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DESCRIPTION

Title of Invention

PRODUCTION METHOD OF MULTIPLE PANES

Technical Field

[0001]

The present disclosure relates to methods of producing multiple panes in which paired
glass panels are stacked with a reduced pressure space in-between, and particularly
relates to a production method of a multiple pane which an undesired protrusion such

as an evacuation pipe used for pressure reduction does not remain after finishing.

Background Art

[0002]

There has been commercialized a multiple pane. In the multiple pane, a pair of glass
panels are arranged facing each other, and a plurality of spacers are interposed
between the pair of glass panels, and the pair of glass panels are bonded with a
hermetically bonding member at peripheries thereof, and thus an inside space is
defined by the pair of glass panels and the hermetically bonding. The air in the

inside space is exhausted to reduce the pressure of the inside space.

[0003]

It is expected that the multiple pane in which the pressure of the inside space is
reduced shows great thermally insulating effects, dew prevention effects, and sound
insulating effects, as a result of presence of a vacuum layer whose pressure is lower
than the atmospheric pressure between the pair of glass panels, relative to a multiple
pane constituted by two glass plate simply bonded to each other. Therefore, such
multiple pane attracts great attentions as one of eco-glass in current situations in

which the importance of energy strategy rises.
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[0004]

The multiple pane including the inside space with the reduced pressure is produced as
follows: the peripheries of the pair of glass panels are hermetically bonded by
applying the hermetically bonding seal of low-melting glass frit therebetween and
heating them to hermetically bond the peripheries to form a space while a plurality of
spacers of metal or ceramics are interposed to keep the predetermined distance
between the glass panels, and thereafter air is evacuated from the space via an
evacuation pipe of glass or metal. The multiple pane is produced through this
production process, and thus the finished product of the multiple pane including the
inside space with the reduced pressure includes the evacuation pipe whose tip is
closed. Hence, in the multiple pane constituted by transparent glass panels, the
evacuation pipe may cause problems that appearance becomes poor and the inside
space cannot be kept in the reduced pressure state when the evacuation pipe is
broken. Inview of this, with regard to the multiple pane used as a window pane, for
example, the multiple pane is used so that the evacuation pipe is positioned at the
upper-right corner of the indoor side. In other words, the use of the multiple pane is

limited so as to prevent visually and physically interference of the evacuation pipe.

[0005]

In a technique which has been proposed as the conventional production method of
multiple pane with the reduced pressure, an evacuation pipe is embedded into one of
glass panels until a center in a thickness direction, and the evacuation pipe is sealed
with shield for preventing a junction of the glass panel and the evacuation pipe from
suffering from heat generated in sealing the evacuation pipe. According to this
technique, the evacuation pipe remaining in the finished product is shortened (see
patent literature 1). In another technique, an evacuation pipe and a vicinity of a
part, on which the evacuation pipe is situated, of a rear surface of a glass panel are
covered with a cover member of resin so as to form a gap between the cover member
and a sealed tip of the evacuation pipe. According to this technique, breakage of the

evacuation pipe caused by impacts from outside can be prevented (see patent

7702971_1 (GHMatters) P98638.AU
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literature 2).

Citation List

Patent Literature

[0006]

Patent Literature 1: JP 10-2161 A
Patent Literature 2: JP 11-311069 A

[0007]

According to the conventional production method of multiple pane described above, in
the finished product, the evacuation pipe becomes short, and thus the multiple pane
can be easy in handling. External force directly acting on the evacuation pipe can be
suppressed, and thus it is possible to prevent an unwanted situation where the
reduced pressure state cannot be maintained due to breakage of the evacuation pipe.
Therefore, the conventional production method can give advantageous effects to an

extent.

[0008]

However, for example, in the techniques disclosed in patent literature 1, it is
necessary to form a recess in the glass panel and fix the evacuation pipe inside the
recess in order to reduce an amount of part of the evacuation pipe protruding from the
surface of the glass panel. Further, the shield disposed so that the temperature of
the junction of the evacuation pipe and the glass plate becomes high at the time of
sealing the evacuation pipe is necessary. Thus, the production process of multiple
pane becomes more complex. Additionally, according to the technique disclosed in
patent literature 2, it is necessary to add the cover member, and this causes an
increase in the number of parts. Further, it is necessary to add a step of attaching
the cover member to the rear surface, and this causes an increase in the number of
steps. When the production process becomes more complex and the numbers of parts
and steps increase, the production cost of the multiple pane tends to increase.

Further, in the multiple panes formed by use of the above conventional techniques,

7702971_1 (GHMatters) P98638.AU
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the evacuation pipe still remains in the finished product. Hence, such a protrusion
from the rear surface of the multiple pane is present and therefore there is a problem
of appearance, it is very difficult to perfectly eliminate a risk in which the space
formed by the pair of glass panels cannot be kept in the reduced pressure state when

the evacuation pipe is broken.

[0009]

The present invention has been made in view of the above circumstances.

Summary of the Invention

[0010]

According to an aspect of the present invention, there is provided a production method of
multiple panes comprising: a first melting process of setting a desired temperature of a furnace to a
temperature causing melting of a hermetically-bonding member to thereby hermetically bond, with
the hermetically-bonding member, peripheries of paired glass panels disposed facing each other at
a predetermined distance to form a space to be hermetically enclosed between the glass panels; an
evacuating process of evacuating air from the space through an outlet to make the space be in a
reduced-pressure state; and a second melting process of setting, while the space is being evacuated
after the space is made be in the reduced-pressure state, the desired temperature of the furnace to a
temperature causing melting of a region forming member inside the space to thereby divide the
space by the region forming member into an outlet region including the outlet and a
reduced-pressure region other than the outlet region, the region forming member including an air
passage interconnecting the outlet region and the reduced-pressure region under a condition where
the space is formed, after the space is made be in the reduced-pressure state, the space being
divided into the outlet region and the reduced-pressure region by closing the air passage, a partition
serving as the region forming member being formed on a front surface of one of the glass panels so
as to surround the outlet together with the hermetically-bonding member, during the evacuating
process, the desired temperature of the furnace being kept lower than the temperature causing
melting of the hermetically-bonding member, and the hermetically-bonding member and the

partition being made by use of the same low-melting glass frit.

7702971_1 (GHMatters) P98638.AU
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Advantageous Effects of Invention

[0011]

In the production method of multiple panes of the present disclosure, the space
formed between the pair of glass panels hermetically bonded with the
hermetically-bonding member is made be in the reduced pressure state, and
subsequently the space is divided by the region forming member into the outlet region
and the reduced-pressure region. Hence, even when an evacuation pipe used for
evacuation is removed for example, the reduced-pressure region is kept in the
reduced-pressure state. Therefore, it is possible to easily produce a finished product
of a multiple pane which does not include any undesired protrusion protruded from an

external surface of a glass panel.

Brief description of the drawings

[0012]

In order that the invention may be more clearly ascertained, embodiments will now be
described, by way of example, with reference to the accompanying drawing, in which:
FIG. 1is a plan illustrating a configuration example of a multiple pane with an inside
space having a reduced pressure which is produced by the production method of
multiple panes of the present disclosure.

FIG. 2is a section illustrating the configuration example of the multiple pane with
the inside space having the reduced pressure which is produced by the production
method of multiple panes of the present disclosure.

FIG. 8 is a plan which relates to the production method of multiple panes of the first
embodiment and illustrates a state in which a hermetically-bonding member and a
region forming member have not been melted yet.

FIG. 4 is a section which relates to the production method of multiple panes of the
first embodiment and illustrates the state in which the hermetically-bonding member
and the region forming member have not been melted yet.

FIG. 5 is a diagram illustrating examples of configuration conditions of a fusing

7702971_1 (GHMatters) P98638.AU
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process and an evacuating process in the production method of multiple panes of the
first embodiment.

FIG. 6is a section which relates to the production method of multiple panes of the
first embodiment and illustrates a state in which a space between paired glass panels
is divided by the region forming member.

FIG. 7 is a diagram illustrating other examples of the configuration conditions of the
fusing process and the evacuating process in the production method of multiple panes
of the first embodiment.

FIG. 8is an enlarged plan illustrating a primary part of the first modification of the
region forming member in the production method of multiple panes of the first
embodiment.

FIG. 9is an enlarged plan illustrating a primary part of the second modification of the
region forming member in the production method of multiple panes of the first
embodiment.

FIG. 10is an enlarged plan illustrating a primary part of a finished product including
the modification of the region forming member in the production method of multiple
panes of the first embodiment.

FIG. 11is a plan which relates to the production method of multiple panes of the
second embodiment and illustrates a state in which a hermetically-bonding member
and a region forming member have not been melted yet.

FIG. 12 is a section which relates to the production method of multiple panes of the
second embodiment and illustrates the state in which the hermetically-bonding
member and the region forming member have not been melted yet.

FIG. 18 is a diagram illustrating a difference in appearance between an applied part
and a melted and spread part of the region forming member.

