
US 20110097642Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0097642 A1 

Miyake et al. (43) Pub. Date: Apr. 28, 2011 

(54) POLYMER ELECTROLYTE MEMBRANE (30) Foreign Application Priority Data 
HAVING HIGH DURABILITY AND METHOD 
FOR PRODUCING THE SAME Jun. 27, 2003 (JP) ............................... .. 2003-184226 

Sep. 18, 2003 (JP) ............................... .. 2003-326230 

(75) Inventors: Naoto Miyake, Kamakura-shi (JP); PllblicatiOIl CIaSSi?CatiOH 
Masanobu Wakizoe, Tokyo (JP); (51) Int_ CL 

Honda, Yokohama-shi (52) US. Cl. ........................ .. 429/482; 429/535; 429/492 

(73) Assignee: ASAHI KASEI CHEMICALS 
CORPORATION, Tokyo (JP) (57) ABSTRACT 

A polymer electrolyte membrane comprising: (a) a ?uori 
(21) Appl_ No; 12/926,906 nated polymer electrolyte having an ion exchange group, and 

(b) a bas1c polymer, Wherem, optionally, at least a part of 
_ component (a) and at least a part of component (b) are chemi 

(22) Flledi Dec- 16: 2010 cally bonded to each other. A method for producing the 
above-mentioned polymer electrolyte membrane. A mem 

Related US Application Data brane/electrode assembly comprising the above-mentioned 
_ _ _ _ _ polymer electrolyte membrane WhlCh is securely sandwiched 

(62) D1V1s1on of apphcation No. 10/874,246, ?led on Jun. between an anode and a cathode. A polymer electrolyte fuel 
24, 2004, noW Pat. No. 7,875,392. cell comprising the membrane/electrode assembly. 



Patent Application Publication Apr. 28, 2011 Sheet 1 0f 9 US 2011/0097642 A1 

Fig. 1(a) 



Patent Application Publication Apr. 28, 2011 Sheet 2 of9 

, 

US 2011/0097642 A1 

A 



Patent Application Publication Apr. 28, 2011 Sheet 3 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 4 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 5 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 6 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 7 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 8 0f 9 US 2011/0097642 A1 



Patent Application Publication Apr. 28, 2011 Sheet 9 0f 9 US 2011/0097642 A1 

444.1. 



US 2011/0097642 A1 

POLYMER ELEC TROLYTE MEMBRANE 
HAVING HIGH DURABILITY AND METHOD 

FOR PRODUCING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of appli 
cation Ser. No. 10/874,246 ?led Jun. 24, 2004, and hereby 
claims priority to Japanese Application Nos. 2003-184226 
?led Jun. 27, 2003 and 2003-326230 ?led Sep. 18, 2003, the 
disclosures of Which are hereby incorporated herein by ref 
erence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a polymer electro 
lyte membrane for use in a polymer electrolyte fuel cell. More 
particularly, the present invention is concerned With a poly 
mer electrolyte membrane comprising (a) a ?uorinated poly 
mer electrolyte having an ion exchange group, and (b) a basic 
polymer, Wherein, optionally, at least a part of component (a) 
and at least a part of component (b) are chemically bonded to 
each other. The polymer electrolyte membrane of the present 
invention has excellent properties With respect to chemical 
stability, mechanical strength and heat stability, and exhibits 
high durability even When used at high temperatures. A poly 
mer electrolyte fuel cell employing the polymer electrolyte 
membrane of the present invention is advantageous in that, 
even When the polymer electrolyte fuel cell is operated for a 
long time under high temperature/loW humidity conditions 
(corresponding to an operating temperature around 1000 C. 
and a humidi?cation With 60° C. Water (Wherein the humidi 
?cation With 60° C. Water corresponds to a relative humidity 
(RH) of 20%)), the polymer electrolyte membrane Will not 
suffer a breakage (such as the occurrence of a pinhole) and, 
therefore, a cross-leak (i.e., mixing of a fuel and an oxidant 
due to a breakage of a polymer electrolyte membrane) Will not 
occur, thereby enabling the fuel cell to be operated stably for 
a long time under stringent conditions. The present invention 
is also concerned With a method for producing the above 
mentioned polymer electrolyte membrane. The present 
invention is further concerned With a membrane/electrode 
assembly comprising the above-mentioned polymer electro 
lyte membrane Which is securely sandWiched betWeen an 
anode and a cathode, and concerned With a polymer electro 
lyte fuel cell comprising the membrane/ electrode assembly. 
[0004] 2. PriorArt 
[0005] Fuel cells generate electric energy by an electro 
chemical reaction betWeen a fuel (hydrogen source) and an 
oxidant (oxygen). That is, the chemical energy of the fuel is 
directly converted into an electric energy. As fuel sources, 
there can be used pure hydrogen and compounds containing 
hydrogen, such as petroleum, natural gases (such as methane) 
and methanol. 
[0006] Fuel cells have the folloWing advantageous charac 
teristics. A fuel cell itself employs no mechanical parts and, 
therefore, it generates little noise. Further, in principle, a fuel 
cell can continue to generate electricity semipermanently by 
continuing to supply externally a fuel and an oxidant to the 
cell. 

