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DESCRI PTI ON POLYOLEFI N M CROPOROUS FI LM AND ROLL
5Technical Field [0001] The present invention rel ates
to a polyolefin mcroporous filmand a roll
Background Art 10[ 0002] Pol yolefin m croporous filns
are used for mcro filDESERIPEPANat ors for el ectronic
devi ces such as batteries, capacitors, and nmaterials
for fuel cells, and the like. Generally, lithiumion
batteries are produced through a step of spirally
rolling apgliN@LEPHN MICRCPEROUSIEII@NANRDROLP
negati ve el ectrode which are coated with an
15el ectrode active material and a separator. The
separator used at this step usually has a shape of a
ol tained by slitting a material into a
TeCh%@%J%%antned wdth (cutting the material into an
[0001glongated shape) and winding the slit material around
roll core. Wen a polyolefin mcroporous filmis
processed into such a roll, the _process is 20through a
stt@ppf@rent invagtian eigtesttod pryAlgfin ﬁ@cmwset' fhand aroll.
m croporous filminto a shape of a roll (nmother roll),
and subsequently slitting the filminto a
predeterm ned width while the filmis fed fromthe
Backgroum@Artrol |, thereby to be processed into a rol
according to application. In recent years, the | engths
[0002pf the el ectrode and the separator to be rolled have
tended to be increased along with increase in the

FRISEfiry nﬁérobaﬁ)&a‘ilﬁ"%réré%seaﬁéﬂ ﬁtlérb‘%’ﬂ‘t@'ré YsepBtBBrssfe kctronic

productlon in order to | nprove pro UCtIVIty at a

devncersoéddhggs ﬁétgé’r %aBScnRﬁEf?ﬁmt?fQEfﬂg L&Q g thd ?

a separato hig quaﬁl ty

%e?@#ﬁ@yﬁfﬂur%qgﬁgﬁé%'s %rgggq o) \é%bgqﬂggn?a f%ap%fI scql%aﬁggolhng a
st oRe e T S RS TP B ST

nol ecul ar wei ght of not [ess_5than 1 x 104, in whi ch
electradg %%W@sr@atqr@gaudta pasatanot Theseparaier usethabihissiearusyally
hori zontal |y adjacent to each other in a surface
has a divapz 0f @nolbbbtalired by siiting aveatdral indo a pedetdianined width
Pat ent Docunent 1 shows that a curvature when 1 mof a
(cutting ep@neadterialriold ars bidngatéds tdbeyrardwinditidithanglit bifleral around a
length is rolled is reduced. Patent Docunent 1
roll cofdl. scl oses a pol yol efin mcroporous filmin which the
totaI vaI ue of a 10tensile strength at break in a

d| Eeng. oﬂ)oﬂfﬁ l'ﬁtg&?ﬁﬁ\mu%rf &)I?@c 1B A% 4 & RO process is

el na ter sonmet | nes

througft Z4EY %ﬁtﬁ@%?ie& Ww%%?'f‘%rtﬁ‘% Rl A PHEDs R shape of

a roll (wo hq?{ gr)[, @@g gggggrﬁtgyl ? ngﬁl; t%hllnﬁgp%t@r&pag{é?mmec} width while
i mes abbrevi ated as 2) is within a specified
the fllm m@a frogn dhe Aother kll, thﬁrel@y i ba promgssed igto @ roll according to
~elongation at break and a TD tensile elongation at
applicdsiopak I seadnt yearsa tisp arigtive df thengjectrode and g eaparator to be
Docunent 2 discloses a polyolefin mcroporous film
rolled rtavet tended go betinci@a¥ed \alovwy with indrepsé yp thepya pavity [ the Batteries.
a wei ght average nol ecul ar wei ght of not |ess than

Addltuoaawy High-speEa produddRPURRIE e Btotih§istb0s pPodudtiviy apa rr@Mﬁg step

Intcontalnlng, as a mmin conponent, fibril having a
a
may beﬁP%?%fSZ%%us‘”‘?“ et ceason, HRrETe gy haR fors PHRRRR 81 1 high

winkle at the tine of rolling a separator and an
el ectrode body, in which aqratio of a TD tension
nmodul us of elasticity to a MD tension nodul us of
el asticity of the 25separator is 0.8 to 5.0. Patent
Docunent 1: Japanese Patent Application Laid-COpen No.
2006- 124652 Pat ent Docunent 2: Japanese Patent No.
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25pol yol ef i n conposi tion contains a pol yethyl ene
havi ng a viscosity average nol ecul ar wei ght hi gher
than the viscosity average nol ecul ar wei ght of the
first polypropyl ene. [12] The pol yol efi n m croporous

quality freenfesc oaided gdges asiipage cofvdtlie, tamd[virlikleswier examplee
pol yol efin conposition conprises a pol yethyl ene havi ng

[0003p viscosity average nol ecul ar wei ght higher than the
vi scosity average nol ecul ar weight of the first

APAtERT DBYIRBAt {RITsdCHRT 5 bbwetﬁhameréﬁ&%u&ynrﬁ\ceheg@m 5 to 30%
nol ecul ar wei ght of the second 5pol ypropyl ene. F

o el RPN 4 o g o
R Al L e R
o NS0 e AR SRR A% oo

conprising a polyolefln m croporous film according
than fphyimyneP@fent Ppcugent djshowssthapacyryatetsyhesiing ¢f a separator
pol yol efin m croporous filmaccording to any one of
roll sl![ mfo 68 Mm3n widtheapd b00Inein lengtitisopdedissraducadbe Patent
rolled. 15Effect of the Invention [0006] The
Docurpehytldefciasesi a polgolefinsnicrépuraas éindiimwhiah thiedofal #akiet of a
i nvention can provide a polyolefin mcroporous film
tensilsdengthaltbrédieire®mddhdie grection (wHicte Rt theg Japtkiae thdéength
occurrence of a raised edge at a slitting step such as

dlrec’u@n%f 'tﬁé Kilh9 apb G réihattBe sb'rrf@m"?és 39!91%‘\’/%56 B4 "MI®) and a tensile

polyolefin mcroporous filmand a slitting step at the
vt S PR L D5 PR SATFG00081 el v
machms?ﬂb%F&?nﬂ‘Qie}ﬁ%@é??@%WP SEiGh of Ut o fasrpinatter

appar at us; " gure 2 is a schematic v
Sometl"ggﬁs a%f‘%’i'ﬂ@ﬁ asy 18" tst wﬁ@naaqap%f@ Y% ﬁBF’;ﬁl}? é?t?LVgue ofa
m croporous film and Figure 3 is a schematic view
MD tessiteelogoatien at brastk and ai&tﬁredgeelmgaélqncﬂnbreak is within a
5Expl anations of Letters or Numerals [0008] 1:
specifiddcraoger ous film 2A, 2B Nickel foil 3A 3B: dass
plate 104: Electric resistance neasuring device 5:

FemoDecUhent2 diseRiseerEh6ilyoléfinPaickopxrblie fitndcoftaikkigd to 35%
15 Best Modes for Carrying Qut the Invention [0009]

by wefd®f 8f P@lﬁ/b?d(pﬁlé?%sﬁaﬂﬁﬁi%%& ht 566 gpbnﬁole%latr e iGHasTaDt less

I'nvent i on rei nafter brevi as a "present
than3§ ment.") will be described in detail. The present
"Invention will not be limted to the present

1cat|on an

RS 350 Pt Y fiteBeS AmiitopdBus it CBfthnirzh es

i mpl e Fi rst enbodi rrent] A
Comp‘mﬂ“}o{@ﬂt}‘ﬁ‘%&ﬁ %B@)‘l‘bggaf"?!% (hereinafter, sinply
referred to as a "mcroporous 25filni) accordlng to a
Fatent Regvaentehediscloses ranmicropoinus il dialirg phreducing formation
conmposition containing a pol yethyl ene, a pol ypropyl ene
of a wiihide eit tize timve, oftrbliiag posemparatpy|andean slecirodethiadys in which a ratio
abbrevi ated as "PPa") having a viscosity average
of a TDméssioh afodwiig bi elaBECi 10d MDD terion iotsusibbelastictyest the
as "M/") of not |ess than 50,000 and | ess than

sepaﬁﬁgpﬁqutogqﬂ a pol ypropyl ene (hereinafter, this
pol ypropyl ene i s sometinmes abbreviated as "PPb")

t 1

Paten BBl SlrRnea R ERARPRAPAT AP Orct ) Hop s
pol ypr opyl ene and pol yet hyl ene. A percentage of the
total anmount of pol ypropyl ene and pol yethylene in the
pol yol efin conposition is preferably not |ess than 50%
by mass, nore preferably not |ess than 70% by nass,
still nore preferably not |ess than 90% by 10nass,
partlcularly preferably not Iess than 95% by mass, and

1 . a0" Y. Y. Y. o ~NNA N
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25 One or both of PPa and PPb may be an ethyl ene
propyl ene random copol yner or an et hyl ene propyl ene
bl ock copol ymer. The content of ethylene contained in
the polypropyl ene copolyner is preferably not nore
Patent bxacuBet 2y JapanesmBatent dlqpi360866HI y not nore than 20%
by nol. The density of polypropylene is preferably
Paten® D88uterd 393aganast: Patetht Ny, 87@g6e48rably 0.90 to 0.913
g/cnB. In order to prevent difficulties in
Patenp@cesihidrg at Ugpamdsd Patet A pgn@ém#ﬂéldl@berﬁ RR. 30031220973
preferably not |ess 5than 88 g/cnB. On the other
hand, it is difficult to obtain polypropyl enes havi ng
a density | arger than 0.92 g/cnB. [0016] The
; pol yol efi n conposi ti on contains ’
chw%gﬁ¥8 gﬁﬂbkgﬂﬁgbn1the vi ewpoi nt of reducing the
als d edge by using inconpatibility
Prom%ﬁ#%??‘&%i’%?%r%e V\?\ﬁ’i‘ BBI ypr opyl ene. The Ms of
ol yethylene is preferably not |ess than 50,000 from
[0004Phe vi ewpoi nt of nechanical strength, and is
preferably not nore than 10,000,000 fromthe vi ewpoi nt
dowe\aiutie ivegtions descibeedn faientDagursentsol it ppneak

can be specified as foll ows: (a) PEa is a
sufficipolly eacudedhe deauviragcanf e teiggteedgea imtherrell df th pekalefin
and | ower than the 15 M/ of PPb, (b) PEb is a

micropardoyetfiryl ene having an My not | ess than the M/ of PPb,
and (c) PEc is a polyethylene having an M/ not nore

e 'tl’ﬂk?pPééeﬂf lrﬁeﬂtlorﬁ @ﬂ%beTH %oNEM@Fat%E@oﬂ the HHANVBImentioned

than the M/ of PPa fromthe vi ewpoi nt of suppreSS|ng

circunféi?ﬁé’ég?t' gb cPbf ﬁl‘%ﬁgrjés@ﬁt ﬁ‘nk/g t‘Pc?H %3%‘?%&)% :ﬁﬁ&%l’éﬂHS

m an ower than the

4 nt_ of ut
microf ygm s ECHE AT Rt it SHEhY %@g”{h%e?%%é%%fﬁ of a
he M/ of PP ows hi gher -
fa'sedof?%‘e%@ aht?ae 31 s06h S Aty ath SR o prgpcing the
ferably not Iess t han 200, 000 and | ess than
polyols@lm NYePPoEeKSs BiM and aoylidting: stepratihs tivspofqyocessing thepolyolefin
25The M/ of PEa is preferably [ ess than 500,000 from
micropereus ffikmpatiora radf r educi ng a shut down t enperature of
the polyolefin mcroporous film and preferably not
| ess than 200,000 fromthe viewpoint of suppressing
reduction in strength of the polyolefin m croporous
Meand fdrBollingt8E Prosieaiabl y, the M/ of PEb is not |ess
than the M/ of PPb fromthe viewpoint of 5inprovenent
[0005]n nmechani cal strength of the pol yolefin m croporous
film and not nore than 10, 000,000 fromthe vi ewpoi nt

O T PE re
366, 66418 'ﬁggf%ahé s s %Ps? FobyBeBL60e e
aboveéaglqg@geocgh@ gar Iacﬁurlf%ry O p&g'fe(ser r?t%}s !gl%tspsnlsglg?y found
sfeferabl not |ess than the M/ of PPb fromth
out that 2 pplYPIRfINGICToRATBYS A DaVINTID AR §amp§rsrt@ﬁ\gqaﬂ gRlve the
the pol yolefin mcroporous film and preferably not
aboverfpeetienethprod)@0s, @BDCOMplatedt ey peageot mveotioni | Namely, the
formability. [0019] The M/ of PEc is preferably not
presemtasgeritivans =8, foldwé.r om t he vi ewpoi nt of i nprovenent in
nmechani cal strength, and preferably |ess than 200, 000

[1] A polyefirh@idrdpbuRdiImt cathprlislhg BesolySefis cbepdetionsdmianthg a
tenperature of the polyolefin mcroporous film The W

polyet@leﬁ’@ca Fifst [HR r@ﬁﬁéﬁéﬁgbﬁh 2DvidB0sityP aJéQgQQQoIeEQ@?Waght of not
romthe vievpoint of supgre33|ng reducti on

strength of the polyolefin mcroporous film the

pol yol efin conposition acc@ding to the present

enbodi nent 20preferably contains the polyethyl ene

having the M/ higher than the M/ of PPa, nanely, PEa

and/or PEb. [0021] In the case where one kind of

polyethylene |s used PEa |s partlcularly

a e~ o - =
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[ 0026] In the conposition ratio (% by mass) of
t he above-nenti oned pol yethylene (in the case where
several kinds of polyethylenes are contained, it is
the total anount thereof) and the above-nentioned
less than HpAS0VarEhiesithan BE0 RO ank er eecopdgrayprivpyigsedfaving a
25pol ypropyl enes are contained, it is the total anpunt
viscogityeanenéde niglecnlaheeight whabhkesstthared00000n i n the
rai sed edge of the polyolefin mcroporous film and

[2] Thbrmw@mmwﬂopormmnbiqa!, wherengthe visd it r=RB¥ge molecular
pol yethyl ene is not |ess than 50% and pol ypropyl ene is

weighfif tHEEEdndasbIp the{?grrgtgbg, joeiPPbEb, 08, Prevention of

the rai sed edge o e polyolefin mcroporous film

31 THEGRIRIEN His B8N AT) BrEA ol e st Alifene
molec YRR of e BRimRyRLEIT BDIRIB. 00 0BG

ol yethylene is not_|ess than 70% and pol ypropyl ene is
[4] ThR polYRIET MYGRPSEAS 8 A9caibg ta.aéwmuﬂgbﬁ SV Rgeina mass
. is 80 to 95% and pol ypropylene is 20 to 5% and
ratio g dhe pelypeenyens tﬁ@\eatﬁfql anpainiof polyetiyiere 85d telyagopyabe in
pol ypropylene is 15 to 7% [0027] 10To the
the p & nempositied i3Ity §086 by rcasposi tion, vari ous
addi ti ves may be m xed when necessary: for exanple,
[5] The pehalefirasédopploas|fierattobdingdo anpdrRUbf ] todd$asherein a mass
antioxidants; netallic soaps such as calcium stearate

ratio oK FirshPoRbeR\AERe tdiHe YA AInSdurRRF M FiRg PRI Sylehé AR the

stabilizers, crystalline nucleating agents, antistatic

I
seconf PN TepfBhi | 0L MQBATD: i SEH SPOTPON ) e

I nor gani articu

1 TSP 5o RRB A RS, AR A0 hagr e i

han two ki nds, thereof such as | ow density

has a m&yﬁsﬁﬁfgnt@sﬁb%‘-pol ynet hyl pent enes and t hernopl astic
resins other than polyolefins may be contained in the '

[7] The, gplysiedin miccepgiesstiimccpoting to aoyeaens [bf tor[fk wherein the film
pol yol efin mcroporous filmis preferably not |ess

has a temsrie strengtivatdreakin artrarsversenditecton, GFOMO 230 MPa.
preferably, the M/ is not |ess than 300,000 and not

[8] TherpolyotdiiamBOEH 1a0s filh aagoMin@to hhg offesfPppoqud vihdrairothe film
| ess than 100, 000, break resistance of the filmat the

has a fen@Re eforgatibhd bidak ea tradeldrsel firdictioflis 20 thM 109t he
m croporous fil mexceedi ng 1,200, 000, production

9T BEQUEAy ARG 83 Hn Sk By E9h) L1y B horei a e
of a teﬁ%}e;ért?]%ﬁtﬁ a?lgg%js h 4 Pea}utgt hgéﬁ%e&&ﬁﬁgétaon%glll]egg%ert\)ge{h at break in
ol yolefin m orqus filmis preferably not |ess
atran%x)/ﬁé%/g Q'rﬁqt!qrﬁf?fﬂgﬁ‘?f’ﬁé vi ewpoi nt of giving proper
mechani cal strength, and preferably not nore than 50
[10] Thenpelyelefiip maictaraiges fitm aeceisingstenany epe of hH todPk Miesein a
thereof is nore 5preferably 10 to 35 pm and is still
thermakshenigags matalin @ tddhsversssdipeationRatr t302 0l iamoj mioretthan 8%
where the thickness is 15 to 35 p.m the
[11] Thelbpogolefintmiorupdredd fot actardinglionanys ope o 8itof10f wheeein the
rai sed edge can be nore advantageously attai ned.

