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FLUOROPOLYMER COMPOSITION

BACKGROUND

Technical Field
The present invention relates to a fluoropolymer composition containing a combined

crosstinking agent.

Related Art

Perfluoroclastonmiers have come into use as sealants in the semiconductor market, {or
example, due to excellent properties such as heat resistance, chemical resistance, radical
resistance, and low outgassing.  In recent years, the semiconductor market has tended to shift
toward higher temperatures and cleaner processes.

In Japanese Unexamined Patent Application Publication No. H6-263952 (Patent
Document 1), there is described a Nuorine-containing ¢lastomer composition prepared by mixing
a bis(aminophenyls compound with a specific structure as a curing agent inte a ternary
copolymer of tetrafluorosthoxy-(lowerperfluorcalkyl substituted)-ethene, and cyanc
group-containing (perfluoro vinyl ether) of a speeific structure.  In Japanese Unexamined Patent
Application Publication No. H8-120146 (Patent Document 23, there s described a
fluorine-containing elastomer composition prepared by mixing a bis aminopheny! compound asa
curing agent into a ternary copolymer of tetrafluoroethoxy-(lower pertluoroaliyt
substituted )-ethene, and perfluoro {er-cyvano alkyl vinyl ether} of a specific structure,

in International Publication Mo, WO00/29479 Pamphlet {Patent Document 3}, there is
described a [norine rubber crosslinking composition containing a fluorine-containing elasiomer
having carboxyl groups and/or alkoxy carbonyl groups as crosslinking groups at the end of a
main chain and/or a branched cham.

In Japanese Unexamined Patent Application Publication No. 2006-302283 (Patent
Document 4), there is described a composition which contains () a Hluoropelymer containing
copolymerization units derived from a nitrogen-containing curing site monomer; and (b) a curing

agent contalning amidine; wherein, in some cases, the fluoropolymer is perfluorinated.
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{Background Documents]
{Patent Documents]
Patent Document |: Japanese Unexamined Patent Application Publication No.
HO6-263952
Patent Document 2: Japanese Unexamined Patent Application Publication No.
HB8-120146
Patent Document 3¢ International Publication No, WO00/29479 Pamphlet
Patent Document 4 Japanese Unexamined Patent Application Publication No.

2006-302283,

[Summary of the Invention|
[Problem fo be Solved by the Invention]

However, the present inventors discovered that a molded product (such as a sheet, for
example) obtained using a conventional fluoropolymer composition may have crater-like surface
defects.  The present inventors further discovered that insufficient curing of the fluoropolymer
is one factor contributing to these surface defects.

An object of the present invention is to obtain a fluoropolymer composition capable of

providing a molded product in which surface defects are effectively reduced or prevented.

SUMMARY
A first mode of the present invention provides:
a fluoropolymer composition containing a flucropolymer and a crosslinking agent;
wherein the fluoropolymer is an elastomer containing copelymerization units derived
from a nitrogen-containing curing sife monomer; and
the crosslinking agent is a corbination of two or more compounds including one or more

types of amidine compounds and one or more types of bis aminophenol compounds.

[Effect of the Invention]
The present invention provides a fluoropolymer composition, which enables the

formation of a molded product with few surface defects.
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DETAILED DESCRIPTION

Dietails of the embodiments of the present invention will be given hereinafter.  Other
characteristics, purposes, advantages, and the like of the present invention will become clear
from the following descriptions and the attached Scope of the Patent Claims.

A first mode of the present invention provides:

a flucropolymer composition containing a fluoropolymer and a crosshinking agent;

wherein the fluoropolymer i3 an elastomer containing copolymerization units derived
from & nitrogen-containing curing site monomer; and

the crosslinking agent is a combination of two or more compounds including one or more
type of amidine compound and one or more type of bis aminophenol compound.

The fluoropolymer composition of the present invention can form a cured product with
Biigh crosslinking density,  Such a cured product with a high crosstinking density can be used to
form a molded product with few surface defects.

in particular, with the fluoropolymer composition of the present invention, a molded
product can be formed so that virtually or absolutely no depressions of a size visible to the eye
are pbserved.

In several modes, the flucropolymer composition may have fow compression set
properties due to the high crosstinking density thereof.

in the fluoropolymer composition of several modes, using a combination of an amidine
componnd and a bis aminopheno! compound yields a higher crosstinking density while using the
same amourt of crosslinking agent in comparison to cases in which an amidine compound and a
bis aminophenol compound are respectively used independently, for example.

In several modes, the fluoropolymer composition enables the realization of favorable
surface properties while maintaining the advantages resulting from the use of an clastomer
containing copolymerization units derived from a nitrogen-containing curing site monorser {for
example, excellent heat resistance and excellent chemical resistance).

In this disclosure, the term “alky!” refers to a straight-chain or branched-chain aliphatic
hydrocarbon group.  The term "branched-chain” refers to a substance in which one or a plurality
of alkyl groups such as methyl, ethyl, propyl, or the tike, for example, are attached Lo a straight
alkyl chain.  An alkyl group may be unsubstituted or may be substitated with one or a plurality

of halo atoms, cveloatkyl or eycloalkenyl groups, or the like.
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The term "alkenyl” refers to an aliphatic hydrocarbon group having a carbon-carbon
double bond and may be a straight-chain or branched-chain substance.  An alkeny! group may
be unsubstituted or may be substituted with one or a plurality of halo atoms, cycloalkyl or
cycloatkenyl groups, or the like.

The term "cycloalkvl” vefers to a non-aromatic monocyclic or polycyelic ring system
containing, for example, approxinately 3 to 12 carbon stoms,  Examples of cycloalkyl rings
incinde cyelopentyl, eyclohexyl, and cycloheptyl.  This eycloalkyl group may be substituted
with one or a plurality of hale atoms, methylene, alkyl, eycloalkyl, heterocyclyl, aratkyl,
heteroaralkyl, aryl, heteroaryl, or the like.  The term "hetero” refers to oxygen, nitrogen, of
sulfur substituted for one or a plurality of carbon atows.

The term "cycloalkenyl” refers to a non-aromatic monocyelic or polycyclic ring system
having a carbon-carbon double bond and containing, for example, approximately 3 to 10 carbon
atoms. This cycloalkenyl group may be unsubstituted or may be substituted with one or a
plurality of halo atoms, methylene, alkyl, cycloalkyl. heterocyelyl, aralkyl, heteroaralkyl, aryl or
‘heteroaryl groups, or the like,

The term "avvl” refers to an aromatic carbon ring radical.  Examples of aryl groups
include pheny! or naphthyl substituted with one or a plurality of aryl group substituents which
may be the same or different in some instances.  Here, examples of "aryl group substituents”
include hvdrogen, alkyl, evcloalkyl, aryl which may be substituted in some instances, heteroaryl
which may be substituted in some instances, aralkyl, aratkenyl, aralkynyl, heteroaralkyl,
heteroaralkenyl, heteroaralkynyl, hydroxy. hydroxyalkyl, alkoxy, aryloxy, aralkoxy, carboxy,
acyl, arovl, hale, nitro, cvano, carboxy, alkoxycarbonyl, arvloxycarbonyl, aratkoxycarbonyl,
acylamino, aroylamino, alkylsulfonyl, arylsulfonyl, and other known groups.

