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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a fluoropolymer in the presence of a non-fluor-
inated compound that has surface activity.

BACKGROUND ART

[0002] Fluoropolymers have excellent properties of
chemical resistance, solvent resistance, heat resistance,
and fouling resistance, and are therefore used as mate-
rials of various products effectively utilizing the proper-
ties, in a wide range of industrial fields such as the auto-
mobile industry, semiconductor industry, chemical indus-
try, and coating materials.
[0003] These fluoropolymers are produced by emul-
sion polymerization, suspension polymerization, or solu-
tion polymerization of fluoroolefins. The emulsion polym-
erization usually utilizes surfactants. An increased
amount of surfactant leads to a greater number of poly-
mer particles generated in the initial stage of the emulsion
polymerization, which increases the polymerization rate
and improves the production efficiency of fluoropoly-
mers. In the case of using a large amount of surfactant,
however, the obtained fluoropolymer tends to show de-
teriorated properties (e.g. water resistance). For this rea-
son, a production method has been desired which ena-
bles efficient polymerization in the presence of a small
amount of surfactant and which does not adversely affect
the properties of the fluoropolymer.
[0004] Based on such a state of the art, Patent Litera-
ture 1 proposes a method of producing a fluoropolymer
in the presence of a linear aliphatic sulfonate surfactant
in place of expensive ammonium perfluorooctanoate that
is commonly used in emulsion polymerization of a fluor-
opolymer. This method actually has a problem that the
number of particles of the fluoropolymer generated is
small.
[0005] Patent Literatures 2 and 3 propose a production
method utilizing an alkyl phosphoric acid or an ester
thereof as a non-fluorinated surfactant. Patent Literature
4 proposes a method utilizing a compound in which phos-
phoric acid, sulfonic acid, carboxylic acid, or the like acid
is bonded to quaternary carbon atoms.

CITATION LIST

-Patent Literature

[0006]

Patent Literature 1: US 6512063
Patent Literature 2: US 2007/0032591 A1
Patent Literature 3: US 2007/0018783 A1
Patent Literature 4: WO 2005/063827 A1

SUMMARY OF INVENTION

-Technical Problem

[0007] In this way, conventional aqueous dispersion
polymerization of monomers including fluoroolefins is
performed in the presence of a surfactant containing a
linear alkyl or alkoxy alkyl group. Such a surfactant, how-
ever, is likely to leave polymerization materials sticking
on the polymerization vessel wall after production of the
polymer product and decrease the polymerization rate,
compared to ammonium perfluorooctanoate.
[0008] The present invention aims to provide a method
for producing a fluoropolymer in the presence of a specific
non-fluorinated compound displaying surface activity,
the method showing a high polymerization rate and sup-
pressing formation of sticking polymerization materials
after production of a polymer product.

-Solution to Problem

[0009] That is, the present invention relates to a meth-
od for producing a fluoropolymer, comprising aqueous
dispersion polymerization of a fluoroolefin in the pres-
ence of a compound (1) represented by formula (1):

wherein R1 and R2 are the same as or different from each
other, and each represent a C4 to C12 non-fluorinated
saturated hydrocarbon group; and M is an alkali metal,
an ammonium salt, or an amine salt.
[0010] In the above formula (1), it is preferable that R1

and R2 are the same as each other, and represent a C4
to C12 non-fluorinated alkyl group.
[0011] The compound (1) is preferably sodium dioctyl
sulfosuccinate or sodium didecyl sulfosuccinate.
[0012] In the method for producing a fluoropolymer ac-
cording to the present invention, the aqueous dispersion
polymerization of a fluoroolefin is carried out together
with a non-fluorinated vinyl monomer and a non-fluori-
nated monomer having a crosslinkable group.
[0013] The fluoroolefin is preferably at least one se-
lected from the group consisting of vinyl fluoride, vinyli-
dene fluoride, tetrafluoroethylene, hexafluoropropylene,
chlorotrifluoroethylene, and 2,3,3,3-tetrafluoropropene.
[0014] The fluoroolefin is preferably at least one se-
lected from the group consisting of tetrafluoroethylene,
hexafluoropropylene, chlorotrifluoroethylene, and
2,3,3,3-tetrafluoropropene.
[0015] The non-fluorinated vinyl monomer is at least
one selected from the group consisting of vinyl ethers,

1 2 



EP 2 623 519 B1

3

5

10

15

20

25

30

35

40

45

50

55

and vinyl esters.
[0016] The non-fluorinated monomer having a
crosslinkable group is preferably a hydroxy group-con-
taining vinyl monomer or an unsaturated carboxylic acid.
[0017] The aqueous dispersion polymerization in pro-
duction method of the present invention is preferably
emulsion polymerization.

-Advantageous Effects of Invention

[0018] The present invention can provide a method for
producing a fluoropolymer, which shows a high polym-
erization rate and suppressing formation of sticking po-
lymerization materials after production of a polymer prod-
uct.

