
EP 0273582 B1 Description Background 5  1. The Field of the Invention The
present invention relates to microporous materials, and in particular, to
microporous materials formed of a polymer incorporating a nucleating agent
and methods for making the same. 10  2. The Prior Art 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 10
nanometers (100 Angstroms). Such sheets are generally opaque, is  even when
made from an originally transparent material, because the surfaces and
internal structure scatter visible light. Microporous membranes or films
have been utilized in a wide variety of applications, such as for the
filtration of solids, for the ultrafiltration of colloidal matter, as
diffusion barriers or separators in electro- chemical cells, in the
preparation of synthetic leather, and in the preparation of cloth
laminates. The later 20  utilities require, of course, permeability to
water vapor but not liquid water when preparing such materials as synthetic
shoes, raincoats, outer wear, and camping equipment such as tents.
Moreover, microporous membranes or films are often utilized for filter
cleaning antibiotics, beer, oils, bacteriological broths, as well as for
the analysis of air, microbiological samples, intravenous fluids, and
vaccines. Microporous mem- branes or films are also utilized in the
preparation of surgical dressings, bandages, and in other fluid 25
transmissive medical applications. Microporous membranes or films 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. Further, the microporous
films or membranes may be utilized as a tape backing to provide such
products as vapor transmissive wound dressings or hair set tapes. 30
One patent relating to the preparation of microporous materials is
assignees U.S. Patent No. 4,539,256 (Shipman), issued September 3, 1985,
which discloses a method of making a microporous material comprising the
steps of melt blending crystallizable thermoplastic polymer 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, forming a shaped article of the
melt 35  blend, cooling the shaped article to a temperature at which the
polymer crystallizes to cause phase separation to occur between the
thermoplastic polymer and the compound to provide an article comprising a
first phase comprising particles of crystallized thermoplastic polymer in a
second phase of the compound, and orienting the article in at least one
direction to provide a network of interconnected micropores throughout.
Brief mention is made of nucleating agents. 40     The use of nucleating
agents to improve the optical properties of crystalline olefinic polymers
is discussed in the article: C. Charles Carroll, "A Nucleating Agent for
Crystalline Olefinic Polymers," Modem Plastics, September 1984, pages
108-112. U.S. Patent Nos. 3,207,735; 3,207,737; 3,207,738; and 3,299,029
also disclose the usage of nucleating agents in polymer crystallization
techniques. GB-A-2 051 665 of Celanese Corp. discloses in a process for
making a microporous film the 45  incorporation of a nucleating agent into
the crystalline polymer resin from which the precursor film is prepared
which thereby permits the reduction in melt index of the polymer. However
the particular process described in this reference is significantly
different from the "melt blending" process described in the 



subject invention and results in porous materials with different
microstructures and different porous and physical properties. 50 Brief
Summary of the Invention Microporous materials are made in accordance with
the present invention by the following steps: (a) melt blending to form a
mixture comprising 15 to 80 parts by weight of crystallizable thermoplastic
55    polymer, 0.1 to 5 parts by weight of nucleating agent per 100 parts
by weight of said thermoplastic polymer and 85 to 20 parts by weight of a
compound with which the thermoplastic polymer is miscible and in which the
thermoplastic polymer will dissolve at the melting temperature of the
thermoplastic polymer but which will phase separate on cooling to a
temperature at or below the crystallization 2    EP 0 273 582 B1
temperature of the thermoplastic polymer; (b) forming a shaped article of
the melt blended mixture; (c) cooling the shaped article to a temperature
at which the nucleating agent initiates the crystallization sites within
the thermoplastic polymer so as to cause phase separation to occur between
the compound 5    and the polymer, thereby providing an article comprising
an aggregate of a first phase comprising particles of crystallized
thermoplastic polymer in a second phase comprising the compound with
adjacent thermoplastic polymer particles being distinct but having a
plurality of zones of continuity, wherein the particles have a size which
is reduced as compared to the size the particles would have if no
nucleating agent were present; and 10   (d) stretching the shaped article
in at least one direction to separate adjacent particles of thermoplastic
polymer from one another to provide a network of interconnected micropores
therebetween and to permanently attenuate the thermoplastic polymer in the
zones of continuity to form fibrils. Preferably, the compound is removed
from the article, e g., by solvent extraction or by volatilization of the
compound. However, the nucleating agent becomes incorporated within the
interior of the particles of 15  thermoplastic polymer, and is therefore
typically not removed. The formed article, before additive removal and
stretching, is solid and generally transparent, and comprises an aggregate
of a first phase of particles of crystallized thermoplastic polymer in a
second phase of the additive compound, with nucleating agent in the
interior of the particles of thermoplastic polymer. The particles may be
described as spherulites and aggregates of spherulites of the polymer, with
additive 20  compound occupying the space between particles. Adjacent
particles of polymer are distinct, but they have a plurality of zones of
continuity. That is, the polymer particles are generally surrounded or
coated by the compound, but not completely. There are areas of contact
between adjacent polymer particles where there is a continuum of polymer
from one particle to the next adjacent particle in such zones of
continuity. On stretching, the polymer particles are pulled apart,
permanently attenuating the polymer in zones of 25  continuity, thereby
forming the fibrils, forming minute voids between coated particles, and
creating a network of interconnected micropores. Such permanent attenuation
also renders the article permanently translucent. Also on stretching, if
the compound is not removed, the compound remains coated on or surrounds,
at least partially, the surfaces of the resultant thermoplastic polymer
particles. The degree of 



coating, of course, depends upon the affinity of the compound for the
surface of the polymer particle, 30  whether the compound is a liquid or
solid, whether stretching dislodges or disrupts the coating, and upon other
relevant factors. The particles are usually at least partially coated after
stretching. Substantially all of the particles appear to be connected by
fibrils. The size of the micropores is easily controlled by varying the
degree of stretching, the amount and type of nucleating agent employed, the
amount of additive compound employed, melt-quench conditions, compound
removal, and heat stabilization procedures. For 35  the most part, the
fibrils do not appear to be broken by stretching, but they are permanently
stretched beyond their elastic limit so that they do not elastically
recover to their original position when the stretching force is released.
As used herein, "stretching" means such stretching beyond the elastic limit
so as to introduce permanent set or elongation of the article. By contrast,
assignee's U.S. Patent No. 4,206,980 (Krueger), issued June 10, 1980,
discloses films without nucleating agents having fibrils not stretched 40
beyond the elastic limit in order to preserve the reversibly
transparent-translucent feature of the films described in that patent. The
articles and materials of the present invention have a microporous
structure characterized by a multiplicity of spaced (i.e., separated from
one another), randomly dispersed, non-uniform shaped, equiaxed particles of
thermoplastic polymer connected by fibrils, with nucleating agent in the
interior of the particles. 45  (Equiaxed means having approximately equal
dimensions in all directions.) If the additive compound is not removed, the
particles of thermoplastic polymer are also coated with the compound. The
preferred article according to the present invention is in the form of a
sheet or film, although other article shapes are contemplated and may be
formed. For example, the article may be in the form of a tube or filament.
Other shapes which can be made according to the disclosed process are also
intended to be so  within the scope of the invention. Because a nucleating
agent is used to form the microporous materials of the present invention,
much greater amounts of additive compound can be used relative to the
thermoplastic polymer forming the microporous materials. Moreover, the
resultant microporous materials can be made to have a relatively higher
degree of porosity than if no nucleating agent were used, because much
greater stretching of the 55  materials can be achieved. As a result, the
microporous materials of the present invention have a broader base of
useful porous and physical properties. Further, because a nucleating agent
is employed in the present invention, the resultant particles of
thermoplastic polymer are greatly reduced in size over the size the
particles would have if no nucleating 3    EP 0 273 582 B1 agent were
employed. Because reduction in particle size results in more particles, the
number of fibrils per unit volume is also increased. Moreover, the length
of the fibrils is greatly increased when a nucleating agent is employed
because of the surprisingly greater stretchability which can be achieved.
Additionally, the tensile strength of the resultant microporous materials
is greatly increased. Hence, by employing a 5  nucleating agent, surprising
results are achieved, and much more useful microporous materials can be
prepared. Certain terms are used in the specification and claims herein,
that are well known for the most part, but may require some explanation. 



