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ABSTRACT 

Novel porous PTFE membranes are described possessing a 
unique combination of high strength, low flow resistance, 
and Small pore size. Additionally, unique constructions with 
Superior filtration and venting properties incorporating 
porous PTFE membranes are described. 
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POROUS PTFE MATERALS AND ARTICLES 
PRODUCED THEREFROM 

RELATED APPLICATIONS 

0001. The present application is a continuation applica 
tion of U.S. patent application Ser. No. 1 1/334,243, filed Jan. 
18, 2006, allowed, which is a continuation application of 
U.S. patent application Ser. No. 11/184,706, filed Jul. 18, 
2005, abandoned. 

FIELD OF THE INVENTION 

0002 The present invention relates to porous PTFE 
membranes with a combination of high air or liquid perme 
ability and small pore size and filter materials made there 
from. 

DEFINITIONS 

0003. As used in this application, the term “filtration 
efficiency means the percentage of particles within a speci 
fied size range captured by a filtration material, or media, at 
a given flow rate. 
0004 As used in this application, the term “flow' means 
the passage of a fluid through a membrane or filter material. 
The term “flow rate” means the volume of flow per unit time 
and the term “flow resistance” means the restriction of flow 
as results during flow through membranes or media with 
Small pores. 
0005. As used in this application, the term “permeability” 
means the ability to transmit fluids (liquid or gas) through 
the pores of a membrane or filter material when the material 
is subjected to a differential pressure across it. Permeability 
can be characterized by Gurley number, Frazier number, or 
water flux rate. 

0006. As used in this application, the term “pore size” 
means the size of the pores in porous membranes. Pore size 
can be characterized by bubble point, mean flow pore size, 
or water entry pressure, as described in more detail herein. 
0007 As used in this application, the term “water entry 
pressure” means the pressure required to drive water drop 
lets through a membrane, as further described in the test 
methods contained herein. 

BACKGROUND OF THE INVENTION 

0008 Ideal filtration membranes possess adequate 
strength for the intended applications and combine high air 
or liquid permeability properties with high filtration effi 
ciencies. High permeability or high flow through the mem 
brane for a given pressure drop across the membrane affords 
lower energy costs due to lower energy loss and more rapid 
filtration times. Additionally, these features make it possible 
to install Smaller, more cost effective systems. Improved 
filtration efficiency affords improved capture of contami 
nants. Typically, optimizing either filtration efficiency or 
permeability comes at the expense of compromising the 
other. For example, in order to capture Smaller particles, the 
membrane must possess Small pores, but the Smaller pore 
size typically increases flow resistance and therefore 
decreases the liquid or gas permeability through the mem 
brane. Similarly, increasing flow through the membrane is 
readily achieved by increasing the pore size of the filter 
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media, but in doing so the membrane captures fewer par 
ticles and is less efficient in the capture of smaller particles. 
0009 Improvement in the development of filtration 
media has focused on finding ideal combinations of high 
permeability, Small pore size, and high strength. Expanded 
PTFE (ePTFE) membranes have enjoyed great success in 
the fields of liquid and gas filtration. Expanded PTFE 
membranes are typically hydrophobic unless treated or 
modified or otherwise altered. Such membranes not only 
possess high chemical inertness and thermal stability at 
extremes oftemperature, but they also possess high strength. 
0010 Methods for processing expanded PTFE and 
articles made therefrom are taught in U.S. Pat. No. 5,476, 
589 to Bacino. Bacino teaches very thin articles consisting 
essentially of microfibrils. This patent enables the process 
ing of high strength PTFE articles possessing Small pore 
sizes and high air permeability not previously obtainable. 
The articles are made by transversely stretching PTFE, then 
expanding it in the longitudinal and transverse directions. 
These materials, albeit having improved filtration perfor 
mance compared to predecessor membranes, have limita 
tions in their ability to satisfy increasingly demanding 
commercial needs. 

0011. It is well established in the art that increasing the 
ratio of expansion of PTFE typically increases the pore size 
of resulting porous expanded articles. The larger pore size 
results in lower flow resistance through the membranes, but, 
as noted above, at the expense of filtration efficiencies, 
especially for smaller particles. Further stretching tends to 
decrease membrane thickness which can result in a reduc 
tion in flow resistance. 

0012. Thus, while numerous efforts have been made to 
improve the filtration characteristics of PTFE membranes, a 
clear need still exists for thin, strong filtration membranes 
that provide both small pore size and low flow resistance. 

SUMMARY OF THE INVENTION 

0013 The present invention is directed to novel porous 
PTFE membranes possessing a unique combination of high 
strength, low flow resistance, and Small pore size. Further, 
the present invention is directed to unique high performance 
filter materials and vent constructions, including those Suit 
able for venting applications, with filtration performance 
which has been heretofore unachievable. 

0014 Porous PTFE membranes of the present invention 
can be fabricated which exhibit, for example, a combination 
of Gurley number versus bubble point equal to or below the 
line defined by the equation log (Gurley)=5.13x10 
(Bubble Point)-1.26 and a surface area of at least 20 m/g, 
a combination of a light transmission of a least 50% and a 
porosity of at least 50%, a matrix tensile strength in two 
orthogonal directions of at least 1.3x10 MPa, as well as 
various combinations of these unique properties. Other 
membranes of the invention exhibit a Gurley number versus 
bubble point equal to or below the line defined by the 
equation log (Gurley)=5.13x10 (Bubble Point)-1.58, and 
even equal to or below the line defined by the equation log 
(Gurley)=5.13x10 (Bubble Point)-2.02, while still exhib 
iting a surface area of at least 20 m/g. Unique performance 
as measured by water entry pressure versus Gurley number, 
water flux rate versus bubble point and water flux rate versus 
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mean flow pore size are also achievable with the membranes 
of the present invention. For example, membranes with a 
water entry pressure versus Gurley number equal to or above 
the line defined by the equation WEP=3(Gurley number)+ 
2500 have been achieved. Further, membranes with a water 
flux rate versus bubble point equal to or above the line 
defined by the equation log (water flux rate)=-3.5x10 
(bubble point)+1.3 have been made. Further, membranes 
with a water flux rate versus mean flow pore size equal to or 
above the line defined by the equation log (water flux 
rate)=16.9 (mean flow pore size)-1.85 are within the scope 
of the present invention. 

0015. In an alternative embodiment of the present inven 
tion, articles which include composites of at least one porous 
PTFE membrane and at least one additional layer may be 
made. The at least one additional layer may be in the form 
of membranes, nonwovens, scrims and/or fabrics, depending 
on the desired characteristics of the final article. For 
example, it is possible to form Such composite articles 
wherein the composites have a water flux rate versus bubble 
point equal to or above the line defined by the equation log 
(water flux rate)=-3.5x10 (bubble point)+1.3, more pref 
erably equal to or above the line defined by the equation log 
(water flux rate)=-3.5x10 (bubble point)+1.6, and even 
more preferably the line defined by the equation log (water 
flux rate)=-3.5x10 (bubble point)+2.0. Alternative com 
posite constructions may include composites of at least one 
porous PTFE membrane and at least one additional layer 
where the composite is instantly wettable with water and has 
a water flux rate versus bubble point equal to or above the 
line defined by the equation log (water flux rate)=-0.01 x 
10 (bubble point)+1.3, more preferably equal to or above 
the line defined by the equation log (water flux rate)=-0.01 x 
10 (bubble point)+2.48, and even more preferably equal to 
or above the line defined by the equation log (water flux 
rate)=-0.01x10 (bubble point)+5.0. 

0016. In a further embodiment of the invention, articles 
comprising porous PTFE membranes which are instantly 
wettable with water and which have a water flux rate versus 
bubble point equal to or above the line defined by the 
equation log (water flux rate)=-0.01x10 (bubble point)+ 
1.3, more preferably by the equation log (water flux rate)=- 
0.01x10 (bubble point)+2.48, and most preferably by the 
equation log (water flux rate)=-0.01x10 (bubble point)+ 
5.0 can be made in accordance with the present invention. 

