TJITLE . POROUS FI LM OF H GH MOLECULAR VEI GHT POLYOLEFI N 1B05 o py
AND "PROCESS FOR PRODUCI NG SAME BACKGROUND OF THE | NVENTI ON “o0ghe pnee
present invention relates to a porous (or mcroporous) filmof a high™ >
mol ecul ar wei ght polyolefin suitable forquse in filtering materi al s,
separators for aqueous electrolyte batteries and the |like and to a process
for producing sanme. More particularly, the present invention relates to a
porous filmof excellent air- ernmeabil ity obtained bly reparing_an
ai r- i nper mreaBl&-Eheet BOROUSHFIGM OFBIGH| Méhﬁculn“dﬁrnv\éﬁ ﬁifﬁ‘h?@bw FAN wei ght
olyolefin as a starting material w thout addition of a plasticizer or a
gol zent and thereafter A&ij”@@?ﬁﬁ% thyepgpp-‘-{qwngI e sheet or filmto a
thermal treatnent as well as a process for produci ng sanme. The present
invention further relates to a porous filmof the polyolefin possessing

excel | ent SW .ty obtained by stretching the filmin
at | east on . | treatnent and to a process for
produci ng sane. rm;g? 0 S r @Q% o} -t he
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Pat ent Publn. No. Hei. 6-2841 and Japanese Patent Publn. No. Hei. 7-17782.
I n order to gfuesuselactidigteobmtepids ahd lthe likd kndto khieseespfor parinsing samei Sefore
adding a solvent of hydrocarbon series such as decane, dodecane, decali ne,
a par af fi n opartioulady, ntheepa¢senti |inventibat relamei tb ha/ dpayoas biiim defr iexegllene arrch
as a fatty acid, a fatty acid ester and an aliphatic alcohol; a wax of _
par af fi n ser passeabifity; oplainedi by prapatipgposet-impernsable shest ot filayr ofvei ppiyolefin

conpound such as di,octyl phthalate or djibutyl sebacate t hi gh
P from a high n){olgcrl);lar weié%t polyolefin asya starting materi v%thou addition of a

plasticizer or a sc;lvent and thereafter subjecting the air-impermeable sheet or film to
a thermal treatment as well as a process for producing same. The present invention
further relates to a porous film of the polyolefin possessing excellent strength and
air-permeability obtained by stretching the film in at least one direction after the
thermal treatment and to a process for producing same.

A number of processes were already proposed for the productidn of a
microporous film of a high molecular weight polyolefin, for example, as seen in
Japanese Patent Publn. No. Hei. 6-53826, Japanese Patent Publn. No. Hei.- 6-2841 and
Japanese Patent Publn. No. Hei. 7-17782.

In order to obtain a microporous film, all of these processes comprise adding a -
solvent of hydrocarbon series such as decane, dodecane, decaline, a paraffin oil or a
mineral oil; a fatty acid hydrocarbon derivative such as a fatty acid, a fatty acid ester
and an aliphatic alcohol; a w_ax\ of paraffin series; or a plasticizer composed of a low
molecular weight compound such as dioctyl phthalate or dibutyl sebacate to a high
molecular weight polyolefin, shaping a film from the polyolefin mixture, and then
eliminating the low molecular compound from the film.

Above all, the processes proposed in Japanese Patent Publns. Nos. Hei. 6-

53826 and Hei. 6-2841 are characterized by eliminating the low molecular compound



nol ecul ar wei ght pol yol efin, shaping a filmfromthe pol yol efin nixture,
and then elimnating the | ow nol ecul ar conpound fromthe film

Above all, the processes proposed in Japanese Patent Publns. Nos. Hei. 6-
53826 and Hei. 6-2841 are characteri zedzby elimnating the | ow nol ecul ar
conpound 2 fromthe film

while stretching it for obtaining a mcroporous filmof high strength.
As a result of extensive research for obtaining a porous filmfrom a high
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been found that a porous filmof extrenely excellent strength and
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| east one direction. The present invention has been acconplished on the
basi s of t heondusy 8lm fofneicallent aBphenRablEy TRrE YeNvBhifieONry subjecting & tfilinsofim
obj ect of the present invention to provide a mcroporous film conposed
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SUMMARY OF THE INVENTION:
It is an object of the present invention to provide a microporous film
composed predominantly (_)f nervate and/or reticulate fibrils obtained by subjecting a
specific high molecular weight polyolefin to a thermal treatment under specific
conditions and a porous film possessing excellent in strength and air-permeability
obtained by further stretching the microporous film in at least one direction as well as
a separator film for aqueous electrolyte batteries obtained by subjecting the
microporous film to a treatment for making it hydrophilic.
It is another object of the present invention to provide a process for producing
a microporous film of a high molecular weight polyolefin without addition of any low
molecular compound, which possesses excellent mechanical properties at least as well
as those heretofore obtained in case of adding a low molecular weight compound and
also possesses a widely controllable range of microporous film functions such as pore
diameter, porosity and air-permeability.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a front sectional view showing an example of a shaping apparatus for
manufacturing a precursor film of the present invention.

Fig. 2 is a drawing showing one example of a metal frame for fixing a
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It is another object of the present invention to provide a process for
producing a microporous filmof a high nol ecul ar wei ght pol yol efin w thout
addi tion of any | ow nolecul ar compound, which possesses excell ent
mechani cal properties at |least as well Las those heretofore obtained in
case of adding a | ow nol ecul ar wei ght cgnpound and al so possesses a w dely
control | able range of m croporous filmfunctions such as pore dianeter,
porosity and air-perneability. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a front sgctional view show n n _exanpl e of a shapi ng apparat us
for manuf a®fHPIIAg fi“‘pfl‘érdﬂﬁ §c#‘erf“?$ﬁﬁ§fmgﬁgthﬁ?e¢?gent i nventi on. Fig. 2
Is a draw ng showi.ng.pne_exa of . 0 I X1 3 ;
precursor film dﬁér‘%na&& B ey Frla+t??nr & r?en(ip%{ ﬁielégog&pfh bt & %Hagf g?lms?fa)a t|“§han
el ectron-m | e i SNbl b d?fthé pRis@ht indBhiRsiHaRén b

wei ght pol y%fog?%ﬁﬁpo %@Pﬁ%ﬁlﬁ%‘%mﬁ%?‘?g%byfot he pr escgntS | nl\ilent i on at arf<e¥1 by
an el ectron aH‘e@éc&%ﬁ%ﬁr&Eaﬁ@@ﬂsmhédiﬁ@a&ﬂoﬁasmgFBQ:& i$aRImilsr FhotdgFapidtaken
phot ograph taken by an electron m croscope of 10,000 magni ficati ons.

Fig. 4(a) i pyadn ek@edd Siicrobedpevf AW, cophagsigitapnasof a porous filmof a high
nmol ecul ar wei ght polyolefin obtained in Exp. No. 28 of the present _

i nvention taken IBig. d(r)eckent eloctron-cuicssoypc eho®@0ephraf)ai porous ifdms of @i bigh
4(b) is a simlar photograph taken by an el ectron m croscope of 10,000 _
magni fi cat i oxeculazNurighti pmivolefin pbigined aniExgs No. 28 of the present inygasion taken by »
Central portion of Die

an electron microscope of 3000 magnifications. Fig. 4(b) is a similar photograph taken
by an electron microscope of 10,000 magnifications.

<Notations in the Drawings>

1  Extruder

2 Central portion of Die

3 Exit portion of Die

4 Inlet portion of Tube die

5 Central portion of Tube die
6 Outlet portion of Tube die
7 Cooling Ring

8 Stabilizing plate

9 Pinch Roll
- DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS OF THE INVENTION
The present invention has been proposed to achieve the objects and provides a
porous f:ilm of a high molecular weight polyolefin having an intrinsic viscosity [n] of
at least 3 dl/g and comprised predominantly of nervate and/or reticulate fibrils,
characterized in that the fibrils comprise extended-chain crystals and lamellar crystals
and/or helicoidal crystals. The present invention also provides a porous film of a high
molecular weight polyolefin obtained by subjecting a plane-oriented high molecular
weight polyolefin to a thermal treatment by melting or dissolving a mainly non-

crystalline portion and crystallizing out cr&tstals (forming lamellar crystals) on fibrils
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3 Exit portion of Die 4 Inlet portion of Tube die 5

Central portion of Tube die 6 CQutlet portion of Tube die 7
Cool i ng Ri ng 8 Stabilizing plate 9 Pinch Roll DETAILED
DESCRI PTI ON AND PREFERRED EMBODI MENTS OF THE | NVENTI ON The present

i nvention has been proposed to achieve t4he obj ects and provides a porous
filmof a high nol ecular weight polyolefin having an intrinsic viscosity
[err] of at least 3 dl/g and conprised predom nantly of nervate and/or

ticulate fibrils.. h terized in that the fibril |
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non- crystalline portion and crystallizing out crystals (formng |anellar

crystals) on fi bl lagcordance with the present invention, there is provided a porous filmdof a
while partially nmolting or dissolving several relatively thin fibrils

fol | oned byhighomglebwalar ngighb golyolefincleavirst a lintziasicovisdosity ofml af tahiledser3 8lvdri |
(containing a fibril conprising helicoidal crystals) as well as a process
for produci aud semposed predominhuntlnof oervatecandipn ketichilatg fibrlsnichanagterieedom thaher e
is provided a porous filmof a hi gh nol ecul ar Wei%gt pol yol ef i n havi ng an

intrinsic viscdimeis pensiucisd By fibrisicompaising extspdedoiiR Y pRlS oA MARRIRY of
nervate andi ol 18 bhd/or Hevitd tomptising HfTCRE Syl 1N that

In accordance with the present invention, there is also provided a porous film
of a high molecular weight polyolefin containing the fibrils comprising the lamellar
crystals with a wic;‘xth of more than 1 Um and/or the fibrils comprising the helicoidal
crystals with a width of more than 1 Um.

In accordance with the present invention, there is further provided a porous
film of a high molecular weight polyolefin obtained by subjecting an air-impermeable
film substantially free from a plasticizer and/or a solvent to a thermal treatment.

In accordance with the present invention, there is still further provided a
porous film of a high molecular weight polyolefin, wherein the aforesaid air-
impermeable film is a film obtained by an inflation film shaping method.

In accordance with the present invention, there is still further provided a
porous film of a high molecular weight polyolefin having an intrinsic viscosity [n] of
at least 3 dl/g and the following characteristic physical properties:

(1-) an air-permeability of not more than 1,000 seconds/100 cc;

(2) a bubble point of 0.1-7.0 kg/cm?;

(3) a porosity of at least 30%;

(4) a film thickness of 10-200 Um; and

(5) a piercing strength of at least 3.0 g/Um.

In accordance with the present invention, there is still further provided a

porous film of a high molecular weigﬁt polyolefin possessing the following



the filmis constructed by fibrils conprising extended-chain crystals and

| anel lar crystals and/or fibrils conmprising helicoidal crystals.

I accordance with the present invention, there is also provided a porous
film of a high nolecul ar wei ght polyol%fin containing the fibrils
conprising the lanellar crystals with & width of nore than 1 [err]m and/ or
the fibrils conprising the helicoidal crystals with a wdth of nore than 1
[err]m In accordance with the present invention, there is further

provi ded a poI sk | l.gh. ol ecul ar wei ght pol yol efi n obt ai ned by
subj ecti ng gﬁ“&&%‘?%éﬁ%@%ﬁ?é@e i sr'n substantially free froma plasticizer

and/or a sol vent AiPtﬁcédaﬁé URkndthGAtA&st one directiod Bf ac GastdaneBaini th the

present inventio ere 1s still further provided a porous filmof a high
mol ecul ar wei ght (ppl y glepding) strehgthesfnatt 1Byt F.Orgggmi d air- inpernmeable film
Is a filmobtained by an inflation film shaping nethod. In '

accordance W th tBp &f epepsrmeabilivyt ofomot mbeer ehans20dt secondsdtQohex; provi ded a
porous filmof a high nolecular weight polyolefin having an intrinsic
viscosity [err] d#) abubblagioi® afl 0.4-R0ckg/¢tre?;f ol | owi ng characteristic

physi cal properties: ) (1) an air-perneability of not nore than 1,000
?e;:onds/ 100 cc; (5) a porgsity of a5ulpast SOFviaRd of 0.1-7.0 kg/cnferr];

3) a porosity of at |east, K 30% 4) a filmthickness of 10-200
[err]m and (6) pdilmyl ?%i?fgl'éppéﬁét h of at least 3.0 g/[err]m

por ous. 11 et 8 SSiAgR R RebisP Bl fefely T subekdfy Repeciad @

fol I ow ng plasticizer and/or a solvent to a thermal treatment and stretching fhe resultant porous
film (A) in at least one direction or by stretching the porous film (A) in at least one
direction followed by subjecting the stretched film to a thermosetting treatment.

In accordance with the present invention, there is still further provided the
porous film of a high molecular weight polyolefin, wherein the porous film (A) is
obtained by subjecting an air-impermeable film obtained by inflation film shaping to a
thermal treatment.

In accordance with the present invention, there is still further provided a
porous film of a high molecular weight polyolefin, wherein the high molecular weight
polyolefin is high molecular weight polyethylene.

In accordance with the present invention, there is still further provided a
separator film for aqueous electrolyte batteries comprising a porous film of a high
molecular weight polyolefin having the following physical characteristic properties:

(1) a tensile strength in at least oné direction of at least 7 MPa;

(2) a piercing strength of at least 3.0 g/um;

(3) an air-permeability of not more than 300 seconds/100 cc;

(4) a bubble point of 0.1-5.0 kg/cm?;

(5) an electrolytic retention rate of at least 200%; and

(6) a film thickness of 1-200 pm,

obtained by subjecting an air—impermeablé film substantially free from a plasticizer



characteristic physicél properties: (1) atensile strength in at

| east one direction of at |east 7 MPa; (2) a piercing strength of
at" least 3.0 g/[err]m (3) an air-perneability of not nore than 200
seconds/ 100 cc; (4) a bubble poigit of 0.1-5.0 kg/cnferr];

(5) a porosity of at |least 30% and (6) a filmthickness of 1-200

[err]m which is obtained by subjecting an air-inperneable film
substantially free of a plasticizer and/or a solvent to a thernal

treatment ang ;érr EtSSREr'E'tg%ot Q%Rérﬂﬁﬁ”t?ﬁ% rﬁor R—%%hlrign h'p r(epi)lltd @ il 1n°85feafl e

direction or stretchi or ous Feast one i rection
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In accordance wth the present 1nvention, there is sti urt provi déed

the porous subjedtigd tiie Hingho MdraRedtting el ghén B y)j@tin th&\’fﬂ@sfuﬁhﬂt boRUPFIIAUS
film (A) is obtained by subjecting an air-inperneable film obtained by

inflation fi(Bntshameaeno far mukiag rinhydropatlisent . In accordance with
the present invention, there is still further provided a porous filmof a
hi gh nol ecul ar \Nelmglacwpdﬂnyol with nthewpessentn inveatibinghtherel etlll furtheei gidvided a
polyolefin is high molecular weight polyethylene. I n accor dance

with the preseapiq nﬁﬂéhf?romuetmﬁeﬂectrglm 4tter¥e§rqomnsmgonhedw?a7 fxbr@?éraahrggh

filmf I t eri.es, co | Si or.ou il mof a
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properties: the followmg(p%%l cﬁgr%cteﬁﬁéé {Q‘?pgﬁg?%n at | east one direction of at
|

| east 7 MPa; a prerc of at | east 3 O g/[errlm

(3) an ai - ber g | 4 YOferhleii maaoseoaqa?egea@%égo RN

bubbl e poi nt of _ ﬁ Cc retention
rate of at |east (ong/%ugm@l point of 0.1_1.§)kg9c$2;l m t hi ckness of 1 200 pm

(3) a porosity of at least 30%;

(4) a film thickness of 1-200 um; and

(5) a piercing strength of at least 3.0 g/Um,
and/or the porous film (B) before the treatment for making it hydrophilic has the
following physical characteristic properties:

.(1) a tensile strength in at least one direction of at least 7 MPa;

(2) a piercing strength of at least 3.0 g/um;

(3) an éir-permeability of not more than 200 seconds/100 cc;

(4) a bubble point of 0.1-5.0 kg/cm?2;

(5) an electrolytic retention rate of at least 200%; and

(6) a film thickness of 1-200 um.

