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MELT PROCESSIBLE FLUOROPOLYMER 
COMPOSITES 

FIELD OF THE INVENTION 

[0001] This invention relates to ?uoropolymer reinforced 
With ?brous liquid-crystal polymer. 

BACKGROUND OF THE INVENTION 

[0002] The non-melt processible ?uoropolymer polytet 
ra?uoroethylene (PTFE) and melt processible ?uoropoly 
mers such as tetra?uoroethylene-per?uoro(alkyl vinyl ether) 
copolymers (PFA), tetra?uoroethylene-hexa?uoropropylene 
copolymers (FEP), and tetra?uoroethylene-ethylene copoly 
mers (ETFE) have excellent properties such as heat resis 
tance, chemical resistance and non-stick properties. HoW 
ever, in spite of the excellent characteristics of these 
?uoropolymers, the physical properties of the ?bers 
obtained therefrom are not alWays entirely satisfactory. In 
the melt spinning step in particular, the very high melt 
viscosity of ?uoropolymers compared With other engineer 
ing plastics creates a number of problems, including greater 
dif?culty in spinneret design and the need for effective 
measures against ?lament breakage during take-off. Also, in 
subsequent steps such as draWing of the melt-spun ?lament, 
the loWer modulus of ?uoropolymers compared to other 
engineering plastics, greatly hinders stable operation. More 
over, ?uoropolymers have a large linear expansion coef? 
cient, and so high-temperature shrinkage of the ?uoropoly 
mer ?laments is great. 

[0003] Modi?cation of a ?uoropolymer/liquid-crystal 
polymer composite so as to enhance the ?uoropolymer 
matrix strength has been proposed. During extrusion, the 
liquid-crystal polymer is oriented in a ?brous form Within 
the ?uoropolymer matrix, thereby enhancing the matrix 
strength. This is discussed in Journal of Macromolecular 
Science, Chemical Physics 1995, C35, p. 183; and in JP-A 
2-32147. The resulting extrudate exhibits an increase in 
strength because of the presence of oriented ?brous liquid 
crystal polymer, but not all the liquid-crystal polymer is 
?beriZed by the extrusion process and the dispersion of the 
liquid-crystal polymer Within the extrudate is not uniform. 
Compared With resins reinforced using conventional rein 
forcements such as glass ?bers and carbon ?bers, advan 
tages offered by this approach include a decrease in melt 
viscosity and the simpli?cation of all the processing steps 
that is made possible by the use of liquid-crystal polymers. 

[0004] HoWever, the mechanical strength of ?uoropoly 
mer/liquid-crystal polymer composite ?bers obtained by 
melt spinning is strongly in?uenced by the interfacial bond 
ing forces betWeen the ?uoropolymer matrix and the ?brous 
liquid-crystal polymer present Within the matrix. Moreover, 
because there is substantially no molecular interaction 
betWeen the ?uoropolymer and the liquid-crystal polymer, 
the interfacial bonding forces betWeen the ?uoropolymer 
and the liquid-crystal polymer are very small. Hence, the 
greater strength of the liquid-crystal polymer Within the 
?uoropolymer matrix is not transferred to the matrix. 

[0005] Liquid-crystal polymer reinforced ?uoropolymer 
articles in Which the liquid-crystal polymer is Well dispersed 
and reinforces the ?uoropolymer are needed. 

SUMMARY OF THE INVENTION 

[0006] This need is satis?ed by a melt processible ?uo 
ropolymer composite article comprising at least one melt 
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processible ?uoropolymer, Wherein some of said melt pro 
cessible ?uoropolymer contains functional groups, rein 
forced With ?brous thermoplastic liquid-crystal polymer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is an electron micrograph at 1000>< mag 
ni?cation shoWing the fracture plane of the ?uoropolymer 
composite ?ber obtained in Example 1. 

[0008] FIG. 2 are electron micrographs at 200x magni? 
cation of ?uoropolymer composite ?bers obtained, respec 
tively, in Example 1 (a) (FIG. 1 (a)), Example 2 (b) (FIG. 
2(a)), and Comparative Example 1 (c) (FIG. 3(a)). 

