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METHOD OF PRODUCING A POLYMER ELECTROLYT:

Abstract

F

The object of the present 1nvention 1s to provide a

simple and convenient method of producing a polymer

electrolyte membrane exhibiting high proton conductivity.

P

. produclng a polymer

This object 1s achieved by a method o3

Wy

electrolyte membrane comprising a step of coating a liguid

contalining a polymer electrolyte and a solvent onto a

substrate and a step of removing the solvent, wherein the

solvent is a mixture of a first solvent comprising at least

one selected from alcohol and water, and a second solvent

comprilising a non-alcoholic organic solvent having a boiling

polnt lower than that of the first solvent. The present

P

invention further provides a method of improving the proton

conductivity of a polymer electrolvte membrane'comprising a

step of coating a ligquid containing a polymer electrolyte

and a solvent onto a substrate and a step of removing the

solvent, whereiln the solvent is a mixed solvent comprising

at least one solvent selected from alcohol and water, and a

non—-alcoholic.
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PROCESS OF PRODUCING A POLYMER ELECTROLYTE MEMBRANE

FIELD OF THE INVENTION

)

The present iﬁvention relates to a process of
producing polymer electrolyte membranes and, more
Specifically, to a process of producing a polymer
electrolyte membrane by coating a solution containing a

polymer electrolyte onto a substrate and removing the

solvent.

BACKGROUND OF THE INVENTION

In recent years, various attempts have been made to
develop new energy sources with less environmental loads.
Among them, fuel cells, particularly solid polymer
electrolyte fuel cells composed of solid polymer
electrolytes, are expected to be used as power sources for
vehicles and thé like, since they have such advantage that
they exhaust only water as their exhaust substance.

As polymer electrolytes for use in such solid

polymer electrolyte fuel cells, wvarious polymer electrolyte
membranes have been proposed includinc membranes obtained
from polymer electrolytes such as perfluoroalkylsulfonic
acids such as Nafion (a registered trademark owned by

DuPont Co.).

Primarily required characteristics for such polymer
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electrolyte membranes include high proton conductivity.
This is because the use of a membrane having high proton

conductivity in a fuel cell makes 1it possible'to reduce a

t

voltage drop at a high current density in the operation of
the fuel cell thereby causing the fuel cell to output high
pOwWer.

A casting method such as to apply a solutiqn of a
polymer electrolyte 1in an organic solvent onto a substrate
by casting and then remove the solvent at a high -
temperature to give a membrane is well known as the

technology for producing such polymer electrolyte membranes.

For example, there is a known method using, as a

casting solvent, a mixed solvent composed of an alcohol

having a boiling point of not higher than 100°C, such as

methanol, and an organic solvent having a boiling point of

higher than 100°C, such as N-methyl-2-pyrrolidone or

dimethylacetamide (JP No. 2002-127441n) .
On the other hand, there is alsc known a method of

enhancing the proton conductivity of a polymer electrolyte

membrane obtained by such a casting method. For example, a

method wherein: a mixed solvent of water and propanol is

used as a casting solvent; and an obtained polymer

electrolyte membrane is heat-treated in water or saturated

water vapor, has been proposed (JP No.09-189144Aa).

However, the former method has the problem that the
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proton conductivity of a resulting polymer electrolvte
membrane is insufficient, and the latter method has the
problem that the method requires an additional treatment of
a obtained polymer electrolyte membrane and*hence 1s a
complicated producing method. ‘

As a result of intensive studies made by the
inventors of the present invention to find a polymer
electrolyte membrane producing method which gives a polymer
electrolyte membrane of high proton conductivity in a
convenient and simple way, the inventors have been found

that a polymer electrolyte membrane exhibiting strikingly

enhanced proton conductivity can be obtained by using a

specific mixed solvent containing a first sclvent

comprising at least one solvent selected from alcohol and
water, and a second solvent comprising a non-alcoholic
organic solvent having a boiling point lower than that of
the first solvent, even without heat-treating the obtained
polymer electrolyte membrane in water or saturated water

vapor, and have completed the present invention.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an

g

industrially excellent method of producing a polymer

electrolyte membrane comprising a step of coating a liguid

containing a polymer electrolyte and a solvent onto a
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substrate, and a step of removing the solvent, wherein the

F
—

solvent i1s a mixture of a first solvent comprising at least

one selected from alcohol and water, and a second solvent

comprising a non-alcoholic organic solvent having a boilling

point lower than that of the first solvent.

