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(54) METHOD FOR PRODUCING GLASS PLATE AND GLASS PLATE

(57) The glass sheet production method of the
present invention includes the steps of: (I) bringing a
mixed gas into contact with at least one surface of a
sheet-shaped glass material so as to change a surface
morphology of the glass material to an extent that light
scattering properties of the glass material are changed,
the mixed gas containing a fluorine element (F)-contain-
ing acid A and a chlorine element (Cl)-containing acid B

and having a molar ratio of water to the acid A (molar
concentration of water / molar concentration of acid A)
of less than 5, the glass material containing at least so-
dium as a component and having a temperature in a
range from a glass transition temperature to a tempera-
ture 300°C higher than the glass transition temperature;
and (II) cooling the sheet-shaped glass material obtained
in the step (I) so as to obtain a glass sheet.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing a glass sheet and to a glass sheet.

BACKGROUND ART

[0002] For example, glass sheets used as front glass panels for thin-film solar cells are required to have high haze
ratios for incident light to scatter the incident light and increase the light utilization efficiency. In some cases, glass sheets
for windows of buildings or moving vehicles and for partitions are also required to have high haze ratios for incident light
to take on light scattering properties. The following methods have been proposed to increase the haze ratios of glass
sheets.
[0003] Patent Literature 1 proposes a method for forming a structure of periodically repeating ridges and grooves (an
irregular surface structure) on the surface of a glass sheet by sandblast. Patent Literature 2 proposes a method for
forming a film having a high haze ratio on the surface of a glass sheet. Patent Literature 3 proposes a method for forming
irregularities in the surface of a glass sheet by etching the surface of the glass sheet using an etchant.

CITATION LIST

Patent Literature

[0004]

Patent Literature 1: JP 2011-096367 A
Patent Literature 2: JP 2001-278637 A
Patent Literature 3: JP 2013-040091 A

SUMMARY OF INVENTION

Technical Problem

[0005] In the conventional methods as proposed in Patent Literatures 1 to 3, in order to produce a glass sheet having
light scattering properties, a complex operation for increasing the haze ratio of a raw glass sheet must be performed in
addition to the production of the raw glass sheet by a known method. Therefore, these conventional methods have the
problem of complex production processes, which cause a significant decrease in production efficiency and a significant
increase in production cost.
[0006] It is therefore an object of the present invention to provide a glass sheet having light scattering properties in a
more simple way without a significant decrease in production efficiency but with a minimal increase in production cost.

Solution to Problem

[0007] The present invention provides a method for producing a glass sheet, including the steps of:

(I) bringing a mixed gas into contact with at least one surface of a sheet-shaped glass material so as to change a
surface morphology of the glass material to an extent that light scattering properties of the glass material are changed,
the mixed gas containing a fluorine element (F)-containing acid A and a chlorine element (Cl)-containing acid Band
having a molar ratio of water to the acid A (molar concentration of water / molar concentration of acid A) of less than
5, the glass material containing at least sodium as a component and having a temperature in a range from a glass
transition temperature to a temperature 300°C higher than the glass transition temperature; and
(II) cooling the sheet-shaped glass material obtained in the step (I) so as to obtain a glass sheet.

[0008] The present invention further provides a plate-like glass sheet, at least one surface of which has irregularities,
wherein
the glass sheet has a haze ratio of at least 5 %, and
when a projection reference level representing a reference height for projections of the irregularities in the thickness
direction of the glass sheet and a depression reference level representing a reference depth for depressions of the
irregularities in the thickness direction of the glass sheet are determined and a cross section along the thickness direction
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of the glass sheet is observed, a frequency with which the projections extend beyond the projection reference level is
0.1 to 10 times per micrometer (mm) and a distance between the projection reference level and the depression reference
level is in a range of 0.1 to 3 mm.
[0009] Here, when changes in porosity of the glass sheet are observed along the thickness direction from the surface
of the glass sheet, the projection reference level is an intermediate level between a level at which the porosity of the
glass sheet first reaches 90% and a level at which the porosity stops decreasing and begins to increase, and when
changes in porosity of the glass sheet are observed along the thickness direction from the surface of the glass sheet,
the depression reference level is a deeper level at which the porosity is 10%.

