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(57) Abrégée/Abstract:
A fuel cell Is often subject to performance deterioration or destruction due to creep or stress relaxation in electrolyte. A fuel cell

comprising a plurality of polymer electrolyte membranes laminated on each other interposed between gas diffusion electrodes by
the application of a clamping pressure, wherein the polymer electrolyte membrane comprises beads Iincorporated therein for

counteracting the clamping pressure.
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Abstract

A fuel cell is often subject to'performance deterioration

or destruction due to creep or stress relaxation in electrolyte.

Afuelcellcomprisingapluralityofpolymerelectrolytemembranes

laminated on each other 1nterposed between gas diffusion

electrodes by the application of a clamping pressure, wherein
the polymer electrolyte membrane comprises beads incorporated

therein for counteracting the clamping pressure.
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SPECIFICATION

TITLE OF THE INVENTION

L+

FUEL CELL AND PROCLESS FOR THE PRODUCTION OF SAM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a normally operating fuel

cell for use in portable power supply, power supply for electric

car, household cogeneration system, etc. and a process for the

production thereof.

Related Art of the Invention

The basic structure of the related art polymer electrolyte

type fuel cell will be described in connection with Fig. 7.

Fig. 7 is a longitudinal sectional view 1llustrating the

configuration of the related art polymer electrolyte type fuel

cell stack.

A solid polymer electrolyte type fuel cell allows a fuel
gas contalnlng hydrogen and an oxidizer gas containing oxygen
such as alr to undergo electrochemical reaction to generate

electricity and heat at the same time.

Referring to general structure, the solid polymer

electrolyte type fuel cell comprises a polymer electrolyte

P

memorane 1 which allows selective transportation of hydrogen

1



CA 02444523 2003-10-09

r—

1on upon the application of an electric field and a pair of gas

k:

diffusion electrodes 2 formed on the respective sides thereof.

3

The gasdiffusionelectrode 2 ismainly composed of a carbon

powder having a platinum group metal catalyst supported thereon -

and comprises a catalyst layer formed in contact with the polymer

electrolyte membrane 1 and a gas diffusion layer having air

permeabllity and electronic conductivity in combination formed

on the separator 3 silde.

I}

Further, the gas diffusion electrode 2 has a gasket 4 (or

gas sealingmaterial) disposedaroundthe gasdiffusionelectrode

2 to prevent the two gases supplied from leaking or being mixed
wlith each other.
The gasket 4 may have been previously assembled integrally

—

with the gas diffusion electrode 2 and the polymer electrolyte

memprane 1.

The configuration comprising the polymer electrolyte

membrane 1 and the catalyst layer 1is referred to as “MEA

(membrane-electrode assembly)”.

In an ordinary polymer electrolyte_type fuel cell, MEA is

mechanically fixed and an electrically-conductive separator 3

forelectrically connecting adjacent MEAs to each other in series

isdisposed. Thelaminationofanumber cfsinglecellsessentially

comprising MEA and electrically~conductive separator 3 produces

a fuel cell stack.

F

The separator 3 is made of an electrically-conductive and

.
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AlNe,

alrtightmaterial having some corrosionresistance such as carbon

plate and metal plate. Ineachof the single cells, a gas channel

for supplylng the reactive gas onto the surface of the electrode

and removing the produced gas or extra gas 1s formed on the portion

F

in contact with MEA of the separator 3.

The gas channel may. pe provided on the portion other than

(—

separator 3 such as the surface of the gas diffusion electrode.

However, 1t 1s usual that a groove 1s provided on the surface

of the separator 3 to form a gas channel.

In order to supply the reactive gas through the groove,

P

a means 1s required of supplying and distributing the reactive

gasintotherespectivesinglecellsandcollectingthegasproduced

gy
prew

fusionelectrode?andtheresidual gasanddischarging

inthegasdi:

P

these gases to the exterior of the cell.

The holewhich is formed through the respective singlecells

to supply the fuel gas and oxidizer gas into the respective single

cells and discharge these gases 1s referred to as “manifold”.

Manlfolds are divided into two types, i.e., internal

manifold type which is a series of through-holes formed by

laminating separators 3 each having a through~hole formed therein

1n the direction of stack and external manifold type formed on

F F

the side of a laminate of separators 3 as a structure other than

the separator 3.

A fuel cell generates heat during operation and thus is
required to be cooled with cooling water or the like to keep

3
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H

1tself under good temperature condilitions.

In general, a cooling portion which allows cooling water

to flow every 1 to 3 cells 1s provided interposed between the

separators 3. Inmost cases, a cooling water channel is provided

’-l-b

on the back of the separator 3 to form a cooling portion. The

supply of cooling water into the cooling portions and discharge

—

cf cooling water therefrom are conducted through the manifold

formed through the respective cells as in the case of supply

——

P

and discharge of the reactive gas.

An ordinary cell stack is obtained by laminating MEAs,

separators 3 and coollng portions on each other to forma laminate

of from 10 to 200 cells, clamping the stack between end plates

withacollectorandan insulatingplate interposed therebetween,

and then fixing the stack with a clamping bolt from both ends

o~
parn

thereof.

As the fuel for polymer electrolyte type fuel cell there

isused hydrogen. Hydrogenmaybe supplied fromahydrogenbottle

or may be obtained by converting a hydrocarbon fuel to hydrogen

= |

through a modlfier. As the oxidizer gas there may be used air.

Since the polymer electrolyte membrane 1 can be provided

with a high hydrogen ionic conductivity only when it is hydrous,

elther the fuel gas or air to be supplied into the fuel cell

1s often provided with water vapor. For the supply of such a

reactive gas into the fuel cell, a blower or compressor is used.

The electric power produced by the fuel cell is DC power,

-
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which 1s better used at a higher voltage to give a higher utility.

