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and then stretched into a dense TFE copolymer 
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DENSE ARTICLES FORMED FROM TETRAFLUOROETHYLENE 
CORE SHELL COPOLYMERS AND METHODS OF MAKING THE SAME 

FIELD 

[0001] The present invention relates generally to tetrafluoroethylene 

(TFE) core shell copolymers, and more specifically, to dense TFE copolymer 

films formed from TFE core shell copolymers. Dense articles including the 

dense TFE copolymer films and a process for making dense articles utilizing 

TFE core shell copolymers are also provided.  

BACKGROUND 

[0002] Barrier films are used in a wide variety of technologies, including 

medical and commercial devices, For example, barrier films find use in short 

and long term implantable medical devices, seals, gaskets, blood contact 

surfaces, bags, containers, and fabric liners. In addition to good barrier 

properties, barrier films should have good mechanical properties and be 

thermally stable. Monolithic, multi-component, and multilayered barrier films 

have been constructed as barrier materials, but have not provided a 

combination of thermal stability, strength, and barrier properties.  

[0003] Polytetrafluoroethylene (PTFE) has been evaluated for use as 

barrier films. The use of PTFE is advantageous in that it can be used in harsh 

chemical environments and over a broad range of temperatures. For example, 

PTFE has exhibited utility as a material for use in harsh chemical environments 

where other polymers quickly degrade, PTFE also has a useful temperature 

range from as high as about 260*C to as low about -273"C. However, PTFE 

barrier films are characterized by poor mechanical properties such as low 

tensile strength, poor cold flow resistance or creep resistance, poor cut-through 

and abrasion resistance, and a general poor mechanical integrity that 

precludes its consideration in many materials engineering applications.  

[0004] Low porosity PTFE articles have been made through the use of a 

skiving process in which solid PTFE films are split or shaved from a thicker 
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preformed article. These PTFE articles are characterized by low strength, poor 

cold flow resistance, and poor load bearing capabilities in both the length and 

width directions of the film. Processes such as ram extrusion of PTFE fine 

powder have also been used to produce low porosity PTFE articles; however, 

such films also possess relatively poor mechanical characteristics. Attempts 

have also been made to strengthen the low porosity PTFE films by stretching 

in the length dimension, However, strength gains are minimal and, by the 

nature of the process, are achieved in only a single dimension, thus greatly 

minimizing the utility of the film.  

[0005] An expanded polytetrafluoroethylene (ePTFE) film may be 

produced by a process taught in U.S. Patent No. 3,953,566, to Gore. The 

porous ePTFE formed by the process has a microstructure of nodes 

interconnected by fibrils, demonstrates higher strength than unexpanded 

PTFE, and retains the chemical inertness and wide useful temperature range 

of unexpanded PTFE. However, such an expanded PTFE film is porous and 

therefore cannot be used as a barrier layer to low surface tension fluids since 

such fluids with surface tensions less than 50 dyne-cm pass through the pores 

of the membrane.  

[0006] Compressed ePTFE articles in which a platen press was used to 

density a thin sheet of ePTFE with and without heat are also taught in U.S.  

Patent No. 3,953,566 to Gore. However, cold flow occurred in the press, non

uniform parts resulted, and a density of over 2.1 g/cc was not achieved.  

Accordingly, the utility of the ePTFE sheet as a barrier film was limited.  

[0007 Conventional processes for forming TFE-based barrier films 

involve expansion, compression, and subsequent thermal treatment with or 

without deformation. Additionally, high strength dense PTFE barrier films may 

be produced without the use of the expansion and compression processes by 

the deformation of dried PTFE paste at a temperature above the crystalline 

melt of PTFE, Although such processes may result in a high strength dense 

fluoropolymer film, crystallinity is greatly reduced, permeability is not optimized, 

and the process is limited in scale.  

2
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[0008] Thus, there exists a need in the art for a TFE-based barrier film 

that demonstrates improved barrier performance, such as evidenced by a 

resistance to methane permeation, improved physical and mechanical 

performance, such as low creep, and high matrix tensile strength, as well as a 

simplified process for making the TFE-based barrier film.  

SUMMARY 

[0008a] In accordance with the invention there is provided a dense 

article comprising: 

a dense TFE copolymer film having a first endotherm between 50'C and 

300'C, a second endotherm between 320'C and 350'C, and a third endotherm 

between 350'C and 400'C, 

wherein said TFE copolymer is a core shell TFE copolymer in which a 

shell portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

[0008b] In accordance with the invention there is further provided a 

process of forming a dense article comprising: 

stretching a dried preform of a TFE copolymer tape at a temperature no 

greater than 335'C to form a dense TFE copolymer film, said dense TFE 

copolymer film having a first endotherm between 50'C and 300'C, a second 

endotherm between 320'C and 350'C, and a third endotherm between 350'C 

and 400'C, 

wherein the TFE copolymer is a core shell TFE copolymer in which a 

shell portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

[0008c] A still further aspect of the invention provides a process of 

forming a dense article comprising: 

stretching a dried preform of a TFE copolymer tape at a temperature no 

greater than 400'C to form a dense TFE copolymer film, said dense TFE 

copolymer film having a first endotherm between 50'C and 300'C, a second 

3 

10381622_1 (GHMatters) P105858.AU



GT/146WO01 

endotherm between 320'C and 350'C, and a third endotherm between 350'C 

and 400'C, 

wherein said TFE copolymer is a core shell TFE copolymer in which a shell 

portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

[0009] One embodiment of the invention relates to a dense article that 

includes a dense TFE copolymer film that possesses a first endotherm 

between about 50'C and about 300'C, a second endotherm between about 

320'C and about 350'C, and a third endotherm between about 350'C and 

about 400'C. The TFE copolymer film includes at least 50% TFE monomer 

and contains at least 3.0% by weight polymerized units of at least one 

comonomer based on a total weight of the dense TFE copolymer film. The 

dense TFE copolymer film has a methane permeability less than about 20 

pg*micron/cm 2/min. The dense articles have a void volume of less than about 

20%. The dense articles exhibit improved physical and mechanical properties, 

including both adhesion and barrier properties. The dense TFE copolymer film 

may be produced directly from a dried preform without increasing the porosity 

of the dried preform, as would conventionally be done in expansion processes.  

