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FLUOROPOLYMER DISPERSION AND PROCESS 
FOR PRODUCING FLUOROPOLYMER 

DISPERSION 

TECHNICAL FIELDS 

[0001] The present invention relates to a ?uoropolymer 
solid composition, a ?uoropolymer dispersion and a method 
for producing a ?uoropolymer dispersion. 

BACKGROUND ART 

[0002] Sulfonic acid group- and/or carboxyl group-con 
taining ?uoropolymers Were initially developed mainly for 
the purpose of using them as ion exchange membranes to be 
utiliZed in common salt electrolysis, among others. Conven 
tionally, such membrane-like molded articles are produced 
by molding —SO2F group-containing ?uoropolymers by 
extrusion molding, for instance, folloWed by hydrolysis. 

[0003] Sulfonic acid group- or like acid group-containing 
?uoropolymers have recently attracted attention as materials 
of not only ion exchange membranes for common salt 
electrolysis but also electrolyte membranes for fuel cells and 
chemical sensors, and so forth. 

[0004] A solution of a sulfonic acid group-containing 
?uoropolymer in a mixed solvent comprising an alcohol is 
knoWn as a medium for immobiliZing a catalyst on the 
electrolyte membrane surface in the manufacture of electro 
lyte membranes and the like (cf. e.g. Japanese Kokai Pub 
lication Hei-08-236122). HoWever, this solution has a prob 
lem in that it covers active sites of the catalyst in the process 
of drying, for instance, and thus cause deteriorations in 
performance characteristics of fuel cells (cf. e.g. Makoto 
Uchida: “Element technologies of and design guidelines for 
gas diffusion electrodes for PEFC”, Denkikagaku oyobi 
Kogyobutsurikagaku (English title: Electrochemistry), pub 
lished by The Electrochemical Society of Japan, 2002, vol. 
70, No. 8, p. 639). This solution has a further problem from 
the environmental and/or operational vieWpoint. Therefore, 
aqueous dispersions of sulfonic acid group-containing ?uo 
ropolymers have been demanded. 

[0005] Aqueous dispersions of sulfonic acid group-con 
taining ?uoropolymers as such can also be used like solu 
tions, hence can adequately be used in ?lm/membrane 
formation by casting or in immersion, for instance. Thus, 
they have a Wide range of application. 

[0006] A method currently used in preparing aqueous 
dispersions of sulfonic acid group-containing ?uoropoly 
mers comprises subjecting membranous molded articles 
made from —SO2F group-containing ?uoropolymer to 
alkali treatment and then to acid treatment to convert 
—SO2F groups to sulfonic acid groups and, further, treating 
the molded articles in a mixed solvent composed of Water 
and a loWer alcohol or in Water at high temperature and high 
pressure conditions. 

[0007] The —SO2F group-containing ?uoropolymer so 
far used in the art in preparing membranous molded articles 
are produced mostly by solution polymeriZation to obtain 
pellets for use in extrusion molding and like methods of 
producing membranous molded articles. 

[0008] Conceivable as a method of obtaining aqueous 
?uoropolymer dispersions as an alternative to solution poly 
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meriZation is emulsion polymeriZation. Generally, the poly 
mers in polymer latexes prepared by emulsion polymeriZa 
tion are recovered by adding an electrolyte to the latexes to 
cause coagulation of polymer particles. HoWever, it is a 
problem that the essential auxiliary components, such as the 
emulsi?er and electrolyte, remain in the polymers; it is thus 
dif?cult to obtain high-quality aqueous ?uoropolymer dis 
persions. Emulsi?ers, in particular, are dif?cult to remove, 
raising a problem in that the driers are rusted by gases 
generated in the step of drying the polymers obtained and/or 
the polymers are decomposed in the step of ?lm/membrane 
formation to produce bubbles and/or become dark colored, 
for instance. 

[0009] KnoWn as a method of obtaining aqueous ?uo 
ropolymer dispersions Without using any conventional 
emulsi?er is the method Which comprises polymeriZing a 
?uoromonomer(s), such as tetra?uoroethylene or/and 
vinylidene ?uoride, in the presence of a per?uorovinyl ether 
containing a sulfonic acid group or carboxyl group, Which 
may be in the form of a salt (cf. e.g. Japanese Kokai 
Publication Sho-59-196308, Japanese Kokai Publication 
Sho-55-29519 and Japanese Kokai Publication Hei-08 
67795). HoWever, regarding this method, these publications 
have no description about the use of —SO2F group-con 
taining ?uorovinyl ether derivative in the step of subjecting 
the monomer(s) to polymeriZation. 

[0010] Also knoWn as a method of obtaining aqueous 
?uoropolymer dispersions is the method Which comprises 
using a ?uoromonomer having —SO3Na or the like in the 
step of polymeriZation to give sulfonic acid salt type ?uo 
ropolymers Without using any conventional emulsi?er (cf. 
e.g. Japanese Kokai Publication 2001-226436 and Japanese 
Kokai Publication 2001-226425). HoWever, the publications 
cited have no description about the method of obtaining 
aqueous dispersions of sulfonic acid group-containing ?uo 
ropolymers. 
[0011] As for the method of obtaining aqueous dispersions 
of sulfonic acid group-containing ?uoropolymers, a method 
is knoWn, among others, Which comprises treating membra 
nous molded articles prepared from —SO2F group-contain 
ing ?uoropolymer With an alkali and then With an acid to 
convert —SO2F to the sulfonic acid group and dissolving 
the membranous molded articles in a mixed solvent com 
posed of Water and a loWer alcohol or in Water by treatment 
under high temperature and high pressure conditions or 
treating the membranous molded articles in a solvent essen 
tially consisting of Water With stirring under high tempera 
ture and high pressure conditions to give an aqueous dis 
persion of particles of 2 to 30 nm in siZe (cf. e.g. Japanese 
Kohyo Publication 2001-504872). 

[0012] HoWever, the method disclosed in Japanese Kohyo 
Publication 2001-504872 is inef?cient since the ?uoropoly 
mer in liquid form as obtained by polymeriZation is once 
made into membranous molded articles and these are again 
made liquid. Further, it is a problem that a high-temperature 
and high-pressure treatment is required and, therefore, the 
corresponding reaction apparatus and energy are required. 

[0013] Furthermore, the polymer particles obtained by the 
method disclosed in Japanese Kohyo Publication 2001 
504872 are knoWn to have a rod-like or thread-like shape 
such that the aspect ratio is generally 5 to 6 and the major 
axis length is about 11 nm. HoWever, in the case of aqueous 
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dispersions prepared by dispersing such rod-like or thread 
like polymer particles, it is necessary to remove, by evapo 
ration, a large amount of the dispersion medium in forming 
?lms/membranes by casting or impregnation, for instance. 
This is very inefficient, and it is dif?cult to produce thick 
?lms/membranes. A further problem is that cracks are 
readily formed in the step of drying. 

SUMMARY OF THE INVENTION 

[0014] In vieW of the above-discussed state of the art, it is 
an object of the present invention to provide a composition 
containing an acid group- and/or acid salt group-containing 
?uoropolymer suited for use as an electrode or membrane 

material, a dispersion comprising such composition, and a 
method for producing such dispersion. Another object of the 
present invention is to provide a method for producing the 
above dispersion Without using any ?uorine-containing 
emulsi?er. A further object of the present invention is to 
provide a method for producing acid group- or acid-deriva 
tive-type-group-containing ?uoropolymers by polymeriZing 
in an aqueous reaction medium Without using any conven 
tional emulsi?er. 

[0015] The present invention thus provides a ?uoropoly 
mer solid composition Which contains a ?ne particle com 
prising a ?uoropolymer, 

[0016] said ?uoropolymer having an acid/acid salt 
group, 

[0017] said acid/acid salt group each being a sulfonic 
acid group, —SO2NR17R18, a carboXyl group, 
—SO3NR1l12R3R4, —SO3M11/L, 
—COONR R6R7R8 or —COOM21/L (in Which R17 
and R18 are the same or different and each represents 
a hydrogen atom, an alkali metal, an alkyl group or 
a sulfonyl-containing group, R1, R2, R3 and R4 are 
the same or different and each represents a hydrogen 
atom or an alkyl group having 1 to 4 carbon atoms, 
R5, R6, R7 and R8 are the same or different and each 
represents a hydrogen atom or an alkyl group having 
1 to 4 carbon atoms, M1 and M2 are the same or 
different and each represents a metal Whose valence 
is L, and said metal Whose valence is L is a metal 
belonging to the group 1, 2, 4, 8, 11, 12 or 13 of the 
periodic table) 

[0018] said ?ne particle comprising the ?uoropoly 
mer containing, at the proportion of at least 25% by 
mass thereof, a spherical ?uoropolymer ?ne particle, 
and 

[0019] said spherical ?uoropolymer ?ne particle 
being substantially spherical. 

[0020] The present invention also provides a ?uoropoly 
mer dispersion 

[0021] Which comprises the above-de?ned ?uo 
ropolymer solid composition as dispersed in a liquid 
medium. 

[0022] The present invention further provides a method 
for producing a ?uoropolymer dispersion to give the ?uo 
ropolymer dispersion Where a ?ne particle comprising a 
?uoropolymer is dispersed in an aqueous dispersion 
medium, 
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[0023] said ?uoropolymer having a sulfonic acid 
group and/or carboXyl group, and 

[0024] said method comprising a step of hydrolyZing, 
in an aqueous medium, —SO2X1 (X1 representing a 
halogen atom) and/or —COZ1 (Z1 representing an 
alkoXyl group having 1 to 4 carbon atoms) Which a 
?uoropolymer precursor has thereby to give the 
?uoropolymer. 

[0025] The present invention further provides a method 
for producing a ?uoropolymer dispersion to give the ?uo 
ropolymer dispersion Where a ?ne particle comprising a 
?uoropolymer is dispersed in an aqueous dispersion 
medium, 

[0026] said ?uoropolymer having an acid salt group, 

[0027] said acid salt group being —SO3NR1R2R3R4, 
—SO3M11/L, —COONR5R6R7R8 or —COOM21/L 
(in Which R1, R2, R3 and R4 are the same or different 
and each represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms, R5, R6, R7 and R8 
are the same or different and each represents a 

hydrogen atom or an alkyl group having 1 to 4 
carbon atoms, M1 and M2 are the same or different 
and each represents a metal Whose valence is L, and 
said metal Whose valence is L is a metal belonging 
to the group 1, 2, 4, 8, 11, 12 or 13 of the periodic 
table), and said method comprising a step of hydro 
lyZing, in a liquid medium, —SO2X1 (X1 represent 
ing a halogen atom) and/or —COZ1 (Z1 representing 
an alkoXyl group having 1 to 4 carbon atoms) Which 
a ?uoropolymer precursor has thereby to give the 
?uoropolymer. 

[0028] The present invention further provides a dispersion 
composition for thin ?lm formation 

[0029] Which comprises the above-de?ned ?uo 
ropolymer dispersion and at least one alcohol 
selected from the group consisting of methanol, 
ethanol, propanol and tetra?uoropropanol. 

[0030] The present invention further provides a ?lm/ 
membrane obtainable by cast ?lm formation using the 
above-de?ned ?uoropolymer dispersion or the above-de 
?ned dispersion composition for thin ?lm formation. 

[0031] The present invention further provides a ?lm/ 
membrane obtainable by impregnating a porous support 
With the above-de?ned ?uoropolymer dispersion or the 
above-de?ned dispersion composition for thin ?lm forma 
tion, folloWed by removal the liquid medium. 

[0032] The present invention further provides an active 
substance-immobilized material comprising a ?uoropoly 
mer and an active substance 

[0033] Which is obtainable by applying, to a sub 
strate, a liquid composition comprising the above 
mentioned active substance and the above-de?ned 
?uoropolymer dispersion or the above-de?ned dis 
persion composition for thin ?lm formation. 

[0034] The present invention further provides an electro 
lyte membrane 

[0035] Which comprises the above-de?ned active 
substance-immobilized material. 
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[0036] The present invention further provides a solid 
polymer electrolyte fuel cell 

[0037] Which comprises the above-de?ned electro 
lyte membrane. 

[0038] The present invention still further provides a 
method for producing an acid-derivative-type-group-con 
taining ?uorocopolymer 

[0039] Which comprises carrying out a polymeriZa 
tion reaction of a ?uorovinyl ether derivative (Rm) 
represented by the following general formula (VI): 

[0040] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 are the same or different; Y2 
represents a ?uorine atom or a chlorine atom; m represents 
an integer of 1 to 5, and m atoms of Y2 may the same or 
different; A5 represents —SO2X1, —COZ1 and/or 
—CONR19R2O; X1 represents a halogen atom, Z1 represents 
an alkoXyl group having 1 to 4 carbon atoms, and R19 and 
R20 are the same or different and each represents a hydrogen 
atom, an alkali metal, an alkyl group or a sulfonyl-contain 
ing group) in an aqueous reaction medium to thereby give 
the acid-derivative-type-group-containing ?uorocopolymer, 

[0041] said polymeriZation reaction being carried out 
by using an acid/acid salt ?uorovinyl ether derivative 
represented by the folloWing general formula (VII): 

[0042] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 may be the same or different; 
Y2 represents a ?uorine atom or a chlorine atom; m repre 
sents an integer of 1 to 5, and m atoms of Y2 may be the same 
or different; A6 represents —SO2X3, —SO2NR17R18 and/or 
—COOZ3; X3 represents —OM5 or —OM61/2; M5 repre 
sents an alkali metal or NR1R2R3R4 in Which R1, R2, R3 and 
R4 are the same or different and each represents a hydrogen 
atom or an alkyl group having 1 to 4 carbon atoms; R5, R6, 
R7 and R8 are the same or different and each represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 
M6 represents an alkaline earth metal; R17 and R18 are the 
same or different and each represents a hydrogen atom, an 
alkali metal, an alkyl group or a sulfonyl-containing group; 
Z3 represents M7 or M81/2; M7 represents an alkali metal or 
NR5R6R7R8 in Which R5, R6, R7 and R8 are the same or 
different and each represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms; and Me represents an 
alkaline earth metal). 

DETAILED DISCLOSURE OF THE INVENTION 

[0043] 
in detail. 

In the folloWing, the present invention is described 

[0044] The ?uoropolymer solid composition according to 
the present invention contains a ?ne particle comprising a 
?uoropolymer(s). 
[0045] The ?ne particle comprising ?uoropolymers con 
tains a spherical ?uoropolymer ?ne particle in the proportion 
of at least 25% by mass thereof, said spherical ?uoropoly 
mer ?ne particle being substantially spherical. 
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[0046] The phrase “contains a spherical ?uoropolymer 
?ne particle in the proportion of at least 25% by mass 
thereof” as used herein means that spherical ?uoropolymer 
?ne particles amount to 25% by mass or more of the ?ne 
particle comprising ?uoropolymers. 

[0047] The particle shape of the ?ne particle comprising 
?uoropolymers can be evaluated in terms of aspect ratio. 

