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Description

Title of Invention: SEMI-AROMATIC POLYAMIDE FILM AND METHOD
FOR PRODUCING SAME

Technical Field
[0001] The present invention relates to a semi-aromatic
polyamide film with suppressed thermal shrinkage.

Background Art

[0002] Semi-aromatic polyamide Tfilms stretched 1i1n the
longitudinal direction (lengthwise direction) and width
direction (lateral direction) of the films are excellent
In heat resistance and mechanical characteristics and
therefore are utilized in various TfTields. Among semi-
aromatic polyamides constituting semi-aromatic polyamide
Tfilms, particularly, polyamide 9T including an aliphatic
diamine having 9 carbon atoms and terephthalic acid as
constituents, and polyamide 10T 1including an aliphatic
diamine having 10 carbon atoms and terephthalic acid as
constituents are excellent i1In mechanical characteristics
and thermal characteristics.

[0003] For example, Patent Literature 1 discloses a
biaxially stretched film i1ncluding a semi-aromatic
polyamide resin obtained by performing biaxial stretching,
then performing heat setting treatment, and Tfurther
performing relaxation treatment in the film width direction.

Citation List

Patent Literature

[0004] Patent Literature 1: International Publication No.
WO 20127067172

Summary of Invention
Technical Problem
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[0005] In recent years, no occurrence of strain and the like
during conveyance and during processing has been strictly
required for optical films such as display members.

The film disclosed iIn Patent Literature 1 has a
sufficiently reduced thermal shrinkage factor under the
conditions of 200°C and 15 min. However, when the
temperature i1s 250°C, the thermal shrinkage factor iIn the
film longitudinal direction may increase significantly even
under the condition of 5 min, and depending on the
temperature condition during processing, deformation may
not be avoided due to strain accompanying thermal shrinkage.

In addition, the film disclosed in Patent Literature 1
has high tensile breaking elongation in the longitudinal
direction but may have low tensile breaking elongation in
the width direction, and the film may break without being
able to follow external stress.

It 1s an object of the present invention to provide a
semi-aromatic polyamide film having the thermal shrinkage
factor 1n the longitudinal direction of the film
sufficiently reduced and having the tensile breaking
elongation 1n the width direction of the film sufficiently
improved.

Solution to Problem

[0006] As a result of diligent studies, the present
inventors have found that a semi-aromatic polyamide film
obtained by controlling the crystalline state of a filnm
before stretching, stretching conditions, heat setting
conditions, and relaxation conditions can achieve the
object, and completed the present invention.

[0007] The semi-aromatic polyamide film of the present
invention has

a thermal shrinkage factor in the longitudinal direction
of the film, Sy, of -1.0 to 1.5% and a thermal shrinkage
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factor in the width direction of the film, Sy, of -1.0 to
1.5% as measured under the conditions of 250°C and 5 min,
a tensile breaking elongation of 70% or more 1in the
longitudinal direction and the width direction, and

a haze of 14% or less.

According to the semi-aromatic polyamide film of the
present invention, the absolute value of the difference
between Syp and Stp (|Swo - Stp|) is preferably less than 1.2.

A method for producing the semi-aromatic polyamide film
of the present invention includes:
biaxially stretching an unstretched film of a semi-aromatic
polyamide, wherein in the biaxial stretching, an
unstretched film having a crystallization enthalpy of 20
J/g or more i1s used.

According to the method for producing the semi-aromatic
polyamide fTilm of the present invention, iIn the biraxial
stretching, the unstretched film is preferably stretched at
a ratio of 2.0 to 3.5 times in the longitudinal direction
and stretched at a ratio of 2.0 to 4.0 times iIn the width
direction.

According to the method for producing the semi-aromatic
polyamide film of the present invention, the film after the
biaxial stretching i1s preferably subjected to heat setting
treatment at 260 to 280°C and subjected to relaxation
treatment at relaxation rates of 1.0 to 10.0% 1n the
longitudinal direction and 1.0 to 12.0% in the width
direction.

The electronic material of the present invention uses
the semi-aromatic polyamide film.

The optical component of the present invention uses
the semi-aromatic polyamide film.

Advantageous Effects of Invention
[0008] The present iInvention can provide a semi-aromatic
polyamide film having a small thermal shrinkage factor in
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the width direction of the fTilm and a small thermal
shrinkage factor in the longitudinal direction under the
conditions of 250°C and 5 min, being excellent 1in
dimensional stability, and having sufficiently improved
tensile breaking elongation in the longitudinal direction
of the film and sufficiently 1improved tensile breaking
elongation in the width direction.

Even if the semi-aromatic polyamide film of the present
invention contains a lubricant for the 1improvement of
slipperiness, an iIncrease iIn haze i1s suppressed, so that
the transparency is excellent.

The semi-aromatic polyamide film of the present
invention can be preferably used as electronic material
films such as substrate films and coverlay fTilms for FPCs,
optical Tilms used as substrates for display materials,
heat-resistant tapes, and the like.

Description of Embodiments
[0009] The semi-aromatic polyamide Tilm of the present
invention has a thermal shrinkage factor 1iIn the
longitudinal direction of the film, Sy, of -1.0 to 1.5%
and a thermal shrinkage factor In the width direction of
the film, Syp, of -1.0 to 1.5% as measured under the
conditions of 250°C and 5 min, a tensile breaking elongation
of 70% or more, and a haze of 14% or less.
[0010] <Semi-aromatic Polyamide>

The semi-aromatic polyamide constituting the semi-
aromatic polyamide film of the present invention includes
an aromatic dicarboxylic acid component and an aliphatic
diamine component.
[0011] The aromatic dicarboxylic acid component preferably
contains 60 mol % or more, more preferably 70 mol % or more,
and further preferably 85 mol % or more of terephthalic
acid. When the content of terephthalic acid is less than



10

15

20

25

30

-5 -

60 mol %, the heat resistance and low water absorbency of
the obtained film may decrease.

Examples of aromatic dicarboxylic acid components
other than terephthalic acid include isophthalic acid and
naphthalenedicarboxylic acids (1,2-isomer, 1,3-isomer,
1,4-isomer, 1,5-isomer, 1,6-isomer, 1,7-isomer, 1,8-isomer,
2,3-isomer, 2,6-isomer, and 2,7-isomer).

The semi-aromatic polyamide may contain a dicarboxylic
acid component other than an aromatic dicarboxylic acid
component as a dicarboxylic acid component iIn a range not
impairing the effects of the present invention. Examples
of other dicarboxylic acids include aliphatic dicarboxylic
acids such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, sebacic acid, dodecanedioic
acid, tetradecanedioic acid, and octadecanedioic acid.
[0012] The aliphatic diamine component preferably includes
an aliphatic diamine having 6 to 12 carbon atoms as a main
component, more preferably includes an aliphatic diamine
having 9 to 12 carbon atoms as a main component, and further
preferably includes an aliphatic diamine having 9 or 10
carbon atoms as a main component.

The content of the aliphatic diamine having 6 to 12
carbon atoms i1n the aliphatic diamine component 1is
preferably 60 mol % or more, more preferably 75 mol % or
more, and further preferably 90 mol % or more. When the
content of the aliphatic diamine having 6 to 12 carbon atoms
is 60 mol % or more, the obtained film can achieve both
heat resistance and productivity. One aliphatic diamine
having 6 to 12 carbon atoms may be used alone, or two or
more aliphatic diamines having 6 to 12 carbon atoms may be
used In combination. When two or more aliphatic diamines
having 6 to 12 carbon atoms are used in combination, the
content i1s the total content of the aliphatic diamines
having 6 to 12 carbon atoms.
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[0013] Examples of the aliphatic diamine having 6 to 12
carbon atoms 1include linear aliphatic diamines, 1,6-
hexanediamine, 1,7-heptanediamine, 1,8-octanediamine, 1,9-
nonanediamine, 1,10-decanediamine, 1,l11-undecanediamine,
and 1,12-dodecanediamine, and branched aliphatic diamines
such as 2-methyl-1,8-octanediamine, 4-methyl-1,8-
octanediamine, 5-methyl-1,9-nonanediamine, 2,2,4-/2,4,4-
trimethyl-1,6-hexanediamine, 2-methyl-1,5-pentanediamine,
2-methyl-1,6-hexanediamine, and 2-methyl-1,7-
heptanediamine.

[0014] Examples of aliphatic diamines other than aliphatic
diamines having 6 to 12 carbon atoms 1include linear
aliphatic diamines such as 1,4-butanediamine and 1,5-
pentanediamine.

[0015] The semi-aromatic polyamide may contain a diamine
component other than an aliphatic diamine component as a
diamine component In a range not impairing the effects of
the present invention. Examples of other diamines include
alicyclic diamines such as 1sophoronediamine,
norbornanedimethylamine, and tricyclodecanedimethylamine,
and aromatic diamines such as meta-xylylenediamine, para-
xylylenediamine, meta-phenylenediamine, and para-
phenylenediamine.

[0016] In the semi-aromatic polyamide, a lactam such as e-
caprolactanm, {-enantholactam, n-capryllactam, or o-
laurolactam may be copolymerized in a range not impairing
the effects of the present invention.

[0017] The types and copolymerization ratio of the monomers
constituting the semi-aromatic polyamide are preferably
selected so that the melting point (Tm) of the obtained
semi-aromatic polyamide i1s iIn the range of 270 to 350°C.
When the semi-aromatic polyamide has Tm 1in the range,
pyrolysis when the semi-aromatic polyamide 1is processed
into a film can be efficiently suppressed. When Tm is less
than 270°C, the obtained film may have insufficient heat
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[0018] The

polyamide is preferably 0.8 to 2.0 dL/g,

0.9 to 1.8

inherent viscosity of 0.8 dL/g or more,
in mechanical
aromatic polyamide has an

On the other hand, when Tm is more than 350°C,
pyrolysis may occur during Ffilm production.

inherent

viscosity of

the

semi-aromatic

more preferably

dL/g. When the semi-aromatic polyamide has an

strength can be made,

a Film excellent

but when the semi-

inherent viscosity of more than

2.0 dL/g, it may be difficult to produce a film.

[0019] The

polymerization catalyst and a terminal

semi-aromatic

polyamide

may

include a

blocking agent.