[0007] Electrolytes can be classi?ed into a liquid electro 
lyte and a solid electrolyte. A fuel cell Which employs a 
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polymer electrolyte membrane as an electrolyte is called a 
“polymer electrolyte fuel cell”. 
[0008] The polymer electrolyte fuel cells are able to operate 
at loW temperatures, as compared to the operating tempera 
tures of other types of fuel cells. Therefore, the polymer 
electrolyte fuel cells are attracting attention as promising 
candidates for an alternative poWer source of an automobile 
and the like, a household cogeneration system and a portable 
electric poWer generator. 
[0009] A polymer electrolyte fuel cell comprises a mem 
brane/electrode assembly comprised of a proton exchange 
membrane Which is securely sandWiched betWeen gas diffu 
sion electrodes, Wherein each gas diffusion electrode is a 
laminate comprising an electrode catalyst layer and a gas 
diffusion layer. The proton exchange membrane mentioned 
herein is a material Which has strongly acidic groups (e.g., a 
sulfonic acid group and a carboxylic acid group) in a polymer 
chain thereof and alloWs selective permeation of protons. 
Examples of proton exchange membranes include per?uori 
nated proton exchange membranes, such as Na?on (trade 
name; manufactured and sold by El. duPont de Nemours & 
Company Inc., USA) having high chemical stability. 
[0010] For the operation of a fuel cell, a fuel (e.g., hydro 
gen) and an oxidant (e.g., oxygen or air) are, respectively, 
supplied to anodic and cathodic gas diffusion electrodes, and 
the tWo electrodes are connected to each other through an 
external circuit. Speci?cally, When hydrogen is used as a fuel, 
hydrogen is oxidiZed on the anodic catalyst to thereby gen 
erate protons, and the generated protons pass through a pro 
ton-conductive polymer in the anodic catalyst layer. Then the 
protons pass through the proton exchange membrane and 
then a proton-conductive polymer in the cathodic catalyst 
layer, thereby reaching the surface of the cathodic catalyst. 
On the other hand, electrons Which are generated simulta 
neously With the generation of protons during the oxidation of 
hydrogen ?oW through the external circuit to thereby reach 
the cathodic gas diffusion electrode. On the cathodic catalyst 
of the cathodic gas diffusion electrode, the electrons react 
With both the above-mentioned protons and the oxygen in the 
oxidant to thereby generate Water, and an electric energy is 
obtained by the reaction. During the operation of the fuel cell, 
the proton exchange membrane must function as a gas barrier. 
When the proton exchange membrane has high gas perme 
ability, a leak of hydrogen from the anode side to the cathode 
side and a leak of oxygen from the cathode side to the anode 
side (namely a cross-leak) occur to cause a so-called chemical 
short circuiting, thus rendering it impossible to obtain a high 
voltage electricity. 
[0011] The polymer electrolyte fuel cells are usually oper 
ated at around 80° C. so that the fuel cells can exhibit high 
output property. HoWever, When a polymer electrolyte fuel 
cell is used in an automobile, from the vieWpoint of the 
operation of the automobile in summer, it is desired that the 
fuel cell is able to operate under high temperature/loW humid 
ity conditions (corresponding to an operating temperature 
around 100° C. and a humidi?cation With 60° C. Water 
(Wherein the humidi?cation With 60° C. Water corresponds to 
a relative humidity (RH) of 20%)). HoWever, When a fuel cell 
employing a conventional per?uorinated proton exchange 
membrane is operated for a long time under high temperature/ 
loW humidity conditions, a problem occurs in that the proton 
exchange membrane suffers the occurrence of a pinhole, thus 
causing a cross-leak. Therefore, the durability of the conven 
tional proton exchange membrane is unsatisfactory. 
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[0012] As methods for improving the durability of the per 
?uorinated proton exchange membranes, there can be men 
tioned the following methods: a method in Which a proton 
exchange membrane is reinforced by incorporation of poly 
tetra?uoroethylene (PTFE) ?brils (see Unexamined Japanese 
Patent Application Laid-Open Speci?cation No. Sho 
53-149881 (corresponding to US. Pat. No. 4,218,542) and 
Examined Japanese Patent Application Publication No. Sho 
63-61337 (corresponding to EP 94679 B); a method in Which 
a proton exchange membrane is reinforced With a stretched 
porous PTFE membrane (see Examined Japanese Patent 
Application Publication No. Hei 5-75835 and Japanese 
Patent Application prior-to-examination Publication (Toku 
hyo) No. Hei 11-501964 (corresponding to US. Pat. Nos. 
5,599,614 and 5,547,551); and a method in Which a proton 
exchange membrane is reinforced by incorporation of inor 
ganic particles (such as A1203, SiO2, TiO2 and ZrO2) (see 
Unexamined Japanese Patent Application Laid-Open Speci 
?cation Nos. Hei 6-111827 and Hei 9-219206, and US. Pat. 
No. 5,523,181). (In the above-mentioned method in Which a 
proton exchange membrane is reinforced using PTFE ?brils, 
PTFE ?brils are added to a raW material solution for produc 
ing a proton exchange membrane. In the above-mentioned 
method in Which a proton exchange membrane is reinforced 
using a stretched porous PTFE membrane, a stretched porous 
PTFE membrane is adhered to a produced proton exchange 
membrane or, alternatively, a stretched porous PTFE mem 
brane is impregnated With a raW material solution for produc 
ing a proton exchange membrane, folloWed by removal of the 
solvent from the solution to thereby produce a proton 
exchange membrane containing the porous PTFE mem 
brane.) In addition, as methods for obtaining a per?uorinated 
proton exchange membrane having an improved heat resis 
tance, there can be mentioned the folloWing methods: a 
method in Which a per?uorinated proton exchange membrane 
is subjected to crosslinking treatment to thereby form a 
crosslinkage through a strongly acidic crosslinking group 
(see Unexamined Japanese Patent Application Laid-Open 
Speci?cation No. 2000-188013); and a method in Which a 
sol-gel reaction is used to incorporate silica into a per?uori 
nated proton exchange membrane (see K. A. MauritZ, R. F. 
Storey and C. K. Jones, in Multiphase Polymer Materials: 
Blends and Ionomers, L. A. Utracki and R. A. Weiss, Editors, 
ACS Symposium Series No. 395, p. 401 , American Chemical 
Society, Washington, DC. (1989)). HoWever, none of theses 
methods are able to solve the above-mentioned problem. 

[0013] There is a report that a fuel cell using a proton 
exchange membrane comprising a material obtained by dop 
ing polybenZimidaZole (having high heat resistance) With a 
strong acid (e.g., phosphoric acid) (hereinafter referred to as 
a “strong acid-doped membrane”) can be operated at a high 
temperature Which is not less than 1000 C. (see Japanese 
Patent Application prior-to-examination Publication (Toku 
hyo) No. Hei 11-503262 (corresponding to US. Pat. No. 
5,525,436)). HoWever, at an operating temperature below 
1000 C., liquid Water is present in such fuel cell, and the doped 
strong acid moves from the membrane into the Water, thus 
decreasing the output of the fuel cell. Therefore, such fuel cell 
is unsuitable for operation at a temperature below 1000 C. For 
this reason, such fuel cell is dif?cult to use in automobiles, 
because a fuel cell used in an automobile is frequently 
sWitched on and off and is required to be able to operate at a 
temperature below 1000 C. 
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[0014] Proton exchange membranes made of a polymer 
blend containing a polybenZimidaZole are knoWn. Represen 
tative examples of proton exchange membranes made of a 
polymer blend containing a polybenZimidaZole include a pro 
ton exchange membrane produced from a polymer composi 
tion comprising a sulfonated aromatic polyether ketone and a 
polybenZimidaZole (see Japanese Patent Application prior 
to-examination Publication (Tokuhyo) No. 2002-529546 
(corresponding to US. Pat. No. 6,632,847)); and a proton 
exchange membrane obtained by a method in Which a hydro 
carbon polymer having an ion exchange group and a basic 
polymer (such as a polybenZimidaZole) are blended With each 
other in the presence of an aprotic solvent and, then, the 
resultant polymer blend is cast, folloWed by removal of the 
solvent, to obtain a proton exchange membrane (see Japanese 
Patent Application prior-to-examination Publication (Toku 
hyo) Nos. 2002-512285 (corresponding to US. Pat. No. 
6,300,381 B1) and 2002-512291 (corresponding to US. Pat. 
No. 6,723,757)). HoWever, these polymer electrolyte mem 
branes produced from a polymer blend comprising a hydro 
carbon polymer and a polybenZimidaZole exhibit only an 
unsatisfactory level of chemical stability and, therefore, these 
polymer electrolyte membranes are unable to solve the 
above-mentioned problem of the occurrence of a cross-leak. 

[0015] On the other hand, Comparative Example 3 of KR 
2003-32321 A discloses a polymer electrolyte membrane 
produced from a polymer blend comprising a polybenZimi 
daZole (PBI) and Na?on. This polymer electrolyte membrane 
is produced as folloWs. A polybenZimidaZole and Na?on are 
individually dissolved in dimethylacetoamide to thereby 
obtain tWo solutions. The obtained tWo solutions are mixed 
together, and the resultant mixture is cast, folloWed by 
removal of the solvent, thereby obtaining a solid polymer 
electrolyte membrane. HoWever, by this method, PBI cannot 
be uniformly microdispersed in Na?on, and the produced 
polymer electrolyte membrane has a non-uniform dispersion 
of PBI and assumes a mottled appearance. In other Words, the 
produced polymer electrolyte membrane has many portions 
containing only a small amount of PBI and, hence, cannot 
exhibit the desired effects of PBI. Speci?cally, such portions 
of the membrane exhibit only an unsatisfactory level of 
chemical stability Which is substantially the same as the 
chemical stability of Na?on as such, and such portions of the 
membrane are causative of the occurrence of a cross-leak. 

Therefore, this polymer electrolyte membrane cannot exhibit 
a satisfactory level of durability for use in a fuel cell Which is 
operated under high temperature/loW humidity conditions. 
[0016] As described hereinabove, a polymer electrolyte 
membrane having excellent properties With respect to chemi 
cal stability, mechanical strength and heat stability, and 
exhibiting high durability even When used at high tempera 
tures, that is, a polymer electrolyte membrane suitable for 
practical use, has not been obtained in the prior art. Speci? 
cally, there is no conventional polymer electrolyte membrane 
Which can be advantageously used for producing an excellent 
fuel cell Which is advantageous not only in that the fuel cell is 
free from the occurrence of a cross-leak even When the fuel 
cell is operated for a long time under high temperature/loW 
humidity conditions (corresponding to an operating tempera 
ture around 1000 C. and a humidi?cation With 600 C. Water 
(Wherein the humidi?cation With 600 C. Water corresponds to 
a relative humidity (RH) of 20%)), but also in that the fuel cell 
does not suffer a loWering of the output property even When 
the fuel cell is frequently sWitched on and off. Therefore, the 
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development of a polymer electrolyte membrane having the 
above-mentioned excellent properties has been desired. 