polyoldfidQithpddigom eb Ry a polyichieyIemd nalpli vkt 6$i8PNEge fhbidcular
Is preferably not |ess than 20% 10trom t he "vi ewpoi nt

weight PigHeRRAY @rﬂ'@()?sci)éeipfﬁ\?ér{?% rﬁ@léEQFaV?&ﬁ‘?%taéf thd ‘ﬁrétigr@{pgppylene.

usi ng the polyo r opor ous as a sep

for batteries, and preferably not nore than 60% from
the vi ewpoi nt of preventing reduction in mechanical
strength. The porosity thereof is nore preferably 30%
to 55% and is still nore preferably |ess than 35%to
50% 15[ 0031] The air perneability of the

pol yol efin m croporous filmis preferably 80 to 2000
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250f inproving safety at the tinme of raising the
tenperature of the battery. The shutdown tenperature
thereof is nore preferably not nore than 145C, and is
still nore preferably not nore than 142C. The

[12] Toeunadyniefin eripepataursfilrhacestingstopmyf @readl 1] tof1 1] esbkerein the
than 100C fromthe viewpoint of preventing shutdown in

polyofinmpen@dsititth eomprisesra pioasthylbee hal/ingry visaosiey average
preferably not |ess than 120C, and still nore

moledquigfwesight Mighet tHaesthetisdbshy Hver]ORbldcular weiREof the first
nel t down tenperature of the polyolefin m croporous

polypfdpylBricSaid fRfwisrahhy tﬁ@@isﬁ@éify 5@?9%%&%3%9!9?%6‘?%% eof the second

temperature raising conditi‘on o rom
' int of safety and heat resistance at the tinme of
polyp?ﬁg&)ﬁﬁ% the tenperature of the battery, and nore
referab, not less than 195C .and still e .
113) TR BBl i brpLd fiREdksudies R fueing of (TT{Tlazpwagrein the
tlﬂe paraneters nentioned above is a val ue neasured
Polyolgtip SPAIRNS AR GPMBlitRSIA FOlyekAdane RaMINgidviEResiy akerage
descri bed | ater. 510043] Hereinafter, a preferable
molecyiarywrighbeays! de ot inighes than (hs wscesity avespee maletylanweight of
15according to the present enbodinment will be
the segesd mioypdopyiteeenet hod for produci ng a pol yol efin
m croporous filmaccording to the present enbodi nent
[14] Apeplaeatabfor eclithijum s@sbaksiye cdbimpasBigepolblefid)mictoddbus film
below. (a) a step of nelt kneading of a mxture
accor€ingttaianl Rheadf [1pRSH 3 pol yol efin conposi tion
(hereinafter, also sinply referred to as a "raw
1151 ATB Ebirrishho BofoRrRShlcrofious i AssBlaifg 5 aRf ghier 11 to 131,
[ QF n repared at, a tenperature equal to or
the p@ﬂéﬁiﬂrﬂ{ﬂ%@ﬁopﬂg fﬁ%ﬁ?’?'ﬂ%r 'gqqﬂ t hereof, and
subsequent |y extrudi ng, cooling and solidifying, and
formng the mxture into a sheet (hereinafter, also
referred to as a "extrusion and filmcast step"); (b)
EﬁeCté)féri%B‘V@ﬂt'ﬁﬁ‘axi ally stretching the sheet (hereinafter,
also referred to as a 25"stretching step”); (c) a
[0006kt ep of extracting the plasticizer (hereinafter, also
referred to as a "plasticizer extraction step"); and
(Tthe polyeefin sretioppgow M accordingRbaheépaddent inventizatddrdprovide
further conprises (e) a winding step of winding the

a polyBrfiv ohiefdgbrous fipR aha l-ésrcfllith@?ééogg%%arnoédfﬁ&eﬁ%@cﬁfdeethe

goi ng through these steps. 5[ ] Al't'hough the
occurr%]bg% g))f Q?gis%gfec@\rée@ﬁdﬁlﬂggé 'tslf%lsﬁlgéﬂ ég“riig#]ﬁﬁ@gﬁéb\é? td G of

o 05 58 BRI 2 A S5 L 3 Bprocessing

tep (d), 102. ep (a) -> step (b) -> step (c) ->
the PO@P@%'“(fBi”QBOfQHéE%dW&) %FF?J'-B. step (a) -> step (c) ->
step (b) -> step (d). [0045] O the above
patterns, the order and the nunber of tines of steps
. of patterns 1 and 2 are nore preferable, and the order
Brief Dgs¢riptiomof thef Dtawiegs of pattern 1 is nost 15preferable.
[0046] (a) Extrusion and filmcast step The extrusion
[0007]and filmcast step is a step of nelt kneading a
m xture containing at |east the polyolefin

FRJUPOJi it 08t hapnatich \A¥BELS A dHoWRdempRl Gt Shd Shelfddwh
20t hat using the plasticizer and the pol yolefin

tewmeﬁﬁGR9§55§GwynéhﬂﬁﬁpﬁﬁﬁﬁhS0|Ution can be prepared at a
tenperature equal to or' higher than the nmelting point
thereof, thereby to obtain a kneaded product, and
subsequent |y, extruding, amd cooling and solidifying

t he kneaded product into a sheet. [0047] 25The

pl asticizer refers to a nonvol atile solvent such that
using the plasticizer and polyolefin, a uniform

sol ution can be prepared at a tenperature equal to or

o
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25kneadi ng be in a nitrogen atnosphere. [0052] The
tenperature at the tine of nelt kneading is preferably
not | ess than 140C fromthe vi ewpoi nt of
di spersibility, nore preferably not |ess than 160C,
ahigus 2lis arpshematiefvégvabf g rathobtaised by slittingead rolling a polyolefin
Mor eover, fromthe viewpoint of preventing reduction
micropperausefilidy aotl t he raw naterial, the tenperature is
preferably not nore than 5280C, nore preferably not
nBigerd Bana2e0&masit ividw BROWINY £ERitabl ¥ rarkbdraige ihhasll.
250C, and nost preferably not nore than 240C. Duri ng
nmelt kneading, fromthe viewpoint of preventing
reduction in the M/ of the raw material, addition of
: hOXd qgﬁiﬁ n anti-thermal -deterioration
Explagg’gﬁrtﬁg Pgl)‘(épt?%?teorra e&rajf%e anount of these to be added
[OOOSi]S preferably not I ess than 0.2 % by mass based on the
otal 10amount of the raw material fromthe viewoint
1_M.of%grev$ﬁ]i ng reduction in the M/ of the raw materi al,
- VICLARCTOHEf € Pabl y not nore than 3% by mass fromthe
vi ewpoi nt of econom cal efficiency. The anpunt to be
2A, Z%GN\égeﬁg”nDre preferably 0.3 to 3% by mass, still nore
referably 0.5 to 2% by mass, and particularly
3A, 3£3r@f8§5mt§2 0.6 to 2% by mass. It is preferable that
t hese conditions be satisfied so that substanti al
4: EletBicadsistanze maasuiringWievi€e t he raw material can be
prevented. [0053] Exanpl es of a nethod for
5: Thefrufdcbapleﬂol di ng a kneaded product into a sheet after
extrudi ng the kneaded product obtained by nelt
6: ThefhRasdteg the mi xture with the above-nentioned extruder
or the like include a method for solidifying a kneaded
. r by 20cool i ng. Exanples of a cooling nethod
[ Datlarg%lﬂ% éra nmet hod for directly contacting a kneaded
8 OV%OdUCt to a refrigerant such as cold air and cooling
' ter, and a nethod for contacting a kneaded product
wth aroll or press cooled with a refrigerant. O
these, the nethod for contacting a kneaded product
with a roll or press cooled with a refrigerant is
Best Mpdgsdioa Blasrying Owk e Inventiomi ckness control . 25[ 0054]
(b) Stretching step The stretching step is a
[0009]st ep of stretching a sheet (or film in two axial
directions. Exanples of a nethod for stretching

HeedindRes eeeMddal b exinghg DUt e Pieientifivedtion (hereinafter,
conbi nation of a roll stretching nmachine and a tenter,

abbreB&¥ddHs/ "6@@899&1192??&5&&"?%?58 @b??gl’t)’crf‘% L?'Q%%t]agl nghe present

si mul t aneous bl axi al tenter or in _ rom
et DS NCEUE NSl haSH Rl e B )y hrios
modlii Bl Ao el R 436 SREPR b iR o0 be iTPREIERd

extraction step described later (stretching before
[0010]ext r act | on) or after the plasticizer extraction step
. 10(stretching after extraction), or before and after
[First eppeodimestii ci zer extraction step (stretching before and
after extraction). O these, the stretching before
Aohadefiromidreppreefseilablheréinafte nsimplymefdrrechtonas hdniic@borous
strength of the polyolefin m croporous fil m obtained.
film") at6®%if]g thd fiestansisoditnedt i fagmieatfremidpdlelesih lcahedisittbn
step is preferably not less than 25 tinmes fromthe
containih ARRIEthPENE R pBKRIBAIchd (l’i@r%h?d’ﬂe‘??ihissbélzﬁﬂiﬁléﬁe ishe
pol yol efi n” m croporous Tilmand good thicknes
di stribution of the polyolefin mcroporous film and
preferably not nore than 180 tinmes in order to prevent
increase in thermal shrinkage stress caused by
excessive stretching. The area stretch ratio is nore
20preferably 30 to 80 tines, still nore preferably 35
to 60 tinmes, and particularly preferably 40 to 55

—y g o, N
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nore preferably not nore than 0.85 tinmes. The
relaxation ratio is preferably not |less than 0.65
times fromthe viewpoint of preventing reduction in
perneabi lity caused by excessive relaxation, nore
somepimesaatdivbyiatent a$ #3Ba't) eavir® F visicosity averdgstmoblecular eveight
preferably not less than 0.75 tinmes. 5[0064] The
(hereireiftee rstinistim@d abbevidte® aef M) akadti less tiarp5@ 000 abldyless than
not | ess than 120C fromthe viewpoint of reduction in
300,080t bR @beolfé}bw!éﬁaeméﬁéiﬁaﬁémﬂﬂ@bsfyﬁr@évléfn@%ts_dmétﬁnbban
140C from the viewpoi nt of preventing reduction in
inoh - ' ] eds film The
abre BT a2 Py Qv B K e 5 BTS00 . ' L Danc
[0011ﬁtill nore preferably 125 to 135C. [0065] A TD
eat setting stretch ratio (proportion of the film

tdth after relaxation (after heat settin to the
156 Pafole domaRsiiarn Breleebhtmbrie cortaS Soup iRy e.and
etting step is preferably not [ess than 0.95 tines
PO'Yea\y & heé* PEERPERGR oldhedpial amqung ol BaWPEIRYRRR ABH Pefyethylene
) t hi ckness distribution, and nore preferably not |ess
in thetedyplafin cempesitioa gl peafetablyrbeileps dian 8B8Yybyarassegwre
than 1.2 tinmes. The TD heat setting stretch ratio is
prefenabbf motdess thaot 70f6rey has, Sillinbienprefénabin ndtdess thamoddito by
of reduction in thermal shrinkage properties, nore
mass ppatienlabl yreferabipinet fdsanhdn 9594 b enasy)dndirhhy be substantially
preferably not nore than 1.8 tinmes. The TD heat
100%IRt a8y Stretch ratio can be calculated froma TD
20stretch ratio and a TD rel axation ratio in the heat
[0012 etting step. Moreover, when the initial filmwdth is
a proportion (tinmes) of the filmwdth after
;§%§ﬁ§l§]é&npgqa$@%§nf @\:v%j 6}% gﬂur{%ﬂl{:{h% ‘g"@é{g]&é‘?ﬂ“ m%r%pgrlc)us film
f Qrfa e trea&gent such as el ectron beamirradiation, .
ormeg it § PPiYRIeini cOMPIPPERRIRINING PEG 2% A APIYREBRYIERG having an
wth a surface active aﬁent, and chem cal nodification
Mv of pghlass than 68afdanthlesadhan BROLA0: PRcas aslypragyleneaving an
when necessary. [0067] (e) Wnding step The
Mv of sptless shan S08H06f and redpoigethlytene caropaiuceshé idcoutrancaigha
the respective steps into aroll formto obtain a

raisednadideeat 4 elitting Shep. "Alrsughtthls feaisbf éslnat campledsigtedt Bis
5such as slitting. As a wnding drive system any of

considRiréd Bt \this68bBEadSd ¥EIyMtHYIEAand polyfspHERY @reMrddiihtible with

center-surface drive wnding, and the 11ke can be
)i N .
each diREFand Halc B inlefiade, "berbfafTR 8 soMsigRlod i 2upds bPhe
.center drive w nding. s.also a.preferable nethod. .

raised el Pl ante the i 25e pBh HsL AIGRTRUEH prdduced ina
vi ewpoi nt of quali of the ro|| that a portion :

cross §%§\ﬂnn§mf§sa% r%t?ﬁew&%*ﬁ@%fm i dHIh REIEF| A% EXRIAREiNon

mq At the stretching step or the heat setting step be _

Micropitting &t Copting iRrecessingss Conyerteeh nypitie fl A89, foagyammie belt is
used, for exanple, a score cut nethod in which a

supposed thal presertebdfddfeb hiavimgf a nelativain thighs Mvi lringsears effectrifo
a fixed blade roll to press and cut, a shear cut

uniformetispeatsibarof @up oIy i@ pplereh@atrixn g e tiveetherhandpbbtags: PPa
and a bottom bl ade, and a razor cut nmethod for cutting

existinglih Bugh ahsdlppropgRhe matrr disperskl Kifofthly 9298 réRavely low Mv,
rai sed edge may occur in the nother roll by

the incBR{HAtBRity RERitR hefs |Herédse

e Inc R POty R R B PORRPEREhE R Iftreed el to

present enbodi ment can reduce the occurrence of the
rai sed edge. A paper core or plastic core having an
outer dianmeter of 152.4 mm (6 inches), 203.2 mm (8
i nches), 01 254.0 nm (10 inches) can be used for
wi ndi ng, for exanple. 20[ 0068] Herei nafter, a
preferabl e aspect will be described about the slitting

r o o o
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separator for batteries, the polyolefin mcroporous
filmis often through the step (slitting step) of
slitting the nother roll into a width determ ned
according to specifications of the battery, and
redugsadostastacegstiangtis Bt fragdilyiagainst theaslitind shérc ordis syipposed that
25because the mcroporous filmhas a porous structure,
as a missiti, defotrhatish of thenfinstreps setiibh chugdeby tey slittihg sRear
gui de/ process technol ogi es are needed as the film
becotks e prevehtthBigised edges. Specifically, a
pol yol efin m croporous filmhaving a thickness of not
[0013yore than 14 pm has problens that the amount of
deformation of the filmedge cross section of the

PPh PSPl 809 S USRI EHEFL, P 6. o
mor A A ARt SRS Pl L i oo,

Al t hough t he ye- menti oned Pat ent Docunent 1

prefeigbl ML 1B B B00. P MATeIPreissa ok REsdAB 1OM0Q. heFhe My o
s no description with respect to reduction in yield

PPb i3 gt lesgdhan O&OOppa%f@thSOa,QOﬁi ta ¥,000:000t moge preferably
difficult to inprove an original yield by the

350,006 e BO0K9 0 iand| stif emorehmeterably 350,000 th60@008. wr i nkl e
produced in film guide/process is expected to be
rBuublydnithe gresgnd et dirheRaisantasredrgitbrding tharmethdd of
no description about inprovenment in yield other than

meastfateritefl BSahPles bbsdribed @erdi fficult to inprove safety
needed as a separator 15for batteries when a battery

[0014]'s abnor mal . It is difficult to inprove yield
at the tinme of processing the mcroporous filmwth

e 5 VARG G BRRCH R Bp EREEN e fcporos
i, TR ek A SRR AT e Tt P

i5Ei,ckne(§s of not nore than 14 m the occurrence of the

and PPgijig d0% peefierabin&Ra istnat essstheps! @acand &PP isinat merg than
step in a production line and a slitting step at the

90%. t Frasn dhe piavesint ofgmphevechqualiy by affectieé dispersioomdr ous
filminto a roll can be reduced. In addition, safety

polyprapylanbapretenabiye Piraaisatot cacreltban 19006 Vet PPB[i93i68less than 10%.
Nanmely, surprisingly, the present inventors found out

More prefdrably, PPacis 29 @ 80PR!arl rPb s BD 6 2994 OUStilf hdm § gé%y, PPa

froma polyol efin conposition containing PPa, PB
s 30 tpTOVLBRY IFpILiTAY [didgdhe W higher than the M/ of PPa

has specific physical properties, the occurrence of
the raised edge in the slitting step can be reduced
also in athin filmhaving a thickness of 1 to 14 m

