DESCRIPTION
TITLE OF THE INVENTION: FILM, METHOD FOR PRODUCING FILM,

AND PROPYLENE-BASED POLYMER COMPOSITION

TECHNICAL FIELD
[0001]

The present invention relates to a film containing a
propylene-based polymer, a method for producing a film, and

a propylene-based polymer composition.

BACKGROUND ART
[0002]

A conventionally known film used for, for example,
various packaging materials is a film that has a structure
including, as a base film, a polyethylene terephthalate
(PET) -based biaxially stretched film and, as a sealant
film, a polypropylene (PP)-based unstretched film or a
polyethylene (PE)-based unstretched film stacked on the
base film. The film having such a structure can exhibit an
excellent function as wvarious packaging bags by the base
film having high toughness and high heat resistance and the
sealant film having low-temperature heat-sealing
properties.

[0003]

Recently, a requirement of recycling this type of



film is increasing, and production thereof from a mono-
material is expected. Specifically, suitably used as the
base film is a polypropylene-based biaxially stretched film
that is the same type of olefin-based resin as an olefin-
based resin, such as polypropylene and polyethylene,
forming the sealant film.

[0004]

The polypropylene-based biaxially stretched film,
however, has a low tensile modulus of elasticity (Young’s
modulus) compared to that of a polyethylene terephthalate-
based biaxially stretched film and the like. Therefore, a
problem with the film including a polypropylene-based
biaxially stretched film as the base film is that the use
thereof is limited.

[0005]

Patent Document 1 proposes, as a polypropylene-based
biaxially stretched film having an improved tensile modulus
of elasticity (Young’s modulus), a biaxially stretched film
formed using a propylene-based polymer composition
containing a propylene-based polymer and a PR-crystal

nucleating agent.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0006]



Patent Document 1: JP-A-2016-199686

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

The biaxially stretched film described in Patent
Document 1, however, cannot be said to have good high-
temperature dimensional stability in a direction
(hereinafter, also described as a “TD direction”)
intersecting the flow direction (hereinafter, also
described as a “MD direction”) during production. Another
problem with the biaxially stretched film described in
Patent Document 1 is that because it is difficult to
uniformly stretch the film in the TD direction during
production, the film sometimes causes uneven thickness and
breakage and thus has bad stretch processability.

[0008]

Therefore, an object of the present invention is to
provide a film having a relatively high tensile modulus of
elasticity (Young’s modulus) in both a MD direction and a
TD direction, having relatively excellent high-temperature
dimensional stability in the TD direction, and having
relatively excellent uniform stretchability in the TD
direction during production. Another object is to provide

a method for producing this film, and a propylene-based



polymer composition used for producing this film.

MEANS FOR SOLVING THE PROBLEMS
[0009]

A film according to the present invention

contains a propylene-based polymer or a propylene-
based polymer composition and satisfies requirements (1) to
(3) below.

(1) The film satisfies an inequality (I) below.

-0.35 < BOMP - BOTP < 1.00 (I)

(In the inequality,

BOMP represents a degree of orientation in a MD
direction of the film measured using a birefringence
method, and

BOT™ represents a degree of orientation in a TD
direction of the film measured using the birefringence
method.)

(2) The film satisfies an inequality (II) below.

To.2MP/T0.6™® < 1.5 (II)

(In the inequality,

I0.2MP represents an intensity at a position of a
scattering vector g of 0.2 nm! in a Kratky plot in the MD
direction of the film measured using a small-angle X-ray
scattering method, and

I0.6™° represents an intensity at a position of a



scattering vector g of 0.6 nm! in a Kratky plot in the TD
direction of the film measured using the small-angle X-ray
scattering method.)

(3) The film satisfies an inequality (III) below.

I0.2™°/T0.6M° < 1.5 (III)

(In the inequality,

I0.2™ represents an intensity at a position of the
scattering vector g of 0.2 nm! in the Kratky plot in the
TD direction of the film measured using the small-angle X-
ray scattering method, and

I0.6"® represents an intensity at a position of the
scattering vector g of 0.6 nm! in the Kratky plot in the
MD direction of the film measured using the small-angle X-
ray scattering method.)

[0010]

A method, according to the present invention, for
producing a film includes:

an extruding step of, with an extruder, heat-melting
and extruding onto a cooling roll a propylene-based polymer
composition containing a propylene-based polymer and at
least one stretchability improving agent selected from the
group consisting of a B-crystal nucleating agent and a
hydrocarbon resin, to give an unstretched sheet;

a MD stretching step of stretching the unstretched

sheet obtained, with a stretching roll, by 6 times to 10



times in a MD direction to give a uniaxially stretched
sheet;

a TD stretching step of stretching the uniaxially
stretched sheet obtained, with chucks arranged in two rows
along the MD direction, in a heating furnace, by 4 times to
20 times in a TD direction to give a biaxially stretched
film; and

a relaxing step of relaxing a stretch in the TD
direction of the biaxially stretched film obtained, with
the chucks arranged in two rows along the MD direction, in
the heating furnace, by 16% to 30% in the TD direction.
[0011]

A propylene-based polymer composition according to
the present invention

contains a propylene-based polymer and a
stretchability improving agent and

satisfies requirements (11) to (16) below.

(11) A melt flow rate measured at a temperature of
230°C and a load of 2.16 kg is 1 g/10 min to 10 g/10 min.

(12) A die swell ratio measured at a temperature of
230°C and a load of 2.16 kg is 1.23 to 1.45.

(13) A ratio (Mw/Mn) between a weight average
molecular weight (Mw) and a number average molecular weight
(Mn) measured by gel permeation chromatography is 4.0 to

7.0.



(14) A ratio (Mz/Mn) between a Z-average molecular
weight (Mz) and the number average molecular weight (Mn)
measured by the gel permeation chromatography is 10.0 to
25.0.

(15) An amount of a component having a molecular
weight measured by the gel permeation chromatography of
100000 or less is 30 mass% to 50 mass%.

(16) An amount of a component having a molecular
weight measured by the gel permeation chromatography of

1500000 or more is 2.3 mass% to 5.0 mass%.

EFFECT OF THE INVENTION
[0012]

The present invention can provide a film having a
relatively high tensile modulus of elasticity (Young’s
modulus) in both a MD direction and a TD direction, having
relatively excellent high-temperature dimensional stability
in the TD direction, and having relatively excellent
uniform stretchability in the TD direction during
production. The present invention can also provide a
method for producing this film, and a propylene-based

polymer composition used for producing this film.

MODE FOR CARRYING OUT THE INVENTION

[0013]



A film (specifically, a biaxially stretched film)
according to the present embodiment contains a propylene-
based polymer or a propylene-based polymer composition.
[0014]

The propylene-based polymer is a polymer containing
more than 50 mass% of a monomer unit derived from
propylene. For example, the propylene-based polymer may be
a propylene homopolymer or a propylene-based copolymer.
From the viewpoint of the heat shrinkage rate and the
toughness of the biaxially stretched film, the propylene-
based polymer is preferably a propylene homopolymer.
Examples of the propylene-based copolymer include a
copolymer obtained by copolymerizing propylene and at least
one comonomer selected from ethylene or an a-olefin having
4 to 20 carbon atoms.

[0015]

Examples of the a-olefin having 4 to 20 carbon atoms
include l-butene, 2-methyl-1l-propene, l-pentene, 2-methyl-
l1-butene, 3-methyl-1-butene, l-hexene, 2-ethyl-1-butene,
2,3-dimethyl-1-butene, 2-methyl-l-pentene, 3-methyl-1-
pentene, 4-methyl-l-pentene, 3,3-dimethyl-1-butene, 1-
heptene, methyl-1l-hexene, dimethyl-l-pentene, ethyl-1-
pentene, trimethyl-1-butene, methylethyl-1-butene, 1-
octene, methyl-l-pentene, ethyl-l-hexene, dimethyl-1-

hexene, propyl-l-heptene, methylethyl-1l-heptene, trimethyl-



l-pentene, propyl-l-pentene, diethyl-1l-butene, 1l-nonene, 1-
decene, l-undecene, and l-dodecene. The o-olefin is
preferably l-butene, l-pentene, l-hexene, or l-octene, more
preferably l-butene.

[0016]

Examples of the propylene-based copolymer include a
propylene-ethylene copolymer and a propylene-a-olefin
copolymer. Examples of the propylene-oa-olefin copolymer
include a propylene-l-butene copolymer, a propylene-1-
hexene copolymer, a propylene-l-octene copolymer, a
propylene-ethylene-1-butene copolymer, a propylene-
ethylene-1-hexene copolymer, and a propylene-ethylene-1-
octene copolymer. The propylene-a-olefin copolymer is
preferably a propylene-ethylene copolymer, a propylene-1-
butene copolymer, or a propylene-ethylene-l-butene
copolymer.

[0017]

When the propylene-based copolymer is a propylene-
ethylene copolymer, the content of ethylene is preferably
2.0 mass% or less, more preferably 1.0 mass% or less,
further preferably 0.4 mass% or less, from the viewpoint of
the heat shrinkage rate and the toughness of the biaxially
stretched film.

[0018]

When the propylene-based copolymer is a propylene-a-



olefin copolymer, the content of an o-olefin is preferably
8.0 mass% or less, more preferably 3.0 mass% or less,
further preferably 1.0 mass% or less, from the viewpoint of
the heat shrinkage rate and the toughness of the biaxially
stretched film.

[0019]

When the propylene-based copolymer is a propylene-
ethylene-a-olefin copolymer, the total content of ethylene
and an o-olefin is preferably 8.0 mass$%$ or less, more
preferably 3.0 mass% or less, further preferably 1.0 mass$
or less, from the viewpoint of the heat shrinkage rate and
the toughness of the biaxially stretched film.

[0020]

The amount of a cold xylene-soluble fraction
(hereinafter, abbreviated as CXS) of the propylene-based
polymer is preferably 2.0 mass® or less, more preferably
0.1 mass% to 1.0 mass%, further preferably 0.3 mass% to 1.0
mass$. The effects by setting the CXS to the above range
are that good stretch processability is exhibited during
production of the biaxially stretched film, and the
biaxially stretched film exerts high toughness and an
excellent high-temperature shrinkage rate. The CXS of the
propylene-based polymer can be adjusted to the above range,
for example, by selecting the type of an external donor

used in the polymerization of propylene. Specific examples

10



of the external donor include
cyclohexylethyldimethoxysilane,
dicyclopentyldimethoxysilane, and di-tert-
butyldimethoxysilane. The CXS can be obtained by the
method described in EXAMPLES described later.

