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M CROPCROUS POLYOLEFI N FI LM W TH | MPROVED MELTDOMN

PROPERTY AND PREPARI NG METHOD THEREOF [ Techni cal
wo-e@hdy453the present invent ilon is related to mEBCDERR@EH01190

pol yol efin filnms having superior nelt-down property

and net hods of manufacturing the same. Mre precisely,

the present invention is related to m croporous

polyolefin filnms that can enhance the perfornance and

stability Ofﬂmggé¥dﬁﬁb§“%dﬁkdﬁﬁﬁﬁﬁfé 3 in that they

have superio rusion conpou ity and physica

_properties as wel| as superior nelt-dg [
wrrH T gRRBYBAUEELPOYY FREEBREYeRiDl ROBRLRLNC, UERbhY rABzor
related to the nmethods of manufacturing the sane.
[ Background Art] M croporous polyolefin filnms have
been used wi dely for various battery separators,
[Techseparlatiiieddli | ters, microf iltration nenbranes, etc.
owi ng to their superior chenmical stability and
The pIéRenitor iphysikdcah preperdlisased Atongmtbeaposessndaryyolefin
battery separators require for the highest-I|evel

£ilms AUt Ixgal engeWibh ambighastvabi birbyerRgcentldy, ndttass of
been required to have thermal stability for separators

manuf%%% %@ depceswhth thertrend-9ketife high capagid yi@nshtion

r of secondary batteries. Particularly, in
is reﬁ%%%doﬁxglqu%gb%%%%gdagglyolefin films that can enhance

the performance and stability of batteries using these films
in that they have superior extrusion compoundability and
physical properties as well aé superior melt-down property and
high productivity. The present invention is also related to

the methods of manufacturing the same.

[Background Art]
Microporous polyolefin films have been used widely for various
battery separators, separation filters, microfiltration
membranes, etc. owing to their superior chemical stability and
superior physical properties. Among them, secondary battery
separators require for the highest-level quality along with a
high stability. Recently, it has been required to have thermal
stability for separators in accordance with the trend of the
high capacity and high power of secondary
batteries. Particularly, in case of lithium secondary

batteries, there is a danger of explosion due to melt-down of
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batteries, there is a danger of explosion due to

nmel t - down of separators com ng from over heati ng of
whadoreedses if the thermal stability of separat BEFKR2006/001190

poor. Ceneral nethods of manufacture of porous filns

are introduced in U S. Patent No. 4,247,498. D scl osed

inthis patent is the technol ogy of manufacturing

m croporous polyolefin filnms by making a

separgggygnﬁqu C§%$ ébggﬁg?ggﬁie %Ohggkgglgg Q e%ﬁnghermal

a co conpoun
erat coolln t he solutlon and perform ng
Stabl%ﬁﬁ% &”f Oq% dﬁi&xrgﬁU|d phase separation of

olyethylene and the conpati bl e Iqu|d during the
Generaplrd&@sfso%ff e6olPRy L 2Ates odi e RREM S nf LB pafentn tNpduced
4,539, 256 is the basic nethod of manufacturing
in U. Sn(ﬁiﬁﬁﬂbu@Oflﬂn§4ﬁhﬂ8&gh Bkseleben on pbiyerhyesne 1s the
and a conpatible liquid conmpound, and stretching and
techn@EdgiacbifngnéefiacTheity pincial rayetdwods opoilgpleving fhbus by
strength of mcroporous filnms is to increase the
makind"OheciHemomirghti of 11 peliygee-pEedebysdilweidimngber blending
usi ng ul trahi gh-nol ecul ar-wei ght pol yol efins (UHW\PO)

polyeé'l%)’leﬂge a welghl avenage i eclbhcﬁfldﬂle'cgﬂrtp&fncﬁb% B, high
000, 000. Further, dlsclosed in S. Patent No.

comee Sy 2L PR LU LB B
or cﬁﬂkﬁlnlqupre%%%% tQ%Ba%% fon of polyethylene and the
compatible liquid during the process of cooling.

Also disclosed in U.S. Patent No. 4,539,256 1is the basic
method of manufacturing microporous films through extrusion of
polyethylene and a compatible liquid compound, and stretching
and extracting them.

The typical method of improving the strength of microporous
films is to increase the molecular weight of a polymer used by
blending or using ultrahigh-molecular-weight polyolefins
(UHMWPO) having a weight average molecular weight of about
1,000,000.

Further, disclosed in U.s. Patent No. 5,051,;83 are
microporous polyolefin films using a composition containing 10
~ 50 weight % of polyolefin containing greater than 1% of
ultrahigh-molecular-weight polyolefin having a weight average

molecular weight of greater than 700,000 and 90 ~ 50 weight %

of a solvent such as a mineral oil, etc., and having a
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ul trahi gh- nol ecul ar-wei ght pol yol efin having a wei ght
aver age nol ecul ar wei ght of greater than 700,000 and
W@Q070dB3mei ght % of a sol vent such as a m nerBCT/ERR(06/001190
etc., and havi ng apol ydi sperse i ndex (wei ght average
nol ecul ar wei ght / nunber average nol ecul ar wei ght) of
10 ~ 300. The nethod of formng pores is to form
porous films by extruding the above conposition to
1ydi ael s phase He SEERLGHI BY 13Neey s fht @
pe y'?%%%%ratﬁre %et@gﬁﬁiﬁﬁe ne?t?ng p&%%%’%’ ?%%lgﬁt /- number
conposition and.t melti $oi +10, C and,extractin
averadip REErouRT: “PoialE) "Seni 2 nbrnba- 1 cdhg PRLHPEhatng ning

olrven ver, S net | ea endi ng O

ul trahi gh-nol ecul ar - wei ght, pol yo] efins as well as a
pores brihd frol edGIdr VeI GH® di 'St Hibut Pén A4 1A eKceadivve 200V

amount of polyol efins having | arge nol ecul ar wei ghts.

composTH; 01 F ¢ HBR K ed8S " PBAFBWERPRG Sof SSEEECERARI LNy Hisrde at
chai n entangl enent anong nol ecul es may occur

a temperdiowse ybeThaeni shef nkmtbneakagetatfa thiegleatoatidhiary and
speed and high stretching ratio or non-uniform

the msltehghppdnphendi€nomdat eatkeunt shyetttki g Inatrito. nEjowever,
occur. The nethods of solving the above probl ens

this iRehede makipg tde aempasict i on softrdyidnaieasduigt-heeight
stretching tenperature during stretching or obtaining

polyotdiei sangseffaat as thalrnfy i he1easifg the gheMer &t MiSution
of the conposition by slow ng down the stretching

and a§p8§@e5§3%2"ﬂé&&ﬁ“%ﬁog&igéiefiﬁgrﬁ gﬁﬁgr%a‘#yw%%f%%ular
of Towering 5%y3|cal properties o {'hie "frnal” por ous .
weights. This further leads to lowering of stretchability
since chain entanglement among molecules may occur
seriously. That is, film breakage at a high stretching speed
and high stretching ratio or non-uniform stretching phenomenon
at a low stretching ratio may occur.
The methods of solving the above problems include making the
composition soft by increasing the stretching temperature
during stretching or obtaining the same effect as that of
increasing the temperature of the composition by slowing down
the stretching speed. Still, to the contrary, there occurs a
problem of lowering physical properties of the final porous
films as the orientation of the resin becomes minor during
stretching and stretching effects are lowered. Also, films
that are made of resins having a broad molecular weight

distribution generally have many defects due to molecules

having small molecular weights compared to the films made of
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films as the orientation of the resin becones m nor

during stretching and stretching effects are | owered.
WOL®0/094580 s t hat are nmade of resins having a PCDE®2006/001190

nol ecul ar wei ght distribution generally have many

def ects due to nol ecul es having smal |l nol ecul ar

wei ghts conpared to the filns nmade ofresins having a

narrow nol ecul ar wei ght distribution, thus |owering

resmé ma%%& %t rength, %tam%rst mgqghp Jb?@f"h}p@@ﬂgﬂenachus

re no exceptl ona m Cr opor ou ilms

uncture s rengt h i ch | one_ of ort h si ca

lowerﬁW%peFFpgg (ﬁQ%ﬁhoug Iﬁ?n?tuﬂ%t ngFP |éntlyThese
high if the dlstrlbutlon of nDIecuIar wei ght b%g%ﬁes b

phenomqﬁﬁj aﬁ%aﬂ“ﬁé Qﬁﬁ?Rﬁ¥Qﬂﬂ% d? microporous ilms, and
ul t r ahi gh- nnlecular wei ght polyoleflns added to

punctyifpr ogerphysheal Wrisherties &€ notf shéwgortant physical
sufficiently. Such probl ens appear in Japanese

propetigias Opén rPatremo ridois HOBLR84876, rddapasesel ¢aent Opehigh if
Patent No. H06-212006, and U.S. Patent No. 5, 786, 396

the dibatiiistbosersinmlleaiultzachnol gigi elsecGueh problens That is,
processi ng according to the use of ultrahi ghnol ecul ar-

the eiei@ht pel vokehhaghamne1genehatwanghtnguagopedhnemuidded to
such as increase in extrusion |oad, |owering of

ysh Xibngoeapalis idye Whoh aneqapal nd,
1mprof%k§eg§£c?1 F 9Bp%oad ofE£E§tretc%F%g naéﬁ?%g”gﬁgﬁﬁg sueh

erons 4 SLEILDS, QECULEERES: Cl ORI OFLL LGN lho s,
Japanéggeigyéngpgge%gt%gg %&Leﬁﬁﬂbg%§5ﬁép aE&CU S. Patent No.
5,786,396 that disclose similar technologies.

Such problems in processing according to the use of ultrahigh-
molecular-weight polyolefins are general and induce problems
such as increase 1in extrusion load, lowering of physical
mixing capability with a compatible compound, increase in the
load of a stretching machine during stretching, occurrence of
non-uniform stretching, lowering of productivity according to
lowering of the stretching speed and stretching ratio, etc.
Further disclosed in U.S3. Patents Nos. 4,588,633 and 4,873,034
are processes of manufacturing microporous films by wusing
ultrahigh-molecular-weight polyolefins having a weight average
molecular weight of greater than 500,000 and an excessive
amount of a solvent that can dissolve polyolefin at a high

temperature, and going through 2-step solvent extraction

process and stretching process. However, these methods are
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Further disclosed in U S. Patents Nos . 4,588,633 and
4,873,034 are processes of manufacturing m croporous

WO pdom®94590 usi ng ul t r ahi gh- nol ecul ar - wei ght pol ROI/ERRVS/001190
havi ng a wei ght average nol ecul ar wei ght of greater
t han 500, 000 and an excessi ve anount of a solvent that
can di ssolve polyolefin at a high tenperature, and
goi ng through 2-step sol vent extraction process and

. tr.et chi
dlsadvgarnrécg)lq;e}g{;égngrnoc%%%t @pﬁ;?%cegg§§8 %88}‘?\? of 0% asolvent

ageous in an excessi ve anount
o] vent shoyl d, be ed during the process.of extrusion
Shouh$n 8rdﬁ?“?oHFﬁﬁP%vgﬁg%nBSBHEgBiVﬂiseﬁﬁauﬁk?Pudﬁbingﬁr to
, of the compound, which is a disadyantage of
improyg t CARPGR SR dditar - Refght*polyePefih¥, ahd i s compound,
sol vent should be extracted in the first step and
which extirsact ed aghisrdfardrads r etachi ngtl tred ierifdlecular-weight
stability of separators in batteries is determ ned
polyolacitiorsdi ngpd otlhhe shuvedbwehbebpebat exé randeelit- ddwn first
tenperature. The shut-down tenperature is a

step drefmeratdl e dtagihirch e mteretutriant. can fl ow since
m cropores of separators are closed when the inner

The tHEARET ALl of c babterbparhsoirBchaasRd tabnesnald Wetgnined
nmelt-down tenperature 1s a tenperature at which

yrren |l o agai Wj to = f s rat -
sccor STl | RSP LR PUORal 0 PRbLaiOMh. 0! SgRar aues-oun

conti nuou ch higher .than th hut - down
tempe?%ﬁﬁ%?atu?é¥ F%“pé(%%g%nggPSrFﬁgggth%ss%htFagaﬁrature at

~_tenperature is |low but_the [t .
which ngpmore current can f{ow g?nce micropores of separators

are closed when the inner temperature of batteries 1is
increased abnormally. The melt-down temperature is a
temperature at which current flows again owing to melt-down of
separators when the temperature of batteries 1s increased
continuously much higher than the shut-down temperature. It is
preferable that the shut-down temperature is low but the melt-
down temperature is high for the stability of
batteries. Particularly, the melt-down temperature 1is a
temperature at which current can be remained cut-off when it
is likely to induce the explosion of batteries, and is very
closely related to the safety of batteries.

Efforts to improve the thermal stability of separation
membranes have been developed in three directions largely: a
method of cross-linking separation membranes, a method of

adding inorganic compounds, and a method of wusing heat-
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down tenperature is high for the stability of

batteries. Particularly, the nelt-down tenperature is
wa@2a0enpss@t ure at which curgent can be remai NePCTER2@6/001190

when it is likely to induce the explosion of

batteries, and is very closely related to the safety

of batteries. Efforts to inprove the thermal stability

of separation nenbranes have been devel oped in three
ectigns.largely: a nethod of cross-Iinking
aratiron ienbranes, a nethod of adding inorganic

c ound and t hod of using heatresistant resins.
rnong ARUR ek “PREDREL Hiid 6 O&F &S0 KT RRI 155 FSepar @t} GRembEanes
, menbranes is shown in U S. Patents Nos . 6,127,438 and
is shgwge519: SThirg tRRtRod'3% a®nbLRol3Bf angdicithe, 519.  This
cross-linking or chemcal cross-linking of filns.
methogiowevera imetdwske off r gdidtiténncr esebpnkiinginghi srmethedical
i s di sadvantageous in that it is necessary to instal
crossthitihkion orfosStlmski ngoegueprenn usaswy padimaidionort heross-
speed of production is restricted, and there is a
linkim@n- uBhfier mref hiodl quiad i tyiconvagtigosus ocah orhat it is
non- uni form cross-1inking. Wereas, in case of
neces§QeP aal €HA$S1Ni NKAAGE 1 bR S rRiNad s Sadvaphadeoussing
in that the process of extrusion conpounding is
radiaPORl I CALEdnobl bt Wikehrdighave el ganerateth ithere 15
the filns due to Iofal  or non-uniformcrosslin I ng,
and.i.t is necessarglggyperformI]le(gn

a non—un'éormlt i1l Tqu coming -t&ggal or non-uniform
hlgﬁ enpergture

cross-1linking. Whereas, in case of chemical cross-linking,

resisgéﬂ
sep

this method 1is disadvantageous in that the ©process of
extrusion compounding is complicated, it i1s 1likely to have
gels generated in the films due to local or non-uniform cross-
linking, and it 1s necessary to perform long-time high-
temperature aging. That 1is, the increase in heat resistance
according to the method of cross-linking may bring about
increase in inefficiency during the process of production and
non-uniformity in quality.

