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(57) ABSTRACT 

An electrolyte material for a polymer electrolyte fuel cell, 
Which is made of a copolymer comprising repeating units 
based on CF2=CFCF2OCF2CF2SO3H and repeating units 
based on tetra?uoroethylene and Which has an ion exchange 
capacity of from 0.9 to 1.5 (meq/g dry resin). This electro 
lyte material has ion conductivity and durability equal to 
conventional electrolyte material, is easy to synthesize, has 
a softening point higher than electrolyte material heretofore 
Widely used for application to fuel cells and is suitable for 
operation of a polymer electrolyte fuel cell at a temperature 
higher than the conventional material. 
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POLYMER ELECTROLYTE FUEL CELL, 
ELECTROLYTE MATERIAL THEREFORE AND 

METHOD FOR ITS PRODUCTION 

DESCRIPTION 

TECHNICAL FIELD 

[0001] The present invention relates to an electrolyte 
material for a polymer electrolyte fuel cell, and a polymer 
electrolyte fuel cell. 

BACKGROUND ART 

[0002] As an electrolyte material to be used as a polymer 
electrolyte membrane or a proton conductive polymer to be 
incorporated in a catalyst layer of an electrode constituting 
a polymer electrolyte fuel cell, it has been common to 
employ a polymer obtained by hydrolyZing a copolymer of 
tetra?uoroethylene (hereinafter referred to as “TFE”) With a 
per?uorovinyl ether of the formula (A), folloWed by treat 
ment for conversion to an acid-form to convert —SO2F 
groups to —SO3H groups. In the formula (A), Y is a ?uorine 
atom or a tri?uoromethyl 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, provided 
that (m+p)>0. 

[0003] Among such polymers, particularly preferably 
employed is one obtained by converting a polymer obtain 
able by copolymeriZation of TFE With a monomer repre 
sented by the formula (B) to (D), to an acid form. In the 
formulae (B) to (D), q is an integer of from 1 to 8, r is an 
integer of from 1 to 8, and s is 2 or 3. 

[0004] HoWever, although the above-mentioned conven 
tional copolymer Was excellent in such properties as an ion 
conductivity to accomplish a high cell output poWer and 
durability to make a long term operation possible, it had a 
problem that the production cost Was high, and it could not 
be produced at loW costs. As a large factor for such a high 
production cost of the conventional copolymer, it may be 
mentioned that, for example, in the case of a TFE/ 
CF2=CFOCF2CF(CF3)OCF2CF2SO3H copolymer, it is 
produced by copolymeriZing a vinyl ether monomer con 
taining a —SO2F group synthesiZed by using, as an inter 
mediate, expensive hexa?uoropropylene oxide, With TFE. 

[0005] Whereas, US. Pat. No. 4,273,729 discloses a 

copolymer of a monomer of the formula (2) (monomer synthesiZed Without using hexa?uoropropylene oxide, With 

TFE. 

[0006] HoWever, the polymer synthesiZed for brine elec 
trolysis in an Example (UTILITY EXAMPLE Q) of this 
patent publication, has an ion exchange capacity of 0.85 
(meq/g dry resin) (equivalent Weight: 1180), and thus, the 
ion exchange capacity is inadequate for a fuel cell, Whereby 
it has a problem that the resistance is practically too high. 
Further, Journal of Applied Polymer Science, Vol. 47, 735 
741 (1993) discloses a report on the results of a study of the 
synthesis of the monomer (2) and copolymeriZation of TFE 
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With the monomer (2), Wherein the relation betWeen the 
charge composition comprising TFE and the monomer (2) 
and the obtainable polymer composition, is reported. HoW 
ever, also in this report, the highest ion exchange capacity 
among the obtained polymers is 0.77 (meq/g dry resin). And, 
it is stated that rather than the monomer (2), a conventional 
vinyl ether type monomer having a structure of 
CF2=CFO— has a higher reactivity and is more advanta 
geous for the copolymeriZation. 

[0007] Namely, the monomer (2) has a loWer copolymer 
iZation reactivity With TFE than the conventional vinyl ether 
type monomer, Whereby a polymer having a high ion 
exchange capacity practically useful as an ion exchange 
membrane, has not heretofore been obtained. In the case of 
a copolymer using as starting materials a vinyl ether type 
monomer such as CF2=CFOCF2CF2SO2F or 

CF2=CFOCF2CF(CF3)OCFZCFZSOZF, and TFE, it is pos 
sible to obtain a polymer having an ion exchange capacity of 
at least 1.1 (meq/g dry resin) easily by means of 2,2‘ 
aZobisisobutyronitrile (AIBN), Which is hydrocarbon, as the 
initiator, as disclosed eg in Examples of JP-A-60-243292. 
HoWever, in the case of the monomer (2), polymeriZation 
Will not substantially proceed by the polymeriZation by 
means of AIBN, as disclosed in Comparative Reference 
Example in this speci?cation. 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has been made in vieW of the 
problems Which the above-mentioned prior art has had, and 
it is an object of the present invention to provide an 
electrolyte material for a polymer electrolyte fuel cell Which 
is easy to synthesiZe and Which has an ion conductivity and 
durability equal to the above-mentioned conventional elec 
trolyte materials, and to provide a polymer electrolyte fuel 
cell constituted by using such a material. 

[0009] The present inventor has conducted an extensive 
research to accomplish the above object and as a result, has 
found it possible to obtain a polymer having a practically 
suf?cient ion exchange capacity and a suf?cient molecular 
Weight and having a higher content of the monomer (2) than 
US. Pat. No. 4,273,729 or Journal of Applied Polymer 
Science, Vol. 47, 735-741 (1993), by improving the poly 
meriZation conditions. Further, it has been found that a 
TFE/monomer (2) copolymer prepared by adjusting the ion 
exchange capacity Within a prescribed range, has suf?cient 
ion conductivity and durability at the same time, and thus, 
the present invention has been accomplished. 

