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Description

[0001] The present invention relates to thermoplastic perhalogenated polymers having a combination of improved
mechanical properties.
[0002] Specifically the present invention relates to chlorotrifluoroethylene (CTFE) thermoplastic polymers modified
with perfluoroalkylvinylethers, having a combination of improved mechanical properties, specifically at room temper-
ature an improved combination of stress at break and strain at break without substantially affecting the yield stress, in
comparison with the CTFE (PCTFE) homopolymer.
[0003] The polymers of the invention are to be used for obtaining manufactured articles such as pipes, sheets, films
having the above mentioned characteristics.
[0004] It is known in the prior art that PCTFE is a fluorinated resin having excellent chemical resistance with good
impermeability properties to gases and vapours, more specifically to oxygen, nitrogen and water vapour, but mechanical
properties typical of a brittle material, i.e. high values of elastic modulus and yield stress combined with low values of
stress and strain at break. As known the PCTFE polymers having a high viscosity, i.e., low Melt Flow Index (MFI) and
high molecular weight show better mechanical properties than those having a low viscosity, i.e., high Melt Flow Index
and low molecular weight. However the use of PCTFE having a very high viscosity is extremely difficult or unfeasible
in the fluorinated thermoplastic processing for obtaining manufactured articles, such as pipes, sheets and films. Es-
pecially in the film processing, where the PCTFE for its characteristics is widely used in multilayer systems in food and
pharmaceutical packaging products.
[0005] USP 5,145,925 describes a CTFE copolymer with a perfluoroalkylvinylether in an amount between 0.01 and
1% by moles; the preferred comonomer is perfluoropropylvinylether (FPVE). The all exemplified FPVE/CTFE copoly-
mers, those with low (0.05% by moles) and high content (1.1% by moles) of modifying agent, show stresses at break
lower than those of the homopolymer. In addition, the described copolymers containing less than 1% by moles of FPVE
show elongations at break lower than 100%. The said elongation improves with the FPVE increase and the yield stress
diminishes. Therefore a global improvement of the mechanical properties of the exemplified polymer in comparison
with the CTFE homopolymer is not described.
[0006] The need was therefore felt to have available a thermoplastic perhalogenated PCTFE having besides the
intrinsic homopolymer characteristics (chemical resistance and impermeability) a combination of mechanical properties
of improved stresses and elongations at break and without substantially decreasing the yield stress in comparison with
those of the homopolymer.
[0007] The Applicant has unexpectedly and surprisingly found that by the use of specific comonomers as hereinunder
specified it is possible to obtain CTFE thermoplastic copolymers having an optimal combination of mechanical prop-
erties and characterized by a higher stress at break than those of the homopolymer and of the copolymers described
in the prior art at a given MFI and modifier content.
[0008] An object of the present invention are therefore chlorotrifluoroethylene (CTFE) thermoplastic perhalogenated
polymers, formed by the following polymer components:

(I) 10-90% by weight of a CTFE homopolymer
and
(II) 90-10% by weight of a copolymer of CTFE with comonomer (a) selected from one or more perfluoroalkyl vi-
nylethers having the formula:

wherein:

Rf is a C2-C5 perfluoroalkyl group,

resulting in the final polymer (I) + (II), the amount of (a) being from 0,2 to 5% by moles and the CTFE the remaining
part to 100% by moles.
[0009] Among the polymers of the invention, those having a RMFI lower than 0.3 or higher than 3, preferably lower
than 0.2 or higher than 5, more preferably lower than 0.05 or higher than 20, are preferred.
[0010] With RMFI it is meant the Melt Flow Index ratio (MFI, measured at 265°C and 10 kg of load according to the
ASTM D 1238-88 method) of the polymer component (I) and of the final polymer (sum of the polymer components I
and II).
[0011] The polymers of the invention having a RMFI lower than 0.3, preferably lower than 0.2, more preferably lower
than 0.05 characterized in that the polymer component (II) contains more than 1% by moles of the perfluoroalkylvi-

Rf-O-CF=CF2
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nylether of comonomer (a), are more preferred.
[0012] Among the perfluoroalkylvinylethers of formula (a) the perfluoroethylvinylether and the perfluoropropylvi-
nylether (PPVE) are preferred.
[0013] The polymers object of the invention are CTFE thermoplastic polymers having a MFI higher than 0.1 g/10',
preferably higher than 0.5 g/10', more preferably higher than 2 g/10'.
[0014] The polymer component (I) of the polymer of the invention preferably ranges from 30 to 70%, more preferably
from 40 to 60% by weight.
[0015] The polymers of the invention can be obtained by blending powder or latex of components (I) and (II).
[0016] The polymers (components I and II) can be prepared by (co)polymerization of the corresponding monomers,
in suspension in organic medium or in water or in aqueous emulsion in the presence of a radical initiator, at a temper-
ature generally in the range -20°C-150°C, preferably 0°C-100°C, more preferably 10°C-70°C. The reaction pressure
is generally in the range 1.5-80 bar, preferably 3-37 bar, still more preferably 4-26 bar.
[0017] As initiator any compound able to generate active radicals at the selected (co)polymerization temperature
can be used. The various radical initiators can be selected from:

(i) bis-acylperoxides of formula (Rf-CO-O)2 wherein Rf is a C1-C10 (per)haloalkyl (see for example EP 185,242
and USP 4,513,129), or a perfluoropolyoxyalkylene group (see for example EP 186,215 and USP 5,021,516);
among them, bis-trichloroacetylperoxide and bis-dichlorofluoroacetylperoxide (see USP 5,569,728), are particu-
larly preferred;
(ii) inorganic peroxides soluble in water, such as monovalent cation persulphates or perphosphates; sodium and
potassium persulphates are particularly preferred;
(iii) organic or inorganic redox systems, such as potassium persulphate/sodium sulphite, terbutylhydroperoxide/
methabisulphite (see USP 5,453,477).

[0018] In the case of the suspension (co)polymerization, the reaction medium is formed of an organic phase, to which
water is sometimes added in order to favour the heat dispersion which develops during the reaction. The organic phase
can be formed of the monomers themselves, without addition of solvents, or of the monomers dissolved in a suitable
organic solvent. As organic solvents chlorofluorocarbons, such as CCl2F2 (CFC-12), CCl3F (CFC-11), CCl2FCClF2
(CFC-113), CClF2CClF2 (CFC-114), etc. are conventionally used. Since such products have a destroying effect on the
ozone present in the stratosphere, alternative products, such as the compounds containing only carbon, fluorine, hy-
drogen, and optionally oxygen, described in USP 5,182,342, have been proposed. In particular fluoropolyethers with
at least one hydrogenated end group, preferably two, of the -CF2H, -CF2CF2H, -CF(CF3)H type, can be used.
[0019] The usable amount of the radical initiator is the standard one for the (co)polymerization of fluorinated olefinic
monomers, and is generally in the range 0.003%-10% by weight with respect to the total amount of (co)polymerized
monomers.
[0020] In the case of the emulsion (co)polymerization, the reaction is carried out in the presence of a suitable sur-
factant, see for example those described in USP 4,360,652 and USP 4,025,709, so as to give to a stable emulsion.
They are generally fluorinated surfactants, selected from the compounds of general formula:

wherein Rf' is a C5-C14 (per)fluoroalkyl chain or a (per)fluoropolyoxyalkylene chain, X- is -COO- or -SO3
-, M+ is selected

from: H+ and one alkaline metal ion. Among those commonly used we remember: sodium perfluoro-octanoate; (per)
fluoropolyoxyalkylenes ended with one or more carboxylic groups; sulphonic acid salts of formula Rf''-C2H4SO3H,
wherein Rf'' is a C4-C10 perfluoroalkyl (see USP 4,025,709); etc.
[0021] Preferred surfactants are those, wherein M+ is selected between Na+ and K+, preferably K+, which, when
combined with inorganic initiators of Na+ and K+, preferably K+, give non-discolored polymers.
[0022] The preferred methods to control the molecular weights of the polymers, components (I) and (II), are:

I') Control the concentration of the free radicals in the reaction medium; an increase of the free radical concentration
during the polymerization determines a viscosity decrease (MFI increase) and viceversa;
II') Control the polymerization temperature; a temperature increase determines a viscosity decrease (MFI increase)
and viceversa;

or their combination.
[0023] To obtain a high molecular weight (low MFI), a low synthesis temperature (10°C-30°C) combined with a low
concentration of free radicals coming from the initiator, is preferred; viceversa to obtain a low molecular weight (high

Rf'-X
-M+
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MFI), an high synthesis temperature (60°C-80°C) combined with an high concentration of free radicals coming from
the initiator, is preferred.
[0024] When chain transfer agents for obtaining low molecular weights are used, these can preferably be halogenated
hydrocarbons, for example chloroform or HCFC 123 and ethane or methane. The transfer agent amount can range
within rather wide limits, depending on the reaction temperature and the molecular weight target. Generally, such
amount ranges from 0.001 to 5% by weight, preferably from 0.05 to 1% by weight, with respect to the total amount of
monomers introduced to the reactor.
[0025] The process object of the present invention can be advantageously carried out in the presence of perfluor-
opolyoxyalkylene dispersions, emulsions or microemulsions, according to USP 4,789,717 and USP 4,864,006, or also
of fluoropolyoxyalkylene microemulsions having hydrogenated end groups and/or hydrogenated repeating units, ac-
cording to USP 5,498,680.
[0026] The polymerization can also be carried out by using a radical photoinitiator in the presence of visible ultraviolet
radiation, either in suspension in organic medium or in water or in emulsion/microemulsion, according to what described
in European patents EP 650,982 and EP 697,766 in the name of the Applicant, herein incorporated by reference.
[0027] From an operating point of view, thermally stable photoinitiators at the polymerization temperature and also
at room temperature are preferred, and among them, perhalogenated organic peroxides or inorganic such as potassium
persulphate or sodium persulphate are particularly preferred.
[0028] The preferred process according to the present invention is carried out in (per)fluoropolyoxyalkylene micro-
meulsion, wherein the surfactant is a Na+ or K+ salt, preferably K+, and in the presence of an inorganic Na+ or K+

