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57 ABSTRACT

A polymer electrolyte fuel cell comprising a membrane-
form polymer electrolyte, a cathode disposed on one side of
the polymer electrolyte, and an anode disposed on the other
side of the polymer electrolyte, wherein the cathode com-
prises a catalyst and an ion exchange resin, and the ion
exchange resin is made of a polymer comprising the fol-
lowing segments A and segments B:

Segments A: segments made of a polymer having
sulfonic acid groups; and

Segments B: segments made of a fluoropolymer having
substantially no ion exchange groups.
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FIG. 3(a)

MQM_\

TR e aa L NMBaaasiaais srtisoios
0 -100-110-120 -19C -14C -150 -16C =170 - 132 -150 -200

S T

T T

2 - IBAASNRSARS LAZRS
¢ ~1C -2C -0 -4C -5C -GC -7C -3Q -3

FI1G. 3(b)

| %
r‘lv_!l!.l_l_l"lﬁl]]’TY’l"‘_liIlYlll»‘(lll'l_lJl‘l'Illllllll’.lllll'lllAIOJI
& 4c 20 0 -2¢ -4C -0 =N =100 120 -140  -160 <280 200




Patent Application Publication Oct. 23,2003 Sheet 4 of 5 US 2003/0198854 A1
.
- . - POM
,T EAJ T 1717'7 ]' Tl" LR R} ' LR ' "‘FT LR A RS T' "TTUTIVIIII FTT }l L LS l T
]0 -20 30 40 -50 -60 -70 -80 -90 -100 -~110- 120 130-140-150-150 - 170 180 190- t0o

FI1G. 4(b)

f .

PPK

61 0 220 o

T
-140

LARLBILELAN LR BA BLEN N LN

-160 -180 -IDO




Patent Application Publication Oct. 23,2003 Sheet 5 of 5 US 2003/0198854 A1

FIG.5(a)

: PP
LR LU AR ™= 0 20 2P Ak B S BNL Y= B AFLER St NR A0y It S S WP 3 1= A Pun S B APLER S e 0 4 Lo .

e & . _'».Il.'l'f.;['llll‘_l. -
60 40 20 p! -200 -40 -0  -80" ~ -199 --120 -J40 -160

[+ B




US 2003/0198854 Al

BLOCK POLYMER, PROCESS FOR PRODUCING
A POLYMER, AND POLYMER ELECTROLYTE
FUEL CELL

[0001] The present invention relates to a block polymer, a
process for its production and a liquid composition contain-
ing the block polymer, as well as a polymer electrolyte fuel
cell having an electrode containing the block polymer.

[0002] Attention has been drawn to a hydrogen/oxygen
fuel cell as a power generation system which gives substan-
tially no adverse effect to the global environment, since its
reaction product is only water in principle. Polymer elec-
trolyte fuel cells were once mounted on space ships in the
Gemini Project and the Bio-satellite Project, but the cell
output densities at that time were low. Thereafter, alkaline
fuel cells having higher performance have been developed,
and such alkaline fuel cells have been employed for space
crafts including current space shuttles.

[0003] Whereas, along with the progress of technology in
recent years, attention has been drawn again to polymer
electrolyte fuel cells, for the following two reasons. (1) As
a polymer electrolyte, a highly conductive membrane has
been developed. (2) A catalyst to be used for a gas diffusion
electrode layer is supported on carbon, and it is further
coated with an ion exchange resin, whereby it has been made
possible to obtain an extremely large activity.

[0004] And, many studies are being made on a process for
producing a polymer electrolyte membrane/electrode assem-
bly (hereinafter referred to simply as the assembly) for a
polymer electrolyte fuel cell.

[0005] Polymer electrolyte fuel cells which are presently
being studied, have an operation temperature as low as from
50 to 120° C. and thus have a drawback that waste heat can
hardly be utilized, for example, as an auxiliary power for
fuel cells. To offset such a drawback, it is desired that the
polymer electrolyte fuel cells have particularly high output
densities. Further, for practical applications, it is desired to
develop an assembly whereby a high energy efficiency and
a high output density can be obtained even under an opera-
tion condition where the fuel and air utilization rates are
high.

[0006] Under an operation condition where the operation
temperature is low and the gas utilization rate is high,
clogging (flooding) of the electrode pore is likely to take
place due to condensation of water-vapor at the cathode
where water is formed by a cell reaction. Accordingly, in
order to obtain a stable performance for a long period of
time, it iS necessary to secure water repellency of the
electrode so as to prevent such flooding. This is particularly
important in the case of a polymer electrolyte fuel cell
whereby a high output density can be obtained at a low
temperature.

[0007] In order to secure water repellency of an electrode,
it is effective to reduce the ion exchange capacity of the ion
exchange resin covering the catalyst in the electrode, i.e. to
use an ion exchange resin having a low content of ion
exchange groups. However, in such a case, the ion exchange
resin has a low water content, whereby the electrical con-
ductivity tends to be low, and the cell performance tends to
be low. Further, the gas permeability of the ion exchange
resin decreases, whereby supply of the gas to the catalyst
surface through the coated ion exchange resin, tends to be
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slow. Accordingly, the gas concentration at the reaction site
tends to be low, whereby the voltage loss tends to be large,
ie. the concentration overpotential tends to be high,
whereby the output tends to decrease.

[0008] Therefore, it has been attempted to use a resin
having a high ion exchange capacity as the ion exchange
resin to cover the catalyst and further to incorporate to an
electrode, particularly to a cathode, a fluorine resin such as
polytetrafluoroethylene (hereinafter referred to as PTFE), a
tetrafluoroethylene (hereinafter referred to as TFE)/
hexafluoropropylene (hereinafter referred to as HFP)
copolymer or a TFE/perfluoro(alkyl vinyl ether) copolymer,
as a water repellent, thereby to suppress flooding (JP-A-5-
36418). In this specification, an A/B copolymer represents a
copolymer comprising repeating units based on A and
repeating units based on B.

[0009] However, if the amount of the above water repel-
lant in the electrode is increased in order to provide adequate
water repellency, the electrical resistance of the electrode
will increase as the above water repellent is an insulating
material. Further, as the thickness of the electrode increases,
the gas permeability decreases, thus leading to a problem
that the output will decrease. To complement the decrease in
the electrical conductivity of the electrode, it is, for example,
necessary to increase the electrical conductivity of the
carbon material as the carrier of the catalyst or to increase
the ionic conductivity of the ion exchange resin covering the
catalyst. However, it is difficult to obtain an electrode which
satisfies adequate electrical conductivity and adequate water
repellency at the same time, and it has not been easy to
obtain a polymer electrolyte fuel cell which provides high
output and which is stable for a long period of time.

[0010] Further, a method of mixing fluorinated pitch (JP-
A-7-211324) or a method of subjecting a catalyst carrier to
fluorination treatment (JP-A-7-192738) has also been pro-
posed, but there has been a problem that the catalyst surface
can not be uniformly covered by an ion exchange resin.
Further, a method of letting the water repellency have a
gradient in the thickness direction of the electrode, has been
proposed (JP-A-5-251086, JP-A-7-134993), but the produc-
tion method is cumbersome.

[0011] In order to solve such problems, the present inven-
tors have studied the possibility of using for an electrode an
ion exchange resin comprising segments containing sulfonic
acid groups (—SO;H groups) and fluorine-containing seg-
ments having substantially no ion exchange groups. As one
of such polymers, a block polymer may be mentioned, and
as a method for its production, a method of employing
iodine transfer polymerization is disclosed in JP-B-58-4728.
Namely, disclosed is a method of polymerizing at least two
radical-polymerizable monomers having unsaturated bonds
by radical polymerization in the presence of an iodine
compound having iodine atom(s), wherein in order to let at
least two types of polymer chain segments form between the
carbon-iodine bond of the above-mentioned iodine com-
pound, the monomers to form the above-mentioned respec-
tive polymer chain segments, are sequentially polymerized
to obtain a multi-segmented polymer.

[0012] And, as the monomers to form such segments, TFE
and a monomer of the formula CF,—=CFY' (wherein Y' is
represented by —(OCF,),—(OCF,CF,)g—
(OCF,CH(CF3),-Z, Z is SO,F or SOsM', M' is a hydrogen
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atom, a sodium atom or a potassium atom, and each of a, f§
and v is an integer of from O to 3, provided that a+p+y>0)
are disclosed, and CF,—=CFOCF,CF(CF;)OCF,CF,SO,F is
also exemplified. Further, W0O98/43952 discloses that in the
presence of I(CF,),I, CF,=CF,/CF,=CFOCF,CF,SO;Na
copolymer segments (59/41 in molar ratio) are prepared by
polymerization and then CF,=CF,/CF,=CFOC,F, seg-
ments are synthesized, to obtain a block polymer of ABA
type having a heat absorption peak (a crystal melting point)
at 275° C. as measured by a differential scanning calorimeter
(DSO).

[0013] Such a polymer is disclosed to be excellent in e.g.
electrical resistance or water resistance. However, the spe-
cifically disclosed block polymer has crystallinity, and it is
difficult to control the polymerization, and such a block
polymer can hardly be dissolved or dispersed in a solvent.
Accordingly, in its application as a material for an electrode
for a fuel cell, such a block polymer has a problem that it can
hardly be formed into an electrode.

[0014] Inorder to increase the output of a fuel cell, the ion
exchange resin in the electrode is required to be highly gas
permeable and highly conductive, and an ion exchange resin
having a high ion exchange group concentration and a high
water content, is preferred. However, if an ion exchange
resin having a high ion exchange group concentration is
employed, flooding is likely to take place and the output
tends to decrease when it is used for a long period of time,
although the fuel gas permeability and conductivity will be
high and the initial output of the fuel cell will be high.

[0015] Accordingly, it is an object of the present invention
to provide a block copolymer which is useful as an electrode
material for a fuel cell and which has a high water content
and water repellency, a process for its production and a
liquid composition containing such a block polymer, as well
as a polymer electrolyte fuel cell employing such a block
polymer.

[0016] The present invention provides a polymer electro-
lyte fuel cell comprising a membrane-form polymer elec-
trolyte, a cathode disposed on one side of the polymer
electrolyte, and an anode disposed on the other side of the
polymer electrolyte, wherein the cathode comprises a cata-
lyst and an ion exchange resin, and the ion exchange resin
is made of a polymer comprising the following segments A
and segments B:

[0017] Segments A: segments made of a polymer
having sulfonic acid groups; and

[0018] Segments B: segments made of a fluoropoly-
mer having substantially no ion exchange groups.

[0019] Further, the present invention provides a block
polymer comprising the following segments C' and the
following segments D and having a molecular weight of
from 5x10° to 5x10°.

[0020] The present invention also provides a block poly-
mer comprising the following segments C' and the following
segments E and having a molecular weight of from 5x10° to
5x10°.

