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AN INTERLAYER FILM AND LAMINATED GLASS

USING THE SAME

FIELD OF THE INVENTION

This invention relates to an inteflﬁyer £ilm
basically made of ethylene-vinyl-acetate copolymer or
ethylene- (meth)acrylate cdpolymer, and laminated glass
using the same. |

This invention also relates to laminated glass

sulitable for use of vehicle side windows.

BACKGROUND OF THE INVENTION

Laminated glass is used for auiomobile safety glass
plates, glazing materials for public facilities and
sports/excercise facilities, partitions and security
doors. - In general, laminated glass is pfepared by
laminating a plurality of inorganic glass plgtes via
interlayer films, and some of inorganic glass plates may be
replaced with organic glass plates, i.e. synthetic resin
plates.

For interlayer film for laminated glass, film made of
polyvinylbutyral resin plasticized by the addition of a
plasticizer, which has a combination of excellent
adherability'to glass, tough tensile strength and a high

-~

degree of transparency, has been used as the most common
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.material.

However, when laminated glass is ptoduced by using an
interlayer film of this resin, the interlayer film needs to
be adjusted for humidity before the lamination process with
glass, and furthermore, the lamination procoss has to be
carried out at high temperatures aﬁd high pressures using
an autoclave. These complicate the lamination process.

In add;tion, when this interlayer £ilm is used to
laminate synthetic resin transparent plates, -the
plasticizer'in the interlayer film bleeds into the
interface with the synthetic resin plate, thus making the
adherability insufficient and at the same time-turning the
synthetic resin plate white by erosion.

In ordor to overcome these shortcomings, the
following three methods are proposed;

(1) An interlayer film is made of thermoplastic resins
obtined by partial eéterification of ethylene-vinyl acetate
copolymer partial saponification products. ( Japanese
Patent Publication No. 72-2103 discioses.)

(Z)IAn crosslinkable inteilayer film is made of a
thermosetting resin composition comprising ethylene-vinyl
acetate copolymef, organic peroxide and silane coupling
agents. A laminated glass is produced by heating
(hardening) the crosslinkable interlayer film during the

lamination process. (Japanese Patent Publication No. 90-
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53381.)

(3) An interlayer film is made of a resin composition
comprising ethylene-ﬁinyl acetate copolymer or ethylene-
alkyl (meth) acrylate copolymer and transparency .
improvement agent such as condensation products. (Japanese
Laid-open Patent Publication No. 7-2551.) |

However, the above-mentioned interlayer film (1) made
of the partial esterification product of ethylene-vinyl
acetate has shortcomings in that the adherability to glass,
transparency, weatherablility and humidity resistance are
péor. | |

The interlayer film (2) made of a thermosettiﬁg resin
composition comprising ethylene-vinyl acetate copolymer,
organic peroxide etc. has advantages in that: the
transparency improves because the crystallinity decreases
during the thermai modification; room temperature'storage
is‘possible; humidity control is not necessary; and
lamination can be done without using an autoclave.
However, sipce it utilizes radicals generated from the
decomposition of organic peroxides, it requires a high
process temperature, 140 to 150 °C, so that it'requires
heat resistant dyes when used for ornamental laminated
glass, leading to poor workability and higher costs. It
also has the shortcoming of thermal deformation when-used

for synthetic resin plates.
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The interlayer film (3) made.of a resin composition
- comprising ethylene-vinyl acetate copolymer or ethylene-
alkyl (meth) acryiate copolymer and transparency
improvement agent etc. has advantages in that it allows the
lamination process with no autohesion of fiLm, no humidity
control and no autoclave at lower temperatures and
pressures, without sacrificing the basic characteristics
required for laminated glass, such as transparency,
humidity resistance, impact resistance and adherability to
synthetic resin plates. However, it has the following
shortcomings in storability. o

Fitting giass plates in window sashs, cushioning
materials such as flexible plastic beads, called glazing
channels, are utilized. using laminated glass in such
manner, the plasticizers in the beads transfer to the
interlayer film from ihe edge portion of laminated glass,
and diffuse into the interlayer film. This brings about
peelings in the interface of interlayer film / glass
plateé. -

Such storability as does not cause above-mensioned
peelings, is called "plasticizer resistance" or “resistance
to glazing channel”.

Any of the above-mentioned three interlayer films
have problems in the plasticizer resistance.

Accordingly, it is an object of the present invention
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to provide an interléyer £film and laminated gléss whidh'
uses it, wherein the interlayer film allows the lamination
process at comparatively lower temperatures with no
humidity control and no autoclave, without sacrificing the
basic characteristics required for 1amiﬁated glass, such as
transparency, humidity resistance, weatherability, impact
resistance and-adherability.

It is a'further object of the present invention to
provide an interlayer f£ilm and laminated glass which is

improved in the long-term plasticizer resistance.

As mentioned above, laminated glass is used for a
front window of vehicles such as automobile, etc. As an
interlayer f£ilm of this kind of the laminated glass, a
plasticized polyvinyl butyral interlayer £film is_mainly
used. On the other hénd, the degree of safety requested to
the side window glass of vehicles such as automobile, etc.
islnot so large in comparison with the front window glasé.
Therefore, a reinforced glass, which is cheaéér than the
laminated glass using the plasticized polyvinyl butyral
interlayer film, is widely used. However, there have
recently been requesied a laminated glass, which is not
easily broken and glass fragments are not scattered even if
it is broken, as the side window glass of vehicles such as

automobile, etc. in view of increase in saféiy sense and



prevention of theft of articles in the vehicles.

It has been known that the laminated glass using the
plasticized polyvinyl butyral interlayer film is used as
the side window glass of the automobile ( Japanese Laid-
Open Utility Model Publication No. 57~ 116510).

A glass plate having no edge frame is normally
mounted to the vehicle side window so that it can go up and
down. When the laminated glasé using the plasticized
polyvinyl butyral interlayer film is used as the glaés
plate having no edge frame, the interlayer film is exposed
at the edge of the laminated glass.

Therefore, there is a problem that the interlayer
film whose edge is exposed absorbs mbisture when using for
a long period of ;ime to cause whitening of the edge
portion; In additioﬂ, the interface is peeled off to cause
poor appearance, which results in inferior safety. Even if-
the edge has been'treated, the treated portion sometimes
becomes fatigued when using for a'long period of time, and
it is difficult to completely prevent moisture absorption.

A still further object of the present invention is to
provide a laminated glass for vehicle side-window having an
excellent safety, which shows little moisture absorption
from the edge of the laminated glass even if it is used for
a long pefiod of time and,causes no poor appearance such as

whitening of the edge portion of the interlayer film,
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interfacial peeling, étc.

SUMMARY OF THE INVENTION

To achieve the above-mentioned first object, this
invention provides an interlayer film made of a composition
comprising 100 weight parts of ethylene-vinyl acetate
copolymer or ethylene-alkyl (meth) acrylate copolymer, 0.0l
to 4 weight pafis of a transparency improvement agent, 0.01
to 4 weight parts of a silane coupling agent and 1 to 40
weight parts of a rosin resin or hydrocarbon resin, and
léminated glass which uses the interlayer film.

The invention concerning the above-mentioned
interlayer film is hereinafter referred to as "the first
invention".

In the above-mentioned interlayer film, a_melt index
- of the ethylene-vinyl acetate copolymer or ethylene-alkyl
(meth)acrylaie copolymer may be 0.1 to 500 g/l10-minutes,
according to ASTM 1238-65T. -

In the above-mentioned interlayer film the
transparency improvement agent may be a condensation
product of polyhydric alcohol of 5 or higher hydric or its
derivative and benzaldehyde or its derivative, or a
calixarene represented by the following general formula

().
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Wherein, n is an integer of 1 to 4.

In the above-mentioned interlayer £ilm, the
condensation product or compound (I) may be sélected from
the group consinting of a dibenzylidenesorbitol compound, a
dibenzylidenexylitol compound, a dibenzylidenedulcitoi
édmpound, a.dibenzylidenemannitol compound and a calixarene
compound.

The amountlof the transparency improvement agent is
preferably 0.02 to 1 parts by weight, based on 100.parté by
weight of ethylene-vinyl acetate copolymer or ethylene-
(meth) acrylate copolymer.

In the above-mentioned interlayer film-ihe silane
coupling agent may be a silane compound which has a organic
functional group selected from amino, glycidyl, mercapto,
vinyl and methadryl,-and a hydrolyzable group.

The amount of the silane coupling agent is preferably
0.02 to 2 parts by weight, based on 100 parts by weight of
ethylene-vinyl acetate copolymer or ethylene-(meth)

acrylate copolymer.
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To achieve the above-mentioned second object, a
hydrocarbon resin méy be favorably used in the above-
mentioned interlayer film. 1In particular, a hydrogenated
hydrocarbon resin having a hydrogenation rate of 88 % by
weight or higher is preferable. A hydrogenated hydrocarbon
resin having a hydrogenation rate of 95 % by weight or
higher is more preferable.

The rosin resin or hydrocarbon resin may be selected'
from the group conéinting of wood rosin, gum rosin, tall
oil rosin, polymerized rosin, hydrogenated rosin, rosin
ester, hydrogenated rosin ester and migtures thereof, énd
the hydrocarbon resin may be selected from the group
consinting of aliphatic petroleum resin, aromatic petroleum
resin, alicyclic petroleum resin, copolymer petroleum
resin, hydrogenéted petroleum resin, pure monomer petroleum.
resin and mixtures thereof.

The amount of the rosin resin or hydrocarbon resin is
preferably 2 to 30 parﬁs by weight, based on 100 parts by
weight of ethylene-vinyl acetate copolymer or ethylene-
(meth) acrylate copolymer.

A laminated glass may be prepared by 1amin§ting an
interlayer film according to the present invention between

a plurality of glass plates.

The interlayer - f£film according to the first invention
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allows the lamination process at comparatively lower
temperatures with no humidity control and no autoclave,
without sacrificing the basic characteristics required for
laminated glass, such as transparency, heat resistance,
humidity resistance, weatherability, impact resistance,
adherability and non-autohesion property, and thereby.it
has significant advantages in terms of performance and

. processability.

Further, the interlayer film according to the first
invention improves in long-term plasticizer resistance, and
thereby thié prevents the adhesion between glass plates and
interlayer film at the edge of beads from lowefing caused

by the plasticizer in the beads during lorng-term use.

To achieve the above-mentioned third object,'this
invention provides a laminated glass for vehicle side .
window to be mounted to a vehicle side window so that it
can go'up and down, compriéing an interlayer film
interposed between glass plates, the interlayer film being
made of a resin film containing an ethylene-vinyl acetate
copolymer or an ethyléne—(meth)acrylate copolymer or a
modified product thereof as a main component.

