
CO-EXTRUDED, MULTI-LAYERED BATTERY SEPARATOR Field of the Invention
The battery separator disclosed herein is a co-extruded,
multi-layered battery separator. One embodiment of this separator may
be used in lithium ion batteries. Background of the Invention
Multi-layered battery separators are disclosed in, for example, U.S.
Patent Nos.: 4650730; 5240655; 5281491; 5691047; 5691077; 5952120;
6080507; 6878226; and U.S. Patent Publication No. 20020136945.
While several of the foregoing references mention that multi-layered
separators may be made by a co-extrusion process, in commercial
practice, the co-extrusion process has been difficult to implement on
a commercial basis. Particularly, the products of previous
co-extrusion trials have been fraught with uniformity issues that
have inhibited the commercialization of products made by that
process. These issues, it is believed, arise from the intricacies
associated with simultaneously extruding at least two dissimilar
polymers through a narrow orifice die.  WO
2008/063804PCT/US2007/082193 Accordingly, the prior attempts to
produce a co-extruded, multi-layered battery separator have yielded
non-uniform product. As such, no co-extruded, multi-layered battery
separators are commercially available.      Therefore, there is a
need for a co-extruded, multi-layered battery separator having
uniform physical properties. Summary of the Invention A battery
separator comprises a co-extruded, microporous membrane having at
least two layers made of extrudable polymers and having: a uniform
thickness defined by a standard deviation of <0.80 microns (pm); or
an interply adhesion as defined by a peel strength >60 grams.
Description of the Invention        The instant battery separator
shall be described with regard to use in secondary lithium ion
batteries (e.g., those used in cell phones, laptop computers, and
other devices requiring a light-weight charge storage device). It
being understood, however, that the invention is not so limited and
the instant battery separator may be used in  WO
2008/063804PCT/US2007/082193 other battery systems (e.g., NiMH, NiCd,
alkaline, primary lithium, to name a few).       In general, battery
separators for use in lithium ion batteries are microporous membranes
having the following typical physical properties: thickness - less
than 5 mils (125pm), or less than 2 mils (50 pm), or less than 1 mil
(25 pm), the practical lower limit is about 1/3 mil (8 pm); puncture
strength - greater than 400 grams, or greater than 550 grams; average
pore sizes - 0.005-10.000 pm, or 0.01- 5.00 pm, or 0.05-2.00 pm;
Gurley values (ASTM-D726(B)) - 5- 100 seconds, or 10-60 seconds.
The instant battery separator is a co-extruded, multi-layered battery
separator. Co-extruded refers to a process where polymers are
simultaneously brought together in an extrusion die and exit from the
die in a form, here a generally planar structure, having at least two
discrete layers joined together at the interface of the discrete
layers by, for example, a commingling of the polymers forming the
interface of the discrete layers. The extrusion die may be either a
flat sheet (or slot) die or a blown film (or annular) die. The
co-extrusion process shall be described in greater detail below.
Multi-layered refers to  a separator having at least two layers.
Multi-layered may also refer to structures with 3, 4, 5, 6, 7, or
more layers. Each layer is formed by a separate polymer feed stream
into the extrusion die. The layers may be of differing thicknesses.