The term "alkaryl” refers to an arvl-alky} group, where aryl and alkyl are as deseribed
previously, The term “alkenylaryl" refers to an aryl-atkeny! group, where aryl and alkenyl are
as described previousty.

The descriptions of the chemical groups given above are publicly known in this field, and
these descriptions are not intended to alter the generally recognized meanings.

Each component of the fluoropolymer composition will be further described hereinafter.
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<Fluoropolymer>

The fluoropolymer used in the present invention is an elastomer containing
copolymerization units derived from a nifrogen-containing curing site monomer (also called a
curing elastomer hereafter).  Examples of curing elastomers include fluoroelastomer rubbers.
A nitrogen-containing curing site monomer is & menomer containing a nitrogen-containing
curing site (that is, a structural part which contains nitrogen and participates in curing reactions).
Accordingly, the nitrogen-containing curing site gives the curing elastomer curing properties.
Examples of nitrogen-containing curing sites include nitrile, imidate, amidine, amide, imide,
amine-oxide groups, and the fike. In a preferable mode, the nitrogen-containing curing site
monomer 1s partially or completely fluorinated.

Examples of useful nitrogen-containing curing sit¢ Monomers are one or mote types
selected from nitrile-containing fluorinated olefin and nitrile-containing fluorinated viny! ether,
These substances are more prelerably perfluorinated.  Examples of nitrile-containing
Huorinated vinyl ether inclade, for example, CF=CFO{CF)

CFaCFOCFCRICFNO I CROWCF(CF)ON; CFy=CFOCFCF(CFrO(CFRCN;
CECRO(CFmOCFCF)CN, and the like,  In the formulas, L=2 through 12; ¢=0 through 4;
r=1 or 2; y=0 through 6: t=1 through 4; and v=2 through 6.

Representative examples of nseful nitrogen-containing curing site monomers include
CFa=CFO(CF ZOCF(CFDUN, perfluoro(8-cyane-3-methyl-3,6-dioxa-1-octen), and
CF=CFO{CF; )N,

The copolvmerization units derived from a nitrogen-containing curing site monomer
preferably constitute approximately 0.1 to 5 mol % or approximately 0.3 to 2 mol % of the loal
polymer units of the curing elastomer.  These ranges are advantageous from the perspective of
providing favorable surface properties to the molded product obtained from the fluoropolymer
composition of the present invention.

An example of a suitable curing clastomer is an clastomer containing copolymerization
units derived from a nirogen-containing curing site monomer and a raain monomer (preferably
at least two types of main monomers).  Examples of candidate compounds suitable for use as
main monomers include perfluoroolefing (for example, tetrafluoroethylene (TFE) and
hexafluoropropylene (HFP)), other perhalogenated olefing (for example, chlorotrifivoroethylene

(CTFEY), and perfluorovinyl ethers (for example, perfluoroalkyl vinyt ether and perfluoroatkoxy
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vinyl ether).  In some Instances, a hydrogen-containing monomer such as an olefin (for example,
ethylene, propylene, or the like), for example, and a partially fluorinated monomer (for example,
vinyhidene fluoride (VDF)) may also be used.

it the curing elastomer is perhalogenated, 1t is preferable for the curing elastomer to
contain at least approximately 50 mol % of copolymerization units derived from one or a
plurality of types of perhalogenated olefing (for example, TFE and/or CTFE as well as HFP in
some instances).  The remaining copolymerization units of the curing elastomer (for example,
approximately 10 to 50 mol %) may consist of one or a plurality of types of perfluorovinyl ether
and one or a plurality of tvpes ol nitrogen-containing curing site monomers {for example,
nitrile-containing vinyl ether or imidate-containing vinyl ether).  In a more preferable mode, the
curing clastomer is perfluorinated.

On the other hand, in a mode in which the curing elastomer is not perhalogenated, the
caring slastomer may contain, for example, approximately 3 to 90 meol % of copolymerization
units derived from a perhalogenated olefin, approximately § to 90 mol % of copolymerization
units derived from a hydrogen-containing monomer, at most 40 mol % of copolymerization units
derived from viny! ether, and approximately 0.1 to S mol % {(more preferably approximately 0.3
to 2 mol %) of copoelymerization units derived from a nitrogen-containing curing site monomex,

In a mode in which the curing elastomer is not perfluorinated, the curing elastomer may
contain, for example, approximately 5 to 90 mol % of copolymerization units derived from TFE,
CTFE, and/or HEP, approximately § to 90 mo} % of copolymerization units derived from VDF,
ethvlene, andfor propylene, at most 40 mol % of copolymerization units derived from vinyl ether,
and approximately 0.1 to § mol % (more preferably approximately 0.3 to 2 mol %) of
copolvimerization units derived from a nitrogen-coniaining curing slte monomer.

A suitable example of a perhalogenated olefin is a perfluorinated olefin, and a
particularly suitable example is a perfluorinated olefin expressed by the formula CF=CF-Ry
(wherein Ryis fluorine or g C~Uy perflooroalkyl).

A suitable example of a hvdrogen-containing olefin is a hydrogen containing Co-Cy olefin
in which less than 172 or less than 1/4 of the hydrogen atoms in the molecule have been replaced
with fluorine or have not been fuorinated.  However, in several embodiments,
copolymerization units derived from an olefin that has not been fluorinated are not contained in

the curing elastomer,
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A suitable example of a hydrogen-containing olefin is an olefin expressed by the formula
CX,=CX-R (wherein each X is independently hydrogen, fluorine, or chlorine, and R is hydrogen,
fluorine, a C-Cyy alkyl, or a C-Cyalkyl),  Suitable examples of these olefins are partially
fluonnated monomers (for example, vinyvlidene fluoride) and hydrogen-containing monomers
{for example, o-olefins (for example, ethylene, propylene, butene, pentene, hexene, or the like)
or the like),

Two or more types of the respective raw materials described above may be used in
combination.

