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FS02CFR!O [CFYCF20]nCF (CF3 ) COF

FS02CFR!O[CFYCF20]nCF(CF3)COOX
and

where R!, Y and n have the same meaning as above and X
is an alkali metal. The pyrolysis is carried out at tem­
peratures of 200 to 600° C. In the case of the acid
fluoride, a metal oxide such as zinc oxide or silica is
preferably employed as a solid catalyst for the gas phase
reaction. The acid fluoride employed in the pyrolysis is
obtained by the reaction of hexafluoropropylene epoxide
with a fluorosulfonyl fluoroacyl fluoride having the for-
mula FS02CFRf COF. The alkali metal salt of the car­
boxylic acid is formed from the corresponding acid fluo­
ride by reaction with an alkali metal salt of a weak acid,
such as carbonic acid. The formation of the acid fluoride
and the alkali metal salt is further disclosed in copending
application Serial No. 300,076, filed August 5, 1963.

The vinyl ethers of the present invention are preferably
polymerized in a perfluorocarbon solvent using a per­
fluorinated free radical initiator. Since the vinyl ethers
are liquid at reaction temperatures, it is further possible
to polymerize and copolymerize the vinyl ethers in bulk
without the use of a solvent. It is preferable to polym­
erize the vinyl ether in the form of the sulfonyl fluoride
when using a perfluorocarbon system. Polymerization
temperatures will vary from -50 to +200° C. depending
on the initiator used. Pressure is not critical and isgen~

erally employed to control the ratio of the gaseous co­
monomer to the fluorocarbon vinyl ether. Suitable fluoro­
carbon solvents are known in the art and are generally
perfluoroalkanes or perfluorocycloalkanes, such as per-
fluoroheptane or perfluorodimethylcyclobutane. Simi­
larly, perfluorinated initiators are known in the art and
include perfluoroperoxides and nitrogen fluorides. .

In the form of the acid or the acid salt the fluoro­
carbon ethers of the present invention can be polymerized
in an aqueous medium using a peroxide or a redox ini­
tiator. The polymerization methods employed corre­
spond to those established in the art for the polymeriza­
tIon of tetrafluoroethylene in aqueous media.

In preparing copolymers using the fluorocarbon vinyl
ethers of ,the present invention which -contain sulfonic
acid groups or derivatives thereof, it is generally pre-
ferred to use aqueous media of a pH of 8 or lower and
temperatures not 'above about 110° C.
. The, polymer!c ~uorocarbon vinyl ethers of the present
InVentIOn a:e l!qUld or solid depending on their degree
?f pol~menz~tIOn. The sulfonyl group in the polymer.
IS readily subjected to known reactions of sulfonyl groups

70 and can thus ibe employed to form a variety of polymeric
sulfonyl group containing materials.

good elastomers are obtained when the molar ratio of
vinylidene fluoride to hexafluoropropylene lies within the
range of 51:49 to 85: 15 and the proportion of the fluoro­
carbon vinyl ether is present in the range of about 0.2

5 mole to 5 mole percent of the total monomer units pres­
ent in the copolymer.

In the preparation of elastomeric copolymers from
tetrafluoroethylene, perfluoro(methyl vinyl ether) and a
perfluorovinyl ether of the structure

CFFCF-O-CF:r-CF-(CF3 )

-O-CF:r-CF~02F

a preferred range of molar ratios is 1.5-2.0 moles of
tetrafluoroethylene per mole of perfluoro(methyl vinyl
ether) with 0.5-4 mole percent of the total composition
of the sulfonyl fluoride monomer.

The vinyl ethers of the present invention are prepared
by the pyrolysis of compounds having the following for­
mulas

20MS02CFRfCF20 [CFYCF20]nCF=CF2
where R! is a radical selected from the class consisting
of fluorine and perfluoroalkyl radicals having from 1 to
10 carbon atoms, Y is a radical selected from the class
consisting of fluorine and the trifluoromethyl radical, n
is an integer of 1 to 3 inclusive, and M a radical selected 25
from the class consisting of fluorine, the hydroxyl radical,
the amino radical and radicals having the formula -OMe
where Me is a radical selected from the class consisting
of alkali metals and quaternary ammonium radicals. The
vinyl ethers are readily homopolymerizd or copolymerized 30
with ethylene or halogenated ethylenes. Although the
ethylenes are the preferred comonomers for the copolym­
erization of the vinyl ethers of the present invention, it is
to be understood that copolymerization of the vinyl ethers
can be achieved with any ethylenically unsaturated co- 35
monomer capable of homopolymerization, using the
polymerization techniques described hereinbelow.

Additional fluorinated monomers may also be copolym­
erized with ethylene or the halogenated ethylenes and the
fluorocarbon vinyl ethers of the present invention. IIi 40
particular, a perfluoro(alkyl vinyl ether) or a perfluoro
alpha-olefin is a preferred third monomer for copolym­
erization.