008 Al t hough thiis reason is not conpletely
EF‘%%NP?ASS%F??'&PWV@&G@H%C'W?@pmp&&anﬁ% ereqf, pthylene
consi dered as one of the factors that polyethyl ene and
Propylens (31995 cepelyaiess i eicthpignerepwens ble@ncenalgnermd For a
have an interface. In addition to that, the present
purposerfdmpePyng pentesbilityt ofathe patyotefik abitropefdectimyfpolypropylene
10preventing the rai sed edge is brought about by
homopebénsgordaihingf ndtheoEhaans 0%ebe i @hetilems aks prifeibikt.
the ratio of tensile strength at break within a
One ordpsthiof iIRP ang ® P mia & enah Beyadndpra atdon t
havi ng a thickness gf 1to fﬁéi mpm%?ég{éggasorﬁ bbﬁ@)lymer oran
ethyler’ y ' f
Yo P can oo €Tt Y FhESontarR of SRR cBfiehfid Pifhe
thickness of 1 to 14 imis slit, it is considered that
15particularly the filmisgtorn off by shearing and
the slitted cross section thereof deforns, causing the
rai sed edge. Then, it is supposed that by setting the
TD tensil e elongation at break within a specific
range, a degree of deformation of the cross section is

o o 1 " 4 . "
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thinner filmthickness, or fromthe viewoint of
reduci ng the occurrence rate of raised edge roll at
the tinme of slitting. [0088] The air perneability of
| t he golgolefin m croporous filmis preferably 80 to
POIYPERRYICRE CarQHET isyBraieiabbt eetappie them 3Qespomeb@pddsore
and still nore preferably 100 to 400 seconds. The air
prefefatiypabmore ywatrhg@%d@y mol.pr Efiedabsiy ebpolypropytenans gdeferably
seconds fromthe viewpoint of reduction in defect rate
0.88 9t 0.8 @yicrof rand move prefgeatdy Otdtetot 0.883 aficrudi nig drier to prevent
__polyolefin mcroporous filmas a separator for
difficuitzes ierp@esifiaatibrpotfrer midryparous M ethe@shsi)Gs pasteridty not less
fromthe viewpoint of inprovenent in perfornmance of

than 0.88 dienter on th it i fhavi
an o On tA8I0EHand. it is dﬁh@ul%ﬂ“ﬁk’ét{égﬁ%@k{u%‘r%e% having a

the mcroporous filmis preferab

densityf 18f&drakhy olg P ¥4.5 N, and still nore preferably 2
?g igé N. The %Eﬁ%ture strength thereof is preferably

[0016T0t less than 1 N fromthe viewdoint of inprovenent in
eliability when the mcroporous filmis used as a

arator, and preferably not nore than 5 N 15fromthe

- ABb - metigpBY Siefie i Bber b crariias PoEITR rom the
: th? giéio orogus fil mcaused by excessive stretch
Viewpgint ohfedyaig theoeemreniee qlithe saised edgertaneging incasrratibility of

the MD tensile elongation at break, the TD tensile
polyethylesegvith elypremyena.ne TD tensile el ongation at break,

the ratio of tensile 20strength at break, the ratio of

tldhesMveof glotyedaylena isiprasembly natidss treanTs0,000rfraxh the viewpoint of

shrinkage rate at 130C of the pol yolefin m croporous
mechdnitan stesngte, aMd RiprefiBblyaBt nisreRhhA A0, 06D 060 Frdhd e Pbwpoint

those in the first enbodiment. Mre preferably, in the

of pro8esRing. emgwsraferatdn@ml & \%l%@éﬁ?lieﬂet&% he SRS ST 25 follows:

above-nmentioned nunerica anges.
a) PESh r t emper atyus e _of t he
(@) P et e A ot My PR S0 b B o Bl o8 than the
Mvofgmqprical val ue ranges as those in the first

enbodi ment. [0092] Next, a preferable nmethod for

r.oduci ng a polyol efin mcroporous filmaccording to
(b) PEBYS SchavetnieRe Having Be Nieser ess drars tesMvear i fasd
pr.oduci ng a pol yolefin mcroporous filmmay be the
(c) PEgdsra nedyathyenethaving an Mst netrbo thent therdMv iob P&, above
except the foll ow ng points. [0093] (a) At the
[0017]ext rusion and filmcast step, the polyner
concentration in the mxture is preferably not |ess

ThaMi6%PEw istighdritRan the M 6mPa on® thaWikdipdtht of suppressing
wor kability at 10the tinme of filmformation, and

red uct@_fneiﬁ%‘h@ﬁpm Bpﬁwe'ﬁﬁlgrgiﬁafﬁlﬁ‘wg%ﬂbﬁuémﬁﬁ Jr{oqg‘l&li}% than the Mv of

vi ewpoi nt" of perme e n1crogorous
PPo e t?‘“%%%ﬁédb?%f&d@gﬁig%éﬁ?@%&é%ﬁ%%@@%%ﬁ?wﬁ%
micror Yk T MLSTHER 8 Ben il 458 P phot g atows

hiah _ﬁiempoint;of i.ncreasing the TD tensile strength at
gherp¥el dISPRRION 9T & Taut 8§ at The My ofdtiea iy Bvose aFeferatly not less
less than 7 tinmes. By stretching in the TD of not |ess
than 20¢,9R0 @ndi lass thaspb G PBEI andretilbmare peeferatsly 256,000 to 400,000
sufficiently oriented to increase the tensile strength
The My pf BFEed& prafeeabiiplestsrtbaatb00a000from iheefiewpbiny of ddusiriea
than 10 tines fromthe vi ewpoint of preventing
shutdoexdesmeraturdief thal pslolefik agiersdorons fitrh amte ptdfebAPRSI 1BLs than
of polyolefin, and preferably not nore than 8 tines.
[ 0095] The area stretch ratio in the stretching
step is preferably not les® 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 times in order to
prevent 25increase in thermal shrinkage stress caused

T T — S T T -



10

15

20

= 6.77 x 10-4. MVO67 (equation of Chiang) The M/ of
pol ypropyl ene was cal cul ated with the foll ow ng
formula. [n] = 1.10 x 10-4 nmv0.80 [0104] (2) Film
2004 [ kneBs ie S5A fil mthickness was neasured at room
* QNANE e vgpOIDBe! SIIigSINgiredystioni ipistessthet tee napalefin
. (trademark) made by Toyo Sei ki Sei saku-sho, Ltd.
mIcrapei@is filis) " Porosity (% A sanple of a 10 cm x 10 cm
square was cut out fromthe m croporous film 10The
[0018}ol ume (cnB) and mass (g) thereof were determined. At
a filmdensity of 0.95 (g/cnB), the porosity was
cBrefatabiie dheidshngf PEB i§ Abt ResNBah HaMvaof R #8h the~viéwpoint of
- mass/volunme/ 0.95) x 100 [0106] (4) Air perneability
improeamnt ibAREAEAICAY ' @g@? 5 leiirhY
P nmeasured by a @rfﬁéﬁn b?efaﬁﬁél %%Fg{mg ?rbaftﬂe’rraaﬁ@?mt more
than 1@ hid ! 3 it 19400 i
480 OO0 TRYA tl%‘vt?v%pﬁﬁhfﬁfh‘ﬂrasfgﬂngh@g/ T & Pep s qnore

Puncture strengt t ype conpr ess
prore ) 50 K58752, 444 B B B8 BROFS' 48 00, anc
et 5 RSt o SR RS OB LA, B v o

PED ik 85t conducted on a central portion of the fixed _
'?npéf?fs%ﬁb 0st kesp Ahamthe Mya i e thie vewaaint of thprovement in
curvature of a needle tip of 0.5 mm a puncture rate
mechgrpical stfgngsh of the pelyolsiingnisragorae<filihand preferblyanot more than
val ue of puncture strength (N) was obtai ned 25as
10,006:860rfrem ghe stewpihtoefdilm| fotd8bility. (6) Tensil e strength
at break in MD and that in TD (MPa), tensile
[0019El ongati on at break CYOQ, ratio of tensile strength at
break, and ratio of tensile elongation at break

; . 7 i i t .
LD el SEE8G ot 12 A0 B8 Boypoi o

mprofBRl A A ed &y Bnot rRLERERbYHRE A 25 4P om ne

: - nt _and faqr TD asurenent. (shape; 10 nmin
viewp LR EFED be g Hee ARp R W AEIREaRLS OLAL RRWRISD ricroporous
. i, stanc tween chucks of 50 nm a cell ophane tape
film. ((:Frt?l? v ?P%ect‘ﬁén@i@rfkr@f@@bgy@,@ﬁg@ﬂéaw-on, trade
name: N.29) being applied to a single side of both
[0020%e g5 (25 mm each) of the sanple. In order to prevent
slip of the sanple during the test, a 10fl uororubber
haenrthe aievipaikhefssuppiredsingredsctdintinsedgtioot the pdrgdleen
of the chuck of the tension tester. The tensile
micropelrong &inh athe FolYWIEfrK coffb owRiBN ARICBFdThG €81 tHY pdiskhfle RB olilRent
amount of elongation (m) until the sanple broke by
referdblg céh ‘ M(vﬁ@
P rru?ti pﬁ/ﬁg\%tﬁgp%ﬁ?l%de v\gﬁgﬁ;y 1 %@T@gﬁ?g%sﬁf‘\f 8f PPa,
namel?,tFSEQ%hH/(ﬂtp eak (MPa) was 15determ ned by dividing
strength at e time of breakage by a cross-sectional
[0021]2T €& of the sanple before the test. Measur enment
was performed under the conditions of a tenperature of
E‘i 2C, a chuck pressure of 0.30 MPa, and a tensile
e GsedueTeRng Wndaieolwathdene is used | REa is pargicklasly
aS{eak was determ ned by dividing the MD 20 tensile
preferable.Jpih is prefeiabianext toiREamndRELlie psafersiie heat tobPEBK. Of
The ratio of the tensile elongation at break was
these, f&acisrrrefedatble foinvithk migwpont\d doexisdibpesibiiitganidaadattion in the
break by the TD tensile el ongation at break. [0109]
occurrgrive dittae rpisedssdge. Sild éhd Bhse lheré mokRR¥ANARN AL RiddsUdfd
within a capillary follows Knudsen fl ow when the mean
free path of the fluid is larger than the porosity
size of the capillary, andi®ollows Poiseuille flow
when the nean free path of the fluid is smaller than
the porosity size of the capillary. Then, it was
assuned that a flow of air at the tinme of measuring
the air perneability of the m croporous filmfollows

. o, M R Y
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"AG 4311" (trademark) made by Ando Electric Co., Ltd.)
was connected with the nickel foils 2A and 2B. A
t hernocoupl e 5 was connected with a thernmonmeter 6. A
15data collector 7 was connected with the electric
polyatiedeseaaneusgrh 4dpuses oftPEadndhieEb he prejertbde aBo fromdhe riewpoint
8 heats the mcroporous film1. Descri bed still
of improveetenit in neehahieanstrendth gnaeditioB)to thd effeticacoadingdo (a)
film1l was | ayered on the nickel foil 2A, and fixed to

mentldtdigaiel Murboddy, mhbef{bf PEef dith PEaesH S8 1Re of PEc, PEa, and

trademark)" tape (oblique-lined portion in the figure)
PEb hft &adiPBieid 8l "Rdmahe SdviBint JNEwADEE HraRaHis T Abditiod to th
vvasé’al1 np‘?egnrgtged vmmﬁhég?él F?r)‘]i)P/(?it. Ogé?r ' | othe
i thi of | ide : j I ; s
effects drlah AN ERr LK LR ER, BB, STE PEEAEYE Btge witnin
vol une ratio),), as,an el ectrolyte. As shown in Figure
the réf@@fﬂ"eara“ﬂasl %ﬁh% M\@i%\d& ‘trademark)" tape
(]obl ique-lined portion in the figure) was attached to
[002Z]he nickel foil 2B. The nickel foil 2B was masked
mhileawindowgortion(lS mm x 10 was left in a
2Bctbgtaasepdiaredhe ppivoirfit edmpesgitioTisentdingk BEafaid PRR, in a
and the nickel foil 2B were |layered so as to sandw ch
blendirgeratiortheremb ¢Vooloys nfassrwhentibe ébtat ameunt 61PEReaMd PRE is 100%,
two nickel foils were sandwi ched between the gl ass

preferdbhf, FEBB mitdeSStHanon0 R eind BEDés nof midhe tarc8@ds fronlthe
At this time, a position was aligned so that the

viewpirtdI\IimpRivediuatity bNel fiiloléfn aflerdplaold fhPARARE @&Gudtion!Th the
1 mght face each other. 5The two gl ass plates were
. R h . . '
sh utdg\%ﬁggﬁ)?éégtlaﬂr@ P Ao d?%feg%.ﬁfgs?ﬁla% ot ‘M({rg t@ar? QSW%E, Ira)%'ggi’liiy is not

\ | oubl e cl'l ermocoupl
more 3t s B8HRB b 3t SLEmbLREEUEHY it HEBBIRRLRmlRoporous

, tenperature and el ectric resjstance qf the p croparous

fim apgf TRpTRYeE S i gfﬁmrﬁsgﬁt%%%aﬁ e Wi h MerarPralerablyar ks 30 to
whil e the m croporous filmwas 10 heated. The _

70% archpP&bds J.Oeto\ﬁeﬂs"/er aS§kbmaregretesably oPRadE48tto $03paad Rftb is 60
2C/mn, and the electric resistance value was neasured

to 40%t an alternating current (1 V and 1 kHz). The
shut down tenperature was defined as a tenperature when

[00231 he el ectric resistance value of the mcroporous film
reaches 103 Q Moreover, the film breaking (neltdown)
IABRIVRF, U MRS vV ditofasre fe MEPRIRICHBR inhRithbhRal strength, a

el ectric resistance 15value is I'ess than 103 Q again

blend?%ﬁgé%ﬂ%\?&ér@%bl ot rﬁgr%%h:a?ef'd%lbysrﬁéisé‘lﬁ?%%%l mass

N m Croporous m was ‘cut 1nto

nm..sqguare so.t hat res ive sides of t ' o
of the S Rksiirariehes, fted FRF Bir. ERe o nte bR, FROE. Pl by
for 1 hour within an oven whose tenperature was
MasS.adj usted at 130C. Subsequently, the thernal shrinkage
rate in the MD and that in the TD were cal cul ated by
[0024}yeasuring the di nensions of the mcroporous filmin
the MD and in the TD and the ratio and determ ning the
Ralyethylexprie psefdraisy pdrareopaymer.oind heydalamepsilyomsy afo
t he di mensi ons before the polyolefin mcroporous film

ethylewasanidedfoldfih stcngs propyidnd) Buten®vsintend HeXene( 20d otlidHe.
sinple oven test A non-charged lithiumion battery

The d@rgifusRsbIyethhiehBas brbfePah PO 90 REeD8r e, indrél pvéierably 0.93 to
heat ed atwél zeati ng rate gf 5C/ m n. S‘flrom 30C tpo 130C,

0.97 gﬂﬂqi%ﬁﬁ@[ﬁ%el@ kﬁref&edbj}/ b Y4 t%%.%gjférﬁs. afn drafto pfdveht
the battery was cooled to roomtenperature, the
S5battery was di sassenbl ed, and an el ectrode pl ate
| am nat ed body was taken outy. Then, it was checked
visual ly whether an el ectrode was exposed in the
outernost part of the electrode plate | am nated body
due to thermal shrinkage of a separator, and whet her
ends at a top and bottom of the electrode in a

. o,y a o . .
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[ Exanmpl e 1] 70% by mass of a high density pol yet hyl ene

honmopol ynmer having an Mr of 300, 000 as PEa, 5% by mass

of a pol ypropyl ene honopol yner having an M/ of 150, 000

as PPa, and 25% by mass of a pol ypropyl ene honopol yner
difficiibes mgpemosificatién 26the0djddoforasis Fivh, ther derdhity thérod edpreferably

using a tunbler blender. To 99 parts by mass of the

not legbttiramedpglcyter Itk ¥ific@t toootstapapdlybthyBreshading a density larger
pentaerythrityl-tetrakis-[3-(3,5-di-t-

than ©'9BYd/cA>hy Y My@tﬂgl@hle) PHOB6BAL 61 o WASHrPESRIbASePBn 100% by

ant i oxi dant . I endi ng was agali n perforned using a

mol oﬂé eegt‘;er ern?s”gep{{ete(?aﬂll?trﬂibl aXIt'g‘laﬁthWQ Aﬂto‘?h‘gpr’?ﬁfeﬁwsmggmt of

and t stretchi ng mac

s TRl t?“tﬁﬁ@@fée%'ﬁheo'%@?f"tﬁt ﬁ@ﬁﬁ Ry MbRbver
the oqpsd %ftﬁéara%@p {55 Ry aerahl naf Hosh than @@?nﬁqﬁr%g}e

with a plunger punp. I\/blt knead| ng was perfornmed under

viewpojig Oé@rﬁ%vqnt@ﬁsd%erleraﬁpesrépefr@ﬁgetl Qfrthe ppictopmrous filen caused
nunber of rotation of a screw of 180 rpm and an

by recuiipntin ¢f defiree ltd coystalfinitysoka chpolgpearat iThg avotentidf dims o-olefin
of the feeder and the punp were adjusted so that a

units sohypreepretenabgnd rabi1da byaseld tApalymertration catalgstor polyethylene
extruded by nelt kneadi ng m ght be 50% by nmass. [0118]

is not Paptadanlimited t v aid§IBr-KaeadedalPS0 dURHilliye Tatnystugded

froma T-die, and cooled and solidified to obtain a
metallbb8Re RAAPGEENd Mok like EOh eii@pt Was guided to a
si mul t aneous biaxial tenter stretching 15machi ne, and
[002 5tg| axi al stretching was perforned. As stretching
onditions the MD stretch ratio was 7.0 tines, the TD
ret r.ati tines a_preset te
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30 30 --- 30 30 30 Conposition ratio % by mass 70 97

80 - --- 86 43 66 PEb W 10,000 --- --- --- 50 --- 70
130 Conposition ratio % by mss --- --- , --- 95 ---
43 20 PE MW/ 10,000 --- --- --- --- 10 10 1

mechBaigabsirémgth, pasferably, pplyastisdene is not less tham 5@aarkl nd
polypropylene is not more than 50%. From the viewpoint of prevention of the raised
edge of the polyolefin microporous film, preferably, polyethylene is not more than
97%, and polypropylene is not less than 3%. Moreover, from the viewpoint of good
thickness distribution of polyolefin microporous film, more preferably, polyethylene is
not less than 70% and polypropylene is not more than 30%. Still more preferably,
polyethylene is 80 to 95% and polypropylene is 20 to 5%, and particularly preferably,
polyethylene is 85 to 93% and polypropylene is 15 to 7%.