Examples of perfluorovinyl ethers include CFy=CFOCE;, CFaaCFOCECF, 00 ;,
CF=CFOCFCFCHOCE;, CFysCFOCECFCF;, CFasCFOCE,CFCFHOCECFCT,, and
CFy=CFOCE,CF(CFHOCHCFCFNOCECFLCE,,

in a preferable mode, the curing elastomer is & copolymer of a perfluorociefin, a
perfluorovinyl ether, and a nitrogen-containing curing site monamer,  In this copolymer, a
suitable example of a nitrogen-confaining curing site monomer 15 one or more types selected
from nitrile-containing fluerinated olefins and nitrile-containing Huorinated vinyl ethers,

In a mors preferable mode, the curing elastomer is a copolymer of tetrafluoroethylene
(TFE), at least one type of perfluorcalkyl vinyl ether, and a nitrogen-containing curing site
manomer (preferably, at least ong type selected from nitrile-containing fluorinated olefins and
nitrite-containing Huorinated vinyl ethers).

In a partisularly preferable mode, the curing elastomer is a ternary copolymer of
tetrafluoroethylene (TFE), perfluoromethy! vinyl ether (PMVE), and
CE=CFOICE)sCN{MVSCN),

In these copolvmers, the copolymerized perfluoroviny! ether units (preferably
perfluoroalkyl vinvl ether units, and more preferably PMVE units) preferably constitute
approximately 1 to 60 mol % and more preferably constitute approximately 10 to 40 mol % of all
of the copolymerization units of the curing elastomer,

The curing clastomer may be one type of elastomer or a blended product of two or more
tyvpes of elastomers.  In the case of a blended product, each elastomer contains
copolymerization units derived from nitrogen-containing curing site monomers such as those
described above,  For example, two or more types of elastomers containing reactive sites

enabling a suitable combination with the erosslinking agent used may be blended,
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{Additional fluoropelymers)

in addition to the curing elastomer described above, the fluoropolymer composition may
contain one or a plurality of types of additional fluoropolymers that do not contain
copolymerization units derived from a nitrogen-containing curing site monomer.  The
additional fluoropolymers may be single polymers or copolymers.  The additional
fluoropolymers may be blended with the curing elastomer.

All of the substances described above as copolymerization units which may be contained
in the curing elastomer excepl nitrogen-containing curing site monomers can be used as
examples of polymerization units of the additional fluoropolymers.  For example,
polytetrafiuoroethylene (FTFE) and tetrafluoroethylene-perfluorovinyl ether (PFA) arc usetul.

¥or example, the fluoropolymer composition can be provided with a desired property by
combining an additional fluoropolymer with an additional curing agent, which can be used as
desired, other than the amidine compound and the bis aminophesol compound used as a
crosslinking agent in the present invention,  For example, the chemical stability of the
fluoropolymer composition can be improved by combining an additional fluoropolymer suitable
for peroxide curing and a peroxide curing agent.  Using such an additional fluorepolymer and
an additional curing agent enables a balance between the thermat stability and chermical stability
of the resulting blended product and also yields economic effects.

If an additional fluoropolymer is used, the mass perceniage of the curing elastomer I8
preforably at least approximately 25 mass % or at least approximately 50 mass % of the total of
the curing elastomer and the additional fluoropolymer (also called the flueropolymer component
hereafter) contained in the fluoropolymer composition.  ln this case, a fluoropolymer
composition, which yields a molded product having excellent surface properties, is obtained.  In
several modes, the fluoropolymer component contaited in the fuoropelymer camposition
congists of only a curing elastomer,

The curing elastorer and a desired additional fluoropolymer can be prepaced using a
publicly known method.  For example, the polymerization process can be implemented by
subjecting a monomer to free~radical polymerization by means of aqueous emulsion
polymerization or solution polymerization in an organic solvent.  When preparing a blended
product of twe or more types of fluoropolymers, two or more types of fluoropolymer latex, for

example, are biended at a selected ratio, coagulated, and then dried.
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In the curing clastomer and the desired additional fluoropolymer, the typss and amounts
of end groups are not absolute.  For example, the polymer may contain an 8O3 end group
generated by an APS/sulfite.  The polymer may also contain a COO™ end group generated by an
APS polymerization initiator.  The polymer may also contain a "neutral” end group - for
example, an end group generated by using a fluorosulfinate polymerization initiator or an organic
peroxide.  The number of end groups can be dramatically reduced by using a desived chain
transfer agent.  The presence of end groups of strong polarity such as 86y, for example, can be
minimized as destred for the purpose of improving processability, for example.  In addition, the
amount of OO or other unstable end groups may also be reduced as desived by post-treatment
{for example, decarboxylation, post-fluorination, or the like).

The curing elastomer and/or the desired additional fluoropolymer may contain curing
sites other than nitrogen-containing curing sites.  These may contain halogens so as to allow
participation in peroxide curing reactions. Halogens may be introduced at intermediate and/or
end positions of a fluorepolymer chain.  Halogens are typically bromine or todine.

Copolymerization is a preferable method for intreducing halogens at an intermediate
position of a polymer chain in the fluoropolymer component.  When this method is used, an
appropriate {luorination curing site monomer such as'a bromo- or fode-fluorootefin or a bromo-
or iodo-fluorovinyl ether, for example, is used as a copolymerization component.  Examples of
Bramo- o iodo-fuorcolefins include bromodifluoroethylene, bromotrifluoroethylene,
iodotriflucroethylene, 1-bromo-2,2-difluoroethylene, 4-bromo-3,3.4.4-tetraflluorobutene-1, and
the like. Examples of bromo- or iodo-fluorovinyl ethers include BrCF,0CHF=CE,,
BrCFCF:OCF=CF,, BrCF,CFCROCF=CE,, CFCR(BNCHOCF=CE,, and the like.  Further,
bromo- or iodo-olefins, which have not been fluorinated such as vinylbromide,
4-hromo-1-butene, and the like, may also be used.

In general, the amount of the curing sites introduced at the side chain position of the
polymer in the fuoropolyvimer component is preferably approximately .05 to 5 mot % and more
preferably approximately 0.1 to 2 mol % of the total polymerization units,

The curing sites may be located at the ends of a polymer chain of the flucropolymer
component.  For example, a halogen may be introduced at the end position using a chain

transfer agent or a polymerization initiator.  Typically, a curing site is introduced at the end
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position by introducing an appropriate chain transfer agent into a reaction medium or deriving
the site from an appropriate polymerization initiator at the time of polymer preparation.

An example of a useful chain transfer agent is a compound expressed by the formula
ReZx (wherein Ry is a substituted or unsubstituted C-C > fluoroalky! vadical which may be
perfluorinated, Z is Bror L and x is L or 23, Specific examples containing bromine include
CFaBrs, Be(CF)Br, Br(CF)Br, CF{C 1B, CFCFBNCE:Br, and the like.

