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(57) ABSTRACT

A laminated glass for a side window including a first glass
substrate, a second glass substrate, and an interlayer film
disposed between the first glass substrate and the second
glass substrate, wherein the first glass substrate and the
second glass substrate have a total thickness of 5 mm or less,
and the first glass substrate is located on a vehicle exterior
side and is thicker than the second glass substrate and has a
thickness of 2 mm or more.
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LAMINATED GLASS FOR SIDE WINDOWS

TECHNICAL FIELD

[0001] The present invention relates to a laminated glass,
and more specifically to a laminated glass for side windows.

BACKGROUND ART

[0002] Laminated glass is less likely to scatter even when
scattered by external impact and thus is safe, and therefore
has been widely used for windshield and the like of auto-
mobiles. Laminated glass usually having a pair of glass
plates integrated through an interlayer film for glass made of
a thermoplastic resin and the like has been widely known.
[0003] For laminated glass, thinning of glass plates has
been attempted for the purpose of reduction of weight, and
making one of the two glass plates thinner than the other has
been considered. Thinning of glass plates results in degra-
dation of various properties such as sound insulation prop-
erties and optical properties, and PTLs 1 to 3 and the like
have proposed a wide range of improvements for laminated
glass used for windshield and the like.

[0004] PTL 1 discloses that by setting the thickness of the
inner glass plate to 0.4 to 2.0 mm and the thickness of outer
glass plate to 1.8 to 2.3 mm and setting the Young’s modulus
of the core layer to 1 to 20 MPa, which is smaller than the
Young’s modulus of other layers, in an interlayer film with
a multilayer structure, transmittance of infrared rays can be
in a predetermined range while improving sound insulation
properties.

[0005] PTL 2 discloses that both light weight and sound
insulation can be achieved in laminated glass in which the
inner glass plate is thinner than the outer glass plate and
which has an interlayer film with a core layer and an outer
layer, by setting the Young’s modulus of the core layer to be
smaller than that of the outside outer layer and the inside
outer layer, and by making the thickness of the outside outer
layer smaller than that of the inside outer layer.

[0006] Furthermore, PTL 3 attempts to make relative light
intensity small in order to reduce optical distortion.

CITATION LIST

Patent Literature

[0007] PTL 1: JPA 2015-151308
[0008] PTL 2: JPA 2015-168592
[0009] PTL 3: JPA 2014-500816
[0010] SUMMARY OF INVENTION
Technical Problem
[0011] Although single layer glass is often used for auto-

mobile side windows, laminated glass is used in some cases
to improve safety and sound insulation properties. In recent
years, thinning of glass plates has also been attempted for
laminated glass for side windows. However, a glass plate
with reduced thickness may flap because the edge of a side
window is not supported by the body when the window is
opened. Flapping due to reduced thickness of the glass plate
becomes great in high speed running, and the trouble is that
when an opened window is closed during traveling, the side
window may not be fitted in the door frame.

[0012] In particular, when laminated glass is designed to
have sound insulation properties, a resin layer with low
Young’s modulus is often provided in the interlayer film as
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disclosed in, for example, PTLs 1, 2, and troubles like
flapping described above are more likely to occur. Thus, in
practice, further improvement of flexural rigidity is required
for laminated glass for side windows in which the thickness
of the glass plate is reduced.

[0013] In such circumstances, an object of the present
invention is to provide a laminated glass with high flexural
rigidity suitable for side windows even when the glass plate
is thinned and when for example, an interlayer film with
high sound insulation properties is used.

Solution to Problem

[0014] The present inventors have conducted intensive
studies and as a result have found that a laminated glass
including layers having a different thickness is more advan-
tageous in terms of flexural rigidity than a usual laminated
glass in which two glass substrates have the same thickness.
Then, the present inventors have focused on the above
knowledge and found that the problem of the present inven-
tion can be solved by setting the thickness of the glass
substrate on a vehicle exterior side at a constant value or
more even when two glass substrates have a total thickness
of as thin as 5 mm or less, and have completed the present
invention.
[0015] The gist of the present invention is as shown in the
following [1] to [42].
[0016] [1] A laminated glass for a side window, compris-
ing a first glass substrate, a second glass substrate, and an
interlayer film disposed between the first glass substrate and
the second glass substrate, wherein
[0017] the first glass substrate and the second glass
substrate have a total thickness of 5 mm or less, and
[0018] the first glass substrate is located on a vehicle

exterior side and is thicker than the second glass

substrate and has a thickness of 2 mm or more.
[0019] [2] The laminated glass for a side window accord-
ing to [1] above, wherein

[0020] the interlayer film comprises at least a first resin
layer, and
[0021] the first resin layer has a Young’s modulus at 23°

C. of less than 1 MPa.
[0022] [3] The laminated glass for a side window accord-
ing to [2] above, wherein
[0023] the interlayer film further comprises a second
resin layer provided on one surface of the first resin
layer, and
[0024] the second resin layer has a Young’s modulus at
23° C. of higher than the Young’s modulus at 23° C. of
the first resin layer.
[0025] [4] The laminated glass for a side window accord-
ing to [3] above, wherein
[0026] the interlayer film further comprises a third resin
layer provided on the other surface of the first resin
layer, and
[0027] the third resin layer has a Young’s modulus at
23° C. of higher than the Young’s modulus at 23° C. of
the first resin layer.
[0028] [5] The laminated glass for a side window accord-
ing to any one of [1] to [4] above, wherein a ratio of the
thickness of the first glass substrate to the total thickness
(thickness of the first glass substrate/total thickness) is 0.6 or
more.
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[0029] [6] The laminated glass for a side window accord-
ing to any one of [1] to [5] above, wherein the interlayer film
has an equivalent stiffness at 23° C. of 1.5 MPa or more.
[0030] [7] The laminated glass for a side window accord-
ing to any one of [1] to [6] above, wherein a ratio of the
thickness of the interlayer film to the thickness of the first
glass substrate (thickness of the interlayer film/thickness of
the first glass substrate) is 0.1 or more and 0.5 or less.
[0031] [8] The laminated glass for a side window accord-
ing to any one of [1] to [7] above, wherein

[0032] the interlayer film comprises at least the first

resin layer, and

[0033] the first resin layer comprises a filler.
[0034] [9] The laminated glass for a side window accord-
ing to [8] above, wherein the filler has a secondary average
particle size (d50) of 0.01 pm or more and 5 um or less.
[0035] [10] The laminated glass for a side window accord-
ing to [8] or [9] above, wherein the filler is at least one
selected from the group consisting of a silica particle and a
calcium carbonate particle.
[0036] [11] The laminated glass for a side window accord-
ing to any one of [8] to [10] above, wherein the content of
the filler in the first resin layer is 1 part by mass or more and
70 parts by mass or less based on 100 parts by mass of a
thermoplastic resin.
[0037] [12] The laminated glass for a side window accord-
ing to any one of [1] to [11] above, wherein the interlayer
film comprises at least the first resin layer and the first resin
layer comprises a polyvinyl acetal resin.
[0038] [13] The laminated glass for a side window accord-
ing to any one of [1] to [12] above, wherein

[0039] the interlayer film comprises at least the first

resin layer, and

[0040] the first resin layer comprises a plasticizer.
[0041] [14] The laminated glass for a side window accord-
ing to [13] above, wherein in the first resin layer, the content
of the plasticizer is 50 parts by mass or more and 100 parts
by mass or less based on 100 parts by mass of the thermo-
plastic resin.
[0042] [15] The laminated glass for a side window accord-
ing to any one of [1] to [14] above, wherein the first glass
substrate and the second glass substrate have a total thick-
ness of 2.6 mm or more.
[0043] [16] The laminated glass for a side window accord-
ing to any one of [1] to [15] above, wherein the first glass
substrate has a thickness of 4.2 mm or less.
[0044] [17] The laminated glass for a side window accord-
ing to any one of [1] to [16] above, wherein the second glass
substrate has a thickness of 0.5 mm or more and 2.2 mm or
less.
[0045] [18] The laminated glass for a side window accord-
ing to any one of [1] to [17] above, wherein the ratio of the
thickness of the first glass substrate to the total thickness
(thickness of the first glass substrate/total thickness) is 0.85
or less.
[0046] [19] The laminated glass for a side window accord-
ing to any one of [1] to [18] above, wherein the interlayer
film has a thickness of 0.1 mm or more and 2.0 mm or less.
[0047] [20] The laminated glass for a side window accord-
ing to any one of [1] to [19] above, wherein the interlayer
film comprises at least the first resin layer and the first resin
layer has a Young’s modulus at 23° C. of 0.3 MPa or more.
[0048] [21] The laminated glass for a side window accord-
ing to any one of [1] to [20] above, wherein the interlayer
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film comprises at least the first resin layer and the first resin
layer has a glass transition temperature of —=20° C. or more
and 15° C. or less.

[0049] [22] The laminated glass for a side window accord-
ing to any one of [1] to [21] above, wherein the interlayer
film comprises at least the first resin layer and the first resin
layer comprises a polyvinyl acetal resin in which the content
of hydroxyl groups is 17% by mole or more and 30% by
mole or less.

[0050] [23] The laminated glass for a side window accord-
ing to any one of [1] to [22] above, wherein the interlayer
film comprises the first resin layer and the second resin layer
provided on one surface of the first resin layer.

[0051] [24] The laminated glass for a side window accord-
ing to [23] above, wherein the second resin layer has a
Young’s modulus at 23° C. of 3 MPa or more and 700 MPa
or less.

[0052] [25] The laminated glass for a side window accord-
ing to [23] or [24] above, wherein the first resin layer has a
glass transition temperature lower than the glass transition
temperature of the second resin layer.

[0053] [26] The laminated glass for a side window accord-
ing to any one of [23] to [25] above, wherein the second
resin layer has a glass transition temperature of 0° C. or more
and 60° C. or less.

[0054] [27] The laminated glass for a side window accord-
ing to any one of [23] to [26] above, wherein the second
resin layer comprises a polyvinyl acetal resin.

[0055] [28] The laminated glass for a side window accord-
ing to [27] above, wherein the content of hydroxyl groups in
the polyvinyl acetal resin the second resin layer comprises is
25% by mole or more and 38% by mole or less.

[0056] [29] The laminated glass for a side window accord-
ing to any one of [23] to [28] above, wherein both the first
and the second resin layers comprise a polyvinyl acetal resin
and the content of hydroxyl groups in the polyvinyl acetal
resin the first resin layer comprises is smaller than the
content of hydroxyl groups in the polyvinyl acetal resin the
second resin layer comprises.

[0057] [30] The laminated glass for a side window accord-
ing to any one of [23] to [29] above, wherein the second
resin layer comprises a plasticizer and the content of the
plasticizer in the second resin layer is 10 parts by mass or
more and 50 parts by mass or less based on 100 parts by
mass of the thermoplastic resin.

[0058] [31] The laminated glass for a side window accord-
ing to any one of [23] to [30] above, wherein the content of
the plasticizer in the first resin layer based on 100 parts by
mass of the thermoplastic resin is higher than the content of
the plasticizer in the second resin layer based on 100 parts
by mass of the thermoplastic resin.

[0059] [32] The laminated glass for a side window accord-
ing to any one of [23] to [31] above, wherein the interlayer
film further comprises a third resin layer provided on the
other surface of the first resin layer.