Advantageous Effects of Invention

[0010] According to the glass sheet production method of the present invention, it is possible to produce a glass sheet
having light scattering properties only by performing a very simple operation of bringing a specific mixed gas into contact
with the surface of a sheet-shaped glass material having a high temperature (i.e., a temperature in a range from the
glass transition temperature to a temperature 300°C higher than the glass transition temperature). The operation of
bringing the mixed gas into contact with the glass material is performed when the sheet-shaped glass material is at a
high temperature. Therefore, it is also possible to perform the operation of bringing a mixed gas into contact with a glass
material in the step (I) of the glass sheet production method of the present invention, between the formation of a molten
glass material into a sheet and the cooling of the sheet-shaped glass material in a known glass sheet production method.
Therefore, unlike conventional methods in which a previously produced raw glass sheet is subjected to surface treatment,
the glass sheet production method of the present invention makes it possible to produce a glass sheet by a known
method such as a float process while performing the operation of imparting light scattering properties to the glass sheet
(step (I)) during the production process thereof. Thus, according to the production method of the present invention, it is
possible to provide a glass sheet having light scattering properties in a more simple way than in conventional methods,
without a significant decrease in production efficiency but with a minimal increase in production cost.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is a schematic diagram showing an example of a system capable of carrying out a glass sheet production
method of the present invention.
FIG. 2A is a binarized image of a cross section taken along the thickness direction of a glass sheet of Example 1.
FIG. 2B is a binarized image of a cross section taken along the thickness direction of a glass sheet of Example 2.
FIG. 2C is a binarized image of a cross section taken along the thickness direction of a glass sheet of Example 3.
FIG. 3A is a graph showing porosity calculated based on the result shown in FIG. 2A.
FIG. 3B is a graph showing porosity calculated based on the result shown in FIG. 2B.
FIG. 3C is a graph showing porosity calculated based on the result shown in FIG. 2C.
FIG. 4A is a SEM photograph of the glass sheet of Example 1, taken from obliquely above.
FIG. 4B is a SEM photograph of the glass sheet of Example 2, taken from obliquely above.
FIG. 4C is a SEM photograph of the glass sheet of Example 3, taken from obliquely above.
FIG. 5A is a SEM photograph of a glass sheet of Comparative Example 2, taken from obliquely above.
FIG. 5B is a SEM photograph of a glass sheet of Comparative Example 3, taken from obliquely above.
FIG. 5C is a SEM photograph of a glass sheet of Comparative Example 6, taken from obliquely above.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

[0012] An embodiment of the glass sheet production method of the present invention is described. The glass sheet
production method of the present embodiment is a method for producing a glass sheet having light scattering properties
and includes the steps of:

(I) bringing a mixed gas into contact with at least one surface of a sheet-shaped glass material so as to change a
surface morphology of the glass material to an extent that light scattering properties of the glass material are changed,
the mixed gas containing a fluorine element (F)-containing acid A and a chlorine element (Cl)-containing acid B and
having a molar ratio of water to the acid A (molar concentration of water / molar concentration of acid A) of less than
5, the glass material containing at least sodium as a component and having a temperature in a range from a glass
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transition temperature to a temperature 300°C higher than the glass transition temperature; and
(II) cooling the sheet-shaped glass material obtained in the step (I) so as to obtain a glass sheet.

[0013] As used herein, the term "light" refers to light predominantly in the wavelength range of 380 nm to 780 nm. The
glass sheet of the present invention is required to exhibit the properties of scattering light in the visible light region. For
this reason, light in the visible light region (in the wavelength range of 380 nm to 780 nm) is selected. In the present
description, Illuminant C is used. As used herein, the phrase "an extent that the light scattering properties are changed"
refers to a change of at least 5% in the haze ratio.
[0014] The step (I) of bringing the mixed gas into contact with the surface of the glass material may be carried out at
least two separate times.
[0015] The glass sheet production method of the present embodiment can be applied, for example, to the production
of a glass sheet by a float process. That is, in the glass sheet production method of the present embodiment, the step
(I) may include:

forming a molten glass material into a sheet on a molten metal; and
bringing the mixed gas into contact with a surface of the sheet-shaped glass material floating on the molten metal
and having a temperature in a range from a glass transition temperature to a temperature 300°C higher than the
glass transition temperature, so as to change a surface morphology of the glass material to an extent that light
scattering properties of the glass material are changed.