[0010] The present invention provides an electrolyte mate 
rial for a polymer electrolyte fuel cell, Which is made of a 
copolymer comprising repeating units based on a monomer 
of the formula (1) and repeating units based on tetra?uoro 
ethylene and Which has an ion exchange capacity of from 0.9 
to 1.5 (meq/g dry resin); and a polymer electrolyte fuel cell 
Wherein a polymer electrolyte membrane made of the elec 
trolyte material for a polymer electrolyte fuel cell and 
having a membrane thickness of from 5 to 70 pm, is 
disposed betWeen an anode and a cathode. 

[0011] Further, the present invention provides a method 
for producing an electrolyte material for a polymer electro 
lyte fuel cell, Which is made of a copolymer comprising 
repeating units based on a monomer of the formula (1) and 
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repeating units based on tetra?uoroethylene and Which has 
an ion exchange capacity of from 0.9 to 1.5 (meq/g dry 
resin), Wherein an initiator of a per?uoro compound is used, 
and tetra?uoroethylene and a monomer of the formula (2) 
are subjected to radical copolymeriZation at from 60 to 100° 
C.: 

[0012] Further, the present invention provides a method 
for producing an electrolyte material for a polymer electro 
lyte fuel cell, Which is made of a copolymer comprising 
repeating units based on a monomer of the formula (1) and 
repeating units based on tetra?uoroethylene and Which has 
an ion exchange capacity of from 0.9 to 1.5 (meq/g dry 
resin), Wherein by means of a hydrocarbon type initiator, 
tetra?uoroethylene and a monomer of the formula (2) are 
subjected to radical copolymeriZation at a temperature of at 
least 20° C. and less than 50° C. 

[0013] The present inventor has found it preferred @to use 
an initiator having no hydrogen atom involved in chain 
transfer, preferably an initiator of a per?uoro compound and 
@to carry out radical copolymeriZation at a relatively high 
temperature of about from 60 to 100° C., in order to obtain 
a TFE/monomer (2) copolymer having a practically suffi 
cient molecular Weight and having a high content of the 
monomer of the formula (2) (monomer having a loW 
reactivity. It is preferred to adopt such conditions also in 
order to secure a practically su?icient polymerization rate. 

[0014] If an initiator having no hydrogen involved in chain 
transfer is employed, the polymeriZation Will be possible 
even at a loW temperature of less than 60° C. In such a case, 
hoWever, not only the reactivity of the monomer (2) tends to 
be loW, but also the solubility of TFE in the monomer (2) or 
in the mixed liquid of the monomer (2) and the polymer 
iZation solvent, tends to increase due to the decrease of the 
polymeriZation temperature, Whereby the polymeriZation 
pressure tends to be remarkably loW. As the polymeriZation 
pressure loWers, the ?uctuation of the ion exchange capacity 
of the obtainable polymer tends to be large as compared With 
the ?uctuation of the polymeriZation pressure, Whereby it 
tends to be di?icult to obtain a polymer having the same ion 
exchange capacity in good reproducibility by controlling the 
pressure. In UTILITY EXAMPLE Q in US. Pat. No. 
4,273,729, an initiator made of a per?uoro compound is 
used, but the polymeriZation is carried out at 40° C., since 
the decomposition temperature of the initiator is loW. There 
fore, the reactivity of the monomer (2) is loW, and in spite 
of the polymeriZation at a loW pressure of 0.07 MPaG, a 
copolymer having a high content of the monomer (2) is not 
obtained. 

[0015] In a case Where a hydrocarbon type initiator is 
employed, if the polymeriZation temperature becomes high, 
the polymeriZation for the polymer tends to be substantially 
sloW, or a problem that the molecular Weight can not be 
increased, is likely to result. This is considered attributable 
to chain transfer to the initiator from the polymer groWth 
terminal radicals. Accordingly, in a case Where a hydrocar 
bon initiator is employed, it is obliged to carry out the 
polymeriZation at a relatively loW polymeriZation tempera 
ture of less than 70° C., preferably less than 50° C. In such 
a case, the polymeriZation is possible, but the polymeriZa 
tion pressure tends to be loW, Whereby it tends to be di?icult 
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to control the ion exchange capacity, as compared With a 
case Where the polymeriZation temperature is high, as men 
tioned above. In either case of the initiator having no 
hydrogen atom involved in chain transfer or the initiator of 
a hydrocarbon type, polymeriZation is required to be carried 
out at a temperature of at least 10° C., preferably at least 20° 
C., in order to secure the polymeriZation reactivity of the 
monomer 

[0016] The electrolyte material for a polymer electrolyte 
fuel cell of the present invention can be prepared Without 
using hexa?uoropropylene oxide as a raW material, Whereby 
as compared With the above-mentioned conventional elec 
trolyte material, the production cost can be substantially 
reduced. Further, the electrolyte material for a polymer 
electrolyte fuel cell of the present invention has excellent ion 
conductivity and durability equal to the conventional elec 
trolyte material, since its ion exchange capacity (hereinafter 
referred to as AR) is from 0.9 to 1.5 (meq/g dry resin) 
(hereinafter referred to simply as meq/g). 

[0017] Here, if AR is less than 0.9, the ion conductivity 
tends to be inadequate. On the other hand, if AR exceeds 1.5, 
the Water content tends to be so large that if a membrane is 
formed by using this electrolyte material, the membrane 
strength tends to be inadequate. From a similar vieW point, 
AR of this electrolyte material is preferably from 1.0 to 1.4 
meq/g, particularly preferably from 1.1 to 1.3 meq/g. 

