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Description

Title of Invention:
PROPYLENE HOMOPOLYMER COMPOSITION FOR CAPACITOR M1, METHOD FOR
PRODUCING THE SAME, AND CAPACITOR FILM

Technical Field
[0001]

The present invention relates to a propylene hatyoper composition suitable for a
capacitor film having excellent high-temperaturéage resistance, a method for producing the

same, and a capacitor film obtained by stretchiegsame.

Background Art
[0002]

Biaxially stretched polypropylene films have exeet mechanical properties, heat
resistance, transparency, chemical stability, Btadtproperties, etc., and are thus widely used in
various fields of not only packaging applicatiomsl aape applications but also electrical
applications including capacitors and battery ssjoas. In particular, stretched polypropylene
capacitor films are used not only as high-voltaggacitors but also as noise-filtering capacitors
and smoothing capacitors of switching power sugplenverters, inverters, and the like.

[0003]

In these applications, there are demands for samdllhigh-capacity capacitors.
Moreover, when capacitors are used under high opipwer operation such as in hybrid car and
electric vehicle applications, a large electricreat flows through circuits such as transistors and
capacitors, thus the temperature during use ie&sad, and accordingly there are also demands
for capacitors having voltage resistance at highperatures.

[0004]

In order to reduce the size and increase the dgmd@ capacitor, it is effective to
make a film thin. However, a thin film resultsarsignificantly low withstand voltage, and a
capacitor film undergoes dielectric breakdown kvavoltage when a capacitor is used. On
the other hand, from the film processing viewpoatim is likely to break during the
processing of a thin film, thus resulting in a sigantly low productivity.

[0005]

Patent Literature 1 discloses an extremely thirfase-roughened, biaxially stretched
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polypropylene film which has excellent voltage s¢snce and is obtained from a composition
composed of two propylene homopolymers having difieMFRs (Melt Flow Rates). Patent
Literatures 2 and 3 disclose propylene homopolymrish are obtained with a metallocene
catalyst and have high stereoregularity and exaelleltage resistance. Patent Literature 4
discloses a biaxially stretched polypropylene fiotmcapacitor, in which a Mw/Mn-adjusted
polypropylene raw material resin is used. Patdéetrature 5 discloses a metal-deposited
capacitor film composed of polypropylenes havinffedent mesopentad fractions. Patent
Literature 6 discloses a biaxially stretched pobygylene capacitor film composed of a
polypropylene resin having a molecular weight distiion of 5 to 10 and a polypropylene resin
having a molecular weight distribution of 3 or les&l a mesopentad fraction of 30 to 60% or

less.

Citation List

Patent Literature

[0006]

Patent Literature 1: JP2010-254794A
Patent Literature 2: WO2010/087328
Patent Literature 3: JP2012-209541A
Patent Literature 4: WO2012/099167
Patent Literature 5: JP2010-280795A
Patent Literature 6: JP2014-205799A

Summary of Invention
Technical Problem
[0007]

However, as for the film described in Patent latare 1, although the handleability of
the film during capacitor processing is excellégh-temperature voltage resistance is
insufficient.  Although the film described in Patéiterature 2 has a high voltage resistance, no
biaxially stretched thin film is obtained in Patéiterature 2.  Although a thin film is obtained
in Patent Literature 3, high-temperature voltagstance is insufficient. In Patent Literature 4,
high-temperature voltage resistance is insufficieiwith the technique described in Patent
Literature 5, voltage resistance is insufficientdngse polypropylene having a low mesopentad
fraction is contained. With the technique desdatilmePatent Literature 6, although the

stretchability of a film is improved when a polypsdene resin having a mesopentad fraction of
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60% is contained, high-temperature voltage reststaninsufficient because the withstand
voltage is lowered. Accordingly, the developmendesired of a propylene homopolymer
composition for a capacitor film, from which a tHilm can be easily produced and which can
provide a film with excellent high-temperature agjé resistance, and a capacitor film.
[0008]

An object of the present invention is to providerapylene homopolymer composition
for a capacitor film, from which a thin film can leasily produced and which can provide a film
with excellent high-temperature voltage resistaaamethod for producing the same, and a

capacitor film.

Solution to Problem
[0009]

The present invention encompasses the followingersa
[0010]

[1] A propylene homopolymer composition for a ceipa film, containing 1 % by mass
or more and less than 50 % by mass of a propylenmepolymer (A1) having characteristics
(A-i) to (A-iii) below and more than 50 % by massde®9 % by mass or less of a propylene
homopolymer (B1) having characteristics (B-i) tei{Boelow (with a sum of the propylene
homopolymer (A1) and the propylene homopolymer (Bdipg 100 % by mass), and having:

(i) a melt flow rate (MFR) of 1.0 to 10.0 g/10 mand

(i1) a chlorine content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(A-iii) a molecular weight distribution Mw/Mn meaed by GPC is less than 3.0,

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more, and

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more.
[0011]

[2] A propylene homopolymer composition for a ceipa film, containing 1 % by mass
or more and less than 50 % by mass of a propylen®polymer (A2) having characteristics
(A-i) to (A-ii) below and more than 50 % by massl&9 % by mass or less of a propylene
homopolymer (B2) having characteristics (B-i) tai{igbelow (with a sum of the propylene

homopolymer (A2) and the propylene homopolymer (B&hg 100 % by mass), and having:
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(i) a melt flow rate (MFR) of 1.0 to 10.0 g/10 mand

(ii) a chlorine content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more,

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more, and

(B-iii) a half width of an elution peak measuredtbmperature rising elution
fractionation (TREF) is 4@ or more.

[0012]

[3] The propylene homopolymer composition for pator film according to [1] or [2],
wherein the propylene homopolymer (A1) or the ptepg homopolymer (A2) is produced
using a metallocene catalyst.

[0013]

[4] The propylene homopolymer composition for gaitor film according to any one
of [1] to [3], wherein the propylene homopolymerldjBr the propylene homopolymer (B2) is
produced using a Ziegler-Natta catalyst.

[0014]

[5] A capacitor film having a thickness of 1 to @, containing the propylene
homopolymer composition for a capacitor film acaogdo any one of [1] to [4].
[0015]

[6] The capacitor film according to [5], havingrackness of more thanim and 50
pum or less.
[0016]

[7] A capacitor film obtained by stretching thepylene homopolymer composition for
a capacitor film according to any one of [1] to #Jan area stretch ratio (area ratio of length
width) of 30 to 80.

[0017]

[8] The capacitor film according to any one of {8][7], which is a capacitor separator

film.
[0018]
[9] A method for producing a propylene homopolyraemposition for a capacitor film,

including:
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producing a propylene homopolymer (Al) having alkgeristics (A-i) to (A-iii) below
using a metallocene catalyst,

producing a propylene homopolymer (B1) having abtaristics (B-i) to (B-ii) below
using a Ziegler-Natta catalyst, and

mixing 1 % by mass or more and less than 50 % &gsnof the propylene homopolymer
(A1) with more than 50 % by mass and 99 % by massss of the propylene homopolymer
(B1) (with a sum of the propylene homopolymer (Ahyl the propylene homopolymer (B1)
being 100 % by mass),

() the propylene homopolymer composition for gawator film having a melt flow rate
(MFR) of 1.0 to 10.0 g/10 min, and

(ii) the propylene homopolymer composition foragacitor film having a chlorine
content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(A-iii) a molecular weight distribution Mw/Mn meaed by GPC is less than 3.0,

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more, and

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more.
[0019]

[10] A method for producing a propylene homopolyroemposition for a capacitor film,
including:

producing a propylene homopolymer (A2) having abtaristics (A-i) to (A-ii) below
using a metallocene catalyst,

producing a propylene homopolymer (B2) having abtaristics (B-i) to (B-iii) below
using a Ziegler-Natta catalyst, and

mixing 1 % by mass or more and less than 50 % &gsnof the propylene homopolymer
(A2) with more than 50 % by mass and 99 % by massss of the propylene homopolymer
(B2) (with a sum of the propylene homopolymer (A2y the propylene homopolymer (B2)
being 100 % by mass),

() the propylene homopolymer composition for gawator film having a melt flow rate
(MFR) of 1.0 to 10.0 g/10 min, and

(ii) the propylene homopolymer composition foragacitor film having a chlorine

content of 2 ppm by mass or less,
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wherein
(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,
(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@
(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more,
(B-ii) a molecular weight distribution Mw/Mn measa by GPC is 3.0 or more, and
(B-iii) a half width of an elution peak measuredtbmperature rising elution

fractionation (TREF) is 4@ or more.

Advantageous Effect of the Invention
[0020]

The present invention can provide a propylene hmotyoner composition for a
capacitor film, from which a thin film can be eggiroduced and which can provide a film with
excellent high-temperature voltage resistance, taaaefor producing the same, and a capacitor

film.

Description of Embodiment
[0021]

Since the propylene homopolymer composition foaacitor film (hereinafter also
referred to as a propylene homopolymer composiwdthe present invention satisfies the above
requirements, it is easy to produce a thin filmg arfilm obtained from the propylene
homopolymer composition of the present inventios éecellent high-temperature voltage
resistance and is suitable for a capacitor film.s wAll be described below, in the present
invention, the high-temperature voltage resistasgarticularly excellent when the thickness of
the capacitor film exceedspin in particular.

[0022]

The propylene homopolymer (B1) has a broad modeaukight distribution ((B-ii)).
Moreover, the elution peak half width as measure@REF may be broad ((B-iii)).

Accordingly, a capacitor film composed of a compoaicontaining more than 50 % by mass of
the propylene homopolymer (B1) is considered tcehavelatively non-uniform crystal structure,
a large crystal size as well, and many defects, (eoids and the size of amorphous portions)

that serve as starting points of dielectric breaktlo On the other hand, it is expected that high
molecular weight components contained in the prmpylhomopolymer (B1) serve as nucleating

agents and increase the crystallinity of a filmt islthus considered that in a relatively thicknfjl
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the influence of defects on voltage resistancedsiced, rather the influence of the overall
crystallinity of the film is increased, and the trdsution to voltage resistance is relatively
increased.

[0023]

On the other hand, the propylene homopolymer (#sk)a narrow elution peak half
width as measured by TREF ((A-ii)) and also a namaolecular weight distribution ((A-iii))
and is thus considered to provide a uniform crystraicture, a small crystal size, and reduced
defects. Itis therefore conjectured that as altres$ blending less than 50 % by mass of the
propylene homopolymer (Al), the crystal structgremiform, and the withstand voltage is
increased, without deteriorating the crystallirofya film.

[0024]

Below, the present invention will now be descriliedetail. The propylene
homopolymers (A1) and (A2) may be collectively re¢el to as a "propylene homopolymer (A)",
and the propylene homopolymers (B1) and (B2) magdbectively referred to as a "propylene
homopolymer (B)".

[0025]
<Propylene homopolymer composition>

The propylene homopolymer composition of the prese/ention contains 1 % by
mass or more and less than 50 % by mass of thglpraphomopolymer (A) and more than
50 % by mass and 99 % by mass or less of the ogylomopolymer (B), with the sum of the
propylene homopolymer (A) and the propylene homgmper (B) being 100 % by mass. The
propylene homopolymer composition of the presevemion preferably contains 1 to 40 % by
mass of the propylene homopolymer (A) and 60 t&®y mass of the propylene homopolymer
(B), more preferably 5 to 30 % by mass of the plepy homopolymer (A) and 70 to 95 % by
mass of the propylene homopolymer (B), and evererpogferably 10 to 25 % by mass of the
propylene homopolymer (A) and 75 to 90 % by maghefpropylene homopolymer (B).
[0026]

When the proportion of the propylene homopolyn#gri¢ less than 1 % by mass, the
effect of containing the propylene homopolymer {@hot provided, and physical properties that
are nearly identical to those of the propylene hpotgmer (B) alone are exerted. When the
proportion of the propylene homopolymer (A) is 5@%Yomass or more, stretchability is
decreased, and high-temperature voltage resisisieereased.

[0027]

Although the reason is not clear why high-tempemvoltage resistance and the like
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are decreased when the proportion of the propyten@polymer (A) is 50 % by mass or more,
it is considered as follows. Spherulites undengtedtric breakdown at a higher voltage than
noncrystallites as reported in "Takamasa YamaKaajio Ariyasu, IEEJ Transactions on
Fundamentals and Materials, Vol. 110, No. 11, d7-823, 1990", indicating that a higher
crystallinity results in a higher voltage resistanc On the other hand, the propylene
homopolymer (A) has a narrow molecular weight dsiiion and thus less high molecular
weight components, resulting in insufficient orehicrystallization in the stretching process
during film formation. Accordingly, it is inferretthat the crystallinity of a film is lowered and,
consequently, voltage resistance is decreased.

[0028]

[Requirement (i)]

The propylene homopolymer composition of the presesention has a melt flow rate
(MFR, ASTM D1238, 230C, 2.16 kg load) of 1.0 to 10.0 g/10 min, prefeyahb to 8.0 g/10
min, more preferably 2.0 to 6.0 g/10 min, and ewmme preferably 2.0 to 4.0 g/10 min.

[0029]

When the MFR is less than 1.0 g/10 min, it isidifft to form a primary film using an
extruder, and also separation from chucks andkbkeoktcur during stretching, thus failing to
yield a desired film. When the MFR exceeds 101@ gnin, frequent film break during
stretching and the like occur, and film productivg significantly decreased. The MFR can be
set within the above range by suitably changinguiik€&ks and the blending ratio of the
propylene homopolymer (A) and the propylene homymper (B).

[0030]
[Requirement (ii)]

The propylene homopolymer composition of the presesention has a chlorine
content of 2 ppm by mass or less (0 to 2 ppm bysmaseferably 1.5 ppm by mass or less, and
more preferably 1 ppm by mass or less. When tlaiok content exceeds 2 ppm by mass, not
only the voltage resistance of the resulting filndecreased but also the long-term capacitor
characteristics are impaired. It is understood tte electric field in the vicinity of chlorine
ions inside the film is locally increased when pator is used, dielectric breakdown is likely
to occur from there, and the voltage resistantieus decreased. The chlorine content can be
controlled within the above range by increasinglitemding amount of the propylene
homopolymer (A) obtained with a metallocene catadigscribed later or subjecting the
propylene homopolymer (B) to after-treatment.

[0031]
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The mesopentad fraction (mmmm) of the propylemadmmlymer composition of the
present invention measured B¢-NMR is preferably 0.940 or more, more preferah45 or
more and 0.995 or less. When the mesopentaddragtimmm) is less than 0.940, the
high-temperature voltage resistance of a film maylécreased. On the other hand, when the
mesopentad fraction (mmmm) exceeds 0.995, streggydstretching is increased, and thus a
film that is as thin as necessary for capacitotiegipons may not be obtained, or a film having a
uniform thickness distribution may not be obtained.