[0021]

The melt flow rate (hereinafter, abbreviated as MFR)
of the propylene-based polymer is preferably 1 g/10 min to
50 g/10 min, more preferably 1 g/10 min to 20 g/10 min,
further preferably 2 g/10 min to 15 g/10 min. The effects
by using the propylene-based polymer having an MFR in the
above range are that with molten polypropylene having
appropriate viscosity, good stretch processability is
exhibited during production of the biaxially stretched
film, and the biaxially stretched film exerts high
toughness and an excellent high-temperature shrinkage rate.
The MFR of the propylene-based polymer can be changed, for
example, by adjusting the concentration of hydrogen used in
the polymerization of propylene. The MFR can be obtained
by the method described in EXAMPLES described later.

[0022]

The propylene-based polymer composition may contain
one propylene-based polymer and a component other than the
propylene-based polymer, or may contain at least two

propylene-based polymers. The content of the propylene-

11



based polymer(s) in the propylene-based polymer composition
is preferably 80 mass% to 99.9 mass%, more preferably 90
mass$ to 99.9 mass%, further preferably 99 mass% to 99.9
mass%$. The propylene-based polymer composition may
contain, for example, a plurality of propylene-based
polymers having different MFRs. Preferable examples
thereof include a propylene-based polymer composition
containing a propylene-based polymer (a) having an MFR of 4
g/10 min or less and a propylene-based polymer (b) having
an MFR of 20 g/10 min to 500 g/10 min.

[0023]

As to the content of the propylene-based polymers (a)
and (b) in the propylene-based polymer composition, it is
preferred that the content of the propylene-based polymer
(a) 1is 50 mass% to 90 mass% and the content of the
propylene-based polymer (b) is 10 mass% to 50 mass%,
relative to the total content of the propylene-based
polymers (a) and (b), and it is more preferred that the
content of the propylene-based polymer (a) is 50 mass$% to
85 mass% and the content of the propylene-based polymer (b)
is 15 mass%$ to 50 mass%. The effects by using the
propylene-based polymer composition that contains a
plurality of propylene-based polymers having different MFRs
are that uneven thickness generated during stretch

processing in production of the biaxially stretched film is

12



reduced, good stretch processability is exhibited, and the
biaxially stretched film exerts high toughness and an
excellent high-temperature shrinkage rate.

[0024]

The amount of a cold xylene-soluble fraction (CXS) of
the propylene-based polymer composition is preferably 2.0
mass% or less, more preferably 0.1 mass$% to 1.0 mass%,
further preferably 0.3 mass% to 1.0 mass%. The effects by
setting the CXS to the above range are that good stretch
processability is exhibited during production of the
biaxially stretched film, and the biaxially stretched film
exerts high toughness and an excellent high-temperature
shrinkage rate. The CXS can be obtained by the method
described in EXAMPLES described later.

[0025]

Examples of a method for producing the propylene-
based polymer composition containing at least two
propylene-based polymers include a method for separately
producing at least two propylene-based polymers and mixing
the obtained propylene-based polymers to form a propylene-
based polymer composition. Examples of a method for
separately producing at least two propylene-based polymers
include a known polymerization method. Examples thereof
include a solvent polymerization method performed in the

presence of an inert solvent, a bulk polymerization method

13



performed in the presence of a liquid monomer, and a vapor
phase polymerization method performed substantially in non-
presence of a liquid medium. The separately producing
method is preferably a vapor phase polymerization method.
Other examples of the method for producing the propylene-
based polymer composition containing at least two
propylene-based polymers include a polymerization method
for combining two or more of the polymerization methods
described above, and a method (multi-stage polymerization
method) for performing a plurality of polymerization steps
by stages.

[0026]

As a method for mixing at least two propylene-based
polymers separately produced, any method may be employed as
long as the method uniformly disperses these polymers.
Examples thereof include: a method for mixing at least two
propylene-based polymers with a ribbon blender, a Henschel
mixer, a tumbler mixer, or the like, and melt-kneading the
mixture with an extruder or the like; a method for
separately melt-kneading and pelletizing at least two
propylene-based polymers, mixing the pelletized products by
the same method as described above, and further melt-
kneading the mixture; a method for separately melt-kneading
and pelletizing at least two propylene-based polymers,

blending the pelletized products by dry blending or the

14



like, and then directly mixing the blended mixture with a
film processor; and a method for separately melt-kneading
and pelletizing at least two propylene-based polymers, and
mixing the pelletized products by feeding them separately
to an extruder of a film processor. Other examples thereof
include a method for preparing in advance masterbatch
containing 100 parts by mass of one propylene-based polymer
and 1 to 99 parts by mass of the other propylene-based
polymer relative thereto, and mixing as appropriate the
masterbatch to achieve a prescribed concentration.

[0027]

When the at least two propylene-based polymers
separately produced are mixed, a stabilizer, a lubricant,
an antistatic agent, an antiblocking agent, various
inorganic or organic fillers, or the like may be added.
[0028]

As a catalyst used in polymerization for each of the
at least two propylene-based polymers, a catalyst for
stereospecific polymerization of propylene is used in both
the cases where these polymers are obtained through
separate polymerization and the cases where a multi-stage
polymerization method is used.

[0029]
Examples of the catalyst for stereospecific

polymerization of propylene include: a titanium(III)

15



chloride catalyst; a catalyst system obtained by combining
a solid catalyst component such as a Ti-Mg-based catalyst
containing as essential components titanium, magnesium,
halogen, and an electron donor, with an organic aluminum
compound and a third component, such as an electron-
donating compound, added as necessary; and a metallocene-
based catalyst.

[0030]

The catalyst for stereospecific polymerization of
propylene is preferably a catalyst system obtained by
combining a solid catalyst component containing as
essential components magnesium, titanium, halogen, and an
electron donor, with an organic aluminum compound and an
electron-donating compound. Specific examples include
catalyst systems described in JP-A-61-218606, JP-A-61-
287904, JP-A-7-216017, JP-A-2004-182876, and the like.
[0031]

A propylene-based polymer composition according to
the present embodiment contains a stretchability improving
agent in addition to the propylene-based polymer described
above. Examples of the stretchability improving agent
include at least one selected from the group consisting of
a B-crystal nucleating agent and a hydrocarbon resin.
[0032]

The PR-crystal nucleating agent is a compound capable

16



of forming a PR-crystal having a hexagonal crystal structure
in the propylene-based polymer. The pB-crystal nucleating
agent is not particularly limited, and wvarious
conventionally known Pf-crystal nucleating agents can be
used. Examples thereof include: amide compounds
represented by N,N’-dicyclohexyl-2, 6-
naphthalenedicarboxyamide, N,N’-
dicyclohexylterephthalamide, N,N’-diphenylhexanediamide,
and the like; quinacridones represented by a tetraoxaspiro
compound, guinacridone, gquinacridonequinone, and the like;
nano-scale size iron oxide; alkali or alkaline earth metal
salts of carboxylic acids represented by calcium pimelate,
potassium 1,2-hydroxystearate, magnesium benzoate,
magnesium succinate, magnesium phthalate, and the like;
aromatic sulfonic acid compounds represented by sodium
benzenesulfonate and sodium naphthalenesulfonate; diesters
and triesters of dibasic and tribasic carboxylic acids;
phthalocyanine-based pigments represented by phthalocyanine
blue and the like; a two-component compound containing, as
a component A, an organic dibasic acid and, as a component
B, an oxide, hydroxide, or salt of a metal in group IIA in
the periodic table; and a composition containing a cyclic
phosphorus compound and a magnesium compound. These -
crystal nucleating agents may be used singly or as a

mixture of two or more thereof. Among the pB-crystal
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nucleating agents described above, amide compounds such as
N, N’ -dicyclohexyl-2, 6—-naphthalenedicarboxyamide, N,N-
dicyclohexylterephthalamide, and N,N’-diphenylhexanediamide
are preferable, and N,N’-dicyclohexyl-2,6-
naphthalenedicarboxyamide is more preferable.

[0033]

Examples of the hydrocarbon resin include a
cyclopentadiene-based resin containing a petroleum-based
unsaturated hydrocarbon as a raw material, and a resin
containing a higher olefin-based hydrocarbon as a main raw
material.

[0034]

The propylene-based polymer composition satisfies
requirements (11) to (16) below.

(11) An MFR measured at a temperature of 230°C and a
load of 2.16 kg is 1 g/10 min to 10 g/10 min, preferably 2
g/10 min to 6 g/10 min, more preferably 2 g/10 min to 4
g/10 min.

The MFR can be changed, for example, by adjusting the
concentration of hydrogen used in the polymerization of
polypropylene. The MFR can be obtained by the method
described in EXAMPLES described later.

(12) A die swell ratio measured at a temperature of
230°C and a load of 2.16 kg is 1.23 to 1.45, preferably

1.23 to 1.40, more preferably 1.28 to 1.38.
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The numerical value of the die swell ratio can be
changed, for example, by mixing a plurality of propylene-
based polymers having different MFRs, and thus adjusting
the molecular weight and the molecular weight distribution
of the propylene-based polymer composition. The die swell
ratio can be obtained by the method described in EXAMPLES
described later.

(13) A ratio (Mw/Mn) between a weight average
molecular weight (Mw) and a number average molecular weight
(Mn) measured by gel permeation chromatography
(hereinafter, described as GPC) is 4.0 to 7.0, preferably
4.0 to 6.0, more preferably 4.0 to 5.5.

The numerical value of the Mw/Mn can be changed, for
example, by mixing a plurality of propylene-based polymers
having different MFRs, and thus adjusting the molecular
weight distribution of the propylene-based polymer
composition. The Mw/Mn can be obtained by the method
described in EXAMPLES described later.

(14) A ratio (Mz/Mn) between a Z-average molecular
weight (Mz) and the number average molecular weight (Mn)
measured by the GPC is 10.0 to 25.0, preferably 10.0 to
20.0, more preferably 11.0 to 18.5.

