
Description Title of the lnventlon            POLYPROPYLENE FOR FILM CAPACITOR,
POLYPROPYLENE SHEET FOR 5 FILM CAPACITOR, METHOD FOR PRODUCING THE SAME,
AND USES OF THE SAME Technical Field [0001] 10The present invention elates 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 when stretched into a
film and provides a film that has high breakdown voltage and small thermal shrinkage ratio and oh is
suitable> for a Polypropylene film for a film capacitor. 20 Background Art [0002]
Polypropylene,havingexcellentstretching characteristics, insulation property, and voltage resistance,
has been widely used for a film of a film capacitor. With the  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. 5[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 ess than 25 ppm and a boron residue amount of less than 25 ppm, and a
film obtained by adding a polypropylene having a long chain branch as a masterbatoh to a high
stereoregularity polypropylene and then biaxially stretch g the mixture (Patent Document 4). [0004]
However, none 20 stereoregularity, the and the addition of a provide a film having capacitor satisfying
[00051   of the polypropylene with improved polypropylene with decreased impurities, specific
polypropylene, has been able to sufficient breakdown voltage, and thus a the market demand has not
been provided.         Patent Document 5 discloses a film for a film capacitor which 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( biaxially 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 e
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
stereoregularityo pproximately 91%, even if succeeding in suppressing the "wrinkle", fails to provide 



15 a film capacitor having a sufficient breakdown voltage. Citation List 20 Patent Document [0007]
Patent Document Patent Document Patent Document Patent Document Patent Document 1:  2:  3:  4:
5:  JP-A-61-110906 JP-A-06-236709 .JP-P-2009-50047P 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 5
the conventional techniques described above. It is an object of the present invention to provide a
polypropylene for a film capacitor or a polypropylene sheet for a film capacitor which exhibits excellent
stretchability when stretched into a film and provides a film having high 10 breakdown voltage
(hereinafter, also called BDV; Breakdown Voltage) and small thermal shrinkage ratio, and is suitable
for a polypropylene film for a film capacitor and a film capacitor comprising the film. 15 Means for
Solving the Problem [0009]       The present inventors made earnest study in order to solve the
problem described above, and found out that a polypropylene for a film capacitor obtained by
irradiating 20 a specific propylene homopolymer (for example, powders, granules or pellets) with a
radiation, preferably an electron ray 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 25
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, and moreover, a polypropylene film for a film capacitor obtained by biaxially
5 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 invention has been completed based on the find 10[0010] 



That is, the present invention includes the following. [0011]       A polypropylene for a film capacitor of
the present invention is obtained by irradiating a propylene homopolymer-with 15 a radiation with an
absorbed dose of 0.1 to 500 kGy, the propylene homo olymer having a melt flow rate (MFR) within a
range of 1 to 10 g/10 mm as determined at 230C under a load of 2.16 kg in accordance with AS TN
91230, (2) an isotactic pentad fraction fraction) of not less than 94% as determined using 130,-NMR,
20(3) an ash amount of not more than 30 ppm, as obtained by completely burninghe propylene
homopolymer in air, and (4) a chlorine amount of not more than 10 ppm as determined by ion
chromatography. [0012] A polypropylene sheet for a film capacitor of the present  6 invention is
obtained by 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 5 230C under a load of 2.16 kg in accordance with ASTM
D1238, (2) an isotactic pentad fraction (mmmm 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 10 determined
by ion chromatography. (00151 A method for oroducino a polypropylene for a film capacitor 



of the present invention comprisesirradiating' a propylene homopolvmer with a radiation with an
absorbed dose of 0.1 to 500 15 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 (=rem-fraction) of not less than 94% as determined ,
using ,r cs-NMR, (3) an ash amount of not more than 30 ppm as 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 chromatography. [0014] A method for producing a polypropylene sheet for a f  7 



capacitorthe present invention comprises irradiating a sheet obtained from a propylene homopolymer
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 5 determined at 230'0 under a load of 2.16
kg in accordance with ASTM 01238, (2) an isotactic pentad fraction (fa= fraction) of not less than 94%
as determined using 130-NMP, (3) an ash amount of not more than 30 ppm as obtained by completely
burning the propylene homopelymer in air, and (4) a chlorine amount of not 10 more than 10 ppm as
determined by ion chromatography. [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 (MFR) 15 within a range of 1 to 10 g/10 min as determined at 230c0 under a load
of 2.16 kg in accordance with ASTM 01238, (2) an isotactic pentad fraction (=Infraction) of not less
than 94% as eter using 130-NMR, (3) an ash amount of not more than 30 ppm as obtained by
completely burning the propylene homopolymer in air, and (4) 20 a chlorine amount of not more than
10 opm as determined by ion chromatography; a step (II) for producing a sheet from the propylene
hom,opolymer; and a step (III' for producing a stretched  ilm from the sheet, the method comprising the
step for irradiating the propylene homopolymer obtained in the stepor the sheet  obtained in the step
(II) with an electron ray with an absorbed dose of 0.1 to 500 kGy. [0016] 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 dded to the propylene horpolymer, 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. [0018] In a
preferable embodiment, 0.01 to 0% by weight of the      rasa-linking agent is added to 100% by weight
of the propylene 15 homopolymer. [0019] In a preferable embodiment,absorbed dose of the irradiation
is 1 to 300 KGy. [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 film, capacitor of the present invention is
obtained from the  polypropylene for a film capacitor. [0022] A polypropylenem for a film capacitor of
the present     Invention is obtained by axially stretching the polypropylene 5 sheet for a film capacitor.
[0023]       The film capacitor of the present invention comprises the polypropylene film for a film
capacitor. 10 Effct of the Invention [0024]       The polypropylene film for a film capacitor obtained from
the polypropylene for a film capacitor or he polypropylene sheet for a capacitor of the present
invention, has small thermal 15 shrinkage ratio and high breakdown voltage and can be thin due to
excellent stretchability, and therefore can provide a small-sized capacitor with large capacity, which
can greatly contribute, for example, to allowing hybrid automobiles to have higher output, smaller size
and lighter weight. 20 Embodiments  for Carrying Out the Invention 



