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Aqueous Emulsion Polymerization of Functionalized Fluoromonomers

Kield of the Invention
This invention relates to aqueous emulsion polymerization of certain
functionalized fluoromonomers to form sulfonic acid functional polymers which are
useful in the manufacture of polymer membranes in fuel cells or other such electrolytic
cells. In particular, the present invention relates to a process for making a

fluoropolymer that 1s a copolymer of a fluorinated olefin such as tetratluoroethylene

and functionalized fluoromonomers.

Backgoround of the Invention

Certain fluoropolymers bearing sulfonic acid functional groups are useful in the
manufacture of polymer electrolyte membranes for electrolytic cells such as fuel cells.
Examples include NAFION® (DuPont Chemical Company, Wilmington, Delaware),
which is a copolymer of tetrafluoroethylene (TFE) and a co-monomer according to the

formula: FSO9-CF2-CF9-O-CF(CF3)-CF9-O-CF=CF1 that 1s sold 1n sulfonic acid
form, 1.e., with the SO»F end groﬁp hydrolyzed to SO3H. It 1s known to make such

fluoropolymers by aqueous emulsion polymerization in the presence of ammonium
perfluorooctanoate (APFO) as an emulsifier.

U.S. Patent No. 3,635,926 purportedly discloses tough, stable copolymers of
tetrafluoroethylene monomer and fluorovinyl ether monomers which can be produced
by aqueous polymerization of the monomers by a process that requires that the reaction
be carried out 1n the presence of a water-soluble initiator, an emulsifying agent and a
gaseous chain transfer agent.

International Patent Application Pub. No. W094/03503 purportedly discloses
fluoroorganic polymeric material which comprises a polymeric chain having pendent
groups Including 1on-exchange groups for use as an ion-exchange membrane in an

electrochemical device. The application purportedly discloses preparation of the
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fluoroorganic polymeric material by aqueous emulsion polymerization using a
emulsifying agent that is preferably a perfluoroalkanoate. (503 at page 13).
Japanese Kokai Pat. App. No. 62-288617 purportedly discloses a method of

producing a perfluorocarbon polymer having a sulfonic acid type functional group. The

process 1s characterized in that emulsion copolymerization is carried out after
emulsification of the liquid monomer is performed in an aqueous medium in the
presence of a fluorine-containing emulsifier. The reference teaches the use of
perfluorocarboxylic acid type emﬁlsiﬁers at page 6.

U.S. Patent No. 5,608,022 purportedly discloses a method for producing a
perfluorocarbon copolymer containing functional groups which includes the steps of
pre-emulsifying a perfluorocarbon monomer containing a functional group, adding at
least one water-soluble organic chain transfer agent, and polymerizing with

~ tetrafluoroethylene (TFE).‘ The reference teaches the use of dispersing agents, e. g., at
col. 6, lines 10-30.

U.S. Patent No. 5,804,650 purportedly discloses preparation of a vinylidene
fluoride (VdF) copolymer by emulsion-polymerizing VAF monomer with a reactive
emulsifying agent. The resulting polymer latices are used suitably, for example, for
paints. The reference teaches that the reactive emulsifying agent is present in an
amount of 0.001 to 0.1% by mole in the combination of monomers (‘650, col. 8, lines
58-60, and col. 17, lines 54-56). The reference also teaches that the reactive
emulsifying agent is present in an amount of 0.0001-10% by weight relative to the
weight of water in the emulsion (‘650, col. 4, line 52, and col. 13, lines 10-17) and
teaches against the addition of reactive emulsifying agent in any amount greater than
10% by weight relative to the weight of water in the emulsion. (*650, col. 22, lines 12~
15) In Comparative Example 6, a tetrafluoroethylene (TFE) copolymerization is

disclosed.