This method can be carried out, for example, using a system shown in FIG. 1. As an example of the glass sheet production
method of the present embodiment, a method for producing a glass sheet by a float process is described below.
[0016] A glass material melted (molten glass) in a float furnace 11 flows from the float furnace 11 into a float bath 12,
forms into a semisolid glass ribbon 10 (a sheet-shaped glass material) while traveling on molten tin (molten metal) 15,
and is then drawn out of the float bath by a roller 17 to be fed into an annealing furnace 13. The glass ribbon solidified
in the annealing furnace 13 is cut into glass sheets having a predetermined size by a cutting device which is not shown.
[0017] A predetermined number of spray guns 16 (three spray guns 16a, 16b, and 16c in the system shown) are
disposed in the float bath 12 at a predetermined distance from the surface of the high-temperature glass ribbon 10 on
the molten tin 15. A mixed gas containing a fluorine element (F)-containing acid A and a chlorine element (Cl)-containing
acid B is continuously supplied onto the glass ribbon 10 from at least one of the spray guns 16a to 16c. By bringing this
mixed gas into contact with the surface of the glass ribbon 10, the surface morphology of the glass ribbon 10 can be
changed to the extent that the light scattering properties of the glass ribbon are changed. Specifically, irregularities that
allow effective light scattering can be formed in the surface of the glass ribbon 10. The temperature of the glass ribbon
10 on the molten tin 15 is a high temperature equal to or higher than the glass transition temperature. When the glass
ribbon 10 comes into contact with the mixed gas, the temperature of the glass ribbon 10 is in a range from the glass
transition temperature to a temperature 300°C higher than the glass transition temperature. Since the glass ribbon 10
is at such a high temperature, modification of the glass surface is effectively achieved.
[0018] As the acid A contained in the mixed gas, for example, hydrogen fluoride (HF) is suitably used. When HF is
used as the acid A, the concentration of HF contained in the mixed gas is preferably 1 to 10 mol%, and more preferably
3 to 5 mol%. An acid that is converted into HF in the course of a reaction, that is, an acid from which HF is produced as
a result of the reaction, also can be used as the acid A. Examples of the acid A include trifluoroacetic acid, fluorocarbons
such as carbon tetrafluoride (CF4), silicon tetrafluoride, phosphorus pentafluoride, phosphorus trifluoride, boron trifluo-
ride, nitrogen trifluoride, and chlorine trifluoride.
[0019] As the acid B contained in the mixed gas, for example, hydrogen chloride (HCl) is suitably used. When HCl is
used as the acid B, the concentration of HCl contained in the mixed gas is preferably 0.1 to 10 mol%, and more preferably
1 to 4 mol%. Hypochlorous acid, for example, also can be used as the acid B.
[0020] The present inventors believe that the following are the reasons why the contact of the mixed gas with the
surface of the high-temperature glass ribbon 10 can change the surface morphology of the glass ribbon 10 so as to form
irregularities that allow effective scattering of visible light in the surface thereof. Here, for example, the case where a
mixed gas containing HF as the acid A and HCl as the acid B is used is described.
[0021] When HF comes into contact with the surface of the glass ribbon 10, HF breaks Si-O bonds that are basic
structures of the glass (Reaction Formula (1) below) or causes a dealkalization reaction to occur (Reaction Formulae
(2) and (3) below).

≡Si-O-Si≡ + HF ↔ =Si-OH + F-Si≡ (1)

HF + H2O ↔ H3O+ + F- (2)
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≡Si-O-Na+ + H3O+ + F-↔ ≡Si-OH + H2O + NaF (3)

[0022] Furthermore, when HCl comes into contact with the surface of the glass ribbon 10, HCl reacts with sodium
contained in the glass, so that NaCl crystals are formed locally (Reaction Formula (4) below).

≡Si-O-Na+ + HO-Si≡ + HCl → ≡Si-O-Si≡ + NaCl + H2O (4)

[0023] In a region where NaCl is present, the rate of glass etching reaction by HF (Reaction Formula (5) below) is
lower than that in a region where NaCl is not present. That is, the rate of glass etching reaction by HF varies from place
to place on the surface of the glass ribbon 10. Since the glass ribbon 10 is at a high temperature, the rate of formation
of NaCl crystals and the rate of etching reaction are high. Therefore, random irregularities with large height differences
ranging from about 0.1 to 3 mm can be formed in the surface of the glass ribbon 10.

SiO2 (glass) + 4HF → SiF4 + 2H2O (5)

[0024] Furthermore, the difference in the rate of glass etching reaction by HF may occur for another reason: When
NaCl crystals are formed by the reaction shown in Reaction Formula (4), the number of Si-O-Si bonds increases locally
in the glass and thus the etching reaction by HF is suppressed in places. As a result, the rate of glass etching reaction
by HF varies from place to place on the surface of the glass ribbon 10. Probably, this mechanism is also the reason why
random irregularities with large height differences ranging from about 0.1 to 3 mm are formed in the surface of the glass
ribbon 10.
[0025] In addition, the mixed gas is in various forms, such as in the form of proton (H+), water (H2O), and oxonium
ion (H3O+), in the region near the surface of the glass ribbon 10. The mixed gas in various forms enters the glass, and
then, for example, the water having entered the glass exits from the glass by dehydration condensation, or silanol groups
formed by dealcalization reaction undergo dehydration condensation in the annealing process as shown in Formula (6).
For these reasons, in some cases, fine projections are further formed on the surface having the above-mentioned
irregularities. These fine projections have a height of about 0.02 to 0.5 mm, for example.

=Si-OH + HO-Si≡ ↔ H2O + ≡Si-O-Si ≡ (6)