FIG. 14 is a section which relates to a case where a height keeping member is
disposed at a portion on which the hermetically-bonding member is to be formed with
regard to the production method of multiple panes of the present disclosure and
illustrates a state in which the inner space is divided by fusing the region forming

member.
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Description of Embodiments

[0013]

The production method of multiple panes of the present disclosure includes:
hermetically bonding, with a hermetically-bonding member, peripheries of paired
glass panels disposed facing each other at a predetermined distance to form a space to
be hermetically enclosed between the glass panels; evacuating air from the space
through an outlet to make the space be in a reduced-pressure state; and dividing,
after the space is made be in the reduced-pressure state, the space by a region
forming member into an outlet region including the outlet and a reduced-pressure
region other than the outlet region, the region forming member including an air
passage interconnecting the outlet region and the reduced-pressure region under a
condition where the space is formed, and the air passage is closed by melting the

region forming member after the space is made be in the reduced-pressure state.

[0014]

In the production method of multiple panes, after the space between the pair of glass
panels whose peripheries are hermetically bonded with the hermetically-bonding
member is made be in the reduced-pressure state, the space is divided into the outlet
region and the reduced-pressure region by the region forming member. According to
the production method of this present disclosure, the space between the pair of glass
panels made be in the reduced-pressure state is divided into the outlet region and the
reduced-pressure region by the region forming member. Therefore, even when an
evacuation pipe used for evacuation is removed thereafter, it is possible to keep the
reduced-pressure region in the reduced-pressure state. Consequently, it is possible
to produce a multiple pane which can keep desired properties such as thermally
insulating properties, dew condensation prevention properties, and sound insulating
properties and nevertheless does not include any undesired protrusion from an

external surface of a glass panel.

7702971_1 (GHMatters) P98638.AU
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[0015]

Note that, in the present description, the phrase that the pressure of the space
between the pair of glass panels is reduced means that the space between the pair of
glass panels is made be in a state in which the pressure is lower than an outside
atmospheric pressure. Further, the reduced-pressure state in the present description
means a state in which the pressure of an inside of the space is lower than the outside
atmospheric pressure, and thus may include a so-called vacuum state obtained by
reducing the pressure by evacuating air from the space, irrespective of the degree of
vacuum. Further, a state resulting from evacuating air inside the space and then
filling the space with at least one of various gases such as an inert gas is included in
the reduced-pressure state of the present description, when the pressure of the gas

inside the space is finally lower than the atmospheric pressure.

[0016]

Further, in a preferable aspect of the production method of multiple panes of the
above present disclosure, the space is divided into the outlet region and the
reduced-pressure region by closing the air passage. According to this aspect, it is
possible to easily divide the space into the outlet region and the reduced-pressure
region after the space between the pair of glass panels is made be in the

reduced-pressure state.

[0017]
In this case, the air passage is an interval of the region forming member formed in a
discontinuous shape, and after the space is made be in the reduced-pressure state, the

interval can be closed by melting the region forming member.

[0018]
Further, in another preferable aspect of the production method of multiple panes of
the above present disclosure, a formation height of the region forming member before

being melted is less than a formation height of the hermetically-bonding member

7702971_1 (GHMatters) P98638.AU
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before being melted; and after the space is made be in the reduced-pressure state
under a condition where the pair of glass panels are hermetically bonded by melting
the hermetically-bonding member, the space is divided into the outlet region and the
reduced-pressure region by the region forming member by decreasing the distance
between the pair of glass panels. According to this aspect, it is possible to easily
divide the space in the reduced-pressure state into the outlet region and the

reduced-pressure region by adjusting the distance between the pair of glass panels.

[0019]

Further, in another preferable aspect, a melting temperature of the region forming
member is higher than a melting temperature of the hermetically-bonding member;
the space is formed by hermetically bonding the pair of glass panels at a temperature
causing melting of the hermetically-bonding member to form the space: and after the
space is made be in the reduced-pressure state, the space is divided into the outlet
region and the reduced-pressure region by melting the region forming member at a
temperature causing melting of the region forming member. According to this aspect,
it is possible to easily divide the space in the reduced-pressure state into the outlet
region and the reduced-pressure region by adjusting the melting temperatures of the

region forming member and the hermetically-bonding member.

[0020]

Further, in another preferable aspect, after the space is formed by conducting melting
inside a furnace to melt the hermetically-bonding member, and subsequently the
space is made be in the reduced-pressure state outside the furnace, the space is
divided into the outlet region and the reduced-pressure region by conducting again
melting inside the furnace to melt the region forming member. According to this
aspect, the step of evacuating the space formed between the glass panels can be
conducted at a lower temperature than the steps of melting the hermetically-bonding
member and the region forming member. Therefore, the space can be evacuated to

be in the reduced-pressure state by use of inexpensive and simple equipment.

7702971_1 (GHMatters) P98638.AU
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[0021]
Further, in another preferable aspect, the outlet is formed in at least one of the pair of
glass panels. In another aspect, the space is made be in the reduced-pressure state
by use of an evacuation pipe connected to the outlet; and the evacuation pipe is
removed after the space is divided into the outlet region and the reduced-pressure
region. According to each aspect, the multiple pane can be produced by use of
manufacture equipment capable of reducing the pressure of the space through the

evacuation pipe connected to the outlet.

[0022]

Further, in another preferable aspect, the hermetically-bonding member and the
region forming member are made from glass frit. The glass frit is generally used as
seal for forming a hermetically enclosed space by melting the seal by heat, and

consequently, the multiple pane can be produced at a lowered cost.

[0023]

Further, in another preferable aspect, a spacer for keeping a gap between the pair of
glass panels is disposed on a surface of at least one of the pair of glass panels.
According to this aspect, it is possible to accurately keep the gap between the pair of

glass panels and to produce a multiple pane with high resistance to external impacts.

[0024]

Further, in another preferable aspect, a height keeping member for keeping a gap
between the pair of glass panels is disposed at a portion on which the
hermetically-bonding member is to be formed. According to this aspect, even at the
peripheries at which the hermetically-bonding member is formed, the length of the

gap between the pair of glass panels can be kept to a predetermined length.

10
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[0025]

Further, in another preferable aspect, at least one of the spacer and the height
keeping member is formed by photolithography. By using the photolithography, the
spacer or the height keeping member having a predetermined shape can be disposed

accurately at a predetermined position.

[0026]
Hereinafter, the method of producing multiple panes of the present disclosure is

described with reference to the drawings.

[0027]

Note that, for convenience of explanation, the drawings referred below relate to the
production method of multiple panes of the present disclosure and the multiple pane
produced by the method of the present disclosure, and illustrate in a simplified
manner mainly portions necessary for describing the disclosure.  Therefore, the
multiple panes described with reference to the drawings may have any configuration
which is not shown in the drawings referred. Furthermore, dimensions of members
shown in the drawings do not necessarily reflect dimensions and dimensional ratios of

members in practice, exactly.

[0028]

(First Embodiment)

First, the configuration of the multiple pane produced by the production method of
multiple panes of the present embodiment is described with reference to FIG. 1 and

FIG. 2.

[0029]
FIG. 1is a plan illustrating a schematic configuration of a finished product of the
multiple pane produced by the production method of the multiple pane of the present

disclosure. Further, FIG. 2 is a section illustrating a schematic configuration of a

11
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finished product of the multiple pane produced by the production method of the
multiple pane of the present disclosure. Note that, FIG. 2 is a view illustrating a

sectional structure taken along line X-X'1in FIG. 1.

[0030]

As shown in FIG. 1 and FIG. 2, the multiple pane 1 produced by the production
method of the present disclosure includes: a rear glass panel 2 and a front glass panel
3 defined as paired glass panels disposed facing each other; and a frit seal 4 defined as
a hermetically-bonding member hermetically bonding peripheries of the glass panels 2
and 3 so that a space A to be hermetically enclosed is formed between the glass panel

2 and the glass panel 3.

[0031]
Note that, to keep a distance between the glass panel 2 and the glass panel 3 to a
predetermined distance, spacers 6 are disposed on an inside of a region, on which the

frit seal 4 is applied, of the rear glass panel 2.

[0032]

In the production method of the multiple pane of the present embodiment, air inside
the space A is evacuated through an outlet 7 of the rear glass panel 2 to make the
space A be in a reduced-pressure state, and thereafter the space A is divided by, a
partition 5 serving as a region forming member, into an outlet region B including the
outlet 7 and a reduced-pressure region C defined as a region other than the outlet
region. Therefore, in the multiple pane 1 in a finished-state shown in FIG. 1 and
FIG. 2, the reduced-pressure state of the reduced-pressure region C can be
maintained. Further, after the space A is divided into the outlet region B and the
reduced-pressure region C by the partition 5, an evacuation pipe connected to the
outlet 7 is removed. Hence, the outlet region B is spatially connected to the outside

and thus the outlet region B is filled with air.

12
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[0033]

As described above, in the multiple pane 1 produced by the production method of the
present embodiment, the reduced-pressure region C which occupies most of the space
A formed between the pair of glass panels 2 and 8 is kept in the reduced-pressure
state, and thereby properties (e.g., a thermally insulating effect, a dew condensation
prevention effect, and a sound insulating effect) inherent to a multiple pane in which
the pressure of the inside space is reduced can be obtained. Additionally, the
evacuation pipe used for evacuating the space A has been removed, and therefore, as
shown in FIG. 2, there is no protrusion protruded outside from the rear side of the
glass panel 2 of the multiple pane 1, and consequently a disadvantage caused by the
presence of the protruded evacuation pipe at the time of using and transferring the
multiple pane 1 can be solved. Further, the evacuation pipe has been removed, and
thus it is possible to avoid an undesired situation where the whole space between the
glass panels 2 and 3 of the multiple pane 1 is not in the reduced-pressure state due to

breakage of the evacuation pipe.

