
EP 0 214 859 B1 Description This invention relates to soft, flexible,
microporous films having high tear strength and to a process for mak- ing
such films by stretching certain filled polymer compositions under
controlled conditions. 5 Background of the Invention Films containing voids
or pores have been made in the past by a variety of techniques from
polymers con- taining solid substances dispersed therein. Sometimes voids
were obtained by dissolving or leaching out those 10 dispersed materials
(or fillers), and sometimes voids formed when the filled polymeric material
was stretched. In most porous filled polymer films, the filler was shown to
nucleate the void formation upon stretching or leach- ing out see, for
example, U.S. Patents 3,738,904 (Ikeda et al.), 3,783,088 (Yohiyasu et al.)
and 4,176,148 (Mag- der et al.). Porous films produced heretofore by
stretching filled polymer compositions were stiff, low tear strength pro-
15 ducts, irrespective of the type of matrix polymer used. Pore formation
nearly always depended on propagation of cracks in the matrix polymer, and
as a result, such films were fabricated with little or no control over pore
size, making it impossible to achieve simultaneously high porosity and
small pore size, which characterize microporous films made by more
expensive methods from more expensive materials. Because of their
stiffness, lowstrength, and lack of pore size control, those prior art
stretched filled polymerfilms had a ratherlimited utility. 20     It thus
is desirable to be able to produce soft, flexible, high strength,
microporous films having high porosity by stretching filled polymeric
materials. Summary of the Invention 25      According to the present
invention, there is now provided a soft, tear resistant, microporous film
substan- tially free of cracks detectable with an electron microscope and
having a water vapor permeability of at least 1.1 x  [err] according to
ASTM 96-66BW (inverted cup method) and possessing hydrostatic resistance to
the penetration of liquid water of at least 0.25 kPa, 30      said said
film being obtainable by process comprising stretching at a temperature no
higher than [err] above the Vicat softening point but at least [err] above
the glass transition temperature of the matrix polymer a precursor film
having at most very low porosity and consisting essentially of the
following components: (a) a matrix of a thermoplastic orientable polymer
characterized by (1) a hydrophobic surface, as indicated by a contact angle
between said surface and a droplet of water 35         of at least 40; (2)
a glass transition temperature, Tg, of less than [err] (3) a Vicat
softening point, Tv, of more than [err] (4) ultimate elongation at some
temperature between Tg and Tv of at least 100% ; and (5) a flexural modulus
at [err] of less than about 200 MPa; 40      said thermoplastic orientable
matrix polymer being an ethylene copolymer or a copolyester. (b) about
20-40%, based on the volume of the final composition, of a particulate
filler chemically nonreactive with the polymer matrix and dispersed therein
by melt-blending, said filler being characterized by (1) a sufficiently
high softening temperature to avoid filler particle distortion at the
lowest temperature at which the matrix polymer is sufficiently fluid to be
satisfactorily melt-blended; 45     (2) an aspect ratio of less than 3; (3)
an average equivalent spherical diameter of 0.05-50 [err] (4) an at most
negligible electrostatic or dipole attraction to the matrix polymer; and
(5) a surface tension which either has at the lowest temperature at which
the matrix polymer is sufficiently fluid to be satisfactorily melt-blended
a value at most about equal to that of the matrix polymer or can he 50
corrected to have under the blending conditions at most such a value by the
adsorption on its surface of 



a third component (c); said component (c) being an organic compound, which
is liquid at the lowest temperature at which the mat- rix polymeris
sufficientlyfluid to be satisfactorily melt-blended and is capable
atthattemperature of being adsor- bed on the surface of filler (b) to the
extent of at least 0.5 x [err] mole of component (c) per square meter of 55
surface area of filler (b), as calculated from the average equivalent
spherical diameter of filler (b), and being present in the blend in an
amount at least sufficient to satisfy this requirement; said component (c)
being characterized by (1) at most negligible solubility in the matrix
polymer at the melt-blending temperature; 2    EP 0 214 859 B1 (2) chemical
inertness to the matrix polymer; (3) a number average molecular weight of
100-10,000; and (4) a surface tension which at a temperature at which
component (c) is liquid has a value at most about equal to that of the
matrix polymer. 5 Detailed Description of the Invention Definitions: 10
For the purpose of this specification and the claims appended hereto,
various terms used herein have the following meanings: "Soft" means that
when Shore hardness measurement is made according to ASTM D-2240, a reading
of less than 75 is obtained on the C scale or less than 100 on the A scale.
"Microporous" means containing numerous open pores or channels leading from
one surface to the oppo- 15  site surface and having good resistance to the
penetration of liquid water (in this case set at 0.25 KPa or higher, as
stated in the Summary of the Invention). "Aspect ratio" is the ratio of the
largest dimension to the smallest dimension of a particle. For any given
filler, the aspect ratio is the average value determined for a
representative number of particles by microscopic examination. 20
Equivalent spherical diameter is the diameter of a sphere having the same
volume. The term "tear resistant", in the context of this disclosure and
claims, means substantially more tear resis- tant than paper of the same
thickness, when a sample is subjected to hand-tearing. Elmendorf tear
strengths, ASTM D-1922-67, of a few representative microporous films of
this invention were determined and were found to be in excess of 1000 g/mm.
25 1. Polymers Generally speaking, a variety of ethylene copolymer and
copolyester materials can be selected as matrix polymers. Their selection
will be based in the first place on the desired properties of the
microporous film, for 30  example, temperature resistance or elastic
recovery. Thermoplastic, orientable polymeric materials which exhibit
tensile yielding and some permanent deformation may be used, provided the
other characteristics listed for polymer component (a) in the Summary of
the Invention are satisfied. Preferably, flexural modulus should be less
than 100 MPa, especially less than 75 MPa. Such polymers are sufficiently
flexible to form useful microporous films according to this invention. 35
Glass transition temperature below about [err] indicates that the polymer
is in Its so-called rubbery state at room temperature. Preferably, Tg
should be below 0C. When low temperature flexibility is important, Tg 



should be below -20C. Vicat softening point is an indication of polymer
chain mobility. In order to prevent the pores formed by the process of this
invention from collapsing in use, preferably it should be above [err] 40
For ease of pore formation and optimum control of pore size, ultimate
elongation preferably should be at least 500%, and especially 700%. at some
temperature between Tg and Tv. Suitable polymers, which satisfy the
requirements (2) through (5) listed for matrix polymer (a) in the Sum- mary
of the Invention fall into the class of so-called low crystallinity
polymers. They are certain ethylene copolymers and copolyesters. The
ethylene copolymers suitable For the practice of this invention are
copolym- 45  ers with at least one comonomer selected from the group
consisting of vinyl esters of saturated [err] carboxylic acids ;
unsaturated [err] mono- or dicarboxylic acids, their salts with ammonia and
with metals of Groups l-IV of the Periodic Chart of the Elements, and their
[err] alkyl esters ; terpolymers of the general Formula E/X/Y, where E
stands for ethylene, X for vinyl acetate or a butyl acrylate, and Y for
carbon monoxide or sulfur dioxide, the weight proportion of comonomer Y
being up to 15%; and elastomeric dipollymers and terpolymers of 50
ethylene with other 1-olefins and 1,4-dienes. Copolyesters include, for
example, various copolyetheresters such as copolymers of phthalic acids
with a diol providing "hard" segments, such as 1,4-butanediol,and a diol
providing "soft" segments, such as poly(tetramethyleneether glycol), some
of which are commercially available from the Du Pont Company. In general,
polymers and polymer blends, which do not have highly reactive groups are
preferred; and 55   polymers and fillers are preferably chosen so that they
are not highly reactive to each other. While ionomers and carboxylic acid
copolymers may be used in principle, they are less desirable because fewer
fillers are avail- able for combining with them. Polymer blends which may
be used in the practice of this invention, also must satisfy the
above-recited 3    EP 0 214 859 B1 requirements, even though individual
polymers in such blends need not do so. Typical polymer blends include, for
example, two different ethylene/vinyl acetate copolymers and a blend of
polyvinyl chloride with an ethylene/vinyl acetate/carbon monoxide
terpolymer. The polymers suitable for use in this invention may be modified
to achieve desired properties. Modification 5   may take place after
formation of the microporous film by chemical or radiative cross-linking or
heat-setting; or before, by plasticization. It has been found that use of
polymer-soluble additives used conventionally to plas- ticize the unfilled
polymercan increase the range of porosity and pore size achievable from a
given composition. 2. Fillers 10 The selection and use of fillers are to a
large extent based on the following considerations: (a) filler size and
shape; (b) filler loadind, i.e., the volume fraction of filler in the final
composition ; and (c) interaction of filler with polymer. 15 (a) Filler
size and shape As will be discussed in more detail later in this
description, the filler size ultimately determines the pore size of the
microporous films of this invention. Thus, smaller fillers permit
attainmentof smaller pores compared 20  to larger fillers at equal loading
and equal over-all porosity. There is no theoretical limitation on the size
of fillers which may be used in the practice of this invention. However,
practical considerations impose effective limi- 



