
EP0309 136B1 Description Field of the Invention 5      The invention
relates to microporous materials, a method of making microporous materials,
and articles made therewith. Background of the Invention 10     Microporous
films or membranes have a structure that enables fluids to flow through
them. The effective pore size is at least several times the mean free path
of the flowing molecules, namely from several micrometers down to about 100
Angstroms. Such sheets are generally opaque, even when made of a
transparent material, because the surfaces and the internal structure
scatter visible light. The term "microporous film" as used herein is
inclusive of microporous membranes. 15     Microporous films have been
utilized in a wide variety of applications such as for the filtration of
solids, the ultrafiltration of colloidal matter, as diffusion barriers or
separators in electrochemical cells, and in the preparation of synthetic
leather, or cloth laminates. The latter utilities require, of course,
permeability to water vapor but not liquid water for applications such as
synthetic shoes, raincoats, outer wear, camping equipment such as tents,
and the like. Microporous films are also utilized for filter cleaning
antibiotics, beer, 20  oils, bacteriological broths, as well as for the
analysis of air, microbiological samples intravenous fluids, vaccines and
the like. Microporous films are also utilized to make surgical dressings
bandages, and in other fluid trantmissive medical applications. The
microporous film may be laminated to other articles to make laminates
having particular utility. Such laminations may include a microporous layer
and an outer shell layer to provide a particularly useful garment material.
The microporous films or membranes may be 26  utilized as a tape backing to
provide product such as a vapor-transmissive wound dressing or hair set
tape. The art of preparing microporous structures is replete with a wide
variety of methods of producing such articles. The formation of microporous
polymeric membranes can be broadly classified into two general areas. The
first class involves some modifications of a dense film to render it
microporous. Methods commonly used to provide microporous films or
membranes by dense film modifications are described in 30  the following
references: U.S. Patent 3,309,841 (Egleston et al.) describes the
irradiation of a film to produce narrow trails or tracks of
radiation-damaged material which can be etched with suitable reagents
leaving cylindrical pores. Various patents assigned to W. L Gore and
Associates, Inc., including U.S. Patent Nos. 3,953,566 (Gore); 3,982,153
(Gore); 4,096,227 (Gore); 4,110,392 (Yamazaki); 4,187,390 (Gore) and
4,194,041 (Gore et al.) 35  describe the preparation of porous articles,
including microporous sheets formed exclusively of poly-
tetrafluoroethylene (PTFE), not a normally melt processable thermoplastic
polymer, characterized by having polymer nodes connected by fibrils. Such
articles are produced by extruding a paste comprised of PTFE particles and
a lubricant, removing the lubricant and stretching and annealing the
resultant product. The resultant product is a sintered, oriented porous
film of PTFE. 40     U.S. Patent Nos. 4,100,238 and 4,197,148 (Shinomura)
describe the preparation of permeable mem- branes by kneading in the molten
state two different kinds of thermoplastic synthetic resins which are
partly compatible with each other, fabricating the molten mixture into a
sheet, film or hollow articles, treating the fabricated article with a
solvent which is a good solvent for one of the component resins but is a
poor solvent for the other to dissolve and remove the former resin, drying
the fabricated articles, and then 45  stretching it. In place of the resin
to be removed by the solvent, rubbers or oligomers having partial
compatibility with the resin which remains undissolved can be used. U.S.
Patent No. 3,679,540 (Zimmerman et al.) discloses a method for making
open-celled microporous polymer film from non-porous, crystalline, elastic
polymer starting film by cold stretching elastic polymer 



starting film until porous surface regions which are elongated normal or
perpendicular to the stretch 50 direction are formed, hot stretching the
cold stretched film until fibrils and pores or open cells which are
elongated parallel to the stretch direction are formed and then heat
setting the resultant porous film. Generally, controlled porosity is
difficult to attain in such films because they do not always uniformly
fibrillate to' a specific pore size. U.S.Patent No. 4,206,980 (Krueger et
al.) discloses normally transparent films which can be rendered 55
translucent by stretching and transparent, by relaxing the film. The films
are a blend of crystallizable polymer with a compound with which the
polymer is miscible at a temperature above the crystallization temperature
of the crystallizable polymer-compound blend but immiscible at a
temperature below the crystallization temperature of the blend. The films
are prepared by blending the crystallizable polymer with 2    EP 0 309 136
B1 the compound under melt conditions, casting a film of the blend and
cooling to solidify the blend. The film cannot be stretched beyond its
elastic limit, as is normally done during orientation, as this would cause
permanent deformation and a loss of the transparent/translucent properties.
Certain U.S. patents disclose the preparation of porous polymer films by
blending into the polymer a s  non-miscible leachable particulate substance
such as starch, salts, etc. forming a sheet and leaching the particulate
substance from the polymer sheet. Such U.S. patents include Nos. 3,214,501
(Strauss) and 3,640,829 (Elton). U.S. Patent No. 3,870,593 (Elton et al.)
discloses the preparation of a porous, preferably microporous polymer sheet
by blending non-miscible, non-leachable filler into the polymer, forming a
sheet of the blend and stretching the sheet to form pores which are
initiated at the sites of the filler particles. 10    The second class of
microporous polymeric membranes are those which result from a phase
separation phenomenon. The phase separation can be that of a liquid-liquid
or a liquid-solid nature. The formation of microporous membranes through
chemically induced liquid-liquid phase separation, commonly called phase
inversion, has been commercially utilized to form microporous polymers from
cellulose acetate and certain other polymers. Generally these materials are
not oriented but used as cast. Phase inversion has been 15  reviewed in
great detail by R. E. Kesting in "Synthetic Polymeric Membranes". 2nd
Edition, John Wiley & Sons, 1985. Patent 4,482,514 (Schindler et al.)
describes a process for the production of an ultrafiltration membrane from
polyamide wherein the material is oriented. The process involves forming a
membrane from a solution of polyamide in formic acid through phase
inversion, preferably orienting the film by stretching 1.5:1 to 2.5:1 in
the wet state drying the membrane, and, if oriented, heat setting the film.
20     Additional developments in microporous membrane fabrication by phase
separation utilize thermally- induced phase separation. In
thermally-induced phase separation, a component which is liquid at process-
ing temperatures is combined with the polymer from which the membrane is to
be formed. This liquid component is a non-solvent for the polymer at low
temperatures but combines with the polymer to produce a homogeneous
solution at an elevated temperature. Methods used to provide microporous
films or 25  membranes by the thermal process are described in the
following references: U.S. Patent No. 4,564,488 (Gerlach et al.) discloses
porous fibers and membranes prepared by forming a homogeneous mixture of at
least two components, one of which is a meltable polymer and the other a
liquid which is said to be inert with respect to the polymer. The mixture
formed must be of a binary type, in which there is a temperature range of
complete miscibility and a temperature range in which there is a 30
miscibility gap. The mixture is extruded at a temperature above the
separation temperature into a bath 



