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Description

[0001] The present invention relates to a ceramic color composition and a process for producing a curved glass plate
employing it, useful particularly for a window glass for automobiles.
[0002] Heretofore, a glass plate with a colored opaque layer for automobiles, obtained by printing a pasted ceramic
color composition (ceramic color paste) around the periphery of a window glass for automobiles such as a front wind-
shield glass, a side light glass, a back light glass or a roof glass, by screen printing following by drying, and by heating
the glass plate to bake the ceramic color paste on the glass plate, has been widely used.
[0003] When this pasted ceramic color composition is baked around the periphery of a glass plate, it will form a
colored opaque layer. The composition is used to prevent deterioration of a urethane sealant which holds the periphery
of the window glass, due to ultraviolet rays, or to prevent the terminals of a heating wire equipped around the periphery
of the window glass for being seen from the outside of the car. Further, in recent years, it is used to improve the
appearance of the window glass, by forming a graded pattern of fine dots on a glass plate from the periphery toward
the center by baking the ceramic color paste thereon.
[0004] As the ceramic color composition for such an application, one based on an amorphous glass powder which
will not crystallize at the time of baking the glass, and one based on a crystalline glass powder which will crystallize at
the time of baking the glass, having various heat-resistant pigments added thereto, are available. With respect to the
ceramic color composition, as disclosed in Japanese Patent No. 2,748,647 and JP-A-6-256039, by using a glass (crys-
talline glass) which will crystallize at a temperature for the bending process of a glass plate, coating step of a so-called
release agent and washing step after the bending processing can be omitted, whereby the production efficiency is
significantly improved.
[0005] On the other hand, with the lightening of automobile components in recent years, it has been required to make
the window glass for automobiles thin. However, there is a possible fear that the strength of the window glass for
automobiles will decrease, or the strength of the glass plate against wind or coolness will be inadequate. It has been
known that a glass plate with a colored opaque layer is usually poor in the strength as compared with a glass plate
without the colored opaque layer. To overcome this problem, a method to decrease the coefficient of thermal expansion
of said ceramic color composition has been known.
[0006] However, it is hard to apply this method to a case where the glass plate is made thin. The reason is that the
bending temperature becomes low as the glass plate is made thin, and accordingly it is necessary to use a glass
powder which will be fused at a lower temperature. Commonly, a glass powder which will be fused at a lower temperature
has a higher coefficient of thermal expansion, and accordingly a glass powder which can be applied to the above
method can hardly be available.
[0007] Further, it is necessary to bake the ceramic color composition on a glass plate during the bending processing
of the glass plate by heating. Accordingly, the ceramic color composition is preferably a material which can be baked
at a temperature of from 570 to 700°C, preferably from 600 to 700°C.
[0008] Further, in recent years, influences of acid rain due to environmental pollution are becoming significant, and
accordingly, the problem is becoming significant, such that when a colored opaque layer formed by baking the ceramic
color composition is used outside, acid rain will corrode the colored opaque layer, whereby the color of the layer will
change. As the main component of the acids in acid rain is sulfuric acid, a ceramic color composition which gives a
colored opaque layer excellent in sulfuric acid resistance, has been strongly desired.
[0009] On the other hand, as a bending processing for a window glass for automobiles, to improve productivity and
to improve accuracy of the bending processing, a system called a bending processing in a furnace, has been employed,
wherein a pressing apparatus or an adsorption shaping apparatus for bending is installed in a furnace, and the bending
processing is carried out in the furnace. The bending processing (pressing bending processing) requiring a pressing
apparatus, is usually followed by tempering processing. In the bending processing (bending processing by gravity) in
which an adsorption shaping apparatus for bending is used, usually the tempering processing is not carried out.
[0010] In the pressing bending processing, if a ceramic color composition employing an amorphous glass powder
having a low apparent viscosity is used, the ceramic color composition will adhere to a heat resistant cloth which is
usually used for the surface of a pressing mold, such as a glass cloth or a stainless cloth, and so-called release
properties will deteriorate, and thereby the productivity will decrease. Accordingly, it is necessary to use a crystalline
glass powder having a high apparent viscosity for the ceramic color composition to be used.
[0011] Further, as a glass having a low melting point and having a relatively excellent sulfuric acid resistance, an
amorphous bismuth-containing glass containing no lead, is available. However, this glass is poor in release properties,
whereby productivity tends to be poor. Further, as a crystalline bismuth-containing glass has a high coefficient of thermal
expansion, the strength of a glass plate having the ceramic color composition baked thereon will deteriorate, and with
the increase in the content of bismuth, the sulfuric acid resistance will decrease. US-A-4 407 868 describes a process
for preparing enameled ware by preparing a slip containing inorganic fibers having a diameter of 5 to 30 microns and
a length of 1 to 5 millimeters, enameling a ware with a slip, and drying and firing the enameled ware. JP-A-10 087 340
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describes a coloured ceramic composition comprising, as inorganic components, from 5 to 40 wt.-% of a coloured heat
resistant pigment powder, from 60 to 95 wt.-% of a powder of zinc-containing glass and from 0 to 10 wt.-% of a refractory
filler powder. US-A-5 578 533 describes a ceramic colour composition comprising, as inorganic components, from 5
to 35 wt.-% of a coloured heat resistant pigment powder, from 65 to 95 wt.-% of a crystalizable glass powder and from
0 to 10 wt.-% of a refractory filler powder.
[0012] Under such circumstances, it is an object of the present invention to overcome the above problems of prior
art, and to provide a ceramic color composition with which the strength of a glass plate will not deteriorate, or the
strength is less likely to decrease, and a process for producing a curved glass plate employing it.
[0013] The present invention provides a ceramic color composition which comprises from 5 to 40 wt% of a heat-
resistant color pigment powder, from 50 to 94.5 wt% of a glass powder, from 0 to 25 wt% of a refractory filler, and from
0.1 to 40 wt% of at least one whisker-like refractory filler selected from the group consisting of aluminum borate whisk-
ers, potassium titanate whiskers, zinc oxide whiskers, Na2Ca2P2O18 whiskers, magnesium oxide whiskers, magnesium
borate whiskers, basic magnesium sulfate (MgSO4·5MgO·8H2O) whiskers and titanium diboride whiskers.
[0014] The present invention further provides a process for producing a curved glass plate, which comprises coating
the ceramic color paste containing the above ceramic color composition on a predetermined portion of a glass plate,
then heating the glass plate to bake the ceramic color paste on the glass plate, and forming the glass plate into a
desired shape after or during the baking of the color paste.
[0015] In the present invention, 'an amorphous glass' is a glass which will not crystallize at a temperature of from
570 to 700°C, and 'a crystalline glass' is a glass which will crystallize at a temperature of from 570 to 700°C.
[0016] Now, the present invention will be explained in further detail with reference to preferred embodiments.
[0017] In order to keep the strength of a glass plate, the glass powder in inorganic components in the ceramic color
composition of the present invention, is preferably one having heat properties such that it can be baked at a temperature
at which a glass plate of soda lime silica glass which is commonly used for a window glass for automobiles is subjected
to a bending processing. Namely, as the heat properties of the glass powder in inorganic components, the glass powder
is required to soften and fluidize at a temperature lower than the temperature for bending processing of the glass plate.
[0018] Further, the glass powder may be one (crystalline glass) which will crystallize at the temperature for bending
processing of the glass plate, or one (amorphous glass) which will not crystallize at the temperature. With respect to
the composition, the glass powder may contain lead, or it may not contain lead. However, one containing no lead is
preferred in view of an environmental load. When the colored opaque layer is required to have excellent release prop-
erties, in addition to keep the strength of the glass plate, it is preferred to use a crystalline glass powder as the glass
powder. Further, the glass powder preferably contains no cadmium in view of an environmental load.
[0019] The content of the glass powder to be used for the ceramic color composition of the present invention is from
50 to 94.5 wt% based on the total amount of inorganic components in the composition. If it is less than 50 wt%, there
is a possibility that the baking of the coated layer made of the above composition on a glass plate will deteriorate at
the temperature for bending processing of the glass plate. Preferably it is at least 60 wt%. On the contrary, if it exceeds
94.5 wt%, the amount of the heat-resistant color pigment powder in the composition is relatively inadequate, and
accordingly the desired color tone of the colored opaque layer may not be obtained, or a color-forming of the colored
opaque layer may deteriorate. Preferably it is at most 80 wt%.
[0020] A preferred glass powder to be used in the present invention is a glass powder having substantially the fol-
lowing composition:

SiO2: 10-45 wt%, ZnO: 10-25 wt%, B2O3: 0-15 wt%, Bi2O3: 15-40 wt%, CeO2: 0-5 wt%, MgO: 0-5 wt%, CaO: 0-5
wt%, BaO: 0-5 wt%, Li2O: 0-10 wt%, Na2O: 0-10 wt%, K2O: 0-10 wt%, TiO2: 0-5 wt%, ZrO2: 0-5 wt%, Al2O3: 0-5
wt%, and F: 0-2 wt%.

[0021] In the above composition, more preferred is a glass powder having substantially the following composition:

SiO2: 28-38 wt%, ZnO: 13-23 wt%, B2O3: 8-14 wt%, Bi2O3: 20-30 wt%, CeO2: 0-3 wt%, MgO: 0-3 wt%, CaO: 0-3
wt%, BaO: 0-3 wt%, MgO+CaO+BaO: 0-3 wt%, Li2O: 0-5 wt%, Na2O: 0-7 wt%, K2O: 0-3 wt%, Li2O+Na2O+K2O:
6-10 wt%, TiO2: 0-4 wt%, ZrO2: 0-3 wt%, Al2O3: 0-3 wt%, and F: 0-2 wt%.

[0022] Another preferred glass powder to be used in the present invention is a glass powder having substantially
the following composition:

SiO2: 10-45 wt%, ZnO: more than 25-45 wt%, B2O3: 0-10 wt%, Bi2O3: 15-40 wt%, CeO2: 0-5 wt%, MgO: 0-5 wt%,
CaO: 0-5 wt%, BaO: 0-5 wt%, Li2O: 0-10 wt%, Na2O: 0-10 wt%, K2O: 0-10 wt%, TiO2: 0-10 wt%, ZrO2: 0-5 wt%,
Al2O3: 0-5 wt%, and F: 0-2 wt%;
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and being crystalline.
[0023] In the above composition, more preferred is a glass powder having substantially the following composition:

SiO2: 28-38 wt%, ZnO: 28-38 wt%, B2O3: 0-8 wt%, Bi2O3: 20-30 wt%, CeO2: 0-3 wt%, MgO: 0-3 wt%, CaO: 0-3
wt%, BaO: 0-3 wt%, MgO+CaO+BaO: 0-3 wt%, Li2O: 0-5 wt%, Na2O: 0-7 wt%, K2O: 0-3 wt%, Li2O+Na2O+K2O:
4-8 wt%, TiO2: 0-4 wt%, ZrO2: 0-3 wt%, Al2O3: 0-3 wt%, and F: 0-2 wt%;

and being crystalline. More preferably the glass powder deposits a crystal of Zn1.7SiO4.
[0024] Another preferred glass powder to be used in the present invention is a glass powder having substantially
the following composition:

SiO2: 10-36 wt%, Bi2O3: 50-75 wt%, B2O3: 0-8 wt%, BaO: 0-12 wt%, CeO2: 0-2 wt%, Li2O: 0-5 wt%, Na2O: 0-5
wt%, K2O: 0-3 wt% and TiO2: 0-12 wt%;

and being crystalline.
[0025] In the above composition, more preferred is a glass powder having substantially the following composition:

SiO2: 25-30 wt%, ZnO: 0-2 wt%, Bi2O3: 58-66 wt%, B2O3: 0-4 wt%, BaO: 0-8 wt%, CeO2: 0-2 wt%, Li2O: 2-5 wt%,
Na2O: 0-3 wt%, K2O: 0-2 wt% and TiO2: 4-6 wt%;

and being crystalline. More preferably the glass powder deposits a crystal of bismuth silicate.
[0026] Another preferred glass powder to be used in the present invention is a glass powder having substantially
the following composition:

SiO2: 10-40 wt%, ZnO: 0-10 wt%, B2O3: 0-15 wt%, PbO: 40-70 wt%, CeO2: 0-2 wt%, MgO: 0-5 wt%, CaO: 0-5
wt%, BaO: 0-5 wt%, Li2O: 0-5 wt%, Na2O: 0-5 wt%, K2O: 0-5 wt%, TiO2: 0-5 wt%, ZrO2: 0-5 wt%, Al2O3: 0-5 wt%
and F: 0-2 wt%.

[0027] In the above composition, more preferred is a glass powder having substantially the following composition:

SiO2: 23-37 wt%, ZnO: 0-5 wt%, B2O3: 2-12 wt%, Bi2O3: 20-30 wt%, PbO: 43-67 wt%, CeO2: 0-2 wt%, MgO: 0-3
wt%, CaO: 0-3 wt%, BaO: 0-3 wt%, MgO+CaO+BaO: 0-3 wt%, Li2O: 0-2 wt%, Na2O: 0-3 wt%, K2O: 0-3 wt%,
Li2O+Na2O+K2O: 0.5-5 wt%, TiO2: 0-4 wt%, ZrO2: 0-3 wt%, Al2O3: 0-3 wt% and F: 0-2 wt%.