An example of a useful polymerization initiator is a compound expressed by
NaG,8{CF) ¥ (wherein X is Brorfand nis 1 te 10).

The amoant of curing sites introduced at the end position of the polymer of the
fluoropolymer component is typically approximately 0.05 to 5 mol % and more preferably
approximately 0.1 to 2 mol %% of the total polymerization units.

Combinations of two or more types of curing sites are also useful in the present invention,
For example, a useful fluoropolymer is one that contains halogens capable of participating in
peroxide curing reaction along with a nitrogen-containing curing site such as a nitrile
group-containing curing site, for example.  The total amount of curing sites is typically
approximately 0.1 to 5 mol % and preferably approximately 0.3 1o 2 mol % of the total
polymerization unis.

iffective amounts of the crosslinking agent used in the present invention and the desired
additional curing agent can be used as a curing agent to crosslink the curing elastomer and the
desired additional Buoropolymer.  If the amount of the curing agent is too small, the
crosslinking of the fluoropolymer component will not progress sufficiently, and as a result, the
desired physical properties may not be achieved andfor the crosslinking rate may be lower than
expected. I the amount of the curing agent is too large, the fluoropolymer component may not
be crosslinked as expected and/or crossnking may occur more guickly than according to the
expected manufacturing conditions.  The amount of the curing agent required may be affected
by the seleetion of the speeific conponents of the composition.  For example, depending on the
type and/or amount of the selected filler, it may be possible to promote or suppress curing in
comparison to the same composition to which a filler is not added, so it is necessary to adjust the
amount of the curing agent appropriately, but this is known to people having ordinary skill in the

art.
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The type and amount of the curing agent that is used are influenced by the composition of
the fluoropolymer component.  For example, when a blended product of a adtrile
group-containing fluoropolywer and an additional fluoropolymer not containing a nitrile curing
site 18 used, an effective amount of a first sefected curing agent is used to crosslink the
fluoropolyimer having copolymerization units derived from a nitrile group~containing monowmer,
and an effective amount of a second selected curing agent is concurrently used to crosslink the
additional fluoropolymer. The first and second selected curing agents may respectively be one
type or combinations of two or more types of curing compounds.  In addition, the first and
second selected curing agenis may be the same or different compositions.  That s, at least one
type out of & plurality of types of curing agents should have the effect of crosslinking at least one

type of polymer.

<Amidine compound>

The amidine compound used in the present invention can function as a crosslinking agent.
An amidine compound may typically be one type or a combination of two or more types selected
from a group including mono-amidines, bis-amidines, tris-amidines, tetra-amidines, and salts
thereof.  One preferable mode of an amidine compound is one typs or a combination of two or
more tvpes selected from a group including mono-amines, bis-amidines, and salts thereof fromt
the perspective of availability and practicality.  Here, wheng mono-amidine is used, a
compound having a structure capable of functoning as a crosslinking agent such as a
mono-amidine salt, for example, 1s selected.

In a preferable mode, the amidine compound has at least ane CO-Cbond,  An amidine
compound having at least one C-O-C bond is advantageous from the perspective of providing the
molded product with particularly favorable surface properties and, in several maodes, further
providing favorable compression set properties.

The amidine compound may contain hetero atoss such as oxygen, sulfur, phosphorus, or
nitrogen present outside the amidine groups, for example.

fn a particularly preferable mode, the amidine compound is a mono-amidine having at
least one C-0-C bond.  In a preferable mode, the mono-amidine may have alkyl groups, alkeny!

groups, aryl groups, or alkaryl groups having from 1 to approxkimaiely 13 carbon atoms.  These
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may be straight-chain or branched-chain substances.  These substances may be unsubstituted or
substituted {for example, fluorinated; in particular, perfluorinated).

In a preferable meode, a preferable amidine compound is expressed by the following
general formuda (2

{Formula 1]

KN{Q% -
Y+C, (2)
NRT

{wherein

R! is a hvdrogen atom; or an alkyl group, alkenyl group, aryl group, alkaryl group, or
alkenyl aryl group;

R? is a hydrogen atorm; or an alkyl group, alkenyl group, aryl group, alkary! group, or
atkenyl aryl group; or (R, forms a group expressed by H," A where TA s an anion;

Y is a single bond or a monovalent to quadrivalent group;

1 is an integer of 1 to 4, wherein if n is 1, (R™); forms a group expressed by H;0A and

R and R may be the same or different, when a plurality of components are present in the
molecule).

The alkyl group described above may have 1 to approximately 15, 1 to approximately 10,
or 1 to approximately & carbon atoms.  The alkenyl group described above may have
approximately 2 to 15, approximately 2 to 10, or approximately 2 to 6 carbon atoms.  The aryl
aroup described above may have approximately 6 to 15 or approximately 6 to {2 carbon atoms.

In a preferable mode, R' is hydrogen and (R} is H,0a,

The anion u;p;t:yzcd by ) may be an inorganic anion or an organic anion.  Ina
preferable mode, A contains a Cl anion, a Br anion, an I anion, or a COO anion. A preferable
exanzmpie of A i3 an anion selected from a group including COO, 8Oy, 80, SONH, PO,
CHAOPOs, (CHORPO,, CaHLO, OS0;, N(SOIR!, NGOIS8R, and CSO2)REO:R' (wherein
R and R are respectively independently an alkyl group, atkenyl group, aryl group, alkaryl group,
or alkenyl aryl group, and these may be unsubstituted or partially or completely fluorinated).

In a preferable mode, ' “IA has an atkvl group having 1 to approximately 12 carbon atoms,
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In a preferable mode, VA has an ether bond.

In a preferable mode, A is a halogenated carboxylic acid anion, particularly a
fluorocarboxylic acid anion, and more preferably a perfluorocarboxylic acid anion.

In a preferable mode, CIA s expressed by C FiG(CFORCOOY {whereink is 1 to
approximately 10).

In another preferable mode, “14 is expressed by CFH{CFCOOY (whetein j is 1 to
approximately 15, 1 to approximately 8, or 1 to approximately 3).

In a preferable mode, “a is an acetic acid anion, a fluorinated acetic acid anion, or a
triftuorcacetic acid anion.

Regarding Y, if n described above is 1 (that is, a mono-amidine), Y is a monovalent
organic group, for example.  If nis 2 (that is, a di-amidine), Y is a single bond, -O-, -5~ ora
bivalent organic group, for example.  1fnis 3 (thatis, a tri-amidine), ¥ is a trivalent organic
group, for example.  Ifnis 4 (that is, a tetra-amidine), Y s N or a quadrivalent organic group,
for example. These monovalent to quadrivalent organic groups may respectively contain
fiydrocarbon groups having 1 to approximately 15 carbon atoms, for example. The
hydrocarbon groups may be unsubstituted or substituted (for example, halogenated; particudarly,
fluorinated; more particularly, perfluorinated) and may be straight-chain or branched-chain
groups. Y preferably has at least ope C-0-C bond.