[0032]
<Propylene homopolymer (Al1)>
[Requirement (A-i)]

The propylene homopolymer (Al) has a mesopentadién (mmmm) measured by
3C-NMR (nuclear magnetic resonance) of 0.930 or mueferably 0.935 or more and 0.995 or
less, more preferably 0.940 or more and 0.9953%; lend even more preferably 0.945 or more
and 0.990 or less. When the mmmm is less tharOp®8Im having a desired voltage
resistance cannot be obtained. When the mmmm @s€e895, stress during stretching is
increased, and thus a film that is as thin as sacggor capacitor applications may not be
obtained, or a film having a uniform thickness mixttion may not be obtained.

[0033]
[Requirement (A-ii)]

The propylene homopolymer (Al) has an elution geskwidth of less than 4°C,
preferably 2.0C or more and 3°& or less, more preferably 2@ or more and 3& or less,
and even more preferably 3@or more and 3”& or less on a curve (TREF elution curve)
showing the amount of components eluted relatitbecelution temperature measured by
temperature rising elution fractionation (TREF)ngso-dichlorobenzene. When the elution
peak half width is 4.TC or more, the high-temperature voltage resistaheefilm is decreased,
and the high-temperature voltage resistance isfeigntly decreased especially when the film is
thin. It is inferred that when the half width,.j.stereoregularity distribution, is broad, the
melting-point distribution of a film is broad, lomelting point components are increased, and as
a result the crystallinity at high temperaturedasreased.

[0034]
[Requirement (A-iii)]

The propylene homopolymer (Al) has a moleculagiedistribution (Mw/Mn, the

value obtained by dividing weight average moleculaight Mw by number average molecular

weight Mn) measured by gel permeation chromatogré@#® C) of less than 3.0, preferably 2.0
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or more and less than 3.0, more preferably 2.3aerand less than 3.0, and even more
preferably 2.5 or more and 2.8 or less.

[0035]

<Propylene homopolymer (A2)>

[Requirement (A-i) and requirement (A-ii)]

Requirement (A-i) and requirement (A-ii) are tlaene as those of the propylene
homopolymer (Al).

[0036]
<Propylene homopolymer (A)>

The melt flow rate (MFR) of the propylene homopoér (A) is not particularly limited,
and is preferably 1 to 100 g/10 min, more prefgrdbio 50 g/10 min, even more preferably 2 to
30 g/10 min, and particularly preferably 3 to 10@min. When the MFR is less than 1 g/10
min, gel may appear inside a film. When the MFRe&ds 100 g/10 min, film break during
stretching and the like occur, and film productivitay be decreased.

[0037]

As for the propylene homopolymer (A), the sumt@ proportion of heterologous
bonds based on 2,1-insertion and the proportidretdrologous bonds based on 1,3-insertion of
propylene monomers in all propylene constitutingsudetermined from £C-NMR spectrum is
preferably 0.2 mol% or less, more preferably 0.X3%nor less, and even more preferably 0.1
mol% or less. When the sum exceeds 0.2 mol%,alsysf the propylene homopolymer (A)
are increasingly disturbed and, therefore, in soases, crystalline components contained in the
resulting film are reduced, and high-temperatudéage resistance is decreased.

[0038]

As long as the chlorine content of the propyleambpolymer composition is 2 ppm by
mass or less, the chlorine content of the propytemopolymer (A) is not particularly limited,
and is preferably 2 ppm by mass or less, more @l 1.5 ppm by mass or less, and even
more preferably 1 ppm by mass or less.

[0039]
<Propylene homopolymer (B1)>
[Requirement (B-i)]

The propylene homopolymer (B1) has a mesopengatidn (mmmm) measured by
3C-NMR (nuclear magnetic resonance) of 0.950 or mueferably 0.950 or more and 0.995 or
less, even more preferably 0.955 or more and 008%ss, and even more preferably 0.960 or

more and 0.990 or less. When the mmmm is less@le&0, a film having a desired voltage
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resistance cannot be obtained. When the mmmm @x€e895, stress during stretching is
increased, and thus a film that is as thin as sacgdor capacitor applications may not be
obtained, or a film having a uniform thickness wlsttion may not be obtained.

[0040]

[Requirement (B-ii)]

The propylene homopolymer (B1) has a moleculagitaiistribution (Mw/Mn, the
value obtained by dividing weight average moleculaight Mw by number average molecular
weight Mn) measured by gel permeation chromatogr&é@®C) of 3.0 or more, preferably 3.0
or more and 12.0 or less, more preferably 3.5 acleraad 12.0 or less, even more preferably 6.0
or more and 12.0 or less, and particularly preflgr@l® or more and 12.0 or less. When the
molecular weight distribution is less than 3.0, hingh-temperature voltage resistance of a thin
film is decreased.

[0041]
<Propylene homopolymer (B2)>
[Requirement (B-i) and requirement (B-ii)]

Requirement (B-i) and requirement (B-ii) are theng as those of the propylene
homopolymer (B1).
[0042]
[Requirement (B-iii)]

The propylene homopolymer (B2) has an elution gedkwidth of 4.0C or more,
preferably 4.0C or more and 6 or less, more preferably 4@ or more and 5™ or less,
and even more preferably 4@or more and 4’ or less on a curve (TREF elution curve)
showing the amount of components eluted relatitbecelution temperature measured by
temperature rising elution fractionation (TREF)ngso-dichlorobenzene. When the elution
peak half width is less than 4@, stretchability is insufficient. When the elutipeak half
width exceeds 6T, the high-temperature voltage resistance ohatiay be decreased.

[0043]
<Propylene homopolymer (B)>

The melt flow rate (MFR) of the propylene homopoér (B) is not particularly limited,
and is preferably 0.5 to 10 g/10 min, more prefgrdalto 7 g/10 min, and even more preferably
1.5t0 5 ¢g/10 min. When the MFR is less than §&bmay appear inside a film.  On the other
hand, when the MFR exceeds 10 g/10 min, film praditg may be decreased. Moreover, the
size of crystals inside the film does not becomalkduring stretching, and thus the effect of
enhancing the high-temperature voltage resistarmeded by film stretching may be reduced.
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[0044]

As for the propylene homopolymer (B), the sumhaf proportion of heterologous
bonds based on 2,1-insertion and the proportidretdrologous bonds based on 1,3-insertion of
propylene monomers in all propylene constitutingsudetermined from £C-NMR spectrum is
preferably 0.2 mol% or less, more preferably 0.X3%nor less, and even more preferably 0.1
mol% or less. When the sum exceeds 0.2 mol%,alsyst the propylene homopolymer (B)
are increasingly disturbed and, therefore, in soases, crystalline components in the resulting
film are reduced, and high-temperature voltagestasce is decreased.

[0045]

As long as the chlorine content of the propyleambpolymer composition is 2 ppm by
mass or less, the chlorine content of the propylemaopolymer (B) is not particularly limited,
and is preferably 2 ppm by mass or less, more @il 1.5 ppm by mass or less, and even
more preferably 1 ppm by mass or less.

[0046]
<Method for producing propylene homopolymer (A)>

Although the method for producing the propylenenbpolymer (A) is not particularly
limited, from the viewpoint of high-temperature tage resistance, it is preferable to produce the
propylene homopolymer (A) using a metallocene gatal A polymerization catalyst
containing a metallocene compound having a cyclzugenyl skeleton within the molecule is
preferably used as the metallocene catalyst.

[0047]

Examples of the metallocene compound having apgritadienyl skeleton within the
molecule include metallocene compounds represdntédrmula [I] below and bridged
metallocene compounds represented by formula @lijw. Among these, the metallocene
compound is preferably a bridged metallocene comg@aapresented by formula [11] below.
[0048]

[Formula 1]
Cp1

| /|

MQj - [1] YO MQ - [

| |

CPZ CPZ
[0049]

In formulae [I] and [Il] above, M represents atitum atom, a zirconium atom, or a
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hafnium atom. Q represents a halogen atom, a bgdson group, an anionic ligand, or a
neutral ligand capable of coordination with a lehectron pair. Chand Cp are
cyclopentadienyl groups or substituted cyclopemtiayligroups capable of forming a sandwich
structure with M. Cpand C may be mutually the same or different. | is aeger of 1 to 4,
and when j is 2 or greater, Q may be mutually #maesor different.

[0050]

The substituted cyclopentadienyl group encompaas@sdenyl group, a fluorenyl
group, an azulenyl group, and such a group substitwith one or more hydrocarbyl groups,
and in the case of an indenyl group, a fluorenglgr or an azulenyl group, some of the double
bonds of an unsaturated ring condensed with a pgal@adienyl group may be hydrogenated.
[0051]

In formula (I1) above, Y represents a divalent togrbon group having 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon groumbdvto 20 carbon atoms, a divalent
silicon-containing group, a divalent germanium-@ming group such as -Ge-, a divalent
tin-containing group such as -Sn-, -O-, -CO-, -S9Q-, -SQ-, -N(Ra)-, -P(Ra)-, -P(0O)(Ra)-,
-B(Ra)-, or -Al(Ra)-. Ra is a hydrocarbon groupihg 1 to 20 carbon atoms, a halogenated
hydrocarbon group having 1 to 20 carbon atomsdadgen atom, a halogen atom, or a nitrogen
compound residue in which one or two hydrocarbaugs having 1 to 20 carbon atoms are
bonded to a nitrogen atom.

[0052]

The polymerization catalyst containing a metaliceompound is preferably a
metallocene catalyst containing a bridged metafiec@mpound represented by formula [lli]
below, at least one compound selected from thepgecounsisting of organometallic compounds,
organoaluminum oxy compounds, and compounds capélideming an ion pair by reaction
with a metallocene compound, and optionally a paldie carrier.

[0053]
[Formula 2]
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(111}

[0054]

In formula [11] above, R to R are each independently a hydrogen atom, a
hydrocarbon group, or a silicon-containing grouR* to R** may be mutually the same or
different.

[0055]

Examples of the hydrocarbon group include lingairthcarbon groups such as a methyl
group, an ethyl group, a n-propyl group, an allgup, a n-butyl group, a n-pentyl group, a
n-hexyl group, a n-heptyl group, a n-octyl group-aonyl group, and a n-decanyl group;
branched hydrocarbon groups such as an isopropypge tert-butyl group, an amyl group, a
3-methylpentyl group, a 1,1-diethylpropyl groupl,,a-dimethylbutyl group, a
1-methyl-1-propylbutyl group, a 1,1-propylbutyl gm a 1,1-dimethyl-2-methylpropyl group,
and a 1-methyl-1-isopropyl-2-methylpropyl groupg¢ly saturated hydrocarbon groups such as
a cyclopentyl group, a cyclohexyl group, a cyclalgegroup, a cyclooctyl group, a norbornyl
group, and an adamantyl group; cyclic unsaturayedtarbon groups such as a phenyl group, a
tolyl group, a naphthyl group, a biphenyl grouphe&nanthryl group, and an anthracenyl group;
saturated hydrocarbon groups substituted with Bocynsaturated hydrocarbon group such as a
benzyl group, a cumyl group, a 1,1-diphenylethylugr, or a triphenylmethyl group; and hetero
atom-containing hydrocarbon groups such as a mgthmup, an ethoxy group, a phenoxy
group, a furyl group, an N-methylamino group, aijmethylamino group, an
N-phenylamino group, a pyrryl group, and a thiegrdup.

[0056]

Examples of the silicon-containing group includeimethylsilyl group, a triethylsilyl
group, a dimethylphenylsilyl group, a diphenylmasilyl group, and a triphenylsilyl group.
[0057]
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Adjacent R to R* substituents may be bonded to each other to fainga
[0058]

Examples of such a substituted fluorenyl groujpuide a benzofluorenyl group, a
dibenzofluorenyl group, an octahydrodibenzofluotegrgup, an
octamethyloctahydrodibenzofluorenyl group, and etamethyltetrahydrodicyclopentafluorenyl
group.

[0059]

Preferably, B R?, R®, and R are hydrogen atoms or hydrocarbon groups haviog?D
carbon atoms. More preferably’ &d R are hydrocarbon groups having 1 to 20 carbon atoms
Even more preferably,’Rand R are hydrogen atoms, and &d R are linear or branched alkyl
groups having 1 to 5 carbon atoms.

[0060]

Preferably, Rto R*? are hydrogen atoms or hydrocarbon groups haviog20 carbon
atoms. Examples of hydrocarbon groups havingZDtoarbon atoms include the
aforementioned hydrocarbon groups. PreferablyheeR nor R is a hydrogen atom, and
more preferably, none of’RR’, R, and R* are hydrogen atoms.

[0061]

Y is a group 14 element, is preferably carbomcail or germanium, and is more
preferably carbon.
[0062]

R™ and R* are preferably hydrocarbon groups having 1 to&#®an atoms, and more
preferably alkyl groups having 1 to 3 carbon atamaryl groups having 6 to 20 carbon atoms.
Specifically, R* and R* are preferably methyl groups, ethyl groups, phengups, tolyl groups,
and the like. B and R* may be mutually the same or different, and magnbeually bonded
to form aring. Also, B and R* may be mutually bonded to adjacenitt&® R substituents or
adjacent Rto R substituents to form a ring.

[0063]

M is a group 4 transition metal and is preferabhjtanium atom, a zirconium atom, or a
hafnium atom.
[0064]

Q is a halogen, a hydrocarbon group, an anioganli, or a neutral ligand capable of
coordination with a lone electron pair. | is ateger of 1 to 4, and when j is 2 or greater, Q
may be mutually the same or different.

[0065]
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Specific examples of the halogen include a flumatom, a chlorine atom, a bromine
atom, and an iodine atom. Specific examples ohtltgocarbon group include hydrocarbon
groups as those described above.

[0066]

Specific examples of the anionic ligand includealy groups such as methoxy,
tert-butoxy, and phenoxy, carboxylate groups sucacetate and benzoate, and sulfonate groups
such as mesylate and tosylate.

[0067]

Specific examples of the neutral ligand capablecofrdination with a lone electron pair
include organophosphorus compounds such as trilpéibgphine, triethylphosphine,
triphenylphosphine, and diphenylmethylphosphine, ethers such as tetrahydrofuran, diethyl
ether, dioxane, and 1,2-dimethoxyethane.

[0068]

At least one Q is preferably a halogen or an alkglup.
[0069]

Examples of bridged metallocene compounds repredday formula [lll] above
include compounds disclosed in WO01/27124, WO2@ G806, and W02014/050817.