The solid products produced by copolymerization using
the vinyl ethers of the present invention may be plastic 45
or elastomeric. If elastomeric products are desired, the
fluorocarbon vinyl ethers of the present invention which
contain sulfonic acid groups or derivatives thereof can
be polymerized in combination with two or more other
monomers to produce multi-component copolymers. 50

In these polymers it is generally preferred that at least
one of theadditional monomers be ethylene or a halogen­
ated ethylene such as vinylidene fluoride, tetrafluoroethyl­
ene, or 'chlorotrifluoroethylene, while the other additional
monomer is a perfluoro alpha-olefin such as hexafluoro- 55
propylene or a perfluoro(alkyl vinyl ether) of the type
CF~F-O-(CF2)n-CF3 where n is 0 to 5, inclusive.

The concentration of fluorocarbon vinyl ethers of the
present invention which contain sulfonic acid groups or
derivatives thereof is chosen in relation to the degree of 60
cross-linkability desired for the copolymer product. For
economic reasons, 5 mole percent, based on total mono­
mer incorporated into the copolymer, is usually all that
is ~sed to produce high modulus vulcanized products,
whIle 0.2 mole percent is about the minimum which will 65
produce a satisfactory degree of crosslinking. For ex­
ampl.e, when copolymers are prepared from vinylidene
fluonde, hexafluoropropylene and a perfluorovinyl ether
of the structure
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This application is a continuation-in-part of applica- 10
tion, Serial No. 308,650, filed September 13, 1963, now
abandoned.

The present invention relates to novel fluorocarbon
vinyl ethers and their polymers, and, more particularly,
relates to fluorocarbon vinyl ethers and their polymers 15
which contain sulfonic acid groups or derivatives thereof.

The fluorooarbon vinyl ethers of the present invention
have the formula
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Example VII

Using the procedure of Example VI, the vinyl ether
having the formula

'FS02CF2CF2[O-CF(CFg)CF2]20CF=CF2

is polymerized to a clear viscous homopolymer.

Example VIlI

Into an evacuated 320 m!. stainless steel shaker tube
10 were charged 40 g. of the vinyl ether,

FS02CF2CF20CF (CFg)CF20CF=CF2
40 g. of ,tetrafluoroethylene and 200 m!. of perfluorodi­
methylcyclobutane. While cold, a 30 m!. jumper lin~

15 was pressured to 20 p.s.i.g. with 2.4 volume percent dI­
fluorodiazine in nitrogen. This catalyst was pressured
into the shaker tube with 800 p.s.i. of nitrogen. The
mixture was shaken and the temperature raised slowly
to 80 0 C. 'and maintained there for one hour. On cool-

20 ing and discharging, 28 g. of 9 weight percent vinyl ether
copolymer having melt viscosity above 1X 104 poises
was obtained. The polymer ,could be compression mold­
ed into clear tough film;

Example IX

Into an evacuated 320 m!. stainless steel maker tube
were charged 30 g. of purified vinyl ether having the
formula NaSOgCF2CF20CF(CFg)CF20CF=CF2, 200
m!. of deoxygenated, distilled water, about 30 g. of tetra-

30 fluoroethylene and 1.0 g. of ammonium persulfate. The
reaction mixture was heated under autogenous pressure
to 68-70 0 C. for 2 hours. On discharging 48 g. of ge­
latinous copolymer was obtained which after drying could
be made into films of good stiffness and contained 14

35 weight percent of the vinyl ether.

Example X

Into the 85 mi. stainless steel shaker tube were charged
60 m!. of deoxygenated distilled water, 0.3 g. of dry am­
monium persuIfa;te, 2.5 .g. of a vinyl ether having the
formula NaSOgCF2CF20CF(CFg)CF20CF=CF~and 6
to 10 g. of tetrafluoroethylene. The mixture was agitat­
ed at 68 0 C. for 3 hours under autogenous pressure and
a clear aqueous copolymer dispersion was discharged.

This procedure is readily employed with other eth­
ylenes, such as chlorotrifluoroethylene, vinylidene fluo­
ride, vinyl fluoride, vinyl chloride, vinylidene chloride
and ethylene to give rise to aqueous dispersions of co­
polymers of ;these ethylenes with

NaSOgCF2CF20CF(CFg)CF20CF=CFa

Example XI

To 100 mI. of a 50 weight percent aqueous NaOH
solution and 100 m!. of methanol is added 60 g. of a co­

55 polymer of tetrafluoroethylene and

FS02CF2CF20CF (CFg)CF20CF=CF~

contining 5 weight percent of the vinyl ether. The re­
'action mixture was refluxed for 4 hours. The copoly­
mer was then washed with water to remove excess base.

60 Infrared analysis indicated complete neutralization of the
-S02F groups to --SOgNa groups. The resulting
resin could be molded into tough clear films.

