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A thermoplastic, moldable, millable, extrudable composi-
tion of matter involving at least three polymeric compo-
nents: a fluoroelastomer, an ETFE (ethylene/tetrafluoroeth-
ylene alternating copolymer, which may optionally contain
one or more comonomers in minor amounts to alter crys-
tallinity and melting temperature) fluoroplastic, and a block
fluoropolymer containing at least one fluoroelastomer block
and at least one ETFE block. The fluoroelastomer compo-
nent and optionally the fluoroelastomer portion of the block
fluoropolymer are crosslinked in a dynamic vulcanization
process. Also disclosed are multilayer articles in which the
aforesaid fluoro-TPV is adhered to an ETFE plastic layer.
These bonded multilayer objects may include injection-
molded parts that are either co-injected with both ETFE and
fluoro-TPV layers, or insert molding jobs in which a previ-
ously molded ETFE insert is placed into a mold and sur-
rounded by fluoro-TPV; and also multilayer co-extruded
products such as hoses in which a fluoro-TPV layer is
extruded against an ETFE layer.

ABSTRACT
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Figure 1: Apparent Viscosity vs Shear Rate
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Figure 2: Apparent Viscosity v Shear Rate - ETFE #1
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Figure 3: Apparent Viscosity vs. Shear Rate - ETFE
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Figure 4: Dynamic Vulcanization with 1.32 phr Bisphenol AF
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Figure 5: Dynamic Vulcanization with 1.2 phr Bisphenol-Sulfone
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Figure 6: Effect of Process Aids in Fluoro-TPV
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THERMOPLASTIC, MOLDABLE POLYMER
COMPOSITION AND DYNAMIC VULCANIZATES
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of appli-
cation Ser. No. 11/658,867 which is a 371 of PCT/IP2005/
021667 filed Nov. 25, 2005 and which continuation-in-part
claims benefit from U.S. Provisional Application No.
60/778,189 filed Mar. 2, 2006, the above-noted applications
incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a thermoplastic,
moldable polymer composition and a dynamic vulcanizate
thereof comprising a fluororesin, a crosslinked fluororubber
and a fluorine-containing thermoplastic elastomer, and a
molded or extruded article such as a fuel permeation-
resistant hose formed from the thermoplastic polymer com-
position.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] Fluoroelastomers are employed for various uses in
the fields of automobiles, semiconductors and other indus-
tries, since the fluoroelastomers have excellent properties
such as heat resistance, chemical resistance and low com-
pression set.

[0006] On the other hand, crystalline thermoplastics are
employed in broad fields such as automobiles, industrial
machines, office automation equipment and electrical and
electronic equipment since crystalline thermoplastics are
excellent in properties such as sliding properties, heat resis-
tance, chemical resistance, weather resistance and electrical
properties.

[0007] For the purpose of improving processability and
permeation resistance of fluoroelastomers or for the purpose
of imparting flexibility to crystalline thermoplastics, poly-
mer alloys of a fluoroelastomer and a crystalline thermo-
plastic have been studied. However, general compatibility
between a fluoroelastomer and a crystalline thermoplastic is
poor, and simple melt-kneading of the fluoroelastomer and
the crystalline thermoplastic only generates defective,
unstable dispersion in which the morphology of the fluo-
roelastomer and crystalline thermoplastic domains varies
substantially with processing history, and problems such as
peeling among layers and lowering of strength occur in such
binary melt blends. An important example of such binary
melt blends of a crystalline thermoplastic and a fluoroelas-
tomer are various blends of ETFE thermoplastic with fluo-
roelastomers. In order to solve these problems with ETFE/
fluoroelastomer melt blends, one approach is to crosslink the
blends after mixing, as for example by ionizing radiation in
the presence of an effective co-agent such as triallylisocya-
nurate (“TAIC”). In some cases, crosslinking via electron
beam can stabilize ETFE/fluoroelastomer blends so as to
give good properties for some applications, such as wire
coatings. A particular crystalline thermoplastic-fluoroelas-
tomer block copolymer similar to ETFE/FKM Polymer A
(used in examples of the present invention) has been used
either as a substitute for ETFE/fluoroelastomer blends, or as
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a compatibilizer in three-component blends (for example,
see JP-2001-501982 and JP-A-6-25500).

