
Description Title of the Invention        POLYPROPYLENE FOR FILM CAPACITOR,
POLYPROPYLENE SHEET FOR FILM CAPACITOR, METHOD FOR PRODUCING THE SAME, AND
USES OF THE SAME Technical Field [0001] 10The present invention relates to a polypropylene for a
film capacitor, a polypropylene sheet for a film capacitor, a polypropylene film for a film capacitor, and
a film capacitor. In detail, the present invention relates to a polypropylene for a film capacitor or a
polypropylene sheet for a film capacitor 15 which exhibits excellent stretchability whenstretched into a
film and provides a film that has high breakdown voltage and small thermal shrinkage ratio and which
is suitable fora polypropylene film for a film capacitor. 20 Background Art [0002]
ypropylene,haviexcellentstretching characteristics, insulation property, and voltage resistance,  2
demand for the film capacitor increasing mainly in automobile fields, home electrical! appliances fields
and the like in order to meet the need for the size reduction, films used therein have been demanded
so as to have further improved breakdown voltage. [0003]        As a film for a film capacitor, there have
been disclosed, for example, a film comprising a composition mainly composed of a high
stereoregularity polypropylene (Patent Document 1), a polymer insulating material formed from a
polypropylene having 10 an ash amount of not more than 40 PPm by weight and a chlorine amount of
not more than 2 ppm by weight (Patent Document. 2), a film comprising a propylene polymer having
an aluminum residue amount of less than 25 ppm and a boron residue amount of less than 25 Ppm,
and a film obtained by adding a polypropylene having a 0 long chain branch as a masterhatch to a
high stereoregularity polypropylene and then biaxialiy stretching the mixture (Patent Document 4).
[00041 However, none of the polypropylene with improved 



20 stereoregularity, the polypropylene with decreased impurities, and the addition of a specific
polypropylene, has been able to provide a film having sufficient breakdown voltage, and thus a
capacitor satisfying the mar]cet demand has not been provided. [0005]  3 Patent Document 5
discloses a film for a filntcap has a thermal shrinkage ratio in the longitudinal direction of the film)
falling within a specific range, the film being obtained by irradiating the polypropylene film biaxi ally
stretched with 5 an ultraviolet ray or an electron ray, in order to suppress wrinkle" occurring in a heat
treatment carried out during the preparation of the capacitor element and adversely affecting the life of
the capacitor, to thereby maintain the performance (breakdown strength) of the capacitor. 10[0006]
However, the polypropylene used in the Example has a stereoregularity of approximately 91%, and
thus the method using the polypropylene having a stereoregularity of approximately 91%, even if
succeeding in suppressing the "wrinkle", fails to provide 15 a film capacitor having a sufficient
breakdown voltage. Citation List 20 Patent Documon [0007] Patent Document Patent Document
Patent Document Patent Document Patent Document 1:  2:  3:  4:  



5:  JP-A-611-110906 JP-A-06-236709 JP-A-2009-500479 JP-A-2006-93688 JP-A-54-109160  4
Summary of the Invention Problem to be Solved by the Invention [0008]        The present invention has
been made in order to solve the conventional techniques described above. It is an object of the
present invention to provide apolypropylene fora film capacitor or a polypropylene sheet for a film
capacitor which exhibits excellent stretchability when stretched into a film and provides. 10 a film
having high breakdown voltage (hereinafter, also called BDV; Brake Down Voltage) and small thermal
shrinkage ratio, and 4.s suitable for a nolyoropylene film for a film capab]tor and a film capacitor
comprising the film. 15 Means for Solving the Problem [0009] The present inventors made earnest
study in order to solve e problem described above, ana found out that a polypropylene for a frlm
capacitor ohtainedhy irradiating a speci:Ic propylene 20 homopolymer (for example, powders, granules
or pellets) with a radiation, preferably an electron or a gamma ray, more preferably an electron ray,
with a specific absorbed dose; or a polypropylene sheet for a film capacitor obtained by irradiating a
sheet obtained from the specific propylene homopolymer with a  5 radiation, preferably an electron ray
or a gamma ray, more preferably an electron ray, with a specific absorbed dose, has excellent
stretchability when stretched into a film, andmoreover, a polypropylene film for a film capacitor
obtained by biaxially stretching the polypropylene for a film capacitor or the polypropylene sheet for a
film capacitor has high breakdown voltage and small thermal shrinkage ratio, and is suitable for a film
capacitor. The present inventionhasbeencompleted based on the findings. 10[0010] That is, the
present invention includes the following. [00113 



polypropylene for a film capacitor of the present nve-on is obtainedadiating a propylene homorolymer
with 15 a radiaion with an absorbed dose of 0.1 to 500 kCy, the propylene homopolvmer having (1) a
melt flow rata (MVP) within a range of      10 g/10 mm as determined at 230'C under a load of 2.16 kg
in accordance with ASTM 31238, (2) an isotactic pentad fraction mmmm fraction) of not less than 94%
as determined using 13C-NMTM 20( 3 ) an ash amount of not more than 30 ppm as obtained by
completely burning the propylene horsopolymer in air, and (4) a chlorine amount of not more than 10
ppm as determined by ion chromatography. [ 0012 ]  6 invention is obtained by irradiating a sheet
obtained from a propylene homopolymer with a radiation with an absorbed dose of 0.1 to 500 kGy, the
propylene homopolvmer having (1) a melt flow rate (MFR) within a range of 1 to 10 g/10 min as
determined at 5 230A0 under a load of 2.16n accordance with ASTM 01238, (2) an isotactic pentad
fraction (mmipm fraction) of not less than 94% , as deterxu determined using-NMR, (3) an ash amount
of not more than    30ppmasobtainedbycompletelyburningthepropylenehomopolymer in air, and (4) a
chlorine amount of not more than 10 ppm as 10 determined by ion chromatography. [0013]        P.
method for producing a polypropylene for a film capacitor of the present invention comprises irradiating
a propylene homppolymer with a radiation with an absorbed dose of 0.1 to 500 kGy, the propylene
homopolymer having (1) a melt flow rate (PER) within a range of I to 10 g/10 min as determined at
2300 under a load of 2.16 kg in accordance with ASTM 01238, (2) an isotactic pentad fraction
(mdFinfract ofnotlessthan 94% as determined using 130-NMR, (3) an ash amount of not more than 30
ppmas obtained 20 by completely burning the propylene homopolymer in air, and (4) a chlorine
amount of not more than 10 ppm as determined by ion chxomatogruphy. [0014]  



7 capacitor of the present invention comprises irradiating a sheet obtained from a propylene
homopolvmer with a radiation with an absorbed dose of 0.1 to 500 kGy, the propylene homopolymer
having (1) a melt flow rate (MFR) within a range of 1 to 10 g/10 min as determined at 230C under a
load of 2.16 kg in accordance with ASTM D1238, (2) an isotactic pentad fraction (min= fraction) of not
less than 945 as determined using 13C-NR, (3) an ash amount of not more than 30 ppm, as obtained
by completely burning the propylene homopolvmer in air, and (4) a chlorine amount of not 10 more
than 10 ppm as determined by ion clromatography. [0015] A method for producing a polypropylene
film for a film capacitor of the present invention comprises a step (I) for producing a propylene
homopolymer having (1) a melt flow rate (MDR) 15 within a range of 1 to 10 g/10 min as determined at
230C under a load of 2.16 kg in accordance with ASTM 31233, (2) an isotactic pentad fraction (mmma
fraction) of not less than 94)8 as determined 4.-limp), (3) an ash amount of not more than 30 ppm as
obtained by completely burning the Propylene homppolvmer in air, and (4) 20 a chlorine amount of not
more than 10 ppm as determined by ion chromatography; a step (II) for producing a sheet from the
propylene homopoivmer; and a step (III) for producing a stretched, filmfromthe sheet, the method
comprising the step for irradiating e propylene homopolymer obtained in the step (I) or the sheet  8
obtained in the step (II) with an electron ray with an absorbed dose of 0.1 to 500 kGy. 10016] 



In a preferable embodiment, the radiation is an electron 5 ray or a gamma ray. [0017]        In a
preferable embodiment, a cross-linking agent is added to the propylene homopolymer, which is
optionally followed by kneading, in order to cross-link the propylene homopolymer. 10 Thereby, a
polypropylene film for a film capacitor having higher breakdown voltage is obtained. [0019]        In a
preferable embodiment, 0.01 to 10% by weiaht of the cros -hr (ing agent is added to 100% by wennt of
:he propylene homopolymar. [0019]        In a preferable embodiment, the absorbed dose of the
irradiation is i to 800 KGv. [0020] 20in a preferable embodiment, the propylene homopolymer is in any
form of powders, granules and Pellets. [0021] In a preferable embodiment, the polypropylene sheet for
a  9 polypropylene for a film capacitor. [00221        A polypropylene film for a film capacitor of the
present invention is obtained by biaxial-1y stretching the polypropylene sheet for a film capacitor.
f0023]        The film capacitor of the present invention comprises the polypropylene film for a film
capacitor. 