Example XII

Using the procedure of Example XI, a 2-4 mil film
of a copolymer of tetrafluoroethylene and

FS02CF2CF20CF(CFg)CF20CF=CF2

was placed in refluxing NaOH-methanoI. The resultant
70 film was clear and contained --SOsNa groups as in­

dicated by infrared analysis.

Example XIII

The coagulated tetrafluoroethylene copolymer of Ex­
75 ample X was washed with one liter of 10 percent HCI in

Example V

Example' IV

Example III

The fluorosulfonyl fluoroacyl fluoride, having the 40
formula FS02CF20CF(CFg) CF20CF(CFg) COF, was
passed through ,a one inch stainless steel column packed
with ;4 inch pellets of ZnO and heated to a tempera­
ture of 285 0 C. The fluorosuIfonyl fluoroacyl fluoride,
85 g., was vaporized by dripping on a flash evaporator
in a nitrogen stream of 400 mI.lmin. The nitrogen 45
stream was then passed through the column and mul­
tiple cold traps in which the reaction product was col­
lected. Upon separation, there was obtained 60 g. of
the perfluoro [2- (2-fluorosulfonylethoxy) propyl vinyl
ether].

3
Copolymers containing the fluoroc'arbon vinyl ethers

of the present invention can be vulcanized using
the -S02F group or derivatives thereof, such as the
--S020H or --SOgNa groups, by heating in the pres­
ence of metal oxides such as PbO or mixtures of PbO 5
and MgO, or by reacting with polyfunctional reagen~s

capable of reacting with sulfonyl fluorides, such as dI­
amines.

The invention is further illustrated by the following
examples.

Example I

Into a rotary evaporator was charged 200 g. of

FSOiCF2CF20CF(CFg)CF20CF(CFg)C02Na

The evaporator was heated to 180 0 C. until no further
gas evolution was observed. The off-gases from the
reaction were condensed in a cold ,trap. On distillation,
there was obtained 48 g. of perfluoro[2-(2-fluorosul­
fonylethoxy)propyl vinyl ether], RP. 118 0 C. The in­
frared 'and NMR spectra of the product were consistent
with the structure of the ether.

Analysis.-Calcd. for C7F I40 4S:C, 18.84; F, 59.62;
S, 7.18. Found: C, 19.11; F, 59.13; S, 7.11.

Example II

Into ·a rotary evaporator was charged 150 g. of

FS02CF2CF20[CF(CFg) CF20] 2CF(CFg)C02Na

The evaporator was heated to 200 0 C. until no further
gas evolution was observed. The off-gases from the re­
action were condensed in cold traps. On distillation of
the rea'ction product there was obtained 35 g. of

FS02CF2CF20[CF(CFg)CF20]2CF=CF2

having a boiling point at 159 0 C. Infrared and NMR
spectra was 'consistent with the indicated structure.

The procedure of Example III is repeated using spheri­
cal glass beads (200 to 325 mesh) at a temperature of
325 0 C. instead of ZnO and a temperature of 285 0 C.
Yields of ;the perfluorovinyl ether. of up to 80% are ob­
tained.

Perfluoro [2 - (2 - fluorosulfonylethoxy) - propyl vinyl
ether] was dissolved in an alkaline acetone water mixture
which resulted in the formation of the corresponding
sodium salt. The isolated salt was treated with a con­
centrated solution of HCI to form the corresponding sul­
fonic acid SOgHCF2CF20CF(CFg)CF20CF=CF2' Re­
action of the sulfonic ,acid ether with aqueous sodium 65
bsdroxide or triethylamine resulted in the formation of
the corresponding pure sodium salt or triethyl ammonium
salt.

Example VI

About 0.5 g. of perfluoro[2-(2-fluorosulfonylethoxy)
propyl vinyl ether] is placed in a quartz tube which is
then evacuated and sealed. After 24 hours irradiation
with a mercury arc lamp, a clear viscous homopolymer is
obtained.
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This compound stock is vulcanized by pressing sheets
in a mold for 30 minutes at 150° C followed by removing
the sheets and heating them in an air oven for 24 hours
at 204° C.

The following physical properties were measured at
21.1 ° C.:
Tensile strength, p.s.L 1625
Elongation' at break, percent 340
Stress at 200 percent elongation, p.s.i. 1175

Example XX

A 400 m!. Hastelloy shaker bomb is swept with nitrogen
and charged with 200 m!. of deoxygenated distilled water,
3.0 g. (11 mmoles) of disodium phosphate heptahydrate,
0.55 g. (2.4 mmoles) of ammonium persulfate, 0.15 g.

