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MELT SPUN FIBERS FROM BLENDS OF POLY 
(TETRAFLUOROETHYLENE) AND POLY 

(TETRAFLUOROETHYLENE-CO 
PERFLUORO-ALKYLVINYL ETHER) 

TECHNICAL BACKGROUND OF THE 
INVENTION 

[0001] The present invention concerns blends of poly(tet 
ra?uoroethylene) (PTFE) and poly(tetra?uoroethylene-co 
per?uoro-alkylvinyl ether) (PFA) melt spun into ?bers. 

[0002] There is extensive literature on blends of PFA and 
PTFE. However, the vast majority of the patent and litera 
ture Work involves dispersion blends Where no effort has 
been made to produce homogeneous melts. Further, the bulk 
of the Work involves commercial, high molecular Weight 
PTFE materials. Typical PTFE polymers that are used to 
form useful articles are of extremely high molecular Weight, 
of the order of 107' The high molecular Weight of these 
homopolymers creates dif?culties in forming ?bers via melt 
processes due to their high melt viscosities. On the other 
hand PTFE grades With viscosities loW enough to be melt 
processed (less than 105 Pa-s) do not exhibit useful strength 
as formed articles. 

[0003] The conditions under Which PTFE and PFA may 
cocrystalliZe is not clear in the open literature. US. Pat. No. 
5,473,018 (Namura et al.) discloses certain blends of PTFE 
With PFA. The tensile strength of molded bars is measured 
therein. Restrictions Were placed on the crystalliZation tem 
perature and heat of crystalliZation of the PTFE (essentially 
requiring the PTFE to be beloW some threshold molecular 
Weight). The claims of this patent concern only blend 
compositions containing <4% by Weight PTFE. This refer 
ence also discloses blends of up to 50% PTFE content. 
Properties of blends of higher PTFE content Were not useful 
in the context of this patent. Namura et al. reported that the 
tensile strength of molded bars of a 50% PTFE blend 
reported Was approximately 50% of a molded bar of PFA 
alone. Fibers made from such blends are not mentioned. 

[0004] The articles “Crystalline Homopolymer-Copoly 
mer Blends: Poly(tetra?uoroethylene)-Poly(tetra?uoroeth 
ylene-co-per?uoro-alkylvinyl ether”, J. Runt, L. Jin, S. 
Talibuddin and C. R. Davis, Macromolecules, 28, 2781 
2786 (1995) and “Phase Behavior of Crystalline Blends of 
Poly(tetra?uoroethylene) and of Random Fluorinated 
Copolymers of Tetra?uoroethylene”, R. Pucciarello and C. 
Angioletti, J. Polymer Science: PartB: Polymer Physics, 37, 
679-689 (1999) describe blends of PTFE and PFA. Runt et 
al. discovered that PTFE and PFA mixed in aqueous disper 
sions of the tWo components crystalliZe separately under 
most crystalliZation conditions investigated and concluded 
that PFA and PTFE may cocrystalliZe only under rapid 
crystalliZation conditions. In the more recent Pucciarello et 
al. article PTFE and PFA, under their conditions Which 
utiliZed dry poWder mixing, do not cocrystalliZe. Pucciarello 
et al. concluded that the more intimate mixing of the 
particles of Runt et al. Would alloW, only in extreme con 
ditions (quenching) cocrystalliZation of PTFE and PFA. 

[0005] WO 00/08071 (Smith et al.) concerns blends of 
PTFE and mentions blends of PTFE With certain copolymers 
of PTFE. All examples in Smith et al. involve blends of tWo 
or more different PTFEs. 
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BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention concerns a ?ber, comprising 
a composition comprising a blend of at least one poly(tet 
ra?uoroethylene) and at least one poly(tetra?uoroethylene 
co-per?uoro-alkylvinylether). 
[0007] The present invention also concerns a process of 
forming a ?ber, comprising the steps of: (a) contacting at 
least one poly(tetra?uoroethylene) With at least one poly 
(tetra?uoroethylene-co-per?uoro-alkylvinyl ether) to form a 
blend; (b) heating the poly(tetra?uoroethylene) above the 
melting point of the poly(tetra?uoroethylene) prior to, 
simultaneously With, or subsequent to contact With the 
poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether); (c) 
heating the poly(tetra?uoroethylene-co-per?uoro-alkylvinyl 
ether) above the melting point of the poly(tetra?uoroethyl 
ene-co-per?uoro-alkylvinyl ether) prior to, simultaneously 
With or subsequent to contact With the poly(tetra?uoroeth 
ylene); and (d) extruding the molten blend through a die to 
form a ?ber comprising a composition comprising a blend of 
at least one poly(tetra?uoroethylene) and at least one poly 
(tetra?uoroethylene-co-per?uoro-alkylvinyl ether). 
[0008] The present invention further concerns a process of 
preparing a cocrystalliZed blend comprising the steps of (a) 
contacting at least one poly(tetra?uoroethylene) With at least 
one poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether) 
Wherein the viscosity of the poly(tetra?uoroethylene) is 
Within tWo orders of magnitude of the viscosity of the 
poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether); (b) 
mixing the poly(tetra?uoroethylene) and poly(tetralfuoroet 
hylene-co-per?uoro-alkylvinyl ether thoroughly to form a 
blend; (c) heating the poly(tetra?uoroethylene) above the 
melting point of the poly(tetra?uoroethylene) prior to, 
simultaneously With, or subsequent to contact With the 
poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether); and 
(d) heating the poly(tetra?uoroethylene-co-per?uoro-alky 
lvinyl ether) above the melting point of the poly(tetra?uo 
roethylene-co-per?uoro-alkylvinyl ether) prior to, simulta 
neously With or subsequent to contact With the 
poly(tetra?uoroethylene). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic representation of a melt 
spinning apparatus useful in forming the present ?bers. 