The invention concerning the above-mentioned
laminaied glass for vehicle side window to be mounted to a

vehicle side window is hereinafter referred to as "the
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second invention".

In the above-mentioned laminated glass, a peel
strength between the interlayer film and an inorganic or
organic glass plate or a plastic film or sheet, which is
brovided in contact with the interlayer film, is preferably
0.01 to 15 kg/cm.

In the above-mentioned laminated glass, a melt flow
rate of the ethylene-(meth)acrylate copolymer is preferably
0.1 to 500 g/10 mimutes.

In the above-mentioned laminated glaés, a water
absorption rate ( water absorption rate at 23 °C for 24
hours according to JIS K7209 ) of the interlayer film is
preferably not more than about 1.5 % by weight.

In the above-mentioned laminated glass, a silane
coupling agent may be contained in the resin in the amount
of 0.01 to 4 parts by weight, based on 100 parts by weight
of the ethylene-vinyl acetate copolymer or éthylene-
(meth)acrylate copolymer or modified poroduct thereof.

In the above-mentioned laminated glass, a rosin resin
or hydrocarbon.resin may be contained in the resin in the
amount of 1 to 40 parts by weight, based on 100 parts by
weight of the ethylene-vinyl acetate copolymer or ethylene-
(meth)acrylate copolymer or modified poroduct thereof.

In the above-mentioned laminated glass, the ?osin

resin or hydrocarbon resin may be a hydrogenated product
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thereof having a hydrogenatibﬂ rate of 88 % by weight or
higher. | | |

In the above-mentioned laminated glass, the rosin
resin or hydrocarbon resin may be a hydrogenated
hydrocarbon resin having a hydrcgenatioh rate of 95 % by
weight or higher.

In the above-mentioned laminated glass, the rosin
resin may be selected.from the group consinting of wood
rosin, gum rosin, tall oil rosin, polymerized rosin,
hydrogenated rosin, rosin ester, hydrogenated rosin ester
and mixtures thereof, and said hydrocarbon resin is
selected from the grdup consinting of aliphatic petroleum
resin, aromatic petroleum resin, alicyclic petroleum resin,
copolymer petroleum resin, hydrogenated petroleum resin,

pure monomer petroleum resin and mixtures thereof.

As described above, the laminated glass for vehicle
side window of the second invention is a laminated glass of
which contains an ethylene-vinyl acetate copolymer or an
ethylene~- (meth)acrylate copolymer or a modified product of
these copolymers as a main component. Such a laminated
glass using the interlayer film shows moisture absorption
properties whiéh are drastically smaller than those of a
conventional laminated glass using a plasticizeé polyvinyl

butyral interlayer film, and causes no poor appearance such
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as whitening of the edge portion of the interlayer film,

interfacial peeling, etc. even if it is used in the state
where the édge portion of the laminated glass is exposed

for a long period of time..

‘Regarding those éontaining a specified amount of
silane coupling agent in the above resin film, or having a
specified peel strength between the interlayer film and
inorganic or organic glass plate, the above-mentioned
effect is further improved.

Furthermoré, the laminated glass fo; vehicle side
window of the present invention is cheap in comparison with
a copventional laminated glass using a plasticized
polyvinyi butyral interlayer film, and is less easily.
broken than a conventional reinforced glass. Even if it is
broken, glass fragments are not easily scattered.
Therefore, it is superior in action of safely protecting
the human body at the time of collision'between vehicles,
thereby obtaining prevention of theft of articles in the "
automobile and high safety, similar to the laminated giass

to be used for the vehicle front window.

DETAILED DESCRIPTION OF THE INVENTION

A more detailed description of the first invention is
given below.

The ethylene-vinyl acetate copolymer used in this
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inQention is known to differ in transparency and mechanical
properties depending on vinyl acetate content thereof.

The vinyl acetate'content of the copolymer is
preferably 5 to 50 % by weight, more preferably 10 to 40 wt
%, and most preferabiy 18 to 35 %.by weight. The ethylene-
(meth) acrylate copolymer used in this invention is also
known to differ in transparency and mechanical properties
depending on (meth) #crylate the content thereof.

The (meth) acrylate content of the copolymer is
preferabiy 5 to 50 % by weight, more preferably 10 to 40 %
by weight, and most preferably 18 to 35 % by weight.

The (meth) acrylate composing the ethylene-(meth)
acrylate copolymer may be methyl (meth) acrylate, butyl
(meth) acrylate and 2-ethylhexyl (meth) acrylate.

If the content of vinyl acetate or (meth): acrylate in
each copolymer is too high, then the transparency of the
interlayer film obtained is good, but the mechanical
properties such as tensile strength is poor, i.e. the
breaking-point strength is low. If the conien; of vinyl
acetate or (meth) acrylate is too low, then the tensile
strength is expected to be good, but the incipient
fluidization temperature increases to deteriorate the
lamination processability, and the transparency may
decrease significantly.

A melt index (MI) of the ethylene-vinyl acetate
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copolymer or ethylene-(meth)acrylate copolymer may be 0.1

to 500 g/10-minutes. More preferred range is 1 to 200 g/10-
minutes.

If MI of the ethylene-vinyl acetate copolymer or
ethylene-(meth)acrylaie copolymer is too low, then the
fluidity of the resin composition decreases and the
processability (deaeration, prodess time) becomes
significéntly poor. If it is too high, then the viscosity
of the resin composition decreases and the impact
resistance of tﬁe laminated glass obtained will decrease,
and the interlayer fiim may bulge out from the edges 6r may
becomeé thinner.

The ethylene-vinyl acetate copolymer or eihylene-
(meth)acrylate copolymer can be manufactured by a known
method such as high pressure method and emulsion method.

The ranée of the weight average molecular weight of
the ethylene-vinyl acetate copolymer or ethylene-
(meth)acrylate copolymer is preferably 3,000 to 500,000,
more preferably 5,000 to 300,000, most preferably 10,000 to
250,000. |

The ethylene-vinyl acetate copolymer or ethylene~
(meth)acrylate copolymer may be optionally modified (e.g.
plasticization, partial saponification, acid modification,
crossinking, etc.) to form a modified product. 1In

addition, formulation components such as adhesion
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adjustors, ultraviolet absorbers, heat stabilizers,
antioxidants, etc. may be optionally added thereto.

For example, these copolymers and their modified
products are described in Japanese Patent Publication
Nos.72-2103 and 90-53381 and Japaneée Laid~-Open Patent
Publication No.7-2551 and already known. In the present
invention, it is possible to select a suitable 6ne from
these known copolymeré and their modified products and
various formulation components.

For the transparency improvement agent in this
invention, a condensation product of polyhydric alcohol of
5- or higher-polyhydric and its derivative and preferably
1.8 to 2.8 equivalents of benzaldehyde and its derivative,
or a compound represehted by the above-mentioned general
formula (I) may be used.

Typical examples of the polyhydric alcohol and its
derivatives used in this invention may be sorbitoi |
(glucitol), xylitol, mannitol, dulcitol, sorbose,
arabinitol, ribitol, fructose and etc; In particular, a
condensation product obtained from sorbitol, xylitol,
mannitol and dulcitol improves the transparency
significantly. These can be used individually or in
combination. |

Examples of benzaldehyde and its derivatives used in

this invention may be substitution products of benzaldehyde
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with at least one of chlorine atom, alkyl group ,aryl
group, alkoxy group and etc.

This condensation product is synthesized in the
following manner. Under the presence of inert gas,
polyhydric alcohoi of 5- or higher-polyhydric or its
derivatives is put into a reactor equipped with cooling
pipes and an agitatof, then benzaldehyde or its derivat;ve
is put into the reactor,.énd a condenéation acid catalyst
is added, followed by a heated reaction for syhthesis.

Examples of the condensation acid catalyst used in
the synthesis may be sulfuric acid, p-toluenesulfonic acid,
phosphoric écid, hydrochloric acid and_zinc chloride.

The compound represented by the above-mentioned '

~ general formula (I) may be prepared by a known method

(Accounts of Chemical Research, 16, 161 (1933)).

Examples of the condensation product or the compound
represented by the formula (I) may be dibenzylidenesorbitol
compound, dibenzylidenexylitol compound,
dibenzylidenedulcitol compound, dibenzylidenemannitol
compound, and calixarene compound, which are described in
Japanese Laid-open Patent Publication No. 95-2551.) These
can be used individuaily or in combination. 1In particular,
dibenzylidenesorbitol compound and calixarene compound are
preferable.

Eamples of the dibenzylidenesorbitol compound
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described above may be dibenzylidenesorbitol, bis
(methylbenzflidene) sorbitol, bis (ethylbenzylidene)
sorbitol, bis (propylbenzylidene) sorbitol, bis
(butylbenzylidene) sofbitol, bis (pentylbenzylidene)
sorbitol, bis (hexylbenzylidene) sorbitol, bis |
(chlorobenzylidene) sorbitol.

Examples of the calixafene are 4-t-
butylcalix[4]arene, 4-t- butylcalix[5]arene, 4-t-
butylcalix[6}arene, 4-t-butylcalix[7]arene, 4-t-
butylcalix[8larene, 4-t-buty1calix[9]§rene, 4-t-
butylcalix[l0]arene, 4-t-butylcalix[ll]larene, 4-t-
butylcalix[lZlaréne, 4-t-butylcalix[13)arene, 4-t-
butylcalix[l4]arene, 4-t-butylcalix[l5]arene and 4-£-
butylcalix[l6)arene. -In particular, the calixarenes with n
of 4 to 8 in the formula (I) are preferable because they
diffuse well into the resin.

Each number in the brackét is a value of n in the
above-mentioned formula (I). |

Other examples of the transparency improvement agent
used in this invention are t¥ibenzylidenesorbitol, sodium
bis(4-t-butylphenyl) phosphate, sodium -2,2'-methylene
bis(4,6-di-t-butylphenyl) phosphate, and hydroxy-di (t-
butylbenzoic acid) aluminum. In particular, when these are
used in combination with at least one tfansparency

improvement agent selected from the group consisting of
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dibenzylidenesorbitol compound, dibenzylidenexylitol
compound, dibenzylidgnedulcitol compound,.
dibenzylidenemannitol compound, and calixarene compound,
the obtained interlayer film and the laminated glass are
further improved in transparency.

The amount of the transparency improvement agent to
be added should be 0.61 to 4 parts by weight, based on 100
parts by weight of ethylene-vinyl acetate copolymer or
ethylene- (meth)acrylate copolymer. The more preferable
range is 0.02 to 1 parts by weight.