Parts by weight
Terpolymer ~ 100
Carbon black, medium thermal 20
MgO --------_______________________________ 12

60 PbO --------'-----------------______________ 3

30

6
twice with approximately 50 m!. for each washing of
1,1,2,-trichloro-perfluoroethane to remove unreacted, non­
volatile fluorosulfonyl monomer and then coagulated by
freezing. The polymeric product was separated from the

5 aqueous phase by filtration 'and macerated in a high-sp:ed
mixer with water to remove electrolytes. The resultmg
wet polymer was vacuum-dried for 80 hours at 25° C.
under a pressure of 0.1 mm. mercury. The weight of
the dried terpolymer of perfluoromethyl vinyl ether,

10 tetrafluoroethylene and perfiuoro[2 - (fluorosulfonyl­
ethoxy)-propyl vinyl ether] was 8.3 grams.

The infrared absorption spectrum of a thin film of the
polymeric product was measured. An absorption band
at H.27,u indicated the presence of the -OCFs group

15 and absorption bands at 6.80,u and 10.l5,u indicated the
presence of the -S02F group. Absorption bands at­
tributed to the fluorine attached to carbon were also
present.

One hundred parts by weight of the terpolymer were
20 mixed with 20 parts by weight of litharge on a two-roll

rubber mill. The mix was removed from the mill and
shaped and cured in the form of a film approximately 1
mm. thick by pressing it ,at 125° C. for 30 minutes be­
tween the heated platens of a hydraulic press. The cured

25 film exhibited an elongation at break of 150 percent and
a permanent set ,at break of about 5 percent. It was in­
soluble in perfiuorodimethylcyclohexane whereas the un­
cured terpolymer was soluble.

Example XIX

A 400 m!. Hastelloy shaker bomb is swept with nitrogen
and charged with 200 m!. of deoxygenated distilled water,
3.0 g. (11.0 mmoles) of disodium phosphate heptahy­
drate, 0.55 g. (2.4 mmoles) of sodium bisulfite, 0.15 g.

35 (0.3 mmole) of ammonium perfluorooctanoate, and 5.0 g.
(11.0 mmoles) of perfluoro [2-(2-vinyloxy-1-methyl­
ethoxy)-ethane sulfonyl] fluoride. The bomb is closed,
cooled to _80° C., and purged of oxygen by evacuating
toone millimeter pressure of mercury. With the interior

40 under reduced pressure, 18.1 g. (0.12 mole) of hexa­
ifiuoropropene and 28.0 g. of vinylidene fluoride (0.44
mole) are introduced. The bomb is shaken and the tem­
perature inside the reaction chamber is increased to 60°
C. and held there for two hours. T,he bomb is then

45 cooled to room temperature, and excess gaseous reactants
vented Ito the atmosphere. The partially coagulated
product is removed and coagulation is completed by
freezing. The polymer is isolated by filtration, washed
thoroughly with water, and dried overnight at 70° C.

50 in a vacuum oven. The dry, white polymer weighed
37.6 g. Analysis for carbon, hydrogen, fluorine and
sulfur showed that the product contains 32.7 percent C;
2.2 percent H; 63.5 percent F and 0.23 percent S.

The product is compounded on a two-roll rubber mill
55 to contain the following:

5
portions. The resultant resin was then 'Ya~he~ with water
to remove excess acid. Infrared analysIs llldlcated essen­
tially complete conversion of the -SOsNa groups to
-SOsH groups.

Example XIV

Into 'a platinum lined shaker tube were charged 2 g.
of an eight weight percent ,copolymer of a vinyl ether
having the formula

FS02CF2CF20CF (CFs)CF200F=CF2
with tetrafluoroethylene and 10 g. of NHs. The reaction
mixture was agitated for 4 hours under autogenous pres­
sure at a temperature of 100° C. Infrared analysis of
the resultant copolymer indicated essentially complete
formation of -S02NH2 groups from the -S02F groups.

Example XV

Into a Carius tube were charged 0.75 g. of a vinyl ether
having the formula

FS02CzF4(OCsF6hOCF CF2
and 20 m!. of perfluorodimethylcyclobutane. The mix­
ture was frozen, the tube evacuated and 2 g. of tetr~­

fluoroethylene added. About 30 ce., at atmosphenc
pressure, of 2.4% N 2F2 in N2, was injected and. poly­
merization was carried out at room temperature III the
sealed tube for a period of 24 hours. A copolymer of
the vinyl ether and tetrafluoroethylene was obtained.

Example XVI

To 400 m!. of water was added 7 g. of a copolymer of
tetmfluoroethylene and perfluoro-[2-(2-fluorosulfonyl­
ethoxy) propyl vinyl ether] and 6 g. of triethylamine.
The reaction mixture was refluxed for 96 hours. The
-S02F groups of the copolymer were substantially com­
pletely converted to -SOsNHEts groups.

