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(52) U.S. Cl. ................................. 429/35; 429/36; 429/32 
(57) ABSTRACT 
A Seal in an electrochemical fuel cell prevents fluid in a 
Space from leaking. The Seal includes a first layer and a 
second layer having different coefficients of elasticity. The 
Seal is made of rubber. An electrochemical fuel cell includes 
an electrolyte membrane, a first electrode on one side of the 
electrolyte membrane and a Second electrode on another side 
of the electrolyte membrane, a first Separator and a Second 
Separator, and the Seal. The first and Second Separators 
Sandwich the first and Second electrodes. The Seal is not only 
provided between the electrolyte membrane and one of the 
first and Second Separators for Sealing a path of a fuel gas or 
an oxidative gas, but is also between the first and Second 
Separators for Sealing a coolant path. Since the Softer layer 
in the Seal elastically deforms and absorbs a Surface rough 
neSS of the electrolyte membrane or the electrode, the 
Sealing ability of the Seal is high. The Seal can responds to 
and follows a length of the electrolyte membrane or the 
Separator changed by varying temperature. Furthermore, 
Since the harder layer Supports the electrolyte membrane or 
the electrode, a high Stiffness of the fuel cell Stack can be 
obtained. 
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SEAL AND FUEL CELL WITH THE SEAL 

FIELD OF THE INVENTION 

0001. The present invention relates to a seal and an 
electrochemical fuel cell including the Seal. Especially, the 
seal in the electrochemical fuel cell prevents fluid which is 
provided in a Space from leaking. Furthermore, the Seal is 
provided in the electrochemical fuel cell for Sealing a Space 
between an electrolyte membrane and a separator or for 
Sealing a coolant path between two separators. 

BACKGROUND OF THE INVENTION 

0002. In an electrochemical fuel cell, uniting a generator 
part and a frame part as one body by a hot-press method is 
proposed, as a Sealing method which Seals a path shaped by 
an electrolyte membrane and a separator for a fuel gas 
containing hydrogen or an oxidative gas containing Oxygen. 
Two electrodes sandwich the electrolyte membrane in the 
generator part, and an opening area of the frame is margin 
ally Smaller than one of the generator parts made of plastic. 
One of these examples is disclosed in Japanese Laid-Open 
Patent Application No. 10-199551. Moreover, in the above 
mentioned method, the path shaped by the electrolyte mem 
brane and the Separator for the fuel gas or the Oxidative gas 
is Sealed by providing a Seal Such as an O-ring between the 
frame part and the Separator. 

0003. As another method, a method in which the genera 
tor part and the Separator are connected by using adhesives 
is also proposed. In this method, the adhesives function as a 
comparatively Soft Seal after the connection, and the adhe 
Sives Seal the path for the fuel gas or the oxidative gas. 
0004. In the aforementioned methods, which unite the 
generator part and the frame part as one body and further 
more puts the Seal between the frame and the Separator, 
Sealing ability on the Sealing Surface could not be Secured, 
because a clearance between the frame and the Separator 
varies by a thermal expansion caused by heat of the elec 
trolyte membrane in the generator part. 

0005 Furthermore, in the above-mentioned method 
which uses the adhesives, when a fuel cell Stack is 
assembled by Stacking a plurality of the generators and the 
Separators, a Stiffness of the fuel cell Stack is weakened by 
laminating Sealing parts using adhesives. Consequently, the 
fuel cell Stack can not have Sufficient Stiffness and rigidity. 

SUMMARY OF THE INVENTION 

0006. It is thus one object of the present invention to 
solve the aforementioned problems. Another object of the 
invention is to provide a Seal which can Seal Securely by 
following and responding to a varying length of an electro 
lyte membrane or a separator. Furthermore, an object of the 
invention is to provide a fuel cell Stack which has a Sufficient 
Stiffness, when a plurality of electrolyte membranes, Sepa 
rators, etc. are Stacked in laminated condition. 

0007 According to one aspect of the invention, a seal has 
at least two layers with different coefficients of elasticity. As 
the first embodiment of a Seal in an electrochemical fuel cell, 
a Seal includes a first layer and a Second layer having 
different coefficients of elasticity, and the seal prevents fluid 
in a Space from leaking. For example, the Seal is made of 
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rubber, and the rubber hardness of the harder layer is 60 
degrees or higher and the Softer layer is 60 degrees or lower. 
0008 Since the coefficients of elasticity of the layers in 
the Seal are different, the Seal can appropriately respond to 
two members which Sandwich the Seal, and the Seal can Seal 
sufficiently even if one of the two members or two members 
change its length or both lengths. Providing the layers with 
different coefficients of elasticity in series between the two 
members indicates that a Softer layer and a harder layer are 
provided in the seal. Since the softer layer is provided in the 
Seal, this Softer layer can elastically deform by responding to 
the changing length of the one or two members. On the 
contrary, Since the harder layer is provided in the Seal, the 
other layer except the harder one changes the shape by 
elastic deformation, and the other layer can follow the 
changing length. The harder layer contributes to obtain a 
higher Stiffness between the two members, because the 
harder layer has a higher resilience of elastic deformation. 
Consequently, the Stiffness of the parts which uses the Seal 
becomes higher, and an upper limit of the compression rate 
of the two members with the seal can be improved. At the 
Same time, a high Sealing performance of the Seal can be 
obtained. 

0009 Incidentally, a seal containing three or more layers 
is also available, because above-mentioned results can be 
obtained by having at least two layers with different coef 
ficients of elasticity. 
0010 When the softer layer is connected to one of the 
two members after the harder layer is connected to another 
member, the softer layer (that is, the lower coefficient of 
elasticity) absorbs a Surface roughness of the one of the two 
members. Consequently, the higher Sealing ability can be 
achieved. 