Among those, preferable specific examples include
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12'-yl)(3-methyl-5-tert-butyl-
1,2,3,3a-tetrahydropentalene)]zirconium dichloride,
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(3-phenyl-5-tert-butyl-
1,2,3,3a-tetrahydropentalene)]zirconium dichloride,
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmizo[b,h]fluoren-12'-yl)(1-methyl-3-phenyl-5-t
ert-butyl-1,2,3,3a-tetrahydropentalene)]zirconiuichtbride,
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmizo[b,h]fluoren-12'-yl)(1-phenyl-3-methyl-5-t
ert-butyl-1,2,3,3a-tetrahydropentalene)]zirconiuichtbride,
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1-p-tolyl-3-methyl-5-t
ert-butyl-1,2,3,3a-tetrahydropentalene)]zirconiuichtbride,
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12"-yl)(1,3-dimethyl-5-tert-but
yl-1,2,3,3a-tetrahydropentalene)]zirconium dichderi
[3-(1',1,4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,3-diphenyl-5-tert-but
yl-1,2,3,3a-tetrahydropentalene)]zirconium dictdei
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmizo[b,h]fluoren-12'-yl)(1,3-diphenyl-1-methyl
-5-tert-butyl-1,2,3,3a-tetrahydropentalene)]zireonidichloride,
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[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,3-di(p-tolyl)-1-meth
yl-5-tert-butyl-1,2,3,3a-tetrahydropentalene)]zimzon dichloride,
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12'-yl)(1,2,3,3a-tetrahydropen
talene)]zirconium dichloride,
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,1-dimethyl-5-tert-but
yl-1,2,3,3a-tetrahydropentalene)]zirconium dichder;i
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmizo[b,h]fluoren-12'-yl)(1,1-dimethyl-3-phenyl
-5-tert-butyl-1,2,3,3a-tetrahydropentalene)]zireonidichloride,
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,1,3-trimethyl-5-trim
ethylsilyl-1,2,3,3a-tetrahydropentalene)]zirconidrohloride,
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12"-yl)(1,1,3-trimethyl-5-ethyl
-1,2,3,3a-tetrahydropentalene)]zirconium dichloyide
[3-(1',1,4',4',7',7',10',10"-octamethyloctahydimhzo[b,h]fluoren-12'-yl)(1,1,3-trimethyl-5-tert-
butyl-1,2,3,3a-tetrahydropentalene)]zirconium diclue,
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12"-yl)(1,1,3-triethyl-2-methyl
-5-tert-butyl-1,2,3,3a-tetrahydropentalene)]zireonidichloride, and
[3-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,1,3,5-tetramethyl-1,2
,3,3a-tetrahydropentalene)]zirconium dichloriden tHe polymerization of olefin using an
above metallocene compound, the polymerization &zaipre tends to affect the stereoregularity
of the resulting polymer. These metallocene comgsishow high stereospecificity in the
polymerization of-olefins having 3 or more carbon atoms and thud terbe able to yield

olefin polymers with high stereoregularity even endonditions of a high polymerization
temperature. Accordingly, it can be considered particularly preferable embodiment in
terms of process simplicity, production cost, amal ltke.

[0070]

Titanium derivatives and hafnium derivatives acdgh may be used. One of these may
be used, or two or more may be used in combinatiddote that the metallocene compounds
usable for the present invention are not at alitéthto the compounds provided as examples
above.

[0071]

Concerning the positional numbers used in the sashéhe above compounds,
[3-(1',1,4',4'7',7',10',10"-octamethyloctahydtmhzo[b,h]fluorenyl)(1,1,3-trimethyl-5-tert-butyl
-1,2,3,3a-tetrahydropentalene)]zirconium dichloyide
[1-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12'-yl)(5-tert-butyl-1-methyl-
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3-iso-propyl-1,2,3,4-tetrahydropentalene)]zirconidithloride, and
[8-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(2-(1-adamantyl)-8-met
hyl-3,3b,4,5,6,7,7a,8-octahydrocyclopentala]indemepnium dichloride are referred to as
examples and represented by formulae [IV], [VIld §411] below, respectively. Concerning
formulae [VI] and [VII], one optical isomer of eacbmpound is shown. Although optical
iIsomers are not particularly referred to, all isosrn@re encompassed without departing from the
scope of the present invention.

[0072]

[Formula 3]

[0073]

[Formula 4]

[0074]
[Formula 5]

[0075]
Compounds disclosed in WO01/27124 and JP11-315b§3Ae present applicant can
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be used without limitations as the at least onepmmd (cocatalyst) selected from the group
consisting of organometallic compounds, organoahumi oxy compounds, and compounds that
form an ion pair by reaction with a metallocene poomd and the optional particulate carrier
that are used in combination with the bridged ni@tahe compound represented by formula
[111] above.

[0076]

Examples of a method for controlling the propyl@oenopolymer (Al) to
simultaneously satisfy the requirements (A-i) teijAand a method for controlling the
propylene homopolymer (A2) to simultaneously sgtitee requirements (A-i) to (A-ii) include
methods in which a catalyst as described abovead and the polymerization temperature and
such polymerization conditions are suitably set.

[0077]

A specific example is a method in which
[8-(1',1',4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(2-(1-adamantyl)-8-met
hyl-3,3b,4,5,6,7,7a,8-octahydrocyclopentala]indemepnium dichloride is used as a catalyst,
the polymerization temperature is 50 td©@G@nd preferably 60 to 8C, and hydrogen is
supplied together with raw materials such thataim®unt of hydrogen supplied is 0.03 to 0.3
mol%, preferably 0.06 to 0.21 mol%, and more pidégr 0.07 to 0.18 mol%.

[0078]

In the Examples of the present application desdrielow, the propylene homopolymer
of the present invention is produced by perfornpngrpolymerization in the concomitant
presence of
[3-(1',1,4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluoren-12'-yl)(1,1,3-trimethyl-5-tert-
butyl-1,2,3,3a-tetrahydropentalene)]zirconium dictue or
[8-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluoren-12'-yl)(2-(1-adamantyl)-8-met
hyl-3,3b,4,5,6,7,7a,8-octahydrocyclopentala]indemepnium dichloride as a metallocene
compound and, as cocatalysts, a solid catalysagonyg methylaluminoxane supported on a
silica carrier and triethylaluminum, and subseqlygmérforming multi-stage main
polymerization. However, the present inventionas limited to these conditions.

[0079]
<Method for producing propylene homopolymer (B)>

Although the method for producing the propylenenbpolymer (B) is not particularly

limited, it is preferable from the stretchabilitiewpoint to produce the propylene homopolymer

(B) using a Ziegler-Natta catalyst. For examgie, propylene homopolymer (B) is preferably
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obtained by performing polymerization in the preseaf an olefin polymerization catalyst
containing a solid titanium catalyst componentgl),organometallic compound (Il) containing a
metal atom selected from the group consisting ofigrl, group 2, and group 13 of the periodic
table, and optionally an electron donor (lll). &e) each component of the olefin
polymerization catalyst will now be described iraille

[0080]

<Solid titanium catalyst component (I)>

The solid titanium catalyst component (I) preféyatontains a titanium compound, a
magnesium compound, a halogen, a cyclic ester contp(a) and a cyclic ester compound (b)
that are electron donors (l), and optionally algatacomponent (c) that is an electron donor (I).
Examples of these compounds include compoundsidedadn, for example, WO2006/077945,
W0O2006/077946, WO2008/010459, WO2009/069483, addliP314A.

[0081]
<Titanium compound>

Examples of the titanium compound include tetranttitanium compounds
represented by the formula below.

Ti(OR)gX 44
[0082]

In the above formula, R is a hydrocarbon groujs X halogen atom, and g isgx4.
[0083]

Specific examples of the titanium compound incltitsmium tetrahalides such as TjClI
and TiBg; alkoxytitanium trihalides such as Ti(OQ)&ls, Ti(OCHs)Cls, Ti(O-n-CHg)Cls,
Ti(OC,Hs)Brs, and Ti(O-isoGHg)Br3; alkoxytitanium dihalides such as Ti(OgkCl, and
Ti(OC;H5s).Cly; alkoxytitanium monohalides such as Ti(Og4€1, Ti(O-n-GHg)sCl, and
Ti(OC,Hs)3Br; and tetraalkoxytitaniums such as Ti(OgK Ti(OCyHs)4, Ti(OC4Hg)4, and
Ti(O-2-ethylhexyl). Among these, the titanium compound is preferakltiyanium tetrahalide,
and more preferably titanium tetrachloride. Thes@ium compounds may be used singly or
in combinations of two or more.

[0084]
<Magnesium compound>

Specific examples of the magnesium compound imchadgnesium halides such as
magnesium chloride and magnesium bromide; alkoxyrasigm halides such as
methoxymagnesium chloride, ethoxymagnesium chlpadd phenoxymagnesium chloride;

alkoxymagnesiums such as ethoxymagnesium, isopyopagnesium, butoxymagnesium, and
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2-ethylhexoxymagnesium; aryloxymagnesiums suchhasg@xymagnesium; and carboxylic acid
salts of magnesium such as magnesium stearate.se Tinegnesium compounds may be used
singly or in combinations of two or more. Thesegmesium compounds may be complex
compounds or double compounds with other metalsyigtures with other metal compounds.
[0085]

Among these, the magnesium compound is prefeebiagnesium compound
containing a halogen, more preferably a magnesiiiddy and even more preferably
magnesium chloride. An alkoxymagnesium such asxgthagnesium is also preferably used.
The magnesium compound may be derived from anstligstance, e.g., one obtained by
bringing an organomagnesium compound such as a&dgeagent into contact with a titanium
halide, a silicon halide, an alcohol halide, orlike. For example, in the case of combining an
alkoxymagnesium and a tetraalkoxytitanium, it isfperable to bring silicon tetrachloride or the
like as a halogenating agent into reaction to farmagnesium halide.

[0086]
<Halogen>

Examples of the halogen include X as in Ti(@R), which is an example of the
titanium compound, and the halogen of a magnesialidéhwhich is an example of the
magnesium compound. One of these halogens magduak ar two or more may be used in
combination.

[0087]
<Electron donor (I)>

As the electron donor (1), usable are a cyclieesbmpound (a), a cyclic ester
compound (b), and, optionally, a catalyst compoifent
[0088]
<Cyclic ester compound (a)>

Examples of the cyclic ester compound (a) inclea@pounds described in, for
example, WO2006/077945 and WO2009/069483.

[0089]

The cyclic ester compound (a) is preferably a coumgl represented by formula (1a)
below.
[0090]

[Formula 6]
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n-4 n x o (1a)

[0091]

In formula (1a) above, n is an integer of 5 to A@ferably an integer of 5 to 7, and
more preferably 6. ¥and C represent carbon atoms.
[0092]

A plurality of R* are each independently a monovalent hydrocarbompgnaving 1 to
20, preferably 1 to 10, more preferably 2 to 8,ren®re preferably 4 to 8, and particularly
preferably 4 to 6 carbon atoms. Examples of tidrdgarbon group include a methyl group, an
ethyl group, a n-propyl group, an isopropyl groam-butyl group, an isobutyl group, a hexyl
group, a heptyl group, an octyl group, a 2-ethyjthgxoup, a decyl group, a dodecyl group, a
tetradecyl group, a hexadecyl group, an octadeoyl and an eicosyl group. Among these,
the hydrocarbon group is preferably a n-butyl graupisobutyl group, a hexyl group, or an
octyl group, and more preferably a n-butyl grougoisobutyl group from the viewpoint of
enabling a propylene-based block copolymer havingpad molecular weight distribution to be
produced.

[0093]

A plurality of R are each independently an atora group, such as a hydrogen atom, a
hydrocarbon group having 1 to 20 carbon atoms]@gka atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containimmgigy a halogen-containing group, or a
silicon-containing group. At least one R is amatather than a hydrogen atom or a group.
The atom other than a hydrogen atom or the groppeierably a hydrocarbon group having 1 to
20 carbon atoms. Examples of the hydrocarbon ghawpg 1 to 20 carbon atoms include
aliphatic hydrocarbon groups, alicyclic hydrocarlgpaups, and aromatic hydrocarbon groups
having 1 to 20 carbon atoms, such as a methyl gaupthyl group, a n-propyl group, an
iso-propyl group, a n-butyl group, an iso-butyl gpoa sec-butyl group, a n-pentyl group, a

cyclopentyl group, a n-hexyl group, a cyclohexydgp, a vinyl group, a phenyl group, and an
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octyl group. Among these, the hydrocarbon grouprigal to 20 carbon atoms is preferably an
aliphatic hydrocarbon group having 1 to 20 carbmmas, and more preferably a methyl group,
an ethyl group, a n-propyl group, an iso-propylugroa n-butyl group, an iso-butyl group, or a
sec-butyl group.

[0094]

Single bonds in the ring skeleton (provided that@-C? bonds and the €C® bond are
excluded) may be replaced with double bonds. Bt say, the C-C bond (when nis 6 to 10),
the C-C bond, and the ®&C bond in the ring skeleton may be replaced withhde bonds.

[0095]

The compound represented by formula (1a) above articular, preferably diisobutyl
3,6-dimethylcyclohexane-1,2-dicarboxylate, di-nylex
3,6-dimethylcyclohexane-1,2-dicarboxylate, di-nybct
3,6-dimethylcyclohexane-1,2-dicarboxylate, diisglbut
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, eexyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, ebeatyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, alistyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylatenehexyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylatenebctyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylatésabutyl
3,6-diethylcyclohexane-1,2-dicarboxylate, di-n-nHeXy-diethylcyclohexane-1,2-dicarboxylate,
or di-n-octyl 3,6-diethylcyclohexane-1,2-dicarbaatd. These compounds can be produced by
taking advantage of a Diels-Alder reaction.

[0096]

The cyclic ester compound (a) having a diesterctire as described above has isomers
such as cis and trans isomers, and although amgtste provides an effect that meets the object
of the present invention, a structure having a éigtans form content is preferable because
there is a tendency that it results in not onlyeater effect of broadening the molecular weight
distribution but also a higher activity and a higheereoregularity of the resulting polymer. As
for the cis form and the trans form, the proporidithe trans form is preferably 51% or more,
more preferably 55% or more, even more preferad% &r more, and particularly preferably
65% or more. The proportion of the trans form08% or less, preferably 90% or less, more
preferably 85% or less, and even more preferably @@less.

