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fil mshaping nethod and a T-die sheet shaping nethod. |In case a
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is said to be general. Thus, it is rather small that a single conponent

gy

R L R

pol yol efi n ghegicraiingd rod THEOMWRENTIOR Shaping apparatus is directly
enpl oyed as™am orrginal tirrmior preparing a porous film As an

exanpl e of a por gesmf ihknpast.epatudtbef re¥nehe metRedsL f6:0 BRPARN pofduk PolFitepflend S
mentioned a filmprepared froman extrusion cold stretching nethod as

di scl osed i havet been@rbpesedl gazette of Japanese Lai d-open Patent Appin. No.
Sho. 62-121737. The cold stretching in this case is in principle
uni axi al and t hePeg®neeal aneshpd fiere making taefilm jinvolves anginflatian file shaping imethod
extrenely poor sqg that the tensile strength of the filmin the direction
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according to such a method, a method wherein the polyolefin is impregnated with an
- incompatible organic or inorganic matter and then the surface between the polyolefin
and the incompatible matter is destroyed by external force such as stretching or a
method wherein a component incompatible with polyolefin is treated with an organic
solvent, an acid or an alkali capable,of dissolving the component is said to be general.
Thus, it is rather small that a single-component polyolefin sheet obtained from a film-
- shaping apparatus is directly employed as an original film for preparing a porous
film.
As an example of a porous film prepared from a single component film, there
is mentioned a film prepared from an extrusion cold stretching method as disclosed in
the Official gazette of Japanese Laid-open Patent Appln. No. Sho. 62-121737.
DN The cold stretching in this case is in principle uniaxial and therefore a balance
| ~ in tensile strength of the film is extremely poor so that the tensile strength of the

-film in the direction perpendicular to the machine direction is as small as 20 MPa or

iR,

' J__qss,' thus making its industrial use limitacive.

. With a view to improving the strength in the direction perpendicular to the

e g e i

r_;’mc'hine direction in this tavention, Japanese Laid-open Patent Appin. No. Sho. 33-
: 161830 discloses a solvent-strecchihg method for a microporous film.
L This method enables stretching .the film in transverse direction up to about

300% afrer stretching it in the machine direction so that a balance of the tensile



| &ss, *thus making its industrial use limtative. Wth a view to-

I mproving the strength in the direction perpendicular to the machine
direction in this invention. Japanese Lai d-open Patent Appln. No. Sho. 55-
161830 di scl oses a sol vent-scretching nethod2for a mcroporous film

This met hod enabl es scretching the filmin transverse direction up to about
300% after stretching it in the machine direction so that a bal ance of the
tensile _ . 2 strengths
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in nmelt viscosity than the w'dely used pol yol éfin, however, T
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unli ke the wi dely used pol yol efin. In case a filmor sheet

excel | ent i n shapisg liwinge fidmgton sheets.o be obtained fromthe high nolecul ar
wei ght polyolefin, it is ordinary that the high nol ecul ar wei ght

pol yol efi n" i s i nprggHet kigh\elpcularsweighinpolyeletin i striemklychigbominamib| dscosity
therewith to ,b degrease its gﬁ; vi scosity before being shaped into a film
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further tr eatsﬁgetl ‘89 tﬁle a4 Qtagr'x %gdi}lérl}% extruder unlike the widely used polyolefin.

In case a film or sheet excellent in tensile strength is to be obtained from the
high molecular weight polyolefin, it is ordinary that the high molecular weight
polyolefin is impregnated with a‘ solvent or a plasticizer compatible therewith to
decirease its melt viscosity before being shaped into a film or sheet by the aid of a
conventional extruder and is then stretched or further treated for eliminating the
solvent or plasticizer.

These solvent method and plasticizer method employ a large amount of é
solvent or plasticizer compatible with the high molecular weight polyolefin and a much
larger amount of another solvent compatible with the above solvent or plasticizer for
removing the first solvent or plasticizer to make the resultant film porous.

SUMMARY OF THE INVENTION

In recent years, demand of a porous film of polyolefin is being increased. In
the use for a filtering material, for example, the porous film is being watched in the
field of food industry in view of its acid-resisting and alkali—i'esisting properties and
hygienc. As a separator for secondary batteries to which public attention is recently
paid, the porous film is expec'ted because of its chemical stability and safety. There
are, however, a number of broblcms for meeting these expectations. [n the foregoing

extrusion and cold stretching method, a porous film having satisfactory mechanical



sol vert or pl asti ci zer. These sol vent method and pl asticizer nethod.
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pol ypropyl ene fil m obtained according to an extrusion and cold stretching
et hod by uspyieneawithinxdnadidinasy metlechbd wdighn regioarasianf drginadfilini fom prbdydng/ pr o-
porous film and subjecting the original film to a thermal treatment and/or a stretching
treatment under a specific condition.
It is another object of the present invention to provide a process for producing
a porous film of polypropylene excellent in mechanical strength and free in porous
film functions such as pore size, “air-permeability and porosity wherein a
polypropylene film of an ordinary molecular weight is used as starting material and
- subjected to a thermal treétment and/or a stretching treatment under a specific
condition thereby eliminating inefficient steps encountered in an aspect of production
in a prior art using a high molecular weight polyolefin and anxious steps from the

viewpoint of environmental hygienics and safety.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows a metal frame for fixing the circumference of a film on carrying
out a thermal treatment of the film in Experimental Examples 2-11, wherein 11 stands
for a screw, 12 for a film before treatment and 13 for the metal frame.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

The present invention has been proposed to attain the above object and its
important character resides in the point that polypropylene having an ordinary range
of molecular weight is used as starting material and shaped into a biaxially stretched
film or inflation film without substantial addition of a plasticizer or solvent and finally

subjected to a special treatment. Noteworthy here is that no substantial addition of a



pi/l ené within an ordinary nol ecul ar weight region as an original filmfor

producing a porous filmand subjecting the original filmto a thernal
treatment and/or a stretching treatnment under a specific condition.
It is another object of the present inventiog to provide a process for

producing a porous filmof polypropyl ene excellent in mechanical strength
and free in porous filmfunctions such as pore size, air-perneability and
porosity wherein.a pol ypropylene filmof an ordinary nol ecul ar weight is
used as starf"?1 ‘é{’)
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(2) a porosity of not more than 80%; and

(3) a moisture permeability of at least 20 g/m? day.

According to the present invention, there is also provided the porous film of
polypropylene wherein the polypropylene resin has an.intrinsic viscosity [n] of not
more than 4.

According to the present invention, there is further provided a porous film of
polypropylc_ene possessing the above physical properties, which has been obtained by
subjecting an air-impermeable biaxially stretched film or inflation film of poly-
propylene to stretching and/or thermal treatment for making it porous, the air-
impermeable film having been obtained without using substantially a plasticizer or
solvent.

According to another aspect of the present invention, there is provided a
process for producing a pbrous film of polypropylene which comprises stretching a
biaxially stretched film or inflation film of polypropylene in uniaxial or biaxial
direction for rendering the film porous.

According to the present invention, there is also provided a process for
producing a porous film of polypropylene which comprises subjecting a biaxially
stretched film or inflation film of polypropylene to a thermal treatment for increasing

the crystallinity thereof to make the film porous.

of nol ecul ar wei ght

1



pl asticizer or solvent to the starting pol ypropyl ene neans that the

pol ypropyl ene does not contain any additive which may alter the physical
properties of the polypropylene. It is to be noted however that this does
not mean exclusion of a trace anmount of an Badditive such as a stabilizer.
According to one aspect of the present invention, there is provided a
porous filmof polypropyl ene which conprises predom nantly a polypropylene
resin and possesses the follow ng physical operties (1)

tensi | e strength dfcogding dasthemesgny mwnﬁmhutﬁmedmfec@mwmb)d anrarocess for
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provi rous ypropyl ene possesst ng
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air- inperneable film having been obtai ned without usi ng substantially a

pl asticizer for prodhsisgitthe porous filmAof @oljipnepylleneavwdichein thes sacting fpolypeopgyiesent
i nvention, there is provided a process for producing a porous film of

pol ypr opyI eneesishhashanc imtginsie ertscetitye{ 8 hiafonas méveathanld.y stretched filmor
inflation filmof polypropylene in uniaxial or bhiaxial direction for
rendering the fi Iﬁ?‘iﬁ’é&é&sfo the present Apvestiannghare i el fusdenPrpvidech e Rigcess

there is al Sl%r ér%\éucqr?cg the %E)tgocuessfs Im o% polypropylene, wherein the thermal treatment for

increasing the crystallinity is carried out in the presence of a first liquid substantially
incapable of dissolving the biaxially stretched film or inﬂatipn film of polypropylene.