containing at least some of the inert liquid which is at a temperature
below the separation temperature. Upon introduction of the mixture into the
bath, the fiber or membrane structure of the product is fixed. The fibers
or membranes are characterized by a smooth porous surface and an apparent
density of between about 10 and 90% of the true density of the polymeric
starting material employed. 35     U.S. Patents 4,247,498 and 4,519,909
(Castro) disclose microporous polymers in forms ranging from films to
blocks and intricate shapes from synthetic thermoplastic polymers, such as
olefinic, condensation, and oxidation polymers. The microporous polymers
are characterized by a relatively homogeneous, three- dimensional cellular
structure having cells connected by pores of smaller dimension. The
microporous polymers are made from such thermoplastic polymers by heating a
mixture of the polymer and a 40 compatible liquid to form a homogeneous
solution, cooling the solution under non-equilibrium thermody- namic
conditions to initiate liquid-liquid phase separation, and continuing
cooling until the mixture achieves substantial handling strength. The
microporous polymer products may contain relatively large amounts of
functionally useful liquids and behave as solids. These microporous
polymers must be made under specified temperature/concentration conditions
and are not oriented. 45     U.S. Patent No. 4,539,256 (Shipman) discloses
an oriented article having a microporous structure characterized by a
multiplicity of spaced randomly dispersed, equiaxed, non-uniform shaped
particles of a crystallizable thermoplastic polymer which are coated with a
compound which is miscible with the thermoplastic polymer at the melting
temperature of the polymer but phase separates on cooling at or below the
crystallization temperature of the polymer. Adjacent thermoplastic
particles within the article are 50  connected to each other by a plurality
of fibrils consisting of the thermoplastic polymer. The fibrils radiate in
three dimensions from each particle. The compound may be removed from the
sheet article. The microporous structure is made by melt-blending the
polymer with the compound, forming a shaped article of the melt blend,
cooling the shaped article to a temperature at which the polymer
crystallizes to cause liquid-solid phase separation to occur between the
thermoplastic polymer and the compound, and orienting 55 the resultant
structure in at least one direction to provide the article. Although useful
microporous films and membranes are provided by the above-described
disclosures, a need has been felt for microporous films and membranes which
have uniform microporosity as well as a substantially extended range of
useful properties and improved control over those properties. 3    EP 0
309136 B1 Summary of the Invention The present invention relates to a
microporous article which comprises a thermoplastic polymeric structure
formed by liquid-liquid phase separation having a plurality of cells with
adjacent cells being 5  interconnected by passageways to provide a network
of communicating pores and the structure being oriented in at least one
direction. The thermoplastic polymeric structure may be substantially
homogeneous or the porosity of the structure may be gradient therethrough.
The cells comprise void spaces encased by fibrous, lacy, or semi-continuous
boundaries. The cells are ellipsoidal in shape generally with an aspect
ratio of major axis to minor axis greater than 1.0 and a major axis
generally lying in a plane parallel to the 10 surface of the article. The
matrix tensile strength at break in the oriented direction is preferably
increased at least 10% over an unoriented structure. The microporous
article preferably has a porosity greater than 25%, a thickness of less
than 1000 [err] and a maximum effective pore diameter of from 0.01 to 10
[err] The present invention also relates to an article which comprises a
sheet material having a thermoplastic 



polymeric structure formed by liquid-liquid phase separation having a
microporous structure with a plurality 15 of cells with adjacent cells
being interconnected by passageways to provide a network of communicating
pores extending to one major surface of said sheet material and a
non-microporous structure at an opposite major surface of said sheet
material. The present invention further relates to a method for preparing a
microporous thermoplastic polymeric shaped article which comprises the
steps of 20    a) melt blending thermoplastic polymer with a solubilizing
amount of a compatible liquid to form a homogeneous solution; b) forming an
article from the solution; c) cooling the shaped article at a rate and to a
temperature sufficient to initiate thermodynamic, non- equilibrium
liquid-liquid phase separation; 25    d) further cooling the article to
solidify the thermoplastic polymer; e) stretching the article in at least
one direction sufficient to permanently attenuate the article and effect
orientation of the polymer; and f) removing at least a substantial portion
of the compatible liquid before or after the stretching step. The process
of the invention provides microporous articles, such as films, fibers,
hollow fibers, and 30  tubes, with a network of communicating pores,
greater effective pore size range, reduced fluid flow resistance, improved
pore size control and enhanced mechanical strength. Thin, microporous films
having greater porosity and void volume than previously attainable with
liquid-liquid phase separation techniques can be easily produced. The films
of the invention are thinner and have greater mechanical strength for a
given pore size than previous microporous films produced by liquid-liquid
phase separation. Microporous 35  films with comparable effective pore size
can be produced with higher polymer concentrations in the melt and at lower
temperatures than with previous liquid-liquid phase separation techniques.
Brief Description of the Drawings 40     Fig. 1 is a
temperature-composition plot for a thermoplastic polymer/compatible liquid
system of the invention. FIG. 2 is a scanning electron photomicrograph at
200X of a prior art unstretched film cooled at [err] FIG. 3 is a scanning
electron photomicrograph of a portion of the prior art unstretched film
shown in FIG 45  2 at 2000X. FIG. 4 is a scanning electron photomicrograph
at 200x of a prior art unstretched film cooled at 1700[err] FIG. 5 is a
scanning electron photomicrograph of a portion of the prior art unstretched
film shown in FIG. 4 at 2000X so     FIG. 6 is a scanning electron
photomicrograph at 250X of the film of FIG. 2 after stretching 2x2, a film
of the present invention. FIG. 7 is a scanning electron photomicrograph of
a portion of the film of the present invention shown in FIG. 6 at 2000X.
FIG. 8 is a scanning electron photomicrograph at 200X of the film of FIG. 4
after stretching 2x2, a film 55  of the present invention. FIG. 9 is a
scanning electron photomicrograph of a portion of the film of the present
invention shown in FIG.8 at 2000X. 4   



EP 0 309 136 81 FIG. 10 is a split image scanning electron photomicrograph
(1000X/10,000X) of the surface of the film of Example 14 which was in
contact with the casting wheel. FIG. 11 is a split image scanning electron
photomicrograph (1 OOOX/1 O,OOOX) of the surface of the film of Example 14
which was not in contact with the casting wheel. 5     FIG. 12 illustrates
the effect of stretching a microporous polypropylene film on air flow
through the film. FIG. 13 illustrates the effect of stretching a
microporous polypropylene film on the maximum effective pore diameter of
the film. FIG. 14 illustrates the effect of stretching a microporous
polypropylene film on the porosity of the film. FIG. 15 is a scanning
electron photomicrograph of the film of Comparative Example C21 at 2000X.
FIG. 16 is a scanning electron photomicrograph of the film of Example 38 at
2000X. FIG. 17 is a scanning electron photomicrograph of the film of
Comparative Example C22 at 2000X. FIG. 18 is a scanning electron
photomicrograph of the film of Example 39 at 2000X. Detailed Description of
the Invention 15 As used herein, the term "thermoplastic polymer" refers
only to conventional polymers, both crystalline and non-crystalline, which
are melt processable under ordinary melt processing conditions and does not
include polymers such as polytetrafluoroethylene which, under extreme
conditions, may be thermoplastic and melt-processable. As used herein the
term "crystalline". as used with regard to the thermoplastic polymer,
includes polymers which are at least partially crystalline. Crystalline
polymer structures in melt-processed thermo- plastic polymers are
well-known. As used herein, the term "amorphous", as used with regard to
the thermoplastic polymer, includes polymers without substantial
crystalline ordering such as, for example, polymethylmethacrylate,
polysulfone, 25 and atactic polystyrene. As used herein, the term "melting
temperature" refers to the temperature at which the thermoplastic polymer,
in a blend of thermoplastic polymer and compatible liquid, will melt. As
used herein, the term "crystallization temperature" refers to temperature
at which the thermoplastic polymer, in a melt blend of thermoplastic
polymer and compatible liquid, will crystallize. 30 As used herein, the
term "equilibrium melting point", as used with regard to the thermoplastic
polymer, refers to the commonly accepted melting point temperature of the
thermoplastic polymer as found in published literature. Thermoplastic
polymers useful in the present invention include olefinic, condensation and
oxidation polymers. Representative olefinic polymers include high and low
density polyethylene, polypropylene, 35  polyvinyl-containing polymers,
butadiene-containing polymers and acrylate-containing polymers such as
polymethylmethacrylate. Condensation polymers include polyesters such as
polyethylene terephthalate and polybutylene terephthalate, polyamides such
as nylon 6, nylon 11, nylon 13 and nylon 66, polycarbonates and
polysulfones. Polyphenylene oxide is representative of the oxidation
polymers which can be used. Blends of thermoplastic polymers may also be
used. 40     The compatible liquid is a material which is capable of
forming a solution with the thermoplastic polymer when heated above the
melt temperature of the polymer and which phase separates from the polymer
by liquid-liquid plase separation, rather than liquid-solid phase
separation, on cooling. The compatibility of the liquid with the polymer
can be determined by heating the polymer and the liquid to form a clear
homogeneous solution. If a solution of the polymer and the liquid cannot be
formed at any liquid 