SUMMARY OF THE INVENTION 

[0017] In this situation, the present inventors have made 
extensive and intensive studies With a vieW toWard solving the 
above-mentioned problems of the prior art. As a result, it has 
unexpectedly been found that the above-mentioned problems 
can be solved by a polymer electrolyte membrane having a 
structure in Which a basic polymer (b) is uniformly microdis 
persed in a ?uorinated polymer electrolyte (a). Further, it has 
unexpectedly been found that the polymer electrolyte mem 
brane having a structure in Which a basic polymer (b) is 
uniformly microdispersed in a ?uorinated polymer electro 
lyte (a) can be produced by a method Which comprises: pro 
viding a casting liquid in Which a liquid medium comprising 
a protic solvent is mixed With a polymer mixture of (a) a 
?uorinated polymer electrolyte having an ion exchange 
group, and (b) a basic polymer; casting the casting liquid onto 
a substrate to thereby form a liquid coating on the substrate; 
and removing the liquid medium from the liquid coating to 
thereby form a solid polymer electrolyte membrane. The thus 
obtained polymer electrolyte membrane has excellent prop 
erties With respect to chemical stability, mechanical strength 
and heat stability, and exhibits high durability even When used 
at high temperatures. By virtue of these excellent properties 
of the above-mentioned polymer electrolyte membrane, a 
polymer electrolyte fuel cell employing the polymer electro 
lyte membrane is advantageous in that, even When the poly 
mer electrolyte fuel cell is operated for a long time under high 
temperature/loW humidity conditions (corresponding to an 
operating temperature around 100° C. and a humidi?cation 
With 60° C. Water (Wherein the humidi?cation With 60° C. 
Water corresponds to a relative humidity (RH) of 20%)), a 
cross-leak Will not occur. In addition, it has been con?rmed 
that the polymer electrolyte fuel cell employing the above 
mentioned polymer electrolyte membrane does not suffer a 
loWering of the output property even When the fuel cell is 
frequently sWitched on and off, that is, the output property of 
the polymer electrolyte fuel cell has the same stability as that 
of a fuel cell employing a conventional per?uorinated proton 
exchange membrane. Based on these novel ?ndings, the 
present invention has been completed. 
[0018] Accordingly, it is an object of the present invention 
to provide a polymer electrolyte membrane Which is 
extremely suitable for practical use, namely a polymer elec 
trolyte membrane having excellent properties With respect to 
chemical stability, mechanical strength and heat stability, and 
exhibiting high durability even When used at high tempera 
tures. 

[0019] Another object of the present invention is to provide 
a method for producing the above-mentioned polymer elec 
trolyte membrane. 
[0020] Still another object of the present invention is to 
provide a membrane/electrode assembly comprising the 
above-mentioned polymer electrolyte membrane Which is 
securely sandWiched betWeen an anode and a cathode, and to 
provide a polymer electrolyte fuel cell comprising the mem 
brane/ electrode assembly. 
[0021] The foregoing and other objects, features and 
advantages of the present invention Will be apparent from the 
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folloWing detailed description taken in connection With the 
accompanying draWings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] In the draWings: 
[0023] FIG. 1(a) is an optical photomicrograph (magni? 
cation: ><50) of the surface of the polymer electrolyte mem 
brane produced in Example 1; 
[0024] FIG. 1(b) is a transmission electron photomicro 
graph (TEM photomicrograph) of a cross-section of the poly 
mer electrolyte membrane produced in Example 1 , Which Was 
taken in a thicknessWise direction thereof; 
[0025] FIG. 2 is an optical photomicrograph (magni?ca 
tion: x50) of the surface of the polymer electrolyte membrane 
produced in Comparative Example 2; 
[0026] FIG. 3 is a TEM photomicrograph of a cross-section 
of the polymer electrolyte membrane produced in Compara 
tive Example 3, Which Was taken in a thicknessWise direction 
thereof; 
[0027] FIG. 4 is a TEM photomicrograph of a cross-section 
of the polymer electrolyte membrane produced in Example 2, 
Which Was taken in a thicknessWise direction thereof; 

[0028] FIG. 5 is a TEM photomicrograph of a cross-section 
of the polymer electrolyte membrane produced in Example 3, 
Which Was taken in a thicknessWise direction thereof; 

[0029] FIG. 6(a) is a TEM photomicrograph of a cross 
section of the polymer electrolyte membrane produced in 
Example 4, Which Was taken in a thicknessWise direction 
thereof; 
[0030] FIG. 6(b) is an image obtained by subjecting the 
TEM photomicrograph of FIG. 6(a) to a binariZation treat 
ment Which is a preparatory operation for enabling a subse 
quent image processing to be performed in an adequate man 
ner (Wherein the “binariZation treatment” is a treatment in 
Which each of the gray portions in the TEM photomicrograph 
of FIG. 6(a) is individually classi?ed as being either black or 
White, and the gray portions Which are classi?ed as being 
black are processed so as to change the gray color thereof to 
black color); and 
[0031] FIG. 7 is a TEM photomicrograph of a cross-section 
of the polymer electrolyte membrane produced in Example 5, 
Which Was taken in a thicknessWise direction thereof. 

[0032] Among the TEM photomicrographs shoWn in the 
draWings, the TEM photomicrograph of FIG. 7 is positioned 
such that the horiZontal direction of the photomicro graph 
corresponds to the thicknessWise direction of the membrane. 
In each of the other TEM photomicrographs shoWn in the 
draWings, the vertical direction of the photomicrograph cor 
responds to the thicknessWise direction of the membrane. 

DETAILED DESCRIPTION OF THE INVENTION 

[0033] In one aspect of the present invention, there is pro 
vided a polymer electrolyte membrane comprising: 
[0034] (a) 50.000 to 99.999% by Weight, based on the total 
Weight of components (a) and (b), of a ?uorinated polymer 
electrolyte having an ion exchange group, and 
[0035] (b) 0.001 to 50.000% by Weight, based on the total 
Weight of components (a) and (b), of a basic polymer, 
[0036] Wherein, optionally, at least a part of component (a) 
and at least a part of component (b) are chemically bonded to 
each other. 
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[0037] In another aspect of the present invention, there is 
provided a method for producing a polymer electrolyte mem 
brane, comprising: 
[0038] providing a casting liquid in Which a liquid medium 
comprising a protic solvent is mixed With a polymer mixture 
of: 
[0039] (a) 50.000 to 99.999% by Weight, based on the total 
Weight of components (a) and (b), of a ?uorinated polymer 
electrolyte having an ion exchange group, and 
[0040] (b) 0.001 to 50.000% by Weight, based on the total 
Weight of components (a) and (b), of a basic polymer, 
[0041] casting the casting liquid onto a substrate to thereby 
form a liquid coating on the substrate, and 
[0042] removing the liquid medium from the liquid coating 
to thereby form a solid polymer electrolyte membrane. 
[0043] In still another aspect of the present invention, there 
is provided a membrane/electrode assembly comprising the 
polymer electrolyte membrane of the present invention Which 
is securely sandWiched betWeen an anode and a cathode, 
Wherein the anode comprises an anodic catalyst layer and is 
proton-conductive, and the cathode comprises a cathodic 
catalyst layer and is proton-conductive. 
[0044] In still another aspect of the present invention, there 
is provided a polymer electrolyte fuel cell comprising the 
above-mentioned membrane/ electrode assembly, Wherein 
the anode and the cathode are connected to each other through 
an electron conductive material Which is positioned in the 
outside of the polymer electrolyte membrane. 
[0045] For easy understanding of the present invention, the 
essential features and various preferred embodiments of the 
present invention are enumerated beloW. 
1. A polymer electrolyte membrane comprising: 
[0046] (a) 50.000 to 99.999% by Weight, based on the total 
Weight of components (a) and (b), of a ?uorinated polymer 
electrolyte having an ion exchange group, and 
[0047] (b) 0.001 to 50.000% by Weight, based on the total 
Weight of components (a) and (b), of a basic polymer, 
[0048] Wherein, optionally, at least a part of component (a) 
and at least a part of component (b) are chemically bonded to 
each other. 
2. The polymer electrolyte membrane according to item 1 
above, Wherein the amount of the basic polymer (b) is from 
0.01 to 10.000% by Weight, based on the total Weight of 
components (a) and (b). 
3. The polymer electrolyte membrane according to item 1 
above, Wherein the basic polymer (b) is a nitrogen-containing 
aromatic basic polymer. 
4. The polymer electrolyte membrane according to any one of 
items 1 to 3 above, Which exhibits a sea/ islands structure 
When a cross-section of said membrane Which is taken in a 
thicknessWise direction of the membrane is examined With 
respect to a 15 p.m><15 um area thereof by a transmission 
electron microscope. 
5. The polymer electrolyte membrane according to any one of 
items 1 to 3 above, Which has an ion exchange capacity of 
from 1.0 to 1.5 milliequivalents per gram of the membrane. 
6. The polymer electrolyte membrane according to any one of 
items 1 to 3 above, Wherein the ?uorinated polymer electro 
lyte (a) is represented by the folloWing formula: 
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7. The polymer electrolyte membrane according to any one of 
items 1 to 3 above, Wherein the ?uorinated polymer electro 
lyte (a) is represented by the folloWing formula: 

[0050] Wherein 0§a<1, 0<g§ 1, a+g:1, 1 éfé 8, and X4 
represents iCOOH, iSO3H, iPO3H2 or iPO3H. 