Example XVII

Into a horizontal autoclave of 2 gallon capacity is
charged 1 liter of deoxygenated distiHed water,S g. of
ammonium perfluorocaprylate,and 239 g. of perfiuoro
[2-(fluorosulfonylethoxy)propyl vinyl ether]. The free
space of the autoclave is evacuated and filled with gaseous
tetrafluoroethylene. The mixture is stirred with hori­
zontal paddles at 105 r.p.m. and heated to 85° C. The
tetrafluoroethylene pressure is adjusted to 50 p.s.i.g. A
solution of 1 g. of ammonium persulfate in 500 ml. of
water is pumped into the reactor followed by 250 ml.
of water to purge the pump and injection line. Tetra­
fluoroethylene is supplied to maintain the pressure at 50
p.s.i.g. during the polymerization period. After 71 min­
utes of polymerization the mixture is cooled and removed
from the reactor. Two liquid phases are obtained, the
upper phase being 'an aqueous dispersion of copolymer
and the lower phase being the unreacted perfluoroether.

The upper layer is separated and coagulated by high
speed stirring to give 294 g. of copolymer containing 17
weight percent perfiuoro [2-fiuorosulfonylethoxy)propyl
vinyl ether].

Example XVIII

A 400 m!. Hastelloy C shaker tube was flushed with
nitrogen 'and charged successively with a solution of
0.20 g. of ammonium perfiuorooctanoate (Fluorochemi-
cal FC-126, Minnesota Mining & Mfg. Co.) in 250 m!. 65
of deoxygenated distilled water; 1.00 g. of potassium
persulfate; and 2.4 g. of per,fluoro [2-(fluorosulfonyl­
ethoxy) -propyl vinyl ether]. The tube was immediately
closed, chilled to -78° C., evacuated, and then charged
successively with 14.5 g. of perfiuoro(methyl vinyl ether) 70
and 6.5 g. of tetrafluoroethylene. The tube was shaken
at 60° C. for 4 hours.

After cooling the tube and venting the unreacted
gaseous monomers, the tube was opened and a liquid
latex-like product was discharged. This was washed 75
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D

1,910
290

7

C

2,540
240
35

1.0
1.9

B

2,600
240
10

0.7
1.3

Tensile strength at 25° C., p.s.L _
Percent elongation at break at 25° C _
Percent permanent set at break _
Percent weIght loss at 2S8° C. after 20 honrs __
Percent weIght loss at 288° C. alter 89 honrs__

--------------1---------
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Example XXII

One hundred parts of a mixture of polymers prepared
according to the method of Example XXI is compounded
on a 2-roll rubber mill with 20 parts of litharge and 20

5 parts of medium thermal carbon black. The composition
is sheeted off the mill and vulcanized into various test
specimens by heating for 30 minutes at 175 0 C. under
pressure in a mold, removing the formed parts from the
mold and then heating them at atmospheric pressure, by

10 gradually raising the temperature to 204 0 C. over a 12
hour period, followed by treatment at 204 0 C. for 24
hours more. The following physical properties are ob­
tained:

15 Tensile strength-p.s.1. at 25 0 C. 1570
Percent elongation at break at 25 0 C. 260
Percent peTmanent set at 25 0 C. 12
ASTM: D676-59T hardness (Duro A) at 25 0 C. __ 76
ASTM: D676-59T hardness (Duro A) at 100 0 C. _ 65

20 ASTM: D945-59 resilience at 25° C. 19
ASTM: D945-59 Tesilienceat 100 0 C. 61
ASTM: D395-61 compTession set at 121 0 C. 86

TempeTature where tOTsiona1 stiffness is 10,000,
pounds peT square inch 0 C. -4.44

25
Example XXIII

A. A polymer containing the three monomeTS of Ex­
ample XXI is prepared, wherein the concentration of
perfluoro(methyl vinyl etheT) is about 36 mole percent,

30 and the concentration of perfluoro[2-(2 vinyloxy-1-meth­
yl-ethoxy)ethane sulfonyl]fluoTide is about 0.21 mole per­
cent. After heating the polymer at 288 0 C. for 327
hours there is a weight loss of 3.4 percent.

B. On a 2-roll rubber mill 100 parts of the polymeT
35 from A is compounded with 20 parts of magnesium oxide.

Test specimens are prepared by vulcanizing the composi­
tion for 30 minutes at 175 0 C. undeT pressure in a mold,
removing the formed parts from the mold and then
heating them at atmospheTic pressure by gradually rais-

40 ing the temperature to 204 0 C. over a 12 hour period,
followed by treatment at 204 0 C. for 24 hours more.

C. The procedure of B is followed, except magnesium
oxide is Tel'laced by calcium oxide.

D. The procedure of B is followed except magnesium
45 oxide is Teplaced by litharge, and 20 parts oj; medium

thermal carbon black is added.
The above elastomer compositions have the following

physical properties:

Example XXIV

On 'a 2-roll rubber mill 100 parts of the polymer of Ex­
ample XXIII "A" is compounded with 10 parts of "Mag­
lite" Y magnesium oxide and 1 part of ethylenediamine­
carbamate. Test sheets are pTepared by vulcanizing the
composition according to the procedure of Example
XXIII "B." The following physical properties are ob-
tained:

Tensile svrength-p.s.1. at 25 0 C. 3360
Tensile strength-p.s.1. at 100 0 C. 740
Pencent elongation at break at 25 0 C. 240
Percent elongation at break at 100 0 C. 180
Percent permanent set at break at 25 0 C. 7
Percent permanent set at break at 100 0 C. 4
Temperature when torsional stiffness is 10,000

75 pounds per square inch 0 C. -1

7
(0.3 mmole of ammonium perfluorooctanoate, 0.25 g. (2.4
mmoles) of sodium bisulfite, and 2.5 'g. (6.0 mmoles) of
perfluoro[2 - (2 - vinyloxy-1-methylethoxy)-ethane sul­
fonyl] fluoride. The bomb is closed, cooled to - 80 0 C.,
and purged of oxygen by evacuating to millimeter pres­
sure of mercury. With the interior under reduced pres­
sure p.3 g. (0.115 mole) of hexafluoropropene and 27.5
g. (0.43 mole) of vinylidene fluoride are introduced.
The bomb is shaken and the temperature inside the re­
action chamber is increased to 60° C. and held there
for two hours. The bomb is then cooled to room tem­
perature, and excess gaseous reactants vented to the atmos­
phere. The partially coagulated pl!Oduct is removed.
Coagulation is completed by freezing. The polymer is
isolated by filtration, washed thoroughly with water, and
dried overnight at 70 0 C. in a vacuum oven. The dry
white polymer weighed 31.2 g. Analysis for carbon,
hydrogen, fluorine and sulfur showed that the product
contains 33.1 percent C; 2.1 peTcent H; 63.4 percent F
and 0.8 percent S.

The polymer is compounded on a two-roll rubber mill
at 25 0 C. to contain the following:

Parts by weight
Terpolymer 100
Carbon black, medium thermal 20
MgO 15
Hexamethylene diaminecarbamate 0.25

A portion of this compounded stock is pressed in a mold
for 30 minutes at 100 0 C. to form a sheet. The resulting
vulcanizate has a tensile strength at the break of 1275
p.s.1. and an elongation at the break of 160 percent.

Another portion of this compounded stock is pressed
in a mold for 30 minutes at 100 0 C. to form.a sheet. The
sheet is removed from the mold, and is then heated in
an oven to 204 0 C. over a four hour interval and held to
that temperature for 24 hours. The resulting vulcanizate
has the following physical properties measured at 21.1 0

C.:
Tensile at break, p.s.1. 2350
Elongation at break, percent 300
Stress at 200 percent elongation, p.s.1. 1725

Example XXI

A 400 m!. stainless steel shakeT tube is swept with
nitrogen and charged with 100 m!. of deaerated distilled
water, 0.3 gm. of ammonium perfluorooctanoate, 0.95 gm.
of potassium persulfate, 2.5 gm. of disodium hydrogen
phosphate heptahydrate, 0.2 gm. of sodium sulfite, and 50
3.03 gm. (.0068 mole) of perfluoro[2-(2-vinyloxy-1­
methylethoxy)ethane sulfony1] fluoride. The tube is
closed, ·cooled in Dry Ice/acetone and evacuated to one
millimeter of mercury pressure. To the evacuated tube
is then introduced 34.2 gm. (.206 moles) of perfluoro 55
(methyl vinyl ether), followed by 12.7 gm. (.127 mole)
of tetrafluoroethylene. The shaker tube is heated and
agitated for 8 hours at 50 0 C. The latex formed by the
reaction is coagulated by freezing in a Dry Ice/acetone
bath. After warming to room temperature, the solid 60
polymer is separated by filtration and washed thoroughly
with water to Temove soap and inorganic salts. The
polymer is dried in a hood at room temperature for 2
days, followed by a few minutes milling on a 2-roH
rubber mill at 100 0 C. to remove any remaining water. 65
The inherent viscosity of a 0.1 percent solution of the
polymer in 2,3 dichloroperfluorobutane at 30 0 C. is 1.15
with 80 percent of the polymer being soluble. Infrared
spectra analyses on pressed films of 1-2 mil thickness
show that the polymer contains about 37 mole percent 70
of perfluoro(methyl vinyl ether) and about 0.8 mole per­
cent of perfluoro [2-(2- vinyloxy-1-methylethoxy)ethane
sulfonyl] fluoride. After heating the polymer in an oven
at 288 0 C. there is a weight loss of 2.1 percent after
100 hours and 8.7 percent after 585 hours.
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1.\)
the

FSOgCFRtCFgO[CFYCFgO]nCF(CFs)COOX

where Rt is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radical selected from the class con­
sisting of fluorine and the trifluoromethyl radical, n an
integer of one to three inclusive and X is an alkali metal.

8. A polymeric material containing the repeating struc­
ture

and

6F[O 0 F,O FYlnO 0 F,O F RrS02M

6F,
I

where Rt is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radical selected from the class con­
sisting of fluorine and the trifluoromethyl radical, and M
a radical selected from the class consisting of fluorine;
the hydroxyl radical, the amino radical and radicals hav­
ing the formula -OMe, where Me is a radical selected
from the class consisting of alkali metals and quaternary
ammonium radicals.

