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(57) Abstract: A method for manufacturing a porous glass includes: forming a phase-separated glass by heating at a temperature in a
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tration of Li,0, Na,O, and K,O is 0.10 to 0.30; and forming a porous glass by etching the phase-separated glass.
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Description

Title of Invention: METHOD FOR MANUFACTURING POROUS
GLASS, AND METHOD FOR MANUFACTURING OPTICAL
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[0005]

ELEMENT
Technical Field

The present invention relates to a method for manufacturing a porous glass and a

method for manufacturing an optical element.

Background Art

A porous glass manufactured using a phase separation phenomenon of glass has a
unique porous structure that is uniformly controlled, and the pore diameter of the
porous glass can be changed within a predetermined range. By using excellent features
as described above, the porous glasses are expected to be used in industrial ap-
plications, such as adsorbents, microcarriers, separation membranes, and optical
materials.

A conventionally known composition region which performs a phase separation
contains approximately 30 to 80 percent by weight of silicon oxide, approximately 22
to 59 percent by weight of boron oxide, and approximately 7 to 15 percent by weight
of sodium oxide. In general, a porous glass is obtained by performing a heat treatment
on a glass body at 500 to 700 degrees Celsius to cause a phase separation and then
performing acid etching (for example, NPL 1).

As for the composition of a phase-separable glass body, in order to improve the
strength and chemical durability of a porous glass, some examples of a method
forming a porous glass using a phase-separable glass body containing a Si0,-B,0Os-Na,
O glass added with ALO; and ZrO, have been proposed. However, a heat treatment at
500 degrees Celsius or more is required for a phase separation treatment. In addition,
in order to prevent precipitation of gel silica formed of a small amount of silica
contained in a non-silica component phase in etching, an example in which an alkali
component is adjusted by addition of Li has also been reported (PTL 1). However,
since the phase separation excessively progresses by addition of Li, it becomes
difficult to control the pore diameter by a heat treatment.

In addition, when a porous glass is used as an optical material, the pore diameter and
porosity thereof are each an important parameter. By decreasing the pore diameter,
scattering of internal light can be suppressed. In addition, by increasing the porosity, an
apparent refractive index is decreased, and this porous glass functions as a glass having
a low reflectance. Accordingly, when the pore diameter can be controlled, and the

porosity can be increased, the degree of freedom of designing optical materials can be
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increased. Therefore, a material, the pore diameter and porosity of which can be
controlled, has been desired. However, in order to increase the porosity, a heat
treatment performed at a high temperature is required. Therefore, a phase-separable
glass body composition which can form a porous glass having a high porosity by a heat
treatment at a low temperature has been desired.

Citation List

Patent Literature
PTL 1: Japanese Patent Laid-Open No. 59-164648

Non Patent Literature
NPL 1: "New Glass and Its Physical Properties", chap. 2, pp. 47 to 50, supervised by
Tetsuro Izumiya, Management System Laboratory. Co., Ltd., published in 1987

Summary of Invention

Technical Problem

In the above method for manufacturing a porous glass using a phase separation
phenomenon of a conventional technique, a heat treatment at a high temperature
necessary for the phase separation is performed. Therefore, in consideration of loads
and costs in manufacturing process, the temperature of the heat treatment for the phase
separation has been required to be decreased.

The present invention was made in consideration of the background technique as
described above and provides a method for manufacturing a porous glass which can
control the pore diameter and the porosity by performing a phase separation treatment

using a heat treatment at a low temperature.

Solution to Problem

A method for manufacturing a porous glass of the present invention comprises the
steps of: forming a phase-separated glass by heating at a temperature in a range of 300
to 500 degrees Celsius for 3 to 50 hours for phase separation of a glass body in which
the concentration of Si0, is in a range of 50 to 70 percent by weight, the concentration
of B,Os is in arange of 15 to 40 percent by weight, the concentration of Li,O is in a
range of 1.0 to 8.0 percent by weight, the concentration of Na,O is in a range of 2.0 to
8.0 percent by weight, the concentration of K,O is in a range of 0.3 to 5.0 percent by
weight, the total concentration of Li,O, Na,O, and K,O is in a range of 3.5 to 15
percent by weight, and the ratio of the concentration of K,O to the total concentration
of Li,0, Na,0, and K,O is in a range of 0.10 to 0.30; and forming a porous glass by
etching the phase-separated glass.