DESCRIPTION OF EMBODIMENTS

[0019] The method for producing a fluoropolymer ac-
cording to the present invention relates to a method for
producing a fluoropolymer, comprising aqueous disper-
sion polymerization of a fluoroolefin in the presence of a
compound (1) represented by formula (1):

wherein R1 and R2 are the same as or different from each
other, and each represent a C4 to C12 non-fluorinated
saturated hydrocarbon group; and M is an alkali metal,
an ammonium salt, or an amine salt.
[0020] That is, the present invention directs to a meth-
od for producing a fluoropolymer, which polymerizes a
fluoroolefin in the presence of a specific compound in
water.
[0021] The fluoroolefin to be polymerized by the pro-
duction method of the present invention is not particularly
limited, and one species or two or more species of
fluoroolefins can be used. Examples of fluoroolefins in-
clude perfluoroolefins such as tetrafluoroethylene (TFE),
hexafluoropropylene (HFP), perfluoro(alkyl vinyl ether)
(PAVE), and

CF2 = CFOCF2CF = CF2 ; and
non-perfluoroolefins such as chlorotrifluoroethylene (CT-
FE), vinyl fluoride (VF), vinylidene fluoride (VdF), trifluor-
oethylene, trifluoropropylene, pentafluoropropylene,
tetrafluoropropylene, and hexafluoroisobutene. Exam-
ples of the PAVE include perfluoro(methyl vinyl ether)
(PMVE), perfluoro(ethyl vinyl ether) (PEVE), per-
fluoro(propylvinyl ether) (PPVE), and 2,3,3,3-tetrafluor-
opropene.
[0022] Among these fluoroolefins, at least one
fluoroolefin selected from the group consisting of vinyl
fluoride, vinylidene fluoride, tetrafluoroethylene, hex-
afluoropropylene, chlorotrifluoroethylene, and 2,3,3,3-
tetrafluoropropene is preferred because they are inex-
pensive and have favorable copolymerizability. Particu-
larly, at least one selected from the group consisting of
tetrafluoroethylene, hexafluoropropylene, chlorotrifluor-
oethylene, and 2,3,3,3-tetrafluoropropene is preferred
because they have excellent fouling resistance and
weather resistance.
[0023] In the production method of the present inven-
tion, at least one non-fluorinated vinyl monomer selected
from vinyl ethers and vinyl esters, and a non-fluorinated
monomer having a crosslinkable group are copolymer-
ized with a fluoroolefin.
[0024] Preferred examples of vinyl ethers include ethyl
vinyl ether, cyclohexyl vinyl ether, and methyl vinyl ether;
and preferred examples of vinyl esters include vinyl ac-
etate, vinyl versatate (Veova 9 and Veova 10, products
of Shell), vinyl benzoate, vinyl pivalate, vinyl laurate, vinyl
stearate, and vinyl cyclohexylcarboxylate. Particularly,
vinyl acetate, ethyl vinyl ether, and cyclohexyl vinyl ether
are preferred in terms of improving the compatibility with
a curing agent, coating film hardness, coating film trans-
parency, and film formability.
[0025] Examples of non-fluorinated monomers having
a crosslinkable group include unsaturated carboxylic ac-
ids such as undecylenic acid, crotonic acid, maleic acid,
maleic acid monoesters, vinylacetic acid, cinnamic acid,
3-allyloxy propionic acid, itaconic acid, and itaconic acid
monoesters; and hydroxy group-containing vinyl mono-
mers such as 2-hydroxyethyl vinyl ether, 3-hydroxypropyl
vinyl ether, 2-hydroxypropyl vinyl ether, 2-hydroxy-2-
methylpropyl vinyl ether, 4-hydroxybutyl vinyl ether, 4-
hydroxy-2-methylbutyl vinyl ether, 5-hydroxypentyl vinyl
ether, 6-hydroxyhexyl vinyl ether, 2-hydroxyethyl allyl
ether, 4-hydroxybutyl allyl ether, and glycerol monoallyl
ether. Among these, 2-hydroxyethyl vinyl ether, 4-hy-
droxybutyl vinyl ether, and undecylenic acid are preferred
because they have excellent polymerization reactivity
and curability.
[0026] The non-fluorinated monomer copolymerizable
with a fluoroolefin may include a macromonomer. The
macromonomer preferably has a hydrophilic moiety. Par-
ticularly, a macromonomer having a vinyl ether group at
one terminal is preferred for its excellent copolymeriza-
bility with a fluoroolefin. The macromonomer may have
a crosslinkable functional group, such as a hydroxy group