Thus, it will be understood that, when referring to the thermoplastic
polymer as being "crystallized," this to means that it is at least
partially crystalline. Crystalline structure in melt processed
thermoplastic polymers is well understood by those skilled in the art. It
will be further understood that the term "thermoplastic polymer" refers
only to conventional polymers which are melt processable under ordinary
melt processing conditions. The term "thermoplastic polymer" is not
intended to include polymers characterized by including solely perfluoro
monomeric units, e.g., perfluoroethylene units, such as
polytetrafluoroethylene 15 (PTFE) which, under extreme conditions, may be
thermoplastic and rendered melt processable. The term "melting temperature"
refers to the temperature at which the polymer in a blend of polymer,
blending compound, and nucleating agent will melt. The term
"crystallization temperature" refers to the temperature at which the
polymer in the blend will crystallize. The term "equilibrium melting point"
refers to the commonly accepted melting temperature of the pure polymer, as
may be available in published 20  references. The melting and
crystallization temperature of a thermoplastic polymer, in the presence of
a blending compound and a nucleating agent, is influenced by both an
equilibrium and a dynamic effect. At equilibrium between liquid and
crystalline polymer, thermodynamics require that the chemical potentials of
the polymer repeating unit in the two phases be equal. The temperature at
which this condition is satisfied is referred to 25 as the melting
temperature, which will depend upon the composition of the liquid phase.
The presence of impurities (such as the blending compound) in the liquid
phase will lower the chemical potential of the polymer repeating units in
that phase. Therefore, a lower melting temperature is required to
reestablish the condition of equilibrium, resulting in what is known as a
melting temperature depression. Moreover, the nucleating agent serves to
initiate a greater number of crystallization sites, thereby speeding up the
30 crystallization process. The crystallization temperature and melting
temperature are equivalent at equilibrium. However, at nonequilibrium
conditions, which are normally the case, the crystallization temperature
and melting tem- perature are dependent on the cooling rate and heating
rate, respectively. Consequently, the terms "melting temperature" and
"crystallization temperature," when used herein, are intended to include
the equilibrium 35 effect of the blending compound and nucleating agent as
well as the dynamic effect of the rate of heating or cooling. Brief
Description of the Drawings 40     Figure 1 is a schematic illustration of
an apparatus that may be used to practice the methods of the present
invention in order to produce microporous materials in accordance with the
present invention. Figure 2 is a photomicrograph (taken for purposes of
comparison) of the surface structure of a polypropylene microporous sheet,
made using mineral oil as the additive compound, but without the benefit of
a nucleating agent, which microporous sheet has been stretched 10% in one
direction. The left half of the 45 photomicrograph is shown at a
magnification of 1000X, and a portion of the left half (identified by a
small rectangular border within the left half) is further enlarged to a
magnification of 10,OOOX and is presented as the right half of the
photomicrograph in order to show further detail of the surface structure of
the microporous sheet. The bar marker placed in the lower right corner of
the right half of the photomicrograph (solid white line followed by a
double dash) is a scale marker to indicate length. Thus, in Figure 2, as
well 50 as in each of Figures 4, 6, 8, 10, 12, and 14, the solid white line
portion of the bar marker represents 10 micrometers in the left half and 1
micrometer in the right half of the photomicrograph. Figure 3 is a
photomicrograph of the internal structure of the microporous sheet of
Figure 2 taken along a cross section of the microporous sheet and shown at
a magnification of 1500X. The bar marker placed in 



the lower right corner of the photomicrograph (solid white line followed by
a double dash) is a scale marker 55 to indicate length. Thus, in Figure 3,
as well as in each of Figures 5, 7, 9, 11, 13, and 15, the solid white line
portion of the bar marker represents 10 micrometers. Figure 4 is a
photomicrograph of the surface structure of a polypropylene microporous
sheet made in accordance with the present invention, that is, using a
nucleating agent along with mineral oil as the additive 4    EP 0 273 582
B1 compound, which microporous sheet has been stretched 10% in one
direction. The left half of the photomicrograph is shown at a magnification
of 1000X, and a portion of the left half (identified by a small rectangular
border within the left half) is further enlarged to a magnification of
10,000X and is presented as the right half of the photomicrograph in order
to show further detail of the surface structure of the 5  microporous
sheet. Figure 5 is a photomicrograph of the internal structure of the
microporous sheet of Figure 4 taken along a cross section of the
microporous sheet and shown at a magnification of 1500X. Figure 6 is a
photomicrograph of the surface structure of a polypropylene microporous
sheet made with a nucleating agent in the same fashion as the microporous
sheet of Figure 4, except that the microporous 10  sheet of this Figure 6
has been biaxially stretched 1.5 x 1.5 for a total area increase of 125%.
The left half of the photomicrograph is shown at a magnification of 1000X,
and a portion of the left half (identified by a small rectangular border
within the left half) is further enlarged to a magnification of 10,000X and
is presented as the right half of the photomicrograph in order to show
further detail of the surface structure of the microporous sheet. 15
Figure 7 is a photomicrograph of the internal structure of the microporous
sheet of Figure 6 taken along a cross section of the microporous sheet and
shown at a magnification of 1500X. Figure 8 is a photomicrograph of the
surface structure of a polypropylene microporous sheet made with a
nucleating agent in the same fashion as the microporous sheet of Figure 4,
except that the microporous sheet of this Figure 8 has been biaxially
stretched 2.0 x 2.0 for a total area increase of 300%. The left half 20  of
the photomicrograph is shown at a magnification of 1000X, and a portion of
the left half (identified by a small rectangular border within the left
half) is further enlarged to a magnification of 10,000X and is presented as
the right half of the photomicrograph in order to show further detail of
the surface structure of the microporcus sheet. Figure 9 is a
photomicrograph of the internal structure of the microporous sheet of
Figure 8 taken along 25 a cross section of the microporous sheet and shown
at a magnification of 1500X. Figure 10 is a photomicrograph of the surface
structure of a polypropylene microporous sheet made with a nucleating agent
in the same fashion as the microporous sheet of Figure 4, except that the
microporous sheet of this Figure 10 has been biaxially stretched 2.5 x 2.5
for a total area increase of 525%. The left half of the photomicrograph is
shown at a magnification of 1000X, and a portion of the left half 30
(identified by a small rectangular border within the left half) is further
enlarged to a magnification of 10,000X and is presented as the right half
of the photomicrograph in order to show further detail of the surface
structure of the microporous sheet. Figure 11 is a photomicrograph of the
internal structure of the microporous sheet of Figure 10 taken 



along a cross section of the microporous sheet and shown at a magnification
of 1500X. 35     Figure 12 is a photomicrograph of the surface structure of
a polypropylene microporous sheet made with a nucleating agent in the same
fashion as the microporous sheet of Figure 4, except that the microporous
sheet of this Figure 12 has been biaxially stretched 3.0 x 3.0 for a total
area increase of 800%. The left half of the photomicrograph is shown at a
magnification of 1000X, and a portion of the left half (identified by a
small rectangular border within the left half) is further enlarged to a
magnification of 10,000X 40  and is presented as the right half of the
photomicrograph in order to show further detail of the surface structure of
the microporous sheet. Figure 13 is a photomicrograph of the internal
structure of the microporous sheet of Figure 12 taken along a cross section
of the microporous sheet and shown at a magnification of 1500X. Figure 14
is a photomicrograph of the surface structure of a polypropylene
microporous sheet made 45  with a nucleating agent in the same fashion as
the microporous sheet of Figure 4, except that the microporous sheet of
this Figure 14 has been biaxially stretched 3.5 x 3.5 for a total area
increase of 1125%. The left half of the photomicrograph is shown at a
magnification of 1000X, and a portion of the left half (identified by a
small rectangular border within the left half) is further enlarged to a
magnification of 10,000X and is presented as the right half of the
photomicrograph in order to show further detail of the 50  surface
structure of the microporous sheet. Figure 15 is a photomicrograph of the
internal structure of the microporous sheet of Figure 14 taken along a
cross section of the microporous sheet and shown at a magnification of
1500X. Detailed Description of the Preferred Embodiments 55 Crystallizable
polymers suitable for use in the preparation of microporous materials
within the scope of the present invention are well-known and readily
commercially available. The useful polymers are melt processable under
conventional processing, conditions. That is, on heating, they will easily
soften and/or    EP 0 273 582 B1 melt to permit processing in conventional
equipment, such as an extruder, to form a sheet. Crystallizable polymers,
upon cooling their melt under controlled conditions, spontaneously form
geometrically regular and ordered chemical structures. Preferred
crystallizable polymers for use in the present Invention have a high degree
of crystallinity and also possess a tensile strength of at least about 70
kg/[err] (1000 psi). 5     Examples of suitable crystallizable polymers
include addition polymers such as polyolefins and condensation polymers
such as polyamides. Useful polyolefins preferably include the polymers of
ethylene and propylene, but also may include 1-octene, styrene, and the
like, the copolymers of two or more such olelins that may be polymerized to
contain crystalline and amorphous segments, and mixtures of stereo-
specific modification of such polymers, e.g., mixtures of isotactic
polypropylene and atactic polypropylene, 10 or  of  isotactic  polystyrene
and  atactic  polystyrene.  Useful  polyamides  include  polyhex-
amethyleneadipamide, polyhexamethylenesebacamide, and polycaprolactam.
Another useful polymer is polyvinylidene fluoride. Compounds suitable for
blending with the crystallizable polymer to make the microporous materials
of the present invention are, at room temperature, liquids or solids in
which the crystallizable polymer will 15 dissolve to form a solution at the
melting temperature of the crystallizable polymer, but will phase separate 