DETAILED DESCRIPTION 

[0009] At least tWo types of melt processible ?uoropoly 
mer are used in the present invention: 1) a nonfunctional 
melt processible ?uoropolymer of the type commonly 
employed in molding and forming, and 2) a functional melt 
processible ?uoropolymer, that is, a ?uoropolymer bearing 
functional groups. Nonfunctional melt processible ?uo 
ropolymers for use in polymer fabricating processes are 
already Well knoWn in the art, and include polymers or 
copolymers of, for instance, unsaturated ?uorinated hydro 
carbons, unsaturated ?uorochlorinated hydrocarbons, and 
ether group-bearing unsaturated ?uorinated hydrocarbons, 
as Well as copolymers of such unsaturated ?uorinated hydro 
carbons With ethylene. Typical examples include polymers 
and copolymers of monomers selected from among tet 
ra?uoroethylene, chlorotri?uoroethylene, hexa?uoropropy 
lene, per?uoro(alkyl vinyl ether), vinylidene ?uoride and 
vinyl ?uoride; and copolymers of the above monomers With 
ethylene. 
[0010] Speci?c examples of nonfunctional melt proces 
sible ?uoropolymer include tetra?uoroethylene-per?uoro 
(alkyl vinyl ether) copolymers (PFA), tetra?uoroethylene 
hexa?uoropropylene copolymers (FEP), 
tetra?uoroethylene-hexa?uoropropylene per?uoro(alkyl 
vinyl ether) copolymers (EPE), tetra?uoroethylene-ethylene 
copolymers (ETFE), polyvinylidene ?uoride (PVDF), poly 
vinyl ?uoride (PVF), polychlorotri?uoroethylene (PCTFE) 
and chlorotri?uoroethylene-ethylene copolymers (ECTFE). 

[0011] In the practice of the invention, in addition to the 
foregoing melt processible ?uoropolymer, use is also made 
of functional melt processible ?uoropolymer, also knoWn as 
a compatibiliZing agent, Which is a melt processible ?uo 
ropolymer containing functional groups such as carboxyl 
and derivative groups thereof, hydroxyl, nitrile, cyanato, 
carbamoyloxy, phosphonoxy, halophosphonoxy, sulfonic 
and derivative groups thereof, and sulfohalide. These com 
patibiliZing agents contain the above functional groups 
Within a range that does not to any great degree compromise 
the characteristics of the melt processible ?uoropolymer. 
The compatibiliZing agent may be prepared by synthesiZing 
a nonfunctional melt processible ?uoropolymer such as one 
of those mentioned above, then introducing therein the 
functional groups, either by addition or substitution. Alter 
natively, the compatibiliZing agent may be prepared by 
copolymeriZing monomers bearing the desired functional 
groups When the above-described melt processible ?uo 
ropolymer is synthesiZed. The functional melt processible 
copolymer need not be of the same polymer family, for 
example FEP, PFA, or ETFE, as the nonfunctional melt 
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processible ?uoropolymer, as long as the polymers are 
reasonably compatible. However, it is preferred that the 
functional and nonfunctional ?uoropolymers be of the same 
polymer family. 

[0012] Speci?c examples of the functional groups include 
—COOH, —CH2COOH, —COOCH3, —CONH2, —OH, 
—CH2OH, —CN, —CH2O(CO)NH2, —CH2OCN, 
—CH2OP(O)(OH)2, —CH2OP(O)Cl2, and —SO2F. These 
functional groups may be introduced into the compatibiliZ 
ing agent by copolymeriZing functional group-bearing ?u 
orinated monomers at the time of ?uoropolymer production. 

[0013] Illustrative examples of such functional group 
bearing ?uorinated monomers suitable for copolymeriZation 
include ?uorinated vinyl ether compounds of the formula 

[0014] In the formula, m is from 0 to 3; n is from 1 to 4; 
and X is a functional group such as —COOH, 

—CH2COOH, —COOCH3, —CH2OH, —CN, 
—CH2O(CO)NH2, —CH2OCN, —CH2OP(O)(OH)2, 
—CH2OP(O)Cl2, and —SO2F. Preferred examples of such 
?uorinated vinyl ethers include those of the formula 

[0018] Wherein Y is —SO2F, —CN, —COOH, or 
—COOCH3; and those of the formula 

[0019] Wherein Z is —COOH, —OH, 
_oP(o)(oH)2, —OP(O)Cl2, or O(CO)NH2. 