[0048] By saying “substantially spherical” herein, it is 
meant that the aspect ratio is not higher than 3. Generally, 
the particle shape becomes closer to spherical as the aspect 
ratio approaches 1. The ?ne particles comprising ?uoropoly 
mers preferably have an aspect ratio of not higher than 3. A 
more preferred upper limit is 2, and a more preferred upper 
limit is 1.5. 

[0049] Generally, When the ?ne polymer particles are 
anisotropic in particle shape, the dispersion of the ?ne 
polymer particles tends to shoW a high viscosity. When a 
dispersion of the ?ne polymer particles shoWs a high vis 
cosity, it unfavorably becomes dif?cult to increase the 
concentration of the ?ne polymer particles in the dispersion. 

[0050] When the ?ne particles comprising ?uoropolymers 
comprise spherical ?uoropolymer ?ne particles Which are 
substantially spherical, at the proportion of at least 25% by 
mass thereof, it is possible, for eXample, to loWer the 
viscosity of a ?uoropolymer dispersion prepared by using 
the above-mentioned ?uoropolymer solid composition as 
compared With the case Where the ?ne particle comprising 
?uoropolymers are not substantially spherical in shape, 
hence it becomes possible to increase the solid matter 
concentration of the ?uoropolymer dispersion and, thus, it is 
possible to realiZe high levels of productivity in the step of 
?lm/membrane formation by casting, for instance. 

[0051] The ?ne particles comprising ?uoropolymers pref 
erably comprise the spherical ?uoropolymer ?ne particles at 
the proportion of 50% by mass or more thereof. 

[0052] The ?uoropolymer solid composition comprising 
spherical ?uoropolymer ?ne particles Within the above con 
tent range can be prepared from a dispersion obtained by 
emulsion polymeriZation. Such composition having a 
spherical ?uoropolymer ?ne particle content of 90% by 
mass or higher can also be obtained from a dispersion 
obtained by emulsion polymeriZation. It is also possible, by 
incorporating the ?ne particles not substantially spherical 
into a composition comprising a relatively high proportion 
of spherical ?uoropolymer ?ne particles, to provide a ?uo 
ropolymer solid composition adjusted so as to display those 
performance characteristics required for the intended pur 
poses. 

[0053] The above ?ne particles comprising ?uoropoly 
mers preferably have an average particle diameter of not 
smaller than 10 nm. When this is smaller than 10 nm, the 
particles, When used as an electrode material, may cover 
active sites, so that no good cell characteristics may be 
obtained in some instances. 

[0054] When the average particle diameter is Within the 
above range, the upper limit may be set at 300 nm, for 
instance, in consideration of the stability of the ?uoropoly 
mer dispersion prepared by dispersing ?ne particles com 
prising ?uoropolymers in a liquid medium and/or the ease of 
preparation of the ?uoropolymer precursor to be mentioned 



US 2005/0228127 A1 

later herein. However, average particle diameters exceeding 
300 nm Will not signi?cantly in?uence the cell characteris 
tics. 

[0055] The above-mentioned ?ne particles comprising 
?uoropolymers more preferably have an average particle 
diameter of 10 to 300 nm. A more preferred loWer limit to 
the average particle diameter is 30 nm, and a more preferred 
upper limit is 160 nm. 

[0056] The above-mentioned aspect ratio and average 
particle diameter can be determined by observing, under a 
scanning or transmission electron microscope, an atomic 
force microscope or the like, an aggregate of the ?ne 
particles comprising ?uoropolymers as obtained by applying 
the ?uoropolymer dispersion onto a glass substrate, fol 
loWed by removal of the aqueous dispersion medium, mea 
suring the major axes and minor axes of at least 20 ?ne 
particles on the picture obtained and calculating the aspect 
ratio, namely the average major axis-to-minor axis ratio 
(major axis/minor axis), and the average particle diameter, 
Which is the mean of the major axes and minor axes and 
Which is to be mentioned later herein. 

[0057] The ?uoropolymer solid composition of the present 
invention preferably contains, at the proportion of at least 
25% by mass thereof, spherical ?uoropolymer ?ne particles 
not smaller in average particle diameter than 10 nm among 
the ?ne particles comprising ?uoropolymers. 

[0058] The ?uoropolymer solid composition of the present 
invention more preferably contains, at the proportion of at 
least 25% by mass thereof, spherical ?uoropolymer ?ne 
particles Whose average particle diameter is 10 to 300 nm 
among the ?ne ?uoropolymer particles. 

[0059] Still more preferably, the ?uoropolymer solid com 
position of the present invention contains, at the proportion 
of at least 25% by mass thereof, spherical ?uoropolymer ?ne 
particles Whose average particle diameter is 30 to 160 nm 
among the ?ne ?uoropolymer particles. 

[0060] The above-mentioned ?uoropolymer has acid/acid 
salt groups. 

[0061] The acid/acid salt groups each refers to an acid 
group and/or an acid salt group. 

[0062] The acid group is a sulfonic acid group, 
—SO2NR17R18 and/or a carboxyl group. R17 and R18 are the 
same or different and each represents a hydrogen atom, an 
alkali metal, an alkyl group or a sulfonyl-containing group. 

[0063] The above alkali metal is not particularly restricted 
but may be, for example, Li, Na, K or Cs. The alkyl group 
is not particularly restricted but includes an alkyl group 
having 1 to 4 carbon atoms, such as methyl or ethyl. The 
alkyl group may be substituted by a halogen atom(s). The 
sulfonyl-containing group is a sulfonyl group- and ?uorine 
containing alkyl group, for example a ?uorine-containing 
alkylsulfonyl group, Which may have a substituent(s) at its 
terminus. As the ?uorine-containing alkylsulfonyl group, 
there may be mentioned, among others, —SO2Rf1Z3(Rf1 
representing a ?uorine-containing alkylene group and Z3 
representing an organic group). As the organic group, there 
may be mentioned, for example, —SO2F, Which may take an 
in?nitely connected form such as —SO2 
(NR17SO2Rf1SO2)kNR17SO2— (in Which k represents an 
integer not smaller than 1 and Rf1 represents a ?uorine 
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containing alkylene group), or the organic group may be 
—SO2(NR17SO2Rf1SO2)kNR17SO2F (in Which k represents 
an integer not smaller than 1 but not greater than 100 and R17 
and Rf1 are as de?ned above), for instance. 

[0064] The acid salt group mentioned above comprises a 
sulfonic acid group in salt form and/or a carboxyl group in 
salt form. The sulfonic acid in salt form is 
—SO3NR1R2R3R4 or —SO3M11/L, and the carboxyl group 
in salt form is —COONR5R6R7R8 or —COOM21/L, Wherein 
R1, R2, R3 and R4 are the same or different and each 
represents a hydrogen atom or an alkyl group having 1 to 4 
carbon atoms, R5, R6, R7 and R8 are the same or different and 
each represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms, M1 and M2 are the same or different and 
each represents a metal having a valence of L. 

[0065] The metal having a valence of L is a metal belong 
ing to the group 1, 2, 4, 8, 11, 12 or 13 of the periodic table. 
The metal having a valence of L is not particularly restricted 
but includes, for example, Li, Na, K and Cs as the group 1 
metal, Mg and Ca as the group 2 metal, Al as the group 4 
metal, Fe as the group 8 metal, Cu and Ag as the group 11 
metal, Zn as the group 12 metal, and Zr as the group 13 
metal. The alkyl group having 1 to 4 carbon atoms is not 
particularly restricted but preferably is a straight alkyl group, 
more preferably a methyl group. 

[0066] Preferably, the existence of the acid/acid salt 
groups on the particle surface of the ?ne particles compris 
ing fluoropolymers is more than that in the particle inside 
thereof. For use as ion exchange resins or the like, in 
particular, it is desirable that the existence on the particle 
surface be greater. When the existence of acid/acid salt 
groups are greater on the particle surface than in the particle 
inside, the dispersion stability can be improved. 

[0067] The ?ne ?uoropolymer particles in Which the exist 
ence of the acid/acid salt group on the particle surface is 
more than in the particle inside can be obtained by using the 
so-called “core/shell” technology in the method for produc 
ing the ?uoropolymer dispersion by emulsion polymeriZa 
tion according to the present invention. Namely, they can be 
obtained by increasing the rate of feed of the acid/acid salt 
group-containing ?uorovinyl ether derivative, Which is to be 
described later herein, at the late stage of polymeriZation as 
compared With the early stage of polymeriZation. 

[0068] The term “particle inside” as used herein means the 
central portion occupying 50% by mass of the Whole particle 
mass. The term “particle surface” as used herein means the 
portion of the particle other than the particle inside de?ned 
above. 

[0069] The ?uoropolymer solid composition of the present 
invention may comprise, in addition to the above-mentioned 
?ne particle comprising ?uoropolymers, one or more addi 
tives as necessary. The additives are not particularly 
restricted but include, among others, ?uororesins such as 
polytetra?uoroethylene [PTFE], tetra?uoroethylene/ 
hexa?uoropropylene copolymers [FEPs] and tetra?uoroet 
hylene/per?uoro(alkylvinylether) copolymers [PFAs]; ther 
moplastic resins such as polyethylene, polypropylene and 
polyethylene terephthalate [PET]; thermosetting resins such 
as polyamides and polyimides; ?ne particles of another ion 
exchange resin or the like; and ?ne poWders of inorganic 
materials such as alumina, silica, Zirconia and carbon. 
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[0070] Generally, the ?uoropolymer solid composition of 
the present invention can be obtained by drying the ?uo 
ropolymer dispersion to be described later herein. As for the 
procedure for obtaining the ?uoropolymer solid composition 
from the ?uoropolymer dispersion, there may be mentioned, 
for eXample, the method Which comprises concentrating the 
?uoropolymer dispersion and drying the concentrate at a 
temperature of 80 to 400° C. 

[0071] When applied to a substrate, the ?uoropolymer 
solid composition of the present invention may take the form 
of a coating ?lm formed on the substrate by heating for 
drying at the above-mentioned temperature of 80 to 400° C. 
and then further heating to a temperature not less than the 
melting point of the ?ne particle comprising ?uoropolymers. 

[0072] The particle shape and average particle diameter of 
the ?ne particles comprising ?uoropolymers as referred to 
hereinabove are those after the above heating for drying, and 
the requirements imposed thereon are to be met only in the 
state not yet subjected to heating at a temperature not less 
than the melting point of the ?ne particles comprising 
?uoropolymers. 
[0073] The ?uoropolymer dispersion of the present inven 
tion comprises the above-mentioned ?ne particles compris 
ing ?uoropolymers as dispersed in a liquid medium. 

[0074] The liquid medium is a liquid capable of Wetting 
the ?ne particles comprising ?uoropolymers. The liquid 
medium is not particularly restricted but preferably occurs as 
a liquid at room temperature. 

[0075] Where good dispersibility is required of the ?ne 
particles comprising ?uoropolymers, not only Water but also 
alcohols such as methanol; nitrogen-containing solvents 
such as N-methylpyrrolidone [NMP]; ketones such as 
acetone; esters such as ethyl acetate; polar ethers such as 
diglyme and tetrahydrofuran [THF] and the like; carbonate 
esters such as diethylene carbonate and other polar organic 
solvents may be mentioned as the liquid medium, and one of 
these or a miXture of tWo or more of these can be used as 

such. For producing ?lms or membranes by casting, impreg 
nation or a like technique, as mentioned later herein, alco 
hols may be used as the liquid medium for leveling prop 
erties improvement, and polyoXyethylenes for ?lm-forming 
properties improvement. 

[0076] The ?uoropolymer dispersion of the present inven 
tion may be one comprising the above-mentioned ?uo 
ropolymer solid composition as dispersed in a liquid 
medium or one prepared from the dispersion obtained by the 
polymeriZation reaction as such Without taking the form of 
the above-mentioned ?uoropolymer solid composition. 

[0077] When the ?uoropolymer dispersion comprises a 
?uoropolymer solid composition as dispersed in a liquid 
medium, the ?uoropolymer solid composition preferably 
amounts to 2 to 80% by mass relative to the Whole mass of 
the ?uoropolymer dispersion. The amount of the ?ne par 
ticles comprising ?uoropolymers in the ?uoropolymer dis 
persion generally corresponds to the mass of the solid matter 
in the ?uoropolymer dispersion. When the content of the 
?uoropolymer solid composition in the ?uoropolymer dis 
persion is loWer than 2% by mass, the amount of the liquid 
medium becomes fairly large, and decreases in productivity 
may result in ?lm/membrane formation. Conversely, When it 
eXceeds 80% by mass, the viscosity becomes excessively 
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high and the dispersion tends to become dif?cult to handle. 
A more preferred loWer limit is 5% by mass, and a more 
preferred upper limit is 60% by mass. 

[0078] The ?uoropolymer dispersion of the present inven 
tion is preferably one in Which the dispersion medium is an 
aqueous dispersion medium. In this case, the ?uoropolymer 
dispersion of the present invention comprises ?ne particles 
comprising ?uoropolymers as dispersed in an aqueous dis 
persion medium, namely it comprises the ?ne particles 
comprising ?uoropolymers and the aqueous dispersion 
medium. The ?uoropolymer dispersion comprises the ?ne 
particles comprising ?uoropolymers as the dispersoid and 
the aqueous dispersion medium as the dispersion medium. 

[0079] The “aqueous dispersion medium” so referred to 
herein is the dispersion medium in the ?uoropolymer dis 
persion and comprises Water. So long as it comprises Water, 
the aqueous dispersion medium may be composed of Water 
and, further, a Water-soluble organic solvent. The aqueous 
dispersion medium may contain one or more of those 
additives Which are generally used in aqueous dispersions, 
for eXample surfactants and stabiliZers. 

[0080] The aqueous dispersion medium preferably has a 
Water content of 10 to 100% by mass. When the content is 
beloW 10% by mass, deteriorated dispersibility Will result 
and unfavorable effects on the environment and human body 
may also be produced. A more preferred loWer limit is 40% 
by mass. 

[0081] The ?uoropolymer dispersion of the present inven 
tion can be produced by the method for producing a ?uo 
ropolymer dispersion according to the present invention 
Which essentially comprises converting a sulfonic acid or 
carboXylic acid halide of a ?uoropolymer precursor obtained 
by the polymeriZation reaction to the acid salt group by 
hydrolysis in an aqueous medium, or by converting this acid 
salt group to the acid group by treatment With an acid in an 
aqueous medium. When the acid/acid salt group is 
—SO2NR17R18, the ?uoropolymer dispersion of the present 
invention can be prepared in the form of a dispersion Which 
comprises a ?uoropolymer solid composition containing 
?ne particles of the —SO2NR17R18-containing ?uoropoly 
mer as dispersed in a liquid medium. 

[0082] In the present speci?cation, among those methods 
of producing ?uoropolymer dispersions according to the 
present invention, the method for obtaining the acid salt 
group is sometimes referred to as “method for producing 
a ?uoropolymer dispersion”, and the method for obtaining 
the sulfonic acid group and/or carboXylic acid group as the 
acid group is sometimes referred to as “method (ii) for 
producing a ?uoropolymer dispersion”. 

