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Description

TECHNICAL FIELD

[0001] This invention relates to a successively biaxially stretched polypropylene porous film having numerous fine,
continuous through-pores, and to a process for producing this film, and to a battery separator composed of this film.

BACKGROUND ART

[0002] Polypropylene occurs in crystal states such as a-crystals and B-crystals, and B-crystals can be produced
preferentially by employing special crystallization conditions or by adding a B-crystal nucleating agent. 3-Crystals are
known to undergo a transition into stable a-crystals when subjected to thermal and dynamic action, and recently several
methods have been proposed for producing an air-permeable polypropylene film having continuous through-pores,
which make use of the crystal transition that occurs in the course of stretching

[0003] (EP-A632095and 865912, WO 01/92386, JP-A H6-64038, H8-3353, H7-118429, H9-176352, H9-255804, and
H6-100720). However, the pore formation mechanism involving B-crystals is complicated, and is not yet fully understood.
Consequently, these methods have failed to produce a porous film in a stable manner.

[0004] Inorderto obtain a porous film, all of the above publications recommends to form B-crystals in a largest possible
amount in the unstretched web sheet before stretching, and then carry out stretching at an optimal temperature, wherein
a K value determined by X-ray diffraction is employed as an index of the B-crystal content. A K value of 1.0 indicates a
B-crystal content of 100%, and with the understanding that the higher the K value is, the easier it is to obtain a porous
film with high air-permeability, it is recommended in JP-A H9-255804, for instance, that the K value be at least 0.7,
preferably 0.8 to 0.98. The recommended stretching temperature is about 50 to 100°C during longitudinal stretching,
and about 100 to 150°C during transverse stretching.

[0005] These recommended K values are achieved relatively easily by adding a specific B-crystal nucleating agent,
without having to employ special crystallization conditions. However, stretching a sheet having a high K value at the
recommended temperature does not necessarily give a porous film with high permeability.

[0006] For example, the strain rate during stretching affects pore formation, and there is a strong tendency for pore
formation to be impaired if the strain rate is high during transverse stretching in particular. No pores may sometimes be
formed, if stretching is carried out at a transverse stretching strain rate of at least 60 times/ minute (or 100%/second)
which is usually used in the manufacture of an ordinary nonporous, biaxially stretched polypropylene film. The strain
rate is determined as the ratio V/D (or 100V %/D) of the stretching rate V to the sample dimension D in the stretching
direction, and an extremely slow strain rate of less than 10 times/minute (17%/second) (longitudinal and transverse
directions) is recommended as a condition for forming pores in JP-A H6-100720. However, decreasing the strain rate
is undesirable because it leads to lower productivity.

[0007] There are also cases in which no pores are formed even if the K value is high and preferable stretching
temperature and slow strain rate are employed. The mechanism by which pores are formed through B-crystals is com-
plicated, and stable industrial manufacturing conditions had to be established, with plenty of room remaining for im-
provement.

[0008] Aside from the problem of pore formation, another serious problem up to now has been the breakage of a film
during its manufacture. This breakage is ameliorated by utilizing B-crystals, as compared to a porous film containing a
filler such as calcium carbonate, but the results are still not satisfactory, and further improvement is needed.

[0009] In recent years, porous polypropylene films have been used in a wide variety of fields depending on the
characteristics thereof. Specifically, they found use in disposable diapers, feminine sanitary products and packaging
materials due to their water vapor permeability, in synthetic paper and wallpaper materials due to their printing charac-
teristics, and in filtration membrane and battery separators due to their separation characteristics.

[0010] Their use as battery separators has been especially popular because the demand for electronic devices has
recently soared. Examples of the application of a porous polypropylene film containing B-crystals have been proposed
in several places, such as Japanese JP-A 2000-30683.

[0011] One of the most important properties of a battery separator is its electrical resistance. Electrical resistance is
the measured value of the resistance to current flowing through a separator between a cathode and an anode, and is
known to be proportional to the product of the Gurley air-permeability and the pore size ("Kagaku Kogyo" [Chemical
Industry], January issue (1997) or R.W. Callahan et al., The Tenth International Seminar on Primary and Secondary
Battery Technology and Application, March 1-4, 1993). It is generally preferable that this electrical resistance be as low
as possible, and in more specific terms, the electrical resistance per mil (25 pm) of thickness is preferably less than 30
ohm-in, more preferably less than 20 ohm-in.

[0012] JP-A2000-30683 discloses several recommended stretching conditions, including the temperature and stretch
ratio during longitudinal and transverse stretching, and the total stretching range. Nevertheless, a battery separator
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comprising the porous film disclosed in JP-A 2000-30683 is not necessarily satisfactory in terms of thickness uniformity,
and even if the recommended stretching conditions given in this publication are employed, the resulting porous film did
not necessarily have the electrical resistance required of a battery separator.

[0013] Therefore, there has been a need to better understand the pore formation mechanism, and to establish an
industrially optimal manufacturing method that is suited to this mechanism. In particular, the thickness uniformity of a
porous film was inadequate in the past, and consequently there was unsatisfactory uniformity in film characteristics,
such as air-permeability, tensile characteristics, electrical resistance and porosity, and there was variance in the man-
ufactured film from place to place. Therefore, there is a need for the development of a porous film with superior thickness
uniformity, as well as a process for producing such a film.

[0014] Itisanobjectofthe presentinvention to solve these problems, and in particular to provide a porous polypropylene
film which has good thickness uniformity and high porosity and air-permeability, and which preferably has the electrical
resistance required of a battery separator.

[0015] It is a further object of the present invention to provide a manufacturing process for preparing a porous poly-
propylene film which is resistant to breakage during manufacture, by which the film can be manufactured in a stable
manner and at a high strain rate.

DISCLOSURE OF THE INVENTION

[0016] We conducted extensive research in light of the above situation. Consequently, we discovered that if the f3-
crystal lamella layers of a longitudinally stretched sheet is oriented in a specific direction by the following method (I)
and/or method (Il), pore formation is promoted in the subsequent transverse stretching step, with the result that the
thickness uniformity in the biaxially stretched film that is finally obtained is improved, and the resulting porous polypro-
pylene film has high air-permeability and porosity, good feeling and electrical resistance required for a battery separator.
[0017] Method (I): an amide compound which is a B-crystal nucleating agent is made into needle crystals, and during
extrusion of a polypropylene-based resin composition containing these needle crystals from a T-die, the resin temperature
is set to be over the melting point of the polypropylene-based resin and below the temperature at which the amide
compound dissolves in the polypropylene-based resin melt, and the melt of the polypropylene-based resin composition
is extruded from a T-die in a state in which the needle crystals of the amide compound are present.

[0018] Method (ll): the neck-in ratio during longitudinal stretching is adjusted to at least 25% and not more than 55%.
[0019] JP-A H8-197640 proposes a method in which a polypropylene-based resin composition containing needle
crystals of this amide compound is extruded at a resin temperature that is above the melting point of the polypropylene-
based resin and below the temperature at which the amide compound dissolves in the polypropylene-based resin melt,
thereby orienting the crystal lamella layers. This procedure is described to improve rigidity and heat deformation tem-
perature of the polypropylene-based resin molded product. However, this publication does not teach at all that this
procedure is used for producing a polypropylene unstretched web sheet for producing a stretched film, and that pore
formation is promoted when this unstretched web sheet is stretched.

[0020] Also, with a conventional process for producing a biaxially stretched film, such as described in "Kobunshi Kako
One Point (Hints for Macromolecular Processing), Vol. 2 "Film wo tsukuru (Making Films),"" published on October 5,
1988 by Kyoritsu Shuppan, page 48, the neck-in ratio is usually kept as low as possible in the longitudinal stretching
step for the sake of film uniformity, and therefore it was surprising that increase in the neck-in ratio as mentioned above
orients the B-crystal lamella layers and promote pore formation.

[0021] It has also been discovered that the provision of such a longitudinally stretched sheet in which the B-crystal
lamella layer has been oriented in a specific direction by the above-mentioned method (I) and/or method (1) has the
effect of making the film less prone to breakage during the transverse stretching step, and increasing the transverse
stretching strain rate.

[0022] Furthermore, research by the inventors has revealed that if an annealing treatment is performed under specific
conditions between the longitudinal stretching step and the transverse stretching step, pore formation is further promoted,
and the properties of the resulting biaxially stretched film are further improved, and the strain rate during transverse
stretching can be even higher without impairing breaking resistance.

[0023] The present invention has been accomplished on the basis of these findings, and particularly provides the
following porous polypropylene film, a process for producing the film, and a battery separator.

[0024] Item 1. A successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film,
comprising a polypropylene-based resin and a B-crystal nucleating agent, the film having a film thickness uniformity of
0.1 or less, and the film exhibiting the following pore structures (a) and (b) when observed in cross section in the
longitudinal and transverse directions of the film under an electron microscope:

(a) the cross section in the transverse direction: more lamella cross sections are present than in the image of a
cross sectional in the longitudinal direction; there are numerous pores between these lamella cross sections; the
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maximum pore size in the thickness direction of the pore is 0.1 to 5 um and the maximum pore size in the transverse
direction is 1 to 50 um, and the ratio of the maximum pore size in the thickness direction / the maximum pore size
in the transverse direction is from 1/2 to 1/20;

(b) the cross section in the longitudinal direction: there are no lamella cross sections or fewer lamella cross sections
than in the image of the cross section in the transverse direction; there are numerous pores; the maximum pore
size in the thickness direction of the pores is 0.1 to 5 um, and the maximum pore size in the longitudinal direction
is 1 to 50 pum, and the ratio of the maximum pore size in the thickness direction / the maximum pore size in the
longitudinal direction is from 1/2 to 1/20.

[0025] Item 2. The successively biaxially stretched, -crystal nucleating agent-containing polypropylene porous film
comprising the polypropylene-based resin and the B-crystal nucleating agent, according to item 1 above, which has a
film thickness uniformity of 0.07 to 0.04.

[0026] Item 3. The successively biaxially stretched, -crystal nucleating agent-containing polypropylene porous film
according to item 1 or 2 above, which has a Gurley air-permeability measured according to ASTM D726 of 10 to 100
sec/10 ml, and a porosity of 30 to 65%.

[0027] Item 4. The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film
according to any of items 1 to 3 above, which has an estimated electrical resistance R of less than 30 ohm-in/mil, as
calculated according to the following equation from the Gurley air-permeability and the average pore size:

R = 25 (4.2t,,.d)/L

wherein R is the estimated electrical resistance (ohm-in/mil) of the film in a 31 wt% KOH solution, tg, is the Gurley air-
permeability (sec/10 ml) measured according to ASTM D726, d is the average pore size (um) determined by mercury
intrusion porosimetry, and L is the film thickness (..m).

[0028] Item 5. The successively biaxially stretched, -crystal nucleating agent-containing polypropylene porous film
according to any one of items 1 to 4 above, which has

an average pore size of 0.04 to 0.06 um when measured by bubble point method (JIS K 3832), and of 0.10 to 0.50 pm
when measured by mercury intrusion porosimetry,

amaximum pore size in the film thickness direction of 0.1 to 5 wm, and a maximum pore size in the direction perpendicular
to the thickness direction of 1 to 50 um, as determined from electron microscopy (SEM) of a film cross sections,

a water vapor permeability of 3000 to 6000 g/m2-24 h as measured according to JIS Z 0208,

a tensile strength according to JIS K 7127 of 50 to 100 MPa in both the longitudinal and transverse directions, and

a water pressure resistance of 200 to 400 kPa as measured according to JIS L 1092 except that a 0.25 wt% aqueous
solution of a surfactant (sodium polyoxyethylene lauryl ether sulfate (number of moles of ethylene oxide added = 3
moles)) is used instead of pure water.

[0029] Item 6. The successively biaxially stretched, -crystal nucleating agent-containing polypropylene porous film
according to any one of items 1 to 5 above, wherein the B-crystal nucleating agent is:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicyclohexyl-
terephthalamide and N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) at least one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylenediamine,
N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicyclohexanecarbo-
nyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonylamino)ben-
zamide and N-phenyl-5-(N-benzoylamino)-pentaneamide, or

(4) a mixture of at least two members of the above amide compounds of (1) to (3).

[0030] Item 7. A process for producing the successively biaxially stretched, B-crystal nucleating agent-containing
polypropylene porous film according to item 1 above, by a sequential biaxial stretching step which comprises extruding
a melt of a polypropylene-based resin composition containing a B-crystal nucleating agent and a polypropylene-based
resin from a T-die, cooling the extrudate on a chill roll, and stretching the thus obtained B-crystal nucleating agent-
containing polypropylene unstretched web sheet first longitudinally and then transversely, characterized in that the
degree of orientation of B-crystals calculated from a pole figure of the crystal lattice (300) plane of the B-crystals determined
by X-ray diffraction of the sheet obtained after longitudinal stretching is adjusted to less than 0.30 by carrying out the
following method (I) and/or method (l1):
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method (1) : providing a polypropylene-based resin composition containing a polypropylene-based resin and needle
crystals of the amide compound according to item 6 above as a 3-crystal nucleating agent, melting the polypropylene-
based resin composition containing the needle crystals of the B-crystal nucleating agent at a temperature (T1) which
is not lower than the melting point of the polypropylene-based resin and lower than the temperature at which the
needle crystals of the amide compound dissolve in the melt of the polypropylene-based resin, and extruding from
the T-die the molten polypropylene-based resin composition at said temperature (T1) in a state in which the amide
compound needle crystals are present,

method (l1): adjusting the neck-in ratio during longitudinal stretching to at least 25% and not more than 55%.

[0031] Item 8. The process for producing a porous film according to item 7 above, wherein the sheet after the longitudinal
stretching is annealed at 130 to 160°C for 1 to 300 seconds while being stretched in the longitudinal direction at a
longitudinal stretch ratio of 0 to 30%, and is then transversely stretched.

[0032] Item 9. The process for producing a porous film according to item 7 or 8 above, wherein the stretching tem-
perature is 120 to 155°C and the stretch ratio is 4 to 10 times in the transverse stretching step, and the transverse
stretching is performed at a transverse stretching strain rate of 100 to 300%/sec.

[0033] Item 10. A battery separator comprising the successively biaxially stretched, B-crystal nucleating agent-con-
taining polypropylene porous film according to item 4 above.

[0034] Item 11. The process for producing a porous film according to item 7 above, wherein the degree of orientation
of the B-crystals is set to less than 0.28 by adjusting the neck-in ratio to at least 35% and not more than 55% in the
above-mentioned method (ll).

[0035] Item 12. The process for producing a porous film according to item 7 above, wherein the degree of orientation
of the B-crystals is set to less than 0.27 by adjusting the neck-in ratio to at least 40% and not more than 55% in the
above-mentioned method (ll).

[0036] Item 13. The process for producing a porous film according to item 7 above, wherein the sheet after the
longitudinal stretching is annealed at 140 to 150°C for 1 to 60 seconds while being stretched in the longitudinal direction
at a transverse stretch ratio of 0 to 20%, and is then transversely stretched.

[0037] Item 14. The process for producing a porous film according to item 7 above, wherein the sheet after the
longitudinal stretching is annealed at 145 to 150°C for 1 to 10 seconds while being stretched in the longitudinal direction
at a longitudinal stretch ratio of 0 to 10%, and is then transversely stretched.

[0038] Item 15. The process for producing a porous film according to item 7 above, wherein the unstretched web
sheet has a B-crystal content of 60 to 90%.

[0039] Item 16. The process for producing a porous film according to item 7 above, wherein, in method (lIl), the
unstretched web sheet is obtained by melting pellets obtained from the -crystal nucleating agent and the polypropylene-
based resin, extruding the resulting molten resin having a temperature of 200 to 280°C from a T-die, and cooling and
crystallizing the obtained molten sheet at 110 to 130°C for 10 to 60 seconds.

[0040] Item 17. The battery separator according to item 10 above, wherein the B-crystal nucleating agent is:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicyclohexyl-
terephthalamide and N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) at least one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylenediamine,
N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicyclohexanecarbo-
nyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonylamino)ben-
zamide and N-phenyl-5-(N-benzoylamino)-pentaneamide, or

(4) a mixture of at least two members of the above amide compounds of (1) to (3).

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]

Fig. 1 shows X-ray diffraction diagrams of longitudinally stretched sheets obtained at neck-in ratios of 15% and 45%.
Fig. 2 is a conceptual diagram of the orientation of the B-crystal lamellas in a longitudinally stretched sheet.