[0018] In the present invention, the molecular Weight of 
the polymer as the electrolyte material can be evaluated by 
a value of TQ, an index of melt-?oWability, as an index of the 
molecular Weight of the polymer. TQ indicates the tempera 
ture, at Which, When melt-extrusion of the resin is carried out 
using a noZZle having a length of 1 mm and an inner 
diameter of 1 mm under an extrusion pressure condition of 
30 kg/cm2, the extrusion rate Would be 100 mm3/sec. In 
order to avoid the in?uence of the thermal decomposition of 
the polymer, the measurement is carried out at a temperature 
of not higher than 330° C. If TQ exceeds 330° C., the relation 
betWeen the temperature and the extrusion rate at not higher 
than 330° C., is extraporated on the high temperature side to 
obtain the temperature at Which the extrusion rate Would be 
100 mm3/sec. TQ is measured and evaluated at a stage of the 
polymer having —SO2F groups before the hydrolysis and 
conversion to an acid form. TQ is a numerical value Which 
Will be an index of the molecular Weight of the resin, and 
usually, the molecular Weight is higher as TQ is higher. In 
order for the resin to have practically sufficient strength as 
a membrane, TQ is usually at least 150° C., preferably at 
least 180° C., more preferably at least 200° C. 

[0019] Accordingly, the electrolyte material of the present 
invention is preferably obtained by hydrolysis and conver 
sion to an acid form, of a TFE/monomer (2) copolymer 
having TQ Within the above-mentioned range. 

[0020] The upper limit of the preferred range of TQ 
depends on the fabricating method. In a case Where melt 
processing is carried out, decomposition of —SO2F groups 
of the polymer begins in the vicinity of 350° C., Whereby TQ 
is preferably at most 400° C., particularly preferably at most 
350° C., further preferably at most 300° C. In a case Where 
—SO2F groups are hydrolyZed and converted to —SO3M 
groups (Wherein M is a monovalent cation, preferably H, an 
alkali metal or NR1R2R3R4 (Wherein each of R1 to R4 Which 
are independent of one another, is H or an alkyl group)), 
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followed by dispersion or dissolution in an alcohol and/or 
Water, and a liquid composition thereby obtained is used for 
fabrication such as casting, it is not necessary to set the 
upper limit for TQ. HoWever, With a vieW to securing the 
solubility/dispersibility in the solvent, TQ is preferably at 
most 400° C., more preferably at most 350° C. 

[0021] Further, the polymer electrolyte fuel cell of the 
present invention is provided With at least a polymer elec 
trolyte membrane made of the above-mentioned electrolyte 
material for a polymer electrolyte fuel cell and accordingly 
has output characteristics and cell life equal to the above 
mentioned conventional polymer electrolyte fuel cell, and 
yet, the monomer production step can be shortened. Namely, 
for example, the compound of the formula (D) Which has 
heretofore been used, is prepared from FSOZCFZCOF via 
tWo steps of hexa?uoropropylene oxide addition and thermal 
decomposition. Whereas, the monomer (2) can be prepared 
by a single step reaction from FSOZCFZCOF as shoWn by 
scheme AWhich Will be described hereinafter. Further, in the 
polymer electrolyte fuel cell of the present invention, the 
above-mentioned electrolyte material for a polymer electro 
lyte fuel cell of the present invention may be incorporated 
also in a catalyst layer of an anode and/or a cathode. 

[0022] Here, if the membrane thickness of the polymer 
electrolyte membrane to be used for the polymer electrolyte 
fuel cell of the present invention is less than 5 pm, the 
strength of the membrane tends to be inadequate. On the 
other hand, if the membrane thickness exceeds 70 pm, the 
resistance of the electrolyte tends to be so large that no 
adequate cell output poWer tends to be obtainable. Further, 
from a similar vieWpoint as described above, the membrane 
thickness of the polymer electrolyte membrane to be used 
for the polymer electrolyte fuel cell of the present invention 
is preferably from 10 to 50 pm. 

BRIEF DESCRIPTION OF THE DRAWING 

[0023] FIG. 1 shoWs the temperature dependency of the 
elastic modulus in one embodiment of the electrolyte mate 
rial of the present invention and the temperature dependency 
of the elastic modulus of a conventional electrolyte material, 
as measured in Examples. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0024] NoW, the electrolyte material for a polymer elec 
trolyte fuel cell, and the polymer electrolyte fuel cell, of the 
present invention, Will be described in further detail. 

[0025] The electrolyte material for a polymer electrolyte 
fuel cell of the present invention can be obtained by copo 
lymeriZing the monomer (2) With TFE, and hydrolyZing the 
obtained copolymer and contacting it With an acid. 

[0026] Further, the polymer electrolyte fuel cell of the 
present invention has an anode, a cathode and a polymer 
electrolyte membrane disposed betWeen the anode and the 
cathode. And, the polymer electrolyte fuel cell of the present 
invention is not particularly limited With respect to the 
construction except that it is made of the electrolyte material 
for a polymer electrolyte fuel cell of the present invention 
and provided With a polymer electrolyte membrane having 
a membrane thickness of from 5 to 70 pm. For example, it 
may have a construction similar to the conventional polymer 
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electrolyte fuel cell. Further, as mentioned above, the elec 
trolyte material for a polymer electrolyte fuel cell may be 
incorporated also to a catalyst layer of the anode and/or the 
cathode, instead of the conventional per?uorosulfonic acid 
polymer. Further, the method for producing the polymer 
electrolyte fuel cell of the present invention is also not 
particularly limited, and the method for producing a polymer 
electrolyte membrane made of the electrolyte material for a 
polymer electrolyte fuel cell of the present invention, or the 
method for preparing the fuel cell from the electrodes and 
the polymer electrolyte membrane, is also not particularly 
limited, and a conventional method may be employed. 

[0027] The monomer (2) to be used in the present inven 
tion can be prepared by a knoWn synthetic reaction shoWn by 
the folloWing scheme A as disclosed, for example, in US. 
Pat. No. 4,273,729. A similar synthetic method is disclosed 
also in Journal of Applied Polymer Science, Vol. 47, 735 
741 (1993). 