[0097]
<Cyclic ester compound (b)>
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Examples of the cyclic ester compound (b) inclodepounds described in, for
example, WO2006/077946 and WO2009/069483.
[0098]

The cyclic ester compound (b) is preferably a conmgl having a
cycloalkane-1,2-dicarboxylic acid diester structara cycloalkene-1,2-dicarboxylic acid diester
structure represented by formula (2a) below.

[0099]

[Formula 7]

n-4 ... (2 a)

[0100]

In formula (2a) above, n is an integer of 5 to A@ferably an integer of 5 to 7, and
more preferably 6. ¥and C represent carbon atoms.
[0101]

A plurality of R* are each independently a monovalent hydrocarbompgnaving 1 to
20, preferably 1 to 10, more preferably 2 to 8,ren®re preferably 4 to 8, and particularly
preferably 4 to 6 carbon atoms. Examples of tidrdgarbon group include a methyl group, an
ethyl group, a n-propyl group, an isopropyl groam-butyl group, an isobutyl group, a hexyl
group, a heptyl group, an octyl group, a 2-ethyjthgxoup, a decyl group, a dodecyl group, a
tetradecyl group, a hexadecyl group, an octadeoyl and an eicosyl group. Among these,
the hydrocarbon group is preferably a n-butyl graupisobutyl group, a hexyl group, or an
octyl group, and more preferably a n-butyl grougoisobutyl group from the viewpoint of
enabling a propylene-based block copolymer havingpad molecular weight distribution to be
produced.
[0102]

Single bonds in the ring skeleton (provided that@-C? bonds and the &C® bond are
excluded, i.e., the C&bond, the C-€Ebond, and the C-C bond (when n is 6 to 10)) may be
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replaced with double bonds.
[0103]

Among these, the compound represented by forn2alpgbove is preferably diisobutyl
cyclohexane-1,2-dicarboxylate, dihexyl cyclohexar@-dicarboxylate, diheptyl
cyclohexane-1,2-dicarboxylate, dioctyl cyclohexdn2-dicarboxylate, or di-2-ethylhexyl
cyclohexane-1,2-dicarboxylate. This is becausselt®mpounds not only have a high catalytic
performance but also can be produced relativebyaaesively by taking advantage of a
Diels-Alder reaction.

[0104]

The cyclic ester compound (b) having a diestercstire as described above has isomers
such as cis and trans isomers, and any structavédes an effect that meets the object of the
present invention. As for the cis form and thesréorm, the proportion of the trans form is
preferably 51% or more, more preferably 55% or meven more preferably 60% or more, and
particularly preferably 65% or more. The propantaf the trans form is 100% or less,
preferably 90% or less, more preferably 85% or,lasd even more preferably 79% or less.
Although the reason therefor is not clear, it injeotured that the variation of stereocisomers
described below is within a range suitable for devang the molecular weight distribution.
[0105]

In particular, in the case of cyclohexane-1,2-dioaylic acid diester of formula (2a)
above wherein n=6, the purity of the trans forrprisferably within the above range. When the
purity of the trans form is less than 51%, the roolar weight distribution broadening effect,
activity, stereospecificity, and the like may besuifficient. When the purity of the trans form
exceeds 79%, the molecular weight distribution Bemeng effect may be insufficient. On the
other hand, a purity of the trans form within th®ae range is often advantageous to
simultaneously achieving both the effect of broadigmhe molecular weight distribution of the
resulting polymer, catalyst activity, and increasegteoregularity of the resulting polymer at a
high level.

[0106]

One cyclic ester compound (a) may be used, omtwoore may be used in
combination. Also, one cyclic ester compound (yrbe used, or two or more may be used in
combination.

[0107]
The proportion of the cyclic ester compound (#tree to the sum of the cyclic ester

compound (a) and the cyclic ester compound (b)licgster compound (a)/(cyclic ester
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compound (a)+cyclic ester compound #1)J0 (mol%)) is preferably 10 mol% or more, more
preferably 30 mol% or more, even more preferablym0% or more, and particularly preferably
50 mol% or more. This proportion is preferablyr@81% or less, more preferably 90 mol% or
less, even more preferably 85 mol% or less, anticpéarly preferably 80 mol% or less.

[0108]

Even when the content of the cyclic ester compdahah the solid titanium catalyst
component (I) is low, the solid titanium catalystgponent (1) can yield with high activity a
propylene polymer having an extremely broad mokecwieight distribution and high
stereoregularity. Although the cause of this dgffemot clear, it is conjectured by the present
inventors as follows.

[0109]

Due to the presence of substituent R, the cysliereeompound (a) has a significantly
larger variety of stereo structures that can beéaf than the cyclic ester compound (b).
Accordingly, it is considered that the influencetloé cyclic ester compound (a) on the molecular
weight distribution is dominant, and a propylené/per having an extremely broad molecular
weight distribution can be yielded even when thapprtion of the cyclic ester compound (a) is
low. On the other hand, having relatively sim#éuctures, the cyclic ester compound (a) and
the cyclic ester compound (b) are unlikely to miyuafluence the effects of the compounds
with respect to fundamental properties such asiacaind stereoregularity (there are many cases
where activity, stereoregularity, and the like drastically changed, or the effect of one
compound becomes dominant, when compounds witlrdiit structures are used).

[0110]

The cyclic hydrocarbon structure is known to fararge variety of stereo structures
such as a chair conformation and a boat conformatié-urthermore, when the cyclic
hydrocarbon structure has a substituent, the vamiatf possible stereo structures is further
increased.  Also, when the bonding between a caabmm to which an ester group (COY)R
bonded and another carbon atom to which an estepgCOOR) is bonded among the carbon
atoms forming the ring skeleton of the cyclic estmmpound is a single bond, the variation of
possible stereo structures is increased. Thishilgigaf taking a large variety of stereo
structures leads to the formation of a large varétactive species on the solid titanium catalyst
component (I). As a result, polymerizing propylerseng the solid titanium catalyst component
(1) makes it possible to produce at once propylesigmers having various molecular weights,
or that is to say, makes it possible to produceayene-based block copolymer having a broad

molecular weight distribution.
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[0111]

The cyclic ester compounds (a) and (b) may be édrauring the process of preparing
the solid titanium catalyst component (I). Formyée, when preparing the solid titanium
catalyst component (I), providing a step of brimgamhydrous carboxylic acids or carboxylic
acid dihalides corresponding to the cyclic estengounds (a) and (b) substantively into contact
with corresponding alcohols makes it possible tseahe cyclic ester compounds (a) and (b) to
be contained in the solid titanium catalyst compargb.

[0112]
<Catalyst component (c)>

Examples of the catalyst component (c) includeretibmpounds and polyvalent
carboxylic acid esters described in, for exam@g-109314A.
[0113]

Among these, a compound (c1) having two or mdnerdbonds via a plurality of atoms
is preferably a 1,3-diether and more preferablgdpropyl-2-isobutyl-1,3-dimethoxypropane,
2,2-diisobutyl-1,3-dimethoxypropane, 2-isopropyis@pentyl-1,3-dimethoxypropane,
2,2-dicyclohexyl-1,3-dimethoxypropane, and 2,2-dys{ohexylmethyl)1,3-dimethoxypropane.
[0114]

Moreover, among these compounds, the polyvalebbgslic acid ester is preferably
an aromatic polycarboxylic acid ester and moreguedfly a phthalic acid ester.

[0115]

The catalyst component (c) which is an electromod@omponent shows the effect of
increasing the stereoregularity of the resultintyper, the effect of controlling the
compositional distribution of the resulting copolemthe agglomerating-agent effect of
controlling the particle shape and the particlergiter of catalyst particles, and like effects,
while maintaining high catalytic activity. Moreay¢he cyclic ester compounds (a) and (b) are
considered to further have the effect of contrgllihe molecular weight distribution as well.
[0116]
<Method for preparing solid titanium catalyst compnt (1)>

The method for preparing the solid titanium cattyomponent (1) is not particularly
limited as long as the solid titanium catalyst comgnt (1) contains the above titanium
compound, the above magnesium compound, a halagdrthe above electron donor (I). The
solid titanium catalyst component (I) can be praiiéy prepared, for example, by methods (P-1)
to (P-4) below:

(P-1) A method in which a solid adduct containing@agnesium compound and a solubilizing
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component, an electron donor (I), and a liquichtiten compound are brought into contact in a
suspended state in the concomitant presence okanhydrocarbon solvent;

(P-2) A method in which a solid adduct containingagnesium compound and a solubilizing
component, an electron donor (I), and a liquichtiten compound are brought into contact in
several divided portions;

(P-3) A method in which a solid adduct containing@agnesium compound and a solubilizing
component, an electron donor (I), and a liquichtiien compound are brought into contact in a
suspended state in the concomitant presence okainhiydrocarbon solvent and brought into
contact in several divided portions; and

(P-4) A method in which a liquid magnesium compouaaodtaining a magnesium compound and
a solubilizing component, a liquid titanium compduand an electron donor (1) are brought into
contact.

[0117]

The temperature when preparing the solid titantatalyst component (1) is preferably
-30°C to 150C, more preferably -2& to 140C, and even more preferably -25 to 130
[0118]

The solid titanium catalyst component (I) can ds@repared in the presence of a
solvent as necessary. Examples of the solvenidegbolar aromatic hydrocarbons such as
toluene, aliphatic hydrocarbons such as heptan@nee octane, decane, and cyclohexane, and
alicyclic hydrocarbon compounds. Among these sthieent is preferably an aliphatic
hydrocarbon.

[0119]

A polymerization reaction of propylene using tleidstitanium catalyst component (1)
produced under these conditions results in a palyraeing a broad molecular weight
distribution. Moreover, a high catalytic activig/exerted, and the stereoregularity of the
resulting polymer is high.

[0120]
<Solubilizing component>

The solubilizing component is preferably a compmboapable of solubilizing the
magnesium compound in a temperature range of fommrtemperature to about 3@
Examples of the compound include alcohols, aldefydmines, carboxylic acids, and mixtures
thereof.

[0121]

Specific examples of the alcohols include aliphatcohols such as methanol, ethanal,
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propanol, butanol, isobutanol, ethylene glycol, dmylpentanol, 2-ethylbutanol, n-heptanol,
n-octanol, 2-ethylhexanol, decanol, and dodecaliglyclic alcohols such as cyclohexanol and
methyl cyclohexanol; aromatic alcohols such as Weszohol and methylbenzyl alcohol; and
aliphatic alcohols having an alkoxy group, sucm-dmtylcellosolve.

[0122]

Examples of the aldehydes include aldehydes hatimgmore carbon atoms, such as
capric aldehyde and 2-ethylhexylaldehyde.
[0123]

Examples of the amines include amines havingrGare carbon atoms, such as
heptylamine, octylamine, nonylamine, laurylaminad 2-ethylhexylamine.
[0124]

Examples of the carboxylic acids include orgamidoxylic acids having 7 or more
carbon atoms, such as capric acid and 2-ethylhéxacal.
[0125]

Among these, the solubilizing component is prdflsran above alcohol and more
preferably ethanol, propanol, butanol, isobutahekanol, 2-ethylhexanol, or decanol. One of
these solubilizing components may be used, or twoare may be used in combination.

[0126]

Although the amounts of the magnesium compoundlaadolubilizing component
used when preparing the solid adduct and the limagnesium compound vary depending on
their kinds, contact conditions, and the like, t@gnesium compound is used in an amount of
0.1 to 20 mol/liter and preferably 0.5 to 5 mo#ftiper unit volume of the solubilizing
component. Optionally, it is also possible to inseombination a solvent that is inert to the
solid adduct. For example, a hydrocarbon compauet as heptane, hexane, octane, or
decane is preferably used as the solvent.

[0127]

Although it is not possible to generally spectig ttompositional ratio of the
solubilizing component to the resulting solid addurcto magnesium of the liquid magnesium
compound because the ratio also varies dependitigedkind of the compound used, the amount
of the solubilizing component per mol of magnesiarthe magnesium compound is in the range
of preferably 2.0 mol or more, more preferably 2@ or more, even more preferably 2.3 mol or
more, and particularly preferably 2.4 mol or maed 5.0 mol or less.

[0128]
In the solid titanium catalyst component (1), lgga/titanium (atomic ratio) (i.e., the
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number of moles of halogen atom/the number of moaleganium atom) is preferably 2 to 100
and more preferably 4 to 90. Cyclic ester compo@ditanium (molar ratio) (i.e., the number
of moles of cyclic ester compound (a)/the numbemnofes of titanium atom) and cyclic ester
compound (b)/titanium (molar ratio) (i.e., the nianbf moles of cyclic ester compound (b)/the
number of moles of titanium atom) are preferab81do 100 and more preferably 0.2 to 10.
Solubilizing component/titanium atom (molar rati®preferably 0 to 100 and more preferably O
to 10.
[0129]

As for a preferable ratio of the cyclic ester campd (a) to the cyclic ester compound
(b), the lower limit of the value (mol%) of 180cyclic ester compound (a) / (cyclic ester
compound (a) + cyclic ester compound (b)) is pedir 5 mol%, more preferably 25 mol%,
even more preferably 40 mol%, and particularly @rably 50 mol%. The upper limit of the
value is preferably 99 mol%, more preferably 90 ¥hokven more preferably 85 mol%, and
particularly preferably 80 mol%.
[0130]

Magnesium/titanium (atomic ratio) (i.e., the numbemoles of magnesium atom/the
number of moles of titanium atom) is preferably200 and more preferably 4 to 50.
[0131]

The content of components that may be containeer dhan the cyclic ester compounds
(a) and (b), such as the solubilizing componenttardatalyst component (c), is preferably
20 % by mass or less and more preferably 10 % Issroaless per 100 % by mass of the cyclic
ester compounds (a) and (b).
[0132]
<Organometallic compound (ll)>

The organometallic compound (II) is an organontietabmpound containing a metal
atom selected from the group consisting of grougrdup 2, and group 13 of the periodic table.
Specifically, a compound containing a group 13 mstach as an organoaluminum compound or
an alkyl complex compound of a group 1 metal andh@um, an organometallic compound of a
group 2 metal, or the like is usable as the orgataliic compound (Il). Among these, the
organometallic compound (ll) is preferably an omgnominum compound.
[0133]
<Electron donor (l11)>

The olefin polymerization catalyst may optionaidtyntain an electron donor (lll). The

electron donor (ll) is preferably an organosilicammpound. Examples of the organosilicon
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compound include compounds represented by fornaylaelow.
[0134]

R:Si(OR")., (5)

In formula (5) above, R and R' are hydrocarborugsp and n is an integer of 0<n<4.
[0135]

Among these, the compounds represented by for(Bukbove are preferably
vinyltriethoxysilane, diphenyldimethoxysilane, dobghexyldimetoxysilane,
cyclohexylmethyldimetoxysilane, and dicyclopenthgidtoxysilane.