The present invention further provides a method

of improving the proton conductivity of a polymer

electrolyte membrane comprising a step of coating a liquild

containing a polymer electrolyte and a solvent onto a

F

substrate and a step of removing the solvent, wherein the

solvent i1s a mixed solvent comprising at least one solvent

selected from alcohol and water, and a non-alcoholic

1

organic solvent having a boiling point lower than that ot

the first solwvent.
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According to another aspect of the present

invention, there 1s provided a process of producing a
polymer electrolyte membrane comprising a step of coating a
ligquid containing a polymer electrolyte having an 1on

5 exchange group selected from the group consisting of -SO3H,
-COOH, -PO(CH),, -POH(OH), -Ph(OH), -NH,, -NHR, -NRR',
-NRR'R"" and -NH;", wherein R, R' and R" represent an alkyl
group, a cycloalkyl group or an aryl group, and a solvent
onto a substrate, and a step of removing the solvent,

10 wherein the solvent is a mixture of a first solvent
comprising at least one selected from alcohol and water, and

a second solvent comprising a non-alcoholic organic solvent

having a boiling point lower than that of the first solvent.

P

According to still another aspect of the present

15 1invention, there is provided the method of enhancing the
proton conductivity of a polymer electrolyte membrane
comprising a step of coating a liguid containing a polymer
electrolyte having an ion exchange group selected from the
group consisting of -SO3H, -COOH, -PO(OH),, -POH(OH),

20 -Ph(OH), -NH,, -NHR, -NRR', -NRR'R"" and -NH;", wherein R, R’
and R" represent an alkyl group, a cycloalkyl group or an
aryl group, and a solvent onto a substrate, and a step ot

grete
p—

removing the solvent, wherein the solvent 1s a mixture of a

first solvent comprising at least one selected from alcohol
25 and water, and a second solvent comprising a non-alcoholic

organic solvent having a boiling point lower than that of

the first solvent.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s described in detail as

30 follows.
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Polymer electrolytes used in the present invention
are polymers of the type which is soluble in a solvent and
has an ion exchange group such as a cation exchange group
including -SOs;H, -COOH, -PO(OH),, -POH(OH), -SO;NHSO,-, and
-Ph (OH) (Ph represents a phenyl group.), or an anion
exchange group, e.g. -NH,, -NHR, -NRR', -NRR'R"", and -NHj;"

(R, R' and R" represent an alkyl group, a cycloalkyl group,
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gy

an aryl group, and the like.). Some or all of these groups

may form their salts with respective ion pairs.

P

Representatives of such polymer electrolytes 1nclude,

for example, (A) a polymer electrolyte prepared by

introducing a sulfonic group and/or a phosphonic group into

a polymer chain constituted of an aliphatic hydrocarbon;

(B) a polymer electrolyte prepared by introducing a

sulfonic group and/or a phosphonic group into a polymer

F

chaln constituted of an aliphatic hydrocarbon in which a

part of hydrogen atoms 1s substituted with fluorine; (C) a

polymer electrolyte prepared by introducing a sulfonic

group and/or a phosphonic group into a polymer chain having

an aromatic ring; (D) a polymer electrolyte prepared by

introducing a sulfonic group and/or a phosphonic group into

a polymer chain having substantially no carbon atom, such

as polysiloxane or polyphosphazene; (E) a polymer

electrolyte prepared by introducing a sulfonic group and/or

a phosphonic group into a copolymer comprising at least two

e

repeating units selected from the repeating units of the

polymers before introducing a sulfonic group or a

phosphonic group into the polymer chain for the preparation

F

of corresponding above polymer electrolvtes (A) to (D); and

(F') a polymer electrolyte having nitrogen atom in the

polymer chain or at the side chain and prepared by

introducing an acidic compound, such as sulfuric acid or
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pnosphoric acid, by i1onic bond.

