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MICROPORQUS FILM OF SEMICRYSTALLINE POLYMER

AND METHOD FOR PREPARING THE SAME

[Field of the Invention]

The present invention is related to microporous films of
semicrystalline polymers and the method of manufacture of such
films. In more detail, the present invention i1is related to
microporous films of semicrystalline polymers made through the
stretching process of the pore region, swollen region, and
crystalline region formed from the phase separation process
between a semicrystalline polymer resin and a diluent without
the addition of a foaming agent generating pores internally or
a filler making pores through the plastic deformation process
such as stretching, etc. at the interface with the pdlymer
resin forming the matrix. The present invention is also

related to the method of manufacture of such microporous £films.

[Background of the Invention]

Microporous films of semicrystalline polymers have been
widely used as various battery separators, separation filters,
microfiltration membranes, air-permeable dampproof clothes,
etc. in many industrial areas.

General methods of making porous films from
semicrystalline polymers include a) a method of making cells

by mixing a foaming ageﬂt, making cells by generating gases
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internally during the process of molding, with semicrystalline
polymers and foaming the mixture during the process of molding,
and b) a method of cell formation of the space occupied by a
filler by adding a polymer resin forming the matrix and a
incompatible filler, tearing the interface of two components
through plastic deformation such as stretching, etc. or
extracting the filler. (In this case, as a filler, a
heteropolymer resin which is thermodynamically phase-separated
or an organic/inorganic material having the higher strength
than a fixed level in the plastic deformation step of the
polymer resin forming the matrix is used.) Between the two,
the method of making microporous £films by using a foaming
agent has not been used widely as a method of manufacture of
microporous films in that it is difficult to control the size
of cells, the permeability of cells is lowered as closed cells
are formed if the size of cells is small, and the size of
cells becomes too large and the permeability is too high if
open cells are formed.

On the other hand, the method of making porous films by
using tearing Qf the interface between the matrix polymer and
filler is disclosed in U.S. Patent No. 6,319,975. This patent
is related to a method of making porous films by adding
calcium carbonate to polyethylene, stretching, and tearing the
interface between polyethylene and calcium carbonate. The

method of making microporous films by adding a filler and
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extracting the filler again is disclosed in U.S. Patents Nos.
4,335,193 and 5,641,565. Described in these patents is a
method of manufacture of polyolefin porous films by adding an
organic 1liquid compound such as dioctylphthalate, liquid
paraffin, etc. and an inorganic filler to polyolefin,
processing these, and removing the organic liquid compound and
the inorganic filler. But this method of using a filler such
as silica, calcium carbonate, etc. is disadvantageous in that
it dis difficult ¢to obtain uniform distribution during the
process of feeding and compounding of an inorganic filler, and
further, to obtain microporous £films. This method also has a
disadvantage of being complicated as the inorganic filler
should be removed.

Further, disclosed in U.S. Patent No. 5,853,633 is a
method of obtaining mwicroporous films in which uniformly
distributed micropores having the ratio, B/A, of less than 0.5,
where A is the size of pores and B is the thickness of the
pore wall, destroy the boundary of the pores of the resin
composition. As to the micropores in this invention, permeable
porous films are made only when plastic deformation, during
which the boundary of pores is destroyed, is applied. It is,
therefore, disadvantageous in that it has a narrow processing
window and also it is difficult to obtain microporous films
having an uniform pore size, and physical properties of the

microporous films may become weak.
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[Disclosurel
[Technical Problem]

Accordingly, the inventors of the present invention
repeated extensive studies in order to solve problems with
prior art. The present inventors found out that it was
possible to manufacture sheets of which cross-section has both

of a part of pore region and swollen region distributed

randomly to have various sizes and shapes by controlling phase

separation within an extruder, i.e., by controlling the phase
separation temperature and residence time extensively in the
phase separation region, after mixing the semicrystalline
polymer resin and diluent in a single phase. The present
inventors further found out that it was possible to
manufacture microporous films having a very uniform and
superior permeability by strepching the above sheets since
micropores are formed without destroying the boundary of pores
as the swollen region is split. That is, the present inventors
learned that it was possible to manufacture permeable sheets
having a matrix cross—séction which was divided into the pore
region, swollen region, and crystalline region that are formed
through the phase separation process between the
semicrystalline resin and diluent without adding a foaming
agent or filler, and further, to manufacture microporous films

of semicrystalline polymers through the stretching process
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without destroying pores.