Advantageous Effects of Invention

The present invention provides a method for manufacturing a porous glass which
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performs a phase separation treatment by a heat treatment at a low temperature and
which can control the pore diameter and the porosity.

Brief Description of Drawings

[fig.1]Fig. 1 is a scanning electron microscope photograph of a porous glass formed in
Example 1.

[fig.2]Fig. 2 is a scanning electron microscope photograph of a porous glass formed in
Example 2.

[fig.3]Fig. 3 is a scanning electron microscope photograph of a porous glass formed in
Comparative Example 2.

Description of Embodiments

Hereinafter, embodiments of the invention will be described in detail.

A phase-separable glass body of the present invention is an alkali borosilicate glass
having a specific composition. In particular, a phase-separable glass body of the
present invention has a composition which can decrease a temperature of a heat
treatment for the phase separation and in which lithium oxide (Li,O) and potassium
oxide (K,0) are introduced into a silicon oxide (Si0,)-boric acid (B,0O;)-sodium oxide
(Na,O)-based phase-separable glass body.

In more particular, the phase-separable glass body according to the present invention
has a composition containing 50 to 70 percent by weight of SiO,, 15 to 40 percent by
weight of B,Os, 1.0 to 8.0 percent by weight of Li,O, 2.0 to 8.0 percent by weight of
Na,0, and 0.3 to 5.0 percent by weight of K,O.

In addition, in the relationship among the alkali components (Li,O, Na,O, and K,O)
of the above composition, the total concentration of Li,O, Na,O, and K,O (hereinafter
referred to as "Li,O+Na,0O+K,0") is in a range of 3.5 to 15 percent by weight. In
addition, the ratio of the concentration of K,O to the total concentration of Li,O, Na,O,
and K,O (hereinafter, referred to "K,O/(Li,0+Na,0O+K,0)") is in a range of 0.10 to
0.30. That is, K,O, which is the third alkali oxide, accounts for 10 to 30 percent of the
total alkali oxides. In the present invention, the alkali includes Li, Na, or K. Inci-
dentally, Rb or Cs may be used instead of K. The phase-separable property indicates a
property which causes a phase separation by a heat treatment. As for the "phase
separation” forming a porous structure of the present invention, the case will be
described by way of example in which a borosilicate glass containing silicon oxide,
boron oxide, and an oxide containing an alkali metal is used as a glass body. The
"phase separation" indicates a separation which occurs inside glass, on the scale of
several nanometers to several tens of micrometers, into a phase (non-silicon oxide rich
phase) in which the content of the oxide containing an alkali metal and that of the

boron oxide are higher than those before the phase separation and a phase (silicon



WO 2012/117686 PCT/JP2012/001101

[0017]

[0018]

[0019]

[0020]

[0021]

oxide rich phase) in which the content of the oxide containing an alkali metal and that
of the boron oxide are lower than those before the phase separation. In addition, a glass
which is phase-separated is processed by an etching treatment to remove the non-
silicon oxide rich phase, so that a porous structure is formed in the glass body. As the
phase separation, there are a spinodal type and a binodal type phase separation. Pores
of a porous glass obtained by the spinodal type phase separation are each a through
hole connecting from the surface to the inside. In more particular, the structure derived
from the spinodal type phase separation is an "ant nest"-shaped structure in which
holes are entangled in a three dimensional manner. In this structure, the skeleton
formed of silicon oxide corresponds to a "nest", and the through holes each correspond
to an "ant hole". On the other hand, a porous glass obtained by the binodal type phase
separation has the structure in which independent holes, each of which is a hole
surrounded by a closed surface having an approximately spherical shape, are discon-
tinuously present in the skeleton formed of silicon oxide. From results obtained by
morphology observation using an electron microscope, the hole derived from the
spinodal type phase separation and the hole derived from the binodal type phase
separation can be determined and discriminated from each other. In addition, when the
composition of the glass body and/or the temperature at the phase separation is
controlled, the spinodal type phase separation or the binodal type phase separation is
determined.

The phase-separable glass body of the present invention is preferably formed of a
composition containing 50 to 70 percent by weight of SiO,, 20 to 35 percent by weight
of B,O;, 1.5 to 5.0 percent by weight of Li,O, 2.0 to 6.0 percent by weight of Na,O,
and 0.8 to 4.0 percent by weight of K,O.