9. The homopolymer of the vinyl ether of claim 1.
10. The homopolymer of the vinyl ether having the

formula

FS02CFgCFgOCF(CFs)CFgOCF-CFg

11. The homopolymer of the vinyl ether- having
formula

FSOgCF2CFgO[CF(CFs)CFgO]gCF=CFg

12. The copolymer of the vinyl ether having the for­
mula

MS02CFRtCFgO[CFYCFgO]nCF=CF2

where Rr is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radical selected from the class con-
sisting of fluorine and the trifluoromethyl radical, n an
integer from one to three inclusive, and M a radical se­
lected from the class consisting of fluorine, the hydroxyl
radical, the amine radical and radicals having the formula
-OMe, where Me is a radical selected from the class con-
sisting of alkali metals -and quaternary ammonium radi­
cals, and at least one monomer selected from the class
(A) consisting of ethylene and halogenated ethylenes and

75 at least one monomer selected from the class (B) con-
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where Rr is a radical selected. from the class consisting
of fluorine and perfluoroalkyl radicals having from 1 to
10 carbon atoms, Y is a radical selected from the class
consisting of fluorine and the trifluoromethyl radical, n

5 an integer of one to three inclusive, and M a radical
selected from the class consisting of fluorine, the hydroxyl
radical, the amino radical and radicals having the formula
-OMe where Me is a radical selected from the class
consisting of alkali metals and quaternary ammonium

10 radicals.
2. The fluorocarbon ether of claim 1 wherein Rr is

fluorine.
- 3. The fluorocarbon ether of claim 1 wherein M is a

fluorine.
4. The fluorocarbon ether of claim 1 wherein M is a

hydroxyl group.
5. A fluorocarbon ether having the formula

FS02CFgCFgOCF(CFs)CF20CF CF2
6. A fluorocarbon ether having the formula

NaSOsCFgCF20CF(CFs)CFgOCF=CF2

7. The method of preparing a fluorocarbon vinyl
ether which comprises pyrolysing at a temperature of from

25 200 to 600 0 C.a fluorocarbon ether having the formulas
selected from the class consisting of

FSOgCFRtCF20[CFYCFgO]nCF(CFs)COF

9
Example XXV

The polymeric vinyl ethers of the present invention
which find utility as plastics can be moled or extruded into
a variety of shapes. Of particular utility are aqueous 40
dispersions of the vinyl ether polymer in which the vinyl
ether contains an -SOsNa group. These dispersions have
the appearance of an aqueous sirup and are homogenous
and transparent and. may even contain the polymer in
solution. The dispersions can be employed to coat metals 45
and other surfaces and form coherent and continuous
coatings without the requirement of sintering or melting
the polymer. Such coatings are not redissolved or redis­
persed by prolonged contact with water. In this respect
the polymers of the present invention differ from prior 50
art fluorocarbon polymers all of which require sintering
or melting to _give rise to coherent coatings.

The polymeric vinyl ethers of the present invention
which are useful as elastomers offer desirable combina­
tions of properties such as heat resistance, chemical sta- 55
bility, and resistance to attack by many fluids which are
used industrially such as those contained. -in hydraulic
systems, dry-cleaning solvents and aircraft fuels.

The preparation of elastomeric products, such as seals,
gaskets, grommets, etc., using the polymeric vinyl ethers, 60
follows technology which is conventional for other fluoro­
elastomers, Le., various fillers may be compounded into
the polymers by milling, followed by molding under heat
and pressure into various useful articles.

The polymeric vinyl ethers of the present invention 65
are furthermore highly useful as ion exchange resins in
that they contain sulfonyl groups. Thus, the resins can
undergo exchange cycles, e.g., RSOsNa-7 RSOsCa-7
RSOsNa-7 RSOsH by use of ,common reagents. The resins
in their acid form can also be used as acid catalysts at 70
elevated temperatures.

We claim:
1. A fluorocarbon ether having the general formula

A. A polymer containing the three monomers of Ex­
ample XXI is prepared wherein the concentration of per­
flumo (methyl vinyl ether) is about 38 mole percent and
the concentration of perfluoro[2-(2-vinyloxy-1-mJethyl­
ethoxy)ethane sulfonyl]fluoride is about 0.38 mole per­
,cent. After heating for 186 hours at 288 0 C., the weight
loss is 2.2 percent.