[0008] However, the inventions described in JP-2001-
501982 and JP-A-6-25500 describe systems that still must
be crosslinked by ionizing radiation (typically from electron
beams) in order to achieve good properties; such electron
beam crosslinking can be readily applied to wire insulation,
but it is difficult to use to produce more complicated shapes
such as multilayer hose or molded goods; moreover, after
processing the whole of the obtained rubber/plastic compo-
sition is cross-linked, thus, the invention has a problem that
the obtained ETFE/fluoroelastomer blend cannot be melt-
molded and recycled any more.

[0009] From a different aspect, triblock fluoro-TPEs (crys-
talline thermoplastic-fluoroelastomer block copolymers)
comprised of two ETFE hard blocks at the chain ends and a
soft fluoroelastomer center block can be prepared by the
methods described in U.S. Pat. No. 4,158,678. These poly-
mers are further described in chapter 30 of the book Modern
Fluoropolymers, 1997, edited by John Schiers. (One of the
authors of this chapter, Masayoshi Tatemoto, is an inventor
of U.S. Pat. No. 4,158,678.)

[0010] ETFE/FKM Polymers A and B, which are used
extensively in examples herein, are triblock polymers pre-
pared as per U.S. Pat. No. 4,158,678 in which there are
alternating “hard” and “soft” blocks, similar morphologi-
cally to SBS (triblock polymers of polystyrene/polybutadi-
ene/polystyrene) or SEBS (triblock polymers of polysty-
rene/polyethylene-co-butadiene/polystyrene, derived from
hydrogenation of SBS polymers) triblock copolymers such
as KRATON™ TPEs, for example. One difference between
SBS polymers and the like compared to the ETFE/FKM/
ETFE triblock polymers is that the hard block is an amor-
phous plastic in the case of SBS, whereas it is a crystalline
or at least crystallizable polymer that is used above its glass
transition temperature. The following describes these tri-
block fluoropolymers used in the examples in detail:

[0011] ETFE/FKM Polymer A is an ETFE/FKM/ETFE
triblock polymer in which the center FKM block is an
FKM terpolymer of vinylidene fluoride (“VDEF”),
hexafluoropropene (“HFP”), and tetrafluoroethylene
(“TFE”), such that the FKM center block is about 71%
fluorine by weight, and the number average molecular
weight of the center block is about 100,000 to 150,000.
The hard outer blocks of ETFE/FKM Polymer A com-
prise about 15% by weight of the total polymer. The
melt viscosity of the particular samples of ETFE/FKM
Polymer A used herein are as shown in FIG. 1, and the
melt flow index at 297° C., with a 10-kg load is about
22.

[0012] ETFE/FKM Polymer B is an ETFE/FKM/ETFE
triblock polymer in which the center FKM block is an
FKM terpolymer of vinylidene fluoride (“VDEF”),
hexafluoropropene (“HFP”), and tetrafluoroethylene
(“TFE”), such that the FKM center block is about 71%
fluorine by weight, and the number average molecular
weight of the center block is about 100,000 to 150,000.
The hard outer blocks of ETFE/FKM Polymer B com-
prise about 25% by weight of the total polymer. The
melt viscosity of the particular sample of ETFE/FKM
Polymer B used herein are shown in FIG. 1, and the
melt flow index at 297° C., with a 10-kg load is about
6.
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[0013] Compared to other available multiblock elasto-
meric fluoropolymers, ETFE/FKM Polymer A and ETFE/
FKM Polymer B are much more resistant to fuels, oxidation,
and heat aging. These polymers are approximately 65-75
Shore A durometer after molding or extrusion. The main
difference between them is in the relative weight fraction of
the rubbery FKM center block versus the hard ETFE end-
blocks (ETFE is an alternating copolymer of ethylene and
tetrafluoroethylene, which may also contain minor amounts
of comonomers to modify polymer properties); ETFE/FKM
Polymer A has about 85% by weight fraction rubbery
domain, whereas ETFE/FKM Polymer B has about 75% by
weight FKM. Consequently, ETFE/FKM Polymer A has
slightly lower hardness (~67 Shore A) versus ETFE/FKM
Polymer (~73 Shore A). These triblock fluoro-TPEs achieve
very good tensile strength compared to prior art FKM/
crystalline thermoplastic dynamic vulcanizates, such as the
materials of U.S. Pat. No. 6,624,251 for example, but have
proved difficult to injection mold, and break up into powder
through massive stress-cracking in standard compression set
tests at moderately elevated temperatures, regardless of how
the specimens are molded.