on cooling at or below the crystallization temperature of the
crystallizable polymer. Preferably, these compounds have a boiling point at
atmospheric pressure at least as high as the melting temperature of the
crystallizable polymer. However, compounds having lower boiling points may
be used in those instances where superatmospheric pressure may be employed
to elevate the boiling point of the compound to a 20 temperature at least
as high as the melting temperature of the crystallizable polymer.
Generally, suitable compounds have a solubility parameter and a hydrogen
bonding parameter within a few units of the values of these same parameters
for the crystallizable polymer. Some examples of blends of crystallizable
polymers and blending compounds which are useful in preparing microporous
materials in accordance with the present invention include: polypropylene
with 25 mineral oil, dioctylphthalate, or mineral spirits; polyethylene
with mineral oil or mineral spirits; polypropylene-polyethylene copolymer
with mineral oil; nylon (e.g., nylon 6-11) with triethylene glycol; and
polyvinylidene fluoride with dibutyl phthalate. A particular combination of
polymer and blending compound may include more than one polymer, i.e., a
mixture of two or more polymers and/or more than one blending compound.
Mineral oil and mineral spirits 30  are examples of mixtures of blending
compounds, since they are typically blends of hydrocarbon liquids.
Similarly, blends of liquids and solids may also serve as the blending
compound. Optionally, if desired, the polymer may include blended therein
certain conventional additive materials, which materials should be limited
in quantity so as not to interfere with the formation of the microporous
material and so as not to result in unwanted exuding of the additive. Such
additives may include, for example, antistatic materials, 35 dyes,
plasticizers, UV absorbers, and the like. When used, the amount of such
conventional additive is typically less than about 10% of the weight of the
polymer component, and preferably less than about 2% by weight. The
nucleating agent employed in the present invention serves the important
functions of inducing crystallization of the polymer from the liquid state
and enhancing the initiation of polymer crystallization 40  sites so as to
speed up the crystallization of the polymer. Thus, the nucleating agent
employed must be a solid at the crystallization temperature of the polymer.
Because the nucleating agent serves to increase the rate of crystallization
of the polymer, the size of the resultant polymer particles or spherulites
is reduced. Many unexpected and surprising benefits are achieved when using
such a nucleating agent. First, it has been found that the usage of a
nucleating agent allows for much greater quantities of 45 additive compound
to be used, relative to the amount of thermoplastic polymer used, in
forming the microporous materials of the present invention. In this regard,
it has been found that, by using a nucleating agent in accordance with the
present invention, the compound to polymer ratio of the microporous
materials can be increased by up to about 250% of the maximum compound to
polymer ratio that the microporous materials would have if no nucleating
agent were present. As a result, different microporous materials than 50
heretofore possible may be created by using the present invention. A second
advantage of the microporous materials prepared by using a nucleating agent
is that these oriented microporous materials have a surprisingly higher
degree of porosity than would be achieved if no nucleating agent were
employed, and the microporous materials prepared may be stretched to a
surpris- ingly greater degree. In fact, the present invention makes it
possible to prepare microporous materials 55 which may be stretched to an
area increase of over 1100%, which microporous materials could not even be
prepared and stretched 10% without crumbling to the touch by techniques
heretofore employed, such as those disclosed in U.S. Patent No. 4,539,256.
Thus, the present invention provides methods for preparing a broader range
of useful microporous materials having a wider variety of porous and
physical properties. 



6    EP 0 273 582 B1 As mentioned, when employing a nucleating agent in
accordance with the present invention, the particles of thermoplastic
polymer in the resultant microporous material are greatly reduced in size.
For example, it has presently been found that the size of the particles can
be reduced by at least up to 85% of the size said particles would have if
no nucleating agent were present. For polypropylene, particle sizes of 5
0.1 to 5.0 micrometers have been achieved, with average particle sizes of 2
micrometers or less being typical. It will be understood, however, that the
precise particle size obtained will be dependent upon the precise additive,
component concentrations, and processing conditions employed. Moreover, the
number of fibrils per unit volume and the length of the fibrils are
dramatically increased by using a nucleating agent. In this regard, it has
been found that the number of fibrils per unit volume may be increased by
up to 815% 10  and that the length of the fibrils may be increased by up to
700% than if no nucleating agent were used. One of the most surprising and
beneficial results of the microporous materials made using a nucleating
agent in accordance with the present invention is the excellent
stretchability and tensile strength improve- ments of the microporous
materials. In this regard, it has presently been found that the
stretchability of the resultant microporous material may be increased so
that the total area of the material can be increased by is  up to 1125%,
and that the tensile strength may be increased by up to 295% of the tensile
strength that would be characteristic of the same microporous material made
without a nucleating agent. Clearly, the dramatic increase in the
stretchability of the microporous materials made possible by using a
nucleating agent provides the way for the preparation of a multiplicity of
microporous materials heretofore unknown. Some examples of nucleating
agents which have been found useful for purposes of the present 20
invention include aryl alkanoic acid compounds, benzoic acid compounds, and
certain dicarboxylic acid compounds. In particular, the following specific
nucleating agents have been found useful: dibenzylidine sorbitol, titanium
dioxide (TiO2), talc, adipic acid, benzoic acid, and fine metal particles.
It will be understood that the foregoing nucleating agents are given by way
of example only, and that the foregoing list is not intended to be
comprehensive. Other nucleating agents which may be used in connection with
thermoplas- 25  tic polymers are well known, and may also be used to
prepare microporous materials in accordance with the present invention. A
melt blended mixture of the thermoplastic polymer, additive compound, and
nucleating agent is first prepared. As used herein, the term "melt blended
mixture" refers to the polymer, compound, and nucleating agent blend,
wherein at least the polymer and compound are in the molten, semi-liquid,
or liquid 30  state. The nucleating agent in such a melt blended mixture
may either be in the liquid state or in the solid state, depending upon the
nucleating agent employed. All that is important is that, upon reaching the
crystallization temperature of the thermoplastic polymer, the nucleating
agent should, at that time, be in a solid state so as to be capable of
inducing crystallization of the polymer. Hence, where the nucleating agent
is a solid above the crystallization temperature of the polymer, the "melt
blended mixture" is truly a mixture 35  of liquid and solid, whereas if the
nucleating agent is a liquid at some point above the crystallization
temperature of the polymer, the "melt blended mixture" may in fact be a
liquid solution of polymer, compound, and nucleating agent. The melt
blended mixture comprises from 15 to 80 parts by weight of the
crystallizable thermoplastic 



polymer and 85 to 20 parts by weight of the blending compound. The
nucleating agent represents from 01 40  to 5 parts by weight per 100 parts
by weight of said thermoplastic polymer with the more presently preferred
range being from about 0.2 to 2 parts by weight. The melt blended mixture
is prepared as follows. First, the nucleating agent and the thermoplastic
polymer are dry blended as solids, preferably at room temperature. To this
polymer/nucleating mixture is added the blending compound, and the combined
mixture is heated to at least the melting temperature of the crystallizable
polymer. 45    It will be appreciated that the nucleating agent could
alternatively be mixed with the blending compound first, or the polymer and
blending compound could be first mixed together with the nucleating agent
being added subsequently thereto, the order of mixing these components not
being critical. Moreover. for ease in handling the melt blended mixture and
in casting the same, it is convenient to initiate the formation of the melt
blended mixture by heating the mixture at a temperature in the range of
[err] to [err] above the so  melting temperature of the crystallizable
polymer. Microporous materials of the present invention may be prepared by
casting a shaped article such as a sheet or layer from the melt blended
mixture comprising the crystallizable polymer, blending compound, and
nucleating agent. Depending upon the particular polymer employed, the cast
article is cooled in a quench bath at an appropriate temperature,
preferably between 60 C and 225 C below the equilibrium 55  melting point
of the pure crystallizable polymer, to provide a proper cooling rate. (For
example, for pure polypropylene having an equilibrium melting point of
[err] a cooling temperature between 40 C and 60 C is employed.) Some minor
degree of experimentation may be required to identify the appropriate
temperature range which produces optimum phase separation for a particular
polymer/blending 7    EP 0 273 582 B1 compound/nucleating agent system,
this being well within the capability of those skilled in the art once
apprised of the present disclosure. The attainment of the microporous
materials of the present invention is dependent upon the rate of cooling
and the type and amount of nucleating agent employed. During cooling, heat
is removed from the 5  melt blended mixture until the crystallization
temperature of the crystallizable polymer in the melt blended mixture is
reached, and solidification and phase separation of the polymer can begin.
Cooling temperatures greater than [err] below the equilibrium melting point
of the pure crystallizable polymer cause too rapid quenching of the melt
blended mixture and can result in single phase films, which, although
strong and transparent, are substantially incapable of being rendered
uniformly microporous by stretching. Cooling at 10  temperatures of less
than 60 C below the equilibrium melting point of the pure crystallizable
polymer provides for too slow of a phase separation (crystallization) of
the crystallizable polymer with the resultant formation of relatively
larger spherulites, thereby resulting in articles which are weak. However,
the use of a nucleating agent in accordance with the present invention
substantially accelerates the crystallization of the polymer, thereby
resulting in a more uniform, stronger microstructure 15 because of the
reduced spherulite size. The smaller, more uniform microstructure has an
increased number of tie fibrils per unit volume and allows for greater
stretching of the materials so as to provide higher void porosity and
greater tensile strength than heretofore achievable. Reference will now be
made to the apparatus of Figure 1 in order to illustrate one preferred
method for 



