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FLUORINATED SURFACTANTS FOR 
MAKING FLUOROPOLYMERS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/907,097, filed on Oct. 19, 2010, 
which is a continuation of U.S. application Ser. No. 1 1/612, 
502, filed on Dec. 19, 2006, now issued as U.S. Pat. No. 
7,838,608, which claims priority to Great Britain Patent 
Application No. 0525978.3, filed Dec. 21, 2005, the disclo 
sures of which are herein incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to fluorinated surfac 
tants and in particular relates to fluorinated Surfactants that 
are Suitable for use in the aqueous emulsion polymerization 
of fluorinated monomers to produce fluoropolymers. 

BACKGROUND OF THE INVENTION 

0003 Fluoropolymers, i.e. polymers having a fluorinated 
backbone, have been long known and have been used in a 
variety of applications because of several desirable proper 
ties such as heat resistance, chemical resistance, weather 
ability, UV-stability etc. The various fluoropolymers are for 
example described in “Modern Fluoropolymers’, edited by 
John Scheirs, Wiley Science 1997. Commonly known or 
commercially employed fluoropolymers include polytetra 
fluoroethylene (PTFE), copolymers of tetrafluoroethylene 
(TFE) and hexafluoropropylene (HFP) (FEP polymers), per 
fluoroalkoxy copolymers (PFA), ethylene-tetrafluoroethyl 
ene (ETFE) copolymers, terpolymers of tetrafluoroethylene, 
hexafluoropropylene and vinylidene fluoride (VDF) (so 
called THV copolymers) and polyvinylidene fluoride poly 
mers (PVDF). Commercially employed fluoropolymers also 
include fluoroelastomers and thermoplastic fluoropolymers. 
Several methods are known to produce fluoropolymers. 
Such methods include Suspension polymerization, aqueous 
emulsion polymerization, Solution polymerization, polym 
erization using Supercritical CO, and polymerization in the 
gas phase. 
0004 Currently, the most commonly employed polym 
erization methods include Suspension polymerization and 
especially aqueous emulsion polymerization. The aqueous 
emulsion polymerization normally involves the polymeriza 
tion in the presence of a fluorinated Surfactant, which is 
generally used for the stabilization of the polymer particles 
formed. The Suspension polymerization generally does not 
involve the use of surfactant but results in substantially 
larger polymer particles than in case of the aqueous emul 
sion polymerization. Thus, the polymer particles in case of 
Suspension polymerization will quickly settle out whereas in 
case of dispersions obtained in emulsion polymerization 
generally good stability over a long period of time is 
obtained. 
0005. It is generally recognized that an aqueous emulsion 
polymerization wherein no surfactant is used to generally 
produce homo- and copolymers of chlorotrifluoroethylene 
(CTFE). 
0006 Notwithstanding the fact that emulsifier free 
polymerizations are known, the aqueous emulsion polym 
erization process in the presence of fluorinated Surfactants is 
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still a desirable process to produce fluoropolymers because 
it can yield stable fluoropolymer particle dispersions in high 
yield and in a more environmental friendly way than for 
example polymerizations conducted in an organic Solvent. 
Frequently, the emulsion polymerization process is carried 
out using a perfluoroalkanoic acid or salt thereof as a 
Surfactant. These surfactants are typically used as they 
provide a wide variety of desirable properties such as high 
speed of polymerization, good copolymerization properties 
of fluorinated olefins with comonomers, Small particle sizes 
of the resulting dispersion can be achieved, good polymer 
ization yields i.e. a high amount of Solids can be produced, 
good dispersion stability, etc. However, environmental con 
cerns have been raised against these Surfactants and more 
over these Surfactants are generally expensive. Alternative 
surfactants to the perfluoroalkanoic acids or salts thereof 
have also been proposed in the art for conducting the 
emulsion polymerization of fluorinated monomers. It would 
now be desirable to find an alternative emulsion polymer 
ization process in which the use of perfluoroalkanoic acids 
and salts thereof as a fluorinated Surfactant can be avoided. 
In particular, it would be desirable to find an alternative 
Surfactant or dispersant, in particular one that is more 
environmentally friendly, for example has a low toxicity 
and/or shows no or only little bioaccumulation. It would also 
be desirable that the alternative surfactant has good chemical 
and thermal stability enabling polymerization over a wide 
range of conditions of for example temperature and/or 
pressure. Desirably, the alternative Surfactant or dispersant 
allows for a high polymerization rate, good dispersion 
stability, good yields, good copolymerization properties; 
less or no telogenic effects and/or the possibility of obtaining 
a wide variety of particle sizes including Small particle sizes. 
The properties of the resulting fluoropolymer should gener 
ally not be negatively influenced and preferably would be 
improved. Desirably, the resulting dispersions have good or 
excellent properties in coating applications and/or impreg 
nation of Substrates, including for example good film form 
ing properties. It would further be desirable that the polym 
erization can be carried out in a convenient and cost effective 
way, preferably using equipment commonly used in the 
aqueous emulsion polymerization of fluorinated monomers. 
Additionally, it may be desirable to recover the alternative 
Surfactant or dispersant from waste water streams and/or to 
remove or recover the surfactant from the dispersion sub 
sequent to the polymerization. Desirably, such recovery can 
proceed in an easy, convenient and cost effective way. 

SUMMARY OF THE INVENTION 

0007. In accordance with one aspect of the present inven 
tion, there is provided a fluorinated Surfactant having the 
general formula: 

[R-(O), CHF (CF2), COO X1+ (I) 

10008 wherein R, represents a partially or fully fluori 
nated aliphatic group optionally interrupted with one or 
more oxygen atoms, t is 0 or 1 and n is 0 or 1, X" represents 
a cation having a Valence i and i is 1, 2 or 3. Examples of 
cations X" include H", ammonium such as NH, metal 
cations such as alkali metal ions including sodium and 
potassium and earth alkali cations such as calcium and 
magnesium. Generally, the fluorinated Surfactant of formula 
(I) will be a low molecular weight compound, for example 
a compound having a molecular weight for the anion part of 
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the compound of not more than 1000 g/mol, typically not 
more than 600 g/mol and in particular embodiments, the 
anion of the fluorinated Surfactant may have a molecular 
weight of not more than 500 g/mol. 
0009 Particularly preferred fluorinated carboxylic acids 
are those that when administered to rats show a recovery of 
at least 45%, for example at least 50% of the administered 
amount after 96 hours via renal elimination and that have a 
renal elimination half-life of not more than 35 hours, for 
example of not more than 30 hours in rats as tested accord 
ing to the method set forth in the examples. Generally, 
fluorinated carboxylic acids in which each of the fluorinated 
aliphatic moieties in the compound have not more than 3 
carbon atoms fulfill the aforementioned conditions of renal 
recovery and half-life. Thus, preferred compounds are those 
in which any fluorinated alkylene groups have not more than 
3 carbon atoms and in which a fluorinated alkyl group of the 
compound has not more than 3 carbon atoms. 
0010. It has been found that these surfactants can be 
easily and conveniently be prepared in a cost effective way. 
In particular, the fluorinated surfactants of formula (I) have 
been found to be suitable in the aqueous emulsion polym 
erization of monomers, in particular fluorinated monomers. 
In addition to their use in aqueous emulsion polymerization, 
the fluorinated Surfactants may be useful in other applica 
tions where surfactants are used. Such as for example in 
coating compositions or in Stabilizing dispersions including 
for example fluoropolymer dispersions. 