Fig. 3 shows electron micrographs (SEM; 1000 X magnification) of the cross section of the porous biaxially stretched
film of the present invention obtained by transversely stretching a longitudinally stretched sheet obtained at a neck-
in ratio of 45%, with (A) being an image of a cross section in the transverse direction (TD) of the porous biaxially
stretched film, and (B) being an image of a cross section in the longitudinal direction (MD).

Fig. 4 is a conceptual diagram illustrating the structure of a cross section of the porous biaxially stretched film of
the present invention obtained by transversely stretching a longitudinally stretched sheet obtained at a neck-in ratio
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of 45%.

Figs. 5 (i) and (ii) show micrographs of an unstretched web sheet (prior to longitudinal stretching) prepared according
to Example A (in which a porous film was prepared by method (1) of the present invention) and Example 1 (in which
a porous film was manufactured by method (I1), without employing method (1) of the present invention), respectively.
Fig. 6 is a conceptual diagram illustrating the steps of producing a porous film by methods (1) and (II) of the present
invention.

[0042] In the drawings, the symbols have the following meanings.

1 B-crystal lamella

2 lamella cross section

3 pore

4 stretched portion

Xt maximum pore size in the transverse direction
Xm maximum pore size in the longitudinal direction
Y maximum pore size in the thickness direction
11p columnar crystals of B-crystal nucleating agent
11n needle crystals of B-crystal nucleating agent
22 solidified polypropylene-based resin

23 molten polypropylene-based resin

24 B-crystal lamella of polypropylene-based resin
31 pore

DETAILED DESCRIPTION OF THE INVENTION

[0043] The present invention is characterized in that the degree of orientation of B-crystals calculated from a pole
figure of the crystal lattice (300) plane of the B-crystals determined by X-ray diffraction of a sheet obtained after longitudinal
stretching is adjusted to less than 0.30. In the present invention, this adjustment of the degree of orientation to less than
0.30 is accomplished either by performing the above-mentioned method (1) or method (11), or by combining methods (1)
and (Il).

[0044] Method (1) of the present invention involves longitudinally stretching and transversely stretching an unstretched
web sheet in which B-crystals of a polypropylene-based resin have been oriented. Specifically, a polypropylene-based
resin composition in which needle crystals of an amide compound which is a B-crystal nucleating agent have precipitated
is extruded from a T-die at a temperature which is lower than the temperature at which the needle crystals of the amide
compound dissolve in the molten polypropylene-based resin, whereby the needle crystals are oriented. The thus-obtained
extruded resin from the T-die is cooled, whereby an unstretched web sheet is obtained in which the B-crystals of the
polypropylene-based resin have crystallized as oriented along the needle crystals of the above-mentioned amide com-
pound. When the unstretched web sheet is longitudinally stretched, the degree of orientation of the B-crystals in the
longitudinally stretched sheet is less than 0.30.

[0045] Method (ll) of the present invention involves adjusting the neck-in ratio during the longitudinal stretching of the
unstretched web sheet. When an unstretched web sheet obtained by an ordinary method is stretched longitudinally, the
unstretched web sheet shrinks in its width direction, that is, transversely, and the sheet width decreases. The "neck-in
ratio" in the present invention refers to this shrinkage. Method (II) of the present invention is characterized in that the
neck-in ratio in the longitudinal stretching step is at least 25%, preferably at least 35%, more preferably at least 40%
and not more than 55%. With an increase in the neck-in ratio, the orientation of the B-crystal lamella layers increases,
and the above-mentioned degree of orientation of the -crystals in the longitudinally stretched sheet becomes less than
0.30.

[0046] The longitudinally stretched sheet obtained by the above-mentioned method (I) and/or method (ll) is then
subjected to transverse stretching, whereby pore formation is promoted, so that pore formation proceeds smoothly even
at a high strain rate, and a porous film with high air-permeability is obtained.

successively biaxially stretched polypropylene porous film

[0047] As mentioned above, the sequentially biaxially stretched polypropylene porous film of the present invention
contains a polypropylene-based resin and a B-crystal nucleating agent, and has excellent thickness uniformity. This
sequentially biaxially stretched B-crystal nucleating agent-containing polypropylene porous film exhibits the following
pore structure (a) and (b) when observed in cross sections in the longitudinal and transverse directions of the film under
an electron microscope.
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(a) cross section in the transverse direction: more lamella cross sections are present than in the image of the cross
section in the longitudinal direction; there are numerous pores between these lamella cross sections; the maximum
pore size in the thickness direction of the pores is 0.1 to 5 wm, the maximum pore size in the transverse direction
is 1 to 50 wm, and the ratio of the maximum pore size in the thickness direction / the maximum pore size in the
transverse direction is from 1/2 to 1/20,

(b) cross section in the longitudinal direction: there are no lamella cross sections or fewer lamella cross sections
than in the image of the cross section in the transverse direction, there are numerous pores, the maximum pore
size in the thickness direction of the pores is 0.1 to 5 um, the maximum pore size in the longitudinal direction is 1
to 50 wm, and the ratio of the maximum pore size in the thickness direction / the maximum pore size in the longitudinal
direction is from 1/2 to 1/20.

[0048] The reason the film of the present invention has the above-mentioned pore structure is not yet fully clarified,
but is surmised to be as follows.

[0049] As mentioned above, method (1) and/or method (Il) results in the longitudinal orientation of the B-crystal lamella
layers in the longitudinally stretched sheet upon completion of the longitudinal stretching. More specifically, the degree
of orientation of B-crystals calculated from a pole figure of the crystal lattice (300) plane of the B-crystals determined by
X-ray diffraction of the sheet obtained after longitudinal stretching is less than 0.30. When the longitudinally stretched
sheet comprising lamella layers stacked in the width direction as a result of their longitudinal orientation is then stretched
transversely, the stacked lamella layers are pulled apart, forming pores between the lamella layers, and this is believed
to result in the structures described in (a) and (b) above.

[0050] This point will now be described in further detail first on the basis of method (l1) in which the neck-in ratio during
longitudinal stretching is at least 25% and not more than 55%.

[0051] Fig. 1 shows X-ray diffraction images of longitudinally stretched sheets obtained at neck-in ratios of 15% and
45%. The longitudinal stretching was performed using a B-crystal unstretched web sheet with a K value of 0.96, at a
stretching temperature of 90°C and a stretch ratio of 4 times. The X-ray diffraction measurements were made in the
sheet thickness direction ("THROUGH" direction), sheet width direction ("EDGE" direction), and longitudinal direction
("END" direction).

[0052] Comparison of the diffraction images in the EDGE direction reveals that the diffraction peak of the crystal lattice
plane (300) originating in B-crystals that appears at a neck-in ratio of 15% disappears at a neck-in ratio of 45%. This
indicates that the orientation of B-crystal lamellas is higher at 45% than at 15%.

[0053] Specifically, when an unstretched web sheet is longitudinally stretched, the B-crystal lamellas are oriented so
as to be stacked in the sheet width direction, with part of them making a transition into a-crystals. The neck-in ratio here
affects the orientation of the B-crystal lamella layers, and it is surmised that the orientation of B-crystals increases with
an increase in the neck-in ratio. Fig. 2 shows a conceptual diagram of this orientation of 3-crystal lamella layers.
[0054] At a neck-in ratio of 45%, the orientation of B-crystal lamellas 1 shown in Fig. 2 increases more than that
achieved at a neck-in ratio of 15%, and this is believed to be why the B-crystal (300) plane diffraction peak disappears
in the EDGE direction. On the other hand, it is surmised that the (300) plane diffraction peaks were detected in the three
different measurement directions because the orientation of the B-crystal lamellas 1 isinadequate at a neck-in ratio of 15%.
[0055] Fig. 3 shows micrographs (SEM; 1000 X magnification) of the cross section of a porous biaxially stretched film
obtained by transversely stretching a longitudinally stretched sheet obtained at a neck-in ratio of 45%, in which the
above-mentioned lamella layers 1 are oriented (the porous biaxially stretched film obtained in Example 1 to be described
later), and Fig. 4 is a conceptual diagram of the same film. Fig. 3 (A) shows a cross section in the transverse direction
(TD) of this porous biaxially stretched film, and Fig. 3 (B) shows a cross section in the longitudinal direction (MD) of this
porous biaxially stretched film.

[0056] Because more lamella cross sections are observed in the cross section in the transverse direction (TD)(TD
cross section) than in the cross section in the longitudinal direction (MD) (MD cross section), it is surmised that in the
presentinvention the lamellalayers are pulled apartin the transverse stretching step, with the result that pores are formed.
[0057] Referring to Fig. 4, there are more lamella cross sections 2 in the image of the cross section in the transverse
direction (TD cross section) than in the cross section in the longitudinal direction (MD cross section), and there are
numerous pores 3 between these lamella cross sections, and the maximum pore size in the thickness direction (Y) and
the maximum pore size in the transverse direction (Xt) of these pores are 0.1 to 5 wum and 1 to 50 wm, respectively, and
the ratio of the maximum pore size in the thickness direction (Y) / the maximum pore size in the transverse direction
(Xt) is 1/2 to 1/20.

[0058] In the cross section in the longitudinal direction (MD cross section) in Fig. 4, there are no lamella cross sections
or fewer lamella cross sections than in the transverse cross section image (TD cross section image). There are numerous
pores 3, and the maximum pore size in the thickness direction (Y) and the maximum pore size in the longitudinal direction
(Xm) of the pores are 0.1 to 5 pum and 1 to 50 um, respectively, and the ratio of the maximum pore size in the thickness
direction (Y) / the maximum pore size in the longitudinal direction (Xm) is 1/2 to 1/20.
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[0059] The above-mentioned maximum pore size in the transverse direction (Xt), maximum pore size in the longitudinal
direction (Xm), and maximum pore size in the thickness direction (Y) were measured by the methods given in item "Pore
size" in the Examples to be described later. For the maximum pore size in the thickness direction (Y), a cross section
in the transverse direction (TD cross section) and a cross section in the longitudinal direction (MD cross section) were
both observed, and this pore size was determined for the pores with the largest pore size in the thickness direction.
[0060] Biaxially stretched films obtained by transversely stretching longitudinally stretched sheets with the above-
mentioned neck-in ratios of 15% and 45%, respectively, at 140°C and a ratio of 6.0 times were measured for Gurley air-
permeability (sec/10 mL) according to ASTM D726, which was found to be 100 (Comparative Example 1 to be described
later) and 12 (Example 1 to be described later), respectively, with the latter exhibiting a higher air-permeability than the
former. This is surmised to be because the increase in the orientation of the lamella layers promoted pore formation.
[0061] On the other hand, method (l) involves orienting the B-crystal lamella layers in a step prior to the longitudinal
stretching, that is, during the manufacture of the unstretched web sheet, and produces the same effect as when the
neck-in ratio was increased to 45% in method (ll) above.

[0062] Specifically, when the amide compound according to item 6 above, which is a B-crystal nucleating agent, is
completely dissolved in a molten polypropylene-based resin and then cooled, the amide compound recrystallizes within
the polypropylene-based resin, forming needle crystals, and when a polypropylene-based resin composition containing
these needle crystals is extruded from a T-die at a temperature that is not lower than the melting point of polypropylene
and lower than the temperature at which the amide compound dissolves in the polypropylene-based resin melt, shear
force orients the needle crystals of this amide compound in the direction of resin flow. The needle crystals thus oriented
serve as crystal nuclei for the crystallization of the polypropylene-based resin into -crystals. The B-crystal lamella layers
may already be oriented at the point the unstretched web sheet is obtained, and the degree of orientation may be less
than 0.30 in some cases, but longitudinally stretching the unstretched web sheet in the usual way further raises the
degree of orientation of the B-crystal lamella layers so that the degree of orientation of B-crystal lamella layers in the
longitudinally stretched sheet is less than 0.30. It is believed that as a result, the B-crystal lamella layers are oriented
so as to be stacked in the sheet width direction, resulting in the same state of orientation as when the neck-in ratio is
increased.

[0063] Therefore, when method (1) is employed, the neck-in ratio does not necessarily have to be raised in the sub-
sequent longitudinal stretching step as in method (l1). Still, combining methods (I) and (ll) makes it possible to further
raise the degree of orientation of the B-crystal lamella layers, and to promote pore formation to the maximum.

[0064] The polypropylene-based resin composition used in method (1) contains needle crystals of the amide compound
described in item 6 above, which is a B-crystal nucleating agent. This polypropylene-based resin composition is prepared
as follows. The amide compound is added to a polypropylene-based resin, and then melt kneading is performed above
the temperature at which the amide compound dissolves in the polypropylene-based resin melt, so as to homogeneously
dissolve the amide compound in the polypropylene-based resin melt. When this molten resin is cooled, the amide
compound precipitates as needle crystals in the polypropylene-based resin. The crystal state of the amide compound
prior to the melt kneading is usually that of columnar crystals, but when these are homogeneously dissolved in the
polypropylene-based resin melt and then cooled, the crystal form changes into needle form. Therefore, if the melt
kneading temperature is below the temperature at which the amide compound dissolves in the polypropylene-based
resin melt, no needle crystals are formed. If the amide compound remains in the form of columnar crystals, there is no
increase in the degree of orientation of the B-crystal lamella layers in the subsequent T-die extrusion and crystallization
steps.

[0065] Figs. 5 (i) and (ii) show micrographs of an unstretched web sheet (prior to longitudinal stretching) prepared
according to Example A (in which a porous film was manufactured by method (l) of the present invention) and Example
1 (in which a porous film was manufactured by method (ll), without employing method (I) of the present invention),
respectively. These micrographs were taken in a state in which the polypropylene-based resin had been melted on a
200°C hot plate.

[0066] It can be seen from Fig. 5 (i) that in the unstretched web sheet prepared using method (1), the needle crystals
of the amide compound are oriented in the direction of resin flow (MD direction). On theother hand, it can be seen from
Fig. 5 (ii) that in the unstretched web sheet prepared without using method (1), there is no distinct orientation of the
columnar crystals of the amide compound in the direction of resin flow (MD direction).

[0067] The process of manufacturing a porous film by the above-mentioned methods (I) and (ll) is believed to be as
shown in the conceptual diagram of Fig. 6.

[0068] Specifically, with method (l), as shown under "Method (I)" in Fig. 6, pellets are first obtained which contain a
solid polypropylene-based resin and needle crystals 11n of the above-mentioned B-crystal nucleating agent (I-1), and
these pellets are melted at a temperature (T1) that is not lower than the melting point of the polypropylene-based resin
and lower than the temperature at which the amide compound needle crystals dissolve in the polypropylene-based resin,
thereby giving a molten resin composition comprising the above-mentioned needle crystals 11n and molten polypropyl-
ene-based resin 23 (I-2). The molten resin composition thus obtained is extruded from a T-die at the above-mentioned
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temperature (T1) in a state in which the amide compound needle crystals 11n are present, whereupon the needle crystals
11n are oriented along the flow of resin, and the extruded molten sheet contains the needle crystals 11n as oriented (I-
3). When the molten sheet is cooled on a chill roll, the polypropylene-based resin crystallizes along the needle crystals
11n, so that an unstretched web sheet is obtained in which B-crystal lamellas 24 of the polypropylene-based resin are
present in an oriented state (I-4). This unstretched web sheet is then longitudinally stretched, and this further raise the
degree of orientation of the B-crystal lamellas 24 (I-5). Transverse stretching is then performed to produce pores 31
between the B-crystal lamellas, giving a porous film (I-6).

[0069] On the other hand, with method (Il), as shown under "Method (ll)" in Fig. 6, pellets are first obtained which
comprise a solid polypropylene-based resin and columnar crystals (which may be needle crystals) 11p of a B-crystal
nucleating agent (ll-1). These pellets are then melted, although the temperature conditions here are not important.
[0070] Whenthese pellets are melted at atemperature (T2) that is not lower than the melting point of the polypropylene-
based resin and lower than the temperature at which the crystals of B-crystal nucleating agent dissolve in the polypro-
pylene-based resin melt, a molten resin composition is obtained which comprises a molten polypropylene-based resin
23 and the above-mentioned columnar crystals 11p (II-2). The molten resin composition thus obtained is extruded from
a T-die at the above-mentioned temperature (T2) in a state in which the amide compound columnar crystals 11p are
present, whereupon the columnar crystals 11p are slightly oriented along the flow of resin, although the degree of
orientation is lower than in the case of needle crystals, and the columnar crystals 11p are contained in an unoriented
state in the extruded molten sheet (11-3). When the melt is cooled on a chill roll, the polypropylene-based resin crystallizes
along the columnar crystals 11p, with the result that an unstretched web sheet is obtained in which B-crystal lamellas
24 of the polypropylene-based resin are present in an unoriented state (11-4).