Examples of the terminal blocking agent include acetic acid

lauric acid, benzoic acid, octylamine, cyclohexylamine, and

aniline. Examples of the polymerization catalyst include

phosphoric acid, phosphorous acid, hypophosphorous acid, or

salts thereof.
[0020] <Semi-aromatic Polyamide Film>
ide Ffilm of

The semi-aromatic polyam

the present

invention needs to have a thermal shrinkage factor iIn the

longitudinal
and a thermal shrinkage factor

the film,

Sw, of

direction of the film,

Swp, OF

-1.0 to 1.5%

in the width direction of

-1.0 to 1.5% as measured under the

conditions of 250°C and 5 min and preferably has a thermal
shrinkage factor in the longitudinal direction of the film,
Sw, oF -0.8 to 1.3% and a thermal shrinkage factor iIn the
width direction of the film,
preferably a thermal shrinkage factor in the longitudinal
direction of the film, Syp, of

shrinkage factor

of -0.6 to 1.0%.

improved dimensional

S, OFf

-0.8 to 1.3%, more

-0.6 to 1.0%

and a thermal

in the width direction of the film, Stp,

The semi-aromatic polyamide Tfilm has

stability and

is excellent in heat

resistance by having a thermal shrinkage factor of 1.5% or

less. On the other hand, when the semi-aromatic polyamide

film has a thermal shrinkage factor of more than 1.5%, the

dimensional

change

increases

when

the

semi-aromatic
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polyamide film is processed at high temperature. Therefore,
processing trouble occurs, causing problems.

[0021] In the semi-aromatic polyamide film of the present
invention, the absolute value of the difference between the
thermal shrinkage factor in the longitudinal direction Syp
and the thermal shrinkage factor in the width direction Stp
(ISwo - Stp|) measured under the conditions of 250°C and 5 min
iIs preferably less than 1.2, more preferably less than 1.1,
and further preferably less than 1.0. When |Syp - Stp| iS
less than 1.2 in the semi-aromatic polyamide film, the
thermal shrinkage factors in the longitudinal direction and
the width direction are equal, and the anisotropy is reduced,
and even when heat is applied to the film with reflow solder,
laminating processing to another material, or the like, the
occurrence of strain and warpage can be suppressed.

[0022] In addition, the semi-aromatic polyamide film of the
present iInvention needs to have a tensile breaking
elongation of 70% or more in the longitudinal direction and
the width direction as measured In accordance with JIS K7127
and preferably has a tensile breaking elongation of 70 to
150%, more preferably 80 to 140%. When the semi-aromatic
polyamide film has a tensile breaking elongation of 70% or
more, the semi-aromatic polyamide film is excellent in
deformation followability and therefore does not break with
external stress and i1s a deformable film. On the other
hand, when the semi-aromatic polyamide film has a tensile
breaking elongation of less than 70%, the semi-aromatic
polyamide film cannot follow external stress and breaks.
In the semi-aromatic polyamide TFfilm of the present
invention, the tensile breaking elongation 1in the
longitudinal direction and the width direction need not
necessarily be equal. Even i1f the tensile breaking
elongation i1n the longitudinal direction and the width
direction is in an unbalanced relationship, the tensile
breaking elongation in the longitudinal direction and the
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width direction 1is allowed as long as the preferred
numerical value range of the tensile breaking elongation
Is satisfied, for example, the tensile breaking elongation
in the longitudinal direction is 140% and the tensile
breaking elongation in the width direction is 80%, or the
tensile breaking elongation in the longitudinal direction
iIs 80% and the tensile breaking elongation in the width
direction is 140%.
[0023] Further, the semi-aromatic polyamide film of the
present invention needs to have a haze of 14% or less as
measured in accordance with JIS K7105 and preferably has a
haze of 12% or less, more preferably 10% or less. Further,
a semi-aromatic polyamide film having a thickness of 25 um
or less preferably has a haze of 7% or less, more preferably
6% or less, and further preferably 5% or less. The semi-
aromatic polyamide Tilm 1i1s excellent i1n visibility by
having a haze of 14% or less. On the other hand, a semi-
aromatic polyamide film having a haze of more than 14% is
poor iIn visibility.
[0024] The semi-aromatic polyamide Ffilm of the present
invention preferably has a moisture absorption elongation
in the longitudinal direction of the film, Ny, of 1% or
less and a moisture absorption elongation in the width
direction of the film, Nyp, of 1% or less, more preferably
a moisture absorption elongation 1i1n the longitudinal
direction of the film, Ny, of 0.8% or less and a moisture
absorption elongation in the width direction of the film,
Nrp, OoF 0.8% or less, and further preferably a moisture
absorption elongation in the longitudinal direction of the
film, Ny, of 0.5% or less and a moisture absorption
elongation in the width direction of the film, Np, of 0.5%
or less as measured under the conditions of 20°C and 90%
RH.

The absolute value of the difference between the
moisture absorption elongation in the Jlongitudinal
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direction Ny and the moisture absorption elongation in the
width direction Ntp ((Nwp - Ntp|) measured under the conditions
of 20°C and 90% RH 1i1s preferably less than 0.3, more
preferably less than 0.2, and further preferably less than
0.1. When |[Nyp - Nyp| Is less than 0.3 iIn the semi-aromatic
polyamide film, the elongation 1in the Jlongitudinal
direction and the width direction under moisture absorption
conditions are equal, and the occurrence of strain and
warpage can be suppressed.
[0025] The semi-aromatic polyamide film of the present
invention has a thermal shrinkage factor 1in the
longitudinal direction of the film, Sy, and a thermal
shrinkage factor in the width direction of the film, Syp,
In the predetermined range as measured under the conditions
of 250°C and 5 min, and thus the dimensional stability when
the semi-aromatic polyamide film is subjected to a thermal
history during film processing and the like can be enhanced.
In addition, the semi-aromatic polyamide Tilm of the
present invention has moisture absorption elongation in the
above range, and thus dimensional change due to humidity
can be suppressed during film processing and the like. 1In
other words, in the film, the dimensional stability in
moisture absorption can be enhanced, and not only can the
positioning during the lamination of another material and
the dimensional accuracy during punching be enhanced, but
also the fear of the occurrence of curling and strain after
the lamination of another material can be reduced.
[0026] <Method for Producing Semi-aromatic Polyamide Film>
The semi-aromatic polyamide film of the present
invention can be produced by using an unstretched film
having a crystallization enthalpy of 20 J/g or more and,
for example, stretching the unstretched film at a ratio of
2.0 to 3.5 times in the longitudinal direction and at a
ratio of 2.0 to 4.0 times in the width direction, in the
step of biaxially stretching an unstretched film of a semi-
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aromatic polyamide, subjecting the film after the biaxial
stretching to heat setting treatment at 260 to 280°C, and
subjecting the film to relaxation treatment at relaxation
rates of 1.0 to 10.0% in the longitudinal direction and 1.0
to 12.0% in the width direction.
[0027] (Semi-aromatic Polyamide)

As the semi-aromatic polyamide for producing the semi-
aromatic polyamide Tfilm, a commercial product can be
preferably used. Examples of such a commercial product
include "Genestar (registered trademark)'™ manufactured by
KURARAY CO., LTD., "XecoT  (registered trademark)™
manufactured by UNITIKA LTD., "Reny (registered trademark)"

manufactured by Mitsubishi Engineering-Plastics
Corporation, "ARLEN (registered trademark)'™ manufactured by
Mitsui Chemicals, Inc., and “Ultramid (registered

trademark)™ manufactured by BASF.

[0028] The semi-aromatic polyamide can be produced using a
method known as a method for producing a crystalline
polyamide. Examples of the method 1include a solution
polymerization method or an interfacial polymerization
method using an acid chloride and a diamine component as
raw materials (A method), a method of making an oligomer
using a dicarboxylic acid component and a diamine component
as raw materials, and polymerizing the oligomer by melt
polymerization or solid phase polymerization (B method), a
method of Tforming a crushed mixture of a salt and an
oligomer using a dicarboxylic acid component and a diamine
component as raw materials, and solid phase-polymerizing
the crushed mixture (C method), or a method of forming a
salt using a dicarboxylic acid component and a diamine
component as raw materials, and solid phase-polymerizing
the salt (D method). Especially, the C method and the D
method are preferred, and the D method is more preferred.
In the C method and the D method, compared with the B method,
a crushed mixture of a salt and an oligomer or a salt can
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be formed at low temperature, and a large amount of water
iIs not needed during the formation of a crushed mixture of
a salt and an oligomer or a salt. Therefore, the formation
of a gel-like body can be reduced, and fisheyes can be
reduced.

[0029] In the B method, for example, an oligomer can be
obtained by mixing a diamine component, a dicarboxylic acid
component, and a polymerization catalyst at once to prepare
a nylon salt, and heat-polymerizing the nylon salt at a
temperature of 200 to 250°C. The inherent viscosity of the
oligomer 1is preferably 0.1 to 0.6 dL/g. An advantage of
setting the inherent viscosity of the oligomer In this range
iIs that in the following solid phase polymerization or melt
polymerization, the molar balance between the carboxyl
groups in the dicarboxylic acid component and the amino
groups in the diamine component is not disturbed, and the
polymerization rate can be increased. When the inherent
viscosity of the oligomer 1is less than 0.1 dL/g, the
polymerization time is long, and the productivity may be
poor. On the other hand, when the inherent viscosity of
the oligomer i1s more than 0.6 dL/g, the obtained semi-
aromatic polyamide may be colored.

The solid phase polymerization of the oligomer is
preferably performed under reduced pressure or under an
inert gas Tflow. The temperature of the solid phase
polymerization is preferably 200 to 280°C. By setting the
temperature of the solid phase polymerization in this range
the coloration and gelation of the obtained semi-aromatic
polyamide can be suppressed. When the temperature of the
solid phase polymerization 1is less than 200°C, the
polymerization time is long, and therefore the productivity
may be poor. On the other hand, when the temperature of
the solid phase polymerization 1is more than 280°C,
coloration and gelation may occur iIn the obtained semi-
aromatic polyamide.
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The melt polymerization of the oligomer i1s preferably
performed at a temperature of 350°C or less. When the
polymerization temperature 1i1s more than 350°C, the
decomposition and thermal deterioration of the semi-
aromatic polyamide may be promoted. Therefore, a TfTilm
obtained from such a semi-aromatic polyamide may be poor
Iin strength and appearance. The melt polymerization also
includes melt polymerization using a melt extruder.

[0030] In the C method, for example, a suspension including
an aliphatic diamine in a molten state and a solid aromatic
dicarboxylic acid is stirred and mixed to obtain a mixed
liquid. Then, 1In this mixed liquid, a salt formation
reaction by the reaction of the aromatic dicarboxylic acid
and the aliphatic diamine, and an oligomer formation
reaction by the polymerization of the formed salt are
performed at a temperature less than the melting point of
the Tinally formed semi-aromatic polyamide to obtain a
mixture of a salt and an oligomer. In this case, crushing
may be performed while the reactions are performed, or
crushing may be performed after the reaction product is
once taken out after the reactions. Then, the obtained
reaction product i1s solid phase-polymerized at a
temperature less than the melting point of the Tfinally
formed semi-aromatic polyamide to increase the molecular
weight to a predetermined molecular weight to obtain the
semi-aromatic polyamide. The solid phase polymerization
iIs preferably performed in a gas flow of an inert gas such
as nitrogen with a polymerization temperature of 180 to
270°C and a reaction time of 0.5 to 10 h.