[0136]

A compound represented by formula (6) below is aleferable as the organosilicon
compound.
[0137]

Si(OR)3(NR°R°) (6)

In formula (6) above, Rs a hydrocarbon group having 1 to 6 carbon atqmeserably
an unsaturated or saturated aliphatic hydrocarbampghaving 1 to 6 carbon atoms, and more
preferably a saturated aliphatic hydrocarbon gitwangng 2 to 6 carbon atoms.  Specific
examples of Rinclude a methyl group, an ethyl group, a n-prapgup, an iso-propyl group, a
n-butyl group, an iso-butyl group, a sec-butyl groa n-pentyl group, an iso-pentyl group, a
cyclopentyl group, a n-hexyl group, and a cyclohexgup. Among these,’Rs preferably an
ethyl group.

[0138]

In formula (6) above, Ris a hydrocarbon group having 1 to 12 carbon atomnzs
hydrogen atom, and is preferably an unsaturateatoirated aliphatic hydrocarbon group having
1 to 12 carbon atoms or a hydrogen atom. Spesifienples of Rinclude a hydrogen atom, a
methyl group, an ethyl group, a n-propyl groupjsampropyl group, a n-butyl group, an
iIso-butyl group, a sec-butyl group, a n-pentyl groan iso-pentyl group, a cyclopentyl group, a
n-hexyl group, a cyclohexyl group, and an octylugro Among these, 'Rs preferably an ethyl
group.

[0139]

In formula (6) above, Rs a hydrocarbon group having 1 to 12 carbon atonas
hydrogen atom, and is preferably an unsaturatesatoirated aliphatic hydrocarbon group having
1to 12 carbon atoms. Specific examples DiRlude a methyl group, an ethyl group, a
n-propyl group, an iso-propyl group, a n-butyl gupan iso-butyl group, a sec-butyl group, a

n-pentyl group, an iso-pentyl group, a cyclopegtgup, a n-hexyl group, a cyclohexyl group,
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and an octyl group. Among thesé€,iRpreferably an ethyl group.
[0140]

Specific examples of the compound representeadimifla (6) above include
dimethylaminotriethoxysilane, diethylaminotrieth@dgne, dimethylaminotrimethoxysilane,
diethylaminotrimethoxysilane, diethylaminotri-n-paxysilane,
di-n-propylaminotriethoxysilane, methyl-n-propylaratriethoxysilane,
t-butylaminotriethoxysilane, ethyl-n-propylamin@toxysilane,
ethyl-iso-propylaminotriethoxysilane, and methylgtiminotriethoxysilane. One of these may
be used, or two or more may be used in combination.

[0141]

Other examples of the organosilicon compound thelcompounds represented by
formula (7) below.
[0142]

RNSIi(OR)3 (7)

In formula (7) above, RN is a cyclic amino grougexamples of the cyclic amino
group include a perhydroquinolino group, a perhigirguinolino group, a
1,2,3,4-tetrahydroquinolino group, a 1,2,3,4-tegchbisoquinolino group, and an
octamethyleneimino group. M the same as in formula (6) above.

[0143]

Specific examples of the compounds representddrinyula (7) above include
(perhydroquinolino)triethoxysilane, (perhydroisagpiino)triethoxysilane,
(1,2,3,4-tetrahydroquinolino)triethoxysilane, (B,2-tetrahydroisoquinolino)triethoxysilane, and
octamethyleneiminotriethoxysilane. One of thesg beused, or two or more may be used in
combination.

[0144]

As for the various kinds of components, such astedn donors, of the solid titanium
catalyst component, one of each kind may be useti{veo or more can be used in combination.
[0145]
<Production conditions of propylene homopolymerxB)

The propylene homopolymer (B) is preferably prastiby performing main
polymerization in the presence of a pre-polymerizatalyst obtained by pre-polymerizing
propylene in the presence of the olefin polymerizatatalyst. The pre-polymerization is
performed by pre-polymerizing propylene preferablgn amount of 0.1 to 1000 g, more

preferably 0.3 to 500 g, and even more preferality 200 g per gram of the olefin
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polymerization catalyst.
[0146]

In pre-polymerization, a catalyst can be useddnracentration higher than the catalyst
concentration in the system of main polymerizatiomhe concentration of the solid titanium
catalyst component (I) in pre-polymerization, imte of titanium atom, is preferably 0.001 to
200 mmol, more preferably 0.01 to 50 mmol, and awerne preferably 0.1 to 20 mmol per liter
of solvent.

[0147]

It is sufficient that the amount of the organorietaompound () in
pre-polymerization is an amount such that prefgr@tl to 1000 g and more preferably 0.3 to
500 g of a polymer is produced per gram of thedstitianium catalyst component (I).
Specifically, the amount of the organometallic cannpd (11) is preferably 0.1 to 300 mol, more
preferably 0.5 to 100 mol, and even more preferality 50 mol per mol of titanium atoms in the
solid titanium catalyst component (I).

[0148]

In pre-polymerization, the electron donor (lll)date like can be used as necessary.
At this time, the amount of these components ifepably 0.1 to 50 mol, more preferably 0.5 to
30 mol, and even more preferably 1 to 10 mol perahttanium atoms in the solid titanium
catalyst component (I).

[0149]

Pre-polymerization can be performed, for examgheler mild conditions after adding
propylene and the catalyst component to an inettdoarbon medium. Specific examples of
the inert hydrocarbon medium include aliphatic logdirbons such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane, asghkeralicyclic hydrocarbons such as
cyclopentane, methylcyclopentane, cyclohexane ptyptane, methylcycloheptane, and
cyclooctane; aromatic hydrocarbons such as bensmglnene, and xylene; halogenated
hydrocarbons such as ethylenechloride and chlozden) and mixtures thereof. Among these
inert hydrocarbon media, an aliphatic hydrocarlsopreferable. In the case of using an inert
hydrocarbon medium as above, it is preferable tiopa pre-polymerization in a batch-wise
manner.

[0150]

On the other hand, it is also possible to perfpreapolymerization using propylene

itself as a solvent, and it is also possible tdgrer pre-polymerization in a substantially

solvent-free state. In this case, it is preferablperform pre-polymerization in a continuous
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manner. The temperature of pre-polymerizatiorré$guably -20 to 10TC, more preferably -20
to 8C°C, and even more preferably 0 t°@0
[0151]

Next, main polymerization will now be describedigh is performed via the
pre-polymerization or not via the pre-polymerizatio The main polymerization is the step of
producing the propylene homopolymer (B).

[0152]

Pre-polymerization and main polymerization carpbdormed by any of liquid-phase
polymerization methods such as bulk polymerizatsmhtion polymerization and suspension
polymerization, and gas-phase polymerization methodAmong these, liquid-phase
polymerization such as bulk polymerization or surspen polymerization, or gas-phase
polymerization is preferable.

[0153]

When main polymerization takes the reaction fofralarry polymerization, an inert
hydrocarbon as used during the above-describeggyeaerization is usable as a reaction
solvent. Propylene, which is liquid at the reactiemperature and pressure, is usable as well.
[0154]

In main polymerization, the amount of the soltdriium catalyst component (1), in
terms of titanium atom, is preferably 0.0001 to ol and more preferably 0.005 to 0.1 mmol
per liter of the polymerization volume. The amoahthe organometallic compound (ll) is
preferably 1 to 2000 mol and more preferably 506 Bol per mol of titanium atoms in the
pre-polymerized catalyst component in the polynsiin system. In the case of using the
electron donor (lll), the amount of the electromdo(lll) is preferably 0.001 to 50 mol, more
preferably 0.01 to 30 mol, and even more prefer@®p to 20 mol per mol of the
organometallic compound (II).

[0155]

Performing main polymerization in the presencéyafrogen makes it possible to adjust
(reduce) the molecular weight of the resulting pody, and yields a polymer having a high melt
flow rate (MFR). The range of the amount of hya@nogecessary for adjusting the molecular
weight cannot be generally specified because iesatepending on the type of the production
process used, pressure, and temperature. Accbyding preferable to determine the amount
of hydrogen in consideration of pressure and teatpeg such that a propylene homopolymer
(B) having an MFR that is within the intended raigebtained.

[0156]
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In main polymerization, the polymerization tempera of propylene is preferably 20 to
200°C, more preferably 30 to 100, and even more preferably 50 t¢80 The pressure
(gauge pressure) is preferably from normal pressut®0 kgf/cm (9.8 MPa) and more
preferably 2 to 50 kgf/ci(0.20 to 4.9 MPa).

[0157]

The propylene homopolymer (B) is used as a ravenatof a capacitor film, and thus
when the amount of the polymer produced per undgwarhof catalyst is small, it is possible to
remove catalyst residues by performing after-treatm Even when the amount of the polymer
produced is large due to high catalytic activitysipreferable to perform after-treatment to
remove catalyst residues.

[0158]

An example of a method of the after-treatmentashing the resulting propylene
homopolymer (B) with liquid propylene, butane, hegaheptane, or the like. At this time,
water, an alcohol compound, a ketone compoundther eompound, an ester compound, an
amine compound, an organic acid compound, an inargecid compound, or the like may be
added to solubilize catalyst components such asitim and magnesium to make it easy to
perform extraction. Washing with a polar composndh as water or alcohol is also preferable.
By performing such after-treatment, the chlorinateat in the resulting propylene homopolymer
(B) can be reduced.

[0159]
<Method for preparing propylene homopolymer compas?

An example of the method for preparing a propyleoeopolymer composition of the
present invention is mixing the propylene homopdayiA) in a powder or pellet form, the
propylene homopolymer (B), and optionally otheritides by a dry blender, a Henschel mixer,
or the like. Also, these raw materials may be tketaded in advance by a uniaxial or biaxial
kneading machine, a kneader, or the like. Exanmgfiesher additives include stabilizers such
as antioxidants and chlorine absorbents, lubri¢cgsticizers, flame retardants, and antistatic
agents. These additives can be added as long &ff¢icts of the present invention are not
impaired.

[0160]
<Capacitor film>

The capacitor film of the present invention is gmsed of the propylene homopolymer
composition of the present invention. The thiclenesthe capacitor film of the present

invention is 1 to 5um, preferably 1.5 to 3Am, more preferably 2 to 2@m, even more
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preferably 2 to 1fum, and particularly preferably more thap#h and 15um or less. When
the thickness is less tharufn, film break is likely to occur, and film produaty is decreased.
On the other hand, when the thickness exceegsrblt is not possible to reduce the capacitor
size and, also, capacitance is small. In particulben the capacitor film of the present
invention is a film having a thickness of more tiigum, significant effects of providing
excellent high-temperature voltage resistance baraed.

[0161]

The capacitor film of the present invention islia fobtained by stretching the
propylene homopolymer composition at an area $trettio (area ratio of lengthwidth) of 30
to 80, preferably 35 to 75, more preferably 35@pahd even more preferably 35 to 50. When
the area stretch ratio is 30 or more, the sizeydtals inside a film is small, and a film having a
higher dielectric breakdown strength can be obthine
[0162]

Normally, the higher the temperature during usetae thinner the capacitor film is, the
lower the withstand voltage tends to be. Howesiace a propylene homopolymer
composition that satisfies specific requirementssisd in the capacitor film of the present
invention, the thin film of the present inventi@aharacterized by high voltage resistance even
when the temperature during use is high.

[0163]

The high-temperature withstand voltage of the capafilm of the present invention is
preferably 0.90 kV or more, and more preferablyk\MGr more, for example, when the film has
a thickness of 5.im. Here, the high-temperature withstand voltagevalue of withstand
voltage (BDV) obtained by the measurement methogiged in the Examples described below,
and the temperature is set to 120
[0164]

The capacitor film of the present invention isfprably used as a capacitor separator
film to be interposed between the electrodes @acitor. That is to say, the present invention
includes the use of the capacitor film of the pnés@vention as a capacitor separator film.
[0165]
<Method for producing capacitor film>

The capacitor film of the present invention isabed by, for example, producing a
primary sheet and then stretching the sheet.

[0166]

For example, the following method can be emploged method for producing a
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primary sheet. As described above, it is posslgoduce a propylene homopolymer
composition by melt-kneading raw materials in acearand use this propylene homopolymer
composition as a raw material. It is also posdiblese a dry blend of the propylene
homopolymer (A) and the propylene homopolymer {B)which various additives such as
various antioxidants (such as Irganox 1010 (traatee) manufactured by BASF), BHT
(dibutylhydroxytoluene), and Irgafos 168 (trade mamanufactured by BASF) and calcium
stearate are further added as necessary.

[0167]

The propylene homopolymer composition is suppitedn extruder from a hopper,
thermally melted at 170 to 300 and preferably 200 to 280, and melt-extruded from a T-die.
Then, this composition is cooled to solidify by atal chill roll at 70 to 12TC, thus yielding an
unstretched primary sheet. The thickness of thegry sheet is not particularly limited, and is
preferably 60 to 80im and more preferably 80 to 40éh. When the thickness of the primary
sheet is less than §0n, the sheet may break during stretching. Wheithickness exceeds
800um, a thin film cannot be obtained and, therefouehsa sheet may not be suitable for a
capacitor film.

[0168]

A capacitor film may be produced by stretchingphienary sheet. Examples of
stretching methods include uniaxial stretching madghand biaxial stretching methods, and
biaxial stretching methods are preferable. Exampféiaxial stretching methods include
sequential biaxial stretching methods in whichma fs uniaxially stretched in the machine
direction and then stretched in a direction perprrar to the machine direction, and
simultaneous biaxial stretching methods in whichtshing is performed simultaneously in the
machine direction and in a direction perpendicthareto. Specifically, sequential biaxial
stretching methods such as a tenter method artob&atuilm method as well as simultaneous
biaxial stretching methods are usable.

[0169]

A tenter method can be performed, for exampléhénfollowing manner. A molten
sheet that has been melt-extruded from a T-dielidied by a chill roll, and the sheet is
introduced into a stretching zone after preheasedegded. Then, the sheet is stretched to 3 to
9 times in the machine direction (longitudinal diten) at a temperature of 120 to 260 and
stretched to 5 to 11 times in a direction perpeandicto the machine direction (transverse
direction) at a temperature of 150 to 180 The total area stretch ratio is 30 to 80, pedfly
35 to 75, more preferably 35 to 70, and even mogéepbly 35 to 50. Optionally, it is also
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possible to subject the biaxially stretched filmheat setting at 160 to 19D. Accordingly, a
film can be obtained that has more enhanced thetimmnsional stability, abrasion resistance,
and the like.

