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(57) ABSTRACT

A good-quality slit separator having a small amount of
fuzziness at a slit part thereof is to be obtained. The present
invention includes: a step (S101) of conveying an original
sheet (S); and a step (S102) of slitting the original sheet (S)
by causing a slitting blade (72) to cut into the original sheet
(S) such that a d tangent plane angle (65) in a tangent plane,
on which a slitting position is in contact with the original
sheet (S), is in a range of not less than 3° to not more than
35°.
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FIG. 8A

B-B CROSS SECTION

FIG. 8D
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METHOD FOR PRODUCING SLIT
SEPARATOR, METHOD FOR PRODUCING
SEPARATOR ROLL, AND METHOD AND
APPARATUS FOR SLITTING SEPARATOR

TECHNICAL FIELD

[0001] The present invention relates to (i) a method for
producing a porous slit separator to be used for a battery
such as a lithium-ion secondary battery, (ii) a method for
producing a separator roll, which method employs the
method for producing the porous slit separator, (iii) a method
for slitting a separator, and (iv) a separator slitting apparatus.

BACKGROUND ART

[0002] A battery separator needs to be produced so as to
have a width (hereinafter, referred to as “product width™)
that is suitable for a battery to be produced with the use of
the separator. However, it is not efficient to produce a
separator having such a product width at the time of pro-
duction. Therefore, it is general practice to prepare a sepa-
rator original sheet having a wide width, and then to
simultaneously produce, by slitting the separator original
sheet, a plurality of separators each having the product
width.

[0003] Patent Literature 1 discloses a spot-type carbon
dioxide laser cutting device as a device to slit a separator.
Patent Literature 1 teaches using (i) a carbon dioxide laser
oscillation unit and (ii) a mirror(s) for bending a laser beam
(see paragraph [0050]).

[0004] Patent Literature 2 discloses a method for slitting a
separator, which method employs a configuration in which
a prescribed relationship is made between (i) an angle
between a razor blade and the separator and (ii) a thickness
of the separator. Patent Literature 1 teaches that the con-
figuration of Patent Literature 2 makes it unlikely that the
separator would have pores and tears (see paragraph [0030]).
[0005] Note that a separator before being slit is referred to
as “original sheet”. Note also that a separator(s) after being
slit is referred to as “slit separator”.

CITATION LIST

Patent Literature

[0006] [Patent Literature 1]

[0007] Japanese Patent Application Publication Tokukai
No. 2013-119094 (Publication date: Jun. 17, 2013)

[0008] [Patent Literature 2]

[0009] Japanese Patent Application Publication Tokukai
No. 2002-273684 (Publication date: Sep. 25, 2002)

SUMMARY OF INVENTION

Technical Problem

[0010] However, the device disclosed in Patent Literature
1 requires including (i) the carbon dioxide laser oscillation
unit and (ii) a mirror(s) for bending a laser beam. This causes
the device to be large in size. The mirror, in particular, is
required to be provided at each position at which the original
sheet is slit. This makes it more difficult to use the device
with a larger number of slit separators into which the
original sheet is to be slit.

[0011] It can be said that the method disclosed in Patent
Literature 2 can be used relatively easily even in a case
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where there is an increase in the number of slit separators
into which the original sheet is slit. However, quality of a slit
separator is not radically affected by (i) the angle between
the razor blade and the separator or (ii) the thickness of the
separator. Therefore, a good-quality slit separator is not
necessarily obtained by use of the method of Patent Litera-
ture 2.

[0012] The present invention has been made in view of the
problem, and it is an object of the present invention to
provide (i) a method for producing a slit separator, (ii) a
method for producing a separator roll, (iii) a method for
slitting a separator, and (iv) a separator slitting apparatus,
each of which allows a good-quality slit separator and a
good-quality separator roll to be obtained.

Solution to Problem

[0013] In order to attain the object, a slit separator pro-
duction method in accordance with Aspect 1 of the present
invention includes: a conveying step of conveying a battery
separator original sheet which is porous; and a slitting step
of slitting the battery separator original sheet by causing a
slitting blade to cut into the battery separator original sheet
such that a slitting blade edge angle in a tangent plane, on
which a slitting position is in contact with the battery
separator original sheet, is in a range of not less than 3° to
not more than 35°.

[0014] A separator roll production method in accordance
with Aspect 2 of the present invention includes: each of the
steps recited in the slit separator production method; and a
winding step of winding, around a core, a separator which
has been slit.

[0015] A separator slitting method in accordance with
Aspect 3 of the present invention includes: a conveying step
of conveying a battery separator original sheet which is
porous; and a slitting step of slitting the battery separator
original sheet by causing a slitting blade to cut into the
battery separator original sheet such that a slitting blade
edge angle in a tangent plane, on which a slitting position is
in contact with the battery separator original sheet, is in a
range of not less than 3° to not more than 35°.

[0016] A separator slitting apparatus in accordance with
Aspect 4 of the present invention is configured to include: a
conveying section for conveying a battery separator original
sheet which is porous; and a slitting blade for slitting the
battery separator original sheet, a blade edge angle in a
tangent plane, on which a slitting position of the slitting
blade is in contact with the battery separator original sheet,
being in a range of not less than 3° to not more than 35°.

Advantageous Effects of Invention

[0017] Each of the aspects of the present invention brings
about such an effect as obtaining (i) a good-quality slit
separator having a small amount of fuzziness at a slit part
thereof and (ii) a good-quality separator roll having a surface
on which there is a small amount of fuzziness.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a schematic view illustrating a cross
sectional configuration of a lithium-ion secondary battery.
[0019] FIG. 2 is a schematic view illustrating details of the
configuration of the lithium-ion secondary battery illustrated
in FIG. 1.
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[0020] FIG. 3 is a schematic view illustrating another
configuration of the lithium-ion secondary battery illustrated
in FIG. 1.

[0021] FIG. 4 is a schematic view illustrating a configu-
ration of a slitting apparatus for slitting the separator.
[0022] FIG. 5 is a combination of a side view and a front
view illustrating a configuration of a cutting device of the
slitting apparatus illustrated in FIG. 4.

[0023] FIG. 6 is a schematic view illustrating a separator
slitting method in accordance with Embodiment 1.

[0024] FIG. 7 is a combination of a front view and a
cross-sectional view illustrating a configuration of each of
slitting blades for use in the separator slitting method
illustrated in FIG. 6.

[0025] FIG. 8 is a combination of a front view and
cross-sectional views illustrating details of the configuration
of the slitting blade illustrated in FIG. 7.

[0026] FIG. 9 is a set of schematic views illustrating a
relationship between (i) a cross-sectional angle and a mount-
ing angle of the slitting blade illustrated in FIG. 8 and (ii) a
tangent-plane blade edge angle.

[0027] FIG. 10 is a front view illustrating a configuration
of a slitting blade for use in a separator slitting method in
accordance with Embodiment 2.

[0028] FIG. 11 is a set of cross-sectional views illustrating
a configuration of a slitting blade which is different from the
slitting blade illustrated in FIG. 10.

[0029] FIG. 12 is a front view illustrating a separator
slitting method which is different from the separator slitting
method in which the slitting blade illustrated in FIG. 10 is
used.

[0030] FIG. 13 is a front view illustrating another sepa-
rator slitting method which is different from the separator
slitting method in which the slitting blade illustrated in FIG.
10 is used.

[0031] FIG. 14 is a set of cross-sectional views illustrating
a configuration, when viewed from a side, of the slitting
blades which are lower blades of pairs of slitting blades for
use in the separator slitting method illustrated in FIG. 13.
[0032] FIG. 15 is a set of views for describing how
fuzziness occurs on a separator and a separator roll.
[0033] FIG. 16 1is a set of schematic views each illustrating
a modification for maintaining consistent tangent-plane
blade edge angles among slitting blades.

DESCRIPTION OF EMBODIMENTS

[0034] [Common Configuration]

[0035] The following discusses in order a lithium-ion
secondary battery, a separator, a heat resistant separator, a
method for producing the heat resistant separator, a slitting
apparatus, and a cutting device which are common to
Embodiments discussed late.