10 Effect of the Invention [00241        The polypropylene film for a film capacitor obtained from the
polypropylene for a film capacitor or the polypropylene sheet for a film capacitor of the present
invention, has small thermal 15 shrinkage ratio and high breakdown voltage and can be thin due to
excellent stretchability,therefore can provide a small-sized capacitor with large capacity, which can
greatly contribute, for example, to allowing hybrid automobiles to h higher output, smaller size and
lighter weight. 20 Embodiments for Carrying Out the Invention [00257        Hereinafter, the present
nvention will he describe- in detail.  10 [0026] [Propylene Homopolymer]        A propylene
homopolymer, which is a material for the polypropylene fora filmcapacitoror the polypropylene sheet
for 5 a film capacitor of the present invention, satisfies the follow requirements (1) to (4). in a more
preferred embodiments, the propylene homopolymer satisfies the following requirements (I) to (6), in
which case the moidability is good and the breakdown strength is improved. 10[0027] (1) The melt flow
rat (MFR) isgin a range of 1 to 10 g/10 min, preferably 2 to 510 Min, as determine., at 230dC under a
lead of 2.16 kg in accordance with ASTM D1238. The MFR 



of less than 1 g/10 min may make the film-moldabrlity inferior 15 and make stretching uneasy, and the
MFR of more than 0 g/10 min may cause the film to break in stretching, which is thus not Preferred.
:his presumably due to insufficient meat tension. [0028] (2) The isotactic pentad fraction (mmnim
fraction) is not 20 less than 94%, preferably not less than 96%, more preferably not t. less tmn n 98%,
as determined using-NMR. The polypropylene homopolymer with anisotactic pentad fraction (mmam
fraction) of less than 94%, even if irradiated with a radiation, cannot provide a polypropylene film for a
film capacitor having high breakdown  11 voltage and a film capacitor comprising the film. This is
presumed to be because the polypropylene homapolymer with a low isotactic pentad fraction hasa
large number ofamorphous portions, which easily conduct electricity The upper limit the 5 isotactic
pentad fraction, although not particularly limited, is usually not more than 99.5%. [0029]        The
isotactic pentad fraction (mmanm fraction%, a value defined on the basis of assignment shown in
Macromolecules, 8, 10687 (1975) by A. zambelli et al., indicates the ratio of isotactic chains in a
pentad unit in the molecular chain, measured using      NMR, and calculated as follows: the isotactic
pentad fraction = (the area of peaks at 21.7 ppm) / (the area of peaks at 19 to 23 ppm). 15[0030]
(3) The ash amount is not more than 30 ppm, preferably not more than 25 ppm, more preferably not
more than 20 rpm, as obtained by completely burning the propylene nomapo ymbr in air. The
propylene homopolymer that will have an ash amount of more than 



20 30 ppm cannot provide a polypropylene film for a film capacitor having high breakdown voltage.
This is presumably because the propylene homopolymer that will have a large ash amount tends
generate voids, which influences the breakdown strength. [0031]  12 (4)The chlorine amount is not
more than 10 ppnn preferably not more than 5 ppsh more preferably not more than 2 ppm, as
determined by ion chromatography.The Propylene homopolymer having a chlorine amount of more
than 10 ppm cannot 5 provide a polypropylene film for a film capacitor having high breakdown voltage.
This is presumably because the chlorine, which is converted to hydrochloric acid, gradually breaks the
polypropylene, whip., influences the breakdown strength when the polypropylene film for a film
capacitor is used for a long term. 10[0032]        The propylene homopolymers with less ash amount
and less chlorine amount In impurities are presumed to have less influence on the breakdown
strength. 15(5)The melting point (Tr) is not lower than 155C, preferably not lower than 160`C, more
preferably not lower than 163'C, as measured by Differential Scanning. Calonnmet y (DSC). The upper
limit of the Tn, although not particularly limited, is usually not more than 170C. The propylene
homopolymer with T 20 falling within the above range provides the polypropylene film for a film
capacitor excellent in properties such as heat resistance shrinkage and breakdown strength,
presumably because of having a small number of amorphous portions which can move freely.  13
[0034] (6)The molecular weight distribution Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight) is not less than 4.0, preferably 4.5 to 9.0, more 



5 preferably 4.0 to 7.5, as measured by gel permeation chromatography (GPO) method.If the
molecular weight distribution Mw/Mn is ithin the above range, the filmmoldability and stretchabil ry are
excellent, which is thus preferable. [0035] 10[Method For Producing Propylene Homopolymer]        The
propylene homopolymer according to the present invention can be produced by a procylene
polymerization method using a known propylene polymerization, catalyst. In particular, a production
method using a supported titanium catalyst is 15 preferable. [0036]        As the supported titanium
catalyst, preferably used is, for example, a polymerization catalyst comprising a solid titanium catalyst
component including titanium, magnesium, a halogen and 20 an internally added electron donating
compound; an organometallic compound containing a meral selected from the metals belonging to
Group I, Group II and Group III of the periodic table; and an externally added electron donating
compound. [0037]  14        As the polymerization catalyst, more specifically, a catalyst used to
industrially produce propylene-based polymers including polypropylene is used. Examples thereof
include a catalyst comprising a component obtained by supporting titanium 5 trichloride or titanium
tetrachloride on a carrier such as a halogenated magnesium, and an organoaluminum compound,
Particularly preferred is a catalyst showing high activity and originally having less content of a titanIum
compone [0038] 10Because the propylene homopoiymer according to the present invention is used for
a film capacitor, if the amount of the polymer generated per unit amount of a catalyst is small, Is is
necessary to carry out a post-treatment for removing catalyst residues. Further, PyPn if hngh activity of
a catalyst results in the 



15 generation of a large amount of the polymer, it is preferable to carry out the post-treatment for
removing cata R esidues. As the post-treatment, for example, the propylene homopoiymer obtained
through polymerization is washed with liduid propylene, butane, hexane, heptane, or the like. This
procedure may involve 20 the addition of water, an alcohol compound, u ketone compound, an ether
compound, an ester compound, an' amine compound, an organic acid compound, an inorganic acid
compound or the like, in order to solubilice the catalyst components such as titanium and magnesium
to thereby facilitate the extraction of the catalyst  1.5 components. Further, the washing with a polar
compound such as water or an alcohol is also preferable. [0039] Moreover, the propylene
homopolymer obtained through the 5 above oolvmerization is preferably subjected to dehalogenation
treatment. in particular, the dehalogenation treatment using an epoxy compound is preferable. Here,
preferable examples of the epoxy compound include an alkoxyoxide such as ethylene oxide,
propylene oxide, butene oxide and cyclohexene oxide, glycidyl 10 alcohol, glyoidic acid, and glycidyl
ester. Subjecting the propylene homopolvmer to dochlorination treatment using these epoxy
compounds is extremely effective if involving the use of a compound with a hydroxyl group (OH group)
in a mole amount equivalent to or more than the mole amount of the epoxy compound. 15 Here,
examples of the compound with the OH group include water and an alcohol. [0040]        The propylene
homopolymer according to the invention can he produced also through a multi-stage 