[0083] The method for producing a ?uoropolymer 
dispersion according to the present invention is intended to 
obtain ?uoropolymer dispersions Which comprises ?ne par 
ticles comprising ?uoropolymers as dispersed in the liquid 
medium mentioned above. 

[0084] In the method for producing a ?uoropolymer 
dispersion according to the present invention, the ?uo 
ropolymer has acid salt groups. The acid salt group is the 
same as the sulfonic acid group in salt form or the carboXyl 
group in salt form as described hereinabove referring to the 
?uoropolymer solid composition. 
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[0085] The method for producing a ?uoropolymer 
dispersion according to the present invention comprises the 
same step as the step of obtaining the acid salt group in the 
method (ii) for producing a ?uoropolymer dispersion Which 
is to be described later herein. 

[0086] Therefore, like the method (ii) for producing a 
?uoropolymer dispersion, Which is to be described later 
herein, the method for producing a ?uoropolymer dis 
persion according to the present invention comprises the 
step of hydrolyZing —SO2X1 (X1 representing a halogen 
atom) and/or —COZ1 (Z1 representing an alkoXyl group 
having 1 to 4 carbon atoms) of a ?uoropolymer precursor in 
a liquid medium to give the corresponding ?uoropolymer. 

[0087] The term “?uoropolymer precursor” as used herein 
means a polymer to give ?uoropolymer through the above 
mentioned step of hydrolysis in a liquid medium. 

[0088] The method for producing a ?uoropolymer 
dispersion according to the present invention has the same 
characteristic features as the method (ii) for producing a 
?uoropolymer dispersion Which is to be described later 
herein. In one of the features, the above-mentioned hydro 
lyZing step may comprise the polymeriZation reaction step 
comprising the polymeriZation in the presence of a ?uo 
romonomer (Pm) and a ?uoromonomer (Qm) and the alkali 
treatment step of treating With an alkali. 

[0089] The above-mentioned ?uoromonomer (Pm) has 
—SOZX1 (X1 representing a halogen atom) and/or —COZ1 
(Z1 representing an alkoxyl group having 1 to 4 carbon 
atoms), and the above-mentioned ?uoromonomer (Qm) has 
—SO2X2 (X2 representing —ONRgRloR‘nRl2 or —OMll/L 
in Which R9, R10, R11 and R12 are the same or different and 
each represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms and M1 represents a metal Whose valence 
is L) and/or —COOZ2 (Z2 representing NR13RMR15R16 or 
—Mzl/L in Which M2 represents a metal Whose valence is L). 

[0090] The method (ii) for producing a ?uoropolymer 
dispersion according to the present invention is intended for 
producing ?uoropolymer dispersions Which comprises ?ne 
particles comprising ?uoropolymers as dispersed in an aque 
ous medium. 

[0091] The above “method (ii) for producing a ?uoropoly 
mer dispersion”, Which is to produce ?uoropolymer disper 
sions in Which the dispersion medium is an aqueous disper 
sion medium and the dispersoid ?uoropolymer has a 
sulfonic acid group and/or carboXyl group, is conceptually 
different from the above “method for producing a ?uo 
ropolymer dispersion”, in Which method the dispersion 
medium is a liquid medium and the ?uoropolymer has an 
acid salt group. By merely saying “method for producing a 
?uoropolymer dispersion” in the present speci?cation, it is 
meant that the above-mentioned method (ii) for producing a 
?uoropolymer dispersion and method for producing a 
?uoropolymer dispersion are referred to Without distinction 
therebetWeen. 

[0092] In carrying out the method (ii) for producing a 
?uoropolymer dispersion according to the present invention, 
the ?uoropolymer has a sulfonic acid group and/or carboXyl 
group. 

[0093] The sulfonic acid group and/or carboXyl group is 
preferably one bound to a ?uoroether side chain represented 
by the folloWing general formula (I): 

—O—(CF2CFY1—O)n—(CFY2 )m_ (I) 
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[0094] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 are the same or different; Y2 
represents a ?uorine atom or chlorine atom; m represents an 
integer of 1 to 5, and m atoms of Y2 may be the same or 
different). The sulfonic acid group and/or carboXyl group is 
bound to the ?uoroether side chain so that it may be adjacent 
to —(CFY2)m— in the above general formula 

[0095] The above ?uoroether side chain is preferably one 
forming an ether bond With a carbon atom constituting the 
?uoroethylene unit in the main chain of the ?uoropolymer. 
The term “?uoroethylene unit” as used herein means the part 
derivative from the per?uorovinyl group of a monomer 
constituting the ?uoropolymer in the molecular structure of 
the ?uoropolymer. Generally, the per?uorovinyl group is a 
group derived from the ?uorovinyl ether derivative com 
posed of the above-mentioned per?uorovinyl group and the 
above-mentioned ?uoroether side chain bound to each other. 
The term “forming an ether bond” refers to the ether bonding 
of the ?uoroether side chain represented by the above 
general formula (I) via a divalent oxygen atom in such a 
form as 

[0096] as a result of substitution of a ?uorine atom bound 
to a carbon atom constituting the per?uoroethylene unit 

[—(CF2—CF2)—] 
[0097] The method (ii) for producing a ?uoropolymer 
dispersion according to the present invention is to produce 
the above-mentioned ?uoropolymer dispersions, and the 
method (ii) for producing a ?uoropolymer dispersion com 
prises the hydrolysis step of hydrolyZing —SO2X1 and/or 
—COZ of the ?uoropolymer precursor in an aqueous 
medium to give the ?uoropolymer. 

[0098] The term “aqueous medium” as used herein means 
a medium in Which the hydrolysis is carried out in the 
above-mentioned hydrolysis step and Which comprises 
Water. The hydrolysis is carried out in an aqueous dispersion 
comprising an aqueous medium and a ?uoropolymer pre 
cursor. The aqueous system in Which this hydrolysis is 
carried out comprises at least an aqueous medium as the 
dispersion medium and ?ne particles of the above-men 
tioned ?uoropolymer precursor as the dispersoid before the 
start of the hydrolysis and, after completion of the above 
mentioned hydrolysis step, it comprises at least the above 
mentioned ?ne particles comprising ?uoropolymers as the 
dispersoid. So long as it comprises Water, the above-men 
tioned aqueous medium may comprise Water and a Water 
soluble organic solvent. 

[0099] When, in carrying out the method for producing a 
?uoropolymer dispersion according to the present invention, 
the ?uoropolymer precursor has —SO2X1— and/or 
—COZ1, the above hydrolysis step preferably comprises the 
alkali treatment step in Which the ?uoropolymer precursor is 
treated With an alkali (such step hereinafter sometimes 
referred to as “alkali treatment step (Aa1k)”). The above 
hydrolysis step is hereinafter referred to as “hydrolysis step 
(A)”. The —SO2X1— and/or —COZ1-containing ?uo 
ropolymer precursor mentioned above is hereinafter referred 
to as “?uoropolymer precursor (P)”. The ?uoropolymer 
precursor (P) has preferably —SO2X1. 
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[0100] The above symbol X1 represents a halogen atom. 
The halogen atom X1 is not particularly restricted but may 
be any of ?uorine, chlorine, bromine and iodine atoms. 
Preferably, hoWever, it is a ?uorine atom or a chlorine atom, 
more preferably a ?uorine atom. 

[0101] The above symbol Z1 represents an alkoXyl group 
having 1 to 4 carbon atoms. The alkoXyl group having 1 to 
4 carbon atoms as represented by Z1 is not particularly 
restricted but preferably is an n-alkoXyl group, more pref 
erably a methoXy group. 

[0102] The group —SO2X1— is preferably —SO2F, and 
the group —COZ1 is preferably —COOCH3. 

[0103] When the alkali treatment step (Aalk) is carried out, 
the groups —SO2X1 and/or —COZ1 of the ?uoropolymer 
precursor (P) are converted to acid salt groups. The term 
“acid salt group” as used herein means a sulfonic acid and/or 
carboXyl group in salt form. The acid salt group preferably 
forms an alkali metal salt or an alkaline earth metal salt. 

[0104] The hydrolysis step (A) preferably comprises the 
alkali treatment step (Aalk) and further the subsequent step 
of neutraliZation treatment With an acid (hereinafter some 
times referred to as “acid treatment step (Aacd)”). When the 
acid treatment step (Aacd) is carried out, the acid salt group 
obtained by the alkali treatment step (Aalk) is converted to 
the sulfonic acid group and/or carboXyl group. 

[0105] The end point of the hydrolysis reaction in the 
hydrolysis step (A) can be detected as a point of time at 
Which the alkali and acid are no more consumed and the pH 
stabiliZes. 

[0106] The hydrolysis step (A) preferably comprises the 
alkali treatment step (Aalk) and, further, a subsequent step of 
removing a loW-molecular-Weight substance (hereinafter 
sometimes referred to as “loW-molecular-Weight substance 
elimination step (Amv)”). The loW-molecular-Weight sub 
stances are, for example, the residual monomers remaining 
in the polymeriZation reaction step, polymeriZation initiator 
residues, unrequired loW-molecular-Weight polymers and/or 
substances formed upon treatment of the ?uoropolymer 
precursor (P) With an alkali. In cases Where there eXist the 
residues of the emulsi?er and the like used in the polymer 
iZation reaction, these can also be removed. 

[0107] The loW-molecular-Weight substance elimination 
step (Amv) can be carried out by centrifugation method, 
electrophoresis method or ultra?ltration method, for 
instance. The ultra?ltration method is preferably used, hoW 
ever, since it is superior in productivity. The ultra?ltration 
method is not particularly restricted but may be any of the 
methods by using an ultra?ltration apparatus comprising an 
ultra?ltration membrane for removing a loW-molecular 
Weight substance. Thus, it includes, among others, the 
centrifugal ultra?ltration method and the circulating ultra 
?ltration method. The ultra?ltration membrane and the ultra 
?ltration membrane-containing ultra?ltration apparatus are 
adequately selected according to the molecular Weights and 
types of the loW-molecular-Weight substances to be 
removed, the aqueous medium species, the molecular Weight 
and type of the ?uoropolymers, and other factors. Suited for 
use as the ultra?ltration membrane-containing ultra?ltration 
apparatus are commercially available ones. For the labora 
tory use, there may be mentioned Centriprep (product of 
Amicon) and Millitan (product of Millipore), for instance. It 
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is also possible, in the ultra?ltration step, to concentrate the 
?uoropolymer obtained. The ?uoropolymer solid composi 
tion obtained by concentration or evaporating to dryness the 
?uoropolymer dispersion puri?ed by using the above-men 
tioned ultra?ltration method is preferred in vieW of its loW 
impurity content. 

[0108] The loW-molecular-Weight elimination step (Amv) 
may be carried out either before or after the acid treatment 

Step (Aacd) 
[0109] When, in carrying out the method for producing a 
?uoropolymer dispersion according to the present invention, 
the ?uoropolymer precursor is the product of polymeriZation 
in the presence of a ?uoromonomer (Pm) containing 
—SO2X1 and/or —COZ1 and a ?uoromonomer (Qm) con 
taining —SO2X2 (X2 representing —OM3 or —OM“1/2 in 
Which M3 represents an alkali metal or NR1R2R3R4, R1, R2, 
R3 and R4 are the same or different and each represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon atoms 
and M4 represents an alkaline earth metal) and/or —COOZ2 
(Z2 representing M5 or MGM2 in Which M5 represents an 
alkali metal or NR5R6R7R8, R5, R6, R7 and R8 are the same 
or different and each represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms and M6 represents an 
alkaline earth metal), the hydrolysis step preferably com 
prises the polymeriZation reaction step for obtaining the 
?uoropolymer precursor, the alkali treatment step compris 
ing treatment With an alkali (hereinafter sometimes referred 
to as “alkali treatment step (Ba1k)”) and the step of neutral 
iZation With an acid (hereinafter sometimes referred to as 
“acid treatment step (Bacd)”), in that order. The above 
hydrolysis step is hereinafter referred to as “hydrolysis step 
(B)”. The ?uoromonomer (Pm) is preferably one having 
—SO2X1, and the ?uoromonomer (Qm) is preferably one 
having —SO2X2. 
[0110] The symbol X2 represents —OM3 or —OM41/2; M3 
represents an alkali metal or NR1R2R3R4, R1, R2, R3 and R4 
are the same or different and each represents a hydrogen 
atom or an alkyl group having 1 to 4 carbon atoms and M4 
represents an alkaline earth metal. The alkyl group having 1 
to 4 carbon atoms is not particularly restricted but may be 
any of methyl, ethyl, propyl and butyl groups. The alkali 
metal is not particularly restricted but may be Li, Na, K, Cs, 
for instance, and the alkaline earth metal is not particularly 
restricted but may be Mg or Ca, for instance. 

[0111] The symbol Z2 represents M5 or MGM, and M5 
represents an alkali metal or NR5R6R7R8, R5, R6, R7 and R8 
are the same or different and each represents a hydrogen 
atom or an alkyl group having 1 to 4 carbon atoms and M6 
represents an alkaline earth metal. The alkali metal, alkaline 
earth metal and alkyl group having 1 to 4 carbon atoms each 
is not particularly restricted but includes the same ones as 
mentioned above referring to X2. 

[0112] In the above polymeriZation reaction step, the 
?uoropolymer precursor can be obtained, for eXample, by 
carrying out the polymeriZation in the presence of a ?uo 
romonomer (Pml) represented by the folloWing general 
formula (III): 

[0113] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3 and the n atoms/groups of Y1 may be the same or 
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different; Y2 represents a ?uorine atom or a chlorine atom; 
m represents an integer of 1 to 5 and m atoms of Y2 may be 
the same or different; A2 represents —SO2X1 and/or 
—COZ1, X1 represents a halogen atom and Z1 represents an 
alkoXyl group having 1 to 4 carbon atoms) and a ?uo 
romonomer (Qm1) represented by the general formula (IV): 

CF2:CF—O—(CF2CFY1—O)n—(CFY2)m-A3 (Iv) 
[0114] (Wherein Y1, n, Y2 and m are de?ned above; A33 
represents —SO2X2 and/or —COOZ2, X2 represents —OM 
or —OM“1 2, M3 represents an alkali metal or NR1R2R3R4, 
R1, R2, R and R4 are the same or different and each 
represents a hydrogen atom or an alkyl group having 1 to 4 
carbon atoms, M4 represents an alkaline earth metal, Z2 
represents M5 or MGM, M5 represents an alkali metal or 
NR5R6R7R8, R5, R6, R7 and R8 are the same or different and 
each represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms, and M6 represents an alkaline earth 
metal). The ?uoropolymer precursor obtained in the above 
polymeriZation step can take, in the aqueous medium, the 
core/shell structure in Which the core is a polymer chain 
comprising the monomer (Pm) and the shell is a polymer 
chain comprising the monomer (Qm), since the above 
mentioned —SO2X2 and/or —COOZ2 is hydrophilic and the 
above-mentioned —SO2X1 and/or —COZ1 is hydrophobic. 
In the above polymeriZation reaction step, the ?uoromono 
mer (Qm) and polymer chains comprising the ?uoromono 
mer (Qm) have emulsifying activity and, therefore, it is no 
more necessary to add such an emulsi?er as is generally used 
in the conventional cases of emulsion polymerization, hence 
emulsi?er removal in a subsequent step is not necessary. 