tations. Fillers with average equivalent spherical diameter greater than 50
[err] result in excessive discontinuity of and stress build-up in the
matrix polymer; also the pore sizes which result usually are undesirably
large. At 25  the other extreme, fillers of the order of 0.10 [err] in
diameter or smaller are extremely difficult to work with, par- ticularly in
terms of breaking up agglomerates and obtaining uniform dispersion. Most
such fillersform extended agglomerated structures with pronounced
reinforcing tendencies, an effect specifically to be avoided in the
practice of this invention because of the increase in stiffness and
decrease in toughness usually associated with such reinforcemet. 30
The preferred equivalent spherical diameter is 0.10 [err] to 5 [err] As
important as the average equivalent spherical diameter is the shape of the
particle size distribution curve. It is known in the field of filled
polymer compositions that a relatively small number of particles much
larger than the average may adversely affect mechanical properties. In the
case of microporous films, there is the additional effect that larger
particles lead to larger pores. Since much of the utility of microporous
films depends on the maximum pore size, a small per- 35  centage of large
particles would result in an undesirably large maximum pore size. On the
other hand, particles very fine compared to the mean contribute very little
to the porous morphology, and thus take up space which could be better
utilized for the formation of pores. Thus a reasonably narrow particle size
distribution is desir- able. A particle size distribution in which fewer
than 1% of the particles exceed 20 [err] is preferred, especially when
fewer than 1% 10 [err] 40      Equivalent spherical diameter of fillers may
be determined by a variety of known experimental techniques. The use of the
light-scattering-based *Microtrac* instrument manufactured by Leeds and
Northrup, Inc., appears to be particularly useful. Unless otherwise noted,
average and maximum equivalent spherical diame- ters given herein were
determined with the Leeds and Northrup Microtrac. Just as extended
agglomerated structures induce undesirable reinforcing effects, so do
filers having high 45   aspect ratios. The preferred aspect ratio is less
than 2. (b) Filler Loading Filler loading determines to a high degree how
far the precursor film must be stretched to attain a given 50   degree of
overall porosity. Below the lower end of the loading range, the pores
produced by stretching tend to be larger than desired and no longer fall
within the range of micropores. Above the higher end of the loading range,
the continuity of the polymer matrix tends to become disrupted. The
preferred loading is about 25-35 volume percent  especially about 30 volume
percent. 55  (c) Interaction of Filler with Polymer The filler should have
a minimum degree of interaction with the polymer. In general, the filler
should not be chemically reactive with respect to the matrix polymer ;
chemical reactivity includes Lewis acid/base interac- 4    EP 0 214 859 B1
tion. Further, the melting point of the filler should be sufficiently well
above that of the matrix polymer, so that the filler remains substantially
undistorted during the melt-blending process. Inorganic fillers preferred
forthe practice of this invention include: calcium carbonate, barium
sulfate, pow- dered metals, magnesium carbonate, calcium sulfate, silica,
glass spheres, and aluminum hydroxide. Other 5   inorganic fillers include
those with higher aspect ratios such as talc, mica, and wollastonite; but
such fillers are less beneficial. Representative organic fillers are
powders of poly(hexamethylene adipamide), poly(ethylene terephthalate), and
other highly crystalline, high melting polymers; beads of poly(styrene
divinyl benzene) and other highly crosslinked polymers. 



10  3. Antagonizer In general, the polymers suitable for use as matrix
polymers in the practice of this invention have surface tensions in the
melt of 10 to 40 [err] mostly 20 to 40 [err] with fluoropolymers falling
between 10 and 20 [err] Inorganic fillers have surface tensions ranging
from a low of 65 [err] (e.g. calcium carbonate) to 1200 15   [err] (glass
beads). Organic fillers such as nylon powder or
poly(styrene-divinylbenzene) have surface ten- sions in the same range as
those of the matrix polymers. Filler surfaces having very high surface
tensions such as those of glass beads, tend to become coated with low
surface tension organic contaminants normally present in the environment,
which thus effectively reduce the surface energy of the high energy fillers
to a low energy level. 20      In the case of inorganic fillers it has
often been found to be necessary - and in some cases of both organic
polymeric fillers and contaminated glass beads, useful but not necessary -
to incorporate into the filled compo- sition an antagonizer in order to
reduce the effective surface tension of the filler to the approximate level
of that of the matrix polymer. The term "antagonizer". which does not have
an established meaning in the art, has been adopted to designate component
(c) defined in the Summary of the Invention. An antagonizer, unlike a
wetting 25   agent, tends to decrease wetting of surfaces of one material
with another material. The antagonizer should be chosen according to the
following criteria: low or no solubility in the matrix polymer; and a
number average molecular weight of 100 to 10,000. Preferably the
antagonizer should have no reactivity toward the matrix polymer; a surface
contact angle on the surface of the polymer of less than [err] (the surface
tension of the antagonizer should be less than or about equal to that of
the matrix polymer); it 30  should be nonfugitive during compounding; and
it should be a low-viscosity liquid at the compounding tem- perature, but
need not be a liquid at room temperature. The antagonizer need not show a
particular chemical or physical affinity for the filler, so long as the
agent wets the filler at least as effectively as does the matrix polymer,
or otherwise shields the filler from the polymer. However, appropriate
antagonizers with specific affinity for the filler may be used to good
effect. When the 35  antagonizer does have a specific affinity for the
filler, as, for example, in the case of stearic acid for calcium carbonate,
it is only necessary that the surface presented to the polymer - in this
example, the hydrophobic taii of the stearic acid molecule - be of low
surface tension. When the filler is an organic polymer or is an inorganic
material contaminated with organic material, it is often found that
microporous films having good properties can be obtained without an
antagonizer, although 40  normally an antagonizer is preferred for optimum
performance. However, in other cases, an antagonizer is necessary. When an
antagonizer must be present, its concentration should be at least 0.5 x
[err] mole per square meter of filler surface area, with the range of 1.0 x
[err] to 5 x [err] mole/[err] preferred. Concentrations much beyond 10 x
[err] mole/[err] appearto result in some deterioration in properties. The
amount of antagonizer to be added may be calculated as follows: 45      let
d = equivalent spherical diameter of filler(m), D = density (or specific
gravity) of filler [err] P = weight of average particle of filler (g) A =
surface area of average particle of filler [err] W = weight of antagonizer
per gram of filler(g) so      m = moles of antagonizer per partide M =
molecular weight of antagonizer then A= [err] 0.5x [err] A<m<5.0x [err] P =
([err] x [err] x DV6 55    W=m x M/P When the aspect ratio of the filler is
less than 1.5, this calculation is valid without further correction. How- 



ever, when the aspect ratio is greater than 1.5, and with increasing
importance as aspect ratio increases, a surface area correction factor
depending on the particle geometry must be used. The correction factor is
equal    EP 0 214 859 B1 to Af/As, where Af is the actual surface area of
the filler, and As that of a sphere of equivalent volume. Af can be roughly
calculated by observing the shape of filler particles under an electron
microscope and calculating the surface area by applying well known
geometric equations. For particles less than 0.1 [err] in average equiv-
alent spherical diameter, determination of size is less certain, and
uniform dispersion of filler is more difficult. 5   Filler agglomeration
results in somewhat lower effective surface area. The antagonizer may be
combined with the filler in any convenient manner, for example, at the
melt-blend- ing step, or by separately blending the antagonizer with the
filler and then melt-blending this blend with the polymer, or by adsorbing
the antagonizer from a solution in an appropriate solvent on the filler
removing the solvent, and blending the filler containing the antagonizer
adsorbed thereon with the polymer. 10 Theoretical Considerations The force
of attraction between polymer and filler is called the work of adhesion.
When dispersion forces predominate in such an interaction, the work of
adhesion depends primarily on the difference of the surface 15  tensions of
the polymer and filler respectively. When the surface tension difference is
large, it is known that the lower surface tension material, such as an
organic polymer, will wet the higher surface tension material. such as an
inorganic filler- that is, have zero contact angle on the highertension
surface. In many cases involv- ing polymers with inorganic fillers, the
work of adhesion between them may exceed the breaking strength of the
polymer. This is particularly true of large or high aspect ratio fillers.
In the case of organic, particularly 20   polymeric, filler, the surface
tensions of matrix polymer and polymeric filler are similar, so that the
matrix does not fully wet the filler surface ; consequently the work of
adhesion is low. Scanning electron micrographs of microporous films of this
invention show that the pores consist of an inter- connecting network of
voids which have opened up around the filler particles during stretching.
Particularly not- able is the virtually complete absence or cracks in the
polymer matrix, and the very low degree of apparent 25  adhesion between
polymer and filler. It is believed that this morphology is a direct result
of the achievement of low work of adhesion between polymer and filler,
namely, a work of adhesion approximately equal to or less than the yield
stress of the matrix polymer as indicated in stress-strain tests. It is
further believed that this low work of adhesion is obtained by combining
fillers and polymers with comparable surface tensions so that the given
polymer incompletely wets the surface of the given filler (that is, has a
contact angle thereon larger than 30  zero). Under such conditions of low
work of adhesion, the polymer-filler interface is not a source of
significant stress concentration ; consequently, so long as the matrix
polymer is present in a sufficient amount to be con- sidered a continuous
phase, the polymer exhibits elongation performance similar to that of the
unfilled polymer. The matrix polymers used in this invention are normally
ductile materials which are known in the art to fail under strain by the
process of microvoid coalescense" rather than brittle fracture. The failure
mechanism of the matrix 35   polymer is retained in the filled compositions
of this invention, and the porosity in films thereof results from the
normal failure mechanism of the polymer, wherein the filler has been used
to seed or nucleate numerous voids in excess of those that exist in the
unfilled polymer. In the case of most inorganic fillers, there is a
significant surface tension difference between polymer and filler. Addition
of an antagonizer such as described above reduces the effective surface
tension of the filler, the 40  antagonizer becoming adsorbed on the filler
surfaces and preventing the matrix polymer from wetting the filler.
Compounding 