20 polymerization in the presence of a high stereoreoularitv propylene polymerization catalyst.
Specifically, the propylene homopolymer used in the present invention can be produced by subjecting
the propylene nomopolymer to a multi-stage, i two or more stagb, polymerization, in which propylene is
polymerized  16 substantially in the presence of or in the absence of hydrogen. The production of the
propylene homopolvmer may involve carrying out prepolvmer zatbon beforehand. Polymerization
conditions are appropriately selected such that the polymerization temperature is approximately -50 to
-1 200`C, preferably approximately 20 to 100C and the polymeria-fion pressure is from normal
pressure to 9.8 MPa (gauge pressure), preferably approximately 0.2 to 4.9 MPa (gauge pressure). As
a polymerization medium, inert hydrocarbons may he used. As the polymerization medium, liquid
propylene may 10 be used A method for modifying the molecular weighz is not particularly limited, but
a method using hydrogen as a molecular weight modifier is preferable. [0044] [Form of Propylene
Momopolymer] 15The propylene hombpolymer according to the present invention may be in any form
of povders, granules and pellets. The powders and granules are obtained from the propylene
homopolymer, and the pellets are obtained lac.,at;4-;14a, rhe powders or the granules. 20[0042]
The sheet according to the present invention is obtained by a Known process, for example, by melt
extrusion molding or press molding the powders, granules or pellets. [0043]  17 (Powders, Granules or
Pellets)        Where the propylene homopolymer according to the present invention is in the form of
powders, granules or pellets, the propylene homppolymer being in the form of powders usually has 5
an average particle diameter, although not limited particularly, of approximately 50 to 150 aim, for
example. The propylene homoloolymer being in the form of granules usually has an average particle
diameter, although not limited particularly, of approximately 150 to 2000 affp for example. The
propylene 10 homppolymer being the form of pellets usually has an average particle diameter and a
height, although not being limited particularly, of approximately 2 to 10 MT., and 1 to 5 nun,
respectively. 10044] 15(Sheet) 



The thickness of the sheet according to the present invention is not partPcularlv limired, but is usually
preferably approximately 60 to 800 aps more preferably 120 to 500 am. The sheet with a thickness of
less han 80 am may be broken in 20 stretching, and the sheet with a thickness of more than 800 pm
cannot become a thin film, which may be unsuitable for a film capacitor. [0045] [Polypropylene for Film
Capacitor or Polypropylene Sheet for Film  18 Capacitor)          The polypropylene for a film capacitor
according to the present invention is obtained by irradiating the propylene homopolymer with a
radiation, preferably an electron ray or a gamma ray, more preferably an electron ray, with an
absorbed dose of 0.1 to 500 kGy, preferably 1 to 300 kCy, more preferably I to 100 bGy. The
irradiation with an absorbed dose of less than 0.1 kGy cannot achieve the benefit of the irradiation,
which orevents the provision of apolypropylene for a film capacitor having excellent 10 stretchability
when stretched into a film, and the provision of a polypropylene film for a film capacitor having high
breakdown voltage andafilit capacitor comprising the film. The irradiation with an absorbed dose of
more than 500 kGy deteriorates the propylene homoo1ycer and deprives the propylene homdpolymer
of! 15 stretchability, and further involves the need_ to increase irradiation output, which is not
preferable in terms of productivity an economicalviewpoint. Examples of the radiation include g-ray,
0-ray, y-fay, X-ray, electron ray, andapos5tron ray. An electron ray or a gamma ray is preferable,
andanelectron 20 ray is more preferable. Examples of irradiation sources for the ps gamma ray include
epo and ra - Cs. [0046] The absorbed doseof the electron ray is a value  19 current of an electron ray
irradiator and irradiation time. The absorbed dose (kGy) of the gariaa ray can be measured with an
alanine dosimeter, a PMMA (Polymethylmethacrylate) dosimeter, and the like, with specific examples
thereof including Harwell Red 4034 Perspex Dosimeter. The absorbed dose of the radiation is
defined_ as a total amount of the absorbed dose, and the total amount of the absorbed dose may be
the result of a une-time irradiation or blurai-time irradiations. The total amount of the absorbed_ dose
may be the result of using plural kinds of rays, but preferable 10 is the irradiation using the electron ray
alone. The irradiation conditions of the radiation are not carticularly limited as Tong as the lrradiatron
provides a predetermined absorbed dose. [0047] 



The polypropylene for a film capacitor according to the 15 present invention can be obtained by
irradiating the powders, granules, or pellets, as the propylene homopolymer according to the present
invention, with a radiation, preferably an electron ray or a gamma_ ray, more preferably an electron
ray, with an absorbed dose of 0.1 to 500 kGy, eterably 1 to 100 k0v in view 20 of the improvement in
the breakdown strength and resin deterioration caused by the irradiation. [0048] When the powders,
granules or pellets are irradiated with  20 are laid and arranged uniformly so as not to be superposed
among one another. Any sides of the pellets may be irradiated with the radiation, and thus one surface
alone, both surfaces, or surfaces including side surfaces of the pellets may be irradiated. [0049]
The propylene homopolymer sheet for a film capacitor according to the present invention is obtained
by irradiating a sheet obtained from the propylene homopolymer according to the present invention
with a radiation, preferably an electron ray 10 or a gamma ray, more preferably an electron ray, with.
an absorbed dose of 0.1 to 500 kGy, preferably 1 to 300 kGy, more preferably 1 to 100 kGy. The
upper limit and lower limit of the absorbed dose of the radiation are defined for the same reasons as
described above. Either side of the sheet according to the present 15 invention may be irradiated with
a radiation, and thus one side alone or both sides of the sheet may be irradiated. The sheet is
preferable as a form, in terms of productivity and economical viewooint, because the sheet can be
irradiated more uniformly with a radiation at a lower output voltage and can provide a 20 noiypropylene
film for a film capacitor hauniform) (even) breakdown strength. [0050] In the present invention, the
irradiation of the propylene  91 according to the present invention with a radiation, preferably an
electron ray, with a des .-er absorbed dose, leads to the cross-linking of the molecules within
amorphous portions in the propylene homopolymer or in the sheet. This results in the increased
entanglement between the molecules, which makes the molecules less mobile, and thus blocks the
passage of electrons. This is presumably the reason for significant increase in the breakdown voltage
of the resulting polypropylene film for a film capacitor. Furthermore, the irradiation with a radiation, 10
preferably electron ray irradiation, not just achieves the cross-linking but also severs parts of the
molecules within the amorphous. portions. This results in the increased fluidity in stretching, which
prompts stretching orientation after the disintegration of sphrui tes. This is presumably the reason for 



15 the improved stretchability or the polypropylene film for a fibm capacitor. [0051J [Cross-1h' hag
Agent] in a preferable embodiment, a cross-linking agent is added 20 to the propylene homopolymer,
and optionally the mixture is kneaded, before the propylene homopolymer is irradiated with a radiation,
preferably an electron ray or a gamma ray, more preferably an electron ray, to thereby produce the
polypropylene for a film capacitor or the polypropylene sheet for a film  capacitor of the present
invention.By cross-linking the propylene homopolvmer, a polypropylene film for a film capacitor having
higher breakdown voltage can be obtained. This is presumably because the cross-linking using the
cross-linking agent reduces the severing of the molecules of the propylene homonolymer, vich enables
the absorreo dose to be increased to a range where the benefit of the breakdown voltage is more
exhibited. For example, when the form is powders, granules or pellets, the absorbed dose can be 0.1
to 500 kGy, preferably 10 10 to 300 kGy, and when the form is a sheet, the absorbed dose can be 0.1
to 500 kGy, proccrably 10 to 300 kGy. [0052'        The addition amount of the cross-linking agent is not
particularly lemited, but is 0.01 to 10% by weight, preferably 15 0.5 to 5% by weight based on 100% by
weight of the propylene homopolymer. The addition of the oross-linkino agent inanammont of less than
0.01% by weight may not achieve much effect resul' /beg from the addition of the cross-linking agent.
The addition of the cross-linking agent in an amount of more than 10% by weight 20 may mate it
or1toult to mold the propylene nomopolymer containing c cross-linking agent. [0053]        The
cross-linking agent is preferably a ross-linkable monomer having two or more polymerizable double
bonds. 