[0021] Segments C'": segments made of a copolymer
comprising repeating units based on a perfluorovinyl
ether having a —S0O,X group (wherein X is a
fluorine atom, a chlorine atom or OM wherein M is
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a hydrogen atom, an alkali metal atom or
NRIR?R°R*, wherein each of R, R?, R® and R*
which are independent of one another, is a hydrogen
atom or a monovalent organic group) and repeating
units based on tetrafluoroethylene, wherein the
repeating units based on the perfluorovinyl ether are
contained in an amount of at least 20 mol %;

[0022] Segments D: segments made of an amorphous
perfluoropolymer having no ion exchange groups
and having alicyclic structures in its main chain; and

[0023] Segments E: segments made of an amorphous
copolymer having no ion exchange groups and com-
prising repeating units based on a perfluoro(alkyl
vinyl ether) and repeating units based on tetrafluo-
roethylene, wherein the repeating units based on the
perfluoro(alkyl vinyl ether) are contained in an
amount of at least 20 mol %.

[0024] Further, the present invention provides a liquid
composition which comprises an organic solvent having an
alcoholic hydroxyl group and a block copolymer comprising
the above-mentioned segments C' and the above-mentioned
segments D, or a block copolymer comprising the above
segments C' and the above segments E, dissolved or dis-
persed in the organic solvent.

[0025] Still further, the present invention provides a pro-
cess for producing a polymer, which comprises polymeriz-
ing a first monomer group comprising one or more fluo-
romonomers in the presence of a first radical initiator and an
iodine-containing fluoro-compound in a non-aqueous
medium or in the absence of any solvent, to prepare a
substantially amorphous polymer, and then, polymerizing a
second monomer group comprising one or more Mmonomers
different from the first monomer group in the presence of the
polymer and a second radical initiator in a non-aqueous
medium or in the absence of any solvent.

[0026]

[0027] FIG. 1 shows GPC charts of a TFE/PPVE copoly-
mer and a block polymer prepared in Example 1.

[0028] FIG. 2(a) shows a ’F-NMR chart of a TFE/PPVE
copolymer prepared in Example 1, and FIG. 2(b) shows a
1°F-NMR chart of polymer 1 prepared in Example 1.

[0029] FIG. 3(a) shows a *°F-NMR chart of PBVE pre-
pared in Example 2, and FIG. 3(b) shows a **’F-NMR chart
of polymer 2 prepared in Example 2.

[0030] FIG. 4(a) shows a '°F-NMR chart of PBVE pre-
pared in Example 3, and FIG. 4(b) shows a ‘°F-NMR chart
of polymer 3 prepared in Example 3.

[0031] FIG. 5(a) shows a **’F-NMR chart of a TFE/PSVE
copolymer prepared in Example 4, and FIG. 5(b) shows a
1°F-NMR chart of polymer 4 prepared in Example 4.

In the accompanying drawings:

[0032] Now, the present invention will be described in
detail.

[0033] In the present invention, the ion exchange resin
contained in a cathode (hereinafter referred to as the cathode
resin) is preferably one obtained by hydrolyzing a block
polymer comprising amorphous segments (hereinafter
referred to as segments A') made of a polymer having
fluorosulfonyl groups (—SO,F groups) and amorphous seg-
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ments B and then converting it to an acid form. Here, both
segments A' and segments B are amorphous, whereby it is
easy to form multisegments by iodine transfer polymeriza-
tion. If they have crystallinity, the iodine transfer polymer-
ization tends to hardly proceed for such a reason that the
reactivity of growing radicals deteriorates or a polymer
precipitates from the solution. Especially when initially
polymerized segments have crystallinity, it tends to be
difficult to introduce the subsequently polymerized seg-
ments. Accordingly, they are preferably amorphous.

[0034] Further, an electrode for a polymer electrolyte fuel
cell is formed usually by coating with a coating fluid
prepared by dispersing a catalyst in a liquid having an ion
exchange resin dissolved or dispersed in a solvent. If seg-
ments A' or segments B in the cathode resin in the present
invention have crystallinity, the solubility or dispersibility of
the resin in a solvent deteriorates, whereby it tends to be
difficult to obtain an electrode having the ion exchange resin
uniformly distributed, and the reactivity of the electrode
tends to be low.

[0035] In this specification, an amorphous polymer is
meant for a polymer having no crystal melting point Tm or
having a T,, which is lower than the polymerization tem-
perature.

[0036] In order for segments A' to be substantially amor-
phous, it is necessary that the repeating units based on a
perfluorovinyl ether having a —SO,F group are contained in
an amount of at least 20 mol %, particularly preferably at
least 25 mol %, in the copolymer constituting segments A'.
Further, in a case where segments A' contain repeating units
based on a perfluoro(alkyl vinyl ether) having no —SO,F
group, the total amount of the repeating units based on a
perfluorovinyl ether having a —SO,F group and the repeat-
ing units based on the perfluoro(alkyl vinyl ether) is pref-
erably at least 20 mol %, particularly preferably at least 25
mol %.

[0037] The cathode resin in the present invention com-
prises segments A and B. Both segments A and B are
preferably made of polymers in which all hydrogen atoms
are substituted by fluorine atoms (except for —S0,X
groups) (which will be referred to as perfluoropolymers in
this specification) from the viewpoint of the practical dura-
bility of the fuel cell.

[0038] In order to increase the output of a fuel cell, it is
preferred that the ion exchange resin in the electrode is
highly gas permeable and highly conductive, and it is
preferred that the ion exchange group concentration is high
and the water content is high. For this purpose, segments A
preferably have an ion exchange capacity of at least 0.5
meq/g dry resin. The polymer constituting segments A is a
polymer comprising repeating units based on a monomer
having a sulfonic acid group (a —SO.H group) or one
comprising such repeating units and repeating units based on
other monomer, whereby the upper limit of the ion exchange
capacity is determined by the ion exchange capacity of a
homopolymer of the monomer having a sulfonic acid group
or its precursor group and depends on the molecular weight
of this monomer, and it is at a level of from 1.5 to 4 meq/g
dry resin. Here, the precursor group of a sulfonic acid group
is a group which becomes a sulfonic acid group by e.g.
hydrolysis followed by acidification, and as defined for
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segments C', in this specification, the sulfonic acid group
and its precursor group will be generally represented by a
—S0,X group.

[0039] As the monomer having a —SO,X group as the
starting material for the cathode resin, a perfluorovinyl ether
having a —SO,F group is preferred. Specifically, a perfluo-
rovinyl ether compound of the formula CF,=CF—
(OCF,CFY),,—0,—(CF,),—SO,F (wherein Y is a fluorine
atom or a trifluoromethyl group, m is an integer of from 0
to 3, n is an integer of from 1 to 12, and p is 0 or 1) is
preferred. Among such fluorovinyl ether compounds, a
compound represented by one of the formulae 1 to 3 is
preferred. In the formulae 1 to 3, q is an integer of from 1
to 8, r is an integer of from 1 to &, and s is 2 or 3.

CF,=CFO(CF,)SO,F Formula 1
CF,—CFOCF,CF(CF,)O(CF,),SO,F Formula 2
CF,—CF(OCF,CF(CF,)),0(CF,),SO,F Formula 3

[0040] The perfluorovinyl ether having a —SO,F group
may be homo-polymerized, but it is usually copolymerized
with a comonomer such as an olefin, since its radical
polymerization reactivity is low. As such a comonomer, TFE
is preferred. However, in addition to TFE, or instead of TFE,
the following monomers may be copolymerized. Here, the
following monomers may be added in an amount within
such a range that the resulting segments will not substan-
tially have crystallinity in the measurement of e.g. wide
angle X-ray scattering, and if they are added, it is preferred
that they are added so that the crystallinity of the obtainable
segments would be at most 10%, preferably at most 5%,
more preferably at most 2%. A preferred range of the amount
of the perfluorovinyl ether having a —SO,F group varies
depending upon the monomer to be added, but it is usually
at most 20 mol %, relative to TFE. Further, as the monomer
to be added, one other than a perfluoromonomer may be
employed, but from the viewpoint of the durability, it is
preferred to use a perfluoromonomer.

[0041] Chlorotrifluoroethylene, trifluoroethylene,
vinylidene fluoride, vinyl fluoride, ethylene, perfluoro(3-
butenyl vinyl ether) (hereinafter referred to as BVE), per-
fluoro(allyl vinyl ether), perfluoro(2,2-dimethyl-1,3-diox-
ole) (hereinafter referred to as PDD), perfluoro(1,3-dioxole),
perfluoro(2-methylene-4-methyl-1,3-dioxolane), per-
fluoro(3,5-dioxa-1,-6-heptadiene), perfluoro(4-methoxy-1,
3-dioxole), propylene, a perfluoro(ct-olefin) such as
hexafluoropropene, a (perfluoroalkyl)ethylene such as (per-
fluorobutyl)ethylene, a (perfluoroalkyl)propene such as
3-perfluorooctyl-1-propene, and a perfluoro(alkyl vinyl
ether) (wherein the alkyl group may have a branched struc-
ture or may contain an oxygen atom of ether bond type, and
an “alkyl group” will hereinafter be referred to in the same
sense).

[0042] The perfluoro(alkyl vinyl ether) is preferably a
perfluorovinyl ether compound of the formula CF,=CF—
(OCF,CFZ)—O0—RE. In the formula, t is an integer of from
0to 3, Z is a fluorine atom or a trifluoromethyl group, and
Rfis a linear or branched C,_,, perfluoroalkyl group (here-
inafter, in this specification, R will be used in the same
sense).

[0043] The perfluorovinyl ether compound of the formula
CF,=CF—(OCF,CFZ),—0—R" is preferably a compound
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represented by one of the formulae 4 to 6. In the formulae
4 to 6, v is an integer of from 1 to 8, w is an integer of from
1to 8, and x is 2 or 3.

CF,—=CFO(CF,),CF; Formula 4
CF,—CFOCF,CF(CF,)O(CF,),,CF, Formula §
CF,—CF(OCF,CF(CF,)),0(CF,),CF, Formula 6

[0044] Specifically, the segments A are preferably seg-
ments made of a copolymer of TFE/perfluorovinyl ether
having a sulfonic acid group (segments C, provided that
segments made of a copolymer having sulfonic acid groups
or —S0,X groups will be referred to as segments C'). The
copolymer of TFE/perfluorovinyl ether having a sulfonic
acid group may be crystalline or amorphous. To obtain an
amorphous copolymer, it is necessary that the repeating
units based on a perfluorovinyl ether having a sulfonic acid
group are contained in an amount of at least 20 mol %, more
preferably at most 25 mol %, in the copolymer.

[0045] On the other hand, the polymer constituting the
segments B is a fluoropolymer having substantially no ion
exchange groups, which is a homopolymer of a comonomer
such as a fluoroolefin exemplified as a monomer to be
copolymerized with the perfluorovinyl ether having a
—SO0,F group in the segments A, or a copolymer of at least
two types thereof, and it is preferably amorphous. Particu-
larly preferred is segments (segments D) made of a perfluo-
ropolymer having no ion exchange groups and having
alicyclic structures in its main chain, such as a polymer
obtainable by cyclopolymerization of a starting material or
a polymer obtainable by polymerizing a cyclic monomer. If
the ion exchange resin has segments D, its solubility in a
solvent will be good.

[0046] Here, “having alicyclic structures in its main
chain” means that at least one of carbon atoms in an alicyclic
structure in a repeating unit is co-owned by the main chain
of the polymer. Further, in this specification, “a polymer (or
monomer) having no ion exchange group” neither has “a
precursor of an ion exchange group” which can be converted
to an ion exchange group by e.g. hydrolysis.

[0047] The following polymers may be mentioned as
specific preferred examples of the polymer constituting the
segments D.