DETAILED DESCRIPTION 

0011. The fluorinated surfactant (I) can be derived from 
fluorinated olefins of the general formula: 

R. (O), CF=CF2 (II) 

0012 wherein Rf and t are as defined above. 
0013. According to one embodiment, surfactants accord 
ing to formula (I) wherein n is 0 can be prepared by reacting 
a fluorinated olefin of formula (II) with a base. 
0014. In an alternative embodiment to prepare the fluo 
rinated surfactants of formula (I) wherein n is 0 can be 
prepared by reacting a fluorinated olefin of formula (II) with 
a hydrocarbon alcohol in an alkaline medium and then 
decomposing the resulting ether in acidic conditions thereby 
forming the corresponding carboxylic acid. 
0015 To prepare fluorinated surfactants of formula (I) 
whereinn is 1, a free radical reaction of the fluorinated olefin 
of formula (II) with a hydrocarbon alcohol is carried out 
followed by an oxidation of the resulting reaction product. 
0016 Still further, in a particular aspect, the invention 
provides a method for making a fluoropolymer comprising 
an aqueous emulsion polymerization of one or more fluo 
rinated monomers wherein said aqueous emulsion polym 
erization is carried out in the presence of one or more 
fluorinated Surfactants according to formula (I) above. 
0017. In yet a further aspect, the present invention pro 
vides an aqueous composition comprising one or more 
fluorinated Surfactants according to formula (I) above. 
0018. In a still further aspect, the present invention pro 
vides a method of applying the above defined aqueous 
composition to a substrate. Suitable substrates include for 
example metal Substrates, glass, plastic or fabrics. 
0019 Fluorinated surfactants according to formula (I) 
may be used in a variety of applications where a Surfactant 
is needed or desired. The fluorinated Surfactants according to 

Feb. 9, 2017 

formula (I) have been found to be suitable for use in an 
aqueous emulsion polymerization of fluorinated and/or non 
fluorinated monomers. In particular, the fluorinated Surfac 
tants can be used in the aqueous emulsion polymerization of 
fluorinated monomers, e.g. fluorinated olefins, to make 
fluoropolymers that have a partially or fully fluorinated 
backbone. 

0020. The Rf group in formula (I) above represents a 
partially or fully fluorinated aliphatic group that may be 
interrupted with one or more oxygen atoms. In a particular 
embodiment, the Rf group will have from 1 to 50 carbon 
atoms, for example between 3 and 30 carbon atoms. Gen 
erally, a fully fluorinated R group will be preferred when the 
Surfactant is to be used in the aqueous emulsion polymer 
ization of fluorinated monomers to make fluoropolymers 
with a partially or fully fluorinated backbone. Thus, for the 
aqueous emulsion polymerization, Surfactants according to 
formula (I) are preferred in which R, is a perfluorinated 
aliphatic group optionally interrupted with one or more 
oxygen atoms. For environmental reasons, it will generally 
be preferred that a perfluorinated aliphatic R, group does not 
contain alkyl and/or alkylene fragments of more than 6 
carbon atoms, preferably not more than 3 carbon atoms. 
(0021. In a particular embodiment, the R, is selected from 
the group consisting of perfluorinated aliphatic groups of 1 
to 6 carbon atoms, perfluorinated groups of the formula: 

0022 wherein R, is a perfluorinated aliphatic group of 1 
to 6 carbon atoms, for example upto 3 carbon atoms, R? and 
R. each independently represents linear or branched a 
perfluorinated alkylene of 1, 2, 3 or 4 carbon atoms and p 
and q each independently represent a value of 0 to 4 and 
wherein the Sum of p and q is at least 1 and perfluorinated 
groups of the formula: 

Rf-OR-OR-O-CF2– 
0023 wherein R? is a perfluorinated aliphatic group of 1 
to 3 or 4 carbon atoms, R. and R° each independently 
represents a linear or branched perfluorinated alkylene of 1. 
2, 3 or 4 carbon atoms and k and m each independently 
represent a value of 0 to 4. 
0024. In yet a further embodiment, Rf may correspond to 
the following formula: 

Ri (OCF2)— (III) 

0025 wherein a is an integer of 1 to 6 and R. is a linear 
partially fluorinated aliphatic group or a linear fully fluori 
nated aliphatic group having 1, 2, 3 or 4 carbon atoms. When 
R. is a partially fluorinated aliphatic group, the number of 
carbon atoms preferably is between 1 and 6 and the number 
of hydrogen atoms in the partially fluorinated aliphatic 
groups is preferably 1 or 2. 
(0026. In a still further embodiment, R, may correspond to 
the following formula: 

R-O-(CF2), (IV) 

0027 wherein b is an integer of 1 to 6, preferably 1, 2, 3 
or 4 and R? is a linear partially fluorinated aliphatic group 
or a linear fully fluorinated aliphatic group having 1, 2, 3 or 
4 carbon atoms. When R? is a partially fluorinated aliphatic 
group, the number of carbon atoms preferably is between 1 
and 6 and the number of hydrogen atoms in the partially 
fluorinated groups is preferably 1 or 2. 
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0028 Specific examples of fluorinated surfactants 
according to formula (I) include: 