[0026] The mixed gas does not contain water, or even if it contains water, the amount of water is as small as less than
5 in terms of the molar ratio of water to the acid A (molar concentration of water / molar concentration of acid A). When
the amount of water contained in the mixed gas is too large, irregularities that allow effective scattering of visible light
cannot be obtained. It is desirable that the molar ratio of water to the acid A in the mixed gas be less than 3.
[0027] The time of contact between the mixed gas and the glass ribbon 10 is not particularly limited, and it is preferably
3 to 20 seconds, for example. When the time of contact is less than 3 seconds, desired irregularities cannot be formed
in some cases. With the use of the mixed gas used in the production method of the present embodiment, the time of
contact of about 20 seconds is long enough to form desired irregularities because the glass material coming into contact
with the mixed gas has a high temperature. In the case where the mixed gas is brought into contact with the surface of
the glass material at least two separate times, the time of contact can be, for example 3 to 20 seconds, in total.
[0028] In the system shown in FIG. 1, the step (II) of cooling the glass material is carried out in the annealing furnace
13. The cooling method is not particularly limited, and the cooling method performed in any known glass sheet production
method can be used.
[0029] As the glass material, any known glass material can be used as long as it has a glass composition that can be
used in the float process. For example, common soda-lime glass, aluminosilicate glass, or the like can be used, and its
composition is not particularly limited as long as it contains sodium as a component. For example, common clear glass
or low iron glass can be used. The thickness of the sheet-shaped glass material formed in the step (I) is not particularly
limited because it is determined as appropriate depending on the thickness of a glass sheet to be produced. The thickness
of the finally obtained glass sheet is not particularly limited, and can be 0.3 to 25 mm, for example.
[0030] According to the production method of the present embodiment, it is possible to produce a glass sheet having
light scattering properties (having a haze ratio of at least 5%) only by performing a very simple operation of bringing a
specific mixed gas into contact with the surface of a sheet-shaped glass material. In addition, it is also possible to perform
the production method of the present embodiment using a production line for the float process, which is a continuous
glass sheet production process. Thus, according to the production method of the present invention, it is possible to
provide a glass sheet having light scattering properties in a more simple way than in conventional methods, without a
significant decrease in production efficiency but with a minimal increase in production cost.
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(Second Embodiment)

[0031] An embodiment of the glass sheet of the present invention is described. The glass sheet of the present em-
bodiment can be produced by the production method of the first embodiment.
[0032] The glass sheet of the present embodiment is a plate-like glass sheet, at least one surface of which has
irregularities. When a projection reference level representing a reference height for projections of the irregularities in the
thickness direction of the glass sheet and a depression reference level representing a reference depth for depressions
of the irregularities in the thickness direction of the glass sheet are determined for the surface having the irregularities,
these irregularities satisfy the following conditions:

(1) in a cross section along the thickness direction of the glass sheet, the frequency with which the projections
extend beyond the projection reference level is 0.1 to 10 times per micrometer (mm); and
(2) the distance between the projection reference level and the depression reference level is in a range of 0.1 to 3 mm.

