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ABSTRACT

An elastic fluorocopolymer comprises repeating units
(1) based on a fluoromonomer such as tetrafluoroethylene,
hexafluoropropylene, vinylidene fluoride or CF,=CF-0-Rf
(wherein R' is a C;.3 saturated perfluoroalkyl group or a
perfluoro(alkoxyalkyl) group) and repeating units (m)
based on the formula CR'R°=CR’COOCH=CH, (wherein each of
R' and R®° is a hydrogen atom, a Ci .10 alkyl group or a Ci.ig
alkoxyalkyl group contalining an etheric oxygen atom, and
R’ is a hydrogen atom, a fluorine atom or a methyl group)
in a molar ratio of (m)/((1l) =0.0001 to 0.1. Further, an
elastic fluorocopolymer composition comprises (A) the
above elastic fluorocopolymer, (B) an unsaturated
multifunctional compound and (C) a bivalent metal oxide
and/or hydroxide. The elastic fluorocopolymer and the
elastic fluorocopolymer composition are excellent in the
crosslinkability and can provide a crosslinked rubber

thereof excellent 1n crosslinked rubber properties.
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DESCRIPTION
ELASTIC FLUOROCOPOLYMER, ITS COMPOSITION AND CROSSLINKED

RUBBER

TECHNICAL FIELD

The present i1nvention relates to an elastic
fluorocopolymer excellent in crosslinkability, an elastic
fluorocopolymer composition and a crosslinked rubber

excellent 1n crosslinking physical properties.

BACKGROUND ART

As an elastic fluorocopolymer (hereinafter sometimes
referred to as fluororubber), a vinylidene
fluoride/hexafluoropropylene copolymer, a
tetrafluoroethylene/propylene copolymer, a
tetrafluoroethylene/perfluoro(alkyl vinyl ether)
copolymer, etc., are known.

These elastic fluorocopolymers are excellent in heat
resistance, o0il resistance, chemical resistance, etc.,
and can be employed 1in a severe environment which general
materials cannot resist. However, these elastic
fluorocopolymers are poor 1n the reactivity and are
insufficient in the crosslinkability and the adhesion to
another material, and heretofore, a method for enhancing
the reactivity by introducing a reactive functional group
has been proposed (e.g. JP-A-11-116634).

Generally speaking, a rubber material, except for
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some thermoplastic elastomers, 1is required to develop
sulitable physical properties by the crosslinking reaction.
Therefore, even 1n a molecule of an elastic
fluorocopolymer, a crosslinkable functional group 1is
introduced. In a vinylidene fluoride/hexafluoropropylene
copolymer, as a reactive functional group, an 1odine atom
(e.g. Masayoshi Tatemoto, Japanese Journal of Polymer
Science and Technology, 49(10), 765 to 783 (1992)) or an
unsaturated bond (e.g. JP-A-62-56887) has been proposed.

A tetrafluorocethylene/propylene copolymer is superior
to the vinylidene fluoride/hexafluoropropylene copolymer
in view of chemical resistance, especially amine
regsistance and high-temperature steam resistance (e.qg.
JP-A-6-306242). With regard to such a copolymer, a
method of copolymerizing a monomer contalning a
crosslinkable functional group such as CF,=CFOCF=CFCF,,
CF,=CFOCF,CF (CF3) OCF=CFCF; or CF,=CFCF,CF=CFCF; (e.g. JP-B-
62-56887), has been proposed, but the effect thereof was
insufficient.

Further, with respect to a
tetrafluorocethylene/propylene/vinylidene fluoride
copolymer, there has been a problem such that if a polvol
crosslinking agent is used, when a vinylidene
fluoride/hexafluoropropylene copolymer is mixed or an
acidic filler such as silica 1s used with such a
copolymer, a crosslinking inhibition is likely to take

place.
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Accordingly, 1t 1s desired to develop a crosslinkable
elastic fluorocopolymer containing no iodine atom, and
having crosslinkable functional groups introduced to its

molecules, without taking any cumbersome steps. Further,

1t 1s desired to develop a composition containing such an

elastic fluorocopolymer, which is excellent in the

crosslinkability.

DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION

The object of the present invention is to provide an
elastic fluorocopolymer excellent in crosslinkability, an
elastic fluorocopolymer composition excellent in
crosslinkabillity and a crosslinked rubber obtained by

crosslinking 1t, which is excellent in crosslinked rubber

properties.

MEANS TO ACCOMPLISH THE OBJECT

The present invention provides an elastic
f luorocopolymer comprising repeating units (1) based on
at least one fluoromonomer selected from the group
consisting of tetrafluorcethylene, hexafluoropropylene,
vinylidene fluoride and a perfluorovinyl ether
represented by the formula CF,=CF-O-R' (wherein R! is a

C..s saturated perfluorocalkyl group or a

perfluoro(alkoxyalkyl) group), repeating units (m) based

on a vinyl ester monomer represented by the formula
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CR'R*=CR’COOCH=CH, (wherein each of R' and R’ which are
independent of each other, 1s a hydrogen atom, a Ci.qp
alkyl group or a C;.;p alkoxyalkyl group contalining an
etheric oxygen atom, and R’ is a hydrogen atom, a
fluorine atom or a methyl group), and as the case
requires, repeating units (n) based on at least one
hydrocarbon monomer selected from the group consisting of
ethylene, propylene and a vinyl ether represented by the
formula CH,=CH-0O-R* (wherein R® is a C;.; saturated alkyl
group or an alkoxyalkyl group) 1in a molar ratio of

(m)/((1l)+(n))=0.0001 to 0.1.

Further, the present invention provides the above
elastic fluorocopolymer, which comprises the repeating
units (n) in a molar ratio of (n)/(1)=1/99 to 70/30.

Further, the present 1nvention provides the above
elastic fluorocopolymer, wherein R and R’ in the wvinyl
ester monomer are hydrogen atoms.

Further, the present i1nvention provides the above
elastic fluorocopolymer, wherein the vinyl ester monomer
is vinyl crotonate.

Further, the present invention provides the above
elastic fluorocopolymer, wherein the fluoromonomer is
tetrafluoroethylene, the hydrocarbon monomer 1is
propylene, (n)/(1)=40/60 to 60/40 (molar ratio), and
(m)/((1)4+(n))=0.0001 to 0.05 {(molar ratio).

Further, the present invention provides a process for

producing the above elastic fluorocopolymer, which
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comprises subjecting the fluoromonomer, the vinyl ester
monomer, and as the case requlires, the hydrocarbon
monomer, to radical copolymerization in the presence of a
radical polymerization initiator.

Further, the present invention provides the above

ey,

process for producing the elastic fluorocopolymer,
wherein the radical copolymerization is emulsion
polymerization carried out in the presence of an agqueous

medium and an emulsifier.

aal

Further, the present i1nvention provides the above
process for producing the elastic fluorocopolymer,
wherein the radical copolymerization is polymerization
carried out in the presence of a chain transfer agent,

and the chain transfer agent 1s an alcohol and/or a

hydrocarbon.

Further, the present invention provides an elastic
fluorocopolymer composition comprising (A) the above
elastic fluorocopolymer, (B) an unsaturated
multifunctional compound and (C) at least one member

selected from a bivalent metal oxide and a bivalent metal

hydroxide.

Further, the present invention provides the above
elastic fluorocopolymer composition, which further
comprises (D) an organic peroxide.

Further, the present invention provides the above
elastic fluorocopolymer composition, which comprises the

repeating units (n) in a molar ratio of (n)/(1)=1/99 to
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Further, the present invention provides the above
elastic fluorocopolymer composition, wherein R° and R’ in
the vinyl ester monomer are hydrogen atoms.

Further, the present invention provides the above
elastic fluorocopolymer composition, wherein the vinyl
ester monomer 1s vinyl crotonate.

Further, the present 1nvention provides the above
elastic fluorocopolymer composition, wherein the
fluoromonomer 1s tetrafluoroethylene, the hydrocarbon
monomer is propylene, (n)/(1)=40/60 to 60/40 (molar
ratio), and (m)/((1l)+(n))=0.0001 to 0.05 (molar ratio).

Further, the present invention provides a crosslinked
rubber obtained by crosslinking the above elastic

fluorocopolymer.

Still further, the present invention provides a
crosslinked rubber obtained by crosslinking the above

elastic fluorocopolymer composition.

EFFECTS OF THE INVENTION

The elastic fluorocopolymer of the present invention
is a fluororubber excellent in rubber elasticity and
crosslinkability. The elastic fluorocopolymer
composition of the present invention 1is excellent in
rubber elasticity and crosslinkability, and can realize a
high crosslinking rate. Further, even when various

components are mixed therewith, no crosslinking
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inhibition will take place. Furthermore, a crosslinked
rubber obtained by crosslinking the elastic
fluorocopolymer or the elastic fluorocopolymer
composition of the present invention, 1s excellent in
crosslinked rubber properties, and especially excellent
in heat resistance, 01l resistance, chemical resistance,

heat resistance, weather resistance, etc.