0017. In a further embodiment of the invention, articles 
comprising porous PTFE membranes having an oil rating of 
at least 2, more preferably at least 4, and even more 
preferably at least 5, and a water entry pressure above 500 
kPa with a Gurley number up to 350 seconds can be made 
in accordance with the teachings of the present invention. In 
a further embodiment, such oleophobic membranes can be 
made with a water entry pressure above 1250 kPa and a 
Gurley number up to 200 seconds. In an even further 
embodiment, such oleophobic membranes can be made with 
a water entry pressure above 2000 kPa and a Gurley number 
up to 100 seconds. 

0018. In a further embodiment of the invention, articles 
can be made with porous PTFE membranes having a light 
transmission of at least 50% and a Gurley versus bubble 
point equal to or below the line defined by the equation log 
(Gurley)=5.13x10 (bubble point)-1.22, more preferably 
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equal to or below the line defined by the equation log 
(Gurley)=5.13x10 (bubble point)-1.58, and most prefer 
ably equal to or below the line defined by the equation log 
(Gurley)=5.13x10 (bubble point)-2.02. 
0019 Finally, filtering of fluids utilizing filters incorpo 
rating these unique membranes and composites, including 
venting material as well is contemplated herein. 

0020. These and other unique features of the invention 
are described herein. 

DETAILED DESCRIPTION OF THE FIGURES 

0021 FIG. 1 is a graph depicting Gurley number versus 
bubble point for porous PTFE membranes made in accor 
dance with examples contained herein. 

0022 FIG. 2 is a graph depicting water flux rate versus 
bubble point for porous PTFE membranes and composite 
membranes made in accordance with examples contained 
herein. 

0023 FIG. 3 is a graph depicting water flux rate versus 
bubble point for hydrophilic porous PTFE membranes and 
composite membranes made in accordance with examples 
contained herein. 

0024 FIG. 4 is a graph depicting water entry pressure 
versus Gurley number for oleophobic porous PTFE mem 
branes made in accordance with examples contained herein. 
0025 FIG. 5 is a graph depicting water entry pressure 
versus Gurley number for porous PTFE membranes made in 
accordance with examples contained herein. 

0026 FIG. 6 is a graph depicting water flux rate versus 
mean flow pore size for porous PTFE membranes made in 
accordance with examples contained herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027. The porous PTFE articles of the present invention 
provide the Surprising combination of high Strength, low 
flow resistance, and small pore size. These articles fill needs 
for high-performance filtration media. Prior art materials 
suffer from either high flow resistance or low filtration 
efficiency or both in comparison to materials of the present 
invention. Materials of the present invention provide lower 
flow resistance with Smaller pore size compared to prior art 
materials. The inventive materials have utility in both liquid 
and gas filtration applications. 

0028. The combination of low flow resistance and high 
water entry pressure makes the inventive materials Suitable 
for use in gas venting applications, where the material 
allows gases and vapors to pass through while repelling 
liquid water or other liquids. 

0029. The inventive ePTFE articles can be rendered 
oleophobic by various techniques, thereby making them fit 
for use in certain venting applications where the material has 
high air flow and high water entry pressure and is resistant 
to penetration by low surface tension fluids like oil. 

0030 The inventive membranes can be rendered hydro 
philic (water-wettable under little or no pressure) by various 
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techniques making them usable in liquid filtration applica 
tions which involve, for example, filtration of aqueous 
fluids. 

0031. The porous PTFE membranes of this invention can 
be constructed as composite filters or composite vents, for 
example by layering the membrane with one or more 
additional layers that may provide Support or protection to 
the membrane. The additional layer or layers can be in the 
form of one or more porous membranes or more traditional 
air permeable materials like knits, non-wovens, scrims, 
woven fabrics, etc. Depending on the end-use requirements, 
an additional layer or layers may be oriented on only one 
side or on both sides of the membrane. The additional layer 
or layers may or may not be bonded to the membrane, 
depending on the end-use requirements. For example, the 
membrane and additional layers may be loosely stacked, 
then held together by appropriate means around a perimeter 
of the filter, Such as by a housing, a frame, a potting 
compound, an adhesive, or any other Suitable means. Alter 
natively, the additional layer or layers may be attached to the 
membrane at a relatively few number of sites, e.g., via a 
Suitable adhesive at locations around at least a portion of the 
perimeter, by a discontinuous lamination adhesive across the 
Surface of the layers, or any other suitable configuration 
meeting the requirements of the end use application. Suit 
able adhesives can include, but are not limited to, polypro 
pylenes, polyesters, polyethylenes, PFA, FEP, and other 
suitable forms of thermoplastics, thermosets, and the like. 
Benefits of composite filters and vents include, but are not 
limited to, improved handling of the membrane making it 
easier to fabricate filter cartridges or vents, improved filtra 
tion efficiency in some cases, and the like. In order to retain 
high flow properties of the membrane when used as a 
composite filter, the additional layers are typically chosen so 
as to minimize flow resistance. Also, the composite filters 
and vents can either be hydrophobic, oleophobic, or hydro 
philic depending on the application in which they are used. 
0032. It is generally expected based on the teachings of 
the prior art that the more a PTFE material is expanded, the 
larger the pore size of the resulting PTFE structure. In the 
case of the present invention, however, it has been unex 
pectedly discovered that under certain conditions it is pos 
sible to achieve Smaller pore sizes by increasing the amount 
of expansion. Even more Surprising, this decrease in pore 
size is accompanied by an increase in the permeability of the 
membrane. The process results in a novel membrane struc 
ture that increases permeability while decreasing the effec 
tive pore size. Furthermore, the resulting membrane pos 
sesses high strength. 
0033. The unique combination of permeability and pore 
size properties of membranes of the present invention is 
demonstrated in the graphs shown in the Figures. In these 
graphs, permeability is characterized by Gurley number or 
water flux rate. Increased permeability is manifested by 
lower Gurley numbers (i.e., less time for a given volume of 
air to pass through the membrane at a given pressure), higher 
Frazier numbers (i.e., the flow rate of air through the 
membrane for a given pressure drop and sample area), and 
higher water flux rates. Pore size is characterized by the 
bubble point (BP), mean flow pore size, or water entry 
pressure (WEP) values. Higher bubble point values (the 
pressure required to pass a bubble of air through a wetted 
sample of membrane) and higher WEP values (the pressure 
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required to drive water droplets through a membrane) indi 
cate Smaller pore sizes. Test methods for measuring Gurley 
number, Frazier number, water flux rate, WEP, mean flow 
pore size, and BP are provided herein in more detail. 

0034 FIGS. 1 through 6 show the characteristics of 
inventive articles compared to articles of the prior art. FIG. 
1 depicts Gurley number and BP measurements for inventive 
and prior art membranes. The equation, log (Gurley (Sec))= 
2.60x10 (BP (kPa))-0.54 describes the line drawn on the 
graph for a bubble point greater than 448 kPa. The data 
points for inventive materials fall on or below this line and 
those for prior art materials fall above this line. FIG. 2 
depicts water flux rate and BP measurements for inventive 
and prior art materials. The equation, log (water flux rate 
(cm/min/kPa))=-3.5x10 (BP (kPa))+1.3, describes the line 
drawn on the graph. The data points for inventive materials 
fall on or above this line and those for prior art materials fall 
below this line. FIG. 3 depicts water flux rate and BP 
measurements for inventive and prior art hydrophilic mate 
rials. The equation, log (water flux rate (cm/min/kPa))=- 
0.01 (BP (kPa))+1.3, describes the line drawn on the graph. 
The data points for inventive materials fall on or above this 
line and those for prior art materials fall below this line. FIG. 
4 depicts water entry pressure and Gurley number measure 
ments for inventive and prior art oleophobic materials. The 
data points corresponding to inventive materials have water 
entry pressure values of 500 kPa or higher and Gurley 
numbers of 350 sec or lower. FIG. 5 depicts water entry 
pressure versus Gurley number for inventive and prior art 
membranes. The equation, WEP (kPa)=3(Gurley (sec))+ 
2500, describes the line drawn on the graph. The data points 
for inventive materials fall on or above this line, those for 
prior art materials fall below this line. FIG. 6 is a graph 
depicting water flux rate versus mean flow pore size for 
inventive and prior art membranes. The equation, log (water 
flux rate (cm/min?kPa))=16.9 (mean flow pore size 
(microns))-1.85, describes the line drawn on the graph. The 
data points for inventive materials fall on or above this line 
and those for prior art materials fall below this line. 
0035) In the equations provided above, Gurley number is 
expressed in units of seconds, BP in units of kPa, water flux 
rate in units of cm/min/kPa, water entry pressure in units of 
kPa, and mean flow pore size in units of microns. The 
logarithmic equations utilize log to the base 10. 