Summary of the Invention

Briefly, the present invention provides a method of aqueous emulsion
polymerization of two or more fluoromonomers comprising the steps of: 1) forming an

aqueous pre-emulsion by mixing a fluoromonomer according to formula I

.
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F»C=CF-R1-SO,»X (I)

wherein R1 is a branched or unbranched perfluoroalkyl, perfluoroalkoxy or
perfluoroether group comprising 1-15 carbon atoms and 0-4 oxygen atoms and wherein
X is F, Cl or Br, together with 0.001-0.9 molar equivalents of a base, i the absence of
added emulsifier; and 2) reacting the pre-emulsion with one or more perfluorinated
comonomers in the absence of added emulsifier so as to form a fluoropolymer latex
comprising a fluoropolymer wherein more than 1 mol% of monomer umits are derived
from the fluoromonomer according to formula I. Typically the base 1s a hydroxide.
Typically the fluoropolymer latex comprising a fluoropolymer wherein more than 5
mol% of monomer units are derived from the fluoromonomer according to formula I,
and more typically more than 10 mol%.

In another aspect, the present invention provides a fluoropolymer latex made
according to the method of the present invention which 1s free of added emulsifier.

In another aspect, the present mvention provides a fluoropolymer derived from
the fluoropolymer latex made according to the method of the present invention which 1s
free of added emulsifier.

In another aspect, the present invention provides a polymer electrolyte
membrane comprising the fluoropolymer made according to the method of the present
invention which 1s free of added emulsifier.

What has not been described in the art, and 1s provided by the present invention,
is a method of aqueous emulsion polymerization of two or more perfluorinated
monomers in the absence of added emulsifier to form a fluoropolymer useful as a
polymer electrolyte.

In this application:

“added emulsifier” means an effective amount of a fluorine-containing non-
telogenic emulsifier other than that formed by the reaction of a base with a

fluoromonomer according to the formula: FoC=CF-R-SO»X, wherein R is a branched

or unbranched perfluoroalkyl, p‘efﬂuoroalkoxy or perfluoroether group comprising 1-15
carbon atoms and 0-4 oxygen atoms and wherein X is F, Cl or Br, and typically means
an effective amount of any emulsifier other than that formed by the reaction of a base

with a fluoromonomer according to the formula: FoC=CF-R-S09X; and
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“effective amount” means, with regard to an emulsifier, an amount sufficient to
provide adequate emulsification for aqueous emulsion polymerization in the absence of
an emulsifier formed by the reaction of a base with a fluoromonomer according to the

formula: F7pC=CF-R-SO9X, wherein R 1s a branched or unbranched perfluoroalkyl,

perfluoroalkoxy or perfluoroether group comprising 1-15 carbon atoms and 0-4 oxygen
atoms and wherein X is F, Cl or Br, and more typically may mean any substantial

amount.

It 1s an advantage of the present invention to provide a fluoropolymer 1onomers

free of added emulsifier for use in fuel cells or other electrolytic cells.

Detailed Description

The present invention provides a method of emulsion polymerization of two or
more fluoromonomers comprising the steps of: 1) forming an aqueous pre-emulsion by

mixing, a fluoromonomer according to formula I:

FAC=CF-R1-SO,X (1)

wherein R1 is a branched or unbranched perfluoroalkyl, perfluoroalkoxy or
perfluoroether group comprising 1-15 carbon atoms and 0-4 oxygen atoms and wherein
X 1s F, Cl or Br, together with 0.001-0.9 molar equivalents of a base, 1n the absence of
added emulsifier; and 2) reacting the pre-emulsion with one or more perfluorinated
comonomers 1n the absence of added emulsifier so as to form a fluoropolymer latex

comprising a fluoropolymer wherein more than 1 mol-% of monomer units are derived

from the fluoromonomer according to formula I.

In the fluoromonomer according to formula I, X 1s F, Cl or Br. X is typically F
or Cl and most typically F.