CF-O-CF-CF-O-CHF-COOH 

CF 
CF7-O-CHF-COOH 

CF7-O-CF-CF-O-CHF-COOH 

CF 
CF-O-CFCF-CF-O-CHF-COOH 

CF-O-CF-CF-O-CHF-COOH 

CF-O-CF-CF-CF-O-CF-CHF-CF-COOH 

CF-O-CHF-CF-COOH 

CF-O-CF-CF-O-CHF-CF-COOH 

CF-CF-O-CHF-CF-COOH 

CF-O-CF-CF-CF-O-CHF-CF-COOH 

CF3-O-CF-O-CF-CF2-O-CHF-CF-COOH 

CF-(O-CF)-O-CF-CF-O-CHF-CF-COOH 

CF-(O-CF)-O-CF-CF-O-CHF-CF-COOH 

CF-O-CF-CHF-COOH 

CF7-O-CF-CHF-COOH 

CF-O-CF-CF-CF-O-CF-CHF-COOH 

CF-O-CF-O-CF-CF-O-CF-CHF-COOH 

CF-(O-CF)-O-CF-CF-O-CF-CHF-COOH 

CF-(O-CF)-O-CF-CF-O-CF-CHF-COOH 

CF-O-CF-CHF-CF-COOH 

CFs-O-CF-CHF-CF-COOH 

CF7-O-CF-CHF-CF-COOH 

CF-O-CF-CF-CF-O-CF-CHF-CF-COOH 

CF-O-CF-O-CF-CF-O-CF-CHF-CF-COOH 

CF-(O-CF)-O-CF-CF-O-CF-CHF-CF-COOH 

0029. It is understood that while the above list of com 
pounds only lists the acids, the corresponding salts, in 
particular the NH', potassium, sodium or lithium salts can 
equally be used. 
0030 The fluorinated surfactants can be derived from a 
fluorinated olefin of formula (II). Fluorinated olefins accord 
ing to formula (II) that can be used to prepare the fluorinated 
surfactants of formula (I) include perfluorinated alkyl vinyl 
compounds, vinyl ethers in particular perfluorovinyl ethers 
and allyl ethers, in particular perfluorinated allyl ethers. 
Particular examples of fluorinated olefins include those that 
are used in the preparation of fluoropolymers and that are 
described below. 

0031. According to one embodiment, surfactants accord 
ing to formula (I) wherein n is 0 can be prepared by reacting 
a fluorinated olefin of formula (II) with a base. The reaction 
is generally carried out in aqueous media. An organic 
solvent may be added to improve the solubility of the 
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fluorinated olefin. Examples of organic Solvents include 
glyme, tetrahydrofuran (THF) and acetonitrile. Additionally 
or alternatively a phase transfer catalyst may be used. As a 
base, use can be made of for example ammonia, alkali and 
earth alkali hydroxides. Without intending to be bound by 
any theory, it is believed, that the reaction proceeds accord 
ing to the following sequence when ammonia is used as a 
base: 

0032. The reaction is generally carried out between 0 and 
200° C., for example between 20-150° C. and at a pressure 
between about 1 bar up to about 20 bar. For further purifi 
cation, the obtained salts can be distilled via the free acid or 
by first converting the acid into an ester derivative and then 
distilling the ester derivative followed by hydolysis of the 
ester to obtain the purified acid or salt thereof. 
0033. In an alternative embodiment to prepare the fluo 
rinated surfactants of formula (I) wherein n is 0 can be 
prepared by reacting a fluorinated olefin of formula (II) with 
a hydrocarbon alcohol in an alkaline medium and then 
decomposing the resulting ether in acidic conditions thereby 
forming the corresponding carboxylic acid. Suitable hydro 
carbon alcohols include aliphatic alcohols such as lower 
alkanols having 1 to 4 carbon atoms. 
0034 Specific examples include methanol, ethanol and 
butanol including t-butanol. The reaction of the fluorinated 
olefin with the alcohol in an alkaline medium may be carried 
out as described in “Furinet al., Bull Korean Chem. Soc. 20, 
220 1999. The reaction product of this reaction is an ether 
derivative of the fluorinated olefin. This resulting ether can 
be decomposed under acidic conditions as described in “D. 
C. England, J. Org. Chem. 49, 4007 (1984) to yield the 
corresponding carboxylic acid or salt thereof. 
0035) To prepare fluorinated surfactants of formula (I) 
whereinn is 1, a free radical reaction of the fluorinated olefin 
of formula (II) with a hydrocarbon alcohol may be carried 
out followed by an oxidation of the resulting reaction 
product. Suitable hydrocarbon alcohols that can be used 
include aliphatic alcohols such as lower alkanols having 1 to 
4 carbon atoms. Specific examples include methanol, etha 
nol and propanol. The free radical reaction is typically 
carried out using a free radical initiator as is typically used 
in a free radical polymerization reaction. Examples of Suit 
able free radical initiators include persulfates such as for 
example ammonium persulfate. Detailed conditions of the 
free radical reaction of the fluorinated surfactant with an 
alcohol can be found in 'S.V. Sokolov et al., Zh. Vses. Khim 
Obsh 24, 656 (1979)”. The resulting alcohol derivative of 
the fluorinated olefin can be chemically oxidized with an 
oxidizing agent to the corresponding carboxylic acid. 
Examples of oxidizing agents include for example potas 
sium permanganate, chromium (VI) oxide, RuO or OSO 
optionally in the presence of NaOCl nitric acid/iron catalyst, 
dinitrogen tetroxide. Typically the oxidation is carried out in 
acidic or basic conditions at a temperature between 10 and 
100° C. In addition to chemical oxidation, electrochemical 
oxidation may be used as well. 
0036. In a particular preferred embodiment, one or more 
fluorinated Surfactants of formula (I) are used in the aqueous 
emulsion polymerization of one or more fluorinated mono 
mers, in particular gaseous fluorinated monomers. By gas 
eous fluorinated monomers is meant monomers that are 
present as a gas under the polymerization conditions. In a 
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particular embodiment, the polymerization of the fluorinated 
monomers is started in the presence of the fluorinated 
Surfactant according to formula (I), i.e. the polymerization is 
initiated in the presence of the fluorinated surfactant. The 
amount of fluorinated Surfactant used may vary depending 
on desired properties such as amount of Solids, particle size 
etc. . . . Generally the amount of fluorinated surfactant will 
be between 0.001% by weight based on the weight of water 
in the polymerization and 5% by weight, for example 
between 0.005% by weight and 2% by weight. A practical 
range is between 0.05% by weight and 1% by weight. While 
the polymerization is generally initiated in the presence of 
the fluorinated surfactant, it is not excluded to add further 
fluorinated Surfactant during the polymerization although 
such will generally not be necessary. Nevertheless, it may be 
desirable to add certain monomer to the polymerization in 
the form of an aqueous emulsion. For example, fluorinated 
monomers and in particular perfluorinated co-monomers 
that are liquid under the polymerization conditions may be 
advantageously added in the form of an aqueous emulsion. 
Such emulsion of Such co-monomers is preferably prepared 
using the fluorinated Surfactant according to formula (I) as 
an emulsifier. 