BEST MODE FOR CARRYING OUT THE INVENTION
The elastic fluorocopolymer of the present invention
comprises repeating units (1) based on at least one
f luoromonomer selected from the group consisting of
tetrafluorocethylene, hexafluoropropylene, vinylidene
fluoride and a perfluorovinyl ether represented by the
formula CF,=CF-0-Rf’ (wherein R' is a C,.; saturated
perfluorocalkyl group or a perfluoro(alkoxyalkyl) group).
Hereinafter, tetrafluorocethylene will be referred to
as TFE, hexafluoropropylene HFP, vinylidene fluoride VAdF,
a perfluorovinyl ether represented by the formula CF,=CF-

O-R® PAVE, perfluoro(methyl vinyl ether) PMVE, and

perfluoro(propyl vinyl ether) PPVE.

As a PAVE, PMVE, perfluoro(ethyl vinyl ether), PPVE,
perfluoro(ethoxyethyl vinyl ether) or
perfluoro (propoxypropyl vinyl ether) may, for example, be
mentioned. PAVE is preferably PMVE or PPVE.

The elastic fluorocopolymer may be a copolymer using

one fluoromonomer, or may be a copolymer using two or
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more fluoromonomers in comblnation, and an elastic
fluorocopolymer using one fluoromonomer 1s preferred.
Such an elastic fluorocopolymer using one fluoromonomer
1s preferably a TFE copolymer.

The elastic fluorocopolymer of the present invention
comprises, 1n addition to the repeating units (1) based
on the fluoromonomer, repeating units (m) based on a
vinyl ester monomer represented by the formula
CR'R*=CR?*COOCH=CH, (wherein each of R!' and R? which are
independent of each other, 1s a hydrogen atom, a Ci.ig
alkyl group or a C;.;0 alkoxyalkyl group containing an
etheric oxygen atom, and R’ is a hydrogen atom, a
fluorine atom or a methyl group).

In the vinyl ester monomer, R’ and R’ are preferably
hydrogen atoms. As a specific example, preferred is
vinyl crotonate, in which R' is a methyl group and R? and
R’ are hydrogen atoms, or vinyl methacrylate, in which R?,
R° and R’ are hydrogen atoms, and vinyl crotonate is more
preferred. The vinyl ester monomer may be used alone or
1in combination of two or more of them.

Since the vinyl ester monomer has two carbon-carbon
unsaturated double bonds, one carbon-carbon unsaturated
double bond 1s used for copolymerization with a
fluoromonomer, and the other remains in the elastic
fluorocopolymer, to be subjected to the crosslinking

reaction.

In addition to the repeating units (1) and (m), the
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elastic fluorocopolymer of the present invention

preferably contains repeating units (n) based on at least

- one hydrocarbon monomer selected from the group

consisting of ethylene, propylene and a vinyl ether
represented by the formula CH,=CH-0-R* (wherein R* is a
C,.s saturated alkyl group or an alkoxyalkyl group). As
the hydrocarbon monomer, ethylene (hereinafter referred
to as E) and propylene (hereinafter referred to as P) are
more preferred, and P 1s most preferred. The hydrocarbon
monomer may be used alone or i1n combination of two or
more of them.

In the elastic fluorocopolymer of the present
invention, the ratio of the repeating units (n)/ (1) 1is
preferably from 1/99 to 70/30 (molar ratio), more
preferably from 20/80 to 65/35 (molar ratio) and further
preferably from 60/40 to 40/60 (molar ratio). Within
this range, the elastic fluorocopolymer will be excellent
in physical properties of crosslinked rubber, and will
have good heat resistance, chemical resistance and low-
temperature properties.

The content of the repeating units (m) based on the
vinyl ester monomer 1s preferably such that
(m)/((1)+(n))=0.0001 to 0.1 (molar ratio), more
preferably (m)/((1)+(n))=0.0001 to 0.05 (molar ratio),
furthermore preferably (m)/((1l)+(n))=0.0005 to 0.01

(molar ratio) and particularly preferably

(m)/ ((1l)+(n))=0.001 to 0.008 (molar ratio). Within the
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above range, the elastic fluorocopolymer will be
excellent 1in the crosslinkability, and the crosslinked
rubber to be obtained will- be excellent in crosslinked
rubber properties such as tensile strength, chemical
resistance, heat resistance and compression set.

As a specific example of the elastic fluorocopolymer
of the present invention, a TFE/P copolymer, a TFE/P/VAF
copolymer, a VAF/HFP copolymer, a TFE/VAF/HFP copolymer,
a TFE/PAVE copolymer, a TFE/PMVE copolymer, a TFE/PPVE
copolymer, a TFE/PMVE/PPVE copolymer, a VAdF/PAVE
copolymer, an E/PAVE copolymer or an E/HFP copolymer may
be mentioned.

The TFE/P copolymer, the TFE/P/VAF copolymer, the
VAF/HFP copolymer, the TFE/VAF/HFP copolymer, the
TFE/PPVE copolymer, the TFE/PMVE/PPVE copolymer, etc.,
are preferred.

The elastic fluorocopolymer preferably has the
following copolymer composition. When the copolymer
composition is within the following range, a crosslinked
rubber will be excellent in crosslinked rubber
properties, and will have good heat resistance, chemical
resistance, low-temperature properties and rubber
elasticity.

In the TFE/P copolymer, repeating units based on

TFE/repeating units based on P=40/60 to 60/40 (molar
ratio); in the TFE/P/VAF copolymer, repeating units based

on TFE/repeating units based on P/repeating units based
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on VAF=40 to 60/60 to 40/1 to 10 (molar ratio); 1in the
VAF/HFP copolymer, repeating units based on VdF/repeating
units based on HFP=20/80.to 95/5 (molar ratio); 1in the
TFE/VAF/HFP copolymer, repeating units based on
TFE/repeating units based on VdF/repeating units based on
HFP=20 to 40/20 to 40/20 to 40 (molar ratio); in the
TFE/PAVE copolymer, repeating units based on
TFE/repeating units based on PAVE=40/60 to 70/30 (molar
ratio): in the TFE/PMVE copolymer, repeating units based
on TFE/repeating units based on PMVE=40/60 to 70/30
(molar ratio); in the TFE/PPVE copolymer, repeating units
based on TFE/repeating units based on PPVE=40/60 to 70/30
(molar ratio); in the TFE/PMVE/PPVE copolymer, repeating
units based on TFE/repeating units based on
PMVE/repeating units based on PPVE=40 to 70/3 to 57/3 to
57 (molar ratio); in the VAF/PAVE copolymer, repeating
units based on VdF/repeating units based on PAVE=60/40 to
95/5 (molar ratio); in the E/PAVE copolymer, repeating
units based on E/repeating units based on PAVE=40/60 to
60/40 (molar ratio); and in the E/HFP copolymer,
repeating units based on E/repeating units based on
HFP=40/60 to 60/40 (molar ratio).

The Mooney viscosity of the elastic fluorocopolymer
is preferably from 20 to 150, more preferably from 30 to
150. The Mooney viscosity is an indication of the
molecular weight. A higher Mooney viscosity indicates a

higher molecular weight, and a lower Mooney vigcosity
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indicates a lower molecular weight. When the viscosity
1s within this range, the processability of the elastic
fluorocopolymer and crosslinked rubber properties will be -
good. The Mooney viscoslity 1s a value measured 1in
accordance with JIS K6300, by using a large rotor having
a diameter of 38.1 mm and a thickness of 5.54 mm, at
100°C for a preheating time of 1 minute for a rotating
time of 4 minutes.

As a process for producing the elastic
fluorocopolymer of the present i1nvention, emulsion
polymerization, solution polymerization, suspension
polymerization or bulk polymerization may, for example,
be mentioned. Further, for the initiation reaction, a
radial polymerization 1nitiator, a redox polymerization
initiator, heat or radiation may, for example, be used.
Emulsion polymerization is preferred in view of excellent
controllability of the molecular weight and the copolymer
composition, and productivity.

As a process for producing the elastic

fluorocopolymer of the present invention, the
f luoromonomer, the vinyl ester monomer and as the case

requlres, the hydrocarbon monomer are subjected to
radical copolymerization in the presence of a radical
polymerization initiator. Further, the radical
copolymerization 1s preferably carried out in the
presence of a chain transfer agent. Furthermore, the

radical polymerization is more preferably an emulsion
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polymerization carried out in the presence of an agueous
medium or an emulsifier.

- As the agqueous medium, -water or water contalining a
water-soluble organic solvent 1s preferred. As the
water-soluble organic solvent, tert-butanol, propylene
glycol, dipropylene glycol, dipropylene glycol monomethyl
ether or tripropylene glycol may, for example, be
mentioned. tert-Butanol, propylene glycol and
dipropylene glycol monomethyl ether are preferred. 1In a
case where the aqueous medium contains a water-soluble
organic solvent, 1its content 1s preferably from 1 to 50
parts by mass, more preferably from 3 to 20 parts by
mass, per 100 parts by mass of water.