[0010] A second embodiment of the invention relates to a process of 

forming a dense article that includes stretching a dried preform of a TFE 

copolymer tape at a temperature no greater than about 335'C to form a dense 

TFE copolymer film. The dense TFE copolymer film has a first endotherm from 

about 50'C to about 300'C, a second endotherm between about 320'C and 

about 350'C, and a third endotherm between about 350'C and about 400'C.  

Stretching the dried preform may be conducted at a temperature no less than 

the first endotherm. In another embodiment, stretching the dried preform 

occurs at a temperature between the first endotherm and the second 

endotherm. In a further embodiment, the dried preform may be stretched at a 

temperature within the second endotherm. In a further embodiment, the dried 
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preform may be stretched at a temperature from about 350*C to about 400*C.  

The process may further include forming the dried preform, which includes 

lubricating a TFE core shell copolymer, subjecting the lubricated TFE 

copolymer to pressure at a temperature below the second endotherm to form a 

lubricated TFE copolymer tape, and drying the lubricated TFE copolymer tape 

to substantially remove the lubricant and form the dried preform. The dense 

TFE copolymer film has a methane permeability less than about 20 

pg*micron/cm 2/min, The dense article has a void volume of less than about 

20%, 

BRIEF DESCRIPTION OF THE DRAWINGS 

t001 1] The accompanying drawings are included to provide a further 

understanding of the disclosure and are incorporated in and constitute a part of 

this specification, illustrate embodiments, and together with the description 

serve to explain the principles of the disclosure.  

[0012] FIG. 1 is a differential scanning calorimetry scan (DSC) 

depicting three endotherm peaks of a TFE-VDF dense article according to at 

least one embodiment of the invention; 

[0013] FIG, 2 is a differential scanning calorimetry scan (DSC) 

depicting three endotherm peaks of a TFE-CTFE dense article in accordance 

with another embodiment of the invention; 

[0014] FIG. 3 is a differential scanning calorimetry scan (DSC) 

depicting three endotherm peaks of a TFE-VDF dense article according to at 

least one embodiment of the invention; and 

[0015] FIG. 4 is a differential scanning calorimetry scan (DSC) 

depicting three endotherm peaks of a TFE-CTFE dense article in accordance 

with at least one embodiment of the invention.  
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GLOSSARY 

10016] The term "comonomer" as used herein is meant to denote any 

comonomer present within the core shell tetrafluoroethylene copolymer other 

than the tetrafluoroethylene monomer.  

[0017] As used herein, the phrase "substantially only TFE monomer" is 

meant to denote that the shell portion in the core shell TFE copolymer contains 

(1) TFE monomer or (2) TFE monomer and an unquantifiable amount (trace 

amount) of comonomer, 

[0018] As used herein, the term "copolymer" is meant to describe a 

reaction product of TFE monomer and at least one comonomer where the 

comonomer is present in the copolymer in an amount of at least 3.0% by 

weight polymerized units based on the total weight of the TFE copolymer.  

[0019] As used herein, the term "dense" is meant to describe an article 

that has a void volume less than about 20%.  

[0020] As used herein, the terms "width" and "length" are analogous to 

the x-direction and y-direction, respectively.  

[0021] As used herein, the term "lubricant" is meant to describe a 

processing aid that includes, and in some embodiments, consists of, an 

incompressible fluid that is not a solvent for the polymer at processing 

conditions. The fluid-polymer surface interactions are such that it is possible to 

create an homogenous mixture.  

DESCRIPTION OF THE INVENTION 

[0022] It is to be noted that the terms "TFE copolymer", "TFE core shell 

copolymer", and "core shell TFE copolymer" may be used interchangeably 

herein. Additionally, the terms "stretch", "stretched", and "stretching" may be 

used interchangeably with the terms "deform" "deformed", and "deforming", 

respectively.  

[0023] The present invention relates to dense tetrafluoroethylene (TFE) 

copolymer films and dense articles formed from TFE core shell copolymers.  

The dense TFE copolymer films may be advantageously produced directly 
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from a dried preform without increasing the porosity of the dried preform, as 

would conventionally be done in expansion processes. In addition, this 

disclosure relates to methods for producing dense articles that exhibit 

improved physical and mechanical properties, including both adhesion and 

barrier properties. Dense articles including the dense TFE copolymer films 

have a void volume of less than about 20%. The TFE copolymer film has a 

methane permeability less than about 20 pg*micron/cm2/min.  

[0024] A tetrafluoroethylene (TFE) copolymer having a core shell 

configuration is formed by a process in which tetrafluoroethylene monomers 

are copolymerized with at least one comonomer other than TFE. As used 

herein, the term "comonomer" is meant to describe a monomer within the TFE 

copolymer other than tetrafluoroethylene. The comonomer may be an 

ethylenically unsaturated monomer having a reactivity with TFE so as to 

enable polymerization with the TFE monomer. For example the comonomer 

may be a perfluoroalkyl ethylene monomer, such as perfluorobutylethylene 

(PFBE), perfluorohexylethylene (PFHE), and perfluoro-octylethylene (PFOE), or 

it may be a perfluoroalkyl vinyl ether monomer such perfluoro(methyl vinyl 

ether) (PMVE), perfluoro(ethyl vinyl ether) (PEVE), and perfluoro(propyl vinyl 

ether) (PPVE).  

[0025] The comonomer may alternatively, or also be an olefin such as 

ethylene, propylene or isobutylene, a fluorinated monomer such as 

chlorotrifluoroethylene (CTFE), hexafluoropropylene (HFP), vinylidene fluoride 

(CFH=CH 2), vinylidene difluoride (VDF), hexafluoroisobutylene (HFIB) and 

trifluoro-ethylene (CF 2=CFH), or a fluorodioxole of the general formula: 

X Y 

C:--

0 0 

C: 

R 
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where R, and R2 = F or a 1-3 carbon alkyl group containing at least one 

fluorine, and X, Y may be F and/or H; 

[0026] a fluorodioxole of the general formula: 

where Rf is a perfluoroalkyl carbon of 1-5 atoms, and RiR2 may be F and/or 

CF3; or 

[0027] a fluorodioxalane of the general formula: 

C.  

where R,:R2 may be F and/or a perfluoroalkyl carbon of 1-5 atoms.  

