
EP 0 451 296 B1 Description [TECHNICAL FIELD] 5     The present invention
relates to a fluorine-containing copolymer, a process for its production,
and its use. [BACKGROUND ART] 10    The present inventors previously found
that copolymers of fluoroolefin, cyclohexyl vinyl ether, alkyl vinyl ether
and hydroxyalkyl vinyl ether can be cured by room temperature curing and
bake-curing by means of a curing agent such as melamine or a polyvalent
isocyanate, and provide a weatherable coating film which is rich in gloss
and excellent in solvent resistance as disclosed in US-A-4345057 and
Japanese Unex- amined Patent Publication Nos. 34107/1982 and 136662/1983.
However, as a result of progress of 15 application of the above-mentioned
copolymers as a solvent-based coating, problems were found such that 1)
when they were applied to a high solid coating which have been highly
demanded in recent years, the viscosity was too high and it was difficult
to conduct good coating and 2) the sufficient clarity of the coated surface
could not be obtained. 20  [DISCLOSURE OF INVENTION] The present invention
has been made to solve the above-mentioned problems and provides the
following fluorine-containing copolymer. A fluorine-containing copolymer
comprising polymer units represented by the formulas a), b) and c), 25
respectively in amounts of from 40 to 60 mol%, from 25 to 55 mol% and from
5 to 25 mol%, respectively, and having an intrinsic viscosity of from 0.01
to 0.05 dl/g as measured in an uncured state at [err] in tetrahydrofuran,
the ratio of the weight-average molecular weight and the number-average
molecular weight measured by a gel permeation chromatography being not more
than 2.0: a) ([err] - CFX) X is fluorine, chlorine or a perfluoroalkyl or
perfluoroalkoxy group having 1 to 3 carbon 30    atoms, b) [err] 40
[err] is hydrogen or a methyl group, R2 is an unsubstituted or
fluorine-substituted straight-chain, branched-chain or alicyclic alkyl
group having 1 to 12 carbon atoms, and [err] is 0 or 1, and c) [err] 50
[err] is hydrogen or a methyl group, R4 is an unsubstituted or
fluorine-substituted straight-chain, branched- chain or alicyclic alkyl
group having a hydroxyl group. EP-A-O 212 508 describes a
fluorine-containing copolymer which is useful as a water-based paint
material. Some of the products have a low viscosity. 55     US-A-4640966
and JP-A-62174213 disclose fluoroolefin copolymers having an inherent
viscosity of from 0.05 to 2.0 dl/g. The present invention is also to
provide a process for producing the fluorine-containing copolymer, and a
coating composition, preferably of a top coat for an automobile, which is
composed of a combination of 3 



EP 0 451 296 B1 the fluorine-containing copolymer and a curing agent. The
fluorine-containing copolymer of the present invention is composed of
polymer units represented by the formulas a), b) and c): a) (CF2 - CF)( X
is fluorine, chlorine or a perfluoroalkyl or perfluoroalkoxy group having 1
to 3 carbon 5    atoms, b) [err] 15    [err] is hydrogen or a methyl group,
R2 is an unsubstituted or fluorine-substituted straight-chain,
branched-chain or alicyclic alkyl group having 1 to 12 carbon atoms, and
[err] is 0 or 1, and c) 20 26
[err] R3 is hydrogen or a methyl group, [err] is an unsubstituted or
fluorine-substituted straight-chain, branched- chain or alicyclic alkyl
group having a hydroxyl group. The polymer units can be formed by
copolymerizing the monomers represented by the formulas a'), b') 30 and
c'), respectively: a') CF2 = CFX X is the same as defined above, b') [err]
40    [err] and [err] are the same as defined above, and c') [err] 45 [err]
and [err] are the same as defined above. so     As the monomer represented
by the formula a'), there may be exemplified tetrafluoroethylene,
chlorotrifluoroethylene, hexafluoropropylene, perfluoromethyl vinyl ether,
perfluoroethyl vinyl ether and perfluoropropyl vinyl ether. Preferred
monomers are tetrafluoroethylene and chlorotrifluoroethylene. As the
monomer represented by the formula b'), there may be exemplified an alkyl
vinyl ether such as ethyl vinyl ether, n-butyl vinyl ether,
ethylisopropenyl ether or n-butylisopropenyl ether, a cycloalkyl vinyl
ether such as 55  cyclohexyl vinyl ether, a fluoroalkyl vinyl ether such as
2,2,3,3 tetrafluoropropyl vinyl ether, and a vinyl carboxylate such as
vinyl acetate, isopropenyl acetate, n-vinyl butyrate, n-isopropenyl
butyrate, vinyl valerate, isovinyl valerate, vinyl pivalate or vinyl
laurate. Preferred monomers are the alkyl vinyl ether and cycloalkyl vinyl
ether as mentioned above, and it is more preferable to use the both of them
in combination. 4    