According to the present invention, there is still further provided a process
for producing the porous film ' of ‘polypropylene, wherein the stretching of
polypropylene in uniaxial or biaxial “direction is carried out in the presence of a first
liquid substantially incapable of dissolving the polypropylene film.

According to the present invention, there is still further provided a process
for producing the porous film of ﬁo[ypropylene, wherein the first liquid is a
hydrocarBon having a boiling point higher than the treating temperature during the
thermal treatment or stretching for making the film porous.

According to the present invention, there is yet further provided a process for
producing the porous film of polypropylene, wherein the thermal treatment or
stretching treatment is carried out in the presence of the first liquid substantially
incapable of dissolving polypropylene, the polypropylene film is then dipped into a
second liquid which is compatible with the first liquid but lower in the boiling point
than the first liquid and is inferior in affinity to polypropylene and thereafter the film

is dried.

Below are the starting wmacerial, a method for preparing the original



pfoducing a porous film of polypropyl ene which conprises subjecting a
biaxially stretched filmor inflation film of pol ypropylene to a thernal
treatment for increasing the crystallinity thereof to make the film

por ous. 6 5

According to the present invention, there is further provided a process for
produci ng a porous filmof polypropyl ene which conprises subjecting a
biaxially stretched filmor inflation filmof polypropylene to a thernal
treat nent fofpregursedsdfilig 2 mpdod fosthel thiermalyeréatmergoh ramblod Foar thafstretching and

stretching the filmin uniaxial direction for making the film porous.
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process for produging.the porpus fi]mof polypropyl ene, wherein the
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t han 4. ceaording to the present invention, there is still further
provi ded a plfsotglé@§ t(?lfl;‘pc#"ggroduci ng the porous film of pol ypropyl ene, wherein
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According to the present invention, there is still further provided a

process for apmdefcé+8y fot keampariausturr§ ipoymevizats bRl @0, Zivhar Qitdlysttdie
stretching of ol ypropyl ene in uniaxial or biaxial direction is carried
out in the pgessegase polymeerization by |thejaiddofs alidetalidcend batalystcapabl e of

di ssol ving the polypropylene film According to the present
‘invention, there I8 Pohipropyienchisrpratesahlyl @dhemenalipesrsof propylene and, in case of

polypropylene copolymer, the amount of such copolymer is 5 mol% or less.

No limitation exists in the molecular weight of the polymer unless any trouble
takes place at the time of shaping. In order to make shaping ability compatible with
high strengthening, howevex", the intrinsic viscosity [n] is desirably at least 1 di/g,
preferably at least 2 dl/g but not more than 4 dl/g. |

- | In case the intrinsic viscosity [n] is less than 1 di/g, the operation for
rendering the film porous may become difficult. |

The polypropylene used in the present invention may be incorporated with
various additives usually employed for polypropylene, such as a heat-resisting
stabilizer, a weather-resisting stabilizer, a lubricant, an anti-blocking égent, a slipping
agent, a pigment, etc., in an amount not damaging the object of the present invention.
(Original (precursor} film)

Among polypropylene films, those having an intrinsic viscosity [(n] of at least
1 dl/g can be obtained according to an ordinary filin-shaping metho& such as biaxially
stretching method or inflation film-shaping method.

As the stretching method, any of the usually employed methods can be
adopted, such as a sequential I)iéxially stretching method wherein an ordinarily used
T-die sheet is, after shaping, stretched in a machine direction by a roll or the like and

successively stretched in a transverse direction by a tenter, and a simultaneous



f'or producing the porous filmof polypropylene, wherein the first liquidis
a hydrocarbon having a boiling point higher than the treating tenperature
during the thermal treatnent or stretching for making the film porous.
According to the present invention, there iszyet further provided a process
for producing the porous filmof polypropyl ene, wherein the thernal
treatnment or stretching treatnment is carried out in the presence of the
first Iiquid substantially incapable of dissolving polypropyl ene, the
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coefficient of not more than 10 g-mm/m2-day. No limitation exists in thickness of
the resultant film so far as the resultant porous film satisfies the moisture
permeability condition, but the thickness is preferably 1-100 um, more preferably
10-50 Wm for the convenience of handling in the subsequent stretching step.

Crystallinity of the film determined from the heat of crystal fusion measured

by a differential scanning calorimeter (DSC) is at least 40%, preferably at least 45%.
- A film obtained according to the aforementioned shaping method and having a

crystallinity of not more than 40% tends to depress its porosity and is thus not

preferable when stretched to make porous. -

(Method for thermal treatment)

A thermal treatment of the film obtained by the aforesaid shaping treatment
can be carried out according to a treating method and conditions under which
crystallinity of the treated film may exceed 50%, for example, within a temperature
range from 100°C to the melting or dissolving temperature of polypropylene and a
period of time over 1 minute. In this case, unstretched film is preferably be
restrained or fixed at least in one direction, preferably orthogonal directions to
prevent shrinkage.

[t is a matter of course that further thermal treatment for the resultant film
obtained in the above shaping treatment having a crystailinity of at least 40% with a

view to enhancing crystallinity further is preferable for maintaining a high porosity



pol ypr opyl ene copol yner, the anpunt of such copolynmer is 5 nol % or |ess.
No imtation exists in the nolecular weight of the polyner unless any
trouble takes place at the tine of shaping. In order to make shapi ng
ability conpatible with high strengthening,8however, the intrinsic
viscosity [err] is desirably at least 1 dl/g, preferably at least 2 dl/g
but not nore than 4 dl/g. In case the intrinsic viscosity [err] is
|l ess than 1 dl/g, the operation for rendering the film porous may, becone
di fficult. when the figeisp@pdgpoipsene used in the present invention may be
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[ precursor] fi -pol ypropyl ene filns, those having an
intrinsic Viéﬁggag%l%l{/ ofglpgfn@;m%tgu east 1 dl/g can be obtained according to
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inflation fil mshapi ng met hod. e stretchi'ng method, any of the

usual Iy enpl ey@ehniglobatsfil@madyebe agiafte by itdiabafaario.Saf|URN Al riticls shdly
stretching nethod wherein an ordinarily used T-die sheet is, after

shapi ng, st rthe goeel diamesemelt Hienfloditenes tto drectime darged. | Imrcondrast| ifkeheadrdft ratio
successively stretched in a transverse direction by a tenter, and a
si mul t aneousbecomes larger, the pore diameter will become smaller. 7

bi axially stretching net hod wherein the sheet is biaxially strefched

si mul t aneousl y byln Case the original film prior to the thermal treatment is fixed in two
directions, selection of an optimum condition in the aforesaid treatment leads to omit -
the subsequent stretching treatment and the film will be made porous at that stage.
When a specific solvent undermentioned is employed, the treated film can be allowed
to dry under the fixifxg condition thereby obtaining a porous film.

Atmosphere for the thermal tréatment may be open air, but the thermal
treatment may be carried out in a first liquid substantially incapable of dissolving
polypropylene. By the wording "Substantially incapable of dissolving” is meant that at
least a part of the polypropylene is swollen or dissolved at the treating tempefature
but is kept as a whole in the form of a film. Accordingly, a solvent capable of
dissolving the whole polypropylene is excluded from the first liquid.

Namely, crystallinity -of polypropylene can be increased when the prepared
polypropylene precursor film is restrained at least in one direction and dipped in the
first liquid which does not substantially dissolve polypropylene at the treatment
temperature.