The numerical value of the Mz/Mn can be changed, for
example, by mixing a plurality of propylene-based polymers

having different MFRs, and thus adjusting the molecular
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weight distribution of the propylene-based polymer
composition. The Mz/Mn can be obtained by the method
described in EXAMPLES described later.

(15) An amount of a component having a molecular
weight measured by the GPC of 100000 or less is 30 mass% to
50 mass$%, preferably 30 mass% to 45 mass%, more preferably
30 mass% to 40 mass%.

The numerical value of the amount of the component
having a molecular weight of 100000 or less can be changed,
for example, by mixing a plurality of propylene-based
polymers having different MFRs, and thus adjusting the
molecular weight and the molecular weight distribution of
the propylene-based polymer composition. The amount of the
component having a molecular weight of 100000 or less can
be obtained by the method described in EXAMPLES described
later.

(16) An amount of a component having a molecular
weight measured by the GPC of 1500000 or more is 2.3 mass$
to 5.0 mass%, preferably 2.6 mass% to 5.0 mass%, more
preferably 2.6 mass$ to 4.0 mass%.

The numerical value of the amount of the component
having a molecular weight of 1500000 or more can be
changed, for example, by mixing a plurality of propylene-
based polymers having different MFRs, and thus adjusting

the molecular weight and the molecular weight distribution
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of the propylene-based polymer composition. The amount of
the component having a molecular weight of 1500000 or more
can be obtained by the method described in EXAMPLES
described later.

[0035]

The film (specifically, the biaxially stretched film)
according to the present embodiment can be obtained by
biaxially stretching the propylene-based polymer or
propylene-based polymer composition described above. A
specific biaxially stretching method is described later.
[0036]

The film (specifically, the biaxially stretched film)
according to the present embodiment satisfies an inequality
(I) below as a requirement (1).

-0.35 < BOYP - BO™ < 1.00 (I)

(In the inequality,

BOMP represents a degree of orientation in a MD
direction of the film measured using a birefringence
method, and

BOT™ represents a degree of orientation in a TD
direction of the film measured using the birefringence
method.)

[0037]
The biaxially stretched film containing the

propylene-based polymer or the propylene-based polymer
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composition is obtained by stretching an unstretched film,
and exhibits a high Young’s modulus due to a phenomenon in
which molecular chains of the propylene-based polymer
contained in the unstretched film are oriented by the
stretch. In order to obtain the biaxially stretched film
having a high Young’s modulus, the molecular chains of the
propylene-based polymer need to be oriented by strongly
stretching the unstretched film. For example, strongly
stretching the unstretched film in the MD direction,
however, tends to lower the orientation of the molecular
chains of the propylene-based polymer in the TD direction
perpendicular to the MD direction. Therefore, in order to
obtain the biaxially stretched film having a high Young’s
modulus in both the MD and TD directions, it is necessary
to orient the molecular chains in the MD and TD directions
of the propylene-based polymer in good balance. With the
value of “BOMP - BOTP” being in the above range, the film is
obtained in which the molecular chains in the MD and TD
directions of the propylene-based polymer are oriented in
good balance, and the film therefore exhibits a high
Young’s modulus in both the MD and TD directions.
[0038]

The film having a value of BOY? - BOT™ of less than -
0.35 has many molecular chains oriented in the TD direction

of the propylene-based polymer and has an excellent Young’s
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modulus in the TD direction but a poor Young’s modulus in
the MD direction.

The film having a value of BOYP - BOT™ of more than 1
has many molecular chains oriented in the MD direction of
the propylene-based polymer and has an excellent Young'’s
modulus in the MD direction but a poor Young’s modulus in
the TD direction.

[0039]

In order to obtain the film having a more excellent
Young’s modulus in the MD and TD directions, the film has a
value of BOYP — BOT™ of preferably more than -0.35 and less
than 0.35, more preferably more than -0.25 and less than
0.25.

[0040]

The numerical values of BOYP and BOTP can be changed,
for example by adjusting the stretch ratio in the MD and TD
directions and the stretch temperature to control the
orientation of the molecular chains of the propylene-based
polymer. BOYP and BO™ can be obtained by the method
described in EXAMPLES described later.

[0041]

The film (specifically, the biaxially stretched film)
according to the present embodiment satisfies an inequality
(IT) below as a requirement (2).

T0.2MP/T9.6T™> < 1.5 (ITI)
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(In the inequality,

I0.2MP represents an intensity at a position of a
scattering vector g of 0.2 nm! in a Kratky plot in the MD
direction of the film measured using a small-angle X-ray
scattering method, and

I0.6™° represents an intensity at a position of a
scattering vector g of 0.6 nm! in a Kratky plot in the TD
direction of the film measured using the small-angle X-ray
scattering method.)

[0042]

I0.2MP reflects lamellar structures oriented in the MD
direction of the propylene-based polymer. 1I9.6™° reflects
fibrillar structures of the propylene-based polymer
produced by destroying, through strong stretching, the
lamellar structures oriented in the MD direction of the
propylene-based polymer.

[0043]

A small value of I0.2M°/I10.6™ means that the film has
therein less lamellar structures of the propylene-based
polymer but many fibrillar structures of the propylene-
based polymer. Such a film has a high Young’s modulus in
the MD direction. The value of I9.2MP/I19.6¢™® is preferably
less than 1.3, more preferably more than 0.1 and less than
1.2.

[0044]
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The numerical values of Io.2"P and Io.6™ can be
changed, for example by adjusting the stretch ratio in the
MD direction and the stretch temperature to control the
orientation structures of the molecular chains of the
propylene-based polymer. Io.2"" and I0.6™° can be obtained by
the method described in EXAMPLES described later.

[0045]

The film (specifically, the biaxially stretched film)
according to the present embodiment satisfies an inequality
(ITI) below as a requirement (3).

T0.2T0/T9.6M° < 1.5 (III)

(In the inequality,

I0.2™° represents an intensity at a position of the
scattering vector g of 0.2 nm! in the Kratky plot in the
TD direction of the film measured using the small-angle X-
ray scattering method, and

I0.6"° represents an intensity at a position of the
scattering vector g of 0.6 nm! in the Kratky plot in the
MD direction of the film measured using the small-angle X-
ray scattering method.)

[0046]

I0.2™ reflects lamellar structures oriented in the TD
direction of the propylene-based polymer. Io.6"° reflects
fibrillar structures of the propylene-based polymer

produced by destroying, through strong stretching, the
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lamellar structures oriented in the MD direction of the
propylene-based polymer.
[0047]

A small value of I0.2™°/I0.6"° means that the film has
therein less lamellar structures of the propylene-based
polymer but many fibrillar structures of the propylene-
based polymer. Such a film has a high Young’s modulus in
the TD direction. The value of I0.2"0/19.6M° is preferably
less than 1.3, more preferably less than 1.2.

[0048]

The numerical values of I9.2™° and Io.6™° can be
changed, for example by adjusting the stretch ratio in the
TD direction and the stretch temperature to control the
orientation structures of the propylene-based polymer.
I0.2™° and I0.6"°P can be obtained by the method described in
EXAMPLES described later.

[0049]

The film (specifically, the biaxially stretched film)
according to the present embodiment preferably satisfies an
inequality (IV) below as a requirement (4).

Int 1/Int 2 > 1.1 (IV)

(In the inequality,

Int 1 represents a peak-top intensity in the TD
direction of a (110) plane of an a-crystal in the

propylene-based polymer in a two-dimensional scattering
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image of the film measured using a wide-angle X-ray
scattering method, and

Int 2 represents a peak-top intensity at 45° from the
TD direction of the (110) plane of the o-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray
scattering method.)
[0050]

Int 1 represents the oa-crystals of the propylene-
based polymer oriented in the TD direction, and Int 2
represents the a-crystals of the propylene-based polymer
oriented in the intermediate direction between the TD and
MD directions. Int 1 is preferably observed at a
scattering angle 26 in a range of 10° to 16°, more
preferably in a range of 10° to 13°. 1Int 2 is preferably
observed at a scattering angle 26 in a range of 10° to 16°,
more preferably in a range of 10° to 13°. When the o-
crystals of the propylene-based polymer are appropriately
oriented in the TD direction, the film has excellent
variety (uniform stretchability) in the width along the TD
direction. The value of Int 1/Int 2 is more preferably
more than 1.1 and less than 4.0, further preferably more
than 1.1 and less than 2.5.
[0051]

The numerical values of Int 1 and Int 2 can be
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changed by adjusting the stretch ratio in the MD and TD
directions and the stretch temperature to control the
orientation of the molecular chains of the propylene-based
polymer when stretching the propylene-based polymer
composition by sequential biaxial stretching. Int 1 and
Int 2 can be obtained by the method described in EXAMPLES
described later.

[0052]

The film (specifically, the biaxially stretched film)
according to the present embodiment preferably satisfies a
requirement (5).

(5) A diffraction peak of a (040) plane of the o-
crystal in the propylene-based polymer measured using a
wide-angle X-ray diffraction method is at 16.81° or more.
[0053]

When an unstretched film is stretched at a high
stretch ratio to obtain a biaxially stretched film having a
high Young’s modulus, the film forms therein unstable
crystals having wide lattice spacing and tends to be easily
shrunk by heat. When the diffraction peak of the (040)
plane of the a-crystal in the propylene-based polymer
measured using the wide-angle X-ray diffraction method is
positioned at 16.81° or more, the film contains therein a
small amount of unstable crystals and therefore has

excellent heat shrinkability. The diffraction peak of the
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(040) plane of the a-crystal in the propylene-based polymer
measured using the wide-angle X-ray diffraction method is
positioned at more preferably 16.85° or more, further
preferably 16.90° or more.

[0054]

The numerical value of this diffraction peak can be
changed, for example by adjusting the relaxation ratio and
the temperature in a TD-direction relaxing step to control
the orientation of the molecular chains of the propylene-
based polymer. This diffraction peak can be obtained by
the method described in EXAMPLES described later.

[0055]

The film (specifically, the biaxially stretched film)
according to the present embodiment preferably satisfies an
inequality (V) below as a requirement (6).