[0025] Hereinafter, the present invention will be described in detail.  10 [0026] [Propylene mfopolymer]
A propylene homppo ymer, which is a material for the polypropylene for a film capacitor or the
polypropylene sheet for o a. film capacitor of the present invention, satisfies the following requirement
(1) to (4). in a more preferred embodiment, the propylene homopolymer satisfies the following
requirements to (6), in which case the moidability is good and the breakdown strength is mproved.
10[0027] (1) The melt flow rate (MFR) is within a range of 1 to 10 g/10 min, preferably 2 to 5 g/10
mm,determined at 230`C under a load of 2.16 kg in accordance with ASTM D1238. The MFR 



of less than 1 g/10 min may make the film-moldability inferior 15 and make stretching uneasy, and the
MFR of more than 10 g/10 min may cause the film to break in stretching, which is thus not prezerrech
This is presumably due to insufficient melt tension. [0028] (2) The isotactic pentad fraction (mmmm
fraction) is not 20 less than 94%, preferably not less than 96%, more preferably not less than 98%, as
determined usng 15C_NMR. The polypropylene homopolymer with an isotactic pentad fraction
(mmmm fraction) of less than 94% eve if irradiated with a radiation, cannot provide a polypropylene
film for a film capacitor having high breakdown  11 vol age and a film capacitor comprising the film.
This is presumed to be because the polypropylene homopolymer with a low isotactic pentad fraction
has a large number of amorphous portions, which easily conduct electricity. The upper limit of the 5
isotactic pentad fraction, although not particularly limited, is usually not more than 99.5%. [0029] The
isotactic pentad fraction (  action), a value    



defined on the basis of assignment shown in Macromolecules, 8, 10 687 (1975) by A. zambelli et al.,
indicates the ratio of isotactic chains in a pentad unit in the molecular chain, measured using
13C-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 15[0030]         (3) The ash amount is not more than 30 ppm, preferably
not more than25opm, more preferably not more than 20 ppm, as obtained by completely burning the
propylene homopolymer in air. The propylene homopolyme hat 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 to
generate voids, which influences the breakdown strength. [0 31]  12 (4)The chlorine amount is not
more than 10 ppm, preferably not more than 5 PPIrm more preferably not more than 2 PP111, as
determined by ion chromatography.T.he propylene homopolymer having a chlorine amount of more
than 10 ppm cannot 5 provide a polypropylene film for a filrn capacitor having high breakdown voltage.
This is presumably because the chlorine, which is converted to hydrochloric acid, gradually breaks the
polypropylene, which influences the breakdown strength when the 



onylene 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. [0033] 15(5)The melting point (Tm) is not lower than 155C, preferably not
lower than 160C, more preferabli not lower than 163C, as measured by Differential Scanning
Calorimetry (DSC). The upper limit of the Tm, although not particularly limited, is usually not more than
17YC. The propylene homopolymer with T, 20 falling we above range provides the polypropylene fi for
a film capacitor excellent in properties such as heat res-stance shrinkage and breakdown strength,
presumably because of navmng a small number of amorphous portions which can move free  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 4.5 to
7.5, as measured by gel permeation chromatography (GC) method.If the molecular weight 



distribution Mw/Mniswithi the above range, the filmmoldability and stretchability 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 propylene polymerization
method using a known propylene polymerization catalyst. In Part cular, 7 a production method using a
supported titanium catalyst is preferable. [0036]        As the supported titanium catalyst, preferably
used is, for example, a Jolymion catalyst comprising a solid tit catalyst component including titanium,
magnesium, a halogen and 20 an internally added electron donating compound; an organometallic
compound containing a metal 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 triohloride 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 component. 



[0038] 10Because the propylene homopolymer 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, it is necessary
to carry out a post-treatment for removing catalyst residues. Fu net., even if high 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 catalyst residues. As the post-treatment, for example, the propylene
homopolymer obtained through polymerization is washed with licuid propylene, butane, hexane,
heptane, or the like. This procedure may involve 20 the addition of water, an alcohol compound, a
ketone compound, an ether compound, an ester compound, an amine compound, an organic acid
compound, an inorga cid compound or the lke, in order to solubilize the catalyst components such as
titanium and magnesium thereby facilitate the extraction of the catalyst  15 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 polymerization is preferably subjected to
dehalogenat o 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, glycidic
acid, and glycidyl ester. Subjecting the propylene homopolymer to dec lorination treatment using these
epoxy compounds is extremely effective if nvol g 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] propylene
homopolymer according to the present 



invention can be produced also through a multi-stage 20 polymerization in the presence of a high
stereoregularity propylene polymerization catalyst Specifically, the propylene homopclymer used in the
present invention can be produced by subjecting the propylene homopolymer to a multi-stage, i.e., two
or more stage, polymerization, in which propylene is polymerized  16 substantially in the presence of
or in the absence of hydrogen. The production of the propylene homopolymermav involve carrying out
prepolymer zation beforehand. Polymerization conditions are appropriately selected such that the
polymerization temperature 5 is approximately -50 to + 200C, preferably approximately 20 to 100C and
the polymerization 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
be used. As the polymerization medium, liquid propylene may 10 be used. A method for modifying the
molecular weight is not pa cularly limited, but a method using hydrogen as a molecular weight modfr is
preferable. t0041; [Form of Propylene Homopolymer] 15The propylene homopolymer according to the
present invention may be in any form of powders, granules and pellets. The powders and granules are
obtained from the propylene homopolymer, and pellets are obtained by pelletizing the powders or the
granules. 



20[0042]         The sheet according to the present invention is obtained bya 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 homopclvmer according to the present
invention is in the form of powders, granules or pellets, the propylene homopolymer being in the form
of powders usually has 5 an average particle diameter, although not limited particularly, of
approximately 50 to 150 pm, for example. The propylene homopolymer being in the form of granules
usually has an average particle diameter, although not limited particularly, of approximately 150 to
2000 pm, for example. The propylene 10 homcpolymer being the form of pellets usually has an
average particle diameter and a height, although not being limited particularly, of approximately 2 to 10
mm and 1 to 5 mm, respectively. [0044] 15(Sheet)         The thickness of the sheet according- to the
present invention is not particularly limited, but is usually preferably approximotely 80 to 800 um, more
preferably 120 to 500 lam.. The sheet with a thickness of less than 80 pm may be broken in 20
stretching, and the sheet with a thickness of more than 800 um cannot become a thin film, which may
be unsuitable for a film capacit [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 homopolymerwith.a radiation, preferably an electron ray or a gamma 5 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 irradiation with an absorbed dose of less than 0.1 kGy cannot
achieve the benefit of the irradiation, which prevents the provision of a polypropylene fora film
capacitor aving excellent 10 stretchability when stretched into a film, and the provision of a
polypropylene film for a film capacitor having high breakdown voltage and a film capacitor comprising
the film. The irradiationwith an absorbed dose of more than 500 kGv deteriorates the propylene
homopolymer and deprives the propylene homopolymer of 