As the emulsifier, an i1onic emulsifier with which
mechanical and chemical stabilities of the latex are
achieved is preferred, and an anionic emulsifier is more
preferred. As the anionic emulsifier, a hydrocarbon
emulsifier such as sodium lauryl sulfate or sodium
dodecylbenzene sulfonate, a fluoroalkyl carboxylate such
as ammonium perfluorooctanocate or ammonium
perfluorohexanoate, a fluorine-contailning emulsifier
represented by the formula F(CH,),0(CF (X)CF,0),CF (X)COOA
(wherein X 1is a fluorine atom or a C;.;3 perfluorocalkyl
group, A 1s a hydrogen atom, an alkali metal or NH;, n is
an integer of from 2 to 10, and m is 0 or an integer of

from 1 to 3), etc., are preferred.

Ags the fluorine-containing emulsifier represented by
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F (CF;) .0 (CF (X) CF,0) ,CF (X) CO0A,
F (CF,)30(CF(CF;) CF,0) >,CF (CF3) COONH,,
F (CF,);0CF,CF,0CF,COONH,, F(CF,),0(CF,CF,0),CF,COONH,,
F(CF,),0CF,CF,0CF,COONH,, F(CF,)3;0(CF,CF,0),CF,COONH,,
F(CF,) ,OCF,CF,0CF,COONH,, F(CF,) 40 (CF,CF,0),CF,COONH,,
F (CF,) ,O0CF,CF,0CF,COONa, F(CF,),0(CF,CF,0),CF,COONa,
F (CF,) ;0CF,CF,0CF,COONa, F(CF,)30(CF,CF,0),CF,COONa,
F(CF,) 4,OCF,CF,0CF,COONa or F(CF,) 0 (CF,CF,0),CF,COONa may,
for example, be mentioned.

As the emulsifier, ammonium perfluorooctanoate,

F (CF,) 4OCF,CF,OCF,COONH,, F(CF,);0CF,CF,OCF,COONH,; and
F (CF,) ,0CF,CF,0CF,COONH,; are more preferred.

The content of the emulsifier 1s preferably from 0.01
to 15 parts by mass, more preferably from 0.1 to 10 parts
by mass, per 100 parts by mass of the agqueous medium.

As the radical polymerization initiator to be used in
the emulsion polymerilzation, a water-soluble initiator 1s
preferred, and as a specific example thereof, a
persulfate such as ammonium persulfate, hydrogen peroxide,
an organic initiator such as disuccinic peroxide oOr
azobisisobutylamidine dihydrochloride, a redox initiator
comprising a combination of a persulfate or hydrogen
peroxide with a reducing agent such as sodium
hydroxymethanesulfinate, sodium hydrogen sulfite or
sodium thiosulfate, or an inorganic initiator having a
small amount of iron, ferrous salt, silver sulfate or the

like 1incorporated 1n the redox polymerization initiator
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may be mentioned. Preferred is an ammonium

persulfate/sodium hydroxymethanesulfinate/ferrous sulfate

type, and 1t 1is more preferred to add disodium
ethylenediaminetetraacetate thereto as a chelating agent.
The content of the polymerization initiator is preferably
from 0.0001 to 3 mass%, more preferably from 0.001 to 1
masss, based on the monomers to be used for the
copolymerization.

Further, in a case where the redox initiator is used,
1t 1s preferred to use a pH buffering agent in
combination. As the pH buffering agent, an inorganic
salt such as disodium hydrogenphosphate, sodium
dihydrogenphosphate or sodium carbonate may be used, and
disodium hydrogenphosphate dihydrate or disodium
hydrogenphosphate dodecahydrate may, for example, be

mentioned.

In order to adjust the molecular weight of the
elastic fluorocopolymer of the present invention, it 1is
preferred to use a chain transfer agent at the time of
polymerization. As the chain transfer agent, an alcohol,
a hydrocarbon, a mercaptan, a chlorofluorohydrocarbon,
R*I, (wherein R*® is a C;.i1¢ saturated polyfluoroalkylene
group) or R™IBr (wherein R™ is a C;.1¢ saturated
polyfluorocalkylene group) may, for example, be used.

As the alcohol, a primary alcohol such as methanol or
ethanol, or a secondary alcohol such as l-methylpropanol

(sometimes referred to as 2-butanol), 1l-methylbutanol
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2-pentanol), l-methylpentanol

2-hexanol), l-methylhexanol
2-heptanol), 1l-methylheptanol
2-octanol), 1l-ethylhexanol
3-octanol) or l-propylpentanol

4-octanol) may be mentioned.

As the hydrocarbon, methane, ethane, propane,

butane, pentane,

be mentioned.

hexane or cyclohexane may,

for example,

As the mercaptan, tert-dodecylmercaptan, n-

dodecylmercaptan or n-octadecylmercaptan may, for

example,

As the chlorofluorohydrocarbon,

be mentioned.

1,3-dichloro-

1,1,2,2,3-pentafluoropropane or 1,1-dichloro-1-

fluoroethane may,

for example,

be mentioned.

AS the]R”Iz, 1,4-diiodoperfluorocbutane may, for

example,

be mentioned.

Further, asZRBIBr, 1-bromo-4-

iodoperfluorobutane may,

As the chain transfer agent,

for example, be mentioned.

an alcohol or a

hydrocarbon is preferred, and at least one member

selected from the group consisting of l-methylpropanol,

1-methylheptanol and propane,

1s more preferred.

The polymerization conditions such as the

polymerization pressure and the temperature may

optionally be selected depending on the monomer

composition, the decomposition temperature of the radical

polymerization initilator, etc.

Usually, the
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polymerization pressure 1s preferably from 0.1 to 20

MPaG, more preferably from 0.3 to 10 MPaG, and most

preferably from 0.3 to 5 MPaG. The polymerization

temperature is preferably from 0 to 100°C, more
preferably from 10 to 90°C and most preferably from 20 to
80°C.

An elastic fluorocopolymer latex to be obtained by
the above emulsion polymerization i1s coagulated by a
known method to 1solate an elastic fluorocopolymer. For
the coagulation, a method of adding a metal salt, a
method of adding an 1norganic acid such as hydrochloric
acid, a method of mechanical sheering or a method of
freeze-thawing may, for example, be employed.

The crosslinked rubber of the present invention is
made by crosslinking the elastic fluorocopolymer. The
crosslinked rubber of the present i1nvention 1s obtained
by molding the elastic fluorocopolymer itself without
mixing a filler or the like, followed by crosslinking it
by means of i1rradiation, etc. Also, 1t i1s obtained by
heat-crosslinking an elastic fluorocopolymer composition
obtained by mixing only a crosslinking agent such as an
organic peroxide with the elastic fluorocopolymer. The
content of the organic peroxide 1s preferably from 0.3 to
10 parts by mass, more preferably from 0.3 to 5 parts by
mass, most preferably from 0.5 to 3 parts by mass, per
100 parts by mass of the elastic fluorocopolymer. When

the content is within this range, a crosslinked rubber
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excellent in balance of tensile strength and elongation
will be obtained. A crosslinked rubber containing no
filler has a low content of impurities such as trace
metal, whereby it 1s useful for applications such as
parts used i1n a process for producing semiconductor
devices or electronics parts.

With respect to the crosslinked rubber of the present
invention, the elastic fluorocopolymer is usually mixed
with a crosslinking agent, a filler, a crosslinking aid
or the like to prepare a composition, which 1s molded and
subjected to heat-crosslinking. As the crosslinking
agent, an organilic peroxide, a polyol, an amine compound
or the like 1s used, and particularly, an organic
peroxide with which a crosslinked rubber excellent in
productivity, heat resistance and chemical resistance
will be obtained, 1s preferred.

The elastic fluorocopolymer composition of the
present invention comprises (A) an elastic
fluorocopolymer, (B) an unsaturated multifunctional
compound and (C) at least one member selected from a
bivalent metal oxide and a bivalent metal hydroxide.

As (A) component in the elastic fluorocopolymer
composition of the present invention, the above elastic
fluorocopolymer 1s used.

As a specific example of the unsaturated

multifunctional compound as (B) component in the elastic

fluorocopolymer composition of the present invention,



10

15

20

25

CA 02575608 2007-01-30

19

triallyl cyanurate, triallyl isocyanurate, triallyl
lsocyanurate oligomer, trimethallyl isocyanurate, 1,3,5-
triacryloylhexahydro-1,3,5-triazine, triallyl
trimellitate, m-phenylenediaminebismaleimide, p-quinone
dioxime, p,p’-dibenzoylquinone dioxime, dipropargyl
terephthalate, diallyl phthalate, N,N’,N’’ 6 N’'"’"-
tetraallyl terephthalamide, or a vinyl group-containing
siloxane oligomer such as polymethylvinylsiloxane or
polymethylphenylvinylsiloxane may be mentioned.

Among them, triallyl cyanurate, triallyl isocyanurate
and trimethallyl isocyanurate are particularly preferred,
and triallyl isocyanurate is more preferred.

The unsaturated multifunctional compound as (B)
component may be used alone or in combination of two or
more of them. By the unsaturated multifunctional
compound as (B) component, the crosslinking efficiency of
the elastic fluorocopolymer composition at the time of
crosslinking can be improved.