[0028] The core shell TFE copolymer is produced by a polymerization 

process that includes placing TFE monomer and at least one comonomer in a 

pressurized reactor; initiating the polymerization reaction with a free radical 

initiator, feeding TFE monomer and comonomer into the reaction vessel during 

the polymerization reaction, stopping the addition of comonomer at a point in 

the polymerization reaction prior to completion of the polyerization reaction, and 
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continuing the polymerization reaction by feeding only TFE monomer into the 

reaction vessel until the reaction is complete. It is to be appreciated that more 

than one comonomer may be fed into a pressurized reactor to produce multi

component copolymers, such as, for example, terpolymers, 

[0029] The initial addition of TFE monomer and comonomer may be 

introduced into the reactor vessel as a precharge. After the polymerization 

reaction has started, the comonomer and TFE monomer may be sequentially 

added, for example, with the comonomer being added prior to the TFE 

monomer. Alternatively, the TFE monomer and comonomer may be 

simultaneously added to the reaction vessel. The TFE monomer and 

comonomer may be introduced incrementally or intermittently to the reaction 

vessel during the polymerization reaction. Higher concentrations of 

comonomer in the TFE copolymer produced are achieved by adding the 

comonomer to the reaction vessel at higher concentration levels. Comonomer 

may be added to the reaction vessel in an amount of at least about 1,0% by 

weight, at least about 2.0% by weight, at least about 3.0% by weight, at least 

about 3.5% by weight, at least about 4.0% by weight, at least about 4.5% by 

weight, or at least about 5.0% by weight. It is to be noted that the % by weight 

described herein with reference to the addition of the TFE monomer andlor 

comonomer to the reaction vessel are based upon total weight of TFE monomer 

and comonomer fed into the reactor vessel.  

[0030] At a point between about 15% and about 90%, between about 

20% and about 70%, between about 20% and about 60%, or between about 

30% and about 60% of the progression of the reaction toward completion, 

addition of the comonomer to the reaction vessel is stopped. In at least one 

embodiment, the comonomer addition is stopped at about the mid-point of the 

polymerization reaction, e.g., at a point from about 30% to about 60% to 

completion. The polymerization reaction is then permitted to continue by 

adding only TFE monomer until the reaction is complete Excess comonomer 

may be removed (e.g., evacuated) from the reactor, as needed, prior to 

completion of the reaction.  

8
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[0031] In the polymerization reaction, substantially non-telogenic 

dispersing agents may be used. Ammonium perfluoro octanoic acid (APFO or 

"C-8") is one non-limiting example of a suitable dispersing agent for the 

polymerization reaction. Programmed addition (precharge and pumping) may 

be utilized to add the dispersing agent to the reaction vessel. It is to be 

appreciated that ingredient purity is needed to achieve the desired properties in 

the dense articles described herein. Ionic impurities, which can increase ionic 

strength, in addition to soluble organic impurities, which can cause chain 

transfer or termination, are minimized or even eliminated. In at least one 

embodiment, ultra-pure water is employed.  

[0032] The TFE core shell copolymer produced by the process 

described herein contains a core portion that includes copolymer units and a 

shell portion that contains substantially only TFE monomer, "Substantially only 

TFE monomer" as used herein is meant to denote that the shell contains (1) 

TFE monomer only or (2) TFE monomer and a trace amount (e.g., an 

unquantifiable amount) of comonomer. The TFE core shell copolymer may 

contain comonomer in an amount of at least about 1.0% by weight, at least 

about 2.0% by weight, at least about 3.0% by weight, at least about 3.5% by 

weight, at least about 4.0% by weight, at least about 4,5% by weight, at least 

about 5.0% by weight, at least about 5.5% by weight, at least about 6% by 

weight, at least about 7% by weight, at least about 8% by weight, at least about 

9% by weight, or at least about 10% by weight. Accordingly, the amount of 

tetrafluoroethylene (e.g., TFE monomer) that may be present in the TFE 

copolymer may be less than about 99% by weight, less than about 98% by 

weight, less than about 97% by weight, less than about 96.5% by weight, less 

than about 96% by weight, less than about 95.5% by weight, or less than about 

95% by weight. Percent by weight as it pertains to the TFE core shell 

copolymer is based upon the total weight of the TFE copolymer In some 

embodiments, the TFE copolymer includes at least 30% by weight TFE 

monomer, at least 40% by weight, at least 50% by weight, at least about 60% 

by weight, at least about 70% by weight, at least about 80% by weight, or at 

least 90% by weight.  

9
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[0033] The TFE copolymers are produced in the form of fine particles 

dispersed within an aqueous medium. In one embodiment, the TFE copolymer 

may be blended or combined, either by coagulation or by dry blending, with at 

least 5% by weight, at least about 5,5% by weight, at least about 6% by weight, 

at least about 6.5% by weight, at least about 7% by weight, at least about 7.5% 

by weight, at least about 8% by weight, at least about 8.5% by weight, at least 

about 9% by weight, at least about 9.5% by weight, or at least about 10% by 

weight of a TFE homopolymer, a thermoplastic polymer, a TFE copolymer, and 

combinations thereof. It is to be noted that the % by weight as used with 

respect to blending an additional polymer is based on the total weight of the 

polymer blend. Non-limiting examples of suitable thermoplastic polymers 

include, but are not limited to, fluorinated ethylene propylene (FEP), 

polyvinylidene fluoride (PVDF), perfluoro(alkyl vinyl) ethers (PAVE), 

perfluoroelastomeric materials (FFKM), a polymer of tetrafluoroethylene, 

hexafluoropropylene, and vinylidene fluoride (THV), perfluoroalkoxy alkane 

(PFA), a copolymer of ethylene and tetrafluoroethylene (ETFE), and 

polychlorotrifluoroethene (PCTFE). The type and/or amount of the polymer(s) 

to be blended may be selected to provide desirable mechanical or functional 

end properties.  

[0034] The TFE core shell copolymers are produced in the form of fine 

particles dispersed within an aqueous medium and may be processed into a 

dense TFE copolymer film without any heat treatment above the crystalline 

melt temperature of polytetrafluoroethylene (PTFE). The dense TFE 

copolymer film is produced directly from dried extrudate at a deformation 

temperature less than or equal to about 400*C and greater than or equal to 

about 3000C without increasing the porosity of the dried preform, as would 

conventionally be done in expansion processes.  