[0010] FIG. 2 is a graph plotting melting point (° C.) vs. 
% PTFE in blend compositions useful in the present inven 
tion after a second heating based on Differential Scanning 
Calorimetry (DSC). 
[0011] FIG. 3 is a graph plotting melting point (° C.) vs. 
% PTFE in ?bers of the present invention based on Differ 
ential Scanning Calorimetry (DSC). 

[0012] FIG. 4 is a graph plotting melt viscosity (Pa.s) vs. 
shear rate (s31 1) of Zonyl® PTFE grades and Te?on® PFA 
340 at 3750 C. 

[0013] FIG. 5 is a graph plotting maximum spinning 
speed (Vmax (m/min)) of various PTFE/PFA blends as a 
function of PTFE content. 

[0014] FIG. 6 is a graph of maximum spinning speed 
(Vmax (m/min)) of PFA 340/PTFE MP1600 and PFA 340/ 
PTFE MP1600/PTFE MP1000 blends as a function of PTFE 
content. 
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[0015] FIG. 7 is a graph of the tenacity (g/den) of ?bers 
melt-spun from PFA 340/PTFE MP 1600 and PFA 340PTFE 
MP1600/PTFE MP 1000 blends as a function of PTFE 
content. 

[0016] FIG. 8 is a graph of maximum elongation (percent) 
of ?bers melt-spun from PFA 340/PTFE MP 1600 and PFA 
340/PTFE MP 1600/PTFE MP 1000 blends as a function of 
PTFE content. 

[0017] FIG. 9 is a graph of melt viscosity (Pa.s) of PFA 
350 and PTFE MP1200 at 375° C. 

[0018] FIG. 10 is a graph plotting tensile strength vs. % 
PTFE for molded bars made via the method of US. Pat. No. 
5,473,018 and ?ber blends of the present invention. 

[0019] FIGS. 11 and 12 are schematic representations of 
melt spinning apparatus useful in forming the present ?bers. 

[0020] FIG. 13 is a graph of the loW temperature transition 
for Te?on® PFA 340/Zonyl®) MP1600 PTFE blends as a 
function of PTFE content. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Compositions used to form the present ?bers 
include blends of poly(tetra?uoroethylene) (PTFE) and 
poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether) 
(PFA). As used herein PFA includes crystalline copolymers 
of tetra?uoroethylene and at least one per?uoroalkylvinyl 
ether, With per?uoroalkylvinyl ether content in the copoly 
mer being about 1-10 mol % based on total copolymer With 
about 1-5 mol % preferred. The copolymer is melt formable 
by melt extrusion, injection molding, or the like, and has a 
melt ?oW rate (M F R) of 05-500 g/10 min, preferably 
0.5-50 g/10 min at 372° C.+/—1 °C. The per?uoroalkylvinyl 
ether may include per?uoro(methylvinylether) (PMVE), 
per?uoro(ethylvinylether) (PEVE), per?uoro(propylvi 
nylether) (PPVE), per?uoro(isobutylvinylether), and the 
like. 

[0022] Preferably the PFA contains per?uoropropylvinyl 
ether as comonomer at about 1-2% (mole) concentration. 
Other per?uoroalkylvinyl ether comonomers can be used. 
Representative examples of PFA are Te?on® grades 340 and 
350 available from E. I. du Pont de Nemours and Company, 
Wilmington, Del. (DuPont). Te?on® 340 and 350 are TFE/ 
PPVE copolymers With PPVE content in the 1-2% range. 
The PFA can be in the form of pellets or poWder. 

[0023] The poly(tetra?uoroethylene) (PTFE) used in the 
present invention is a homopolymer of tetra?uoroethylene 
(TFE) or is a modi?ed PTFE homopolymer containing not 
more than 1 Wt % of a modifying comonomer, such as 
hexa?uoropropylene (HEP), chlorotri?uoroethylene 
(CTFE), per?uorobutylethylene (PFBE), a ?uoroalkoxytri 
?uoroethylene, ?uoroalkyl ethylene, or a per?uoroalkylvi 
nyl ether (PAVE) compound, such as PMVE, PEVE or 
PPVE, or the like. PTFE homopolymers used herein can be 
relatively loW in molecular Weight. LoW molecular Weight, 
in this context, refers to materials that When melted exhibit 
viscosities that are suf?ciently close to the viscosities of the 
PFA copolymers used herein to permit melt mixing. 

[0024] Representative examples of useful PTFE 
homopolymers include Zonyl® MP1000, MP1200, MP1300 
and MP1600, available from DuPont. 

May 23, 2002 

[0025] The amount of PTFE homopolymer in the blend 
can range from about 5% to about 90% by Weight based on 
the total Weight of the blend. Preferably the amount of PTFE 
homopolymer in the present blends is an amount greater 
than 50%. More preferably the amount of PTFE homopoly 
mer ranges from about 50% to 90%. Most preferably the 
amount of PTFE homopolymer ranges from about 50% to 
80%. 

[0026] The PTFE and PFA used to prepare the blend of the 
present ?bers should be close enough in viscosity to permit 
adequate mixing. This means that the viscosity of the PTFE 
and PFA are Within about tWo orders of magnitude of each 
other, preferably one order of magnitude. 

