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TITLE OF THE INVENTION

Crosslinkable Vinyl Fluoride Copolymers

FIELD OF INVENTION

The invention is in the field of vinyl fluoride copolymers containing 

functional groups and their preparation and use in making protective 

coatings and shaped articles including films.

BACKGROUND OF THE INVENTION

Polyvinyl fluoride (PVF) has been manufactured for many 

years and has found many uses as a protective film or coating over a 

variety of substrates providing durable and cleanable surfaces. 

However, polymers with a large amount of vinyl fluoride content cannot be 

processed from the melt (e.g., molded) because the thermal 

decomposition of PVF occurs at its melting point of about 200°C. Further, 

since PVF does not dissolve in most solvents at ordinary temperature due 

to its high crystallinity and to large amounts of intermolecular hydrogen 

bonding, casting a film from a solution is also difficult. Consequently, PVF 

is usually dispersed in a polar solvent having a high boiling point to 

coalesce and form a film at elevated temperature. This method requires 

complicated technology and equipment, and does not provide for easy on

site application in the form of paint or coating.

The fluorine atoms in PVF are largely responsible for its 

properties of excellent weatherability, chemical resistance and mechanical 

properties. Enhancement of these properties may be achieved with 

polymers of higher fluorine content. One way to increase polymer fluorine 

content is to prepare copolymers in which tetrafluoroethylene (TFE) 

replaces some of the vinyl fluoride (VF). Such dipolymers have been 

described by Coffman and Ford, U.S. Patent No. 2,419,009 (1947); 

Sianesi and Caporiccio, J. Polymer Sci., Part A-1,6, (1968) 335, and U.S. 

Patent No. 3,513,116 (1970). Another way is reported in Stilmar, U.S. Pat. 

No. 3,531,441 (1970) which describes the preparation of tri- and tetra

polymers comprised of VF, TFE and a vinylidene monomer having neither 

an aromatic group nor a halogen group attached to the vinylidene group in 
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non-aqueous media. More recently, vinyl fluoride copolymers and vinyl 

fluoride interpolymers with low crystallinity have been described by 

Uschold in U.S. Patent No. 6,242,547 (2001), U.S. Patent No. 6,271,303 

(2001), U.S. Patent No. 6,403,740 (2002) and JP-C-2001-524146 (2001), 

Uschold in US 6,242,547 proposes an interpolymer comprised of VF and 

at least two highly fluorinated monomers wherein at least one of the highly 

fluorinated monomers introduces a side chain having at least one carbon 

atom into the polymer. Such an interpolymer dissolves easily in some 

organic solvents because of decreased crystallinity, and also a film 

obtained from the interpolymer has low surface tension.

However, in the VF copolymers previously prepared, as fluorine 

content in the VF copolymer increases, the resulting resin tends to have 

lower intermolecular forces (intermolecular cohesive energy) and lower 

critical surface tension resulting in reduced adhesiveness to substrates, 

especially to metals and glass.

In addition, in order to improve processability, in particular, 

solubility of the polymer in an organic solvent, it is necessary to reduce the 

crystallinity or molecular weight of the VF copolymer. However, this 

results in reduced mechanical performance, thermal resistance and 

adhesiveness to substrates.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a vinyl fluoride copolymer 

comprising:

about 40 to about 90 mole % of repeat units derived from vinyl 

fluoride; and

about 10 to about 60 mole % of repeat units derived from monomer 

selected from the group consisting of (a) and (b) below and mixtures 

thereof, with the proviso that about 0.1 mole % to 50 mole % of repeat 

units in the copolymer are derived from monomer selected from (b):

(a) monomer selected from the group consisting of, 

tetrafluoroethylene, trifluoroethylene, chlorotrifluoroethylene and 

mixtures thereof; and

2
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13 (b) fluorinated vinyl monomer containing at least one 
functional group selected from the group consisting of hydroxyls, 
thiols, carbonyls, carboxylic acids, carboxylic esters, acid 
anhydrides, sulfonyls, sulfonic acids, sulfonic esters, phosphoric

5 acids, phosphoric esters, boric acids, boric esters, epoxies,
isocyanates, thiocyanates, amines, amides, nitriles and halogen 
selected from bromide and iodide, wherein the functional group of 
said fluorinated vinyl monomer provides a crosslinkable reaction 
site.

10 Preferred vinyl fluoride copolymers further comprise 0.1 to 10 mole
% of repeat units derived from monomer (c) selected from the group 
consisting of fluorinated vinyl ethers, fluorinated alkyl (meth)acrylates, 
perffuoroolefins having 3-10 carbon atoms, perfluoro C1-C8 alkyl 
ethylenes, fluorinated dioxoles and mixtures thereof.

