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(57) Abréegée/Abstract:

A liquid resin composition (26) comprising A) an addition-polymerizable oligomer which has, as the backbone thereof, a linear
polyisobutylene or perfluoropolyether structure and has an alkenyl group at least at each end, B) a hardener containing, in Iits
molecule thereof, at least two hydrogen atoms each bonded to a silicon atom, and C) a hydrosilylation catalyst Is three-
dimensionally crosslinked to form a sealing layer in a unit cell (20) of a fuel cell assembly to thereby seal separators (24) and (25), a
pair of electrodes (22) and (23), and an lon-exchange resin (21) as a solid electrolyte. Thus, each cell can be reduced In thickness
and size to enable the fuel cell assembly to have a high output.
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ABSTRACT

A liquid resin composition (26) comprising A) an
addition-polymerizable oligcmer which has, as the
backbone thereof, a linear polylisobutylene or
perfluoropolyether structure and has an alkenyl group
at least at each end, B) a hardener containing, in 1its
molecule thereof, at least two hydrogen atoms each
bonded to a silicon atom, and C) a hydrosilylation
catalyst 1s three-dimensionally crosslinked to form a
sealing layer in a unit cell (20) of a fuel cell
assembly to thereby seal separators (24) and (25), a2
palr of electrodes (22) and (23), and an ion-exchange
resin (21) as a solid electrolyte. Thus, each cell can
be reduced in thickness and si1ze to enable tne fuel

cell assembly to have a high output.

- 25 -
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SPECIFICATION

SEALING MATERIAL FOR FUEL CELL

TECHNICAL FIELD

The present invention relates to a sealilng
material for each cell of a fuel cell assembly, which
comprises a liquid resin composition capable of forming
a low-gas-permeable and elastic sealing layer at a
bonded surface among separators, a palir of electrodes
and an ion exchange resin serving as a solid

electrolyte by three-dimensional crosslinking, thereby

airtightly sealing them completely.

BACKGROUND ART

A fuel cell 1s an apparatus for directly

p—
p—

converting an energy of a fuel into an electric energy.

For example, an electromotive force can be obtained by

the electrochemical reaction at both electrodes with

supplying a hydrogen-containing fuel gas and an oxygen-

containing oxidizing gas to an anode and a cathode,

respectively. This electrochemical reaction can Dbe

g—
—

expressed by the reaction of Equation (1) at the anode,

the reaction of Equation (2) at the cathode and the

~
-

reaction of Equation (3) in the whole cell.
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H, —» 2H" + 2e” | (1)
(1/2)0, + 2H + 2e” — H,0 (2)
H, + (1/2)0, — H,O (3)

A fuel cell generally comprises a palr of
electrodes and a solid electrolyte membrane disposed
therebetween. A hydrogen-containing fuel gas 1s
supplied to the anode electrode, while an oxygen-
containing oxidizing gas 1is suppllied to the cathode

electrode separately and 1isolatedly from the hydrogen-

containing fuel gas. If they are not separated

sufficiently and happen to mix each other, an

electricity generating efficiency lowers 1inevitably.
A fuel cell is generally a fuel cell assembly
having unit cells, each having a pair of electrodes as

a principal unit, stacked one after another. Each unit

cell has a pailr of electrodes and a solid electrolyte
membrane sandwiched therebetween and, moreover, has
this sandwiched structure disposed between gas
impermeable separators.

These separators serve to prevent mixing of gases
between two adjacent cells. The solid electrolyte
membrane acts a role of separating a fuel gas and an

oxlidizing gas to be fed into each of the unit cells.
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As a conventional airtight sealiling method, a
technique of disposing a groove at the end of the
separator and disposing an O-ring at thils groove,
thereby preventing these gases, which are to be
supplied to opposite sides of a solid electrolyte
membrane, from being mixed 1is disclosed in JP-A-06-
119930 (the term “JP-A” as used herein means an
“unexamined published Japanese patent application) and
JP-A-6—-68884.