[llustrative of such first liquid are lower aliphatic alcohols such as ethanol,
propanol, butyl alcohol and amyl alcohol; lower aliphatic ketone such as acetone,
methyl ethyl ketone and cyclohexanone; lower aliphatic esters such as ethyl formate
and butyl acetate; halogenated hydrocarbons such. as carbon tecrachloride,

trichloroethylene, perchoroethylene and chlorobenzene; hydrocarbons such as heptane,



way of a tenter clip. The inflation filmshaping nmethod can be carried  out -
with the aid of a conventional shaping device by properly selecting an
expansion ratio and a draft ratio (a ratio of a filmtake-up race to a
resin extrusion rate in the die). Agdilmthus obtained is a

non- porous filmhaving preferably an intrinsic viscosity [err] of at |east
1 dl/g, nore preferably at least 2 dl/g but not nore than 4 dl/g, a
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the treated fil mnmay exceed 50% for exanple, wthin_a tenperature  rapge
from 100C toP?IMB"%fgf‘F nf dPe aireamens ngrepeAiEtat url8e ofir sﬁol‘%?%p@ﬂe%ﬁ%bl%m Ca
period of tigg1 over ut(f. In this case, unstretched film is

1 mn
preferably bl YP@&'PB? AEY Tafecne. ay ﬁff‘ﬁdg‘é@?‘_ in one direction, preferably
oo PSR A T BN I ol a0 ™
The film subjected to the thermal treatment in the first 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 drjzing 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 polypropylene and then dried up. On drying, the treated
film is fixed preferably at least in one direction, more preferably in two directions.
[llustrative of the utilizable second liquid are low boiling point hydrocarbons
such as hexane and heptane; chlorine-substituted low boiling pq'mt 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-dichioro-1-fluoro-
ethane, l,3—dichlor6—1,1,2.2,3-pentaﬂu0ropropane 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
liquids is completely carried out below the thermal treatment temperature.

The dried porous film thus obtained may be subjected to a heat set treatment



obtained in the above shaping treatnent having a crystallinity of at |east .

40%wth a view to enhancing crystallinity further is preferable for

mai nt ai ni ng a high porosity

8 when the filmis nmade porous. {be thermal treatnent of the

filmprior to stretching is carried out under restraint of the film or in

other words, by fixing the filmat |least in one direction, preferably

orthogonal directions. In case the inflation filmis used as an

original filim otdee tparemose aritkdas @f ciehfim,r esadjtgnthepmrosiyy dnd thendnyckloess of

adjusted by its draft ratio. If the draft ratio is small, the pore

di amet er of theefili.| andt enodnimizetibe snefateantyyasion looekfigient gbtthe filmy has dora:fltlons

ratio becones |larger, the pore dianeter will become snaller.

case the ori fimHie RSt fepATERIMENG. AHEMPHEEYRRI 2t WeaHnge Hme) ands theelike are; wstably
Lon of an.,aptimum condition in the aforesaid treatnent

di t | t
I lagigg 'Itgngm f‘ﬁ “I%H{a"bﬁb’s’%"iﬁ’ﬂéﬁ?l%s?wel?ﬁrﬁg treatnent and the filmwll be

made porous ?gﬁt When a specific solvent undernentioned is
enpl oyed, ggtf%@gb%?iﬁ r)n can be allowed to dry under the fixing

condi tion t her ebySﬂQEcﬁlrg' RO c&rRAr QS af 1d @Emgeﬁature beﬁ“m}ﬁph'ﬁétﬁwfngﬁinrth& the

thermal treatnent my open air, but the ermal  treatnent

carried out bfecardor!fiiin. ! T [Bhwsi Dieast bR Stretchiag PRl Sratlfredk %ﬁ'@ﬂelv’dbll}g 150°C-
pol ypropyl ene. By the wording "substantially incapable of dissolving” is

nmeant that atiédiastora paeferabfy t169°Qel68pCopyitieughi dt sddpehdn ar thessottvedf at

the treating tenperature but is kept as a whole in the formof a film

Accor di ngl y, pelypoipréene andpthig| reeltihg point of the precursor film. A stretch ratio in this
case is not definite and varies according to the precursor film but a higher stretch
ratio is preferable in view of strength and permeability.

The stretching treatment may be carried out in atmosphere of air or under
contact with the first liquid as described in the foregoing thermal treatment, which is
substantially . incapable of dissolving the film before stretching at a stretching
treatment 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
conducted by way of a pair of rolls and a second stretching step is then conducted by
way of tenter clips in transverse direction, and the continuous and simultaneous .
biaxial stretching wherein a continuous tenter clip system is used.

After cdmpletion of the thermal treatment and/or the stretching, the film may
be subjected to a thermal treatment under the condition of fixing the film ends in air

with a view to preventing shrinkage or formation of wrinkles in the film.

(Porous polypropylene film)



di ssol'ving the whol e pol ypropyl ene is excluded fromthe first |iquid.
Nanmely, crystallinity of pol ypropyl ene can be increased when the prepared
pol ypropyl ene precursor filmis restrained at | east in one direction and
di pped in the first liquid which does not supstantially dissolve

pol ypropyl ene at the treatnment tenperature. Il'lustrative of such
first liquid are lower aliphatic alcohols such as ethanol, propanol, butyl
al cohol and anyl al cohol; lower aliphatic ketone such as acetone, nethyl

et hyl ketone and cWeldAeReasiyerst adconding td Efshenesent dsvestion s poacusefilny Wherein
formate and .l:)ut%I. qget ate; hal ogenated hydrocarbons such as carbon
tetrachl ori d&MCTafibrily, R3¥e Sniformiye beshe disperiserk ARG | RISECSERRd ICPOTOSEH eRTLEFRe aS 2

hydr ocar bons h, hept ane - ) X ) .
9 cycohexar?z’?&bbc? g’ﬂe, :Pd'gg'éhuée%?ﬁﬁmwg%ahﬁ"d nfEresgens Bt &5 nfrrgller giaasie
conmpounds  sygh, pyridi ne, formam de and di nmet hyl f ormam de; and et hers
such as nethyl ePhér, ethyl ether and di oxane. A ycols such as

ronoet hyl ene gl yoopensith gibigh e e Ko "1‘%rﬁﬂg‘ﬁr@@&%ﬁh%ﬂee@?ﬁgg& oy

silicone oils generally utilizable as a um  ar

preferabl e fiprédent iiehelon is at least INBER, Ipksttiaby, sBMaRSSHRR, Bord p’?@:f’éHtBFfan
two or nore of them Warmor hot water containing, a surfactant Is al'so

effective as l¢dse 70iMB4 inl mgchiink ind trhesveeseadirecytscnae caloalated tonaghi rbasik ©f RABtual
preferable for the reason that these solvents dissolve polypropylene at
t he treat mentsegtianpleprga @fcthe filMhe first 1iquids preferable for
pol ypropyl ene are n-decane and n-dodecane. (D pping into a | ow boiling
point |iquid and d’,qu)%g) of the film thus obtained is not more than 80%, preferably not more
than 60%, more pfeferably not more than 50% and especially preferably within the
range from 10% to 50% by properly selecting the thermal treating and the stretching
conditions of the starting film from the aforesaid ranges.
Moisture-permeability of the porous film of the present invention is preferably
at least 20 g/m? day, preferably at least 40 g/m2 day. In the stretching and thermal
- treatment of the film according to the present invention, any changes in the intrinsic
viscosity (n] is within the range of measurement errors and is thus small.
The aforesaid characteristics in the present invention were measured according
to the following methods: :
(Thickness of film)

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) -

A film sample was weighed and the thickness as a dense film was determined
by calculation, deeming density of the film as 0.91 g/cc. Polosity was determined,
using the following equation, in relation with the value determined by the aforesaid
film-thickness measuring apparatus:

. T() - Tw
Porosity (vol.%) = T, X 100

wherein T, stands for thickness of the actual film measured by the film-thickness