In the fluoromonomer according to formula I, R! is a branched or unbranched

perfluoroalkyl, perfluoroalkoxy or perfluoroether group comprising 1-15 carbon atoms

and 0-4 oxygen atoms. R! is typically ~O-R2- wherein R2 is a branched or unbranched

perfluoroalkyl or perfluoroether group comprising 1-15 carbon atoms and 0-4 oxygen
atoms. R! is more typically —O-R3- wherein R3 is a perfluoroalkyl group comprising

1-15 carbon atoms. Examples of R include:
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-(CFp)- wherenis 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14 or 15
(—CF9CF(CF3)-)p wherenis 1,2,3,4,0r 5
(—-CF(CF3)CFy-)y where nis 1, 2, 3, 4, or 5(-CFoCF(CF3)-),—CF9- where n 1s

1,2,30r4
(—O-CF>CF9-)y wherenis 1,2,3,4,5,6 or 7

(—O-CF»CF-CF9-)y wherenis 1,2, 3,4, or 5
(—O-CF»CF>CF9CF9-),; wheren1s 1, 2 or 3
(—O-CFoCF(CF3)-)p wherenis 1, 2,3, 4, or 5
(—O-CF»CF(CF7CF3)-), wherenis 1,2 or 3
(—O-CF(CF3)CF9-) wherenis 1, 2, 3, 4 or 5
(—O-CF(CFyCF3)CF9-), wherenis 1,2 or 3
(—~O-CF2CF(CF3)-)n-O-CFyCFp- wherenis 1, 2, 3 or 4
(~O-CF>CF(CF7CF3)-)-O-CF7CFp- wherenis 1, 2 or 3
(—O-CF(CF3)CF92-)-O-CFoCFo- wherenis 1,2, 3 or 4
(—O-CF(CF>CF3)CF9-),-O-CF7CFp- wherenis 1,2 or 3
—0-(CF9)y- wherenis 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13 or 14

R1 is typically —O-CF»CF7CF,CF»- or -O-CF,-CF(CF3)-O-CF,-CF»- and most
typically —O-CFoCFoCFoCFo-.
The fluoromonomer according to formula I may be synthesized by any suitable

means, including methods disclosed in U.S. Pat. App. No. 10/322,226, filed December
17, 2002.

For the preparation of a stable pre-emulsion of I in water, the SO,F-comonomer
is thoroughly mixed to gether with water and a base. The weight ratio of water to the
SO,F-comonomer is in the range of 0.1:1 to 1:0.01 and typically between 0.2:1 and
1:0.1. Any suitable base may be used, including alkaline hydroxides such as NaOH,
KOH, and LiOH, earth alkaline hydroxides, hydroxides of Group III metals, or NH4OH.
Additional inorganic basic salts like carbonates may be used. Quaternary alkyl
ammonium hydroxides may be used but their utility may be limited due to their chain

transfer activities, especially the larger chain alkyl compounds (R4N'OH). Typically,
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hydroxides of Group I metals or NH,OH are used, most typically LiOH or NH4OH.
The base 1s added to the pre-emulsion in an amount equal to 0.001 — 0.9 molar
equivalents relative to the fluoromonomer according to formula I, typically 0.01 — 0.5
molar equivalents and more typically 0.02 — 0.3 molar equivalents. The pre-emulsion
should be stable and should result in the formation of a polymer with desirable
properties such as melt processablity, and the like.

Any suitable method may be used to mix the aqueous pre-emulsion, including
the use of a homogenizer (e.g. Microfluidizer * from Microfluids), high speed
agitators, colloid mill mixers, or ultrasonic devices. Mixing times are typically from 1
— 60 min, more typically 1 —20 min. Pre-emulsification of the liquid fluorinated SO,F-
containing comonomer typically results in a pre-emulsion having an average droplet
size of less than 20 um, more typically less than 10 pm. Use of a high speed agitator
may result in a pre-emulsion having an average droplet size of 0.5 — 10 pm. Other
devices such as microfluidizers may deliver pre-emulsions having a particle size of less
than 1 pum.