B. On a 2-roll rubber mill, 100 parts of the polymer
from A is compounded with 10 parts of "Maglite" Y
magnesium oxide; 20 parts of medium thermal carbon
black and 1 part of ethylenediaminecarbamate. Test
sheets are prepared by vulcanizing the composition ac­
cording to the procedure of Example XXIII "B." The 15
following physical properties are obtained:

Tensile strength-p.s.i. at 25 0 C. 2640
Tensile strength-p.s.i. at 100 0 C. 1000

~~~~~~~ :i~~:~~~~~ .~~ ~~~:~ :~ i6~oCC.-========== 1:~ 20
Percent permanent set at break at 25 0 C. 1
Percent permanent set at break at 1000 C. 1
Temperature where torsional stiffness is 10,000

pounds per square inch 0 C -3
Percent weight increase after 7 days immersion

at 23.90 C. in:
Acetone 2
Ethyl acetate • .____ 1

Toluene --------------------------------- 1 30Methylene chloride 1
Chloroform 1
Pyridine 0
Dimethyl formamide 1

Tetrahydrofuran -------------------------- 1 35
70 percent nitric acid ~_____ 8
-, Freon" F-l13 36



3,282,875

CF2=CF-O-CFz-CF(CFs)-O-CF2-CF2-S02F

(A) is tetrafluoroethylene, and (B) is a perfluoro(alkyl 50
vinyl ether).

20. The copolymer of claim ,18 where the vinyl ether
is

CFz-CF-O-CF2-CF(CFs)-O-CF2-CF2-S02F 55

(A) is tetrafluoroethylene, and (B) is a perfluoro(methyl
Vinyl ether).
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21. The method of forming a polymer of a vinyl ether

having the formula

FS02CFRrCF20 [CFYCF20] nCF=CF2
5 where Rf is a radical selected from the class consisting of

fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radieal selected from the class con­
sisting of fluorine and the trifluoromethyl radical, and n
is an integer from one to three inclusive, which comprises

lO polymerizing said vinyl ether in a perfluorinated solvent
liquid at reaction temperatures with a perfluorinated free
radical initiator.

22. The method of forming a polymer of a vinyl ether
having the formula

MeOS02CFRrCF20[CF(CFs )CF20]nCF CF2
where Rf is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, n is an integer from one to three inclusive

20 and Me is a radical selected from the class consisting of
alkali metals and quaternary ammonium radicals which
comprises polymerizing said vinyl ether in an aqueous
phase using a free radical initiator.

23. A clear aqueous sirup containing the copolymer of
25 claim 16.

24. The method of forming a polymer of a vinyl ether
having the formula

FS02CFRrCF20[CFYCF20]nCF CP2

30 where Rf is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radical selected from the class con­
sisting of fluorine and the trifluoromethyl radical, and n
is an integer from one to three inclusive, which comprises

35 polymerizing said vinyl ether in contact with an aqueous
liquid phase and in the presence of a free radical initiator.

25. An aqueous dispersion in which the dispersed par­
ticles are a polymer of a vinyl ether having the formula

FS02CFRfCF20 [CFYCF20]nCF=CF

where Rf is a radical selected from the class consisting of
fluorine and perfluoroalkyl radicals having from 1 to 10
carbon atoms, Y is a radical selected from the class con­
sisting of fluorine and the trifluoromethyl radical, and n

45 is an integer from one to three inclusive.
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sisting of perfluorinated alpha-olefins and perfluoro(alkyl
vinyl ethers) having the formula

FS02CF2CF20CF (CFs)CF20CF=CF2
and tetrafluoroethylene.

16. A copolymer of the vinyl ether having the formula

MeOS02CF2CF20CF(CFs)CF20CF CF2

where Me is a radical selected from the class consisting
of alkali metals and quaternary ammonium radicals and
tetfafluoroethylene. _

17. Copolymers of the vinyl ether having the formula

MS02CF2CF20CF (CFs)CF20CF=CF2

where M is a radical selected from the class consisting of
fluorine, the hydroxyl radical, the amino radical and radi­
cals having the formula -OMe where Me is a radiCal
selected from the class consisting of alkali metals and
quaternary ammonium radicals, and at least one monomer
selected from the class (A) consisting of ethylene and
halogenated ethylenes and at least one monomer selected
from the class (B) consisting of perfluorinated alpha­
olefins and perfluoro(alkyl vinyl ethers) having the for­
mula

CF2-CF-O-(CF2)nCFS

where n is 0 to 5.
13. The copolymer of claim 12 where R f is fluorine.
14. The copolymer of the vinyl ether having the for­

mula
MS02CF2CF20CF(CFs)CF20CF CF2

where M is a radical selected from the class consisting of
fluorine, the hydroxyl radical, the amino radical and radi­
cals having the formula -QMe where Me is ,a radical
selected from the class consisting of alkali metals and
quaternary ammonium radicals, and tetrafluoroethylene: 15

15. A copolymer of the vinyl ether having the formula

CFz-CF-O-(CF2)nCFs

where n is 0 to 5.
18. The copolymer of claim 17 where the vinyl ether

is

CF2-CF-O-CF2-CF(CFs)-O-CF2-CF2-S02F

(A) is vinylidene fluorine and (B) is hexafluoropropylene.
19. The copolymer of claim 18 where the vinyl ether

is