[0115] When the above alkali treatment step (Balk) is 
carried out, —SO2X1 and/or —COZ1 Which the polymer 
chain comprising the ?uoromonomer (Pm) has are converted 
to acid salt groups and, When the above acid treatment step 
(Bacd) is then carried out, the acid salt groups are converted 
to sulfonic acid and/or carboXyl groups and —SO2X2and/or 
—COOZ2 Which the polymer chains comprising the ?uo 
romonomer (Qm) has are converted to sulfonic acid groups 
and/or carboXyl groups. 
[0116] The end point of the hydrolysis reaction in the 
hydrolysis reaction (B) can be detected as a point of time at 
Which the alkali and acid are no more consumed and the pH 
stabiliZes. 

[0117] In the hydrolysis step (B), the ?uoropolymer pre 
cursor may be, for eXample, a seed polymeriZation product 
obtained by carrying out the polymeriZation in the presence 
of the above-mentioned ?uoromonomer (Pm) and a ?uo 
romonomer (Qm)-based polymer obtained by polymeriZing 
the above-mentioned ?uoromonomer Like polymer 
chains comprising the ?uoromonomer (Qm) and ?uo 
romonomer (Pm), the above seed polymeriZation product 
has emulsifying activity and, therefore, it is no more nec 
essary to add such an emulsi?er as is generally used in the 
conventional cases of emulsion polymeriZation, hence emul 
si?er removal in a subsequent step is not necessary. The 
method for producing a ?uoropolymer dispersion according 
to the present invention requires no such subsequent step 
and, in this respect, can be said to be a method capable of 
ef?ciently producing sulfonic acid group- and/or carboXyl 
group-containing ?uoropolymer dispersions and ?uoropoly 
mer solid compositions. 

[0118] The above hydrolysis step (B) preferably com 
prises the alkali treatment step (Balk) and further a subse 
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quent step of removing a loW-molecular-Weight substance 
(hereinafter sometimes referred to as “loW-molecular 
Weight substance elimination step (Brmv)”). The loW-mo 
lecular-Weight substances are, for eXample, residual mono 
mers remaining in the polymeriZation reaction step, 
polymeriZation initiator residues, unrequired loW-molecu 
lar-Weight polymers, and/or substances obtained by treat 
ment of the ?uoropolymer precursor With alkali, such as 
those mentioned hereinabove referring to the loW-molecu 
lar-Weight substance elimination step (Amv). Like the loW 
molecular-Weight substance elimination step (Amv), other 
loW-molecular-Weight substances can also be removed. 

[0119] The loW-molecular-Weight substance elimination 
step (Brmv) can be carried out in the same manner as the 
loW-molecular-Weight substance elimination step (Amv), 
and use is preferably made of the same ultra?ltration method 
as the ultra?ltration method in the loW-molecular-Weight 
substance elimination step (Amv). 

[0120] The above loW-molecular-Weight substance elimi 
nation step (Brmv) may be carried out either before or after 
the acid treatment step (Bacd). 

[0121] When the ?uoropolymer precursor is —SO2X1 
containing one (X1 representing a halogen atom), it gener 
ally tends to coagulate and be unstable upon addition of an 
acid. In accordance With the method for producing a ?uo 
ropolymer dispersion according to the present invention, 
hoWever, an alkali is added and therefore, unless the alkali 
is added hastily, the ?uoropolymer precursor can avoid 
coagulating and can be maintained in a state stably dispersed 
in an aqueous medium and —SO2X1 can be quantitatively 
converted to a sulfonic acid salt group. 

[0122] The method for producing a ?uoropolymer disper 
sion according to the present invention is intended to obtain 
?uoropolymer dispersions and comprises the hydrolysis step 
for hydrolyZing —SO2X and/or —COZ1 Which the ?uo 
ropolymer precursor has in an aqueous medium to give the 
corresponding ?uoropolymer. The term “?uoropolymer pre 
cursor” as used herein means a polymer Which gives the 
?uoropolymer through the above-mentioned hydrolysis 
step. 

[0123]3 The above symbol X represents a halogen atom, 
—OM or —OM41/2, M3 represents an alkaline metal or 
NR9R1OR11R12, and M4 represents an alkaline earth metal. 
The halogen atom represented by X includes those enumer 
ated hereinabove referring to X1. 

[0124] The above-mentioned —SO2X is preferably 
—SOZF, and the above-mentioned —COZ1 is preferably 
—COOCH3. 
[0125] When subjected to the above hydrolysis step, 
—SO2X and/or —COZ1 Which the ?uoropolymer precursor 
has is converted to —SO3— and/or —COO— either via an 
acid salt group or Without taking the form of an acid salt 
group depending on the kind of X and or Z1. The above 
hydrolysis step may be carried out using an alkali, and an 
acid for neutraliZation. 

[0126] When the ?uoropolymer precursor has —SO2X1 
(X1 representing a halogen atom) and/or —COZ1 (Z1 rep 
resenting an alkoXyl group having 1 to 4 carbon atoms), the 
hydrolysis can be carried out using an alkali, and an acid for 
neutraliZation in that order. Upon treatment With an alkali, 
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—SO2X1 and/or —COZ1 Which the ?uoropolymer precursor 
has is converted to an acid salt group and, then, upon 
treatment With an acid, the above acid salt group can be 
converted to the sulfonic acid group and/or carboxyl group. 

[0127] The alkali to be used in the above hydrolysis step 
is not particularly restricted but may be any of those alkalis 
Which are generally used in hydrolysis, including alkali 
metal or alkaline earth metal hydroxides, among others. As 
such hydroxides, there may be mentioned sodium hydrox 
ide, potassium hydroxide and lithium hydroxide, for 
instance. 

[0128] The acid to be used in the above hydrolysis step is 
not particularly restricted but may be any of those acids 
Which are generally used in hydrolysis, including mineral 
acids, among others. As such mineral acids, there may be 
mentioned hydrochloric acid and sulfuric acid, for instance. 

[0129] The alkali and acid to be used in the above hydroly 
sis step can be used also in the hydrolysis step (A) and 
hydrolysis step 
[0130] The above hydrolysis step can be carried out in the 
aqueous medium mentioned above. 

[0131] The aqueous medium may be one originating in the 
aqueous polymeriZation reaction medium to be mentioned 
later herein. The polymeriZation reaction is intended to 
obtain the above-mentioned ?uoropolymer precursor. The 
polymeriZation reaction for obtaining such ?uoropolymer 
precursor in accordance With the present invention is herein 
sometimes referred to as “polymerization reaction step”. 
The polymeriZation reaction for obtaining the ?uoropolymer 
precursor is preferably carried out by emulsion polymeriZa 
tion, as mentioned later herein. In the case of emulsion 
polymeriZation, the above polymeriZation reaction is carried 
out in an aqueous reaction medium. The term “aqueous 
reaction medium” as used herein means a medium in Which 
the polymeriZation reaction is alloWed to proceed and Which 
comprises Water. When it is carried out in such aqueous 
reaction medium, the above polymeriZation reaction is car 
ried out in an aqueous dispersion composed of the aqueous 
reaction medium and ?ne particles comprising ?uoropoly 
mers precursor formed as the polymeriZation reaction pro 
ceeds. The aqueous dispersion in Which the polymeriZation 
reaction is carried out comprises the aqueous reaction 
medium as the dispersion medium and the ?ne particles 
comprising ?uoropolymers precursor as the dispersoid. So 
long as it comprises Water, the aqueous reaction medium 
may be composed of Water and a Water-soluble organic 
solvent. Preferably, hoWever, it is free of any Water-soluble 
organic solvent. The aqueous reaction medium may contain 
one or more of those additives Which are generally used in 
aqueous dispersions, for example surfactants, stabiliZers, 
and those existing emulsi?ers and emulsifying agents Which 
are to be described later herein. In cases Where the aqueous 
medium is one derived from the aqueous reaction medium, 
the aqueous reaction medium as such can be used, after the 
polymeriZation reaction step, as the aqueous medium in the 
above-mentioned hydrolysis step of carrying out the 
hydrolysis reaction therein. 

[0132] The aqueous medium in the hydrolysis step as such 
can be used, after the hydrolysis step, as the aqueous 
dispersion medium for the ?uoropolymer dispersion. In this 
case, the aqueous dispersion medium is one derived from the 
aqueous medium mentioned above. 
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[0133] The above-mentioned aqueous medium is the dis 
persion medium in the aqueous dispersion in Which the 
above-mentioned hydrolysis is carried out, the aqueous 
dispersion medium is the dispersion medium in the ?uo 
ropolymer dispersion obtained through the hydrolysis step 
in Which the above-mentioned hydrolysis is carried out, and 
the aqueous reaction medium is the dispersion medium in 
the aqueous dispersion in Which the polymeriZation reaction 
is carried out. In this respect, the aqueous medium, aqueous 
dispersion medium and aqueous reaction medium are con 
ceptually different from one another. 

[0134] When the method for producing a ?uoropolymer 
dispersion according to the present invention comprises the 
above-mentioned hydrolysis step and, further, the polymer 
iZation reaction step, as described later herein, the ?uo 
ropolymer dispersion can be produced in an aqueous system 
through the polymeriZation reaction step and hydrolysis 
step. The phrase “in an aqueous system” means “in a 
medium comprising Water”. The method for producing a 
?uoropolymer dispersion according to the present invention 
can be carried out in a medium comprising Water from the 
above-mentioned polymeriZation reaction step to the ?uo 
ropolymer dispersion production through the above-men 
tioned hydrolysis step. In cases Where, in carrying out the 
method for producing a ?uoropolymer dispersion according 
to the present invention, the polymeriZation reaction in the 
polymeriZation reaction step is carried out by emulsion 
polymeriZation, as mentioned above, the aqueous reaction 
medium can be used as such medium comprising Water; this 
aqueous reaction medium can be used, after completion of 
the polymeriZation reaction step, as the aqueous medium in 
the folloWing hydrolysis step, and this aqueous medium can 
be used, after completion of the hydrolysis step, as the 
aqueous dispersion medium in the ?uoropolymer dispersion. 

[0135] When the ?uoropolymer dispersion production 
through the above polymeriZation reaction step and hydroly 
sis step is carried out in an aqueous system, as mentioned 
above, the method for producing a ?uoropolymer dispersion 
according to the present invention can produce the ?uo 
ropolymer dispersion Without drying the ?uoropolymer pre 
cursor and ?uoropolymer. The phrase “Without drying the 
?uoropolymer precursor and ?uoropolymer” means that the 
?uoropolymer precursor and ?uoropolymer each occurs in 
the aqueous medium. In cases Where the ?uoropolymer 
precursor and ?uoropolymer each occurs in the aqueous 
medium, the above-mentioned acid salt group-containing 
intermediate possibly formed, according to the species of X 
in —SO2X and/or the species of Z1 in —COZ1, in the course 
of the formation of the ?uoropolymer from the ?uoropoly 
mer precursor through the hydrolysis step is formed in the 
aqueous medium and remains in the aqueous medium until 
it is converted to the sulfonic acid group- and/or carboxyl 
group-containing ?uoropolymer. 

[0136] The reaction temperature in the hydrolysis step is 
not particularly restricted. Thus, the reaction maybe carried 
out at room temperature but, from the reaction rate vieW 
point, the reaction is preferably carried out at 30 to 100° C. 
The concentration of the ?uoropolymer precursor in carry 
ing out the hydrolysis is not particularly restricted but, When 
it is 5-15% by mass relative to the aqueous medium, the 
dispersion comprising the aqueous medium and ?uoropoly 
mer precursor has a viscosity Within a preferred range and 
the particles of the ?uoropolymer precursor are distributed 
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uniformly, hence the hydrolysis proceeds smoothly. The 
reaction temperature may be selected in the same manner in 
the hydrolysis step (A) as Well as in the hydrolysis step 

[0137] When, after completion of the alkali hydrolysis 
reaction, the reaction mixture is subjected to ultra?ltration, 
as described later herein, the residual monomers remaining 
in the polymeriZation reaction step, polymeriZation initiator 
residues, unrequired loW-molecular-Weight polymers and/or 
substances formed upon alkali treatment of the ?uoropoly 
mer precursor can be removed and, if there are an emulsi?er 
and like additive(s) remaining after the polymeriZation reac 
tion, these can also be removed. 

[0138] The above-mentioned ?uoropolymer precursor is 
one obtained by subjecting to polymeriZation a ?uorovinyl 
ether derivative represented by the folloWing general for 
mula (II): 

CF2:CF—O—(CF2CFY1—O)n—(CFY2)m-A1 (II) 
[0139] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 may be the same or different; 
Y2 represents a ?uorine atom or a chlorine atom; m repre 
sents an integer of 1 to 5, and m atoms of Y2 may be the same 
or different; A1 represents —SO2X or —COZ1; X1 repre 
sents a halogen atom, —OM3 or —OM41/2, M3 represents an 
alkali metal or NR9R1OR11R12, M4 represents an alkaline 
earth metal, R9, R10, R11 and R12 may be the same or 
different and each represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms, and Z1 represents an 
alkoXyl group having 1 to 4 carbon atoms). 

[0140] When the ?uoropolymer precursor is one obtained 
by subjecting the above ?uorovinyl ether derivative to 
polymeriZation, the —SO2X or —COZ1 group to be hydro 
lyZed in the above-mentioned hydrolysis step is one derived 
from the ?uorovinyl ether derivative represented by the 
above general formula (II). 

[0141] In the ?uorovinyl ether derivative, n in the above 
general formula (II) represents an integer of 0 to 3. Prefer 
ably, n is 0 or 1. In the above general formula (II), m 
represents an integer of 1 to 5. Preferably, m is 2. 

[0142] In the above general formula (II), Y1 represents a 
?uorine atom, a chlorine atom or a per?uoroalkyl group, and 
n atoms/groups of Y1 may be the same or different. In the 
general formula (II), Y2 represents a ?uorine atom or a 
chlorine atom, and m atoms of Y2 may be the same or 
different. The above per?uoroalkyl group is not particularly 
restricted but may be, for eXample, tri?uoromethyl or pen 
ta?uoroethyl. In the above general formula (II), Y1 is pref 
erably a tri?uoromethyl group, and Y2 is preferably a ?uo 
rine atom. 

[0143] As X in the above general formula (II), there may 
be mentioned the same ones as mentioned above. Among the 
halogen atoms, X representing a ?uorine atom or chlorine 
atom, Y1 representing a ?uorine atom or chlorine atom, and 
Y2 representing a ?uorine atom or chlorine atom may be the 
same or different. 

[0144] As for Z1 in the above general formula (II), there 
may be mentioned the same species as mentioned herein 
above. 