Typically the aqueous pre-emulsion has a pot life (settling time) of at least 1
hour, and more typically at least 3 hours. Pot life is defined as the time required for 10
weight% of the monomer droplets to settle or separate out of the emulsion. The pot life
of the aqueous emulsion of the liquid comonomer can be increased by increasing the
pH, a typical range being about 5 - 7.

The pre-emulsification of the liquid comonomer may be carried out in a separate
kettle from the polymerization kettle, in the polymerization reactor itself prior to
commencing the polymerization, or in the monomer supply line to the polymerization
kettle. The weight ratio of the liquid emulsified SO,F-monomer to water during

polymerization is typically between 1:1 and 1:100, more typically between 1:2 and 1:50
and most typically between 1:2 and 1:20.

The aqueous emulsion polymerization can be performed continuously in which,
for example, the aqueous emulsion of the liquid comonomer and other monomers,
water, buffers and catalysts are fed continuously to a stirred reactor under optimum

pressure and temperature conditions while the resulting emulsion is removed

contimuously. An alternative technique is batch or semi batch polymerization by feeding
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the ingredients into a stirred reactor and allowing them to react at a set temperature for
a specified length of time or by charging ingredients into the reactor and feeding the
monomers and emulsified liquid fluorinated monomer into the reactor to maintain a
constant pressure until a desired amount of polymer is formed. The polymerization can
be carried out in a standard or conventional kettle used for emulsion polymerization of
gaseous fluorinated monomers.

In one embodiment, when gaseous comonomers are used, a portion of the pre-
emulsion is pre-charged into the reaction vessel and, after initiation, the gaseous
monomer(s) and the remaining pre-emulsion are fed continuously. In another
embodiment where gaseous comonomers are used, the whole amount of the pre-
emulsified SO,F-comonomers can be placed into the kettle and only the gaseous
monomers fed continuously.

Any 1nitiator or initiator system suitable for free-radical polymerization may be
used, including example ammonium persulfate (APS) or a redox system such as
APS/disulfite and potassium permanganate. When oil-soluble initiators having no
solubility or only insufficient solubility in water are used, they are typically mixed with
the aqueous emulsion of the liquid fluorinated monomer. Examples of oil-soluble
initiators include substituted dibenzoyl peroxides and cumene hydroperoxides,
Including bisperfluoropropionyl peroxide. Typically the concentration of initiator is
between 0.01 wt% to 3 wi%, more typically between 0.05 wi% and 2 wt%.

The polymerization systems may optionally comprise auxiliaries such as
buffers, complex-formers or chain-transfer agents. The polymerization can be carried
out at any suitable pH. pH is typically not critical but depends on the initiator system
used. To avoid on going conversion of the SO,F-unit into the salt-form during
polymerization, the pH is typically pH <7, more typically pH <6.

Any suitable conditions of temperature and pressure may be used. The
polymerization temperature is typically between 10 and 100°C. The polymerization
pressure 1s typically between 3 and 30 bar. Typically the reaction kettle is oxygen-free.

Typically, the solids content of the resulting polymer latex is between 10 and

50% without major coagulation.
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Any suitable perfluorinated comonomers may be used. Typically the
comonomer is ethylenically unsaturated. Typically the comonomer bears no additional

functional groups. Typically comonomers are selected from species according to

formula II:

FoC=CF-R% (1)

where R4 is F or a branched or unbranched perfluoroalkyl, perfluoroalkoxy or
perfluoroether group comprising 1-5 carbon atoms and 0-2 oxygen atoms. More
typically, the comonomers are selected from tetrafluoroethylene (TFE),
hexafluoropropylene (HFP) and perfluoro(methyl vinyl ether) (PMVE). Most typically,
the comonomer is tetrafluoroethylene (TFE).