0011. The first embodiment of an electrochemical fuel 
cell is an electrochemical fuel cell including an electrolyte 
membrane, a first electrode on one side of the the electrolyte 
membrane and a Second electrode on another side of the 
electrolyte membrane, a first Separator and a Second Sepa 
rator Sandwiching the first and Second electrodes, and the 
above-mentioned Seal between the electrolyte membrane 
and one of the first and Second Separators. The electrolyte 
membrane, two electrodes and two Separators are Stacked in 
the lamination condition. This electrochemical fuel cell has 
a good performance of a Sealing ability, and a high Stiffness 
of the fuel cell stack is obtained, because it provides the first 
embodiment Seal for the Seal. The total performance and 
reliability of the fuel cell, then, can be improved. 
0012. In this first embodiment of the fuel cell, it is also 
available that the layer with a higher coefficient of elasticity 
is positioned to face the electrolyte membrane and the layer 
with a lower coefficient of elasticity is positioned to face the 
Separator. Since the layer having a lower coefficient of 
elasticity absorbs the Surface roughness of the Separator in 
this case, a higher Sealing performance can be Secured. 

0013 In the first embodiment of the fuel cell, the above 
mentioned seal of the first embodiment of the Seal can be 
provided for Sealing a coolant path between the first Sepa 
rator and the Second Separator. 
0014. As the same reason of the first above-mentioned 
embodiment of the fuel cell including the seal, the first 
embodiment of the fuel cell including the Seal for Sealing the 
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coolant path has a high Sealing ability and a high Stiffness of 
the fuel cell stack in the lamination direction. The perfor 
mance and the reliability of the fuel cell can be improved. 
0.015. As the second embodiment of a seal in an electro 
chemical fuel cell, a Seal includes a base part and a Seal part. 
The base part has a first Surface, a Second Surface, and a third 
Surface. The Second and third Surfaces are opposite to the 
first Surface, and the third Surface is closer to the first Surface 
than the Second Surface. The Seal part on the third Surface of 
the base part extends beyond a plane defined by the Second 
surface of the base part. The coefficient of elasticity of the 
base part is higher than the coefficient of elasticity of the Seal 
part. For example, the seal is made of rubber, and the rubber 
hardness of the base part is 60 degrees or higher and the 
rubber hardness of the seal part is 60 degrees or lower. 
0016. In this second embodiment of the seal, since the 
Seal part is comparatively Soft, by the elastic deformation the 
seal part can follow the length of the members which 
Sandwiches the Seal, though the length changes due to a heat 
expansion. When the Seal part is connected to one of the 
members after the base part is connected to another member, 
the Seal part having the lower coefficient of elasticity absorbs 
a Surface roughness of the one of the members. Conse 
quently, the higher Sealing ability can be attained. Moreover, 
Since the base part has a high resilience against deformation, 
the Stiffness in the pressure direction can be improved. 
Especially, if the base and Seal parts are made up So that the 
base part receives a preSSure from the members when the 
Seal receives an excessive preSSure than a predetermined 
value, the higher stiffness in the pressure direction can be 
obtained. 

0.017. The second embodiment of an electrochemical fuel 
cell is attained by providing the above-mentioned Second 
embodiment of the Seal as a Seal to the same type of the fuel 
cell as the first embodiment. A high Sealing ability and high 
Stiffness of the fuel cell Stack are obtained as the same as the 
first embodiment of the fuel cell. Accordingly, the perfor 
mance and reliability of the fuel cell can be improved. 
0.018. In the second embodiment of the electrochemical 
fuel cell, the fuel cell can also be designed So that the base 
part receives a pressure from the Separator and the Seal part 
receives a pressure from the electrolyte membrane and the 
base part. The high stiffness of the fuel cell stack and high 
sealing ability can be achieved by this fuel cell. 
0019. In the second embodiment of the fuel cell, the 
above-mentioned seal of the second embodiment of the seal 
can not only be provided to a Seal between an electrolyte 
membrane and a separator, but can also be provided as a Seal 
which Seals a coolant path between the Separators. 
0020. As the third embodiment of a seal in an electro 
chemical fuel cell, a Seal includes a base part and a Seal part. 
The base part has a first Surface, a Second Surface, a third 
Surface, and a fourth Surface. The first Surface is opposite to 
the Second Surface, and the third Surface is opposite to the 
fourth Surface. The distance between the first and second 
Surfaces is greater than the distance between the third and 
fourth surfaces. The seal part on the third and fourth surfaces 
extends beyond a plane defined by the first and/or the Second 
surface. Furthermore, the coefficient of elasticity of the base 
part is higher than the coefficient of elasticity of the Seal part. 
0021. In this seal, since the seal part has a comparatively 
Soft Seal part, by the elastic deformation the Seal part can 
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follow the length of the members which sandwiches the seal, 
though the length changes due to a heat expansion. Accord 
ingly, the higher Sealing ability can be attained. Moreover, 
Since the base part has a high resilience against deformation, 
the Stiffness in the pressure direction can be obtained, in the 
Same way as the Second embodiment of the Seal. 

0022. The third embodiment of an electrochemical fuel 
cell is attained by providing the above-mentioned third 
embodiment of the seal to the same type fuel cell of the first 
or Second embodiment. By assembling the fuel cell high 
Sealing ability and high Stiffness of the fuel cell Stack are 
obtained as the same as the first or Second embodiment. 
Accordingly, the performance and reliability of the fuel cell 
can be improved. 

0023. In the third embodiment of the fuel cell, the above 
mentioned seal of the third embodiment of the seal can not 
only be provided as a Seal between an electrolyte membrane 
and a separator, but can also be provided as a Seal which 
Seals a coolant path between the Separators. 

