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DESCRI PTI ON  POLYOLEFI N M CROPORCOUS FI LM AND ROLL 5

Techni cal Field [0001] The present invention rel ates

to a polyolefin mcroporous filmand a roll

Background Art 10 [0002] Polyolefin mcroporous filns

are used for mcro fllters separators for electronic

devi ces such as batteri BESCRIBHIONrs, and material s

for fuel cells, and the |ike. Gbnerally, [ithiumion

batteries are produced through a step of spirally

rolling a strip positive electrode and a strip

negati ve ePEItYOUEF bhMIGROROKLAIS & liavt ANBNRORL

el ectrode active material and a separator. The

separator used at this step usually has a shape of a

roll obtained by slitting a material into a
TechHiesletiggm ned width (cutting the material into an

el ongat ed shape) and winding the slit nmaterial around
[000?] roll core. When a polyolefin mcroporous filmis

processed into such a roll, the process is 20 through

" BBt o Bles b BT e R B 2 on

roll), and subsequently slitting the filminto a

predeterm ned width while the filmis fed fromthe

nmot her roll, thereby to be processed into a roll
Backgrewpdiy to application. In recent years, the

| engths of the electrode and the separator to be
[000RbI | ed have tended to be increased along with increase

in the capacity of the batteries. 25 Additionally,

hi Rtyslpéie dnipropducts films areouskst for onicrpfiltere, sepatators ¥ertelectronic

at arolling step my be perforned. For that reason,

devitd¥es@ch s dattern@s tapakitérss Qﬁéfrﬁél%harsq’ol’ furdl ceilghandlihe like.
quality free fromraised edges, | i page, curvature,

ar@en’%r‘aﬂ#' lﬁﬁlu RJrn Gare g{rgal%ﬂd ?ﬁfn‘?ﬁ]ﬁz a@@éﬂﬁ?@ﬁlrélly rolling a

di scl oses a pol yol efin m croporous ontaining 5

stnp&;%sﬁﬂé’el@& ecu H& aos{trlgﬁka}jg |\9é)¥le% ggg%ﬁh% ?ﬁé&gﬁd«nth an

e'eC%?d%aaﬁheeéﬂgtCk ?aiﬂ?n% SE5SORY Cdpd sditvatlSeb R his SHEP usually

face direction of the filmsurface is n
has a s?uape of a roll oi:tame by slitting a material into a pred%termlned width

(cutting the material into an elongated shape) and winding the slit material around a
roll core.

When a polyolefin microporous film is processed into such a roll, the process is
through a step (slitting step) of winding the polyolefin microporous film into a shape of
a rolt (mother roll), and subsequently slitting the film into a predetermined width while
the film is fed from the mother roll, thereby to be processed into a roll according to
application. In recent years, the lengths of the electrode and the separator to be
rolled have tended to be increased along with increase in the capacity of the batteries.
Additionally, high-speed production in order to improve productivity at a rolling step

may be performed. For that reason, there is a demand for a separator roll of high
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than 1 m Patent Document 1 shows that a curvature
when 1 mof a separator roll slit into 60 mMmin wdth
and 500 min length is rolled is reduced. Patent
Docunent 1 discloses a polyolefin mcroporous filmin
which the total value of a 10 tensile strength at

qualy &g frem4aisgdiadgesdrlipage cniryalre NG WIiRkles afes exampie
length direction of the film and hereinafter,

[0003pnet i mes abbreviated as "MD') and a tensile strength
at break in a transverse direction (which is a
di Patent Docontamb dalisdloses & pelyoefrhmigogorestfilmncortaiaing 5 to 30%
same. as the width direction of the film and

by Wit dTploly@ropylengbial ey \dversge AllecUln weightof Rotless
a specified range, and the total value of a 15 M

thanéfQSI'd‘*einerﬁiﬁtﬁQ@iircgﬁﬁﬁ flﬁﬁtﬁ?ﬁ?rﬁﬂgnét mBrd §1%% 1 fim of squares

ongation a IS W speci fied range.

o AFREUE e FBLIES Ao BOHBME B PS030 v ot s
a8 S B S0 A S e o Seporatr

1 croparous, filmcontainin as, a i n. component
roll i ijtp BOADT ingisht ARE S05m a Jenigih ienealleflis t Patent
di scl oses a m croporous filmaimng at reduci n%
Docursenti idisclossgs @Mﬁfdﬂlir@m&:ﬂwwusifﬂm ipwhieh thenigtal value of a
separator and an el ectrode body, in which a ratio of
tensile Strengihsatdrrea dubusadfine dirstiien {whicb imthersareasisdhe length
nmodul us of elasticity of the 25 separator is 0.8 to
direclich. ofRhe dilrh dbachereirafter, shapetimes abbteuidtedzy MR iz a tensile
Lai d- Open No. 2006-124652 2 Patent Docunent 2:

stre@ﬁmw@amaenbnmarsé%%ﬁén Sﬁﬁicﬁﬂé alnfadiBAtorfhiogonal to the
apanese Patent No. 3746848 Patent Docunent 4.

mac‘éﬁ%a@c oisoﬁ'?g 0 arﬁﬁ?ﬂ‘ﬁ%ﬁ%ﬁ%%’%:{%&?gﬂ be éﬁ?‘?\?z'? yr

ok YRR, 0114, DRI b0l PURRS fHR totalvlueof

VD Rl S B 8 55 PRt Bl e SRk A o
specified range.

Patent Document 2 discloses a polyolefin microporous film containing 5 to 35%
by weight of polypropylene having a weight average molecular weight of not less
than 300,000.

Patent Document 3 discloses a microporous film containing, as a main
component, fibril having a shape of a vein.

Patent Document 4 discloses a microporous film aiming at reducing formation
of a wrinkle at the time of rolling a separator and an electrode body, in which a ratio
of a TD tension modulus of elasticity to a MD tension modulus of elasticity of the
separator is 0.8 to 5.0.

Patent Document 1: Japanese Patent Application Laid-Open No. 2006-124652
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Then, the present invention is made in consideration
of the above-nentioned circunstances. An object of
the present invention is to provide a polyolefin
m croporous filmand a roll thereof that can
sufficiently reduce the occurrence of a raised edge
Patest D@cymetntiﬁ:gasaweseater&é\ka 360PP6ing step at the tine
of producing the 15 polyolefin mcroporous filmand a
Pategit Dacumend t3e dapanedeePatent Nef. 3746848si ng t he pol yol efin
m croporous filminto a roll. Means for Solving the
PatefAt ldcanent MO0abaneke Paten PeplicatiomiaidtOpen to @O0 229971
extensive research in order to solve the
above-nentioned problens. As a result, the present
inventors surprisingly found out that a polyolefin

DlsclﬂsﬁFé’BP Héufﬁv%h{l&), having a specified conposition can
solve t ove- menti oned problens, and conpl eted the

[ the present invention is
Probi%rﬁ%?ﬁbe é‘&@%@'b??ﬁm%ﬂ%}gl efin mcroporous film
[Oooggnpr|3|ng a polyol efin conposition containing a .

Iyethylere ? first ﬁolyfropylene haV|n% a g53803|ty

aver age ecul ar me t.0 ess than
rfgo we. fhiginveaticto S%W@ddnggéiﬁﬂhbﬁwvﬁf‘ l/F%f’ié’a"“Ot

having a viscosity average nol ecul ar wei ght of not
sufficiggtly fedicedbe argurrenoe of e rRisebeeas in thecrpdipzﬁ it potyplafin

of [1], wherein the viscosity average nol ecul ar
nﬂcmw¢@h&fmﬁ.the second pol ypropyl ene is 300,000 to

1,000, 000. 5 [3] The polyolefin mcroporous fil m of

[ heor, the pressntirsientibh és ragiedn idoyshieeatigeof thiel abtweanentioned

wei ght of the polyethylene is 50,000 to 10, 000, 000.

circumdtanéss. pq\d @b}@‘ct Bf fﬁ@;ﬁr@@éhﬂhﬁeﬁlléﬁns&!@%}bdztjé% E@ly@!éiﬁn
one of [1 ] to [3], wherein a mass ratio of

mmrBﬁ:%ﬁbGE‘ﬁ’M'aﬁﬁ‘Fa }&I ﬁ%ﬁeéﬁh?{ UAkicntly PRAYE {he Séb‘gxr@?\‘ée of a

ypropylene in |n conpositionis

%"oei’ey ?ﬂ%iﬁ%mé%#ps%@'ﬂ?s %1% *ﬁ?@e%ffja A6 B 8tFrouliha the
poly%lph@ ﬁgggqpfoggu% hs,tap@@g Etﬁ{gjpéth ﬁéo |tg{j§§gr£rto%essmg lf'he- polyolefin

pol ypropyl ene in the polyolefln conmposition is 10 to
microprpys fifadato 3 Ml The pol yol efin microporous film

according to any one of [1] to [5], wherein the film
has a thickness of 1 to 14 m

Means for Solving the Problems
[0005]

The present inventors conducted extensive research in order to solve the
above-mentioned problems. As a result, the present inventors surprisingly found
out that a polyolefin microporous film having a specified composition can solve the
above-mentioned problems, and completed the present invention. Namely, the
present invention is as follows.

[1] A polyolefin microporous film comprising a polyolefin composition containing a

polyethylene, a first polypropylene having a viscosity average molecular weight of not
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15 [7] The polyolefin mcroporous filmaccording to
any one of [1] to [6], wherein the film has a tensile
strength at break in a transverse direction of 100 to
230 MPa. [8] The poI yol efin m croporous film according
to any one [) wherein the film has a
less than 55@0& %@ﬁﬁéha%ﬁ 01099 and aaseq%ﬁlswamr@pme.nsd%avm a
is 10 to 110% [9] The polyolefin mcroporous film
viscemiiycrusirage moleeylabweightt of opt less(tean 3@ASISn a ratio
20 of a tensile strength at break in a | engthw se
[2] Therpmdyolein hicpbemnss filen sf ¢ neghdreat ther vstosdity average molecular
transverse direction is 0.8 to 1.3. [10] The
weight by tHecéédondl polpprepglehel is 130000001004 ,000i090any one of [1
] to [9], wherein a thermal shrinkage rate in a

[3] Théé}ib‘h}l‘_cﬂéﬁr? nﬂbrb?@?éﬁ‘fllﬁ{ of[A96r [ A, WAEreiR tife 1iBBOsiBPd0erage

he pol yolefin mcroporousfllmaccordlngto any

molé?:”u?arqxlellbllli of the n;%cﬁ eth%ﬁb‘?$ ye:drybl %1 CP by Qg i

conposi Ui on co ns“a po ene aVI ng a viscosity

o AR RS A B 595 a oo
ratio%{&%%lq@i%?o;?ﬂ?%kp{ ﬁo?él%qﬁ oro tpﬁ)l\'r &s&%%&a qp%(propylene in

onposition conprises olyethylene havi ng a
the Rﬁ?'!ﬁ!@@" comMpesitiagds ?«im?&;/&ba(rma& .ght hi gher than the
viscosity average nol ecul ar weight of the first
[5] Thelpahyale % gngropabusoiieT aceaudingre anysuusot ] kv k] aykerein a mass
nmol ecul ar wei ght of the second 5 polypropylene. [13]
ratiodf ¢he Grst plobfpropylene dp theotmtalfarhourtoafdhe ifingg podypropylene and the
of [1] to [12], wherein the polyolefin conposition

secmrﬁmym@yl@n@qwﬁé By lyerginhesmpdsiBory St % DPYANE hidse.
nmol ecul ar wei ght equal to or higher than the viscosity

6] Tﬁé?ﬂ&ﬂeﬁﬂ) hﬁ&%barou@,em&hécdﬁrd.n?fts a?ﬁf&{gioﬂqyﬁy’mmhsﬂé% the film

10 [14] A separator for a ium ion bat

f fil di ng t
has kahéés”& ﬁﬂo?hél?'% isi n {nlgir opor ous ClonlrrJnIrI glccr:]grau ng to
m cro

[7] Tﬁf]pyq?@??#ﬁpl:ropﬁ Lﬁ?’“iv??reqqrpﬂﬂc or A gcﬁ&gf ﬁWqTféE,ewﬁ%rem the film
nas BipgRELtIanat of BRIl FPTSEIER SREFYRY P0TeRE éﬁgwﬁe

i nvention can provide a poI yolefin m croporous
[8] Thapolyalefin misrepersus: filar acaardivarteianyang of [ biuld wh@rem the film

has a tensile elongation at break in a transverse direction is 10 to 110%.

[9] The polyolefin microporous film according to any one of [1] to [8], wherein a ratio
of a tensile strength at break in a lengthwise direction to a tensile strength at break in
a transverse direction is 0.8 to 1.3.

[10] The polyolefin microporous film according to any one of [1] to [9], wherein a
thermal shrinkage rate in a transverse direction at 130°C is not more than 20%.

[11] The polyolefin microporous film according to any one of [1] to [10], wherein the
polyolefin composition contains a polyethylene having a viscosity average molecular

weight higher than the viscosity average molecular weight of the first polypropylene.

4
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occurrence of a raised edge at a slitting step such as
a slitting step at the tine of 20 produci ng the
pol yol efin m croporous filmand a slitting step at the
time of processing the polyolefin mcroporous film
into a roll. Brief Description of the Dravvi\r]lvgs [10007] _
[12] Ihemalyalefin mieroposauschitat aecarding tefany enrietidlde [11), wherein the
tenperature and neltdown tenperature nmeasurenent
polyalefinrcampositiorrecoupases apalyatbylenathaying @wiscosity awtrage
obtained by slitting and rolling a polyolefin
moleggutaropeightisighiet tharaing Vis@nsity averageamutdatiat weight efithe first
showing a state of a raised edge in aroll. 5

ol il Aied fovidr thah tied Sisebsibjuavsrabe rheleedlar whight of the second
Py croporous film 2A 2B: NiNgkeI Ifqoil 3A, 3139 d ass

ol Og,?,%n@ 4. Electric resistance neasuring device 5:
P y%] nocoupl e 6: Thernoneter 7: Data collector 8:

. i t i .
1131 Y Gy EE migBPERoUsint RN Gy i TR (2 wherein the
sent _invention (hereinafter bbrevi at ed .as_a
polyBlgF 3 ComPARELFBRISES & Roie Eene BAVGA Asrog il afbrage
Th resent Q inyention will not be limted to the |,
mol Heigaheaua ﬁgmrgwlgj]e‘yéﬁa%gp%w’scgﬁy Juprage aolecular weight of
nodi fi cati ons can be nade within the scope of the
the sficond polypreawepe. i npl enented. [0010] [ Fi rst

enbodi nment |
[14] A separator for a lithium ion battery, comprising a polyolefin microporous film

according to any one of [1] to [13].
[15] A roll comprising a polyolefin microporous film according to any one of [1] to [13],

the polyolefin microporous film being rolled.

Effect of the Invention
[0006]

The polyolefin microporous film according to the present invention can provide
a polyolefin microporous film and a roll thereof that can sufficiently reduce the
occurrence of a raised edge at a slitting step such as a slitting step at the time of
producing the polyolefin microporous film and a slitting step at the time of processing

the polyolefin microporous film into a roll.

Brief Description of the Drawings
f0007]
Figure 1 is a schematic view of a shutdown temperature and meltdown

temperature measurement apparatus;



A polyolefin mcroporous film (hereinafter, sinply
referred to as a "mcroporous 25 filnf) according to
a first enbodinent is forned froma pol yol efin
conposition containing a polyethylene, a
polypropyl ene (hereinafter, this pol prQﬁerne 1S 6 ]
songtredds asshemasicaiew of appll optained ﬁg shittingsanskraljng a polyolefin
~average nol ecul ar weight (hereinafter, sonetines
micrepbraus file@nds " M/") of not | ess than 50,000 and | ess
than 300, 000, and a pol ypropyl ene (hereinafter, this
pofFignreofyd arsehematiovigw showiradb state aif edraised' $RIE in a roll.
having an My of not |ess than 300,000. 5 [0011] The
pol yol efin conposition preferably mainly contains
pol ypropyl ene and polyethyl ene. A percentage of the
5  ExplafbfbnfBPLSteRforMimBrA9Yy! ene and pol yethylene in the
pol yol efin conposition is preferably not | ess than 50%
[000@¥ mass, nore preferably not |ess than 70% by nass,
still nore preferably not |ess than 90% by 10 mass,

) Lcul y preferably not |ess than 95% by nmass, and
1M@éﬁé®lﬂ'§3 tantially 100% by nmass. [0012]

rprisipgly, the present inventors found out that a
2A, gél @!ﬂk@mﬂ m croporous film fornmed fromthe
ol yol efin conposition containing PPa as a
3A, 38| éﬂﬁs@pﬁ)ﬂ@ne having an 15 My of not |ess than 50, 000
and | ess than 300,000, PPb as a pol ypropyl ene havi ng
10 4 Elgotrigresistanste measutihgidegitd, 000, and a pol yet hyl ene can
reduce the occurrence of a raised edge at a slitting
5: Therepocobiptehough this reason is not conpletely clear, it
is considered that this is because pol yet hyl ene and
6: TivsidmeRry! ene are inconpatible wwth each other and
have an interface. Generally, it is considered that
- DSRUSSH the 20 rai sed edges produced by slitting the
& Dfl I m%rCfeHrattri buted to deformation produced in a
8 OG&NSS section such as "rai sed deformation" and "high
" “edges" as explained in "Mcroslitting in Coating
Processing," Convertech, April, 1999, for exanple. It
is supposed that presence of PPb having a relatively
hi.gh brings an effect of wuniformdispersion of a
BESWSQ%?%)@@M”WLN@? IRYert®8 ot her hand, because PPa
25 existing in such a pol ypropyl ene matrix di spersed
[0008hi formly has a relatively low M/, the
inconpatibility of polyethylene with polypropylene is
i riereasdidy, besd dnodes for carrying out the present invention (hereinafter,

15

abbreviated as a "present embodiment.") will be described in detail. The present
20  invention will not be limited to the present embodiments given below, and various
modifications can be made within the scope of the gist, and can be implemented.
[0010]
[First embodiment}
A polyolefin microporous film (hereinafter, simply referred to as a "microporous
25  film") according to a first embodiment is formed from a polyolefin composition

containing a polyethylene, a polypropylene (hereinafter, this polypropylene is

6
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7 reduced interface strength and fragility against the
slitting shear. It is supposed that as a result,
deformation of the filmcross section caused by the
slitting shear becones small to prevent the raised
edges. [0013 5 The of PPa is |ess than 300, 000,
somgiimesrabbreviated aprPah havirgoa @@eos@haverﬁef-'énelﬁeﬂw sight
not nore than 200,000. The My of PPa is not |ets than
(hergioaien sometimes abbreviated asiiv"bof natdessitteam®?,000 and less than
preferably not |ess than 100, 000. The My of PPb is
300,000, ard a gdigpropPeneRergimafter| tiid poBPmAéhd i sometimes
1, 000, 000, nore preferably 350,000 to 800, 000, and
abbrébigtéd BBI'PPRI IR bK NPT ABOIesS tRAP30090010 The M/ in

the present embodinent is neasured according to a
[OOWBt hod of nmeasurenment in Exanpl es described | ater.
014] Fromthe viewpoint of prevention of raised

o A pbfoleff ditactif BreR ShRPARRIP cahtaifl phifofbayiene and
polyeyfine” Tk BhrsBhtadeior g4t aauet 3 BOlBlomisie bt b vethyiene
, 90% th t of
in thew‘laeé rcomppsiion snpiieRbly BhuRys Al gé%%éﬂé&ﬁym%a

[ nmore than 90% and PPb is not [ess than 10%
prefqrabbr mﬁtéeeﬁr Hiany 7 0%y mgsecsttlldnewpnﬁﬁ@rabhbnmtéeseth&sl 90% by

20% Still nmore preferably, PPa is 30 to 70% and PPb
mass$ spatticularig @referdbly 001 Eiss EramPbés byimass, ppdopgy bassibstantially

i ncl ude honopol yners thereof, ethylene propylene
100%dydmassopol yners, or ethyl ene propyl ene bl ock

copol ymers. For a purpose of inproving permeability
[0012f the polyolefin mcroporous film polypropylene

honopol yners contai ni ng not nore than 1.0% by nol of

%%thgiﬁﬂ%mé’f:@s%hﬁmv%n ors 6t it that (ﬁbf ndi% ﬁ{%ﬁﬁgﬁaus film

ene propy ene random cop

o 5 BB A EORMNTS e B B pgvs
B B B W SR ey e o

¥PropKIene IS refer ably
Mv of not less than 300,000, and a polyethylene can reduce the occurrence of a

raised edge at a slitting step.  Although this reason is not completely clear, it is
considered that this is because polyethylene and polypropylene are incompatible with
each other and have an interface. - ‘Generally, it is considered that causes of the
raised edges produced by slitting the film are attributed to deformation produced in a
cross section such as "raised deformation" and "high edges" as explained in
"Microslitting in Coating Processing,” Convertech, April, 1999, for example. ltis
supposed that presence of PPb having a relatively high Mv brings an effect of
uniform dispersion of a polypropylene matrix. On the other hand, because PPa
existing in such a polypropylene matrix dispersed uniformly has a relatively low My,

the incompatibility of polyethylene with polypropylene is increased, leading to
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0.88 to 0.92 g/cnB, and nore preferably 0.90 to 0.913
g/cnB. In order to prevent difficulties in
porosification of the mcroporous film the density is
preferably not less 5 than 0.88 g/cnB. On the other
hand, it is difficult to obtain pol ypropyl enes having
reduged irigsRee strapgly and fagdtoagajnshibe qllﬁmheme It is supposed that
above-nmenti oned pol yol efi n conposition contains
as apesylbtdeformnaticdn ofthetitm crosswedtinn cdusesduycthegsiitting shear
occurrence of the raised edge by using inconpatibility

becarhes $thalldb ypeévartene rawéd edgeypr opyl ene. The My of
pol yet hyl ene is preferably not |ess than 50,000 from

[001Bfie Vi ewpoint of nechanical strength, and is
preferably not nore than 10, 000,000 fromthe vi ewpoi nt

OfTHY RGPS Io/les N Wg,@g@,%%&%ﬁhﬁ% ¥RIY48060, and

can be speci I's a

mord ISHEAAL FOEERY i 260 ol THEIS BEPeEIE bt iRER 0,000,
pref%‘héb e%c;o? < f@ﬁhﬂgﬁ@ md %E%ff'rﬁﬂi i“tr‘?g s i ?@Pﬁf&f’i e My of
PPa. 0017] .T PEa i [
PP i aAt ks thgn SPORER. PresRiabib 300 Sakide 00 el et Brafegrably
20 reduction in strength of the@ol ol efin m croporous

350,000 9 88AMA0s andwdiH mergrprefasably 350,00t 0G.A00he

vi ewpoi nt of reducing a shutdown tenperature of the
p ol heoMarfin therpoesend eotkodiment isTheadyredfaceBedibg tovaanethiod of
My of PPa and the My of PPb allows higher-Ievel

measirepesrtiio Exampes descritsidlatethe My of PEa is nore
preferably not |ess than 200,000 and | ess than

[ooﬁgo, 000, and still nore preferably 250,000 to 400, 000.
25 The My of PEa is preferably | ess than 500,000 from

U goM] %ﬁ%\?f)oﬁ of ?F&Hfé%ﬂ@n %{ Irﬁcigé’& Qﬁé@% ?r@ﬁéﬁ%@?ﬁl@ﬁg t%icroporous

Ithe po n m cfoporous m an
fim, W88 bieTfo rei{h g RS BrR e s TS When the JURRBFETLTS: PPa
and PRk B %Preterap Hire i nidSss hapol 0. apd FED i ot more than

i mprovepent in nmechanical strength of the polyolefin
90%ni Ereipdhe yewRein ofdmpraved gualty by effective dispersion of

polypropylene, preferably, PPa is not more than 90%, and PPb is not less than 10%.
More preferably, PPa is 20 1o 80% and PPb is 80 to 20%. Still more preferably, PPa
is 30 to 70% and PPb is 70 to 30%.

[0015]

Examples of polypropylenes include homopolymers thereof, ethylene
propylene random copolymers, or ethylene propylene block copolymers. For a
purpose of improving permeability of the polyolefin microporous film, polypropylene
homopolymers containing not more than 1.0% by mol of ethylene are preferable.