Additional copolymers may include non-perfluorinated or H-containing C,-Cq4
fluoro olefins such as vinylidene fluoride (VDF), trifluoro ethylene, ethylene and
propylene. The amount of these comonomers in the final copolymer 1s typically less
than 40 mol%, more typically less than 20 mol%.

In addition to the above-mentioned gaseous monomers, further liquid
fluorinated comonomers may be added to the polymerization. The additional liquid
fluorinated comonomers can be pre-emulsified together with the SO,F-containing
monomer in the presence of a base or they can be pre-emulsified separately. L

In one embodiment, the liquid fluorinated monomer for use is a fluorated
vinyl ether, typically a perfluoro vinyl ether. The fluorinated vinyl ether may be a
perfluorinated vinyl ether corresponding to formula (III):

CF,=CFO(R{O)n(R’0)mR s (1)

wherein R and R’ are different linear or branched perfluoroalkylene groups of
2 — 6 carbon atoms, m and n are independently 0 — 10 and the sum of n and m 1s at least
1, and R”; is a perfluoroalkyl group of 1 — 6 carbon atoms.

Examples of fluoro vinyl ethers of formula (IIT) include compounds of the
formula (IV):

CF,=CFO(CF,CF,CFZ0O)R"; (IV)

where R”;is a perfluoroalkyl group having 1 — 6 carbon atoms, n = 1 — 5, and

7 =TF or CF;. Examples of compounds of formula (IV) include those in which R”¢1s

C3F7, n=1, Z =F or CF; and CF3-O-CF(CF3)-CF,-CF,-O-CF=CF, (boiling point
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85°C). Further useful fluorinated vinyl ethers included in formula (III) correspond to the
formula (V):
CF,=CF-O-(CF,CFXO)n-R¢ (V)

in which m represents an integer of 1 to 5, X is F or CF3 and Ry 1s a C1-Cs
perfluoroalkyl group. Examples of monomers of formula V include those where X 1s
CF; and Ry is perfluoro n-propyl and wherein m is 1 (boiling point of 103°C) or m 1s 2
(boiling point of 160°C).

Additional perfluoro vinyl ether monomers useful in the invention include
compounds of the formula

CF,=CFO[(CF2CFCF30),(CF,CF,CF20)m(CF2), | CxFax+1 (VD)
wheremandn=1-10,p=0-3, and x = 1 — 5. Preferred members of this
class include compounds wheren=1,m=1,p=0,and x = 1.

Still further examples of perfluoro vinyl ethers include ethers corresponding to
formula (VII):

CF,=CFOCF,CF(CF3)-O-(CF,0)nCnF2n+1 (VII)

where n =1, m = 0 — 3 and where; preferably m = 0. The amount of these liquid
comonomers in the final copolymer is typically less than 40 mol%, more typically less
than 20 mol%, and most typically less than 15 mol%.

Additional liquid fluorinated comonomers which may be added to the
polymerization include those having the structural formula:

CF,=CF-[O-CF,-CF(CF3)]1-O-(CF3)m~- COOCHS3 (VIII)
wheren=0-3 and m =0 — 6.

The liquid ester can be pre-emulsified together with the SO,F-comonomer.
Typically the amount of (VIII) is in the range of 0 — 10 mol%, and more typically 0 — 5
mol%.

The monomers are present in the reaction mixture in a ratio such that the
resulting fluoropolymer comprises more than 1% of monomer units derived from the
fluoromonomer according to formula I, typically more than 5%, more typically more
than 10%, and more typically more than 13%.

The resulting polymers are amorphous or semi-crystalline materials, typically

semi-crystalline with a melting point lower than 300 °C.
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To adjust the molecular weight of the resulting polymers any suitable chain-
transfer agents can be used, typically gaseous hydrocarbon chain-transfer agents.

Typically, the polymerization produces a fluoropolymer latex comprising the
fluoropolymer according to the present invention. The fluoropolymer latex and the
fluoropolymer are free of added emulsifier.