Still further, disclosed in U.S. Patent No. 6,949,315 is a

method of improving the thermal stability of separation

membranes by compounding an inorganic material, such as 5 - 15
weight % of titanium oxide, to wultrahigh-molecular-weight
polyethylene. However, this method is disadvantageous in that

it is likely to have problems in using ultrahigh-molecular-

weight resins as well as problems of lowering compoundability
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aging. That is, the increase in heat resistance

according to the nethod of cross-linking may bring
wa@bmansisaerease in inefficiency during the proRPEFER2f06/001190

production and non-uniformty in quality. Stil

further, disclosed in U S. Patent No. 6,949,315 is a

nmet hod of inproving the thermal stability of

separati on nmenbranes by conpoundi ng an inorganic

rral 1.suc ; i 0 t]-tani oxide, .- .
accorctq%ﬁ(gl %?ah*léh?ﬁgﬁgc S)Iférl}l\%eﬁl%’hr%@p%%ﬁ%ﬁ les‘;jll'e. V\I/)léd\)/rg??nl form

.this method is disadvantageous .in that it is.likely to
quall% ve apnr&obl gr%leirr?t&ginng ﬁ?t ra%r@ inrr%ﬁ ec@lca(\:rov{éillé)ﬁt Yo' ? 1ow
resins as well as proble of lowerin ,
Compo%ﬁ%%b%ﬂ%ﬁbi | i %cgpﬁﬁﬁﬁgio PRePFhpttS of§ ndriddii cSuch  as
_ material s, and non-uniformquality and generation of
impachi phoeegtAccEdi ngreo HoomRTre debitagly of ppempatibility
physi cal properties of filnms such as inpact strength,
of tlhec.iarerfover ddeduecto tack oforxopmpati bidieyiol tded the
interface between the inorganic material and the
polymgol yeeinresin. The typical nethod of using resins
havi ng a superior heat resistance in order to increase

The tyhg dher maknstabbfi tysiofy sepanaki oNaWeRPr anegupsridr heat
make mnul ti-1 ayered separati on nenbranes through the

resist@oation ofgdesins haviRgsa high mehLing1PokPhpility of
Disclosed in U S. Patent No. 5,691,077 is a nethod of

separation membranes 'is to make multi-layered separation
membranes through the lamination of resins having a high
melting point.

Disclosed in - U.S. Patent No. 5,691,077 is a method of
manufacturing 3-layered separation membranes  through the
lamination of a polypropylene having a superior thermal
stability (having a high melting point) to polyethylene having
a superior shut-down property {(having a low melting
point). These separation membranes produced according to the
drying process (a process of making pores by stretching the
resin without a diluent) have not been widely used due to
disadvantages such as non-uniform stretching, generation of
pinholes, increased deviation in thickness, etc. during the
process of manufacture of the base films along with the
problems of lowered productivity due to the addition of the
lamination process as a separate process as well as the

problem of delamination coming from inferior lamination
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manuf acturing 3-1ayered separati on nenbranes through
the lam nation of a pol ypropyl ene having a superi or
W b@rjoeds3et abi | ity (having @ high nelting poi neQT/K&2006/001190

pol yet hyl ene having a superior shut-down property

(having a low nelting point) . These separation

menbr anes produced according to the drying process (a

process of naking pores by stretching the resin
althO\gély}t;hSHtexahglvleu% erll%\éze ’tﬂpe;r ) elenclwzird§é e#fselglgye tPn spite

sadv ching,

ant ages such as non-uniformstre

generation_of  pinholes,. i,ncreased, devi at.i.on in
°f  Fni (khess " et b8 $87 Matnliact e fpotured

Nness, etc.aauriﬁﬁf%ﬁﬁg%ﬁ%Mes
he base filnms along with the_ problens of | owered .
accori%ﬁ%%luctt‘?vittkill%ué“et%mtdhe%éléf&i ti 80 of “tRBIFAmi nReBRaPility,
. process as a_separate process as well as the problem

unlfogmlgg|aﬁiﬁgpﬂéﬁy@o@pﬁgpﬁp@ﬁqqyquﬁnthat are essential for

| am nati onal t hough they have superior thernma
separghavachenbsdnes. fén spetecobndasvpeat oer heat

resistance, the filns manufactured according to this
Anotheet hodthave |ofv stinemgtbinger ngabi | thyrmabi f eroadiy ity of

quality, and productivity that are essential for
separ&€Pan alueaid R anes thorcddigo saeondar yuRat teEki 8. having a

Anot her nethod of increasing the thermal stability of

super36Panakion-OBObLARES ik$ilA GAMRAWRd ARG USE ¢ 85I MSatent No.
havi ng a superior heat resistance, which 1s disclosed

5,641196?:8'Iﬁaqﬁﬂ%%hﬁet§og4lB%%%ga%@okmﬁ%ﬁE%§E%%tﬁre maq$ by

separ at 1 on nenbr anes afe conmpoundi n e resi

compoS%éEHéethénrggh%hHH%%%%%hyh%p%ﬂﬁ%:Igé%?%thylene comprised

of greater than 10 weight % of molecules having a weight
average molecular weight of greater than 1,000,000 but greater

than 5 weight % of molecules having a weight average molecular

weight of less than 100,000 and 5 - 45 weight &% of
polypropylene are mixed, with 30 - 75 weight % of an organic
liquid compound and 10 - 50 weight % of an inorganic material,

and extracting the organic liquid compound and the inorganic
material. This technology needs to have an inorganic material,
polyethylene, and ultrahigh-molecular-weight molecules vin
order tb prevent lowering of physical properties coming from
the addition of polypropylene, which is a incompatible resin
with polyethylene. However, this method may still have
problems of an excessive amount of ultrahigh-molecular-weight
molecules as well as problems of lowering of compoundability

according to the use of an inorganic material and non-uniform
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of greater than 10 wei ght % of nol ecul es having a
wei ght average nol ecul ar wei ght of greater than
W@ 200094380 but greater than,5 weight % of nol eRCI/BER2006/001190

havi ng a wei ght average no?ecular wei ght of |ess than

100,000 and 5 - 45 weight % of pol ypropyl ene are

m xed, with 30 - 75 weight % of an organic liquid

conmpound and 10 - 50 wei ght % of an inorganic

.material, tractingthe or Lc liguid conpound
quallggd t%ﬁ?ﬂ n g&%%%ﬂﬁﬁ er%gl. Qﬁ?ggpgghncﬁkﬁﬁfé%gl s t6¢ o

have, an.inorgapi c terial, polyethyl ene, and
COWOHPE‘?SH?@FYW ‘ul ' Sne PGRE TEBEG 2% n Sidesy of  Low-
revent_lomerin% of _physi cal %roperties com ng from
mOlecﬁﬁ@réHHPEPBn BPLB6PYBEFopfPEne edHi choi sbaorAeBipat | BEe the

resin with pol yethyl ene. However, this nethod may
molecyfpk| MRASIPr obHéasrobuahcaxcessi velanmpuntgof of  physical

ul trahi gh- nol ecul ar-wei ght nol ecul es as well as
propeptobkens Sofchl cyweammige ofiagomeouhdabd | ity @acaredengLbOd-Open

the use of an inorganic material and
PatenboRouniHoo~rgyalsisty amnd igensseaat i 0n ©fe phAEOEEBed embodiment

according to | ow conpoundability . At the sanme tine,

of e exipstenee ofnhewmlecul aensWebghtsplecul es JrY porous
| ead to broadening of the nol ecul ar wei ght

polyegh§ﬁéhgukﬁgﬁgg%%nh% Eh&%do%cQQ%§%g€%j%£gﬂf iﬁ@%h{%?bs at

exanpl e may ound i n Japanese at en
I N S L R
disadﬁg%ﬁgég¥£3251fiLﬂgtnﬁﬂyfﬁggulﬁgm>%%%&gipgpggcggggs due to
the addition of the processes for extracting and removing the
inorganic material used, and a comparatively large amount of
polypropylene is required 1in order to obtain sufficient

effects.

The essential characteristics of separation membranes of the

secondary batteries are strength, permeability, uniform
quality, and productivity, and additionally, thermal
stability. However, prior art described in the above use

ultrahigh-molecular-weight resins in order to increase
physical properties or use inorganic materials in
manufacturing separation membranes, and have problems in
processing such as the addition of further processes, etc.,
and therefore, it dis difficult to meet every required
characteristics of the separation membranes of the secondary

batteries simultaneously.



a conparatively low level. Also, this nethod is
di sadvantageous in that it has conplicated processes
woele@7oisthe addition of theprocesses for extrBCI/KRY06/001190
and renoving the inorganic material used, and a
conparatively | arge anmount of pol ypropylene is
required in order to obtain sufficient effects . The
essential characteristics of separation nmenbranes of
[Disd ey $eepndary batteries are strength, permeability,
unitormaquality, and productivity, and additionally,
[TecﬁlgggTﬂngbe%'ty. However, prior art described in the
dbove use Uttt hi gh- nol ecul ar-wei ght resins in order
to i ncrease physical properties or use inorganic
Accorﬂﬁ?%}yal§§V% Ve aet @r Phg 'SephaPaer6ht mefrdidon ahgreated
have problenms in processing such as the addition of
extengyyeh&t Uskiecesses orged. | tangotier afiorlelenis péth prior art
difficult to meet every required characteristics of
descrihedsépatati abovenbrame safp lidted adondargsdyat t emvest ion in
si mul taneously. [ D scl osure] [Technical Problem
light Acear dithgd y,fdadte itivent ots ofist hedw=sant itwenta®Afacture
repeat ed extensive studies in order to solve problens
separdtt 8n Phiedb rahk sdagssiRedshpet DEr abO¥@naaNds 1Pl 8t ed (me 1t -
the present invention in light of the fact that it is

down POSSHPIEyf O JBNYAGE UL strength, permeability, uniform

1

quality, and productivity by maximizing mixing of a small
10 amount of a polypropylene having a superior thermal stability
without using ultrahigh-molecular-weight polyethylene or
inorganic materials - while maintaining the contents of low-
molecular-weight polyethylene molecules and high-molecular-
weight polyethylene molecules contained in general-molecular-
15 weight polyethylene to be less than specific contents.
It 1is, therefore, an object of the present invention to
provide microporous polyolefin £films having a high thermal
stability and superior extrusion compoundability and physical
properties and enabling increase in the performance and
20 stability of batteries using such microporous membranes and

increase in the productivity of microporous films themselves.

[Technical Solutionl]
Microporous polyolefin films according to the present

256 invention to fulfill the above object are characterized by



(@) ]

10

20

separati on nmenbranes having superior thermal stability
(melt down property) as well as strength,

Weeoomeadssd i ty, uniform qualjty, and producti vi PGI/ER2006/001190
maxi m zing m xing of a sma H anount of a pol ypropyl ene
havi ng a superior thermal stability w thout using
ul t r ahi gh- nol ecul ar - wei ght pol yet hyl ene or inorganic
materials while maintaining the contents of

I | ar i ght th £ne nol ecul es and
belngh%wﬁgégﬁgcu arm5|g m%%hygtﬁy |ﬁ§%ﬁﬂ%mu?%s %8ﬁgafﬁédmelt_
eneral-nolecularme| yl epne to be | ess
extrug i B C e PPPRCConpant C-MEr Tt Rl et &0 afSaBf bet® 0Pt 2

the present invention to provide m croporous
reSlnp%P@BPé¥Fhoﬁrlﬁ@mﬁé%?ﬁé afhPgh Yheredhistabefipglenbhylene
superior extrusion conpoundability and physica
(Comppneper {1 esauhdgenabbiagti areeage innlehelper veighhcef 2x10°
and stability of batteries using such m croporous
T 4x10Memnaneseand theneaSe waighe ptodoftindiycefes of which
m croporous filns thensel ves. [Technical Sol ution]

molecM & 0peLgus pel yekef ithahi l1ms aar'ondidng ds@ tthaarpresestght 2
invention to fulfill the above object are

of mo?@éﬁ@é&EBEZQQiQMbﬁmecﬂﬁﬂyf@8&?5€dlbn gRelBEROGhan 1 x 10°,
conprising the steps of neltextruding a conposition,

and 258%“@2%%1@ ;Oof Sg) &S/:pg%%)y %f agcrﬁééﬂa?crggpgﬁ t'oqin 'which
. Co h
weigh{,cREREGE. 5‘81)?66‘ L) e?@%%aﬁuﬁ esf 4% Vi Rl 0%z the

nmol ecul es of which .
peak of the melting point is higher than 145( and 80 - 50

weight % of a diluent (Component III), to mold in the form of
sheets; stretching the above sheets in the form of films;
extracting the diluent from the above films; and heat-setting
the above films. They are also characterized by having a
puncture strength of greater than 0.14 N//m, Darcy's
permeability constant of greater than 1.5 x 10™° Darcy,
temperature of microporous films lower than 140G and melt-
down temperature higher than 160°C.

Hereinafter, the method of manufacture of microporous
polyolefin films from polyolefin used in the present invention
is illustrated in more detail below:

A low-molecular-weight organic material (hereinafter referred
to as a diluent) having a similar molecular structure to that

of polyolefin forms a thermodynamically single phase with

polyolefin at the melting temperature of polyolefin. Phase
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nol ecul ar weight is less than 1 x 10 and less than 5

wei ght % of nol ecul es of which nol ecular weight is
w@e@aversdt han 1 x 106, and g, 10 wei ght % of  PCT/KR2006/001190

pol ypr opyl ene ( Conponent II% of whi ch wei ght average

nol ecul ar weight is 3.0 x 104 ~ 8 .OxIO5 and the peak

of the nelting point is higher than 145 "C. and 80 -

50 weight %of a diluent (Conmponent II1), to nold in
separgg?oBOQﬁhgkﬁ§heEB§yo§E%§kc g E@% ag9¥§e§pegﬁ§ngﬂstgﬁrlng
formof films; extractlng the diluent fromthe a

ttin above fi . They are al

the prhgggctgggigdﬁglﬁﬁavkng ays&ﬁc Gré”miqﬁhgt %?e@?eﬁ?ZPtlon

: t han, 0. 14 rcy's perneability constant of

i chg RO AR s E 110 S By D pefpel 4 ureoghd Lo a room
m croporous filnms |ower than 140 C and melt down

temperghperat uFeChi Ghers s Hah 601 € Subdeeindft ethagheseparation
met hod o f manufacture of m croporous polyolefin filnmns

is Compémﬁsdlpél@hn@hxn&ﬁﬁun1ﬂm;ﬁnmﬁ&ﬂﬂ,|ma&n&yohamslla, which
illustrated in nore detail below A

is thleownmdtedul mrrwedmghtd f opgapbtemherinal o het pi¢raf t€fch phase
referred to as a diluent) having a simlar nolecul ar

compr$ketCtall eat Osihdiak  @fopalty ob ef ipd 1ferrEFidé dissolved in the
t hernmodynam cally single phase with polyolefin at the

dilueflel tdG, tgpper atyse ok m? el-yehell mndhasesepanddon  porous
bet ween polyolefln and the diluent occurs during the

soLyoRLPERES Sk coplingad B YOLLL ARG LIS YRR cscn o
organ%goggyvégtaa£ger cooling.

Accordingly, the basic structure of microporous films 1is
determined during the process of phase separation. That is,
the pore size and structure of the final microporous films are
determined according to the size and structure of the diluent-
rich phase formed during the process of phase separation, and
the basic physical ©properties of microporous films are
affected by the structure of crystals of polyolefin made
during the process of extraction of the diluent.