When the amount of the transparency improvement agent
is too small, then improvement of phe trénsparency is not
.sufficient. On the contrary, when the amount of the
transparency improvement agent is too large, it brings
about decrease of its solubility in ethylene-vinyl acetate
copolymer or ethylene-(meth)acrylate copolymer, and reduce

the transparency.

The silane coupling agent used in the present
invention improves adherability of the obtained interlayer
£film, and has at least one organic functional group and
hydrolizable group.

Example of the organic functional group is amino
group, glycidyl group, mercapto group, vinyl group and

methacryl group. - Preferred silane coupling agent is that
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described in Japanese Laid-open Patent Publication No.7-
2551.

: Examples of the silane coupling agents containing
-amino group(s) are 3-aminopropyldimethylethoxysilane, 3-
aminopropylmethyldiethoxysilane, 3-aminopropyltrimethoxy-
silane, 3-aminopropyltriethoxysilane, N-(2-aminoethy1)—3-
aminopropylmethyldimethoxysilane, N-(2-aminoethyl)-3-
aminopropyl trimethoxysilane, etcﬂ

Examples of the silane coupling agents containing
glycidyl group(s) are-3-glycidoxypropyldimethylethoxy-
silane, (3-glycidoxypropyl) methyldiethoxysilane, 3-

" glycidoxypropyltrimethoxysilane, 2-(3,4-epoxycyclohexyl)-
ethyltrimethoxysilane, etc.

Examples of the silane coupling agents containing
meroapto group(s) are mercaptomethyldimethyl ethoxysilane,
(mercaptomethyl) methyldiethoxysilane, 3-mercaptopropyl-
methyldimethoxysilane, 3-mercaptopropyltrimethoxysilane, 3-
mercaptopropyltriethoxysilane, 3-mercaptopropyldimethyl-
ethoxysilane, 3-mercaptopropylmethyldiethoxysilane,, etc.

Example of the silane couplinglagent containing vinyl
group(s) is ﬁinyltrietﬁoxysilane, etc.

Example of the silane coupling agent containing
methacryl group(s) is gamma-methacryloxypropyltrimethoxy-
silane.

These can be used individually or in combination.
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The amount of these silane coupling agents to be
added should be 0.01 to 4 parts by weight, based on 100
parts by weight of ethylene-vinyl acetate copolymer or
ethylene- (meth)acrylate copolymer. More preferred range is
0.02 to 2 parts 5y weight.

When the amount of the silane coupling aéent is too
small, then improvement of the adherability cannot be
achieved. On the contrary, when the amount of the silane
coupling agent is too large, it brings about yellowing of
the obtained interlayer film and a reduction of
transparency of the obtained interlayer film and the

resulting laminated glass.

In the first invention, a rosin resin or hydrocarbon
resin is added to the ethylene-vinyl acetate copolymer or
ethylene- (meth) acrylate copolymer. The rosin resin or
hydrocarbon resin is used to prevent the adherability
between glass plates and interlayer film of the obtaihed
laminated glass from decreasing during long-term storage
and to ensure long-term performance. In particular,
hydrocarbon resin such as petroleum resin improves long-
term storability as well as long-term plasticizer
resistance ,and therebylthis prevents the adhesion between
glass plates and interlayer film at the edge of beads from

lowering caused by the plasticizer in the beads during long-
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term use. These aspects are totally different frpm those
of the interlayer film and laminated glass thereof proposed
by Japanese Laid-open Patent Publication No. 7-2551.
Considéring the improvement of long-term plasticizer

resistance, the preferred hydrocafbon resin is petroleum
resin. |

To improve weatherability, preferred hydrocarbon
resin is hydrogenated petroleum resin having a
hydrogenation rate of 88 % by weight or higher. More
preferred hydrocarbon resin is hydrogenated petroleum resin
having a hydrogenation rate of 95 % by weight or higher.

‘As the rosin resin there may be used rosin (e.g. ﬁood
rosin, gum rosin, tall oil rosin, polymerized rosiﬁ, ete.),
hydrogenated rosin, rosin ester, hydrogenated rosin ester,
etc. |

As the petroleum resin, there may be used aliphatic
petroleum fesin, aromatic petroleum resin, alicyclic
petroleum resin, copolymer petroleum resin, hydrogenated .
petroleum resin, pure monomer petroleum resin etc. In
particular, there may be used aliphatic (C5 ) petroleum
resin, aromatic (cé ) petroleum resin, alicyclic (C9 )
petroleum resin, C5 -Cg copolymer petroleum resin, and pure
monomer petroleum resin such as styrene oligomer, etc.

There also may be used coumarone-indene resin,

coumarone resin, terpene resin, alpha-methylstyrene
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polymer, vinyltoluene polymer, alpha-methylstyrene-
vinyltoluene copolymer, etc.

These can be used individually or in combination.

The amount of rosin resin is 1 to 40 parts by weight,
preferably 2 to 30 parts by weight, based on 100 parts by
weight of ethylene-vinyl acetate copolymer or ethylene-
(meth) acrylate copolymer. When this amount is too small,
the effect of improving long-term storability and long-term
plasticizer resistance of obtained laminated glass-is
small. To the contrar&, when this amount is too large, the
mechanical étrength such as tencile strength is low.

The amount of hydrocarbon resin is 1 to-40 parts by
weight, preferably 2 to 30 parts by weight, based on 100
parts_by weight of ethylene-vinyl acetate copolymer or
ethylene- (meth) acryiate copolymer. When this amount is
too small, the effect of improving long-term storability
and long-term plasticizer resistance of laminated glass
obtained is small. To the_contrary, when this amount is
too large, its dispersibility into the copolymer is poor,
and the transparency of the interlayer film and the
laminated glass is deteriorated.

In order to prevent deterioration of the interlayer
film, a heat stabilizer, antioxidant, ultrﬁviolet light
absorbent, etc., can be optionally added within the range

which does not damage the physical properties of the
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interlayer film.

Examples- of the heat stabilizer mentioned above are
calcium stearate, dialkanol aliphatic tertiaryamine, etc.

Examples of the antioxidant mentioned above are t-
butylhydroxytoluene (BHT), tetrakis-[methylene-3-(3',5'-di-t-
butyl-4'-hydroxyphenyl) propionate] methane, IRGANOX 1010,
IRGANOX 1076 available from Chiba-Geigy Co., Ltd. and etq.
| Examples of the'ﬁltraviolet light absorbent are
benzotriazole types, hindered amino typeé and benzophenone
types. Preferably used benzotriazole types are 2-(2'-
hjdroxy-S'—methylphenyl ) benzotriazole, 2-(2}-hydroxy-
3',5'-di-t-butylphenyl) benzotriazole, 2-(2'-hydroxy-3'-t-
butyl-5'-methylphenyl )-5-chlorobenzotriazole, 2~-(2'-
hydroxy-3',5'-di-t-amylphenyl) benzotriazole, TINUViN P,
TINUVIN 320, TINUVIN 326 and TINUVIN 328, rgspec;ively,
available frdm Chiba-Geigy Co., Ltd. and etc. Preferable
hindered amine types are LA-57 availlable from Adecaaéas
Co., Ltd., LS-770 and LS-2626 available from Sankyo CO;,
Ltd., and etc. Preferable benéophenone types are SEESORB
101, SEESORB 102, SEESORB 103, SEESORB 104 available from
SHIPRO Chemical Co., Ltd. and etc.

In ordor to manufacture the interlayer film of this
invention, it is necessary to uniformly mix the ethylene-
vinyl acetate copolymer or ethylene-(meth)acrylate

copolymer, the transparency improvement agent and the
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silane coupling agenﬁ. Examples of the mixing method
follow: melt-kneading using a kneader such as a rollmill :
the dry blend method which directly mixes the pellets of
the ethylene-vinyl acetate copolymér or ethylene-
(meth)acrylate copolymer with other ingfedients; and
extrusion molding using the high concentration master batch
method, which dilutes the master batch pellets of the
ethylene-vinyl acetate copolymer or ethylene-(meth)acrylate
copolymer containing high concentrations of other
ingredients with pellets of the ethylene-vinyl acetate
copolymer or ethylene-{meth)acrylate copolymor to obtain
molding with the prescribed concentrations. The resin
composition obtained by such melt-kneading is then made
into a interlayer film by the calender roll method, the
extrusion sheet casting method, the inflation tube method,
etc.

If the interlayer film mentioned above is too thin,
then the impact resistance of the laminated glass obtained
will decrease, and if it is too thick, then the
transparency of the laminated glass obtained will
decrease. Therefore, 0.05 to 1 mm is a preferable range.

An example.of thelmethod of manufac;uring laminated
glass using this interlayer film is as follows.‘ First, the -
interlayer film is placed between two transparent plates,

already cleaned in advance, selected from glass plates and
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synthetic resin plates, and this sandwich construction is
put into a rubber bag. After deaeration for a prescribed
duration at a vacuum of O to 20 torr, it is transferred.to
an oven at 80 °C to 120 °c while.in a deaerated state, and
then kept heated at 80 °C to 120 °C in this oven to obtain
the laminated glass. Alternatively, the above-mentioned
séndwich construction is fed into pressurizing rubber
rolls, which is heated to 100 5c or higher, for a
prgscribed period of time and press-bonded to obtain the
laminated glass.

The laminated glass obta;ned by using the interlayer
£film of this invention basically has a layer structure of
glass plate / interlayer film / glass plate. 1In addition,
some multi-layered laminated glass also can be prepared;

Examples of such multi-layered laminated glass are:

(1) Glass plate/ interlayer film / polymer £ilm /
.interlayer film / glass plate.

(2) Glass plate / interlayer film / metal plate /
interlayer film / glass plate / interlayer film / polymer
film.

(3) Glass plate / interlayer film / paper / interlayer
film / glass plate. |

(4) Synthetic resin plate / interlayer film / polymer
film / interlayer film / synthetic resin plate

(5) Synthetic resin plate / interlayer film / metal plate
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/ interlayer film / synthetic resin plate / polymer film
(6) Synthetic resin plate/ interlayer £film / paper /

interlayer film / synthetic resin plate.

Next, a more detailed deséription of the .second
invention concerning the laminated glass for vehicle side
window is given below.

This laminated glass for vehicle sidélwindow, which
is mounted to a vehicle side window so that it can go up
and down, comprises an interlayer filmlinterposed between
glass plates, and the interlayer film is made of a resin
film containing an ethylene-vinyl acetate copolymer or an
ethylene-(meth)aéfylate copolymer or a modified product
thereof as a main component.

Examples of the preferred inte;layer film are those
containihg a silane coupling:agent in the amount of 0.01 to
4 pafts by weight, based on 100 parts by weight of the
ethylene-vinyl acetate copolymer or ethylene-(meth)acrylate
copolymer or modified product of these copolymers, and
those wherein a peel strength between the interlayer film
and inorganic Qlass plate or organic glass plate or plastic
film or sheet, which is provided in contact with the
interlayer f£ilm, is 0.01 to 15 kg/cm, preferably 0.1 to 5
kg/cm.