The fluoropolymer according to the present invention may be formed into a
polymer electrolyte membrane by any suitable method, including casting, molding,

extrusion, and the like. Typically, the polymer is hydrolyzed to convert SO,F groups to

SO;™ groups before forming, typically by contact with water, and typically with addition
of a base such as L1IOH. Typically, the membrane is cast from a latex or suspension of
the fluoropolymer and then dried, annealed, or both. Typically, the latex or suspension
is aqueous and may additionally contain alcohols such as propanol or other co-solvents.
Typically, the membrane has a thickness of less than 90 microns, more typically less
than 60 microns, and more typically less than 30 micromns.

In general, copolymers which contain predominantly SO,F groups rather than

SO;” groups are more easily melt processed, e.g. by extrusion or hot pressing into

various shapes, e.g. into films or membranes. These articles may be further hydrolyzed

to generate 10on exchange membranes. For copolymers with increasing SO3~ groups
content, solutions processing, e€.g. casting films or membranes, may be more
appropriate.

This invention is useful in the manufacture of polymer electrolyte membranes
for use 1n fuel cells or other electrolytic cells.

Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and defails, should not be construed to unduly limit this

invention.

Examples
Unless otherwise noted, all reagents were obtained or are available from Aldrich

Chemical Co., Milwaukee, WI, or may be synthesized by known methods.

-10-
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Test Methods

Melt flow index (MFI) was measured according to ISO 12086, using a
standardized extrusion die of 2.1 mm diameter and 8 mm length at 265°C/5 kg load.

Particle size was measured by dynamic light scattering using a Malvern
Zetasizer 1000 HAS according to ISO/DIS 13321. Prior to the measurements the latex
was diluted with 0,001 mol/L KCl. The temperature of measurements was 20°C. The
Z-average values are reported.

The incorporation of the SO,F-comonomers was measured by FTIR (using a
Nicolet Omnic 5.1). The measurements were done using transmission technique on hot-
pressed films (100 — 200 pm thickness). The MV45S-content R in mol% was determined
by measuring the peak height at 1004 cm” divided by the peak height at 2365 cm’”

( : ~1 A
p - peakheightl004cm _  (can | The method was

. peak height 2365 cm - J

multiplied by 0.0632

calibrated by solid state PE_NMR using a Varian™ INOVA 400 WB with 3.2 mm
MAS probe.

Example 1
390¢ (1.03 mole) CFp=CF-O-(CF2)4-SO2F (MV4S, M.W. 378.1 1) was

preemulsified into 270 g water with the addition of 13.5 g (0.322 mo'le) LiOH-H»O

(M.W. 41.97) under high shear (24,000 rpm), using an ULTRA-TURRAX® Model

T 25 disperser S25KV-25F (IKA-Werke GmbH & Co. KG, Staufen, Germany) for

2 min. The milky white dispersion had an average particle size of 1.5 pm and a shelf
life of >3 hours. A 53 liter polymerization kettle equipped with an impeller agitator
system was charged with 23 kg deionized water. The kettle was heated up to 60°C and
then the preemulsion was charged into the oxygen-iree polymerization kettle. At 60°C
the kettle was further charged with 630 g gaseous tetrafluoroethylene (TFE) to 6 bar
absolute reaction pressure. At 60°C and 240 rpm agitator speed the polymerization was
initiated by addition of 15 g sodium disulfite and 40 g ammonium peroxodisulfate.
During the course of the reaction, the reaction temperature was maintained at 60 °C.
Reaction pressure was maintained at 6.0 bar absolute by feeding additional TFE into the

gas phase. A second portion of MV4S-preemulsion was prepared in the same manner
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and proportions described above, using 4,600 g (12.17 mole) MV4S, 160 g (3.81 mole)
LiOH-H»O and 3,200 g water. The second preemulsion portion was fed imto the liquid

phase during the course of the reaction continuously.