The content of the unsaturated multifunctional

compound as (B) component is preferably from 0.1 to 10

parts by mass, more preferably from 0.5 to 7 parts by

mass, pexr 100 parts by mass of the elastic

fluorocopolymer. When the content is within this range,
excellent crosslinked rubber properties well balanced in

strength and elongation will be obtained.

The elastic fluorocopolymer composition of the

present invention contains, as (C) component, at least
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one member selected from a bivalent metal oxide and a
bivalent metal hydroxide, whereby at the time of
crogsslinking the elastic fluorocopolymer, crosslinking
rate is remarkably high, whereby it is possible to obtain
a crosslinked product that exhibits excellent physical
properties. As a specific example of the bivalent metal
oxide, a bivalent metal oxide such as magnesium oxide,
calcium oxide, zinc oxide or lead oxide is preferred. As
a specific example of the bivalent metal hydroxide,
calcium hydroxide or magnesium hydroxide may be
mentioned. The bivalent metal oxide and the bivalent
metal hydroxide may be used alone or in combination of
both of them. Further, the bivalent metal oxide may be
used alone or in combination of two or more of them.
Further, the bivalent metal hydroxide may be used alone
or in combination of two or more of them. The content of
(C) component is preferably from 0.1 to 10 parts by mass,
more preferably from 0.5 to 5 parts by mass, per 100
parts by mass of the elastic fluorocopolymer. When the

content 1s within this range, excellent crosslinked

rubber properties well balanced in strength and
elongation will be obtained.

In the elastic fluorocopolymer composition of the
present invention, a crosslinking agent may be contained.
As the crosslinking agent, an organic peroxide, a

polyol, an amine compound or the like may be used, and

particularly, an organic peroxide with which a
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crosslinked rubber excellent in productivity, heat

resistance and chemical resistance will be obtained, 1is

- preferred.

The organic peroxide as (D) component used in the
present invention is an organic peroxide having a ~-0-0-
bond, and as a specific example thereof, a dialkyl
peroxide such as di-tert-butyl peroxide, tert-butyl cumyl
peroxide, dicumyl peroxide, o,a’-bis(tert-butylperoxy) -
diisopropylbenzene, 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane or 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane-3, 1,1-di(tert-butylperoxy)-3,3,5-
trimethylcyclohexane, 2,5-dimethylhexane-2,5-dihydroxy
peroxide, benzoyl peroxide, tert-butylperoxybenzene, 2,5-
dimethyl-2,5-d1 (benzoylperoxy)hexane, tert-
butylperoxymaleate or tert-butylperoxyisopropyl carbonate
may be mentioned. Among them, a dialkyl peroxide is
preferred.

The content of the organic peroxide is preferably
from 0.3 to 10 parts by mass, more preferably from 0.3 to
5 parts by mass, most preferably from 0.5 to 3 parts by
mass, per 100 parts by mass of the elastic
fluorocopolymer. When the content is within this range,
a crosslinked rubber excellent in balance of tensile
strength and elongation will be obtained.

In the elastic fluorocopolymer composition of the

present 1nvention, a reinforcing agent, a filler, an

additive, etc., may optionally be incorporated. As the
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reinforcing agent or the filler, a rubber reinforcing

material or a filler, which 1s usually used at the time

of producing a conventional crosslinked rubber may, for

example, be mentioned. For example, an inorganic
reinforcing material such as carbon black such as channel
black, furnace black, acetylene black or thermal black,
white carbon, magnesium carbonate or calcium carbonate on
which the surface i1s treated, an inorganic filler such as
calcium carbonate, clay, talc, silica, diatomaceous
earth, alumina or barium sulfate, or another filler may
be mentioned. As the additive, a pigment, an anti-
oxidant, a stabilizer, a processing alid or an internal
mold release agent may, for example, be mentioned. Each
of the reinforcing agent, filler and additive may be used
alone or in combination of two or more of them. The
amount of the reinforcing agent to be mixed may suitably
be selected, but 1t 1s preferably from 1 to 100 parts by
mass per 100 parts by mass of the elastic
fluorocopolymer. The amount of the filler to be mixed
may sultably be selected, but 1t 1s preferably from 1 to
100 parts by mass per 100 parts by mass of the elastic
fluorocopolymer.

Further, in the elastic fluorocopolymer composition
of the present invention, at least one member selected
from another fluororubber, EPDM (ethylene propylene

rubber), a silicone rubber, an acrylic rubber, another

rubber, a fluororesin and the like, may be incorporated.



10

15

20

25

CA 02575608 2007-01-30

23

At the time of producing the elastic fluorocopolymer
composition of the present invention, it is desirable to
adequately and uniformly mix the elastic fluorocopolymer,
the unsaturated multifunctional compound, the bivalent
metal oxide and/or hydroxide, and as the case requires,
an organic peroxide, a fluororubber, another reinforcing
agent, a filler, an additive, etc. This mixing is
carried out by means of a kneading roll for rubbers, a
kneader, a Banbury mixer or the like, which has been
commonly employed. The processing conditions for the
mixing are not particularly limited. However, it 1is
possible that the added components are sufficiently
dispersed and mixed in the elastic fluorocopolymer
usually by kneading at a temperature of from about 30 to
80°C for from about 10 to 60 minutes. Further, it is
possible that the added components are dissolved and
dispersed 1n a sultable solvent to prepare a suspension
solution. Furthermore, so-called wet mixing may be
adopted, whereby the mixing is carried out in a medium

from the very beginning. In such a case, a composition

1n the form of a solution can be obtained by means of a
mixing machine such as a roll, ball mill or homogenizer.
Further, with respect to the processing conditions and
operations at the time of mixing, it is desirable to
select the optimum conditions depending upon the starting

materials and the types of the components to be mixed or

the purpose.
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The elastic fluorocopolymer composition of the

present 1invention may be molded into a molded product

such as a seal, a packing, a sheet, a pipe, a rod, a

tube, an angle, a channel, a coated cloth or a coated

plate, by a molding method such as extrusion, transfer,
calender, roll coating, brush coating, impregnation or
the like, 1n addition to a usual mold molding, and may be
molded into unusual shapes or special shapes, such as
spongy rubber, etc., by other various molding methods.
The elastic fluorocopolymer composition of the present
invention thus molded may be crosslinked by crosslinking
means as described hereinafter.

In the present invention, the crosslinking is
preferably carried out by heat, radiation, etc. As the
radiation to be emitted, an electron ray or an
ultraviolet ray may, for example, be mentioned.

For the operation at the time of crosslinking, an
operation which has been commonly employed, may be
adopted.

As heat-crosslinking, i1t is possible to employ an
operation of heating the composition while pressurizing
1t in a mold, or an operation of molding the composition
by e.g. extrusion or a calender roll, followed by heating
1in a heating oven or a steam vessel. With respect to the
processing conditions at the time of crosslinking, it 1is
desirable to select optimum conditions depending upon the

starting materials and the components to be mixed.
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The temperature at the time of crosslinking 1is
usually from about 60 to 250°C, preferably from about 120
to 200°C. Further, the heating time is not particularly
limited, but in a case where an organic peroxide 1S
mixed, it is set within a range of from 1 minute to 3
hours, preferably within a range of from 5 minutes to 2
hours, depending on a type of the organic peroxide. A
higher heating temperature can shorten the heating time.
Further, it is possible to adopt a reheating treatment of
a crosslinked product to be obtained, which is useful for
improving the physical properties. For example, a
reheating treatment at a temperature of from 150 to
250°C, preferably from 180°C to 230°C for about 2 to 25
hours may be adopted.

In a case of the heat-crosslinking when an organic
peroxide is mixed, a composition prepared by
incorporating an unsaturated multifunctional compound, at
least one member selected from a bivalent metal oxide and
a bivalent metal hydroxide, and an organic peroxide, 1n
an elastic fluorocopolymer, is heated. It 1s considered
that by this heating, organic peroxide crosslinking
proceeds by unsaturated bonds in the elastic
fluorocopolymer and an unsaturated bond in the
unsaturated multifunctional compound. Here, 1t 1s
estimated that the activity of the elastic
fluorocopolymer to the crosslinking reaction 1s further

enhanced by incorporating at least one member selected
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from a bivalent metal oxide and a bivalent metal
hydroxide, whereby the organic peroxide crosslinking
proceeds effectively, and the obtained crosslinked
product will have good heat resistance, oil resistance
and chemical resistance.

As a preferred specific example of radiation
crosslinking, a method wherein a suspension solution
having the elastic fluorocopolymer composition of the
present invention dissolved and dispersed in an sultable
solvent, is formed by coating or the like, dried and
irradiated with radiation, or a method wherein the
elastic fluorocopolymer composition of the present
invention is subjected to extrusion, followed by
irradiation with radiation, may be mentioned.

The conditions for coating in the irradiation
crosslinking are not particularly limited, but the
coating is carried out usually at room temperature, and
the drying temperature is not particularly limited but 1s
preferably from 40 to 100°C. The temperature condition
for the molding in the irradiation crosslinking may
optionally be selected depending on the molding methods.
The condition for extrusion in the irradiation
crosslinking is not particularly limited, but 1t 1is
preferably from 50°C to 250°C, more preferably from 70°C
to 230°C.