8. The polymer electrolyte membrane according to item 3 
above, Wherein the nitrogen-containing aromatic basic poly 
mer is poly[2,2'-(m-phenylene)-5,5'-bibenZimidaZole]. 
9. The polymer electrolyte membrane according to any one of 
items 1 to 3 above, Which has a thickness of from 2 to 150 um. 
10. The polymer electrolyte membrane according to any one 
of items 1 to 3 above, Which exhibits a haZe value of 25% or 
less as measured in accordance With I IS K 7136, When it has 
a thickness of 50 um. 
11. The polymer electrolyte membrane according to any one 
of items 1 to 3 above, Which has a thickness other than 50 um 
and exhibits a calculated haZe value (H5O) of 25% or less, 
Wherein the calculated haZe value (H5O) is de?ned as a haZe 
value calculated on the assumption that the polymer electro 
lyte membrane has a thickness of 50 pm, 
[0051] the calculated haZe value (H5O) being obtained by 
the folloWing formula: 

[0052] Wherein t represents the thickness (um) of the 
polymer electrolyte membrane, and Ht represents the 
haZe value of the polymer electrolyte membrane, as 
measured in accordance With I IS K 7136. 

12. The polymer electrolyte membrane according to item 4 
above, Wherein the ratio of the island particles in the sea/ 
islands structure is from 0.1 to 70%, in terms of the percent 
age of the total area of the island particles in the 15 p.m><15 um 
area of the cross-section of the membrane. 
13. The polymer electrolyte membrane according to item 4 or 
12 above, Wherein the density of the island particles in the 
sea/islands structure is from 0.1 to 100 island particles/um2 in 
the 15 um><15 um area of the cross-section of the membrane. 
14. The polymer electrolyte membrane according to any one 
of items 1 to 3 above, Which has at least one reinforcement 
selected from the group consisting of a reinforcement con 
tained in the membrane and a reinforcement secured to a 
surface of the membrane. 
1 5. A method for producing a polymer electrolyte membrane, 
comprising: 
[0053] providing a casting liquid in Which a liquid medium 
comprising a protic solvent is mixed With a polymer mixture 
of: 
[0054] (a) 50.000 to 99.999% by Weight, based on the total 
Weight of components (a) and (b), of a ?uorinated polymer 
electrolyte having an ion exchange group, and 
[0055] (b) 0.001 to 50.000% by Weight, based on the total 
Weight of components (a) and (b), of a basic polymer, 
[0056] casting the casting liquid onto a substrate to thereby 
form a liquid coating on the substrate, and 
[0057] removing the liquid medium from the liquid coating 
to thereby form a solid polymer electrolyte membrane. 
16. The method according to item 15 above, Which further 
comprises subjecting the formed polymer electrolyte mem 
brane to heat treatment. 
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17. The method according to item 15 above, wherein the 
liquid medium further comprises an aprotic solvent, and the 
amount of the protic solvent is 0.5 to 99.5% by Weight, and the 
amount of the aprotic solvent is 99.5 to 0.5% by Weight, each 
based on the total Weight of the protic solvent and the aprotic 
solvent. 
18. The method according to item 15 above, Wherein the 
protic solvent is Water. 
19. A polymer electrolyte membrane obtained by the method 
of any one ofitems 15 to 18 above. 
20. A membrane/electrode assembly comprising the polymer 
electrolyte membrane of any one of items 1 to 3 above, Which 
is securely sandWiched betWeen an anode and a cathode, 
Wherein the anode comprises an anodic catalyst layer and is 
proton-conductive, and the cathode comprises a cathodic 
catalyst layer and is proton-conductive. 
21 . A membrane/electrode assembly comprising the polymer 
electrolyte membrane of item 19 above, Which is securely 
sandWiched betWeen an anode and a cathode, Wherein the 
anode comprises an anodic catalyst layer and is proton-con 
ductive, and the cathode comprises a cathodic catalyst layer 
and is proton-conductive. 
22. A polymer electrolyte fuel cell comprising the membrane/ 
electrode assembly of item 20 above, Wherein the anode and 
the cathode are connected to each other through an electron 
conductive material Which is positioned in the outside of the 
polymer electrolyte membrane. 
23 . A polymer electrolyte fuel cell comprising the membrane/ 
electrode assembly of item 21 above, Wherein the anode and 
the cathode are connected to each other through an electron 
conductive material Which is positioned in the outside of the 
polymer electrolyte membrane. 
[0058] HereinbeloW, the present invention is explained in 
detail. 

(The Polymer Electrolyte Membrane of the Present Inven 
tion) 
[0059] The polymer electrolyte membrane of the present 
invention comprises (a) 50.000 to 99.999% by Weight, based 
on the total Weight of components (a) and (b), of a ?uorinated 
polymer electrolyte having an ion exchange group, and (b) 
0.001 to 50.000% by Weight, based on the total Weight of 
components (a) and (b), of a basic polymer, Wherein, option 
ally, at least a part of component (a) and at least a part of 
component (b) are chemically bonded to each other. 
[0060] There is no particular limitation With respect to the 
?uorinated polymer electrolyte (a) used in the present inven 
tion. Representative examples of ?uorinated polymer electro 
lytes include Na?on (trade name; manufactured and sold by 
E.l. duPont de Nemours & Company Inc., USA), Aciplex 
(trade name; manufactured and sold by Asahi Kasei Corpo 
ration, Japan) and Flemion (trade name; manufactured and 
sold by Asahi Glass Co ., Ltd., Japan). These ?uorinated poly 
mer electrolytes are per?uorocarbon polymers having an ion 
exchange group, Which are represented by the folloWing for 
mula (1): 

b%3C*(CFRl)r(CFR2)e*(CF2)rX4)]g (1) 

[0061] Wherein, 
[0062] each of X1, X2 and X3 independently represents a 
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[0065] each of d, e and f is independently a number in the 
range of from 0 to 6, provided that d+e+f is not 0; 

[0066] each of R1 and R2 independently represents a 
halogen atom, a C 1 -C 10 per?uoroalkyl group or a C 1 -C 10 
?uorochloroalkyl group; and 

[0067] X4 represents iCOOZ, iSO3Z, iPO3Z2 or 
iPO3HZ, Wherein Z represents a hydrogen atom, a 
metal atom (such as Na, K or Ca) or an amine (NH4, 
NH3Rl, NH2R2, NHR3 or NR4 (Wherein each of R1 to R4 
independently represents an alkyl group or an arene 
group» 

[0068] Among the compounds represented by formula (1) 
above, especially preferred are the compounds represented by 
the folloWing formula (2) or (3): 

[0070] Wherein 0§a<1, 0<g§ 1, a+g:1, 1 éfé 8, and X4 
represents iCOOH, iSO3H, iPO3H2 or iPO3H. 

[0071] The per?uorocarbon polymers, such as those men 
tioned above, may be copolymers containing a comonomer 
unit obtained from comonomers, such as per?uoroole?ns 
(such as hexa?uoropropylene and chlorotri?uoroethylene), 
and per?uoroalkyl vinyl ethers. 
[0072] Methods for producing the ?uorinated polymer 
electrolyte (a) used in the present invention are described in, 
for example, US. Pat. No. 5,281,680, Unexamined Japanese 
Patent Application Laid-Open Speci?cation No. Hei 
7-252322 and US. Pat. No. 5,608,022. 