23 [0054]        Example of such crss-linkable monomers include diacrvlate compounds such as
polyethylene glycol diacrylate, triethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,6-butylene
5 glycol diacrylate, 1,4-butane diol diacrylate, 1,6-hexane dial diacrylate, 1,6-hexane glycol diacrylate,
neopentyl glycol diacrylate, 1,9-nonane diol Ciacrviate, polypropylene glycol diacrylate,
2,2'-bls(4-acrylo ropyloxyphenvl)bropace, 2,2'-his(4-acryloxydiethoxyphenyi)eropane;triacrylate 10
compounds such as trimeth loi propane triacrylate, trimethylol ethane triacrvlate, and tetremeth.ylol
methane friacrylate; tetraacrylate compounds such as ditrimethylol tetraacrylate, tetramefhylol
methane tetraacrylate, and pentaerythritol tetraacrylate; hexaacrylate compounds such as
dipentaerythritol 15 hexaacrylate; dimethacrviate compounds such as ethylene glycol dimethacrylate,
diethvlene glycol dimethacrylate, friethylene glycol dimethacr late, polyethylene glycol dimethacrvlate,
1,3-butylene glycol dimethacrvlate, 1,4-buytylene glyccl dimethacrviate, 1, 6-hexane did
dimethacrylate, neopentyl glycol 20 dimethacrylate, dipropylene glycol dimethacrylate, polypropylene
glycol dimethacrylate, polybutylene glycol dimethanylate, and 2,2'-bis 4-methacrvioxyd
ethoxyphenyllcropane; trimethacrvlate compounds such as trimethylol propane  94 trimethacrylate,
and trimethylol ethane trimethacrylate; glycerin-a--11y1 ether;riallyl isocyanurate; trimethelly1
isocyanurate; methylenebisacrylamide; and divinyl benzene. [0055]        Of these, 1,3-butylene glycol
dimethacrylate, 1,3-bunylene glycol diacryiate, 1,4-butane diol diacrviate, polyethylene glycol
diacrviate, 1,6-hexane glycol diacrylate, glycerin-a-allyi ether, trimethylol propane trimethacrylate,
trimethviol propane triacryiate, iallyi isocyanurate, 10
trimethallyiisocyanurate,andtenramethyloimethane tetraannylate are preferable. In view of easy
handling characteristics due to moderate reaction and less volatility in molding, triaiiy1 isocyanurate is
more preferable. 10056] 15[Other Additives] 



The propylene homppolymera which is a material for the polypropylene fora film capacitor or the
polynropylene sheet for a film capacitor of the present invention, may be obtained_ after
addingadditivessuchasweathering stabilizers, heat stabilizers, 20 antistatic agents, anti-slip agents,
anti-blocking agents, anti-fogging agents, nucleating agents, lubricating agents, pigments, dyes,
plasticizers, anti-aging scents hv rochloric acid absorbents and antioxidants, as long as the object of
the present invention is not impaired.  25 [0057] [Polypropylene Film. For Film Capacitor and Film
Capacitor]        A polypropylene film for a film capacitor of the present invention is obtained by
stretching the polypropylene for a film 5 capacitor or polypropylene sheet for a film capacitor of the
present invention, and has high breakdown voltage and small thermal shrinkage ratio. Inc
polypropylene fom a film capacitor on the polypropylene sheet for a film capacitor of the present
invention exhibits excellent stretchability, and thus can provide 10 a Polypropylene film for a film
capacitor which is a thin film. [00531        As described above, the polypropylene sheet for a film
capacitor of the present invention has been uniformly irradiated with a radiaMion, preferably an
electron ray or a gam= ray, more 15 preferably an electron ray. As a result, a nolypro lene =Him fora
film capacitor having uniform (even) breakdown strength can be ob ained. This is preferable also in
terms of productivity and economical viewpoint. [0059] 20Compared with a conventional polypropylene
film, the polypropylene film for a film capacitor of the present invention has high breakdown voltage
and excellent stretchability, and therefore can show its performance sufficient for the use in a
smalicsized capacitor with large capacity, which can greatly  26 contribute, for example, to allowing
hybrid automobiles to have higher output and lighter weight. [0060]        The thermal shrinkage ratio
(%) of the polypropylene film for a film capacitor of the present invention is -2.0% to +2.0%,
preferably-1.5 to + 1.5%. The thermal shrinkage ratio is defined as the ratio of a shrunk length to an
original length, obtained when the polypropylene film, for a film capacitor of the present invention is cut
into 10 Mm in width and 100 mm in length in the 10 direction of the flow of the resin (MD direction) ,
and the cut film is put into a 120[C hot-air oven and heated for 15 minutes. The thermal shrinkage ratio
lower than the above range makes the winding tightness insufficient, which may make the
form-retention difficult or may cause voids leading to the deterioration of the 



15 elements. The thermal shrinkage ratio higher than the above range may lead to the deformation of
tne elements or occurrence of voids due to the deformation, which rag deteriorate or break the
elements. [0061] 20The thickness of the polypropylene film according to the present invention is
preferably 1 to 20 pap preferably I to 15 pm, more prereiao 8 pm, particularly preferably 2 to 4 um. A
polypropylene film having a thickness within the above range  27 than 4 dm), compared with when
using a previously known material, exhibits superior electric characteristics (breakdown voltage). A film
having a thickness less than the above range may be difficult to mold by current technique, and the
use of a film having a 5 thickness exceeding the above range increases the size of a film capacitor,
and the current call for smaller sized capacitor may not be satisfied. 10062) Tho polypropylene film for
a film capacitor of the present 10 inventior. can be obtained by melt-extruding, at 180 to 280' , the
polypropylene for a film capacitor of the present invention, optionally concurrently adding thereto
various additives such, as various antioxidants including Irganox 1010, BHT (dibutv1hydroxytoluene)
and inaafos 168, and calcium stearate, 15 and then subjecting an original sheet obtained, for example,
to monoaxial stretching where an original sheet obtained is stretched at 100 to 160 QC at a stretching
ratio of 2 to 10 times in the machine direction, i.e., the direction parallel to the flow of the resin
extruded when the original sheet is prepared; or Lo biaxial 20 stretching where a filnJobtained through
the monoaxial stretching is subjected to successive stretching under simila conditions to those in the
monoaxial stretching in the direction perpendicular to the machine direction; or to simultaneous biaxial
stretcnina where the sheet is stretched in the machine direction  28 and in the direction perpendicular
to the machine direction at the same tIme. Alternatively, the polypropylene film_ for a film capacitor of
the present invention can be obtained by melt-extruding, at 180 to 280C, the polypropylene
nomopolymer 5 for a film capacitor of the present invention, optionally concurrently adding thereto
various additives such as various antioxidants including irganox 1010, BHT (dibutylhydroxytoluend)
and irgafos 168, and calcium stearate, and then irradiating an original sheet obtained with an radiation
with a desired absorbed 10 dose thereby providing a polypropylene sheet for a film capacitor, and
subsequently, subjecting the sheet to the monoaxial stretching or biaxial stretcning as described_
above. In the sTeet molding or pelletizing, nitrogen sealing is preferably carried out. 



[0063] 15At an industrial scale, the polypropylene film for a film capacitor can be obtained by various
known simultaneous biaxial stretching or successive bi.axial stretching methods, for example, tubular
film method, and tenter metnodd [0064] 20Inthe tenter method, a melt sheet meld-e rudedfronia die is
solidified at a cooling roll, and the sheet is pre-heated as needed, and introduced into a stretching
zone, and then, stretched at 100 to 160C at a stretching ratio of 3 to 7 times in the lonoitudinal
direction and at a stret chino ratio of 5 to 11 times  29 in the transversal direction. The total area
stretching ratio is 20 to 70 times, preferably 30 to 50 times. If the total area stretching ratio is lower
than 20 times, the film does not have a large strength. If the total area stretching ratio exceeds 70
times, the film tends to have voids, have lowered strength in the width direction and tear in the
longitudinal direction. As needed, finally, the biaxially stretched film is heat-set at 160 to 100[C. [0065]
In the present invention, the polypropylene film for a film 10 capacitor as descried above can be used
in a known film capacitor. The polypropylene fil  for a film capacitor of the present invention, even
though being a thin film, exhibits high breakdown voltage, and allows even a small-sized capacitor to
have high capacitor capacity. 15 Examples [0066]            Hereinafter, the present invention will be
deffr]bed wjth reference to Examples, but the present invention is in no way 20 limited by these
Examples. [0057]         In Examples and Comparative Examples, various properties were measured as
[0068]  30 