[0048] A polymer obtainable by cyclopolymerization of a
monomer as a starting material, such as a homopolymer of
BVE (hereinafter referred to as PBVE), poly(perfluoro(allyl
vinyl ether)) or poly(perfluoro(3,5-dioxa-1,6-heptadiene)),
and a polymer obtainable by copolymerization of the above-
mentioned cyclopolymerizable monomer with at least one
other perfluoromonomer having no ion exchange groups.

[0049] A polymer obtainable by polymerization of a cyclic
monomer, such as a homopolymer of PDD (hereinafter
referred to as PPDD), poly(perfluoro(1,3-dioxole)),
poly(perfluoro(2-methylene-4-methyl-1,3-dioxolane))  or
poly(2,2,4-trifluoro-5-trifluoromethoxy-1,3-dioxole), and a
polymer obtainable by copolymerization of the above-men-
tioned cyclic monomer with at least one other perfluo-
romonomer having no ion exchange groups, such as a
TFE/PDD copolymer.

[0050] Here, both the above cyclic monomer and the
above cyclopolymerizable monomer give amorphous seg-
ments, and therefore may be copolymerized at an optional
ratio.
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[0051] Said at least one perfluoromonomer having no ion
exchange group, may, for example, be a perfluoro(c-olefin)
such as TFE or hexafluoropropene, or a perfluoro(alkyl vinyl
ether). Like the perfluoro(alkyl vinyl ether) which can be
contained in the segments A, the above perfluoro(alkyl vinyl
ether) is preferably a perfluorovinyl ether compound of the
formula CF,=CF—(OCF,CFZ)—O0—R", particularly a
compound represented by one of the formulae 4 to 6.

[0052] Such a monomer can be copolymerized in an
amount within a range not to impart crystallinity to the
segments D. Specifically, in the case of TFE, it is preferably
at most 50 mass % in the segments D. Other perfluoro(o-
olefins) or perfluoro(alkyl vinyl ethers) have low polymer-
ization reactivities although they present no crystallinity,
and they are preferably at most 50 mass % in the segments
D 1in order to increase the molecular weight of the segments
D to a certain degree.

[0053] Further, as the polymer constituting the segments
B, a linear fluoropolymer can also be preferably used.
Specific examples of such a linear fluoropolymer include a
TFE/hexafluoropropene copolymer, and a TFE/perfluoro-
(alkyl vinyl ether) copolymer. In a case where the cathode
resin is prepared by an iodine transfer polymerization
method, as mentioned above, it is preferred that the polymer
constituting the respective segments is amorphous, and in a
case where the above linear fluoropolymer contains repeat-
ing units based on TFE, the polymer can be made amorphous
by increasing the content of the repeating units based on a
comonomer to be copolymerized with TFE.

[0054] Here, the perfluoro(alkyl vinyl ether) is preferably
CF,=CF—(OCF,CFY),—O0—R" In the formula, Y is a
fluorine atom or a trifluoromethyl group, and t is an integer
of from O to 3. Compounds of the formulae 4 to 6 may be
mentioned as preferred examples of the perfluorovinyl ether
cczmpound of the formula CF,=CF—(OCF,CFY)—0—
R

[0055] Among the linear fluoropolymers, the TFE/perfluo-
ro(alkyl vinyl ether) copolymer is available as a crystalline
one or an amorphous one. To obtain an amorphous one, it is
necessary that the repeating units based on the perfluoro-
(alkyl vinyl ether) are contained in an amount of at least 20
mol %, more preferably at least 25 mol %, in the copolymer.
Such segments made of an amorphous TFE/perfluoro(alkyl
vinyl ether) copolymer containing at least 20 mol % of the
repeating units based on the perfluoro(alkyl vinyl ether), are
referred to as segments E in this specification. The perfluo-
ro(alkyl vinyl ether) has a low polymerization reactivity, and
it is preferably at most 50 mol % in order to increase the
molecular weight of the segments E to a certain degree.

[0056] The cathode resin having the segments E is pre-
ferred since the solubility in a solvent is good. Further, the
cathode comprising the cathode resin having the segments E
is preferred since it is excellent in gas permeability.

[0057] The molecular weight of the cathode resin in the
present invention is preferably from 5x10° to 5x10°, par-
ticularly preferably from 1x10* to 3x10°. Further, in the
block polymer constituting the cathode resin, the ratio of the
segments A to the segments B is preferably from 95/5 to
5/95, particularly preferably from 80/20 to 40/60, by mass
ratio. Further, the molecular weight of each of the segments
A and the segments B is preferably from 1x10° to 5x10°,
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particularly preferably from 2x10° to 2x10°. Here, in the
case of a block polymer of ABA type, the molecular weight
of the segments A is the molecular weight of the entire
segments A, i.e. the molecular weight obtained by subtract-
ing the molecular weight of the segments B from the
molecular weight of the entire block polymer.

[0058] When the composition and the molecular weight
are controlled as described above, phase separation between
the segments A and the segments B is likely to take place,
whereby good gas permeability, proton conductivity and
water repellency can be secured. Further, when the block
polymer is to be dissolved or dispersed in a solvent, if the
molecular weight is too high, it tends to be difficult to
dissolve or disperse it in a solvent.

[0059] In the process for producing a polymer of the
present invention, the first monomer group is polymerized in
the presence of a first radical initiator and a iodine-contain-
ing fluoro-compound in a non-aqueous medium or in the
absence of any solvent, and then, the second monomer group
is polymerized under similar conditions to the above in the
presence of the obtained polymer and a second radical
initiator. Here, the first radical initiator and the second
radical initiator may be the same or different. Further, the
first monomer group and the second monomer group respec-
tively comprise one or more monomers, and the groups are
different from each other.

[0060] The preferred polymer as the cathode resin in the
present invention i.e. the block polymer of the present
invention, is obtained by the above process. Namely, it is
obtained by using the following monomer group c as the first
monomer group and the following monomer group d, d' or
e as the second monomer group, or using the following
monomer group d, d' or e as the first monomer group and the
following monomer group c¢ as the second monomer group.

[0061] Monomer group c: a perfluorovinyl ether hav-
ing a —SO,X' group (wherein X' is a fluorine atom
or a chlorine atom) and tetrafluoroethylene;

[0062] Monomer group d: a perfluoromonomer hav-
ing no ion exchange groups and having an alicyclic
structure, or a perfluoromonomer having no ion
exchange groups and having an alicyclic structure
and at least one other perfluoromonomer having no
ion exchange groups;

[0063] Monomer group d': a perfluoromonomer hav-
ing no ion exchange groups and having two double
bonds and being capable of cyclopolymerization, or
a perfluoromonomer having no ion exchange groups
and having two double bonds and being capable of
cyclopolymerization and at least one other perfluo-
romonomer having no ion exchange groups; and

[0064] Monomer group e: a perfluoro(alkyl vinyl
ether) having no ion exchange groups and tetrafluo-
roethylene.

[0065] Namely, the block polymer of the present invention
can be obtained by introducing the segments C (or C') and
the segments D or the segments E by the process for
preparing a block polymer by iodine transfer polymeriza-
tion. Namely, a monomer as a starting material for a polymer
constituting the segments C (or C') or the segments D (or E)
is polymerized in the presence of an iodine-containing
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fluoro-compound, and then a monomer as a starting material
for the polymer constituting the other segments, is polymer-
ized in the presence of the obtained polymer. At that time, as
the monomer for the preparation of the segments A, it is
preferred to use a monomer having a —SO,F group or a
—S0,Cl group and to convert the —SO,F group or the
—S0,Cl group to a sulfonic acid group after the polymer-
ization.

[0066] In the case of the iodine transfer polymerization,
the following compounds may, for example, be mentioned
as the iodine-containing fluoro-compound to be used.

[0067] Todoperfluoromethane, iodoperfluoroethane, 1-io-
doperfluoropropane, 2-iodoperfluoropropane, 1-iodoper-
fluorobutane, 2-iodoperfluorobutane, 2-iodoperfluoroisobu-
tane, 1l-iodoperfluoropentane, 1-iodoperfluorohexane,
1-iodoperfluorooctane, 1-iodoperfluorononane, iodoperfluo-
rocyclobutane, 2-iodoperfluoro(1-cyclobutyl)ethane, iodop-
erfluorocyclohexane, iododifluoromethane, iodofluo-
romethane,  2-iodo-1-hydroperfluoroethane,  3-iodo-1-
hydroperfluoropropane, iodochlorodifluoromethane,
iododichlorofluoromethane, 2-iodo-1,2-dichloro-1,1,2-trif-
luoroethane, 4-iodo-1,2-dichloroperfluorobutane, 6-iodo-1,
2-dichloroperfluorohexane,  4-iodo-1,2,4-trichloroperfluo-
robutane, 1-iodo-2,2-dihydroperfluoropropane, 1-iodo-2-
hydroperfluoropropane, iodotrifluoroethylene,
3-iodoperfluoropropene, 4-iodoperfluoro(1-pentene), and
4-iodo-5-chloroperfluoro(1-pentene).

[0068] 1,3-diiodoperfluoropropane,  1,4-diiodoperfluo-
robutane, 1,3-diiodo-2-chloroperfluoropropane, 1,5-diiodo-
2,4-dichloroperfluoropentane,  1,8-diiodoperfluorooctane,
1-iodoperfluorodecane, 1,12-diiodoperfluorododecane,
1,16-diiodoperfluorohexadecane, and 1,2-bis(iododifluo-
romethyl)perfluorocyclobutane.

[0069] 2-iodo-1,1,1-trifluoroethane, 1-iodo-1-hydroper-
fluoropropane,  2-iodo-2,2-dichloro-1,1,1-trifluoroethane,
2-iodo-2-chloro-1,1,1-trifluoroethane,  2-iodoperfluoroet-
hyl=perfluorovinyl=ether,  2-iodoperfluoroethyl=perfluor-
oisopropyl=ether, 3-iodo-2-chloroperfluorobutyl=perfluo-
romethyl=thioether, and 3-iodo-4-chloroperfluorobutyric
acid.

[0070] A binary block polymer can be obtained by poly-
merizing a monomer as a starting material for the segments
C' in the presence of the above-mentioned iodine-containing
fluoro-compound, then removing the monomer remaining in
the polymerization system out of the system, introducing a
monomer as a starting material for the segments D or E into
the system, followed by further polymerization. Further, a
process for polymerizing a monomer as a starting material of
the segments C' after polymerizing the segments D or E, can
also be suitably employed. The perfluorovinyl ether com-
pounds having —SO,F groups as shown by the formulae 1
to 3 have low polymerization reactivities, whereby it is
difficult to increase the conversion to polymers, and a large
amount of monomers tend to remain in the system even after
polymerization. Further, monomers, of which the boiling
points are not high, can not easily be withdrawn from the
polymerization system.

[0071] Accordingly, in order to synthesize subsequent
segments without withdrawing the initially prepared seg-
ments from the polymerization system, firstly, a cyclopoly-
merizable monomer having a high polymerization reactivity,
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such as BVE, perfluoro(allyl vinyl ether) or perfluoro(3,5-
dioxa-1,6-heptadiene), or a cyclic monomer such as PDD,
perfluoro(1,3-dioxole), perfluoro(2-methylene-4-methyl-1,
3-dioxolane) or perfluoro(4-methoxy-1,3-dioxole) is poly-
merized to form segments D, and in a later stage, a perfluo-
rovinyl ether compound having a —SO,F group is
polymerized to form segments C', whereby a block polymer
can easily be obtained.