EXAMPLES
[0170]

The present invention will now be described in endetail below by way of Examples,
but the present invention is not limited theret®arious properties of propylene homopolymers
and propylene homopolymer compositions used in Ept@srand Comparative Examples were
measured as follows.

[0171]
(1) Melt flow rate (MFR)

The melt flow rate (MFR) was measured atZ30@nder a load of 2.16 kg in accordance
with ASTM D1238.

[0172]
(2) Mesopentad fraction (mmmm)

The mesopentad fraction (mmmm) of a propylene hpmiyoner is a value determined
by assignment as set forth by A. Zambelli et alackdmolecules, 8,687 (1975), and was
measured by’C-NMR under the following conditions. The mesopehtraction is a value
represented by the following formula.

[0173]

Mesopentad fraction = (Peak area at 21.7 ppm)(Bessa at 19 to 23 ppm)
<Measurement conditions>

Type JNM-Lambada 400 (trade name, manufacturetB@L Ltd.)

Resolution 400 MHz

Measurement temperature 125

Solvent 1,2,4-Trichlorobenzene/deuterated benzefld (mass ratio)

Pulse width 7.81sec

Pulse interval 5 sec

Cumulative number 2000 times

Shift standard TMS =0 ppm

Mode Single-pulse broadband decoupling
[0174]

(3) Half width of elution peak
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A sample was dissolved by being stirred for 60uten in o-dichlorobenzene (300 ppm,
containing BHT) at 16TC, and then left to stand still at @ for 45 minutes.  This solution was
introduced into a TREF column at*@5 then cooled to -2@ at a cooling rate of &/min, and
then heated to 14Q at a heating rate of 2O/min to obtain an elution curve. The temperature
width located at the height that is half the heigithe elution peak obtained from the resulting
elution curve was calculated, and the value thenesf regarded as the elution peak half width.
Measurement conditions are as follows.

[0175]
<Measurement conditions>

Apparatus Temperature rising elution fractionatpparatus TREF 200+ (trade
name, manufactured by Polymer ChAR)

Eluant o-Dichlorobenzene (300 ppm, containing BHT)

Sample concentration 0.40% (w/v)

Injection volume 0.3 mL
[0176]

(4) Molecular weight distribution (Mw/Mn)

Measurement was performed under the following t@mrg, and the resulting
chromatogram was analyzed to calculate the Mw/Ma pifopylene homopolymer. The
molecular weight was calculated by a universabeation method to find a value in terms of
polystyrene. As for the baseline of a GPC chrogratm, the retention time at which the
elution curve rises was regarded as the starting,@nd the retention time corresponding to a
molecular weight of 1000 was regarded as the emd.po
[0177]
<Measurement conditions>

Liquid chromatograph: ALC/GPC 150-C Plus (tradeneaa differential refractometer
detector integral type, manufactured by Waters)

Columns: GMHG6-HT (trade name, manufactured by MdSorporation)x 2 and
GMHG6-HTL (trade name, manufactured by Tosoh Corjamax 2 connected in series

Mobile phase medium: o-Dichlorobenzene

Flow rate: 1.0 mL/min

Measurement temperature: 280

Sample concentration: 0.10% (W/W)

Amount of sample solution: 5Q0_

[0178]
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(5) Chlorine content

A burner manufactured by Mitsubishi Kasei Corpioraivas used to burn 0.8 g of a
sample at 400 to 90C in an argon/oxygen stream. Then, the combugi@snwas captured by
ultrapure water, and the sample solution afterdeoncentrated was subjected to a
DIONEX-DX300 ion chromatogram (trade name, manufiged by Nippon Dionex) and an
anion column AS4A-SC (trade name, manufactured ippdh Dionex) to measure the chlorine
content.
[0179]
(6) Proportions of heterologous bonds based onngdrtion and 1,3-insertion

Using™C-NMR, the proportions of 2,1-insertion and thegadion of 1,3-insertion of
propylene monomers in all propylene constitutingsuwere measured in accordance with the
method described in JP7-145212A.
[0180]
(7) Withstand voltage (BDV)
- Examples 1 to 8 and Comparative Examples 1 to 10

The BDVs of the resulting films were measureddoaadance with JIS-C 2330. The
measurement temperature was set td@20 Primary films having a thickness of 1, 175
um, or 200um were subjected to sequential biaxial stretchiniget stretched to 5 times in the
longitudinal direction (machine direction) and téiries in the transverse direction (area stretch
ratio: 35) to prepare films having 3 different #messes of more than 4uéh and 6.Qum or less,
and the withstand voltage of each film was measurddhe dielectric breakdown voltage [kV]
at a thickness of 50m was calculated by the least-squares method femh withstand voltage
and film thickness.
[0181]
- Reference Examples 1 to 4

The BDVs of the resulting stretched films were swrad in accordance with JIS-C
2330. The measurement temperature was set tC12@Primary films having 3 different

thicknesses of 12m, 150um, and 17Qum were subjected to sequential biaxial stretchiniget

stretched to 5 times in the longitudinal direct{amachine direction) and 9 times in the transverse

direction (area stretch ratio: 45) to prepare filmging 3 different thicknesses in the range of
2.5 to 4.0um, and the withstand voltage of each film was mestsu The dielectric breakdown
voltage [kV] when the thickness wagqB was calculated by the least-squares method femwh e
withstand voltage and film thickness.

[0182]
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<Production examples of propylene homopolymers>
[Production Example 1] (Production of propylene lopolymer (PP1))
(1) Production of solid catalyst carrier

SiO, (trade name: Sunsphere H121, manufactured by AGeé@ Co., Ltd.) in an
amount of 300 g was sampled into a 1 L sidearnk #aml slurried by adding 800 mL of toluene.
Next, the slurry was transferred to a 5 L four-néakk, and 260 mL of toluene was added. A
2830 mL methylaluminoxane (hereinafter referredsdMAQO)-toluene solution (10 % by mass
solution) was added. While maintaining room terapge, stirring was performed for 30
minutes. The temperature was raised tdCli 1 hour, and a reaction was carried out for 4
hours. After the end of reaction, the temperatvuas lowered to room temperature. After
cooling, supernatant toluene was removed, andrieluas newly added for replacement until
the percentage of replacement reached 95%.

[0183]
(2) Production of solid catalyst (supporting metaialyst component onto carrier)

In a glove box, 1.0 g of
[3-(1',1,4',4',7',7',10',10"-octamethyloctahydtmhzo[b,h]fluorenyl)(1,1,3-trimethyl-5-tert-butyl
-1,2,3,3a-tetrahydropentalene)]zirconium dichlongies weighed into a 5 L four-neck flask.
The flask was taken out, 0.5 L of toluene and 2(@Q0 g in terms of solid component) of the
MAOQO/SIiO,/toluene slurry prepared in (1) above were addelkunitrogen, and stirring was
performed for 30 minutes for supporting. The resgl
[3-(1',1',4',4',7",7',10',10"-octamethyloctahydtmtizo[b,h]fluorenyl)(1,1,3-trimethyl-5-tert-butyl
-1,2,3,3a-tetrahydropentalene)]zirconium dichloffidl@O/SiO,/toluene slurry was subjected to
99% replacement with n-heptane such that the &nmadunt of the slurry was 4.5 liters. This
procedure was performed at room temperature.

[0184]
(3) Production of pre-polymerized catalyst

A stirrer-equipped autoclave having an inner vaturh 200 L was charged with 101 g
of the solid catalyst component prepared in (2vab@11 mL of triethylaluminum, and 80 L of
heptane, the inner temperature was maintained &t 28C, 303 g of ethylene was added, and a
reaction was carried out for 180 minutes while @ening stirring.

[0185]

After the end of polymerization, solid componentse allowed to precipitate, and
supernatant removal and heptane washing were petbtwice. The resulting
pre-polymerized catalyst was re-suspended in garifieptane so that the solid catalyst
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component concentration was adjusted by heptaheytb. This pre-polymerized catalyst
contained 3 g of polyethylene per gram of the scéithlyst component.

[0186]

(4) Main polymerization

To a jacketed circulating tubular polymerizer mgyan inner volume of 58 L were
continuously supplied 30 kg/h of propylene, 5 Nbfthydrogen, 3.2 g/h of the slurry of
pre-polymerized catalyst produced in (3) above salid catalyst component, and 1.0 ml/h of
triethylaluminum, and polymerization was performetth the polymerizer being completely
filled so that there was no vapor phase presenhe témperature of the tubular polymerizer was
30°C, and the pressure was 3.1 MPa/G.

[0187]

The resulting slurry was sent to a stirrer-equippessel polymerizer having an inner
volume of 1000 L to further perform polymerizationTo the polymerizer were supplied 50 kg/h
of propylene as well as hydrogen such that thedgein concentration of the vapor phase
portion was 0.10 mol%. Polymerization was perfairaea polymerization temperature of
70°C under a pressure of 3.0 MPa/G. The resultingysiuas sent to a stirrer-equipped vessel
polymerizer having an inner volume of 500 L to fent perform polymerization. To the
polymerizer were supplied 15 kg/h of propylene &l as hydrogen such that the hydrogen
concentration of the vapor phase portion was 0.4 Polymerization was performed at a
polymerization temperature of 89 under a pressure of 2.9 MPa/G. Moreover, thdtieg
slurry was sent to a stirrer-equipped vessel potigaehaving an inner volume of 500 L to
further perform polymerization. To the polymerizegre supplied 12 kg/h of propylene as well
as hydrogen such that the hydrogen concentratitimeofapor phase portion was 0.10 mol%.
Polymerization was performed at a polymerizationgerature of 68 under a pressure of 2.9
MPa/G. Finally, the resulting slurry was sent tstierer-equipped vessel polymerizer having an
inner volume of 500 L to further perform polymetipa. To the polymerizer were supplied 13
kg/h of propylene as well as hydrogen such thahtlt#ogen concentration of the vapor phase
portion was 0.10 mol%. Polymerization was perfairaea polymerization temperature of
67°C under a pressure of 2.9 MPa/G, and a slurry wtsred at 40 kg/h.

[0188]

The resulting slurry was vaporized, then subjetbeghs-solid separation, introduced
into a conical dryer, and vacuum-dried at@0
[0189]

Characteristics of the propylene homopolymer (Ri®tained as above are shown in
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Table 1 below. PP1 does not contain a propylehgearte copolymer.
[0190]

[Production Example 2] (Production of propylene lopolymer (PP2))
(1) Production of solid catalyst carrier

A stirrer-equipped pressure vessel having annaterolume of 70 L that had been
sufficiently replaced with nitrogen was charge@initrogen atmosphere at normal temperature
with 31.6 L of dehydrated toluene and further ckedrgith a mixed solution obtained by diluting
1500 g of SiQ (trade name: Sunsphere H122, manufactured by Acleéc Co., Ltd.) with 8.0
L of toluene. The inner temperature was raisetit@€ while performing stirring at a stirring
rotational speed of 100 rpm, 1.1 L of a 15 % by srdikited triisobutylaluminum/toluene
solution (manufactured by Nippon Aluminum Alkylsd} was added and, further, 2.0 L of
toluene was added. Next, the inner temperatureravesd to 50C, 5.2 L of a 20 % by mass
diluted methylaluminoxane (hereinafter referredi$dViIAO)/toluene solution (manufactured by
Albemarle Corporation) was added in four dividedtipms and, further, 2.0 L of toluene was
added. Then, mixing was performed for 30 minutegeanretaining the inner temperature at
50°C and performing stirring at a stirring rotatiosakeed of 100 rpm.

[0191]

Then, the inner temperature was raised to 95 1€ @845 minutes, and a supporting
reaction was carried out for 4 hours. After thd ehreaction, the inner temperature was
lowered to 55 to 6%, stirring was stopped, and the vessel was leftand still for 84 minutes.
Then, 32.0 L of supernatant was removed, 51.0tblakne was newly added, and the inner
temperature was raised to 55 td®5while performing stirring.  Stirring was stoppetien the
inner temperature stabilized at a predeterminegéeature, and the vessel was left to stand still
for 134 minutes. Then, 51.0 L of supernatant veasaved, 7.0 L of toluene was newly added,
the temperature was lowered to room temperatuckthareby 25.7 L of an MAO/Sioluene
slurry was obtained.

[0192]
(2) Production of solid catalyst (supporting metaialyst component onto carrier)

To a stirrer-equipped pressure vessel having rer molume of 20 L that had been
sufficiently replaced with nitrogen was added initeogen atmosphere at normal temperature 9.8
L (864 g in terms of solid component) of the MAGDZtoluene slurry prepared in (1) above and,
further, 2.2 L of n-heptane was added. Then,nhertemperature was raised t6Gwhile
performing stirring at a stirring rotational spesdL30 rpm, a solution obtained by diluting 17.5
g of a surfactant (trade name: Adeka Pluronic Lrdanufactured by ADEKA) in 1.0 L of
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n-heptane was added, and stirring/mixing was pexéorfor 45 minutes. Then, the vessel was
left to stand still for 214 minutes, 9.7 L of supatant was removed, 8.0 L of n-heptane was
newly added, the inner temperature was maintaih88°€ while performing stirring at a

stirring rotational speed of 100 rpm, and nextuessel was left to stand still for 177 minutes.
Then, 7.0 L of n-heptane was added, 13.5 g of@nésic mixture represented by formula [VII]
below that had been diluted by 3.0 L of toluenadrance was added, and a complex supporting
reaction was carried out at an inner temperatuB5tg for 60 minutes while performing stirring
at a stirring rotational speed of 130 rpm. Nex@40L of a triisobutylaluminum/toluene

solution was added, and stirring was performedhanaer temperature of 36 for 60 minutes.

[0193]
[Formula 8]
ZrCl,
N
[(VITTI]
[0194]

Then, stirring was stopped to leave the vessstiaind still for 31 minutes, 10.9 L of
supernatant was removed, 8.0 L of n-heptane wasdadtirring was performed at an inner
temperature of 3% at a stirring rotational speed of 100 rpm, arahtthe vessel was left to
stand still for 23 minutes. Next, 8.0 L of supeama was removed, 9.0 L of n-heptane was
added, and the temperature was lowered to norrmgdeiature while performing stirring at a
stirring rotational speed of 130 rpm. As a resubplid-catalyst slurry was obtained in an
amount of the slurry of 12.3 liters.