3 4 



EP 2 623 519 B1

4

5

10

15

20

25

30

35

40

45

50

55

and a carboxyl group, at a terminal.
[0027] In the production method of the present inven-
tion, the resulting fluorocopolymer has a composition ra-
tio (% by mass) of fluoroolefin/non-fluorinated vinyl mon-
omer/non-fluorinated monomer having a crosslinkable
group of 30 to 60/10 to 69/1 to 30, and more preferably
40 to 50/25 to 57/3 to 25.
[0028] The present invention employs aqueous disper-
sion polymerization of a fluoroolefin in the presence of
the compound (1) (surfactant). The aqueous dispersion
polymerization can be exemplified by emulsion polymer-
ization or suspension polymerization; particularly in
terms of producing a large number of polymer particles
having a small particle size, emulsion polymerization is
suitable.
[0029] The compound (1) is a compound represented
by formula (1) :

wherein R1 and R2 are the same as or different from each
other, and each represent a C4 to C12 non-fluorinated
saturated hydrocarbon group; and M is an alkali metal,
an ammonium salt, or an amine salt.
[0030] The alkali metal salt of dialkyl sulfosuccinic acid
included in the compound represented by the above for-
mula (1) is known as an emulsifier for emulsion polym-
erization; however, no cases are found where such an
alkali metal salt is applied to polymerization of a fluoroole-
fin.
[0031] WO 2002/010237 A1 discloses addition of an
alkali metal salt of dialkyl sulfosuccinic acid to an aqueous
dispersion of a fluororesin obtained by emulsion polym-
erization of monomers including a fluoroolefin in the pres-
ence of a nonionic emulsifier in combination with an an-
ionic emulsifier, for improvement of mechanical stability
and thermal stability. The alkali metal salt of dialkyl sul-
fosuccinic acid, however, is not used as an emulsifier for
polymerization of the fluoroolefin.
[0032] In the above formula (1), R1 and R2 are the same
as or different from each other, and each represent a C4
to C12 non-fluorinated saturated hydrocarbon group. Ac-
cordingly, the compound (1) does not encompass what
is called a reactive emulsifier that contains an unsaturat-
ed group. The compound (1) does not encompass a
known surfactant containing a linear hydrocarbon group
(e.g. sodium dodecyl sulfate, sodium cetyl sulfate) either.
[0033] R1 and R2 each preferably are a C4 to C12 non-
fluorinated alkyl group.
[0034] The carbon number of R1 and R2 is preferably
6 to 10, and more preferably 8 to 10, for favorable surface
tension decreasing ability and favorable polymerization

rate. Also, R1 and R2 are preferably the same as each
other for easy synthesis.
[0035] M is an alkali metal, ammonium salt, or amine
salt, and can be exemplified by sodium, an ammonium
salt, and a triethylamine salt. Particularly, sodium and an
ammonium salt are preferred.
[0036] More specifically, M is preferably sodium, po-
tassium, NH4, R-NH3, R2-NH2, or R3-NH (R is a non-
fluorinated hydrocarbon group), and more preferably so-
dium or NH4.
[0037] Specific examples of the compound (1) include
sodium dioctyl sulfosuccinate, sodium didecyl sulfosuc-
cinate, sodium dihexyl sulfosuccinate, sodium diisobutyl
sulfosuccinate, sodium diamyl sulfosuccinate, and am-
monium dioctyl sulfosuccinate. For easy availability and
favorable polymerization rate, sodium dioctyl sulfosucci-
nate and sodium didecyl sulfosuccinate are preferred.
[0038] The amount of the compound (1), for example
in the case of emulsion polymerization, is 500 to 50000
ppm, preferably 2000 to 40000 ppm, and particularly pref-
erably 4000 to 30000 ppm, based on the total amount of
water. An amount of the compound (1) of less than 10
ppm tends to decrease the surface activity to generate
a smaller number of particles.
[0039] The compound (1) contributes to sufficiently
stable emulsion polymerization even when used alone,
but the compound (1) may be used together with other
surfactant(s).
[0040] The other surfactant(s) may be non-fluorinated
(hydrocarbon) surfactant(s) (other than the compound of
formula (1)).
[0041] The total amount of the compound (1) and the
other surfactant(s) usable in combination, for example in
the case of emulsion polymerization, is preferably up to
100000 ppm, and more preferably 2000 to 50000 ppm,
based on the total amount of water. A total amount of the
compound (1) and the other surfactant(s) of less than 10
ppm tends to decrease the surface activity to generate
a smaller number of the fluoropolymer particles.
[0042] The polymerization temperature is not particu-
larly limited, and a temperature suitable to the polymer-
ization initiator used may be employed. Still, too high a
polymerization temperature may easily decrease the
monomer density in the gaseous phase or cause chain
branching reaction of the polymers, failing to give the
desired copolymer. The polymerization temperature is
preferably 40 °C to 120°C, and more preferably 50°C to
100°C.
[0043] The monomers may be supplied continuously
or sequentially.
[0044] The polymerization initiator can be an oil-solu-
ble peroxide, but peroxy carbonates (e.g. diisopropyl per-
oxy dicarbonate (IPP), di-n-propyl peroxy dicarbonate
(NPP)), which are typical oil-soluble initiators, have prob-
lems such as a risk of explosion or the like, expensive-
ness, and a tendency for scale to be formed on the po-
lymerization vessel wall during polymerization reaction.
In order to further reduce the compression set of the fluor-
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opolymer, a water-soluble radical polymerization initiator
is preferably used. Preferable examples of the water-sol-
uble radical polymerization initiator include ammonium
salts, potassium salts, and sodium salts of persulfuric
acid, perboric acid, perchloric acid, perphosphoric acid,
or percarbonic acid. Particularly, ammonium persulfate
and potassium persulfate are preferred.
[0045] The amount of the polymerization initiator is not
particularly limited as long as it is an amount that is not
likely to significantly decrease the polymerization rate
(e.g. several ppm based on water concentration) or more.
The polymerization initiator should be added collectively
at the beginning of the polymerization, or may be added
sequentially or continuously. The upper limit of the
amount thereof is an amount that the heat generated by
the polymerization reaction can be removed from the de-
vice surface.
[0046] The production method of the present invention
may also use a molecular weight regulator. The molec-
ular weight regulator may be added collectively at the
beginning, or may be added continuously or in portions.
[0047] Examples of the molecular weight regulator in-
clude esters (dimethyl malonate, diethyl malonate, me-
thyl acetate, ethyl acetate, butyl acetate, and dimethyl
succinate), isopentane, isopropanol, acetone, various
mercaptans, carbon tetrachloride, cyclohexane, mono-
iodomethane, 1-iodomethane, 1-iodopropane, isopropyl
iodide, diiodomethane, 1,2-diiodomethane, and 1,3-dii-
odopropane.
[0048] Other additives such as a buffer may also be
appropriately used, preferably to an extent that does not
deteriorate the effects of the present invention.
[0049] The polymerization pressure may be appropri-
ately selected in the range of 0.1 to 10 MPa, and more
preferably in the range of 0.2 to 8 MPa. The polymeriza-
tion pressure may be low (0.1 to 1 MPa) or high (1 to 10
MPa) as long as it is in the above range.
[0050] For stirring, blades such as anchor blades, tur-
bine blades, and inclination blades can be used, for ex-
ample. In order to achieve favorable diffusion of mono-
mers and dispersion stability of the polymer, stirring with
large blades, which are called full zones or max blends,
is preferred. The stirring device may be a horizontal stir-
ring device or vertical stirring device.
[0051] In this way, the present invention utilizes a spe-
cific compound as a surfactant in emulsion polymeriza-
tion of a fluoroolefin to produce a fluoropolymer disper-
sion. It is therefore possible to prevent polymerization
materials sticking on the polymerization vessel wall after
production of the polymer product. Also, the polymeriza-
tion rate is increased, and thus a fluoropolymer disper-
sion can be produced in a short time.
[0052] The production method of the present invention,
utilizing a specific non-fluorinated compound displaying
surface activity, can increase the polymerization rate and
suppress formation of sticking polymerization materials.