[0027] The present invention includes a process for form 
ing the ?ber of the present invention comprising a compo 
sition comprising a blend of at least one poly(tetra?uoroet 
hylene) and at least one poly(tetra?uoroethylene-co 
per?uoroalkylvinyl ether), comprising the steps of: (a) 
contacting at least one poly(tetra?uoroethylene) With at least 
one poly(tetra?uoroethylene-co-per?uoro-alkyvinyl ether) 
to form a blend; (b) heating the poly(tetra?uoroethylene) 
above the melting point of the poly(tetra?uoroethylene) 
prior to, simultaneously With, or subsequent to contact With 
the poly(tetra?uoroethylene-co-per?uoro-alkylvinyl ether); 
(c) heating the poly(tetra?uoroethylene-co-per?uoro-alky 
lvinyl ether) above the melting point of the poly(tetra?uo 
roethylene-co-per?uoro-alkylvinyl ether) prior to, simulta 
neously With or subsequent to contact With the 
poly(tetra?uoroethylene); and (d) extruding the molten 
blend through a die to form a ?ber comprising a composition 
comprising a blend of at least one poly(tetra?uoroethylene) 
and at least one poly(tetra?uoroethylene-co-per?uoro 
alkyvinylether). 

[0028] Many options are available for creating the blends 
useful in the preparation of the ?bers of the present inven 
tion. For example, the PTFE and PFA can be contacted by 
dry blending in the desired proportions. Intense mixing can 
be used and may be attained by utiliZing a cage-like pro 
peller mixer on a shaft driven by air motor at high speed. If 
desired the poWder blends can be pelletiZed prior to being 
fed into an extruder. FolloWing dry blending and optionally 
pelletiZing, the composition can be fed to an extruder Which 
can heat and mix the blend. Any ordinary mixing device, 
such as an extruder or internal mixer, that both mixes and 
heats the materials to above the melting point of the higher 
melting component can be used in the present process. This 
mixing device can then be coupled With a melt spinning 
apparatus. For example, the equipment described in US. 
Pat. No. 6,048,481, incorporated by reference herein, can be 
used to melt the blend composition described herein and 
spin the present ?bers. In this embodiment, the blend of 
PTFE and PFA can be heated to a temperature that is above 
the melting temperature of the component having the higher 
melting temperature but beloW its degradation temperature 
and then optionally cooled and reheated above the higher 
melting temperature at least once. Residence time must be 
monitored to ensure that exposure to the temperature above 
the melting temperature does not result in degradation. 

[0029] Alternatively, the PTFE and PFA can be fed to 
separate extruders and separately heated and conveyed and 
the outputs metered to a mixing device such as a third 
extruder. Other options are available and knoWn by those of 
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skill in the art. Optional cooling and reheating at least once, 
as described above, may also be utilized in this embodiment. 

[0030] As a result of heating the PTFE and PFA above 
their melting temperatures and mixing adequately, a blend is 
formed. If the PTFE and PFA are not fully blended, the 
resulting composition WilFpossess separate crystallization 
phases and may exhibit tWo or more melting points. Pref 
erably, a homogeneous blend is formed Wherein co-crystal 
liZation has occurred. A cocrystalliZed blend Will exhibit 
essentially a single melting peak in DSC analysis located at 
an intermediate temperature betWeen the melting points of 
the unblended components. By “essentially a single melting 
peak” is meant there is a single peak or the bulk of the peak 
is a main peak With one or more small peaks or shoulders in 
addition to the main peak. The essentially single melting 
peak is opposed to What one may obtain With a simple 
mixture Where separate peaks from both components appear. 
In addition, a cocrystalliZed blend Will exhibit similar 
behavior for the crystalline transition that is normally 
located at about 19° C. for PTFE and at a loWer temperature 
for PFA. The peak temperature of this transition Will also 
exhibit a single peak in DSC analysis and be located at an 
intermediate temperature betWeen the peaks exhibited by 
PTFE and PFA (see FIG. 13). 

[0031] The present invention provides a process for the 
preparation of the cocrystalliZed blend comprising the steps 
of (a) contacting at least one PTFE With at least one PFA 
Wherein the viscosity of the PTFE is Within tWo orders of 
magnitude of the viscosity of the PFA; (b) mixing the PTFE 
and PFA thoroughly to form a blend; (c) heating the PTFE 
above the melting point of the PTFE prior to, simultaneously 
With, or subsequent to contact With the PFA; and (d) heating 
the PFA above the melting point of the PFA prior to, 
simultaneously With or subsequent to contact With the PTFE. 
In order to attain a cocrystalliZed blend, the contact betWeen 
the PTFE and PFA should ensure complete mixing. In some 
embodiments, it may be necessary to cool a blend, and then 
reheat it at least once With additional mixing to attain 
cocrystalliZation. 

[0032] The blended output from the extruder can be 
directly fed to a spinning device, or cut, cooled, collected, 
for example pelletiZed, and used as feed for a spinning 
device. The output from the extruder can alternatively be 
pelletiZed and the resultant pellets can then be fed into an 
extruder Where they can be further melted and further mixed, 
if necessary. 

[0033] In order to form the ?bers of the present invention, 
the blend described above is melt spun and optionally 
draWn. Preferably, the spinning speed is greater than 200 
mpm, more preferably greater than 500 mpm. 

[0034] Preferably, the tenacity of the ?bers of the present 
invention are greater than 0.2 gpd. Break elongation of the 
?bers of the present invention is preferably greater than 
20%. 