[0028] As the physical properties of the glass powder in the present invention, the softening point is preferably from
500 to 630°C, more preferably from 540 to 580°C. The coefficient of thermal expansion (average coefficient of linear
expansion at a temperature of from 50 to 350°C) is preferably from 40310-7/°C to 120310-7/°C, more preferably from
70310-7/°C to 100310-7/°C. The crystallization peak temperature of the crystalline glass powder in the present inven-
tion is preferably at most 700°C, more preferably at most 650°C.
[0029] The content of the heat-resistant color pigment powder to be used for the ceramic color composition of the
present invention is from 5 to 40 wt% based on the total amount of inorganic components in the composition. If it is
less than 5 wt%, the desired color tone can not be obtained. Preferably it is at least 15 wt%. If it exceeds 40 wt%, the
amount of the glass powder in the composition tends to be relatively inadequate, whereby the baking on the glass
plate tends to deteriorate. Preferably it is at most 35 wt%. The heat-resistant color pigment powder may, for example,
be a pigment composed mainly of a copper-chrome oxide, an iron-manganese oxide or magnetite.
[0030] The whisker-like refractory filler to be used for the ceramic color composition of the present invention is a
substantially effective component to improve the strength of the curved glass plate. The content is from 0.1 to 40 wt%
based on the total amount of inorganic components in the composition. If it is less than 0.1 wt%, the amount may be
too small, whereby desired glass strength may not be obtained. Preferably it is at least 0.5 wt%, more preferably at
least 2 wt%. Further, if it exceeds 40 wt%, the amount of the glass powder or the amount of the heat-resistant color
pigment powder tends to be relatively inadequate, whereby the baking of the colored opaque layer will deteriorate or
the color-forming will deteriorate. Preferably it is at most 20 wt%.
[0031] As the whisker-like refractory filler, at least one whisker-like refractory filler selected from the group consisting
of aluminum borate whiskers, potassium titanate whiskers, zinc oxide whiskers, Na2Ca2P2O18 whiskers, magnesium
oxide whiskers, magnesium borate whiskers, basic magnesium sulfate (MgSO4·5MgO·8H2O) whiskers and titanium
diboride whiskers, is used.
[0032] These whisker-like refractory fillers have such characteristics that at the time of baking the ceramic color
composition (570-650°C for bending by gravity, and 630-700°C for pressing bending), there is no blister, or the amount
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of the blisters is small. As other whisker-like refractory fillers, carbon whiskers, titanium nitride whiskers, and titanium
carbide whiskers has, for example, been known. However, these whiskers significantly blister at the time of the above
baking, whereby the colored opaque layer obtained by baking tends to be cloudy due to the blisters. The whiskers to
be used in the present invention preferably has a modulus of elasticity of at least 283109 kgf/cm2. The whiskers having
a modulus of elasticity of less than 283109 kgf/cm2, there is a fear that the increase in the strength of the glass plate
will be small. From this viewpoint, aluminum borate whiskers, potassium titanate whiskers, zinc oxide whiskers and
Na2Ca2P2O18 whiskers are preferred.
[0033] The whisker-like refractory filler is preferably needle crystals having a length of from about 0.5 to about 100
µm, and a diameter of from about 0.1 to about 10 µm.
[0034] In the present invention, the above whisker-like refractory filler includes all refractory fillers of the above spec-
ified whiskers in the above mentioned shape.
[0035] If the length is less than 0.5 µm, it may be too short, and no significant effect may be available. More preferably
it is at least 5 µm. On the other hand, the length exceeds 100 µm, when the ceramic color composition of the present
invention is used as a paste, it may cause clogging of the screen mesh in screen printing. Preferably it is at most 50
µm. Further, if the diameter is less than 0.1 µm, the whisker-like refractory filler will be too expensive to produce.
Preferably it is at least 0.3 µm. On the other hand, the diameter exceeds 10 µm, the effect is less likely to be obtained.
Preferably it is at most 5 µm. The length and the diameter are measured from photographs of a great number of needle
crystals by using an electron microscope.
[0036] The content of the refractory filler to be used for the ceramic color composition of the present invention is
from 0 to 25 wt%. The refractory filler is different from the above-mentioned whisker-like refractory filler, and the re-
fractory filler does not include whisker-like refractory fillers. The refractory filler may, for example, be α-alumina, α-
quartz, zircon, cordierite, β-eucryptite, forsterite, mullite, steatite or lead titanate, with a purpose of controlling the
coefficient of thermal expansion and fluidity of the composition during heating. The use of the refractory filler is not
essential, and when it is used, the content is preferably at most 15 wt%. By using such a refractory filler, effects such
as improvement in wear resistance of the baked colored opaque layer, can be obtained.
[0037] To the ceramic color composition of the present invention, a metal oxide or a metal boride may be added as
a coloring agent or as a release agent, in an amount of at most 15 wt% based on the total amount, although it is not
essential. If the amount of the metal oxide or boride exceeds 15 wt%, the amount of the glass powder in the composition
tends to be relatively inadequate, whereby the baking of the composition of the present invention on the glass plate at
the temperature for bending processing, tends to be difficult, in some cases. The metal oxide or boride may, for example,
be oxide or boride of Ni, Sn, Ti, Mn, Fe, Cu, Ag, La, Zr, Co, Mo, Cr or Ce.
[0038] It is preferred to use different ceramic color compositions of the present invention, depending upon the bending
processing of the glass plate and/or the applications of the glass plates. For example, as a ceramic color composition
to be used for a glass plate which is subjected to the bending processing of the glass plate by gravity, one employing
a glass powder containing lead has conventionally been used. However, in recent years, a ceramic color composition
containing no lead has been required in order to reduce a load on environment. In such a case, usually a tempering
processing of the glass plate is not carried out. Accordingly, it is particularly strongly demanded to prevent the decrease
in strength of the glass plate by baking the ceramic color composition. The ceramic color composition as defined in
Claim 3, meets the above requirements. It is particularly suitable as a ceramic color composition for a front windshield
glass for automobiles, it contains no lead, and the bending processing by gravity can be carried out at a temperature
of from 570 to 650°C.
[0039] Further, as a ceramic color composition to be used for a glass plate which is subjected to a pressing bending
processing, as mentioned above, a ceramic color composition containing no lead, having a good release property, and
preventing the decrease in strength of the glass plate at the time of baking, has been strongly demanded. The ceramic
color composition as defined in Claim 4 meets the above requirements. It is particularly suitable as a ceramic color
composition for a back light glass and a side light glass for automobiles. It contains no lead, it has an excellent release
property, and the pressing bending processing can be carried out at a temperature of from 630 to 700°C.
[0040] Further, as a ceramic color composition to be used for a glass plate which is subjected to a pressing bending
processing, as mentioned above, a ceramic color composition containing no lead, having a good release property and
sulfuric acid resistance, and preventing the decrease in strength of the glass plate at the time of baking, has been
strongly demanded. The ceramic color composition as defined in Claim 5 meets the above requirements. It is particularly
suitable as a ceramic color composition for a back light glass and a side light glass for automobiles. It contains no lead,
it has an excellent release property and acid resistance, and the pressing bending processing can be carried out at a
temperature of from 630 to 700°C.
[0041] Heretofore, as a ceramic color composition to be used for a glass plate for roofs of automobiles, one employing
an amorphous glass powder of SiO2-PbO type, has been used. The roof glass locates over a driver and passengers,
and accordingly a glass plate having a higher strength has been demanded. The ceramic color composition as defined
in Claim 6 meets the above requirements, and it is particularly suitable as a ceramic color composition for roof glass
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for automobiles. It has a small decrease in strength, and the pressing bending processing can be carried out at a
temperature of from 630 to 700°C.
[0042] The ceramic color composition of the present invention is preferably formed into a paste (ink), to coat on a
glass plate by screen printing. Accordingly, the weight average particle size of the powders of the above materials
except the whisker-like refractory filler, is preferably within a range of from 0.1 to 15 µm. If the weight average particle
size is smaller than 0.1 µm, productivity in the production step of each powder tends to be substantially poor, whereby
the obtained ceramic color composition tends to be expensive. Preferably it is at least 1 µm. On the other hand, if the
weight average particle size is larger than 15 µm, bulky particles will not pass through the screen, whereby the screen
printing properties of the paste tends to be poor. Preferably it is at most 6 µm.
[0043] As the ceramic color composition of the present invention is coated on the glass surface, a vehicle containing
an organic binder is contained in the ceramic color composition containing the above components, followed by forming
into a paste. As the vehicle containing an organic binder, one having a high polymer material such as ethyl cellulose,
an acrylic resin, a styrene resin, a phenol resin or a butyral resin as a binder dissolved in a solvent such as α-terpineol,
butylcarbitol acetate or phthalic acid ester, may, for example, be preferably used. The concentration of the organic
binder in the organic vehicle, is usually from 3 to 15 wt%, and the organic binder as a solid content is preferably from
0.5 to 20 parts by weight, more preferably from 3 to 20 parts by weight, based on 100 parts by weight of inorganic
components in the composition.
[0044] The pasted ceramic color composition (ceramic color paste) of the present invention thus prepared is coated,
for example, on a desired portion of a glass plate surface of soda lime silica glass to be used for a conventional window
glass for automobiles by means of e.g. screen printing. The portion to be coated is, for example, around the periphery
of a front windshield glass, a side light glass, a back light glass or a roof glass, in the case of the glass plate for
automobiles.
[0045] Now, an example of the process for producing a curved glass plate employing the ceramic color composition
of the present invention will be explained. A glass plate having the ceramic color composition of the present invention
coated thereon is dried, and put in a heating furnace followed by heating. The heating temperatures is usually from
500 to 620°C, and the ceramic color composition is fused to the glass plate at this temperature. Then, the glass plate
is kept at a temperature of from 570 to 600°C or from 600 to 700°C, and the ceramic color composition of the present
invention fused is baked on the glass plate. The baking is carried out preferably at a temperature of from 570 to 650°C
in the bending processing by gravity, and at a temperature of from 630 to 700°C in a pressing bending processing.
The coefficient of thermal expansion (average coefficient of linear expansion at a temperature of from 50 to 350°C) is
preferably from 40 3 10-7/°C to 90 3 10-7/°C. When the glass powder in the composition is a crystalline glass powder,
by controlling the composition of glass, the glass powder can be crystallized at this temperature range.
[0046] Then, in the pressing bending processing, the glass plate is subjected to the bending processing by a pressing
apparatus (heating pressing apparatus) depending upon the desired shape of the window glass for automobiles, and
the ceramic color composition of the present invention is baked on the glass plate at this time. In the bending processing
by gravity wherein bending processing is carried out by a bending apparatus by gravity, the glass plate is subjected to
the bending processing during the baking of the ceramic color composition of the present invention on the glass plate.
Further, based on safety standards required for a window glass for automobiles, tempering against wind and coolness
may be carried out, in some cases.
[0047] Now, the present invention will be described in further detail with reference to Examples. However, it should
be understood that the present invention is by no means restricted to such specific Examples.