[0014] U.S. Pat. No. 6,207,758 also describes fluoroplas-
tic-fluoroelastomer block copolymers that are of the A-B-A
triblock type, analogous to the well-known KRATON™
polymers from Shell, but dissimilar in that the end blocks
must crystallize to harden (as is also the case for ETFE/FKM
Polymer A and ETFE/FKM polymer B).

[0015] One potential way to address the deficiencies of
ETFE/FKM Polymer B and ETFE/FKM Polymer A is to
chemically modify the composition of the constituent poly-
mer blocks; see for example U.S. Pat. No. 6,706,819, in
which polar groups are used to modify the multiblock
fluoro-TPEs to make the polymers more suitable as mate-
rials for laser printer/photocopier fuser rolls. In principle,
polymer composition and morphology can be modified in
this way to optimize block copolymers for a variety of
different applications, but it is expensive to introduce new
polymers for each new application.

[0016] Another way to make fluoroplastic-fluoroelastomer
block copolymers in general is via dynamic vulcanization;
see for example U.S. Pat. Nos. 4,348,502; 4,130,535; 4,173,
556; 4,207,404; 4,409,365; 6,020,427; 6,066,697; 6,084,
031; 6,329,463 and 6,503,985. Dynamic vulcanization is a
particularly flexible method in that there are many different,
commercially available elastomers that can be dynamically
cured in a wide variety of different thermoplastics. In
essence, dynamic vulcanizates are dispersions of crosslinked
elastomer particles in a thermoplastic matrix. Dynamic
vulcanization is only one method to obtain such dispersions
of crosslinked elastomer particles in a thermoplastic matrix;
another method involves core-shell latexes.

[0017] U.S. Pat. No. 6,153,681 describes core-shell
latexes which act as thermoplastic elastomers. These mate-
rials have either a core fluoroelastomeric polymer portion
surrounded by a crystalline fluoroplastic polymer portion or,
a core fluoroplastic polymer portion surrounded by a fluo-
roelastomeric polymer portion (surprisingly, both versions
worked as TPEs, elastomer core and elastomer shell). There
is significant grafting between the two layers, and an inde-
terminate degree of crosslinking occurs as the fluoroelas-
tomer polymerizes. These fluorinated fluoroplastic-fluo-
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roelastomer block copolymers reportedly have excellent
physical properties, though they are rather stiff compared to
typical fluoroelastomers. They can reportedly be used to
make moldings such as gaskets and seals, but no data on
compression set or compression relaxation is presented in
the patent to validate this, nor is there any information
presented on injection moldability.

[0018] U.S. Pat. No. 6,066,697 describes thermoplastic
compositions containing crosslinked particulate elastomers
in a flowable matrix of fluorine containing thermoplastics.
This thermoplastic vulcanizate is prepared by dynamically
vulcanizing a rubber within a blend that comprises the
rubber, a fluorine-containing thermoplastic, and a vulcaniz-
ing agent; wherein the rubber is selected from nitrile rubber,
hydrogenated nitrile rubber, amino-functionalized nitrile
rubber, acrylonitrile-isoprene rubber, and mixtures thereof.

SUMMARY OF THE INVENTION

[0019] An object of the invention is to provide a thermo-
plastic, moldable polymer composition and dynamic vulca-
nizate thereof, which is flexible, is capable of melt-molding
and has excellent heat resistance, chemical resistance, oil
resistance, and fuel barrier properties. Further, another
object of the invention is to provide a molded or extruded
article such as a fuel permeation-resistant hose formed from
the thermoplastic polymer composition and/or dynamic vul-
canizate thereof.