[0073] The amount of the ?uorinated polymer electrolyte 
(a) in the polymer electrolyte membrane of the present inven 
tion is in the range of from 50.000 to 99.999% by Weight, 
preferably from 80.000 to 99.995% by Weight, more prefer 
ably from 90.000 to 99.990% by Weight, still more preferably 
from 95.000 to 99.900% by Weight, most preferably from 
98.000 to 99.900% by Weight, based on the total Weight of 
components (a) and (b). When the amount of the ?uorinated 
polymer electrolyte (a) is in the above-mentioned range (i.e., 
50.000 to 99.999% by Weight), there can be obtained a poly 
mer electrolyte membrane having high durability While main 
taining excellent proton conductivity. 
[0074] With respect to the basic polymer (b) used in the 
polymer electrolyte membrane of the present invention, there 
is no particular limitation. As examples of basic polymers (b), 
there can be mentioned a nitrogen-containing aliphatic basic 
polymer and a nitrogen-containing aromatic basic polymer. 
[0075] Speci?c examples of nitrogen-containing aliphatic 
basic polymers include polyethylene imines. Speci?c 
examples of nitrogen-containing aromatic basic polymers 
include polyanilines and heterocyclic compounds, such as a 
polybenZimidaZole, a polypyridine, a polypyrimidine, a poly 
vinylpyridine, a polyimidaZole, a polypyrrolidine and a poly 
vinylimidaZole. Among these, a polybenZimidaZole, Which 
has high heat stability, is especially preferred. 
[0076] Speci?c examples of polybenZimidaZoles include 
compounds represented by formula (4) beloW, compounds 
represented by formula (5) beloW, and a poly(2,5-benZimida 
Zole) represented by formula (6) beloW. 
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[0077] wherein: 
[0078] each R independently represents a divalent group, 

such as an alkane chain, a ?uoroalkane chain or any one 

of the following structures: 

T65, 16.1, 
NANH 

N > N a 

O 

| < > C , 

[0079] each R1 independently represents a hydrogen 
atom, an alkyl group, a phenyl group or a pyridyl group; 
and 

[0080] x is a number in the range of from 10 to 1.0><107. 

(5) 
N N 

/ \>_R 
N N 

I l I l 
R R I 

[0081] Wherein R and R1 are as de?ned for formula (4), 
and l is a number in the range of from 10 to 1.0><107. 
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(6) 
l R 

| 
N 

U/ N m 

[0082] wherein R1 is as de?ned for formula (4), and m is 
a number in the range of from 10 to 1.0><107. 

[0083] Among the above-mentioned polybenZimidaZoles, 
especially preferred is poly[(2,2'-(m-phenylene)-5,5'-biben 
ZimidaZole] represented by the folloWing formula (7): 

(7) 

N N 

W N N 

| | 
H H n 

[0084] Wherein n is a number in the range of from 10 to 
1 .0><107. 

[0085] The amount of the basic polymer (b) in the polymer 
electrolyte membrane of the present invention is in the range 
of from 0.001 to 50.000% by Weight, preferably from 0.005 to 
20.000% by Weight, more preferably from 0.010 to 10.000% 
by Weight, still more preferably from 0.100 to 5.000% by 
Weight, most preferably from 0.100 to 2.000% by Weight, 
based on the total Weight of components (a) and (b). When the 
amount of the basic polymer (b) is in the above-mentioned 
range (i.e., 0.001 to 50.000% by Weight), there can be 
obtained a polymer electrolyte membrane having high dura 
bility While maintaining excellent proton conductivity. 
[0086] In the polymer electrolyte membrane of the present 
invention, it is preferred that the polymer electrolyte mem 
brane exhibits a sea/ islands structure When a cross-section of 
the membrane Which is taken in a thicknessWise direction of 
the membrane is examined With respect to a 15 um><15 um 
area thereof by a transmission electron microscope (herein 
after referred to as “TEM”). The term “sea/ islands structure” 
used herein means a structure in Which black island particles 
are dispersed in a White or gray sea (continuous phase), 
Wherein the structure can be observed When a cross-section of 
the membrane Which is not stained is examined through an 
electron microscope. With respect to the shape of the island 
particles, there is no particular limitation, and the island par 
ticles may have the shape of a circle, an oval or a polygon, or 
may have an inde?nite shape. The diameter (in terms of the 
length of the major axis or maximum axis) of each of the 
island particles is in the range of from 0.01 to 10 pm. In the 
sea/islands structure, the black island particles are composed 
mainly of the basic polymer (b), and the White (or gray) sea 
(continuous phase) is composed mainly of the ?uorinated 
polymer electrolyte (a). 
[0087] With respect to the sea/islands structure, it is pre 
ferred that the ratio of the island particles in the sea/islands 
structure is from 0.1 to 70%, more advantageously 1 to 70%, 
still more advantageously 5 to 50%, in terms of the percentage 
of the total area of the island particles in the 15 um><15 um 
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area of the cross-section of the membrane. Further, it is pre 
ferred that the density of the island particles in the sea/islands 
structure is from 0.1 to 100 island particles/um2 in the 15 
um><15 um area of the cross-section of the membrane. In the 
present invention, the total area and density of the island 
particles in the sea/islands structure are determined by the 
method Which is explained below taking the TEM photomi 
crograph of FIG. 6(a) as an example. First, the TEM photo 
micrograph of FIG. 6(a) is scanned using a scanner so as to 
convert the image into digital data. The thus obtained digital 
data is subjected to an image analysis using image analyZer 
1P1000 (manufactured and sold by Asahi Kasei Corporation, 
Japan) to measure the gray levels (on a gray scale comprised 
of 256 gray levels) of the image and to prepare a histogram, 
Wherein the abscissa of the histogram is the gray scale and the 
ordinate of the histogram is the number of image points 
having a speci?c gray level. When the TEM photomicrograph 
exhibits a sea/ islands structure or a structure Which is similar 

to the sea/islands structure to some degree (that is, When the 
TEM photomicrograph is neither a completely black image 
comprised mainly of the basic polymer (b) nor a completely 
White image comprised mainly of the ?uorinated polymer 
electrolyte (a)), the prepared histogram shoWs a bimodal dis 
tribution. The gray level value Which is located betWeen the 
tWo peaks is used as a threshold value, and an image point 
having a gray level Which is larger than the threshold value is 
de?ned as a black point, and an image point having a gray 
level Which is smaller than the threshold value is de?ned as a 
White point, thereby binariZing the image. (In other Words, 
each of the gray portions in the TEM photomicro graph shoWn 
in FIG. 6(a) is individually classi?ed as being either black or 
White by the above-mentioned method, and the gray portions 
Which are classi?ed as being black are processed so as to 
change the gray color thereof to black color.) As a result, the 
binariZed image shoWn in FIG. 6(b) Was obtained. A prede 
termined area of the binariZed image (namely a portion cor 
responding to a 15 um><15 um area of the cross-section of the 
membrane) Was subjected to an image processing by means 
of image analyZer 1P1000 (manufactured and sold by Asahi 
Kasei Corporation, Japan) to thereby separate the image data 
into black, island particle portions corresponding mainly to 
the basic polymer (b), and the White, sea portion correspond 
ing mainly to the ?uorinated polymer electrolyte (a). Then, 
the number and total area of the island particles in the above 
mentioned 15 um><15 um area Were determined. The percent 
age of the total area of the island particles in the above 
mentioned 15 um><15 um area Was calculated. Further, the 
number of the island particles/um2 in the above-mentioned 1 5 
um><15 um area Was calculated and de?ned as the density of 
the island particles in the sea/ islands structure. 