15 In a preferred form of vinyl fluoride copolymer, monomer (b) is
fluorinated vinyl ether monomer containing the at least one functional 
group.

In another preferred form of the vinyl fluoride copolymer, monomer 
(a) comprises tetrafluoroethylene.

20 The invention also provides a crosslinkable polymeric composition
comprising the vinyl fluoride copolymer and at least one crosslinking agent 
selected from the group consisting of alcohols, phenols, thiols, peroxides, 
amines, azo compounds, carboxylic acids, carboxylic esters, acid 
anhydrides, sulfonic acids, sulfonic esters, phosphoric acids, phosphoric

25 esters, boric acids, boric esters, epoxies, isocyanates, thiocyanates, 
nitriles, melamines, aldehydes, sulfide compounds, silane compounds, 
metal oxides, halogen compounds and organic metal compounds.

The invention also provides a crosslinkable polymeric composition 
comprising the vinyl fluoride copolymer having units derived from at least 

30 two monomers selected from (b) which provide functional groups which 
are capable of cross-linking with each other.

The invention can be embodied as fluoropolymer blend comprising 
the vinyl fluoride copolymer and at least one fluoropolymer different from 
the vinyl fluoride copolymer.

3
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An aqueous liquid dispersion or an organic liquid dispersion or .
solution of the vinyl fluoride copolymer, as well a coating composition, are 
also provided by the invention.

The invention further provides a shaped article made from
5 dispersions or solutions of the vinyl fluoride copolymer, preferably in the 

form of films. A shaped article can also be made by molding the vinyl 
fluoride copolymer.

The vinyl fluoride copolymer in accordance with the invention is 
readily used to make protective coatings and processed into articles such 

10 as films from dispersion or solution form. Desirable mechanical properties 
and/or adhesiveness to substrates can be obtained by crosslinking.

DETAILED DESCRIPTION OF THE INVENTION

The vinyl fluoride copolymer of the invention comprises:
15 40 to 90 mole % of repeat units derived from vinyl fluoride; and

10 to 60 mole % of repeat units derived from monomer selected 
from the group consisting of (a) and (b) below and mixtures thereof, with 
the proviso that 0.1 mole % to 50 mole % of repeat units in the copolymer 
are derived from monomer selected from (b):

20 (a) monomer selected from the group consisting of,
tetrafluoroethylene, trifluoroethylene, chlorotrifluoroethylene and 
mixtures thereof; and

(b) fluorinated vinyl monomer containing at least one 
functional group selected from the group consisting of hydroxyls,

25 thiols, carbonyls, carboxylic acids, carboxylic esters, acid
anhydrides, sulfonyls, sulfonic acids, sulfonic esters, phosphoric 
acids, phosphoric esters, boric acids, boric esters, epoxies, 
isocyanates, thiocyanates, amines, amides, nitriles and halogen 
selected from bromide and iodide, wherein the functional group of

30 said fluorinated vinyl monomer provides a crosslinkable reaction
site.
Preferred vinyl fluoride copolymers further comprise 0.1 to 10 mole 

% of repeat units derived from monomer (c) selected from the group 
consisting of fluorinated vinyl ethers, fluorinated alkyl (meth)acrylates,

4
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perfluoroolefins having 3-10 carbon atoms, perfluoro C1-C8 alkyl 
ethylenes, fluorinated dioxoles and mixtures thereof.

The amounts of monomer units within the stated ranges can be 
varied to adjust the properties of the polymer as desired. Vinyl fluoride 

5 (VF) can be varied within the range of 40 to 90 mole %, to adjust the 
properties of the polymer. For example, VF generally provides 
copolymers with lower solubility in organic solvents than a polymer which 
is otherwise the same but containing VdF. When it is desired to improve 
weatherability, chemical resistance, and thermal stability, it is generally 

10 desirable to decrease VF content and increase the quantity of monomers 
which have higher fluorine content than VF. Preferably, the vinyl fluoride- 
based copolymer of the present invention comprises 50 to 80% by mole of 
a structural units derived from vinyl fluoride (VF).