practicing the present invention. The crystallizable thermoplastic polymer
and nucleating agent are first dry 20  blended together at room temperature
and then introduced into the hopper 12 of an extruder apparatus 10. The
blending compound is fed by a suitable feeding device 13 into the extruder
10 via a port 11 in the extruder wail intermediate the hopper 12 and an
extruder exit 17. The extruder preferably has three zones, 14, 15, and 16
which are respectively heated at decreasing temperatures towards the
exhuder exit 17. A slot die 19, having a slit gap of 25 to 1000
micrometers, is positioned after the extruder. It is also preferable 25  to
utilize a suitable mixing device such as a static mixer 18 between the
extruder exit 17 and the slot die 19. In passing through the extruder (and
where used, the static mixer) the mixture of polymer, blending compound,
and nucleating agent is heated to a temperature at or at least 25 C above
the melting temperature of the crystallizable polymer (but below the
thermal degradation temperature of the polymer), and is mixed to form a
melt blended mixture that is extruded through the slot die 19 as a layer 25
into a 30  liquid quench bath 20 maintained at a suitable temperature below
the crystallization temperature of the crystallizable polymer using a
suitable coolant, e.g., water. In some instances, e.g., where nylon is
employed as the polymer, it is necessary to cool the solution in the
extruder before it reaches the die to a temperature as much as [err] cooler
than the equilibrium melting point of the pure polymer, in order to obtain
phase separation in the sheet. The cooled film is then led from the quench
bath 20 to an additive 35  removal bath 21 containing a solvent capable of
dissolving the additive compound. (For example, 1,1,1- trichloroethane may
be used in bath 21 where the additive compound to be removed is mineral
oil.) The film is then directed to a machine-direction stretching device 22
and a transverse direction stretching device 23, and then to a take-up
roller 24 for winding into a roll. Stretching in two directions as done by
the apparatus of Figure 1 is, of course, optional. 40     The films of the
present invention preferably possess a tensile strength of at least 10
kg/[err] and usually 50 kg/cm2 or higher, depending upon the tensile
strength of the crystallizable polymer employed, the zones of continuity,
the extent of stretching, and the various process conditions. The articles
are rendered microporous by stretching until micropores are permanently
developed or formed, typically to obtain at least an increase in length
(elongation) of about 10%. Stretching to provide an 45  elongation or total
area increase of 10% to 1200% is typical. The actual amount of stretching
required will depend upon the particular composition of the article and the
degree of porosity desired. Stretching may be provided by any suitable
device which can provide stretching in at least one direction, and may
provide stretching both in that direction and in the transverse direction.
Stretching should be uniform to obtain uniform and controlled porosity. so
The microporous sheet materials of the present invention, are preferably
dimensionally stabilized according to conventional, well known techniques,
such as by heating the stretched sheet, while it is restrained, at a heat
stabilizing temperature. Referring to the photometer shown in Figures 2-15,
the microporous materials made with a nucleating agent in accordance with
the present invention (shown in Figures 4-15) may be compared with a ss
microporous material made without such a nucleating agent (shown in Figures
2-3). (It should be noted that the blending compound had been removed prior
to taking the photometer of each of Figures 2-15.) As shown in Figures
4-15, the microporous materials of the present invention are composed of
randomly dispersed, equiaxed, non-uniform shaped particles of thermoplastic
polymer, which are considerably smaller    



EP 0 273 582 B1 than the polymer particles of the microporous material
shown in Figures 2-3 where no nucleating agent was involved. Figures 4-15
also shown that the particles are spaced from one another to provide a
network of micropores therebetween, with particles being connected to each
other by fibrils which radiate from each particle to adjacent particles.
Advantageously, the number of fibrils per unit volume and the length of
fibrils 5  is greatly enhanced in the microporous materials of Figures 4-15
over the material of Figures 2-3. The additive compound may be removed from
the microporous sheet to provide a unique microporous sheet material formed
only of the polymeric material with nucleating agent incorporated therein.
Removal of the compound may be accomplished by solvent extraction,
volatilization, or any other convenient method. Once the compound has been
removed, the resultant microporous sheet may be imbibed, if desired, with
10 various materials to provide any one of a variety of specific functions,
thereby providing unique articles. For example, the imbibing material may
be a liquid, solvent solution, solvent dispersion, or solid. Such materials
may be imbibed by any one of a number of known methods which result in the
deposition of such materials within the porous structure of the microporous
sheet. Some imbibing materials are merely physically placed within the
microporous sheet. In some instances, the use of two or more reactive
components as the 15  imbibing materials permits their reaction within the
microporous sheet structure. Examples of imbibing materials which might be
employed in the present invention include medicaments, fragrances,
antistatic agents, surfactants, pesticides, and solid particulate materials
such as activated carbon and pigments. Certain materials, such as
antistatic agents or surfactants, may be imbibed without first effecting
removal of the compound. 20.    The microporous sheet material, either
before or after removal of the additive compound, may be further modified
by the deposition thereon of any one of a variety of compositions, by any
one of a variety of known coating or deposition techniques. For example,
the microporous sheet material may be coated with metal by vapor deposition
or sputtering techniques, or it may be coated with adhesives, aqueous or
solvent-based coaling compositions, or dyes. Coating may be accomplished by
such other conventional 25 techniques such as roll coating, spray coating,
dip coating, or any other known coating techniques. Sheets of the
microporous material may be coated, for example, with an antistatic
material by conventional wet coating or vapor coating techniques. The
microporous sheet materials of the present invention may be laminated to
any one of a variety of other structures, such as other sheet materials, to
provide composite structures which include the 30 microporous sheet
materials of the present invention. Lamination can be accomplished by
conventional techniques such as adhesive bonding, spot welding, or by other
techniques which do not destroy or otherwise interfere with the porosity or
create undesirable porosity or perforations. The microporous materials of
the present invention may be employed in a wide variety of situations where
their microporous structures are useful. For example, they may be used in
the ultrafiltration of 35  colloidal matter, as diffusion barriers, or as
separators in electrochemical cells. Further, they may be laminated to
other materials and the laminate may be utilized to form such articles as
raincoats or other outerwear or camping equipment such as tents and
sleeping bags. The microporous sheets of the present invention may also be
laminated to a woven cloth or a nonwoven fabric such as a nonwoven scrim,
which may be used to produced a disposable protective garment for use, for
example, in a hospital or in an 40 electronic clean room or in other areas
such as where caustic chemical spills may be a problem. The microporous
sheet materials may be further utilized as filtering materials for cleaning
antibiotics, beer, oils, bacteriological broths, for sample collection in
air analysis, and for collecting microbiological specimens. 



They may also be utilized to make surgical dressings, bandages, and in
other medical applications. Those of ordinary skill in the art will
recognize that there are many other uses for microporous materials made in
45 accordance with the present invention. The following examples are given
to show microporous materials which have been made in accordance with the
present invention. Unless otherwise specified, all parts and percentages
set forth in the following examples are by weight. As indicated herein, the
use of a nucleating agent in accordance with the present invention
significantly 50 reduces the polymer spherulite size that forms upon
crystallization of the melt blended mixture. As an unexpected result,
significantly higher additive compound concentrations can be employed in
the polymer/additive compound systems of the present invention. The
following Examples 1-8 illustrate this effect of increasing the possible
additive compound concentration when using a nucleating agent. 55 Examples
1-8 In Examples 1-4, which are comparative examples, four different
molecular weight samples of crystalliz- able polypropylene polymer (having
molecular weights of 106,000, 132,000, 240,000, and 243,000, respec- 9
EP 0 273 582 B1 tively, and available under the trade designations Exxon
3085, Exxon 3014, Pro-fax 6823, and Pro-fax 6723, respectively, from Exxon
Chemicals, Houston, Texas and Himont Incorporated, Wilmington, Delaware)
were separately extruded at a melt temperature of about [err] on a
Berstorif 40 mm twin screw extruder fitted with a 30.5 cm by 0.04 mm slit
gap sheeting die positioned above a water quench tank maintained at about 5
37.8 C. The polypropylene sample in each of Examples 1-4 was fed into the
extruder, and the extruder was operated at about a 227 cm/min throughput
rate to produce a film collected at the rate of about 7.6 meters per
minute. Simultaneously, mineral oil (available under the trade designation
Amoco White Mineral Oil #31 USP Grade from Amoco Oil Co.), having a boiling
point of about 200  C and a viscosity of 8 x [err] (80 centistokes
(standard Saybolt viscosity of about 360-390)) at [err] was introduced into
the twin screw to  extruder through an injection port at a rate such that
the highest possible mineral oil concentration was mixed with the
polypropylene sample that would still provide a useful film. (A useful film
is considered one that can be oriented in one direction to at least 10%
without breaking or crumbling to the touch.) Each polypropylene/mineral oil
melt was extruded in film form and was stretched 10% in order to show that
a useful film was produced. Then each film was soaked in
1,1,1-trichloroethane for about 2 minutes in a 15 restraining device in
order to remove the mineral oil, and dried at room temperature. The maximum
percent of mineral oil which could be mixed with each polypropylene sample
and still produce a useful film is reported in Table I below, along with
other pertinent data regarding Examples 1-4. 25 30 35 40 45 50 55 



10    EP 0 273 582 B1 [err] In each of Examples 1-4, the molecular weight
of the polypropylene polymer was determined by gel permeation
chromatography (GPC) using a Jordi ultra high mixed bed column on a Waters
.150 C high ss  temperature chromatograph. In this regard, the molecular
weight was determined by employing a polysty- rene calibration curve
converted to polypropylene-polyethylene equivalent molecular weight. Thus,
the values reported in Table I (as well as Table II) are weight average
molecular weights.    EP 0 273 582 B1 As stated, Examples 1-4 are merely
comparative examples, and should be compared against Examples 5-8 which
involve the use of a nucleating agent in accordance with the present
invention. Hence, Examples 5, 6, 7, and 8 were conducted identically to
Examples 1, 2, 3, and 4, respectively, with the sole exception that a
nucleating agent was employed in each of Examples 5-8. For this purpose,
about 0.30% by weight of 5  a dibenzylidine sorbitol nucleating agent
(available from Milliken Chemical under the trade designation Millad 3905)
was dry blended with the polypropylene polymer before introducing the
polymer into the extruder. Again, the highest possible mineral oil
concentrations were determined where a useful film was formed. The results
of Examples 5-8 are reported in Table II below. 10 15 25 30 35 40 45 50 55
12    EP 0 273 582 B1 [err] It should be noted that in Table II above, the
small percentage of nucleating agent employed was ignored in calculating
the polymer and mineral oil percentages and compound/polymer ratios. As
seen by 55  comparing the results tabulated in Tables I and 11, the amount
of mineral oil additive which could be employed in making the microporous
sheets of Examples 5-8 increased dramatically when using a nucleating agent
in accordance with the present invention. It is noted, for example, that
the compound to 