45  concentration, then the liquid is inappropriate for use with that
polymer. In practice, the liquid used may include compounds which are solid
at room temperature but liquid at the melt temperature of the polymer. The
operability of a specific liquid with a given polymer cannot be predicted
with absolute certainty. However, certain guidelines can be set forth. For
non-polar polymers, non-polar organic liquids with similar room temperature
solubility parameters are generally useful at the solution temperatures.
Similarly, polar so organic liquids are generally useful with polar
polymers. When blends or polymers are used, useful liquids are those which
are compatible liquids for each of the polymers used. When the polymer is a
block copolymer such as styrene-butadiene, the liquid selected must be
compatible with each type of polymer block. Blends of two or more liquids
can be used as the compatible liquid as long as the selected polymer is
soluble in the liquid blend at the polymer melt temperature and the
solution formed separates by liquid- 55  liquid phase separation on
cooling. Various types of organic compounds have been found useful as the
compatible liquid, including aliphatic and aromatic acids, aliphatic,
aromatic and cyclic alcohols, aldehydes, primary and secondary amines,
aromatic and ethoxylated amines, diamines, amides, esters and diesters,
ethers, ketones and 5    EP 0 309136 B1 various hydrocarbons and
heterocyclics. When the polymer selected is polypropylene, esters such as
dibutyl phthalate and ethers suh as dibenzyl ether are useful as the
compatible liquid. When high density polyethylene is the polymer, an
aliphatic ketone such as methyl nonyl ketone or an ester such as dioctyl
phthalate are useful as the compatible liquid. Compatible liquids for use
with low density polyethylene 5  include aliphatic acids such as decanoic
acid and oleic acid or primary alcohols such as decyl alcohol. When the
polymer selected is nylon 11, esters such as propylene carbonate, ethylene
carbonate, or tetramethylene sulfone are useful as the compatible liquid.
When the polymer selected is polymethyl- methacrylate, useful compatible
liquids include, 1,4-butanediol and lauric acid. A compatible liquid for
use with the polymer polyphenylene oxide is, for example, tallowamine. 10
The relative amounts of thermoplastic polymer and compatible liquid vary
with each system. The polymer concentration which can be used in a given
system can be determined by reference to the temperature-compositions
diagrams for that system. A general temperature-composition graph for a
semi- crystalline polymer-liquid systems is set forth in Figure 1. Such
graphs can be readily developed by known techniques such as that set forth
in Smolders, van Aartsen and Steenbergen, Kolloid-Z.u.Z Polymere, 243,
14-20 (1971). The portion of the curve from gamma to alpha represents the
thermodynamic equilibrium liquid-liquid phase separation. [err]represents
the upper critical -solution temperature, i.e., the maximum temperature of
the system at which liquid-liquid phase separation will occur. [err]
represents the critical composition. To form the microporous polymers of
the present invention, the polymer concentration utilized for a particular
20  system must be greater than [err] If the polymer concentration is less
than [err]. the phase separation which occurs as the system is cooled forms
a continuous liquid phase with a discontinuous polymer phase, resulting in
a structure which cannot be oriented. The portion of the curve from alpha
to beta represents equilibrium  liquid-solid phase separation. The dashed
line represents the crystallization temperature- concentration relationship
and shows the lowering of the crystallization temperature as a consequence
of cooling at a rate sufficient to achieve thermodynamic non-equilibrium
phase separation. The flat portion of the crystallization
temperature-concentration curve at polymer concentration greater than [err]
defines the 



useful concentration range which is a function of the cooling rate
employed. For a given cooling rate in a system, the crystallization
temperture-concentration curve of the compatible liquid can be determined
and from this curve the concentration ranges for the polymer and the liquid
which will yield the desired 30  microporous structure at the given cooling
rate can be determined. The determination of the crystallization curve is
an alternative to determining the temperature-concentration phase diagram
for a system incorporat- ing a semicrystalline polymer.: The actual polymer
concentration selected from within the predetermined concentration range
for the liquid-polymer system being used is limited by functional
considerations. The polymer concentration should 35  be sufficient to
provide the microporous structure which is formed on cooling with adequate
strength for handleability in further processing steps. The polymer
concentration should be such that the viscosity of the liquid-polymer melt
solution is suitable for the equipment used to shape the article.
Generally, the polymer concentration in the compatible liquid is 10-to 75
weight percent. In the process of the present invention, the rate of
cooling, of the solution may be varied within wide 40  limits as long as th
r               at  e liquid-liquid phase separation does not occur under
thermodynamic equilibrium conditions. For many liquid-polymer systems, when
the rate of cooling of the liquid-polymer solution is slow, but sufficient
to result in liquid-liquid phase separation, liquid-liquid phase separation
occurs at substantially the same time as the formation of a plurality of
liquid droplets of substantially uniform size. When the cooling rate is
such that the droplets form, the resultant microporous 45  polymer will
have the desired cellular microstructure. If the rate of cooling of the
liquid-polymer solution is rapid, the solution  undergoes a spontaneous
transformation called spinodal decomposition, the resultant microporous
polymer willhave a fine open-cellular microstructure. This fine microporous
structure is referred to as a lacy structure. FIGS. 2 through 5 demonstrate
types of structures which can be produced by non-equilibrium liquid-liquid
phase separation. FIGS. 2 and 3 are cross-sectional views of an unoriented
so  microporous membrane prepared by cooling a 25 weight percent
polypropylene solution in tallowamine from [err] at a slow rate, i.e.,
[err]min. The resulting structure is termed. "open cellular." FIGS. 4 and 5
are cross-sectional views of the same unoriented polymer solution rapidly
quenched, ie., at a rate of [err], from [err]. The structure obtained is
termed a "lacy" structure. Thus, for a given liquid-polymer system,
differing miroporous structures can be obtained by varying the cooling
rate. 55  The miroporous structures of this invention are oriented, i.e.,
stretched beyond their elastic limit to introduce permanent set or
elongation and to ensure that the micropores are permanently developed or
formed.This orientation of the microporous structures aids in controlling
pore size and enhances both the porosity and the mechanial properties of
the material. Prior to orientation, the microporous structure is a    EP 0
309 136 B1 relatively homogeneous cellular or sponge-like structure of
substantially spherical microcells distributed substantially uniformly
throughout the structure. After orientation, the microcells tend to have a
substantially ellipsoidal shape. Orientation causes the microporous
structure to expand such that the porosity increases while the pore s  size
remains relatively unchanged. The combination of high porosity and small
pore size is particularly desirable in filtration applications. Orientation
can be used as a process variable to control thickness and relatively thin
microporous films can be produced. Thickness is particularly important for
microporous film applications where selective transport through the
microporous film is desired, since the rate of transport is inversely
proportional to the thickness. Decreasing thickness minimizes the
hydrostatic resistance to flow 