EXAMPLES 

[0035] TWo different PFA and four different PTFE mate 
rials Were used in the blends of Examples 1-3. All are 
commercial products sold by DuPont. 
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DSC Results 
First Heat Cooling Second Heat 

MFI" Tm AHm Tc AHc Tm AHm 

Material (g/10 min) (° C.) (J/g) (° C.) (J/g) (° C.) (J/g) 

Copolymers (TFE/per?uoropropylvinylether. Teflon ® PFA): 

PFA 340 14.9 304.28 26.95 279.82 35.75 307.37 40.33 
PFA 350 1.68 305.63 29.16 280.44 30.38 308.64 35.07 

Homopolymers (Zonyl ® PTFE): 

MP1000 3.59 329.57 82.22 310.66 70.54 330.13 78.66 
MP1200 ** 325.58 77.19 312.35 73.07 326.54 82.16 
MP1300 *** 332.79 67.40 314.73 71.03 330.58 70.33 

MP1600 17.90 328.97 78.13 312.20 77.86 330.43 83.82 

*MFI-Melt FloW Index — ASTM D2116, 5 kg. Weight, 372° C. 
**too high to measure 
***not measured (Melt viscosity data Would lead one to expect a value 
much loWer than the MFI of MP1000.) 

[0036] Blends Were prepared at various concentrations of 
the folloWing pairs of materials: PFA 340/MP1000; PFA 
340/MP1200 ; PFA 340/MP1300; PFA 340/MP1600; PFA 
350/MP1200; and PFA 350/MP1600. In addition, a small 
number of three component blends of PFA340/MP1000/ 
MP1600 Were prepared. 

[0037] A?ber spinning apparatus employed in the speci?c 
embodiments, herein beloW described, is shoWn in FIG. 1. 
Acapillary rheometer 1, comprising a heated barrel 2, piston 
3, drive mechanism, and a die, Was employed for extruding 
the melted polymer. The heated cylindrical steel barrel Was 
ca. 10 cm long and ca. 7.5 cm in diameter. A cylindrical 
corrosion-resistant barrel insert ca. 0.6 cm thick made of 

Stellite (Cabot Corp., Kokomo, Ind.) provided an inner bore 
diameter of 0.976 cm. The barrel Was surrounded by a 6.4 
cm layer of ceramic insulation 7. 

[0038] An 800-W cylindrical heater band 10 cm long and 
ca. 7.5 cm in diameter 6, manufactured by (I. H. Co. NY, 
NY), controlled by an ECS model 6414 temperature con 
troller manufactured by (ECS Engineering, Inc., Evansville, 
Ind.), maintained the barrel temperature Within 1° C. of set 
point. The piston, made of hardened steel (Armco 17-4 RH) 
Was 0.970 cm dia. at its tip, and Was mounted on the 
crosshead 4, of a model TT-C Instron test frame manufac 
tured by Instru-met, Inc., Union, N.J. Capillary dies of 
circular cross-section Were constructed of Hastelloy (Cabot 
Corp., Kokomo, Ind.). 

[0039] In operation, the ?ber Was extruded vertically 
doWnWard to a 3.0 cm diameter nylon guide Wheel 8 located 
30 cm beloW the die, by Which point the ?ber had solidi?ed. 
Guide Wheel 8 Was mounted on a force transducer (Scaime 
model GM2, sold by Burco, Centerville, Ohio) used to 
measure the spin tension. The ?ber Was Wrapped 180° 
around guide Wheel 8 and directed to a second guide Wheel 
9 (4.8 cm dia.) and from there to a pair of take-up rolls 10 
and 11. The ?ber Was Wound once around the take-up rolls, 
and taken up by a Wind-up roll 12. Rolls 10, 11 and 12 Were 
5 cm in diameter; they Were made of aluminum and covered 
With masking tape for better grip. Roll 11 Was free-spinning 
(on ball-bearings) While rolls 10 and 12 Were driven in 
tandem by a motor 13 having a maximum speed of 3600 
rpm. The maximum take-up speed Was thus ca. 600 m/min. 
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The motor speed Was controlled With a variable transformer 
14. In practice the ?ber Was strung through the apparatus at 
loW speed (ca. 10 m/min), then the speed Was increased 
gradually to the desired take-up rate. 

[0040] In Examples 1-3, the PTFE used Was in the form of 
a poWder. PFA Was either in the form of pellets or poWder. 
Materials Were Weighed out in the correct ratio and physi 
cally blended by agitating in a plastic bag. This blended 
material Was then used as feed to a 16-mm tWin screW 
co-rotating extruder. The extruder had ?ve separate heating 
Zones. The Zone at the feed point Was operated With a set 
point of 350° C., While the other Zones Were all set at 365° 
C. These conditions produced an extrudate that exhibited a 
temperature of about 375° C. The extruder Was operated at 
a screW speed of 100 rpm and the feed to the extruder Was 
adjusted to maintain the pressure in the extruder barrel and 
the torque on the screWs at a level Within the manufacturers’ 
suggested limits for the machine. The extrudate Was Water 
cooled and chopped into pellets. These pellets Were then 
used as feed for a second pass through the extruder. The 
material Was given three to ?ve passes through the extruder 
in order to obtain uniformity in the blending process. 

[0041] Differential Scanning Calorimetry (DSC) Was used 
to assess the completeness of the mixing process. For 
selected compositions, samples of blend pellets Were col 
lected after each pass and subjected to DSC analysis. These 
tests indicated that complete mixing Was achieved after tWo 
passes through the extruder. This Was judged by the lack of 
any changes in the DSC data after subsequent passes When 
compared With the data collected after the second pass. The 
samples Were heated from 0° to 400° C., cooled to 0° and 
then reheated to 400° C. The results of the second heat, 
except for the PFA 340/MP 1300 pair shoWed only a 
dominant single melting peak, usually With a very small 
peak or shoulder at a someWhat loWer temperature. The PFA 
340/MP 1300 blends continued to exhibit tWo distinct melt 
ing peaks at all PTFE levels tested. 