The film subjected to the thermal treatnment in the first liquid is then
subjected to a drying treatnment. According to the sort of |liquid used for
the treatnment, the 1liquid may be evaporated by direct drying with warm or
hot blast if the filmis fixed in tw dirgegtions to prevent shrinkage. In
case of the first liquid which is relatively slowin drying speed, it is
preferable that the treated filmis dipped into a second |iquid conpatible
with the first liquid and lower in boiling point than the first liquid but
i nferior i nmedshiingt apphcntpn| wpt GRy | fenethankdedsheh alrdessk Uppm Gh U yinngorashs
treated filmis fixed preferably at least in one direction, nore

pref erabl y datenmvipediby gelcpiaien from the weight.ystrative of the utilizable second

liquid are | ow boiling point hydrocarbgns such as hexane and hept ane;

chl ori ne- subiensile stEeneivandolfrpsigreneRing EIRRERRMr bons such as net hyl ene
chloride; and chlorine and fluorine-substitute | 0 boi lin I.nt

hydr ocar bons suc hesﬁrs}a‘:t'ir,sz"-"‘a?dﬁqaé‘r‘r&-g2",“%,CQECPIPFPI%JP8@¥¥ﬁ5‘Rgawreqz3% by the
1,1-dichlorg1-fluorqg- _.e n - di-chl.or o; - £ ropane
and 2.2, 3, 38 8 YRl suFhlBcRser bued AR oty RACIRTHAL P HRAER

tenper at ur eg@ang, adcBfiaHLL M Qbééo‘ﬂmssa}z, ’Kh&hg&s'{ﬂl {J«i@ﬂ’PGf Hstl'sEmpRE 15 *&gxg)t.e“

period of tinme are selecte l ong as su utton of the Tiqui S

conpl etely 0@sisiupé PertheaBRitPVaridn@iBRFEBErridaBRtyRBEffiEICAB)EN at ur e. The
dried porous filmthus obtained may be subjected to a heat set treatnent

10 in order tQatianDuidloridé weseslacgt ahe rhéibtiire tpermelbles tug haad pigholyi $eglednd
the thickness of the film and to mnimze the surface abrasion
coef fi ci ent wish a test §anipie. Ahe cakiiint chinside berameey gnestopis shraugh ahentest sample
temperatur eéndaclrzarngﬂ lt? %ve%gihge T?lgcz:hgrt]geedlxireggehtavaaes r?ng;sh?e?il gy a precision balance and
the moisture permeability was calculated according to the following equation:
Moisture permeability (g/m2-day) = %
wherein P stands for a changed weight of*the test sample per day in terms of g and Q
for a moisture permeable area of the test sample in terms of m2.
- The moisture permeability coefficient was calculated according to the following
equation: :

Moisture permeability coefficient (g-mm/m2-day) = X x Y (mm)
wherein X stands for the value of the moisture permeability calculated above and Y
for a thickness of the test sample.

By the way, the test was carried out under the following conditions:
temperature 40°C and humidity 90%, and a cyli_ndrical cap of 60 mm in diameter was
used as the cap.

(Air permeability)

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 Gurleszl seconds.

(Crystallinity) 1

N
H

Crystallinity r}aferred to in the present invention was determined by calculation



Selected in a gaseous (air) atnosphere. (Stretching nmethod)

Stretching is carried out at a tenperature bel ow the neting point of the
precursor film The lower limt of the stretching tenperature is preferably
150C- 168[err]C, nore preferably 160[err] G,168C, although it depends on
the sort of polypropylene and the nelting int of the precursor film A
stretch ratio in this case is not definite and varies according to the
precursor filmbut a higher stretch ratio is preferable in view of
strength andsperi@adtid hélt.of fusion to aTtheor8tié# hedti dTdcriysrapfudiAl titBeab@f Cadidd ed
out in atnosphere of air or under contact with the first liquid as

descri bed i reingesimultegously hémsural act the aim® R ,meabiddy itlee meliingt Eokit adcbding

i ncapabl e of dissolving the film before stretching at a stretching
treat ment teapdFRMUPRL7 with the aid ofea Hiterémial scanginghéatayinndter {PICh nay be any
one of the uniaxial stretching wherein shrinkage in transverse direction
(width | oss)Wn‘i zed, the uniaxial stretching: V\/nerei n shrinkage in

transverse directjon is prevented hy way of tenter _clip t he sequenti al
or sinul taneous B'i'hgxPﬁﬁse"E‘t WFE‘?‘R%Q‘”M“@W Hlugigacgd 'c“eﬁ't°é‘? 'depailed by Sva¥npf s

ont i ﬁﬁoﬁgnﬁﬁ Plegunf ol Sradit Ml e Erp R AE PR St SRPlebeitingl
step i s conduetatt Bibdnenls & B v anOLAae B e IRRRBE lé%fmmea% P

is then con y way of tenter clips I1n transverse direc

conti nuous gR&keSEAMpIRN@NS it Buérstepk tﬁé "s&ip@rﬁsr&ﬁﬂ@&'i&'tﬁb @aifdNt i nuous tenter
clip systemis used. After conpletion of the thermal treatnent

and/ or the SBxpetimbataDExagefl | m nay be subjected to a thermal treatnent
under the condition of fixing the filmends in air wth a viewto
preventing shri nkadéxiallyfsratched dilmodf pwlypédpgiene (mdde Hyi Toaello (Braad{0® U-O)
pol ypropyl ene film
No. 20, intrinsic viscosity 2.9 dl/g (measured according to ASTM D4020)] was used
as a precursor film.

Table 1 shows a result of méasurement made for the physical properties of the

film used.

- Table 1

Exp. Thickness Tensile strength Elongation Crystallinity Moisture Moisture

No. (Um) (MPa) (%) (%) Permeability P. C*
MD D MD _TD (g/m2-day) (gmm/m2-day)
1 19.9 141 291 179 31 50.3 11.5 0.23

(Remarks) MD: Machine direction TD: Transverse direction * P. C.: permeablhty
coefficient

Experimental Examples 2-11
(Making porous by the thermal treatment)

Using the film of Experimental Example 1, a thermal treatment was carried out
in the following manner: As is evident from Fig. 1, the precursor film (12 )was held
between a pair of metal frame (13) made of a stainless steel and fixed in all
directions by fixing the up-and-down frames with a screw (1). The precursor film in
such state was immersed into a tank filled with a treating medium and allowed to

stand for a given period of time. The film fixed with the metal frame was dipped as



The fil m produced according to the present invention is a porous film -
wherein mcrofibrils have uniformly been di spersed and possesses a
porosity proper as a porous film a noisture-perneability based thereon as
wel | as excellent tensile strength. 4 Tensile strength of the porous
filmof polypropyl ene obtained according to the present invention is at

| east 35 MPa, preferably at |least 50 MPa, nore preferably at |east 70 MPa
i n -machi ne and transverse directions, as calculated on the basis of actual
sectional aswh ioto prvessel Ifited with hexandgepssatt yooof tantperdtitia{ 3RGk ashaliaweddta s
not nore than 80% preferably not nore than 60% nore referabl¥ not rmre
t han 50% an#taad fex c#&"l“?“‘iﬁ?é?é‘!“-@meyﬂwtf?ﬁ“l‘igt‘h%dluma&hﬁéwft ont fEowsiab

Phe’ st o t1 ik PREY PO R RREHIECAY PGS, o Foor kgt Q&s—é‘@‘i‘ ?f@aﬁﬁm ty

o A8 B e 4B W0 A5l

ther mal tr%ﬁ&n@?atanefsgn&vfthé@aﬁ%eﬁ\%&o Adh&sﬁusea%}gs of nventi on,  any

changes in theintrinsic Vviscosi e range of

nMeasur ement err ofs E}pétichénthlMEI@nDIR! 3 and 9, the treathi@ @&95@&%&%4&%@&&5@(%5} I CS
in the present invention were nmeasured accordi.ng  to the fol |l ow ng methods:

(Thi ckness aighf thhithe polypropyléfe eksdissolotd.t he fil m was neasured by the aid
of a filmthickness neasuring
In Experimental Examples 10 and 11 wherein a silicone oil was used as the

treating medium, moisture permeability of the film was not satisfactory only by

_immersion into the solvent.