The irradiation amount 1n the electron ray

irradiation may optionally be selected, but 1t 1s
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preferably from 0.1 to 30 Mrad, more preferably from 1 to
20 Mrad.

In the irradiation crosslinking, it is considered
that by irradiating a composition comprising an elastic
fluorocopolymer, and an unsaturated multifunctional
compound and at least one member selected from a bivalent
metal oxide and a bivalent metal hydroxide incorporated,
the crosslinking proceeds by unsaturated bonds 1in the
elastic fluorocopolymer and an unsaturated bond 1n the
unsaturated multifunctional compound. Here, 1t 1s
estimated that the activity of the elastic
fluorocopolymer to the crosslinking reaction is further
enhanced by incorporating at least one member selected
from a bivalent metal oxide and a bivalent metal
hydroxide, whereby the crosslinking proceeds effectively,
and the obtained crosslinked product will have good heat

resistance, oil resistance and chemical resistance.

EXAMPLES

Now, the present invention will be described in
further detail with reference to Examples. However, the
present invention is by no means restricted thereto.
Further, the respective measurements of the copolymer
composition of the elastic fluorocopolymer, the Mooney
viscosity and the physical properties of the crosslinked
rubber were conducted by the following methods.

(Copolymer composition of elastic fluorocopolymer)
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An elastic fluorocopolymer was dissolved 1n
deuterated tetrahydrofuran and "°C-NMR was measured to
analyze the copolymer composition.

(Mooney viscosity)

The Mooney viscosity is a value measured 1n
accordance with JIS K6300 by using a large rotor having a
diameter of 38.1 mm and a thickness of 5.54 mm, at 100°C
for a preheating time of 1 minute for a rotating time of
4 minutes. The larger the value the higher the molecular
weight indirectly indicated.

(Physical properties of crosslinked rubber)

To 100 parts by mass of an elastic fluorocopolymer,
25 parts by mass of carbon black, 3 parts by mass of
triallyl isocyanurate and 1 part by mass of 1,3-bis(tert-
butylperoxyisopropyl)benzene (Perkadox 14, manufactured
by NOF CORPORATION) were kneaded by means of twin rollers
to obtain an elastic fluorocopolymer composition. Then,
primary crosslinking was carried out by heat-press at
170°C for 20 minutes, and then secondary crosslinking was
carried out in an oven at 200°C for 4 hours. The tensile
strength and the elongation at break (hereinafter simply
referred to as “elongation”) of the obtained crosslinked
rubber were measured in accordance with JIS K6251.

Further, the hardness was measured in accordance with JIS

K6253.
EXAMPLE 1 (TFE/P/vinyl crotonate copolymer)

After deaerating a pressure-resistant reactor made of
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stainless steel having an internal volume of 3,200 mlL,
equipped with a stirring anchor blade, 1,600 g of
deionized water, 40 g of disodium hydrogenphosphate
dodecahydrate, 0.5 g of sodium hydroxide, 97 g of tert-
butanol, 9 g of sodium lauryl sulfate and 2.5 g of
ammonium persulfate were charged. Further, an aqueous
solution having 0.4 g of disodium
ethylenediaminetetraacetate dihydrate (hereinafter
referred to as EDTA) and 0.3 g of ferrous sulfate
heptahydrate preliminarily dissolved in 200 g of
deionized water, was introduced. Then, at 40°C, a mixed
monomer gas of TFE/P=85/15 (molar ratio) was fed so as to
bring the internal pressure of the reactor to be 2.50
MPaG. The anchor blade was stirred at 300 rpm, and a 2.5
mass% sodium hydroxymethanesulfinate dihydrate
(hereinafter sometimes referred to as Rongalit) aqueous
solution (hereinafter referred to as 2.5 mass% Rongalit
aqueous solution), of which pH was adjusted to 10.0 by

sodium hydroxide, was added to initilate the

polymerization reaction. Thereafter, the 2.5 mass%

Rongalit aqueous solution was continuously added by using
a high-pressure pump.

As the polymerization proceeded, the pressure
decreased. Accordingly, when the internal pressure ot
the reactor decreased to 2.49 MPaG, a mixed gas of
TFE/P=56/44 (molar ratio) was fed by its own pressure to

increase the internal pressure of the reactor to 2.51
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MPaG. The polymerization reaction was continued by
repeating this operation to maintain the internal
pressure of the reactor to from 2.49 to 2.51 MPaG. When
the amount of the TFE/P mixed gas added reached 50 g, 4
mL of a vinyl crotonate/tert-butanol=5/95 (mass ratio)
solution preliminarily prepared was fed into the reactor
by nitrogen backpressure. Thereafter, until the amount
of the TFE/P mixed gas added reached 330 g, every time
when 20 g of the TFE/P mixed gas was added, 4 mL of the
tert-butanol solution of vinyl crotonate was added, and
60 mL was fed in total. When the total amount of the
TFE/P mixed gas added reached 400 g, the addition of the
2.5 mass% Rongalit aqueous solution was stopped, and the
internal temperature of the reactor was lowered to 10°C
to terminate the polymerization reaction to obtain a
TFE/P/vinyl crotonate copolymer latex. The amount of the
2.5 mass% Rongalit aqueous solution used was 23 g. The
polymerization time was about 3.5 hours.

Then, the latex was added to a 5 mass% calcium
chloride aqueous solution to coagulate the latex by
salting-out to precipitate a TFE/P/vinyl crotonate
copolymer. The copolymer thus precipitated was collected
by filtration, washed with deionized water, and dried 1in
an oven at 120°C for 12 hours to obtain 398 g of a white
TFE/P/vinyl crotonate copolymer.

In the infrared spectrum of the copolymer, an

absorption based on a carbon-carbon double bond in the
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vicinity of 1,700 cm™

was confirmed. The composition of
the copolymer was such that repeating units based on
TFE/repeating units based-on P/repeating units based on
vinyl crotonate=55.3/44.7/0.17 (molar ratio). The Mooney
viscosity was 135. Crosslinked rubber properties of the
TFE/P/vinyl crotonate copolymer are shown in Table 1.
EXAMPLE 2 (TFE/P/vinyl methacrylate copolymer)

A TFE/P/vinyl methacrylate copolymer latex was
obtained in the same manner as in Example 1 except that
vinyl methacrylate was used instead of vinyl crotonate.
The amount of the 2.5 mass$% Rongalit aqueous solution
used was 17 g. The polymerization time was about 3
hours.

In the same manner as in Example 1, the latex was
subjected to salting-out, and then the precipitated
copolymer was washed and dried to obtain 398 g of a white
TFE/P/vinyl methacrylate copolymer. In the infrared
spectrum of the copolymer, an absorption based on a
1

carbon-carbon double bond in the vicinity of 1,700 cm

was confirmed. The composition of the copolymer was such

that repeating units based on TFE/repeating units based
on P/repeating units based on vinyl
methacrylate=53.6/46.4/0.13 (molar ratio). The Mooney
viscosity was 145. Crosslinked rubber properties of the
TFE/P/vinyl methacrylate copolymer are shown 1n Table 1.

COMPARATIVE EXAMPLE 1 (TFE/P copolymer)

A TFE/P copolymer latex was obtained in the same
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manner as 1n Example 1 except that vinyl crotonate was
not used. The amount of the 2.5 mass% Rongalit aqueous

- solution used was 28.5 g. The polymerization time was
about 2.8 hours.

5 In the same manner as in Example 1, the latex was
subjected to salting-out, and then the precipitated
copolymer was washed and dried to obtain 398 g of a white
TFE/P copolymer. The composition of the copolymer was
such that repeating units based on TFE/repeating units

10 based on P=55.8/44.2 (molar ratio). The Mooney viscosity
was 130. In the infrared spectrum of the TFE/P copolymer,
no absorption based on a carbon-carbon double bond was
confirmed. Crosslinked rubber properties of the TFE/P
copolymer are shown in Table 1.

15 EXAMPLE 3 (TFE/P/vinyl crotonate copolymer which used 1-
methylpropanol as chain transfer agent)

After deaerating a pressure-resistant reactor made of
stainless steel having an internal volume of 3,200 mL,
equipped with a stirring anchor blade, 1,590 g of

20 deionized water, 57 g of disodium hydrogenphosphate

dodecahydrate, 1 g of sodium hydroxide, 97 g of tert-
butanol, 9 g of sodium lauryl sulfate, 4.2 g of ammonium
persulfate and 9 g of l-methylpropanol were charged.
Further, an agqueous solution having 0.4 g of EDTA and 0.3
25 g of ferrous sulfate heptahydrate preliminarily dissolved

in 200 g of deionized water, was 1introduced. Then, at

40°C, a mixed monomer gas of TFE/P=88/12 (molar ratio)
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was fed so as to bring the internal pressure of the
reactor to be 2.50 MPaG. The anchor blade was stirred at
300 rpm, and a 4.6 mass% Rongalit aqueous solution, of
which pH was adjusted to 10.0 by sodium hydroxide, was
added to initiate the polymerization reaction.
Thereafter, the 4.6 mass% Rongalit agqueous solution was
continuously added by using a high-pressure pump.