[0027]

To the above-mentioned polyolefin composition, various additives may be
mixed when necessary: for example, phenol based, phosphorus based, and sulfur
based antioxidants; metallic soaps such as calcium stearate and zinc stearate;
ultraviolet absorbing agents, light stabilizers, crystalline nucleating agents, antistatic
agents, anti-fogging agents, color pigments, inorganic fillers (inorganic particulates),
and the like. Other than the above-mentioned polyethylene and polypropylene, one
kind of polyolefins or not less than two kinds thereof such as low 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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- Hono- pol yner Honp- pol ynmer Hono- pol ynmer Hono-
pol ynmer Hono- pol yner Hono- pol ynmer Hono- pol yner M/
10,000 15 15 10 15 15 15 15 Conposition ratio % by
mass 52 18 3 555 PPb Kind Honpb- polynmer . Hono-
[002¢jol ymer Hono- pol ymer Honmo- pol ynmer Hono- pol yner
nmo- pol ymer Homo- pol yner M/ 10, 000 40 40 50 40 40
4G hEQhick fOsPEsthbi glydiéfin Midfopyrous film is preferably not less than 1
um from the viewpoint of giving proper mechanical strength, and preferably not more
than 50 um from the viewpoint of permeability. The thickness thereof is more
preferably 10 to 35 um, and is still more preferably 15 to 35 um.  Particularly in the
case where the thickness is 15 to 35 um, the above-mentioned effects including
suppression of the raised edge can be more advantageously attained.
[0030]
The porosity of the polyolefin microporous film is preferably not less than 20%
from the viewpoint of improvement in battery performance 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. The

porosity thereof is more preferably 30% to 55%, and is still more preferably less than

35% to 50%.

[0031]

The air permeability 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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mass 25 1 2 2 4 4 4 concentration Polynmer % by nass
50 50 50 35 35 37 37 1 Sheetthickness pm 1100 1100
1100 _ 1750 1700 1550 1550 Bi axial stretching
conditions 1 Stretch ratio (MD) Tines 7.0 7.0 7.0 7.0

the micropgrogs filp is gsed et separatqrrand prefestdy nosmerethare1@ N from
6.4 6.4 6.4 Stretching tenperature C 118 120 118 122

the vigwpoih? 2f payebting @ixcesgive tipromhdhtinkage & métroponoasifim caused
Times 1.5

by excessive stretch orientation.

[0033]

The MD tensile strength at break of the polyolefin microporous film is
preferably not less than 80 MPa from the viewpoint of preventing breakage at the
time of winding the polyolefin microporous film in production of batteries, and
preferably not more than 300 MPa from the viewpoint of preventing breakage at the
time of production of the microporous film associated with excessive molecular
orientation. The MD tensile strength at break is more preferably 100 to 200 MPa,
and still more preferably 120 to 200 MPa.

[0034]

The MD tensile elongation at break of the microporous film is preferably not
less than 10% from the viewpoint of following expansion and shrinkage at the time of
charge and discharge of a battery jelly roll, and preferably not more than 150% from
the viewpoint of winding properties at the time of production of batteries. The MD
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 poiyolefin 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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1.51.51.51.51.4 1.4 Stretching tenperature C 123

123 122 123 118 123 122 Relaxation tenperature C 128

128 125 128 123 128 127 Relaxation ratio Tinmes i 0.87

0.87 0.87 0.87 0.73 0.82 0.86 Filmthickness pm 16 16
[0036]6 16 20 16 16 Porosity % 45 45 47 43 48 37 41

Physi cal properties of Air perneability sec 400 210

3Uhe 29Dtedse 8Rihgahionat lbyedledf theRuincdporeus tfiireng bibt More than
110% from the viewpoint of preventing elongation deformation of the slitted film edge
cross section at the time of slitting, and preferably not less than 10% from the
viewpoint of following expansion and shrinkage at the time of charge and discharge
of the battery jell roll. The TD tensile elongation at break thereof is more preferably
20 to 100%, and is still more preferably 20 to 90%.
[0037]

The ratio of the tensile strength at break of the microporous film is 0.8 to 1.3
from the viewpoint of preventing deformation of the slitted film edge cross section of
the microporous film caused by a shearing force applied in the MD at the time of
slitting, preferably 0.8 to 1.2, and more preferably 0.9 to 1.1.

[0038]

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 still
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3.54.0 3.6 5.0 4.5 3.8 4.2 mcroporous film Shutdown
tenperature C 138 138 138 139 136 136 136 Meltdown
tenmperature C 200< 190 _ 200< 200< 200< 200< 200<
Occurrence rate of raised edge roll %0 0.2 n A*'"""I

more BfefetatlZhofmérdBan 14240 12Re sAaabandbmperatrdtidreof is
anpl e 8 Exanple 9 Exanple 10 Exanple 11 Exanple 12

prefergg%gfgétg%éso’sgﬁgm‘gﬂ aCe bRl the Vimeshiht 8Nprakanivg $Rutd8Wrin-an
operating environment of the battery, more preferably not less than 120°C, and still
more preferably not less than 130°C.

[0041]

The meltdown temperature of the polyolefin microporous film is preferably not
less than 190°C under a temperature raising condition of 2°C/min from the viewpoint
of safety and heat resistance at the time of raising the temperature of the battery, and
more preferably not less than 195°C, and still more preferably not less than 200°C.
[0042]

Each of the parameters mentioned above is a value measured according to a
method of measurement in Examples described later.

[0043]

Hereinafter, a preferable method for producing a polyolefin microporous film
according to the present embodiment will be described.

The method for producing a polyolefin microporous film according to the
present embodiment preferably comprises respective steps of (a) to (e) below:

(a) a step of melt kneading 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

17
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Conposition ratio % by mass --- 46 42 46 44 , 46 PEb
M/ 10, 000 50 70 70 70 90 70 Conposition ratio % by
mass 86 45 43 47 44 46 , PEc M/ 10,000 10 --- --- ---
Conposition ratio % by mass , 5 ppa
extradtionstep9] ameer Honmo- pol ymer Honmo- pol ymer Hono-

pol ynmer Hono- pol yner
(d) a heat setting step.

Preferably, the method further comprises (e) a winding step of winding the
polyolefin microporous film into a rolled form after going through these steps.

[0044]

Although the order and the number of times of the respective steps of (a) to (d)
are not particularly limited, preferably, examples thereof include the following three
patterns:

1. step (a) — step (b) — step (c) — step (d),

2. step (a) — step (b) — step (c) — step (b) — step (d), and
3. step (a) — step (c) — step (b) — step (d).

[0045]

Of the above patterns, the order and the number of times of steps of patterns 1
and 2 are more preferable, and the order and number of times of pattern 1 is most
preferable.

[0046]
(a) Extrusion and film cast step

The extrusion and film cast step is a step 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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Hono- pol ymer My 10, 000 15 15 15 15 10 25

Conposition ratio %by mass 55 12 3 4 4 PPb Kind -

Hono- pol ymer Hono- pol yner Honpb- pol ymer Hono-

pol ymer Bl ock pol yner Random pol yner M/ 10, 000 40 40
highes thayptreemesing poonfpefgialydefin.at Herey byiforas'snaans Boprase

Pol ymer concentration % by mass 35 37 37 37 37
separation. Examples of the plasticizer include hydrocarbons such as liquid paraffin
and paraffin wax, di-2-ethylhexyl phthalate (DOP), di-isodecyl phthalate, and
diheptylphthalate. Liquid paraffin is preferable of these.
[0048]

In the step, addition of inorganic particulates is also a preferable method.
Examples of the inorganic particulates include silica, alumina, titania, zirconia,
calcium carbonate, and barium carbonate. Of these, silica and alumina are
preferable from the viewpoint of uniformity in melt kneading. In the case where the
inorganic particulates are used, mixing granulation of the raw material, the plasticizer,
and the inorganic particulates with a mixing means such as a Henschel mixer is
preferable from the viewpoint of uniformly dispersing the inorganic particulates.
[0049]

It is preferable that the mixed inorganic particulates be extracted at a
subsequent step in the case of obtaining a polyolefin microporous film having a large
porosity size and high permeability. Examples of a method for extracting inorganic
particulates include a method for immersing the polyolefin microporous film in a liquid
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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37 Sheet thickness pm 1750 1650 2000 2800 1650 1600
Bi axi al stretching conditions Stretch ratio (MD) Tines
7.0 7.0 7.0 7.0 7.0 7.0 Stretch ratio (TD) Tinmes 6.4
6.4, 6.46.46.46.4 Stretching- tenperature C 119
the inbPParii@ paitdbilte® atidad Mean setdsisagy ncthdirhixuns iSprefecdbly not less
ratio Times 1.5 1.5 1.5 1.5 1.5 1.5 Stretching

than 1@98y miags €roth IHBviddP ol Bf h28ldihd3vd&kabilifehtatnattingd of film
tenperature C 4 123 128 128 125 128 128
formation, and preferably not more than 90% by mass from the viewpoint of
permeability of the microporous film. The percentage thereof is more preferably 20
to 60% by mass, and is still more preferably 30 to 50% by mass. Moreover, a
percentage of the plasticizer based on the total amount of the plasticizer and the
inorganic particulates added when necessary in the mixture is preferably not less
than 50% by mass from the viewpoint of preventing reduction in quality of the
microporous film caused by aggregation of the inorganic particulates, and preferably
not more than 80% by mass from the viewpoint of giving a proper porosity size and
permeability to the microporous film. The percentage thereof is more preferably 60
to 75% by mass.
[0051]

Examples of a method for melt kneading include a method for mixing with a
Henschel mixer, a ribbon blender, a tumbler blender, or the like, and subsequently
melt kneading the mixture with a screw extruder 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
material 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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Rel axation ratio Times 0.73 0.87 0.87 0.87 0.87 0.87
Physi cal properties of Filmthickness pm20 16 , 20 30
16 16 Porosity %48 43 43 46 42 41 Ar perneability
sec 250 290 300 , 420 330 330 pol yolefin Puncture

sThiee g perati¥e Bt Ghd timebofimElt knBading.i® preferatppnotiessitham 140°C
Shut down tenperature C 136 139 139 , 139 139 139

from t?@'\ilélﬁ;%inf 8%@5@&%?%%%9@&&3@%! Qgﬁlegg%@@%@@% still
CQccurrence rate of raised edge roll %0
more preferably not less than 180°C. Moreover, from the vuewpomt of preventing
reduction in the Mv of the raw material, the temperature is preferably not more than
280°C, more preferably not more than 260°C, still more preferably not more than
250°C, and most preferably not more than 240°C. During melt kneading, from the
viewpoint of preventing reduction in the Mv of the raw material, addition of an
antioxidant and/or an anti-thermal-deterioration agent is preferable. The amount of
these to be added is preferably not less than 0.2 % by mass based on the total
amount of the raw material from the viewpoint of preventing reduction in the Mv of
the raw material, and preferably not more than 3% by mass from the viewpoint of
economical efficiency. The amount to be added is more preferably 0.3 to 3% by
mass, still more preferably 0.5 to 2% by mass, and patrticularly preferably 0.6 to 2%
by mass. It is preferable that these conditions be satisfied so that substantial
reduction in the Mv of the raw material can be prevented.
[0053]

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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0 0.400.20.2 [0124] [Table 3] ItemUnit Corn-
parative Exanple 1 Corn- parative Exanple 2 , Corn-
parative Exanple 3 Corn- parative Exanple 4 Corn-

parative Exanple 5 Corn- parative Exanple 6 Corn--

PAhaistretcH@BREs 4 e dmrétdrﬂhg 6 @mees (drifim) REavdVlxial
10,000 30 --- 30 30 30 --- Conposition ratio % by

dlrecf@% E3:_1-)(amp| A& et for strgfkherga%cMﬂe]&qQQ%larblﬁﬁl stretching

using a combination of a roll stretching machine and a tenter, and simultaneous
biaxial stretching using a simultaneous biaxial tenter or inflation molding. From the
viewpoint of increasing the tensile strength at break, the method for stretching is
preferably the simultaneous biaxial stretching.

[0055]

The stretching step can be included before the plasticizer extraction step
described later (stretching before extraction) or after the plasticizer extraction step
(stretching after extraction), or before and after the plasticizer extraction step
(stretching before and after extraction). Of these, the stretching before extraction is
preferable for improvement in mechanical strength of the polyolefin microporous film
obtained.

[0056]

The area streching ratio in the stretching step is preferably not less than 25
times from the viewpoint of improvement in mechanical strength of the polyolefin
microporous film and good thickness distribution of the polyolefin microporous film,
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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more preferably 115 to 130°C, and still more preferably 118 to 130°C. The
stretching temperature in the stretching after extraction is preferably 100°C to 170°C,
more preferably 110 to 150°C, and still more preferably 110 to 140°C.

The stretching conditions in the stretching before and after extraction may be
the same as the above-mentioned conditions of the stretching before extraction and
stretching after extraction.

[0058]
(c) Plasticizer extraction step

The extracting solvent used at the plasticizer extraction step is desirably a poor
solvent to polyolefin that forms a film, a good solvent to the plasticizer, and has a
boiling point lower than the melting point of polyolefin that forms the film. Examples
of such an extracting solvent include hydrocarbons such as n-hexane and
cyclohexane, halogenated hydrocarbons such as methylene chloride and 1,1,1-
trichloroethane, non-chlorine based halogenated solvents such as hydrofluoroether
and hydrofluorocarbon, alcohols such as ethanol and isopropanol, ethers such as
diethylether and tetrahydrofuran, and ketones such as acetone and methyl ethyl
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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mass - - - - - - - - - - --—- 9 PPb _ K|nd I_brm'

pol ynmer Hono- pol yner Hono- pol ynmer Hono- pol yner
Hono- pol ymer Hono- pol yner --- M/ 10, 000, 40 40 50
40 40 40 Conposition ratio % by mass, 99 999 9
[0060¢oncentrati on Polymer % by mass 50 35 35 37 , 37 35 50
Sheet thickness . pm 1100 1750 1700 1550
(d) Heat setting step

Heat setting is an operation for reducing thermal shrinkage of the polyolefin
microporous film by performing a combination of stretching at a low stretch ratio and
relaxation operation in an atmosphere of a predetermined temperature on the film
obtained at the preceding step by using a tenter, a roll stretching machine, and the
like. The stretching at a low stretch ratio is stretching at an area stretch ratio of not
more than 3.0 times.

[0061]

The stretch ratio at the time of stretching at a low stretch ratio is preferably 1.1
to 3.0 times in the MD of the film and/or the TD of the film, more preferably 1.3 to 2.2
times, and still more preferably 1.4 to 2.0 times. Excessive stretching at a stretch
ratio exceeding 3.0 times tends to increase a possibility of film breakage, and is not
preferable.

[0062]

The temperature at the time of stretching is preferably not less than 110°C in
order to prevent film breakage caused by stretching, and preferably not more 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

24



10

15

20

25

1650 1750 1100 Bi axial stretching conditions Stretch
ratio (MD) Tinmes 7.0 7.0 7.0 7.0 7.0 7.0 7.0 Stretch
ratio (TD) Tinmes 6.4 6.4 6.4 6.4 6.4 6.4 6.4

Stretching tenperature C 121 123 118 121 121 119 118

mordpfferablyt Adignerentiahi0oss tivleset Therrafdxatidh n@tto &. freflerably not less
1.51.41.51.51.5 Stretching tenperature C. 123
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, 123 128 1238 123

excessive relaxa’uon, more preferably not less than 0.7 times, and still more

preferably not less than 0.75 times.

[0064]

The temperature at the time of relaxation is preferably not less than 120°C
from the viewpoint of reduction in a thermal shrinkage rate, and preferably not more
than 140°C from the viewpoint of preventing reduction in permeability of the
polyolefin microporous film. The temperature is more preferably 122°C to 135°C,

and still more preferably 125 to 135°C.