EXAMPLES

[0053] Hereinafter, the present invention will be de-
scribed in more detail based on the examples which, how-
ever, are not intended to limit the scope of the present
invention.

Example 1

[0054] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), Ne-
ocol P (a 75.3% by mass solution of sodium dioctyl sul-
fosuccinate represented by

in isopropyl alcohol; product of Daiichi Kogyo Seiyaku
Co., Ltd., 2.05 g, 6000 ppm based on polywater), cy-
clohexyl vinyl ether (CHVE) (40.0 g), and undecylenic
acid (UDA) (2.5 g). The air in the autoclave was replaced
with nitrogen gas. The autoclave was further charged
with tetrafluoroethylene (TFE) (9 g), and then the tem-
perature in the vessel was increased to 60°C. At this time,
the pressure in the vessel was 0.75 MPa. To the vessel
was added 5.0 g of a 10% by mass aqueous solution of
ammonium persulfate (APS) with stirring so that the re-
action was started. During the reaction, TFE was contin-
uously supplied using an electromagnetic valve. The stir-
ring speed at the time of starting the reaction was 260
rpm.
[0055] The supply of TFE and the pressure were con-
trolled using an electromagnetic valve which was set to
operate in a cycle of automatically opening to supply TFE
when TFE was consumed and the pressure in the vessel
reached 0.725 MPa, and automatically closing when the
pressure in the vessel reached 0.75 MPa. The time from
opening of the electromagnetic valve to the next opening
is regarded as one cycle.
[0056] The stirring speed was increased to 600 rpm
after 2 hours from the start of the reaction. Since the time
for one cycle was lengthened to 20 minutes, the supply
of TFE was stopped to end the reaction after 7 hours
from the start of the reaction. Thereafter, the temperature
and pressure in the vessel were brought back to the nor-
mal temperature and pressure to terminate the polymer-
ization, whereby 316.5 g (solids concentration: 19.5% by
mass) of a TFE/CHVE/UDA copolymer emulsion was ob-
tained. The polymerization rate was 18.4 g/h/L. Neither
scale nor sedimentation was formed after production of
the polymer emulsion.
[0057] Polymerization rate: the amount of the polymer
generated in a 1-L polymerization vessel per hour, ex-
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pressed in a unit of g/h/L.