—OCN, 

[0020] These functional group-containing monomers are 
copolymeriZed in the compatibiliZing agent in an amount of 
preferably about 0.5 to 10% by Weight, and especially about 
1 to 5% by Weight. Too little functional group-containing 
monomer in the compatibiliZing agent limits the effects of 
the compatibiliZing agent, Which are: 

[0021] 1) uniform dispersion of the liquid-crystal poly 
mer in the ?uoropolymer matrix during melt blending 
of the article and, after melt spinning, 

[0022] 2) bonding of the resultant ?brous liquid-crystal 
polymer to and Within the ?uoropolymer matrix, Which 
is a blend of the nonfunctional ?uoropolymer and 
functional ?uoropolymer. 

[0023] On the other hand, too much compatibiliZing agent 
may give rise to reactions similar to crosslinking reactions 
on account of strong interactions betWeen molecules of the 
compatibiliZing agent. This could cause a sudden rise in the 
melt viscosity of the spinning dope composition, leading to 
complications in melt spinning. 

[0024] The viscosity or molecular Weight of the compati 
biliZing agent is not subject to any particular limitation 
provided they are Within ranges Which do not differ greatly 
from the viscosity or molecular Weight of the melt proces 
sible ?uoropolymer in Which compatibiliZing agent is 
blended, and are preferably at about the same range. 

[0025] The liquid-crystal polymer used in the invention is 
a thermoplastic resin Which forms thermotropic liquid 
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crystals. As is knoWn in the art, liquid-crystal polymers are 
characteriZed by their ability to form regions of high 
molecular orientational order in the melt. No particular 
limitation is imposed on the melting point of the liquid 
crystal polymer, except insofar as it does not compromise 
the heat resistance at the melt-processing temperature. HoW 
ever, a liquid-crystal polymer having a melting point at least 
about 20° C. higher than the melting point of the melt 
processible ?uoropolymer for fabrication is preferred for 
good melt-processability and heat stability. Illustrative 
examples of such liquid-crystal polymers include polyesters, 
polyesteramides, polyesterimides and polyesterurethanes. 
Of these, polyesters are especially preferred. Typical liquid 
crystal polyesters include Wholly aromatic polyesters, of 
Which many types are already knoWn. Suitable examples 
include those derived from aromatic dicarboxylic acids and 
aromatic dihydroxy compounds and/or aromatic hydroxy 
carboxylic acids. A portion of the polyester may be substi 
tuted With polymeric units derived from, for example, ali 
phatic dicarboxylic acids, aliphatic dihydroxy compounds or 
aliphatic hydroxycarboxylic acids. Speci?c examples 
include polyesters having polymeric units derived from 
aromatic dicarboxylic acids such as terephthalic acid, isoph 
thalic acid, or 2,6-naphthalenedicarboxylic acid, aromatic 
dihydroxy compounds such as hydroquinone, resorcinol, 
2,6-dihydroxynaphthalene; bisphenol A or dihydroxydiphe 
nyl; and aromatic hydroxycarboxylic acids such as p-hy 
droxybenZoic acid. 

[0026] The ?brous liquid-crystal polymer-containing ?uo 
ropolymer composite article of the present invention is 
fabricated from the above-described melt processible ?uo 
ropolymer, functional group-containing ?uoropolymer, and 
liquid-crystal polymer. In the formation of this composite 
article, the proportion of the latter functional group-bearing 
?uoropolymer (compatibiliZing agent) varies according to 
the type of functional groups and the functional group 
content. Such proportion is an effective amount of the 
compatibliZing agent suf?cient to cause bonding of the 
liquid-crystal polymer ?bers to the ?uoropolymer matrix 
forming the article. Such amount is preferably from about 1 
to 20% by Weight, and especially from about 1 to 10% by 
Weight, of the polymer starting materials. That is, a higher 
proportion of compatibiliZing agent results in a loWer inter 
facial tension betWeen the ?uoropolymer and the liquid 
crystal polymer and stronger interfacial bonding forces. 
HoWever, the incorporation of too much compatibiliZing 
agent may lead to crosslinking-like reactions oWing to 
strong interactions betWeen molecules of the compatibiliZ 
ing agent. This can in turn cause a rapid rise in viscosity 
during melt mixing of the ?uoropolymer and the liquid 
crystal polymer, Which may make melt spinning dif?cult to 
carry out. 