One or both of PPa and PPb may be an ethylene propylene random copolymer or an

ethylene propylene block copolymer. The content of ethylene contained in the

8
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t han 10, 000, 000 fromthe viewpoint of film

formability. The My of PEb is nore preferably 500, 000

to 2,000,000, still nore preferably 600,000 to

1,500,000, and particularly preferably not | ess than

600 000 and | ess than 1, 000, 000. The;ﬁgé PEb is
polyerpw@nﬁmqpqlmet isgyefarablymeas mgreghapE9® by melhand more

vi ewpoi nt of inprovenent in 10 mechani cal strength of
prefarablypuityrooet thanidQ% dyanolis Tihel densitycofradrspayene o preferably

nore than 10, 000,000 fromthe viewpoint of film
0.88ftoi0ng igldm? andGNG& prEferably ®OORED.953 gloai®er dbloyderto prevent

| ess than 50,000 fromthe viewpoint of inprovenent in

difficlitiRan ipoRbsifidatRtodithe aRidrdpcrbes filph Vihe eiehsity anp 296rabfOnot less
fromthe 15 viewpoi nt of further reducing the shutdown

than@@@??@ﬁm €OR’thé BtherHarl fiid Bifftult BRSBtaMSol Hoﬂyle'ﬁaﬁ havnng a
Ec is nore preferably 50,000 to 150, [ 0020]

s3of suppressing reduction |n
den{t&reﬁ&?h or# 8%’%@] yolefin mcroporous film the

mm@ﬁjoyol efin conposition according to the present
odi nent 20 pref erably contains the polyethyl ene
h

n the he n the My .of P P
' 808 Bolyaleli caSRONien SoBfinsPANElHIene from the

¥et hyI ene | s used, PEa is particularly preferable

gelusing Hie! ecqussencedf pie raiged edge hysu%fﬂgsfftﬁoﬂl!ﬂ%'b'"ty of
next to PEb. O 25 these, PEa is preferable fromthe
polyethgienei with pOIVQUImj!ei‘iQperm bility and reduction in the
occurrence of the raised edge. In the case where not
| %% Mivari polyethylens iopreféi@dbpohgtdesy theme50,900 frose the (igwpoint of
use of PEa and PEb is preferable also fromthe

mecNafvRIcitRingtldf add R ERIFBHIY ridt niGretAah aal 00T, 080 &okn tHé viewpoint
addi tion to the effect aCcording to (a) nent i oned

of prggg¢w§¥§?hgﬁg% Eegéaaul@m ffﬁﬁtﬁ?l@gl Bl éﬁﬁmé@ﬁs%iiows

are eac

(a) Pﬁa?i@%oé&ggﬁ%i%n%‘éﬁ%\ﬁig)aﬂr@ eciﬂaq‘??!&éllﬁ J?ed@f?/t E{fé ggght?\g%rdthan the
E@D can be blended within the respective ranges of

and used. [0022] In the case vvhere t he

| yol ef n _conposition contains PEa and. PEb, i
(b) F’%% \S/a pollyethyleﬂ)e halwul19 an Mv nolt less than the Mv of PI5b and

view

(c) PEc is a polyethylene having an Mv not more than the Mv of PPa.
[0017]

The Mv of PEa is higher than the Mv of PPa from the viewpoint of suppressing
reduction in strength of the polyolefin microporous film, and is lower than the Mv of
PPb from the viewpoint of reducing a shutdown temperature of the polyolefin
microporous film. The Mv of PEa between the Mv of PPa and the Mv of PPb allows
higher-level dispersion of a raw resin. The Mv of PEa is more preferably not less
than 200,000 and less than 500,000, and still more preferably 250,000 to 400,000.
The Mv of PEa is preferably less than 500,000 from the viewpoint of reducing a

shutdown temperature of the polyolefin microporous film, and preferably not less than
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bl ending ratio thereof (% by mass) when the total

anount of PEa and PEb is 100% 10 preferably, PEa is

not | ess than 10% and PEb is not nore than 90% from

the viewpoint of inproved quality of the polyolefin

m croporous filmand reduction in the shutdown
200,080bemathe wewpols of seperessing redustion imstrengihofthe potyolefin

90% and PEb is not nore than 10% fromthe vi ewpoi nt
micropoiomprfitmed qual ity of the pol yol efin microporous

filmand i nprovenent in break resistance of the film
{001Bpre preferably, PEa is 30 to 15 70% and PEb is 70 to

30% Still nore preferably, PEa is 40 to 60% and PEDb

| Pferabl, HEMVGERD |s|\ﬁd5tq@§§fhaﬁ themi o PRLEHO®I the vidwpoint of

preventing reductlon i n mechani cal strength, a

imprBU&REhD@ rﬁ%@%ﬁ/lg l%f'ggtﬁ ﬁgg{ée{;&?ﬂ@ﬂﬁ rigtogBbs fll?l"imari'cpr(&t more

by mass to e resin conponen S

thanoltd"@(50 bB@?r[o&gglﬁ ﬁ%&pﬁg{t%f I rﬁffgfn%lﬂtgf gﬁrgng of B2 2 Whore

hyI ne-rs pr

a co
prefanFv%r"dW@ mz&d@%ﬁbﬁ%@ ﬁ%oreﬁqrﬁﬁ%{@{"vgéeﬁm @@@Yo Feporifo. and
oct e 25 The densi t et hyl ene

Pamswéf' a?féyatéy 90t essghag 6835 ?é‘ésﬁ%@'ﬂér%ﬂ §0@. 9Bhe v of
0.97 g/cnB, and still nore preferably 0.94 to 0.96

PEb ig @r@erabﬂv aebﬂ@sstharpmrdmof PPhyfrem el iewgoinhof improvement in
porosification of the mcroporous film the density

mecharicaloftrangthp oé fher pdlyglefinanicrapsous film CareDppfenally hot mere than
difficult to obtain polyethylene having a density

10,000)00@rfrorh hiae viRvBiDigl offiim formabillisyet hyl ene, the content
of a-olefin units based on 100% by nol of ethylene

[oo1gﬂits is preferably not less than 0.1 % by nol from
e viewpoint of 5 reducing the shutdown tenperature

OfreQvRA P%E%r@f{i%?l&%ﬁé&&h%h'ﬁﬁ Otﬁﬁ’\ﬁrgm’ﬁ{e»w?\fvﬁgmt of

content o e a-o nunits 1s pfe e

h v
morbyffe it dte Sienice endfh dcféf%ﬁé%ty"' 5P BRIER00 080 fram the
V'ewealaipsﬁ@%rfﬂ& i ﬂ@%’é%@o 55%%?4?%%? fnﬁ' pavpletipdrighoporous

preferabl to 1 % by nol %rrerlzatlon
film. ¢ dihgy Myof &c '|§dn9'@ merf%rﬁblm@p 090 ﬁ@ﬂ PG cul arl y
limted, and a Ziegler-Natta catalyst, a Phillips
[002Qkt al yst, a nmetal |l ocene catal yst, and the |ike can be
used.

From the viewpoint of suppressing reduction in strength of the polyoclefin
microporous film, the polyolefin composition according to the present embodiment
preferably contains the polyethylene having the Mv higher than the Mv of PPa,
namely, PEa and/or PEb.

[0021]

In the case where one kind of polyethylene is used, PEa is particularly

preferable, PEb is preferable next to PEa, and PEc is preferable next to PEb. Of

these, PEa is preferable from the viewpoint of good dispersibility and reduction in the

occurrence of the raised edge. In the case where not less than two kinds of
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[0025] Fromthe viewpoint of nolding processability of

the mcroporous film nolecular weight distribution

of pol yet hyl ene (wei ght average nol ecul ar wei ght

(Mn) / nunber 15 average nol ecul ar weight (M1)) is

preferably 3 to 20, nore preferably 5 to 15, and . .
polygthylenescre yseds éd)atse ofPEa and Pk is greferable,alseifima the viewpoint

adj ust the nol ecul ar weight distribution of
of imprbyemient irmechanibal steangth i1 adgifoote the effectiarcoudieg thya)

a method such as 2-step pol ynerization or blending
mentibeed aboes s aMoreoved, {fpuse ef PiicyaicdhiyEarsnd (E)eisewf&itd, dEa, and

wei ght distribution in the present enbodinent is a

PEb\@kWichdlef@Rablertesh Whé RicdloimesiBatiLee pedpcttigs auadditivn to the
(GPC). [0026] In the conposition ratio (% by mass) of

effedtd®f ?@fé(rﬁclr @.ﬂt iS%Q@fgsil mﬁ{ﬁmﬁnﬂ%j &nd PER &isse Mlad¥dRd within

seve s of polyet enes are contained, It iIs
r.eqf nd the above-nenti oned
the %gﬁﬁéﬂ%ﬁ@%g%?me Mvgaggs')ese\?\ihere several Kkinds of 25
[002%:' ypropyl enes are contained, it is the total anpunt
ereof), fromthe viewpoint of reduction in the
rai sed edge of the polyqglefin m croporous fjilma .
| A6 casdviae the PRYCIRIA compay ien Gontas: BEami SEb. in a
pol yet hyl ene is not |ess than 50% and Foé%gropyl ene .
blengingatiortaereof (erPy-umss Fwbanithe tatpbamernt ol Ea@addRER éh 100%,
of the raised edge of the polyol efin mcroporous
preférabiy, Riracisenatiss thaol 102 aniddPED iiss nabmons than 3% frandhe
and pol ypropylene is not |ess than 3% Moreover, from
viewpbint\of impaived qfaligooidthe gdivalkive ssicrdpstaudofiiti amd egduction in the
pol yol efin m croporous film nore preferably,

shutdewriabmperattire.s ABBlreRIabIYNPEE 19 Hofftbre hatPBOw/ GAAPED is not
is not nore than 30% Still nore preferably,

morgg}ééf?ﬁ@%lf?&ﬁthé vggr?rrﬁcﬁnp&o h agyéyl?hﬁgﬁt?%‘fltlﬁé‘yﬁgixéle?iﬁ rﬁ%roporous

and parti cul y pref of yet s 8
. 0 . y i . 7% T .
im 8 PR BRSSP OB STlar By Ba s 3010
addi t.l-yes e, nLxed when necessgry: far aml e, ,
70%sh BESR 2005 s ool (oT8 HerathicPEis P to 50 8Na PED is 60
aonti oxi dants; netallic soaps such as cal cium stearate
to 4Q¥%d zinc stearate; wultraviolet absor bi ng agents,
light stabilizers, crystalline nucleating agents,
[0028hti static agents, anti-fogging agents, col or
pignents, inorganic fillers (inorganic particul ates),
Moreover, from the viewpoint of preventing reduction in mechanical strength, a
blending amount of PEc is preferably not more than 10% by mass to 100% by mass
of the resin components other than PEc, and more preferably not more than 5% by
mass.
[0024]
Polyethylene is preferably a homopolymer, and may be a copolymer of
ethylene and «-olefin such as propylene, butene, pentene, hexene, and octene.

The density of polyethylene is preferably 0.90 to 0.98 g/cm®, more preferably 0.93 to

0.97 g/cm?®, and still more preferably 0.94 to 0.96 g/fcm®. In order to prevent

11




10

15

20

25

15 and the like. O her than the above-nentioned
pol yet hyl ene and pol ypropyl ene, one kind of
pol yol efins or not |less than two kinds thereof such as
| ow density polyethyl enes and polynethylpentenes and
t hernopl astic resins other than_ pol yolefins ma
difficgBiesan medosificatien @fdh%ﬂl@fonﬁ)r@@ﬁﬁlﬁ@..me&ensltm@mof @ooreferably
The My of the Qolyolefln m croporous filmis
not lpsehamadP) giom”| el ss diffioultiio®mtisn palyethplenermaving agensity larger
1, 200, 000. More preferably, the My is not |ess than
than3D98 @@cﬁn%lndn pulyethyieae! thercdifén 0 -olfinamifebaded dre 100% by
m croporous filmof |ess than 100,000, break

mol 6Bsth fe@u@qmﬂ%fls efaﬁ ot IdsBahan 121 Bfby®bt froe l'ﬁ@WléWpomt of
insufficient. of the mcroporous film

redu@ ecﬁlg' g&oﬁ%r@ﬁ? attﬂ%qg“{ﬁ% g%gbo‘iéﬁrph?é'foﬁﬂro@étfﬂﬁls' Moreover,

tion of a contractive

the 50@3,&@@&%%%%‘9“@?"3%#?5 <ipbyorpth B by REE e

rous film.i ferabl not lLess
wewpﬂ% %ip %ef'lﬁlaﬂ,] E@% 0 H?rrr&?atﬂm-orﬁgh%mﬁr orous %llm Caused
nmechani cal  stren and preferably not_pnore than
by reductignin ﬁ@qar%ﬁgpwrstaﬂmwe?fr?eamlvﬁe Thee pﬁﬂtﬁ{ﬁ@é&he a-olefin
thereof is nore 5 preferably 10 to 35 m and is sti
unitsnis maorier EESrablivyo. 150 180 &y mel. Py polymesization gatayst f@fa@féyethylene
where the thickness is 15 to 35 m the above-nenti oned
is noé phdiwdanynlohiveld,rand a dipglestata catalysieaRiiillipsl catidystcan
be nore advantageously attained. [0030] The porosity
metaibcthe cptilys] afd thenilke capobeusetli | mi s preferably not
| ess than 20% 10 from the vi ewpoint of inprovenment in
[002bpttery performance at the tine of using the
pol yol efin m croporous filmas a separator for

baihe{ fh%svle\QBQmP E)Fﬁ'%ﬁ(ﬁhb?br&gss%ﬂ@ Bmﬁcrn %ﬁﬁi@ﬂg‘fﬁrh?molecular

V|emp0|nt of " preventi ng ductronin

weigft SR ton oHponEhAShE Xweldfl BPkrach, TBILulir bbby igfnoer
avefﬂﬁ%ﬂb%%?l@%@%]qfﬂﬁﬁ ﬁ%%%b'%tﬁ%?ﬁ#@g? fabfiglo s, and

re preferably 100 to 1000 seconds and still nore
still rpglgaf Rieigreplyi@to 18. slids also possible to adjust the molecular weight

distribution of polyethylene in the range of approximately 10 to 60 by a method such
as 2-step polymerization or blending when necessary, and to use polyethylene.

The molecular weight distribution in the present embodiment is a value
measured with gel permeation chromatography (GPC).

[0026]

In the composition ratio (% by mass) of the above-mentioned polyethylene (in
the case where several kinds of polyethylenes are contained, it is the total amount
thereof) and the above-mentioned polypropylene (in the case where several kinds of
polypropylenes are contained, it is the total amount therecf), from the viewpoint of

reduction in the raised edge of the polyolefin microporous fim and improvement in

12
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seconds. The air perneability thereof is preferably
not | ess than 80 seconds from the viewpoint of
reduction in defect rate of open circuit voltage at
the time of using 20 the polyolefin mcroporous film
as a separator for batteries, and preferably not nore
mechanisabstiomnath coeferablyo polyvethylersvsonottless trmg@éomnd ty

as the polyolefin mcroporous film [0032] The
polypropytameds stot emaretthan S0fe  nkrrono o viswvpbirt of ipsevention of the raised
preferably 1 to 10 N, nore 25 preferably 2 to 8 N, and

edgesbf he polysicfin edieropiroussfilm pfefdrabipepolystivisne istrot ngsre than
thereof is preferably not less than 1 N fromthe

97%Y bﬁwwyarogﬁehaﬁg ﬁaﬂssmhams%el iBiovEY, fVHiﬁ'?he YitwigHint of good
m Cr opor ous filmis used as a separ ator, and

thickpes$ ﬁfs"t‘i%lytld?f’é &efntl‘ %O%Lﬁg fil rﬁBl% o;?ﬂe?ﬁt?@? ngo%ghylene is

preventi ng exc r|n age

e ti
not 'é*#fﬁea‘ﬁﬁwda@’%@?éfbﬁi eh'sixoﬁ e Rp 3P %ﬂw{oié’%ﬁéferab'v-
s f referably t an_8
poly hglaris %i"@Mﬁt"do‘?‘Hﬁ?’é’%%(‘Pd@Bﬁ to Rhcpndpatiiatihrgrerably
of wi ndin theao}) yol efin mcroporousfllmln
po'yﬂh&i@u"@t'ﬁé tgr® atalné’rﬁcé@m%'@ne;ﬁ apdedl¥by not nore than
300 MPa fromthe viewpoint of preventing breakage at
[002The tine of production of the microporous film
associ ated wi th excessive nol ecul ar 10 orientati on.
THe i@ alenve-inenioned polyokdfinboorapositomosaziops eldelitadelsymay be
100 to 200 MPa, and still nore preferably 120 to 200

mixebiRaher B8SddsafpcfolMBxawpse, iphenbbbasdd, Phosphbrueaiasel, bhe sulfur
m croporous filmis preferably not |ess than 10% f r om

basefd%t}dxﬁipd?ﬁé the@lid $8dRVM % &Q‘E‘éleﬁlhi’@te%'ﬂéiesiﬁd ﬂhé%?eaﬁhte

the time of 15 charge and |schargeo a battery

uItrahSHﬂéb&BHuaq angni%r ﬁ%ﬁtrsalgﬁﬂ’ z 01% i rig‘ﬁ{klégf?rgq Ebgmst Bftistatic

roper
e 8Lt E16CFmt e g i erliates
and ﬁsﬁ&éﬁﬁ}%@g%an \pe shiaverpripd RoleRuRRed PaRRiPene. one
kind of polryol%rflgg%rr ?1%? Ie;-cslsI thallw gc’wg rk?r]:desr t%te)lrgofns%tchlaessigw density
polyethylenes and polymethylpentenes and thermoplastic resins other than
polyolefins may be contained in the polyolefin composition.
[0028]

The Mv of the polyolefin microporous film is preferably not less than 100,000
and not more than 1,200,000. More preferably, the Mv is not less than 300,000 and
not more than 800,000. At an Mv of the microporous film of less than 100,000,
break resistance of the film at the time of melting may be insufficient. At an Mv of
the microporous film exceeding 1,200,000, production through an extrusion step is

difficult, or relaxation of a contractive force at the time of melting is slow so that

thermal resistance may be inferior.
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than 100 MPa fromthe viewpoint of inprovenent in
mechani cal strength, and preferably not nore than 230
MPa fromthe viewpoint of preventing increase in heat
shrinkage around the nelting point of polyolefin
associ ated with excessive nol ecular orientation. The
[0029D tensile strength at break thereof is nore
preferably 110 to 200 25 MPa, still nore preferably
13thet thicdkoesied theapdiyplefini rnidreperpup firhés prefgrabdpnobleggthan 1
MPa. 15 [0036] The TD tensile elongation at break of
pm ftdra the viewpwiolusf divihngprepeoienharichhstrengt 08ad prefeitady not more
vi ewpoi nt of preventing el ongation deformation of the

than%ﬂ ﬁh@f’oﬁ'th@’v@%m%%n&%ﬁilltﬁn The thiekidg¥Rthefeof is more

slitting, and preferably not |less than 10%fromthe 5

prefét/rllarﬁrm fHC 38 ng{e ‘%‘af*r?ﬁ‘é”&‘f 2'%35;%*%?*’% gJ;t : b@‘gﬁ?ﬁnc&i&ﬂy in the
case. n\gbéreptﬁgﬁ a ;EEBFSQ ?szjbg {c? h§ Mthg%g%&g%g%ﬁéﬁé@)&s |r§clud|ng
supreSafia B itk et ok Aivdtactorty pSipE o ©

é 3 10 fromthe viewoint of prevent| ng deformation
[0038} the slitted fil medge cross section of the
m_croporous filmcaused by a shearing force applied
t Hhevpprgsity péthe pelyelefingnicranargus filne fsepraferably rsottfgss than 20%
1.2, and nore preferably 0.9 to 1.1. [0038] In order
fromttbe arietvwmn’aofriatrjrovemehtsiotbana‘ry petfoemgnte at thertinak of using the
ratio of the MD 15 tensile elongation at break to the
polydiE¥in emsidperelofiigats ansepiaratos fbr idtieries, ahd pegferablg not more than
film(hereinafter, referred to as a "ratio of tensile

O%Ghsmgﬁé w&mﬁinttﬁf%‘événti@ RideasRid bhecﬂﬁhlcﬁpét?er‘i AN The
. 2, nore preferably not nore than 1.1. 9] The

o AT o AP OGS o BB s

0 |nt of ensuring safety in a battery safety test,
5/":{}%%yaf)referably not nore than 17% and still nore

0O?’ﬂeeferably not nore than 15% [0040] The shutdown
[ nper at ur e of the polyolefin mcroporous filmis

preferably no
The air permeablllty of the polyolefin microporous film is preferably 80 to 2000

seconds, more preferably 100 to 1000 seconds, and still more preferably 100 to 600
seconds. The air permeability thereof is preferably not less than 80 seconds from
the viewpoint of reduction in defect rate of open circuit voltage at the time of using
the polyolefin microporous film as a separator for batteries, and preferably not more
than 2000 seconds from the viewpoint of permeability as the polyolefin microporous
film.
[0032]

The puncture strength of the microporous film is preferably 1 to 10 N, more
preferably 2 to 8 N, and still more preferably 3 to 7 N.  The puncture strength thereof

is preferably not less than 1 N from the viewpoint of improvement in reliability when
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nore than 150C under a tenperature raising condition
of 20 mn fromthe viewpoint 25 of inproving safety
at the tinme of raising the tenperature of the battery.
The shutdown tenperature thereof is nore preferably
not nmore than 145C, and is still 16 nore preferably
the migropeyiodsfilmans uaedasheepatalodnd peefgeady npkmone thast 10 N from
is preferably not |Iess than 100C fromthe viewpoi nt
the \véwpoint ohpravgniing exoessive thermab sbrinkagey obmidroporoesstfilof caused
the battery, nore preferably not |ess than 120C, and
by exteddive stoetehpriehtatn.y not | ess than 130C. 5 [0041]
The neltdown tenperature of the polyolefin m croporous
[003B) I mis preferably not I|ess than 190C under a
tenperature raising condition of 2C/mn fromthe

VIR RIDMensié shahgity atbiéaR @R thé Egiy‘béiéﬁhcrﬁic%pé Bis tilri%s

of rai si ng the tenperature of t attery, an nore

prefieBhEicirts B $E8P fah dibewbt Bhblry Mg proghageat the

. __paraneters nentiagned.above is.a.valu asureq, .

timel8 Wiingghe o oletitt MisdO8 s Tl B e dTphsf ifteges. and
described later._ [0043]. Hereinafter,. a preferable

pFEf‘?Féf’ﬁfd&Otf'BPrepﬁs’@&;’c&%Mé’é] fﬂawﬁeélﬁwmwt?fo%swewg LT%"EQG at the

. according to the present enbodi nent wi|l be descri bed.

time @regudtion afdhe pristperoys impassesiatedwith exeassiveumoleguiar
according to the present enbodi nent preferably

orierdatipn.i sEike MI3 pensilestrengtipat bifeakdy mare(prpfarably\it00(te)2C0 MPa,
step of nelt kneading of a m xture containing at | east

and stilpeioye pedferalslpp0go R2OOrMP&her ei nafter, also sinply
referred to as a "raw material”) and a plasticizer

[0038pch that 20 using the plasticizer and the polyolefin
conposition, a uniformsolution can be prepared at a

. . . ! oy .
X m%@ {égﬁ (I:lg %@'Pattlsn Ut bR A0EF t fbrﬁ&ﬁ’oﬁ? iﬂLrB r;% Rﬁé:féfgbly not

sequently extruding, co0O

ess i S0 o8 B Aol iy Sttt tme o

charh eGSRkl 550 i BlfbiethtNoShis i fo0% rom
"stretching step”); (c) a step of extracting the

the V&‘MB?'PEP%‘@’F’%%P@WQ%?E thg tirge ok peqduction of battgries.  The MD

"plasticizer
tensile elongation at break is more preferably 30 to 130%, still more preferably 30 to

100%, and particularly preferably 30 to 80%.
[0035]

The TD tensile strength at break of the microporous film is preferably not less
than 100 MPa from the viewpoint of improvement in mechanical strength, and
preferably not more than 230 MPa from the viewpoint of preventing increase in heat.
shrinkage around the melting point of polyolefin associated with excessive molecular
orientation. The TD tensile strength at break thereof is more preferably 110 to 200
MPa, still more preferably 130 to 200 MPa, and particularly preferably 140 to 180

MPa.
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17 extraction step"); and (d) a heat setting step.
Preferably, the nethod further conprises (e) a w nding
step of winding the polyolefin mcroporous filminto
arolled formafter going through these steps. 5
3[152044] Al t hough the order and the nunber of tines of
[00364¢ respective steps of (a) to (d) are not
particularly limted, preferably, exanples thereof
i nfhedD tensile slansating at break obthetmaicieporeus §ira s pay mose than
step (b) step (c) step (d), 10 2. step (a) -> step (b)
1 10%43‘rsmdpe (igwpointokpreyBitinglelongption defermition. ofhe slited film edge
-* step (c) -* step (b) -* step (d). [0045] O the
crosslzmctiopat the time dfisdittimgd end anefer digly mottess than t108& froof the
steps of patterns 1 and 2 are nore preferable, and

wevﬁd@ﬂwt@fd@llovﬁﬁ eXPERSIONfnd. $HMtkagk MNaAké Giie df darg@ehd discharge
preferable. [0046] (a) Extrusion and filmcast step

of th%tm ééﬂsl’o‘ﬂ,n ghd 7o tenSRHlo &i?)d Break BRerabf I§P11nbre preferably

Knea a mxture containin east the polyolef

20 tggﬁpgslgddqg AR af%}%@&zeatoaébt/a pl astici zer such

hat™ usi ng he fer ~and ‘'t he pol yol ef i n
[OOS?ZWOS'“ on, a uniformsolution can be prepared at a
nperature equal to or higher than the nelting poi nt

eof reb to obt ne roduct
et the tegs e trengt R atbreaopt tﬂ gq;ppa.ﬁﬁo ihg8to1.3

the knead_ed roduct into a sheet. 0047 25 The
frompihgtiewpeoiat OF prevesting dafcrfmat@nazfuth% slited Bim edge isressegection of

using the plasticizer and polyolefin, a uniform
the midgroporonsdidm dasispd dyyaa sblea:ingafqmerpppﬁem inethedMB) atttbe dime of

18 hi gher than the nelting point of polyolefin. Here,
slittiigirprefarablyreans 1) ardasere padarably 019 toEkanpl es of the

pl astici zer include hydrocarbons such as |iquid
[oo3garaf fin

In order to attain a ratio of isotropic strength at break, the ratio of the MD
tensile elongation at break to the TD tensile elongation at break of the microporous
film (hereinafter, referred to as a "ratio of tensile elongation at break") is preferably
not more than 1.2, and more preferably not more than 1.1.