After feeding 6150 g TFE in 252 minutes polymerization time, the monomer
valve was closed and the monomer feed interrupted. The continuing polymerization
reduced the pressure of the monomer gas phase to 2 bar within 40 minutes. At that
time, the reactor was vented and flushed with nitrogen gas.

The 38.4 kg polymer dispersion thus obtained had a solids content of 29.2 %
and a pH value of 3. The average particle size of the latex was 139 nm, as measured
using dynamic light scattering. The freeze coagulated polymer was pressed mto 100 —
200 pm thick films at 300°C. FTIR-measurements on the films showed an
incorporation of 14,1 mol% of MV4S. MFI (265°C, 5 kg) = 0.3 g/10 min.

Example 2
152¢g (0.402 mole) CF»=CF-O-(CF2)4-SO>F (MV4S, M.W. 378.11) was

‘ preemulsified into 170 g water with the addition of 4 g (0.095 mole) LiOH-HyO (M.W.

41.97) under high shear (24,000 rpm), using an ULTRA-TURRAX® Model T 25
disperser (IKA-Werke GmbH & Co. KG, Staufen, Germany) for 5 min. A 7 liter
polymerization Kkettle equipped with an impeller agitator system (320 rpm) was charged
with 3 kg deionized water. The kettle was heated up to 60°C and then the pre-emulsion
was charged into the oxygen-free kettle and was further charged with 170 g gaseous
tetrafluoroethylene (TFE) to 8 bar absolute reaction pressure. Polymerization was
initiated by addition of 1.5 g sodium disulfite and 4 g ammonium peroxodisulfate.
During the course of the reaction, the reaction temperature was maintained at 60 °C.
Reaction pressure was maintained at 8.0 bar absolute by feeding additional TFE into the

gas phase. A second MV4S-preemulsion portion was prepared in the same manner

described above, using 430 g (1.14 mole) MV4S, 8 g (0.191 mole) LIOH-H2O and

830 g water and fed continuously.

After feeding 800 g TFE in 331 minutes polymerization time, the monomer

valve was closed and the monomer feed interrupted. The continuing reaction reduced
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the pressure of the monomer gas phase to 3 bar. At that time, the reactor was vented
and flushed with nitrogen gas.

The 4.3 kg polymer dispersion thus obtained had a solids content of 33.9 % and
a pH value of 3. The dispersion consisted of latex particles having an diameter of
99 nm. The polymer was freeze coagulated, and washed with demineralised water in
four cycles and was dried for 15 houts at 130 °C. IR-spectroscopy showed a
composition of 88.4 mol % TFE and 11.6 mol % MV4S. The peak height ratio of the
SO, absorbance at 1063 cm™ divided by the SO,F absorbance at 1467 cm™ was 0.012;

indicating that only minimal amounts of SO3’-groups were present in the polymer.

Comparative Example 3C
900g (2.38 mole) CFy=CF-O-(CF3)4-SO2F (MMV4S, M.W. 378.11) was preemulsified

into 560 g water with the addition of 16 g of a 30% perfluorooctanoate ammonium salt
solution GM™ FLUORAD™ EFX1006, 3M Company, St. Paul, Minnesota) under high
shear (24,000 rpm), using an ULTRA-TURRAX® Model T 25 disperser (IKA-Werke
GmbH & Co. KG, Staufen, Germany) for 5 min. A 53 liter polymerization kettle
equipped with an impeller agitator system was charged with 37 g ammonium oxalate-1-
hydrate and 7 g oxalic écid;2-hydrate in 22.9 kg deionized water and 269 g 30 %
perfluorooctanoate ammonium salt solution (3M™ FLUORAD™ FX1006, 3M
Company, St. Paul, Minnesota). The oxygen-free kettle was then heated to 50 °C and
the agitation system was set to 240 rpm. After the kettle was purged with
tetraftuoroethylene (TFE), the preemulsion was then charged into the reaction kettle.
The kettle was further charged with 705 g gaseous tetrafluoroethylene (TFE) to 6 bar
absolute reaction pressure. Polymerization was initiated by addition of 140 gofa 1 %