Table 2

Exp. No. Treating medium Treating temp. (°C) Treating time (min.)
2 liquid paraffin * . 140 1
3 liquid paraffin * : : 152 1
4 liquid paraffin * 154 1

) 5 liquid paraffin * 156 1
6 liquid paraffin 152 5
7 " n-decane - 120 1
8 n-decane ' 132 1
9 n~decane ' 140 1
10 silicone oil ** 160 1
11 silicone oil ** 168 1

(Remarks) * made by Witco: Carnation (viscosity index: ¢St/40°C = 11-14)
** made byToshiba Silicone KK, Silicone oil TSF451-200



appar-atus naned M ni ax (Mddel DH 150) nmade by Tokyo Seimtsu KK

(Porosity) : A filmsanple was wei ghed and the thickness as a dense
filmwas deternmned by calculation, deemi ng degsity of the filmas 0.91
g/cc. Polosity was determined, using the followi ng equation, in relation
with the value determ ned by the aforesaid filmthickness neasuring
apparatus: - [err] Porosity
(vol .% = [err] wherein T[err] stands for t#lcRkness of the actual film
measur ed by the filmthickness

12 measuring apparatus, and T[err] for thickness of a dense f| Il mof 0% in
porosity &seevtaeméd hbiynéﬁall’em-atl of. f§ omEldngatigai ghit per-( Tavigtuee st Crysgt-h)
anfl (lFr ?c; wb.te el nttﬁluangatsicsan)( (MPa) C)The(s@ fa&&wn&yvv]go'e&nineaawrm ?nd .
cal cul ated at roomtenpera err. ensi | reng
tester nanmed Tensilon (Nbdel%)ET 2@% .IJD gﬁ% hgf Cﬁ%&jmch 3 dgys) accordance
with ASTM Dswﬁmmmmmm- 5Ty ztﬂvm STUEES

Per meabi | i ty)bl@endm(dVbl sture perneability coefficient) Cal ci um

chloride wag h@gﬁ‘ﬁi I Ny rqusst ur qlger qggblzq Cyp agghtightioy sealegdgwith a

t est sarrpl e. e cal ci i de heca copi ¢ through the test
sanpl e and“cW&ﬁ@ed i g3l th . cHa ge%gv\ggght‘uzvas ma%gured b 91

preci si on b&l Bisgdvednd -t he moi sture perneabi | ity was cal cual at ed aceordi ng

80 ;he ‘EO' |fV‘Blﬂgwﬁﬁé’ai5.@n3 18.5 115 233 Mgkshyreqpgrneabigsity (gésigerr]
ay) = [err

Slightly 22.8 4.8 130 296 223 40 = 42 54.7

~ blue white . .
8 Blue white 250 13.9 107 221 243 43 1054 61 55.8
9 Dissolved - - - - - - - - -
10 Transparent 20.0 - 133 290 16535 * 13 53.5
- 11 Transparent 20.1 - 135 285 160 32 * 15 . 53.7

(Remarks) T.S.: Tensile strength, MD: Machine direction, TD: Transverse direction,
- * at least 2000 sec./10 ml
Experimental Examples 12-15

(Stretching to make the film porous)

The film obtained in Experimental Example 1 was subjected to a definite width
uniaxial stretching or a sequential biaxial stretching under the conditions as shown in
Table 4 in the presence of a silicone oil (Toshiba Silicone KK, Brand: TSF451-200) by
the aid of a tenter-clip type biaxial stretcher to render the film porous. The

- stretching operation was initiated one minute -after the film was charged into a
stretching tank maintained at a predetermined temperature. A stretching rate was
constant whereby the initial rate was 500%/min. in distortion rate for the length of
the test sample.

Table 4 shows the stretching conditions for the film while Table 5 shows the

“characteristics of the stretched film.



wherein P stands for a changed wei ght of the test sanple per day in terns
of g and Q for a noisture perneable area of the test sanple in terns of
nMerr]. The noi sture perneability coefficient was cal cul at ed
according to the follow ng equation: Wbi sture perneability
coefficient (g.minferr].day) = X x Y (m) wherein X stands for the val ue
of the noisture perneability cal cul ated above and Y for a thickness of the
test sanple. By the way, the test ywa% garried out under the

followi ng conditions: tenperature 40[err]C and humdity 90% and a
cylindrical cap of 60 mm iBExpdiNomret eStraveitng tedpd as t he clpetch (abior

perneabi lity) Air perneability @fmthe filmwas nggsuregpaccordi ng
to ASTM D726 by the aid TW‘%@TH’@WWWl
Sei sakusho: Curl ey Densonet & Type B) f P neasuri ng Gurley seddhds

(Crystallinity) Cry$3allinity refﬁ@rred toin the‘ltbreserltolnvention
was determ ned by cal cul ati ¢

13 as a ratio of a heat o; fusion to a]a heoretical gl of crystal
fusion, the heat of fusion Dei ng si mul taneously neasur ¢ at tA¢ time of
measuring the melting point_accarding tao ASTM D3417 with the aid of a

differential scanning cal qref@ikey NIDSachineERARSA.STD: Transverdddirdetiesent

invention will now be illustrated in nore detail ed by way of
Table 5

ixp. State of Thickness Poro- T. S. Elongation Air per- Moisture  Crystal-
vo. film (Mm)  sity (MPa) (%) meability permeability linity

(%) MD TD MD TD (sec/10 mil) (g/m2-day) (%)
.2 Blue white 17.8 20.8 167 218 91 36 57 2460 52.1
.3 Blue white 16.5 32.2 148 144 41 30 17 6530 53.3
4 White 174 248 167 174 92 25 32 3250 54.7
.5 Blue white 19.5 30.1 123 159 63 39 21 5320 52.8

Remarks) T.S.: Tensile strength, MD: Machine direction, TD: Transverse direction

Experimental Example 16
(Thermal treatment followed by stretching to make the film porous)

A thermal treatment was carried out in the same manner as described in
Experiment No. 8 in n-decane as treating medium. Prior to dipping into hexane, a
fixed width uniaxial stretching treatment was carried out in N-decane maintained at
the same temperature (132°C) as the treating temperature. The stretching treatment
was carried out in the same manner as in the case of Experimental Examples 12-15
whereby _the stretch rate was 2 times as much as in machine direction.

Table 6 shows the characteristics of the stretched film.



Exanpl'es, but it is construed that these Exanples are given only for

expl anation of preferable enbodi nents of the invention and that the
invention is not limted to to these Exanples unless it oversteps the
scope as defined in the clains. Experinmental Etanple 1 A biaxially
stretched fil mof polypropyl ene [ made by Tocello Brand(OP U-O No. 20,
intrinsic viscosity 2.9 dl/g (measured according to ASTM D4020)] was used

as a precursor film Table 1 shovvs.lgblg%sult of neasurenent made for
t he physical properties of the filmused.
Tabl e | Exp. Thickness Tensile strength Elongation Crystallinity

Moi stur e ExB@%}t-ﬁgegfeﬂli\&ness P()[‘éa-r r] n)l‘ % élg@‘gt)mln[) Air PEr\ D Mgios/il.lbe .Crystal- (%

Permeabi it

(g/ merr]. &%y) Mgy nfH¥)r | Sf¥y) ~ (MPa)  19%)  meability perpepility lihg 31
50. 3 11.5 (%23 MD( Rermar kg D: ($4aQbinig (ginkegdy) on (g)TD:
Transverse direction * P._C : pernmeability coefficient

Experi ment a6 Buampites 23.511 33-Rhkldlg por ou®2 bplt he ther nal 1236at mefd )

Using the filmof Experinental Exanple 1, a thernmal treatnent was carried
out in the follo 'lgg.kgpnner: As is evident fromFig. 1, the precursor film
(12 )was held between a pair of netal frame (13) made of a stainless steel
and fixed in all T.0$.r eddilonremythf i ¥MIMiche diredtidd; IIDWTlavase sirdtkibll @ Screw
(1). The precursor filmin such state was inmmersed into a tank filled with
a treating nmediumand allowed to stand for a given period of tinme. The

filmfixed with t@x%e%grﬁgl gxra%pe LN di pped as

Using a conventional inflation film apparatus (made by Thermoplastics,
Extruder: 30 mm¢, L/D = 25, Take-up machine: Model 4-18), a film was prepared
under the following conditions:

Using polypropylene (I'rlade by Mitsui Petrochemical Industries, Ltd. Brand
name: B200, MFR = 0.5 g/10 min., intrinsic viscosity: 3.5 dI/g) as starting material,
an inflation film having a folded width of 200 mm was prepared by adjusting the
predetermine temperatures of the extruder, adapl__:er_and die portions to 230°C, 230°C
and 230°C, respectively, a .ratio of the film take-up velocity to the resin extrusion
velocity at the die portion (draft ratio) to 10, and an expansion ratio to 2 An
intrinsic viscosity [n] of the resultant film was 3.3 dl/g. Table 7 shows the

characteristics of the resultant film.