[0039]

The TD thermal shrinkage rate at 130°C of the microporous film is preferably
not more than 20% from the viewpoint of ensuring safety in a battery safety test,
more preferably not more than 17%, and still more preferably not more than 15%.
[0040]

The shutdown temperature of the polyolefin microporous film is preferably not
more than 150°C under a temperature raising condition of 2°C/min from the viewpoint

of improving safety at the time of raising the temperature of the battery. The

shutdown temperature thereof is more preferably not more than 145°C, and is stiil
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and paraffin wax, di-2-ethylhexyl phthal ate (DOP),
di -i sodecyl phthalate, and diheptyl phthalate. Liquid
paraffin is preferable of these. 5 [0048] In the step,
addi ti on of inorganic parti culates is also a
pref erabl e net hod. | es of the inorganic
more arefeEalinnes mose nmmz nﬁ?caTh%ISbhtdwﬂ temperature thereof is
zirconia, calciumcarbonate, and barium carbonate. O
prefena@b,enotsl'e's’s thrarm hdi0 4l fmhhﬁueariewppinéb’é peehieating shrutdoswvn in an
viewpoint of uniformty in nmelt kneading. In the case
opensiting @nivirendiént obtrgsivatterp amores prefeesblyneot kess dhamit 207Q, and still
granul ation of the raw material, the plasticizer, and
morébeefermgﬁat RsBarah agbates with a mxing nmeans such as
a Henschel mxer is preferable fromthe viewpoint of
[004 qgl formy dispersing the inorganic particul ates.
049] It is preferable that the m xed inorganic

Paffid H&I@Bﬁﬁl&%ﬁg@%ﬁ?& B?ﬂ!ﬁaéolﬁolgeﬁn THRASHBIENS fifh fsoﬁ)}e[i’erably not

the case O ning a m Cropor ous

haV|n | ar orosi,ty size and hi
Eg@"c dgr ﬁé%rﬁrgarq e/e @ﬁlpg&ppﬂ@oﬂrﬁ;&géﬁﬁ from t\ﬁe viewpoint
ates jnclude net hod f.ar i mersin

of SEB% CEF% rmsﬁw@f eftime,p Wl%lng.t%ﬁ%ﬂpe%tm Qfﬁherb@tterv- and
i norgani c particul ates di ssolve or contacting t

morepreferakly notriess dipa 388°C.randhstill mereprefgeakly nat l@ns ¢man 200°C.
the inorganic particul ates dissolve. Preferably, the

[0042kt hod 20 for producing a nicroporous filmconprises a
step of extracting the m xed inorganic particul ates
beEawteof thegarbretdre)mantibriduealsdvapis (ayaludtmessged according to a
extracting no inorganic particulates is preferable

metHdPan mBasiiedvdIfiin ExamplePHeyériteCiatg essi on
resi stance of the mcroporous filmby the inorganic

[004ggrt| cul at es. [0050] 25 A percentage (hereinafter,
ferred to as a "polymer concentration”) of a

p
ng?%f%‘ el & BRafBrae Bfeefiba Kot orbliBhg Y RApisBh st oRels fim
Iatesad en SS in the mxture is

acediipb s e prestt caoTPRRNWICHE B5SGKSd {1 om t he

viewpoi nt of nolding workability at the time of film

f oreaRedipd fawr%il@m amajyaletin FerOPPHS WovaesPrdingdo the

fromthe viewpoi nt of perneability of the m croporous
presem embrdiengrdreterally comprises resperiive sieps of &)(tg (eobalow:

to 60% by mass, and is still nore preferably 30 to 50%
(a) alstepaf melﬂ\hrem\'mg of a mixture containing at least a polyolefin composition
(hereinafter, also simply referred to as a "raw material") and a plasticizer such that
using the plasticizer and the polyolefin composition, a uniform solution can be
prepared at a temperature equal to or higher than the melting point thereof, and
subsequently extruding, cooling and solidifying, and forming the mixture into a sheet
(hereinafter, also referred to as a "extrusion and film cast step");
(b) a step of biaxially stretching the sheet (hereinafter, also referred to as a

"stretching step");

(c) a step of extracting the plasticizer (hereinafter, also referred to as a "plasticizer
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percentage of the plasticizer based on the total

anount of the plasticizer and the inorganic

parti cul at es added when necessary in the mxture is

preferably not |less than 50% by mass fromthe

vi ewpoi nt of preventing reduction in quality of the
extragtiondder'dudnd i | m caused by aggregation of the

i norgani c particul ates, and preferably 10 not nore
(d) atheat setiinagostepass from t he vi ewpoi nt of giving a proper

- porosity size and perneability to the m croporous

f iPreferably, fher oetitad) furtHee rceaiprisesi(e) a8 windihgrsiép wf Géhding the

75% by mass. [0051] Exanples of a nethod for nelt
polysleaadhisebporelis/flitn mtoet ilgd ferm Bftsr gaingithfouyh these steps.

Henschel m xer, a ribbon blender, a tunbler blender,
(oo44] the like, and subsequently nelt kneading the

m xture with a screw extruder such as a nonoaxi al

A G S o 2
are et Py el Priafetabl, sXBinie kot dndilife Ihé IfioRing three

referable. O the extruders, the biaxial extruder is
PalteJiSipre preferable fromthe viewpoi nt of kneading
properties. The plasticizer may be mxed with the raw
1-'Stﬁﬁ(é)|’1'—>a$tewi(bh—tﬁEePa@dVESM(d)oned Henschel mi xer or
the like. The plasticizer may be directly fed to the
2. step(@)udestept(b} hestapne) of shap (b)knestep (d), ahd is al so
preferable fromthe viewoint of preventing reduction
3. step (d)he Stiepdt) Lhetepal) satey (Bl that the inside of the
m xer, the feeder, and the extruder at the tinme of
[0048ElIt 25 kneading be in a nitrogen atnosphere. [0052]
20 The tenperature at the tine of nelt kneading is
pr
G QiR Htolpibtenfi tn Wferditbing ARbLLS hhEYRP5Ris i pattems 1
N p _ -
and 23 Biere prefEBEPehafd il iserey et dfitng e BFpatiem 1ip most
fin he My of the raw material, the tenperature is
pre eﬁ?g erably not nore than 5 280C, nore preferably not
nore than 260C, still nore preferably not nore than
[004§]50C, and nost preferably not nore than 240C. Duri ng
nmel t kneading, fromthe viewpoint of preventing
(a) Extrusioniand §ilm eas st§p of the raw material, addition of
an antioxidant and/or an anti-thermal -deterioration
addetextrusipreard fivh easfTstepasawstép of melt kneading a mixture

containing at least the polyolefin composition as a raw material and a plasticizer such
that using the plasticizer and the polyolefin composition, a uniform solution can be
prepared at a temperature equal to or higher than the melting point thereof, thereby
to obtain a kneaded product, and subsequently, extruding, and cooling and solidifying
the kneaded product into a sheet.
[0047]

The plasticizer refers to a nonvolatile solvent such that using the plasticizer

and polyolefin, a uniform solution can be prepared at a temperature equal to or
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these to be added is preferably not less than 0.2 % by
mass based on the total 10 anmount of the raw materi al
fromthe viewpoi nt of preventing reduction in the My
of the raw nmaterial, and preferably not nore than 3%
mass from the vi ewpoi nt econom cal efficiency.
hlghtrhtha&mgwekﬁagm%&mwﬁfﬂmr eHeriesf'enifymy roeans go phiase
mass, still nore preferably 0.5 to 2% by mass, and
Sepép‘a'ﬂ@m-c uEmmplq&@ftgemsliC&eﬁ incudehydsocarhons suchi as liquid paraffin
preferable that these conditions be satisfied so that
and pataffimmtaixati-2 ethgHexyliphthalate (BORY, dMisddesy! phthatster arsd
can be prevented. [0053] Exanples of a nethod for
diheptyigtiralat®! diiggidepdrafinde profepsblelofitége. a sheet after
extrudi ng the kneaded product obtained by nelt
[oo4Bneadi ng the mixture with the above- nentioned
extruder or the like include a nmethod for solidifying

a |kngad | ugﬂiﬂ:ﬁtoﬁX%églnftfgﬁéﬂgﬂgrgE%@még? ﬁ%fe?a&%%éﬁ%%d

met hod i y con
cn PRI BB a?suﬁc%z?mpagéngn@nggma
Ca'C'Be} L gaf,'}lr{%gg, qrﬁig C@ﬂﬁ%ﬁ?ﬁ' 'E%ﬁngalvm@aaare

eaded product with a ro press cooled with a
Preferéblq fremdhe viewppiat @frlavf%m‘ltwn aalekneading hi ithesase where the
control. 25 [0054] (b) Stretching step 21 The
'NOT%tmfepamcn@tes ere used; g griansitatienaifithg raw shatetial, éhe plasticizer,
film in tw axial directions. Exanples of a nethod
and ther instgasiic partigulates with mixiegmednssuch ad a Heraichbl mixer is
using a conbination of a roll stretching machi ne and a

preférablesffomand vidwpdihearatiorm) asbatsing frid rﬁbrgmuélﬁaﬁ&uﬁates
si mul taneous biaxial tenter or inflation nolding. From

[o04bfe 5 viewpoint of increasing the tensile strength at
break, the nethod for stretching is preferably the

E{'Q’é’%é‘%?%%‘é.*ﬁ%ﬁ“é%'X%éf'oé@gbﬁgep%# AR L BERBE D

subsgh 68 S5 1 L4 s PEPLIBIIG prRUATEN BUGRPORS Tim Raving a large
after extraction), or before and after the

tretchi X
P°f0§ﬁa§¥¢aﬂ B?@f@@@bﬁm stfeyanRles of annahoddopexdrasting inorganic

after extraction). O these, the stretching before
parti@;J@tegdmslyﬁe.asmethod far immersing the polyolefin microporous film in a liguid

in which the inorganic particulates dissolve or contacting the polyolefin microporous
film with a liquid in which the inorganic particulates dissolve. Preferably, the method
for producing a microporous film comprises a step of extracting the mixed inorganic
particulates between the step (c) and the step (d). Moreover, extracting no
inorganic particulates is preferable from the viewpoint of improving compression
resistance of the microporous film by the inorganic particulates.
[0050]

A percentage (hereinafter, referred to as a "polymer concentration") of a

polyolefin resin based on the total amount of the raw material and the plasticizer, and
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preferable for inprovenent in mechanical strength of
the polyolefin mcroporous film obtained. [0056] 15
The area streching ratio in the stretching step is
preferably not less than 25 tinmes fromthe viewoint
of inmprovenent in nmechanical strength of the

the ipargasiepamiculdtes added when negessangiddhe thixiiga és preferably not less
di stribution of the polyolefin mcroporous film and

thangtG¥h dayaphgs from therdewhamt o nalding svarkabilitjeat the time offilm
increase in thermal shrinkage stress caused by

formationsand preferatiyc hothmord ttare9@% st maiss fromthe viesypointef
20 preferably 30 to 80 tines, still nore preferably 35

pernigatfilty tof mmi@rﬁﬁoﬂﬂrst filau| ey pereentayertblerectls oré preferably 20
times. [0057] The stretching tenperature in the

to 60% 6} #Bk8 darkd RStHFHORED AE2SHES0 Y!%]Sb% by hiis8NC fdréotéiC a
pol ymer concentration. The stretching tenperature In
t I G r ' i e
percpfifg® fhe Bifiicizer bagRd o B bRl phfifimk L Hepiahfticdr did the
. useqd,b xcessive stretching stres nd
norgiri B GRS Bugy WRETTIeCRRSRT B3he ToRflriet Braipbiipot tess
rength_of the mcroporous film The stretchin
tha"%&?ﬁ%i’ﬂa’f‘ pfrpe tt'\%‘f'%WBP 8% RISWENiiRG regduationdn quigdtyseT the
. nore preferably 118 to 130C. The stretching
micrepeioss fimrcausad dyeaaggreaation atthefinergasia padicilates, and preferably
preferably 100C to 170C, nore preferably 110 to 150C,
not raare thanl 80%hyanpsefromathieviewpoind ol ginig 8 pToper porosity size and
stretching conditions in the stretching before and
pernsdabdlity o theaoticroporoas fik. (The percentagetthereof is more preferably 60
above-nmentioned conditions of the stretching before
to 78%yapkken and stretching after extraction. [0058]
(c) Plasticizer extraction step 10 The extracting
[oo5§p! vent used at the plasticizer extraction step is
desirably a poor solvent to polyolefin that forns a

fi ¢ _ halh - _
o mideR S AREToL I KRR ol ety Wt nfing with 2

erie B, R0 it oA e o, G SuchBauenty
n- hexane and = cycl ohexane, hal ggenat ed hydrocar bons

melt kpeading the rmirtusa avitha serepeextredar such as a monoaxial extruder and a

biaxial extruder, a kneader, a Banbury mixer, or the like. As the method for melt
kneading the mixture, a method for melt kneading the mixture with an extruder
allowing continuous running is preferable. Of the extruders, the biaxial extruder is
more preferable from the viewpoint of kneading properties. The plasticizer may be
mixed with the raw material with the above-mentioned Henschel mixer or the like.
The plasticizer may be directly fed to the extruder at the time of melt kneading. It is
also preferabie from the viewpoint of preventing reduction in the Mv of the raw
materiai that the inside of the mixer, the feeder, and the extruder at the time of melt
kneading be in a nitrogen atmosphere.

[0052]
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15 trichl oroet hane, non-chlorine based hal ogenat ed

sol vents such as hydrofl uoroet her and

hydr of | uor ocar bon, al cohols such as et hanol and

i sopropanol, ethers such as diethyl ether and

tetrahydrofuran and ketones such as acetone and

mel g tereparptureiatithe imeraemeltingading s suefsaklyinot less than 140°C

properly selected fromthese, and one kind thereof is
fromuthedviawpaint obdispetsibibitys Mdﬁarprefmatbdy met Igsisdhanf168P€, and still

m xed and used. O these, 20 nethyl ene chloride and/or
morepréferaldly mpt lIesstthar 180eC pr Moreakdrefram theeviewpoimt of pgeventing

sol vent. [0059] Exanples of a nethod for extracting a

reduetion tin eheZ Mv dfithe vaw raate@dial Qe tathpeRXGcAs toréeralblg not more than
pl astici zer by i nmersing the sheet obtained at the

280X rhHfd féfé\%% éf hétrﬂnoﬁegtr%ﬂ%@tegtm gﬁfﬂe ep?é%?éblgfno‘t Rfore than

stretch ng st pint extracti ng t or Showering

250‘%(2 nsiﬂﬁ'n%t rg&;ﬂfnﬁ%ﬁﬁeﬂt{é&%ﬁgg‘/ %@ﬁﬁ%&%ﬁg rYg from the

. f d

v'e@%&hﬁi%@#ﬁﬁwga@‘su% Wsm8?&40%%#83?”%@8%8%?0#%eﬁ

antiadiiandch A R dhe8nd et Al Goenk S RSTAb R, The amount of
at nosphere of a redetermnedte erature on the film

thesskw&en%dﬂ%q 'Stm@f%?lél&émt irpssthap 003! Y by pass basacken the total
roll stretching machine, and the |ike. The stretching

amognt af thewast matertal fram the wewppit ofl preyentingrreduetion in the Mv of
stretch ratio of not nore than 3.0 tines. [0061] 10

the ralnematenidl cimd praferably hbembrerthaof 3%t yeinaiss ignathevieeoint of
stretch ratio is preferably 1.1 to 3.0 tinmes in the

econdmiehl éffigiehch M TAE/apiodrteo DR Ridddhs rﬁoﬂerprer@rasly 0.3 to 3% by
preferably 1.3 to 2.2 tines, and stil

masﬁrﬁfller'hﬁ ré\‘er’ébl))eceetg 2% ?Hﬁl ﬁfarrfgtpcrgfér‘gbizto 6to 2%

stretch atlo |ng tlmas I ncrea
by RS gl A0 B 82 2A oAl 8k BB MRS
reduf} ﬁ%ﬁﬁ&%ago&tﬂeé‘févi@% el b ARG preferably not
[00 sgPr e than

Examples of a method for further molding a kneaded product into a sheet after

extruding the kneaded product obtained by melt kneading the mixture with the above-
mentioned extruder or the like include a method for solidifying a kneaded product by
cooling. Examples of a cooling method include a method for directly contacting a
kneaded product to a refrigerant such as cold air and cooling water, and a method for
contacting a kneaded product with a roll or press cooled with a refrigerant. Of these,
the method for contacting a kneaded product with a roll or press cooled with a
refrigerant is preferable for excellent thickness control.
[0054]

(b) Stretching step
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140C from the vi ewpoi nt of preventing reduction in
perneability of the polyolefin mcroporous film The
tenperature at the tinme of stretching is nore
preferably 115 20 to 135C, and still nore preferably
120 to 130C. [0063] The rel axation operation is an
opEResirgtehingastep|is giiten of psetching a sbest (95 film) in two axial
di mension in the MD and/or TD of the film by
diretionsnkibxampies of almsthoddar stieticbingapekide @equbatislibiaxial stretching
di mension at the tinme of the above-nentioned
usingtar edrobinaioatofa rothstretatehg mathineaand ai tenter chisd siphyltamsious
nore than 0.9 tines fromthe viewpoint of reducing

biaxid etré®hing bsing lPSithuitankbas BididiRenter or friflation Wblding. From the
preferably not nore than 0.87 tinmes, and still 2

vieweirt ot ifdr8aSiRGXhE ?éné?l@rsfir%rggﬁ‘ aPbfeak! HESethdtefor séréetching is

relaxation ratio is prefe l'y not fess than O.

i fr [ [ venting reduction in
pref%ﬂg:ﬂﬁétg& ﬁﬁ“@‘gﬁﬁ%ﬁﬁg‘;ﬂ&é%?es ?ﬁe ve rel axation, nore
[005 jeferably not less than 0.7 tinmes, and still nore
% eferably not less than 0.75 tinmes. 5 [0064] The
t erature at, the tine of relgxation is, preferabl,
nothg sisiching stepsen be beludes Retatm e RIaglicrel RxECHAN step
a thermal shrinkage rate, and preferably not nore
desaripgd lategCiretehingrkeforeqpsctiony or pfter the plagticizerrxtrastion step
in perneability of the polyolefin mcroporous film
(stretthing aftpeextraction) sombeforepard aftebthe plastiirer exdegtionisdep
and still nore preferably 125 to 135C. [0065] A TD
(streteting befdrermdsdfterteddtractivh)y (Pfthpse | thersteitchihg biefdre extraction is
width after relaxation (after heat setting) to the
preférabld Rr irhptdemehithn rhedHinfed! gﬂrbngmt éfi tAE)polydlefilmidtepbrous film
setting step is preferably not Tess than 0.95 tines
ob“ﬂqgap the vi ewpoi nt of preventing 15 deterioration of
thickness distribution, and nore preferably not |ess
[005FEan 1.1 times, and still nore preferably not |ess
an 1.2 times. The TD heat setting stretch ratio is

preferably not nore than 2.0 tinmes f.romighe viewoi

b Tt Serrhing FiG dne sEiforingerys dpeleraall nohBs than 25
. referably not more than 1.9 tines, and still i
t'meg o thebyipwieint ahiinerovement i mechagicat gengihiefdhe polyolefin

. setti n%. stretch ratio can be calculated froma TD 20 .

micrgpereustilmzancogeedithickressdistributiom of te polyelefin enibeyporous film,

setting step. Moreover, when the
and preferably not more than 100 times in order to prevent increase in thermal
shrinkage stress caused by excessive stretching. The area stretch ratio is more
preferably 30 to 80 times, still more preferably 35 to 60 times, and particularly
preferably 40 to 55 times.
[0057]

The stretching temperature in the stretching step can be selected with

reference to the polymer concentration. The stretching temperature in the stretching

before extraction is preferably not less than 110°C from the viewpoint of preventing

breakage caused by excessive stretching stress, and preferably not more than 140°C
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initial filmwdth is 1, a proportion (tinmes) of the
filmw dth after relaxation can be cal cul ated by
initial filmwdth (1) x stretch ratio x relaxation
ratio. [0066] Surface treatnent such as el ectron beam
irradi ation, plasnma irradiation, ion 25 beam
from th?é’dﬁ%@?'ahd %tfﬁtgth &f the m"a’Oﬁ’QF‘?L&cfdnhctTh%St@@hpg terperature is
chemi cal nodification can be perforned on the film
morexpreferaipbat 18 éo t1368C sarp stih more refesably 11830 [13062] The)
Wnding step The step is a step of winding the
stretohiogdpmpevatufe Irmhiehstaatoing fadter exractionvis mefgrablyi 1005Cato 170°C,
roll formto obtain a nother roll. The nother roll is

more!pRsfe—ibi 10 86 @56°C! S Stilb e peefetaBly HNO to A38°@i ndi ng
drive system any of ordinary center drive w nding,

S Wﬁeaﬂ?et@hin\g%dﬁd’%d%% tA§ StrBichiny béfere %H\é?te\ﬁ"e&%ﬁﬁbn may be

and the |1 ké can be used. Further, reducing t

the s%g‘i:?%‘gg & {aﬁb{/e ‘Pﬁ’%ﬂﬂ)n‘e@ %d?ﬁlltf g onﬁe %tr@'td?uric_g Hafor@ eQFr?Etlon and
hod. A h f di
5“*’*@'?'2‘@%%2@?@1 ge Vi Eevvrooientl g‘f3 guam ?yl 2? tlhte rloISI

005Hwat a portion serving as a 10 holding portion of the
[ | mend portion at the stretching step or the heat
setting step. be renoved by slitting. As a slitting
() PlasticizgT exitaciamste® used, for exanple, a score cut
met hod in which a rotary round blade with fine
r dinededeacting soherd eged at dhe plasticider bxtaaietianosteptin desiealsly a poor
and cut, a shear cut nethod for cutting by shearing
so!vélﬂttmml‘yodm‘in thaip fdrhade filmda gobdtsbivenbtathe plasticizen, andrhas a
cut nethod for cutting with a sharp razor 15 or the

bonnig F@mt Rvidratan thé ﬁnenmgs96medgsowaaeﬁﬁqaafformstth@ firet hEkamples

by deformation of ade Cross section in any
of suﬁﬁtéﬂpé’xtréd% tgl%‘li n%éﬂéf?ﬁélﬂdéfhg é%&rﬂ&éﬁ %@h@%ﬁo"
he presen i ment can re uce the occurrence of

CVC'%%?%E?J‘?@P R sfodEbofS shcflas Hefilsre Gibfur a1 1-
tnchlwq?gﬁﬂ%]é ch}-clil)%ﬁﬂ%bgg]eé&o Lches e&@p@pﬂgﬁl}ﬁ] %Eydrofluoroether

&c& frabl e aspect be descrl bed about the slitting
and B Id@rocaEOry; 6'6@!’ s efhana) aﬂﬂ&ﬁﬁrﬁﬂaﬂ?}t gihers gpeh as
ter the winding step. In the case where
dlethpflﬂtw and tetrahydegfurasy andi Ketones maagoatogemcbmhxﬂ ethyl
batteries, the m croporous
ketone. The extracting solvent is properly selected from these, and one kind thereof
is used alone, or not less than two kinds thereof are mixed and used. Of these,
methylene chloride and/or methyl ethyl ketone are preferable as the extracting
solvent.
[0059]
Examples of a method for extracting a plasticizer include a method for
extracting the plasticizer by immersing the sheet obtained at the extrusion and film
cast step (cast step) or the stretching step in the extracting solvent or showering the

sheet with the extracting solvent. Subsequently, the sheet may be fully dried.
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filmfed fromthe nother roll is slit into a

predeterm ned wi dth according to 25 specifications of

the battery, and subsequently wound into a roll to

obtain a roll as a product. The sanme nethods as those

nmenti oned above can be used for the wnding 26 drive
[0068%t hod and the slitting method at that time. On the

ot her hand, at a subsequent slitting step, a slitting
(d) HgatseHfingsstep an i ndi vi dual drive nethod that controls

wi ndi ng tension for each roll is preferably used. At

t Ndeall sdttingis & eperatioslfot tadugingiheamat sisrinkagenof the polyolefin

ordi nary coaxial drive nethod can al so be used. The

micrbpo@ius fih tyhgeortihy a CoriBindaon &f isﬁeﬂjhﬁfd@é’?@k_)w Bftktch ratio and
| ess than 100 min consideration of productivity in

reladi@nidgRatidn B &9 Efhb&Phete d1a ;?I%Hb%?miﬁ@t! rRp&fafirdBr/the film
not less than 500 m ‘and stil nore preferably not

e B g AT AP PO e SRR R AR 3 e
o DIENERPAEGH L L SHAER e PGk ik R TBAS o o

aa}%lﬁt) hge occurrence of the raised edge of the roll is

more, ?-Rei"®%isi ng an occurrence rate of raised edge
roll as an index, and it neans that at a |lower value

[0068her eof , the raised edge can be nore reduced. The
occurrence rate of raised edge roll is preferably not
nolrhe sthetoh oaby@t thentima of stretabangiat afowistretth natiods peeferably 1.1
preferably not nore than 0.4% and still nore

to 3.prtiedes imthy MDtof o €ilrh laad/d).tBECT DT bethedfilnne nforequefeealslg 1.3 to 2.2
rate of raised edge roll) is a val ue nmeasured

time€CAR ShiilnShoré PraferaAr 114 2 ORIMES | Pxdest VRl Stretelsig '3t Bestretch
later. [0070] In the case where the polyolefin

ratio EXELERMG B! é.ﬁ. e it %ﬁgaﬁga;b‘bsbﬁ).|ugﬁggm§ Pg%g@g; and is not

separ at atteries, ttery ma

prefe%r%ﬁleexa”pl e, by the followng nethod. [0071] First,

e mcroporous filmis forned into an el ongat ed shape

[006 ving a width of 10 mmto 100 mmand a | ength of 200
to 2000 nm This separator is layered in 25 order

of _a positive electrode, a separator, a negative

elT&@ lemperaturg ah thasiime Af stretelling s preferably net lagyhan,£10°C in
ordeglggér:eg(ggt? fi!mahgsg%%gggtc%ru'seg br;ossticatté%ﬁgfe :lzlr?cf E)nr'&gséblf rqgt r?'sore than
140°C from the viewpoint of preventing reduction in permeability of the polyolefin
microporous film. The temperature at the time of stretching is more preferably 115
to 135°C, and still more preferably 120 to 130°C.
[0063]

The relaxation operation is an operation that slightly shortens (returns) a

dimension in the MD and/or TD of the film by shrinking. The relaxation ratio based
on the film dimension at the time of the above-mentioned stretching at a low stretch

ratio is preferably not more than 0.9 times from the viewpoint of reducing thermal

shrinkage of the microporous film, more preferably not more than 0.87 times, and still
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27 layered product is wound into a circular or flat
scroll to obtain a jelly roll. Further, this jelly
roll is provided in a battery can, and a liquid
el ectrolyte or a gel el ectrolyte is injected into the
battery can. In the case where_the electrolyte is
mor@@é@fer%blg apt mr@é'aarbp;&Setupegparea rgl%xatm eaficuisiprgferally not less
separator with a gel electrolyte in advance 5 can
thand.66 tiees e theodeepoint ofprevieotingl redigstion intpermeability caused by
pol yol efin m croporous filmaccording to the present
excesshadieledtions mare padfieeabilp nob lessthani0or times, ahd Gtill ovore
devi ces such as batteries and capacitors, mcro
preféidbhenét leg®thdrhe.75itirges.and particularly suitable as a
separator for 10 lithiumion batteries. [0073]
[oodg econd enbodi nent] A polyolefin mcroporous film
accordlng to a second enbodi ment is a polyolefin