Examples of polymer electrolyte (A) described above

include polyvinyl sulfonate, polystyrene sulfonate, and

poly (ax—-methylstyrene) sulfonate.

Examples of polymer electrolyte (B) described above

lnclude a sulfonic type polystyrene-~grafted ethylene-

tetrafluorocethylene copolymer (ETFE), as disclosed by JP No.

i~

09-102322A, constituted of a polymer chain formed by

copolymerization of a fluorocarbon vinyl monomer and a

F

- hydrocarbon

hydrocarbon vinyl monomer, and a side chain o:

having a sulfonic group.

Examples of polymer electrolyte (C) described above,

in which hetero-atom such as an oxygen atom may exist in

the polymer chain, include those polymer electrolytes

introduced sulfonic group into homopolymers such as

polyether ether ketone, polysulfone, polyethersulfone,

poly(aryleneether), polyimide, poly((4-phenoxybenzoyl)-1, 4-

phenylene), polyphenylene sulfide and polyphenylguinoxalene,

or include sulfoarylated polybenzimidazole, sulfoalkylated

polybenzimidazole, phosphoalkylated polybenzimidazole (as
disclosed by JP No. 09-110982A), and phosphonated
poly (phenyleneether) (as disclosed by J. Appl. Polym. Sci.,

18, 1969 (1974)).

baed

wxamples of polymer electrolyte (D) described above

include a polymer electrolyte introduced sulfonic group
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into polyphosphazene, or polysiloxane having a phosphonic

group disclosed by Polymer Prep., 41, No. 1, 70 (2000).

Polymer electrolyte (E) described above may be a
polymer electrolyte introduced a sulfonic group and/or a
phosphonic group intoc a random copolymer, one introduced a
sulfonic group and/or a phosphonic group into an
alternating copolymer, or one introduced a sulfonic group

and/or a phosphonic group into a block copolymer. An

example of such a polymer electrolyte introduced a sulfonic

group into a random copolymer 1s a sulfonated

polyethersulfone-dihydroxybiphenyl copolymer (as disclosed
by JP No. 11-116679A).

Examples of polymer electrolyte (E) of a block

copolymer having a sulfonic group and/or a phosphonic group
as described above include block copolymer having a
sulfonic group and/or a phosphonic group as disclosed by JP

No. 2001-250567A.

Examples of polymer electrolyte (F) described above

include polybenzimidazole into which phosphoric acid is
introduced as described in JP No. 11-503262A.

Among the aforementioned polymer electrolytes,

polymer electrolytes (C) and (E) are preferable. More

preferable are polymers which have such structure that

F

sulfonlc group is introduced into any one of homopolymer,

random copolymer and alternating copolymer, and which have
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an aromatic ring in polymer chain. Most preferable are
polymers which have structure introduced sulfonic group
into aromatic ring of polymer chain.

The number-average molecular weight of the polymer
electrolyte used 1n the present invention 1s usually from

about 1000 to about 1000000, preferably from about 10000 to

about 100000. A polymer electrolyte having a number-

P

average molecular welght of less than 1000 may not be

preferable from the viewpoint of a resulting membrane may

have a lowered strength. A polymer electrolyte having a

number-average molecular weight of more than 1000000 may
also not be preferable from the viewpoint that the
formation of membrane may be difficult due to the
diésolution of the polymer electrolyte in the solvent
taking too long time or the viscosity of a resulting

solution becoming too high.

The 1on exchange group equivalent weight of the
polymer electrolyte used 1n the present invention is
usually about 500 to about 5000 g/mol. A polymer
electrolyte of which the ion exchange group equivalent
weight is lower than 500 g/mol may not be preferable from

the viewpoint that the water resistance of a resulting

membrane 1s not sufficient. The above water resistance

means the resistance to deteriorating the strength of the

membrane or to dissclving membrane due to the absorbing
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water.

The mixed solvent used in the present invention 1s a
mixture of a first solvent comprising at least one selected
from alcohol and water, and a second solvent comprising a
hon—alcoholic organic solvent having a boiling point lower

than that of the first solvent.