[0060] [33] The laminated glass for a side window accord-
ing to [32] above, wherein the third resin layer has a Young’s
modulus at 23° C. of 3 MPa or more and 700 MPa or less.
[0061] [34] The laminated glass for a side window accord-
ing to [32] or [33] above, wherein the first resin layer has a
glass transition temperature lower than the glass transition
temperature of both the second and third resin layers.
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[0062] [35] The laminated glass for a side window accord-
ing to any one of [32] to [34] above, wherein the third resin
layer has a glass transition temperature of 0° C. or more and
60° C. or less.

[0063] [36] The laminated glass for a side window accord-
ing to any one of [32] to [35] above, wherein the third resin
layer comprises a polyvinyl acetal resin.

[0064] [37] The laminated glass for a side window accord-
ing to any one of [32] to [36] above, wherein the content of
hydroxyl groups in the polyvinyl acetal resin the third resin
layer comprises is 25% by mole or more and 38% by mole
or less.

[0065] [38] The laminated glass for a side window accord-
ing to any one of [32] to [37] above, wherein all the first,
second and third resin layers comprise a polyvinyl acetal
resin and the content of hydroxyl groups in the polyvinyl
acetal resin the first resin layer comprises is smaller than the
respective contents of hydroxyl groups in the polyvinyl
acetal resin the second and the third resin layers comprise.
[0066] [39] The laminated glass for a side window accord-
ing to any one of [32] to [38] above, wherein the third resin
layer comprises a plasticizer and the content of the plasti-
cizer in the third resin layer is 10 parts by mass or more and
50 parts by mass or less based on 100 parts by mass of the
thermoplastic resin.

[0067] [40] The laminated glass for a side window accord-
ing to any one of [32] to [39] above, wherein the content of
the plasticizer in the first resin layer based on 100 parts by
mass of the thermoplastic resin is higher than the respective
contents of the plasticizer in the second and the third resin
layers based on 100 parts by mass of the thermoplastic resin.
[0068] [41] An automobile side window comprising the
laminated glass for a side window according to any one of
[1] to [40].

[0069] [42] Use of the laminated glass for a side window
according to any one of [1] to [40] for an automobile side
window.

Advantageous Effects of Invention

[0070] The present invention can provide a laminated
glass with high flexural rigidity suitable for side windows
even when the glass plate is thinned and for example, an
interlayer film with high sound insulation properties is used.

BRIEF DESCRIPTION OF DRAWINGS

[0071] FIG. 1 is a cross-sectional view illustrating an
example of an interlayer film for laminated glass and lami-
nated glass.

[0072] FIG. 2 is a cross-sectional view illustrating an
example of an interlayer film for laminated glass and lami-
nated glass.

[0073] FIG. 3 is a cross-sectional view illustrating an
example of an interlayer film for laminated glass and lami-
nated glass.

[0074] FIG. 4 is a schematic view illustrating the method
for measuring flexural rigidity of laminated glass.

DESCRIPTION OF EMBODIMENTS

Laminated Glass

[0075] The laminated glass of the present invention is a
laminated glass used for automobile side windows, com-
prising a first glass substrate, a second glass substrate, and
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an interlayer film disposed between the first glass substrate
and the second glass substrate, and the first glass substrate
is located on a vehicle exterior side.

Thickness of Glass

[0076] In the present invention, the total thickness of the
first glass substrate and the second glass substrate is 5 mm
or less. When the total thickness is more than 5 mm, the
laminated glass is not regarded as thinner than usual lami-
nated glass for side windows, and lightweight and thinning
of glass cannot be achieved. The total thickness of the first
glass substrate and the second glass substrate is preferably
4.5 mm or less, and more preferably 4.2 mm or less from the
viewpoint of achieving lightweight and thinning of glass.
[0077] Furthermore, the total thickness of the first glass
substrate and the second glass substrate is preferably 2.6 mm
or more. When the total thickness is 2.6 mm or more, the
glass substrates surely have a certain thickness and design-
ing appropriate flexural rigidity of laminated glass is easy.
From the above point of view, the total thickness of the first
glass substrate and the second glass substrate is more
preferably 2.8 mm or more, further preferably 3.0 mm or
more, and still more preferably 3.7 mm or more.

[0078] In the present invention, the first glass substrate is
thicker than the second glass substrate and has a thickness of
2 mm or more. When the first glass substrate has a thickness
equal to or smaller than that of the second glass substrate or
has a thickness of less than 2 mm, obtaining resistance to
external impact while thinning the laminated glass is diffi-
cult, and achieving flexural rigidity required for side win-
dows is difficult. To obtain flexural rigidity suitable for side
windows while improving resistance to external impact, the
first glass substrate has a thickness of preferably 2.2 mm or
more, and more preferably 2.4 mm or more.

[0079] The first glass substrate needs to have a certain
thickness or less in order to achieve thinning and lightweight
of'laminated glass, and has a thickness of preferably 4.2 mm
or less, more preferably 3.6 mm or less, and further prefer-
ably 3.2 mm or less.

[0080] While the thickness of the second glass substrate is
not particularly limited as long as the total thickness of the
first and second glass substrates and the thickness of the first
glass substrate can be adjusted to the above predetermined
range, the second glass substrate has a thickness of, for
example, 0.5 mm or more, preferably 0.8 mm or more, more
preferably 1 mm or more, and further preferably 1.2 mm or
more in order to give certain mechanical strength to lami-
nated glass. It is preferable that the second glass substrate is
thin in order to achieve thinning and lightweight of lami-
nated glass, and the second glass substrate has a thickness of
preferably 2.2 mm or less, more preferably 1.9 mm or less
and further preferably 1.7 mm or less.

[0081] The ratio of the thickness of the first glass substrate
to the total thickness of the first and the second glass
substrates (thickness of the first glass substrate/total thick-
ness) is preferably 0.6 or more, and more preferably 0.65 or
more. When the ratio of thickness is 0.6 or more, excellent
flexural rigidity suitable for side windows is easily obtained
even in laminated glass having a total thickness of 5 mm or
less.

[0082] Furthermore, the ratio of thickness (thickness of
the first glass substrate/total thickness) is preferably 0.85 or
less, more preferably 0.80 or less, and further preferably
0.78 or less for the second glass substrate to have equal to
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or more than a certain thickness and to obtain mechanical
strength of the second glass substrate.

First Resin Layer

[0083] The interlayer film according to the present inven-
tion has at least the first resin layer. The first resin layer
needs to have high tan 9 at the glass transition temperature
in order to improve sound insulation properties. Since tan
and Young’s modulus are in a trade-off relationship, it is
preferable that the first resin layer has a Young’s modulus of
less than 1 MPa to provide sound insulation properties. The
first resin layer has a Young’s modulus of preferably 0.9
MPa or less, and more preferably 0.8 MPa or less from the
viewpoint of sound insulation properties.

[0084] Meanwhile, it is preferable that the first resin layer
has high Young’s modulus from the viewpoint of flexural
rigidity, and has a Young’s modulus of, for example, 0.3
MPa or more, preferably 0.4 MPa or more, more preferably
0.55 MPa or more and further preferably 0.65 MPa or more.

[0085] Young’s modulus may be adjusted by changing, for
example, the amount and the type of thermoplastic resin,
mixing of plasticizer, the amount and the type of the
plasticizer, mixing of filler or the amount and the type of the
filler in the first resin layer. Young’s modulus may also be
adjusted depending on the amount and the type of functional
groups that the thermoplastic resin has. For example,
Young’s modulus tends to be reduced when, for example, a
large amount of plasticizer is mixed. By contrast, Young’s
modulus may be increased when, for example, a large
amount of filler is mixed. Furthermore, in the case of using
a polyvinyl acetal resin, Young’s modulus tends to be
reduced when the amount of hydroxyl groups is reduced and
the average polymerization degree is reduced. Furthermore,
in the case of using an ethylene-vinyl acetate copolymer
resin, an ethylene-acrylic acid copolymer resin, an ionomer
resin, a polyurethane resin, a polyvinyl alcohol resin, a
thermoplastic elastomer or the like, Young’s modulus tends
to be reduced when the average polymerization degree is
reduced.

[0086] For the measurement of Young’s modulus, a speci-
men having a thickness of about 800 pm is fabricated from
a resin or a resin composition for forming the first resin layer
and a tensile test is performed in a thermostatic chamber at
23° C. at 200 mm/minute, and the slope in the small strain
region in the resulting stress-strain curve is determined to
obtain the Young’s modulus. Specific methods of measure-
ment are as described in Examples. When the first resin layer
does not have a thickness of about 800 um, a stress-strain
curve is prepared after conversion from the thickness of the
specimen used.

[0087] The specimen for measuring Young’s modulus may
be fabricated by mixing components for forming the first
resin layer to fabricate a resin composition, press-molding
the resin composition (when the first resin layer is made of
a thermoplastic resin, press-molding the thermoplastic
resin), and then punching the resin. The specimen may also
be fabricated by separating the first resin layer from the
interlayer film, press-molding the resin layer (e.g., at 150° C.
for 10 minutes without pressurization and then at 150° C. for
10 minutes with pressurization) and then punching. For the
second and the third resin layers described later, a specimen
may be fabricated by the same method to measure Young’s
modulus.
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Glass Transition Temperature

[0088] The first resin layer has a glass transition tempera-
ture of preferably 15° C. or less. By setting the glass
transition temperature of the first resin layer at 15° C. or less,
flexibility of the first resin layer is increased and sound
insulation properties of the interlayer film is easily
improved. The first resin layer has a glass transition tem-
perature of more preferably 10° C. or less, further preferably
5° C. or less and particularly preferably 0° C. or less from
the viewpoint of further improvement of sound insulation
properties. The first resin layer has a glass transition tem-
perature of preferably -20° C. or more, more preferably
-15° C. or more in order to improve flexural rigidity,
although the glass transition temperature is not particularly
limited.

[0089] The glass transition temperature may be adjusted
by changing, for example, the amount and the type of
thermoplastic resin, mixing of plasticizer and the amount
and the type of the plasticizer in the first resin layer. The
glass transition temperature may also be adjusted depending
on the amount and the type of functional groups that the
thermoplastic resin has. For example, the glass transition
temperature tends to be reduced when, for example, the
amount of plasticizer is increased. Furthermore, when poly-
vinyl acetal resin is used, the glass transition temperature
can be reduced by reducing the amount of hydroxyl groups.

[0090] For the method of measuring glass transition tem-
perature, when the interlayer film has a single layer, vis-
coelasticity of the interlayer film is measured by a viscoelas-
tometer, and the measured value is regarded as the glass
transition temperature of the first resin layer. When the
interlayer film has multiple layers, the first resin layer is
separated from the interlayer film, and the resulting first
resin layer is press-molded at 150° C. to prepare a sample for
measurement. Then viscoelasticity of the resulting measure-
ment sample is measured using a viscoelastometer. Vis-
coelasticity is measured in a shear mode at a temperature
increase rate of 3° C./minute from -30° C. to 100° C. under
conditions of a frequency of 1 Hz and a strain of 1%. The
glass transition temperature of the second and the third resin
layers described later may also be measured in the same
manner.

Thermoplastic Resin (1)

[0091] The first resin layer comprises a thermoplastic
resin. In the following description, the thermoplastic resin
that the first resin layer comprises may be referred to as
thermoplastic resin (1). When the first resin layer comprises
a thermoplastic resin, the first resin layer works better as an
adhesive layer, and has excellent adhesiveness to the glass
substrate and other layers of the interlayer film. The ther-
moplastic resin is a matrix component in the interlayer film,
and when a component such as a filler is included, the
components added are dispersed in the thermoplastic resin
or a mixture of the thermoplastic resin and a plasticizer
described later.