Accordingly, DC power is converted to AC power having a higher

voltage by a converter or 1nverter.

The electrochemical reaction of hydrogen with oxygen and

F

the resulting generation of electric current are accompanied

by the generation of heat. I

n order to keep the cell temperature

constant, the heat thus generated i1s released to the exterior

grie—

of the cell or the cell 18 cooled with a heat medium. The heat

which has been withdrawn to the exterior of the fuel cell is

then utilized for hot water

cogeneration system.

supply or heating in the household

A fuel cell system comprises this fuel cell and modifier,

a power management portion

such as converter and inverter, a

]

heat utilization element and a control system for functionally

operatling these portions.

Among the gas diffusion electrodes 2, the electrode into

which the fuel gas is supplied is referred to as “anode” while

the electrode into which the

oxldilzer gas such as air is supplied

isreferredtoas™cathode”. Duringthegenerationof electricity,

the anode acts as a negative electrode while the cathode acts

as a positive electrode.

On the anode, hydrogen

H

4

O
into the electrolyte. On the

the anode and oxygen in the o

supplied is oxidized in the vicinity

- the catalyst to produce hydrogen ion which is then released

cathode, hydrogen ion supplied from

Xxldlzer gas react to produce water.

o
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F
——

Accordingly, thesegasdiffusionelectrodesZmustbehighly

alr-permeable throughout 1ts entirety so that all the electrodes

#

can be thoroucghly supplied with the reactive gas onto the surface

of the catalyst which 1s a reaction site and the resulting water

vapor and the unreacted carbonate gas, nitrogen, etc. can be

readily discharged from the reaction site.

Similarly, 1t 1s 1important that these gas diffusion

electrodes 2 each are arranged such that hydrogen ion andelectron

can be easily supplied 1nto the reaction site and discharged

from the reaction site.

The gas supplied has been moistened at a dew point close

tothecell temperature toenhance the hydrogen ionic conductivity

of the electrolyte. Therefore, when the gas is consumed at any

of the electrodes, supersaturated water vapor undergoes dew

y—

condensation on the interior of the electrodes.

p—

The amount of water condensate is greater on the cathode

because 1t also contalns water content produced by the reaction.

The water condensate thus formed is then reevaporated in

the gas supplied or discharged as water droplet along with the

discharged gas into the gas discharge manifold via the gas supply

passage.

.AsthemethodofproducingMBA(membrane-electrodeassembly)

for polymer electrolyte type fuel cell there has heretofore been

normally employed a method which comprises forming a polymer

electrolyte membrane 1 according to an extrusion method,

6
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subjecting the electrolyte membrane 1 to heat treatment, forming
a catalyst layer onboth sides of the polymer electrolyte membrane
1 according to a printing method, transferring method or the
like, and then forming agas diffusion layer made of carbon paper,

carbon cloth or the like on the outer side of the catalyst laver.

In recent years, 1t has been sometimes practiced to 1mprove
the cell performance and reduce the production cost by using
aproductionmethodwhich comprises castingapolymer electrolyte
membrane 1 i1nto a sheet with polymer electrolyte solution,
continuously forming an anode side catalvst layver and a cathode
side catalyst layer in front and in rear of the sheet, and then
subjecting the combination to heat treatment.

p—

Further, 1n order to prevent the break of the polymer

electrolyte membrane 1, pores 21 of a porous material or fiber
22 showninFigs. 9and 10, etc. maybeutilized (seeJP-A-8-162132,

JP-A-8-213027, JP-A-8-3295962, and JP-A-2001-345110). Fig. 9 is

a longitudinal sectional view (first sectional view) illustrating

a reilnforcing structure for MEA for the related art polymer

electrolytetype fuel cell, andFig. 10isalongitudinal sectional

view (second sectional view) illustrating another reinforcing

structure for MEA for the related art polymer electrolyte type

fuel cell.
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In general, a perfluorocarbonsulfonic acid to be used as

apolymerelectrolyte ls formedbyamainchainmoiety for securing

thermal and electrochemical stability and mechanical st-rength

and a pendant moiety which takes part in ionic conduction. It

1s sald that when the perfluorocarbonsulfonic acid actually acts

as an electrolyte, the pendant moieties gather together to cause

hydration of water molecules that forms an ionic conduction

channel.

Further, 1n order to keep the ionic conductivity of the
polymer electrolyte high, 1t is necessary that the gas supplied

be moistened to keep the polymer electrolyte highly hydrous.

In general, such a polymer electrolyte has properties as

viscoelastic material. In other words, when a predetermined

tension (or compressive force) 1is kept applied to the electrolyte

membrane, the initial elastic deformation is followed by plastic

deformation, 1.e., so-called creep. On the contrary, when a

tension (or compressive force) causing a predetermined

deformation 1s kept applied to the electrolyte membrane, the

electrolyte membrane undergoes relaxation and reduction tension

(or compressive force) with time, i1i.e., so-called stress

relaxation.

A polymer electrolyte type fuel cell comprises a stack of

pasic configurations each comprising a polymer electrolyte

n

membrane 1, gasdiffusionelectrodes2withthepolymerelectrolyte

membrane 1 interposed therebetween and a separator 3, clamped

S
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at a predetermined pressure on both ends thereof as shown in
Fig. 7. Accordingly, a predetermined compressive pressure 5 is
always appliled to these constituents.

When a compressive pressure actsonthe polymer electrolyte

membrane 1 from the separator 3 via the catalyst layer and the

gas diffusion layer over an extended period of time, the polymer

electrolyte membrane 1 undergoes plastic deformation.

=

The catalyst layer and the gas diffusion layer each are

essentially a porous material and have a complicated surface.