In addition, in the preferable relationship among the alkali components of the above
composition, Li,0+Na,0+K,0 is more preferably in a range of 4.3 to 15 percent by
weight.

Furthermore, a preferable composition of the phase-separable glass body of the
present invention contains 55 to 70 percent by weight of SiO,, 25 to 35 percent by
weight of B,Os, 1.5 to 3.0 percent by weight of Li,O, 2.5 to 5.5 percent by weight of
Na,0, and 0.8 to 3.0 percent by weight of K,O.

In addition, in the preferable relationship among the alkali components of the above
composition, Li,0+Na,0+K,0 is more preferably in a range of 4.8 to 11 percent by
weight.

However, the phase-separable glass body of the present invention may also contain
components others other than Si0,, B,O;, Li,0, Na,0, and K,O. As the other
components, impurity components contained in a raw material, impurity components

mixed during a manufacturing process, and the like may be mentioned. As the other
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components, for example, Al,O; may be mentioned. The content of the other
components to the total content of Si0,, B,Os, Li,O, Na,0O, and K,O is preferably 3.0
percent by weight or less and particularly preferably 2.0 percent by weight or less.

Li,O is necessary in order to decrease the heating temperature for the phase
separation, and as described above, the lower limit is 1.0 percent by weight or more
and preferably 1.5 percent by weight or more. In addition, since control of the phase
separation becomes difficult when the content of Li,O is high, the upper limit thereof is
8.0 percent by weight or less, preferably 5.0 percent by weight or less, and most
preferably 3.0 percent by weight or less.

In order to control the pore diameter and the porosity, the lower limit of the content
of K,O, which is the third alkali oxide, (rubidium oxide (Rb,0O) and/or cesium oxide
(Cs,0) may also be used besides K,O or instead thereof) is 0.3 percent by weight or
more and preferably 0.8 percent by weight or more. In addition, since it becomes
difficult to perform the phase separation by a heat treatment at 500 degrees Celsius or
less when the content is more than 5.0 percent by weight, the upper limit is 5.0 percent
by weight or less, preferably 4.0 percent by weight or less, and most preferably 3.0
percent by weight or less.

The content of Na,O may be set in a range of 2.0 to 8.0 percent by weight so that the
content of the alkali oxides, that is, Li,O+Na,O+K,0, is in a range of 3.5 to 15.0
percent by weight, preferably in a range of 4.3 to 15.0 percent by weight, and most
preferably in a range of 4.8 to 11.0 percent by weight.

The method for manufacturing a phase-separable glass body of the present invention
can be performed by a common method for manufacturing a glass except that the types
of components of a raw material are different from those of the common method. As a
material of a general phase-separable glass body, for example, an alkali borosilicate
glass, such as a silicon oxide-boron oxide-alkali metal oxide or a silicon oxide-boric
acid-alkali metal carbonate, is preferably used as a silicon oxide-based glass.

According to the present invention, in the method for manufacturing a phase-
separable glass body, a raw material having the above composition range obtained by
uniform mixing is melted by heating at a temperature in a range of 1,350 to 1,450
degrees Celsius. Subsequently, the above molten mixture is formed into a plate shape,
so that a phase-separable glass body is formed. No excessive phase separation
progresses at the stage after the melting, and a phenomenon, such as devitrification,
does not occur. When the amount of the third alkali oxide (potassium oxide, rubidium
oxide, and/or cesium oxide) is less than 10 percent of all the alkali oxides, the phase
separation excessively progresses, and it becomes difficult to control the phase
separation by a subsequent heat treatment step.

Except for preparation of a raw material having the composition as described above,
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manufacturing can be performed using a known method. For example, manufacturing
can be performed in such a way that a raw material containing individual components
is melted by heating and is then formed into a desired shape, if needed. Although a
heating temperature in the heat melting may be appropriately set in accordance with a
raw material composition and the like, the heating temperature is generally set in a
range of 1,350 to 1,450 degrees Celsius and particularly preferably in a range of 1,380
to 1,430 degrees Celsius.

For example, after silicon oxide, boric acid, and sodium carbonate are uniformly
mixed together as the raw material, heat melting may be performed at 1,350 to 1,450
degrees Celsius.