As a solid electrolyte, an ion exchange resin
membrane is used for a small-sized fuel cell. Since
the ion exchange resin membrane exhiblts electrically
conductive behavior when 1t 1s wet, the 1on exchange
resin membrane 1is kept wet by supplying molsture to

-y

each cell of the fuel cell during operation. In other

words, the i1on exchange resin membrane must have two

functions, that 1s, a function for separating a fuel

gas from an oxidizing gas and a function for

maintaining a wet state. An 1on exchange resin

membrane made of a fluorine resin can be mentioned as a

preferable ion exchange resin membrane equipped with
these functions.

An airtight sealing technique with an adhesive
instead of the above-described O-ring 1s disclosed 1n

JP-A-7-249417, while a thermocompression bonding
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technique of an ion exchange resin membrane is disclosed
in JP-A-6-119928. However, the ion exchange resin
membrane made of a fluorine resin generally has poor

adhesion, so that assured airtight sealing cannot be

attained by the above-described techniques.

As for the case where an epoxy resin adhesive is
used for bonding, a technique of improving the adhesion

of an ion exchange resin membrane by subjecting its

bonded surface to i1on exchange pretreatment is disclosed
in JP-A-9-199145. This pretreatment improves adhesion,
put lowers electric conductivity, leading to a reduction

in electromotive force of a fuel cell.

With regard to a sealing material composition which
undergoes addition polymerization through
hydrosilylation, a perfluoropolyether-based composition

and a polyilsobutylene-based composition are disclosed in

JP-A-8-269317 and JP-A-6-279691, respectively.

4

DISCLOSURE OF THE INVENTION

The present invention relates to a method of sealing
unit cell members of a fuel cell, which comprises the
steps of: applying a sealing material composition to
surfaces of unit cell members to be bonded; and allowing
the applied sealing material composition to three-
dimensionally crosslink through addition polymerization
Lo form an elastic sealing layer, wherein said sealing
material composition comprises: A) an addition-

polymerizable oligomer which has, as a backbone thereof

4

a linear polyisobutylene or perfluoropolyether structure

and has an alkenyl group at least at each end thereof; B)

h—

a hardener containing, in its molecule thereof, at least
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two hydrogen atoms each bonded to a silicon atom; and C)
a hydrosilylation catalyst.

If each constituting element of a fuel cell has a
reduced film thickness and each unit cell becomes thin,
the number of unit cells to be stacked in a predetermined

space can be enlarged, resulting in an increased output

of the fuel cell. However, airtight sealing of a

separator and an ion exchange resin

- 44 -
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membrane with an O-ring requires an extra thickness for
disposing a groove for the O-ring, which disturbs the
thinning and increased output of the fuel cell.
Moreover, since airtight sealling effects are not
exhibited unless the ion exchange resin membrane 1s
compressed by a clamping force by the.O-ring, the size
of the membrane must necessarily be made larger than
the groove for the O-ring.

It 1s impossible to clamp the vicinity of the

electrode by the O-ring, because the electrodes, which
are made of a porous material to permit diffusion of
gases 1n the electrodes and hence are remarkably
fragile, are broken if strongly clamped by the O-ring.
Consequently, the ailrtight sealing method by the
O-ring reguilres an 1ncrease 1n the area of the 1on

exchange resin membrane, thereby disturbing the size

reduction of a fuel cell. In addition, this method

requires a high cost for the production of a fuel cell
assembly owing to costly cutting work of the O-ring
groove on the separator 1n addition to a markedly
expensive 1on exchange resln membrane.

Concerning the airtight sealing with an epoxy
resin adhesive, 1t requires ion exchange pretreatment

p—

of the bonded surface of the 1on exchange resin

membrane for i1mproving adhesion. In addition, this

a e st hdedl . Indaad e dlle o Rosmleur k. & . **
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method is accompanied with a problem of an elution of
impurity ions such as chlorine ion from the epoxy
resin. If the membrane is contaminated with I1mpurity
ions eluted from the epoxy resin, the electric
conductivity of the membrane lowers, leading to

deterioration in the electromotive force of each unit

cell. As a result, the total electromotive force of
the fuel cell assembly having unit cells stacked in
series 1s reduced.