[0071] Alternatively, when the above-mentioned pellets are melted at a temperature (T3) (II-2a), which is not lower
than the melting point of the polypropylene-based resin and not lower than the temperature at which the B-crystal
nucleating agent crystals dissolve in the polypropylene-based resin, and then extruded from a T-die at the same tem-
perature (T3) (lI-3a), needle crystals of the B-crystal nucleating agent precipitate in an unoriented state in the course of
cooling and crystallization on a chill roll, with the result that an unstretched web sheet is obtained in which B-crystal
lamellas 24 of the polypropylene-based resin, crystallized along the precipitated -crystal nucleating agent crystals, are
present in an unoriented state (ll-4a).

[0072] The unstretched web sheet in which the B-crystal lamellas 24 of the polypropylene-based resin are present in
an unoriented state is then longitudinally stretched at a high neck-in ratio of 25 to 55%, whereby these B-crystal lamellas
24 are oriented (II-5). Then transverse stretching of this product forms the pores 31 between the B-crystal lamellas,
giving a porous film (11-6).

[0073] If needed, with the present invention, the longitudinally stretched sheet can be annealed under specific con-
ditions after longitudinal stretching but prior to transverse stretching. This further promotes pore formation in the sub-
sequent transverse stretching, and improves the porosity and air-permeability. In this annealing, it seems that some or
all of the B-crystals undergo crystal transition to a-crystal lamella layers, while the degree of orientation of the B-crystal
lamella layers is maintained, and that this change in crystal form further promotes pore formation, but the details are
not clear.

[0074] The porous polypropylene film of the present invention having the above pore structure not only has excellent
air-permeability and water vapor permeability, it also has excellent leakage resistance and mechanical strength. Ac-
cordingly, the film of the present invention can be used in a wide range of fields, such as light rain wear, light work clothes
and other moisture-permeable waterproof garments, hygienic products (such as diapers (including disposable diapers
and pants-shaped diapers), sanitary napkins and other such feminine products, incontinence pads and other such
absorbent articles, bed sheets and other hygienic merchandise), waterproof sheets, wallpaper and other construction
materials, packaging materials for desiccants, deoxygenators, chemical hand warmers and the like, synthetic paper,
filtration membranes and separation membranes, medical materials, agricultural multi-sheets, and battery separators
used in batteries, electrolysis and so forth.

[0075] In particular, the porous polypropylene film of the present invention has very good thickness uniformity. The
thickness uniformity of the film is 0.1 or less, particularly 0.1 to 0.04, preferably 0.07 to 0.04. Because the film of the
present invention has excellent uniformity in its film characteristics, such as air-permeability, tensile strength, electrical
resistance and porosity, there is substantially no variance in these properties from place to place of the film, and this is
also advantageous in terms of production stability.

[0076] The term "thickness uniformity of the film" as used in the present invention refers to the following. The thickness
of the obtained porous film was measured at 100 points, with a 1 cm separation in the longitudinal direction, along the
center line in the width direction of the film (that is, the center line longitudinally connecting points that divide the film
width into two equal halves), the average thickness (Tave), the maximum thickness (Tmax), and the minimum thickness
(Tmin) were determined, and the thickness uniformity was calculated from the formula (Tmax - Tmin)/ Tave.

[0077] The smaller the value, the higher the thickness uniformity. Any of various commercially available film thickness
meters can be used for determining the film thickness uniformity, such as "SME-1" manufactured by SANKO ELEC-
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TRONIC LABORATORY CO.,LTD.

[0078] There are no particular restrictions on the thickness of the porous polypropylene film of the present invention,
and the film can range from extremely thin to very thick, but the thickness is generally about 5 to 100 wm, with about 10
to 50 wm being preferred.

[0079] The porous polypropylene film of the present invention generally has a Gurley air-permeability of about 10 to
100 (sec/10 ml), particularly about 10 to 50 (sec/10 ml).

[0080] The porosity of the porous polypropylene film of the present invention is preferably about 30 to 65%, particularly
about 40 to 55%. Herein, "porosity" is a value determined by cutting the stretched film into a square and measuring the
length on one side (L cm), the weight (W g) and the thickness (D cm) and calculating the value from the following equation:

porosity (%) = 100 - 100 (W/p)/(L?* x D)

wherein p is the density of the polypropylene unstretched web sheet prior to stretching.

[0081] The porous polypropylene film of the present invention also has good feeling or hand. Because of this property,
the film of the present invention is advantageous in skin-contact applications, such as disposable diapers, sanitary
products and various packaging materials.

[0082] The porous polypropylene film of the present invention also has properties suited to the manufacture of a
battery separator. The estimated electrical resistance R per mil (25 um) of film thickness calculated according to the
following equation from the Gurley air-permeability and the average pore size is less than 30 ohm-in/mil, and particularly
4 to 30 ohm-in/mil:

R = 25 (4.2 tgd)/L (Formula 1)

wherein R is the estimated electrical resistance (ohm-in/mil) of a film in a 31 wt% KOH solution, tg,, is the Gurley air-
permeability (sec/10 ml) measured according to ASTM D726, d is the average pore size (.wm) determined by mercury
intrusion porosimetry, and L is the film thickness (um)).

[0083] (Formula1)is derived from the following (Formula 2) and (Formula 3). The proportional relationship represented
by (Formula 2) has been noted in the electrical resistance RmA (mohm-in2) of a film and the product (sec:um) of the
Gurley number (sec) and the average pore size (nm) (R.W. Callahan et al., The Tenth International Seminar on Primary
and Secondary Battery Technology and Application, March 1-4, 1993). The estimated electrical resistance per mil (25
pm) of film thickness can be calculated from the obtained RmA and (Formula 3) (Japanese Unexamined Patent Publi-
cation No. 2000-30683).

RmA = 4.2 tg,.d (Formula 2)

R = 25 RmA/L (Formula 3)

[0084] The above-mentioned Gurley air-permeability (tg,,) was measured according to ASTM D726.

[0085] The porous polypropylene film of the present invention further has an average pore size of about 0.04 to 0.060
wm, particularly about 0.045 to 0.055 wm, when measured by bubble point method (JIS K 3832), and is about 0.10 to
0.50 wm, particularly about 0.20 to 0.40 wm, when measured by mercury intrusion porosimetry. The maximum pore size
in the film thickness direction, as determined from electron microscopy (SEM) of a film cross section, is about 0.1 to 5
wm, particularly about 0.5 to 5 um, and the maximum pore size in the direction perpendicular to the thickness direction
is about 1 to 50 pwm, particularly about 5 to 30 pum.

[0086] The porous polypropylene film of the present invention has a water vapor permeability as measured according
to JIS Z 0208 of generally about 3000 to 6000 g/m2:24 h, particularly about 4000 to 5000 g/m2-24 h; a tensile strength
measured according to JIS K 7127 of about 50 to 100 MPa, and particularly about 60 to 80 MPa, in both the longitudinal
and transverse directions. As to leakage resistance data, the water pressure resistance measured according to JIS L
1092 (except that a 0.25 wt% aqueous solution of a surfactant (sodium polyoxyethylene lauryl ether sulfate (number of
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moles of ethylene oxide added: 3 moles)) is used instead of pure water) is about 200 to 400 kPa, particularly about 200
to 300 kPa.

<Polypropylene-based resin>

[0087] The polypropylene-based resin used in the present invention is a polymer whose main constituent component
is propylene. Specific examples include propylene homopolymers, and copolymers of propylene as major comonomer
and a C, or C4-C,, 1-alkene, such as ethylene, butene, pentene, hexene, heptene, octene, nonene, decene, undecene
or dodecene (including random and block copolymers). The propylene content in the copolymer is preferably at least
90 wt%, particularly 92 to 98 wt%.

[0088] Of these, a block copolymer of propylene as major comonomer and ethylene and/or one or more 1-alkenes
(having 2 or 4 to 12 carbons) is more excellent than a homopolymer in hand (feeling) of the obtained porous polypropylene,
and is superior to a random copolymer in terms of air permeability and water vapor permeability, and is therefore
recommended.

[0089] Other examples include blended polymers of the above-mentioned polypropylene-based resin with a small
amount of a thermoplastic resin such as high-density polyethylene, polybutene-1, and poly-4-methylpentene-1. The
proportion of polypropylene-based resin in this polymer blend is preferably at least 90 wt%, particularly 92 to 98 wt%.
[0090] When the polypropylene-based resin used in the present invention is a propylene-ethylene copolymer, the
recommended ethylene content thereof is 3.0 to 7.0 wt%. If the ethylene content exceeds 7.0 wt%, the resulting film
tends to be subject to breaking during stretching, whereas if the ethylene content is less than 3.0 wt%, uneven stretching
is likely to occur in the stretching steps, and the resulting film tends to have very low air-permeability and deteriorated
hand (feeling).

[0091] There are no particular restrictions on the melt flow rate (hereinafter referred to as MFR; measured according
to JIS K 6758-1981) of the polypropylene-based resin, but a resin with an MFR of about 0.1 to 10 g/10 minutes is usually
used. A range of 1.0 to 5 g/10 minutes, preferably 2.0 to 4.0 g/10 minutes, is recommended from the standpoints of the
workability and the mechanical and other properties of the stretched film. If the MFR is less than 0.1 g/10 minutes,
highspeed molding tends to be difficult and may cause decreased workability, whereas if the MFR is more than 10 g/
10 minutes, the stretched film tends to have lower mechanical properties, and breaking during stretching is apt to occur.

<B-crystal nucleating agent>

[0092] Examples of the B-crystal nucleating agent used in the present invention include known potassium 12-hydroxy-
stearate, magnesium benzoate, magnesium succinate, magnesium phthalate and other alkali or alkaline earth metal
salts of carboxylic acids, sodium benzenesulfonate, sodium naphthalenesulfonate and other aromatic sulfonic acid
compounds, di- and triesters of di- and tribasic carboxylic acids, tetraoxaspiro compounds, imidocarboxylic acid deriv-
atives, pigments such as phthalocyanine blue and other phthalocyanine-based pigments, quinacridone, quinacridone-
quinone and other quinacridone-based pigments, two-component systems composed of component A that is an organic
dibasic acid and component B that is an oxide, hydroxide or salt of an alkaline earth metal, amide compounds represented
by the following formula (1) to (3), and acid imide alkaline earth metal salts represented by the formula (4) such as a
calcium salt of phthaloylglycine. Of these, amide compounds represented by the formula (1) are best suited to the
production of B-crystals because there are no problems such as coloration and so forth.

R*-NHCO-R*-CONH-R? (1)

wherein R'is a C, to C,, saturated or unsaturated aliphatic dicarboxylic acid residue, a C, to C,g saturated or unsaturated
alicyclic dicarboxylic acid residue, or a C4 to C,g aromatic dicarboxylic acid residue; RZ and R3 may be the same or
different, and each represents a C5 to C,4 cycloalkyl group, or a group of the formula (a), formula (b), formula (c), or

formula (d):
/\@ .
R* (@
N
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——-—GRS (b)

— R (©)

— R (d)

wherein R# is a hydrogen atom, a C4 to C4, straight-chain or branched-chain alkyl group, a Cg to C4 cycloalkyl group
or phenyl group, R® is a C4 to Cy, straight-chain or branched-chain alkyl group, and R8 and R” may be the same or
different, and each represent a C, to C, straight-chain or branched-chain alkylene group.

R9-CONH-R8-NHCO-R10 (2)
wherein R8 is a C, to C,, saturated or unsaturated aliphatic diamine residue, a C, to Cg alicyclic diamine residue, a
C, to C4, heterocyclic diamine residue or a C4 to C,g aromatic diamine residue; R? and R0 may be the same or different,

and each represent a C; to C4, cycloalkyl group, or a group represented by the formula (e), formula (f), formula (g) or
formula (h):

—R" (@)

—R" ()

wherein R is a hydrogen atom, a C, to C4, straight-chain or branched-chain alkyl group, a Cg to C cycloalkyl group
or phenyl group, R'2is a C; to C, straight-chain or branched-chain alkyl group, a Cg4 to C4, cycloalkyl group or phenyl
group, and R13 and R4 each represent a C; to C, straight-chain or branched-chain alkylene group.
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R16-CONH-R15-CONH-R17 3)

wherein R'%is a C, to C,g saturated or unsaturated aliphatic amino acid residue, a Cg to C4, saturated or unsaturated
alicyclic amino acid residue or a Cg4 to C, aromatic amino acid residue; R'6 has the same meaning as R2 or R3 in the
formula (1); and R'7 has the same meaning as R? or R0 in the formula (2).

o)
C
/N
A N—(CH) —(CHp),—COOH  (4)
C rf‘w
o)

wherein R'8 is a hydrogen atom, a C, to C,, straight-chain or branched-chain alkyl group, phenyl group, benzyl group,
cyclohexyl group or carboxyl group, a is an integer of 0 to 12, and A is a dicarboxylic acid residue represented by the
formula (i), formula (j), formula (k), formula (I) or formula (m):

R'%—) ()

R19y (k)

Ry (m)

wherein R19 is a hydrogen atom, a C, to C,, straight-chain or branched-chain alkyl group or a halogen atom, x is an
integer of 1 to 4, y is an integer of 1 to 6, and when x and y are greater than 1, the groups represented by R'® may be
the same or different.

[0093] The amide compound represented by the formula (1) can be easily prepared by subjecting an aliphatic, alicyclic,
or aromatic dicarboxylic acid represented by the formula (1a)

13
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HOOC-R20-COOH (1a)

wherein R20 has the same meaning as R above and one or more alicyclic or aromatic monoamines represented by the
formula (1b)

R21-NH, (1b)

wherein R21 has the same meaning as R2 or R3 above to amidation by a conventional method.

[0094] Therefore, the "dicarboxylic acid residue" represented by R' in the formula (1) refers to a residue (divalent
group) obtained by removing two carboxyl groups from the following aliphatic, alicyclic, or aromatic dicarboxylic acids.
R2 and R3 in the formula (1) are residues obtained by removing an amino group from the following alicyclic or aromatic
amines.

[0095] Examples of aliphatic dicarboxylic acids include C5 to C,q, preferably C; to C4,, saturated or unsaturated
aliphatic dicarboxylic acids. Specific examples include malonic acid, diphenylmalonic acid, succinic acid, phenylsuccinic
acid, diphenylsuccinic acid, glutaric acid, 3,3-dimethylglutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid,
sebacic acid, 1,12-dodecanedioic acid, 1,14-tetradecanedioic acid, and 1,18-octadecanedioic acid.

[0096] Examples of alicyclic dicarboxylic acids include Cg to C3, and preferably Cg to C4,, alicyclic dicarboxylic acids.
Examplesinclude 1,2-cyclohexanedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 1,5-decalindicarboxylic acid, 2,6-
decalindicarboxylic acid, 4,4’-bicyclohexanedicarboxylic acid, and 1,4-cyclohexanediacetic acid.

[0097] Examples of aromatic dicarboxylic acids include Cg to Cs, and preferably Cq to Cy,, aromatic dicarboxylic
acids, specifically include p-phenylenediacetic acid, p-phenylenediethanoic acid, phthalic acid, 4-tert-butylphthalic acid,
isophthalic acid, 5-tert-butylisophthalic acid, terephthalic acid, naphthalic acid, 1,4-naphthalenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, diphenic acid, 3,3-biphenyldicarboxylic acid, 4,4’-bi-
phenyldicarboxylic acid, 4,4’-binaphthyldicarboxylic acid, bis(3-carboxyphenyl)methane, bis(4-carboxyphenyl)methane,
2,2-bis(3-carboxyphenyl)propane, 2,2-bis(4-carboxyphenyl)propane, 3,3’-sulfonyldibenzoic acid, 4,4’-sulfonyldibenzoic
acid, 3,3’-oxydibenzoic acid, 4,4’-oxydibenzoic acid, 3,3’-carbonyldibenzoic acid, 4,4’-carbonyldibenzoic acid, 3,3’-thi-
odibenzoic acid, 4,4-thiodibenzoic acid, 4,4’-(p-phenylenedioxy)dibenzoic acid, 4,4’-isophthaloyldibenzoic acid, 4,4'-
terephthaloyldibenzoic acid, dithiosalicylic acid, and other such aromatic dibasic acids.