EP 0 451 296 B1 As the monomer represented by the formula c'), there may be
exemplified a hydroxyalkyl vinyl ether such as [err]-hydroxybutyl vinyl
ether or [err]-hydroxyethyl vinyl ether, a hydroxycycloalkyl vinyl ether
such as a monovinyl ether of cyclohexanediol or a monovinyl ether of
cyclohexanedimethanol, and [err]-hydrox- ybutylisopropenyl ether. Preferred
monomer is the hydroxyalkyl vinyl ether as mentioned above. The 5  polymer
units represented by the formulas a), b) and c) each may be a single sort
or a mixture of two or more sorts. The fluorine-containing copolymer of the
present invention comprises the polymer units represented by the formulas
a), b) and c) in amounts of from 40 to 60 mol%, from 25 to 55 mol% and from
5 to 25 mol%, respectively. When the amount of the polymer unit represented
by the formula a) is too small, weather- 10 ability will be poor. In each
cases where the amount of the polymer unit represented by the formula a) is
too small and too large, there are problems from the viewpoint of
production. When the amount of the polymer unit represented by the formula
b) is too large, weatherability will be poor, and when the amount is too
small, the solubility to a solvent will be lower and thus the copolymer
becomes unfavorably inappropri- ate as a base for a solvent-based coating.
It is particularly important that the polymer unit represented by 15 the
formula c) is contained in a proportion within the range mentioned above
from the viewpoint of the improvement of curability without impairing
various useful properties as a base for coating material. That is, when the
content of the polymer unit represented by the formula c) is too high,
since the solubility of the copolymer is changed and the copolymer becomes
insoluble to solvents other than a specific solvent such as an alcohol, not
only the adaptability as a base for the solvent-based coating is limited,
but also the 20 flexibility of the cured coating film is reduced and the
gellation time (pot life) in the presence of a curing agent is reduced,
whereby unfavorably impairing the applicability of a coating to a great
extent. When the above content is too low, various drawbacks are caused
wherein the effect for improvement of curability is lost, the curing time
is increased, and the solvent resistance of the cured coating film and the
stain resistance are reduced, and further the adhesive property to a base
or a primer is impaired. 25    It is important that the copolymer of the
present invention has an intrinsic viscosity of from 0.01 to 0.05 d
[err]/g, preferably from 0.02 to 0.05 d [err]/g, as measured in an uncured
state at 30 * C in tetrahydrofuran. When the viscosity is too low, the
mechanical strength tends to be low and thus the formation of the coating
film becomes substantially difficult. On the other hand, when the viscosity
is too high, in the case where the copolymer is used for a solvent-based
coating, there is a tendency that the concentration of a solution is to 30
be lowered from the viewpoint of the viscosity and thus the applicability
is impaired. In both cases, clarity is also unfavorably lowered. The
fluorine-containing copolymer has a ratio (Mw/Mn) of a weight-average
molecular weight (hereinafter referred to as Mw) and a number-average
molecular weight (hereinafter referred to as Mn) in terms of a polystyrene
measured by a gel permeation chromatography within a range of not more than
2.0. 35 When Mw/Mn is larger than 2.0, the viscosity of the coating
material is elevated and thus the formation of a high density coating
becomes difficult. Further, it causes a drawback that the clarity of the
coating film is lowered. When Mw/Mn is larger than 2.0, it causes a
drawback that the coating film properties, particularly solvent resistance,
will be poor. Such a fluorine-containing copolymer can be produced by
conducting copolymerization by reacting a 40  mixture of monomers in
predetermined proportions with use of a polymerization initiation source
such as a polymerization initiator or an ionizing radiation in the presence
or absence of a polymerization medium. 



Here, the most preferable method is to conduct the polymerization while
supplying the monomers to the polymerization system. In a method wherein
respective monomers are charged at once at an initial stage of the
polymerization, the concentration of the monomers becomes low with the
progress of the polymeriza- 45 tion. By such a tendency, the polymer
produced at the initial stage and the polymer produced at a later stage of
the polymerization are different in molecular weight. Accordingly, the
copolymer tends to have a large Mw/Mn ratio, i.e. a large molecular weight
distribution. Further, when the monomers are charged at once, the
concentration of the monomers becomes low at the later stage of the
reaction, the reaction speed is considerably lowered, and thus this method
is unfavorable from the industrial viewpoint. On the other 50  hand, in a
method wherein the polymerization is conducted while supplying the monomers
to the polymerization system, since the fluctuation of the monomer
concentration is small, it is possible to make the molecular weight
distribution small. Further, in the method wherein the monomers are charged
at once, it is necessary to make the monomer concentration low for
producing a low molecular weight polymer. Namely, it causes a drawback that
the yield of a polymer per one batch becomes small. However, in a 55
method wherein the polymerization is conducted while supplying the
monomers, although the monomer concentration charged at the initial stage
is low, the yield of the polymer per one batch becomes large as compared
with the method of charging at once. In addition, the conversion of the
monomer to the polymer becomes high as compared with the method of charging
at once. That is, the method wherein the 5    EP 0 451 296 B1
polymerization is conducted while supplying the monomers can be said to be
a process for production extremely superior in the polymerization
efficiency. Also, although the method for supplying the monomers may be
both of a continuous method and an intermittent method, a polymer having a
small molecular weight distribution can easily be obtained when the
supplying is conducted as continuously as possible. 5  Particularly, when
the monomers are supplied continuously so that the monomer concentration
become constant, the molecular-weight distribution becomes further small.
As a method for supplying the monomers so that the monomer concentration
become constant, when the monomers contain a gaseous monomer, there are,
for example, a method wherein the gaseous monomer is supplied in such a
manner that the internal pressure of the polymerization system becomes
constant and, at the same time, other monomers 10  are supplied in an
amount corresponding to the supplied amount of the gaseous monomer; and a
method wherein the monomers are supplied while confirming the monomer
concentration in the polymerization system by e.g. a gas chromatography.
Also, the monomers may be supplied in such a manner that the concentrations
of the respective monomers become constant, and the monomers may be
supplied in such a manner that the total concentration of the monomers
become constant. If the monomers are supplied in 15  such a manner that the
concentrations of respective monomers become constant, a homogeneous
polymer can be obtained. If the monomers are supplied in such a manner that
the total concentration of the monomers is made constant and the
concentrations of respective monomers are changed, functional polymers can
be sometimes obtained. Also, in a method wherein the polymerization is
conducted while supplying the monomers, a polymerization initiator may be
supplied with the supplying of the monomers. If 20 the polymerization is
conducted while supplying the polymerization initiator, since the heat of
polymerization 