When the peel strength is too low, then the
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interlayer film and inorganic or organic glass plates or
plasiic films or sheets of the resulting laminated glass

| are easily peeled off each other. 'To the contrary, when it
is too high, then the penetration resistance (impact
ébsorption properties) of the laminated glass is lowered,
which results in inferior safety.

The ethylene-vinyl acetate copolymer or an ethylene-
(meth)acrylate copolymer or a modified product thereof is
the same as described above in the first invention.

'A melt flow rate .(MFR) of the ethylene-vinyl acetate
copolymer or ethylene-(meth)acrylate copolymer is
preferably 0.1 to 500 g/10 minutes, more preferably 1 to
200 g/10 minutes. MFR is measured according to JIS K7210
(temperature: 190 °C,_1oad: 2.16 kg).

When MFR is too low, a fluidity of the interlayer
film is lowered to deteriorate the processability (e.g.
deaeration properties, processing time, etc.). To the
contrary, when MFR is too high, a viscosity-éf the
interlayer film is lowered and the interlayer film is
pushed out from the edge portion after laminating.
Therefore, the appearénce becomes inferior, the thickness
1s decreased, and an impact resistance of the laminated
glass is deteriorated.

The ethylene-vinyl acetate copolymer or ethylene-

(meth)acrylate copolyméer may be optionally modified (e.g.
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plastiéization, partial saponification, acid modification,
crossliﬁking, etc.) to form a modified product. 1In
addition, formulation components such as adhesion
adjustors, transparency modifiers, ultraviolet absorbers,
heat stabilizers, antioxidants, etc. may be optionally
added thereto. These agents are the same as those
aescribed in the first invention. -

It is preferred to add a silane coupling agent as the
adhesion adjustor to the ethylene-vinyl acetate copolymer
or ethylene-(méth)acrylate copolymer or modi:ied products
of these copolymers. In addition, it is preferred to add a
rosin resin or hydfocarbon resin to the ethylene-~vinyl
acetate copolymer or ethylene-(meth)acrylate copolymer or
modified p:oducts of these copolymers to prevent the
adherability between glass plates and interlayer film- of
the obtained laminated glass from decreasing dnring long-
term storage and to ensure long-term storability}

The silane couplihg ageni and the rosin resin or
hydrocarbon resin are the same as those described in the
first invention.

In order to prepare the resin composition, the
interlayer film from the composition, and the laminated
glass from the interlayer film, there can be used methods
which have hitherto been known. The details of the methods

are described in the first invention.
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Furthermore, the vacuum bag may be optionally treated
again in an elevated-temperature oven or autoclave so aé to
sufficiently adhere the glass plate to the intérlayer
film. The laminating is not limited to the above vacuum
bag sfstem, for example, a simple laminating device

manufactured by Hightech Engineer Co., Ltd. can also be

'used.

In addition, it is possible to produce a laminated
glass by using a film or sheet of plastic (e.g.
polyethyleneterephtha;ate, etc.) in place of the
transpﬁrent inorganic or organic glass plate which comes to
insternal side of the vehicle in the.above-mentioned
sandwich construction, or laminating the film or sheet of
plastic (e.g. polyethyleneterephthalate, etcé) on the
surface of the transparent inorganic or organic glass plate
which comes to insternal side of the vehicle, so as to
surely prevent the gléss fragments from scattering.

The laminated glass thus obtained can be used for
mounting'to the side wiﬁdow of vehicles such as automobile,
etc. in the state of no edge frame so that it can go up and
down, similar to a con?entional reinforced glass. |

The interlayer film of the laminated glass is
composed of the resin film éontaining the ethylene-vinyl
acetate copolymer or ethylene-(meth)acrylate copolymer or

modified product of these copolymers as the main
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6omponent. Such a resin film has a water absorption rate
(water absorption rate at 23 °C for 24 hours according to
JIS K7209) of not more than about 1.5% by weight. Thg
water absorption rate is drastically lower than that (about
3.6% by weight) of the plasticized polyvinyl butyral
interlayer f£ilm and, therefore, an influence of water or
moisture is not easily exerted.

When a suitable amount of the silane coupling agent
is contained in the resin film, the adherability between

the interlayer film and glass plate are particularly

improved. 1In addition, the laminated-glass of the side

window is not easily broken by the impact, and there can be
improved properties of preventing the glass from scattering

when the glass is broken.

PREFERRED EMBODIMENTS

Examples of this invention and comparative examples
are described below. The basiclcharacteristics of the
laminated glass obtained are also shown. Hereafter, "
part(s)" means "part(s) by weight".

Example 1
(1) Preparation of the interlayer film

100 parts of a ethylene-vinyl acetﬁte copolymer with

a vinyl acetate content of 25 % by weight and a melt 1ndex

(MI) of 2 g/10 minutes (EVA X505 available from Mitsubishi
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Chemical Co., Ltd.), 1.0 parts of dibenzylidenesorbitol (EC-
1-55 available from EC Chemical Co., Ltd.), 0.1 part of 3-
aminopropyltrimethoxjsilane and 10 parts of rosin ester (KE-
311 available from Arakawa Chemical Co., Ltd.) were fed
into a roll mill, and melt-kneaded at 200 °C to obtain the
resin composition.

35 parts of the resin composition obtained was
sandwiched between two O0.l-mm-thick polyethylene-
terephthalate films, and the sandwich construction obtained
was press-molded at a temperature of 150 °C and at a
pressure of 120 kg/cm® for 30 minutes with a press-molding
machine to obtain a resin sheet comérising a 0.4-mm-thick
interlayer and the polyethyleneterephthaiate films
laminated on both sides. The resin sheet obtained was
allowed to stand to cool until the tempefature'was down to
20 °c.

The polyethylenetgrephthalate-films on both sides of
the resin sheet obtained were peeled off to give a 0.4-mm-
thick interlayer film.

(2) Preparation of the laminated glass

On both sides of the interlayer film, 30.cm deep, 30
cm wide and 3 mm thick float glass plates were laminated to
obtain a sandwich construction. The sandwich construction
was then put into a vécuum bag and deaerated at a 10 torr .

vacuum for 20 minutes, and the vacuum bag with the sandwich
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construction in it, still in the deaerated state, was
transferred into an oven, where it was kept for 10 minutes
at 90 °C to obtain laminated glass having a layer structure

of glass plate / interlayer film / glass plate.

Examples 2 to 4, COmﬁarative Examples 1 to 2

The interlayer films were obtained in the same way as
in Example 1, except that prescribed amounts of ethylene-
vinyl acetate copolymer or ethylené-(meth) acrylate
copolymer, a transparency improvement agent, a silane
coupling agent and a rosin resin or hydrocarbon resin as
shown in Table 1, were used.

Laminated glass was then obtained by using the above-

mentioned interlayer film in the same way as in Example 1.

Examples 5 to 9, Comparative Examples 3 to 6

The inter.layer films were obtained in the same way
as in Example 1, except that prescribed amounts of ethylene-
vinyl acetate copolymer or ethylene-(meth).acrylate
copolymer, a transparency improvement agent, a silané
coupling agent and a rosin resin or hydrocarbon resin as
shown in Tab;e 2, were used.

Laminated glass was then obtained by using the above-
mentioned interlayer film in the same way as.in Example 1,

except that the sandwich construction was kept.in the oveh
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for 30 minutes at 100 °cC.

Examples 10 to 21, Comparative Examples 7 to 15

The interlayer films were obtained in the same way as
in Example 1, except that prescribed amounts of ethylene-
vinyl acetate copolymer or ethylene-(meth) acrylate
copolymer, a transparency improvement agent, a silane
coupling agent and a rosin resin or hydrocarbon resin as
shown in Table 3 and 4, were used.

Laminated glass was then obtained by using the above-
mentioned interlayer film in the same way as in Example 1,
except that the sandwich construction was kept in the oven

fér 10 minutes at 1001°c.

Examples 22 to 26, Comparative Examples 18 to 21

The interlayer films were obtained in the same way as
in Example 1, except that prescribed amounts'of ethylene-
vinyl acetate copolymér or ethylene-(meth) acrylate
copolymer, a transparency improvement agent, a silane
coupling agent and a rosin reéin of hydrocarbon resin as
shown in Table 5, were used.

Laminated glass was then obtained by using the above-
mentioned interlayer film in the same way as in Example 1,
except that the sandwich construction was kept in the oven

for 30 minutes at 100 °cC.
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Comparative ﬁxamples'lﬁ

100 parts of a ethylene-vinyl acetate copolymer with
a vinyl acetate content of 25 % by weight and a melt index
(MI) of 2 g/10 minutes (EVAFLEX360 available from Mitsui-du-
Pont Chemical Co., Ltd.), 3 parts of
triallylisoéyanurate (TAIKU available from Nippon Kasei
Co., Ltd.), 1 part of 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane (PERHEXA 3M available from Nippon Oils
and Fats Co., Ltd.) and 0.3 part of gamma-méthacryloxy-
pfopyltrimethoxy-silane, and melt-kneaded at 100 °C to
obtain the resin composition. |

Laminated glass.was then obtained by using the above-
mentioned resin composition in the same way as in Example
22, except that the sandwich constxuction was kept in the

oven at 130 °cC.

Comparative Examples 17

200 parts of ethylene-vinyl acetate copolymer
(ULTRASEN 750 available from Tosoh co.) with a vinyl
acetate content of 32 % by weight, MFR of 18g/10 minutes),
300 parts of a 10-wt% sodium hydroxide solution and 1500
parts of xylene were fed into a 3-necked flask equiped with
an agitator and a reflux condenser. The hydrolysis

reaction was then carried out during agitation and
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refluxing. The solid portion was collected by filtering to
obtain a partially saponificated product ﬁith a degree of
saponification of -90%.