0037. In accordance with a particular embodiment of the 
present invention, a mixture of fluorinated Surfactants 
according to formula (I) is used. In a still further embodi 
ment the fluorinated Surfactant according to formula (I) or 
mixture thereof may be used in combination with one or 
more further fluorinated surfactants that do not correspond 
to formula (I). In particular, such further fluorinated surfac 
tants include perfluorinated ethers and perfluorinated 
polyethers. Suitable perfluorinated polyethers include those 
according to the following formulas (III) or (IV): 

CF (OCF), O CF2 X (III) 

0038 wherein m has a value of 1 to 6 and X represents 
a carboxylic acid group or salt thereof; 

CF O-(CF2)–(OCF (CF)—CF)-O-L-Y (IV) 

0039 wherein Z has a value of 0, 1, 2 or 3, L represents 
a divalent linking group selected from 

0040 and Y represents a carboxylic acid group or salt 
thereof. Examples of carboxylic acid salts include sodium, 
potassium and ammonium (NH) salts. Still further 
polyethers include those disclosed in U.S. Pat. No. 3.271, 
341; U.S. Publication No. 2005/0090613: U.S. Pat. No. 
4,864,006; U.S. Pat. No. 4,789,717 and EP 625526. 
Examples of perfluorinated ether surfactants that can be used 
include those according to the following general formula: 

R O CFCF X (V) 

0041 wherein R, represents a linear or branched per 
fluoroalkyl group having 1, 2, 3 or 4 carbon atoms and X 
represents a carboxylic acid group or salt thereof. Examples 
of carboxylic acid salts include Sodium, potassium and 
ammonium (NH) salts. 
0042. When the fluorinated surfactant(s) according to 
formula (I) are used in admixture with one or more further 
fluorinated surfactants, the fluorinated surfactant(s) of for 
mula (I) may be present in a weight ratio of for example 1:10 
to 100:1. Generally, when such a mixture is used it will be 
preferred that the fluorinated surfactant(s) according to 
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formula (I) represents at least 20%, for example at least 30% 
or at least 51% by weight of the total amount of fluorinated 
Surfactant used. 
0043. The aqueous emulsion polymerization may be car 
ried out at a temperature between 10 to 150° C., preferably 
20° C. to 110° C. and the pressure is typically between 2 and 
30 bar, in particular 5 to 20 bar. The reaction temperature 
may be varied during the polymerization to influence the 
molecular weight distribution, i.e., to obtain a broad molecu 
lar weight distribution or to obtain a bimodal or multimodal 
molecular weight distribution. 
0044) The pH of the polymerization media may be in the 
range of pH 2-11, preferably 3-10, most preferably 4-10. 
0045. The aqueous emulsion polymerization is typically 
initiated by an initiator including any of the initiators known 
for initiating a free radical polymerization of fluorinated 
monomers. Suitable initiators include peroxides and azo 
compounds and redox based initiators. Specific examples of 
peroxide initiators include, hydrogen peroxide, Sodium or 
barium peroxide, diacylperoxides such as diacetylperoxide, 
disuccinyl peroxide, dipropionylperoxide, dibutyrylperoX 
ide, dibenzoylperoxide, benzoylacetylperoxide, diglutaric 
acid peroxide and dilaurylperoxide, and further per-acids 
and salts thereof Such as e.g. ammonium, Sodium or potas 
sium salts. Examples of per-acids include peracetic acid. 
Esters of the peracid can be used as well and examples 
thereof include tert-butylperoxyacetate and tert-butylper 
oxypivalate. Examples of inorganic include for example 
ammonium-alkali- or earth alkali salts of persulfates, per 
manganic or manganic acid or manganic acids. A persulfate 
initiator, e.g. ammonium persulfate (APS), can be used on its 
own or may be used in combination with a reducing agent. 
Suitable reducing agents include bisulfites Such as for 
example ammonium bisulfite or Sodium metabisulfite, thio 
Sulfates Such as for example ammonium, potassium or 
Sodium thiosulfate, hydrazines, azodicarboxylates and 
aZodicarboxyldiamide (ADA). Further reducing agents that 
may be used include sodium formaldehyde sulfoxylate 
(Rongalit(R) or fluoroalkyl sulfinates as disclosed in U.S. 
Pat. No. 5.285,002. The reducing agent typically reduces the 
half-life time of the persulfate initiator. Additionally, a metal 
salt catalyst Such as for example copper, iron or silver salts 
may be added. The amount of initiator may be between 
0.01% by weight (based on the fluoropolymer solids to be 
produced) and 1% by weight. In one embodiment, the 
amount of initiator is between 0.05 and 0.5% by weight. In 
another embodiment, the amount may be between 0.05 and 
0.3% by weight. 
0046. The aqueous emulsion polymerization system may 
further comprise other materials, such as buffers and, if 
desired, complex-formers or chain-transfer agents. 
Examples of chain transfer agents that can be used include 
dimethyl ether, methyl t-butyl ether, alkanes having 1 to 5 
carbon atoms such as ethane, propane and n-pentane, halo 
genated hydrocarbons such as CC1, CHCl and CH2Cl and 
hydrofluorocarbon compounds such as CH2F CF3 
(R134a). Additionally esters like ethylacetate, malonic 
esters are applicable. 
0047. Examples of fluorinated monomers that may be 
polymerized using the fluorinated Surfactant according to 
formula (I) as an emulsifier include partially or fully fluo 
rinated gaseous monomers including fluorinated olefins such 
as tetrafluoroethylene (TFE), chlorotrifluoroethylene 
(CTFE), hexafluoropropylene (HFP), vinyl fluoride (VF), 
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vinylidene fluoride (VDF), partially or fully fluorinated allyl 
ethers and partially or fully fluorinated vinyl ethers. The 
polymerization may further involve non-fluorinated mono 
mers such as ethylene and propylene. 
0048. Further examples of fluorinated monomers that 
may be used in the aqueous emulsion polymerization 
according to the invention include those corresponding to 
the formula: 

(0049) wherein R, represents a perfluorinated aliphatic 
group that may contain one or more oxygen atoms. Prefer 
ably, the perfluorovinyl ethers correspond to the general 
formula: 

10050 wherein R, and R', are different linear or branched 
perfluoroalkylene groups of 2-6 carbon atoms, m and n are 
independently 0-10, and R", is a perfluoroalkyl group of 1-6 
carbon atoms. Examples of perfluorovinyl ethers according 
to the above formulas include perfluoro-2-propoxypropyl 
vinyl ether (PPVE-2), perfluoro-3-methoxy-n-propylvinyl 
ether, perfluoro-2-methoxy-ethylvinyl ether, perfluorometh 
ylvinyl ether (PMVE), perfluoro-n-propylvinyl ether 
(PPVE-1) and CF (CF). O CF(CF) CF. O 
(CF) CF O-CF=CF, 
0051 Examples of fluorinated allyl ethers that can be 
used include those corresponding to the general formula: 

(0052 wherein R, represents a perfluorinated aliphatic 
group that may contain one or more oxygen atoms. 
0053 Still further, the polymerization may involve 
comonomers that have a functional group Such as for 
example a group capable of participating in a peroxide cure 
reaction. Such functional groups include halogens Such as 
Br or I as well as nitrile groups. Specific examples of such 
comonomers that may be listed here include 

0054 (a) bromo- or iodo-(per) fluoroalkyl-(per) fluoro 
vinylethers having the formula: 

0055 wherein each X may be the same or different and 
represents H or F, Z is Br or I, R, is a (per)fluoroalkylene 
C-C optionally containing chlorine and/or ether oxygen 
atoms; for example: BrCF O CF=CF, BrCFCF 
O CF=CF, BrCFCFCF O CF=CF, 
CFCFBrCF O-CF=CF, and the like; and 