Table 7

Exp. Thickness Tensile strength  Elongation Crystallinity Moisture Moisture

No. (Mm) {MPa) (%) - (%) Permeability P. C.
MD TD MD TD {g/m?2.dav) (gmm/m?-dav)
17 62.0 67 63 947 950 46.5 10 0.62

(Remarks) MD: Macl_*li_ng direction, TD: Transverse direction, and P. C.: permea-
bility coefficient



14 *such into a vessel filled with hexane kept at room tenperature
(23[err]C and allowed to stand for 10 minutes to replace the treating
medium therewith. The netal frane was then taken up fromthe hexane and
air dried at roomtenperature (23[err]C). The1BiIm was then taken out of
the netal franme and used as a test sanple for neasurenent. Tables 2 and 3
show the treating conditions and results thereof. I n Experi nent al

Exampl e 6 and 9 nank LERLLAGH RKBHES S InShaP KRS R Bl Btk

t he pol ypropyl ene was di ssol ve erinenta anpl es and

wherein a silicofien Qhdintuiaed 46 QH0TS add ehent dubREted do NE HkddMwidiRiudlaNTaBy stretching
pernmeability of the filmwas not satisfactory only by imrersion into the

sol vent .. treatment or a sequential biaxially stretching Tedatraen2 in a siligsqg. oiNdmade by
Treati ng nmedi um ) Treati ngl_terr_p. &})err{s] C) Treating tine (mn, 2
liquid paraffin Toshiba Silicone KK, TSFz¢#p1-200). s the stretchig treatment coul I“Phlj’i"d
paraffin * . lﬁ'ﬁ . 1. 4 . |.|i uid .

par af f | n * carried out uni ly at a higher teraperature, it was grned out rim%ﬁ !adrelatwe[y
paraffin * low temperaturd-efndition. The stretching tréacment ‘as initiated! dr@Uhflute after
paraffin 152 _ 5 7 n- decane

120 the filmlwas dipged into a strewditing@mank regulated at a predetermined tempekatdre.

1 9 'n-decane 140 ] 1

10 si | i conk sgefching rate was constant whereby ghe initial rate was 500%/mim in distqrgion

silicone oil ** 1 (Remar ks)

- 6
made by Wtco: CEFnSFitBs epaihsfy etjquisﬁ%%’i: cSt/40[err] C = 11-14)

;5”30'9 byToshi ba Sil iﬁ@l@% %wsﬁ'hle is%ﬁﬁingicbndf%%mﬁigoﬁg. 9 shows the characteristics
of the stretched film. |

Table 8
Exp. No. Stretching temp. Stretch ratio
(°C) MD D
18 80 2.0 1.0
13 80 2.0 2.0
(Remarks) MD: Machine direction = TD: Transverse direction
Table 9
Exp. State of Thickness Poro- T. S. Elongation Alr per-  Moisture  Crystal-
No. film (Hm) sity (MPa) (%) meability permeability linity
(%) MD TD MD TD (sec/LO ml) (g/m3-day) (%)
18 Blue white 45.1 48.1 103 38 970 130 27 4510 52.4
19 Blue white 42.1 54.3 52 51 430 600 10 8540 52.7

(Remarks) MD: Machine direction  TD: Transverse direction



Table 3 Exp. State of Thickness Poro- T. S. ° H ongatioh Air per-

Moi st ure Crystal- No. film ([err]m sity (MPa) (%
nmeability pernmeability linity (9 VD TD
MD TD (sec/10 ml) (g/nferr]. day) (% 2 Bightly 22.1 2.3 133
292 224 37 * 52.9 blue white 3 Blue white
24.6 18.5_. 118 241 270 43 892 108 55.9 4

Wit e xpe%&enﬁl Ewample% 152 254 26 417 367

55.6 5 Di ssol ve
- 6 Blue white 25.2 Anlgnfﬁtmn ﬂiﬂa5 wasz?ﬁepagéﬁ lﬂlthe]-‘ﬂ%e manner  as descnbe§5 m
55.8 7 Slightly 22. 296 22 42
54.7 bl ue V\hIB‘xpererenBilLEa(am’pietH é}&e[ﬂ thatl@alf the dﬂdﬂt?ratlom chﬂﬂﬂg’idlta 1810$dble
61 55.8 9 Dissolved -

- 19Ghoyy shepehagasteristicsoof the resultant f|lg[\33 290 165 35

13 53.5 11 Transparent 20.1 - 135 285 16.0 32

15 53.7 (Remarks) T.S.: Tensile st rengt h, MD:., Machi ne direction,
TD: Transverse direction, - * at 2000 sec./10 m

Experi mental Exanples 12-15 (St ret Cﬂl ng to make the fil m porous)
The fil m obtained i ngkxper iThskhésk EXTemile sdreNith S UDjBRsHgasbat O Caysigiidisyi t €

wi dt h uni Brl al sof lchi ng or éMBaquenti al b{®xi al st (%}t ching
under the conditions_as showdmn MD TBble 4MD thdDpresence of a

silicone oil (Toshi ba Silico Brand: TSF451-200Q the aid
of a tenter-clip typ &5hi axi assgt retchef® to r i¥der tﬂéofl | 730 por%‘h% The

stretching operati on ILSI‘II tiBt Egmgggd{pe&%h ?{)t %Fang&g?ef &ll_mmyvas char ged

into a e C g tank Il ntane ermne

tenperature. A stretchlng rate was const ant wher eby the initia
race was 500% mn. in distortion rate for the |length of the test
sanpl e. Tabl e 4 shows the stretching conditions for the

filmwhile Tabl dTEermabgsatmaet for makms the &harpacqueranétTt@sm@ftrQaneergtprchqﬂew

film
! stretching for making the fllm 9orous) -

Using the film of Exp. No. 20, a thermal treatment was carried out in the
same manner as illustrated in Experiment Examples 2-11. A part of the film
subjected to the thermal treatment was further treated with a tente.r—clip type biaxial
stretcher to stretch the film biaxially. Tables 11 and 12 show the conditions for the
thermal treatment and the optional stretching treatment and a result of the

treatments, respectively.

Table 11
Exp. Treating Treating Treating  Stretching Stretch
No. medium temperature time treatment rate
(°C) (min.) MD TD
21 Liquid paraffin- 140 1 None - -
22 Liquid paraffin 154 I Yes 2 2

(Remarks) MD: Machine direction  TD: Traverse direction



i6 - Table 4

Exp. No. Stretching tenp. Stretch ratio

([err] O VD TD 12

160 1.5 1.0 20 13

160 2.0 1.0 14

168 ) 1.5 1.0 15

160 1.2 1.2 Table 12 (Remar ks) MD:

Machi ne direction, TD: Transverse direction
Table 5 Exp. Stare of Thi ckness Poro- T. S El ongation Air per-

Moi st ure Crystal- No. film ([err]m sity (MPa) (%

nmeabi l ity per mEapi Biateyof |Thidkhgss Poro- T. S. Elongation (A99 per-MD - Cryfdal-
MD TD (sec/ 10 m,) dagy i er daygiey ((npad Bl ug ite bty 20. 8 67
218 91 36 Gl 53tey  (Mpaf B Uy 10 bty 70 Dunig ©7
148 144 41 39 17 (%) 5%3____%3_5_4&%4‘1@1;@31. 4
24. 8 167 174 21 92WBbe 332 183 45 3280 313 1154.7 16..8l ue who.5e
19.5 30.1 123 5gR.63 3% 2o 52 30 5386 2.8

Remarks) T.S.: Tensile strength, M Machi ne d| rect ion, TD: Transverse
direction ——I‘sepe#%nt—al—éea#p#-e-&@—————é-lhe#-nrm—uemm

foll owed by str ¢Raofrrkg) tT0S.mAkssile Iserefigthm MDr oMgghine direction, TD: Transvers& dileetioral
treatment was carried out in the same manner as described in
Experiment No. 8 in n-decane as treating nmedium Prior to dipping into

hexane, a f | Xegfo\é\féadttpatugisaa%(étgét?%ters@g%ﬁ reat ‘g‘;{e‘ﬁ%;a%p%grg{egﬂe

out in N-decane mai n% Pﬁ%
treating tenper gidhthgle Zﬁhe/hélefneBﬂ!?'tﬂg thdrBal fRitment was carrled (‘ﬁﬁs Qgrché &by Olite

In the sane manner as in the case of Experinental Exanples

wher eby t he st r etoistureageemeshiiit of itinws fias was Glcogsizédntaree laastd!!)rgimtlrdw.m view
of the values of air permeability.
(Effect of the invention)

In accordance with the present invention, there is provided a porous film of
polypropylene excellent in tensile strength which has been obtained by subjecting an
air-impermeable polypropylene film obtained without substantial use of a plasticizer and
a solve_nt to stretching and/or thermal treatment. This film is preferably utilizable for
various fields of industry such as packaging materials for foods, filtering materials for
precision filtration and separators for battery, especially as a film for printing use, a
base film for adhesion, an air—permeable film and the like.