[0042] The temperature of the dominant single melting 
peak on the second heat vs. PTFE content is shoWn in FIG. 
2. In the case of the PFA 340/MP 1300 blends, the higher of 
the tWo melting peaks Was used. As can be seen, the melting 
temperatures vary smoothly With composition indicating 
that the material is at least largely cocrystalliZed. Several 
points stand out as not conforming to this curve. The data 
from the PFA 340/MP 1300 blends exhibit behavior that is 
clearly different from the other blends and does not appear 
to be largely cocrystalliZed. It is believed that the behavior 
of this blend is governed by the extremely large viscosity 
difference betWeen the tWo components that is greater than 
one order of magnitude Which may interfere With adequate 
mixing and thus prevent blending on a sufficiently small 
scale to permit complete cocrystalliZation. 

[0043] A smaller number of ?bers Were subjected to DSC 
testing and found to exhibit the same patterns. Results are 
shoWn in FIG. 3. 

[0044] Melt-spinning conditions 
[0045] Blends of Te?on® PFA 340 With Zonyl® PTFE 
Were all melt-spun under uniform extrusion conditions: 
temperature=390° C.; die capillary length/diameter=12.7/ 
1.00-mm; and shear rate=32/s. Blends of Te?on® PFA 350 
and Zonyl®MP1200 Were spun under a variety of condi 
tions, as described later. 
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[0046] TWo types of ?ber spinning experiments Were 
performed: 

[0047] 1) Determination of the maximum take-up 
speed, VmaX—the extruded polymer strand Was 
Wound at increasing take-up speed until the ?lament 
broke. Several trials Were averaged to determine 
V 
max. 

[0048] 2) Collection of ?bers for tensile testing— 
?bers Were collected at a take-up speed that Was 75% 
of the determined maximum, Vmax 

Example 1 

Blends of Te?on® PFA 340 With up to 20% of 
PTFE 

[0049] Blends of Te?on® PFA 340 containing up to 20% 
of four different Zonyl® PTFE Were examined. The melt 
viscosities of each of the components Were determined at 
375° C. by capillary rheometry and are shoWn in FIG. 4. The 
components in order of their melt viscosity Were: 

[0050] MP1300>MP1000>PFA340>MP1600>MP1200. 

[0051] All blends Were successfully melt-spun, and the 
maximum spinning speed, Vmax’ Was determined. The effect 
of the different PTFE grades on spinning speed correlated 
With their melt viscosity, as shoWn in FIG. 5. Zonyl® PTFE 
having a loWer melt viscosity increased VrnaX of the blend 
compared to neat PFA 340; those having a higher melt 
viscosity diminished VrnaX of the blend. 

[0052] Fibers of these blends Were melt-spun at 75% VrnaX 
and collected. The tenacity of these ?bers fell in the range of 
0.71 -1.00 g/den compared to the 0.90 g/den for neat PFA 
340. Thus, the addition of up to 20% PTFE did not sub 
stantially alter the blend ?ber tenacity from that of pure PEA. 

Example 2 

Blends of Te?on® PFA 340 With higher PTFE 
content 

[0053] Blends of Te?on® PFA 340 containing from 5 to 
90% MP1600 PTFE and pure Te?on® PFA 340 Were 
melt-spun. Aplot of maximum spinning speed as a function 
of PTFE content is shoWn in FIG. 6. VrnaX increased With 
increasing PTFE content up to 80% PTFE. This correlates 
With the expected decrease in viscosity produced by the 
addition of the loWer viscosity PTFE component. Increasing 
the PTFE content from 80% to 90% resulted in a sharp 
decrease in VrnaX as the spun ?ber became increasingly Weak 
and brittle. Neat PTFE MP 1600 could not be spun under the 
conditions employed; the melt Would not form a continuous 
?lament as it exited the die. Solidi?ed segments broke easily 
in a brittle manner, exhibiting virtually Zero strength. 

[0054] The tenacity of ?bers spun from PFA 340/PTFE 
blends decreased as a function of PTFE content, as shoWn in 
FIG. 7. HoWever, even ?bers containing up to 80% PTFE 
demonstrated reasonable tenacities of greater than 0.4 g/den. 
The solid line in FIG. 7 represents the tenacity that one 
Would expect based upon a simple mixing rule assuming that 
pure Zonyl® MP1600 PTFE has Zero tenacity. The PFA/ 
PTFE blend data shoWn in FIG. 7 fall above this line, 
indicating that the PTFE component may be contributing to 
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the strength of the ?ber even though pure Zonyl® MP1600 
PTFE could not be melt-spun under the conditions of this 
Example. 
[0055] In addition to binary blends of PFA 340/MP1600, 
ternary blends of PFA 340/MP1600/MP1000 Were also 
melt-spun. These compositions varied from 50-70% PTFE 
and Were chosen such that the melt viscosity of the blend 
Would roughly match that of pure PFA 340. VrnaX of the 
ternary blends matched that of PFA 340 Within 10% (FIG. 
6), consistent With the explanation of VrnaX being a function 
of melt viscosity (rather than PTFE content). 

[0056] Fibers spun from the PFA 340/MP1600/MP1000 
ternary blends demonstrated tenacities that Were similar to 
those spun from binary PFA 340/MP1600 blends. The 
tenacities Were again greater than one Would expect from a 
simple mixing rule assuming pure Zonyl® MP1600 has Zero 
tenacity. 
[0057] The elongation to break of ?bers spun from PFA 
340/PTFE blends decreased as a function of PTFE content 
as shoWn in FIG. 8 re?ecting the loW elongation contributed 
by the brittle PTFE component. 