[0027] The proportion of liquid-crystal polymer in the 
above resin starting materials is generally Within a range of 
about 1 to 40% by Weight, and preferably about either 3 or 
5 to 40% by Weight, and more preferably about 3 to 20% by 
Weight. Too little liquid-crystal polymer is unlikely to pro 
vide a suf?cient reinforcing effect. On the other hand, too 
much liquid-crystal polymer may have the effect of making 
the ?uoropolymer matrix the discontinuous phase or may 
result in a ?brous liquid-crystal polymer of excessive diam 
eter. If the liquid-crystal polymer has too large a diameter, 
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the viscosity at that portion in the melt spinning step 
becomes suddenly very loW, Which may cause ?lament 
breakage. 
[0028] The melt processible ?uoropolymer composite 
article of the invention can most easily and advantageously 
be obtained in the form of composite ?bers by melting and 
blending together the melt processible ?uoropolymer, the 
functional group-containing ?uoropolymer, and the thermo 
plastic liquid-crystal polymer. This method has the advan 
tages that melt processing is easy and the liquid-crystal 
polymer can readily be uniformly dispersed as very ?ne 
liquid particles Within the ?uoropolymer matrix. Melting 
and blending is carried out by conventional methods. A 
method involving the use of an extruder is preferred. 
Because high shear rate provides better dispersion of the 
liquid-crystal polymer particles, a tWin-screW extruder is 
preferable to a single-screW extruder for this purpose. 

[0029] To minutely disperse the liquid-crystal polymer 
disperse phase Within the ?uoropolymer matrix, the extru 
sion temperature should preferably be about 10 to 20° C. 
higher than the melting point of the highest melting of the 
resins—the melt processible ?uoropolymers and the ther 
moplastic liquid-crystal polymer. In addition, to ensure 
uniform dispersion of the liquid-crystal polymer in ?brous 
form throughout the ?uoropolymer composite ?bers in the 
later melt spinning process, the particle siZe of the liquid 
crystal polymer before melt spinning should be not more 
than about 10 pm, and preferably about 0.5 to 5 pm. The 
composite ?bers can be continuous, as spun as ?laments, or 
can be later chopped up for refabrication into other shapes, 
for example by injection molding or extrusion, or for use in 
reinforcing other ?uoropolymers 

[0030] Other methods that may be used for making the 
?uoropolymer composite ?bers include ordinary methods of 
manufacturing bicomponent ?bers, such as a sheath-core 
process in Which the liquid-crystal polymer serves as the 
core component and the ?uoropolymer serves as the sheath 
component, and a bilateral process. Thus the ?brous liquid 
crystal polymer present along With the ?uoropolymer to 
form the composite article of the present invention can be in 
the form of continuous or discontinuous ?bers dispersed 
Within a ?uoropolymer matrix, or in the form of a continu 
ous ?lamentary material running side by side With the 
?uoropolymer to form bicomponent ?bers. Examples of 
non-?brous ?uoropolymer composite articles to Which the 
present invention relates include those produced by forming 
chip- or pellet-type particles from a composite ?ber obtained 
as described above, then fabricating articles by melt-pro 
cessing the particles into the desired shape While maintain 
ing the liquid-crystal polymer in a ?brous form. Examples of 
suitable fabrication techniques include injection molding, 
extrusion, compression molding, bloW molding, rotational 
molding, and transfer molding. The processing temperature, 
Which is chosen to strike a balance betWeen the processi 
bility of the ?uoropolymer and the physical properties of the 
article to be obtained, is not less than the melting point of the 
?uoropolymer and not more than the melting point of the 
liquid-crystal polymer, and preferably Within a range from 
about 10° C. above the melting point of the ?uoropolymer 
to about 5° C. to about 30° C. beloW the melting point of the 
liquid-crystal polymer. If the processing temperature is 
higher than the melting point of the liquid-crystal polymer, 
the liquid-crystal polymer that has been dispersed in a 
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?brous form melts and ceases to exhibit a ?brous structure. 
In such non-?brous composite articles, the diameter of the 
?brous liquid-crystal polymer is preferably not more than 
about 30 pm, and especially Within a range of about 1 to 10 
pm. The aspect ratio is preferably at least about 50, and 
especially at least about 100. 