0024. As the fourth embodiment of a seal in an electro 
chemical fuel cell, a Seal has a first Side with a Substantially 
plane Surface and a Second Side with a first Sealing member 
and a Second distinct Sealing member. The cross-sectional 
area of the Second Sealing member is less than the croSS 
Sectional area of the first Sealing member. The Second 
Sealing member is Substantially half elliptical in croSS 
Section. It is also available that a cross-sectional shape of the 
Second Sealing member is Substantially half circular, trap 
eZoidal or rectangular. It is also available that the Second 
Sealing member is Substantially extends above the plane 
defined by the first Sealing. 

0025. In the fourth embodiment of a seal, since the 
Smaller and extending area of the Seal receives a greater 
StreSS, it elastically deforms more largely and the Seal ability 
is Secured. Since the larger area of the Seal receives a lower 
StreSS than the Smaller area, the elastic deformation of the 
larger area is Smaller and a high StiffneSS in the direction of 
the pressure is Secured. The high Sealing ability and the 
StiffneSS is, then, obtained. 

0026. The fourth embodiment of an electrochemical fuel 
cell is achieved by providing the above-mentioned fourth 
embodiment of the Seal as a Seal to the same type of the fuel 
cell as the first, second or third embodiment. 

0027. In the fourth embodiment of the fuel cell, the 
above-mentioned seal of the fourth embodiment of the seal 
can be adopted to a Seal part which Seals a coolant path 
shaped by the Separators. 

0028 By this fuel cell a high sealing ability and a high 
Stiffness of the fuel cell Stack are obtained as the same as the 
first, Second, or third embodiment. Consequently, the per 
formance and reliability of the fuel cell can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. The above and other objects, features, advantages 
and technical and industrial significance of this invention 
will be better understood by reading the following detailed 
description of a presently preferred embodiment of the 
invention, when considered in connection with the accom 
panying drawing, in which: 
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0030 FIG. 1 is a part of a first embodiment of an 
electrochemical fuel cell stack 20 which provides a first 
embodiment of a seal 50, shown in a cross-section; 
0.031 FIG. 2 is a part of a second embodiment of an 
electrochemical fuel cell stack 120 which includes a second 
embodiment of a seal 150, shown in a cross-section; 

0.032 FIG. 3 shows an electrochemical fuel cell stack 
120a in a cross-section, as a modified example of the Second 
embodiment; 
0033 FIG. 4 is a part of a third embodiment of an 
electrochemical fuel cell stack 220 which provides a third 
embodiment of a seal 250, shown in a cross-section; 
0034 FIG. 5 is a magnified cross-sectional view of a 
base part 254 in the third embodiment of the seal; 
0035 FIG. 6 is a part of a fourth embodiment of an 
electrochemical fuel cell stack 320 which includes a fourth 
embodiment of a seal 360, shown in a cross-section; 
0.036 FIG. 7 is a magnified cross-sectional view of a seal 
360 of the fourth embodiment of the seal; 
0037 FIG. 8 is a magnified cross-sectional view of a 
modified seal 360a; and 
0.038 FIG. 9 is a magnified cross-sectional view of a 
modified Seal 360b. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0039. In the following description and the accompanying 
drawings, the present invention will be described in more 
detail in terms of specific embodiments. FIG. 1 shows a 
partial cross-sectional view of a first embodiment of an 
electrochemical fuel cell including a first embodiment of a 
Seal. For the convenience of explanation, an electrochemical 
fuel cell stack 20 is first explained, and a seal 50 or a seal 
60 which is deposited in the fuel cell stack 20 is later 
mentioned in details in relation to the fuel cell stack 20. 

0040 FIG. 1 shows one unit cell included in the fuel cell 
stack 20, and the unit cell of the fuel cell stack 20 is made 
up by laminating an electrolyte membrane 22, two elec 
trodes 24, 26, and a first and second separators 30, 40, and 
by Sealing a path for a fuel gas containing hydrogen, a path 
for an oxidative gas containing oxygen by the Seal 50, and 
a Sealing path for coolant by the Seal 60. Incidentally, water 
can be used as the coolant. The two electrodes which are 
respectively a fuel electrode 24 and an oxygen electrode 26 
sandwich the electrolyte membrane 22. The first and second 
separators 30, 40 shape a coolant path 44 for the coolant. In 
order to make the Space of the paths for the fuel or oxidative 
gas, a Sealing plate 58 is deposited between the first Sepa 
rator 30 and the Seal 50. 

0041. The electrolyte membrane 22 is a proton-conduc 
tive membrane which is made of Solid polymer electrolyte 
material, for example fluorine resin. The two electrodes 24, 
26 are respectively made of carbon-cloths and are kneaded 
with catalyst on their one side. The catalyst is made of 
platinum or platinum-alloy. The Surface of the fuel electrode 
24 which the catalyst is kneaded with faces and touches the 
electrolyte membrane 22, and in the same way as the fuel 
electrode 24 the surface of the oxygen electrode 26 which 
the catalyst is kneaded with faces and touches the electrolyte 
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membrane 22. The electrolyte membrane 22 and the two 
electrodes 24, 26 Sandwiching the electrolyte membrane 22 
are united as one body by a hot-press method. It is also 
available to join them by other methods. 
0042. The first and second separators 30, 40 are made of 
Solid and dense carbon which is gas-impermeable. A plu 
rality of projections and depressions are shaped on both 
surfaces of each separator 30, 40. Here, such a projection is 
called a rib 32 in the first separator 30 or a rib 42 in the 
second separator 40. The ribs 32,42 shape a fuel gas path 34, 
an oxidative gas path 36, or the coolant path 44. 
0043. The seals 50, 60 respectively consist of first layers 
52, 62 and second layers 54, 56. The first layers 52, 62 are 
made of comparatively Soft rubber foam. For example, 
silicon rubber foam or butyl rubber foam, a rubber hardness 
of which is equal to or lower than 60 degrees, is used for 
material of the first layers 52, 62. The second layers 54, 64 
are made of harder rubber than the rubber which is provided 
to the first layers 52, 62. For instance, silicon rubber or butyl 
rubber which rubber hardness is equal to or higher than 60 
degrees. It means that coefficients of elasticity of the rubber 
of the second layers 54, 64 are greater than those of the first 
layers 52, 62. 
0044) Next, how to assemble the fuel cell stack 20, 
mainly how to assemble the seal 50 is explained. The second 
layer 54 is positioned at a place where Sealing is necessary 
on the each Surface of the electrolyte membrane 22, after the 
electrolyte membrane 22 is connected by the two electrodes 
24, 26. The second layers 54 and the electrolyte membrane 
22 are united as one body. Places where Sealing is necessary 
are, for example, a periphery of the electrolyte membrane 
22, the periphery of the fuel gas path 34, or the oxidative gas 
36 shaped in the direction of the laminating cells in the fuel 
cell Stack 20. A hot-press method or a method of using 
adhesives is available for uniting the second layer 54 and the 
electrolyte membrane 22. Next, the first layer 52 is set on the 
second layer 54, and furthermore the sealing plate 58 and the 
first or second separator 30, 40 are put thereon. 
0045 When the coolant path 44 is shaped by setting the 