Compounding of the compositions of this invention may be accomplished by
any known method suitable 45  for the melt blending of thermoplastic
polymers at temperatures at which the matrix polymers are processable. High
shear mixing, which can be achieved in a Banbury-type or another high
intensity mixer or in continuous mixers such as extruders, is preferred.
There is no need to premix ingredients, but this may be done without
detriment to the practice of this invention and may in certain instances
offer improved performance. After blend- ing, the composition may be
converted into any convenient form for processing into film, including
pellets or 50  sheets. Particles with an average equivalent spherical
diameter nominally (i.e., as specified by the manufacturer) less than 0.1
gm, are preferably premixed with any necessary wetting agent in a high
shear aerosol jet or in an emulsion in order to break up agglomerates as
effectively as possible. 55   Film Fabrication and Stretching Films or
sheets may be fabricated by any convenient technique including compression
molding, flat film extrusion, or blown film extrusion. 6    EP 0 214 859 B1
Stretching may similarly be accomplished by any convenient technique
including by pantograph, by hand, hydraulically, by pinch rolls moving at
different rates, or by tentering. Stretching may be uniaxial, biaxial, or
radial. Biaxial stretching may be applied sequentially or simultaneously.
Sequential biaxial stretching is prefer- red. The rate of stretching may be
in the range of 1% per second to 100% per second or greater, with about 5
50% per second preferred. Stretching is effected, preferably at least 20C,
above the glass transition temperature ofthe matrix polymer and preferably
below the Vicat softening temperature of the matrix polymer, especially
within [err] of that tem- perature, depending to some degree on the rate of
stretching. The optimum temperature for stretching a given composition is
that temperature within the range from [err] above the glass transition
temperature to the Vicat 10 softening point at which test specimens of the
composition display the highest degree of orientability in a stan- dard
stress-strain test. Different polymers and compositions thereof exhibit
different elastic and viscoelastic behavior. Thus dif- fering amounts of
stretch must be imposed on different samples in orderto obtain the same
permeability proper- ties. However, in any event, the film must be
stretched beyond its yield point in order to attain the permanent 15
deformations necessary for the formation of porosity. Biaxial elongation of
at least 50% is required, with at least 100% preferred. Uniaxial elongation
of at least 50% is required with at least 125% preferred. When the ther-
moplastic matrix material has a high degree of recovery after stretching,
porosity induced in the stretched film will be lost to a large extent in
the recovered film. In order to reduce elastic recovery after stretching,
and thus to preserve satisfactory permanent porosity, a stretched,
microporous film can be heat set. This treatment invol- 20  ves exposing a
film under strain to temperatures above the Vicat softening point; this
must be done rapidly to avoid healing the pores and may be accomplished
with conventional techniques such as tenter frames and infrared or
microwave heating. Films may also be crosslinked, whether under strain or
relaxed. For a given composition, a greater degree of stretch results in
greater overall porosity and greater pore size. Higher overall porosity at
constant pore size, or smaller pore size at constant porosity, may be
attained 25 by adding more filler and stretching, respectively, the same
amount or less. Alternatively a smaller filler may be used in the same
volume loading which for the same degree of stretching will provide the
same porosity with smaller pore size. The microporous films of the present
invention are particularly suitable in applications involving the sepa- 



ration of liquids from vapors, for example, in "breathable" waterproof
garments, diaper liners, blankets, and 30 such ; in construction elements
such as, for example, greenhouse walls or ceilings ; in filtration and
adsorption, such as filtration of biological solutions or of fermentation
products, etc. This invention is now illustrated by representative examples
of various embodiments thereof, wherein all parts, proportions, and
percentages are by weight unless otherwise indicated. All units of
measurement not originally obtained in SI have been converted to SI units.
35      The materials employed are described in Tables 1-4 which describe
respectively, the polymer matrix, the fillers, the antagonizers, and the
conventional plasticizers employed in the compositions from which the
specific embodiments of this invention have been fabricated. Table 5
describes the compositions which have been employed for the fabrication of
microporous films or for the purposes of comparison. Table 6 summarizes the
fabrication and character of the microporous films and comparative
examples. 40      The following test methods were employed: ASTM D-2240:
Shore hardness, scales A and C, a given reading indicating greater hardness
if made on the C, rather than the A, scale. ASTM D-790: Flexural modulus at
room temperature, in megapascals, MPa. ASTM E-96-66BW : Conditions were
maintained at 50% relative humidity and [err] Water vapor permeabi- 45
lity (WVP) is expressed in [err] per MPa of vapor pressure driving force
per cm of thickness, and water vapor transmission rate (WVTR) in [err] per
MPa. Fed. Test Method Std. No. 191A, Method 5512: Hydrostatic water entry
pressure (HWEP), in MPa. When HWEP is indicated to be > 0.25 kPa, as
required, liquid water permeates the sample at pressures less than about
6.9 kPa but 50     it does not permeate during the inverted cup test. ASTM
D-1922: Tear strength, Elmendorf, expressed in g/mm, ASTM D-1922. This
determination was made only for representative samples, since it was found
in qualitative evaluations that films of this inven- tion belonging to the
same matrix polymer class have comparable tear strength. In qualitative
tests, all films of this invention were considerably more resistant to
hand-tearing than paper of the same thickness. Sur- 55      face tension of
additives was measured at 70C by the Du Nouy ring method, using a 70545
Tensiometer manufactured by Central Scientific Co., Division of CSC
Scientific Corp., Broadview, Illinois. The value of the surface tension at
the mixing temperature - generally around [err] - was obtained by assuming
a decrease with temperature of 0.1 [err] Surface tension of polymers was
obtained from the book 7    EP 0 214 859 B1 Polymer Interface and Adhesion,
by S. Wu. published by Marcel Dekker. Inc., (1982) Where not available. it
was estimated from data on materials of similar composition. Surface
tension of fillers was obtained from published sources. Surface contact
angles were measured according to ASTM D-1922-67 using a goniometer. ASTM
D-3418-75 Glass transition temperature was determined by differential
scanning calorimetry (DSC). ASTM D-1525 Vicat softening point. ASTM D-638
Ultimate elongation. The materials used in the examples are listed below in
Tables 1-4. 10 TABLE 1: POLYMERS USED IN THE EXAMPLES SURFACE
VICAT      VICAT 



POLYMER                      TENSION  FLEXURAL  SOFENING        WITH
DESIGNA-                      [err]   MODULUS       POINT        PLASTI-
Tg TION   COMPOSITION                     MPa           [err]      [err]
P-l    Ethylene/vinyl           25.0     62.0         64
-25 20            acetate 92:8 copolvmer P-2    Ethylene/vinyl
25.0     6.9                             -25 acetate 25            67:33
copolymer P-3    Ethylene/vinyl          25.0     30.0                  49
-25 acetate 75:25 copolymer 30     P-4    Polvetherester          est.
53.0       112        80        -45 copolymer:             28.0 27.4%
terephthalic acid, 7.9% isophthalic acid, 44.8% poly(tetra- methylene
ether) 35            glycol, 19.5% 1,4- butanediol P-5    Copolvamide:
est.                134        125         0 43% caprolactam,       37.0
33.6% hexamethvlene 40            adipamide, 23.4% hexamethvlene sebacamide
P-6    Ethvlene/bropylene/-   est.      7.1                             -60
1,4-hexadiene          25.0 45            terpolymer P-7    Polymer Blend:
est.     100.0                           -50 65% ethvlene/N-butv1   25.0
acrylate/carbon mon- oxide, 35% stabilized poly(vinyl chloride) 55    EPO
214 859 B1 SURFACE           VICAT      VICAT POLYMER
TENSION FLEXURAL SOFTENING   WITH DESIGNa-                         [err]
MODULUS   POINT      PLASTI- TION  COMPOSITION                       MPa
[err]       CIZER      Tg [err] P-8   High density            24.6    690.0
122                    -120 10          polyethylene 