[0065]

A TD heat setting stretch ratio (proportion of the film width after relaxation
(after heat setting) to the initial film width (before heat setting)) in the heat setting
step is preferably not less than 0.95 times from the viewpoint of preventing
deterioration of thickness distribution, and more preferably not less than 1.1 times,
and still more preferably not less than 1.2 times. The TD heat setting stretch ratio is
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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127 Relaxation ratio Times 0.87 0.87 0.73 0.82 0.87
0.73 0.87 Physical properties of polyolefin
m croporous filmFilmthickness pm16 16 20 16 16 20
16 Porosity %44 . 43 48 37 43 48 43 Air
[0067perneability - sec 200 230 260 380 280 270 210
Puncture strength N4 5 4.1 3.8 5.6 5.6 3.5 Fuse
(e) Wihamegestapure C 138 139 136 136 139 136 139 Mel tdown
tenperature C 200<

The step is a step of winding the microporous film through the respective steps
into a roll form to obtain a mother roll. The mother roll is used at a process step
such as slitting. As a winding drive system, any of ordinary center drive winding,
surface drive winding, center-surface drive winding, and the like can be used.
Further, reducing the amount of air wound in the roll by a nip roll, a near roll, or the
like in the center drive winding is also a preferable method. At the time of winding, it
is preferable from the viewpoint of quality of the roll that a portion serving as a
holding portion of the film end portion at the stretching step or the heat setting step
be removed by slitting. As a slitting method, any can be used, for example, a score
cut method in which a rotary round blade with fine roundness is pressed onto a fixed
blade roll to press and cut, a shear cut method for cutting by shearing between an
top blade and a bottom blade, and a razor cut method for cutting with a sharp razor
or the like. Although the raised edge may occur in the mother roll by deformation of
a blade cross section in any method, the polyolefin microporous film according to the
present embodiment can reduce the occurrence of the raised edge. A paper core or
plastic core having an outer diameter of 152.4 mm (6 inches), 203.2 mm (8 inches),
or 254.0 mm (10 inches) can be used for winding, for example.

[0068]

Hereinafter, a preferable aspect will be described about the slitting step of the
microporous film fed from the mother roll 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 roll 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
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200< 200< 200< 200< 200< 180 Qccurrence rate of raised
edge roll _ % 1.0_1.6_1.01.0_1.0 2.0 3.0, [0125]
5As is clear fromthe results shown in Tables 1 to 3,
these microporous filnms according to the present

drive metrext amhtheaslitimpriedieodiat it time. W the btheobandr ehae
of the raised edges is reduced [0126] Next ,

subsef¥andgtn s pCagnaingt dpfarsxerailssinannrddrige intethbe that
second enbodi nent will be described. [0127] 5[ Exanpl e

contro@%imﬁ/@hs’?@?ﬁqr%facﬁ Bl EprdedabhyuR. v edthimé %ﬂﬁing step, a slitting
mer h M/ of 300 5%

honopol avi ng an , 000 as PEa, y nass

appalrQlfus%I;'Oéﬁ’ﬁI é(reg%%lcggﬁammﬁe\(ﬁr&f DAIRG AN ofhéﬁ-g}ggﬂgf the
as PPa, and 4%°by mass of a pol Y propy! ene honopol ymer
roll to B& AR Aff sl ForirSyRan 100 hyh feliNigPAERlgproal ety i

the tingegh?érg%@p on égté"rtié(sta%;ﬁ@b[gf{gfeg$§|§fﬂc§¥e_s'§‘at%‘cénq§oo m, and still
but yl - 4- hydr oxyphenyl ) propi onate] was added as an .
more pieleaklycRRIeSTINANG] Q3ftimg NESOugRithe 10t orka W Nfhisa
tunmbl er bl ender to obtain a mxture. An atnosphere in
preferably eedienorartbian HEO00 m &robi the wewppindtof brengningdateriouatien of
replaced with nitrogen. Wile the obtained m xture was
produstupyalitye dindamerd pteferabhemotaxdrauthan 54athmt he f eeder,
liquid 15paraffin (kinematic viscosity of 7.59 x 10-5
[0069)R/s at 37.78C) was injected into an extruder cylinder
with a plunger punp. Melt kneadi ng was perforned under

tr{]‘:'g%njo&?iﬁﬂiatﬂo%rﬂ%hé%c&r rRedf thé@%é?tggfg% &fth8¥§nﬁgnﬁa%rmed

er of rotation of a screw o rpm an
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Subsequently, the nolten kneaded product s. extruded
edge rofl inPeefaradienobingre iiane Santiosbinediieweaint 81 ¥isihimore
1350-11m sheet. Next, this sheet was guided to a
preferahlymot araredsamOadoatnd shill arore prefiesat v gob Braie Ahae 0. 28 d
bi axi al stretching was perforned. As stretching
doerdialue (cocutreacd/batet ofatisedretgeorolps & valuei mreasurekdeacEdrding
stretch ratio was 6.4 tines, and a preset tenperature
toamé@§ur1r?gﬁ@etr$¢d>megmbleé,déé&ﬁbéb&ﬁbr.was gui ded to a tank
of methyl ethyl ketone, and fully inmrersed in nethyl
[oozojet hyl ketone to extract and renove the liquid
paraffin. Next, nethyl ethyl ketone was dried and
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tenperature of 132C. As a result, the TD stretch ratio
methogas 9.6 tines. Next, a portion serving as a hol di ng
portion for the TD tenter was trinmed Further, the
[0071]pol yol efin microporous filmwas continuously wound
around a paper core 10having an outer dianeter of
EB&t, themmicmopoeoudiiilokisdeamed iritd amelbogateriashape matimga width of
roll having a roll length of 550 m Table 4 shows the

10 mnPldyS0E Alm RIhEREIENGES 0P200 Atm RS I2000ehim IMitls epparitsT is layered in
film [0129] Next, using a slitter (coaxial slitter)
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into a wwdth of 50 mm the m croporous film being fed
fromthe nother roll at a Heeding tension per 1 nmm of
the nother roll of 0.10 NNmm and a take-up tension per

1 mmof the nother roll with respect to each axis of
rotation of 0.05 NNmm The 500-m 20 mcroporous film
was wound around a paper core having an inner dianeter
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Exanpl e 16 Exanple 17 Exanple 18 Exanple 19 Exanple 20
Raw mat eri al conposition PEa M/ 10,000 30 30 30 30
--- 30 Conposition ratio % by mass 91 --- 86 43 66
46 PEb WM/ 10,000 --- 50 --- 70 130 50 70
layereh ppatict isowounad into% Giycutase flatscadl to-obtaig 2j@ligéols Further,
PECc MW 10,000 --- 10 10 10 10 --- Conposition ratio
this j&lylrgll impovided in-a battery can, and a liquid electrolyte or a gel electrolyte is
injected into the battery can. In the case where the gel electrolyte is used, a gel
electrolyte prepared by impregnating the separator with a gel electrolyte in advance
can also be used.
[0072]

As mentioned above, the polyolefin microporous film according to the present
embodiment is suitable for a separator for electronic devices such as batteries and
capacitors, micro filters, and the like, and particularly suitable as a separator for
lithium ion batteries.

[0073]
[Second embodiment]

A polyolefin microporous film according to a second embodiment is a polyolefin
microporous film formed from a polyolefin composition containing PPa, PPb, and a
polyethylene having an Mv higher than the Mv of PPa. The film thickness thereof is
1to 14 um, the TD tensile elongation at break thereof is not more than 110%, and a
ratio of the MD tensile strength at break to the TD tensile strength at break
(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 lithium ion batteries, there has been a demand for a polyolefin
microporous film having properties such as high ionic permeability, enhanced
strength, and a thinner fiim 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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5555 PPa Kind Hono- polynmer Hono- pol ymer Hono-
pol ynmer Hono- pol yner Hono- pol ynmer Hono- pol yner
Hormo- pol yner M/ 10,000 15 15 15 15 15 15 15
Conposition ratio % by mass 5555555 PPb Kind

orgaﬁ@@?t&g?ﬁ%ﬁg?téﬁgﬁwﬁ%ﬁ?aﬂgﬁﬁﬁe La%ﬁifn tgg {B}é{!ﬁg Irwher&;the
mlcroﬁgr&goﬂlr‘ﬁ istedb QséBarator for lithium polymer batteries. In the
substrate film of a separator for coating batteries, the coating product increases the
thickness of the separator layer. For this reason, a polyolefin microporous film as
thin as possible is needed as the substrate film. In the lithium polymer battery, ionic
conductivity of a gel polymer electrolyte is smaller than an ordinary liquid electrolyte.
For this reason, it is necessary to make the thickness of the separator used for the
lithium polymer battery thinner (for example, not more than 14 um), and to suppress

reduction in ionic conductivity as a whole.

[0075]

Generally, a resin film obtained through a stretching step is relayed between
an extruder, a casting apparatus, a stretching machine, and the like with a plurality of
rolls, is wound around a roll (mother roll), and is finished as a product. In that case,
mechanical strength of the film is reduced as the thickness of the film is thinner.
Accordingly, highly precise film guide/process technologies are needed. Particularly
the polyolefin microporous 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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40 40 Conposition ratio % by mass 4 4 4 4 4 4 4

Pol ymer concentration , % by nmass 35 35 35 35 32 32

35, Sheet thickness , pm 1350 1350 1350 1350 1400 1400

1050 Biaxial stretching conditions Stretch ratio (MD)

thinnerines 7.0 7.0 7.0 7.0 7.0 7.0 7.0 Stretch ratio (TD)

Tines 6.4 6.4 6.4 6.46.46.46.4 Stretching .

t Sppaficdllyr e poOlyid?inl 2bcrdpdroldXilhAavizg aRidk hesd ofedttrnda: than

conditions Stretch ratio (TD) Tines 1.85 1.85
14 um has problems that the amount of deformation of the film edge cross section of
the polyolefin microporous film caused by shearing at the time of slitting is
remarkable, and the raised edge is remarkable compared with the case of a
polyolefin microporous film having an ordinary thickness.
[0077]

Although the above-mentioned Patent Document 1 describes Example in
which the thickness is 7 um, there is no description with respect to reduction in yield
at the time of processing a thin film. It is difficult to improve an original yield by the
invention disclosed there.

Although a wrinkle produced in film guide/process is expected to be reduced in
disclosure of Patent Document 2, there is no description about improvement in yield
other than that reduction. It is also difficult to improve safety needed as a separator
for batteries when a battery is abnormal.

It is difficult to improve yield at the time of processing the microporous film with
the techniques disclosed in Patent Documents 3 and 4 even in the case where the
film 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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1.851.85 1.85 1.85 1.85 Stretching tenperature C 130

130 128 129 129 129 130 Relaxation tenperature C 132

132 130 130 130 130 132 Relaxation ratio (TD) Ti nes

0.81 0.81 0.81 0.81 0.81 0.81 0.81 TD total stretch
polyolefit ntcropdramesfilth Bred feor 29p@ySletin @ofps@ionFgdntaining PPa,

thickness pm9 9 9 9 9 9 7 Porosity % 32 32 32 33 33
PPb, &% galyethylerRehagadihe My sigee2Handiie Mv 6f RBa has specific physical
properties, the occurrence of the raised edge in the slitting step can be reduced also
in a thin film having a thickness of 1 to 14 um.

[0080]

Although this reason is not completely clear, similarly to the first embodiment, it
is considered as one of the factors that polyethylene and polypropylene are
incompatible with each other and have an interface.

In addition to that, the present inventors found out that a remarkable effect of
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 range in
the polyolefin microporous film having a thickness of 1to 14 um. This reason,
although not completely clear, is supposed as follows. First, when the polyolefin
microporous film having a thickness of 1 to 14 um is slit, it is considered that
particularly the film is torn off by shearing and the slitted cross section thereof
deforms, causing the raised edge. Then, it is supposed that by setting the TD
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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290 290 230 Puncture strength N 2.5 3.0 2.5 3.2 3.5
3.8 2.5 Mean porosity size pmO0.075 0.070 0.065 0.070
0.065 0.065 0 070 MD tensile strength at break MPa
150 150 160 160 170 180 160 MD tensile elongation at

prevehtiegkheMaisttl &geg’0 70 60 50 70 Physical properties of
TD tensile strength at break MPa 150 150 160 160 170

[0081170 160 pol yol efin m croporous TO tensile el ongation
at break % 70 80 70 70 60 70 70 film MY TD rati o of

hiePdidh file pBikRKgivdn Below, the polyolefin microporous film according to
the second embodiment may be the same as in the case of the first embodiment.
Description thereof will be omitted here.

[0082]

The polyolefin composition contains polyethylene having the Mv higher than
the Mv of PPa from the viewpoint of improvement in dispersibility of polyethylene and
polypropylene and from the viewpoint of improvement in mechanical strength of the
thinner polyolefin microporous film.  One kind of such polyethylene is used alone, or
not less than two kinds thereof are blended and used.

[0083]

A more preferable Mv of polyethylene can be specified as described in the
paragraph that follows, with the assumption that:

(a) PEa is a polyethylene having an Mv higher than the Mv of PPa and lower than the
Mv of PPb,

(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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1.01.01.01.01.1 1.0 MOJTDratio of elongation at

break - 1.0 1.0 1.0 1.0 1.0 0.7 1.0 130C ther nal

shrinkage rate (M) 15 15 16 16 16 16 15 130C

. thermal shrinkage rate (TD) % 13 13 16 15 15 15 13 _
viewpgiiti ot eadhcirgnier shiuidew e tarpgeratorel gfathe 3w Ividefin gécrepgrous film,

Mel t down tenperature C 200< 200< 200< 200< 200< 200<
and pieérablh30a lsssrian 20@000 ésim thedviewpoint Df Gupprassmyeredacion in

of raised edge roll %0.6 1.6
strength of the polyolefin microporous film.

[0085]

In the case where only one kind of polyethylene is used, PEa is particularly
preferable, and PEb is preferable next to PEa. 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 polyethylenes are used, c) use of PEa
and PED is preferable also from the viewpoint of improvement in mechanical strength
in addition to the effect according to a) mentioned above. Further, d) use of PEc
and PEa and e) use of PEc, PEa, and PEb are each preferable from the viewpoint of
low fuse properties in addition to the effect according to a) and c). PEa, PEb, and
PEc can also be mixed (blended) within the respective ranges of the Mv mentioned
above, and used.

[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 um, 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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1.0 1.0_ 1.0 2.0 0.2 [0133] [Table 5] Item Unit
Exanpl e 21 Exanpl e 22 Exanpl e 23 Exanple 24 Exanple 25
Exanpl e 26 Raw naterial conposition PEa M/ 10, 000 30
30 30 30 30 30 Conposition ratio ' Yo by nass 49 48

thinng filrp thiekBess, REfroRy thEdyie@poing of ceducity theoociramce rate of raised
Conposition ratio % by mass 48 47 47 43 47 31 PEc M/

edgd MIIGhe time of slitting.

[0088]

The air permeability of the polyolefin microporous film is preferably 80 to 800
seconds, more preferably 100 to 500 seconds, and still more preferably 100 to 400
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 500 seconds from the viewpoint of improvement in performance of the battery.
[0089]

The puncture strength of 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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Conposition ratio % by nass PPa

Kind - , Hono- polynmer Hono- pol yner Hono- pol yner

Hono- pol ymer Hono- pol yner Hono- pol yner M/ 10, 000

15 15 15 15 15 15 Conposition ratio , %by nass 2 3
embgimedt3 PPb Kind Honp- pol ynmer Hono- pol yner - Hono-

pol ynmer Hono- pol yner Hono- pol ynmer Hono- pol yner \%%
(009250, 000

Next, a preferable method for producing a polyolefin microporous film
according to the embodiment will be described.

The method for producing a polyolefin microporous film may be the same as
that of the first embodiment mentioned above except the following points.

[0093]

(a) At the extrusion and film cast step, the polymer concentration in the mixture
is preferably not less than 10% by mass from the viewpoint of molding workability at
the time of film formation, and preferably not more than 90% by mass from the
viewpoint of permeability of the microporous film. The percentage is more
preferably 20 to 60% by mass, and still more preferably 25 to 40% by mass.

[0094]

(b) At the stretching step, a sheet (or film) is stretched in the TD not less than 6
times from the viewpoint of increasing the TD tensile strength at break. The TD
stretch ratio is more preferably not less than 7 times. By stretching in the TD of not
less than 6 times, polyolefin molecule chains are sufficiently oriented to increase 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 polyolefin, 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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40 40 40 40 40 40 Conposition ratio % by mass 1 2 4

10 4 7 Polynmer concentration % by mass 35 35 35 35 32

35 Sheet thickness pm 1350 1350 1350 1800 1900 980

Bi axi al stretching conditions Stretch ratio (M) -
[0096Times 7.0 7.0 7.0 7.0 7.0 7.0 Stretch ratio (TD)

Times 6.4 6.4 6.4 6.4 6.46 Stretching tenperature C

1PRe &#8tchd3tid 2 tHe Bmbdst éﬂ%@émﬁ tt BNewaserRAEH Faesin the heat

Stretch ratio (TD) Tines 1.85 1.85 1.8 1.75 1.9
setting step is preferably 1.5t0 3.0 in the MD of the film and/or in the TD of the film,
more preferably 1.7 to 2.5 times, and still more preferably 1.8 to 2.2 times.
Excessive stretching of the stretch ratio exceeding 3.0 times is not preferable
because a possibility of breakage of the film may be increased.