[0031] In the D method, for example, an aromatic
dicarboxylic acid powder 1is previously heated to a
temperature equal to or more than the melting point of an
aliphatic diamine and equal to or less than the melting
point of the aromatic dicarboxylic acid, and the aliphatic
diamine is added to the aromatic dicarboxylic acid powder
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at this temperature with substantially no water contained
so as to keep the powder state of the aromatic dicarboxylic
acid, to make a salt. Then, the obtained salt is solid
phase-polymerized at a temperature less than the melting
point of the finally formed semi-aromatic polyamide to
increase the molecular weight to a predetermined molecular
weight to obtain the semi-aromatic polyamide. The solid
phase polymerization is preferably performed in a gas flow
of an 1iInert gas such as nitrogen with a polymerization
temperature of 180 to 270°C and a reaction time of 0.5 to
10 h.

[0032] The raw materials of the semi-aromatic polyamide
film may be a mixture of the virgin raw materials and may
be nonstandard films formed when semi-aromatic polyamide
films are produced, a scrap mixture generated as edge
trimmings, or a material prepared by adding virgin raw
materials to the scrap mixture. The mixing can be performed
by a known method such as a method of dry blending by a
known apparatus, or a kneading method of melting and
kneading and mixing using a single-screw or twin-screw
extruder.

[0033] (Additives)

The semi-aromatic polyamide film of the present
invention includes the semi-aromatic polyamide and may
contain additives such as a lubricant, a colorant such as
a pigment such as titanium or a dye, a coloration preventing
agent, a heat stabilizer, an antioxidant such as a hindered
phenol, a phosphate ester or a phosphite ester, a weather
resistance improving agent such as a benzotriazole-based
compound, a bromine-based or phosphorus-based flame
retardant, a plasticizer, a release agent, a reinforcing
agent such as talc, a modifier, an antistatic agent, an
ultraviolet absorbing agent, an antifogging agent, and
various polymer resins, as needed, within a range not
sacrificing various characteristics as a film, in order to
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further 1mprove the various characteristics of the semi-
aromatic polyamide film.

Examples of the lubricant making slipperiness good can
include 1inorganic particles such as silica, alumina,
titanium dioxide, calcium carbonate, kaolin, and barium
sulfate. Examples of organic fine particles can include
acrylic resin particles, melamine resin particles, silicone
resin particles, and crosslinked polystyrene particles.
The average particle diameter of the Qlubricant is
preferably 0.05 to 5.0 um. The content of the lubricant is
preferably 0.2% by mass or less but can be selected
according to friction characteristics, optical
characteristics, and other characteristics required of the
film.

[0034] As the method for allowing the semi-aromatic
polyamide fTilm to contain the additives, various methods
can be used. Examples of typical methods thereof can
include the following methods:

(A) a method of adding the additives during the
polymerization of the semi-aromatic polyamide

(B) a masterbatch method of directly adding the additives
to the semi-aromatic polyamide and melting and kneading the
mixture to prepare pellets

(C) a method of directly adding the additives to the semi-
aromatic polyamide and melting and kneading the mixture by
an extruder during film formation

(D) a method of directly adding the additives to an extruder
and melting and kneading the mixture during film formation
[0035] (Extrusion)

In the method for producing the semi-aromatic polyamide
film of the present invention, the unstretched film of the
semi-aromatic polyamide used in the biaxial stretching step
needs to have a crystallization enthalpy of 20 J/g or more
and preferably has a crystallization enthalpy of 25 J/g or
more. When the crystallization enthalpy of the unstretched
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film 1s less than 20 J/g, crystallization proceeds iIn a
semi-aromatic polyamide film obtained by biaxially
stretching the unstretched film, and therefore the tensile
breaking elongation decreases, and the haze increases when
the semi-aromatic polyamide film contains a lubricant such
as silica. An unstretched film having a crystallization
enthalpy of less than 20 J/g is unstably stretched, or
cannot be stretched due to the frequent occurrence of
cutting, In some cases, and higher stretching force 1is
needed at the initial stage of stretching, and therefore
it is difficult to obtain a stretched film having uniform
thickness.

The unstretched film of the semi-aromatic polyamide
having a crystallization enthalpy of 20 J/g or more can be
produced by melting and mixing the semi-aromatic polyamide
In an extruder at a temperature of 280 to 340°C for 3 to 15
min, then extruding the semi-aromatic polyamide into a
sheet shape through a T-die, and adhering this sheet-shaped
material to a cooling roll having the temperature regulated
at 30 to 40°C to cool the sheet-shaped material. When the
temperature of the cooling roll is more than 40°C, the
obtained unstretched sheet has a crystallization enthalpy
of less than 20 J/g, and the above problems occur after
stretching.

[0036] (Stretching)

In the method for producing the semi-aromatic polyamide
film of the present invention, the unstretched film is
biaxially stretched, and the semi-aromatic polyamide is
oriented and crystallized by the stretching.

The stretching method is not particularly limited, and
a flat sequential biaxial stretching method, a flat
simultaneous biaxial stretching method, a tubular method,
or the like can be used. Especially, the flat simultaneous
biaxial stretching method 1is optimal because the Tilm
thickness accuracy is good, and the physical properties in
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the film width direction are uniform. Examples of the
stretching apparatus for adopting the flat simultaneous
biaxial stretching method include a screw type tenter, a
pantograph type tenter, and a linear motor-driven clip type
tenter.

[0037] The stretching ratios are preferably 2.0 to 3.5 times
in the longitudinal direction and 2.0 to 4.0 times in the
width direction, more preferably 2.0 to 3.0 times in the
longitudinal direction and 2.0 to 3.5 times in the width
direction.

In the case of sequential biaxial stretching, when the
stretching ratio in the longitudinal direction is more than
3.5 times, crystallization proceeds too much in the
obtained stretched film, and the stretchability iIn the
width direction may decrease. Even when stretching iIn the
width direction can be performed, stretching unevenness is
likely to occur iIn the obtained stretched film, and the
thickness accuracy may decrease, the tensile breaking
elongation in the longitudinal direction may decrease, and
the transparency may decrease.

In the sequential biraxial stretching method, the
stretching ratios are further preferably 2.3 to 2.5 times
in the longitudinal direction and 3.3 to 3.5 times iIn the
width direction.

In the case of simultaneous biaxial stretching, when
the stretching ratio in the longitudinal direction is more
than 3.5 times, the thermal shrinkage factor may increase,
and the dimensional stability may decrease in the obtained
stretched film. On the other hand, when the stretching
ratio in the width direction is more than 4.0 times, the
thermal shrinkage Tfactor may Iincrease, the dimensional
stability may decrease, and further the tensile breaking
elongation may decrease.

In the simultaneous biaxial stretching method, when a
biaxially stretched film having a thickness of 1 to 25 um
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IS obtained, the stretching ratios are preferably 2.5 to
3.0 times in the longitudinal direction and 2.5 to 3.3 times
in the width direction, and when a biaxially stretched film
having a thickness of 26 to 50 um 1is obtained, the
stretching ratios are preferably 3.0 to 3.5 times in the
longitudinal direction and 2.8 to 3.3 times in the width
direction.

When the stretching ratios 1i1n the Jlongitudinal
direction and the width direction are less than 2.0 times,
stretching unevenness i1s likely to occur in the obtained
stretched film, and thickness unevenness may occur, and the
planarity may decrease.

[0038] For the stretching rates, the stretching strain
rates in the longitudinal direction and the width direction
are both preferably more than 400%/min, more preferably 800
to 12000%/min, and further preferably 1200 to 6000%/min.
When the strain rates are 400%/min or less, crystals grow
during the stretching, and the film may break. On the
contrary, when the strain rates are too fast, the
unstretched sheet cannot follow deformation and may break.

The stretching temperature 1i1s preferably the glass
transition temperature (Tg) of the semi-aromatic polyamide
or more, more preferably more than Tg and (Tg + 50°C) or
less. When the stretching temperature is less than Tg, the
film is likely to break, and stable production cannot be
performed. On the contrary, when the stretching
temperature 1s more than (Tg + 50°C), stretching unevenness
may occur in the film.

[0039] (Heat Setting)

After being subjected to the stretching, the semi-
aromatic polyamide film is preferably subjected to heat
setting treatment with the film held by the clips used
during the stretching. In the film obtained by being
subjected to heat setting treatment, no heat-induced
unevenness occurs, and the thermal shrinkage factors can
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be reduced. The heat setting treatment temperature 1is
preferably 260 to 280°C, more preferably 263 to 278°C, and
further preferably 265 to 275°C. When the heat setting
treatment temperature 1i1s less than 260°C, the thermal
shrinkage factors increase in the obtained film. When the
heat setting treatment temperature is more than 280°C, the
tensile breaking elongation decreases, and poor appearance
due to heat-induced wrinkles is likely to occur in the
obtained film, and iIn some cases, breakage occurs during
the heat setting treatment, and it is difficult to obtain
a biaxially stretched film.

In the sequential biaxial stretching method, the heat
setting temperature is preferably 260 to 275°C. In the
simultaneous biaxial stretching method, when a biraxially
stretched film having a thickness of 1 to 25 um is obtained,
the heat setting temperature is preferably 260 to 280°C,
and when a biaxially stretched film having a thickness of
26 to 50 um is obtained, the heat setting temperature is
preferably 260 to 275°C.

[0040] Examples of the heat setting treatment method
include known methods such as a method of blowing hot air,
a method of irradiation with infrared rays, and a method
of irradiation with microwaves. Especially, the method of
blowing hot air 1is preferred because heating can be
uniformly performed with good accuracy.

[0041] (Relaxation)

The film after being subjected to the heat setting
treatment is subjected to relaxation treatment at
relaxation rates of 1.0 to 10.0% in the Ilongitudinal
direction and 1.0 to 12.0% in the width direction at the
same temperature as the heat setting treatment temperature
with the film held by the clips. When the relaxation rates
in the longitudinal direction and the width direction are
less than 1.0%, a film having sufficiently reduced thermal
shrinkage factors cannot be obtained. When the relaxation



10

15

20

25

30

- 20 -

rate in the longitudinal direction 1s more than 10.0%, slack
may occur in the film. By performing relaxation treatment
at relaxation rates of 1.0 to 10.0% in the longitudinal
direction and 1.0 to 12.0% in the width direction, a film
having reduced thermal shrinkage factors and enhanced
dimensional stability can be obtained.