(1) Melt Flow Rate (MFR)        The MFR of a specimen (propylene hOT,CL,C ymer) was measured at
230`C under a load of 2.16 kg in accordance with ASTM D1238. [00091 5(2) isotactic Pentad Traction
(mmmar fraction)        The isotac ic pentad fraction (mmmmifract on) of a specimen (propylene
homopolymer) was measured based on the assignment shown in Macromolecules, 6, 687 (1975) by
R. zambel1H at al., using C-NMR under the following conditions, to obtain a meso pentad 10 fraction =
(an area of peaks at 21.77 ppn) / (an area of peaks at 19 to 23 ppm). [00701 <Measurement
Conaifions> Type: JNM-Lambaaa400 (manufactured by JOEL 'Ltd.) 15 Decomposition Capacity: 400
MHz Measurement Temperature: 125C Solvent: 1,2,4-rri )1orobenzene/deuterated benzene - Pulse
Width: 7.8 osec. Pulse Interval: 5 se 20 Number of Integration: 2000 Shift Standard: TMS = 0 DDIT,
Mode: single pulse broadband decoupling (3) Ash Amount 100 g of a specimen (propylene
hcmopolymer) was put into  31 



a porcelain crucible, which was heated and burnt on an electric heater, and introduced into an electric
furnace at 750C for 30 minutes, thereby completely changing the specimen into ash. The crucible was
cooled in a desiccator for one hour. Then, the weight 5 of the ash amount was measured to the unit of
0.lmgwitharrecision scale, and the ash amount (ppm) relative to the specimen was calculated. [0071]
(4) Chlorine Amount 10Aporoximately 0.7 g of a specimen (propylene homopolymer) was get in a
specimen-burning device (0E-02 manufactured by MitsubishiChemicalCorporation), and allowed to
slowlyburn under conditions permittina tie specimen to be completely burnt. Then, combustion gas
generated was passed through absorbing liquid 15(ultra pure water) in order to capture chlorine. The
absorbing liquid was introduced into an ion chromatograph equipped with a concentration device
(0X-300 manufactured by Nippon Dionex From an area of a chromatogTam obtained, the chlorine
amount was calculated. The detection limit was I ppm. 20[0072] (5) Melting Point (Tm)
Approximately 0.40 g of a specimen (propylene homopolyi - was put into a mold for forming a film with
a thickness of 0.2 mm, heated at 240C for seven minutes, and cool-pressed, thereby  32 preparing a
film. From a film obtained, a film in an amount of 5.0 mg,0.5 mg was cut out, and crimped with an
exclusively-used aluminum pan, thereby proving a measurement sample. The melting point (in) was
obtained from an endothermic curve prepared when 5 by the use of SSC 7 manufactured ny
PerkinEimer Co., Ltd., the sample was held under nitrogen stream at 30C for 0.5 minute, heated at a
rate of 30)C /10 min from 30C to 240C, held at 240C for 10 minutes, cooled at a rate of 10C /min from
240C to 30C, held at 30C for 2 minutes, and then heated at a rate of 23`15) /min 10[0073] (6)
Molecular Weight Distribution (Mw/Mn)         The molecular weight distribution (Mw/Mn) was measured
as follows by the use of Gel Permeation Chromatograph Alliance CPC-2000 manufactured by Waters.
Separation columns used were 15 two columns of TSKgel GNS6-HT ano two columns of TSKgel 



The size for these columns was 7.5 raft in diameter, and 300 mm in length. The column temperature
was 140C. A mobile phase used. was o-dichlorobenzene using 0.025% by weight of BHT as
antioxidant, which was moved at 1,0 mL/minute. The concentration of a specimen 20 (propylene
homopolymer) was J5 mg/10 m. The amount of feeding the specimen was 500 pL. A detector used
was a differential refractometer. Regarding standard polystyrenes, the Polystyrene manufactured by
Tosoh Corporation having a molecular weight within the range of Mw < 1.000 and Mw > 4 x 10E, and
the polystyrene  33 manufactured by Pressure Chemical Company having a molecular weight within
the range of 1000 n Mw n 4 x 104 were used. [00741 (7) Thermal Shrinkage        A biaxially stretched
film was cut into 10 mm in width and 100 mm in length in MD direction. The cut film was put into a I
20C hot-air oven and heated o 15minutes. The ratio ofa length shrunk to an original length was
calculated as the thermal shrinkage ratio (8), 10[0075] (8) Breakdown Voltage (BOB)        In
accordance with OTIS 02330, voltage was applied to a biaxially stretched film (250 mm x 300 mm, 15
um in thickness) by the use of a. six-point direct-current alternate-current 15 converting type 15 KV
pressure resistant tester manufactured. by Kasuga Electric Works Ltd, at a temperature of 80'C, at a
voltage increase of 100 to 500 ,f/sec, thereby measuring the breakdown voltage and thus obtaining the
pressure resistant property. The upper electrode was a brass-made column having a mass of 500 g 20
and a diameter of 25mm, which asprovidedasapositiveelectrode, and lower electrode was a silicon
rubber wrapped wih an aluminum foil stipulated in JI5-H-4160, which was Provided as a negative
electrode. A single piece of the film was measured using the six points, and three pieces of the sheets
were measured, and  34 an average value thereof was defined as a BDV value. [0076[          The
breakdown voltage is obtained by dividing a measured value (V) of the breakdown strength by a
thickness (pm) of the 5film. [0077] (9) stretchability        A press sheet or a T-die sheet was subjected
to successive biaxial stretching using a biaxial stretcher (MARCIVmanufactured 10 by BRUECKNER),
under the conditions of a preheating temperature of 152C, a preheating time of 60 seconds, a
stretching temperature of 1524, a stretching ratio 5 x7 times (3 times in the direction of the flow of the
resin (MD direction), 7 times in the direction perpendicular to the direction of the flow of the resin (TD 



15 direction)), and a stretching speed of 6 m/min. Under the same conditions, five pieces of the
biaxial',/ stretched films were prepared, and the stretchability was evaluated in the following way.
[0078] 20AA: Out of five pieces, five pieces were stretched well. [0079]        BB: Cut. of five pieces,
one or more bieges were poorcv stretched, having necking, breaking or the like. [0080[  35        CC:
Out of rive pieces, five pieces were poorly stretched, having necking, breaking or the like. [0081]
Here the necking means that the stretched film includes 5 an unstretched part therein. [0082
[Production Example of Propylene Homopolymer] (1) Preparation of Solid Titanium Catalyst
Component 952 g of anhydrous magnesium chloride, 4420 ml of decane, 10 and 3906 g of
2-ethylhexylalcohol were heated at 130C for2 hours, thereby to provide a homogenous solution. Into
the solution, 213 g of phthalmc anhydride was added, which was followed by further stirring and
bbxing at 130C for 1 hour so as to dissolve the plithalc anhydride. A homogenous solution obtained
was cooled 15 to 23'C, and 750 ml of this homogenous solution was added_ droowise over 1 hour into
2000 ml of titanium tetrachloride held at -20'C. After the dropwise addition, the temperature of a
mixture solution obtained was raised to 118C over 4 hour. When the temperature reached 110'C, 52.2
g of diisobu' ate (DIST"' was added, 20 and at the temperature, heating was carried out for 2 hours.
Then, a solid part was collected_ by heated filtration, and this solid part was resuspended in 2750 ml
of titanium tetrachloride. The suspension was washed using 110`C decane and hexane until the
titanium compound became undetectable in the washing liquid.  36 