[0145] Preferred as the ?uorovinyl ether derivative are 
those in Which, in general formula (II), Y1 is a tri?uorom 
ethyl group, Y2 is a ?uorine atom, n is 0 or 1, and m is 2. 
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[0146] The above ?uoropolymer precursor is generally a 
copolymer of the above ?uorovinyl ether derivatIve and a 
monomer(s) copolymeriZable With the ?uorovinyl ether 
derivative, and preferably is a binary or multinary copoly 
mer obtained by polymeriZing the above ?uorovinyl ether 
derivative With a ?uorine-containing ethylenic monomer. 
The ?uorine-containing ethylenic monomer is not particu 
larly restricted but may be any vinyl group-containing one. 
This is different from the above-mentioned ?uorovinyl ether 
derivative. 

[0147] As the ?uorine-containing ethylenic monomer, 
there may be mentioned, for eXample, haloethylenic mono 
mers represented by the folloWing general formula: 

[0148] (Wherein Rf1 represents a ?uorine atom, a chlorine 
atom, —Rf2 or —ORf2, and Rf3 represents a straight or 
branched ?uoroalkyl group having 1 to 9 carbon atoms, 
Which may contain an ether oXygen atom or atoms), and 
hydrogen-containing ?uoroethylenic monomers represented 
by the general formula: 

[0149] (Wherein Y3 represents a hydrogen atom or a ?uo 
rine atom, Y4 represents a hydrogen atom, a ?uorine atom, 
a chlorine atom, Rf3 or —ORf3; Rf4 represents a straight or 
branched ?uoroalkyl group having 1 to 9 carbon atoms, 
Which may contain an ether oXygen atom or atoms). 

[0150] Preferably, the ?uorine-containing ethylenic mono 
mer comprises at least one monomer selected from the group 

consisting of CF2=CF2, CH2=CF2, CF2=CFCl, 
CF2=CFH, CH2=CFH, CF2=CFCF3, and ?uorovinyl 
ethers represented by CF2=CF—O—Rf4 (Rf4 representing 
a ?uoroalkyl group having 1 to 9 carbon atoms or a 
?uoropolyether group having 1 to 9 carbon atoms). Prefer 
ably, Rf4 in the ?uorovinyl ethers is a per?uoroalkyl group 
having 1 to 3 carbon atoms. 

[0151] The ?uorine-containing ethylenic monomer is pref 
erably a perhaloethylenic monomer, in particular a per?uo 
roethylenic monomer, more preferably CF2=CF2. The ?uo 
rine-containing ethylenic monomer may comprise one 
single species or tWo or more species. 

[0152] In addition to the ?uorine-containing ethylenic 
monomer, another copolymeriZable monomer may further 
be added for providing the ?uorocopolymer With various 
functional properties so long as the fundamental perfor 
mance characteristics of the ?uoropolymer are not deterio 
rated. The other copolymeriZable monomer is not particu 
larly restricted but may be adequately selected from among 
copolymeriZable monomers to achieve the purpose of con 
trolling the rate of polymeriZation, controlling the polymer 
composition, controlling the mechanical properties such as 
elasticity modulus, or introducing crosslinking sites, for 
instance. As examples, there may be mentioned, among 
others, monomers having tWo or more unsaturated bonds, 
for eXample per?uorodivinyl ether, and cyano group-con 
taining monomers. 

[0153] The above ?uoropolymer precursor preferably has 
a ?uorovinyl ether derivative unit content of 5 to 40 mole 
percent. If such content is loWer than 5 mole percent, the 
?uoropolymer obtained therefrom, When used as an electro 
lyte, may shoW deteriorated performance characteristics. At 
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content levels exceeding 40 mole percent, the mechanical 
strength of the ?lms/membranes obtained using the ?uo 
ropolymer obtained may be insuf?cient in certain cases. In 
cases Where, in the ?uoropolymer solid composition of the 
present invention, the sulfonic acid group and/or carboxyl 
group concentration on the ?uoropolymer particle surface is 
more than that in the ?uoropolymer particle inside, the 
?uorovinyl ether derivative unit content on the ?uoropoly 
mer particle surface is required to be Within the above range. 
A more preferred loWer limit is 8 mole percent, and a more 
preferred upper limit is 35 mole percent. 

[0154] The term “?uorovinyl ether derivative unit” as used 
herein means the part derived from the ?uorovinyl ether 
derivative in the molecular structure of the ?uoropolymer 
precursor. The “?uorovinyl ether derivative unit content” so 
referred to herein is the proportion of the number of moles 
of the ?uorovinyl ether derivative from Which the ?uorovi 
nyl ether derivative-unit is derived to the number of moles 
of the monomers from Which all the monomer units in the 
?uoropolymer precursor are derived. “All the monomer 
units” refers to the sum of the parts derived from all the 
monomer in the molecular structure of the ?uoropolymer 
precursor. Therefore, meant by saying “the monomers from 
Which all the monomer units are derived” is the total amount 
of the monomers Which have become constituents of the 
?uoropolymer precursor. The ?uorovinyl ether derivative 
unit content is the value obtained by infrared absorption 
spectrometry [IR] or fused-state NMR at 300° C. 

[0155] The method for producing a ?uoropolymer disper 
sion according to the present invention comprises the above 
mentioned hydrolysis step and further the polymeriZation 
reaction step in Which the polymeriZation reaction is carried 
out. The polymeriZation reaction is intended to obtain the 
?uoropolymer precursor. The polymeriZation reaction is 
preferably carried out in an aqueous reaction medium. 

[0156] The above polymeriZation reaction is preferably 
carried out by emulsion polymeriZation. As for the method 
of emulsi?cation, it maybe the method using, for emulsi? 
cation, one of those emulsi?ers Which are in general use in 
the conventional emulsion polymeriZation processes (here 
inafter referred to as “existing emulsi?ers”), the method 
using, for emulsi?cation, an agent other than the existing 
emulsi?ers but having emulsifying activity (hereinafter 
referred to as “emulsifying agent”), or the method using, for 
emulsi?cation, both of an existing emulsi?er and an emul 
sifying agent. The term “emulsion polymerization” as used 
herein means the polymeriZation Which is carried out in the 
above-mentioned aqueous reaction medium using an exist 
ing emulsi?er and/or an emulsifying agent. 

[0157] The existing emulsi?er is not particularly restricted 
but may be any of those generally used as emulsi?ers in the 
conventional emulsion polymeriZation processes but, herein, 
it means an organic compound having surfactant activity and 
having no unsaturated bond. The term “surfactant activity” 
as used herein means that the compound is capable of 
forming micelles. The unsaturated bond in question is gen 
erally a carbon-carbon double bond. The organic compound 
having surfactant activity and having no unsaturated bond 
may be an anionic surfactant, cationic surfactant, nonionic 
surfactant or betaine type surfactant. From the emulsifying 
poWer vieWpoint, hoWever, it is preferably an anionic sur 
factant. The anionic surfactant is not particularly restricted 
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but includes, among others, ?uorine-containing emulsi?ers 
such as ?uorine-containing carboxylic acids represented by 
X4(CF2)SCOOH (X4 representing a ?uorine atom or a hydro 
gen atom and s representing an integer of 6 to 20) or 

CtFZtHO[CF(CF3)CF2O]UCF(CF3)COOH (t representing an 
integer of 1 to 5 and u representing an integer of 1 to 5) or 
salts of such ?uorine-containing carboxylic acids; and ?uo 
rine-containing sulfonic acids represented by CVF2V+ 
1(CH2)WSO3H (v representing an integer of 6 to 20 and W 
representing-an integer of 0 to 4) or salt of such ?uorine 
containing sulfonic acids. As the salts, there may be men 
tioned, for example, alkali metal salts, ammonium salts, 
amine salts, quaternary ammonium salts, etc. As the anionic 
surfactant, there may speci?cally be mentioned ammonium 
per?uorooctanoate [C7H15COONH4] and ammonium per 
?uorononanoate [C8H17COONH4], among others, in vieW 
of their Weathering resistance and Water resistance. 

[0158] As the emulsifying agent, there maybe mentioned 
sulfonic acid salts, among others. 

[0159] The emulsifying agent includes, among others, 
acid/acid salt ?uorovinyl ether derivatives represented by 
the folloWing general formula (VII): 

[0160] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 may be the same or different; 
Y2 represents a ?uorine atom or a chlorine atom; m repre 
sents an integer of 1 to 5, and m atoms of Y2 may be the same 

or different; A6 represents —SO2X3, —SO2NR17R18 and/or 
—COOZ3; X3 represents —OM5 or —OM61/2, M5 repre 
sents an alkali metal or NR1R2R3R4, R1, R2, R3 and R4are 
the same or different and each represents a hydrogen atom 
or an alkyl group having 1 to 4 carbon atoms, M6 represents 
an alkaline earth metal; R17 and R18 are the same or different 
and each represents a hydrogen atom, an alkali metal, an 
alkyl group or a sulfonyl-containing group; Z3 represents M7 
or —M81/2, M7 represents an alkali metal or NR5R6R7R8, 
R5, R6, R7 and R8 are the same or different and each 
represents a hydrogen atom or an alkyl group having 1 to 4 
carbon atoms, and M8 represents an alkaline earth metal). 
Preferred are acid salt ?uorovinyl ether derivatives repre 
sented by the general formula (V): 

[0161] (Wherein Y1, Y2, n and m are as de?ned above, the 
n Y1 atoms/groups may be the same or different and the m 
Y2 atoms may be the same or different; A4 represents 
—SO2X3 or —COOZ3, and X3 and Z3 are as de?ned above). 
When such an acid/acid salt ?uorovinyl ether derivative or 
such an acid salt ?uorovinyl ether derivative as mentioned 
above is used, emulsi?cation can be attained even if the 
aqueous reaction medium contains no existing emulsi?er. 
Therefore, there is no need for removal of the existing 
emulsi?er after emulsion polymeriZation, unlike in the con 
ventional art. The above-mentioned acid/acid salt ?uorovi 
nyl ether derivative or acid salt ?uorovinyl ether derivative 
shoWs emulsifying activity on the occasion of emulsion 
polymeriZation and, in addition, it is ethylenic and therefore 
can be added as a monomer in the polymeriZation reaction 
for polymeriZation thereof to constitute at least part of the 
molecular structure of the ?uoropolymer precursor. The 
?uoropolymer precursor obtained by polymeriZing the 
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above acid/acid salt ?uorovinyl ether derivative or acid salt 
?uorovinyl ether derivative can also have emulsifying activ 
ity. 
[0162] In the above-mentioned hydrolysis step (B), the 
?uoromonomer (Qm) may have —SO2X3 as A6 in the 
general formula (VII) among the above acid/acid salt ?uo 
rovinyl ether derivatives, namely as A4 in the general for 
mula (V) among the above acid salt ?uorovinyl ether 
derivatives. The ?uoromonomer (Qm) and the polymer 
chain comprising the ?uoromonomer (Qm) have emulsi?er 
activity and, therefore, the aqueous medium need not con 
tain an eXisting emulsi?er. In this case, the ?uoropolymer 
precursor (Q) is generally one obtained by carrying out the 
polymeriZation reaction in an aqueous reaction medium 
containing no eXisting emulsi?er, as mentioned above. 

[0163] The above emulsion polymeriZation may be carried 
out by using an eXisting emulsi?er or by using an emulsi 
fying agent Without any eXisting emulsi?er. The use of an 
emulsifying agent Without any eXisting emulsi?er is pre 
ferred since no emulsi?er removal is required after the 
polymeriZation reaction and since, When the above-men 
tioned acid/acid salt ?uorovinyl ether derivative or acid salt 
type ?uorovinyl ether derivative is used, no emulsi?er 
removal is required and, further, such derivative having 
emulsifying activity can ef?ciently be used as a monomer. 
Depending on the polymeriZation conditions in carrying out 
the above emulsion polymeriZation, the number of particles 
of the ?uoropolymer precursor obtained may decrease, 
namely the particle siZe may increase, hence the load on the 
ultra?ltration membrane may increase in the loW-molecular 
Weight substance elimination step mentioned above in some 
cases and, further, the ?lms/membranes produced in the step 
of ?lm/membrane formation may become heterogeneous in 
certain cases. In such cases, an eXisting emulsi?er is pref 
erably used. 

[0164] For increasing the number of particles of the ?uo 
ropolymer precursor, it is possible to carry out the so-called 
“seed polymerization” Which comprises carrying out the 
polymeriZation by using a large amount of an existing 
emulsi?er or an emulsifying agent, diluting the dispersion 
obtained, and further continuing the polymeriZation. 

[0165] The existing emulsi?er and/or emulsifying agent to 
be used in the above emulsion polymeriZation is generally 
used in an amount of 0.01 to 10% by mass based on the 
aqueous reaction medium. 

[0166] The polymeriZation reaction can be carried out in 
the conventional manner eXcept that the above-mentioned 
emulsifying agent can be used as Well. 

[0167] The above polymeriZation reaction may be carried 
out using a polymeriZation initiator. The polymeriZation 
initiator is not particularly restricted but may be any of those 
generally used in the polymeriZation of ?uoropolymers, for 
eXample organic peroXides, inorganic peroXides, and am 
compounds. The use of ammonium persulfate [APS] is 
particularly preferred. The level of addition of the polymer 
iZation initiator is preferably 0.01 to 1% by mass relative to 
the total amount of all the monomers to be subjected to the 
polymeriZation reaction. 

[0168] The aqueous reaction medium in the above poly 
meriZation reaction preferably has a pH of 4 to 7. At pH 
levels Within the above range, the polymeriZation reaction 
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can progress smoothly and the hydrolysis of —SO2X and/or 
—COZ1, Which the ?uorovinyl ether derivative during poly 
meriZation reaction and/or the ?uoropolymer precursor has, 
can be minimiZed. 

[0169] When the acid salt ?uorovinyl ether derivative of 
general formula (V) is used as an emulsifying agent, the 
?uoropolymer precursor obtained by the above polymeriZa 
tion reaction has the above-mentioned —SO2X3 and/or 
—COOZ4. The —SO2X3 can be converted to the sulfonic 
acid group by acid treatment With an acid and, as for the 
method of such acid treatment, the same method as in the 
above-mentioned acid treatment step (Aged) and acid treat 
ment step (Bacd) can be used. It is thought that the above 
mentioned —COOZ4 can be converted to the carboXyl group 
by the same acid treatment as in the above acid treatment 
step (A ) and acid treatment step (Baod). acd 

[0170] In carrying out the method for producing a ?uo 
ropolymer dispersion according to the present invention, the 
above-mentioned polymeriZation reaction may be carried 
out in the manner of the so-called iodine transfer polymer 
iZation technique according to Which the copolymeriZation 
is carried out in the presence of an iodine compound to give 
a block copolymer. When such iodine transfer polymeriZa 
tion is carried out, the ?lms/membranes to be described later 
herein, Which are obtained from the polymer, can shoW good 
mechanical strength characteristics even When the above 
mentioned ?uorovinyl ether derivative unit content is rela 
tively loW. 