[0034]
Hereinafter, the first example of the production method for the finished product of the
multiple pane 1 described with reference to FIG. 1 and FIG. 2 is described as the

production method of multiple panes of the present embodiment.

[0035]

FIG. 3 and FIG. 4 are diagrams for describing the first example of the production
method for the finished product of the multiple pane 1 described with reference to FIG.
1 and FIG. 2. FIG. 3is a plan illustrating a state in which the rear glass panel 2 and
the front glass panel 3 have not been hermetically bonded with the frit seal 4 yet.

FIG. 4 is a section illustrating a state in which the rear glass panel 2 and the front
glass panel 8 have not been hermetically bonded with the frit seal 4 yet. FIG. 4is a

view illustrating a sectional structure taken along line Y-Y' in FIG. 3.

13
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[0036]

As shown in FIG. 8 and FIG. 4, in the production method of multiple panes of the
present embodiment, the frit seal 4 in a frame shape serving as the
hermetically-bonding member is applied on a peripheral portion of a front surface 2a
of the rear glass panel 2, which is a surface facing the front glass panel 3. Further,
the outlet 7 penetrating through the glass panel 2 is formed in a vicinity of a corner of
the rear glass panel 2.  Additionally, an evacuation pipe 8 is provided to a rear
surface 2b of the glass panel 2 to be connected to the outlet 7. Note that, in the
multiple pane described in the present embodiment, the evacuation pipe 8 is made of
glass, and an inner diameter of the evacuation pipe 8 is equal to a diameter of the
outlet 7. The evacuation pipe 8 is connected to the outlet 7 by a conventional method
such as glass welding and a method using molten metal used as welding material.
Note that, the evacuation pipe 8 may be the aforementioned glass pipe or a metal

pipe.

[0037]

The glass panel used in the multiple pane used for explanation of the production
method of the present embodiment may be selected from various glass panels made of
soda-lime glass, high-strain glass, chemically toughened glass, non-alkali glass,
quartz glass, Neoceram, physically toughened glass, and the like. Note that, in the
present embodiment, examples of the glass panel 2 and the glass panel 3 have the
same shape and the thickness. However, such glass panels may have different sizes
and thicknesses. Further, the glass panel can be selected in accordance with its
application from glass panels with various sizes including a glass panel which is
several cm on a side and a glass panel which is in a range of about 2 to 3 m on a side
at maximum. Additionally, the glass panel can be selected in accordance with its
application from glass panels with various sizes including a glass panel with a
thickness in a range of about 2 to 3 mm and a glass panel with a thickness of about 20

mm.
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[0038]

The partition 5 serving as the region forming member is formed on the front surface
2a of the glass panel 2 so that ends of the partition 5 are connected to the frit seal 4 so
as to surround the outlet 7 together with the frit seal 4. In the present embodiment,
the same low-melting frit glass is used for the frit seal 4 hermetically bonding the pair

of glass panels 2 and 3 and the partition 5.

[0039]

In more detail, by way of one example, it is possible to use a bismuth-based seal frit
paste including: 60 to 75 % of a glass component which is composed mostly of bismuth
oxide and includes 70 % or more of Bi20s, 5 to 15 % of each of B2Os and ZnO, and 10 %
or less of other components; 20 to 30 % of zinc-silica oxide; and 5 to 15 % of a mixture
of organic substances such as ethylcellulose, terpineol, and polyisoutyl methacrylate.

This frit glass has a softening point of 434 °C.

[0040]

Note that, the frit glass used for the frit seal 4 and the partition 5 may be selected
from lead-based frit and vanadium-based frit in addition to the bismuth-based frit.
Further, seal made of low-melting metal or resin may be used for the
hermetically-bonding member and the region forming member as an alternative to the

frit glass.

[0041]

In a state where the frit seal 4 and the partition 5 have not been melted yet, a slit 5a
serving as an air passage is formed to penetrate through the partition 5, and the
partition 5 is discontinuous at a part where this slit is formed. In other words, the
slit 5a formed in the partition 5 spatially interconnects opposite parts of the space A
formed by the pair of glass panels 2 and 3 and the frit seal 4 with regard to the

partition 5.
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[0042]

A plurality of spacers 6 are arranged in lengthwise and width directions at regular
intervals on the front surface 2a of the glass panel 2 so as to be positioned in an
opposite side of the partition 5 from a side where the outlet 7 is formed. For example,
each of the spacers 6 included in the multiple pane of the present embodiment has a
cylindrical shape with a diameter of 1 mm and a height of 100 p, and each of
arrangement intervals in lengthwise and width directions is 2 cm. The shape of the
spacer is not limited to the above cylindrical shape and may be selected from various
types of shapes such as a prism shape and a spherical shape. Further, the size of the
spacer, the number of arranged spacers, the interval of spacers, and the arrangement
pattern of spacers are not limited to the aforementioned instances, and may be
appropriately selected in accordance with the size and thickness of the glass panel to

be used.

[0043]

Further, in the production method of the present embodiment, the spacer 6 is made of
photo-curable resin by photolithography before the frit seal 4 is applied on the front
surface 2a of the glass panel 2, and in this photolithography, photo-curable resin is
applied on the entire front surface 2a to form a film with a predetermined thickness,
and thereafter the film is exposed to light with a mask so as to cure intend parts of
the film to form the spacers 6, and then undesired part of the film is removed by
washing. By using the photolithography in this manner, the spacers with the
predetermined size and section can be disposed at the predetermined positions
accurately. Note that, when the spacers 6 are made of transparent photo-curable
resin, the spacers 6 can be less likely to be visually perceived when the multiple pane

1 is used.

[0044]

The material of the spacer 6 is not limited to the aforementioned photo-curable resin,
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and may be selected from various materials which are not melted in a heating process
described later. Further, instead of using the photolithography, spacers made of
material such as metal can be dispersedly fixed or bonded at predetermined positions
in the front surface 2a of the glass panel 2 on the rear side in a similar manner to a
conventional multiple pane. Note that, when the formation and arrangement of the
spacers are conducted without using the photolithography, it is preferable that the
spacers be in a spherical or cuboidal shape. In this case, even when the spacers
disposed on the surface of the glass panel are unintendedly directed in different
directions, it is possible to accurately set the distance between the pair of glass

panels.

[0045]

Note that, the multiple pane produced by the production method of the present
disclosure need not necessarily include the spacer, and may be devoid of the spacer.
Further, the spacer may be formed on a surface of the glass panel on the front side

facing inside.

[0046]

As shown in FIG. 4, when the frit seal 4 and the partition 5 have not been melted yet,
the frit seal 4 and the partition 5 are formed to be taller than the spacer 6. For this
reason, the glass panel 3 on the front side is disposed on the tops of the frit seal 4 and
the partition 5, and gaps are formed between the glass panel 3 and the tops of the

spacers 6.

[0047]

FIG. 5 is a diagram illustrating examples of configuration conditions of a melting
process of melting the frit seal 4 and the partition 5 and an evacuating process of
evacuating air from the space between the pair of glass panels 2 and 3 in the

production method of multiple panes of the present embodiment.
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[0048]

As shown in FIG. 5, in the first melting process, first a desired temperature of a
furnace is set to a temperature (e.g., 450 °C) higher than a softening point
temperature of 434 °C of the glass frit used for the frit seal 4 and the partition 5. In
this process, the frit seal 4 starts to melt, and thus the peripheries of the pair of glass
panels 2 and 3 are hermetically bonded, and thereby the space A to be hermetically
enclosed is formed between the pair of glass panels 2 and 3. Simultaneously, the
partition 5 also starts to melt, and thus the partition 5 is welded to the glass panel 2
and the glass panel 3. However, the furnace temperature in the first melting process
is set to a temperature of 450 °C which is slightly higher than the softening point
temperature of the glass frit, and therefore the partition 5 is not greatly changed in
shape, and thus the slit 5a has not been closed yet. In the first melting process, it is
important that the slit 5a formed in the partition 5 has not been closed yet. Hence,
the furnace temperature is kept at the maximum temperature of 450 °C in the first
melting process, and a continuous period (required period) of melting is set to an
extent that the slit 5a of the partition 5 is not closed. In the present embodiment,

the continuous period (T'1) in this first melting process is 10 minutes, for example.

[0049]

Subsequently, as shown in FIG. 5, the evacuating process begins. In the evacuating
process, the temperature inside the furnace is temporarily decreased down to a
temperature (e.g., 380 °C) equal to or less than the melting-point temperature of

434 °C of the glass frit and simultaneously air is evacuated from the space A with a
vacuum pump. During the evacuating process, the temperature inside the furnace is
set to be lower than the softening point temperature, and thus the frit seal 4 and the

partition 5 are not melted and changed in shape.