15 stretchability, and further involves the need to increase irradiation output, which is not preferable in
terms of productivity and economical viewpoint. Examplesofthe radiation        e d-ray, py-ray, X-ray, an
electron ray, and a positron ray. An electron ray or a gamma ray is preferable, and an electron 20 ray
is more preferable. Examples of irradiation sources for the gamma ray include 600o and IsnCs. [0046]
The absorbed dose (kGy) of the electron ray is a value calculated as the product of accelerating
voltage and electric  19 current of an electron ray irradiator and irradiation time. The absorbed dose
(kGy) of the gamma ray can be measured with an alanine dosimeter, a PMMA
(Polymethylmethacrylate) dosimeter, and the like, with specific examples thereof including Harwell
Red 4034 5 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 one-time irradiation
or plural-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 particularly limited as long as the irradiation 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 Of a gamma ray, more preferably an
electron ray, with an absorbed dose of 0.1 to 500 kGy,rably I to 100 kOy in view 20 of the
improvementthe breakdown strength and resin deterioration caused by the irradiation. [0048]
When the powders, granules or pellets are irradiated with a radiation, it is preferable that the powders,
granules or ellets  20 are laid and arranged uniformly so as ot 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. [00491         The
propylene homopolymer sheet for a film capacito according to the present invention is
obtainedrradiating 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, inof productivity and economical viewpoibecause the sheet can be
irradiatedmore uniformly wit    a radiation at a lower output voltage and can provide a 20 polypropylene
ifim for a film capacitor having uniform (even) breakdown strength. [0050]        In the present invention,
the irradiation of the propylene homopolymer or the sheet obtained from the propylene homopolymer
21 according to the present invention with a radiation, preferably an electron ray, with a desired
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 5 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 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 spherulites. Thisispresumablythereason for 15 the improved stretchability of the
polypropylene film for a film capacitor. [0051]  [Cross-linking 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  22 capacitor of the present
invention.By cross-linking the propylene homopolymer, 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 5 agent reduces the severing of the molecules of the propylene homopolymer ch enables
the absorbed 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 do can be 0.1 to
500 kGy, p-eferably- 10 10 to 300 kGy, and when the form is a sheet, the absorbed dose can be 0.1 to
500 kGy, preferably 10 to 300 kGy. [0052] 



The addition amount of the cross-linking agent is not particularly limited, 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 cross-linking agent in an amount of less than 0.01% by weight may not achieve much
effect resulting from the ddition of the cross-linking agent. The addition the cross-linking agent in an
amount of more than 10% by weight 20 maymake it difficult to mold the propylene homopolymer
containing the cross-linking agent. [0053]        The cross-linking agent is preferably a cross-linkable
monomer having two or more polymerizable double bonds.  23 [0054] Example of such cross-linkable
monomers include diacrylate compounds such as polyethylene glycol diacrylate, triethylene glycol
diacrylate, 1,3-butylene glycol diacrvlate, 1,6-butylene 5 glycol dia rylate, 1,4-butane did l diacrylate,
1,6-hexane didl diacrylate, 1,6-hexane glycol diac ylate, neopentyl glycol diacrylate, 1,9-nonane did l
diacrylate, polypropylene glycol 



diacrylate,2,2'-bis(4-acryloxyropyloxyphenyl)propane, 2,2'-bis(4-acryloxydiethoxyphenyl)propane;
triacrylate 10 compounds such as trimethylol propane triacrylate, trimethyloi ethane t iacrylate, and
tetrametnyloi methane tria ylate; tetraacrylate compounds such as ditrlmethylol tetraacrylate,
tetramethyloi methane tetraacrviate, and pentaerythritol tetraacrylate; hexaacrvlate compounds such
as dipentaerythritol 15 hexaacrviate; dimethacrylate compounds such as ethylene glycol
dimethacrylate, diethvlene glycol di ethacrylate, triethylene glycol dimethacrylate, polyethylene glycol
dimethacrylate, 1,3-butylene glycol dimethacrylate, 1,4-butylene glycol dimethacrylate, 1,6-hexane diol
dimethacrylate, neopentyl glycol 20 dimethacrylate, di propylene glycol dimethacrylate, polypropylene
glycol dimethacrvlate, polybutylene glycol dimethacrviate and 2,2'(4-methacryloxydiet
oxyphenyl)propane; trimethacrylate compounds 6such as trimethyloi propane  24 trimethacrylate, and
trimeihyloi ethanemethacrylate; glyce n-a-allyi ether; triallyl isocyanurate; trimethallyi isocyanurate;
methyle eacrylamide; and divinyl benzene. [0055] 5Of these, 1,3-butylene glycol di ethacrylate,
1,3-butylene glycol diacrylate, 1,4-butane diol diacrylate, polyethylene glycol diacrylate, 1,6-hexane
glycol diacrylate, glycerin-c-ally1 ether, trimethyloi propane t i ethacrylate, trimethylol propane
triacrylate, triallyl isocyanurate, 10 trimethallylisocyanurate,andtetramethylolmethane 



tetraacrylate are preferable. In view of easy handling characteristics due to moderate reaction and less
volatility in molding, triallyl isocvanurate more preferable: [00561 15[Other dditivesi        The propylene
homopelymer, which is a material, for the polypropylene fora film capacitororthepolypropylene sheet
for a film capacitor of the present idvention, may be obtained after adding additives such as
weathering stabilizers, heat stabilizers, 20 antistatic agents, ant slip agents, anti-blocking agents,
anti-fogging agents, nucleating agents, lubricating agents, pigments, dives, plasticizers, anti-aging
agents, hydrochloric 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
polvpropyienefor a film capacitor of the present invention is obtained by stretching the polypropylene
for a film 5 capacitor or the polypropylene sheet for a film capacitor of the present invention, and has
high breakdown voltage and small thermal shrinkage ratio. The polypropylene for a film capacitor or
the polypropylene sheet for a film capacitor of the present invention exhibits excellent stretchability,
and thus can provide 10 a polypropylene film fora film capacitor which is a thin film. [0058j         As ?";
cri.bed above the polypropylene sheet for a film capacitor of the present invention has been uniformly
irradiated with a radiation, preferably an electron ray or a gamma ray, more 15 preferably an electron
ray. As a result, a polypropylene film for a film capacitor having uniform (even) breakdown strength
can be obtained. This is preferable also in terms of product Icy and economical viewpoint. 