0036). In these six figures, the inventive articles exhibit 
higher permeability for a given pore size and a smaller pore 
size for a given permeability as compared to prior art 
articles. 

0037. The superior filtration properties of these novel 
membranes and composite articles are further enhanced by 
the high strength of the membranes. Not only are the present 
membranes strong, they are the strongest, balanced matrix 
tensile strength ePTFE articles ever produced. The balance 
of the strength of a membrane is indicated by how closely 
the ratio of the matrix tensile strengths of the membrane in 
two orthogonal directions approaches unity. Balanced mem 
branes typically exhibit ratios of about 2 to 1 or less. Further, 
these membranes possess the largest product of matrix 
tensile strengths measured in two orthogonal directions. For 
example, the product of matrix tensile strengths in two 
orthogonal directions is greater than 1.3x10 MPa more 
preferably greater than 1.5x10 MPa, and even more pref 
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erably greater than 1.9x10 MPa. Orthogonal directions 
include, but are not limited to, longitudinal and transverse 
directions. The high strength is particularly valuable for 
filtration applications in which the membrane is not used in 
combination with an additional layer or layers. Higher 
strength also affords the use of thinner membranes. Thinner 
membranes present lower flow resistance than otherwise 
identical thicker membranes. The high strength also facili 
tates the lamination of the thin membrane to additional 
layers and also can improve in-use life of filter media in 
pleated forms. Furthermore, strong membranes better resist 
rupture in situations in which the filter is subjected to high 
pressures or pulses of pressure. 

0038 Yet another surprising aspect of the invention is the 
unprecedented high Surface area of these novel membranes, 
as measured herein. Prior art ePTFE membranes are referred 
to as having Surface area per mass values in the range of 10 
to 19 m/g. Some membranes of the present invention can be 
tailored to have a surface area at least as high as 20 to 27 
m?g. 
0039) Non-porous forms of PTFE and ePTFE allow sig 
nificantly more visible light to pass though them than do 
porous, lower density forms. The index of refraction of 
PTFE (typically 1.3 to 1.4 depending on percent crystallinity 
of the PTFE) causes ePTFE materials to be diffusely reflec 
tive. Typically, these materials have light transmission Val 
ues of less than 50%. Another feature of this invention is that 
membranes possessing high clarity can also be made which 
possess remarkably high degrees of porosity. For example, 
membranes of the present invention can have a light trans 
mission of least 50% and a porosity of at least 50%. Light 
transmission values of 85% and higher are obtainable in 
membranes that are greater than 75% porous. Such materials 
have particular value in applications requiring the combi 
nation of transparency, or translucency, and permeability. 

0040. The present invention will be further described 
with respect to the non-limiting examples provided below. 

EXAMPLES 

Testing Methods Utilized in the Examples 
Thickness Measurements 

0041 Membrane thickness was measured by placing the 
membrane between the two plates of a Kafer FZ1000/30 
thickness snap gauge (Käfer Messuhrenfabrik GmbH, Vil 
lingen-Schwenningen, Germany). The average of the three 
measurements was used. 

Density Measurements 

0.042 Samples die cut to form rectangular sections 2.54 
cm by 15.24 cm were measured to determine their mass 
(using a Mettler-Toledo analytical balance modelAG204) 
and their thickness (using a Kafer FZ1000/30 snap gauge). 
Using these data, density was calculated with the following 
formula: 
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in which: p=density (g/cc); m=mass (g); W =width (cm); 
l=length (cm); and t=thickness (cm). The average of the 
three measurements was used. 

Tensile Break Load Measurements and Matrix Tensile 
Strength (MTS) Calculations Tensile break load was mea 
sured using an INSTRON 1122 tensile test machine 
equipped with flat-faced grips and a 0.445 kN load cell. The 
gauge length was 5.08 cm and the cross-head speed was 50.8 
cm/min. The sample dimensions were 2.54 cm by 15.24 cm. 
For longitudinal MTS measurements, the larger dimension 
of the sample was oriented in the machine, or “down web.” 
direction. For the transverse MTS measurements, the larger 
dimension of the sample was oriented perpendicular to the 
machine direction, also known as the cross web direction. 
Each sample was weighed using a Mettler Toledo Scale 
Model AG204, then the thickness of the samples was taken 
using the Kafer FZ1000/30 thickness snap gauge. The 
samples were then tested individually on the tensile tester. 
Three different sections of each sample were measured. The 
average of the three maximum load (i.e., the peak force) 
measurements was used. The longitudinal and transverse 
MTS were calculated using the following equation: 

MTS=(maximum load cross-section area)*(bulk den 
sity of PTFE) density of the porous membrane), 

wherein the bulk density of PTFE is taken to be 2.2 g/cc. 
Ball Burst Strength Measurements 
0043. The test method and related sample mounting 
apparatus were developed by W.L. Gore & Associates, Inc. 
for use with a Chatillon Test Stand. The test measures the 
burst strength of materials such as fabrics (woven, knit, 
nonwoven, etc.), porous or nonporous plastic films, mem 
branes, sheets, etc., laminates thereof, and other materials in 
planar form. 

0044) A specimen was mounted taut, but unstretched, 
between two annular clamping plates with an opening of 
7.62 cm diameter. A metal rod having a polished steel 2.54 
cm diameter ball-shaped tip applied a load against the center 
of the specimen in the Z-direction (normal to the X-Y planar 
directions). The rod was connected at its other end to an 
appropriate Chatillon force gauge mounted in a Chatillon 
Materials Test Stand, Model No. TCD-200. The load was 
applied at the rate of 25.4 cm/minute until failure of the 
specimen occurred. The failure (tearing, burst, etc.) may 
occur anywhere within the clamped area. Results were 
reported as the average of three measurements of the maxi 
mum applied force before failure. 
0045 Testing was done at ambient interior temperature 
and humidity conditions, generally at a temperature of 21 to 
24° C. and relative humidity of 35 to 55%. Ball burst data 
can be expressed as the ball burst strength as a function of 
mass per area of the sample; mass per area of the sample can 
be determined from the product of density and thickness of 
the sample. 

Gurley Measurements 

0046) The Gurley air flow test measures the time in 
seconds for 100 cm of air to flow through a 6.45 cm sample 
at 12.4 cm of water pressure. The samples were measured in 
a Gurley Densometer Model 4340 Automatic Densometer. 
Articles possessing Gurley values less than about 2 seconds 
were submitted for Frazier number testing, since this test 
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provides more reliable values for the characterization of 
highly permeable articles. The average of the three mea 
Surements was used. 

Frazier Measurements 

0047 The Frazier permeability reading is the rate of flow 
of air in cubic feet per square foot of sample area per minute 
at a differential pressure drop across the test sample of 12.7 
mm water column. Air permeability was measured by 
clamping a test sample into a circular gasketed flanged 
fixture which provided a circular opening of 17.2 cm diam 
eter (232 cm area). The upstream side of the sample fixture 
was connected to a flow meter in line with a source of dry 
compressed air. The downstream side of the sample fixture 
was open to the atmosphere. The flow rate through the 
sample was measured and recorded as the Frazier number. 
The average of the three measurements was used. Frazier 
number data can be converted to Gurley numbers by use of 
the following equation: Gurley=3.126/Frazier, in which 
Gurley number is expressed in units of seconds. 
Water Flux Rate Measurement 

0.048. The following procedure was used to calculate the 
water flux rate through the membrane. The membrane was 
either draped across the tester (Sterifil Holder 47 mm 
Catalog Number: XX11 J4750, Millipore) or cut to size and 
laid over the test plate. The membrane was first wet out 
completely with 100% isopropyl alcohol. The tester was 
filled with de-ionized water (room temperature). A pressure 
of 33.87 kPa was applied across the membrane; the time for 
400 cm of de-ionized water to flow through the membrane 
was measured. The water flux rate was then calculated using 
the following equation: 

water flux ratecm/min?kPa=water flow rate Icm/ 
min'sample area cm/test pressure kPa). 