[0036] (Lithium-Ion Secondary Battery)

[0037] A nonaqueous electrolyte secondary battery, typi-
cally, a lithium-ion secondary battery has a high energy
density, and therefore, currently widely used not only as
batteries for use in devices such as personal computers,
mobile phones, and mobile information terminals, and for
use in moving bodies such as automobiles and airplanes, but
also as stationary batteries contributing to stable power
supply.

[0038] FIG. 1 is a schematic view illustrating a cross
sectional configuration of a lithium-ion secondary battery 1.
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[0039] As illustrated in FIG. 1, the lithium-ion secondary
battery 1 includes a cathode 11, a separator 12, and an anode
13. Between the cathode 11 and the anode 13, an external
device 2 is connected outside the lithium-ion secondary
battery 1. Then, while the lithium-ion secondary battery 1 is
being charged, electrons move in a direction A. On the other
hand, while the lithium-ion secondary battery 1 is being
discharged, electrons move in a direction B.

[0040]

[0041] The separator 12 is provided so as to be sand-
wiched between the cathode 11 which is a positive electrode
of the lithium-ion secondary battery 1 and the anode 13
which is a negative electrode of the lithium-ion secondary
battery 1. The separator 12 is a porous film that separates the
cathode 11 and the anode 13, allowing lithium ions to move
between the cathode 11 and the anode 13. The separator 12
contains, for example, polyolefin such as polyethylene or
polypropylene as a material.

[0042] FIG. 2 is a schematic view illustrating details of the
configuration of the lithium-ion secondary battery 1 illus-
trated in FIG. 1. (a) of FIG. 2 illustrates a normal configu-
ration. (b) of FIG. 2 illustrates a state in which a temperature
of the lithium-ion secondary battery 1 has risen. (¢) of FIG.
2 illustrates a state in which a temperature of the lithium-ion
secondary battery 1 has sharply risen.

[0043] As illustrated in (a) of FIG. 2, the separator 12 is
provided with many pores P. Normally, lithium ions 3 in the
lithium-ion secondary battery 1 can move back and forth
through the pores P.

[0044] However, there are, for example, cases in which the
temperature of the lithium-ion secondary battery 1 rises due
to excessive charging of the lithium-ion secondary battery 1,
a high current caused by short-circuiting of the external
device, or the like. In such cases, the separator 12 melts or
softens and the pores P are blocked as illustrated in (b) of
FIG. 2. As a result, the separator 12 shrinks. This stops the
above movement of the lithium ions 3, and consequently
stops the above temperature rise.

[0045] However, in a case where a temperature of the
lithium-ion secondary battery 1 sharply rises, the separator
12 suddenly shrinks. In this case, as illustrated in (¢) of FIG.
2, the separator 12 may be destroyed. Then, the lithium ions
3 leak out from the separator 12 which has been destroyed.
As a result, the lithium ions 3 do not stop moving. Conse-
quently, the temperature continues rising.

[0046]

[0047] FIG. 3 is a schematic view illustrating another
configuration of the lithium-ion secondary battery 1 illus-
trated in FIG. 1. (a) of FIG. 3 illustrates a normal configu-
ration, and (b) of FIG. 3 illustrates a state in which a
temperature of the lithium-ion secondary battery 1 has
sharply risen.

[0048] As illustrated in (a) of FIG. 3, the separator 12 can
be a heat resistant separator that includes a porous film 5 and
a heat resistant layer 4. The heat resistant layer 4 is lami-
nated on a surface of the porous film 5 which surface is on
a cathode 11 side. Note that the heat resistant layer 4 can
alternatively be laminated on a surface of the porous film 5
which surface is on an anode 13 side, or both surfaces of the
porous film 5. Further, the heat resistant layer 4 is provided
with pores which are similar to the pores P. Normally, the
lithium ions 3 move back and forth through the pores P and

(Separator)

(Heat Resistant Separator)
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the pores of the heat resistant layer 4. The heat resistant layer
4 contains, for example, wholly aromatic polyamide (aramid
resin) as a material.

[0049] As illustrated in (b) of FIG. 3, even in a case where
the temperature of the lithium-ion secondary battery 1
sharply rises and as a result, the porous film 5 melts or
softens, the shape of the porous film 5 is maintained because
the heat resistant layer 4 supports the porous film 5. There-
fore, such a sharp temperature rise results in only melting or
softening of the porous film 5 and consequent blocking of
the pores P. This stops movement of the lithium ions 3and
consequently stops the above-described excessive discharg-
ing or excessive charging. In this way, the porous film 5 can
be prevented from being destroyed.

[0050] (Production Steps of the Heat Resistant Separator)
[0051] How to produce the heat resistant separator of the
lithium-ion secondary battery 1 is not specifically limited.
The heat resistant separator 12 can be produced by a
well-known method. The following discussion assumes a
case where the porous film 5 contains polyethylene as a main
material. However, even in a case where the porous film 5
contains another material, the similar steps can still be
applied to production of the separator 12.

[0052] For example, it is possible to employ a method
including the steps of first forming a film by adding a
plasticizer to a thermoplastic resin, and then removing the
plasticizer with an appropriate solvent. For example, in a
case where the porous film 5 is made of a polyethylene resin
containing ultrahigh molecular weight polyethylene, it is
possible to produce the porous film 5 by the following
method.

[0053] This method includes (1) a kneading step of obtain-
ing a polyethylene resin composition by kneading a ultra-
high molecular weight polyethylene and an inorganic filler
such as calcium carbonate, (2) a rolling step of forming a
film with the polyethylene resin composition, (3) a removal
step of removing the inorganic filler from the film obtained
in the step (2), and (4) a stretching step of obtaining the
porous film 5 by stretching the film obtained in the step (3).
[0054] In the removal step, many fine pores are provided
in the film. The fine pores of the film stretched in the
stretching step become the above-described pores P. The
porous film 5 formed as a result is a polyethylene micropo-
rous film having a prescribed thickness and a prescribed air
permeability.

[0055] Note that in the kneading step, 100 parts by weight
of the ultrahigh molecular weight polyethylene, 5 parts by
weight to 200 parts by weight of a low-molecular weight
polyolefin having a weight-average molecular weight of
10000 or less, and 100 parts by weight to 400 parts by
weight of the inorganic filler can be kneaded.

[0056] Thereafter, in a coating step, the heat resistant layer
4 is formed on a surface of the porous film 5. For example,
on the porous film 5, an aramid/NMP (N-methylpyrrolidone)
solution (coating solution) is applied, and thereby, the heat
resistant layer 4 that is an aramid heat resistant layer is
formed. The heat resistant layer 4 can be provided on only
one surface or both surfaces of the porous film 5. Alterna-
tively, for coating, the heat resistant layer 4 can be formed
by using a mixed solution containing a filler such as alu-
mina/carboxymethyl cellulose.

[0057] A method for coating the porous film 5 with a
coating solution is not specifically limited as long as uniform
wet coating can be performed by the method. The method
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can be a conventionally well-known method such as a
capillary coating method, a spin coating method, a slit die
coating method, a spray coating method, a dip coating
method, a roll coating method, a screen printing method, a
flexo printing method, a bar coater method, a gravure coater
method, or a die coater method. The heat resistant layer 4 has
a thickness which can be controlled by (i) a thickness of a
coating wet film and (ii) a solid-content concentration in the
coating solution.

[0058] Itis possible to use a resin film, a belt, a metal drum
or the like as a support with which the porous film 5 is fixed
or transferred in coating.

[0059] As described above, it is possible to produce the
separator 12 (heat resistant separator) in which the heat
resistant layer 4 is laminated on the porous film 5. Thus
produced separator is wound on a cylindrical core. Note that
a subject to be produced by the above production method is
not limited to the heat resistant separator. The above pro-
duction method does not necessarily include the coating
step. In a case where the method includes no coating step,
the subject to be produced is a separator including no heat
resistant layer.

[0060] (Slitting Apparatus)

[0061] The heat resistant separator or the separator includ-
ing no heat resistant layer (hereinafter, referred to as “sepa-
rator”) preferably has a width (hereinafter, referred to as
“product width™) suitable for application products such as
the lithium-ion secondary battery 1. However, for improving
productivity, the separator is produced so as to have a width
that is equal to or larger than a product width. Then, after
having been once produced so as to have a width equal to or
larger than the product width, the separator is slit into a
separator(s) having the product width.