A preferable example is a mono-amidine compound in which nis 1 and Y is a group
expressed by RYOR™- {(wherein R? is a perflucroatkyl group having 1 to approximately 3 carbon
atoms, and R? is a perfluoroalkyl group having 1 to appreximately 3 carbon atoms). These
arnidine compounds are advantageous from the perspective that the compounds are extremely
easy to acquire and the perspective that the compounds are considered to have favorable
crosslinking reactivity.

Another preferable example is a di-amidine compound in whichnis2 and Y is & group
expressed by «( RIOR Y- (wherein R and RY are respectively independently a perfluorcalkylene
group having 1 to approximately 3 carbon atoms and m1s an integer from | to 3).  These
amidine compounds are advantageous from the perspective that the compounds are exiremely
sasy to acquire and the perspective that the compounds are considered to have favorable

crosshinking reactivity.
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Modes in which any two or more of the preferable modes described above with regard to
eachof R\, R% Y, n, and A in the general formula (2) are also included in this disclosure.

A preferable example among these modes is a mono-amidine compound in which R'isa
hydrogen atory, (R™) is H-0 DA s a wifluoroacetic acid anion, and Y is & CFOCFCFs-
group. This amidine compound is cxpressed by the following formula (3%

{Formuda 2]

NE lo0ceFs
CF 00RO Cl (3

Another preferable example is a di-amidine compound in which R} is a hydrogen atom,
I s LT WA P e . s P , Y
(RY, is Ha'77A, A is an acetic acid anion, and Y is & «(CF20CF ) group.  This amidine
compound is expressed by the following formula (4):

{Formula 3]

CHyc000) HEIN, N Ho0CCH;
S—(CF0CF)a G, {4)
HN NH

The amidine compeund itself may be introduced into the fluoropolymer composition, of
the amidine compound may be generated at the time of use by typically introducing the raw
material or precursor of the amidine compound as a mixture.  An example of the raw matenal
ar precursor of the amidine compound is a mixture of 2 compound expressed by the following
formula (5) when an amidine compound expressed by the formuia (3} described above is used:
{Formula 4]

NHy
CFg-O-CF-CFyp-C {5)
NH |

mixed with CFyCOOH (rrifluoroacetic acid).
The amount of the amidine compound used per 100 parts by mass of the curing elastomer

in the fluoropolymer composition is preferably at least approximately 0.5 patts by mass from the
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perspective of achieving a particularly favorable crosslinking density and preferably at most
approximately 1.5 parts by mass from the perspective of avoiding residual unreacted curing
agent int the molded product and the perspective of economic superiority.
<Bis aminophenol compound>

The bis aminophenol compound can function as a crosslinking agent in the fluoropolymer
composition of the present invention. By using a bis aminophenol compound as a crosstinking
agent in combination with the amidine compound as described above, it is possible to provide a
higher crosslinking density than when the amidine compound and the bis aminophenol
compound are respectively used alone, for example.

In a preferable mode, the bis aminophenol compound is expressed by the following
general formula (1)

{Formula 3]

{1)

{whergin

#2172 72, and 77 are respectively independently an -NH; group or an ~OH group, one of
7 or 70 is an -NHa group while the other is an ~-OH group, and one of 7Y or 71 is an -NH;: group
while the other is an -OH group; and

73 is a single bond or a bivalent group selected from a group comprising -O-, -CO-, -8O0z-,
and perflugroalkylene groups with a carbon number of 1 10 3).

In a preferable mode, 7% is a perfluoroalkylene group with a carbon number of 1 10 3
from the perspective of providing the resulting molded prodact with particularty tavorable
surface properties,

In a preferable mode, the bis phenol compound is
2 2-diamino-4.4'-(perfluoropropane-2,2-diy}) from the perspective that the compound is
extremely easy 1o acquire and the perspective that the compound is considered to have favorable
crosstinking reactivity.

in another preferable mode, the bis aminophenol compound 1s

bis(3-amino-4-hydroxyphenyDsulfone from the perspective that the compound ts extremely casy
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1o acquire and the perspective that the compound s considered to have favorable crosslinking
reactivity.

The amount of the bis aminophenol compound used per 100 parts by mass of the curing
elastomer in the fluoropolymer composition is preferably at least approximately 0.1 parts by
mass from the perspective of achieving a particularly fayorable crosslinking density and
preferably at most approximately 1.0 parts by mass from the perspective of avoiding residual
unreacted curing agent in the molded product and the perspective of economic superiority.

In a particularly preferable mode, the flucropolymer composition contains approximately
0.5 to 1.5 parts by mass of an amidine compound and approximately 0.1 to 1.0 parts by mass of a
bis aminophenel compound per 100 parts by mass of the curing elastomer.  Such a composition
is particularly advastageous from the perspective of providing a molded product with few

surface defects by realizing a favorable crosstinking density.

<(ther components>
T addition to the above, the fluoropolymer composition may arbitrarily contain ene or

mote types of the following components, for example.

{Additional curing agents)

The properties of the fluoropolymer composition may be altered by using additional
curing agents in addition to the erosslinking agents described above. Examples of additional
curing agents include bis-amidoximes, ammonium salts, organic compounds (compounds
containing arsenic, antimony, or tin, for example}, ammonia-generating compounds, and
peroxide curing agents.  An example of an additional curing agent is a compound expressed by
the general formula CHy=CHRCH=CH, (wherein Ry is a Ci-Cy stral ght-chain or branched chain
alkylene, eycloalkylene, or oxyalkylene which is at least partially fluorinated). In the formula
described above, one or a plurality of H atoms may be substituted with halogen atoms such as
fluorine atoms, for example.  Similarly, a polymer containing a lateral group of CHy=CHR
{whetein Ry is as defined above) and a polymer in which one or a plurality of H atoms in the
formula are substituted with halogen atoms such as fluorine atoms, for example, are also useful

as additional curing agents in the present invention.
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A desired adjuvant, which is typically used for curable fluorepolymer compositions may
also be incorporated into the fluoropolymer composition.  For example, a substance which is
ofien blended into fluoropolyvmer compositions as a part of a curing agent system is a
crosslinking aid (also sometimes called a co-curing agent), and this can work together with the
petoxide curing agent to provide effective curing.  Accordingly, these crosslinking aids are
particularly useful when combined with the peroxide curing agent. It is typically preferable o
use & crosstinking auxiliary agent in an amount between approximately 0.1 and 10 parts by mass
(phr) or approximately 1 to 5 parts by mass (phr} with respect to a total of 100 parts by mass of
the coring elastorner and the desired additional fluoropotymer,

For exampte, additives sach as filers {for example, carbon black, fHuoropolytmer fillers,
and the like), stabilizers, plasticizers, lubricants, and processing aids ardinarily used in the
compounding of a fluoropolymer composition and the like may be incorporated info the
fluoropolymer composition.  However, it is desirable for these additives to be sufficiently stable
under the targst usage conditions.