In addition, when a porous glass is formed into a predetermined shape, after a phase-
separable glass body is synthesized, this glass body may be formed into various
shapes, such as a tube, a plate, and a ball, at a temperature of approximately 1,000 to
1,200 degrees Celsius. For example, a method may be preferably used in which after a
phase-separable glass body is synthesized by melting the above raw material, this glass
body is molded in the state in which after the melting temperature is decreased, a tem-
perature of 1,000 to 1,200 degrees Celsius is maintained.

Next, a method for manufacturing a porous glass according to the present invention
will be described.

The method for manufacturing a porous glass according to the present invention has
a step of performing a phase separation of the above phase-separable glass body by a
heat treatment into a silicon oxide rich phase and a non-silicon oxide rich phase and a
step of removing the non-silicon oxide rich phase by an acid treatment.

Phase separation step

First, the above phase-separable glass body is phase-separated by a heat treatment
into a silicon oxide rich phase and a non-silicon oxide rich phase to form a phase-
separated glass.

By using a glass body having the above composition, the phase separation can be
performed at 500 degrees Celsius or less and in particular even at a low temperature in
a range of 300 to 500 degrees Celsius. Since the phase separation can be performed by
a low-temperature heat treatment as described above, industrial advantages in terms of
loads and costs in manufacturing process can be obtained. In addition, in the structure
in which a porous glass layer is formed on a substrate, a heat-resistance temperature of
the substrate may be low; hence, the number of materials of the substrate to be selected
is increased, and the application is expected to be expanded. In addition, when a
porous glass is used as an optical element, by a strain caused by a high-temperature
heat treatment, in-plane irregularity of optical properties may be generated in some

cases; however, by a low-temperature heat-treatment, the probability thereof can be
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reduced. Since a heating time is 3 to 50 hours, which is relatively a short period of time
even at a low temperature, industrial advantages in terms of loads and costs in manu-
facturing process can be obtained.

A phase separation region can be increased by introducing Li,O into the glass body,
and the phase separation can be performed at a relatively low temperature. However,
since the control of the phase separation cannot be easily performed only by in-
troduction of Li,O, the third alkali oxide (K,O, Rb,0O, and/or Cs,0) is introduced into
the glass body, so that the phase separation can be controlled. However, if the third
alkali oxide (K,O, Rb,0O, and/or Cs,0) is more than 30 percent of the total alkali
oxides, no phase separation occurs at 500 degrees Celsius or less. In addition, the third
alkali oxide (K,O, Rb,0O, and/or Cs,0) also has an effect of increasing the porosity.
The volume to be removed can be increased when the porous material is formed by
adding a potassium, a rubidium, and/or a cesium element, each having a large radius.
Furthermore, a mixed alkali effect is obtained when a plurality of alkali components is
contained, and advantages, such as a decrease in softening point and easier processing,
can be obtained.

Acid treatment step

Next, a step in which the non-silicon oxide rich phase of the phase-separated glass is
removed by etching to form a porous glass is performed. In particular, the phase-
separated glass obtained by the phase separation step is brought into contact with an
acid solution, so that an acid soluble component (non-silicon oxide rich phase) is
removed by dissolution. As the acid solution, for example, an inorganic acid, such as
hydrochloric acid or nitric acid, may be used. In general, the acid solution can be
preferably used in the form of an aqueous solution using water as a solvent. In general,
the concentration of the acid solution may be appropriately set in a range of 0.1 to 2
mol/L. In this acid treatment step, a solution temperature may be set to 100 degrees
Celsius or less, and a treatment time may be set in a range of 1 to 50 hours.

Water washing treatment

Next, a water washing treatment is performed. A porous glass having a skeleton
formed of silicon oxide is obtained through the water washing treatment. In general,
the temperature of washing water in the water washing treatment may be set in a range
of room temperature to 100 degrees Celsius. Although the time for the water washing
treatment may be appropriately determined in accordance with the composition, the
size, and the like of a glass to be processed, in general, the time may be set in a range
of 1 to 50 hours.

Although the average pore diameter of the porous glass is not particularly limited, the

average pore diameter is preferable in a range of 1 nm to 1 micrometers, particularly
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preferably in a range of 2 nm to 0.5 micrometers, and even more preferably in a range
of 10 nm to 100 nm. The porosity of the porous glass is generally preferably in a range

of 20 to 80 percent and particularly preferably in a range of 30 of 70 percent.
The shape of the porous glass is not particularly limited, and for example, a film-

shaped molded body in the form of a tube, a plate, or the like may be mentioned. The
shapes may be appropriately selected in accordance with, for example, the application
of the porous glass. In addition, the porous glass may be formed as a layer on the
substrate. The surface of the substrate is not limited to a flat surface but may also be a
curved surface of a lens or the like.