[0062] Note that the “separator width” means a dimension
of the separator in a direction perpendicular to a lengthwise
direction and a thicknesswise direction of the separator. In
the description below, a wide separator having not yet been
slit is referred to as an “original sheet” while particularly a
separator having been slit is referred to as a “slit separator”.
Note also that slitting means to slit the separator in the
lengthwise direction (flow direction of the film during
production; MD: Machine direction), and that cutting means
to slit the separator in a transverse direction (ITD). The
transverse direction (TD) means a direction which is sub-
stantially perpendicular to the lengthwise direction (MD)
and the thicknesswise direction of the separator.

[0063] FIG. 4 is a schematic view illustrating a configu-
ration of a slitting apparatus 6 for slitting the separator. (a)
of FIG. 4 illustrates an entire configuration, and (b) of FIG.
4 illustrates an arrangement before and after slitting the
original sheet.

[0064] As illustrated in (a) of FIG. 4, the slitting apparatus
6 includes a rotatably-supported cylindrical wind-off roller
61, rollers 62 to 69, and take-up rollers 70U and 70L. The
slitting apparatus 6 is further provided with cutting devices
7 described later.

[0065] (Before Slitting)

[0066] In the slitting apparatus 6, a cylindrical core ¢ on
which the original sheet is wrapped is fit on the wind-off
roller 61. As illustrated in (b) of FIG. 4, the original sheet is
wound off from the core ¢ to a route U or L. Thus unwound
original sheet is conveyed to the roller 68 via the rollers 63
to 67. In the step of conveying the unwound original sheet,
the original sheet is slit into slit separators. Note that the
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roller 67 does not need to be provided. In such a case, the
original sheet is conveyed from the roller 64 to the roller 68.
[0067] (After Slitting)

[0068] As illustrated in (b) of FIG. 4, some of the slit
separators are wound on cylindrical cores u (bobbins) fit on
take-up rollers 70U, respectively. Meanwhile, the others of
the slit separators are wound on cylindrical cores 1 (bobbins)
fit on take-up rollers 70L, respectively. Note that each of
combinations of the slit separators each wound into a roll
form and the corresponding cores u and 1 is referred to as a
“roll”.

[0069] (Cutting Device)

[0070] FIG. 51is a view illustrating a configuration of each
of the cutting devices 7 of the slitting apparatus 6 as
illustrated in (a) of FIG. 4. (a) of FIG. 5 is a side view of the
cutting device 7, and (b) of FIG. 5 is a front view of the
cutting device 7.

[0071] As illustrated in (a) and (b) of FIG. 5, each of the
cutting devices 7 includes a holder 71 and a slitting blade 72.
The holder 71 is fixed to a housing or the like provided in
the slitting apparatus 6. The holder 71 holds the slitting blade
72 in a manner such that the slitting blade 72 and the original
sheet of the separator being conveyed have a fixed positional
relation. The slitting blade 72 (i) has a finely sharpened edge
and (ii) slits the original sheet of the separator by using the
edge.

Embodiment 1

[0072] The following discusses an embodiment of the
present invention with reference to FIGS. 6 to 9.

[0073] <Separator Slitting Method>
[0074] (Cutting of Original Sheet by Slitting Blade)
[0075] FIG. 6 is a schematic view illustrating a separator

slitting method in accordance with Embodiment 1. (a) of
FIG. 6 is a front view. (b) of FIG. 6 is a top view.

[0076] As illustrated in (a) of FIG. 6, an original sheet S
is conveyed along a set conveyance route up to the blade
edges of the slitting blades 72. The slitting blades 72 slit the
original sheet S into slit separators su and slit separators s1.
The slit separators su and the slit separators s1 are conveyed
in respective directions.

[0077] As illustrated in (b) of FIG. 6, the original sheet S
is conveyed in a single direction D. The slitting blades 72 cut
in the original sheet S (i) parallel to the direction D and (ii)
perpendicularly to the original sheet S.

[0078] The original sheet S is a separator immediately
before being slit by the slitting blades 72.

[0079] (Cross-Sectional Angle of Slitting Blade)

[0080] FIG. 7 is a view illustrating a configuration of each
of the slitting blades 72 for use in the separator slitting
method illustrated in (a) and (b) of FIG. 6. (a) of FIG. 7 is
a front view. (b) of FIG. 7 is a cross-sectional view taken
along the line A-A illustrated in (a) of FIG. 7.

[0081] As illustrated in (a) of FIG. 7, the slitting blade 72
includes the linear blade edge E. As illustrated in (b) of FIG.
7, the shape of the slitting blade 72 is plane-symmetrical
with respect to a plane a which is perpendicular to the
original sheet S and to the cross section taken along the line
A-A (hereinafter, referred to as “A-A cross section”). Then,
in the A-A cross section, the slitting blade 72 expands from
the blade edge E as a tip so as to have a prescribed angle. A
cross-sectional angle 0, of the cross section perpendicular to
the blade edge E is, for example, 25°.
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[0082] (Mounting Angle of Slitting Blade)

[0083] FIG. 8 is a set of views illustrating details of the
configuration of the slitting blade 72 illustrated in (a) and (b)
of FIG. 7. (a) of FIG. 8 is a front view. (b) of FIG. 8 is a
cross-sectional view taken along the line B-B in (a) of FIG.
8. (¢) of FIG. 8 is a cross-sectional view taken along the line
A-A in a case where the slitting blade 72 is a two-stage edge.
(d) of FIG. 8 is a flow chart illustrating the separator slitting
method in which the slitting blade 72 is used.

[0084] As illustrated in (a) of FIG. 8, the slitting blade 72
is mounted at a prescribed angle with respect to the original
sheet S. A mounting angle 0, is, for example, 12.8°.
[0085] A cross section taken along the line B-B (herein-
after, referred to as “B-B cross section”) is a tangent plane
on which a slitting position of the slitting blade 72 in contact
with the original sheet S.

[0086] (Tangent-Plane Blade FEdge Angle of Slitting
Blade)
[0087] As illustrated in (b) of FIG. 8, in the cross section

T (tangent plane) which is the B-B cross section, the slitting
blade 72 expands from the blade edge E as a tip so as to have
a prescribed angle. The angle is a cross-sectional angle on a
plane including the original sheet S with which the blade
edge E is in contact (the angle is hereinafter referred to as
“tangent-plane blade edge angle”). The inventors found that
the tangent-plane blade edge angle largely affects quality of
a slit separator. In a case where the tangent-plane blade edge
angle 0, is in a range of not less than 3° to not more than 35°
(hereinafter, referred to as “range o), it is possible to obtain
a good-quality slit separator having a small amount of
fuzziness at a slit part thereof.

[0088] (Two-Stage Edge)

[0089] As illustrated in (c) of FIG. 8, the slitting blades 72
can each be a two-stage edge. The blade edge E of the
two-stage edge expands at a cross-sectional angle 6, (first
stage), and then expands at a cross-sectional angle 6, which
is narrower than the cross-sectional angle 6, (second stage).
Even in a case of the two-stage edge, the tangent-plane blade
edge angle 0, can be calculated as described above in a small
area indicated by an area F.

[0090] (Flow of Separator Slitting Method)

[0091] As illustrated in (d) of FIG. 8, the separator slitting
method in accordance with Embodiment 1 includes (i) a step
S101 of conveying the original sheet S and (ii) a step S102
of slitting the original sheet S. In so doing, the tangent-plane
blade edge angle 0, falls within the range a.

[0092] (Relationship between (i) cross-sectional angle and
mounting angle and (ii) tangent-plane blade edge angle)
[0093] (a) through (d) of FIG. 9 are a set of schematic
views illustrating a relationship between (i) the cross-sec-
tional angle 6, and the mounting angle 6, of the slitting
blade 72 illustrated in (a) and (b) of FIG. 8 and (ii) the
tangent-plane blade edge angle 0, of the slitting blade 72
illustrated in (a) and (b) of FIG. 8. Points e to i shown in (a)
through (d) of FIG. 9 respectively correspond to points e to
i shown in (a) through (d) of FIG. 8.

[0094] As illustrated in (a) of FIG. 9, the blade edge E can
be regarded as a triangular prism within a small area (e.g. the
area I described above). Hereinafter, the blade edge E will
be referred to as “triangular prism”.