polymer ratio for Example 6 employing a nucleating agent in accordance with
the present invention was 13    EP 0273582 B1 about 247% of the compound to
polymer ratio calculated for corresponding comparative Example 2. Hence, a
dramatic increase in the amount of compound is achieved by using a
nucleating agent, thereby providing the capability of producing a wide
variety of microporous materials with a wide variety of useful porosity
ranges and other properties which were heretofore not possible. 5     The
photomicrographs of Figures 4-15 illustrate the smaller particle sizes and
increased number of tie fibrils per unit volume which are obtained when
using a nucleating agent in accordance with the present invention. From
these photomicrographs, it is estimated that the use of a nucleating agent
serves to reduce the particle size by up to at least 85%, to increase the
number of fibrils per unit volume up to at least 815%, and to increase the
length of the fibrils by up to at least 700%. These surprising benefits are
at least 10 in part responsible for the greater stretchability of the
microporous materials of the present invention. The following Example 9
emphasizes the dramatic increase in stretchability of the microporous
material which is achieved in the present invention. Example 9 15 In this
example, a microporous material within the scope of the present invention
was made in accordance with Example 7, with the sole exception that 52.6%
mineral oil was used in this example. (As in Example 7, 0.30% of the
dibenzylidine sorbitol (Millad 3905) nucleating agent was employed, and the
remainder was polymer.) All other conditions were identical to those used
in Example 7. The resultant films 20 from this example, as well as films
from Example 3 (for comparison purposes), were solvent washed in 1,1 1-tris
for five minutes in a restraining device to remove the mineral oil, and
were then dried at room temperature. Two films prepared in accordance with
Example 3 (films A and B) and six films prepared in accordance with this
Example 9 (films C-H) were stretched different degrees at about [err] in
order to compare the various porous and physical properties of films C-H
made in accordance with the present 25 invention versus films A and B where
no nucleating agent was employed. Comparison films A and B were stretched
10% and 50% in one direction only, with film B failing or breaking during
the stretching. Film C of the present invention was stretched 10% in one
direction, and thus may be compared with comparative film A. Films D, E, F,
G, and H were stretched in two directions in order to achieve a percent
area increase of 125%, 300%, 525%, 800%, and 1125%, respectively. The
porous and other physical properties for each of 30 films A-H are reported
in Table III below. 35 40 45 50 55 14   



EP 0 273 582 B1 [err] In Table III above, the values reported for "Gurley
Seconds, are measurements of the time in seconds that it took to pass 50
[err] of air through the film according to ASTM-D-726-58 Method A. The
bubble point 55 values represent the largest effective pore size measured
in micrometers according to ASTM-F-316-80. The density is a measurement in
grams/cc and comes from the specific gravity measurement determined
according to ASTM-D-792-66. The void volume is calculated based on the
measured density of the porous membrane and the given density of the
polymer, according to the following formula: 15    EP 0 273 582 B1 Void
Volume    =   measured membrane density    100% given polymer density / The
bulk tensile strength and the percent elongation at break were measured on
an Instron Model 1122 according to ASTM-D-882. The matrix tensile strength
relates to the polymer matrix strength and is determined using the
following formula: 10 Matrix  tensile  strength   (  bulk  tensile
strength   x  100 100% -%void volume/ 15     The values reported in Table
III under "% Area Increase" represent the percentage area increase for the
films which were stretched while heated at [err] After such stretching,
each of films A-H was cooled to room temperature, and then each of the
films was again stretched in one direction according to ASTM-D- 882 until
breaking. This additional amount of stretching that the cooled films
experienced before breaking is reported in Table III under  "% Elongation
at Break." 20     As seen in Table 111, film H of Example 9 was stretched
3.5 times in each direction so as to increase its area by 1125%, yet film B
of Example 3 could not be stretched to more than a 50% area increase
without first rupturing. This dramatically illustrates the increased
stretchability which is achieved by using a nucleating agent in accordance
with the present invention. Moreover, a wide range of porosity values and
physical properties is obtained in each of films C-H, thereby providing
numerous possibilities of heretofore 25  impossible microporous films
having a wide variety of porous and physical properties. It is noteworthy
that the matrix tensile strength of film H was over 287% greater than the
matrix tensile strength of film A. Moreover, greatly increased void volumes
were achieved in films C-H, thereby providing films with greater porosity.
In order to more dramatically illustrate the surprising results achieved in
the present invention, a failed 30  example, namely, Example 4 of U.S.
Patent No. 4,539,256, was carried out using two different nucleating
agents, namely, dibenzylidine sorbitol and adipic acid, in accordance with
the present invention, and are reported as Examples 10 and 11 below.
Although U.S. Patent No. 4,539,256 reports that its Example 4 was a failure
and resulted in a film which could not be stretched without crumbling to
the touch, the films of Examples 10 and 11 below, made with a nucleating
agent in accordance with the present invention, 35  produced highly
successful microporous materials. 



Examples 10 and 11 In these examples, the procedure of Example 4 in U.S.
Patent No. 4,539,256, was followed with the 40 following exceptions. In
Example 10, about 0.30% (based on the polymer weight) of a dibenzylidine
sorbitol (Millad 3905) nucleating agent was first dry blended with the
polypropylene polymer, while about 0.30% of an adipic acid nucleating agent
was dry blended with the polypropylene polymer in Example 11. Furthermore,
a 60:40 blend of Pro-fax 6723 polypropylene polymer: mineral oil was
extruded at a melt temperature of about [err]. Also, in Examples 10 and 11,
the microporous materials were melt quenched 45  on a casting wheel
maintained at about [err] instead of in a water quench bath. Suitable
microporous films were formed in each of Examples 10 and 11, and their
properties are summarized in Table IV below. so 55 16    EP 0 273 582 B1
[err] As seen in Table IV above, the microporous films made in Examples 10
and 11 were quite successful with the film Example 10 being biaxially
stretched 3.0 x 3.0 (or 300% in both the machine direction and the 55
transverse direction), and the film of Example 11 being biaxially stretched
2.5 x 2.5 (or 250% in both directions). Note, by comparison that the film
of Example 4 from U.S. Patent No. 4,539,256 could not even be stretched 10%
in one direction without crumbling to the touch. The various other porosity
parameters set forth for the films of Examples 10 and 11 further show the
usefulness of the microporous films formed in 1 7    EP 0273582 B1 those
examples. If it is desired to increase the amount of additive compound
employed so as to vary the porous properties of the resultant microporous
film formed, it is typically desirable to use the highest available
molecular weight polymer and a low extrusion profile so as to reduce
polymer degradation. Furthermore, 5  higher compound additive
concentrations can be achieved by using lower melt temperatures, lower
quench temperatures, and alternative quench methods. These features, when
combined with the use of a nucleating agent in accordance with the present
invention, result in a useful porous film, an example of which is given
below in Example 12. 10 Example 12 In this example, a procedure identical
to that of Example 8 was followed with the following exceptions. In Example
12, an extrusion temperature of [err] was employed, and the film was cast
onto a wheel, in order to achieve quenching, at a quench temperature of
about [err] As a result, a 25:75 ratio of 243,000 15  molecular weight
polypropylene mineral oil was achieved in fabricating useful microporous
films. The lower melt temperature, lower quench temperature, and different
method of quenching used in this Example 12 are the reasons why a higher
compound additive concentration was achievable in this example over that 



achieved in Example 8. The resultant film from this example was soaked in
1,1,1-trichoroethane for five minutes in a restraining device to remove the
mineral oil, and the film was dried at room temperature. The 20  film was
then stretched 75% in one direction and had the porous characteristics set
forth in Table V below. 25 30 35 40 45 50 55 18    EP 0273582B1 [err] 5 In
Examples 13-15 below, further examples are set forth wherein a relatively
high additive compound 55 concentration was achieved using high density
polyethylene as the polymer. 19    EP 0 273 582 B1 Examples 13-15 In
Examples 13-15, a high density polyethylene polymer having a weight average
molecular weight of about 160,000 and a melt flow index of about 0.07
(available under the trade designation GM 9255 F2 from 5  American Hoechst
Company, Leominster, Massachusetts) was extruded at a melt temperature of
about 145 C on a Berstorff 40 mm twin screw extruder fitted with a 15.25 cm
x 0.04 mm slit gap sheeting die after which was positioned a chill wheel
maintained at about [err]. In each of these examples, about 0.30% by weight
(based upon the polymer weight) of a dibenzylidine sorbitol nucleating
agent (Millad 3905) was dry blended with the polyethylene polymer before
introduction of the polymer into the extruder. The 10 polyethylene/ Millad
3905 sample in each of Examples 13-15 was fed into the extruder, and the
extruder was operated at a about 14.0 kg/hr throughput rate to produce a
sheet collected at a rate of about 3.5 meters per minute. Simultaneously,
mineral oil (available under the trade designation Amoco White Mineral Oil
#31 USP Grade from Amoco Oil Co.) having a boiling point of about 200 C and
a viscosity of 8 x 10-5 [err]   (80 centistokes (stand Saybolt viscosity of
about 360-390)) at [err]  was introduced into the twin 15 screw extruder
through an injection port at a rate such that a polyethylene
polymer:mineral oil compound ratio of 24:76, 20:80, and 17:83 was achieved
in each of Examples 13, 14, and 15, respectively. After casting on the
chill wheel, each polyethylene/mineral oil/Millad 3905 film was solvent
washed in 1,1,1- trichloroethane for about 10 minutes in a restraining
device to remove the mineral oil. Each film was then dried at room
temperature and biaxially stretched 3.0 x 3.0 at 85 C. 20     Useful films
were formed in each of Examples 13-15, and various porosity parameters are
given for the 