[0072] Otherwise, firstly, segments D are prepared by
using preferably a perfluoromonoiodide (one containing one
iodine atom and all the rest of atoms bonding to carbon
atoms being fluorine atoms except for the iodine atom and
an oxygen atom), more preferably a perfluoroalkyl monoio-
dide, as an iodine compound in the iodine transfer polymer-
ization, and then moieties of segments C' are prepared,
whereby perfluoroalkyl groups can be introduced at the
terminals of the segments D having no ion exchange groups,
and a polymer having high water repellency can be obtained.

[0073] Substitution of a monomer remaining in the poly-
merization system by a monomer to be further polymerized
and the polymerization can be repeated to obtain a multi-
segmented polymer. At the time of the above-mentioned
substitution of a monomer, the polymer having iodine atoms
at the terminals may be isolated and again charged for the
subsequent polymerization. Otherwise, without isolating the
polymer, the monomer may be withdrawn out of the reaction
system, and the monomer for the subsequent polymerization
may then be added. When the remaining monomer is a
gaseous monomer or a monomer having a low boiling point,
the latter method of withdrawing the remaining monomer
may suitably be employed. In a case where a monomer
having a high polymerization reactivity such as a cyclic
monomer or a cyclopolymerizable monomer, is polymerized
in the first stage, and the conversion from the monomer to
the polymer is high, a monomer to be subsequently poly-
merized may be added to the system without withdrawing
the remaining monomer after the polymerization, whereby a
polymer substantially the same as in the case where the
monomer of the first stage is withdrawn, can be obtained.

[0074] The polymerization is carried out under such a
condition that radicals are formed. In the process of the
present invention, polymerization is carried out in a non-
aqueous medium or under a condition where no solvent is
present. It is common to employ a method of irradiating
radiation rays such as ultraviolet rays, y-rays or electron
beams, or a method of adding a radical initiator which is
commonly used in radical polymerization. In the Examples
of the present invention, the latter method is employed. The
polymerization temperature is usually at a level of from 20
to 150° C. The radical initiator may, for example, be a
bis(fluoroacyl) peroxide, a bis(chlorofluoroacyl) peroxide, a
dialkyl peroxydicarbonate, a diacyl peroxide, a peroxy ester
or an azo compound.

[0075] In a case where polymerization is carried out in a
non-aqueous medium, the boiling point of the solvent to be
used is usually from 20 to 350° C., preferably from 40 to
150° C., from the viewpoint of handling efficiency. The
following solvents may, for example, be mentioned as useful
solvents.

[0076] A polyfluorotrialkylamine compound such as per-
fluorotributylamine or perfluorotripropylamine.

[0077] A fluoroalkane such as perfluorohexane, perfluo-
rooctane, perfluorodecane, perfluorododecane, perfluoro(2,
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7-dimethyloctane), 2H,3H-pentafluoropentane, 1H-perfluo-
rohexane, 1H-perfluorooctane, 1H-perfluorodecane, 1H,4H-
perfluorobutane, 1H,1H,1H,2H,2H-perfluorohexane,
1H,1H,1H,2H,2H-perfluorooctane, 1H,1H,1H,2H,2H-per-
fluorodecane, 3H,4H-perfluoro(2-methylpentane) or 2H,3H-
perfluoro(2-methylpentane).

[0078] A chlorofluoroalkane such as 3,3-dichloro-1,1,1,2,
2-pentafluoropropane, 1,3-dichloro-1,1,2,2,3-pentafluoro-
propane, or 1,1-dichloro-1-fluoroethane.

[0079] A fluoroolefin having no double bond at the
molecular terminal, such as a dimer of hexafluoropropene or
a trimer of hexafluoropropene.

[0080] A polyfluorocycloalkane such as perfluorodecalin,
perfluorocyclohexane, perfluoro(1,2-dimethylcyclohexane),
perfluoro(1,3-dimethylcyclohexane), perfluoro(1,3,5-trim-
ethylcyclohexane) or perfluoro(dimethylcyclobutane) (the
structural isomerism is not limited).

[0081] A perfluorocyclic ether compound such as per-
fluoro(2-butyltetrahydrofuran).

[0082] A hydrofluoroether such as n-C;F,OCHj,
n-C;F,OCH,CF;, 0n-C,;F,OCHFCF,, n-C,F,OC,H,,
n-C,F,OCH,, iso-C,F,OCH;, n-C,F,OC,Hs, iso-
C,F;,0C,Hs, n-C,F,;OCH,CF;, n-CsF,;OCHj,
n-C,F,;OCH;, n-C.F ;OC,H,, CF,O0CF (CF,)CF,QCHj,,
CF;OCHFCH,OCH;, CF;0CHFCH,OC,Hy or
n-C;F,OCF(CF;)CF,0CHFCF;, a fluorine-containing
lower molecular weight polyether, or t-butanol.

[0083] These solvents may be used alone or as a mixture
of two or more of them. Other than these solvents, a wide
range of compounds may be used as solvents. Chlorofluo-
rocarbons such as 1,1,2-trichloro-1,2,2-trifluoroethane, 1,1,
1-trichloro-2,2,2-trifluoroethane, 1,1,1,3-tetrachloro-2,2,3,
3-tetrafluoropropane and 1,1,3,4-tetrachloro-1,2,2,3,4,4-
hexafluorobutane, can be used technically, but they are not
preferred from the viewpoint of the protection of the global
environment. Further, polymerization can be carried out by
means of liquefied or supercritical carbon dioxide.

[0084] In the case of suspension polymerization or emul-
sion polymerization, polymerization can be carried out in
water or in a mixed system of water with the above-
mentioned solvent. However, in the process of the present
invention, a polymer is obtained by polymerization in the
above-described non-aqueous medium or by bulk polymer-
ization (polymerization in the absence of a solvent). The
reason for employing such a polymerization method in the
present invention is as follows.

[0085] In the suspension polymerization, polymer par-
ticles swelled with the monomer during polymerization are
likely to bond one another to form large agglomerates,
whereby it is difficult to realize a smooth process. On the
other hand, in the emulsion polymerization, it is difficult to
control the polymer properties. For example, in a case where
the segments A are made of a  TFE/
CF,=CFOCF,CF(CF,)OCF,CF,SOH copolymer, it is not
easy to obtain segments A having a high ion exchange
capacity by a usual emulsion polymerization method
employing an emulsifier such as C,F,;CO,NH, or
CF,,CO,NH, (the structural isomerism is not limited)
which is commonly used in emulsion polymerization of a
fluoropolymer.
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[0086] For example, polymerization is carried out at 57°
C. by adding 20  parts by mass of
CF,=CFOCF,CF(CF;)OCF,CF,SO,F and 02 part by
mass of n-C.F,,CO,NH, as an emulsifier, per 100 parts by
mass of water, only a polymer having an ion exchange
capacity of not higher than 0.2 meq/g dry resin will be
obtained under a polymerization pressure of TFE being as
low as 0.2 MPa by gauge pressure. This is considered to be
attributable to the fact that emulsification of the above vinyl
ether monomer having a —SO,F group is difficult, whereby
the above vinyl ether monomer can not be supplied
smoothly from monomer drops to the micelle at the poly-
merization site. Accordingly, in order to obtain a polymer
having a high ion exchange capacity by a conventional
method, it is necessary to lower the TFE concentration in the
polymerization system by further lowering the polymeriza-
tion pressure, but such is not preferred since the dependency
of the ion exchange capacity of the resulting polymer on the
polymerization pressure tends to be too much, and the
polymer properties of the polymer such as the ion exchange
capacity and the molecular weight tend to be substantially
changed by a small change in pressure.

[0087] As a method to solve such a problem, there has
been proposed a method of carrying out preliminary emul-
sification by means of ultrasonic waves or an emulsifying
apparatus (JP-A-60-250009, JP-A-62-288617) or a method
of employing a special emulsifier such as an emulsifier
having a long alkyl chain, an emulsifier having an ether
chain or an emulsifier having a sulfonate-type functional
group (JP-A-62-288614, JP-A-62-288615, JP-A-62-
288616). However, the method of carrying out preliminary
emulsification has a problem in the reproducibility, since the
polymer properties are sensitive to the conditions for the
preliminary emulsification. The method of employing the
special emulsifier has a problem such that it is difficult to
obtain it, or the cost tends to be high. A method of adding a
water-soluble organic solvent such as t-butanol to the poly-
merization system, has also been proposed (JP-A-6-
184244), but it has a problem with respect to waste water
treatment.

[0088] Further, in order to carry out emulsion polymer-
ization with good reproducibility to obtain a polymer having
a high ion exchange capacity, it is necessary that even at a
later stage of the polymerization, a large amount of the vinyl
ether monomer having a —SO,F group, is present, whereby
the conversion of the vinyl ether monomer can not be
increased. Accordingly, a process for recovering the mono-
mer after the polymerization will be required.

[0089] In the polymerization in a non-aqueous medium or
in the bulk polymerization, the monomer can easily be
recovered as follows. Namely, it is possible to employ a
method of distilling a liquid obtained by coagulating the
polymer and washing it, followed by filtration or a liquid
obtained by centrifugal separation, or a method of recover-
ing the monomer by heating the solution or slurry after the
polymerization to distill the monomer/solvent under a
reduced pressure. On the other hand, in a case of recovering
the monomer from a latex obtained by emulsion polymer-
ization, if it is attempted to recover the monomer by coagu-
lating the polymer, the coagulated polymer is swelled with
the monomer and difficult to handle as it is highly viscous.

[0090] Further, if stirring is carried out in a state where
water, the fluoromonomer and/or the fluorine-containing
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solvent and the fluoropolymer, are co-existent, a liquid
product of suspension state is likely to form, and their
separation tends to be difficult. Further, in the co-existence
of water and the monomer, hydrofluoric acid is likely to
form as a by-product, whereby there will be a problem that
the apparatus is likely to be corroded. The same problem will
result also in a method of recovering the monomer under
reduced pressure or in a method of recovering the monomer
by washing with a solvent when water is co-existent. A
method of adding a certain specific fluorine-containing
solvent to the latex to extract and recover the monomer, is
available, but there will be a problem such that the latex will
be destroyed during the extraction, or the extracting solvent
will be absorbed by the latex to some extent.

[0091] Further, in the emulsion polymerization, a micelle
will be present other than the micelle in which the polymer
is formed. Accordingly, if the subsequent polymerization
starts in a micelle which does not contain segments initially
polymerized, a polymer blend (a mixture of a polymer
constituting segments A or their precursor and a polymer
constituting segments B) is likely to be formed instead of a
block polymer.

[0092] Whereas, by polymerization in a non-aqueous
medium having high affinity to the polymer or by bulk
polymerization, the polymerization reactivities of the grow-
ing terminals of the polymer will be maintained, whereby
the above-mentioned problems will not occur. In a case
where the initially prepared segments have no crystallinity,
the initially prepared segments can be uniformly dissolved
in the above non-aqueous medium or the monomer in the
subsequent polymerization, whereby the reaction for block
polymerization can be proceeded smoothly. Further, even
when the initially polymerized segments are not completely
dissolved, they will be sufficiently swelled, whereby the
reactivity of the growing terminals by polymerization can be
secured, whereby the reaction for block polymerization can
be proceeded. Here, if initially crystallized segments are
subjected to polymerization, in the subsequent polymeriza-
tion, the reaction for block polymerization tends to be hardly
smoothly proceeded, such being undesirable.