0.5 x (Int A + Int B)/Int C > 1.1 (V)

(In the inequality,

Int A represents the peak-top intensity in the TD
direction of the (110) plane of the a-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray
scattering method,

Int B represents a peak-top intensity in the MD
direction of the (110) plane of the a-crystal in the

propylene-based polymer in the two-dimensional scattering
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image of the film measured using the wide-angle X-ray
scattering method, and

Int C represents the peak-top intensity at 45° from
the TD direction of the (110) plane of the a-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray
scattering method.)
[0056]

Int A represents the o-crystals of the propylene-
based polymer oriented in the TD direction, Int B
represents the a-crystals of the propylene-based polymer
oriented in the MD direction, and Int C represents the a-
crystals of the propylene-based polymer oriented in the
intermediate direction between the TD and MD directions.
When the value of 0.5 x (Int A + Int B)/Int C is more than
1.1, the a-crystals of the propylene-based polymer are
appropriately oriented in the TD or MD direction and the
film has excellent variety (uniform stretchability) in the
width along the TD direction. The value of 0.5 x (Int A +
Int B)/Int C is more preferably more than 1.1 and less than
3.0, further preferably more than 1.1 and less than 2.0.
[0057]

The numerical values of Int A, Int B, and Int C can
be changed by adjusting the stretch ratio in the MD and TD

directions and the stretch temperature to control the
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orientation of the molecular chains of the propylene-based
polymer when stretching the propylene-based polymer
composition by sequential biaxial stretching. Int A,

Int B, and Int C can be obtained by the method described in
EXAMPLES described later.

[0058]

The film (specifically, the biaxially stretched film)
according to the present embodiment has a thickness of
preferably 10 uym to 70 um, more preferably 10 um to 30 um.
[0059]

A method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
is performed by sequential biaxial stretching. 1In this
production method, a propylene-based polymer composition is
used that contains a propylene-based polymer and at least
one stretchability improving agent selected from the group
consisting of a P-crystal nucleating agent and a
hydrocarbon resin.

[0060]

The method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
includes an extruding step of, with an extruder, heat-
melting and extruding onto a cooling roll a propylene-based
polymer composition to give an unstretched sheet. In the

extruding step, an unstretched sheet can be obtained, for
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example, by heat-melting a propylene-based polymer
composition with an extruder and extruding, with a T-die,
the composition onto a cooling roll, thereby cooling and
fixing the composition in a sheet shape.

[0061]

The method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
also includes a MD stretching step of stretching the
unstretched sheet obtained in the extruding step, with a
stretching roll, by 6 times to 10 times, preferably 8 times
to 10 times in a MD direction to give a uniaxially
stretched sheet.

[0062]

The method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
also includes a TD stretching step of stretching the
uniaxially stretched sheet obtained in the MD stretching
step, with chucks arranged in two rows along the MD
direction, in a heating furnace, by 4 times to 20 times,
preferably 4 times to 10 times in a TD direction to give a
biaxially stretched film. In the TD stretching step, a
biaxially stretched film can be obtained, for example, by
holding both side ends in the TD direction of the
uniaxially stretched sheet with chucks arranged in two rows

along the MD direction, and stretching the uniaxially
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stretched sheet at the ratio described above in the TD
direction in a heating furnace including a preheating
section, a stretching section, and a heat treatment
section.

[0063]

The method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
also includes a relaxing step of relaxing a stretch in the
TD direction of the biaxially stretched film obtained in
the TD stretching step, with the chucks arranged in two
rows along the MD direction, in the heating furnace, by 16%
to 30%, preferably 18% to 25% in the TD direction. 1In the
relaxing step, a stretch in the TD direction of the
biaxially stretched film obtained in the TD stretching step
is relaxed at the ratio described above by narrowing the
spacing in the TD direction between the two-row chucks
holding both the side ends in the TD direction of the
biaxially stretched film. With the relaxation ratio being
less than 16%, the shrinkage rate during heating is
increased and the biaxially stretched film having excellent
heat resistance cannot be obtained. With the relaxation
ratio being more than 30%, the film easily increases uneven
thickness. The relaxation ratio can be obtained by an
equation (X) below.

Relaxation ratio = (L1 - L2)/L1 x 100 (X)
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(In the equation,

L1 represents a distance between the chucks in the TD
direction before the relaxation of the film, and L2
represents a distance between the chucks in the TD
direction after the relaxation of the film.)

[0064]

The method, according to the present embodiment, for
producing a film (specifically, a biaxially stretched film)
may also include a step of performing a corona treatment or
the like as necessary.

[0065]

In the production method, the melting temperature for
heat-melting the propylene-based polymer composition with
the extruder is preferably 230 to 290°C. The temperature
of the cooling roll for cooling and fixing the propylene-
based polymer composition, which has been extruded from the
T-die, in a sheet shape is preferably 10°C to 60°C. The
temperature of the stretching roll for stretching the
unstretched sheet in the MD direction is preferably 110 to
165°C. The heating temperature for stretching the
uniaxially stretched sheet in the TD direction is
preferably 150 to 200°C, and the heating temperature for
relaxation in the TD direction is preferably 150 to 200°C.
[0066]

The film (specifically, the biaxially stretched film)
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according to the present embodiment can be used as one
layer of a multilayer film. The multilayer film is
obtained by stacking any layer on a layer made of the film
(specifically, the biaxially stretched film) according to
the present embodiment. The multilayer film can be
structured, for example, by stacking any layer such as a
sealant layer, a gas barrier layer, an adhesive layer, and
a printing layer on the film (specifically, the biaxially
stretched film) according to the present embodiment. Among
these examples, the multilayer film is preferably obtained
by stacking a sealant layer including an olefin-based film
on a layer made of the film (specifically, the biaxially
stretched film) according to the present embodiment. The
obtained multilayer film has an effect of being easily
recycled. Examples of a method for preparing the
multilayer film including the film (specifically, the
biaxially stretched film) according to the present
embodiment include an extrusion lamination method, a heat
lamination method, and a dry lamination method that are
typically used.
[0067]

The film (specifically, the biaxially stretched film)
according to the present embodiment can be used as wvarious
packaging materials. For example, a packaging bag formed

of the multilayer film can be used for the purpose of
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packaging any object to be packaged such as food, clothes,
and miscellaneous goods.
[0068]

As described above, by satisfying the requirements
(1) to (3), the film according to the present embodiment
has a relatively high tensile modulus of elasticity
(Young’s modulus) in both the MD and TD directions, has
relatively excellent high-temperature dimensional stability
in the TD direction, and has relatively excellent uniform
stretchability in the TD direction during production.

[0069]

In addition, by satisfying the requirement (4), the
film according to the present embodiment has more excellent
uniform stretchability.

[0070]

In addition, by satisfying the requirement (5), the
film according to the present embodiment has more excellent
high-temperature dimensional stability in the TD direction.
[0071]

By including the MD stretching step, TD stretching
step, and relaxing step performed at the ratio described
above, the method, according to the present embodiment, for
producing a film can give a film having a relatively high
tensile modulus of elasticity (Young’s modulus) in both the

MD and TD directions, having relatively excellent high-
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temperature dimensional stability in the TD direction, and
having relatively excellent uniform stretchability in the
TD direction during production.

[0072]

By having an MFR, a die swell ratio, a Mw/Mn, and a
Mz/Mn in the range described above, having an amount of the
component having a molecular weight of 100000 or less and
an amount of the component having a molecular weight of
1500000 or more in the range described above, the
propylene-based polymer composition according to the
present embodiment can give a film having a relatively high
tensile modulus of elasticity (Young’s modulus) in both the
MD and TD directions, having relatively excellent high-
temperature dimensional stability in the TD direction, and
having relatively excellent uniform stretchability in the
TD direction during production.

[0073]

The film, the method for producing a film, and the
propylene-based polymer composition each according to the
present invention are not limited to the embodiment
described above, and can be variously modified without
departing from the gist of the present invention. Needless
to say, the present invention may be accomplished by
combining any of the structures, methods, and the like of

the plurality of embodiments described above and below (the
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structure, method, or the like according to one embodiment
may be applied to the structure, method, or the like

according to another embodiment).

EXAMPLES
[0074]

The measurement values of the items in examples and
comparative examples were obtained by the methods below.
[0075]

(1) Melt flow rate (MFR, unit: g/10 min)

The MFR of the propylene-based polymer or the
propylene-based polymer composition was measured at a
temperature of 230°C and a load of 2.16 kg in accordance
with the method A specified in JIS K7210-1: 2014.

[0076]

(2) Die swell ratio (SR, unit: -)

The die swell ratio of the propylene-based polymer
composition was obtained by measuring the diameter of a
section of a propylene-based polymer composition-extruded
product obtained when the MFR of the propylene-based
polymer composition was measured at a temperature of 230°C
and a load of 2.16 kg in accordance with the method A
specified in JIS K7210-1: 2014 and solving the equation
below. The section of the propylene-based polymer

composition-extruded product means a section orthogonal to
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the extrusion direction. When the section is not a perfect
circle, the diameter of the section means the average value
of the maximum value and the minimum value of the diameter
of the section.

SR = Dp/Dh

(In the equation,

SR represents a die swell ratio of the propylene-
based polymer composition,

Dh represents an orifice diameter of a section of a
propylene-based polymer composition-extruded product, and

Dp represents a diameter of a section of the
propylene-based polymer composition-extruded product.)
[0077]

(3) Amount of cold xylene-soluble fraction (CXS,
unit: mass%)

The propylene-based polymer or the propylene-based
polymer composition in an amount of 1 g was completely
dissolved in 100 ml of boiling xylene, and then the mixture
was cooled to 20°C and stirred for 1 hour. After the
obtained mixture was filtrated into a precipitate and a
solution, the amount of the components dissolved in the
solution was quantified by liquid chromatography under the
conditions below and the CXS was obtained.

Column: SHODEX GPC KF-801

Eluent: tetrahydrofuran
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Temperature of column oven: 40°C

Dose of sample: 130 uL

Flow rate: 1 mL/min

Detector: differential refractometer
[0078]

(4) Molecular weight distribution

The molecular weight distribution of the propylene-
based polymer composition was measured using gel permeation
chromatography (GPC) under the conditions below.
Specifically, in the measurement of the molecular weight
distribution of the propylene-based polymer composition in
accordance with the method specified in JIS K7252-1: 2016
8.3.2, the peak identified as being derived from an
additive such as a hydrocarbon resin and an antioxidant was
excluded.