[0031] If necessary, suitable additives may be included in 
the melt processible resin composite articles of the inven 
tion. Examples of such additives are antioxidants, light 
stabiliZers, antistatic agents, ?uorescent Whiteners, colorants 
and carbon black. 

EXAMPLES 

[0032] Melt How is measured according to the procedure 
of ASTM 1238, except Where otherWise noted. 

Example 1 

[0033] A ?uoropolymer (PF004, a PFA produced by 
DuPont-Mitsui Fluorochemicals Co., Ltd. melting point, 
304° C.; melt ?oW rate, as measured at 372° C. under a 5 kg 
load, 35 g/10 min) and a liquid-crystal polymer (Zenite 
7000, produced by E. I. du Pont de Nemours & Co., Inc.; 
melting point, 353° C.) are thoroughly dried, then melt 
blended (melt temperature, 365° C.) in a tWin-screW 
extruder together With compatibiliZing agent A that is a 
terpolymer of tetra?uoroethylene, per?uoro(propyl vinyl 
ether) (PPVE), and 
CF2=CF(OCF2CF(CF3))OCF2CF2CH2OH (9,9-dihydro-9 
hydroxyper?uoro(3,6-dioxa-5-methyl-1-nonene)) (PPVE 
content of compatibiliZing agent, 3.7% by Weight; hydroxyl 
group-bearing monomer content, 1 .1% by Weight; melt ?oW 
rate, 15 g/10 min), thereby forming a ?uoropolymer mix 
ture. The liquid-crystal polymer and compatibiliZing agentA 
are blended in respective ratios of 10% by Weight and 2% by 
Weight. 
[0034] The resulting ?uoropolymer mixture is melt spun 
(melt temperature, 365° C.) using a Capillograph (die diam 
eter, 2 mm) manufactured by Toyo Seiki Seisaku-sho, Ltd., 
Tokyo, Japan and equipped With a high-speed take-off 
device, giving ?uoropolymer composite ?bers. The speed on 
the take-off device is set at 100 m/min, and a ?uoropolymer 
composite ?ber having a diameter of about 50 pm is 
obtained. The draW ratio is 1600. The draW ratio is computed 
as folloWs. 

DraW ratio=(cross—sectional area of capillary die ori 
?ce)/ (cross-sectional area of ?uoropolymer composite 
?ber) 

[0035] The measurement results for percent shrinkage of 
the ?uoropolymer composite ?bers thus obtained are sum 
mariZed in Table 1. A specimen having a length of 300 mm 
is heat-treated for 30 minutes at 100° C., 150° C., 200° C. 
and 250° C., folloWing Which the specimen is cooled to 25° 
C. The percent shrinkage is determined from the change in 
length using the folloWing formula. 

Percent Shrinkage=(length before heating-length after 
heating)/ (length before heating)><100 

[0036] A ?lament having a diameter of about 50 pm is 
selected from the ?uoropolymer composite ?ber obtained 
above. A specimen of the ?lament having a length of 250 
mm is subjected to tensile testing at a pulling speed of 300 
m/min, and the tensile modulus, tensile strength and elon 
gation are measured. The results are summariZed in Table 2. 
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[0037] Scanning electron microscopic (SEM) examination 
of the ?uoropolymer composite ?ber obtained in this 
example shoWs that, at a draW ratio of 1600, most of the 
liquid-crystal polymer has formed ?brous structures having 
a diameter of 1 to 3 pm (FIG. 1). FIG. 2(a) shoWs the 
variability in ?ber diameter With compatibiliZing agent 
content, as observed under an electron microscope. The 
results of measurements of the variability in outside diam 
eter are summariZed in Table 3. 

