate provided with a glass flux-based coating, which

has a coefficient of linear thermal expansion o between

20 °C and 300 °C of less than 5.5 * 10°%/K, preferably less

than 4.5 * 107°/K, and more preferably less than

3.5 * 10-¢/K, wherein the glass flux-based coating has a

P

coefficient of linear thermal expansion o of less than

7 * 10°°/K, preferably less than 5.5 * 1079/K,

and wherein 1n the visible wavelength range (from 380 to

780 nm) the glass flux-based coating has a transmittance of

less than 1 %, preferably less than 0.5 %.

The glass flux-based coating 1s 1n particular provided in

the form of a single layer coating material.
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For the first time, the 1nvention enables to provide low-

expansion glasses

and glass ceramlcs with an opague enamel

layer which 1s not prone to spalling.

The glass flux-based coating preferably comprises pilgments

with a degree of volume filling from 20 to 60 %, preferably

from 30 to 50 %.

P

This degree of volume filling refers to the fired coating.

It will be understood that due to evaporation and/or

diffusion processes the composition of the glass component

in the fired coating may differ from the glass component of

the glass flux material.

The invention permits to provide single layer enamel

coatings which, 1

f designed as a white or black layer, have

an L* value of more than 86 or of less than 28 and

preferably less than 27 1n the L*a*b* color space.

The a* value and the b* value 1n the L*a*b* color space are

cach preferably smaller than 1, more preferably smaller

than 0.5.

P

That means, both white and black coatings of high

brilliance can be

In one embodiment

applied.

of the 1nvention, the glass ceramic

substrate provided with the coating of the invention is a

crystallized lithium aluminum silicate glass. It may in

particular be used as a fireplace window. A preferred use
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is in the form of a fireplace window with an opaque coating

in the peripheral area.

The glass substrate provided with the coating according to

the invention 1s preferably employed as a fire protection

glass, oven viewling window (especially for pyrolysis

ovens), cover for lighting devices, as security glazing,

F

optionally as part of a laminate, especially in the form of

bullet-proof glass, for installations or linings 1n

grin.

furnaces, and as a pharmaceutical packaging made of glass.

g
e

Preferably, a difference 1n the thermal expansion

P

coefficients of the glass frit and of the coated glass

substrate is less than 2 * 107°, preferably less than

1.5 * 10°%, and more preferably less than 1 * 10°°/K.

Due to the small difference 1n the coefficients of thermal

expansion good matching 1s achieved. High layer thicknesses

pr—

of more than about 7 to 30 um can be obtained without

pr—

causing spalling or cracking as a result of excessively

high stresses between coating and glass substrate. Because

of the high layer thicknesses, good color saturation and

opacity of the inks 1s achieved. By contrast, the

commercially available decorative 1inks for coating

P

pharmaceutical packaging made of glass only allow for lower

layer thicknesses, since they have coefficients of thermal

expansion of about 6 * 107%/K and higher.

One use are pharmaceutical glass containers. Pharmaceutical

packaging which are provided with the coating according to

the invention preferably i1nclude syringes, ampoules,

cartridges, and vials. One example of such glass substrates
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is the glass FIOLAX® of company SCHOTT, which 1s available

in two versions, as FIOLAX® clear, glass no. 8412 of SCHOTT

AG, and as FIOLAX® amber, glass No. 8414. The former has an

" yo—
—

expansion coefficient of 4.9 * 107%*/K, the second an

gp—
p—

expansion coefficient of 5.5 * 107%/K, measured between

20 °C and 300 °C. The coating may serve to apply markings

or inscriptions, for example.

Other uses are based on coated flat or curved sheets of

P

borosilicate glass. An example of such a substrate made of

borosilicate glass 1s floated BOROFLOAT® of company SCHOTT

AG, which is available 1in the versions BOROFLOAT® 3.3 and

BOROFLOAT® 4.0, with expansion coefficients of 3.3 and

4.0 * 10°%/K, respectively, measured between 20 and 300 °C.

pr——

A preferred use on the basis of this coated substrate 1is

security glazing in a lamlinated composite with intermediate

polymer layers. At least one sheet 1s provided with an

T}

The

opaque coating 1n the peripheral area thereot.

preferred use is security glazing in a vehicle with

ballistic protection.