As the polymerization proceeded, the pressure
decreased. Accordingly, when the internal pressure of
the reactor decreased to 2.49 MPaG, a mixed gas ot
TFE/P=56/44 (molar ratio) was fed by its own pressure to
increase the internal pressure of the reactor to 2.51
MPaG. The polymerization reaction was continued by
repeating this operation to maintain the internal
pressure of the reactor to from 2.49 to 2.51 MPaG. When
the amount of the TFE/P mixed gas added reached 10 g, 1
mL of a vinyl crotonate/tert-butanol=4/96 (mass ratio)
solution preliminarily prepared was fed 1nto the reactor
by nitrogen backpressure. Thereafter, until the amount

of the TFE/P mixed gas added reached 390 g, every time
when 10 g of the TFE/P mixed gas was added, 1 mL of the
vinyl crotonate/tert-butanol solution was added, and 39
mL was fed in total. When the total amount of the TFE/P
mixed gas added reached 400 g, the addition of the 4.6
mass% Rongalit agqueous solution was stopped, and the

internal temperature of the reactor was lowered to 10°C

to terminate the polymerization reaction to obtain a
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TFE/P/vinyl crotonate copolymer latex. The amount of the

4.6 mass% Rongalit aqueous solution used was 26 g. The

polymerization time was about 4 hours.

In the same manner as 1in Example 1, the latex was
subjected to salting-out, and then the precipitated
copolymer was washed and dried to obtain 390 g of a white
TFE/P/vinyl crotonate copolymer.

In the infrared spectrum of the copolymer, an
absorption based on a carbon-carbon double bond in the
vicinity of 1,700 cm™* was confirmed. The composition of
the copolymer was such that repeating units based on
TFE/repeating units based on P/repeating units based on
vinyl crotonate=54.7/45.3/0.20 (molar ratio). The Mooney
viscosity was 82. Crosslinked rubber properties of the
TFE/P/vinyl crotonate copolymer are shown in Table 1.
EXAMPLE 4 (TFE/P/vinyl crotonate copolymer which used 1-
methylheptanol as chain transfer agent)

A TFE/P vinyl crotonate copolymer latex was obtained
in the same manner as 1n Example 3 except that 5.4 g of

1l-methylheptanol was used 1nstead of using 9 g of 1-
methylpropanol. The amount of the 4.6 mass% Rongalit
agqueous solution used was 24 g. The polymerization time
was about 3.5 hours.

In the same manner as in Example 1, the latex was
subjected to salting-out, and then the precipitated
copolymer was washed and dried to obtain 390 g of a white

TFE/P/vinyl crotonate copolymer.
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In the infrared spectrum of the copolymer, an
absorption based on a carbon-carbon double bond in the

vicinity of 1,700 cm™* was confirmed. The composition of

the copolymer was such that repeating units based on
TFE/repeating units based on P/repeating units based on
vinyl crotonate=55.5/44.5/0.19 (molar ratio). The Mooney
viscosity was 70. Crosslinked rubber properties of the
TFE/P/vinyl crotonate copolymer are shown in Table 1.
EXAMPLE 5 (TFE/P/vinyl crotonate copolymer which used
propane as chain transfer agent)

After deaerating a pressure-resistant reactor made of
stainless steel having an internal volume of 3,200 mlL,
equipped with a stirring anchor blade, 1,600 g of
deionized water, 40 g of disodium hydrogenphosphate
dodecahydrate, 0.5 g of sodium hydroxide, 97 g of tert-
butanol, 9 g of sodium lauryl sulfate and 2.5 g of
ammonium persulfate were charged. Further, an agueous
solution having 0.4 g of EDTA and 0.3 g of ferrous
sulfate heptahydrate preliminarily dissolved 1in 200 g of
deionized water, was introduced. Then, at 40°C, a mixed
monomer gas of TFE/P/propane=85/12/3 (molar ratio) was
fed so as to bring the internal pressure of the reactor

to be 2.60 MPaG. The anchor blade was stirred at 300 rpm,
and a 4.6 mass% Rongallit agqueous solution was added to
initiate the polymerization reaction. Thereafter, the

4.6 mass% Rongalit aqueous solution was continuously

added by using a high-pressure pump.
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As the polymerization proceeded, the pressure

decreased. Accordingly, when the internal pressure of

the reactor decreased to 2.59 MPaG, a mixed gas of

TFE/P/propane=51/40/9 (molar ratio) was fed by its own
pressure to increase the internal pressure of the reactor
to 2.61 MPaG. The polymerization reaction was continued
by repeating this operation to maintain the internal
pressure of the reactor to from 2.59 to 2.61 MPaG. When
the amount of the TFE/P/propane mixed gas added reached
10 g, 1 mL of a vinyl crotonate/tert-butanol=3.9/96.1
(mass ratio) solution preliminarily prepared was fed 1into
the reactor by nitrogen backpressure. Thereafter, until
the amount of the TFE/P/propane mixed gas added reached
390 g, every time when 10 g of the TFE/P/propane mixed
gas was added, 1 mL of the tert-butanol solution of vinyl
crotonate was added, and 39 mL was fed in total. When
the total amount of the TFE/P/propane mixed gas added
reached 400 g, the addition of the 4.6 mass% Rongalit
aqueous solution was stopped, and the internal
temperature of the reactor was lowered to 10°C to
terminate the polymerization reaction to obtaln a
TFE/P/vinyl crotonate copolymer latex. The amount of the
4.6 mass% Rongalit aqueous solution used was 26 g. The
polymerization time was about 4 hours.

In the same manner as 1n Example 1, the latex was
subjected to salting-out, and then the precipitated

copolymer was washed and dried to obtain 365 g of a white
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TFE/P/vinyl crotonate copolymer.

In the infrared spectrum of the copolymer, an
absorption based on a carbon-carbon double bond 1in the
vicinity of 1,700 cm™® was confirmed. The composition of
the copolymer was such that repeating units based on
TFE/repeating units based on P/repeating units based on
vinyl crotonate=55.1/44.9/0.19 (molar ratio). The Mooney
viscosity was 54. Crosslinked rubber properties of the
TFE/P/vinyl crotonate copolymer are shown in Table 1.
EXAMPLE 6 (TFE/P/vinyl crotonate copolymer which used
propane as chain transfer agent)

After deaerating a pressure-resistant reactor made of
stainless steel having an internal volume ot 3,200 mL,
equipped with a stirring anchor blade, 1,600 g ot
deionized water, 40 g of disodium hydrogenphosphate
dodecahydrate, 0.5 g of sodium hydroxide, 97 g of tert-
butanol, 9 g of sodium lauryl sulfate and 2.5 g of

ammonium persulfate were charged. Further, an aqueous

solution having 0.4 g of EDTA and 0.3 g of ferrous

sulfate heptahydrate preliminarily dissolved 1in 200 g of

deionized water, was introduced. Then, at 40°C, a mixed
monomer gas of TFE/P/propane=85/12/3 (molar ratio) was

fed so as to bring the internal pressure of the reactor
to be 2.60 MPaG. The anchor blade was stirred at 300 rpm,
and a 4.6 mass% Rongalit aqueous solution was added to
initiate the polymerization reaction. Thereafter, the

4.6 mass% Rongalit aqueous solution was continuously
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added by using a high-pressure pump.

As the polymerization proceeded, the pressure
decreased. Accordingly, when the internal pressure of
the reactor decreased to 2.59 MPaG, a mixed gas of
TFE/P=56/44 (molar ratio) was fed by its own pressure to
increase the internal pressure of the reactor to 2.61
MPaG. The polymerization reaction was continued by
repeating this operation to maintain the internal
pressure of the reactor to from 2.59 to 2.61 MPaG. When
the amount of the TFE/P mixed gas added reached 10 g, 1
mL of a vinyl crotonate/tert-butanol=4/96 (mass ratio)
solution preliminarily prepared was fed into the reactor
by nitrogen backpressure. Thereafter, until the amount
of the TFE/P mixed gas added reached 390 g, every time
when 10 g of the TFE/P mixed gas was added, 1 mL of the
tert-butanol solution of vinyl crotonate was added, and
39 mL was fed 1in total. When the total amount of the
TFE/P mixed gas added reached 400 g, the addition of the
4.6 mass% Rongalit aqueous solution was stopped, and the
internal temperature of the reactor was lowered to 10°C
to terminate the polymerization reaction to obtain a
TFE/P/vinyl crotonate copolymer latex. The amount of the
4.6 masss Rongalit aqueous solution used was 26 g. The
polymerization time was about 4 hours.