first and second separators 30 and 40 on together, the second 
layer 64 is positioned at a place where Sealing is necessary 
on the first separator 30 or the second separator 40. Subse 
quently, the Second layer 64 and the Second Separator 40 are 
united as one body. In the same way as the seal 50 is 
assembled, the first layer 62 is positioned on the Second 
layer 64, and the first separator 30 is put thereon. 
0046) The first layer 52 is put on after the second layer 54 
connected to the electrolyte membrane 22 or the Second 
Separator 40 as mentioned above, to increase the Sealing 
ability by absorbing the surface roughness of the first or 
second separator 30, 40 by the first layer 52 with its lower 
rubber hardness, because the Surface roughness might cause 
to decrease the Sealing ability. Another purpose is for the 
first layer 52 to elastically respond and follow the length of 
the electrolyte membrane 22 changed by the varying tem 
perature. Furthermore, the Second layer 54, having the 
higher rubber hardness, is used to increase the Stiffness of 
the fuel cell stack 20 in the direction of the lamination of 
each unit cell. By providing the seal 50 or 60 including two 
layers with different coefficients of elasticity, the softer layer 
(that is, the Second layer 52 or 62) absorbs Surface roughness 
of a Sealing member and responds to the changing length of 
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the electrolyte membrane 22 or the separator 30, 40, and the 
harder layer (that is, the second layer 54 or 64) restrains an 
elastic deformation of the fuel cell stack 20, and the higher 
stiffness of the fuel cell stack 20 is obtained. 

0047 The fuel cell stack 20 which is assembled and made 
up as mentioned above is pressed by a predetermined 
preSSure in the direction of lamination of a plurality of the 
unit cells. The pressure reduces a contacting electric resis 
tance between the electrode 24 or 26 and separator 30 or 40 
and increases sealing ability of the seal 50 or 60 by increas 
ing the pressure on the Surface of the seal 50 or 60. 

0.048 AS mentioned above, because the fuel cell stack 20 
of the first embodiment has the seal 50 including two layers 
with different coefficients of elasticity, the Surface roughneSS 
of the first separator 30 or the second separator 40 which 
might decrease the Sealing ability can be absorbed, and the 
changing length of the electrolyte membrane 22 or etc. 
caused by changing temperature can be followed. The high 
Sealing performance, thus, can be achieved. Moreover, 
because the seals 50, 60 provide the harder layers (the 
second layers 54,64), the high stiffness of the fuel cell stack 
20 in the laminating direction of the unit cells is attained. 
The total performance of the fuel cell 20 is improved by 
these advantages of the seals 50, 60. 
0049) Incidentally, the seal 50 is not only limited to 
consist of two layers with different coefficients of elasticity 
as mentioned above, but it can also consist of three or more 
layers. Furthermore, a seal which materials coefficient of 
elasticity consecutively changes from one Surface to another 
Surface of the Seal is also available. In the Seal consisting of 
three or more layers, it is not only available that the Softer 
layer is set to contact the separator 30, 40, etc., but it is also 
available that the softer layer is not set to contact them. For 
instance, the Softer layer is inserted between two harder 
layers. When this type of fuel cell stack is assembled, the 
Softer layer is positioned and connected, after uniting the 
electrolyte membrane 22 with one harder layer and uniting 
the separators 30, 40 with another harder layer. 

0050. The seal 50 of the first embodiment consists of the 
first layer 52 and the second layer 54, each of which is a 
completely laminated layer. It is also available that the 
harder layer 52 includes material of a softer layer. From the 
View point of absorbing the Surface roughness of the Sepa 
rator or etc., though it is desirable that the Softer layer is a 
completely laminated layer, it is not necessary that the 
harder layer is a completely laminated layer. Furthermore, it 
is not necessary that the Softer layer is a completely lami 
nated layer, and it is no problem that one part of the Softer 
layer is material of further softer, or that small part of the 
Softer layer is made of harder material. 
0051 Next, the second embodiments of the seal and the 
fuel cell are explained using a Seal 150 and a fuel cell Stack 
120 including the seal 150 in FIG. 2. FIG. 2 is a partial 
cross-sectional view of the fuel cell stack 120 including the 
Seal 150. 