EXAMPLE 3 

PFA 350/Zonyl® MP1200 Blends 

[0058] Zonyl® MP1200 PTFE has a melt viscosity at 375° 
C. that is more than 100 times loWer than that of PFA 350, 
as shoWn in FIG. 9. This example Was performed in order 
to determine Whether the addition of the loW-viscosity PTFE 
could improve the spinnability of PFA 350. 

[0059] Blends containing 20-90% Zonyl® MP1200 Were 
melt-spun under a variety of conditions including tempera 
tures of 350 -390° C., die diameters of 0.76-3.18 mm, and 
shear rates of 2-75/s. The melt viscosity of these blends 
varied considerably as a function of the blend ratio. Spinning 
continuity for blends containing 20-70% PTFE MP1200 Was 
established, but in each case draW resonance Was observed, 
Which is a How instability characteriZed by an oscillation in 
the ?ber diameter. The melt blend containing 90% MP1200 
Was too Weak to be Wound up. 

COMPARATIVE EXAMPLE A 

[0060] The tensile strength of molded bars prepared as in 
Examples 7 and 8 from US. Pat. No. 5,473,018 (Namura et 
al.) Was compared With the tensile strength of a ?ber blend 
of Te?on® PFA 340/Zonyl® MP1600 PTFE of the present 
invention. Tensile strength for the bars Were compared With 
the present ?bers With all data normaliZed to a PFA control. 
In these examples of Namura et al. Which give data for 
relatively high concentrations of PTFE, there is no hint of 
any deviation from a simple mixing rule for strength as a 
function of composition. (See FIG. 10.) 

EXPERIMENTAL METHODS FOR EXAMPLES 
4-7 

[0061] An intense poWder mixing method Was developed 
Which involved uniformly blending poWders of PFA and 
PTFE such that a pinch of the blended poWders analyZed by 
DSC (differential scanning calorimetry) gave the correct 
quantitative composition, Which Was calculated based upon 
the heat of fusion of the individual components. Quantitative 
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amount of the polymers Were Weighed into a plastic gallon 
container for a total net Weight of 2.5 lbs. (1.1 kg) Intense 
mixing Was accomplished using a 4.25 in (10.8 cm) high and 
3.6 in (9.1 cm) diameter cage-like propeller mixer on a shaft 
driven by air motor at high speed. The speed Was adjusted 
until the stirred poWders ?oWed like liquid, that is, the 
poWder Would rise up around the container and How into the 
center of the rotating mixer. Under such intense mixing, the 
container also rotated sloWly by itself facilitating good 
mixing. After 30 min, the blended content Was poured into 
another clean gallon container and mixed again under the 
same conditions and time. The poWder blends Were then 
pressed into pellet form for ease of feeding into an extruder. 

SPINNING OF EXAMPLES 4-7 

[0062] Examples 4-7 Were spun on a melt spinning appa 
ratus, such as the melt spinning apparatus 100, shoWn in 
FIG. 11. ShoWn are feed hopper 102 into Which the polymer 
composition is fed, preferably in the form of pellets. These 
pellets are heated and conveyed through screW extruder 103. 
After the polymer or blend composition is melted, it is 
conveyed under pressure to pump block 104, through pack 
?lter 105, transfer line 106 to spinneret 107 having face 108. 
Glass sleeve 109 permits vieWing of the molten ?laments. 
Molten ?uoropolymer composition is extruded through one 
or more apertures of face plate 108 in spinneret 107 to form 
a continuous strand Which is directed through elongated 
annealer 110 Wherein the strand is shielded to prevent rapid 
cooling. Upon leaving the annealer, the spun ?ber travels 
through pigtail guides 111, change of direction guides 116 to 
kiss roll 112 for an optional ?nish application, to take up roll 
113, draW roll 114, and Windup 115. Additional draWs may 
be added as Well as relaxation rolls. 

[0063] The molten polymer ?oW path after leaving the 
pump block 104 is described in more detail as folloWs: The 
melt is conveyed to the spinning apparatus shoWn in FIG. 
12. Such melt ?oWed through the channel of adapter 71 into 
the cavity above the ?ltration screens 73. The ?ltered melt 
traveled doWn the center channel of transfer line 78 into the 
cavity above the cone top disc spinneret 74. Finally, the melt 
Was extruded out of the capillary holes of the spinneret as 
molten ?laments, Which Were stretched before they eventu 
ally cooled in the air and solidied Within an annealer 110, 
shoWn in the spinning apparatus 13. Spinneret nut 79 holds 
disc spinneret 74 to the bottom of face 82 of transfer line 78. 
NarroW internal ?oW channel 83 in transfer line 78 reduces 
the volume and residence time of the ?uoropolymer com 
position at high temperature to further reduce the chance of 
degradation. Transfer line 78 also provides a means of 
stepping up to an intermediate temperature betWeen ?ltra 
tion means 73 and spinneret 74 via its separate heating 
means 80. At the same time, the transfer line embodiment 
shoWn provides more uniform and faster heat transfer. An 
additional advantage of this embodiment is that disc spin 
neret 74 can be replaced Without having to remove the ?lter 
pack, and the disc can be easier to fabricate. Also shoWn are 
adapter 71, multiple distribution channels 72 disposed 
betWeen the supports for ?ltration means 73, retaining nut 
76, chamber 84 and face plate 75. 