A copolymer in accordance with the invention comprises 10 to 60
15 mole % of repeat units derived from monomer selected from the group 

consisting of (a) and (b) and mixtures thereof, preferably, 20 to 50 mole %. 
Preferably, monomer (b) and/or monomer (c), if used, introduce into the 
polymer a side chain of at least one carbon atom. Monomers which 
provide the side chain of at least one carbon atom can improve solubility 

20 of the copolymer in organic solvents.
Monomer (a) is selected from the group consisting of, 

tetrafluoroethylene, trifluoroethylene, chlorotrifluoroethylene, and mixtures 
thereof. The monomer chosen and the amount employed can increase 
the fluorine content of the polymer and can also influence the solubility of 

25 the polymer in organic solvent. For example, a preferred monomer (a) is 
tetrafluoroethylene (TFE) and preferred vinyl fluoride copolymers of the 
invention preferably comprise at least about 30 mol % units derived from 
tetrafluoroethylene. Tetrafluoroethylene is a preferred monomer because 
of low cost and high fluorine content. A high content

30 of -CF2CF2- segments in the copolymer provides improved weatherability, 
chemical resistance and thermal stability but may decrease solubility in 
organic solvents.

Preferred vinyl fluoride copolymers further comprise 0.1 to 10 mole 
% of repeat units derived from monomer (c) selected from the groups

5
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consisting of fluorinated vinyl ethers, fluorinated alkyl (meth)acrylates, 
perfluoroolefins having 3-10 carbon atoms, perfluoro C1-C8 alkyl 
ethylenes, fluorinated dioxoles and mixtures thereof. Monomers of this 
type which introduce into the copolymer a side chain of at least one 

5 carbon atom generally will improve solubility of the copolymer in organic 
solvents. Especially preferred for monomer (c) are perfluoroolefins having 
3-10 carbon atoms, perfluoro C1-C8 alkyl ethylenes, and fluorinated vinyl 
ethers. Most preferably, highly fluorinated vinyl ethers and perfluoro C1 - 
C8 alkyl ethylenes are used.

10 The monomer (b) fluorinated is a vinyl monomer containing at least
one functional group selected from the group consisting of hydroxyls, 
thiols, carbonyls, carboxylic acids, carboxylic esters, acid anhydrides, 
sulfonyls, sulfonic acids, sulfonic esters, phosphoric acids, phosphoric 
esters, boric acids, boric esters, epoxies, isocyanates, thiocyanates,

15 amines, amides, nitriles and halogen selected from bromide and Iodide.
Preferably, monomer (b) also introduces a side chain into the copolymer of 
at least one carbon atom. The functional groups of monomer (b) provide a 
cross-linkable reaction site and the introduced functional group (and side 
chain if present) may also improve the solubility of the copolymer in 

20 organic solvents to improve processability of the vinyl fluoride copolymer 
of the invention. In the copolymer in accordance with the invention, units 
derived from monomer (b) are present in an amount of 0.1 mole % to 50 
mole %, preferably 0.1 mole % to 40 mole %, and more preferably, 0.2 
mole % to 30 mole %, and most preferably, 0.2 mole % to 20 mole %.

25 The ability of the various vinyl monomers with functional groups to form 
cross-links and adjust solubility characteristics will vary with the particular 
monomer(s) employed so sufficient quantity of such monomers should be 
employed to provide the desired effect.

Preferably, monomer (b) is a fluorinated vinyl ether monomer 
30 containing at least one functional group. Fluorinated vinyl ether 

monomers of this type are disclosed in Hung, U.S. Pat. No. 5,059,720, 
Brothers et al., U.S. Pat. No. 5,969,067 and Brothers et al., U.S. Pat. No. 
6,177,196. One particular useful monomer disclosed in Hung, U.S. Pat.

6
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No. 5,059,720, is 9,9-dihydro-9-hydroxy-perfluoro(3,6-dioxa-5-methyl-1-

nonene), referred to hereinafter as (EVE-OH).

In one preferred embodiment of this invention, the copolymer 

comprises units derived from about 40 to about 70 mole % VF, about 15 to 

about 29.9 mole % of monomers selected from (a), about 0.1 to about 15 

mole % of at least one (b) vinyl monomer containing at least one functional 

group, and about 0.1 to about 10 mole % of at least one monomer (c). For 

example, a preferred vinyl fluoride copolymer having hydroxy functional 

groups is obtained by copolymerizing VF, monomer (a) being TFE, 

monomer (b) being EVE-OH, and monomer (c) being fluorinated vinyl 

ether and/or perfluorobutylethylene (PFBE) within the ranges stated 

above.