EXAMPLES 1 to 18

[0048] Starting materials were prepared and mixed so that the composition of glass is as shown in Table 1 or 2 by
mol%, and Table 3 or 4 by wt% (Examples 12 and 18 are shown in Table 3 or 4 alone), melted at a temperature of from
1,300 to 1,500°C, and quenched to obtain glass in a form of flakes. Then, the glass in a form of flakes was pulverized
by a ball mill to obtain a glass powder having a weight average particle size of about 3.0 µm.
[0049] The glass powder, a heat-resistant black pigment powder (manufactured by Dainichiseika Color & Chemicals
Mfg. Co., Ltd., No. 9510), a refractory filler (alumina) and a whisker-like refractory filler were mixed in a ratio (wt%) as
shown in Table 3 or 4. Then, 20 parts by weight of a pine oil solution having 10 parts by weight of ethyl cellulose
dissolved therein was added to 80 parts by weight of the mixed powder followed by kneading, and the mixture was
uniformly dispersed by a three roll mill, and adjusted to have a desired paste viscosity, to obtain a ceramic color paste
of the present invention. As the whiskers, the following was employed.
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Whiskers

[0050]

(A) Aluminum borate (length: 5-30 µm, diameter: 0.3-5 µm)
(B) α-alumina (length: 10-50 µm, diameter: 0.1-5 µm) for Reference Examples 2, 6, 7, 8 and 10
(C) Potassium titanate (length: 10-50 µm, diameter: 0.1-5 µm)

[0051] The obtained ceramic color paste was printed on the whole area of a soda lime silica glass plate (composition:
SiO2: 72.5 wt%, Na2O: 13.5 wt%, CaO: 8 wt%, MgO: 4 wt% and Al2O3: 1.5 wt% as the main components) of 100 mm
3 100 mm with a thickness of 3.5 mm by screen printing, followed by drying.
[0052] The glass plate was heated at 650°C to bake the ceramic color paste on the glass plate. In examples in
wherein a crystalline glass was used, crystallization was confirmed. Of the glass plate, strength (unit: kgf) (obtained
from the load when the glass plate broke by static load applied at the center), softening point (unit: °C), coefficient of
thermal expansion (unit: 310-7/°C) and crystallization temperature (crystallization peak temperature) (unit: °C) were
measured. The results are shown in Tables 3 and 4. In Tables 3 and 4, the results of evaluation with respect to examples
wherein a whisker-like refractory filler was not used, are also shown.
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[0053] As evident from Tables 3 and 4, in Examples wherein a whisker-like refractory filler was used, the glass plate
strength was at least 65 kgf, whereas in Examples wherein the whisker-like refractory filler was not used, it was at
most 62 kgf. Namely, the ceramic color composition of the present invention has an effect to improve the strength of
a glass plate.