[0095] (Cross-Sectional Angle and Mounting Angle)
[0096] As illustrated in (b) of FIG. 9, the above-described
cross-sectional sectional angle 6, corresponds to an angle at
the point g of a triangle having the points f, g and h which
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are vertices of the triangular prism. The following Formula
(1) concerning the cross-sectional angle 8, can be obtained:

z/2=m-tan(0,/2) Formula (1)

where (i) the point i is a middle point between the points f
and h, (ii) a length of a side between the points fand h is z,
and (iii) a length of a line segment between the points g and
iis m.

[0097] As illustrated in (c) of FIG. 9, the above-described
mounting angle 0, corresponds to an angle at the point e of
a triangle having (i) the points e and g which are vertices of
the triangular prism and (ii) the point i. The following
Formula (2) concerning the mounting angle 6, can be
obtained:

m/n=sin(6-) Formula (2)

where a length of a side between the points e and i is n.
(Tangent-plane blade edge angle)

[0098] (d) of FIG. 9 illustrates the cross section T illus-
trated in (b) of FIG. 8. Then, the following Formula (3)
concerning the tangent-plane blade edge angle 0, can be
obtained:

tan(05/2)=(z/2)/n

[0099] By substituting the above Formula (1) into the
above Formula (3), the following Formula (4) can be
obtained:

Formula (3)

tan(05/2)=(m/n)tan(0,/2)

[0100] By substituting the above Formula (2) into the
above Formula (4), the following Formula (5) can be
obtained:

Formula (4)

tan(0,/2)=sin(6,)tan(0,/2)

[0101] By modifying the above Formula (5), the following
Formula (6) can be obtained:

Formula (5)

6,=2-tan'(sin(6,)-tan(0 ,/2))

[0102] (Concrete Example of Slitting Blade)

[0103] As a slitting blade 72, an industrial precision knife

“FBC4019G” manufactured by Kyocera Corporation, for

example, can be used. The specifications of FBC4019G are

as follows:

[0104] Material: FW25 (material constituted by an assem-
bly of fine particles)

Formula (6)

[0105] Vickers hardness [Kg/mm?]: 1700

[0106] Transverse intensity [MPa]: 3900

[0107] Fracture toughness [MPa-m'?]: 10.3

[0108] Linear expansion coefficient [1/° C.(x107%)]: 5.5
[0109] Particle size hum]|um] of particles constituting

blade edge E: 0.6

[0110] Length of blade edge E [mm]: 40

[0111] Width [mm]: 19

[0112] Thickness [mm]: 0.25

[0113] Cross-sectional angle 6, [°] of blade edge E: 25
[0114] <<Effect of Embodiment 1>>

[0115] The tangent-plane blade edge angle 6, is an angle

at which a slitting blade 72 cuts in an original sheet S when
slitting the original sheet S. Therefore, the tangent-plane
blade edge angle 6, largely affects quality of a slit separator.
Then, in a case where the tangent-plane blade edge angle 0,
falls within the above-described range c, it is possible to
obtain a good-quality slit separator.

[0116] The present invention also encompasses a slitting
apparatus 6 (see (a) of FIG. 4) that includes cutting devices
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7 (see (a) and (b) of FIG. 5) each including a slitting blade.
A slitting blade 72 fixed by a holder 71 is encompassed in
the present invention as the tangent-plane blade edge angle
0, is encompassed in the above-described range c.

[0117] (Equivalent Conditions Producing Same Effect)
[0118] The cross-sectional angle 0, and the mounting
angle 6, only need to be in a range of values derived from
a relationship represented by the above Formula (5) while
the tangent-plane blade edge angle 0, falls within the range
a. In such a case also, it is possible to obtain a good-quality
slit separator.

[0119] (Effect Obtained by Shape of Slitting Blade)
[0120] As has been described, the shape of each of the
slitting blades 72 is plane-symmetrical with respect to the
plane a which is perpendicular to the original sheet S and to
the A-A cross section (see (a) and (b) of FIG. 7). That is, the
cross-sectional shape of each of the slitting blades 72 is
plane-symmetrical with respect to a plane, the plane being
(1) perpendicular to a plane including the original sheet S
(plane on which the blade edge E is in contact with the
original sheet S) and (ii) parallel to the direction D which is
a conveyance direction in which the original sheet S is
conveyed. This makes it possible to obtain slit separators
having respective end surfaces which have uniform shapes.
[0121] (Slit Separator Production Method, Separator Roll
Production Method, and use as Slitting Apparatus)

[0122] The present invention also encompasses a slit sepa-
rator production method including each step involved in the
above-described separator slitting method.

[0123] The present invention also encompasses a separa-
tor roll production method including each step involved in
the above-described separator slitting method.

[0124] The present invention also encompasses the slitting
apparatus 6 (separator slitting apparatus) which realizes the
above-described separator slitting method.

[0125] (Appearance of Fuzziness)

[0126] FIG. 15 is a set of views for describing how
fuzziness occurs on the separator 12 and the separator roll
10. (a) of FIG. 15 is a front view of the separator roll 10. (b)
of FIG. 15 is a side view of the separator roll 10. (¢) of FIG.
15 is an enlarged view of an area G shown in (a) of FIG. 15.
In the following description, a separator 12 is a slit separator.
[0127] As illustrated in (a) and (b) of FIG. 15, the sepa-
rator roll 10 includes a core 8 having an outer circumfer-
ential surface 81a on which the separator 12 is wound. The
core 8 includes an outer cylinder part 81, an inner cylinder
part 82, and ribs 83. The core 8 is identical in function to the
above-described cores u and 1.

[0128] The above-described “fuzz” occurs on side parts,
which are slit parts, of the separator 12. As illustrated in (c)
of FIG. 15, in a case where the separator 12 is wounded on
the core 8, fuzzes 12a appear on an end surface of the side
parts of the separator roll 10.

[0129] (Advantages of Small Amount of Fuzziness)
[0130] If the fuzzes 12a are scattered when, for example,
the separator 12 is wound off from the separator roll 10, then
there is a risk of adversely affecting a battery to be produced
by use of the separator 12. In addition, appearances of the
separator roll 10 and of the separator 12 are impaired as
illustrated in (c) of FIG. 15. The separator 12 is also linearly
slit in an MD direction. In this case, there is a risk that tears
occur from the fuzzes 12a when tensile force is applied to
the separator 12. Furthermore, in a case where the fuzzes
12a are mixed in during battery production, separators 12
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overlap each other at parts where the fuzzes 12a are mixed
in, and therefore the parts end up having higher resistance
than do other parts therearound. This causes local variations
in electric current density. Therefore, the fuzzes 12a¢ may
cause (i) cathode degradation of a battery and (ii) generation
of dendrite. With the configuration of Embodiment 1, it is
possible to suppress the occurrence of such fuzzes 12a.

Embodiment 2

[0131] The following discusses Embodiment 2 of the
present invention with reference to FIGS. 10 to 13. Note
that, for convenience, members identical in function to the
members in the above-described embodiment are given the
same reference signs, and their descriptions will be omitted
(the same is true of the subsequent embodiments).

[0132] <<Other Separator Slitting Methods and their
Effects>>

[0133] (Circular Slitting Blade)

[0134] FIG. 10 is a front view illustrating a configuration

of a slitting blade 72qa for use in a separator slitting method
in accordance with Embodiment 2.

[0135] As illustrated in FIG. 10, the slitting blade 72a
includes a blade edge Ea which is a circular blade having a
shape of a circular arc (arc-shaped). A radius r is a radius of
the circular arc. A length 1 is (i) a length of a part of the
slitting blade 72a, which part falls on a plane including the
original sheet S and (ii) a length measured in a direction D.
In this case, an entry angle 0,,, which is an angle between
(1) a circular-arc-shaped tangent (tangent plane) at a point e
from which the slitting blade 72a slits the original sheet S
and (ii) the original sheet S, can be represented by the
following Formula (7):

c08(90°-0,,)=(Y2)/r

[0136] The above Formula (7) can be modified into the
following Formula (8):

Formula (2)

90°-0,,~cos " ((V2)/7)

[0137] The above Formula (8) can be modified into the
following Formula (9):

Formula (8)

0,,=90°~cos " ((V5)/7)

[0138] (Equivalent Conditions Producing Identical Effect
as that of Flat Slitting Blade)

[0139] The fact that the entry angle 0, , is formed between
the blade edge Ea of the slitting blade 724 and the original
sheet S is equivalent to the fact that the mounting angle 6,
is formed between the blade edge E of the above-described
slitting blade 72 and the original sheet S. In this case, the
A-A cross section shown in FIG. 10 corresponds to the A-A
cross section shown in (a) and (b) of FIG. 7. The B-B cross
section shown in FIG. 10 corresponds to the B-B cross
section shown in (a) and (b) of FIG. 8.