Most often, at least two of the feed streams are of dissimilar



WO 2008/063804PCT/US2007/082193 polymethylpentane, co-polymers
thereof, and blends thereof. Polyamides (nylons) include, but are not
limited to: polyamide 6, polyamide 66, Nylon 10,10, polyphthalamide
(PPA), co-polymers thereof, and blends thereof. Polyesters include,
but are not limited to: polyester terephalthalate, polybutyl
terephalthalate, co-polymers thereof, and blends thereof. Polysulf
ides include, but are not limited to, polyphenyl sulfide, co-polymers
thereof, and blends thereof. Polyvinyl alcohols include, but are not
limited to: ethylene-vinyl alcohol, co-polymers thereof, and blends
thereof. Polyvinyl esters include, but are not limited to, polyvinyl
acetate, ethylene vinyl acetate, co-polymers thereof, and blends
thereof. Polyvinylidenes include, but are not limited to: fluorinated
polyvinylidenes (e.g., polyvinylidene chloride, polyvinylidene
fluoride), copolymers thereof, and blends thereof.       Various
materials may be added to the polymers. These materials are added to
modify or enhance the performance or properties of an individual
layer or the overall separator. Such materials include, but are not
limited to:       Materials to lower the melting temperature of the
polymer may be added. Typically, the multi-layered  separator
includes a layer designed to close its pores at a predetermined
temperature to block the flow of ions between the electrodes of the
battery. This function is commonly referred to as 'shutdown.' In one
embodiment, a trilayer separator has a middle shutdown layer. To
lower the shutdown temperature of the layer, materials, with a
melting temperature less than the polymer to which they are mixed,
may be added to the polymer. Such materials include, but are not
limited to: materials with a melting temperature less than 125C, for
example, polyolefins or polyolefin oligomers. Such materials include,
but are not limited to: polyolefin waxes (polyethylene wax,
polypropylene wax, polybutene wax, and blends thereof). These
materials may be loaded into the polymer at a rate of 5-50wt% of the
polymer. Shutdown temperatures below 140C are obtainable in one
embodiment. Shutdown temperatures below 130C are obtainable in other
embodiments.       Materials to improve the melt integrity of the
membrane may be added. Melt integrity refers to the ability of the
membrane to limit its loss or deterioration of its physical dimension
at elevated temperatures such that the electrodes remain physically
separated. Such materials include mineral fillers. Mineral fillers
include, but are not limited to:  talc, kaolin, synthetic silica,
diatomaceous earth, mica, nanoclay, boron nitride, silicon dioxide,
titanium dioxide, barium sulfate, calcium carbonate, aluminum
hydroxide, magnesium hydroxide and the like, and blends thereof. Such
materials may also include, but are not limited to, fine fibers. Fine
fibers include glass fibers and chopped polymer fibers. Loading rates
range from 1-60 wt % of the polymer of the layer. Such materials may
also include high melting point or high viscosity organic materials,
e.g., PTFE and UHMWPE. Such materials may also include cross-linking
or coupling agents.      Materials to improve the strength or
toughness of the membrane may be added. Such materials include
elastomers. Elastomers include, but are not limited to:
ethylene-propylene (EPR), ethylene-propylene-diene (EPDM),
styrene-butadiene (SBR), styrene isoprene (SIR), ethylidene
norbornene (ENB), epoxy, and polyurethane and blends thereof. Such
materials may also include, but are not limited to, fine fibers. Fine
fibers include glass fibers and chopped polymer fibers. Loading rates



8/sec at a throughput of 18-100 lbs/hr (8.2-45.4 Kg/hr) per layer.
All other parameters are those conventionally known. Examples
The foregoing invention is further illustrated in the following
examples. Table 1 illustrates 11 samples made according to the
foregoing discussion of the invention. Table 2 illustrates the use of
various materials to improve the melt integrity of the separator to a
separator without such material. Table 3 illustrates the use of other
of the foregoing materials to improve various properties of the
separator. The test procedures used in compiling the information in
the Tables is set out below. Test Procedures       Gurley: Gurley was
measured by two methods. In the first method defined as the Japanese
Industrial Standard Gurley (JIS Gurley), Gurley is measured using the
OHKEN permeability tester. JIS Gurley is defined as the time in
seconds required for 100 cc of air to pass through one square inch of
film at constant pressure of 4.8 inches of H20. In the second method,
Gurley is measured according to the ASTM D-726 procedure and is
defined as the time in  W02008/063804PCTMS2007/082193 seconds
required for 10cc of air to pass through one square inch of film at
constant pressure of 4.8 inches of 1120.       Tensile properties: MD
and TD Tensile strength is measured using Instron Model 4201
according to ASTM-882 procedure.       Puncture strength: Puncture
strength is measured using Instron Model 4442 based on ASTM D3763.