Since the porous structure of the porous glass can be uniformly controlled, and the
pore diameter can be changed within a predetermined range, the porous glass is
expected to be used in applications, such as adsorbents, microcarriers, separation
membranes, and optical elements.

The optical element of the present invention has a porous glass obtained by the
method for manufacturing a porous glass described above. Since the porous structure
can be controlled in a wide range, the optical element of the present invention is used
for optical lenses of imaging, observation, projection, and scanning optical systems,
polarizing plates of display devices, and the like.

Examples

Hereinafter, examples of the present invention will be particularly described.
However, the present invention is not limited to the following examples.

Evaluation of porous glasses of examples and comparative examples was performed
by the following method.

(1) Surface observation

Surface observation (accelerating voltage: 5 kV) of the porous glass was performed
using a scanning electron microscope (FE-SEMS-4800, manufactured by Hitachi Ltd.).
Example 1

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium
carbonate, and potassium carbonate were used, and after these components were
uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,O: K,O= 64.2:
28.5:4.2: 2.3: 0.8 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form
of a plate having a thickness of approximately 1 mm was obtained. No phase
separation occurred in this state, and a phenomenon, such as devitrification, was also
not observed.

A Heat treatment was performed for the plate-shaped phase-separable glass body at
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each temperature of 300, 400, and 500 degrees Celsius for 50 hours. Subsequently, the
glass body thus processed was placed in a nitric acid solution at a concentration of 1
mol/L (1 N) and was then held at 80 degrees Celsius for 24 hours. Next, washing was
performed with water having a temperature of 80 degrees Celsius for 24 hours, and

porous glasses 1A, 1B, and 1C were obtained.
The surface of the porous glass 1B thus obtained was observed using an electron mi-

croscope. A scanning electron microscope (SEM) photograph is shown in Fig. 1. It is
found that phase separation occurs at a heat treatment temperature of 400 degrees
Celsius. That is, it is found that at a temperature of 400 degrees Celsius, development
of the phase separation can be controlled. As in the case described above, it was
confirmed that in the porous glasses 1A and 1C which were heat-treated at 300 and
500 degrees Celsius, respectively, for 50 hours, the phase separation was developed.
That is, it was found that at a temperature in a range of 300 to 500 degrees Celsius, the
development of the phase separation could be controlled.

Example 2

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium
carbonate, and potassium carbonate were used, and after these components were
uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,O: K,O= 63.9:
28.3:3.2: 2.3: 2.3 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form
of a plate having a thickness of approximately 1 mm was obtained. As in the case of
Example 1, no phase separation occurred, and a phenomenon, such as devitrification,
was also not observed.

The following treatment was performed in a manner similar to that of Example 1, and
porous glasses 2A, 2B, and 2C were obtained.

The surface of the glass thus obtained was observed using an electron microscope. A
photograph of the surface of the porous glass 2B which was heat-treated at 400 degrees
Celsius for 50 hours is shown in Fig. 2. Development of the phase separation was
confirmed by a heat treatment at 400 degrees Celsius. In addition, as in the case
described above, it was confirmed that in the porous glasses 2A and 2C which were
heat-treated at 300 and 500 degrees Celsius, respectively, for 50 hours, the phase
separation was developed. That is, it was found that at a temperature in a range of 300

to 500 degrees Celsius, the development of the phase separation could be controlled.
Example 3

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium

carbonate, and potassium carbonate were used, and after these components were
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uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,O: K,O= 64.1:
28.4:3.7: 2.3: 1.5 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form

of a plate having a thickness of approximately 1 mm was obtained.
The following treatment was performed in a manner similar to that of Example 1, and

porous glasses 3A, 3B, and 3C were obtained. According to the results of observation
of the surface of the glass thus obtained using an electron microscope, development of
the phase separation of each of the porous glasses 3A, 3B, and 3C which were heat-
treated at 300, 400, and 500 degrees Celsius, respectively, for 50 hours were
confirmed.