[0098] Examples of alicyclic monoamines include Cj to C4g cycloalkylamines and compounds represented by the
formula (5)

i

H,N—— ——R# (5

wherein R22 has the same meaning as RS above or by the formula (6)

H,N—RZ3 (6)

wherein R23 has the same meaning as R” above. More specific examples include cyclopropylamine, cyclobutylamine,
cyclopentylamine, cyclohexylamine, 2-methylcyclohexylamine, 3-methylcyclohexylamine, 4-methylcyclohexylamine, 2-
ethylcyclohexylamine, 4-ethylcyclohexylamine, 2-propylcyclohexylamine, 2-isopropylcyclohexylamine, 4-propylcy-
clohexylamine, 4-isopropylcyclohexylamine, 2-tert-butylcyclohexylamine, 4-n-butylcyclohexylamine, 4-isobutylcy-
clohexylamine, 4-sec-butylcyclohexylamine, 4-tert-butylcyclohexylamine, 4-n-amylcyclohexylamine, 4-isoamylcy-
clohexylamine, 4-sec-amylcyclohexylamine, 4-tert-amylcyclohexylamine, 4-hexylcyclohexylamine, 4-heptylcyclohexy-
lamine, 4-octylcyclohexylamine, 4-nonylcyclohexylamine, 4-decylcyclohexylamine, 4-undecylcyclohexylamine, 4-do-
decylcyclohexylamine, 4-cyclohexylcyclohexylamine, 4-phenylcyclohexylamine, cycloheptylamine, cyclododecylamine,
cyclohexylmethylamine, a-cyclohexylethylamine, B-cyclohexylethylamine, a-cyclohexylpropylamine, B-cyclohexylpro-
pylamine and y-cyclohexylpropylamine.

[0099] Examples of aromatic monoamines include compounds represented by the formula (7)
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HzN_|i®‘/T'RZ4 (7)

wherein R24 has the same meaning as R* above or by the formula (8)

HgN—RZS—Q ®

wherein R25 has the same meaning as R® above. More specific examples include aniline, o-toluidine, m-toluidine, p-
toluidine, o-ethylaniline, p-ethylaniline, o-propylaniline, m-propylaniline, p-propylaniline, o-cumidine, m-cumidine, p-cu-
midine, o-tert-butylaniline, p-n-butylaniline, p-isobutylaniline, p-sec-butylaniline, p-tert-butylaniline, p-n-amylaniline, p-
isoamylaniline, p-sec-amylaniline, p-tert-amylaniline, p-hexylaniline, p-heptylaniline, p-octylaniline, p-nonylaniline, p-
decylaniline, p-undecylaniline, p-dodecylaniline, p-cyclohexylaniline, o-aminodiphenyl, m-aminodiphenyl, p-aminodiphe-
nyl, benzylamine, a-phenylethylamine, B-phenylethylamine, o-phenylpropylamine, B-phenylpropylamine and y-phenyl-
propylamine.

[0100] Ofthe amide compounds represented by the formula (1), examples of particularly favorable compounds include
N,N’-diphenylhexanediamide, N,N’-dicyclohexylterephthaldiamide, and N,N’-dicyclohexyl-2,6-naphthalenedicarboxam-
ide, etc.

[0101] The amide compound represented by the formula (2) can be easily prepared by subjecting an aliphatic, alicyclic
or aromatic diamine represented by the formula (2a) and one or more alicyclic or aromatic monocarboxylic acid repre-
sented by the formula (2b) to amidation by a conventional method:

H,N-R26-NH, (2a)
wherein R26 has the same meaning as R8 above
R27-COOH (2b)

wherein R27 has the same meaning as R® or R10 above.

[0102] Therefore, the "diamine residue" represented by R8 in the formula (2) refers to a residue (divalent group)
obtained by removing two amino groups from the following aliphatic, alicyclic or aromatic diamines. R® and R0 in the
formula (2) are residues obtained by removing a carboxyl group from the following alicyclic or aromatic monocarboxylic
acids.

[0103] Examples of aliphatic diamines include C, to C,,, preferably C, to C,5,, aliphatic diamines. Specific examples
include 1,2-diaminoethane, 1,2-diaminopropane, 1,3-diaminopropane, 1,4-diaminobutane, 1,3-diaminopentane, 1,5-
diaminopentane, 1,6-diaminohexane, 1,8-diaminooctane, 1,10-diaminodecane and 1,11-diaminoundecane.

[0104] Examples of alicyclic diamines include C, to Cog, preferably Cq to Cy5, alicyclic diamines. Specific examples
include 1,2-diaminocyclohexane, 1,4-diaminocyclohexane, 4,4’-diaminodicyclohexyl, 4,4’-diamino-3,3’-dimethyldicy-
clohexyl, 4,4’-diaminodicyclohexylmethane, 4,4’-diamino-3,3’-dimethyldicyclohexylmethane, 1,3-bis(aminomethyl)cy-
clohexane, and 1,4-bi (aminomethyl) cyclohexane, as well as isophoronediamine, menthenediamine, and so forth.
[0105] Examples of heterocyclic diamines include five- and six-membered C, to C,4 heterocyclic diamines containing
one or two nitrogen atoms or sulfur atoms in their ring structure. Specific examples include 2,3-diaminopyridine, 2,6-
diaminopyridine, 3,4-diaminopyridine, o-tolidinesulfone and the like.

[0106] Examples of aromatic diamines include Cg to C,g, preferably Cq to C,5, aromatic diamines. Specific examples
include o-phenylenediamine, m-phenylenediamine, p-phenylenediamine, 2,3-diaminotoluene, 2,4-diaminotoluene, 2,6-
diaminotoluene, 3,4-diaminotoluene, 4,6-dimethyl-m-phenylenediamine, 2,5-dimethyl-p-phenylenediamine, 4,5-dime-
thyl-o-phenylenediamine, o-xylylenediamine, m-xylylenediamine, p-xylylenediamine, 2,4-diaminomesitylene, 1,5-diami-
nonaphthalene, 1,8-diaminonaphthalene, 2,3-diaminonaphthalene, 2,7-diaminonaphthalene, 9,10-diaminophenan-
threne, 3,3’,5,5-tetramethylbenzidine, 3,3’-dimethyl-4,4’-diaminobiphenyl, 3,3’-dimethoxy-4,4’-diaminobiphenyl, 4,4’-di-
aminodiphenylmethane, 3,3-diaminodiphenylmethane, 3,4’-diaminodiphenylmethane, 4,4’-methylenebis(o-toluidine),
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4,4’-methylenebis(2,6-xylidine), 4,4’-methylenebis(2,6-diethylaniline), 4,4’-diamino-1,2-diphenylethane, 4,4’-diamino-
2,2’-dimethylbibenzyl, 4,4’-diaminostilbene, 3,4’-diamino-2,2-diphenylpropane, 4,4’-2,2-diphenylpropane, 4,4’-diamin-
odiphenyl ether, 3,4’-diaminodiphenyl ether, 4,4’-thiodianiline, 2,2’-dithiodianiline, 4,4’-dithiodianiline, 3,3’-diaminodiphe-
nylsulfone, 4,4’-diaminodiphenylsulfone, 3,3’-diaminobenzophenone, 4,4’-diaminobenzophenone, 4,4’-diaminoben-
zanilide, 2,7-diaminofluorene, 3,7-diamino-2-methoxyfluorene, bis-p-aminophenylaniline, 1,3-bis(4-aminophenylpropyl)
benzene, 1,4-bis(4-aminophenylpropyl)benzene, 1,3-bis(4-aminophenoxy)benzene, 4,4’-bis(4-aminophenoxy)biphe-
nyl, bis[4-(4-aminophenoxy)phenyl] ether, bis[4-(4-aminophenoxy)phenyl]sulfone, 9,9-bis(4-aminophenyl)fluorene, and
the like.

[0107] Examples of alicyclic monocarboxylic acids include C4 to C43 cycloalkanecarboxylic acids, C4 to C43 cy-
cloalkenecarboxylic acids, and compounds represented by the formulas (9) and (10). Specific examples include cyclo-
propanecarboxylic acid, cyclobutanecarboxylic acid, cyclopentanecarboxylic acid, 1-methylcyclopentanecarboxylic acid,
2-methylcyclopentanecarboxylic acid, 3-methylcyclopentanecarboxylic acid, 1-phenylcyclopentanecarboxylic acid, cy-
clopentenecarboxylic acid, cyclohexanecarboxylic acid, 1-methylcyclohexanecarboxylic acid, 2-methylcyclohexanecar-
boxylic acid, 3-methylcyclohexanecarboxylic acid, 4-methylcyclohexanecarboxylic acid, 4-propylcyclohexanecarboxylic
acid, 4-butylcyclohexanecarboxylic acid, 4-pentylcyclohexanecarboxylic acid, 4-hexylcyclohexanecarboxylic acid, 4-
phenylcyclohexanecarboxylic acid, 1-phenylcyclohexanecarboxylic acid, cyclohexenecarboxylic acid, 4-butylcyclohex-
enecarboxylic acid, cycloheptanecarboxylic acid, 1-cycloheptenecarboxylic acid, 1-methylcycloheptanecarboxylic acid,
4-methylcycloheptanecarboxylic acid, and cyclohexylacetic acid.

HOOC—— ——R?® (9)

wherein R28 has the same meaning as R'2 above.

HOOC—R?2® (10)

wherein R29 has the same meaning as R4 above.

[0108] Examples of aromatic monocarboxylic acids include the compounds represented by the formulas (11) and (12).
Specific examples include benzoic acid, o-methylbenzoic acid, m-methylbenzoic acid, p-methylbenzoic acid, p-ethyl-
benzoic acid, p-propylbenzoic acid, p-butylbenzoic acid, p-tert-butylbenzoic acid, p-pentylbenzoic acid, p-hexylbenzoic
acid, o-phenylbenzoic acid, p-phenylbenzoic acid, p-cyclohexylbenzoic acid, phenylacetic acid, phenylpropionic acid,
phenylbutyric acid and the like.

HOOC R (1)

wherein R30 has the same meaning as R above.

HOOC—R31—© (12)

wherein R31 has the same meaning as R'3 above.
[0109] Ofthe amide compounds represented by the formula (2), examples of particularly favorable compounds include
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N,N’-dicyclohexanecarbonyl-p-phenylenediamine, N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diami-
nocyclohexane, and N,N’-dicyclohexanecarbonyl-1,4-diaminocyclohexane.

[0110] The amide compounds represented by the formula (3) can be easily prepared by subjecting an aliphatic, alicyclic
or aromatic amino acid represented by the formula (3a) and a specific monocarboxylic acid and monoamine to amidation
by a conventional method.

HOOC-R32-NH, (3a)

wherein R32 has the same meaning as R'5 above.

[0111] Therefore, the "amino acid residue" represented by R'5 in the formula (3) refers to a residue (divalent group)
obtained by removing one amino group and one carboxyl group from the following aliphatic, alicyclic or aromatic amino
acids.

[0112] Examples of aliphatic amino acids include C, to C,q, preferably C, to C,3,saturated or unsaturated aliphatic
amino acids. Specific examples include aminoacetic acid, a-aminopropionic acid, B-aminopropionic acid, c-aminoacrylic
acid, a-aminobutyric acid, -aminobutyric acid, y-aminobutyric acid, a-amino-a-methylbutyric acid, y-amino-a-methyl-
enebutyric acid, a-aminoisobutyric acid, B-aminoisobutyric acid, a-amino-n-valeric acid, §-amino-n-valeric acid, 3-ami-
nocrotonic acid, o-amino-B-methylvaleric acid, a-aminoisovaleric acid, 2-amino-4-pentenoic acid, o-amino-n-caproic
acid, 6-aminocaproic acid, o-aminoisocaproic acid, 7-aminopentanoic acid, a-amino-n-caprylic acid, 8-aminocaprylic
acid, 9-aminononanoic acid, 11-aminoundecanoic acid, 12-aminododecanoic acid and the like.

[0113] Examples of alicyclic amino acids include C; to C45, saturated or unsaturated alicyclic amino acids. Specific
examples include 1-aminocyclohexanecarboxylic acid, 2-aminocyclohexanecarboxylic acid, 3-aminocyclohexanecar-
boxylic acid, 4-cyclohexanecarboxylic acid, p-aminomethylcyclohexane-carboxylic acid, and 2-amino-2-norbornanecar-
boxylic acid.

[0114] Examples of aromatic amino acids include C; to C,5 aromatic amino acids. Specific examples include o-
aminophenylacetic acid, o-amino-B-phenylpropionic acid, 3-amino-3-phenylpropionic acid, a-aminocinnamic acid, 2-
amino-4-phenylbutyric acid, 4-amino-3-phenylbutyric acid, anthranilic acid, m-aminobenzoic acid, p-aminobenzoic acid,
2-amino-4-methylbenzoic acid, 2-amino-6-methylbenzoic acid, 3-amino-4-methylbenzoic acid, 2-amino-3-methylben-
zoic acid, 2-amino-5-methylbenzoic acid, 4-amino-2-methylbenzoic acid, 4-amino-3-methylbenzoic acid, 2-amino-3-
methoxybenzoic acid, 3-amino-4-methoxybenzoic acid, 4-amino-2-methoxybenzoic acid, 4-amino-3-methoxybenzoic
acid, 2-amino-4,5-dimethoxybenzoic acid, o-aminophenylacetic acid, m-aminophenylacetic acid, p-aminophenylacetic
acid, 4-(4-aminophenyl)butyric acid, 4-aminomethylbenzoic acid, 4-aminomethylphenylacetic acid, o-aminocinnamic
acid, m-aminocinnamic acid, p-aminocinnamic acid, p-aminohippuric acid, 2-amino-1-naphthoic acid, 3-amino-1-naph-
thoic acid, 4-amino-1-naphthoic acid, 5-amino-1-naphthoic acid, 6-amino-1-naphthoic acid, 7-amino-1-naphthoic acid,
8-amino-1-naphthoic acid, 1-amino-2-naphthoic acid, 3-amino-2-naphthoic acid, 4-amino-2-naphthoic acid, 5-amino-2-
naphthoic acid, 6-amino-2-naphthoic acid, 7-amino-2-naphthoic acid, 6-amino-2-naphthoic acid, 7-amino-2-naphthoic
acid, and 8-amino-2-naphthoic acid.

[0115] The monoamine that is the raw material of the amide compound represented by the formula (3) is the same
as the monoamine that is the raw material of the amide compound represented by the formula (1), and similarly, the
monocarboxylic acid is the same as the monocarboxylic acid that is the raw material of the amide compound represented
by the formula (2).

[0116] Of the amide compounds represented by the formula (3), examples of more effective compounds include N-
cyclohexyl-4-(N-cyclohexanecarbonylamino)benzamide and N-phenyl-5-(N-benzoylamino)pentaneamide.

[0117] The "dicarboxylic acid residue" represented by A in the formula (4) refers to a group (divalent group) obtained
by removing two carboxyl groups from an aromatic or alicyclic dicarboxylic acid.

[0118] Examples of alkaline earth metals include magnesium, calcium, and barium, of which calcium is particularly
favorable.

[0119] Of the acid imide compounds represented by the formula (4), examples of more effective compounds include
calcium salts of phthaloylglycine, hexahydrophthaloylglycine, naphthoylglycine, N-phthaloylalanine, N-4-methyl-
phthaloylglycine, and so on, with calcium salt of phthaloylglycine being particularly favorable.

[0120] The acid imide compounds represented by the formula (4) are known compounds, and can be easily prepared
by subjecting a specific alicyclic or aromatic dicarboxylic anhydride and a specific amino acid to imidation by a conventional
method, such as the method disclosed in EP0887375A1.

[0121] Itis recommended that the B-crystal nucleating agent used in the present invention, and particularly the amide
compound, have a maximum particle diameter of not more than 20 pm, preferably not more than 10 wm, more preferably
5 wm or less. A maximum particle diameter exceeding 20 .m may lead to breakage during stretching.

[0122] It is recommended that the amount of the B-crystal nucleating agent of the present invention to be used be
0.0001 to 5 weight parts, preferably 0.001 to 1 weight part, per 100 weight parts of the polypropylene-based resin. If the
amount is less than 0.0001 weight part, B-crystals tend not to be produced in a sufficient quantity, whereas if the amount

17



10

15

20

25

30

35

40

45

50

55

EP 1 369 221 B9

exceeds 5 weight parts, marked improvement in effect is not observed, and furthermore breakage may be caused in
the stretching step.