[0088] When a membrane has such a sea/ islands structure, 
it means that a portion Which is composed mainly of the basic 
polymer (b) is uniformly microdispersed in a portion Which is 
composed mainly of the ?uorinated polymer electrolyte (a). 
High durability is imparted by such a structure. A represen 
tative example of such a sea/ islands structure is shoWn in the 
photomicrograph of FIG. 7 (obtained in Example 5 beloW). 
On the other hand, the polymer electrolyte membrane shoWn 
in FIG. 3 (obtained in Comparative Example 3 beloW) does 
not exhibit a sea/islands structure. That is, in the membrane 
shoWn in FIG. 3, a portion composed mainly of the basic 
polymer (b) is not uniformly microdispersed in a portion 
composed mainly of the ?uorinated polymer electrolyte (a), 
and high durability cannot be imparted by such a structure. 
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[0089] With respect to the ion exchange capacity of the 
polymer electrolyte membrane of the present invention, there 
is no particular limitation, but it is preferably in the range of 
from 0.50 to 4.00 milliequivalents, more preferably from 0.83 
to 4.00 milliequivalents, still more preferably from 1.00 to 
1.50 milliequivalents, per gram of the membrane. The higher 
the ion exchange capacity of the polymer electrolyte mem 
brane, the higher the proton conductivity under high tempera 
ture/loW humidity conditions. Therefore, When a polymer 
electrolyte membrane used in a fuel cell has high ion 
exchange capacity, the fuel cell exhibits high output during 
the operation thereof. 
[0090] The ion exchange capacity of the polymer electro 
lyte membrane can be measured as folloWs. A membrane 
sample having a siZe of about 10 cm2 is cut out from a polymer 
electrolyte membrane and dried under vacuum at 1100 C., 
folloWed by measurement of the dry Weight (W) (unit: g) of 
the sample. Then, the sample membrane is immersed in 50 ml 
of a 250 C. aqueous saturated NaCl solution to thereby gen 
erate hydrogen ions (H") from the membrane sample. The 
resultant mixture Was subjected to neutralization titration 
With a 0.01 N aqueous sodium hydroxide solution, using 
phenolphthalein as an indicator, and the equivalent amount 
(M) (milliequivalent amount) of NaOH needed to neutraliZe 
the NaCl solution Was determined. The ion exchange capacity 
(milliequivalent/ g) is obtained by dividing the thus obtained 
M value by the W value. Further the value obtained by cal 
culating the formula: (W value/M value)><1,000, is the 
equivalent Weight value Which is the dry Weight (g) per 
equivalent of the ion exchange group. 
[0091] With respect to the thickness of the polymer elec 
trolyte membrane, there is no particular limitation, but it is 
preferably in the range of from 1 to 500 um, more preferably 
from 2 to 150 um, still more preferably from 5 to 75 um, most 
preferably from 5 to 50 um. The larger the thickness of the 
membrane, the higher the durability of the membrane. HoW 
ever, the initial property of the membrane is loWered When the 
membrane becomes too thick. Therefore, it is preferred that 
the thickness of the membrane is selected in the above-men 
tioned range (1 to 500 um). 
[0092] The polymer electrolyte membrane of the present 
invention preferably exhibits a haZe value of 25% or less, 
more preferably 20% or less, most preferably 15% or less, as 
measured in accordance With JIS K 7136, When it has a 
thickness of 50 pm. The haZe value is in?uenced by the degree 
of internal scattering of light and it depends on the thickness 
of the membrane. When the polymer electrolyte membrane of 
the present invention has a thickness other than 50 um, it is 
preferred that the membrane exhibits a calculated haZe value 
(H5O) of 25% or less, Wherein the calculated haZe value (H5O) 
is de?ned as a haZe value calculated on the assumption that 
the polymer electrolyte membrane has a thickness of 50 pm, 
[0093] the calculated haZe value (H5O) being obtained by 
the folloWing formula: 

[0094] Wherein t represents the thickness (um) of the 
polymer electrolyte membrane, and Ht represents the 
haZe value of the polymer electrolyte membrane, as 
measured in accordance With J 18 K 7136. 
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[0095] When the haze value is in the above-mentioned 
range (i.e., the case Where the membrane has a thickness of 50 
um and a haZe value of 25% or less as measured in accordance 
With J 1S K 7136, or the case Where the membrane has a 
thickness other than 50 um and a calculated haZe value (H5O) 
of 25% or less), it means that the membrane has a structure 
Wherein a portion composed mainly of the basic polymer (b) 
is uniformly microdispersed in a portion composed mainly of 
the ?uorinated polymer electrolyte (a), and the membrane 
exhibits high durability. 
[0096] With respect to the state of each of the ?uorinated 
polymer electrolyte (a) and the basic polymer (b) in the poly 
mer electrolyte membrane of the present invention, there is no 
particular limitation. For example, components (a) and (b) 
may be in the form of a simple physical mixture. Alterna 
tively, at least a part of component (a) and at least a part of 
component (b) may be reacted With each other (e. g., compo 
nent (a) and component (b) may be ionically bonded to each 
other, thereby forming an acid-base ion complex, or compo 
nent (a) and component (b) may be covalently bonded to each 
other). 
[0097] Whether or not the ?uorinated polymer electrolyte 
(a) and the basic polymer (b) are chemically bonded to each 
other can be con?rmed by means of a Fourier-Transform 

Infrared Spectrometer (hereinafter abbreviated to “FT-1R”). 
Speci?cally, When a polymer electrolyte membrane compris 
ing the ?uorinated polymer electrolyte (a) and the basic poly 
mer (b) is subjected to an FT-IR analysis, and an absorption 
peak ascribed to a compound other than any of the ?uorinated 
polymer electrolyte (a) and the basic polymer (b) is detected, 
it can be concluded that components (a) and (b) are chemi 
cally bonded to each other. For example, When the polymer 
electrolyte membrane of the present invention Which com 
prises a per?uorocarbon polymer represented by formula (3) 
above and poly[(2,2'-(m-phenylene)-5,5'-bibenZimidaZol] 
(hereinafter referred to as “PBI”) represented by formula (7) 
above, is subjected to an FT-IR analysis, absorption peaks are 
detected at 1460 cm“, 1565 cm-1 and 1635 cm“. These 
results shoW that a chemical bond is present betWeen compo 
nents (a) and (b) in the membrane. 
[0098] The polymer electrolyte membrane of the present 
invention may be reinforced by conventional methods. As 
examples of conventional methods for reinforcing the mem 
brane, there can be mentioned a reinforcing method by the 
addition of PTFE ?brils (see Unexamined Japanese Patent 
Application Laid-Open Speci?cation No. Sho 53-149881 
(corresponding to US. Pat. No. 4,218,542) and Examined 
Japanese Patent Application Publication No. Sho 63-61337 
(corresponding to EP 94679 B)); a reinforcing method using 
a stretched porous PTFE membrane (see Examined Japanese 
Patent Application Publication No. Hei 5 -75 835 and Japanese 
Patent Application prior-to-examination Publication (kohyo) 
No. Hei 11-501964 (corresponding to US. Pat. Nos. 5,599, 
614 and 5,547,551)); a reinforcing method by the addition of 
inorganic particles (such as A1203, SiO2, TiO2 and ZrO2) (see 
Unexamined Japanese Patent Application Laid-Open Speci 
?cation Nos. Hei 6-111827 and Hei 9-219206 and US. Pat. 
No. 5,523,181); a reinforcing method by crosslinking (see 
Unexamined Japanese Patent Application Laid-Open Speci 
?cation No. 2000-188013); and a reinforcing method using a 
sol-gel reaction to incorporate silica into the membrane (see 
K. A. MauritZ, R. F. Storey and C. K. Jones, in Multiphase 
Polymer Materials: Blends and lonomers, L. A. Utracki and 
R. A. Weiss, Editors, ACS Symposium Series No. 395, p. 401, 
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American Chemical Society, Washington, DC. (1989)). 
Therefore, the polymer electrolyte membrane of the present 
invention may have at least one reinforcement selected from 
the group consisting of a reinforcement contained in the 
membrane and a reinforcement secured to a surface of the 
membrane. 