Example 4

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium
carbonate, and potassium carbonate were used, and after these components were
uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,O: K,O= 63.3:
28.1: 4.8: 1.5: 2.3 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form
of a plate having a thickness of approximately 1 mm was obtained.

The following treatment was performed in a manner similar to that of Example 1, and
porous glasses 4A, 4B, and 4C were obtained. According to the results of observation
of the surface of the glass thus obtained using an electron microscope, development of
the phase separation of each of the porous glasses 4A, 4B, and 4C which were heat-
treated at 300, 400, and 500 degrees Celsius, respectively, for 50 hours were
confirmed.

Comparative Example 1

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium
carbonate, and potassium carbonate were used, and after these components were
uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,0: K;O= 64.3:
28.5:4.4: 2.3: 0.5 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form
of a plate having a thickness of approximately 1 mm was obtained.

In the state described above, the phase separation progressed, and it was difficult to
control the phase separation by a heat treatment. When the amount of K,O is small, the
phase separation progresses at a cooling stage for forming a phase-separable glass

body, and hence, the phase separation cannot be controlled by a heat treatment.
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Therefore, it is difficult to control the pore diameter and the porosity.
Comparative Example 2

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, lithium
carbonate, and potassium carbonate were used, and after these components were
uniformly mixed together at a composition ratio: SiO,: B,Os: Na,O: Li,0O: K;O= 63.8:
28.3:3.0: 2.3: 2.6 (percent by weight), heat melting was performed at 1,400 degrees
Celsius. Subsequently, in the state in which the above mixture was formed into a plate,
spontaneous cooling was performed, so that a phase-separable glass body in the form
of a plate having a thickness of approximately 1 mm was obtained. The phase
separation was not developed, and a transparent film was formed.

A heat treatment was performed for the plate-shaped phase-separable glass body at a
temperature of 400 degrees Celsius for 50 hours. Subsequently, the glass body thus
processed was placed in a nitric acid solution at a concentration of 1 mol/L (1 N) and
was then held at 80 degrees Celsius for 24 hours. Next, washing was performed with
water having a temperature of 80 degrees Celsius for 24 hours, and a step of obtaining
a porous glass was performed.

The results of observation of the surface of the glass thus obtained using an electron
microscope is shown in Fig. 3, and it is found that since no phase separation occurs, a
silicon oxide skeleton is not formed, and a porous glass is not formed.

Comparative Example 3

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, and lithium
carbonate were used, and after these components were uniformly mixed together at a
composition ratio: Si0,: B,0;: Na,O: Li,0=64.4: 28.6: 4.7: 2.3 (percent by weight),
heat melting was performed at 1,400 degrees Celsius. Subsequently, in the state in
which the above mixture was formed into a plate, spontaneous cooling was performed,
so that a phase-separable glass body in the form of a plate having a thickness of ap-
proximately 1 mm was obtained.

As in the case of Comparative Example 1, the phase separation progresses before a
heat treatment, and the phase separation cannot be controlled. In addition, the pore
diameter is large, such as 200 nm or more, and it becomes difficult to form a fine
porous material.

Comparative Example 4

As a glass raw material, silicon dioxide, boric acid, sodium carbonate, and potassium
carbonate were used, and after these components were uniformly mixed together at a
composition ratio: Si0,: B,Os: Na,O: K,0=61.4: 27.2: 4.5: 6.9 (percent by weight),
heat melting was performed at 1,400 degrees Celsius. Subsequently, in the state in

which the above mixture was formed into a plate, spontaneous cooling was performed,
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so that a phase-separable glass body in the form of a plate having a thickness of ap-
proximately 1 mm was obtained.

The phase separation is not observed by a heat treatment at 400 degrees Celsius for
50 hours. In addition, the phase separation is also not observed by a heat treatment at
600 degrees Celsius for 50 hours.

Comparative Example 5

As a glass raw material, silicon dioxide, boric acid, and sodium carbonate were used,
and after these components were uniformly mixed together at a composition ratio: SiO,
: BoOs: Na,0=62.9: 27.9: 9.2 (percent by weight), heat melting was performed at 1,400
degrees Celsius. Subsequently, in the state in which the above mixture was formed into
a plate, spontaneous cooling was performed, so that a phase-separable glass body in
the form of a plate having a thickness of approximately 1 mm was obtained.