0049. It should be noted that for hydrophilic membranes, 
the membrane was not pre-wet with isopropyl alcohol. The 
same procedure outlined above was used to measure water 
flux rate through composite filters. The average of the three 
measurements was used. 

Water Entry Pressure Measurement 
0050 Water entry pressure is a test method for measuring 
water intrusion through a membrane. A Mullen R. Tester 
(Serial No: 8240+92+2949, manufactured by BF. Perkins, 
Chicopee, Mass., USA) was used. A test sample was 
clamped between a pair of testing fixtures made of 1.27 cm 
thick Square plexiglass sheets, 10.16 cm long on each side. 
The lower fixture had the ability to pressurize a section of 
the sample with water. A piece of pH paper was placed on 
top of the sample to serve as an indicator of evidence for 
water entry. The sample was then pressurized in Small 
increments of pressure until a color change in the pH paper 
was noticed. The corresponding breakthrough pressure or 
entry pressure was recorded as the water entry pressure. The 
average of the three measurements was used. 
Bubble Point Measurements 

0051. The bubble point and mean flow pore size were 
measured according to the general teachings of ASTM F31 
6-03 using a Capillary Flow Porometer (Model CFP 1500 
AEXL from Porous Materials Inc., Ithaca, N.Y.). The sample 
membrane was placed into the sample chamber and wet with 
Silwick Silicone Fluid (available from Porous Materials 
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Inc.) having a surface tension of 19.1 dynes/cm. The bottom 
clamp of the sample chamber had a 2.54 cm diameter, 3.175 
mm thick porous metal disc insert (Mott Metallurgical, 
Farmington, Conn., 40 micron porous metal disk) and the 
top clamp of the sample chamber had a 3.175 mm diameter 
hole. Using the Capwin software version 6.62.1 the follow 
ing parameters were set as specified in the table immediately 
below. The values presented for bubble point and mean flow 
pore size were the average of two measurements. 

Parameter Set Point 

maxflow (ccfm) 2OOOOO 
bublflow (ccfm) 100 
F/PT (old bubltime) 40 
minbppres (PSI) O 
Zerotime (Sec) 1 
v2incr (cts) 10 
preginc (cts) 1 
pulse delay (Sec) 2 
maxpre (PSI) 500 
pulse width (Sec) O.2 
mineqtime (sec) 30 
presslew (cts) 10 
flowslew (cts) 50 
eqiter 3 
aveiter 2O 
maxpdif (PSI) O.1 
maxfidif (ccfm) 50 
sartp (PSI) 1 
Sartif (ccfm) 500 

Light Transmission Measurements 

0.052 A radiometer (Model IC 1700, International Light, 
Newburyport, Mass.) was used to measure the amount of 
light transmission through the samples of ePTFE membrane. 
A black tube, approximately the same diameter as the outer 
diameter of the light receiving sensor, Model SED 033, was 
clamped onto the light sensor and protruded approximately 
13.3 cm from the receiving face of the sensor. The light 
source, a Sylvania Reflector 50 W, 120V bulb, was mounted 
directly across from the light sensor approximately 28.6 cm 
from the receiving face of the light sensor. The radiometer 
was calibrated by placing a cap over the end of the tube 
protruding from the light sensor to set the Zero point, and 
removing the cap and turning on the light source with 
nothing between the light source and the light sensor to set 
the 100% point. After calibrating the radiometer, the ePTFE 
membrane was mounted into a 25.4 cm diameter embroidery 
hoop and held between the light source and the light sensor, 
approximately 7.6 cm from the light source. The percent 
transmission of light displayed on the IC 1700 radiometer 
was recorded. The average of the three measurements was 
used. 

Surface Area Measurements 

0053. The surface area per unit mass, expressed in units 
of m/g, of the ePTFE membrane was measured using the 
Brunauer-Emmett–Teller (BET) method on a Coulter 
SA3100 Gas Adsorption Analyzer (Beckman Coulter Inc., 
Fullerton, Calif.). A sample was cut from the center of the 
ePTFE membrane sheet and placed into a small sample tube 
(reference number 8201151). The mass of the ePTFE sample 
was approximately 0.1 to 0.2 grams. The tube was placed 
into the Coulter SA-Prep Surface Area Outgasser, (Model 
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SA-PREP, PIN 5102014) from Beckman Coulter Inc., Ful 
lerton, Calif. and purged at 110C for 2 hours with helium. 
The sample tube was then removed from the SA-Prep 
Outgasser and weighed. The sample tube was then placed 
into the SA3100 Gas Adsorption Analyzer and the BET 
Surface area analysis was run in accordance with the instru 
ment instructions using helium to calculate the free space 
and nitrogen as the adsorbate gas. A single measurement was 
recorded for each sample. 
Porosity Calculations 
0054 Porosity was expressed in percent porosity and was 
determined by Subtracting the quotient of the average den 
sity of the article (described earlier herein) and that of the 
bulk density of PTFE from 1, then multiplying that value by 
100%. For the purposes of this calculation, the bulk density 
of PTFE was taken to be 2.2 g/cc. 
Oil Repellency Measurement/Oil Rating 
0.055 Oil rating was measured using the AATCC Test 
Method 118-1997. The oil rating of a membrane is the lower 
of the two ratings obtained when testing the two sides of the 
membrane. The higher the number, the better the oil repel 
lency. 

Water-Wettability Measurement 
0056 Water-wettability was measured in order to char 
acterize the degree of hydrophilicity of a sample. The 
sample was held taught in a 10.16 cm diameter hoop. A 

single droplet of water was dropped from a height of 5 cm 
directly above the sample onto the sample. The time for the 
droplet to penetrate the pores of the sample was measured. 
The degree of water-wettability was defined using the fol 
lowing scale: 

0=water droplet penetrated the sample within 5 seconds 

1=water droplet penetrated the sample after greater than 5 
seconds and less than 60 seconds 

2=water drop did not penetrate the sample after 60 seconds. 
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0057 Hydrophobic materials such as porous ePTFE 
materials possessing relatively small pores typically exhibit 
water-wettability ratings of 2. Materials exhibiting water 
wettability ratings of 0 or 1 were considered to be instantly 
wettable. 

Example 1 
0.058 Fine powder of PTFE polymer (Daikin Industries, 
Ltd., Orangeburg, N.Y.) was blended with Isopar K (Exxon 
Mobil Corp., Fairfax, Va.) in the proportion of 0.196 g/g of 
fine powder. The lubricated powder was compressed in a 
cylinder to form a pellet and placed into an oven set at 70° 
C. for approximately 12 hours. Compressed and heated 
pellets were ram extruded to produce tapes approximately 
15.2 cm wide by 0.73 mm thick. Three separate rolls of tape 
were produced and layered together between compression 
rolls to a thickness of 0.76 mm. The tape was then trans 
versely stretched to 56 cm (i.e., at a ratio of 3.7:1), 
restrained, then dried in an oven set at 270° C. The dry tape 
was longitudinally expanded between banks of rolls over a 
heated plate set to a temperature of 340°C. The speed ratio 
between the second bank of rolls and the first bank of rolls, 
and hence the expansion ratio, was 8:1. The longitudinally 
expanded tape was then expanded transversely at a tempera 
ture of approximately 320° C. to a ratio of 34:1 and then 
constrained and heated in an oven set at 320° C. for 
approximately 24 seconds. The process conditions and inter 
mediate article dimensions for this example appear in Table 
1. The process produced a thin strong porous membrane. 

TABLE 1. 