0.052 As the same as the fuel cell stack 20 of the first 
embodiment, the fuel cell stack 120 includes an electrolyte 
membrane 122, a fuel electrode 124, an oxygen electrode 
126, a first separator 130, a second separator 140, and seals 
150, 160. The electrolyte membrane 122, and the two 
electrodes 124, 126 are respectively the same as the above 
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mentioned electrolyte membrane 22, and electrodes 24, 26. 
The separators 130, 140 are walls for one unit cell, and by 
sandwiching the electrode 124 or 126, the first or second 
separator 130, 140 and the electrolyte membrane 122 shapes 
a fuel gas path 134 or an oxidative gas path 136. In the same 
way, the first and second separators 130, 140 shape a coolant 
path 144. The seal 150 seals the fuel gas path 134 or the 
oxidative gas path 136, and the Seal 160 seals the coolant gas 
path 144. The explanation of the same parts in this Second 
embodiments as in the first embodiments are, here, omitted. 
0053. The separator 130 is made of a metal such as 
aluminum, StainleSS Steel, nickel alloy, or etc. A plurality of 
projections and depressions are shaped on the Separator 130, 
and the projections are called ribs 132. The ribs 132 con 
stitute paths 134 for the fuel gas or paths 136 for the 
oxidative gas, and the ribs 132 constitutes paths 144 for 
coolant. On the surface of the separator 130 facing the path 
134 or 136, high electric conductive seat (ex. resin seat 
permeated with carbon) is connected by press in order to 
prevent the surface of the separator 130 from rusting (not 
shown in FIG. 2). In the second embodiment, as shown in 
FIG. 2, the first and second separators 130, 140 are put on 
together contacting each Surface with plane Symmetry. Soft 
metal with high electrical conductivity (ex. tin, nickel, or 
etc.) is Stuck to the contacting Surfaces of the first and Second 
separators 130, 140 to reduce electrical resistance between 
the mating Surfaces of the first and Second Separators 130, 
140. 

0054) The seals 150, 160 respectively consist of the seal 
parts 152, 162 made of comparatively soft (i.e. lower 
coefficient of elasticity) rubber foam (ex. silicon rubber, 
butyl rubber, etc. with rubber hardness 60 or less degrees) 
and the base parts 154,164, made of comparatively hard (i.e. 
higher coefficient of elasticity) rubber (ex. silicon rubber, 
butyl rubber, etc. with rubber hardness 60 or more degrees). 
It is available that the seal parts 152, 162 have shapes half 
elliptical in cross-section. 
0055 A first surface 159 is opposite and parallel to a 
Second Surface 156 and a third Surface 158. The third Surface 
158 is closer to the first Surface 159 than the Second Surface 
156. A seal groove 155, then, is shaped in the base part 154. 
The seal part 152 is deposited in the seal groove 155. A part 
between the second Surface 156 and the first Surface 159 in 
the base part 154 secures the stiffness in the laminated 
direction against exceSS pressure, and an extending member 
157 is also provided in the base part 154 for Supporting the 
electrolyte 124 or 126. The depth of the seal groove 155 is 
a little bit less than the thickness of the seal part 152. 
0056. In the same way as the seal groove 155, a seal 
groove 165 is shaped in the surface of the base part 154 by 
Shaping a third Surface 168. However, the same extending 
member as the extending member 157 is not provided, 
because it is not necessary to Support the electrode 124 or 
126. The depth of the seal groove 165 is substantially the 
Same as the thickness of the Seal part 162 on the condition 
pressed by a predetermined pressure. 