[0035] To form the dense TFE copolymer film, the TFE copolymer may 

be subjected to a ram extrusion process where the TFE copolymer is 

combined with a suitable lubricant (e.g, Isopar*O K), blended, compressed into 

a pellet, and extruded through a die to form a tape. The direction of extrusion 

is referred to as the y- direction or longitudinal direction. The TFE copolymer 

10
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tape is then dried to remove or substantially remove the lubricant and form a 

dried extrudate or dried preform. The term "lubricant", as used herein, is 

meant to describe a processing aid that includes, and in some embodiments, 

consists of, an incompressible fluid that is not a solvent for the polymer at 

processing conditions, Additionally, the fluid-polymer surface interactions are 

such that it is possible to create an homogenous mixture. The phrase 

"substantially all the lubricant" is meant to denote that the lubricant is nearly or 

completely removed from the TFE copolymer tape to form the dried preform.  

[0036] The dried preform may then be deformed or stretched in at least 

one direction at a temperature less than or equal to about 400"C (e.g., from 

about 300*C to about 400*C) to form a dense TFE copolymer film. As used 

herein, the term "dense" is meant to describe a TFE copolymer film or article that 

possesses a void volume less than about 20%, The dense TFE copolymer film 

may possess a void volume less than about 20%, less than about 15%, less 

than about 10%, less than about 8%, less than about 5%, less than about 3%, 

or less than about 1%.  

[0037] In exemplary embodiments, the dried preform is simultaneously 

deformed in the longitudinal and transverse directions (a g, both the x- and y

directions) to form a dense TFE copolymer film. The deformation in the 

longitudinal (y-direction) may occur at a stretch rate of about 10%/sec or lower, 

about 1,000%/sec or higher, or between about 10%/second and about 

1,000%/sec. The deformation in the transverse (x-direction) may occur at a 

stretch rate of about 10%/sec or lower, about 1,000%/sec or higher, or 

between about 10%/second to about 1,000%/sec. It is to be appreciated that 

the deformation of the dried preform may be conducted in either the x-or y

direction or both the x-, y-directions, either sequentially or simultaneously, 

utilizing a pantograph machine or continuously in a tenter frame or similar 

machine. Suitable stretch ratios may vary significantly, such as from 1:1 to 

1:1,000 or from 1:1 to 1:10,000 or greater and at varying stretch rates.  

[0038] The dense TFE copolymer films possess at least three separate 

endotherms, A first endotherm occurs below about 3000C. In at least one 

embodiment, a first endotherm occurs between about 50*C and about 3000C. A 
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second endotherm occurs between about 320"C and about 350C A third 

endotherm occurs at a temperature between about 350C to about 4000C. In 

exemplary embodiments, the third endotherm occurs at about 380*C It is to be 

understood that the terms "first", "second", and "third" as used herein are not 

representative of any kind of order, but are used rather to differentiate the 

existence of three separate and distinct endotherms in the TFE copolymer film, 

Also, it is to be noted that blends can be made with the TFE core shell 

copolymer by blending with another TFE homopolymer, a thermoplastic 

polymer, and/or another TFE copolymer, such as described herein, which may 

create an additional endotherm.  

[0039] Additionally, the dense TFE copolymer films are thin and may 

have a thickness less than about 250 microns, less than about 150 microns, 

less than about 100 microns, less than about 50 microns, less than about 30 

microns, less than about 10 microns, less than about 5 microns, or less than 

about 1 micron.  

[0040] In one exemplary embodiment, the dried preform may be 

stretched in at least one direction as discussed above at a temperature at or 

above the first endotherm (ihe, 300*C) to form a dense TFE copolymer film. In 

another embodiment, the dried preform may be deformed in at least one 

direction as discussed above at a temperature between the first endotherm 

and the second endotherm (ie., from about 300C to about 320*C). In a 

further embodiment, the dried preform may be stretched in at least one 

direction as discussed above at a temperature within the second endotherm 

(i.e. from about 320*C to about 350C) form a dense TFE copolymer film. In 

yet another embodiment, the dried preform may be stretched at a temperature 

from about 3500C to about 400C. In at least one other embodiment, the dried 

preform may be deformed in at least one direction at a temperature from about 

300*C to about 335C. In another embodiment, the dried preform may be 

deformed at a temperature less than or equal to about 400*C to form a dense 

TFE copolymer film. In further embodiments, the dried preform may be 

deformed at a temperature less than or equal to about 370*, less than or 

equal to about 335C, or less than or equal to about 320*C to form a dense 
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TFE copolymer film. In exemplary embodiments, the deformation occurs at a 

temperature at or above 3000C, 

[0041] The dried preform may optionally be heated to the deformation 

temperature (eg., pre-heated and/or post-heated) prior to and/or after stretching 

or deforming the dried preform into a dense TFE copolymer film, Thus, in one 

embodiment, the dried preform is heated to a temperature at or above 300*C 

prior to and/or after stretching the dried preform. In another embodiment, the 

dried preform is heated to a temperature between the first endotherm and the 

second endotherm (i.e., from about 300"C to about 320*C) prior to and/or after 

stretching. In a further embodiment, the dried preform is heated to a 

temperature within the second endotherm (i.e. from about 3200C to about 

3500C) prior to and/or after stretching. Additionally, the dried preform may be 

heated to a temperature from about 350*C to about 400*C prior to and/or after 

stretching 

[0042] The dense TFE copolymer films and dense articles may be 

utilized as barrier materials. The dense TFE copolymer films exhibit a 

methane permeability of less than about 20 pg*micron/cm2/min, less than 

about 15 pg*micron/cm2/min, less than about 10 pg*micron/cm2/min, less than 

about 5 pg*micron/cm2/min, less than about 1.0 pg*micron/cm 2/min, or less 

than about 0.5 pg*micron/cm2/min. Further, the dense TFE copolymer films 

have a matrix tensile strength in at least one direction that is greater than or 

equal to about 5,000 psi, greater than or equal to about 25,000 psi, greater 

than or equal to about 50,000 psi, greater than or equal to about 75,000 psi or 

greater than or equal to about 100,000 psi, or higher.  

[0043] In addition, the dense TFE copolymer films and dense articles 

that include the dense TFE copolymer films exhibit adhesion characteristics 

that cannot be achieved in conventional polytetrafluoroethylene (PTFE) 

homopolymers. That is, the dense TFE copolymer film and dense article can 

be adhered to itself or to other materials after subjecting it to lower temperature 

andlor shorter time and/or lower pressure than what is required for adhering a 

PTFE homopolymer to itself or to other substrates, such as, for example, 

adhesion promoting substrates, polymeric substrates, or metal substrates.  
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Such adhesion characteristics enable barrier materials to be formed without 

the need to adhere other substrates, which per unit volume possess less 

barrier and mechanical performance. As a result, barrier properties associated 

with the dense TFE copolymer films and dense articles are maximized.  