Polvmers P-1 through P-4 by dynamic mechanical analysis, ASTM D4065; 15
Polvmers P-5 throuqh P-8 by differential scanning calorimetry, ASTM E357.
** Flexural modulus increased on storage at room temperature and could not
be determined. Within several minutes to several hours after quenching, it
20       was comparable to low modulus examples. TABLE 2: FILLERS USED IN
THE EXAMPLES 25     FILLER                       DESIGNTION SPECIFIC
SURFACE SIZE GRAVITY TENSION [err] Hydral, 710 ATH (Alcoa)
F-1     2.42   70       0.7 nom. 30    Atomite [err] (Thompson-wyman)
F-2     2.74   70          5.70 Multiflex [err] (Pfizer)              F-3
2.70   70    0.07 nom. Glass spheres                         F-4     2.46
1200        9.22 35    Polv(styrene divinvlbenzene)           F-5     1.16
29         50.00 Nylon 66                               F-6     1.16   37
5.40 MT Thermal black                      F-7     2.00             0.3
nom. Micral 932 ATH  (Solemn Industries)  F-8     2.42   70        1.2 nom.
40 45 50 55    EP 0 214 859 B1 TABLE 3: ANTAGONIZERS USED IN THE EXAMPLES
DESUGNATION       COMPOSITIONS           SPECIFIC   SURFACE      MOLECULAR
GRAVITY    TENSONS       WEIGHT ([err],est) [err] 10 A-1*       Polyester
oil                      1.03      25            4000.0 A-2
Polypropylene glycol sebacate      l.09      28            8000.0 A-3
Stearic acid                       0.94      14             2B4.5 15 A-4**
Mixture of hydrocarbon oils:       0.89      18             720.0 5%
aromatic 27% naphthenic 68% paraffinic 20   A-5**       Mixture of
hydrocarbon oils:       0.92      20             610.0 36% aromatic 24%
naphthenic 40% paraffinic A-6**      Di-ethylcyclohexylamino salt
1.06       17            440.0 25                 of lauryl sulfate *A
condensation Product of adipic  acid and 1,3-butanediol 



**Available from Shell Oil Co. 30 TABLE 4: PLASCIZERS USED IN  THE EXAMPLES
DESIGNATION                    PLASTICIZER                COMPOSITION o-1
"Circosol" 4240 (Sun Oil Co.)   Naphthenic hydrocarbon oil 35 0-2
"Santicizer" 141 (Monsanto)      2-Ethylhexyl diphenyl phosphate O-3
"Santicizer" 8 (Monsanto)       N-ethyl o- and p-toluenesulfon- amide 40 45
The compositions of all the examples are summarized in Table 5, and the
experimental results are sum- marized in Table 6, following the examples.
The units for vapor permeability and watervapor transmission rate in the
examples are omitted. The former are understood to be [err] per MPa of
vapor pressure driving force per cm of thickness. The latter are [err] per
MPa. 50 EXAMPLE 1 In this example, ethylene/vinyl acetate copolymer P-3
(Table 1) was employed. The flexural modulus of this polymer was 30 MPa.
Calcium carbonate (F-2 in Table 2) was melt-blended into the polymer at a
level of 55   19% by volume. Polyester oil of A-1 was employed at the level
of 3.9 x  [err] The Shore A hardness of this material was 84. A compression
molded film of this material was stretcheod biaxially 2.5-fold at room tem-
perature. The water vapor permeability (WVP) by ASTM, E96-66BW 5.8 x [err]
the water vapor transmission rate (WVTR) was 4.1 x [err] The hydrostatic
water entry pressure (HWEP) was 21 kPa. 10    EP 0 214 859 B1 Scanning
electron microscopy of a cross-section of the microporous film of this
example revealed a reason- ably uniform array of voids each containing one
or more filler particles which gave the appearance of simply hanging in the
void but not adhering to the polymer surrounding it. The surface was an
array of pores, with little filler apparent on it It is believed that the
filler, which adheres very loosely to the polymer, simply falls off the 5
surface. EXAMPLE 2 An uncrosslinked terpolymer of ethylene, propylene and
1,4-hexadiene, (P-6, Table 1) was filled to 25% 10  by volume with the
calcium carbonate of Example 1. Polyester oil A-1 was incorporated at a
level of 3.1 x [err] [err] The hardness of the composition was 27 C. A
compression molded film was stretched biaxially 3.75- fold on a pantograph
at [err] WVP was 5.3 x [err] the WVTR 11 x [err] HWEP, 27.6 KPa. EXAMPLES 3
AND 4 (Both Comparative) 15 In these two examples, the critical effect of
surface concentration of the antagonizer on microporous film- forming
capability is demonstrated. A blend (P-7, Table 1) of polymers composed of
65% of a terpolymer of ethylene/n-butyl acrylate/carbon monoxide and 35% of
stabilized poly(vinyl chloride) was filled to 30% by volume with the
calcium carbonate of Example 1. 20    In the composition of Example 3 there
was incorporated the polyester oil of Example 1 at a level of 1.2 x [err]
molelm2; in that of Example 4.0.6 x [err] mole/[err]. Both compositions
were compression molded into films 



and subjected to biaxial room temperature stretching on a pantograph. The
film of Example 3 was stretched 2.5-fold in each direction. The WVP of the
resultant film was 0.59 x [err] the WVTR 0.20 x [err] HWEP 414 KPa. The
film of Example 4 could not be stretched after repeated tries. Instead it
fragmented, showing none 25  of the characteristic whitening that indicates
the formation of extensive voids. While the WVP of the stretched film of
Example 3 was below the desired value of 1.1 x [err] the film had
measurable porosity. The difficulty apparently arose because of elastic
recovery of the film after stretching, which reduced the porosity. Example
3 also shows that when the matrix polymer is highly elastomeric, the
induced porosity can be dras- tically reduced on recovery. Permanent
microporosity can be retained at a satisfactory level by heat-setting, 30
as discussed earlier. However, even without heat-setting, the film could be
used, e.g., in semipermeable press- ure-controlling devices in which
microporosity varies with the degree of stretch. EXAMPLE 5 35
(Comparative) High density polyethylene, P-8, (outside the scope of this
invention) with a melt index of 0.2. a flexural mod- ulus of 690 MPa, and a
surface tension of 24.6 m.J/m2 was filled to 36% by volume with the calcium
carbonate of Example 1. The polyesteroil of Example 1 was incorporated at
the level of 2.6 x [err] mole/[err]. A compression 40   molded film was
stretched two-fold biaxially on a pantograph at [err] The WVP of the
resultant film was 360 x [err] and WVTR 136 x 10-3, but with HWEP of zero;
the film wetted out during testing by the inverted cup method, suggesting
lack of pore size control. The hardness of the composition of Example 5 was
92C The resultant film was stiff, and paper-like, with tear strength of
360g/mm. much below the films of this invention. 45  EXAMPLES 6-8 In these
examples the criticality of antagonizer surface concentration is further
exemplified. The polymer of Example 1 was filled to 29% by volume with
aluminum oxide tri-hydrate (F-1, Table 2). The surface tension of the filer
was estimated to be 70 [err] The polyester antagonizer of Example 1 was
incorporated into the 50  composition of Example 6 at the level of 0.42 x
[err] mole/[err] and in Examples 7 and 8 at the level of 0.59 x [err]
mole/[err]. Both compositions were compression molded into film and
subjected to stretching on a panto- graph at [err] The film of Example 6
(comparative) could not be stretched, but rather fragmented with little or
no indication of the whitening associated with void formation. The film of
Example 7 was stretched 2.75-fold biaxially. The WVP was 55 x [err] the
WVTR 98 x [err] HWEP > 0,25 kPa. The film of Example 8 was stretched 55
2.6 fold biaxially. The WVP was 87 x [err] the WVTR 125 x [err] HWEP > 0.25
kPa. The hardness of these compositions was 91A for that of Example 6, 90A
for that of Examples 7 and 8. The flexural moduli were respectively 89 MPa
and 85 MPa.    EP 0 214 859 B1 EXAMPLE 9 In a preferred embodimentof this
invention, an 86/14 blend of ethylene copolymers P-1/P-2 containing 9% of
hydrocarbon plasticizing oil 0-1, was melt blended with aluminum oxide
trihydrate (F-1, Table 2), said filler 5   being present at a level of 28%
by volume. The antagonizer was stearic acid (A-3. Table 3), employed at the
level of 0.99 x [err] mole/[err]. The blended material was pelletized and
flat-die extruded to form a film which was stretched on nip rolls at fixed
differential speed in the machine direction 7-fold and subsequently on a
tenter frame 2-fold, both stretches having been effected at a film
temperature of about [err] The film was then heat set under strain in the
tenter frame at [err] WVP was 14 x [err] WVTR 20 x [err] and HWEP 255.3
kPa.. 10 EXAMPLE 10 (Comparative) In this example, less than an effective
antagonizer concentration and a reactive filler were used. A compo- 