0057 First, the base parts 154, 164 are closely contacted 
at a predetermined position of the separators 130, 140 by 
adhesives or a like, and the seal parts 152, 162 are set in the 
seal grooves 155, 165 on the base parts 154, 164. After 
laminating a plurality of the separators 130, 140 and a 
plurality of the electrolyte membranes 122 connected by the 
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Sets of the two electrodes 124, 126, a predetermined pressure 
is applied to the assembled fuel cell stack 120. 
0.058 When the predetermined pressure is applied, the 
seal part 152 or 162 is elastically deformed and the electro 
lyte membrane 122 and the base part 154 or 164 is closely 
contacted. Accordingly, the contacting members are Sealed 
with high reliability, and the seal part 152 or 162 follows and 
responds to the changing length of the electrolyte membrane 
122 Subjective to its changing temperature, owing to the 
elastic deformation. Furthermore, when the predetermined 
preSSure is applied to in the lamination direction of the fuel 
cell stack 120, the harder base part 154, having a coefficient 
of elasticity greater than the coefficient of the seal part 152, 
contacts the electrolyte membrane 122. Consequently, the 
stiffness of the fuel cell stack 120 in the lamination direction 
is obtained, because the base part 154 receives the pressure. 
0059) As mentioned above, since the seals 150, 160 
respectively consist of the comparatively Soft Seal parts 152, 
162 and the comparatively hard seal parts 154, 164 in the 
fuel cell stack 120 of the second embodiment, the high 
sealing ability is secured and the seals 150, 160 can respond 
to the changing length of the electrolyte membrane 122 or 
etc. caused by the varying temperature. Moreover, the high 
stiffness of the fuel cell stack 120 in the lamination direction 
is obtained. Therefore, the total performance of the fuel cell 
can be improved by the above-mentioned advantages, owing 
to the seals 150, 160. 
0060. In the fuel cell stack 120, the seals 150, 160 consist 
of the seals 152, 162 and the base parts 154, 164. It is, 
however, also available that a seal 150a consists of one base 
part 154a and two seal parts 152a in the modified embodi 
ment (a fuel cell stack 120a) as illustrated in FIG. 3. In this 
fuel cell stack 120a, the base part 154a, which is plane 
symmetry and wraps the end part of the two separators 130, 
140, is put together closely, and two seal grooves 155a are 
shaped on the opposite members of the base part 154a. The 
two Seal parts 152a are respectively deposited in two Seal 
grooves 155a. Since the end part of the separators 130, 140 
is covered as shown in FIG. 3, the separators 130, 140 can 
be prevented from rusting. 
0061 Next, seals 250, 260 and a fuel cell stack 220 
including the seals 250, 260 are explained, as the third 
embodiment of the present invention. FIG. 4 is a partial 
cross-sectional view of the fuel cell stack 220 having the 
seals 250, 260. 
0062) The fuel cell stack 220 of the third embodiment has 
the same structure as the fuel cell stack 20 of the first 
embodiment, except the seals 250 and 260. The explanation 
of the same parts as the fuel cell Stack 20 is, then, omitted 
in this fuel cell stack 220. Incidentally, the appended number 
of each part of the fuel cell stack 220 is added by 100 to the 
number of the respective part of the fuel cell stack 20. 
0.063. The seals 250, 260 respectively consist of seal parts 
252,262 and base parts 254, 264. The seal parts 252,262 are 
made of the same material as the seal parts 152, 162 shown 
in the second embodiment, and the base parts 254, 264 are 
made of the same material as the base parts 154,164, shown 
in the second embodiment. The base part 254 including an 
extending part 257 has a first surface 256 and a second 
surface 259. The extending part 257 Supports an electrodes 
224, 226. The base part 254 also has a seal hole 255 in which 
the seal 152 is provided. 
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0064. With reference to FIG. 5, the seal hole 255 com 
prises a first seal space 255a facing a first separator 230 or 
a Second Separator 240, a Second Seal Space 255b facing the 
electrolyte membrane 222, and a bottom hole 255c. A 
distance between a third Surface 255d which is the bottom of 
the first seal space 255a and a fourth Surface 255e which is 
also the bottom of the second seal space 255b is shorter than 
the distance between the first and second Surfaces 256, 259. 
A plurality of the bottom holes 255c are regularly located 
and connect between the seal spaces 255a and 255b. In the 
same way as the base part 254, a seal hole 265 is provided 
in the base part 264, and as illustrated in FIG. 4 a first 
surface 266 and a second surface 269 are deposited. How 
ever, Since it is not necessary to Support the electrodes 224, 
226, the same part as the extending part 257 is not shaped 
in the base part 264. The distance between the first surface 
256 and the second surface 259 is substantially the same as 
the thickness of the seal part 252 which is pressed by a 
predetermined pressure. In the same way, the distance 
between the first Surface 266 and the second Surface 269 is 
Substantially the same as the thickness of the Seal part 262 
which is pressed by a predetermined pressure. Accordingly, 
the first and second surfaces 256 (or 266) and 259 (or 269) 
receive most of the preSSure, when an excessive preSSure 
higher than the predetermined value is applied to the Seal 
250 (or 260). Because the base parts 254, 264 are made of 
comparatively high coefficient of elasticity material, the fuel 
cell Stack 220 can have a higher StiffneSS in the laminating 
direction. 

0065. In order to assemble the fuel cell stack 220, first the 
base part 254 is closely connected to a predetermined place 
in a first separator 230 or a second separator 240 by 
adhesives or etc. Next, the seal part 252 is inserted into the 
seal hole 255 in the base part 254, and the two separators 
230, 240 with seals 250 and two electrodes 224, 225 
connected to the electrolyte membrane 222 are put together 
as a unit cell. A plurality of Such unit cells are Stacked and 
assembled to the fuel cell Stack 220. A Sealing material is 
inserted by a pressure to the seal spaces 255a and 255b, so 
that the seal 250 is sufficiently and closely connected to the 
separators 230, 240 or the electrolyte membrane 222. The 
Sealing material is inserted to the first Seal Space 255a 
continuously from the second seal space 255b through the 
bottom hole 255c. Since how to assemble the first and 
second separators 230, 240 to shape a coolant path 244 by 
inserting the seal 260 is the same way as how to insert the 
seal 250 as mentioned above. Here, the explanation is, then, 
omitted. After assembling the unit cells, a predetermined 
preSSure is applied in the lamination direction of the units 
cells, and the fuel cell stack 220 is finally completed. 
0066. The seal parts 252 and 262 is given the predeter 
mined pressure and closely connected to the SeparatorS 230, 
240 and electrolyte membrane 222. Consequently, the seals 
250, 260 seal between the surfaces with high reliability, and 
respond and follow due to the elastic deformation to the 
changing length of the electrolyte membrane 222 effected by 
the varying temperature. 

0067. In the aforementioned fuel cell stack 220, by pro 
viding the seals 250, 260 which comprise the seal parts 252, 
262 having lower coefficients of elasticity and the base parts 
254, 264 having higher coefficients of elasticity, the high 
sealing ability is not only obtained, but the seals 250, 260 
also respond to and follow the changing length of the 
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electrolyte membrane 222 or etc. by the effect of the 
changing temperature. Furthermore, the high Stiffness of the 
fuel cell Stack is Secured in the lamination direction. Due to 
these advantages of the seals 250,260, the total performance 
of the fuel cell can be improved. 

0068. In the fuel cell stack 220, the bottom hole 255c is 
shaped, however, it is also available that there is not a 
bottom hole between the third and fourth Surfaces 255d, 
255e. In this case, it is necessary that the seal part 252 is 
inserted to both seal spaces 255a, 255b separately. 

0069. In the fuel cell stack 220, the seal holes 255, 265 
are shaped in the base parts 254, 264 and the seal part 252, 
262 are inserted into the seal holes 255, 265. Moreover, it is 
also available that a base part and a Seal part are located in 
parallel and respectively they receive a pressure by a sepa 
rator and an electrolyte membrane or by two separators. In 
this case, if the Seal part is located in an inner Side of the base 
part (that is, near the electrode in FIG. 4), the higher Sealing 
ability is obtained. 