initiator, preferably potassium persulphate.
[0029] The preferred preparation process of the polymers of the invention is the polymerization of component (I) or
component (II) in presence of component (II) or component (I) respectively, as above defined both components (I) and
(II). The most preferred preparation process of the polymers of the invention is the synthesis of component (II) in
presence of component (I), as above defined.
[0030] As already said, the polymers of the present invention are used for preparing manufactured articles, specifi-
cally pipes, sheets and films.
[0031] The second melting temperature (T2f) and the crystallization temperature (Txx) are determined by differential
scanning calorimetry (DSC).
[0032] The monomer composition has been determined by 19-F-NMR.
[0033] The mechanical properties, obtained according to ASTM D 1708, using compression-molded specimen, are
reported in Table 1.
[0034] The discoloration is determined through the observation of the strands obtained after 20, 40 and 60 minutes
of residence time of the polymer in the MFI machine at 265°C. Discoloration means the coloration of the extruded
polymer. The product not showing discoloration is colourless or white. Polymers showing discoloration are generally
yellowish or brown. The skilled in the art is able to determine if the polymer shows or not discoloration, also using
methods measuring the colour index such as for example the white or yellow index.
[0035] The following examples are given for illustrative purposes and are not limitative of the present invention.

EXAMPLE 1

[0036] On a 2 l AISI 316 autoclave side wall, equipped with stirrer working at 400 rpm, a quartz window has been
inserted, in correspondence of which a Hanau® TQ-150 type UV lamp has been placed. It is a high pressure mercury
lamp which emits radiation in the range 240-600 nm, with a 13.2 W power for the radiation in the 240-330 nm range.
[0037] The autoclave has been evacuated and therein were introduced in sequence:

- 1200 g of demineralized H2O;
- 14 g of a microemulsion formed of: 20% by weight of Galden® D02, having the formula:

having m/n = 20 and average molecular weight of 450; 40% by weight of a surfactant having the formula:

having m1/n1 = 82.7 and average molecular weight of 527; the remaining part being formed by H2O;
- 3.0 g of potassium persulphate dissolved in 200 g of demineralized H2O.

CF3O-(CF2CF(CF3)O)m(CF2O)n-CF3

(C3ClF6O)-(CF2CF(CF3)O)m1-(CF2O)n1-CF2COO-K+
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[0038] For the synthesis of the homopolymer component (I) 200 g of CTFE were then introduced in the autoclave
between 1°C and 5°C. Then the autoclave was heated to the reaction temperature of 20°C. The UV lamp was then
switched on. After 285 minutes the pressure of 4 absolute bar was reached and the lamp was switched off. Then for
the synthesis of the copolymer component (II), additional 200 g of CTFE and 33 g of perfluoropropylvinylether were
fed. The autoclave was heated to a temperature of 50°C.
[0039] After 795 minutes on the whole a 4 absolute bar pressure was reached. The unreacted monomers were
removed and the latex discharged from the autoclave at room temperature, having a concentration of 273 g/l of water,
was cryogenically coagulated, then the polymer was separated, washed with water and dried at 150°C for about 16
hours.
[0040] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

MFI determination of the homopolymer component (I)

[0041] The synthesis of the homopolymer component (I) was repeated. After 300 minutes a pressure of 4 absolute
bar was reached and the lamp was switched off. The unreacted monomers were removed and the latex discharged
from the autoclave at room temperature, having a concentration of 126 g/l of water, was cryogenically coagulated, then
the polymer was separated, and dried at 150°C for about 16 hours. The obtained MFI is 0.0 g/10'.
No discoloration of the obtained strands after 60 minutes of residence time in the MFI machine at 265°C, was observed.

EXAMPLE 2

[0042] On a 2 l AISI 316 autoclave side wall, equipped with stirrer working at 400 rpm, a quartz window has been
inserted, in correspondence of which a Hanau® TQ-150 type UV lamp has been placed. It is a high pressure mercury
lamp which emits radiation in the range 240-600 nm, with a 13.2 W power for the radiation in the 240-330 nm range.
[0043] The autoclave has been evacuated and therein were introduced in sequence:

- 1200 g of demineralized H2O;
- 14 g of a microemulsion formed of: 20% by weight of Galden® D02, having the formula:

having m/n = 20 and average molecular weight of 450; 40% by weight of a surfactant having the formula:

having m1/n1 = 82.7 and average molecular weight of 527; the remaining part being formed by H2O;
- 3.0 g of potassium persulphate dissolved in 200 g of demineralized H2O.