films of these examples in Table VI below. TABLE VI 25
Polymer:Mineral            Density          % Void Example              Oil
Ratio             [err]   )       Volume 13                  24:76
0.074             92.2 30             14                   20:80
0.056             94.1 15                  17:83               0.048
94.9 As seen from Example 15, it is possible to utilize as much as 83% or
more by weight of additive 35 compound and still obtain a useful film
within the scope of the present invention. For other applications, it may
be desirable to achieve a low additive compound concentration. Example 16
below provides such an example wherein a relatively low additive compound
concentration was achieved. Example 16 40 In Example 16, a sample of
crystallizable polypropylene polymer having a molecular weight of 132,000
and available under the trade designation Exxon 3014 from Exxon Chemicals
was dry blended with about 0.25% by weight (based upon the polymer weight)
of a Millad 3905 nucleating agent. The polymer/nucleating agent mixture was
melt mixed with mineral oil at a polypropylene polymer:mineral oil 45 ratio
of about 78:22. Extrusion of the melt blended mixture was achieved at a
melt temperature of about 205 C on a 2.54 cm Wayne extruder fitted with a
3.175 cm diameter tubular film die gapped at about 0.0028 cm. The extruder
was operated at a about 42 [err]/min throughput rate to produce a tubular
film collected at a rate of about 3 m/min. The extruded film was air
quenched at room temperature, soaked in 1,1,1 -trichloroethane for about 5
minutes in a restraining device to remove the mineral oil, dried at room 50
temperature, and biaxially stretched 1.5 x 1.5 for a total area increase of
125% at a temperature of about 93 C. The resultant tubular film was found
to have useful porous properties, including a Gurley second value (to pass
50 cm3 of air) of about 527.0 and a bubble point of about 0.08 micrometers.
Nucleated polymer/compound additive blends tend to respond more rapidly to
a decrease in quench temperature than their nonnucleated counterparts.
Since the nucleating agent increases the rate of 55 crystallization of the
polymer, when coupled with a low quench or melt temperature, too rapid of a
quench may occur, resulting in a single phase film, which, although strong
and transparent, is substantially incapable of being rendered uniformly
microporous by subsequent removal of the compound additive and stretching.
Thus, some care must be given to regulate the quench temperature and melt
temperature so as 20    EP 0273582B1 not to cause too rapid of a quench.
Examples 17 and 18 below illustrate the effects of decreasing the quench
temperature for one specific polymer/compound/nucleating agent system.
Examples 17 and 18 5 In these examples, a procedure identical to that used
in Example 7 was followed with the following exceptions. In Example 17, the
melt blended mixture was quenched at [err] and in Example 18, the melt
blended mixture was quenched at [err] The resultant films were stretched
10% in one direction and then 



solvent washed in 1,1,1-trichloroethane in a restraining device to remove
the mineral oil. Table VII gives the 10 porous properties observed for
these films, and compares them to the film of Example 7 made at a quench
temperature of [err]. TABLE VII 15                                   Gurley
Quench       Seconds    Bubble Tempera-   to pass.   Point
Density   % Void Example    ture [err]          50 [err]        [err]
(g/[err])  Volume 20          7         [err]        320.9         .127
.648        28.0 17         [err]          NM           NM         .820
9.0 18         [err]         NM           MM         .886         1. 3 25
NM - not measurable according  to ASTM-D-726-5B  Method A or ASTM-F-316-80
30     As the quench temperature was decreased from 37.8 C in Example 7 to
[err] in Example 17 and to [err] in Example 18, the Gurley Seconds time
response increased beyond measurement, and the internal void volume
declined sharply. Thus, Examples 17 and 18 illustrate the need for choosing
a quench temperature for a given system which is not so low as to destroy
the desired microporous properties of the resultant material. However, it
should be understood that even the lower quench temperatures of Examples 35
17 and 18 could be suitable if other parameters were varied, e.g., if the
additive concentration and melt temperature were increased. The primary
criteria for selecting an appropriate nucleating agent for use in the
present invention are: (1) that the nucleating agent be a solid at the
crystallization temperature of the polymer in the polymer/compound/
nucleating agent blend, (2) that the nucleating agent be capable of
inducing crystalliza- 40 tion of the polymer at the crystallization
temperature, and 13) that effective size reduction of the polymer particles
over a nonnucleated system is achieved. In order to screen useful
nucleating agents that will reduce the particle size or nodule size of the
polymer as it phase separates from the compound additive in a liquid-solid
phase separation system, a simple test has been devised. This test involves
melting and mixing on a laboratory hot plate several grams 45 of the
polymer with an appropriate additive at a 30:70 to 50:50 polymer to
compound additive weight ratio with approximately 1% by weight (based on
the polymer weight) of the nucleating agent to be tested. The following
Examples 19-29 describe examples of such testing and give the results for
various nucleating agents in various polymer/compound additive systems. It
will be appreciated that, although all nucleating agents may not work for
each given polymer/compound additive system, the test outlined herein
provides a 50 simple method for determining whether or not a given
nucleating agent would be suitable for a given application of the present
invention. Examples 19-29 55    In each of Examples 19-29, about 0.02 grams
of a nucleating agent (representing about 1% of the polymer weight) were
added to about 1.8 grams of polymer and about 4.2 grams of an appropriate
compound additive (a 30:70 polymer:compound additive weight ratio), and the
combination was melt mixed on a laboratory hot plate. After melt mixing to
form a solution, each sample was water quenched at about 21  



EP 0 273 582 B1 [err] . Each sample was then soaked in 1,1,1
-trichloroethane to remove the additive, and allowed to dry. Freeze
fractured samples were viewed on a scanning electron micrograph and were
checked for polymer nodule size reduction at the same magnification as a
control nonnucleated system. Table VIII gives the results of several
polymer/compound additive/nucleating agent systems screened in this manner.
[err] 22    EP 0 273 582 B1 As seen in Table Vil, Examples 19-22 and 25-29
resulted in successful nodule size reduction, indicating that the
nucleating agents employed in those examples would be suitable for use in
making improved microporous materials from the polymers and compound
additives set forth in those examples. Although the systems of Examples 23
and 24 did not provide satisfactory nodule size reduction, other 5
nucleating agents or conditions could be tried for the same
polymer/compound additive systems set forth in those examples. Hence, it
will be seen from Examples 19-29 that only a very minor amount of
experimenta- tion is needed in order to determine whether a particular
polymer/compound additive/nucleating agent system will provide a useful and
improved microporous material and therefore fall within the scope of the
present invention. 10 Claims 1. A method of making a microporous article,
comprising the steps of: melt blending to form a mixture comprising 15 to
80 parts by weight of crystallizable thermoplastic is     polymer, 0.1 to 5
parts by weight of nucleating agent per 100 parts by weight of said
thermoplastic polymer, and 85 to 20 parts by weight of a compound with
which said thermoplastic polymer is miscible and in which said
thermoplastic polymer will dissolve at the melting temperature of said
thermoplastic polymer but which will phase separate on cooling to a
temperature at or below the crystallization temperature of said
thermoplastic polymer; 20         forming a shaped article of the melt
blended mixture; cooling said shaped article to a temperature at which said
nucleating agent initiates said crystalliza- tion sites within said
thermoplastic polymer so as to cause phase separation to occur between said
compound and said polymer, thereby providing an article comprising an
aggregate of a first phase comprising particles of crystallized
thermoplastic polymer in a second phase comprising said com- 25     pound
with adjacent thermoplastic polymer particles being distinct but having a
plurality of zones of continuity, wherein said particles have a size which
is reduced as compared to the size said particles would have if no
nucleating agent were present; and stretching said shaped article in at
least one direction to separate adjacent particles of thermoplas- tic
polymer from one another to provide a network of interconnected micropores
therebetween and to 30     permanently attenuate the thermoplastic polymer
in said zones of continuity to form fibrils. 2. A method as defined in
claim 1 wherein the average size of said particles is 2 [err] (microns) or
less. 



3. A method as defined in any one of claims 1 and 2 wherein said stretching
step comprises biaxially 35     stretching said shaped article. 4. A method
as defined in any preceding claim wherein said stretching step provides an
area increase in said shaped article of from 10% to 1200% over the original
area of said shaped article. 40  5. A method as defined in any preceding
claim further comprising the step of removing said compound. 6. A method as
defined in any preceding claim further comprising the step of dimensionally
stabilizing said stretched article by heating the stretched article, while
it is restrained, to a heat stabilizing temperature. 45 7. A method as
defined in any preceding claim wherein said nucleating agent is selected
from the group consisting of aryl alkanoic acid compounds, benzoic acid
compounds, and dicarboxylic acid com- pounds. so  8. A method as defined in
any one of claims 1 to 6 wherein said nucleating agent is dibenzylidine
sorbitol. 9. A method as defined in any one of claims 1 to 6 wherein said
nucleating agent is selected from the group consisting of titanium dioxide,
talc, adipic acid, benzoic acid, and fine metal particles. 55  10. A
microporous material comprising 15 to 80 parts by weight of crystallizable
thermoplastic polymer, 0.1 to 5 parts by weight of a nucleating agent which
is capable of inducing crystallization of said thermoplastic polymer per
100 parts per weight of said thermoplastic polymer, and 85 to 20 parts by
weight of a compound with which said thermoplastic polymer is miscible and
in which said thermoplas- 23    EP 0 273 582 B1 As seen in Table VIII,
Examples 19-22 and 25-29 resulted in successful nodule size reduction,
indicating that the nucleating agents employed in those examples would be
suitable for use in making improved microporous materials from the polymers
and compound additives set forth in those examples. Although the systems of
Examples 23 and 24 did not provide satisfactory nodule size reduction,
other 5  nucleating agents or conditions could be tried for the same
polymer/compound additive systems set forth in those examples. Hence, it
will be seen from Examples 19-29 that only a very minor amount of
experimenta- tion is needed in order to determine whether a particular
polymer/compound additive/nucleating agent system will provide a useful and
improved microporous material and therefore fall within the scope of the
present Invention. 10 Claims 1. A method of making a microporous article,
comprising the steps of: melt blending to form a mixture comprising 15 to
80 parts by weight of crystallizable thermoplastic 15     polymer, 0.1 to 5
parts by weight of nucleating agent per 100 parts by weight of said
thermoplastic polymer, and 85 to 20 parts by weight of a compound with
which said thermoplastic polymer is miscible and in which said
thermoplastic polymer will dissolve at the melting temperature of said
thermoplastic polymer but which will phase separate on cooling to a
temperature at or below the crystallization temperature of said
thermoplastic polymer; 20        forming a shaped article of the melt
blended mixture; 