T EORAR BB éPgﬁ,giuﬂFédcf)F ' E@&% ?P%@F%B:%HSEE\%E jagiaorc
o e Vigio Pﬁé&%ﬁf’% BHacrris shiBiete Sl gad PEgfesmbly not more

b her I S not re than 0% and a atio 0
tha“t{@%bdtr PIVée‘%l?‘?'@h% meaenmwdlttc@onwa WW?@E@M‘S J‘e
strength at break _S_herel nafter, referred to as
P°|YP@FID6n'§fOROéﬁ§$ filen st Bﬁ@@rnpatatwreelakmr)e prefeyablyt b22f03to 135°C,
[0074] 20 Particularly in the case where the
and stikk mgye poeferably i2bdoUSEACas a material for a
separator for lithiumion batteries, there has been a
[0068knand for a polyolefin mcroporous film having
properties such as high ionic perneability, enhanced

StA TMoh&at sth@strdicAnatio ?ﬂ:ﬂoﬁbﬁl’ﬁrﬁbﬂﬁé%hﬂhﬁiﬂm #ftéirelaxation
hi gher performance and capacity of the lithiumion

(aﬂebﬁbb?éétﬁﬁg fbth?ﬁﬁﬁm HIRPWRIth dﬁ:.ot 8at éﬂg é)p (l)l?‘ﬂﬁléééﬂé@tting

hi ckness en 25 deman er t

A R
ool AR EREREER o BRar SR s s

n the case where the _m croporo Imi
and S Gose pielaraly nef 1858 AhaT 2 WPgRer 1A iR heabseting sHetch ratio i

preferably not more than 2.0 times from the viewpoint of reduction in thermal
shrinkage properties, more preferably not more than 1.9 times, and still preferably not
more than 1.8 times. The TD heat setting stretch ratio can be calculated from a TD
stretch ratio and a TD relaxation ratio in the heat setting step. Moreover, when the
initial film width is 1, a proportion (times) of the film width after relaxation can be
calculated by initial film width (1) x stretch ratio x relaxation ratio.
[0066]

Surface treatment such as electron beam irradiation, plasma irradiation, ion
beam irradiation, coating with a surface active agent, and chemical modification can

be performed on the film after heat setting step when necessary.
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substrate filmof a separator for coating batteries,

the coating product increases the thickness of the

separator |ayer. For this reason, a polyolefin

m croporous filmas 5 thin as possible is needed as

the substrate film In the lithium polyner battery,
[0067bni ¢ conducti vi ty of a gel polymer electrolyte is

smaller than an ordinary liquid electrolyte. For this
(e) Wirsknghstept i s necessary to make the thickness of the

separator used for the [lithium polyner battery

t hTmenstep(is @ steparfmliedingdhe mickopionaus fikn througinthe cespective steps

suppress reduction in ionic conductivity as a whol e.

into 4Gofl @SHivlo &eakt almhotheprdlesiThe mofRcribRisesed bt 8 padicess step
stretching step is relayed between an extruder, a

sucl’P§§§lltﬂEg apﬂ\%raaﬁvﬂfdln@dﬁﬁé SQQ@H‘ %W%r&ﬁarﬁﬂé’nt&hﬁnbé ¥fnding,
hapura|tyo S, 1's wound around a rol

suﬁéé@&hﬁ‘éwﬁﬂﬁ%l rengt'l}jﬁ;%e\% r@nj‘ r%oﬁﬁs%qﬁkg&cedéaged'
F“”ﬁ?gﬁ%@i@ﬁ?ﬁ%&"“?’mﬁf S*’%@ab@é% Ry AGEFEE b on. or the

ded.  Particul t he pol fi Cr OpQr.ou e
ke wgﬁe&ea&? HrveitrdindisaR e rietechafiots: ALt Rt of Winding, i
ower than an ordinary non-porous structure film_  For
is prﬂ%@blﬁé‘mrﬁhe iewpaial &F aladity 9f thgrrel that & pertion servmg asa
gui de/ process _technol ogi es are needed. [0076]
holdmngrpartien of ke filon god ortiomatthemsirascking istep pether m:atmaﬂtlng step
as a roll obtained by slitting the nother roll
be removédiblyslittimgt hd\soa dlitting ynéthbd) pnydac be (Rexd fandxanmple, a score
in the case of a separator for batteries, the

cut ra@ihoall iﬁfwmclﬁf‘a%ﬁd?? oM biakd® with Ahé eourdricteds préssedit &ito a fixed
(slitting step) slitting the nother roll into a

bladlé"rgﬂ b gRisRrdAd a4, asheart Eﬂ'lotﬂ%? eltting®y SMeartg tt:éﬁleen an

battery, and processing t e slit produCt into a’rol

top lﬁQ&Q [aﬂﬂs'?i)éft‘t ADINEE HUifa ?&ﬁq@u‘f Fﬁ{‘lﬁ& b3 S{dtﬁﬁ@ Wf\ﬁ f‘sharp razor

or ous ruc ure, al'so
her -J.evel  fil m.quid rocess technol o
or “‘ﬁ‘é dea Ao s FR495 R 88 P35 e ke deformation of

Specifically,. Ieflnm rousfllm V|n

2 bladk; GIRA SECUAN I BTERN G dhe PeNARTRL T BBPINS RLACKORENG to the
anmount of deformation of the filmedge cross sectl on

presgpt embedaentstass reqduae dhe peryIenTs phthedaised asigeshempaper core or
at the time of slitting is 5 remarkable, and the

plastiatsrechaviog anoutendiakuiérofctifodnen (Gi inthes)eza&ﬁernnrf {(8ainches),

or 254.0 mm (10 inches) can be used for winding, for example.

[C068]

Hereinafter, a preferable aspect will be described about the slitting step of the
microporous film fed from the mother roli after the winding step. In the case where
the polyolefin microporous film is used as a separator for batteries, the microporous
film fed from the mother roli is slit into a predetermined width according to

specifications of the battery, and subsequently wound into a roll to obtain a roll as a

product. The same methods as those mentioned above can be used for the winding

26




10

15

20

25

pol yol efin m croporous film having an ordi nary

t hi ckness. [0077] Although the above-nenti oned Patent

Docunent 1 describes Exanple in which the thickness

is 7 m there is no description with respect to

_reduction in yield 10 at the tinme of processing a

drive mathed apd the slidingimethed at that imey oK 'fgﬁ asherfrang, ata

yield by the invention disclosed there. Al though a
subsequekt slitingstem @ $litting bppaiatdephan indiddial drivecvethpd hat

be reduced in disclosure of Patent Docunent 2, there
contrals mindiegdengion dor edciutolliisprefeeatdnused. yAethe slitimgestep, a slitting

than that reduction. It is also difficult to inprove
apparatitd ¥f M¢ BEEAaf e Rifive réthod TanGils® Bbtuiede s TMedBngth of the

battery is abnormal. It is difficult to inprove yield

roll t8tbd WBuRY !@Eﬁég‘e%{bﬁﬁﬁéﬁbgg tHHE100 A ﬁp&f%rﬁiibﬂb‘f\’%&ﬂfcﬂvity in

the techni que sclosed in Patent Documents 3 ai
the (i pFodyfihTTBAHAREE nbf pldofy hELBSS harPsbg L Ed st
t he t hinner. pal yol ef | m c orous, fil [ .
morg ifefkiril np Bk dhars 1000 ki HBPRATT et EwBhng i
raised edge int litting steps such as a slitting .
prefeiabl 1of 10 WRRCITOS) 1 Hemang viEwRdiot ot piavening G¢tef Beation of
time of processing the thinner polyolefin m croporous
product avality.cand maire preferaly notmesedhan R0BAMti on, safety
as a battery separator can be inproved. 25 [0079]
[0068hrel y, surprisingly, the present inventors found out
that as long as a 30 polyolefin mcroporous film

f dEveddatioroabeutithke oecafrence ofithesidisenhedgan bbthe ol i#parformed
PPb, and pol yet hyl ene having the My higher than the Wy

usin§fanfiutRhceRad &f r@igtysddetoll & P fidexeandtit@eans that at a lower
occurrence of the raised edge in the slitting step can

valu???%r%%ﬁctﬁ? réiLng 838? %ntlﬁ%@gc{qé Lr dERH. NOT e SSFHEIRES e of raised

i's reason is not

oo Pl 81 b Tl i B o
prerG3nk SIS AN BY) WDrony| e, B obRMAbIOkENY S5

The value (occurrence rate of raised edge roll) is a value measured according
to a measuring method in Examples described later.
[0070]

In the case where the polyolefin microporous film mentioned above is used as
a separator for batteries, a battery may be produced, for example, by the following
method.
[0071]

First, the microporous film is formed into an elongated shape having a width of
10 mm to 100 mm and a length of 200 mm to 2000 mm. This separator is layered in

order of a positive electrode, a separator, a negative electrode, and a separator, or in

order of a negative electrode, a separator, a positive electrode, and a separator; the
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In addition to that, the present inventors found out
that a remarkable effect of 10 preventing the raised
edge is brought about by setting each of the TD
tensile elongation at break and the ratio of tensile
strength at break within a specific ran?e in
layergsi V@ldélﬁt i§ Weunbinee alﬁroularmrrﬁm pe@lldo abiain rfPeIQHY mil 1 kugther,
14 m This reason, although not conpletely clear, is
this jelly poliscprayided|in avisattary can, anth ariguitkelscirpbitedr a gel electrolyte is
m croporous filmhaving a thickness of 1 to 14 gmis
injectdd into the battegn=drderiadhé base Wheapathe gal eletiyolilesisfusesh a gel
is torn off by shearing and the slitted cross section
electrb§tecplepaded BY Whpraghiingahé @éﬁgéﬁitéﬁﬂmﬁ 40gel elétrolytetin iagivance
supposed that by setting the tensil e el ongation at
can ggg% Wddin a specific range, a degree of deformation
of cross section is reduced at the tine of
007?’|tt|ng Further, when the polyolefin mcroporous
In1haV|ng a thickness of 1 to 14 mis slit, it is

S| de artl arl.y the m or o I
o285 TP RiEReh ABovE, toBPonsidie mitrobays fi 5?%95 @ﬂdo the present
earin I\/Ddlrectl t the tinme of i ng,.
embaﬁq'ﬁ"%ﬂ’fégﬁlﬁtﬁp'%??ff 3 separaley @(@&qtf;?"'cd@%?‘?ﬁssu 53 '*gf'es and
IS supposed that deformation in the TD becones srml | er
capagijtorss @mpm@tqrﬁeamtatha)hkﬁ andepartieigarty sytakia asra sepaatendor
within a specific range to nmake the strength at break
lithiuimianhezatibiesnd that in the TD i sotropic, therefore
reduci ng 25 deformati on of the tore surface. Then, the
[007B) esent inventors consider that conbined wth these
effects, the thinner polyolefin porous filmcan have a

[Secbﬁ&%"rﬂf{ﬁi&meﬂf]f ect of 31 preventing the raised edge.
[0081] Ot her 'than the points given below, the

PA y8lBleriR rmcfé[gﬁ%ﬁ‘ﬁﬁn fa'cEB?’d?t‘@ & JisB8oh? ent tilﬁgﬁ?@?asPolyoleﬁn

enbodi nent ma e sane a n the case o

e B T e A8 A
oo BN HEALIA loh i ol R d.%ﬁm“%a&ws@pereof -

ol yet hyl. ene and pol ypropyl ene and fromthe vi ewpaint
110 44 Highe Jdhiansile glerasioniathreak tf@ﬁg@%lsmtmeimn 110%, and a
_ thi nner_ pol yolefin mcroporous film One kind of such
ratio @F%Mﬂ/?&ﬂi@eﬁy&igﬁdahﬂ)r@ﬂh to dine TRotensie strength atboeak
ki nds thereof are blended and used.
(hereinafter, referred to as a " ratio of tensile strength at break ") is 0.8 to 1.3.

[0074]
Particularly in the case where the microporous film is used as a material for a
separator for I.ithium ion batteries, there has been a demand for a polyolefin
microporous film having properties such as high ionic permeability, enhanced
strength, and a thinner film thickness along with higher performance and capacity of
the lithium ion batteries in recent years. Of these, the thinner film thickness is often
demanded other than for the above-mentioned purposes, in the case where the

microporous film is used as a substrate film for an inorganic-substance-coated or an
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[0083] A nore preferable My of polyethyl ene can be
specified as described in the paragraph that foll ows,
with the assunption that: 15 (a) PEa is a pol yet hyl ene
havi ng an My hi gher than the My of PPa and | ower than
the M of PPb, (b) PEb is ol yet hyl ene having an My
orgagiraybstanes- caatgﬁie?enaﬂawrtfw@ risis, pP@ alstin thecpspmehere the
a polyethylene having an My equal to or lower than the
micryporsfusHita, is ysedss|a sepatatoMipr bthitrRpailymer batteriesharin the
My of PPa fromthe viewpoint of suppressing reduction
substrate ffiire o§ ehsepfaratoe faradoatingfbattenies | theosotingfprbductancreases the
| oner than the My of PPb fromthe viewoint of

thickrees ©f fige &é;@ar%wtldg%m t%mm%&ééié&\ o pbllpaemﬂlmmhﬁidraus film as
m croporous film reover, PEa having an My bet vveen

thin EQ oMb ishiEdditad fife éY}bst:%fte ﬁ? ’\Ln' tﬂ?ﬁllrglﬂhﬂﬂ% %?gery ionic

di spersion of the raw resin. ails

con%@%g%?ﬁg%pw %&%&g&]g%qg prpaglle?ﬂ‘?afggﬁg{)%nsﬂ liquid electrolyte.
For (E8ERRo. Vsnbledtont an@%eﬂésaﬁpﬁrséw@a@tpﬁ%eﬂ%?useé’%r
. L€ r at eof the ryolefln m croporous film an

hthwﬁ?gg L%ﬂtt%v thigae’ ¢ apxaropieg Dot mowdh%wm)panﬁﬁogpppress

suppressing reduction in strength of the polyolefin
redugtien gpignisueonductivity @985Wh0I8. | n the case where only one
ki nd of polyethylene is used, PEa is particularly
[007pf ef erabl e, and PEb is preferabl e next to PEa. Of
these, PEa is preferable fromthe viewoint of good
diGemserailp d rdsin filml obtained through at stretokiny rste eretdyedhsetween
rai sed edge. In the case where not | ess than two ki nds

an eRfrudsy, vadtih ?%‘ba?ét@s Us 8ffetching'fRicAine”Bfd tRE k& Withi £ plurality of

preferable al'so fromthe viewoint of inprovenent in

rolls {8 oCé‘nlouﬁHrefﬂﬁlt(%otI]rQr @‘IA% f‘s'f&f’ﬁ%eég‘ﬁ (B%éf?&.t n that case,

accor Ing to a) nentione (bove

mecESp Gt B ﬁmv%ers@kg%%s5$Emus%%§P<§ffB$zlﬁgﬁ$ﬁﬁgner
Aol Dol SRl 50 Rl o S Py

res ectlve ranges_of the My nmentioned above, and
the qg&cﬁefm mlcroporous film has a porous structure, and has mechanical strength

lower than an ordinary non-porous structure film. For that reason, much more highly
precise film guide/process technologies are needed.
[0076]

Further, the polyolefin microporous film is provided as a roll obtained by slitting
the mother roll similarly to the ordinary film product. Particularly in the case of a
separator for batteries, the polyolefin microporous film is often through the step
(slitting step) of slitting the mother roll into a width determined according to
specifications of the battery, and processing the slit product into a roll.  Accordingly,
because the microporous film has a porous structure, also in the slitting step, still

higher-level film guide/process technologies are needed as the film thickness is
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15 [0086] The thickness of the polyolefin m croporous
filmis 1 mto 14 m preferably 2 mto 12 m nore
preferably 3 mto 10 m and still nore preferably 3 m
to 9 m A thickness of not less than 1 mis
_ preferabl e because the mi croporous filmtends to have

thinggloper mechani cal strength. 20 [0087] The porosity of
the polyolefin mcroporous filmis preferably 20%to
608pecifically, prpsfiyalefin micopotausifiien hating la thinkeess of not more than
preferably 25%to 40% and particularly preferably

14 o8 ¥as préditmsithat ther amblpit dfhdsfomhalion pf tHecfilabédgenotoss section of
| ess than 20% fromthe viewpoint of inprovenent in

the m?&@nﬁm@ﬁ;p@‘mwﬁlnbaéhgécyb?bhéaﬁng bnﬁ]exfmwf@mha% 25
yol efin m croporous filmas a separator for

remQﬁ(tab%’ lafiel th N&isBY %TQ?EQQ r&m %ad@ ESW'&?%}% Kﬁlﬂ%é 10988 PG

Vi evvp0| nt 0 preventing re UCtI on ani cal

poly?fe?lﬁqﬁﬁgoﬁcﬁﬂagﬁlnwm@ 3511 BFHlﬁé}?rtH Iag%uhi ckness, or

AR T rrence rate of
0072 i sed edge roII at the tinme of slitting. [0088] The
[ perneability of the polyolefin mcroporous filmis

pr ef er abl 8 to 800, 5 seconds nor e preferably 100
o‘g'B‘ERP vejngntiened ﬁ%ﬁ"é%ﬂﬁfﬁbl gesaitpes -xagople in

seconds. The air pernmeability thereof is preferably
whichdhe|tbicknesmis Boms derrds noragscriptien witkvigspect tofreduction in yield
reduction in defect rate of open circuit voltage at
at thetine ofrprasesaisigragthin fikn polt yodEficuit twiinpopes anorigidaiyiedd by the
a separator for batteries, and preferably not nore

invehtiemdigbsedabeds from the viewpoi nt of inprovenment in
performance of the battery. 10 [0089] The puncture

stAlfHIgh Pivrinkr ﬁﬂo@b@@@irpﬁlﬁl bUid@llﬂréc@é@fseé%cYedltd e Feduced in

N, nore preferably 1.5 to 4°5 N, and still nore

d.scuegﬁfeeaﬁbétégfobeuﬁ:eﬁt '24 thehe iP48 ﬁbg&@pn@.ﬁmth Gmrﬁ@.fﬁ in yield

I's preferably not Tess't e vie 0|nt

ot} R4 b 0 it M Rprr
o B R Rl BBy B cvem o excessive

le I%Sdsillﬁ\tlzglt ?(t) {rﬁércolcleoyrulelg r']‘a\tt ?iﬁ(la (tjlrr}\e c[Jf ;g'?)ggassmg the microporous film with
the techniques disclosed in Patent Documents 3 and 4 even in the case where the
fitm thickness is thinner,

[0078]

According to the second embodiment, also in the thinner polyolefin
microporous film having a thickness of not more than 14 um, the occurrence of the
raised edge in the slitting steps such as a slitting step in a production line and a
slitting step at the time of processing the thinner polyolefin microporous film into a roll
can be reduced. In addition, safety as a battery separator can be improved.

[0079]

Namely, surprisingly, the present inventors found out that as long as a
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The MD tensile strength at break, the MD tensile
el ongation at break, the TD tensile strength at
break, the TD tensile elongation at break, the ratio
of tensile 20 strength at break, the ratio of tensile
el ongation at break, and the TD thermal shrinkage .
polyolgfin nycropereusfiimfarped J/f&nafainﬁ)lvﬁl%fﬂrbﬁamegmpmqﬂﬂﬁ@pmé"l’a,
within the same nunerical value ranges of those in _
PPh, igadipaiyathglepediaving theNdy dighesitbaatheg Mv of PRa hasspesific physical
enbodi nent, these are within the above-nenti oned
proparties,itbelocecairance ahthesraisgddedds irctheBiittinghstepgman be reduced also
tenperature and neltdown tenperature of the polyolefin
in anhiarfimciavigg hithiekh@ss 61 Y 1yt he same nuneri cal
val ue ranges as those in the first 34 enbodi nent.
[0000092] Next, a preferable method for producing a
pol yol efin m croporous film according to the
e | M i % f . . .
”ﬂgﬁé@{‘fmé"'}éésoﬁ% ?l%? E%h\?}f%ﬁ%{?%%%e ]slﬁ‘ﬁﬁré?ﬁgty tﬁé first embodiment, it

producing a polyolefin _ _
s QBB 4 I ol BB b S RARERE R AR

. extrusion, and, fi] mcast step, th ol ymer

'"COMﬁR Wﬁpie&?hiqh?%@%ﬂ’%?g 'nﬁegféﬁgeferabl y not |ess
than 10% by mass from the viewpoi nt of nol di ng
wolnagslition {o that, the pragentiinyenierst fioupd uit thatizoremarkable effect of
preferably not nore than 90% by mass fromthe

prevgnting dheraised pdgendisibraughy abput %&e sefting @ashofdhe (Tilhiershe
percentage is nore preferably 20 to 60% by nmass, and

elongatibh atrbreskoared threataitip HJensiledditérigth mhbeeak WBia4 spdific range in
At the stretching step, a sheet (or filn) is stretched

the pdélydlefin hcrsporb@s filnt Raving a ticknegB Dffirtem4 i, ViTid rddilon,
of increasing the TD tensile strength at break. The TD

e ri I t :
SIEROI STl BB REBRSSQL X! 3B WA i plvolt

i e R B B3R 6P 03T B SG1 Bl

ensi |'e strehg
par a3 W€ b S i 5 Bt 058 b Bt
defofiey SAIG e iakst 7GR anT Jeindt FRUPROSRA Y ki #ting the TO
tensile elongation at break within a specific range, a degree of deformation of the
cross section is reduced at the time of slitting. Further, when the polyolefin
microporous film having a thickness of 1 to 14 um is slit, it is considered that
particularly the microporous film easily deforms in the TD direction by tension and
shearing in the MD direction at the time of slitting, and the torn surface also greatly
deforms. Then, it is supposed that deformation in the TD becomes smaller by
setting the ratio of the tensile strength at break within a specific range to make the
strength at break in the MD and that in the TD isotropic, therefore reducing

deformation of the tore surface. Then, the present inventors consider that combined

with these effects, the thinner polyolefin porous film can have a remarkable effect of
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[0095] The area stretch ratio in the stretching step
is preferably not less than 30 tines fromthe
vi ewpoi nt of making the ratio of tensile strength at
break of the polyolefin mcroporous filmisotropic,
and preferably not nore than 100 tines in order to
prevgpting the piisededgese in thermal shrinkage stress caused
by excessive stretching. The area stretch ratio is
[008ibre preferably .35 to 60, and still nore preferably 40
to 55 tinmes. 35 [0096] The stretch ratio at the tine
of OtHer ¢harh thegpaintsagivewbelovetthe poltdiefin mi¢ropolmaatfiim according to
setting step is preferably 1.5 to 3.0 in the MD of the

the dddomdastbedinient ey BE1E shive dd inthe oIREf Phe fikst @bodiment.
1.7 to 2.5 tinmes, and still nore preferably 1.8 to 2.2

Des&éﬂm thérgﬁf%gﬁﬁbvcﬁnﬁtbﬁqé}gi ng of the stretch ratio

ding 3.0 times I's not preferable because a
[008 gssibility of breakage of the filmmay be increased.
? 097] The tenperature at the tinme of stretching is

pref erabl y .not |ess.than 100C in . order,_ to evgnt, .
b EisBgRon o rasTinn BB et YeDR hay I Y igher than
ref erab not nore ., 10 _than 140C from t he vi ewpoin
the '@f’ %f’é’\ﬁeﬁgmn@er%\ﬂe@nbﬁf mprp¥emeabin ‘?‘?99@%"ﬂt}1é’%°\yetthy'9“e and
pol yol efin mcroporous film The tenperature at the
polypiopylesie and oahthegviewpaint of ipprevemant jn meghasicabsigength of the
and still nore preferably 125 to 133C. [0098] The
thinnespodycefin mieropotaustfilme ddne kinadxaftsuch palyethyeeedbuged alone, or

not |ess than 120C 15 fromthe vi ewpoi nt of reduction

not less tham feakindb theticadfare bleaided athdusgider abl y not nore
than 140C fromthe vi ewpoint of preventing reduction

[003'32 pernmeability of the polyolefin mcroporous film
The tenperature is nore preferably 125C to 135C, and

e HEAGR MRS Boleiche 3 beiPEthbo K HELCBE 1 the
' . h lyol ef i
parchfdi s SIS P BedseBlibrohat DS B2 VLS g
o0 P B BobBl B h a8 pyer nan e
wi dth (before heat setting)) is preferably not |ess
Mv afi2tb.1. 3 tinmes, nore

(b) PEb is a polyethylene having an Mv equal to or higher than the Mv of PPb, and
(c) PEc is a polyethylene having an Mv equal to or lower than the Mv of PPa.
[0084)

The Mv of PEa is higher than the Mv of PPa from the viewpoint of suppressing
reduction in strength of the polyolefin microporous film, and lower than the Mv of PPb
from the viewpoint of reducing the shutdown temperature of the polyolefin
microporous film. Moreover, PEa having an Mv between the Mv of PPa and the Mv
of PPb allows higher-level dispersion of the raw resin. The Mv of PEa is more
preferably not less than 200,000 and less than 500,000, and still more preferably

250,000 to 400,000. The Mv of PEa is preferably less than 500,000 from the
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preferably not less than 1.4 times, and still nore
preferably not less than 1.5 tines. 25 The TD heat
setting stretch ratio is preferably not nore than 2.1
times fromthe viewpoint of safety as a battery
separator, nore preferably not nore than 2.0 tines,
viewpeirsaf reduring the shetdawntemperatre of thenpalyslefin reisropardus film,
particularly preferably not nore than 1.7 tines.
and pegfecgblyrhet less dhare 208, 006X feorofthe aievgubietiofesuppiréssding reduction in
preferably not nore than 3% from 5 the viewpoint of

strenyathlof therpolyosfief eiceadporonstfiimpre than 2% and still
nmore preferably not more than 1.0% [0101] The

[oog8gp! yol efin m croporous filmaccording to the second
eitbodi nent, like that according to the first

efﬂ%qréié KE8s wflde?(ej ?yﬁ@g@é‘ghﬁﬁé@&g&h enBR&LELE PES'is particularly

el ectronic atteries and

pref%r%rB C'a I§I]Eb ng §Ire??{%9ké ﬁé%l tg‘?;%%;rég Lﬂe‘%?o Iﬁﬁﬁ% iﬁﬁef%rﬁablﬁ from the
VBW@%?PEE«? 'g?’?q T %&T{%ﬁ%a&ﬁ? rediptiop ) dhe O5oUERETs Bhtheiaised edge.
present enbodi nents nore specifically, but the present

In th@rP@@GuWE%eé’% ¢S tnan twe kindspt pelyethylanesrae|usgdng) use of PEa
Exanpl es wi t hout departing fromthe scope of the gist.
and Pl is peselesaiealsgfipri thel vigwppiat of eprovemenhin mechanisal strength
measured according to the following nethods. [0103]
in adzlitiqrifc tiesaffest agcardavgtyea mientiohed abeveht Fdrtheer, d) use of PEc
vi scosity average nol ecul ar wei ghts of pol yet hyl ene,

and P8ayaricbpyLsd of PEeIPERY e IRED araesdho pasferadld from @cliewpoint of
were nmeasured at a neasurenent tenperature of 135C

low m&erwoﬁ@ﬁééIulﬂaaamen%@'tN@erfectFé&arauhg t@lat) ahRey. PEa, PEb, and
viscosity [71], the M/is of pol yethylené and’t

PEc %ﬁhﬁ@%&pg lrx‘rpngl\?m& A&Qﬁ&@émv thu'n”fhﬁ ‘?85&:%&6@ r&ﬁ%é‘ hﬁmy/}”rhgnuoned
aboJe?%Hatds%ﬁ. of Chi ang)
[0086]

The thickness of the polyolefin microporous film is 1 um to 14 um, preferably 2
um to 12 um, more preferably 3 pm to 10 pm, and still more preferably 3 um to 9 um.
A thickness of not less than 1 um is preferable because the microporous film tends to
have proper mechanical strength.