[0028] Further, the polymeriZation reaction of the mono 
mer (2) With TFE is carried out under such a condition that 
radicals Will be formed, for example, by a bulk polymer 
iZation method, a solution polymeriZation method, a sus 
pension polymeriZation method or an emulsion polymeriZa 
tion method. Preferred is a bulk polymeriZation method or a 
solution polymeriZation method. Further, as a method to let 
radicals be formed, a method of irradiating a radiation such 
as ultraviolet rays, y-rays or electron rays, or a method of 

adding a radial initiator, may, for example, be mentioned. 

[0029] Further, in the present invention, With respect to the 
reaction temperature for the polymeriZation reaction of the 
above monomers, the polymeriZation is possible Within a 
range of from 10 to 350° C. in a case Where an initiator 
having no hydrogen atoms involved in chain transfer, pref 
erably an initiator of a per?uoro compound, is used. If the 
reaction temperature for the polymeriZation reaction 
exceeds 350° C., the heat resistance of the resulting copoly 
mer tends to be inadequate. From the vieWpoint of the safety 
and easy control of the polymeriZation, it is preferably from 
40 to 200° C., more preferably from 60 to 100° C. In a case 
Where an initiator of a hydrocarbon type containing no 



US 2005/0037265 A1 

?uorine atom, is used, the polymerization temperature is at 
least 10° C. and loWer than 50° C., preferably at least 200° 
C. and loWer than 50° C. 

[0030] Further, in a case Where the above-mentioned poly 
meriZation reaction of monomers is carried out by using a 
radical initiator in the present invention, the radical initiator 
may, for example, be a bis(?uoroacyl) peroxide, bis(chlo 
ro?uoroacyl) peroxide, a dialkyl peroxydicarbonate, a diacyl 
peroxide, a peroxyester, an aZo compound, a persulfate, a 
per?uorocarbon having a tertiary carbon-tertiary carbon, 
tertiary carbon-quaternary carbon or quaternary carbon 
quaternary carbon bond, or a per?uorocarbon compound 
having a N—F bond. From the vieWpoint of increasing the 
molecular Weight of the resulting copolymer, it is preferred 
to employ a ?uorinated initiator among the above radical 
initiators, and it is more preferred to employ an initiator of 
a per?uoro compound. 

[0031] As the initiator of a per?uoro compound, per?uo 
robenZoyl peroxide, bis(per?uoropropionyl) peroxide, 
bis(per?uorobutyryl) peroxide, bis[(per?uorocyclohexyl 
)carbonyl] peroxide, bis(per?uoro-2-propoxypropanoyl) 
peroxide, bis(per?uoro-2,5-dimethyl-3,6-dioxanonanoyl) 
peroxide or per?uorodi-tert-butyl peroxide may, for 
example, be mentioned. As an initiator of a hydrocarbon 
type, diisopropyl peroxydicarbonate, isobutyryl peroxide, 
t-hexyl peroxypivalate or t-butyl peroxypivalate may, for 
example, be mentioned. 

[0032] In the present invention, for the polymeriZation, a 
bulk polymeriZation method using no solvent, may be 
employed. HoWever, in a case Where the above-mentioned 
polymeriZation reaction of monomers is carried out by a 
solution polymeriZation method, 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 the handling 
e?iciency. Further, the useful solvent is not particularly 
limited, the folloWing may, for example, be mentioned. 

[0033] 1) A poly?uorotrialkylamine compound such as 
per?uorotributylamine or per?uorotripropylamine. 

[0035] 3) A chloro?uoroalkane such as 3,3-dichloro-1,1, 
1,2,2-penta?uoropropane, 1,3-dichloro-1,1,2,2,3-penta?uo 
ropropane or 1,1-dichloro-1-?uoroethane. 

[0036] 4) A poly?uorocycloalkane such as per?uorodeca 
lin, per?uorocyclohexane, per?uoro(1,2-dimethylcyclohex 
ane), per?uoro(1,3-dimethylcyclohexane), per?uoro(1,3,5 
trimethylcyclohexane) or per?uorodimethylcyclobutane 
(regardless of structural isomers). 

[0037] 5) A poly?uorocyclic ether compound such as 
per?uoro(2-butyltetrahydrofuran). 
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n-C3F7OCF2CF(CF3)OCHFCF3. 
[0039] 7) A ?uorinated loW molecular Weight polyether. 

[0040] Among the above solvents, it is preferred to select 
one having a small number of hydrogen atoms and having a 
loW chain transfer property of the solvent. Further, the above 
solvents may be used alone or in combination as a mixture 
of tWo or more of them. 

[0041] Further, in addition to the above solvents, a chlo 
ro?uorocarbon such as 1,1,2-trichloro-1,2,2-tri?uoroethane, 
1,1,1-trichloro-2,2,2-tri?uoroethane, 1,1,1,3-tetrachloro-2, 
2,3,3-tetra?uoropropane or 1,1,3,4-tetrachloro-1,2,2,3,4,4 
hexa?uorobutane, may be technically used, but such is not 
preferred from the vieWpoint of the global environment 
protection. Further, in the present invention, it is also pos 
sible to carry out the polymeriZation reaction by means of 
liquid or supercritical carbon dioxide. 

[0042] Further, the copolymer of the monomer (2) With 
TFE may contain repeating units based on another ?uori 
nated monomer as a small amount component. As such a 

?uorinated monomer, vinylidene ?uoride, tri?uoroethylene, 
vinyl ?uoride, ethylene, chlorotri?uoroethylene, per 
?uoro(3-butenyl vinyl ether), per?uoro(allyl ether), per 
?uoro(2,2-dimethyl-1,3-dioxole), per?uoro(1,3-dioxole), 
2,2,4-tri?uoro-5-tri?uoromethoxy-1,3-dioxole, per?uoro(2 
methylene-4-methyl-1,3-dioxolane), 1,1‘-[(di?uoromethyl 
ene)bis(oxy)]bis[1,2,2-tri?uoroethylene], hexa?uoropropy 
lene or a per?uorovinyl ether compound represented by 
CF2=CFORf, may, for example, be mentioned. Here, Rf is 
a C18 per?uoroalkyl group, Which may have a branched 
structure and Which may contain an etheric oxygen atom. 