0056 (b) bromo- or iodo containing fluoroolefins such 
as those having the formula: 

0057 wherein each X independently represents Hor F. Z. 
is Br or I, R is a perfluoroalkylene C-C2, optionally 
containing chlorine atoms and r is 0 or 1; for instance: 
bromotrifluoroethylene, 4-bromo-perfluorobutene-1, and the 
like; or bromofluoroolefins such as 1-bromo-2,2-difluoro 
ethylene and 4-bromo-3,3,4,4-tetrafluorobutene-1. 
Examples of nitrile containing monomers that may be used 
include those that correspond to one of the following for 
mulas: 

CF=CFOCFCF (CF).O(CF). CN 
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0.058 wherein L represents an integer of 2 to 12; g. 
represents an integer of 0 to 4; k represents 1 or 2; V 
represents an integer of 0 to 6., u represents an integer of 1 
to 6, R, is a perfluoroalkylene or a bivalent perfluoroether 
group. Specific examples of nitrile containing liquid fluori 
nated monomers include perfluoro(8-cyano-5-methyl-3,6- 
dioxa-1-octene), CF–CFO(CF)CN, and CF=CFO 
(CF),OCF(CF)CN. 
0059. The aqueous emulsion polymerization may be used 
to produce a variety of fluoropolymers including perfluo 
ropolymers, which have a fully fluorinated backbone, as 
well as partially fluorinated fluoropolymers. Also the aque 
ous emulsion polymerization may result in melt-processible 
fluoropolymers as well as those that are not melt-processible 
Such as for example polytetrafluoroethylene and so-called 
modified polytetrafluoroethylene. The polymerization pro 
cess can further yield fluoropolymers that can be cured to 
make fluoroelastomers as well as fluorothermoplasts. Fluo 
rothermoplasts are generally fluoropolymers that have a 
distinct and well noticeable melting point, typically in the 
range of 60 to 320°C. or between 100 and 320°C. They thus 
have a substantial crystalline phase. Fluoropolymers that are 
used for making fluoroelastomers typically are amorphous 
and/or have a neglectable amount of crystallinity Such that 
no or hardly any melting point is discernable for these 
fluoropolymers. 

0060. The aqueous emulsion polymerization results in a 
dispersion of the fluoropolymer in water. Generally the 
amount of solids of the fluoropolymer in the dispersion 
directly resulting from the polymerization will vary between 
3% by weight and about 40% by weight depending on the 
polymerization conditions. A typical range is between 5 and 
30% by weight, for example between 10 and 25% by weight. 
The particle size (volume average diameter) of the fluoropo 
lymer is typically between 40 nm and 400 nm with a typical 
particle size being between 60 nm and about 350 nm. The 
total amount of fluorinated Surfactant according to formula 
(I) in the resulting dispersion is typically between 0.001 and 
5% by weight based on the amount of fluoropolymer solids 
in the dispersion. A typical amount may be from 0.01 to 2% 
by weight or from 0.02 to 1% by weight. 
0061 The fluoropolymer may be isolated from the dis 
persion by coagulation if a polymer in Solid form is desired. 
Also, depending on the requirements of the application in 
which the fluoropolymer is to be used, the fluoropolymer 
may be post-fluorinated so as to convert any thermally 
unstable end groups into stable CF end groups. The fluo 
ropolymer may be post-fluorinated as described in for 
example EP 222945. Generally, the fluoropolymer will be 
post fluorinated Such that the amount of end groups in the 
fluoropolymer other than CF is less than 80 per million 
carbon atoms. 

0062 For coating applications, an aqueous dispersion of 
the fluoropolymer is desired and hence the fluoropolymer 
will not need to be separated or coagulated from the dis 
persion. To obtain a fluoropolymer dispersion suitable for 
use in coating applications such as for example in the 
impregnation of fabrics or in the coating of metal Substrates 
to make for example cookware, it will generally be desired 
to add further stabilizing surfactants and/or to further 
increase the fluoropolymer Solids. For example, non-ionic 
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stabilizing Surfactants may be added to the fluoropolymer 
dispersion. Typically these will be added thereto in an 
amount of 1 to 12% by weight based on fluoropolymer 
Solids. Examples of non-ionic Surfactants that may be added 
include 

R—O—CH2CH2O), ROI R' (VI) 

I0063 wherein R' represents an aromatic or aliphatic 
hydrocarbon group having at least 8 carbon atoms, R 
represents an alkylene having 3 carbon atoms, R represents 
hydrogen or a C-C alkyl group, n has a value of 0 to 40, 
m has a value of 0 to 40 and the sum of n+m being at least 
2. It will be understood that in the above formula (VI), the 
units indexed by n and m may appear as blocks or they may 
be present in an alternating or random configuration. 
Examples of non-ionic Surfactants according to formula (VI) 
above include alkylphenol oxyethylates such as ethoxylated 
p-isooctylphenol commercially available under the brand 
name TRITONTM such as for example TRITONTM X 100 
wherein the number of ethoxy units is about 10 or TRI 
TONTMX 114 wherein the number of ethoxy units is about 
7 to 8. Still further examples include those in which R' in the 
above formula (VI) represents an alkyl group of 4 to 20 
carbon atoms, m is 0 and R is hydrogen. An example 
thereof includes isotridecanol ethoxylated with about 8 
ethoxy groups and which is commercially available as 
GENAPOLRX080 from Clariant GmbH. Non-ionic Surfac 
tants according to formula (VI) in which the hydrophilic part 
comprises a block-copolymer of ethoxy groups and propoxy 
groups may be used as well. Such non-ionic Surfactants are 
commercially available from Clariant GmbH under the trade 
designation GENAPOLR PF 40 and GENAPOLR PF 80. 
0064. The amount of fluoropolymer solids in the disper 
sion may be upconcentrated as needed or desired to an 
amount between 30 and 70% by weight. Any of the known 
upconcentration techniques may be used including ultrafil 
tration and thermal upconcentration. 
0065. The invention is further illustrated with reference 

to the following examples without the intention to limit the 
invention thereto. 

EXAMPLES 

Test Methods 

Determination of Solid Content 
0066 
0067 
0068 Determination of solid content was carried out 
subjecting the sample to a temperature up to 250° C. for 
30 min. 

0069 
0070 The latex particle size determination was con 
ducted by means of dynamic light scattering with a 
Malvern Zetazizer 1000 HAS in accordance to ISO/DIS 
13321. 

0071 Prior to the measurements, the polymer latexes 
as yielded from the polymerizations were diluted with 
0.001 mol/L KCl-solution, the measurement tempera 
ture was 25°C. in all cases. The reported average is the 
Z-average particle diameter unless otherwise indicated. 