[0033] First, the projection reference level and the depression reference level are described. When changes in porosity
of the glass sheet are observed along the thickness direction from the surface (irregular surface) of the glass sheet, the
projection reference level is an intermediate level between a level at which the porosity of the glass sheet first reaches
90% and a level at which the porosity stops decreasing and begins to increase. When changes in porosity of the glass
sheet are observed along the thickness direction from the surface (irregular surface) of the glass sheet, the depression
reference level is a deeper level at which the porosity is 10%. As used herein, the "level at which the porosity stops
decreasing and begins to increase" means the "level at which the porosity is observed to stop decreasing and begin to
increase", that is, the "porosity trough between its decrease and the subsequent increase". The "level at which the
porosity stops decreasing and begins to increase" can be identified using a bearing curve described later. When the
number of pixels is too large, the resulting bearing curve fluctuates minutely, and points at which the porosity seems to
stop decreasing and begin to increase are observed within a very limited range. As used herein, however, the "level at
which the porosity stops decreasing and begins to increase" does not mean the level at which the porosity stops decreasing
and begins to increase within such a very limited range, but means the "level at which the porosity stops decreasing
and begins to increase" determined by the profile of the bearing curve of the entire region having a porosity ranging from
0 to 100%. It is desirable to obtain a smooth bearing curve so as to identify the "level at which the porosity stops decreasing
and begins to increase" from that curve. In order to obtain such a smooth bearing curve, the number of pixels is desirably
100 to 200 pixels per nanometer (nm).
[0034] Here, how to determine the porosity is described. First, a projection image of the cross section taken along the
thickness direction of a glass sheet is prepared. The projection image is a binarized image of the cross-sectional view
taken along the thickness direction of the glass sheet. This binarized image can be obtained by scanning a SEM pho-
tograph of the cross section taken along the thickness direction of the glass sheet and then subjecting the data obtained
by the scanning to binarization. FIGs. 2A to 2C are each an image obtained by binarizing the cross section taken along
the thickness direction of a portion of each of glass sheets of Examples described later including its irregular surface.
In each of FIGs. 2A to 2C, the upper surface is the irregular surface, and the vertical direction is the thickness direction
of the glass sheet. This binarized image shows an image obtained as a result of binarization to represent a region where
glass is present in black and a region where glass is not present, that is, a void region in white.
[0035] FIGs. 3A to 3C are so-called bearing curves, which are obtained by calculations based on the results shown
in FIGs. 2A to 2C, respectively. A bearing curve is a curve defined by JIS B 0601. In FIGs. 3A to 3C, the horizontal axis
represents the distance (depth) in the thickness direction of a glass sheet from the outermost surface (maximum pro-
jection) of the glass sheet, while the vertical axis represents the porosities at different levels in the thickness direction.
The porosities at different levels in the thickness direction mean the proportions of voids at different levels in the thickness
direction in a cross section of the glass sheet taken along the thickness direction. Specifically, the porosities can be
calculated by counting the number of white pixels, i.e., pixels representing voids, in the binarized image data.
[0036] One of the reference levels used to determine the projection reference level is a level at which the porosity of
the glass sheet first reaches 90% when changes in porosity of the glass sheet are observed along the thickness direction
from the surface of the glass sheet. That is, among the levels at which the porosity is 90%, the level closest to the surface
is used as a reference level. The reason why the highest level of projections (maximum projection) in the thickness
direction of the glass sheet is not used as a reference level is as follows: For example, when a remarkably high projection
is present in the surface of a glass sheet but it has no effect on the haze ratio of the glass sheet, if the projection reference
level is determined using this projection as a reference level, the actual irregularities cannot be represented accurately.
On the other hands, such a projection having no effect on the haze ratio of the glass sheet can be regarded as a noise
in the surface irregularities of the glass sheet associated with the haze ratio of the glass sheet. The effect of this noise
on the porosity is 10% at most. For these reasons, the level at which the porosity of the glass sheet reaches 90% when
changes in porosity of the glass sheet are observed along the thickness direction from the surface of the glass sheet is
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used as one of the reference levels.
[0037] The reason why the level at which the porosity stops decreasing and begins to increase is used as another
reference level is also described. The irregular surface of the glass sheet includes a depression like a deep hollow inside
the glass sheet (i.e., a depression having an inner wall with a larger diameter at a deeper level from the surface).
Therefore, it can be determined that the level at which the porosity stops decreasing and begins to increase is not a
level in a projection but a level in a depression.
[0038] Therefore, in the present embodiment, the intermediate level between a level at which the porosity first reaches
90% and a level at which the porosity stops decreasing and begins to increase is defined as a projection reference level
and used as a reference for determining the height difference of the irregularities.
[0039] The reason why the deepest level of a void in the thickness direction of the glass sheet is not used as a
depression reference level is the same as the reason why the level at which the porosity is 90% is used as one of the
reference levels for determining the projection reference level. That is, the purpose is to exclude the depressions regarded
as noises in the irregularities.
[0040] In a cross section along the thickness direction of the glass sheet of the present embodiment, a frequency with
which the projections extend beyond the projection reference level is 0.1 to 10 times per micrometer (mm). Thereby, a
high haze glass sheet is obtained. If the frequency with which the projections extend beyond the projection reference
level is higher than this range, the pitch of the irregularities is smaller than the wavelength of incident light, scattering of
shorter wavelength light is dominant, and thus the haze probably does not increase. More specifically, since the pitch
of the irregularities of the glass sheet of the present embodiment becomes smaller than the wavelength of light to be
scattered in the present embodiment, scattering of light having shorter wavelengths than the wavelength of the light to
be scattered in the present embodiment increases while scattering of light having longer wavelengths including the light
to be scattered in the present embodiment decreases, and thus the haze probably does not increase. On the other hand,
even a glass sheet with the frequency being lower than the above range may have a high haze in some cases. However,
it is not practical to obtain such a glass sheet because it is considered difficult to produce a glass sheet having all the
features of the present invention except the frequency lower than the above range. Here, the frequency with which the
projections extend beyond the projection reference level is measured as the number of projections whose top levels
exceed the projection reference level, and thus a frequency of 1 is equivalent to one projection extending beyond the
projection reference level.
[0041] Furthermore, in the glass sheet of the present embodiment, the distance between the projection reference level
and the depression reference level is in a range of 0.1 to 3 mm. This size of the irregularities is approximate to the
wavelength of visible light. Therefore, the glass sheet of the present embodiment can have light scattering properties
(a haze ratio of at least 5%). A glass sheet in which the distance between the projection reference level and the depression
reference level is in a range of 0.1 to 0.3 mm is preferred because such a glass sheet can have better light scattering
properties.
[0042] It is preferable that fine projections having a height of 0.02 to 0.5 mm be randomly distributed in a region of the
surface of the glass sheet between the projection reference level and the depression reference level. The glass sheet
further having such fine projections formed in its surface can exhibit better visible light scattering properties.
[0043] The irregularities need form a repeating pattern of projections and depressions but neighboring projection and
depression need not form a continuous profile.
[0044] Since the glass sheet of the present embodiment can have a high haze ratio as described above, it can suitably
be used, for example, as a glass sheet for use in greenhouses (a glass sheet for greenhouses).
[0045] The glass sheet having such a high haze ratio can be used as an anti-glare glass or a privacy protecting glass,
and further can be suitably used as a glass for organic EL devices (OLEDs). Since the glass sheet has characteristic
surface irregularities, it has not only low-friction properties but also the effect of fingerprint resistance. The glass sheet
of the present embodiment can also be subjected to strengthening processes such as chemical strengthening and air
cooling strengthening.
[0046] The glass sheet of the present embodiment can be produced by appropriately adjusting the concentrations of
the acid A and the acid B and the concentration of water in the mixed gas and further appropriately adjusting the
temperature of the glass material in contact with the mixed gas in the glass sheet production method of the first embod-
iment.
[0047] For example, common soda-lime glass can be used for the glass sheet. The composition of the glass is not
particularly limited, although it desirably contains sodium as a component. For example, common clear glass or low iron
glass can be used. The thickness of the glass sheet is not particularly limited, and can be, for example, 0.3 to 25 mm.