10  through the film. Orientation enables production of thin films with
minimal difficulty. Orientation also enhances the mechanical strength of
the films which is beneficial in virtually all microporous film
applications. With increasing orientation, film thickness, and resistance
to flow, are proportionately reduce, mechanical strength, porosity, and
pore size are proportionately increased, and the pore size range is
extended with improved pore size, control, so that an excellent balance of
desired properties can be attained 15 through selection of the amount of
orientation to which the microporous film is subjected. The microporous
structures may be uniaxially or biaxially oriented. Preferably, the
microporous structures are stretched at least 10 percent, more preferably
10 to 1000 percent. The actual amount of stretching required is dependent
upon the particular composition of the article and the degree of porosity
desired. Stretching of the structure is preferably uniform so that the
oriented structure has uniform, 20 controlled porosity. When the structures
are uniaxially oriented, narrowing of the structure in the non- oriented
direction generally occurs, such that stretching a structure, for example,
a film, 50 percent does not result in a 50 percent increase in surface
area, but something less than a 50 percent increase. The orientation is
preferably, dimensionally stabilized in the material using well-known
techniques such as, for example, heating the material to a stabilizing
temperature under restraint. 25     FIGS. 2 and 3 are scanning electron
photomicrographs, at magnifications of 200X and 2000X, respectively, of the
cellular structure obtained from liquid-liquid phase separation, in a
system employing 25 weight percent polypropylene as the thermoplastic
polymer and 75 weight percent tallowamine as the compatible liquid and
cooled at 1 [err]. FIGS. 6 and 7 are scanning electron photomicrographs, at
magnifications of 250X and 2000X, respectively, of the same material as
shown in FIGS. 2 and 3 after 30 orientation according to the present
invention at a stretch ratio of 2:1 in both the machine and transverse
directions. FIGS. 4 and 5 are scanning electron photomicrographs, at
magnifications of 200X and 2000X, respectively, of the lacy structure
obtained from liquid-liquid phase separation, in a system employing 25
weight percent polypropylene as the thermoplastic polymer and 75 weight
percent tallowamine as the compatible liquid and a cooling rate of 1700
[err]. FIGS. 8 and 9 are scanning electron photomicrograph, 35  at
magnifications of 200 and 2000X, respectively, of the same material as
shown in FIGS. 4 and 5 after orientation according to the present invention
at a stretch ratio of 2:1 in both the machine and transverse directions. As
can be seen, orientation causes expansion of the thermoplastic polymer in
both the cellular and lacy structures which results in a more open porous
structure than is achieved in the unoriented material. This greater
porosity is particularly useful in filtration, diffusion barriers, and
imbibing materials. 40     The compatible liquid may be removed from the
microporous material either before or after orientation to yield a
liquid-free microporous polymeric material. The compatible liquid can be
removed by, for example, solvent extraction, volatilization, or any other
convenient method. After removal of the compatible liquid, the resulting
microporous material may be modified by imbibition of various materials,
such as, for example, liquids, solvent solutions, solvent dispersions, or
solids. Such materials may be imbibed by any of 45 a number of known
methods which result in the deposition of such materials within the porous
structure of the microporous material. The imbibed material may be
physically entrapped within the microporous structure or chemically reacted
with the polymeric material which forms the microporous structure. Examples
of imbibing materials incude medicaments, fragrances, antistatic agents,
surfactants, pesticides and solid particulate material such as activated
carbon and pigments. Certain materials, such as antistatic 50 agents and
surfactants, may be imbibed without removal of the compatible liquid. The
microporous material of the invention may be further modified, either
before or after removal of the compatible liquid, by depositing various
materials on the surface thereof using known coating or deposition
techniques. For example, the microporous material may be coated with metal
by vapor deposition or sputtering techniques or materials such as
adhesives, aqueous or solvent-based compositions, and dyes 



55  can be coated on the microporous material. Coating can be accomplished
by such conventional coating techniques as, for example, roller coating,
spray coating, dip coating, and the like. Microporous sheet materials of
the invention mnay be laminated to various other materials such as, for
example, woven, knitted, or nonwoven fabrics, films, or to one or more
additional layers of microporous 7    EP 0 309136 B1 sheet material to
achieve, for example desired porosity gradients, handling properties, and
aesthetics. Lamination can be carried out using conventional techniques
such as adhesive bonding, spot welding, or other techniques which do not
undesirably interfere with the porosity or create undesirable porosity or
perforations. 5      The microporous material of the invention may be
modified to produce a porous membrane having a gradient porosity
therethrough, if the extruded film is rapidly cooled from one surface
thereof, such as by bringing the surface into contact with a chilled
casting wheel. The surface of the film in contact with, for example, the
chilled casting wheel can be fused or sealed, while the opposite side
remains porous. Orientation of this gradient porosity structure enhances
the porosity differences from surface to surface. 10  FIGS. 10 and 11 are
split image scanning electron photomicrographs at magnifications of 1000X
and 10,OOOX of the surface structure obtained by casting a solution of 41
weight percent polypropylene in tallowamine onto a 60 [err]`casting wheel
at a thickness of 170 [err]and orienting at a stretch ratio of 2:1 in both
the machine and transverse directions after removal of the tallowamine. The
film surface cast in contact with the casting wheel is shown in FIG. 10,
while the surface not in direct contact with the casting 15  wheel is shown
in FIG. 11. Films with such properties can be used, for example, for
microfiltration or ultrafiltration or as protective films or tapes, having,
for example, the porous side readily markable and the sealed side resistant
to marking. The microporous materials of the invention are useful in a
variety of applications where microporosity is desirable. For example, the
microporous sheet materials can be used for ultrafiltration of colloidal
matter, as 20  filtering material for cleaning antibiotics, beer, oils, and
bacteriological broths, and as diffusion barriers or separators in
electrochemical cells. The microporous sheet material can also be used for
sample collection in air analysis and for collection of microbiological
specimens. When laminated to woven or knitted fabric or to nonwoven fabric
such as a nonwoven scrim materialthe microporous materials can be useful
for outerwear such as rainwear, camping equipment such as tents and
sleeping bags, and for disposable 25  protective garments for use, for
example, in hospitals, electronic clean rooms, or in areas where contact
with hazardous chemicals can occur. The microporous sheet materials are
also useful in surgical dressings, bandages, and other medical
applications. The following examples further illustrate this invention but
the particular materials and amounts thereof in these examples, as well as
other conditions and details, should not be construed to unduly limit this
30  invention. In the examples, all parts .and percentages are by weight
unless otherwise specified. Where stretch ratio are recited for extruded
films, the first number indicates the stretch ratio in the machine
direction (MD), i.e., extrusion direction, and the second number indicates
the stretch ratio in the direction transverse to the extrusion direction
(TD). In the Examples, the following test methods were used in evaluating
the various films: Gurley Value:                   This value is a
measurement of time in seconds to pass 0.051 of air through a film
according to ASTM D-726 Method A. 