[00591 20Compared with a conventional polypropylene film, the polypropylenefor 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 small-sized capacitorlarge 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 5 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 120C 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 the
elements or occurrence of voids due to the deformation, which may deteriorate or break the elements.
[0061] 



20The thickness of the polypropylene film according to the present invention is preferaI to 20 um,
preferably 1 to 15 pm, more preferably 2 to 8 um, particularly preferably 2 to 4 um. A polypropylene
film, having a thickness within the above range (preferably, or more than 8 um, particularly preferably
not more  27 than 4 dm), compared with when using a previously known material, exhibits superior
electric characteristics (breakdown voltage).   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 thickness exceeding the above
range increases the size of a film capacitor, and the current call for smaller sized capacitor may not be
satisfied. [00621 The polypropylene film for a film capacitor of the present 10 invention can be
obtained by melt-extruding, at 180 to 280C, the polypropylene for a film capacitor of the present
invention, optionally concurrently adding thereto ra cus additives such as various antioxidants
including'. 1010, Irganox ENT (dibut lydroxytoluene) and irgafos 168, and calcium stearate, 15 and
then subjecting an original sheet obtained, for example, to monoaxialstretchind wh ere an original
sheet obtained is stretched at 100 to 160"C at a stretching ratio of2 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 to biaxial 20 stretching where a film obtained through the monoaxial stretching is
subjected to successive, stretching under similar conditions to those in the npnoaxial stretching in the
direction perpendicular to the machine direction; or to simultaneous biaxial  stretching 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 homopolymer 5 for a film capacitor of the present invention, optionally
concurrently adding thereto various additives such as various antioxidants including irganox 1010,
BHT (dibutylhydroxytoluene) and irgafos 168, and calcium stearate, and then irradiating an original
sheet obtained with an radiation witkia desired absorbed 10 dose thereby providing a polypropylene
sheet fora film capacitor, and subsequently, subjecting the sheet to the monoaxial stretching or biaxial
stretching as described above. In the sheet molding or pelletizing, nitrogen sealing is preferably carried
out. [0063j        At an industrial scale, the polypropylene film for a film capacitor can be obtained_ by
various known simultaneous biaxial stretching or successive biaxial stretching methods, for example,
tubular film method, and tenter method. (00641 20In the tenter method, emelt sheet melt-extruded
from a T-d e 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 l60C at a stretching ratio of 3 to 7 times in the
longitudinal direction and at a stretching ratio of 5 to 11 times  29 in the transversalrec6ion. The total
area stretching ratio is 20 to 70 times, preferably 30 to 50 tithes. 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 5 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 190"C. [0065] 



In the present invention, the polypropylene film for a film 10 capaditor as descried above can be used
in a known film capacitor. The polypropylene film 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 [0060]            Hereinafter, the present invention will be
described with reference to Examples, but the oresent invention is in no way 20 limited by these
Examples. [0067]        In Examples and Comparative Examples, various properties were measured as
follows. [0066]  30 (1) Melt Flow Rate (MFR)        The MFR of a specimen (propylene homopolymer)
was measured at 230`C under a load of 2.16 kg in accordance with ASTM D1238. [0069] 5(2) isotactic
Pentad Fraction (kimmm fraction)        The isotactic pentad fraction (mmmm fraction) of a specimen
(propylene homopolymer) was measured baked on the assignment shown in Macromolecules, 8, 687
(1975) by A. zambelli et al., using 13C-NMR under the following conditions, to obtain a meso pentad 



10 fraction = (an area of peaks at 21.77 ppm)/ (an area of peaks at 19 to 23 ppm). [0070]
<Measurement Conditions> Type: 61(NM-Lambada400 (manufactured by JOEL Ltd.) 15
Decomposition Capacity: 400 MHz Measurement Temperature: 125C Solvent: 1 , 2 ,
4-trichlorobenzene/deuterated benzene = 7/4 Pulse Width: 7.8 psec. Pulse Interval: 5 sec. 20 Number
of Integration: 2000 Shift Standard: TMS = 0 ppm Mode: single pulse broadband decoupling (3; Ash
Amount 100 g of a specimen (propylene iomopolymer) was put into  31 



a porcelain cruciblewhich 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
cooledinadesiccator for one hour. Then, the weight 5 of the ash amount was measured to the unit of
0.1 mg with a precision scale, and the ash amount (ppm) relative to the specimen was calculated.
[0071] (4) Chlorine Amount 10Approximately 0,7 g of a specimen (propylene homopolvrner) was set in
a specimen-burning device (QF-02 manufactured by Mitsubishi ChemicalL Corporation), and allowed
to slowly burn under conditions permittino the spec en 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
)DX-300manufacturedbyNippon DionexIK.K.). From an area of a chromatogram obtained, the chlorine
amount was calculated_ The detection limit was 1 ppm. 20[0072] (5) Melting Point (Tm)
Approximately 0.40 g of a specimen (propylene honmpolyrner) was put into a mold for forming a film
thickness of 0.2 mm, heated at 240C for seven minutes, and cool-pressed, thereby  32 preparing a
film. From aiobtained, a film in an amount of 5.0 mgt:0.5 mg was cut out, and crimped with an
exclusively-used aluminum pan, thereby proving a measurement sample. The melting 



point (Tm) was obtained from an endothermic curve prepared when 5 by the use of DSC 7
manufactured by PerkinElmer 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 Amin from 240'C to 30C, held at 30C for 2minutes, and then heated at a rate of 10C /rnin
10[00F7F] (6) Molecular Weight Distribution (Mw/Mn) The molecular weight liStribution (Mw/Mn) was
measured as follows by the use ofPermeation Chromatograph Alliance CPC-2000 manufactured
beters. Separation columns used were 15 two columns of T.3.15gel GNM6-HT and two columns of
TOE 1 GNH6-HTL.      size for these columns was 7.5 mm La ter, and 300 mm in length. The column
temperature was 140C. P. mobile phase used was o-dichlorobenzene using
0.02526byweightofBHTasantioxidant, which was moved at 1.0 mi/minute. The concentration of a
specimen 20(propylene homopolvmer) was 15 mg/10 mL. The amount of feeding the specimen was
500 pL. A detector used was a diffe-rential refractometer. Regarding standard polystyrenes, the
polystyrene manufactured by Tosoh. Corporation having a molecular weight the range of Mw < 1000
and Mw > 4x 106, and the polystyrene  33 manufactured by Pressure Chemical Company having a
molecular weight within the range of 1000 M4 x 106 were used. 