The vinyl fluoride copolymer may be produced by any of a variety of 

suitable polymerization methods such as such as emulsion polymerization, 

suspension polymerization, solution polymerization and bulk 

polymerization. Emulsion polymerization is desirable because of high 

degree of polymerization, low cost, and because polymer in dispersion is 

produced which is advantageous for many end uses. Emulsion 

polymerization can be carried out in water using a water-soluble free- 

radical polymerization initiator in the presence of a suitable surfactant, 

typically a fluorosurfactant such as ammonium perfluorooctanoate as 

described in Berry, U.S. Pat. No. 2,559,752 or 6,2 TBS as described in 

Baker et al., U.S. Pat. No. 5,688,884, or other suitable surfactant. 

Polymerization temperatures of about 40°C to 150°C are suitable, 

preferably 60°C to 100°C and pressures of about 1 MPa to 12 MPa (145 

psi to 1,760 psi) may be used. If desired, a buffering agent such as 

phosphate, carbonate and acetate can be used for controlling pH of the 

latex.

A wide variety of polymerization initiators may be used for 

producing the vinyl fluoride copolymer of the present invention. Preferred 

initiators include organic azo-type initiators such as 2,2’-azobis(2- 

amidinopropane)dihydrochloride and 2,2’-azobis(N,N- 

dimethyleneisobutyroamidine)dihydrochloride, and water-soluble salts of 

inorganic peracids such as alkali metal or ammonium salts of persulfuric

7
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acid. Further, a chain transfer agent is optionally used if necessary in the

polymerization reaction to adjust molecular weight of the vinyl fluoride-

based copolymer. Preferred chain transfer agents include ethane,

cyclohexane, methanol, isopropanol, ethyl malonate and acetone and the

like.

When emulsion aqueous emulsion polymerization is used to make 

the copolymer in accordance the invention, an aqueous dispersion of the 

copolymer is produced. Thus, the present invention also provides 

aqueous dispersions comprising the vinyl fluoride copolymer and an 

aqueous medium. If desired, the aqueous dispersions produced by 

emulsion polymerization, can be subsequently stabilized by addition of 

surfactant, typically nonionic surfactant, and optionally concentrated to 

increase solids content. If desired, the copolymer can be isolated from 

the dispersion to produce copolymer resin by any of a variety of known 

techniques such as strong agitation, increasing the ionic strength, freezing 

and thawing, and combinations thereof.

The invention also provides organic liquid dispersions or solutions 

of the vinyl fluoride copolymer of the invention in suitable organic liquid 

media. Organic liquids which are useful for making organic liquid 

dispersions and solutions of the copolymer are, for example, polar organic 

solvents such as N-methyl-2-pyrrolidone (NMP) and propylene carbonate, 

γ-butyrolactone, dimethylacetamide, dimethylsulfoxide, methylethyl ketone 

(MEK) and tetrahydrofuran (THF). Such dispersions or solutions are 

typically formed by dispersing or dissolving the copolymer in resin form in 

the suitable organic liquid. For the production of dispersions, grinding or 

milling of the dispersion may be necessary for the production of dispersion 

suitable for the intended purpose.

The invention also provides a crosslinkable polymeric composition 

comprising the vinyl fluoride copolymer and at least one crosslinking agent 

selected from the group consisting of alcohols, phenols, thiols, peroxides, 

amines, azo compounds, carboxylic acids, carboxylic esters, acid 

anhydrides, sulfonic acids, sulfonic esters, phosphoric acids, phosphoric 

esters, boric acids, boric esters, epoxies, isocyanates, thiocyanates,

8
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nitriles, melamines, aldehydes, sulfide compounds, silane compounds, 

metal oxides, halogen compounds and organic metal compounds.

Generally, the crosslinkable compositions in accordance with the 

invention are employed similarly to other cross-linkable compositions as

5 are known in the art and are especially useful as coatings and in the 

production of films. In another embodiment of the invention, a coating 

composition is provided which comprises the cross-linkable polymeric 

composition and a liquid medium with the copolymer being dispersed or 

dissolved in the medium. The crosslinking agent employed in the

10 composition is preferably soluble in the coating composition medium and 

is reactive with the types of functional groups provided in the copolymer 

my monomer (b). Typically, the composition will be applied to a substrate 

and heated to remove the liquid medium. If the copolymer is in dispersion 

form, heating may also be needed to coalesce the copolymer. Heating

15 can be continued to promote reaction between the crosslinking agent and 

the copolymer in accordance with the invention to produce a crosslinked 

polymer. With some crosslinking agents, visible or UV light may be used 

to promote reaction between the cross-linking agent and the copolymer.

The crosslinked vinyl fluoride copolymer provided by the present 

20 invention typically has a three-dimensional network structure formed by 

the crosslinking agent reacting with functional groups on different polymer 

chains and with other function groups on the same polymer chain.