The units of puncture strength are newtons. The measurements are made
across the width of stretched product and the averaged puncture
energy (puncture strength) is defined as the force required to
puncture the test sample.       Peel Strength or Adhesion:
Intra-layer adhesion is tested using the Chatillon TCD-200 Peel Force
Tester.       Shrinkage: Shrinkage is measured at 90C for 60 minutes
using a modified ASTM D-2732-96 procedure.       Thickness: The
membrane thickness values are measured using the Emveco Microgage
210-A precision micrometer according to ASTM D374. Thickness values
are reported in units of micrometers (pm). 20 individual micrometer
readings taken across the width of the sample are averaged.
Porosity: The porosity of the microporous film is measured by method
ASTM D2873.       High Temperature Melt Integrity: High Temperature
Melt Integrity is measured using Thermal Mechanical Analysis  WO
2008/063804   PCT/US2007/082193  (TMA). The TMA compression probe is
used to measure the thickness change of a separator under compression
at a constant load of 125 gm as the temperature is scanned from 25 to
300C at a rate of 5C/min. The percentage of thickness retained at
250C is defined as the high temperature melting integrity.
Wettability: One drop of a typical lithium ion electrolyte is placed
on a sample of the membrane. The change in appearance of sample from
opaque to nearly transparent is recorded. For the wettable separator,
appearance should be nearly uniform translucent with no opaque areas.
A non-wettable sample retains its opacity.       ER (Electrical
Resistance): The units of electrical resistance are ohm-cm2. The
separator resistance is characterized by cutting small pieces of
separators from the finished material and then placing them between
two blocking electrodes. The separators are completely saturated with
the battery electrolyte with 1.0M LiPF6 salt in EC/EMC solvent of 3:7
ratio by volume.The resistance, R (Q) of the separator is measured by
4-probe AC impedance technique. In order to reduce the measurement
error on the electrode/separator interface, multiple measurements are
needed by adding more separator layers. Based on the multiple layer



resistance, R, (n) of the separator saturated with electrolyte is
then calculated by the formula, pi A (1)  where pg is the ionic
resistivity of the separator in n-cm, A is the electrode area in cm2
and 1 is the thickness of the separator membrane in cm. The ratio
ps/A is the slope calculated for the variation of separator
resistance (AR) with multiple separator layers (6.8) which is given
by, p AR slope = = = A AS (2)  Also see U.S. Patent Application
Serial No. 11/400,465 filed April 7, 2006, test procedure related to
'ionic resistance', incorporated herein by reference.        Pin
Removal: The pin removal test simulates the cell winding process. Pin
Removal force is the force in grams required to pull the pin from the
center of jelly roll after winding. A battery winding machine was
used to wind the separator around a pin (or core or mandrel). The pin
is a two (2) piece cylindrical mandrel with a 0.16 inch diameter and
a smooth exterior surface. Each piece has a semicircular cross
section. The separator, discussed below, is taken up on the pin. The
initial force (tangential) on  the separator is 0.5 kgf and
thereafter the separator is wound at a rate of ten (10) inches in
twenty four (24) seconds, During winding, a tension roller engages
the separator being wound on the mandrel. The tension roller
comprises a 5/8" diameter roller located on the side opposite the
separator feed, a 3/4" pneumatic cylinder to which 1 bar of air
pressure is applied (when engaged), and a 14" rod interconnecting the
roller and the cylinder. The separator consists of two (2) 30 mm
(width) x 10" pieces of the membrane being tested. Five (5) of these
separators are tested, the results averaged, and the averaged value
is reported. Each piece is spliced onto a separator feed roll on the
winding machine with a 1" overlap. From the free end of the
separator, i.e., distal the spliced end, ink marks are made atand 7".
The %" mark is aligned with the far side of the pin (i.e., the side
adjacent the tension roller), the separator is engaged between the
pieces of the pin, and winding is begun with the tension roller
engaged. When the 7" mark is about 1/2" from the jellyroll (separator
wound on the pin), the separator is cut at that mark, and the free
end of the separator is secured to the jellyroll with a piece of
adhesive tape (1" wide, 14" overlap). The jellyroll (i.e., pin with
separator wound thereon) is removed from the winding machine. An
acceptable jellyroll  WO 2008/063804PCT1US20071082193 has no wrinkles
and no telescoping. The jellyroll is placed in a tensile strength
tester (i.e., Chatillon Model TCD 500- MS from Chatillon Inc.,
Greensboro, NC) with a load cell (501bs x 0.021b; Chatillon DFGS 50).