Another preferred use of the coated borosilicate glass

sheet 1s as an oven window, 1in particular 1in an oven with

pyrolytic cleaning. Since elevated temperatures will occur

during pyrolysis, this embodiment 1s advantageous compared

pr——

to conventional oven windows made of tempered soda-lime

glass, due to 1ts higher temperature reslistance.

Another preferred use 1s coated fire protection glazing

g

with single panes or laminated composites of borosilicate

glass panes.
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respective glass component.

In particular,

1t can

be seen that the so:

‘tening point of

for the

examples 1 to 3 as well as 5 and 6 1s between 600 and

645 °C,

coefficient of

Furthermore,

given.

and that

Example 4 1s a glass

glass ceramics.

sodium oxlide content of more than 5 mol%.

bismuth oxide,

Example

glass substrates which require a lower

for the

the working point Va,

It has a higher so:

at which lg(n) = 4,

Examples 5 and 6 1nclude a somewhat higher content of

linear thermal expansion 1s about 5.

flux component preferably used for

“tening polnt and a

F
p—

but 1n turn a lower softening point than

4, so that these compositlions are suitable even

first three glass components the

1S

P

I1OX

firing temperature.

Glass Glass Glass Glass Glass Glass
1 2 3 4 5 6

Si0> 62.9 62 61.3 66.5 63.0 61.4
Al203 4.8 3.9 3.3 0.45 3.3 3.6
Bi>O3 1.45 1.4 1.6 2.4 2.2 2.2
B203 22.25 23 22 .5 19.1 20.1 20.4
Li20 7.3 9.8 10.7 10.5 10.6
Naz20 1.3 0.3 6.55
K20 0.6 0.7 0.7
Zr0O: 1.1
Y R0 / 1.8 2.9 3.2 1.2 3.2 3.1
Al203
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Glass Glass Glass Glass Glass Glass

1 2 3 4 5 6
CTE 4.7 4.8 5.1 5.4 5.3 5.3
[20:300°C]
* ppm/K
Tg [°C] 460 4770 4770 480 460 465
Ew [°C] 045 610 o600 700 600 005
va [°C] 955 360 840 1075 855 360
Table 1 (composition given 1n mol$)

Glass examples 1 to 4 listed in Table 1 were processed as a

finely ground powder using a commercially available screen

P

printing 01l and with an admixture of 45 vol% of a Cu-Cr-

spinel pigment to give a black appliable paste, and were

g
p—

applied on a borosilicate glass having a coefficient of

linear thermal expansion o« of 3.3 * 10-9/K using a screen

printing method.

Firing of the layers was performed in a conventional

tempering furnace.

Table 2 gives the firing conditlions and the obtalned laver
thicknesses as well as the color values 1n the L*a*b* color
space. The temperatures 1ndicated as firing condilition were

measured on the substrates.

with all four glass compositions 1t was

As can be seen,

P

possible to produce black layers of high brilliance.

Moreover, the layers applied according to the i1nvention

exhibit high mechanical resistance, i1.e. they are scratch-
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and no color changes occurred,

not

after

‘ter bending of a sheet.

Example Example Example Example
1 2 3 4
Firing 670°C / 670°C / 670°C / 700°C/
condition 3 min 10 min 10 min 10 min
Layer 7.9 5.9 5.2
thickness [um]
Color values:
L* 25.75 26.55 25.5 25 .7
ax -0.03 -0.07 -0.03 -0.01
b* -0.81 -0.97 -0.87 -0.63

Table 2

Scratch resilistance was determined using a sclerometer

(Elcometer 3092). A sclerometer 1s a hardness testing

device which analyses hardness by moving a 1 mm WC tip over

the surface under a predetermined contact force.

The body of the device includes a stylus having a tip and

equlipped with a screw cap, to which a spring with printed

L

pressure of

scale exerts a pressure. The contact the spring

1s adjusted by means of a locklng screw. Upon compression

of the spring the pressure at which the tip 1s pressed

g

against the surface of

the sample increases. By scoring

along a straight line with 1ncreasing pressure, the point
can be determined at which the tip leaves a mark or

destroys the coating.

Scratch resistance was tested on the exemplary embodiments

1500qg,

under a load of 1000 g, and 2000g. The coatings of
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the invention did not exhibit any scratch mark after these

tests.