[0171] The iodine compound to be used in the above 
iodine transfer polymeriZation includes, among others, per 
?uoroalkylene diiodides such as 1,3-diidoper?uoropropane, 
1,4-diiodoper?uorobutane, 1,3-diiodo-2-chloroper?uoro 
propane, 1,5-diiodo-2,4-dichloroper?uoropentane, 1,6-di 
iodoper?uoroheXane, 1,8-diiodoper?uorooctane, 1,12-di 
iodoper?uorododecane and 1,16 
diiodoper?uoroheXadecane, unsaturated bond-containing 
per?uoroalkenyl iodides such as CF2=CFI and 
CF2=CFOCF2CF2L diiodomethane, and 1,2-diiodoethane. 
One of these species or a combination of tWo or more of 
them may be used. 1,4-Diiodoper?uorobutane is preferred, 
among others. The iodine compound may be used in an 
amount of 0.01 to 1% by mass relative to the total amount 
of all the monomers subjected to the polymeriZation reac 
tion. 

[0172] The method for producing an acid-derivative-type 
group-containing ?uorocopolymer according to the present 
invention comprises polymeriZing a ?uorovinyl ether 
derivative (Rm) represented by the folloWing general for 
mula (VI): 

[0173] (Wherein Y1 represents a ?uorine atom, a chlorine 
atom or a per?uoroalkyl group; n represents an integer of 0 
to 3, and n atoms/groups of Y1 may be the same or different; 
Y2 represents a ?uorine atom or a chlorine atom; m repre 
sents an integer of 1 to 5, and m atoms of Y2 may be the same 
or different; A5 represents —SO2X1, —COZ1 and/or 
—CONR19R20; X1 represents a halogen atom, Z1 represents 
an alkoXyl group having 1 to 4 carbon atoms, and R19 and 
R20 are the same or different and each represents a hydrogen 
atom, an alkali metal, an alkyl group or a sulfonyl-contain 
ing group) in an aqueous reaction system, said polymeriZa 
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tion reaction being carried out using an acid/acid salt ?uo 
rovinyl ether derivative represented by the general formula 
(VII) given hereinabove. As the aqueous reaction medium, 
there may be mentioned those spices mentioned herein 
above. 

[0174] The above polymerization reaction is preferably 
carried out by emulsion polymeriZation. 

[0175] The method for producing an acid-derivative-type 
group-containing ?uorocopolymer according to the present 
invention may comprise the polymeriZation reaction using 
an existing emulsi?er in combination. Since, hoWever, the 
above-mentioned acid/acid salt ?uorovinyl ether derivative 
functions as the above-mentioned emulsifying agent, emul 
si?cation is possible Without using any existing emulsi?er, 
as described hereinabove referring to the polymeriZation 
reaction using an emulsifying agent; further, the acid-de 
rivative-type-group-containing ?uorocopolymer obtained 
can have emulsifying activity. When no existing emulsi?er 
is used, there is no need for existing emulsi?er removal after 
polymeriZation and, therefore, the process can become eco 
nomical and simpli?ed, high-purity products can be 
obtained With ease, and there are not such inconveniences 
that Will be caused When the existing emulsi?er used 
remains at the case of forming the acid-derivative-type 
group-containing ?uorocopolymer into ?lms/membranes. 
Such inconveniences include foaming or discoloration of 
?lms/membranes as caused by decomposition of the existing 
emulsi?er, and corrosion of the drier inside Wall. 

[0176] In producing an acid-derivative-type-group-con 
taining ?uorocopolymer according to the present invention, 
the polymeriZation reaction is preferably carried out Without 
using any existing emulsi?er. 

[0177] The method for producing an acid-derivative-type 
group-containing ?uorocopolymer according to the present 
invention produces an acid-derivative-type-group-contain 
ing ?uorocopolymer according to the present invention, and 
the acid-derivative-type-group-containing ?uorocopolymer 
may be in the form of a dispersion (?rst dispersion) obtained 
by the above-mentioned polymeriZation reaction and com 
prising an acid-derivative-type-group-containing ?uorocop 
olymer particles as dispersed in an aqueous medium, or in 
the form of a second dispersion obtained by subjecting the 
?rst dispersion obtained by the polymeriZation reaction to 
such after-treatment as aggregation, ?occulation and/or sta 
biliZing treatment, or in the form of the acid-derivative-type 
group-containing ?uorocopolymer particles obtained by tak 
ing out from the above-mentioned ?rst or second dispersion, 
folloWed by drying, or in the form of a poWder Which is an 
aggregate of such particles. 

[0178] The acid-derivative-type-group-containing ?uoro 
copolymer has A5 in the above general formula (VI) as 
originating from the ?uorovinyl ether derivative (Rm) and is 
common to the above-mentioned ?uoropolymer precursor in 
that it can have —SO2X1 or —COZ1 (X1 and Z1 being as 
de?ned above) as A5. As for the chemical structure of the 
above-mentioned acid-derivative-type-group-containing 
?uorocopolymer, the ?uoropolymer precursor is preferably 
obtained by subjecting a ?uorovinyl ether derivative repre 
sented by the above general formula (II) to polymeriZation 
and the above general formula (II) is common in chemical 
structure to the above general formula (VI). Therefore, When 
the acid-derivative-type-group-containing ?uorocopolymer 
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is subjected to the same treatment as in the above-mentioned 
hydrolysis of the ?uoropolymer precursor, the above-men 
tioned —SO2X1 and/or —COZ1 can be hydrolyZed in an 
aqueous medium. In cases Where A5 Which the above acid 
derivative-type-group-containing ?uorocopolymer has is 
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—CONR19R2O (R19 and R20 being as de?ned above), 
—CONR is generally hydrolyZed in an aqueous medium by 
the same treatment as in the above-mentioned hydrolysis 
step. 
[0179] When the above-mentioned acid-derivative-type 
group-containing ?uorocopolymer, Which can have a pro 
ton-conductive functional group obtained upon hydrolysis 
of A5 in the above general formula (VI), said A5 originating 
from the ?uorovinyl ether derivative (Rm), is used in 
producing membranes having ion exchanging ability or 
proton transferring activity, for example electrolyte mem 
branes, the copolymer can provide the membranes With 
improved performance characteristics. 
[0180] The ?uoropolymer dispersion of the present inven 
tion can also be obtained With ease by dispersing the 
?uoropolymer solid composition in a liquid medium, as 
described above. The method for dispersing the ?uoropoly 
mer solid composition of the present invention in a liquid 
medium is not particularly restricted but mention may be 
made of the method comprising using a stirrer such as a 
dissolver, the method using a medium mill such as a sand 
grinder, and the method based on ultrasonication, among 
others. From the simplicity vieWpoint, in particular, the 
ultrasonication method is preferred. 
[0181] The ?uoropolymer dispersion of the present inven 
tion may be one resulting from substituting a certain liquid 
medium falling Within the above-mentioned range of liquid 
media With another certain liquid medium in the conven 
tional manner. For example, a ?uoropolymer dispersion in a 
high-boiling liquid medium can be obtained by adding the 
relatively high-boiling liquid, such as N-methylpyrrolidone, 
to a ?uoropolymer dispersion in a relatively loW-boiling 
liquid medium, such as Water, and removing the loW-boiling 
liquid medium by heating for evaporation. 
[0182] Such ?uoropolymer dispersion obtainable by the 
above-mentioned method for producing a ?uoropolymer 
dispersion also constitutes an aspect of the present inven 
tion. 

[0183] The ?uoropolymer dispersion of the present inven 
tion, if necessary after incorporation of an alcohol therein, 
can be suitably used in forming thin ?lms/membranes by 
impregnating porous supports for ?lm/membrane formation 
or by casting for ?lm/membrane formation, as described 
later herein. The ?uoropolymer dispersion of the present 
invention can also be used in thick ?lm/membrane forma 
tion, if necessary after incorporation of polyethylene glycol 
or the like therein. 

[0184] The alcohol to be incorporated according to need is 
not particularly restricted but may be any of those generally 
incorporated in polymer dispersions for thin ?lm formation. 
Thus, there may be mentioned, for example, straight or 
branched alkanols having 1 to 5 carbon atoms, Which may 
be substituted by a ?uorine atom or atoms. Those alkanols 
having 1 to 3 carbon atoms are preferred. Such alkanols are 
not particularly restricted but include methanol, ethanol, 
propanol, isopropanol, tetra?uoropropanol, etc. As the tet 
ra?uoropropanol, there may be mentioned 2,2,3,3-tetra?uo 
ropropanol. 



US 2005/0228127 A1 

[0185] The dispersion composition for thin ?lm formation 
of the present invention comprises the above-mentioned 
?uoropolymer dispersion and at least one alcohol selected 
from the group consisting of methanol, ethanol, propanol 
and tetra?uoropropanol. Preferred as the tetra?uoropropanol 
is 2,2,3,3-tetra?uoropropanol. The above-mentioned alcohol 
may be used singly or tWo or more of them may be used. 

[0186] The level of addition of the above alcohol(s) is 
preferably 10 to 80% by volume relative to the ?uoropoly 
mer dispersion. By adding the alcohol(s) at the above 
addition level, it is possible to adjust the surface tension of 
the dispersion composition for thin ?lm formation, so that 
When ?lms/membranes are formed using the dispersion 
composition for thin ?lm formation, as described later 
herein, uniform ?lms/membranes can be obtained. 

[0187] The dispersion composition for thin ?lm formation 
may further contain one or more other components or 
ingredients other than the ?uoropolymer dispersion and 
alcohol, unless the ?lm-forming properties of the dispersion 
composition for thin ?lm formation are impaired. As the 
other components/ingredients, there may be mentioned, 
among others, alcohols other than the above-de?ned alco 
hols, ?lm-forming auxiliaries, and active substances to be 
mentioned later herein. 

[0188] The above-mentioned ?uoropolymer dispersion or 
dispersion composition for thin ?lm formation can be judi 
ciously used in forming ?lms/membranes. The “?lms/mem 
branes” include, Within the meaning thereof, ?lms/mem 
branes including the so-called thin ?lms/membranes and, 
further, ?lms, sheets, and the like. The ?lms/membranes 
may be those obtained by ?lm/membrane formation by 
casting, impregnation, or coating, for instance. They do not 
include the substrates, porous supports or the like used in the 
step of ?lm/membrane formation. 

[0189] The ?lm/membrane of the present invention is one 
obtained by ?lm/membrane formation by casting using the 
above-mentioned ?uoropolymer dispersion or dispersion 
composition for thin ?lm formation. The phrase “?lm/ 
membrane formation by casting” generally refers to the 
manufacture of thin ?lms/membranes by applying the ?uo 
ropolymer dispersion or dispersion composition for thin ?lm 
formation to the surface of a substrate such as a glass late, 
drying the dispersion/composition at ordinary temperature 
and/or With heating, and peeling off the thus-formed ?lm/ 
membrane from the substrate surface, if necessary after 
immersing in Water. When the above drying is carried out at 
ordinary temperature alone, the ?lm/membrane obtained 
after application of the ?uoropolymer dispersion or disper 
sion composition for thin ?lm formation may readily soluble 
in Water or the like in certain instances and, therefore, drying 
is preferably carried out at least With heating. The term 
“ordinary temperature” as used herein means a temperature 
of or in the vicinity of 300° C., and the “heating” generally 
refers to a temperature of 80 to 400° C. Preferably, the 
drying temperature is not loWer than 200° C. 

[0190] The ?lm/membrane of the present invention is also 
one obtained by impregnating a porous support With the 
above-mentioned ?uoropolymer dispersion or dispersion 
composition for thin ?lm formation and then removing the 
liquid medium. Generally, the liquid medium can be 
removed by drying at ordinary temperature and/or With 
heating. The ?lm/membrane obtained by impregnation With 
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the ?uoropolymer dispersion or dispersion composition for 
thin ?lm formation, When dried only at ordinary tempera 
ture, may readily soluble in Water or the like in certain 
instances and, therefore, the drying is preferably carried out 
at least With heating. The “drying With heating” folloWing 
the impregnation can be carried out at a temperature not 
loWer than the melting point of the ?uoropolymer, for 
eXample at 200 to 350° C. 

[0191] The above-mentioned porous support is not par 
ticularly restricted but may be an organic or inorganic 
material having a porous structure. Thus, there may be 
mentioned, among others, porous materials made of glass 
Wool, a ceramic material, alumina, a porous polytetra?uo 
roethylene [PTFE] ?lm, carbon, a nonWoven fabric or any of 
various polymers. 

[0192] The ?lms/membranes obtained by casting for ?lm/ 
membrane formation and the ?lms/membranes formed on 
porous supports preferably have a ?lm/membrane thickness 
of 5 to 50 pm. When the thickness is less than 5 pm, the 
?lms/membranes Will be poor in mechanical strength char 
acteristics and, When the thickness eXceeds 50 pm, the 
?lms/membranes, When used in solid polymer electrolyte 
type fuels cells, for instance, Will unfavorably cause dete 
riorations in performance characteristics of the fuel cells. 

[0193] For obtaining thick ?lms/membranes, it is prefer 
able for the concentration of particles comprising the ?uo 
ropolymer in the ?uoropolymer dispersion to be high, since, 
then, the number of repetitions of casting can be reduced and 
the volume shrinkage in the step of drying can be sup 
pressed. LoW concentrations are undesirable since, in par 
ticular When ?lms/membranes With a thickness of scores of 
millimeters are to be obtained, it is necessary to repeat 
several times the step of casting of the ?uoropolymer 
dispersion and the step of drying. 

[0194] The active substance-immobiliZed material of the 
present invention comprises the ?uoropolymer and an active 
substance and is one obtained by applying, to a substrate, a 
liquid composition comprising the active substance and the 
above-mentioned ?uoropolymer dispersion or dispersion 
composition for thin ?lm formation. Upon application of the 
liquid composition to a substrate, the ?uoropolymer and 
active substance are immobiliZed on the substrate. 

[0195] The above-mentioned active substance is not par 
ticularly restricted but may be judiciously selected, accord 
ing to the intended use of the active substance-immobilized 
material, from among those substances capable of having 
activity in the active substance-immobilized material. For 
eXample, a catalyst can judiciously be used in certain 
instances. 

[0196] The above-mentioned catalyst is not particularly 
restricted but may be any of those generally used as elec 
trode catalysts. Thus, for eXample, mention may be made of 
metals comprising platinum, ruthenium, etc.; and organic 
metal complexes generally comprising one or more metals 
as central metals and comprising platinum or ruthenium as 
at least one of the central atoms. The metal comprising 
platinum or ruthenium or the like is preferably a platinum 
containing metal, although it may be a ruthenium-containing 
metal such as simple substance ruthenium. The platinum 
containing metal is not particularly restricted but includes, 
among others, simple substance platinum (platinum black); 
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platinum-ruthenium alloys. Generally, the catalyst is used in 
the form supported on a carrier such as silica, alumina or 
carbon. 