[0074] (7) Thermal Shrinkage 5A 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 12 0  C hot-air oven and heated for 15minutes.
Theratioofalength shrunk to an original length was calculated as the thermal shrinkage ratio %
10[0075] (8) Breakdown Voltage (BDV)        In accordance with JIS C2330, voltage was applied to a
biaxially stretched film (250 mm x 300 mm, 15 pm 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 80C, at a voltage increase of 100 to 500 V/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 25 mm,
whichwasPrOvidedasap05itiveelectr0e, and the lower electrode was a silicon rubber wrapped with an
aluminum foil stipulated in JIS-H-4160, which was provided as a negative electrode. Asinglepieceof
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 [0077] (9)
Stretchability 



A. press sheet or a T-die sheet was subjected to successive biaxial stretching using a biaxial stretcher
(KARS] IVmanufactured 10 by BRUECKNER), under the conditions of a preheating temperature of
152`C, a preheating time of 60 seconds, a stretching temperature of 152C, a stretching ratio 5 x 7
times (5 times in the direction of the flow of the resin (SID 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 biaxially stretched films were prepared, and the
stretchability was evaluated in the following way. [0076] 20AI,: Out of five pieces, five pieces were
stretched well. 791        BD: Out of five pieces one or more pieces were poorly stretched, having
necking, breaking or the like. 



[0080]  35        CC: Out of five pieces, five oieces were poorly stretched, having necking, breaking or
the like. [0081]           Here, the necking means that the stretched film includes 5 an unstretthed 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 a of
2-ethylhexlalcohol were heated at 130'C for 2 hours, thereby to provide a homogenous solution. Into
the solution, 213 g of phthalic hydride was added, which was followed by further stirring and mixing at
130C for 1 hour so as to dissolve the phthalic anhydride. A homogenous solution obtained was cooled
15 to 23C, and 750 mL of this homogenous solution s added dropwise over 1 hour into 2000 pal, of
titanium tetrachloride held at -20LC. After the dropwise addi on, the temperature of a mixture solution
obtained was raised to 110C over 4 hours. When the temperature reached 110`C, 52.2g of diisobutyl
phthalate (DIED' was added, 20 and at the temperature, heating was carried out for2 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 110C decane and hexane until the titanium
compound became undetectable in the washing liquid. A  36 



solid titanium catalyst component thus prepared was stored as a hexane slurry. A part of the hexane
slurry was dried to study the catalyst composition, and it as found that the solid titanium catalyst
component nad 2% by weight of titanium, 57% by weight 5 of chlorine, 21% by weight of magnesium,
and 20% by weight of DIEP. [0083] (2) Preparation of Prepolymerization Catalyst        120 g of a
transition metal catalyst component, 20.5 mi of triethylaluminum, and 120 L of hebtane were charged
into a. 200L 10 autoclave equipped with a stirrer. With the temperature inside the autoclave kept at
EAC, 720 g of propylene was added there 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 liasziziwas removed, and the 15 residue was washed two times using heptane. A
prepolymerization catalyst obtained was resuspended in a purified heptane in order for the transition
metal catalyst component concentration to be 1 9/L. This prepolymerization catalyst contained 6 g of a
propylene polymer per 1 g of the transition metal catalyst 20 component. [C084] (3) Polyme net on
Into a IDOL vessel polymerization reactor equipped with a stirrer, 110 kg/h of propylene, 1.4 g/h of the
catalyst slurry  37 produced in (2) as a transition metal catalyst component, 5.8 mL/h of
triethylaluminum, and 2.6 mL/h of dicyclopentyldimethoxys lanewere continuously fed, and hydrogen
was fed so that the hydrogen concentration in the gas phase part 5 became 0.9 mc1%. 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 L vessel oolymeriza OP reactor equippeda stirrer, where further 



polymerization was carried out.30 kg/h of propylene, and 10 hydrogen such that the hydrogen
concentrationthe gas phase part became 1.3 mol%, were fed into the olymerizer, and then
polymerization was carried out at a polymerization temperature of 71C, and a pressure of 3.0 MPa/G.
A slurry obtained was transferred to a 500 L vessel equipped with a stirrer, where 15 further
polymerization was carried out. 46 kg/h of propylene, and hydrogen such that the hydrogen
concentration in the gas phase part became 1.3 moil, were fed into the polymerizer, and then
polymerization was carried out at a polymerization temperature of 690, and a pressure of 2.9 MPa/G.
A slurry obtained was 20 deactivated, and then, the y was transferred to a washin  tank using liquid
propylene where LhC propylene homopolymer powders were washed. This slurry was subjected to
vaporization, and subjected to gas-solid separation, thereby obtaining a propylene homopolymer. The
propylene homopolymer obtained was 