0070 Next, as the fourth embodiment, seals 350,360 and 
a fuel cell stack 320 including the seals 350, 360 is 
explained. FIG. 6 is a partial cross-sectional view of the fuel 
cell stack 320 including the seals 350, 360. 
0071 Concerning the fuel cell stack 320 as the fourth 
embodiment, it has the Same Structure as the fuel cell Stack 
120 (the second embodiment). Here, it is, then, omitted to 
explain the same parts in the fuel cell Stack 320 as the parts 
in the fuel cell stack 120. Incidentally, appended numbers of 
parts of the fuel cell stack 320 are shown by adding 200 to 
parts numbers of fuel cell stack 120. 
0072 A seal 350 deposited in the fuel cell stack 320 
consists of layers 354 and 356 having the same material as 
the base part 154 of the Second embodiment, and a Sealing 
layer 352 made of rubber adhesives (ex. adhesives by 
combining Silicon and epoxy resin). A coefficient of elas 
ticity of the sealing layer 352 is lower than coefficients of 
elasticity of the layers 354 and 356 after the fuel cell stack 
320 is stacked. The seal 350 consists a sealing layer 352 
having a comparatively low coefficient of elasticity and the 
layers 354, 356 having a higher coefficient of elasticity than 
the sealing layer 352. Consequently, the seal 350 can be 
considered to be a modified embodiment, though the arrang 
ing of the soft and hard layers is different from the seal 50 
of the first embodiment. The same advantages as mentioned 
in the first embodiment can be obtained. 

0073. A seal 360 consists of a comparatively hard rubber 
(that is, comparatively high coefficient elasticity), for 
example silicon rubber or butyl rubber which rubber hard 
neSS is equal to 60 degrees or more. A first Side of the Seal 
360 has a substantially plane surface 366 and a second side 
of the seal 360 has a first sealing member 364 and a second 
distinct Sealing member 362. The cross-sectional area of the 
Second Sealing member 362 is less than the cross-sectional 
area of the first Sealing member 364, and the Second Sealing 
member 362 is substantially half elliptical in cross-section. 
The plane surface 366 and the first sealing member 364 
receives a pressure and contributes to a high Stiffness of the 
fuel cell stack 320 in the stacked direction of the unit cells. 
As illustrated by a magnified cross-sectional view in FIG. 7, 
the second sealing member 362 extends by Ah above the 
plane defined by the first sealing member 364. Here, the 
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extending value Ah is determined by considering the 
changed value by elastic deformation of the seal 360, and 
considering an applied pressure to the Seal 360, material of 
the seal 360, the shape of the second sealing member 362, 
etc. When a predetermined pressure is applied, the Second 
sealing member 362 seals with high reliability. Since the 
plane surface 366 and the first sealing member 364 receives 
most of the extra preSSure, when more than the predeter 
mined pressure is applied, the high Stiffness of the fuel cell 
Stack is Secured in the lamination direction. 

0074) In the fuel cellstack 320 of the fourth embodiment, 
by providing a Seal including a Sealing member extending 
above another member, and a plane Surface and the Sealing 
member having a Smaller area than another Sealing member, 
a high Sealing ability is not only Secured, but a high Stiffness 
of the fuel cell stack 320 is also obtained in the stacked 
direction. 

0075). In the seal 320, the first sealing member 364 is 
divided to two parts as shown in FIG. 7, however a first 
sealing member 364a which is not divided is also available 
as illustrated in FIG. 8. 

0076 Furthermore, concerning a shape of the seal 360, 
the shape of the second sealing member 362 is half elliptical 
in the croSS-Sectional view. Another shape of the Second 
Sealing member 362 is, however, also available, for 
example, half circular. One example of the seal 360b having 
the Second Sealing member 362b of trapezoidal shape is 
shown in FIG. 9. A rectangular shape is also available for 
the shape of the Second Sealing member. 
0077 Incidentally, in the seal 360 the second sealing 
member 362 extends above the first sealing member 364, 
however it is also available that the second member 362 does 
not extend above the first sealing member 364, that is, both 
members are on the Same one plane. In this case advantages 
are restrained, but it is still effective. 
0078. In the fuel cell stack 320, the seal 360 is provided 
between the separators 330 for shaping the coolant path 344, 
however instead of the sealing layer 352 and the layers 354, 
356, this type of the seal 320 can also be provided between 
separators 330 for sandwiching the electrolyte membrane 
322 and the electrode 324 or 326. 

0079. Other embodiments of the invention will be appar 
ent to those skilled in the art from consideration of the 
Specification and practice of the invention disclosed herein. 
It is intended that the Specification and examples be con 
sidered as exemplary only, with the true Scope and Spirit of 
the invention being indicated by the following claims. 

What is claimed is: 
1. A Seal in an electrochemical fuel cell for preventing 

fluid in a Space from leaking, Said Seal comprising a first 
layer and a Second layer having different coefficients of 
elasticity. 

2. The Seal according to claim 1, further comprising a 
third layer, Said first, Second, third layers being arranged 
from a higher to a lower coefficient of elasticity. 

3. The Seal according to claim 1 or 2, wherein Said layers 
are made of rubber. 

4. The seal according to claim 3, wherein a rubber 
hardness of a higher coefficient of elasticity layer is equal to 
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or higher than 60 degrees and a rubber hardness of a lower 
coefficient of elasticity layer is equal to or lower than 60 
degrees. 

5. A Seal in an electrochemical fuel cell for preventing 
fluid in a Space from leaking, wherein a coefficient of 
elasticity consecutively increases from one side of Said Seal 
to another Side of Said Seal. 

6. An electrochemical fuel cell comprising: 

an electrolyte membrane; 

a first electrode on one side of Said electrolyte membrane 
and a Second electrode on another side of Said electro 
lyte membrane, 

a first Separator and a Second Separator Sandwiching the 
first and Second electrodes, and 

a Seal as claimed in one of claims 1, 2, and 5 between said 
electrolyte membrane and one of Said first and Second 
Separators. 