180 parts of the partially saponificated préduct, 104
parts of phthalic anhydride, 40 parts of pyridine and 1500
parts of xylene are fed into a 3-necked flask equiped with
an agitator and a reflux condenser. The reaction was
carried out during agitation and refluxing at 110 °c for 4
hours. The solid portion was cbllected by filtering to
obtain a modified produc;( the partially saponificated
product, product which was partially esterified with
phthalic anhydride). _

The partially esterified product obtained was assayed
by the elemen£ analysis and'the infrared absorption
spectral analysis to confirm that it had a vinyl acetate
content of 3.2 % by weight, vinyl alcohol_content'of 16.1 %
by weight, vinyl phthalate content of 12.7 % by weight and
ethylene content of 68 % by weight. ‘

Laminated-glaés was then obtaiﬁed by using the above-
mentioned partially esierified product in the same way as

in Example 22.
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Table 1 (Composition of interlayer film)

Parts by weight

Examples

Comparative
examples

1 2

Copolymer

EVA (EVA X505)

EVA (ULTRASEN 751)

EA (ACRIFT WH202)

Transparencir improvement agent

Dibenzylidenesorbitol

Bis(methylbenzylidene)sorbitol

Dibenzylidenesorbitol coated with
higher fatty acid

4-t-Butyl calix[4]arene

Silane coupling agent

3-Aminopropyltrimethoxysilane

N-(2-Aminoethyl)-3-aminopropylmethyl-
dimethoxysilane

3-Mercaptopropyltriethoxysilane

N-(2-Aminoethyl)-3-aminopropyl-
trimethoxysilane

3-Aminopropyltriethoxysilane

Rosin resin or hydrocarbon resin

Rosin KE-311 | |

Arkon P-90

FIR-6100

Arkon ¥-100

100

100 | -

0.3

0.1
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Table 2 (Composition of interlayer film) Parts by weight

Exauples Comparative examples

1

8

Copolymer

EVA (ULTRASEN 751D

EVA (EVAFLEX 170)

EVA (EVAFLEX 270)

EA (ACRIFT WH202)

EA (DPDJ-9169)
Transparency improvement agent
Dibenzylidenesorbi tol
Dibenzylidenexylitol
Dibenzylidenemannitol
4-t-Butyl calix[4{]arene

Silane coupling agent
N-(2-Aminoethyl)—3jaminopropyl-
methyldimethoxysilane

N-(2-Aminoethy1)-3-aminopropyl- ’

trimethoxysilane
3-Nercaptopropyltrimethoxysilane
3-Glycidoxypropyltrimethoxysilane
3-Aminopropy1trimethoxysilane
Rosin resin or hydrocarbon resin
Arkon P115 '
Arkon P90
Arkon M90
FIR-6100
FIR-8100 -
Rosin KE-311

0.3

0.03
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. Table 3 (Composition of interlayer film)

Parts by veight'

Examples

10

11

12

13

14

15

16

17

18

19

20

21

Copolymer
EVA (ULTRASEN 751)

EVA (EVA X505

EA (ACRIFT WH202)

Transparency improvement agent

Dibenzylidenesorbitol

Bis(nethylbenzylidene)sorbitol

Dibenzylidenesorbitol coated with

higher fatty acid

4-t-Butyl calix[4]arene

Dibenzylidenexylitol

Dibenzylidenemannitol

Silane coupling agent

¥-(2-Arinoethyl)-3-aminopropyl-

nethyldimethoxysilane

3-Aninopropyltrimethoxysilane

3-Nercaptopropyl trimethoxysilane

3-Glycidoxypropyl trinethoxysilane

Hydrocarbon resin '

[Petrolem resin] _

Arkon P-115 (hydrogenated 95 wtX)
P-100 (hydrogenated 95 wt%)
P-90 (hydrogenated 95 wtX)
P-70 (hydrogenated 95 wi¥)
¥-100 (hydrogenated 80 wtX)

FIR-6100 (non-hydrogenated)

FIR-8100 (non-hydrogenated)

Rosin resin

KE-311

XR-611

T-100X

100

100

100

100

0.3

0.05

100

0.3

0.05

100

100

100

100

100

100

10
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Table 4 (Composition of interlayer film)

Parts by weight

Comparative examples

9 10

11

12

13

14

15

Copolymer
EVA (ULTRASEN 751)

EVA (EVA X505)
EA (ACRIFT WH202)
Transparency improvement agent
Dibenzylidenesorbitol
Bis(methylbenzylidene)sorbitol
Dibenzylidenesorbitol coated with
higher fatty acid
Silane coupling agent
1 N-(2-Aminoethy1)-3-aninopropyl-~
methyldimethoxysilane
3-Aninopropyltrimethoxysilane
Bydrocarbon resin
[Petroleun resin]
Arkon P-115 (hydrogenated 95 wt. %)
P-100 (hydrogenated 95 wt. %)
P-90 (hydrogenated 95 wt.X)

100

0.05

0.05

~ 1100

0.05| -

100

100

0.05]

100

0.3

0.05

0.05

0.05

60
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Table 5 (Composition of interlayer film)

Parts by weight

Exanples

Comparative examples

22

23

24

25

26

18

19

20

21

Copolymer
EVA (ULTRASEN 75D

EVA (EVAFLEX 170)

EVA (EVAFLEX 270)

‘I EA (ACRIFT WH202)

EA (DPDJ-9169)

Transparency improvement agent

Dibenzylidenesorbitol

Dibenzylidenexylito!l

Dibenzylidenenannitol

4-t-Butyl calix[4{]arene

Silane coupling agent

N-(2-Aninoethyl)-3-aminopropyl-
methyldimethoxysilane

N-(2-Aminoethyl)-3-aminopropyl-
trinethoxysilane

3-¥ercaptopropyltrimethoxysilane

3-Glycidoxypmpyltrimethomsilane

3-Aninopropyltrimethoxysilane

Rosin resin or hydrocarbon resin

Arkon P-115

Arkon P-90

Arkon ¥-90

FIR-6100

FTR-8100

Rosin KE-311

T-100X

KR-611

100

0.3

0.03
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The details of the copolymers, the transparency
improvement agent, the silane coupling agent and the rosin

resin or hydrocarbon resin in Tables 1 to 5 are as follows.
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Table 6 Ethylene-vinyl acetate copolymer (EVA)

Vinyl Weight
acetate | average MI (g/10 Product
content | molecular |{minutes) | Manufacturer name
wt. %) weight
x10h
EVA 33 15 2 Mitsubishi EVA
X505 ' Chemical Co.,Ltd.{ X505
ULTRASEN | 28 12 6 Tosoh Co. , Ltd. ULTRASEN
751 751
EVAFLEX Du Pont Mitsui ([ EVAFLEX
170 33 20 1 Polychemicals 170
' Co., Ltd.
EVAFLEX Du Pont Mitsui | EVAFLEX
270 28 20 1 Polychemicals 270
Co. , Ltd.
Table 7 Ethylene-(meth)acrylate copolymer (EA)
HHA Veight
content | average I (g/10 Product
(wt.%) |molecular |minutes) | Hanufacturer |name copolymer
weight
a10h
ACRIFT Sumi tomo ACRIFT | Ethylene-
VH202 20 18 4 Chemicals Co,, | ¥H202 nethylmeth-
Lid, acrylate
copolyner
DPD] Nippon Unicar | DPD] Ethylene-
-9169 20 12 20 Co., Ltd. -9169 pethylmeth-
: acrylate
copolymer
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Transparency Improvement Agent

Dibenzylidenesorbitol (EC-1-55, EC Chemical Co., Ltd.)

Bis (methylbenzylidene)sorbitol (GELOL MD, Shin Nippon Rika

Co., Ltd.)
Dibenzylidenesorbitol coated with highet fatty acids (EC-1-

70, EC Chemical Co., Ltd.)
4-t- Butylcalix[4]arene'(Kanto Chemical Co., Ltd.)

dibenzylidenexylitol (Synthesized)

dibenzylidenemannitol (Synthesized)

Silane Coupling Agent

3-aminopropyltrimethoxysilane (Chisso Co., Ltd.)
3~aminopropyltriethoxysilane (Chisso Co., Ltd.)
N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane

(Chisso Co., Ltd.)
N- (2-aminoethyl)~3~aminopropyltrimethoxysilane (Chisso

Co., Ltd.)
3-mercaptopropyltriethoxysilane (Chisso Co., Ltd.)

3-mercaptopropyltrimethoxysilane (Chisso Co., Ltd.)

3-glycidpxypropyltrimethoxysilane (Chisso Co., itd.)

Rosin Resin

Rosin KE~311: rosin ester (XE-311, Arakawa Chemical Co.,

Ltd.)
Rosin KR-611: rosin éster (KR-611, Arakawa Chemical Co.,
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Ltd.)

Rosin T-100X: rosin ester (T-100X, Mitsui Petrochemical

Co., Ltd.)

Petroleum resin

Arkon M-90: alicyclic petroleum resin having a
hydrogenation rate of 80 % by weight ( Arkon M-90, Arakawa
Chemical Co., Ltd.)

Arkon M~100: alicyclig'petroleum resin having a
hydrogenation raie of 80 % by weight ( Arkon M-100, Arakawa
Chemical Co., Ltd.)

Arkon P—?O: alicyclic petroleum resin having a
hydrogenation rate of 95 % by weight ( Arkon MP70, Arakawa
Chemical Co., Ltd.)

-Arkon P-90: alicyclic petroleum resin having a
hydrogenation rate of 95 & by weight ( Arkon P-BO, Arakawa
Chemical Co., Ltd.)

Arkon P-100: alicyclic petroleum resin having a
hydrogenation rate of 95 % by weight ( Arkon P-100, Arakawa
Chemical Co., Ltd.) |
Arkon P-115: alicyclic petroleum resin having a .
hydrogenation rate of 95 % by weight ( Arkon P-115, Arakawa
Chemical Co., Ltd.) |

FTR-6100: pure monomer petroleum resin, styrene oligomer,

non-hydrogenated ( FTR-6100, Mitsui Petrochemical Co.,
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Ltd.)
FTR-8100: pure monomer petroleum resin, styrene oligomer,
non-~hydrogenated ( FTR-8100, Mitsui Petrochemical Co.,

Ltd.)

(1) Synthesis of Dibenzylidenesorbitol

182 g (1 mole) of D-sorbitol, 212 g (2 mole) of
benzaldehyde, 800ml of toluene and 2ml of concentrated
sulfuric acid were fed into a 3-liter 3-necked flask
equiped with an agitator and a reflux condenser. The
réaction was carried out for 3 hours at a temperature of
8 °C. Next toluene was removed by distillation the residue
was nutralized with potassuim hydroxide. After washing,
filtering and drying, 347 g (yield: 97 % by weight) of
dibenzylidenesorbitol was obtained.
(2) Synthesis of Dibenzylidenexylitol

320 g (yield: 95 % by weight) of dibenzylidenexylitol
was obtained in the same way as that described in (1) .
above, except that 152 g (2 mole) of xylitol was used in
stead of D-sorbitol. |
(3) synthesis of Dibenzylidenemannitol

269 g (yield: 75 % by weight) of dibenzylidene-
mannitol was obtained in the same way as that described in
(1) above, except that 182 g (1 mole) of D-mannitol was

used in stead of D-sorbitol.
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Physical Property Tests of Laminated Glass

Each laminated glass obtained in Examples 1 to 26 and
COmparative Examples 1 to 21 was cut into 2 cm wide, 10 cm
long strips to prepare test samples for physical property
tests.