Model: HLC-8121GPC/HT (manufactured by Tosoh
Corporation)

Column: TSKgel GMHHR-H(S)HT 7.5 mm I.D. x 300 mm
(manufactured by Tosoh Corporation) 3 columns connected

Measurement temperature: 140°C

Detector: differential refractive index detector

Solvent: ortho-dichlorobenzene

Concentration of sample: 0.7 mg/mL
[0079]

A calibration curve was made using standard
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polystyrene, and a measurement result in terms of
polystyrene was obtained. By multiplying the obtained
measurement value by a Q-factor value of 26.4, the
molecular weight of the propylene-based polymer composition
was calculated as molecular weight in terms of
polypropylene. Obtained as indexes of the molecular weight
distribution were a ratio (Mw/Mn) between a weight average
molecular weight (Mw) and a number average molecular weight
(Mn), a ratio (Mz/Mn) between a Z-average molecular weight
(Mz) and the number average molecular weight (Mn), and the
amounts of a component having a molecular weight in terms
of polypropylene of 100000 or less and a component having a
molecular weight in terms of polypropylene of 1500000 or
more.

[0080]

(5) Limiting viscosity ([n], unit: dL/g)

The limiting viscosity of the propylene-based polymer
was measured using an Ubbelohde viscometer in tetralin at
135°C.

[0081]

(6) Wide-angle X-ray diffraction

The obtained biaxially stretched film was subjected
to wide-angle X-ray diffractometry by a reflection method
under the conditions below.

eModel: RINT2500 manufactured by Rigaku Corporation
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eTube: Cu-Ko

eDetector: scintillation counter

eScanning range: 206 = 10 to 20° (every 0.02°)

[0082]

A sample was placed such that the surface (MD-TD
plane) of the biaxially stretched film was parallel with an
angle 26 of 0°, and the TD direction of the biaxially
stretched film was parallel with the line connecting the
detector with the X-ray source, and the measurement was
performed. The propylene-based polymer was, from the
obtained 26 profile, measured for the position of the
diffraction peak of the (040) plane of the a-crystal.
[0083]

(7) Birefringence

The obtained biaxially stretched film was measured
for the orientation function in the MD direction, the TD,
direction, and the ND direction (normal direction to the
MD-TD plane) in accordance with the method described in
“Introduction to higher-order structural analysis of
plastic molded article, pp. 72-74, edited by the Japan
Society of Polymer Processing, THE NIKKAN KOGYO SHIMBUN,
LTD. (2006)".

Specifically, a sample was placed on an optical axis
such that the ND direction is parallel with the laser

optical axis, the TD direction is horizontal to the ground,
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and the MD direction is vertical to the ground. The
retardation of the sample was measured using the Senarmont
method. Using a laser beam having a wavelength of 632.8 nm
and under the conditions of rotating the sample from -40°
to 40° by 10° with the MD direction of the sample used as a
rotational axis, the retardation was measured for each
wavelength and each rotation angle. From the obtained
values of retardation, a refractive index (NMP) in the MD
direction, a refractive index (NTP) in the TD direction,
and a refractive index (NNP) in the ND direction were
calculated. Here, an average refractive index (Nave=)
represented by an equation (A) below was defined as 1.48.
Nave = (NMDP + NTD 4 NNP) /3 (A)
[0084]

From the calculated NYP, NTP, and NNP, a degree of
orientation BOMP in the MD direction of the biaxially
stretched film and a degree of orientation BOTP in the TD
direction of the biaxially stretched film were calculated
by the following calculation equation. Here, an intrinsic
birefringence (An0) of a propylene homopolymer was defined
as 0.04.

[0085]

[Math 1]

_ 2 :MD,TD,ND(N[ _Nj)

BO!
ZATLU

(i = MD,TD,ND)
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[0086]

(8) Small-angle X-ray scattering

The obtained biaxially stretched film was subjected
to small-angle X-ray scattering measurement under the
conditions below and measured for I9.2M°, Io.6"°, I0.2T°, and
T0.6"P. T0.2MP represents an intensity at a position of a
scattering vector g of 0.2 nm! in a Kratky plot in the MD
direction of the film measured using a small-angle X-ray
scattering method. 1TI0.6¢™° represents an intensity at a
position of a scattering vector g of 0.6 nm?! in a Kratky
plot in the TD direction of the film measured using the
small-angle X-ray scattering method.) I9.2™ represents an
intensity at a position of the scattering vector g of 0.2
nm~t in the Kratky plot in the TD direction of the film
measured using the small-angle X-ray scattering method.
I0.6"® represents an intensity at a position of the
scattering vector g of 0.6 nm! in the Kratky plot in the
MD direction of the film measured using the small-angle X-
ray scattering method.

eModel: Nano Viewer manufactured by Rigaku
Corporation

eTube: Cu-Ko

eVoltage: 40kV

eCurrent: 20 mA

®Becam diameter: 0.25 mmo
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eDetector: PILATUS 100k
[0087]

A measurement test piece was prepared by layering 25
biaxially stretched films in the ND direction, with the TD
directions of the films coincident with each other.
Specifically, a two-dimensional scattering image was
obtained with an incident X-ray in parallel with the ND
direction. The obtained two-dimensional scattering image
was corrected using a two-dimensional scattering image (air
blank) obtained without placing the measurement test piece.
The Kratky plots in the MD and TD directions were obtained
from a scattering intensity profile in the MD direction and
a scattering intensity profile in the TD direction of the
corrected two-dimensional scattering image.

[0088]

From the measured Kratky plots, I9.2M°/I5.6™ and
I10.2TP/TI0.6"° were calculated.

[0089]

(9) Wide-angle X-ray scattering

The obtained biaxially stretched film was subjected
to wide-angle X-ray scattering measurement under the
conditions below.

eModel: Nano Viewer manufactured by Rigaku
Corporation

eTube: Cu-Ko
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eVoltage: 40kV

eCurrent: 20 mA

®Beam diameter: 0.25 mmo

eDetector: PILATUS 100k
[0090]

A measurement test piece was prepared by layering 25
biaxially stretched films in the ND direction, with the TD
directions of the films coincident with each other.
Specifically, a two-dimensional scattering image was
obtained with an incident X-ray in parallel with the ND
direction. The obtained two-dimensional scattering image
was corrected using a two-dimensional scattering image (air
blank) obtained without placing the measurement sample.
From the corrected two-dimensional scattering image, an
azimuthal profile was obtained by plotting, with respect to
azimuth, the peak-top intensity of scattering on the (110)
plane of the a-crystal in the propylene homopolymer. From
the obtained azimuthal profile, a scattering intensity
ratio (Int 1/Int 2) between a scattering intensity in the
TD direction (Int 1) and a scattering intensity in the TD %
45° direction (Int 2) was calculated.

[0091]

From the obtained azimuthal profile, the values of a

scattering intensity in the TD direction (Int A), a

scattering intensity in the MD direction (Int B), a
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scattering intensity in the TD + 45° direction (Int C) were
obtained, and an average scattering intensity ratio 0.5 x
(Int A + Int B)/Int C was calculated.

[0092]

(10) Density (D, unit: g/cm3)

The density of the biaxially stretched film was
measured by a density-gradient tube method in accordance
with the method D (water/ethanol) described in JIS K7112-
1999.

[0093]

(11) Thickness of film (unit: um)

The thickness of the biaxially stretched film was
measured with a contact-type film thickness gauge in
accordance with the method A described in JIS K7130-1999.
[0094]

(12) Young’s modulus (unit: GPa)

A piece (120 mm x 20 mm) was taken from the biaxially
stretched film with the long-side direction (120 mm)
coincident with the measurement direction (MD direction, TD
direction), subjected to a tensile test in the atmosphere
of 23°C and a humidity of 50%, using UNIVERSAL TESTING
MACHINE STB-1225 (A & D Company, Limited), with a grip
spacing of 60 mm, at a tensile speed of 5 mm/min, and
measured for the Young’s modulus (MD direction, TD

direction) from a tangent to a tensile-stress curve at the
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zero point.
[0095]

(13) Uniform stretchability (relative standard
deviation, unit: %)

In sequential biaxial stretching, an unstretched
sheet was obtained by heat-melting a propylene-based
polymer composition with an extruder and extruding, with a
T-die, the composition onto a cooling roll, thereby cooling
and fixing the composition in a sheet shape. The obtained
unstretched sheet was stretched in the MD direction, using
a heated stretching roll, to give a uniaxially stretched
sheet. On the obtained uniaxially stretched sheet, gauge
lines were printed using a stamp including 10 gauge lines
arranged every 9 mm in the TD direction. While the gauge
line-printed uniaxially stretched sheet had both side ends
thereof in the TD direction held with chucks arranged in
two rows along the MD direction, the uniaxially stretched
sheet was stretched in the TD direction in a heating
furnace including a preheating section, a stretching
section, and a heat treatment section. Thereafter, the
stretch in the TD direction was relaxed by narrowing the
spacing between the two-row chucks to give a biaxially
stretched film. The gaps between the gauge lines in the TD
direction of the obtained biaxially stretched film were

read, and a relative standard deviation of the gauge-line
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gaps was obtained and used as a scale of stretch
processability. A smaller value of relative standard
deviation means more uniform stretch processing and better
stretch processability (uniform stretchability).

In simultaneous biaxial stretching, an unstretched
sheet was obtained by heat-melting a propylene-based
polymer composition with an extruder and extruding, with a
T-die, the composition onto a cooling roll, thereby cooling
and fixing the composition in a sheet shape. On the
obtained unstretched sheet, gauge lines were printed using
a stamp including 10 gauge lines arranged every 9 mm in the
TD direction. While the gauge line-printed unstretched
sheet had four sides thereof held with chucks, the
unstretched sheet was preheated in a heating furnace for a
prescribed time and then stretched in both the MD/TD
directions to give a biaxially stretched film. The gaps
between the gauge lines in the TD direction of the obtained
biaxially stretched film were read, and a relative standard
deviation of the gauge-line gaps was obtained and used as a
scale of stretch processability. A smaller value of
relative standard deviation means more uniform stretch
processing and better stretch processability (uniform
stretchability).