[0140] (Slitting by Use of Single-Beveled Slitting Blade)
[0141] FIG. 11 is a set of cross-sectional views illustrating
a configuration of a slitting blade 725 which is different from
the slitting blade illustrated in FIG. 10. (a) of FIG. 11 is a
cross-sectional view corresponding to (b) of FIG. 7. (b) of
FIG. 11 is a cross-sectional view corresponding to (d) of
FIG. 9.

[0142] As illustrated in (a) of FIG. 11, the slitting blade
72b is a single-beveled blade. A cross section of the slitting
blade 726 matches the shape of a right half of the cross
section of the slitting blades 72 illustrated in (a) of FIG. 7.

Formula (9)
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Note, however, that the cross section of the slitting blade 725
is not limited to such a shape, but can be a shape with right
and left sides reversed.

[0143] Note that a cross-sectional angle 0,, of a blade
edge E of the slitting blade 726 is a half of the cross-
sectional angle 0, of the slitting blades 72.

0,,=6,/2

[0144] Inaddition, as illustrated in (b) of Fig. A, a tangent-
plane blade edge angle 0, , of the slitting blade 725 is half of
the tangent-plane blade edge angle 65 of the slitting blades
72.

Formula (10)

0,,=6,/2

[0145] By substituting the above Formulas (10) and (11)
into the above Formula (6), the following Formula (12) can
be obtained:

0,,=tan"!(sin(0,)tan(0 )

[0146] By use of the above Formula (12), the tangent-
plane blade edge angle 0,, of the slitting blade 725, which
is a single-beveled blade, can also be calculated as is the case
of the slitting blades 72 which is a double-beveled blade.
[0147] (Slitting on Roller)

[0148] FIG. 12 is a front view illustrating a separator
slitting method which is different from the separator slitting
method in which the slitting blade 72« illustrated in FIG. 10
is used.

[0149] As illustrated in FIG. 12, an original sheet S is
conveyed on a roller 66 (conveying section). The roller 66
is provided with grooves in each of which part of a blade
edge E of a corresponding slitting blade 72 can be inserted.
A blade depth z is a depth of the part of the blade edge E,
which part is inserted in the roller 66. A tangent plane p is
a tangent plane on which a slitting position of the slitting
blade 72 is in contact with the original sheet S.

[0150] Inthis case, an entry angle 0,, formed between the
slitting blade 72 and the original sheet S being conveyed by
the roller 66 can be calculated by use of the following
Formula (13):

0,,=cos }((r-2)/7)

Formula (11)

Formula (12)

Formula (13)

r: radius of roller 66

[0151] By using this angle 6 in a manner similar to how
the mounting angle 0, is used, the tangent-plane blade edge
angle 0, can be calculated according to the above Formula
©).

[0152] Alternatively, the above-described slitting blade
72b can be used instead of the slitting blade 72. In such a
case also, by using the entry angle 0,, in a manner similar
to how the mounting angle 0, is used, the tangent-plane
blade edge angle 65, can be calculated according to the
above Formula (12).

[0153] Itis thus possible to calculate a tangent-plane blade
edge angle even in a case of slitting an original sheet S on
a roller.

[0154] (Slitting by Use of a Pair of Slitting Blades)
[0155] FIG. 13 is a front view illustrating another sepa-
rator slitting method which is different from the separator
slitting method in which the slitting blade 72a illustrated in
FIG. 10 is used.

[0156] As illustrated in FIG. 13, each of pairs of slitting
blades 72¢ and 72d slits an original sheet S. The slitting
blade 72¢ and the slitting blade 724 can be different from
each other in size.
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[0157] As each of slitting blades 72¢, an industrial preci-
sion knife “GUBD-09807T45DC15 (cross-sectional angle
0,, of blade edge: 45°)” manufactured by Kyocera Corpo-
ration, for example, can be used. As each of slitting blades
72d, an industrial precision knife “GDBD-08005T” manu-
factured by Kyocera Corporation, for example, can be used.

[0158] FIG. 14 is a set of cross-sectional views illustrating
a configuration, when viewed from a side, of the slitting
blades 72d which are lower blades of the pairs of slitting
blades 72¢ and 72d for use in the separator slitting method
illustrated in FIG. 13. (a) of FIG. 14 is a view illustrating an
overall configuration. (b) of FIG. 14 is a view enlarging an
area C shown in (a) of FIG. 14.

[0159] As illustrated in (a) and (b) of FIG. 14, the slitting
blades 72d are incorporated in the roller 66. An outer
diameter of each of the slitting blades 724 is identical to that
of the roller 66. Therefore, the original sheet S is conveyed
along outer circumferences 72da of the slitting blades 72d
which rotate in coordination with the roller 66.

[0160] The slitting blades 72d are each provided with a
groove part 72db. The slitting blades 72¢, which are upper
blades of the pairs of slitting blades 72¢ and 724, are each
a single-beveled blade. A blade edge Ec of each of the
slitting blades 72c¢ is in contact with a corresponding one of
side parts 72dc, each of which is part of a side surface of a
groove part 72db of a slitting blade 72d.

[0161] Note that, according to the law of cosines, the
following Formulas (14) to (16), which concern a triangle
having points Oc, Od and s shown in FIG. 13, can be worked
out. Note an auxiliary line q is (i) an auxiliary line for angle
calculation and (ii) a straight line that passes two points at
which the blade edge Ec of the slitting blade 72¢ and the
outer circumference 72da of the slitting blade 724 intersect.

1C?+0c0d?-2-rc-0cOd-cos(0,,,)=rd’ Formula (14)

12 +0cOP-2-7d-OcOd-cos(05,5)=rc> Formula (15)

OcOd=rc+rd-z Formula (16)

[0162] rc: Radius of slitting blade 72¢
[0163] rd: Radius of slitting blade 72d
[0164] OcOd: Length between (i) the point Oc which is a

center around which the slitting blade 72¢ rotates and (ii)
the point Od which is a center around which the slitting
blade 72d rotates

[0165] 0, One entry angle between the auxiliary line q

2cet
and the blade edge Ec of the slitting blade 72¢
[0166] 6, The other entry angle between the auxiliary
line q and the outer circumference 72da of the slitting
blade 72d

[0167] z: Depth by which the slitting blade 72¢ and the
slitting blade 724 are in contact with each other

[0168] By moditying the above Formulas (14) to (15), the

following Formulas (17) to (18) can be obtained:

05, =cos {((r+0cOdP-rd?)/(2-7c-0OcOd)) Formula (17)

05, g=cos H(rd*+O0cOd 1)/ (2 rd-OcOd))

[0169] By using an entry angle “0,_+0,_,”, which is a
sum of said one and the other entry angles 0,_.6,., in a
manner similar to how the mounting angle 6, is used, it is
possible to calculate the tangent-plane blade edge angle 6,
according to the above Formula (12).

Formula (18)
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[0170] Itis thus possible to calculate a tangent-plane blade
edge angle even in a case of slitting an original sheet S by
use of pairs of slitting blades.

Embodiment 3

[0171] The following describes Embodiment 3 of the
present invention.

[0172] <<Verification of Separator Slitting Method>>
[0173] In the following description, a type of separator to
be slit, a type of slitting blade (flat blade, circular blade), a
cross-sectional shape (double-beveled blade, single-beveled
blade) of a slitting blade, a cross-sectional angle 8, of a
blade edge of a slitting blade, and a mounting angle 6, of the
slitting blade are variously changed so as to specifically
verify that quality of a slit separator depends on a tangent-
plane blade edge angle 0.