The following tésts were conducted using the above-
mentioned test samples.

The testing procedures are described below.

The results are shown in Tables 8 to 12.

(1) Transparency test

Integral turbidity meter (Sekibun-shiki Dakudo-kei
available from Tokyé ﬁenshoku Co., Ltd.) was used to
measure the total light transmittance (%) and the haze

value (%) of samples. The test was conducted with n = 10.

(1ii) Adhesion strength (Peeling strength) test

The ‘interlayer film (immediately after preparation)
was interposed-betweeh transparent float glass plate énd
polyethylene terephthalate film, and adhered under the same
condition as-that of the preparing of the above-mentioned
laminated glass.

The laminate obtained was cut into 2 ocm wide, 10 cm
long strips.

The interlayer £ilm was peeled at the edge portion of
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the above-mentioned laminate.

The 90 degree peel strength (kg/cm) of the strips was
measured using a constant speed tensile tester (Tensilon
UCE 500 available from Orientech Co., Ltd.), and drawing
the end of the peeled interlayer film at a speed of 50

cm/minute. The testing was conducted with n = 10.

(iii) Long-term storability test |

After a interlayer film was allbwed to spand for 40 days
at 40 °C, the long-term storébility test of the interlayer
film was conducted in the same way as that described in the

above-mentioned adherability strength test.

(iv) Thermal shock test

One cycle was defined as a procesé in which a sample was
allowed to stand for 2 hours at 70 °C, cooled from 70 °C to.
-20 °C over 2 hours, allowed to stand for 2 hours at -
20 °C, and then heated from -20 °C to 70 °C over 2 hours.

The sample were checked for peeled layers after iO cycles.

(v) Moisture resistance test

A sample was allowed to stand for 2 weeks at 55 °C and
ambient relative humidity of 98%, and then checked for
peeled layers. However, In Examples 10 to 21 and

Comparative examples 7 to 15, each sample was allowed to



49

stahd for 8 weeks at 60 °C and ambient relative humidity of

95%, and then checked for peeled layers.

(vi) Boiling test.

A sample was allowed to stand for'z hours in boiling

water, and then checked for peeled layers.

(vii) Impact resistapce test

| Conducted according to JIS R 3205. A sample was kept at
23 °C and a relative humidity of 50 % for 4 hours, and it
was held vertically by a suppot£ frame. An impaeting
object with a weighi of 45 kg and a maximum.diameter of 75
mm was dropped froﬁ a height of 30 cm, with a free fall
pendulum motion, into the center of the sample. If it
created an opening through which a sphere‘with a 75 mm
diameter can freely go, then the result was indicated as "

X", and if not, the result was indicated as "circle".

(viii) Weatherability test

Yellowness index (YI) was measured at a black panel
tempefature of 63 °C according to JIS K7103, using sunshine-
weatherometer according to JIS Al415.

YI was evaluated by the difference (A YI) between the
initial value and YI obtained 1000 houré after. If the

obtained result is good, then it was indicated as "circle",
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and if not, it was indicated as "X".

(ix) Ldng;term plaspicizer resistance test

Di-z-ethlhexyi phthalate as plasticizer was placed in a
butt made of stainless steel. A sample was immersed
therein and allowed to stand for 300 hours at 50 °C in a
oven, and then the pgeled area of the edge portion was
measured.

Long-term piésticizer resistance was evaluated by the
proportioh.of the peeled area to the total area of the
Laminated glass. If the result ié good, then it was

indicated as “circle"; and if not, it was indicated as "X".
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Table 8 (Performance of laminated glass)

Examples Comparative examples
-1 2 3 4 1 2

Total light transmittance (%) | 88.0 88.2 | 88.0 88.5 87.7 86.7
Haze (%) 0.6 0.5 0.6 0.4 1.6 0.8
Peel strength (kg/cm) '

Imnediately after 4.1 4.4 3.9 5.0 . 4.5 4.3

preparation '

40 days after 4.5 4.4 3.8 50 2.1 2.1
Impact resistance test O o) O O O
Thermal shock test Not Not Not Not Not Not
(Peeling) ' observed | observed | observed | observed | observed | observed
Noisture resistance test Not Not Not Not Not Not
(Peeling) observed | observed | observed | observed | observed | observed
Boiling test Not Not Not Not Not Not
(Peeling) observed | observed | observed | observed | obsérved | observed




Table 9 (Performance of laminated glass)

Examples Comparative examples
1 6 1 8 9 3 4 5 6

Total light transmittance (%) 88. 2 88.8 88.6 87.6 88.5 88.2 85. 17 86.8 817.8
Haze (%) 0.6 0.7 0.7 0.6 0.6 0.6 2.9 0.9 0.7
Peel strength (kg/cm) : ' _

Immediately after 4.6 4.5 4.1 5.2 4.6 4.4 4.3 4.2 0.05

preparation

40 days after 4.5 4.4 3.8 5.0 4.5 4.2 4.0 4.1 0.04
Impact resistance test @] O O O @ O O O O
Thermal shock test Not Not Not Not Not  |Not Not Not Observed
(Peeling) observed | observed | observed | observed | observed | observed | observed | observed | -
Moisture resistance test Not Not Not Not Not Not Not Not Observed
(Peeling) observed | observed | observed | observed | observed | observed | observed | observed
Boiling test - Not Not Not Not INot Mot Not Not Observed
(Peeling) observed | observed | observed | observed | observed | observed | observed | dbserved
Plasticizer resistance test

Peeled area (%) 2 1 1 "2 1 30 3 8 60

cs



Tabie 10 (Performance of laminated glass)

.. Examples
10 1 12 13 14 15 16 17 18 19 20 21
Optical properties : ' i

Total light 8.1 88.2 8.0 8.1 3.7 8.1 87.1 8.1 81.7 81.17 87.17 8T.1

transmittance (%) .

Haze (X) 0.6 0.9 0.5 0.4 0.6 0.6 - 0.6 0.6 0.6 0.6 0.6 0.6
Peel strength (kg/cm) 5.0 2.5 5.0 4.5 50 5.0 5.0 5.0 5.0 5.0 50 5.0
Plasticizer resistance

Peeled area (%) 1 2 1 1 1 1 1 1 1 3 3 3
Impact resistance test o] O o) (0] (0] O (0] (o) o] o) o] o)
Thermal shock test Not Not Not Not Not Not Not Not Not Not Not Not
(Peeling) _ observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed
Noisture resistance test | Not Not Not Not Not Not Not Not Not Not Not Not
(Peeling) observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed
Boiling test Not Not Not Not Not Not Not Not Not Not Not Not
(Peeling) observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed
Yeatherability test _

AY 1 0.7 0.7 0.8 0.7 0.7 0.7 3.2 5.4 5.6 50 5.3 5.1

Peeling Not Not Not Not Not Not Not Not Not Not Not Not

observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed | observed

€S



Table 11 (Performance of laminated glass)

Comparative examples

7 8 9 10 11 12 13 14 15
Optical property . ..

Total light 87.0 88.2 88.0 87.7 88.2° 88.0 8T.17 - 88.2 88.0

transmittance (%) '

Haze (%) 4.5 2.8 6.5 0.6 0.6 1.0 0.6 0.6 1.8
Peel strength (kg/cm) 5.0 5.0 5.0 0.03 0.5 5.0 5.0 50 0.6
Plasticizer resistance : '

Peeled area (%) 1 1 1 60 20 1 30 20 1
Impact resistance test O O O @ O X O @ )
Thermal shock test Not Not | Not Observed | Observed | Not Not Not Not
(Peeling) observed | observed | observed observed | observed | observed | observed
Noisture resistance test | Not Not Not Observed | Observed | Not Not Not Not
(Peeling) observed | observed | observed observed | observed | observed | observed
Boiling test Not  |Not Not. Observed | Observed | Not Not Not Not
(Peeling) observed | observed | observed observed | observed | observed | observed
Yeatherability test -

AY1 0.7 0.7 0.8 0.7 0.7 17 0.7 0.7 12

Peeling Not Not Not Observed | Observed | Not Not Not Not

observed | observed observed | observed | observed | observed

observed

14°]




Table 12 (Performance of laminated glass)

Examples Couparative examples
22 23 24 25 26 16 17 18 19 20 21
Total light 88.2 88.8 88.6 87.6 8.5 87.7 86.7 88.2 85. 7 86.8 87.8
transmittance (X) :
Baze (%) 0.6 0.7 0.7 0.6 0.6 1.0 1.6 0.6 2.9 0.9 0.7
Peel strength (kg/cm) ‘

Immediately after 4.6 4.5 4.1 5.2 4.6 2.7 0.62 4.4 43 4.2 0.05

preparation '

40 days after 4.5 4.4 3.8 50 4.5 4.2 4.0 41 0.04
Impact resistance test O 0] @) @) @) O O O @) O X
Thermal shock test Not Not Not Not Not Observed | Observed | Not Not Not Observed
(Peeling) observed | observed | observed | observed | observed observed | observed | observed
Noisture resistance test | Not Not Not Not Not Observed | Observed | Not Not Not Observed
(Peeling) observed | observed | observed | observed | observed observed | cbserved | observed
Boiling test Not Not Not Not Not Observed | Observed | Not Not Not Observed
(Peeling) observed | observed | observed | observed | observed observed | observed | observed
Plasticizer
resistance test

Peeled area (%) 2 2 3 1 1 15 99 30 6 6 60

Evaluation @) (@) O @) (@] X X X O O X
Veatherability test :

Evaluation O O O O O O O O X X O

YI 1 2 2 1 2 3 3 1 10 6 2

=i
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From these tables, it is found that the laminated glass
which contains rosin resin or petroleum resin was improved
in long-term storability compared with the laminated glass
described in Japanese patent laid-open publication No.7-
2551. 1In particular, petroleum resin improved lpng-term
plasticizer resistanée as well as long-term storability.
Example 27 |
Production of interlayer film

One hundred parts by weight of an ethylene-vinyl
acetate copolymer (amount of vinyl acetate: 28% by weight,
MﬁR: 6) (Ultrasen 751, manufactured by Toso Co., Ltd.)_and
0.1 part by weight of N-(2-aminoethyl)-3-
aminopropylmethyldimethoxysilane were supplied to a roll
mill, and molten with kneading at 150 °C.

The resulting mixture was interposed between
polyester films having a thickness of 0.1 mm and, afier
molding into a sheet under the condition of a temperature
of 150 °C and a pressure of 120 kg/cm® using a pressing
machine, the sheet was allowed to stand until it was cooled
to room temperature. Then, the polyester film was peeled
off to produce a transparent interlayér film having a
thickness of 0.4 mm.