[0096]

(14) Heat shrinkage rate (unit: %)
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A film at an A4 size (length 297 mm x width 210 mm)
was, with the long axis thereof in parallel with the MD
direction, taken from the biaxially stretched films of the
examples except Examples 5 and 6 and Comparative Example 8,
a 200-mm gauge line was drawn in the MD and TD directions,
and the film was hung in an over at 150°C and kept for 30
minutes. Thereafter, the film was taken out and cooled at
room temperature for 30 minutes, and then the length of the
gauge lines was measured. The heat shrinkage rate in each
direction was calculated from the following calculation
equation. A low shrinkage rate means high-temperature
dimensional stability.

Heat shrinkage rate (%) = { (200 - Length of gauge
line after heating (mm))/200} x 100

A film at a 100-mm square size (length 100 mm x width
100 mm) was taken from the biaxially stretched films of
Examples 5 and 6 and Comparative Example 8, an 80-mm gauge
line was drawn in the MD and TD directions, and the film
was hung in an over at 150°C and kept for 30 minutes.
Thereafter, the film was taken out and cooled at room
temperature for 30 minutes, and then the length of the
gauge lines was measured. The heat shrinkage rate in each
direction was calculated from the following calculation
equation.

Heat shrinkage rate (%) = {(80 - Length of gauge line
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after heating (mm))/80} x 100
[0097]

The components used in the examples and the
comparative examples are as follows.
[0098]

<Propylene-based polymer intermediate composition 1>

Propylene was polymerized by a vapor phase
polymerization method, using a Ziegler-Natta catalyst,
triethylaluminum as a promotor, and
cyclohexylethyldimethoxysilane as an external donor, in an
environment at a hydrogen concentration of 0.14 mol%, to
give a propylene-based polymer Al. In 100 parts by mass of
the obtained propylene-based polymer Al were blended 0.10
parts by mass of calcium stearate (manufactured by SAKAI
CHEMICAL INDUSTRY CO., LTD.), 0.15 parts by mass of IRGANOX
1010 (manufactured by BASF Japan Ltd.), and 0.15 parts by
mass of IRGAFOS 168 (manufactured by BASF Japan Ltd.), and
then the mixture was melt-extruded to give a pellet-shaped
propylene-based polymer 1. Table 1 below shows the wvalues
of physical properties of the obtained propylene-based
polymer 1.
[0099]

<Propylene-based polymer intermediate composition 2>

A bulk polymerization tank and a vapor phase

polymerization tank were connected in series, and
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polymerization was performed by the procedure below.
Specifically, propylene was polymerized by a bulk
polymerization method, using a Ziegler-Natta catalyst,
triethylaluminum as a promotor, and
cyclohexylethyldimethoxysilane as an external donor, to
give a propylene-based polymer A2. As a result of
analyzing a part sampled from the propylene-based polymer
A2, the limiting viscosity was 7 dl/g. The propylene-based
polymer A2 was, without being deactivated, continuously
transferred to the vapor phase polymerization tank and
polymerized by a vapor phase polymerization method in an
environment at a hydrogen concentration of 4.4 mol% to form
a propylene-based polymer B2, and a propylene-based polymer
composition (containing the propylene-based polymers A2 and
B2) was thus obtained. The content of the propylene-based
polymer A2 in the propylene-based polymer composition was
19 parts by mass. In 85 parts by mass of the obtained
propylene-based polymer composition were blended 15 parts
by mass of a propylene homopolymer having an MFR of 60 g/10
min, 0.04 parts by mass of calcium stearate (manufactured
by SAKAI CHEMICAL INDUSTRY CO., LTD.), 0.18 parts by mass
of IRGANOX 1010 (manufactured by BASF Japan Ltd.), and 0.25
parts by mass of IRGAFOS 168 (manufactured by BASF Japan
Ltd.), and then the mixture was melt-extruded to give a

pellet-shaped propylene-based polymer intermediate
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composition 2. Table 1 below shows the values of physical
properties of the obtained propylene-based polymer
intermediate composition 2.
[0100]

<Propylene-based polymer intermediate composition 3>

A bulk polymerization tank and a vapor phase
polymerization tank were connected in series, and
polymerization was performed by the procedure below.
Propylene was polymerized by a bulk polymerization method,
using a Ziegler-Natta catalyst, triethylaluminum as a
promotor, and cyclohexylethyldimethoxysilane as an external
donor, to give a propylene-based polymer A3. As a result
of analyzing a part sampled from the propylene-based
polymer A3, the limiting viscosity was 7 dl/g. The
propylene-based polymer A3 was, without being deactivated,
continuously transferred to the vapor phase polymerization
tank and polymerized by a vapor phase polymerization method
in an environment at a hydrogen concentration of 5.7 mol%
to form a propylene-based polymer B3, and a propylene-based
polymer composition (containing the propylene-based
polymers A3 and B3) was thus obtained. The content of the
propylene-based polymer A3 in 100 parts by mass of the
propylene-based polymer composition was 19 parts by mass.
In 100 parts by mass of the obtained propylene-based

polymer composition were blended 0.05 parts by mass of
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calcium stearate (manufactured by SAKAI CHEMICAL INDUSTRY
CO., LTD.), 0.10 parts by mass of IRGANOX 1010
(manufactured by BASF Japan Ltd.), and 0.15 parts by mass
of IRGAFOS 168 (manufactured by BASF Japan Ltd.), and then
the mixture was melt-extruded to give a pellet-shaped
propylene-based polymer intermediate composition 3. Table
1 below shows the values of physical properties of the
obtained propylene-based polymer intermediate composition
3.
[0101]

<B-crystal nucleating agent masterbatch>

Propylene was polymerized by a vapor phase
polymerization method, using a Ziegler-Natta catalyst,
triethylaluminum as a promotor, and
cyclohexylethyldimethoxysilane as an external donor, in an
environment at a hydrogen concentration of 0.95 mol%, to
give a propylene-based polymer. In 95 parts by mass of the
obtained propylene-based polymer were blended 5 parts by
mass of NU-100 (P-crystal nucleating agent, manufactured by
New Japan Chemical Co., Ltd.), 0.005 parts by mass of DHT-
4C (neutralizer, manufactured by Kyowa Chemical Industry
Co., Ltd.), 0.09 parts by mass of IRGANOX 1010
(antioxidant, manufactured by BASF Japan Ltd.), and 0.05
parts by mass of SUMILIZER GP (antioxidant, manufactured by

SUMITOMO CHEMICAL COMPANY, LIMITED), and then the mixture
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was melt-extruded to give pellet-shaped pB-crystal
nucleating agent masterbatch.
[0102]

<a-crystal nucleating agent masterbatch>

Propylene was polymerized by a vapor phase
polymerization method, using a Ziegler-Natta catalyst,
triethylaluminum as a promotor, and
cyclohexylethyldimethoxysilane as an external donor, in an
environment at a hydrogen concentration of 0.95 mol%, to
give a propylene-based polymer. In 87 parts by mass of the
obtained propylene-based polymer were blended 10 parts by
mass of G-DXR (a-crystal nucleating agent, manufactured by
New Japan Chemical Co., Ltd.), 3 parts by mass of ADK STAB
PEP-36 (antioxidant, manufactured by ADEKA Corporation),
0.05 parts by mass of calcium stearate (neutralizer,
manufactured by SAKAI CHEMICAL INDUSTRY CO., LTD.), 0.05
parts by mass of SUMILIZER GP (antioxidant, manufactured by
SUMITOMO CHEMICAL COMPANY, LIMITED), 0.05 parts by mass of
IRGAFOS 168 (antioxidant, manufactured by BASF Japan Ltd.),
and 0.05 parts by mass of Caltech LT (neutralizer,
manufactured by SUZUKI INDUSTRY), and then the mixture was
melt-extruded to give pellet-shaped a-crystal nucleating
agent masterbatch.
[0103]

<Propylene-based polymer composition 11>
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The propylene-based polymer intermediate composition
1 (69 parts by mass), the propylene-based polymer
intermediate composition 2 (30 parts by mass), and the B-
crystal nucleating agent masterbatch (1 part by mass) were
mixed using a Henschel mixer to prepare a propylene-based
polymer composition 11. Table 1 below shows the values of
physical properties of pellets obtained by melt-extruding
the propylene-based polymer composition 11.
[0104]

<Propylene-based polymer composition 12>

The propylene-based polymer intermediate composition
1 (79 parts by mass), the propylene-based polymer
intermediate composition 3 (20 parts by mass), and the B-
crystal nucleating agent masterbatch (1 part by mass) were
mixed using a Henschel mixer to prepare a propylene-based
polymer composition 12. Table 1 below shows the values of
physical properties of pellets obtained by melt-extruding
the propylene-based polymer composition 12.
[0105]

<Propylene-based polymer composition 13>

The propylene-based polymer intermediate composition
1 (89 parts by mass), the propylene-based polymer
intermediate composition 3 (10 parts by mass), and the B-
crystal nucleating agent masterbatch (1 part by mass) were

mixed using a Henschel mixer to prepare a propylene-based
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polymer composition 13. Table 1 below shows the values of
physical properties of pellets obtained by melt-extruding
the propylene-based polymer composition 13.
[0106]

<Propylene-based polymer composition 14>

The propylene-based polymer intermediate composition
1 (99 parts by mass) and the B-crystal nucleating agent
masterbatch (1 part by mass) were mixed using a Henschel
mixer to prepare a propylene-based polymer composition 14.
Table 1 below shows the values of physical properties of
pellets obtained by melt-extruding the propylene-based
polymer composition 14.
[0107]

<Propylene-based polymer composition Cl1>

The propylene-based polymer intermediate composition
1 (99 parts by mass) and the o-crystal nucleating agent
masterbatch (1 part by mass) were mixed using a Henschel
mixer to prepare a propylene-based polymer composition Cl11.
Table 1 below shows the values of physical properties of
pellets obtained by melt-extruding the propylene-based
polymer composition C11.
[0108]

<Propylene-based polymer composition C1l2>

The propylene-based polymer intermediate composition

1 (98 parts by mass) and the B-crystal nucleating agent
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masterbatch (2 parts by mass) were mixed using a Henschel
mixer to prepare a propylene-based polymer composition Cl2.
Table 1 below shows the values of physical properties of
pellets obtained by melt-extruding the propylene-based

polymer composition Cl2.