EXAMPLES

[0048] Hereinafter, the present invention will be described in more detail using examples. However, the present in-
vention is not limited to the examples given below, and other examples are possible as long as they do not depart from
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the gist of the present invention. The properties of each glass sheet were evaluated in the following manner.

[Haze ratio]

[0049] "Haze-Guard Plus" manufactured by BYK Gardner and Illuminant C were used to measure the haze ratio of
each glass sheet.

[Binarization of SEM observation result]

[0050] A SEM photograph of a cross section taken along the thickness direction of each glass sheet was scanned by
a scanner, and the data obtained by the scanning was subjected to binarization. Photoshop (CS6) manufactured by
Adobe Systems Incorporated was used as the scanner. The data was binarized so that a region where glass is present
was represented in black and a region where glass was not present, that is, a void region was represented in white.

[Determination of projection reference level and depression reference level]

[0051] First, the porosities at different levels in the thickness direction were determined with respect to the distance
(depth) from the surface (irregular surface) of the glass sheet in the thickness direction of the glass sheet. The porosities
at different levels in the thickness direction mean the proportions of voids at different levels in the thickness direction in
a cross section of the glass sheet taken along the thickness direction. Specifically, the porosities were calculated by
counting the number of white pixels, i.e., pixels representing voids, in the binarized image data. When changes in porosity
of the glass sheet were observed along the thickness direction from the surface (irregular surface) of the glass sheet,
the projection reference level was determined as an intermediate level between a level at which the porosity of the glass
sheet first reached 90% and a level at which the porosity stopped decreasing and began to increase. When changes in
porosity of the glass sheet were observed along the thickness direction from the surface (irregular surface) of the glass
sheet, the depression reference level was determined as a deeper level at which the porosity was 10%.

[Frequency with which projections extend beyond projection reference level]

[0052] The frequency with which the projections extended beyond the projection reference level was determined by
visually counting the number of extending projections in the above-mentioned binarized image. Specific description is
given below. First, the number of points of intersection of the projection reference level and the boundary lines between
the black region and the white region per micrometer (mm) of the image was counted. Next, the value of x calculated
from the equation: x = (n+1)/2, where n is the number of the points of intersection thus counted, was determined as the
frequency with which the projections extended beyond the projection reference level.

(Examples 1 to 3)

[0053] Soda-lime glass sheets were produced by a float process. For the production of the glass sheets, a system
having the same configuration as the system shown in FIG. 1 was used. First, a glass material (having a glass transition
temperature of 558°C) was prepared so as to have the following main composition of glass: 70.8 wt% of SiO2, 1.0 wt%
of Al2O3, 5.9 wt% of MgO, 8.5 wt% of CaO, and 13.2 wt% of Na2O. The glass material was melted, the glass material
melted was formed into a glass ribbon on molten tin in a float bath, and a mixed gas was supplied at a flow rate of 20
L/min onto the surface of the glass ribbon using a spray gun. The mixed gas was composed of HF, HCl, and H2O, and
N2 for adjusting the flow rate. In the mixed gas, the HF concentration was 4 mol%, the HCl concentration was 1 mol%,
and the H2O concentration was 3.6 mol%. The remaining part of the mixed gas was N2. The temperature of the glass
ribbon in contact with the mixed gas was 660°C. The time of contact between the mixed gas and the glass ribbon was
3 seconds in Example 1, 6 seconds in Example 2, and 12 seconds in Example 3. Then, the annealing step was performed
to obtain a glass sheet.
[0054] For the glass sheets thus obtained in Examples 1 to 3, the haze ratios were measured. Table 1 shows the
measurement results.
[0055] Furthermore, the cross sections of the glass sheets were subjected to SEM observation, and the obtained SEM
photographs were subjected to binarization.
[0056] FIGs. 2A to 2C are respectively binarized images of the cross sections taken along the thickness direction of
the glass sheets of Examples 1 to 3. FIG. 3A shows the porosity of the surface of the glass sheet of Example 1 calculated
using the data of FIG. 2A. FIG. 3B shows the porosity of the surface of the glass sheet of Example 2 calculated using
the data of FIG. 2B. FIG. 3C shows the porosity of the surface of the glass sheet of Example 3 calculated using the data
of FIG. 2C. The projection reference levels and the depression reference levels of the glass sheets of Examples 1 to 3
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were determined using FIGs. 3A to 3C to obtain the distances between the projection reference levels and the depression
reference levels. Table 1 shows the results.
[0057] For the glass sheets of Examples 1 to 3, SEM photographs thereof taken from obliquely above (i.e., SEM
photographs including the irregular surfaces and cross sections of the glass sheets) were also taken. FIGs. 4A to 4C
are respectively SEM photographs of the glass sheets of Examples 1 to 3, taken from obliquely above. As seen from
these SEM photographs and the binarized images of the cross sections in FIGs. 2A to 2C, fine projections (projections
having a height of 0.02 to 0.5 mm) were randomly distributed in a region of the surface of each glass sheet between the
projection reference level and the depression reference level.