can be easily controlled, it is possible to obtain the polymer at the same
yield in an extremely short time. The polymerization may be terminated by
either spontaneous termination or forced termination. It is preferable to
select the method of termination appropriately taking into consideration
desired properties and the like, although the molecular-weight distribution
is smaller in the case of the forced termination. As the 25  method for
controlling the molecular weight of the polymer, there are, for example, a
method wherein the control is conducted by adjusting the amount of the
polymerization initiator and/or the concentration of the monomers, and a
method wherein a molecular weight modifier such as a chain transfer agent
is used. The method can be freely selected depending on objects, conditions
and the like. In the above-mentioned method for producing the
fluorine-containing copolymer, as the polymerization 30  initiator,
water-soluble ones or oil-soluble ones can be appropriately used depending
on the polymerization manner or the polymerization medium. More
specifically, as the water-soluble initiator, there may be exemplified an
inorganic initiator, for example, a persulfate such as potassium
persulfate, a hydrogen peroxide, or a redox initiator composed of a
combination of these and a reducing agent, for example, sodium hydrosulfite
or sodium thiosulfate, and also a system wherein a small amount of iron,
ferrous salt, 35  silver nitrate or the like is coexisted with them, etc.;
an organic initiator such as a peroxide of a dibasic acid, for example, a
peroxide of disuccinic acid, a peroxide of diglutaric acid or a peroxide of
monosuccinic acid, and a dihydrochloride of azobisisobutylamidine. As the
oil-soluble initiator, there may be exemplified a peroxyester type peroxide
such as t-butylperoxy isobutyrate or t-butylperoxy acetate; a dialkylperoxy
dicarbonate such as diisopropylperoxy dicarbonate; benzoylperoxide; and
azobisisobutyronitrile. The 40  amount of the polymerization initiator used
can be appropriately changed depending on the type, the reaction conditions
of the polymerization and the like, but is usually from about 0.005 to 5%
by weight, particularly from 0.05 to 0.5% by weight, based on the monomers
to be copolymerized. In conducting the copolymerization, the reaction
system is not particularly limited, and a suspension polymerization, an
emulsion polymerization, a solution polymerization and the like can be
practiced. 45  However, from the viewpoint of the stability of the
operation of the polymerization, the easiness in separation of the produced
copolymer and the like, preferably practiced are the emulsion
polymerization in an aqueous medium; the solution polymerization using as a
solvent an alcohol such as t-butanol, ester, an aromatic compound such as
xylene, or a saturated hydrocarbon halide containing one or more fluorine
atoms, and the like. When the copolymerization is conducted in the aqueous
medium, it is preferable to add so  a basic buffering agent so that the pH
value of the liquid during the polymerization becomes more than 4,
preferably 6. In the case of the solution polymerization, the addition of a
basic substance is also effective. In such a copolymerization, the
copolymerization temperature can be selected from the range of from [err]
depending on the polymerization initiation source, types of the
polymerization medium and the like to select appropriately the optimum
value. However, when the copolymerization is conducted in 55  an aqueous
medium, the temperature to be practiced is from about  [err], preferably
from 10 C to [err]. Also, although the reaction pressure can be
appropriately selected, it is desirable to use the pressure usually within
the range of about from 1 to 100 kg/[err], particularly from 2 to 50
kg/[err]. It is possible to conduct the copolymerization appropriately in
the coexistence of a chain transfer agent to 6    



EP 0 451 296 B1 depress the intrinsic viscosity of the produced copolymer
within the above-mentioned range. The copolymer of the present invention
contains as a hardening site the hydroxyl group based on the polymer unit
represented by the formula c), and can be thermoset by using a curing agent
such as a melamine type curing agent, a urea type curing agent, a polybasic
acid type curing agent, or a block 5  polyvalent isocyanate type curing
agent which are used for conventional thermosetting acryl coating. As the
melamine type curing agent, there may be exemplified a butylated melamine,
a methylated melamine, an epoxy-modified melamine and the like. The
melamine type curing agent can be selected from those having various
modification degrees ranging from 0 to 6 depending on the use thereof, and
the self condensation degree thereof can be appropriately selected. As the
urea type curing agent, there may be exemplified a 10 methylated urea, a
butylated urea and the like. As the polybasic acid type curing agent, there
may be exemplified a long-chain aliphatic dicarboxylic acid, an aromatic
polyvalent carboxylic acid or its anhydride, and the like. As the block
polyvalent isocyanate type curing agent, used is a polyvalent isocyanate
mentioned below whose isocyanate group is masked with a blocking agent.
With the use of the melamine or urea type curing agent, the curing can be
accelerated by adding an acidic catalyst. 15     The copolymer of the
present invention can be cured at an ordinary temperature by using a
polyvalent isocyanate. As the polyvalent isocyanate, particularly useful
are a non-yellowing diisocyanate such as hexamethylene diisocyanate or
isophoronediisocyanate, and its modified product such as a polyol modified
product. When the curing is conducted at an ordinary temperature by using
the polyvalent isocyanate, it is possible to accelerate the curing by an
addition of a conventional catalyst such as dibutyltin dilaurate. 20    In
the production of the composition for the solvent-based coating from the
copolymer of the present invention, various solvents can be used, for
example, an aromatic hydrocarbon such as xylene or toluene, an alcohol such
as n-butanol, an ester such as butyl acetate, a ketone such as methyl
isobutyl ketone, a glycol ether such as ethyl cellosolve, and also various
commercially available thinners. The mixing of such a copolymer and solvent
can be conducted by using various apparatuses such as a 25 ball mill, a
paint shaker, a sand mill, a jet mill, a three-roll mill or a kneader which
are usually used for producing a coating material. At this time, there may
be added a pigment, a dispersion stabilizer, a viscosity modifier, a
repelling agent, a gellation inhibitor, an ultraviolet absorber or the
like. When the copolymer of the present invention is used for producing a
thermosetting composition for coating, namely, baking coating, a curing
agent such as a melamine type curing agent, a urea type curing 30 agent, a
polybasic acid type curing agent, a block polyvalent isocyanate type curing
agent or the like is simultaneously mixed in the mixing step mentioned
above to produce a one-pack type coating. On the other hand, when the
composition is a normal temperature setting type coating which uses a
non-block polyvalent isocyanate, the curing agent component is separately
prepared to provide a two-pack type coating. In this case, the coating can
provide a coating film which has a usable time of about 1 to 10 35 hours,
is cured at room temperature for from several hours to several days, and
has good properties by controlling the type of isocyanate and catalyst and
their amounts to be added, the concentration of the copolymer, the contents
of the unit based on the hydroxyalkyl vinyl ether in the copolymer, and the
like. [BRIEF DESCRIPTION OF DRAWINGS] 40 Fig. 1 is a graph showing the
relationships between the concentrations of solid contents of the coating
materials, which use the fluorine-containing copolymers in Example 1 and
Comparative Example 1, and the 