[0043] Among copolymers thus obtained, a polymer hav 
ing a per?uoro structure is particularly preferred from the 
vieWpoint of the durability of the fuel cell. 

[0044] The polymer may be treated With ?uorine gas in 
order to stabiliZe the unstable moieties at the terminals. In 
the ?uorination reaction in such a case, as the ?uorine gas, 
it is preferred to employ ?uorine gas diluted With an inert 
gas. The ?uorination temperature is from 150 to 200° C., 
preferably from 170 to 190° C. 

[0045] The copolymer prepared as described above, is, in 
the form of a poWder or after being processed into a ?lm by 
melt extrusion or hot press, subjected to hydrolysis treat 
ment and then to treatment for conversion to an acid form. 
In the hydrolysis treatment, for example, in a solution of a 
base such as NaOH or KOH or in Water or a mixture of Water 

and an alcohol such as methanol or ethanol, or a polar 

solvent such as dimethylsulfoxide, —SO2F groups in the 
prepared copolymer are hydrolyZed and converted to 
—SO3Na groups or —SO3K groups. In the subsequent 
treatment for conversion to an acid-form, metal ions of 
e.g.—SO3Na groups or —SO3K groups in the copolymer 
are substituted by protons in an aqueous solution of an acid 
such as hydrochloric acid, nitric acid or sulfuric acid to an 
acid-form, Whereby the functional groups are converted to 
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sulfonic acid groups (—SO3H groups). The hydrolysis treat 
ment and the treatment for conversion to an acid form are 

carried out usually at a temperature of from 0° C. to 120° C. 

[0046] Here, in a case Where the electrolyte material for a 
polymer electrolyte fuel cell of the present invention is to be 
used as a material for constituting a polymer electrolyte 
membrane to constitute a polymer electrolyte fuel cell, the 
copolymer prepared by the polymeriZation reaction may be 
formed into a ?lm and then subjected to hydrolysis treatment 
and treatment for conversion to an acid-form, as described 

above, but it may be subjected to hydrolysis treatment and 
treatment for conversion to an acid form in the state of a 

poWder, then dissolved in a solvent and formed into a ?lm 

by a casting method. Further, in such a case, the polymer 
electrolyte membrane may be reinforced by eg a polytet 
ra?uoroethylene (hereinafter referred to as PTFE) porous 
substrate or PTFE ?ber (?brils). 

[0047] In a case Where the electrolyte material for a 
polymer electrolyte fuel cell of the present invention is to be 
used as a resin to be incorporated to a catalyst layer of an 

electrode to constitute a polymer electrolyte fuel cell, the 
copolymer after converted to sulfonic groups by the above 
mentioned treatment for conversion to an acid form, may be 
dissolved or dispersed in an organic solvent, a mixed solvent 
of an organic solvent and Water, or Water, so that it can be 
used in the form of a liquid composition. 

[0048] The organic solvent is not particularly limited. 
HoWever, the copolymer after converted to an acid form can 
be dissolved or Well dispersed in an organic solvent having 
a —OH group, and it is preferred to use an organic solvent 
having a —OH group, and it is more preferred to use an 

organic solvent having an alcoholic-OH group. Speci?cally, 
methanol, ethanol, 1-propanol, 2,2,2-tri?uoroethanol, 2,2,3, 
3,3-penta?uoro-1-propanol, 2,2,3,3-tetra?uoro-l-propanol, 
4,4,5,5,5-penta?uoro-1-pentanol, 1,1,1,3,3,3-hexa?uoro-2 
propanol, 3,3,3-tri?uoro-l-propanol, 3,3,4,4,5,5,6,6,6-non 
a?uoro-l-hexanol or 3,3,4,4,5,5,6,6,7,7,8,8,8-trideca?uoro 
l-octanol may, for example, be mentioned. Further, as an 
organic solvent having a —OH group, an organic solvent 
having a carboxyl group such as acetic acid may also be used 
in addition to the above alcohols. 

[0049] A catalyst layer of an anode and/or cathode of a 
polymer electrolyte fuel cell can be prepared by using the 
liquid composition obtained by dissolving or dispersing the 
copolymer after converted to an acid form, in Water or in a 
solvent containing the above-mentioned organic solvent 
having a —OH group. For example, by using such a liquid 
composition, a cathode excellent in a gas diffusion property 
can be obtained. The concentration of the copolymer in such 
a liquid composition is preferably from 1 to 50%, more 
preferably from 3 to 30%, based on the total mass amount 
of the liquid composition. If this concentration is less than 
1%, a large amount of an organic solvent Will be required at 
the time of the preparation of an electrode. Further, if this 
concentration exceeds 50%, the viscosity of the liquid 
composition tends to be so high that the handling ef?ciency 
tends to deteriorate. 
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[0050] The polymer electrolyte fuel cell of the present 
invention can be prepared, for example, by either one of the 
folloWing tWo methods by using a uniform dispersion 
obtained by mixing and dispersing electroconductive carbon 
black poWder having ?ne platinum catalyst particles sup 
ported thereon in the above-mentioned liquid composition 
containing the copolymer. The ?rst method is a method 
Wherein the above-mentioned dispersion is coated and dried 
on both sides of a polymer electrolyte membrane, and then 
a carbon cloth or carbon paper to be a gas diffusion layer, is 

tightly bonded thereto. The second method is a method in 
Which the above-mentioned dispersion is coated and dried 
on a carbon cloth or carbon paper to be a gas diffusion layer, 

and then an anode thus obtained is bonded on one side of the 

polymer electrolyte membrane and a cathode obtained by 
the same Way is bonded to the other side. In such a manner, 

a so-called membrane electrode assembly having an anode 
disposed on one side and a cathode disposed on the other 

side of the polymer electrolyte membrane Will be obtained. 
And, the obtained membrane electrode assembly is, for 
example, sandWiched betWeen separators having grooves 
formed to constitute passages for a fuel gas or an oxidiZing 

gas (air, oxygen or the like) containing oxygen and 
assembled into a cell to obtain a polymer electrolyte fuel cell 

of the present invention. 