The invention also provide crosslinkable polymeric composition 

containing the copolymer of the invention having units derived from at 

25 least two monomers selected from (b) which provide functional groups 

which are capable of cross-linking with each other, i.e., a self-crosslinking 

copolymer. For example, a copolymer in accordance with the invention 

having both hydroxy groups and carboxylic acid group may be self

crosslinked by heat treatment to form ester groups in a condensation 

30 reaction. Similarly, copolymer in accordance with the invention having 

both hydroxy groups and a blocked isocyanate group may be self

crosslinked by heat treatment.

The present invention also provides a fluoropolymer blend

comprising the copolymer of the present invention blended with at least

9
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one fluoropolymer different from the copolymer of the invention. Any of a

variety of different fluoropolymers can be used including, for example,

homopolymers and copolymers polymerized from vinyl fluoride (VF),

vinylidene fluoride (VdF), tetrafluoroethylene (TFE), trifluoroethylene

5 (TrFE), chlorotrifluoroethylene (CTFE), fluorinated vinyl ethers, 

fluoroalkyl(meth)acrylates, perfluoro(C3-Cio)alkenes, perfluoro(Cr 

C8)alkylethylenes, fluorinated dioxoles, and the like. Preferred 

fluoropolymers includes polyvinyl fluoride (PVF), polyvinylidene fluoride 

(PVdF), VF-TFE copolymer, VF-TFE-perfluoroalkyl vinyl ether (PAVE)

10 copolymer, VdF-hexafluoropropene (HFP) copolymer, VdF-TFE-HFP 

copolymer and VdF-TFE-PAVE copolymer and the like.

Fluoropolymer blends in accordance with the invention are made by 

any suitable methods which provide a blend of polymers useful for the 

anticipated purpose. Manufacturing methods include melt blending or

15 mixing of dispersions or solutions followed by removal of the dispersion or 

solution medium.

Aqueous dispersions or organic liquid dispersions or solutions in 

accordance with the invention are preferably employed to make shaped 

articles, preferably films. In addition, coatings are advantageously applied 

20 to a wide range of substrates such as metal, plastic, ceramics, glass, 

concrete, fabric and wood. Films and coatings can be produced by 

conventional methods such as solvent aided extrusion, casting, dipping, 

spraying, and painting. Coating compositions may include any of a variety 

of additives as may be desired for the film or coating to be produced such 

25 as pigments, fillers, barrier particles, light stabilizers, thermal stabilizers, 

etc.

The copolymer in accordance with the present invention in resin 

form can be suitably formed into a shaped article by molding. Molding can 

be carried out using techniques known in the art which have been adapted 

30 for the characteristics of the copolymer being processed.

TEST METHODS

The following tests are used to determine properties of the samples 

in the present invention.

10
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Melting points

Melting points of the vinyl fluoride copolymers are measured using

a differential scanning calorimeter (Pyrisl, made by Perkin Elmer Inc.).

Solubility

The copolymers are dissolved in N-methyl-2-pyrrolidone (NMP) at 

50°C to 70°C using a water-bath incubator (Model BT-31, made by 

Yamato Scientific Co. Ltd.)

Tensile Properties

A film is prepared using a 10% solution of the vinyl fluoride 

copolymers in NMP, and tensile properties are measured using 

TENSILON (UTM-1T, made by TOYO BALDWIN Co. Ltd.)

Adhesion Test

A vinyl fluoride copolymer solution of the present invention is mixed 

and put in an aluminum cup (No. 107, made by AS ONE Corp.), and then 

subjected to drying and cross-linking using a vacuum dryer. 

Adhesiveness of the resulting resin film to the aluminum substrate is 

evaluated by visual observation.

EXAMPLES

Examples 1-7, Comparative Example 1

Synthesis of Vinyl Fluoride-Based Copolymers

A horizontal stainless steel autoclave of 7.6 L (2 US gallons) 

capacity equipped with a stirrer and a jacket is used as a polymerization 

reactor. Instruments for measuring temperature and pressure and a 

compressor for supplying the monomer mixtures to the autoclave at a 

desired pressure are attached to the autoclave.

The autoclave is filled with deionized water containing 15 g of 6,2

TBS (prepared as described in Baker et al., U.S. Pat. No. 5,688,884) to 70 

to 80% of its capacity, and is followed by increasing the internal

11
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temperature to 90°C. Then, the autoclave is purged of air by pressurizing 

three times to to 3.1 Mpa (450 psig) using nitrogen. After purging, the 

autoclave is charged with the monomer mixtures having the composition 

shown in the following Table 1 until the internal pressure reaches 3.1 MPa 

5 (450 psig).