sition containing the copolyetherester P-4 (Table 1), MT thermal carbon
black (F-7, Table 2), and polypropylene 15  glycol sebacate antagonizer
(A-2, Table 3) at a level of 0.10 x [err] mole/[err] was melt blended and
formed into a film by compression molding. It could not be stretched in a
pantograph at [err] Scanning electron microscopy revealed a structure in
which filler particles were completely or mostly covered and wetted by the
polymer mat- rix, in contrast to the loose-filler effects seen in Example
1. The sample failed by brittle fracture. Samples of similar composition
but containing an amount of antagonizer within the scope of this invention
20  were more stretchable, but exhibited higher recovery than the matrix
polymer alone, effectively preventing for- mation of permanent pores. The
high degree of surface activity associated with carbon black appeared to
lead to increased recovery of the film; probably because of chemically
induced crosslinking of the film, which thus lost its thermoplastic
character and became thermosetting. This suggests that fillers with
reactive surfaces are detrimental to the success of this invention, even
when an antagonizer is present in the proper amount 25 EXAMPLE 11 The
polymer of Example 1 was melt blended with glass spheres (F-4, Table 2) to
a level of 39% by volume. No antagonizer or plasticizer was employed.
Although the nominal surface tension of glass is 1200 [err] 30  and
extensive wetting and adhesion would be expected to occur between the
polymer and the filler, itwas found that organic contamination, present in
the air, coated the surface of the glass, so that the glass behaved like a
surface having a lower surface tension. The presence of an organic coating
on the glass surface was directly substantiated by ESCA (x-ray
photoelectron spectroscopy) surface analysis. The effect of such coating
was observed by measuring contact angles of various liquids on a glass
microscope slide. Organic liquids above 35  surface tension of 30 [err] had
contact angles of 40 or greater. Even those with surface tensions below 30
m.J/m2 had contact angles larger than [err] The surface tension of the
contaminated glass spheres was approxim- ately equal to that of the polymer
(about 28 [err]) at the mixing temperature, and the glass surface would
have been expected to be wet little or not at all. This indeed was the
case. The compression molded film was stretched biaxially 2.5-fold in a
pantograph at [err] The WVP was 1.7 x [err] WVTR 0.89 x [err] and HWEP 40
96.6 KPa. EXAMPLES 12-15 These examples show the criticality of stretching
temperature. 45      The polymer of Example 1 was combined with 9.5%
plasticizer 0-1, precipitated calcium carbonate (F-3, Table 2) at a level
of 26% by volume, and stearic acid (A-3, Table 3) as the antagonizer.
Scanning electron microscopy, small angle x-ray diffraction, and light
scattering particle size analysis all showed that the filler in this and
other compositions containing ethylene/vinyl acetate polymers and filler
F-3 was present in two popu- lations, one containing discrete particles,
the other agglomerates of an average particle size of about 3 [err] it 50
was not possible to determine quantitatively the percentage agglomerated
but it was very significant. For this reason, the range of antagonizer
agent concentration can only be estimated as being between 0.89 and 44 x
10-6 [err] Compression molded films of this material stretched
non-uniformly and were subject to fracture. Nonetheless microporous films
were repeatedly fabricated by stretching, and reproducibility was high.
When stretched on a pantograph 1.75 fold at [err] WVP was 21 x [err] WVTR
11 x [err] and HWEP 414 KPa. The 55   hardness of this composition was 88A
and the flexural modulus, 90.4 MPa. The Vicat softening temperature of
polymer P-3 containing 9% of plasticizer 0-1 (Table 4) was found to be
[err] All four compression molded films of these examples were stretched
1.75-fold biaxially, and at different temperatures, namely, at 30, 40, 50,
and [err] Even at [err] some decrease in permeability and some loss 12    



EP 0 214 859 B1 of control of pore size was observed, as compared with the
results at [err] At and above the Vicat point of [err] the effect was
increasing loss of permeability. This can be seen in Table 6. EXAMPLE 16 5
Polymer P-3 (Table 1) was combined with filler F-2 (Table 2) which was at a
level of 34% by volume. The antagonizer was a diethylcyclohexylamino salt
of lauryl sulfate (A-6, Table 3). A compression molded film was stretched
biaxially 1.75-fold on a pantograph at [err] The WVP was 290 x [err] WVTR
134 x [err] and HWEP 62.1 KPa. 10 EXAMPLE 17 The composition of Example 9
was fabricated as extrusion blown film, subsequently stretched 2.25-fold in
the machine direction at [err]. It was then subjected to 6 Mrads of
electron beam irradiation. The WVP was 15 1.2 x [err] WVTR 2.2 x [err] and
HWEP was 414 KPa. Samples of the same material not subject to electron beam
irradiation had an average WVP of 1.5 x [err] EXAMPLE 18 20      The
copolyetherester P-4 (Table 1) was plasticized with plasticizer 0-2, Table
4 to 50% by weight. Incor- porated into it was a powder of nylon-6,6 (F-6,
Table 2) at a level of 30% by volume. Since the surface tension at the
mixing temperature of the polymer (about [err]) was about 28 [err] and that
of the nylon about 34 [err] that is, they were nearly equal, no antagonizer
was necessary. The melting point of the nylon powder was about [err] A
compression molded film of the composition of this example was stretched
biaxially at [err] 25 - about equal to the Vicat temperature of the
plasticized polymer - on a pantograph 1.75-fold. The WVP was 20 x [err]
WVTR 15 x [err] and HWEP 62.1 KPa. EXAMPLE 19 30      The copolyetherester
P-4 (Table 1) was plasticized with plasticizer 0-2 (Table 3) to 25% by
weight Incor- porated into the plasticized polymer was a powder of
poly(styrene-divinyl benzene) (F-5, Table 2) beads at a level of 30% by
volume. Although the surface tension of the beads at the mixing temperature
was about 29 [err] a hydrocarbon antagonizer (A-5, Table 3) was employed
nonetheless at a level of 55 x [err] A compression molded film was
stretched 2.25-fold biaxially on a pantograph at [err] The WVP was 22 x
[err] 35 WVTR 12 x [err] and HWEP 20.7 KPa. EXAMPLE 20 The polymer and
filler were combined as in Example 19 but both plasticizer and antagonizer
were omitted. A compression molded film was stretched 2-fold biaxially on a
pantograph at [err] WVP was 13 x [err] WVTR 3.8 x [err] and HWEP > 0,25
KPa. EXAMPLE 21 45      The polymer and filler of Examples  19 and 20 were
combined as before; the antagonizer was still omitted but the polymer was
plasticized to 50% by weight A compression moldeo film was stretched 2-fold
biaxially on a pantograph at [err] WVP was 34 x [err] WVTR 17 x [err] and
HWEP > 0.25 KPa. EXAMPLE 22 50 The polymer and filler were combined as in
Examples 20 and 21; this time the plasticizer was omitted but the
antagonizer (A-5) was incorporated at the level of 30 x [err]  A
compression molded film was stretched 2-fold biaxially on a pantograph at
[err] WVP was 35 x [err] WVTR 20 x [err] HWEP > 0,25. That the HWEP of the
films of Examples 22-25 was very low is not surprising in the light of the
large size of the filler 55  and the large size of the voids nucleated
thereby. However, these examples clearly show the surprising effect of very
small amounts of antagonizer on the ability to form pores. Even in cases
where antagonizer is not neces- 



sary for the formation of microporous films, it is often helpful. 13    EP
0 214 859 B1 EXAMPLE 23 Amorphous polyamide terpolymer, P-5 (Table 1). was
plasticized with plasticizer 0-3 (Table 3), and filled to a level of 30% by
volume with aluminum oxide tri-hydrate F-8 (Table 2)..Hydrocarbon
antagonizerA-4 (Table 5   3) was employed at a level of 1.3 x  [err] A
compression molded film was stretched 1 .5-fold biaxially on a pantograph
at [err] The Vicat softening point of the plasticized polymer was [err] The
WVP was 2.1 x [err] WVTR 1,1 x [err] HWEP 414 KPa. Nylon itself is
hygroscopic; an unstretched film of this composition had a WVP of about
0.61 x [err] This particular polymer showed annealing (crystallization) at
room tempera- ture, so that a film which was soft and pliable after
stretching, became much stiffer after being kept at room 10 temperature for
a few hours. A film such as produced in this example has particular utility
as a semipermeable membrane which can be formed as made into any desired
shape (e.g., cylindrical), which then is set as the film undergoes crystal-
lization, thus retaining its shape without support. The degree and rate of
film crystallization can be controlled, i.e., by varying the annealing
temperature. 15 20 25 30 35 40 45 50 55 14    EP 0 214 859 Bi [err]    EP 0
214 859 B1 5 10 [err] 15 55 16   