[0092] Examples of thermoplastic resins include, but are
not limited to, a polyvinyl acetal resin, an ethylene-vinyl
acetate copolymer resin, an ethylene-acrylic acid copolymer
resin, an ionomer resin, a polyurethane resin, a polyvinyl
alcohol resin and a thermoplastic elastomer. Using these
resins enhances adhesiveness to the glass substrate. One of
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the thermoplastic resins may be used alone or two or more
of them may be used in combination in the first resin layer.
[0093] Of those listed above, at least one selected from a
polyvinyl acetal resin and an ethylene-vinyl acetate copo-
lymer resin is preferred. In particular, a polyvinyl acetal
resin is more preferred because it exhibits excellent adhe-
siveness and sound insulation properties when used in
combination with a plasticizer. In the following description,
the polyvinyl acetal resin in the first resin layer may be
referred to as polyvinyl acetal resin (1). Details of polyvinyl
acetal resin (1) will be described later.

Plasticizer (1)

[0094] It is preferable that the first resin layer of the
present invention comprises a plasticizer. The plasticizer
that the first resin layer comprises may be referred to as
plasticizer (1). The first resin layer becomes flexible when it
includes the plasticizer (1), and as a result flexibility of
laminated glass is improved and penetration resistance and
sound insulation properties are easily improved. Further-
more, the plasticizer (1) enables high adhesiveness to the
glass substrate and other layers of the interlayer film. It is
also particularly effective to include the plasticizer (1) when
polyvinyl acetal resin (1) is used as a thermoplastic resin.
Details of the plasticizer (1) will be described later.

[0095] In the first resin layer, the content of the plasticizer
(1) (hereinafter may be written as content (1)) is 20 parts by
mass or more, preferably 50 parts by mass or more, more
preferably 55 parts by mass or more, and further preferably
60 parts by mass or more based on 100 parts by mass of the
thermoplastic resin (1). Furthermore, the content (1) of the
plasticizer (1) is preferably 100 parts by mass or less, more
preferably 90 parts by mass or less, further preferably 85
parts by mass or less, and particularly preferably 80 parts by
mass or less. When the content (1) is the lower limit or more,
flexibility of the interlayer film is increased and the inter-
layer film is easily handled, and sound insulation properties
are also improved. Furthermore, when the content (1) is the
upper limit or less, the laminated glass tends to have high
penetration resistance.

[0096] While flexural rigidity of laminated glass tends to
be reduced when the content (1) is increased, the flexural
rigidity can be sufficiently improved by including a filler
such as silica particles in the first resin layer as described
later.

[0097] The first resin layer comprises a thermoplastic
resin, or a thermoplastic resin and a plasticizer as the main
component. The total amount of the thermoplastic resin and
the plasticizer is preferably 60% by mass or more, more
preferably 70% by mass or more and 100% by mass or less,
and further preferably 80% by mass or more and less than
100% by mass based on the total amount of the first resin
layer.

Filler

[0098] It is preferable that the first resin layer comprises a
filler. Inclusion of a filler in the first resin layer increases
Young’s modulus and improves flexural rigidity of lami-
nated glass, and a laminated glass more suitable for side
windows can be provided. The filler includes inorganic
particles, and specific examples thereof include at least one
selected from a silica particle and a calcium carbonate
particle. The filler is preferably a silica particle.
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[0099] In the first resin layer, a filler may be used alone, or
two or more fillers may be used in combination.

[0100] It is preferable that the filler included in the first
resin layer have an average secondary particle size (d50) of
0.01 um or more and 5 um or less. When the filler has a
secondary particle size of 0.01 um or more, flexural rigidity
can be improved by the filler. Furthermore, producing the
filler such as silica particles is easy. Meanwhile, when the
filler has a secondary particle size of 5 um or less, the filler
is easily dispersed in the first resin layer. Furthermore,
reduction of visibility of laminated glass due to filler can be
prevented.

[0101] From the above points of view, the filler has an
average secondary particle size of more preferably 4 um or
less, further preferably 3 um or less, and further more
preferably 2.2 um or less. Furthermore, the filler has an
average secondary particle size of preferably 0.05 pm or
more, more preferably 0.1 um or more, and further prefer-
ably 0.3 um or more from the viewpoint of easy production
and flexural rigidity.

[0102] The average secondary particle size of the filler
may be determined by isolating the filler dispersed in the
first resin layer and measuring the average value (D50) by
laser diffraction particle size distribution analysis.

[0103] Silica particles include several types depending on
the method of production, and examples thereof include wet
silica produced by a wet method and dry silica produced by
a dry method. Examples of dry silica include fumed silica.
Examples of wet silica include precipitated silica produced
by a precipitation method, gel-method silica produced by a
gel method, and colloidal silica which is silica particles
dispersed in water.

[0104] Wet silica is preferred as the silica particle. Any
one selected from precipitated silica and gel-method silica is
more preferred as wet silica. Use of wet silica suppresses
generation of streak unevenness called a flow mark on the
surface of the first resin layer, and thus defective appearance
and uneven thickness is less likely to occur. Thus, laminated
glass having excellent sound insulation properties and flex-
ural rigidity can be easily obtained even if the thickness of
the first resin layer is reduced.

[0105] Silica particles in the form of coagulated particles
may be used. Precipitated silica and gel-method silica used
in the interlayer film may be those prepared by pulverizing
coagulated particles. The silica particle may be pulverized
by either crushing or disintegration. “Disintegration” means
disintegrating part of coagulation of coagulated particles.
“Crushing” means simply crushing particles. Precipitated
silica is particularly preferred because the average secondary
particle size can be easily adjusted to a suitable range by
pulverization. One silica particle may be used alone or two
or more of them may be used in combination.

[0106] While silica particles may not be surface-treated
and may not have coating of an organic compound, silica
particles may be surface-treated by a known method to have
a coating of an organic compound. When silica particles are
pulverized, surface treatment may be performed after pul-
verizing or before pulverizing silica particles. Surface treat-
ment may be performed using a known surface treatment
agent. Suitable examples of surface treatment agents include
a silane coupling agent.

[0107] The method of treating silica particles with a
surface treatment agent such as a silane coupling agent is not
particularly limited as long as the method allows the surface
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treatment agent to be attached to the surface of silica
particles. For example, a surface treatment agent such as a
silane coupling agent or a solution thereof may be mixed
with silica particles, or the surface treatment agent or a
solution thereof may be sprayed to the surface of silica
particles. When the solution of the surface treatment agent is
applied to the surface of silica particles, solvent may be
removed by, for example, drying. Furthermore, the reaction
between the surface treatment agent and the surface of silica
particles may be allowed to proceed by heating and the like
with the surface treatment agent attached to the surface.

[0108] The content of the filler in first resin layer is
preferably 1 part by mass or more, more preferably 5 parts
by mass or more, further preferably 12 parts by mass or
more, and particularly preferably 15 parts by mass or more
based on 100 parts by mass of the thermoplastic resin (1).
When the content of the filler is the lower limit or more,
flexural rigidity of laminated glass can be increased. The
content of the filler is preferably 70 parts by mass or less,
more preferably 60 parts by mass or less, further preferably
50 parts by mass or less, still more preferably 40 parts by
mass or less, and particularly preferably 30 parts by mass or
less based on 100 parts by mass of the thermoplastic resin
(1). When the content of the filler is the upper limit or less,
sound insulation properties are likely to be improved. Fur-
thermore, reduction of visibility due to filler can be sup-
pressed.

[0109] The first resin layer may include, if necessary, an
additive other than the above, such as an infrared absorber,
an ultraviolet absorber, an antioxidant, a light stabilizer, a
fluorescent brightener, a crystal nucleating agent, a disper-
sant, a dye, a pigment, a metal carboxylate and a heat
insulation material.

Layer Structure

[0110] The interlayer film according to the present inven-
tion is a monolayer made of the first resin layer and may
have a single layer structure. As shown in FIG. 1, for the
interlayer film 10 with a single layer structure, one surface
and the surface opposite to the one surface of the first resin
layer 11 each may be the surfaces to be bonded to the first
and the second glass substrates 21, 22. The first resin layer
11 may be bonded to the first and the second glass substrates
21, 22 through another layer such as an adhesive layer.

[0111] Furthermore, it is preferable that the interlayer film
has a multiple layer structure with two or more resin layers.
More specifically, the interlayer film 10 may have the second
resin layer 12 in addition to the first resin layer 11 as shown
in FIG. 2. The second resin layer 12 is provided on one
surface of the first resin layer 11. When the interlayer film 10
has the second resin layer 12 in addition to the first resin
layer 11, both sound insulation properties and flexural rigid-
ity of laminated glass can be easily improved.

[0112] The second resin layer comprises a thermoplastic
resin. The thermoplastic resin that the second resin layer
comprises may be referred to as thermoplastic resin (2). The
interlayer film 10 may have a two-layer structure composed
of the first and the second resin layers 11, 12 as shown in
FIG. 2. In the structure shown in FIG. 2, the surface of the
second resin layer 12 opposite to the first resin layer 11 and
the surface of the first resin layer 11 opposite to the second
resin layer 12 may be the surface to be bonded to either of
the glass substrates 21, 22.
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[0113] While FIG. 2 illustrates an embodiment in which
the second resin layer 12 is bonded to the first glass substrate
21 and the first resin layer 11 is bonded to the second glass
substrate 22, an embodiment in which the first resin layer 11
is bonded to the first glass substrate 21 and the second resin
layer 12 is bonded to the second glass substrate 22 may also
be available. Furthermore, the second resin layer 12 and the
first resin layer 11 may be bonded to the glass substrates 21,
22 respectively, through another layer such as an adhesive
layer.

[0114] It is more preferred that the interlayer film 10 has
the second and the third resin layers 12, 13 in addition to the
first resin layer 11 as shown in FIG. 3. The third resin layer
comprises a thermoplastic resin. The thermoplastic resin that
the third resin layer 13 comprises may be referred to as
thermoplastic resin (3).

[0115] The third resin layer 13 is provided on the surface
(the other surface) opposite to the one surface of the first
resin layer 11 on which the second resin layer 12 is provided.
When the interlayer film 10 comprises the second and the
third resin layers 12, 13 in addition to the first resin layer 11,
sound insulation properties and flexural rigidity can be more
easily improved. It is preferable that in the structure of FIG.
3, the second and the third resin layers 12, 13 constitute the
surface layer of the interlayer film 10. More specifically, the
surface of the second resin layer 12 opposite to the first resin
layer 11 and the surface of the third resin layer 13 opposite
to the first resin layer 11 may be the surface to be bonded to
either of the first and the second glass substrates 21, 22.
[0116] While FIG. 3 illustrates an embodiment in which
the second resin layer 12 is bonded to the first glass substrate
21 and the third resin layer 13 is bonded to the second glass
substrate 22, an embodiment in which the second resin layer
12 is bonded to the second glass substrate 22 and the third
resin layer 13 is bonded to the first glass substrate 21 may
also be available. Furthermore, the second resin layer 12 and
the second resin layer 13 may be bonded to the glass
substrates 21, 22 respectively, through another layer such as
an adhesive layer.

[0117] In the above configurations, another layer may be
disposed between the second resin layer 12 and the first resin
layer 11, and between the first resin layer 11 and the third
resin layer 13.

[0118] Other layers may be a polyethylene terephthalate
film or an adhesive layer. It is preferable that the second
resin layer 12 and the first resin layer 11, and the first resin
layer 11 and the third resin layer 13 are directly stacked,
respectively.