[0044] For the synthesis of the homopolymer component (I) 200 g of CTFE were then introduced in the autoclave
between 1°C and 5°C. Then the autoclave was heated to the reaction temperature of 50°C. After 205 minutes the
pressure of 7 absolute bar was reached. The autoclave was then brought to the reaction temperature of 20°C. Then
for the synthesis of the copolymer component (II) additional 200 g of CTFE and 27 g of perfluoropropylvinylether were
fed. The UV lamp was then switched on.
[0045] After 1,020 minutes on the whole a pressure of 4 absolute bar was reached. The lamp was switched off and
the unreacted monomers were removed and the latex discharged from the autoclave at room temperature, having a
concentration of 236 g/l of water, was cryogenically coagulated, then the polymer was separated, washed with water
and dried at 150°C for about 16 hours.
[0046] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

MFI determination of the homopolymer component (I)

[0047] The synthesis of the homopolymer component (I) was repeated. After 250 minutes a pressure of 7 absolute
bar was reached and the lamp was switched off. The unreacted monomers were removed and the latex discharged
from the autoclave at room temperature, having a concentration of 120 g/l of water, was cryogenically coagulated, then

CF3O-(CF2CF(CF3)O)m(CF2O)n-CF3

(C3ClF6O)-(CF2CF(CF3)O)m1-(CF2O)n1-CF2COO-K+
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the polymer was separated, and dried at 150°C for about 16 hours. The obtained MFI is 5.2 g/10'.

EXAMPLE 3

[0048] In a 18 l enamelled autoclave equipped with baffles and stirrer working at 450 rpm, 8 1 of demineralized water
and 4 kg of chlorotrifluoroethylene (CTFE) were introduced. For the synthesis of the homopolymer component (I) the
autoclave was heated to the reaction temperature of 20°C corresponding to an initial pressure of 6 absolute bar. In the
autoclave the radical initiator under the form of a trichloroacetylperoxide (TCAP) solution in CFC-113, maintained at
-17°C, having a titre equal to 0.12 g TCAP/ml, was then fed in a continuous way with a flow-rate of 6 ml/h for a reaction
time of 270 minutes.
[0049] Then for the synthesis of the copolymer component (II) 320 g of perfluoropropylvinylether have ben introduced
and the initiator flow-rate was increased to 15 ml/h. The polymerization lasted on the whole 540 minutes. When the
reaction was over, the unreacted monomers were removed and the product discharged from the autoclave was dried
at 120°C for about 16 hours. The amount of the obtained dry product was 485 g.
[0050] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

MFI determination of the homopolymer component (I)

[0051] The synthesis of the homopolymer component (I) was repeated. At the end of the reaction the unreacted
monomers were removed and the product discharged from the autoclave was dried at 120°C for about 16 hours.
[0052] The amount of the obtained dry product was 120 g. The obtained MFI is 2.1 g/10'.

EXAMPLE 4 (comparative)

[0053] The same autoclave of Example 1 has been evacuated and therein were introduced in sequence:

- 1200 g of demineralized H2O;
- 14 g of a microemulsion formed of: 20% by weight of Garden® D02, having the formula:

having m/n = 20 and average molecular weight of 450; 40% by weight of a surfactant having the formula:

having m1/n1 = 82.7 and average molecular weight of 527; the remaining part being formed by H2O;
- 3.0 g of potassium persulphate dissolved in 200 g of demineralized H2O.

[0054] 400 g of CTFE and 33 g of perfluoropropylvinylether were then introduced in the autoclave between 1°C and
5°C. Then the autoclave was heated to the reaction temperature of 50°C. After 500 minutes the pressure of 7 absolute
bar was reached.
[0055] The unreacted monomers were removed and the latex discharged from the autoclave at room temperature,
having a concentration of 268 g/l of water, was cryogenically coagulated, then the polymer was separated and dried
at 150°C for about 16 hours.
[0056] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

EXAMPLE 5 (comparative)

[0057] Example 4 was repeated except that 300 g of CTFE, 6.5 g of perfluoropropylvinylether were introduced, the
reaction temperature was brought to 20°C and the UV lamp of the Hanau® TQ-150 type placed in correspondence of
the quartz window was switched on. It is a high pressure mercury lamp which emits radiation in the range 240-600 nm,
with a 13.2 W power for the radiation in the 240-330 nm range. After 515 minutes the pressure of 4 absolute bar was
reached and the lamp was switched off.
[0058] The unreacted monomers were removed and the latex discharged from the autoclave at room temperature,