In the sequential biaxial stretching method, when a
biaxially stretched film having a thickness of 1 to 50 um
Is obtained, the relaxation rates are preferably 1.0 to
6.0% in the longitudinal direction and 1.0 to 12.0% in the
width direction, and when a biaxially stretched film having
a thickness of 51 to 150 um is obtained, the relaxation
rates are preferably 1.0 to 3.0% in the Ilongitudinal
direction and 6.0 to 12.0% in the width direction.

In the simultaneous biaxial stretching method, the
relaxation rates are preferably 1.0 to 6.0% 1in the
longitudinal direction and 1.0 to 12.0% 1in the width
direction.

The relaxation treatments of the Tfilm 1n the
longitudinal direction and/or the width direction are each
independently controlled during the production of the film,
and 1n either the simultaneous biaxial stretching method
or the sequential biraxial stretching method, the absolute
value of the difference between the relaxation rate in the
longitudinal direction and the relaxation rate in the width
direction is preferably 2 or less. Thus, in the obtained
biaxially stretched film, the moisture absorption
elongation 1i1s reduced, and the absolute value of the
difference between the moisture absorption elongation in
the longitudinal direction Ny and the moisture absorption
elongation in the width direction Nrp (J]Nwp - Nyp|) 1S reduced,
and in a laminate having another material laminated, the
occurrence of curling during moisture absorption 1is
suppressed.
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[0042] In the simultaneous biaxial stretching method, the
relaxation treatment can be simultaneously or separately
performed in-line in the longitudinal direction and the
width direction. When the relaxation treatment 1is
separately performed, examples include a method of
performing relaxation in the longitudinal direction and
then performing relaxation in the width direction, and a
method of performing relaxation in the width direction and
then performing relaxation in the longitudinal direction.

On the other hand, in the sequential biaxial stretching
method, the relaxation treatment can be (i) simultaneously
performed in-line in the longitudinal direction and the
width direction after lengthwise stretching and lateral
stretching are performed and heat setting treatment is
performed, and (i1) 11t 1is also possible to perform
lengthwise stretching, then perform relaxation treatment in
the longitudinal direction, then perform lateral stretching,
perform heat setting treatment, and then perform relaxation
treatment in the width direction. 1In (i1), when lengthwise
stretching and relaxation treatment in the Ilongitudinal
direction are performed, and then heat setting treatment
iIs performed, the obtained film is In a state difficult to
laterally stretch, and therefore i1t is not preferred to
perform heat setting treatment at a stage before lateral
stretching. In the (1) and (11) sequential biraxial
stretching methods, lengthwise stretching is performed
first, and then lateral stretching is performed, but in the
sequential biaxial stretching method, it is permissible to
perform lateral stretching Tfirst and then perform
lengthwise stretching.

Alternatively, for the relaxation treatment, it is also
possible to biaxially stretch the film, then subject the
film to relaxation treatment in-line in the width direction,
then once wind the film, and pass the film off-line through
a drying furnace set at a predetermined temperature under
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low tension for relaxation treatment in the longitudinal
direction.

[0043] The thickness of the semi-aromatic polyamide film of
the present invention is appropriately changed according to
the application and the purpose but is preferably 1 to 150
um, more preferably 10 to 100 um, and further preferably 20
to 80 um.

The semi-aromatic polyamide resin constituting the
semi-aromatic polyamide film of the present invention has
very high crystallinity. Therefore, when the sequential
biaxial stretching method 1i1s applied, orientation and
crystallization are likely to occur when the film iIn an
unstretched state 1i1s stretched 1i1n the Jlongitudinal
direction or the width direction. It may be difficult to
subject the oriented and crystallized film to the following
stretching in the orthogonal direction. Therefore, it is
desirable to apply the simultaneous biaxial stretching
method. On the other hand, when the semi-aromatic
polyamide film of the present invention has a thickness of
more than 50 um, the stretching force during stretching is
too high in the simultaneous biaxial stretching method, and
therefore the difficulty of stretching Increases
significantly. Therefore, i1n the biaxial stretching of
such a film having high stretching force, i1t i1s preferred
to apply the sequential biaxial stretching method rather
than the simultaneous biaxial stretching method.

[0044] In the apparatus for producing the semi-aromatic
polyamide film of the present invention, the surfaces of
the cylinder, the melting portion of the barrel, the
measuring portion, the single pipe, the filter, the T-die,
and the like are preferably subjected to treatment for
decreasing the roughness of the surfaces in order to prevent
the residence of the resin. Examples of the method for
decreasing the roughness of the surfaces include a method
of modifying the surfaces with a substance having low
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polarity, or a method of vapor-depositing silicon nitride
or diamond-like carbon on the surfaces.
[0045] The obtained semi-aromatic polyamide film may be
formed into a single sheet, or formed in the form of a film
roll by being wound around a winding roll. From the
viewpoint of productivity in utilization 1in various
applications, the semi-aromatic polyamide film is
preferably formed in the form of a film roll. When formed
into a film roll, the semi-aromatic polyamide film may be
slit with the desired width.
[0046] The semi-aromatic polyamide film may be a single-
layer film composed of one layer, or a multilayer structure
obtained by laminating two or more layers. When a
multilayer structure i1s formed, for example, a lubricant
can be contained In any one of two layers in a film of two-
layer structure, and a lubricant can be contained in each
of layers located on both surfaces among three layers in a
film of three-layer structure. The type and content of the
contained lubricant can be independently designed for each.
By forming such a multilayer structure, the surface
roughness of each surface of the semi-aromatic polyamide
film can be independently controlled.
[0047] The surface of the semi-aromatic polyamide film may
be subjected to corona treatment, plasma treatment, acid
treatment, flame treatment, or the like i1In order to make
adhesiveness to another material good.
[0048] Inorganic matter such as a metal or an oxide thereof,
another polymer, paper, woven fabric, nonwoven fabric, wood,
or the like may be laminated on the semi-aromatic polyamide
film of the present invention.
[0049] <Applications>

The semi-aromatic polyamide film of the present
invention is excellent in dimensional stability while
having heat resistance, and therefore can be used for



10

15

20

25

30

35

- 24 -

various electronic materials and optical components and
other applications.

Specifically, the semi-aromatic polyamide film of the
present invention can be used as films for household use
and for industrial materials, such as packaging materials
for drugs; packaging materials for food such as retort food;
packaging materials for electronic components such as
semiconductor packages; electrical insulating materials for
motors, transformers, cables, and the like; dielectric
materials for capacitor applications and the [like;
materials for magnetic tapes such as cassette tapes,
magnetic tapes for data storage for digital data storage,
and video tapes; protective plates for solar cell
substrates, liquid crystal plates, electrically conductive
films, display -equipment, and the |like; electronic
substrate materials for LED mounting substrates, substrates
for flexible printed wiring, flexible flat cables, and the
like; heat-resistant tapes such as coverlay Tilms for
flexible printed wiring, tapes for heat-resistant masking,
and i1ndustrial process tapes; heat-resistant bar code
labels; heat-resistant reflectors; insulating tapes;
various release fTilms; heat-resistant base films;
photographic fTilms; materials fTor molding; agricultural
materials; medical materials; materials for civil
engineering and construction; and filtration membranes.

Further, the semi-aromatic polyamide Ffilm of the
present invention is excellent In the characteristics, that
is, heat resistance, dimensional stability, and
transparency and therefore can be used for applications
such as display materials in mobile equipment and the like,
and display apparatuses. Specifically, the semi-aromatic
polyamide film of the present invention can be used as base
material films iIn various Tunctional materials such as
optical substrates, polarizing plates, and phase difference
plates in various displays and the like using elements such
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as liquid crystals, organic EL, and protective and sealing
films in light emitting devices and display apparatuses.

Examples
[0050] The present invention will be specifically described
below by Examples.
1. Evaluation Methods
(1) Inherent Viscosity of Semi-aromatic Polyamide

The value obtained by obtaining the intrinsic viscosity
(ninn) OF a resin in concentrated sulfuric acid at 30°C at
concentrations of 0.05, 0.1, 0.2, and 0.4 g/dL from the
following formula and extrapolating the intrinsic viscosity
(ninn) to zero concentration was taken as the inherent
viscosity [n]-

Ninh = [In(t/to)]/cC
wherein mninn represents intrinsic viscosity (dL/g), to
represents the flow time (s) of the solvent, t; represents
the flow time (s) of the resin solution, and c represents
the concentration (g/dL) of the resin iIn the solution.
[0051] (2) Melting Point and Glass Transition Temperature
of Semi-aromatic Polyamide

A semi-aromatic polyamide was heated from 20°C to 350°C
at 10°C/min and maintained for 5 min (1st Scan) and then
cooled from 350°C to 20°C at 100°C/min and maintained for 5
min under a nitrogen atmosphere using a differential
scanning calorimeter apparatus (manufactured by PerkinElmer
Inc., DSC-7). The glass transition temperature 1in the
process of further reheating the semi-aromatic polyamide
from 20°C to 350°C at 10°C/min (2nd Scan) was taken as Tg
of the semi-aromatic polyamide. Similarly, the peak top
temperature of the crystal melting peak observed in 2nd
Scan was taken as Tm.
[0052] (3) Crystallization enthalpy of Unstretched Film

10 mg of an unstretched sheet of a semi-aromatic
polyamide was heated from 40°C to 350°C at 20°C/min (1st
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Scan) under a nitrogen atmosphere using a differential
scanning calorimeter (manufactured by PerkinElmer Inc.,
DSC-7), and the enthalpy associated to the obtained
exothermic peak was obtained.
[0053] (4) Thermal Shrinkage factors of Semi-aromatic
Polyamide Film

Strip-shaped test pieces (10 mm wide x 100 mm Qlong)
were cut i1n the longitudinal direction and the width
direction of a semi-aromatic polyamide film, respectively.
The obtained test pieces were each treated under a 250°C
atmosphere for 5 min and then allowed to stand at a
temperature of 23°C and a humidity of 50% RH for 2 h. Then,
the dimension in the length direction was measured, and the
thermal shrinkage factor of the test piece 1iIn the
longitudinal direction, Sy, and the thermal shrinkage
factor of the test piece In the width direction, Syp, were
obtained by the following formula:

thermal shrinkage factor (%) = [{original length -
length after treatment}/original length] x 100

For Comparative Examples 1 to 4, i1n addition to the
measurement of the thermal shrinkage factors 1in the
treatment under a 250°C atmosphere for 5 min, the
measurement of the thermal shrinkage factors in treatment
under a 200°C atmosphere for 15 min was also performed.