Maximum Effective Pore Diameter:   This value is measured in microns
according to ASTM F-316 and is termed pore diameter in the Examples. Bulk
Density:                    This value is determined from measurement of
specific gravity according  to ASTM    D-792. . Porosity:
A calculated value based on the measured bulk density and polymer density
using the following equation: / .    b [err] Bulk Tensile Strength:  .
Measured values acording to ASTM  D-882 using an Instron model 1122 under
the following conditions: Jaw gap:50.8mm (2 in). Jaw speed: 508mm/min (20
in/min) Sample size: 25.4mm (1-in) wide strip Matrix Tensile Strength:
Calculated value based on the bulk tensile strength and porosity according
to the following equation: 8    EP 0 309 136 B1 100 Matrix  Tensile  -
X Bulk  Tensile Strength                  100 -       rosity Examples 1-10
and Comparative Examples C1-C4 High density polyethylene, HDPE, (American
Hoechst GM 9255), a thermoplastic polymer, and dioctyl 10  phthalate, DOP,
a liquid compatible with the HPDE, were melt blended to form homogeneous
mixtures at the ratios and temperatures set forth. In Table 1. Each blend
was extruded at a rate of 18 kg/hr using a twin screw extruder with a screw
speed of 150 rpm, a film die having a slot 0.5mm wide and 305mm long, and a
line speed as set forth in Table 1. The extruded film: was cooled in a
water quench bath 1 cm from the die at the bath temperature set forth in
Table 1 to initiate thermodynamic, non-equilibrium liquid-liquid phase 15
separation and solidification of the film. The thickness of each film was
measured and is set forth in Table 1. Table 1 Film   HDPE:DOP   Melt temp
(err)     line speed (m/min)   Bath temp [err]   Thickness (err) A
39:61          252               10.0              32              120 B
49:51          289               9.1               40              125 C
40:60          267               8.8               37              117 25
D       34:66          263                8.8               37
122 1 Samples of each film were restrained in a frame and washed with 1,1,1
-trichloroethane to remove, the dioctyl phthalate. The restrained, washed
films were dried to remove any residual 1,1,1-trichloroethane. In Examples
1-10, samples of each film were oriented by stretching at a temperature of
77 [err]. a preheat time of about 30 seconds, a stretch rate of 25.4mm/sec,
and the stretch ratios set forth in Table 2. While maintained at this
stretch ratio, the oriented films were then heat set at a temperature of 93
[err] The resulting microporous films and comparative non-oriented films
were evaluated for thickness, Gurley value, 



pore diameter, porosity, and matrix tensile properties. The results are set
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As can be seen from the data in Table 2, a broad range of properties can be
obtained by varying the film composition and the stretch conditions under
which the film is oriented. The data demonstrates that generally as the
degree of orientation increases, the thickness decreases, the Gurley value
decreases significantly, and the pore diameter, porosity, and matrix
tensile properties increase. Such a modification in properties, attained by
orientation, allows for much greater control over film properties than was
previously    EP 0 309 136 B1 achievable with films prepared by
liquid-liquid phase separation. Examples 11-14 and Comparative Examples
C5-C8 5  Polypropylene, PP, (Exxon[err] 3014, available from Exxon Corp.,
or Profax[err] 6723, available from Himont. Inc., as indicated in Table 3)
and tallowamine, TA, (Armostat[err] 310, available from Armak Chemical Co.)
were melt blended to form homogeneous mixtures at the ratios and
temperatures set forth in Table 3. Each blend was extruded at a rate of
approximately 3 kg/hr using a 25;4mm diameter single screw extruder and a
film die having a slot 0.5mm wide and 152mm long at a line speed of 2.1
m/min. The extruded film was 10  cooled on a [err] casting wheel to
initiate thermodynamic, non-equilibrium liquid-liquid phase separation and
solidification of the film. The thickness of each film was measured and is
set forth in Table 3. Table 3 15 Film   PP resin     PP:TA ratio   Melt
temp ( C)   Thickness (err) E     Exxon 3014     61:39          250
117 F     Profax 6723    61:39          250              124 G     Profax
6723    51:49           260             170 20                       H
Profax 6723     41:59           261             170 Samples of each film
were restrained in a frame and washed with 1,1,1-trichloroethane to remove
the tallowamine. The restrained, washed films were dried to remove any
residual 1,1,1-trichloroethane. In Examples 11-14, samples of each film
were oriented by stretching at a temperature of [err] a preheat time of
about 1 minute, a stretch rate of 1.27 cm/sec, and a stretch ratio of 2x2.
The resulting microporous films and comparative non-oriented films were
evaluated for thickness, Gurley value, pore diameter, porosity, and matrix
tensile properties. The results are set forth in Table 4. 30 35 40 46 50 55
EP 0 30913 B1 5 o r@4 CD U  vO  U1C.  CD 01 U tn m 
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_    EP 0 309136 B1 Examples 15-21 and Comparative Examples C9-C14
Polypropylene (Profax[err], available from Himont, Inc.) was melt blended
with tallowamine, TA, (Exam- ples 15-21 and Comparative Example C9) or with
white mineral oil, MO, (Comparative Examples C10-C14) 5  at
polypropylene:compatible liquid ratios of 57:43 and a temperature of
2406[err]to form homogeneous mixtures. Each blend was extruded at a rate of
about 3 kg/hr using a 2.54 cm diameter single screw extruder and a film die
having a slot 0.05 cm wide and 15.2 cm long, at a line speed of 2.1 m/min,
onto a 43[err] casting wheel to form films 160 [err] thick. Cooling of the
polypropylene-tallowamine blend initiated thermodynamic, non-equilibrium,
liquid-liquid phase separation and solidification of the film. Cooling of
the io  polypropylene-mineral oil blend initiated thermodynamic,
non-equilibrium, liquid-solid phase separation and solidification of the
film. Samples of each film were restrained in a frame and washed with
1,1,1-trichloroethane to remove the compatible liquid. The restrained,
washed films were dried to remove any residual 1,1,1-trichloroethane. For
Examples 15-21 and Comparative Examples C11-C14, the films were oriented by
stretching at a tempera- is  ture of 121 [err], a preheat time of 1 minute,
a stretch rate of 1.27 cm/sec, and the stretch ratios set forth in Table 5.
Attempts to stretch the film which was made using mineral oil as the
compatible liquid were unsuccessful at stretch ratios greater than 2x2 due
to mechanical failure of the samples. The various films were evaluated for
thickness, Gurley value, pore diameter, porosity and matrix tensile
properties. The results are set forth in Table 5. 20 25 
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t:,,I, O......  -4 ,4 .4 .4 .4  C :         U As can be seen from the data
in Table 5, a broad range of properties can be obtained by varying the 55
stretch ratio under which the liquid-liquid phase separated film is
oriented. The data demonstrate that, in the films of this invention, as the
degree of orientation increases, the thickness decreases, the Gurley value
decreases significantly, and the porosity and matrix tensile properties
increase, while the maximum effective pore diameter remains relatively
constant and that the prior art films are significantly weaker, have larger
14    EP 0 309 136 B1 pore size, i.e., maximum effective pore diameter, and
lower porosity. In FIGS. 12-14, the Gurley value, pore diameter, and
porosity, respectively, are plotted against the area increase (machine
direction stretch ratio x transverse direction stretch ratio) for the film
of the invention (solid line) prepared from the liquid-liquid phase
separated polypropylene and tallowamine and a prior art 5  film (broken
line) prepared from liquid-solid phase separated polypropylene and mineral
oil. These FIGS. emphasize the relatively constant pore diameter and
increased porosity attainable in films of the present invention as compared
to the prior art films. Examples 22 and 23 and Comparative Examples C15 and
C16 10 A blend of 25 parts polypropylene (Profax[err] 6723, available from
Himont, Inc.) and 75 parts tal- lowamine (Armostat[err] 310, available from
Armak Co.) were batch-mixed for 3 hours at 200 C under a nitrogen
atmosphere to form a homogeneous solution. In Example 22 and Comparative
Example [err], portions of the solution were pressed between plates heated
to [err]0 to form films about 0.5 mm thick and 15 the plates were allowed
to cool at approximately 1 [err] C/min. For Example 23 and Comparative
Example C16, portions of the solution were pressed between plates heated to
175 [err] to form a film about 0.5 mm thick and the plates were immersed
into a 20 * C water bath to effect a cooling rate of about 1700 [err]/min.
Each film was restrained in a frame and washed with 1,1,1-trichloroethane
to remove the tallowarnine. The restrained, washed films were dried to
remove any residual 1,1,1-trichloroethane. The films of 20 Examples 22 and
23 were oriented by stretching at a temperature of 121 [err] a preheat time
of about 1 minute, a stretch ratio of 1.27 cm/sec, and a stretch ratio of
2x2. The resulting oriented microporous films and comparative non-oriented
films were examined by scanning electron microscopy and photomicrographs
were taken of the films. The film of Comparative Example 15, FIGS. 2 and 3,
exhibits an open-cellular structure, while the film of Comparative Example
16, FIGS. 4 and 5, exhibits a lacy structure. The films were 25  also
evaluated for thickness, Gurley value, pore diameter, density, and
porosity. The results are set forth in Table 6. 30 35 40 45 50 55    