[0093] The —SO,F groups in the polymer thus prepared,
will be converted to —SO;Na groups or —SO;K groups,
when they are hydrolyzed in water or a solvent mixture of
water with a polar solvent such as dimethylsulfoxide or an
alcohol such as methanol or ethanol, containing an alkali
such as NaOH or KOH. Further, if they are treated with an
acidic aqueous solution of e.g. hydrochloric acid, sulfuric
acid or nitric acid, they will be converted to an acid form,
whereby Na ions or K ions are substituted by protons to form
sulfonic acid groups (—SO,H groups). The hydrolysis and
conversion to the acid form are carried out usually at a
temperature of from 0 to 120° C.

[0094] Here, the process for preparing a block polymer of
the present invention has been described with reference to a
case wherein segments A are prepared from a monomer
having a —SO,F group. However, the preparation may be
carried out in the same manner when the block polymer is
prepared from a monomer having a —SO,Cl group, and, for
example, when the polymer is to be used for a polymer
electrolyte fuel cell, such a group is converted to a sulfonic
acid group before use.

[0095] The block polymer of the present invention has
amorphous segments D or segments E having no ion
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exchange groups and has no crystallinity, whereby X in the
—S0,X group is represented by —OM, and when M is a
hydrogen atom, an alkali metal atom or NH,, it can be
dissolved or well dispersed in an organic solvent having a
—OH group, particularly in an organic solvent having an
alcoholic hydroxyl group. Further, also a block polymer
wherein the —SO,X groups in the block polymer of the
present invention are substituted by —SO,NR'R*RR*
groups wherein each of R', R*, R® and R* which are
independent of one another, is a hydrogen atom or a C, g
alkyl group (provided that at least one of R* to R* is not a
hydrogen atom), can be dissolved and well dispersed in an
organic solvent having a —OH group.

[0096] Such a solvent may, for example, be methanol,
ethanol, 1-propanol, 2-propanol, 2,2,2-trifluoroethanol, 2,2,
3,3,3-pentafluoro-1-propanol, 2,2,3,3-tetrafluoro-1-pro-
panol, 4,4,5,5,5-pentafluoro-1-pentanol, 1,1,1,3,3,3-
hexafluoro-2-propanol, 3,3,3-trifluoro-1-propanol, 3,3,4,4,5,
5,6,6,6-nonafluoro-1-hexanol or 3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-1-octanol. Further, other than an alcohol, an
organic solvent having a carboxylic group, such as acetic
acid, may be used. However, the solvent is not limited to
such a specific example.

[0097] Such organic solvents having —OH groups may be
used in admixture or may be used as mixed with water or
other fluorine-containing solvents. As such other fluorine-
containing solvents, fluorine-containing solvents as exem-
plified as the preferred fluorine-containing solvents for poly-
merization in the above-mentioned non-aqueous solvent,
may be exemplified. When a solvent mixture is to be
employed, the organic solvent having a —OH group is
preferably contained in an amount of at least 10%, particu-
larly preferably at least 20%, based on the total mass of the
solvents.

[0098] When a solvent mixture is to be employed, the
block polymer may be dissolved or dispersed in the solvent
mixture from the beginning, but it may be dissolved first in
an organic solvent having a —OH group and then the other
solvent may be mixed thereto.

[0099] Further, the block polymer of the present invention
is hardly soluble in water. However, if it is dissolved in an
organic solvent having a —OH group, water may be added
to the obtained solution without precipitation of the polymer.
It is considered that the ion exchange groups interact with
the solvent, so that the polymer can be present in the liquid
in a stabilized state. Further, by an operation of distillation
under heating of the organic solvent having a —OH group
and addition of water, or by an operation of repeating
concentration of the polymer by a centrifugal separator and
addition of water, it is also possible to prepare an aqueous
dispersion of the polymer containing substantially no
organic solvent. Dissolution of the block polymer of the
present invention is carried out usually at a temperature of
from room temperature to 150° C.

[0100] When an electrode for a polymer electrolyte fuel
cell is prepared by using a liquid composition obtained by
dissolving or dispersing the block polymer in water or a
solvent containing the above-mentioned organic solvent
having a —OH group, it is possible to obtain a gas diffusion
electrode excellent in a gas diffusion property. Especially
when the obtained electrode is used as a cathode, it is
excellent in the oxygen gas permeability and is thus pre-

Oct. 23, 2003

ferred. The concentration of the block polymer in such a
liquid composition is preferably from 1 to 50%, particularly
preferably from 3 to 30%, based on the total mass of the
liquid composition. If the concentration is too low, a large
amount of an organic solvent will be required at the time of
preparing the electrode, and if the concentration is too high,
the viscosity of the liquid tends to be too high, and the
handling efficiency tends to be poor.

[0101] A conventional method may be employed for the
preparation of an electrode for a polymer electrolyte fuel cell
by using a solution or dispersion of the cathode resin in the
present invention, such as the above liquid composition.
Namely, it is preferred that conductive carbon black powder
having fine particles of a platinum catalyst carried, is mixed
and dispersed in the above solution or dispersion, and using
the obtained uniform dispersion, a membrane/electrode
assembly is obtained by either one of the following two
methods. The first method is a method wherein the above-
mentioned dispersion is coated on both sides of a cation
exchange membrane and dried, and then a carbon cloth or
carbon paper is adhered thereto. The second method is a
method wherein the above dispersion is coated on a carbon
cloth or carbon paper and then dried, and then adhered to a
cation exchange membrane.

[0102] In the present invention, the catalyst contained in
the cathode and the cathode resin are preferably in a weight
ratio of catalyst/cathode resin of from 40/60 to 95/5, from
the viewpoint of the electrical conductivity of the electrode
and the dischargeability of water. Here, in the case of a
catalyst supported on a carrier such as carbon, the mass of
the catalyst includes the mass of the carrier.

[0103] Further, the cathode resin in the present invention
may be composed of a single resin having segments A and
segments B, but it may be a mixture thereof with a conven-
tional perfluoropolymer having sulfonic acid groups. Such a
polymer may, for example, be a polymer obtained by hydro-
lyzing a monomer represented by any one of the formulae 1
to 3/TFE copolymer or a monomer represented by any one
of the formulae 1 to 3/TFE/a monomer represented by any
one of the formulae 4 to 6 terpolymer, followed by conver-
sion to an acid form. In the case of a mixture, the proportion
of the resin having segments A and segments B is preferably
at least 20%, particularly preferably at least 50%, based on
the total mass of the cathode resin.

[0104] The cathode resin in the present invention com-
prises preferably segments A and segments B, particularly
preferably segments C and segments D. However, it may
comprise segments C, segments D and segments E. Namely,
it may comprise at least two types of segments A and/or at
least two types of segments B.

[0105] Further, the cathode resin in the present invention
may comprise at least two segments A or segments B, and
it may be of an AB type, an ABA type, a BAB type, an
ABAB type . . . (A and B represent segment A and segment
B, respectively). Further, other segments may be contained
in an amount of not more than 30 mass % within a range not
to impair the function of ion conductivity by segments A or
water repellency by segments B. Such other segments may,
for example, be segments made of a polymer having car-
boxylic groups, segments made of a polymer having phos-
phoric groups or segments made of a polymer having
hydroxyl groups.
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[0106] The anode in the present invention may be the
same as the cathode. However, it may be made of a gas
diffusion electrode which has heretofore been commonly
used. The anode is formed in the same manner as the
cathode, and a membrane/electrode assembly is obtainable
wherein an anode is disposed on one side of a membrane and
a cathode is disposed on the other side of the membrane. The
obtained membrane/electrode assembly may, for example,
be sandwiched between separators made of e.g. conductive
carbon plates having grooves formed for passage of a fuel
gas or an oxidizing gas containing oxygen (such as air,
oxygen, etc.) and assembled into a cell to obtain a polymer
electrolyte fuel cell of the present invention.

[0107] Further, the block polymer of the present invention
may be formed into a molded product such as a film by melt
molding such as extrusion molding. For example, in the case
of a block polymer having —SO,F groups, it is preferred
that the glass transition temperatures T, or the crystalline
melting points T,, (if segments having a crystalline melting
point are present) of the respective segments are at most
270° C. in order to carry out the melt molding without
thermal decomposition of the —SO,F groups. The thermal
decomposition of the —SO,F groups becomes remarkable at
a temperature of 350° C. or higher, but in a case where the
retention time in the molding machine is long, the decom-
position takes place even at a lower temperature. On the
other hand, in order to secure the melt fluidity, it is necessary
to carry out molding at a temperature higher by at least from
30 to 40° C. than T, or T,,. Accordingly, in order to secure
a temperature at which melt molding can be carried out
under a stabilized condition, T, or T, is preferably at most
270° C. Here, in a case where T, or T, exists in plurality, all
T, or all T, is preferably at most 270° C.

[0108] Usually, in a case where the respective segments of
a block polymer are mutually insoluble, such a block poly-
mer has a plurality of T, based on the respective segments,
and in a case where compatibility of the respective segments
is good, such a block polymer has one T, at a temperature
between T, of the respective segments (“Mechanical prop-
erties of polymers and composites” by L. E. Nielsen, trans-
lated by Shigeharu Onoki, first edition, seventh printing,
pp.129-133, Kabushiki Kaisha Kagaku Dojin (1976)). Spe-
cifically, T, of preferred polymers constituting the respective
segments of the block polymer of the present invention is as
follows. T, of a copolymer comprising at least 20 mol % of
repeating units based on
CF,=CFOCF,CF(CF,)OCF,CF,SO,F (hereinafter
referred to as PSVE): lower than 100° C., T, of PBVE: 108°
C., T, of poly(perfluoro(allyl vinyl ether)): 69° C., T, of
poly(perfluoro(3,5-dioxa-1,6-heptadiene)): 78° C., T, of
poly(perfluoro(2-methylene-4-methyl-1,3-dioxolane)): 130°
C., T, of poly(perfluoro(1,3-dioxole)): 180° C., T, of
poly(perfluoro(4-methoxy-1,3-dioxole)): 162° C., T, of a
TFE/PDD copolymer (molar ratio: 35:65): 160° C., and T,
of a TFE/PDD copolymer (molar ratio: 13:87): 240° C.

[0109] Thus, a block polymer constituted solely by seg-
ments made of polymers having T, of lower than 270° C., as
mentioned above, will not have T, exceeding 270° C.,
irrespective of the compatibility of the respective segments.
Accordingly, such a block polymer can easily be melt-
molded.

[0110] Further, for example, T, of PPDD is 335° C., but its
compatibility with a TFE/PSVE copolymer is good, and
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accordingly, a block polymer comprising segments made of
PPDD and segments made of a TFE/PSVE copolymer, can
be controlled to have T, of at most 27° C. However, if this
block polymer is hydrolyzed, the respective segments will
be mutually insoluble.