The absolute value of the difference between the
thermal shrinkage factor in the longitudinal direction Syp
and the thermal shrinkage factor in the width direction Stp
(ISwo - Stp|) was also calculated, and the anisotropy of the
thermal shrinkage factor was evaluated according to the
following criteria:
Excellent: |Syp - Stp| Is less than 0.4
Good: [Syp - Stp| Is 0.4 or more and less than 0.8
Fair: |Sw - Stp| Is 0.8 or more and less than 1.2
Poor: |Swp - Stp| IS 1.2 or more
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[0054] (5) Tensile Breaking Elongation of Semi-aromatic
Polyamide Film

The tensile breaking elongation of a semi-aromatic
polyamide film in the longitudinal direction and the width
direction was measured in accordance with JIS K7127.
[0055] (6) Haze of Semi-aromatic Polyamide Film

The haze of a semi-aromatic polyamide film was measured
in accordance with JIS K7105 using a haze meter (NDH 2000)
manufactured by Nippon Denshoku Industries Co., Ltd.
[0056] (7) Moisture Absorption Elongation of Semi-aromatic
Polyamide Film

A semi-aromatic polyamide film was allowed to stand in
an environment at a temperature of 20°C and a humidity of
40% RH for 2 days, and then a test piece (200 mm wide x 300
mm long) was cut and marked with a gauge length of 100 mm
in the length direction and the width direction. The test
piece was subjected to moisture absorption treatment In an
environment at a temperature of 20°C and a humidity of 90%
RH for 2 days, and then the gauge length in the length
direction and the width direction was measured, and the
moisture absorption elongation of the test piece iIn the
longitudinal direction and the width direction were
obtained by the following formula:

moisture absorption elongation (%) = [{length after
moisture absorption treatment - original length}/original
length] x 100

The absolute value of the difference between the
moisture absorption elongation in the Jlongitudinal
direction Ny and the moisture absorption elongation in the
width direction Ntp (JNwo - Ntp|) was also calculated, and the
anisotropy of the moisture absorption elongation was
evaluated according to the following criteria:
Excellent: |[Nyp - Nip| Is less than 0.20
Good: |Nyp - Nrp| is 0.20 or more and less than 0.30
Fair: |[Nwp — Nyp| s 0.30 or more
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[0057] (8) Deformation of Laminate

A dimer acid-based polyamide resin aqueous dispersion
(manufactured by UNITIKA LTD., solid concentration 20% by
mass) and an oxazoline group-containing polymer aqueous
solution (manufactured by NIPPON SHOKUBAlI CO., LTD.,
EPOCROS WS-700, solid concentration 25% by mass) were mixed
so that the respective solid contents were 100 parts by
mass and 10 parts by mass, and stirred at room temperature
for 5 min to obtain a coating agent.

A film section (200 mm wide x 300 mm long) was cut from
a semi-aromatic polyamide film in an absolute dry state
immediately after production, and the coating agent was
applied to the film section with a thickness of 3 um after
drying and dried under the conditions of 150°C and 30 s to
form an adhesive layer on the fTilm section. Further, an
electrolytic copper foil (manufactured by Furukawa Electric
Co., Ltd., CTS-treated surface, thickness 18 um) of the
same size as the fTilm section and the film section were
laminated via this adhesive layer to obtain a laminate.
The laminating was performed under the conditions of a
temperature of 180°C, a time of 15 min, and a pressure of
2 MPa using a heat press machine.

A test piece (100 mm wide x 100 mm long) was cut from
the obtained laminate, subjected to heat treatment for 15
s In a reflow solder furnace set at a temperature of 260°C,
then taken out of the furnace, and allowed to stand at room
temperature (23°C) for 1 h. The deformation of the laminate
after the heat treatment was visually checked and evaluated
according to the following criteria:
Excellent: The laminate does not deform at all.
Good: The planarity was not impaired, but a little strain
occurred.
Fair: The laminate has strain, but there are no practical
problems.
Poor: The laminate strains greatly and has no practicality.
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[0058] (9) Moisture Absorption Curling of Laminate

A test piece (100 mm wide x 100 mm long) was cut from
the laminate obtained in the (8), placed on a level stage
with the film surface down, and allowed to stand iIn an
environment at a temperature of 20°C and a humidity of 40%
RH for 2 days for humidity control. Then, the test piece
was allowed to stand In an environment at a temperature of
20°C and a humidity of 90% RH for 2 days. The moisture
absorbency of the film was evaluated by the degree of
curling in the test piece, that is, the height of an end
of the test piece raised from the stage caused by the test
piece curling due to moisture absorption and elongation of
the semi-aromatic polyamide film only, since the copper
foil 1s not influenced by moisture absorption.
Excellent: The test piece did not curl.
Good: The test piece curled slightly in the longitudinal
direction or the width direction. There are no practical

problems.
Fair: The test piece curled in the longitudinal direction
or the width direction. The test piece has practical
problems.

[0059] 2. Raw Materials
(1) Semi-aromatic Polyamide

Semi-aromatic polyamides A and B obtained 1i1n the
following Production Examples 1 and 2 were used.
Production Example 1

3289 Parts by mass of terephthalic acid (TA), 2533
parts by mass of 1,9-nonanediamine (NDA), 633 parts by mass
of 2-methyl-1,8-octanediamine (MODA), 48.9 parts by mass of
benzoic acid (BA), 6.5 parts by mass (0.1% by mass based
on the total of the four polyamide raw materials) of sodium
hypophosphite monohydrate, and 2200 parts by mass of
distilled water were placed In a reaction kettle and purged
with nitrogen. The molar ratio of these raw materials
(TA/BA/NDA/MODA) 1is 99/2/80/20.
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The contents of the reaction kettle were stirred at
100°C for 30 min, and then the internal temperature was
increased to 210°C over 2 h. At this time, the pressure
inside the reaction kettle was increased to 2.12 MPa (22
kg/Zcm2) . The reaction was continued for 1 h as it was, and
then the temperature was iIncreased to 230°C. Then, the
reaction was performed for 2 h and kept at 230°C, and in
parallel the water vapor was gradually removed to keep the
pressure at 2.12 MPa (22 kg/cm?). Next, the pressure was
lowered to 0.98 MPa (10 kg/cm2) over 30 min, and the
reaction was Tfurther performed for 1 h to obtain a
prepolymer. The prepolymer was dried at a temperature of
100°C under reduced pressure for 12 h and then ground to a
size of 2 mm or less.

Then, the ground prepolymer was solid phase-
polymerized under the conditions of a temperature of 230°C
and a pressure of 13.3 Pa (0.1 mmHg) for 10 h to obtain a
polymer. The polymer was supplied to a twin-screw extruder
(manufactured by The Japan Steel Works, Ltd., TEX44C),
melted and kneaded under the condition of a cylinder
temperature of 320°C, extruded, cooled, and cut to produce
pellets of a semi-aromatic polyamide A.

[0060] Production Example 2

489 Parts by mass of terephthalic acid (TA), 507 parts
by mass of 1,10-decanediamine (DDA), 2.8 parts by mass of
benzoic acid (BA), 1.0 part by mass (0.1% by mass based on
the total of the three polyamide raw materials) of sodium
hypophosphite monohydrate, and 1000 parts by mass of
distilled water were placed In a reaction kettle and purged
with nitrogen. The molar ratio of these raw materials
(TA/BA/DDA) is 99/2/100.

The contents of the reaction kettle were stirred at 28
revolutions per minute at 80°C for 0.5 h and then heated to
230°C. Then, the contents were heated at 230°C for 3 h.
Then, the reaction product was cooled and taken out.
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The reaction product was ground and then heated in a
dryer under a nitrogen gas flow at 220° for 5 h for solid
phase polymerization to obtain a polymer. The polymer was
supplied to a twin-screw extruder (manufactured by The
Japan Steel Works, Ltd., TEX44C), melted and kneaded under
the condition of a cylinder temperature of 320°C, extruded,
cooled, and cut to produce pellets of a semi-aromatic
polyamide B.

[0061] The melting points, glass transition temperature,
and inherent viscosity of the produced semi-aromatic
polyamides are shown in Table 1.

[0062]

[Table 1]

Molar ratio of raw materials of semi-aromatic polyamide Physical properties

Acid component Amine component

) . Inherent . Glass
Semi-aromatic VisCosi Melting transition
polyamide type | Terephthalic [ Benzoic 1,9- 2-Methyl-1,8- 1,10- il ty point temperature
acid acid Nonanediamine | octanediamine | Decanediamine 4 P

(TA) (BA) (NDA) (MODA) (DDA)

dL/g °C °C

A 99 2 80 20 0 117 290 125
B 99 2 0 0 100 1.24 316 150

[0063] (2) Silica

Master chips (M1) to (M3) containing 2% by mass of
silica obtained in the following Production Examples 3 to
5 were used.
Production Example 3

98 Parts by mass of a semi-aromatic polyamide A and 2
parts by mass of silica (manufactured by FUJI SILYSIA
CHEMICAL LTD., SYLYSIA 310P, average particle diameter 2.7
um) were melted and kneaded to make master chips (M1)
containing 2% by mass of silica.
[0064] Production Example 4

98 Parts by mass of a semi-aromatic polyamide B and 2
parts by mass of silica (manufactured by FUJI SILYSIA
CHEMICAL LTD., SYLYSIA 310P, average particle diameter 2.7
um) were melted and kneaded to make master chips (M2)
containing 2% by mass of silica.
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[0065] Production Example 5

98 Parts by mass of a semi-aromatic polyamide A and 2
parts by mass of silica (manufactured by Tosoh Silica
Corporation, NIPGEL AZ-200, average particle diameter 2.0
um) were melted and kneaded to make master chips (M3)
containing 2% by mass of silica.

[0066] (3) Hindered Phenolic Heat Stabilizer

GA: 3,9-bis[2-{3-(3-t-butyl-4-hydroxy-5-
methylphenyl)propionyloxy}-1,1-dimethylethyl]-2,4,8,10-
tetraoxaspiro[5.5]undecane (manufactured by Sumitomo
Chemical Co., Ltd., SUMILIZER GA-80, pyrolysis temperature
392°C)

[0067] Example 1

A semi-aromatic polyamide A, GA, and master chips (M1)
were mixed so that the content of GA was 0.2 parts by mass,
and the content of silica was 0.1 parts by mass based on
100 parts by mass of the semi-aromatic polyamide A.

This mixture was charged iInto a 65 mm single-screw
extruder having the cylinder temperature set at 295°C
(former stage), 320°C (middle stage), and 320°C (latter
stage), melted, extruded iInto a sheet shape from a T-die
set at 320°C, electrostatically adhered to a cooling roll
having the surface temperature set at 40°C, and cooled to
obtain a substantially non-oriented, unstretched sheet
having a thickness of 250 um.