EP0309 136 B1 .S     ~.  .  .  . 5 -2hat8      0 t glCD M 0 0S X 3'~20 25
%a C "4 coN 30 A    I As can be seen from the data in Table 6, the oriented
film cooled at a rate of 1700 [err]. has a higher Gurley value, a smaller
pore diameter and bulk density, and higher porosity than the oriented film
cooled at a rate of 1 [err] C/min. 55 Example 24 and Comparative Example
C17 and C18 In Comparative Example C17, a blend of 10 parts polypropylene,
available from Exxon Corp. under the trade designation "3014", and 90 parts
tallowamine, available from Armak Chemical Co. as Armostat[err] 310, 16
EP 0 309 136 B1 were batch mixed for 3 hours at 200[err] under a nitrogen
atmosphere. The blend formed a homogeneous solution which was pressed
between plates heated to 180*C to form a film approximately 0.5 mm thick
which was then quenched in a 5 [err] water bath. The resulting film has
little physical integrity and tore under its own weight. 5     In Example
24 and Comparative Example C18, film was prepared as inComparative Example
C17 except that a blend of 15 parts of polypropylene and 85 parts
tallowamine were used. The resulting film was extracted with
1,1,1-trichloroethane to remove the tallowamine and then dried in air under
restraint. A sample of the film was stretched 2X2 at 121 C (Example 24) and
evaluated, together with an unstretched sample of film (Comparative Example
C18), for thickness, Gurley value, pore diameter, bulk density, and 10
porosity. The results are set forth in Table 7. Table7 7 Comparative
Example C18   Example 24 Thickness (err):               675
405 Gurley value(sec/50cc):        19.8               2.6 Pore Diameter
(err):             1.03              1.74 Bulk density (g/cc):
0.379              0.074 20                 Porosity (%):
57.9               91.8 As can be seen from the data in Table 7, the
stretched film of Example 24 has a significant improvement in Gurley value
and reduction in bulk density., as well as an increase in pore diameter and
porosity. Orientation of the film produced from a lower compatible liquid
concentration (85% in Comparative Example C18 as compared to 90% in
Comparative Example C17) permitted fabrication of a film with higher
porosity (91.8%, Example 24) than can be achieved by merely increasing the
compatible liquid concentra- tion. Examples 25-33 and Comparative Example
C19 



30 A commercially available liquid-liquid phase separated microporous
polypropylene film, Accurel[err] available from Enka America, Inc., having
a nominal pore size of 0.1. micrometer, was oriented at stretch
temperatures and stretch ratios set forth in Table 8, with a preheat time
of 60 seconds, and a stretch rate of 1.25 cm/sec. The resulting microporous
films and the comparative non-oriented Accurel[err] film were evaluated for
thickness, Gurley value, pore diameter, porosity, and matrix tensile
properties. The results are set forth in Table 8. 40 45 50 55 17    EP O
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4f As can be seen from the data in Table 8, orienting the film reduced the
thickness and Gurley value, 55  while the pore diameter, porosity, and
matrix tensile values were increased. Example 30 and 31 dem- onstrate the
increase in matrix tensile properties attainable by increasing the stretch
temperature. The thickness, Gurley value, pore diameter, and porosity of
the films of Example 30 and 31 were substantially 



similar. 18    EP 0 309 136 B1 Examples 34-37 and Comparative Example C20 A
commercially available liquid-liquid phase separated microporous
polypropylene film, Accurel[err] available from Enka America, Inc., having
a nominal pore size of 0.2 micrometer, was oriented at a stretch 5
temperature of 120 [err] C, with a preheat time of 60 seconds, a stretch
rate of 1.25 cm/sec, and the stretch ratios set forth in Table 9. The
resulting microporous films and the comparative non-oriented Accurel [err]
film were evaluated for thickness, Gurley value, pore diameter, porosity,
and matrix tensile properties. The results are set forth in Table 9. 10 15
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Ie Ln  f .N  :.;    -  :  -  f  .-    .-    t-.0. As can be seen from the
data in Table 9, orienting the film reduced the thickness and Gurley value,
55 while the pore diameter, porosity, and matrix tensile values were
increased.    EP 0 309 136 B1 Example 38 and Comparative Example C21 A
blend of 30 parts nylon 11, a thermoplastic condensation polymer available
from Aldrich Chemicals as catalog number "18,115-3", and 70 parts propylene
carbonate, a compatible liquid available from Aldrich 5  Chemicals, were
batch mixed for 3 hours at 215[err]C under a nitrogen atmosphere. The blend
formed a homogeneous solution which was pressed between plates heated to
[err] to form a film approximately 0.5 mm thick which was then quenched in
a 5[err] water bath. The sheets were then extracted in 1,1,1-
trichloroethane to remove the propylene carbonate and then dried in air
under restraint. The resulting film was stretched 2X2 at 121 [err] (Example
38) and evaluated, together with an unstretched sample of film 10
(Comparative Example C21) for thickness, Gurley value, pore diameter, bulk
density, and porosity. The results are set forth in Table 10. Table 10 15
Comparative Example C21   Example 38 Thickness [err]          880
530 Gurley value (sec/50cc):   no air flow          4561 Pore Diameter (err
not measurable          0.30 20                 Bulk density (g/cc):
0.979               0.318 Porosity (%):11.0
71.1 As can be seen from the data in Table 10, the unstretched sheets had
no measurable airflow, while the 2X2 stretched sheets had measurable
airflow (4561 sec/50 cc Gurley value). 26     A photomicrograph of the
unstretched film of Comparative Example C21 at 2000X magnification is shown
in FIG. 15. Although this unstretched film has an open cellular structure,
the lack of airflow indicates that the cells are not connected by pores
throughout the thickness of the film. A photomicrograph of the stretched
film of Example 38 at 2000X magnification is shown in FIG. 16. This
stretched film has ellipsoidal cells connected by pores. The pores are
interconnected throughout the film as evidenced by the 4561 sec/50 cc
Gurley value. Example 39 and Comparative Example C22 A blend of 30 parts
polymethyl methacrylate, a non-crystalline amorphous thermoplastic polymer
available from Rohm & Haas under the trade designation "V-811-100", and 70
parts 1,4-butanediol, a compatible liquid available from Aldrich Chemicals,
were batch mixed for 3 hours at 200[err]r a nitrogen blanket. The blend
formed a homogeneous solution which was pressed between plates heated to
180 C to form a film approximately 0.5 mm thick which was then quenched in
a 50 [err]r bath. The film was then extracted with isopropyl alcohol to
remove the 1,4-butanediol and then dried in air while being 40  restrained.
The resulting film was stretched 2X2 at 115 C (Example 39) and evaluated,
together with an unstretched sample of film, (Comparative Example C22) for
thickness, Gurley value, pore diameter, bulk density, and porosity. The
results are set forth in Table 11. Table 11 45 