CF3O-(CF2CF(CF3)O)m(CF2O)n-CF3

(C3ClF6O)-(CF2CF(CF3)O)m1-(CF2O)n1-CF2COO-K+
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having a concentration of 198 g/l of water, was cryogenically coagulated, then the polymer was separated, and dried
at 150°C for about 16 hours.
[0059] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

EXAMPLE 6 (comparative)

[0060] In a 18 l enamelled autoclave equipped with baffles and stirrer working at 450 rpm, 8 1 of demineralized water,
4 kg of chlorotrifluoroethylene (CTFE) and 160 g of perfluoropropylvinylether were introduced. Then the autoclave was
heated to the reaction temperature of 20°C corresponding to an initial pressure of 6 absolute bar. In the autoclave the
radical initiator under the form of a trichloroacetylperoxide (TCAP) solution in CFC-113, maintained at -17°C, having
a titre equal to 0.12 g TCAP/ml, was then fed in a continuous way with a flow-rate of 30 ml/h for a reaction time of 540
minutes.
[0061] When the reaction was over, the unreacted monomers were removed and the product discharged from the
autoclave was dried at 120°C for about 16 hours. The amount of the obtained dry product was 950 g.
[0062] The characteristics of the obtained polymer and the mechanical properties at room temperature are reported
in Table 1.

EXAMPLE 7 (comparative)

[0063] In a 18 l enamelled autoclave equipped with baffles and stirrer working at 450 rpm, 5 1 of demineralized water
and 8 kg of chlorotrifluoroethylene (CTFE) were introduced.
[0064] Then the autoclave was heated to the reaction temperature of 20°C corresponding to an initial pressure of 6
absolute bar.
[0065] In the autoclave the radical initiator under the form of a trichloroacetylperoxide (TCAP) solution in CFC-113,
maintained at -17°C, having a titre equal to 0.11 g TCAP/ml, was then fed in a continuous way with a flow-rate of 6 ml/
h during the whole duration of the polymerization (9 hours).
[0066] The product discharged from the autoclave was dried at 120°C for about 16 hours. The amount of the obtained
dry product was 550 g.
[0067] The characteristics of the obtained polymer and the mechanical properties at room temperature and at high
temperatures are reported in Table 1.

EXAMPLE 8 (comparative)

[0068] Example 7 was repeated except that in the autoclave the radical initiator under the form of a trichloroacetylp-
eroxide (TCAP) solution in CFC-113, maintained at -17°C, having a titre equal to 0.09 g TCAP/ml, was fed in a con-
tinuous way with a flow-rate of 22 ml/h during the whole duration of the polymerization (9 hours).
[0069] The product discharged from the autoclave was dried at 120°C for about 16 hours. The amount of the obtained
dry product was 940 g.
[0070] The characteristics of the obtained polymer and the mechanical properties at room temperature and at high
temperatures are reported in Table 1.

EXAMPLE 9 (comparative)

[0071] Example 7 was repeated except that in the autoclave the radical initiator under the form of a trichloroacetylp-
eroxide (TCAP) solution in CFC-113, maintained at -17°C, having a titre equal to 0.11 g TCAP/ml, was fed in a con-
tinuous way with a flow-rate of 32 ml/h during the whole duration of the polymerization (9 hours).
[0072] The product discharged from the autoclave was dried at 120°C for about 16 hours. The amount of the obtained
dry product was 1,301 g.
[0073] The characteristics of the obtained polymer and the mechanical properties at room temperature and at high
temperatures are reported in Table 1.
[0074] The comparison of the invention polymers with those of the prior art must be made at equal MFI values and
at equal FPVE content.
[0075] As known, it can be noticed also from Table 1 that the CTFE homopolymers (comparative Examples 7-9),
have mechanical properties which remarkably worsen as MFI increases.
[0076] The polymers of the present invention all have stresses and elongations at break clearly better than the CTFE
homopolymers and the CTFE/FPVE copolymers described in Examples 4-6, even maintaining an optimal global set
of the other mechanical properties, in particular maintaining good yield stress values.
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Claims

1. Chlorotrifluoroethylene (CTFE) thermoplastic perhalogenated polymers, formed by the following polymer compo-
nents:

(I) 10-90% by weight of a CTFE homopolymer
and
(II) 90-10% by weight of a copolymer of CTFE with comonomer (a) selected from one or more perfluoroalkyl
vinylethers having the formula:

wherein:

Rf is a C2-C5 perfluoroalkyl group,

resulting in the final polymer (I) + (II), the amount of (a) being from 0,2 to 5% by moles and the CTFE the remaining
part to 100% by moles .