For the exemplary embodiments, chemical resistance was

assessed over an exposure period of 24 h at room

temperature using different substances: The test substances

citric acid (10 %), acetic acid (5 %), and ethanol were

applied to the decorated sample, and after an exposure

—

duration of 24 h the samples were cleaned with water.

The cleaning behavior was additionally evaluated by using

commercially avallable cleaners like Sidolin® Citrus and an

alkallne cleaner (Bref®). Visually 1t was found that after
the test with the substances mentioned above no damage to

the decorated layer, no stains or cleaning traces were

detected.

In a further exemplary embodiment 5, the glass flux

according to Example 1 was processed into a colored-gray

ink paste using 45 % of a mixture of commercially available
black, white, and blue pigments on the basis of spinels and

rutile (T102) and screen printing oil.

In a further exemplary embodiment 6, the glass flux

according to Example 1 was processed 1nto a white 1nk paste

using 45 % of a commercilally available white pigment based

on rutile (Ti102) and screen printing oil.

The application was accomplished on a flat glass substrate

P

of the borosilicate type of SCHOTT AG using conventional

screen printing technology. Firing was also effected in a

commerclally available furnace:
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Glass n° Example 1
Firing condition 690°C / 15"

Color values:

L* 88 .2
ax -1.7
b* -1.5

In a further exemplary embodiment 7, a black i1nk based on
glass composition no. 4 was applied on an already ceramilzed

substrate of a zero expansion transparent glass ceramic

sheet, ROBAX® of SCHOTT AG.

Firing of the ink was performed at about 720 °C for 10

minutes in a conventional furnace to form a black opaque

decoration with a layer thickness of 5.2 um.

| —_—

In a further exemplary embodiment 8, the glass flux with a

glass composition according to glass 2 was ground 1into a

F

glass powder with an average grain silze of 1.8 um.

85 wt% of the resultant glass powder was mixed with 15 wt3

P
v

of a commercially available white pigment consisting of

rutile, and was processed with an admixture of an oll-based

organic pasting agent to glve a paste. The pasting ratio

F

was 10 parts by weight of powder to 6.5 parts by weight o:

1)

o1l.

The paste was homogenized in usual manner using a three

P

roller mill. The obtained paste (viscosity of 2.5 Pa*s at a

shear rate of 200 s-! and a temperature of 23 °C) was

coated on a glass substrate made of a borosilicate glass of

the FIOLAX® type, glass no. 8412 of company SCHOTT AG, that



10

15

20

25

30

CA 02938163 2016-07-28

23

exhibits a thermal expansion of 4.9 * 10°/K in the

temperature range 20 - 300 °C.

P

This type of glass 1s preferably used for pharmaceutical

packaging. Coating was performed using a screen printing

process. The coated glass substrate was fired 1n a furnace.

For firing, the dried printed glass substrates were placed

in a furnace that was preheated to 400 °C. At a heating

rate of 15 °C/min, the glass substrates were heated to

650 °C, holding time 5 min. Then, the furnace was rapidly

cooled with the door open.

P

After firing, an average thickness of 10 ym was measured.

An evaluation of the coating with the naked eye and under

¥

an optical microscope showed no signs of cracking or

-

spalling. Abrasion resilistance of the coating was evaluated

in a scratch test with a metal ruler. By scratching over

the printed surface with an edge of the metal ruler 1t was

found that no layer components were scraped. Gloss and

g—

roughness of the coating therefore met the requirements.

Chemical resistance was determined according to the

1)

requirements imposed on pharmaceutical packaging made of

glass.

In accordance with DIN ISO 4794, the resistance to

hydrochloric acid was tested (1 hour in hydrochloric acid,
C = 2 mol/l at 23 °C). The evaluation of color change was

made according to ASTMC 724-91, with grades between 1 and

7. Here, 1 stands for "no visible attack", and 7 stands for

-

"complete removal of 1nk". The evaluation resulted 1in a

grade 1 classification, which means no visible attack.
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According to ASTMC 724-91, chemical resistance to 10 %

o

citric acid was tested (15 min at 20 °C). Here, too, the

result was a grade 1 classification, that means no visible

attack.

In accordance with EP 7.8, 2013, hydrolytic resistance was

assessed under the conditions of autoclaving for 1 hour at

121 °C, followed by a visual inspection of the color change

according to ASTMC 724-91. The result was a grade 1

classification, "no visible attack".