EXAMPLES 19 to 32

[0054] Starting materials were prepared and mixed so that the composition of glass is as shown in Table 5 or 6 (unit:
wt%) and melted at a temperature of from 1,250 to 1,350°C for vitrification, to obtain a crystalline glass. Then, pulver-
ization by a ball mill was carried out to obtain a crystalline glass powder having a weight average particle size of about
3 µm. The crystalline glass powder, a heat-resistant black pigment (manufactured by Nippon Fero, 42-302A), a heat-
resistant filler (alumina) powder and whiskers (manufactured by Shikoku Corporation, Arborex (above-described alu-
minum borate whiskers)) were mixed with a weight ratio as shown in "Composition of inorganic components" in Table
5 or 6.
[0055] 15 Parts by weight of an α-terpineol solution having 10 wt% of ethyl cellulose dissolved therein was added
to 85 parts by weight of the mixed powder followed by kneading, and the mixture was uniformly dispersed by a three
roll mill, and adjusted to have a desired paste viscosity. The paste thus obtained was printed on the whole surface of
a soda-lime silica glass plate (thickness: 3.5 mm, 10 cm 3 10 cm) by screen printing, followed by drying. The glass
plate was heated at a temperature of 670°C for 4 minutes for baking, followed by cooling to room temperature, to obtain
a sample.
[0056] The color tone of the sample from the glass surface was measured by using a color-difference colorimeter
(manufactured by Minolta Co., Ltd., CR-200). Further, the sample was immersed in 0.1 N sulfuric acid at 80°C for 140
hours, to obtain a color difference (∆E) before and after the immersion by measuring the color tone from the glass
surface, to evaluate sulfuric acid resistance. Further, the sample was fixed on a cylindrical jig of 100 mm in diameter
so that the printed surface faced down, and a load was applied on the center of the glass plate from above, whereupon
breaking load was measured.
[0057] Then, the glass plate having the ceramic color paste printed thereon followed by drying was heated at 670°C
for 4 minutes, and pressed by using a pressing mold installed in the furnace, to evaluate a release property.
[0058] The results of the above evaluations are shown in Tables 5 and 6. The color tone, the sulfuric acid resistance
and the release property were evaluated based on the following standard; o : excellent, s: good, ∆: poor, 3: very
poor. Further, the glass plate strength (unit: kgf), the softening point (unit: °C), the coefficient of thermal expansion
(unit: 3 10-7/°C) and the crystallization temperature (unit: °C) were measured in the same manner as mentioned above.
In Examples 30 and 31, the composition was not sintered by the baking of at 670°C, and a sample for measuring the
coefficient of thermal expansion could not be obtained, whereby the coefficient of thermal expansion could not be
measured.
[0059] As evident from Tables 5 and 6, with the ceramic color composition of the present invention, color tone and
sulfuric acid resistance are excellent, and strength of the glass plate and the release property will not deteriorate.
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[0060] Among the above Examples 1 to 32, Examples 1 to 12 and Examples 19 to 31 are Working Examples, Ex-
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amples 13 to 18 and Example 32 are Comparative Examples, and Examples 2, 6, 7, 8 and 10 are Reference Examples
which are outside of the present invention.
[0061] The ceramic color composition of the present invention has an effect to improve the strength of a glass plate
employing it. By using the ceramic color composition of the present invention, the strength of glass can be improved,
and in addition, a colored opaque layer containing no lead, and being excellent in release property and acid resistance,
can be obtained. Further, by using the ceramic color composition employing a glass powder containing lead, a colored
opaque layer being excellent in release property and acid resistance, can be obtained, without decreasing the strength
of roof glass. Further, according to the present invention, a curved window glass for vehicles having a colored opaque
layer and being excellent in strength, can be produced at a low cost.

Claims

1. A ceramic color composition which comprises from 5 to 40 wt% of a heat-resistant color pigment powder, from 50
to 94.5 wt% of a glass powder, from 0 to 25 wt% of a refractory filler, and from 0.1 to 40 wt% of at least one whisker-
like refractory filler selected from the group consisting of aluminum borate whiskers, potassium titanate whiskers,
zinc oxide whiskers, Na2Ca2P2O18 whiskers, magnesium oxide whiskers, magnesium borate whiskers, basic mag-
nesium sulfate (MgSO4·5MgO·8H2O) whiskers and titanium diboride whiskers.

2. The ceramic color composition according to Claim 1, wherein the whisker-like refractory filler is needle crystals
having a length of from 0.5 to 100µm and a diameter of from 0.1 to 10µm.

3. The ceramic color composition according to Claim 1 or 2, wherein the composition of the glass powder is substan-
tially as follows:

SiO2: 10-45 wt%
ZnO: 10-25 wt%
B2O3: 0-15 wt%
Bi2O3: 15-40 wt%
CeO2: 0-5 wt%
MgO: 0-5 wt%
CaO: 0-5 wt%
BaO: 0-5 wt%
Li2O: 0-10 wt%
Na2O: 0-10 wt%
K2O: 0-10 wt%
TiO2: 0-5 wt%
ZrO2: 0-5 wt%
Al2O3: 0-5 wt%, and
F: 0-2 wt%.

4. The ceramic color composition according to Claim 1 or 2, wherein the composition of the glass powder is substan-
tially as follows:

SiO2: 10-45 wt%
ZnO: more than 25-45 wt%
B2O3: 0-10 wt%
Bi2O3: 15-40 wt%
CeO2: 0-5 wt%
MgO: 0-5 wt%
CaO: 0-5 wt%
BaO: 0-5 wt%
Li2O: 0-10 wt%
Na2O: 0-10 wt%
K2O: 0-10 wt%
TiO2: 0-10 wt%
ZrO2: 0-5 wt%
Al2O3: 0-5 wt%, and
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F: 0-2 wt%;

and the glass powder is a crystalline glass which will crystallize at a temperature of from 570 to 700°C.