H

As a result, part of the polymer electrolyte membrane 1

which has undergone plastic deformaticn penetrates the interior

FO
pr——

of the catalyst layer or the gas diffusion layer in the part

having a relatively low density or small mechanical strength

as shown in Fig. 8. Fig. 8 is a longiltudinal sectional view

1llustrating the cell in the related art polymer electrolyte

type fuel cell stack after a prolonged operation.

Further, when creep proceeds, the reactive gas on the anode
side and the cathode side are eventually mixed with each other
to cause cross leak or the anode and the cathode make anelectrical
contact with each other to cause minute shortclrculting as

lndicated by the sign x in Fig. 8.

IThe aforementioned cross leak or minute shortcircuiting

not only causes the deterioration of cell performance by itself

but also gives a new cause of performance deterioration due to

local heat generation or drying or shortage of reactive gas.

9
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The clamping pressure applied to the stack from both ends
thereof 1s supported by the gasket 4 or sealing material arranged
around MEA. At this point, the contact pressure applied by the
separator 3 to the electrolyte membrane via the gas diffusion
electrode 2 reaches a predetermined value. Then, the polymer
electrolytemembrane 1 which isaviscoelasticmaterial undergoes
stress relaxation. Thus, the contact pressure decreases with

time.

When the contact pressure across the catalyst layer and

the gas diffusion layver and across the gas diffusion layer and
the separator as shown by the sign v 1n Fig. 8 decrease, the
contact resistance of electronic conduction increases, causing
the rise of electricity generation loss at these sites. As a
result, the cell performance is deteriorated.

An aim of the invention 1s to provide a fuel cell which
1s little subject todeteriorationof performance and destruction
caused by creep or stress relaxationphenomenon inthe electrolyte

'

and a process for the production thereof taking into account

the aforementioned problems with the related art.

SUMMARY OF THE INVENTION
The 1°° aspect of the present invention is a unit cell for
use 1n an electrolyte membrane-electrode assembly in which a

plurality of unit cells are held in fuel cell stack arrangement
by clamping pressure, wherein an electrolyte member of the unit

10
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cell comprises at least one support member 1ncorporated therein
for counteracting the clamping pressure, the support member
exhibitingagreatercreepresistancethantheelectrolytemember.

The 2" aspect of the present invention is the fuel cell
as defined in the 1°" aspect of the present invention, wherein

the support member 1s a granular member

The 3% aspect of the present invention is the fuel cell

2nd

as defined 1in the aspect of the present invention, wherein

the diameter of the granular member is less than the thickness

F

of the electrolyte membrane.

The 4" aspect of the present invention is the fuel cell

2nd

as defined in the aspect of the present invention, wherein

an average diameter of the granular member 1s 5 pm or greater.

The 5" aspect of the present invention is the fuel cell

asdefined inanyof the previous aspects of the present invention,

wherein thematerial constituting the support member is titanium,

metal oxide, metal nitride, inorganic glass or fluororesin.
The 6" aspect of the present invention is the fuel cell

asdefined inany of the previous aspects of the present invention,

wherein the support member comprises a polymer having a structure

in which a main chain moiety is the same as that of the material

constituting the electrolyte membrane.

The 7" aspect of the present invention is a unit cell
producing method, the unit cell being for use in an electrolyte

membrane-electrode assembly in which a plurality of unit cells

11
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are held 1n a fuel cell stack arrangement by a clamping pressure,

which method comprises: 1ncorporating at lest one support member

1n the electrolyte membrane of the unit cell to counteract the
clamping pressure, wherein the support member has a greater creep
resistance than the electrolyte membrane.

The support member may also sometimes be referred to as

the predetermined member.

Brief Description of the Drawings

Fig. 1 1s a schematic 1longitudinal sectional view

illustrating the configuration of MEA for solid polymer

-

1 according to the Embodiment 1 for

electrolyte type fuel ce

carrying out the invention;

Fig. 2 1s a schematic longitudinal sectional view
1llustrating the configuration of MEA for solid polymer
electrolyte type fuel cell according to the Embodiment 1
implementation of the i1nvention;

Fig. 3 1s apartly enlarged diagramof MEA for solid polymer
electrolyte type fuel cell according to the Embodiment 1 ot
implementation of the invention;

Fig. 4 1s a longitudinal sectional view i1llustrating the
configuration of MEA for solid polymer electrolyte type fuel

cell according to the Embodiment 1 of implementation of the

12
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invention:;

Fig. S5isaschematicdiagramillustratingtheconfiguration

ﬁ
p—v

of a device used in the evaluation of the creep resistance of

the materials to be incorporated in the electrolyte membrane

according to an embodiment of implementation of the inventilion;

Fig. 6(a) is a diagram (first diagram) 1illustrating the
creep resistance of a material (polyvinyl-based resin) to be
incorporated 1in the electrolyte membrane;

Fig. 6(b) 1s a diagram (second diagram) illustrating the

creep resistance of another material (perfluorocarbonsulfonic

acid) to be i1incorporated in the electrolyte membrane;

Fig. 6(c) is a diagram (third diagram) illustrating the

1

creep resistance of a further material (PTFE) to be incorporated

in the electrolyte membrane;

Fig. 7 1s a longitudinal sectional view illustrating the

configuration of the related art polymer electrolyte type fuel
cell stack;

Fig. 8 1s a longitudinal sectional view illustrating the

cell 1n the related art polymer electrolyte type fuel cell after

a prolonged operation;

Fig. 9 1is a longitudinal sectional view (first sectional

view) 1llustratingareinforcingstructure for MEA for therelated
art polymer electrolyte type fuel cell; and

Fig. 10 1s a longitudinal sectional view (second sectional

view) illustrating another reinforcing structure for MEA for

13
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the related art polymer electrolyte type fuel cell.