In accordance with the present invention, there is still further provided a
process for producmg a porous film of a hlgh molecular welght polyolefin, which
comprises subjecting an air-impermeable film of a polyolefin having an intrinsic
viscosity [N] of at least 3 dl/g substantially free of a plasticizer and/or a solvent to a
thermal treatment for making porous.

In accordance with the present invention, there is still further provided a

process for producing the porous film of a'high molecular weight polyolefin, wherein



obt ai ned by subjecting an air-inperneable filmsubstantially free froma

pl astici zer 6 and/or a
solvent to a thermal treatnent, stretching the resultant filmin at |east
one direction or stretching the resultant filmin at |east one direction
foll owed by subjecting the filmto t henoset t | ng and then the subjecting
the resultant porous film (B) to a treatnent for nmaking it hydrophilic.

In accordance with the present invention, there still further provided a
separator filmfor aqueous_electrolyte batteries conprising the porous film
of a high ABlaimesmeeblyfilmpef| 3 gplvplefinip Planenotisnsed-esul tant filmafter the
thermal treatnent has he fqll ow ng physical, characterigtic properties:

(1) an air-per nedBi #5°pifaggee fth ﬁtlﬁ@??s InvepBer:s ﬁd%/?fglof‘éfé[?er brovided 22)

a bubbl e poin f¢0.1-7 0 ka{cnjerr]a . 3 orosity,of .at | east
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lercing str h; S s r. . r.1 0l.0 . .
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char act eri Steghdd operti es: (1) atensile strength in at |east one

direction of at |east 7 Ma; (2) a piercing strength of at |east

3.0 g/[err]m In accofddhcen Rithi Ehep?fmbﬁd\ﬁehﬁorﬁf tHeed eyl Flietier2Pkbvided a

seconds/ 100 cc; (4) a bubble point of 0.1-5.0 kg/cnferr];

(5) an el ecpraess far prxecing che patons dilmasf & diptt mPROKr aright polyolefin( Ghereik i | m

thi ckness of 1-200 [err]m o o ) ]
a product of an inflation ratio and a draft ratio in the inflation film shaping method is

not more than 200.

In accordapce with the present invention, there is still further provided a
process for producing a porous film of a high molecular weight polyolefin, which
comp.rises subjecting a porous film composed of a polyolefin having an intrinsic
viscosity [n] of at least 3 dl/g obtained by a thermal treatment of an air-permeable
film shaped without using any plasticizer and/or a solvent to a stretching treatment in
at least one direction at a stretch ratio of at least 1.1.

In accordance with the present invention, there is still further provided a
process for producing the porous film of a high molecular weight polyolefin, which
comprises thermosetting a porous film or a film which has been made porous and then
stretched in at least one direction.

In accordance with the present invention, there is still further provided a
process for producing the porous film of a high molecular weight polyolefin, wherein
the high -molecular weight polyolefin is a high molecular weight polyethylene.

In accordance with the present invention, there is yet further provided a
process for producing a separator film for aqueous electrolyte batteries which
comprises the porous film of a high molecular weight polyolefin, wherein the high
molecular weight polyolefin obtained by the process mentioned above has been made
hydrophilic with a surfactant and/or a sulfonating agent.

Below are the starting materials, a method for shaping the precursor film, a



I n accordance with the present invention, there is still further provided a
process for producing a porous filmof a high nolecul ar wei ght polyolefin,
whi ch conprises subjecting an air-inperneable filmof a polyolefin having
an intrinsic viscosity [err] of at Ieaﬁg 3 dl/g substantially free of a

pl asticizer and/or a solvent to a therral treatnent for making porous.

In accordance with the present invention, there is still further provided a
process for producing t he porous filmof a high nolecular wei ght

pol yol efin rein teristics of th Itakt filman
ai r-i nper rreéfﬁagm? | REDPda 2 SHTSHeHiRg "ﬁettll%d 819, he sharas clerigtics of the regul
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process for produclng orous a hi gh nol ecular” wei

pol yol ef i n, fH\p%F@dd&mgtmeaihrmh rg;@geﬁgab)eﬁuéﬂl m of polyolefinis obt ai ned
accordi ng to an inflation shaping nethod. In accordance with the

present i nveBfarehg mabeiad i s still further provided a process for producing
the porous filmof a high nolecular weight polyolefin, wherein a product

of "‘an inflation riieikiglamoblecubdr afeight agalyoléfin tibesd mnﬂieaircsmt finventiom ap ohigined
method is not nore than 200. In accordance with the present

i nvention, tHyepelymsriging| ¢thylgne, herroppflemmédata a—phﬁr@ebasfms)rcaﬂmda@mgofa -8

f | f hi gh | | | ef
SUby et i ng. Ai056; oR.5S4eEheR Eohy BTG oac%aL s A ke et B Sotiple, in
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at |east 1.
or at least two combinations of the a-olefins having carbon atoms of 4-8.

In case of an ethylene copolymer, the amount of the comonomer is preferably
5 mol% or less in view of a merit that the temperature for the thermal treatment is
widely chosen. Among these, especially preferable is a homopolymer of ethylene.

The molecular weight of the starting material is such that the molecular weight
in terms of the intrinsic viscosity [n] is at least 3 dl/g at the time of shaping an
inflation film. A starting material of an intrinsic viscosity [n] of less than 4 dl/g is
preferable since it can be shaped by a conventional inflation film shaping apparatus. A
molecular weight in term of an intrinsic viscosity [n] is at least 4 dl/g, preferably 4-
25 dl/g, more preferably 5-20 dl/g and most preferably 8-20 dl/g especially for the
purpose of obtaining a microporous film of high strength.

A starting material having an intrinsic viscosity [n] exceeding 25 dl/g tends
to become inferior in shaping inflation films because of its too high melt viscosity in
shaping a precursor film as will be described hereinafter.

(Precursor film)

An impermeable film obtained according to an inflation film shaping method is
substantially composed of a polyolefin.

By the term "substantially composed of polyolefin” is meant that the starting

polyolefin is not incorporated with a large amount of a solvent and/or a plasticizer at



I n accordance with the present invention, there is still further provided a
process for producing the porous filmof a high nol ecul ar wei ght

pol yol efin, which conprises thernosetting a porous filmor a filmwhich
has been nade porous and then stretche%ilﬁeﬂ | east one direction.

I n accordance with the present inventioff, there is still further provided a
process for producing the porous filmof a high nol ecul ar wei ght

pol yol efin, wherein the high nol ecul ar wei ght polyolefin is a high

| ecul i ght thylene, o . .o | 1 ,

Mvent i on, - EifeRe & JEPia, P iarepipn fieq CeREREARRCE Mg SORIHESSRbuany
tor fi t oLyt Povess TR : .
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mol ecul ar weight , BAY@hEdnarRbRICRRE 2B¥nt! faes@mgea%snmnﬁgﬁmd akiy¢anbate
been made hydrophilic with a surfactant and/or a sulfonating agent. '

Bel ow ar e t IjRe Shay theNGnddepstated! withih RS htent Gih shizhi tig bbjectsr ef the cpresent m
a 8 treatment nethod, a
stretchi ng imehtich ard nbth dambgedac Hemiesern, abe apperh imitesfl theantotal | gmaungjof rsuch
respect to the porous filmof a high nol ecul ar wei ght polyolefin and a
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film shaping method.

Conceming' details of the inflation film shaping method, a general method using
polyethylene or polypropylene is mentioned as referred to in Edition 4, Chapter 2 of a
Japanese book entitled "Extrusion molding of plastics and its application” written by
Keiji Sawada and published by Seibundo Shinko-sha (1966).

As compared with the inflation film shaping method, a T-die film shaping
method gives a film which is oriented in one direction when subjected to melt
stretching so that the film has to be .;ubjected, after shaping, to an after-treatment to
effect planar orientation. In case of the inflation film shaping method, however, a
planar orientation of the film can be attained on shaping the film by properly selecting
an expansion ratio on shaping.

A preferable condition for the inflation film shaping of the precursor film in
the presént invention is to adjust a draft ratio and the expansion ratio to a specific
range. By the term "draft ratio” is meant herein a ratio of a take-out velocity of a
tubular film cooled and solidified to a flow-out velocity (a line velocity) of the film
resin at a lip exit of an inflation film die. By the term "expansion ratio” is meant
herein a ratio of a circumferential length of a tubular film cooled and solidified to a

circumferential length of a tubular film before expansion at a die exit of the inflation

film die.



or at least two conbinations of the [err]-ol efins having carbon atons of

4- 8. In case of an ethyl ene copol yner, the anount of the conononer
is preferably 5 nmol%or less in viewof a nmerit that the tenperature for
the thermal treatnent is wdely chosen,,Among these, especially preferable
I s a honopol yner of ethyl ene. Tﬂg nol ecul ar wei ght of the starting
material is such that the nolecular weight in terns of the intrinsic
viscosity [err] is at least 3 dl/g at the tinme of shaping an inflation
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and nost pre{RhDA YarkedPosll 1.9 t8sRecially for the purpose of obtaining a
m croporous filmof high strength. A starting material having an’
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An inperneable fil mobtained according to an inflation film shaping nethod
i s substant fallowngcoapasred of a pol yol efi n. By the term
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agent, a pi 9fRAtrerAindd SxpilidnBtio in such manner that a gas is blown into a tubular film

in a molten state, and then cooled to a film.

In this case, the notation "L" means herein a length of tubular die constructed
by a mandrel and an outer die, while the notation "D” means herein an inner diameter
of the die at the exit of a screw die. An embodiment of an inflation film shaping
apparatus is described in detail in Japanese Patent Publn. No. Hei. 6-55433 in detail.

A daft ratio preferable in the present invention is 3-20, and more preferably
4-15. On the other hand, an expansion ratio is 3-20 and more preferably 4-15. In
case a porous film of a larger tubular diameter is required, a draft ratio is set to not
more than 15 while an expansion ratio is set to not more than 15 whereby a product
of the draft ratio and the expansion ratio becomes not more than 200, preferably not
more than 150, and more preferably not more than 130.

In either of the inflation film shaping method and the T-die film shaping
method, the resultant precursor film is an air-impermeable film which is plane-
oriented and has an intrinsic viscosity (n] of 3-25 dl/g, a crystallinity of preferably
at least 50%, more preferably 60-70%, a tensile strength in machine direction of at
least 0.03 GPa, preferably at least 0.04 GPa, a tensile strength in perpendicular to the

machine direction of at least 0.02 GPa, preferably at least 0.04 GPa, a moisture

permeability coefficient of at least 0.45 g-mm/m2-24 Hr under the condition that a
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| i ke may be incorporated within the extent in which the objects of the
present invention are not damaged. However, the upper |limt of the total
amount of such additives is preferably not nore than 10% by wei ght and
nore preferably not nore than 5% by me& ht . Anong t he pol yol efi ns,
t hose having an intrinsic viscosity [er ? of less than 5 dl/g, in
particular less than 4 dl/g can be shaped according to an ordinary
inflation film shaping nethod. Concerning details of the inflation
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met hod gives a I'S orient I'n one direction when subjected to
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after-treatnment to effect planar orientation. In case of the inflation
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40%, more preferably at least 50%.

If a film obtained according to the aforesaid inflation film shaping method has
a crystallinity of less than 50% in case of polyethylene and less than 40% in case of
polyolefn other than polyethylene, there may be the case wherein porosity does not
attain at least 30% when the film is made porous according to the process of this
invention. In such case, the _crystallinity of the film may be enhanced by performing a
preliminary thermal treatment carried out in the atmosphere of a gas (air or
nitrogep), and then the film is subjected to the thermal treatment for making
porous.

The treated film in the present invention is preferably plane-oriented. If
planar orientation of the film is too excessive, relaxation of the film hardly takes place
during the thermal treatment so that pore diameter cannot be increased. If the film is
not plane-oriented, on the other hand, the film is elongated and loosened during the
thermal treatment so that the technical effect of the thermal treatment cannot be
attained. It is therefore recommendable that film be plane-oriented within the
aforesaid expansion and draft ratios.