Preferable examples of alcohols for use as the first

solvent of the present 1nvention include lower alcohols

such as methanol, ethanol, l-propanol and 2-propancl; ether
alcohols such as Z2-methoxyethanol (ethylene glycol

monomethyl ether), diethylene glycol monomethyl ether and

[~

diethylene glycol monoethyl ether; and mixtures thereof.

Non-alcoholic organic solvents for use as the second
solvent of the present invention can be selected from the

solvents having boiling point lower than that of the first

solvent. Preferable examples of the non-alcoholic organic

solvents may be selected from haloalkanes such as
dichloromethane, chloroform, 1,1-dichloroethane, 1,2-
dichloroethane and 1,1,1—trichloroéthane; ethers such as
Cetrahydrofuran and diethyl ether; ketones such as acetone

and methyl ethyl ketone; nitriles such as acetonitrile; and

aprotic polar solvents such as dimethylformamide,
dimethylacetamide and dimethyl sulfoxide; or mixtures

thereof.

In the case where at least one of the first and
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second solvents 1is a mixture of plural solvents, “a second

solvent having a boiling point lower than that of the first
solvent” means that one having the highest boiling point of
the solvents used 1n the sebond solvent 1s lower in boiling
point than one having the lowest boiling pcint of the

solvents used in the first solwvent.

Preferable examples of specific solvents for use in

the present invention include a mixed solvent of methanocl

and dichloromethane, a mixed solvent of methanol, water and

dichloromethane, a mixed solvent of ethanol and
dichloromethane, a mixed solvent of l-propanol and
dichloromethane, a mixed solvent of 2-propanol and
dichloromethane, a mixed solvent of water, 2-propanol and
dichloromethane, a mixed solvent of 2Z2-methoxyethanol and
dichloromethane, a mixed solvent of methanol and chloroform,
a mixed solvent of ethanol and chloroform, a mixed solvent

iy

of l-propanol and chloroform, a mixed solvent of 2-propanol

and chloroform, a mixed solvent of 2-propanol, water and

chloroform, a mixed solvent of 2-methoxyethanol and

chloroform, a mixed solvent of methanol and diethyl ether,

a mixed solvent of ethanol and tetrahydrofuran, a'mixed
solvent of l-propanol and tetrahydrofuran, a mixed solvent
of Z2-propanol and\tetrahydrofuran, a mixed solvent of water,
2-propanocl and tetrahydrofuran, a mixed solvent of méthanol

and acetone, a mixed solvent of ethanol and acetone, a

...lo_..
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mixed solvent of Z-methoxyethancl and acetone, a mixed

F

solvent of l-propanol and methyl ethyl ketone, a mixed

solvent of 2-propanol and methyl ethyl ketone, a mixed

solvent of water, <Z-propanocl and methyl ethyl ketone, a
mixed solvent of Z2-methoxyethanol and acetonitrile, and a
mixed solvent of diethylene glycol monomethyl ether and

dimethylacetamide.

More preferable are the mixed solvent of methanol

and dichloromethane, mixed solvent of methanol and

chloroform, mixed solvent of ethanol and chloroform, mixed
solvent of Z-methoxyethanol and acetone, mixed solvent of
dlethylene glycol monomethyl ether and dimethylacetamide,
and the likep

The weight proportions of the first and second

solvents to be used are usually 1-40wt% of the first

solvent and 60-99%wt% of the second solvent, preferably 3—\

30wt% of the first solvent and 70-97wt% of the second

solvent, more preferably 5-25wt% of the first solvent and
715-95wt%s of the second solvent.
Usually, the mixed solvent and polymer electrolyte

described above are used in a state where the latter is

dissolved in the former, that is, a state where the latter

1s homogeneously dispersed in the former on a molecular

scale, or a state where the latter forms aggregates on the

s
—

order of from nanometers to micrometers, which are

— 17 -
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dispersed in the former.

In the present invention a liguid containing the

polymer electrolyte and a solvent is coating onto a

substrate, followed by removing the solvent. There is no

particular limitation on such a substrate as long as it has

resistance to the solvent and allows the membrane formed

thereon to peel off from the substrate. Substrates that

are usually usable 1n the present invention include a glass

sheet, PET (polyethylene terephthalate) film, Teflon (a

reglstered trademark owned by DuPont Co.) plate, stainless

steel plate, stainless steel belt, silicon wafer, and the

like. These substrates may have such surfaces as to be

treated for easy releasability, empbossed, matt-finished, or

treated for other purpose, if necessary.