As a result of long-term studies, the inventors of the present
invention found the following fact: a amount of polyolefin
existing in the diluent-rich phase should be as small as
possible in order to make superior microporous films. That 1is,
no defect should be made in polyolefin, which is the matrix,

during the process of extraction of the diluent, which is

affected mostly by low-molecular-weight polyolefin molecules
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tenperature. Each phase which is subject to phase

separation is conprised of a polyolef in-rich phase,
woreionlog4sBanel | a, which is the crystal portion BPET/KR2006/001190

pol yol efin and a diluent-rich phase conprised of a

smal | amount of polyolefin dissolved in the diluent

even at a roomtenperature and the diluent. Porous

polyolefin filnms are made by extracting the dil uent

contaﬁhEB ap ggg?gﬁgf§glvent after cooling. Accordingly,
basi ¢ structure of mcroporous filnms is determ ned

rocess of separation, Tha
As a q%rgﬂglzgggﬁ q%tﬁ:?ﬁé? E%%eu?}%%lpﬂ%%?g%%?%ugaY?Pﬂsless
Low- h tern1neg accordlng to the size and structure of ,
ow-np SCB PUcHErPER pRasETf6ffedPadrfngothetprocaBevEr 1t is
, hase separation, and the basic physical properties of
pOSS1L 6§bﬂ6ﬂ§ffWFﬁtOﬁ@éOHFf@@ﬂé@lﬁilﬂhéﬁémﬁUcmﬂven@fSuperlor
crystals of polyolefin nmade during the process of
physiertr actipemtéf st heddidruenti fAsn gpomsustrofthongvtenm resin
studies, the inventors of the present invention found
havinghe $wohl batrng Macécubaanouwdigft ol yolaef | ntexisst i Ngfi N the
the diluent-rich phase should be as small as possible

convehBiehder taveakeosdpertatsn CeapRhgUSthi | BBeallhat kfproved
no defect should be made in polyol efin, ich is the

proceBBipiXitguring the process of extraction of t he
di luent, "which is affected nostly by

In th%g%@org$ﬁﬁYvaé%%fH%, QQ£YQ$§55Q6HP|?FUB%SQOQﬁ?'Qgﬂﬂ{ % of
polyethylene, having a weight average molecular weight of 2 x
10> 7 4 x 10° and less than 5 weight % of molecules having the
molecular weight of less than 1 x 10® and less than 5 weight 3
of molecules having the molecular weight of greater than 1 x
10, is used.

Generally, commercially produced or used polyethylene has its
molecular weights distributed inevitably, and polyethylenes
even having a weight average molecular weight of over 1 x 10°
have a part of molecules having the molecular weight of
several thousands. These low-molecular-weight materials have
been polymerized sometimes intentionally during the process of
production of polyethylene since they have assumed a role of
improving the processibility of resins having large molecular
weights when they have been used for blown films, blow molding,

etc. that have been general uses of polyethylene

commercially. However, during the process of making
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As a result of making products by using polyolefin
havi ng | ess | ow nol ecul ar-wei ght nmaterials based on
Wo b@7abese, it is possible {0 nmake m cropor ousPCT/KR2006/001190
pol yol efin filnms having superior physical properties
and an uniform pore structure with a resin having
smal | er nol ecul ar wei ghts than those of the
conventional inventions, thus leading to greatly

micro%%?BQgedFQP%%%ggh?B%%tYEi%ﬁﬁthet?égéen&gkgﬁgﬂgggﬂgggﬁaight

nmponen Wei ght’ % of pol ye ene, i

naterfal] Dbt SHRLTGPASE S YR iR Byt

.ol ecul ar_wej ght of less than 1.104 and |less than 5
POTLigRi ght BFOYChbY etbifes havihy PRéYRbME¥LEPET Twerghthaste, and
reater than 1 x 106, is used. Cenerally, commercially
also %ﬁﬁﬁﬁte@h@rIU%@ﬁﬂbopﬁeﬂhV1em@lﬁﬁglﬁﬁs<?ﬁﬂﬁﬁﬂﬂhﬂg lamellas,
wei ghts distributed inevitably, and pol yet hyl enes even
thus hadiingng weeghtrawgkthgefnbhecehanraepghtyethydesr.l Kurther,
106 have a part of nol ecul es having the nol ecul ar
they Wweivghta ofiigleveralnt hgusandshe TheSeent and exist mostly in
| ow nol ecul ar-wei ght materials have been pol yneri zed

the dﬁQﬁghEﬁﬁﬁchngﬁﬂkanaﬁﬁ& dHElLBgotBe PKEGRSS Pfthe interface
production of polyethylene since they have assuned a

of tHO! oPlsi MR NG« NE-PIOEESFHRIh s 10fs T 8RENS NaW e of
| arge nol ecul ar wei ghts when they have been used for

poresbhg%%mEHEQ%y Wﬁﬂ%“?&ﬂé?%ng porosity. This phenomenon is

shown in molecules having molecular weights of less than 1x10°
and is significantly critical when their content exceeds b5
weight %.

Another problem with the existence of molecular weight
distribution is the existence of ultrahigh-molecular-weight
molecules. That is, there exist ultrahigh-molecular-weight
molecules having the molecular weights of over 1x10° in
polyethylenes having a weight average molecular weight of
about 1x10°. The existence of such ultrahigh-molecular-weight
molecules assumes the role of increasing the strength of
sheets. But the existence of an excessive amount of ultrahigh-
molecular-weight molecules induces the problem of generation
of gels coming from lowering of compoundability due to a large
difference in viscosity from that of the diluent, and makes

the surface of sheets extruded rough. One way of solving this

problem is to increase the extrusion temperature or to
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etc. that have been general uses of polyethyl ene
comercially. However, during the process of
woredorfegsBer opor ous pol yet hy]ene filnms, these PCT/KR2006/001190
| ow nol ecul ar-wei ght materials | ower perfection of
| amel l a, which is the crystal portion of polyethylene,
in the polyethylene-rich phase, and al so | ower the
nunber of tie nol ecul es connecting | anellas, thus
: ucy t r h t ent.i p | ene
e et s T gn Tt [ RCEy o the A (e af the
Screwexig{e£g§tl%fin ﬁhe dilueqt-rich @hgse, aﬂd t heref ore, hi
exi StETRTE h& G ntdT £ REEZF 1t HeOPor ek t er NBYEVEEYi o this
whi.ch nakes the interface of pores inconplete, thus
case,| gl i hGSpBr ost t YRS phEAorfBbNP¥SsRdwn Rypperties are
nmol ecul es having nol ecul ar weights of less than Ic [ g4
lowergfd i §iBFgnithil€amriopleni tiscahaiers iy comenthe content
exceeds 5 weight % Another problemw th the existence
of ulfrawl@cutarewel ghtveli @t i butliconmlies thevexg sttércemoflecular
ul t rahi gh-nol ecul ar - wei ght nol ecul es. That is, there
weighexicst avérahi gh- hof ectdesdsmebghie inpltect) esthavd ngréherable
nol ecul ar wei ghts of over Ic 1 g6 in polyethyl enes
that haHg eomebght aver age: fad agims) sl ght - i @hout nbidBuies
5. The exi stence of such ul trahi gh-nol ecul ar-wei ght
havingDl@rul 51888 WHBS Jd1& 10l §£0foJdiCT gasi ngyt hgs stpeagtih,, s
of sheets. But the existence of an excessive anount o
pl trahi ghnol ecul ar- wei ght nol ecul es induces the

weight' %. .
9 probl em of generation

Accordingly, it 1s seen in the present invention that it is
possible to make microporous polyethylene films having
superior physical properties and an uniform pore structure by
using polyethylene having a sufficiently small low-molecular-
weight part as well as a sufficiently small wultrahigh-
molecular~-weight part, i.e., polyethylene having less than 5
weight % of molecules having the molecular weigﬁt of less than
1 x 10" as well as less than 5 weight % of molecules having the
molecular weight of greater than 1 x 10° and to greatly
improve processibility.

Available polyethylene includes homo-polyethylene (high-
density polyethylene) and co-monomers, i.e., polyethylene
characterized by that less than 20 weight % is alpha-olefin
having 3 - 8 carbon atoms such as propylene, butene-1, hexene-

1, 4-methylpentene-1, octene-1, etc. or their combination, and

their mixture. If the content of the co-monomer exceeds 20
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of gels comng fromlowering of conpoundability due to

a large difference in viscosity fromthat of the
waldoaems3o and nakes t he sur{ ce of sheets extreCiEER2006/001190

rough. One way of sol ving is problemis to increase

the extrusion tenperature or toincrease the shear rate

of the screw configuration of the screw el enent of the

bi axi al conmpounder. However, in this case, the resin

welghg S odet éogﬁigg??Dgngp Sb?al eﬁﬁ{tles ar?ﬁe%%e%%ngowered

nde emis homn gr
f uItr hi nol ecul ar - mel ecule havi ng the
greatlyy ecdf 3éight e 1 106p% %%%@% %elﬁﬁt gepargtion
is preferable that the content of
membrapepahicgh- moiodc ulRSr - Wi gt hsiecded habfag the melt-down
nol ecul ar wei ght of over 1 x 106 is less than 5 wei ght
tempegatunecefdeaghyatiipni gembeanea bheopeesentryi hewnt i on
that it is possible to make m croporous polyethyl ene
Polyethlyirsnhavhag ssypestoor phytsi<iatalpr gpenddres eandaadl chemical
uni form pore structure by using pol yethyl ene having a
stabisttli ci enidy serl ladevnt@besus arwei ghthpart ias wekhu@Sdown
a sufficiently small ultrahighnol ecul ar- wei ght part,

tempeka€urePolyetBykeng havipg liessydban ro weight %606 v of the
nol ecul es havi ng the nol ecul ar wei ght of |ess than 1

cecontlly S Rile | S58pLIE0P vEpAll, Al TELEEUIES, eneneing
pointgnd tﬁo%é?@%ly iggggve QEQ%SE é?££££¥ brings about a
disadvantage of lowering the melt-down temperature at the same
time. In the present invention, polypropylene is used in order
to take advantage of the low shut-down temperature of
polyethylene and to complement the disadvantage of the low
melt-down temperature simultaneously.

Polypropylene (Component II) having a weight average molecular
weight of 3.0 x 10* 7 8.0x10° and the peak of the melting
temperatures of higher than 145C is used for the present
invention, and its content is 2 - 10 weight %. 80 - 50
weight % of the diluent (Component III) is mixed and used with
respect to 20 - 50 weight % of the resin composition of
polyethylene (Component I) and poypropylene (Component II).
Polypropylene is a polyolefin-group resin such as
polyethylene. Compared to other heterogeneous resins,

polypropylene has a good interchangeability but is subject to

phase separation thermodynamically with polyethylene. 1In other
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Avai | abl e pol yet hyl ene incl udes honp-pol yet hyl ene
(highdensity pol yethylene) and co-nononers, i.e.,
Wpoloyeedsgl ene characterized{hby that |ess than POI/Ke2@k1001190
% is al pha-olefin having 3 - 8 carbon atons such as
propyl ene, butene-1, hexene- 1 , 4-nethyl pentene-|,
octene-1, etc. or their conbination, and their
m xture. |f the content of the co-nononer exceeds f
ds20vet ght1 Yo vt Pengcr alJjn | yet hyl ene it sel B
Moresrs Ioagre%/gﬁgat y,ggﬁdéﬂigégﬁégaﬁﬁ%(ﬁgﬁxﬁ§%?%§7e§8 melt
e ti menbr anes can not .be nmai ntai ned and al so
X O . dovin [ enbar ALaYe of s SPESAT o renBaRssed, and a
becomes very | ow. Pol yethyl ene has superior physica
phasep?b ertd e€ afn SchVe(?ﬁLt‘:r%/ﬁ §tapriPhy inard' sedadvhnpagepustate
in that its shut-down tenperature is lowered if it is

1s sepegdtest ak rrkatedf the ¥econtalry bavfepplyethylene and

separators owing to its |low nelting point. However,
> weidliis &hae acpelivystriopyBenegsa adostibg edits aidv aneage cofnppounding
| owering the nmelt-down tenperature at the sane tinme.
through t hkepresentsioventdon,theol ypsapyl eneyis misegight
order to take advantage of the | ow shut-down
polyptrepperatur es of cqnb yetdyy enepand ey cemphement fdent s of
di sadvantage of the |low nelt-down tenperature .
lyeShiubhanaousliyg PolyPhapyh gne ((Canpanent ; L1 ) having a
Pe yeme?ght averagegholecular_meigﬁﬁ of 3.0 xléok =~ é#%%id% an
is1an@d BREBORK ofo,l NEIRLLING, LETPRL ALY B2, OF LB GRE; ciencry

than 14 IS use e pres

demonstrate the increasing effect of the melt-down temperature,

o\e

of

polypropylene should have been distributed in a . sufficiently
micro size. That 1is, in order to prevent melt-down of the
matrix even at a temperature higher than the melting
temperature of polyethylene forming the matrix, it is
advantageous that compounded polypropylene is distributed as
small as possible, more advantageous, if it is connected to
each other. In order to maximize such dispersibility of
polypropylene, the weight average molecular weight of
polypropylene is adjusted, and the extrusion method utilizing
the diluent is used in the present invention.

It is preferable that the weight average molecular weight of
polypropylene is 3.0x10* 7 8.0x10° for the micro dispersion of
polypropylene. Factors for determining the dispersion of
polypropylene within polyethylene include thermodynamic

factors and physical factors. For thermodynamic dispersibility,
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invention, and its content is 2 - 10 weight % . 80 -

50 weight % of the diluent (Conponent I11) is m xed
w@ea70sse Wit h respect to 20,- 50 wei ght % of PCIEKR2®6/001190

conposi tion of polyethylene (Conponent | ) and

poypr opyl ene (Conponent 11) . Polypropylene is a

pol yol ef in-group resin such as pol yethyl ene. Conpared

to ot her heterogeneous resins, polypropylene has a

the 9@99 Eﬂ%eﬁ%gﬁﬁgﬁﬁgilh%X8R%t(g .Sﬁggggég%g§ﬁgﬁ§%,lnthe more

separation thernodynam cal'l y w

therwards, if po thyl ene a ol ypropyl ene are
advanguj%%:st%ﬁn%Ftex%%Ssﬂ%ﬁafﬁwarﬂ%Pr gﬁnWﬁﬂ%ﬁu%%% weight of
phases are separated, and a phase having a |l ess volume
pOIYPFPéPé/ﬁie i%e?ﬁ%e%quith?br%%‘fﬁ@rat Ehes depwrised ahd lowering
isolated. If 95 weight % of polyethylene and 5 wei ght
of  theofripnt ipr bpy e Hriesubjfecseparatlonconpounatieryy and of
t hrough the extrusion for the resin only, 5 weight %
migragfiopol ppr opyvenelesutanphetehy sepasai€ls f ram e surface
wei ght % of pol yethylene form ng the matrix and exists
becomien t Beybormiotiiapeirsiandisl BogedainhoEhe@MauUAdedrmined by
pol ypropyl ene to sufficiently denonstrate the

mixingnaeashagseibacti of tibecrellindewn y@mRerAtdI€ery critical
pol ypropyl ene shoul d have been distributed in a

are SHhéicientlysmero i zegplhat js..in Qfgﬁﬂﬂéo RIEVent ot rix
mel t-down of the matrix even at- a tenperé% e higher

po1HBOLN, TENE | PAgheTerstuce ol opoluct DYl eng oM g, 1.
viscoggk¥pﬂgpxh%gephgsgi EJigénggxgg in (polypropylene in case
of the present invention). For superior dispersion, it 1is
preferable that the viscosity of the phase to be mixed in is
less than the viscosity of the phase forming the matrix. But
if it is too less, friction of the interface becomes small and
dispersion is obstructed. Dispersibility is lowered also when
the viscosity of the phase to be mixed in is large, in which
case thé melt-down characteristic is not improved greatly and
extrudability is lowered. More preferably, the viscosity of
polypropylene is 1/1 - 1/100 of the viscosity of polyethylene
forming the matrix. The weight average molecular weight of
polypropylene satisfying the above condition is greater than
2.0 x 10° but less than 4.5x10°. This enables to obtain
significant outcome that physical properties are not lowered
even 1if polypropylene 1is added, extrudability as well as

dispersibility are superior, and melt-down characteristic is
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smal| as possible, nore advantageous, if it is

connected to each other. In order to maxi m ze such
waele@pessssbi | ity of pol ypropyd ene, the wei ght aREr/Ege006/001190

nol ecul ar wei ght of pol ypropyl ene is adjusted, and the

extrusion nethod utilizing the diluent is used in the

present invention. It is preferable that the weight

aver age nol ecul ar wei ght of polypropylene is 3.0 c |04

tTv810p¢ok@y for the micro dispersion of polypropylene.
grea FgcﬁoPsofog determ ni ng the di spersion of

. pol ypropyl ene _wi,t hi ol yet hyl ene i ncl ude ,
It h%¥%%d %gnfgagggtéﬂgﬂhn§h%h§§P5§Ptfé@?o?%%y?%?pylene with
t her nodynam ¢ _di spersibility,the | ess the nolecq]ar
respegdi gt b boPypr i ise the rore AdvaRtig§éous itIf the
is. But the smaller the nol ecul ar wei ght of
contepg| ypf opyP-LrRr BREbMRS, dthe 1eewer 8hanhe? phembneha %of it is
| owering of the physical properties of separation
diffigadtr ates ahdash negchati efifettl owandl ectil atheei ghhtent of
materials on the surface becone. Physical dispersion
polypirspgarethiengechat 16 detgnni ped thy Pugig-Of SHEpSEFENS of
in the extruder. What are very critical are the

separ¥kseasi kgmblahBe phage Ler mpget-Bg.MtEEX is pecause the
(pol yethyl ene in case of the present invention) and

inter e i . b . en com wea
terFheeViRaQRidy 91 tdenphase Egdp?g‘g}éﬁ%ﬂr})} § dscongs weak

(pol ypropyl ene in case of th ention
e R T i he Tphadd (6 be RO 16T STt hanthRE the
conteX'S%%“53&§§r§§¥ié¥555h58{31Bg %H%iggggggwf%ﬂin the range
that the required melt-down characteristic is obtained. The
desirable content of polypropylene is 3 - 5 weight $%.