By the term "planar orientation” is meant herein that crystals are oriented

biaxially. The wording "crystals are oriented biaxially” in turn means the state



10 In a usual case, the draft ratio is adequately adjusted to at
| east 2, but a preferable draft ratio is at |east 3, while the expansion
ratio is adequately adjusted within a range from1.1 to 20. In
case of a high nol ecul ar wei ght polyolegén having an intrinsic viscosity
[err] wthin arange from5 dl/g to 25"'€l/g, a precursor filmcan be
obtained in the follow ng manner: According to a inflation shaping
nmet hod, the high nol ecul ar weight polyolefin is nolten in a screw extruder
and extruded,froma t*ba} Drati,o of. at |least b wherein a
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inflation filmshaping apparatus is described in detail in Japanese Patent
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tensile strgRgilridd csBEhiM Fa Fh oL dPb1khflne (fb in case of the other polyolefins) is
at least 0.2, and when a film in the machine direction is arranged in the "meridian”
direction and X-rays are projected from the "through” direction to observe its
diffraction pattern, an orientation coefficient fc is from -0.2 to 0.2.
A means for obtaining the orientation coefficient fa, fb and fc and a method
for its calculation are described in the chapter of Selective Orientation in a Japanese
book entitled "X—ray Diffracéion of High Molecules Vol. A" (written by Leroy E.
Alexander, translated by Ichiro Sakurada, published by Kagaku Dojin Co.)
Especially in case fc exceeds 0.2 (in the axis ¢ oriented state) or fa is less than
0.2, the precursor film sometimes cannot be made porous by the thermal treatment
even if its crystallinity satisfies the aforesaid condition. By the way, the precursor
film having an intrinsic viscosity [n] of less than 3.0 dl/g may be made porous
according to a certain condition but may not be satisfied in aspect of tensile strength.
(Thermal Treatment)
A thermal treatment of the aforesaid precursor film is preferably carried out,
for example, usually at a temperature of 100~145°C for one minute or more in case of
polyethylene, although the condition may be changed depending on the state of

atmosphere. In this case, the precursor film is restrained preferably in at least one



| east 0.03 GPa, preferably at least 0.04 GPa, a tensile strength in
perpendi cular to the mnachine direction of at |east 0.02 GPa, preferably at
| east 0.04 GPa, a noisture perneability coeffi cient of at least 0.45 g
mminferr] . 24 H under the condition t?g tenperature is
40[err]C and a humdity is 90% By the rm"air-inperneable film is

nmeant herein a filmhaving an air-perneability of at |east 10000
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making  por ?xyéslecular wexght polyolefm“ is used herein to mean that when a precursor film of the
high molecular weight polyolefin is shaped and dipped in a first liquid at a treating
temperature, the first liquid scarcely act on a crystalline portion of the precursor film
but is chiefly permeated in a non-crystalline portion to melt or dissolve it selectively
and crystallize out a part thereof on cooling whereby the crystallinity is increased as a
whole. Thus, a solvent having a stronger affinity and capable of dissolving the
polyolefin crystals at a temperature of the thermal treatment is excluded from the
first liquid.

The wording "having an affinity to the high molecular weight polyolefin" also
means that a liquid is sufficiently familiar with the high molecular weight polyolefin,
or in other words, a liquid has a small surface tension to the polyolefin. A criterion
therefor is such that a liquid has to exhibit a contact angle of not more than 100°,
preferabl‘y not more than 90° and more preferably not more than 80°. By the way,
surface tension can be measured according to a usual manner using a commercially
available automatic contact anglemeter.

A liquid incapable of dissolving the polyolefin crystals at a temperature of the
thermal treatment used in the present invention means a liquid which does not depress

the melting point of high molecular weight polyolefin alone by 20°C or higher when a

second run of the melting point of the high molecular weight polyolefin is observed in
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The treated film in the present invention is preferably plane-oriented.

If ~planar orientation of the filmis too excessive, relaxation of the film
hardly takes place during the thermal treatment so that pore diameter
cannot be increased. If the filmis not plane-oriented, on the other hand,
the filmis elongated and | oosened duri the thermal treatnment so that
the technical effect of the thernmal treatment cannot be attained. It is

t heref ore recommendabl e that filmbe plane-oriented within the aforesaid
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direction is arranged in the "meridian" direction an rays are projected

fromthe "t hyeptldbroettiylenet ardn chior6lRB£Enee HydBocarbons such as heptane, cyclohexane,
octane, decane a'nd dodecane; nitrogen-containing organic compounds such as
pyridine, formamide and dimethylformamide; and ethers such as methyl ether, ethyl
ether, dioxane and butyl cellolsolve.- -In addition, glycols such as monoethylene glycol,
diethylene glycol and triethylene .glycol; surfactants and silicone oils generally
utilizable as a heating medium are also preferable liquids. These liquids can be used as
a mixture of at least two.

A warm water containing a surfactant and hot water is also effective as the
liquid, but benzene, xylene and tetraline are not preferable since these solvents
dissolve high molecular weight polyolefin at the treatment temperature.

A preferable first liquid for polyethylene and polypropylene inc.udes octane,
decane, dodecane, paraffin oil, molten paraffin wax, a liquid containing these ingre-
dient as™a main component, and a composition containing at least one of these
ingredients.

A temperature for the thermal treatment varies according to the sorts of
polyolefin and the first liquid. As described above, for example, a temperature of
usually 100-145°C, preferably 115-140°C for polyethylene. A treatment temperature
for polyolefn other than polyethylene is usually 50-170°C, preferably 80-160°C. A

treating time is generally is a period from 10 seconds to 10 minutes, preferably from
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diffraction pattern, an orientation coefficient fc is from-0.2 to 0. 2.
A neans for obtaining the orientation coefficient fa, fb and fc and a
method for its calculation are described in the chapter of Selective

Orientation in a Japanese book entitl "X-ray Diffraction of High
Mol ecules Vol. A" (witten by Leroy E. exander, translated by Ichiro
Sakur ada, published by Kagaku Dojin Co.) Especially in case fc

exceeds 0.2 (in the axis c oriented state) or fais less than 0.2, the
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with the T-die film shaping method.
(Dipping into a low boiling point Liquid and drying)
The film subjected to the thermal treatment in the liquid is then subjected to
a drying treatment. According to the sort of liquid used for the treatment, the liquid
may be evaporated by direct drying with warm or hot blast if the film is fixed in two
directions to prevent shrinkage. In case of the first liquid which is relatively slow in
drying speed, it is preferable that the treated film is dipped into a second _liquid
compatible with the first liquid and lower in boiling point than the first liquid but
inferior in affinity to polyolefin and then dried up. On drying, the treated film is
fixed preferably at least in one direction, more preferably in rectangularly two
directions. If shrinkage is unavoidable, a preferably permissible range of shrinkage is
10% in lengthwise and lateral directions.
Illustrative of the utilizable second liquid are low boiling point hydrocarbons
such as hexane and heptane; chlorine-substituted low boiling point hydrocarbons such
as methylene chloride; and chlorine and fluorine-substituted low boiling point
hydrocarbons such as 1,2-dichloro-2,2,2-trifluoroethane, 1,1-dichloro-1-fluoro-
ethane, 1,3-dichloro-1,1,2,2,3-pentafluoropropane and 2,2,3,3,3-pentafluoropro-

panol.  Concerning the dipping temperature and the dipping time, a minimum

temperature and shortest period of time are selected so long as substitution of the



preferable to performthe thermal treatnment in a first liquid which has a
mld affinity to the high nolecular weight polyolefin. The wording "has a
mld affinity to the high nolecular weight polyolefin" is used herein to
mean t hat when a precursor filmof the Eigh nol ecul ar wei ght polyolefinis
shaped and dipped in a first liquid at A treating tenperature, the first

| iquid scarcely act on a crystalline portion of the precursor film but is
chiefly pernmeated in a non-crystalline portion to nelt or dissolve it
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after the thermal treatment. The lower limit of the stretching temperature depends on
the sort of high molecular weight polyolefins used. In case the high molecular weight
polyolefin is polyethylene, the stretching temperature is within the range from 80°C
to the melting point of the film after the thermal treatment, preferably 100-130°C. A
stretch ratio is at least 1.1, preferably at least 1.5, and more preferably 1.5-5 in case
of uniaxial stretching. In this uniaxial stretching, a uniaxial stretching with a definite
width is preferable. In case of biaxially stretching, an area ratio is 1.5, preferably
1.5-25.

The stretching may be carried out in atmosphere of air or in contact with the
first liquid whiéh, as describéd in fhe paragraph of the foregoing thermal treatment,
has an adequate affinity to the high molecular weight polyolefin and does not dissolve
the film after the thermal treatment at a stretching temperature.

A method for stretching the film may be any one of the uniaxial stretching
wherein shrinkage in transverse direction (width loss) is minimized, the uniaxial
stretching wherein shrinkage in transverse direction is prevented by way of tenter
clips, the sequential or simultaneous biaxial stretching wherein a total tenter clip
system is used as conducted in an ordinary biaxial stretching testing apparatus, the

continuous and sequential biaxial stretching wherein a first stretching step is



solution cell has been installed. As affinity of a liquid to high

nmol ecul ar weight  polyolefin also varies according to the treatnent
tenperature, the sort of liquid and the treatnent tenperature are
properly selected to enhance the effect,of making the filmporous up to
t he maxi num degr ee. IIIustratiLZ of such first liquid are, for
exanpl e, lower aliphatic alcohols such as ethanol, propanol, butyl

al cohol, and anyl al cohol; |ower aliphatic ketones such as acetone, nethyl
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addi tion, gl(y hx%s&ﬁﬁ?) as nonoet hyl ene gl ycol, diethylene glycol and
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vari es accorgli to the [ f ' fl We[T)

descri bed aﬁ?&g% or "gx%e?r%fﬂé?mg’ taePrr%!étr){r% Sir%éqgsa'q&g}g?el W&O%ﬂﬂg%éssa?? for

preferably Rl SishfC O FLROWURT dBélred Shybichlr ?%p@?tﬁgs fnegpﬁsayﬁr)eamfo@ﬁhere are
pol yol ef n ot her than polyethylene 1s Usually 50-170C, preferably

80- 160[ er r ] Guitdbly tseRedet NG EdridRidnS MG adsey If ududdehh QPtifuaMtdbpaeRendadt o
10 mnutes, preferably from
time are determined below the melting point of the film after the treatment. It is
necessary that the treating time is shortened as the temperature becomes higher but
the treating time is prolonged as the temperature becomes lower.
(Porous film of high molecular weight polyolefin)

It is an important feature that the porous film of high molecular weight
poyolefin obtained according to the thermal treatment is comprised predominantly of
nervate and/or reticulate fibrils.

By the term "nervate and/or reticulate fibrils" is meant herein a state of the
film wherein the fibrils constituting the film have thick trunk fibers ;and thin fibers
connectiri'g thereto on the outside of the trunk fibers, the thin fibers forming a
complicate reticulate structure.

The fibrils constituting the film comprises (A) fibrils consisting of extended-
chain crystals and lamellar crystals and (b) fibrils consisting of helicoidal crystals.

As an example of the structure and form of fibrils in high molecular materials,

a discussion has been made on solution crystallized substances under stress, for

example, in A. J. Pennings, A. A. Kiel, Kolloid Z., 205, p.160(1955);.. A. Keller , J.
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15 30 seconds to 5 mnutes after the precursor filmhas reached the
treating tenperature. The treating tine can be shortened as the treating

t Enperaure becones higher. An excessive treating tine rather tends to
deteriorate tensile strength of the re?gltant porous filmand is
preferably to be avoi ded. The preécursor filmshaped by an inflation
fil mshaping machine is in the form of a tubular film wound up while
pressed with a pinch roll. On the thermal treatnent, one edge of the film

5 e, BBt s L g e il AL,
T-die fil d th heod nf | at.i | | ' ' '
Lo, £ PR S| Bl A SRR SAGRAET Y Ml

poi nt Li qui gci@%lﬂﬂ&iﬁl‘%)s. Ed., 12, P-Eg‘?l(iﬁ 1 subj ected to the thernal
] e

treatment inthe’liquidis then su cted to a drying treatnment. According

to the sort of I iguindsdiSeferb@ies! ol cBRItPRMon nitRlelsl QHé JpropBieddaseviRanat ed
by direct drying with warmor hot blast if the filmis fixed in two

di rections kgupiiey enNthstibrikkage of kifent aBewiag théetrittusé comprisifg wRieabled-8hain
relatively slowin drying speed, it is preferable that the treated filmis
di pped i nt oceyssads forthddi iguthd cesenpdtthd fibrid tind {dneellar cststdls fermedalrd modeselar i n
boiling point than the first liquid but inferior in affinity to polyolefin
and t hen' dr Feingpendent Giojs fly, oxtensied rebaimeaty ptalspandstheratheashorenss AGIs foamed
| Shri nkagsY I aHaY & Blbpeal Fob o pabiegt i hisca TBrE: FARBEBR Tekiet kags | <
L0 LTI ARk 2 1ok A ety e S 2 Y % e
and hept a”ehotcﬂéc%éa?fﬁtﬂ?é?ibf-i}ét. ed | ow boiling point hydrocarbons such
Fibrils (A) arbitrarily defined herein which comprise the extended-chain
crystals and the lamellar crystals correspond to the aforesaid former construction
model and are crystals of so-called shish-kebab structure. These fibrils show such a
structure that the extended-chain crystals in the form of fibers are existent in the
central part thereof and the folded-chain crystals (lamellar crystals) are periodically
construpted around the extended-chain crystals as nuclei, and their structure is shown
in detail in Fig. 3..
On the other hand, fibrils (B) arbitrarily defined herein which comprise the
helicoidal crystals correspond to the latter construction model and have such a
structure that fibrous crystals in the central part are not or a little observed and the
lamellar crystals comprising the folded chain are formed spirally, and their structure
is shown in detail in Fig. 4.
The fibrils (A) comprising the extended-chain crystals and lamellar crystals
have a thickness measured as width of the lamellar crystals of at least 0.1 um,
preferably at least 0.5 Pm and more preferably 1-10 Um and usually contain a
thickness beyond 1 um. The thickness of the fibrils tends to increase as a

temperature of the thermal treatment with the first liquid becomes higher if the air-

impermeable film before the thermal treatmént is same. The thickness of the fibrils
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as net hyl ene chloride; and chlorine and fluorine-substituted | ow boiling
poi nt hydrocarbons such as 1,2-dichloro-2,2,2-trifluoroethane,
1,1-dichloro-1-fluoro- ethane, 1,3-dichloro-1,1,2,2,3-pentafluoropropane
and 2,2, 3,3, 3-pentafluoropro- panol. Concerni ng the di pping tenperature
and the dipping tinme, a mninum tenperé%ure and shortest period of tine
are selected so long as substitution of the

16 liquids is conpletely carried out below the thermal treatnent

R L N F S T
produci ng S%n?%r?{@egrﬁéli}raﬁq (R "t é@?g{uﬁl@%}?ltﬁe thJeJHxall YreafmbY %Oéa‘ﬁ-fe’ r'J-In addition,

substanti al | ree o "as t and/ vent and havi ng

intrinsic V'tlg;Elge?' fidkrilk QEr{d] toPbe P&rrﬂe@aa%t () df /tl‘&: étﬁrtﬁébilﬁ-ciﬁxﬁgrrﬁéabfefﬁni bRbmRS

treatment un restraint, stretching 'may be carried out after the thernal
treatment fQ@mapétaining a porous filmof stronger tensile strength or

adj usting porosity or pore dianeter of the resultant film

Stretching is carfheefibrilst (Batcompriimgetimt helivoldel avystdie haet ta thickmessyt winth tibe
film after the thermal treatnment. The lower Iimt of the stretching

t enper at ur e mkaperd2scn widtheof she ﬂleliﬁoidail gtysta$ ecfltaleasted. § Him ppreferkblyi aideast ed.
In case the high nolecular we | yol efin is polyethylene, the

stretching Pehb’éf? éﬂ@lr@respr\ﬁf@' 1|*h il kﬁ&-‘maﬁi’&e‘lﬁa&‘n%e‘“@m 2 ghickressdiey Prey 1pdnt

f the fil t .th f 100 130
Streton raf (ARG Jb VRKGES] O hpefOTAL YRS (e aTime: teedeyy o T diESb
1.5-51n Ca%gxpgﬁgmgqhg)ék%kdé?e FE&EIS; {2 e%gals &B%ttﬁ'é %el'ﬂ:%#cﬁi(' %{stsﬁé retching, a

uni axi al str era I n case of

biraxially stretcRifg o sihé girl figefmbablel fitn 19rtﬁfec?rf6’1b|1ﬁ</est1gatmg conditions for

the formation of the aforesaid two fibrils, it has been found that The fibrils (A) is
easily formed if the the temperature for the thermal treatment is low but the fibrils
(B) tend to be formed as the temperature for the thermal treatment becomes higher.
In case the starting film has a high [n] value (for exampie, about 15 dl/g), the fibrils
(A) are formed at almost all temperature range for the thermal treatment. Contrary to
this, if the starting film has a low [n] value (for example, about 5 dl/g), a temperature
range of the thermal treatment permitting to form the fibrils (B) becomes relatively
broader.