(00501

In view of ensuring the thermally insulating properties necessary for the multiple
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pane, it is preferable that the degree of vacuum of the space A be equal to or less than
0.1 Pa. The thermally insulating properties of the multiple pane increase with an
increase in the degree of vacuum. However, to obtain the higher degree of vacuum, it
is necessary to improve the performance of the vacuum pump and increase the
evacuation period, and this may cause an increase in the production cost. Hence, in
view of the production cost, it is preferable that the degree of vacuum be kept to a
level sufficient to ensure the properties necessary for the multiple pane and be not

increased more than necessary.

[0051]

Note that, when the desired temperature in the evacuating process is lowered
intentionally, it takes time to increase the temperature to a temperature for the
second melting process described later. Hence, in view of shortening a necessary
period for the whole of the melting process and the evacuating process, it is effective
to set the desired temperature at the time of starting the evacuating process to a
temperature slightly lower than the softening point temperature of the glass frit.
For example, when the desired temperature of the evacuating process is 420 °C and
the continuous period (T'2) is 120 minutes, the space inside the multiple pane can be

evacuated effectively.

[0052]

Next, as shown in FIG. 5, while the space A is evacuated, the temperature of the
furnace is increased up to 465 °C for the second melting process. When the
evacuation of the space A continues, the atmospheric pressure may cause external
force narrowing the gap between the pair of glass panels 2 and 8 and consequently,
the glass panel 2 and the glass panel 3 are pressed so that the distance therebetween
is decreased. In the multiple pane produced by the present embodiment, by way of
example, the spacers 6 with the height of 100 pm are disposed, and thus the distance
between the pair of glass panels 2 and 3 is kept equal to the height of 100 pm of the

spacers. The force causing a decrease in the distance between the glass panels 2 and
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3 occurs, and therefore the frit seal 4 and the partition 5 which are melted are pressed
from above and below. Therefore, in a plan view, the widths of the frit seal 4 and the
partition 5 are increased. Hence, the pair of glass panels 2 and 3 are hermetically
bonded firmly and successfully with the frit seal 4, and the slit 5a formed in the
partition 5 as the air passage is narrowed and thus closed. When the slit 5a of the
partition 5 is closed, the space A is divided into the outlet region B which is a space
including the outlet 7 and the reduced-pressure region C which is a space other than
the outlet region. Note that, in the second melting process, mechanical pressing
force may be applied to at least one of the glass panels to decrease the distance

between the glass panels, if necessary.

[0053]

In the second melting process, it is important that as described above, the partition 5
is sufficiently melted and thus the slit 5a serving as the air passage is successfully
closed. By way of one example, when the continuous period (T3) at the desired
temperature of 465 °C in the second melting process is 30 minutes, it is possible to
successfully divide by the partition 5 the space A into the outlet region B and the

reduced-pressure region C.

[0054]

As shown in the section of FIG. 6, the distance between the glass panel 2 and the

glass panel 3 is set to the predetermined distance determined by the spacer 6, and the
slit ba of the partition 5 is wholly closed and thus the space A is perfectly divided into

the outlet region B and the reduced-pressure region C. Subsequently, temperature of

the furnace is decreased and then the multiple pane is taken out from the furnace.

[0055]
As described above, the space A is made be in the reduced-pressure state by
evacuating air from the space A through the outlet 7 of the glass panel 2, and

subsequently the space A is divided by the partition 5 into the outlet region B and the
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reduced-pressure region C. In the state shown in FIG. 6, the reduced-pressure
region C is kept in the reduced-pressure state. In this state shown in FIG. 6, the
evacuation pipe 8 is removed and thereby the finished product of the multiple pane 1
described with reference to FIG. 1 and FIG. 2 can be obtained. Note that, after the
evacuation pipe 8 is disconnected from the vacuum pump, the inside of the outlet
region B has the atmospheric pressure as with the outside. Hence, it is easy to

remove the evacuation pipe 8.

[0056]

FIG. 7 shows other configuration conditions of the melting process of melting the frit
seal 4 and the partition 5 and the evacuating process of evacuating air from the space
A between the pair of glass panels 2 and 8 in the production method of multiple panes
of the present embodiment. The configuration conditions shown in FIG. 7 are
different from the configuration conditions shown in FIG. 5 in that the temperature of
the multiple pane is decreased down to the room temperature after the first melting

process.

[0057]

First, the first melting process of melting the frit seal 4 to hermetically bond the pair
of glass panels 2 and 3 so as to form the space A is performed. The configuration
condition of the first melting process can be same as that shown in FIG. 5, and thus
the maximum achieving temperature is 450 °C higher than the softening point
temperature 434 °C of the glass frit used for the frit seal 4 and the partition 5 and the
continuous period (T4) is 10 minutes, by way of one example. Subsequently, the
temperature of the multiple pane is decreased down to the room temperature by

taking out the multiple pane from the furnace or the like.

[0058]
Thereafter, at the room temperature, the evacuating process of evacuating air from

the space A through the evacuation pipe 8 with the vacuum pump to obtain the space
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A with the predetermined degree of vacuum is conducted. The desired period (T5) in

the evacuating process is 300 minutes, for example.

[0059]

In the other configuration condition example shown in FIG. 7, at the end of the
evacuation process, under a condition where the degree of vacuum of the space A is a
predetermined value such as 0.1Pa or less, sealing the tip of the evacuation pipe 8 to
enclose the space A, so called tip-off is conducted. By doing so, even when the
multiple pane in which the space A formed by the pair of glass panels has the
predetermined degree of vacuum is detached from the vacuum pump, the space A can

be kept in the reduced-pressure state.

[0060]

After the evacuating process, the multiple pane in which the evacuation pipe 8 has
been subjected to the tip-off is placed inside the furnace again, and the second melting
process of the maximum temperature of 465 °C and the continuous period (T6) of 30
minutes is conducted, by way of one example. In the other configuration conditions
shown in FIG. 7, the condition of the temperature of the furnace may be same as the
temperature condition shown in FIG. 5, but in the second melting process, the
evacuation of the space A is not conducted. As described above, in the case of the
configuration condition example shown in FIG. 7, the evacuation is not conducted in
the second melting process, however, since the evacuating process conducted at the
room temperature, the space A in the reduced-pressure state has the pressure lower
than the outside pressure. Hence, the external force is applied so as to decrease the
distance between the pair of glass panels 2 and 3. As a result, like the configuration
conditions shown in FIG. 5, in the second melting process, the frit seal 4 is sufficiently
melted and thus the glass panels 2 and 3 are hermetically bonded firmly, and the slit
ba of the partition 5 is closed, and consequently the space A is divided into the outlet

region B and the reduced-pressure region C.
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[0061]

Note that, when the melting process and the evacuating process under the other
configuration conditions shown in FIG. 7 are conducted, the tip of the evacuation pipe
8 is subjected to the tip-off. Hence, even after the end of the second melting process,
the outlet region B and the reduced-pressure region C each are kept in the
reduced-pressure state. Thereafter, when the evacuation pipe 8 is removed, the
outlet region B has the same pressure as the atmospheric pressure, while the
reduced-pressure region C is kept in the reduced-pressure state. Consequently, the

finished product of the multiple pane 1 shown in FIG. 1 and FIG. 2 can be obtained.

[0062]

As described above, according to the production method using the other configuration
conditions shown in FIG. 7, between the first melting process and the second melting
process, the evacuating process is conducted under a condition where the temperature
of the multiple pane is set to the room temperature. Hence, the melting process and
the evacuating process can be conducted independently, and thus the furnace used in
the melting process can be separate from the vacuum pump used in the evacuating
process. As aresult, the furnace can be simplified and downsized, and therefore the
degree of sealing of the furnace can be improved, it is possible to reduce the necessary
power consumption and shorten time necessary for increasing the temperature.
Further, the vacuum pump can be disposed at a position far from the furnace having a
high temperature, and hence there is no need to take action to prevent equipment for
chucking a vacuum valve of the vacuum pump and/or the evacuation pipe from having

high temperature, and therefore the production equipment can be simplified.

[0063]
In contrast, in the second melting process, the space A is not being evacuated, and
thus the external force causing a decrease in the distance between the pair of glass

panels is weaker than that in the case of the configuration conditions shown in FIG. 5.
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Therefore, it is necessary to carefully control application status and viscosity of the
glass frit for the frit seal 4 and the partition 5 so that after the second melting process
the distance between the pair of glass panels 2 and 8 becomes the predetermined
distance and the slit ba of the partition 5 is closed to successfully divide the space A
into the outlet region B and the reduced-pressure region C. Further, it is considered
that mechanical pressing force may be applied to at least one of the glass panels to
keep the distance between the glass panels to the predetermined distance, if
necessary. Additionally, when the multiple pane is produced under the configuration
conditions shown in FIG. 7, in the step of removing the evacuation pipe 8, the outlet
region B spatially connected to the evacuation pipe 8 is kept in the reduced-pressure
state. Therefore, it is necessary to pay attention to accurate and safe removal of the

evacuation pipe 8.

[0064]

As described above, according to the production method of multiple panes of the
present embodiment, the slit ba is provided to the partition 5 as the air passage, and
the slit 5a is closed in the second melting process, and thereby the space A formed
between the pair of glass panels can be divided into the outlet region B and the
reduced-pressure region C. In the present embodiment, an example in which one slit
5a is formed in the almost central part of the partition 5 is shown, however, when the
slit ba serving as the air passage is formed in the partition 5, the position of the slit,

the number of slits and the like may be appropriately selected.