Production of laminated glass
The above interlayer film was interposed between

transparent float glass plates (300 mm x 300 mm) having a
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thickness of 3 mm, and this sandwich material was put in a
rubber bag. After deaerating under vacuum of 10 torr for
20 minutes, the sandwich material was transferred to an
oven at 100 °C while maintaining in the deaerated state,
and allowed to stand at this temperature for 30 minutes.
After cboling to room temperature, the vacuﬁm state was
removed to produce a laminated glass having a multi-layer
construction of glaés / interlayer film / glass.

Example 28 | |

According to the same manner as that described in
Example 27, a transparent interlayer film having a
tﬁickness of 0.4 mm was pfoduced.'

The above interlayer film wa# put on a polyethylene
terephthalate film having a thickness of 0.1 mm (Lumilar,
manufactured by Toray Co., Ltd.) and these films were
interposed between transparent float glass plates (300 mm x
300 mm) having a thickness of 3 mm, and this sandwich
material was put in a rubber bag. After deaerating under
vacuﬁm of 10 torr for 20 minutes, the sandwich material was
transferred to an oven at 100 °C while maintaining in the
deaerated state, and allowed to stand at this temperature '
for 30 minutes. After cooling to room temperature, the
vacuum state was removed and the glass plate at the
polyethylene terephthélate film side was removed to produce

a laminated glass having a multi-layer construction of
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glass / interlayer film / polyethyleneterephthalate film.
Example 29
Production of interlayer film

According to the same manner as that described in
Example 27; a transparent interlayer film having a
thickness of 0.4 mm was produced.Production of laminated
glass The above interlayer film was interposed between a
transparent float glass plate (300 mm x 300 mm) having a
thickness of 3 mm and a transparent polycarbonate plate
having a thickness of 3 mm (Yupiron Sheet ﬁFZOOOU,
manufactured by Mitsubishi Gas Chemicals Co., Ltd.), and
this sandwich material was put in a rubber bag. After
deaerating under vacuum of 10 torr for 20 minutes, the
sandwich material was transferred to an oven at 100 °C
while maintaining in the deaerated state, and allowed to
stand at this temperature for 30 minutes. After cooling to
room temperature, the vacuum state was removed to produce a
laminated glass having a multi-layer construction of glass
/ interlayer film / polycarbonate plate.
Example 30

A modified ethylene-vinyl acetate copolymer product,
which was prepared by partially esterifying the partially
saponified ethylene-vinyl acetate copolymer with phthalic
anhydride in the same manner as that described in

Comparative Exmple 17, was used to obtain a interlayer film
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in'the'same manner as that described in Example 27.

According to the same manner as that described in
Example 27, except for using the above-mentioned interlayer
film, a laminated glass having a multi-layer construction
of glass / interlayer film / glass was produced.
Example 31
Production of interlayer film

One hundred parts by weight of an ethylene-vinyl
acetate copolymer (content of vinyl acetate: 19% by weight,
MFR: 2.5) (Evaflex 460, manufactured by Mitsui Du Pont
Polychemical Co., Ltd.), 3 parts by weight of
triallylisocyanurate (TAIC, manufactured by Nihon Kasei
Co., Ltd.), 1 part by weight of 1,1-bis(t-bﬁtylperoxy)-
3,3,5-trimethylcyclohexane (Perhexa 3M, manufactured by
Nippon O0il & Fats Co., Ltd.) and 0.3 part by weight of g-
methacryloxypropyltrimethoxysilane (manufactured by Chisso
Co., Ltd;) were supplied to a roll mill, and molten with
kneading at 100 °C.

The resulting mixture was intérposed between
polyester films having a thickness of 3 mm, and, after
molding into a sheet under the condition of a temperature
of 100 °C and a pressure of 120 kg/cm® using a pressing
machine, the sheet was allowed to stand until it was cooled
to room temperature. Then, the polyester film was peeied

off to produce a transparent interlayer film having a
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thickness of 0.4 mm.
Production of laminated glass

The above interlayer film was interposed between
transparent float glass plates (300 mm x 300 mm) having a
thickness of 3 mm, and this sandﬁich maierial was put in a
rubber bag. After deaerating under vacuum of 10 torr for
20 minutes, the sandwich material was transferred to an
oven at 100 °C while.maihtaining in the deaerated state,
and allowed to stand at this temperature for 30 minutes.
The sandwich material was heat-pressed in an aﬁtoclave
urider the condition of a temperature of 135 °C and a
pressure of 12 kg/cmzl, and then cooled to room temperaturé
to produce'a laminated glass having a multi-layer
construction of glass / interlayer film / glass.
Example 32 |

According to the same manner as that deécribed_in
Example 27, except for using 100 parts by weight of
ethylene-methyl methacrylate (conteﬁt of methyl
methacrylate: 20% by ﬁeight, MFR: 4) (Acrift wWBH202,
manufactured by Sumitomo Chemical Industries Co., Ltd.) in
place of the ethylene~vinyl acetate copolymer, an
interlayer film and a laminated glass were produced.
Example 33 |

According to the same manner as that described in

Example 28, except for using 100 parts by weight of
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éthylene-methyl methacrylate (content of methyl
methacrylate: 20% by weight, MFR: 4) (Acrift WH202,
manufactured by Sumitomo Chemical Industries Co., Ltd.) in
place of the ethylene-vinyl acetate copolymer, an
interlayer £ilm and a laminated glass were producéﬁ.
Example 34

According to the same nanner as that described in
Example 29, except for using 100 parts by weight of
ethylene-methyl methacrylate-(content of methyl
methacrylate: 20% by weight, MFR: 4) (Acrift WH202,
manufactured yy Sumitomo Chemical Industries Co., Ltd.) in
place of the ethylene-vinyl acetate copolymer, an
interlayer film aﬁd a laminated glass were produced.
Example 35

According to the same ﬁanner as that described in
Example 27, except fof using 100 parts by weight of
ethylene-ethyl acrylate (content of ethyl acrylate: 25% by
weight, MFR: 20) (NUC-6570, manufactured by Nippon Unicar
Co., Ltd.) in place of the ethylene-vinyl acetate
copolymer, an interlayer film and a laminated glass were
produced.
Example 36

According to the same manner as that described in
Example 31, except for using 100 parts by weight of

ethylene-methyl methacrylate (content of methyl
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methacrylate: 20% by weight, MFR: 4) (Acrift WH202,
manufactured by Sumitomo Chemical Industries Co., Ltd.) in
place of the ethylene-vinyl acetate copolymer, an
interlayer film and é laminated glass were produced.
Example 37

According to the same manner as that described in
Example 27, except for'formulating no N-(2-ahinoethyl)-3-
aminbpropylmethyldimethoxysilane; an interlayer film and a
laminéted glass were produced.
Example 38

According to the same manner as that described in
'Eﬁample 35, except for formulating no N-(2-aminoethyl)-
aminopropylmethyldimethoxysilane, an interlayer film and a
laminated glass were produced.
Comparative Example 22
Production pf interlayer film

One hundred parts of polyvinyl butyral
(polymerization degree: 1700, butyrélation degree: 65 molar
- %, acetylation degree: 1 molar %, residual vinyl'aléohol:
34 molar i), 40 parts by weigh£ of triethyleneglycol-di-2-
ethylbutylate and 0.03 part by weight of magnesium acetate .
were molten with kneading using a twin roll at 150 °C. The
resulting mixture was interposed between polyester films
and, after molding into a sheet under the condition of a

temperature of 150 °C and a pressure of 120 kg/cm® using a
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pressing machine, the sheet was allowed to stand until it
was cooled to room temperature. Then, the polyester film
was peeled off to produce a transparent interlayer film
having a thickness of 0.4 mm. The resultiné interlayer
film was maintained in a thermo-hygrostat so that the water
content became 0.4 to 0.5% by weight.ProductThe resulting
interlayer film was ﬁaintained in a thermo-hygrostat so
that the water content became 0.4_to 0.5% by weight.
Production of laminated glass

The above interlayer film was'interposed between
transparent float glass plates (300 mm x 300 mm) having a
thickness of 3 mm, and this sandwich ﬁaterial was put in a
rubber bag. After deaerating under vacuum of 10 torr for
20 minutes, the sandwich material was transferred to an
oven at 100 °C while maintaining in the deaerated state,
and allowed to stand at this température for 30 minutes.
The sandwich material was heat-pressed in an autoclave
under the condition of a temperature of 145 °C and a
pressure of 13 kg/cm® , and then cooled to room temperature
to produce a laminated glass plate having a multi-layer
construction of glass / interlayer film / glass.
Comparative Example 23
Production of interlayer film

According to the same manner as that described in

Comparative Example 22, a transparent interlayer film
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having a thickness of 0.4 mm was produced and maintaind in
a thermo-hygrostat so that the water content became 0.4 to
0.5% by weight.

Production of laminated glass

The above interlayer film was put on a polyethylene-~
terephthalate f£ilm having a thickness of 0.1 mm (Lumilar,
Toray Co., Ltd., Ltd.), and then interposed between
transparent float glass plates (300 mm x 300 mm) having a -
thickness of 3 mm, and this sandwich material was put in a
rubber bag. After deaerating under vacuum of 10 torr_for
20 minutes, the sandwich material was transferred to an
oven at 160 °C while maintaining in the deaerated state,
and allowed to stand at this tempefatuie for 30 minutes.

The sandwich material was heat—p;essed in an
autoclave under the condition of a temperature of 135 °Cl
and a pressure of 12 kg/cm®* . After cooling to room
temperature, the glass plate at the polyethylene
terephthalate film side was removed to produce a 1aminateﬂ
glass having a multi-layer construction of glass /.
interlayer film / polyethylene terephthalate film.