For the cooling roll, a cooling roll having the surface
coated with a ceramic (Al,03) with a thickness of 0.15 mm
was used. Two carbon brushes were arranged on the upstream
side from the point of contact of the roll surface with the
film and brought into contact with the cooling roll, and
the holder for the carbon brushes was grounded to discharge
the surface of the ceramic-coated layer. For the electrode,
a tungsten wire having a diameter of 0.2 mm was used, and
a voltage of 6.5 kV was applied by a 300 W (15 kV x 20 mA)
direct current high voltage generating apparatus.
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The obtained unstretched sheet was cut to 12 x 12 cm,
set in a batch type Dbiaxial stretching machine
(manufactured by Imoto machinery Co., LTD., ICM-18BE), and
subjected to simultaneous biaxial stretching. For the
stretching conditions, the preheating and stretching
temperatures were 115°C, the stretching strain rates in the
longitudinal direction and the width direction were
3200%/min, and the stretching ratios in the longitudinal
direction and the width direction were 3.0 times and 3.3
times respectively.

After the stretching, heat setting treatment at 275°C
for 10 s was performed, and relaxation treatment at
relaxation rates of 1.0% in the longitudinal direction and
8.0% in the width direction was performed to obtain a semi-
aromatic polyamide film having a thickness of 25 um. The
stretching treatment of the unstretched sheet and the
relaxation treatment of the stretched fTilm were performed
with the extrusion direction when the unstretched sheet was
obtained being the longitudinal direction and the direction
orthogonal to the extrusion direction being the width
direction.

[0068] Examples 2 to 16 and 18 and Comparative Examples 1
to 15

A semi-aromatic polyamide TfTilm was obtained as 1in
Example 1 except that the type of the semi-aromatic
polyamide, the cooling roll surface temperature, the
stretching ratios, the heat setting temperature, and the
relaxation rates were changed as described in Table 2, 3,
5, or 6. In Example 18, master chips (M2) were used instead
of the master chips (M1). In Comparative Examples 1 and 3,
master chips (M1) were not used, and a semi-aromatic
polyamide film containing no silica was obtained.

[0069] Example 17

A semi-aromatic polyamide A and master chips (M1) were

mixed so that the content of silica was 0.1 parts by mass.
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This mixture was charged into an extruder A, the cylinder
temperature was set at 295°C (former stage), 320°C (middle
stage), and 320°C (latter stage), and the mixture was melt-
extruded (hereinafter referred to as a resin X).

On the other hand, the semi-aromatic polyamide A was
charged into an extruder B, the cylinder temperature was
set at 295°C (former stage), 320°C (middle stage), and 320°C
(latter stage), and the semi-aromatic polyamide A was melt-
extruded (hereinafter referred to as a resin Y).

The resins X and Y melted iIn the extruders A and B
respectively were extruded into a sheet shape from a T-die
set at 320°C so as to have an X/Y/X three-layer structure,
electrostatically adhered to a cooling roll having a
surface temperature of 40°C and once cooled, and then
further cooled by a cooling roll having a surface
temperature of 20°C to obtain an unstretched film having a
total thickness of 500 um with X/Y/X = 100/300/100 um. The
specifications of the cooling rolls, the voltage
application method, and the like are the same as Example 1.

The obtained unstretched sheet was cut to 12 x 12 cm,
set in a batch type biaxial stretching machine
(manufactured by Imoto machinery Co., LTD., ICM-18BE), and
subjected to simultaneous biaxial stretching. For the
stretching conditions, the preheating and stretching
temperatures were 115°C, the stretching strain rates in the
longitudinal direction and the width direction were
3200%/min, and the stretching ratios in the longitudinal
direction and the width direction were 3.0 times and 3.3
times respectively.

After the stretching, heat setting treatment at 275°C
for 10 s was performed, and relaxation treatment at
relaxation rates of 2.0% in the longitudinal direction and
8.0% in the width direction was performed to obtain a semi-
aromatic polyamide film having a thickness of 50 um and
having a layer structure of X/Y/X = 10/30/10 um.
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[0070] Example 19

A semi-aromatic polyamide Tfilm was obtained as in
Example 1 except that sequential biaxial stretching was
performed with the stretching ratios in the longitudinal
direction and the width direction being 2.5 times and 3.3
times respectively, and relaxation treatment was performed
with the relaxation rates in the longitudinal direction and
the width direction being 2.0% and 4.0% respectively.
[0071] Examples 20 to 38 and Comparative Examples 16 to 21

A semi-aromatic polyamide Tfilm was obtained as in
Example 19 except that the type of the semi-aromatic
polyamide, the cooling roll surface temperature, the
stretching ratios, the heat setting temperature, and the
relaxation rates were changed as described in Tables 3 to
6. In Example 29, master chips (M3) were used instead of
the master chips (M1).
[0072] The compositions of the semi-aromatic polyamides,
the film production conditions, and the characteristics of
the obtained semi-aromatic polyamide films are shown 1in
Tables 2 to 6.
[0073]



36

[+2001

ey | MBS o0g | B sey | poon | wes | MO | MO poog | poon HH%06x0,02 Butino
' -19ox3 | -199x3 -|@ox3 ' : -|9ox3 | -|9ox3 ° ° uondiosqge ainysiop
ajeulue| Jo salsiIv}oRIBYD
Jleq4 wsel wsel el [o]e]el] Jleq sl dled o]e]el] Jleq sl [o]e]el)] S G1xD.,092 uonjewJsojag
’ -joox3 | -|1eox3 | -19ox3 ’ -|oox3 ; : -|oox3 ° :
Jie wal el 00! sl Jie. [e]e] Jle sl sl [e]e] (o]e]
e -ooxg | -jeoxg pooo -|looxg led pooo led _ooxg | -jeoxg poog | pooo uoneniesg (%)
zeo | voo | 90| ¥2zo | eL0 | zeo lgo | ¢ceo | 200 | €00 | €z0 | 620 [9N-N | HY%06 uopeBuoje
; B : ; ; B B B ; ; B B a x0,02 uondiosqe
ze0 190 990 €90 190 99'0 250 1270 0€0 290 090 190 (%'N) uonoa.ip YIpIAA oI SIoN
790 €90 050 6€0 Zro €0 L€0 6€°0 L€0 650 €0 2eo0 (¥'N) uonoauip [euipnybuo]
08 (] 6L 08 [} L'g 8V €g 0'S 'S 1'g 1'g (%) azeH
66 ccl ocl oLl €0l 12°12 LcL ool 8/ col 96 06 uondaJIp YIPIA
(%) uonebuoje Bupeaiq ajisus ] wiiy epueAod
8yl 8yl Il ovl zel 26 144’ ocl 62l Ll o€l szl uoRoBIp [eulpn}buo] S
JljewoJe-wss jo
e s s e pooo e 9| JieH pooo e s pooo uonenjeny soljsiieyoeieyd
: -[oox3 | -|1eox3 | -19ox3 : -|oox3 ; : -|oox3 : .
[ z0 00 €0 L0 Ll €0 L' 90 80 1’0 90 |%s-Ms | (U g (%)
60 00 1’0 Al 70 1’0 z' ¥'0- Gl 90 20 L0 (?'s) uonoa.p YIPIAA 9.082) S403084
. o ; ; : " ; ; B - ; ; an, 6 abexuuys
A0 20 10 S0 Ll 'l Sl L0 60 (A 80 €l (?'g) uonoauip jeuipnyBbuoT] [yl
— — — — — — — — — — — — UOROBIIP UIPIM (U gL x
— — — — — — — — — — — — uooaJIp [euipnjbuoT] 0,002)
0S 0§ 0S 0S 0S 14 14 14 T4 T4 14 s (wirl) SEEIET
0¢c 08 0’8 0’8 0’8 0’8 08 ocl ol 0’8 08 0’8 uonoaJIp YIPIA
(%) sojel uonexe@y | uonexejay
00l 00} 09 0z ol 0z 0c (04 (04 09 0¢ ol uoRoBIp [eulpn}buo]
Sl2 St Slc slc slc Gl2 092 Slc Slc slz Slc Slc (0,) 8injesadwa | Bumes jesH SuoNpUOD
snosuejNwWIg pouyiaw Buiyoyens uononpoud
e ce e e e 8z e e e ce e e UoROBIIP UIPIM (sewn) Buiyojens | Wi spruefod
oe | oe | oe | oe | oe | ge [ oe | oe | oe | oe | oe [ o€ uoyos.Ip [eUPNHBUOT sopel Buiyoje s SHeiolE-tes
12 12 12 12 12 12 12 .2 .2 12 12 .z (B/r) wiiy payoresun jo Adieyue uonezie}sAio wosnIpa
(04 (04 oV oYy (014 (014 (014 (014 (014 o ov o (0,) ®njeiadwse} 8oeNS |04 Buoo) )
1’0 1’0 (0] 1’0 1’0 1’0 1’0 (0] 1’0 1’0 1’0 (0] (%) Juspuoo ealis aplweAjod ojjewole-was
v \ \ v v \ v v v v \ v adAL Jo uoisodwon
zl [ 0l 6 8 )l 9 S ¥ € z L
so|dwex3