[0065]

Further, the air passage formed in the partition 5 is not limited to the slit.

[0066]
FIG. 8is an enlarged plan illustrating a primary part including the partition of the
first modification exemplifying a configuration of the partition provided with an air

passage different from the slit.
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[0067]

The partition 5 of the first modification shown in FIG. 8 includes two parts 5b and 5e.
The parts bb and 5¢ are connected to the frit seal 4 at their one ends, and include
curved parts in different directions at the other ends opposite from the one ends
connected to the frit seal 4. According to this structure, a gap 5d between the curved
parts serves as an air passage interconnecting the outlet region on the outlet side and

the reduced-pressure region in the space A.

[0068]

The partition 5 is made of seal such as low-melting glass frit. The seal can be
applied to the predetermined position in the surface 2a of the glass panel 2 facing the
inside by controlling a position of an application nozzle which to discharge a paste of
the seal from its tip. Hence, to form the slit 5a with the predetermined width which
is an interval in the partition 5 formed continuously as shown in the planar
configuration of FIG. 3, the nozzle is moved the predetermined distance while the
discharge of the seal from the nozzle is tentatively stopped, and thereafter the
discharge of the seal from the nozzle is started again. However, in some cases, it is
difficult to accurately form the discontinuous partition including the slit with the
predetermined width due to some limitations such as the viscosity of the paste and
the application width of the partition. In contrast, according to the partition 5 of the
modification shown in FIG. 8, opposite ends from the ends connected to the frit seal 4
are curved in different directions so as to form the gap between the opposite ends, and
the gap 5d is used as the air passage. Therefore, the control of the application
position of the partition 5 by the nozzle can be facilitated, and hence, there is an

advantage that the partition 5 with the desired shape can be formed accurately.

[0069]
Note that, the width of the gap 5d between the curved parts of the applied glass frit,

the length of the overlap of applied regions in different two directions, and the

25

7702971_1 (GHMatters) P98638.AU



10 May 2016

2013260930

10

15

20

25

30

formation widths of the partitions 5b and 5¢ with regard to the overlap can be
appropriately selected in consideration of the viscosity and the application height of
the glass frit, the width of the partition 5 fattened by pressing in the second melting
process of melting the air passage by melting the partition, and the like. Further,
with regard to the shape of the opposite ends of the parts of the partition 5 from the
ends connected to the frit seal 4, for example, the opposite ends of the parts of the
partition 5 may be formed as straight portions extending in different directions, and
at least parts of the straight portions are arranged in substantially parallel at a
predetermined distance. In summary, it is possible to use various configurations in
which the partition formed continuously includes parts arranged at the
predetermined distance, and the interval between the parts serves as the air passage

to be closed when the partition is flattened by pressing in the second melting process.

[0070]
FIG. 9is an enlarged plan illustrating a primary part of the multiple pane including
the partition of the second modification which exemplifies another configuration of the

partition provided with the air passage.

[0071]

The partition 5 of the second modification shown in FIG. 9 includes: two partial
partitions e with one ends connected to the frit seal 4: an interval 5f defined by a gap
between other ends of the two partial partitions be which are opposite from the one
ends connected to the frit seal 4; and a sealing part 5g longer than the interval 5f

formed on at least one of both sides of the interval 5f.

[0072]

The partition 5 of the second modification shown in FIG. 9 includes at its central part
the interval 5f with a predetermined length greater than the width of the slit 5a of the
partition 5 shown in FIG. 8. By way of one example, the predetermined length is

greater than the application width of the partial partition Se.
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[0073]

In the partition 5 shown in FIG. 9, the interval 5f formed in the central part is formed
to have a length greater than the width of the slit 5a shown in FIG. 3, and the sealing
part bg for closing the interval 5f is disposed in a vicinity of the interval 5f. The
accuracy necessary for the length of the interval 5fis not so high. Hence, even when
the application formation process of the partition 5 is simplified more than a process
of forming the slit 5a shown in FIG. 3, it is possible to form the partition 5 including
the air passage allowing successful division of the space A into the outlet region B and

the reduced-pressure region C.

[0074]

Note that, in the partition 5 of the second modification shown in FIG. 9, the length of
the interval 5f, the length of the sealing part 5g, and the distance between the partial
partition 5e between the sealing part 5g are appropriately selected in consideration of
the material of the seal for the partition 5, the application formation method, the
application height, the temperature conditions in the second melting process, the

width of the partial partition 5e, and the like.

[0075]

In the case of using the partition of the first modification shown in FIG. 8 or the
partition of the second modification shown in FIG. 9, when the air passage formed in
the partition is closed to divide the space A into the outlet region B and the
reduced-pressure region C, the partition 5 is wider at its part 5h resulting from the
closure of the air passage, as shown in FIG. 10. When the width of the partition 5 is
increased more than necessary, the partition 5 can be easily perceived when the
finished product of the multiple pane 1is viewed. Further, there may be a problem
that when melted the partition 5 may spread and leak out through the outlet 7. For
this reason, it is preferable that the width of the part 5h of the partition 5 in which

the air passage is closed is sufficiently controlled by adjusting the condition for
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application and formation of the partition 5.

[0076]

As described above, the production method of multiple panes according to the first
embodiment of the present disclosure is described with reference to the instance
where the frit seal serving as the hermetically-bonding member and the partition
serving as the region forming member are made by use of the same low-melting glass

frit.

[0077]

However, in the production method of multiple panes of the present embodiment, the
frit seal and the partition are not limited to being made of the same glass frit. For
example, the partition serving as the region forming member may be made by using
glass frit with a melting temperature higher than a melting temperature of the frit
seal serving as the hermetically-bonding member, for example. In more detail, the
glass frit used for the frit seal and the glass frit used for the partition have different
melting temperatures, and further the heating temperature in the first melting
process of melting the frit seal to hermetically bond the pair of glass panel is set to a
temperature which is equal to or more than the melting temperature of the frit seal
and is equal to or less than the melting temperature of the partition, and the heating
temperature in the second melting process of melting the partition to divide the space
A into the outlet region and the reduced-pressure region is set to a temperature which
is more than the melting temperature of the partition. By doing so, it is possible to
clearly distinguish by the temperature conditions the first melting process of melting
the frit seal to form the predetermined space between the pair of glass panels from
the second melting process of melting the partition to close the air passage to divide
the space between the pair of glass panels into the outlet region and the

reduced-pressure region.

28

7702971_1 (GHMatters) P98638.AU



10 May 2016

2013260930

10

15

20

25

30

[0078]

Alternatively, the hermetically-bonding member and the region forming member may
be made of seals which are other than glass frit and have different melting conditions.
As with this case, the hermetically-bonding member and the region forming member
are made of seals to be melted under different conditions, and only the
hermetically-bonding member is melted in the first melting process and only the
region forming member is melted in the second melting process. Therefore, it is
possible to avoid unexpected situations where the region forming member is
unfortunately melted in the first melting process, and the air passage is narrowed and
thus the evacuation efficiency for the space is likely to decrease, and in the worst case
the air passage is closed in the first melting process and thus the reduced-pressure

region cannot have a sufficiently reduced pressure.

[0079]

Note that, when each of the frit seal serving as the hermetically-bonding member and
the partition serving as the region forming member is made of low-melting glass frit,
the melting temperature of the glass frit can be adjusted by components, sizes, and
contents of glass powder used for the glass frit and metal power contained in the glass
frit, and/or adjusting concentration and content of a resin component used as a

solvent.

[0080]
(Second Embodiment)
The method of producing multiple panes of the second embodiment of the present

disclosure is described with reference to the drawings.

[0081]
The production method of multiple panes according to the second embodiment is
different from the production method of multiple panes of the aforementioned first

embodiment in that a formation height of a frit seal 4 serving as a
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hermetically-bonding member formed on a surface 2a of a rear glass panel 2 facing an
inside is lower than a formation height of a partition 5 serving as a region forming
member. Note that, in the following text relating to the present embodiment,
components common to the present embodiment and the first embodiment are
designated by the same reference signs, and detailed explanations thereof may be

omitted.

[0082]

FIG. 11 and FIG. 12 are diagrams for describing the production method for the
multiple pane of the second embodiment. FIG. 11 is a plan illustrating a state in
which the rear glass panel 2 and the front glass panel 8 have not been hermetically
bonded with the frit seal 4 yet. FIG. 12 is a section illustrating a state in which the
rear glass panel 2 and the front glass panel 3 have not been hermetically bonded with
the frit seal 4 yet. FIG. 12 is a view illustrating a sectional structure taken along
line Z-7'in FIG. 11. FIG. 11 is similar to FIG. 3 relating to the first embodiment.

FIG. 12 is similar to FIG. 4 relating to the first embodiment.

[0083]

As shown in FIG. 11 and FIG. 12, in the production method of multiple panes 1 of the
present embodiment, the frit seal 4 in a frame shape serving as the
hermetically-bonding member is applied on a peripheral portion of a front surface 2a
of the rear glass panel 2, which is a surface facing the front glass panel 3. Further,
the outlet 7 penetrating through the glass panel 2 is formed in a corner of the rear
glass panel 2.  Additionally, an evacuation pipe 8 is provided to a rear surface 2b of

the glass panel 2 to be connected to the outlet 7.