The state of these fibrils ié shown in the accompanying Figs. 3 and 4 which are
electron-microscopic photographs.

Fig. 3(a) is an electron-microscopic photograph of a porous film of high
molecular weight polyolefin obtained in the under-mentioned Exp. No. 27 taken by an
electron microscope of 3,000 magnifications. Fig. 3(b) is a similar electron-
microscopic photograph taken by an electron microscope of 10,000 magnifications.
Fig. 4(a) is an electron-microscopic photograph of a porous film of high molecular
weight polyolefin obtained in the under-mentioned Exp. No. 28 taken by an electron
microscope -of 3,000 magnifications. Fig. 4(b) is a similar electron-microscopic

photograph taken by an electron microscope of 10,000 magnifications.



1.5-25. The stretching may be carried out in atnosphere of air or
in contact with the first liquid which, as described in the paragraph of
the foregoing thermal treatnment, has an adequate affinity to the high
nol ecul ar wei ght pol yol efin and does noindi ssolve the filmafter the
thermal treatnent at a stretching tenperature. A et hod for
stretching the filmmy be any one of the uniaxial stretching wherein
shrinkage in transverse direction (w dth | oss) is m nim zed, the uniaxi al

stretching whereif mrém%g &Ip Pﬂéa%s%/@rietlge' rectlon g%{%‘rﬁ \éﬁ‘r‘]’ eg‘qhﬁ)é"r%%

tenter clips, the sequen aneous? |aX| arf1

total tenter lidins %fsth@g\-és%néjﬁtﬁgntﬁﬁ &WH{?@: L rrﬂ&bﬂ[tg'cﬁ@rtX it geln?lilnt of

stretching testl ng appar continu sequent i al bl ax

stretchi ng whepeddRmbter By ﬁfcf‘&%i‘ﬁ@'tﬂﬁkﬁés@ﬂ:f | the nervate and/or reticulate fibrils and
17 conducted by way of "a pair of rolls and a second stretching step iIs

t hen conductdecrelding \the/ n@hbéreot ﬁbrlglpepsmlmaﬁeﬁansverse direction, and the
continuous and sinmultaneous biaxial stretching wherein a continuous tenter

clip systemis udid. air{pétreeabilitptdanrigs) enhanced (Gindey gecnds fdah rbealiéceeased)ybpg
or stretching may be subjected to a thernosetting treatnment for renoving
wri nkl es on setiiagf the temaeratitre i of the dheymial yreatmient Hiigheneand isf1,00@ sedonfist00 cc
m ni m zi ng Eﬁgg surfa e friction resistance of the filmand m nimzing

t her moshr i nRAgESSofPrE éa‘%‘lr 1P sespnds{100,¢c a%é!?%s@lefqrﬁzjy 309 ﬁ%@@%ﬂ%pﬁ ino

h il h
et angut ar 1978 9 8EHB bRk Ila fase th BpeRiE of the ernllbesmgpent Iotogrhiek ne

lplr gge‘r"{': 22 I@f'n @ a&gggs?gt:n%ﬁ? ffg{ % H)ﬁﬂﬁag rH(;IérﬁgmExj&elsfe'xlccggsweltyhloggg'\esrl, eI Fahe
film is dissolved apd the air-permeability is undesirably lost. '

The bubble point becomes lower as the pore diameter becomes larger and is
usually 0.1-7.0 kg/cm2. This value is preferably 0.1-5.0 kg/cm?2.

The porosity is at least 30%, preferably at least 50%, more preferably at least
60% and most preferably at least 70%. The porosity can properly be adjusted by
thermosetting after the formation of the porous film.

The thickness of the film is 10-200 pm while the piercing strength is at least
3.0 g/Um, preferably 5.0 g/[im and more preferably at least 6.0 g/[m.

Accordingly, the microporous film of high molecular weight polyolefin after
the thermal treatment in accordance with the present invention possesses the following
characteristics:

(1) an air-permeability of not more than 1,000 seconds/100 cc:

(2) a bubble point of 0.1-7.0 kg/cm?;

(3) a porosity of at least 30%;

(4) a film thickness of 10-200 um; and

(5) a piercing strength of at least 3.0 g/Um.

In the present invention, a porous film of high molecular weight polyolefin
obtained by stretching the film after the thermal treatment in at least one direction is

also composed predominantly of the nervate and/or reticulate fibrils.
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suitably selected as conditions in this case. In usual, an optinmum
tenperature and tine are determ ned below the nelting point of the film
after the treatnent. It is necessary that the treating tinme is shortened
as the tenperature becones higher but ére treating tinme is prolonged as
the tenmperature becones lower. (Porous®tilmof high nolecul ar weight

pol yol ef i n) It is an inportant feature that the porous filmof high
nmol ecul ar wei ght poyolefin obtained according to the thermal treatnent is
conpri sed predonjnant &2 [ or

the term "nervat 53'3?%?50%” ﬁr ﬁt émfl £y |the Eéf’%”?‘?iatt?a"ﬂ%? elthr?gammt afer § & t he
filmwherei Qtrét@ﬁmé ? "Adt (%l%%?tlhttﬂé to'?%;rjxlé E&ﬁx‘ﬁgh(?h@'f‘flﬁn th#d”%aeEfébe §%eand

thin fibers™ ¢onn ereto out's e trun

thin fibersgf, Erps %s@rve&om fipRlie cB%tf&ﬂé@B? 841 dotpisin ng the exterdd®@-Hall i 1S

constituting e filmconprises (A f | s”consi sting of extended- chain
crystals anekﬁs@ulae hh@the lanfellad Sryd bk, (ﬂmnlé chﬁipkﬁmgoms i Helibdidal Wrystalsi @i stabr
crystals. As an exanple of the structure and formof fibrils in

hi gh nol ecubamuseﬂilmls abomprising dirgstals sof o traasitibe @eriocdde on sol ution
crystallized substances under stress, for exanple, in A J. Pennings, A
A. Kiel, Koll oidTke terxilg smnng'(smSBast AMPein et leastjone direction, preferably at
18 Machi- n, J. Macromol . Sci., Bl, p.41(1967), etc. or in K. Kobayashi.;
T. Nagasawaleag 9 MBacinostoleast S dirmstien. mpg: prefargbly i east 19 MRadmghigast one

|SE' [nﬁg‘sjéar efhé?%weeéqr? %Fs’g%?fég {%ﬁ?eﬁﬁplr%?r@as% @Pﬁ?lﬂ@ééﬁ%&é@ﬁﬁmm at

structure of the fibrils; one of them show ng the structure conprising
ext ended- chfgﬁ% Ghe' diPection’

The piercing strength is at least 3.0 g/um, preferably at least 6 g/Um, more
preferably 9.0 g/um and further preferably at least 10 g/Jum. The air-permeability
can be increased by enhancing the stretch ratio (decreased in case of Gurley second),
and is not more than 200 seconds/100 cc, preferably not more than 100 seconds/100
cc and more preferably not more than 80 seconds/100 cc. The air-permeability of the
porous film after stretching is affected by the size of the pores in the thermally
treated film before stretching, and tends to good as the thickness of the fibrils
befores stretching becomes larger (i.e. the pore diameter becomes larger).

The bubble point becomes smaller as the pore diameter becomes larger, and is
usually 0.1-5.0 kg/cm? and preferably 0.1-4.0 kg/cm2. As in the case of the air-
permeability, larger the pore diameter of the film before stretching, lower the bubble
point of the film after stretching.

An impermeable film (a dissolved membrane exists on the surface of the film)
formed by an excessive thermal treatment can be converted into an air-permeable film
after stretching.

The porosity is at least 30%, preferably at least 50%, more preferably at least
60% and further preferably at least 70%. The porosity can properly be controlled by
thermosetting to be conducted after the formation of the porous film.

The thickness of the film is 1-200 ﬁm.
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crystals formed in the center of the fibrils and | anellar crystals forned
by nol ecul ar chains pendent fromthe extended-chain crystals and the other
showing fibrils formed by orienting a helicoidal transition existent in
crystal nuclei conprising folded chai n; in a flowng direction. The

ext ended-chain crystals existing in th %orrrer nodel is not necessary in
the fibrils. Fibrils (A arbitrarily defined herein which conprise
t he extended-chain crystals and the lanellar crystals correspond to the

aforesaid former construction nodel and are cr stals Ofg}ﬁo cal
ohi sh.kebab st r udR hePreprRisBVention; (e ROaWS SlfmrPLA hih,melesiar Vagnt Pwéolefm

TR SO o e AT SO LR BB Bl

peri odi cal | const uct round.t he extended-chain crystals as nuclei, and
their struc%‘?} é’"‘?% é c TRU8E ?téﬁs in Fig. 3. On the ot her hand,

fibrils (B) arbi tarf Lo elimedn NEreinahe by SOmy b g 1 7 gbd;coi dal

crystals corresp constructi on nod ave Such a

structure that fidy olgiepdiys sakRgthbridiGedsseR 6 @pRart are not or a little
observed and the ﬁ))Irarn%“: érécryﬁ%a l's CO?YDI’I SI %lg/; the folded chain are forned

spirally, and they &i hivCiermeability Fheodmére BRhT00 deBordspL00%sc; The
fibrils (A) conprising the extended-chain crystals and |anellar crystals

have a thi ckness (#eas bukltle pointiofitthl-ef.Otkdgaecm@nel | ar crystals of at least 0.1
[err]m preferably at least 0.5 [err]m and nore preferably 1-10 [err]m
and usual |y cont &%h @Pomﬁlttmﬂ@sle%éfi@?ﬁdand [err]m The thickness of the
fibrils tends to _increase as a erature of the thermal treatnment with
the first |iquid{®ecofitm thickrss qffl‘? Har - rrperrreabl e filmbefore the

ager mal treat rrent‘n tﬁe gtaersrgnt gbgntxlogl ‘Erlfe”&sr%u? fllm o% iugil molecular weight polyolefin

obtained by subjecting the thermally treated and then at least monoaxially stretched
film to the thermosetting treatment has the following physical characteristics:

(1) a tensile strength in at least one direction of at least 7 MPa;

(2) a piercing strength of at least 3.0 g/um;

(3) an air-permeability of not more than 200 seconds/100 cc;

(4) a bubble point of 0.1-5.0 kg/cm?;

(5) a porosity of at least 30%; and

(6) a film thickness of 1-200 Um.

In order to apply the porous film of a high molecular weight polyolefin in this
invention to a separator for an aqueous electrolyte batteries, the film has to be made
hydrophilic. A method for making the film hydrophilic involves one of the methods
selected _from the group consisting of a method for treating with a surfactant, a
method for treating the surface of the film with a sulfonating agent for surface
modification, a method for adding functional groups by treating the surface with -
fluorine gas and the like, one of the methods selected from the group consisting of a
corona discharge treatment, a plasma treatment, and a treatment with electron beam,
and a method for graft-polymerization of a vinyl monomer containing hydrophilic

groups onto the surface of the film or a combination of these methods.
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| i kew se tends to increase as a product of the expansion ratio and the
draft ratio becones snmaller if the tenperature of the thermal treatnent is

sanme. In addition, thicker fibrils tend to be fornmed as [err] of the
starting air-inperneable film becones igaller. The fibrils (B)
conprising the helicoidal crystals have t hi ckness, which is neasured as

a wdth of the helicoidal crystals, of at least 0.1 [err]m preferably at
least 0.5 [err]mand nore preferably 1-10[err]mand usually contain a

hi ck b d K f he I
tsalrr; tn giéengzogs#‘#’ tﬁ’Lsfe B‘F(ﬁngng dﬁcgp?‘glu%é’gteigu %t%}fd%rdacﬁ‘fﬁighatagygﬁeﬁf ds and
t he heli coi gfeéf r%ll‘.sfto?& atter parat\é\{jﬁ@‘é ?%gﬁ?ﬁo haH]EP sfrtaégbl esfilmis used

for investi ating con 1 on ornat o resald t wo

fibrils, it has Re@mbteddot Rathbihfie {g’rmiﬂo?yrﬁ%)zahﬁn) ?@Elgjl }hdcn‘afr{aa(éofzt% L

theterrperaturefor the thermal treatnent but t

to be fornmeHydrophilie groofemahutte §ufack g tHeefilBlfol HAPAHMB hydREFHIRS p'i‘b&lf'gf

In case the starting filmhas a high [err] value (for exanple, about 1

dl /g), the thetato) sher¢ Apn dreememtioned, &dr eamyld, agplyihgrpeingl togomangentaiming he

thermal treatnment. Contrary to this, if the starting filmhas a low [err]

val ue (for bydmphlbc gapupstonso dhe sprface of ghe &itm tfollevedr ynireadidtinghie witheelemton

treatment permtting to formthe fibrils (B) becones relatively broader.

The state of¢@§ese fibrils is shown in the accorrpanyi ng Figs. 3 and 4 which
is an

are electron-m groscQ phs. Fig
el ectron-mcr oscgiéff B%ot"églﬂ'ffpﬁggi ’30%??5'u§°ﬁa}"|ﬂ%)fhyﬁr‘§’rhﬂ’°rnﬂr RS are.wirght

| yol ef i No.., 27
Elentron m SRnRle Sheldedi O BaBCT R 0B R SRy i 5 pietERRl s vinw
el ectron-  g&k Qﬁ'%?b&carﬂ@%ﬁg rsﬁ&he% a0faBN affd GGhixAlFe ”QfC{hQ&C&ﬁﬁp%%fndg-o 000

magni fications. Fig I's an ron-m croscopi ¢ photo

porous film of hitgh xﬂi@bﬁ:ﬁﬁﬂ fHat t%h@%?at@@'fﬂ'xﬁ'ﬁ?'&u%%lé%l&@ Ha'f't%rles which
under-nmenti oned Exp. No. 28 taken by an el ectron
compries the porous film of a high molecular weight polyolefin of this invention
possesses the following physical characteristics:
(1) a tensile strength in at least one direction of at least 7 MPa;
(2) a piercing strength of at least 3.0 g/um;
(3) an air-permeability of not more than 300 seconds/100 cc;
(4) a bubble point of 0.1-5.0 kg/cm?2;
(5) an electrolytic liquid retention rate of at least 200%,
(6) a film thickness of 1-200 pm.
The aforesaid characteristics in the present invention were measured according
to the following methods
(Intrinsic viscosity)
The intrinsic viscosity defined herein was measured at 135°C in decaline as a
solvent. The method for measurement is based on ASTM D4020.