38 introduced into a conical drier, where vacuum drying was carried out at 80C. Then, to 100 kg of this
product, 35_9 g of pure water, and 0.63 1 of propylene oxide were added," which was followed by
dechlorination treatment at 90"C for 2 hours and then vacuum drying 5 at 80C, thereby obtaining
propylene homopolymer powders. [0085] [Example 21       Pellets (average particle diameter: 3 mm) of
the propylene homopolymer obtained in the above production Example (MFR: 4.2 10 g/10 min, MTh=
98%, ash amount: 20 ppm, chlorine amount: 1 ppm, Tm:(166CC, Mw6Mn: 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 ml,
irradiation rate: 2 15 m/min) by the use of an electron ray irradiator (580800-35 manufactured by NHV
Corporation). [0086] The pellets irradiated weressed by the use of a press molding machine (551-20
manufactured by Shinto Metal Industries 20 Corporation) under the conditions of a preheating/heating
temperature of 210C, a preheating time of 5 minutes, a heating pressure of 10 MPa, a pressurizing
and heating time of 2 minutes, thereby obtaining a 0.5 rant 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 152C, a preheating time 5 of 60 seconds, a stretching temperature of
152TC, a st retching ratio 5 x 7 times (5 times in MD direction, 7 times in TO direction), and a
stretching speed of 6 m/ , thereby obtaining a biaxially stretched film with a thickness of 15 pm. [0088]
10The result of a farm obtained is set forth in Table 1. [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 1510 kGy (accelerating voltage: 800 kV, electric current: 1.3 mA, radiation rate 2 m/min).
[0090]         In Example 3, a film was prepare in the same manner as in Example 1, except that the
absorbed dose of the electron ray was 20 100 kGy (two-time irradiations, 50 kGy (accelerating voltage
800 kV, electric current: 4.9mA, irradiation rate: 2 m/min) for each irradiation). [0091] The results of
films obtained are set forth in Table 1.  



40 [0092 ] [Comparative Example 1]        A film was prepared in the same manner as in Example 1,
except that the film was not irradiated with the electron ray. The result  5 of a film, obtained is set
[0093] [Example 4] Pellets (average par lame er: 3 mm) of a propylene  homcpolymer (MFR: 4.2 g/10
min, mmmm. 98%, ash amount: 20 ppm, 10 chlorine amount: 1 ppnR Tm: 166C, Mw/Mn: 6.5) were
melted at a molding temperature of 210C, using a 30 mm-diametere u e (an extrusion sheet molding
machine manufactured by GM Engineering, Inc.), and then extruded from a T-die, and slowly cooled at
a cooling roll hold at a coolinmtemperature of 30C under the 15 condition of a take-up speed of 1.0
m/min, thereby obtaining a sheet with a thickness of 0.5 mm. [0094        This sheet was cut into 85 mm
x 85 wE and the sheet was irradiated with an electron ray with an absorbed dose of I kGv 



20(accelerating voltage: 300 kV, electric current: 1.9 mA, irradiation r50 m/min) by the use of an
electron ray irradiator (EEC 300-60 manufactured by NHV Corporation) [0095] The sheet irradiated
was subjected to successive biaxial  41 stretching using a biaxial stretcher  (MARO IV manufactured
by BRUECKNER), under the conditions of a preheating temperature of 152C, a preheating time of 60
seconds, a stretching temperature of 152]C, a stretching ratio 5 x 7 times (5 times in MD direction, 5 7
times in TD direction), and a stretching speed of 6 m/min, thereby obtaining a, biaxially stretched film
with a thickness of 15 pm. [0096] The result of a film obtained is set forth in Table 1. [0097]
10[Examples 5 to 7]        In Example 5, a film was prepared in the same manner as in Example 4,
except that the absorbed dose of the electron ray was 10 kGy (accelerating voltage: 300 kV, electric
current: 18.7 mA, irradiation rate: 50 m/min). [0098]        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 180 kGy
(accelerating voltage: 300 kV., electric current: 37.4 mA, irradiation rate: 10 m/min). 20[0099] 



In Example 7, a film was prepared in the same manner as in Example 4, except that the absorbed
dose of the electron ray was 300 kGy (three-time i diations under the conditions of 100 kGy) [0100J
42 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 ray. The result of a film obtained is set forth in Table 1. [0102] [Comparative Example 3] In the
same manner as in Example 4, except that the absorbed 10 dose of the electronraywas 1000 kGv
(ten-time irradiations under the conditions of 100 kGy), 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 B]        A film was prepared in the same manner as inExample5,
except that pellets (average particle diameter: 3 mm) of a propylene homopolymer (MFR: 2.9 g/10
mm, TM= 94%, ashamount: 23 ppm, chlorine amount: 1 ppm, Tm: 163C, Mw/Mn: 5.0) were used, and
20 theeheating temperature of the biaxial stretcher was 149C. 



The result of a film obtained Is set forth in Table I. [0104] [Comparative Example 4] A film was
prepared in he same manner as in Example 8, except  43 that thefillnwasnot irradiated
withtheelectronray. The result of a film obtained is set forth in Table 1. [0105] [Comparative Example
5) film was prepared in the same manner as in Comparative Example 2, except that pellets (average
particle diameter: 3mm) of a propylene homopolymer (MFR: 2.8 g/10 mm, mmium: 91%, ash amount:
27 ppm, chlorine amount: 3 ppm, Tm: 160C, Mw/Mnr 8.0) were used, and the preheating temperature
of the biaxial stretcher 10 was 145C. The result of a film obtained is set forth in Table 



[0106) [Comparative Example 61 A film wasepared in the same manner as in Comparative 15
Example 5, except that the absorbed dose of the electron ray was 10 kGy (accelerating voltage: 300
kV, electric current: 18.7 c[P, irradiation rate: 50 m/min). The result of a film obtained is set forth [
Table 1. [0107) 20 [Comparative Example 7]        99% by weight of pellets (average particle diameter:
3 mm) of a propylene hamopolymer (MFR: 4.2 g/10 min, mmmm. 98%, ash amount: 20 ppm, chlorine
amount: 1 ppnb Tm: 166C, Mw/Mn: 6.5), and 1% by weight of a propylene homopolymer (PF814
(product name)  44 manufactured by Base , MFR: 3.2 g/10 min, mmmm. 91%, ash amount: 220 ppm,
chlorine amount: 24 ppm, 158C, Mw/Mn: 8.5) were melt-kneaded at a molding temperature of 2100 by
the use of a biaxial extruder (HYPERKTX30, 30 mm-diameter x 2 manufactured by 5 KOBE STEEL,
Ltd.), thereby obtaining pellets. [0108]        Thesepelletsweremeltedata molding 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
cooling temperature of 30C under the condition of a take-up speed. of 1.0 m/min, thereby obtaining a
sheet with a thickness of 0.5 ram. [0109] 