[0123] Conventional polyolefin modifiers can be added to the polypropylene-based resin according to the present
invention as dictated by the intended use and application, to the extent that the effect of the present invention is not
impaired.

[0124] Examples of such polyolefin modifiers include various additives discussed in "Digest of Positive List of Additives"
(January, 1995) edited by Japan Hygienic Olefin And Styrene Plastics Association. More specifically, examples include
stabilizers (such as metal compounds, epoxy compounds, nitrogen compounds, phosphorus compounds, and sulfur
compounds), UV absorbers (such as benzophenone compounds and benzotriazole compounds), antioxidants (such as
phenol compounds, phosphorous ester compounds, and sulfur compounds), surfactants, lubricants (such as paraffin,
wax, and other aliphatic hydrocarbons, Cg to C,, higher fatty acids, Cg to C,, higher fatty acid metal (Al, Ca, Mg, Zn)
salts, Cg to C,g fatty acids, Cg to C,, aliphatic alcohols, polyglycols, esters of C,4 to C,, higher fatty acids and C, to C4g
aliphatic monohydric alcohols, Cg to C,, higher fatty acid amides, silicone oils, and rosin derivatives), fillers (such as
talc, hydrotalcite, mica, zeolite, perlite, diatomaceous earth, calcium carbonate, and glass fiber), foaming agents, foaming
auxiliaries, polymer additives, plasticizers, crosslinking agents, crosslinking auxiliaries, antistatic agents, neutralizers,
anti-blocking agents, anti-fogging agents, polymer alloy components (such as blocked SBR, random SBR, hydrogenated
products thereof, and like rubbers, and polystyrenes), flame retardants, dispersants, organic and inorganic pigments
and dyes, and working auxiliaries.

Process for producing the porous polypropylene film of the present invention

[0125] The process for producing the successively biaxially stretched polypropylene porous film of the presentinvention
is a process for producing a successively biaxially stretched, -crystal nucleating agent-containing polypropylene porous
film by a sequential biaxially stretching step in which an unstretched polypropylene web sheet containing a -crystal
nucleating agentis longitudinally stretched and then transversely stretched, characterized in that the degree of orientation
of B-crystals calculated from a pole figure of the crystal lattice (300) plane of the B-crystals determined by X-ray diffraction
of the sheet obtained after longitudinal stretching is adjusted to less than 0.30 by performing the following method (I)
and/or method (I1).

[0126] Method (l): As a B-crystal nucleating agent, needle crystals of the amide compound discussed in item 6 above
is used, and the resin temperature during extrusion from a T-die is set to be higher than the melting point of the poly-
propylene and lower than the temperature at which the amide compound dissolves in the polypropylene-based resin
melt, and the melt of the polypropylene-based resin composition is extruded from the T-die in a state in which the needle
crystals of the amide compound are present.

[0127] Method (l1): The neck-in ratio during longitudinal stretching is adjusted to at least 25% and not more than 55%.
[0128] The recommended porous polypropylene manufacturing conditions will now be described in detail by going
through the manufacturing steps.

<Polypropylene-based resin composition>

[0129] The polypropylene-based resin composition according to method (I) contains needle crystals of an amide
compound which is a B-crystal nucleating agent. This polypropylene-based resin composition is prepared as follows.
[0130] The polypropylene-based resin and the amide compound are mixed, for example, in a Henschel mixer and the
resulting mixture is melt-kneaded in a single screw or double screw extruder or the like at a temperature which is not
lower than the temperature at which the amide compound dissolves in the polypropylene-based resin melt but not higher
than 280°C, whereby the amide compound is homogeneously dissolved in the polypropylene-based resin melt. Then,
this product is cooled and cut into resin pellets. The resin pellets thus obtained contain needle crystals of the amide
compound.

[0131] The above-mentioned dissolution temperature varies with the type of polypropylene-based resin and with the
type of amide compound and the addition level thereof. As the amide compound content is increased, the dissolution
temperature rises. Forinstance, when N,N’-dicyclohexyl-2,6-naphthalenecarboxamide is used as the B-crystal nucleating
agent of the present invention and the content thereof is increased to 0.04, 0.05, 0.06, 0.1 and 0.2 weight part, the
dissolution temperature rises to about 235°C, about 240°C, about 245°C, about 260°C, and about 280°C respectively.
[0132] Therefore, when the amide compound content is 0.05 weight part, the melt kneading must be performed at a
temperature of at least 240°C. Degradation of the resin becomes pronounced if the kneading temperature is over 280°C,
and this can lead to coloration of the resin or to breakage during stretching.

[0133] It is preferable that the B-crystal nucleating agent used in method (1) are:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicyclohexyl-
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terephthalamide and N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) at least one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylenediamine,
N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicyclohexanecarbo-
nyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonyl-amino)ben-
zamide and N-phenyl-5-(N-benzoylamino)-pentaneamide, or

(4) a mixture of two or more members of the above amide compounds of (1) to (3).

[0134] The polypropylene-based resin composition according to method (II) may be prepared as follows. A polypro-
pylene-based resin and the B-crystal nucleating agent represented by the formulas (1) to (4) according to the present
invention are mixed in a Henschel mixer and then melt-kneaded at 200 to 280°C, regardless of the melting temperature
of the amide compound, and then this melt is cooled and cut into resin pellets. The pellets thus obtained contain columnar
crystals or needle crystals of a B-crystal nucleating agent (e.g., the amide compound of the above-mentioned formulas
(1) to (3)).

[0135] The polyolefin modifiers which may be used as needed in the present invention may be compounded during
the preparation of the polypropylene-based resin, or they may be added by mixing them with separately prepared resin.

<Unstretched web sheet>

[0136] The unstretched polypropylene web sheet according to method (1) is obtained by preparing a polypropylene-
based resin composition containing needle crystals of a f-crystal nucleating agent, i.e., the amide compound set forth
in item 6 above, extruding the composition from a T-die at a temperature which is not lower than the melting point of
the polypropylene-based resin and lower than the temperature at which the amide compound dissolves in the polypro-
pylene-based resin melt, and then cooling the molten sheet thus obtained. Under these extrusion temperature conditions,
the B-crystals of the amide compound are extruded without dissolving in the polypropylene-based resin melt, with the
result that an unstretched web sheet is obtained in which B-crystal lamella layers are highly oriented.

[0137] The unstretched polypropylene web sheet according to method (ll) is obtained by preparing a polypropylene-
based resin composition containing the B-crystal nucleating agent according to the present invention, extruding this
composition from a T-die at a resin temperature of about 200 to 280°C, preferably about 230 to 250°C, regardless of
the dissolution temperature of the B-crystal nucleating agent represented by the formulas (1) to (4) above, and then
cooling and crystallizing the molten sheet thus obtained.

[0138] If the resin temperature is excessively lower than 200°C, the resin is likely to partly remain unmelted, possibly
leading to breakage during stretching, whereas if the resin temperature is higher than 280°C, this can lead to degradation
of the resin, breakage in the stretching step, coloration of the resin, etc. However, the molten state and degradation
situation of the resin vary considerably with the type of the resin and the stabilizer used, so that the resin temperature
may not necessarily need to be within the temperature range given above.

[0139] Inboth method (I) and method (11), the B-crystals of polypropylene-based resin are produced when the extruded
B-crystal nucleating agent-containing polypropylene-based resin melt is cooled and crystallized, and the crystallization
temperature for efficiently producing these B-crystals, that is, the chill roll temperature, is 110 to 130°C, preferably 115
to 125°C, more preferably 120°C. The crystallization holding time, that is, the contact time between the chill roll and the
sheet is 10 to 60 seconds, preferably 12 to 30 seconds, more preferably 15 to 20 seconds.

[0140] The chill roll temperature of lower than 110°C increases formation of unstable B-crystals which contribute less
to pore formation, hence undesirable. The chill roll temperature exceeding 130°C is also undesirable because crystal-
lization will take a long time and productivity will be adversely affected.

[0141] The chill roll contact time of less than 10 seconds is not preferable, because crystallization is incomplete and
unstable B-crystals increase. The production of 3-crystals is usually complete when the contact time is 60 seconds.
[0142] The B-crystal content in the obtained unstretched web sheet can be selected from a wide range, but it is
generally preferable that the B-crystal content is 60 to 90%, particularly 70 to 80%. "B-crystal content" as used herein is
determined by cutting an unstretched polypropylene web sheet to a suitable size, subjecting this sample to differential
scanning calorimetry (DSC) in a nitrogen atmosphere and at a heating rate of 20°C/min, and then calculating the B-
crystal content according to the following equation using the heat of fusion of o and B-crystals obtained from this DSC
thermogram.

B-crystal content (%) = 100 x HB/(HB + Ha)

where HB is the heat of fusion (units: J/g) of the B-crystals, and Ha is the heat of fusion (units: J/g) of the a-crystals.
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[0143] There are no particular restrictions on the K value of the unstretched web sheet, but it is generally preferable
that the K value be about 0.98 to 0.70, particularly 0.96 to 0.80.

[0144] The width of the unstretched web sheet is suitably selected according to the size of the finished product and
so forth. It is generally preferable that the width is about 100 to 1000 mm, particularly 200 to 600 mm, but is not limited
to this range.

[0145] The thickness of the unstretched web sheet is also suitably selected according to the size of the finished product
and so forth. It is generally preferable that the thickness is about 50 to 1000 pm, particularly 100 to 500 pm, but is not
limited to this range.

<Longitudinal stretching>

[0146] The above-mentioned unstretched web sheet is then continuously guided to longitudinal stretching rolls, and
longitudinally stretched by utilizing the rotational speed difference between the rolls. This longitudinal stretching may
also be divided into several steps using a plurality of stretching rolls. The stretching temperature, that is, the roll surface
temperature, is 70 to 140°C, preferably 90 to 120°C, and the total longitudinal stretch ratio is preferably 3 to 5 times. If
the stretching temperature is lower than 70°C, uniform stretching is difficult, and if the stretching temperature exceeds
140°C, the obtained film tends to have lower air-permeability.

[0147] When the unstretched web sheet is stretched longitudinally, the unstretched web sheet shrinks in its width
direction (transversely), and the sheet width decreases. This shrinkage is what is meant by the neck-in ratio according
to method (l1) of the present invention. Specifically, the neck-in ratio is a value determined as follows.

Neck-in ratio (%) = 100 x (W - W,)/W

wherein W is the width of the unstretched web sheet, and W, is the width of the longitudinally stretched sheet.

[0148] The neck-in ratio according to method (I) can be controlled by varying the width of the unstretched web sheet
and/or the distance between the stretching rolls during this longitudinal stretching. The neck-in ratio is adjusted to
between 25 and 55% or higher, preferably between 35 and 55% or higher, more preferably 40 to 55%. By controlling
this neck-in ratio, the degree of B-crystal orientation <cos26.p> of the sheet after longitudinal stretching becomes less
than 0.30, preferably less than 0.28, more preferably less than 0.27.

[0149] Specifically, by adjusting the neck-in ratio to 25 to 55% or higher, the degree of B-crystal orientation <cos26p>
is adjusted to less than 0.30, and preferably by adjusting the neck-in ratio to 35 to 55% or higher, the degree of B-crystal
orientation <cos20,p> is adjusted to less than 0.28, and more preferably by adjusting the neck-in ratio to 40 to 55% or
higher, the degree of B-crystal orientation <cos26p> is adjusted to less than 0.27.

[0150] If the neck-in ratio according to the present invention is less than 25%, the degree of orientation of B-crystals
is low and the effect of promoting pore formation is low. The pore formation promoting effect tends to be saturated at a
neck-in ratio of 55%. The neck-in ratio can be easily controlled by varying the ratio (W/L) between the unstretched web
sheet width (W) and the distance between the longitudinal stretching rolls (L). For instance, as discussed in "Kobunshi
Kako One Point (Hints for Macromolecular Processing) Vol. 2, "Film wo tsukuru (Making Films)"™, published on October
5, 1988 by Kyoritsu Shuppan, the relationship of (Formula I) exists between the neck-in ratio and WI/L.

Neck-in ratio (%) = a(W/L) + b (Formula I)

(The constants a and b vary with the polypropylene-based resin serving as the raw material, the K value of the unstretched
web sheet, and the longitudinal stretching temperature and stretch ratio.)

[0151] Forexample, when an unstretched web sheet of B-crystal polypropylene with a melt flow rate of 2.7 g/10 minutes
and with a K value of 0.96 was longitudinally stretched to a ratio of 4 times, the relationship of (Formula Il) was obtained.

Neck-in ratio (%) = ~-16(W/L) + 56 (Formula II)

[0152] Thus, the WIL ratio for achieving a neck-in ratio of 25%, 35% and 45% is 1.9, 1.3, and 0.7, respectively, and
the greater the distance L between rolls and/or the narrower the unstretched web sheet width W, the higher the neck-
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in ratio.

[0153] The WIL ratio can be varied by changing the distance between the T-die and the chill roll (air gap) so as to
vary the unstretched web sheet width, and/or by changing the distance between the longitudinal stretching rolls.
[0154] The longitudinal stretching roll distance varies with the roll diameter, unstretched web sheet width, and other
factors, but is generally about 100 to 2000 mm, and preferably about 200 to 1000 mm. It may, however, be outside this
range.

[0155] The degree of orientation of B-crystals increases with an increase in the neck-in ratio. The degree of orientation
of B-crystals according to the present invention is the <cos26.p> that is the mean square value of cosfp calculated
from the pole figure data of the crystal lattice (300) plane in B-crystals obtained by X-ray diffraction.

[0156] Herein, 61p is the angle formed between the TD axis (when the width direction (TD) of the film is used as the
main reference axis) and the averaged reciprocal lattice vector of the (300) plane determined from a normalized orientation
distribution function.

[01567] When the B-crystals are not oriented, <cos26tp> = 1/3, and when the B-crystals are completely oriented,
<c0s261p> = 0 (Kobunshi Jikkengaku, Vol. 17, Solid Structures of Macromolecules Il, Kyoritsu Shuppan (1985)). The
B-crystal orientation <cos26p> according to the present invention is less than 0.30, preferably less than 0.28, more
preferably less than 0.27. If the degree of B-crystal orientation is 0.30 or higher, the orientation of B-crystals is low and
effect of promoting pore formation is low. There are no particular restrictions on the lower limit to the degree of B-crystal
orientation <cos20rp>, but about 0.1 is generally adequate. Of course, a lower value may also be employed.

[0158] As to the unstretched web sheet obtained in method (1), on the other hand, it is not necessarily required to
increase the neck-in ratio by using method (l1) in the subsequent longitudinal stretching step, and even at the neck-in
ratio which is ordinarily employed (at least 5% and less than 25%), the B-crystal lamella layers becomes oriented in the
sheet after the longitudinal stretching in the same manner as when method (ll) is employed, with the result that the
degree of B-crystal orientation <cos26p> of the longitudinally stretched sheet becomes less than 0.30, preferably less
than 0.28, more preferably less than 0.27, thereby producing a sufficient pore formation promoting effect.

[0159] By combining method (1) and method (ll), however, it is possible to further increase the degree of orientation
of the B-crystal lamella layers, and this allows pore formation to be promoted to the maximum.

<Annealing>

[0160] If desired, the longitudinally stretched sheet can be annealed under specific conditions after the longitudinal
stretching and prior to transverse stretching. This further promotes pore formation in the subsequenttransverse stretching,
improves the porous film properties such as its porosity and air-permeability, and also further improves thickness uni-
formity.

[0161] When the annealing treatment according to the present invention is performed, the longitudinally stretched
sheet is annealed after longitudinal stretching and prior to transverse stretching, at 130 to 160°C for 1 to 300 seconds
and at a longitudinal stretch ratio of 0 to 30%, preferably at 140 to 150°C for 1 to 60 seconds and at a longitudinal stretch
ratio of 0 to 20%, more preferably at 145 to 150°C for 1 to 10 seconds and at a longitudinal stretch ratio of 0 to 10%.
[0162] Herein, the longitudinal stretch ratio is the value calculated from the following equation.

Longitudinal stretch ratio(%) = [(L,-L,)/L,] x 100

wherein L, is the length of the longitudinally stretched sheet prior to annealing, and L, is the length of the longitudinally
stretched sheet after annealing.