solid titanium catalyst component thus prepared was stored as a hexane slurry. A par of- the hexane
slurry was dried to study the catalyst composition, and it wasfound that the solid titanium catalyst
component had 2% by weight of titanium, 57% by weight 5 of chlorine, 21% by weight ofand 20% by
weight of DIBP. [0083] (2) Preparation of Prepolymerization Catalyst        120 g of a transition metal
catalyst component, 20.5 raL of triethylaluminum, and 120 1 of heptane were charged into a 200% 10
autoclave equipped with a stirrer. With the temperature inside the autoclave kept at 5`C, 720 g of
propylene was added thereto. Then, with stirring carried Out for 60 minutes, the reaction was allowed
to proceed. After the polymerization, a solid component was allowed to settle, a supernatant liquid was
removed, and the 15 residue as washed two times usig heptane. A prepolymer zation catalyst
obtained was resuspended in a purified heptane in order for the transition metal catalyst component
concentration to be    gi.%. This prepolymerization catalyst contained 6 g of a propylene polymer per I
g of the transition metal catalyst 20 component. [0084] (3) Polymerization        Into a 100% vessel
polymerization reactor equipped with a stirrer, 110 kg/h of propylene, 1.4 gAh of the catalyst slurry  37
Produced in (2) as a transition metal catalyst component, 5.8 raL/h of triethylaluminum, and 2.8 miz/h
of dicyclopentyldimethoxys.ilane were continuously fed, and hydrogen was fed so that the hydrogen
concentration in the gas phase part 5 became 0.9 moll. Polymerization was carried out at a
polymerization temperature of 73C, and a pressure of 3.2 MPa/G. A slurry obtained was transferred
into a 1000 A vessel polymerization reactor equipped with a stirrer, where further polymerization was
carried out. 30 kg/h of propylene, and 10 hydrogen such that the hydrogen concentration in the gas
phase part became 1.3 moll, were fed into the polymerizer, and then polymerization was carried out at
a polymerization temperature of 71 , and a pressure of 3.8 MPa/G. A slurry obtained was transferred
to a 500 1 vessel equipped with a stirrer, where 15 further polymerization was carried out. 46 kg/h of
propylene, and hydrogen such that the hydrogens concentration in thegasphase part became 1.3 moll
were fed into the polymerizer, and then polymerization was carried out at a polymerization temperature
of 69C, and a pressure of 2.9 MPa/G. A slurry obtained. was 20 deactivated, and then, the slurry was
transferred to a washing tank using liguit_ propylene where the propylene homopolymer powders were
washed. This slurry was subjected to vaporization, and subjected to gas-solid separation, thereby
obtaining a propylene hombpolymer. The propylene homopolymer obtained_ was  



38 introduced into a conical drier, where vacuum drying was carried out at 80C. Then,
toIOCkgofthisproduct 354z c of pure water, and 0.63. L of propylene oxide were added, wncn was
folicwed by dechlorination treatment at 90'C for 2 ors and tioen vacuum drying 5 at 80C, thereby
obtaining propylene homopolymer powders. [0085] [Example 1]        Pellets (average particle diameter:
3 fam) of the propylene homopolymbr obtained_ in the above Production Example (MFR: 4.2 10 g410
min, mmmm: 98%, ash amount: 20 ppm, chlorine amount: 1 ppm, Tm8 166C, Mw4Mn: 6.5) were laid
and arranged uniformly such that pellets were not superposed among one another, and were
irradiated with an electron ray with an absorbed dose of 1 kGy accelerating voltage: 800 kV, electric
current: 0.5 rA, irradiation rate: 2 15 m4man8 by the use of an electron ray irradiator (E50800-85
manufactured by NHV Corporation). [0086]        The pellets irradiated were pressed by the use of 4.
press molding machine (SFR-20 manufactured by Shinto Metal industries 20 Corporation) under the
conditions of a preheating/heating temperature of 216C, a preheaing time of 5 minutes, a heat
Pressure of 10 MIRa, apressurizing and heating time of 2 minutes, erebv obtaining a 0.5 mm pressed_
sheet. [0087:  39         This pressed sheet was cut into 85 mm x 85 mm and the sheet was subjected
to successive biaxial stretching using a biaxial stretcher (KARO IV manufactured by BRUECKNER),
under the conditions of a preheating temperature of a preheating time of 60 seconds, a stretching
temperature of 152C, a stretching ratio 5x 7 times (5 times in MD direction, 7 times in TO direction) ,
and a stretching speed of 6 m/min, thereby obtaining a bdaxially stretched film with a thickness of 15
um- [0088] The result of a film obtained is set forth in Table I. [0089J [Examples 2 and 3]        In
Example 2, a film was prepared in the same manner as in Example 1, except that the absorbed dose
of the electron ray was 10 kGv (accelerating v age: 800 kV, electric current: 1.3 mA, irradiation rate: 2
m/min). 



[0090]        In Exagole 3, a film was prepared in the same manner as in Example 1, except that the
absorbed dose of the electron ray was 20 100 kGv igoocino irradiations, 50 kGy (accelerating voltage
800 kV, electric current: 4.9mA, irradiation rate: 2 m/min) for each irradiation). [0091]  40 [0092]
[Comparative Example 1]          Afilmrwas prepared in the same manner as in Example 1, except that
the filmrwasnot irradiated with the electron ray. The result 5 of a film obtained is set forth in Table 1.
[0093] [Example 4]        Pellets (average particle diameter: 3 mm) of a propylene homppolymer (M  4.2
g/20 min, mramm: 98%, ash amount: 20 ppm, 10 chlorine amount: 1 ppm, Tbx 166[C, Mw8Mn: 6.5)
were melted at a molding temperature of 210[C, using a 30nm-diameterextruder (an extrusion sheet
molding machine manufactured by GM Engineering, Inc.), and then extruded from a T-die, and slowly
cooled at a cooling roll held at a cooling temperature of 30'C under the 15 nonunion of a tae-up speed
of 1.0 mdmin, thereby obtaining a sheet with a thickness of 0.5 mm. [0094]        This sheet was cut into
85 mm x 85 mm, and the sheer was irradiated with an electron ray with an absorbed dose of 1 kGy
20(accelerating voltage: 300 kV, electric current: 1.9 mA, Irradiation rate: 50 m in) by the use of an
electron ray irradiator (630300-60 manufactured by NHV Corporation). [0095)  



-41 stretching using a biaxial stretcher (EAR IV manufactured by BRUECKNER), under the conditions
of a preheating temperature of 152C, a preheating time of 60 seconds, a stretching temperature of
152C, a stretching ratio 5 x 7 times (5 times in MD direction, 0 7 times in TO d ection), and a stretching
speed of6m/min, thereby obtaining a biaxially stretched film with a thickness of 15 pm. 40096] The
result of a film obtained is set fort in Table 1. [0097] 10[Examples 5 to 7]         in Example 5, a film was
nrepared in the same manner as in Example gg, except that the absorbed dose of the electron ray was
10 kGy (accelerating voltage: 300 kV, electric current: 18.7 mE, irradiation rate: 50 m/min). 15[0093]
In Example 6, a film was prepared in the same manner as in Example 4, except that the absorbed
dose of the electron ray was 100 kCv accelerating-voltage: 300 kV, electric current: 37.4 nGg
irradiation rate: 10 m/min). 20[0099]        In Example 7, a film was prebared in the same manner as in
Example 4, except that the absorbed dose of the electron ray was 300 kGy (three-time irradiations
under the conditions of 100 kGy). [0100]  49 The results of films obtained are set forth in Table 1.
[0101] [Comparative Example 2;          A film was prepared in the same manner as in Example 4,
except 5 that the film was not irradiated with the electron ram. The result of a film obtained is set forth
in Table 1. F0102) [Comparative Example 31 In the same manner as in Example 4, except that the
absorbed. 



10 dose of the electron ray was 1000 kGy (ten-time irradiations under the conditions of 100 kGm), an
attempt to prepare a film was made, but a film was not able to be prepared, because the specimen
was deteriorated by the irradiation with the electron ray. [0103] 15[Example 8]        A film was prepared
in the same manner as in Example 5, except that Pellets average particle diameter: 3 mm) of a propyle
homopolvaer (14FR: 2.910 min, mmmm: Pat, ash amount: 23 ppm, chiciamount: 1 ppm, Tm: 163!C,
Mw/Mn: 5.0) were used, and 20 the nreheatinc tempegature of the biaxial stretcher was 149`C. The
result of a film obtained is set fort- in Table 1. [0104] [Comparative Examole L]  43 that the film was not
irradiated with the electron ray. The result of a film obtained is set forth in Table 1. [0105] [Comparative
Example 5]        A film was prepared in the same manner as in Comparative Example 2, except that
pellets (average particle diameter: 3 rm1 of a propylene homopolymer (MFR: 2.8 9/10 mils, mmmm:
91%, ash amount: 27 ppmn chlorine amount: 3 ppm, Tm: 160'C, Mw/Mn: 8.0) were used, and the
preheating temperature of the biaxial stretcher 10 was 145'C. The result of a film obtained is set forth
in Table 1. [0106] [Comparative Example 61 A film was bhepared in the same manner as in
Comparative 15 Example 5, except that theabsorbed- dose of the electron ray was 10 kGy
(accelerating voltage: 300 kVelectric current: 18.7 ma, irradiation rate: 50 m/mhn). The result of a :Iom
obtained is set forth in Table I. 