Any polypropylene characterized by that the peak of the

melting temperatures is higher than 145C may be used for

polypropylene. For example, homo-polypropylene; random
polypropylene using alpha-olefin having 2 - 8 carbon atoms
such as ethylene, butene-1, hexene-1, 4-methylpentene-1,
octene-1, etc. as co-monomers or their combination; and

polypropylene containing polypropylene using --alpha-olefin
having 2 - 8 carbon atoms such as ethylene, propylene, butene-
1, hexene-1, 4-methylpentene-1, octene-1, etc. or their
mixtures as co-monomers, and their mixture may be used. If the
peak of melting temperatures is lower than 1457 the effect of
improving the melt-down characteristic is not great enough.

Polyethylene (Component 1I) and polypropylene (Component II)
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if it is too less, friction of the interface becones
smal | and di spersion is obstructed. Dispersibility is
wo owened3@l so when the viscgsity of the phase POI/E&2006/001190
mxed inis large, in which case the nelt-down
characteristic is not inproved greatly and
extrudability is |lowered. Mre preferably, the
vi scosity of polypropylene is 1/1 - 1/100 of the
are I?(é}%:—oé%lyu@éd pgll%ﬁghyl £O8 faprﬁﬂg?x]ipe (%‘fnr on'en-‘EheIII) . As
wel ght average no cul ar wei g 0 polyprgpy ene
sati.sfying the above condition,i reater than 2.0_105
descr%%Fdle§§]thé%e4.§%8vﬁcs. Tifi s %hg%?%% t 6Sobt4i for — two
signi ficant outcone that physical properties are not
purpoFS%éredt8veWaﬁﬁ pAYSropyd i i sttadded, BREFuBzbrrfey and
as well as dispersibility are superior, and nelt-down
stretehgfact exickst | Eurshpeat | §xthpebedd. pPnd s tal sonaximize  the
preferable that the content of polypropylene with
disperespecbft potflhatropf/lpokyetihflienpoilge2hyléBewei ght % .
If the content of polypropylene is less than 2 weight
A loWepolécusadi-wkigutt ¢ogabtai mswed f f eelilwid )i f hbke@ng a
content of pol ypropyl ene exceeds 10 weight %, the

similBRyshedbcRIQperdd scofrsepay athap nepbranes, M8y; be forns a
|lowered. It is because the interface between

1yl eng; po r.opyl be Qq5§ due, to -
therm?%&%ﬁ%?%ibi %%gﬁgltk%gfgthéggﬁgre?)p_eﬁéra%le %Eatéﬁhehlgh
tempe% @E%gt a%f V\H'ﬁlc\f{)r g&&o%neefisnhoiusl :jr{le?ftg& n rl]‘hza(:‘\td Wst hJEIIQ% resin

€ range that equired ne down’ characteris

mixtu%g % t%&T?%tﬂyT%ne and polypropylene may be compounded in

the thermodynamic single phase if it is used along with a
proper diluent, contrary to melt-extrusion of a resin
only. The formation of a thermodynamic single phase increase
the dispersion to the molecular scale. Rapid cooling of a
mixture compounded in the molecular scale enables maintaining
of maximized dispersion even after the mixture is cooled to
the solid state, in which case the effects of improving the
melt-down characteristic by adding polypropylene are
maximized. Accordingly, the type of a diluent, the content of
the diluent, and speed of cooling after melt-extrusion are
very important factors in the present invention.

The diluent used in the present invention should form a single
phase with a resin at the melt-extrusion processing
temperature of the resin mixture. Examples of diluents include

aliphatic or cyclic hydrocarbons such as nonane, decane,
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desi rabl e content of polypropylene is 3 - 5 weight %.
Any pol ypropyl ene characteri zed by that the peak of
W b@7/ed580 ng tenperatures is; higher than 145 CPEEKRR®6/001190
used for pol ypropyl ene. For exanpl e,
hono- pol ypr opyl ene; random pol ypropyl ene usi ng
al pha-ol efin having 2 - 8 carbon atons such as
et hyl ene, butene-1, hexene-1, 4-nethyl pentene-I,
teng; 1, cetCc. as, co- one r..their combination;
decalgﬁd p§?§352%§lé%§lboﬁ¥g?ﬁin %6§ﬁ%6Fop§?é§e UstHg® Such as
. alpha-ol efin havi.ng .2 - 8 rbon atonms such as ,
dlbUtggﬁy?%ﬁ%?I%E%pyV%ﬁg?aﬁutEﬁgga?afehex%h%=i,aromatlc ethers
4- et hyl pentene-], octene-1, etc. or their m xtures as
such g3 rréjﬂé’lﬂ%ﬁ“é’,l afibiehei rehf %t ufetidly deldgsedaviing he0 to 20
peak of nelting tenperatures is |lower than 145 C the
carbogf pd@msofsYdpravi Ageehecmelctiddown sdlvaract@r i stihelésc acid,
not great enough. Pol yethyl ene (Conponent | ) and
linolpoligprapyd enet{Gonpdaeny |14¢hde ateldhadxt r udednagl ong to 20
wth a diluent (Conponent Il11) . A s described in the
carboabevenst beicth laseritdsruset: fOralwdhpuy peses: Leifdakeconol,
pores after it is nelt-extruded and stretched, and
etc. ;f uhidheine extrastked;raand tp-mxiyzest hg dingper en 9f ore
pol ypropyl ene within pol yethylene. A . .
fattyl0$€QB£eC§éPéGM@?ghﬁr6Mgﬁggéhﬂgﬁéaw %%d(dhhg?@b%a?gglngatty
a simlar nolecular structure to that of polyolefin
s ok t,her nam.c single phase with polyolefin at
aCldSaRE?gﬁaténgéfg?%f%'QROQMﬁ cnmbor§&ﬁ% iﬁa?gyn%?f dI TRt Such

LS,..the resin . : . .
as palmitic acid mono~, di-, or tri-ester, stearic acid mono-,
di-, or tri-ester, oleic acid mono-, di-, or tri-ester,
linoleic acid mono-, di-, or tri-ester, etc. are ester-bonded

with alcohols having 1 to 8 hydroxy radicals and 1 to 10
carbon atoms. The kinetic viscosity of a desirable diluent is
0.5 ¢St ~ 30 cSt at 100C If the viscosity of a diluent
exceeds 30 cSt, there may occur problems such as an increased
load, inferior surface of sheets and films, etc. due to a high
kinetic viscosity during the process of extrusion, as well as
difficulty in extraction, lowered productivity, reduced
permeability due to the remaining o0il, etc. during the process
of extraction. On the other hand, if the wviscosity of a
diluent 1is less than 0.5 c¢St, it is difficult to compound
during the process of extrusion due to the difference in
viscosity from the resin melted in the extruder.

It is preferable that 20 ~ 50 weight % of the resin mixture of
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m xture of polyethylene and pol ypropyl ene may be

conpounded in the thernodynam c single phase if it is
wais@dogdsang wi th a proper dbbuent, contrary t OoPCT/KR2006/001190

nelt-extrusion of a resin only. The formation of a

t her rodynam c singl e phase increase the dispersion to

the nol ecul ar scale. Rapid cooling of a m xture

conmpounded i n the nol ecul ar scal e enabl es nai ntai ni ng

TR '%gﬂ ' ' ven_after the mxture | , .
pOlyeggblede¥L t ég%%ﬁ?%§%f£&§% R WhiER géggléﬁb e;iéoﬁ§lght K
of.{ mproving.the nelt-down characteristic by addin
of a po}%/lg%)%%y rénghgr & TEXT 28 STACCB di gl yEhe h%ofl*y%’égof?f the
. a diluent, the content of the diluent, and speed of
S IIC O aftEre G t2extt i on® afe- Ger y1f npbet aantent of the
, factors in the present invention. The diluent used in
diluepfe isy dserit tihAren§ oresioul %) £ oi n AssdngFecphaseowifbhm the
a resin at the melt-extrusion processing tenperature
singlef theseesiof npxtlyeehyEearpl esidof pdillypenbslienel udénce the
al i phatic or cyclic hydrocarbons such as nonane,
viscodétane fdedat i molpanahbicBrohl, elemespyhaldis, acigh and the
esters such as dibutyl phthalate, dioctyl phthalate,
speedet 6f ; taf@idyhagtiter 91$¥chias di phanyle fher, r8i€. 515, the
fatty acids having 10 to 20 carbon atpgs fPCh|aS'
ffecst eapircc aghd,0kaLc agid, | e ci nol eni.c. . .
o e d, etc.;gggtﬁgbacig glcoh%?g H§Vﬁng rge SgﬁﬁrégF%Sn S
lower8HOMS 5 ggh ?%fgs
al cohol'; "étc.’ an

small%@l%nlogﬁeokﬂg¥§%teristics of the final films after the

TEEEER LN TR N
extraction of the diluent, and permeability is lowered greatly
since interconnection among pores becomes minor. On the other
hand, if the content of the resin mixture is less than 20
weight % (i.e., if the content of the diluent exceeds 80
weight %), the friction between the resin mixture and the
diluent in the extruder is lowered greatly; as a result of
which there may occur problems of breakage of film, non-
uniform thickness, etc. during stretching since
compoundability is lowered and the resin mixture is extruded
in the form of a gel without being compounded
thermodynamically with the diluent; and it is difficult to
expect to improve the melt-down characteristic.

If necessary, general additives for impro?ing specific
functions such as anti-oxidants, UV stabilizers, anti-static

agents, etc. may be further added to the above composition.
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fatty acids selected from saturated and unsaturated
fatty acids having 4 to 26 carbon atons in the fatty
wa@edodogrseup such as pal mti G acid nono-, di-, BPCT/KR2006/001190

tri-ester, stearic acid nono-, di-, or_tri-ester,
oleic acid nono-, di-, or tri-ester, linoleic aC|q
mono-, di-, or tri-ester, etc. are ester-bonded with

al cohols having 1 to 8 hydroxy radicals and 1 to 10
: . The kinetic viscosity of.a desirable
For g?{ gﬂ1§§% .éDcSﬁtQ?Soa%%¥eatc?66¥€9£foPhe 9isggéptyscrew

of a diluent, exceeds 30 cSt, there may occur praobl ens
extruggdy askﬁﬁapﬁgfeas%&anﬁd, i Af&Sitor sfCace Gesdpesds for
and films, etc. due to a high kinetic viscosity during
compoppgindocels tHE et Firflonands keelyo ket idi f RRgulltey aed. The
extraction, |owered productivity, reduced perneability
extrugient ¢ e nedrvgieni Sippwolid | betlriglder | nigat hehpr beepsrature at
extraction. On the other hand, if the viscosity of a
whichdi [ent dslhess thad O.thecStresini smdiffieul tmdde in  the
conpound during the process of extrusion due to the

thermdidybamgnee liyn ¥is¢0si phafscomtibe yeasin BBbt adrigb th8ire at
extruder. It is preferable that 20 ~ 50 wei ght % of

hicht Rehd@& N &% XA4F £o0f pEl ne A 0 ene | .
e m xed with 80 ~ 50 meig%?kg%%% a dﬁgﬁgn%M?%Q?%g BEopirties

of 11 SS8lkn WHETkbaPogbEA e SOIERl G e £ SHl ILAHER e
i uef R 15855, L0 0B M 18 IS LLL v
than R?;gQ{0p¥kgn€m§;ﬂ$ea%ge the diluent may be fed into the
compounder after they are blended previously, or fed.
separately from separate feeder.

Thus compounded molten material is extruded through a die and
molded in the form of sheets while being cooled. Any general
casting or calendering process using air or water cooling
method may be used for making molded products in the form of
sheets from the molten material. What is important here is the
speed of cooling of the molten material. The molten material
made in the single phase thermodynamically during the process
of melt extrusion 1is subject‘to phase separation during the
process of cooling. At this time, phase separation between the
resin and the diluent is progressed simultaneously with phase
separation among the resins. That is, if the speed of cooling

of the molten material is too slow, phase separation between

polyethylene and polypropylene 1is progressed excessively, and
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viscosity of the nolten material becomes greatly high
and the speed of thernodynam c diffusion is |owered.

wabav/o94s30 t he ef f ect of inp5 ving the nelt - downrCT/KR2006/001190
characteristic is | owered. so, porosity is reduced

and the pore size beconmes snmaller in the
characteristics of the final films after the
extraction of the diluent, and perneability is | owered

- y since.interconnecti opn anon ores becomes
dispdH T Yl T RE L SPRaPIRARG, TFTRFE dOnLERtD Gtethe hesipuered
i xture is less than 20 weight % (i.e., if the content
greatysy ¢ heeg??rh'ent LaRcedts S weP§ht 1P IHES 1 i ¢ onmelt-down

between the resin nmixture and the diluent in the
charagherjddr G sareagfeadgrieat lopmpasingingsupf gfoMhidpylene is
there may occur problens of breakage of film non

reduceni f or antihi ckhessriegc. dufing tyetehi ng simgerties is
conpoundability is lowered and the resin mxture is

increewstdudedidaptdiendlof m ehea geledv biioWodrIiNY c@NMPOMNARE 1 ten
thernmodynamcally with the diluent; and it is

materdiafif i enbi1d opexpecdtd© EARROVEY NS By, da. o pfeferably,
characteristic. If necessary, general additives for ’

fastelMPhaW AGosPeeLilgqf unctions such as anti-oxidants, W
stabilizers, anti-static agents, etc. may be further

0 b sjtion. For compounding. o f the
thus JSAL 010 200k CPPRORHLIOT, " C OB ko8 Zrt Hhouan
Banbury m xer, etc esi gned for conpoundlqg of the

the  PHUESE arit pof§5?%?ghnﬁay BELGSed WiHrE  the diluent is
extracted from the films to make microporous films.