Table 1

Composition of Pre-charged Monomer (wt%)

TFE VF PPVE PEVE PFBE EVE-

OH

Example 1 52.7 27.7 14.8 / 4.8

Example 2 54.1 28.4 / 12.6 4.9

Example 3 51.1 26.8 / 18.1 3.9

Example 4 52.9 27.8 I 15.0 4.3

Example 5 49.7 26.2 / 19.6 4.5

Example 6 62.9 35.0 / / 1.6 0.5

Example 7 57.1 30.0 / / 7.8 5.1

Comp.Ex. 1 60.5 33.0 / / 2.1 /

An initiator solution is prepared by dissolving 20 g of ammonium 

persulfate in 1 L of deionized water. This initiator solution is supplied into 

10 the reactor at a rate of 25 ml/minute for 5 minutes, and then the rate is 

lowered and maintained at 1 ml/minute during the reaction.

When the internal pressure drops to 3.0 MPa, the makeup monomer 

mixtures shown in Table 2 are supplied to keep the pressure constant.

12
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Table 2

Composition of Makeup Monomer (wt%)
TFE VF PPVE PEVE PFBE EVE-OH

Example 1 54.6 34.0 7.4 / 4.0

Example 2 55.3 34.7 / 6.0 4.0

Example 3 54.8 34.2 / 8.0 3.0

Example 4 54.6 34.0 / 7.4 4.0

Example 5 53.8 33.8 / 8.9 3.5

Example 6 54.0 34.0 / / 7.4 4.0

Example 7 54.8 34.4 / / 7.4 3.4

Comp. Ex. 1 57.4 35.2 / / 7.4 /

Composition of this makeup supply is different from that of the pre

charged mixture because of different reactivity of each monomer. Since 

5 the composition thereof is selected so that the monomer composition in 

the reactor is kept constant, a product having a uniform composition is 

obtained.

Monomers are supplied to the autoclave until a solid content in the 

produced latex reaches about 20%. When the solid content reaches a 

10 predetermined value, supply of the monomers is immediately stopped, 

then the content of the autoclave is cooled and unreacted gases in the 

autoclave are purged off.

To the resulting latex, 15 g of ammonium carbonate dissolved in 

water per 1 L of latex and then 70 mL of HFC-4310 (1,1,1,2,3,4,4,5,5,5

15 decafluoropentane) per 1 L of latex are added while stirring at high speed, 

followed by isolation of the polymer by filtration. The polymer is washed 

with water and dried at 90 to 100°C in a hot-air dryer. Compositions and 

melting points of the produced polymers are shown in Table 3.

The resulting VF copolymer is dissolved in NMP at 55 to 60°C using 

20 a water-bath incubator and then cooled to room temperature (25°C), and 

solubility of the resin, at which a stable clear solution is obtained, is 

measured. The results are shown in Table 3.

13
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Table 3

Composition of Polymer (mole%) Melting
Point

(°C)

Solubility 
(in NMP) 
25°C

TFE VF PPVE PEVE PFBE EVE-
OH

Example 1 39.9 57.1 2.2 / 0.75 174 8-10%
Example 2 42.3 55.2 / 1.7 0.78 178 8-10%
Example 3 42.7 54.3 / 2.5 0.57 174 8-10%

Example 4 43.3 53.8 / 2.2 0.65 175 8-10%

Example 5 41.2 55.3 / 2.83 0.65 171 10-13%
Example 6 42.0 54.7 / / 2.7 0.63 173 8-10%

Example 7 42.3 55.1 / / 1.97 0.59 173 8-10%

Comp. Ex. 1 45.2 55.4 / / 2.1 / 177 4-5%

Examples 8-22

Cross-linking Reaction and Adhesion Test of Vinyl Fluoride-Based

5 Copolymers

Resin solutions are prepared by dissolving the vinyl fluoride-based 

copolymers synthesized in Examples 1 - 7 at 50 to 70°C in N-methyl-2- 

pyrrolidone. Titanium acetylacetonate (TYZOR® AA 75, made by DuPont 

Co.) is selected as a cross-linking agent. This cross-linking agent is

10 dissolved in N-methyl-2-pyrrolidone to provide a 10% solution.

The above solution of the cross-linking agent, titanium 

acetylacetonate, is added to the resin solution in amounts of 1%, 3% and 

5% (% is by weight relative to the vinyl fluoride-based copolymer resin), 

and mixed uniformly.