[0163] By this annealing, B-crystals remaining after longitudinal stretching undergo a crystal transition to o-crystals.
If the annealing temperature is lower than 130°C, the crystal transition from B-crystals to a-crystals becomes inadequate.
It is not preferable to carry out the annealing at a temperature higher than 160°C, because the o-crystals melt and the
orientation is disturbed. Also, itis undesirable if the annealing time is shorter than 1 second, because the crystal transition
from B-crystals to o-crystals becomes inadequate. The crystal transition is almost saturated when the annealing time is
approximately 300 seconds.

[0164] Itis also favorable to perform some very slight stretching in the longitudinal direction during this annealing, but
care should be taken to prevent shrinkage from occurring. Such shrinkage, if any, would disturb the oriented state of
the polypropylene crystals, impairing pore formation, giving a film having decreased porosity and air-permeability. Stretch-
ing beyond a longitudinal stretch ratio of 30% is undesirable, because there is no further improvement and breakage
may occur.

[0165] This annealing can be accomplished by using a temperature maintaining equipment which satisfies the an-
nealing conditions of the present invention, such as a pre-heating zone before stretching, inside the transverse stretching
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apparatus, a hot air heater, an infrared (IR) heater, a heating roll, an oven, a hot bath, or the like, which may be used
singly or in combination. It is particularly favorable to use a heating roll, because it is directly contacted with the sheet,
whereby the crystal transition from B-crystals to a-crystals smoothly proceeds and is complete in a short time of about
1 to 10 seconds.

[0166] More specifically, methods for performing this annealing treatment include 1) a method in which a heating
apparatus such as a hot air heater, an infrared heater, a heating roll, an oven, or a hot bath is installed, either singly or
in combination, between the longitudinal stretching apparatus and the transverse stretching apparatus, so as to provide
a heating zone that satisfies the annealing conditions of the present invention, 2) a method in which the annealing is
performed using a heating roll at the final end of the longitudinal stretching apparatus, and 3) a method in which the
annealing is performed using a preheating zone at the very front of the transverse stretching apparatus. These methods
1), 2) and 3) may be used singly or in combination.

[0167] Also, inthe annealing of the longitudinally stretched sheet, itis preferable not to allow the longitudinally stretched
sheet to shrink longitudinally, and to this end it is good to employ a means such as a roll for preventing sheet slipping
(pinch roll) before and after the annealing zone so that there will be no change in the length of the longitudinally stretched
sheet in the longitudinal direction.

<Transverse stretching>

[0168] Next, the longitudinally stretched sheet or the annealed longitudinally stretched sheetis guided to the transverse
stretching apparatus, where it is transversely stretched at a stretching temperature of 120 to 155°C, preferably 140 to
150°C, at a stretch ratio of 4 to 10 times, preferably 6 to 8 times, and at a transverse stretching strain rate of 10 to
300%/sec, preferably 20 to 200%/sec, more preferably 40 to 150%/sec.

[0169] Herein, the transverse stretching strain rate is the rate determined as the ratio Vt/Dt (or 100Vt%/Dt) of the
transverse stretching rate Vt to the width of the longitudinally stretched sheet Dt.

[0170] If the stretching temperature is under 120°C, the sheet breakage is likely to occur in the stretching step, and if
the stretching temperature exceeds 155°C, air-permeability decreases. Productivity is poor if the stretch ratio is less
than 4 times, and the stretch ratio exceeding 10 times can lead to breakage in the transverse stretching step.

[0171] With a conventional manufacturing method, the transverse stretching strain rate greatly affects pore formation
and breakage during transverse stretching. For example, if the strain rate is increased to 100%/sec, there is a marked
drop in air-permeability, and the likelihood of breakage also increases, so that a strain rate of 17%/sec or less is rec-
ommended. When the manufacturing method of the present invention is applied, however, it is possible to manufacture
a porous film with sufficient air-permeability and with no breakage even at a high strain rate of 100 to 300%/sec.
[0172] The porous film thus obtained is characterized in that it exhibits the above-mentioned pore structures (a) and
(b) when a film cross section is observed by electron microscope.

EXAMPLES

[0173] Examples and comparative examples will now be given to describe the present invention in more detail. The
temperature at which the amide compound dissolved in the polypropylene-based resin melt, the K value of the unstretched
web sheet, the -crystal content, the degree of B-crystal orientation of the longitudinally stretched sheet, how many times
breakage occurred during transverse stretching, and the porosity, average pore size, maximum pore size, Gurley air-
permeability, estimated electrical resistance, water vapor permeability, leakage resistance, tensile strength, hand (feel-
ing), and thickness uniformity of the porous film were determined by the methods given below.

Dissolution temperature

[0174] In Examples and Comparative Examples, the temperature at which the crystals of amide compound dissolved
in the polypropylene-based resin melt was determined by observing resin pellets to be extruded from a T-die, at a heating
rate of 10°C/minute using an optical microscope equipped with a temperature elevation apparatus. Whether or not the
amide compound completely dissolved in the polypropylene-based resin melt was checked by direct visual observation
of the molten resin and molten sheet during melt-mixing and during T-die extrusion of the resin. When the dissolution
is complete, the molten resin is transparent, whereas the resin is white and translucent or turbid when the dissolution
is not complete.

K value

[0175] Anunstretched web sheet was subjected to X-ray diffraction, and the K value was determined from the following
equation.
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K value = H(B,)/[H(B,) + Hla,) + H(a,) + Hla,)]

H(B4):  diffraction intensity (height) of B-crystal (300) plane
H(oq):  diffraction intensity (height) of a-crystal (110) plane
H(o):  diffraction intensity (height) of a-crystal (040) plane
H(os):  diffraction intensity (height) of a-crystal (130) plane

B-crystal content

[0176] Anunstretched polypropylene web sheet was cut to a suitable size, and this sample was subjected to differential
scanning calorimetry (DSC) in a nitrogen atmosphere and at a heating rate of 20°C/min. The B-crystal content was
determined by the following equation using the heat of fusion of a-crystals and B-crystals obtained from this DSC
thermogram.

f-crystal content (%) = 100 x HB/(HB + Ha)

wherein Hp is the heat of fusion (units: J/g) of the B-crystals, and Ha is the heat of fusion (units: J/g) of the o-crystals.

Number of breakage during transverse stretching

[0177] This is the number of times the porous film breakage occurred during continuous manufacture over a period
of 1 hour. Since even a single breakage markedly reduces productivity, there should be no breaks during operation for
1 hour.

Degree of B-crystal orientation of longitudinally stretched sheet

[0178] The degree of orientation of the 3-crystal lamella layers was determined by calculating the mean square value
<c0s20,p> of cosBp from the pole figure data of the crystal lattice (300) plane of B-crystals determined by X-ray diffraction
using a polar sample stage, and this was termed the degree of orientation of B-crystals. 6y here is the angle formed
between the TD axis (when the width direction (TD) of the film is used as the main reference axis) and the averaged
reciprocal lattice vector for the (300) plane determined from a normalized orientation distribution function. When the f3-
crystals are not oriented, <cos26> = 1/3, and when the B-crystals are completely oriented, <cos26p> = 0 (see Kobunshi
Jikkengaku, Vol. 17, Solid Structures of Macromolecules I, Kyoritsu Shuppan). The X-ray diffraction measurement
conditions were as follows.

[X-ray diffractometer]: RINT2000 fully automatic X-ray diffractometer made by Rigaku Corporation
Measurement method: Decker transmission method and Schulz reflection method
Scanning speed: 40°/min

Scanning range: transmission method 0.0 to 50.0°/10.0° step reflection method 40.0 to 90.0°/10.0° step Fixed 26
angle: 16.0° (corresponds to 26 angle of B-crystal (300) plane) X-ray: Cu/50 kv/200 mA

Porosity

[0179] The stretched film was cut into a square and the length of one side (L cm), the weight (W g), and the thickness
(D cm) were measured, and the porosity was calculated from the following equation.

Porosity = 100 - 100(W/p)/(L® x D)

wherein p is the density of the unstretched polypropylene web sheet prior to stretching.
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Pore size

[0180] The pore size was determined by the bubble point method (JIS K 3832), by mercury intrusion porosimetry, and
by electron microscope (SEM) observation of a film cross section.

- Bubble point (BP) method: The average pore size and maximum pore size were measured using a bubble point
type pore size measurement apparatus ("Permporometer CFP-1200AEL" made by PMI).

- Mercury intrusion porosimetry: Assuming that the pores were cylindrical, their pore size was calculated from the
following equation using the total pore volume (V) and the pore specific surface area (A) obtained from a mercury
intrusion porosimetric pore size measurement apparatus (Micromeritics AutoPore Il model 9420, made by Shimadzu
Seisakusho).

Average pore size = 4V/A

- SEM observation: A porous film that had been cut to a size of 3 cm square was immersed in molten paraffin at 70°C,
and the film was impregnated with the paraffin until the film became semitransparent. Then, the film was taken out
and the paraffin was cooled and solidified. The film was then thoroughly cooled by bringing it into close contact with
dryice, and the filmwas cut with arazorblade in the longitudinal and transverse directions of the film. The impregnating
paraffin was then removed by extraction with hexane, and the film was dried. Gold was deposited with an ion
sputtering apparatus (lon Sputter JFC-1100 made by JEOL) to produce a film cross section observation sample.
This was placed under an electron microscope (JSM-T200 made by JEOL), and micrographs were made of the film
cross section at a magnification of 1000 times to obtain cross sectional images including the film surface. The
maximum pore size in the transverse direction, longitudinal direction, and thickness direction were read from cross
sectional images in the transverse and longitudinal directions.

Gurley air-permeability

[0181] The time (sec) it took for 10 ml of air to pass through a film surface area of 6.452 cm?2 under a pressure of
2.3cmHg was measured according to ASTM D726.

Electrical resistance

[0182] The electrical resistance per mil (25 wm) of film thickness was calculated using (Formula 1) from the average
pore size (wm) and the Gurley air-permeability (sec) measured according to ASTM D726.

[0183] (Formula 1) consists of (Formula 2) and (Formula 3). The proportional relationship of (Formula 2) has been
noted between the product (sec-.m) of the Gurley air-permeability (sec) and the average pore size (.m) and the electrical
resistance RmA (mohm-in2) (R.W. Callahan et al., The Tenth International Seminar on Primary and Secondary Battery
Technology and Application, March 1-4, 1993), and the electrical resistance per mil of film thickness is obtained from
the resulting RmA and (Formula 3) (Japanese Unexamined Patent Publication No. 2000-30683).

R = 25(4.2tg,,d)/L (Formula 1)

where R is the electrical resistance (ohm-in) per 25 um of film thickness in a 31 wt% KOH electrolyte solution, tg,, is
the Gurley air-permeability (sec/10 ml) measured according to ASTM D726, d is the average pore size (.m) determined
by mercury intrusion porosimetry, and L is the film thickness (um)).

[0184] In the present invention, R value (ohm:-in/mil) is used as the estimated electrical resistance. It is generally
preferable that a battery separator have low electrical resistance. More specifically, the electrical resistance R per mil
of film thickness is less than 30 ohm-in/mil, and preferably less than 20 ohm-in/mil.

RmA = 4.2t,,d (Formula 2)
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R = 25RmA/L (Formula 3)

[0185] In the above (Formula 2) and (Formula 3),

RmA: estimated electrical resistance (mohm-in2) of the film in 31% KOH solution

tour Gurley air-permeability (sec) measured according to ASTM D726

d: average pore size (um) determined by mercury intrusion porosimetry

L: film thickness (um)

R: 25 estimated electrical resistance (ohm-in/mil) per wm (1 mil) of film thickness in a 31 wt% KOH solution

Water vapor permeability

[0186] Measured according to JIS Z 0208.

Tensile strength

[0187] Measured according to JIS K 7127.

Leakage resistance

[0188] The water pressure resistance (kPa) was determined according to JIS L 1092, except that a 0.25 wt% aqueous
solution of a surfactant (sodium polyoxyethylene lauryl ether sulfate (number of moles of ethylene oxide added: 3 moles))
was used instead of pure water.

Film thickness uniformity

[0189] The thickness of the obtained porous film was measured with a film thickness meter (SME-1, made by SANKO
ELECTRONIC LABORATORY CO., LTD.) at 100 points, with a 1 cm separation between points in the longitudinal
direction, along the center line in the width direction of the film (that is, the center line longitudinally connecting points
that divide the film width into two equal halves), the average thickness (Tave), the maximum thickness (Tmax), and the
minimum thickness (Tmin) were determined, and the thickness uniformity was calculated from the formula (Tmax - Tmin)
/Tave. The smaller this value, the higher the thickness uniformity.

Hand (feeling)

[0190] The obtained porous film was cut into a square measuring 30 cm on each side, the film was balled in the palm
of the hand, and its suppleness was ranked according to the following three grades.

©: extremely good suppleness
O: good suppleness
A: feeling of somewhat hard and stiff

Example A [method (1)]

[0191] N,N’-Dicyclohexyl-2,6-naphthalenedicarboxamide (0.05 weight part, used as a B-crystal nucleating agent) and
0.05 weight part of Irgafos 168 and 0.05 weight part of Irganox 1010 made by Ciba Specialty Chemicals (used as
antioxidants) were mixed in a Henschel mixer with 100 weight parts of a propylene-ethylene block copolymer with an
MFR of 2.7 g/10 minutes and an ethylene content of 6.2 wt%. This mixture was melt mixed at 250°C in a single screw
extruder, and the extruded resin was cooled and cut to prepare resin pellets containing the B-crystal nucleating agent.
It was confirmed visually that the molten resin discharged from the die nozzle of the single screw extruder was transparent,
indicating that the above-mentioned amide compound had completely dissolved in the molten polypropylene during the
melt mixing.

[0192] These resin pellets were then extruded in the form of a sheet at a resin temperature of 200°C using a T-die
extruder (twin screw extruder with a screw diameter of 65 mm, plus a T-die with a width of 350 mm). This sheet was
cooled and solidified by being placed for 12 seconds on a chill roll with a diameter of 600 mm and maintained at a surface
temperature of 120°C, giving an unstretched polypropylene web sheet with a width of 300 mm and a thickness of 380
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pm. It was confirmed visually that the

[0193] molten resin discharged from the T-die nozzle was white and semitransparent, indicating that the above-
mentioned amide compound had not completely dissolved during the T-die extrusion. Part of this unstretched web sheet
(prior to longitudinal stretching) was cut out, and the K value and the B-crystal content were measured.

[0194] This sheet was then guided to a longitudinal stretching apparatus with a roll surface temperature of 90°C, where
it was stretched longitudinally at a ratio of 4 times, giving a longitudinally stretched sheet with a width of 255 mm. The
distance between the longitudinal stretching rolls here was 100 mm, and the neck-in ratio in the width direction of the
unstretched web sheet was 15%. After this longitudinal stretching, a sheet sample was cut out from the longitudinally
stretched sheet and subjected to X-ray diffraction measurement to determine the degree of B-crystal orientation
<c0820p>.

[0195] This longitudinally stretched sheet was then annealed while being longitudinally stretched at a stretch ratio of
10% with a roll having a surface temperature of 145°C. The annealing contact time during which the longitudinally
stretched sheet was contacted with the roll was 5 seconds.

[0196] This annealed sheetwas then guided to a transverse stretching apparatus, where it was subjected to transverse
tenter stretching at a ratio of 6.0 times at a temperature of 140°C and a strain rate of 100%/sec, whereby a white,
translucent stretched film was continuously obtained.

[0197] Table 1 gives the manufacturing conditions, the various properties during the manufacturing process, and the
various properties of the obtained porous film.

Example B [method (I) + method (l1)]

[0198] A stretched film was obtained in the same manner as in Example A with the exception of changing the distance
between the longitudinal stretching rolls to 180 mm so as to adjust the neck-in ratio to 35%. Table 1 gives the various
conditions and properties.

Example 1 [method (l1)]

[0199] A stretched film was obtained in the same manner as in Example A except that the N,N’-dicyclohexyl-2,6-
naphthalenedicarboxamide used as a B-crystal nucleating agent was used in an amount of 0.2 weight part, the molten
resin temperature during resin pellet preparation was changed to 240°C, the resin temperature during T-die extrusion
was changed to 220°C, and the distance between the longitudinal stretching rolls was changed to 435 mm so as to
adjust the neck-in ratio to 45%. Table 1 gives the various conditions and properties.