(Measurement of the thickness of film)

The thickness of the film was measured by the aid of a film-thickness

measuring apparatus named Miniax (Model DH-150) made by Tokyo Seimitsu KK.
(Porosity) |
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m croscope of 3,000 magnifications. Fig. 4(b) is a sinmlar

el ectron-m croscopi ¢ photograph taken by an el ectron m croscope of 10, 000
magni fi cati ons. : 20

As are evident fromFigs. 3 and 4, theéﬁfrous filnms of high nolecul ar

wei ght polyolefins of the present.inv lon attain high air-perneability
due to enlargenent of the pore dianeter by increasing thickness of the
nervate and/or reticulate fibrils and decreasing the nunber of fibrils per

unit area. The air-pernmeabi]ity can be enhanced (CGurl ey seconds can
be decreased) byA S¥RI¢ Yrpst Weishednprd she, thickpess g atﬁ%‘r‘ﬁ&l’ﬁ’t was drtshminge gher

more pr ot or U SD0 EniRdEriBhoL B st pE RS G Poisy T SR A P00 e
f . | ; ent i . iad j
the’hor mat U SRl @Ry, SERUERA widh HPvall Berclhip 5 R, iBbecpld R O

di ssol ved aﬂ“ﬂc){n@?s ﬂieﬁs‘u’?ﬁ%%ggria'tﬂst.y I s undesirably | ost. The bubbl e
e

poi nt beconmes [ower as t ore drameter becones larger and is wusually
0.1-7.0 kg/ cnf er phrosithi(Soldmie Ug) Ls—f’ﬁ.r—& &afgy 0.1-5.0 kg/cnferr].

The porosity is at least 30% preféPably at |east 50% nore preferably at
| east 60% aheref Y, framfsefabthickasd efizhe 4bdal Tike pedsasdd By ctha flilmopdticknesde
adjusted by thernosetting after the formation of the porous film

The t hi ckneswsasyfinghepgaratus,i sind 0T 20001 dhickmessvifl @ dénse pfilmr cdfn §%s tix epagobity s
at least 3.0 g/[err]m preferably 5. O_%/[err] m and nore preferably at

| east 6.0 gfigtermipgd by calculationfresp ¢he\gieights he ni croporous film of high

he. present (T4 PENEbssesaes the fol | ow ng charact eristics: o

This factor._was measured and calculated at room temperature (23°C) by the aid
.of a tensile strength tester named Tensilon (Model RTM 100) made by Orientec Sha in
accordance with ASTM D882, Method A (width of test samples: 15 mm).
(Air-permeability)

The air-permeability of the film was measured according to ASTM D726 by
the aid of a standard Gurley Densometer (Toyo Seiki Seisakusho: Gurley Densometer
Type B) for measuring Gurley seconds.

(measurement of melting point)

The melting point referred to in the present invention was measured according
to ASTM D3417 by the aid of a differential scanning calorimeter (DSC).
(Crystallinity)

The crystallinity referred to in the present invention was determined by
calculatio_n as a ratio of a heat of fusion to a theoretical heat of crystal fusion, the
heat of fusion being simultaneously measured at the time of measuring the melting
point according to ASTM D3417 with the aid of a differential scanning calorimeter
(DSC).

(Orientation coefficient)
The orientation coefficient was measured with the aid of an X-ray diffraction

apparatus (Model No. RU 300) manufacture& by Rigaku Denki Co.
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(1) an air-perneability of not nore than 1,000 seconds/ 100 cc; (2)

a bubble point of 0.1-7.0 kg/cnferr]; (3) a porosity of at |east
30% (4) a filmthickness of 10-200 [err]m and (5) a
piercing strength of at least 3.0 g/[er? In the present

I nvention, a porous filmof high nolec r wei ght polyolefin obtained by

stretching the filmafter the thermal treatnment in at |east one direction

is al so corrposed predom nantly of the nervate and/or reticulate fibrils.
%g rison with the filmafter the thermal treatnent, the

fllmafter ¢ lesfl"?‘ ching is not distinct in the state of fibrils formng

[1bril's compri of B CHEDEAAEHEEE Biearied Brout e o AT, E5}drvor PaIdaE B o
fibrils COMgY: rﬂ %t@ga tl%e bge&/éxgﬁ' g:fueo&sr ¥.§ﬁxﬁl>(§ d:?nzg sgﬁfgﬁﬁnrth}"&r 5@ Lh?xfxilﬂe? rdnhsthxsn

conpr|5|ng crystals o e stren

at least 7 Migidd vk (R8SEs ARE fBrrﬁSzishPé?nenl?r epgl 86ﬁ}je¥hﬂéne hi%ﬁ&t al%oﬁ@faeth& at

| east one direction, nore preferably at least 1 ain at | east one

direction, {Bailp&r 709 efsauRbluredby |03 twad ushiPas anel segpaadal |y preferably 20
PVMa in at |east one direction. The piercing strength is at | east
3.0 g/[err] (Bierpingfstremigth) at |l east 6 g/[err]m nore preferably 9.0 g/pm and
further preferably at Teast 10 g/[erf]m The air-perneability can be

i ncreased by enhZhigifaggor was steagireth at 381G by dbe ridacfenl tansile stzength t@uerl symed
second), and is not nore than 200 seconds/ 100 cc, gr eferably not nore than

100 seconds fansgon (ModgliRIM dOQ) arantasiugec by Qrientes Sha wder s rerditier of @

The air- per(%ggxeaé sgee% oft tf&) mm/min. The piercing needle with a tip of 0.5 mmR and a

diameter of 1 mm.was used. The piercing strength was determined as a quotient of a
force breaking the film with the needle by the aforesaid T, (thickness calculated from
weight).

(Electrolytic liquid retention rate)

Three pieces of a test film having a size of 10x10 c¢cm were collected and their
weight W in the state of moisture equilibrium were measured. Next, the test pieces
were dipped for one hour into an aqueous solution of KOH having a specific gravity
of 1.3, pulled up from the solution, hung by picking up one corner of the film and
weighed their Wéight W, after 10 minutes. This factor was calculated aﬁcording to
the following equation:

_ W,

Electrolytic liquid retention rate (%) = <y~ x 100
<Effect of Invention>

In accordance with the present invention, there is provided a porous film of a
high molecular weight polyolefin, which film can be obtained by preparing an air-
impermeable sheet or film from the starting high molecular weight polyolefin without
adding thereto a plasticizer and/or a solvent and subjecting the air-impermeable sheet
or film to a thermal treatment.

This porous film is suitably utilized by its excellent physical properties such as

strength and air-permeability for use in filtering materials, separators for aqueous



porous film after stretching is affected by the size of the pores in the
thermally treated filmbefore stretching, and tends to good as the

t hi ckness of the fibrils befores stretching becones larger (i.e. the pore
di anet er becones | arger). . The bggble poi nt becones snaller as the
pore di aneter becones larger, and is ally 0.1-5.0 kg/cnferr] and
preferably 0.1-4.0 kg/cnferr]. As in the case of the air- perneability,

| arger the pore diameter of the filmbefore stretching, | ower the bubble
point of the filmafter stretchin nperneable film(a

di ssol ved nﬁlﬁbﬁralaf&e batfesies. sparaer Slme é%reb%&ferteﬁeanfhql%irolmefrwemws,a%nd air-

excessi ve therma I’Ffi mept can be conv into an erneable film
le  films :hu

after stret @AiHG! hgloBB‘ers‘?etr?e? htl WaEt fp%‘%l PISYP9P% PLbT yasa[’aﬂeéaﬁt
0 %) 70% . T
e TR AT

the formatigp,pf.the porous fllm The thickness of the filmis

1- 200 [err]% fihe. 22 In
t he present gxpwgpitgPn, the porous filmof a high nol ecul ar wei ght

pol yol efin “obtained by stretching the thermally treated filmin at |east

one direction haghthgresél irshtiéh PARYS hew! behigiaedted | iat nfo?e detail by wal) oft
tensile strength in at |east one direction of at |east 7 Mg, (2) a

pi erci ng st Esagples.oflt ag td basbn@r@edghdveavet what the presen{ @)veatiormis n@elimiabitd i ty
of not nore than 200 seconds/ 100 cc; (4) a bubble point of 0.1-5.0
kg/ cni er r] ; these Examples) In gﬁﬁq)gmryplgﬁ, Rercanéagetis 3boym diygweight unless otherwise

indicated.
Experimental Example 1
(Preparation of Precursor film)
According to items of a specification shown in Table 1 and using an inflation
film shaping apparatus shown in Fig. 1, an inflation film of a high molecular weight

polyethylene was shaped.

Table 1

Items of specification Size
Outer diameter of Screw 60 mmo
Effective length of Screw (L'/D') 34
Flight pitch 36 mm
Screw compression ratio 1.8
Length of Tube die (L) - 830 mm
Length/diameter ratio of Tube die (L/D) 25
Inner diameter of Tube die at Die exit 36 mmo
Outer diameter of Mandrel at Die exit 30 mmo
S1/82 1.40
S2/S3 1.57
Inner diametr of Gas flow path in Screw 7 mmo

In the Table 1, S1 stands for a cross section area of a resin flow path in an
entrance portion 4 of the tube die, S2 for a cross section area of a resin flow path in

the middle portion 5 of the tube die, and S3 for a cross section area of a resin flow



(6) a filmthickness of 1-200 [err]m In the present invention, the
porous filmof a high nolecular wei ght polyolefin obtained by subjecting
the thermally treated and then at | east nonoaxially stretched filmto the
t hernosetting treatnent has the fdlcww%? physi cal characteristics

(1) a tensile strength in at |east one rection of at |east 7 MrPa;

(2) a piercing strength of at least 3.0 g/[err]m (3) an
air-pernmeability of not nore than 200 seconds/ 100 cc; (4) a bubble
poi nt of 0.1- a porosity of at |east 30% and

.0 kg/ ; .
(6) a fiIn1PﬂngﬁEEQgngé&%dﬁ°féP?f?ﬁéé? In order to apply the porous
fil f hi gh | | | f t
ﬁleg?(r)% o? 1; or an tec e & ﬁf“é%? P8FY%9P§! f%"'{%aﬁhgeef bsﬁlgs#?Yp?%%%%ﬁ?nc %°Wdﬁ§é%n
il
rr)ét hogs fnté{lﬁg ‘hr&§?ﬁh? [enrjar o{}gsc&g%slds{b |mr11( Xéjn;sgghdf ?Qtsdé]/ ¥'81r t'?%g%%ﬁg vfnh‘lf]h a

surfact ant » tefnp eFﬁEJ‘H%datfé?c'Endexeﬁt 'tﬁ@m‘ichﬁe ?ertfo%cf o@fthé be Jddl eVt tion 3 of
sul fonati ng agent for surface nodification, a nmethod for adding functional

groups by teeatiengt 2B Gurdeace anit150°€] wespertpvednSsediiil taheedttusfon ameudf té he
met hods sel ected from the group consi sti ng of a corona discharge

treat nent, abquk&skght rgawvingndiompressed alrr thadughnd g ﬂhwqjadctnvolvehemmm scarem‘, a
met hod f or graft- polfymarl zation of a vinyl nonomer containing hydrophilic
groups ont ocedliggsihefidoe tofsolihdn fsithhmenner tehianniaflited tobulahidre wast botacted
23 Anong t hese nmet hods, a net hod u5|ng a surfactant or a

sul fonat i ngwgbéﬁtmil%r diameter of atnoaling Fing Thbaving § diasieaer-adapted foy pdlipragter of

battery Cha{haecltn ategt tu%uIar film while the film was folded along a stabilizing plate 8 at the

same time, and taking up the film at a predetermined velocity by the aid of a pinch
roll 9. The cooling ring was replaced by one having a proper inner diameter
according to the magnitude of expansion ratio of the film. Table 2 shows the shaping

conditions and the characteristic properties of the resultant film.

Table 2
Precursor film No. 1 2
Shaping Draft ratio 8.7 12.8
Condition Expansion ratio 8 9

Characteristic properties of the resultant film

Thickness of film (um) 45.2 30.0
Tensile strength (GPa)
MD 0.18 0.23
™D 0.24 0.25
Piercing strength (g/uUm) 41.8 45.0
Intrinsic viscosity [n] (dl/g) 8.2 8.3
Orientation coefficient
fa - | 0.31 0.38
fc -0.01 -0.04

Air-permeability (seconds/100 cc) >10,000 >10,000
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As a method for conbining (graft-polynerization) a vinyl nononer containing
hydrophilic groups with the surface of the filmfor inparting hydrophilic
property thereto, there can be nentioned, for exanple, applying a vinyl
nononer cont ai ni ng hydrophilic groupspgnto the surface of the film
followed by irradiating it with electron beans. Illustrative of
the vinyl nononer containing hydrophilic groups are, for exanple,

unsat ur at ed carboxylic acids such as acrylic acid and nethacrylic acid;
vinyl esters carb Ey c aC|ds such as vinyl acetate; and a m xture of
t hese conpotfi ﬂ?“n““ﬂ Zis inportant that the separator filmfor
aqueous el egt t tterle which conpries the porous filmaf a high
nmol ecul ar w@wdﬁpgtg qﬁﬁmﬁusf this invention possesses the follomnng

physi cal charact %Jrsln%t 't@ﬁS I\Rgecursor flllgll) P%e‘ﬂenr?' ]E)?p&?ltrr{e%p%ﬂt E‘( ng l ea fx géaf

direction of at leaSt pi ér’ci ng stréeng

3.0 g/[err] Qeatment &3)@@@ ef; o f not m)rethan 300
seconds/ 100 (?g ment was R B{J}EI e"ﬂg‘g?‘ 1‘1151¥ne 1-5.0 kg/cnjerr];

(5) an el ectrol yirhe plredmdi ma{ €0t RNheldbBtwRlen &l pdif 38 stAHE9D steel meral frafiks @
fil mthickness of 1-200 [err]m The aforesaid characteristics in

t he present 1Bnyahbwnin g e2 Narisfixedicat@alpden @nd Idwer hiethiofrhavd AethrRidads]
(Intrinsic viscosity) The intrinsic viscosity defined herein was

measur ed at sa 8%[terfix] four rcodesralaf the ddma Tholfirerit . thifheateetrdsodippal inte asliquidrent
is based on_ ASTM D4020. &Nbasureqent_of the thickness of film The
t hi ckness ofort e thermal geatmentstihe firgsyliquid) inj aitapk ferfa predetsrmined dimne.