Description of Reference Numerals

1 Polymer electrolyte membrane

2 Gas diffusion electrode

3 Separator

4 Gasket

5 Clamping force (compressive pressure)

11, 12, 13 Beads to be incorporated

15 Supporting force against clamping force

PREFERRED EMBODIMENTS OF THE INVENTION

— |

Embodiments of i1mplementation of the invention will be
described hereinafter in connection with the attached drawings.

(Embodiment 1)

Firstly, the configuration of a polymer electrolyte type
fuel cell according to the present mode for carrying out the
invention will be described in connection mainly with Fig. 1.

Fig. 1 is a schematic longitudinal sectional view illustrating

the configuration of MEA for solid polymer electrolyte type fuel
cell according to the present mode for carrying out the invention.

The polymer electrolyte type fuel cell according to the
present mode for carrying out the invention comprises a cell

stack comprising a membrane-electrode assembly composed of a

g

polymer electrolyte membrane 1 and a pair o gas diffusion

14
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electrodes 2 having thepolymer electrolytemembrane l interposed
therebetween and separators 3 laminated alternately on the
membrane-electrode assembly wherein a clamping pressure is
applied to the cell stack.

The polymer electrolyte type fuel cell according to the
present mode for carrying cut the invention is characterized
by the arrangement that the polymer electrolyte membrane 1 has
beads 11 having a greater creep resistance than the electrolyte
membrane incorporated therein across the electrolyte membrane
and the beads 11 support the clamping pressure on the cell stack. .

The beads 11 each preferably héve a particle diameter of

greater than o ymon the average and not greater than the thickness

cf the polymer electrolyte membrane 1. Further, the beads 11

r——

- a materlal selected from the group

each preferably are made o:

consisting of titanium, metal oxide, metal nitride, inorganic

glass material and fluororesin. Moreover, the beads 11 each

ﬁ

preferably are made of a polymer electrolyte material different

from the material constituting the electrolyte membrane.

A detailed configuration of the polymer electrolyte type

fuel cell according to the present mode for carrying out the

invention will be described hereinafter.

Tne polymer electrolyte membrane 1 1is a hydrous

fluorine-based or hydrocarbon~based membrane having a thickness

of from 15 um to 200 pm which is more subject to creep agalnst

stress as the ambient temperature is higher or the coexlsting

15
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humidifving gas has a high relative humidity.

Inordertoformtheelectrolytemembranebyasinglematerial

so that the deterioration of performancﬁe or destruction of fuel

cell due to creep can be prevented, it 1s necessary that the

creep resistance of the material i1itself be enhanced.

s~

However, 1f it 1s desired to keep the hydrogen ionic

conductivity high, the improvement of the material is limited.
Therefore, in order to enhance the creep resistance of the

entire electrolyte membrane whlle maintaining the desired

hydrogen 1onic conductivity, the material of the electrolyte
membrane comprises beads of a material having a higher rigidity

andahighcreepresistancesuchaszirconia, glassand fluororesin

incorporated therein in addition to amaterial taking part mainly
1n hydrogen i1onic conductivity.

Ihese beads are arranged as shown in Fig. 1 or 2 to support
the compression 5 applied to the electrolyte membréne via a gas
diffusion layer or catalyst layer. Fig. 2 1is a schematic

longitudinal sectional view illustrating the configuration of

MEA for solid polymer electrolyte type fuel cell according to

‘the present mode for carrying out the invention.

In Fig. 1, the beads 11 having a high creep resistance and

aparticlediameterwhichissubstantiallythesameasthethickness

F

of the electrolyte membrane incorporated in the electrolyte

membrane 1 support the compression.

In Fig. 2, the beads 12 having a high creep resistance

16
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incorporated 1n the ele'ctrolyte membrane 1 come 1n contact with
each other to form a supporting force 15 against the clamping

force applied to the electrolyte membrane as shown in Fig. 3.

Fig. 3 is a partly enlarged diagram of MEA for solid polymer

electrolyte type fuel cell according to the present mode for

carrying out the invention (enlarged diagram of the portion ITT
of Fig. 2).

It goes without saying that even the beads 13 1ncorporated
1n the electrolyte membrane don’t come in direct contact with
each other as shown in Fig. 4, the creep resistance of the mixed
material i1s enhanced. Fig. 4 is a longitudinal sectional view
illustrating the configuration of MEA for solid polymer
electrolyte type fuel cell according to the present mode for
carrying out the invention.-

Pores 21 and fibers 22 of a porous material having a

reinforcing capacity for preventing the break of the polymer
electrolyte membrane 1 shown in Fig. 9 or 10 which have heretofore

been used are essentially different from the beads according

to the present mode for carrying out the invention.

In other words, in Figs. 9 and 10, the pores 21 and the

fibers 22 are provided to act to prevent the break of portions

atwhichashearing forceortensionactsonthe polymerelectrolyte

membrane 1 such as edge of the gas diffusion electrode 2.
Accordingly, it is important that the pores 21 are formed
continuouslyinthedirectionalong the surface of the electrolyte

17
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membrane as shown in Fig. 9 or the fibers 22 are formed overlapping

each other as shown in Fig. 10.

On the contrary, 1n the present mode for carryving out the

invention, the beads 13 are preferably formed continuously in

F

the directlon perpendicular to the surface of the electrolyte

membrane or overlapping each other.

Thus, the configuration of the present mode for carrying

out the inventionisessentiallydifferent fromthat of therelated

art.

Referring to the material to be incorporated in the

electrolyte membrane 1, tensile strength or shear strength is

necessary in the configuration of the related art shown in Figs.
9andlOwhilecompressivestrengthorcreepresistanceisimportant

1n the invention.

The gas diffusion electrode 2 corresponds to the electrode

of the invention, the polymer electrolyte membrane 1 corresponds
to the electrolyte membrane of the invention, and the beads 11

tol3eachcorrespondtothe predeterminedmember of the invention.