Stretching of the sheets made through compounding, extrusion,
and cooing may be done in the roll-type or tenter-type,
sequential or simultaneous stretching. Here, it 1is preferable
that the ratio of stretching is greater than 3 times each in
the machine and transverse directions and the total ratio of
stretching is 25 ~—50 times. If the ratio of stretching in one
direction is less than 3 times, the tensile strength, puncture
strength, etc. are lowered since orientation in one direction
is not sufficient and the balance in physical properties in
the machine and transverse directions is disturbed. Also, if
the total ratio of stretching is 1less than 25 times,
incomplete and non-uniform stretching occurs; and if it
exceeds 50 times, it 1is 1likely that breakage occurs during
stretching, and the shrinkage of the final films is increased.

At this time, the temperature of stretching varies according



5

10

15

20

25

extrusion tenperature should be higher than the

tenperature at which the diluent arid the resin may be
Woraae/09453¢ he t her nodynanmi cably single phase buPCHEROWG6/001190

the tenperature at which thermal oxidation is

progressed and physical properties of the resin may be

| owered. If paraffin oil is used for the diluent, the

t enperature shoul d be higher than 160 C but | ower than

0 ne . resi:n.andet ] e.fed .into the.

o ORI S BT R R U e e
.sepa Ly, from separate feeder., K Thus conpounded

and t%%?té§5§%¥%F?gfo?sag roded ¢hr 60§h H % %end ol d&qproper

i in the faorm of sheets while being cool ed. Any genera

that cgg?iﬁ@ﬁdﬁm%blEﬂﬂ%??%buﬁ?oé%%ssﬁg?%@héﬁ? g watkpcted from

coolin%.nethod may be used for_making nol ded products

the tegpere tgemishashedt 'frdmithe nBPterightedi alf. tkacrystal
is inmportant here is the speed of cooling of the

portigpl teh mateeithlyleThe imol tha matcerd ahohadé iproduwets of the
si ngl e phase thernodynam cally during the process of

sheetnslst nexittrausi ol fi scisubf@gbe to phaser sepacathongdisi Bglected
the process of cooling. At this tine, phase

from SeRArAngyr Hetreehide wiesth and)sher dbhH8NEhES temperature
progressed sinultaneously wth phase separati on anong

at whiik® resias.gnhat ds,+hd éPﬁs@@fegoP{igﬁobkngo?geEaglene in
nolten material is too slow, phase separation between

the AYKCLANR08 BNAROIUPTOPYLANE.! S PIOOT ES8CD.s porcnanitit

excessi vely, anddi spersity of polypropylene Wt R Y
is lo%%&%%tg%%%%egé%gﬁggg%%% the films is lost, and therefore,
it is likely that breakage occurs during stretching and non-
uniform stretching may occur at the same time. To the contrary,
if the temperature of stretching 1s selected from the
temperature range which 1s higher than the temperature at
which 80 weight % of the crystal portion is molten, stretching
may be done readily and non-uniform stretching may occur less,
but there may occur deviation in thickness due to partial
excessive stretching and physical properties are lowered
greatly since the orientation effect of the resin 1is
insignificant. The degree of melting of the crystal portion
according to the temperature may be obtained through
differential scanning colorimetry (DSC) of the molded products
of the sheets.

Stretched films are then extracted and dried by using an

organic solvent. Organic solvents that may be used in the
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greatly. Then, the effect of inproving the nelt-down
characteristic according to conpoundi ng of
w@eioype4spy| ene is reduced apd | owering of physPCHKR2006/001190
properties is increased. Accordingly, the speed of
cooling of the nolten material should be faster than
10C/ second, nore preferably, faster than 100C/ second.
Thus nol ded sheets are stretched in the form of Lilns
ro r ss of stretching, after ich the
presdyfl tHOPen L ASE S  BHRERET! et Tk 49 sorvent
m_ cr opaor.ous fi . Stretchin f the sheets nmade -
that tﬁ?%ugq%(tcrcﬁ%ou#ggnéi}lé%&r}tusil ﬁﬂg dF cbbf ngHyBedopk th
.inthe roll-type or tenter-type, sequential or
resingmay fndiis! st lét disi mgefiaer®le tta $issr afedhatl etiivdt ketone,
the ratio of stretching is greater than 3 tines each
methyilgnehe ¢kt ¥de andhexansver sécdi r édtdtonsnand bhe teottalacted
ratio of stretching is 25 ~50 tines. If the ratio of
ef ficdtenétlohi mgpd n doredi ectipari vi.s | @ss thantBet | RRScelskes of
tensile strength, puncture strength, etc. are | owered
extragitios,or hent ajdrerdin precdksest i kstRabtsBhf igf erbivents
and the bal ance in physical properties in the nmachine
such afél Bhﬁ@%ﬁ@bﬁeﬁ%dé@gépn§oi§egtskﬂﬁ§ﬁﬂ' €$§st}fuﬁQ§asonic
total ratio of stretching is |ess than %5 tlnes,d f
iRCO t ndy. pon-uni f.or ty et,Ghj occurs: . and, i .
procelsiC gl et &, HBONsUR! 191%\1%0&1%1&3{% be?egﬁ Bén%E%BPSWlth

it exceeds 50 tinmes, it | a

=

each %%ﬂé@. During extraction, the content of the remaining
diluent should be less than 1 weight %. If the content of the
remaining diluent exceeds 1 weight %, physical properties are
lowered and the permeability of films is reduced. The amount
(ratio of extraction) of the remaining diluent depends greatly
on the temperature and time of extraction. It is better that
the temperature of extraction is high to increase the
solubility of the diluent and solvent, but is lower than 40T
in view of the safety in boiling of the solvent. However, the
temperature of extraction should be higher than the
solidification point of the diluent at all times since the
efficiency of extraction is lowered greatly if the temperature
of extraction 1is lower than the solidification point of the
diluent. The time of extraction wvaries according to the
thickness of films to be produced, but 2 —~4 minutes is proper

in case of producing 10- to 30-mm-thick microporous films.

Finally, dried films go through the heat-setting step to
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stretching, and the shrinkage of the final filnms is
increased. At this tine, the tenperature of stretching

wo aniresssaccor di ngto the nel by ng poi nt of pol yertlyKan@®6/001190
formng the matri x used and the concentration and type
of the diluent. It is proper that the optinmm
tenperature of stretching is selected fromthe
tenperature range at which 30 ~ 80 wei ght % of the

remov%rﬁﬁkﬁlﬁ%%éiﬁﬁbpf5995¥§t M'%@%éﬂ1ﬁ$erég8¥§ gRed%%r;Pkage

products of the sheet 1s nolten. |If the tenperature
r sel the t nperature ran
of tﬁ%f r¥h%é§ tﬁgﬁtfh %99% era ure a?mﬁﬁlcﬁe§6gﬁéﬂgﬁFress
o0, 0f t cr I ion ol hyl ene in the above
by Se{tﬁ&&d% ’of %e‘bq ‘ge %/fé% T\{%%%%h‘é‘aﬁl ?wmﬁsto be
ower ed S|nce sof t ness of the fI|nB is lost, and

Shrl“tkﬁ@‘r freET ity s | Tkefy taffarasgaiye SeEurlowdingg of the
stretching and non uniform stretching nmay occur at the
shrinkage tims. the tieepeontiaey ofi heghe sednpeativr digh. But if

stretching is selected fromthe tenperature range
it iwhi chobs Hiigher thha t He lnenpeaadur @aattiwhilgh 8fblten and
wei ght % of the crystal portion is nolten, stretching

permefby 1he ydonies r eadivkyeand ¥0n-unEfOpOYSET BNy FBdmed are
occur less, but there may occur deviation in thickness

closedue 1@ Q@r@ﬁﬂfé¥§5¥8ﬂﬁﬁééniﬁg(%%&ﬁbfﬁ¥hf@y§fcﬁéat setting
properties are lowered greatly since the orientation

is ssiésfeédofffa@ [ nteﬁpe@ytg@'f'gs‘ﬁé%l o tgﬁghc%e b ~ 30

nelting of the crysta portion acco
weighke%p%raagrecg%% ta o%&%&%%do%ht%u9?llms is molten. If the

temperature of heat setting is selected from the temperature
range which is lower than the temperature at which 10 weight $%
of the crystal portion of the above films is molten, it is not
effective to remove residual stress of the films as the
reorientation of polyethylene molecules within the films is
minor; and if it is selected from the temperature range which
is higher than the temperature at which 30 weight % of the
crystal portion of the films is molten, micropores are closed
and permeability is lowered due to partial melting.

Here, the time of heat setting should be short relatively if
the temperature of heat setting is high, and 1f the
temperature of heat setting is low, it may be made long
relatively. It is preferable that the time of heat setting is

for about 20 seconds to 2 minutes if the tenter-type

continuous heat-setting equipment is used. Most preferably,
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differential scanning colorinetry (DSC) of the nol ded
products of the sheets. Stretched filns are then
wezioraetsed and dried by usigg an organi ¢ sol vertT/KR2006/001190
Organic solvents that may be used in thepresent
invention are not limted specially, but any sol vent
that can extract the diluent used for the extrusion of
the resin may be used. It is preferable to use nethyl
thyl ke : y| ene_chl ori de, .hexape, etc. that .
the %@ybgkeﬁgggctﬁ%ﬂfc%n#g aa% “ r;siejdlg r GnPtRHEes ¢in the
the processes of extraction, all general processes
tempe%%télfter grc?ril%% 8? RTRY: t28such1§s YSHESsi 6n Pr oble’scrystal
.sol vent_ spra rocess, ultrasonic process, etc. nmay be
portlﬁge&ﬁqnﬁli“si Hié\gﬁylér HH t&rbi Pat £8F WPPHteddh Meerds to 1
' During extraction, the content of the remaining
minutg |jgentheshbelgebetvessrenan Btweilghth %5 1'f Gtheveight % of
content of the remaining diluent exceeds 1 weight %,
the cphypsiedaboptaper vifeshar € illoweriedmandenhe pernmeability
of films is reduced. The anount (ratio of extraction)
Micropbrbhe repaipdhgf th | uefitindepends gfeat | porxdi®  invention
tenperature and tinme of extraction. It is better that

manufbBeulreBPes At s Of i183d I a6{ | @Rel Sabb@h 10y JCHeRSe NG o ying
solubility of the diluent and sol vent, but is | ower

physitBanp4@p6rikReui.ew of the safety in boiling of the
sol vent. However, the tenperature of extraction should

be hi gher than the solidification point of the dil uent
at all times since the

(1) Puncture strength is greater than 0.14 N/umm.

Puncture strength is a value showing the strength of films
with respect to that of sharp articles. When the films are
used for battery separators, if the puncture strength is not
sufficient, the films are broken due to abnormality on the
surface of electrodes or dendrite occurring on the surface of
electrodes when using batteries, and short may occur. The
films having the puncture strength of greater than 0.14 N/m
according to the present invention may be used safety for the

secondary battery separators.

(2) Darcy's permeability constant is greater than 1.5 x 107°
Darcy.

It is better to have a high gas permeability. If Darcy's
permeability constant is less than 1.5 x 107 Darcy, the

efficiency as porous films is lowered, and  the ion
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efficiency of extraction is lowered greatly if the
tenperature of extraction is |ower than the
wa@odoradfsscat i on poi nt of theg,diluent. The ti neP@f/KR2006/001190

extraction varies according to the thickness of filns

to be produced, but 2 4 mnutes is proper in case of

produci ng 10- to 30-jMi-thick mcroporous fil ns.

Finally, dried films go through the heat-setting step

I thepr resi i n, order .to reduce the .

perme e R age. or't ne Tt aar ¢ T P LI SRS S an

renmove resjdual stress by.setting the filns, adding '
batterd R Gre AT TG t et ] i t 61bo S ¥ cBREI PRrey s

It .is advantageous for |owering of the shrinkage that
Permeﬁﬁ?éltléﬁ(peﬁéﬁﬁ ¥t Heat SeeRfRf i §hAnghl-But 5 f 34 i sDarcy

too high, the filns are partially nolten and
accorgapfeabitety it&el onaresb et ni chopenssonhus Harered apeerior

closed. It is preferable that the tenperature of heat
chargsegt/dngchs rgeéhgctadth facmrtine tenpesapelr eor ange-akmperature

which 10 30 weight % of the crystal portion of the
charatitkms sics cepl ted. 1bhgt he feenper aftupatotrheat setting is

sel ected fromthe tenperature range which is | owner

than the tenperature at which 10 wei ght % of the

crystal portion of the above filnms is nolten, it is
(3) Rl RISEEL UL O L BIBVE 1T o) Ao LB Ohat NS TIIB:  chan

as the reorientation of polyet f?ene mol ecul es wi thin

% i [ ' : d.if.it, s, selected.f t he

140(:%gﬁpésg?ﬁ98§ngggbﬁﬁ?gﬁrﬁslﬁiaﬁgpe{hgﬁaph%6pggkerature

: : 0
Shut-ggw%hl%gmggrg%h%gt {%Ofath%emperature at which no more

current flow as micropores of batteries are closed when the
internal temperature of batteries is increased
abnormally. Melt-down temperature is a temperature at which
current flows again as separators are melted down when the
temperature of batteries is increased continuously much higher
than the shut-down temperature. It is better that the shut-
down temperature is low and the melt-down temperature is high
for the safety of batteries. Particularly, melt-down
temperature is a temperature at which current may be remained
cut off under the circumstance that the explosion of batteries
may occur, and 1is most closely related to the safety of
batteries. The microporous films according to the present
invention have the shut-down temperature of below 140C
maintaining the low shut-down temperature of microporous

polyethylene films. At the same time, they have the melt-down
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crystal portion of the filnms is nolten, mcropores are
cl osed and perneability is | owered due to partia
woreloriong3o Here, the time ofgfheat setting shoul BCHER2006/001190
short relatively if the tenperature of heat setting is
high, and if the tenperature of heat setting is |ow,
it may be made long relatively. It is preferable that
the tine of heat setting is for about 20 seconds to 2
i S d : n -ty ntj us; heat.- ti q
empe et 1 B R b PR er b he e Mg 245
. setting i, s, for about 1 t o 2_mnutes in the
* e"tgﬁféra%ﬁig%%ﬂ@ SEPETRRTIER 26 D5 S@ighthek oPplyfEhylene
, crystal portion of the filns i s lten, or for
1s  uzgdut Sl ¥ecdids FRALH ndtn n 1thke t éRper al BPEOVARGe the
at which 15 ~ 3 0 weight %o f the crystal portion o
thermplt Eabiilisyi 0§ hefteniem sevpokelsdypol yolefin filns o
f the present invention manufactured a s described in
The mheraboveuhavéifhe fekbowidnggphysi caheprppesenes: ifitgntion
Puncture strength is greater than 0.14 N/ffli.
havinBunbokur®ostr enginadt s i tMalsuenshow Ngi dhetséreagt btebfility
filme with respect t o that o f sharp articles. Wen

as wéhe fdd myupke ibsedeforubabheryorsepadrsity fandhephysical
puncture strength i s not sufficient, the filns are

prope?EQEgv d&@dttguﬂkﬂﬁﬁﬂﬁlikﬁnoniﬁb?o§5rﬁ§%§ %é&formance and
el ectrodes o r dendrite occurring on the surface o f

stabi$%g§tr99531ﬁ@§” %E%{%&f@%teﬁg§§g a@ge%ho%% MY PCCULs  the

productivity of microporous films.

[Description of Preferred embodiments of the Invention]
The present invention is illustrated in more detail in terms
of the following preferred embodiments:

Molecular weights of polyethylene and polypropylene and the
molecular weight distribution were measured with high-
temperature GPC (Gel Permeation Chromatography, Model GPC-210)
of Polymer Laboratory Company. The calibration of molecular
weights was done by measuring the standard samples of
polyethylene and polypropylene of Polymer Laboratory Company
and correcting Q-factor after obtaining calibration curves by
using standard polystyrene samples (EasiCal PSI-A, B) of
Polymer Laboratory Company.