As many apparently widely different embodiments of the presénc invention may
be made without departing from the spirit and scope thereof, it is to be construed that
the present invention is not limited to the specific embodiments thereof except as

defined in the z_xppended claims.



Tabl e 6 shows the characterlstlcs of the stretched film

17 Table 6 Exp State of
Thi ckness Por o- T. S El ongation Air per- Moi sture  Crystat= No——

film ([err]m  sity (MPa) 21 (A meabi 'I'lnisfheetmm’eaﬁb ldcsdy

linity (% VD TD MD TD (s
(g/ nerr].day) (%9 16 Blue white 23.5 35.0 141 137 '
14 - -

. (Remar ks)
strength, v ,§ ( Ay 3‘ ion, TD: Traverse direction

Experi nmental Exanple 17-19 Usi ng a conventional inflation
fil mapparatus (nmade by Thernopl asti cs, Extruder: 30 mjerr], L/D

= 25, Take-up maqhi ne: nivadedirehgid) por%uﬁ' lfavest PItRAGEHene  which co%@ﬁésthe
foll ow ng conditions: Usi ng pol ypropyl ene (made by Mt sui

Pet r ocheni cakedoffiatmtlyyi £ polybidpyleBe @8¢in and possessesABFolIdRARY ,phbﬁ&l-prﬁpgrtiﬂé :10
mn., intrinsic viscosity: 3.5 dl/g) as starting material,

inflation film h4y) rgtenasitobutenpthvioftan ladst Zﬁwm:vvaﬁctpnena'eadmbwaﬂjaﬂ@t | ng

t he predeterm ne tenperatures of the extruder, adapter and die
portions to 230[ err]@ans¥8Geatirection (TD); and 230[err]C, respectively, a
ratio of the filmtake-up velocity to the resin extrusion

velocity at the d?e HBPIASEA °(fd1°af'l*°"|edh%)30‘l"oa&4) and an expansion ratio to

2. An ntrinsic VISCO l%éfe”ltl; of_ t he S sultant film was 3.3
di/g. Table 7 sk fusture permeadility 3, af %sttzé)ﬁ/gb ythe resul tant film

2. A porous film of polypropylene according to claim 1, wherein the

polypropylene film has an intrinsic viscosity {n] of not more than 4.

3. A porous film of polypropylene according to claim 1 or 2, wherein an air-
impermeable biaxially stretched film or inflation film of polypropylene obtained
without using substantially a plasticizer or solvent has been made porous by

subjecting the film to stretching and/or thermal treatment.

4. A process for producing a porous film of polypropylene which comprises
stretching a biaxially stretched film or inflation film of polypropylene in uniaxial or

biaxial direction for making the film porous. -

5. A process for producing a porous film of polypropylene which comprises
subjeéting a biaxially stretched film or inflation film of polypropylene to a thermal

treatment for increasing the crystallinity thereof to make the film porous.

6. A process for producing a porous film of polypropylene which comprises
subjecting a biaxially stretched film or inflation film of polypropylene to a thermal .

treatment for increasing the crystallinity thereof and thereafter stretching the film at

e
QLTI . SHEET HAS BEEN | ..




Tabl e 7 Exp. Thickness Tensile strength - El ongation

Crystallinity Misture Moi st ure ~ No. ([err]my WPa)

(9 . (% Pernmeability P. C

TD VD TD (g/nmerr]. day (gmﬂ nerr].day i° Sheethee"Re
62.0 67 63 947 950 46 10 IIIJ unﬂmzm
(Remarks) NMD: Machi ne direct i on TD: Tr ansverse di rection,

per rea- . e e

18 least in uajgxiaf ﬁ\‘rfcéi r?rf 5/\&%6 é‘.fbjpgr%uéd to a thermal treatnent
for 3 mnute in an air oven mai ntained at 160[err] C and then
subjected to a fixed width uniaxially stretching treatnent or a
sequenti al biaxi all t

Toshi ba §i 11 cone ki TGEERIDt BEedicR MEHorbds @bl pdpRpTihe ATBARAEY o
be Cajnel oTdcisls 41D, fvientin thé s&arhh@"}j@lypﬁ'?mﬁkailﬂf Bas &l iWPiBisi6 AVigcoGigy out
under a relatively | ow tenperature condition. The stretching

treat ment wafnj nf noatexdeahan #i nute after the filmwas dipped into a
stretching tank regul ated at a predeterm ned tenperature. A
stretching rate was constant whereby the initial rate was 500 mn. in

di stortion rate for the length of the test sanp

Tabl e 8 shows thé- stf?\eareFﬁSﬁngEdﬁewq%shmmr%ls Hilg of pe'rxaww!q@é according to

_(I:_ler 2ct8 eri st '1 lims 5-7, wherem tpxe tﬁe}g&ﬁi %mtmem o ef r‘%‘irg‘?ﬁ“hg the Wstalhmty is carried

Stretch rat Io(zlt in the presence of a first liquid substantially incapable of dissolving the biaxially

stretched film or inflation film of polypropylene.

9. A process for producing the porous film of polypropylene according to any .
one of claims 4-7, wherein the stretching in uniaxial or biaxial direction is carried out
in the presence of a first liquid substantially incapable of dissolving polypropylene

film.

10. A process for producing the porous film of polypropylene according to any
one of claims 8-9, wherein the first liquid' is a hydrocarbon having a boiling point
higher than the treating temperature during the thermal treatment or stretching for

making the film porous.

1L. A process for producing the porous film of polypropylene according to any
one of claims 8-10, wherein the thermal treatment or stretching is carried out in the
presence of the first liquid substantially incapable of dissolving polypropylene, the
polypropylene film is then dipped into a second liquid which is compatible with the
first liquid but fower in the boiling point than the first liquid and is inferior in affinity

td polypropylene and thereafter the film is dried.

s RN
THS SHEET HAS |
RE EPLACED ...
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([err] O VD TD '= 18

80 - 2.0 1.0v% - 0 13-

80 2.0 2.0 (Remar ks) MD:
Machi ne direction TD: Transverse directhgn

Tabl e 9 Exp. State of Thi ckness Poro- T. S El ongation Air per-
Moi st ure Crystal- No. film ([err]m sity (MPa) (%
nmeabi ity perneabiaggifRACdT OFt YHE DISCLOSURE (% M TD

MD TD (sec/10 m) (g/nferr].day) (% 18 Blue white 45.1 48. 1 103
38 970 . 2 GRS POIVPROIRKLEME te 42.1

sa. 3 sgTiles *fygH sTRENCTH PORAES FILM dﬁg_‘gm 52. 7

(Remarks) MD: MachiNRe RRQGESS JiPR PRODUGING (W% direction

19 Experinental Exanple 20 An inflation filmwas prepared in the
same manner as described in Experinmental Exanple 17 except that only the
draft ratio was changed to 18. Table 10 shows the characteristics of the

resultant film Tabl e 10 Exp.
Thi ckness Tensil e strength El ongation Crystallinity No.

of film (MPa) (% (%

([err]m VD TD VD TD

The present invention relates to a high strength porous film of polypropylene
and a process for producing same. More particularly, the present invention relates to
a porous film of polypropylene excellent in moisture permeability and tensile strength
which has been obtained by preparing a non-porous film of polypropylene without
substantially adding a plasticizer or a solvent to the starting polypropylene and
subjecting the film to a thermal treatment and/oc strecching for enhancing crystallinity
as well as a process for producing sa;rlé.'