[0044] The dense TFE copolymer films and dense articles including the 

dense TFE copolymer films may be laminated, adhered, or otherwise bonded 

(eg, thermally, mechanically, or chemically) to a substrate Non-limiting 

examples of suitable substrates include, but are not limited to, fluorinated 

ethylene propylene (FEP), perfluoroalkoxy alkane (PFA), 

polytetrafluoroethylene (PTFE), a polymer of tetrafluoroethylene, 

hexafluoropropylene, and vinylidene fluoride (THV), polyurethanes, 

polyamides, ethylene vinyl alcohol (EVOH), and polyvinyl chloride (PVC). The 

substrate may also be a metallic sheet, an inorganic sheet, or pressure 

sensitive adhesive. Such laminated structures may facilitate or enhance 

further bonding to additional layers, such as textiles.  

TEST METHODS 

[0045] It should be understood that although certain methods and 

equipment are described below, other methods or equipment determined 

suitable by one of ordinary skill in the art may be alternatively utilized.  

Differential Scanning Calorimetry (DSC) 

[0046) This test was performed using a TA Instruments Q2000 DSC and 

TA Instruments standard aluminum pans and lids for Differential Scanning 

Calorimetry (DSC). Weight measurements were performed on a Sartorius MC 

210P microbalance. All spectra had endotherms reported in the positive 

direction on the y-axis.  

[0047] Calibration of the Q2000 was performed by utilizing the 

Calibration Wizard available through the Thermal Advantage software supplied 

with the device. All calibration and resulting scans were performed under a 

constant nitrogen flow of 50 m/min 
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[0048] The sample was loaded into the pan and the weight was 

recorded to 0.01 mg precision, with samples ranging from 5.00 mg to 10,00 

mg. These values were entered into the Thermal Advantage control software 

for the Q2000. The lid was placed on the pan and crimped using a standard 

press. A similar pan for reference was prepared. with the exception of the 

sample article, and its weight was also entered into the software. The pan 

containing the sample article was loaded onto the sample sensor in the Q2000 

and the empty pan was loaded onto the reference sensor. The samples were 

then equilibrated at -50OC and ramped at 104C/min to 410C. Data were 

analyzed using Universal Analysis 2000 from TA Instruments.  

Methane Permeability 

Standard procedure: 

[0049] The apparatus used to measure methane permeation comprised 

of a stainless steel test cell with a top half, a bottom half, an inlet for methane 

gas, and an inlet for zero air. The term "zero air" refers to compressed air 

passing through a catalyst bed to remove any hydrocarbons in the air so that 

the methane is the only hydrocarbon the FID detector measures. The bottom 

half of the test cell was first purged with zero air. The testing film is 

sandwiched between the two halves and sealed. A tight seal is formed by two 

o-rings.  

[0050] Methane gas and zero air were then introduced into the test 

sample by way of the inlets. The flow of the methane gas and zero air were 

controlled using a needle valve and a mass flow controller (Model No. Brooks 

5850E), respectively. Methane gas came in from the bottom inlet and came 

out through the bottom exhaust outlet, which ensured that there is no back 

pressure on the test sample.  

[0051] The methane gas which permeated through the test sample was 

carried in zero air and fed in to the FID detector (Model 8800B, Baseline

Mocon, Inc.). The FID detector continuously measured the concentration of 

the methane gas, which permeated through the test sample. The detector was 

connected to a data acquisition system to acquire voltage signals which were 
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then converted to methane concentration (Cmetane) values using a known three 

point calibration curve.  

[0052] The test duration lasted at least until the methane concentration 

reached a steady state. The test duration typically ranged from about 15 

minutes to about 40 minutes, The average of the data (Cmethane) collected 

during the last two minutes of the test duration was reported, 

[0053] The methane flux (in units of g/cm2/min) was calculated by the 

following equation: 

Methane flux = 0.000654 *Cmetiane*R/A; 

wherein Cmemane is the average methane concentration in ppm, R is the flow 

rate of zero air in cmalmin, and A is the area of the test sample in cm2.  

Methane permeation was measured in duplicate and the average value of 

methane flux based on two samples was reported.  

Accumulation procedure: 

{0054] In this procedure, the following variation to the above described 

standard procedure was used. The zero air inlet and the port were closed 

while the methane gas was introduced into the test sample. Without zero air 

flow into the top half of the test cell, the methane gas which permeated through 

the test sample accumulated inside the top half of the cell. After a fixed 

duration of methane gas accumulation (typically about 30 minutes to about 60 

minutes), the zero air inlet and the port were opened, the methane gas 

accumulated was then carried in zero air to the FID detector, which measured 

the concentration of the methane gas (Cmethane) accumulated in the cell during 

the testing duration. The above equation was used to calculate the methane 

flux, 

Void Percent (%) 

[0055] Void (%) of the sample was estimated by the difference between 

bulk density (pbulk) and skeletal density (pskeleton) of the sample. The test 

sample was die-cut into coupons shaped into a circle with a diameter of about 

20.3 mm, Four coupons were cut from different locations of the test sample.  
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The thickness was measured at four different locations of each coupon by 

using the Mitutoyo Litematic VL-50A contact gauge. The average value of 

thickness was calculated for each coupon. The thickness of the test sample 

was reported based on the average value for the four coupons. The weight of 

each coupon was measured using a microbalance (Mettler Toledo Model 

AT20). The weight of the test sample was reported based on the average 

value for the four coupons.  

(00561 The bulk density (pbutk) was then computed by dividing the weight 

of the test sample by the product of test sample area and test sample 

thickness. The coefficient of variance (CV) for the bulk density measurement 

was typically less than 5% with a mean CV of about 3.6%.  

[00571 Skeletal density (pseiezon) or the true density of the test sample 

was measured using a standard helium pycnometer (Model AccuPyc 1340 with 

a sample cup of 1 cm3 in volume), The test sample mass was kept above 

0.2g, which was the minimum weight required to get within 99% of the skeletal 

density value, The instrument was first calibrated using a steel ball with a 

known volume of 0.05656 cm3. The following test conditions were used; purge 

cycles = 20, purge fill pressure and cycle fill pressure = 19.5 psig. An average 

of 20 measurements of the test same sample were reported. The coefficient of 

variance (CV) of the 20 replicates was less than 0,2%, 

[00581 The void percent (%) was then calculated using the following 

equation: 

Void % = (pskeetorepbulk)/ pskeietan*100 

Tensile Break Load Measurements & Matrix Tensile Strength (MTS) 

[0059] Tensile break load was measured using an Instrone 1122 tensile 

test machine equipped with flat-faced grips and a 0.445 kN load cell. The 

gauge length was 2.54 cm and the cross-head speed was 2.54 cm/min. The 

test sample dimensions were 7.6 cm by 0.64 cm. For longitudinal MTS 

measurements, the larger dimension of the sample was oriented in the 

machine direction, For the transverse MTS measurements, the larger 
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dimension of the sample was oriented perpendicular to the machine direction.  