For exampte, the low-temperature performance can be improved by incorporating
perfluoropelyether into the composition.

In addition, carbon black may be used in order to achieve a balance in the performance of
the fluoropolymer composition - for example, the modulus, tensile strength, elongation, hardness,
wear resistance, conductivity, processability, and the like.  Suitable examples include MT
tlacks {medium thermal blacks) of the part numbers M 991, N-0%0, W-908, and N-907;
FEFN-550; furnace black with a large particle size, aud the like. When carbon black is used,
the amount used is preferably approximately 1 to 70 parts by mass (phr) with respect to a total of
100 parts by niass of the curing elastomer and the additional fluoropolvmer.  This range is
particularly suitable when using furnace black with a large particle size.

One type or a plarality of acid receptors may be incorporated into the fluoropolymer
composition,  However, in cases i which the presence of extractable metal compounds is not
desirable (in semiconductor applications, for example), the use of inorganic acid receptors should
be kept to & minimum and preferably forgone entirely. Examples of typically used acid
receptors include zine oxide, caleium hydroxide, calcium carbonate, magnesium oxide, silicon
dioxide (silica), and the tike. These compounds are typically used to bind to HF or other acids.

These acids can be generated at high temperatures, which may be encountered in the curing
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process when forming a molded product using the fluoropolymer composition or at the
temperatures observed when exhibiting the functions of the fluoropolymer composition.
<Curing of the fluoropolymer composition]>

The fluorepotymer composition of the present invention is useful in the manufacture of
molded products such as O-rings, gaskets, tubes, sheets, films, sealing materials, and the like, for
example,  Such molded products can be manufactured with conventionally known methods.
Typically, these products can be manufactured by compounding the ingredients of the
fluerapolymer composition and molding the resulting blend under increased pressure, curing the
resulting product, and then further subjecting the cured product to a post-curing cycle.  For
example, a curable composition of a forinulation, which does not use inorgaic acid receptors is
particularly suited to applications such as sealing materials and gaskets for manufacturing
semiconductor elements and sealing materials for high-temperature parts of automobile
applications.

The fluoropolymer composition can be prepared by compounding the ingredients - that is,
the curing elastomer, the desired additional fluoropolymer, crosslinking agents, and various
desired components {for example, one or a plurality of additional curing agents, one or a
plurality of desired adjuvants used in an ordinary rubber processing device, and various other
additives). More specifically, the ingredients of the fuoropolymer composition can be
sufficiently mixed (that is, compounded) by adding preseribed amounts of crosslinking agents
and other desired additives to the flucropolymer component as are ordinarily used and using a
desired general rubber mixing device.  An example of such a device 18 a sealed mixer (for
example, a Banbury mixer), a roll mill, or another desired simple mixing device, It is desirable
for the mixing temperature at the time of mixing to be set 5o s to not exceed approximately
120°C,  During mixing, it is preferable to uniformly disperse the other components into the
fluoropolymer.

Mext. the rixture is extruded (for example, when forming a shape such as a film, tube, or
hose} or processed and molded with a mold (for example, when forming a shape such as a sheet
or an G-ring),

The molding or pressurized curing of the compounded mixture is ordinarily performed
under an appropriate pressure for @ desired amount of time at a temperature suffictent for curing

the mixture.  The temperature is typically approximately 95°C to 230°C and preferably
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approximately 150°C to 205°C, and the time is approximately 1 minute to 15 hours and typically
approximately 5 minates to 30 minates. A pressure of approximately 700 kPa to 21,000 kPa is
ordinarily applied to the mixture placed inamold.  The mold may be baked after fivst being
coated with a release agent.

Next, the mixture molded in this way or the pressure-cured product is ovdinarily
post-cured over time in a heating furnace at a temperature sufficient to complete curing.  This
temperature is ordinarily approximately 150°C 1o 300°C and typically approximately 230°C,
while the time is approximately 2 to 50 howrs or longer, bul the time typically increases as the
cross-sectional thickness of the product increases.  For a product with a certain thivkness, the
temperature at the time of post-curing is ordinarily increased gradually from the lower it
temperature to the tavget maximura temperature.  The maximum temperature used is preferably
approximately 300°C, and this temperature is maintained for approximately four or more hours.
Any residual volatile components are ordinarily discharged from the composition, which is
completely crosslinked or cured as a result of this post-curing process.  An example of a
suitable post-curing eycle is to use six-stags processing conditions o expose the product to heat
in a nitrogen atmosphere.  First, the product is heated from 25°C to 200°C over the course of &
hours, the product is then held at 200°C for 16 hours, and then the product is then heated from
I00°C to 250°C over the course of 2 hours.  Next, the product is kept at 250°C for 8 hours and
is then heated from 250°C to 300°C over the course of 2 hours,  Next, the product is kept at
300°C for 16 hours.  Finally, the heating of the furnace Is interrupted, for example. and the

product is returned to ambient temperatare.

[Working Examples}
Working Examples of the present invention will be further described hereinafier.
Unless specifically stated otherwise, the displayed results were obtained using the
following test method.  The test resulis ave shown in the table below,
<Mooney scorch (135 and T33)>
The Mooney scorch time was cvaluated in comphiance with 18 K6300-1 2001,
<Curing rheology properties (Monsanio QDR)>
The curing rheology properties - specifically, M, MH, Ts2, Tcl 0, TedD, and TeBO -

were measured as indices of crosslinking properties.
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Uncured compaosition samples were tested in compliance with JIS K6300-2 2001 using a
model R-100 Monsanto rheometer.  Both the minimum torque (ML) obtained during a
preseribed period of time, as well as the highest torque (MH) for cases where a {lat part or
maximum torque could not be not obtained, were measured.  Further, the time required to reach
the 2-unit high torque from ML ("Ts2"), the ime required for the torque to reach a value equal to
MLA0.T (MHE-ML) ("Tc10"), the time required for the torque to reach a value equal to ML+0.5
(MH-ML) ("Tc30™), and the time required for the torgue to reach a value equal to ML+0.9
(MH-ML) ("Tc90") were measured.