In more detail, in sheets manufactured through the phase
separation between a semicrystalline polymer resin and diluent,
it is ©possible to manufacture microporous films having
superior physical properties and uniformity Dby controlling the
phase separation between the semicrystalline polymer and
diluent in a resin composition for the manufacture of sheets
to form a pore region that has pores distributed randomly and
irregularly and connected each other three dimensionally, a
non-crystalline region which is in the matrix‘ phase and
swollen by a diluent, and a crystalline region (here, pore
region refers to the diluent-rich phase that is shown as pores
after the freeze-drying process after extraction, and the
Swollen non-crystalline region refers to a phase in which no

pores are formed even after the freeze-drying process after

extraction); stretching the sheets of this resin composition

to form permeable micropores as the swollen non-crystalline
region is split; and extracting the diluent after the
stretching process.

Therefore, it is an object of the present invention to
provide sheets having a complex matrix structure, of which a
part of the cross-section of the sheets formed through an
extrusion die by controlling the phase separation between the
semicrystalline resin and diluent is a pore region having non-

uniform shapes and sizes; the major part is a non-crystalline
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swollen region forming the main part which is in the matrix
phase in which the resin and diluent are swollen; and another
part is a crystalline region. It is another object of the
present invention to provide a method of manufacture of
microporous films having a superior permeability by stretching
the above sheets and extracting the diluent.

It is still another object of the present invention to
provide a new method of manufacturing microporous films having
superior uniformity of pores by fabricating microporous films
having a sufficiently superior gas permeability without
performing stretching that destroys the boundary of pores
during stretching contrary to prior arts.

It is yet another object of the present invention to
provide a method of manufacturing microporous films, of which
gas permeability of the sheets prior to stretching and that
after stretching are not different greatly or that after
stretching is lower than that prior to stretching, in order to

increase uniformity of microporous film products eventually.

[Technical Solution]

Microporous films of the semicrystalline polymer resin
according to the present invention are obtained by stretching
semicrystalline polymer resin sheets extruded through a die
with the phase separation between a semicrystalline polymer

resin and a diluent, of which cross-section is comprised of a
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crystalline region, a pore region and a non-crystalline region
which is in the main matrix phase and is a swollen region
swollen by the diluent, and extracting the diluent. The pore
region has irregular sizes and shapes, has an average diameter
of 0.01 um to 2 pum, 1s connected in three dimensions,
penetrates the thickness of the sheet, has gas permeability,
and has a volume ratio with respect to the volume of the
entire composition of 10% to 40%. The swollen non-crystalline
region has a swelling ratio of 200% or greater and is a region
making micropores of which average diameter is 0.0l pm to 1 um
as the region is split and pores are generated during the
process of stretching. Thus manufactured microporous films are
characterized by having a gas permeability of 1.3 x 10°° Darcy
or greater as well as a puncture strength of 0.1 N/um or
greater even without destroying the boundry of the pores
during the process of stretching.

The basic theory of making microporous films of
semicrystalline polymers from the resin composition of the
semicrystalline polymer and diluent wused for the present
invention is as follows:

A semicfystalline polymer and a low-molecular-weight
organic material which is partially compatible with that
semicrystalline polymer (hereinafter referred to as a diluent)
can form a thermodynamic single phase at a temperature higher

than the melting point of the semicrystalline polymer. If this
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solution of the semicrystalline polymer and diluent in the
thermodynamic single phase 1is cooled slowly, there occurs the
phase separation between the semicrystalline polymer and
diluent during the process of cooling. The mechanism of phase
separation occurring at this time may be largely divided into
two: liquid-liquid phase separation phenomenon in which phase
separation occurs thermodynamically  when both of the
semicrystalline polymer and diluent are in the liquid state;
and solid-ligquid phase separatioin phenomenon in which the
solid semicrystalline polymer and liquid diluent are separated
when the semicrystalline polymer 1is crystallized at a
temperature below the crystallizatioﬁ temperature of the
semicrystalline polymer as there occurs no thermodynamic
liquid-liquid phase separation up to the temperature of
crystallization of the semicrystalline polymer.

If phase separatiqn of the semicrystalline pelymer and
diluent occurs, that phase is divided into three: a diluent-
rich phase comprised of an extremely small amount of
semicrystalline polymer dissolved in the diluent and the
diluent; a swollen phase in which the non-crystalline portion
of the semicrystalline polymer is swollen in the diluent; and
a crystalline phase of the semicrystalline polymer having no
diluent. Here, the diluent-rich phase is referred to as a pore
region since this region is observed in the form of pores

during freeze-drying after extraction, while the swollen phase
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refers to a phase in which pores are not generated even after
freeze-drying after extraction before stretching but generates
pores after passing through extraction  process after
stretching since the phase is split while going through

stretching process. Finally, the crystalline phase refers to

' the matrix phase in which no pores are generated even after

going through processes such as stretching, extraction, etc.