5. The ceramic color composition according to Claim 1 or 2, wherein the composition of the glass powder is substan-
tially as follows:

SiO2: 10-36 wt%
Bi2O3: 50-75 wt%
Bi2O3: 0-8 wt%
BaO: 0-12 wt%
CeO2: 0-2 wt%
Li2O: 0-5 wt%
Na2O: 0-5 wt%
K2O: 0-3 wt%, and
TiO2: 0-12 wt%;

and the glass powder is a crystalline glass which will crystallize at a temperature of from 570 to 700°C.

6. The ceramic color composition according to Claim 1 or 2, wherein the composition of the glass powder is substan-
tially as follows:

SiO2: 10-40 wt%
ZnO: 0-10 wt%
B2O3: 0-15 wt%
PbO: 40-70 wt%
CeO2: 0-2 wt%
MgO: 0-5 wt%
CaO: 0-5 wt%
BaO: 0-5 wt%
Li2O: 0-5 wt%
Na2O: 0-5 wt%
K2O: 0-5 wt%
TiO2: 0-5 wt%
ZrO2: 0-5 wt%
Al2O3: 0-5 wt%, and
F: 0-2 wt%.

7. A ceramic color paste which comprises an organic vehicle and the ceramic color composition as defined in any
one of Claims 1 to 6.

8. A process for producing a curved glass plate, which comprises coating the ceramic color paste as defined in Claim
7 on a predetermined portion of a glass plate, then heating the glass plate to bake the ceramic color paste on the
glass plate, and forming the glass plate into a desired shape after or during the baking of the color paste.

Revendications

1. Composition céramique colorée qui comprend de 5 à 40 % en poids d'une poudre de pigment colorée résistante
à la chaleur, de 50 à 54,5 % en poids d'une poudre de verre, de 0 à 25 % en poids d'une charge réfractaire et de
0,1 à 40 % en poids d'au moins une charge réfractaire de type whisker choisie dans le groupe constitué par les
whiskers de borate d'aluminium, les whiskers de titanate de potassium, les whiskers d'oxyde de zinc, les whiskers
de Na2Ca2P2O18, les whiskers d'oxyde de magnésium, les whiskers de borate de magnésium, les whiskers de
sulfate de magnésium basique (MgSO4·5MgO·8H2O) et les whiskers de diborure de titane.

2. Composition céramique colorée selon la revendication 1, dans laquelle la charge réfractaire de type whisker est
constituée de cristaux aciculaires ayant une longueur de 0,5 à 100 µm et un diamètre de 0,1 à 10 µm.
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3. Composition céramique colorée selon la revendication 1 ou 2, dans laquelle la composition de la poudre de verre
est sensiblement la suivante :

SiO2 : 10 à 45 % en poids
ZnO : 10 à 25 % en poids
B2O3 : 0 à 15 % en poids
Bi2O3 : 15 à 40 % en poids
CeO2 : 0 à 5 % en poids
MgO : 0 à 5 % en poids
Cao : 0 à 5 % en poids
BaO : 0 à 5 % en poids
Li2O : 0 à 10 % en poids
Na2O : 0 à 10 % en poids
K2O : 0 à 10 % en poids
TiO2 : 0 à 5 % en poids
ZrO2 : 0 à 5 % en poids
Al2O3 : 0 à 5 % en poids, et
F : 0 à 2 % en poids.

4. Composition céramique colorée selon la revendication 1 ou 2, dans laquelle la composition de la poudre de verre
est sensiblement la suivante :

SiO2 : 10 à 45 % en poids
ZnO : plus de 25 à 45 % en poids
B2O3 : 0 à 10 % en poids
Bi2O3 : 15 à 40 % en poids
CeO2 : 0 à 5 % en poids
MgO : 0 à 5 % en poids
CaO : 0 à 5 % en poids
BaO : 0 à 5 % en poids
Li2O : 0 à 10 % en poids
Na2O : 0 à 10 % en poids
K2O : 0 à 10 % en poids
TiO2 : 0 à 10 % en poids
ZrO2 : 0 à 5 % en poids
Al2O3 : 0 à 5 % en poids, et
F : 0 à 2 % en poids ;

et la poudre de verre est un verre cristallin qui cristallise à une température de 570 à 700°C.

5. Composition céramique colorée selon la revendication 1 ou 2, dans laquelle la composition de la poudre de verre
est sensiblement la suivante :

SiO2 : la à 36 % en poids
Bi2O3 : 50 à 75 % en poids
B2O3 : 0 à 8 % en poids
BaO : 0 à 12 % en poids
CeO2 : 0 à 2 % en poids
Li2O : 0 à 5 % en poids
Na2O : 0 à 5 % en poids
K2O : 0 à 3 % en poids, et
TiO2 : 0 à 12 % en poids

et la poudre de verre est un verre cristallin qui cristallise à une température de 570 à 700°C.

6. Composition céramique colorée selon la revendication 1 ou 2, dans laquelle la composition de la poudre de verre
est sensiblement la suivante :
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SiO2 : 10 à 40 % en poids
ZnO : 0 à 10 % en poids
B2O3 : 0 à 15 % en poids
PbO : 40 à 70 % en poids
CeO2 : 0 à 2 % en poids
MgO : 0 à 5 % en poids
CaO : 0 à 5 % en poids
BaO : 0 à 5 % en poids
Li2O : 0 à 5 % en poids
Na2O : 0 à 5 % en poids
K2O : 0 à 5 % en poids
TiO2 : 0 à 5 % en poids
ZrO2 : 0 à 5 % en poids
Al2O3 : 0 à 5 % en poids, et
F : 0 à 2 % en poids.