[0200] The crystals of the above-mentioned B-crystal nucleating agent in the pellets obtained in this Example 1 were
almost all columnar crystals, with some being needle crystals. The dissolution temperature of these crystals was ap-
proximately 280°C, and the B-crystals were present as precipitated in a substantially unoriented state during the T-die
extrusion at 220°C.

Example 2

[0201] A stretched film was obtained in the same manner as in Example 1 with the exception of changing the distance
between the longitudinal stretching rolls to 230 mm so as to adjust the neck-in ratio to 35%. Table 1 gives the various
conditions and properties.

Example 3

[0202] A stretched film was obtained in the same manner as in Example 1 with the exception of changing the distance
between the longitudinal stretching rolls to 155 mm so as to adjust the neck-in ratio to 25%. Table 1 gives the various
conditions and properties.

Example 4

[0203] A stretched film was obtained in the same manner as in Example 1 with the exception of omitting the roll
annealing treatment after the longitudinal stretching. Table 1 gives the various conditions and properties.

Example 5

[0204] A stretched film was obtained in the same manner as in Example 2 with the exception of omitting the roll
annealing treatment after the longitudinal stretching. Table 1 gives the various conditions and properties.
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Example 6

[0205] A stretched film was obtained in the same manner as in Example 1 except that the longitudinal stretch ratio in
the annealing step after the longitudinal stretching was changed from 10% to 0%. Table 1 gives the various conditions
and properties.

Example 7

[0206] A stretched film was obtained in the same manner as in Example 1 except that the roll temperature in the
annealing step after the longitudinal stretching was changed from 145°C to 140°C. Table 1 gives the various conditions
and properties.

Example 8

[0207] A stretched film was obtained in the same manner as in Example 1 with the exception of changing the transverse
stretching strain rate to 150%/sec. Table 1 gives the various conditions and properties.

Example 9
[0208] A stretched film was obtained in the same manner as in Example A with the exception of using a propylene
homopolymer with an MFR of 7.5 g/10 minutes as the polypropylene-based resin, and changing the roll surface tem-

perature during longitudinal stretching to 120°C. Table 1 gives the various conditions and properties.

Comparative Example 1

[0209] A stretched film was obtained in the same manner as in Example 1 with the exception of changing the distance
between the longitudinal stretching rolls to 115 mm so as to adjust the neck-in ratio to 15%. Table 1 gives the various
conditions and properties.

Comparative Example 2

[0210] A stretched film was obtained in the same manner as in Comparative Example 1 with the exception of omitting
the roll annealing treatment after the longitudinal stretching. Table 1 gives the various conditions and properties.
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EP 1 369 221 B9

INDUSTRIAL APPLICABILITY

[0211] With the present invention, in the manufacture of a porous film composed of a stretched B-crystal-type poly-
propylene, it is possible to keep a good balance between the air permeability of the stretched film and its tendency
toward breakage during stretching, which was a problem in the past. This makes it possible to industrially produce under
practical conditions a porous polypropylene film with excellent air permeability and having continuous through pores,
which can be applied as battery separators.

[0212] The film of the present invention is a porous polypropylene film which has excellent thickness uniformity, and
high porosity and air permeability, and which satisfies the electrical resistance required of a battery separator.

Claims

1. A successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film, comprising a
polypropylene-based resin (22) and a -crystal nucleating agent (11n,11p), the film having a film thickness uniformity
is 0.1 or less, and the film exhibiting the following pore structures (a) and (b) when observed in cross section in the
longitudinal and transverse directions of the film under an electron microscope:

(a) in the cross section in the transverse direction: more lamella cross sections (2) are present than in the image
of the cross section in the longitudinal direction; there are numerous pores (3) between these lamella cross
sections; the maximum pore size in the thickness direction of the pores is 0.1 to 5 um; the maximum pore size
in the transverse direction is 1 to 50 wm; and the ratio of the maximum pore size in the thickness direction / the
maximum pore size in the transverse direction is from 1/2 to 1/20;

(b) in the cross section in the longitudinal direction: there are no lamella cross sections or fewer lamella cross
sections than in the image of the cross section in the transverse direction; there are numerous pores (3); the
maximum pore size in the thickness direction of the pores is 0.1 to 5 wm; the maximum pore size in the longitudinal
direction is 1 to 50 pm; and the ratio of the maximum pore size in the thickness direction / the maximum pore
size in the longitudinal direction is from 1/2 to 1/20.

2. The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film according to
Claim 1, which has a film thickness uniformity of 0.07 to 0.04.

3. The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film according to
Claim 1, which has a Gurley air-permeability measured according to ASTM D726 of 10 to 100 sec/10 ml, and a
porosity of 30 to 65%.

4. The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film according to
Claim 1, which has an estimated electrical resistance (R) of less than 30 ohm-in/mil, as calculated according to the
following equation from the Gurley air-permeability and the average pore size:

R =25 (4.2 tcud)/L

wherein R is the estimated electrical resistance (ohm-in/mil) of the film in a 31 wt% KOH solution, tg,, is the Gurley
air-permeability (sec/10 ml) measured according to ASTM D726, d is the average pore size (.m) determined by
mercury intrusion porosimetry, and L is the film thickness (pm).

5. The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film according to
Claim 1, which has
an average pore size of 0.04 to 0.06 .m when measured by bubble point method (JIS K 3832), and of 0.10 to 0.50
wm when measured by mercury intrusion porosimetry,
a maximum pore size in the film thickness direction of 0.1 to 5 um, and a maximum pore size in the direction
perpendicular to the thickness direction of 1 to 50 wm, as determined by electron microscopy (SEM) of the film cross
sections,
a water vapor permeability measured according to JIS Z 0208 of 3000 to 6000 g/m2-24 h,
a tensile strength measured according to JIS K 7127 of 50 to 100 MPa in both the longitudinal and transverse
directions, and
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a water pressure resistance of 200 to 400 kPa, as measured according to JIS L 1092 except that a 0.25 wt% aqueous
solution of a surfactant (sodium polyoxyethylene lauryl ether sulfate (number of moles of ethylene oxide added: 3
moles)) is used instead of pure water.

The successively biaxially stretched, B-crystal nucleating agent-containing polypropylene porous film according to
Claim 1, wherein the B-crystal nucleating agent (11n,11p) is:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicyclohex-
ylterephthalamide and N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) atleast one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylenediamine,
N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicyclohexanecar-
bonyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonylamino)
benzamide and N-phenyl-5-(N-benzoylamino)-pentaneamide, or

(4) a mixture of two or more members of the above amide compounds of (1) to (3).

A process for producing a successively biaxially stretched, B-crystal nucleating agent-containing polypropylene
porous film according to claim 1,

said process comprising a sequential biaxial stretching step which comprises extruding a melt of a polypropylene-
based resin composition containing a B-crystal nucleating agent (11n,11p) from a T-die, cooling the extrudate on a
chill roll, and stretching the thus obtained B-crystal nucleating agent-containing polypropylene unstretched web
sheet first longitudinally and then transversely, characterized in that the degree of orientation of B-crystals calcu-
lated from a pole figure of the crystal lattice (300) plane of the B-crystals determined by X-ray diffraction of the sheet
obtained after longitudinal stretching is adjusted to less than 0.30 by carrying out the following Method (I) and/or
Method (l1):

Method (l): melting a polypropylene-based resin composition consisting essentially of

(i) the polypropylene-based resin (22),
(i) needle crystals (11n) of at least one amide compound as the -crystal nucleating agent, and if desired
(iii) at least one polyolefin modifier

at a temperature (T1) which is not lower than the melting point of the polypropylene-based resin (22) and lower
than the temperature at which the needle crystals (11n) of the amide compound dissolve in the melt of the
polypropylene-based resin (23), and extruding the molten polypropylene-based resin composition from the T-
die in a state in which the amide compound needle crystals (11n) are present, wherein said at least one amide
compound is:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicy-
clohexylterephthalamide and N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) at least one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylene-
diamine, N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicy-
clohexanecarbonyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonylami-
no)benzamide and N-phenyl-5-(N-benzoylamino)pentaneamide, or

(4) a mixture of two or more members of the above amide compounds of (1) to (3)),

Method (I1): adjusting the neck-in ratio during longitudinal stretching to at least 25% and not more than 55%.

The process for producing a porous film according to Claim 7, wherein the sheet after the longitudinal stretching is
annealed at 130 to 160°C for 1 to 300 seconds while being stretched in the longitudinal direction at a longitudinal
stretch ratio of 0 to 30%, and is then transversely stretched.

The process for producing a porous film according to Claim 7 or 8, wherein, in the transverse stretching step, the
transverse stretching is performed at a stretching temperature of 120 to 155°C at a stretch ratio of 4 to 10 times and
at a transverse stretching strain rate of 100 to 300%/sec.

10. The process for producing a porous film according to Claim 7, wherein said at least one polyolefin modifier is
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stabilizers, UV absorbers, antioxidants, surfactants, lubricants, fillers, foaming agents, foaming auxiliaries, polymer
additives, plasticizers, crosslinking agents, crosslinking auxiliaries, antistatic agents, neutralizers, anti-blocking
agents, anti-fogging agents, polymer alloy components, flame retardants, dispersants, organic and inorganic pig-
ments and dyes, or working auxiliaries.

A battery separator comprising a successively biaxially stretched, B-crystal nucleating agent-containing polypropyl-
ene porous film according to claim 1,

the film having an estimated electrical resistance (R) of less than 30 ohm-in/mil, as calculated according to the
following equation from the Gurley air-permeability and the average pore size:

R =25 (4.2 tg,d)/L

wherein R is the estimated electrical resistance (ohm-in/mil) of the film in a 31 wt% KOH solution, tg,, is the Gurley
air-permeability (sec/10 ml) measured according to ASTM D726, d is the average pore size (.m) determined by
mercury intrusion porosimetry, and L is the film thickness (p.m)).

12. The battery separator according to Claim 11, wherein the B-crystal nucleating agent is:

(1) at least one member selected from the group consisting of N,N’-diphenylhexanediamide, N,N’-dicyclohex-
ylterephthalamide and N.N’-dicyclohexyl-2,6-naphthalenedicarboxamide,

(2) atleast one member selected from the group consisting of N,N’-dicyclohexanecarbonyl-p-phenylenediamine,
N,N’-dibenzoyl-1,5-diaminonaphthalene, N,N’-dibenzoyl-1,4-diaminocyclohexane and N,N’-dicyclohexanecar-
bonyl-1,4-diaminocyclohexane,

(3) at least one member selected from the group consisting of N-cyclohexyl-4-(N-cyclohexanecarbonylamino)
benzamide and N-phenyl-5-(N-benzoylamino)-pentaneamide, or

(4) a mixture of two or more members of the above amide compounds of (1) to (3).

Patentanspriiche

1.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende pordse Polypropylen-Folie, umfassend ein
Harz auf Polypropylenbasis (22) und ein B-Kristall-Nukleierungsmittel (11 n, 11p), wobei die Folie eine Gleichfor-
migkeit der Foliendicke von 0,1 oder weniger aufweist und die Folie die folgenden Porenstrukturen (a) und (b) zeigt,
wenn sie im Querschnitt in den Langs- und Querrichtungen der Folie unter einem Elektronenmikroskop betrachtet
wird:

(a) im Querschnitt in Querrichtung: mehr Lamellenquerschnitte (2) sind vorhanden als im Bild des Querschnitts
in der Langsrichtung; es gibt zahlreiche Poren (3) zwischen diesen Lamellenquerschnitten; die maximale Po-
rengré3e in der Dickenrichtung der Poren ist 0,1 bis 5 wm; die maximale PorengréRRe in der Querrichtung ist 1
bis 50 wm; und das Verhaltnis der maximalen Porengrof3e in der Dickenrichtung / der maximalen Porengréle
in der Querrichtung ist 1/2 bis 1/20;

(b) im Querschnitt in Langsrichtung: es gibt keine Lamellenquerschnitte oder weniger Lamellenquerschnitte als
im Bild des Querschnitts in der Querrichtung; es gibt zahlreiche Poren (3); die maximale Porengréf3e in der
Dickenrichtung der Poren ist 0,1 bis 5 um; die maximale Porengré3e in der Langsrichtung ist 1 bis 50 wm; und
das Verhaltnis der maximalen PorengréRe in der Dickenrichtung / der maximalen Porengrofie in der Langs-
richtung ist 1/2 bis 1/20.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende pordse Polypropylen-Folie nach Anspruch 1,
die eine Gleichférmigkeit der Foliendicke von 0,07 bis 0,04 aufweist.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende porése Polypropylen-Folie nach Anspruch 1,
die eine Gurley-Luftdurchlassigkeit, gemessen gemall ASTM D726, von 10 bis 100 s/10 ml und eine Porositat von
30 bis 65% aufweist.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende pordse Polypropylen-Folie nach Anspruch 1,
die einen geschétzten elektrischen Widerstand (R) von weniger als 30 Ohm-Zoll/mil aufweist, berechnet gemaf der
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folgenden Gleichung aus der Gurley-Luftdurchlassigkeit und der mittleren Porengrofie:

R =25 (4,2 tgud) / L

worin R der geschéatzte elektrische Widerstand (Ohm-Zoll/mil) der Folie in einer 31 Gew.-%-igen KOH-L6sung ist,
tgyr die Gurley-Luftdurchldssigkeit (s/10 ml), gemessen gemalR ASTM D726, ist, d die mittlere PorengréRe (um),
bestimmt durch Quecksilberintrusion-Porosimetrie, ist und L die Foliendicke (.m) ist.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende porése Polypropylen-Folie nach Anspruch 1,
die aufweist

eine mittlere Porengréfie von 0,04 bis 0,06 wm, wenn durch Blasenbildungspunkt-Verfahren (JIS K3832) gemessen,
und von 0,10 bis 0,50 pm, wenn durch Quecksilberintrusion-Porosimetrie gemessen,

eine maximale Porengrée in der Foliendickenrichtung von 0,1 bis 5 wm und eine maximale Porengré3e in der
Richtung senkrecht zur Dickenrichtung von 1 bis 50 pm, bestimmt durch Elektronenmikroskopie (SEM) der Folien-
querschnitte,

eine Wasserdampfdurchléssigkeit, gemessen gemaR JIS Z 0208, von 3.000 bis 6.000 g/m?2 -24 h,

eine Zugfestigkeit, gemessen gemaR JIS K 7127, von 50 bis 100 MPa sowohl in Langs- als auch in Querrichtung und
eine Wasserdruck-Bestandigkeit von 200 bis 400 kPa, gemessen gemal JIS L 1092, auler dass eine 0,25 Gew.-
% wassrige Lésung eines Tensids (Natriumpolyoxethylenlaurylethersulfat (zugegebene Anzahl der Mole von Ethy-
lenoxid: 3 Mol)) anstelle von reinem Wasser verwendet wird.

Sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende pordse Polypropylen-Folie nach Anspruch 1,
wobei das B-Kristall-Nukleierungsmittel (11n, 11p):

(1) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Diphenylhexandiamid, N,N’-Di-
cyclohexylterephthalamid und N,N’-Dicyclohexyl-2,6-naphthalindicarboxamid,

(2) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Dicyclohexancarbonyl-p-pheny-
lendiamin, N,N’-Dibenzoyl-1,5-diaminonaphthalin, N,N’-Dibenzoyl-1,4-diaminocyclohexan und N,N’-Dicyclohe-
xancarbonyl-1,4-diaminocyclohexan,

(3) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N-Cyclohexyl-4-(N-cyclohexancarbo-
nylamino)benzamid und N-Phenyl-5-(N-benzoylamino)pentanamid oder

(4) eine Mischung von zwei oder mehr Elementen der oben genannten Amidverbindungen von (1) bis (3)

ist.