Thus, the tests showed the excellent chemical resistance of

the cocatings according to the i1invention for applications as

a pharmaceutical packaging.

Description of the Drawilngs

FIG. 1 schematically shows a glass substrate 1 made of a

R—

borosilicate glass which 1s provided with a coating 2 in a

pr—

peripheral area thereof, which visually gives the

p
—

impression of a frame.

It will be understood that the coating according to the

invention 1s likewise suitable for applying scales, a zone

pre—

boundary of a cooktop zone, and for applying labels, for

example.

FIG. 2 shows the transmission behavior of di:

—

ferent

coatings.
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On the x-axls the wavelength 1s plotted, and on the y-axis

transmittance in percent.

Curve 3 represents the transmittance profile of a

commercially available single layer enamel. This is a glaze

comprising a glass frit with a high proportion of bismuth

oxlde and pigments including Cr and Cu components.

It can be seen that for a wavelength range starting at

about 450 pm and above, transmittance 1is greater than 1 $%

and 1increases to 2 %. Therefore, the coating is not opaque.

Curve 4 represents the coating produced from Example 2 and

*

curve 5 from Example 3 of Table 1 and fired.

As can be seen, for both coatings transmittance is well

F

below 0.5 % over the entire range of wavelengths of visible

\

light.

Thus, the coating 1s opaque.

The 1nvention permits to provide an easily appliable, cost-

efficient and opaque enamel coating for glasses having a

gr—
e

low thermal expansion coefficient.

FIG. 3 1s a schematic view of a bullet-proof security

glazing which comprises a substrate 1 consisting of a

plurality of glass and/or glass ceramic layers and polymer

layers which are laminated to form a composite.
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At the peripheral area, the sheet 1s provided with an

forms a frame which covers adhesive

opagque coating 2 that

seams, for example.

5 FIG. 4 1s a schematic sectioconal view of the sheet

As can be seen, the outer layers of

1llustrated in FIG. 3.

the composite are projecting, and the opague coating 2 is

partially deposited between the panes of the composite and

partially on the underside of the composite.

10
The coating material of the invention exhibits high scratch
resistance and does not discolor during autoclaving of the
laminate.

15 FIG. 5 shows a pharmaceutical packaging 6 in the form of a

In this case, the coating of the invention

glass ampoule.
to apply the mark 7 or a label 8.

can be used, for example,
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Claims:

1. A glass or glass ceramic substrate provided with a
coating, wherein the coating 1s applied using a glass
flux material which comprises at least one pigment and
a glass component, said glass component comprising:
S102 55 - 70 mol%,

Al-,03 2.5 = 8 mol5,

B1203 0.5 - <4 mol%,

B20Os3 14 - 27 mol%;

—

wlith at least 2.5 mol% of at least one oxide of the

group L120, Na20 and KzO;

ﬁ

wherelin a ratio of alkall oxides to aluminum oxilide

> R20/Al203 1s less than 6.

2. The glass or glass ceramilic substrate provided with a
coating as claimed 1n the preceding claim, wherein the

coating 1s opaqgque.

3. The glass or glass ceramilic substrate provided with a

F

coating as claimed 1n any of the preceding claims,

wherein the glass component comprises:
Si02 55 - 70 mol%,
Al703 2.5 - 8 mol%,
B1203 0.5 - <4 mol%,

B»>0O3 14 - 27 mol%;

p

with at least 2.5 mol% of at least one oxide of the

group L1,0, Na0 and KzOj;

P

wherein the ratio of alkall oxides to aluminum oxlide

> RoO/A1,03 is greater than 1 and less than 4.5.
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The glass or glass ceramlic substrate provided with a
coating as claimed 1n any of the preceding claims,
whereln the glass component comprises:

L.1,0 0 - 15 mol$%,

NazO 0 - 12 mol%,

K20 0 - 4 mol%.

The glass or glass ceramic substrate provided with a

ﬁ

coating as claimed 1n any of the preceding claims,

wherein the glass component comprilises:
S10; 58 - 65 mol5,
Al,03 2.5 - 6 mol%,
Bi;Os 0.5 - 2 mol$,

B203 18 - 25 mol$%.

The glass or glass ceramilic substrate provided with a

coating as claimed 1n any of the preceding claims,

wherein the glass component further comprises: up to

2 mol% of Zr0O2; and/or TiOz, and/or up to 3 mol% of

respective alkaline earth metal oxldes, 1in particular

MgO, CaO, BaO, or SrO, and/or of ZnO.