Comparative Example C22   Example 39 Thickness (err             710
140 Gurley value (sec/5Occ):   no air flow           137.1 Pore Diameter
(err)      not measurable          0.30 Bulk Density (g/cc):
0.843              0.462 Porosity (%):                  28.6
60.9 55    A photomicrograph of the unstretched film of Comparative Example
C22 at 2000X magnification is shown in FIG. 17. Although this unstretched
film has an open cell structure, the lack of airflow indicates that the
cells are not connected by pores through the thickness of the film. A
photomicrograph of the stretched film of Example 39 at 2000X magnification
is shown in FIG. 18. This stretched film has ellipsoidal cells 21    EP 0
309 136 B1 connected by pores. The pores are interconnected throughout the
film as evidenced by the excellent Gurley value airflow of 137.1 sec/50cc.
The various modifications and alterations of this invention will be
apparent to those skilled in the art without departing from the scope of
this invention and this invention should not be restricted to that set
forth 5  herein for illustrative purposes. Claims 1. A microporous article
comprising a thermoplastic polymeric structure formed by liquid-liquid
phase 10     separation having a plurality of cells with adjacent cells
being interconnected by passageways to provide a network of communicating
pores, said cells comprising void spaces encased by fibrous, lacy or
semi-continuous boundaries and being ellipsoidal in shape, and said
structure being oriented in at least one direction. 15  2. The article of
claim 1 wherein the thermoplastic polymer is an olefinic polymer, a
condensation polymer, or an oxidation polymer. 3 The article of claim 2
wherein said olefinic polymer is high density polyethylene, low density
polyethylene, polypropylene, polyvinyl-containing polymer,
butadiene-containing polymer, or acrylate- containing polymer, said
condensation polymer is polyester, polyamide, polycarbonate, or
polysulfone, and said oxidation polymer is polyphenylene oxide. 4. The
article of any preceding claim wherein said pores have a maximum effective
diameter of 0.01 to 10 [err] (microns). 25 5 The article of any preceding
claim wherein said structure has a porosity greater than 25% 6. The article
of any preceding claim wherein said structure further comprises at least
one imbibing material imbibed therein. 30 7. The article of claim 6 wherein
said imbibing material is a medicament, a fragrance, an antistatic agent, a
surfactant, a pesticide, activated carbon, or a pigment. 8  The article of
any preceding claim wherein said article comprises a sheet material, said
sheet material 35     having said network of communicating pores extending
to one major surface of said sheet material and a non-microporous structure
at an opposite major surface of said sheet material. 9. A method for
preparing the microporous article of any preceding claim which comprises
the steps of 



a) melt blending thermoplastic polymer with a solubilizing amount of a
compatible liquid to form a 40        homogeneous solution; b) forming a
shaped article from the solution; c) cooling said shaped article at a rate
and  to a temperature sufficient to initiate thermodynamic, non-equilibrium
liquid-liquid phase separation and then to solidify the thermoplastic
polymer; d) stretching the article in a first direction sufficient to
permanently attenuate the article and effect 45           orientation of
the polymer; and e) removing at least a substantial portion of the
compatible liquid before or after said stretching step. 10. The method of
claim 9 wherein said solidified thermoplastic polymer is stretched at least
10 percent in at least one direction. 50. Patientansprtcho 1. Mikroporaser
Gegenstand mit einem thermoplastischen polymeren Gebilde, das durch
FlOssig-Fl~ssig- Phasentrennung gebildet worden ist und sine Mehrzahl von
Zellen, und einander benachbarte Zellen zu .  :56  oirtem Netzwerk von
miteinander verbundenen Poren verbindende Kandle autweist, wobel die Zellen
leere R1ume aufweisen, die von faserartigen, spitzenartigen odor
halbgeschlossenen Begrenzungen eingeschlossen sind und eine ellipsoidische
Form haben und des genannte Gebilde in mindestens einer Richtung orientiert
ist. 22    *   C   L   M   S   * EP 0 309 136 B1 connected by pores. The
pores are interconnected throughout the film as evidenced by the excellent
Gurley value airflow of 137.1 sec/50cc. The various modifications and
alterations of this invention will be apparent to those skilled in the art
without departing from the scope of this invention and this invention
should not be restricted to that set forth 5  herein for illustrative
purposes. Claims 1. A microporous article comprising a thermoplastic
polymeric structure formed by liquid-liquid phase 10     separation having
a plurality of cells with adjacent cells being interconnected by
passageways to provide a network of communicating pores, said cells
comprising void spaces encased by fibrous, lacy or semi-continuous
boundaries and being ellipsoidal in shape, and said structure being
oriented in at least one direction. 15  2. The article of claim 1 wherein
the thermoplastic polymer is an olefinic polymer, a condensation polymer,
or an oxidation polymer. 3. The article of claim 2 wherein said olefinic
polymer is high density polyethylene, low density polyethylene,
polypropylene, polyvinyl-containing polymer, butadiene-containing polymer,
or acrylate- 20     containing polymer, said condensation polymer is
polyester, polyamide, polycarbonate, or polysulfone, and said oxidation
polymer is polyphenylene oxide. 4. The article of any preceding claim
wherein said pores have a maximum effective diameter of 0.01 to 10 [err]
(microns). 25 5. The article of any preceding claim wherein said structure
has a porosity greater than 25% 