The viscosity of the diluent was measured with CAV-4 Automatic

Viscometer of Cannon Company.
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films having the puncture strength o f greater than

0.14 N/ 11 according t o the present invention may b
we2mgetssaf ety for the secopdary battery separ BCTKR2006/001190

(2) Darcy's perneability constant i s greater than 1.5

c 10 5 Darcy . It is better to have a high gas

perneability. | f Darcy's perneability constant i s

| ess than 1.5 10~5 Darcy, the efficiency a s porous

PolyelilhMBne Slowened.qangd fihe,dpoperaeabi ity and, ¢ = 30 mm

char gi ng/ di schargi ng characteristiCs in batterres are

o d IS, fil havi t Da .
twin ﬁgﬂﬁﬁﬁ e¥€?3 ef? %He 8%m§%ra é?ggﬁﬁﬂeﬁ¥%£§giﬁlswﬁér&fo

rmeabi y const an reat
o~accor di to th resent invention have superior
240 Cch%{“r%i ﬁggdi %ﬁf&f%ﬁ)% ERBPadtast i 3t e UtSiFper i Pre  compounded
| ow-t enperature characteristics, and long lifetinme of

moltepamadidesil (B)S Shutrudon feppelasheeest dias opot onglded in
films is lower than 140 Cand nelt-down tenperature is

the foirgherf tdheeti6dIC Shutg downaseiper ablke iAtathis time, the
tenperature at which no nore current flow as

thicknmiessopdr eseaft shataerdadsisred ct ©sedo when e iunt ennakder to
tenperature of batteries is increased abnormally.

adjusheltired o digrees ad i €hés ranhenpanatsure ate Wi ¢hymafter the
current flows again as separators are nelted down when

stretbthenbenperetsee; of, batder hegtl ssdinefgased rgontipupusly see
nuch hi gher than the shut-down tenperature. It is

whethQQttQHugngt RQ%eSthels due to inferior melting and
compounding, 200~-mm-thick films -were manufactured separately,
and the number of gels in the area of 2,000 a was
counted. For the manufacture of high-quality microporous films,
the number of gels per 2,000 af should be less than 20, which
was defined to be the case of superior extrusion
compoundability. The sheets were cooled by cooling the casting
roll with water at a speed of 200°C/second.

The sheets molded were analyzed with a DSC (Differencial
Scanning Calorimeter) in order to analyze the phenomenon of
melting for determining the temperature of stretching. The
conditions for analysis were 5 mg for the weight of samples
and 10 0Uminute for the rate of scanning.

Stretching of the sheets was progressed by simultaneous
stretching in a tenter-type stretching machine with the

stretching ratio of 6 x 6 at the stretching speed of 2.0

m/minute while changing the temperature of stretching. The
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down tenperature is |ow and the nelt-down tenperature

is high for the safety of batteries. Particularly,
worelorAogsem tenperature is agpenperature at whi BEI/KR2006/001190

current may be remai ned cut off under the circunstance

that the explosion of batteries may occur, and is nost

closely related to the safety of batteries. The

m croporous filnms according to the present invention

tempell%\’c%rteheoz?hléttr%‘%\@ﬂltngnﬁ @(H"&ex%cgf Bel,qw 169?gent invention

nalntalnlng the 1 ow down erature o

S eth | e Au the sane t Y~
was #? éélw?géomnté % Rﬁ%?iﬁrQNEﬁﬁﬁetﬁBn %GGhC3O 80
F gher th%n 145 e., the nelt-down
welght ﬁbé?gtﬁ 8 6f Ythe c&ﬂgqﬂﬂﬂ ?ﬁﬂ@@%Y@ﬁQﬁkﬁn% #8edhe molded
by greater than 15 C thus inproving the
Prod%ﬁérnaf sthebi Phegtsr was t @oiléerr chaskablan The results of
m croporous filnms according to the present invention
DSC. having the above characteristics have a high thermal
stability as well as superior extrusion
The ¢bhpoundabis! idytend qhyshcalhepr opeetsesn @deess by using
therefore, can inprove the performance and stability
methyoknthehbattieki esrugi pgdnitem.as well as the
productivity of mcroporous filns. [Description of

Heat %%QEQE@e®é§ﬂ¥¥yﬁH¥ﬁéﬂ(gnthcéﬂ¥§8£58H]oygﬁ g[eﬁ%ch for 1

invention is illustrated in nore detail in
h I f e ecul r wei
mlnutE %nﬂfy%?ﬁ%ggﬁgagn yprdqugﬁpﬁé f&om ngch the

diluent was extracted, in the air, and fixing the films to a
frame.

Tensile strength, puncture strength, gas permeability, shut-
down temperature of separation membranes, and melt-down
temperature of the films thus manufactured, that were the most
important physical properties of microporous films, were
measured, and the results were shown in the following tables:
(1) Tensile strength was measured with ASTM D882.

(2) Puncture strength was measured in terms of the strength of
breakage of the films by a 0.5-mm-diameter pin at a speed of
120 mm/minute.

(3) Gas permeability was measured with a porometer (CFP-1500-
AEL of PMI Company). Although gas permeability is indicated in
terms of Gurley number generally, it 1is difficult to obtain
the relative permeability according to the pore structure of

the films themselves since the effect of the thickness of the
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nol ecul ar wei ght distribution were neasured with
hi ght enperature GPC (Gel Perneati on Chromat ography,
wok@el9BdRC- 210) of Pol yner géboratory Conpany . PAHER2006/001190
calibration of nol ecul ar weights was done by neasuring
t he standard sanpl es of pol yet hyl ene and pol ypr opyl ene
of Pol ynmer Laboratory Conpany and correcting Q factor
after obtaining calibration curves by using st andard
ol yst n I ( Easi PSI f Poly
fllnmfa%%ré%%?y%egﬁggt%% ? §€6§”fV;th?hé9 :Vﬂ@nPuW8§r In
order sur%P CAv -41Autonat|c Vi sconmet er _of Cannon
\é%w%%ﬁy%ﬂ% §Hd PRECHI PuBRETREPe ldsipomngéant was
30 M twin screw extruder. The tenperature o
used l%xFPGsﬁ6ﬁ§ﬁ§§ 1807 2ol @ andPE hey t @sPasneabi il b ywamr@tant
m nutes. The conpounded nolten material was extruded
may W?oﬁPTaéﬁage@QﬂQ¥ﬁkww ol dbd ifeltlleyifror EqQudt sheefis vhere
y using a casting roll. At this tinme, the thickness o
nitrogeghdet sissab iadjtist ed aseG0Q nveht2@:Mm i n order to
adjust the thickness o f the final filnms to 1 6 1
/. ffliafter the stretching, extraction, and heat
setting. In order to see whether there were gels due
[Equalt@ dpnfigri or nelting and conpoundi ng, 200-jC/1il-thick
films were manufactured separately, and the nunber o f
gels in the area o f 2,000 cuf was counted. For the
manufacture o f high-quality m croporous filns, the

(%Egbqug U quste 2, Oqg)cuf should b e less than 20,

where C = Darcy's permeability constant

F

Il

FFlow rate

T

Thickness of a sample

V = Viscosity of a gas (0.185 for N,)

D = Diameter of a sample

P = Pressure
In the present invention, an average value of Darcy's
permeability constants in the region of 100 —~ 200 psi was

used.

(4) The shut-down and melt-down temperature of separation
membranes were measured in simple cells, in which the
impedance of separation membranes may be measured. Simple
cells wre assembled by positioning separation membranes

between two graphite electrodes having channels and closely



was defined to b e the case o f superior extrusion
conpoundability . The sheets were cooled b y cooling

W b@7o26580 ng roll with mate?4at a speed o f PCT/KR2006/001190
200C/ second. The sheets nol ded were analyzed with a
DSC (Differencial Scanning Calorineter) in order to
anal yze the phenonenon o f nelting for determ ning the
tenperature o f stretching. The conditions for

attacﬁnﬁ%ys'éb £ S Tégegorigg%dMiégn ﬁ%é S%QHJGS and %grrent

ut e f the'rate 6 f Scanni retchlng o

sheets rogress dDb si_nul eous. stretching ,
colle {e( m@%ee%t?%téﬁgﬁ ﬁé%hpﬁép&ﬁgﬁ tHEE ST %%1ngETeCtrlC
6 X at the stretching speed o f 2.0
reSlSﬁFﬁFﬁutga%H?lé“%ﬁaﬂﬁ?ﬁ@”%ﬁ% P¥nper atipRedpice  analyzer by
stretching. Thetenperature of stretching according to
conneghangr e$EALS| nventtlom VREPRISE emliated wiathtier t R@jecting  an
tenperature range at which 30 ~ 80 wei ght % of the
electegpyytal gporttiiom ofopdiheet hyteneléd tleeé lsol dedprlodyectphite
of the sheets was nolten based on the results of DSC .
electThdedi khenthenas extranted ikhet heepamRESHAN PEABESBEBY were
usi ng nmethyl ene chloride for 4 mnutes. Heat setting

soakeWasuFerifarned yi.n algenvectin Qvered 182GV ol 1 kHz was
m nute and 30 seconds after drying the filns, from

used %@EChhbhﬁegbhggﬂén%ﬂéfe%héagﬁggtrh@ Egglgtgncéngalue
fixing the filnms to a frame .

<

A liquid electrolyte in which hexafluorophosphate (LiPFg) 1is
10 diluted in an electrolyte solution, in which ethylene
carbonate and propylene carbonate were mixed at a volume ratio
of 1 : 1, to have a concentration of 1 mole was used for the
electrolyte solution. The electric resistance value was
measured after injecting the electrolyte solution while

15 increasing the temperature of cells from 25C to 200C at a

speed of 5Qminute. The electric resistance value was
maintained to be about 0.5 - 5 Q continuously, and then, was
increased to about 500 ~ several thousands Q abruptly at a

specific temperature, which was defined to be the. shut-down
20 temperature. If the temperature of the cells was increased
continuously, the electric resistance value was reduced
again. The temperature at which the electric resistance value
of the cells was lowered below 100 Q was defined to be the
melt-down temperature. It was not possible to measure the

25 electric resistance at a temperature higher than 2007C since
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Tensile strength, puncture strength, gas perneability,

shut down tenperature of separation nenbranes, and
woredovAOsem t enper at ur e of tg§ films thus manufBCT/KR2@E6/001190

that were the nost inportant physical properties of

m croporous filnms, were nmeasured, and the results were

shown in the follow ng tables: (1) Tensil e strength

was neasured with ASTM D882. (2) Puncture strength was

the JE%H%Hfgkléhtgfnﬁth ﬁ%%ﬁ?&ﬁ?%@*&&¥u§¥ ak@@f ga%éhat that

fi'lms by a nn}dlaneter n at Speed 0
m_nut e, ability was neasured wt
tempqu&gﬁg?er %F% fSGB EL'0F 5@% PESAEANY) wa%d?ﬁ&ﬁ&% to be
er ility is |nd|cated internms of Qurle
over %Efﬂ}o@ fgeﬂber 1%@?%0.%@%%?%%%@% %Faﬂﬁw?ﬁéd below 100
relatlve(ﬁerneablllty according to the pore structure
Q evegf athe 00 {-ms t hensel ves since the effect of the
t hi ckness of thefilnms is not corrected in enploying
[ Prefiehfere@uiBdpdimeiér 111 n order to solve this problem
Darcy's perneability constant was used in the present

High-ideventiyon polgety'ys eper meahi | icbyite@nshant amaycb&onomer but
obt ai ned according to the follow ng Equation 1 , where

havingi t § 0G4 dis: Used rbiget hgo pEesent |\nﬂé’1@jﬂﬂ opr [fFayatd onpt ang
] C=(8FTV)/ (pD(P2-1)) were C= Darcy's

contaﬁ%ﬁﬂ%abB[Btﬁwgﬁﬂﬁ_a@$ Br= RLOW-haLe having the molecular
weight of lower than 10% and 4.9 weight % of molecules having
the molecular weight of greater than 10° was used for Component
I. And homo-polypropylene having a weight average molecular
weight of 5.7 x 10° and melting point of 162°C was used for
Component TITI. The contents of Component I and Component II
were 95 weight % and 5 weight %, respectively. Paraffin oil of
which 1007TC kinetic viscosity was 11 ¢St (Component A in the
following table) was used for Component III, and the content
of Component III with respect to the entire content of
Components I, II, and III was 70 weight %. The temperatures of
both the extruder and die were 180°C

Stretching was done at 115TC in order to adjust the ratio of
melting of the crystal portion to 30 weight % during
stretching. Other conditions for stretching and processing
were the same as described in the above.

[Preferred Embodiment 2]

High-density polyethylene not containing a co-monomer but
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T = Thickness of a sanple V = Viscosity of a gas
(0.185 for N2) D = Dianeter of a sanple P = Pressure
WO poovhetspr esent i nventi on, ?ﬁ aver age val ue of PCHK&005/001190
pernmeability constants in e region of 100 - 200 psi
was used. (4) The shut-down and nelt-down tenperature
of separation nenbranes were neasured in sinple cells,
in which the inpedance of separation nenbranes may be
: asured. .Si ml | s bl ed by pasitioning. s
havin, epgr a‘t??lo%ﬁrren%bvr%gﬁa 5 bré%%v\ggﬁi%\%n Vé?%\%%téﬁzl %C rodeg ¥ and
havi n hgnnel s and cl osel yattachi ng copper pl ates,
Contadggﬂﬁgné'ghew?%%v of 6’rréﬁ eEBEF@ct%? fn?o it hmolecular
. .sides of graphite electrodes. Electric resistance .
welghfq|qfe tReCheslaPedtbyaaf idmpeddicd tarfal 9Eemobgcules having
connecting wires to the copper plates after injecting
the med esiudetr olejitad ts ot futd wam tter ttHeamsk@bhedusel! $otchConglonent
graphite el ectrode channels so that the separation
T. Arehbhamespwéyprspakedesuffiiciens| we ifHteramatidge molecular
current (5 nV) of 1 kHz was used for the neasurenent
weighaf dhe2ebect rigc’ resisimaneenvalpweintd birquiddoel ety ohyt® for
i n which hexaf |uorophosphate (LiPF 6) is diluted in

Compoanel ectrol yhe sditday ba WQ%@%D%%&Y'fn%nQ@régﬁﬁgﬁént 11
and propyl ene carbonate were m xed at a volune ratio

Q

were 97 weight % and 3 weight %, respectively. A diluent in
which dibutyl phthalate and paraffin oil were mixed at a ratio
of 1 : 2, 100C kinetic viscosity was 11 c¢St, (Component B in
the following table) was used for Component III, and the
content of Component III with respect to the entire content of
Components I, II, and III was 60 weight %. The temperatures of
both the extruder and die were 2407TC.

Stretching was done at 120C in order to adjust the ratio of
melting of the crystal portion to 50 weight % during
stretching.