The basic theory of mwmaking microporous £ilms in the
present invention is that a resin composition having three
phases mentioned in the above and 1is comprised of a
semicrystalline polymer and a diluent is stretched while the
crystalline phase forms a matrix, during which the .swollen
phase between crystalline phases is split thus forming new
micropores. During this process, the tortuosity of pores is
increased and the pores have the function for microporous
films.

Therefore, the characteristics of microporous films
manufactured from the resin composition of a semicrystalline
polymer and a diluent vary depend on the morphology of the
resin composition cooled. That is, the ratio of combination
and shapes of the diluent-rich phasgse (hereinafter referred to
as the pore region), swollen phase, and crystalline phase of
the resin composition cooled determine the characteristics of
microporous films.

The morphology of the resin composition cooled varies
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according to the mechanism of phase separation mentioned in
the above as well. That is, in case of liquid-liquid phase
separation, the diluent-rich phase is separated
thermodynamically and exists with a thermodynamic ratio; and
in case of solid-liquid phase separation, the diluent-rich
phaée is deﬁermined by kinetics that is affected by the
diffusion speed of the diluent during the process of solid-
liquid phase separation. However, both of the above two
mechanisms of phase separation have the same basic appearance
in that there are three phases but simply has different
composition and ratio of each phase. Therefore, it is not
critical that there is a difference in the mechanism of phase
separation as long as the conditions for phase separation are
met. And yet, it ig advantageous to employ the liquid-liquid
phase separation obtaining the profer degree of phase
separation in order to form proper pore region and to obtain

swelling effect.

[Mode of Invention)

The present invention 1is illustrated in more detail
below:

In the present invention, the resin composition for the
manufacture of uniform microporous films of semicrystalline
polymer is comprised of a pore region having pores that are

irregularly distributed and interconnected in three dimensions
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by the phase separation between a semicrystlline polymer and a
diluent and non-crystals that are swollen by the diluent. The
pore region is a region having irregular sizes and structures;
of which cross-section has an average diameter of 0.01 pm to 2
pm; which is connected in three dimensions thus penetrating the
sheet; and having the volume ratio with respect to the volume
of the entire resin composition of 10% to 40%. The swollen
non-crystalline region has a swelling ratio of 200% or greater.
In the present invention, the polymer resin to be used
should be a semicrystalline polymer in order to have a
crystalline part forming a matrix and a non-crystalline region
swollen. Semicrystalline polymers include a polyolefin such as
polyethylene, polypropylene, etc., using ethylene, propylene,
and o-olefin, or their copolymers, or their mixture, nylon
resin, polyvinyl alcohol, polyvinyl fluoride, polyethylene
terephthalate, etc. Among them, itvis most preferable to use
polyolefin and their mixﬁures having superior processibility,
chemical resistancy, and economic effieciency. Also, the
molecular weight of a semicrystalline polymer resin is not
limited as long as the morphology of a cross-section pursued
in the present invention is provided. But, in case of
polyolefin, it is preferable to have a weight average
molecular weight of 200,000 to 450,000 for processing,
compounding, and extrusion. As to a diluent, any organic

liquid compound, which can form a single phase at the
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processing temperature of the semicrystalline polymer to be
used and can be extracted with a third soivent, may be used.
But it is preferable to use a diluent which can form a single
phase with the semicrystalline polymer at the melt-compounding
temperature with the semicrystalline polymer but can be
subject to 1liquid-liquid phase separation at an extrusion
temperature in order to form a proper pore region and to
obtain swelling effects. Examples for the polyolefin include
phthalic acid esters such as dibutylphthalate,
dioctylphthalate, etc.; aromatic ethers such as diphenyl ether,
benzyl ether, etc.; aliphatic acids having 10 to 20 carbon
atoms such as palmitic, stearic acid, oleic acid, etc.;
aliphatic acid alcohols having 10 to 20 carbon atoms such as
palmitic acid alcohbl, sﬁearic acid alcohol, oleic acid
alcohol, etc; and aliphatic esters, in which  one or more
aliphatic aqids selected from saturated or unsaturated
aliphatic acids having 4 to 26 carbon atoms in the aliphatic
acid group such as palmitic acid mono-, di-, or tri-ester,
stearic acid mono-, di-, or tri-ester, oleic acid mono-, di-,
or tri-ester, linoleic acid mono-, di-, or tri-ester, etc. are
ester-combined with an alcohol having 1 to 8 hydroxy groups
and 1 to 10 carbon atoms. Aliphatic or cyclic hydrocarbons may
be mixed with the above diluents in order to improve thermal
stability.