[0174] (Conditions in Which to Produce Slitting Film)
[0175] <Production of Polyolefin Porous Film>
[0176] In this verification, two types of separators are

used. These separators are identical to the above-described
“heat resistant separator”. Conditions, in which to produce a
porous film constituting each of the heat resistant separators,
are as follows.

[0177] 70% by weight of a high molecular weight poly-
ethylene powder (GUR4032 (manufactured by Ticona Cor-
poration)) and 30% by weight of polyethylene wax (FNP-
0115 (manufactured by Nippon Seiro Co., Ltd.)) having a
weight-average molecular weight of 1000 were prepared.
Then, to a total of 100 parts by weight of the high molecular
weight polyethylene and the polyethylene wax thus pre-
pared, 0.4 part by weight of antioxidant (Irg1010 (manufac-
tured by Ciba Specialty Chemicals Corporation)), 0.1 part
by weight of (P168 (manufactured by Ciba Specialty Chemi-
cals Corporation)), and 1.3 parts by weight of sodium
stearate were added. Then, to 100% by volume of a resultant
mixture, 38% by volume of calcium carbonate (manufac-
tured by Maruo Calcium Co., Ltd.) having an average
particle size of 0.1 pum was added. A resultant powder, while
being a powder, was mixed with the use of a Henschel mixer.
Then, the resultant powder was melted and kneaded with the
use of a biaxial kneader, so that a polyolefin resin compo-
sition was obtained. The polyolefin resin composition was
rolled with the use of a pair of rolls each having a surface
temperature of 150° C., so that a sheet was produced. The
sheet was immersed in a hydrochloric acid aqueous solution
(4 mol/L of hydrochloric acid, 0.5% by weight of nonionic
surfactant), so that calcium carbonate was removed. Then, a
resultant sheet was stretched by a given multiplying factor at
105° C., so that a polyolefin porous film having a thickness
of 13.5 um was obtained.

[0178] <Synthesis of para-aramid>

[0179] Conditions, in which to produce para-aramid for
obtaining a heat resistant layer constituting each of the heat
resistant separators, are as follows.

[0180] Para-aramid (poly (paraphenylene terephthal-
amide)) was produced with the use of a 3-liter separable
flask equipped with a stirring blade, a thermometer, a
nitrogen incurrent canal, and a powder addition port. In the
flask in a sufficiently dry state, 2200 g of N-methyl-2-
pyrrolidone (NMP) was introduced, and then 151.07 g of
calcium chloride powder, which had been dried in vacuum
at 200° C. for 2 hours, was added. A temperature of the flask
was then increased to 100° C., so that calcium chloride was
completely dissolved in the NMP. A temperature of a resul-
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tant calcium chloride solution was returned to room tem-
perature, and then 68.23 g of paraphenylene diamine was
added to and completely dissolved in the solution. 124.97 g
of terephthalic acid dichloride was divided into 10 parts,
which were then added at approximately 5-minute intervals
to the solution while the solution was maintained at 20°
C.x£2° C. The solution was matured while being stirred and
maintained at 20° C.+2° C. for 1 hour, so that a para-aramid
solution having a para-aramid concentration of 6% by
weight.

[0181] <Production of Heat Resistant Layer-Forming
Slurry A>Conditions, in which to produce a heat resistant
layer-forming slurry A for obtaining the heat resistant layer,
are as follows.

[0182] To 100 g of the para-aramid solution thus obtained,
243 g of NMP was added, and then a resultant solution was
stirred for 60 minutes, so that a para-aramid solution having
a para-aramid concentration of 1.75% by weight was
obtained. Meanwhile, 6 g of alumina powder (Alumina C
(manufactured by Nippon Aerosil Co., Ltd.), absolute spe-
cific gravity: 3.2 g/cm®) and 6 g of alumina powder (Ad-
vanced Alumina AA-03 (manufactured by Sumitomo
Chemical Co., Ltd.), absolute specific gravity: 4.0 g/cm?)
were mixed, so that 12 g of an alumina powder mixture was
obtained. Then, 12 g of the alumina powder mixture was
mixed with the para-aramid solution having a para-aramid
concentration of 1.75% by weight, and then a mixture was
stirred for 240 minutes, so that an alumina powder-contain-
ing para-aramid solution was obtained. Then, the alumina
powder-containing para-aramid solution was filtered with
the use of a 1000-mesh metal net. Then, to a resultant filtrate,
0.73 g of calcium oxide was added. Then, a resultant mixture
was stirred for 240 minutes for neutralization, and was then
defoamed under reduced pressure, so that the heat resistant
layer-forming slurry A was obtained.

[0183] <Production of Laminated Porous Film A>
[0184] Conditions, in which to produce one of the above-
described two types of separators, are as follows.

[0185] A roll (width: 300 mm, length: 300 m) of the
polyolefin porous film was attached to a wind-off machine.
While the polyolefin porous film was being pulled, the heat
resistant layer-forming slurry A was applied to one surface
of'the polyolefin porous film, so that a laminated porous film
A was continuously obtained.

[0186] To be specific, NMP was applied to a lower surface
of the polyolefin porous film with the use of a micro-gravure
coater, and the heat resistant layer-forming slurry A was
applied, in a prescribed thickness, to an upper surface of the
polyolefin porous film with the use of a bar coater. Next, the
film after being thus coated was allowed to pass through the
inside of a constant temperature/humidity chamber (tem-
perature: 50° C., relative humidity: 70%), so that para-
aramid was precipitated from the coated film. Then, the film
was allowed to pass through a water washing device (device
having such a structure that a guide roll is set in a chamber
(1) into which ion exchange water is injected at an injection
rate of 10 liters/minute and (ii) from which the ion exchange
water filling the inside of the chamber is discharged at a rate
identical to the injection rate), so that NMP and calcium
chloride were removed from the film.

[0187] Then, while hot air is blowing at the washed film
with the use of a dryer, the film was allowed to pass through
a heat roll, so that moisture content was dried and removed.
This caused a laminated porous film A, which had a thick-
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ness of 17.0 um and was constituted by laminating a heat
resistant layer on one surface of the polyolefin porous film,
was obtained.

[0188] A plate knife (manufactured by Kyocera Corpora-
tion, FBC4019G, blade edge cross-sectional angle: 25°) was
attached to a slitting apparatus (manufactured by Hagihara
Industries Inc., model: HDF-105S-1000). Then, in accor-
dance with the conditions shown in Table 1, the laminated
porous film A was slit while being moved along a roll having
a diameter of 80 mm.

[0189] <Production of Heat Resistant Layer-Forming
Slurry B>
[0190] Conditions, in which to produce a heat resistant

layer-forming slurry B for obtaining a heat resistant layer to
be provided on the other one of the above-described two
types of separators, are as follows.

[0191] To a medium in which a weight ratio between pure
water and isopropyl alcohol was 90:10, carboxymethyl
cellulose (CMC) (1110 (Manufactured by Daicel FineChem
Ltd.), absolute specific gravity: 1.6 g/cm®) and alumina
powder (AKP3000 (manufactured by Sumitomo Chemical
Co., Ltd.), absolute specific gravity: 4.0 g/cm®) were added
and mixed at a weight ratio of 3:100 so that a solid content
concentration was 28% by weight. Then, a resultant mixture
was dispersed under high pressure, so that the resistant
layer-forming slurry B was obtained.

[0192]

[0193] Conditions, in which to produce the other separa-
tor, are as follows.

[0194] To a non-coated surface of the laminated porous
film A, the heat resistant layer-forming slurry B was applied,
so that a laminated porous film B was continuously obtained.

[0195] To be specific, the non-coated surface of the lami-
nated porous film A was subjected to a corona treatment.
Then, the heat resistant layer-forming slurry B was applied,
with the use of a gravure coating machine, to the surface
which was thus subjected to the corona treatment, and then
the surface was dried. This caused a laminated porous film
B, which had a thickness of 25.5 pm and was constituted by
laminating an aramid heat resistant layer on one surface of
the polyolefin porous film and by laminating a heat resistant
layer (constituted by an alumina powder) on the other
surface of the polyolefin porous film, was obtained.