EP 0 214 859 B1 [err] 50 55 17    EP 0 214 859 B1 [err]    EP 0 214 859 81
Claims 1. A soft, microporous, tear-resistantfilm substantiallyfree of
cracks detectable with an electron microscope and having a water vapor
permeability of at least 1.1 x  [err]    according to ASTM 96-66BW
(inverted cup method) and possessing hydrostatic resistance to the
penetration of liquid water of at least 0.25 kPa, said film being
obtainable by a process comprising stretching at a temperature no higher
than [err] above the Vicat sof- tening point but at least [err] above the
glass transition temperature of the matrix polymer a precursor film hav-
ing at most very low porosity and consisting essentially of the following
components: 10     (a) a matrix of a thermoplastic orientable polymer
characterized by (1) a hydrophobic surface, as indicated by a contact angle
between said surface and a droplet of water of at least [err] (2) a glass
transition temperature. Tg, of less than [err] (3) a Vicat softening point,
Tv, of more than [err] is        (4) ultimate elongation at some
temperature between Tg and Tv of at least 100%; and (5) a flexural modulus
at [err] of less than 200 MPa; said thermoplastic orientable matrix polymer
being an ethylene copolymer or a copolyester; (b) 20-40%, based on the
volume of the final composition, of a particulate filler chemically
nonreactive with the polymer matrix and dispersed therein by melt-blending,
said filler being characterized by 20      (1) a sufficiently high
softening temperature to avoid filler particle distortion at the lowest
temperature at which the matrix polymer is sufficiently fluid to be
satisfactorily melt-blended; (2) an aspect ratio of less than 3; (3) an
average equivalent spherical diameter of 0.05-50 [err] (4) an at most
negligible electrostatic or dipole attraction to the matrix polymer; and 25
(5) a surface tension which either has at the lowest temperature at which
the matrix polymer is sufficiently fluid to be satisfactorily melt-blended
a value at most about equal to that of the matrix polymer or can be
corrected to have under the blending conditions at most such a value by the
adsorption on its surface of a third component (c); said component (c)
being an organic compound, which is liquid at the lowest temperature at
which the mat- 30  rix polymer is sufficiently fluid to be melt-blended and
is capable at that temperature of being adsorbed on the surface of filler
(b) to the extent of at least 0.5 x [err] mole of component (c) per square
meter of surface area of filler (b), as calculated from the average
equivalent spherical diameter of filler (b), and being present in the blend
in an amount at least sufficient to satisfy this requirement; said
component (c) being characterized by 



(1) at most negligible solubility in the matrix polymer at the
melt-blending temperature; 35     (2) chemical inertness to the matrix
polymer; (3) a number average molecular weight of 100-10,000 ; and (4) a
surface tension which at the temperature at which component (c) is liquid
has a value at most about equal to that of the matrix polymer; various
terms used in the Claims being defined as follows: "soft" means that when
shore hardness measurement is made according to ASTM D-2240, a reading of
40  less than 75 is obtained on the C scale or less than 100 on the A
scale; "microporous" means containing numerous open pores or channels
leading from one surface to the oppo- site surface; "tear-resistant" means
substantially more tear-resistant than paper of the same thickness, when a
sample is subjected to hand-tearing; 45       "aspect ratio" means the
ratio of the largest dimension to the smallest dimension of a particle ;
and "equiv- alent spherical diameter" means the diameter of a sphere having
the same volume. 2. A microporous film of Claim 1 wherein the matrix
polymer has flexural modulus of less than 100 MPa. 3. A film of Claim 1 or
Claim 2 wherein the Vicat softening point of the matrix polymer is above
[err] 4. A film of any one of Claims 1 to 3 wherein the ultimate elongation
of the matrix polymer at a temperature 50  comprised between the polymerns
glass transition temperature and its Vicat softening point is at least
500%, preferably at least 700%. 5. A film of any one of Claims 1 to 4
wherein the polymer is selected from ethylene copolymers with at least one
comonomer selected from the group consisting of vinyl esters of saturated
[err] carboxylic acids; unsatu- rated C3-C5 mono- or dicarboxylic acids,
their salts with ammonia and with metals of Groups l-IV of the Periodic 55
Chart of the Elements, and their [err] alkyl esters ; terpolymers of the
general formula E/X/Y, where E stands for ethylene, X for vinyl acetate or
a butyl acrylate, and Y for carbon monoxide or sulfur dioxide, the weight
proportion of comonomer Y being up to 15%; and elastomeric dipolymers and
terpolymers of ethylene with other 1-olefins and 1,4-dienes. 19    EP 0 214
859 B1 6. A film of Claim 5 wherein the polymer is an ethylene/vinyl
acetate copolymer, and the filler is calcium carbonate. 7. A film of any
one of Claims 1 to 4 wherein the polymer is a copolymer of phthalic acid
with 1 ,4-butanediol and poly(tetramethyleneether glycol). 5      8. A film
of any one of Claims 1 to 7 wherein the matrix polymer is a blend of two or
more polymers, which individually may not satisfy all the requirements
recited for the polymer material  provided thatthe blend satisfies those
requirements. 9. A film of Claim 8 wherein the matrix polymer is a polymer
blend selected from blends of two different ethylene/vinyl acetate
copolymers and blends of polyvinyl chloride with an ethylene/vinyl
acetate/carbon mono- 10  xide terpolymer. 10. Afilm of any one of Claims 1
to 9 wherein the composition from which film is made contains a plasticizer
soluble in the polymer matrix. 11. A film of any one of Claims 1 to 10
wherein the average equivalent spherical diameter of the filler is 0.10 to
5 [err] 15      12. A film of any one of Claims 1 to 11 in which the
particle size distribution is such that fewer than 1% of the particles
exceed an average equivalent spherical diameter of 20 [err] preferably 10
[err] 



13. A film of any one of Claims 1 to 12 in which the amount of filler in
the composition is 25-35 volume percent. 14. A film of any one of Claims 1
to 13 wherein the film is stretched biaxially to an extent of at least 50%
20  in each direction. 15. A film of any one of Claims 1 to 13 wherein the
film is uniaxially stretched at least 125%. 16. A film of any one of Claims
1 to 15 wherein the composition from which the film is made also contains
component (c). 17. A film of Claim 16 wherein the surface contact angle of
component (c) on the surface of the polymer 25  is less than 40%, component
(c) is non-fugitive during compounding, and is a low viscosity liquid at
the com- pounding temperature. 18. A film of any one of Claims 1 to 17
wherein the rate of stretching of the film is 1 to 100% per second. 19. The
use of a film of any one of Claims 1 to 18: (a) in a "breathable"
waterproof garment. 30     (b) as a diaper liner, (c) in a blanket, or in
any other application involving the separation of liquid from vapor; (d) in
greenhouse walls or ceilings, or in other construction elements; (e) in the
filtration of biological solutions or fermentation products, 35      or In
any other filtration or adsorption application. Anspriche 40      1.
Weiche, mikropor6se, reitfeste Folie, die im wesentlichen frei von mit
einem Elektronenmikroskop nach- weisbaren Rissen ist und eine
Wasserdampfpermeabilitit von wenigstens 1,1 x 10 - MkQ4n2 gemAll ASTM 96-
66BW (Umkehrbechermethode) hat sowie einen hydrostatischen Widerstand gegen
das Durchdringen von fl~issigem Wasser von wenigstens 0,25 kPa besitzt,
wobei die Folie durch ein Verfahren erhAltlich ist, das das 45  Strecken
elnerVorlduferfolie bei einerTemperaturvon nicht mehr als 100C Ober dem
Vicat-Erweichungspunkt, jedoch wenigstens 100C Oiber der
Glasiibergangstemperatur des Matrixpolymers umfa~t und die VorlAuferfolie
h8chstens elne sehrgednge Porositataufweistund im wesentlichen aus den
folgenden Komponenten besteht: (a) einer Matrix aus einem thermoplastischen
orientierbaren Polymer, gekennzeichnet durch (1) eine hydrophobe
Oberfliche, angezeigt durch einen Kontaktwinkel zwischen der Oberflnche und
50         einem Wassertropfen von wenigstens 40; (2) eine
Glasibergangstemperatur Tg von weniger als 25CC, (3) einen
Vicat-Erweichungspunkt Tv von mehr als 25C; (4) eine hochste Dehnung bei
einer Temperatur zwischen Tg und Tv von wenigstens 100%; und (5) einen
Biegemodul bei 250C von weniger als 200 MPa; 55         wobei das
thermoplastische orientierbare Matrixpolymer ein Ethylencopolymer oder ein
Copolyester ist; (b) 20 bis 40%, bezogen auf das Volumen der
Endzusammensetzung, eines chemisch mit der Polymer- matrix nicht reaktiven
und darin durch Schmelzmischen dispergierten feinteiligen Frillstoffs,
welcher Full- 20 1 111111 111I11 11111 11111 III    EP 0 214 859 B1 stoff
gekennzeichnet ist durch (1) eine hinreichend hohe Erweichungstemperatur,
um eine Verformung der Fillstoffteilchen bei der nie- 