[0087]

The porosity of the polyolefin microporous film is preferably 20% to 60%, more
preferably 20% to 45%, still more preferably 25% to 40%, and particularly preferably
28% to 38%. The porosity thereof is preferably not less than 20% from the
viewpoint of improvement in performance of the battery at the time of using the
polyolefin microporous film as a separator for batteries, and preferably not more than

60% from the viewpoint of preventing reduction in mechanical strength caused by a
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37 The My of polypropyl ene was cal cul ated with the
followng formula. [rl] = 1.10 x 10-4 M/0OsO [0104]
(2) Filmthickness (n) 5 A filmthickness was neasured
at roomtenperature of 23C using a mcro thickness
nmet er KBM (trademar k% made by Toyo Sei ki Sei saku-sho,
thinnerdiin ticksess,( @) fravortbe ivigwgoit ofxeduningdhefocgurencerate of raised
10 cm square was cut out fromthe mcroporous film
edgé Gollatthedimeef §littiRYy. and mass (g) thereof were
determned. At a filmdensity of 0.95 (g/cnB), the
[00g8)rosity was cal cul ated using the follow ng fornul a.
Porosity = (1 - mass/volunme/0.95) x 100 [0106] (4)

Al Th@@l’r'ﬂﬁﬁiéabhﬂy offR) pdl?olé?/ﬁ grﬁigid}%g&; F]Ihﬁsppl%iérﬁb 0 to 800

pernmeability vvas rreasure ype denso

t
B SN 09 0 TS o ndbogh o o o
r b 2
seoiiy R QEPéﬁﬁéﬁﬁgﬁEﬁsg&sﬁ 8%38%% mgggsmgm%&so%& from
predet erm ned positjon . of a nol der havi ng an .
the YJEE’RPH‘E ofedHctionin detest rate of OPF 208 3) iR figieof using
test _was conducted on a central port i on of t he fi xed
the pelyelshio reigeonarews filRuap aceararaiosier katteres; and pseferably not more
curvature of a needle tip of 0.5 mm a puncture rate
thang$0@ seeandsdromithe yiewnginofdmprogsaentringartoymance afithe battery.
val ue of puncture strength (N) was obtained 25 as
[0088%ixi mum puncture | oad. [0108] 38 (6) Tensile strength
at break in MD and that in TD (MPa), tensile
el T puhetaréstréngakof the microporous film is preferably 1 to 5 N, more
preferably 1.5 to 4.5 N, and still more preferably 2 to 4.5 N. The puncture strength
thereof is preferably not less than 1 N from the viewpoint of improvement in reliability
when the microporous film is used as a separator, and preferably not more than 5 N
from the viewpoint of preventing excessive thermal shrinkage of the microporous film
caused by excessive stretch orientation.
[0090]

The MD tensile strength at break, the MD tensile elongation at break, the TD
tensile strength at break, the TD tensile elongation at break, the ratio of tensile
strength at break, the ratio of tensile elongation at break, and the TD thermal
shrinkage rate at 130°C of the polyolefin microporous film may be within the same
numerical value ranges of those in the first embodiment. More preferably, in the
second embodiment, these are within the above-mentioned numerical value ranges.
[0091]

The shutdown temperature and meltdown temperature of the polyolefin

microporous film may be within the same numerical value ranges as those in the first
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(%9, ratio of tensile strength at break, and ratio of
tensile elongation at break According to JIS K7127,
using a tension tester Autograph AG A type
(trademar k) made by Shimadzu Corporation, each of the
physi cal properties was 5 neasured wth respect to
em eBti ve sanples for MD nmeasurenent and for TD
neasur enent (shape; 10 mmin width x 100 mMm i n
[00923ngt h). The sanple was used at a distance between
chucks of 50 mm a cell ophane tape (nade by Ntto
DeNkrt, @preBrablenméthaadioabraducing agolywefn nicrdpprdas filo
applied to a single side of both ends (25 nm each) of

accérahgrPeembadifieit will Be Rlce¥abéd sl i p of the sanple
during the test, a 10 fluororubber having a thickness

of THe FABtHBS f&H ﬁl@ﬁﬂ@i‘ﬁ té’pélgﬁlse:ﬁr\Zhi‘g;Fooﬁroﬁgﬁlrﬁ Mb@fthe same as

the tension tester. he t ngat i on r eak

that of nd st SRBRnEA rishe s Qofile EEo@IREIIInG Rl .

[00 Ttvveen the chucks (50 mm, and nultiplying the
vi ded val ue by 100. The tensile strength at break
di vidi ng, strength at

s 15 determ b he
:\@Spﬁ éﬁ@gawfﬂ q%g%éheg Mmey, C@ptraglwé in the mixture

npl e before the test. Measurenent was perforned
is pr@fmabfytm leesmtian 1% hyrmass Eppethe iewpeint e moldiag workability at
chuck pressure of 0.30 MPa, and a tensile rate of 200
the time raf film Tormaticn, camdfpre’éenrablymcet manedghian &0% by akassafom the
determ ned by dividing the MD 20 tensile strength at
viewpo@rt lof iperinkebility ¢ftheirhierspgareng fim at The pakcentage isainore
of the tensile elongation at break was determ ned by

pref&*abhﬂwﬁo 509 BPrizyasiaha skl W@?r@fér@ﬁ?@ﬂ%ﬁﬁ% byt M&sd D

tensile elongation at break 7) Mean porosity
[Oogglze(gn) 25 It is known that a fluid within a
capillary follows Knudsen flow when the nmean free

o o Ct ;
P ind BEplohed  BREE b PR, BrRERS I eCThoblogs tan
. an_f.ree path t he
t'meg‘i&oagﬁ'z%ﬂe&f@'ntaﬂ‘ intEacingithe J1) Eratie strengfatigak , rEhe TO
at_a flow of air at thetlrre of rreasurlngthe air
Stfetﬁarf?f%tﬁ mors Peaferably Rptlespdhang timasy B sEelshtngdn the TD of not
Knudsen flow, and a flow of water at the tine of
less fars Gtimes, polyalefin molensdschaing ase suffisientlyrasjanted to icrease the
follows the
tensile strength at break. The TD stretch ratio is preferably not more than 10 times
from the viewpoint of preventing excessive thermal shrinkage around the melting
point of poiyolefin, and preferably not more than 8 times.
[0095]

The area stretch ratio in the stretching step is preferably not less than 30 times
from the viewpoint of making the ratio of tensile strength at break of the polyolefin
microporous film isotropic, and preferably not more than 100 times in order to prevent
increase in thermal shrinkage stress caused by excessive stretching. The area

stretch ratio is more preferably 35 to 60, and still more preferably 40 to 55 times.
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5 Poiseuille flow In this case, the nmean porosity
size d (m and a bending proportion r (dinmensionless)
of the m croporous filmwere cal cul ated using the
followi ng formulas, wherein a perneation rate
constant of the air is Rgas (nB/(nR.sec-Pa)), a
[00983r neation rate constant of water is Riiq
(nmB/ (n2-sec-Pa)), a nolecule rate of the air is v
( nT ke sjretchoratiost she imeyofitrataiting at @ low stredel eatjq in the heat
standard pressure is Ps (= 101325 Pa), a porosity is
setting (step isprerferably tbttbiT@ et MD of thedfiimdare/@vinghe TD of the film,
(Riig/Rlas) x (1611/3Ps) x 106 T_ (d x (s/100) x
moru/warerablﬁs KtRAFSIEE, &IRT Still IRGAS préferdlay e1gMoEg tine&d
the foll ow ng formula fromthe air 15 perneability

o903 sTBRNIFH 8 il s & Aipigaie

bec%ér%? F‘%n’ﬁﬂﬁy[)gg%%ﬂaél ng 'ﬁ%ﬁ'ﬂlﬁ{ﬁ%{%ﬁﬁ{n‘%@& rr:JItZ\ Riig
wat er perneability/ 100 20 The water perneability of

[009t7|]1e m croporous filmwas determ ned as foll ows. The
ro orous filmimersed in al cohol in advance .

se he tpraperay Wﬁ@?ﬁ'@!ﬁ postreteaing 'ﬁmfﬁbatﬁyapbl%ﬁélﬁa%ﬂoocm

41 mm and made of stainless steel. Alcohol of the film
ordesde PreMats breakags efthadinrcausad by ieatenig, ard prefarably not more

perneated at a differential pressure of approxi mately
thars0PQ fram thadrisweoiatrolipreventing redugiienrie peedeabidity dfdbe

25 seconds (cn) passed was neasured. From the anount

polyolefinahigroporous fitmd, Thedemperatote af thedines op strelehirggis paore
unit time, unit pressure, and unit area was

preféipht 20 &s113349, Wsﬁlhﬂn@ré‘@?efé%ﬂl ass5tdg3vat er

perreability. Nbreover, v was determ ned using the
[00 ggﬁllovm ng formula froma gas constant R (= 8.314),
e absolute tenperature T (K), a circular constant

T AR 36e o B AR i Blesblrbin Aotiels thaf fRo-c
fromytp Viewbeiit PhigtluRtior et siBinds ifig, 87A gy ety not more

than 140°C from the viewpoint of preventing reduction in permeability of the
polyolefin microporous film. The temperature is more preferably 125°C to 135°C,
and still more preferably 128 to 135°C.

[0099]

From the viewpoint of the TD tensile strength at break and the tensile
elongation at break of the polyolefin microporous film, particularly, the TD heat
setting stretch ratio (proportion of the film width after relaxation (after heat setting) to
the initial film width (before heat setting)) is preferably not less than 1.3 times, more
preferably not less than 1.4 times, and still more preferably not less than 1.5 times.
The TD heat setting stretch ratio is preferably not more than 2.1 times from the

viewpoint of safety as a battery separator, more preferably not more than 2.0 times,
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Figure 1(A) shows a schematic view of a neasuring
apparatus used for neasurenent of a shutdown
tenperature. A mcroporous film1l was sandw ched 10
betvveen ni ckel foils 2A and 2B having a thickness of
m The microporous film1 sandw ched between the
still m%% ereferally nohmadg than Lstimes: ard paricularyefasablyaat more
gl ass plates 3A and 3B. An electri c resi stance
thambddimesg apparatus 4 (LCR meter "AG 4311"
(trademark) made by Ando Electric Co., Ltd.) was
[0100pnnected with the nickel foils 2A and 2B. A
t hernocoupl e 5 was connected with a thernmonmeter 6. A

15Thiabacweehsie of raiBed edgaesh Rpreférablyfotehesd thah 3% from
resi stance apparatus 4 and the thernoneter 6. An oven

the ﬁeﬂrﬁéhﬁ of YrRIdN b RPSeRYab Iyerlm&‘ rﬁore%%ﬁ@%egnéghﬁ Indr preferably

detail, as shown in Fi gu € m Cropor ous

g/ ed on the n| ckel f0|I 2A, and fixed to the
not 'ﬂ?P‘é%g]aiﬁW 2A with a "Teflon (registered trademark)"

[01 t.lixpe (oblique-lined portion in the figure) in a
UI ngi tudi nal direction. The 20 m croporous film1l was

i npr egnat with a1 lit. of a , X
|1 T BRBbETormisgerbu dimiacshrding & thersecandspbasignent, ke that
car bonat e/ et hyl ene car bonate/y -but¥ | actone = 1/1/2
accqrdtﬂgdﬁéhe figgtieinhodiment, is adsq sitahie formseparatorifar eleglipaic
1(C), a "Teflon (registered trademark)" tape
devncmsuc{u 8s battetiep anticapacitorshmicrodiltes, amtthatlﬂ@c Bed ig particularly
the nickel foil 2B. The nickel foil 2B was masked
suitakité be aasepardiowf@aithivemidnlbatteries. 10 nm) was left in a
25 center portion of the foil 2B. The nickel foil 2A
Examﬁést he nickel foil 2B were |ayered so as to sandw ch
41 mcroporous film 1l therebetween. Further, the
[0109?/\0 ni ckel foils were sandwi ched between the gl ass
ates 3A and 3B fromboth sides of the nickel foils.

ﬁu i tiqnp i 0 t ,
oG et Bles o EBRAA-B S BRI B a8 b0 §8erive the
ht, face eac The two gl ass at
Pfesm{ Snpolsabis raSTEHRRIAIE biitide PFsatrfddnehts Wiithot be
|y avail abl e double clip. The thernocouple 5
imitgg o Te,d 3 Wing Examiies %‘H’Ol{tﬂwﬁﬁtf&fé@fﬁthaﬁﬁﬁﬂ@f‘tﬁ% a@é The
so_ as to contact both of the glass plates 3A and 3B.
respeplive physical iererting i Examples were measurecdbacaedrding to the following
m croporous filmwere continuously neasured with such

methmdsappar at us while the microporous filmwas 10
heated. The tenperature was raised from25C to 200C at

[0103] speed of 2C/ min,
(1) Viscosity average molecular weight

The viscosity average molecular weights of polyethylene, polypropylene, and
polyolefin microporous film each were measured at a measurement temperature of
135°C using decalin as a solvent. From the obtained viscosity [n], the Mvs of
polyethylene and the polyolefin microporous film each were calculated with the

following formula.

[n] = 6.77 x 10* Mv®%7 (equation of Chiang)
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and the electric resistance value was neasured at an
alternating current (1 V and 1 kHz). The shutdown
tenperature was defined as a tenperature when the
electric resistance value of the mcroporous film
reaches 103 0. Mreover, the fil mbreaking (neltdown)
t ehipR Mit off RolvRIOPYleMerwas galculatedwithahe fellawing femaula.
el ectric resistance 15 value is |less than 103 0 again
afingF EAALatHAMVOED111] (9) 130C thernal shrinkage
rate (% The polyolefin mcroporous filmwas cut into
[0104] 100 nm square so that respective sides of the
square m ght be parallel to the MD and the TD, and

(2) Filed thitknesdQuaf)and for 1 hour within an oven whose
tenperature was adjusted at 130C. Subsequently, the

t h@ﬁilﬁ'thiéﬁﬁ?ﬁ‘@%@ g‘i@és‘%ré&‘ at Fkﬁ)rN@eﬁggrétUFE of éb"t?ﬁ?lﬁg a micro
were cal cul ated by neasuring the dinensions o
thickPeES SRELE KB rsBealindte 87 TohB sl sdiind o
[Omggrcent age, of these dinensions to the dinensions
fore the polyolefin mcroporous filmwas left to
tan 5 within the oven. [0112] 42 (10) 130C sinple
(3) P&F@ﬁ'& (aoé A non-charged lithiumion battery produced
with the follow ng procedures a to d was heated at a
hefhample et @ 168fca® 1 am square 366 ¢t s drom thedmicroporous film.
subsequently, held for 30 mnutes at 130C. After the
The valums (crod sindooaesl (g)dhesohwerepistetroined. t At aTFillatensity of 0.95
was di sassenbl ed, and an el ectrode plate | am nat ed
(g/crhddthenpsros itk easasiculafBaausing thevisio fepphuya. sual |y
whet her an el ectrode was exposed in the outernost
PFdrodity £hie -ehasdnadmerd 8k <! @y nated body due to
thermal” shrinkage of a separator, and whether ends at
[0108] top and bottom of the electrode in a direction
Intersecting perpendicularly to a battery w nding
[ [ QR exposed. The case where 10 exposure of
(4)'%?’]?%&&@5%?}%@%&&@3 recogni zed in both of the checks was
osure of the

S HECBRIEE S Pt ety Sida Reasweaiy Saurley type

eval uaégg as A, and the case where no exposure of the
densgmeter (a2 Wadeneaty rmade by J oypcraikisseisaku-sheckid. was
eval uated as O

[0107]
(5) Puncture strength (N)

Using a handy-type compression tester KES-G5 (trademark) made by Kato
Tech Co., Ltd., the microporous film was fixed onto a predetermined position of a
sample holder having an opening with a diameter of 11.3 mm. Next, a puncture test
was conducted on a central portion of the fixed microporous film under conditions of
a radius of curvature of a needle tip of 0.5 mm, a puncture rate of 2 mm/sec, an
atmosphere of 25°C. Thereby, a raw value of puncture strength (N) was obtained
as maximum puncture load.

[0108]
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[0113] 15 a. Preparation of nonaqueous el ectrolyte

Li PF5 as a solute was dissolved in a m xed sol vent of

et hyl ene carbonate: ethyl methyl carbonate = 1:2

(voI uma ratio) so as to have a concentration of 1.0

lit. Thus, a nonaqueous electrolyte was prepared.

(6) Iﬁnqﬂe&imﬂbﬁt brealsdaiM D\?d?ldethat:tl‘rB@e(NEél)QEnsﬁe iejongation at break

of a lithiumcobalt nmultiple oxide LiCoO2 as an active
(%).rratie of ¢nsilext@Erghly ahbsesako &ind ratice of tesysiie etorayation. a8 Wregk

mass of acetylene black as a conducting agent, and

3. AtbdrdingetesliSTKIE7Y usimg & tervtont taster NetogFﬁ(fDF)\caA tpe
bi nder were dispersed in N-nmethyl pyrrolidone (NVP)

(tradem@ike Pedce By thuﬁaazu EB'r;Sor&h@ﬁ réfadeaaéf thaiHysR@I pRogeifes was

both sides of an alum numfoil having a thi ckness of
t
meagIe A raShecttd @%Vﬁﬁ?@?‘%fﬂ“?ﬁfﬁ%@?@gﬁifﬁé Bk T

meaSSERE PR 10 A AR At B e useo

d t { th t th t f th ctli
oo TP RS F Bl ARBRRHR o e B G menvo s
é %c?r/mz the bul k density of the active
Svstﬁﬁt PrRgrafpyHadinames Nt Urieing Replied i Asingle sisieofiraly ends

cut in accordance with a battery wdth to obtain
(25 @n@,@acip) pfdbesamplel ek ergge fo prgvent slip of ther satuplei dusringf the test, a
negati ve el ectrode 96. 9% by mass of artificial
fluorgrutiieirthaving athickndsseofriamen als, attanthed. td ¥ ynsidks of the chuck of
ammoni um salt of carboxynethyl cellul ose and 1. 7% by
the temsiondéstetyr ene but adi ene copol yner | atex as a binder
were dispersed in purified water to prepare a slurry.

10rHEenshit IdngatiBh aABRbaIeds) Wa%%t@ﬁﬁlhea'bﬁ‘?ﬁwef \gﬂhe amount of

copper foil having a thickness of 12 m a serving as

oGBS gl 88 BHE et iR o
o 85 e 50 A L 6 v
et TR e B B S 339G St ara o

bul k den3|t\é of the active material mght be 1.35
the gt@$thed nol ded body was cut in accordance

vvlth a battery width to obtain a strip negative
elMeasuament was performed under the conditions of a temperature of 23 +

2°C, a chuck pressure of 0.30 MPa, and a tensile rate of 200 mm/min.

The ratio of tensile strength at break was determined by dividing the MD
tensile strength at break by the TD tensile strength at break. The ratio of the tensile
elongation at break was determined by dividing the MD tensile elongation at break by
the TD tensile elongation at break.

[0109]
(7) Mean porosity size (um)
It is known that a fluid within a capillary follows Knudsen flow when the mean

free path of the fiuid is larger than the porosity size of the capillary, and follows
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d. Assenbly of battery A strip polyolefin mcroporous
film(separator) cut into a wdth of approxinmately 42
nm the above-nentioned positive electrode, and the
above-nenti oned negative 20 electrode were |ayered in
_order_of the negative el ectraode, the separator, the o
Poissuilfe flow whenthegnean iieg Rath of i fluidds smaller thantheporosity size
body was SEi'i rally wound several tines, and .
of thaeapitant Thepr &yesassumedthat afiow pkairfab the timepfadeasuring the
an el ectrode plate |amnated body. The el ectrode
air peraneabiliyrohttecmiidropigrowa filmdolbows thet Kdudseraflowpandiarftow of water
made of alum num A |ead made of al um num stretched
at tHe tirvetof engasiiringvewatergicaarigability obtHeeic?opo@isdimiToléws the
to a wall of the container, and a | ead nmade of nickel
PoisduilRl fided fromthe negative el ectrode coll ector was
connected to a termnal of 44 a container lid,

r efPRE {;a(sfé ¥he %ﬁ%@ﬁéﬂ@iﬁqp(’ﬁﬁ% h%&%iﬁwgﬁogﬁgg%ﬁr

el ectrolyteé  was I nto-the container

e e fr L B Sl 4T s
whefSIf G pamRedtiansats Consient ol & e /(T BSGBEY0 poRaTEation

m croporous filmas ghown in Figure 2, 1 mof the film
rate\goastant of waderds dia gut/ (B saciay), 2omplaculsoiate ohthesaigimv (m/sec),
in Figure 3. In the case where the roll has the
a vigogsity of water, is rhiPasee)r standathprassneeisdPs (401325 Ea), a porosity
edge portion of the roll is larger 10 (increased) than
is € (%hptandf a filme thickmexds ipdr funn t hereof . For that reason,
when the filmis fed, the raised edge portion sl acks.

| td was, JdeRpYRI 1easpPihe10®i sed edge occurred in
t he case@v\ﬁe@gggg(ldeagst )one side of ends in the wdth

diy eqdian/oythedl ke wer npt2 I ess than 0.5 nm away
from({t ﬁ(g(gl evgzl s&rfacé of e board in a central 50-cm

Canis” Ryihah PRl 65ind b SORAADG famigie R B

showni ence r
perfigétiyh Rees DeRutBiS ARSI alive t he Total nunber
ey Gunde A Wk 5% B e
acf%.g r\:\(rjlaisn ette?mtinrc]-:‘% ffrci)rgstﬁle %Mrgt%gﬁj ;i)gren?éabi%l(ngl?cgsggé-in()e)ddsing the
following formula.
Riiq = water permeability/100
The water permeability of the microporous film was determined as follows.
The microporous film immersed in alcohol in advance was set in a liquid permeation
cell having a diameter of 41 mm and made of stainless steel. Alcohol of the film
was washed off with water. Subsequently, water was permeated at a differential
pressure of approximately 50000 Pa, and the amount of water permeated when 120

seconds (cm3) passed was measured. From the amount of water permeated, the

amount of water permeated per unit time, unit pressure, and unit area was calculated,
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20 [0117] [Exanple 1] 70% by mass of a high density
pol yet hyl ene honopol yner having an My of 300, 000 as
PEa, 5% by mass of a pol ypropyl ene honopol yner havi ng
an My of 150,000 as PPa, and 25% by mass of a
ol ypropyl ene honopo having an My of 25 400, 000
andgg'sﬁ%ﬁ ﬁ%@iaawem dé%l'“’!ﬁsﬂbt'\' Y-a tunbl er bl ender. To 99
parts by nmass of the obtai ned | ymer m xture, one
paMoregyearay wast determinedyusing the t%llewrrwfosmpia (remsa gasiconstant R
45 butyl - 4- hydr oxyphenyl ) propi onate] was added as an
(= 8&dtdi) pthiecabrsolutertgmplesatdrend (Ksa ciagdancrestémtr methduisn agemge
tunbl er blender to obtain a mixture. An atnosphere in
moleculérewdight Mof aingt 2i 806X boémgamogtusﬁﬁ%fhmuamm foPmula.
were replaced with nitrogen. Wile e obtai ned
M XEY(ER YEF)/GUPRM))'€d to a twin screw extruder with the
feeder, liquid 5 paraffin (kinematic viscosity of 7.59
[0190]10-5 n2/s at 37.78C) was injected into an extruder
cyI inder wwth a plunger punp. Melt kneadi ng was

SRRk . LT o o o
k?'ﬂurﬂ@)aﬁ%w” & SRAPTR0R LRy of A o astiing Shar ﬁ%&s&gﬁsr

usted so that a pol ynmer concentration based t
meaéluremﬁ'éH o3 sitEow BrnerEe. byA Ficronarads fily 1er§ﬁ1§a'bQ=W'Ched
50% by mass. [0118] Subsequently, the nolten kneaded
betwaesdnickehfads At having athickhess i@ prooolTle misgoporous film 1
solidified to obtain a 1100-m sheet. Next, this sheet
sandwishegd bebtwegrothe sickel fods 28Aland2Bwad furtbet sandwiched toebgeen
15 machi ne, and bi axial stretching was perforned. As

glass platts BAgnd BBdi Wn%léctrkh@snkﬁno‘é%ééﬂ'ihri@@pﬁhrﬁﬂ.ﬁs 4 (OCR meter
times, the TD stretch ratio was 6.4 tines,

"AGIIEIC(trad STVRA) Fhade bmdblﬁgctr@@éemtﬁﬁ%!é cohhec@aﬁﬁ&h the

was guided to'a tank of methyl ethyl ketone, and f

mckél"l"ﬂﬁ’% 58% 2I§E‘t Pytheﬁﬁﬁ% L{l:hg§8n {:ﬁnﬁéﬁt%ﬁ%thﬁé‘ﬂ\érm&er 6. A

I qui para fin one was

datadéd"ggm?"ﬂlsé? FENBSh 06 B8P s o

and er at ur f 123C, and
the"ﬂ iel r% a{\"a"’ﬁg‘?ga;l 6ﬁe FHE QPoé?Ll'JSOF'QV?ti mes and a

tepperature of 128C.
Described still in detail, as shown in Figure 1(B), the microporous film 1 was

layered on the nickel foil 2A, and fixed to the nickel foil 2A with a "Teflon (registered
trademark)" tape (oblique-lined portion in the figure) in a longitudinal direction. The
microporous film 1 was impregnated with a 1 mol/lit. of a lithium-borofluoride solution
(solvent: propylene carbonate/ethylene carbonate/y-butyl lactone = 1/1/2 (volume
ratio}) as an electrolyte. As shown in Figure 1(C), a "Teflon (registered trademark)"
tape (oblique-lined portion in the figure) was attached to the nickel foil 2B. The
nickel foil 2B was masked while a window portion (15 mm x 10 mm) was left in a
center portion of the foil 2B.