Example 2 

[0038] Fluoropolymer composite ?bers are fabricated by 
the same procedure as in Example 1, except that the pro 
portion of compatibiliZing agent A in the mixture is 
increased to 5% by Weight. The ?ber is similarly subjected 
to tensile tests, electron micrographic observation, and mea 
surement of the variability in the outside diameter. The 
results are summariZed in Table 2, FIG. 2b, and Table 3. 
Increasing the amount of compatibiliZing agent Amakes the 
outside diameter of the ?ber more uniform and increases the 
tensile modulus. 

Comparative Example 1 

[0039] A ?uoropolymer composite ?ber is fabricated by 
the same procedure as in Example 1, except that only a 
?uoropolymer and a liquid-crystal polymer are used. No 
compatibiliZing agent is included. The ?ber is similarly 
subjected to tensile tests, electron micrographic observation, 
and measurement of the variability in the outside diameter. 
The results are summariZed in Table 2, FIG. 2c, and Table 
3. Without the use of compatibiliZing agent, the outside 
diameter of the ?ber is irregular. 

Reference Example 1 

[0040] This is an example in Which liquid-crystal polymer 
and compatibiliZing agent are not used. PFA pellets are 
melt-spun directly Without modi?cation to form a ?ber. The 
percent shrinkage is measured and the ?ber is subjected to 
tensile testing in the same manner as in Example 1. The 
results are summariZed in Tables 1 and 2. 

TABLE 1 

Ref. Ex. 1 Example 1 

PFA (Wt %) 100 88 
Liquid-crystal polymer (Wt %) 0 10 
Compatibilizing agent A (Wt %) 0 2 
Percent shrinkage at 100° C. (%) 1 0.2 
Shrinkage at 150° C. (%) 2 0.3 
Shrinkage at 200° C. (%) 3.7 0.5 
Percent shrinkage at 250° C. (%) 7.5 2.2 

[0041] 

TABLE 2 

Comp. 
Ref. Ex. 1 Ex. 1 Example 1 Example 2 

PFA (Wt %) 100 90 88 85 
Liquid-crystal polymer 0 10 10 10 
(Wt %) 
Compatibilizing 0 0 2 5 
agent A (Wt %) 
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TABLE 2-continued 

Comp. 
Ref. Ex. 1 Ex. 1 Example 1 Example 2 

DraW ratio 1600 1600 1600 1600 
Fiber diameter (,urn) Approx. 50 approx. 50 approx. 50 approx. 50 
Tensile modulus (GPa) 1.5 3.2 3.9 6.6 
Tensile strength (MPa) 131 77 76 98 
Elongation (%) 38 72 65 38 

[0042] In the ?ber shrinkage tests in Table 1, the ?bers in 
Which a ?brous liquid-crystal polymer phase is present in the 
PFA matrix (Example 1) have a much loWer shrinkage than 
pure PFA ?ber (Reference Example 1). Even at a tempera 
ture of 250° C., the shrinkage of ?ber containing the 
liquid-crystal polymer phase is about 30% the shrinkage of 
pure PFA ?bers. 

[0043] As is apparent from the tensile test results in Table 
2, the tensile modulus rose as the amount of compatibiliZing 
agent added is increased. The tensile modulus of ?ber 
containing 5% of compatibiliZing agent (Example 2) is more 
than 4 times higher than the modulus of pure PFA ?ber 
(Reference Example 1). This is because the interfacial 
bonding betWeen the PFA and liquid-crystal polymer is 
enhanced by the compatibiliZing agent. 

[0044] As is apparent from FIG. 1, numerous liquid 
crystal polymer ?brils that formed in the melt spinning step 
are present at the interior of the ?uoropolymer composite 
?ber. This ?brous liquid-crystal polymer phase contributes 
to the high tensile modulus, loW elongation, and loW shrink 
age of the ?uoropolymer composite ?bers. 