cooling said shaped article to a temperature at which said nucleating agent
initiates said crystalliza- tion sites within said thermoplastic polymer so
as to cause phase separation to occur between said compound and said
polymer, thereby providing an article comprising an aggregate of a first
phase comprising particles of crystallized thermoplastic polymer in a
second phase comprising said com- 25     pound with adjacent thermoplastic
polymer particles being distinct but having a plurality of zones of
continuity, wherein said particles have a size which is reduced as compared
to the size said particles would have if no nucleating agent were present;
and stretching said shaped article in at least one direction to separate
adjacent particles of thermoplas- tic polymer from one another to provide a
network of interconnected micropores therebetween and to 30     permanently
attenuate the thermoplastic polymer in said zones of continuity to form
fibrils. 2. A method as defined in claim 1 wherein the average size of said
particles is 2 [err] (microns) or less. 3. A method as defined in any one
of claims 1 and 2 wherein said stretching step comprises biaxially 35
stretching said shaped article. 4. A method as defined in any preceding
claim wherein said stretching step provides an area increase in said shaped
article of from 10% to 1200% over the original area of said shaped article.
40  5. A method as defined in any preceding claim further comprising the
step of removing said compound. 6. A method as defined in any preceding
claim further comprising the step of dimensionally stabilizing said
stretched article by heating the stretched article, while it is restrained,
to a heat stabilizing temperature. 45 7. A method as defined in any
preceding claim wherein said nucleating agent is selected from the group
consisting of aryl alkanoic acid compounds, benzoic acid compounds, and
dicarboxylic acid com- pounds. so  8. A method as defined in any one of
claims 1 to 6 wherein said nucleating agent is dibenzylidine sorbitol. 9. A
method as defined in any one of claims 1 to 6 wherein said nucleating agent
is selected from the group consisting of titanium dioxide, talc, adipic
acid, benzoic acid, and fine metal particles. 55  10. A microporous
material comprising 15 to 80 parts by weight of crystallizable
thermoplastic polymer, 0.1 to 5 parts by weight of a nucleating agent which
is capable of inducing crystallization of said thermoplastic polymer per
100 parts per weight of said thermoplastic polymer, and 85 to 20 parts by
weight of a compound with which said thermoplastic polymer is miscible and
in which said thermoplas-    EP 0 273 582 B1 tic polymer will dissolve at
the melting temperature of said thermoplastic polymer but will phase
separate on cooling to a temperature at or below the crystallization
temperature of said thermoplastic polymer, said microporous material having
an internal structure characterized by a multiplicity of spaced, randomly
dispersed, non-uniform shaped, equiaxed particles of said thermoplastic
polymer 5      coated with said compound, adjacent coated particles
throughout said material being separated from one another to provide said
material with a network of interconnected micropores and said adjacent
thermoplastic polymer particles being connected to each other by a
plurality of fibrils consisting of said thermoplastic polymer, said
particles containing enough of said nucleating agent such that the size of
said particles is reduced over the size said particles would have if no
nucleating agent were present. 



10 11. A microporous material as defined in claim 10 wherein the average
size of said particles is 2 [err] (microns) or less. 12. A microporous
material as defined in any one of claims 10 and 11 wherein said nucleating
agent is 15     selected from the group consisting of aryl alkanoic acid
compounds, benzoic acid compounds, and dicarboxylic acid compounds. 13. A
microporous material as defined in any one of claims 10 and 11 wherein said
nucleating agent is dibenzylidine sorbitol. 14. A microporous material as
defined in any one of claims 10 and 11 wherein said nucleating agent is
selected from the group consisting of titanium dioxide, talc, adipic acid,
benzoic acid, and fine metal particles. 25  15. A microporous material as
defined in any ono of claims 10 to 14 wherein said thermoplastic polymer is
polypropylene. 16. A microporous material as defined in any one of claims
10 to 15 wherein said thermoplastic polymer and said compound respectively,
are selected from the group consisting of: 30       (a) polypropylene and
mineral oil, dioctylphthalate or mineral spirits; (b) polyethylene and
mineral oil or mineral spirits; (c) polypropylene-polyethylene copolymer
and mineral oil; (d) nylon and triethylene glycol; and (e) polyvinylidene
fluoride and dibutyl phthalate. 35 PatentansprUche 1. Verfahren zur
Herstellung eines mikropor6sen Artikels, umfassend die Schritte:
schmelzflUssiges Mischen, um eine Mischung zu bilden, die aufweist: 15 bis
80 Gewichtsteile 40     kristallisierbares thermoplastisches Polymer, 0,1
bis 5 Gewichtsteile Nukleierungsmittel bezogen auf 100 Gewichtsteile des
thermoplastischen Polymers und 85 bis 20 Gewichtsteile einer Verbindung,
mit der das thermoplastische Polymer mischbar ist und in der sich das
thermoplastische Polymer bei der Schmelztemperatur des thermoplastischen
Polymers auflost, die jedoch beim K~hlen bis zu einer Temperatur bei oder
unterhalb der Kristallisationstemperatur des thermoplastischen Polymers
phasen- 45     getrennt ist; Bilden eines geformten Artikels der
schmelzflfissig gemischten Mischung; Kihlen des geformten Artikels auf eine
Temperatur, bei der das Nukleierungsmittel die Kristallisa- tionsstellen
innerhalb des thermoplastischen Polymers initiiert, so daB zwischen der
Verbindung und dem Polymer das Auftreten der Phasentrennung bewirkt wird,
wodurch ein Artikel geschaffen wird, der 50     ein Aggregat einer ersten
Phase mit Teilchen von kristallisiertem thermoplastischem Polymer in einer
zweiten Phase aufweist, welche die Verbindung mit angrenzenden
thermoplastischen Polymerteilchen umfaBt, die voneinander verschieden sind
und jedoch eine Mehrzahl von Kontinuitatszonen aufweisen, in welchen die
Teilchen eine Teilchengr6Be haben, die im Vergleich zur Teilchengrb~e der
Teilchen reduziert ist, die sie ohne Anwesenheit eines Nukleierungsmittels
haben warden; und 55         Strecken des geformten Artikels in mindestens
eine Richtung, um die angrenzenden Teilchen des thermoplastischen Polymers
voneinander zu trennen und ein Netzwerk von miteinander verbundenen
Mikroporen dazwischen zu bilden und das thermoplastische Polymer in den
KontinuitAtszonen in der Bildung kleiner Fasern dauerhaft zu dampfen. 



924L                                        Hi ^fi1|11ll l1 Ille    EP 0
273 582 B1 - 2. Verfahren nach Anspruch 1, bei welchem die mittlere
Teilchengr6l~e der Teilchen 2 Mikrometer oder weniger ist. 3. Verfahren
nach einem der AnsprOche 1 oder 2, bei welchem der Schritt des Streckens
biaxiales 5      Strecken des geformten Artikels umfaBt. 4. Verfahren nach
einem der vorstehenden AnsprUche, bei welchem der Schritt des Streckens in
dem Artikel eine Flachenzunahme von 10 % bis 1.200 % Ober der
ursprOnglichen Flache des geformten Artikels schafft. 10 5. Verfahren nach
einem der vorstehenden Anspruche, ferner umfassend den Schritt des
Entfernens der Verbindung. 6. Verfahren nach einem der vorstehenden
Anspriche, ferner umfassend den Schritt des Schaffens der 15
Formbestfndigkeit des gestreckten Artikels durch Erhitzen des gestreckten
Artikels wihrend des Einspannens auf eine warmestabilisierende Temperatur.
7. Verfahren nach einem der vorstehenden AnsprOche, bei welchem das
Nukleierungsmittel ausgewahIt *           wird aus der Gruppe, die
Verbindungen der Arylalkansauren, Verbindungen der Benzoesaure und der 20
Dicarbons~uren umfaflt. 8. Verfahren nach einem der AnsprUche 1 bis 6, bei
welchem das Nukleierungsmittel Dibenzylidinsorbitol ist. 25  9. Verfahren
nach einem der AnsprOche 1 bis 6, bei welchem das Nukleierungsmittel
ausgewdhlt wird aus der Gruppe, die Titandioxid, Talkum, Adipinsaure,
Benzoesaure und feine Metaliteilchen umfalt. 10. Mikroporoses Material,
umfassend 15 bis 80 Gewichtsteile kristallisierbares thermoplastisches
Polymer, 0,1 bis 5 Gewichtsteile Nukleierungsmittel, welches die
Kristallisation des thermoplastischen Polymers 30     einleiten kann,
bezogen auf 100 Gewichtsteile des thermoplastischen Polymers und 85 bis 20
Gewichtsteile einer Verbindung, mit der das thermoplastische Polymer
mischbar !st und in der sich das thermoplastische Polymer bei der
Schmelztemperatur des thermoplastischen Polymers auflost, die jedoch beim
Kuhlen bis zu einer Temperatur bei oder unterhalb der
Kristallisationstemperatur des thermoplastischen Polymers phasengetrennt
ist, wobel das mikroporose Material eine innere Struktur 35     hat, die
gekennzeichnet ist durch eine Mehrzahl von beabstandeten, wahilos
verteilten, nichtgleichf8r- mig geformten, gleichachsigen Teilchen des
thermoplastischen Polymers, die mit der genannten Verbindung beschichtet
sind, wobei angrenzende, beschichtete Teilchen im gesamten Material vonein-
K>          ander getrennt sind, um das Material mit einem Netzwerk von
miteinander verbundenen Mikroporen zu versehen und die angrenzenden
Teilchen des thermoplastischen Polymers untereinander durch eine 40
Mehrzahl von kleinen Fasern des thermoplastischen Polymers verbunden sind
und die Teilchen ausreichend von dem Nukleierungsmittel enthalten, so daB
die GroVe der Telichen gegentiber derjeni- gen GrdBe der Teilchen reduziert
ist, welche die Teilchen ohne Anwesenheit eines Nukleierungsmittels haben
wOrden. 45  11. Mikropor5ses Material nach Anspruch 10, be! welchem die
mittlere Teilchengr6ae der Teilchen 2 Mikrometer oder weniger ist. 