The thermocompression bonding of an 1on exchange

resin membrane also requlires 1on exchange pretreatment

of the membrane and therefore is not free from the
above-described problems. The thermocompression
bonding tends to damage the 1on exchange resin membrane

and the thus damaged membrane presumably may be short-

circuited owing to a difference in the internal

e

pressure upon operation of a fuel cell.

The air tightness of a fuel cell sealed by an O-
ring or epoxy resilin adhesive 1s 1ncomplete because of
the above-described reasons, so that when 1t 1s used
with being mounted on an automobile, etc., gas leakage
tends to occur owing to the vibration upon traveliling.

The sealing materilal according to the present

invention realizes a minimization 1n the area of the

1on exchange resin membrane of each unit cell and also

TR A e T e Bl ik e e e A e rmra arade Tl e e e, e v e . . . TP Y JPY RV RY 1T B S P W TR, e TVIC T DR S PIE DI
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a reduction in its film thickness, which makes 1it
possible to decrease the size of a fuel cell and
prevent reduction in the electromotive power. In
addition, use of the sealing material of the present

invention permits formation of an elastic sealing layer

on the bonded surfaces among the ion exchange resin
membrane, separators and a palr of electrodes, whereby
highly reliable air tightness can be attained and the
wet state of the membrane can be kept completely.

When the sealing material of the present invention

-
—

is employed upon production of a fuel cell using an 1on

exchange resin membrane, ion exchange pretreatment for
improving the adhesion to the membrane or the use of

another sealing member such as O-ring becomes

unnecessary, and in addition, the membrane 1s free from
the problem of contamination with i1mpurlty 1ons eluted
from an epoxy resin adhesive.

In the present invention, therefore, an 1ion
exchange resin membrane can be completely adhered and
sealed airtightly with separators or a pailr of
electrodes as compared to the conventional technique; a
size reduction and thickness decrease of a fuel cell
assembly can be attained as compared to the system
using an O-ring,; and the working step can be shortened

and cost can be reduced as compared to the system using
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an epoxy resin adhesive, because the adhesion improving
pretreatment 1s not necessary.

The sealing material according to the present
invention has features, for example, a) a markedly low-
gas-permeability, b) excellent tightness/adhesion with
an ion exchange resin membrane, c¢) less elution of

impurity ions after hardening, and d) a low moisture

permeability. Therefore, it 1s possible to airtightly
seal the ion exchange resin membrane completely with
separators or a pair of electrodes without causing a
deterioration in the performances of the membrane.

In the present invention, 1t 1s preferred that

each of the separators or a palir of electrodes to Dbe

bonded with an ion exchandge reslin mempbrane has a
roughened surface, because this 1increases the adhesion
area of the sealing material in unevenness 0f the

roughened surface, which enables stronger adhesion.

The sealing material according to the present

invention is a low-gas-—-permeable and reactive liquid

resin compositicn. The sealing materilial 1s three-
dimensionally crosslinked after applied to bonded
surfaces among the members of each unit cell, 1.e.,
separators, a palr of electrodes and an 10on exchange
reslin membrane serving as a solid electrolyte, thereby

alrtightly sealing them. The sealing material
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comprises an addition-polymerizable oligomer which has,
as the backbone in the molecule, either a linear
polyisobutylene oOr perfluoropolyether structure and has
an alkenyl group at least at each end, B) a hardener
containing, in its molecule thereof, at least two

hydrogen atoms each bonded to a silicon atom, and C) a

hydrosilylation catalyst.

One of the two kinds of the addition polymerizable

oligomers as the component A) has, as the backbone 1in
its molecule, a linear polyisobutylene structure and
has, at least at each end, a reactive group. This

addition polymerizable oligomer preferably has a

'

molecular weight of 500 to 100000 and a total amount oI

isobutylene-derived recurring units of not lower than
50 wt.3. The addition polymerizable oligomer may be
formed entirely of isobutylene units, or may be a
copolymer with 50 wt.% or less, per molecule, of a
polyolefin such as polyethylene and polypropylene or a
polydiene such as polybutadiene and polylsoprene.