B

There i1s no particular limitation on the amount of
the ligquid to be éoated, the liquid 1s coated so that the

thickness of a membrane to be obtained is usually 5 to 200

pm, preferably 8 to 60 um, mofe preferably 15 to 40 um.

ety

From the viewpoint of the strength of the obtained membrane,

the membrane preferably has a thickness of more Chan 5 pm.
From the viewpoint of reducing the resistance of the
obtained membrane, that is, for improving the power
generating performénce, the membrane preferably has a

p—

thickness of less than 200 um. It is possible to control

the thickness of an obtained membrane by controlling the

_12_
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concentration of polymer electrolyte in the liquid or the
amount of liquid to be coated on the substrate.

The liquid containing the polymer electrolyte may

further contain a common additive such as a plasticizer,

stabilizer, release agent, or water retainer as far as the
proton conductivity 1s not deteriorated considerably.

The removal of the solvent is usually conducted

under normal heating condition. The humidity for the

o

removal of the solvent 1s the relative humidity of the

atmosphere or lower. The temperature for removing the

solvent 1s not particularly limited so long as the solvent

can be removed and the membrane can be formed, and a

Cemperature not lower than room temperature and lower than

the boiling point of the soclvent is usually adopted.

In the removal of the solvent, a thermostatic oven

1s usually used.
A polymer electrolyte membrane is thus obtained.

A fuel cell according to the present invention is

described as follows.

The fuel cell of the present invention can be
produced by jolining a catalyst and an electrically-
conductive substance as a collector with a polymer

electrolyte membrane obtained as above on both sides of the

menbrane.

As the catalyst, any known catalyst may be used so

- 13 =
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long as 1t 1s capable of activating the oxidation-reduction

reaction between hydrogen and oxygen. Fine particles of

F
—

platinum as the catalyst is preferably used. Fine

particles of platinum supported on particulate or fibrous

carbon such as activated carbon or graphlte are more

preferably used.

Electrically-conductive materials are usable as the

collector, a porous carbon nonwoven fabric or carbon paper

are preferably used from the viewpoint that source gas may

be efficiently transported to the catalyst.

P‘
 —

As to the method of jolining fine particles of

platinum or fine particles of platinum supported on carbon

with carbon nonwoven fabric or carbon paper, and the method

Q

it

Jjoilning the resulting product with a polymer electrolyte

membrane, 1t is possible to employ known methods including,

for example, the methods described 1n J. Electrochem. Soc.:

wlectrochemical Science and Technology, 1988, 135(9), 2209.

EXAMPLES

Hereinafter, the present invention will be described

F

more specifically by way of examples, which should not be

construed to limit the present invention.

Example 1

w

According to the method described in Example 1 of JP

No. 10-21943A, polycondensation of 4,4’ -dihydroxydiphenyl
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sulfone, 4,4’ -dihydroxybiphenyl and 4,4’ ~-dichlorodiphenyl

sulfone was conducted, and then the resulting

polycondensate was sulfonated to give a polymer electrolyte

1. The 1on exchange group equivalent weight of this

polymer electrolyte 1 was 909 g/mol.

The polymer electrolyte 1 was dissolved in a mixed

g

solvent of dichloromethane and methanol

(dichloromethane:methanol = 87:13 in weight ratio,

dichloromethane:methanol = 8:2 in volume ratio) to give a

liquid having a concentration of 15wt% of the polymer
electrolyte 1. Subsequently, this liguid was casted and

coated onto a substrate and the mixed solvent was removed

at 80°C in about two hours followed by drying in air, to

glve a polymer electrolyte membrane 1. The membrane 1 thus

obtalined was treated with 1 mol/liter hydrochloric acid for

two hours and then washed with deionized water for three

hours, and thereafter the membrane was sandwiched between a

F

pair of platinum electrodes and then measured for its

proton conductivity in a thermo-hydrostatic chamber by the

alternating current anodizing method.

Table 1 shows the proton conductivity of the

membrane 1 at 80C and at each relative humidity.