[0058] As shown in Table 1, glass sheets having the characteristic surface morphology defined for the glass sheet of
the present invention and having light scattering properties with a haze ratio of more than 5% could be produced in a
simple way, i.e., by bringing a mixed gas containing HCl and HF and having a molar ratio of water to HF of less than 5
into contact with the surface of a glass ribbon.

(Examples 4 to 15 and Comparative Examples 1 to 8)

[0059] Glass sheets of Examples 4 to 15 and Comparative Examples 1 to 8 were obtained in the same manner as in
Examples 1 to 3, except that they were produced under different production conditions as shown in Table 2. The haze
ratios of the resulting glass sheets were measured. Table 2 shows the results. Table 2 also shows the production
conditions and measurement results of the haze ratios in Examples 1 to 3. For the glass sheets of Comparative Examples
2, 3, and 6, SEM photographs thereof as seen from obliquely above (i.e., SEM photographs including the surfaces of
the glass sheets sprayed with a mixed gas and the cross sections thereof) were also taken. FIGs. 5A to 5C are respectively
SEM photographs of the glass sheets of Comparative Examples 2, 3, and 6, taken from obliquely above.

Table 1

Ex. 1 Ex. 2 Ex. 3

Frequency with which projections extend beyond projection reference 
level (times/mm)

2.0 1.6 0.8

Distance between projection reference level and depression 
reference level (mm)

0.143 0.203 0.703

Height of fine projections (mm) 0.03 to 0.1 0.02 to 0.2 0.05 to 0.5

Haze ratio (%) 7 17 38

Production conditions

HCl concentration in mixed gas 
(mol%)

1 1 1

HF concentration in mixed gas 
(mol%)

4 4 4

H2O concentration in mixed gas 
(mol%)

3.6 3.6 3.6

Temperature of glass ribbon in 
contact with mixed gas (°C)

660 660 660

Time of contact between mixed gas 
and glass ribbon (seconds)

3 6 12

Glass material
Soda-lime 

glass
Soda-lime 

glass
Soda-lime 

glass

Table 2

HCl 
concentration in 

mixed gas 
(mol%)

HF 
concentration 
in mixed gas 

(mol%)

H2O 
concentration in 

mixed gas 
(mol%)

Temperature of 
glass ribbon in 

contact with mixed 
gas (°C)

Time of contact 
between mixed 
gas and glass 

ribbon (seconds)

Haze 
ratio 
(%)

Ex. 1 1 4 3.6 660 3 7
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[0060] The glass sheets of Examples 1 to 15 produced by the production method of the present invention had light
scattering properties with haze ratios of at least 5%. In contrast, the glass sheets of Comparative Examples 1 to 8
produced using a mixed gas containing no HCl, a mixed gas containing no HF, or a mixed gas containing a high proportion
of H2O had haze ratios of less than 1% and thus did not have light scattering properties. It was confirmed that the glass
sheets of Comparative Examples 2 and 3 shown in FIGs. 5A and 5B had irregularities in the surfaces but their surface
morphologies were distinctly different from those of the glass sheets of Examples 1 to 3 shown in FIG. 4A to 4C. The
glass sheet of Comparative Example 6 shown in FIG. 5C had no irregularities in the surface. As seen from the SEM
photograph, the glass sheet of Comparative Example 2 (FIG. 5A) had irregularities having a size of about 0.1 mm, which
revealed that the distance between the projection reference level and the depression reference level was less than 0.1 mm.

(continued)

HCl 
concentration in 

mixed gas 
(mol%)

HF 
concentration 
in mixed gas 

(mol%)

H2O 
concentration in 

mixed gas 
(mol%)

Temperature of 
glass ribbon in 

contact with mixed 
gas (°C)

Time of contact 
between mixed 
gas and glass 

ribbon (seconds)

Haze 
ratio 
(%)

Ex. 2 1 4 3.6 660 6 17

Ex. 3 1 4 3.6 660 12 38

Ex. 4 1 5 4.5 660 6 8

Ex. 5 2.5 4 3.6 660 6 16

Ex. 6 4 4 3.6 660 6 13

Ex. 7 1 3 2.7 660 6 7

Ex. 8 1 4 3.6 660 9 6

Ex.9 1 4 3.6 660 20 28

Ex.10 1 4 3.6 630 6 11

Ex. 11 1 3 2.7 600 12 12

Ex. 12 1 4 2.7 600 12 6

Ex. 13 1 4 5.2 660 6 14

Ex. 14 1 4 6.7 660 6 8

Ex. 15 1 4 9.9 660 6 6

Com. 
Ex. 1

0 3.3 0 700 6.6 0.1

Com. 
Ex. 2

0 19 0 680 2.2 0.2

Com. 
Ex. 3

0 4 3.6 660 6 0.4

Com. 
Ex. 4

0 4 3.6 600 6 0.2

Com. 
Ex. 5

0 4 3.6 600 9 0.6

Com. 
Ex. 6

4 0 0 660 6 0.2

Com. 
Ex. 7

4 0 60 660 3 0.1

Com. 
Ex. 8

4 4 60 660 6 0.0
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(Example 16 and Comparative Examples 9 and 10)