The other one kind of the addition polymerizable

oligomers as the component A) has, as the backbone 1in

i1ts molecule, a linear perfluoropolyether structure and

has, at least at each end, a reactive group. This

addition polymerizable oligomer has 3 to 400 recurring

units shown below.
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cF,0-, CF,CF,0-, CF,CF,CF,0-, CF(CF,)CF,0-,

CF2CF2CF2CF20—, C(CF3)ZO_

Such an addition polymerizable oligomer having a
perfluoropolyether structure has a viscosity ranging
from 25 to 1,000,000 mm’/s.

Although theré 1s no particular limitation imposed

on the hardener as the component B), insofar as it

contains, 1n 1ts molecule thereof, at least 2 hydrogen

atoms each bonded to a silicon atom, a hardener which

has, by 1tself, low gas permeability and is compatible

with the addition polymerizable oligomer is preferred.

In other words, when the backbone of the addition
polymerizable oligomer has a polyisobutylene structure,

the hardener 1s preferred to have a backbone of a

polyilisobutylene structure, while when the backbone of

the addition polymerizable oligomer has a

perfluoropolyether structure, the hardener is preferred
Lo have a backbone of a perfluoropolyether structure.
Such a combination 1s most preferred.

It 1s preferred that the amount of the hydrosilyl
group in the hardener falls within a range of 0.5 to 5

i

moles per 1 mole of the alkenyl group of the addition

polymerizable oligomer. The hardener preferably has a

molecular weight ranging from 100 to 30000.

— lo —
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- As the component C), ordinarily employed
hydrosilylation catalysts such as chloride of platinum,
titanium, palladium or rhodium may be used. Specific
examples of the preferred catalyst include platinum
chloride, platinum-vinyl siloxane complex, platinum-
phosphine complex, platinum-phosphite complex,
platinum-alcoholate complex and platinum-olefin
complex.

To the sealing material of the present invention,
a known material such as filler, extender pigment,

antioxidant or surfactant may be added as needed within

an extent not causing a problem of elution of impurity
lons.
The sealing material of the present invention is

used by applying it in the liquid form to the bonding

surfaces of each of separators, a pair of electrodes
and an lon exchange resin serving as a solid

electrolyte, assembling them into a unit cell, and

three-dimensionally crosslinking the sealing material

under heating or by allowing it to stand at the normal

temperature, to thereby form an elastic sealing layer

from the sealing material on the bonded surfaces. A

plurality of the unit cells thus fabricated are stacked

one after another by applying a compressive force that

1s larger than the clamping force for fixing 1in the

- 11 -

. 1= LR L el I ] L e o L e et ERA L 3 s P 6%%‘“ mea;mﬂs*‘-“.b“",&_ . .



CA 02328615 2001-03-14

above-described crosslinking step. Stacking while
under compression makes 1t possible to enhance the air
tightness of the stacked structure, because the sealing
materlal crosslinked by addition polymerization

undergoes cure shrinkage to some extent.

Fig. 1 1s a cross-sectional view 1llustrating a

unit cell of a fuel cell assembly.
In this drawing, numeral (21) denotes an 1on

exchange resin membrane; (22), an anode electrode; (23),

a cathode electrode; (24) and (25), separators; (24a),

a channel for a fuel gas; (25a), a channel for an

oxldlzing gas; and (26), the sealing material of the

present 1nvention.

An embodiment of the present 1nvention 1s

described based on examples. A fuel cell has a

structure having a plurality of unit cells stacked one
after another. Fl1g. 1 1s a schematic cross-sectional

view of a unit cell (20). The unit cell (20) which 1s

a fundamental unit of the fuel cell assembly 1s

composed of the 1on exchange resln membrane (21), anode

(22), cathcecde (23) and separators (Z24) and (29).

The 10on exchange resln membrane (Z21) 1s sandwiched

between the anode (22) and cathode (23), which 1s
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sandwiched further by separators (24) and (25). On the
surfaces of the anode (22) and cathode (23), channels
for a fuel gas and for an oxidizing gas are formed,
respectively. The channels (24a) for a fuel gas are
formed between the anode (22) and separator (24), while
the channels (25a) for an oxidizing gas are formed
between the cathode (23) and separator (25).