[0111] Now, the present invention will be described in
further detail with reference to Examples (Examples 1 to 5)
and Comparative Example (Example 6), but it should be
understood that the present invention is by no means
restricted to such specific Examples.

[0112] In the following Examples, the following abbre-
viations will be used.

PPVE: CF,=CFOCF,CF,CF;,
IPP: (CH,),CHOC(=0)OOC(=0)OCH(CH,),,
HCFC141b: CH,CCLF,
HCFC225¢b: CCIF,CF,CHCIF.
[0113] In the block polymer of AB type, ABAtype or BAB

type (A and B represent segment A and segment B, respec-
tively) prepared in each of the following Examples, the
molecular weights and the ion exchange capacities of the
respective segments and the entire polymer were obtained as
follows. The properties of the polymer of each Example
obtained in such a manner are shown in Table 1. Here, the
molecular weight of segments A of an ABA type block
polymer represents the molecular weight of the total of
segments A introduced into the polymer chain (the molecu-
lar weight obtained by subtracting the molecular weight of
segments B from the molecular weight of the entire block
polymer). The same applies with respect to a BAB type.

[0114] In Tables 1 and 2, the unit for the ion exchange
capacity is meq/g dry resin. Further, in Table 1, A and B
represent segment A and segment B, respectively.

[0115] Case where Segments A are Prepared Firstly

[0116] With respect to the firstly prepared segments A, the
ion exchange capacity was obtained by titration, and the
number average molecular weight calculated as polymethyl
methacrylate was obtained by a size exclusion chromatog-
raphy (hereinafter referred to as GPC) (apparatus: SEC
HL.C-8020, manufactured by TOSOH CORPORATION,
mobile phase: HCFC225¢b/1,1,1,3,3,3-hexafluoro-2-pro-
panol (volume ratio of 99/1), column: Plgel 54 MIXED-C
two columns, manufactured by Polymer Laboratory Co.).
Then, the ion exchange capacity of the entire block polymer
containing segments B, obtained by block copolymerization
was obtained by titration. From the ion exchange capacity of
the segments A and the ion exchange capacity of the entire
block polymer, the mass ratio of the segments B to the
segments A was obtained, and the molecular weight of the
segments B was calculated. Further, using the above-men-
tioned molecular weight of the segments A, the molecular
weight of the entire block polymer was calculated.

[0117] Case where Segments B are Prepared Firstly

[0118] From the ion exchange capacity of the entire block
polymer obtained by block copolymerization and the ion
exchange capacity of the segments A obtained by the *°F-
NMR (solvent: perfluorobenzene, standard material: CCLF,
d (ppm)), the mass ratio of the segments B to the segments
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A was obtained. In the same manner as described above,
using the molecular weight of the segments B obtained by
GPC, the molecular weight of the segments A and the
molecular weight of the entire block polymer were calcu-
lated.

[0119] Now, Preparation Examples of block polymers will
be described, and the ion exchange capacities and the
molecular weights of the obtained polymers will be shown
in Table 1.

EXAMPLE 1

[0120] Preparation of a (TFE/PPVE Copolymer)-(TFE/
PSVE Copolymer) Block Copolymer

[0121] Synthesis of TFE/PPVE Copolymer Segments

[0122] Into a degassed autoclave having an internal capac-
ity of 1 1, 4.50 g of 1-iodoperfluorobutane (F(CF,),I) and
706.5 g of PPVE were charged and then heated to 40° C.
After injecting 88 g of TFE, 5 ml of a solution obtained by
mixing 5.36 g of IPP with 78.2 g of HCFC225cb, was
injected to initiate polymerization. While maintaining the
pressure to be constant (gauge pressure of 0.66 MPa), the
polymerization was continued. As the polymerization rate
decreased, the above solution of IPP was further added to
continue the polymerization. The total amount of IPP added
was 1.6 g. When 80 g of TFE was introduced, the heating
was stopped, and TFE was purged to terminate the poly-
merization. The obtained solution was poured into
HCFC141b for flocculation, followed by washing, filtration
and drying to obtain 152 g of a white polymer.

[0123] The polymer was a TFE/PPVE copolymer wherein
the ratio of the repeating units based on TFE to the repeating
units based on PPVE was 72:28, by molar ratio. Further, the
polymer was elastomeric at room temperature. Preparation
of a (TFE/PPVE copolymer)-(TFE/PSVE copolymer) block
copolymer Into an autoclave having an internal capacity of
11, 80 g of the above TFE/PPVE copolymer was introduced,
and after being degassed, 778.5 g of PSVE was charged,
followed by heating to 40° C. and stirring for 30 minutes for
dissolution. After injecting 60 g of TFE, 6 ml of a solution
obtained by mixing 2.8 g of IPP with 78.6 g of HCFC225c¢b,
was injected to initiate polymerization. While maintaining
the pressure to be constant (gauge pressure of 0.49 MPa), the
polymerization was continued. As the polymerization rate
decreased, the above solution of IPP was further added to
continue the polymerization. The total amount of IPP added
was 1.17 g. When 55 g of TFE was introduced, the heating
was stopped, and TFE was purged to terminate the poly-
merization. The obtained solution was poured into
HCFC141b for flocculation, followed by washing, filtration
and drying to obtain 268.5 g of a white polymer (hereinafter
referred to as polymer 1). The molar ratio of TFE to PSVE
was 70.5:29.5.

[0124] In FIG. 1, the respective GPC charts of the initially
obtained TFE/PPVE copolymer and polymer 1 obtained as
described above, are shown by a solid line and a dotted line,
respectively. The abscissa represents the elution time, and
the ordinate represents the peak intensity. The peak of
polymer 1 appears as a single peak on the higher molecular
weight side than the TFE/PPVE copolymer, which indicates
that no substantial blend polymer is present. Further, the
respective ?F-NMR charts of the TFE/PPVE copolymer in
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perfluorobenzene and the above polymer 1 in the same
solvent are shown in FIG. 2(a) and FIG. 2(b), respectively.
The abscissa represents the chemical shift with reference to
CCL;F, and the ordinate represents the peak intensity. The
same applies to FIGS. 3 to 5. From these data, polymer 1
was confirmed to be a (TFE/PPVE copolymer)-(TFE/PSVE
copolymer)block polymer.

EXAMPLE 2

[0125] Preparation of a (PBVE)-(TFE/PSVE Copolymer-
)Block Polymer

[0126] Synthesis of PBVE Segments

[0127] Into a 500 ml glass flask, 2.77 g of F(CF,),I, 203
g of 1H-perfluorohexane (hereinafter referred to as CsF,5H)
and 200 g of BVE were put, stirred and heated to 40° C.
under nitrogen. Then, 0.33 g of IPP was added thereto to
initiate polymerization. As the polymerization rate
decreased, a solution obtained by mixing 1.0 g of IPP with
9.0 g of C,F,;H, was added to continue the polymerization.
Upon expiration of 97 hours from the initiation of the
polymerization, heating was stopped. The total amount of
IPP added was 0.66 g. This reaction solution was poured into
HCFC141b for flocculation, followed by washing, filtration
and drying to obtain 137 g of an amorphous polymer.

[0128] Preparation of a (PBVE)-(TFE/PSVE Copolymer-
)Block Polymer

[0129] Into an autoclave having an internal capacity of 1
I, 80 g of the polymer obtained as described above, was
charged and degassed, and 778.5 g of PSVE was charged,
followed by heating to 40° C. and stirring for 30 minutes.
Then, after injecting 58 g of TFE, 5 ml of a solution obtained
by dissolving 2.63 g of IPP in 78.2 g of HCFC225c¢cb, was
injected to initiate polymerization. While maintaining the
pressure to be constant, the polymerization was continued.
As the polymerization rate decreased, the above IPP solution
was supplemented to continue the polymerization. The total
amount of IPP added was 1.05 g. When 55 g of TFE was
introduced, the heating was stopped, and TFE was purged to
terminate the polymerization. The obtained solution was
poured into HCFC141b for flocculation, followed by wash-
ing, filtration and drying to obtain 217 g of a white polymer
(hereinafter referred to as polymer 2). The molar ratio of
TFE to PSVE was 72.1:27.9. The respective *F-NMR
charts of PBVE in perfluorobenzene and the above polymer
2 in the same solvent are shown in FIG. 3(@) and FIG. 3(b),
respectively.

EXAMPLE 3

[0130] Preparation of a (TFE/PSVE Copolymer)-(PBVE)-
(TFE/PSVE Copolymer)Block Polymer

[0131] Synthesis of PBVE Segments

[0132] Into a 500 ml glass flask, 5.71 g of 1,4-diiodoper-
fluorobutane (I(CF,),I), 150 g of C;F5H and 152 g of BVE
were put, stirred and heated to 40° C. under nitrogen. Then,
3.34 g of a solution obtained by dissolving 2.29 g of IPP in
12.65 g of HCFC225c¢b, was added thereto, and polymer-
ization was carried out at 40° C. for 117 hours. This reaction
solution was poured into HCFC141b for flocculation, fol-
lowed by washing, filtration and drying to obtain 153 g of an
amorphous resin.
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[0133] Preparation of a (TFE/PSVE Copolymer)-(PBVE)-
(TFE/PSVE Copolymer)Block Polymer

[0134] Into an autoclave having an internal capacity of 1
1, 80 g of the above PBVE was introduced and degassed.
Then, 778.5 g of PSVE was introduced, followed by heating
to 40° C. and stirring for 30 minutes for dissolution. After
injecting 60 g of TFE, 7 ml of a solution obtained by
dissolving 2.8 g of IPP in 78.2 g of HCFC225cb, was
injected to initiate polymerization. While maintaining the
pressure to be constant (gauge pressure of 0.49 MPa), the
polymerization was continued. As the polymerization rate
decreased, the above IPP solution was further added to
continue the polymerization. The total amount of IPP added
was 1.23 g. When 53 g of TFE was introduced, heating was
stopped, and TFE was purged to terminate the polymeriza-
tion. The obtained solution was poured into HCFC141b for
flocculation, followed by washing, filtration and drying to
obtain 265 g of a white polymer (hereinafter referred to as
polymer 3). The molar ratio of TFE to PSVE was 70.1:29.9.
The respective *?F-NMR charts of PBVE in perfluoroben-
zene and the above polymer 3 in the same solvent are shown
in FIG. 4(a) and FIG. 4(b), respectively.

EXAMPLE 4

[0135] Preparation of a (PBVE)-(TFE/PSVE Copolymer)-
(PBVE)Block Polymer

[0136] Synthesis of TFE/PSVE Copolymer Segments

[0137] Into a degassed autoclave having an internal capac-
ityof 11,4.15 g of I(CF,),I and 778.5 of PSVE were charged
and then heated to 40° C. After injecting 58 g of TFE, 6 ml
of a solution obtained by dissolving 7.53 g of [PP in 78.2 g
of HCFC225cb, was injected to initiate polymerization.
While maintaining the pressure to be constant (gauge pres-
sure of 0.45 MPa), the polymerization was continued. As the
polymerization rate decreased, the above IPP solution was
further added to continue the polymerization. The total
amount of IPP added, was 1.66 g. When 80 g of TFE was
introduced, the heating was stopped, and TFE was purged to
terminate the polymerization. The obtained solution was
poured into HCFC141b for flocculation, followed by wash-
ing, filtration and drying to obtain 235 g of a polymer which
was elastomeric at room temperature. The molar ratio of
TFE to PSVE was 72.1:27.9.