[0197] The above-mentioned liquid composition com 
prises at least the above-mentioned ?uoropolymer disper 
sion or dispersion composition for thin ?lm formation and 
the above-mentioned active substance, if necessary together 
With another component(s). As the other component, there 
may be mentioned, for example, ?lm-forming auxiliaries. 

[0198] The above-mentioned substrate is not particularly 
restricted but includes, among others, the above-mentioned 
porous supports, resin molded articles, and metal sheets/ 
plates. Preferred are, for example, electrolyte membranes 
and porous carbon electrodes for fuel cells. The electrolyte 
membranes comprise preferably ?uoropolymer, and it may 
comprise the above-mentioned ?uoropolymer. 

[0199] The “application of the liquid composition to a 
substrate” comprises applying the liquid composition to the 
substrate and, if necessary after drying, further heating the 
Whole generally at a temperature not loWer than the melting 
point of the ?uoropolymer. So long as the ?uoropolymer and 
active substance can be immobiliZed on the substrate, the 
heating conditions are not particularly restricted but, for 
example, several minutes, for example 2 to 30 minutes, of 
heating at 200 to 350° C. is preferred. 

[0200] The electrolyte membrane of the present invention 
comprises the above-mentioned active substance-immobi 
liZed material. The electrolyte membrane may contain a 
substance(s) other than the active substance-immobilized 
material unless the properties of the active substance-im 
mobiliZed material are deteriorated thereby. 

[0201] The solid polymer electrolyte fuel cell of the 
present invention comprises the above-mentioned electro 
lyte membrane. The solid polymer electrolyte fuel cell is not 
particularly restricted so long as it comprises the above 
mentioned electrolyte membrane. Generally, it may be one 
comprising those constituents Which constitute the solid 
polymer electrolyte fuel cell, such as electrodes, gas, etc. 

[0202] The above-mentioned dispersion composition for 
thin ?lm formation, the ?lm/membrane obtained by casting, 
the membrane formed on a porous support, the active 
substance-immobilized material, the electrolyte membrane 
and the solid polymer electrolyte fuel cell each is obtained 
from an acid/ acid salt group-containing ?uoropolymer, pref 
erably a sulfonic acid group-containing ?uoropolymer. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0203] The folloWing examples illustrate the present 
invention in further detail. These examples are, hoWever, by 
no means limitative of the scope of the present invention. 

EXAMPLE 1 

[0204] (1) A 300-ml stainless steel autoclave of the agi 
tator type Was charged With a solution of 2.4 g of 
CF2=CFOCF2CF2SO3Na and 20 mg of ammonium persul 
fate [APS] in pure Water and, after cooling to 0° C., the 
autoclave inside space Was thoroughly deaerated and sub 
stituted With tetra?uoroethylene [TFE] gas and then evacu 
ated. Then, 20 g of CF2=CFOCF2CF2SO2F deaerated With 
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N2 gas Was injected into the autoclave, hexa?uoropropylene 
[HFP] gas Was further injected under pressure until a pres 
sure of 0.08 MPa and, ?nally, TFE gas Was injected under 
pressure until 0.9 MPa, immediately folloWed by the start of 
temperature raising. The temperature Was programmed so 
that it arrived at 60° C. in about 10 minutes, When the 
pressure Was 1.2 MPa. Immediately thereafter, the pressure 
began to fall and dropped to 0.7 MPa after 1.5 hours. 
Thereafter, the polymeriZation Was continued While main 
taining the pressure at 0.7 to 0.9 MPa. After 4 hours, the 
polymeriZation Was ?nished by temperature raising and 
pressure release. A ?uoropolymer precursor composed of 
tetra?uoroethylene [TFE] and CF2=CFOCF2CF2SO2F Was 
obtained in the state of a colorless, transparent dispersion, 
and the unreacted portion of CF2=CFOCF2CF2SO2F 
Weighed about 4 g. The solid content of the ?uoropolymer 
precursor in the dispersion Was 16% by mass, and the 
CF2=CFOCF2CF2SO2F unit content in the ?uoropolymer 
precursor Was 16 mole percent. The 
CF2=CFOCF2CF2SO2F unit content values described 
herein each is the value obtained by subjecting each ?uo 
ropolymer precursor to coagulation With an acid and Wash 
ing and then to infrared absorption spectroscopic measure 
ment [IR] or fused-state NMR measurement at 300° C. 

[0205] (2) The ?uoropolymer precursor dispersion (50 ml) 
obtained as described above under (1) Was tWo-fold diluted 
With pure Water, the dilution Was stirred in a 200-ml beaker, 
the temperature Was raised to 55° C., and the —SO2F groups 
of the ?uoropolymer precursor Were hydrolyzed by adding 
dropWise a 10% (by mass) aqueous solution of potassium 
hydroxide While maintaining the pH at 10. After about 3 
hours, no more decrease in pH Was observed. HoWever, the 
hydrolysis step Was continued for further 2 hours and then 
?nished. During this period, no ?uoropolymer precipitation 
Was perceived by the eye. 

[0206] (3) The reaction mixture obtained as described 
above under (2) Was treated for hydrolysis by adding 1 N 
hydrochloric acid, and the ?uoropolymer Was puri?ed and 
concentrated by centrifugal ultra?ltration using Centriprep 
YM-10 (product of Amicon) With simultaneous removal of 
loW-molecular-Weight substances. The ?uoropolymer dis 
persion obtained had a ?uoropolymer concentration of 32% 
by mass and contained a ?uoropolymer having stable 
—SO3K groups With a small proportion of —SO3Na groups. 

[0207] (4) To the ?uoropolymer dispersion obtained as 
described above under (3) Was added a mixture of ethanol 
and isopropanol (1:1 by volume) in an amount half the 
volume of the dispersion to give a dispersion composition 
for thin ?lm formation. The thus-obtained dispersion com 
position for thin ?lm formation had a viscosity of about 0.08 
Pa.s. The dispersion composition for thin ?lm formation Was 
applied onto a glass sheet and then dried at room tempera 
ture to give a colorless, transparent ?lm. The ?lm formed 
Was heat-treated at 300° C. for 10 minutes for ?xation. The 
Whole Was then immersed in pure Water, and the thin ?lm 
Was peeled off from the glass sheet. The thin ?lm obtained 
had a thickness of 5-10 pm. The viscosity given above is the 
value obtained by carrying out the measurement at 25° C. 
using a type B viscometer. 

EXAMPLE 2 

[0208] A ?uoropolymer precursor Was obtained in the 
state of a dispersion in the same manner as in (1) of Example 
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1 except that an amount of 2% by mass, relative Water, of 
ammonium per?uorooctanoate [C7F15COONH4] Was used 
as the emulsi?er in lieu of CF2=CFOCF2CF2SO3Na and 
that the charging of hexa?uoropropylene [HFP] gas under 
pressure Was omitted. The dispersion obtained Was colorless 
and transparent, the solid content of the ?uoropolymer 
precursor in the dispersion Was 18% by mass, and the 
CF2=CFOCF2CF2SO2F unit content in the ?uoropolymer 
precursor Was 16.5 mole percent. 

[0209] The ?uoropolymer precursor dispersion obtained 
Was treated in the same manner as described above under 

(2), (3) and (4) in Example 1. The —SO2F groups in the 
?uoropolymer precursor could be converted to —SO3K 
groups, and coating ?lms could be formed as Well. 

EXAMPLE 3 

[0210] A ?uoropolymer precursor Was obtained in the 
state of a dispersion in the same manner as in (1) of Example 
1 except that CF2=CFOCF2CF2SO3Na Was not used. A 
certain extent of ?uoropolymer precursor coagulated in the 
dispersion obtained, and the ?uoropolymer precursor par 
ticles Were large in siZe, hence the dispersion Was opaque. 

[0211] The dispersion obtained Was subjected to alkali 
hydrolysis in the same manner as in (2) of Example 1. 
Although the ?uoropolymer particles coagulated in the early 
reaction stage, the hydrolysis reaction could be brought to 
completion. 
[0212] The reaction mixture after the above hydrolysis 
Was ultra?ltered by the same centrifugal ultra?ltration 
method as described above under (3) in Example 1. 
Although the ?uoropolymer sedimented because of the large 
siZes of particles thereof, the ?uoropolymer, When stirred in 
pure Water, could be dispersed again. 

[0213] A dispersion composition for thin ?lm formation 
comprising the ?uoropolymer dispersion after puri?cation 
Was prepared in the same manner as mentioned above under 
(4) in Example 1 and applied to a glass sheet, folloWed by 
drying at room temperature. The resulting ?lm Was milk 
White because of its being not homogeneous. When heated 
at 300° C., hoWever, the ?lm became colorless and trans 
parent. It Was thus possible to obtain thin ?lms/membranes. 

EXAMPLE 4 

[0214] A transparent dispersion Was obtained in the same 
manner as in (1) of Example 1 except that 100 mg of 
1,4-diiodoper?uorobutane [I(CF2)4I] Was added together 
With CF2=CFOCF2CF2SO2E Then, the residual 
CF2=CFOCF2CF2SO2F Was removed by 30 minutes of 
degassing treatment under reduced pressure at 40° C. With 
purging With N2 gas and, then, CF2=CFCF3 gas Was 
charged under pressure until 0.6 MPa and, further, 
CF2=CF2gas Was charged under pressure until 1 MPa. 
Upon raising the temperature to 60° C., pressure drop 
immediately began. The polymeriZation Was continued for 
1.5 hours While feeding CF2=CF2 gas to maintain the 
pressure at 0.9 to 1.0 MPa. Thereafter, the polymeriZation 
reaction Was terminated by pressure release, Whereby a 
colorless and transparent ?uoropolymer precursor disper 
sion Was obtained. 

[0215] The ?uoropolymer precursor dispersion obtained, 
When treated in the same manner as described above under 
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(2), (3) and (4) in Example 1, could give the corresponding 
?uoropolymer dispersion and coating ?lms. 

[0216] As the above results indicate, the ?uoropolymer 
dispersion of Example 3 as produced by using the ?uo 
ropolymer precursor obtained by the polymeriZation reac 
tion in the aqueous reaction medium containing neither the 
monomer having emulsifying activity nor the emulsi?er 
could be obtained in the state of a dispersion and could be 
formed into ?lms/membranes. The ?uoropolymer dispersion 
of Example 1 or 2 as produced by using the ?uoropolymer 
precursor obtained by the polymeriZation reaction in the 
aqueous reaction medium containing the monomer having 
emulsifying activity or the emulsi?er shoWed better dispers 
ibility and ?lm-forming ability, among others. The ?uo 
ropolymer dispersion of Example 4 as produced by using the 
?uoropolymer precursor obtained by using the iodine trans 
fer polymeriZation technique had no dispersibility, ?lm 
forming ability or like problems. 

EXAMPLE 5 

[0217] (1) A 3,000-ml stainless steel autoclave of the 
agitator type Was charged With 300 g of a 10% aqueous 
solution of C7F15COONH4 and 1,170 g of pure Water, 
folloWed by thorough evacuation and nitrogen substitution. 
After thorough evacuation of the autoclave, tetra?uoroeth 
ylene [TFE] Was injected into the autoclave until a gage 
pressure of 0.2 MPa and the temperature Was raised to 50° 
C. Then, 100 g of CF2=CFOCF2CF2SO2F Was charged and 
TFE gas Was introduced to increase the pressure to a gage 
pressure of 0.7 MPa. A solution of 0.5 g of ammonium 
persulfate [APS] in 60 g of pure Water Was then injected into 
the autoclave to initiate the polymeriZation reaction. 

[0218] For ?lling up that portion of TFE consumed by 
polymeriZation, TFE Was continuously fed to maintain the 
autoclave inside pressure at 0.7 MPa. Further, 
CF2=CFOCF2CF2SO2F Was continuously fed in an amount 
corresponding to 53% by mass of the TFE fed to continue 
the polymeriZation reaction. 

[0219] At the time When the TFE fed amounted to 522 g, 
the pressure in the autoclave Was released to terminate the 
polymeriZation reaction. The reaction mixture Was then 
cooled to room temperature to give 2,450 g of a slightly 
turbid aqueous dispersion With a ?uoropolymer precursor 
content of about 33% by mass. 

[0220] A portion of the above aqueous dispersion Was 
taken and coagulated With nitric acid, and the coagulate Was 
Washed With Water and dried and subjected to fused-state 
NMR measurement. The ?uorovinyl ether derivative unit 
content in the ?uoropolymer precursor Was 19 mole percent. 

[0221] (2) A 50-ml portion of the ?uoropolymer precursor 
dispersion obtained in the above step (1) Was 5-fold diluted 
With pure Water. The dilution Was stirred in a 500-ml beaker, 
the temperature Was raised to 55° C., and the —SO2F groups 
Which the ?uoropolymer precursor had Were hydrolyZed 
While maintaining the pH at 10 or above by adding dropWise 
a 10% (by mass) aqueous solution of sodium hydroxide. 
After about 3 hours, no more decrease in pH Was observed. 
HoWever, the hydrolysis Was further continued for 2 hours 
and then terminated. Fluoropolymer precipitation Was not 
noticed by the eye. 

[0222] (3) Acid hydrolysis Was effected by adding 1 N 
hydrochloric acid to the reaction mixture obtained in the 
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above step (2), and the ?uoropolymer Was puri?ed and 
concentrated and loW-molecular-Weight substances Were 
removed simultaneously by centrifugal ultra?ltration using 
Centriprep YM-10 (product of Amicon). The ?uoropolymer 
dispersion obtained had a ?uoropolymer concentration of 
43% by mass and contained the corresponding ?uoropoly 
mer having stable —SO3K groups. 

[0223] The ?uoropolymer dispersion Was 100-fold diluted 
With pure Water, and a sample for particle shape measure 
ment Was prepared by dropping the dilution onto an alumi 
num sheet, folloWed by drying at 60° C. The sample Was 
subjected to atomic force microscopy [AF M], 20 particles in 
the picture obtained Were extracted at random, and the 
aspect ratio and average particle diameter thereof Were 
determined and found to be 1.0 and 100 nm, respectively. 

[0224] (4) To the ?uoropolymer dispersion obtained as 
described above under (3) Was added a mixture of ethanol 
and isopropanol (1:1 by volume) in an amount half the 
volume of the dispersion to give a dispersion composition 
for thin ?lm formation. The thus-obtained dispersion com 
position for thin ?lm formation had a viscosity of about 0.08 
Pa.s. The dispersion composition for thin ?lm formation Was 
applied onto a glass sheet and then dried at room tempera 
ture to give a colorless, transparent ?lm. The ?lm formed 
Was heat-treated at 300° C. for 10 minutes for ?xation. The 
Whole Was then immersed in pure Water, and the thin ?lm 
Was peeled off from the glass sheet. The thin ?lm obtained 
had a thickness of 12 to 17 pm. The viscosity given above 
is the value obtained by carrying out the measurement at 25° 
C. using a type B viscometer. 