2. Polymers according to claim 1 having a RMFI lower than 0.3 or higher than 3, preferably lower than 0.2 or higher
than 5, more preferably lower than 0.05 or higher than 20, the RMFI being the Melt Flow Index ratio (MFI), measured
at 265°C and 10 kg of load according to the ASTM D 1238-88 method, of polymer component (I) and of the final
polymer, sum of components I and II.

3. Polymers according to claim 2 having a RMFI lower than 0.2, more preferably lower than 0.05, characterized in
that polymer component (II) contains more than 1% by moles of the perfluoroalkylvinylether of (a).

4. Polymers acording to claims 1-3, wherein the perfluoroalkylvinylether of formula (a) is perfluoropropylvinylether
(FPVE).

5. Polymers according to claims 1-4 having a MFI higher than 0.1 g/10', preferably higher than 0.5 g/10', more pref-
erably higher than 2 g/10'.

6. Polymers according to claims 1-5, wherein the polymer component (I) ranges from 30 to 70%, preferably from 40
to 60% by weight.

7. A process for preparing the polymer compounds according to claims 1-6, by (co)polymerization of the correspond-
ing monomers, in suspension in organic medium or in water or in aqueous emulsion in the presence of a radical
initiator, at a temperature in the range -20°C-150°C, preferably 0°C-100°C, more preferably 10°C-70°C.

8. A process according to claim 7, wherein the radical initiators are selected from:

(i) bis-acylperoxides of formula (Rf-CO-O)2 wherein Rf is a C1-C10 (per)haloalkyl, or a perfluoropolyoxyalkylene
group, the bis-trichloroacetylperoxide and the bis-dichlorofluoroacetylperoxide being preferred.
(ii) inorganic peroxides soluble in water, such as persulphates or perphosphates of monovalent cations; sodium
and potassium persulphates being preferred;
(iii) organic or inorganic redox systems, such as potassium persulphate/sodium sulphite, terbutylhydroperox-
ide/methabisulphite.

9. A process according to claims 7-8, wherein the (co)polymerization is carried out in emulsion in the presence of
fluorinated surfactants, selected from the products of formula

wherein Rf' is a C5-C14 (per)fluoroalkyl chain or a (per)fluoropolyoxyalkylen chain, X- is -COO- or -SO3
-, M+ is

selected from: H+ and an alkaline metal ion.

Rf-O-CF=CF2

Rf'-X
-M+
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10. A process according to claims 7-9, wherein the polymerization is carried out in the presence of perfluoropolyoxy-
alkylenes dispersions, emulsions or microemulsions or of fluoropolyoxyalkylene microemulsions having hydrogen-
ated end groups and/or hydrogenated repeating units.

11. A process according to claims 7-10, wherein the polymerization is carried out by using a radical photoinitiator in
the presence of visible ultraviolet radiation.

12. A process according to claims 9-11, wherein the surfactant is a Na+ or K+ salt, preferably K+, and the initiator an
inorganic Na+ or K+ salt, preferably potassium persulphate.

13. A preparation process according to claims 7-12 of the chlorotrifluoroethylene (CTFE) thermoplastic perhalogenated
polymers, formed by the polymers components (I) and (II) according to claims 1-6, in which component (I) or
component (II) are synthesized in presence of component (II) or component (I) respectively, more preferred in
which component (II) is synthesized in presence of component (I).

14. Use of the polymers according to claims 1-6 for preparing manufactured articles.

15. Use of the polymers according to claim 14, wherein the manufactured articles are pipes, sheets and films.

Revendications

1. Polymères perhalogénés thermoplastiques à base de chlorotrifluoroéthylène (CTFE), formés par les composants
polymères suivants :

(I) 10 à 90 % en poids d'un homopolymère de CTFE
et

(II) 90 à 10 % en poids de copolymère de CTFE avec un comonomère (a) choisi parmi un ou plusieurs éthers
vinyliques perfluoroalkyles répondant à la formule :

dans laquelle :

Rf représente un groupe perfluoroalkyle en C2-C5,

générant le polymère final (I) + (II), la quantité de (a) étant comprise entre 0,2 et 5 % en moles et le CTFE repré-
sentant le complément jusqu'à 100 % en moles.

2. Polymères selon la revendication 1, ayant un RMFI inférieur à 0,3 ou supérieur à 3, de préférence inférieur à 0,2
ou supérieur à 5, de manière plus préférée inférieur à 0,05 ou supérieur à 20, le RMFI étant le rapport de l'indice
de fluidité à l'état fondu (MFI), mesuré à 265°C et avec 10 kg de charge selon le procédé ASTM D 1238-88, du
composant polymère (I) à celui du polymère final, somme des composants I et II.

3. Polymères selon la revendication 2, ayant un RMFI inférieur à 0,2, de préférence inférieur à 0,05, caractérisés en
ce que le composant polymère (II) contient plus de 1 % en moles d'éther vinylique de perfluoroalkyle de formule (a).