The laminated glass of the Examples 27 to 38 and
Comparative Examples 22 to 23'thus obtained was subjected
to a moisture resistance test (whitening length and peel
strength), respectively. The results are shown in Tables

13 and 14.
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<Moisture resistance test:
(1)Measurement of whitening length

Each laminatéd glass (immediately after production)
obtained in the Examples 27 to 38 and Comparative Examples
22 to 23 was allowed to stand in a thermo-hygrostat
(temperature: 50 °C, relative humidity: 95%) for 4 weeks,
respectively. The wﬁitening length (mm) from the edge of
the laminated glass to the internal direction was measured.
(2)Measurement of peel strength

The interlayer film obta&ned in the respectife
Examples and Comparative Examples was adhered on one
surface of a transparent float glass (Examples 27, 30, 31,
32, 35, 36, 37 and 38 and Comparative Example 22), a
transparent polycarbonate plate (Examples 29 and 34) and a
transparent polyethyiene tereﬁhthalate film (Examples 28
and 33 and Comparative Example 23) [2 mm in width x 100 mm
in length] under the same condition as that of the
manufacturing of the laminated glass of the respective
Examples and Comparative Examples to produce a sample of 2
mm in width x 100 mm in length, respectively{

This sample was allowed to stand at a £emperature of
50 °C and a relative humidity of 95% for 4 weeks. The
interlayer film at the edge part was peeled off, and then
the edge part of the peeled interlayer film was subjected

to a 90 degree peeling test at a stress rate of 500
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mm/minute using a tensile tester (Tensilon UCE 500,
manufactured by Orientech Co., Ltd., Ltd.) to measure a
peel strength. 1In addition, the peel strength of the
sample (immediately after ptoduction) before'subjecting to
the humidity resistance test (those which are not allowed
to stand at a temperature of 50 °C and a relative humidity

of 95% for 4 weeks) was also measured. '
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Table 13
Fhitening Peel strength
length (um) (kg/cm) Remarks
Before | After | Before | After
test | test test test
Example 0 0 5.0 4.8 | Interlayer film : EVA-1 containing silane coupling agent
21 Peel strength : Between float glass and interlayer film
Example Interlayer film : EVA-1 containing silane coupling agent
28 0 0 3.0 2.8 | Peel strength : Between polyethylene terephthalate film
and interlayer film
Example Interlayer film : EVA-1 containing ¢ilane coupling agent
29 0 0 6.0 6.0 | Peel strength : Between polycarbonate plate and interlayer
film :
Example . Interlayer film : Partially saponificated EVA-2 modified
30 0 0 0.6 0.4 with phthalic anhydride .
_ Peel strength : Between float glass and interlayer film
Example 0 0 2.7 2.5 |Interlayer film : EVA-3 cross-linked with organic peroxide
3 Peel strength : Between float glass and interlayer film
Example 0 0 5.0 4.8 |Interlayer film : EEA-1 containing silane coupling agent
32 ' Peel strength : Between float glass and interlayer film
EVA-1 : Ethylene-vinyl acetate copolymer (ULTRASEN 751)

EVA-2 :
EVA-3 :
EEA-1 :

Ethylene-vinyl acetate copolymer (ULTRASEN 750)

Ethylene-vinyl acetate copolywer (EVAFLEX 460)
Ethylene-methylmethacrylate copolymer (ACRIFT WH202)

Silane coupling agent : N-(2-Aminoethy!)-3-aminopropylmethyldimethoxysilane
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Table 14
Yhitening Peel strength
length (um) (kg/cm) Remarks
Before | After | Before | After
test |test |test |test
Exaumple Interlayer film : EA-1 containing silane coupling
33 0 0 30 ] 23 agent -
. Peel strength : Between polyethylene terephthalate
film and interlayer film
Example Interlayer film : EA-1 containing silane coupling
34 0 0 6.0 | 6.0 agent
Peel strength : Between polycarbonate plate and
interlayer film ’
Example . Interlayer film : EA-2 containing silane coupling
35 0 0 501 4.8 agent
: Peel strength : Between float glass and interlayer film
Example Interlayer film : EA-2 cross-linked with organic
36 0 -0 271 25 peroxide
Peel strength : Between float glass and interlayer film
Example Interlayer film : EVA-1 containing no silane coupling
ar 0 0 0.003 | 0.002 agent
Peel strength : Between float glass and interlayer film
Example Interlayer film : EA-2 containing no silane coupling
38 0 0 0.003 | 0.002  agent
Peel strength : Between float glass and interlayer film
Comparative Interlayer film : Plasticized polyvinyl butyral
exanple 0 5 3.0 | 0.2 containing magnesium acetate
22 Peel strength : Between float glass and interlayer film
Comparative Interlayer film : Plasticized polyvinyl butyral
example 0 20 1.5 ] 01 containing magnesium acetate
23 Peel strength : Between polyethylene terephthalate
film and interlayer film

EA-]1 : Ethylene-methylmethacrylate copolymer (ACRIFT WH202)
EA-2 : Ethylene-ethylacrylate copolymer (UNC-6570)
Silane coupling agent : N-(2-Aminoethyl)-3-aminopropylmethyldimethoxysilane
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From these tables, it is found that the laminated
glass for vehicle side window shows good moisture
resistance, which causes no poor appearancé such as
‘whitening of the edge portion of the interlayer-film,.
interfacial peeling, etc. even if it is used in the state
where the edge portion of the laminated glass is exposed
for a long period of time. Thus, the laminated glass is

suitable for use of vehicle side windows.
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What is claimed is;

1. An interlayer f£film made of a composition
comprising 100 parts by weight of ethylene-vinyl acetate
copolymer or ethylene-(meth) acrylate copolymer, 0.0l to 4
parts by weight of a transparency imﬁrovemeni agent, 0.01
to 4 parts by weight of a silane coupling agent and 1 to 40
parts by weight of a rosin resin or hydrocarbon resin, and’
laminated glass which;uses the interlayer film.

2. An interlayer film according to claim 1, wherein a
melt index of the ethylene-vinyl acetate copolymer or
ethylene-(meth)acrylate copolymer is 0.1 to 500 5/10-
minutes (ASTM 1238-65T).

3. An interlayer film according to claim 1, wherein
said transparency improvement agent is, a condensation
product of polyhydric.alcohol of 5 or higher hydric or its
derivative and benzaldehyde or its derivative, or a
calixarene represented by the following general formula

(1).

[ om ]
. Hy
v (D)
(CH3)3~n

Wherein, n is an integer of 1 to 4.

THIS SHEET HAS BEEN
REPLACED
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4. An interlayer film according to claim 1, wherein
said condensation product or compound (I) is selected from
the group consinting of a dibenzylidenesorbitol compound, a
dibenzylidenexylitol cé&pound, a dibenzylidenedulcitol

compound, a dibenzylidenemannitol compound and a calixarene

compound.

5. An interlayer film according to claim 1, wherein

the amount pf said transparency improvement-agent is 0.02

.to 1 parts by weight, based on 100 parts by weight of

ethylene-vinyl acetate copolymer or ethylene-(meth)
acrylate copolymer. |

6. An interlayer film according to claim 1, wherein
said silane coupling agent is a silane compound which has a
organic functional group selected from amino, glycidyl,
mercapto, vinyl and methacryl, and a hydrolyzable group.

7. An interlayer film according to claim 1, wherein
the amount of said silane coupling agent is 0.02 to 2 parts
by weight, based on 100 parts by weight of ethylene—vinyl
acetate copolymer or ethylene-(meth) acrylate copolymer.

8. An interlayer film according to claim 1, wherein
said rosin reéin or hydrocarbon resin is a hydrogenated
product thereof having a hydrogenation rate of 88 % by
weight or higher.

9. An interlayer film according to claim 1, wherein

said rosin resin or hydrocarbon resin is a hydrogenated

THIS SHEET HAS BEEN
' REPLACED
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hydrocarbon resin having a hydrogenation rate of 95 % by
weight or higher. |

10. An interlayer £ilm according to claim 1, wherein
said rosin resin is selected from the group consinting of
wood rosin, gum rosin; tall oil rosin, polymerized rosin,
hydrogenatéd rosin, rosin ester, hydrogenated rosin ester
and mixtures thereof, and said hydrocarbon resin is
selected from the groﬁp consinting of aliphatic petroleum
resin, aromatic petroleum resin, alicyclic petroleum resin,
copolymer petroleum resin, hydrogenated petroleum resin,
pure monoﬁer petroleum resin and mixtures thereof.

11. An interlayer film according to claim 1, wherein
the amount of said rosin resin or hydrocarbon resin is 2 to
30 parts by weight based on 100 parts by weight of ethylene-
vinyl acetate copolymer or ethylene-(meth) acrylate
copolymer.

12. A laminated glass prepared by laminating an
interlayer film according to claim 1 between a plurality of
glasé.plates.

13. A laminated glass for vehicle side window to be
mounted to a vehicle side window so that it can go up and
down, comprising an interlayer film interposed between
glass plates, the interlayer f£ilm being made of a resin
film containing an ethylene-vinyl acetate copolymer or ap'

ethylene-(meth)acrylate copolymer or a modified product

THIS SHEET HAS BEEN
REPLACED
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thereof as a main component. _

14. A laminated glass for #ehicle side window
according to claim 13, wherein a peel strength between the
interlayer film and an inorganic or organié glass plate or
a plastic f£film or sheet, which is provided in contact witﬁ
the interlayer film, is 0.01 to 15 kg/cm.

15. A laminated glass for vehicle side ﬁindow-
according to claim 13, wherein a melt flow rate of the
ethylene—(ﬁeth)acrylate copolymer is 0.1 to 500 g/10
mimutes.

16. A laminated giass for vehicle side window
according'to claim 13, wherein a water absorption rate (
water absorption rate at 23 °C for 24 hours according to
JIS K7209 ) of said interlayer film is no£ ﬁore than about
1.5 % by weight.

17. A laminated glass for vehicle side window
according to claim 13, wherein a silane coupling agent is
contained in the resin in the amount of 0.01 to 4 parts By
weight, based on 100 parts by weight of the ethylene-vinyl
acetate copolymer or ethylene—(meth)acrflate copolymer or
modified poroduct thereof.

18. A laminated glass for vehicle side window
according to claim 13, wherein a rosin resin or hydrocarbon
resin is contained in the resin in the amount of 1 to 40

parts by weight, based on 100 parts by weight of the

THIS SHEET HAS BEEN
REPLACED
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ethylene-vinyl aéetate copolymer or ethylene-(meth)acrylate
copolymer or modified poroduct thereof.

19. A laminated glass for vehicle side window
according to claim 18, wherein said rosin resin or
hydrocarbon resin is a hydrogenated product thereof having
a hydrogenation rate of 88 % by weight or higher.

20. A laminated glass for vehicle side window
"according to claim 18, wherein said rosin resin or
hydrocarbon resin is a hydrogenated hydrocarbon resin
having a hydrogenation raté of 95 % by weight or higher.

21. A lamiﬁated glass for vehicle side window
according to claim 18, wherein said rosin resin is selected
from the group consinting of wood rosin, gum rosin, tall
oil rosin, polymerized rosin, hydrogenated rosin, rosin
ester, hydrogenated rosin ester.and mixtures thereof, and
said hydrocarbon resin is selected from the group
consinting of aliphatic'petroleum resin, aromatic petroleum
resin, alicyclic petroleum resin, copolymer petroleum
resin, hydrogenated petroleum resin, pure monomer petroleum

resin and mixtures thereof.
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