solution of potassium permanganate (KMnQy4). During the course of the reaction, the

reaction temperature was maintained at 50 °C. Reaction pressure was maintained at 6.0 .
bar absolute by feeding additional TFE into the gas phase. A second MV4S-
preemulsion was prepared in the same manner described above, using 4,170 g (11.02)
MV4S, 73 g 30 % perfluorooctanoate ammonium salt solution (3M™ FLUORAD™
FX1006, 3M Company, St. Paul, Minnesota) and 2,500 g water. The second

preemulsion was fed into the liquid phase during the course of the reaction.
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After feeding 5575 g TFE 1n 330 minutes polymerization time, the monomer
valve was closed and the monomer feed interrupted. The continuing reaction reduced
the pressure of the monomer gas phase to 3.4 bar within 40 minutes. At that time, the
reactor was vented and flushed with mitrogen gas.

The 37.1 kg polymer dispersion thus obtained had a solids content 0 27.5 %
and a pH value of 3. The dispersion consisted of latex particles having an diameter of
70 nm. The polymer was freeze coagulated, washed with demineralised water i four
cycles and was dried for 15 hours at 130 °C. Solid state 19F-NMR-spectroscopy
demonstrated a polymer comprising 85.3 mol % TFE and 14.7 mol % MV4S. The peak

height ratio of the SO3™ absorbance to the SO,F absorbance was 0.007. MFI (365°C,
2.16 kg) = 0.2 g/10 min.

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this
invention, and it should be understood that this mvention is not to be unduly limited to

the 1llustrative embodiments set forth hereinabove.
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We claim:
1. A method of aqueous emulsion polymerization of two or more fluoromonomers

comprising the steps of:

3.

1) forming a pre-emulsion by mixing, a fluoromonomer according to

formula I:

FoC=CF-R1-SO,X (1)

wherein R! is a branched or unbranched perfluoroalkyl, perfluoroalkoxy or
perfluoroether group comprising 1-15 carbon atoms and 0-4 oxygen atoms and

wherem X 1s F, Cl or Br, together with 0.001-0.9 molar equivalents of a base, in

the absence of added emulsifier; and

2) reacting said pre-emulsion with one or more comonomers in the absence

of added emulsifier, said comonomers being perfluorinated, so as to form a
fluoropolymer latex comprising a fluoropolymer wherein more than 1 mol% of

monomer units are derived from the fluoromonomer according to formula I.

The method according to claim 1 wherein said base is a hydroxide.

The method according to claim 1or 2 wherein R1 is —O-R2- wherein R2 is a

branched or unbranched perfluoroalkyl or perfluoroether group comprising 1-15 carbon

atoms and 0-4 oxygen atoms, and wherein X is F.

4.

The method according to claim 1 or 2 wherein R} is ~O-R3- wherein R3 is a

perfluoroalkyl group comprising 1-15 carbon atoms, and wherein X is F.

J.

The method according to any of claims 1 — 4 wherein said preemulsion

additionally comprises one or more fluorinated vinyl ether comonomers according to

formula (III):

CF2=CFO(RfO)n(R’ fO)mR”f (HI)

where Ryand R’rare independently selected from the group consisting of linear and

branched perfluoroalkylene groups of 2 — 6 carbon atoms, where m is 0-10, where n is
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0-10, where the sum of n and m is at least 1, and where R”ris a perfluoroalkyl group of

1 — 6 carbon atoms.

6. A fluoropolymer latex made according to the method of any of claims 1 — 5,

said fluoropolymer latex being free of added emulsifier.

1. A fluoropolymer derived from a fluoropolymer latex made according to the

method of any of claims 1 — 3, said {luoropolymer being free of added emulsifier.

8. A polymer electrolyte membrane comprising the fluoropolymer of claim 7

which has been hydrolyzed.
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