Example 2

[0058] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), Ne-
ocol P (sodium dioctyl sulfosuccinate, 9.96 g, 30000 ppm
based on polywater), CHVE (40.0 g), and UDA (2.5 g).
The air in the autoclave was replaced with nitrogen gas.
The autoclave was further charged with TFE (9 g), and
then the temperature in the vessel was increased to 60°C.
At this time, the pressure in the vessel was 0.75 MPa.
To the vessel was added 5.0 g of a 10% by mass aqueous
solution of APS with stirring so that the reaction was start-
ed. During the reaction, TFE was continuously supplied
using an electromagnetic valve. The stirring speed at the
time of starting the reaction was 260 rpm. The pressure
during the polymerization was automatically adjusted in
the range of 0.750 to 0.725 MPa with use of an electro-
magnetic valve in the same manner as in Example 1.
[0059] The stirring speed was increased to 600 rpm
after 1.5 hours from the start of the reaction. Since the
time for one cycle was lengthened to 14 minutes, the
supply of TFE was stopped to end the reaction after 6.75
hours from the start of the reaction. Thereafter, the tem-
perature and pressure in the vessel were brought back
to the normal temperature and pressure to terminate the
polymerization, whereby 332.2 g (solids concentration:
19.8% by mass) of a TFE/CHVE/UDA copolymer emul-
sion was obtained. The polymerization rate was 20.2
g/h/L. Neither scale nor sedimentation was formed after
production of the polymer emulsion.

Example 3

[0060] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), a
60.1% by mass solution of sodium didecyl sulfosuccinate
represented by

in isopropyl alcohol (2.57 g, 6000 ppm based on polywa-
ter), CHVE (40.0 g), and UDA (2.5 g). The air in the auto-
clave was replaced with nitrogen gas. The autoclave was
further charged with TFE (9 g), and then the temperature
in the vessel was increased to 60°C. At this time, the
pressure in the vessel was 0.75 MPa. To the vessel was
added 5.0 g of a 10% by mass aqueous solution of APS
with stirring so that the reaction was started. During the
reaction, TFE was continuously supplied using an elec-
tromagnetic valve. The stirring speed at the time of start-

ing the reaction was 260 rpm. The pressure during the
polymerization was automatically adjusted in the range
of 0.750 to 0.725 MPa with use of an electromagnetic
valve in the same manner as in Example 1.
[0061] The stirring speed was increased to 600 rpm
after 1.0 hour from the start of the reaction. Since the
time for one cycle was lengthened to 7 minutes, the sup-
ply of TFE was stopped to end the reaction after 7.3 hours
from the start of the reaction. Thereafter, the temperature
and pressure in the vessel were brought back to the nor-
mal temperature and pressure to terminate the polymer-
ization, whereby 318.5 g (solids concentration: 17.2% by
mass) of a TFE/CHVE/UDA copolymer emulsion was ob-
tained. The polymerization rate was 14.6 g/h/L. Neither
scale nor sedimentation was formed after production of
the polymer emulsion.

Example 4

[0062] A 3-L stainless steel autoclave was charged
with pure water (1000 g), Neocol P (sodium dioctyl sul-
fosuccinate, 1.62 g, 1620 ppm based on polywater), and
vinyl acetate (23.2 g). The air in the autoclave was re-
placed with nitrogen gas. The autoclave was further
charged with TFE (72 g), and then the temperature in the
vessel was increased to 60°C. At this time, the pressure
in the vessel was 0.80 MPa. To the vessel was added
10 g of a 4.8% by mass aqueous solution of APS with
stirring so that the reaction was started.
[0063] The stirring speed at the time of starting the re-
action was 400 rpm. The pressure during the polymeri-
zation was automatically adjusted in the range of 0.775
to 0.800 MPa with use of an electromagnetic valve in the
same manner as in Example 1. During the reaction, TFE
was continuously supplied through the electromagnetic
valve, and a mixed solution of vinyl acetate and UDA
(vinyl acetate: 218.4 g, UDA: 10.6 g) was continuously
supplied by a liquid supplying pump.
[0064] After 11.8 hours from the start of the reaction,
the supply of TFE and the mixed solution was stopped
to end the reaction. Thereafter, the temperature and
pressure in the vessel were brought back to the normal
temperature and pressure to terminate the polymeriza-
tion, whereby 1742.8 g (solids concentration: 34.1% by
mass) of a TFE/vinyl acetate/UDA copolymer emulsion
was obtained. Neither scale nor sedimentation was
formed after production of the polymer emulsion.