viscosity of their solutions. 45 [BEST MODE FOR CARRYING OUT THE INVENTION]
EXAMPLE 1 Into a stainless steel autoclave having an internal capacity of
2.5 [err] and equipped with a stirrer (pressure 50 resistance: 30kg/[err]),
651 g of xylene, 184 g of ethanol, 19.1 g of cyclohexyl viny ether
(hereinafter referred to as CHVE), 10.9 g of ethyl vinyl ether (hereinafter
referred to EVE), 23.5 g of [err]-hydroxybutyl vinyl ether (hereinafter
referred to as HBVE) and 11.6 g of potassium carbonate were charged, and
cooling deaeration and pressurizing with a nitrogen gas were repeated to
remove dissolved air. Then, 58.9 g of chlorotrifluoroethylene (hereinafter
referred to as CTFE) was introduced into the autoclave, and the mixture 55
was heated. When the temperature in the autoclave was elevated to [err],
the pressure was 1.0 kg/[err]. After that, 9 ml of a xylene solution of 50%
t-butylperoxypivalate (hereinafter referred to as PBPV) was added to
initiate the reaction. With the reduction of the pressure, 470 g of CTFE,
153 g of CHVE, 87 g of EVE and 188 g of HBVE were continuously added to
continue the reaction while maintaining the pressure. 7    EP 0 451 296 B1
In the progress of the reaction, 23 ml of a xylene solution of 50% PBPV was
continuously added. After 14 hours, the feeding of respective monomers was
stopped and the reaction was continued until 0.5 kg/[err], and then the
autoclave was cooled with water to terminate the reaction. After the
temperature lowered to room temperature, an unreacted monomer was purged
and the autoclave was opened. The polymer thus 5  obtained was isolated by
drying under reduced pressure. The yield of polymer was 991 g, the
concentration of polymer was 49.9% and the degree of reaction of the
monomers was 96.8%. The obtained polymer had an intrinsic viscosity (in
THF, at [err]) [err] of 0.040 dl/g. The weight-average molecular weight and
number-average molecular weight in terms of polystyrene as measured by GPC,
and their ratio were 3500, 6500 and 1.86, respectively. The polymer
composition of 10 the copolymer quantified by identification by use of
[err] spectrum was 51.0/14.9/15.1/19.0 with respect to CTFE/CHVE/EVE/HBVE
(mol%). EXAMPLES 2 to 4 15    Copolymers were produced under the conditions
as shown in Table 1. The values of  [err], Mw, Mn, Mw/Mn and the content of
HBVE of the obtained copolymers are also indicated. 20 25 30 35 40 45 50 55
8  



EP 0 451 296 B1 The conditions of polymerization not indicated in the Table
were the same as in Example 1. Table 1 5                Example 2 Example 3
Example 4 CTFE (g)            29.5       58.9 10                TFE
50.6 CHVE              9.6       19.1       19.1 Charging at         EVE
5.5        7.3.       10.9 15    initial    IBVE HBVE                11.8
29.4       23.5 PBPV (ml)           13.5        9.0        8.0 20
CTFE (g)            179.5       470 TFE
404 Charging   CHVE                 48.7       153         153 25    at
EVE                  27.8        87         87 posterior  IBVE stage HBVE
59.8        188        188 30                PBPV (ml)            45.5
22.0       19.0 Polymerization       0.5        1.0        3.0 pressure
(kg/[err]) 35                Polymerization        11         15         14
time. (hr) Yield of            90.7       94.0       95.5 polymer (%) 40
[err]                 0.019      0.041      0.045 Mw                  2500
6320       6460 Mn                  1810       3360       3400 45 Mw/Mn
1.38       1.88       1.90 HBVE content       19.5       24.4       19.1
(mol%)             19.5       24.4       19.1 IBVE is isobutyl vinyl ether
TFE is tetrafluoroethylene 55    



EP 0 451 296 B1 Table 1 (continued) Example 5 Comp. Ex. 1 Comp. Ex. 2 CTFE
(g)                            198.7        332.4 TFE
50.6 CHVE                    15.3        64.6        108.1 10     Charging
at           EVE                                  36.9         61.8 initial
IBVE                    25.2 HBVE                    11.8        79.3
132.7 PBPV (ml)               10.0         7.0          4.3 CTFE (g) 20
TFE                     404 Charging   CHVE                       153 at
EVE posterior  IBVE                       202 25     stage HEVE
94 PBPV (ml)       .       21.0 30                  Polymerization
3.0      2.6 + 0.4 3.8 + 0.2 pressure (kg/cm G) Polymerization           15
10           6 time (hr) 35                   Yield of polymer
93.0        85.4         87.0 0.038        0.040       0.093 40
Mw                       5640     7380           15400 Mn
3050        3350         5960 Mw/Mn                   1.85        2.20
2.59 45             HEVE content        14.0            19.5 (mol%)
14.8         19.5        19.3 IBVE is isobutyl vinyl ether 50    TFE is
tetrafluoroethylene COMPARATIVE EXAMPLE 1 55 Into a stainless steel
autoclave having an internal capacity of 2.5 l and equipped with a stirrer
(pressure resistance: 30 kg/cm2), 1098 g of xylene, 310 g of ethanol, 64.6
g of cyclohexyl vinyl ether, 36.9 g of ethyl vinyl ether, 79.3 g of
[err]-hydroxylbutyl vinyl ether and 4.3 g of potassium carbonate were
charged, then 10    