Each sample was weighed using a scale (Mettler Toledo Model AG204). The 

samples were then tested individually on the tensile tester. Three different 

samples from each direction 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)*(intrinsic density of 

PTFE)/intrinsic density of the test sample; 

where the bulk density of the inventive copolymer film is taken to be equivalent 

the intrinsic density of PTFE is taken to be 2.2 g/cc.  

EXAMPLES 

Example 1: 

[0060] To a 50-liter, horizontal polymerization reactor equipped with a 3

bladed agitator was added 1.5 kg wax, 28 kg of deionized (DI) water: 18 g of 

ammonium perfluorooctanoic acid (APFO), and 5 g of succinic acid dissolved 

in about 50 g of DI water The reactor and contents were heated above the 

melting point of the wax. The reactor was repeatedly evacuated and 

pressurized (to about 1 Atm or less) with TFE until the oxygen level was 

reduced to 20 ppm or less. The contents were briefly agitated at 60 rpm 

between evacuation and purge cycles to ensure that the water was 

deoxygenated.  

[0061] The reactor was heated to 830C and agitated at 60 rpm.  

Subsequently, 2.0 Mpa of VDF was added, followed by addition of TFE until 

the pressure reached 2.8 Mpa. At this time, KMnO 4 in a DI water solution (0.2 

g/L) was injected at 80 mL/min until approximately 1 kg of TFE was added.  

The KMn04 was added at 60 mL/min for the next 2 Kg of TFE was added. The 

KMnO 4 was then added at 80 mLimin until 4 kg more of TFE was consumed.  

The total amount of KMnO 4 solution added was 4.61 kg.  

[0062] Approximately 320g of 20% APFO solution was added in 40 mL 

increments, the first increment being added after about 1 kg of TFE had been 

added, followed by increments after each additional 0.5 Kg of TFE for the next 
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2 kg of TFE and then additions for the next 3 kg of TFE, so that the final 

increment was added after 8 kg of TFE had been reacted.  

[0063] VDF and TFE were added after the first added 1 kg of TFE was 

consumed. VDF and TFE were then added sequentially such that for each 0.5 

kg of consumed TFE was followed by 0.5 kg of VDF until 2 kg of TFE and 2 kg 

of VDF were consumed. The polymerization continued by only feeding TFE 

until the end of the polymerization.  

[00641 The polymerization reaction stopped after 14 kg of TFE had been 

added to the reactor, The weight of the dispersion produced was 48.90 kg 

containing 33.21% solids. The dispersion was coagulated with nitric acid and 

dried at 130*C.  

[0065] The raw dispersion particle size (RDPS) of the polymer particle 

was 0.321 microns. The VDF concentration in the copolymer was determined 

to be 27.9 mol% (19.9 wt %) as measured by nuclear magnetic resonance 

(NMR) spectroscopy.  

[0066] A dense article using the above described fine powder resin 

including the core shell copolymer of TFE and VDF was prepared as follows.  

The resin was mixed with Isopar Ke (Exxon Mobil Corp,, Fairfax, Va.) at a 

concentration of 0.201 g/g of resin and formed into a pellet approximately 10,2 

cm in diameter at a pressure of about 2758 kPa. The pellet was heated to 

about 49*C and ram extruded into a tape having dimensions of about 0.064 cm 

in thickness and about 20.32 cm in width, through a die which affected a 

reduction ratio of about 63 to 1, at an average extrusion pressure of about 

72678 kPa. The reduction ratio is the ratio of the cross sectional area of the 

extruder barrel to the cross sectional area of the extruded tape. The tape was 

dried by heating at 130*C in order to remove the lubricant. The width of the 

dried tape was 19.05 cm.  

[00671 Using a pantograph machine, the tape was heated at 3000C for 

480 seconds then stretched in the longitudinal direction and transverse 

directions simultaneously at a ratio of about 2,8 1 while maintaining a 

temperature of about 300*C. The average engineering strain rate was 

calculated to be about 700%/second.  
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[0068] The resulting dense article was characterized and the results are 

given in Table 1. The standard procedure described above under Methane 

Permeability was used to measure methane permeation. FIG, 1 depicts a 

differential scanning calorimetry (DSC) scan showing the melt transition 

temperature peaks (endotherms) of the dense article, clearly indicating the 

presence of three peaks, the first peak at 177,320C, the second peak at 

343,830C, and the third peak at 365.59"C.  

Example 2: 

[0069] To a 50-liter, horizontal polymerization reactor equipped with a 3

bladed agitator was added 1 5 kg wax, 28 kg of deionized (DI) water, 18 g of 

ammonium perfluorooctanoate (APFO), and 5 g of succinic acid dissolved in 

about 50 g of Dl water. The reactor and contents were heated above the 

melting point of the wax. The reactor was repeatedly evacuated and 

pressurized (to about 1 Atm or less) with TFE until the oxygen level was 

reduced to 20 ppm or less. The contents were briefly agitated at 60 rpm 

between evacuation and purge cycles to ensure that the water was 

deoxygenated. The reactor was heated to 830C and agitated at 60 rpm.  

Subsequently, 2.8 Mpa of TFE was added, followed by addition of KMnO 4 in a 

D1 water solution (0.6 g/L) by injection at 3.75 ml / min until approximately 1 kg 

of TFE had been added.  