Young’s Modulus of Second and Third Resin
Layers

[0119] The second resin layer preferably has a higher
Young’s modulus at 23° C. than the Young’s modulus at 23°
C. of the first resin layer, and the second and the third resin
layers more preferably have a higher Young’s modulus than
the Young’s modulus at 23° C. of the first resin layer. By
setting the Young’s modulus of the first resin layer to be low
as described above and setting the Young’s modulus of the
second resin layer or the second and the third resin layers to
be high, flexural rigidity of laminated glass can be improved
while keeping sound insulation properties.

[0120] More specifically, the second resin layer, and the
second and the third resin layers have a Young’s modulus at
23° C. of preferably 3 MPa or more, more preferably 5 MPa
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or more, further preferably 10 MPa or more, and still more
preferably 25 MPa or more. Furthermore, the second resin
layer, and the second and the third resin layers have a
Young’s modulus at 23° C. of preferably 700 MPa or less,
more preferably 400 MPa or less, further preferably 200
MPa or less, and still more preferably 100 MPa or less from
the viewpoint of handling and the like.

[0121] The method of adjusting Young’s modulus is as
described in the section of the first resin layer. For example,
when the amount of plasticizer added is reduced, Young’s
modulus tends to be increased. When, for example, a poly-
vinyl acetal resin is used, Young’s modulus tends to be
increased by increasing the amount of hydroxyl groups or
increasing the average polymerization degree. Furthermore,
when an ethylene-vinyl acetate copolymer resin, an ethyl-
ene-acrylic acid copolymer resin, an ionomer resin, a poly-
urethane resin, a polyvinyl alcohol resin, a thermoplastic
elastomer or the like is used, Young’s modulus tends to be
increased by increasing the average polymerization degree.

Glass Transition Temperature of Second and Third
Resin Layers

[0122] It is preferable that in the interlayer film with a
multilayer structure, the first resin layer has a glass transition
temperature lower than the glass transition temperature of
the second resin layer. It is more preferred that the first resin
layer has a glass transition temperature lower than the glass
transition temperature of the second and the third resin layer.
By providing the second resin layer, or the second and the
third resin layers having glass transition temperature higher
than that of the first resin layer, flexural rigidity of laminated
glass can be further increased while improving sound insu-
lation properties.

[0123] To further increase flexural rigidity and sound
insulation properties of laminated glass, the absolute value
of the difference between the glass transition temperature of
the first resin layer and the glass transition temperature of the
second resin layer or that of the second and the third resin
layers is preferably 10° C. or more, more preferably 20° C.
or more, further preferably 30° C. or more, and particularly
preferably 35° C. or more. To improve handling properties,
the absolute value of the difference between the glass
transition temperature of the first resin layer and the glass
transition temperature of the second resin layer or that of the
second and the third resin layers is preferably 70° C. or less,
and more preferably 55° C. or less.

[0124] Furthermore, the second resin layer or the second
and the third resin layers have a glass transition temperature
of preferably 0° C. or more. By setting glass transition
temperature of the second resin layer or that of the second
and the third resin layers at 0° C. or more, the difference
from the glass transition temperature of the first resin layer
is easily increased, and sound insulation properties, handling
properties and penetration resistance can be easily
improved. From such a point of view, the second resin layer
or the second and the third resin layers have a glass
transition temperature of more preferably 10° C. or more,
and further preferably 20° C. or more and particularly
preferably 30° C. or more. The second resin layer or the
second and the third resin layers have a glass transition
temperature of 60° C. or less, and more preferably 50° C. or
less, which is not particularly limited.

[0125] The method of adjusting glass transition tempera-
ture is as described in the above section of the first resin
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layer. For example, the glass transition temperature tends to
be increased when the amount of plasticizer is reduced.
Furthermore, in the case of using polyvinyl butyral resin, the
glass transition temperature tends to be increased when the
amount of hydroxyl groups is increased.

Thermoplastic Resin (2), (3)

[0126] The thermoplastic resins (2), (3) used for the sec-
ond resin layer and the third resin layer are not particularly
limited, and may be selected and used from the thermoplas-
tic resins listed above as a thermoplastic resin which can be
used for the thermoplastic resin (1). One thermoplastic resin
may be used alone or two or more resins may be used in
combination as the thermoplastic resins (2), (3).

[0127] At least one selected from a polyvinyl acetal resin
and an ethylene-vinyl acetate copolymer resin is preferred as
the thermoplastic resins (2), (3). In particular, a polyvinyl
acetal resin is more preferred because it exhibits excellent
adhesiveness to glass when used in combination with a
plasticizer. In short, in the present invention, it is preferable
that the thermoplastic resins (1) and (2) are a polyvinyl
acetal resin and it is more preferred that the thermoplastic
resins (1), (2) and (3) are a polyvinyl acetal resin.

[0128] In the following description, the polyvinyl acetal
resin in the second resin layer and the third resin layer may
be described as polyvinyl acetal resin (2) and polyvinyl
acetal resin (3), respectively. Details of polyvinyl acetal
resin (2) and polyvinyl acetal resin (3) will be described
later.

[0129] The polyvinyl acetal resin (2) or the polyvinyl
acetal resins (2) and (3) may be the same as the polyvinyl
acetal resin (1), but it is preferable that they are different
from the polyvinyl acetal resin (1) from the viewpoint of
improving sound insulation properties and flexural rigidity.
Furthermore, the polyvinyl acetal resins (2) and (3) may be
different from each other, but are preferably the same from
the viewpoint of productivity and the like.

Plasticizer (2), (3)

[0130] It is preferable that the second resin layer com-
prises a plasticizer and the third resin layer also comprises
a plasticizer. In other words, in the interlayer film, it is
preferable that both the first and the second resin layers
comprise a plasticizer, and it is more preferred that all the
first, second and third resin layers comprise a plasticizer. By
including a plasticizer in all layers, the plasticizer in the first
layer remains in the first layer without migration to other
layers, allowing sound insulation properties to be further
improved.

[0131] The thermoplastic resin that the second and the
third resin layers comprise may be referred to as plasticizer
(2) and plasticizer (3).

[0132] The second and the third resin layers become
flexible when plasticizer is included therein, and as a result
flexibility and penetration resistance and the like of lami-
nated glass is improved. Furthermore, adhesiveness to glass
substrates such as glass plates and other layers of the
interlayer film can also be easily improved. Furthermore, it
is particularly effective to include a plasticizer in the second
and the third resin layers when polyvinyl acetal resins (2),
(3) are used as a thermoplastic resin. Thus, it is particularly
preferred that a polyvinyl acetal resin is used as a thermo-
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plastic resin in all the first to third resin layers and all the first
to third resin layers include a plasticizer.

[0133] The plasticizers (2), (3) may be the same as or
different from the plasticizer (1). The plasticizers (2), (3)
may be the same or different from each other. One plasticizer
may be used alone or two or more plasticizers may be used
in combination as the plasticizer (2) and the plasticizer (3),
respectively.

[0134] The content of the plasticizer (2) in the second
resin layer (hereinafter may be referred to as content (2))
based on 100 parts by mass of the thermoplastic resin (2) and
the content of the plasticizer (3) in the third resin layer
(hereinafter may be referred to as content (3)) based on 100
parts by mass of the thermoplastic resin (3) is preferably 10
parts by mass or more, respectively. When the above content
(2) and content (3) are the lower limit or more, the interlayer
film becomes more flexible and handling of the interlayer
film is easy. Furthermore, the plasticizer in the first resin
layer remains in the first resin layer, and thus facilitates the
balance between sound insulation properties and flexural
rigidity. From the above point of view, the content (2) and
the content (3) are more preferably 15 parts by mass or more,
further preferably 20 parts by mass or more, and particularly
preferably 24 parts by mass or more, respectively.

[0135] Furthermore, the content (2) and the content (3) are
preferably 50 parts by mass or less, more preferably 45 parts
by mass or less, further preferably 40 parts by mass or less,
and still more preferably 35 parts by mass or less, respec-
tively. When each of the above content (2) and the content
(3) are the upper limit or less, flexural rigidity of laminated
glass can be increased.

[0136] To increase sound insulation properties of lami-
nated glass, the content (1) of the plasticizer in the first resin
layer is preferably higher than the content (2) and higher
than the content (3), and is further preferably higher than
both the contents (2) and (3).

[0137] Furthermore, to further improve sound insulation
properties of laminated glass, the absolute value of the
difference between the content (2) and the content (1) and
the absolute value of the difference between the content (3)
and the content (1) is preferably 10 parts by mass or more,
more preferably 15 parts by mass or more, and further
preferably 25 parts by mass or more, respectively. The
absolute value of the difference between the content (2) and
the content (1) and the absolute value of the difference
between the content (3) and the content (1) is preferably 80
parts by mass or less, more preferably 70 parts by mass or
less, further preferably 60 parts by mass or less, and par-
ticularly preferably 50 parts by mass or less from the
viewpoint of increase in rigidity.

[0138] Furthermore, each of the second and the third resin
layers comprises a thermoplastic resin, or a thermoplastic
resin and a plasticizer as the main component. The total
content of the thermoplastic resin and the plasticizer is
usually 70% by mass or more, preferably 80% by mass or
more, and more preferably 90% by mass or more and 100%
by mass or less based on each of the second and the third
resin layers.

[0139] Each of the second and the third resin layers may
comprise a filler. Examples of fillers include at least one
selected from a silica particle and a calcium carbonate
particle, and a silica particle is preferred. Details of the filler
are as described above.
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[0140] The second and the third resin layer may include,
if necessary, an additive other than the plasticizers, such as
an infrared absorber, an ultraviolet absorber, an antioxidant,
a light stabilizer, a fluorescent brightener, a crystal nucleat-
ing agent, a dispersant, a dye, a pigment, a metal carboxylate
and a heat insulation material.

Thickness of Interlayer Film

[0141] The interlayer film has a thickness of preferably 0.1
mm or more and 2.0 mm or less, which is not particularly
limited. By setting the thickness of the interlayer film to 0.1
mm or more, adhesiveness of the interlayer film and pen-
etration resistance and sound insulation properties of the
laminated glass can be improved. Furthermore, by setting
the thickness of the interlayer film to 2.0 mm or less,
transparency is easily obtained and the total thickness of the
laminated glass can be reduced. The interlayer film has a
thickness of more preferably 0.2 mm or more, further
preferably 0.3 mm or more, and still more preferably 0.55
mm or more. The interlayer film has a thickness of more
preferably 1.5 mm or less, further preferably 1.0 mm or less,
and still more preferably 0.9 mm or less.

[0142] The ratio of the thickness of the interlayer film to
the thickness of the first glass substrate (thickness of the
interlayer film/thickness of the first glass substrate) is pref-
erably 0.1 or more and 0.5 or less. By setting the ratio of the
thickness (thickness of the interlayer film/thickness of the
first glass substrate) to 0.1 or more, sound insulation prop-
erties and adhesiveness to glass substrates of the laminated
glass and the like can be easily improved. Furthermore,
flexural rigidity of the laminated glass can be easily obtained
by setting the ratio of the thickness at 0.5 or less.

[0143] To achieve sound insulation properties and flexural
rigidity, the ratio of the thickness (thickness of the interlayer
film/thickness of the first glass substrate) is more preferably
0.15 or more, further preferably 0.2 or more, and still more
preferably 0.23 or more, and more preferably 0.45 or less,
further preferably 0.4 or less, and still more preferably 0.3
or less.