The nickel foil 2A and the nickel foil 2B were layered so as to sandwich the
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Next, a portion serving as a holding portion for the
TD tenter was trinmmed (renoved by slitting). Further,
the pol yolefin mcroporous filmwas continuously 25
vvound around a paper core having an outer dianeter of
6 nmand a thickness of 10 mmto obtain a nother
m'cmqromﬁafyhh@ therebetweengt hughers e fwo migketfoils stevesantwiched
46 physi cal properties of the polyolefin m croporous
betweemihe glass platele 3A and BBdram dloth sidles (of dhaehitkebfdilst eA} this time,
havi ng two axes connected to a rotating driving part,
a pasitiothwab atighed sd thalthe(windowsurtios of tHell 2B 8nd the microporous
alternately distributed to a 5 plurality of roll
film danight faceedadipothee. two axes to be sinultaneously taken
up around the roll cores, the m croporous film was

sl The it gla%s%lgfé% Wéréﬁ&éﬁ“ﬁ) Hik?pa{ftﬁfg HOBRES :ﬁat{e% \Wih a

bei ng fed fromthe nother ensi on

Kol EvallabIg TR G, . otle HogRebBygl SHREHRytn o T
axi s of rotatlo 0.0
<r69[§8%8?n‘*£a&£?%%%?%eeﬁq 1 (R ESUBEA P 6 4k Slespales #h and 38,
o.[_ P?é\E”n an inper dianeter of 76.2 mmand a
& eefgrwff’oa legific res|stancayof theimisirraseus filth sare
cut nethod. This work was repeated to obtain a roll of
contipuoyisty megsuredowith such g5, appadatus avhilecthermsicceparaus fih was

rai sed edge roll was evaluated. In all of the

heated| | dertgmipesatpre wasrdis8dripam 25°Ceo 20070 #ta spdwl of 2°C/min,
m croporous filmwas slit wth the sane nethod, and

and theeelectrio resistancevalue wasaineasu reost airphlterwaﬁn Y:afrla‘ﬁi f;ldv and 1
in 15 the same manner. [0120] [ Exanples 2

kHz)poITHe stititBowh Qé@?@fétu% {vakMetined Ws@t&ﬁ?eﬂaﬁarb%é?fﬁ% electric

manner as that Exanple 1 except th
eSS BB R RARARS M RSRBE 108, HBRANSP i reacng
h
(metlichit EmiEidufe ﬁ’@?‘@ﬂ?é 8 P AR %nyz?%@aﬁ'@arﬁﬁﬁtance

nner BH e case of Exanple 1.

valuq.ésoltfaggtqaré %9%% |  properties of the
011 g)ai ned polyolefin m croporous films. [0121] 25
[ ? nparative Exanples 1 to 7]

(9) 130°C thermal shrinkage rate (%)

The polyolefin microporous film was cut into a 100 mm square so that
respective sides of the square might be parallel to the MD and the TD, and left to
stand for 1 hour within an oven whose temperature was adjusted at 130°C.
Subsequently, the thermal shrinkage rate in the MD and that in the TD were
calculated by measuring the dimensions of the microporous film in the MD and in the
TD and the ratic and determining the ratio, expressed as percentage, of these
dimensions to the dimensions before the polyolefin microporous film was left to stand
within the oven.

[0112]
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The polyolefin mcroporous filmwas produced in the

sane manner as that of 47 Exanple 1 except that the

conditions were changed into conditions described in

Tabl e 3. Conditions not described in Table 3 were the

as those in Exanple 1. The occurrence rate of

(10)rb'-’ros°§c§|@’tl?§§¢3014©m testas al so eval uated in the same manner

as in the case of Exanple 1. Table 3 shows the

phfdiarathasged dithitrmsionfbattery ptachiceddvith thel fpdbwinigrprocedures a to

m croporous filnms. The m croporous filmobtained in

d wahpatedtat\sehedtiraymaite of SPRbnia. frong30Wrtun30W], 1Y $utSegmiently,
inthe film and had inferior quality. 48 [0122]

held fbaBDenihulesargU-€. ExRret the lbaktsArwas cobleﬁmo%bh tem erature the
Exanpl e Exanpl e Exanple Exj4m1 2 3 5 6 7

batt%% whs a%a§Qeﬁ%%|e°a0 aanéh S@E{«}Baé 28 la(ﬁ@%t%@ 88&@%&%&& out.

rati o nmass e

el PRaS sglseRed Bty g 8o i EXhoss iptog Bfegmost
partdg Eble B hiare e o8 B ErAT e DRee prgpracr
an YRR B o kool e S et o rpesing
perpSendic?JlarIy to a battery winding direction were exposed. The case where
exposure of the electrode was recognized in both of the checks was evaluated as x,
the case where exposure of the electrode was recognized in one of the checks was
evaluated as A, and the case where no exposure of the electrode was recognized in
both of the checks was evaluated as O.
[0113]
a. Preparation of nonaqueous eiectrolyte

LiPFs as a solute was dissolved in a mixed solvent of ethylene carbonate:ethyl
methyl carbonate = 1:2 (volume ratio) so as to have a concentration of 1.0 mol/lit.
Thus, a nonaqueous electrolyte was prepared.
b. Production of positive electrode

92.2% by mass of a lithium cobalt multiple oxide LiCoQ; as an active material,
2.3% by mass of flake graphite and 2.3% by mass of acetylene black as a conducting
agent, and 3.2% by mass of polyvinylidene fluoride (PVDF) as a binder were
dispersed in N-methyl pyrrolidone (NMP) to prepare a slurry. This slurry was
applied to the both sides of an aluminum foil having a thickness of 20 um and serving
as a positive electrode collector with a die coater, and dried for 3 minutes at 130°C.

Subsequently, the coated aluminum foil was pressed and molded with a roll press
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rati o mass Kind Hono- Hono- Hono- Hono- Honop- Hono-
Hono- pol yner pol yner pol yner pol yner pol yner pol yner
pol ymer PPb My 10,000 40 40 50 40 40 40 40
Conposition %by 25 12 2 4 4 4 ratio mass Polynmer %
by 50 50 50 35 35 37 37 concentration mass Sheet ,
machine; k rdtdbisplime 1 adjustnoent marpmerecsal tha thesgmoust of the active
Bi axial Stretch ratio (MD) Tinmes 7.0 7.0 7.0 7.0 7.0
matégriadl far the pasititectientrode tebetcoated mighthe 250rgimb.ahdothé bulk
6.4 6.4 6.46.46.4 conditions Stretching tenperature

densify dflthelitftivé hBatenal rhight ba23. 00Q/crit r eThé obtdined Mol@sd body was
1.51.51.51.51.51.4 1.4 Stretching Heat setting

cut iheBReFddrdetwitiCabitteby WidtR 20 bbtaiA @stﬁ%?o&ﬁ?«e &edbdd ons
Rel axation tenperature 128 128 125 1 123 128 127

[0113¢! axation ratio Times 0.87 0.87 0.87 0.87 0.73 0.82
086 Filmthickness pm16 16 16 16 20 16 16 Porosity

0 A5 . 48 Physi cal ties of A
. P‘p@@%@éﬁiolfuz?égté‘éeceéggééio 300 250 250 380 250
in P e strength N3.5.4 0 3,6 5.0 4 8
5908 8 by Mt it AR . ariaciiednatation gy 4% BY mass of
138 139 136 136 136 Meltdown tenperature "C 200< 190
ammgumeRikoberrRoniathyborliuiese and dri hymassof syrereibutadiene

edge roll %0 0.2 0.4 0.6 0.2 0.2 0.2 49
copolymer latex as a binder were dispersed in purified water to prepare a slurry.

This slurry was applied to the both sides of a copper foil having a thickness of 12 um
and serving as a negative electrode collector with a die coater, and dried for 3
minutes at 120°C. Subsequently, the coated copper foil was pressed and molded
with a roll press machine. At this time, adjustment was made so that the amount of
the active material for the negative electrode to be coated might be 106 g/m?, and the
bulk density of the active material might be 1.35 g/cm®. The obtained molded body
was cut in accordance with a battery width to obtain a strip negative electrode.
d. Assembly of battery

A strip polyolefin microporous film (separator) cut into a width of approximately
42 mm, the above-mentioned positive electrode, and the above-mentioned negative
electrode were layered in order of the negative electrode, the separator, the positive
electrode, and the separator. The layered body was spirally wound several times,
and subsequently pressed into a plate-like form to produce an electrode plate
laminated body. The electrode plate laminated body was accommodated in a
container made of aluminum. A lead made of aluminum stretched from the positive
electrode collector was connected to a wall of the container, and a lead made of

nickel stretched from the negative electrode collector was connected to a terminal of
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[0123] [Table 2] ItemUnit Exanpl e Exanpl e Exanple
Exanpl e Exanple Exanple 8 9 10 11 12 13 MW 10, 000
--- 30 30 30 30 30 PEa Conposition %by --- 46 42 46
44 46 ratio mass My 10,000 50 70 70 70 90 70 PEb
Conposition % by 86 45 43 47 44 46 ratio mass MWy
a condpipgolid,gespectively. - -Further, the alypve-mentioaed nenaguegus electrolyte
rati o mass Raw Hono- Hono- Hono- Hono- Honp- Hono-
wasrajestadintihedcgnthines angsephtie gartgimer. pdhysyea lithalny i@t battery
pol ymer conposition PPa My 10,000 15 15 15 15 10 25
was@btpioedt i on % by 55 12 3 4 4 ratio mass Kind - Hono-
Hono- Honpb- Hono- Bl ock Random pol yrmer pol yner
[011|%| ynmer pol ynmer polyner polynmer PPb My 10,000 40 40
40 40 36 36 Conposition %by 443 484 1ratio nass

% ”gﬁémr}é@ H%Ye gﬁRgﬁe?;%c@%lgég%% Oconcent rati on nass

heet thi ckness pm : _ 0 2800 1650 1600
86 3 5 AT Bok P o oo el i

the ;()Su:'nlf}ol(éfif'n1 n(?i'cﬁoporous film as shown in Figure 2, 1 m of the film was unrolled and -
put on a horizontal board as shown in Figure 3. In the case where the roli has the
raised edge, the outer circumference of the raised edge portion of the roll is larger
(increased) than that of the normal portion thereof. For that reason, when the film is
fed, the raised edge portion slacks. It was determined that the raised edge occurred
in the case where at least one side of ends in the width direction of the film was not
less than 0.5 mm away from the level surface of the board in a central 50-cm portion
of the polyolefin microporous film fed as shown in Figure 3. The occurrence rate of
raised edge roll is a value obtained by dividing the number of rolis having the raised
edge by the total number of rolls, and muiltiplying the divided value by 100.
[0116]

Next, Examples and Comparative Examples according to the first embodiment
will be described.
[0117]
[Example 1]

70% by mass of a high density polyethylene homopolymer having an Mv of

300,000 as PEa, 5% by mass of a polypropylene homopolymer having an Mv of

150,000 as PPa, and 25% by mass of a polypropylene homopolymer having an Mv of

400,000 as PPb were dry blended using a tumbler blender. To 99 parts by mass of

the obtained polymer mixture, one part by mass of pentaerythrityl-tetrakis-[3-(3,5-di-t-
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conditions Stretching C 119 122 123 126 122 122
tenperature Stretch ratio Tinmes 1.5 1.5 1.5 1.5 1.5
1.5 Stretching Heat setting tenperature C 118 123 123
120 123 123 conditions Rel axation tenperature C 123
128 128 125 128 128 Relaxation ratio Times 0.73 0.87 _
butyb-4shydroxypheryhpmorienate] wastasdedrrssan gatiogdast. 2 Drydlemding was
16 Porosity %48 43 43 46 42 41 Physical properties
agaipf perfermeast usingia iumplerklender ogbtadoa ABLtUBS0 AB@tmosphere in a
pol yol efin Puncture strength N5.6 5.5 6.5 6.5 5.0 5.2
feeder @andbabinsa Blaxial (swmcﬂ"iimgm’tantﬁhm wets eepladatbwitB Mitictien. While
139 139 139 Meltdown "C 200< 200< 200< 200< 200< 200<

the bisgradinixtereOvas sUPPhsY foh Bwipl soréivssdneee withahk f&fe@erﬁi liquid
00.400.20.2 50 [0124] [Table 3] Com Com

pardfT(KifEMatiSUBco b V1M Yo imDaLRBY va-Bq hals M%)t(:gergp into an

paratlve paratlve paratlve parative para ive

mllﬁd% @e%lgéﬁgpbﬁmﬁx ggﬁ’%gk@ﬁ% %?ﬁ%@gﬁ'le]d dnder the

| comifggﬁgg# | og%%a tcte)me&raitHr%élF’ Zélt?°q3'ébe @gmﬂé‘rtc{f ?gt%? i 1575/% screw of 180

rem, and an amount of discharge of 15 kg/h. Operating conditions of the feeder and
the pump were adjusted so that a polymer concentration based to all the mixture
extruded by melt kneading might be 50% by mass.

[0118)

Subsequently, the molten kneaded product was extruded from a T-die, and
cooled and solidified to obtain a 1100-um sheet.

Next, this sheet was guided to a simultaneous biaxial tenter stretching
machine, and biaxial stretching was performed. As stretching conditions, the MD
stretch ratio was 7.0 times, the TD stretch ratio was 6.4 times, and a preset
temperature was 118°C.

Subsequently, the sheet was guided to a tank of methy! ethyl ketone, and fully
immersed in methyl ethyl ketone to extract and remove the liquid paraffin. Next,
methyl ethyl ketone was dried and removed from the sheet. Further, the sheet was
guided to a TD tenter,stretched at a low stretch ratio of 1.5 times and a temperature
of 123°C, and heat set at a relaxation ratio of 0.87 times and a temperature of 128°C.

Next, a portion serving as a holding portion for the TD tenter was trimmed
(removed by slitting). Further, the polyolefin microporous film was continuously
wound around a.paper core having an outer diameter of 152.6 mm and a thickness of

10 mm to obtain a mother roll having a roll length of 550 m. Table 1 shows the
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91 -- 43 45 86 --- ratio mass M 10,000 --- --- 10 10
--- 10 --- PEc Conposition %by 55 --- 5 ratio nass
Raw mat eri al Honb- conmposition - --- --- --- --- ---
___comnposition polyner PPa My 10,000 -- --- --- ---
--- --- 15 Conposition % by 9 ratio nmass Kind _
physisabpropssiies eldhs-palyalefin priereporassdfiinpol ymer pol yner
ol ymer pol ynmer pol ynmer polyner PPb My 10, 000 40 40 50
[01591 40 40 --- Conposition %by 99 9999 ratio mass
Pol ymer % by 50 35 35 37 37 35 50 concentration nmass

Shbleixt, tusirgka etiteProa %R0 slitlér) having thoSkebosdhni et thld fotating
Bi axial Stretch ratio (MD) Tinmes 7.0 7.0 7.0 7.0 7.0

drivihgCpaht,Gn wiicie bt arebt (/ficBp b AJusTilmEParel: hﬁ@"hafélgd%tl‘fbuted to a
6.4 6.4 6.46.46.4 conditions Stretching 'C 121 123

o o1 8lfaliig GEIEE R AR Snigi e Arcuna o
o EEERETY ol 1y B A b3 5, S lfplous i
being fed from the mother roll at a feeding tension per 1 mm of the mother roll of 0.16
N/mm and a take-up tension per 1 mm of the mother roll with respect to each axis of
rotation of 0.08 N/'mm. The 500-m microporous film was wound around a paper
core having an inner diameter of 76.2 mm and a thickness of 10 mm. The slitting
method was a shear cut method. This work was repeated to obtain a roll of a total
of 500 windings, and the occurrence rate of raised edge roll was evaluated. In all of
the following Examples and Comparative Examples, the microporous film was slit
with the same method, and the occurrence rate of raised edge roll was evaluated in
the same manner.

[0120]

[Examples 2 to 13]

The polyolefin microporous film was produced in the same manner as that of
Example 1 except that the conditions were.changed into conditions described in
Tables 1 and 2. Conditions not described in Tables 1 and 2 were the same as those
in Example 1. The occurrence rate of raised edge roll was also evaluated in the
same manner as in the case of Example 1. Tables 1 and 2 show the physical
properties of the obtained polyolefin microporous films.

[0121]
[Comparative Examples 1 to 7]

The polyolefin microporous film was produced in the same manner as that of
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Rel axation ratio Tines 0.87 0.87 0.73 0.82 0.87 0.73
0.87 Filmthickness pm 16 16 20 16 16 20 16 Physica
Porosity % 44 43 48 37 43 48 43 properties of Air
perneability sec 200 230 260 380 280 270 210
E ﬁfl¥glefin Puncture strength N4 5 4.1 3.8 5.6 5.6 3.5
xafRie J st thatthe poaditiopsyara chirager intg coditiogs deseribed in
%59 136 139 Meltdown tenperature ~C 200< 200< 200<
Tabigpd< Sopditiops oot describhed,in Ealdle I were thie same as thagein Example 1.
roll %1.0 1.6 1.0 1.0 1.0 2.0 3.0 [0125] 5 As is
Theqiasyrrence materef raised| edgesiotwas alsbaiahsatdd irothd sarhe$eanner as in
m croporous filnms according to the present invention

the case pof Bxardpleat r oTablers show$ thd phpaealrgrepéRiciof the obtained
rai sed edges is reduced. 51 [0126] Next, Exanples and

polyblsfipankiroyerob s ESTRE Whﬂjﬁw?%éigﬁ?q‘ Sb?ﬁ‘f‘%: g1 rrCpf)ré'l pﬂ?tive

enbodi nrent will be descri bed.

Exaﬁhhcl)aéré)o/% g}\éﬁféﬂgfﬂnﬁ%ﬂégﬁ Béﬁo@éé %lotggld‘glgt géb E;rég intagiop, quality.

mass of a pol ypropyl ene honopol yner having an My of
150, 000 as PPa, and 4% by nmass of a pol ypropyl ene
honmopol ymer having an My of 400,000 as PPb were dry-
bl ended using a tunbler blender. To 99 parts by nass
of 10 the obtained polyner. m xture, one part by nass
of pentaerythrityl-tetrakis-[3-(3,5-di-t-

but yl - 4- hydr oxyphenyl ) propi onate] was added as an
antioxidant. Dry blending was again perforned using a
tunbl er blender to obtain a m xture. An atnosphere in
a feeder and that in a biaxial stretching machine
were replaced with nitrogen. Wile the obtained

m xture was supplied to a twn screw extruder with the
feeder, liquid 15 paraffin (kinematic viscosity of
7.59 x 10'5 n2/s at 37.78C) was injected into an
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extruder cylinder with a plunger
was performed under the
t he nunber

tenperature of 220C,

of 180

of

Oﬁerati ng conditions of the feeder and
[0128 justed so that a pol yner
whol e mi xture 20 extruded by nelt kneadi ng m ght be

t he

punp. Melt kneadi ng
condi tions of a preset
rotation of a screw
rpm and an anmount of discharge of 15 kg/h.

punp were

concentration based to the

[Tab%% by mass. [0128] Subsequently, the nolten kneaded
] : cool-ed—and
5 %3 ple‘ Fﬁa plg ple | Example
efi-a—Henter st.glct 'f‘@;zg .
Phi bho 0a perfr miq | A0 30
M7 sfrebct rati ¢ vess [/. @3 66
was—p—4—tHne re—a
220 _EBubceduo q’ ] ih 70 130
C . SR
ﬁ“@f {4 of—nef hyt dthed ketong, and| 20
full | llll:‘lml:‘u thyt—fketomg—toeft ot
Noonct —ontho h1ﬁl s 10
rermv-ep.Eg P T 1 Peet Byt =04a
was crleja;gaore the sheet. |Furthpr,5the 5 5
- Rdieet ‘IQ"E“ 5'(&“'? LRI | Horta- 1| HomacE Homa-o] Home- | Home-
mﬂ_&n_ﬁlet c at 0 r apo L %EI é‘rl Iymgrf polymer polymer
comg.(@m, F@Q (J./\(J.t 1 \Jr‘l i‘at i U Ul U 81 1 IIUO
and 4 te Yt s Al 2% 15 he 'I:IP\ 18 15
stretfch g‘t"?rg SR Nex} , 1@ forsi of S!EI‘JI 5
as a [frot ”gm o 2 ‘:”' Moot T =1l HEme- | Home- | Homo-
Furt !’er |t h (bOL VOl ef |pglyrﬁ@r WF §m£r| lp&}n‘&ﬁ P polymer § polymer | polymer
cont I{ipeePST Y, WOU OULH éé)l T O Tavp T e, 40
outer] di| e e ¢ e R eSS—pF— 0o
obt ailn a] N gsha%ﬁn alrof| 2 ength of 550 fm 4 4
Tabl ¢ 4 Shipnés %mgysw‘ pr [IeS or_tNE
pol vd| efonggniraticr obease s I_n E'I(SO Next®® uping 4 % 37
s| Sheelthickpespaxi al | gim ttero)a pf 1180 t peoot r at7sal | errom|t eligso | 1550
at ait f 'Mt‘cieanoainmt Time2 [WeRs |0 7@ M Ur gl 1TV 0T [T 9hT [COFES| 70
iPfiak e ] frery T lallll o rats ye
strejching. d A L belial g‘l\r 64 L byl ke | 64
conditions | tretchi 1 il I - N BN
m crcpo;eglgg,a:frél S ntm 4 wed{h i pottem| tiae | 120
mereuu LI Icalg fedrrom :I‘ mpt-irer o t—=
f eedi bﬁ:elﬂ? rato t'\m‘s 1 ‘llnrfn ¥ 1:5th 15, 0 15 & d 41 14
reic .
Heat'égm E e-jupct gnsiedn| per3 I mreeof 123 118 123 122
conditions Relaxatlon o
temperature C 128 128 125 128 123 128 127
Relaxation ratio | Times 0.87 0.87 0.87 0.87 0.73 0.82 0.86
Film thickness um 16 16 16 16 20 16 16
_ Porosity % 45 45 47 43 48 37 41
Physical - —
properties of | Air permeability | sec | 400 210 300 250 250 380 250
polyclefin | Puncture strength N as 4.0 36 5.0 45 38 42
microporous Shutdown
film temperature °C 138 138 138 139 138 136 136
Meltdown o
temperature C | 200< | 190 | 200< | 200< | 200< | 200< | 200<
Occurrence rate of raised edge roll| % 0 0.2 04 06 0.2 0.2 0.2
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the nother roll wth respect to each axis of rotation
of 0.05 NNmm The 500-m 20 m croporous filmwas wound
around a paper core having an inner dianmeter of 76.2
mnm and a thickness of 10 mm The slitting nethod was a
shear cut nethod. This work was repeated to obtain a

[0123h1 1 of.a total of 500 windings, and the occurrence
rate of raised edge roll was evaluated. In all of