Example 2

=1
2

Commercially-available polyether ether ketone (PE

- 15 -~
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was sulfonated by being dissolved in concentrated sulfuric

acid and stirred at room temperature for one day, to give a

polymer electrolyte 2. The ion exchange group equivalent

welght of this polymer electrolyte 2 was 556 g/mol.

The polymer electrolyte 2 was dissolved in a mixed
solvent of dichloromethane and methanol
(dichloromethane:methanol = 87:13 in weight ratio) to give
a mixed solvent solution having a concentration of 15wt%.
Subsequently, this solution was casted and coated onto a
substrate and the mixed solvent was removed at 80C in
about two hours, to give a polymer electrolyte membrane 2.
The proton conductivity of the membrane 2 was measured in

the same manner as in Example 1 except the use of the

membrane 2.

The proton conductivity of the membrane 2 at 80°C

and at each relative humidity is shown in Table 1.

Comparative Example 1

Using N,N-dimethylacetamide (hereinafter abbreviated

as "DMAc”) instead of the mixed solvent used in Example 1,
a solution having a concentration of 15wt% of polymer
electrolyte was obtained. This solution was casted and

coated onto a glass substrate and the solvent was removed

at 80C in about five hours, to give a polymer electrolyte

membrane 1’. Following the same post-treatment as

- 16 -
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described in Example 1, the proton conductivity of the

membrane 1’ was measured 1n the same manner as in Example 1.

The result of the proton conductivity measurement on the

membrane 1’ is shown in Table 1.

Comparative Example Z

Using DMAc instead of the mixed solvent used in

Example 2, a solution having a concentration of 20wt$% of

[ —

polymer electrolyte was obtained. This solution was casted
and coated onto a glass substrate and the solvent was
removed at 80C in about five hours, to give a polymer
electrolyte membrane 2’. Following the séme post-treatment
as described in Example 1, the proton conductivity of the

membrane 2’ was measured in the same manner as in Example 1.

P

The result of the proton conductivity measurement on the

nmembrane 2’ is shown in Table 1.

Comparative Examples 3 and 4

Using a mixed solvent of DMAc and methanol

(DMAc:methanol = 87:13 in weight ratio) instead of the

mixed solvents used in respective Examples 1 and 2, polymer

electrolyte membranes were obtained in the same manners as

1n Examples 1 and 2, respectively, and the proton

conductivities of the respective membranes were measured in

the same manner as described above. The proton

- 17 -
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conductivities of the respective membranes at 80°C and at

each relative humidity are shown in Table 1.

Comparative Examples 5 and 6

Attempts were made to dissolve polymer electrolyte 1

in methanol and in dichloromethane separately instead of
dissolving 1t in the mixed solvent to prepare respective
lowt% solutions. However, polymer electrolyte 1 was

insoluble 1in each soclvent.

Comparative Examples 7 and 8

Attempts were made to dissolve polymer electrolyte 2
in methanol and 1in dichloromethane separately instead of
dissolving it in the mixed solvent to prepare respective
15wt% solutions. However, polymer electrolyte 2 was

insoluble in each solvent.

- 18 -
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[Table 1]

| aglvemt | _Proton Conductivity (S/cm)
| S| menvERs [90% RH | 70% RH [ 50% RH |
Example 1 | dichloromethane -5 _3 |

X X -
l________u _____ | /methanol 2+OLE_?__[7;9 lLL‘ o
Example 2 ' dichloromethane 6 X102 |2 0%X10°2 | 3.3X10°3 |
_____ — /H_l.._eghra_ng_}—i - —— e e et *_‘ — e
comparatlve | ., 6.2X107% | 2.3X1073 | 3.6X10"
| example 1 o R S
Comparative | ., - 4.4X1072 |1.2X1072 |{1.3%X107%|
| example 2 | I R S SR
: &

comparative | pu, . /methanol 7.8X107% | 2.6X1073 |3 o><1o*4]
jexample 3 ¢ e ,,
Comparatlve | pus . methanol 5.6X107% | 1.6X102 " 2.1X107% |
example 4 | = - I B e - ]

According to the present invention,

a polymer

electrolyte membrane exhibiting enhanced proton

conductivity can be obtained by using a specific mixed

solvent containing a first solvent comprising at least one

solvent selected from alcohol and water, and a second

solvent comprising a non-alcoholic organic solvent having a

boiling polint lower

F

without the step of

than that of The

first solvent, even

heat-treating the obtained polymer

electrolyte membrane in water o¢or saturated water vapor.