[0084]
The partition 5 serving as the region forming member is formed on the front surface
2a of the glass panel 2 so as to surround the outlet 7 together with the frit seal 4. In

the present embodiment, the same low-melting frit glass is used for the frit seal 4
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hermetically bonding the pair of glass panels 2 and 3 and the partition 5. However,
an application height of the frit seal 4is 1 mm by way of one example, and an
application height of the partition 5 is 0.5 mm by way of one example, and in short,
the application height of the partition 5 is smaller than the application height of the

frit seal 4.

[0085]

Note that, in the process of dividing the space between the glass panels 2 and 3 by the
partition 5 described later, the application height of the frit seal 4 and the application
height of the partition 5 can be appropriately selected to an extent that melting of the
frit seal 4 and the partition 5 can be controlled. However, it is necessary that the
application height of the partition 5 is greater than the height (e.g., 100 pm = 0.1 mm)
of the spacer 6 arranged at predetermined intervals on the surface 2a of the glass
panel 2 facing the inside. For example, in a case where the frit seal 4 and the
partition 5 are made of material which has relatively high fluidity when melted, the
application height and width of the frit seal 4 are 0.5 mm and 5 mm, respectively and
the application height and width of the partition 5 are 0.2 mm, and 3 mm,
respectively, while the height of the spacer 61is 0.1 mm. The paste used for forming
the frit seal 4 and the partition 5 may be made of a bismuth-based seal frit paste,
which is described in the text relating to the first embodiment, including: 60 to 75 %
of a glass component which is composed mostly of bismuth oxide and includes 70 % or
more of BizOs, 5 to 15 % of each of B:O3 and ZnO, and 10 % or less of other
components; 20 to 30 % of zinc-silica oxide; and 5 to 15 % of a mixture of organic
substances such as ethylcellulose, terpineol, and polyisoutyl methacrylate. This frit

glass has a softening point of 434 °C.

[0086]
FIG. 12 shows an assembly where the frit seal 4 and the partition 5 have not been
melted yet, and thus the front glass panel 3 is disposed on the frit seal 4 having the

largest application height.
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[0087]

This assembly is subjected to the first melting process in the furnace under the
configuration conditions shown in FIG. 5 described in the text relating to the first
embodiment, for example. Through the first melting process, the frit seal 4 is melted
and thus the glass panel 2 and the glass panel 3 are hermetically bonded. Further,
through the first melting process, the frit seal 4 is melted, and thus the height of the
frit seal 4 is decreased and the width of the frit seal 4 is increased. Hence, the
distance between the front glass panel 3 and the rear glass panel 2 is slightly
decreased. However, as described in the text relating to the first embodiment, the
maximum achieving temperature in the first melting process is 450 °C which is
slightly higher than the melting temperature of 434 °C of the low-melting glass frit for
forming the frit seal 4 and the partition 5, and therefore changes in shape of the frit
seal 4 and the partition 5 caused by melting are relatively small. Therefore, after the
first melting process, a gap between the top of the partition 5 and the glass panel 3
caused by a difference in thickness between the frit seal 4 and the partition 5 has still
existed, and thus the space formed between the pair of glass panels has been still one

continuous space.

[0088]

Next, the evacuation process shown in FIG. 5 is conducted, and therefore the space is
in a reduced-pressure state in which the degree of vacuum is 0.1 Pa or less. As
described above, the gap remains between the glass panel 3 and the top of the
partition 5, and therefore the whole of the inside space A has the predetermined

degree of vacuum.

[0089]
Thereafter, as shown in FIG. 5, the second melting process having the achieving
temperature of 465 °C which is higher than the achieving temperature of the first

melting process is conducted. According to this second melting process, the frit seal 4
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is further melted. The evacuation of the inside space A continues, and therefore
intense external force causing a decrease in the distance between the glass panel 3
and the glass panel 2 acts, and consequently, the distance between the glass panels 2
and 8 is decreased until it is equal to the height of the spacer 6. As a result of this
second melting process, the partition 5 is in contact with both the glass panel 2 and
the glass panel 3, and therefore the space A is divided by the partition 5 into the
outlet region B on the outlet side and the reduced-pressure region C other than the
outlet region. Note that, also in the present embodiment, in the second melting
process, mechanical pressing force may be applied to at least one of the glass panels to

decrease the distance between the glass panels, if necessary.

[0090]

The subsequent processes are same as those of the first embodiment. In other words,
after the vacuum pump is detached and the pressure of the outlet region B becomes
the atmospheric pressure like outside air, an evacuation pipe 8 is removed. In this
regard, the reduced-pressure region C is kept in the reduced-pressure state, and thus
it is possible to obtain the finished product of the multiple pane 1 shown in FIG. 1 and

FIG. 2 like the production method of the first embodiment.

[0091]

As described above, in the production method of multiple panes of the second
embodiment, the application height of the partition 5 serving the region forming
member is smaller than the application height of the frit seal 4 serving as the
hermetically-bonding member. Therefore, the entire inside space formed between
the pair of glass panels 2 and 3 hermetically bonded can be made be in the
predetermined reduced-pressure state, and then divided into the outlet region and the

reduced-pressure region.

[0092]

Note that, in the description relating to the above present embodiment, the frit seal 4
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and the partition 5 are made of the same low-melting glass frit, for example.
However, also in the present embodiment, the frit seal 4 may be made of material
having its melting temperature lower than the melting temperature of the

low-melting glass frit for forming the partition 5.

[0093]

Further, in the production method described in the text relating to the present
embodiment, to successfully ensure the desired gap between the glass panel 8 and the
top of the partition 5, the following method can be used. In this method, at least one
stopper for keeping the distance between the glass panel 8 and the glass panel 2 not
less than a predetermined value may be disposed outside a region on which the frit
seal 4 is applied. The stopper is used in the first melting process to keep the
predetermined distance, and thereafter in the second melting process the stopper is
removed. Thereby, the distance between the glass panel 3 and the glass panel 2

becomes the predetermined distance determined by the spacer 6.

[0094]

Further, like the first embodiment, the configuration conditions of the melting process
and the evacuating process in the present embodiment may be the other configuration
conditions, shown in FIG. 7 with regard to the first embodiment, where the
temperature of the hermetically bonding glass is decreased down to the room
temperature after the first melting process and then the second melting process is

conducted after the evacuating process is conducted outside the furnace.

[0095]

As described above, according to the production method of multiple panes of the
present disclosure, the space formed between the pair of glass panels can be made be
in the reduced-pressure state, and thereafter divided by the region forming member
into the outlet region including the outlet and the reduced-pressure region other than

the outlet region. Hence, it is possible to produce by a simplified process, a multiple
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pane which includes the reduced-pressure region and therefore can have the same
properties as a multiple pane having the inside space with the reduced pressure, and
nevertheless does not include the evacuation pipe which is a protrusion protruded
from a glass panel. Particularly, it is obvious that by making the outlet region
smaller as possible and the reduced-pressure region larger as possible the multiple
pane with superior advantageous effects given by the production method according to

the above present disclosure can be obtained.

[0096]

Note that, in the above description, the hermetically-bonding member and the region
forming member are made of material which melts and changes its shape when
heated, such as glass frit. However, the hermetically-bonding member and the
region forming member may be made of various types of materials which solidify into
a predetermined shape in response to stimuli such as rays of light such as ultraviolet
rays. In this case, a high temperature process including the first melting process and
the second melting process as described in the text relating to the above present
embodiment is unnecessary, and production equipment for multiple pane can be

greatly simplified.

[0097]

Further, in the text relating to the aforementioned first embodiment, the air passage
formed in the region forming member is exemplified by an air passage making planar
separation such as a slit and an interval between parts of the region forming member.
However, depending on material of the region forming member and methods of
changing in shape and solidifying the material, the air passage may be constituted by

a through hole penetrating through the region forming member.

[0098]
Further, with regard to the production methods of multiple panes of the first

embodiment and the second embodiment, in the examples described with referring to
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with reference to FIG. 5 and FIG. 7 for the configuration conditions of the melting
process and the evacuating process, the temperature of the hermetically bonded glass
panels is decreased temporally after the first melting process and then the evacuating
process is conducted. However, in the production method of multiple panes of the
present disclosure, it is possible to use configuration conditions where after the first
melting process, the temperature of the pair of glass panels hermetically bonded is not
lowered but is kept or is increased and then the evacuating process is conducted and
thereafter the second melting process using higher temperature than the first melting
process is conducted. By doing so, it is possible to shorten lead time for the melting
process and the evacuating process. Note that, to perform the evacuating process
without decreasing the temperature of the hermetically bonded glass panels, it is very
important that the reduced-pressure region formed by dividing the space between the
pair of glass panels is made be in a sufficiently reduced pressure state by accurately

controlling the timing of closing the air passage formed in the region forming member.