<Production of Laminated Porous Film B>

[0196] (Slitting Conditions)
TABLE 1
Tangent-
plane
Cross- blade
Blade  sectional Mounting edge
Film depth z angle 1 angle 62  angle 63 Fuzziness
type  (mm) ) ©) (°)  amount
Ex. 1 A 1.0 25 12.8 5.6  Grade A
Ex. 2 B 0.5 45 12.2 11.9  Grade A
Ex. 3 B 1.0 45 17.3 16.5  Grade A
Ex. 4 A 0.5 60 12.2 20.1  Grade A
Ex. 5 B 2.0 45 245 225 Grade B
Ex. 6 A 1.0 60 17.3 272  Grade B
C.E 1 A 0.2 25 5.7 2.5 Grade C
C.E2 A 2.0 60 245 357  Grade C

<Abbreviations>
Ex.: Example
C.E.: Comparative Example
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[0197] Table 1 shows the verification results indicating
that quality of a slit separator (laminated porous film A or B
after being slit) depends on a tangent-plane blade edge angle
6,.
[0198] As shown in Table 1, the verification was per-
formed by use of eight examples (Examples 1 through 6,
Comparative

[0199] Examples 1 and 2). Inregard to “Example 1” on the
first row of Table 1, numerical values provided in columns
to the right of the leftmost column indicate numerical values
obtained in Example 1. The same principle also applies to
the other examples.

[0200] “Film type” indicates whether a slit separator is the
above-described laminated porous film A or B.

[0201] “Blade depth z”, “Cross-sectional angle 0,7,
“Mounting angle 0,”, and “Tangent-plane blade edge angle
0, are as described in the above embodiments.

[0202] “Fuzziness amount” indicates an amount of fuzzi-
ness that occurred at slit parts of a slit separator. “Grade A”
indicates that the quality of a slit separator is excellent (there
is no visible fuzziness). “Grade B” indicates that there is a
small amount of fuzziness on a slit separator. “Grade C”
indicates that there is a large amount of fuzziness on a slit
separator (there are more than one occurrences of visible
fuzziness).

EXAMPLE 1 AND COMPARATIVE EXAMPLE 1

[0203] These are examples in each of which (i) a plate
knife (manufactured by Kyocera Corporation, FBC4019G,
blade edge cross-sectional angle: 25°) was attached to a
slitting apparatus (manufactured by Hagihara Industries
Inc., model: HDF-105S-1000) and then (ii) in accordance
with the conditions shown in Table 1, the laminated porous
film A was slit while being moved along a roll having a
diameter of 80 mm.

EXAMPLES 2, 3 AND 5

[0204] These are examples in each of which (i) gable
blades (manufactured by Kyocera Corporation, upper blade:
GUBD-09807T45DC15 (blade edge cross-sectional angle:
45°) and a lower blade: GDBD-08005T) were attached to a
slitting apparatus (manufactured by Hagihara Industries
Inc., model: HDF-924-1900) and then (ii) in accordance
with the conditions shown in Table 1, the laminated porous
film B was slit while being moved along the lower blade.

EXAMPLES 4 AND 6 AND COMPARATIVE
EXAMPLE 2

[0205] These are examples in each of which (i) gable
blades (manufactured by Kyocera Corporation, upper blade:
GUBD-09807T60DC15 (blade edge cross-sectional angle:
60°), lower blade: GDBD-08005T) were attached to a slit-
ting apparatus (manufactured by Hagihara Industries Inc.,
model: HDF-924-1900) and then (ii) in accordance with the
conditions shown in Table 1, the laminated porous film A
was slit while being moved along the lower blade.

[0206] (Other Slitting Conditions)

[0207] Note that an upper blade of gable blades is a
single-beveled blade. Therefore, in Examples 2 to 6 and
Comparative Example 2 in each of which such gable blades
are used, the tangent-plane blade edge angle 0, is 05, which
is a value obtained by substituting the cross-sectional angle
0, into 0,, of the above Formula (12).
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[0208] Note also that a conveyance speed of a separator at
a part at which the separator is slit is not less than 50 m/min
and not more than 100 m/min. Note also that a take-up
tensile force of the separator is not less than 30 N/m and not
more than 90 N/m.

[0209] <<Verification Results of Separator Slitting
Method>>
[0210] The tangent-plane blade edge angle 05 is preferably

not less than 3° and not more than 35°, more preferably not
less than 3° and not more than 21°, and even more preferably
not less than 5° and not more than 21°.

[0211] Specifically, the fuzziness amounts in Examples 1
through 6 are each at the grade A or B. Meanwhile, the
fuzziness amounts in Comparative Examples 1 and 2 are
each at the grade C. This means that in a case where the
tangent-plane blade edge angle 05 is in a range of not less
than 3° to not more than 35° it is possible to obtain a
good-quality slit separator having a small amount of fuzzi-
ness at a slit part thereof.

[0212] In particular, the fuzziness amounts in Examples 1
to 4 are each at the grade A. This means that in a case where
the tangent-plane blade edge angle 0 is in a range of not less
than 5° to not more than 21°, it is possible to obtain a
good-quality slit separator having a smaller amount of
fuzziness at a slit part thereof.

[0213] The quality of a slit separator thus depends on a
tangent-plane blade edge angle 65. In other words, it can be
said that as long as the tangent-plane blade edge angle 0,
remains at the identical value, it is possible to obtain a slit
separator of the identical quality even if any of the following
changes: a type of a separator to be slit; a type of a slitting
blade (flat blade, circular blade); a cross-sectional shape
(double-beveled blade, single-beveled blade) of a slitting
blade, a cross-sectional angle 0, of a blade edge of the
slitting blade; and a mounting angle 8, of the slitting blade.

Modifications

[0214] <<Modifications for Maintaining Consistent Tan-
gent-Plane Blade Edge Angles Among Slitting Blades>>
[0215] FIG. 16 is a set of schematic views each illustrating
a modification for maintaining consistent tangent-plane
blade edge angles 85 among slitting blades. (a) to (e) of FIG.
16 each illustrate a configuration in which circular slitting
blades 72¢ are used. (f) and (g) of FIG. 16 each illustrate a
configuration in which flat slitting blades 72 are used.
[0216] As illustrated in (a) of FIG. 16, in a case of circular
slitting blades 72¢, it is possible to maintain consistent
tangent-plane blade edge angles 0, among the circular
slitting blades 72c¢ by attaching, to a single axis 73, a
plurality of slitting blades 72c¢.

[0217] Note that as slitting continues, slitting blades 72¢
are each increasingly abraded. In addition, a defect M such
as chipping occurs to a slitting blade(s) 72¢ in some cases.
As illustrated in (b) of FIG. 16, if only a slitting blade 72¢
suffering a defect is replaced with another one, then there is
an imbalance in size between (i) a slitting blade 72A which
is said another one and (ii) the other slitting blades 72¢
which have been abraded due to slitting. In this case, there
is also an imbalance in tangent-plane blade edge angle 0,
between the slitting blade 72A and the slitting blades 72¢.
Furthermore, as illustrated in (c) of FIG. 16, even in a case
where a slitting blade 72¢ suffering the defect is ground so
as to be restored, there is an imbalance in tangent-plane
blade edge angle 65 between (i) a slitting blade 72B which
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is the ground slitting blade 72¢ and (ii) the other slitting
blades 72¢ which have not been ground.

[0218] As illustrated in (d) of FIG. 16, an original sheet S,
which is conveyed in a direction D and which has a
prescribed width, is slit by slitting blades 72¢, the number of
which slitting blades 72¢ corresponds to the prescribed
width. As illustrated in (e) of FIG. 16, of all slitting blades
72¢, only slitting blades 72C whose blades touch the original
sheet S become abraded due to the slitting. Therefore, the
number of slitting blades 72¢ is preferably an appropriate
number which corresponds to the width of the original sheet
S to be slit, so that the slitting blades 72¢ are consistent with
each other in terms of (i) the extent of abrasion and (ii) the
frequency of defect occurrences. In addition, slitting blades
72c¢ for slitting an original sheet S are preferably replaced all
at once.