This sheet was subjected to successive biaxial stretching 15 us 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 of 152`C, a stretching ratio 5 x 7 times (5
times in MD direction, 7 times in TD direction), and a stretching speed of 6 m/m n, thereby 20
obtaining a biaxially stretched film with a thickness of 15 Dm. [0110] The result of a film obtained is set
forth in Mile 1. [Comparative Example 81  45 A film was prepared in the same manner as n
Comparative Example 2, except that pellets (average particlediameter: 3mm) of a propylene
homopolymer (MFR: 3.0 g/10 min mum. 98.5%, ash amount: 300 ppm, chlorine amount: 70 ppm, Tm:
167C, Mw/Mn: 6.0) 5 were used. The result of a film obtained is set forth in Table [01121 [Comparative
ve Example 9] s prepared in the same manner as in Examplel, except 



10 theta propylene homopolymer (P5814 (produtt name) manufactured by Basel', MERt. 3.2 g/10 min,
mmmra: 91.0%, ash amount: 220 ppnn chlor ount: 24 ppm, Tm: 158C, Mw/Mn: 8.5) was used as
pellets. The result of a film obtained is set forthTable 1.    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. [0115] [Example 9]
100% by weight of pellets (average particle diameter: 3 mm) of a propylene homopolymer (MFR: 4.2
g/10 min, =am: 98%, ash 10 amount: 20 ppm, chlorine amount% 1 ppm, Tm: 166C, Mw/Mn: 6.5), and
1% by weight of tria lisocyanurate (TAIC manufactured by Nippon Kasei Chemical Co., Ltd.) as a
cross-linking agent were melt-kneaded at a molding temperature of 210C by the use of a biaxial
extruder (HYBBRKTX30, 30 rem-diameter x 2 manufactured 15 KOBE STEEL, Ltd.), thereby obtaining
pellets. [0116] 



These pellets were laid and arranged uniformly such that pellets were not superposed among- one
another, and were irradidted with an electron ray with an a sorbeddose of 10 kGy (accelerating 20
voltage: 800 kV, electric current: 1.3 mA, irradiation rate: 2 mMmin) by the use of an electron ray
irradiator (EBC800-35 manufactured by NEV Corporation). [0117] The pellets irradiated were pressed
by tie use of a press  48 molding machine (SFA-20 manufactured by Shinto Metal Industries
Corporation) under the conditions of a preheating/heating temperature of 210C, a preheating time of 5
minutes, a heating pressure of 10 MPa, a pressurizing and heaving time of 2minutes, 5 thereby
obtaining a 0.5 cm pressed sheet. [0118]        This pressed sheet was cut into 85 mm x 85 mm 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 152C, a preheating time of
60 seconds, a stretching temperature of 152"C, a stretching ratio 5x7 times (5 times in MD direction, 7
times in TO direction) and a stretching speed of 6 m6min, thereby obtaining a biaxial. ly stretched film
with a thickness of 15 pm. 15[0119] The result of a filrL obtained is set forthTable 2. [0120] [Example
10] 



was preparedinthe samemanneras in Example 9, except 20 that the absorbed dose of the electron ray
was 50 kGy (accelerating voltage: 800 kV, electric current: 4.9 mA, irradiation rate: 2 m/mir). The result
of a film obtained is set forth in Table [0121] [Comparative Example 10]  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] 5[Example 11]       100% by weight of pellets
(average particle diameter: 3 mm) of a propylene homopolymer (MET: 4.2 g/20 min, mmmnx 98%, ash
amount: 20 ppm, chlorine amount: 1 ppm, Tm: 166'C, Mw/Mn: 6.5% and 1% by weight of TAIC as a
cross-linking agent were melt-kneaded 10 at a molding temperature of 210C by the use of a biaxial
extruder (HYPERKTX30, 30 mm-diameter x 2 manufactured by KOBE STEEL, Ltd. ) thereby obtaining
pellets. 10123] 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, and slowly cooled at a cooling roll held at a cooling temperature of
30"C under the condition of a take-up speed of 1.0 m/min, thereby obtaining a sheet with a thickness
of 0.5 MM. 



20[0124]           s sheet was cut into 85 mm x 85 mm, and the sheet was irradiated wi an electron ray
with an absorbed dose of 1 kGy raccelerating voltage: 300 kV, electric current: 1.9 mA, irradiation rate:
50 m/min) by the use of an electron ram/  50 irradiator (EE0300-60 manufactured by NHV
Corporailon). [0125]        The sheet irradiated was subjected to successive biaxial stretching using g
biaxial stretcherKAR.0 IV manufactured by 5 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 14D direction, 7 times in TD direction), and a stretching speed /min,
thereby obtaining a biaxially stretched film with a thickness of 15 pm. 10[0126] The result offilm
obtained is set forth in Table 2. [0127] [Examples 12 and 13]             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 irradiation rate: 50 Trim [0128] 



In Example 13, a film was prepared. in the same manner as 20 in Example 11, except that the
absorbed dose of the electron ray was 100 kGy (accelerating voltage: 300 kV, electric current: 37.4
irradiation rate: 10 m/min). [0129] The results of films obtained are set forth in Table 2.  51 [0130]
[Examples 14 to 18]        In Example 14, a film was prepared in the same manner as in Example 12,
except that 4% by weight ofTAIC as a cross-linking agent was used. [0131] In Example 15 a film was
prepared in the same manner as in Example 13, except that 4% by weiaht of TAIC as a cross-lin agent
was used. 10[0132]         In Example 16, a film was prepared in the same manner as in Example 12,
except that 5% by weight of TAlC as a cross-linking agent was used. 



[0133] 15In Example 17, a film was prepared in the same manner as in Example 13, except that 5% by
weight of MCC 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 TATO as across-linking  agent was
used, and the absorbed dose of the electron ray was 300 kGy (three-time rradiations under the
conditions of 100 kGy 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
manner as in Example 11, except that the ilm was not irradiated with the electron ray. The result of a
film obtained is set forth in Table 2. [0137] [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 TALC as a cross-linking agent was used. [01381           In
Comparative Example 13, a film was prepared in the same 15 manner as in Comparative Example 1l
except that 5% by weight of TAIC as a cross-linking agent was used. [0139l        In Comparative
Example 14, in the same manner as in Example 11, except that 5% by weight of TAIC as a
cross-linking agent was 20 used, and the absorbed dose of the electron rev was 1000 kGy [tenet
'iations under the conditions of 100 kGy), 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.
53 [0140] The results of films obtained are set forth in Table 2. [014U [Comparative Example 15]
In the same manner as in Example 11, except that 15% by weight of TAIC 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) of a mm      propylene homopolymer (MFR: 2.9 g/10 min, mmmm. 94%,
ash amount: 1523 ppm, chlorine amount: 1 ppm, Tm: 163C, Mw/Mn: 5.0) were used, and the
preheating temperaturethe biaxial stretcher was 149C. The result of a film obtained is set forth in Table
2. 10143] [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 g/10 min,
mmmm: 91%, ash amount: 27 ppm, chlorine amount: 3 ppnn Tm: 160C, Mw/Mn: 8,0) were used. The
result of a film btained is set forth in Table 2.    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, .which can greatly contribute, for
example, to allowing hybrid automobiles to have higher output, smaller size and lighter 10 weight.  56
CLAIMS 1.A polypropylene for a film capacitor whioh is   obtainable by irradiating apropylene
homopolymerwitha radiation 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
230C under a load of 2.16 kg in accordance with ASTM D1238,              (2) an isotaotio pentad fraction
(mmmm. 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 propylene homopolymer in air, and
(4) a chlorine amount of not more than 10 ppm as determined by ion chromatography. 15         2. The
polypropylene for a film capacitor according to claim 1, wherein the radiation is an electron ray or a
gamma ray. 