The separators (24) and (25) form gas channels
between electrocdes and also serve to separate the fuel
gas and the oxidizing gas between two adjacent cells.

The 1on exchange resin membrane (21) is a solid
electrolyte and 1s an ion exchange membrane formed from
a fluorine-containing resin and being ion conductive.
It exhibits electrically conductive behavior under a
wet state. In the experiment of the present invention,
“Nafiona*(product of E.I. Du Pont de Nemours and
Company) was employed as the 1on exchange resin
membrane.

Each of the anode (22) and cathode (23) is formed
cf a carbon cloth woven from carbon fibers and is
subjected to contact bonding with the ion exchange
resin membrane (21) under heat at 120 to 130°C.

* Trade-mark

- 13 -
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Bonding of a pair of electrodes, 1.e., the anode
(22) and cathode (23), separators (24) and (25) and ion
exchange resin membrane (21) with the sealing material
of the present invention 1s described below.

The sealing material (260) employved 1n Example 1 1is

a heat-curing sealing agent ("Three Bond 11X-038",

product of Three Bond Co., Ltd.) 1in which each of the

backbones of the addition polymerizable oligomer and

curing agent, 1is perfluoropolyether. The sealing agent
(26) 1s applied to each of the surfaces, to be bonded,

of the separator (24) equipped with the anode (22) and

the separator (25) equipped with the cathode (23), and

these separators (24) and (25) are engaged at a
predetermined position to assemble a unit cell (20),
whereby a sealing layver 1n the uncrosslinked ligquid
form 1s formed to cover the ion exchange resin membrane
(21) .

The ion exchange resin membrane (21) undergoes,

depending on the material, a change 1n the membrane

‘quality when thermally treated at 150°C or greater,

resulting in enhanced hydrovhobic nature and hence 1in

reduced electrical conductivity. By heating the unlict
cell (21) at a temperature not greater than 100°C, an

elastic sealing laver could be formed through thnree-

-h
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R ek T

dimensional crosslinkage of the uncrosslinked sealing
layer without thermally damaging the ion exchange resin

membrane (21).

The sealing material (26) employed herein is a
ligquid resin composition having features that it
comprises A) an addition—polymerizable oligomer which
has, 1n 1ts molecule thereof, at least two alkenyl
groups, has a perfluoropolyether structure in its
backbone and has a viscosity at 25°C of 10,000 to
1,000,000 mm?/s; B) a hardener which contains, in its
molecule thereof, at least two hydrogen atoms each

ponded to a silicon atom, has a perfluoropolyether

structure 1n 1ts backbone, and a viscosity at 25°C of

10,000 to 500,000 mm°/s; and C) a catalytic amount of a

platinum compound, and that the hardener B) 1is

1ncorporated so that the amount of the hydrosilyl group

ranges rtrom 0.5 to 5 moles per mole of the alkenyl

P

group 1n the addition polymerizable oligomer.

The sealing material employed in this Example has

the following properties:

1) In a temperature range of from 80 to 150°C, the

sealing material is crosslinked for from 30 to 60

minutes and the resulting elastomer has excellent

elongation.

....15....
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2) The sealing material after crosslinking has
excellent gas barrier properties against a fuel gas and
an oxidizing gas.

3) The sealing material after crosslinking has low
molsture permeabllity.

4 ) The‘amount of i1mpurity ions eluted from the

sealing material after crosslinking is markedly small.

o) The sealing material after crosslinking has

excellent resistance agalinst methanol.

6) The sealing material after crosslinking has
excellent adhesion even with a fluorine resin-

contalning i1on exXxchange resin membrane.

In Example 2, a unit cell (20) was formed in the

same manner as 1n Example 1, except that a heat curing

sealing material (“Three Bond 11X-066"”, trade name;

product of Three Bond Co., Ltd.) in which the backbone
of each of the addition polymerizable oligomer and
curing agent 1s an isobutylene structure was used
instead of the sealing material 11X-058.