(Par oot 19 AERBERE e BT econd lidhla (e B iyt ™I PV Tokve Serm tsu KK

The film fixed to the metal frames was taken out from the thermal treatment
tank and cast as such into a tank filled with a second liquid. The film was taken up
from the second liquid and air dried at room temperature (23°C). The film was then
taken out from the metal frames and used as a sample for measurement.

The treatment conditions and results are shown in Tables 3 and 4 below.

Table 3
Conditions for Thermal Conditions for Dipping and
Exp. Precursor Treatment Drying Treatment

No. film No. - First ~Treatment Treatment Second Dipping Dipping Drying
iquid Temp.(°C) Time (m) liquid Temp(°C) Time(m) Condition

1 1 P. Qil* 127.5 2 X*2 30 5 air dry*s
2 1 p. Oil 128.5 2 X 30 5 air dry
3 1 P. Oil 129.5 2 X 30 5 air dry
4 1 P. 01l 130.0 2 X 30 5 air dry
5 2 P. Qil 129.3 2 X 30 5 air dry
(Remarks)

* "P. Oil" is an abbreviation of Paraffin Oil marketed by Witco, Viscosity index
is 11-14 cSt at 40°C (trade name: Carnation)

*2 X denotes "HFC225bc" which is a halogenated hydrocarbon named 1,3-
dichloro-1,1,2,2,3-pentafluoropropane.

*3 "air dry" is conducted at room temperature.



24 A sampl e was wei ghed and the thickness as a dense fil mwas
determ ned by calculation, deem ng density of the filmas 0.95 g/cnferr].
Porosity was determined using the followi ng equation, in relation with the
val ue determined by the aforesaid film ogthickness nmeasuring apparat us:
[err] Porosity (volunme % = x 100 wherein T[err] stands for

t hi ckness of the actual filmneasured by the filmthickness neasuring
apparatus, and T[err] for thickness of a dense filmof 0% in porosity
determ ned by cal cul ation fromthe wei glh% ‘{Tensi | e strength) Thi s
factor. was neasured and cal cul ated at Sm enperature (23C) by the aid

of a tensil tr st (

Orientec Sh%;dxﬁn ei;}g%%ﬁg anc%fqﬁyliih %&ﬁ;{ﬁﬁ%ﬁ%}' hﬂg%!f %}%%@ gigi{ olx)x?tle

sanples: 15 nm. -perneability) amMpaper rre@l)h bt Y(kQfe

filmwas rrea ured or dirn ASTM 6 Dy ard OT ndard

Densonet er oyo é%?ﬁ Sei %ék%)sh d[f)?qzey Dens er 4? 6for a%url ng

Gurl ey seconds (5&8sur emer®t 9 of el 28819 poi nt 10.7 27. Zl'he 8=l ti ng3poi nt

referred to ?n thi:?fbesent .; nlyentl on; g¥As msasurg:g acc ?%I ng ¢ o ASTQ/I#D3417
|

by the aid of a difterential Sscanni ng cal ori neter (DS ystaII
The crystal |l #nityle®eferred Ro5in eh@.0BPesent irbudnti okb. Was dét%r mi ned by

calculation gs a rggpo of @2lweat of dysion to g lheorapiscal (hgat of go ystal
fusion, the heat of fusion being simultaneously neasured at the tinme of

nmeasuring tkentksY ng point according to ASTMD34I7 wth the ard of a
differential ScarfRIpr%. %1%'. OJ,'tﬂg tvgfue of Air-permeability was increased as the treatment

. temperature was elevated




(BSC). (Orientation coefficient) The orientation coefficient was
measured with the aid of an X-ray diffraction apparatus (Mdel No. RU 300)
manuf act ured by Ri gaku Denki Co.

25 (Bubbl e point) The bubbl egpoi nt was neasured according to
ASTM F316-70 by dipping the filminto a 1% by wei ght aqueous solution of a
surfactant for 30 mnutes and this solution was used as such for

measur enent. Pol yoxyet hyl ene hi gher al cohol ether (Enul gen 709

manuf act ur e%\xg&in’ﬁ@xﬁhl pised as the surfactant. (Piercing strength)

This factor S neasured at 23C by the aid of a tensile strength tester
named TensiggeichiMpfiel RTM 100) nanufactured by Oientec Sha unider the
condition of a crosshead speed of 100 mimn. The piercing needle with a
tip of 0.5 nMMR arfdretchinl st @irried ol NEBING Thel SRPousT ffiim PoRARED GnSEX St TidntaS
determ ned as a quotient of a force breaking the filmw th the needle by

t he af or esaiBkathpler 2] Usihg akbiesislly atretchimgedadhimenvf waeghbi klip typd @aamubicyiired
liquid retention rate) Three pieces of a test filmhaving a size of
10x10 cm werby Teprd Seikpd thenfilm hvedsr stratehieghin theiair fhe steithing fratepofst L m/min.
equi libriumwere neasured. Next, the test pieces were dipped for one hour
into an aqudd@sstsesrhing gaods WREXE fised vgdth upiaxipk pieeighingi and a gfucgessive thidxiald

up fromthe sol ution,, hun i cking up .one corner, of the film and
wei ghed t heiSFeE@$ht THe Sar%ffg%g%’wﬁrtm%ﬁ 84 TERHIES $r5 ShoPT s TRblgsc S 288 &

according to Table 5
Exp. Exp. No. of Stretch ratio Stretching temp..
No. porous film MD x TD (¢C)
6 - 1 2 x 1 120
7 1 3 x 1 120
8 2 2 x 1 120
9 2 3 9x 1 120
9-1 2 3 x 2 130
9-2 2 3 x 3 130
10 3 2 x 1 120
11 3 3 x 1 120
12 4 2 x 1 100
13 4 3 x 1 100
14 4 4 x 1 100
15 4 5 x 1 100
16 4 2 x 1 120
17 4 3 x 1 120
18 4 4 x 1 120
19 4 2 X 2 120
20 5 2 x 1 100
21 ] 2 x 1 120
22 5 3 x 1 120
23 5 2 x 2 120



the foll owi ng equation: [err]

Electrolytic liquid retention rate (%9 = x 100 <Effect of Invention>
I n accordance with the present invention, there is provided a porous film
of a high nol ecul ar wei ght polyolefin, ich filmcan be obtained by
preparing an air- inpernmeable sheet or filmfromthe starting high

nol ecul ar wei ght polyolefin without adding thereto a plasticizer and/or a
sol vent and subjecting the air-inperneable sheet or filmto a thernal
treat nent. This porous filmi ST%ﬁf t%bl y utilized by its excellent
physical properties such as strength and air-permeability for use in

filtering mat erfi:)gﬂ bat eHgsrsatf‘pfésltgormfl%?ﬂ?asmht]y Tegsﬂe Piercin

26 eIectroI rres atteries ané eectroly
capacitors, andV@i r-of fijar meab(@ f i |(gesond/dPO0ss) sﬁﬁﬁ?@ber rréHB‘P% but point

wat er-proof purpose such as paper O\1¢ il.m, and for
other uses in & 3 i bLE :

The present invéntion md I noVXBkBe [ I | usg7r at ed i37. Gmr?ﬂ det aﬁ9|5 by vva&Mof
Exanples. It |s to besg%strueg hovveversét hat thse9 Presept ifventiong %s not
limted to these Exanmples. I n"these EXanpl es, "pércentage 1S shown

wei ght unl ess o% herwildé.3 i ndi @9t%ed. BEderi mentlﬁoEx%Qrpl e IB.1( Prep%ﬁatl on

of Precursor figm 63.1 Acesrding tagitens ol p speeifimagion shewn in

Table 1 and uspng an | pflation, , 80 109.0 107.0 45.2 2.3
9-2 7.8 31.7 60 128.0 185.0 58.7 2.8
10 118.0 80.5 54 14.0 119 10.6 1.5
11 52.1 74.1 40 33.9 14.3 143 1.6
12 171.4 80.3 134 7.7 125 9.6 1.2
13 134.1 84.0 26 9.5 94 106 1.3
14 107.5 84.6 28 154 8.1 122 1.4
15 80.3 83.3 40 241 82 141 1.4
16 135.1 79.6 51 11.5 129  11.6 1.4
17 106.5 82.3 27 141 82 11.2 1.4
18 82.4 83.0 30 241 103 154 1.5
19 94.1 84.4 15 7.9 138  11.1 1.1
20 79.1 . 74.3 130 206 19.0 123 4.1
21 60.9 69.3 136 34.5 20.6  18.6 5.0
22 44.1 73.0 78 44.4 213  14.6 3.8
23 370  75.6 38 239 36.8 17.4 4.5

Experimental Example 4
(Thermosetting)

Ueing the porous film obtained in Experimental Example 3, thermosetting is
carried out in a manner such that an air-oven (manufactured by Tabai) was used and
the film was fixed fixed in two directions. The conditions for thermosetting and

results are shown in Tables 7 and 8.
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fil mshapi ng apparatus shown in Fig. 1, an inflation filmof a high
nol ecul ar wei ght pol yet.hyl ene was shaped.

Table 1 |tens of specification
Si ze Qut er dianeter of Sg?e 60
mierr] Ef fective length Screw (L' /D) 34
Flight pitch 36 mMm : Screw
conpression ratio 1.8 Lengt h of Tube
die (L) 830 nmm Lengt h/ di aneter ratio
of Tube die (L/D) 25 Table, oy d| aneter of Tube die at D e
g)él :’m{ err] 36 mmjerr ]Exp Sg SgNo of '&Jermal gre rTRerml\é?Qrea mf:mz%t Die exit
1. 40 N us film  Temperature (°C) Time (min.) 1 57

. L OV .
| nner dianetr of Gas £#ow path in Screw 131 7 mierr]s In the

Table 1, Sl stands foksa crosg section arefspf a resin flsow path in an
entrance portion 4 of the tube die, S2 for cross section area of a resin
flow path in the middfe portlPon 5 of the l:ﬂbe die, and 83 for a cross
section area of a resin flow

27 path in an exit portion 6 of the E@e di e. An inflation film
of polyethyl ene was shaped by using pol’1§7 h)gl ene powder (an intrinsic

viscosity [er r]Ex_ 1§‘h§ 4sjsgPo P& lf\ud E‘g %xlﬂf q‘en<§leg/ Cn&’ & 'E%{b a' n| ng
the tenperaturg [{ ruder g 35
exit portion 3 0 tﬁe ie at 80[err 0 err nd i err]

respectively, settingman extrusi.on amount -t o emgut @Dkg/@mmgl eég/agz
conpressed ai r fhroug gas path nvol ve nt e scr coqQring the
filmto solid izrﬁ1 suchgﬁ'gnner H@t an |1n at ed &Ztﬁﬂ il %s co(r)?t%tct ed
with an inner disaneteg30f a c08l0ing ring 7 havi29g7 a 2M.ametigr7 adaptet for a
diameter of 5 1307 82.0 23 11.4 109 12.7 1.1

Experimental Example 5
{(Preparation of Precursor film)

Using the sane shaping apparatus as in Experimental Example 1, an inflation
film of a high molecular weight polyethylene was shaped. Table 9 shows the shaping

condition and the characteristic properties of the resultant film.



»

the inflated tubular filmwhile the filmwas fol ded al ong a stabilizing
plate 8 at the sanme tinme, and taking up the filmat a predeterm ned
velocity by the aid of a pinch roll 9. The cooling ring was replaced by
one having a proper inner dianeter accgéding to the magni tude of expansion
ratio of the film Table 2 shows the shaping conditions and the
characteristic properties of the resultant film

Table 2 Precursor film No. 1 2
Shapi ng Draft ratio 8.7 12.8

Condi ti on Expansion rati o - Table 9 8 9
Characteristic properties prf%ljggr RaWgant film 5 Thigckness ofg film
([err]m 745, 3070 Tenstte strengtiT (GPa)
MD Starting material [n)0(dif) 0.2350 8.7 16.5 TD
0.24 0. 25 Pierci'ng strength (g/[err]m 41. 8
45. 0 Intrinsic viscosity [err] (dl/g) 8.2 8.3
Orientation coeffrcient fa

0.31 0. 38 Temperature fcondition (°C) -0.01
-0.04 Air-pernmeability (seconds/ 100 cc) >10, 000 >10, 000

28 Experi nental Exanple 2 (Mikitnget he fil m podd@is) 330 Usi 240 t he
precursor filmshaped in Experinental Exanple 1, a thermal treatnent was
carried out in the $8PINgwi ng manrfentral portion oftgie HPecursdt0fi |l m 12%as hel d

bet ween a pair of &}éﬁhnl ess steel Uetal,frs&rr&ia S13 as sh?gg‘u in Fi g[652’ and

fixed to the upper 9wer et FtX1 PARHHOR Hns 11
Draft ratio 14.6 13.5 12.3
Expansion ratio 7.4 8.1 8.0

Characteristic properties of the resultant film

Thickness of film (Um) 17.7 17.9 20.6
Tensile strength (GPa)
MD ' 0.14 0.19 0.27
TD 0.14 0.18. 0.27
Piercing strength (g/im) 23.1 33.2 43.5
Intrinsic viscosity [n] (dl/g) 5.0 6.9 8.1
Orientation coefficient
fa 0.25 0.35 0.39
fc 0.05 -0.01 -0.03

Air-permeability (seconds/100 cc) >10,000 >10,000 >10000
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so as to fix four corners of the film The filmin this state was di pped
into aliquid for the thermal treatnment (the first liquid) in a tank for a
predetermined tine. (Dipping into the second liquid followed by Drying)
The filmfixed to the netal franmes was ken out fromthe thermal treatnent
tank and cast as such into a tank fille W|th a second liquid. The filmwas
taken up fromthe second liquid and air dried at roomtenperature
(23[err]C). The filmwas then taken out fromthe netal frames and used as
a sanple fOE rreasurﬁgfnt. The treatnment conditions and results are
shown in TaprRESmEnia] £xampls 8, Table 3
Condi ti ons Conditions for D pping and Exp. <Precursor

Tr eat ment Eﬂ&k&é“%ﬁé@ﬁm porous) Drying Treatnment No. filmNo. First

Treatment Treat ”@Qﬁgmﬁ?ec%qw 'fﬂﬂ( %ﬂ%}dprgz nl;‘g?{%oﬂ'%ntal Example 5 a iherl‘d afiui d

Tenp. ([err]C) Time Tenp 1t
P. al~ 12?re§tment was 2v::arrlecl out mxt*h% same3tganner as in é(perm@htral @'Sdmﬁlg 2 1 1

p. Ol air dry

P. Gl 129 5 Tables 20 and 11 shc%/ the treatﬁfg condmons&nd thairesifltsy 4 1

P. Ol 130.0 2 X 30 5 air dry 5 2

P. Al 129.3 2 X Tafe 10 5 air dry (Remarks)

* "P. GI" is an abbreviation of Paraffin Ol marketed by Wtco, Viscosity
i ndex is 11-14 Esnditionsié Thermdk nane: @aditions oy Dipping and X

denotes " HF@ZQS%?‘“%HTCh |sTa§eqﬁEF enat ed hydr ocar bBﬁymarTe'eatmeat

dreh o N8 21 e o e Laes, D DesegBeyi o

roomtenperature.