3. A polypropylene sheet or a film oapaoitor whiohis 20 obtainable by irradiating a sheet obtained from
a propylene homopolymer with a radiation with an absorbed dose of 0.1 to 500 kGy, wherein the
propylene homopolymers:         (1) a melt flow rate (MFR) within a range of 1 to 10 g/10 min as
determined at 230'0 under a load of 2.16 kg in accordance  57 with ASTM 01238,         (2) an isotactic
pentad fraction (Infrao of not less than 94% as determined using 130-NMR,             (3) an ash amount
of not nore than 30 ppm as obtained by 5 completely burning the propylene homopolymer in air, and 4)
a chlorine amount of not more than 10 ppm as determined by ion chromatography.           4. The
polypropylene sheet for a film capacitor 10 according to claim 3, wherein the radiation is an electron
ray or a gamma ray.           5. The polypropylene for a flint 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 homopolymer.        7. The polypropylene for a film capacitor
according t-0 claim 5, which is obtainable by adding 0.01 to 10% by weight of    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 adding 0.01 to 10% by weight of a cross-linking
agent to 100% by weight of the 5 propylene homopolymer.         9. The polypropylene for a film
capacitor according to claim 1 or 2, wherein the absorbed dose of the irradiation is 1 to 300 KGy. 10
10. The polypropylene sheet for a film capacitor according to claim 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 forn of powders, granules and pellets. 12.A
polypropylene sheet or a film capacitor which is 20 obtainable from the polypropylene for a film
capacitor according to claim 1 or 2. 



12A polypropylene film for a film capacitor w.hich is obtainable by biaxially stretching the
polypropylene sheet  59 according to claim 3 or 4.         14. A film capacitor comprising the
polypropylene film for a film capacitor according to claim 13. 5        15. A method for producing a
polypropylene for a film capacitor which comprises irradiating a propylene homopoly-mer with a
radiation with an absorbed dose of 0.1 to 500 kGy, wherein the propylene homopolymer has: 10(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 D1235,         (2) an isotactic pentad action (mmmm fraction) of not less than
94% as determined using 13C-NMR, 15(3) an ash amount of not more than 30 ppm as obtained by
completely burning the propylene homopolymar in air, and (4) a chlorine amount of not more than 10
ppm-s determined 



by ion chromatography. 20145.A method for producing a polypropylene sheet for a film capacitor
which comprises irradiating a sheet obtained from a propylene homopolymer with a radiation with an
absorbed dose of 0.1 to 500 kGy, wherein the propylene hom000lymer has: (1) a melt flow rate (MFR)
within a range of 1 to 10 g/10  60 rain as determined at 230`C under a load of 2.16 kg In accordance
with ASTM 9I238         (2) an isotactio pe ad fraction (=ram fraction) of not less than 94% as
determined using 130-NMR,         (3) an ash amount of not more than 30 ppm as obtained by
completely burning the propylene homopclymer 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  cross-linking agent to the propylene
homopolvmer. 16.The method for producing a polypropylene sheet for a 15 film capacitor according to
claim 16which comprises adding a cross-linking agent to the propylene homopolymed.               A
method for producing a polypropylene film fora film capacitor which comprises: 



20a step (I) for producing a propylene homopolymer haying:         (1) a melt flow rate (MFR) within a
range of 1 to 10 9/10 min as determined at 230'0 under a load of 2.16 kg In accordance with ASTM
D1238,         (2) an isotactic pentad fraction (=infraction) of not less  61 than 94% as determined using
C-NMR,         (3) an ash amount of not more than 30 ppm as obtained by completely burning the
propylene homopolymer in air, and             (4) aorine amount of not more than 10 ptm as deterrained 5
by ion chromatography;        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 homopolymer obtained i the step (I) or the sheet obtained in the step (II) )an
electronan absorbed dose of 0.1 to 500 kGy. 20.The method for producing a polypropylene film for a 



15film capacitor according to claim 19, which comprises adding a cross-linking agent to the propylene
homopolymer.  6/3 POLYPROPYLENE FOR FILM CAPACITOR, POLYPROPYLENE SHEET FOR
FILM CAPACITOR, METHOD FOR PRODUCING THE SAME, AND USES OF THE SAME 5 Abstract
Disclosed are a polypropylene for a film capacitor and a polypropylene sheet for a film capacitor, each
of which exhibits excellent stretchability When stretched into a film and is 10 capable of providing a
film that has high dielectric breakdown voltage and small thermal shrinkage. The polypropylene for a
film capacitor and the polypropylene sheet for a film capacitor are suitable for a polypropylene film for
a film capacitor and a film capacitor comprising the film. The polypropylene for a film 15capacitor is
characterized by being obtained by irradiating a propylene homopolymer with radiation with an
absorbed dose of 0.1-500 kGy, said propylene homopolymer haying Ci a melt flow rate (NRR) within a
range of 1-10 g/10 minutes as determined at 230C under a load of 2.16 kg in accordance with ASTM
D1238, (2) 20 an isotactic pentad fraction (mmmo fraction) of not less than 94% as determined using
'30-NMR, (3) an ash content of not more than 30 ppm as obtained by being completely burnt in air,
and (4) an chlorine amount of not more than 10 ppm as determined by ion chromatography. 75 No
suitable figure. 