Process Conditions & Example Example Example Example Example 
intermediate Article Dimensions 1 2 3 4 5 

lubrication level (gig of resin) O.196 O.196 O.2O2 O.196 O.2O2 
pellet conditioning - time (hir) 12 12 12 12 12 
pellet conditioning - temperature set 70 70 70 70 70 
point (deg C.) 
ape width (cm) 15.2 15.2 15.2 15.2 15.2 
ape thickness (mm) 0.73 0.73 0.73 0.73 0.73 
number of tape layers 3 3 3 1 3 
calendered tape thickness (mm) O.76 O.76 O.76 O.25 O.76 
ransverse stretch ratio 3.7:1 3.7:1 3.7:1 3.7:1 3.7:1 
drying temperature set point (deg C.) 270 270 250 270 250 
expansion temperature set point (deg C.) 340 340 345 345 345 
ongitudinal expansion ratio 8:1 13:1 15:1 15:1 20:1 
expansion temperature set point (deg C.) 32O 320 360 360 360 
ransverse expansion ratio 34:1 32:1 30:1 30:1 22:1 
heat treatment temperature set point (deg C.) 320 320 390 380 390 
heat treatment time (Sec) 24 24 2O 24 2O 

0059. This membrane was then characterized by measur 
ing various properties in the manners described above. 
Membrane properties for the sample made in this example 
appear in Table 2. Gurley number and BP data for the sample 
of this example appear in FIG.1. Water flux rate and BP data 
for the sample of this example appear in FIG. 2. Water entry 
pressure and Gurley number data for the sample of this 
example appear in FIG. 5. Water flux rate and mean flow 
pore size data for the sample of this example appear in FIG. 
6. 
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TABLE 2 

Membrane Property Example 1 Example 2 Example 3 Example 4 Example 5 

density (g cc) 0.357 O.339 O.348 O.294 O.358 
thickness (mm) O.O2O O.O13 O.O10 O.OO2S O.OO76 
longitudinal MTS 217 312 471 414 S84 
(MPa) 
transverse MTS 214 249 289 46O 229 
(MPa) 
product of longitudinal 46,570 77.568 136,042 190,562 133,539 
and transverse MTS 
(MPa 2) 
ball burst strength (N) 21.3 18.0 45.4 16.5 35.1 
Gurley Number (sec) 11.1 7.6 12.5 2.1 7.3 
Bubble point (kPa) 647 S64 877 605 764 
water flux rate O.23 O.33 O.12 O.61 O.25 
(cm/min?kPa) 
mean flow pore size O.OS6 O.06S O.OSS45 O.O765 O.O642 
(micron) 
water entry pressure 3111 2939 241.36 
(kPa) 
S806, 88 (m2/g) 17.2 18.4 27.4 23.5 

Example 2 and heated pellets were ram extruded to produce tapes 

0060 Fine powder of PTFE polymer (Daikin Industries, 
Ltd., Orangeburg, N.Y.) was blended with Isopar K (Exxon 
Mobil Corp., Fairfax, Va.) in the proportion of 0.196 g/g of 
fine powder. The lubricated powder was compressed in a 
cylinder to form a pellet and placed into an oven set at 70° 
C. for approximately 12 hours. The compressed and heated 
pellets were ram extruded to produce tapes approximately 
15.2 cm wide by 0.73 mm thick. Three separate rolls of tape 
were produced and layered together between compression 
rolls to a thickness of 0.76 mm. The tape was then trans 
versely stretched to 56 cm (i.e., at a ratio of 3.7:1), 
restrained, then dried at a temperature of 270° C. The dry 
tape was longitudinally expanded between banks of rolls in 
a heat Zone set to a temperature of 340°C. The speed ratio 
between the second bank of rolls to the first bank of rolls, 
and hence the expansion ratio, was 13:1. The longitudinally 
expanded tape was then expanded transversely at a tempera 
ture of approximately 320° C. to a ratio of 32:1 and then 
restrained and heated to 320° C. for approximately 24 
seconds. The process conditions and intermediate article 
dimensions for this example appear in Table 1. The process 
produced a thin strong porous membrane. 
0061 This membrane was then characterized by measur 
ing various properties in the manners described above. 
Membrane properties for the sample made in this example 
appear in Table 2. Gurley number and BP data for the sample 
of this example appear in FIG.1. Water flux rate and BP data 
for the sample of this example appear in FIG. 2. Water entry 
pressure and Gurley number data for the sample of this 
example appear in FIG. 5. Water flux rate and mean flow 
pore size data for the sample of this example appear in FIG. 
6. 

Example 3 

0062 Fine powder of PTFE polymer as described and 
taught in U.S. Pat. No. 6,541,589 was blended with Isopar 
K (Exxon Mobil Corp., Fairfax, Va.) in the proportion of 
0.202 g/g of fine powder. The lubricated powder was com 
pressed into a cylinder to form a pellet and placed into an 
oven set at 70° C. for approximately 12 hours. Compressed 

approximately 15.2 cm wide by 0.73 mm thick. Three 
separate rolls of tape were produced and layered together 
between compression rolls to a thickness of 0.76 mm. The 
tape was then transversely stretched to 56 cm (i.e., at a ratio 
of 3.7:1), restrained, then dried at a temperature of 250° C. 
The dry tape was longitudinally expanded between banks of 
rolls over a heated plate set to a temperature of 345° C. The 
speed ratio between the second bank of rolls and the first 
bank of rolls was 15:1. The longitudinally expanded tape 
was then expanded transversely at a temperature of approxi 
mately 360° C. to a ratio of 30:1 and then restrained and 
heated in an oven set at 390° C. for approximately 20 
seconds. The process produced a thin strong porous mem 
brane. The process conditions and intermediate article 
dimensions for this example appear in Table 1. 
0063. This membrane was then characterized by measur 
ing various properties in the manners described above. 
Membrane properties for the sample made in this example 
appear in Table 2. Note that the water entry pressure was at 
least 4136 kPa because the tester was unable to measure 
higher than that. Gurley number and BP data for the sample 
of this example appear in FIG.1. Water flux rate and BP data 
for the sample of this example appear in FIG. 2. Water flux 
rate and mean flow pore size data for the sample of this 
example appear in FIG. 6. 

Example 4 
0064. Fine powder of PTFE polymer as described and 
taught in U.S. Pat. No. 6,541,589 was blended with Isopar 
K (Exxon Mobil Corp., Fairfax, Va.) in the proportion of 
0.196 g/g of fine powder. The lubricated powder was com 
pressed into a cylinder to form a pellet and placed into an 
oven set at 70° C. for approximately 12 hours. The com 
pressed and heated pellet was ram extruded to produce a tape 
approximately 15.2 cm wide by 0.73 mm thick. The 
extruded tape was then rolled down between compression 
rolls to a thickness of 0.254 mm. The tape was then 
transversely stretched to 56 cm (i.e., at a ratio of 3.7:1), 
restrained, then dried at a temperature of 270° C. The dry 
tape was longitudinally expanded between banks of rolls 
over a heated plate set to a temperature of 345°C. The speed 
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ratio between the second bank of rolls and the first bank of 
rolls was 15:1. The longitudinally expanded tape was then 
expanded transversely at a temperature of approximately 
360° C. to a ratio of 30:1 and then restrained and heated in 
an oven set at 380° C. for approximately 24 seconds. The 
process produced a thin strong porous membrane. The 
process conditions and intermediate article dimensions for 
this example appear in Table 1. 
0065. This membrane was then characterized by measur 
ing various properties in the manners described above. 
Membrane properties for the sample made in this example 
appear in Table 2. Light transmission was measured to be 
90%. Gurley number and BP data for the sample of this 
example appear in FIG.1. Water flux rate and BP data for the 
sample of this example appear in FIG. 2. Water flux rate and 
mean flow pore size data for the sample of this example 
appear in FIG. 6. 