Example 5

[0065] A 3-L stainless steel autoclave was charged
with pure water (1000 g), sodium carbonate (0.1375 g),
Neocol P (sodium dioctyl sulfosuccinate, 1.62 g, 1620
ppm based on polywater), and vinyl acetate (23.2 g). The
air in the autoclave was replaced with nitrogen gas. The
autoclave was further charged with TFE (71 g), and then
the temperature in the vessel was increased to 60°C. At
this time, the pressure in the vessel was 0.80 MPa. To
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the vessel was added 10 g of a 4.8% by mass aqueous
solution of APS with stirring so that the reaction was start-
ed.
[0066] The stirring speed at the time of starting the re-
action was 400 rpm. The pressure during the polymeri-
zation was automatically adjusted in the range of 0.775
to 0.800 MPa with use of an electromagnetic valve in the
same manner as in Example 1. During the reaction, TFE
was continuously supplied through the electromagnetic
valve, and a mixed solution of vinyl acetate and 4-hy-
droxybutyl vinyl ether (HBVE) (vinyl acetate: 109.5 g,
HBVE: 25.8 g) was continuously supplied by a liquid sup-
plying pump.
[0067] After 5.75 hours from the start of the reaction,
the temperature in the vessel was increased to 70°C. At
each time point of 8.67 hours and 11.5 hours after the
start of the reaction, 10 g of a 4.8% by mass aqueous
solution of APS was added. After 13.7 hours from the
start of the reaction, the supply of TFE and the mixed
solution was stopped to end the reaction. Thereafter, the
temperature and pressure in the vessel were brought
back to the normal temperature and pressure to termi-
nate the polymerization, whereby 1385 g (solids concen-
tration: 25% by mass) of a TFE/vinyl acetate/HBVE co-
polymer emulsion was obtained. Neither scale nor sed-
imentation was formed after production of the polymer
emulsion.

Example 6

[0068] A 3-L stainless steel autoclave was charged
with pure water (1000 g), sodium carbonate (0.1375 g),
Neocol P (sodium dioctyl sulfosuccinate, 1.62 g, 1620
ppm based on polywater), and vinyl acetate (23.2 g). The
air in the autoclave was replaced with nitrogen gas. The
autoclave was further charged with TFE (71 g), and then
the temperature in the vessel was increased to 70°C. At
this time, the pressure in the vessel was 0.80 MPa. To
the vessel was added 10 g of a 4.8% by mass aqueous
solution of APS with stirring so that the reaction was start-
ed.
[0069] The stirring speed at the time of starting the re-
action was 400 rpm. The pressure during the polymeri-
zation was automatically adjusted in the range of 0.775
to 0.800 MPa with use of an electromagnetic valve in the
same manner as in Example 1. During the reaction, TFE
was continuously supplied through the electromagnetic
valve, and a mixed solution of vinyl acetate, UDA, and
HBVE (vinyl acetate: 236.6 g, UDA: 6.4 g, HBVE: 51.1
g) was continuously supplied by a liquid supplying pump.
[0070] At each time point of 2.4 hours, 6.9 hours, and
9.6 hours after the start of the reaction, 10 g of a 4.8%
by mass aqueous solution of APS was added. After 12.6
hours from the start of the reaction, 10 g of a 2.4% by
mass aqueous solution of APS was added. After 13.8
hours from the start of the reaction, the supply of TFE
and the mixed solution was stopped to end the reaction.
Thereafter, the temperature and pressure in the vessel

were brought back to the normal temperature and pres-
sure to terminate the polymerization, whereby 1658 g
(solids concentration: 34.8% by mass) of a TFE/vinyl ac-
etate/UDA/HBVE copolymer emulsion was obtained.
Neither scale nor sedimentation was formed after pro-
duction of the polymer emulsion.

Example 7 (not according to the present invention)

[0071] A 3-L stainless steel autoclave was charged
with pure water (1000 g), vinyl acetate (23.2 g), and Ne-
ocol P (sodium dioctyl sulfosuccinate, 1.62 g, 1620 ppm
based on polywater). The air in the autoclave was re-
placed with nitrogen gas. The autoclave was further
charged with TFE (37 g), and then the temperature in the
vessel was increased to 80°C. The autoclave was
charged with TFE (30 g) again. At this time, the pressure
in the vessel was 0.809 MPa. To the vessel was added
22 g of a 1% by mass aqueous solution of APS with stir-
ring so that the reaction was started. At the start of the
reaction, addition of vinyl acetate was started so that 283
g of vinyl acetate was added over 6 hours. During the
reaction, TFE was continuously supplied through an elec-
tromagnetic valve. The stirring speed was 500 rpm.
[0072] The supply of TFE and the pressure were con-
trolled using an electromagnetic valve which was set to
operate in a cycle of automatically opening to supply TFE
when TFE was consumed and the pressure in the vessel
reached 0.800 MPa, and automatically closing when the
pressure in the vessel reached 0.775 MPa.
[0073] After 6 hours from the start of the reaction, the
supply of TFE and vinyl acetate was stopped to end the
reaction. Thereafter, the reaction was allowed to proceed
for 1 hour, and then the temperature and pressure in the
vessel were brought back to the normal temperature and
pressure to terminate the polymerization, whereby 1661
g (solids concentration: 38.5% by mass) of a TFE/vinyl
acetate copolymer emulsion was obtained. Neither scale
nor sedimentation was formed after production of the pol-
ymer emulsion.