[0109]
[Table 1]
Amount of Amount of
COE;F:/?:; " component Crystal
Material MFR. SR CZ( S Mw/Mn Mz/Mn molecular havmg.molecular nucleating
(g/10 min) (%) weight of weight of agent
1500000 or more
100000 or less (mass%)
(mass%) °
Propylene-based polymer |, 3| 447 | 04 3.1 6.9 27 25
intermediate composition 1
Propylene-based polymer | 4 9 | 505 | 02 | 75 51.7 48 6.6
intermediate composition 2
Propylene-based polymer | g 5| 495 | 02 | 102 92.9 49 8.0
intermediate composition 3
Propylene-ba.s.ed polymer 39 136 07 5.4 183 35 29 NU-100
composition 11 500ppm
Propylene-ba's.ed polymer 27 130 06 43 134 3 27 NU-100
composition 12 500ppm
Propylene-ba.s.ed polymer 23 124 06 43 15 30 26 NU-100
composition 13 500ppm
Propylene-ba.s.ed polymer 29 121 06 39 9.4 2 20 NU-100
composition 14 500ppm
Propylene-based polymer G-DXR
composition C11 22 1.21 06 30 69 27 18 1000ppm
Propylene-based polymer NU-100
composition C12 22 1.21 06 39 o7 2 22 1000ppm

[0110]

<Example 1>

The propylene-based polymer composition 11 was heat-
melted at a resin temperature of 260°C, using a T-die film
forming machine equipped with an extruder having a screw
diameter of 65 mmep, and extruded onto a cooling roll at

30°C to give an unstretched sheet. The obtained
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unstretched sheet was stretched by 8 times in the MD
direction, using a stretching roll heated to 142°C (roll
temperature), to give a uniaxially stretched sheet. While
the obtained uniaxially stretched sheet had both side ends
thereof in the TD direction held with chucks arranged in
two rows along the MD direction, the uniaxially stretched
sheet was stretched by 8 times in the TD direction in a
heating furnace heated to 170°C (in-furnace temperature 1)
by widening the spacing in the TD direction between the
two-row chucks, to give a biaxially stretched film. While
the obtained biaxially stretched film had both side ends
thereof in the TD direction held with the chucks arranged
in two rows along the MD direction, the stretch in the TD
direction was relaxed by 19.5% in the heating furnace
heated to 165°C (in-furnace temperature 2) by narrowing the
spacing between the two-row chucks. Tables 2 to 4 below
show the production conditions and the measurement values
of physical properties of the obtained biaxially stretched
film.
[0111]

<Example 2>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in

Example 1 with the propylene-based polymer composition 12.
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Tables 2 to 4 below show the production conditions and the
measurement values of physical properties of the obtained
biaxially stretched film.
[0112]

<Example 3>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition 13.
Tables 2 to 4 below show the production conditions and the
measurement values of physical properties of the obtained
biaxially stretched film.
[0113]

<Example 4>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition 14.
Tables 2 to 4 below show the production conditions and the
measurement values of physical properties of the obtained
biaxially stretched film.
[0114]

<Comparative Example 1>

A biaxially stretched film was obtained under the

conditions totally the same as in Example 1 except for
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replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition C11,
setting the roll temperature to 152°C, and changing the
relaxation ratio in the TD direction to 0%. Tables 2 to 4
below show the production conditions and the measurement
values of physical properties of the obtained biaxially
stretched film.
[0115]

<Comparative Example 2>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition C11,
setting the roll temperature to 152°C, and changing the
relaxation ratio in the TD direction to 6.5%. Tables 2 to
4 below show the production conditions and the measurement
values of physical properties of the obtained biaxially
stretched film.
[0116]

<Comparative Example 3>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition C11

and setting the roll temperature to 152°C. Tables 2 to 4
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below show the production conditions and the measurement
values of physical properties of the obtained biaxially
stretched film.
[0117]

<Comparative Example 4>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer intermediate
composition 1, setting the roll temperature to 152°C,
changing the stretch ratio in the MD direction to 5 times,
and changing the relaxation ratio in the TD direction to 13
times. Tables 2 to 4 below show the production conditions
and the measurement values of physical properties of the
obtained biaxially stretched film.
[0118]

<Comparative Example 5>

The propylene-based polymer intermediate composition
1 was heat-melted at a resin temperature of 260°C, using a
T-die film forming machine equipped with an extruder having
a screw diameter of 65 mme, and extruded onto a cooling
roll at 30°C to give an unstretched sheet. The obtained
unstretched sheet was stretched by 9 times in the MD
direction, using a stretching roll heated to 152°C (roll

temperature), to give a uniaxially stretched film. Tables
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2 to 4 below show the production conditions and the
measurement values of physical properties of the obtained
uniaxially stretched film.
[0119]

<Comparative Example 6>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 1 except for
replacing the propylene-based polymer composition 11 in
Example 1 with the propylene-based polymer composition C11,
setting the roll temperature to 152°C, and changing the
stretch ratio in the MD direction to 5 times. Tables 2 to
4 below show the production conditions and the measurement
values of physical properties of the obtained biaxially
stretched film.
[0120]

<Comparative Example 7>

The propylene-based polymer composition Cl2 was heat-
melted at a resin temperature of 250°C, using a T-die film
forming machine equipped with an extruder having a screw
diameter of 20 mme, and extruded onto a cooling roll at
90°C to give an unstretched sheet having a thickness of 1.0
mm. While the obtained unstretched sheet had four sides
thereof held with chucks, the unstretched sheet was
preheated for 3 minutes in a heating furnace heated to

140°C and then stretched by 2 times simultaneously in the
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MD and TD directions. Thereafter, the temperature in the
heating furnace was raised to 160°C and the biaxially
stretched film was preheated for 3 minutes and then further
stretched such that the total stretch ratio became 6.5
times simultaneously in the MD and TD directions. A
simultaneous biaxially stretched film was thereby obtained.
Tables 2 to 4 below show the production conditions and the
measurement values of physical properties of the obtained
simultaneous biaxially stretched film.

[0121]

Table 4 below clarifies the fact that the biaxially
stretched films of the examples have a higher Young’s
modulus in both the MD and TD directions, a better test
result of uniform stretchability, and a smaller heat
shrinkage rate in the TD direction than those of the
biaxially stretched films of the comparative examples.

That is, it is found that the biaxially stretched films of
the examples have excellent toughness, stretchability, and
high-temperature dimensional stability.

[0122]
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[Table 2]
Stretch ratio  |Relaxation|  Resin Roll In-furnace In-furnace
Material MD ™ ratio  |temperature |temperature | temperature 1 |temperature 2
(%) (°C) (°C) (°C) (°C)
Example 1 | Tropylene-basedpolymer | g | g | 4q5 260 142 170 165
composition 11
Example 2 | Tropylene-basedpolymer | g | g | 4q5 260 142 170 165
composition 12
Example 3 | Fropylene-based polymer | g | g | 4q5 260 142 170 165
composition 13
Example 4 | Fropylene-based polymer | g | g | 4q5 260 142 170 165
composition 14
Comparative Propylene-b§§ed polymer 8 8 0 260 152 170 165
Example 1 composition C11
Comparative Propylene-b§§ed polymer 8 8 6.5 260 152 170 165
Example 2 composition C11
Comparative Propylene-bg;ed polymer 8 8 195 260 152 170 165
Example 3 composition C11
Comparative .Propylerje-based po!ymer 5 8 13 260 152 170 165
Example 4 | intermediate composition 1
Comparative .Propylerje-based po!ymer 9 ) 260 152 )
Example 5 | intermediate composition 1
Comparative Propylene-bg§ed polymer 5 8 195 260 152 170 165
Example 6 composition C11
Simultaneous
Comparative | Propylene-based polymer |biaxial stretching
Example 7 composition C12 (2times — 6.5 250 140 160
times)
[0123]
[Table 3]
Diffraction peak 0.5 x
MD _ 1D MD TD TD MD .
BOMP - BO l02MP/l06 lo2™/lo s of (040) plar:e of Int_1/Int_2 (Int_AfInt_B)/Int 2
0 8 0 o 8 0
Example 1 -0.12 1.26 0.92 16.89 1.7 1.5
Example 2 -0.26 1.10 0.90 16.91 20 1.6
Example 3 -0.32 1.28 0.81 16.93 21 1.7
Example 4 -0.18 0.89 0.81 16.87 21 1.7
Comparative Example 1 -0.61 2,65 0.56 16.72 44 2.7
Comparative Example 2 -0.53 2.22 0.54 16.80 39 2.2
Comparative Example 3 -0.39 1.24 0.60 16.85 25 1.8
Comparative Example 4 -0.64 1.26 0.76 16.93 6.3 3.8
Comparative Example 5 1.29 1.71 1.06 Unmeasurable | Unmeasurable Unmeasurable
Comparative Example 6 -0.55 1.09 1.70 16.85 5.0 3.1
Comparative Example 7 -0.01 1.75 1.40 16.94 1.0 1.0

*Unmeasurable: the film was not stretched in the TD direction and therefore could not be measured.

[0124]

[Table 4]
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Young's modulus Relative standard deviation of Heat shrinkage rate
(GPa) gauge-line gaps (%)

MD TD (%) MD D

Example 1 3.8 45 6.8 6.3 31
Example 2 41 5.8 6.4 6.1 45
Example 3 41 5.9 53 6.9 5.9
Example 4 3.2 41 44 6.8 33
Comparative Example 1 2.7 6.1 94 6.1 17.6
Comparative Example 2 2.6 5.2 6.3 6.8 15.2
Comparative Example 3 2.8 44 5.8 6.1 45
Comparative Example 4 2.6 5.7 3.8 44 6.5

Comparative Example 5 4.6 1.7 Unmeasurable No data No data

Comparative Example 6 2.6 4.7 6.3 3.8 28
Comparative Example 7 2.7 3.2 18.9 6.9 6.3

*Unmeasurable: the film was not stretched in the TD direction and therefore could not be measured.
*No data: the film was not stretched in the TD direction and therefore could not be measured accurately.