Similarly, after the uncured composition samples were respectively stored for 7 days and
36 days at room temperature {(approximately 25°C), ML, MH, Ts2, Teld, Te50, and Te90 were
measured with the same method as that deseribed above ("after 7 days” and "after 30 days” in the
table).
<Cluring conditipns>

Pressurized curing: Unless specifically stated otherwise, sample sheets of a size of
150x150x2.0 mun for measuring physical properties were prepared by pressurizing the sheet for
30 minutes at a pressure of approximately 20 megapaseal (MPa) and a temperature of 165°C.

Post-curing: The pressure-cured sample sheets were further exposed to heat in a nitrogen
atmosphere.  Specifically, this entails step curing in which the following steps are performed
sequentially: 1) heating from room temperature to 130°C over the course of | hour, 2}
maintenance for 7 hours at 150°C, 3) heating from 150°C to 300°C over the course of 2 hours, 43
maintenance for 4 hours at 300°C, and 5) cooling from 300°C te room temperature over the
course of 2 hours. 1o this manner, these samples were used in tests after first being returned to
the amnbient temperature,
<{Juro A hardness>

The Duro A hardness was measured in accordance with JIS K6253 2006 using a type A-2
shore durometer.
<Breaking tensile strength, breaking clongation, and modulus at 100% elopgation™

The breaking tensile strength, breaking elongation, and modulus at 100% elongation were
measured in accordance with ASTM D412 2006 for samples cut out nsing an ASTM die I from
the sheets, which were pressure-cured and post-cured under the conditions desceribed above.

The units used in the report of the resulis were percentage and MPa.
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<Compression set properties™

(-ring samples (half of #2140-rings) which were pressure-cured and post-cured uader the
conditions described above were measured in accordance with JIS K6262 2006 at the
temperatures and times shown in the table.  The results are reported as percentages with respect
to the original compression deformation (laken as 25%).
<Surface appearance>

The sheets, which were pressure-cured and post-cured under the conditions deseribed
above were observed visnally, and sheets with no irregularities on the surface were evaluated as

"favorable”, whereas sheets demonstrating ireegularities were evaluated as "poor”.

[Working Fxamples | through 13 and Comparative Examples 1 through 3

In Working Examples 1 through 3 and Comparative Exampte 1, the properties of
perflucrcelastomer compositions for which the content of BOAP, which is a bis aminophenol
compound, was respectively 0 phr, 0.2 phr, 0.3 phr, or 0.4 phr were evaluated. [n Werking
Examples 4 through 13 and Comparative Examples 2 and 3, the properties of perfluoroelastomer
compositions consisting of various ingredients were evaluated,

The ingredients shown in the Table were mixed using a roll mill 6 inches in diameter to
obiain uncured composition samples.  Various tests were performed on the composition
samples and samples formed by pressure-curing and post-curing the composition samples undet

the conditions described above,  The test results are shown in Tables | through 3.

{Ingredients|
Fluoropolymers
Fluoropolymer A

A ternary copolymer obtained by copolymerizing 65.7 mol % of tetrafluoroethylene
(TFE}, 33.0 mol % of perflucromethylvinyl ether (PMYE), and 1.3 mol % of a mitrile
group-~containing curing site monomer (CE~CFO(CF)sCNY by emulsion polymerization.
Fluoropolymer B

A ternary copolymer obtained by copolymerizing 64.8 mot % of tetrafluorcethylene

). and 2.2 mol % of a nitrile

X

{TFE), 33.0 mol % ol perfluoromethylvinyl ether (PMVE

group~containing curing site monomer (CFy=CFO{CF;):CN) by emulsion polymerization,
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Amidine compounds
Amidine compound A

[1,1.22-tetrafluoro-2-(irifluoromethoxy)ethyilamidinivm trifluoroacetate (available from
the 3M Corporation).
Amidine compound B

Perfluoroadipenttrile bis amidine diperfluoromethoxy propionate
(CH30CF,CR2CO0-NH; (INH=)C{CF, L OENHINH; OOCCF,CF,0CF;); synthesized by the
method deseribed below,

Amidine compound C

Perfluorotetrasthylene oxide dinitrile bis amidine diacetate
(CHOO0NH: (NH=)C{CEOCF s C(=N HINHy OOCCH;); synthesized by the method
described below.

Bis aminophenol compounds
Bis aminophenol compound A

BOAP (2.2-diamino-4,4'-(perfluoropropans-2, 2-diyl)diphenol); available from the

Aldrich Corporation.
Ris aminophenol compound B

Bis(3-amino-4-hydroxyphenylsulfone; available from the Aldrich Corporation.
Filler

MT Carbon: available from the CanCarb Corporation.

Synthesis of amidine compound B - perfluoroadiponiirile bis amidine
diperfluoromethoxy propionate

{A) First, perfluorcadiponitrile bis amidine (NH(NH=CCF 4 C{=NHNH,) was
synthesized.

Methano! (188 g, 5.9 mol) was placed in a 4 L plastic flask containing a magnetic stirrer,
and perfluoroadipoy! fluoride (434 g, 1.5 mol) (available from the 3IM Company) was added
thersto over the course of 1 hour.  The hydrofluoric actd by-product was processed using &
caustic scrabber.  Water was added, and perfluoroadipate (446 g, 1.4 mol) was then isclated by
evaporating the lower fluorochemical product phase. Perfluoroadipate (446 g, 1.4 mel), which
was dissolved in methanel and placed in a 2 L flask equipped with a mechanical stirrer, was

3

reacted with an excessive amount of ammmonia (54 g, 3.2 mol), whereby perfluorcadipoylamide
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(385 g, 1.3 mol, after vacuum drying) was obtained.  Pyridine (508 g, 6.4 mol) and then
anhydrous trifluoroacetic acid (674 g, 3.2 mol} (available from Aldrich) were reacted at -10°C in
a dimethylformamide solution of perfinoroadipolyamide (385 g, 1.3 mol) placed ina 3 L flask
equipped with a mechanical stirrer.  Water was added, and perfluoroadiponitrile (235 g, 0.9
mo}) with a boiling point of 64°C was then isolated by evaporating the lower fluorochemical
product phase.  When perfluorcadiponitrile (108 g, 6.4 mol) dissolved in diethyl ether was
placed in a 1 L flask equipped with a mechanical stirrer and reacted with ammonia (17 g, 1.0
mol) at -10°C, perfluorcadiponitrile bis amidine (112 g, 0.9 mol) was obtained, but the melting
point after vacuum drying was 132°C, and the structure of the compound was confirmed by
fluorine and proton NMR.