(Examples of Methods for Producing the Polymer Electrolyte 
Membrane of the Present Invention) 

[0099] A method for producing the polymer electrolyte 
membrane of the present invention is described beloW, but it 
should not be construed as limiting the scope of the present 
invention. 
[0100] The polymer electrolyte membrane of the present 
invention can be produced, for example, by the folloWing 
method. 
[0101] A method for producing a polymer electrolyte mem 
brane, comprising: 
[0102] providing a casting liquid in Which a liquid medium 
comprising a protic solvent is mixed With a polymer mixture 
of: 
[0103] (a) 50.000 to 99.999% by Weight, based on the total 
Weight of components (a) and (b), of a ?uorinated polymer 
electrolyte having an ion exchange group, and 
[0104] (b) 0.001 to 50.000% by Weight, based on the total 
Weight of components (a) and (b), of a basic polymer, 
[0105] casting the casting liquid onto a substrate to thereby 
form a liquid coating on the substrate, and 
[0106] removing the liquid medium from the liquid coating 
to thereby form a solid polymer electrolyte membrane. 
[0107] For example, the above-mentioned casting liquid 
may be an emulsion (in Which liquidparticles are dispersed in 
a continuous liquid phase, Wherein the liquid particles are 
colloidal particles or are particles larger than colloidal par 
ticles), a suspension (in Which solid particles are dispersed in 
a continuous liquid phase, Wherein the solid particles are 
colloidal particles or are particles having a siZe Which can be 
seen through a microscope), a colloidal liquid (in Which mac 
romolecules are dispersed in a liquid) or a micellar liquid 
(Which is a lyophilic colloidal dispersion comprising many 
small molecules Which are associated by an intermolecular 
force). Further, the casting liquid may be a composite system 
comprising a combination of tWo or more of the above-men 
tioned liquids. 
[0108] By the above-mentioned method Which uses a cast 
ing liquid containing a liquid medium comprising a protic 
solvent, there can be produced a polymer electrolyte mem 
brane in Which the basic polymer (b) is uniformly microdis 
persed in the ?uorinated polymer electrolyte (a). The term 
“protic solvent” used herein means a solvent having a func 
tional group Which is capable of generating a proton. 
Examples of such protic solvents include Water, alcohols 
(such as methanol, ethanol, propanol and isopropanol) and 
phenols. Of these, most preferred is Water. With respect to the 
amount of the protic solvent used, there is no particular limi 
tation. HoWever, it is preferred that the amount of the protic 
solvent is 0.5 to 99.5% by Weight, more advantageously 1 to 
90% by Weight, still more advantageously 10 to 60% by 
Weight, based on the Weight of the liquid medium in the 
casting liquid. 
[0109] These protic solvents may be used individually or in 
combination. Use of a mixed solvent comprising Water and an 
alcohol is especially preferred, and more preferred are a 
mixed solvent comprising Water and ethanol and having a 
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Water/ethanol volume ratio of from 3/1 to 1/3 and a mixed 
solvent comprising Water and isopropanol and having a 
Water/isopropanol volume ratio of from 3/1 to 1/3. 
[0110] It is preferred that the liquid medium of the casting 
liquid further comprises an aprotic solvent. The term “aprotic 
solvent” used herein means a solvent other than the protic 
solvent de?ned above. Examples of such aprotic solvents 
include N,N-dimethylformamide, N,N-dimethylacetamide, 
N-methylpyrrolidone, dimethylsulfoxide, acetone and 
methyl ethyl ketone. These aprotic solvents may be used 
individually or in combination. It is especially preferred that 
N,N-dimethylformamide, N,N-dimethylacetamide, N-meth 
ylpyrrolidone or dimethylsulfoxide is used as the aprotic 
solvent. With respect to the amount of the aprotic solvent 
used, there is no particular limitation. HoWever, it is preferred 
that the amount of the aprotic solvent is 99.5 to 0.5% by 
Weight, more advantageously 99 to 10% by Weight, most 
advantageously 90 to 40% by Weight, based on the Weight of 
the liquid medium in the casting liquid. 
[0111] With respect to the concentration of the liquid 
medium in the casting liquid, there is no particular limitation. 
HoWever, it is preferred that the concentration of the liquid 
medium is 20.000 to 99.989% by Weight, more advanta 
geously 40.000 to 99.895% by Weight, most advantageously 
75.000 to 98.990% by Weight, based on the Weight of the 
casting liquid. 
[0112] With respect to the concentration of the ?uorinated 
polymer electrolyte (a) in the casting liquid, there is no par 
ticular limitation. HoWever, it is preferred that the concentra 
tion of the ?uorinated polymer electrolyte (a) in the casting 
liquid is 0.010 to 50000% by Weight, more advantageously 
0.100 to 40000% by Weight, most advantageously 1.000 to 
20000% by Weight, based on the Weight of the casting liquid. 
[0113] In addition, With respect to the concentration of the 
basic polymer (b) in the casting liquid, there is no particular 
limitation. HoWever, it is preferred that the concentration of 
the basic polymer (b) in the casting liquid is 0.001 to 30000% 
by Weight, more advantageously 0.005 to 20000% by 
Weight, most advantageously 0.010 to 5.000% by Weight, 
based on the Weight of the casting liquid. 
[0114] With respect to the Weight ratio of the ?uorinated 
polymer electrolyte (a) and basic polymer (b) in the casting 
liquid (i.e., the ?uorinatedpolymer electrolyte (a): basic poly 
mer (b) Weight ratio), there is no particular limitation. HoW 
ever, it is preferred that the ?uorinated polymer electrolyte 
(a): basic polymer (b) Weight ratio is in the range of from 
99.999:0001 to 50000150000, more advantageously from 
99.995:0005 to 80000120000, still more advantageously 
from 99.900:0.100 to 95000:5000, most advantageously 
from 999000.100 to 9800012000. 

[0115] By the use of the above-mentioned casting liquid, 
not only can the liquid medium be easily removed from the 
liquid coating, but also there can be produced a polymer 
electrolyte membrane having a structure Wherein a phase 
composed mainly of the basic polymer (b) is uniformly 
microdispersed in a phase composed mainly of the ?uori 
nated polymer electrolyte (a), Wherein the obtained polymer 
electrolyte membrane has high durability While maintaining 
excellent proton conductivity. 
[0116] The casting liquid can be prepared, for example, as 
folloWs. The basic polymer (b) is dissolved in an aprotic 
solvent, such as dimethylacetamide, to thereby obtain a poly 
mer solution (hereinafter referred to as “preliminary solution 
A”). The ?uorinated polymer electrolyte (a) is dissolved in an 
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aprotic solvent, such as dimethylacetamide, to thereby obtain 
a polymer solution (hereinafter referred to as “preliminary 
solution B”). The preliminary solutions A and B are mixed 
together, folloWed by stirring, thereby obtaining a mixture of 
preliminary solutions A and B. The ?uorinated polymer elec 
trolyte (a) is dissolved in a protic solvent, to thereby obtain a 
polymer solution (hereinafter referred to as “preliminary 
solution C”). The obtained preliminary solution C is added to 
the above-mentioned mixture of preliminary solutions A and 
B, folloWed by stirring, thereby obtaining a casting liquid. 
[0117] In general, a nitrogen-containing aromatic basic 
polymer, Which is an example of the basic polymer (b), is 
soluble in an aprotic solvent, but insoluble in a protic solvent. 
HoWever, it has surprisingly been found that, When the cast 
ing liquid is prepared in the above-mentioned manner, that is, 
When the preliminary solutions A and B are mixed together, 
and to the resultant mixture of preliminary solutions A and B 
is added the preliminary solution C containing a protic sol 
vent, the resultant casting liquid can stably exhibit a state in 
Which a nitrogen-containing aromatic basic polymer (used as 
the basic polymer (b)) is dissolved or uniformly microdis 
persed in the casting liquid Without exhibiting precipitation. 
The mechanism of this phenomenon has not yet been fully 
elucidated, but it is considered to be that the nitrogen-con 
taining aromatic basic polymer used as the basic polymer (b) 
is stabiliZed by some interactions betWeen the ?uorinated 
polymer electrolyte (a) and the nitrogen-containing aromatic 
basic polymer. 
[0118] The basic polymer (b) can be produced by the poly 
meriZation methods described in prior art documents (see, 
e.g., “Jikken Kagaku KouZa 28, Koubunshi Gousei (Lectures 
on Experimental Chemistry 28, Polymer Synthesis)”, 4th 
edition, edited by The Chemical Society of Japan, published 
by MaruZen Co., Ltd., Japan). With respect to the Weight 
average molecular Weight of the basic polymer (b), there is no 
particular limitation. HoWever, it is preferred that the Weight 
average molecular Weight of the basic polymer (b) is in the 
range of from 10,000 to 1,000,000, more advantageously 
from 20,000 to 100,000, most advantageously from 50,000 to 
100,000. The Weight average molecular Weight can be mea 
sured by gel permeation chromatography (GPC). 
[0119] As an index of the degree of polymerization, the 
intrinsic viscosity (dL/g) may be used instead of the Weight 
average molecular Weight. The intrinsic viscosity of the basic 
polymer (b) can be calculated by the beloW-mentioned for 
mula, from the viscosity (nP) (mPa-s) of a polymer solution 
obtained by dissolving the basic polymer (b) in dimethylac 
etamide, the viscosity (1] S) (mPa-s) of dimethylacetamide 
and the polymer concentration (Cp) (g/dL) of the above 
mentioned polymer solution. The viscosity mentioned herein 
is a value as measured, for example, at 250 C. by means of a 
cone-plate type rotating viscometer (e. g., E type viscometer). 