[Preferred Embodiment 3]

High-density polyethylene having a weight average molecular
weight of 2.9 x 10°, containing 4.9 weight % of molecules
having the molecular weight of lower than 10% and 3.0 weight %
of molecules having the molecular weight of greater than 10°,
and using 0.1 weight % of butene-1 as a co-monomer was used

for Component I. And homopolypropylene having a weight average

molecular weight of 2.5 x 10° and melting point of 164°C was
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of 1 : 1, to have a concentration of 1 nole was used
for the electrolyte solution. The electric resistance

wo al0ae94sas neasured after 43 ecting the el ect rRC/K&2006/001190
solution while increasing the tenperature of cells
from25 Cto 200 C at a speed of 5 (7m nute. The
el ectric resistance val ue was mai ntai ned to be about
0.5 - 5 Wcontinuously, and then, was increased to

abgut 5 er th n rUptley i firc
used gﬁ%er%?@?%néﬁglc%imasqggflggﬁx%%kbe Fﬁe 2%3?0%8%% t¢ and

Compon nPeE§ture %Inuougﬁ% %&u gcorléﬂ gellanﬁgétlvely A

er
I ncr ease‘ﬁ con resis val ue

was . r ed Ce t t C .
diluegfedpy ¥ s%g% gﬂ%@* ra o é??%? I%ﬁkr%ﬁre mixed

bel ow 100 VVmas deflned to be the mel t - down
at  atefpdrigt urd. 1t was Rot pOSSTbIE NS feastrEthidy was 11
el ectric resistance at a tenperature higher than 200 C
cSt, (6pmpenhetvaPor iizat i oie of fohéowlegt r skptle) solWisd onised  for
occurred at that tenperature, and the nelt-down
CompohenperIdtiyr eawds tivar ke ttem tbeo DvEom@ofe G f ItTHe wel gct respect
resi stance was not | owered bel ow 100 Weven at 200 C
to tH&rehenred dsboghtrentt 1Cdmpbgdngengi t yIppl yeidhyf ene was 65
not containing a co-nononer but having a wei ght

welghQV%rag@H@”ﬁ%ﬂﬂéﬂa@%%éH“onb§tQ ¥hd0% @ntheantAdi e were
.5 weight % of nolecul es having the nol ecul ar wei ght

240(39f | ower than 104 and 4.9 wei ght % of nol ecul es havi ng

Stretching was done at 118C in order to adjust the ratio of
melting of the «c¢rystal portion to 40 weight % during
stretching.

[Preferred Embodiment 4]

High-density polyethylene not containing a co-monomer but

=)

having a weight average molecular weight of 3.0 x 10° and
containing 3.5 weight % of molecules having the molecular
weight of lower than 10* and 4.9 weight % of molecules having
the molecular weight of greater than 10® was used for Component
I. And random polypropylene having a weight average molecular
weight of 3.5 x 10° and melting point of 157°C, using 0.3
weight % of ethylene as a co-monomer, was used for Component
IT. The contents of Component I and Component II were 95
weight $ and 5 weight %, respectively. Paraffin oil of which

100C kinetic viscosity was 11 ¢St (Component A in the

following table) was used for Component III, and the content
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t he nol ecul ar wei ght of greater than 106 was used for
Conponent | . And hono- pol ypropyl ene havi ng a wei ght
wa@ragesdnol ecul ar wei ght ofg 5.7 x 105 and mel PCTER2006/001190
poi nt of 162C was used for Conponent I1. The contents
of Conponent | and Conponent Il were 95 weight % and 5
wei ght %, respectively. Paraffin oil of which 100 C
kinetic viscosity was 11 cSt (Conponent A in the
f.oll-owi-ng tabl e),.was far Canpanent l., and th
of ng%tog\r%n[&gf I%gn'p)gr%ﬁt :fléfé%vevlc;E h ?g)s pgglt% tglnlt e “entir éC%nt of
nt. of_.Conpon I, J, and Il 70 wei ght %
Compo.%%%tﬁg fénper ataﬂlfiegryc:)l? St H Gt W LS Sde%iﬁdgﬁfnge\%@%@res of
80 C Stretchin s done at 115 Cin order to adjust
both iﬁ@ R ﬁ'@%t :‘Iﬁﬁ YE €N PO ystal portion to 30
wei ght %during stretching. Qther conditions for .
StretepidgcHidy aflc prdceks? hglitercedeie sangdagsteddrd beatio of
in the above. [Preferred Enbodinent 2 ] Hi gh-density
meltipgl yetthyltdne notyebat ai ppmgiancotmwondifer weidiavi ng aduring
wei ght average nol ecul ar weight of 2.5 105 and
stretconhai.ning 4 .8 wei ght % of nol ecul es having the
nol ecul ar wei ght of |ower than 104 and 4.5 wei ght % of
[PrefaRlreduesohawieng the nol ecul ar wei ght of greater than
106 was used for Conponent | . And hono-pol ypropyl ene

i gh-Aauknga [ - nage l e wei.ght _of .2,
e B e e e v eed T or Campoaeny FICE  but

havingheaCQﬂh%ﬂh§ QEeggggonﬁgfeéu?QP QﬁﬂRﬁﬂ?”%f"2.5 x 10° and

Q

containing 4.8 weight % of molecules having the molecular
weight of lower than 10? and 4.5 weight % of molecules having
the molecular weight of greater than 10° was used for Component
I. And impact polypropylene having a weight average molecular
weight of 4.2 x 10°, containing 15% of ethylene-propylene co-
polymer in homo-polypropylene, and having a melting point of
162°C was used for Component II. The contents of Component I
and Component II were 95 weight % and 5 weight %,
respectively. Paraffin oil of which 100Ckinetic viscosity was
11 ¢St (Component A in the following table) was used for
Component III, and the content of Component III with respect
to the entire content of Components I, II, and III was 75
weight %. The temperatures of both the extruder and die were
2407C.

Stretching was done at 117C in order to adjust the ratio of

Q

melting of the crystal portion to 50 weight % during
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were 97 weight % and 3 weight %, respectively. A

di luent in which dibutyl phthalate and paraffin oi
waowsog/ogssed at a ratio of I,y 2, 100 C ki netiBCT/KR2006/001190
viscosity was 11 cSt, (Conponent B in the follow ng

tabl e) was used for Conponent I11, and the content of
Conponent Il with respect to the entire content of
Components 1 , Il, and Il was 60 weight % . The

Streté ratures of both the extruder and die were 240 C
tre ching was done at 120 Cin order to adjust the
(c #o of el tL g f the crystal portion to 50 weight %
Ompﬁﬁ? hgC stFatihf [Preferred Enbodi ment 3 ]
gh-density polyethylene havi ng a mer ht aver e
POlyeﬁ%Ye%ﬁTaPaMéP@h? ¥eighy RVEFRH Iec ditldi oght 28 >
, of molecules having the nol ecul ar wei ght of Iomer t han
107, qqnteﬂﬂﬂﬁﬁ(ﬁxmﬁgﬂﬁl@bbf°n@ie@@d@@uh@WiMQViM@ nio¢ egol agular
wei ght of greater than 106, and using 0.1 wei ght % of
weighbubéndoleas tthano- dhomet Wa$S weédhfor Cofmporientules having
And honopol ypropyl ene having a wei ght average
the nmleeculaar weight off ZbacdiO5tand mel® i nghdpouBingf 0.8% of
164C wasused for Conmponent I1. The contents of

buten£0NMPORENt, | @ndnSoiponenfad | weie 39 Meicghboteanrd 30 ang
wei ght %, respectively. A diluent in which dibutyl

homop?b%B?E?%%e@thB@ iaGf 0 9L N@rgvH}§§Q %51%5%2 'Owgléﬁg of

_ ki netic viscos ty was nponent
2.5 nl(sd‘]earflgl lme\ﬁntlglgt ag?claf r W83 uls6eéj’cf o\:\;as used for Component

IT. The contents of Component I and Component II were 99
weight % and 1 weight %, respectively. Paraffin oil of which
100C kinetic wviscosity was 11 ¢St (Component A in the

following table) was used for Component III, and the content
of Component III with respect to the entire content of
Components I, II, and III was 70 weight %. The temperatures of
both the extruder and die were 1807TC.

Stretching was done at 114°C in order to adjust the ratio of
melting of the «crystal portion to 25 weight % during
stretching.

[Comparative Example 2]

High~density polyethylene not containing a co-monomer but
having a weight average molecular weight of 3.0 x 10° and

Q

containing 3.5 weight % of molecules having the molecular

weight of lower than 10! and 4.9 weight $ of molecules having

the molecular weight of greater than 10° was used for Component
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Conponent 111, and the content of Conponent 11l with

respect to the entire content of Conponents | , II,
wap@7hd4s3mas 65 wei ght % . ,he tenperatures of PODKR2G06601190

extruder and die were 240 C . Stretching was done at

118 Cin order to adjust the ratio of nelting of the

crystal portion to 40 weight % during stretching .

[Preferred Enbodi ment 4 ] Hi gh-density poI yet hyI ene

00 SRR I TR0 R, gescgnie

. _i 0/of secul shV|n the o ht of
welghpe hgan g@an%mi 3& %t f Légpe@ewg\% mged for
t he m)I ecul ar wei ght of reater than 106 was used for
Compopgihordmt 11h eAﬁ&ﬂFﬁﬂ&enﬁﬁa|§ﬁwsayﬁéﬁei%aenﬂgQ§WHQQﬁﬁt 1
average nol ecul ar weight of 3.5 x 105 and nelting

were {8 melghtisyandsilhg Weighkeightrespiclet gl ene Resraffin oil
co- nononer, was used for Conponent |l. The contents of

of whCohpdAent kllnarh:dCCO’rr;smsnttyl wagerled 95 twel @itpdpand & in the
wei ght %, respectively. Paraffin oil of which 100 C

follokiingt itabdiescosid yuwad XbrcStorffeamponeniIA iandt ehe content

foll ow ng table) was used for Conponent |11, and the
of cempbeshef Compopenh |Léspeth r@@pegﬁet0eﬁh§r§ntb6§tent of
content of Conponents I , |1, and Ill was 70 wei ght %

cOmpo?%gb% t?n@§ragHae§19fw99thotQslsﬁtr%derTﬁ@dtghsetgtsres of
both the extruder and die were 1807T.

Stretching was done at 121C in order to adjust the ratio of
melting of the crystal portion to 85 weight % during
stretching.

[Comparative Example 3]

Polyethylene having a weight average molecular weight of 2.3 x
10°, and containing 11.6 weight % of molecules having the
molecular weight of lower than 10* and 6.4% weight & of
molecules having the molecular weight of greater than 10° and
further containing 0.6 weight % of butene-l1l as a co-monomer
was used for Component I. Component II was not used. Paraffin
0il of which 100Ckinetic viscosity was 11 ¢St (Component A in
the following table}) was used for Component III, and the
content of Component III with respect to the entire content of
Conmponents I and III was 85 weight %. The temperatures of both

the extruder and die were 180°TC.

Stretching was done at 116C in order to adjust the ratio of
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Stretching was done at 119 Cin order to adjust the

ratio of nelting of the crystal portion to 60 weight %
waleorfgisse ret ching . [Prefepred Enbodi nent 5 ]PCT/KR2006/001190

Hi gh-density pol yet hyl ene not containing a co-nononer

but having a wei ght average nol ecul ar wei ght of 2.5 x

105 and containing 4 .8 weight % of nol ecul es having

t he nol ecul ar wei ght of |ower than 104 and 4.5 wei ght

%Pt | ecyles ' t | ecul.ar hght of greater .

et 0L Po LSRN (ORI ROt Y e
§ l.ypropyl ene having a wei ght average nol ecul ar wei ght

ere%ﬁ%%ﬁéz x 105, containing 15% of ethyl ene-propyl ene

copoal yner i n honmo- pol ypropyl ene, and having a nelting
[Comg iQHf%ﬁ:Eﬁ%ﬂﬁ%ﬁaﬁ]ﬁseépfoPyCanonent 1. The contents
of Conponent | and Conponent |1 were 95 weight % and 5
The \Wdixgmr e ofr eddectiaiang  PBar &fff i mldirahdfghwimodecl0@ rEéweight
kinetic viscosity was 11 cSt (Conponent A in the
polyeftiviieniendavaliie)a wesigisedatera@onmpohenti 1ot | wehgHtt BE 8.8 «x
content of Conponent IIl with respect to the entire
10° apontiéntwefgiGonpoheghsdensikly, @anddddywas Mawei@ht %eight
The tenperatures of both the extruder and die were

avera%@OdeéﬁdfﬁﬁhWBQgM@ScﬂpnﬁjﬁtxlkBBCMa%‘Hégﬁ EQra@b%%Bnent
the ratio of nelting of the crystal portion to 50

I. Thel gtk t%durdigstineiehd ng weight % of molecules having the
molecular weight of lower than 10% 10.5 weight % of molecules
having the molecular weight of greater than 10°% and 0.6%
butene-1 as a co-monomer. Ter-polypropylene having a weight
average molecular weight of 3.1 x 10° and a melting point of
131°C using 3.2 weight % of ethylene and 5.0 welght % of
butene-1 as co-monomers was used for Component II. The
contents of Component I and Component II were 95 weight $ and
5 weight %, respectively. Paraffin oil of which 100C kinetic
viscosity was 11 cSt (Component A in the following table) was
used for Component III, and the content of Component III with
respect to the entire content of Components I, II, and III was
70 weight %. The temperatures of both the extruder and die
were 180°7TC.

Stretching was done at 1197 in order to adjust the ratio of
melting of the crystal portion to 60 weight % during

stretching.

[Comparative Example 5]
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[ Comparative Exanple 1 ] Polyethyl ene having a wei ght
average nol ecul ar weight of 1.8 x 105, containing 22.0
wawedoghe45%6 of nol ecul es havipg the nol ecul ar weP@iTKReG06/001190
| ower than 104 and 1.5 wei ght % of nol ecul es havi ng
the nol ecul ar wei ght of greater than 106, and using
0.8% of butene-1 as a co-nononer was used for
Component | . And honopol ypropyl ene havi ng a wei ght
PolyefMGLBHE G@'iﬁ%u'o%%"‘%fg%égn .10 35 ]zps??ﬂrgorrq@*éf n?nd having
2 . The ents

poi nt of 162C was used for nponent con

: Co ent d nmponent . || re, 99 bght % and 1 .

a wel%efgﬁgﬂgg¥ﬂ?eé%g%??v%¥ywebgbgff%é&iﬁ? of i%%dlﬁﬁng?lnlng
ki netic viscgsity was 11 ¢St (Conponent Ain the |

22.0 fof i ng + 9T I W tsea TRr "onpBRediol S L end erght of
content of, Conponent |1l wth respect to the entire

lowerconp@nt Wt CoRfonénbs ¥eidght ‘andi | mojgsuieswehghting, the
. The tenmperatures of both the extruder and die were

molecu8@rCweiSthtet ehi ray ez dohbaat 104 was nusederfdm Component
adjust the ratio of nelting of the crystal portion to

I. ARB weilghtpébder) nghsthetwedd ngn [iGonpanat e tkexaingl 6 Raving
] High-density pol yethylene not containing a

the <€0z4TORGED.PUt- haw ngma wes ghiscaverage c@hEs @ T1I. The
wei ght of 3.0 x 105 and containing 3.5 wei ght % of

contefPkecy! eSRAG the, il €Hbahent TT were 95 weight % and

4

5 weight %, respectively. Paraffin oil of which 100TC kinetic
viscosity was 11 ¢St (Component A in the following table) was
used for Component III, and the content of Component III with
respect to the entire content of Components I, II, and III was
40 weight %. The temperatures of both the extruder and die
were 180°TC.