The above semicrystalline polymer resin and diluent are



10

156

20

25

WO 2007/073019 13 PCT/KR2006/001189

compounded at a temperature higher than the temperature of
liquid-liquid phase separation of the composition in order to
make a thermodynamically single phase during the process of
compounding. When compounding the resin, a complete
thermodynamic single phase should be obtained. If it is failed
to achieve a thermodynamic single phase during compounding, it
is not possible to form microporous f£films since compound
becomes inferior and the size and volume of the pore region
becomes greater. A twin screw compounder, kneader, or Banbury
mixer designed for compounding may be used. The molten mixture
thus compounded 1is extruded through a die and molded in the
form of a sheet while cooling. The semicrystalline polymer and
diluent are blended in advance andrfed into a compounder or
fed separately from the separate feeder. As to the processing
temperature of the composition, for the liquid-liquid phase
separation of the semicrystalline polymer and diluent, it 1is
desirable to have a phase separation zone in which the molten
mixture is extruded while mainﬁaining a temperature lower than
the temperature of liquid-liquid phase separation after making
a thermodynamic single phase at a temperature higher than the
liquid-liquid phase separation temperature. Particularly, it
is possible to adjust the.size and ratio of the pore region by
using liquid-liquid phase separation in the phase separation
zone 1in case that the extruder temperature is controlled to

have a compounding zone and a phase separation zone separately.
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That 1is, in case that phase separation is taken place by
cooling after the molten mixture is extruded from the die as
in the case of usual extrusion, it is difficult to control the
degree of phase separation since the time for phase separation
is too short, whereas it is possible to control the degree of
phase separation readily if phase separation is taken place in
an extruder. The size and ratio of the pore region are
increased as the temperature of liquid-liquid phase separation
is lowered and the time for it becomes longer. For instance,
if dibutylphthalate, which is subject to liquid-liquid phase
separation with a polyolefin, is used, it is proper that the
temperature for compounding is 200 - 240°Cand the temperature
of extrusion in the die is 150 - 170°C and the residence time
in the liquid-liquid separation zone should be shorter than 1
minute. If the residence time exceeds 1 minute, the size of
the pore region becomes improperly large for microporous films.

If necessary, general additives for improving specific
functions such as oxidation stabilizers, UV stabilizers, anti-
static agents, etc. may be further added to the above
composition.

For the method making sheet from the molten mixture,
both casting or calendaring methods using air or water cooling
may be used. The morphology of molded sheet varies depending
on the speed of cooling. That is, the ratio and size of the

pore region become small if the speed of cooling is too fast,
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whereas it is not possible to form microporous £films as the
size of the pore region becomes too large 1if the speed of
cooling 1is too slow, particularly, in the case of a liquid-
liquid phase separation system. Therefore, a proper speed of
cooling varies depending on the semicrystalline polymer and
diluent to be used, and the proper speed of cooling when using
a polyolefin and , dibutylphthalate is 200C /minute - 500C
/minute.

The manufactured sheet of the semicrystalline polymer
and diluent as described in the above is divided into three
phases: a diluent-rich phase comprised of an extremely small
amount of semicrystalline polymer dissolved in the diluent and
the diluent; a swollen phase in which the non-crystalline
portion of the semicrystalline polymer is swollen in the
diluent; and a crystalline phase of the semicrystalline
polymer having no diluent. Here, the diluent-rich phase 1is
referred to as a pore region since this region is observed in
the form of pores during the process of freeze-drying after
extraction, while the swollen phase refers to a phase in which
pores are not generated even after freeze-drying after
extraction before stretching but generates pores after passing
through extraction process after stretching since the phase is
split while going through the process of stretching. Finally,
the crystalline phase refers to the matrix phase in which no

pores are generated even after going through processes such as
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stretching, extraction, etc.

The pore region according to the present invention has
irregular sizes and structures, has an average diameter of
0.01 pm to 2 um, dis connected in three dimensions and
penetrates the sheet in view of that it has a sufficient
permeability even before it is stretched. And its volume ratio
with respect to the volume of the entire resin composition is
10% to 40%. The pore region is a region which is connected
before the process of stretching in three dimensions to give
permeability to the sheet. It lowers the tortuosity of
micropores so that microporous films have a high permeability.
However, if the diameter is less than 0.01 pm, the size of

pores is too small and the above effects are not shown, and if

it is greater than 2 um, it acts rather as a defect of

microporous films lowering physical properties of microporous

films and uniformity of micropores. It is preferable that the

volume ratio of this pore region with respect to the volume of

the entire molded product is 10% to 40%. If the pore region is
less than 10%, the permeability of sheets becomes diminished,
and the permeability of microporous films after stretching
becomes very low as well. If the pore region exceeds 40%, the
porosity is increased greatly, the tortuosity of micropores is
lowered greatly, and huge pores having a diameter of greater
than 2 um are generated thus increasing the defect of

microporous films and lowering physical properties of
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microporous filmé as well as uniformity of micropores.