The fuel cell of the invention and the process for the

production thereof will be further described hereinafter in
connection with the attached drawings.

(Example 1)

~Firstly, Ketjen Black EC (produced by AKZO Chemie Inc. of
Holland), which is a particulate electrically-conductive carbon
having an average primary particle diameter of 30 nm, having

18
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50 wt—-% particular platinum having an average particle diameter

of about 30 angstrom supported thereupon was used as

particle-supported catalyst for cathode. On the other hand,

Ketjen Black EC having particulate platinum and particulate

rutheniumhavinganaverageparticlediameter of about 30 angstrom

supported thereon 1in an amount of 25% by welght, respectively,

was used as particle-supported catalyst for anode.
Subsequently, these carbon powders having a catalyst metal

such as platinum supported thereupon were each dispersed in an

alcohol solution of polymer electrolyte to make a slurry.

The alcohol solution of polymer electrolyte used was

obtalned by dispersing 16 wt-% perfluorocarbonsulfonic acid in

ethyl alcohol (Flemion, produced by ASAHI GLASS COMPANY) .

On the other hand, a carbon paper having a thickness of

400 pmwhichactsasanelectrodewasdippedinanaqueousdispersion

of fluororesin (NeoflonND]l, producedbyDaikinIndustries, Ltd.),

dried, and then subjected to heat treatment at 400°C for 30 minutes

to render 1tself water-repellent.

Subsequently, theaforementionedslurrycontainingacarbon

powder was uniformly spread over one side of the aforementiocned

carbon paper thus rendered water-repellent to form a catalyst

ﬂ
—

layer thereon. Thus, a gas diffusion electrode was prepared.

The size of the electrode was 6 cm X 6 cm.
The polymer electrolyte membrane was obtained by
cast-molding the aforementioned polymer electrolyte solution

19
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into a sheet, drying the sheet, and then subjecting the sheet

to heat treatment.

In other words, a solutlion comprising water containing 10

wt-% of a polymer electrolyte and ethyl alcohol as mixed solvent
was concentrated by vacuum suction or the like to obtain a 16
wt—-% high concentration solution. The high concentration

solutionwasthenmixedwithpolytetrafluoroethylene (PTFE) beads

having an average particle diameter of 30 um in an amount of

o

2 Wwt-3% based on the total weight of the solution. The mixture

was then stirred thoroughly.

The aforementioned PTFE bead-incorporated electrolyte

solution was spread over a polyethylene terephthalate (PET) film

coated with a fluorine-based release agent using a bar coater,

and then dried.

By adjusting the number of spreading or the concentration

of the coating solution, the thickness of the polymer electrolyte

membrane dried was adjusted to 50 um * 5 um.

The electrolyte membrane thus produéed was cut i1nto a size

F

of 12 cm square which was then subjected to heat treatment at

a temperature of 130°C for 30 to 60 minutes in a heat treatment

device filled with nitrogen gas.

I'wo sheetsof thecarbonpaperhavingacatalyst layer formed
thereon were then laminated on each other with the catalyst laver
side thereof disposed opposed to each other and the solid polymer
electrolyte membrane disposed interposed therebetween.

20
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In order toprevent the gases supplied from leaking or being

mixed with each other, a sheet (gasket) made of silicone rubber

having a thickness of about 350 um for gas seal was provided

on the periphery of the electrode with the polymer electrolyte

membranedisposedinterposedtherebetween. Thelaminatewasthen

hot-pressed at a temperature of 100°C for 5 minutes to obtain
MEA. .

Two sheets of carbon separator having a gas channel formed
on the surface of sintered carbon plate by cutting were arranged

suchthatthegaschannelwasopposedtotheelectrode. Thelaminate

#

was then clamped by a clamping pressure of 5 kgwt/cm? applied

thereto via a stainless steel end plate.

The fuel cell thus producedwas then subjected toevaluation

test usingpurehydrogenandairasreactivegasunderthefollowing

conditions.

The evaluation test was conducted under standard condition

I that the temperature of the cell is 75°C, the dew point of pure
nydrogen gas supplilied onto the anode is 70°C, the dew point of

ailr supplied onto the cathode is 70°C, the percent utilization

of hydrogen is 75%, the percent utilization of air is 40% and
the current density is 0.2 A/cm®.

The evaluation test was also conducted under accelerated
condition II that accelerates more the creep in thé electrolyte -
and the catalyst layer. This accelerated condition is the same

as the standard condition I except that the temperature of the

21



CA 02444523 2003-10-09

cell 1s 85°C, the dew point of hydrogen is 85°C and the dew point

of air is 85°C.

A related art MEA having no second material such as PTFE

beads incorporated intheelectrolyte was subjectedtoevaluation

test under both conditions

of the four combinations.

for reference.

These MEAs and operating conditions were combined to give

four test conditions.

10 cells (N

bbb
=i E——

10)

were tested

“Or each

The cell evaluation test was conducted

for 2,000 hours. The results are set forth in Table 1.

Table 1

¢

Standard condition |

 —

~ Accelerated condition Il

W— bk orar vy

|

Number of cells which
have been untestable
up to 2,000 hours

(in a total of 10 cells)

i

S, wiiebfideel i ——p—

Deterioration
rate (after 2,000
hours of elapse)

Number of cells which
have been untestable
up to 2,000 hours

1 Deterioration

(in a total of 10 cells) jﬁ

rate (after 2,000
hours of elapse)

Example 0 " 0 ~ 2 mV/1000h
| Comparative | = 3 | 10 mV/1000h
Example

Actually, some o:

4 mV/1000h

80 mV/1000h |

- the cells showed a sudden deterioration

of performance that disabled the continuance of the durability

test during the evaluation test

the durability test showed a great dif:

rate depending on the configuration of M.

of the preéent examp.