[0195]
(3) Production of pre-polymerized catalyst

A stirrer-equipped pressure vessel having an imakime of 270 L that had been
sufficiently replaced with nitrogen was chargedhwiB.4 L of n-heptane in a nitrogen
atmosphere, 11.8 L (841 g in terms of solid catatgmponent) of the solid catalyst slurry
prepared in (2) above was added and, further, 28fh-heptane was added. Then, the stirring

rotational speed was set to 150 rpm, and the if@meperature was raised to°8 Next, 0.90 L
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of a triisobutylaluminum/toluene solution was addaad stirring/mixing was performed for 30
minutes.
[0196]

Next, the inner temperature was maintained &€32780 g of ethylene was added, and
the reaction was carried out for 360 minutes wpdegorming stirring.  After the end of
polymerization, unreacted ethylene was replaceld mittogen to allow solid components to
precipitate, and supernatant removal and heptashim@were performed once. The resulting
pre-polymerized catalyst was re-suspended in namepfor adjustment such that the solid
catalyst component concentration was 4.9 g/L, aecamount of the slurry was 171 L. This
pre-polymerized catalyst contained 3 g of polyathgl per gram of the solid catalyst component.
[0197]

(4) Main polymerization

To a stirrer-equipped vessel polymerizer havinghaer volume of 70 L were supplied
116.9 kg/h of propylene as well as hydrogen suahttie hydrogen concentration in the vapor
phase portion was 0.61 mol%. Then, 1.2 g/h okthey of pre-polymerized catalyst produced
in (3) above as a solid catalyst component, 8.1 oflitriethylaluminum, and 0.4 g/h of a
surfactant (trade name: Adeka Pluronic L-72, mactufed by ADEKA) were continuously
supplied. The polymerization temperature was 0, @nd the pressure was 2.94 MPa/G.
The resulting slurry was sent to a stirrer-equippeskel polymerizer having an inner volume of
1000 L to further perform polymerization. To th@ymerizer were supplied 15.9 kg/h of
propylene as well as hydrogen such that the hyaragacentration of the vapor phase portion
was 0.47 mol%. Polymerization was performed atlgiperization temperature of 680
under a pressure of 2.86 MPa/G. The resultingysiuas sent to a stirrer-equipped vessel
polymerizer having an inner volume of 500 L to fent perform polymerization. To the
polymerizer were supplied 7.6 kg/h of propylenavali as hydrogen such that the hydrogen
concentration of the vapor phase portion was 0.624n Polymerization was performed at a
polymerization temperature of 67 under a pressure of 2.78 MPa/G. The resultimg)s|
was sent to a stirrer-equipped vessel polymeriaeinig an inner volume of 500 L to further
perform polymerization. To the polymerizer wer@plied 22.1 kg/h of propylene as well as
hydrogen such that the hydrogen concentratione¥/#por phase portion was 0.60 mol%.
Polymerization was performed at a polymerizationgerature of 654 under a pressure of
2.72 MPa/G.

[0198]
The resulting slurry was vaporized and then subgeto gas-solid separation, and a
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propylene polymer was thus obtained. The propyjertgmer was obtained at 62 kg/h.
Vacuum drying was performed at°®on the propylene polymer.
[0199]

Characteristics of the propylene homopolymer (Ri»23ined as above are shown in
Table 1 below. PP2 does not contain a propylehgaste copolymer.

[0200]
[Production Example 3] (Production of propylene lopolymer (PP3))
(1) Production of solid catalyst

After a high-speed stirrer (trade name: TK Homaenid, manufactured by Tokushu
Kika Kogyo Co., Ltd.) having an inner volume ofizts was sufficiently substituted with
nitrogen, 700 ml of purified decane, 10 g of comtradly available magnesium chloride, 24.2 g
of ethanol, and 3 g of Rheodol SP-S20 (trade namaaufactured by Kao Corporation, sorbitan
distearate) were added to this apparatus. Thedetnye of the reaction system was raised
while stirring this suspension, and this suspengias stirred at 12@ at 800 rpm for 30
minutes. Next, while being stirred at high spee@s not to generate precipitates, this
suspension was transferred using a Teflon (regdteademark) tube having an inner diameter
of 5 mm into a 2 liter glass flask (equipped witkt@rer) charged with 1 liter of purified decane
that had been cooled to “IDin advance. Solids generated by liquid transfene filtered and
sufficiently washed with purified n-heptane, andreéby a solid adduct was obtained in which
2.8 mol of ethanol was coordinated per mol of magma chloride.

[0201]

This solid adduct was formed into a suspensioh d&cane, 23 mmol of the solid
adduct in terms of magnesium atom was introduceateveing stirred into 100 ml of titanium
tetrachloride maintained at -20, and a mixed solution was thus obtained. The&zature of
this mixed solution was raised to°8over a period of 5 hours, when the temperatuaehed
80°C, diisobutyl 3,6-dimethylcyclohexane-1,2-dicarblatg (a mixture of the cis form and the
trans form) was added in a proportion of 0.085 pelmol of magnesium atoms of the solid
adduct, and the temperature was raised t6A 1940 minutes. When the temperature reached
110°C, diisobutyl cyclohexane-1,2-dicarboxylate (a mietof the cis form and the trans form)
was further added in a proportion of 0.0625 molmpet of magnesium atoms of the solid adduct,
the temperature was maintained at°Tl@r 90 minutes while performing stirring to thieye
react these components.

[0202]

After the end of 90-minute reaction, the solidtfmor was collected by hot filtration, this
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solid portion was re-suspended in 100 ml of titamtetrachloride, and when the temperature
was raised and reached 100 the temperature was maintained for 45 minutatevplerforming
stirring to thereby react these components. Aflerend of 45-minute reaction, the solid
portion was collected by hot filtration again, adficiently washed with decane and heptane at
100°C until no free titanium compound was detectedhawashings.

[0203]

A solid titanium catalyst componemt-() prepared by the above procedure was stored
as a decane suspension, and some of it was drieddstigate the catalyst composition. The
composition of the solid titanium catalyst compannl) thus obtained included 3.2 % by
mass of titanium, 17 % by mass of magnesium, 5% ¥dss of chlorine, 10.6 % by mass of
diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxglaB.9 % by mass of diisobutyl
cyclohexane-1,2-dicarboxylate, and 0.6 % by massiofl alcohol residue.

[0204]
(2) Production of pre-polymerized catalyst

A stirrer-equipped autoclave having an inner vadurh200 L was charged with 150 g
of the solid catalyst component prepared in (1vab@4.4 mL of triethylaluminum, and 75 L of
heptane, the inner temperature was maintained &t 18C, 900 g of propylene was added, and
a reaction was carried out by performing stirring80 minutes. This pre-polymerized catalyst
contained 6 g of polypropylene per gram of tranositinetal catalyst component.

[0205]
(3) Main polymerization

To a stirrer-equipped vessel polymerizer havingnaer volume of 1000 L were
continuously supplied 132 kg/h of propylene, 14 gf the slurry of pre-polymerized catalyst as
a transition metal catalyst component, 8.4 mL/lriethylaluminum, and 16.2 mL/h of
dicyclopentyl dimethoxysilane, and hydrogen waspéied such that the hydrogen concentration
of the vapor phase portion was 2.5 mol%. Polyna¢ion was performed at a polymerization
temperature of 74 under a pressure of 3.2 MPa/G.

[0206]

The resulting slurry was sent to a stirrer-equippessel polymerizer having an inner
volume of 500 L to further perform polymerizationTo the polymerizer were supplied 29 kg/h
of propylene as well as hydrogen such that thedgein concentration of the vapor phase
portion was 1.8 mol%. Polymerization was perforraed polymerization temperature of’T1
under a pressure of 3.1 MPa/G. The resultingshlas sent to a stirrer-equipped vessel

polymerizer having an inner volume of 500 L to fnt perform polymerization. To the
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polymerizer were supplied 23 kg/h of propylene & as hydrogen such that the hydrogen
concentration of the vapor phase portion was 1.B4no Polymerization was performed at a
polymerization temperature of 82 under a pressure of 3.1 MPa/G. The resultingysiuas
deactivated and then sent to a washing tank oidigropylene to wash polypropylene powder.
[0207]

The resulting slurry was vaporized and then subgeto gas-solid separation, and a
propylene polymer was thus obtained. The resuftiogylene polymer was introduced into a
conical dryer and vacuum-dried at’80 Then, 60 grams of pure water and 0.54 liters of
propylene oxide were added to 100 kilograms ofpttoeluct, dechlorination treatment was
performed at 9TC for 2 hours, vacuum drying was performed &B@nd polypropylene
powder was thus obtained.

[0208]

Characteristics of the propylene homopolymer (Ri®»8ined as above are shown in

Table 1 below.

[0209]

[Production Example 4] (Production of propylene lopolymer (PP4))
(1) Preparation of solid titanium catalyst compdnen

A homogeneous solution was formed by heating 962amhydrous magnesium
chloride, 4420 mL of decane, and 3906 g of 2-ettwyhalcohol at 13TC for 2 hours. To this
solution was added 213 g of phthalic anhydridetisg/mixing was performed at 130 for
another hour to dissolve phthalic anhydride. After resulting homogeneous solution was
cooled to 23C, 750 mL of this homogeneous solution was addegwiise over a period of 1
hour to 2000 mL of titanium tetrachloride maintaireg -20C. After dropwise addition, the
temperature of the resulting mixture was raisetilfC over a period of 4 hours, when the
temperature reached II0) 52.2 g of diisobutyl phthalate (DIBP) was addmut] heating was
performed at this temperature for 2 hours. Thea sblid portion was collected by hot
filtration, and after this solid portion was re-paaded in 2750 mL of titanium tetrachloride,
heating was performed again at 3CGor 2 hours. After the end of heating, the spliltion
was collected by hot filtration again, and washédith wecane and hexane at 1CQuntil no
titanium compound was detected in the wash solstio he solid titanium catalyst component
thus prepared was stored as a hexane slurry. \8tmae of this hexane slurry was dried to
investigate the catalyst composition, the solihitim catalyst component contained 2 % by
mass of titanium, 57 % by mass of chlorine, 21 %riags of magnesium, and 20 % by mass of
DIBP.
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[0210]
(2) Production of pre-polymerized catalyst

A stirrer-equipped autoclave having an inner vaurh200 L was charged with 120 g
of the solid titanium catalyst component prepare(ll) above, 20.5 mL of triethylaluminum,
and 120 L of heptane, while maintaining the ineenperature at®&, 720 g of propylene was
added, and a reaction was carried out by perforstingng for 60 minutes. After the end of
polymerization, solid components were allowed tecypitate, and supernatant removal and
heptane washing were performed twice.

[0211]

The resulting pre-polymerized catalyst was re-sndpd in purified heptane, and thus a
slurry of the pre-polymerized catalyst having adstitanium catalyst component concentration
of 1 g/L was obtained. This pre-polymerized catbpontained 6 g of a propylene
homopolymer per gram of the solid titanium catab@hponent.

[0212]
(3) Main polymerization

To a stirrer-equipped vessel polymerizer havingnaer volume of 100 L were
continuously supplied 110 kg/h of propylene, 918 af the slurry of pre-polymerized catalyst
prepared in (2) above, 5.8 mL/h of triethylaluminuand 2.6 mL/h of
dicyclopentyldimethoxysilane, and hydrogen was $adsuch that the hydrogen concentration
of the vapor phase portion was 0.9 mol%. Polyna¢ion was performed at a polymerization
temperature of 7& under a pressure of 3.2 MPa/G.

[0213]

The resulting slurry was sent to a stirrer-equippessel polymerizer having an inner
volume of 1000 L to further perform polymerizationTo the polymerizer were supplied 30 kg/h
of propylene as well as hydrogen such that thedgein concentration of the vapor phase
portion was 1.3 mol%. Polymerization was perforraed polymerization temperature of’T1
under a pressure of 3.0 MPa/G. The resultingshlas sent to a stirrer-equipped vessel
polymerizer having an inner volume of 500 L to fent perform polymerization. To the
polymerizer were supplied 46 kg/h of propylene &l as hydrogen such that the hydrogen
concentration of the vapor phase portion was 1.84no Polymerization was performed at a
polymerization temperature of 89 under a pressure of 2.9 MPa/G. The resultingysiuas
deactivated and then sent to a washing tank oidigcopylene to wash propylene homopolymer
powder.

[0214]
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This slurry was vaporized, then subjected to gdistseparation, introduced into a
conical dryer, and vacuum-dried at’80 Then, 35.9 grams of pure water and 0.63 laérs
propylene oxide were added to 100 kilograms ofpttoeluct, dechlorination treatment was
performed at 9TC for 2 hours, vacuum drying was performed &B@&nd a propylene
homopolymer was thus obtained.

[0215]

Characteristics of the propylene homopolymer (Ri»fained as above are shown in

Table 1 below.

[0216]

[Production Example 5] (Production of propylene lopolymer (PP5))
(1) Production of solid catalyst carrier

SiO, (trade name: Sunsphere H121, manufactured by AGié@ Co., Ltd.) in an
amount of 300 g was sampled into a 1 L sidearnk #aml slurried by adding 800 mL of toluene.
Next, the slurry was transferred to a 5 L four-n#lakk, and 260 mL of toluene was added. A
2830 mL methylaluminoxane (hereinafter referredsdMAQO)-toluene solution (10 % by mass
solution) was added. While maintaining room terapge, stirring was performed for 30
minutes. The temperature was raised tdCli@ 1 hour, and a reaction was carried out for 4
hours. After the end of reaction, the temperatuas lowered to room temperature. After
cooling, supernatant toluene was removed, andrieluas newly added for replacement until
the percentage of replacement reached 95%.

[0217]
(2) Production of solid catalyst (supporting metaalyst component onto carrier)

In a glove box, 1.0 g of
(phenyl)(methyl)methylene(3-t-butyl-5-methylcyclaopadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-
dicyclopenta[b,h]fluorenyl)zirconium dichloride waighed into a 5 L four-neck flask. The
flask was taken out, 0.5 L of toluene and 2.0 LO(§0n terms of solid component) of the
MAOQO/SIiO,/toluene slurry prepared in (1) above were addelkunitrogen, and stirring was
performed for 30 minutes for supporting.

[0218]

The resulting
(phenyl)(methyl)methylene(3-t-butyl-5-methylcyclopadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-
dicyclopenta[b,h]fluorenyl)zirconium dichloride/MAGIO,/toluene slurry was subjected to 99%
replacement with n-heptane such that the final arhofithe slurry was 4.5 liters. This

procedure was performed at room temperature.
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[0219]
(3) Production of pre-polymerized catalyst

A stirrer-equipped autoclave having an inner vaurh200 L was charged with 101 g
of the solid catalyst component prepared in (2vab&l11 mL of triethylaluminum, and 80 L of
heptane, the inner temperature was maintained &t 28C, 303 g of ethylene was added, and a
reaction was carried out by performing stirring 80 minutes. After the end of
polymerization, solid components were allowed tecypitate, and supernatant removal and
heptane washing were performed twice.