4. Polymères selon l'une quelconque des revendications 1 à 3, dans lesquels l'éther vinylique de perfluoroalkyle de
formule (a) est l'éther vinylique de perfluoropropyle (FPVE).

5. Polymères selon l'une quelconque des revendications 1 à 4, ayant un MFI supérieur à 0,1 g/10 minutes, de pré-
férence supérieur à 0,5 g/10 minutes, de manière particulièrement préférée supérieur à 2 g/10 minutes.

6. Polymères selon l'une quelconque des revendications 1 à 5, dans lesquels le polymère (I) est présent à raison de
30 à 70 %, de préférence de 40 à 60 % en poids.

7. Procédé pour la préparation de composants polymères selon l'une quelconque des revendications 1 à 6, par (co)

Rf-O-CF=CF2
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polymérisation des monomères correspondants en suspension dans un milieu organique ou dans l'eau ou dans
une émulsion aqueuse en présence d'un amorceur radicalaire, à une température s'inscrivant dans la plage de
-20°C à 150°C, de préférence de 0°C à 100°C, de manière plus préférée de 10°C à 70°C.

8. Procédé selon la revendication 7, dans lequel les amorceurs radicalaires sont choisis parmi :

(i) les bis-acylperoxydes de formule (Rf-CO-O)2 dans laquelle Rf représente un (per)halogénoalkyle en C1-C10,
ou un groupe perfluoropolyoxyalkylène, le bis-trichloroacétylperoxyde et le bis-dichlorofluoroacétylperoxyde
étant préférés.
(ii) les peroxydes inorganiques solubles dans l'eau, tels que les persulfates ou les perphosphates de cations
monovalents ; des persulfates de sodium et de potassium étant préférés ;
(iii) les systèmes redox organiques ou inorganiques tels que le persulfate de potassium/sulfite de sodium,
l'hydroperoxyde de tertbutyle/métabisulfite.

9. Procédé selon l'une des revendications 7 ou 8, dans lequel la (co)polymérisation est réalisée en émulsion en
présence d'agents tensioactifs fluorés, choisis parmi les produits de formule

dans laquelle Rf' représente une chaîne (per)fluoroalkyle en C5-C14 ou une chaîne (per)fluoropolyoxyalkylène, X-
représente -COO- ou -SO3-, M+ est choisi parmi : H+ et un ion de métal alcalin.

10. Procédé selon l'une quelconque des revendications 7 à 9, dans lequel la polymérisation est réalisée en présence
de dispersions d'émulsions ou de microémulsions de perfluoropolyoxyalkylène ou de microémulsions de fluoro-
polyoxyalkylène ayant des groupes terminaux hydrogénés et/ou des motifs répétitifs hydrogénées.

11. Procédé selon l'une quelconque des revendications 7 à 10, dans lequel la polymérisation est réalisée en présence
d'un photoamorceur radicalaire et sous rayonnement ultraviolet-visible.

12. Procédé selon l'une quelconque des revendications 9 à 11, dans lequel l'agent tensioactif est un sel de Na+ ou de
K+, de préférence de K+, et l'amorceur est un sel de Na+ ou de K+ inorganique, de préférence un persulfate de
potassium.

13. Procédé de préparation, selon l'une quelconque des revendications 7 à 12 des polymères perhalogénés thermo-
plastiques à base de chlorotrifluoroéthylène (CTFE), formés par les composants polymères (I) et (II) selon l'une
quelconque des revendications 1 à 6, dans lequel le composant (I) ou le composant (II) sont synthétisés en pré-
sence du composant (II) ou du composant (I) respectivement, de façon préférée dans lequel le composant (II) est
synthétisé en présence du composant (I).

14. Utilisation des polymères selon l'une quelconque des revendications 1 à 6, pour préparer des articles manufactu-
rés.

15. Utilisation des polymères selon la revendication 14, dans laquelle les articles manufacturés sont des tuyaux, des
feuilles et des films.

Patentansprüche

1. Thermoplastische perhalogenierte Chlortrifluorethylen(CTFE)-Polymere, die durch die folgenden Polymerkompo-
nenten gebildet werden:

(I) 10-90 Gew.-% eines CTFE-Homopolymers
und

(II) 90-10 Gew.-% eines Copolymers von CTFE mit Comonomer (a), ausgewählt aus einem oder mehreren
Perfluoralkylvinylethern mit der Formel:

Rf'-X
-M+
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wobei:

Rf eine C2-C5-Perfluoralkylgruppe ist,

was zu dem endgültigen Polymer (I) + (II) führt, wobei die Menge an (a) von 0,2 bis 5 Mol-% beträgt und das CTFE
den restlichen Teil zu 100 Mol-% ausmacht.