6. The article of any preceding claim wherein said structure further
comprises at least one imbibing material imbibed therein. 30 7. The article
of claim 6 wherein said imbibing material is a medicament, a fragrance, an
antistatic agent, a surfactant, a pesticide, activated carbon, or a
pigment. 8  The article of any preceding claim wherein said article
comprises a sheet material, said sheet material 35     having said network
of communicating pores extending to one major surface of said sheet
material and a non-microporous structure at an opposite major surface of
said sheet material. 9. A method for preparing the microporous article of
any preceding claim which comprises the steps of a) melt blending
thermoplastic polymer with a solubilizing amount of a compatible liquid to
form a 40        homogeneous solution; b) forming a shaped article from the
solution; c) cooling said shaped article at a rate and to a temperature
sufficient to initiate thermodynamic, non-equilibrium liquid-liquid phase
separation and then to solidify the thermoplastic polymer; d) stretching
the article in a first direction sufficient to permanently attenuate the
article and effect 45        orientation of the polymer; and e) removing at
least a substantial portion of the compatible liquid before or after said
stretching step. 10. The method of claim 9 wherein said solidified
thermoplastic polymer is stretched at least 10 percent in at least one
direction. 50 PatentansprUche 1. Mikroporaser Gegenstand mit einem
thermoplastischen polymeren Gebilde, das durch FlUssig-FlOssig-
Phasentrennung gebildet worden ist und eine Mehrzahl von Zellen, und
einander benachbarte Zellen zu 65     elnem Netzwerk von miteinander
verbundenen Poren verbindende Kanile aufweist. wobei die Zellen leere Rgume
aufweisen, die von faserartigen, spitzenartigen oder halbgeschlossenen
Begrenzungen eingeschlossen sind und eine ellipsoidische Form haben und das
genannte Gebilde in mindestens einer Ricbtung orientiert ist. 22    Awr- '
'  ' '
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0309 136 B1c                         MS* 2. Gegenstand nach Anspruch 1, in
dem das thermoplastische Polymer ein olefinisches Polymer, ein
Kondensationspolymer oder ein Oxidationspolymer ist. 3  Gegenstand nach
Anspruch 2, in dem das olefinische Polymer Polyethtlen hoher Dichte,
Polyethylen 5     niedriger Dichte, Polypropylen, polyvinylhaltiges
Polymer, butadienhaltiges Polymer oder acrylathaltiges Polymer ist, das
Kondensationspolymer Polyester, Polyamid, Polycarbonat oder Polysulfon !st
und das Oxidationspolymer Polyphenylenoxid ist. 4. Gegenstand nach einem
der vorhergehenden Ansprache, in dem die Poren einen maximalen effektiven
10     Durchmesser von 0,01 bis 10 Mikrometem haben. 5. Gegenstand nach
einem der vorhergehenden AnsprUche, in dem das genannte Gebilde eine
Porositait von mehr als 25% hat. is  6. Gegenstand nach elnem der
vorhergehenden AnsprUche, in dem das genannte Gebilde mindestens eine von
ihm aufgenommene Substanz enthalt. 



7. Gegenstand nach Anspruch 6, in dem die aufgenommene Substanz ein
Medikament, ein Duftstoff, ein Antistatikum, ein Tensid, ein Pestizid,
Aktivkohle odsr ein Pigment ist. v-~-   20 8  Gegenstand nach einem der
vorhergehenden Anspriche, der ein Blattmateria1 besitzt. das mit dem
Netzwerk von miteinander verbundenen Poren ausgebildet ist. die sich zu
einer Breitseitenflache des Blattmaterials erstrecken, wahrend an einer
entgegengesetzten FRche des Blattmatbrials ein nichtmi- kroporoses Gebilde
vorhanden ist. 25 9I  Verfahren zum Herstellen des mikroporosen
Gegenstandes nach einem der vorhergehenden AnsprUche mit folgenden
Schritten: a) ein schmeIzflCssiges thermoplastisches Polymer wird mit einer
losungsvermitteind wirkenden Menge einer kompatiblen FlUssigkeit gemischt,
so daB eine homogene Losung erhalten wird; as   30  b) aus der L6sung wird
ein Formkorper hergestellt; c) der Formkorper wird mit einer soichen
Geschwindigkeit bis auf eine solche Temperatur abgekilhIt, daB eine
thermodynamische Nichtgleichgewichts-FIUssig-FlUssig-Phasentrennung
eingeleitet und danach das thermoplastische Polymer verfestigt wird; d) der
Kdrper wird in einer ersten Richtung gen~gend gestreckt, um den Korper
bleibend zu 35       schwachen und das Polymer zu orientieren und e) vor
oder nach dem Strecken wird mindestens ein betrachtlicher Tell der
kompatiblen FlUssigkeit entfernt. 10. Verfahren nach Anspruch 9, in dem das
verfestigte thermoplastische Polymer in mindestens einer 40     Richtung um
mindestens 10% gestreckt wird. Revendlcatlons 1. Article microporeux
comprenant une structure polymerique thermoplastique formde par une
separation 45     de phases liquide-liquide comportant une pluralit6 de
collules, les cellules adjacentes etant reliees entre slles par des
passages pour former un reseau de pores de communication, lesdites cellules
compre- nant des espaces vides ddlimit~s par des limites fibreuses,
ajourees ou semi-continues et etant de forms ellipso1dale, et ladite
structure etant orientee dens au moins une direction. 5o  2. Article
suivant la revendication 1, dons lequel le polymbre thermoplastique est un
polymbre oldfinique. un polymbre de condensation ou un polymbre
d'oxydation. 3. Article suivant la revendication 2. dans loquel ledit
polymbre oldfinique est du polydthylene haute densitd, du polyethylbne
basso densite, du polypropylene, un polymere contenant du polyvinyle, un
*55    polymere contenant du butadiene ou un polymere contenant de
l'acrylate, ledit polymbre de condensa- tion est un polyester, un
polyamide, un polycarbonate ou une polysulfone et ledit polymere
d'oxydation est de l'oxyde de polyph~nylbne. 23
|~~~~~~~~~~~~~~~~~~~~~~~~~~. *.; '    I~~ll1III11111I 1111 111 111111I 4.
Article suivant l'une quelconque des revendications precedentes, dans
lequel les pores ont un diametre reel maximum de 0,01 & 10 am (microns). 5
Article suivant l'une quelconque des revendications pr~c4dentes, dans
lequel la structure a une 6      porosit6 superieure & 25 %. 



6. Article suivant l'une quelconque des revendications precedentes, dans
lequel la structure comprend de plus au moins une matiere d'imbibition dont
elle est imbib6e. 0o  7. Article suivant la revendication 6, dans lequel la
matiere d'imbibition est un m6dicament, un parfum, un agent antistatique,
un agent tensioactif, un pesticide, du carboqe active ou un pigment. 8
Article suivant l'une quelconque des revendications prdcddentes, dans
lequel ledit article comprend une matibre en feuille, cette matibre en
feuille pr~sentant le reseau susdit de pores de communication qui is
9Ss'6tend sur une surface importante de la matibre en feuille et une
structure non microporeuse a une surface importante opposie de ladite
matiere en feuille. 9. Proodk de preparation de l'article microporeux
suivant l'une quelconque des revendications prdcdden- tes, qui comprend les
etapes: 20       a) de m6lange en phase fondue de polymere thermoplastique
avec une quantite solubilisante d'un liquide compatible pour former une
solution homogbne; b) de formation d'un article fagonnr & partir de la
solution; c) de refroidissement de l'article faonnd a une vitesse et & une
temperature suffisantes pour provoquer une separation de phases
liquide-liquide de non-dquilibre, thermodynamique et ensuite 25       pour
solidifler le polymere thermoplastique; d) d'6tirage de l'article dans une
premibre direction suffisante pour amincir de fagon permanente I'article et
effectuer l'orientation du polymere; et e) de separation d'au mons une
partie importante du liquide compatible avant ou apres l'etape d'etirage.
90 10. Proc~dd suivant la revendication 9, dans lequel le polymbre
therrnoplastique. solidlife est etirt d'au moins 10 % dans au moim une
direction. 35 40 45 50 55 24    