EP 0 451 296 B1 dissolved air was removed by repeating the cooling
deaeration and pressurizing with a nitrogen gas. Then, 198.7 g of
chlorotrifluoroethylene was introduced into the autoclave, and heated. When
the temperature in the autoclave was elevated to [err], the pressure was
2.6 kg/[err]. After that, 7 ml of xylene solution of 50%
t-butylperoxypivalate was added thereinto to initiate the reaction. Then,
the reaction was continued 5  under stirring for 10 hours, and when the
pressure was lowered to 0.4 kg/[err], the autoclave was cooled with water
to terminate the reaction. After the temperature was lowered to room
temperature, unreacted monomers were purged, and the autoclave was opened.
The obtained polymer was isolated by drying under reduced pressure. The
composition of the obtained copolymer was 50.4/15.2/14.9/19.5 by molar
ratio with respect to CTFE/CHVE/EVE/HBVE, respectively. Values [err], Mw,
Mn and Mw/Mn of the copolymer are io  shown in Table 1. COMPARATIVE EXAMPLE
2 The reaction of Comparative Example 1 was repeated in the same manner as
in Comparative Example 15 1 except for the polymerization conditions not
indicated in Table 1. Values [err], Mw and Mn of the copolymer are also
indicated in Table 1. TEST EXAMPLES 20     The copolymers of Examples 1 to
5 and Comparative Examples 1 to 2 were used for production of coating
materials and applied by coating under the conditions as indicated in Table
2. Fig. 1 shows the relationships between the concentrations of solid
contents of the coating materials and the viscosity of their solutions at
[err]. Table 3 shows the properties of the coated film. 25 30 35 40 45 50
55    EP 0 451 296 B1 Table 2 Copolymer                   100 parts by
weight Xylene                               54 Recipe    Melamine resin
varnish *1            50 for 10  coating   n-Butanol
20 Solvesso #100 *2                     20 15
An aluminum plate  *4 Substrate                  treated with Allodine *3
20                                        Acrylmelamine black 



Undercoat                  coating The above 25   Coating
composition was condi-                                added with Solvesso
tions                                *5 and diluted so that Ford cup 30
viscosity become 23 Overcoat                   sec./[err] and then applied
by spray coating. 35                                         Baking was
conducted at [err] for 30 minutes. The film thickness 40
was about 30 [err]. *1 Mitsui Toatsu Chemicals, Inc. LIVAN-20SE-60 *2 Esso
Petroleum Co. 45  *3  NIPPON PAINT CO., LTD. *4 Mitsubishi Alumi Co.
5052E34 *5 Esso Petroleum Co. 50 55 12    EP 0 451 296 B1 Table 3 5
Copolymer         Example 1 Example 2 Example 3 Example 4 Clarity
value     90.4      93.0      90.5      87.5 10    of coating film PGD
value *2             0.9       0.9      0.9       0.9 Solvent resistance *3
[err] 20 Crosscut test *4        100/100  100/100  100/100  100/100 25
Pencil hardness *5          H         H         H         F Shock
resistance *6        0         0         0         0 30 35 



40 45 50 55 13    EP 0 451 296 B1 Table 3 (continued) 5           Copolymer
Example 5 Comp. Ex. 1 Comp. Ex. 2 Clarity     ICM value               88.5
81.8       85.0 10    of coating film PGD value      0.9       0.6
0.7 Solvent resistance *3    [err]           [err]           [err] 20
Crosscut test *4        100/100   100/100   100/100 25       Pencil
hardness *5          F         H          F Shock resistance *6        O
X          O 30 35 40 45 50 55 14    EP 0 451 296 B1 *1 Clarity measuring
apparatus ICM-ID model produced by Suga Shikenki K.K. *2  Clarity and gloss
measuring apparatus PGD IV model produced by Nihon Shikisai Kenkyusho *1
and *2 are both methods for measuring the appearance 10 of the coating film
objectively. In both cases, the larger the value is, the superior the
clarity of the 15   image is. *3 After the xylol rubbing test (100 times)
was 



conducted, the appearance of the coating film was observed visually. [err]:
no change, [err]: substantially no change, 25        A: a little swelled *4
100 crosscuts were made in accordance with JIS-K-5400 30        6.15.  A
cellophane adhesive tape was adhered with pressure on the crosscuts. Then,
the cellophane tape was detached therefrom and the number of the 35
remaining crosscuts was counted to determine the adhesiveness. 40    *5
Conducted in accordance with JIS-K-5400 6.14 (pencil scratch test) *6
Conducted in accordance with Du Pont impact test 45         (1/2"[err], 500
g, 40 cm). O: good, X: formation of crack or peeling off 50 [INDUSTRIAL
APPLICABILITY] The copolymer of the present invention is excellent in
surface hardness and gloss when used as a base for coating, and can provide
under mild conditions a coating film which has visibility and is excellent
in 55 solvent resistance, stain resistance and weatherability. The
copolymer is useful as not only a baking coating which is applied to a
color steel plate, a color aluminum plate, an aluminum sash and the like,
but also dry- type coating which can be practiced in working place. The
material of the substrate is not limited to a metal, and the copolymer is
extremely useful as a coating for an inorganic material such as glass,
cement or    EP 0 451 296 B1 concrete, and an organic material such as a
plastic, for example, FRP, polyethylene, polypropylene, ethylene-vinyl
acetate copolymer, nylon, acryl, polyester, ethylene-polyvinyl alcohol
copolymer, vinyl chloride or vinylidene chloride, or lumbers. The copolymer
of the present invention is particularly useful as a raw material for a
high solid coating which is attributable to prevent environmental pollution
and as a raw 5  material of a coating for vehicles which has a high
clarity. Claims 1. A fluorine-containing copolymer comprising polymer units
represented by the formulas a), b) and c), 10     respectively in amounts
of from 40 to 60 mol%, from 25 to 55 mol% and from 5 to 25 mol%,
respectively: a) (CF2 - CFX) X is fluorine, chlorine or a perfluoroalkyl or
perfluoroalkoxy group having 1 to 3 carbon atoms, b) 15 [err] 20 