2. Polymere nach Anspruch 1 mit einem RMFI von weniger als 0,3 oder höher als 3, vorzugsweise weniger als 0,2
oder höher als 5, weiter bevorzugt weniger als 0,05 oder höher als 20, wobei der RMFI das Schmelzflußindexver-
hältnis (MFI) ist, gemessen bei 265 °C und 10 kg an Last gemäß dem ASTM D 1238-88 Verfahren, der Polymer-
komponente (I) und des endgültigen Polymers, Summe der Komponenten I und II.

3. Polymere nach Anspruch 2 mit einem RMFI von weniger als 0,2, weiter bevorzugt weniger als 0,05, dadurch
gekennzeichnet, daß die Polymerkomponente (II) mehr als 1 Mol-% des Perfluoralkylvinylethers von (a) enthält.

4. Polymere nach den Ansprüchen 1-3, wobei der Perfluoralkylvinylether der Formel (a) Perfluorpropylvinylether (FP-
VE) ist.

5. Polymere nach den Ansprüchen 1-4 mit einem MFI von mehr als 0,1 g/10', vorzugsweise mehr als 0,5 g/10', weiter
bevorzugt mehr als 2 g/10'.

6. Polymere nach den Ansprüchen 1-5, wobei die Polymerkomponente (I) von 30 bis 70 %, vorzugsweise von 40 bis
60 Gew.-% reicht.

7. Verfahren zur Herstellung der Polymerverbindung gemäß den Ansprüchen 1-6 durch (Co)polymerisation der ent-
sprechenden Monomere in Suspension in organischem Medium oder in Wasser oder in wäßriger Emulsion in der
Gegenwart eines Radikalinitiators bei einer Temperatur im Bereich von -20 °C - 150 °C, vorzugsweise 0 °C - 100
°C, weiter bevorzugt 10 °C - 70 °C.

8. Verfahren nach Anspruch 7, wobei die Radikalinitiatoren ausgewählt werden aus:

(i) Bis-acylperoxiden der Formel (Rf-CO-O)2, wobei Rf ein C1-C10-(Per)halogenalkyl oder eine Perfluorpoly-
oxyalkylengruppe ist, wobei das Bistrichloracetylperoxid und das Bis-dichlorfluoracetylperoxid bevorzugt sind;
(ii) anorganischen Peroxiden, die in Wasser löslich sind, wie Persulfaten oder Perphosphaten von einwertigen
Kationen; wobei Natrium- und Kaliumpersulfate bevorzugt sind;
(iii) organischen oder anorganischen Redoxsystemen, wie Kaliumpersulfat/Natriumsulfit, Terbutylhydroper-
oxid/Metabisulfit.

9. Verfahren nach den Ansprüchen 7-8, wobei die (Co)polymerisation durchgeführt wird in Emulsion in Gegenwart
von fluorierten Tensiden, ausgewählt aus den Produkten der Formel

wobei Rf' eine C5-C14-(Per)fluoralkylkette oder eine (Per)fluorpolyoxyalkylenkette ist, X- gleich -COOoder -SO3
-

ist, M ausgewählt ist aus: H+ und einem Alkalimetallion.

10. Verfahren nach den Ansprüchen 7-9, wobei die Polymerisation durchgeführt wird in Gegenwart von Perfluorpoly-
oxyalkylen-Dispersionen, -Emulsionen oder -Mikroemulsionen oder von Fluorpolyoxyalkylen-Mikroemulsionen mit
hydrierten Endgruppen und/oder hydrierten sich wiederholenden Einheiten.

11. Verfahren nach den Ansprüchen 7-10, wobei die Polymerisation durchgeführt wird unter Verwendung eines Ra-
dikalphotoinitiators in Gegenwart von sichtbarer ultravioletter Strahlung.

12. Verfahren nach den Ansprüchen 9-11, wobei das Tensid ein Na+- oder K+-Salz ist, vorzugsweise K+, und der

Rf-O-CF=CF2

Rf'-X
-M+
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Initiator ein anorganisches Na+- oder K+-Salz ist, vorzugsweise Kaliumpersulfat.

13. Herstellungsverfahren nach den Ansprüchen 7-12 der thermoplastischen perhalogenierten Chlortrifluorethylen
(CTFE)-Polymere, die gebildet werden durch die Polymerkomponenten (I) und (II) gemäß den Ansprüchen 1-6,
wobei die Komponente (I) oder Komponente (II) in Gegenwart der Komponente (II) bzw. Komponente (I) synthe-
tisiert werden, wobei weiter bevorzugt die Komponente (II) in Gegenwart der Komponente (I) synthetisiert wird.

14. Verwendung der Polymere gemäß den Ansprüchen 1-6 zur Herstellung von Fertigartikeln.

15. Verwendung der Polymere nach Anspruch 14, wobei die Fertigartikel Rohre, Bögen und Folien sind.


	bibliography
	description
	claims