0072 MFI was measured according to ISO 12086. 
0073. SSG. Standard specific gravity, was measured 
according ASTM 4894-04 

Determination of Particle Size 
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0074. Fluorinated Emulsifiers Used: 
CF7–O-CF (CF)—CF O-CHF COOH 

Compound 1 

CF O CF2 CF2 CF2 O—CHF—CF2 
COONH Compound 2 

CF, O—CHF CFCOONH Compound 4 

CF7–O—CHF COONH Compound 5 

Synthesis of Compound 1: CF, O CF(CF)— 
CF O CHF COOH 

0075 Perfluoro-5-methyl-3,6-dioxanonene-1 was added 
to an aqueous solution of KOH, LiOH and Aliquat TM 336 
(trioctyl methyl ammonium chloride). The mixture was 
heated under reflux for 4 hours. Unreacted vinyl ether was 
distilled off and the alkaline aqueous phase was acidified 
with sulphuric acid. Methanol was added and the mixture 
was distilled. The distillate separated into two phases. The 
lower phase was distilled to yield the methyl ester of 
2-H-perfluoro-5-methyl-3,6-dioxanonanoic acid (bp 98°C., 
110 Hectopascal). The ester was converted to the ammo 
nium salt by heating with excess aqueous ammonia. After 
removal of the methanol and Surplus ammonia via distilla 
tion, a clear aqueous Solution was obtained. On cooling, a 
part of the ammonium salt precipitated from the solution. 

Synthesis of Compound 2: CFO(CF) 
OCHFCFCOONH 

0.076 a. preparation of CFO(CF2)OCHFCFCHOH 
0077 Using a 2 liter glass flask equipped with a stirrer, 
thermometer, reflux condenser, and dropping funnel, 255 g 
of perfluoromethoxypropyl vinyl ether and 730 g methanol 
were converted with Rongalit(R) (sodium hydroxymethyl 
Sulfinate) and t-butylhydroperoxide as radical source. Reac 
tion temperature started at 47°C. and reached 64° C. at the 
end. Work up by distillation yielded 166 g of pure CFO 
(CF).OCHFCF2CH2OH with a boiling point of 60-61 
C/20 mbar. This corresponds to a yield of 59%. 

0078 b. preparation of CFO(CF) 
OCHFCFCOONH 

0079 A 2 liter glass flask equipped with a thermometer, 
reflux condenser, dropping funnel and stirrer was used. 159 
g of CFO(CF).OCHFCFCH-OH, 520 g water, and 100 g 
sulfuric acid were added to the flask. 190 g KMnO4 were 
added manually to the liquid over a period of 2 hours while 
stirring. The reaction temperature increased to 95° C. over 
time. After a post reaction time of two hours, an aqueous 
solution of sodium bisulfite was added until a clear solution 
was formed. 100 g of methanol and in total 400 g of 50% 
aqueous sulphuric acid were added. Flash distillation of the 
reaction mixture resulted in a two phase distillate. Fraction 
ation of the lower phase (120 g) gave 85.5 g of CFO(CF) 
OCHFCFCOOCH, (bp34-35°C/6 mbar:yield 50%). The 
ester was converted to the ammonium salt by Saponification 
with aqueous ammonia and Subsequent removal of methanol 
by distillation. 

Synthesis of Compound 3: 
CFOCFCFCFOCHFCOONH 

0080 A glass flask equipped with a reflux condenser, 
thermometer, and magnetic stirrer was used. Perfluo 
romethoxy propyl vinyl ether (498 g), t-butanol (149 g), 
water (1007 g), potassium hydroxide (280 g), and methyl 
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trioctyl ammonium chloride (10 g) were added to the flask. 
The resulting two phase mixture was heated to reflux for 16 
hours under vigorous stirring. The mixture was cooled to 
room temperature and sulphuric acid (588 g) was added. The 
two phase mixture was heated again under vigorous stirring. 
At about 70° C. gas began to evolve. Heating was continued 
until the gas evolution ceased. The reflux condenser was 
replaced by a distillation device which allowed the separa 
tion of a lower phase while returning the upper phase to the 
flask. Methanol (150 g) was added and the mixture was 
heated for distillation. Distillation was carried out at ambient 
pressure without any intent for rectification. The condensed 
vapors separated into two phases. The lower phase was 
collected and the upper phase was returned to the flask. 
Distillation was continued until no more lower phase sepa 
rated from the condensate. The combined crude ester (493 g) 
was purified by fractionated distillation, resulting in 401 g 
CFO(CF2)OCHFCOOCH, with a boiling point of 51 to 
52° C./22 mbar. This corresponds to a yield of 78%, based 
on vinyl ether used. The ester was converted to the ammo 
nium salt by heating with aqueous ammonia and removal of 
methanol by fractionated distillation. 
0081 Alternatively, the previous reaction was repeated 
but 36 g of an aqueous solution containing 11 g of CFO 
(CF).OCHFCOONH was used as phase transfer catalyst 
instead of methyl trioctyl ammonium chloride. The mixture 
was slowly heated to 70° C. internal temperature. Total 
reaction time was 26 hours. Work up was carried out as 
described above. 438 g of distilled CFO(CF).OCHF 
COOCH was received. This corresponds to a yield of 83% 
(calculation includes the amount of phase transfer catalyst). 
The conversion to the ammonium salt was carried out as 
above. 

Synthesis of Compound 4: 
CFOCHFCFCOONH 

I0082 a. preparation of CFCFCFOCHFCFCH-OH 
0083. In a 2 liter glass flask equipped with a stirrer, 
thermometer, reflux condenser, and dropping funnel were 
placed 1008 g methanol, 266 g perfluoropropyl vinyl ether, 
and 9.2 g of Rongalit(R) (sodium hydroxymethyl sulfinate). 
The reaction mixture was heated to reflux, resulting in an 
internal temperature of 29° C. 7.1 g t-butyl hydroperoxide 
(70% in water) was added in aliquots during a 9 h time 
frame. The internal temperature reached 52° C. at the end. 
The reaction mixture showed a single liquid phase and some 
solids. The liquid was analyzed by GC and indicated a 
content of 223 g of CFOCHFCFCHOH which corre 
sponded to a yield of 75%. Distillation of the reaction 
mixture resulted in 171 g of product (bp 54° C./23 mbar) 
corresponding to an isolated yield of 57%. 

I0084 b. preparation of CFOCHFCF2COONH 
0085. A 2 liter glass flask equipped with a thermometer, 
reflux condenser, dropping funnel and stirrer was used. 674 
g water, 136 g KMnO4, and 38 g NaOH were placed in the 
flask. 169g CFOCHFCFCH-OH were added to the well 
stirred mixture via the dropping funnel. The temperature was 
held below 50° C. Residual permanganate was destroyed by 
addition of a small amount of methanol. The resulting slurry 
was filtered to remove the MnO. After washing the filter 
cake with water, the combined filtrate was transferred to a 
distillation apparatus and acidified with 65 g of sulfuric acid. 
100 g methanol was added and a flash distillation was 
started. The distillate formed two layers. The lower layer 
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was separated and the upper layer returned to the distillation 
pot. In total 182 glower layer were collected. Fractionation 
of the crude ester resulted in 137 g of 
CFOCHFCFCOOCH with a boiling point of 55-56° 
C./52 mbar. This corresponds to a yield of 77%. The ester 
was converted to the ammonium salt by Saponification with 
aqueous ammonia and Subsequent removal of methanol by 
distillation. 