[0125]

<Hydrocarbon resin masterbatch>

In 50 parts by weight of the propylene-based polymer
intermediate composition 3 were blended 50 parts by weight
of Oppera PR100A (cyclopentadiene-based hydrocarbon resin,
manufactured by EXXon Mobil Corporation), 0.01 parts by
mass of DHT-4C (neutralizer, manufactured by Kyowa Chemical
Industry Co., Ltd.), 0.09 parts by mass of IRGANOX 1010
(antioxidant, manufactured by BASF Japan Ltd.), and 0.05
parts by mass of SUMILIZER GP (antioxidant, manufactured by
SUMITOMO CHEMICAL COMPANY, LIMITED), and then the mixture
was melt-extruded to give pellet-shaped hydrocarbon resin
masterbatch.
[0126]

<Propylene-based polymer composition 15>

The propylene-based polymer intermediate composition

1 (70 parts by mass), the propylene-based polymer
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intermediate composition 3 (10 parts by weight), and the
hydrocarbon resin masterbatch (20 part by mass) were mixed
to prepare a propylene-based polymer composition 15. Table
5 below shows the values of physical properties of pellets
obtained by melt-extruding the propylene-based polymer
composition 15.
[0127]

<Propylene-based polymer composition 16>

The propylene-based polymer intermediate composition
1 (60 parts by mass), the propylene-based polymer
intermediate composition 3 (20 parts by weight), and the
hydrocarbon resin masterbatch (20 part by mass) were mixed
to prepare a propylene-based polymer composition 16. Table
5 below shows the values of physical properties of pellets
obtained by melt-extruding the propylene-based polymer
composition 16.
[0128]

<Propylene-based polymer composition C13>

The propylene-based polymer intermediate composition
1 (90 parts by mass) was mixed with Oppera PR100A (10 parts
by weight) to prepare a propylene-based polymer composition
Cl3. Table 5 below shows the values of physical properties
of pellets obtained by melt-extruding the propylene-based
polymer composition C13.

[0129]
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[Table 5]

Amount of
Amount of
component t
having h gompor}en |
Material MFR. SR Mw/Mn | Mz/Mn molecular aving molecuiar Petrolgum
(9/10 min) weiaht of weight of resin
9 1500000 or more
100000 or less 0
(mass%) (mass%)
Propylene-ba.s.ed polymer 41 137 46 15.4 34 31 PR100A
composition 15 10 mass%
Propylene-bg;ed polymer 44 144 49 185 36 33 PR1OOA0
composition 16 10 mass%
Propylene-based polymer PR100A
composition C13 35 1.20 36 o a 26 10 mass%

[0130]

<Example 5>

The propylene-based polymer composition 15 was heat-
melted at a resin temperature of 250°C, using a T-die film
forming machine equipped with an extruder having a screw
diameter of 20 mme, and extruded onto a cooling roll at
40°C to give an unstretched sheet having a thickness of 0.5
mm. While the obtained unstretched sheet had four sides
thereof held with chucks, the unstretched sheet was
preheated for 3 minutes in a heating furnace heated to
155°C, then stretched by 7 times in the MD direction, and
then stretched by 8 times in the TD direction to give a
biaxially stretched film. Tables 6 and 7 below show the
production conditions and the measurement values of
physical properties of the obtained biaxially stretched
film.
[0131]

<Example 6>
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A biaxially stretched film was obtained under the
conditions totally the same as in Example 5 except for
replacing the propylene-based polymer composition 15 in
Example 5 with the propylene-based polymer composition 16.
Tables 6 and 7 below show the production conditions and the
measurement values of physical properties of the obtained
biaxially stretched film.

[0132]

<Comparative Example 8>

A biaxially stretched film was obtained under the
conditions totally the same as in Example 5 except for
replacing the propylene-based polymer composition 15 in
Example 5 with the propylene-based polymer composition C13.
Tables 6 and 7 below show the production conditions and the
measurement values of physical properties of the obtained
biaxially stretched film.

[0133]

Table 7 below clarifies the fact that the biaxially
stretched films of the examples have a Young’s modulus in
both the MD and TD directions that is about the same as, a
better test result of uniform stretchability than, and a
smaller heat shrinkage rate in the TD direction than those
of the biaxially stretched film of the comparative example.
That is, it is found that the biaxially stretched films of

the examples have excellent toughness, stretchability, and
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high-temperature dimensional stability.

[0134]
[Table ©]
Stretch ratio Resin Roll In-furnace In-furnace
Material MD ™ temperature | temperature | temperature 1 | temperature 2
(°C) (°C) (°C) (°C)
Example5 | | ToPylene-based polymer |, 8 250 - 155 155
composition 15
Exampleg | | ToPylene-based polymer |, 8 250 - 155 155
composition 16
Comparative Propylene-b§§ed polymer 7 8 250 i 155 155
Example 8 composition C13
[0135]
[Table 7]
Young's modulus Relative standard deviation Heat shrinkage rate
(GPa) of gauge-line gaps (%)
MD D (%) MD TD
Example 5 43 6.2 21 44 8.7
Example 6 4.3 6.1 26 49 8.3
Comparative 4.1 74 23 50 10.2
Example 8

INDUSTRIAL APPLICABILITY
[0136]

The present invention can provide a film having a
relatively high tensile modulus of elasticity (Young’s
modulus) in both a MD direction and a TD direction, having
relatively excellent high-temperature dimensional stability
in the TD direction, and having relatively excellent
uniform stretchability in the TD direction during
production. The present invention can also provide a
method for producing this film, and a propylene-based

polymer composition used for producing this film.
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CLAIMS

A film comprising a propylene-based polymer or a
propylene-based polymer composition and satisfying
requirements (1) to (3) below:

(1) satisfying an inequality (I) below,

-0.35 < BOYP - BOT™ < 1.00 (I)

wherein

BOMP represents a degree of orientation in a MD
direction of the film measured using a birefringence
method, and

BOT™ represents a degree of orientation in a TD
direction of the film measured using the birefringence
method;

(2) satisfying an inequality (II) below,

To.2MP/T0.6™® < 1.5 (II)

wherein

I0.2MP represents an intensity at a position of a
scattering vector g of 0.2 nm! in a Kratky plot in the MD
direction of the film measured using a small-angle X-ray
scattering method, and

I0.6™° represents an intensity at a position of a
scattering vector g of 0.6 nm! in a Kratky plot in the TD

direction of the film measured using the small-angle X-ray
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scattering method; and

(3) satisfying an inequality (III) below,

T0.2™0/T9.6M° < 1.5 (III)

wherein

I0.2™ represents an intensity at a position of the
scattering vector g of 0.2 nm! in the Kratky plot in the
TD direction of the film measured using the small-angle X-
ray scattering method, and

I0.6"° represents an intensity at a position of the
scattering vector g of 0.6 nm! in the Kratky plot in the
MD direction of the film measured using the small-angle X-

ray scattering method.

2.

The film according to claim 1, further satisfying a
requirement (4) below:

(4) satisfying an inequality (IV) below,

Int 1/Int 2 > 1.1 (IV)

wherein

Int 1 represents a peak-top intensity in the TD
direction of a (110) plane of an a-crystal in the
propylene-based polymer in a two-dimensional scattering
image of the film measured using a wide-angle X-ray
scattering method, and

Int 2 represents a peak-top intensity at 45° from the
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TD direction of the (110) plane of the o-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray

scattering method.

3.

The film according to claim 1 or 2, further
satisfying a requirement (5) below:

(5) a diffraction peak of a (040) plane of the o-
crystal in the propylene-based polymer measured using a

wide-angle X-ray diffraction method is at 16.81° or more.

The film according to any one of claims 1 to 3,
further satisfying a requirement (6) below:

(6) satisfying an inequality (V) below,

0.5 x (Int A + Int B)/Int C > 1.1 (V)

wherein,

Int A represents the peak-top intensity in the TD
direction of the (110) plane of the o-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray
scattering method,

Int B represents a peak-top intensity in the MD

direction of the (110) plane of the o-crystal in the
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propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray
scattering method, and

Int C represents the peak-top intensity at 45° from
the TD direction of the (110) plane of the a-crystal in the
propylene-based polymer in the two-dimensional scattering
image of the film measured using the wide-angle X-ray

scattering method.

5.

A method for producing a film, the method comprising:

an extruding step of, with an extruder, heat-melting
and extruding onto a cooling roll a propylene-based polymer
composition containing a propylene-based polymer and at
least one stretchability improving agent selected from the
group consisting of a B-crystal nucleating agent and a
hydrocarbon resin, to give an unstretched sheet;

a MD stretching step of stretching the unstretched
sheet obtained, with a stretching roll, by 6 times to 10
times in a MD direction to give a uniaxially stretched
sheet;

a TD stretching step of stretching the uniaxially
stretched sheet obtained, with chucks arranged in two rows
along the MD direction, in a heating furnace, by 4 times to

20 times in a TD direction to give a biaxially stretched
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film; and

a relaxing step of relaxing a stretch in the TD
direction of the biaxially stretched film obtained, with
the chucks arranged in two rows along the MD direction, in

the heating furnace, by 16% to 30% in the TD direction.

6.

A propylene-based polymer composition comprising a
propylene-based polymer and a stretchability improving
agent, and

satisfying requirements (11) to (16) below:

(11) a melt flow rate measured at a temperature of
230°C and a load of 2.16 kg is 1 g/10 min to 10 g/10 min;

(12) a die swell ratio measured at a temperature of
230°C and a load of 2.16 kg is 1.23 to 1.45;

(13) a ratio (Mw/Mn) between a weight average
molecular weight (Mw) and a number average molecular weight
(Mn) measured by gel permeation chromatography is 4.0 to
7.0;

(14) a ratio (Mz/Mn) between a Z-average molecular
weight (Mz) and the number average molecular weight (Mn)
measured by the gel permeation chromatography is 10.0 to
25.0;

(15) an amount of a component having a molecular

weight measured by the gel permeation chromatography of
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100000 or less is 30 mass% to 50 mass$%; and
(16) an amount of a component having a molecular
weight measured by the gel permeation chromatography of

1500000 or more is 2.3 mass$% to 5.0 mass%.

The propylene-based polymer composition according to
claim 6, wherein the stretchability improving agent is at
least one selected from the group consisting of a B-crystal

nucleating agent and a hydrocarbon resin.
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