The swollen non-crystalline portion according to the
present invention 1is a region having a swelling ratio of
greater than 200% and making micropores of which cross-section
has an average diameter of 0.01 um to 1 pum by forming three-
dimensionally connected pores as it is split during stretching
process.

The swollen region 1is split during the process of
stretching, makes micropores, and is connected with the
existing pore region. During this process, pores are connected,
the tortuosity of pores is increased, and an average size of
pores of the stretched films becomes small. If porous films
have a constant porosity, the permeability of the porous films
is proportional to the size of pores but inversely
proportional to the square of tortuosity. For this reason, the
actual permeability of porous films does not vary greatly
during the process of stretching but may become small in some
cases. The process of stretching plays the roles of increasing
the orientation of semicrystalline polymer, improving physical
properties of porous films, and giving an uniform size of
pores as well as a necessary tortuosity.

If the swelling ratio in the swollen region is less than
200%, no pores are generated during stretching as the swollen

part during stretching is not split but remainsg in the matrix

phase as the matrix phase. Therefore, the permeability of
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microporous films becomes very low and the functions of
microporous films cannot be achieved. The size of micropores
formed as the swollen region is split is affected by not only
the swelling ratio but also the conditions for stretching
greatly. If the temperature of stretching is too low, pores
are not generated or are broken since the swollen region fails
to be split but is stretched in the matrix phase as the
crystalline phase. Whereas, if the temperature of stretching
is too high, pores are blocked since the swollen region is
molten, and at the same time, blown up, or large pores are
generated partially, and thus, the functions as microporous
films are not achieved. The size of pores made by the swollen
region satisfying the above conditions is 0.01 pm to 1 pm. It
is preferable that the temperature of stretching is lower than
the melting temperature of the crystalline portion of the
compounded sheet by 3 to 15T

As described in the above, by satisfying the conditions
for the pore region and the swollen region according to the
present invention, it is possible to manufacture
semicrystalline microporous polymer films having superior
physical properties including the gas permeability of greater
than 1.3 x 107° Darcy and puncture strength of greater than 0.1
N/um without destroying the boundry of pores or breaking pores
during stretching.

Stretching of the sheets made through compounding,
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extrusion, and cooing may be conducted in the roll-type or
tenter-type sequencial or simultaneous stretching machine.
Here, it is preferable that stretching ratio is greater than 4
times each in the machine and transverse directions and the
total stretching ratio is 25 ~ 50 times. If the ratio of
stretching in one direction is less than 4 times, the tensile
strength, puncture strength, etc. are lowered since
orientation in one direction is not sufficient and the
physical properties in the machine and transverse directions
is unbalanced. Also, 1if the total stretching ratio is less
than 25 times, incomplete stretching occurs; and if it exceeds
50 times, it is likely to have puncture during stretching.
Stretched films are then extracted and dried by using an
organic solvent. Orgénic solvents that may be used in the
present invention are not limited specifically, but any
solvent that can extract the’diluent used for the extrusion of
the resin may be used. It is preferable to use methyl ethyl
ketone, methylene chloride, hexane, etc. that may be extracted
efficiently and dried promptly. As to the process of
extraction, all general process of extraction of solvents such
as immersion process, solvent spray process, ultrasonic
process, etc. may be used individually or in combination with
each other. During extraction, the content of the remaining
diluent should be less than 2 weight %. If the content of the

remaining diluent exceeds 2 weight %, physical properties are
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lowered and the permeability of films is reduced. The amount
(efficiency of extraction) of the remaining diluent depends
greatly on the temperature and time of extraction. It is
better that the temperature of extraction is high to increase
the solubility of the diluent and solvent, but is lower than
40Cin view of the safety in boiling of the solvent. However,
the temperature of extraction should be higher than the
freezing point of the diluent at all times since the
efficiency of extraction is lowered greatly if the temperature
of extraction is lower than the solidification point of the
diluent. The time of extraction varies according to the
thickness of films to be produced, but 2 —~4 minutes is proper
in case of producing 10- to 30-mm-thick general microporous
films.

As descrived above, semicrystalline microporous films of
the present invention can be manufactured through the process
of stretching of the pore region and swollen region formed
through the process of phase separation between the
semicrystalline polymer and diluent without adding a foaming
agent or filler.

The present invention is illustrated in more detail
below:

The average molecular weight of a semicrystalline
polymer and the molecular weights distribution were measured

in terms of Gel Permeation Chromatography (GPC) of Polymer
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Laboratory Company. The viscosity of a diluent was measured
with CAV-4 Automatic Viscometer of Cannon Company .