The sealing material “11X-066"” employed herein is
a ligquid resin composition which has features that it
comprises A) an addition-polymerizable oligomer which

has, 1n i1ts molecule thereof, at least two alkenyl

groups, has a polyisobutyvlene structure in its backbone

and has a viscosity at 25°C of 25 to 100,000 mm°/s; B)

._,16._
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a hardener which contains, 1n 1ts molecule thereof, at

least two hydrogen atoms each bonded to a silicon atom,

has a polyisobutylene structure in its backbone, and

a viscosity at 25°C of 10 to 10,000 mm°/s; and C) a

catalytic amount of a platinum compound, and that the
hardener B) 1s 1ncorporated so that the amount of the
hydrosilyl group ranges from 0.5 to 5 moles per mole of
the alkenyl group 1n the addition polymerizable

oligomer.

The sealing material employved 1n this Example has

the followlng propertiles:

1) In a temperature range of from 70 to 100°C, the

1}

rom 20 to 60

sealing material 1s crosslinked for

minutes, and the resulting gel-like substance has

excellent elongation.

2) The sealing material after crosslinking has

excellent gas barrlier propertlies agalinst a fuel gas and

an oxidizing gas.

3) The sealing materilal after crosslinking has low

molsture permeability.

4) The amount of 1mpurity 1ons eluted from the

sealing material after crosslinking 1s markedly small.

5} The sealing materilal has low viscosity so that

application operation can be carried out easily.
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6) The sealing material after crosslinking has
excellent adhesion with an 1on exXxchange resin membrane.

For comparison, a unit cell was formed using each
of two conventional sealing materials. One of the unit
cells (20) was formed by using RTV Silicone (*Three
Bond 1220D”, trade name; product of Three Bond Co.,
Ltd.) 1instead of the sealing material (26) of the
present 1nvention under the curing conditions of 25°C
and 55% RH for 7 days. The other one was formed by
using one-liquid type heat-curing epoxy resin (“Three
Bond 2282”, trade name; product of Three Bond Co.,

Ltd.) under the curing conditions of 100°C for 60

minutes.

P

In each of the unit cells obtained in Examples 1

and 2 by using the sealing material of the present

invention, alir tightness against the fuel gas and

0x1dlzling gas and molst condition in each of the unit

cells were mailntailined. In the unit cell obtained in

the Comparative Example using the RTV silicone,

however, the wet state in the unit cell was not

malntalned. In the unit cell obtained 1n the other

Comparative Example using the heat curing epoxy resin,
the sealing and wet state were maintained but
discoloration of the ion exchange resin membrane (21)

due to elution of impurity ion was observed.
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Upon deassembly of the unit cell (20) after
completion of the operation, cohesive failure occurred
in the cells obtained using 11X-058 in Examplé 1 and
using 11X-066 1n Example 2, which showed good adhesion
to the i1ion exchange resin membrane. In the respective
cells using RTV silicone and one—liquid type heat
curing epoxy resin obtained in the Comparative

Examples, on the other hand, interfacial peeling

occurred.

In the above-described Examples 1 and 2, the ion

exchange resin membrane had a thickness of 100 uym. It
1s generally considered that the thinner the ion
exchange resin membrane, the better the electrical

conductivity, thus contributing to an improvement in

the performance of a unit cell. In view of this, with

an 1on exchange resin membrane having a thickness of 50

pm, cells were produced using each of the above-
described sealing material 11X-057 and 11X-066, and the
same Tests as made 1n Examples 1 and 2 were carried

out. As a result, the resulting cells were confirmed

to exhibilt similar effects.

Ion exchange resin membranes tend to be damaged
when 1t 1s subjected to thermocompression bonding.

Since the damaged membrane may be short-circuited

during the operation of a fuel cell, not an ion

_19....
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exchange resin membrane of 100 uym thick but that of 300
um thick has so far been emploved.

In the present 1nvention, an elastic sealing
material layer 1s formed between the ion exchange resin

membrane (21) and separatcrs (24) and (25) by the

sealing materlal. Therefore, the 1on exchange resin
membrane (21) 1s not damaged during thermocompression

bonding or operation of the fuel cell, whereby short

cilrcuiting 1s prevented.