[0144] In the case where the interlayer film has a multi-
layer structure and the total thickness of the interlayer film
is defined as T, the first resin layer has a thickness of
preferably 0.065 T or more and 0.4 T or less to balance
sound insulation properties and flexural rigidity. The first
resin layer has a thickness of more preferably 0.075 T or
more, further preferably 0.085 T or more, and more prefer-
ably 0.37 T or less, further preferably 0.25 T or less, still
more preferably 0.15 T or less, and particularly preferably
0.12 T or less to balance sound flexural rigidity and insu-
lation properties.

[0145] More specifically, the first resin layer has a thick-
ness of preferably 0.02 mm or more, more preferably 0.04
mm or more and further preferably 0.06 mm or more, and
preferably 0.8 mm or less, more preferably 0.5 mm or less,
further preferably 0.2 mm or less, still more preferably 0.15
mm or less, and particularly preferably 0.085 mm or less.

[0146] The second resin layer has a thickness of preferably
0.3 T or more and 0.935 T or less. When the thickness of the
second resin layer is set to the above range, flexural rigidity
and sound insulation properties of laminated glass are easily
increased. When the second resin layer and the third resin
layer are formed, the second resin layer and the third resin
layer have a thickness of preferably 0.3 T or more and
0.4675 T or less, respectively, from the viewpoint of flexural
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rigidity and sound insulation properties. The second resin
layer and the third resin layer have a thickness of more
preferably 0.315 T or more, further preferably 0.375 or
more, still more preferably 0.425 T or more and particularly
preferably 0.44 T or more, and more preferably 0.4625 T or
less and further preferably 0.4575 T or less, respectively.
[0147] The second resin layer and the third resin layer
have a total thickness of preferably 0.6 T or more and 0.935
T or less. When the total thickness is in the above range,
rigidity and sound insulation properties of laminated glass
are increased. The second resin layer and the third resin layer
have a total thickness of more preferably 0.63 T or more,
further preferably 0.75 T or more, still more preferably 0.85
T or more and particularly preferably 0.88 T or more, and
more preferably 0.925 T or less and further preferably 0.915
T or less.

[0148] The second resin layer and the third resin layer may
have a different thickness, but it is preferable that the second
resin layer and the third resin layer have the same thickness.
[0149] Specifically, the second resin layer and the third
resin layers have a thickness of preferably 0.1 mm or more,
more preferably 0.2 mm or more and further preferably 0.3
mm or more, and preferably 1.5 mm or less, more preferably
0.9 mm or less, further preferably 0.6 mm or less, and still
more preferably 0.4 mm or less.

[0150] The second resin layer and the third resin layer
have a total thickness of preferably 0.2 mm or more, more
preferably 0.4 mm or more and further preferably 0.6 mm or
more, and preferably 1.9 mm or less, more preferably 1.8
mm or less, further preferably 1.2 mm or less, and still more
preferably 0.8 mm or less.

Equivalent Stiffness

[0151] The interlayer film has an equivalent stiffness at
23° C. of preferably 1.5 MPa or more. By setting the
equivalent stiffness of the interlayer film to 1.5 MPa or more,
flexural rigidity can be improved even if the total thickness
of laminated glass is reduced. The interlayer film has an
equivalent stiffness of more preferably 2 MPa or more,
further preferably 4 MPa or more, and still more preferably
5.5 MPa or more.

[0152] The interlayer film has an equivalent stiffness at
23° C. of preferably 30 MPa or less, more preferably 20 MPa
or less, further preferably 15 MPa or less, and still more
preferably 10 MPa or less to balance sound insulation
properties and flexural rigidity even if the total thickness of
laminated glass is reduced. The method of measuring
equivalent stiffness is as described in Examples.

Details of Polyvinyl Acetal Resin

[0153] In the following, polyvinyl acetal resin used for the
first, second and third resin layers will be described in detail.
In the following description, common features of the poly-
vinyl acetal resins used for the first, second and third resin
layers will be simply explained as features of the “polyvinyl
acetal resin.” Individual features of the polyvinyl acetal
resins used for the first, second and third resin layers will be
explained as features of the “polyvinyl acetal resin (1),”
“polyvinyl acetal resin (2)” and “polyvinyl acetal resin (3).”
[0154] Polyvinyl acetal resin is prepared by acetalizing
polyvinyl alcohol (PVA) with aldehyde. In other words, it is
preferable that polyvinyl acetal resin is acetalized polyvinyl
alcohol (PVA). Polyvinyl alcohol (PVA) is obtained by
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saponifying polyvinyl ester such as polyvinyl acetate. Usu-
ally polyvinyl alcohol has a degree of saponification of 70 to
99.9% by mole. One polyvinyl acetal resin may be used
alone or two or more of them may be used in combination.
In the following description, PVA for preparing each of the
polyvinyl acetal resins (1), (2) and (3) may be referred to as
PVA (1), (2) and (3), respectively.

[0155] The PVA (1) has an average polymerization degree
of preferably 200 or more, more preferably 500 or more,
further preferably 1,500 or more and still more preferably
2,600 or more. When the average polymerization degree is
the lower limit or more, penetration resistance of laminated
glass is increased and generation of foam in laminated glass
can be suppressed. The above polyvinyl alcohol (PVA) has
an average polymerization degree of preferably 5,000 or
less, more preferably 4,000 or less, and further preferably
3,500 or less. When the average polymerization degree is the
upper limit or less, molding of the interlayer film is easy.
Furthermore, when PVA (1) has an average polymerization
degree in the above range, the Young’s modulus of the first
resin layer can be easily adjusted to the desired range.
[0156] PVA (2), (3) have an average polymerization
degree of preferably 200 or more, more preferably 500 or
more, further preferably 1,000 or more, and still more
preferably 1,500 or more. When the average polymerization
degree is the lower limit or more, penetration resistance of
laminated glass is increased. The above polyvinyl alcohol
(PVA) has an average polymerization degree of preferably
5,000 or less, more preferably 4,000 or less, further prefer-
ably 3,500 or less, and still more preferably 2,500 or less.
When the average polymerization degree is the upper limit
or less, molding of the interlayer film is easy. Furthermore,
when PVA (2), (3) has an average polymerization degree in
the above range, the Young’s modulus of the second resin
layer and the third resin layer can be easily adjusted to the
desired range.

[0157] It is preferable that the PVA (1) has an average
polymerization degree higher than the average polymeriza-
tion degree of PVA (2) or PVA (2) and (3). By adjusting the
average polymerization degree of PVA in the polyvinyl
acetal resin in this manner, flexural rigidity can be improved
without reducing sound insulation properties. Furthermore,
generation and growth of foam can be suppressed.

[0158] The difference between the average polymerization
degree of PVA (1) and the average polymerization degree of
PVA (2), and the difference between the average polymer-
ization degree of PVA (1) and the average polymerization
degree of PVA (3) are each preferably 100 or more, prefer-
ably 500 or more, further preferably 1,000 or more, and
preferably 2,000 or less and more preferably 1,500 or less
from the viewpoint of suppression of generation and growth
of foam in laminated glass, and further from the viewpoint
of formability and flexural rigidity.

[0159] The average polymerization degree of polyvinyl
alcohol is determined by a method according to JIS K6726
“Testing Methods for Polyvinyl Alcohol.”

[0160] Aldehyde used for acetalization is not particularly
limited, and aldehyde having 1 to 10 carbon atoms is
suitably used, aldehyde having 3 to 5 carbon atoms is more
preferably used, aldehyde having 4 or 5 carbon atoms is
further preferably used, and aldehyde having 4 carbon atoms
is particularly preferably used.

[0161] Aldehyde having 1 to 10 carbon atoms described
above is not particularly limited, and examples thereof
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include formaldehyde, acetaldehyde, propionaldehyde,
n-butylaldehyde, isobutyl aldehyde, n-valeraldehyde, 2-eth-
ylbutyl aldehyde, n-hexyl aldehyde, n-octyl aldehyde,
n-nonyl aldehyde, n-decyl aldehyde and benzaldehyde. Of
them, acetaldehyde, propionaldehyde, n-butylaldehyde,
isobutylaldehyde, n-hexylaldehyde and n-valeraldehyde are
preferred, and propionaldehyde, n-butylaldehyde, isobutyl-
aldehyde and n-valeraldehyde are more preferred, and
n-butylaldehyde and n-valeraldehyde are further preferred,
and n-butylaldehyde is most preferred. Only one of the
above aldehydes may be used, or two or more of them may
be used in combination.

[0162] The number of carbon atoms of the acetal group in
the polyvinyl acetal resin is not particularly limited and is
preferably 1 to 10, more preferably 3 to 5, further preferably
4 or 5, and particularly preferably 4. A butyral group is
particularly preferred as the acetal group, and thus a poly-
vinyl butyral resin is preferred as the polyvinyl acetal resin.
In other words, in the present invention, it is preferred that
the thermoplastic resin (1) in the first resin layer is a
polyvinyl butyral resin, it is more preferred that both of the
thermoplastic resins (1), (2) in the first and the second resin
layers are a polyvinyl butyral resin, and it is further preferred
that all of the thermoplastic resins (1), (2), (3) in the first,
second and third resin layers are a polyvinyl butyral resin.
[0163] The content of hydroxyl groups (the amount of
hydroxyl groups) in the polyvinyl acetal resin (1) is prefer-
ably 17% by mole or more and more preferably 20% by
mole or more, and preferably 30% by mole or less, more
preferably 27% by mole or less, further preferably 25% by
mole or less, and particularly preferably 24% by mole or
less.

[0164] When the above content of hydroxyl groups is the
lower limit or more, adhesive force of the interlayer film is
further increased. Furthermore, when the above content of
hydroxyl groups is upper limit or less, the polyvinyl acetal
resin (1) easily absorbs plasticizer, and thus sound insulation
properties of laminated glass is further improved. In par-
ticular, when the above content of hydroxyl groups in the
polyvinyl acetal resin (1) is 20% by mole or more, reaction
efficiency is high and productivity is excellent. When the
above content of hydroxyl groups is 27% by mole or less,
sound insulation properties of laminated glass are further
improved.

[0165] The respective contents of hydroxyl groups in the
polyvinyl acetal resin (2) and the polyvinyl acetal resin (3)
is preferably 25% by mole or more, more preferably 28% by
mole or more, further preferably 30% by mole or more, and
still more preferably 32% by mole or more, and particularly
preferably 33% by mole or more. When the content of
hydroxyl groups is the lower limit or more, flexural rigidity
can be further increased while maintaining sound insulation
properties. Furthermore, the respective contents of hydroxyl
groups in the polyvinyl acetal resin (2) and the polyvinyl
acetal resin (3) is preferably 38% by mole or less, more
preferably 37% by mole or less, and further preferably 36%
by mole or less. When the above content of hydroxyl groups
is the upper limit or less, polyvinyl acetal resin is easily
precipitated in the synthesis of polyvinyl acetal resin.
[0166] It is preferable that the content of hydroxyl groups
in the above polyvinyl acetal resin (1) is smaller than the
content of hydroxyl groups in the above polyvinyl acetal
resin (2) to further increase rigidity while maintaining sound
insulation properties. It is preferable that the content of
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hydroxyl groups in the above polyvinyl acetal resin (1) is
smaller than the content of hydroxyl groups in the above
polyvinyl acetal resin (2) and polyvinyl acetal resin (3) to
further increase rigidity while maintaining sound insulation
properties. The absolute value of the difference between the
content of hydroxyl groups in the polyvinyl acetal resin (1)
and the content of hydroxyl groups in the polyvinyl acetal
resins (2), (3) is preferably 1% by mole or more, respec-
tively. This further increases rigidity while maintaining
sound insulation properties. From the above point of view,
the difference between the content of hydroxyl groups is
more preferably 5% by mole or more, further preferably 8%
by mole or more, and particularly preferably 10% by mole
or more. The absolute value of the difference between the
content of hydroxyl groups is preferably 20% by mole or
less, more preferably 15% by mole or less.