[0051] Further, the resin (hereinafter referred to as the 
electrode resin) to be incorporated to the electrodes of the 
polymer electrolyte fuel cell of the present invention may be 
composed solely of the solid polymer electrolyte material of 
the present invention, but may be a mixture of the solid 
polymer electrolyte material of the present invention With 
the above-mentioned conventional electrolyte material, or 
may be composed solely of the conventional electrolyte 
material. 

[0052] Further, in the polymer electrolyte fuel cell of the 
present invention, the catalyst and the electrode resin con 
tained in the cathode and/or the anode (hereinafter simply 
referred to as an electrode unless it is required to particularly 
distinguish it) are preferably in a mass ratio of the catalys 
t:electrode resin=from 20:80 to 95:5, from the vieWpoint of 
the electroconductivity and the Water discharging property 
of the electrode. The mass of the catalyst here includes the 
mass of the carrier in the case of a supported catalyst Which 
is supported on a carrier such as carbon. 

[0053] The polymer electrolyte fuel cell of the present 
invention is useful not only for a hydrogen/oxygen type fuel 
cell but also for eg a direct methanol type fuel cell 
(DMFC). Methanol or an aqueous methanol solution to be 
used as a fuel for DMFC may be supplied by a liquid feed 
or a gas feed. 

[0054] NoW, the present invention Will be described in 
further detail With reference to Examples and Comparative 
Examples. HoWever, it should be understood that the present 
invention is by no means restricted thereto. Further, in 
Examples, the folloWing abbreviations Will be used. 
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TQ measured by means of Capillary Rheometer CFT-500D 
(manufactured by Shimadzu Corporation) Was 204° C. 

PFAE : CF2=CFCF2OCF2CF2SO2R 

PFAE_H I CF2=CFCF2OCF2CF2SO3H POLYMERIZATION EXAMPLES 2 to 5 and 
POLYMERIZATION REFERENCE EXAMPLES 1 

PSVE—H : CF2=CFOCF2CF(CF3)OCF2CF2SO3H, and 2 

IPP : (CH3)2CHOC(=O)OOC(=O)OCH(CH3)2, _ _ [0056] TEE/PFAE copolymers of polymerization 
AIBN I (CH3)2C(CN)N=NC(CH3)2(CN) Examples 2 to 5 and Polymerization Reference Examples 1 
HCFC 141111 CH3CC12F, and 2 Were prepared in the similar operation as in Polymer 
HCFCZZScb1CC1132C}?ZCHCIF7 ization Example 1 by adjusting the polymerization condi 

_ _ tions to the res ective conditions as identi?ed in Table 1 the 
PFBICF3CF2CF2C(—O)OOC(—O)CF2CF2CF3’ charged amouiit of PFAE, the species and amount of(the 
PFBPO I initiator and its concentration to PFAE monomer, the poly 

merization temperature, the polymerization pressure and the 
reaction time). Further, the initiator used in Polymerization 

O_O @ Example 4 Was charged by using a solution having 3% of 
PFB dissolved in HCFC 225cb. With respect to the polymers 

0 O of Polymerization Examples 2 to 5 and Polymerization 
Reference Examples 1 and 2 thus obtained, the yield, AR and 
TQ Were measured, and the results are shoWn in Table 2 
together With the results of Polymerization Example 1. 

POLYMERIZATION EXAMPLE 1 
[0057] In a case Where IPP or PFB Was used as the 

[0055] Into a stainless steel autoclave having an internal initiator, the polymerization temperature had to be set loW, 
capacity of 125 cm3, 37.2 g of PFAE and, 205 mg of since the decomposition temperature is loW as compared 
per?uorobenzoyl peroxide (PFBPO) as an initiator, Were With PFBPO, and it Was necessary to substantially reduce 
introduced and cooled With liquid nitrogen and deaerated. the polymerization pressure in order to obtain a polymer 
Then, TFE Was introduced into the autoclave, and the system having a proper ion exchange capacity. In such a system, the 
Was maintained at 80° C. under 0.345 MPaG (gauge pres- ?uctuation of the ion exchange capacity of the resulting 
sure, the same applies hereinafter) for 2 hours and 50 polymer tends to be large to the ?uctuation of the polymer 
minutes. The autoclave Was cooled, and the gas in the ization pressure. In order to obtain a polymer having the 
system Was purged to stop the polymerization. After diluting same ion exchange capacity With good reproducibility, con 
With HCFC 225cb, the polymer Was ?occulated by an trol is easy When the polymerization pressure is high. 
addition of HCFC 141b, folloWed by ?ltration. Then, the Accordingly, from the vieWpoint of controlling the ion 
polymer Was stirred in HCFC 225cb and re-?occulated by exchange capacity, it is preferred to carry out the polymer 
HCFC 141b, folloWed by vacuum drying overnight at 80° C. ization by means of an initiator having a high decomposition 
AR of the polymer obtained by titration Was 1.12 meq/ g, and temperature like PFBPO. 