[0138] Preparation of a (PBVE)-(TFE/PSVE Copolymer)-
(PBVE)Block Polymer

[0139] Into a 500 ml glass flask, 50 g of the above
TFE/PSVE copolymer, 250 g of C;F,;H and 30 g of BVE
were put, stirred, dissolved and heated to 40° C. under
nitrogen. Then, 1.39 g of a solution obtained by dissolving
0.97 g of IPP in 17.26 g of HCFC225c¢b, was added thereto
to initiate polymerization. As the polymerization rate
decreased, the above IPP solution was further added to
continue the polymerization. The total amount of IPP added
was 0.15 g. Upon expiration of 366 hours from the initiation
of the polymerization, the heating was stopped. This reac-
tion solution was poured into HCFC141b for flocculation,
followed by washing, filtration and drying to obtain 71.5 g
of a white polymer (hereinafter referred to as polymer 4).
The respective '°F-NMR charts of TFE/PSVE in perfluo-
robenzene and the above polymer 4 in the same solvent are
shown in FIG. 5(a) and FIG. 5(b), respectively.
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EXAMPLE 5

[0140] Preparation of a (PPDD)-(TFE/PSVE Copolymer)-
(PPDD)Block Polymer

[0141] Into a 500 ml glass flask, 50 g of the TFE/PSVE
copolymer obtained in Example 4, 250 g of C.F,;H and 25
g of PDD were put and stirred to dissolve the TFE/PSVE
copolymer. Then, a solution prepared by dissolving 0.082 g
of IPP in 5 g of C,F,;H, was added thereto, and polymer-
ization was carried out at 30° C. for 65 hours under nitrogen.
This reaction solution was poured into HCFC141b for
flocculation, followed by washing, filtration and drying to
obtain 62.9 g of a white polymer.

[0142] Conversion of the Polymer to an Acid Form and to
a Solution

[0143] The polymer obtained in Example 1 ((TFE/PPVE
copolymer)-(TFE/PSVE copolymer)block polymer) was
heat-treated overnight in air at 250° C. 20.1 g of this polymer
and an aqueous solution prepared by dissolving 30.2 g of
dimethylsulfoxide and 13.2 g of KOH in 59.2 g of water,
were added to a separable flask, heated to 70° C. and stirred.
16 Hours later, the polymer was subjected to filtration and
washing with water and again returned to a separable flask,
and 60 g of water was supplemented, followed by heating
and stirring at 60° C. for 3 hours. Such an operation was
repeated twice, whereupon it was confirmed that the pH
became at most 8.

[0144] The solution thus obtained was subjected to filtra-
tion, and the polymer was returned to a separable flask, and
60 g of sulfuric acid of 0.5 mol/l was added, followed by
heating and stirring for 16 hours at 60° C. The polymer was
subjected to filtration, then washed with water and returned
to a separable flask, and 60 g of water was added, followed
by heating and stirring at 60° C. for 3 hours. This heating and
stirring after the addition of sulfuric acid, washing with
water and heating and stirring after the addition of water,
were repeated twice, whereupon it was confirmed that the
pH after completion of the operation was at least 4.

[0145] The polymer was air-dried at 60° C. for 16 hours,
then dried in vacuo at 60° C. for 16 hours.

[0146] 10 g of the above polymer and 40 g of ethanol were
mixed, followed by heating and stirring at 70° C. for 24
hours to obtain a bluish white semitransparent viscous
polymer solution having a concentration of 20% (mass
ratio). To 20 g of this solution, 20 g of ethanol was added,
followed by stirring for a while. The copolymer solution
having a concentration of 10% thus prepared (hereinafter
referred to as the solution 1) was turbid. Further, a polymer
solution having a concentration of 10% (hereinafter referred
to as the solution 2) prepared in the same manner by adding
20 g of HCFC225c¢b to 20 g of the above polymer solution
having a concentration of 20%, was colorless transparent.
From the solutions 1 and 2 different in the solvent, thus
obtained, cast films were prepared respectively and observed
by a transmission electron microscope, whereby in each cast
film, a phase separation structure was confirmed.

[0147] Measurement of Water Content

[0148] Using block polymers prepared in Examples 1 to 5,
the same operation as described in the “Conversion of the
polymer to an acid form and to a solution” was carried out
to obtain the respective acid forms, and in the same manner
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as the preparation of solution 2, polymer solutions (solvent:
a solvent mixture of ethanol with HCFC225¢cb) were pre-
pared. The solutions were cast to form films, followed by
heating at 160° C. for 30 minutes. In this manner, polymer
films of Examples 1 to 5 were prepared respectively.

[0149] Such a film was immersed in deionized water at
90° C. for 16 hours and then, the mass was measured. Then,
the film was vacuum-dried at 110° C. for 16 hours and then,
the mass was again measured. The water content was
obtained by the formula: water content (%)=100x(a—b)/b,
where a is the mass (g) of the former, and b is the mass (g)
of the latter. The results are shown in Table 2.

[0150] Preparation of a Fuel Cell and Evaluation of the
Performance

[0151] (1) A Fuel Cell Employing the Block Polymer
Obtained in Example 1

[0152] A platinum-supporting carbon was mixed with the
solution 2 so that the mass ratio of the copolymer to the
platinum-supporting carbon would be 3:7, to form a coating
fluid, and the coating fluid was coated on a carbon cloth and
dried to obtain a gas diffusion electrode having a gas
diffusion electrode layer to have a thickness of 10 gm and an
amount of supported platinum of 0.5 mg/cm®.

[0153] On the other hand, the TFE/PSVE copolymer (ion
exchange capacity: 1.1 meq/g dry resin) was extruded to
form a film, followed by hydrolysis, conversion to an acid
form and washing with water, to obtain a membrane made
of a perfluoropolymer having sulfonic groups and having a
thickness of 50 um. This membrane was sandwiched
between two sheets of the above gas diffusion electrode,
followed by pressing by means of a flat plate pressing
machine and further by heat pressing to obtain a membrane/
electrode assembly.

[0154] A fuel cell having an effective membrane area of 9
cm? was assembled by disposing a current collector made of
titanium outside this membrane/electrode assembly, a gas
supply chamber made of PTFE outside the current collector
and a heater outside the gas supply chamber.

[0155] While maintaining the temperature of the fuel cell
at 80° C., oxygen was supplied to the cathode, and hydrogen
was supplied to the anode, respectively, under a pressure of
0.05 MPa. The terminal voltage was measured at a current
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density of 1 A/cm?, whereby the terminal voltage was 0.63
V. In this state, operation was continued for 1,000 hours, and
the terminal voltage after 1,000 hours, was 0.62 V.

[0156] (2) Fuel Cell Employing the Block Polymer
Obtained in Example 5

[0157] Using the polymer obtained in Example 5 (the
(PPDD)-(TFE-PSVE copolymer)-(PPDD)block polymer),
the same operation as disclosed in the “Conversion of the
polymer to an acid form and to a solution” to convert it to
an acid form, and in the same manner as in the preparation
of solution 2 except that 1H-perfluorohexane was used
instead of HCFC225c¢b, a polymer solution having a con-
centration of 10% (solution 3) was obtained.

[0158] A fuel cell was prepared in the same manner as in
(1) except that the solution 3 was used instead of the solution
2, and evaluation of the performance was carried out in the
same manner as in (1). The terminal voltage at a current
density of 1 A/em® was 0.65 V, and in this state, operation
was continued for 1,000 hours, whereupon the terminal
voltage was 0.64 V.

EXAMPLE 6

(Comparative Example)

[0159] A fuel cell was prepared in the same manner as in
Example 1 except that the gas diffusion electrode was
prepared by using the TFE/PSVE copolymer (ion exchange
capacity: 1.1 meq/g dry resin) instead of the polymer pre-
pared in Example 1, and the performance of the fuel cell was
evaluated in the same manner as in Example 1. At 80° C., the
terminal voltage at a current density of 1 A/em was 0.60 V,
and the terminal voltage after 1,000 hours was 0.50 V.

[0160] Further, using a solution obtained by dissolving the
above TFE/PSVE copolymer in ethanol in a concentration of
10% by mass ratio, a film was formed by casting in the same
manner as described in the “Measurement of water content”,
and the water content of the film thus obtained was mea-
sured. The result is shown in Table 2.

[0161] As shown in Table 2, the block polymers of the
present invention have water contents higher than the con-
ventional ion exchange resin of Comparative Example hav-
ing an equal or higher ion exchange capacity.

TABLE 1

Ion exchange

capacity Molecular weight

Type A B A Polymer A B Polymer

Ex.1 AB TFE/PSVE TFE/PPVE 1.46 1.01 27,400 12,200 39,600
type  copolymer  copolymer

Ex2 AB TFE/PSVE PBVE 1.42 0.94 27,100 13,900 41,000
type  copolymer

Ex.3 ABA TFE/PSVE PBVE 1.47 1.02 20,400 9,000 29,400
type  copolymer

EX.4 BAB TFE/PSVE PBVE 1.42 1.07 14,500 4,700 19,200
type  copolymer

Ex.5 BAB TFE/PSVE PPDD 1.42 0.99 14,500 6,300 20,900
type  copolymer
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[0162]
TABLE 2
Ion exchange Water
capacity content (%)

Ex. 1 1.01 145
Ex. 2 0.94 130
Ex. 3 1.02 127
EX. 4 1.07 133
Ex. 5 0.99 76
Ex. 6 1.1 72

[0163] The cathode resin in the present invention has a
structure wherein a perfluoropolymer phase (segments A,
preferably segments C) having sulfonic groups having a
high ion exchange capacity and a perfluoropolymer phase
(segments B, preferably segments D or segments E) having
no ion exchange groups and having water repellency, are
introduced at the same time, and the respective phases are
separated, and thus it has a high water content and water
repellency. Especially when it contains segments made of a
polymer having an alicyclic structure, it is excellent also in
the oxygen gas permeability. Accordingly, a polymer elec-
trolyte fuel cell of the present invention having a cathode
comprising such a cathode resin and a catalyst, has a high
output density and is free from flooding, whereby the high
performance can be maintained even when it is used for a
long period of time.

[0164] Further, the block polymer of the present invention
is useful not only as a cathode resin but also for a membrane-
form polymer electrolyte for a fuel cell. Further, it is useful
for various applications such as an ion exchange membrane
e.g. for chlor-alkali electrolysis, a selective permeable mem-
brane, a moisture-removing membrane, a sensor, an acid
catalyst for chemical reaction, a polymer electrolyte, etc.

[0165] The entire disclosure of Japanese Patent Applica-
tion JP2000-36941 filed on Feb. 15, 2000 and JP2000-
351817 filed on Nov. 17, 2000 including specification,
claims, drawings and summary are incorporated herein by
reference in its entirety.

What is claimed is:

1. A polymer electrolyte fuel cell comprising a mem-
brane-form polymer electrolyte, a cathode disposed on one
side of the polymer electrolyte, and an anode disposed on the
other side of the polymer electrolyte, wherein the cathode
comprises a catalyst and an ion exchange resin, and the ion
exchange resin is made of a polymer comprising the fol-
lowing segments A and segments B:

Segments A: segments made of a polymer having sulfonic
acid groups; and

Segments B: segments made of a fluoropolymer having

substantially no ion exchange groups.