7. The electrochemical fuel cell according to claim 6, 
wherein a coefficient of elasticity of a layer of Said Seal 
facing Said electrolyte membrane is higher than a coefficient 
of elasticity of a layer of Said Seal facing Said Separator. 

8. An electrochemical fuel cell comprising: 

a first Separator and a Second Separator; 

a coolant path between Said first and Second Separators, 
coolant flowing in Said coolant path; and 

a Seal as claimed in one of claims 1, 2, and 5 between said 
first and Second Separators. 

9. A Seal in an electrochemical fuel cell for preventing 
fluid provided in a Space from leaking, Said Seal comprising: 

a base part having a first Surface, a Second Surface, and a 
third Surface, the Second and third Surfaces being 
opposite to the first Surface, the third Surface being 
closer to the first Surface than the Second Surface; and 

a Seal part on the third Surface of the base part and 
extending beyond a plane defined by the Second Surface 
of the base part, 

wherein the coefficient of elasticity of the base part is 
higher than the coefficient of elasticity of the Seal part. 

10. The seal according to claim 9, wherein said base part 
and Said Seal part are made of rubber. 

11. The seal according to claim 10, wherein a rubber 
hardness of Said base part is equal to or higher than 60 
degrees and a rubber hardness of Said Seal part is equal to or 
lower than 60 degrees. 

12. An electrochemical fuel cell comprising: 

an electrolyte membrane; 

a first electrode on one side of Said electrolyte membrane 
and a Second electrode on another side of Said electro 
lyte membrane, 

a first Separator and a Second Separator Sandwiching the 
first and Second electrodes, and 

a Seal as claimed in claim 9 between Said electrolyte 
membrane and one of Said first and Second Separators. 
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13. An electrochemical fuel cell comprising: 
an electrolyte membrane, 
a first electrode on one side of Said electrolyte membrane 

and a Second electrode on another side of Said electro 
lyte membrane, 

a first Separator and a Second Separator Sandwiching the 
first and Second electrodes, and 

a Seal as claimed in claim 9 between Said electrolyte 
membrane and one of Said first and Second Separators, 

wherein Said first Surface of Said base part faces at least 
one of Said Separators and Said Seal part extending 
beyond the plane defined by the second surface of the 
base part faces Said electrolyte membrane. 

14. An electrochemical fuel cell comprising: 
a first Separator and a Second Separator; 
a coolant path between said first and Second Separators, 

coolant flowing in Said coolant path; and 
a Seal as claimed in claim 9 between Said first and Second 

Separators. 
15. A Seal in an electrochemical fuel cell for preventing 

fluid in a Space from leaking, Said Seal comprising: 
a base part having a first Surface, a Second Surface, a third 

Surface, and a fourth Surface, the first Surface being 
opposite to the Second Surface, the third Surface being 
opposite to the fourth Surface, and the distance between 
the first and Second Surfaces being greater than the 
distance between the third and forth Surfaces; and 

a Seal part on the third and fourth Surfaces and extending 
beyond a plane defined by the first surface and/or the 
Second Surface, 

wherein the coefficient of elasticity of the base part is 
higher than the coefficient of elasticity of the Seal part. 

16. An electrochemical fuel cell comprising: 
an electrolyte membrane, 

a first electrode on one side of Said electrolyte membrane 
and a Second electrode on another side of Said electro 
lyte membrane, 

a first Separator and a Second Separator Sandwiching the 
first and Second electrodes, and 

a Seal as claimed in claim 15 between Said electrolyte 
membrane and one of Said first and Second Separators. 

17. An electrochemical fuel cell comprising: 
a first Separator and a Second Separator; 

a coolant path between said first and Second Separators, 
coolant flowing in Said coolant path; and 

a Seal as claimed in claim 15 between Said first and Second 
Separators. 

18. A Seal in an electrochemical fuel cell for preventing 
fluid in a Space from leaking, Said Seal comprising a first Side 
having a Substantially plane Surface and a Second Side 
having a first Sealing member and a Second distinct Sealing 
member, the cross-sectional area of the Second Sealing 
member being less than the croSS-Sectional area of the first 
Sealing member. 
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19. The seal according to claim 18, wherein the second 
Sealing member is Substantially half elliptical or half circular 
in croSS-Section. 

20. The seal according to claim 18, wherein the second 
Sealing member is Substantially trapezoidal or rectangular in 
croSS-Section. 

21. The Seal according to claim 18, wherein the Second 
Sealing member extends above the plane defined by the first 
Sealing member. 

22. An electrochemical fuel cell comprising: 
an electrolyte membrane; 
a first electrode on one side of Said electrolyte membrane 

and a Second electrode on another side of Said electro 
lyte membrane, 

a first Separator and a Second Separator Sandwiching the 
first and Second electrodes, and 

a Seal as claimed in claim 18 between Said electrolyte 
membrane and one of Said first and Second Separators. 

23. An electrochemical fuel cell comprising: 
an electrolyte membrane; 
a first electrode on one side of Said electrolyte membrane 

and a Second electrode on another side of Said electro 
lyte membrane, 
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a first Separator and a Second Separator; 

a coolant path between said first and Second Separators, 
coolant flowing in Said coolant path; and 

a Seal as claimed in claim 21 between Said electrolyte 
membrane and one of Said first and Second Separators. 

24. An electrochemical fuel cell comprising: 

a first Separator and a Second Separator; 

a coolant path between said first and Second Separators, 
coolant flowing in Said coolant path; and 

a Seal as claimed in claim 18 between Said first and Second 
Separators. 

25. An electrochemical fuel cell comprising: 

a first Separator and a Second Separator; 

a coolant path between said first and Second Separators, 
coolant flowing in Said coolant path; and 

a Seal as claimed in claim 21 between Said first and Second 
Separators. 