[0070] The KMnO4 solution was added at 4.6 ml/min for the next 1 Kg of 

TFE. The KMnQ 4 solution was then added at 50 mlmin until 1 Kg more of TFE 

was consumed. The KMnO 4 solution was then added at 30 mUmin until 1 kg 

more of TFE was consumed. The KMnO 4 solution was then added at 40 

mL/min until 1 kg more of TFE was consumed. The KMnO 4 solution was then 

added at 50 mI/min until 1 kg more of TFE was consumed. The KMnO4 

solution was then added at 25 ml/min until 1 kg more of TFE was consumed, 

The KMnO4 solution was then added at 2 ml/min until 1 kg more of TFE was 

consumed. The total amount of KMNO4 solution added was 5,725 kg, 

[0071] Approximately 320 g of 20% APFO solution was added in 40 ml 

increments, the first increment being added after about 1 kg of TFE was 
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consumed, followed by increments after each additional 1 kg of TFE for the 

next 6 kg of TFE, so that the final increment was added after 7 kg of TFE had 

been reacted, 

{00721 CTFE was pumped into the reactor via liquid feed using a syringe 

pump. CTFE and TFE were added after the first added 1 kg of TFE was 

consumed. CTFE and TFE were then added continuously such that for each 1 

kg of consumed TFE there was 0.SL of CTFE consumed. This continued until 

a total of 3 kg of TFE was consumed and 1.6 L of CTFE was consumed. The 

polymerization continued by only feeding TFE until the end of the 

polymerization.  

[0073] The polymerization reaction stopped after 14,1 kg of TFE had 

been added to the reactor, The weight of the dispersion produced was 51.78 

kg containing 35,61% solids. The dispersion was coagulated with nitric acid 

and dried at 130'C, 

[0074] The raw dispersion particle size (RDPS) of the polymer particle 

was 0.266 microns. The CTFE concentration in the copolymer was determined 

to be 13 mol% (15 wt %), as measured by nuclear magnetic resonance (NMR) 

spectroscopy.  

t0075] A dense article using the above described core shell copolymer 
of TFE and CTFE was prepared as follows, The resin was mixed with Isopar 

K* (Exxon Mobil Corp., Fairfax, Va.) at a concentration of 0.252 g/g of resin 

and formed into a pellet approximately 10,2 cm in diameter at a pressure of 

about 2758 kPa. The pellet was heated to about 49C and ram extruded into a 

tape having dimensions of about 0.051 cm in thickness and about 20.32 cm in 

width, through a die which affected a reduction ratio of about 79 to 1, at an 

average extrusion pressure of about 36804 kPa. The reduction ratio is the 

ratio of the cross sectional area of the extruder barrel to the cross sectional 

area of the extruded tape. The tape was dried by heating at 180C in order to 

remove the lubricant. The width of the dried tape was 18.1 cm.  

[0076] Using a pantograph machine, the tape was heated at 300CC for 

480 seconds and then stretched in the longitudinal direction and transverse 

directions simultaneously at a ratio of about 4.7:1 while maintaining a 

21



WO 2016/099914 PCT/US2015/063609 

temperature of about 300*C. The average engineering strain rate was 

calculated to be about 700%/second.  

[0077] The resulting dense article was characterized and the results are 

given in Table 1, The accumulation procedure described above under Methane 

Permeability was used to measure methane permeation 

[0078] FIG. 2 depicts a differential scanning calorimetry (DSC) scan 

showing the melt transition temperature peaks (endotherms) of the dense 

article, clearly indicating the presence of three peaks, the first peak at 223.3"C; 
the second peak at 332.52*C, and the third peak at 368.570C.  

Example 3 

[0079] A dense article using the fine powder resin of Example I was 

prepared as follows. The resin was mixed with Isopar KO (Exxon Mobil Corp., 

Fairfax, Va,) at a concentration of 0.201 g/g of resin and formed into a pellet 

10.2 cm in diameter at a pressure of 2758 kPa. The pellet was heated to 49"C 

and ram extruded into a tape having dimensions of 0.064 cm in thickness and 

about 20.32 cm in width, through a die which affected a reduction ratio of about 

63 to 1, at an average extrusion pressure of about 72678 kPa. The reduction 

ratio is the ratio of the cross sectional area of the extruder barrel: to the cross 

sectional area of the extruded tape. The tape was dried by heating at 130*C in 

order to remove the lubricant, The width of the dried tape was 19.05 cm.  

[0080] Using a pantograph machine, the tape was heated at 370*C for 

480 seconds and then stretched in the longitudinal direction and transverse 

directions simultaneously at a ratio of 3.3:1 while maintaining a temperature of 

about 3700C. The average engineering strain rate was calculated to be about 

700%/second.  

[0081] The resulting dense article was characterized and the results are 

given in Table 1. The standard procedure described above under Methane 

Permeability was used to measure methane permeation.  
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[0082] FIG. 3 depicts a differential scanning calorimetry (DSC) scan 

showing the melt transition temperature peaks (endotherms) of the dense 

article, clearly indicating the presence of three peaks, the first peak at 

180.77*C, the second peak at 333.09*C, and the third peak at 370,96"C.  

Example 4 

[0083] A dense article using the fine powder resin of Example 2 was 

prepared as follows, The resin was mixed with Isopar K* (Exxon Mobil Corp,, 

Fairfax, Va.) at a concentration of 0.252 g/g of resin and formed into a pellet 

10.2 cm in diameter at a pressure of 2758 kPa. The pellet was heated to 49*C 

and ram extruded into a tape having dimensions of 0.051 cm in thickness and 

about 20.32 cm in width, through a die which affected a reduction ratio of 79 to 

1, at an average extrusion pressure of 36804 kPa. The reduction ratio is the 

ratio of the cross sectional area of the extruder barrel to the cross sectional 

area of the e. The tape was dried by heating at 180*C in order to remove the 

lubricant. The width of the dried tape was 18.1 cm. Using a pantograph 

machine, the tape was then thermally conditioned at 370C for 240 seconds 

while constrained in the x-y plane.  

[0084] Using a pantograph machine, the tape was heated at 3700C for 

10 seconds and then stretched in the longitudinal direction and transverse 

directions simultaneously at a ratio of 4.6:1 while maintaining a temperature of 

about 3700C. The average engineering strain rate was calculated to be about 

700%/second.  

[0085] The resulting dense article was characterized and the results are 

given in Table . The standard procedure described above under Methane 

Permeability was used to measure methane permeation.  