[0225] (5) The ?uoropolymer dispersion obtained in the 
above step (3) Was evaporated to dryness using a rotary 
evaporator to give a ?uoropolymer solid composition. 
Observation of the surface of the ?uoropolymer solid com 
position under a scanning electron microscope [SEM] gave 
the same results as described above under 

[0226] (6) A 5-g portion of the ?uoropolymer solid com 
position obtained in the above step (5) Was placed in a 
200-ml beaker, 95 g of NMP Was added, and the mixture Was 
sonicated for 15 minutes With occasional shaking. A slightly 
turbid ?uoropolymer dispersion Was obtained. 

EXAMPLE 6 

[0227] (1) A 3,000-ml stainless steel autoclave of the 
agitator type Was charged With 600 g of a 10% aqueous 
solution of C7F15COONH4 and 870 g of pure Water, fol 
loWed by thorough nitrogen substitution. The autoclave Was 
evacuated suf?ciently and, then, TFE gas Was charged until 
a gage pressure of 0.2 MPa, and the temperature Was raised 
to 50° C. Thereafter, 20 g of CF2=CFOCF2CF2SO2F Was 
injected, and the gage pressure Was raised to 0.7 MPa by 
introducing TFE gas. The polymeriZation Was then initiated 
by injecting an aqueous solution of 0.5 g of ammonium 
persulfate [APS] in 60 g of pure Water. 

[0228] For ?lling up that portion of TFE consumed by 
polymeriZation, PFE Was continuously fed to maintain the 
autoclave inside pressure at 0.7 MPa. Further, 
CF2=CFOCF2CF2SO2F Was continuously fed in an amount 
corresponding to 30% by mass of the TFE fed to continue 
the polymeriZation reaction. 

[0229] At the time When the TFE fed amounted to 400 g, 
a portion of the ?uoropolymer precursor dispersion Was 
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collected as a sample. Then, 120 g of 
CF2=CFOCF2CF2SO2F Was charged under pressure and 
the polymeriZation Was further continued. Since the pressure 
rapidly decreased at that point of time and, therefore, TFE 
Was fed in an increased amount but this Was not immediately 
consumed by polymeriZation. After pressure recovery, the 
polymeriZation Was continued While continuously feeding 
CF2=CFOCF2CF2SO2F in an amount of 60% by mass of 
the TFE consumed by polymeriZation. 

[0230] At the time When the TFE fed amounted to 200 g, 
the pressure in the autoclave Was released to terminate the 
polymeriZation reaction. The reaction mixture Was then 
cooled to room temperature to give 2,470 g of a slightly 
turbid aqueous dispersion With a ?uoropolymer precursor 
content of about 33% by mass. 

[0231] A dried ?uoropolymer precursor Was obtained 
from the above aqueous dispersion in the same manner as in 
Example 5. As a result of fused-state NMR measurement, 
the CF2=CFOCF2CF2SO2F unit content in the ?uoropoly 
mer precursor Was found to be 10 mole percent and the 
CF2=CFOCF2CF2SO2F unit content in the above aqueous 
dispersion to be 13 mole percent. 

[0232] The desired ?uoropolymer dispersion Was obtained 
through the same hydrolysis step and puri?cation/concen 
tration step as in Example 5. 

[0233] The polymer particles in the ?uoropolymer disper 
sion obtained had an aspect ratio of 1.1 and an average 
particle diameter of 60 nm. 

INDUSTRIAL APPLICABILITY 

[0234] The method for producing a ?uoropolymer disper 
sion according to the present invention, Which has the 
above-described constitution, can produce, in an aqueous 
system, ?uoropolymer dispersions each resulting from dis 
persion of an acid/acid salt group-containing ?uoropolymer 
through the polymeriZation reaction step and hydrolysis 
step. The ?uoropolymer dispersions obtained and the ?uo 
ropolymer solid compositions derived therefrom can be 
adequately used in producing electrolyte membranes in solid 
polymer electrolyte fuel cells, in particular. 

1. A ?uoropolymer solid composition Which contains a 
?ne particle comprising a ?uoropolymer, 

said ?uoropolymer having an acid/acid salt group, 

said acid/acid salt group being a sulfonic acid group, 
—SO2NR17R18, a carboxyl group, —SO3NR1R2R3R4, 
—SO3M11/L, —COONR5R6R7R8 or —COOM21/L (in 
Which R17 and R18 are the same or different and each 
represents a hydrogen atom, an alkali metal, an alkyl 
group or a sulfonyl-containing group, R1, R2, R3 and R4 
are the same or different and each represents a hydro 
gen atom or an alkyl group having 1 to 4 carbon atoms, 
R5, R6, R7 and R8 are the same or different and each 
represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms, M1 and M2 are the same or different 
and each represents a metal Whose valence is L, and 
said metal Whose valence is L is a metal belonging to 
the group 1, 2, 4, 8, 11, 12 or 13 of the periodic table); 

said ?ne particle comprising the ?uoropolymer contain 
ing, at the proportion of at least 25% by mass thereof, 
a spherical ?uoropolymer ?ne particle, and 
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said spherical ?uoropolymer ?ne particle being substan 
tially spherical. 

2. The ?uoropolymer solid composition according to 
claim 1, 

Wherein the ?ne particle comprising the ?uoropolymer 
contains the spherical ?uoropolymer ?ne particle at the 
proportion of at least 50% by mass thereof. 

3. The ?uoropolymer solid composition according to 
claim 1, 

Wherein the spherical ?uoropolymer ?ne particle has an 
average particle diameter of not smaller than 10 nm. 

4. The ?uoropolymer solid composition according to 
claim 1, 

Wherein the spherical ?uoropolymer ?ne particle has an 
average particle diameter of 10 to 300 nm. 

5. The ?uoropolymer solid composition according to 
claim 1, 

Wherein the spherical ?uoropolymer ?ne particle has an 
average particle diameter of 30 to 160 nm. 

6. The ?uoropolymer solid composition according to 
claim 1, 

Wherein an existence of the acid/acid salt groups on a 
particle surface of the ?ne particles comprising ?uo 
ropolymers is more than that in the particle inside 
thereof. 

7. The ?uoropolyrner solid composition according to 
claim 1, 

Wherein the acid/acid salt group is bound to a ?uoroether 
side chain represented by the folloWing general formula 

in Which Y1 represents a ?uorine atom, a chlorine atom or 
a per?uoroalkyl group; n represents an integer of 0 to 
3, and n atoms/groups of Y1 may be the same or 
different; Y2 represents a ?uorine atom or a chlorine 
atom; m represents an integer of 1 to 5, and m atoms of 
Y2 may be the same or different, 

said ?uoroether side chain being bound, in the manner of 
ether bonding, to a carbon atom constituting a per?uo 
roethylene unit in a main chain of the ?uoropolymer. 

8. A ?uoropolymer dispersion 

Which comprises the ?uoropolymer solid composition 
according to claim 1, as dispersed in a liquid medium. 

9. The ?uoropolymer dispersion according to claim 8, 

Wherein the ?uoropolymer solid composition amounts to 
2 to 80% by mass based on the total mass of the 
?uoropolymer dispersion. 

10. The ?uoropolymer dispersion according to claim 8, 

Wherein the liquid medium is an aqueous dispersion 
medium, 

said aqueous dispersion medium having a Water content 
of 10 to 100% by mass. 

11. A method for producing a ?uoropolymer dispersion to 
give the ?uoropolymer dispersion Where a ?ne particle 
comprising a ?uoropolymer is dispersed in an aqueous 
dispersion medium, 
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said ?uoropolymer having a sulfonic acid group and/or 
carboXyl group, and 

said method comprising a hydrolysis step of hydrolyZing, 
in an aqueous medium, —SO2X1 (X1 representing a 
halogen atom) and/or —COZ1 (Z1 representing an 
alkoXyl group having 1 to 4 carbon atoms) Which a 
?uoropolymer precursor has thereby to give the ?uo 
ropolymer. 

12. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the sulfonic acid group and/or carboXyl group 
each is bound to a ?uoroether side chain represented by 
the folloWing general formula (I): 

—O—(CF2CFY1—O)n—(CFY2)m— (I) 
Wherein Y1 represents a ?uorine atom, a chlorine atom or 

a per?uoroalkyl group; n represents an integer of 0 to 
3, and n atoms/groups of Y1 may be the same or 
different; Y2 represents a ?uorine atom or a chlorine 
atom; m represents an integer of 1 to 5, and m atoms of 
Y2 may be the same or different, and 

Wherein said ?uoroether side chain is bound, in the 
manner of ether bonding, to a carbon atom constituting 
a per?uoroethylene unit in a main chain of the ?uo 
ropolymer. 

13. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the aqueous medium is one originating from an 
aqueous reaction medium in a polymeriZation reaction, 

said polymeriZation reaction giving the ?uoropolymer 
precursor. 

14. The method for producing a ?uoropolymer dispersion 
according to claim 13, 

Wherein the polymeriZation reaction is carried out by 
emulsion polymeriZation. 

15. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the aqueous dispersion medium in the ?uo 
ropolymer dispersion is one originating from the aque 
ous medium. 

16. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the ?uoropolymer precursor is one obtainable by 
polymeriZing a ?uorovinyl ether derivative represented 
by the folloWing general formula (II): 

Wherein Y1 represents a ?uorine atom, a chlorine atom or 
a per?uoroalkyl group; n represents an integer of 0 to 
3, and n atoms/groups of Y1 may be the same or 
different; Y2 represents a ?uorine atom or a chlorine 
atom; m represents an integer of 1 to 5, and m atoms of 
Y2 may be the same or different; A1 represents —SO2X 
or —COZ1; X represents a halogen atom, —OM3 or 
—OM41/2, M3 represents an alkali metal or 
NR9R1OR11R12, M4 represents an alkaline earth metal, 
R9, R10, R11 and R12 are the same or different and each 
represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms; and Z1 represents an alkoXyl group 
having 1 to 4 carbon atoms). 
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17. The method for producing a ?uoropolymer dispersion 
according to claim 16, 

wherein the ?uoropolymer precursor is a binary or mul 
tinary copolymer obtainable by polymerizing the ?uo 
rovinyl ether derivative and a ?uorine-containing eth 
ylenic monomer. 

18. The method for producing a ?uoropolymer dispersion 
according to claim 12, 

Wherein Y1 is a tri?uoromethyl group, Y2 is a ?uorine 
atom, n is 0 or 1 and m is 2. 

19. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Which further comprises a polymeriZation reaction step of 
carrying out a polymeriZation reaction, 

said polymeriZation reaction providing the ?uoropolymer 
precursor, 

said ?uoropolymer dispersion being produced in an aque 
ous system through the polymeriZation reaction step 
and hydrolysis step, and 

said ?uoropolymer dispersion being produced Without 
drying said ?uoropolymer precursor and the ?uo 
ropolymer. 

20. The method for producing a ?uoropolymer dispersion 
according to claim 19, 

Wherein the polymeriZation reaction is carried out by 
iodine transfer polymeriZation. 

21. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the hydrolysis step comprises hydrolysis and 
neutraliZation respectively using With an alkali and an 
acid in that order, 

Wherein said ?uoropolymer precursor has —SO2X1 (X1 
representing a halogen atom) and/or —COZl (Z1 rep 
resenting an alkoXyl group having 1 to 4 carbon atoms). 

22. The method for producing a ?uoropolymer dispersion 
according to claim 11, 

Wherein the hydrolysis step comprises an alkali treatment 
step of treating a ?uoropolymer precursor (P) With an 
alkali 

and Wherein said ?uoropolymer precursor (P) has 
—SOQ? (X1 representing a halogen atom) and/or 
—COZ (Z1 representing an alkoXyl group having 1 to 
4 carbon atoms). 

23. The method for producing a ?uoropolymer dispersion 
according to claim 22, 

Wherein the hydrolysis step comprises an alkali treatment 
step and thereafter, a subsequent step of neutraliZation 
treatment With an acid. 

24. The method for producing a ?uoropolymer dispersion 
according to claim 22, 

Wherein the hydrolysis step further comprises a step of 
removing a loW-molecular-Weight substance folloWing 
the alkali treatment step, and 

said loW-molecular-Weight substance being a residual 
monomer remaining in the polymeriZation reaction 
step, a polymeriZation initiator residue, an unrequired 
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loW-molecular-Weight polymer, and/or a substance 
formed upon treatment of the ?uoropolymer precursor 
(P) With an alkali. 

25. The method for producing a ?uoropolymer dispersion 
according to claim 24, 

Wherein the step of removing a loW-molecular-Weight 
substance is carried out by ultra?ltration technique. 

26. The method for producing a ?uoropolymer dispersion 
according to claim 22, 

Wherein the ?uoropolymer precursor (P) has —SO2X1. 
27. The method for producing a ?uoropolymer dispersion 

according to claim 19, 

Wherein the hydrolysis step comprises the polymeriZation 
reaction step of obtaining the ?uoropolymer precursor 
by polymeriZing in the presence of a ?uoromonomer 
(Pm) and a ?uoromonomer (Qm), an alkali treatment 
step of treatment With an alkali and a step of neutral 
iZation treatment With an acid, in that order, 

said ?uoromonomer (Pm) having —SO2X1 (X1 represent 
ing a halogen atom) and/or —COZl (Z1 representing an 
alkoXyl group having 1 to 4 carbon atoms), and 

said ?uoromonomer (Qm) having —SO2X2 (X2 repre 
senting —OM3 or —OM“1 2 in Which M3 represents an 
alkali metal or NRgRloRl R12 (in Which R9, R10, R11 
and R12 are the same or different and each represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon 
atoms); and M4 represents an alkaline earth metal) 
and/or —COOZ2 (Z2 representing M5 or M6 1/2 in Which 
M5 represents an alkali metal or NR13RMR15R16 (in 
Which R13, R14, R15 and R16 are the same or different 
and each represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms); M6 represents an alkaline 
earth metal). 

28. The method for producing a ?uoropolymer dispersion 
according to claim 19, 

Wherein the hydrolysis step comprises the polymeriZation 
reaction step of obtaining the ?uoropolymer precursor 
by polymeriZing in the presence of a ?uoromonomer 
(Qm)-based polymer and a ?uoromonomer (Pm), an 
alkali treatment step of treatment With an alkali and a 
step of neutraliZation treatment With an acid, in that 
order, 

said ?uoromonomer (Pm) having —SO2X1 (X1 represent 
ing a halogen atom) and/or —COZl (Z1 representing an 
alkoXyl group having 1 to 4 carbon atoms), and 

said ?uoromonomer (Qm) having —SO2X2 (X2 repre 
senting —OM3 or —OM41/2 in Which M3 represents an 
alkali metal or NRgRloRnRl2 (in Which R9, R10, R11 
and R12 are the same or different and each represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon 
atoms); and M4 represents an alkaline earth metal) 
and/or —COOZ2 (Z2 representing M5 or M6 1/2 in Which 
M5 represents an alkali metal or NR13RMR15R16 (in 
Which R13, R14, R15 and R16 are the same or different 
and each represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms); M6 represents an alkaline 
earth metal). 

29. The method for producing a ?uoropolymer dispersion 
according to claim 27, 