Comparative Example 1

[0074] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), so-
dium dodecyl sulfate (C12H25OSO3Na, 1.54 g, 6000 ppm
based on polywater), CHVE (40.0 g), and UDA (2.5 g).
The air in the autoclave was replaced with nitrogen gas.
The autoclave was further charged with TFE (9 g), and
then the temperature in the vessel was increased to 60°C.
The pressure in the vessel was 0.875 MPa at this time.
To the vessel was added 5.0 g of a 10% by mass aqueous
solution of APS with stirring so that the reaction was start-
ed. During the reaction, TFE was continuously supplied
through an electromagnetic valve. The stirring speed at
the time of starting the reaction was 260 rpm. The pres-
sure during the polymerization was automatically adjust-
ed in the range of 0.875 to 0.850 MPa with use of the
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electromagnetic valve in the same manner as in Example
1.
[0075] The stirring speed was increased to 600 rpm
after 1.0 hour from the start of the reaction. Since the
time for one cycle was lengthened to 20 minutes, the
supply of TFE was stopped to end the reaction after 5.0
hours from the start of the reaction. Thereafter, the tem-
perature and pressure in the vessel were brought back
to the normal temperature and pressure to terminate the
polymerization, whereby 302.4 g (solids concentration:
17.6% by mass) of a TFE/CHVE/UDA copolymer emul-
sion was obtained. The polymerization rate was 23.6
g/h/L. The polymer emulsion contained a small amount
of suspended matters, and caused formation of a small
amount of scale on the reaction vessel.

Comparative Example 2

[0076] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), so-
dium cetyl sulfate (C16H33OSO3Na, 1.54 g, 6000 ppm
based on polywater), CHVE (40.0 g), and UDA (2.5 g).
The air in the autoclave was replaced with nitrogen gas.
The autoclave was further charged with TFE (9 g), and
then the temperature in the vessel was increased to 60°C.
At this time, the pressure in the vessel was 0.75 MPa.
To the vessel was added 5.0 g of a 10% by mass aqueous
solution of APS with stirring so that the reaction was start-
ed. During the reaction, TFE was continuously supplied
through an electromagnetic valve. The stirring speed at
the time of starting the reaction was 260 rpm. The pres-
sure during the polymerization was automatically adjust-
ed in the range of 0.750 to 0.725 MPa with use of the
electromagnetic valve in the same manner as in Example
1.
[0077] The stirring speed was increased to 600 rpm
after 1.0 hour from the start of the reaction. Since the
time for one cycle was lengthened to 20 minutes, the
supply of TFE was stopped to end the reaction after 5.6
hours from the start of the reaction. Thereafter, the tem-
perature and pressure in the vessel were brought back
to the normal temperature and pressure to terminate the
polymerization, whereby 314.4 g (solids concentration:
16.6% by mass) of a TFE/CHVE/UDA copolymer emul-
sion was obtained. The polymerization rate was 16.7
g/h/L. The polymer emulsion contained a small amount
of suspended matters, and caused formation of a small
amount of scale on the reaction vessel.

Comparative Example 3

[0078] A 0.5-L stainless steel autoclave was charged
with pure water (250 g), sodium carbonate (0.55 g), a
25% by mass aqueous solution of sodium lauryl sulfo-
succinate represented by

(6.17 g, 6000 ppm based on polywater), CHVE (40.0 g),
and UDA (2.5 g). The air in the autoclave was replaced
with nitrogen gas. The autoclave was further charged
with TFE (9 g), and then the temperature in the vessel
was increased to 60°C. At this time, the pressure in the
vessel was 0.75 MPa. To the vessel was added 5.0 g of
a 10% by mass aqueous solution of APS with stirring so
that the reaction was started. During the reaction, TFE
was continuously supplied through an electromagnetic
valve. The stirring speed at the time of starting the reac-
tion was 260 rpm. The pressure during the polymerization
was automatically adjusted in the range of 0.750 to 0.725
MPa with use of the electromagnetic valve in the same
manner as in Example 1.
[0079] The stirring speed was increased to 600 rpm
after 1.0 hour from the start of the reaction. Since the
time for one cycle was lengthened to 20 minutes, the
supply of TFE was stopped to end the reaction after 5.6
hours from the start of the reaction. Thereafter, the tem-
perature and pressure in the vessel were brought back
to the normal temperature and pressure to terminate the
polymerization, whereby 314.4 g (solids concentration:
16.6% by mass) of a TFE/CHVE/UDA copolymer emul-
sion was obtained. The polymerization rate was 8.5 g/h/L.
The polymer emulsion contained a small amount of sus-
pended matters, and caused formation of a small amount
of scale on the reaction vessel.

Claims

1. A method for producing a fluoropolymer, comprising
aqueous dispersion polymerization of a fluoroolefin
in the presence of 500-50,000 ppm, based on the
total amount of water, of a compound of formula (1) :

wherein R1 and R2 each independently are a non-
fluorinated, saturated C4-12-hydrocarbon group; and
M is an alkali metal, an ammonium salt, or an amine
salt; wherein the aqueous dispersion polymerization
of the fluoroolefin is carried out together with

- at least one non-fluorinated vinyl monomer se-
lected from vinyl ethers and vinyl esters, and
- a non-fluorinated monomer having a crosslink-
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able group.

2. The method of claim 1, wherein R1 and R2 in formula
(1) are the same and represent non-fluorinated
C4-12-alkyl.

3. The method of claim 1 or 2, wherein the compound
(1) is sodium dioctyl sulfosuccinate or sodium didecyl
sulfosuccinate.