Tabl e 4 Exp—TFhtekness—~Poerostty—Ar—perreabt+ty—FenrstHHe—strength—
Pi ercing Bu¥ble NS. oP. Oilf m 124 (0/() 2 (secoNty 1003x) MDS air difP3
strength p [ &1 M12 (
(g/[err]lm Ojj:g/cr’r{err])g> ?il 53 8 65.% 30400 3 I\Aﬁa&ré,z 2
46.6 18.6 011156.1@2 270.9 X 2B 5 aipdry
27.2 8.4 30 3.1 3p. oil 19430 2 76.4 x 392 5  aiodly
17.6 6.8 31 1'55 P. Oil 132 2 X 30 5 air dry
(Remarks)

* "P. QOil" is an abbreviation of Paraffin Oil marketed by Witco, Viscosity
index is 11-14 cSt at 40°C (trade name: Carnation)

*2 X denotes n-hexane.

*3 "air dry" was conducted at room temperature.

Table 11
Exp. Thic_kness Porosity Air-permeability Tensile Piercing Bubble
No. of film (%) (second/100 cc) strength strength  point
(MPa)

(im) MD TD  (g/pum) (kg/cm2 )
27 . 42.5 52.6 400 40.6 45.6 9.4 5.8
28 67.0 73.4 95 7.6 5.8 5.0 1.3
29 46.0 61.5 518 37.5 23.8 18.3 6.9
30 40.0 51.0 978 54.6 88.2 30.3 >7.0
31 53.0 58.1 720 53.3 49.4 26.5 >7.0
(Remarks)

In Exp. Nos. 30 and 31, the values of Babble point was increased as the

treating temperature was elevated.



-

4 166. 4 72.5 . >10, 000 - ... 6.5 16. 4 7.9 - 5

88.0 62. 3 912 16. 4 30.5 11.6 6.5

( Remar ks) In Exp. No. 4, the value of Air-perneability was increased
as the treatnent t enperature was ﬁgevat ed

30 Experimental Exanple 3 (Stretching) Stretching was carried

out using the porous filmobtained in Experinental Exanple 2. Using a
biaxially stretching machine of a tenter clip type (manufactured by Toyo

Sei ki), theEg({)én %iﬁ?l é)garﬁééélged inthe air at a stretching rate of 1.5

mmn. The Stre I'ng was a fixed width uniaxial stretching and a

successi ve bpaxi.al: 'Rl &édigriimihe stretching conditions and results are
shown in TaKTeé 5 13%3 6. 1m1}_ Table 5

Exp. Exp. No. OfA filmSiwiaSt éfapéPtunder the FndRionSi SibwneHP- Table 12 by using A0
porous film MD x TD ([err] QO 6 1
2 X 1 conventional idf2fion film shaping /machine (an extrusion shapifg mchind

120 8 2 2 X 1 120
9 mafufactured by Thermaplastic Inc., 30 mm¢, LAPE 25). 9-1
2 3 X 2 130 9-2 2
x 3 130 10 Table 12 3 2 X 1
120 11 3 3 _X 1 120
12 4 2 x 1 Precursor filmy g 6 13
j . 3 x 1 100 10(Starii151g material [nJ14dl/g) 3.2 54 .
X : > e 4, X

100 16 4 [ Tempe%turexcondxilonlk C) 120
17 4 3 x 1] Extruder120 200 18
4 4 X 1Shaé_)ing }20  central portion ofdie 200 4
2 X 2 120~ 20 . . 5 2 X 1
100 o1 Comdition 5 | Exjt poxtion qf die 200 120
22 5 3 X 1 | Draft ratio 120 12.0

L Expansion ratio 5.0

[ Thickness of film (um) 30.4

| Tensile strength (GPa)

| MD 0.031

| TD 0.025

Characteristic | Piercing strength (g/Um) 9.5
property of film | Intrinsic viscosity (n] (dl/g) 3.2

| Orientation coefficient

| fa 0.25

| fc -0.01

| Air-permeability (sec/100 cc) >10000

Experimental Example 8
(Making the film porous)

Using the precursor film shaped in Experimental Example 7, a thermal
treatment was carried out in the same manner as in Experimental Example 2. Tables

13 and 14 show the treating conditions and results, respectively.



23 5 2 x 2 120

31 Tabl e 6 Exp. Thickness Porosity
Ai'r-perneability Tensile Pi ercing Bubbl e No. of film (9
(second/ 100 cc) strength strength pgbnt

(MPa) ([err]m MO TD (g/[err]lm
(kg/cmferr]) 6 79.0 73.8 67 37.6 31.4 29.5
3.4 7 54.2 73.6 56 59.1 21.1 31.1 3.5

8 111. 3 79.4 ° ig Q %0. 4 14.1 2.6 9
63.1 77.6 34 29.7 243 316 2.5 o-1 14.0
39.2 80 109.0 107.0 45.2 2.3 9-2 7.8 =, 31.7
60 128.0 185.0  S&ohditions fér %‘herm 10 é&xﬁh@ons for BigpRg and  O4
14.0 11.9 gl@: Grecursor 1 Oél Treat: Dryin Treagﬂ)e 33. 9
14.3 14.3 No. filln No. Fifst Tredimb Treatmé%@ 3Second Dip § thg Dipping /- IYryu%z E
9.6 1.2 11443& 1Temp (° (§41‘|§he (m) haﬁxd Temp(‘C)9T151e(r9) €ondition 6
1.3 14 107.5 84

15 80. 3 83. 3 2 1 8. . 14 4

135.1 7365 60 5 porCig o oAt T 2 1?9} ]517 air dRSé.5
82.3 27 14.1 8.2 11.2 1.4 18 82.4 83.0

30 24g émaxjxg) 15. 4 1.5 19 94 1 84.4 15

7.9 13.8 1. 20 ? “g

19. 0 12. 3 4_ 1"P. Oll -§ an abbregigtign of Parafin é)ll marketeiie@' itco, V3§1:o§1ty E@CB
18.6 5.0 22is 11-14%8t ht 40°C (if3dddname: Carhdtion) 44.4 21.3 14. 6
3.8 23 3 38 23.9 36.8 17. 4 4.5
Experi mental Exanp % Qdﬁ““fﬁ%?’?%’gettl ng) Using the porous film
obtained in Exper*ﬁmam diy" Hs aopductsl at reonmdempearatuge.i s carried out in a
manner such that an air-oeven (manufactured by Tabai) was used and the film

was fixed fixed in two directions.

results are shown in Tables 7 and 8.

The conditions for thernosetting and
_Table 14

Exp. Thickness Porosity Air-permeability Tensile Piercing  Bubble
No. of film (%) (second/100 cc) strength strength  point
(MPa)
(Lm) MD TD  (g/um) (kg/cm2 )
36 30.9 55.0 163 6.1 9.8 4.3 2.7

Experimental Example 9

(Stretching)

Using the porous film obtained in Experimental Example 8, a stretching

treatment was carried out in the same mannr as in Experimental Example 3 Tables 15

and 16 show the stretching condition and results, respectively.

Table 15
Exp. Exp. No. of Stretch ratio Stretching temp..
No. porous film MD x TD (°C)
37 6 2 x 1 120
38 6 1.5 x 1.5 120



"

32 Table 7 Exp. Exp.

No. of Thermal treatnent Thernal treatnent No. porous film
Tenperature ([err] Q) Time (nmin.) 24 6
131 5 25 37 8 131
5 26 10 131 5
Tabl e 8 Exp. Thickness Porosity Air-perneability Tensile Pi erci ng
Bubbl e No. of film (9 (second/ 100 cc) st re?gt h) strength
oi nt MPa
CLerr]m v T38H 16 (girerrim (kg cne) 24

gg-% ?g 8§xp. Thickhdss Porosity’ %ﬁjp 1%?31“}2 ﬁﬂeh ﬁeﬁinii gé%bée
: - WNo. i d t
130. 1 8200 My (B TGyeopdipgey) Sqgh o strebgn o

Experi mental Exanpl gqfn) (Preparation of Precursgipfi iy (g/um g2tyhe

sane shapi ng apparatus,.as 1n PETT MENt EXanple. T, N 0 T of
a hi gh nol ecul a?ﬂ?wei g '%ol ye'ltaéy‘fene was” shape .O'Qablig9 sﬁmg/vs_ t he? hapi ng
condition and tB& char3cTeri st14c9 proper20es of the rexspltamdt4fil mi.s

33 : - Table 9 Precursor film No.
3 4Exper1mental Egmgtealrot ing material [err] (dl/g) 5.0
8.7 (‘lfﬁsaﬁnent for making the film hydrophilic)

Using the porous film obtained in Experimental Example 3, a treatment for
making the film hydrophilic was carried out by dipping the film into a 1 wt% aqueous
solution of a surfactant for 10 minutes, drying it naturally, immersing it in fuming
sulfuric acid for 10 minutes, washing it with water at a low temperature and drying it
naturally.

In the above treatment, polyoxyethylene higher alcohol ether (Emulgen 709,
manufactured by Kao) was used as the surfactant and 25% fuming sulfuric acid was
used aé the fuming sulfuric acid.

Table 17 shows various théiéal properties of the resultant film.

Table 17
Exp. Exp. No. of Thickness Air-permeability Tensile strength  Piercing Bubble Electrolytic
No. film before (4m) (sec/100 cc) MD D strength point liquid retention
the treatment* (MPa) (g/um) (kg/ cmz) rate (%)

32 16 125.0 638 13.1 12.3 11.9 1.6 360

33 17 78.2 68 21.5 13.5 12.3 1.5 380

34 18 47.6 84 41.3 15.2 15.3 2.5 560

35 21 52.8 114 32.7 20.1 18.2 4.3 420

(Remarks) ° * treatment for making film hydrophilic

As is evident from the above results, a hydrophilic porous film excellent in
air-permeability, tensile strength, piercing strength, bubble point and electrolytic
liquid retention rate can be obtained by subjecting the porous film of the present
invention to a treatment for making the film hydrophilic.

The film possessing such physical properties are suitable for use in separators

of the aforesaid aqueous electrolyte batteries or the like.
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Tenperature condition ( (@) Ext ruder 330

330 240 Shapi ng Central portion of die 210 210
220 Condi tion Exit portion of die 160 165 165
Draft ratio 14.6 13.; 12.3

Expansion ratio 7.4 .18 8.0

Characteristic properties of the resultant film Thickness of film([err]m
17.7 17.9 20.6 Tensile strength (GPa)

0.14 0.19 . 0.2 . TD :

0. 14 0. 13 is ““deés'f‘?g Pha% &b, §reering reRressPietys [Frpmples may be varied,
2392 wﬁﬁf leinges% S | g ntYl!é o&?%& ysée?i'fiutiogxd Ib{ag’) as tof mgredieés Gnd treating
0.25 \7 entially the same results. As

0. 05 Congltgﬁis by tthe %ﬁlned llrl-t|c})lgrarl;\teatglzltclq:l%eye(es?secon s/ 100 cc) '
>10, 000 many mdagghffer%ﬁ@@ﬁ%dunents of this invention may be made without departing
34 Experi nment al anple 6 Maki ng the fil m porous) Usi ng t he
precursor ffrlof sﬁappﬂmadEmmmemal itBsampbe constauddn ehiatethis inveatioreid neas
carried out in the sanme manner as in Experinmental Exanple 2. Tabl es
10 and 11 slimved ke the egecifivgenndiinerito rtheraofiexdept pedefined in the appended claims.
Tabl e 10 Condi tions for Thernal Condi tions for

D ppi ng and Exp. Precur sor Tr eat nent Dryi ng

Treatment No. filmNo... First Treatnent Treatnent Second D pping D pping
Dryi ng



l'iquid Terrp([err]C) T|rre(n') l'iquid Tenp(CO) T|rre(n') Condi tion 27 3
P. OI* 124 X*2 30 5 ir dry*3 28 3

p. Ol 128 2 X 30 5 alr dry 29 4

P. Gl 132 2 X 3044 5 air dry 30 5

P. Ol 130 2 X 30 5 at+—dry—31 5

P. Ol 132 2 X 30 5 air

* "P, G1" is an abbreviation of Paraffin Ol rrarketed”m"p"“mm“@ﬂmity
i ndex is 1lef—flA'lc Iﬂ}ﬂi ] C (trade nane: Carnation) 2 nX denet es
n- hexane. —Mys was conduct ed at roomterrperature -
Table 11 Exp. Thickness Porosity Air-perneability Tensile? Pi erci ng
Bubbl e No. of film (9 (second/ 100 cc) strength strength
poi nt 1. A porous film of a hi%\t/leolecular wei/ght polydléfif@)having an _intrinsic
([err]m [err]m (kg/cnferr]) 27
42.5 5121s@osxty [n]46£) at least 34d7]/§ ané5cdilnpose(9 ﬁ%edommant?l %f nervgig and/or
67.0 :

46.0 Gietﬁtulate flbrlﬁl&haracterlzed 3 .tﬁar2&1e8f11m ]18.cf&nstructed ®yOfibrils &fnprising
40.0 51.0 978 54.6 88.2 30.3 >7.0 31

53.0 5e@xt¢nded-chairy zgystals and da@nelanocrystalspgng/or fibrils>omprising helieidal ks)

In Exp. Nos. 30 and 31, the val ues of Babble point was increased as the
treating tefiy&flture was el evat ed.

35 Experimental Exanple 7 (Preparation of Precursor film Afilm
was shaped under the conditions shown in Table 12 by using a conventional

inflation fil m shap i Be ' -shapj chl. 0 tyred
a1 on 1511 She TR GES, O G Bl YRl ing 85 s o
wherein the film contains fibrils comprising the lamellar crystals with a width of more

than 1 Um and/or fibrils comprising the helicoidal crystals a width of more than 1

pm.

3. A porous film of a high molecular weight polyolefin according to any one of
claims 1 and 2, wherein the film is obtained by subjecting an air-impermeable film of
a high molecuar weight polyolefin substantially free from a plasticizer and/or a solvent

to a thermal treatment.

4 A porous film of a high molecular weight polyolefin according to claim 3,
wherein the air-impermeable film is a film obtained by an inflation film shaping

method.