2. The polymer electrolyte fuel cell according to claim 1,
wherein the ion exchange resin is made substantially of a
perfluoropolymer.

3. The polymer electrolyte fuel cell according to claim 2,
wherein the ion exchange resin is obtained by hydrolyzing
a polymer comprising segments made of an amorphous
polymer having fluorosulfonyl groups and segments made
of an amorphous polymer having substantially no ion
exchange groups and converting it into an acid form.
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4. The polymer electrolyte fuel cell according to claim 1,
wherein the segments B have alicyclic structures in their
main chains.

5. The polymer electrolyte fuel cell according to claim 4,
wherein the ion exchange resin is made of a polymer
wherein the segments A are the following segments C, and
the segments B are the following segments D, and its
molecular weight is from 5x10> to 5x10°:

Segments C: segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
a sulfonic acid group and repeating units based on
tetrafluoroethylene, wherein the repeating units based
on the perfluorovinyl ether are contained in an amount
of at least 20 mol %; and

Segments D: segments made of a perfluoropolymer hav-
ing no ion exchange groups and having alicyclic struc-
tures in its main chain.

6. The polymer electrolyte fuel cell according to claim 1,
wherein the ion exchange resin is made of a polymer
wherein the segments A are the following segments C, and
the segments B are the following segments E, and its
molecular weight is from 5x10° to 5x10°:

Segments C: segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
a sulfonic acid group and repeating units based on
tetrafluoroethylene, wherein the repeating units based
on the perfluorovinyl ether are contained in an amount
of at least 20 mol %; and

Segments E: segments made of a copolymer having no
ion exchange groups and comprising repeating units
based on a perfluorovinyl ether and repeating units
based on tetrafluoroethylene, wherein the repeating
units based on the perfluorovinyl ether are contained in
an amount of at least 20 mol %.

7. The polymer electrolyte fuel cell according to claim 1,
wherein the ion exchange resin contains the segments A and
the segments B in a mass ratio of from 95/5 to 5/95.

8. The polymer electrolyte fuel cell according to claim 1,
wherein the ion exchange resin is a resin obtained by a
process of carrying out the following polymerization 1 in the
presence of an iodine-containing fluoro-compound, and then
carrying out the following polymerization 2 in the presence
of the obtained polymer, or a process of carrying out the
following polymerization 2, and then carrying out the fol-
lowing polymerization 1 in the presence of the obtained
polymer:

Polymerization 1: homopolymerization of a perfluoro(vi-
nyl ether) monomer having a —SO,X group (wherein
X is a chlorine atom, a fluorine atom or OM, wherein
M is a hydrogen atom, an alkali metal atom or NH,,), or
copolymerization thereof with other perfluoromono-
mer, by an iodine transfer polymerization method; and

Polymerization 2: homopolymerization of a perfluo-
romonomer having no ion exchange groups, or copo-
lymerization of plural perfluoromonomers having no
ion exchange groups, by an iodine transfer polymer-
ization method.

9. The polymer electrolyte fuel cell according to claim &,

wherein the iodine-containing fluoro-compound is a perfluo-
roalkyl monoiodide.
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10. A block polymer comprising the following segments
C' and the following segments D and having a molecular
weight of from 5x10° to 5x10°:

Segments C': segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
a —SO,X group (wherein X is a fluorine atom, a
chlorine atom or OM wherein M is a hydrogen atom, an
alkali metal atom or NR'R?R3R*, wherein each of R?,
R?, R? and R* which are independent of one another, is
a hydrogen atom or a monovalent organic group) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluorovinyl ether are
contained in an amount of at least 20 mol %; and

Segments D: segments made of an amorphous perfluo-
ropolymer having no ion exchange groups and having
alicyclic structures in its main chain.

11. The block polymer according to claim 10, wherein the
segments D are made of poly(perfluoro(3-butenyl vinyl
ether)), poly(perfluoro(allyl vinyl ether)), poly(perfluoro(3,
5-dioxa-1,6-heptadiene)), poly(perfluoro(2,2-dimethyl-1,3-
dioxole)), poly(perfluoro(1,3-dioxole)), poly(perfluoro(4-
methoxy-1,3-dioxole)), a tetrafluoroethylene/perfluoro(2,2-
dimethyl-1,3-dioxole) copolymer or poly(perfluoro(2-
methylene-4-methyl-1,3-dioxolane)).

12. The block polymer according to claim 10, wherein the
mass ratio of the segments C' to the segments D is from 95/5
to 5/95.

13. A block polymer comprising the following segments
C' and the following segments E and having a molecular
weight of from 5x10° to 5x10°:

Segments C': segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
a —SO,X group (wherein X is a fluorine atom, a
chlorine atom or OM wherein M is a hydrogen atom, an
alkali metal atom or NR'R®R®R*, wherein each of R?,
R?, R? and R* which are independent of one another, is
a hydrogen atom or a monovalent organic group) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluorovinyl ether are
contained in an amount of at least 20 mol %; and

Segments E: segments made of an amorphous copolymer
having no ion exchange groups and comprising repeat-
ing units based on a perfluoro(alkyl vinyl ether) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluoro(alkyl vinyl
ether) are contained in an amount of at least 20 mol %.

14. The block polymer according to claim 13, wherein the
perfluoro(alkyl vinyl ether) is a compound represented by
the formula CF,=—CF—(OCF,CFZ),—0—R" (wherein Z is
a fluorine atom or a trifluoromethyl group, R is a linear or
branched C,_;, perfluoroalkyl group, and t is an integer of
from 0 to 3).

15. The block polymer according to claim 13, wherein the
mass ratio of the segments C' to the segments E is from 95/5
to 5/95.

16. The block polymer according to claim 10, which is a
perfluoropolymer having no glass transition temperature
higher than 270° C. and wherein no segments having a
crystalline melting point are present, or when segments
having a crystalline melting point are present, such a crys-
talline melting point is not higher than 270° C. and X is a
fluorine atom or a chlorine atom.
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17. The block polymer according to claim 13, which is a
perfluoropolymer having no glass transition temperature
higher than 270° C. and wherein no segments having a
crystalline melting point are present, or when segments
having a crystalline melting point are present, such a crys-
talline melting point is not higher than 270° C., and X is a
fluorine atom or a chlorine atom.

18. A process for producing a polymer, which comprises
polymerizing a first monomer group comprising one or more
fluoromonomers in the presence of a first radical initiator
and an iodine-containing fluoro-compound in a non-aqueous
medium or in the absence of any solvent, to prepare a
substantially amorphous polymer, and then, polymerizing a
second monomer group comprising one or more Mmonomers
different from the first monomer group in the presence of the
polymer and a second radical initiator in a non-aqueous
medium or in the absence of any solvent.

19. The process for producing a polymer according to
claim 18, wherein the second monomer group comprises
fluoromonomers, and the polymer obtainable after the poly-
merization of the second monomer group is substantially
amorphous.

20. The process for producing a polymer according to
claim 18, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group d:

Monomer group c¢: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group d: a perfluoromonomer having no ion
exchange groups and having an alicyclic structure, or a
perfluoromonomer having no ion exchange groups and
having an alicyclic structure and at least one other
perfluoromonomer having no ion exchange groups.

21. The process for producing a polymer according to

claim 18, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group d":

Monomer group c¢: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group d": a perfluoromonomer having no ion
exchange groups and having two double bonds and
being capable of cyclopolymerization, or a perfluo-
romonomer having no ion exchange groups and having
two double bonds and being capable of cyclopolymer-
ization and at least one other perfluoromonomer having
no ion exchange groups.

22. The process for producing a polymer according to
claim 18, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group e:

Monomer group c¢: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group e: a perfluoro(alkyl vinyl ether) having

no ion exchange groups and tetrafluoroethylene.

23. The process for producing a polymer according to
claim 19, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group d:
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Monomer group c: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group d: a perfluoromonomer having no ion
exchange groups and having an alicyclic structure, or a
perfluoromonomer having no ion exchange groups and
having an alicyclic structure and at least one other
perfluoromonomer having no ion exchange groups.

24. The process for producing a polymer according to

claim 19, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group d":

Monomer group c: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group d': a perfluoromonomer having no ion
exchange groups and having two double bonds and
being capable of cyclopolymerization, or a perfluo-
romonomer having no ion exchange groups and having
two double bonds and being capable of cyclopolymer-
ization and at least one other perfluoromonomer having
no ion exchange groups.

25. The process for producing a polymer according to
claim 19, wherein one of the first monomer group and the
second monomer group is the following monomer group ¢
and the other is the following monomer group e:

Monomer group c: a perfluorovinyl ether having a
—S0,X' group (wherein X' is a fluorine atom or a
chlorine atom) and tetrafluoroethylene; and

Monomer group e: a perfluoro(alkyl vinyl ether) having

no ion exchange groups and tetrafluoroethylene.

26. The process for producing a polymer according to
claim 18, wherein the iodine-containing fluoro-compound is
a perfluoroalkyl monoiodide.

27. A liquid composition which comprises an organic
solvent having an alcoholic hydroxyl group and a block
polymer comprising the following segments C" and the
following segments D and having a molecular weight of
from 5x10° to 5x10°, dissolved or dispersed in the organic
solvent:

Segments C": segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
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a —SO;M group (wherein M is a hydrogen atom, an
alkali metal atom or NR'R?R3R*, wherein each of R?,
R?, R? and R* which are independent of one another, is
a hydrogen atom or a monovalent organic group) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluorovinyl ether are
contained in an amount of at least 20 mol %; and

Segments D: segments made of an amorphous perfluo-
ropolymer having no ion exchange groups and having
alicyclic structures in its main chain.

28. The liquid composition according to claim 27,
wherein the segments D are made of poly(perfluoro(3-
butenyl vinyl ether)), poly(perfluoro(allyl vinyl ether)),
poly(perfluoro(3,5-dioxa-1,6-heptadienc)), poly(per-
fluoro(2,2-dimethyl-1,3-dioxole)), poly(perfluoro(1,3-diox-
ole)), poly(perfluoro(4-methoxy-1,3-dioxole)), a tetrafluo-
roethylene/perfluoro(2,2-dimethyl-1,3-dioxole) copolymer
or poly(perfluoro(2-methylene-4-methyl-1,3-dioxolane)).

29. A liquid composition which comprises an organic
solvent having an alcoholic hydroxyl group and a block
polymer comprising the following segments C" and the
following segments E and having a molecular weight of
from 5x10° to 5x10°, dissolved or dispersed in the organic
solvent:

Segments C": segments made of a copolymer comprising
repeating units based on a perfluorovinyl ether having
a —SO M group (wherein M is a hydrogen atom, an
alkali metal atom or NR'R®R®R*, wherein each of R?,
R?, R? and R* which are independent of one another, is
a hydrogen atom or a monovalent organic group) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluorovinyl ether are
contained in an amount of at least 20 mol %; and

Segments E: segments made of an amorphous copolymer
having no ion exchange groups and comprising repeat-
ing units based on a perfluoro(alkyl vinyl ether) and
repeating units based on tetrafluoroethylene, wherein
the repeating units based on the perfluoro(alkyl vinyl
ether) are contained in an amount of at least 20 mol %.