7. Pâte céramique colorée qui comprend un véhicule organique et la composition céramique colorée selon l'une
quelconque des revendications 1 à 6.

8. Procédé de production d'une plaque de verre bombée, qui comprend les opérations consistant à appliquer en
revêtement la pâte céramique colorée selon la revendication 7 sur une partie prédéterminée d'une plaque de verre,
puis à chauffer la plaque de verre pour cuire la pâte céramique colorée sur la plaque de verre, et à amener la
plaque de verre sous la forme désirée, après ou pendant la cuisson de la pâte colorée.

Patentansprüche

1. Keramikfarbenzusammensetzung, die 5 bis 40 Gew.-% eines hitzebeständigen Farbpigmentpulvers, 50 bis 94,5
Gew.-% eines Glaspulvers, 0 bis 25 Gew.-% eines feuerfesten Füllstoffs und 0,1 bis 40 Gew.-% mindestens eines
whiskerartigen, feuerfesten Füllstoffs, ausgewählt aus der Gruppe, bestehend aus Aluminiumboratwhiskern, Ka-
liumtitanatwhiskern, Zinkoxidwhiskern, Na2Ca2P2O18-Whiskern, Magnesiumoxidwhiskern, Magnesiumboratwhis-
kern, Whiskern von basischern Magnesiumsulfat (MgSO4 ·5MgO ·8H2O) und Titandiboridwhiskern, umfaßt.

2. Keramikfarbenzusammensetzung nach Anspruch 1, wobei der whiskerartige, feuerfeste Füllstoff Nadelkristalle
mit einer Länge von 0,5 bis 100 µm und einem Durchmesser von 0,1 bis 10 µm aufweist.

3. Keramikfarbenzusammensetzung nach Anspruch 1 oder 2, wobei die Zusammensetzung des Glaspulvers im we-
sentlichen wie folgt ist:

SiO2: 10-45 Gew.-%
ZnO: 10-25 Gew.-%
B2O3: 0-15 Gew.-%
Bi2O3: 15-40 Gew.-%
CeO2: 0-5 Gew.-%
MgO: 0-5 Gew.-%
CaO: 0-5 Gew.-%
BaO: 0-5 Gew.-%
Li2O: 0-10 Gew.-%
Na2O: 0-10 Gew.-%
K2O: 0-10 Gew.-%
TiO2: 0-5 Gew.-%
ZrO2: 0-5 Gew.-%
Al2O3: 0-5 Gew.-%, und
F: 0-2 Gew.-%.

4. Keramikfarbenzusammensetzung nach Anspruch 1 oder 2, wobei die Zusammensetzung des Glaspulvers im we-
sentlichen wie folgt ist:
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SiO2: 10-45 Gew.-%
ZnO: mehr als 25-45 Gew.-%
B2O3: 0-10 Gew.-%
Bi2O3: 15-40 Gew.-%
CeO2: 0-5 Gew.-%
MgO: 0-5 Gew.-%
CaO: 0-5 Gew.-%
BaO: 0-5 Gew.-%
Li2O: 0-10 Gew.-%
Na2O: 0-10 Gew.-%
K2O: 0-10 Gew.-%
TiO2: 0-10 Gew.-%
ZrO2: 0-5 Gew.-%
Al2O3: 0-5 Gew.-%, und
F: 0-2 Gew.-%;

und das Glaspulver ein kristallines Glas ist, das bei einer Temperatur von 570 bis 700°C kristallisiert.

5. Keramikfarbenzusammensetzung nach Anspruch 1 oder 2, wobei die Zusammensetzung des Glaspulvers im we-
sentlichen wie folgt ist:

SiO2: 10-36 Gew.-%
Bi2O3: 50-75 Gew.-%
B2O3: 0-8 Gew.-%
BaO: 0-12 Gew.-%
CeO2: 0-2 Gew.-%
Li2O: 0-5 Gew.-%
Na2O: 0-5 Gew.-%
K2O: 0-3 Gew.-%, und
TiO2: 0-12 Gew.-%;

und das Glaspulver ein kristallines Glas ist, das bei einer Temperatur von 570 bis 700°C kristallisiert.

6. Keramikfarbenzusammensetzung nach Anspruch 1 oder 2, wobei die Zusammensetzung des Glaspulvers im we-
sentlichen wie folgt ist:

SiO2: 10-40 Gew.-%
ZnO: 0-10 Gew.-%
B2O3: 0-15 Gew.-%
PbO: 40-70 Gew.-%
CeO2: 0-2 Gew.-%
MgO: 0-5 Gew.-%
CaO: 0-5 Gew.-%
BaO: 0-5 Gew.-%
Li2O: 0-5 Gew.-%
Na2O: 0-5 Gew.-%
K2O: 0-5 Gew.-%
TiO2: 0-5 Gew.-%
ZrO2: 0-5 Gew.-%
Al2O3: 0-5 Gew.-%, und
F: 0-2 Gew.-%.

7. Keramikfarbenpaste, die ein organisches Bindemittel und die Keramikfarbenzusammensetzung nach einem der
Ansprüche 1 bis 6 umfaßt.

8. Verfahren zur Herstellung einer gebogenen Glasscheibe, welches das Beschichten eines vorbestimmten Bereichs
einer Glasscheibe mit der Keramikfarbenpaste, wie in Anspruch 7 definiert, dann das Erhitzen der Glasscheibe,
um die Keramikfarbenpaste auf der Glasscheibe zu backen, und das Formen der Glasscheibe in eine gewünschte
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Form nach oder während des Backens der Farbenpaste umfaßt.
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