[0107] 20[Comparative Example 71        29% by weight of pellets (average particle diameter: 3 mm) of
a propylene homopolvmer (MFR: 4.2g/10 mi mmmm: 98%, ash amount: 20 ppm, chlorine amount: 1
ppmG Tm: 1661C Mw/Mn: 6-5), and 1% by weight of a propylene homopolymer (PF81 (product name)
44 manufactured by Basel', MFR: 3.2 g/10 mm, mramm: 91%, ash amount: 220 pprl, chlorine amount:
24 ppm, Im: 158C, Mw/Mn: 8,5) were melt-kneaded at a molding temperature of 210C by the use of a
biaxial extruder (HYPENKTX30, 30 mm-diameter x 2 manufactured by 5 KOBE STEEL, Ltd.), thereby
obtaining pellets. [0108]         These pellets were melted at amolding temperature of 210C, using a 30
mm-diameter extruder (an extrusion sheet molding machine manufactured by GM Engineering, Inc.),
and then extruded. 10 froma T-die, and slowly cooled at a cooling roll held at a cooli c. temperature of
30C under the condition of a take-up speed. of 1.0 nYmin, thereby obtaining a sheet with a thickness
of 0.5 mm. [0109]                   sheet was subjected to successive biaxial stretching 15 using a biaxial
stretcher (KARO IV manufactured. by BRUECKNER), under the conditions of a preheating
temperature of 152C, a preheating time of 60 seconds, a stretching temperature of152C, strelching
ratio 3 x 7 times (5 times in MD darectieny 7 tames in 7D direction), and a stretching speed of 6 m/min,
thereby 20 obtaining a biaxiarly stretched film with a thickness of 15 pm. [011CH The result of a film
obtained is set forth in Table 1. [Comparative Example 8]  45 



A film was prepared in the same manner as in Comparative Example 2, except that pellets (average
particle diameter: 3 man of a. propylene homouolymr (MFR: 3.0 g/10 min, mnimm: 98.5%, ash
amount: 300 ppm, chlorine amount: 70 ppm, Tra: 107C, Mw/Mn: 6.0) 5 were used. The result of a film
obtained is set forth in Table 1. [0112] [Comparative Example 9] A film was prepared in the same
manner as in Example 1, except 10 that a propylene homopolymer (P5814 (product name)
manufactured by :Resell, MFR: 3.2 g110 min, mmram: 91.0%, ash amount: 220 ppm, chlorine amount:
24 pbm6 TM: 158C, Mw/Mn: 8.5) was used as pellets. The result of a film obtained is set forth in Table
1.  Stretchability  Ivv I vv  99 vv vv vv vv  vv  00   
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47 [0114]        As shown in Examples and Comparative Examples of the present application, it is found
that the polypropylene film for a film capacitor of the present invention has extremely high breakdown
5 voltage. [01151 [Example 0]        100% by weight of pellets (average particle diamater: mm) of a
propylene homopolymer (MFR: 4.2 g610 min, mmmmg 98%, ash 



10 amount: 20 ppm, chlorine amount: I IDDm, Tm: 166'C, Mw/Mn: 6.5), and 1% by weight of
triallylisocya u ate (TATO manufacnureg by Nippon Kasei Chemical Co., Ltd.) as a cross-linking agent
were melt-kneaded at a molding temperature of 2111CC by the use of a biaxial extruder
(HYPERKTX20, 30 mm-diameter x 2 ma iaitureg by 16 KOEE ST L,, tnereoy obtaining pellets, [0116l
These peillers were laid and arranged uniformly such that pellets were not superposed among one
another, and were irradiated with an electron ray with an absorbed dose of 10 kGy (accelerati 20 -
age: 300 kV, electric current: 1.3 mA, irradiation rate: 2 rn/mm, by the use of an electron ray irradiator
(E5C800-35 manufactured by NEFF !corporat)on). [0117]  48 molding machine (SFR-20 manufactured
by Shinto Metal Industries Corporation) under the conditions ofprehe /heating temperature of 210',., a
preheating time of 5 minutes, a heating pressure of 10 MPa, a pressurizing and heating time or 2
minutes, thereby obtaining a 0.5 mm pressed sheet. [0118?         his pressed sheet was cut into do
mmx 85 um and the sheet was subjected to successive biaxial stretching using a biaxial stretcher
(MARC IV manufactured by BRUECKNER), under the 10 conditions of a preheating temperature of
152 C, a preheating time of 60 seconds, a stretching temperature of 152`C, a stretching ratio 5x 7
times (5 times in MD direction, 7 times in ID direction and a stretching speed of 6 m/min, thereby
obtaining a biaxiallv stretched gHlm with a thickness of 19 um. 15[0119] The result of a film obtained is
set forth in Table 2. [0120] [Example 10] A film was prepared in the same manner as in Example 9,
except 20 that the absorbed dose of the electron ray was 50 kGy (accelerating voltage: 800 kV,
electric current: 4.9 mR, irradiation ate: 2 m/mdn). The result of a film obtained is set forth in Table 2.
[0121] [Comparative Example  



49        A film was prepared in the same manner as in Example 9, except that the film was not
irradiated with the electron ray. The result of a film, obtained is set forth in Table 2. [0122] [Example
100% by weight of pellets (average particlediameter: 3mm) of a propylene homopolymer (MFR: 4.2
95/10 min, ma= 96%, ash amount: 20 ppm, chlorine amount: 1 pen, I'm: 166[C Mw/Mnt 6.5), and 1%
by weight of TAIC as a cross-linking agent were melt-kneaded 10 at a molding temperature of 210C
the use of a biaxial extruder (HYPERKTX30, 30mm-diameters:2 manufactured by KOBE STEEL, Ltd.),
thereby obtai a [0123] These pellets were melted at a molding temperature of 210C, 15 using a 30
mm-diameter extruder (an extrusion sheet molding machine manufactured by GM Engineering, Inc.),
and then extruded froma T-die, andslowlycooledat a cooling roll held at a cooling temperature of 30'C
under the condition it a take up speed of 1.0 m/min, thereby obtaining a sheet with a thickness of 0.5
mat. 20[0124]        This sheet was cut into 65 ram x 85 mm, and the sheet was irradiated with an
electron ray with an absorbed dose of 1 kGy (accelerat voltage: 300 kV, electric current: 2.9 mA,
irradiation rate: 50 m/min) by the use of an electron ray  50 irradiator (EDC300-60 manufactured by
NHV Corporation). [0125]        The sheet irradiated was subjected_ to successive biaxial stretching
using a biaxial stretcher (NARO IV manufactured by BRUECKNER), under the conditions of a
preheating temperature of 152`C, a preheating LlIan of 60 seconds, a stretching temperature of 152`C,
a stretching ratio 5 x 7 times (5 times in ND direction, 7 times in TD direction) , and a stretching
speed_ of6 mimin, thereby obtaining a blaxially stretched film with a thickness of 15 pm. 10[0126] The
result of a film obtained is set forth in Table 2. [0127] [Examples 12 and 131 In Example 12, a film was
prepared in the same manner as 



15 in Example 11, except that the absorbed dose of the electron ray was 10 kGy (accelerating voltage:
300 kV, electric current: 18.7 m14, irradiation rate: 50 m/min !0128] In Example 23, a film was
prepared in the same manner as 20 in Example 11, except that the absorbed dose of the electron ray
was 100 kG: (accelerating voltage: 300 kV, electric current: 37.4 mAT irradiation rate: 10 miniin).
[0129]  51 r01301 {Examples 14 to 101 In Example 14, a film was prepared in the same manner as in
Example 12, except that 4% by weight of TAIC as a cross-link agent was used. [0131]        In Example
15, a film was prepared in the same manner as in Example 13, except that 4% by weight of TAT, as a
cross-linking agent was used. 10[01321        In Example 16, a film was prepared in the same manner
as in Example 12, except that 5% by weight of TAIC as a cross-linking agent was used. [0133] 15Un
Example 17, a film was prepared in the same manner as in. Example 13, except that 5% by weight of
TAIC as a cross-linking agent was used. [0134] In Example 18, a film was prepared in the same
manner as 