[0020] Generally, the present invention relates to a ther-
moplastic composition comprising a fluororesin (A) com-
prising a fluorine-containing ethylenic polymer (a), a
crosslinked fluororubber (B) in which at least a part of at
least one kind of fluororubber (b) is cross-linked, and a
fluorine-containing thermoplastic elastomer (C). Preferably,
the crosslinked fluororubber (B) is a rubber wherein the
fluororubber (b) is cross-linked dynamically in the presence
of the fluororubber (A), the fluorine-containing thermoplas-
tic elastomer (C) and a crosslinking agent (D) under melting
conditions. Furthermore, the fluorine-containing thermo-
plastic elastomer (C) preferably comprises at least one kind
of elastomeric polymer segment (c-1) and at least one kind
of non-elastomeric polymer segment (c-2), and at least either
of the elastomeric polymer segment (c-1) and the non-
elastomeric polymer segment (c-2) is a fluorine-containing
polymer segment.

[0021] In more detail, the compositions of this invention
contain FKM, ETFE, and one or more block polymers of
ETFE and FKM. The block polymers can be triblock poly-
mers such as ETFE/FKM Polymer A or ETFE/FKM Poly-
mer B as described above, the block polymers of U.S. Pat.
No. 6,207,758 or 6,706,819, block polymers formed in situ
through chemical reactions of reactive ETFE end-groups
(such as those described in U.S. Pat. Nos. 6,538,084; 6,680,
124; 6,740,375; 6,881,460; and 6,893,729) with FKM, or
diblock ETFE/FKM polymer compatibilizers formed by the
method of U.S. Pat. No. 4,158,678. The total amount of
ETFE plastic (including the ETFE blocks of the block
polymers) comprises about 20-50% of the total polymer
weight present in the composition; most of the remaining
about 80-50% of the total polymer is comprised of FKM
fluoroelastomer (including the FKM blocks of the block
polymers), though up to about 2% of the total polymer can
also comprise various polymeric processing aids. The FKM
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components of the present invention are typically
crosslinked in a dynamic curing process at temperatures of
about 230-280° C., such that the crosslinked FKM contains
about 2-6 millimoles of crosslinks per 100 grams of FKM.
Crosslinking can be accomplished by any known means that
is effective for crosslinking the particular fluoroelastomers,
including peroxides with coagents, diamines, polyamines, or
bisphenols for example; we will refer to this composition as
a “fluoro-TPV,” short for fluoropolymer thermoplastic vul-
canizate.

[0022] Thus, in a first aspect, the present invention relates
to a thermoplastic, moldable composition comprising a
fluororesin (A) containing a fluorine-containing ethylenic
polymer (a), a crosslinked fluororubber (B) including a
fluororubber (b), at least part of the fluororubber (b) being
chemically crosslinked, and a fluorine-containing thermo-
plastic elastomer (C). Preferably, most of the fluororubber
(b) is chemically crosslinked. The fluorine-containing eth-
ylenic polymer (a) comprises an ETFE copolymer, the
fluororubber (b) comprises a FKM copolymer, and the
fluorine-containing thermoplastic elastomer (C) is a block
polymer comprising an elastomeric polymer segment (c-1)
and a non-elastomeric polymer segment (c-2). The elasto-
meric polymer segment (c-1) comprises a FKM copolymer
and the non-elastomeric polymer segment (c-2) comprises
an ETFE copolymer. Furthermore, the composition contains
about 50-80 wt % of FKM copolymer, including constituent
segments of said block polymer (meaning (B)+(C-1)), and
contains about 20-50 wt % of ETFE copolymer, including
constituent segments of the block polymer meaning ((A)+
(C-2)), as a fraction of the total polymer contained in the
composition.

[0023] 1In a preferred embodiment, the crosslinked fluo-
rorubber (B) is obtained by dynamically crosslinking the
fluororubber (b) in the presence of the fluororesin (A), the
fluorine-containing thermoplastic elastomer (C) and a
crosslinking agent (D) under melt mixing conditions.

[0024] In yet another preferred embodiment, the thermo-
plastic, moldable polymer composition comprises up to 2 wt
% of polymeric processing aids and compounding ingredi-
ents.