Synthesis of Compound 5: 
CFCFCFOCHFCOONH 

I0086 A 2 liter glass flask equipped with a mechanical 
stirrer, thermometer and reflux condenser (-80° C.) was 
used. Heating of the flask was provided by an electric 
heating mantle. The conversion was carried out as a one pot 
reaction. 275 g perfluoropropyl vinyl ether (PPVE), 280 g 
KOH, 602 gwater, 151 g t-butanol, and 10 g methyl trioctyl 
ammonium chloride were placed in the flask. The three 
phase mixture was Subjected to vigorous stirring. After 
initial heating a moderate exothermic reaction occurred. 
Mixing was continued for nine hours. During this time the 
internal temperature adjusted to 27-33° C. Mixing was 
stopped when the exothermic reaction ceased. The reaction 
mixture formed two layers. The low temperature reflux 
condenser was replaced by a standard reflux condenser. 
Sulfuric acid (392 g) was slowly added without external 
cooling. The batch was heated to reflux. Unreacted PPVE 
was vented. At about 80°C. internal temperature gas began 
to evolve. Heating was continued until the gas evolution had 
ceased. At this time the internal temperature reached 101° C. 
The batch was cooled to RT and the reflux condenser was 
replaced by a distillation device. No column was used. 110 
g methanol was added to the batch and distillation was 
started. The condensed vapors formed two layers. The lower 
layer was separated and the upper layer was returned to the 
flask. Distillation was stopped when no more lower phase 
was formed. In total, 234 g of lower phase were collected. 
Fractionation of the lower phase yielded 167 g of 
CFOCHFCOOCH, with a boiling point of 120-122°C. at 
ambient pressure. 
I0087 Calculated yield: 59% based on total PPVE used; 
70% based on converted PPVE. The ester was converted to 
the ammonium salt by reaction with aqueous ammonia. 
Methanol was removed by fractionated distillation. The 
resulting aqueous solution was used as an emulsifier in the 
polymerization of fluorinated monomers. 

Comparative Example 1 

Polymerization of Fluorinated Monomers with 
APFO 

I0088 28 1 deionized water containing 2 g ammonium 
perfluorooctanoic acid (APFO) were fed in a 50 polymer 
ization vessel together with 100 g NaOH and 36 mg CuSO. 
Air was removed by alternating evacuation and pressurizing 
with nitrogen up to 4 bar. Then the vessel was pressurized 
with 6.4 bar HFP. 5.2 bar VDF, 3.7 bar TFE and 0.1 bar 
ethane. 
I0089. The temperature in the vessel is adjusted to 70° C. 
Polymerization was initiated by pumping in the vessel an 
aqueous solution containing 36 g ammonium persulfate 
(APS) dissolved in 100 ml deionized water and a solution of 
6 g NaSSOs in 50 ml deionized water. The speed of 
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agitation was 240 rpm. Polymerization temperature and 
pressure were kept constant by feeding TFE, HFP and VDF 
in a constant ratio of 1:0.455:0.855. When 3.5 kg TFE were 
consumed, polymerization was stopped by closing the 
monomer-feeding and lowering the speed of agitation. The 
vessel was vented and the resulting dispersion discharged. 
The thus obtained dispersion had a solid content of 23% and 
particle size (volume average diameter) of about 271 nm. 

Example 1 

Polymerization of Fluorinated Monomers Using 
Compound 1 

0090 281 deionized water containing 2 g of compound 1 
were fed in a 501 polymerization vessel together with 100 
g NaOH and 36 mg CuSO, Air was removed by alternating 
evacuation and pressurizing with nitrogen up to 4 bar. Then 
the vessel was pressurized with 6.4 bar HFP. 5.2 bar VDF, 
3.7 bar TFE and 0.1 bar ethane. The temperature in the 
vessel was adjusted to 70° C. Polymerization was initiated 
by pumping in the vessel an aqueous Solution containing 36 
g APS dissolved in 100 ml deionized water and a solution of 
6 g NaSOs in 50 ml deionized water. The speed of 
agitation was 240 rpm. Polymerization temperature and 
pressure were kept constant by feeding TFE, HFP and VDF 
in a constant ratio of 1:0.455:0.855. When 3.5 kg TFE were 
consumed, polymerization was stopped by closing the 
monomer-feeding and lowering the speed of agitation. The 
vessel was vented and the resulting dispersion discharged. 
The thus obtained dispersion had a solid content of 21% and 
particle size of about 243 nm (volume average diameter). 
The MFI(265°C/5kg) was 0.04. 

Examples 2 to 5 

Polymerization of Fluorinated Monomers Using 
Compounds 2 to 5 

0091. In examples 2 to 5, polymerization of fluorinated 
monomers was done using compounds 2 to 5 respectively. 
The polymerization experiments were performed in a 401 
kettle equipped with an impeller agitator and a baffle. The 
kettle was charged with 30 1 of deionized water and set to 
35° C.; the kettle was evacuated repeatedly to remove 
oxygen. Agitation speed was set to 165 rpm. The oxygen 
free kettle was charged with 70 mmol fluorinated surfactant 
(compounds 2-5) as listed in table 3 and the following 
materials were added: 0.5 ml of a solution containing 40 mg 
of copper Sulphate pentahydrate and 1 mg of conc. Sulphuric 
acid; 15 g of a 25 w-% of aqueous ammonia Solution and 5.6 
g of CFCFCF2 O CF(CF) CF O-CF=CF, 
(PPVE-2). Finally the reactor was pressurized with tetra 
fluoroethylene (TFE) to 0.2 MPa and 47 g of hexafluoro 
propylene (HFP) were added. The kettle was then set to 1.5 
MPa using TFE and 100 ml of an aqueous initiator solution 
containing 140 mg of sodium disulfite followed by 100 ml 
of a solution containing 340 mg of ammonium peroxodis 
ulfate was pumped into the reactor. The beginning of the 
polymerization was indicated by a pressure drop. During 
polymerization the pressure was maintained at 1.5 MPa by 
feeding TFE continuously. After 3.2 kg of TFE had been 
added, the monomer valve was closed and the pressure was 
released. The characteristics of the obtained polymer latices 
are summarized in table 1. 
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0092 1000 ml of this polymer dispersion were coagul 
lated by adding 20 ml hydrochloric acid under agitation. The 
coagulated material was agglomerated with gasoline and 
washed repeatedly. The agglomerated polymer was dried 
overnight at 200° C. in a vacuum oven; test data are given 
in table 1. 