In the same manner as in Example 1, the latex was

subjected to salting-out, and then the precipitated

copolymer was washed and dried to obtain 390 g of a white
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TFE/P/vinyl crotonate copolymer.
In the infrared spectrum of the copolymer, an
absorption based on a carbon-carbon double bond in the

vicinity of 1,700 cm™

was confirmed. The composition of
the copolymer was such that repeating units based on
TFE/repeating units based on P/repeating units based on
vinyl crotonate=55.1/44.9/0.19 (molar ratio). The Mooney
viscosity was 80. Crosslinked rubber properties of the
TFE/P/vinyl crotonate copolymer are shown 1n Table 1.
EXAMPLE 7 (TFE/P/vinyl pivalate copolymer)

A TFE/P/vinyl pivalate copolymer latex was obtained
in the same manner as in Example 1 except that a vinyl
pivalate/tert-butanol=4.6/93.7 (mass ratio) solution was
used instead of the vinyl crotonate/tert-butanol=5/95
(mass ratio) solution. The amount of the 4.6 mass%
Rongalit aqueous solution used was 17 g. The
polymerization time was about 3.5 hours.

In the same manner as 1n Example 1, the latex was

subjected to salting-out, and then the precipitated

copolymer was washed and dried to obtain 392 g of a white
TFE/P/vinyl pivalate copolymer. In the infrared spectrum
of the copolymer, an absorption based on a carbon-carbon

1

double bond in the vicinity of 1,700 cm - was confirmed.

The composition of the copolymer was such that repeating
units based on TFE/repeating units based on P/repeating
units based on vinyl pivalate=56.1/43.9/0.18 (molar

ratio). The Mooney viscosity was 99. Crosslinked rubber
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properties of the TFE/P/vinyl pivalate copolymer are

shown 1n Table 1.
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The TFE/P/vinyl crotonate copolymers obtalned 1n
Examples 1 to 6, which were obtained by copolymerizing
vinyl crotonate as a vinyl ester monomer, were excellent
in the crosslinkability and exhibited excellent
crosslinked rubber properties. On the other hand, the
TFE/P copolymer containing no repeating units based on a
vinyl ester monomer in Comparative Example 1, had low
tensile strength and hardness, and therefore, exhibited
insufficient crosslinked rubber properties and the
crosslinkability. With the TFE/P/vinyl pivalate
copolymer (Example 7) obtained by copolymerizing vinyl
pivalate as a vinyl ester monomer, a crosslinked rubber
excellent in elongation was obtailned.

EXAMPLES 8 to 13

By using the elastic fluorocopolymer produced 1n
Example 1, in accordance with the components and 1its
amounts as shown in Tables 2 and 4, those various
components were uniformly mixed by means of twin rollers
to prepare elastic fluorocopolymer compositions. The

crosslinking properties of these elastic fluorocopolymer

compositions thus obtained were measured at an angle of
3° gt 177°C for 12 minutes by means of a rubber process
analyzer (RPA manufactured by ALPHA TECHNOLOGIES) .
Further, these fluorocopolymer compositions were
subjected to press-crosslinking at 170°C for 20 minutes,
and then subjected to secondary crosslinking 1n an oven

at 200°C for 4 hours.
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With respect to the crosslinking properties, MH

indicates the maximum torgue, ML indicates the minlmum

torque, MH-ML indicates the degree of crosslinking (also

may be referred to as degree of vulcanization), t10

indicates an approximate value of scorch time and t90

indicates an approximate value of the optimum

crosslinking time.
COMPARATIVE EXAMPLES 2 to 6

In the same manner as in Example 8, elastic
fluorocopolymer compositions were produced, and their
crosslinking properties were measured by means of the
rubber process analyzer. Further, in Comparative
Examples 2, 5 and 6, the secondary crosslinking was
carried out in an oven at 230°C for 24 hours. In
Comparative Examples 3 and 4, the secondary crosslinking
was carried out in the same manner as 1n Example 8.

In accordance with JIS K6351 and JIS Ké6253, the
fundamental properties, heat resistance, chemical
resistance and steam resistance of the crosslinked

products obtained in Examples and Comparative Examples

were measured. The results are shown 1n Tables 2, 3 and
4 .
Further, “unable to mold” means that a test

crosslinking rubber sheet for measuring physical

properties of the crosslinked rubber was not obtained due

to insufficient crosslinking.

Additionally, the names of the components shown 1in
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Tables 2 and 4 are as follows:
Polymer 1: the TFE/P/vinyl crotonate copolymer obtained

in Example 1, TAIC: triallyl isocyanurate (Nippon Kasel

Chemical Co., Ltd.), Kyowa Mag #150: magnesium oxide
(Kyowa Chemical Industry Co., Ltd.), Calvit: calcium
hydroxide (Ohmi Kagaku Kogyo K.K.), Perkadox 14: o, o'-

bis (t-butylperoxy) -diisopropylbenzene (Kayaku Akzo K.K.),
MT carbon: carbon black, TFE/P copolymer: TFE/P=56/44
(molar ratio) by composition, Nipsil-LP: synthetic
amorphous silica/pH 5.5 to 6.5 (TOSOH SILICA
CORPORATION), AFLAS MZ: TFE/P/VAF copolymer (polyol
crosslinking agent contained) (ASAHI GLASS COMPANY,
LIMITED), and Fluororubber G751: HFP/VdF copolymer

(Daikin Industries, Ltd.).
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TABLE 2
- - Examplé | Example“ Ex;mple | Exar-ﬁf.)le
| - B | 8 3 EE 10 111
Components (parts) 2 B |
'(a)  [pPolymer 1| 100 100 100 100
(B) lTazc 5 5 | 5 | s
(C) Kyowa Mag
| #150 03 5 R
B Calvit - - - 1
(D) Perkadox ) 1 1 )
— 14 4 | I - ————d
Filler |MT carbon | 25 25 25 | 25
Fluoro- TFE/P
rubber | copolymer ___ | i ) | ) -
’Crosslinkiﬁg -
properties RPA
1177°C x 12 min o L
MH (dNm) 73 83 124 87
ML (dNm) 35 34 33 | 32
MH-ML (dNm) 38 49 91 55
t10 (min) | 0.6 0.6 0.6 | 0.4
[t90 (min) 1.6 | 2.0 2.2 2.0
| Fundamental |
properties B
Tensile strength 16 1€ 17 16
. (MPa) ] B ) i i 4
M100 (MPa) 7 8 J -8
Elongation (%) " 180 | 180 170 180
| Hardness (Shore-3) 72 |73 | 73 |72
S(??lelc gravity 1.60 1.60 1.60 1.60
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TABLE 2 (continued)
B Comp. comp. Comp.
. Ex. 2 Ex. 3 Ex. 4
Components (parts) | |
()  [Polymer 1| 100 - -
' (B)  [TaIC B 5
- (C) kKyowa Mag . . "
#150 B B
iCalvit | - | ~ -
(D) Perkadox
e 1 1 L
Filler ;MT carbon| 25 | 25 25
Fluoro- TFE/P i 108 100
| rubber copolymer | B |
Crosslinking
properties RPA
177°C x 12 min |
'MH (dNm) B 34 | 41 | 42
ML (dNm) | 15 6 7
MH-ML (dNm) 19 35 | 35
[ £10 (min) 1.1 0.8 0.9
' £90 (min) | 9.6 6.5 6.6
Fundamental
properties
Tensile strength | Unable |
15 15
(MPa) ) to mold
M100 (MPa) ) ) 5 5
‘Elongation (%) B 280 | 270
Hardness (Shore-A) 71 | 70
?p?lelC gravity 1 B9 1 59
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Eiamplg 9

'Heat aging resistance
200°C x 168 hours

'Comgiiative EkaméiemB

Rate of change in
ten811e strength (%)

“ﬂ

| Rate of change in
elongation (%)

|~ Hardness change
(point)

P

e P—

Chemical resistance

120 mass% hydrochloric
acid (70°C x 70 hours)

Rate of change in
tensile strength (%)

S

| Rate of change in
elongation (%)

Hardness change
(p01nt)

20 mass$% nitric acid
(70°C x 70 hours)

Rate of change in
tensile strength (%)

-18

-50

Rate of change 1in
elongation (%)

-10

-11

Hardness change
(point) L

-13

50 mass% sodium
hydroxide solution
(70°C x 70 hours)

P--— r

Rate of change in
tensile strength (%)

|

Rate of change in
elongation (%)

Hardness change
(p01nt) ]

28 mass% ammonia water
(70°C x 70 hours)

Rate of change in
tensile strength

(%)

Rate of change 1in
elongation (%)

+15

Hardness change
(point)

- -

Steam resilistance
(160 C x 168 hours)

| Rate of change in
| tensile strength (%)

Rate of change in
elongation (%)

Hardness change

(point) B 1
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TABLE 4
Example Exampie Comp. Comp .
_ 112 |13 EX. 5 Ex. 6
iComponents (parts) o |
(&) | Polymer li 100 | 100 - -
(B) | TAIC 5 | 5 - -
(C) Kyowa Mag
4150 | 1 1 3 3
| Calvit | - | = 3 3 |
(D) Perkadox
14 1 1 - -
Filler |Nipsil-LP| 30 - 30 [ -
| MT carbon - 25 - | 30
' Fluoro- |AFLAS MZ - R 100 100 |
rubber Fluoro-
rubber - 1 - 1
G751
"brosslinking | i
properties RPA
177°C x 12 min
MH (dNm) 132 86 34 14
ML (dNm) ) 77 | 34 24 6
MH-ML_(dNm) EE 52 10 | 8 |
' t10 (min) 0.3 0.6 0.1 0.8
t90 (min) 1.2 2.5 0.1 | 4.1 |
Fundamental
properties 1 1
Tensile strength 18 1€ Unable | Unable
(MPa) ] to mold | to mold |
M100 (MPa) [ 16 8
Elongation (%) 120 170
Hardness (Shore-A) | 94 72 B 3
i??01f1c gravity 1 €3 1 €1
- ]

As shown in Table 2,

the elastic fluorocopolymer

compositions in Examples 8 to 11 were excellent in the

crosslinkability such as a high MH and ML,

in t10 and t90,

exhibited excellent crosslinked rubber properties,

and a high crosslinking speed,

a short time

and

asS

compared with the elastic fluorocopolymer compositions in
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Comparative Examples 2 and 3, which contain no bivalent
metal oxide nor hydroxide, or as compared with the
fluororubber compositions in Comparative Examples 3 and
4, which contain another fluororubber instead of the
elastic fluorocopolymer used in the present invention.