The semicrystalline polymer and diluent were compounded in a
twin screw extruder where ¢= 46 mm. There are 20 sections from
the first to the last die of the twin screw extruder, and they
all have the same length except for the last die section. The
residence time in the entire extruder varied a little
according to the composition of the semicrystalline polymer
but was about 6 minutes. And the temperature of the last five
sections were changed in order to induce liquid-liquid phase
separation in the extruder when performing experiments.

The molten mixture thus extruded was extruded in a T-
shaped die, molded in the form of 600- to 1,200—um-thi¢k sheets
by using casting rolls, and used for stretching. 500-um-thick
sheets were manufactured separately in order to measure the
volume ratio of the ~pore region of the sheet. 50-pum-thick
sheets were also manufaétured sepérately in order to measure
the permeability of the sheets prior to stretching.

Differencial scanning calorimetry (DSC) was wused in
order to decide the temperature of stretching, crystallinity,
and swelling ratio of the sheets. As to the conditions for
analysis, the weight of samples was 5 mg and the speed of
scanning was 10C /minute.

Simultaneous stretching while changing the ratio and

temperature of stretching in a tenter-type continuous
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stretching machine was employed for stretching of the sheets
manufactured for stretching. The speed of stretching was
maintained at 2.0 m/minute.

The extraction of the diluent was done by immersion
process wusing methylene chloride. 50um thick sheets were
immersed for 24 hours and freeze-dried for their extraction
and drying. Stretched films were air-dried for 6 minutes after
immersion, fixed to a frame, and aged for 90 seconds in a
convection oven at 1207C.

Physical properties of the sheets and films thus
manufactured were measured in the following methods:

(1) Tensile strength was measured with ASTM D882,

(2) Puncture strength was measured in terms of the
strength of puncturing of films by a O.S—mm—diametéf’pin at a
speed of 120 mm/minute.

(3) Gas permeability was measured with a porometer (CFP-
1500-AEL of PMI Company) . Although gas permeability is
generally indiéated in terms of Gurley number, it is difficult
to obtain the relative permeability depending on the pore
structure of the films themselves since the effect of the
thickness of the films is not corrected in employing the
Gurley number. In order to solve this problem, Darcy's
permeability constant was used in the present invention.
Darcy’s permeability constant may be obtained according to the

following Equation 1, where nitrogen is used in the present
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invention:

[Equation 1]

C=(8FTV) / (mD*(P? - 1))

where C = Darcy’s permeability constant

F = Flow rate

T = Thickness of a sample

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

P = Pressure

In the present invention, an average value of Darcy’s
permeabiiity constants in the region of 100 —~200 psi was used.

(4) Porosity was measured with a mercury porosimeter
(Model 61037051 of Poremaster Company) and a Scanning Electron
Microscopy (SEM). The porosity of the sheets prior to
stretching is the ratio of the pore region.

(5) In observing the inner morphology of the sheets by
using an SEM, the sheets were subject to microtoming at -120°C
by using a glass blade, and the diluent was extracted for 24
hours by wusing methylene chloride and freeze-dried. The
porosity (ratio of the pore region) was also computed by
computing the ratio of the pore region in the SEM images. The

ratio of the pore region measured with the above mercury
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porosimeter in (4) was used for the computation of the
swelling ratio, and the ratio of the pore region observed with
a scanning electron microscope was used as the confirming data
for the results obtained by using the mercury porosimeter. The
ratios of the pore regions measured in the above two methods
tended to be consistent within the range of experimental

exrrors.

Swelling ratio (SR) of the sheets was calculated as follows:

[Equation 2]

SR(Volume %)= [(Volume of non-crystalline region of the sheets
formed after compounding of the diluent)/( Volume of non-
crystalline region of the semicrystalline polymer fed)] x 100

= [R1 (1 - 8a) + (Re- Po)I/[ Ry (1 - 8)] x 100

where, R, = Ratio of the volume of the semicrystalline polymer
in the sheets

R, Ratio of the volume of the diluent in the sheets

0, = Crystallinity of a semicrystalline polymer
0. = Crystallinity of the semicrystalline polymer in the sheets

P, Porosity (ratio of the pore region) of the sheets

The crystallinity of the polymer resin was calculated
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with DSC using the ratio of the heat of fusion (enthalpy) of
the resin and that of 100% crystals. For instance, in case of
polyethylene, the heat of fusion of 100% crystals was 295 J/g

and that of polypropylene was 145 J/g.