EXAMPLE 4 

[0064] 2.5 pounds each of 90/10 Weight ratio of Zonyl® 
MP1600N PTFE/PFA 340 Were mixed as described above. 
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The spin was made using a 30-mil (0.762 mm) diameter 
30-hole spinneret at a screw rpm of 7.69. The 90/10 blend 
was spun using the following temperature (° C.) pro?le: 

Spin- Trans 
Screw Clamp Screw neret Pack fer Spin 

1 2 3 Ring Adaptr Adapter Filter Line neret 

350 370 380 380 380 380 380 450 500 

[0065] The measured throughput was 37.8 gpm for a shear 
rate of 323/sec. The maximum speed at which a ?rst ?lament 
break (FFB) occurred was 378 mpm. Measured ?lament 
properties (denier/tenacity/break elongation/modulus) were: 
28/0.09 gpd/2.2%/5.5 gpd. DSC measurement on the ?ber 
showed a single melting peak at 326.8° C. on ?rst heat and 
328.0° C. on second heat indicating that the two polymers 
were homogeneously blended and were dissolved into each 
other into a single homogeneous melt phase. 

Example 5 

[0066] A 80/20 MP1600N PTFE/PFA 340 blend was pre 
pared as in Example 4. The blend was spun using a 30-mil 
(0.762 mm) diameter 30-hole spinneret at a screw speed of 
7.69 rpm using the following temperature (° C.) pro?le: 

Spin- Trans 
Screw Clamp Screw neret Pack fer Spin 

1 2 3 Ring Adaptr Adapter Filter Line neret 

315 330 340 340 340 340 340 450 520 

[0067] The measured throughput was 39.8 gpm for a shear 
rate of 340/sec. Maximum ?rst ?lament break spinning 
speed was 426 mpm. Measured ?lament properties (denier/ 
tenacity/break elongation/modulus) were: 31/0.11 gpd/ 
2.6%/7.9 gpd. DSC measurement on the ?ber showed a 
single melting peak at 325.6° C. on ?rst heat and 328.4° C. 
on second heat indicating that the two polymers were 
homogeneously blended and were dissolved into each other 
into a single homogeneous melt phase. 

Example 6 

[0068] A 70/30 MP1600N PTFE/PFA 340 blend was pre 
pared as described in Example 4 and spun using the follow 
ing temperature (° C.) pro?le: 

Spin- Trans 
Screw Clamp Screw neret Pack fer Spin 

1 2 3 Ring Adaptr Adapter Filter Line neret 

315 330 340 340 340 340 340 450 500 

[0069] The maximum ?rst ?lament break (FFB) achieved 
was an increasing function of the throughput as shown 
below: 
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Sample Number 7 8 9 6 

Throughput (gpm) 9.3 16.3 21.0 38.9 
Max. FFB (mpm) 235 318 550 864 
Ultimate Speed (mpm) 576 513 852 not measured 
Shear Rate (1/sec) 80 139 180 333 

[0070] Measured ?lament properties (denier/tenacity/ 
break elongation/modulus) for samples 7 and 9 were: 

[0071] Sample 7: 45/043 gpd/30%/5.7 gpd 

[0072] Sample 9: 9.7/0.29 gpd/62%/4.1 gpd 

[0073] DSC measurement on Sample 7 showed a domi 
nant single melting peak at 323.2° C. and a minor peak at 
325.9° C. on ?rst heat. On second heat, only a single peak 
at 327.4° C. was observed. 

Example 7 

[007 4] A 60/40 MP1600N PTFE/PFA 340 blend was simi 
larly prepared and spun under the same temperature pro?le 
as for the 70/30 blend in Example 6. The maximum ?rst 
?lament break (FFB) achieved was an increasing function of 
the throughput and shown as follows: 

Sample Number 1 7 

Throughput (gpm) 9.1 26.4 
Max. FFB (mpm) 219 714 
Ultimate Speed (mpm) 858 
Shear Rate (1/sec) 78 226 

[0075] Spinning at 9.1 gpm throughput, the yam was 
found to be thick and thin, which may be the result of draw 
resonance. Applying air inlet ?ow rate of 220 cfh (6.23 cubic 
meter per hour) to the annealer uniformiZed the yarn thick 
ness. 

[0076] Measured ?lament properties (denier/tenacity/ 
break elongation/modulus) for Sample 1 were: 3.9/0.59 
gpd/51%/7.8 gpd. 

[0077] Fibers spun at a take-up speed of 100 mpm exhib 
ited an exceptional high drawability of up to 3.65>< that of 
PFA 340 at 290° C. with a take-up speed of 100 mpm. This 
blend ?ber exhibited only about 1.2>< draw ratio when drawn 
at room temperature. (Pure PFA 340 normally has a maxi 
mum draw ratio of about 2><.) Pure PTFE MP-1600N was 
not drawable at temperatures up to 290° C. 

[0078] The 3.65>< highly drawn blend ?ber (designated 
Sample 5) was white and dull which is similar to pure PTFE 
as opposed to transparent or translucent PFA 340. The ?ber 
spun at the same take-up speed of 100 mpm but without 
draw was transparent (Sample 1). Measured ?lament prop 
erties (denier/tenacity/break elongation/modulus) for the 
highly drawn sample (Sample 5) were: 7.8/0.63 gpd/15%/ 
7.7 gpd. DSC measurements for samples 1 and 5 showed the 
following: 
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First Heat Second Heat 

Sample 1 major peak = 321.8; minor peak = 325.30 C. 325.30 C. 
Sample 5 major peak = 322.1; minor peak = 325.90 C. 326.40 C. 