[err] is hydrogen or a methyl Group, [err] is an unsubstituted or
fluorine-substituted straight-chain, branched-chain or alicyclic alkyl
group having 1 to 12 carbon atoms, and l is 0 or 1, and 25       C) [err]
30 [err] is hydrogen or a methyl group, R4 is a hydroxyl group-containing
unsubstituted or fluorine- substituted straight-chain, branched-chain or
alicyclic alkyl group, 35     characterized by having an intrinsic
viscosity of from 0.01 to 0.05 dl/g as measured in an uncured state at
[err] in tetrahydrofuran, the ratio of the weight-average molecular weight
and number-average molecular weight measured by a gel permeation
chromatography being not more than 2.0. 2. The fluorine-containing
copolymer according to Claim 1, wherein the polymer unit represented by the
40     formula a) is a unit derived from at least one monomer selected from
tetrafluoroethylene and chlorotrifluoroethylene, the polymer unit
represented by the formula b) is a unit derived from at least one monomer
selected from alkyl vinyl ether, cycloalkyl vinyl ether and vinyl
carboxylate, and the polymer unit represented by the formula c) is a unit
derived from at least one monomer selected from hydroxyalkyl vinyl ether
and hydroxycycloalkyl vinyl ether. 45 3. The fluorine-containing copolymer
according to Claim 2, wherein the copolymer comprises, as the polymer unit
represented by the formula b), at least one unit derived from alkyl vinyl
ether and at least one unit derived from cycloalkyl vinyl ether. 50  4. A
process for producing a fluorine-containing copolymer as defined in claim 1
which comprises polymerizing monomers represented by the formulas a'), b')
and c') respectively in the presence of a polymerization initiator, wherein
the polymerization is conducted while supplying the monomers to a
polymerization system: a') CF2 = CFX X is fluorine, chlorine or a
perfluoroalkyl or perfluoroalkoxy group having 1 to 3 55       carbon
atoms, 16    concrete, and an organic material such as a plastic, for
example, FRP, polyethylene, polypropylene, ethylene-vinyl acetate
copolymer, nylon, acryl, polyester, ethylene-polyvinyl alcohol copolymer,
vinyl chloride or vinylidene chloride, or lumbers. The copolymer of the
present invention is particularly useful as a raw material for a high solid
coating which is attributable to prevent environmental pollution and as a
raw 5  material of a coating for vehicles which has a high clarity. Claims
1. A fluorine-containing copolymer comprising polymer units represented by
the formulas a), b) and c), 10     respectively in amounts of from 40 to 60
mol%, from 25 to 55 mol% and from 5 to 25 mol%, respectively: a) (CF2 -
CFX) X is fluorine, chlorine or a perfluoroalkyl or perfluoroalkoxy group
having 1 to 3 carbon atoms, 



b) 15 [err] 20 [err] is hydrogen or a methyl Group, [err] is an
unsubstituted or fluorine-substituted straight-chain, branched-chain or
alicyclic alkyl group having 1 to 12 carbon atoms, and I is 0 or 1, and 25
c) [err] 30 R3 is hydrogen or a methyl group, [err] is a hydroxyl
group-containing unsubstituted or fluorine- substituted straight-chain,
branched-chain or alicyclic alkyl group, 35     characterized by having an
intrinsic viscosity of from 0.01 to 0.05 dl/g as measured in an uncured
state at [err] in tetrahydrofuran, the ratio of the weight-average
molecular weight and number-average molecular weight measured by a gel
permeation chromatography being not more than 2.0. 2. The
fluorine-containing copolymer according to Claim 1, wherein the polymer
unit represented by the 40     formula a) is a unit derived from at least
one monomer selected from tetrafluoroethylene and chlorotrifluoroethylene,
the polymer unit represented by the formula b) is a unit derived from at
least one monomer selected from alkyl vinyl ether, cycloalkyl vinyl ether
and vinyl carboxylate, and the polymer unit represented by the formula c)
is a unit derived from at least one monomer selected from hydroxyalkyl
vinyl ether and hydroxycycloalkyl vinyl ether. 45 3. The
fluorine-containing copolymer according to Claim 2, wherein the copolymer
comprises, as the polymer unit represented by the formula b), at least one
unit derived from alkyl vinyl ether and at least one unit derived from
cycloalkyl vinyl ether. 50  4. A process for producing a
fluorine-containing copolymer as defined in claim 1 which comprises
polymerizing monomers represented by the formulas a'), b') and c')
respectively in the presence of a polymerization initiator, wherein the
polymerization is conducted while supplying the monomers to a
polymerization system: a') CF2 = CFX X is fluorine, chlorine or a
perfluoroalkyl or perfluoroalkoxy group having 1 to 3 55       carbon
atoms, 16    EP 0 451 296 B1 b') [err] 5 [err] is hydrogen or a methyl
group, 10        [err] is an unsubstituted or fluorine-substituted
straight-chain, branched-chain or alicyclic alkyl group having 1 to 12
carbon atoms, and l is 0 or 1, and 