(B) Next, perfluproadiponitrile bis amiding (26 g, 0.1 mlj prepared as deseribed above
ansd dissolved i methanol was placed ina 100 mL flask containing a magnetic stirver, and
perfluoromethoxy propionic acid {46 g, 0.2 mel) prepared by hydrolyzing perfinoromethoxy
propiony! fluoride as deseribed in the pamphlet of International Publication No. WO01/46116
was dripped into the solution.  The solution was vacuum-dried, and perfluoroadiponitrile bis
amidine diperfluoromethoxy propionate {59 g, 0.8 mol) was isolated. The structure of the
compound was confirmed by fluorine and proton NMR.

Synthesis of amidine compound C - Perfluorotetraethylene oxide dinitrile bis amidine
diacetate

(C) Tetraethylene glycol diacetate was directly fluorinated as described in the
specification of US Patent Mo. 5,488,142, and perfluorotetracthylene oxide dimethyl ester was
isolated.  Next, bis amide was first synthesized by reacting the compound with ammonia in
accordance with the synthesis procedure described in (A} above, and bis nitrile was formed by
dehydration.  Wext, the compound was reacted with ammonia to obtain fluorochemical bis
amidine,

(I3} Mext, when acetic acid was dripped into this fluorochemical bis amidine as deseribed

in (13) above, perfluorotetracthylene oxide dinitrile bis amidine diacetate was obtained.
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[Table 1]

Comparative Working Working  Working
Example I Example  Example Example

i 2 3

Forvadation (parts by mass)

Fluoropolymers
Ternary copolymerof 64.8 mpl% of TFE, 33.0 106 150 100 Hi
moife of PMVE, and 2.2 mol¥s of CF=CFO(CE )

Amide compounds

1,1.2. 2 tetrafyoro-2-{trifluoromethoxy Jethyl] 1.1 1.} 1.1 i1
amidinium tritfluordacetate
Big aminophenol compounds
2,2 dismino-4 4" -(perluoropropans-2 2-diviidiphenel 2 6.3 .4
Filler
3T Carbon 20 20 20 20
Monsanto ODR
Test conditions 30 min 3¢ min 30 min 30 min
{163°C) {165y (165°CYy  {165°0)
ML {dNm) 16.9% 1734 19.01 17.00
MM (dNm) T4.54 98.48 99.035 96.93
BA-ME {d N} 57.93 §1.17 80.04 7995
Ts2 (mind 1.39 .16 P44 N
Te H) {iin) LOT 1.53 1.83 150
TS50 {min) 2.94 317 3.49 3.06
TeR0 {min) 6.16 17.19 18.24 17.65
Cured product properties
Duro A hardness 74 6 77 79
100%: medulus (MPa) 124 158.1 157 16:3
Breaking tensile strength (MPa) 2 24.3 25.0 243
Breaking elongation (%) 140 130 146 130
Compression set (34} for 70 hours at 230°C 12 8 7 7
Compression set (%) for 70 howrs at 300°C 12 Y 10 H
Poor Faverable Favorable Favorable

Surface appearance
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[Table 2]

PCT/US2012/064406

Comparative
Example 1

Waorking
Example 1

Working
Example 2

Working
Example 3

Mooney scorch ML

{(121°0)
T3 10.09 849 8.06 7.99
T35 20.84 15.18 14.01 13.52
Mensanto ODR
Test conditions 30 min 30 min 30 min 30 min
, , (165°C) {(165°C) (165°C) (165°C)
initial composition
NL (dNm} 16.99 17.31 19.61 17.00
hH {dlm) 74.94 G848 99.03 96.93
MH-ML (dNm) 57.95 81,17 80.04 79,95
T2 {min) 1.39 1.i6 1.44 1.14
Telf (mi) 1.67 1.53 1.83 1.50
TS0 (min) 2.94 3.17 3.49 3.06
TeS {min) 6.16 17.19 18.24 REEN
Composition after 7 days
ML {dNwm) 15.96 17.74 18.56 18.04
MH (dNm) 91.77 93.1 85.11 97.32
MH-ML {dNnoy) 76.81 75.36 76.55 79.28
T2 (min) 1.23 115 1.23 .12
Tel0 (min) 1.61 1.48 1.57 1.45
TeS0 (min) 3.30 2.91 3.03 2.88
Te0 (min) 17.37 16.48 16.86 17.06
Composition after 30 days
ML {dNm) 16.40 18.32 20.23 19.07
MH (dNm) 94 .51 97.72 10117 102.73
MH-ML {(dNm) 78.51 79.40 80.94 83.66
Ts2 {min} 1.24 1.16 1.48 1.19
Tel0 (min) 1.61 1.53 1.86 1.55
Te38 (min) 3.28 3.3 3.38 3.0%
18.55 18.12

TeB0 {min) 17.77 18.48
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[Field of Industrial Application]
The flucropelymer composition of the present invention can be suitably
applied to the formation of various molded products such as sheets, {ilms, hoses,

gaskets, O-rings, and the like, for example.



WO 2013/074412 PCT/US2012/064406

29
Claims
What is claimed is:
{. A fluoropolymer composition comprising a Qoorepolymer and a crosslinking
agent;

wherein the flnoropelymer is an clastomer containing copolymerization units
derived from a nitrogen-containing curing sile monomer; and
the crosslinking agent is a combination of two or more compounds including

one or more type of amidine compound and one or more type of bis aminophenol

compound.
2. The fluoropolymer composition of ¢laim 1, wherein the nitrogen-containing

curing site monomer is one or more type sclected from nitrile-containing fluorinated
olefins and nitrile-containing Huorinated vinyl ethers; and

the flueropolymer is a copolymer of a perfluorcolefin, a perfluoroviny! ether,
and a nitrogen-containing curing S1f€ MONOMET.
3. The fluoropolymer composition of claim 1 or 2, wherein the amidine
compound is one type or a combination of twe or more types selected from a group

comprising mono-amidines, bis-amidines, and salts thereof.

4, The fuoropolymer composition of any one of clairng 1 through 3, wherein the
bis aminophenol compound is expressed by the following general fornwala {13

{Formutla 1]
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{wherein

7!, 7% 77 and 7% are respectively independently an -NH; group or a -0t
group, one of 7l or 77 is an -NH; group while the other is an -OH group, and one of
23 or 7% is an -MH; group while the other is an ~OH group; and

77 is a single bond or a bivalent group selected from a group comprising -O-,

-C0O-, -809-, and perfluoroalkylene groups with a carbon number of | to 3).

5. The Auoropulymer composition of any one of claims 1 through 4, further
comprising from 0.5 o 1.5 parts by mass of the amidine compound and from 0.1 1o
1.0 parts by mass of the bis aminophenol compound per 100 parts by weight of the

fluoropolymer.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. & Claims Nos.: 4, 5

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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