[z a1qell



37

[sz001

JUE]] Ju9| P00 pooS jua| jua) PooS P00 pooS ney Jus| o Buijano
-19ox3 | -|1@ox3 -|oox3 | -199x3 ' -1@0x3 HH%06x0.0¢ uondiosqe ainysiop\
Juo) Y Juo) Juo) ajeujwe| Jo sonsialoeIRyYD
pooo -joox3 poos | pooo —ooxg | -jeoxg | M1 Jred -joox3 Jreq pooS S G1x0,092 uonew.oyeq
sl we| [e]e] (o]e] sl s (e]e] [o]e] (e]e] e s
-joox3 | -jeoxg poos | pooo —joox3 | -jeoxg poos | pooH | poo B4 | ooxg uonenjerg (%)
00 LLO yxA) 820 €10 SL'0 ¥Z'0 SzZ'0 €20 z€0 510 [9'N-"N HY %06 uopebuoje
. . . R . . . N N N N a x0D02 uondiosqe
€€0 G590 90 €90 050 290 €90 890 950 040 670 (“*N) uonoaup yIpIAA aumsIon
€0 50 €0 Ge0 €0 Y0 6€0 €0 €€0 8€0 €0 (¥N) uonoauip [eupnybuoT
6'¢ 6'¢ oV oY 6'¢ 19 0S 08 8/ 08 1’8 (%) ozeH
26 Lok 140)" 601 101 6Ll €Ll 6Vl 45" v6 G/ uonoBIIP YIPIM
(%) uonebuoja Bupjeaiq sjisusa ] wiiy eprueAjod
LLL e€Cl [=]o]® €0l 801 oLl 14" 12 LEL 8¢l €1 uoioaJIp [euipnibuoT IBOIEALSS 10
[e]e] e (e]e] [e]e] sl | e Jie e Je. [o]e] w.ao_uw_‘_ﬂnzo.n“_m !
poo9 -joox3 poog | pooo ~jooxg | -1eoxg | -1eoxa 1ed -joox3 1eq pooo uonenjerg s yo
L0 €0 v0 90 1’0 €0 €0 Ll €0 60 .0 |9ts-Mg | (unu mw (%)
5l z0 v0 | o | 60 | oo | zo | vo- | 60 | vo- | €1 (04g) uonoe.IP UIPIV 9-05¢ siojoe}
. ‘0- . : : . : . : . . (Mg) uonosuip jeuipnybuo ebeyuuys
80 L0 80 L 80 €0 S0 ol L S0 90 'S) uonoauip [euipnybuo sy
— — — — — — — — — — — uonoa1IP WIPIM (uw gL x
— — — — — — — — — — — uoljo08Jip |euipn)Bbuo] 0.,002)
sz sc (14 sz 14 sz 0S 0S 0S 0S 0S (wrl) ssauyoIy |
ol 08 0’8 08 oV 08 08 0’8 08 0zl oL uonoa1IP WIPIM
(%) sajel uonexeay uolexe|oy
0c 09 0c ol 0z 0c 0z (k4 0z k4 0z uonoaJIp [euipnibuoT
Slz slzc Gl2 Slz Slz2 08z sl Sl2 092 slzc [V (D.) @amesadwa Bumes jesy SuonpUOD
|enusnbag snosueyNWIS poylew BuIyolaNg uononpod
e Se [e)> ¢ o> o34 €€ 82 o> €€ e uonoBIIP YIPIM (sawn) Buyolens | wis epruefjod
ez | ez | ez [ ez [ sz | sz | oe | se | oe | oe | o¢ uoRoe.IP feulpNyBUOT sofe. Buiyolens onewioleTties
.z .2 Lz .2 12 .z 12 12 .2 12 /2 (6/r) wiy payojessun jo Adjeyius uonezesAio woisnipa
ov ov (0] ov ov ov ov ov ov ov ov (0,) @injesadwse) 8oe NS ||04 Buloo) ’
1’0 1’0 L'0 1’0 L0 L'0 [L'0/0/L°0f L0 L0 L0 L0 (%) 800 eolis opiueAjod onewole-wes
v v v v v g v v v v " adAyL Jo uomsodwioo
€z 44 [ (074 6l 8l Ll 9l Gl v el
so|dwex3

[c a1qell



38

[92001

s [o]e]el)] el Jleq sl el pooo [o]e]el)] |o]e]e]) pooo el pPo09H ) m:__._:o
-|9ox3 -|9ox3 ’ -19ox3 | -199x3 -|@ox3 HY%06>0.0¢ uondiosqe ainysiop
Y Ty Y Y Sjeulwe| Jo solnsliajoeiey)
PooD | dted | vm | 1B | Leoxg | -eoxg | POOD | POOD | PooO | ded | | dred S G1x0,092 uopew.ojeq
s 00 el Je sl el 00 00 00 00 el 00
qeoxg | P92 | eoxg | %4 | jeoxg | -jeoxg | POO2 | PO | POOD | pooo | | POOD uonenjeng (%)
€10 | 620 | €00 | ogo | s00 | 20| szo | vZzo | 9zo | 9zo | 210 | ZlzO [9N-TN HY%06 uopebuole
y ; ; y ; § y ; § y ; ; aL x0,02 uond.iosqge
250 120 | 90 | s€0 | 020 | 290 | 990 | 990 | ¥90 190 | 60 | 990 (“'N) uonoap WP IMSION
60 | 20 | 6€0 | S90 | S90 | 050 L0 | 2v0 | 8¢0 | se0 | 260 | 6€0 | (¥N) uonosup eupnybuo
99 Ve o) o) €. z4. 8zl €. z4. 147 9¢ L'y (%) azey
zel X4} ¥6 96 €0l €0l 601 L0l oLl LelL ocl €Ll uonoBIP YIPIM
(%) uonebuols Bupjealq ajsus | wiiy spweAjod
veL 001 8Ll 62l 6Cl 8zl oLl 601 901 76 Lel G6 uonoaJIp [euipnybuo 3 OP]
[o]e] lle wsel lle. sl wsel [o]e] (o] 0] [o]e] lle. el lle. om:”..“ﬂWNu.MMw °
pooo B | ooxg | M | -jeoxg | -leoxg | PO°D | POOD | POoO B | ooxg | &3 uonenjerg nsusjoeIRyYD
S0 ol €0 [ 20 00 90 90 L0 ol €0 80 |9s-Ms | (U gx (%)
60 z0- €l ol 00 1’0 €0 €0 ¥'0 €0 A 1'0- (?*s) uonoaup YIPIM 0:052) MBGE
. R R Ao A . . . . . K . an abeyuuys
vl 8’0 (0% 10 20 10 60 60 Ll el Sl 20 (M) uonoauip feurpnybuo jeusey)
— — — — — — — — — — — — uoRoBIIP UYIPIM (U Gpx
— — — — — — — — — — — — uonoalIp [eulpnibuoT] 0,002)
0S 0S 0S 0S 0S 0S 0S 0S 0S 14 14 14 (wrl) ssauoIyL
08 o0zl o) 0¢ 08 08 08 08 08 08 08 0zl uonoaIP YIPIM
(%) sejed uonexe|oy uolexe|oy
0¢ 0¢ 0z 0ol 0oL 09 0¢ 0z ol 0 0z 0c uopoaup [euipnybuo
092 S/Z §.2 5.2 Gl2 S.2 S.2 Gl2 G.2 S.2 092 S.2 (0.) @imeiadwa | Bumes jesH SuonpuoD
|lenuanbag poylew Buiyolens :o:mrvoa
g€ g€ ge g€ g€ ge Se ge ge €e g€ ge UOoNOBIP YIPIAA (sawn) Buyoyeng | Wil epruekiod
ez | ez | ez [ ez | ez | ez | ez | ez | gz | gz | ez | ez uoyoa.Ip [euIpnYBUOT sopel Buyoiens oneolEties
Vx4 x4 12 Vx4 Vx4 VX4 Vx4 Vx4 Vx4 Vx4 Vx4 Vx4 (6/r) wiiy payojensun jo Adieyjue uonez)ie}sAio vorsnIbG
ov ov (014 ov (014 (014 (014 (014 (014 (014 (014 (014 (0.) @impeuadwa} 8oE NS |04 BUj00) _
1’0 10 1’0 1’0 1’0 1’0 z0 1’0 1’0 1’0 1’0 (0] (%) usuoo eols apuieAjod onewo e-was
v v v v v v v v v v v v adAL Jo uonisodwoo
Ge e €e ze Le o€ 62 8c .z 9z T4 174
sa|dwex3

[v a1qell



39

[22001

_ Bulano
poo9 | pooo | poo | poon | pooo | poo [ el Jreg poog | pooo | pooH HY %06%x0,02 UondI0SqE BINSION
ey ey ey ey ajeulwe| Jo sofsliaoeIBYD
—_— -|oxg -|ooxg pooo pooo —jooxg -jooxg 1004 100d Jled pooo Jled S GLxD.,092 uoljewuojag
—_ [o]e]el) pooH [o]e]el) poooH pooS pPooS Jieq JleH [o]e]el) [o]e]el) poooH uonenieny Ao\ v
o
— SZ0 820 ¥20 | 820 | ¥20 | ¥2oO LE0 | €€0 92'0 120 820 I9'N-"N| HY %06 uonebuoje
. . ) R R R R . . N N a x0.02 uopdiosqge
— 890 S50 09'0 190 SG'0 G50 €50 ¥S°0 690 190 90 (“'N) uonoauIp YPIM sumSIon
— €v'0 120 9¢€'0 €€0 LE0 LE0 (A4 120 €¥°0 0¥'0 9€'0 (¥N) uonoa.ip [euipnyBuo
— 1ad Ll 98 tAVA () gl AV Sl o€l €0l 1L (%) azeH
— G/ 09 19 G9 19 69 9 9 1219% [>19% veL uonoda.ip YIpIp (%) UONEBLO BUMESI] SISUBL
— S0l €6 66 0L | 601 bbb G6 86 ozv | zu 16 uoRosIp [EUIPNYBUOT R . : wiy epuedjod
—_ sl sl [o]e] 00 s s 100, 100, Jle [o]e] lle owz”ﬂ”.mmm“‘“omw 0
ooxg | -jeoxg | PP | PO99 | ooxg | -jooxg d d teq [ pooo req uonenieng nslsjorIeyD
— €0 z0 S0 90 €0 €0 vl vl 80 20 L'l |9s- Mg | (unu mw (%)
— 1’0 S0 90 90 oL oL Ll Ll 1’0 €0 4] (*s) uonoaup YPIM O-05¢ siojoey
— : ) ’ ; . : : ) ) ’ ’ Ng) uonos.p jeuipnIBuo ebeyuLys
70 L0 L' AN €l €l seC sec 60 ol €l (™s) uonoauip jeuipnybuo- ooy
— — — — — L'0- L'0- 1’0 1’0 — — — UoROBUIP UIPIA (uw gL x
— — — — — 00 00 0 ¥'0 — — — uonoa.Ip [euipnybuo] 0.002)
— 0§ s 14 14 ST T4 sZ sZ 001l S/ 0§ (wrl) SSaUNOIUL
— 0’8 0’8 0’8 0’8 0'S 0'S 0'S 0'S 0’8 0’8 0’8 uonodaJIp YiIpip
(%) sejes uonexe|ay | uonexeay
— (04 0c ol ol (04 0c 00 00 ol ol 0¢ uonoa.Ip [euipnybuo]
— S.2 slc slc slc 0lc¢ 0.2 0.2 0.2 [Pk S.2 slc (0,) @injesadwa | Bumes 1eeH SuopUoD
snoaue}nwWIS |lenuanbag pouyjaw Buiyoyens co_umrvoa
€€ €€ €€ £e £e €€ €€ €€ €€ ge Se g€ uoRoB.P YIPIAA (sown) Buyojens | Wi epwedjod
oe | oe [ oe | oe | oe | oe [ oe [ oe | oe | ez [ ez | gz uoyos.Ip euipnyBuoT sopel Buiyolens onmolE-es
L ol oL 9l 6l 6l 61 61 6l 12 12 12 (6/r) wyy payojeasun jo Adjeyyua uonezieysAiy uoisna
08 0. 0. 09 0S 0S 0S 0S 0S oV oy oy (0,) @injesadwa) 8oe NS (|04 Buljoo) )
L0 L0 (¢} L0 L0 L'0 — L'0 - L0 L0 L0 (%) Jusyu00 eolis apweAjod onewole-was
\4 \4 \4 v v v \4 \4 v \4 v v adAL 4o uopisodwoo
6 8 L 9 S ¥ € 4 L 8¢ L€ 9¢
so|dwex3 anjeiedwo) so|dwex3