[0099]

Further, in the production method of multiple panes of the first embodiment and the
second embodiment, with regard to a case where the partition serving as the region
forming member is made of material with a different melting point from material of
the hermetically-bonding member or has a different application height from the frit
seal, an example in which part is constituted by the region forming member in the
same state except the hermetically-bonding member disposed at the peripheries of the
pair of glass panels is described. However, in the production method of multiple
panes of the present disclosure, in order to maintain the inside space A as one
continuous space after completion of the first melting process, the region forming
member may be made so that one part of the region forming member is made of
material with a different melting point from material of the hermetically-bonding
member and the air passage is formed in this part and another part of the region
forming member is made of the same material as the hermetically-bonding member.

Further, in a similar manner, the region forming member may have one part with a
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smaller application height than the hermetically-bonding member and another part
with the same application height as the hermetically-bonding member. Further, the
material and the application height of the region forming member may be different

from those of the hermetically-bonding member.

[0100]
FIG. 13 is a diagram illustrating the state of the region forming member of the
finished product of the multiple pane produced by the production method according to

the present disclosure.

[0101]

FIG. 138 shows a photograph of a sample low-melting glass frit parts 21 arranged with
a slit 22 with a predetermined length in-between are melted in the melting process
and thereby slit is closed by melted part 23. In more detail, the low-melting glass frit
parts are made of the paste described in the texts relating to the first and second
embodiments, the application width is 5 mm, the slit width is 2 mm, and the
application height is 0.5 mm. The sample was prepared by subjected to the melting
process at 465 °C for 30 minutes in a furnace. Note that, the glass panels are two
soda-lime glass panels with a thickness of 3 mm. In the melting process, external
force causing a decrease in a distance between the pair of glass panels was not applied.
Further, in the sample shown in FIG. 13, to facilitate taking photographs, the glass
frit parts 21 with the slit 22 in-between were formed at peripheral regions of the glass

panels.

[0102]

As shown in FIG. 13, after melting of glass frit, the part 21 which is preliminarily
formed by application has a relatively light color, and the part 23 which is melted and
is solidified has a relatively dark color, and thus it is possible to distinguish the part
21 from the part 23. As a result of check by the present inventors with microscopes,

it is acknowledged that the part of low-melting glass preliminarily applied shows a
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pattern of fine particles whereas the part low-melting glass which was melted and
flowed once shows a pattern of fine lines. It is considered that these patterns are
formed by glass fine particles and pores contained in the low-melting glass frit paste.
Further, it is considered that a difference between these patterns depends on amounts
of movement from the original application position. It is considered that such a
difference in surface states causes a difference in color which can be observed with

naked eyes.

[0103]

As apparent from the above, with regard to the low-melting glass frit, the part which
was preliminarily applied and the part which was once melted and liquefied and
again was solidified are in different surface states. Even in the finished product of
the multiple pane, the difference between the surface states appears as a difference in
color by irradiation with particularly intense light. Further, in a case where the
parts of low-melting glass frit have different application heights, such a difference
between the parts may appear as a difference in the section of the finished product,
and especially appear as a difference in a width of the section or the degree of spread
of a portion in contact with the glass panel. As understood from the above, the
multiple pane produced by the production method of multiple panes of the present
disclosure can be identified from multiple panes produced by other methods, based on
whether the multiple pane includes the outlet region with the external pressure and
the reduced-pressure region kept in the reduced-pressure state, and observation of the

state of the region forming member between the two regions.

[0104]

Further, a method of melting the hermetically-bonding member and the region
forming member may include laser sealing of fusing particular parts of the
hermetically-bonding member and the region forming member by heating with laser,
in addition to a method of placing the whole of glass panels inside the furnace as

described in the texts relating to the embodiments, for example. According to a
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method of fusing particular parts of the hermetically-bonding member and the region
forming member by applying predetermined heat from outside by laser sealing or
other method, it is easy to selectively melt the hermetically-bonding member and the
region forming member at predetermined regions. Hence, it can be expected that
melting control in the production process where only the hermetically-bonding
member is melted in advance and then the region forming member is melted is
successfully conducted. Further, in a case where the hermetically-bonding member
is melted and bonded in the furnace and thereafter the inside space is evacuated and
then the region forming member is melted by laser sealing so as to divide the inside
space into the outlet region and the reduced-pressure region, it is possible to produce

multiple pane at a lowered cost and with a simplified device.

[0105]

Further, in the texts relating to the above embodiments, a method of disposing the
spacers on the region surrounded by the hermetically-bonding member to keep the
gap between the pair of glass panels is described. Alternatively, height keeping
member corresponding to the spacer may be disposed at a region where the

hermetically-bonding member is formed.

[0106]

FIG. 14 relates to a case where glass beads serving as the height keeping member
with the same height as the spacer are disposed at a region where the frit seal serving
as the hermetically-bonding member is formed, and shows a cross section illustrating
a state in which the region forming member is melted and the inside space is divided.
Like FIG. 6 used for explanation of the first embodiment, FIG. 14 shows the multiple

pane in which the frit seal and the partition is melted perfectly once.

[0107]
As shown in FIG. 14, with regard to the region where the frit seal 4 is formed,

spherical glass beads 9 with a diameter equal to the height of the spacer 6 are
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disposed. In this case, it is possible to reduce a difference in the distance between
the pair of glass panels 2 and 3 between a part at which the spacers 6 are disposed
and a peripheral part at which the glass frit 4 is formed. By doing so, it is possible to
successfully prevent a curve of the finished product of the pair of glass panels 2 and 3,
and thus residual stresses of the glass panels 2 and 3 can be reduced and the strength
of the multiple pane can be improved. Further, it is possible to avoid a problem
where the distance between the glass panels 2 and 3 becomes smaller than the
predetermined distance at the region at which the frit seal 4 is applied, and thus the
frit seal 4 is pressed and flattened and thereby widened, and consequently the frit

seal 4 can be easily perceived by a user, for example.

[0108]

Note that, as a method of disposing the height keeping member at the region at which
the hermetically-bonding member is formed, it is possible to use a method of mixing
the glass beads 9 in the paste for application of the frit seal 4, and disposing the glass
beads 9 at the same time of applying the frit seal 4. Further, the height keeping
members may be disposed in advance at the region at which the frit seal 4 is formed,
by a dispersion method similar to the method of disposing the spacers 6 or
photolithography at the same time of disposing the spacers, and thereafter the frit

seal 4 can be applied to cover the height keeping member.

[0109]

The height keeping member described in FIG. 14 is disposed at the region at which
the hermetically-bonding member is formed, and thus differently from the spacers,
problem in which the height keeping member is perceived by a user and causes poor
appearance of the multiple pane is less likely to occur. Hence, the height keeping
member may be cylindrical member with the relatively large area or continuous
member with a predetermined length in a peripheral direction of the glass panel like
the partition. With regard to a method of disposing and forming such a height

keeping member with the large area in a plan view, the aforementioned
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photolithography is preferable. Further, depending on the size of the multiple pane
and the thickness of the glass panel, it is possible to produce the multiple glass which

includes the height keeping member but does not include the spacers.

[0110]

Further, in the texts relating to the above embodiments, an example in which one
outlet formed at a vicinity of a corner of one glass panel is used as the outlet formed in
the glass panel is described. However, the number of outlets is not limited to one.
For example, in the case of the multiple pane with the large area, in view of
evacuation efficiency, two or more outlets may be formed.  In this case, two or more
region forming members are disposed to surround the respective outlets, and then the
inside space is divided into two or more outlet regions and one reduced pressure
region or in some cases two or more reduced pressure regions. In a case where two or

more outlets are formed, at least one outlet may be formed in each of glass panels.

[0111]

Further, instead of forming the outlet in the glass panel, a predetermined gap is
provided to the hermetically-bonding member formed between the peripheries of the
glass panels, and air can be evacuated from the inside space by using this gap as the
outlet. Particularly, in the production method of multiple panes of the present
disclosure, the space between the pair of glass panels is divided by the region forming
member, and thus there is no need to keep the outlet region in the reduced-pressure
state with regard to the finished product. Therefore, for example, an interval similar
to the interval described as the air passage of the region forming member may be
formed in the hermetically-bonding member. Alternatively or additionally, a hollow
cylindrical member may be disposed in the hermetically-bonding member instead of
the spherical glass bead as the height keeping member so as to penetrate the
hermetically-bonding member, and the inside space of the hollow cylindrical member
may be used as the outlet. Note that, two or more outlets may be formed in the

hermetically-bonding member, and alternatively, at least one outlet may be formed in
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each of the glass panel and the hermetically-bonding member.

[0112]

Further, in the texts relating to the above embodiments, the method of connecting the
evacuation pipe to the outlet and reduce the pressure of the inside space with the
evacuation pipe is described. Use of the evacuation pipe facilitates connection with
the vacuum pump, and thus the pressure of the space between the pair of glass panels
can be reduced by a conventional evacuation method. However, the evacuation pipe
is dispensable for evacuating the space between the pair of glass panels. For
example, by hermetically connecting the vacuum pump to the hermetically bonded
glass panels with a ring member with predetermined flexibility allowing the ring
member to be in close contact with a surface of the glass panel at a vicinity of a part
in which the outlet is formed, the inside space can be made be in the reduced-pressure

state without using the evacuation pipe.