[Technical Solution]
Hereinafter, the present invention is illustrated in
more detail in terms of a few preferred embodiments as

follows:

Preferred Embodiment 1

High-density polyethylene having a weight average
molecular weight of 3.0 x 10° g/mol was used for the
semicrystalline polymer, and dibutylphthalate was used for the
diluent. The weight ratio of the semicrystalline polymer and
the diluent was 40/60, and the volume ratio was 742.4/57.6.
This composition was subject to liquid-liquid phase separation,
and the residence time in an extruder at a temperature lower
than the temperature of phase separation was 100 seconds. The
temperature of extrusion was 250C and the temperature of
phase separation in the extruder was 180C The heat of fusion
of high-density polyethylene wused was 190 J/g, and the
crystallinity was 64.4%. And the heat of fusion in the sheets
extruded was 91 J/g making the crystallinity excluding the

diluent 77.1%. It was seen that the crystallinity of
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polyethylene itself was increased as affected by the diluent.
Stretching of the sheets was done by simultaneous stretching
of 6 times each in the machine and transverse directions at
119C The thickness of microporous films obtained through
extraction, drying, and aging was 16 pum. The ratio of the pore
region and swollen region and the characteristics of the films
thus manufactured are summarized in Table 1. As a result of
observation of the images of the cross-sections of microporous
films thus manufactured, it was seen that the interface of
pores was not destroyed actually, the major area of the sheets
prior to stretching was swollen region with a part of pore
region, and microporous films after stretching had the pore
interface, of which size was greater than the size of pores on

an average on the whole,

Preferred Embodiment 2

o

As semicrYstalline polymers, 90 weight % of high-density

polyethylene having a weight average molecular weight of 4.0 x

10° g/mol and containing 0.5 weight % of butene-1 as a co-
monomer, and 10 weight % of homopolypropylene having a weight
average molecular weight of 4.5 x 10° g/mol were used.
Dibutylphthalate was used for the diluent. The weight ratio of
the semicrystalline polymers and the diluent was 35/65, and
the volume ratio was 37.6/62.4. The heat of fusion of high-

density polyethylene used was 155 J/g, and the crystallinity
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was 52.5%. and the heat of fusion in the sheets was 58.5 J/g,
and the crystallinity excluding the diluent and polypropylene
was 63.0%. The heat of fusion of homopolypropylene used was 85
J/g, and the crystallinity was 59%. And the heat of fusion in
the sheets was 3.8 J/g, and the crystallinity excluding the
diluent and polyethylene was 74.9%. Therefore, the average
crystallinity of éemicrystalline resins used was 53.1%, and
the average crystallinity in the sheets was 60.9%. Other
conditions for manufacturing were the same as those of
Preferred embodiment 1. Stretching was done by simultaneous
stretching at 118TC and 6 times each in the machine and
transverse directions. The thickness of the films obtained
through extraction, drying, and aging was 16 pum. The ratio of
the pore region and the swollen region and the characteristics

of the films thus manufactured were summarized in Table 1.

Comparative Example 1

As a semicrystalline polymer, linear low-density
polyethylene having a weight average molecular weight of 2.0 x
10° g/mol and containing 8.5 weight % of octane-1 as a co-
monomer was used. Also used was calcium carbonate having an
average particle size of 1.5 um and coated with stearic acid.
The ratio of two components was 50/50. The sheets extruded and

cooled were stretched 2 times at 80C in the machine direction

without the process of phase separation. The final thickness
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of the films was 40 um.

Comparative Example 2

High-density polyethylene having a weight average
molecular weight of 3.0 x 10° g/mol was wused as a
semicrystalline polymer, and a paraffin oil having kinetic
viscosity of 95 ¢St at 40TC was used for the diluent. The
weight ratio of the semicrystalline polymer and the diluent
was 60/40, and the ratio of volume was 57.8/42l2. The heat of
fusion of high—density polyethylene used was 190 J/g, and the
crystallinity was 64.4%. And the heat of fusion within the
sheets was 119 J/g, and the crystallinity excluding the
diluent was 67.2%. Stretching was done by simultaneous
stretching at 118C and 6 times each in the machine and
transverse directions. The thickness of the films obtained

through extraction, drying, and aging was 16 um.

Comparative Example 3

High-density polyethylene having a weight average
molecular weight of 4.0 x 10° g/mol and containing 0.5 weight %
of Dbutene-1 as a co-monomer was used as a semicrystalline
polymer, and a paraffin oil having kinetic viscosity of 95 cSt
at 40T was used for the diluent. The weight ratio of the
semicrystalline polymer and the diluent was 15/85, and the

volume ratio was 13.9/86.1. The heat of fusion of high-density
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polyethylene used was 155 J/g, and the crystallinity was 52.5%.
And the heat of fusion within the sheets was 33 J/g, and the
crystallinity excluding the diluent was 74.5%. Stretching was
done by simultaneous stretching at 115°C and 6 times each in
5 the machine and transverse directions. The thickness of the

films obtained through extraction, drying, and aging was 16 um.