[0120] Wherein ln represents a natural logarithm. 
[0121] It is preferred that the intrinsic viscosity of the basic 
polymer (b) is in the range of from 0.1 to 10.0 dL/g, more 
advantageously from 0.3 to 5.0 dL/ g, most advantageously 
from 0.5 to 1.0 dL/g. 
[0122] The preliminary solution A can be obtained, for 
example, by charging the basic polymer (b) and an aprotic 
solvent into an autoclave and subjecting the resultant mixture 
to heat treatment at 40 to 3000 C. for 10 minutes to 100 hours. 
The content of the basic polymer (b) in the preliminary solu 
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tion A is preferably in the range of from 0.01 to 50% by 
Weight, more preferably from 0.1 to 30% by Weight, most 
preferably from 1 to 10% by Weight, based on the Weight of 
the preliminary solution A. 
[0123] A per?uorocarbon polymer having a proton 
exchange group is a representative example of the ?uorinated 
polymer electrolyte (a) contained in the preliminary solutions 
B and C. A per?uorocarbon polymer can be produced by a 
method in Which a precursor polymer represented by formula 
(7) beloW is prepared by the polymeriZation reaction per 
formed in the beloW-mentioned manner, and the resultant 
precursor polymer is subjected to hydrolysis treatment and 
acid treatment. 

b%3C*(CFRl)r(CFR2)e*(CF2)rX5)]g (7) 

[0124] Wherein: 
[0125] each of X1, X2 and X3 independently represents a 
halogen atom or a C l-C3 per?uoroalkyl group; 

[0128] c is 0 or 1; 
[0129] each of d, e and f is a number in the range of from 

0 to 6, provided that d+e+f is not 0; 
[0130] each of R1 and R2 independently represents a 
halogen atom, a C l -C 10 per?uoroalkyl group or a C l -C 10 
?uorochloroalkyl group; and 

[0131] X5 represents iCOOR3, 4COR4 or iSOZR“, 
Wherein R3 represents a C l-C3 non-?uorinated alkyl 
group and R4 represents a halogen atom. 

[0132] The precursor polymer represented by formula (7) 
above can be produced by copolymeriZing a ?uoroole?n and 
a vinyl ?uoride compound. Examples of ?uoroole?ns include 
CF2:CF2, CF2:CFCl and CF2:CCl2. Examples of vinyl 
?uoride compounds include CF2:CFO(CF2)ZiSO2F, 
CF2:CFOCF2CF(CF3)O(CF2)ZiSO2F, CF2:CF(CF2)Zi 
SOZF, CF2:CF(OCF2CF(CF3))Zi(CF2)Z_IiSOZF, 
CF2:CFO(CF2)ZiCO2R, CF2:CFOCF2CF(CF3)O(CF2) 
ZiCOZR, CF2:CF(CF2)Z4CO2R and CF2:CF(OCF2CF 
(CF3 ))Zi(CF2)2iCO2R (Wherein Z is an integer in the range 
of from 1 to 8 and R represents a C l-C3 non-?uorinated alkyl 
group). 
[0133] Examples of polymerization methods for producing 
precursor polymers include a solution polymerization 
method (in Which a vinyl ?uoride compound is dissolved in a 
solvent, such as ?on (i.e., chloro?uorocarbon), and the result 
ant solution is reacted With tetra?uoroethylene gas, to thereby 
copolymeriZe the vinyl ?uoride compound and tetra?uoroet 
hylene), a bulk polymerization method (in Which a copoly 
meriZation reaction is performed Without using a solvent, 
such as ?on), and an emulsion polymeriZation method (in 
Which a vinyl ?uoride compound and a surfactant are added to 
Water to thereby emulsify the vinyl ?uoride compound, and 
the resultant emulsion is reacted With tetra?uoroethylene gas, 
to thereby copolymeriZe the vinyl ?uoride compound and 
tetra?uoroethylene). In any of the above-mentioned polymer 
iZation methods, it is preferred that the polymeriZation reac 
tion is performed under conditions Wherein the reaction tem 
perature is in the range of from 30 to 90° C. and the reaction 
pressure is in the range of from 280 to 1,100 kPa. 
[0134] With respect to the melt index of the thus produced 
precursor polymers, there is no particular limitation. HoW 
ever, the melt index (Ml) (g/ 10 min) as measured in accor 
dance With JIS K-7210 under conditions Wherein the tem 
perature is 270° C., the load is 2.16 kgf and the inner diameter 
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of ori?ce is 2.09 mm, is preferably in the range of from 0.001 
to 1,000, more preferably from 0.01 to 100, most preferably 
from 0.1 to 10. 

[0135] Next, the precursor polymer is immersed in a basic 
reactive liquid, to thereby perform hydrolysis treatment at 10 
to 90° C. for 10 seconds to 100 hours. With respect to the basic 
reactive liquid used, there is no particular limitation, but the 
basic reactive liquid is preferably an aqueous solution of an 
alkali metal hydroxide (such as potassium hydroxide or 
sodium hydroxyide) or an aqueous solution of an alkaline 
earth metal hydroxide. With respect to the content of the alkali 
metal hydroxide or alkaline earth metal hydroxide in the basic 
reactive liquid, there is no particular limitation. HoWever, it is 
preferred that the content of the alkali metal hydroxide or 
alkaline earth metal hydroxide is in the range of from 10 to 
30% by Weight, based on the Weight of the basic reactive 
liquid. It is preferred that the basic reactive liquid contains an 
organic sWelling compound, such as dimethyl sulfoxide or 
methyl alcohol. It is preferred that the content of the organic 
sWelling compound in the basic reactive liquid is 1 to 30% by 
Weight, based on the Weight of the basic reactive liquid. 
[0136] After the hydrolysis treatment, the precursor poly 
mer is subjected to acid treatment With an acid, such as 
hydrochloric acid, thereby obtaining a per?uorocarbon poly 
mer having a proton exchange group. With respect to the 
proton exchange capacity of the per?uorocarbon polymer 
having a proton exchange group, there is no particular limi 
tation. HoWever, it is preferred that the proton exchange 
capacity is 0.50 to 4.00 milliequivalents per gram of the 
polymer, more advantageously 1.00 to 4.00 milliequivalents 
per gram of the polymer, most advantageously 1.25 to 2.50 
milliequivalents per gram of the polymer. 
[0137] Next, the per?uorocarbon polymer having a proton 
exchange group and a protic solvent are charged into an 
autoclave, and the resultant mixture is subjected to heat treat 
ment at 40 to 300° C. for 10 minutes to 100 hours, to thereby 
obtain the preliminary solution C, Which comprises a protic 
solvent having dissolved therein a per?uorocarbon polymer 
having a proton exchange group. The term “solution” used 
herein also covers a dispersion in Which the per?uorocarbon 
polymer is dispersed in the form of a micelle. It is preferred 
that the content of the per?uorocarbon polymer in the pre 
liminary solution C is in the range of from 0.1 to 50% by 
Weight, more advantageously from 0.1 to 30% by Weight, 
most advantageously from 1 to 10% by Weight, based on the 
Weight of the preliminary solution C. 
[0138] The preliminary solution B can be produced by 
either a method in Which the per?uorocarbon polymer having 
a proton exchange group and an aprotic solvent are charged 
into an autoclave, and the resultant mixture is subjected to 
heat treatment at 40 to 300° C. for a period of time of from 10 
minutes to 100 hours; or a method in Which the solvent (a 
protic solvent) contained in the preliminary solution C is 
replaced by an aprotic solvent (that is, the protic solvent 
contained in the preliminary solution C is removed by vola 
tiliZation to thereby obtain a residue and, then, an aprotic 
solvent is added to the residue). It is preferred that the content 
of the above-mentioned per?uorocarbon polymer in the pre 
liminary solution B is in the range of from 0.01 to 50% by 
Weight, more advantageously from 0.1 to 30% by Weight, 
most advantageously from 1 to 10% by Weight, based on the 
Weight of the preliminary solution B. 
[0139] The preliminary solutions A and B respectively pro 
duced in the above-mentioned manners are mixed together by 
