[0097]

The temperature at the time of stretching is preferably not less than 100°C in
order to prevent breakage of the film caused by stretching, and preferably not more
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 120 to 133°C, and still more preferably 125 to 133°C.

[0098]

The temperature at the time of relaxation is preferably not less than 120°C
from the viewpoint of reduction in the heat shrinkage rate, and preferably 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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1.8 Stretching tenperature C 130 , 130 130 128 127
130 Rel axation tenperature C 132 132 132 131 132 132
Rel axation ratio (TD) Tines 0.84 0.84 0.83 0.83 0.87
0.83 TD total stretch ratio Tines 9.9 9.9 9.6 , 9.3

still Mdretpréfdrallyiraimeaedpeantli@sinels, pad yaltifulariynpefeaotyoust more
filmF Imthickness pm9 9 9 12 12 7 Porosity ok 33

than 3% B3ed6 42 33 Air perneability sec 240 250 , 230 260
120 220 Puncture strength

[0100]

The occurrence rate of raised edge roll is preferably not more than 3% from
the viewpoint of yield, more preferably not more than 2%, and still more preferably
not more than 1.0%.

[0101]

The polyolefin microporous film according to the second embodiment, like that
according to the first embodiment, is also suitable for a separator for electronic
devices such as batteries and capacitors, micro filters, and the like, and is particularly
suitable as a separator for lithium ion batteries.

Examples
[0102]

Next, Examples and Comparative Examples will be given to describe the
present embodiments more specifically, but the present embodiments will not be
limited to the following Examples without departing from the scope of the gist. The
respective physical properties in Examples were measured according to the following
methods.

[0103]
(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®®” (equation of Chiang)
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N_3.02.9 32393121 Man porosity size pm
0.070 0.070 0.065 0.060 0.075 0.060 MD tensile
strength at break MPa 150 150 200 160 105 150 MD
tensile elongation at break % 80 80 50 80 70 80 TD

tﬁ‘é‘Mv%f%Id]ﬁi}%Dleﬂb waLakicMBeed with 188 fdlioWiA® orkitita 120
TD tensil e elongati on at break ok 80 80 80 80 80 90

A e o "8l Ongat fon at break 1.0°1.0 0.6
[0104]
(2) Film thickness (um)

A film thickness was measured at room temperature of 23°C using a micro
thickness meter KBM (trademark) made by Toyo Seiki Seisaku-sho, Ltd.
[0105]
(3) Porosity (%)

A sample of a 10 cm x 10 cm square was cut out from the microporous film.
The volume (cm®) and mass (g) thereof were determined. At a film density of 0.95
(g/cm®), the porosity was calculated using the following formula.

Porosity = (1 - mass/volume/0.95) x 100
[0106]
(4) Air permeability (sec)

According to JIS P-8117, air permeability was measured by a Gurley type
densometer G-B2 (trademark) made by Toyo Seiki Seisaku-sho, Ltd.
[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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1.0 0.9 0.9 130C thermal 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 Meltdown tenperature C 190 200< 200< 200<
(6) Tetlls Qdgtt a0kreakplMD @nenthaest TDAMPH), tendil@ etongation at break
Cccurrence rate of raised edge roll %1.2 0.8 1.0

(%), 1@tid_of tebiRR. Arerigh adtbrdakabhe réfio of tersilbiidndationtdt er@ak
Exanpl e 28 Exanple 29 Exanple 30 Exanple

According to JIS K7127, using a tension tester Autograph AG-A type
(trademark) made by Shimadzu Corporation, each of the physical properties was
measured with respect to respective samples for MD measurement and for TD
measurement (shape; 10 mm in width x 100 mm in length). The sample was used
at a distance between chucks of 50 mm, a cellophane tape (made by Nitto Denko CS
System Corporation, trade name: N.29) being applied to a single side of both ends
(25 mm each) of the sample. In order to prevent slip of the sample during the test, a
fluororubber having a thickness of 1 mm was attached to the inside of the chuck of
the tension tester.

The tensile elongation at break (%) was determined by dividing the amount of
elongation (mm) until the sample broke by the distance between the chucks (50 mm),
and multiplying the divided value by 100. The tensile strength at break (MPa) was
determined by dividing strength at the time of breakage by a cross-sectional area of
the sample before the test.

Measurement 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 fluid is larger than the porosity size of the capillary, and follows
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31 Exanple 32 Raw naterial PEa M/ 10,000 30 30 30 30

30 30 Conposition ratio % by mass 46 46 46 40 46 46

PEb My 10,000 70 70 70 70 90 70 Conposition ratio %

by mass 45 45 45 30 46 46 PEc W 10, 000
Pois€nilipdoint whban itz neait fige pathsof-the fluid is-smdiiea tikamthe porosity size

conposi tion Hono- pol yner Honpb- pol ynmer Hono- pol yner
of the capillary. Then, it was assumed that a flow of air at the time of measuring the
air permeability of the microporous film follows the Knudsen flow, and a flow of water
at the time of measuring a water permeability of the microporous film follows the
Poiseuille flow.

In this case, the mean porosity size d (um) and a bending proportion t
(dimensionless) of the microporous film were calculated using the following formulas,
wherein a permeation rate constant of the air is Rgas (m>/(m?-sec-Pa)), a permeation
rate constant of water is Rjq (m>/(m?sec-Pa)), a molecule rate of the air is v (m/sec),
a viscosity of water is n (Pa-sec), standard pressure is Ps (= 101325 Pa), a porosity
is € (%), and a film thickness is L (um).

d = 2v x (Rjg/Rgas) x (161/3Ps) x 10°

1= (d x (6/100) x v/(3L x Ps x Rgas))"?

Here, Rqas was determined using the following formula from the air
permeability (sec) measured as mentioned above.

Rgas = 0.0001/(air permeability x (6.424 x 10™) x (0.01276 x 101325))

Riq was determined from the water permeability (cm*/(cm?-sec-Pa)) using 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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Hono- pol ymer Hono- pol yner Hono-- pol yner M/ 10, 000

15 15 15 15 10 25 Conposition ratio % by mass 5 5 5

23 4 4, PPb Kind - Hono- polynmer Honmo- pol yner Hono-

pol ymer Hono- pol yner Bl ock pol ynmer Random pol yner
and tiis was @8ed4s the widtebpeBBedtlity. Conposition rati o % by

mass 4 4 4 7 4 4 _Polymer concentration % by mass 35

3¥deoveRy Was determined using the following formula from a gas constant R
(= 8.314), the absolute temperature T (K), a circular constant n, and an average
molecular weight M of air (= 2.896 x 107 kg/mol) using the following formula.

v = ((8R x T)/(m x M))"2
[0110]

(8) Shutdown temperature (°C), film breaking (meltdown) temperature (°C)

Figure 1(A) shows a schematic view of a measuring apparatus used for
measurement of a shutdown temperature. A microporous film 1 was sandwiched
between nickel foils 2A and 2B having a thickness of 10 um. The microporous film 1
sandwiched between the nickel foils 2A and 2B was further sandwiched between
glass plates 3A and 3B. An electric resistance measuring apparatus 4 (LCR meter
"AG-4311" (trademark) made by Ando Electric Co., Ltd.) was connected with the
nickel foils 2A and 2B. A thermocouple 5 was connected with a thermometer 6. A
data collector 7 was connected with the electric resistance apparatus 4 and the
thermometer 6. An oven 8 heats the microporous film 1.

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 (obiique-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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35 Sheet thickness pm 1350 820 1400 1400 1350 1050

Bi axi al stretching conditions Stretch ratio (MD) Tines

7.0 7.0 7.0 7.0 7.0 7.0 Stretch ratio (TD) Tinmes 6.4

7.0 6.4 6.46.46.4 Stretching tenperature C 124 124
micropouk2fiml 2 Sher@Betdessdn. s i drihey, thentdid miokel f&ils eeohsamdwiched

(TD) Tines 1.8 1.8 1.85 1.8 1.8 1.8 Stretching

betwdeanprerglass plafes 3R ahdP38 3dni BbthlSiled 3B theRBicR&IFbIION At this time,
tenperature C 132 131 132 128 132 132 Rel axation

a posftrini Wad ARYndd §8h&-tR8 viindw poPlon of the foil 2B and the microporous

film 1 might face each other.

The two glass plates were fixed by clipping the glass plates with a
commercially available double clip. The thermocouple 5 was fixed with a "Teflon
(registered trademark)" tape so as to contact both of the glass plates 3A and 3B.

The temperature and electric resistance of the microporous film were
continuously measured with such an apparatus while the microporous film was
heated. The temperature was raised from 25°C to 200°C at a speed of 2°C/min,
and the electric resistance value was measured at an alternating current (1 V and 1
kHz). The shutdown temperature was defined as a temperature when the electric
resistance value of the microporous film reaches 10° Q. Moreover, the film breaking
(meltdown) temperature was defined as a temperature when the electric resistance
value is less than 10° Q again after shutdown.

[0111]
(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 ratio 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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0.83 0.83 0.83 TD total stretch ratio Tinmes 9.6 10.5
g.69:69(.)/69.6 Filmthickness pm7 57 9 9 7 .

orosity % 33 35 33 44 33 38 Air perneability sec 200
, 120 190 80 210 100 Puncture strength N 1. 9y2.0 1.6

(10) 130050 5P /8% 580" WD tensi Lo strength a break Ma
gg g»giﬁgt&a'rgégﬂth]&g id? Bakb) pMautea sithethelfoirgahy groeedures a to

d was heated at a heating rate of 5°C/min. from 30°C to 130°C, and subsequently,
held for 30 minutes at 130°C.  After the battery was cooled to room temperature, the
battery was disassembled, and an electrode plate laminated body was taken out.
Then, it was checked visually whether an electrode was exposed in the outermost
part of the electrode plate laminated body due to thermal shrinkage of a separator,
and whether ends at a top and bottom of the electrode in a direction intersecting
perpendicularly 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 electrolyte

LiPFg 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/iit.
Thus, a nonaqueous electrolyte was prepared.
b. Production of positive electrode

92.2% by mass of a lithium cobalt multiple oxide LiCoO, 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-methy! pyrrolidone (NMP) to prepare a slurry. This slurry was
applied to the both sides of an aluminum foil having a thickness of 20 pm 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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90 50 100 80 70 80 Physical properties of TD tensile
strength at break MPa 130 180 110 130 150 170

pol yol efin m croporous TD tensile el ongation at break
% 100 60 110 70 70 70 film MDY TD ratio of strength at

macHih&aKat thi sotlr'}ue Lnjrerq Q%Qn%g%g OMgt {r% éﬁ%‘u‘ﬁt Bf the act|ve

el ongation at’

ol 3 e il edtfsitd" 42 o

densi y o %e@ctltvg aetre%ta mlghcf be §.OO g/cm®. The obtained molded body was

cut in accordance with a battery width to obtain a strip positive electrode.
[0114]
c. Production of negative electrode

96.9% by mass of artificial graphite as an active material, and 1.4% by mass of
ammonium salt of carboxymethyl cellulose and 1.7% by mass of styrene butadiene
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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139 139 139 139 139 _ Meltdown tenperature , C 200<
200< 200< 200< 200< 200< 130C sinple oven test 2 0O
O, AO O Cccurrence rate of raised edge roll % 1.6
0.6 2.0 2.0 0.6_ 1.0 [0135] [Table 7] Item Unit
a coritaiaaplid raSpéstaehl. e RAtHE(athel bBk-Heatiphed B6n&yeeqlselgtrolyte
Exanpl e 38 Raw naterial conposition PEa M/ 10, 000 30
was igfeci Bfo B Sbhtaincpapdcial the c@itaide?s byhusss|itilin® lorDbattery

91 91 46
was obtained.
[0115]
(11) Occurrence rate of Raised edge Roll (%)

From a roll having a roll length of 500 m and obtained by slitting and winding
the polyolefin microporous 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 roll 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 rolls having the raised
edge by the total number of rolls, and multiplying 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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PEb M 10,000 - - - 70 Conposition ratio % by nass

- 45 PEc WM 10, 000 Conposition ratio % by

nmass - - - PPa Kind - Hono- polymer Hono- pol yner

Hono- pol ymer Hono- pol yner Honpb- pol ynmer Hono-
butylp@lhydﬁfxyphbﬁyl)l&oﬁ%aﬂ@ wias d@dddad anldntioxidamposDty blending was

ratio % by mass 5 5
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 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 methyl 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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555 PPb Kind - Hono- pol ynmer Hono- pol ynmer Hono-

pol ynmer Hono- pol yner Hono- pol ynmer Hono- pol yner M/
10, 000 40 40 40 40 40 40 Conposition ratio % by nass
4 4 44 4 4 Polynmer concentration % by mass 35 35 35

phys%igla é?rbé’% ic¥66the YOS MiGBpBRAIsEAM. 1000 650 850 700

stretching conditions Stretch ratio (MD) Tines
.05.07.06.57.07.0 Stretch ratio (TD) Times 5.0
[011 0

Next, using a slitter (coaxial slitter) having two axes connected to a rotating

driving part, in which slitted webs (microporous films) are alternately distributed to a

5  plurality of roll cores fixed to the two axes to be simultaneously taken up around the
roll cores, 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 0.16
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

10  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
15 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
20 Tables 1and 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]
25 [Comparative Examples 1 to 7]

The polyolefin microporous film was produced in the same manner as that of
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6 06.56.4 6.4 Stretching tenperature C 116 116 122
122 123 123 Heat setting conditions Stretch ratio (TD)
Times 1.4 1.4 2.2 1.3 1.3 1.3 Stretching tenperature
C 120 122 124 123 123 123 Relaxation tenperature C

Exambl3 1 5Xoepibal #e datiitlats wBal a@ideanintatondifidhd déseritged in
0.79 0.93 0.91 0.79 0.79 0.79 TD total stretch ratio

TableT3 ”B@oﬁdlﬁoﬁs ﬁotlae&rlz)e@ |ﬁ Tabk 3Fidrd thBisakitess tiiBeSnExample 1.
Porosity % 4

The occurrence rate of raised edge roll was also evaluated in the same manner as in

the case of Example 1. Table 3 shows the physical properties of the obtained

polyolefin microporous films. The microporous film obtained in Comparative

Example 7 had a large amount of particles in the film, and had inferior quality.
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37 40 40 40 Air perneability sec 200 160 120 150 200
160 Puncture strength N 2.4 2.6 2.3 2.1 2.5 2.3 Mean
porosity size pm 0.050 60.000 0.080 0.055 0.055 0.055
MD tensile strength at break MPa 140 140 160 160 200
[012200 NMD tensile elongation at break % 130 120 50 50 50

50 Physical properties of TD tensile strength at break
[Tabl®&Bq 140 150 220 100 100 100 pol yol efin m croporous TD
tensile elongation at break % 170 140 30 110 120 120
fil M jiem Unit Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7
My 10,000 30 30 30 - 30 30 30
PEa Py )
Composition | % by | 4, 97 80 86 a3 66
ratio mass
Mv 10,000 - - - 50 - 70 130
PEb e o
Compqsmon % by L N N 095 L 43 20
ratio mass
Mv 10,000] - 10 10 10
PEC "Composition | % by
' — 5 5 5
ratio mass
Raw i Homo- | Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
material Kind ) polymer | polymer | polymer | polymer | polymer | polymer | poiymer
composition PPa
Mv 10,000 15 15 10 15 15 15 15
Compqsmon % by 5 2 18 3 5 5 5
ratio mass
Kind ) Homo- | .Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
polymer | polymer § polymer { polymer | polymer | polymer | polymer
PPb Mv 10,000 40 40 50 40 40 40 40
— -
Compgsmon %o by o5 1 5 5 4 4 4
ratio mass
Polymer % by
concentration mass 50 50 50 35 35 37 37
Sheet thickness pum 1100 1100 1100 1750 1700 1550 1550
Biaxial Stretch ratio (MD) | Times 7.0 7.0 7.0 7.0 7.0 7.0 7.0
iaxia
stretching | Stretchratio (TD) | Times | 6.4 6.4 6.4 6.4 6.4 6.4 6.4
conditions Stretching .
temperature c 118 120 118 122 119 122 120
Stretch ratio Times 15 1.5 1.5 1.5 15 1.4 1.4
Stretching R
Heat setting temperature C 123 123 122 123 118 123 122
conditions Relaxation R
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 Hm 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
polyolefin [ Puncture strength N 35 4.0 36 5.0 4.5 3.8 4.2
micrqporous Shutdown
film temperature C 138 138 138 139 136 136 136
Meltdown
temperature C 200< 190 200< 200< 200< 200< 200<
Occurrence rate of raised edge rolll o, 0 0.2 0.4 0.6 0.2 0.2 0.2
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M) TD ratio of strength at break -
2.0 MJYTD ratio of elongation at break 0.8
0.5 0.4 0.4 130C thernmnal
20 21 21 21 130C thermal

shrinkage rate (TD)

1.00.90.7 1.6 2.