1AL APPLICARBILITY

As described above, the fuel cell using the

seallng material according to the present invention

does not require pretreatment for an 1on exchange resin

membrane upon bonding of the 1on exchange resin
membrane with separators, can maintalin the wet state
upon operation and permits airtight sealing with
separating a fuel gas from an oxidizing gas.
Accordingly, when use of the fuel cell for an
automopblle 1s considered, 1T can exhilibilt good sealing
performance agalnst varlous movements such as
vibration. In addition, since disposition of an O-ring
naving a vnredetermined thickness of apout 2 mm 1s not
necessary, the thickness of the whole fuel cell can

-

De reduced, making 1t possible to enhance the capacitvy
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of the cell by an increase 1n the number of the cells
to be stacked. Moreover, automatic application of the
adhesive employed in the present invention by machine
is possible, which brings about shortening of the work,
efficiency 1ncrease and cost reduction.

The sealing material according to the present
invention can be adhered and sealed without
contaminating an ion exchange resin membrane, which is
a solid electrolyte, with i1ons. This makes the use of

an O-ring unnecessary, thereby enabling size reduction

or thickness reduction of the fuel cell. In addition,
owlng to 1ts gas impermeability, the sealing material
is excellent in the airtight sealing of gas between the
1o0n exchange resin membrane and separators and can

H

malntain the wet state of the electrolyte membrane.

As a result, the fuel cell having an 1on exchange
resin membrane, separators and a pair of electrodes
adhered and airtightly sealed by the sealing material

p—

oL the present 1nvention 1s thin and small in size and

nas high electromotive power. At the same time, 1t has

reslistance agalinst vibrations so that it is suitable

for use as a fuel cell for an automobile.
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We claim:

1. A method of sealing unit cell members of a fuel

cell, which comprises the steps of:

applylng a sealing material composition to surfaces
cf unit cell members to be bonded; and

allowing the applied sealing material composition
to three-dimensionally crosslink through addition
polymerization to form an elastic sealing laver,

whereln said sealing material composition

comprlses:

A) an addition-polymerizable oligomer which has, as

a backbone thereof, a linear polyisobutylene or
perfluoropolyether structure and has an alkenyl group at
least at each end thereof;

B) a hardener containing, in its molecule thereof,

at least two hydrogen atoms each bonded to a silicon

atom; and

C) a hydrosilylation catalyst.

2. The sealing method according to claim 1,

whereln sald unit cell members include separators, a

palr of electrodes, and an ion exchange resin membrane.

3. The sealing method according to claim 1,

wherein saild addition-polymerizable oligomer A) has a

- 27 -
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polylsobutylene structure as the backbone thereof, and

sald hardener B) has a polylsobutylene structure as a

backbone thereof.

4. The sealing method according to claim 1,
whereln said addition-polymerizable cligomer A) has a
perfluorcpolyether structure as the backbone thereof,

and sald hardener B) has a perfluoropolyether structure

as a backbone thereof.

>. A fuel cell which comprises a unit cell

comprising unit cell members and an elastic seallng

layer which seals said unit cell members,

wherein said elastic sealing layer is formed by a

method comprising the steps of:

applylng a sealing material composition to surfaces

of unit cell members to be bonded; and

allowing the applied sealing material composition
Lo three-dimensionally crosslink through addition

polymerization,

wherein said sealing material composition

comprilses:

A) an addition-pclymerizable oligomer which has, as

a Dackbone thereof, a linear polvisobutylene or

- 23 -
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perfluoropolyether structure and has an alkenyl group at

least at each end thereof;

B) a hardener containing, in its molecule thereof,

at least two hydrogen atoms each bonded to a silicon

atom; and

C) a hydrosilylation catalyst.

6. The fuel cell according to claim S, Wherein

sald unit cell members include Sseparators, a pair of

electrodes, and an ion eXchange resin membrane.

7. The fuel cell according to claim 5, wherein

sald addition-polymerizable oligomer A) has a

polylsobutylene structure as the backbone thereof and

-/

sald hardener B) has a polyisobutylene structure as a

backbone thereof.

3. The fuel cell according to claim O, wWherein
sald addition-polymerizable ocligomer A) has a

perfluoropolyether structure as the backbone thereof

-7

and sald hardener B) has a perfluoropolyether structure

as a backbone thereof.
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