c') 15                                          [err] 20       R3 is
hydrogen or a methyl group, [err] is a hydroxyl group-containing
unsubstituted or fluorine- substituted straight-chain, branched-chain or
alicyclic alkyl group. 5. The process according to Claim 4, wherein the
polymerization is conducted while supplying a polymerization initiator to
the polymerization system. 25 6. The process according to Claim 4, wherein
the monomer represented by the formula a') is at least one monomer selected
from tetrafluoroethylene and chlorotrifluoroethylene, the monomer
represented by the formula b') is at least one monomer selected from alkyl
vinyl ether, cycloalkyl vinyl ether and vinyl carboxylate, and the monomer
represented by the formula c') is at least one monomer selected from 30
hydroxyalkyl vinyl ether and hydroxycycloalkyl vinyl ether. 7. The process
according to Claim 6, wherein at least one alkyl vinyl ether and at least
one cycloalkyl vinyl ether are used as the monomer represented by the
formula b'). 35  8. A coating composition which comprises the
fluorine-containing copolymer of Claim 1 and a curing agent. 9. The coating
composition according to Claim 8, wherein the curing agent is at least one
selected from a melamine type curing agent, a urea type curing agent, a
polybasic acid type curing agent, the blocked 40     polyvalent isocyanate
type curing agent and a polyvalent isocyanate type curing agent. 10. A
composition of a top coat for an automobile which comprises the
fluorine-containing copolymer of Claim 1 and a curing agent. 45
PatentansprUche 1. Fluorenthaltendes Copolymer, umfassend Polymereinheiten,
wiedergegeben durch die Formeln a), b) und c), in Mengen von 40 bis 60
Mol-%, 25 bis 55 Mol-% bzw. 5 bis 25 Mol-%: a) (CF2 - CFX) 50           X
ist Fluor, Chlor oder elne Perfluoralkyl- odor Perfluoralkoxygruppe mit 1
bis 3 Kohlenstoffato- men, b) 65                                       (CH2
- CR1) 0 (C=0) 1R2 17    EP 0 451 296 B1 RI ist Wasserstoff odor eine
Methylgruppe, R2 ist eine nichtsubstituierte oder fluorsubstituierte,
geradkettige, verzweigtkeftfge oder alicyclische Alkylgruppe mit 1 bis 12
Kohlenstoffatomen und I ist 0 oder 1 und C) 5 (CH2 - CR3) oR4 



10 R3 ist Wasserstoff oder eine Methylgruppe, R4 ist eine
hydroxylgruppenenthaltende, nichtsubstituier- to odor fluorsubstituierte,
geradkottige, verzweigtkettige oder alicyclische Alkylgruppe,
gekennzeichnet durch eine intrinsische Viskositat von 0,01 bis 0,05 dVg,
gemessen in ungeharte- ?5    tem Zustand bei 30- C in Tetrahydrofuran,
wobei das Verhfltnis des gewichtsmittleren Molekularge- wichts und des
zahlenmittleren Molekulargewichts, gemessen durch
Gelpermeationschromatographie, nicht mehr als 2,0 ist. 2. Fluorenthaltendes
Copolymer nach Anspruch 1, wobei die Polymereinheit, wiedergegeben durch
die 20     Formel a), eine Einheit ist, abgeleitet von mindestens einem
Monomer, ausgewdhIt aus Tetrafluoreth- ylen und Chlortrifluorethylen, die
Polymereinheit, wiedergageben durch die Formel b), elne Einheit ist,
abgeleitet von mindestens elnem Monomer, ausgewahlt aus Alkylvinylether,
Cycloalkylvinylether und Vinylcarboxylat und die Polymereinheit,
wiedergegeben durch die Formel c), eine Einheit ist, abgeleitet von
mindestens einem Monomer, ausgew~hlt aus Hydroxyalkylvinylether und
Hydroxycycloalkylvinyle- 25     ther. 3. Fluorenthaltendes Copolymer nach
Anspruch 2, wobel das Copolymer als Polymereinheit, wiedergege- ben durch
die Formel b), mindestens eine Einheit, abgeleitet von Alkylvinylether und
mindestens eine Einheit, abgeleitet von Cycloalkylvinylether, umfalt. 30 4.
Vertahren zur Herstellung eines fluorenthaltenden Copolymers nach Anspruch
1, umfassend Polymeri- sation von Monomeren, wiedergegeben durch die
Formeln a'), b') bzw. c'), in Gegenwart eines Polymerisationsstarters,
wobel die Polymerisation ausgefUhrt wird wahrend die Monomere zu einem
Polymerisationssystem gegeben werden: 35       a') CF2 = CFX, X ist Fluor,
Chlor oder eine Perfluoralkyl- odor Perfluoralkoxygruppe mit 1 bis 3
Kohlenstoffato- men, b') 40 CH2 = CR1) O (C=O) 1R2 45 RI ist Wasserstoff
oder eine Methylgruppe, R2 ist eine nichtsubstituierte oder
fluorsubstituierte, geradkettige, verzweigtkeftige oder alicyclische
Alkylgruppe mit 1 bis 12 Kohlenstoffatomen und I ist 0 oder 1 und so
c') CH2 = CR3 OR4 86 R3 ist Wasserstoff oder eine Methylgruppe, R4 ist eine
hydroxylgruppenenthaltende, unsubstituierte oder fluorsubstituierte,
geradkettige, verzweigtkeffige oder alicyclische Alkylgruppe. 18   