The glass or glass ceramic substrate provided with a

coating as claimed in any of the preceding claims,

"

wherein the glass flux materilal 1s provided in form of
a paste including a ground glass component, wherein

the ground glass component has a particle size

distribution with dsg between 1.2 and 2.5 um.

The glass or glass ceramlc substrate provided with a

coating as claimed in any of the preceding claims,
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wherein the glass component has a softening

temperature Ew of less than 680 °C.

A glass flux material for applying a preferably opaqgue
coating, comprising at least one pigment and a glass
component, salid glass component comprising:

S10? 55 - 70 mol%,

Al,03 2.5 - 8 mol%,

B1,03 0.5 - <4 mol%,

B>03 14 - 27 mol%;

wilith at least 2.5 mol% of at least one oxide of the
group Li1;0, Na 0, and K0;
wherein a ratio of alkalil oxides to aluminum oxide

5 RoO/Al203 is less than o.

A method for coating a glass or glass ceramic

|

flux material as claimed in

substrate, wherein a glass

P

any of the preceding claims 1s used, which 1s fired at

F

a temperature of less than 750 °C, preferably less

than 700 °C.

The method for coating a glass or glass ceramic

substrate as claimed 1n the preceding claim, wherein

the glass flux material 1is applied by a printing

pPprocess.

The method for coating a glass or glass ceramic

substrate as claimed 1in the preceding claim, wherein

the glass flux material 1s fired during a tempering

process.
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The method for coating a glass or glass ceramic
substrate as claimed 1n the preceding claim, wherein

the substrate 1s bent 1n a stack together with at

least one further glass or glass ceramic substrate,

preferably at a temperature of less than 650 °C, more

preferably less than 630 °C.

A glass or glass ceramlc substrate provided with a

glass flux-based coating, wherein said glass or glass

ceramlc substrate has a coefficient of linear thermal

expansion o at 20 °C to 300 °C of up to 5.5 * 10-%/K,

preferably up to 4.5 * 107%/K, more preferably up to

3.5 * 107%/K, wherein said glass flux-based coating

gl

has a coefficient of linear thermal expansion o at

20 °C to 300 °C of less than 7 * 10°%/K, and wherein

1n a wavelength range from 380 to 780 nm the glass

flux-based coating exhibits a transmittance of less

than 1 %.

The glass or glass ceramic substrate provided with a

glass flux-based coating as claimed 1n the preceding

claim, whereln i1n a wavelength range from 380 to

/780 nm the glass flux-based coating exhibits a

—

transmittance of less than 0.5 %.

The glass or glass ceramic substrate provided with a

glass flux-based coating as claimed in any of the

=

preceding claims, whereln the glass flux-based coating

contains pigments with a degree of volume filling from

10 to 60 3, preferably from 30 to 55 $%.
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The glass or glass ceramic substrate provided with a

glass flux-based coating as claimed in any of the

"

preceding claims, wherein the substrate is made of

borosilicate glass.

The glass or glass ceramic substrate provided with a

glass flux-based coating as claimed in any of the

preceding claims, wherein the substrate is curved, at

-

least 1n portions thereof.

The glass or glass ceramic substrate provided with a

1)

the

glass flux-based coating as claimed 1n any o:

preceding claims, wherein the substrate 1is a

multlilayer composite.

The glass or glass ceramilic substrate provided with a

glass flux-based coating as claimed in any of the

preceding claims, wherein the glass flux-based coating

g

has a thickness of more than 5 um.

The glass or glass ceramic substrate provided with a

F

glass flux-based coating as claimed i1in any of the

preceding claims, wherein 1in L*a*b* color space the

coatlng has an L* value of more than 86 or of less

than 28 and preferably less than 27.

The glass or glass ceramic substrate provided with a

F

glass flux-based coating as claimed in any of the

preceding claims, wherein 1in L*a*b* color space each

of an a* value and a b* value of the coating is less

than 1.
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23. A bullet-proof glass laminate composite, fireplace

wilndow, pyrolysis oven window, fire protection

glazing, lamp, or pharmaceutical packaging, comprising

a glass or glass ceramic substrate provided with a

glass flux-based coating as claimed i1n any of the

M

precedling claims.
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