[0167] The content of hydroxyl groups of polyvinyl acetal
resin is the molar fraction in percentage calculated by
dividing the amount of ethylene groups to which a hydroxyl
group is bonded by the total amount of the ethylene groups
in the main chain. The above amount of ethylene groups to
which a hydroxyl group is bonded may be measured in
accordance with JIS K6728 “Testing Methods for Polyvinyl
butyral.”

[0168] The polyvinyl acetal resin (1) has a degree of
acetalization of preferably 47% by mole or more and more
preferably 60% by mole or more, and preferably 85% by
mole or less, more preferably 80% by mole or less and
further preferably 75% by mole or less. When the degree of
acetalization is the lower limit or more, the polyvinyl acetal
resin (1) is more compatible with plasticizer, and thus a large
amount of plasticizer can be mixed. When the degree of
acetalization is the upper limit or less, the amount of
aldehyde remaining in the resin can be reduced. When the
acetal group is a butyral group and the polyvinyl acetal resin
(1) is a polyvinyl butyral resin, the degree of acetalization
means the degree of butyralization.

[0169] The polyvinyl acetal resin (2) and the polyvinyl
acetal resin (3) each have a degree of acetalization (a degree
of butyralization in the case of a polyvinyl butyral resin) of
preferably 55% by mole or more and more preferably 60%
by mole or more, and preferably 75% by mole or less and
more preferably 71% by mole or less. When the degree of
acetalization is the lower limit or more, the polyvinyl acetal
resin is more compatible with plasticizer. When the degree
of acetalization is the upper limit or less, the amount of
aldehyde remaining in the resin can be reduced.

[0170] The above degree of acetalization is the molar
fraction in percentage calculated by subtracting the amount
of ethylene groups to which a hydroxyl group is bonded and
the amount of ethylene groups to which an acetyl group is
bonded from the total amount of the ethylene groups in the
main chain and by dividing the resulting value by the total
amount of the ethylene groups in the main chain. The degree
of acetalization (degree of butyralization) may be calculated
from the result measured by a method in accordance with JIS
K6728 “Testing Methods for Polyvinyl butyral.”

[0171] The polyvinyl acetal resin (1) has a degree of
acetylation (the amount of acetyl groups) of preferably
0.01% by mole or more, more preferably 0.1% by mole or
more, further preferably 7% by mole or more and particu-
larly preferably 9% by mole or more, and preferably 30% by
mole or less, more preferably 25% by mole or less, further
preferably 24% by mole or less and particularly preferably
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20% by mole or less. When the degree of acetylation is the
lower limit or more, the polyvinyl acetal resin is more
compatible with plasticizer, and thus a large amount of
plasticizer can be mixed. When the degree of acetylation is
the upper limit or less, moisture resistance of the interlayer
film and the laminated glass is increased.

[0172] The polyvinyl acetal resin (2) and the polyvinyl
acetal resin (3) each have a degree of acetylation of prefer-
ably 10% by mole or less and more preferably 2% by mole
or less. When the degree of acetylation is the upper limit or
less, the interlayer film has high adhesive force to glass. The
polyvinyl acetal resin (2) and the polyvinyl acetal resin (3)
each have a degree of acetalization of preferably 0.01% by
mole or more, which is not particularly limited.

[0173] The degree of acetylation is the molar fraction in
percentage calculated by dividing the amount of ethylene
groups to which an acetyl group is bonded by the total
amount of the ethylene groups in the main chain. The above
amount of ethylene groups to which an acetyl group is
bonded may be measured in accordance with JIS K6728
“Testing Methods for Polyvinyl butyral.”

Details of Plasticizer

[0174] In the following, details of the plasticizer used for
the first, second and third resin layers will be described. In
the following description, the plasticizers (1), (2) and (3)
used for the first, second and third resin layers will be
collectively explained.

[0175] Examples of plasticizers used for the first, second
and third resin layers include organic ester plasticizers such
as a monobasic organic acid ester and a polybasic organic
acid ester, and phosphorus plasticizers such as an organic
phosphate plasticizer and an organic phosphite plasticizer.
Of them, an organic ester plasticizer is preferred. It is
preferable that the above plasticizer is a liquid plasticizer.
The liquid plasticizer is in the form of liquid at room
temperature (23° C.) and normal pressure (1 atm).

[0176] Examples of monobasic organic acid esters include
an ester of glycol and a monobasic organic acid. Examples
of glycols include polyalkylene glycol in which the alkylene
unit has 2 to 4, preferably 2 or 3 carbon atoms and the
number of repeating alkylene units is 2 to 10, preferably 3
to 10 and more preferably 3 to 4. Glycol may be monoal-
kylene glycol with 2 to 4, preferably 2 or 3 carbon atoms and
1 repeating unit.

[0177] Specific examples of glycols include ethylene gly-
col, diethylene glycol, triethylene glycol, tetraethylene gly-
col, propylene glycol, dipropylene glycol, tripropylene gly-
col, tetrapropylene glycol and butylene glycol.

[0178] Examples of monobasic organic acids include
organic acids having 3 to 10 carbon atoms, such as butyric
acid, isobutyric acid, caproic acid, 2-ethylbutyric acid,
2-ethylpentanoic acid, heptanoic acid, n-octylic acid, 2-eth-
ylhexylic acid, n-nonylic acid and decylic acid.

[0179] Examples of preferred monobasic organic acid

esters include compounds represented by the following
formula (1).
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[0180] In the formula (1), R1 and R2 each represents an
organic group having 2 to 10 carbon atoms, R3 represents an
ethylene group, an isopropylene group (—CH,CCH;—) or
a n-propylene group and p represents an integer of 2 to 10.
R1 and R2 in the formula (1) each have preferably 5 to 10,
more preferably 6 to 10 carbon atoms. The organic group in
R1 and R2 is preferably a hydrocarbon group and more
preferably an alkyl group. p is preferably 3 or more, and also
preferably 4 or less.

[0181] Specific examples of glycol esters include ethylene
glycol di-2-ethyl butyrate, 1,2-propylene glycol di-2-ethyl
butyrate, 1,3-propylene glycol di-2-ethyl butyrate, 1.4-buty-
lene glycol di-2-ethyl butyrate, 1,2-butylene glycol di-2-
ethyl butyrate, diethylene glycol di-2-ethyl butyrate, dieth-
ylene glycol dicaprylate, diethylene glycol di-2-
ethylhexanoate, dipropylene glycol di-2-ethyl butyrate,
triethylene glycol di-2-ethylhexanoate, triethylene glycol
dicaprylate, triethylene glycol di-2-ethyl pentanoate, trieth-
ylene glycol di-n-heptanoate, triethylene glycol di-2-ethyl
butyrate, triethylene glycol di-2-ethyl propanoate, tetraeth-
ylene glycol di-n-heptanoate, tetracthylene glycol di-2-ethyl
hexanoate and tetraethylene glycol di-2-ethyl butyrate.
[0182] Examples of polybasic organic acid ester include
ester compounds of a dibasic organic acid having 4 to 12
carbon atoms, such as adipic acid, sebacic acid and azelaic
acid, and alcohol having 4 to 10 carbon atoms. Alcohol
having 4 to 10 carbon atoms may be linear, or may have a
branched structure or a cyclic structure.

[0183] Specific examples thereof include dibutyl sebacate,
dioctyl azelate, dihexyl adipate, dioctyl adipate, hexylcyclo-
hexyl adipate, diisononyl adipate, heptylnonyl adipate, di-
(2-butoxyethyl) adipate, dibutylcarbitol adipate and mixed
adipic acid ester. Furthermore, oil-modified sebacic acid
alkyd may be used. Examples of mixed adipic acid esters
include an adipic acid ester prepared from two or more
alcohols selected from alkyl alcohol having 4 to 9 carbon
atoms and cyclic alcohol having 4 to 9 carbon atoms.
[0184] Examples of organic phosphorus plasticizers
include a phosphoric acid ester such as tributoxyethyl phos-
phate, isodecylphenyl phosphate and triisopropyl phosphate.
[0185] One plasticizer may be used alone or two or more
of them may be used in combination.

[0186] It is preferable that the plasticizer is selected from
di-(2-butoxyethyl) adipate (DBEA), triethylene glycol di-2-
ethyl hexanoate (3GO), triethylene glycol di-2-ethyl
butyrate (3GH) and triethylene glycol di-2-ethyl propanoate,
out of the above plasticizers. It is more preferred that the
plasticizer is selected from triethylene glycol di-2-ethyl
hexanoate (3GO), triethylene glycol di-2-ethyl butyrate
(3GH) and triethylene glycol di-2-ethyl propanoate, and it is
further preferable that the plasticizer is selected from trieth-
ylene glycol di-2-ethyl hexanoate and triethylene glycol
di-2-ethyl butyrate, and triethylene glycol di-2-ethyl
hexanoate is particularly preferred.

Method for Producing Interlayer Film

[0187] In the case of a monolayer structure, the interlayer
film according to the present invention may be produced by
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forming the first resin layer by molding a thermoplastic
resin, or a resin composition including a thermoplastic resin
and at least one selected from a filler, a plasticizer and other
additives by a known molding method such as extrusion
molding and press molding. The resin composition is pre-
pared by mixing components constituting the resin compo-
sition. When the resin composition includes a plasticizer and
a filler, a dispersion is fabricated by previously dispersing a
filler such as silica particles in a plasticizer, and then the
dispersant is mixed with other components such as a ther-
moplastic resin to prepare a resin composition.

[0188] In the case of a multilayer structure, the respective
layers constituting the interlayer film (the first resin layer,
the second resin layer, the third resin layer and the like) may
be molded using a thermoplastic resin or a resin composi-
tion, and the layers are laminated to form the interlayer film.
Alternatively, the respective layers constituting the inter-
layer film may be laminated while molding by co-extrusion
and the like to form the interlayer film. In the case of a
multilayer structure, a thermoplastic resin or a resin com-
position for forming the second resin layer, or the second
resin layer and the third resin layer may be prepared in
addition to the thermoplastic resin or the resin composition
for forming the first resin layer.

[0189] It is preferable that the second resin layer and the
third resin layer may include the same polyvinyl acetal resin,
and it is more preferred that the second resin layer and the
third resin layer may include the same polyvinyl acetal resin
and the same plasticizer because the interlayer film can be
produced at high efficiency. It is further preferred that the
second resin layer and the third resin layer is made of the
same composition.

Glass Substrate

[0190] In the laminated glass of the present invention, the
first and the second glass substrates 21, 22 are bonded
through the interlayer film 10 as shown in FIGS. 1 to 3.
Referring to a side window, the first glass substrate 21 is
disposed on a vehicle exterior side and the second glass
substrate 22 is disposed on a vehicle interior side.

[0191] Various types of glass plates may be used as the
first and the second glass substrates. Either inorganic glass
or organic glass may be used as the glass plate, and inorganic
glass is preferred. Examples of inorganic glass include, but
are not limited to, clear glass, clear float glass, float glass,
tempered glass, semi-tempered glass, colored glass, polished
plate glass, figured glass, wired plate glass, vertically wired
plate glass, ultraviolet absorbing plate glass, infrared reflect-
ing plate glass, infrared absorbing plate glass and green
glass.

[0192] Glass called resin glass is generally used as organic
glass. Examples thereof include, but are not particularly
limited to, organic glass made of a polycarbonate plate, a
polymethyl methacrylate plate or polyester plate.