(cell destruction).

Further, even the cells which allowed the continuance of

ference 1n deterioration

LA or testing conditions.

As can be seen in the results set forth in Table 1, MEA

22
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by

that disables the continuance of test as compared with MEA of

therelatedart. Itwasalsomadeobviousthatthecellscomprising

MEA of the related art which had undergone destruction showed

cross leak of hydrogen gas as much as about 10 times that of
the cells which had undergone no destruction. It was further

made obvious that thecellswhichhadundergone destruction showed

a DCresistancedropof about half that of thosewhichhadundergone

no destruction, demonstrating that it is much likely that the

creep of the electrolyte membrane caused the shortcircuiting
of the two electrodes.

Further, the comparison of the test results under the

standardconditionI andtheacceleratedconditionIImade obvious

pve

that the probability of cell destruction is higher under the

accelerated condition II than under the standard condition T.

Accordingly, these results suggest that this cell destruction

1s caused by the creep of the electrolyte membrane taking into

account the fact that the creep resistance of the electrolyte

membrane deteriorates under high 'temperature and humidity

condltions.
ltwas thusmadeobvious that theuseof MEAhavingan improved
membrane creep resistance makes it possible to inhibit the cell

destruction during continuous operation.

It was also made obvious that the deterioration rate of

MEA of the 1nvention is much lower than MFA of the related art

as set forth in Table 1, demonstrating that the use of MEA of
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the invention makes 1t possible to inhibit the deterioration
of performance with the increase of contact resistance due to
stress relaxation.

(Example 2)

In the present example, the partlicle diameter and mixing

proportion of beads lncorporated in the membrane were studied.

Beads of hard glass having different particle diameters

were prepared. For the preparation of beads having a particle

diameter of not greater than 20 um, hard glass was ground by

aballmill to adjust the average particle diameter of the beads.

MEAs comprising glass beads having different particle diameters
incorporated in polymer electrolyte membrane were then subjected
to cell durability test in the same manner as in Example 1.

As a result, 1t was made obvious that when the particle

diameter of the beads incorporated in the membrane is as small

as not greater than o um, the resulting effect of inhibiting

the cell destructionor deteriorationis small. On the contrary,

when the particle diameter of the beads is toogreat, the resulting

membrane sclution cannot be casted onto PET substrate to form

B

a film thereon or the resulting electrclyte membrane itsel:

exhibits a reduced mechanical strength to disadvantage.

The particle diameter of the beads to be incorporated in

the electrolyte membrane is preferably from greater than 5 um

CO not greater than the thickness of the electrolyte membrane.

The mixing proportion of the beads was then studied.
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oy

It is thought that when a 16 wt-% solution of polymer

electrolyte (Flemion, produced by ASAHI GLASS COMPANY) having

2 wt—-% PTFE beads incorporated therein is casted to forma film,

PTFE beads account for about 10% of the volume of the polymer

electrolyte, though depending on the hydrous state of the polymer

electrolyte membrane.

PTFE beads having an average particle diameter of 30 um

were incorporated 1in a polymer electrolyte solution 1n an amount

P}

of 0.3%, 1%, 3%, 10%, 30%, 50% and /0% by volume, respectively,

and the polymer electrolyte solutions were each then casted to

form a film 1n the same manner as 1n Example 1.

These MEAs were each then subjected to cell evaluation

durability test in the same manner as 1n Example 1. As a result,

1t was confirmed that the cells comprising MEAs having PTFE beads

incorporated therein in an amount of not smaller than 1% by volume

have 1ts advantage. In other words, those cells comprising

mempbranes having beads incorporated therein in such an amount

undergo destruction less frequently or showa lower deterioration

rate than those comprising the related art MEAs.

Thepolymerelectrolytesolutionshavingbeadsincorporated

thereininanamount of greaterthan50%byvolumecanbedifficultly

casted to form a film.

This experiment was conducted with PTFE beads. However,
1t 1s thought that glass beads or the l1ike need to be incorporated

1in an amount as much as twice to three times PTFE because of
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their difference in specific gravity.

The mixing proportion of materials which has an effect on

the cell durability is probably atfected greatly by the specific

gravity, shape, particle diameter (powder diameter), creep

b

resistance, etc. of the materials incorporated.

It 1s alsoc thought that the mixing pro'portion of materials
depends greatly on the sealing structure or clamping structure
of cell stack takling intc account the mechanlism causing cell
destruction or themechanismof performance deterioration caused

H

by the 1ncrease of contact resistance due to the drop of contact

pressure.
(Example 3)
In the present example, the materials to be incorporated

1n the electrolyte membrane were studied to 1inhibit the

deterlcoration of performance caused by the creep or stress

relaxation of the electrolyte membrane.

Firstly, the perfluorocarbonsulfonic acid, PTFE and

polyvinyl-based resin as used as electrolyte materiel in Example
1 were each cut into a strip having a thickness of 200 um, a
width of 10 mm and a length of 50 mm which was then measured
for creep properties according to the method shown in Fig. 5.
Fig. 5 i1s a schematic diagram illustrating the configuration

g~

Of a device used in the evaluation of the creep resistance of

Lhe materials to be incorporated in the electrolyte membrane

P&

according to an embodiment of implementation of the invention.
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The device 1s arranged such that a tensile load 34 1is applied
to a specimen 30 fixed at an upper chuck 32 mounted on a base
31 and a lower chuck 33.

A predetermined tensile load 34 (100 to 500 gwt) was then

applied to the aforementioned three specimens at the both ends
thereof. The elapsed time and the length L of the specimen were

then measured.

Duringthemeasurement, theatmospherewaskeptatarelative
humidity of 50% so that moisture conditioning was kept constant.