The phase separation was not confirmed by a heat treatment at 400 degrees Celsius
for 50 hours. In addition, by a heat treatment at 560 degrees Celsius for 50 hours, a
porous glass having a spinodal structure is formed.

The results of the above Examples and Comparative Examples are collectively

shown in Table 1.

[Table 1]
Heat
Si0; | B>Os [Na>O | LisO | K;O | KO | treatment Phase
(wt%) | (wt%) [ (wt%) [ (wt%) | (wt%) | Ratio |temperature | separation
CC)
300 a
Example1 | 642|285 42 | 23 | 08 |01 400 a
500 a
300 a
Example2 | 63.9|283| 32 | 23 | 23 |0.29 400 a
500 a
300 a
Example3 | 641 | 284 | 3.7 | 23 | 1.5 |0.20 400 a
500 a
300 a
Example 4 | 63.3 1281 | 48 [ 15 | 23 |0.27 400 a
500 a
Comparative
Example 1 643 (285 44 | 23 | 0.5 [0.07 - a
Comparative
Example 2 638 (283 3.0 | 23 | 26 [0.33 400 -
Comparative
Example 3 644 (286 47 | 2.3 - 0 - a
Comparative 400 -
Example 4 61.4 272 45 - 6.9 | 0.61 500 -
Comparative 400 -
Example 5 629 [ 279 9.2 - - 0 560 a
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(Note 1) "K,O" Ratio indicates K,O/(Li,O+Na,O+K,0).
(Note 2) "a" of Phase separation indicates that the phase separation is confirmed by a

treatment performed at a heat treatment temperature. "-" indicates that no phase

separation is confirmed.
While the present invention has been described with reference to exemplary em-

bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2011-041738,
filed February 28, 2011 and No. 2012-014366, filed January 26, 2012, which are

hereby incorporated by reference herein in their entirety.

Industrial Applicability

Since the phase-separable glass body of the present invention can control a phase
separation at a low-temperature heat treatment, a porous glass can be formed at a low
cost. Since the porosity can be controlled, the phase-separable glass body can be
widely used in optical element applications. In addition, the phase-separable glass
body can be used as a significantly effective material in precision, electronics, and

food industrial fields.
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Claims

A method for manufacturing a porous glass comprising the steps of:
forming a phase-separated glass by heating at a temperature in a range
of 300 to 500 degrees Celsius for 3 to 50 hours for phase separation of
a glass body in which the concentration of SiO; is in a range of 50 to 70
percent by weight, the concentration of B,Os is in a range of 15 to 40
percent by weight, the concentration of Li,O is in a range of 1.0 to 8.0
percent by weight, the concentration of Na,O is in a range of 2.0 to 8.0
percent by weight, the concentration of K,O is in a range of 0.3 to 5.0
percent by weight, the total concentration of Li,O, Na,O, and K,O is in
arange of 3.5 to 15 percent by weight, and the ratio of the con-
centration of K,O to the total concentration of Li,O, Na,O, and K,O is
in a range of 0.10 to 0.30; and

forming a porous glass by etching the phase-separated glass.

The method for manufacturing a porous glass according to Claim 1,
wherein in the glass body, the concentration of Si0O, is in a range of 50
to 70 percent by weight, the concentration of B,O; is in a range of 20 to
35 percent by weight, the concentration of Li,O is in a range of 1.5 to
5.0 percent by weight, the concentration of Na,O is in a range of 2.0 to
6.0 percent by weight, the concentration of K,O is in a range of 0.8 to
4.0 percent by weight, and the total concentration of Li,O, Na,O, and K
,O is in a range of 4.3 to 15 percent by weight.

The method for manufacturing a porous glass according to Claim 1,
wherein in the glass body, the concentration of SiO, is in a range of 55
to 70 percent by weight, the concentration of B,Os is in a range of 25 to
35 percent by weight, the concentration of Li,O is in a range of 1.5 to
3.0 percent by weight, the concentration of Na,O is in a range of 2.5 to
5.5 percent by weight, the concentration of K,O is in a range of 0.8 to
3.0 percent by weight, and the total concentration of Li,0O, Na,O, and K
,O is in a range of 4.8 to 11 percent by weight.

A method for manufacturing an optical element having a porous glass,
wherein a step of forming the porous glass is performed by the method

for manufacturing a porous glass according to Claim 1.
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