Example 5 

0.066 Fine powder of PTFE polymer as described and 
taught in U.S. Pat. No. 6,541,589 was blended with Isopar 
K (Exxon Mobil Corp., Fairfax, Va.) in the proportion of 
0.202 g/g of fine powder. The lubricated powder was com 
pressed into a cylinder to form a pellet and placed into an 
oven set at 70° C. for approximately 12 hours. Compressed 
and heated pellets were ram extruded to produce tapes 
approximately 15.2 cm wide by 0.73 mm thick. Three 
separate rolls of tape were produced and layered together 
between compression rolls to a thickness of 0.76 mm. The 
tape was then transversely stretched to 56 cm (i.e., at a ratio 
of 3.7:1), restrained, then dried at a temperature of 250° C. 
The dry tape was longitudinally expanded between banks of 
rolls in a heat Zone set to a temperature of 345°C. The speed 
ratio between the second bank of rolls and the first bank of 
rolls was 20:1. The longitudinally expanded tape was then 
expanded transversely at a temperature of approximately 
360° C. to a ratio of 22:1 and then restrained and heated to 
390° C. for approximately 20 seconds. The process pro 
duced a thin strong porous membrane. The process condi 
tions and intermediate article dimensions for this example 
appear in Table 1. 
0067. This membrane was then characterized by measur 
ing various properties in the manners described above. 
Membrane properties for the sample made in this example 
appear in Table 2. Gurley number and BP data for the sample 
of this example appear in FIG.1. Water flux rate and BP data 
for the sample of this example appear in FIG. 2. Water flux 
rate and mean flow pore size data for the sample of this 
example appear in FIG. 6. 

Example 6 

0068 The membrane of Example 1 was treated to render 
it hydrophilic according to the following procedure. The 
membrane sample was held taut in a hoop (10.16 cm 
diameter). A Solution was prepared by dissolving 1% poly 
vinyl alcohol (Catalog Number 363170, Sigma-Aldrich Co) 
in a 50/50 mixture of isopropyl alcohol/deionized water. The 
hoop was immersed in this solution for 1 minute and then 
rinsed in deionized water for another minute. The hoop was 
then immersed in a solution containing 2% glutaraldehyde 
(Catalog Number 340855, Sigma-Aldrich Co), 1% hydro 
chloric acid (Catalog Number 435570, Sigma-Aldrich Co) 
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in deionized water for 1 minute. The solution temperature 
was maintained at 50 deg C. This was followed by a 
deionized water rinse for 1 minute. Finally, the sample was 
dried in an oven set to 150 deg C. The sample was removed 
from the oven when it was completely dry. The resulting 
sample was instantaneously water-wettable, as it exhibited a 
water-wettability rating of 0. Bubble point and water flux 
rate values of the hydrophilic membrane made in this 
example were 697 kPa and 0.03 cm/min/kPa, respectively. 
Water flux rate and BP data for the sample of this example 
appear in FIG. 3. 

Example 7 

0069. The membrane of Example 2 was treated to render 
it hydrophilic according to the following procedure. The 
membrane sample was held taut in a hoop (10.16 cm 
diameter). A Solution was prepared by dissolving 1% poly 
vinyl alcohol (Catalog Number 363170, Sigma-Aldrich Co) 
in a 50/50 mixture of isopropyl alcohol/deionized water. The 
hoop was immersed in this solution for 1 minute and then 
rinsed in deionized water for another minute. The hoop was 
then immersed in a solution containing 2% glutaraldehyde 
(Catalog Number 340855, Sigma-Aldrich Co), and 1% 
hydrochloric acid (Catalog Number 435570, Sigma-Aldrich 
Co) in deionized water for 1 minute. The solution tempera 
ture was maintained at 50 deg C. This was followed by a 
deionized water rinse for 1 minute. Finally, the sample was 
dried in an oven set to 150 deg C. The sample was removed 
from the oven when it was completely dry. The resulting 
sample was instantaneously water-wettable, as it exhibited a 
water-wettability rating of 0. Bubble point and water flux 
rate values of the hydrophilic membrane made in this 
example were 672 kPa and 0.05 cm/min/kPa, respectively. 
Water flux rate and BP data for the sample of this example 
appear in FIG. 3. 

Example 8 

0070 The membrane of Example 4 was treated to render 
it hydrophilic according to the following procedure. The 
membrane sample was held taut in a hoop (10.16 cm 
diameter). A Solution was prepared by dissolving 1% poly 
vinyl alcohol (Catalog Number 363170, Sigma-Aldrich Co) 
in a 50/50 mixture of isopropyl alcohol/deionized water. The 
hoop was immersed in this solution for 1 minute and then 
rinsed in deionized water for another minute. The hoop was 
then immersed in a solution containing 2% glutaraldehyde 
(Catalog Number 340855, Sigma-Aldrich Co), and 1% 
hydrochloric acid (Catalog Number 435570, Sigma-Aldrich 
Co) in deionized water for 1 minute. The solution tempera 
ture was maintained at 50 deg C. This was followed by a 
deionized water rinse for 1 minute. Finally, the sample was 
dried in an oven at 150 deg C. The sample was removed 
from the oven when it was completely dry. The resulting 
sample was instantaneously water-wettable, it exhibited a 
water-wettability rating of 0. Bubble point and water flux 
rate values of the hydrophilic membrane made in this 
example were 760 kPa and 0.1 cm/min/kPa, respectively. 
Water flux rate and BP data for the sample of this example 
appear in FIG. 3. 

Example 9 

0071 Fine powder of PTFE polymer (Daikin Industries, 
Ltd., Orangeburg, N.Y.) was blended with Isopar K (Exxon 
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Mobil Corp., Fairfax, Va.) in the proportion of 0.196 g/g of 
fine powder. The lubricated powder was compressed in a 
cylinder to form a pellet and placed into an oven set at 70° 
C. for approximately 12 hours. Compressed and heated 
pellets were ram extruded to produce tapes approximately 
15.2 cm wide by 0.73 mm thick. Three separate rolls of tape 
were produced and layered together between compression 
rolls to a thickness of 0.76 mm. The tape was then trans 
versely stretched to 56 cm (i.e., at a ratio of 3.7:1), 
restrained, then dried in an oven set at 270°C. The dry tape 
was longitudinally expanded between banks of rolls over a 
heated plate set to a temperature of 340°C. The expansion 
ratio was calculated as the ratio between the speeds of the 
two banks of rolls and was determined to be 25:1. The 
longitudinally expanded tape was then expanded trans 
versely at a temperature of approximately 360° C. to a ratio 
of 20:1 and then restrained and heated in an oven set at 390° 
C. for approximately 60 seconds. The process produced a 
thin strong porous membrane. 
0072 The membrane had the following properties: a 
thickness of 0.005.1 mm, a density of 0.334 g/cc, longitu 
dinal matrix tensile strength of 546 MPa, transverse matrix 
tensile strength of 276 MPa, ball burst strength of 22.7 N. 
Frazier number of 2.8, bubble point of 317 kPa, water flux 
rate of 1.72 cm/min?kPa, mean flow pore size of 0.101 
microns, and a surface area of 24.8 m/g. Water flux rate and 
BP data for this membrane appear in FIG. 2. Water flux rate 
and mean flow pore size data for this membrane appear in 
FIG. 6. 

0073. The membrane was treated to render it hydrophilic 
according to the following procedure. The membrane 
sample was held taut in a hoop (10.16 cm diameter). A 
solution was prepared by dissolving 1% polyvinyl alcohol 
(Catalog Number 363170, Sigma-Aldrich Co) in a 50/50 
mixture of isopropyl alcohol/deionized water. The hoop was 
immersed in this solution for 1 minute and then rinsed in 
deionized water for another minute. The hoop was then 
immersed in a solution containing 2% glutaraldehyde (Cata 
log Number 340855, Sigma-Aldrich Co), and 1% hydro 
chloric acid (Catalog Number 435570, Sigma-Aldrich Co) 
in deionized water for 1 minute. The solution temperature 
was maintained at 50 deg C. This was followed by a 
deionized water rinse for 1 minute. Finally, the sample was 
dried in an oven set to 150 deg C. The sample was removed 
from the oven when it was dry. The resulting sample was 
instantaneously water-wettable, as it exhibited a water 
wettability rating of 0. Bubble point and water flux rate 
values of the hydrophilic membrane made in this example 
were 312 kPa and 0.42 cm/min/kPa, respectively. Water flux 
rate and BP data for the treated membrane of this example 
appear in FIG. 3. 