EP 0 451 296 B1 5. VerFahren nach Anspruch 4, wobei die Polymerisation
ausgefUhrt wird w8hrend der Polymerisationsstar- ter dem
Polymerisationssystem zugefUhrt wird. 6. Verfahren nach Anspruch 4, wobel
das durch Formel a') wiedergegebene Monomer mindestens ein 6      Monomer
ist, ausgewAhlt aus Tetrafluorethylen und Chlortrifluorethylen, das durch
Formel b') wiederge- gebene Monomer mindestens ein Monomer ist, ausgewAhlt
aus Alkylvinylether, Cycloalkylvinylether und Vinylcarboxylat und das durch
Formel c') wiedergegebene Monomer mindestens ein Monomer ist, ausgewghlt
aus Hydroxyalkylvinylether und Hydroxycycloalkylvinylether. 1O  7.
Verfahren nach Anspruch 6, wobei mindestens ein Alkylvinylether und
mindestens ein Cycloalkylvinyle- ther als Monomer, wiedergegeben durch die
Formel b'), verwendet werden. 8. Beschichtungsmasse, umfassend das
fluorenthaltende Copolymer nach Anspruch 1 und elnen Harter. 15  9.
Beschichtungsmasse nach Anspruch 8, wobel der Harter mindestens ausgewAhIt
ist aus einem Harter vom Melamintyp, elnem Hurter vom Harnstofftyp, einem
Harter vom mehrbasigen Sauretyp, einem Harter vom blockierten, mehrwertigen
Isocyanattyp und einem Hirter vom mehrwertigen Isocyanattyp. 10. Masse als
Decklack ftr Kraftfahrzeuge, umfassend das fluorenthaltende Copolymer nach
Anspruch 1 20     und einen Harter. Revendlcations 1. Copolymere contenant
du fluor, comportant des unites de polymbre reprdsentdes par les formules
a), 25     b) et c), en quantites respectives de 40 & 60 % en moles, de 25
a 55 % en moles et de 5 a 25 % en moles: a) (CF2 - CFX) X representant le
fluor, le chlore ou un groupe perfluoroalkyle ou perfluoroalkoxy presentant
de 1 a 3 atomes de carbone, b) 30 ( 2CU   - CR1) 36
O(C-O)gR2 RI repr6sentant l'hydrogene ou un groupe methyle, R2 reprdsentant
un groupe alkyle alicyclique, & chaIne lineaire ou A chathe ramifiee, non
subsftue ou substitue par le fluor, presentant de 1 A 12 40       atomes de
carbone, et I vaut 0 ou 1, et c) (CH2 - CR3) 45 ORw so       R3
reprdsentant l'hydrogene ou un groupe methyle, R" repr~sentant un groupe
alkyle alicyclique, A chaihe lin~aire ou A chalhe ramifi6e, non substitu6
ou substitue par de fluor, contenant un groupe hydroxyle, caracterise en co
qu'il prdsente une viscosit6 intrinseque de 0,01 a 0,05 dt/g, mesuree dans
un 6tat non durci & 30*C dans de t6trahydrofurane, de rapport entre le
poids moleculaire moyen on poids et 55     de poids moleculaire moyen en
nombre mesures par chromatographie par permeation de gel n'etant pas
suprieur & 2,0. 19 



EP 0 451 296 B1 2. Copolymbre contenant du fluor salon la revendication 1,
dans loquol d'unite de polymbre representee par la formulo a) est une unite
d~rivde d'au moins un monombre choisi parmi la tdtrafluoro6thylbne et de
chlorotrifluorodthylene, l'unitd de polymbre representee par la formulo b)
est une unite d6rivee d'au moins un monombre choisi parmi un 4ther d'alkyle
et de vinyle, un ether de cycloalkyle et de vinyle et 5      un carboxylate
de vinyle, et l'unite de polymbre representde par la formulo c) est une
unite d6riveo d'au moins un monomere choisi parmi l '6ther d'hydroxyalkyle
et de vinyle et l'4ther d'hydroxycycloal- kyle et de vinyle. 3  Copolymbre
contonant du fluor solon la revendication 2, dans lequel de copolymbre
comporte comme 10     unit4 de polymbre repr6senteo par la formulo b) au
moins une unit6 d6riv6e d'un 4ther d'alkyle et de vinyle et au moins une
unite derivee d'un ether de cycloalkyle et de vinyle. 4. Procdd6 de
fabrication d'un copolymbre contenant du fluor solon la revendication 1,
qui comprend la polym6risation de monombres reprdsentds par les formulos
a'), b') et c'), respectivement, en prdsence J5     d'un initiateur de
polymerisation, dans loquel la polymerisation est conduite tout en
apportant les monombres & un systbme de polym6risation: a') CF2 = CFX X
representant le fluor, le chlore ou un groupe perfluoroalkyle ou
perfluoroalkoxy prosentant de 1 & 3 atomes de carbone, b') ti 20 CH2. - CR1
25                                              O(CO) eR2 R1 representant
l'hydrogbne ou un groupe m~thyle, R2 representant un groupe alkyle
alicyclique, & chaihe lilneaire ou a chalne ramifieo, non substitue ou
substitue par le fluor, prdsentant de 1 A 12 30       atomes de carbone, et
I vaut 0 ou 1, ot c') CH2 = CR3 35 OR4 40       R3 repr6sentant l'hydrogbne
ou un groupe m6thyle, R4 reprdsentant un groupe alkyle alicyclique, &
chatne lineaire ou & chatne ramifi6e, non substitu4 ou substitu6 par le
fluor, et contenant un groupe hydroxyle. 5. Procede solon la revendication
4, dans lequol la polymerisation est conduite tout en apportant un 45
initiateur de polymerisation au systhme de polymerisation. 6. Proced4 solon
la revendication 4, dans lequel le monomere represent6 par la formulo a')
est au moins un monombre choisi parmi le t6trafluoroethylbne et le
chlorotrifluoro6thylbne, le monombre repr6sente par la formulo b') etant au
moins un monombre choisi parmi un dther d'alkyle et de vinyle, un dther de
so     cycloalkyle et de vinyle et un carboxylate de vinyle, et le monomere
repr~sent4 par la formulo c') est au moins un monombre choisi parmi un
6ther d'hydroxyalkyle et de vinyle et un 4ther d'hydroxycy- cloalkyle et de
vinyle. 



7. Proced6 solon la revendication 6, dans lequel au moins un ether d'alkyle
ot de vinyle et au moins un 56     ether de cycloalkyle et de vinyle sont
utilisds comme monomere reprdsente par la formulo b'). & Composition de
revOtement qui comprend le copolymbre contenant du fluor solon la
revendication 1, et un agent de durcissement. 20    EP 0 451 296 51
L 9. Composition de rev~tement selon la revendcication 8, dans laquelle
l'agent de durcissement est au moins un agent de durcissement choisi parmi
un agent de durcissement du type melamine, un agent de durcissement du type
urde, un agent de durcissement du type polyacide, I'agent de durcissement
du type isocyanate polyvalent bloqud et un agent de durcissement du type
isocyanate polyvalent. 5 10. Composition d'une couche sup~rieure do
rev~tement pour une voiture automobile, qul comprend le copolymbre
contenant du fluor selon la revendication 1 et un agent de durcissement. 10
15 K>   20 25 30 35 40 45 50 55 21    