[0219] As illustrated in (f) of FIG. 16, even in a case of flat
slitting blades 72, it is also possible to maintain consistent
tangent-plane blade edge angles 0, among the flat slitting
blades 72 by attaching a plurality of slitting blades 72 to a
single axis 73 and (ii) moving the plurality of slitting blades
72 all at once. As illustrated in (g) of FIG. 16, slitting blades
72 are attached to a rotation axis 73a preferably by a screw
or the like so that the slitting blades 72 are rotatable. In so
doing, it is more preferable to provide a stopper 735 so as to
specify a rotation range of the slitting blades 72 so that the
slitting blades 72 each do not rotate up to, for example, a
position indicated by two-dot chain lines.

[0220] <<Effects of Modifications>>

[0221] By thus fixing slitting blades, it is possible to
prevent positions and angles of slitting blades with respect
to an original sheet S from being accidentally changed
during an operation of a slitting apparatus 6 (see FIG. 4).
This configuration is advantageous particularly in a case
where a separator original sheet including an inorganic
filler(s) is to be slit, because slitting blades of such a
separator original sheet are quickly abraded.

[0222]

[0223] A slit separator production method in accordance
with Aspect 1 of the present invention includes: a conveying
step of conveying a battery separator original sheet which is
porous; and a slitting step of slitting the battery separator
original sheet by causing a slitting blade to cut into the
battery separator original sheet such that a slitting blade
edge angle in a tangent plane, on which a slitting position is
in contact with the battery separator original sheet, is in a
range of not less than 3° to not more than 35°.

[0224] In a case where a battery separator original sheet
which is porous is slit, fuzziness can easily occur at a slit
part(s) because of porousness of the battery separator origi-
nal sheet.

[0225] The inventors found that (i) a slitting blade edge
angle (hereinafter, referred to as “tangent-plane blade edge
angle”) in a tangent plane, on which a slitting position is in
contact with a battery separator original sheet, affects fuzzi-
ness that occurs at the slit part of the separator and (ii) the
fuzziness can be effectively suppressed by causing the
tangent-plane blade edge angle to be in a range of not less
than 3° to not more than 35°.

[0226] With the configuration, it is possible to obtain a
good-quality slit separator having a small amount of fuzzi-
ness at a slit part thereof.

Summary
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[0227] The slit separator production method is preferably
configured such that the slitting blade edge angle is not more
than 28°.

[0228] With the configuration, it is possible to obtain a
good-quality slit separator having a smaller amount of
fuzziness at a slit part thereof.

[0229] The slit separator production method is more pref-
erably configured such that the slitting blade edge angle is a
range of not less than 5° to not more than 21°.

[0230] With the configuration, it is possible to obtain a
superior-quality slit separator having an even smaller
amount of fuzziness at a slit part thereof.

[0231] The slit separator production method can be con-
figured such that the battery separator original sheet has, at
the slitting position, a curved surface that is convexed
toward the slitting blade.

[0232] According to the configuration, the tangent-plane
blade edge angle is determined by a length at which the
blade edge of the slitting blade is inserted into the curved
surface. This allows the tangent-plane blade edge angle to be
easily adjusted.

[0233] The slit separator production method can be con-
figured such that a blade edge of the slitting blade is
arc-shaped.

[0234] According to the configuration, the tangent-plane
blade edge angle is determined by a length at which the
blade edge of the slitting blade is inserted into the battery
separator original sheet being conveyed. This allows the
tangent-plane blade edge angle to be easily adjusted.
[0235] The slit separator production method can be con-
figured such that a shape of the blade edge of the slitting
blade is plane-symmetrical with respect to a plane, the plane
being (i) perpendicular to the tangent plane and (ii) parallel
to a direction in which the battery separator original sheet is
conveyed.

[0236] With the configuration, it is possible to obtain slit
separators whose respective end surfaces, at which the slit
separators have been slit, are closer to being uniform.
[0237] A separator roll production method in accordance
with Aspect 2 of the present invention includes: each of the
steps recited in the slit separator production method; and a
winding step of winding, around a core, a separator which
has been slit.

[0238] According to the configuration, a separator roll,
which is made up of'a core and a separator wound around the
core, is obtained. In this case, a slit part of the separator
corresponds to a surface of the roll, which surface is located
on a side-surface side of the core. By use of the above-
described slit separator production method, it is possible to
obtain a good-quality slit separator having a small amount of
fuzziness at a slit part thereof. This makes it possible to
obtain a good-quality separator roll having a surface on
which there is a small amount of fuzziness.

[0239] A separator slitting method in accordance with
Aspect 3 of the present invention includes: a conveying step
of conveying a battery separator original sheet which is
porous; and a slitting step of slitting the battery separator
original sheet by causing a slitting blade to cut into the
battery separator original sheet such that a slitting blade
edge angle in a tangent plane, on which a slitting position is
in contact with the battery separator original sheet, is in a
range of not less than 3° to not more than 35°.

[0240] A separator slitting apparatus in accordance with
Aspect 4 of the present invention includes: a conveying
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section for conveying a battery separator original sheet
which is porous; and a slitting blade for slitting the battery
separator original sheet, a blade edge angle in a tangent
plane, on which a slitting position of the slitting blade is in
contact with the battery separator original sheet, being in a
range of not less than 3° to not more than 35°.

[0241] [Additional Remarks]

[0242] The present invention is not limited to the embodi-
ments, but can be altered by a skilled person in the art within
the scope of the claims. An embodiment derived from a
proper combination of technical means each disclosed in a
different embodiment is also encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0243] The present invention can be used for (i) a method
for slitting a film in any direction, (ii) a method for produc-
ing a film roll, and (iii) a film slitting apparatus.

REFERENCE SIGNS LIST

[0244] 1 Lithium-ion secondary battery

[0245] 3 Lithium ion

[0246] 4 Heat resistant layer

[0247] 6 Slitting apparatus (separator slitting apparatus)
[0248] 7 Cutting device

[0249] 12 Separator

[0250] 66 Roller (conveying section)

[0251] 71 Holder

[0252] 72¢72a through 72d Slitting blade

[0253] EeEa*Ec Blade edge

[0254] P Pore

[0255] S Original sheet (separator)

[0256] S101 Step of conveying separator original sheet
[0257] S102 Step of slitting separator original sheet
[0258] T Cross section (tangent plane)

[0259] ©6,+6,,°0, Cross-sectional angle

[0260] 6, Mounting angle

[0261] ©,,°0,, Entry angle

[0262] 6,_..0,_, One entry angle
[0263] 0,°0,, Tangent-plane blade edge angle
1. A method for producing a slit separator, comprising:
a conveying step of conveying a battery separator original
sheet which is porous; and
a slitting step of slitting the battery separator original
sheet by causing a slitting blade to cut into the battery
separator original sheet such that a slitting blade edge
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angle in a tangent plane, on which a slitting position is

in contact with the battery separator original sheet, is in

a range of not less than 3° to not more than 35°.

2. The method as set forth in claim 1, wherein the slitting
blade edge angle is not more than 28°.

3. The method as set forth in claim 1, wherein the slitting
blade edge angle falls within a range of not less than 5° to
not more than 21°.

4. The method as set forth in claim 1, wherein

the battery separator original sheet has, at the slitting

position, a curved surface that is convexed toward the

slitting blade.

5. The method as set forth in claim 1, wherein

a blade edge of the slitting blade is arc-shaped.

6. The method as set forth in claim 1, wherein

a shape of the blade edge of the slitting blade is plane-

symmetrical with respect to a plane,

the plane being (i) perpendicular to the tangent plane and

(ii) parallel to a direction in which the battery separator

original sheet is conveyed.

7. A method for producing a separator roll, comprising:

each of the steps recited in the method as set forth in claim

1; and

a winding step of winding, around a core, a separator

which has been slit.

8. A method for slitting a separator, comprising:

a conveying step of conveying a battery separator original

sheet which is porous; and

a slitting step of slitting the battery separator original

sheet by causing a slitting blade to cut into the battery

separator original sheet such that a slitting blade edge
angle in a tangent plane, on which a slitting position is
in contact with the battery separator original sheet, is in

a range of not less than 3° to not more than 35°.

9. A separator slitting apparatus comprising:

a conveying section for conveying a battery separator

original sheet which is porous; and

a slitting blade for slitting the battery separator original

sheet,

a blade edge angle in a tangent plane, on which a
slitting position of the slitting blade is in contact with
the battery separator original sheet, being in a range
of not less than 3° to not more than 35°.
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