15 The mixed solution of this resin and the cross-linking agent is put

into an aluminum cup (No. 107, made by AS ONE Corp.) and subjected to 

drying and cross-linking at 150°C for 2 hours in a vacuum dryer (LCV-232, 

made by TABAI ESPEC Corp.) After cooling to room temperature, 

adhesiveness of the resulting resin film to the aluminum substrate is

20 evaluated by visual observation. The results are shown in Table 4.

14
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Table 4

C.A.: Cross-linking Agent
Fair: Partly separated.
Good: No separation.

Vinyl Fluoride 
Copolymer Resin

Amount of Cross
linking Agent used 
(C.A./Resin wt%)

Adhesion
Evaluation Test

Example 8 Derived from Ex.1 1 Fair
Example 9 Derived from Ex.2 1 Fair
Example 10 Derived from Ex.3 1 Fair
Example 11 Derived from Ex.4 1 Fair
Example 12 Derived from Ex.5 1 Fair
Example 13 Derived from Ex.1 3 Good
Example 14 Derived from Ex.2 3 Good
Example 15 Derived from Ex.3 3 Good
Example 16 Derived from Ex.4 3 Good
Example 17 Derived from Ex.5 3 Good
Example 18 Derived from Ex.1 5 Good
Example 19 Derived from Ex.2 5 Good

Example 20 Derived from Ex.3 5 Good

Example 21 Derived from Ex.4 5 Good

Example 22 Derived from Ex.5 5 Good

When this example is performed without any adding any 

crosslinking agents, the resulting films peel off completely from the 

aluminum substrates. On the other hand, the resulting films of Examples 

5 13-16 which employ crosslinking agents show excellent adhesiveness to

the aluminum substrates. In addition, the resulting films of Examples 8-12 

with partial crosslinking reactions show fair adhesiveness.

Examples 23-25

10 Tensile Properties Test of Vinyl Fluoride-Based Copolymers

Examples 23-25 illustrate tensile strengths and elongations at break 

measured by TENSILON of VF copolymer films prepared in Examples 12, 

17 and 22. The results are shown in Table 5.

15
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Table 5

C.S. Area: Cross-sectional Area; Elong.: Elongation

Width
Mm

C.S.
Area 
mm2

Maximum
Stress
MPa

Stress at 
Upper 
Yield 
Point 
MPa

Elong, 
at Break 
%GL

Elastic
Modulus
MPa

Proof
Strength
(1)MPa

Ex. 23 4.95 0.35 31.856 20.54 379.5 645.71 12.468
Ex. 24 4.95 0.30 29.032 22.869 299.18 743.53 13.826
Ex. 25 4.95 0.30 31.256 21.913 328.45 709.64 15.53

As shown in Table 5, it is found that the cross-linked resins of the 

invention have good mechanical properties such as high maximum stress 

5 and elongation at break values.

Examples 26 - 28

Aqueous Dispersions of Cross-linkable Vinyl Fluoride-Based Copolymers 

and Their Crosslinking Reactions

10 Using the same or similar conditions as in Examples 1-7, several

aqueous dispersions of crosslinkable vinyl fluoride-based copolymers 

having the polymer compositions shown in Table 6 are prepared and 

examined. The aqueous dispersions and the cross-linking agents 

(melamine resin, Cymel 350, CYTEC INDUSTRIES INC.) are mixed

15 uniformly. The mixtures are put into aluminum cups (No. 107, made by AS 

ONE Corp.) and subjected to drying and cross-linking at 190°C for 5 hours 

in a vacuum dryer. After cooling to room temperature, the resulting 

coatings are evaluated by visual observation. The results are shown in 

Table 6.

20
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Table 6

Composition of Polymer (mole %) Amount of Cross- 
linking Agent used 
(C.A./Resin wt%)

Thermo
stabilityTFE VF PEVE PSEPVE

Ex. 26 34.7 64.1 1.0 0.1 10 Good
Ex. 27 32.7 66.7 0.6 0.1 10 Good
Ex. 28 51.0 45.0 2.3 2.0 10 Good

C.A.: Cross-linking Agent (melamine resin, Cyme! 350, CYTEC INDUSTRIES INC.) 
Good: No separation and no carbonization.

5 Where the terms “comprise”, “comprises”, “comprised” or
“comprising” are used in this specification, they are to be interpreted as 

specifying the presence of the stated features, integers, steps or 
components referred to, but not to preclude the presence or addition of 

one or more other feature, integer, step, component or group thereof.
10 Further, any prior art reference or statement provided in the

specification is not to be taken as an admission that such art constitutes, 

or is to be understood as constituting, part of the common general 
knowledge in Australia.