The polypropylene film of the present invention is characterized by possessing
the following physical properties:

(1) a tensile strength of at least 35 MPa in machine direction (MD) and

transverse direction (ID);

(2) a porosity of not more than 80%; and

(3) a moiscure permeability of at least 20 g/m? day _
and has been made porous by stretching and/or thermally treating an air-impermeable
and biaxially stretched polypropylene film which has besn obtained without using a
plasticizer or a solvent.

Mencioned as a means for making a film porous is a method wherein a biaxially
stretched film or aa inftlation film of polypropylene is uniaxially or biaxially strecched
for making it porous, a method wherein the above uniaxially scretching is carried out
in the presence of a first hguid substannally incapable of duissolving a polypropylene
film, or 2 mechod whereta the abuve thermal treannenc or steetching creacment of che

polypropylene film 15 carried out ini’the firse gynid substinvally incapable gf-

£ -



<20 "~ 34.7 76. 60 720 780 44.9

(Remarks) MDD Machine direction TD: Transverse direction (Ther mal
treatment for meking the filmporous and Thermal treatnent followed by
stretching for making the fil m porous) 24 Using the filmof Exp. No.
20, a thermal treatment was carried out in the sanme manner as illustrated
in Experinment Exanples 2-11. A part of the film subjected to the thermal
treatment was further treated with a tenter-clip type biaxial stretcher to
stretch t halissolvingipmkipabpylencTand ethetenftandhe 2filghow dineed JA@i @ serond ohquithe
thermal treatnent and the optional stretching.treatnent arglge ?“_resul, of the

t r eat ment S,COF‘@QB@EW%IW? first liquid and lower in boiling point than st ligquig) byt 11
Exp. Treating . . ... Treatin Tr eat.i Stretching Stretch

No. rmedi urﬁﬂ%rlor in attftgrﬁlpéor aPhpg)pylen?ian‘g is ri'l‘(l;’en d't“?‘ieﬁ‘f'rrent rate
([err] QO (mn.) MD TD 21 Liquid paraffin
140 1 . None - 22 Liquid paraffin 154
1 Yes 2 2 (Remar ks) MD: Machine direction
TD: Traverse direction ' : 20
Tabl e 12 Exp. State of Thi ckness Poro- T. S El ongati on Alr
per - Crystal- No. film ([err]m sity (MPa) (%

meabi lity linity



(% ~ M TD M TD (sec/10 M) (% 21 \hite . 34.2

18.3 45 18 313 112 s 1630 50.5 22 \Wite

14.5 47.0 52 51 430 600 9.1 - b2.1

(Remarks) T.S.: Tensile strength, MD: Machine direction, TD: Transverse
di rection It was found that a qatisfactory strength was not

achi eved in Experinent Exanple 21 wheréin only the thermal treatnent was

carried out. By the way, the noisture perneability of these filmwas
recogni zed to be at least 20 g/nferr].day in view of the values of air
perneability. (Effect of the invention) In accordance with the
present invention, there is provided a porous filmof polypropyl ene
excellent in tensile strength which has been obtained by subjecting an
ai r-i nperneabl e pol ypropyl ene fil mobtained without substantial use of a
pl asticizer and a solvent to stretching and/or thermal treatnent. This
filmis preferably utilizable for various fields of industry such as
packaging materials for foods, filtering materials for precision
filtration and separators for batte!yl espgcially as a filmfor printing
use, a base filmfor adhesion, an 4ai Gper able filmand the I|ike.

As many apparently wdely different enbodi nents of the present invention
may be made without departing fromthe spirit and scope thereof, it is to
be construed that the present inventionis not limted to the specific
enbodi nents thereof except as defined in thﬁ]appended cl ai nms.
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WHAT 1S CLAINED IS:. 1. A process for producing a porous film
of pol ypropyl ene which conprises subjecting an air-inperneable biaxially
stretched filmof polypropylene conprised predom nantly of polypropylene
having a crystallinity of at |east 40% ohtained w thout usigg@pstitute sheet
substantially a plasticizer or a solvent to a thermal treat 8Njanddiy 109
presence of a first liquid substantially incapable of dissolving the film

while fixing the filmin orthogonal two dire he film
por ous. 2. A process for producin REFPLCNCQN&NTISHEETO
pol'yprol ene which conprises subjecting an ai i}- irFperteabte—+nil ption film

of pol ypropyl ene conprised predom nantly of pol yp{Jgp B%ha I hg a
crystallinity f-A tII F l§‘\"§%obtalned wi t joyt iM stanfially a
pl asticizer o hermal treatnent lin the . presehcg of. a first

liquid substantially incapable of dissolving tlhe filmwhile fix ng the
filmin orthogonal two directions for naking t4¥ 3.

e—~-+mpoerotrs—
A process for prodycing £ h?‘ro@&ioﬁ forbdeRtlg RP! poRb&RD Yile cofa polypFopydenicO which
|

claim1 or 2, wheréin the rst liquidis a hydr ocar bon having a boiling

poi nt hi gher chinpHisis Subjectigi af) aﬁ:emwﬂe telaniallyg striehed dilmn bf tpolyjiropyiene

for making the film porous. A process for producing.the

porous film ofcompriget qwedominentlycof mohg»rmlenechmm 1a srystellipise rofi PF dogst 40%

thermal treatment is carried out in-the presence of the first

subst ant i al | y dbtajeqswithowst usings sehstansigily, 8 | pjaskisiash en 8, sofyrat ﬁ%lay q‘gFPémF‘P‘i m
th di d t h, tihl t

| qui d but | birthe Presepes o gﬁﬁg‘ﬂi’j‘iﬂdﬁw Fatinly EcspRYlE (oF| v, € ik Shite

inferior in af .ol tn\{e ki, 89! ){tgos&‘ﬁ %ons for mak'm-g the film porgug,.

="

2. A procesg for producing a porous. film of polyproi)ylene which
comprises subjecting an mr-unpermeable inflation film of palypropylene compnsed
predominantly of polypropylene havmg a crystailinity of at least 46596 obtgmed
without using substantially s plasticizer or @ solvent to a thermal treatimet in the
presence of a first liquid sﬁbstan.tiaﬂy incapable of dissolving the film while fixing the
film in orthogonal two directiens for making the film pOTOuS. . |

3. A process for prodm:mg the porous film of polypmpy!ene aceordmg to
clalm 1 or 2, wherein the first hqmd is .2 hydrocarbon having & bo:hng pomt Ingher
than .the treating t_emperatur-_e- during the -thermal Areatment for making the film

porous.

| 4. A process for producmg the porous film of polypropylene accordmg to
claim 1 or 2, wherem the thermal treatment is carned out in the presence of the first
liquid substantially incapable of dissolving polypropyleqe, the polypropylene. film is
then dipped into a second Hquid whit:h is compﬁtible with the first 'li'quid but lower m
the boiling point than the first liquid and is inferior in affinity to polypropylene and.

thereafter the film is_dried.
L




thereafter the fiimis dried. 22
Substitute sheet ,

13 January 1999 . b, A process for producing the porous film of
pol ypropyl ene according to claim1l or 2,28herein the starti “§ubst| ute sh et
pol ypropyl ene resin has an intrinsic. viscosity [err] of. not 4 RZ

6. A process for producing the porous filmof pol ypropyl ene accor
claim1l or 2, wherein the porous film possesses: (1) atensile
strength of at |east 35 MPa in machi ne direct.ion (I\/D) and

traverse direction ( 2 orQsit e th 8 -
(3) a noisture perne %bl I |{‘>Pr8?es§ni&i é%@é‘a%gﬁ? m]fﬂ&p polyprop}élene %“ﬁﬂéito
' claim 1 or 2, wherein the starting polypropylene resin has an intrinsic viscosity (1}
of not more than 4. '

6. A process for producing the porous film of polypropylene according to
claim 1 or 2, wherein the porous film possesses: | | |
(1) a tensﬂe strensth of at least 35 MPa in machtne dn'ectlon (MD) and
traverse dlreetmn (TD) ' '
(2) a porosity of not more than 80%; and
{3) a moisturg permeability of at lési 20 g/m2day.
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