0.9 1.7

shrinkage rate (MD) % 27 27
% 25 26

[012330 24 24 24 Shutdown tenperature C 139 139 140 139
139 139 Meltdown tenperature C 200< 200< 200< 200<
[Tabl@@P< 200< 130C sinple oven test
Occurrence rate of

rai sed edge roll

X X X X X X

0

ok 6.0 5.0 4.0 6.0

6.0 ltem Unit Example | Example | Example | Example | Example | Example
8 9 10 11 12 13
Mv 10,000 -- 30 30 30 30 30
PEa = )
Composition § % by | 46 42 46 44 46
ratio mass
Mv 10,000 50 70 70 70 90 70
PEb e o
Composition | % by | g 45 43 47 44 46
ratio mass
Mv 10,000 10 ---
PEC ["Composition | % by 5 . . . . .
ratio mass
Raw . Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
material Kind -
polymer | polymer | polymer | polymer | polymer | polymer
composition PPa
Mv 10,000 15 15 15 15 10 25
— =
Compqsmon % by 5 5 12 3 4 4
ratio mass
Kind i Homo- | Homo- | Homo- | Homo- Block | Random
polymer | polymer | polymer | polymer | polymer | polymer
PPb Mv 10,000 40 40 40 40 36 36
— =
Compqsmon % by 4 4 3 4 8 4
ratio mass
Polymer % by
concentration mass 35 37 37 37 37 37
Sheet thickness um 1750 1650 2000 2800 1650 1600
Biaxial Stretch ratio (MD) | Times 7.0 7.0 7.0 7.0 7.0 7.0
iaxia
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 1.5 1.5 1.5 1.5
Stretching .
Heat setting temperature Cc 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 um 20 16 20 30 16 16
Porosity % 48 43 43 46 42 41
Physical - -
properties of | Al permeability sec 250 290 300 420 330 330
polyolefin | Puncture strength N 5.6 5.5 6.5 6.5 5.0 5.2
microporous Shutdown
film temperature C 136 139 139 139 139 139
Meltdown .
temperature C 200< 200< 200< 200< 200< 200<
Occurrence rate of raised edge roll % 0.6 0 04 0 0.2 0.2
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6.6

[0136] [Table 8]

Conpar ative Exanpl e 8 Conparative Exanple 9
Conpar ative Exanple 10 Raw nateri al
10, 000 30 30 30 30 30
[012446 46 46 46 PEb M/ 10,000 70 70 70 70 70
Conposition ratio % by mass 45 45 45 45 45 PEc M/

I[tem Unit Exanple 39 Exanple 40

conposition PEa M/
Conposition ratio % by nass 46

[Tabld®]000 - - Conposition ratio % by nass - -

Com- Com- Com- Com- Com- Com- Com-
| . parative | parative | parative | parative | parative | parative | parative
tem Unit

Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7
Mv 10,000 30 30 30 30 --- 30
PEa it 0,
Compqsmon % by 91 . 86 43 46 - a1
ratio mass
Mv 10,000 50 70 70 50
PEb "
Compqsmon % by 91 43 45 86
ratio mass
My 10,000 10 10 10
PEC [Composition | % by
8 -- 5 5 5
ratio mass
Raw materia! Kind N — - - — - — Homo-
composition polymer
PPa Mv 10,000] - 15
Composition | % by . 9
ratio mass
Kind Homo- Homo- Homo- Homo- Homo- Homo- N
) polymer | polymer | polymer | polymer | polymer | polymer
PPb Mv 10,000 40 40 50 40 40 40
erel =
Compqsutlon % by 9 9 9 9 9 9
ratio mass
Polymer % by
concentration mass 50 35 35 37 37 35 50
Sheet thickness yum 1100 1750 1700 1550 1650 1750 1100
Stretch ratio (MD) { Times 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Biaxial
stretching Stretch ratio (TD) | Times 6.4 6.4 6.4 6.4 6.4 6.4 6.4
conditions Stretching R
temperature C 121 123 118 121 121 119 118
Stretch ratio Times 1.5 1.5 1.5 14 1.5 15 15
Stretching
° 1 1 123 118 122
Heat setting temperature C 123 123 118 23
conditions Relaxation
° 1
temperature C 128 128 123 128 128 123 127
Relaxation ratio Times 0.87 0.87 0.73 0.82 0.87 0.73 0.87
Film thickness pum 16 16 20 16 16 20 1
Physical Porosity % 44 43 48 37 43 48 43
properties of |  Air permeability sec 200 230 260 380 280 270 210
polyolefin 175 ncture strength | N 4 5 4.1 3.8 5.6 56 35
microporous
film Fuse temperature °C 138 139 136 136 139 136 139
Meltdown o
temperature C 200< 200< 200< 200< 200< 200< 180
Occurrence rate of raised edge roll % 1.0 1.6 1.0 1.0 1.0 2.0 3.0

[0125]

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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PPa Kind Hono- pol yner Hono- polyner - M/ 10, 000
15 - 15 - Conposition ratio % by mass 55 - PPb
Kind Honpb- pol ymer Hono- polynmer - Hono- pol yner
Hono- pol ynmer Hono- pol yner M/ 10, 000 40 40 40 40 40
[0126pnposition ratio % by mass 4 4 9 9 9 Pol yner
concentration % by nmass 35 35 , 35 35 35 Sheet
t N&K,”Eféé?mples and Comparative Examples according to the second
embodiment will be described.
[0127]
[Example 14]

91% 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 4% 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-
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
rom, 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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pm 1450 1100 700 500 1000 Bi axi al stretching
conditions Stretch ratio (MD) Tines 7.0 7.0 7 5
7.0 Stretch ratio (TD) Times 6.4 6.4 6.4 5.0 6.0
Stretching tenperature C 124 124 123 116 122 Heat

tempé&itlirengas 0P2g i ons Stretch ratio (TD) , Times 1.3 1.3
1.3 1.4 2.2 Stretching tenperature , C 123 123 123

1§Qb enﬁ?'%aéHe%'ﬂvJa%flglﬁéé@ wstéhk’las lbaayskaﬁmbz@nd fully
Rel axation'ratio (TD) 0.79 0.79 9 0.79 0.9

immerdd AtAbthyt EfFRetoRES e;irgetsar@d Ferflofe @neﬁllqwd paraffin. Next,

methyl ethyl ketone was dried and removed from the sheet. Further, the sheet was

.0 5.0
6

guided to a TD tenter, stretched at a low stretch ratio of 1.85 times and a temperature
of 130°C, and heat set at a relaxation ratio of 0.81 times and a temperature of 132°C.
As a result, the TD stretch ratio was 9.6 times.

Next, a portion serving as a holding portion for the TD tenter was trimmed.
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 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 part, 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 roll 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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10

5.5 12.0 Filmthickness pm, 16 , 12 7 9 7 Porosity
% 40 40 40 40 37 Air perneability sec 340 260 150 200
120 Puncture strength N5.3 3.8, 2.7 3.0 2.6 Mean
porosity size pm0.055 0.055 0.055 0.050 0.080 MD
[Exarhprsi1%tcs32]engt h at break MPa 200 200 200 140 160 MD
tensile elongation at break %50 50 50 130 50 Physi cal

ggg@%uaioﬁfbm%cg@pb@@i flie whs predutedtinihedkme MWMBAN&PAs that of
Example 14 except that the conditions were changed into conditions described in
Tables 4 to 6. Conditions not described in Tables 4 to 6 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 4 to 6 show the physical
properties of the obtained polyolefin microporous films.

[0131]

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

The polyolefin microporous film 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

properties of the obtained polyolefin microporous films.
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pol yol efi n m croporou
% 120 120 120 170 30
2.0 2.0 2.0
at break 0.4 0.4 0.4

br eak

s T
fil

[
1.0
0.

D
m
0.
8

-
1.7

tensil e elongation at break
MD/ TD ratio of strength at
MO/ TD rati o of el ongation

130C thernmal shrinkage

[013RRte (MD) %21 1 211 1 21; 1 27 1 20 130C thernal
shrinkage rate (TD) ok 24 24 24 25 30 Shutdown
[Tabteegiper ature C 139 139 139 139 140 Mel tdown

—tenperature C 200< 200< 200< 200< 200< 130C - -si n,},"l =y
oven test - X X X IX uni Exa;zple Exa1r2ple Exa1rgple Exa1n71ple Exa18ple Exagple Exazrgple
PEa Mv 10,000 30 --- 30 30 30 - 30
Composition ratio | % by mass 91 --- 86 43 66 --- 46
PED Mv 10,000 50 - 70 130 50 70
Composition ratio | % by mass --- 91 --- 43 20 86 45
PEC Mv 10,000 10 10 10 10
Composition ratio | % by mass - --- 5 5 5 5 -
Raw material Kind ) Homo- | Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
composition PPa polymer | polymer § polymer | polymer | polymer | polymer | polymer
Mv 10,000 15 15 15 15 15 15 15
Composition ratio | % by mass 5 5 5 5 5 5 5
Kind ) Homo- | Homo- { Homo- | Homo- | Homo- | Homo- | Homo-
polymer | polymer | polymer | polymer | polymer | polymer { polymer
PPb Mv 10000 | 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 pum 1350 1350 1350 1350 1400 1400 1050
Biaxial Stretch 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 6.4 6.4 6.4 6.4 6.4
conditions [t ching temperature °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 total stretch ratio Times 9.6 9.6 9.6 96 9.6 9.6 9.6
Film thickness pm 9 9 9 9 9 9 7
Porosity % 32 32 32 33 33 33 32
Air permeability sec 250 270 270 250 290 290 230
Puncture strength N 25 3.0 2.5 3.2 35 38 25
Mean porosity size pm 0.075 0.070 0.065 0.070 0.065 0.065 0.070
MD tensile strength at break MPa 150 150 160 160 170 180 160
MD tens:lsrzlaokngation at % 70 80 70 70 60 50 70
pﬂ'::grsl::'o ([ 7D tensile strength at break | MPa 150 150 160 160 170 170 160
polyolefin TD tensile elongation at % 70 80 70 70 60 20 70
microporous break
film MD/TD rat;)oreoafks1renglh at ) 10 10 10 10 10 11 10
MDITD ra“%gai'o”ga“o” at . 1.0 1.0 1.0 1.0 1.0 0.7 10
130°C ’?:g"(i/"g?””kage % i5 15 16 16 16 16 15
130°C t?:{:ﬁ;;m"kage % 13 13 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 2
Occurrence rate of raised edge roll % 0.6 1.6 1.0 1.0 1.0 20 0.2
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X Qccurrence rate of
8.0 8.0
shown

[ 0137]

in Tables 4 to 8,
according to the present

As

rai sed edge roll
is clear fromthe results
these microporous filns

invention are thin filnms

% 0. 2

4.0 10.0_

[0133]havi ng a thickness of not nore than 14 m and have the
occurrence of the raised edges extrenely higher than

[Tableig) the 5case where the filmthickness exceeds 14 rim
Nevert hel ess, these mcraoporous filns can provi de a
rol | iem which thd oggur
regteet—Hhe—mcHopor-ot
i nyentH-er—= so,hasv ?%.
filos QOF’RQS'}‘Hf?JfAbrPPB Yot ,
paf bdpqul ar Myt hd A% dpotPorls 1 1lm Wavi nd® 10 % 111604
of |t h¢ Fmrstngid ¢ %ef vmgat4on at? br ek antf [&tip &f
te1§% e 10swr engtlh1ewo Jr eak Jof-0.]8 t-0 1. 3 clan-prpvi-de
a | coampiattinebo ey @edurr-ence--of| the Jraised edge i-s

Raw malkGHUCEd Tenarkablly. [ 01380 [[Boarb @0 41Hdme- Prlomo- | Homo-

composiféa Tppal at i v Exanmpl es 11 poied] SpymEr{eoipet [yoonef |i malymer | polymer
m ¢répor ousn 1T miwasoprjodiscdd isn [t he slane nanrer| as
that DT ColpdstiA Pl § % by RXdEPE t[Nag (jnes;condstijons re
chfmggd—Tnto conmgi tTony WESAriied i, la-a| b Holld-
Cohdi {i ons“Hot déscri bddoymar [Pasaledpophealnayrkd] paaiee] dolresr
saff@’as these i n|Exanplle 4. |[The dccarrlenee |rate Jof 40
ral sefl @dgsionalid |Wapnad[soreVal patledsi N the [sane jmannef
as [T Ryl eonEaton 01 % 855 1| 1BP1[65559 [ang 10 SNoWw e
p”ﬁl%ét%hfalnesy' U[JEI L I (SIS It H%O Ul‘I:ﬁ;‘b I B(ﬂ:isbll Mébb I1§b_0 |98[_)

Boxa00 hpat it ea had A8 da ffﬁi&ﬁ' MR
zér:(t’ri:t?éngs tregch rlatrl%(TD f E 6.4 | Iq ET'401'29 4 [ T |8|
al | PP ety dnplCe 41 1§x'nﬁF3p| 4723Fxmf?ﬁ el 478 By Al
44| Ex& ' Exqnpines 46 1 BxdnpPe (47 8RAw idtlerial] 18
Heat set@@ P¥¥SiEing BmeePE@ MW/ 10, 000303( 38 JO 130 (30280 307 130
conditioBo ye®iatioh @Mperaaitel § 3 O |bysargsssAq 46 46 180 [80s3A42 422
PEp Miaxdios &Q0D) Times 084 | 084 | 083 | 083 | 087 | o083
TD total stretch ratio Times 9.9 9.9 9.6 9.3 10.6 9
Fitm thickness pym 9 9 9 12 12 7
Porosity % 33 33 33 36 42 33
Air permeability sec 240 250 230 260 120 220
Puncture strength N 3.0 29 3.2 3.9 31 2.1
Mean porosity size um 0070 | 0070 | o065 | 0060 | 0075 | 0.060
MD tensile strength at break MPa 150 150 200 160 105 150
MD tensnsr:;okngatlon at % 80 80 50 80 70 80
prg’:giii::'of TD tensile strength at break |  MPa 150 150 170 160 105 120
polyolefin TD tensile elongation at % 80 80 80 80 80 9%
microporous break
film MD/TD ratét;eo;kstrength at 10 10 12 10 10 13
MD/TD ratu(l));failongahon at 10 10 06 10 09 09
130°C t?:tre"’(?v"g?””kage % 15 15 15 15 16 14
130°C ”::{:(;’T';;’”nkage % 14 14 13 13 19 12
Shutdown temperature °C 139 139 139 140 139 139
Meltdown temperature °C 190 200< 200< 200< 200< 200<
130°C simple oven test - o o o o o o
Occurrence rate of raised edge roll % 1.2 08 1.0 0.2 1.0 2.2
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46 46 46 - - 46 46 Conposition ratio % by mass 45
45 45 - - 43 43 PEc W 10,000 - - - - - - -
Conposition ratio %by mass _ _ _ ppa Hono-
pol ymer Hono- pol yner Honp- pol ynmer Hono- pol yner

[0134Hono- pol yner Honop- pol yner Hono- pol yner M/ 10, 000
10 10 5 10 10 20

[Table 6]
ltem Unit Example | Example } Example | Example | Example | Example
27 28 29 30 31 32
PEa Mv 10,000 30 30 30 30 30 30
Composition ratio | % by mass 46 46 46 40 46 46
PEb Mv 10,000 70 70 70 70 90 70
Composition ratio | % by mass 45 45 45 30 46 46
PEc Mv 10,000 - - - - - -
Composition ratio | % by mass - - - - - -
Raw material Kind ) Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
composition PP polymer | polymer | polymer | polymer | polymer | polymer
Mv 10,000 15 15 15 15 10 25
Composition ratio | % by mass 5 5 5 23 4 4
Kind ) Homo- | Homo- | Homo- | Homo- Block | Random
polymer | polymer | polymer | polymer | polymer | polymer
PPb Mv 10000 | 40 40 40 50 36 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
stretching Stretch ratio (TD) Times 6.4 7.0 6.4 6.4 6.4 6.4
conditions ™ g etching temperature °C 124 124 126 122 123 123
Stretch ratio (TD) Times 1.8 1.8 1.85 18 1.8 1.8
Heat setting Stretching temperature °C 130 129 130 125 130 125
conditions | Relaxation temperature °C 132 131 132 128 132 132
Relaxation ratio (TD) Times 0.83 0.83 0.81 0.83 0.83 0.83
TD total stretch ratio Times 9.6 10.5 9.6 9.6 9.6 9.6
Film thickness um 7 5 7 9 9 7
Porosity % 33 35 33 44 33 38
Air permeability sec 200 120 190 80 210 100
Puncture strength N 19 20 1.6 2.0 29 2.1
Mean porosity size pm 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 tensn:r:;o:gatlon at % 90 50 100 80 70 80
prgggri‘i:'o T 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 rattt)c;ec;fkstrength at ) 10 11 11 10 10 0.9
MD/TD ratlct))roefaeklonganon at ) 09 08 09 11 10 11
130°C t?;':’(?\;;;‘””kage % 14 16 15 19 15 19
130°C 'T:{: (?S;’"”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 oven test - o) o o a o o
Occurrence rate of raised edge roll % 16 06 2.0 2.0 0.6 1.0
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25 Conposition ratio % by mass 5556 14 55 PPb