[0025] In yet another preferred embodiment, the thermo-
plastic, moldable composition contains about 0.5-1.0 wt %
of a processing aid which is a copolymer of methyl-acrylate
and/or methyl-methacrylate and butyl acrylate, as a fraction
of the total polymer contained in the composition.

[0026] In yet another preferred embodiment, the thermo-
plastic, moldable composition further contains an oligo-
meric ester internal lubricant in an amount of about 0.01-
0.10 wt % of the entire composition.

[0027] In yet another preferred embodiment, the thermo-
plastic, moldable composition contains about 5-60 wt % of
an ETFE/FKM/ETFE triblock polymer as a fraction of the
total polymer contained in the composition, wherein at least
most of the FKM copolymer constituting the fluororubber
(b) and a portion of the FKM center block of the ETFE/
FKM/ETFE triblock polymer is crosslinked by a bisphenol
or polyamine cure system.

[0028] In yet another preferred embodiment, most of the
ETFE constituting the fluorine-containing ethylenic polymer
(a) comprises ETFE having a reactive end-group.
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[0029] In yet another preferred embodiment, the thermo-
plastic elastomer (C) comprises an ETFE/FKM diblock
polymer.

[0030] In yet another preferred embodiment, the thermo-
plastic elastomer (C) comprises an ETFE/FKM diblock
polymer in an amount of about 1-10 wt % as a fraction of the
total polymer contained in the thermoplastic, moldable
composition.

[0031] In yet another preferred embodiment, at least most
of'the FKM copolymer constituting the fluororubber (b) and
a portion of the FKM block of the ETFE/FKM diblock
polymer is crosslinked by a bisphenol or a polyamine cure
system.

[0032] In yet another preferred embodiment, at least most
of the FKM copolymer constituting said fluororubber (b)
and a portion of the FKM copolymer constituting thermo-
plastic elastomer (C) is crosslinked by a bisphenol cure
system in which most or all of the bisphenol is bisphenol
sulfone.

[0033] Inyetanother preferred embodiment, the crosslink-
ing of the FKM copolymer is catalyzed by ethyltriph-
enylphosphonium iodide.

[0034] In a second aspect, the present invention relates to
a fuel permeation-resistant hose including a layer compris-
ing a fluoropolymer thermoplastic vulcanizate comprising a
fluororesin (A) containing a fluorine-containing ethylenic
polymer (a), a crosslinked fluororubber (B) including a
fluororubber (b), at least most of the fluororubber (b) being
chemically crosslinked, and a fluorine-containing thermo-
plastic elastomer (C). The fluorine-containing ethylenic
polymer (a) comprises an ETFE copolymer, said fluororub-
ber (b) comprises a FKM copolymer, and said fluorine-
containing thermoplastic elastomer (C) is a block polymer
comprising an elastomeric polymer segment (c-1) and a
non-elastomeric polymer segment (c-2). The elastomeric
polymer segment (c-1) comprises a FKM copolymer and the
non-elastomeric polymer segment (c-2) comprises an ETFE
copolymer, and the vulcanizate contains about 50-80 wt %
of FKM copolymer and contains about 20-50 wt % of ETFE
copolymer, including constituent segments of said block
polymer, as a fraction of the total polymer contained in the
vulcanizate.

[0035] In a preferred embodiment, the fuel permeation-
resistant hose further includes an outer ETFE layer.

[0036] In yet another preferred embodiment, the fuel per-
meation-resistant hose is prepared by co-extruding the ETFE
layer with the fluoropolymer thermoplastic vulcanizate.

[0037] In yet another preferred embodiment, the fuel per-
meation-resistant hose further comprising a layer of nylon
extruded over the ETFE layer.

[0038] In yet another preferred embodiment, the fuel per-
meation-resistant hose further comprises a layer of a poly-
ester-based block polymer thermoplastic elastomer extruded
over the ETFE layer.

[0039] In yet another preferred embodiment, the fuel per-
meation-resistant hose further comprises a layer of a ther-
moset elastomer extruded over the ETFE layer.

[0040] In a third aspect, the present invention also pro-
vides a composition having a reduced flex modulus obtained







