20 in Example 11, except that 5% by weight of TAIC as a cross-linking agent was used, and the
absorbed dose of the electron ray was 300 kGy ee-time irradiations under the conditions of 100 kGv
described above). [0135]  52 The results of films obtained are set forth in Table 2. [0136] [Comparative
Example 11] In Comparative Example 11, a film was prepared in the same 5 manner as in Example
11, except that the film was not irradiated with the electron ray. The result of a film obtainedls set forth
in Tah1e. 2. [01371 [Comparative Examples 12 to 14] 10In Comparative Example 12, a film was
prepared in the same manner as in Comparative Example 11, except that 4% by weight of EAIC as a
cross-linking agent was used. [0138]           In Comnarative Example 13 a film was prepared in the
same 15 manner as in Comparative Example 11, except that oweight TAIC as a cross-linking agent
was used. [0139] In Comparative Example 14, in the same manner as in Example 12, except that 5%.
by weight of TAIC as a cross-linking agent was 20 use-, and the absorbed dose of the electron ray
was 1.000 kGy (ten-time irradiarions under the conditionsof 100 



G attempt to prepare a film as made, but a film. was not E: :: be prepared, because the specimen was
deteriorated by the irradiation with the electron ray.  53 [0140] The results of films obtained are set
forth in Table 2. [0141] [Comparative Example 15]        In the same manner as in Example 11, except
that 15% by weight of TRIC as a cross-linking agent was used, an attempt to prepare a film was made,
but a film was not able to be prepared, because the excessive amount of the cross-linking agent
prevented the specimen from becoming pelletized. 10[0142] [Example 19]        A film was prepared in
the same manner as in Example 12, except that pellets (average particle diameter: 3 mm) of a
propylene homopolymer (MFR: 2(9 410 min, rim= 94%, ash amount: 15 23 ppm, chlorine amount: 5
ppm, Tmm 163M2, w/Mn: 5.0) were used, and the preheating temperature of the biaxial stretcher was
149[C. The result of a film obtained is set forth in Thole 2. [0143] [Comparative Example 16] 20A film
was prepared in the same manner as in Example 19, except that pellets(average particle diameter: 3
mm) of a propylene homopolvmer (MFR: 2.8 p/10m mmmm: 91%, ash amount: 27 dpm, chlorine
amount: 3 ppra, Trrx 160[C, Mw/Mn: 8.0) were used. The result of a film obtained is set forth in Table
2.  Stretch- ability 
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61 x3 iuog  55 Industrial Applicability [0145;        The polypropylene film for a film capacitor obtained
from the polypropylene for a film capacitor or the polypropylene sheet for a film capacitor of the
present invention, can make the film thin, has high breakdown voltage and small thermal shrinkage
ratio, and therefore can provide a small-sized film capacitor with large capacity, ich can greatly
contribute, for example, to allowing hybrid automobiles to have higher output, smalle ize and lighter 10
weight.  56 CLAIMS               A oolypropyiene for a film capacitor which is obtainable
adiatingapropylenehomopolymer with aradiation with an absorbed dose of 0.1 to 500 kGy, wherein the
propylene 5 homopolymer has:         (1) a melt flow rate (MFR) within a range of 1 to 10 g/10 min as
determined at 23YC under a load of 2.16 kg in accordance with ASTM 31238,                 an isotactic
pentad fraction (mnnn fraction) of not less 10 than 94% as determined using 13C-NMR,          (3) an
ash amount of not more than 30 ppm as obtained by completely burning the nropylene homopolymhr
in air, and          (4) a chlorine amount of not more than 10 ppm as determined by ion chromatography.
The polypropylene for a film capacitor according to claim I, wherein the radiation is an electron ray or a
gamma ray. 3.A polypropylene sheet for a film capacitor which is 20 obtainable by irradiating a sheet
obtained from a propylene hom000lymer with a radiation with an absorbed dose of 0.1 to 500 kGy,
wherein the propylene fomopolymer has: 



(1) a melt flow rate (MIT) within a range of I to 10 g/10 min as determined at 23015 under a load of
2.16 kg in accordance  with ASTM D1238,         (2) an isotactic pentad fraction (mmmmfraction) of not
less than 94% as aetermaned using 130-NMA,         (3) an ash amount of not more than 30 ppm as
obtained by completely burning the propylene homopolymer in air, and           ) a chlorine amount of
not more than 10 pun) as determined by ion chromatography.           4. The polypropylene sheet for a
film capacitor 10 according to claim. 3, wherein the radiation is an electron for a gamma ray.           5.
The polypropylene for a film capacitor according to claim 1 or 2, which is obtainable by adding a
cross-linking agent 15 to the propylene homopolymer.         6. The polypropylene sheet for a film,
capacitor according to claim 3 or 4, which is obtainable by adding a cross-linking agent to the
propylene homopolvmer. 20 T' poly -cop ene for a fflp. capacitor according to claim 5,is obtainable by
adding 0.01 to 10% by weight a cross-linking agent to 100% by weight of the propylene homopolymer.
58          8. The polypropylene sheet for a film capacitor according to claim. 6, which is obtainable by
add'ng 0.01 to 10% by weight of a cross-linking agent to 100% by weight of the propylene
homopolymer.          9. The polypropylene for a film capacitor according to claim 1 or 2, wherein the
absorbed dose of the irradiation is I to 300 KGy. 10          10. The polypropylene sheet for a film
capacitor accordclaim 3 or 4, wherein the absorbed dose of the 



irradiation is 1 to 300 KGy. 1511.The polypropylene for a film capacitor according to claim 1 or 2,
wherein the propylene homopolymer is in any form of powders, granules and pellets. 12.A
polypropylene sheet for a film capacitor which is 20 obtainable from the polypropylene for a film
capacitor according to claimor A polypropylene film for a film capacitor which is  59 according to claim
3 or 4.         14. A film capacitor comprising the polypropylene film for a film capacitor according to
claim 13.         15. A method for producing a polypropylene for a film capacitor which comprises
irradiating a propylene nombpolymer with a radiation with an absorbed dose of 0.1 to 500 kGyr
wherein the propylene homopolymer has: 10(I) a malt flow rate (MFR.) within a range of i to 10 g410
min as determined at 230C under a load of 2.16 kg in accordance with ASTM D1238,         (2) an
isotactic pentad) fraction (mmffmfraction) of not less than 94% as determined us a 132-NMP., 15(3) an
ash amount of not more than 30 ppm as obtained by completely burning the propylene homonolymer
in air, and         (4) a chlorine amount of not more than 10 ppm as determined by ion chromatography. 



916.A method for producing a polypropylene sheet for a film capacitor which comprises irradiating a
sheet obtained from a nronylene homonlymer radiation with an absorbed dose. of 0.1 to 500 krAy,
wherein the propylene homopolvmer has:  60 min as determined at 230C under a load of 2.16 kg in
accordance with ASTM D1238,         (2) an isotactic pentad fraction (=ram fraction) of not less than
94% as determined using 13C-NMR,         (3) an ash amount of not more than 30 ppm as obtained by
completely burning the propylene homopolymer in air, and         (4) a chlorine amount of not more than
10 ppm as determined by ion chromatography. 1017.The method for producing a polypropylene for a
film capacitor: according to claim 15, which comprises adding a cross-linking agent to the propylene
hompoolymer.           18. The mpthod for producing a polypropylene sheer for a 15 film capacitor
according to claim. 16, which comprises adding a cross-linking agent to the propylene homopolymer.
19. A method for producing a polypropylene, tiin:for a film capacitor which comprises: 20a step (I) for
producing a propylene homopolymer a melt flow rate (MFR.) within a range of 1 to min as determined
at 230'C under a load. of 2.16 kg in accordance with ASTM 31238, (2) an isotactic pentad fraction
(mmmnlfraction) of not less  61 than 94% as determined using 13C-NMR,         (3) an ash amount of
not more than 30 ppm as obtained by completely burning the propylene homppolymer in air, and 



(4) a chlor ne amount of not more than 10 ppm as determined 5 by ion chromatograp 37;        a step
(II) for producing a sheet from the Propylene homopolymer; and a step (III) for producing a stretched
film from the sheet, the method comprising the step for irradiating the propylene 10 homopolvmer
obtained in the step (1) or the sheet obtained in the step (II) with an electron ray with an absorbed
dose of 0.1 to 500 20.The method foroducing a polypropylene film for a 15film capacitor according to
claim 19, which comprises adding a cross-linking agent to the propylene homopolymer. 