Kind - Hono- pol yner Hono- pol yner Hono- pol yner Hono-

pol ymer Homo- pol yner Honp- pol ymer Honmo- pol yner M/

0, 000 60 30 40 50 50 60 60 Conposition ratio % by
[0135ass 4 4 4 14 6 10 10 concentration Pol ymer % by

mass 37 37 37 50 50 35 35 Sheet thickness pm 1650
[Table 7]

ltem Unit Example | Example | Example | Example | Example | Example
n 33 34 35 36 37 38
PE Mv 10,000 30 30 30 30 30 30
a
Composition ratio | % by mass 91 91 91 91 91 46
Mv 10,000 - - - - - 70
PEb
Composition ratio | % by mass - - - - - 45
Mv 10,000 - - - - - -
PEc
Composition ratio | % by mass - - - - - -
Raw material Kind ) Homo- { Homo- | Homo- | Homo- | Homo- | Homo-
composition PPa polymer | polymer | polymer | polymer | polymer | polymer
Mv 10,000 15 15 15 15 15 15
Composition ratio | % by mass 5 5 5 5 5 5
Kind Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
" ) polymer | polymer | polymer | polymer | polymer | polymer
PPb Mv 10000 | 40 40 40 40 40 40
Composition ratio | % by mass 4 4 4 4 4 4
Polymer concentration % by mass 35 35 35 35 35 35
Sheet thickness ym 500 600 1000 650 850 700
Biaxial Stretch ratio (MD) Times 5.0 50 7.0 6.5 7.0 7.0
stretching Stretch ratio (TD) Times 5.0 5.0 60 6.5 6.4 6.4
conditions I e Ching temperaturo °C 116 116 122 122 123 123
Stretch ratio (TD) Times 1.4 14 2.2 1.3 1.3 1.3
Heat setting Stretching temperature °C 120
conditions Relaxation temperature °C 123
Relaxation ratio (TD) Times 0.79
TD total stretch ratio Times 55
Film thickness um 9
Porosity % 40
Air permeability sec 200
Puncture strength N 24
Mean porosity size pum 0.050
MD tensile strength at break MPa 140
MD tensile elongation at
break % 130
PhySI.caI TD tensile strength at break MPa 140
properties of
polyolefin TD tensile elongation at by 170
microporous break 0
film MD/TD ratio of strength at 10
break ) :
MD/TD ratio of elongation at 08
break B ’
130°C thermal shrinkage
rate {MD) % 27
130°C thermal shrinkage
rate (TD) % 25
Shutdown temperature °C 139
Meltdown temperature °C 200<
130°C simple oven test - x
Occurrence rate of raised edge roll % 6.0
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1650 1650 1100 1100 1700 1700 Bi axi al

stretching

conditions Stretch ratio (MD) Tinmes 7.0 7.0 7.0 7.0
7.0 7.0 7.0 Stretch ratio (TD) Tines 6.4 6.4 6.4 6.4
6.4 6.4 6.4 Stretching tenperature C 123 122 122 118
[0136]118 119 119 Heat setting conditions Stretch ratio
Times 1.5 1.5 1.51.51.51.51.5 Stretching
[Tabletggnperature C 121 121 121 122 122 119 119 Rel axation

tenperature C 124 124 124 125 125 123 123
ltem Unit Example | Example | Comparative | Comparative | Comparative
39 40 Example 8 | Example 9 | Example 10
PEa Mv 10,000 30 30 30 30 30
Composition ratio | % by mass 46 46 46 46 46
PED Mv 10,000 70 70 70 70 70
Composition ratio | % by mass 45 45 45 45 45
PEc Mv 10,000 - - - - -
Composition ratio | % by mass - - - - -
ompoion S ] Pl I I
i FPa Mv 10,000 15 15 - -
Composition ratio | % by mass 5 5 - - -
Kind ) Homo- | Homo- Homo- Homo- Homo-
polymer | polymer polymer polymer polymer
PPo 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 pm 1450 1100 700 500 1000
Biaxial Stretch ratio (MD) Times 7.0 7.0 7.0 50 7.0
stretching Stretch ratio (TD) Times 6.4 6.4 6.4 5.0 6.0
conditions Stretching temperature °C 124 124 123 116 122
Stretch ratio (TD) Times 1.3 13 1.3 1.4 22
Heat setting Stretching 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 ym 16 12 7 9 7
Porosity % 40 40 40 40 37
Air permeability sec 340 260 150 200 120
Puncture strength N 53 38 2.7 3.0 26
Mean porosity size um 0.055 0.055 0.055 0.050 0.080
MD tensile strength at break MPa 200 200 200 140 160
MD tensnsrzlaokngatlon at % 50 50 50 130 50
p;:é’i:gi'of TD tensile strength at break |  MPa 100 100 100 140 220
polyolefin TD tensile elongation at % 120 120 120 170 30
microporous break
film MD/TD ratét;e(;fkslrength at i 20 20 20 10 07
MD/TD ratul))r(;failongatlon at ) 04 04 0.4 08 17
130°C 1?;2?\;;;’””’(398 % 21 21 21 27 20
130°e t?:{gﬁéyr'”kage % 24 24 24 25 30
Shutdown temperature °C 139 139 139 139 140
Meltdown temperature °C 200< 200< 200< 200< 200<
130°C simple oven test - x x x x x
Occurrence rate of raised edge roll % 0.2 4.0 10.0 8.0 8.0
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15

20

Rel axation ratio Tines 0.87 0.87 0.87 0.87 0.87 0.73
0. 73 Physical properties of polyolefin mcroporous
filmFilmthickness pm16 16 16 16 16 20 20 Porosity
% 43 41 40 47 45 45 45 Air perneability sec 330 360
[0137]340 280 310 310 300 Puncture strength N5.0 5.0 5.0
3.8 3.8 5.9 6.0 Shutdown tenperature C 139 139 139

Jé%gi ERAr 139 thtPresultBlshdawin tTRIBREY &td BEtHes8GRErafISus films
according to the present invention are thin films having a thickness of not more than
14 um, and have the occurrence of the raised edges extremely higher than in the
case where the film thickness exceeds 14 um. Nevertheless, these microporous
films can provide a roll in which the occurrence of the raised edges is reduced. The
microporous film according to the present invention also has high safety. Of these
microporous films according to the present invention, particularly, the microporous
film having 10 to 110% of the TD tensile elongation at break and a ratio of tensile
strength at break of 0.8 to 1.3 can provide a roll in which the occurrence of the raised
edge is reduced remarkably.

[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 physical
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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200< 200< 200< 200< Cccurrence rate of
roil
[ Tabl e 10]

rai sed edge
1% 00.4. 08l 0.2 0.204 . 0.61 [0140]
I[tem Unit Conparative Exanple 11

Conparative Exanple 12 Conparative Exanple 13 Raw
[0139jmaterial conposition PEa M/ 10,000 30 30 30

Conposition ratio % by mass 46 46 80

PEb My 10, 000

[Tabbﬁﬁ 70 - Conposition ratio % by nmass 45 45 - PEC
10, 000 - -
item Unit Example | Example | Example | Example | Example | Example | Example
n 41 42 43 44 45 46 47
Mv 10,000 30 30 30 30 30 30 30
PEa s
Compqsmon % by 46 46 46 80 80 42 42
ratio mass
Mv 10,000 46 46 46 - - 46 46
PEb ™ )
Composition | % by | 45 45 45 . ; 43 43
ratio mass
Mv 10,000 - - - - - - -
PEC ["Composition | % by ] . . . . . i
ratio mass
Raw Kind Homo- | Homo- | Homo- | Homo- | Homo- | Homo- | Homo-
material n ) polymer | polymer | polymer | polymer | polymer | polymer | polymer
composition | pp,
My 10,000 10 10 5 10 10 20 25
Compqsition % by 5 5 5 6 14 5 5
ratio mass
Kind Homo- | Homo- | Homo- § Homo- | Homo- | Homo- | Homo-
n ) polymer | polymer | polymer | polymer | polymer | polymer | polymer
PPb Mv 10,000| 60 30 40 50 50 60 60
Composition | % by |, 4 4 14 6 10 10
ratio mass
0,
Polymer hby | a7 37 37 50 50 35 35
concentration mass
Sheet thickness pm 1650 1650 1650 1100 1100 1700
Stretch ratio (MD) | Times | 7.0 7.0 7.0 7.0 7.0 70
Biaxial
stretching Stretch ratio (TD) | Times 6.4 6.4 6.4 6.4 64 6.4
conditions Stretching .
temperature C 123 122 122 118 118 119
Stretch ratio Times 15 1.5 1.5 15 15 15
Stretching
° 1 121 122 122 119
Heat setting temperature ¢ 121 12
conditions Relaxation N
temperature C 124 124 124 125 125 123
Relaxation ratio Times 0.87 0.87 0.87 0.87 0.87 0.73
Film thickness um 16 16 16 16 16 20
Porosity % 43 41 40 47 45 45
properties of ir permeability sec 330 360 340 280
polyolefin Puncture strength N 5.0 5.0 5.0 3.8 38 59
micrqporous Shutdown
film temperature C 139 139 139 139 139 139
Meltdown .c | 200< | 200< | 200< | 200< | 200< | 200<
temperature
Occurrence rate of raised edge roit] % 0 0.4 0.8 0.2 02 0.4
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- Conposition ratio % by mass , _ 1 _ p pa Kind
- Hono- pol ynmer Hono- pol yner Hono- pol yner M/
10,000 15 35 1.9 Conposition ratio , %by nass 5 5
10 PPb Kind - ' Honpb- pol ynmer Honob- pol ynmer Hono-

[014Q)0l yner M/ 10, 000 25 40 32 Conposition ratio %
by mass 4 4 10
[Table 10]
ltem Unit Comparative | Comparative | Comparative
Example 11 | Example 12 | Example 13
Mv 10,000 30 30 30
PEa it o,
Compqsmon %o by 46 46 80
ratio mass
Mv 10,000 70 70 -
PEb o+ )
Compqsmon % by 45 45 )
ratio mass
Mv 10,000 - - -
PEC ["Composition | % by . ] .
ratio mass
Raw Kind ) Homo- Homo- Homo-
material polymer polymer polymer
composition PPa
Mv 10,000 15 35 1.9
— =
Compo_smon % by 5 5 10
ratio mass
. Homo- Homo- Homo-
Kind -
polymer polymer polymer
PPb Mv 10,000 25 40 32
- =
Compqsntlon % by 4 4 10
ratio mass
Polymer % by
concentration mass 37 37 %5
Sheet thickness um 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
temperature C 121 121 118
Stretch ratio Times 1.5 1.5 1.3
Stretching o
Heat setting temperature Cc 123 123 120
conditions Relaxation o
temperature c 128 128 123
Relaxation ratio | Times 0.87 0.87 0.85
Film thickness pm 16 16 20
Porosity % 43 43 46
Physical , =
properties of Air permeability sec 310 320 400
polyolefin Puncture strength N 4.8 50 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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15

Pol ymer concentration % by mass 37 37 55 Sheet
t hi ckness pm 1650 1650 1000 Bi axial stretching
conditions Stretch ratio (MD) Tinmes 7.0 7.0 7.0
Stretch ratio (TD) Tines 6.4 6.4 6.4 Stretching
[014% enperature C 4 121 121 118 Heat setting conditions
Stretch ratio Tines 1.5 1.5 1.3 Stret ching
t Aaecleaufromhe2@saR8si@dn in Rablesad and 10ethEseaniorep@ous films
128 128 123 Rel axation ratio Tinmes 0.87 0.87 0.85
according to the present invention can provide a roll in which the occurrence of the

raised edges is reduced.
[0142]
This application is based on Japanese Patent Application (Japanese Patent

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.

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 um
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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15

20

25

30

35

Fil mthickness pm 16 16 20 Porosity cyo 43 43 46
Physi cal properties of Air perneability see- 310 320
400 polyolefin Puncture strength N 4.8 5.0 2.5

m croporous film Shutdown tenperature C 139 139 139
Mel t down tenperature C 200< 200< 180 OQccurrence rate
of raised edge roll . %1.01 1.0. 3.0 1 [0141]

As is clear fromthe resgiéﬁwghomn in Tables 9 and 10,
t hese m croporous filns ing to the present

i nvention can provide a roll in which the occurrence

af A ﬁ@lyqlgﬁrs@tg:rqp@w filng forepgel frapy @ gcllxpiqf@]composmonrﬁqrgpnsmg a
e Mdﬁfénb%ah% adiseBsityAVaIge endRsuRIn veippbfi rodles than

(RS D RSt st i o

I(v,gma@ﬁm@me@atoe Abt |£mhﬁre: a0, 000 el n&ﬁﬁfﬁe a3 7P, 000) ardl Dn

rc 1, 2008, a econtetst er. I

B re N R et Bl MR S tipher than the

Aﬂ@ddsﬂ;abwdrageylnbl@dm&] weight of thadics ipdiyprppylene, led iy efsehless than
f croporous filmhaving | ess

r %k}’oe@éi aengdn Sn §7eloB odh!

e obtai'ned. Then, yield and
hi ghhesgie eldngrrsadtmmf ithe tpplyathylens is 1a for®g %1 smeaps, #nd agotal mass

b%ttll:) %f t¥|e Ws? gglghrrag%éﬁee%octﬂg sB&rdHR X\a}’oz)?rené’%f £VH% by mass,

esent I nventio ol efin
nioo%r tom amgsntqu the: finstpolygroaylene.ithe secore @gupr@pvlinq andithe
@a} Hﬁ d£ss raised edge can be obtained. Then, y|eId
at a s |tt|ng step and a batteré produci ng step can
i PR Baegiratige thsélrgt SPWPToRYIANe b iekah agornt fegy PHB(QFOPY'e”e

hamhaaasarw polﬁke‘bbi!ﬁeisze%m@b/y@} @bégr m croporous film

formed froma I'yol efi n conposition co
{11156 Mg 3R IeHRHEn A RiF 24 107 rebersp OpEiangd Too f 230
mpipgcul ar wei ght of not Iess t han 5100, 000 and | ess

BP0 90S i SE R RLRAERA A5 A el ot g 1%

39!|Q:| Heliond téh%tle Qtﬁér@tﬁ ﬁtajﬂeak iA A0 Odinalritection to the tensile
po e a Vvi.scpsit ver.age nol ecul ar
%&ﬂ %3% ne rﬁ‘f‘ & JiiegHon 'ﬁﬁ E@‘l §'¢333| ty average
nDIecuIar wei ght of the first polypropylene and is of
an 200 000 _.
Bouhis By SR BEP Re-BRind BBt A Pacrahiite Bhas -

Miekneys o, 14and a t ot al nass

3. The polyolefin microporous film according to claims 1 or 2, wherein a thermal

shrinkage rate in a transverse direction at 130°C is not more than 20%.

4. The polyolefin microporous film according to any one of claims 1 to 3, wherein
the polyolefin composition comprises a polyethylene having a viscosity average
molecular weight higher than the viscosity average molecular weight of the first
polypropylene and lower than the viscosity average molecular weight of the second

polypropylene.

5. The polyolefin microporous film according to any one of claims 1 to 4, wherein

the polyolefin composition comprises a polyethylene having a viscosity average
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ratio of the first polypropyl ene and the second

pol ypropylene is 3 to 30% by mass, to a total anount

of the first polypropyl ene, the second pol ypropyl ene

and t he pol yet hyl ene; a mass ratio of the

first polypropylene to a total anmount of the first

pol ypropyl ene 15and the second pol ypropylene is 20 to

80% by nmss; the filmhas a tensile strength at

Irioterdalar weght equattocsT higher thaa theoviscobityl &@rage rAdeciirayeight of
as a.tensile elongation at break in a

% ??5\9%?8@y%f’? Pcrﬁ on of 10 to 110% and a ratio of a

tensile strength at break in a |ongitudinal direction

0 a

A g 0Pt § VERS lof iy Lol 4 e B S 1
fabtmdlagcmﬂincngqfolaﬁhw tad, wherein the filmhas a
thi ckness of 1 to 14pm 253. The pol yol efin

m croporous filmaccording to clains 1 or 2, wherein a
f7heh Felll cogtprising agelyelefis migroporeysilEaseaidingite ay prgofplaims 1
138Ghe %ol?&&fmfc‘?oﬂom fﬁﬁ%émg%ou?me pol yol efin

m croporous filmaccording to any one of clainms 1 to
3, wherein the polyolefin conposition conprises a

pol yet hyl ene having a viscosity average 30nvol ecul ar
wei ght higher than the viscosity average nol ecul ar
wei ght of the first polypropylene and | ower than the
vi scosity average nol ecul ar wei ght of the second

pol ypr opyl ene. 5. The polyol efin m croporous
filmaccording to any one of clains 1 to 4, wherein
35t he pol yol efin conposition conprises a pol yet hyl ene
having a viscosity average 64 nol ecul ar wei ght equa
to or higher than the viscosity average nol ecul ar
wei ght of the second pol ypropyl ene. 6. A
separator for a lithiumion battery, conprising a

pol yol efin m croporous film5according to any one of
claime 1 to 5. 7. Aroll conmprising a polyolefin

m croporous filmaccording to any one of clains 1 to
5, the polyol efin mcroporous film bei ng wound.
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