drigsten Temperatur, bei der das Matrixpolymer far eine zufriedenstellende
Schmelzmischung hinreichend fluid ist, zu vermeiden; 5       (2) ein
Dimensionsverhaltnis von weniger als 3; (3) einen durchschnittlichen
iquivalenten spharischen Durchmesser von 0.05 bis 50 Am; (4) eine h6chstens
vemachlassigbare elektrostatische oder Oipolanziehung an das Matrixpolymer;
und (5) eine Oberflachenspannung, die entweder bei der niedrigsten
Temperatur, bei der das Matrixpolymer fOr eine zufriedenstellende
Schmelzmischung hinreichend fluid ist, einen Wert hat. der hochstens etwa
10      gleich dam des Matrixpolymers ist, oder aber korrigiert werden
kann, daB er unter den Mischbedingungen durch Adsorption einer dritten
Komponente (c) auf seiner OberfIlche elnen solchen Wert hat; wobei die
Komponente (c) eine organische Verbindung Ist. die bei der niedrigsten
Temperatur, bei der das Matrixpolymer for die Schmelzmischung hinreichend
fluid ist, flOssig ist und bei dieser Temperatur auf der Oberflache des
FOllstoffs (b) in einem AusmaS von wenigstens 0,5. x 10 - Mol Komponente
(c) pro Qua- 15      dratmeter Oberfliche des F1illstoffs (b), berechnet
aus dem durchschnittlichen aquivalenten spharischen Durchmesser von
Fullstoff (b), adsorbiert werden kann, sowie in der Mischung in einer Menge
vorhanden ist. die wenigstens ausreicht, diese Forderung zu erfullen ;
welche Komponente (c) gekennzeichnet ist durch: (1) eine h6chstens
vernachlassigbare : Loslichkeit im Matrixpolymer bei der
Schmelzmischtemperatur; 20      (2) chemische Inertheit gegenuber dem
Matrixpolymer; (3) ein Zahlenmittel-Molekulargewicht von 100 bis 10000 ;
und (4) eine Oberflachenspannung, die bei der Temperatur, bei der
Komponente (c) flussig ist. einen Wert hat, der hochstens gleich dem des
Matrixpolymers ist; wobei die in den Anspruchen verwandten verschiedenen
AusdrOcke wie folgt definiert sind: 25      Nweich' bedeutet bei einer
Shore-Hartemessung gemaB1 ASTM D-2240 eine Ablesung von weniger als 75 auf
der C-Skala oder weniger als 100 auf der A-Skala; mikropordse bedeutet
einen Gehalt an zahireichen offenen Poren oder Kanalen, die von der
Oberfliche auf die gegenibedliegende Oberfliche fuhren, "reilfesr bedeutet
im wesendichen reitfester als Papier der gleichen Dicke, wenn die Probe von
Hand 30 zerrissen wird. "Dimensionsverhgltnis" bedeutet das Verhaltnis der
langsten Dimension zur kleinsten Dimension des Teil- chens. und
"Aquivalenter spharischer Durchmesser" bedeutet den Durchmesser eines
spharischen Korpers mit dem gleichen Volumen. 2. Mikroporose Folie nach
Anspruch 1. worin das Matrixpolymer einen Biegemodul von weniger als 100 35
MPa hat. 3. Falie nach Anspruch I oder Anspruch 2, worin der
Vicat-Erweichungspunkt des Matrixpolymers uber 45C liegt. 4. Fole nach
einem der Ansprriche I bis 3, worin die h6chste Dehnung des Matrixpolymers
be! einer Tern- peratur zwischen der Glasubergangstemperatur des Polymers
und seinem Vicat-Erweichungspunkt wenig- 40 stens 500% betragt,
vorzugsweise wenigstens 700%. 5. Folie nach einem der Anspruche I bis 4,
worin das Polymer aus Ethylencopolymeren mit wenigstens einem Comonomer,
ausgewihit aus der aus Vinylestern von gesittigten C1-C4 -Carbonsauren,
ungesattigten C3-C6 -Mono- oder -dicarbonsAuren, ihren Salzen mit Ammoniak
und mit Metallen der Gruppen I bis IV des Periodensystems der Eleanente und
ihren CI-Ce -Alkylestem ; Terpolymeren der allgemeinen Formel E/X/Y, 45
worin E fur Ethylen steht, X fur Vinylacetat oder Butylacrylat und Y frir
Kohlenmonoxid odor Schwefeldioxid, wobel das Gewichtsverhaltnis von
Comonomer Y bis zu 15% ausmacht; und elastomeren Dipolymeren und
Terpolymeren von Ethylen mit anderen 1-Olefinen und 1,4-Dienen bestehenden
Gruppe, ausgewAhit ist. 6. Folie nach Anspruch 5, worin das Polymer ein
EthylenNinylacetat-Copolymer ist und der Frllstoff Cal- 



ciumcarbonat isL 50      7. Folie nach einem der Anspruche I bis 4. worin
das Polymer ein Copolymer von Phthalsaure mit 1.4- Butandiol und
Poly(tetramethylenetherglykol) ist. 8. Folie nach einem der Ansprfche 1 bis
7, worin das Matrixpolymer eine Mischung aus zwei oder mehr Polymeren ist,
die einzeln nicht alle der genannten Anforderungen for das Polymermnaterial
erfrllen mussen, vorausgesetzt, daM die Mischung diese Anforderungen
erfullt. 55      9. Folie nach Anspruch S. worin das Matrixpolymer eine aus
Mischungen aus zwei verschiedenen Ethy- lenNinylacetat-Copolymeren und
Mischungen von Polyvinylchlorid mit einem EthylenNinylacetatUKohlenmo-
noxidterpolymer ausgewdhite Polymermischung ist. 10. Folie nach einem der
AnsprOche I bis 9, worin die Zusammensetzung, aus der die Folie gemacht
wird, 21 :111111111111111111    EP 0 214 859 Bi einen in der Polymermatrix
loslichen Plastifezierer enthAlt 11. Folie nach einem der Ansprriche 1 bis
10, worin der durchschnittliche aquivalente sphirische Durch- messer des
FOllstoffs 0,10 bis 5 gm betrigt. 12. Folie nach einem der Anspruiche I bis
11, worin die Teilchengrolenverteilung so ist, da3 weniger als 5   1% der
Teilchen einen durchschnittiichen aquivalenten spharischen Durchmesser von
20 gm, vorzugsweise 10 gm, ribersteigen. 13. Folie nach einem der Anspruche
I bis 12, worin die Menge anFullstoff in der Zusammensetzung 25 bis 35
Vol.-% ausmacht. 14. Folie nach einem der Ansprulche 1 bis 13, worin die
Folie in einem Ausmaa von wenigstens 50% in 1o  jeder Richtung biaxial
gestreckt ist. 15. Folie nach einem der Anspruche I bis 13, worin die Folie
um wenigstens 125% uniaxial gestreckt ist. 16. Folie nach einem der
Anspruche I bis 15, worin die Zusammensetzung, aus der die Folie gemacht
wird, weiterhin Komponente (c) enth3lt. 17. Folie nach Anspruch 16, worin
der OberfRichenkontaktwinkel der Komponente (c) auf der Oberfiiche 1s  des
Polymers weniger als 40% betrAgt, Komponente (c) wihrend des Vermischens
nicht ffichtig ist und bei der Mischtemperatur eine niederviskose
Flussigkeit ist. 18. Folie nach einem der Anspruche I bis 17, worin die
Streckrate der Folie 1 bis 100% pro Sekunde betragt. 19. Verwendung einer
Folie nach einem der Ansprriche I bis 18 20     (a) in einem
watmungsfihigen" wasserdichten Kleidungsstuck, (b) als Windelauskleidung,
(c) in einer Decke oder in einer beliebigen anderen Anwendung, die die
Trennung von Flussigkeit und Dampf beinhaltet; (d) in Treibhauswinden oder
Decken oder anderen Konstruktionselementen; 25     (e) bei der Filtration
von biologischen L6sungen oder Fermentierungsprodukten oder in einer
beliebigen anderen Filtrations- oder Adsorptionsanwendung. Revendications
30 1. Une pellicule molle. microporeuse, resistante a la dechirure,
sensiblement depourvue de fissures detec- tables avec un microscope
electronique et ayant une permeabilite A la vapeur d'eau d'au moins 1, I x
I 0 5 