-~ 19 -
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CLAIMS:

1. A process of producling a polymer electrolyte
membrane comprising a step of coating a ligquid containing a
polymer electrolyte having an i1on exchange group selected
from the group consisting of -SO3H, -COOH, -PO(OH),,
-POH(OH), -Ph(CH), -NH,, -NHR, -NRR', -NRR'R"" and -NH;",

wherein R, R' and R" represent an alkyl group, a cycloalkyl
group or an aryl group, and a solvent onto a substrate, and
a step of removing the solvent, wherein the solvent 1s a

F
p—

mixture of a first solvent comprising at least one selected

from alcohol and water, and a second solvent comprising &
non-alcoholic organic solvent having a boiling point lower

than that of the first solwvent.

2 . The method of enhancing the proton conductivity of

a polymer electrolyte membrane comprising a step of coating

a liguid contalining a polymer electrolyte having an i1on

exchange group selected from the group consisting of -SO03H,
-COOH, -PO(OH),, -POH(OH), -Ph(CH), -NH;, -NHR, -NRR’,
-NRR'R"" and -NH;", wherein R, R' and R" represent an alkyl

group, a cycloalkyl group or an aryl group, and a solvent

onto a substrate, and a step of removing the solvent,
wherein the solvent is a mixture of a first solvent
comprising at least one selected from alcohol and water, and
a second solvent comprising a non-alcoholic organic solvent

having a boiling point lower than that of the first solvent.

3. The process according to Claim 1, wherein the

first solvent 1s alcohol.

4, The method process according to Claim 3, wherein
the alcohol 1s at least one selected from the group

consisting of methanol, ethanol, l-propanocl, 2-propanol, 2-
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methoxyethanol, diethylene glycol monomethyl ether and
diethylene glycol moncethyl ether.

5. The process according to Claim 1, wherein the non-

alcoholic organic solvent 1s at least one selected from the

r=

group consisting of dichloromethane, chloroform, 1,1-

dichloroethane, 1,2-dichloroethane, 1,1,l-trichloroethane,
tetrahydrofuran, diethyl ether, acetone, methyl ethyl
ketone, acetonilitrile, dimethylformamide, dimethylacetamide

and dimethyl sulfoxide.

6. The process according to Claim 1, wherein the

mixture of the first solvent and the second solvent is one
mixXture selected from the group consisting of methanol and

dichloromethane, methanol and chloroform, ethanol and

chloroform, 2-methoxyethanol and acetone, and diethylene

glycol monomethyl ether and dimethylacetoamide.

7 . The process according to Claim 1, wherein weilght

proportions of the first and second solvents are 1-40wt% of

the first solvent and 60-99wt% of the second solvent.

8 . The process according to Claim 1 or 5, wherein the
polymer electrolyte 1s a polymer having a polymer chain of

an aromatic ring into which a sulfonic group is introduced.

9. The process according to Claim 1, 3, 4, 5, 6 or 7,
wherein the polymer electrolyte 1s a polymer which 1is
soluble 1in the solvent and has a number-average molecular

weight of 1,000 to 1,000,000 and an ion exchange group in an

equivalent weight of 500 to 5,000 g/mol.

10. The process according to Claim 9, wherein the

polymer electrolyte 1is:

(1) a polymer electrolyte prepared by introducing

a sulfonic acid group i1nto a polymer chain having an
_21_
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aromatic group, the polymer chain being selected from the

group consisting of polyether ether ketone, polysulfone,

polyethersulfone, polyl{aryleneether), polyimide, poly((4-

phenoxybenzoyl) -1, 4-phenylene), polyphenylene sulfide and
polyphenylquinoxalene;

(11) sulfoarylated polybenzimidazole;
(111) sulfoalkylated polybenzimidazole;

(1v) phosphoalkylated polybenzimidazole; or

(v) phosphonated poly({(phenvyleneether).
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