[0193] The two glass substrates may be made of the same
or a different material. For example, while one may be
inorganic glass and the other may be organic glass, it is
preferable that both of the two glass substrates are inorganic
glass or organic glass.

[0194] Furthermore, when both of the two glass substrates
are inorganic glass, the same or different type of inorganic
glass may be used as the first glass substrate and the second
glass substrate. For example, semi-tempered glass may be
used as the first glass substrate on a vehicle exterior side and
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clear glass or green glass may be used as the second glass
substrate on a vehicle interior side.

[0195] Alternatively, semi-tempered glass or tempered
glass may be used as the second glass substrate on a vehicle
interior side. Use of semi-tempered glass or tempered glass
as the thin second glass substrate allows flexural rigidity and
mechanical strength of laminated glass to be easily
increased. In that case, glass other than semi-tempered glass
or tempered glass may be used as the first glass substrate on
a vehicle exterior side, and for example, any glass such as
clear glass, green glass, clear float glass and float glass may
be used.

Flexural Rigidity

[0196] It is preferable that the laminated glass of the
present invention has a flexural rigidity of 60 N/mm or more.
By setting flexural rigidity to 60 N/mm or more, flexural
rigidity suitable for side windows can be imparted to lami-
nated glass. Then flapping of side windows in high speed
running with the window open can be easily suppressed. The
laminated glass has a flexural rigidity of more preferably 90
N/mm or more, further preferably 120 N/mm or more, and
still more preferably 130 N/mm or more, and particularly
preferably 150 N/mm or more. The upper limit of the
flexural rigidity is not particularly limited, and for example
may be 500 N/mm or less, or 300 N/mm or less.

[0197] For flexural rigidity, stress that acts on laminated
glass when displacement is applied thereto from the side of
the second glass substrate preferably be measured. More
specifically, flexural rigidity can be measured by the method
described in Examples.

Method for Producing Laminated Glass

[0198] The method for producing laminated glass is not
particularly limited, and laminated glass may be produced
by disposing an interlayer film or a resin layer constituting
the interlayer film between the first and the second glass
substrates and bonding them. More specifically, the inter-
layer film or resin layers are interposed between the first and
the second glass substrates and the resultant is passed
through a pressure roll or evacuated in a rubber bag to
remove air remaining between the two glass substrates and
the interlayer film. Then the resultant is preliminary bonded
at about 70 to 110° C. to prepare a laminated body. Next the
laminated body is put in an autoclave or pressed to be
press-bonded at about 120 to 150° C. at a pressure of 1 to 1.5
MPa. Laminated glass can be prepared in this manner.

[0199] When the interlayer film has a plurality of resin
layers, an interlayer film in which layers have been previ-
ously integrated may be disposed between the two glass
substrate in the production of laminated glass. Alternatively,
a plurality of resin layers (the first resin layer, the second
resin layer and the third resin layer and the like) may be
disposed between the glass substrates, and an interlayer film
may be fabricated at the time of producing laminated glass.
[0200] The laminated glass of the present invention is used
for a side window of an automobile. The laminated glass of
the present invention has sound insulation properties and has
increased flexural rigidity while achieving thinning up to a
total thickness of glass of 5 mm or less. Thus, when the
laminated glass is used as a side window, soundproofing
properties inside the car are improved and flexural rigidity
suitable for the side window can be provided. For example,
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flapping of a side window when the window is opened can
be suppressed and the trouble that the side window is not
fitted in the door frame when an opened window is closed
during traveling is less likely to occur.

EXAMPLES

[0201] The present invention will be described in more
detail with reference to Examples, but the present invention
is not limited to the Examples.

[0202] Physical properties and methods of evaluation are
as follows.

Particle Size of Filler
[0203] The first resin layer was dissolved in THF at 23° C.

and the filler was separated by centrifugation. The filler
separated was dispersed in water, and the data of particle
size distribution was obtained by a laser diffraction method
using a measurement system “1090L” (made by CILAS) in
a measurement range of 0.04 to 500 um. d50 (the particle
size at a cumulative volume of 50%) was measured to
determine the average secondary particle size (d50) of the
filler.

Glass Transition Temperature

[0204] The first resin layer was separated from the inter-
layer film prepared, and the first resin layer was press-
molded at 150° C. Then viscoelasticity was measured by a
viscoelastometer ‘“Rheometer ARES-G2” made by TA
Instruments. Using a parallel plate with a diameter of 8 mm,
the sample was punched and viscoelasticity was measured in
a shear mode under conditions of temperature increase from
-30° C. to 100° C. at a temperature increase rate of 3°
C./minute, a frequency of 1 Hz and a strain of 1%. In the
results of measurement, the peak temperature of loss tangent
was determined as glass transition temperature Tg (¢ C.).
The glass transition temperature of the second resin layer
and the third resin layer was determined by the same
method.

Young’s Modulus

[0205] A resin composition was prepared in the same
manner as in Examples and Comparative Examples, and the
resulting resin composition was press-molded at 150° C. to
give a formed product with a thickness of 800 pum (the first
resin layer, the second resin layer and the third resin layer).
The resulting formed product was punched with Super
Dumbbell Cutter “SDK-600" made by Dumbbell Co., Ltd.
to give a specimen with a total length of 120 mm. The
resulting specimen was stored at 23° C. and a humidity of
30% RH for 12 hours. Then, a tensile test of the specimen
was performed in a thermostatic chamber at 23° C. using
“TENSILON” made by A & D Company, Ltd. at 200
mm/minute. The slope in the small strain region of the
resulting stress-strain curve was calculated and defined as
the Young’s modulus.

[0206] In the measurement, the specimen was marked
with a reference line at a position 40 mm from both ends (the
distance between the reference lines: 40 mm), and the
thickness of the specimen between the reference lines was
measured. The thickness of the specimen at the respective
reference lines and the thickness of the specimen at the
center between the two reference lines were measured, and
an average thereof was defined as the thickness between the
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reference lines, and the cross-sectional area was calculated
from the thickness. The thickness was measured by “Digi-
matic Indicator” (ID-C112C) made by Mitsutoyo Corpora-
tion.

[0207] A tensile test of the specimen was performed in a
thermostatic chamber at 23° C. using TENSILON “RTE-
1210” made by A & D Company, Ltd. at 200 mm/minute
with a gripping distance of 7 cm. Stress and strain were
calculated by the following equations.

Stress=load/initial cross-sectional area between refer-
ence lines

Strain=(Amount of increase of gripping distance/
initial distance between reference lines)x100

[0208] Inthe measurement of Young’s modulus of the first
resin layer, the slope at a strain of 0 to 10% in the resulting
stress-strain curve was defined as the Young’s modulus.
Likewise, in the measurement of Young’s modulus of the
second resin layer and the third resin layer, the slope at a
strain of 0 to 10% in the resulting stress-strain curve was
defined as the Young’s modulus.

Equivalent Stiffness

[0209] Equivalent stiffness E* of the interlayer film was
calculated from the Young’s modulus and the thickness of
each of the first resin layer, the second resin layer and the
third resin layer by the following equation. The thickness of
the first resin layer, the second resin layer and the third resin
layer was measured in the observation of a cross-section of
the first resin layer, the second resin layer and the third resin
layer by an optical microscope.

Equation (X): E*=(Zai)/(Z;ai/Ei)

[0210] Inequation (X), Ei represents the Young’s modulus
of the i-th layer and ai represents the thickness of the i-th
layer. Z, means to calculate the sum of the values of the i
layers.

Sound Insulation Properties

[0211] The resulting laminated glass was vibrated by a
vibration generator for damping test (“Vibration Generator
(G21-005D” made by Shinken Co., Ltd.). Vibration charac-
teristics obtained in the test were amplified by a mechanical
impedance measurement device (“XG-81” made by RION
Co., Ltd.) and the vibration spectrum was analyzed by a FFT
spectrum analyzer (“FFT analyzer HP3582A” made by
Yokogawa Hewlett-Packard). A graph illustrating the rela-
tion between sound frequency (Hz) and sound transmission
loss (dB) at 20° C. was prepared from the rate between the
resulting loss factor and resonance frequency of the lami-
nated glass to determine the minimum sound transmission
loss (TL values) at a sound frequency of about 2,000 Hz. A
higher TL value suggests that the laminated glass has higher
sound insulation properties. Sound insulation properties
were evaluated based on the following criteria.

Criteria for Evaluating Sound Insulation Properties

[0212] A: TL value of 35 dB or more
[0213] B: TL value of less than 35 dB
Flexural Rigidity
[0214] Flexural rigidity of laminated glass was evaluated

by the test method schematically shown in FIG. 4. “TEN-
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SILON” made by A & D Company, Ltd. equipped with a
3-point bending test jig was used as a measurement device.
Conditions of measurement include a temperature of mea-
surement of 23° C. (23° C.£3° C.), a distance between the
fulcrums D1 of 17 cm, the length of the sample D2 of 25 cm
and the width of 10 cm. The laminated glass 20 was
deformed at a displacement rate of 1 mm/minute in the
direction of F, and the stress when a displacement of 1.2 mm
was applied thereto was measured to calculate flexural
rigidity. As shown in FIG. 4, the laminated glass 20 was
deformed on the side of the second glass substrate 22. A
higher value of flexural rigidity suggests that the laminated
glass has more excellent flexural rigidity.

Example 1

[0215] Silica particles (trade name “Nipsil SP-200” made
by Tosoh Silica Corporation, precipitated silica) was pul-
verized using a dry jet mill to fabricate silica particles.
[0216] 100 parts by mass of a polyvinyl butyral resin,
which is a polyvinyl acetal resin, 75 parts by mass of
triethylene glycol-di-2-ethyl hexanoate (3GO), which is a
plasticizer, and 20 parts by mass of the pulverized silica
particles, a filler, were kneaded in a co-extruder to prepare
a resin composition for the first resin layer.

[0217] Furthermore, 100 parts by mass of a polyvinyl
butyral resin, which is a polyvinyl acetal resin, and 32 parts
by mass of triethylene glycol-di-2-ethyl hexanoate (3GO),
which is a plasticizer, were kneaded to prepare the resin
composition for the second and the third resin layers. Details
of the polyvinyl butyral resin used for the first to third resin
layers are as shown in Table 1.

[0218] The resin compositions for the first to third resin
layers were co-extruded through the above co-extruder to
give an interlayer film having a three-layer structure of the
second resin layer/the first resin layer/the third resin layer
with a total thickness of 760 um. The thickness of the layers
of the interlayer film is as shown in Table 1. The silica
particles in the first resin layer have an average secondary
particle size of 0.35 um.

[0219] The resulting interlayer film was cut into a size of
25 cm longx10 cm wide. Next, the interlayer film was
sandwiched between two glass substrates of float glass (25
cm longx10 cm wide) having the thickness shown in Table
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1 to give a laminated body. The laminated body was put in
a rubber bag and the bag was deacrated at a degree of
vacuum of 2.6 kPa for 20 minutes, and the bag was trans-
ferred into an oven while maintaining the state of deaeration,
and further kept at 90° C. for 30 minutes to vacuum press
and preliminarily press-bond the laminated body. The lami-
nated body preliminarily press-bonded was press-bonded in
the autoclave under conditions of 135° C. and a pressure of
1.2 MPa for 20 minutes to give laminated glass.

Examples 2, 3

[0220] The procedure was the same as in Example 1
except for changing the thickness of the first and the second
glass substrates as shown in Table 1.