Example 8 

[0079] 8 kilograms each of MP1600N and PFA 340 Were 
mixed and pelletiZed as described above and spun using the 
following temperature (° C.) pro?le: 

Spin- Trans 
ScreW Clamp ScreW neret Pack fer Spin 

1 2 3 Ring Adaptr Adapter Filter Line neret 

315 330 340 340 340 340 340 400 500 

[0080] At a screw rpm of 22.5 for a measured throughput 
of 43.9 gpm, the shear rate Was 335/sec. Using the same 
spinneret described in Example 4, the maximum FEB speed 
attained Was 1,773 mpm. A total of 12.3 kg of yarn Was 
produced at 660 mpm having a take-up speed of 400 mpm 
using a draW temperature of 290° C. Excellent spinning 
continuity Was achieved. Each bobbin sample Was volun 
tarily doffed at one hour each yielding a net Weight of 2.63 
kg of ?ber. Measured ?lament properties (denier/tenacity/ 
break elongation/modulus) for the production yarn Were 
:21/0.36 gpd/134%/2.8 gpd. 

What is claimed is: 
1. A ?ber, comprising a composition comprising a blend 

of at least one poly(tetra?uoroethylene) and at least one 
poly(tetra?uoroethylene-co-per?uoro-alkylvinylether). 

2. The ?ber of claim 1 Wherein the composition has 
essentially a single melting point. 

3. The ?ber of claim 1 Wherein the composition has tWo 
or more melting points. 

4. The ?ber of claim 1 Wherein the amount of poly(tet 
ra?uoroethylene) present in the blend is greater than about 
50% by Weight based on the total Weight of the blend. 

5. The ?ber of claim 4 Wherein the amount of PTFE 
ranges from about 50% to about 90%. 

6. The ?ber of claim 4 Wherein the amount of PTFE 
ranges from about 50% to about 80%. 

7. The ?ber of claim 1 Wherein the tenacity is greater than 
about 0.2 gpd. 

8. The ?ber of claim 1 Wherein the break elongation is 
greater than about 20%. 

9. The ?ber of claim 1 having a substantially White 
physical appearance. 

10. Aprocess of forming a ?ber comprising a composition 
comprising a blend of at least one poly(tetra?uoroethylene) 
and at least one poly(tetra?uoroethylene-co-per?uoroalky 
lvinyl ether), comprising the steps of: 

(a) contacting at least one poly(tetra?uoroethylene) With 
at least one poly(tetra?uoroethylene-co-per?uoroalky 
lvinyl ether) to form a blend; 
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(b) heating the poly(tetra?uoroethylene) to a temperature 
above the melting point of the poly(tetra?uoroethylene) 
prior to, simultaneously With, or subsequent to contact 
With the poly(tetra?uoroethylene-co-per?uoroalkylvi 
nyl ether); 

(c) heating the poly(tetra?uoroethylene-co-per?uoroalky 
lvinyl ether) to a temperature above the melting point 
of the poly(tetra?uoroethylene-co-per?uoroalkylvinyl 
ether) prior to, simultaneously With, or subsequent to 
contact With the poly(tetra?uoroethylene); and 

(d) extruding the molten blend through a die to form a 
?ber. 

11. The process of claim 10 further comprising draWing 
the ?ber. 

12. The process of claim 11 Wherein the draWability of the 
?ber is at least 25% greater than a ?ber comprising poly 
(tetra?uoroethylene-co-per?uoro-alkylvinyl ether) alone. 

13. The process of claim 10 Wherein the amount of 
poly(tetra?uoroethylene) is greater than about 50%. 

14. The process of claim 10 Wherein the viscosity of the 
poly(tetra?uoroethylene) is Within tWo orders of magnitude 
of the viscosity of the poly(tetra?uoroethylene-co-per?uo 
roalkylvinyl ether). 

15. The process of claim 10 Wherein the spinning speed is 
greater than about 200 mpm. 

16. The process of claim 10 Wherein the shear rate is 
greater than 100/sec. 

17. The process of claim 10 further comprising cooling 
the blend of step (c) folloWed by reheating the blend to a 
temperature above the melting points of the poly(tetra?uo 
roethylene) and the poly(tetra?uoroethylene-co-per?oro 
alkylvinyl ether) and optionally repeating the cooling and 
reheating step at least once. 

18. The process of claim 10 further comprising before 
extruding the molten blend, mixing the blend at a tempera 
ture above the melting point of the component having the 
higher melting point. 

19. A process of preparing a cocrystalliZed blend com 
prising the steps of (a) contacting at least one poly(tetra?uo 
roethylene) With at least one poly(tetra?uoroethylene-co 
per?uoro-alkylvinyl ether) Wherein the viscosity of the 
poly(tetra?uoroethylene) is Within tWo orders of magnitude 
of the viscosity of the poly(tetra?uoroethylene-co-per 
?uoro-alkylvinyl ether); (b) mixing the poly(tetra?uoroeth 
ylene) and poly(tetralfuoroethylene-co-per?uoro-alkylvinyl 
ether thoroughly to form a blend; (c) heating the poly(tet 
ra?uoroethylene) above the melting point of the poly(tet 
ra?uoroethylene) prior to, simultaneously With, or subse 
quent to contact With the poly(tetra?uoroethylene-co 
per?uoro-alkylvinyl ether); and (d) heating the 
poly(tetra?;oroethylene-co-per?uoro-alkylvinyl ether) 
above the melting point of the poly(tetra?uoroethylene-co 
per?uoro-alkylvinyl ether) prior to, simultaneously With or 
subsequent to contact With the poly(tetra?uoroethylene). 