[0061] Glass sheets of Example 16 and Comparative Examples 9 and 10 were obtained in the same manner as in
Examples 1 to 3, except that trifluoroacetic acid (TFA) was used as the fluorine element-containing acid A in the mixed
gas and that they were produced under different production conditions as shown in Table 3. The haze ratios of the
resulting glass sheets were measured. Table 3 shows the results.

[0062] The glass sheet of Example 16 produced by the production method of the present invention had light scattering
properties with a haze ratio of at least 5%. In contrast, the glass sheet of Comparative Example 9 obtained using a mixed
gas containing no HCl or the glass sheet of Comparative Example 10 obtained using a mixed gas containing a high
proportion of H2O had a haze ratio of less than 1% and thus did not have light scattering properties.

INDUSTRIAL APPLICABILITY

[0063] The glass sheet obtained by the present invention has light scattering properties. Therefore, the glass sheet
of the present invention can be used for various applications, such as front glass panels of solar cells, glass substrates
for displays, glass substrates for organic EL devices, and glass sheets for windows of buildings or moving vehicles and
for partitions, which require not only light scattering properties but also low-friction properties and fingerprint resistance.

Claims

1. A method for producing a glass sheet, comprising the steps of:

(I) bringing a mixed gas into contact with at least one surface of a sheet-shaped glass material so as to change
a surface morphology of the glass material to an extent that light scattering properties of the glass material are
changed, the mixed gas containing a fluorine element (F)-containing acid A and a chlorine element (Cl)-con-
taining acid B and having a molar ratio of water to the acid A (molar concentration of water / molar concentration
of acid A) of less than 5, the glass material containing at least sodium as a component and having a temperature
in a range from a glass transition temperature to a temperature 300°C higher than the glass transition temper-
ature; and
(II) cooling the sheet-shaped glass material obtained in the step (I) so as to obtain a glass sheet.

2. The method for producing a glass sheet according to claim 1, wherein the step (I) comprises:

forming a molten glass material into a sheet on a molten metal; and
bringing the mixed gas into contact with a surface of the sheet-shaped glass material floating on the molten
metal and having a temperature in a range from a glass transition temperature to a temperature 300°C higher
than the glass transition temperature, so as to change a surface morphology of the glass material to an extent
that light scattering properties of the glass material are changed.

3. The method for producing a glass sheet according to claim 1, wherein in the step (I), the mixed gas is brought into
contact with the surface of the glass material at least two separate times.

Table 3

HCl 
concentration 
in mixed gas 

(mol%)

TFA 
concentration in 

mixed gas 
(mol%)

H2O 
concentration in 

mixed gas 
(mol%)

Temperature of 
glass ribbon in 

contact with mixed 
gas (°C)

Time of contact 
between mixed 
gas and glass 

ribbon (seconds)

Haze 
ratio 
(%)

Ex. 16 4 4 0 630 6 8.3

Com. 
Ex. 9

0 4 0 630 6 0.1

Com. 
Ex. 10

4 3 40 630 6 0.1
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4. The method for producing a glass sheet according to claim 1, wherein in the mixed gas, the acid A is hydrogen
fluoride (HF).

5. The method for producing a glass sheet according to claim 1, wherein in the mixed gas, the acid B is hydrogen
chloride (HCl).

6. A plate-like glass sheet, at least one surface of which has irregularities, wherein
the glass sheet has a haze ratio of at least 5 %, and
when a projection reference level representing a reference height for projections of the irregularities in the thickness
direction of the glass sheet and a depression reference level representing a reference depth for depressions of the
irregularities in the thickness direction of the glass sheet are determined and a cross section along the thickness
direction of the glass sheet is observed, a frequency with which the projections extend beyond the projection reference
level is 0.1 to 10 times per micrometer (mm) and a distance between the projection reference level and the depression
reference level is in a range of 0.1 to 3 mm,
where, when changes in porosity of the glass sheet are observed along the thickness direction from the surface of
the glass sheet, the projection reference level is an intermediate level between a level at which the porosity of the
glass sheet first reaches 90% and a level at which the porosity stops decreasing and begins to increase, and when
changes in porosity of the glass sheet are observed along the thickness direction from the surface of the glass sheet,
the depression reference level is a deeper level at which the porosity is 10%.

7. The glass sheet according to claim 6, wherein fine projections having a height of 0.02 to 0.5 mm are randomly
distributed in a region of the surface of the glass sheet between the projection reference level and the depression
reference level.

8. A glass sheet for greenhouses, being the glass sheet according to claim 6.
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