Examples 4 to 6

[0221] In Examples 4 to 6, the procedure was the same as
in Examples 1 to 3, respectively, except for changing the
type of the polyvinyl butyral resin used for the resin layers,
the blend of the resin composition for forming the resin
layers and the thickness of the resin layers as shown in Table
1.

Example 7 to 12

[0222] The procedure was the same as in Example 1
except for using float glass for the first glass substrate and
tempered glass for the second glass substrate, and changing
the thickness of the first and the second glass substrates as
shown in Table 1.

Examples 13 to 18

[0223] In Examples 13 to 18, the procedure was the same
as in Examples 7 to 12, respectively, except for changing the
type of the polyvinyl butyral resin used for the resin layers,
the blend of the resin composition for forming the resin
layers and the thickness of the resin layers as shown in Table
1.

Comparative Examples 1, 2

[0224] The procedure was the same as in Example 4
except for changing the thickness of the first and the second
glass substrates as shown in Table 1.

TABLE 1
Exam- Exam- Exam- Exam- Exam- Exam- Exam-
ple 1 ple 2 ple 3 ple 4 ple 5 ple 6 ple 7
First glass substrate [mm] 3 2.5 2 3 2.5 2 32
Second glass substrate [mm] 1 1.6 1 1 1.6 1 0.7
Total thickness of glass substrates [mm)] 4 4.1 3 4 4.1 3 39
Rate of thickness of glass 0.75 0.61 0.67 0.75 0.61 0.67 0.82
(First glass substrate/Total thickness of glass substrates)
Interlayer Composition Thickness pm 70 70 70 100 100 100 70
film of first layer Polyvinyl Average 3000 3000 3000 3000 3000 3000 3000
acetal polymerization
resin degree of PVA
Content of % by mole 23.2 23.2 23.2 24.1 24.1 24.1 23.2
hydroxyl group
Degree of % by mole 12.1 12.1 12.1 12.1 12.1 12.1 12.1
acetylation
Degree of % by mole 64.7 64.7 64.7 63.8 63.8 63.8 64.7
acetalization
Content Part 100 100 100 100 100 100 100

by mass
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Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 75 75 75 75 75 75 75
by mass
Silica Type SP-200 SP-200 SP-200 — — — SP-200
particle Content Part 20 20 20 — — — 20
by mass
Glass transition temperature °© C. -4 -4 -4 -4 -4 -4 -4
Young’s modulus MPa 0.72 0.72 0.72 0.40 0.40 0.40 0.72
Composition Each pm 345 345 345 330 330 330 345
of second thickness
and third Polyvinyl Average 1700 1700 1700 1700 1700 1700 1700
layers acetal polymerization
resin degree of PVA
Content of % by mole 34.5 34.5 34.5 30.7 30.7 30.7 345
hydroxyl group
Degree of % by mole 0.8 0.8 0.8 0.8 0.8 0.8 0.8
acetylation
Degree of % by mole 64.7 64.7 64.7 68.5 68.5 68.5 64.7
acetalization
Content Part 100 100 100 100 100 100 100
by mass
Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 32 32 32 39 39 39 32
by mass
Glass transition temperature °© C. 39 39 39 28 28 28 39
Young’s modulus MPa 35.0 35.0 35.0 53 53 53 35.0
Equivalent stiffness MPa 6.50 6.50 6.50 2.06 2.06 2.06 6.50
Thickness of interlayer film/thickness of first glass substrate 0.25 0.30 0.38 0.25 0.30 0.38 0.24
Sound insulation properties (TL method) A A A A A A A
Flexural rigidity [N/mm] 170 169 91 137 128 66 229
Exam- Exam  Exam- Exam- Exam- Exam- Exam-
ple 8 ple9 plel0 plell plel2 plel3 plel4d
First glass substrate [mm] 3.2 2.5 2.5 2.1 2.1 3.2 32
Second glass substrate [mm] 0.55 0.7 0.55 0.7 0.5 0.7 0.55
Total thickness of glass substrates [mm] 3.75 3.2 3.05 2.8 2.6 39 3.75
Rate of thickness of glass 0.85 0.78 0.82 0.75 0.81 0.82 0.85
(First glass substrate/Total thickness of glass substrates)
Interlayer Composition Thickness pm 70 70 70 70 70 100 100
film of first layer Polyvinyl Average 3000 3000 3000 3000 3000 3000 3000
acetal polymerization
resin degree of PVA
Content of % by mole 23.2 23.2 23.2 23.2 23.2 24.1 24.1
hydroxyl group
Degree of % by mole 12.1 12.1 12.1 12.1 12.1 12.1 12.1
acetylation
Degree of % by mole 64.7 64.7 64.7 64.7 64.7 63.8 63.8
acetalization
Content Part 100 100 100 100 100 100 100
by mass
Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 75 75 75 75 75 75 75
by mass
Silica Type SP-200 SP-200 SP-200 SP-200 SP-200 — —
particle Content Part 20 20 20 20 20 — —
by mass
Glass transition temperature °© C. -4 -4 -4 -4 -4 -4 -4
Young’s modulus MPa 0.72 0.72 0.72 0.72 0.72 0.40 0.40
Composition Each pm 345 345 345 345 345 330 330
of second thickness
and third Polyvinyl Average 1700 1700 1700 1700 1700 1700 1700
layers acetal polymerization
resin degree of PVA
Content of % by mole 34.5 34.5 34.5 34.5 34.5 30.7 30.7
hydroxyl group
Degree of % by mole 0.8 0.8 0.8 0.8 0.8 0.8 0.8
acetylation
Degree of % by mole 64.7 64.7 64.7 64.7 64.7 68.5 68.5
acetalization
Content Part 100 100 100 100 100 100 100

by mass
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Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 32 32 32 32 32 39 39
by mass
Glass transition temperature °© C. 39 39 39 39 39 28 28
Young’s modulus MPa 35.0 35.0 35.0 35.0 35.0 53 53
Equivalent stiffness MPa 6.50 6.50 6.50 6.50 6.50 2.06 2.06
Thickness of interlayer film/thickness of first glass substrate 0.24 0.30 0.30 0.36 0.36 0.24 0.24
Sound insulation properties (TL method) A A A A A A A
Flexural rigidity [N/mm] 223 124 117 92 87 197 192
Compar-  Compar-
ative ative
Exam- Exam- Exam- Exam- Exam- Exam-
ple15 plel16 plel7 ple18 ple 1 ple 2
First glass substrate [mm] 2.5 2.5 2.1 2.1 1.6 14
Second glass substrate [mm] 0.7 0.55 0.7 0.5 1.6 14
Total thickness of glass substrates [mm)] 3.2 3.1 2.8 2.6 3.2 2.8
Rate of thickness of glass 0.78 0.82 0.75 0.81 0.50 0.50
(First glass substrate/Total thickness of glass substrates)
Interlayer Composition Thickness pm 100 100 100 100 100 100
film of first layer Polyvinyl Average 3000 3000 3000 3000 3000 3000
acetal polymerization
resin degree of PVA
Content of % by mole 24.1 24.1 24.1 24.1 24.1 24.1
hydroxyl group
Degree of % by mole 12.1 12.1 12.1 12.1 12.1 12.1
acetylation
Degree of % by mole 63.8 63.8 63.8 63.8 63.8 63.8
acetalization
Content Part 100 100 100 100 100 100
by mass
Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 75 75 75 75 75 75
by mass
Silica Type — — — — — —
particle Content Part — — — — — —
by mass
Glass transition temperature © C. -4 -4 -4 -4 -4 -4
Young’s modulus MPa 0.40 0.40 0.40 0.40 0.40 0.40
Composition Each pm 330 330 330 330 330 330
of second thickness
and third Polyvinyl Average 1700 1700 1700 1700 1700 1700
layers acetal polymerization
resin degree of PVA
Content of % by mole 30.7 30.7 30.7 30.7 30.7 30.7
hydroxyl group
Degree of % by mole 0.8 0.8 0.8 0.8 0.8 0.8
acetylation
Degree of % by mole 68.5 68.5 68.5 68.5 68.5 68.5
acetalization
Content Part 100 100 100 100 100 100
by mass
Plasticizer Type 3GO 3GO 3GO 3GO 3GO 3GO
Content Part 39 39 39 39 39 39
by mass
Glass transition temperature © C. 28 28 28 28 28 28
Young’s modulus MPa 53 53 53 53 53 53
Equivalent stiffness MPa 2.06 2.06 2.06 2.06 2.06 2.06
Thickness of interlayer film/thickness of first glass substrate 0.30 0.30 0.36 0.36 0.48 0.54
Sound insulation properties (TL method) A A A A A A
Flexural rigidity [N/mm] 107 108 70 69 58 44

[0225] As described above, laminated glass with high
flexural rigidity suitable for side windows with increased
sound insulation properties was obtained in Examples by
setting the first glass substrate located on a vehicle exterior
side thicker than the second glass substrate and by setting the
thickness of the first glass substrate to 2 mm or more, even
if the total thickness of the glass substrates was reduced to
as thin as 5 mm or less.

[0226] By contrast, in Comparative Examples, since the
thickness of the first glass substrate located on a vehicle

exterior side was set to less than 2 mm, laminated glass with
high flexural rigidity suitable for side windows was not

obtained.

[0227]
[0228]
[0229]
[0230]

REFERENCE SIGNS LIST

10 Interlayer film

11 First resin layer
12 Second resin layer
13 Third resin layer
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[0231] 20 Laminated glass
[0232] 21 First glass substrate
[0233] 22 Second glass substrate

1. A laminated glass for a side window, comprising a first
glass substrate, a second glass substrate, and an interlayer
film disposed between the first glass substrate and the
second glass substrate,

the first glass substrate and the second glass substrate

having a total thickness of 5 mm or less, and

the first glass substrate being located on a vehicle exterior

side and being thicker than the second glass substrate
and having a thickness of 2 mm or more.

2. The laminated glass for a side window according to
claim 1, wherein

the interlayer film comprises at least a first resin layer, and

the first resin layer has a Young’s modulus at 23° C. of

less than 1 MPa.
3. The laminated glass for a side window according to
claim 2, wherein
the interlayer film further comprises a second resin layer
provided on one surface of the first resin layer, and

the second resin layer has a Young’s modulus at 23° C. of
higher than the Young’s modulus at 23° C. of the first
resin layer.
4. The laminated glass for a side window according to
claim 3, wherein
the interlayer film further comprises a third resin layer
provided on the other surface of the first resin layer, and

the third resin layer has a Young’s modulus at 23° C. of
higher than the Young’s modulus at 23° C. of the first
resin layer.
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5. The laminated glass for a side window according to
claim 1, wherein a ratio of the thickness of the first glass
substrate to the total thickness (thickness of the first glass
substrate/total thickness) is 0.6 or more.

6. The laminated glass for a side window according to
claim 1, wherein the interlayer film has an equivalent
stiffness at 23° C. of 1.5 MPa or more.

7. The laminated glass for a side window according to
claim 1, wherein a ratio of the thickness of the interlayer film
to the thickness of the first glass substrate (thickness of the
interlayer film/thickness of the first glass substrate) is 0.1 or
more and 0.5 or less.

8. The laminated glass for a side window according to
claim 1, wherein

the interlayer film comprises at least the first resin layer,

and

the first resin layer comprises a filler.

9. The laminated glass for a side window according to
claim 1, wherein

the interlayer film comprises at least the first resin layer,
and

the first resin layer comprises a polyvinyl acetal resin.

10. The laminated glass for a side window according to
claim 1, wherein

the interlayer film comprises at least the first resin layer,
and

the first resin layer comprises a plasticizer.
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