TABLE 1 

Initiator Polymerization Polymerization 

PFAE Amount Concentration temperature pressure Reaction 

(g) Species (mg) (ppm) (0 C.) (MPaG) time (h) 

Polymerization 37.2 PFBPO 205 5520 80 0.345 2.83 

Example 1 
Polymerization 74.4 PFBPO 74 995 80 0.33 5.08 

Example 2 
Polymerization 74.4 PFBPO 297 3990 80 0.31 2.25 

Example 3 
Polymerization 74.4 PFBPO 74 1000 80 0.45 2.90 

Reference 

Example 1 

Polymerization 63.7 FEB 45 700 30 0.02 9.50 

Example 4 
Polymerization 63.8 IPP 123 1920 40 0.05 9.00 

Example 5 
Polymerization 63.8 IPP 130 2030 40 0.12 4.42 

Reference 

Example 2 
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[0058] 

TABLE 2 

Yield (g) AR (meq/g) TQ (° 0) 

Polymerization 7.3 1.12 204 
Example 1 
Polymerization 15.4 1.12 405 
Example 2 
Polymerization 9.6 1.18 227 
Example 3 
Polymerization 22.8 0.84 >>400 
Reference 
Example 1 
Polymerization 2.3 1.07 271 
Example 4 
Polymerization 4.4 1.07 225 
Example 5 
Polymerization 4.5 0.80 266 
Reference 
Example 2 

[0059] COMPARATIVE REFERENCE EXAMPLE 

[0060] Into a stainless steel autoclave having an internal 
capacity of 125 cm3, 61.6 g of PFAE and 34 mg of AIBN 
Were introduced and cooled With liquid nitrogen and deaer 
ated. Then, TFE Was introduced at 75° C. until the pressure 
became 0.30 MPaG, and stirring Was continued for 3 hours, 
Whereby no decrease in pressure Was observed. Then, the 
temperature Was raised to 80° C. The pressure rose to 0.32 
MPaG. Stirring Was continued in this state for 50 minutes, 
Whereby no decrease in pressure Was observed, and there 
fore, the autoclave Was cooled, and the gas in the system Was 
purged, Whereupon the autoclave Was opened, and 124 mg 
of AIBN Was added. After cooling With liquid nitrogen and 
deaeration, tetra?uoroethylene Was introduced again at 75° 
C. until the pressure became 0.30 MPaG. Stirring Was 
continued for 1.5 hours, but no decrease in pressure Was 
observed. Therefore, the temperature Was raised again to 80° 
C. The pressure rose to 0.32 MPaG. Stirring Was continued 
for 30 minutes, but no decrease in pressure Was observed. 
Accordingly, the autoclave Was cooled, and the gas in the 
system Was purged to stop the reaction. A part of the liquid 
in the autoclave Was sampled, and the monomers Were 
distilled off under reduced pressure, Whereby no substantial 
solid content remained. Thus, by the hydrocarbon type 
initiator, polymerization tends to hardly proceed When the 
polymerization temperature becomes high. 

[0061] Measurement of Physical Properties 

[0062] Using the TFE/PFAE copolymer of Polymerization 
Example 1, a ?lm having a thickness of about 100 pm Was 
prepared by hot press. It Was hydrolyzed With a KOH 
aqueous solution containing dimethyl sulfoxide and then 
immersed in hydrochloric acid to convert it to an acid-form, 
folloWed by Washing With deionized Water. The obtained 
membrane Was immersed in deionized Water of 90° C., 
Whereupon the Water content Was 40%. Further, With respect 
to the membrane, the AC resistivity Was 6.0 Q-cm as 
measured by a four-terminal method employing a platinum 
Wire at 80° C. under a relative humidity of 95%. As 
measured in the same manner, the Water content of the 
TFE/PSVE-H copolymer having AR of 1.1 meq/g Was 60% 
and the AC resistivity Was 4.5 Q-cm. 

[0063] With respect to the ?lm of the TFE/PFAE copoly 
mer converted to an acid-form, the temperature dependency 
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of the elastic modulus Was measured by means of a dynamic 
viscoelasticity measuring apparatus (manufactured by IT 
Keisoku Seigyo K. at a measuring frequency of 1 Hz at 
a temperature-raising speed of from 2 to 3° C./min. The 
results of the measurement are shoWn in FIG. 1 together 
With the results of the measurement With respect to the 
TFE/PSVE-H ?lm having AR of 1.1 meq/g. If the softening 
temperature Where the elastic modulus starts to decrease is 
compared using the temperature Where the elastic modulus 
becomes 1><108 Pa, it is evident that the TFE/PFAE-H 
copolymer has a softening temperature higher by at least 30° 
C. than the TFE/PSVE-H copolymer, and the TFE/PFAE-H 
copolymer is more suitable for operation at a high tempera 
ture than the TFE/PSVE-H copolymer. 

[0064] Evaluation as a Polymer Electrolyte Fuel Cell 

[0065] The TFE/PFAE copolymer havingAR of 1.1 meq/g 
Was hot pressed to obtain a ?lm having a thickness of 50 pm. 
Then, this ?lm Was immersed in a solution of KOH/dim 
ethylsulfoxide/Water=15/30/55 (mass ratio) and subjected to 
hydrolysis at 90° C. Then, the ?lm after the hydrolysis 
treatment Was subjected to treatment for conversion to an 
acid-form by using 1 mol/L hydrochloric acid, folloWed by 
Washing With Water and drying. 

[0066] Then, using an ethanol solution of a copolymer 
(AR=1.1 meq/g) comprising repeating units based on 
PSVE-H and repeating units based on TFE, a platinum 
supporting carbon is mixed to the solution so that the mass 
ratio of the copolymer to the platinum-supporting carbon 
(the amount of platinum supported=40 mass %) Would be 
3:7, to obtain a coating ?uid. The coating ?uid is coated on 
a carbon cloth to form a gas diffusion layer, to obtain a gas 
diffusion electrode having a catalyst layer With an amount of 
supported platinum of 0.4 mg/cm2 formed on the gas diffu 
sion layer. 