15
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The claims defining the Invention are as follows;

1. A vinyl fluoride copolymer comprising:
40 to 90 mole % of repeat units derived from vinyl fluoride and 

mixtures thereof; and
5 10 to 60 mole % of repeat units derived from monomer selected

from the group consisting of (a) and (b) below and mixtures thereof, with 
the proviso that 0.1 mole % to 50 mole % of repeat units in said copolymer 
are derived from monomer selected from (b):

(a) monomer selected from the group consisting of,
10 tetrafluoroethylene, trifluoroethylene, chlorotrifluoroethylene and

mixtures thereof; and
(b) fluorinated vinyl monomer containing at least one 

functional group selected from the group consisting of hydroxyls, 
thiols, carbonyls, carboxylic acids, carboxylic esters, acid

15 anhydrides, sulfonyls, sulfonic acids, sulfonic esters, phosphoric
acids, phosphoric esters, boric acids, boric esters, epoxies, 
isocyanates, thiocyanates, amines, amides, nitriles and halogen 
selected from bromide and iodide, wherein the functional group of 
said fluorinated vinyl monomer provides a crosslinkable reaction

20 site

2. The vinyl fluoride copolymer of claim 1 further comprising 0.1 to 10 
mole % of repeat units derived from monomer (c) selected from the group 
consisting of fluorinated vinyl ethers, fluorinated alkyl (meth)acrylates,

25 perfluoroolefins having 3-10 carbon atoms, perfluoro C1-C8 alkyl 
ethylenes, fluorinated dioxoles, and mixtures thereof.

3. The vinyl fluoride copolymer of claim 1 or claim 2 wherein monomer
(b) is fluorinated vinyl ether monomer containing said at least one

30 functional group.

4. The vinyl fluoride copolymer of any one of claims 1 to 3 wherein 
monomer (a) comprises tetrafluoroethylene.

18
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13 5. The vinyl fluoride copolymer of claim 4 comprising at least about 30 
mole % units derived from tetrafluoroethylene.

6. The vinyl fluoride copolymer of claim 4 wherein said copolymer
5 further comprises 0.1 to 10 mole % units derived from at least one 

monomer selected from highly fluorinated vinyl ethers and perfluoro C1-C8 
alkyl ethylenes.

7. A crosslinkable polymeric composition comprising:
10 said vinyl fluoride copolymer of any one of claims 1 to 6; and

at least one crosslinking agent selected from the group consisting 
of alcohols, phenols, thiols, peroxides, amines, azo compounds, carboxylic 
acids, carboxylic esters, acid anhydrides, sulfonic acids, sulfonic esters, 
phosphoric acids, phosphoric esters, boric acids, boric esters, epoxies,

15 isocyanates, thiocyanates, nitriles, melamines, aldehydes, sulfide 
compounds, silane compounds, metal oxides, halogen compounds and 
organic metal compounds.

8. A crosslinked polymer formed by crosslinking the composition of
20 claim 7.

9. A crosslinkable polymeric composition comprising said vinyl fluoride 
copolymer of any one of claims 1 to 6 having units derived from at least 
two monomers selected from (b) which provide functional groups which

25 are capable of cross-linking with each other.

10. A crosslinked polymer formed by self-crosslinking said vinyl fluoride 
copolymer of claim 9.

30 11. A fluoropolymer blend comprising:
said vinyl fluoride copolymer of any one of claims 1 to 6; and 
at least one fluoropolymer different from said vinyl fluoride 

copolymer of any one of claims 1 to 6.

19
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13 12. An aqueous liquid dispersion comprising said vinyl fluoride 
copolymer of any one of claims 1 to 6 dispersed in an aqueous medium.

13. An organic liquid dispersion or solution comprising said vinyl
5 fluoride copolymer of any one of claims 1 to 6 dispersed or dissolved in an 

organic liquid medium.

14. A coating composition comprising the crosslinkable polymeric 
composition of claim 7 or claim 9 and a liquid medium.

10
15. A shaped article formed from said aqueous liquid dispersion of 
claim 12.

16. A shaped article formed from said organic liquid solution or
15 dispersion of claim 13.

17. A shaped article formed from said coating composition of claim 14.

18. The shaped article of any one of claims 14 to 17 in the form of a
20 film.

19. A shaped article formed by molding said vinyl fluoride copolymer of 
any one of claims 1 to 6.

25 20. The vinyl fluoride copolymer according to any one of claims 1 to 6
substantially as hereinbefore described with reference to the 
accompanying Examples.
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