Further, as shown in Table 3, the elastic
fluorocopolymer composition in Example 9 was excellent in
the crosslinkability, and at the same time, the rates of
change in tensile strength, the rates of change 1in
elongation and hardness changes after i1mpregnating 1t 1in
20 mass% hydrochloric acid, 20 mass% nitric acid, a 50
mass% sodium hydroxide solution and a 28 mass% ammonila
water at 70°C for 70 hours were small as compared with
the fluororubber composition in Comparative Example 3,
which does not contain the elastic fluorocopolymer used
in the present invention and a bivalent metal oxide. The
composition exhibited excellent crosslinked rubber
properties such as very excellent chemical resistance and
particularly, the rates of change 1n tensile strength
after impregnating the elastic fluorocopolymer
composition in Example 9 in 20 mass% hydrochloric acid
and 20 mass$% nitric acid at 70°C for 70 hours were about
1/3 as compared with Comparative Example 3.

Even though the elastic fluorocopolymer composition
in Example 12 contains silica, 1t had an excellent
crosslinkability such as a high MH and ML and a high

crosslinking speed, without inhibiting the crosslinking
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reaction, and exhibited excellent crosslinked rubber
properties, as compared with the elastic fluorocopolymer
composition in Comparative Example 5.

As shown in Table 4, even though the elastic
fluorocopolymer composition in Example 13 contains the
HFP/VAF copolymer, it had an excellent crosslinkability
such as a high MH and ML, a short time 1n t10 and t90 and
a high crosslinking speed, without inhibiting the
crosslinking reaction, and exhibited excellent
crosslinked rubber properties, as compared with the
elastic fluorocopolymer composition in Comparative

Example 6.

INDUSTRIAL APPLICABILITY

The present invention can economically and readily
provide a crosslinkable elastic fluorocopolymer, an
elastic fluorocopolymer composition and a crosslinked
rubber obtained by crosslinking it, and its industrial
use 1is extremely profitable. Further, the crosslinked
rubber of the present invention may be applied to O-rings,
unusually cross-sectional shaped rings such as X-shaped
or V-shaped rings, sheets, gaskets, o1l seals, dampers,
diaphragms, hoses, tubes, etc., on the basis of 1its
excellent physical properties. Further, the crosslinked
rubber of the present invention is very useful for a wide
range of applications including a heat resistant/chemical

resistant sealing material, a wire-covering material, a
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sealing material for semiconductor devices or for
equipments for manufacturing a liquid crystal, a sealing
material for urea-resistant greases, a material for
conveyor, a cushion material, a material for corrosion-

resistant rubber coatings, parts for e.g. food plants,

chemical plants, etc.

The entire disclosures of Japanese Patent Application
No. 2004-228191 filed on August 4, 2004, Japanese Patent
Application No. 2005-90143 filed on March 25, 2005,
Japanese Patent Application No. 2005-167065 filed on June
7, 2005 and Japanese Patent Application No. 2005-185035
filed on June 24, 2005, including specifications, claims,

drawlngs and summaries are incorporated herein by

reference 1in theilr entireties.
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CLAIMS
1. An elastic fluorocopolymer comprising repeating
units (1) based on at least one fluoromonomer selected
frdm the group consisting of tetrafluoroethylene,
hexafluoropropylene, vinylidene fluoride and a
perfluorovinyl ether represented by the formula CF,=CF-0O-
R' (wherein R' is a C,.s saturated perfluorocalkyl group or
a perfluoro(alkoxyalkyl) group), repeating units (m)
based on a vinyl ester monomer represented by the formula
CR'R*=CR’COOCH=CH, (wherein each of R!' and R? which are
1ndependent of each other, i1s a hydrogen atom, a Ci.ig
alkyl group or a C;.1p alkoxyalkyl group containing an
etheric oxygen atom, and R’ is a hydrogen atom, a
fluorine atom or a methyl group), and as the case
requires, repeating units (n) based on at least one
hydrocarbon monomer selected from the group consisting of
ethylene, propylene and a vinyl ether represented by the
formula CH,=CH-0O-R* (wherein R* is a C;.s saturated alkyl
group or an alkoxyalkyl group) in a molar ratio of

(m)/((1)+(n))=0.0001 to 0.1.

2. The elastic fluorocopolymer according to Claim 1,
which comprises the repeating units (n) in a molar ratio
of (n)/(1)=1/99 to 70/30.

3. The elastic fluorocopolymer according to Claim 1 or
2, wherein R® and R’ in the vinyl ester monomer are

hydrogen atoms.

4 . The elastic fluorocopolymer according to Claim 3,
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wherein the vinyl ester monomer 1s vinyl crotonate.

5. The elastic fluorocopolymer according to any one of
Claims 1 to 4, wherein the fluoromonomer 1is
tetrafluoroethylene, the hydrocarbon monomer 1is
propylene, (n)/(1l)=40/60 to 60/40 (molar ratio), and

(m) /((1l)+(n))=0.0001 to 0.05 (molar ratio).

6 . A process for producing the elastic fluorocopolymer
as defined in any one of Claims 1 to 5, which comprises
subjecting the fluoromonomer, the vinyl ester monomer,
and as the case requires, the hydrocarbon monomer, to
radical copolymerization in the presence of a radical
polymerization initiator.

7. The process for producing the elastic
fluorocopolymer according to Claim 6, wherein the radical
copolymerization is emulsion polymerization carried out
in the presence of an agueous medium and an emulsifier.
8 . The process for producing the elastic
fluorocopolymer according to Claim 6 or 7, wherein the
radical copolymerization 1s polymerization carried out in
the presence of a chain transfer agent, and the chain
transfer agent is an alcohol and/or a hydrocarbon.

O. A crosslinked rubber obtained by crosslinking the

elastic fluorocopolymer as defined in any one of Claims 1

to 5.

10. An elastic fluorocopolymer composition comprising
(A) an elastic fluorocopolymer comprising repeating units

(1) based on at least one fluoromonomer selected from the
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group consisting of tetrafluoroethylene,
hexafluoropropylene, vinylidene fluoride and a
perfluorovinyl ether represented by the formula CF,=CF-0-
R* (wherein R' is a C;.; saturated perfluorocalkyl group or
a perfluoro(alkoxyalkyl) group), repeating units (m)
based on a vinyl ester monomer represented by the formula
CR'R°=CR’COOCH=CH, (wherein each of R' and R? which are
independent of each other, is a hydrogen atom, a Ci.1g
alkyl group or a C;.10 alkoxyalkyl group containing an
etheric oxygen atom, and R’ is a hydrogen atom, a
fluorine atom or a methyl group), and as the case
requlres, repeating units (n) based on at least one
hydrocarbon monomer selected from the group consisting of
ethylene, propylene and a vinyl ether represented by the
formula CH,=CH-0O-R* (wherein R®* is a C;.3 saturated alkyl
group or an alkoxyalkyl group) in a molar ratio of

(m) /((1)+(n))=0.0001 to 0.1, (B) an unsaturated
multifunctional compound and (C) at least one member

selected from a bivalent metal oxide and a bivalent metal

hydroxide.

11. The elastic fluorocopolymer composition according to
Claim 10, which further comprises (D) an organic
peroxide.

12. The elastic fluorocopolymer composition according to
Claim 10 or 11, which comprises the repeating units (n)
in a molar ratio of (n)/(1)=1/99 to 70/30.

13. The elastic fluorocopolymer composition according to
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any one of Claims 10 to 12, wherein R’ and R’ in the

vinyl ester monomer are hydrogen atoms.

14. The elastic fluorocopolymer composition according to

Claim 13, wherein the vinyl ester monomer 1s vinyl

crotonate.

15. The elastic fluorocopolymer composition according to
any one of Claims 10 to 14, wherein the fluoromonomer is
tetrafluoroethylene, the hydrocarbon monomer 1is
propylene, (n)/(1l)=40/60 to 60/40 (molar ratio), and
(m)/((1)+(n))=0.0001 to 0.05 (molar ratio).

16. A crosslinked rubber obtained by crosslinking the
elastic fluorocopolymer composition as defined 1n any one

of Claims 10 to 165.
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