4. The method of any of claims 1-3, wherein the
fluoroolefin is at least one of vinyl fluoride (VF), vi-
nylidene fluoride (VdF), tetrafluoroethylene (TFE),
hexafluoropropylene (HFP), chlorotrifluoroethylene
(CTFE) and 2,3,3,3-tetrafluoropropene.

5. The method of claim 4, wherein the fluoroolefin is at
least one of TFE, HFP, CTFE and 2,3,3,3-tetrafluor-
opropene.

6. The method of any of claims 1-5, wherein the non-
fluorinated monomer having a crosslinkable group
is a hydroxy group-containing vinyl monomer or an
unsaturated carboxylic acid.

7. The method of any of claims 1-6, wherein the aque-
ous dispersion polymerization is emulsion polymer-
ization.

Patentansprüche

1. Verfahren zur Herstellung eines Fluorpolymers, um-
fassend die wässrige Dispersionspolymerisation ei-
nes Fluorolefins in Gegenwart von 500-50.000 ppm,
basierend auf der Gesamtmenge an Wasser, einer
Verbindung der Formel (1):

worin R1 und R2 jeweils unabhängig voneinan-
der eine nicht-fluorierte, gesättigte C4-12-Koh-
lenwasserstoffgruppe sind; und M ein Alkalime-
tall, ein Ammoniumsalz oder ein Aminsalz ist;
worin die wässrige Dispersionspolymerisation
des Fluorolefins durchgeführt wird zusammen
mit

- mindestens einem nicht-fluorierten Vinyl-
monomer, ausgewählt aus Vinylethern und
Vinylestern, und
- einem nicht-fluorierten Monomer, das eine
vernetzbare Gruppe aufweist.

2. Verfahren gemäß Anspruch 1, worin R1 und R2 in

Formel (1) gleich sind und ein nicht-fluoriertes
C4-12-Alkyl darstellen.

3. Verfahren gemäß Anspruch 1 oder 2, worin Verbin-
dung (1) Natriumdioctylsulfosuccinat oder Natrium-
didecylsulfosuccinat ist.

4. Verfahren gemäß mindestens einem der Ansprüche
1-3, worin das Fluorolefin mindestens eines ist, aus-
gewählt aus Vinylfluorid (VF), Vinylidenfluorid (VdF),
Tetrafluorethylen (TFE), Hexafluorpropylen (HFP),
Chlortrifluorethylen (CTFE) und 2,3,3,3-Tetrafluor-
propen.

5. Verfahren gemäß Anspruch 4, worin das Fluorolefin
mindestens eines ist, ausgewählt aus TFE, HFP, CT-
FE und 2,3,3,3-Tetrafluorpropen.

6. Verfahren gemäß mindestens einem der Ansprüche
1-5, worin das nicht-fluorierte Monomer, das eine
vernetzbare Gruppe aufweist, ein Hydroxygruppen-
haltiges Vinylmonomer oder eine ungesättigte Car-
bonsäure ist.

7. Verfahren gemäß mindestens einem der Ansprüche
1-6, worin die wässrige Dispersionspolymerisation
eine Emulsionspolymerisation ist.

Revendications

1. Procédé de production d’un fluoropolymère, com-
prenant une polymérisation en dispersion aqueuse
d’une fluoro-oléfine en présence de 500 à 50 000
ppm, sur la base de la quantité totale d’eau, d’un
composé de formule (1) :

dans laquelle R1 et R2 sont indépendamment
un groupe hydrocarboné saturé en C4-12 non
fluoré ; et M est un métal alcalin, un sel d’am-
monium ou un sel d’amine ;
dans lequel la polymérisation en dispersion
aqueuse d’une fluoro-oléfine est réalisée con-
jointement avec

- au moins un monomère vinylique non fluo-
ré choisi parmi des éthers vinyliques et des
esters vinyliques, et
- un monomère non fluoré ayant un groupe
réticulable.

2. Procédé selon la revendication 1, dans lequel, dans
la formule (1), R1 et R2 sont identiques et représen-
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tent un groupe alkyle en C4-12 non fluoré.

3. Procédé selon la revendication 1 ou 2, dans lequel
le composé (1) est le dioctylsulfosuccinate de so-
dium ou le didésylsulfosuccinate de sodium.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel la fluoro-oléfine est au moins un
parmi le fluorure de vinyle (VF), le fluorure de viny-
lidène (VdF), le tétrafluoroéthylène (TFE), l’hexa-
fluoropropylène (HFP), le chlorotrifluoroéthylène
(CTFE) et le 2,3,3,3-tétrafluoropropène.

5. Procédé selon la revendication 4, dans lequel la
fluoro-oléfine est au moins un parmi le TFE, le HFP,
le CTFE et le 2,3,3,3-tétrafluoropropène.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel le monomère non fluoré ayant un
groupe réticulable est un monomère vinylique con-
tenant un groupe hydroxy ou un acide carboxylique
insaturé.

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel la polymérisation en dispersion
aqueuse est une polymérisation en émulsion.
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