5. A porov..l‘s film of a high molecular weight polyolefin having an intrinsic
viscosity [n] of at least 3 dl/g and the following characteristic physical properties:
(1) an air-permeability of not more than 1,000 seconds/100 cc;
(2) a bubble point of 0.1-7.0 kg/cm?;
(3) a porosity of at least 30%;

(4) a film thickness of 10-200 pm; and
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Table 12 ' Precursor film No. 6
Starting material [err] (dl/Qg) 3.2

Tenperature condition (O Ext+uder

200 Shapi ng tral portion o

Comdi ti on Exit portion of 5143@ 200 l! Iﬂ"M ll)l ,“l
Draft ratio 12.0

ratio 5.0 Thickness of film

ﬁ/[Der rrm (éSf piercing strength of at least 3.0 g/}JrI]L-ensI le strength 8G82)5
Characteristic Piercing strength (g/[err]m 9.5 - property
of film Intrinsic viscosity [err] (dl/g) 3.2

Orientation 6‘3Oef fAl ?bﬁﬂfs film of a high molecular weight polyoleflﬁ1 possessing the folfb %
fc -perneabilrty (sec/ 100

cc) >10000 cﬁfﬁﬁ&hﬁb]@&sl&xgme&;& (I\/akl ng the f| I m por ous) Usi ng
the precursor filmshaped in Experimental Exanple 7, a thermal treatnent
was carried out i(h) téheensidaretremgthdn aas’.easﬂoﬁs(ﬂﬁtétimnbﬁht leastnpIMPa2. Tables 13
and 14 show the treating conditions and results, respectively.

36 (2) a piercing strength of at least 3‘1@}3}’;@1&13
Condi tions for Thermal Condi ti ons for 8p| ng and Exp. Precursor
Tr eat ment (3) an air-permeabilityyqfjnay nrersathap FO0NSCONds(10(h 9.  Fi r st

Treat ment Treat t nd Di Dryi ng l'iquid

rom (e 0 R AR ) coniion 36 6
. * . * ai *

*"P.GIl" is an(%?bﬁré?/ﬁoglttlfc?ﬁ 36121%%98?’? FﬂdO'I mar ket ed by V\'}’/tco, Vi scosity

I ndex (6) a film.thickness of 1-200 um,
which is obtained by subjecting an air-impermeable film of a high molecular polyolefin
substantially free of a plasticizer and/or a solvent to a thermal treatment and
stretching the resultant porous film (A) in at least one direction or by stretching the
porous film (A) in at least one direction followed by subjecting the stretched film to a

thermosetting treatment.

7. A porous film of a high molecular weight polyolefin according to claim 6,
wherein the porous film (A) obtained by the thermal tretment is a film according to

claims 3-5.

8. A porous film of a high molecular weight polyolefin according to any one of
the claims 1-7, wherein the high molecular weight polyolefin is high molecular weight

polyethylene.

9. A separator film for aqueous electrolyte batteries comprising a porous film of
a high molecular weight polyolefin having the following physical characteristic
properties:

(1) a tensile strength in at least one direction of at least 7 MPa;



s 11-14 cSt at 40C (t'rade nanme: Carnation) *2 X denots n-hexane
*3 "air dry"_is conducted at room tenperature.

Table 14 Exp. Thic rosity Air-perneability Tensile Pi ercing
Bubbl e No.| I“ﬁll "“"Il““r"im' |ﬁf% (siqond/ 100 cc) strength strength
poi nt e (MPa)
([err]m - VD TD (g/[err]m (kg/cnferr])
36 30.9 55.0 163 6.1 9.8 4.3 2.7

ilng the porous film obtained

Experinmental Exapple 9 (Stre i Ng)
ianxperi ment al ar?p?'gné'?g Strglglétoghﬁtr%aaﬂgf% W8ht was carried out in the

same mannr as |1 (SKRG! LERREALN"EY fordndRADIER D scblfbalohiow L he

stretching conditi'on and results; respective

Tabl e 15 (4) a bubBl® poinEo?-0.N05.0Adg/em2; St retch ratio Stretching
tenp. . No. porous film MD x TD ([err] O
37 6 (5) an electrolytic liqdid retention rate ofl&Oleast 200%; and 38

6 1.5 x 1.5 120

37 (6) a film thickness of 1-200 um, Tabl e 16 Exp.

Thi ckness Porosity Air-perneability Tensile Pi ercing Bubbl e
No. of fi bbtained by sybigcting an( aiedmpermeablectilm of tarkiglytnolecular weightepelyolefin
poi nt

MPa
([err]m substantially free. from a plasticizer \gnd/or ppsolvent tpga| g}erél% t%'eatment,

) 20, .53
(Skg/ enferr] %@rﬁtching?igg gesultantzgligg _in7at least o%%-ﬁigegtion or str%?cggxg the resultant gh@) in
f7| I2m hydr gp%tl ll?ag5 oneldéec%efélﬁ%% atlay Es)L(lgj%Ptlineg jEHe fghl_xr S tt er%os]; Engnaar%é ertl he

subjecting the resultant porous film (B) to a treatment for making it hydrophilic

10. A separator film for aqueous electrolyte batteries according to claim 9,
wherein the porous film (B) before the treatment for making it hydrophilic is a film

according to any one of the claims 6 and 7.

11. A process for producing a porous fim of a high molecular weight polyolefin,
which comprises subjecting an air-impermeable film of a high molecular weight
polyolefin having an intrinsic_“viscosit_y_ [n] of at least 3 dl/g substantially free of a

plasticizer and/or a solvent to a thermal treatment for making porous.

12. A process according to claim 11, wherein the air-impermeable film of a high

molecular:'weight polyolefin is plane-oriented.
13. A process according to any one of the claims 11 and 12, wherein the air-

impermeable film of a high molecular weight polyolefin is obtained according to an

inflation shaping method.

14. A process according to claim 13, wherein a product of an expansion ratio and



Using the porous filmobtained in Experinental Exanple 3, a treatnent for
maki ng the film hydrophilic was carried out by dippi ng—thefHminto—a1—
wt % aqueous solution of a surfactant for 10 m nutes, dryj i ,
imrersing it in fumng sulfuric acid for 10 m nutes, mﬁmmi!LWMer
at a low tenperature and drying it natﬂ?ally. ve's =
treatnent, pol yoxyet hylene higher al cohol ether (Enulgen 709, manufactured

by Kao) was used as the surfactant and 25% fum ng sulfuric acid was used
as the fumng sulfuric acid. . . Tabl e 17.shows vari.ous &pysi cal
properties Q)%I'thé‘afrl%élh the, inflation film shaping method 1s not more than 200.

Table 17 Exp. Exp. No. of Thickness Air-perneability Tensile<strength
Piercing Bubble Electrolytic No. filmbefore ([err]m (sec/ 100 cc)

(WP I8/ 1 & PR tog) s 1 pub b8 high motdplifir Widigteilolefin
gg %?_lh%h com%eg subjec%i%:g ga porov:}Ls- gilm corgé%&%iéf a highl é?olecular wzi ﬁte 2

84 4} oolefin HhJ: intrlnslc viscosi of abf@st33 dl/g obtaidéd by a therfndl 8
114 é%&%e = 20‘.“% an 18? ZVISCO lgf'. gn] 420 (Remagr ks) treatnment for

maki ng fi | mrameeapdf |anCair-impermeable filn @fiadRigh rholeculart weighb pulyolefiaudtitained
hydrophilic porous film excellent in air-perneability, tensile strength,
pi erci ng st withgtthysifg by elastdizer amdfbred sclivers| tptd stretchingitreatmengriniagdeastiore can
be obtained by subjecting the porous filmof the present invention to a
treat ment fdireqtioRiatep stretchiratie [of it deast 1 b The fil m possessing such
physi cal properties are suitable for use in separators of the aforesaid
aqueous electrolyte batteries or the liKke.

o varied 165 ' BrSCSiicSfhing % ahy Snb'of € clind TR SHicRin Fe BERIR! it ™
of a high molecular weight palyolefin which has been made porous or has been made

porous and then stretched in at least one direction is subjected to thermosetting.

17. A process according to any one of the claims 11-16, wherein the high

molecular weight polyolefin is high molecular weight polyethylene.

18. A process for producing a separator film for aqueous electrolyte batteries
which comprises the porous film of a high molecular weight polyolefin obtained by a
process according to any one of the claims 11-17 is made hydrophilic by a surfactant

and/or a sulfonating agent.



wi thin the scope of the present specification both as to ingredients and
treating conditions, by those skilled in the art to achieve essentially
the sane results. As many widely different enbodi nents of this invention
may be nmade wi thout departing fr(_)mthe4§pirit and scope thereof, it is to
be construed that this invention is not "“limted to the specific

enbodi nents thereof except as defined in the appended cl ai ns.

39 VWHAT IS CLAI MED I S: 1. A porous film of a high nol ecul ar wei ght
pol yol ef i n habstrggtan intrinsic viscosity [err] of at least 3 dl/g and
conposed prédom nantly of nervate and/or reticulate fibrils, characterized
in that the é‘t' LB 'PORGS i Ok Nick Mo ECULAR WHIGHT %F%'HL%%: ain
crystal s an amaIAL{@b PROCESS FORBEBD &l SAMBPr I'si'ng "helicoi dal
crystals. 2. porous Ti1lm. of a high mﬁ\ecul ar wei ght polyolefin
according to claim 1, wherein the filmcontains fibrils conprising the"

| anmel lar crystals with a width of nore than 1 [err]mand/or fibrils
conprising the helhecpratant divestiod Telatesi €f h ?Brdﬁ@rsr thidfopbrodsefillh ™f a high

A porous filmof a high nolecular wei ght polyolefin according to any one of
claims 1 andndleculgreveight pelpoléfin pxdefergbibaitrengtiognd aivj pertrenlgjlignand suitable for
air-inperneabl e fjlmof a high nolecuar weight polyolefin substantially
free from a YSf &R filtering materiplsy sepamatrs JAF aquepus eﬁ‘i@'ﬂ%ﬁ? betteragsnsaparator films

for batteries, separator films for electrolytic capacitors, and air-permeable films; for
moisture-permeable water-proof use such as paper diapers and house-wrapping films;
and for 6t_her uses such as cloths, package and printing, as well as a process for
producing same. -The feature of the present invention resides in an aspect that the
film is composed of fibrils comprising extended-chain crystals and lamellar crystals
and/or fibrils comprising helicoidal crystals.

This porous film of a high molecular weight polyolefin is produced by
subjecting an air-impermeable film of a high molecular weight polyolefin to thermal
treatment followed by, if necessary, a stretching treatment and/or a thermosetting

treatment.



4 A porous film of a high nol ecul ar wei ght polyolefin according to
claim3, wherein the air-inperneable filmis a film obtained by an

inflation filmshaping nethod. 5. A porous film of a high nolecul ar
wei ght polyolefin having an intrinsic viscosity [err] of at least 3 dl/g
and the follow ng characteristic physical properties: (1) an
air-perneability of not nore than 1,000 seconds/ 100 cc; (2) a
bubbl e point of - 0.1-7.0 kg/cnferr]; 1/4 (3) a porosity of at |east 30%
(4) a filmthickness of 10-200 [err]m and

40 (5) a piercing strength of at least 3.0 g/[err]m 6. A
porous filmof a high nolecular wei ght polyolefin possessing thke foll ow ng
characteristic physical properties: (1) atensile strength in at

| east one direction of at least 7 MPa; . (2) a piercing strength of
at least 3.0 g/[err]m (3) an ai neability of not nmore than 200

1-5.0 kg/cnmferr];
a film thickness of 1-200
jqpermeabl e filmof a high

seconds/ 100 cc; (4) a bubbl e point o.
(5) a porosity of at |least 30% and

[err]m which is obtained by subject&eng _an a
nol ecul ar polyolefin substantially free o i cizer and/ or a sol vent
to a thermal treatnment and stretching the t porous film(A in at

| east one direction or by stretching &be film(A) in at |east one
direction foll owed by subjecting the stre /- &\(lto a
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t hernosetting treatnent. 7. A porous filmof a high nol ecul ar wei ght
pol yolefin according to claim 6, wherein the porous film (A) obtained by
the thermal tretnment is a filmaccording to clainms 3-5. 8. A porous
filmof a high nolecular weight polyolefin according to any one of the
clainms 1-7, wherein the high nol ecul ar wei ght polyolefin is high nolecul ar

wei ght pol yet hyl ene. 9. A separator filmfor agqueous el ectrolyte
batteries conprising a porous filmof 24 high nolecul ar wei ght polyolefin
having the foll ow ng physical characteristic properties: (1) a
tensile strength in at |east one direction of at |east 7 MPa;

41 (2) a piercing strength of at least 3.0 g/[err]m*™ (3)
an air-perneability of not nore than 300 seconds/ 100 cc; (4) a
bubbl e point of 0.1-5.0 kg/cnferr]; (5) an electrolytic liquid
retention rate of at |east 200% and (6) a filmthickness of 1-200

pm obtained by subjecting an air-inperneable film of a high nol ecul ar

wei ght polyolefin substantially free froma plasticizer and/or a sol vent
to a thermal treatment, stretching.the rgsultfant filmin at |east one
direction or stretching the resultgﬁt Filéfiﬁé at | east one direction

foll owed by subjecting the filmto thernosetting and then subjecting the
resultant porous film(B) to a treatnment for making it hydrophilic 10.

A separator film for aqueous electrolyte batteries according to claim 9,

/H
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wherein the porous film (B) before the treatnent for making it hydrophilic
Is a film according to any one of the clains 6 and 7. 11. A process
for producing a porous fimof a high nolecular wei ght polyolefin, which
conprises subjecting an air-inperneable film of a high nolecular wei ght
pol yolefin having an intrinsic viscosity [err] of at least 3 dl/g
substantially free of a plast|C|zer gyglor a solvent to a thernal
treatment for meki ng porous. rocess according to claiml11l

wherein the air-i er aea In1of a high nolecular weight polyolefinis
pl ane-ori ent ed. ess according to any one of the clainms 11 and
12, wherein the alr- |nperneable filmof a high nolecular weight
polyolefln i s obtained according t pi g method. 14.

A process according to clai ZEEEEES AR ' ¥ansion ratio
and a draft rat met hod i s not

more than 200. 15. A Pl : i SRR m of a hi gh

nol ecul ar wei ght pol yol ef i NS SRS ) §rous film
conposed of a high nol ecul a 3 Switri nsi c
viscosity [err] of at |east . : eat nrent of an
air-inpermeable filmof a higies bt ai ned

Wi t hout usi ng any(gggst|0|z 3 g RRNNNg treatnent in

at | east one

(b)




direction at a stretch ratio of at |least 1.1. 16. A process according
~to any one of the clains 11-15, wherein the porous film of a high

nol ecul ar wei ght pol yol efi n whi ch has been made porous or has been nade
porous and then stretched in at |east one direction is subjected to

t her noset ti ng. 17. A process according to any one of the clainms 11-16,
wherein the high nolecular weight polyplefin is high nolecular weight

pol yet hyl ene. 18. A process for 6%gducing a separator filmfor agueous
el ectrolyte battepres

L ngcq%conprises the porous filmof a high nolecul ar
wei ght pol yol efi n' obt&in by a process according to any one of the clains

11-17 is nmade hydrophilic by a surfactant and/or a sulfonating agent.

(a)

(b)