[0067] Then, the above-mentioned ?lm as a solid polymer 
electrolyte membrane is interposed betWeen tWo sheets of 
the above-mentioned gas diffusion electrodes, folloWed by 
pressing by means of a ?at plate press machine and further 
by hot pressing to obtain a membrane electrode assembly. 
On outside of this membrane electrode assembly, a titanium 
separator having a gas passage formed is disposed. Further, 
on outside thereof, a gas supply compartment made of 
PTFE, and further on outside thereof, a heater is disposed, 
Whereby a polymer electrolyte fuel cell having an effective 
membrane area of 10 cm2 is assembled. 

[0068] While maintaining the temperature of the above 
polymer electrolyte fuel cell at 80° C., oxygen is supplied to 
the cathode and hydrogen is supplied to the anode, respec 
tively, under atmospheric pressure While humidifying at 80° 
C., and an electric poWer is generated under such conditions. 
When the output poWer density is 0.3A/cm2, a voltage 
betWeen terminals of about 0.67 V is obtained. 

[0069] Then, as a Comparative Example, a polymer elec 
trolyte fuel cell having the same construction as the above 
fuel cell except that as the solid polymer electrolyte mem 
brane, Na?on 112 (AR=091 meq/g) having a membrane 
thickness of about 50 Um is used, is prepared. An electric 
poWer is generated under the same conditions as the above 
fuel cell, Whereby When the output poWer density is 0.3 
A/cm2, a voltage betWeen terminals of about 0.66 V is 
obtained. 
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INDUSTRIAL APPLICABILITY 

[0070] According to the present invention, an electrolyte 
material for a polymer electrolyte fuel cell Which has ion 
conductivity and durability equal to a conventional electro 
lyte material and Which can be produced at a loW cost in a 
shorter process than ever, and a polymer electrolyte fuel cell 
constituted by using it, can be presented. Further, the elec 
trolyte material of the present invention has a higher soft 
ening temperature than the polymer electrolyte material 
Which is Widely used in applications to fuel cells and is more 
suitable for operation at a high temperature than the con 
ventional material. 

What is claimed is: 
1. An electrolyte material for a polymer electrolyte fuel 

cell, Which is made of a copolymer comprising repeating 
units based on a monomer of the formula (1) and repeating 
units based on tetra?uoroethylene and Which has an ion 
exchange capacity of from 0.9 to 1.5 (meq/g dry resin): 

2. A method for producing an electrolyte material for a 
polymer electrolyte fuel cell, Which is made of a copolymer 
comprising repeating units based on a monomer of the 
formula (1) and repeating units based on tetra?uoroethylene 
and Which has an ion exchange capacity of from 0.9 to 1.5 
(meq/g dry resin), Wherein an initiator of a per?uoro com 
pound is used, and tetra?uoroethylene and a monomer of the 
formula (2) are subjected to radical copolymeriZation at 
from 60 to 100° C.: 

3. The method for producing an electrolyte material for a 
polymer electrolyte fuel cell according to claim 2, Wherein 
the initiator of a per?uoro compound is a per?uorobenZoyl 
peroxide. 

4. The method for producing an electrolyte material for a 
polymer electrolyte fuel cell according to claim 2, Wherein 
the polymer obtained by the copolymeriZation of the mono 
mer of the formula (2) and tetra?uoroethylene, has TQ of 
from 200 to 400° C. While TQ indicates a temperature at 
Which, When melt-extrusion of the resin is carried out using 
a noZZle having a length of 1 mm and an inner diameter of 
1 mm under an extrusion pressure condition of 30 kg/cm2, 
the extrusion rate Would be 100 mm3/sec., and is obtained by 
hydrolysis of said polymer folloWed by conversion to an 
acid-form. 

5. A method for producing an electrolyte material for a 
polymer electrolyte fuel cell, Which is made of a copolymer 
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comprising repeating units based on a monomer of the 
formula (1) and repeating units based on tetra?uoroethylene 
and Which has an ion exchange capacity of from 0.9 to 1.5 
(meq/g dry resin), Wherein by means of a hydrocarbon type 
initiator, tetra?uoroethylene and a monomer of the formula 
(2) are subjected to radical copolymeriZation at a tempera 
ture of at least 20° C. and less than 50° C.: 

6. The method for producing an electrolyte material for a 
polymer electrolyte fuel cell according to claim 5, Wherein 
the polymer obtained by the copolymeriZation of the mono 
mer of the formula (2) and tetra?uoroethylene, has TQ of 
from 200 to 400° C. While TQ indicates a temperature at 
Which, When melt-extrusion of the resin is carried out using 
a noZZle having a length of 1 mm and an inner diameter of 
1 mm under an extrusion pressure condition of 30 kg/cm2, 
the extrusion rate Would be 100 mm3/sec., and is obtained by 
hydrolysis of said polymer folloWed by conversion to an 
acid-form. 

7. A copolymer Which comprises repeating units based on 
a monomer of the formula (2) and repeating units based on 
tetra?uoroethylene and Which has TQ of from 200 to 400° C. 
as an index of the molecular Weight and an ion exchange 
capacity of from 0.9 to 1.5 (meq/g dry resin), When con 
verted to a —SO3H form: 

8. A polymer electrolyte fuel cell having an anode, a 
cathode and a polymer electrolyte membrane disposed 
betWeen the anode and the cathode, Wherein the polymer 
electrolyte membrane is made of a copolymer comprising 
repeating units based on a monomer of the formula (1) and 
repeating units based on tetra?uoroethylene and has an ion 
exchange capacity of from 0.9 to 1.5 (meq/g dry resin) and 
a membrane thickness of from 5 to 70 pm: 

9. A polymer electrolyte fuel cell having an anode, a 
cathode and a polymer electrolyte membrane disposed 
betWeen the anode and the cathode, Wherein at least one of 
the anode and the cathode has a catalyst layer Which 
comprises a catalyst and a copolymer comprising repeating 
units based on a monomer of the formula (1) and repeating 
units based on tetra?uoroethylene and having an ion 
exchange capacity of from 0.9 to 1.5 (meq/g dry resin): 

* * * * * 