.12. Mikroporoses Material nach einem der Ansprtche 10 und 11, bei welchem
das Nukleierungsmittel ausgewahIt wird aus der Gruppe, die Verbindungen der
Arylatkansauren, Verbindungen der Benzoesau- so     re und der
Dicarbonsauren umfallt. 13. Mikroporoses Material nach einem der Anspruche
10 und 11, bei welchem das Nukleierungsmittel Dibenzylidinsorbitol ist. 55
14. Mikroporoses Material nach einem der Ansprtiche 10 und 11, bei welchem
das Nukleierungsmittel ausgewahlt wird aus der Gruppe, die Titandioxid,
Talkum, Adipinsaure, Benzoesaure und feine Metallteilchen umfaBt. 25 * C
L   M   S *    EP 0 273 582 B1 15. Mikroporoses Material nach einem der
AnsprUche 10 bis 14, bei welchom das thermoplastische Polymer Polypropylen
ist. 16. Mikroporoses Material nach einem der AnsprOche 10 bis 15, bei
welchem das thermoplastische 5     Polymer bzw. die Verbindung ausgewghlt
werden aus der Gruppe: (a) Polypropylen bzw. Mineral6l, Dioctylphthalat
oder Lackbenzine; (b) Polyethylen bzw. Mineralol oder Lackbenzine; (c)
Polypropylen/Polyethylen-Copolymer bzw. Mineral6l; (d) Nylon bzw.
Triethylenglykol; ro       (e) Polyvinylidenfluorid bzw. Dibutylphthalat.
Revendications 1. Proc6d6 de fabrication d'un article microporeux,
compronant les phases suivantes: 15        une operation de melange en
masse fondue pour former un melange physique comprenant 15 a 80 parties en
poids d'un polymere thermoplastique cristallisable, 0,1 a 5 parties en
poids d'un agent de nucleation pour 100 parties en poids de ce polymere
thermoplastique, et 85 a 20 parties en poids d'un compos6 avec lequel le
polymbre thermoplastique susdit est miscible et dans lequel ce polymbre
thermoplastique se dissoudra a la temperature de fusion de ce polymbre,
mats qui se s6parera en 20     phases lors d'un refroidissement jusqu'A une
temperature 6gale ou inf~fleure a la temperature de cristallisation du
polymere thermoplastique; le formage d'un article fagonn6 en utilisant ce
melange obtenu de l'op6ration de melange en masse fondue; le
refroidissement de cot article fagonne jusqu'a une tempdrature a laquelie
l'agent de nucleation 25     amorce les sites ou lieux de cristallisation a
l'int6rieur de ce polymbre thermoplastique afin de provoquer une separation
de phases entre le compose susdit et le polymbre, en donnant de la sorte un
article constitu6 par un agglorn6rat d'une premiere phase comprenant des
particules de polymbre thermoplastique cristallis6 dans une seconde phase
constituee par le compos6 susdit, les particules adjacentes du polymere
thermoplastique 6tant distinctes mais comportant plusieurs zones de
continui- 30    t6, od ces particules ont une taille qui est reduite
comparativement a la taille qu'elles auraient sOil n'y avait pas d'agent de
nucleation; et l'tirage de l'article fagonn6 susdit dans au moins une
direction pour separer les unes des autres 



les particules adjacentes de polymbre thermoplastique afin de cr6er, entre
ces particules, un reseau de micropores interconnectes et d'amincir en
permanence le polymbre thermoplastique dans les zones 35     susdites de
continuite en vue de former des fibrilles. 2. Proc6d6 suivant la
revendication 1, dans loquel la taille moyenne des particules est de 2 Lm
(micrometres) ou moins. 40  3. Proced6 suivant l'une ou l'autre des
revendications 1 et 2, dans lbquel la phase d'etirage comprend un etirage
biaxial de larticle faconne susdit. 4. Procede suivant l'une quelconque des
revendications precedentes, dans lequel la phase d'tirage pr6cit6e cree,
dans l'article fagonn6, une augmentation d'aire de 10 a 1200 % par rapport
a l'aire 45    initiale de cot article fagonne. 5. Proced6 suivant l'une
quelconque des revendications pr6c6dentes, comprenant la phase de
separation du compos6 pr6cit6. so  6. Proc6d6 suivant l'une quelconque des
revendications pr6c6dentes, comprenant en outre la phase de stabilisation
des dimensions de l'article 6tire par chauffage de ce dernier, tandis qu'il
est sous contrainte, jusqu'a une temperature de stabilisation thermique. 7.
Proc6d6 suivant l'une quelconque des revendications pr6cedentes, dans
loquel l'agent de nucleation 55     est choisi dans le groupe comprenant
les composes d'acides aryl alcanolques, les composes d'acides benzo(ques et
les composes d'acides dicarboxyliques.    EP 0 273 582 BI 8. Proced6
suivant lune quelconque des revendications 1 a 6, dans lequel l'agent de
nucl6ation est du dibenzylidine sorbitol. 9. Proc6d6 suivant lune
quelconque des revendications 1 a 6, dans lequel l'agent de nucl6ation est
choisi 5      dans le groupe comprenant le dioxyde de titane, le talc,
I'acide adipique, I'acide benzofque et de fines particules de metaux. 10.
Matiere microporeuse comprenant 15 a 80 parties en poids d'un polymere
thermoplastique cristallisa- ble, 0,1 a 5 parties en poids d'un agent de
nucleation capable de provoquer une cristallisation de ce 10     polymere
thermoplastique, pour 100 parties en poids de ce dernier, et 85 a 20
parties en poids d'un compose avec lequel le polymbre thermoplastique
pr6cit6 est miscible et dans lequel ce polymere thermoplastique se
dissoudra a sa temperature de fusion mais se s6parera en phases lors d'un
refroidissement jusqu'A une temperature 6gale ou inf6rieure a la
temperature de cristallisation du polymbre thermoplastique, cette matibre
microporeuse presentant une structure interne caract6ris~e is     par une
multiplicite de particules 6quiaxiales, non faconn6es de manibre uniforme,
dispers6es de fagon d~sordonn6e, espacees, de ce polymere thermoplastique,
revetues du compose precite, les particules revetues adjacentes 6tant
separees les unes des autres dans la totalit6 de cette matiere pour former
dans celle-ci un r6seau de micropores interconnect6s, les particules
adjacentes de polymere thermo- plastique 6tant connectees les unes aux
autres par une pluralit6 de fibrilles constitueas par le polymere 20
thermoplastique pr6cite, ces particules contenant une quantit6 suffisante
de l'agent de nucleation pour que la taille de ces particules soit reduite
par rapport a la taille que ces particules auraient s'il n'y avait pas
d'agent de ntucleation. 11. Matiere microporeuse suivant la revendication
10, dans laquelle la taille moyenne des particules est de 



25     2 u=m (micrombtres) ou moins. 12. Matiere microporeuse suivant lune
quslconque des revendications 10 et 11, dans laquelle l'agent de nucleation
est choisi dans le groupe comprenant les compos6s d'acides aryl
alcanoCques, les compo- ses d'acides benzoltques, et les compos6s d'acides
dicarboxyliques. 30 13. Matiere microporeuse suivant lune ou l'autre des
revendications 10 et 11, dans laquelle l'agent de nucl6ation est le
dibenzylidine sorbitol. 14. Matibre microporeuse suivant l'une ou l'autre
des revendications 10 et 11, dans laquelle l'agent de 35     nucleation est
cholsi dans le groupe comprenant le dioxyde de titane, le talc, I'acide
adipique, l'acide benzolque, et de fines particules de m6taux. 15. Matibre
microporeuse suivant l'une quelconque des revendications 10 a 14, dans
laquelle le polymere thermoplastique est le polypropylbne. 40 16. Matibre
microporeuse suivant l'une quelconque des revendications 10 a 15, dans
laquelle le polymere thermoplastique et le compos6 prdclte sont
respectivement choisis dans le groupe comprenant: (a) polypropylnae et
huile minerale, phtalate de dioctyle ou essences min6rales; (b)
polyethylbne et huile minerale ou essences min6rales; 45       (c)
copolymbre de polypropylbne-poly6thylbne et huile min6rale; (d) nylon et
tridthylbne glycol; et (e) fluorure de polyvinylidone et phtalate de
dibutyle. 50 55    