[s a1qell



40

pooo — poos | pooo | ey s leq — — wsel wel Jeq 9 Buino
: -|oox3 ’ -|]9ox3 | -|]eox3 ’ HM%06>0.02 uondiosge 24nysIoN
e Y ajeulue| Jo sonsLd}oRIRYD
pooo) — —oox3 | -jeoxa lieq 1004 | pooo — — lood 1004 1004 S G1xD.09Z uonewoeq
[e]e] —_— (o]e] (e]e] Jie | Jie —_— —_— sl | Jle. en|eA:
poon poon | pooo el | ooxg | M°d ooxg | -eoxg | ‘&4 uonenieng (%)
0Z0 — vzo | szo | zeo | 200 | ofoO — — 800 | ¥L'0 | €€0 [9N-"N | HY%06 uonebuole
- - - - - - ; ; ; T x0,02 uondiosqe
Z90 — 690 | S90 190 | 9L0 | €90 — — 910 | €20 | 250 (?'N) uonoaup YIPIAA IS
rA) — S¥0 | oo | 620 | 600 | €€0 — — 800 | 2¢0 | ¥Z0 | (™N)uonosup |eupnybuo
rA]} — €8l L'GL | 9L o€ S/l — — S 0'S zs (%) azeH
16 — 69 19 G9 eel 66 — — 8cCl €l 98 uonoalIp YIpIM (9%) UoneBuOle BuESIq BlISUS]
0oL — 901 00} 00} LEL 621 — — 051 zzL 6LL uonoa.Ip [euipnybuo v ’ ) uit} spuediod
ol Ve oljewole-was Jo
pooo — -_umoxm_ -oox3 Jieq 1004 | poon — — 1004 100d 1004 uonenerg solsisloRIBYD
¥'0 — €0 €0 60 z S0 — — o zl z' |9s-Ts | (unu m” (%)
S0 — 00 zZ0 90 L'e zo0 — — ze zez 80 (@s) uonosuip YIPIV 9-05¢ siojoey
: — . 3 3 . ' — — . 3 3 (Mg) uonoauip jeuipnybuo ebeyuLys
60 €0 S0 Gl ey L0 8% ol 0z 'S) uonoaulp [euipnyBUOT ey
— — — — — — — — — — — — uonoSIP YIPIA (U G x
— — — — — — — — — — — — uonoauIp leulpnybuo 0,002)
0S — 001 S/ 0S T4 0S G/ — T4 Gz T4 (wrl) ssauxjoIyL
08 — 08 08 08 08 08 08 — 08 00 08 uonoBIP YIPIA
(%) sejel uonexe|oy uonexe|oy
0z — 0z 0z 0z 0z 0z o'l — 0z 0z 00 uonoauip [eupnybuoT
Glz Glz glc sglc sglc 0se slc slc 06¢ 0se glc sl (D,) @unjesadwa) Bumes jeeH SuONIpUOD
|Jenuanbag snosuglNWIS poyrew Bulyoleng uononpoud
se e se g€ g€ g€ e ge ee ce ge ce uonoSIP YIPIA (sewn) Buyolens | Wiy spwefod
ez | sz | ez | ez | sz | ez | oe | oe | oe | oe | oe | o¢ uogosIp [euIPNyBUOT sopel Buiyolens PHEHOIETLISS
1z oL 6l 6l yx4 yx4 yx4 12 12 12 12 12 (B/r) wis payorasun jo Adjeyus uonezeishio vorsnipG
ov 0L 0S 0S ov ov ov 0¥ 0¥ 0¥ 0¥ 0¥ (0.) @injeIadWa) 80BYINS |j0J BUloC) )
co (0] (0] (0] (0] 1’0 0 1’0 1’0 1’0 1’0 1’0 (%) Wusuoo eals apiueAjod onewole-wes
\ \ \% \ \ \ \% v v v v v adAL Jo uonisodwoo
(4 (¥4 6l 8l Ll 9l Gl vl €l zL Ll oL

so|dwex3 anjeiedwo)

[o al1qell




10

15

20

25

30

35

- 41 -

[0078] The semi-aromatic polyamide films of Examples 1 to
38 satisfTied all the characteristic values defined in the
present invention and had small thermal shrinkage factors,
low haze, and sufficiently large tensile breaking
elongation.

In other words, in the production of a semi-aromatic

polyamide film, by lowering the surface temperature of the
cooling roll, an unstretched film having an increased
crystallization enthalpy was obtained, and for a semi-
aromatic polyamide Tfilm, by using an unstretched Tfilm
having an increased crystallization enthalpy, the tensile
breaking elongation increased, and the haze was reduced,
and by performing relaxation treatment in the longitudinal
direction and the width direction, the thermal shrinkage
factors in the longitudinal direction and the width
direction were reduced, and an increase in tensile breaking
elongation was promoted.
[0079] In Comparative Example 1, as in Example 2 of Patent
Literature 1, a semi-aromatic polyamide containing no
silica was used, and an unstretched film was obtained using
a cooling roll having a surface temperature of 50°C, then
stretched 3.0 times in the longitudinal direction and 3.3
times in the width direction, heat-set at 270°C, and then
relaxed at a relaxation rate of 5.0% only in the width
direction.

The unstretched film obtained using the cooling roll
having a surface temperature of 50°C had a crystallization
enthalpy of 19 J/g.

For the semi-aromatic polyamide film obtained from this
unstretched film, the thermal shrinkage factors measured
under the conditions of 200°C and 15 min were low, 0.4% iIn
the longitudinal direction and 0.1% in the width direction,
but the thermal shrinkage factor in the Jlongitudinal
direction increased to 2.5% when measured under the
conditions of 250°C and 5 min. The tensile breaking
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elongation was 98% in the longitudinal direction but was
64% in the width direction and low.

For the semi-aromatic polyamide film of Comparative
Example 2 obtained as in Comparative Example 1 except that
a semi-aromatic polyamide containing silica was used, an
increase in haze was observed.

[0080] The semi-aromatic polyamide Tfilms of Comparative
Examples 3 and 4 were obtained as in Comparative Examples
1 and 2 except that relaxation was also performed at a
relaxation rate of 2.0% in the longitudinal direction. The
thermal shrinkage Tfactor in the Ilongitudinal direction
decreased to 1.3%, but the tensile breaking elongation in
the width direction was unchanged and low, 67 to 69%.
[0081] In Comparative Examples 5 to 9, a semi-aromatic
polyamide containing silica was used, and an unstretched
film was obtained using a cooling roll having a surface
temperature of 50°C or more. The TFfilms of Comparative
Examples 5 to 7 using this unstretched film had low tensile
breaking elongation i1n the width direction as 1in
Comparative Examples 1 to 4. For the film of Comparative
Example 8, a decrease in tensile breaking elongation was
suppressed, but the haze was high. In Comparative Example
9, breakage occurred during the film stretching, and a
biaxially stretched film was not obtained.

For the films of Comparative Examples 10 to 11,
relaxation treatment was not performed in a specific
direction, and therefore the thermal shrinkage factor was
high in the direction. For the film of Comparative Example
12, the temperature in the heat setting step was low, and
therefore the thermal shrinkage factors were high. The
dimensional stability was poor in all.

In Comparative Example 13, breakage occurred during
the heat setting treatment, and in Comparative Example 14,
simultaneous biaxial stretching was attempted using a thick
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unstretched film, but a biraxially stretched film was not
obtained in both.

For the film of Comparative Example 15, the content of
silica was high, and therefore the haze was high.
[0082] Also for the film of Comparative Example 16 using
the sequential biaxial stretching method, the temperature
in the heat setting step was low, and therefore the thermal
shrinkage factors were high, and the dimensional stability
was poor. For the film of Comparative Example 17, the
stretching ratios were beyond the preferred ranges, and
therefore the tensile breaking elongation was less than 70%,
and the haze was high. For the Tfilms of Comparative
Examples 18 and 19, the crystallization enthalpy of the
unstretched film was small, and therefore the tensile
breaking elongation was less than 70%, and the haze was
high. In Comparative Example 20, breakage occurred during
the lateral stretching, and a biaxially stretched film was
not obtained. For the film of Comparative Example 21, the
content of silica was high, and therefore the haze was high.
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Claims
[Claim 1]

A semi-aromatic polyamide Tfilm having a thermal
shrinkage factor in a longitudinal direction of the film,
Sw, OoF -1.0 to 1.5% and a thermal shrinkage factor iIn a
width direction of the film, Sy, of -1.0 to 1.5% as measured
under conditions of 250°C and 5 min,

a tensile breaking elongation of 70% or more 1iIn the
longitudinal direction and the width direction, and

a haze of 14% or less.

[Claim 2]

The semi-aromatic polyamide film according to claim 1,
wherein an absolute value of a difference between Sy, and
Sto (Swp - Stp|) is less than 1.2.

[Claim 3]

A method for producing the semi-aromatic polyamide film
according to claim 1, comprising:
biaxially stretching an unstretched film of a semi-aromatic
polyamide, wherein in the Dbiaxial stretching, an
unstretched film having a crystallization enthalpy of 20
J/g or more iIs used.

[Claim 4]

The method for producing the semi-aromatic polyamide
film according to claim 3, wherein in the biaxial stretching,
the unstretched film is stretched at a ratio of 2.0 to 3.5
times in a longitudinal direction and stretched at a ratio
of 2.0 to 4.0 times in a width direction.

[Claim 5]

The method for producing the semi-aromatic polyamide
film according to claim 3 or 4, wherein the film after the
biaxial stretching is subjected to heat setting treatment
at 260 to 280°C and subjected to relaxation treatment at
relaxation rates of 1.0 to 10.0% in the Ilongitudinal
direction and 1.0 to 12.0% in the width direction.

[Claim 6]
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An electronic material comprising the semi-aromatic
polyamide film according to claim 1 or 2.
[Claim 7]
An optical component comprising the semi-aromatic
5 polyamide film according to claim 1 or 2.