[Tabx 2hpl es gi ven bel ow, the microporous filmwas slit
with the sane nethod, and the occurrence rate of

rai sed Itg%ge rol I was . 2beeiplelBxpipie| Exdniph | Eaarp! Braple | Example
[ 0130] [ Exanpl ep Y8 o 821]The pql yos efli n11 12 13
m cropor ofis T pl, M Wafp dabpduced]i n3g hg Sggre jmapperf aso 30
t hat qQfrealf % !‘pt_t-h'ht tHreteome-tons e
changgd |1torggnd|th@ descrijbetb i} Fablles4@ tlo 64 46
Condi tfTom$ 110, OESEIT e | T o A e
sane E% B M _Esiadj hl aéb1/l mz rr-r-?:Q'r%nr\ZEr agro\f 70
; E oriﬂeﬁsltlon go t‘m ;
rai seq edgg S was’ dl po svaluatsed|i na3hqd sa 44 46
manne—est+f ?Re—erg@—e-AEﬁﬁﬂ#4réhh &
show t E’Ec physteal |10®Rer 1% s]of—1he obt ailned- -
pol yol|efT hCampasprof duly [i | gs. [0_1_31; [Exgnples |33 _to
40, Clopal at irgte ExpaseE 2 toll10l 1 The__; fin
ﬁﬁ%rororOJs ﬁhkn1was _pr pdeced iHomioh nfegmmer| esmo- | Homo-
matgral dt  Exanple 14 excpealymenpotyies @@lmhrt ipolrwengenolymer | polymer
comerriivg ¢ @pa it 0 gpnd|1dqa§ descr {Deg 1 Jables g gndqg. Py
Condl v LI Tl.b: Co ulld : VEI A>3 thC
sane e 44. | Thé o¢cutd enjce 3r at]e 4
raise ;%-ﬁﬁ? o- L?W 5 Random
gﬁgne p TE] )lnﬁy )] 4 P | %OI mQ’r qJO mer polymer
w DPCrTT Fo . Ol ne. . ooger
pol yol ef ] Q F | I4rQr: '%‘W [01‘2‘% [ L1| d AJ 36
I tem Pni t | Exarpstien |EXhp| e Fxafmpl ¢ Efangl e [Exanplle s 4
Exan‘plé—ELﬁa@ﬂﬁ—l mass he 17 88 10 B0 ped My 1d 000
0, 7
30 --{ 39,3830 - -} nf’g‘ys 35 37 37 37 37 37
Sheet thickness Mm 1750 1650 2000 2800 1650 1600
Biaxial Stretch ratio (MD) | Times | 7.0 7.0 7.0 7.0 7.0 7.0
1axia
stretching | Stretchratio (TD) | Times | 6.4 6.4 6.4 6.4 6.4 6.4
conditions Stretching o
temperature C 119 122 123 126 122 122
Stretch ratio Times 1.5 1.5 15 1.5 t.5 1.5
Stretching
Heat setting | temperature c 118 123 123 120 123 123
conditions Relaxation o
temperature C 123 128 128 125 128 128
Relaxation ratio | Times | 0.73 0.87 0.87 0.87 0.87 0.87
Film thickness | pm 20 16 20 30 16 16
Porosity % 48 43 43 48 42 41
Physical - —
properties of | Al permeability | sec | 250 290 300 420 330 330
polyolefin Puncture strength N 5.6 55 6.5 6.5 5.0 52
microporous Shutdown
film temperature C 136 139 139 139 139 139
Meltdown o
temperature C 200< 200< 200< 200< 200< 200<
Occurrence rate of raised edge roll| % 0.6 0 0.4 it 02 0.2
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Conposition ratio % by mass 91 -- 86 43 66 - 46 PEDb

My 10,000 - 50 --- 70 130 50 70 Conposition ratio %
by mass --- 91 --- 43 20 86 45 PEc My 10,000 -- --- 10
10 10 10 --- Conposition ratio %by mss -- -- 5555

- Raw material Kind Honbp- Honpb- Honob- Honp- Hono-
0124} p- Hon- conposi tion PPa pol yner pol yner pol yner

pol ynmer pol ynmer pol yner polymer My 10,000 15 15 15 15
[Tabi%i’»is 15 Conposition ratio %by mass 555555 5

Kind - Hono- Hooo-..Hono-  Hono- m- Honm- Honm
m- < 5 Com- - Com- Com-
p0| yne|§qrnn p0| ymer po!nyggrﬂn‘vac [{g;?aft‘?é E%L:y?g 3g:QJEf‘w parat;ve parative § parative
p0| y e PPb My 10t C an‘g}: rn4 mé m Example | Example | Example
Conposition ratio %lbyinmads 4 4]4 4 4 ol el s 7
concgntriatimn % tmpoafasse 33 35 3p I 3 5 sdbhdget - 30
t hi ckRedSopms®3 b tx 450, 1330 1350 5;%001 l#)u J.U;é) o
Bi axilal st r@ipchl massilo (VDY _Tinps (0 74 210 Ql7z. 0
7.0 P% st ¥t chl 19§00t 1 et ciP r®tio (FD)] Titkred 67% Q 450
6.4 6.4 |Gonrogton} ety [ condift i gns| Str.etchigg |t enperat gy e
C 1233584 qpiastag 4o4l40g ma-éf +at-He—(FB
Ti e pde %51___3:: PO 1-gola me b B a1 9d0 pdar toellr i Wy
St ref chi|ng"EEPEraY yre-C 130-13p 128 [12% 149 229|136
Raw SQNITT QNS RETaKar T gm terrxeratu T C 132 134 130 130 r——
Somobaon 130 |13% Re| axatfi o rqtio (D)~ Tifres 0.|81-0. $1 ~ | poymer
0. 81| 6rgT OuBT Prodb|0- 81 O LOTE StTEtTIT T[atTo [T TES P
9.6 9. 6 [T 90691 6—Fmthtekress—pmS515-595
‘Cortiposttion’ ol;g, ~ .
99 Ror egib t V| Mesdd 32 3P 33 3B 33 I Air 9
per mpabi]l | tKéd‘se; 25(Q rboid- ¥ Mdma5D HAGE) |2 Bbinad JOHentdl i Clokhb-€
strepgt LN 2.5 Q 2. .pSlynr P peym@r Bp@ymar, [Doolylids d rpolpyosr ¢ ppiymer
si ze %?h 0. O%5 0} 07®{0.465]0.4970] 0.5065 -
tensi| e |Semrestge h %ar |br gak| MPa 1p0 4150 i
160 [WBi=pel? o Bi%Sigati op—at
Mg oA
concentration | mass | 5° 35 35 37 37 35 50
Sheet thickness pm | 1100 1750 1700 1550 1650 1750 1100
B |otetch ratio MD) | Times | 7.0 7.0 7.0 7.0 7.0 7.0 7.0
stretching | Stretch ratio (TD) | Times | 6.4 6.4 B.4 6.4 6.4 6.4 6.4
conditions Stretching. .
temperature c 121 123 118 121 121 119 118
Stretch ratio Times 1.5 1.5 15 1.4 1.5 1.5 1.5
Stretching R
Heat setting | temperature c 123 123 118 123 123 118 122
conditions Relaxation o
temperature c 128 128 123 128 128 123 127
Relaxation ratio | Times | 0.87 0.87 073 0.82 0.87 0.73 0.87
Film thickness pm 16 16 20 16 16 20 16
Physical Porosity % 44 43 48 37 43 48 43
properties of Air permeability sec 200 230 260 380 280 270 210
polyclefin
micropbrous Puncture strength N 4 | 5 41 38 5.6 5.6 25
fitm Fuse temperature | °C 138 139 136 136 139 136 138
M
temep'?r‘;‘t":ﬂe °c | 200« | 200¢ | 200< | 200« | 200< | 200< 180
Occurrence rate of raised edge roll] - % 1.0 16 1.0 1.0 1.0 2.0 3.0
[0125]
5 As is clear from the results shown in Tables 1 to 3, these microporous films

according to the present invention can provide a roll in which the occurrence of the

raised edges is reduced.
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10

15

20

25

break % 70 80 70 70 60 50 70 Physical TD tensile
strength at break MPa 150 150 160 160 170 170 160
properties of polyolefin TOtensile elongation at
m croporous break % 70 80 70 70 60 70 70 film MJ TD
[01% tio of strength at break - 1.0 1.0 1.0 1.0 1.0 1.1
'0 MD/TD ratio of elongation at break - 1.0 1.0 1.0
1. R‘Pé('o 0.7 1.0 130C thermal shrinkage rate (MD) k 15
15 Next, fexaraples apd CamperativerExamplesiatcatting 4o the S@ori
13 13 16 15 15 15 13 Shutdown tenperature C 138 140
emhagimegbwilbise descrilssi. Mel t down t enperature C 200< 200<
200< 200< 200< 200< 200< 130C sinple oven test - a a O
[012¥]0 0 0 Cccurrence rate of raised edge roll %0.6 1.6
1.0 1.0 1.0 2.0 0.2 55 [0133] [Table 5] Item Unit

[Examphepi4] Exanpl e Exanpl e Exanpl e Exanpl e Exanple 21 22
23 24 25 26 PEa My 10,000 30 30 30 30 30 30

Coopsiss K gl oyttt n iy Mo o
300@%%83 lﬁ’tﬁiag%%f §¥ ﬁ%aq%ﬁgyé\’ﬁ%@gm%%er{é homopolymer having an Mv of
50ROt Bt ST h e B Wi an o
400,%%|0yar§el5PB%grreery blended using a tumbler:blender. To 99 parts by mass of
the obtained polymer mixture, one part by mass of pentaerythrityl-tetrakis-[3-(3,5-di-t-
butyl-4-hydroxyphenyl)propionate] was added as an antioxidant. .Dry blending was
again performed using a tumbler blender to obtain a mixture. An atmosphere in a
feeder and that in a biaxial stretching machine were replaced with nitrogen. While
the obtained mixture was supplied to a twin screw extruder with the feeder, liquid
paraffin (kinematic viscosity of 7.59 x 10°° m%s at 37.78°C) was injected into an
extruder cylinder with a plunger pump. Melt kneading was performed under the
conditions of a preset temperature of 220°C, the number of rotation of a screw of 180
rpm, and an amount of discharge of 15 kg/h.  Operating conditions of the feeder and
the pump were adjusted so that a polymer concentration based to the whole mixture
extruded by melt kneading might be 35% by mass.

[0128]

Subsequently, the molten kneaded product was extruded from a T-die, and
cooled and solidified to obtain a 1350-um sheet.

Next, this sheet was guided to a simultaneous biaxial tenter stretching

machine, and biaxial stretching was performed. As stretching conditions, the MD

stretch ratio was 7.0 times, the TD stretch ratio was 6.4 times, and a preset
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10

15

20

25

My 10,000 15 15 15 15 15 15 Conposition ratio % by
mass 2 3 353 3 Kind - Honb- Hono- Honpo- Honp- Hono-
Hono pol yner er pol yner polyner polymer pol yner
polymer PPb My 10,000 40 40 40 40 40 40 Conposition
ratio % ss 1 2 4 10 4 7 Polyner concentration %
temwaﬁﬁgs)"’%%@g @5 35 32 35 Sheet thickness pm 1350
1350 1350 1800 1900 980 Biaxial Stretch ratio (M)
Ti feksequently othe shept wvap, quided te artank bf metistl ethy ketene, @nd fully
(TD) Tines 6.4 6.4 6.4 6.4 6.4 6 conditions
immgrsast inhmeathyl ethyékefonedo @xirast 403 rarmdva e liid 2Baffin.  Next,
Stretch ratio (TD) Tines 1.85 1.85 1.8 1.75 1.9 1.8

metiid @thyd ddetorreowss rdeied Entreineaesy fdmirthe Ghed IRGHHsIOthE2$heet was
127 130 conditions Rel axation tenperature C 132 132

guidéd 2o B31D tertet FrotEidPues IO stratdrOratiblf 17185 MM aﬁ'ﬂi 8 té‘f‘l perature
0.83 0.83 0.87 0.83 TD total stretch ratio Times 9.

o 08 o T kS 8 B b phagor 52
o SRR e DO 78 0 N 2 025 2
058 8 SR R B A R

0 80 70, 80, break Physical TD tensile strength at
'Eﬁregke REYoledin migroporgus fitn wWas qonfinugpslyeveyndsaggund a paper core
pol yolefin TD tensil e el ongation at % 80 80 80 80 80
ha‘"% anputebdiamsier of tadke6 mmmanvia tiicknessoofotO Bm émgbtaima mother
break - 1.0 1.0 1.2 1.0 1.0 1.3
roll having a roll length of 550 m. Table 4 shows the physical properties of the

polyolefin microporous film.
[0129]

Next, using a slitter (coaxial slitter) of a type that alternately distributes slit
webs to a plurality of roll cores fixed to two axes having a rotating driving pért, and
takes up the webs around the roll cores in batch, the microporous film was slit into a
width of 50 mm, the microporous film being fed from the mother roll at a feeding
tension per 1 mm of the mother roll of 0.10 N/mm and a take-up tension per 1 mm of
the mother roll with respect to each axis of rotation of 0.05 N/mm. The 500-m
microporous film was wound around a paper core having an inner diameter of 76.2
mm and a thickness of 10 mm. The slitting method was a shear cut method. This
work was repeated to obtain a rolf of a total of 500 windings, and the occurrence rate
of raised edge roll was evaluated. In all of Examples given below, the microporous
film was slit with the same method, and the occurrence rate of raised edge roll was
evaluated in the same manner.

[0130]
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MDY TD ratio of elongation at _ 1.0 1.0 0.6 1.0 0.9 0.9

break 130C thernmal shrinkage rate (MD) % 15 15 15 15

16 14 130C thermal shrinkage rate (TD) % 14 14 13 13

19 12 Shutdown tenperature C 139 139 139 140 139 139

Mel tdovvn tenperature C 190 200< 200< 200< 200< 200<

W@sﬁntﬁlg oven test - o0 o0 0 0 0 0 Cccurrence rate

of_raised edge roll %1.2 0.8 1.0 0.2 1.0 2.2 56

[ 0l polypiefis micppenoemfilini wasRedsiced i fimsememanner as that of

Exanpl e Exanpl e Exanple 27 28 29 30 31 32 PEa My

Examp)e 04 ex0epiothad trencawitithsCrammehanged intd conditibys desesribed in

46 46 46 40 46 46 PEb My 10,000 70 70 70 70 90 70
Tablespiast.t | Gonditibhe ntt Hesdnites] iASTabled 8 8@ wWeredtheRamélas those in

10,000 - - - - - - Conposition ratio %by nmass - - -

5 Example RaW TRé@ckatreltd fate dfkiﬁi@.ed roW%alkl@@aMd@é@m the
Honmo- conposition PPa pol yner polymer pol yner pol yner

samB%ﬂl‘ﬁér é?frb’tﬁ%rca% of & ﬁ&)l&ﬁglg Téa%&:—%éﬁl@ﬁi%ow the S|cal

n’p03|t|onrat|o % by nd -

o3 of WS B i OB, oL pol v

[0133 Conposition ratio %y mass 4 4 4 7 4 4 Pol yner
ncentration % by mass 35 35 35 35 35 35

[Examples 33 to 40, Comparative Examples 8 to 10]

10 The polyolefin microporous fiflm was produced in the same manner as that of
Example 14 except that the conditions were changed into conditions described in
Tables 7 and 8. Conditions not described in Tables 7 and 8 were the same as those
in Example 14. The occurrence rate of raised edge roll was also evaluated in the

same manner as in the case of Example 14. Tables 7 and 8 show the physical

15  properties of the obtained polyolefin microporous films.




Sheet t hi ckness
Bi axi al

. pm 1350 820 1400 1400 1350 1050
Stretch ratio (MD) Times 7.0 7.0 7.0 7.0 7.0

7.0 stretching Stretch ratio (TD) Tines 6.4 7.0 6.4

6.4 6.4 6.4

0132

condi ti ons Rel axati on

(Taklgfer ature C 132 131 132 128 132 132 Rel axati on

fal

QA _O Q" 'I'I'\

conditions Stretching tenperature C 124
4 126 122 123 123 Stretch ratio (TD) Tinmes 1.8 1.8
85 1.8 1.8 1.8 Heat setting Stretching tenperature C
30.129 130 125 130 125

ratto (1D Trmes 0383506
t ot al ;?ef")et ch ratiq T¥es 9 getxa‘% xgﬁ'pg )Eé‘i’r;gfé b xgsnpg Exin;ple Exzrgple
Filnlthdckness pm { .06 9307 POr ol by po g0 PoapS| 44 30
33 3B T CopdstoR o 1| oy mselC 94,u TZ0 [I9% 8P o[ T80 | — -
Punc ?UTT STTRROTT o 5o nép.— O TN M 70
O R L A A R b-dsctorbip Lope 1
160 | Mo} one Vo oty do 2 Jocs e T
80 ositiopyafion | %iby st rp ot _nﬂeaﬁ kPal 130 L8C =
rRew dd@allL 30| 150 440 popertijewmof| twobylotehi HFD | BMsi [ Bome- | Homo-
compopitgihyat, fon—at hrealt 04 100 PRXTe| PEY™P{Y PPYNe7POYTRE ROMPRD | B9l | polymer
film ID r&¥io off ©%%Lrgth gt 15 1. 0151 1 15 1 1190 JL. @5 15
0. 9 | br batembgyon Blior htoiomass] eb on] gaﬁii at fpreak| - 50.Pp s 5
0.8 P.911.1 4,0 1.t . 130 Holne r{nApho-ghiomsrkjagrdhod atidno( VEYmo- | Home-
% 14{ pbpH5—1915 1 130 Pefe ] ppiimerd] | pplimetd-pepemer | polymer | polymer | polymer
My 10,000 40 40 40 40 40 40 40
Composition ratio | % by mass 4 4 4 4 4 4 4
Polymer concentration | % by mass 35 35 35 35 32 32 35
Sheet thickness pm 1350 1350 1350 1350 1400 1400 1050
Biaxial Stretch ratio (MD) Times 7.0 7.0 7.0 7.0 70 7.0 7.0
stretching Stretch ratic (TD) Times 64 6.4 6.4 6.4 6.4 6.4 6.4
conditions 1™ gtretching temperaiure °C 122 | 125 121 122 123 124 123
Stretch ratio (TD) Times 1.85 1.85 1.85 1.85 1.85 1.85 1.85
Heat setting |  Stretching temperature °C 130 130 128 129 129 129 130
conditions | Relaxation temperature °C 132 132 130 130 130 130 132
Relaxation ratio (TD) Times 0.81 0.81 0.81 0.81 0.81 0.81 0.81
TD totat stretch ratio Times 9.6 9.6 9B 9.6 9.6 9.6 9.6
Film thickness Hm 9 9 9 9 8 ¢ 7
Porosity % 32 32 32 33 33 33 32
Air permeability sec 250 270 270 250 290 290 230
Puncture strength N 25 30 25 3.2 35 3.8 25
Mean parosity size um 0075 | 0070 | 0065 | 0070 | 0.085 | 0.065 | 0.070
MD tensile strength at break MPa 150 150 160 160 170 18¢ 160
MD 'e"s";r:?:gam" al o« 70 80 70 70 60 50 70
Physical [ teneie strength at break] MPa 150 150 160 160 170 170 160
properties of -
Powoleﬁn TD {ensile elongation at o 70 80 70 70 60 70 70
microporous break
film MD/TD ratio of strength at
break - 1.0 10 1.0 1.0 1.0 1.1 1.0
MD/TD 'a"i')gai"’"gatm” al . 1.0 10 10 1.0 10 0.7 1.0
130°C T;Z'}:Lg?”"kage % 15 15 16 16 16 16 15
130°C 1r:aetr;n(a_ll_§;1rmkage % 13 1 16 15 15 15 13
Shutdown temperature- °C 138 140 136 136 136 136 139
Meltdown temperature °C . 200< 200< 200< 200< 200< 200< 200<
-130°C simple oven test - o o o o o o <
Occurrence rate of raised edge roll % 0.6 186 1.0 1.0 1.0 20 0.2
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rate (TD) % 13 15 13 21 13 17 Shutdown tenperature C
139 139 139 139 139 139 Meltdown tenperature C 200<
200< 200< 200< 200< 200< 130C sinple oven test - 0 0 O
e 0 0 COccurrence rate of raised edge roll % 1.6 0.6
0 2.0 0.6 1.0 57 [0135] [Table 7] Item Unit Exanple
[013 anpl e Exanpl e Exanpl e Exanpl e Exanple 33 34 35 36
37_38 PEa My 10,000 30 30 30 30 30 30 Conposition
[Tableyp] o 0 %by mass 91 91 91 91 91 46 PEb My 10,000 - - -

=10 Iten%U”pUbl tTopr T at T )Exéﬁl Exdiphe} Example | Example] m Ei\é.urple
10 000 - - - -| CHfbosi o ratilo 26 By 2amds 25 -| -26-
pt er 1@l Ki nfl to,0ddofo-s0 Hhne HHormo- |Haeoo{ Hong- 3o
HO D EBRsitlon ralid o6y miasal Y 18T | PQB Y NET4s PAT Yge 1| pel Y mesh
pol POTYIET . W[ Tol0) ¥ J0 780 [1901% ¥ | 70 | 70
T ol e [l o8 00,47 § 372 1] 7' 05,
l_b 1 LILA ¥4 LYA1LA Y/ 1 LVIRAY) Ul yll 1 Ul yIIUI 'JUI yl o |
solyitbr ool 48P tomn 1010004020 40-4440
it ;fﬂ?!@ﬁu qas$—4- /I’ 42 y i nY: YRVIS
Raw mass 3§ Ham- pojoms | dgmag Homgh ¢ e“{°’:°gr Homo-
comppgiprclici el s—pr-5.00-60.0 1000 P REY BASFReT ¥ Afymer bpolymer ] polyger, | Bohmer
D) TWes 5l geaglzh & 257]0 g Sfrat A gg 18
St rdtchl Campsiorat) [vmes| 5.0 § B 60 %6.3 65416 % 3
condi tipns Spet chl ng. t efrperal tipreo- € HeMG | Hege- § 2pmot 7 Homo-
123 2 . olymer | polymer | polymer | polymer | polymer | polymer
i My 10,000 40 40 40 40 40 40
Composition ratio | % by mass 1 2 4 10 4 7
Polymer concentration % by mass 35 35 35 35 32 35
Sheet thickness yum 1350 1350 1350 1800 1500 980
Biaxial Stretch ratio (MD) Times 7.0 7.0 7.0 7.0 7.0 7.0
stretching Stretch ratio (TD) Times 64 6.4 6.4 6.4 6.4 6
conditions ™ e tching temperature | G 123 123 123 124 123 123
Siretch ratio (TD) Times 1.85 1.85 1.8 1.75 1.9 1.8
Heat setting |  Stretching temperature °C 130 130 130 128 127 130
conditions | Retaxation temperature °C 132 132 132 131 132 132
Relaxation ratio (TD) Times 0.84 084 0.83 0.83 0.87 0.33
TO tofal siretch ratio Times 9.9 99 9.6 9.3 10.6 9
Film thickness Hm 9 9 9 12 12 7
Porasity % 33 33 a3 36 42 33
Air permeability sec 240 250 230 260 120 220
Puncture strength : N 30 29 3.2 39 3.1 21
Mean porosity size pm 0.070 0.070 0.065 0.060 0.075 0.060
MD fensile strength at break|  MPa 150 150 200 160 105 150
MD 1ensi|§ l:Iaokngatic:m at % 80 80 50 80 70 80
przggftii(e:zlof TE-: tensil strength i break [ _wPa 150 | 150 | 170 | 160 | 105 | 120
m?gg;fil . D tensnte] I”l:::l)'?gatlon at % 80 80 80 a0 80 a0
fitm MD/TD rat::g:trenglh at ) 1.0 10 1.2 10 1.0 13
MD/TD ratu:]rc:at‘e(longatlon at i 10 10 06 1.0 09 0.9
130°C t?;g:;;;‘""kage % 15 15 15 15 16 14
130°C "::t"e“(?};;'“"kage % 14 14 13 13 19 12
Shutdown temperature °C 139 139 139 140 139 139
Meltdown temperature °C 180 200< 200< 200< 200< 200<
130°C simple oven test . B - o ) o © o o
Occurrence rate of raised edge roll % 1.2 0.8 1.0 0.2 1.0 22
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Stretch ratio (TD) Times 1.4 1.4 2.2 1.3 1.3 1.3 Heat
setting Stretching tenperature C 120 122 124 123 123
123 conditions Rel axation tenperature C 123 125 126
128 128 128 Relaxation ratio (TD) Times 0.79 0.93
0.91 0.79 0.79 0.79 TD total stretch ratio Tinmes 5.5
[01%]5 12 6.7 6.6 6.6 Filmthickness pm9 9 7 7 9 7
[

Porosity % 40 42 37 40 40 40 Air perneability sec 200
[Table®] 120 150 200 160 Puncture strength N 2.4 2.6 2.3
>—4+—2—5—2—3 Me-at—port uor i galﬁileziixah‘?ii}g anng‘gfe’\: Caglé’:%;;a 8- %830 o
0.055 0™M55 0.055 WD UengiTae Strmndt fesat]| DRedk ii@ﬁ
140 160 0 20 engl I1€ g1 qNORL I|OTggal] DedK 3
130 NS i (35\1',\ T Y ST © S&o! tllgésil ZLp
pot o] I S L0 L0 N
o1y AT N P A
at bfeak—1.0Mn..o 0ol 7'09%:12 0 2 Q- TIDlratid of -
el ongat digmeopitiopiptien k% bynmss® 0- 911 7 h-0144 0O 13d¢C -
rawindl@fifral | shriglkage [ate (MDpmdyol 2BmPY Ha@o- 4 THo@d | 2Hbmo- I FBEo-
comppotitor hpl, L.shrinkage fate ( "P?JV"'QY Deymesd pabyerd golymar | pojymer | polymer
Shut powp_tener at uf e'0@0139 1339 140139 3395139 10 25
Mel t dowh Ceeqspies atfou | %by@a200<5 200<6 2(00<5 200<32(00<4 2(JO<4
1309 si ppl e ,gyen tpst - X Hem |too- | GodwiI|rHoned Bi@k g Ratiom
r ai sggh, poge—roll 04 6 Q 51epvmergogymer { gobfverd pelymeyd polymer | polymer
Mv 10,000 40 40 40 50 35 36
Composition ratio [ % by mass 4 4 4 7 4 4
Polymer concentration - | % by mass 35 35 35 35 35 35
Sheet thickness um - | 1350 820 1400 | 1400 1350 1050
Biaxial Stretch ratio (MD} Times 7.0 7.0 7.0 7.0 7.0 7.0
slrett_:rling Stretch ratio (TD) Times 6.4 70 6.4 6.4 6.4 6.4
conditions ™ g1 etching temperature °C 124 124 126 | 122 123 123
Stretch rafio (TD) Times 1.8 1.8 1.85 1.8 1.8 1.8
Heat setting |  Stretching temperature °C 130 129 130 125 130 125
conditions |  Relaxation temperature °c | 13z 131 132 128 132 132
Relaxation ratio (TD) Times 0.83 0.83 0.81 0.83 0.83 0.83
TD total stretch ratio Times 9.6 105 96 9.6 9.6 96
Film thickness ym 7 5 7 9 9 7
Porosity % 33 35 3 44 33 38
Air permeability sec 200 120 190 80 210 100
Puneture strength N 19 2.0 1.6 2.0 29 2.1
Mean porosity size um 0.070 0.070 0.075 0.060 0.075 0.060
MD tensile strength at break|  MPa 130 200 120 130 150 160
MD tensnl: r:I:;:nkngatlon at % a0 50 100 80 70 80
me::ﬁ:‘;:'of TD tensile strength at break]  MPa 130 180 | 110 | 130 [ 150 [ 170
polyolefin TD tensile elongation at %, 100 60 110 70 70 70
microporous break
film MD/TD rat!n](i)’eoafkstrength at ) 10 11 11 10 10 0.9
MDD ratjcl:J roefati(longatn:ﬂ at ) 09 0.8 09 11 10 11
130°C l?;?(::u ;;‘"”"age % 14 16 15 19 15 19
130°C "::{;"g;;’""kage % 13 15 13 21 13 17
Shutdown temperature °C 139 139 139 139 139 139
Meltdown temperature °C 200< 200< 200< 200< 200< 200<
130°C simple aven fest - o o o A ) o
QOccurrence rate of raised edge roll o 16 0.6 2.0 2.0 06 1.0
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[0136] [Table 8] ItemUnit Exanple Exanple
Conparative Conparative Conparative 39 40 Exanple 8
Exanple 9, Exanple 10 PEa My 10,000 30 30 30 30 30
Conposition ratio % by nass 46 46 46 46 46 PEb My
,000 70 70 70 70 70 Conposition ratio % by mass 45