Example 10 

0074 The hydrophilic membrane of Example 7 was 
constructed as a composite hydrophilic filter by layering the 
membrane between two other layers. 
0075) These outer layers were ePTFE membranes pos 
sessing a Frazier number of 40 which were subsequently 
hydrophilized. These two layers served as cover layers (i.e., 
a layer which covers at least a portion of the surface of the 
membrane); they had very high fluid permeability such that 
the resultant assembled composite hydrophilic filter pos 
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sessed essentially the same permeability as the hydrophilic 
membrane of Example 7. The outer, or cover, layer mem 
branes were rendered hydrophilic using the following pro 
cedure. Each cover layer membrane was held taut in a hoop 
(10.16 cm diameter). A solution was prepared by dissolving 
1% polyvinyl alcohol (Catalog Number 363 170, Sigma 
Aldrich Co) in a 50/50 mixture of isopropyl alcohol/deion 
ized water. The hoop was immersed in this solution for 1 
minute and then rinsed in deionized water for another 
minute. The hoop was then immersed in a solution contain 
ing 2% glutaraldehyde (Catalog Number 340855, Sigma 
Aldrich Co), and 1% hydrochloric acid (Catalog Number 
435570, Sigma-Aldrich Co) in deionized water for 1 minute. 
The solution temperature was maintained at 50 deg C. This 
was followed by a deionized water rinse for 1 minute. 
Finally, each cover layer was dried in an oven set to 150 deg 
C. The sample was removed from the oven when it was dry. 
0076. At this point, the composite hydrophilic filter was 
assembled by orienting in a layered, but unbonded, configu 
ration the hydrophilic membrane of Example 7 between the 
two hydrophilic cover membranes. Thus, the composite 
filter consisted of three layers loosely stacked on top of each 
other. The edges of the composite were sealed as needed in 
the test fixtures. Bubble point and water flux rate values of 
the hydrophilic composite were 678 kPa and 0.06 cm/min/ 
kPa, respectively. The composite was instantaneously water 
wettable, as it exhibited a water-wettability rating of 0. 
Water flux rate and BP data for the sample of this example 
appear in FIG. 3. Note the proximity of the data point for the 
composite article relative to the data point for the membrane 
(of Example 7) used in constructing the composite. The 
similar properties of the membrane and the composite attest 
to how well the properties of the membrane can be preserved 
in the final composite article. 

Example 11 

0077. The hydrophilic membrane of Example 8 was 
constructed as a composite hydrophilic filter by layering the 
membrane between two other layers. These two outer, or 
cover, layers were created in the same manner as described 
in Example 10. 
0078. The composite hydrophilic filter was assembled by 
orienting in a layered, but unbonded, configuration the 
hydrophilic membrane of Example 8 between the two 
hydrophilic cover membranes. Thus, the composite filter 
consisted of three layers loosely stacked on top of each 
other. The edges of the composite were sealed as needed in 
the test fixtures. Bubble point and water flux rate values of 
the hydrophilic composite made in this example were 705 
kPa and 0.09 cm/min/kPa, respectively. The composite was 
instantaneously water-wettable, as it exhibited a water 
wettability rating of 0. Water flux rate and BP data for the 
sample of this example appear in FIG. 3. Note the proximity 
of the data point for the composite article relative to the data 
point for the membrane (of Example 8) used in constructing 
the composite. The similar properties of the membrane and 
the composite attest to how well the properties of the 
membrane can be preserved in the final composite article. 

Example 12 

0079. The hydrophilic membrane of Example 9 was used 
to construct a composite hydrophilic filter by layering the 
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membrane between two other layers. These two outer, or 
cover, layers were created in the same manner as described 
in Example 10. 
0080. At this point, the composite hydrophilic filter was 
assembled by orienting in a layered, but unbonded, configu 
ration the hydrophilic membrane of Example 9 between the 
two hydrophilic cover membranes. During testing, the edges 
of the composite were clamped, as appropriate, to perform 
the test. Thus, the composite filter consisted of three layers 
loosely stacked on top of each other. The edges of the 
composite were sealed as needed in the test fixtures. The 
composite was instantaneously water-wettable, as it exhib 
ited a water-wettability rating of 0. Water flux rate and BP 
data for the sample of this example appear in FIG. 3. Note 
the proximity of the data point for the composite article 
relative to the data point for the membrane (of Example 9) 
used in constructing the composite. The similar properties of 
the membrane and the composite attest to how well the 
properties of the membrane can be preserved in the final 
composite article. 

Example 13 

0081. The membrane of Example 1 was treated to render 
it oleophobic according to the teachings of Example 1 of 
U.S. Pat. No. 5,116,650. The resulting membrane had an oil 
rating of 3. Water entry pressure and Gurley values for the 
oleophobic membrane made in this example were 2447 kPa 
and 34 sec, respectively. Water entry pressure and Gurley 
number data for the sample of this example appear in FIG. 
4. 

Example 14 

0082 The membrane of Example 2 was treated to render 
it oleophobic according to the teachings of Example 1 of 
U.S. Pat. No. 5,116,650. This membrane had an oil rating of 
3. Water entry pressure and Gurley values for the oleophobic 
membrane made in this example were 2530 kPa and 22 sec, 
respectively. Water entry pressure and Gurley number data 
for the sample of this example appear in FIG. 4. 

Example 15 

0083. The membrane of Example 2 was used to construct 
a composite filter by layering the membrane between two 
other layers. These two outer, or cover, layers were ePTFE 
membranes possessing a Frazier number of 40. These two 
layers served as cover layers; they had very high fluid 
permeability such that the resultant composite filter pos 
sessed essentially the same permeability as the membrane of 
Example 2. 

0084. The composite filter was assembled by orienting in 
a layered, but unbonded, configuration the membrane of 
Example 2 between the two cover membranes. Thus, the 
composite filter consisted of three layers loosely stacked on 
top of each other. The edges of the composite were sealed as 
needed in the test fixtures. Bubble point and water flux rate 
values for the composite filter were 556 kPa and 0.37 
cm/min/kPa, respectively. Water flux rate and BP data for the 
sample of this example appear in FIG. 2. Note the proximity 
of the data point for the composite article relative to the data 
point for the membrane (of Example 2) used in constructing 
the composite. The similar properties of the membrane and 
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the composite attest to how well the properties of the 
membrane can be preserved in the final composite article. 

Example 16 

0085. The membrane of Example 4 was used to construct 
a composite filter by layering the membrane between two 
other layers. These outer layers were ePTFE membranes 
possessing a Frazier number of 40. These two layers served 
as cover layers; they had very high fluid permeability such 
that the resultant composite filter possessed essentially the 
same permeability as the membrane of Example 4. 
0086) The composite filter was assembled by orienting in 
a layered, but unbonded, configuration the membrane of 
Example 4 between the two cover membranes. Thus, the 
composite filter consisted of three layers loosely stacked on 
top of each other. The edges of the composite were sealed as 
needed in the test fixtures. Bubble point and water flux rate 
values for the composite filter were 575 kPa and 0.66 
cm/min/kPa, respectively. Water flux rate and BP data for the 
sample of this example appear in FIG. 2. Note the proximity 
of the data point for the composite article relative to the data 
point for the membrane (of Example 4) used in constructing 
the composite. The similar properties of the membrane and 
the composite attest to how well the properties of the 
membrane can be preserved in the final composite article. 