The strain rate is 2.5 inches per minute and data from the load cell
is recorded at a rate of 100 points per second. The peak force is
reported as the pin removal force. Also see: U.S. Patent No.
6,692,867, incorporated herein by reference.       Dielectric
Breakdown: Voltage is increased on a sample until a dielectric
breakdown of the material is observed. Dielectric Breakdown is
expressed in volts. A separator is placed between two electrodes and
a voltage is applied across the electrodes. The voltage is increased
until dielectric breakdown of the separator is observed. Strong
separators show high failure voltage. Any non-uniformity can lead to
a low failure voltage.       Aquapore Size: Pore size is measured
using the Aquapore available through PMI (Porous Materials Inc.).
Pore size is expressed in microns, pm.       Mixed Penetration: Mixed
penetration is the force required to create a short through a



first metal plate, on top of this plate is placed a sheet of cathode
material, on top of cathode is placed a separator, and on top of the
separator is placed a sheet of anode material. A ball tip of 3 mm is
then provided attached to a force gauge. The ball tip is connected to
the first metal plate by a resistance meter. Pressure is applied to
the ball tip, which is recorded on the force gauge. Once force is
applied, there builds up an anode mix and a cathode mix on either
side of the separator. When the resistance falls dramatically it
indicates a short through the separator due to mixed penetration.
Mixed penetration measures the strength of the separator and
resistance towards mixed penetration. This has been found to more
accurately simulate the behavior of a real cell. It is a better
indicator than puncture strength of how a separator will behave in a
cell. This test is used to indicate the tendency of separators to
allow short-circuits during battery assembly. Also see U.S. Patent
Application Serial No. 11/400,465 filed April 7, 2006, incorporated
herein by reference.  WO 2008/063804PCT/US2007/082193 11# IaidureS dd
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invention may be embodied in other forms without departing from the
spirit and the essential attributes thereof, and, accordingly,
reference should be made to the appended claims, rather than to the
foregoing specification, as indicated the scope of the invention.
Claims:        1. A battery separator for a lithium ion battery
comprising: 



a co-extruded, microporous membrane having a thickness in the range
of 4-50 pm and at least two layers one layer being made of
polyethylene and the other being made of polypropylene and having a
uniform thickness defined by a standard deviation of < 0.80 pm.
2. The battery separator according to claim 1 wherein one said layer
further comprising a material added thereto.        3. The battery
separator according to claim 2 wherein said material being selected
from the group of materials adapted to: lower the melting temperature
of the polymer; improve the melt integrity of the membrane; improve
the strength of toughness of the membrane; improve the antistatic
properties of the membrane; improve the surface wettability of the
separator; improve the surface tribology performance of the
separator; improve the processing of the polymer; improve the flame
retardance of the membrane; facilitate nucleation of the polymer;
color the layer of the membrane; and combinations thereof.        4.
A method of making a polyolefinic microporous multi-layered membrane
having a thickeness in the range of 4-50 pm and a uniform thickness
defined by a standard deviation of < 0.08 pm comprising the steps of:
co-extruding a nonporous polyolefinic multi-layered precursor through
an extrusion die with minimum shear rate of 4 sec-1 and a throughput
being 18-100 lbs/hr (8.2-45.4 Kg/hr) per layer, wherein at least two
of said polyolefinic multi-layered precursor being different from one
another; and            processing the nonporous polyolefinic
multi-layered precursor to obtain the microporous polyolefinic
multi-layered membrane.       5. The method of claim 4 wherein the
shear rate being > 8/sec.       6. The method of claim 4 wherein
processing further comprises:            annealing the nonporous
polyolefinic multi-layered precursor; and            stretching the
annealed nonporous polyolefinic multi-layered precursor. 