[0045] From the in?uence on the outside diameter of the 
?uoropolymer composite ?ber shoWn in FIG. 2, it is evident 
that the incorporation of compatibiliZing agent has the effect 
of making the outside diameter of the ?uoropolymer com 
posite ?ber uniform in the melt spinning process. The reason 
appears to be that the inclusion of compatibiliZing agent 
loWers the interfacial tension betWeen the PFA and the 
liquid-crystal polymer, resulting in uniform distribution of 
the liquid-crystal polymer in the PFA matrix during melting 
and mixing in the tWin-screW extruder. Because the ?uo 
ropolymer mixture in Which the particle siZe distribution of 
the liquid-crystal polymer is uniform does not undergo any 
change in the average melt viscosity during melt spinning at 
a constant take-off speed, the outside diameter of the ?ber is 
uniform. HoWever, a ?uoropolymer mixture Which does not 
contain compatibiliZing agent and in Which the liquid-crystal 
polymer phase is thus non-uniform (Comparative Example 
1) is subject to ?uctuations in melt viscosity depending on 
the siZe of the liquid-crystal phase. Such ?uctuations could 
cause the outside diameter of the ?ber to become non 
uniform in a melt spinning process at a uniform take-off 
speed. 
[0046] It is thus apparent that compatibiliZing agent must 
be used in order to produce by melt spinning a ?uoropoly 
mer composite ?ber of uniform outside diameter With high 
tensile modulus and loW shrinkage. 

Example 3 

[0047] A ?uoropolymer composite ?ber is produced in as 
in Example 2, except that 5% by Weight of compatibiliZing 
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agent B, Which is a terpolymer of tetra?uoroethylene, PPVE 
and the monomer of the formula 

CF2:CF(OCF2CF(CF3))OCFZCFZCHZOP(O)(OH)2 
[0048] (PPVE content, 3.4% by Weight; content of phos 
phorus-bearing monomer, 1.2% by Weight) is incorporated 
instead of compatibiliZing agent A. The variability in the 
outside diameter is similarly investigated. The results are 
summariZed in Table 3. 

Example 4 

[0049] A ?uoropolymer composite ?ber is produced in as 
in Example 2, except that 5% by Weight of compatibiliZing 
agent C, Which is a terpolymer of tetra?uoroethylene, PPVE 
and the monomer of the formula 

[0050] (PPVE content, 3.7% by Weight; content of car 
boxyl group-bearing monomer, 4.3% by Weight) is incor 
porated instead of compatibiliZing agent A. The variability 
in the outside diameter is similarly investigated. The results 
are summariZed in Table 3. 

Example 5 

[0051] A ?uoropolymer composite ?ber is produced as in 
Example 2, except that 5% by Weight of compatibiliZing 
agent D, Which is a terpolymer of tetra?uoroethylene, PPVE 
and the monomer of the formula 

CF2:CF(OCF2CF(CF3))OCF2CF2COOCH3 
[0052] (PPVE content, 3.7% by Weight; content of ester 
group-bearing monomer, 1.0% by Weight) is incorporated 
instead of compatibiliZing agent A. The variability in the 
outside diameter is similarly investigated. The results are 
summariZed in Table 3. 
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solely of ?uoropolymer. Moreover, the use of a liquid 
crystal polymer having a higher melting point than the 
?uoropolymer results in a higher de?ection temperature. 
Such composite ?bers can be obtained by spinning from a 
molten blend of ?uoropolymer and liquid-crystal polymer. 
Because such a blend has a loWer melt viscosity than 
?uoropolymer by itself, melt spinning is easy and can be 
carried out at a high speed. In addition, the presence of 
liquid-crystal polymer having polarity provides the addi 
tional advantage of making it possible to prevent entangle 
ment betWeen the ?bers due to static electricity during melt 
spinning. 
[0055] Fluoropolymer composite ?bers such as these can 
be used in a Wide range of applications. For example, they 
may be used in the form of bag ?lters for solid Waste 
incinerators, Wherein heat resistance, chemical resistance, 
and high strength (that is, greater dimensional stability under 
stress) are required. In particular, because these ?bers retard 
the accumulation of static electricity, dust is easy to remove 
from the bag ?lter. 