[Table 1]
Preferred Comparative
Embodiments |Examples
Raw materials 1 2 1 2 3
High-density polyethylene

40 - - 60 -
(Mw=3.0x10° g/mol)

High-density polyethylene

(Butene-1 = 0.5 wt

o\
1
(98]
[
U1
t
t
I._.l
(2}

Mw=4.0x10° g/mol)

Linear low-density
polyethylene (Octene-1 = 8.5]- - 50 - -

wt %, Mw=2.0x10° g/mol)

Homopolypropylene (Mw=4 .5x10°

- 3.5 |- - -
g/mol)
Paraffin oil (95cSt at 40°C) - - - 40 85

Dibutyl phthalate 60 65 - - -
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Calcium carbonate (stearic acid
- - 50 - -
coating, 1.5 um)
Characteristics Units
Pore Porosimeter 24.3 29.0 | - 6.0 56.0
Vol.%
region SEM 14.7 23.8 - - 47.0
Gas Sheets 1.6 2.4 - 0.3 6.5
10
permeab- | Microporous
Darcy |1.3 1.6 3.0 |0.5 5.2
ility films (Film)
Sheets 0.09 0.11 -~ 0.04 0.21
Average
Microporous
diameter um
films 0.06 0.08 0.8 0.05 0.12
of pores
(Film)
Swelling ratio (SR) | Vol.% 285. 324 0.0 |268 509
Puncture strength
N/um 0.27 |0.25 [0.03|0.29 |0.07
(Film)
: Supe: | Supe
Super | Super
Appearance - Bad | - -
~ior -ior
rior |rior
Fabricability of Super | Super
- Good | Good | Good
sheets -ior -ior
[Industrial Applicability]
As described in the above, it is seen that the present

invention enables

the manufacture

of microporous

films

of
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semicrystalline polymers through the stretching process of the
pore region, swollen region, and crystalline region formed
from the phase separation process between a semicrystalline
polymer resin and a diluent without the addition of a foaming
agent generating pores internally or a filler making pores
through ‘the plastic deformation process such as stretching,
etc. at the interface with the polymer resin forming the
matrix, and further, the implementation of separation
membranes having various physical properties by wusing the
above microporous films.

The present invention also enables the manufacture of uniform
microporous films having stable physical properties on the
whole by controlling the morphology of the cross-section of
microporous films Sincé permeébilities of the sheets befqre
and after stretching are not changed greatly.

While certain present preferred embodiments ~and comparative
exémblés of the invehtion have beén Shbwn and describéd, it is
to be distinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and practiced

within the scope of the followi3ng claims.
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[What is claimed is:]

1. A method of manufacturing microporous polymer films by
stretching sheets, obtained through phase separation of a
semicrystalline polymer and a diluent, and extracting said
diluent, wherein the cross-section of said sheets is comprised
of the crystalline region, the pore region penetrating the
sheet in thickness direction by connectting in three

dimensions, and the non-crystalline region swollen by said

diluent.
2. The method of manufacturing microporous polymer films in
Claim 1, wherein said semicrystalline polymer contains

polyethylene and polypropylene.

3. The method of manufacturing miéroporous polymer films in
Claim 1, wherein said pore region has irregular sizes and
structures, an average diameter of the pore of 0.01 um to 2 /m,
and a volume rétié With respect to the volume of the entire
composition of 10% to 40%.

4. The wmethod of manufacturing microporous polymer films in
Claim 1, wherein said non-crystalline region has a swelling
ratio of 200% or greater, is split during the process of
stretching, and generates pores having an average diameter of
0.01 um to 1 um.

5. The method of manufacturing microporous polymer filmg in

Claim 1, wherein said pore interface are not torn or destroyed
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when stretching said resin sheets.

6. The method of manufacturing microporous polymer films in
Claim 1, wherein said microporous polymer films have a gas
permeability of 1.3 x 10° Darcy or greater and a puncture
strength of 0.1 N/um or greater.

7. The method of manufacturing microporous polymer films in
Claim 1, wherein said microporous films have a lower
permeability than the permeability of said resin sheets
extracted before stretching.

8. The method of manufacturing microporous polymer films in
any of Claims 1 through 7, wherein said phase separation has a
separate phase separation zone in an extruder.

9. The microporous polymer films manufactured according to
said method of maﬁufaéturing iﬁ anyrof Claims 1 through 7.
10. . The microporous polymer films manufactured according to

said method of manufacturing in Claim 8.
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