TABLE 1. 

fluoropolymer test data 

Ex 2 3 4 

Compound 2 3 4 
Polymerization 82 82 83 
time (min) 

Average Particle 126 108 128 
Size (nm) 
SSG 2.168 2.167 2.164 

(g/cm) 
Solid content 10.2 10.3 10.2 

(w-%) 

0093. Determination of Bio-Accumulation 
0094. The fluorinated surfactants were evaluated for uri 
nary clearance using a pharmacokinetic study in rats. The 
goal was to measure the total amount of parent compound 
eliminated via urinary output and estimate the rate of 
elimination. The study was approved by the IACUC (Insti 
tutional Animal Care and Use Committees) and was per 
formed in 3M Company’s AAALAC (Association for 
Assessment and Accreditation of Laboratory Animal 
Care)—accredited facility. 
0.095 The study utilized male Sprague Dawley rats, 6 to 
8 weeks of age, and approximately 200 to 250 g body weight 
at study onset. The test compounds of table 2 were admin 
istered at a dose of 73 micro Moles per kg body weight in 
rats (N=3 animals per tested compound). All test compounds 
were prepared in sterile deionized water and given to rats via 
oral gavage. After test compounds administration, the rats 
were housed individually in metabolism cages for urine 
collection: 0 to 6 hours, 6 to 24 hours, 24 to 48 hours and 72 
to 96 hours. Animals were observed throughout the study for 
clinical signs of toxicity. Gross necropsy was performed at 
the termination of each study (96 hours post-dose) with sera 
and liver samples being retained from each animal. 
0096. The concentration of the parent compound or 
metabolites thereof were quantitatively measured via fluo 
rine NMR on each urine sample for each animal at each time 
point based on internally added Standards. 
0097. The bioaccumulation data obtained in accordance 
with the above test are reported in table 2 below. 

TABLE 2 

T 1/2 % Recovery Compound-related 
(h) (96 h) Effects 

APFO --SSO 6 Hepatomegaly 
Compound 2 12 84 
Compound 3 11 95 
Compound 4 11 94 

0.098 T /2 and % recovery are based on elimination of the 
major metabolite-CF, O CHFCOO. T./2 is the renal 
half-life and is the time required for the amount of a 
particular Substance in a biological system to be reduced to 
one half of its value by biological processes when the rate of 
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removal is approximately exponential. In these examples the 
value ofT/2 is calculated by exponential least squares curve 
fitting (y=Ae” and T'/2=0.693/B) where y represents the 
concentration of analyte in urine and X represents time in 
hours. 
What is claimed is: 
1. A method for making a fluoropolymer comprising: 
aqueous emulsion polymerizing of a fluorinated monomer 

in the presence of water, 
wherein the polymerizing further takes place in the 

presence of one or more first fluorinated surfactant 
having the general formula: 

[R-(O), CHF (CF2), COO J.X* 
wherein R, represents a fluorinated aliphatic group, t is 
0 or 1, and n is 0 or 1, and 

further wherein X" represents a cation having a 
Valence of i, and i is 1, 2, or 3. 

2. The method of claim 1, wherein R, contains one or 
more ether oxygen atoms. 

3. The method of claim 1, whereint is 1 and wherein R, 
is selected from the group consisting of perfluorinated 
aliphatic groups of 1 to 6 carbon atoms. 

4. The method of claim 1, wherein the polymerizing takes 
place in the presence of the one or more first fluorinated 
surfactant being present in an amount of from 0.001 to 5 
percent by weight based on the weight of the water. 

5. The method of claim 1, wherein the polymerizing takes 
place in the further presence of one or more second fluori 
nated surfactant other than the first fluorinated surfactant 
defined in claim 1. 

6. The method of claim 5 wherein the second fluorinated 
Surfactant is a perfluorinated polyether Surfactant. 

7. The method of claim 1, wherein the polymerizing 
results in an aqueous composition that comprises a fluo 
ropolymer particle. 

8. The method of claim 7, wherein the fluoropolymer 
particle has an average diameter of from 40 nm to 400 nm. 

9. The method of claim 7, wherein the amount of fluo 
ropolymer particle in the aqueous composition has a first 
concentration of from 15 to 70 percent by weight based on 
the weight of the water. 

10. The method of claim 9, further comprising increasing 
the amount of fluoropolymer particle in the aqueous com 
position from a first concentration to a second concentration, 
wherein the second concentration is greater than the first 
concentration. 

11. The method of claim 7, further comprising adding a 
non-ionic, non-fluorinated Surfactant to the aqueous com 
position. 

12. The method of claim 11, wherein the non-ionic, 
non-fluorinated Surfactant has the general formula: 
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wherein R' represents an aromatic or aliphatic hydrocar 
bon group having at least 8 carbon atoms, R represents 
an alkylene group having 3 carbon atoms, R represents 
an alkyl group having from 1 to 3 carbon atoms, n has 
a value of from 0 to 40, m has a value of from 0 to 40, 
and the Sum of n +m is at least 2. 

13. The method of claim 7, further comprising applying 
the aqueous composition to a Substrate. 

14. The method of claim 1, wherein the fluorinated 
monomer comprises a mixture of tetrafluoroethylene, 
hexafluoropropylene and a perfluorinated vinyl ether. 

15. The method of claim 14, wherein the perfluorinated 
vinyl ether is CFCFCF O CF(CF)—CF O 
CF–CF, 

16. The method of claim 14, wherein the polymerizing 
takes place at 35° C. 

17. The method of claim 14, further comprising coagul 
lating the aqueous composition with hydrochloric acid to 
give a coagulated material. 

18. The method of claim 17, further comprising agglom 
erating the coagulated material with gasoline to give an 
agglomerated material. 

19. The method of claim 18, further comprising drying the 
agglomerated material at 200° C. 

20. The method of claim 14, wherein the polymerizing 
results in an aqueous composition that comprises a fluo 
ropolymer particle having a Z-average particle size of from 
100 to 150 nm. 

21. The method of claim 14, wherein the polymerizing 
results in an aqueous composition that comprises a fluo 
ropolymer particle having a standard specific gravity of from 
2.16 to 2.17. 

22. A method for preparing a fluorinated Surfactant, the 
process comprising: 

carrying out a free radical reaction of a fluorinated olefin 
with a hydrocarbon alcohol and oxidizing the resulting 
reaction product, 

wherein the fluorinated olefin has the formula: 

R. (O), CF=CF2 

whern R, represents a fluorinated aliphatic group, t is 0 
Or 1, 

and further wherein the fluorinated surfactant has the 
general formula: 
Rf (O), CHF (CF) COOX* 

wherein R, and t are as defined above, and X represents 
a cation having a Valence i, and i is 1, 2, or 3. 

k k k k k 