[0220]

The resulting pre-polymerized catalyst was re-endpd in purified heptane and was
adjusted with heptane to have a solid catalyst comapt concentration of 1 g/L. This
pre-polymerized catalyst contained 3 g of polyethgl per gram of the solid catalyst component.
[0221]

(4) Main polymerization

To a jacketed circulating tubular polymerizer mgyan inner volume of 58 L were
continuously supplied 30 kg/h of propylene, 5 Nbfthydrogen, 2.6 g/h of the slurry of catalyst
produced in (3) above as a solid catalyst compomet 1.0 mi/h of triethylaluminum, and
polymerization was performed, with the polymerikemg completely filled so that there was no
vapor phase present. The temperature of the tupalgmerizer was 3, and the pressure
was 2.6 MPa/G.

[0222]

The resulting slurry was sent to a stirrer-equippessel polymerizer having an inner
volume of 1000 L to further perform polymerizationTo the polymerizer were supplied 50 kg/h
of propylene as well as hydrogen such that thedgein concentration of the vapor phase
portion was 0.19 mol%. Polymerization was perfairaea polymerization temperature of
60°C under a pressure of 2.5 MPa/G. The resultingysiuas sent to a stirrer-equipped vessel
polymerizer having an inner volume of 500 L to fent perform polymerization. To the
polymerizer were supplied 15 kg/h of propylene &l as hydrogen such that the hydrogen
concentration of the vapor phase portion was 0.6484n Polymerization was performed at a
polymerization temperature of 89 under a pressure of 2.5 MPa/G. Next, the regu#iurry
was sent to a stirrer-equipped vessel polymeriaeinig an inner volume of 500 L to further
perform polymerization. To the polymerizer wer@mlied 12 kg/h of propylene as well as
hydrogen such that the hydrogen concentrationef/épor phase portion was 0.19 mol%.

Polymerization was performed at a polymerizationgerature of 58 under a pressure of 2.5
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MPa/G. The resulting slurry was sent to a stieguipped vessel polymerizer having an inner
volume of 500 L to further perform polymerizationTo the polymerizer were supplied 13 kg/h
of propylene as well as hydrogen such that thedygein concentration of the vapor phase
portion was 0.19 mol%. Polymerization was perfairaea polymerization temperature of
57°C under a pressure of 2.4 MPa/G.

[0223]

The resulting slurry was vaporized and then subgeto gas-solid separation, a product
was obtained at 40 kg/h and then vacuum-dried &€ 88nd a propylene homopolymer was thus
obtained.

[0224]

Characteristics of the propylene homopolymer (Ri®6ained as above are shown in
Table 1 below. PP5 does not contain a propylehgearte copolymer.

[0225]
[Examples 1 to 8]
[Preparation of propylene homopolymer compositions]

Each propylene homopolymer was added in a praposgihown in Table 2. Moreover,
0.2 parts by mass of 3,5-di-tert-butyl-4-hydroxytehe as an antioxidant, 0.2 parts by mass of
tetrakis[methylene-3(3,5-di-tert-butyl-4-hydroxypiy® propionate]methane as an antioxidant,
and 0.01 parts by mass of calcium stearate astealizer were added per 100 parts by mass of
the propylene homopolymer for dry-blending. Thesing a uniaxial extruder, melt kneading
was performed at a resin temperature of’Z3@nd pellets of a propylene homopolymer
composition were formed. As a granulator, GMZ50482de name, manufactured by GM
Engineering Co., Ltd., L/D=32, 50 ngsingle screw) was used.

[0226]
[Formation of primary sheet]

Using a 25 mm T-die sheet molding machine (manufactured by PLRBResearch
Laboratory of Plastics Technology Co., Ltd.), theulting pellets of the propylene homopolymer
composition were melted at 23D, extruded, and cooled at a drawing rate of 11@imby one
chill roll maintained at 8TC, and a primary sheet having a thickness of 188, ar 200um was
thus obtained.

[0227]
[Preparation of film]
The resulting primary sheet was cut to 85 m8b5 mm and biaxially stretched under

the following conditions, and a film having a thigss of more than 4 im and 6.Qum or less
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was thus obtained.
[0228]

A film for high-temperature withstand voltage waspared by stretching a primary
sheet having a different thickness at a temperabeaged in the center of the temperature range
obtained above in which stretching can be performéthe withstand voltage (BDV) of the
resulting film was measured by the method descréimye. Results are shown in Table 2.
[0229]
<Stretching conditions>

Stretching apparatus: KARO IV (trade name, martufad by Bruckner)

Preheating temperature: 145 to 160

Preheating time: 60 seconds

Stretch ratio: Sequential biaxial stretching tiinges in longitudinal direction (machine
direction)x 7 times in transverse direction (area stretclor&t)

Stretching rate: 6 m/min
[0230]

The film thickness was adjusted by way of premgatemperature.

[0231]
[Comparative Examples 1 to 10]

Films were obtained in the same manner as in Ebafnpxcept that the formulations of
propylene homopolymer compositions were changeshaan in Table 3. The withstand
voltages of the resulting films were measured leyrtiethods described above. Results are
shown in Table 3.

[0232]

Examples 1 to 8 all had a withstand voltage (BBVas high as 1.80 kV or more, and

had excellent high-temperature voltage resistan€@n the other hand, Comparative Examples 1

to 10 had inferior high-temperature voltage resistato the Examples.

[0233]

[Table 1]

[Table 1]

Propylene homopolymer PP1 PP2 PP3 PP4 PP5
MFR (g/10 min) 4.0 3.5 2.0 3.1 4.0
Mmmm 0.95 0.98 0.97 0.98 0.94
Half width of elution peak°C) 3.29 3.17 5.22 4.16 4.20

Chlorine content

(ppm by mass) <1 <1 1 2 <1

Mw/Mn 2.6 2.6 9.6 3.8 3.6
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2,1-Insertion (Mol%)

1,3-Insertion (mol%)

[0234]
[Table 2]
[Table 2]

Example

PP1 (% by mass)

10

20

30

40

20

PP2 (% by mass)

10

20

20

PP3 (% by mass)

90

80

70

60

90

80

PP4 (% by mass)

80

80

MFR (g/10min)

2.1

2.3

2.5

2.6

2.1

2.2

3.3

3.2

Chlorine content
(ppm by mass)

0.9

0.8

0.7

0.6

0.9

0.8

1.6

1.6

mmmm

0.97

0.97

0.96

0.96

0.97

0.97

0.97

0.98

BDV (kV) at 120C

1.95

1.99

1.84

1.82

2.05

2.13

1.82

2.03

[0235]
[Table 3]
[Table 3]

Comparative Examplé

10

PP1 (% by mass)

100

80 60

80 20

PP2 (% by mass)

100

80

60

20

PP3 (% by mass)

100

20 40

20

40

PP4 (% by mass)

PP5 (% by mass)

80

80

MFR (g/10min)

2.0

4.0

3.5 3.0

3.5

3.1

2.8

0O 93

Chlorine content
(ppm by mass)

0.2 0.4

0.2

0.4

mmmm

0.97

0.95

0.95| 0.9 0.98

0.98

0.98

0p6 O

9495 O

BDV (kV) at 120C

1.50

1.44

1.49| 161

1.72

1.65

1.68

143 1.

7 1

[0236]

[Reference Examples 1 to 4]

32

Pellets of propylene homopolymer compositions vadriained in the same manner as

in Example 1 except that the formulations of prepg@ homopolymer compositions were

changed as shown in Table 4.
[0237]

[Formation of primary sheet]

Using a 25 mmp T-die sheet molding machine (manufactured by PLRBResearch

Laboratory of Plastics Technology Co., Ltd.), theulting pellets of the propylene homopolymer
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composition were melted at 23D, extruded, and cooled at a drawing rate of 11/@imby one
chill roll maintained at 8GC, and a primary sheet having a thickness of 120, &r 170um was
thus obtained.

[0238]

[Preparation of film]

The resulting primary sheet was cut to 85 m8b6 mm and biaxially stretched under
the following conditions, and a film having a thigss of 2.5 to 4.0m was thus obtained.
Results are shown in Table 4.

[0239]
<Stretching conditions>

Stretching apparatus: KARO IV (trade name, martufad by Bruckner)

Preheating temperature: 145 to 160

Preheating time: 60 seconds

Stretch ratio: Sequential biaxial stretching tiin%es in longitudinal direction (machine
direction)x 9 times in transverse direction (area stretclorat)

Stretching rate: 6 m/min
[0240]

In Reference Examples 1 to 4, the films had iofehigh-temperature voltage resistance
to the Examples. This is considered to be bectnesBims were thin.

[0241]
[Table 4]

[Table 4]

Reference Example 1 2 3 4
PP1 (% by mass) 40 20
PP2 (% by mass) 40 20
PP3 (% by mass) 60 80 60 80

PP4 (% by mass)

PP5 (% by mass)

MFR (g/10min) 2.6 2.3 2.5 2.2

Chlorine content 0.6 0.8 0.6 0.8
(ppm by mass)

BDV (kV) at 120C | 0.80 0.73 0.82 0.78

[0242]

The present application claims priority to Japarféatent Application No. 2014-156141
filed on July 31, 2014, the entire disclosure ofakhs incorporated herein by reference.
[0243]
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The present invention has been described aboefdrence to embodiments and
examples, but the present invention is not limttethe above embodiments and examples.
Various modifications can be made to the configarst and details of the present invention

within the scope of the present invention as caarzkerstood by those skilled in the art.

Industrial Applicability
[0244]

A capacitor film obtained from the propylene homlymer composition of the present
invention has excellent high-temperature voltagéstance and, therefore, the industrial value of
the propylene homopolymer composition and the demadm of the present invention is

extremely high.
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Claims

[Claim 1]

A propylene homopolymer composition for a capaditon, comprising 1 % by mass or
more and less than 50 % by mass of a propylene polyroer (Al) having characteristics (A-i)
to (A-iii) below and more than 50 % by mass and®8By mass or less of a propylene
homopolymer (B1) having characteristics (B-i) tei{Boelow (with a sum of the propylene
homopolymer (A1) and the propylene homopolymer (Bdipg 100 % by mass), and having:

(i) a melt flow rate (MFR) of 1.0 to 10.0 g/10 mand

(ii) a chlorine content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(A-iii) a molecular weight distribution Mw/Mn meased by GPC is less than 3.0,

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more, and

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more.
[Claim 2]

A propylene homopolymer composition for a capaditomn, comprising 1 % by mass or
more and less than 50 % by mass of a propylene polyroer (A2) having characteristics (A-i)
to (A-ii) below and more than 50 % by mass and 98ymass or less of a propylene
homopolymer (B2) having characteristics (B-i) tai{izbelow (with a sum of the propylene
homopolymer (A2) and the propylene homopolymer (B&hg 100 % by mass), and having:

(i) a melt flow rate (MFR) of 1.0 to 10.0 g/10 mand

(ii) a chlorine content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more,

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more, and

(B-iii) a half width of an elution peak measuredtbmperature rising elution
fractionation (TREF) is 4 or more.
[Claim 3]
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The propylene homopolymer composition for a capadilm according to claim 1 or 2,
wherein the propylene homopolymer (A1) or the ptepg homopolymer (A2) is produced
using a metallocene catalyst.

[Claim 4]

The propylene homopolymer composition for a capadilm according to any one of
claims 1 to 3, wherein the propylene homopolyméel) (@& the propylene homopolymer (B2) is
produced using a Ziegler-Natta catalyst.

[Claim 5]

A capacitor film having a thickness of 1 to @, comprising the propylene
homopolymer composition for a capacitor film acaeogdto any one of claims 1 to 4.

[Claim 6]

The capacitor film according to claim 5, havinthekness of more thangm and 50
pum or less.
[Claim 7]

A capacitor film obtained by stretching the pragg homopolymer composition for a
capacitor film according to any one of claims H4tat an area stretch ratio (area ratio of length
width) of 30 to 80.

[Claim 8]

The capacitor film according to any one of clatn® 7, which is a capacitor separator
film.
[Claim 9]

A method for producing a propylene homopolymer position for a capacitor film,
comprising:

producing a propylene homopolymer (Al) having abgeristics (A-i) to (A-iii) below
using a metallocene catalyst,

producing a propylene homopolymer (B1) having abtaristics (B-i) to (B-ii) below
using a Ziegler-Natta catalyst, and

mixing 1 % by mass or more and less than 50 % &gsnof the propylene homopolymer
(A1) with more than 50 % by mass and 99 % by mas$sss of the propylene homopolymer
(B1) (with a sum of the propylene homopolymer (Ahyl the propylene homopolymer (B1)
being 100 % by mass),

() the propylene homopolymer composition for gawator film having a melt flow rate
(MFR) of 1.0 to 10.0 g/10 min, and

(ii) the propylene homopolymer composition foragacitor film having a chlorine
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content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(A-iii) a molecular weight distribution Mw/Mn meased by GPC is less than 3.0,

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more, and

(B-ii) a molecular weight distribution Mw/Mn measd by GPC is 3.0 or more.
[Claim 10]

A method for producing a propylene homopolymer position for a capacitor film,
comprising:

producing a propylene homopolymer (A2) having abtaristics (A-i) to (A-ii) below
using a metallocene catalyst,

producing a propylene homopolymer (B2) having abtaristics (B-i) to (B-iii) below
using a Ziegler-Natta catalyst, and

mixing 1 % by mass or more and less than 50 % &gsnof the propylene homopolymer
(A2) with more than 50 % by mass and 99 % by mas$sss of the propylene homopolymer
(B2) (with a sum of the propylene homopolymer (A2y the propylene homopolymer (B2)
being 100 % by mass),

() the propylene homopolymer composition for gawator film having a melt flow rate
(MFR) of 1.0 to 10.0 g/10 min, and

(i) the propylene homopolymer composition foragacitor film having a chlorine
content of 2 ppm by mass or less,
wherein

(A-i) a mesopentad fraction (mmmm) measured*ByNMR is 0.930 or more,

(A-ii) a half width of an elution peak measuredtbynperature rising elution
fractionation (TREF) is less than 4@

(B-i) a mesopentad fraction (mmmm) measured®8yNMR is 0.950 or more,

(B-ii) a molecular weight distribution Mw/Mn measa by GPC is 3.0 or more, and

(B-iii) a half width of an elution peak measuredtbmperature rising elution

fractionation (TREF) is 4@ or more.