As can be seen in Figs. 6(a) to 6(c), all the specimens
show an instantaneous deformationwith the applicationof tensile

loadbut thengraduallystretcheswithtime. Fig. 6(a)isadiagram

(first diagram) illustrating the creep resistance of a material

(polyvinyl-based resin) to be incorporated in the electrolyte

membrane. Fig. o(b) is a diagram (second diagram) illustrating

thecreepresistanceofanothermaterial (perfluorocarbonsulfonic

acid) to be incorporated in the electrolyte membrane. Fig. 6(c)
1s a diagram (third diagram) illustrating the creep resistance
of a furthermaterial (PTFE) tobe incorporated in the electrolyte
membrane.

As opposed to instantaneous deformation shortly after
pulling (elastic deformation), the elongatlion developed after

a predetermined period of time of elapse (1 to 5 hours) following

theapplicationof tensileloadisdefinedtobe creepdeformation.

Among the specimens of perfluorocarbonsulfonic acid, PTFE
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and polyvinyl-based resin used i1n the experiment, the specimen

of pelyvinyl-based resin showed the greatest creep deformation.

The specimen of perfluorocarbonsulfonic acid showed the second

greatest creep deformation. The specimen of PTFE showed the

smallest creep deformation.

It can be said that the smaller the creep deformation is,

the greater is the creep resistance.

The aforementicned polyvinvyl-based resin, too, was

incorporated in the electrolyte membrane in the form of beads

having an average particle diameter of 30 um in the same manner

as 1n Examples 1 and 2 to produce MEA.

However,MEAhavingthispolyvinylwbasedresinincorporated
therein could not be provided with a reduced probability or

deterioration rate that causes sudden cell destruction.

Further, the aforementioned MEA obviously showed a greater

frequency of occurrence of cell destruction as compared with

the related art MEA.
This 1s probably because the incorporation of the
polyvinyl-based resin having a smaller creep resistance than

the electrolyte membrane in the electrolyte membrane causes the

reductionofthecreepresistanceofMEAortheelectrolytemembrane

1tself.

In the present example, a tensile deformation test as shown

in Fig. 5 was conducted to make comparison of creep resistance.

The load applied to the specimen as MEA is compressive force
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appliedacrossthemembrane. However, itisthoughtthatamaterial
having a hligh tensile creep resistance exhibits a high creep

reslstance also during compression.

Besides the aforementioned PTFE andpolyvinyl-based resin,
copper, aluminum, titanium, zirconia, aluminum nitride, SIC and

quartz glass were each incorporated in the electrolyte membrane

comprising perfluorocarbonsulfonic acid as used in Example 1

toproduceMEAwnhichwas thensubjectedtoexperiment. Asaresult,

1t was confirmed that the incorporation of any of these materials
makes 1t possible to improve the durability against cell

destruction.

However, copper, aluminum and SiC provided MEA having a

greater deterloration rate than the related art MEA.

it

It 1s presumed that the deterioration of cell performance

caused by the creep of the electrolyte can be eliminated but

the release of contaminants such as metal ion accelerates the

deterioration of cell performance.

(Example 4)

Inthepresentexample, perfluorocarbonsulfonicacid, which

1s a main material of electrolyvte, was studied as a candidate

of materials having a higher creep resistance.

A perfluorocarbonsulfonic acid having EW value of 900 as

used 1n Examples 1 to 3 was used.

EWvalue 1s aparameter for the concentrationof ion exchange

group (suchassulfonegroup). ThegreaterEWvalueis, thesmaller
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istheconcentrationof ion exchange‘ groupandthemoredifficultly

can occur plastic deformation.

As aresult of themeasurement of creep resistance according
to the method shown 1n Fig. 5, 1t was confirmed that the greater
EW value 1s, the higher 1s creep resistance.

An electrolyte solution (16 wt-%) having EW value of 1,100

was sprayed 1nto dried nitrogen (about 110°C) to produce

perfluorocarbonsulfonic acilid powders having various particle

dlameters. Theseperfluorocarbonsulfonicacidpowderswereeach

then subjected to heat treatment at a temperature of from 120°C

to 130°C for about 30 minutes to enhance its difficulty in

dissolution in solvent. These powders were each then casted to

form a film In the same manner as in Example 1.

The cells comprising these membranes, too, were confirmed

to exhibit improved durability. These cells have EW value as

high as 1,100 and a slightly reduced ionic conductivity, but
are considered to maintain its total ionic conductivity higher
than those comprising membranes having PTFE or hard glass
incorporated therein.

It 1salso bresumed that the break resistance at sltes where

shearing stress or tensile stress is applied to the electrolyte

membrane 1s also improved because these cells comprise the same

perfluorocarbonsulfonic acid and the perfluorocarbonsulfonic
acid particles thus incorporated have good bonding properties

with the materials constituting the electrolyte.
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i

Thus, the structure of the main chain molety of the

macromolecular material 1ncorporated may be the same as that

of the material constituting the electrolyte membrane. However,

g

the properties of matter (e.dqg.

W value, the glass transition

temperature or the like), particularly the dynamic properties

cf the macromolecular material incorporated are preferably

different fromthose of thematerial constituting theelectrolyte

membrane.

(Example 5)

)

In the present example, the form of incorporation o:

materials having an excellent creep resistance was studied.

Themethod of reinforcing the relatedart MEA, particularly
the electrolyte membrane, 1s a method of enhancing the tensile
strength of material using a porous material of PTFE having pores

21 or fiber 22 as a core material as shown in Figs. 9 and 10.

.
pleier

In order to confirm the difference between the electrolyte

mempbrane and MEA comprising such a reinforcing core material

and the invention, the following experiment was conducted.