Verfahren zur Herstellung einer sukzessiv biaxial gereckten, B-Kristall-Nukleierungsmittel enthaltenden porésen
Polypropylen-Folie nach Anspruch 1,

wobei das Verfahren umfasst einen sequentiellen biaxialen Reckschritt, welcher umfasst das Extrudieren einer
Schmelze von einer Harzzusammensetzung auf Polypropylenbasis enthaltend ein 3-Kristall-Nukleierungsmittel (11
n, 11 p) aus einer T-Diise, das Kihlen des Extrudats auf einer Kiihlwalze und das Recken der so erhaltenen (-
Kristall-Nukleierungsmittel enthaltenden ungereckten Polypropylen-Folienbahn, zuerst longitudinal und dann trans-
versal, dadurch gekennzeichnet, dass der Orientierungsgrad der B-Kristalle, berechnet aus einer Polkugel-Gra-
phik der Kristallgitter (300)-Ebene der B-Kristalle, bestimmt durch Réntgenstrahlbeugung der Folie, die nach dem
longitudinalen Recken erhalten wird, auf weniger als 0,30 eingestellt wird, indem das folgende Verfahren (1) und/
oder Verfahrens (11) durchgefiihrt werden:

Verfahren (1): Schmelzen einer Harzzusammensetzung auf Polypropylenbasis, im wesentlichen bestehend aus

(i) dem Harz auf Polypropylenbasis (22),

(i) Nadelkristallen (11 n) von mindestens einer Amidverbindung als B-Kristall-Nukleierungsmittel und falls
gewiinscht

(iii) mindestens einem Polyolefin-Modifizierungsmittel

bei einer Temperatur (T1), die nicht niedriger ist als der Schmelzpunkt des Harzes auf Polypropylenbasis (22)

ist und niedriger ist als die Temperatur, bei der die Nadelkristalle (11n) der Amidverbindung sich in der Schmelze
des Harzes auf Polypropylenbasis (23) I6sen, und Extrudieren der geschmolzenen Harzzusammensetzung auf
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Polypropylenbasis aus der T-Dise in einem Zustand, in dem die Nadelkristalle (11 n) der Amidverbindung
anwesend sind, wobei die mindestens eine Amidverbindung:

(1) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Diphenylhexandiamid, N,N’-
Dicyclohexylterephthalamid und N,N’-Dicyclohexyl-2,6-naphthalindicarboxamid,

(2) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Dicyclohexancarbonyl-p-
phenylendiamin, N,N’-Dibenzoyl-1,5-diaminonaphthalin, N,N’-Dibenzoyl-1,4-diaminocyclohexan und N,N’-
Dicyclohexancarbonyl-1,4-diaminocyclohexan,

(3) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N-Cyclohexyl-4-(N-cyclohexan-
carbonylamino)benzamid und N-Phenyl-5-(N-benzoylamino)pentanamid oder

(4) eine Mischung von zwei oder mehr Elementen der oben genannten Amidverbindungen von (1) bis (3)

ist,
Verfahren (Il): Einstellen des Verjlingungsverhéltnisses wahrend des Langsreckens auf mindestens 25% und
nicht mehr als 55%.

Verfahren zur Herstellung einer porésen Folie nach Anspruch 7, wobei die Bahn nach dem Langsrecken bei 130
bis 160°C fiir 1 bis 300 Sekunden warmebehandelt wird, wahrend sie in der Langsrichtung bei einem Langsreck-
verhaltnis von 0 bis 30% gereckt wird, und dann quer gereckt wird.

Verfahren zur Herstellung einer porésen Folie nach Anspruch 7 oder 8, wobei im Querreckschritt das transversale
Recken bei einer Recktemperatur von 120 bis 155°C bei einem Reckverhaltnis des 4- bis 10-Fachen und bei einer
Querreck-Dehnungsrate von 100 bis 300%/s durchgefiihrt wird.

Verfahren zur Herstellung einer porésen Folie nach Anspruch 7, wobei das mindestens eine Polyolefin-Modifizie-
rungsmittel Stabilisatoren, UV-Absorptionsmittel, Antioxidationsmittel, Tenside, Gleitmittel, Flllstoffe, Treibmittel,
Treibhilfsmittel, Polymeradditive, Weichmacher, Vernetzungsmittel, Vernetzungshilfsmittel, Antistatikmittel, Neutra-
lisationsmittel, Antiblockmittel, Antischleiermittel, Polymerlegierungskomponenten, Flammverzégerungsmittel, Di-
spergiermittel, organische und anorganische Pigmente und Farbstoffe oder Verarbeitungshilfsmittel ist.

Batterieseparator umfassend eine sukzessiv biaxial gereckte, B-Kristall-Nukleierungsmittel enthaltende porése Po-
lypropylen-Folie nach Anspruch 1,

wobei die Folie einen geschatzten elektrischen Widerstand (R) von weniger als 30 Ohm-Zoll/mil aufweist, berechnet
gemal der folgenden Gleichung aus der Gurley-Luftdurchlassigkeit und der mittleren Porengréf3e:

R =25 (4,2 teud) / L

worin R der geschéatzte elektrische Widerstand (Ohm-Zoll/mil) der Folie in einer 31 Gew.-%-igen KOH-L&sung ist,
tgyr die Gurley-Luftdurchlgssigkeit (s/10 ml), gemessen gemalR ASTM D726, ist, d die mittlere PorengréRRe (um),
bestimmt durch Quecksilberintrusion-Porosimetrie, ist und L die Foliendicke (.m) ist.

Batterieseparator nach Anspruch 11, wobei das B-Kristall-Nukleierungsmittel:

(1) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Diphenylhexandiamid, N,N’-Di-
cyclohexylterephthalamid und N,N’-Dicyclohexyl-2,6-naphthalindicarboxamid,

(2) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N,N’-Dicyclohexancarbonyl-p-pheny-
lendiamin, N,N’-Dibenzoyl-1,5-diaminonaphthalin, N,N’-Dibenzoyl-1,4-diaminocyclohexan und N,N’-Dicyclohe-
xancarbonyl-1,4-diaminocyclohexan,

(3) mindestens ein Element ausgewahlt aus der Gruppe bestehend aus N-Cyclohexyl-4-(N-cyclohexancarbo-
nylamino)benzamid und N-Phenyl-5-(N-benzoylamino)pentanamid oder

(4) eine Mischung von zwei oder mehr Elementen der oben genannten Amidverbindungen von (1) bis (3)

ist.
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Revendications

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
comprenant une résine a base de polypropyléne (22) et un agent de nucléation B-cristalline (11n, 11p), le film ayant
une uniformité d’épaisseur de film de 0,1 ou moins, et le film présentant les structures de pores (a) et (b) suivantes
quand on I'observe au microscope électronique en coupe dans les directions longitudinale et transversale du film :

(a) en coupe dans la direction transversale : il y a plus de coupes de lamelles (2) présentes que dans I'image
de la coupe dans la direction longitudinale ; il y a de nombreux pores (3) entre ces coupes de lamelles ; la taille
de pore maximale dans la direction de I'épaisseur des pores est de 0,1 a 5 um ; la taille de pore maximale dans
la direction transversale est de 1 a 50 um ; et le rapport de la taille de pore maximale dans la direction de
I'épaisseur a la taille de pore maximale dans la direction transversale est de 1/2 a 1/20 ;

(b) en coupe dans la direction longitudinale : il n’y a pas de coupes de lamelles ou il y a moins de coupes de
lamelles que dans I'image de la coupe dans la direction transversale ; il y a de nombreux pores (3) ; la taille de
pore maximale dans la direction de I'épaisseur des pores est de 0,1 a 5 um ; la taille de pore maximale dans
la direction longitudinale est de 1 a 50 wm ; et le rapport de la taille de pore maximale dans la direction de
I'épaisseur a la taille de pore maximale dans la direction longitudinale est de 1/2 a 1/20.

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
selon la revendication 1, qui a une uniformité d’épaisseur de film de 0,07 a 0,04.

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
selon la revendication 1, qui a une perméabilité a I'air Gurley, mesurée conformément a la norme ASTM D726, de
10 a 100 s/10 ml, et une porosité de 30 a 65 %.

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
selon la revendication 1, qui a une résistance électrique (R) estimée inférieure a 30 ohm-in/mil, telle que calculée
conformément a I'équation suivante a partir de la perméabilité a I'air Gurley et de la taille de pore moyenne :

R =25 (4,2 tgued) / L

dans laquelle R est |a résistance électrique estimée (ohm-in/mil) du film dans une solution & 31 % en poids de KOH,
tgyr est la perméabilité a I'air Gurley (s/10 ml) mesurée conformément & la norme ASTM D726, d est la taille de
pore moyenne (um) déterminée par porosimétrie par intrusion de mercure, et L est I'épaisseur de film (um).

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
selon la revendication 1, qui a

une taille de pore moyenne de 0,04 a 0,06 .m quand elle est mesurée par le procédé au point de bulle (JIS K 3832),
et de 0,10 a 0,50 pm quand elle est mesurée par porosimétrie par intrusion de mercure,

une taille de pore maximale dans la direction de I'épaisseur du film de 0,1 & 5 um, et une taille de pore maximale
dans la direction perpendiculaire a la direction de I'épaisseur de 1 a 50 um, telles que déterminées par microscopie
électronique (MEB) des coupes du film,

une perméabilité & la vapeur d’eau, mesurée conformément a la norme JIS Z 0208, de 3000 & 6000 g/m?2-24 h,
une résistance a la traction, mesurée conformément a la norme JIS K 7127, de 50 a 100 MPa dans les deux
directions longitudinale et transversale, et

une résistance a la pression d’eau de 200 a 400 kPa, telle que mesurée conformément a la norme JIS L 1092 sauf
qu’une solution aqueuse a 25 % en poids d’un tensioactif (lauryléthersulfate de sodium polyoxyéthyléné (nombre
de moles d’oxyde d’éthylene ajouté : 3 moles)) est utilisée a la place de I'eau pure.

Film poreux en polypropyléne contenant un agent de nucléation B-cristalline, étiré biaxialement successivement,
selon la revendication 1, dans lequel 'agent de nucléation B-cristalline (11n, 11p) est :

(1) au moins un membre choisi dans le groupe constitué par le N,N’-diphénylhexanediamide, le N’,N’-dicyclo-
hexyltéréphtalamide et le N,N’-dicyclohexyl-2,6-naphtalénedicarboxamide,

(2) au moins un membre choisi dans le groupe constitué par la N,N’-dicyclohexanecarbonyl-p-phénylénedia-
mine, le N,N’-dibenzoyl-1,5-diaminonaphtalene, le N,N’-dibenzoyl-1,4-diaminocyclohexane et le N,N’-dicyclo-
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hexanecarbonyl-1,4-diaminocyclohexane,

(3) au moins un membre choisi dans le groupe constitué par le N-cyclohexyl-4-(N-cyclohexanecarbonylamino)
benzamide et le N-phényl-5-(N-benzoylamino)pentanamide, ou

(4) un mélange de deux membres ou plus des composés d’amide ci-dessus de (1) a (3).

Procédé pour produire un film poreux en polypropyléne contenant un agent de nucléation -cristalline, étiré biaxia-
lement successivement, selon la revendication 1,

ledit procédé comprenant une étape d’étirement biaxial séquentiel qui comprend I'extrusion d’'une masse fondue
d’'une composition de résine a base de polypropyléne contenant un agent de nucléation B-cristalline (11n, 11p) a
partir d’'une filiere en T, le refroidissement de I'extrudat sur un rouleau refroidisseur, et I'étirement de la feuille
continue non étirée en polypropylene contenant un agent de nucléation B-cristalline, ainsi obtenue, d’abord longi-
tudinalement et ensuite transversalement, caractérisé en ce que le degré d’orientation des cristaux 3, calculé a
partir d’'une figure de pdle du plan de réseau cristallin (300) des cristaux 3, déterminée par diffraction des rayons
X de la feuille obtenue apres étirement longitudinal, est ajusté & moins de 0,30 par mise en oeuvre du procédé (l)
et/ou du procédeé (ll) suivants :

Procéde (1) : fusion d’'une composition de résine a base de polypropyléne constituée essentiellement de :

(i) la résine a base de polypropylene (22),

(i) des cristaux aciculaires (11n) d’au moins un composé d’amide en tant qu’agent de nucléation B-cristalline,
et si on le souhaite

(iii) au moins un modificateur de polyoléfine,

a une température (T1) qui n’est pas inférieure au point de fusion de la résine a base de polypropyléne (22) et
qui est inférieure a la température a laquelle les cristaux aciculaires (11n) du composé d’amide se dissolvent
dans la masse fondue de la résine a base de polypropyléne (23), et extrusion de la composition de résine a
base de polypropyléne fondue provenant de la filiere en T dans un état dans lequel les cristaux aciculaires
(11n) de composé d’amide sont présents, dans lequel ledit au moins un composé d’amide est :

(1) au moins un membre choisi dans le groupe constitué par le N,N’-diphénylhexanediamide, le N’,N’-
dicyclohexyltéréphtalamide et le N,N’-dicyclohexyl-2,6-naphtalénedicarboxamide,

(2) au moins un membre choisi dans le groupe constitué par la N,N’-dicyclohexanecarbonyl-p-phényle-
nediamine, le N,N’-dibenzoyl-1,5-diaminonaphtaléne, le N,N’-dibenzoyl-1,4-diaminocyclohexane et le N,
N’-dicyclohexanecarbonyl-1,4-diaminocyclohexane,

(3) au moins un membre choisi dans le groupe constitué par le N-cyclohexyl-4-(N-cyclohexanecarbonyla-
mino)benzamide et le N-phényl-5-(N-benzoylamino)pentanamide, ou

(4) un mélange de deux membres ou plus des composés d’amide ci-dessus de (1) a (3)),

Procédeé (Il) : ajustement du rapport de striction durant I'étirement longitudinal a au moins 25 % et au plus 55 %.

Procédé pour produire un film poreux selon la revendication 7, dans lequel la feuille, aprés I'étirement longitudinal,
est recuite a une température de 130 a 160 °C pendant 1 a 300 secondes tout en étant étirée dans la direction
longitudinale a un rapport d’étirement longitudinal de 0 a 30 %, et est ensuite étirée transversalement.

Procédé pour produire un film poreux selon la revendication 7 ou 8, dans lequel, dans I'étape d’étirement transversal,
I'étirement transversal est effectué a une température d’étirement de 120 a 155 °C et a un rapport d’étirement de
4 a 10 fois et a une vitesse de déformation par étirement transversal de 100 a 300 %/s.

Procédé pour produire un film poreux selon la revendication 7, dans lequel ledit au moins un modificateur de
polyoléfine est I'un parmi les stabilisants, les absorbeurs UV, les antioxydants, les tensioactifs, les lubrifiants, les
charges, les agents porogénes, les auxiliaires de formation de mousse, les additifs polymeéres, les plastifiants, les
agents de réticulation, les auxiliaires de réticulation, les agents antistatiques, les neutralisants, les agents antiad-
hésifs, les agents anti-condensation, les composants d’alliages polyméres, les retardateurs d’inflammation, les
dispersants, les pigments et colorants organiques et inorganiques, ou les auxiliaires de mise en oeuvre.

Séparateur pour batterie comprenant un film poreux en polypropyléne contenant un agent de nucléation p-cristalline,

étiré biaxialement successivement, selon la revendication 1,
le film ayant une résistance électrique (R) estimée inférieure a 30 ohm-in/mil, telle que calculée conformément a
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I’équation suivante a partir de la perméabilité a I'air Gurley et de la taille de pore moyenne :

R =25 (4,2 tgued) / L

dans laquelle R est |a résistance électrique estimée (ohm-in/mil) du film dans une solution a 31 % en poids de KOH,
tgur est la perméabilité a l'air Gurley (s/10 ml) mesurée conformément & la norme ASTM D726, d est la taille de
pore moyenne (um) déterminée par porosimétrie par intrusion de mercure, et L est I'épaisseur de film (pwm).

12. Séparateur pour batterie selon la revendication 11, dans lequel 'agent de nucléation B-cristalline est :

(1) au moins un membre choisi dans le groupe constitué par le N,N’-diphénylhexanediamide, le N’,N’-dicyclo-
hexyltéréphtalamide et le N,N’-dicyclohexyl-2,6-naphtalénedicarboxamide,

(2) au moins un membre choisi dans le groupe constitué par la N,N’-dicyclohexanecarbonyl-p-phénylénedia-
mine, le N,N’-dibenzoyl-1,5-diaminonaphtalene, le N,N’-dibenzoyl-1,4-diaminocyclohexane et le N,N’-dicyclo-
hexanecarbonyl-1,4-diaminocyclohexane,

(3) au moins un membre choisi dans le groupe constitué par le N-cyclohexyl-4-(N-cyclohexanecarbonylamino)
benzamide et le N-phényl-5-(N-benzoylamino)pentanamide, ou

(4) un mélange de deux membres ou plus des composés d’amide ci-dessus de (1) a (3).
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