Stretching was done at 120C in order to adjust the ratio of

melting of +the crystal portion to 30 weight % during

stretching.



wei ght of |ower than 104 and 4.9 wei ght % of nol ecul es
havi ng the nol ecul ar wei ght of greater than 106 was
wais@d/0$4380 Conponent | . And hpyropol ypropyl ene haRCTiER2006/001190
wei ght average nol ecul ar weight of 2.5 x 105 and
mel ting point of 162C was used for Conponent |1. The
contents of Conponent | and Conponent |1 were 85
wei ght % and 15 weight %, respectively. Paraffin oil
TabPJ ﬂm ch 100 C kinetic viscosity was 11 cSt (Conponent
the followi ng table) was used for Conponent [11,
and the content of Component Ill with respect to the
entire content of GERRPENESodimenck!, and 111 was 70
wei-ght % . The tenperatures of hoth the extruder_and
Hanuthceurier enk800@ | UBtuset chi ng (wasz done at 121 @ i n| order
to—adigst—the 111u f—mettimg—of the—crystal—portion

to 85 Wei ght % g@fiHg SPFEX dA-AYC. | [PcorPar atTwe | 2-5x10°

Exanmpl ¢ 3 1. ol whfyl eng having Sa wer git avergge 4g
nol ecullar _wei ght_o .3°105,| and containi hg "11.
Pol1yadBh @Rt | Youef. 1Dl eculs es havi ng the nol ecudl af webght afs
(Compb@\WeIT) 1 and—6-4%wei-ght—%-oft ol ectl-es—having
t he nol|ectthemengi gttt jof 0gr eat ep.ot han 406, | ardof uf t lee
cont ai Mizpg=k 65 Wwerght 9% of —hutene=f—as—a to-nonoret
was use@ortpgﬁenggm‘ﬁment lss. Con@enent b4 was fpt used.
Paraf fiin aikz of [whi ch 100 C|kineti¢ viscosity was 11
¢St (Conpo 'Ient Aﬁlamrlut n5e.7;r<1%l5| Oz"f"gﬂ%s { azngelf}: NaSS lilgseGquogo
Conponent I, & th
- Helting °c 162 162 164 157 162
Polypropylene Point
(Component II) [ -
Content in
Components Wt 5 3 10 5 5
I+IX
Diluent Tvpe - A B B A B
({Component Content in
III) Components wt% 70 60 65 70 75
I+II4+IIX
Temperature °C 115 120 118 119 119
Stretching Helting of
% 30 50 40 60 70
Crystals
Extrusion Processibility - Sup. 3up. 3up. Sup. Sup.
Puncture Strength M/ o 0.23 0.20 0.22 .17 0.15
, L Darcy
Air Permeability -5 1.9 2.5 2.1 3.0 3.7
{x107")
Shut-down
136 136 136 135 134
Thermal Temperature o
Characteristic| Melt-Down
193 183 »>200 178 187
temperature

(sup. :superior)



content of Conponent |1l with respect to the entire
content of Conponents | and Il was 85 weight % . The
wo eoopesssbur es of both the extruder and die werBCI/B&2@6/001190

Stretching was done at 116 C in order to adjust the

ratio ofnmelting of the crystal portion to 60 weight %

during stretching . [Conparative Exanple 4 ] The

m xture of 25 wei ght % of ultrahi gh-nol ecul ar - wei ght
[TabP?'%Ft hyl ene havi ng a wei ght average nol ecul ar wei ght

0 .8 x 105 and 75 wei ght % hi gh-density pol yet hyl ene

having a wei ght average nol ecul ar weight of 1.8 x 105

wei ght % of nol ech@@aMWean‘a'PMes nol ecul ar wei ght of
Hmmgtxghn omégi ;- Uxﬁgg ) ybo DT EFUT S laVIng Tﬂe
Nol ecul ar - wer ght_of "greater than 106) and 0. 6%
but eneq1 as a co-npnoner| Ter- )ol ypr opyl engshmwvi’ng a
i wei ght javer age ol egul.ar| welght s Qf 3] 1 X, t0B%avd 1q 4 o
0 mel ting point of 181C usjng 3.2 wei ght % of 1exmylléne
and 5. Q weight %of butepe-1 af co- mhnoner ! 3FE% Ysed
po1ydiQf1GONPONBM 1d*l . [Thexcontznt s| ob.LCofponent ls.and 2z.o
(CompCRIP AN gNt—H—nere—95—wetrght—96-and—S—ye-ght1%-
r espect]i véel'y: 1‘Par af f¥ oj | *of Wwhitch 1006-€ ki Hefig 15
vi scosifty Was ciSt _(Copponent L n|the Tl T owng
C .0 [u] a.
tabl e) {was_ Onm?fr or Enppneiit [ 1f:° apd“the [cOnt ent of
ConponentCOP‘i&Intthh rgspect 4o thegentirng, contgnt jof .
Conmponefitgererts I and 1)1 was
M g/mol |2.5x10% | 2.5410° - 3.1x10°
10 Talc
Polypropylene | Melting Point °C 162 164 - 131
(Conponent II) Content in
Conponents vtk 1 i5 - 5 5
I+IT
Diluent Type B A A A i A
(Component Content in
I111) Components wty 70 70 85 70 40
I+II4IIX
Temp. °C 114 121 116 119 120
15 Stretching Melting of
% 25 85 60 60 30
Crystals
Extrusion Processibility - Sup. Sup. Inf. Inf. Inf.
Puncture Strength N/ pan D.25 g.11 0.13 0.22 0.25
. - Darcy
Air Permeasbility -5 1.3 4.0 4.2 2.0 0.8
{x10 )
3hut~down
135 136 137 135 135
Thermal Temperature o
Characteristic Helt-Down
149 >200 145 140 154
20 temperature

(sup. :superior, inf.:inferior)

[Industrial Applicability]
As shown in the above Tables 1 and 2, high-density microporous

25 polyolefin films manufactured according to the present



10

20

70 weight % . The tenperatures of both the extruder
and die were 180 "C . Stretching was done at 119 Cin
Woe@end4seo adj ust the ratio of nelting of the cPEBKRR006/001190

portion to 60 weight % during stretching. [Conparative

Exanpl e 5 ] Pol yet hyl ene using 0.8% of butene-1 as a

co- nononer and havi ng a wei ght average nol ecul ar

wei ght of 1.8 x 105 and containing 22.0 wei ght % of
lHVGH@IO%C%la% réa\'ﬂlr&ﬂ“l tiﬂ?eﬂ?ifc h&l’lgf Sl_l %EO%hQQtIUSlOH

% ecu t

4 and 1.5 weight aV|ng ecul ar
g er, than_ 106 was sed for onen
compo 8%?&&9&50 %} éh Si%a% groﬁeln6F§anl nHt ?Eﬁ%ore, they
the s - 10 mwas used faor onent

are %lel n&la‘ﬁfg?iy Emienth LY ardred g ent T dies Tor
melght % and 5 weight %, respectively. Paraffin

batteéﬂ?Sopwkh.aéﬁ%wre%%eﬁ&amfsm.rﬁsyn%%nqq ghpce they can
(Component A in the follow ng table) was used for

enhancgngdrfenper formandet hedc oritant 1 ofy CoApdmentbditemiesh using
respect to the entire content of Conponents | , II,

them amdwkll wast#e webdghtt%itVheft adipepabupes o6fi 1heth the
extruder and die were 180 C . Stretching was done at

Whilel28e & & nordessdrx agirustricba rahbed Dhem®s tidt@ obolbBBrative
crystal portion to 30 weight % during stretching

examplbLablre thel invention have been shown and described, it is

to be distinctly understood that the invention is not limited

thereto but may be otherwise wvariously embodied and practiced

within the scope of the following claims.
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(sup. : super or.;[Table 2 ] (sup. :superior, inf.
cinferior) [industrial Applicability] A s shown in the
wWabwvgdbabl es 1 and 2 , higpydensity m cropor ORGI/KR2006/001190
pol yol efin filnms manufactured according to the
presenti nvention have a high thermal stability and
superior extrusion conpoundability and physica
properties. And therefore, they are applicable
[whatisef ulyitoynpd. pnly separation nmenbranes for
batteries but al so various separation nenbranes since
t hey can enhance the performance and stability of the
batteries using themas well as the productivity of
orous filnms. Wiile certain present ferr
Lo SR S R e a O B « ReTvientpont i 1ns
. have been shown and described, it is to be distinctly
havingndar S66d tKat SERETPROErTTGH.TS ASET i fi L6d NHEhet BArcy' s
but may be otherw se variously enbodi ed and practiced
permegbihitAYt KONSESPE ofr e dihawi hgd ckailfs’ [Whety i sshut-down
clainmed is:] 1 . A nethod of manufacturing m croporous
tempepotyokefiprefi inhdviong ,a gouhctele-dtwrengéhpgraates higher
than 0.14 N//m Darcy's perneability constant greater
than 1BafC lodnxr 14y Dai€ys t spwito gown t enper at ure | ower
than 140 C, and nelt-down tenperature higher than 160

melt-Ex€OUREALEI BY cbRostieRSNnOf comlrtiwedt Id4dizng a 59 weight % of
conposition, conprised of 20 - 50 wei ght @6of aresin

a reQQHpoéb&bQQthSHPr'éSHpPEsQQ ?8 @@'gbt &%Ofwelght % of

polyethylene (Component I) having a weight average molecular

~

weight of 2x10° 4x10° and less than 5 weight % of molecules

of which molecular weight is less than 1 x 10* and less than 5
weight % of molecules of which molecular weight 1is greater
than 1 x 10° and 2 - 10 weight % of polypropylene (Component
TI) of which weight average molecular weight is 3.0 x 10* 7
8.0x10°> and the peak of the melting point is higher than 1457
and 80 - 50 weight % of a diluent (Component III), to mold in
the form of sheets;

stretching said sheets to mold in the form of films:;

extracting said diluent from said films; and

heat-setting said films.

2. Microporous polyolefin films in Claim 1, characterized by
that said microporous polyolefin films have a weight average

molecular weight of 2.0 x 10° ~ 4.5 x 10° and the peak of the



j o2

.0

20

pol yet hyl ene (Conponent | ) having a wei ght average

nmol ecul ar weight of 2*10 5 ~ 4*10 5 and |l ess than 5
Woeioghe4s36 of nol ecul es of whi ch nol ecul ar wei ghCT/K&2006/001190

|l ess than 1 x 104 and | ess than 5 wei ght % of

nol ecul es of which nol ecular weight is greater than 1

x 106, and 2 - 10 wei ght % of pol ypropyl ene (Conponent

1) of which weight average nol ecular weight is 3.0

melt1$84ﬁe19tcokoﬁigﬂgrtEﬁaﬂe§55Qf.the nelting point is

r than 145 Q and 80 - 50 weight % of a dil uent
(Cbnponent I11), to nold in the formof sheets;
stretching said sheets to nold in the formof filns;

5 extractin aid diluent fromsaid filns; and
. TRGAPSSRPRIAG BRPHERFT HEIN miKFRPOHorBuBOpBPYEF &R Allns in

films in G aiml , characterized by that said

Claimpj ckoporrddd asdieydized n Py I netlifdve awdi ghtommeree I is
nol ecul ar weight of 2.0 x 105 ~ 4.5 x 105 and the peak

homopetyehbpebthengpoicotl yet hiyilgher ¢hapolivibe G, c®ntallmdng less
nmet hod of manufacturing m croporous polyolefin filns

than RO @edightl § <chas boherozetibyhthahgsai & Gonportent dtods or
5 honopol yet hyl ene or pol yet hyl ene co-pol yners

theircontiadthimg | @ss tdibr2thensi ght o% ofcrd phaigteten of  said
having 3 - 8 carbon atons or their mxture as

homopg@g@eagﬁéﬁe Qhqt Bgi A gsbyp@tgméaédcbog@pgm@t hyl ene
and said pol yet hyl ene co- pol yner 4. The met hod of
manuf act uri ng m cropor ous polyolefln films in

4. The method of manufacturing microporous polyociefin films in
Claim 1, characterized by that said Component T is
homopolypropylene; or random polypropylene containing ethylene
or alpha-olefin having 3 - 8 carbon atoms or the mixture of
said ethylene and alpha-olefin as comonomers; or polypropylene
containing polypropylene copolymers containing ethylene or
alpha-olefin having 3 - 8 carbon atoms or their mixture of
said ethylene and alpha-olefin as comonomers ; or the mixture
of said homopolypropylene, said random polypropylene, and said
polypropylene, which is a polypropylene having the peak of the

melting point higher than 1457C.

5. The method of manufacturing microporous polyolefin films in
Claim 1, characterized by that the ratio of said Component T

and said Component II is 95 - 97 weight % to 3 - b weight %.
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Caim1l , characterized by that said Conponent Il is
honopol ypr opyl ene; or random pol ypropyl ene cont ai ni ng
weedwyhssseo or al pha-olefin hgving 3 - 8 carbon BCURR2@6/001190

the m xture of said ethylene and al pha-olefin as
conononers; or polypropyl ene 15 cont ai ni ng
pol ypr opyl ene copol yners cont ai ni ng et hyl ene or
al pha-ol efin having 3 - 8 carbon atons or their

6. HéXﬁ@fﬁo@foﬁaﬁgn§£§¥£§9§n ?nggrgﬁggg lefln films in
conononers ; e n1xtu ypropy ene,
sai d random pol ypro e,, and. sai m

Clalmmﬁ_ hc?ar%?%%¥y%$%p8¥eqﬂltﬁVInggtﬁng n_ pﬁL ié one or
meltin oi nt _hi her t han . The net hod

more {ERGPREPGR] ﬁ&lfﬁc Fopdraits %uwpmtéfq % i FHE TN J@’%\Fﬂ?ﬁrbons
, Characterized by that the ratio of said Conponent |

such gfd rediad Conpsrdnt - | fefal s, - Pa7akdiightoigh.t >3- .7 sphthalic
wei ght % . 256 . The nethod of manufacturing

acid negtopor cuscipolagol efiibmthill mphithaCkaiem 1dioctyl phthalate,
characterized by that said Conponent IIl is one or

etc.; neorcnponenttse el ectbd dsomagbhgat | etdrergyckice.; fatty
hydr ocar bons such as nonane, decane, decalin, paraffin

acidsOhhwvigfcip pbt Ral ice rdeind Ly %L&ﬂﬂh@ss’@éiwiwacid, oleic
pht hal ate, dioctyl phthalate, etc.; aromatic ethers

acid, SY¢hoasidi phenyl 18tRAen i@t Goid, atd aci ds- havi 094191 E08ho1s
20 carbon atoms such as stearic aC|d, oleic acid,

havinéicg%gfg %ﬁ’dcak%ggto é%mgcé cheEﬁ;’sE§££% a%kgxi alcohol

S havi ng carpon atons such as stearl

olelcagtgdagi ogol, etc.; and one or more fatty acid esters in
which one or more fatty acids selected from saturated and
unsaturated fatty acids having 4 to 26 carbon atoms in the
fatty acid group such as palmitic acid mono-, di-, or tri-
ester, stearic acid mono-, di-, or triéester, oleic acid mono-,
di-, or tri-ester, linoleic acid mono-, di-, or tri-ester, etc.
are ester-bonded with alcohols having 1 to 8 hydroxy radicals

and 1 to 10 carbon atoms.

7. The method of manufacturing microporous polyolefin films in
Claim 1, characterized by that said step of stretching is done
within a temperature range at which 30 - 80 weight % of the
crystal portion of said Component I is molten in the machine

and transverse directions greater than 3 times each at the

total stretching ratio of 25 - 50 times.



ol eic acid al cohol, etc.; and one or nore fatty acid

esters in which one or nore fatty acids selected from
waaganassed and unsaturated fqatty aci ds havi ng BCT/BER2@6/001190

carbon atons in the fatty acid group such as palmtic

acid nono-, di-, or triester, stearic acid nono-, di-,
or tri-ester, oleic acid nono-, di-, or tri-ester,
linoleic acid nono-, di-, or tri-ester, etc. are

- oho! n -
B A S I N S
nuf act uri ng m cropor ous lyolefin films in aim1l

metno B e P Ou B PRt TaPE SPafher ok bEbeang 1s

done within a tenperature range at which 30 - 80

wei ght % of the crystal portion of said Conponent | is

nolten in the machi ne and transverse directions

greater than 3 tinmes each at the total stretching

ratio of 25 - 50 tines.8. M croporous polyolef in

films manufactured according to said nethod of

manufacturing in any of Clains 1 through 7 .
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