PTFE beads having an average particle diameter of 10 um

were lncorporated in the electrolyte solution in an amount such

that the welight proportion thereof is equal to that of the

electrolyte after drying. The mixture was then used to form a

sheet having a thickness of 20 um.
Subsequently,theelectrolytesolutionwasbatchwisecastéd

onto the sheet thus formed to produce an electrolyte membrane
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F

having a total thickness of 50 um.

The aforementionedelectrolvtemembrane was used toproduce

MEA. ThisMEAwas thenobservedon its sectionunder amicroscope.

The results are shown in Fig. 7.

This MEA was then subjected to durability evaluation test

in the form of cell in the same manner as in Example 1. As a
result, the aforementioned MEA exhibited a great deterioration

rate and a great probability of occurrence of cell destruction

as compared with MEA having a sectional configuration shown in
Frgs. 1, 2 and 4.

MEA having a sectional configuration shown in Fig. 7 cannot
provide an improvement of durability as in the invention probably

.

pecause 1t provides no 1mprovement of creep resistance in the

P

direction of compression of electrolyte membrane as in MEA shown

in Figs. 9 and 10.

An electrolyte membrane comprising PTFE beads having an

average particle diameter of 10 um incorporated therein in an

amount of 1 wt-% was then subjected to durability evaluation

test 1n the form of cell.

F

n the section of the electrolyte membrane comprising a

relatively small amount of PTFE beads incorporated therein, the
particles 1incorporated 1in the electrolyte membrane don’t
necessarlly come in direct contact with eaéh other to support
the load applied across the membrane as shown in Fig. 4.

However, 1t was confirmedinthe durabilityevaluation test

32



CA 02444523 2003-10-09

in the form of actual cell that these cells have an i1mproved

durability. Itisthoughtthattheincorporationof sucha foreign

material causes the enhancement of threshold stress against the

plastic deformation of the membrane even 1f the membrane is not

arranged to directly support the compressive load, resulting

i

in the enhancement of durability.

It 1s thought that this phenomenon 1is similar to the

phenomenon that the incorporation of a solid powder having a

higher hardness in a rubber or resin as a filler makes it possible

to lmprove the deformation resistance or abrasion resistance

o]
ot

thereotf.

(Example 6)

1)

The aforementioned example involves the use of a

perfluocrocarbonsulfonic acid as an electrolyvte membrane.

It isthought thatevenifotherhydrocarbon-basedmembranes
are used, the introduction of the configuration of the invention

makes it possible to improve the durability thereof.

In the invention, it has been generally expressed in the

aforementioned examples that “beads” are used asmaterials having
a high creep resistance to be incorporated in the electrolyte

mempbrane. However, the materials to be incorporated in the

electrolyte membrane are not necessarily in the form of sphere

oY grain.

In the case of the configuration shown in Fig. 4, it is
thought that flat particles or particles having much surface
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=

roughness provide more improvement of creep resistance of

electrolytemembrane. Actually, thecomparisonofanelectrolyte
membrane comprising a leaf glass powder obtained by crushing
hard glass with the electrolyte membrane comprising particles

N )

obtained by the use of a ball mill in Example 2 in durability

definedintheaforementionedexamples showedthat the electrolyte
membrane having a fine leaf glass powder incorporated therein
as an 1nclusion exhibits a high durability.

Further, the configuration as used in the phosphoric acid

type fuel cell and molten carbonate type fuel cell, i.e.,

configuration having the continuous presence of a polymer

electrolyteinthevoidsofastructuralmaterial (porousmaterial,

etc.) having a high creep resistance to secure a desired hydrogen

ionlc conductivity between the two electrodes is desirable for

the enhancement of durability.

In the aforementioned description, Examples 1 to 6 of the

invention have been described in detail.

Advantages of the Invention

As mentioned above, the creep resistance of the entire

electrolytemembrane canbe enhanced whilemaintainingthedesired

hydrogen lonic conductivity. In this arrangement, the mixing

of reactive gases on the anode side and cathode side or minute

shortcircuiting of the two electrodes due to plastic deformation

of electrolyte membrane can be prevented, making it possible

34



CA 02444523 2003-10-09

to provide a polymer electrolyte membrane type fuel cell which
can make stable operation over an extended period of time.

The 1nvention is advantageous in that the performance

deterioration or destruction of fuel cell caused by creep or

stress relaxation 1in electrolyte can be inhibited.
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CLAIMS:

1. Aunitcell foruseinanelectrolytemembrane-electrode

assembly in which a plurality of unit cells are held in a fuel
cell stack arrangement by a clamplng pressure,

wherein an electrolyte membrane of the unit cell comprises
at least one support member incorporatedthereinforcounteracting
the clamping pressure, the support member exhibiting a greater

creep resistance than the electrolyte membrane.

2. Theunit cell asdefined inClaiml, wherein the support

member 1s a granular member

3. Theunitcell asdefinedinClaim2, whereinthediameter
of thegranularmember islessthanthethicknessof theelectrolyte

membrane.

4. The unit cell as defined in Claim 2, wherein an average

diameter of the granular member is 5 mm or greater.

5. The unit cell as defined in any one of Claims 1 to 4,
wherein thematerial constituting the support member 1is titanium,

metal oxide, metal nitride, 1norganic glass or fluororesin.

€. The unit cell as defined in any one of Claims 1 to 4,

wherein the support member comprises a polymer having a
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structure 1n which a main chain moiety 1s the same as that of

the material constituting the electrolyte membrane.

7. A unit cell producing method, the unit cell being for
use in an electrolyte membrane-electrode assembly 1n which a
plurality of unit cells are held 1in a fuel cell stack arrangement
by a clamping pressure, which method comprises:

incorporatingat least one support member intheelectrolyte

P

membrane of the unit cell to counteract the clamping pressure,

wherelin the support member has a greater creep resigtance than

the electrolyte membrane.
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