[0086] FIG. 4 depicts a differential scanning calorimetry (DSC) scan 

showing the melt transition temperature peaks (endotherms) of the dense 

article, clearly indicating the presence of three peaks, the first peak at 

224.81"C, and the second peak at 334.830C, and the third peak at 368.2*C, 
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Table 1 

Methane Matrix Matrix 

Permeability Void Tensile Tensile 
Thickness normalized to Volume Strength Strength 
(micron) thickness (%) (psi)] (psi) 

(pg*micron/cm 2/min) MD TD 

Example 1 52.51 0.152 3.21 17491 16575 
Example 2 16.94 0.019 7.77 10781 11995 
Example 3 45.13 0.309 2.79 23588 20300 
Example 4 18.36 0.18 9.88 19170 15955 

[0087] The invention of this application has been described above both 

generically and with regard to specific embodiments. It will be apparent to 

those skilled in the art that various modifications and variations can be made in 

the embodiments without departing from the scope of the disclosure. Thus, it 

is intended that the embodiments cover the modifications and variations of this 

invention provided they come within the scope of the appended claims and 

their equivalents.  

[0088] It is to be understood that, if any prior art publication is referred to 

herein, such reference does not constitute an admission that the publication 

forms a part of the common general knowledge in the art, in Australia or any 

other country.  

[0089] In the claims which follow and in the preceding description of the 

invention, except where the context requires otherwise due to express 

language or necessary implication, the word "comprise" or variations such as 

"comprises" or "comprising" is used in an inclusive sense, i.e. to specify the 

presence of the stated features but not to preclude the presence or addition of 

further features in various embodiments of the invention.  
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What is claimed is: 

1. A dense article comprising: 

a dense TFE copolymer film having a first endotherm between 500C and 

3000C, a second endotherm between 3200C and 3500C, and a third endotherm 

between 3500C and 4000C, 

wherein said TFE copolymer is a core shell TFE copolymer in which a 

shell portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

2. The dense article of claim 1, wherein said second endotherm is between 

3200C and 3300C, or between 3300C and 3500C.  

3. The dense article of either claim 1 or 2, wherein said third endotherm is 

3800C.  

4. The dense article of any one of the preceding claims, wherein said 

dense TFE copolymer film comprises at least 40% TFE monomer.  

5. The dense article of any one of the preceding claims, wherein said 

dense article has a methane permeability less than 20 pg*micron/cm 2/min.  

6. The dense article of any one of the preceding claims, wherein said 

dense article has a void volume less than 20%.  

7. The dense article of any one of the preceding claims, wherein said TFE 

copolymer comprises a core shell TFE copolymer and said core shell TFE 

copolymer is blended with at least 5% by weight of a member selected from 

the group consisting of a tetrafluoroethylene (TFE) homopolymer, a 

thermoplastic polymer, at least one other TFE copolymer and combinations 

thereof.  
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8. The dense article of claim 7, wherein said thermoplastic polymer 

comprises a member selected from the group consisting of fluorinated ethylene 

propylene (FEP), polyvinylidene fluoride (PVDF), perfluoro(alkyl vinyl) ethers 

(PAVE), perfluoroelastomeric materials (FFKM), a polymer of 

tetrafluoroethylene, hexafluoropropylene, and vinylidene fluoride (THV), 

perfluoroalkoxy alkane (PFA), a copolymer of ethylene and tetrafluoroethylene 

(ETFE), and polychlorotrifluoroethene (PCTFE).  

9. A process of forming a dense article comprising: 

stretching a dried preform of a TFE copolymer tape at a temperature no 

greater than 3350C to form a dense TFE copolymer film, said dense TFE 

copolymer film having a first endotherm between 500C and 3000C, a second 

endotherm between 3200C and 3500C, and a third endotherm between 3500C 

and 4000C, 

wherein the TFE copolymer is a core shell TFE copolymer in which a 

shell portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

10. The process of claim 9, wherein said stretching occurs at a temperature 

no less than said first endotherm or at a temperature between said first 

endotherm and said second endotherm or within said second endotherm.  

11. The process of either claim 9 or 10, further comprising heat treating said 

dense TFE copolymer film to a temperature selected from (1) a temperature at 

or below said first endotherm, (2) a temperature between said first and said 

second endotherm, and (3) a temperature within said second endotherm prior 

to said stretching of said dried preform, 

or alternatively further comprising heat treating said dense TFE 

copolymer film to a temperature selected from (1) a temperature at or below 

said first endotherm, (2) a temperature between said first and said second 

endotherm, and (3) a temperature within said second endotherm after said 

stretching of said dried preform.  
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12. The process of any one of claim 9 to 11, further comprising forming said 

dried preform, said forming comprising: 

lubricating a TFE copolymer; 

subjecting said lubricated TFE copolymer to pressure at a temperature 

below said second endotherm to form a lubricated TFE copolymer tape; and 

drying said lubricated TFE copolymer tape to substantially remove said 

lubricant from said lubricated TFE copolymer tape and form said dried preform.  

13. The process of claim 12, wherein said core shell TFE copolymer further 

comprises: 

(a) a first, core portion comprising a polymer chain of TFE monomer and 

at least one comonomer; and 

(b) a second, shell portion comprising a polymer chain of substantially 

only TFE monomer.  

14. A process of forming a dense article comprising: 

stretching a dried preform of a TFE copolymer tape at a temperature no 

greater than 400'C to form a dense TFE copolymer film, said dense TFE 

copolymer film having a first endotherm between 50'C and 300'C, a second 

endotherm between 320'C and 350'C, and a third endotherm between 350'C 

and 400'C, 

wherein said TFE copolymer is a core shell TFE copolymer in which a 

shell portion is made from only TFE monomers or TFE monomers and a trace 

amount of copolymer and a core portion contains TFE copolymer.  

15. The process of claim 14, wherein said stretching occurs at a 

temperature from 300'C to 335'C, or between 300'C and 370'C, or between 

300'C and 320'C, or between 300'C and 400'C.  

16. The process of either claim 14 or 15, further comprising heat treating 

said dense TFE copolymer film to a temperature selected from (1) a 
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temperature at or below said first endotherm, (2) a temperature between said 

first and said second endotherm, and (3) a temperature within said second 

endotherm prior to said stretching of said dried preform.  

17. The process of any one of claims 14 to 16, further comprising heat 

treating said dense TFE copolymer film to a temperature selected from (1) a 

temperature at or below said first endotherm, (2) a temperature between said 

first and said second endotherm, and (3) a temperature within said second 

endotherm after said stretching of said dried preform.  

18. The process of any one of claims 9 to 17, wherein said second 

endotherm is between 320'C and 330'C, or between 330'C and 350'C.  

19. The process of any one of claims 9 to 18, wherein said dense TFE 

copolymer film has a methane permeability less than 20 pg*micron/cm 2/min.  

20. The process of any one of claims 9 to 19, wherein said dense article has 

a void volume of less than 20%.  
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