(kgim2.s)/(MPa/cm) selon la norme ASTM 96-66BW (methode de la coupe
renversee) et possedant une resis- tance hydrostatique A la penetration
d'eau liquide d'au moins 0,25 kPa, ladite pellicule pouvant atre obtenue 35
par un procede consistant a etirer, A une temperature non supArieure de
plus de 10C au point de ramollisse- ment Vicat mais superieure d'au moins
10C A la temperature de transition vitreuse du polymbre de matrice, une
pellicule servant de precurseur ayant tout au plus une porosite tres faible
et constituee essentiellement des constituants suivants: (a) une matrice
d'un polymere thermoplastique orientable caracterise par 40        (1) une
surface hydrophobe, comme denote par un angle de raccordement d'au moins
400 entre ladite surface et une gouttelette d'eau; (2) une temperature de
transition vitreuse, Tv, inferieure A 25C; (3) un point de ramollissement
Vicat, TN, sup6rieur a 2500; (4) un allongement A la rupture d'au moins
100% A quelque temperature situee entre T, et T.,; et 45        (5) un
module en flexion inferieur A 200 MPa A 25C; ledit polymrre de matrice
thermoplastique orientable etant un copolymrre d'ethylene ou un
copolyester; (b) 20 A 40%, par rapport au volume de la composition finale,
d'une charge particulaire chimiquement non reactive avec la matrice
polymrre et dispersee dans cells-ci par melange au fondu, ladite charge
etant caracterisee par 50     (1) une temperature de ramollissement
suffisamment elevee pour eviter une deformation des particules de charge A
la plus basso temperature a laquelle le polymere de matrice est
suffisamment fluide pour etre convenablement melange au fondu; (2) un
rapport d'aspect inferieur A 3; (3) un diametre spherique equivalent moyen
de 0,05 A 50 jrm; 55      (4) une attraction electrostatique ou dipolaire
tout au plus negligeable envers le polymere de matrice ; et (5) une tension
superficielle qui, ou bien a une valeur tout au plus A peu pres Agale A
celle du polymere de matrice A la plus basse temperature A laquelle le
polymere de matrice est suffisamment fluide pour etre convenablement
melange au fondu, ou bien pout etre conigee par adsorption d'un troisieme
constituant 22 -* C   L   M   S *    EP 0 214 859 B1 (c) sur sa surface
pour avoir tout au plus une telle valeur dans les conditions de melange;
ledit constituant (c) etant un compose organique qui est liquide A la plus
basse temperature a laquelle le polymere de matrice est suffisamment fluide
pour etre melange au fondu et qui est susceptible d'etre adsorb6 A cette
temperature sur ia surface de la charge (b) a raison d'au moins 0.5 x 10I
mole de cons- 1,w s       tituant (c) par metre carre de surface specifique
de la charge (b), comme calcule d'apres le diametre sph6- rique equivalent
moyen de la charge (b), et qui est present dans le melange en une quantite
au mains suffisante pour repondre a cette exigence ; ledit constituant (c)
etant caracterise par (1) une solubilite tout au plus negligeable dans le
polymere de matrice A la temperature de melange au fondu; 10     (2) une
inertie chimique envers le polymrre de matrice; (3) un poids molbculaire
moyen en nombre de 100 A 10000; et (4) une tension superficielle dont la
valeur est tout au plus A peu pres egale A colle du polymere de matrice A
la temperature A laquelle le constituant (c) est liquide; diverses
expressions employees dans les revendications etant definies comme suit: 



*5      46molle' signifie quo, lorsque la mesure de durete Shore est
effectuee selon la norme ASTM D-2240, la valeur obtenue est inferieure A 75
sur I'echelle C ou inferieure A 100 sur l'chelle A; a microporeuse "
signifie: contenant de nombreux pores ou canaux ouverts allant d'une
surface A la sur face opposee; risistante a la dechirure ' signifie:
sensiblement plus risistante A la dechirure que du papier de mime 20
epaisseur. lorsquun echantillon est soumis A un dechirement A la main;
"rapport d'aspect 0 signifie le rapport de la plus grande dimension ala
plus petite dimension d'une particule; et *diambtre spherique 6quivalentr
signifle le diambtre d'une sphere ayant le meme volume. 2. Une pellicule
microporeuse de la revendication 1, dans laquelle le polymere de matrice a
un module en 25  flexion inffirieur A 100 MPa. 3. Une pellicule de la
revendication I ou la revendication 2, dans laquelle le point de
ramollissement Vicat du polymere de matrice est sup6rieur A 45C. 4. Une
pellicule de l'une quelconque des revendications I a 3. dans laquelle
l'allongement A la rupture du polymere de matrice est d'au moins 500%. de
preference d'au mains 700%. A une temperature comprise entre 3o  la
temperature de transition vitreuse du polymere et son point de
ramollissement Vicat. 5. Une pellicule de l'une quelconque des
revendications I A 4, dans laquelle to polymere est choisi parmi les
copolymeres d'6thylene avec au moins un comonomere choisi dans le groupe
forme par les esters de vinyle d'acides carboxyliques satures en C1-C4; les
acides mono- ou dicarboxyliques insatures en C3-CE, leurs sels avec
t'ammoniac et avec les metaux des Groupes I A IV du Tableau Pefiodique des
Elements, et leurs esters 35 d'alkyles en Cr-C8; les terpolymeres de la
formule generale ElXtY, ou E represente l'ethylene. X l'acetate de vinyleou
un acrylate de butyle, etYl'oxyde de carbone ou l'anhydride sulfureux, la
proportion en poids du como- nomere Y etant d'au plus 15%; et les
dipolymeres et terpolymeres elastomeres d'ethylene avec d'autres 1-
olefines et des 1,4-dibnes. 6. Une pellicule de la revendication 5. dans
laquelle le polymere est un copolymere ethyltne/acetate de 40  vinyle, et
la charge est du carbonate de calcium. 7. Une pellicule de l'une quelconque
des revendications I a 4, dans laquelle le polymere est un copolymere
d'acide phtalique avec le 1, 4-butanediol et un
polyoxytetramethylene-glycol. 8. Une pellicule de l'une quelconque des
revendications 1 A 7, dans laquelle le polymire de matrice est un melange
de deux ou plusieurs polymbres, qui peuvent ou non repondre
individuellement a toutes les exi- 45  gences enoncees pour la matiere
polymere, A condition que le melange satisfasse A ces exigences. 9. Une
pellicule de la revendication 8, dans laquelle le polymere de matrice est
un melange de polymeres choisi parmi les melanges de deux copolymeres
6thylene/acetate de vinyle diffdrents et les melanges de chlo- rure de
polyvinyle avec un torpolymrre ethylene/acetate de vinyle/oxyde de carbone.
10. Une pellicule de l'une quelconque des revendications I A 9, dans
laquelle la composition A partir de 5o  laquelle est fabriquee la pellicule
contient un plastifiant soluble dans la matrice polymrre. 11. Une pellicule
de l'une quelconque des revendications I A 10, dans laquelle le diametre
spherique equi- valent moyen de la charge est de 0, 10 A 5 pm. 12. Une
pellicule de l'une quelconque des revendications 1 A 11 , dans laquelle la
distribution granulome- trique est telle quo mains de 1% des particules
dipassent un diametre spherique equivalent moyen de 20 pm. 55   de
preference 10 pm. 13. Une pellicule de l'une quelconque des revendications
I & 12, dans laquelle la quantite do charge dans la composition est de 25 A
35 pour cent en volume. 14. Une pellicule de l'une quelconque des
revendications i a 13, dans laquelle la pellicult est etiree biaxia- 23 4
i                                      1!Il 11111 111111 111 111l! li'.ii
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EP 0 214 859 B'r lement A raison d'au moins 50% dans chaque direction. 15.
Une pellicule de l'une quelconque des revendications I A 13, dans laquelle
la pellicule est 6tir~e monoaxialement d'au moins 125%. 16. Une pellicule
de lune quelconque des revendications 1 a 15, dans laquelle la composition
A partir de ;#' laquelle est fabriqu6e la pellicule contient egalement le
constituant (c). 17. Une pellicule de la revendication 16, dans laquelle
I'angle de raccordement de surface du constituant (c) A la surface du
polymere est infnrieur A 400, le constituant (c) n'est pas fugitif pendant
la formulation et c'est un liquide A basse viscosite A la temperature de
formulation. 18. Une pellicule de lune quelconque des revendications I A
17, dans laquelle la vitesse d'etirage de la 10  pellicule est de I A 100%
par seconde. 19. L'utilisation d'une pellicule de l'une quelconque des
revendications 1 A 18: (a) dans un vetement imperm6able "pouvant respirer",
(b) comme doublure de lange, (c) dans une couverture, ou dans toute autre
application impliquant une separation entre liquide et vapeur; is     (d)
dans des parois ou toits de serres, ou dans d'autres elements de
construction; (e) dans la filtration de solutions biologiques ou de
produits de fermentation, ou dans toute autre application de filtration ou
d'adsorption. 20 25 30 35 40 45 50 55    