[0113]

Further, in the multiple pane produced by the production method of multiple panes of
the present disclosure, already established techniques of multiple panes such as
forming functional films made of organic or inorganic material in order to give various
types of optical functions such as reflection prevention and absorption of ultraviolet or
thermally insulating properties to the glass panels can be added or applied. For
example, by coating a front surface or a rear surface of at least one of the glass panels
constituting the multiple pane with a thin film made of oxide such as tin oxide (SnOy),
indium tin oxide (ITO), and zinc oxide by a conventional method such as CVD
(chemical vapor deposition) or a film of silver and oxide layers stacked alternately by
a sputtering device, an infrared reflection film reflecting a large amount of light in an
infrared region can be provided, and thus the thermally insulating properties of the
multiple pane can be improved. Further, in this case, when the space has a hollow
structure, or is of low thermal conductive material, it is possible to obtain the multiple

pane with higher thermally insulating properties.
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[0114]

Further, it is possible that a getter member for improving a degree of vacuum is
disposed in an inside space A of a multiple pane. Further, a multiple pane with a
curved shape as a whole can be realized by use of curved glass panels curved in one

direction or two or more directions as glass panels constituting a multiple pane.

[0115]

Furthermore, it is possible to form a multiple pane in which three or more glass
panels are stacked at predetermined intervals as a whole by replacing at least one of
the pair of glass panels by another multiple pane. In this case, it is sufficient that at
least one part of a stacked multiple pane in the thickness direction may be a multiple
pane produced by the production method of the present disclosure. Therefore, a
multiple pane produced by the production method of the present disclosure may be
used in various ways, and for example, a multiple pane where a space between glass
panels is filled with inert gas, a multiple pane produced by the production method of
the present disclosure or another method, or a multiple pane in which glass panels
are stacked at predetermined intervals but spaces therebetween have atmospheric
pressure may be stacked on a multiple pane produced by the production method of the

present disclosure.

[0116]

The multiple panes produced by the production method of multiple panes of the
present disclosure as described above have high thermally insulating effects, and can
be preferably applied to window panes as eco-glass easy in handling. Further, for
example, when multiple panes produced by the production method of multiple panes
of the present disclosure are disposed in doors of refrigerators and freezers, the
multiple panes have high thermally insulating effects, and thus allow check of insides
of refrigerators and freezers without interfering functions of refrigerators and freezers.

Hence, it is expected that the multiple panes are used in household and business.
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Note that, techniques of dividing the glass panel while keeping the evacuated space in
the reduced-pressure state in accordance with the present disclosure can be applied to,
in addition to multiple panes, display devices prepared by evacuating predetermined
spaces, such as plasma display panels and fluorescent indication devices, and it is
possible to produce finished products of display devices devoid of protrusions such as

evacuation pipes like products of the present disclosure.

Industrial Applicability

[0118]

As described above, it is possible to produce multiple panes easy in handling in a
simplified manner, and therefore the production method of multiple panes of the

present disclosure is useful.

[0119]

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the

invention.

[0120]
It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.
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The claims defining the invention are as follows:

1. A production method of multiple panes comprising:

a first melting process of setting a desired temperature of a furnace to a
temperature causing melting of a hermetically-bonding member to thereby
hermetically bond, with the hermetically-bonding member, peripheries of paired glass
panels disposed facing each other at a predetermined distance to form a space to be
hermetically enclosed between the glass panels:

an evacuating process of evacuating air from the space through an outlet to
make the space be in a reduced-pressure state; and

a second melting process of setting, while the space is being evacuated after
the space is made be in the reduced-pressure state, the desired temperature of the
furnace to a temperature causing melting of a region forming member inside the space
to thereby divide the space by the region forming member into an outlet region
including the outlet and a reduced-pressure region other than the outlet region,

the region forming member including an air passage interconnecting the outlet
region and the reduced-pressure region under a condition where the space is formed,

after the space is made be in the reduced-pressure state, the space being
divided into the outlet region and the reduced-pressure region by closing the air
passage,

a partition serving as the region forming member being formed on a front
surface of one of the glass panels so as to surround the outlet together with the
hermetically-bonding member,

during the evacuating process, the desired temperature of the furnace being
kept lower than the temperature causing melting of the hermetically-bonding member,
and

the hermetically-bonding member and the partition being made by use of the

same low-melting glass frit.

2. The production method of multiple panes of claim 1, wherein
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the partition is formed on the front surface of the glass panel so that ends of
the partition are connected to the hermetically-bonding member so as to surround the

outlet together with the hermetically-bonding member.

3. The production method of multiple panes of claim 1 or 2, wherein:

the air passage is an interval of the region forming member formed in a
discontinuous shape; and

after the space is made be in the reduced-pressure state, the interval is closed

by melting the region forming member.

4. The production method of multiple panes of any one of claims 1 to 3, wherein:
after the space is formed by conducting melting inside a furnace to melt the
hermetically-bonding member, and subsequently the space is made be in the
reduced-pressure state outside the furnace, the space is divided into the outlet region
and the reduced-pressure region by conducting again melting inside the furnace to

melt the region forming member.

5. The production method of multiple panes of any one of claims 1 to 4, wherein

the outlet is formed in at least one of the pair of glass panels.

6. The production method of multiple panes of any one of claims 1 to 5, wherein:

the space is made be in the reduced-pressure state by use of an evacuation
pipe connected to the outlet; and

the evacuation pipe is removed after the space is divided into the outlet region

and the reduced-pressure region.

7. The production method of multiple panes of any one of claims 1 to 6, wherein
a spacer for keeping a gap between the pair of glass panels is disposed on a

surface of at least one of the pair of glass panels.
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8. The production method of multiple panes of any one of claims 1 to 7, wherein
a height keeping member for keeping a gap between the pair of glass panels is

disposed at a portion on which the hermetically-bonding member is to be formed.

9. The production method of multiple panes of claim 7 or 8, wherein
at least one of the spacer and the height keeping member is formed by

photolithography.

47

7702971_1 (GHMatters) P98638.AU



P638068

1/14

-
S-g
-9

3]
od

{ ! f !
% + v £
e e e e e e 1 At e e i P S L .
y; \ \ \ ™
o e e e e e o o o e+ et e e e e e e e e e e e e S SIS
m i ! Wy
i | -~ PN PN PN \A ~ %\ \.A i “
i “ ./ (o s s s 7 / \ A
-~
“ ! .Jf/.... ! /;w
¢ | At SN
1 | o~ ~add [
A Y b Pk -~ -~ -

i “ O 5 . 9 i s " “
I I
1 t
} |

[ b~
% i _ . .\._ _—l
b A -~ el el -~
! w i D] O > 3 O “ |
N Lo
i i
i m " M
-y Lak -~ - - Ll
! ! i ) O o » O i
[ b
L P
O < » ® & e o
|
P Eo
P! i
P! “ w
TN e ¥ N —, EalY ~
¢ “ L L N L) L_r .ru " j
t L ;|
ﬂ T, i, A bt e v e . . e S (e o e YA T I T W e — — — — —— ———— ———— ——— T $]s O] Wl i e e —— e h
\
~ \\
3

[ 914



P638068

2/14

¢ Il



P638068

3/14

14 9
{ !

g {

rd L] ]
\\‘lll lllllllllllllllllll Y S G i S G fm—————— —— *l'l}ll'll'llil“‘l'vﬁ/‘”f!/
i ﬁ\tiiti lllllllllllllllllll Illiiil.ll:ii.li/m. !!!!!!!! JJII!.MI n.....J _

! i /
t | ¢ ! \.LMw b
(N > W ' % g AWy

-/ - 7 »; _7 L’ \ WA
— _ //\v ._(.‘\ m —
| I 'l Pt
i | AR P

~ e,
i v o~
b ' ' ' 3 ' ' \ Tl
| »; » 7 7 ®: » Sl
[ I
I I 1
B B
._ N .\-J. Lok Pk Y \-./ _
I 7 4 L s L 4 7 I
| [
[ [
11 I
“ “ -~ o - -~ P -, “ “
1_s i/ s (s L i/
1§ i1
11 i1
11 t 1
P |
” 1 - ek ey Ll ety - { _
il i) L/ i LI i, t.7 {1
il 11
[ 11
i i
_ LY Lah e o, ~ Ll m

1 L L/ .7 (. L./ 2 P g
P [
/_ N e WAL G AL Mt s hass A A R A M R S AR W e WAl i Al BN B i S W mauh bl kibha A S ko e Joa, L WO Rt e ek Sn SO W M S LU R hok \

N ML MR R L L Al Ml b e Ao st e el e sk s

_—

7

(1]

~\} ,

& 914



P638068

4/14

¥

Z

4

i g

e

e S e

L

Y ~
/Z
NN

|

R N R A A A R A T R AR R R A .
T N e N e A N S A T R L LS R NN
~4 A Z Z) Z %

2

h

~—F

147

I s 7

e
S
».\ \\\.

£

eg

= s r—r— yrz —y ey 4 .
‘\s‘\\ s \\ 7/, \_\ S . \.\ s, \\ S, \\ Yy \\ e \\.

s v s S S s S, 9. ¥4
# s S \\ s \\ RO s \\ R \\ R4 \\ RSS9 &4

9

)
g

w
g

y 914



P638068

5/14
FIG. 5
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FIG. 7
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FIG. 13
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