Example 17 

0087 Fine powder of PTFE polymer as described and 
taught in U.S. Pat. No. 6,541,589 was blended with Isopar 
K (Exxon Mobil Corp., Fairfax, Va.) in the proportion of 
0.196 ug of fine powder. The lubricated powder was com 
pressed into a cylinder to form a pellet and placed into an 
oven set at 70° C. for approximately 12 hours. The com 
pressed and heated pellet was ram extruded to produce a tape 
approximately 15.2 cm wide by 0.73 mm thick. The 
extruded tape was then rolled down between compression 
rolls to a thickness of 0.19 mm. The tape was then trans 
versely stretched to 56 cm (i.e., at a ratio of 3.7:1) then dried 
at a temperature of 250° C. The dry tape was longitudinally 
expanded between banks of rolls over a heated plate set to 
a temperature of 340°C. The speed ratio between the second 
bank of rolls and the first bank of rolls was 20:1. The 
longitudinally expanded tape was then expanded trans 
versely at a temperature of approximately 360° C. to a ratio 
of 20:1 and then restrained and heated in an oven set at 400° 
C. for approximately 180 seconds. 
0088. The process produced a thin strong porous mem 
brane. The membrane had the following properties: a thick 
ness of 0.0025 mm, a density of 0.180 g/cc, longitudinal 
matrix tensile strength of 609 MPa, transverse matrix tensile 
strength of 220 MPa, ball burst strength of 3.6 N, Frazier 
number of 6.1, bubble point of 337 kPa, water flux rate of 
2.49 cm/min/kPa, mean flow pore size of 0.085 microns, and 
a light transmission of 92%. Water flux rate and mean flow 
pore size data for this membrane appear in FIG. 6. 
0089. This membrane was used to construct a composite 

filter by layering the membrane between two other layers. 
These outer layers were ePTFE membranes possessing a 
Frazier number of 40. These two layers served as cover 
layers; they had very high fluid permeability such that the 
resultant composite filter possessed essentially the same 
permeability as the membrane made earlier in this example. 
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0090 The composite filter was assembled by orienting in 
a layered, but unbonded, configuration this membrane 
between the two cover membranes. Thus, the composite 
filter consisted of three layers were loosely stacked on top of 
each other. The edges of the composite were sealed as 
needed in the test fixtures. Bubble point and water flux rate 
values for the composite filter were 374 kPa and 1.92 
cm/min/kPa, respectively. Water flux rate and BP data for the 
membrane and the composite article of this example appear 
in FIG. 2. Note the proximity of the data point for the 
composite article relative to the data point for the membrane 
used in constructing the composite. The similar properties of 
the membrane and the composite attest to how well the 
properties of the membrane made in this example can be 
preserved in the final composite article. 
0091) While the invention has been disclosed herein in 
connection with certain embodiments and detailed descrip 
tions, it will be clear to one skilled in the art that modifi 
cations or variations of Such detail can be made without 
deviating from the spirit of the invention, and Such modi 
fications or variations are considered to be within the scope 
of the claims herein. 

We claim: 
1. A method of forming a porous PTFE membrane com 

prising: 
forming an extruded lubricated tape of PTFE polymer by 

a paste forming process; 
stretching the extruded lubricated tape transversely at a 

ratio of at least 3:1, and drying the stretched tape to 
remove lubricant; 

longitudinally expanding the resulting tape at a tempera 
ture above 327° C.; 
then transversely expanding the tape at a temperature 

above 327° C. 
2. The method of claim 1, wherein said transverse expan 

sion is carried out at a transverse expansion ratio of at least 
20:1. 

3. The method of claim 1, wherein said transverse expan 
sion is carried out at a transverse expansion ratio of at least 
30:1. 

4. The method of claim 1, wherein the ratio of transverse 
expansion to longitudinal expansion is at least 1. 

5. The method of claim 1, wherein the ratio of transverse 
expansion to longitudinal expansion is at least 2. 

6. A method of forming a porous PTFE membrane com 
prising: 

forming an extruded lubricated tape of PTFE polymer by 
a paste forming process; 

stretching the extruded lubricated tape transversely, and 
drying the stretched tape to remove lubricant; 

longitudinally expanding the resulting tape at a tempera 
ture above 327° C.; 

then transversely expanding the tape at an expansion ratio 
of 20:1 or greater, 

wherein the transverse expansion/longitudinal expansion 
ratio is greater than 2. 

7. The method of claim 6, wherein said extruded lubri 
cated tape is stretched transversely at a ratio of at least 3:1. 
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8. The method of claim 6, wherein said transverse expan 
sion ratio is at least 30:1. 

9. The method of claim 6, wherein the transverse expan 
sion/longitudinal expansion ratio is greater than 3. 

10. The method of claim 6, wherein the longitudinal 
expansion is at a temperature above 340°C. 

11. A method of forming a porous PTFE membrane 
comprising: 

forming an extruded lubricated tape of PTFE polymer by 
a paste forming process; 

stretching the extruded lubricated tape transversely, and 
drying the stretched tape to remove lubricant; 

longitudinally expanding the resulting tape at a tempera 
ture above 327° C.; 

then transversely expanding the tape at an expansion ratio 
of 20:1 or greater. 

12. The method of claim 11, wherein said extruded 
lubricated tape is stretched transversely at a ratio of at least 
3:1. 

13. The method of claim 11, wherein said transverse 
expansion ratio is at least 30:1. 

14. The method of claim 11, wherein the longitudinal 
expansion is at a temperature above 340°C. 

15. A method of forming a porous PTFE membrane 
comprising: 

forming an extruded lubricated tape of PTFE polymer by 
a paste forming process; 

stretching the extruded lubricated tape transversely, and 
drying the stretched tape to remove lubricant; 

longitudinally expanding the resulting tape; 

then transversely expanding the tape at an expansion ratio 
of 20:1 or greater. 

16. The method of claim 15, wherein said extruded 
lubricated tape is stretched transversely at a ratio of at least 
3:1. 

17. The method of claim 15, wherein said transverse 
expansion ratio is at least 30:1. 

18. The method of claim 15, wherein the longitudinal 
expansion is at a temperature above 340°C. 

19. The method of claim 15, wherein the transverse 
expansion is at a temperature above 360° C. 

20. The method of claim 18, wherein the transverse 
expansion is at a temperature above 360° C. 

21. An article comprising an expanded PTFE membrane 
having a membrane surface area of at least 17 m/g. 

22. The article of claim 21, wherein said PTFE membrane 
has a light transmission through the membrane of greater 
than 50%. 

23. The article of claim 21, wherein the PTFE membrane 
surface area is at least 20 m/g. 

24. The article of claim 21, wherein the PTFE membrane 
surface area is at least 23 m/g. 

25. An article comprising an expanded PTFE membrane 
having a light transmission through the membrane of at least 
50% and a porosity of at least 50%. 

26. The article of claim 25, wherein the expanded PTFE 
membrane has a light transmission through the membrane of 
at least 85% and a porosity of at least 75%. 
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27. An article comprising an expanded PTFE membrane 
having a water entry pressure versus Gurley equal to or 
above the line defined by the equation WEP=3(Gurley)+ 
25OO. 

28. The article of claim 27, wherein the expanded PTFE 
membrane has a water entry pressure equal to or above the 
line defined by the equation WEP=3(Gurley)+2900. 

29. The article of claim 27, further comprising at least one 
additional layer selected from the group consisting of non 
woven, scrim and fabric. 

30. The article of claim 27, further comprising at least one 
additional layer on each side of the PTFE membrane. 

31. The article of claim 30, wherein said at least one 
additional layer comprises at least one porous membrane. 

32. The article of claim 31, wherein said at least one 
additional layer comprises ePTFE. 

33. The article of claim 27 in the form of a filter. 
34. The article of claim 27 in the form of a vent. 
35. The article of claim 27 in the form of a filter cartridge. 
36. An article comprising expanded PTFE membrane 

which is instantly wettable with water, said membrane 
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having a water flux rate versus bubble point equal to or 
above the line defined by the equation log (water flux 
rate)=-0.01 (bubble point)+1.3. 

37. The article of claim 36, having a water flux rate versus 
bubble point equal to or above the line defined by the 
equation log (water flux rate)=-0.01 (bubble point)+2.48. 

38. The article of claim 36 in the form of a filter cartridge. 
39. An article comprising an expanded PTFE membrane 

having a water flux rate versus bubble point equal to or 
above the line defined by the equation log (water flux 
rate)=-3.5x10 (bubble point)+1.3 and a surface area of at 
least 17 m/g. 

40. The article of claim 39, wherein the water flux rate 
versus bubble point is equal to or above the line defined by 
the equation log (water flux rate)=-3.5x10 (bubble point)+ 
1.6. 

41. The article of claim 39 in the form of a filter cartridge. 
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