[0056] The present invention is not limited to composite 
?bers, and provides also composite articles of various other 
shapes and forms Which contain ?brous liquid-crystal poly 
mer in a ?uoropolymer matrix. As With the composite ?bers 
described above, such other composite articles are similarly 
endoWed With high modulus, high de?ection temperature, 
and loW shrinkage, giving them great potential for use in a 
range of applications. Examples include pipe, tubing, and 
containers, such as laboratory Ware. 

What is claimed is: 
1. A melt processible ?uoropolymer composite article 

comprising at least one melt processible ?uoropolymer, 
Wherein a portion of said melt processible ?uoropolymer 

TABLE 3 

Comp. 
Ex. 1 Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 

Starting PFA 90 88 85 85 85 85 
materials Liquid-crystal polymer 10 10 10 10 10 10 

(Wt %) Compatibilizing agent A 2 5 
Compatibilizing agent B 5 
Compatibilizing agent C 5 
Compatibilizing agent D 5 

Fiber outside diameter (,um) 50-80 47-60 48-52 47-54 51-64 50-66 

[0053] From the ?uoropolymer composite ?ber outside 
diameter results summariZed in Table 3, the outside diameter 
of the ?ber can be seen to vary someWhat on account of 
differences in the degree of interaction With the liquid 
crystal polymer according to the type of compatibiliZing 
agent. HoWever, in each of these cases, use of the compati 
biliZing agent results in smaller variability in the outside 
diameter than in Comparative Example 1, in Which a com 
patibiliZing agent is not used. 

[0054] The present invention provides ?uoropolymer 
composite ?bers of uniform outside diameter comprising a 
?uoropolymer matrix in Which is uniformly dispersed a 
?brous liquid-crystal polymer. Such composite ?bers have 
higher modulus and loWer shrinkage than ?bers composed 

contains functional groups, reinforced With ?brous thermo 
plastic liquid-crystal polymer. 

2. The article of claim 1 Wherein said functional groups 
are selected from the group consisting of carboxyl and 
derivative groups thereof, hydroxyl, nitrile, cyanato, car 
bamoyloxy, phosphonoxy, halophosphonoxy, sulfonic and 
derivative groups thereof, and sulfohalide. 

3. The melt processible ?uoropolymer composite article 
of claim 1 Wherein the melt processible ?uoropolymer 
comprises a polymer or copolymer of one or more mono 

mers selected from the group consisting of tetra?uoroeth 
ylene, chlorotri?uoroethylene, hexa?uoropropylene, per 
?uoro(alkyl vinyl ether), vinylidene ?uoride, and vinyl 
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?uoride, and wherein a ?uorine-bearing monomer contain 
ing any of the above functional groups is additionally 
copolyrneriZed With the polymer or copolyrner. 

4. The rnelt processible ?uoropolyrner composite article 
of claim 1, in Which said article is in the form of a ?ber. 

5. The article of claim 4 Wherein said liquid-crystal 
polymer is in the form of ?bers dispersed Within said 
?uoropolyrner. 

6. The article of claim 1 Wherein said article is bicorn 
ponent ?ber, a ?rst component of said ?ber being said 
?uoropolyrner, and a second component of said ?ber being 
said ?brous liquid-crystal polyrner. 
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7. The article of claim 6 Wherein said ?brous liquid 
crystal polyrner forms the core of said bicornponent ?ber, 
and said ?uoropolyrner forms the sheath thereof. 

8. The article of claim 1 Wherein said portion of ?uo 
ropolyrner containing functional groups is from about 1% to 
about 20% by Weight of the combined Weights of the 
?uoropolyrner and the liquid-crystal polymer. 

9. The article of claim 1 Wherein said liquid-crystal 
polymer is from about 1% to about 40% by Weight of the 
combined Weights of the ?uoropolyrner and the liquid 
crystal polyrner. 