[0138 45 45 45 PEc My 10,000 - - - - - Conposition ratio
% by mass - - - - - Raw material Kind - Hono- Honp
[Takleposi ti on PPa pol ymsr pol ymer M/ 10,000 15 15 - - -
Ki il Liannm
Conposttion—tatte xam‘l’e Exam le | Exampte | Exampte | Example | Example
Hono- IJB'ﬁD Horo-  Hortb FriF @ ek ot i 50T yTar
poT YITEr T PPDwhy 0| oA U A0 |70 GOTROY 1401 =0
rat i B T IoRes ot fo Sy mdee r'y: ) A AT S TR
massf35135 3§v 35—3p 10 T I CRCY S~ pPMT=F o rrov Ty
N o | aYihidd M P AV N il P 28 Vs 2 ada 7-n
500 1FGQJ | )| AT I CLl U O\ vy iy T A~y —r —r—
5.0 fol-cLmisEionale e prmag oD Tilnes g 476 14
6. 4 Beols.0 MtondiliBAw hinglt enpdratude C 424-
124 23l fereogtiomratio i % byimass | TDY Tings 1.3 1:311.3
Raw dateflal?. 2| Heatygettipg Str etHoim giomcevnmmcat (Hogo- ¢ HDRQB | 1HdBo-
comppstion a0l 124 condi}i ans RPYAY S PIYRE | PR polmer] @obmer] paymer
128 128 123 426 | 828t oS ratit® (TDE Ti nes |0.139 |0. 779
0. 79_0. [/ GorGrogitn FD ['dyakssEt réet ¢h v afi o5 Tijnes §. 65 6.J6 5
6.6 5.5 12. Qg Fi | N} t hi ckpes®- pipdds | Hamof | Hondo- | FoHh© § | Hoiylo-
% 40 p4 40 4037 "_| polymer } polymer | polymer | polymer | polymer | polymer
Mv 10,000 40 40 40 40 40 40
Composition ratio | % by mass 4 4 4 4 4 4
Polymer concentration | % -bymass| 35 35 3s 35 s | 35
Sheet thickness pm 500 600 1000 650 850 700
Biaxial Stretch ratio (MD) Times 5.0 5.0 7.0 6.5 7.0 7.0
siretching Stretch ratio (TD) Times 5.0 50 6.0 6.5 64 64
conditions -
Siretching temperature °C 116 116 122 122 123 123
Stretch ratia (TD) Times | 14 14 2.2 1.3 1.3 1.3
Heat setting Stretching temperature °C 120 122 124 123 - 123 123
conditions | Relaxation temperature | °C 123 125 126 128 128 128
Relaxation ratio (TD) Times 0.79 0.93 0.91 0.79 0.79 D.79
TD total stretch ratio Times 55 6.5 12 6.7 6.6 6.6
Filrn thickness um 9 9 7 7 9 7
Porosity % 40 42 37 40 40 40
Air permeabiiity sec 200 160 120 150 200 160
Puncture strength N 24 26 23 21 25 2.3
Mean porosity size um 0.050 | 60.000 | 0.080 0.055 0.055 0.055
MD tensile strength at break MPa 140 140 160 160 200 200
MD tensile elongation at
break % 130 { 120 50 50 50 50
Physical T75 tensile strength at break| WP 140 | 15
properties of — a 0 220 100 100 100
polyolefin tensile elongation at
microporous break % 170 140 30 110 120 120
film MD/TD ratio of strength at
break - 1.0 0.9 07 1.6 20 20
MIYTD ratio of elongation at
break oo- 0.8 0.9 1.7 0.5 04 04
130°C thermal shrinkage o
rate (MD) %o 27 27 20 21 21 21
130°C thermal shrinkage o
rate (TD) % 25 2 30 24 24 24
Shutdown temperature °C o f 139 139 140 139 139 139
Meltdown temperature °C 200< 200< 200< 200« 200< 200<
130°C simpie oven test - x x x % % x
Occurrence rate of raised edge roll S 6.0 5.0 4.0 6.0 6.0 6.6
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[01

permeability sec 340 260 150 200 120 Puncture
strength N 5.3 3.8 2.7 3.0 2.6 Mean porosity size pm
0. 055 0.055 0.055 0.050 0.080 MD tensile strength at
break MPa 200 200 200 140 160 NMD tensile el ongation

at break ova 50 50 50 130 50 Physi cal
%Ei]rength at break MPa 100 100 100 140 220 properties
of polyolefin TD tensile el ongation at
[Taleddk % 120 120 120 170 30

o Wi a TN o Wl o BN &

4 fa

o7 L}

bhr aoale

TD tensil e

n cr opor ous
filmMYTD ratio of

ID.vati o

stTe

) + la
IIHLII atl .

= U 4. U 2.\ [ P T CCOUINT T T T O s
| : ‘ Xarmple Eﬁrg e ig( arative | Comparat "g:mparaiwe
of el on§dtion at -]0.Wto0. 5 4 % mp|ehr eérgjnpigec ample 10
t her [ [shri mkage 1 atp@o YD)30 70| Z1ag 2] 215027 [ZU 3 30
130G 1 Tl ST TG, ™ T 27 47 2% 27 2%30]
ut powmT CENpET atuye FO 139 TS —rt-gomn
t errpj:rEa - \M(cmo ﬁfutqool' nnT& ’m:\? ’nna701 200 ~ 1 i '70
- . L UJ \vaw, LTO OO TP -
ovenle :ﬁomm%tm?(ratl\p ‘%by ma 4 | 45 f : r ai8ad ngdl‘g
rol | | dé po2—dq) 10 [0137] Ag ils clead from
t he LesliGexrosiioniip | these lm cropdrous
rRaw hatdiflp  fccorglisng to the tHenayent i on lare_thijn _
comfoifomi,chbyving a thigkness APy PovERRide thanl 14 m land
have| t he_occMyrence B0 he 1Faijsefl ¢dges ejtrenel -
hi ghler__| fampopitn eike | Bbyoasse - wheje 1 he film hi cknegs -
exceepds| 14 my.qNeve[t hel e$sipmd heweo- 1 ¢oOPOI OUBmO- Homo-
PP : ‘ polymer | polymer polymer polymer polymer
Mv 10,000 .40 40 40 40 40
Composition ratio | % by mass 4 4 9 9 9
Polymer concentration | % by mass 35 35 35 35 35
Sheet thickness fm 1450 1100 700 500 1000
Biaxial Stretch ratio (MD} Times 7.0 7.0 7.0 50 7.0
stretching Stretch ratio (TD} Times 64 6.4 6.4 50 6.0
diti -
conditions Stretching temperature °C 1124 124 123 116 122
Stretch ratio (TD) Times 1.3 13 1.3 1.4 22
Heat setting |  Sirelching temperature °C 123 123 123 120 124
conditions Relaxation temperature °C 128 128 128 123 126
Relaxation ratio (TD) Times 0.79 0.79 0.79 0.79 0.91
TD total stretch ratio Times 6.6 6.6 6.6 55 12.0
Film thickness pum 16 12 7 9 7
Porosity % 40 40 40 40 37
Air permeability sec - 340 260 150 200 120
Puncture strength N 53 38 27 3.0 26
Mean porosity size pm 0.055 0.055 0.055 0.050 0.080
MD tensile strength at break MPa 200 200 200 140 160
MD tensile elongaticn at
. ook % 50 50 50 130 50
hysical p
properiies of Tl?r ;ensrlellstrength at break MPa 100 100 100 140 220
polyolefin tensile elongation at o
microporous break % 120 120 120 170 30
film MD/TD ratio of strength at
break 2.0 2.0 20 1.0 0.7
MO/TD ratio of elongation at
break - 0.4 0.4 04 08 17
130°C thermal shrinkage
rate (VD) 9 % 21 21 21 27 20
130°C thermal shrinkage
rate (TD) % 24 24 24 25 30
Shutdown temperature °C 139 139 139 139 140
Meltdown femperature °C '200< 200< 200< 200< 200«
130°C simple oven fest - x x x % x
Occurrence rate of raised edge roll % 0.2 4.0 10.0 8.0 8.0
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films can provide a roll in which the occurrence of
the rai sed edges is reduced. The mcroporous film
according to the present invention also has high
safety. O these mcroporous filnms according to the
[O1$?esent invention, particularly, the mcroporous film
dving 10 to 110% of the TD tensile el ongation at
break and a ratio of tensile 10 strength at break of
0. Bsti cleas frognthe wsulte showspl in Tableshd th 8t thesecnicromoroes films
of the raised edge is reduced remarkably. [0138]
accominghisl the present inventitomar thin filnaving asthickness dBaofliere than
pol yol efin m croporous filmwas produced in the sane
14 ymapared hage thewcairerde éhanhiRed cgesixtichdly hither than in the
condi tions were changed into conditions descrl ed

casd alceS tik Alftithiknesandickba8 3 4N0h, dﬁ%ﬁgﬁg?fgsﬁﬁh%gln%m%orous

and 10 were the sane as those In

fllmé)éérl# Fcﬁf@@ a'rél $h %léﬂh@%cﬁﬂr@ﬂcé%lf o%@&néﬁgg%ﬁl e The

he sanme manner as in the case

BB Pt e T SRR Sl ese

le 13 had a | arge

p bt ai ned in arat ve Exanp

mlcréhémﬁ%(}g S AGePr pggoff?p |q¥pnggla pHteulafy dhedgnicroporous

fil uaI | tb 601&%813%&%Tabl e 9] ItemUnit Exanple

ilm 10 te, L1A% of iensilepiongation g bee heatic of tehsile

4 45 46 47 10, 000 30 30 30 30 30 30 30 PEa

stret@;hﬁégmalbqf 0819 14% cap previde aamlldnr wiich thet dccumeEsseMf the raised
10,000 46 46 46 - - 46 46 PEb Conposition % by 45 45

edgeyis reduged remarkablpss My 10,000 - - - - - - - PEc
Conposition % by _

[0138]

[Examples 41 to 47, Comparative Examples 11 to 13]

The polyolefin microporous film was produced in the same manner as that of
Example 1 except that the conditions were changed into conditions described in
Tables 9 and 10. Conditions not described in Tables 9 and 10 were the same as
those in Example 1. The occurrence rate of raised edge roll was also evaluated in
the same manner as in the case of Example 1. Tables 9 and 10 show the phyéical
properties of the obtained polyolefin microporous films. The microporous film

obtained in Comparative Example 13 had a large amount of particles in the film, and

had inferior quality.
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rati o mass Raw Hono- Honb- Honpb- Honmpb- Honb- Hono-
pol yner

Hono-

pol ymer

mat eri al
pol ymer

Ki nd pol yner
pol ymer

pol yner
conmposition PPa My 10,000 10
10 5 10 10 20 25 Conposition %by 5556 14 5 5

pol yner

01 tio mass Kind - Honb- Honb- Honb- Honb- Honb- Hono-
no- pol ynmer pol yner pol yner pol ynmer pol yner pol yner
%I mer PPb My 10,000 60 30 40 50 50 60 60
[Ta osition %by 4 4 414 6 10 10 ratio mass Pol yner
Saby 37 37 37 50 50 35 35 concentration mass Sheet
t h| cknaﬁas pm 1650 JQ5P-aeax] ELerp6 | BxadRe |EX@ible] Z3@ple | Example | Example
Stretch Lol (O ITi#3cl 748 7 Q447 @ 750 @6 47
7.0 7 stridt chi PO r8éch rdti ¢ (D) TRhe ] . 40 30
6.4 p Cami@sitipn § %dby Longli t]i ops Et r4§t hi pg erg@er atyre |
'C 1 Eg‘|3351 1108110 rat i i (N
1.5 S Mv o ]10P0qf 549 4 45 r bt dﬁl q Heal sett) ngd 46
(Femrositpp ) WY1| 134 122,512P 1419 [119 ¢ondit ops a3
Re|a ! 21 12411260 190 12 122
Rel a M ol B9 0. 87 0-8710.87 1087 87 73 .
0.73 ﬁ?"fFF'f"E’R €5y Jom.16 [16.16] 16. 1d 20 29 Physd) cal ]
EWO n/()l;raft' AL N~ l‘\pflf+i oc n'F Al
a ; .\_ '-rJ_ = A |u_:|n|\,g T ,-\. N ]
er-Ya i t xnsec| 330 BBIT34d1oP80) Yare J1ipmagp Homo- | Homo Fomo
compakignd! P'ng A—RPunct R° Wﬂ&?yﬁ‘e"r PRlypgr ppaymar ﬁ%’“‘ﬁ polymer
6.0 Mv 10 5 10 10 20 25
Compaosition
ratio 5 5 6 14 5 5
Kind ) Homo- | Homeo- | Homo- | Homo- | Homo- | Homo- | Homo-
.| polymer § polymer § polymer | polymer | polymer | polymer | polymer
PPb My 10,000{ 60 30 40 50 50 60 60
Composition | % by |, 4 4 14 6 10 10
ratio mass
Polymer % by
concentration mass a7 37 37 50 50 35 35
Sheet thickness pm 1650 1650 1650 1100 1100 1700 1700
Biaxial Stretch ratio (MD) | Times 7.0 7.0 7.0 7.0 7.0 7.0 7.0
laxial
stretching | Stretch ratio (TD) | Times | 6.4 6.4 6.4 6.4 6.4 6.4 6.4
conditions Stretching o
temperature C 123 122 122 118 118 119 119
Stretch ratio Times] 1.5 1.5 1.5 15 1.5 15 15
Stretching .
Heat setiing temperature c 121 121 121 122 122 119 119
conditions Relaxation o
femperature c 124 124 124 125 125 123 123
Relaxation ratic | Times 0.87 0.87 0.87 0.87 0.87 073 0.73
Film thickness um 16 16 16 16 16 20 20
Porosity % 43 41 40 47 45 45 45
Physical - —
properties of | Air permeabiiity sec 330 360 340 280 310 310 300
polyolefin Puncture strength N 50 5.0 50 38 38 59 6.0
microporous Shutdown
fitm temperature C 139 139 139 139 139 139 139
Meitdown R
temperature C 200< 200< 200< 200< 200< 200< 200<
Occurrence rate of raised edge roli| % 0 04 c.B 0.2 0.2 0.4 06
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m croporous Shutdown filmtenperature 'C 139 139 139
139 139 139 139 Meltdown tenperature 'C 200< 200<
200< 200< 200< 200< 200< Cccurrence rate of raised
edge roll %0 0.4 0.8 0.2 0.2 0.4 0.6 61 [0140]
Table 10] Item Unit Conparative Conparative

[0148nparati ve Exanple 11 Exanple 12 Exanple 13 MW

10, 000 30 30 30 PEa Conposition % by 46 46 80

[Tabiedd] My 10,000 70 70 - PEb Conposition % by 45 45 -

ratio

ratio nass My 10 000 - - _PECc Conposition %by ratjio
mass Rapgfklono- Hono! Ugifm LCompaetiy ICquparanM Cymparative
pol virer_pol yner _ cogpos|_t| oempRe 1MExa0piedo | E3ardge 13 p
Conposftio ratigy mags Kizad - [Homgg Hopo-
Hono- peEy , B2
Conpos|Jtio 46 80
, 70 -
PEb Composition] % b
y
ratio mass 45 45 i
My 10,000 - - -
PEC ["Composition | % by ] ] _
ratio mass
Raw Kind i Homo- Homo- Homo-
material polymer polymer polymer
composition PPa
My 10,000 15 35 1.9
Composition | % by
ratio mass 5 S 10
Ki Homo- Homo- Homo-
ind -
polymer polymer polymer
PPb My 10,000 25 40 32
Composition | % by
_____ratio mass 4 4 10
Polymer % by
concentration mass 37 37 55
Sheet thickness Hm 1650 1650 1000
) Stretch ratio (MD) | Times 7.0 7.0 7.0
Biaxial -
stretching Stretch ratio (TD) | Times 6.4 6.4 6.4
conditions Stretching o
temperaturé ¢ 121 121 118
Stretch ratio Times 1.5 1.5 1.3
Stretching o
Heat setting temperature C 123 123 120
conditions Relaxation o
temperature C 128 128 123
Relaxation ratio | Times 0.87 0.87 0.85
Film thickness Mm 16 16 20
_ Porosity % 43 43 46
Physical - ™
properties of Air permeability sec 310 320 400
polyolefin Puncture strength N 48 5.0 25
microporous Shutdown
film temperature C 139 139 139
Meltdown o
temperature c 200< 200< 180
Occurrence rate of raised edge roll] % 1.0 1.0 3.0
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Pol ymer % by 37 37 55 concentration mass Sheet

t hi ckness pm 1650 1650 1000 Biaxial Stretch ratio

(MD) Tines 7.0 7.0 7.0 stretching Stretch ratio (TD)

Times 6.4 6.4 6.4 conditions Stretching 'C 121 121

118 tenperature Stretch ratio Tinmes 1.5 1.5 1.3
[0143d et chi ng 'C 123 123 120 Heat setting tenperature

condi tions Relaxation 'C 128 128 123 tenperature

Ref\ajsatieanfrom the resuits shown i Tabled. Band A0, thess miaressrous films

pm 16 16 20 Porosity % 43 43 46 Physical properties
accarfling to the mresdritlinventoeccadilprodie 406l inpwhighltké iodcurrence of the

Puncture strength N 4.8 5.0 2.5 m croporous Shutdown
raisdd edyéeipedatede ' C 139 139 139 Mel tdown tenperature

oC 200< 200< 180 GCccurrence rate of raised edge roll
[01441.0 1.0 3.0 62 [0141] As is clear fromthe results

own in Tables 9 and 10, these mcroporous filns

s
2CP pedtor REALSF g HGR' A Ao Befahhd parer

oo, BRI BB S AL00R, B3 GhpSRese patent

Application (Japanese Patent Application No. 2008-091572) filed on March 31, 2008,

and the contents thereof are incorporated herein by reference.

Industrial Applicability
[0143]

According to the present invention, a polyolefin microporous film having less
raised edge can be obtained. Then, yield and high-speed productivity at a slitting
step and a battery producing step can be improved. Moreover, according to the
present invention, a polyolefin microporous film having a film thickness of 1 to 14 pm
and less raised edge can be obtained. Then, yield at a slitting step and a battery
producing step can be improved. The polyolefin microporous film also has high

safety.
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Application No. 2008-091573) filed on March 31, 2008,
and Japanese Patent Application (Japanese Patent
Application No. 2008-091572) filed on March 31, 2008,
and the contents thereof are incorporated herein by
reference. 10 Industri al A&EIél cability [0143]
According to the present i MSon, a polyol efin
m croporous filmhaving | ess raised edge can be
obt ai ned. Then, yield and hi gh-speed productivity at a
slitting 15 step and a battery producing step can be

1. i mprohadefinvimeroperqusdiinoiodned ftam ahsolpslefie sbmposition comprising
i nvention, a polyolefin mcroporous filmhaving a film

a pdlythylenssa ﬂfstbdlﬂ:_ré\ﬂrylﬁhe wadinges vistasibeavardae rislchRr weight of
obtal ned. Then, yield at a slitting step and a battery

not IBES A 5O, 000 REs ifan BBOY00dand %eséwn\flg%cﬂ@rﬁf)x)gne Hhaving a

m croporous filmalso has high safety.

visc@soi%wé’r?gé InfoIBL GaP R %éf"%ﬂ%sfgﬁh%égydﬂﬂ a pol yol efin

ositron conpri si afirst

2. DolHPLSRIN TSRS iy 83l B BT, TG B viscosiy

300, 000, and a se d pol ypropyl ene havi ng a

avergpe sBArFyRANeIaloT 1he secead PalPEIRYIRNe 9c100.894 t 4,000,000,
300, 000. 2. The pol yolefin mcroporous filmaccording

3.t ofhe epiyplefinipicreperous éilmiaseerding to elaim dger Zmwvhereinthe viscosity
wei ght of the second pol ypropyl ene is 300,000 to

average 0oolecnlar weightefplad polyethyiems sr5 060 ds 10i009,000.
according to claiml or 2, wherein the viscosity 10

4. avEheapelyolefiaanicaoporeug fitm elccoitingtd 36y byie @feldims S0t00®Gvherein
to 10, 000, 000. 4. The pol yolefin m croporous film

a magsoatidioighé poRfvopénedfo & tetalBmbuhPofpolBfiyRing afd MBSS

rati o of the polypropylene to a total afount of

polyPopyRinaihene _p%%lefﬁpé%@/?ggﬁég Re3itg ;b%gpgﬁg, efin

composition is"3 to : yol efin
5. TRBNBNN LCAERE Al bGP, 8o 8P TRsb avrerei
a mass g0 o e T PR BpoUse Ton e Btayrodiriiting Biss slhiprapyiene
S 10 to 90% by mass. 6. The pol yolefin m croporous
and {he %ﬁ%@cnwwgﬁv@nsﬁv th polyclefingamgpasitien i 1Q4paYiby mass.
6. The polyolefin microporous film according to any one of claims 1 to 5, wherein
the film has a thickness of 1 to 14 um.
7. The polyolefin microporous film according to any one of claims 1 to 6, wherein
the film has a tensile strength at break in a transverse direction of 100 to 230 MPa.
8. The polyolefin microporous film according to any one of claims 1 to 7, wherein
the film has a tensile elongation at break in a transverse direction of 10 to 110%.
9. The polyolefin microporous film according fo any one of claims 1 to 8, wherein
a ratio of a tensile strength at break in a longitudinal direction to a tensile strength at

break in a transverse direction is 0.8 to 1.3.

10.  The polyolefin microporous film according to any one of claims 1 to 9, wherein
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the filmhas a thickness of 1 to 14 m 7. The
pol yol efin m croporous filmaccording to any one of
clains 1 to 6, wherein 20 the filmhas a tensile
strength at break in a transverse direction of 100 to
230 MPa, 8. The polyolefin mcroporous filmaccording

a thegmalshrinkagefrats i siransvesse dirgstior ah 13012 isf notrmbeesthan 20%.
tensile elongation at break in a transverse direction

11. of The polyolefimmigopateesfiinyadosiding o angporcefléims to 10,
according to any one of clains 1 to 8 wherein a

whereinitbe pblyelefensornposition eotripriseslr palireihylend Rghd Bdigtdsity
direction to a tensile strength at 25 break in a

avehgéﬂﬁb%’c&hrdﬁéi?ﬁﬂhigﬁeﬂ thah- tRevischsity at€ra B‘iﬁoﬂé@uﬁf'vﬁ%bﬁt of the

m croporous filmaccording to any one of clains

ﬁrst?oiy‘ﬂﬁ@;ﬁ;ﬂéﬂe, 64 a thermal shrinkage rate in a
ransverse direction at 130C is not nore than 20%

12, Ao BBy o S A G R 71
I R BRI N -

vi scosj ty. aver, .ol ecul ar weight of the 5 first
a"efﬁ‘aﬁfﬁ?‘sl&éiaé H‘@'a%%'gh?fethﬁﬂltv% viscoRityp¥erggsroalecular wreight of the
. ,according to any one of clainse 1 to 11, wherein the
first pelypearsigne asdiwer than the viscosiy avelageyaolegltanaveight ofghe

a viscosity average nolecul ar wei ght higher than the
secofidspalgpropyener age nol ecul ar wei ght of the first :

pol ypropyl ene and | ower than the viscosity average
13. noltexpolgolefiairgictopdrous 6ilr @cserimgitdahy BheRY chivgs 1118 12,

The pol yol efin mcroporous fil maccording to any one

whe®dfin ﬂié‘b@ﬁo[&fiﬁ%aﬁ?posiﬂ&?é&hﬁriéé@agﬂ\i}l)éghﬁfeh@ haQIFROs gfggeé‘ity

conprises a pol yet hyl ene havi ng cosity
aver§é prelbad | ' ' ALERYEEToletey

9 Mol Ral Wit efiiflo bthighel aRtheABashy BxkisRs lsbutar

; alithiumion battery,

we'gbg?r%ﬁesﬁ%r?gﬁga%oﬁ%f)g@hﬁ' m croporous film according to

a one of claimg 1 to 13. 15. A roll conprising a ]
14. O & separator it & itPumdes bﬁ%‘ﬁ‘ﬁ{'é@&‘?ﬂféﬁ'%atwmﬁ%%ﬂﬁpomus film

clains 1 to 13, the pol gol efin mcroporous film being
accopging do apy one of claims 1 to 13.
15. A roll comprising a polyolefin microporous film according to any one of claims 1

to 13, the polyolefin microporous film being wound.
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